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FO REW O RD.

ilhe Madras Detailed Standard Specifications was evolved over fifty years
for use in the State Public Works Department for execution of Govern-
works. It embodies the preliminary specifications, covering the general

of piece work and lumpsum contracts, standard specifications,
terials and items of works commonly in use and appendices detailing the

forms, articles of agreement, etc., and technical data and tables for

With

in design and execution.

the advancement in Science and Ifechnolog] and in the desigra
of structures, varied development in construction techniques and theconcepts

introduction ofnew constructionmaterials, etc., it has become necessary to
{rpdate the Madras Detailed Standard Specifications embodying the Specifi-
oations, standards and design principles contemplated as per the Indian
$tandard Codes.

l

i The revised, enlarged and up-dated edition of Madras Detailed Standard

$pecifications is named as the Tamil Nadu Building Practice and is brought
(ut in 2 volumes. In addition a separate volume to cover electrical work
has been made.

i fihe Indian Standards Institution has evolved a nqmber of.codes based on'
s[udies of the British Code of Practices and Research results from various
S.esearch Institutes in the country. ![he up-dating of the M. D. S. S. has
(ecessarily to take into consideration the change over tn Metr"ic System in the
cbuntry and also the above codes of practices evolved by the Indian
Sfandards Institution including the latest concepts in the design of R.C.C. and
,il".ooty structures

i Meticulous care had to be bestowed in the revision and compilation of
t$e Tamit Nadu Building Practice as the same has to be precis. uoO speoifi-
cftion oriented as there should be no ambiguity. Unlike the National Build-
i{g Code which is advisory, it is mandatory to follow the specifications

in the Tamil Nadu Building Practice.

The special review cell created for revising the Madras Detailed Standard
S ecification has done commendable work in preparing the draft specifica-

and drawings. The Guiding Committee consisting of Superintending
and Senior Executive Engineers with Superintending Engineer
and Designs circle as convenor has also contributed in no small

e in bringing out the finalised "Tamil Nddu Building Practice".
I ffer my congratulations and felicitations to these talented Engineers,

Mepnns-600 005,

Dated 29th October L983.

P

s. SHANMUGASUNDARAM,
Chief Enginea (Buildings),
' Public Works Department.
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Materials

Cl:aring, sit:, dismantling, quarrying aad blaeting

Earth work

C-oncrete ..
Brick Ivlasonry ..
Stone MasonrY

Flooring

Roofing and Ceiling
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X Painting, varnishing ctc. ...
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SECTION-I.

MATERIALS.

seuticns of th3 Nrtionrt Brilding C.rle anJ I.S
fqr materials, other than those in this section..

l

I

2, Stack Measuref,wnts.--(a) In the case of materials which are

normally measured in the stack, the quantities of such materials

as entertd in the Rrblic Works Department Standard Data Book

and as entered in bther departmental sanctioned data governing

the work forwhich supply of materials is made, shall be quantities

arrivedat byactual
Materials normally

ofthe stacks when properly formed '
in the stack are rough+tone of all

kinds, broken broken brick of all grades, gravel, sand,
quaffy rubbish, and lime. (vtde also the instructions in clause

conditions of contract, where the method of

+_ron, +

1
O.6m

t a ot ---lF
4KErcH-r

l" 9't;
+
orm

+
SKErc H -z

(c) Rough gtone $apks of all kinds shall not be of width greater

than l.5m nor of height less than 1'0Om uolcss pcrmissioo in writilg
is aocorded by the Executivo Engineer. (Low and wido stacts'
having outer edges foru€d and the centrc filled in loooely and trough
like, shall not be p€rmittcd.)

SPECHCATION No. l.
Bnornr Bucr on Bnrcr Jrr,r,Y.

1. LS. No. 3058/1965 for spocification for brokon hicks shall
applv.

2. Broken brick shalt not be obtained from the debris of old
masonry, ual6s under ordcrs of ol by prior approval of ths Exmrtiw
rrnginocr. It shall then be taken from debris of hanl, well or ow
burnt bricks. No brick-pim containiag mortaf, or fmm undcr
burnt broken brick shall bo usod.

3, malc instrustion in paragraph 2 under " Mateirals." whicb shrll
apply.

l. The rElevant
nay be rtferred to

20.1 of the

of thE Ge'nual
Pract'lco, in the

(d) Thcstaaksshall
of I.S. No.4082/67.

t, Tewiates and
et tho contractor's

; irt:':
bc of the shape and sizo dfin para 3-5-3.1

I

measurement for pnrpos€ of mixiog for certain matetials is

defined).

(b) Stacks shafl]not be considered propedy formed when they

will oot yield thc qutntity of finished work, on the basis of the data

rcfcrred to aborc in paragraph 2, for stack measur€m€nt of compo-

ncnt materials.

(c) In cases improper stacking ts donc by the contractor,
shtll have the right to eithsr rejdct the stackstho Executive

in part oa full and ac{ion as provided for in thorelevant clausc
of cootract of the Tamil Nadu Building

of materials, or he may order completc

restacking of the to specification at cootractor's expense,

or hc maY makean deduction to allow for thc improper

stacking with its exoess quantity of voids-as he may

decide in eacb case.

(a) fvlatcrials r$l not bc gtacked oo utreven gorrnd or ln any
leorrr which does not pcrmit oorr€st and rcady measureme,nt,1

(f) Roruh sionoiwhic,h
paclod so closdy as60 sw

it

!

i

is to be rnpasued in the starik shall bo
the minimum quantity of voidc possiblc.

stacks,-(a) Templates shall be provided
, ualess otherwise specified, for stacks of

SPECIFTCAflON No.2.

Srnrr.

l. I.S. No. 3l82ll%7 for brokcn bdck (burd clay) flne ageisqnt
for ugo in lime mortar and for surti shell apply.

SPECIEICATION No.3.

RouoH Sttor'r, Jroox Sh'olw, Plvm,rnrr Slola, Erc.

1. fhe size of the stonc to be supplied for dry,stone levetmcot
and ccrtain classes of masonry has bcen d€ffo€d io the rclcrrant
Sandard specifications. For other cases and in, amplffication
as n€cEsary, of the abovo rclevant specifications, the sizg to ba
suppliod will be defined in thc &,ndcr notico, dependiog on tbo ptqpoo
for which tho stonc is rsquhd.

2. The stono shall bo sound, free ftom crac&s and ilcoey aod
supplied from the quarry spcsified shall have abrasion rrluo of
45 per ccnt and gencally shall have a spocific gfavi$ of 2.t.

3. Stacking shall bo donc tn omformity wfth tho lffitdloii tD
paragraph 2 aud 3 under "Matdials ", and at thc locith rpd.
ficd or ordenod by thc Eroq$ive Bngiffi.

sizs2mx0'5mfor with the spocification for the
size ofstacks. must mako sucb allowance in stacking
as befinds occessary ensure that the dimensions at time cf measure-
ment and check art ui{o th€ specified stack dirnensions-

(D) Road metal of all kinds and sand for road work shall be
stac&cd in such sizo $ack as may bc speeified. Where not otherwise
spocificd and bcm $acking spacc permits, the stacks shaU be 1.&n
wide at top 2.0m widc at base,0.6,0m hiefvt& sk€tch I below and
of lc,nbh as specified or iastnrctcd by the Becutivc Enginecr pre-
feably in multiplc of lm. Where b€rm width is limited, the cross
sccdon ofstar* shallbc in acoordancc with the sketch 2 bclow, unless
ctlcrriEc sp€cificd,

fr
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SPECIFICATION No.4.

FIroBrNo StoNr (75uu. ro lfi)tuu. THIcK).

l. Stone slabs for flooring should be obtaiocd from the quarry

deEncd in the descriptive speciflcation sheet. They shall be of the
bcst quelity available io the spocified quarry, hatd, eveo, sound

durablg ftee from cracks and flaws and of thickenss 75mm to 100mm.
They sbould be of rectangular or square shapes as gp€cifi€d, with
clean square edgps. Tho bottom faoe of the stone may bo left rough
but the top surface shall be fne dressod and thcjoiot faces shall be

dressed bagk sqaue with thc top surfaoc for atleast 5 cm., without
hollows or spalling oif, to pcrmit witbout further dressing, a finsihed
thickness of joint, when the floor is laid, of not morc than I cm. io
width. The stone shall have abrasion value of 45 per ceot aod
generally shall have specific gavity of 2'5. The limits of size of
the flooring stotre, depeoding m thc pafiicualr pupose for which
it is required, will bc specified. A sample shall bc produced by the
Contrac0or to the Executive Engioeer for his approval bcfore supply
is made. Stone unsuitable for the particular das of work shall be
rejected, and shall be removed at onco from the work sitc.

SPECIFICATION No.5.

Bnorsx StoNs Bor, Coxcnsrs.

l. I.S. 383-1970 for broken stono shall apply.

2. Thc location from which tho stoo€ is to be obtained will bs

Srven iD thc agree.mBut descriptive spocification shoets.

3. For sizc of aggreg:atcs I.S. 383-.1yI0 sbaU apply.

SPECIFICATION NO. 5.A.

Bnorru Srols ron Rolo Wonx.

1. Clause 2 and 3 ofthe preceding specification shall apply.

2. Ths rclevant speciffcation of the Indian Roads Coogress for
specification fot Road and Bridge wort (1973) sha[ apply.

SPECIFICATION NO 6.

Gluvat
l. Gravel shall be obtained from the quarry atefined in thc dcssip-

tivo specification sh€ct. It shsll becomposcd of large coarse gtraios,

tboroughly free fron dirt agd forcign material It shall not contain
aay lumps or stones larger thrn 20 mm. guage. A small oatural
formatioo admixture of clay is not objectiooable. A sample nhall
be produoed to ths Etecutivs Fngnecr for prior approval, bcfore
supply.

2. Thogravel shall havo thc following gpncral qualitigs r-
(i) The material shall bo wll gndcd from coarsc to fne particlcs.

(ii) \Yhon samplo of the materlal ls rctbd and squocaed in
the hand, the following characteristics shall be noted.

(a) The rnatcrial is cxhernely gritty.
(t) It can bo forncd iDto dcffnite shapes that retain their

fotms even when driod.
(c) If the clay in the oatorial, abovc, edheres to the hanG,

it should only bp cnough to discolour tbco slighA,. A natural
gormation admixturo of clay up0o 10 p€r ocot is not objectionablc.

(d) If morc than enoulth soil, to discolour thc hand adheres,
it Eust corsist of both sand and clay iostcad of clay alone.

(c) Whcn tho vottd samplo is pattcd in thc palm of thc hand
it will compact iato a dcnsc cako thst caonot bc pcoctratcd tfidily
wlth a bluot sdck-thc siz, of a leod pcoc{l.

3. loltsuqion in paragraph I aod 2 rmdct oMatcrlats. shall apply.

SPECIFICATION NO. ?.

Serp.
l. The sand shall be obtained from the source defined in the

descriptive specification sh€et aod shall be screened before use. If
the sand brought to site is not clean it mrst bc washed cloan in
water. Fine drift sand, or sea sand, or sand containing salino im-
purities shall on no aocount be used, except with the prior approval
of the Executive Fngineer, who will instruct the contractor regardiog
the treatment to be givea to thc sand before use at the contraqor's
expense.

2. For sand for nortar, @Dqete and ordinary plaster, brick wort
or masona,ry, I.S. 2116f965; sball apply. Sand for plastering,
pointing aod for fne wor\ I.S. 1542-1960 shall apply.

3. For sand or fine aggregate for cemeat coDcxete, I.S. 383-1970
shall apply.

4. Ssnd for bituminous concrete in road work, relevant extraot
of I.R.C. shall apply.

5. Instructioas in paragraph I and 2 under..Materials', shall apply.

SPECIFICATION NO.8.

C\ropepes Sr.rrs.
1. Ordinary slaba shall be accurately rectangular or square with

edgps chisel drcssed all round to a depth of 6mm. plumb from the
surface. The surface shall be quite even, wi:hout any veias, cracks
or flaws and with a uniforo slate colour. Ea.thy flaky stones shall
berejectcd. The stones shall be of ttre thickness C, fiaed in therelevant
schedul€dit€m.

Ncnr.-Further chisel dressing of edges is required when using
ordinary slabs to comply with tbe joint thic&.ness demaoded in the
shndard specification for cuddapah slab flooring.

2. SemiaolisM and high polishcd cuditapah slabsshal conform
to tho standard specification for odioary elabs witb the fruthcr
requfutoeot that thc edges ahall dl bc dr€ssod 8t rigbt aagplsto the
surfae for tbe full thick!€ss ofthe slab. Thepotishpd surface and
the quality of the polish shafl be executed to a high standard of
workmanship. i;

3. Engraving tfn highly polished crddapah slabs for ..year

stoD€c", ttFormlln stoo6". .tNaoc Boards", etc., shali be
dooe as specified ia the t€nder documents.

SPBCIFICATION NO.9.

Luc.
l. For classification of limc-I.S. 712-1973 sl:all apply.

2. LS. 1861-1961 and tMg-tgtl shall apply for tbc uauu-
factur of llmc, thc type of llme kilDs, c&.

3. Ir 8tl cas€8, tho lim ehal bc dclivercd fresh at tle site of the
mortar mill,La, within ecvco days of the dats on which it was drawn
fresh from thc kiln. In casos rtcrc oomplianco bcrcryith ig not
possiblc duo to scasonal closurc of kilns, yritteo pcrmisslm of the
Erecutine Engincer is noocssaty bcf6rc storcd slaked lime can bc used.

4. Thc limc shall bc slaked if so required, in the presence of a
deportmental rcprescntativc More beiag put into the mill. All
impurities, ashes or piocs impropedy or calelceoly bumt sbal be
sccapd or pic&ed out More slaking and removrd at onse from the
work site.

5. Llnc whic.h has p€sisbcd, or wblch has bGclr denagpd by damp,
rain, for intcmixturc of dirq or whic.h has bcoonc partially air.
slaked, shall oE Do aocormt bo uscd on thc wrks but sh.tl be reoorrcd
at ons from tbc sito. For phystcal rnd chc.mical rpquiremeqts of
lirc I. S. ?lLln3 shsll ap.'ly.

6. Lime ig to bc obtained from the sourco atcfned in thc de*riptivc
cpccificatioa shect.
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l. For
Portland

i

7. Forstorageoflime, paragraph 6 of I.S. 7l%1973 shall apply.

8. Fortostsfor differentclasses of limc I.S. 712-l9A and I.S.
1624-196o shall apply.

Tho Executive Enginecr shall have thc ritht to reject any lime which
does aot satisfy the physcial and chcmical rcquirements aod the
contractor shall thdn remove the rejected materials atonce from thc
worksite.

9, Yide inslructions in Note-I, under "Materials" which shall
apply.

I SPECIFIcATIoN No. 10.

' Ponrr.*ro Cwmrr.
of ordinary, rapid hardening and low heat

@ment 269-1967 shall apply.'

the confiactor is required to procure Portland
he shall always purchaso Portland cement as

I

Cement bags shall not be stacked more than 12 bags high, othpr-
w ise it becomcs cumbersome to stack or remove them. The Eaximun
width of sta,ck should be not more than about 3 m. .

If tho stack is to be moro than 7 or 8 bags higb, bags shall be
arranged in header aod stretch€r fasbion, that is, alternately lenglh-
wise and crosswisc so as to tie the stack togpther and lessen the danger
of toppling over.

For extra safety drrring the monsoon, or when it is erp€cted
to store the ceme,nt for an uousually long period, cnclo66 the $ack
completelybyawater EoofiDS membrane such as polythenc,
asbestos sheet, etc., This can be conveniently done by makirg a
larp loose stack of the material and arrangiog thc bags vithitr it.
Thof,apswillcloseoD the top of thestack. Careshallbetakcnto
see that the polythe,no is not damagpd any time during use.

Owing to pressure on the lower laycr of bagsr "war€bouse 
pack"

may be developed in tbc bags whic,h may bo removed by rolling the
bap whe,r the ce,E€,rt is tat€n out for usc. The bags shall not be
moved or milack€d on accouot of warehouse pack. Therc is no
advaotags in doing so.

When removing bags for usc "6rst in, first out" rule shall be
applied.

' That is take the oldest coment out first. For this pu4,ose,
each coosignment as it comes io, sbould be stapked separataly and a
placard bearing the date of anival sboutd be piooed into the pile.

Cement which has fully or partially set shall not be used.

6'3. Temgnrary storuge atrdta.-Very often bags of oement have
to be stored in the works sito out in the o,p€,n, for use on work for
one or more days. In such cases the bags sball be laid on a dry
platfcm made of wooden planks testing on a brick masonry, conQreto,

or dry sand or aggregpte platform about 150 mm. aborre the gound.

The number of bagE shall bc kept to a minimum, prcfcrably
just sufhcient for thc day's consumption.

Care sball be taken to see that evcry point in thc pilc is wcll
covered by tarpaulin or polythene ehoet aod protected ag3iDst tho
moisture in the air. Tho tarpaulin shall ovedap oacb otber propGrly.

SPECIFICATION No.lGA.

Porrr.rrrP Pozzor,exa Clumrr.

1. For spocificatlon of Portland Poolrlana CemEnt I.S. 1489-
1976 shallaPPlY.

1.1. Portland pozalana cqnent is manufacturpd b,' using pozzo-

lanic raw materials ia addition to the ordinary raw oaterials for
Portland Cement.

2. Portland Pozzolana Cemelrt can be adopted iD tbc same propor'

tion as that of ordinary aam€nt.

3. Portlanal Pouolana Cemcnt is ground finer and hence it produe
denser and better concrcte.

4. Portland Puolara Cqncnt has got low heat of hydration and

consequently improved resi$ance to cracking.

5. For precautions in storing , tcmporary storage at site etc.

specification 10 of T.N'B.P, which relates to ordinary portland

ccmc,nt shall aPPlY.

SPECIFICATION No. 11.

Lnrr Monun.

l. For difrcrent proportions of lime mortar to bc uscd in various

items of wsk, I.S. 1525-191 shall ap'ply. Quantitics of matcrials

and labour required for ths various itctrg of work sball be as givco in
thc standard deta anal relevant spocification'

2. In cases

cement for the
fresh as possible manufacture, and he shall, on demand by the
Executive a laboratory test certificate ofa character

of the Executive Engineer. This shouldmeeting with the
be demanded in case whcre thcre is rpason to bblievc that the
@ment has becn
quality.

stoned and may have thereby deeriorated in

3. Tho Executive rhall 1ej6pf any cement which is proved

to be not to standards.

4. Forstorage of qemeut paragraph 5 of I.S. 269-1967 shall apply.
In cases where the pontrapton requirpd to procurc Portland c€ment
for the work he shdl notify.the Erecutive Eugineer of the arrival
sf each consienm€dt of Portland c€ment on the work, informing
him at the samc time of the brand, agpnt from whom obtaincd and
age of thc Cement. €bmcnt which has becoms caked or perished by
moisture or other cadses shall on no account bc used on thc work.

5. The following I precautions should be observed in storage:-
(a) Avoid storagiF for long periods, do not store at all, if possbile

during the rainy seaspn.

(6) Prevent circufation of air through the oement by close packing

and cover with a tarthulin.

(c) For other pr@utions in this regard l.S, Q8?-1967 sball apply.

6. Storlng Portlapd Cenwnt: Portland c€msrt is a very fnely
ground material. It is ,hygroscopic and is afiepted by moisture
prescot in air. It is, therefone, tregessary to protect it from dampness

before it is used.

Every.yoar, and #rticularly ia the monsoon, large quantitics of
oomeot aro spoilt duelto oeglect in ke4ing tho oe,ment bags abcolutely
dry. The following points on the corrcct storagp of portland cemcnt
should bE kePt in dind.

6.1 The cement $ould be stored in a building or shed whish
is leak proof and as 5-noisture proof as possible.

i

6,2. Precautbns lz Storirg.-After the building is made leak proof
and rmisture proof, @ain precautioos shall thsr be observcd in
storiog the bags wit$ a view to ptevent thern from any possiblc

contact with moisturp anil to ensur€ cystematic working of the
warphouse. 

I

If the warchousJ is to be newly put ioto service, make sure

that gufficient timc had beeoallowed for the interior to dry thourgNy.

Bagssha[not tre ntacked 
qgqinsttbp wall. A space of 3fl) mm.

all rcund shbll be l.cf between tho outc walls and the stacks.

BaeB shalt be stackpd ofr thc floor on wooden plants.

Bags should be toit clco togetter iB the stack to reduoe circula-
tion of air as much a! possible.,



2. For mixing of lime mortaxs I.S. 1625-1971 shall apply. The
mortar is to be ground fot not less than 60 revolutions of tbe mill for
concrete, 80 revolutions for brick work, and 180 rwolutions for
plastering, pointing and terracing works. A satisfactoty method
of counting the revolutions must be followed.

3.'.Meshanicqt mortar mill may be used for grinding. The
iryr€di€nts shall be mixed on water tight masonry platforms or in

troushs. The mix shall then be fed into a meclranical mortar mill
with the requfued addition of water, which shall be first sufficient tb

mako the mortar of a workable consistency. The mortar shall be

mixod at least for three minutes after addition of water, when it
sllatl bc omptied from the mill."

4. For precautions io use of mortars I.S. ,-625-1971 shall apply'
All mortar rimaining unused fu more than tb€ p€riod stipulated for
its catepry or mortar hardended or set More bcing used' shall be

renroved from the work site at oDae.

SPECIFTCATION NO. 12.

Sunxl Monun.

t . Surki mortar shall consist of lime, 
:surki 

and sand each complying

with its resp€ctive standard specification, mixed in the proportions

noted below, or such other propctions as may be defined in the
relevant schedtrlc item for the various items bf work :

Itemofvnrk. Line. Swki. Sanil.

(l) a) (3) (4)

(i)Concrete I + li
(ii) Masonry (Brick or stone) f I 1*

(iii) Plastqring-Fint coat I I li
' Second coat I I I

(iv)Pointins 1 l I

2. Surti mortar is iuolude.d in lime mortar speciccations and

r€levant portions in I.S. 1625/ 1971 and I.S. 2394/1965 shall applv'

SPECIFICATION No. 13.

CBr'lBnr Morrm.

l. The quantities of materials and labour required for the various
iterns of work shall be given in the standard data and relwant speci-

fication.

2 and 3. Wateris to beadded to the mixture,only wha the mortar
i s rcquired for use. For preparation of plaster I.S. 166l-197?

s ballapply.

8

SPECIFICATION No. l3-A. I

ColsrxmoN Mortm.

In order to increase the strength and rapidity of gaining strcogth
Portland cemeot may be mixed with lime. Combioatioo mottar
ranging frcrm l jl:6 (Cement:Lime:Sand) to 1:3:12 (@ment: Lime: r
Sand) may be prepared. The 1:l:6 mir' shall be userl where loads
are fairly heavy and/oq the copditions of exposure af,e s€vere and the
I :3:12 mix shallbe used for light loads under sheltered conditions.

The Table 4 given uoder section VI-4 of National Buil{ing Code
specifies the basic compressive stress€s for masonry members antl tbe
same shall be adopted while selecting appropriate combination moFtar ,
for maronry.

SPECIFICATION No. 14.

B.lMaoos.

lV.B. :-The classes are as defined in riwr consiervancy data. ':

l. FirstClass : The bamboos shallbefrcefromattacks of weevcls,

not older than about two to three yerirs, well seasoned, and ofover
15 un., girth an d 3. 65 mto 4'25 m., long or more. Tte girth measurc-

ment shall be taken at the centre of the length of each 0".*:,
2. Second Class z Same as above but girth at centre shall be

over 13 crn.

3. Third Class z Same as above but girth at centre shall be over

l0 cm.

4. The proportion of the threc classes of bamboos required for the . 

i

work shall be specified in the t€nder documents.

- SPECIFICATION No. 15.

Snrsrs-M[D strrr, Glt.vll{zru F[At, ConnucltEp
RrDorNo SHBETS lN TEE Brack.

AND

1. The relevant specifications from
1692-t96O shall aPPlY.

Sheets after Gabanizing.

2. The relevant specifications from I.S. Zl7-l%9 shall apply.

3, Ridging-The foregoing shall also apply to ridging. Unlcs
otheririse required by the Schedule, ridging shall be 75 cm., in girth

with23 qrn.,laps, having an included aogle equal to the pitch of tbc

roof t the shape being in ac@rdance with the sketch below :

Plain Ndge Capping.

LS. l9$-ln4 and

\

{. Forpacking timplate or black plato-I.S.1993-1974 shallapdv.

a
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,t**r rlor I.S. tgg3-ltgl4 5'3'2. Secand g&.-Tinplates which at tbo tiEP of dpspatch

- havc visiblc imperfections of mod€ratc mffnitudc or frequency'

Spclficdbn lq pol*rc&rccd ,iltptarc ad oWcttd Ucch' Laoqrrring or priotiog over thc whole surface of tb sbcet camot bG

atate. assorcd.

2. TermiaoWl z- ,

2'1. Cold+eduod blae*date,-Law carbon mild steel strin/sboet

Fodued by continrpus or semi'continuous cold-reduction of bot-

rolled steel striP/sbcdt.

2'2. Coldqe&red 
:hor4ipped,inobrel-ald-reduced low oarbon

mild steel sbpet whioh has been tinned by the hotdip tinnios ptroccss'

2.3. Cotd-reituceal elecyolytictln late-Law carhn, mild steel

ooi&roduced strip, xhicb has been tinned by tbc el€ctrolytic'ptrooess'

5. Grodes.

5{. Tiopl&te and blac},plate shall be supplied in the tlollo*ing

!ra&s:-
5'1. NokPlatc-

5.1.1.. FIr.r, gmdo bri*):-Blackplates wbrch at thc- liryrc of
d,csprtch arc freefrdodefests readily vhible to ttu unaidcd eye'

tfor oormat condilions of storage and use, thcy art suitable for

laqucring and printhg ovcr tbe *bole lurfec'

5.1'2. Sccond grad:.-Blarjtglotes \phich at tbe timc of dcspatch

b.w vigible imperiections of moderate magritudc or freqrrosy,

IacquBring or pibtiog orcrthcrbolc surfaccofthcrhcct cauot
be fuarant9cd.

5.1.3.. iwtfurd arade (U*assorteD.-Blrrclplates which atc

inspcctcd rluriorg prdocEsing aad from whic'b matcrial not of thc'

frr* or sccond gra& is rciectcd- Thc amilcd metcrial, horvorer

ld tut seg€gatod iDto frEt and scoond Srad$.

5.1.4. A list of oonmot defects is given in Appcodh B. lte hvel

of such dsfests sha$ bc rubjcct to aglecorcnt bctrvccn ttc purchaser

rnd the manufactur,cr. \

5'3'3. A list of ommon dcfccs is Situ in Appcodix B' The

Ievclofsuchdpfects shall be subjcctto agrcement bctwcen tbe pur'
cbaser aod thc manufasturer.

5'4. Delcctlve tiilplates lntdtppeil or elcctrolytic' -liaplate
with surfape defects 

"oA 
*nirn after inspection do not oome under

any of the above categpries. Tte material is not suitable for hormal
lacquering or printing.

7. Fbish.-

7-!. Hotdpped tinplate shall have briebt curface. The surtace

of the elcctrol5rtic tinplate shall have either b'right or matt finish as

specified by the pucbaser. However' othsr fnishcs. such as '8tone

fiiisl, silvcr fnish, shot blast 6nish. may also be suPplicd by Putual
sSreemeot betw€n the purchaeer aod tbe maoufacturcr (se€'

.lppenOit C for details of surface finishps). There shall bc no visible

variatioa on tbe foish over thp eatire sufapc of thc shcqt.

5'2. Eot dfqPed tilolate-

5'2'1. Firstgr& (Ptirt4.-Tinplatc which at tbe tioe of dpspatctr

lrc frce froh dcfoctt roadily visiblc to the unaiiled qrc. IJndcr

rbrmal conditions i{ storegp and lsc' thclf art suitabh for lacqucing

dod printing over thic wblc $rfac of thc sbcct.

5.i.2., Sc&rdgrraCa-tttoplatoswbicb at thc timc of despatch

linve visible imperfections of modrrate magnitude or frequensy.

Iapquering or prlnths over thc whole surface ofthc shcct canoot be

arsurd.

5.2,3. Stardadsr@ z (Un4ttortcd).-8trl![ oogist of ftst
$a& @ittrc) and rtnondgade.

5.2.4. Atistofcopoopdrfcctglis girtoio Appcodk B. TbG

bwl of such dcf€ctgsbnll be suQica to eg@t befwsco tbc pur'
chasor cnd the masrfactuer.

5'!, itrlectrilvtic ittptatc (hwlfit-or p?fraeatottl cdeil'

5.3.1. Srqd&t Grade. -Bl*rolytic tinplates vhich reprecent

3tc normal prcdgctho of lincs employing tbc usual inspoction and
' dassificatron proccbures. Uir! i r<rnal corditic'rs t f stcrege and

ugc, statrdard gradc electrolytic tinplate.pcrrrits lacqrrring and
printins over the w[olc surfae.

' Norc : If hearryloil coatineis are ordcro4 these may afroct the

suitabrlity fo. laoqrrring and printing.

4\('-3 -,

12. Tcst Mcthods and ftrilication ,

l2'3. Ahctr&tng bend retr.-Thc &nkins bcod test shall bc

calried as deecribed in Appcndix D

APPEtr{DX B

(C'huses 5'l'4'. 5.2.4 artd 5'3'3.)

IJsroD q)DmNBrsct! rN Bracr PIJI! Ar{D TD|PLAIE

B.l, BtackPlotc-

B. 1.1 . The most oonrmorr surfapp defects cocoultctcd in black
plate are giveo below. thc degee of aeptaabc shdl bc subict
io agrccrocot betw€ou thcpurchiicrrnd tte manufacturcr teeping

ia view tbe ultimate uso of blaelkptate r

(a) Roll Marks ard visit*e scratchcs ;'
(D) Rust spoto ;
(c) Bran, dirt and excesrivt oil ;
(d SmdlbentcornGrs ;
(e) Lamination and gand sPots i
(O Small hdpntationaad pinholec, and

k) Transit sbrasion.

8.2. Eo, dtlrcd,Wlatc.

&,2.1. Ttp Bo6t comoon surfaoc defocts eacounterGd ia [et 
/

Aoo"A tioptatc arc Trrco bslow. Thc degrcc of' shall bo

roibj.ct to the agrccmeot tr'*Pcn the purdragcr eod thc oanufaduror-teiiog 
io vl"*thc utilioat€ usc of tiplatc t 

:

(a) Blac&spot, tinpot, dirt aod mill Sreagc
(A) Scrufibcad/linc;
(c) Untinncd arca aod rust i
(d) Roll 'qerls slrd vfuiblc scratclcs i
(c) Bran, dirt and eroqagivt oil ;
(f) DuIlPotcbes;
(r) hatlb€ntqlnrcrs;
0r) Ercesgivelfutodge :
(J) Tin blisters ;
(&) GroY toP I
(la) La.oination' sand spots ;
(n) Srnall indcntation and pinholes
(p) Transit abragi<'n : and
(e) Slight edge comrgation.

I
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:,

B-3. Electolvtb ti,rp.hte. i

. B-3.1' The most common gurface d€fecf$ encountered in erectro-Iytic tinplate arc given below. Thc ;.sr"" ;f ;ptance shall bc
luUeA blthp agneement bctneen the purohaser and tbc manufacrurel
keepiry in visy the ultimatc use of tinpiate ; 

..--

"C4. Stotu,fiatsh. .i:. 
r

-C4.1. 
A bright surface, characterized hy a strong diroctional

surfacepattern,achieved byuseof specially ground rolts. Thog-et r_t"y of the surfaco profile affords a grcatc.."eirtar"e to abrasion
than the custopary bright fin;t tinplate, particularty duriog can
manufacturc.G) Ioclusion, lamination, silvers aod surface brcats ;

(D) Indentation and pinholee ;
G) Scratches and tradit abrrasion marts ;
(d) Unfuscd area ;

t.S. 1993-1 97 4 (contd ).

(e) oil spots ;

(f) Roll marke ;

G) Bent corncis ;

(l) Stainiog;
(/) Oraogepoelefrpot;

(&) Rust spot ;
(ar) Eye holes t

:j: : 
'

(a) Wcodgrain pattero ;
(p) WqodgradrcdedgEo ; aod
(c) Tin blis0erc.

APPENDIX C..
(CtriucT:D

SuRrAcg FrMfiEs.

C-0. General.

C-0.1. There are five rocognized commercial finishes, that is
tright, matt, silrrcr, stone and shot-blast, all of which aro achicr/cd
by use of workrolls of controlled surface tcxfi[€$ during the final
strges of temp€r rolling. tVith the cxception of matt finish, cach
c$quires flow-brigit€ning after 

"1ss6e1inning.

C-5.1. Asmootbervarietyof silvEr finish. The surface textur.
:f lt".E base,towever, more closely approximat ro rnat of m4ttfinish. The particrrlar advantage of this finish is that its improved
r€sistaoc€ to ebrasion effecti,ely reduces hazards 

"f 
**ti* iit"t*i

food cao discolouration that would otherwise ocq.r with ccrtsinpacls, partiarlarly soup products. In view of its smoother surface
texture it is much more readily soldered and lacquoed thaa silvcr
finsih.

C-5. Slat blast finish.

APPENDD( D.

(Clow l2a.\

Ar.rrexrrnr BnD ltrt VAr.drEt.

D'o. General.

D-1.3. A complete test involves taking two specimeos cut with
their long edgae parallel and pqendicular to an edgg of thp ti!
plate shet. The bard valuos for th€s€ tu;g t€st bpocirrens wilt
gpocfally be difrenent. Io view of tb diffculty ef grrndrrdiint
altornatiog bood test machiaos tho 0e8t rralrlc' chould trot bc
ioterprotod t o rigoroudy.

C-2. Mat, Iinlsh.

C-2.1. A low rerflectivity surfact ryhich ofrcrs partiqdar bonefits
for application, such as crown corkr, io as much as it avoids thi
occcsity of a bass cost in somo d@orativo s]rstGms. .

ct. Stlver finish.

C-3.1. A lustrous aurfaco, tho st€el baso ol which po$cses
.ighly roughened cuffaco tof,tur€. A particula.rly attrrcdrc finishor u!€d, suct as dooestic warg whcro no rolderiog oporatioa
are hvdrcd.

P4.1. Altqoating bend test valuos serrE to give ao. : indicatioo
of the " directionality', or grain direction of the. plate f"*tomaJU
exprecsed- by thg-r,atio of strong i. yk q.ay yalr€s). pid";lry
is a useful consideration for the tinprate usc,for 

""-pru i" ao"rsi'iithe ability to form a good flange. It is influenced Uy 
" 

no.U"r- oi
factors.includin-g chemical comoositioq cleanness df. *tcel rt ,r"fu;graio size and shape.

D-1. hocedure.

D1.2. The hand lev6 is then brougtt backrrr,nds aad forirantc
altemately b€ndinS the projecting eod or the spoc.imeo througt
about, 18(F. lto cnd point is rcachcd at tb f,fst sign of ltactrii
thorugh tho philb, aDd thc t€st ig not odtinucd to tbO poiat at stish
tho protruding piece of metal is compl@ly rrlGtld; Tts numbcr of
bends (l8f) to prdduoe this frrcture is recorded as tbc J@tins bend
value, thcfirst hstf b€oa OOs) ir ignored.

,t ..'

C-1. Brightfit ldr.

C-1.1. BriSht finish is 
-achieved Uv fiiing polishcd rolls andis

ahe finishcustomarily suppliod for theburk ofcontrinq manufacturJ.

J
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Fr(ftAcr nox I.S. 186f-1961.

Codc of fqticcfor nwtqfactdb bflhnc la tqliul
,r,fxd ftd tYPc kilns.

.JENKINS BENP TESTINC

ftl tttLLtN El RE,si : ,

Ft6 t. If ?lcAL

final
ir 4.2.

M A C ITINE

4.2.1.2.' In vei{cal kilns rirorking with fobctd tdfufql ttc ti* o
linrestonc sball te as speciffi by the d€si8n€r.

and the

4.2" Sizcs of and fuel and their distribution.

stone-The larger the size of limestone the

Iargcr will be the talteo for heat to reach the cc,rtre of thelump
and completely fed to the kiln Shall be

the capacity, the draft
product, namely limo
1.1. and 4.2'l'2.

carefully selected

Tbe size of stone

4.2.1.1.
.frli.:,..i : ' f) r',';i'-: r 'l ii(;rl .". i

with pa. tural draft, the size of stooe shall
be as given below. r.Il.'..t. "', :

Size of limestone.': ,,
'l' . .r',r

''*iiery'

about 7'5m.

466 3-2t

J0tp.15s..

7.5 to l0 cm.

4.2.2. Size of luel. ': '

4.2.Z.l,,Tbesize of coal or co..ke uscd shsll b9 cu9h.tFt it bulbs
attilie reouiredrate ia thecalcidatioa zonc. If too small, the fuel
{'flI not last till it reache thp gld of the calcination zoae,' dnd if too

liirse; it yill not.complete its.turoing ia the calcin?tion . zore aDd

ir"ti,to1 pig."! will pass into the -codling zone ao{ sooctimes out
wiJhtliqdiawnls.. ,.. .'...:.,t.:,:",

4.2.2.2.TheSizeofcoal or coke used for burning limi:mdy
generatly be half of thc size of limestone, uoless specified otherwise

by tbe desigper. : '\ . .' 11. r. i.... i .c

i4ePcnd

On the .use

of

arouod

coal, the ratio

large in size.

f...r 'il'; i.

I .,

,\

l. ,'

,, r{.

4.2.1. Sirr, of Lime

I
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4.2'2'3. In addition to the Dature aDd density ofthe fuel as ia
4'2,2.1. the type of packiog to be obtained within the kiln shall aleo
be considered in cboosinS the ratio of the sizes of stone and fuet.
The dtstribution of their sizcs will detormine tho degree of compact-
ness of the pacting and consequently thc resistance of the bed to the
flow ofgases throggh it. A tight packing will, therefore, require
more po*tr for maintaiuing the draft, if forced &aft is used for the
kilq or where only natural draft is depcnded upon the caFacity of
the kilo will be cousiderably reduced as a result oftight rrcliog.

NoE.-to addition to workability, tbc mortar sbould have th!
roquircd Srcngth. H@ it is dscotial thst tlsts for transveip
8tr€ngth al d€ccribcd in ? arc atso pcrforred freqneatly. tt is lto
trc etuphasircd bro thst sro*$ility is groorally a facility for
appticatioo, but is quite difrcult to mcasurephysbally as it involvo
serrcral pcrformancc charactriEtics, Such as adhcsion, plasticity

etc.,

6.1 hocedure.-Tho Procedurc is largoly a matter of judgprucot

and is ootircly left to fre practicol knowledSp and experieoce of
the mason or plastercr wbo uses tho mortar. Thp tcst shall bc per-
formed on thc salxro mortar ae is subeequ€otly uscd in tho coostruclion'
By throwing, with tbe samc e,fiort ar for rough+ast work, a hmdfr,
of thc mortar oo thc gurface on which it it to bo usod, and by rctint
hcw mu&.afte tsooncred md how ou6""cortar ir picked up'tbc
trhson Esy be ablc to, jud8c tUe norlotitiJ,;

7, Test for trcursretr.. *eryrt.
7.0. Ttis trst sbould tc uJDd to cb€ck YMbcr tbo hydrulkit,

ar wpll as thc pqfty of the buiidinglimc is $ffcicot to dcvdop tb
qpoctod $mglbio I ngrtar of standard p(oportione; and to 0od
the {troqth of timo rno$rr bdog uscd in thc wort.

z.l. nocoauro-tilot l€sg rhan gix rEctaryular opccimsof 2.5 x
2"5 X l{r.0 cn. dro she[ bc prcparcd aDd t€fi€d in acoordanpo witb
thc procedurc Cwn in Appadir C.

For perfcnin3tbpt!*, th! dpperatru gim in FiS. I nay bo fouoi
simplc to oooltnrct aDd opcrab.

7.2. Obsrztftn.

7.2.f . Thc modulu of nptuc of ths t€ct rpfu is ohaincd
as follor:;

3 WS 0.768 W
[lD E ----- E

2 bdt

Whc - m -Modulr of ruDqrrt in kg porcd

W-brcrtila hid iD I(l.
S-.Span - 8cu.
b -bradth of apccim r 2.5 co.

d -dcpth of spciml : 2.5 o.

7.2.2. \b averagc of the six test sp€cim€os sball be takeo ao tho
moduhs of rupture of the mortar and the r€sult shaU bc dxorceseo
to tbe rca^rst KS./cml. If ths iodividuat value of any test difrcrs fron
thc a\crago value by more than 15 per cent, a retr averaga sbatl bo
found rejoctiag sucb vEluo. '

Errucr rr,ox I.S. rcz4-ilg(/f,.

C& of ptocttefoe ltcld testilg ol Qtdldins lirra

4. Hydrochloric acid test.

4.0. Thig test chould bc usod to detelmine whother thc carbooato
contoDt iD the limo is oxcessive aod to roughly determine the clasr
of lime. ftc nocesrity for the obcervation should notoccurif
the lime has bean teoted for quality by staudard taboratory tests
bef:re acoepteance ofthe supply.

4.1, Procedure.-Placc a toaspoonful of powdered lioo (lcvellcd
0attotherimof the spoon) io a t€st tube andgentlytapfora
p€riod of about two minuteo, so that the sample pr€sents a n€ot
eurface on the top. With e glass markiog peocil, make a mruk on
the test tube to indicate ths volurns of tbo samplo Into this test
tube, add about l0ml. of50 per cont hydrochloricacid by volume,
prcfcrably along a glass rod placed io the test tube so that tbe acid
dooe not gst smcared iltov€rthcsidoofthotube. The conteots
after stirring with a glass rod, should not leavE much inert matcrial
at the bottom of the test tube. Tho quaotity of acid may be in-
creased,if oecelslry to eo$ure that none of the in€rt material is in
the form ofcalciumcarbonate ; and the contente shall b€ well
ebaken to eosure that all efrervesceoce ceass. The test tub€ with
its cont€nts shall theo be kcpt standing .in a teet-tube stand for
about 24 hours.

4.2. Observation

4.2..1 lfthe efforrrcooeoce indicatiug tho libcration of carbon
dioxide is abundant, it may bo inferred that the limc has a gubstan
tial proportiou of calcium carfe641s, because the lime has not
been burnt adequately aud/or stored properly.

4.Z.LThe vohrneof iosolublc rwidue at thc bottom of tho
tube coopared rlth the original volume of timo will indicate tbc
proportioa of in:rt matorial aad givc en idea if it is excossitr or
not.

4.2.3. lo tho casc of hydraulic lirre, a good thick gel will be forncd
aod below it inefi material will be depoeitcd. If tbc pl is so thict
a.s not Gvcn to flow whon the test tubo rs turocd upcidc dowo, ttc
infercoco rnay be tbat tho limc is emineotly hydrautic. If thc get
formed b not quito thick aod tcods to flow oo bcing titlcd, thc lioo
is f€eblyhydraulic. lf thcroir no gel foroation,tbolimeis noo-tVdraulic
or fat.

' 6. toa lot rlmtc.adlllrtr.

o'0. fhictd should bcrpdto dotorcrincntahot tho pmpordonins
aod nxng of tb vtdous iryldicd io lino Eortar naocly
lbc,rlod and ratrt rith q withCIn addition of nu*i, cqnqrt,
ar : frcilitato oasy haodling aod apptlatbn io ttc wort.

APPBNDIX C.

(Cla& 7-1.,

T8S: IOI DBTTIXTXATIOH OT T8ANTYBTII STNANOTE Or IUILDINO
LtxE r

C-1, heWocbt ol naM llarr sd now (lz l),
C-1.1. lto saod opbnd for tho prcparetioo of mortar $dl

onforn to I.S. 650-195t.

C-1.2. Tto lim nrod for tb properatbo of tb! mortss 6ill
bodthlr hydratod lirr or qrictltrre".
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C-t.3. kiusted ltmc futtl. .

C-1.3.1. When hydratod lime is used 5@ g of tbc sanple sball

bcthoroughly Ot a*nOto 65 per mt of water by u'cight(tbat

b 300 to 325 ml)for 5 mioute, for obtaioingputty'

C-1.3.2. Whco quicklimc is uscd abor$ ooc Kilogran of the

ramplc shellbccrushod to pass through lS Sievc 2d0 and daked in

tbc fttd fo8 Dot less than 
-ono 

hour. Tbo rtsultins putty sball bc

ctirred with a woodern rod aod sieved through IS Siew 85 and ool'

loctcd ovs a filtcr clotb. Tbc cxccss s'stcr sball bo rcmored by

mai"g ttc flt6 cloth iD thc form of a bsg prcsing modcraloly by

tard. Tbc coodst€ocy of thc putty shall bc adiusted ty trhl to a

lltcr cootcnt of 50 to O5 pcr csnt try wcight oB tbo sciSht of dry

niOratea fE€. Tbc aOqiusdcot sball bo carricd out by extracting

-y "t 
*- watcr ftom tt putty W placins it' {ter rcmoval ftom

,tte tttcr cloth for a short tim on a clean absorbant surface' or

altcrnatively, if owrdry, by adding a small quaotity of watcr and

dring and toocking uP thorourgly.

14

C.2.3. Test pr*c&tre .

C4,3.1. Aftcr tbc crpiry of theperbd of st,oraSs speifieduodo
C-2.2. tfu spelmcns shall bc rrmoved ftom tbc mould, calc bcing
takco notto iojtue thcm inany wayduriog ttrispl'o*."aod imcrsed
inwatcr foraporiod ofbalfaohour. Tts, sh8llbc thcorcmwed
aod tested immodiatoly for transwme srcngtb. The specincos to
bc tcstcd shall rc$ symoctrfually on thcir sidcs on t$o pardlcl
oetal rollcrs 4cmindiarnetreand spacedat 8.0 cm ccotrce. Tho

load sall bc applied througb a third parallol. rollcr of the ssoo sizo

atapointmidwaybem€cnthGotbatso. No packing sbalt bo usod

htu,€cn tbc rollcrs and tho spcctnca. TtG load thstl bo spplied
steadily and uniformly, startiog from zero, aod increasod at a rstc
of 15 * 1.5. kg. Bin.

ExlrArr nor I.S. t|{)82- 1967.

Ileom*a&tlut on tlar*irg d swagc of cwtrllr;tlarr
nutcrials s, Itb.

3.5.3.1 Uol6$spoci6ed othlnvisc or ffittatcd ty eta cooditimr
ttapting of ttc folloring marcrials sbsll bG €anid out in rqulst
stacls of tbe siaos givtn belo*:-

&rlol tlewfals. Sizt ol srack (in ,E rcsr.
nwnber. Leryfrt. ,redh Height.

0) 8, (3) (1) ())

I Soling stooc . 5.0 2.O 0.gl

2 Ooarso rSgregate . 2.O 2.O 0.50

or 5.0 1.0 0.50

3 Fioo aggrcgate 2.O 2.O 0.50

or 5.0 5.q 1.00

or 5.0 5.0 0.50

Exrn.^cr or I.S. 3068-1965

Spcfficafio, for brokn hick (brrnt clay) coarse

aggegatc tor ux in lime arcrcft.

; 3. Qwlity ol aggregatet.

' 3.1. Gemal:-Brokm brick cm$e sggr€getc shall bo pr€pared

from b,ricks corresponding to atleast clax Ltr mentioned in I.S.
3102-1965 classifcatioo of bumt clay bricks. It $hdl bc fre Aoo
undcr burnt particles and adher€ot coatios of soil or salt. As far
'as possible flaky and elongatod pim sball tc avoided.

: I{cnr.-RFpcatod handling of brick ag8rc8lte cao lcoult ia brea.k-

rng up aod rcunding up of the cdges of the particles rnd pro-
dnEdon' of, c*occdrc focr duoti. The duct raisco the proportion
of foer siad portk ce in ooocrcilce, whic,h if lot amunt€d for
would result in mirp *ater dcmsod for ooncrst€. Brick aggrer
gate should thcrreforc, ba handlcd the lcast number of tirres before

.{xiog',ucalin ooa@b and pndoraHv,produocd elqrgto construc*
tion site.

32. Delctcrious Materials-Ag8rcgple shall not oootain any
harmful material such as clay unburnt or under-bumt partictes, alkali
soft fragme, rts, organic impuraties, etc., in such quar.tity as to aflect
adversely the stnenglh and durability of oooct&.

4. Sbe of aggregates.

4.1. The aggrpgate shall be well gmded and shall pass in any direc.
tion through 50 mm I.S. sieve. It shall be seeened over e 4.75 mrn
I.S. Siwe to remove mbbish and dust.

C-1.4. The plopord'oo of watec prescnt may be deterrnined by

etvrog " olgi.a-pottioorapidly in a drying ovco at 100"*l0o C

to-t-o,n*t * eignifcsot a.mount of carbon dioxide is abeorbed io

;;G, "oo 
uv \r'sighing the drv residue' Qe loss io wcieht

stoulO be b to OS p€r ceot of tbe flcight of the dry residue' Any

othor conveoieot ffithod rnay be used for tbis purpose'

C-1.5. Tbc a<lirsted limc putty sballbet-horouShly nitld and

df.O-"p 
"tO 

Fss€d twic!,throrgha pugni[and usod immediat'

oly for erepafug tbG mottar'

. 
c-1.6. Mix rborouelily 350gof tbeputtywith anapounJ9f TT'

a.ra .u"A (coffming toIS. 550-1955) equalto tbrioctbeweisht

oitt O"y hydrate contained in it, oaocly, 635 to 555 g' Tbc

il"r"lritg-p",,V shallbeiliscarded' Tbclimcputty aod ssod shall

; tbd,tity oircil aod toccked-up oontinumdy for l0 minutcs

- ,r t iorm a rmiform plastio mortar' Tbp mortar so ercea$d

il; ; o*a irr*Ai"t 
-fv 

for 6lting tbe ipulds for stre'gtb tests.

Tte whole ope.ration startiog fro'B tts daking of tbc quicllime

opto tfr. filling of lbe moulds sballbccad€d outas crpeditiously

as Possible.

C-2. ?reryatbn ol test Wctnxn

C-2.1. Six test spciffi each2.5x2.5cm'incross section aod lO'0

.- io t**U shall be pr€pared wrng tho staodard lirne aod mortars

soecified unfler Ct1. Thomoutd used sballbcaniodividual or

s[g motilatof b'roozcor'olfipr suitablc rc!ffiibte metal, and

ii i,t *.t Oinarsi,ons of 2.5 x 2.5 x 10.0 co, the ianer surface of '

IUe moula shallbecardu[y maclioed ib a 
.tolerance 

of *0.002cm
."a tt" mould $allbesoooosiruc'ted thati:ispossiblc to rmorc
the speiim sitbout thc mould bcing tappcd. ThG m6'uld $allbe
well greased witb petrolzum ielty befco usc, and shall rct oo a well
cr€assd non+onodiblc plate duriog tbe filliog operations. Tbe

iolO .n"tt be 6lled by hbod, the mortar being pressed in with
tho throb, lightly tamped' and then smoottid off,sith,lq,o of ,

C-2.2. The filled mould tog',ther with its base plate and covered

oD the top with a similar plate, shall be stored fo,r a period of 28 days
undisturbed in a suitable containor in an atmosphere of at lcast 90
per oent relative humidity and a temperature ranging from 24o to
32' C. A record shall bc kept of the temp€rature of the storage on
at teast 24 days of the 28 days period. The maximum and minimum
tempcratur€s'thall bereadfromtimeto tirnein order to check any
possibb unde variations of ternperature that may have occurred whilst
he apporatus was not under direct observation.
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Emr.lcri rcnx I,8. 3182-1967
,I

Specificatbn for broken btck (bunt clay) fine .aggregatc fot ue in
' .i litry.rrortef

3. Q@liA of rygregare.

3.1. Gencral.-Br.oke,n brlck Ene aggnegate shall be pr€Dared from
Class I or Class I[ bricks conforming to t.S. 3lg2-1965 tt shall be

ftpe l'rom underburnt p{rticlos and adherent coatiogs of soit
or silt.

Nors.-Appendix A provides guidance regarding manufacture
of broken brick fine agerhgarc.

I

3.2. Delercrious nuterioh-Btoken brick firc ag8regate shall
not contaiB any harmful ifiOurities, such as iroo pyrites, salts, coal,
mirx, shate or simihr lanlioated or other materials in such forgr or
io such quantities as to a*ct adversely tbc hardening, the sii:irgth,
the durability or the appehrance of ttre mortar:

t'
3.2.1. Unlcss fouod satitfactory as a rcsult of further tests as may

bc specificd 'by thoEagine(F or Architoct or unless erridence of general
perforrnance is offered to dim, the maximum quantities of clay, finc,
silt, fine dust and organic 

'impurities 
in the brokea brick fine aggro-

gnoe: :(all raken-togptbcr) determinod in acordam with LS. 2386-
f part-tr) 1963. shall not +xceed 5 per ccnt by wtight.

4. crudfii.

4.1. ThE particle size gt'ading of broken brick fine aggregate for
uso in lim imtars for mssonry work shalt be within the limits
spccifi€d in Table 1.

Teu.r-l. Requnrurr*fs oF cRADING FoR rR,oKEN B&tcK FINB

AocRaoArB:FoB uBr' rx r.urrs laoBTAR.
(t) (2)

[I.S. Slirv, d:$gailion Perceuage passing
(&e I.S. &-1e62)l (By veight)

2.36 mm 96-100

1.18 mm 70-l0O

'ls

APPENDIX A.

. ,. . , (Clousc 3'tl
Notr ox MANI FAcTuRE 

1,r 
TRoKEN B\IcK FI:E AoGREcATE. 

'

A. l. Rary notedals,

A. 1.1. Brick clays shall bo well suited for manufacturing brolta
brick Ournt clay) fine aggr€Eate as judgpd by past experience or by
experimental investigations. The clays shall be free from organie
in2urities tiki pcat wood, leaveo, ctc.,and lumpc and coarsc grarcl'
Clays which have the followiog,constituents arp useftl for the n anu.
facture of broken brick 6ne aggtrdlltar-

Constit@nts. Perceilrye of content,

Silica+Aluminiumllron oxi& .. Not tess'than 70.

Silica . i :. Not less than 40.

Calcium Oxide Not more than l0

Magpesiusr.Oxide ... .,,t-,.,.No! more than 3.

Sulphur trioxide Not morc than 3

Soda aird Potasli . Not fr<iti than''3.

Water sotuble alkali Not more 'than 0.1.

fulrtii sotrrble maieiial .'. Not morG thn r.O. '

Lnss on.ignitioo Not more than 5

',Li. Lr*irfsprwe, .

A-2.1. The brokpn brrc& 6oc aggr€tate shaU be obtained by ca&io.
iog processod clay'at buiable bA6iature aud grinding the niulding':,
product to required fincness or by grinding tirokcn'Mcts. l

ErcrRAsr rnon l.S. 1344 1968.

Specification for bur4t clay pzzolom

2. Raw materials.

2' I. tn sctocting clay for thc manufacturc of bumt clay Pmhne.
past experience of the use of the:p.artiular clay uoder scrvioe son.
ditions and any experimental investigation are good guides.

2.2. A number of ctrys, which have boen investi&tedin India aod
tra'ro girren satishctory rcsults, cooford g!rcrallJr to the foltowing
chemical requiremeots on an over dry hasis (at lO5" C).

Constitwnts. Contet:ls.

Silica+Alumina llron Oxide Not less that 70 per cenL
(si0r+AIr+F-C, 0,,

Silica (SiO.) 't ... 
Not less than 40 per cent.

Calcium Oxide 1Ca 0) Not morp tnan to p€r ceot.

Magrresium Oxide 1Mg 0) Not more than 3 per ccnt.

Sulphuric anbydridc (S:s) Not morp than 3 perccnt.

Soda and potash (Nap+Kr0) .. Not'rnorc ttan d per ccnt.

Water-soluble atkali Not morc tban 0.1 pcr ccct.

Water-solubl€ maEial .. Not morc than l..por cent

Loss on ignition Not more than 5 per oeot.

Norn -Bor Cha$oal aoalysis of elaw. rcfercoce Eay h mrdo to
r.s. tTz1-lw.

60L' micron .. 4G-l0O

30) micron . 5-70
l

150 micron .. "i. 0-15

l

4.1.1. The varius slzee of particles of which the brokeu brick
Ono aggrcgate is ccmprsedJ of shall be uniformly distnbuted ttrough-
out thc mass.

4.2:, Brokerl brick finri a8[regEte rvhocc grading falls outside
the specified limits due to exccss or deficiency of coarse or fin-e
prrticles Bay be procossed to comply with this staudard by screening
through a sizcd sievg and blerding with reqdred quantities of suirable
dzes of broken brick ffde Any deviatioa may be left
to the dircGtion of thc E{Sineu or Architect ia charge of thc work
io tho titht of practical elperiencc with the use of local aggrogates.



r6

3. Mau{rcture,

3.1. Bumt clay pozzolaoa' .hsll be ohained by cabiniog pro
c6sod clai at suitable tcmpcrature aod griading tbc recBltiag plc
duct to rcSufud fDmcss.

32 Prepration of raw nu*ricls*Tfuclay may be prcpared
with suitabl€ additioos of rater into a plastic mass weding out
ffitry materials, Debhl€8, sticls, ctc.

iil<rm-The msthod of manufastuc of burut clay pozzolana
curreotly practisod in lndia, is to bum cJay aftei motrlding it into
tricks or balls and th€o to pow& it.

3.3. Ban*g.-l}rc cJay preparcd as in 3.2. shall bc burnt et a
lGmpcratur€ suitable to thc typc of clay used in tbe manufacturc.

3.3.1. Thc qact @IcG of hrniogfor earh day rhall bc dstcrmiDod
rftcr-Esking r.sgesssry cxpcrimcoe with s.splcs plcparcd at dif€rrnt
Gmpcnaturcs 8sd ground to spcified finffi 8nd gingfor gtreo$h
sod othcr propotics with lim aod mL

Ect,ll Chuactqdtc.
llo.o) @)

f Fi!€o€ss:
(4) Speinc surfae

(D) Rciduc by wisht on 45-Micron

I.S. sisrc aftcr rc( siwiag.

2 Reactt lty I
(a) Lire rcadivity compressive

8tr68tb et lo <hye GpEiEcn
kcpt in oould with covcr
datcs undcs rrt giuoay basl
for 48 hotrs aad 8 dayt in io'
cubotor at 90 to 100 per mt

, rclatirc huoidity aod at 58:E2oc
obtaiopd bV todng atlaast thlcc
mortar cubee.

12 psr cc[t Max"

50 Lg/cmr Min.

Ncrra:Ibc optimum tcmp€EafiIrc of hriliDg is prcsumed to be

th3t at retich tho cry$tal stnrhrcof thc c,lay miDcral just colspsc)
rndtb oxidcs ofsilicoo, alumiaum aodiron arcin fac actiw form
Gcnerally, thc otrimrn t€Epcratr€ of buroing of diffosrt clays

at which maximum Eactivity is produccd have bccnfound to be thc

following:-

For montmorilbnitc type of clay 6tr to 800" C.

ForKaolinitctypcofcJay ruo b8(D' C.

3.4. Grh&tg*T1r-bunt clay sh.ll bc pof"ri-O to tbe 6r-dness

spcified in 4.1.

4. Plvsical tuquLcracers.

4.1. Burnt cby pretror sball coforrr to thc phlsical regurie-
Ecot! gilu in Tebh 1.

Ucth& olna.
(,

6.1. of IS. l?27-1967'M€thoda
of test for Pozzolanic
Matcrials" (6rst rwisioo).

6.2. of I. S. nn-D67.

As Peolaoa, aod as admixture 9 of I.S. |TTI-1967.
ad. agcrPgete fo mortar
and concr@.

l0 of I.S. 1727-.1967-

Tenr t.-htrscra Rnunmrrr o.BuRr.rr CIly ruzq^lA
(Clute 4'l')

M&ata* A*'

(3) (1)

3,200 fui/& Miq lorr Yuluo A8 Psolroa rod as rdmirfiut
uPlo 2,250 smr/g EaY t!
arrr{llrd fovided roquip

rcots of stl|lo$t end otFcr
poPcrtice sno wt sstidactoilY.

Do.

(b) Co mp re s siY 3 s t' r e ngt h.. -(i) Atthcagcof28 days.
Not lcss tban 80 pcr c€ot of the As Pozzolana

etrENrgth of corrtspoodins
plain ccmcot o6rtar srbcs at
28 days.

Not less rban thc stneogfh of thc Eo.
cor€sp@disg c.trbcs cast
fru tto samc mix tesed at
28 drys.

De.(ii) At tb€ age of 90 days .

7. Stor4ge.

7.1. ThG hnnt elry pouohoa shall bo pr!il.ctod from raia sod
dmpess aod ehatl bc stored ia such a nnnnetr as to permit eagy

rm for prropcrinspccdo and idcatifcatio of oaciaoasignm€ot.

9. Dcllvcry.

9.1. Tbe bumt clay pozzolana may be supplied in bags (gunny

multiply paper or ctoth) bearing tl.e n anufachrrer's nane cr registercd
Eade'mark, and tbc n€t ucight of each bag sbalt be 50 kg.

9.2. The permissible tol€ranc of thc urcigbt of burnt clay pozzolar a
coFlied in tngB sball b€ + 2* Per a@t per bag witb aD orcralb
toleranoe of * I pcr oeot pcr wagoo lood of N to 25 tonnes.

BrrrBAcr mox I.S. 38:l-19r0.

spcdy@fu oos *W I'on Dfrto?l &w,cs

2.1. FttE oggrcgde.-lLggrt8rtc moct of c,hich passeg 4.75'mm
LS. Sio,e aod oontains oaly ro much coarse B-aterist as pcrmirted'
in 4.3.

r.Average:r ntr:srivestrcngt r )ttrin:J bv tssting at least three mortar cubes.



of rock
agencres.

.f" Crushed stone
stone.

Crushed gravel
gavel.

3,: Siulity of 
'

,oieces should be

Natural

agercgate pfoduced by Orushing

agsregBte produced by crushing

shall consist of naturally occuring
gravel and sand or combination

strong denser durable, cl€ar and free
and free from injurious amounts

matter and other deleterious
fltky, scoriaceous dnd elongated

the limits for the flaky and eloo-
iimis'may thercfore asThe

purchas€r and the srpplier. I.S.:
fays down the methods 'for the

inder'and the elongation ifdex of

Taux l.-Lnurrs oB Det"r,Imlous MATB;ALS (Cuusr 3'2'1).

Method of
test,

Crushed.

!4)

r.6

l/q I.S. siwe.

1.00

3,00

1.00

.15.00

Norrs.-Ag8reentp peroerafhicaUy simihr to"knoq,a reactive -

types, oraggregates whichbn thebasis of service bisto4 or laboratoly
cxpQrimslts, are suspccted to havg reactive tendency should bo. I

avpided or used only with cements of low alkalis [trot more'thaa 0.6
p€r aont as Sodium ozide (NarO),.after detailed laboratory 'stu{ies:,
Use of pozzolanicpement and certain pozzolanid admixtures may be

hslpful iu controlling alk'ali agl8regate reaction.

#

3.2,1. Limits of deleterious .materials.-Xhe maximum quantity
of deleterious materials shall not exceed the limits specified in Table I
when bsted in accordance with I.S. : 238G1963. However, the
Engineer-in-charge at his discretion mayrelax someof the limits as a

result of soms further tests end evidence of satisfacotry performancc

of the aggregates.

,j

;,
, ,'ii

.- {l

..?

\:.,..t
'i'

'serial number and
I suhstance.

:

Ffue: aggregote perceutqge by weight,
. mqx.

'1.00'

5'm 2'00

Coarse qggrcgatc percefiage by

. veight,max.

Unuushed. erushed.

(5)

' I (oalandlignite

Q)(l)

l-.00

3.00

r:90.

3{0

5.00

, '"- 2 ChylumPs

3 MatPrials fir{et-t
l

4 Soft Fragments
1' ,

5 Shale

(except

and
Col.5

than 7

doleterious

3.00

2386 (Part rr) 1963I
for organic impuritiis

columns

of plca in the finc aggregate has been found to reduce considerably the duiability and compressive'strength of
arc'uoderway to determirrc ihe exte,lrt of the deleterious effect of mica. It is advisable, therofore

oiffne aggrcgnte and make suitabteanowairces for the possibls reduction in thePtren8th of coace.rte or niortsr.

,:l

:ij

cpnteiri hartnful organic irrpruities [tested in accordance with I.S;
strength and durability pf concrite. A fine afSregate wbich.failsln the tesl

the,effect oforganic
(Part.YI) 1963 is not

impurlties oithe slrength of mortar, tberelativettrength
less than 95 pcr oent.

in suffcitrt
rray te ured '

at Tand $8 days repblled. in ,

t
i

.i

). ;,1 .

toiriive*igatsthe

.}

r=:f= lF-ryrE

Nbta.-Euough data
gatefl pggrogales are not
mutually agreed 'to the

238(-(Part-I)
deterrnldation of
aggrcgates.

t7

aggregate resultiag from tbe natural 3.2. Deleterious. materiels.-Aggregates shall not contaitr any
which has been deposited by streams harmful matcriaL srrch as pyrite6, eoal, lignite, mirla, shatel or similar

laininated rnaterial, clay, alkali; soft fragm€nts, sEr shells and ,orgaoic
impurities in such quantity as to affect the strength or durability of
the coiorete. Aggregates to be used for reinforced concrete, shall'
not coataih any material liable to attack the steel nrirforcempnt.
Aggr€gates which are chemically reactive with alkalies oi cemerit are
harmful as cracking of concrete. may takg plact,

of distinteErated piees,
subsiances. As fir as

I

1961,
the

I

J

*

.- [S.;2386 (Part'II)
1963. .

. Do.

s. 2386 (Pa4 I)
1963:

L S. 2386 (Part II)
1963.

Do.

Uncrushed.

1.00

(6)(3)

1..00 .

of percentages

materials including
' Serial numbers (i) to

qruhibers (i)

5.00

+

NorB.-(l) The

concrete and further

(2) The aggtegate

.|!"',

ll:
.il;

466-3-3



l. -i. Sieve designatiott.

80 tnm.

63 mril

4Omm.

2{l mm.

16 mm.

l2'5 mm.

10 mm.

4'75 mm.

y'36mm.

TisI.r-C4ARs Aoc*rclrrs.

(Cbrser 
+'1, ittd 4'2.)

Percentage passing for single sized aggregue ot
nominal size.

40mm. m inm. , 16 mm. l2'5 mn; f0 Flrt.

Percentage pdssitB tor eride qgrqda
of nominal size,

20 mm. 16 mm. I

30 to ?0 95 to 100 100

63 mm.

100

0 to 30 85 to 100 100

0 to 5 Oto 20 85 to 100

0to 5 .0to5 0to20

0to5

(3) (4) (5) (6)

'rCI
85 to I00

0 to,30

0to5

100

+L.1. @dse dggteglte for mass concrete.&r:s aggregte
for @ss ooncreto works shall be in the sizcs specifed in Table.3.

Tlalr'3.-SrzEs or CoARsE Aoouorrts FoR MAss 'CbxcnrrB

- (CLeusn 4'l'1.)

' Closf otd stze.

.' (!)

Yqry targe, 15O to 80 Em.

-)- .'
t,arsG, Bo !o 1o mm. . .

,.'..

outside the limits of any psrticular grading zont of sieves other tlaq ,

6d)jmicorn I.S. sicve bv a tbtal aooutrt not excoeding 5 fcr ecn-q '
tt -h"tib";Ard"d as failing withiqthc'$adingZone. .Tlib, tohrancG -;.

shall not boapplied to per@ta8e Passing tho 600-Micrbn I'&-
iJ.n" * to p"il,-ag, p"-tlrgmy ;th* sir-ve sizc on Oe ooarse timlt ' ",'

,..S. Percentagc
Sleve pass@.

/esignation.

(2) (3)

160 mm.* . . 90 to 100

80 mm. 0 to 10.

80 mm. 90 to lfi).
z()mm. .. Otol0.

40 mm. 90 to 100.

20mm. .. 0to10.

20 mm.
4'75 mm.
2:35 mm.

9O to tm.
0tolO
Oto2.

lm
85 to 100

0to45

0to10

1CI

85 to 100

0 to 2I)

0to5

10 to 35

0to5

Grading
Zone I.

(2)

100

9GTM

60= 95

30- 70

25 to 55

0to 10

Grading
Zone IL

(3)

100

90-100

75-100

55- 90

30 to 70

0tol0

Tmrr-,4., Fnvr Aaoerclrcs

(Clause 4.3)

Percentage passing tor.I. S. sieve

deigmtion,\l -,

(l 
".: 

:- J:

Gmding
Zone III. Zone IY.

(4)

100

90-100

85-100

?5-rdo 90-100

Small;20 to 4'75 mm. 10 mm

4.75 mm

. There being no LS. sieve having an aperture 
'larger.than 100mm. 2.36 mm

8 sqqar€ l.r8 mm

supplied

600 micron 15- 34 35- 59 6U 79 80-100

300 micron 5- 20 8- 30 t2- 40 15- 50

150 micron 0-10 0- l0 0- 10 0- 15

Notr l.-For crushed stone sands, the permissible limit on 150

micron I.S. Sieve is increased tq 20 pgr cent' This does not affect '
.he 5 per cent allowance permitted in 4.3 applying to other sie ve sizc.
t

{.3. FirE *Elysates.-Tha gadlng of.'fine aggrcgates, whon
dortermined av.desctibed.in I.S; 2386 (Part I) 1963'sbafl bg lvithiti'

zoaes Ii.$" fit Td Iy, Iflhere the4rading faldgrading

3'6. Sourdness nf osgrcgqrc4ol oonsr€te liable to bc exposed.b 
ttc ,"tio of tostrcoarsa md,finceg![oEpt€s shlll'pess a sodium

or 'Magnssium qBlpht€ acelhrdt€d eqn&ress tost itpceiqod in IS.:
2386 (Pa$ Y):1963; the limits beiing set by etgr€&cnt betwen the
pulplse€r rnd tbel supplier, €x€pt &at aEgrogates failing in the
&ihiat€dttsoundnees.eqt may tfo used'if ttoy pass a' specifed freez

iog and ttrawing ,tdst satitrptory to 'the us€r. . '

, Nots.-As,a general guidc,,it mal be take,n that thc avcragc loss

of lvoigbt afteI 5 cycles shall not erceed the following:*

(a) For fineaggregates'-\\ per cent when tested with sodium

,utptiaie lNa,sol u"O ts per cent when tested with Magi esium

sulphate (Mg SOr).

4. Size and grading oJ oggregates. '

4'7. Single-sized coarse aggtegares.-Coarse aggregates shail be

,rppti.O ii the nominal sizes given in Table 2' For any one of the

nominal sizes, the proportion of other sizes, as determined by the

method descrihed in I's' 23E6 (Part t) 1963 shall also be ip

accordance witb Table 2.

(8)

100

(e) (lo) (ll)

100

(2)

40 to 85

0 to 10.



; go* j.;ine.rru"*[ 4*nrriod with requirements of 'env

:rrfr;I-i.;; tii[ ftlt it h;tiu.te ror conctdle but the quaritv
;;ffi- produced *iU -OlrnooO 

"pon 
a number of factms in.

:]cludiNgi rPro'iortions' I I

; llomr.-+vnere concre* of itridrstrlnsftandgood durabilig is

rorruihd. hne aggre8Bt€ Confoming to any one of the'four graolng

;il.;fi usfr;6ut tdcon&.t" mix should be properlv desiened'

l"-ttlT*:: 
"ggr;s.tt 

gr{diog : boomes progressively finer' thit is'

il;:Crsdhs Zones r { rvi 5rre ratio of fine aggregatc to coarse'i.i#X;A* ptoltstfi'Ibv rirdtrmd' .The 
mmt.suitable firb

t :Jai* ratio to be t*d fcr any PBrticulsr rnix will' howev€r'

;"*#1ffi-ii" i"*ir $uioil' piiii"r.-.hape aad surrace textur'

of bothrfim,and coarse asFrEsal€s'

, Norsl4,.:rtis recomm&a€e.thet fine aggregse cbnforminS to'

",oiiiifd*IV shculd $t ue used, in'reidorc'ed ooncrete uilcss

EilT,i[-Ueen made t{ asconain the suitablitv of proposed mix

Puryrtions'i I

. 4.4t A]/-lt*neerrt(,t,,{ coPU'd' ag$egat€s are avai}able

,hi;;fr'# 6,*i"*t a lnto f;ue and coane" but nes€s$arv adiust'

fi"itJ'f"i'u" made in t4" g.lui"g bv ihe addition of singte*ized

.ffir*,1*;.ffi$x{i;H,H"l*xm'ax"',iTffi il*l1

l9

Exrnecr rnotr I.S. 2116-1965

Speclfication lor sond Jbr masonry mottats,

3. Quality oJ'sand.

3.1. The sand shallconsist olt-natural sand, crushcd storte or
crushed gravel sard, or a combination of any of these.

,1.2. Th9 sand shall be hard, durable, olian and fre trbm adhxt$
coatingi aod otgalic.matts and shall not" contain any anpreiiafle,
amoun-t of d?y 6,alg ot Poll.tt.

3.3: The sand shall not contain any harmful impurities, sttch is
iron pyrites, alkalis, salts, coat, mica, shale or similar laminated or
other materials in such form or in such qriantities as to affect adversly

the hardening, rhe. strength, the durability or the appearance

of the mortar applietl or to attack any reinforcement used

in the masonry work.

3.4, Unless found satisfactory, as a result of further tests as may

be specified by the Engineer or Architect in charge of the wcrk, or
unless evidence of such performance is oflered which is satisfactory

to him, the rlaximurn quantities of clay, flne silt, fine dust and organio

impurities in the sand shall not exceed the followinglimits.

(n) Clay, fine silt and fne dust Not more than 5 per cent by
(detersrined in accordance with weight.

Appendix C of LS. 383-1963

and also LS. 2386 @artll-
1963.

: ,"r i trnle 5-4fH*AlfEoArB GRADo{c';" '

.. :t-, , n iClause a.4)
',.t,.'
I.S. ,$rr,r" . ry"'ntog" /lazlsttrg. for ail'i'vrystetaV oI

designation.
4O mm nominal 20 mm

80 tritr .. ltm'l
{o m :. i ?:.1y 'P
20,'nmr I .. I t tqt: l5 to roo' '

d'*s;* | a io l-o lo'to.35

I5O miiron ., I O to 6 0 to 6

exrndct rnou"I.R.C. (1973)

.t
anz -i,1.: GreCins i eq$ilcments of codr ie aggregatesiha coalf,e

"i *gatut qna[ conformtf one of the grad'ngs Erven in Table 40G4

.t
T|Et]E,4(x}'4.-Q'negtnd Rrguu'ruexrs oF cl'ARllE AGGREoAE'

' 
dfl*tins numbir {tuvegesigt ution. Percentage by wetght

'(t). I i Q, (3)

l; 90 mm to lO *.. I i lOO mm lm

, t,, '-l I oN*A '25<o-.

I . 4omm . 'Gts,i:r,,. .,, l, i[ffi . L; .

(b) Orgenic impurities Qetermined
in aocordance wid Is 2386
(Part tr) 1963

Below that itdicated by com;
, panhor rfuith the stairdlrd

solution specified in
6.2.2 of IS 2386 (Part tr)
tg6? , ''', ,

Perccntage' .by weisht fussing
LS. $eve.

No,rc :-Itl partdrht caoce cr.udt€d stone sand with eren hi8lpl
proportiotrs of Ene dust than spocificd a.bove, may be satisfrt@
and the limit so permitted Tav t" subject to the agEreement b€trtsoo

4. Grading.

4.1. The particle size Srading of sand for the use in mortars

for unreinforced masonry work shall be within the limits specified in

Table 1.

Tlur I : nrqu8.BMExrs ol crepnrc roR sANDs roR uNxEtNH'Rc'ED

Masoxr.Y .WoRE.- '

80
63
50
40
20

mm
mm
mm
mT
mm

100'
gGIOO

ts-rou.
.G-tr..
O.5

'10p", .

,95-rm
35J70

Fr0
':85

100

90-100

70-r0o

40-100

5-70

o-1563 mm
50 mm.
40. mm
2O mm
1O mm

4.2. Thc particle 
-rlizo 

erading of saad for qs9 in ,mqrtlr$ffii
,ei ifo*a m'*rrv wort ehall be withio the- IiEiF fi,ocinrd iO$f i

466-3-3^

'' ,'2.,,6i os'to 40 mm' '

3. 50 mm to 20 mm. '

I.S. Sicve deWnatioll
($a? IS 4W1962)@'

4.?5 mm .. .: .:

2.36 mm ..' ..

@ microu: .. ..

3fl) microo :..
:' 

150 rtiiqrqt,\

[rr*l**,.*J ,iI for tost .L,,'
{ sieves .' Fl;;i. 
| 
(revised)- 

[;r,tt.[,- J
,



E ffRAcr rRoM I.S. 1542-190.

Specification for sand for plaster.

3. QwlitY.of sand. )

3.1. The sand shall consist of natural sand, crushed stone sand or
grayel satrd, or a combinatioo of any of these.

100

T$r.B il-REaUIRBMENts otr oBADtNc FoR' sAI.tDs toR
Pusrnnrxo AND REI{DI,RING.!.2. The saod shall be hard, druabte, clean and free fron adherent

coatings and organic matter and sha[ not contirin any apprcciable

!:3. The sand shall oot contain any hariful impurities, such as
iroi Dyrites, alkalis, salts.., soil, mica, shale or iimilar laminated or
other meterials in such form or in such quantities as to affect adversely
ite hardoning,.the strength, the. durability'or the appoar-aace of thi
plaster qr applied decor.ation, or to cause corrosion of metal latling
or othe! melal in contact with the plastcr.

I.S. SiaYe

desigiutlon
(Sec I;S.

4@-1953).'
o)

Corye$ond-
irg I.S.

siive
deotgtqlion,

@'

Percentage by weight passing'
LS, sieve.

Class A. (3)

100480

240

120

60

30

l5

I 90-100
70-100
40J5
5-50
o-10

,90-rl0o
70:100'
40-95:'

- io+J.
i o-15

4. Grading.

4.1.1. For Ptupose of indicating suitability for use, the sand is
blassifi€d as Class A and Class B in accordance with the limih of

be used generally for plaster work but
class B sands may be used.

.:
4.12. A-sand whose grading falls oubide the specified limits C.ue

: ,, .\gi-i.',].'

passilg IS sieve I20 and 60 only, may be

I

rli'j.. '--, i: q!-J-'- .',*tr-'.T::',"."';{,j.ll. .: '. ' 'Tn:: :

20
!*'-' 

., 
:

'f*&-2:-i@uncMiNrs or ouptno FoR sAI{Ds ron nrnrrohcd' ' MlSonnr wo,x.

,, LS. Siew designatign; Percentaga possfutg by,

see 15.(!6.04962) wclg.ht.

4J5 mur,. / .. ' ,. ' 10d

2.36 mm i. .. I . . 90-100

1.1S mm ... 70-lOO

600 microa ,l(}.-80

300 micron .. 5-4O

\,

. - 4.3. A saod whoG grading falls outside the specified limits due to
1€ilc6s or.: defici€ocy ol cbarse or fine panicles may be processcd

fb coaply with the stqndard by scrcening throueh i suitaUly sized
sieve and/or blending with rpquired quanrides of suitable sizes of
eand partich( Any deviation may be left to the discretion of the.
Engioeer or.Architect in charge of the work in ttre tigft of practical
crperience viith the use of lcical matedals.

4.4. The various sizes of paltjcles sf which ths sand is compgsdd
, shdl be,uiformly disfiibuted thrbughout thc mast.

i

4.g.The requircd Srading may often be obtained by scteeolng andr
'or'lbi bh,ndins tb'gethec bither natural sands or crushed store

- smceniga, whic,h are by themselves, unsuitable.

allorryed subirt 'to 
agtr€€ment between the purchaser and the

sdpplier. Any bthor deviation may be left to the disoretion of . the
Engineer or Architect ih cbarge of the work, who shali be sglely

*responsible for ttie 
'defects in nrork, if, any, due to this change'. i

4.1.3. The grudiog'of -saoq fior internbl. wall and eiling plastct -
o[ill be within the limits speciteO in Table l. , .. ,. .

Teru l-RreunrMENTlt oi.cRADINc FoR sANDs ron rNtrrNar, waitr

IS Sieve Conespond-
designatbn ing B,S. sieve

(See /S 460- desigtution.
r953).

Percentage by weight passing
LS. sieve.

. Class A. Class B. '

(2) (3)

98-1fi) for uoder 98-100 .for unikr

(t)

240

120

60

30

I5

7

t4

100,for finislirii tfi) for
coati. ' coats.

80-95 ' for uader 80-100
costs. oa4&.

95-100 for fni-
shiag coats.

30r85

'5--50
. Llo

95-100 for fiEi,
ihing coats. ,

30-95

5J5
0-15

finishing-

--
for ulder

Class B,'

25

52

r00

NotE.-lThe most suitable grading of sand for an extOrnal reoderin!
will depend to ,$ome 6tent, upoo the finishing treatment. Tte
grading specified will, in general, be suitable for the under coats and

for some finishing coatsn suctr as the smooth (floated) ffnishing coals,

the scraped finislres, and for pebble'dabh or dry-wasb. For some

textured fnishes, sucll as thoie produeed by treatmenr of the freshly

applied final coat with a tool, it may be desirable to remove thc

coirser particles (for example by soresning through I.S. Sieve 240),.

rhile for others, such as the tom tcxture some proportion of material

' 
:\-j

,...:1
il

' .' ...:



2t

oarser.than the size corrdponding to I.S. Sieve '480 (8.$. Sieve
3116 iO mfly tlc needed. f;or rough.cast (wet dash 9r harling) the
.greding aod naxirirum sizeiof particlcs will vary agcording to the
texture. rcquired and the tlpe o[ eggregate used. The proportiou
of coarse materials (over the sizc corresponding to I.S. Sieve 4g0)
to Ene may generally be abort I :2.

4.2. Tfu various sizos of particles of which the sand is composed
sban be uoiformly disribuiad thrguehout thc rnass;

4,3.-fh€ requirpd grading may often bo obtained by seecnlng
and/or:by'blcnding togeffi either natural sands or oushed stone
s€re€oiogs, which are, by themselves, unsuitable.

l. .ExrrAcrtrou I.S. ?12-t964r

: Specificatlon lor baildins limcs, '
I

3.1. B$ldios'lirres4hall 4 *seiAd'as follows :-
Cliss' A-Emincntly. hy4raulipiimo rr4 foi stnrc.tural pwpose.

- 
CXasq E-n$€mi-ht/dmuUCtind uscd for dasonry Eorta*.

. Ctass. C-Fat liuo uscd for fidehing coat in plastcrirg wkitc
wishio& otc., and wlth addition of pgzzolatic materiat f", m"mnry

,

whitE mrhing, ctc. :
,) n

Chss EJ(antar lime.used for mhsoary mortars. : : ' ,'

1 ; Chemtcal ord physical requtrements.

4.1. Building limce -as classified iq 3,1.'sball comply with chemical
and physical rquirements spcciEed in Tables \ ad 2 respectivety.

Scrtal numbcr and q'pe of test.

.. II _, :

I Calciuaanil marcinm 
1.*, Tff,

.2 MagrreciumOxi<IcsF€rcldt l'Mg.I LMn.
3 Sillca; ,ahrmina and Fenio Oxide. oq, ent

j 1osohtfq'residrr in Hydh{holotic apid
lcs the silica, PPr ceDt i Max

6 hsoluUe- mattff in Sodttm carbonate
' soludot,p€rceot - Ir[ah:
'? I.csoiigdti,oE Per@n Mor.

Regdrcments for building limes.

Class B. Closs C. : Clasc D.

Qutck. Hydrat- eutck, Hydrab euick, Hydrat-
, ed. ed. ed"

(3) (4) (' (6) (7) (8)

85

15.15

3

Class A
Hydrated.

Class E
Hydrated.

Mot od of tests
(ReI. ro LS.
6932-lg3).t 

1.

85

5

70

.:
70

::

(a

60
5

:

25

(e)

25

.:

)
5

(10)

Part I.
Part I.

Part l.
Part V.

Part V.

Pan l.
Part I.

Part II"

Part l.

8

2

5

2

Max.
Min.
Max,

r(+)
L(-)

0.5
5

555555
- 5 for large 5 for large 5forlarge
lump,7 for lirne - lump,Tfor lime * lump Z for time -other than other than other than

large lump, ' 
large lump. large lump

555.555
0.3 0.!0.6 0.6 I

)
NcnB.- (!) l"*qt"sf shall be cxpressed on ignitcd basis in r€spoct of it€ms (t) to (o.

(2) The sign $) nbans no requirements for thetcst.

I Mcthods ottetsrfor building limes -fa,rt f- Oele{ninatig.p of insoluble residue, loss og ignition,
oxidc, calcido oxiic and magnisiiim oxide.

Part Il-Detel.miuation of carbon dioxide conted.
Ilart V-Dete$mioation of unhydrated oxide of quicklilne.

* The .ialue ispgu{il to
a8P+1.1Q*0,7R

T-Magnesiud Oxid€ (Mc.0) pcr cart by weight.
S-Calcium Ofide (Cao) per cent by nright.
P - Silica (Si $ content per cent by weight.
Q-Aluminiurnoxide (Alu 0") contont per cent by weight.
R-Fonic Oxi& (Fce Os) cont€ot per ceot by.weight

insoluble.datter, silbon dionide, fenlc aud alui,riniuo

t

I
-t-

,/aii,

" '6, StorBQ,, ,.1

6.1, fho ffme shall be storcd in suc,h a mann€r as to perrrit caay ,

rmess-for prop€r inspectiog and in.a suitable btrilding to pr"t..iitl
limo frm da-tr-ess End to minimize qlar&ousc dde.i;&":- 

---

Norrs.:@ickljmg detcrioratcs repidly and therefore chould h
trsod sr quickly as poseiblc.

r , 
\:.:

,l

85 85
55

tt l

8 Carbon dioxide, [€rceot
' .9 Ctmeotationvalue

I

i
t

,.t
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Requirenents lor

Sc*lnunaeraidtw ol
. Te$.

!'Fineness .-

-.;'Class.A. 
.

Hyihatcd.-a) 
:

ShaU leaw no,
regidue . oo' 2,36'riun trS.. siwe,
oat more tban 5
I,6 oent oo 850
obou'[s. sievc'
'and'tbp fractim
Fssilc ' thengff
tl0 minbpr,, l.Sr
sieve shall leavc
not mor€ than 10
per ocnt (of this
fraction) oa 300
micron I.S. siow.

In tbe p:Jty
standard

of
otr-

sistpncy ss'P
pored in3.2,2.lr,f
I.S' 6932, (Past
[t[t[ri lYrt t
initial set shall
take plape innot
l€sa tban 2tr and
llnrl set witnin

.lSh.

l7-5 K,g./cma afrcr
14 days and 2Ekg./
cms .after 28
days shall, how-
ever, slown ap
iocreasc ovgr that
at.14 days.

.. ,.Modulus of rupturenot less than
1G5 kg./cmr . at
28 days.

a
Tho Le Chatclier

moulds shall not
exhibit moro then
l0'Ixn.crpanSioo..

I ..,.

Class B. Class C.

Quick. .rlrdM, -.)

(o,..-
Shall harrc mt'

$ri6&t orr&ltr'uimlifr. llnGr
not morc thaD,5
fi6r .tt ?S-
siemo,,l.s* rhrt,-
atrd. thc rfridfifo,
passing thrc'ugh
300 micron l.S.
sieve shall leave
not more thao l0
per cent (of this
fraction) on 212
micron l.S. sieve.

5 on 8f) micron I.S.
siwe, thc fraction
passirg i tbrfigt$'
thi$ sicrvo c&cn,
further fasMthrqtsL 3oo
niicron I.S. siere
shall leavc
residue 5.

Shall require noi Sttt{ r rpquirq': no0
lcss theo lY les* thrn.. lO

,bumps to attaio bumps to attsin
an averagc spread art awragc cpreod
of 19 crn f,rom an of 19;m. from ao
'initial spread of initial spraad of
I I cm. on tbe flow I I cm. or thp &rnr
table. tabls.

Quick.

l0oorSsUtniqoo I.S.
s&38

a

HY&ated,
(4)'

Shall leave no
reidue on. 2'36
mm.: I.S. sis!€;
nbt more thao 5
per cent oo 8A)
mbron l.S. siew
and the fraction
passing through
E50 micron l.S.
iieve shill teaveI not more than l0
per ceBt (of this

. fraction) on 200
mi;ron I.S. sieve,

12.5 Kg.lcmr r aftcr
14 days aod l7l

kg./ct6a at 28days
shall. howevor.
show an inerease
owr that st 14
days,

Moduhsof rupture
not less than
9.0 kg./mmt at
28 days.

Tho I-c Chatolic(
' moulds shall not
exhibit more ,hin,
!0mo.crmosbni.

....

l'7 mi. per g. or a{
agreed to between
the purchaser and
the supplier.

(s)(])

2 Residuo on slaking (on
the basis of quick
lime takeo (mar, per
cent bY teight).

3 Setting time

4 ComprPssi\,€ strcogtb
Min.

5 Transverse strength

Workahilitv

? Volurne Yield

8 Soundness

9 Poppiog and Pitting

a

t

.Methods of tcsts for buildisg limes-; PaftltV'DsterrninadoO of Fineocss.

tgcth6& oftlots fix bsildtngliiles i Pad lll-De,terminntion of rcsidue on slaftf oiqrficHiirri
$tdcd.lods of tcsts for building limes,; Part Vlll-Determination of urcikabitty:.

IM€eods of Physical t€8ts for bydraulic'cement.

1

Shall not exhibit
any disintegra-
tion poppiog tbo
pitting on or
surface.



;.,

I

*1---

(7)

Chss D.
- ____-_-'---\

Class E
Hydrated.

Methods of Tests
Reference to.

(8) .:
, Shall losva no re$duc'loo

,8JO micron LS. tieliG'oot
. 'ilmrcthad s:D€E GGBI oo'{6sriomIs;Sirrmd
tbc fraption asing
through 300 fuicrotr t.S.
sieve ,ehall. hu#c root
m.re than l0 horrccot
(of thb frrotioo on 212
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building limes.

Hydruled.
(10)

I.S. 6932 (Parr Yrr
tex3lt.

Norr.-The sign

ll Mefbods of tests builCing limes

tlMcthods of tests for buildi.ng
f .Methods of tests for building

: Part Vll-Determination of compressive and transvcrse

lirmr; Pir* Ylll*Ddermination of workability.
liraer ; Fnrt Vtr+Dddnipation of tokme.$'ild. of qulctl}nc
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Exrn661p*ttn l's' 269-L96'7. 2'2. Portlarul clinker:-clinker, consisting mostly of calcium
SpeciJication for ordinary, ancl low heat silicates, obtained by heating to incipient fusion, a predetermined

portland centent. and homcgeueous mixturo of materials principally containing lime
(CaO)andsilica (Si0z)witha smaller proportion of alumina (A1rO,)

4'3. setting time-The setting time of the cements, when tested and iron oxidc (Fe: o,,).
by the Vicat apparatus method describecl in IS 4031* shall conform
to the following rsquirements :; 2 3, Portland Pozzolana Cement :-An intimately interground

Ordinnr.r,. Rnoitl l-ov, srixture of portland clinker and pozztlr.na with the possiblc atldition
Harieninp. Heat. ofgypsum(naturalorchemical)or'anintimateand uniform blendilg

(l) . (2) (3) (4) ofportlandcementandfinepozzolana.

(a) Initial setting time in minutes, 30 30 60 (3) R,rw Matprial-
notless than' 1'r.Pozzorana-

(6) Final setting tirne in minutes, 600 600 600*r
F,t{
l- /l
!r.'

i,'

!r+'

, ' Dotmgrethan. ', '

: s.,sbrogr r' :
/

,' 5,1.. Ihe cement shall be stored in such. a manner as to pormlt
ofpasy aooess.for propor,inspection gnd in a . suitablc wcathcr tithl
:building to protect th€ cernent from dampness and to minidze warcr
lroqrdetoiioraticin.

5'2. Thcoetwctglrtof each bagdhall be 50 kg. fhe permissibte
tolerance on the weight of c€meut supplie.d in bags shall bo + 2.5
pcccontpcrbag with.an overall toleranoe of * 0.5 per olnt pGr
ragon loed of 2Q to 25 tcnnes.

- Nom-Ttrc weight of a gunny bag to hold 5o kg. pf cmont'is
rbor 1500 to 550 g. and the weight of a Gply paper bag ro hotd 50 kS.
,of srot is approxirnatcly 4{X} g.

).
.; : RcortwtfutbnsonWttg-grdstieqeof .

, .. .. eot$tractlarrrru/r,rials.tiaslre;

' t;2:1. Oe$cnt sball bc stored at the wot[-eitc in guch a.manncr
aB to prcwnt d€t€rioration due to mcisture.

3.2'2. @ment shall bo $tor€d and stacked in bagp above gro.und
lCVol in dty and waterproof. shcds. Adbquate precaution shall
tr tirtcn to ensure stacking of cement bags in such a way as to keep
Eboit,ls tg 20 om, clear above flc6r and 25 to 35 cm. clear of walls.
Cemcnt bags shall be kept frce'from thbpossibtlf,y -of any dampness

, or srci$uo coming in contrct with th€m. Tho lrc,ight of stiok Sall
- bG I to 12 bags *- pttentrhe possibility of lumping up gnder precure.

Oq$ntbags$allbestackedina maoner to facilitate thcir rornovtl
a[ ttsc in tbe order in which thry are,rocoirnd:

Efinffrrnoy I.S. l4E9:1976 Gpooxp xB\rrsloN)

Sgctltcstion f* prtland. pozzolpra ccment.

'fupcz , 
'

I'1. This standard covers lho maoufacturc 8od ithysieal and cbcuf.
cal requirdnrents of pottland pozzolana' cemeirt.

(21TermbobsY:

3.1.1. Pozzolana used in the mamrfacture of portland-pozzolana
ffitent may include such natural.haterials as diatomaoeous. earths,
opaline cherts and shales, tufrs and Volcanic ashes orlpumicitrxl:''
materials processed by calcination of soil ; that is burnt cl ay pzzolona
and of olays and shalbs of the kaolinite, montmoriltoirite and also
illitic typas ; and artificial matedals, such as p,rooipitated eiliea and
flya9lr.

3.1:2.?oztalura, that is to bc btcnded with finirhed.pofiland
ccment to produce portland pozzolala ocmcnt sball conforo to. the
following pbysiqal requirements.

(o) Finr,nesi*specific surface detcrmined in aeordance with the, :
prry{urc sqfified in Ill: nn-$67 shall not be le*r tf.ap. 3200 :

qn!/gr
' (r) Urne r€activity-Th. 

"r"r"g, 
cornp,ressive strcngth obtained. :

by testins at least-tbrecmortar cubcsprgured aodt€sted in aocordance .

lryiltlftpprocedurespociffedinlS : 17l?-1967 sballbe uc'tlese thaa

3.1.3. Pozzolaoa that is to Ue intetgrodnA with potttand cemenr-

clhrker for thc manufacture of portland-pozzolana @ment may
not satisfy lhe reguirem€nts spocified in 3'1'2{a) brlt shsll oevertlldcds,

sattsfy the lirp reactivity reqLriqnents qiecificd in 3'l'2(6).

3.1.4. The lime reactivity test on the pozzolana shall bG canied
out at tbe same firrcness at which the pozzolana is to be bl€ndcd
wrth finished poitland cernent in the case of blended portland pozoi'
aoaccflrent. Inthecaseofinterground portlahd pozzolaaa @rrrcntf . -
in" tir* pactivity of the.pozzrlana shall be testcd at the ffaoness,'
at which the final po,tland pozzolana ccmp' t will be supplicd except
that wtrcre the pozzolanic material used in the intagrindiEg'proccss
ir in a statofioerthanttrefinished pozzolpnaCcrnentrthelinr .reactir{ty ;1

testmaybecarriodgutattMfineqessJ \ 1," ,

3.1.4.1. The purctrdser shall have the right, if he so desirw to
obtain sampte of pozzolana used in thp manufacture of portland
pozzolana &mettt, for purposcs of cheoting ts ionformlti to thc
requii€merts sp€cified in 3.1.1 to 3.1.3.

3.2. Portlaod oernent clinker:-The portland cpment clinker
usod in the manufacture of portland pozzolaos/cernont shall compl)
in all reepects witb thb .chemical rcquilpilmts of Ill': 26$19.6 intl ,

the purchasc shall have the right if ho so desires, to obtain sampl€0
of the din&er ued in the manufa€lurc for purpoeos of c$ckiqi'
iie confomity to Ilt : 259-1976 in this r€spcct. -

l.

i- .._!

ll(.:.:

'l::;-1

i;...
-; _.-

:{/,
i'-

i,:,
d. -.:

i!':
2.0. Fc the purpos€ rf this standard, the definitions given in 3.3. Portland cement-When pzzoltoa cement is obtaincd by

Ill : 4845-1968 and the fdllowing qhall apply. blendrng pouzolaina with portland ce(trent' tho portland ceinrent trse{

2'l; pozzolam:-An essentially silicious material which while shall eompty with thc requir.ements of III : zi9'196'

iritsclfpossessinglittloorno cemertitious properties will,.in fnely' 3.4.O1fur Adqttxwes.-When portlaod rrrzzolry oement is--
dividedformqndiothepresenceof water,, r,eact.with calciumhydro' obtained by grindiqg'pcrzzolam with DofiIanA ffit,clinker, no
ride at ambent temperature to form compounds possessing c€[rGota-: matcriat othcr than gyF]sugr (naturll u Atmieal).c rya,ter or botlrj i
tiquspropcrties. Thetermincludesnaturalvolcanicmatcriatfiavipg shall be add:d. Such air.entniniag a8Etr or,tiudaptanm wBich -.pozzolanrgpropefiiesasalqoothernatufaland artifrcial 4tterials, hate.boenprovednotharrdul,ngytl? rdded in quamiti& not

l.-?
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5.1.
ip IS
glVen

4. Morufacure:

4.1,.Portland. cerpcnt shall be manufactured either by

infimately oement c,linker and p)ozzo)a\t

or by intimately and blending portlaod cement and fino
poztalomia (see 0'2) (uatural or chemical) may be added

if tbc portland is made by intergioding portland
Tho pozzolana constitutcot shallcement clinker with

not be less tban 10 cent and oot more thao 25 per cetrt by mass of
The homogeneity of the mixtu€

f 3 per cent within tbe same consignment.

Nrinr.-Chcniral $h*- shall b€ added providod that thc perfor-

maeqs pquiremonts d the final prodrrot as specifed io this stand'

ar{ ore met with. 
I

I

i. Ctp^irrt Requirelwnts z

Norr.-The tri-cakium aluminate content (CrA) is calcubt6rl
by the formula: 

\

CrA : 2.65 (AI,O") 
-1.69 

(Feros)

Where each symbol intbrackets refe,rs to th€ p€rcentage (by mass
of total cemen| of the oxide, exsludiDg any contained in the insolublc
residue referred to at Sl. No.(iii).

6'2'2. Unaerated portland pozzolana c€rneot having a magnesia
cont€Nrt of more than 3 per cent shall be tested for soundness by
autoclave test fucribed in IS : 4031-1968 and shall not havc aD
srpansion of more than O8 per ce[t.

6'3. Setting Time: Thesettingtimeof portland pozzolana cembnt
when tested by the Vicat apparatus mcthod desc.ribed in IS : 4031-l-96E
shall be as follows:-

Initialscttingtime 30 min. Min.

Fioal settinglimc io 6fi) mio. max.

6'4. Comprcssttc strength :

6'4'.1. The averag€ compressive strength of not less than'tirrec
mortar cubes (rrea of faoe 50cmz) cooposcd of one part of cement,'
threc parts of standard sand (sec Note 2) by mass, aad P + 3'0

4
pcrccnt(ofcombined mass ofcement aad sand) water, and prepared,
stored and tcsted in fts manncr dessibcd ia IS: 4031-1968 shall
bc as follows :

(d) At 168 + 2h 220 kef/cmg, Min.
<b) Attt} + 4h !10 Lgf/cm:, Mig: ',

Norrl.-P is thc p€rocntr8c of, watsrcquird to producc a.phste
ofstaodad consisteocy (see lf3)

6'4'2. Notwithstanding the cubcs satisfyiry the stmgth require-
mcntr spocified in 6'4'l &cV ghqll also sho? a progrcssive in0irase
itr strngth from tho'shcnfth at: 168 rr. : : : \ -- l

5'5. Dtyig shrhkoge-The avclagc dryirg sbrinkage of m'ortar
bors pr@aled and tcstcd in aodance with IS: 403l-1969,-s[ell
aot be gr€at€r than 0'15 pcr aat. . , i

7.'1, The pozzolana ccm€nt shall bc stored in such a msnncr
or.to pqmit casy aooeso for proper inspection and ideatiication
and in a suitable xrcatbcr-titht building to protcct the crment from
dempness and to minimiee uarthouse detcrioration.

,:
8. Manufacturer's Ccrtifrcatc i

.8:1. The manufactuer shall sati$y bimoclf that cement conform
to tbe reguirements oflhis standard; U ruquested\by the purchaser,
the manufacturer shall also fumish wirhin ten days of despatch of
ccm€nJ, a cstificatc indicatiog the per c€ntage of pozzolaoa: the
manufacturqs shall also state in the certificate that the amoutrt of
pozol-aoain the finistred cement will not vary more than + 3 per cent
from the doclared amount.

Portlaod Pozzol|na
: 4O32-1968 slall
in Table l.

cement, when tested in the manner dcscribql
domply with the chemical rcquircmcnh

I 5'2, Portland c€ment shall also comply with the require-

rpcntg ol tert specitud in IS: 432-1968.

6. Physical

6.1. testod by the air perqeabiti8 method
decribed in IS : ,$31*1968 the spocifu strface of ponland pozzohaa

corneot sball bc not bss than 30OO cms/&

6'2. Sonndness z

6.2.1. Wh€n testpd bytbe 'Le Chatelier' rethod drccribcd in
IS: 4031-1968 uoa€rat€d portland pozzolana cemcot shall not
haw ao gxpansi6a of more than 10 mm.

6.2.1.1. In the event of thc oemqrt failing to comply ?ith the abovc
requircmeirts, a furthpr tett $hslt be mede by the'I.o ChetGlie'
mdrbod dcscribd iu'IS:4031-1968 from another portion of the
same sample after acration, by beiag spread out to a depth of 75 lnm
ot a rolalirp hrmidity iof 50 to 80 pcr ceot for o total period of 7 davs,
aod t$e,ernaol{gn so touqd shsll not be more thm 5 rnm.

, .l .',. 
: .

.r.;-..:r,

.T{E!E'.tr.:-Cd[clx. RlQqrl+rr il$ or Fo{,ILAND
I Porzor,tu &crr.

(Clause 5'l)

Serial number and . . Requiremcnt.

(l)
.-:r r:t rj r::'

(i)'t#e:on
a)
5.0

i{l4x. !!

-l.lr,i::
It{tnocia (Mg

.p€t€€nt,

(ii)

(iii)

i ,1, ' t;'

i, t, ,, ,,,
\. I

-i l' " 
i -

t.,l
I

. i' I

(iv) surihEte 
"offaia!' 1so,)

. ffioeotbv+1ss.'
,.. ,i :llr:ri,.::ji::.. :i r' .i'i . \'. . rj '

i
I
I

166-3-4

6'0J

2.0(100-x)
.-..---

100

,Whero X is the dcclarcd porom!
. tep of Domlana in the

givro portknd Doaolana
qamcEt.

ilot more tten 2'75 riDd 3'0: wbsr iricatdum altilmioata,
t . ppr4g!. bv.qa$ 'G?q,lsqrs)

ir 7 or lccs and grcatcs
tltan 7 rcsoctircly.

cent, [ *
firrl(.

9.1. Thd ccm€ot shall be packcd in bags (&e, jdre ianiiaAOd (Cfrf
type) mulddb papcr, qf,:po$drykoc.liud) bcarlng thc manufac-,
turcr's Dalqe or his (registcrcd trad!-mtff, if aqil. , The wordr
'Porttrrrid Wza:olana ertrcot'or 8 on*ght'colour bana t6 distincui$
portland pozzolaoaocmcnt from othcr cemcab iuaA thj num* of
bag8 {DGt oass) to. the toone or thc:.IrpFoxiDsterrc! qaos8 of the
c€m€ot sbdl bc lcgibly and iodclibly marked.po"qefr SaS..-Aa{B
shall be in good condition at the tire of lnspocfton.

.- !r., fr:,. ,.] t'
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-.g.t't Similar information shall be provided in the delivery
advices accompanying the shipmcnt of packed or bulk cemmt (See

9'3.).

9.1'2. The bags o1 paokages may also be marked witb the ISI
Certification mark.

Norr.-The use of the tSI C.€rti0cation mark is Soverned by
the provisions of the I.S.I. (Certification marks) Act and the Rules
and Regulations made thereunder. The ISI mark on products covered
by an I.S. conveys the assurance that they have becn produced to
comply with the roquirements of that standard uoder a well-defined
system of inspec'tion, testing and quality control which is devis€d

and supervised by ISI and operated by the producer. ISI marked
producb arc also continuously checked by ISI forconformity to
that standard as a further safeguard. Details of conditions under
which a licence for the use of the ISI Certification mark may be
granted to maoufacturers or processoN, may be obtai.ned from
the ISI.

9'2. The net mass of eaph bag shall be 50 ks.. The permissible

tolerance on the mass of ceoent supplied in bags shall be ! 2.5,
per cent per bag with ao overall toierance of + 0'5 per cent for wagon
load of 20 to 25 tonnes.

Nore.-The mass of a jute bag to hold 50 kg. of cement is about
5fi) to 550 g. mass of a 6-ply paper bag to hold 50 kg. of oement is
approximately 4809.

9'3. Supplies of cement io bulk may be made by agt€cmcnt
between the purchaserand tho suppller (manufacturcr or stocliog

10. Sampling-
10.1. Samples for Testing and by whom to bG taten.-A sample

or samples for testing may be taken by the purchas€r or his represo.
tative, or by aoy person appointed to superintend the worts for
the purpose of which the cement is required, or by thc latte'e rePrss€n.
.ative.

l0.l.l. The samples shall be akEn within one week of tho &livcry
and all the tests sball be commeoed rithin ono yveek of sampling.

10.1.2. When it is not possible to test thc samples within one
week, thc samples shall be packcd and stored in air-tight containcrs
till such tine that they ars t€st€d.

10.2. In additioo to the rcquircmpots of 110.1. the methods and
procedure of sampling shall be in aacordance with Ili :.3535-1965.

10.3. Facilities lbr SaWilW ail ldenti[ying-Thc manufacturer'
or supplier shall afford every facility, and fna[ provide atl labour
and matcrials for'taking and packing thejsamplee for teeting the
cement and for subsequent identification of the aement samplcd.

ll. Tests-
I 1'l . The sample or samples of pozzolana cement taken as desaibed

in l0 shall be tested in the manner described in the rclevant claus6.

11.2. The temperature range within which physical tcsts ire carried
out shall, as far as possible, be 27 * 2eC. The actual temporature
during the testing shall be recorded.

11,3. Consistency of stanfurd Cetunt Paste.-The quantity. of
water rcqur'rEd to produce a paste of standard conristency to be
usod for detormination of the water content of mortar for the comprcsi
sive strength test and for the determination of soundn€ss and setting
time, shall be obtained by the method described in IS:,to3l-1968..

ll. 4. Independent Testlng-
11.4.1. If the purchaser or his representative requires independent

testr, the sampl€s shall be teken before or imdiately aftet
delivery at the option of the puchaser or his representativo, atd the
tsts shall be carried out in accordance with this ctandard on the
written instnrction of the purchaser ot his reprcatative.

11.4.2, Cost oflesrfug'.-Tho manufacturer shall supply, frce of charge
the cement rcquircd for tctiog. Ualess oth€rrisG speified in the
ooquity aud order, tbc cost of thc tcsts shall bc borop as follows: .

(a) By the manufacturer if the results eho*, that the cem€ot
does not comply with this staodard, and

(6) By the purchasor if tho rwults show thst tbc oencnt complies
with. this standard.

11.4.3. After a reprcsenaative sample is drawn, .tgotslon the
samples shall be cartid out as crpcditiorsly ac pocsibb.

12. Rclcctbn-
12. l. Ccmpot may be r€iectod if it do€c aot coiply with any

12.2. Comont remaioing io bulk storagp at the mill, prior to ship-
ment, for more thao six months, o( ccm€trt in bags in locol storagp
in the hands iof a vendor for more than 3 months aftcr completion
of tests, may be retected befor€ us€ and may be rejoctcd if it fails
1o'conform to any of the requirements in this specificaiion.

Emr.Asr rlou I. S. t62r1tt.
@dc of, piactlce for prcparalior, of line moryar for as ia brlldtngs.

T.lnr.e 1. Mrx Pnornuor*s ror Lnru Monrens (Clauscs 5.3.2 and 5.8.1.)

Maximwn Part (by volume't
Serial number and

description of mortar.

1 Lire{emont
2 .Lime{cment
ll Lirr pozolana Mif,tun
4 Limc oqmcnt

5 Hydraulic lime ..
5 Urno paolana...
7 Umo

Carnt, LttE Pozzo-
Pozzohru lano.

mirtare
(Sce wte),

(4) ('

t4
7to15 14
5to7 .28

Lime. Sand.

(o
6
9

'i.s
'12

2

Comprewive
stefiglh
of *ortar

-at28 days
kglemt.

(7)

30 to 50
20 to 30

30 to 50
'7 to 15

IIarhilg
Ti*
ilcr

@rele- -'ba
qf w*
. &ts,
c)"(2t

1C

28

3Bor
3C
IA
1C

IB

t4
t4
l1
t4

(3)

t
I

Nors.jFor mortar in SL: No. 3 tine pozzglaoa mixture ehalt bo gnfue'L? $:aidbriritrgi td I.$. $!N-lXi7 6 Spoc,ficrtion folr limo
pozzolananixlttre''.....,],.r:.lr..,i..rr'iir'!..Ji.i

' . . ;. Ul:..i'":,', - '...: ;,

2i. LI
;. ",. .
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spccifcd proportioos shall be mixed
qnatcr on a dry water proof platform Cofu ol pructicc for applicaton of cement and cettpnt lime plastcr

!h* b fed into a mortar mill with fnislus.

bG takcd continuously drning gindins l1' Preparution of Plaster z

of tbe mortar mill. Water may be
required, but care shall be taken not to ll.l. Proportioning.

11.1.1. The material used in the prqraration of .plastcring mixcc
may be meailurod by volume using gaugp boxcs.

the material being mixed to the working

6,2. 2, Dty hydratcd and sand in spccifed proportion shall 11.1.2. Cement shall be mcasured by creiebt. For the purpose
of proportioning one cubic metre of ccmeirt shall be taken to weight
1440kS. approximately

be mircd dry first and then fed into a mortar mill with required

hydrated lime is used for making
grinding of in mortar mill is not necessary, the

6.2, Mixit g of pbin

6.2.1. Putty and sand in
with or without the of
or in a mirer. The mix
the required additions

.addition of watcr. Tbe
the 6.2.1.1. When factorY
lime mortar,
grinding may
may not be

sufficient for the day's

7. Prewtfus tn use of

7.1. Tire of use.

7. l.t. All limc
uscd Bs noD 88 Pocsible
io 7.1.2. and 7.1.3.

Typc of coat.

(1) (2)

I Dubbiq aod first cost
for emqnal and
surfas).

2 Socond ooat

3 lilcaru Gnishiagcoat

shall be done in accordance with

however thorough and intimatp mixing and thus
harmful.

J:

be dooe till every particle of aggregate
cemeotitious material.

for masonry worD sball bc
to the furtbcr provisions mentioncd

Mix proportion. Clas oI
ftnc.

(3) (1)

I Lime : 2to 3 sand A and B
or

I Lime: lStrki:1to2
saad.

or
I lire :2 to3 Surki C

(fc ftrt coet in
thc caco of two
coot worl).

llim2to3eand .. C

Fat limo aod fDG sand C
eroudirieqrnl Pro.
portiona

fDilhc8 are oot suitable for crtcrnal surface

6.2.3. GenerallY, onlY mufh quaDti9 of mortar as would be
shsit bc mi:red at a tim.

Exrnact rrou I.S. 166l-1972

ll.l.3 Quuttity of v,ater-For general c€ment plaster work with
l:3 proportion the quantity of watc,r requircd is about ?0 per cent by
weight of cemeot. Ihis may howwer, vary depe,nding on the follo-
wing factors and adjustment shall be done as crplained in IS. 2250-
l965r-

It.t.4. (a) Th€ nature and condition of the fac a&retntcs.

(r) Thc t€mp€ratua and humidif at thr time of working.

(c) Richncsr of thc mir, namely whcthq richer or lcrncr
thaD 1:3.

(d) Thc varying quantities of iimc in compooitc Bortrrs; and

. (c) Thc usc of admirturc addcd for improving frc wortebitity.

11.2. MlxW:

11.2.4.1. Machine mixiag is pr,eferablc to hand miring for'all
mortafs.

rCode of practioe for preparation.and usc of masonry Mortsn.

ErfiR cr FBoM I.S. 2541-196f.

Code of practlcc for usc of llrrv corg?ct tn ba6inst.

4.3. Mix proportions.

i.3.t. T.Ue mir proporrions for usc in tho proparation of lloc cpn.
brete for difrcront situationr of ugc shall bc as 3ircn in Trblc t.

7.1.2. lf cmincotlv hydraulic liDG (Chss A) is prcscnt as an
ingrr&icnt, tho offiar cha[ bc ulod within four hours aftcr grinditrg.

7.1:3. UD Botar o.dG with bomt ctay pozzolenic matcriata
sbrll bc nsod sithin Z hourc of Snading.

7.2. lJllioe momars afic" grinaing sb.ll be kcpt daap aad sball
novec bc .llo{Dod to go &h. This may bc .posurcd by corrring thc
ground mortar with *ut dcLs or by aoy othcr snitablc mom!.

7.3. hrtly sct aod &iGd mqtlr ehall Dot bc rrtcurpered for usc.

I

. *. Errnecr reou I.S. ng/-;l%s.
I '\6

t' : Code of practicc'{or applicotion of ttnp pbtct fuhh.

. Tenr.s 2-&,roorom.rDxD MD( rnorlmfiot$.

11.2.2. Cerpnt Placter.l*wat and sand shsll bc mixcd dry
in the rcquired proportions to ob,tain a uniform colour. WaAr sUl
then be added to gct_ the rcquircd consistcncy for &c plashs.

11.2.4. Miriag mev Uod6dcitl#i. man*Uytr moOani6,lb, *Hrnd 
.

miling " shell !6 cariodoutob -tflcaorratu*ight platform. Drtiog
mixing,. the mortar-shill bc heod hck arid forth for I0 to f3-min-.
aftcr the watcr is added. In a Machinc Mixing " the mircr ghall
run at least 5 min. after placing all the iDgrcdiots in the drum.

Suial
number'

ln

466-3-4t'

,
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TasLr I : Rn@MeNosp MrxEs ron usE rN LIMB @NcRBrB.

(C lauses 3.4.2, . 4.3.1, 4.4.I ; ard 4.6.2.)

Serial rumber and
Situations.

(t)

l'. In founiations

l. .

2. Base concrete under floor' ' ' finishes ott g[ound.

Types of Mortar Class of
(all Proportions lime as
by volume). ln I. S,

712-t964t

Q)

I Lime, 2 Sand

I Lime, I Surkhl
or cinder I
sand.

f Lime, 2 Surkhi
or cinder.

I Cement, 3 lime
12 Sand.

,$ to 50 parts of
mortar to 100 parts
ofaggregatedepending' upon the gadlng agEroSnte.

(3)

Tvw of
coarse

oggregale

(4)

Stone

Stone
or

broken
brick.

.Broken

cinder.

Broken
Brick.

Broken
briek-.'r :

bliek

cinder

Proportion of mortar
to coarse aggregate

(by volume.)

Remarks.

(7)

-Suitahle'for

Minimuxt
size of

coarse
aggregate.

(5)

50 mm

50 mm

50 mm'

50 mm

50 mm
50 mm

50 mm

50 mm

I Lime. 2 sand
I Lime, I Surkhi
or cinder, I sand
I Lime, 2 Surkhi

or cinder
I Cement, 3 lime,
12 sand.

Remarks: Suitable for dry and tolex wet sub-grades.

Barts of mortar to lOL
parts of ag8regate '

depending uFon tbe:
SradingofagEregate.

dry and
tolerably
wet'sub-

{tor
broken
brick.

ol
BorC Iora 

I
nor a IorC IBorC J

40 to 50Al
BorC IorA I

BorC IorAI
BorC I,l

J

Do.

A
BorC

orA
Ber
c
orA

!orC

3. Irvelling @urse or cushioning
layer under floor finishes laid
on structuxal slabs.

I Lime, 2 sand
I Lime, I Surkhi

or Cinder, I sand
I Lime,2 Surkhi

or cinder

I Cement, 3 lime
12 Sand.

4. Filling over haunches oi mas' I Lime, 2 Surkhi 
,

oory arch work.

:. .. . , . to. 10O parts of eggr. rdsate.

' ,.'45 parts of oortar to
100 partr ofagregate.

40 to 50 parts of mortar

:., ..:;

1

I

I
)

Bor
Cor
A
Bor
Cor
A.:. .

A,
Bcr
c
B.or
Cor
A
Bor
c

25 mm,

25 mm

25 mm

Any suitl-
ble siie
but

t

5. Rbof tdmlcing I Lime, 2 Surkhi C

6 Lightfillingover tructural slab.'I -L!me, ! !aq{ .I Lime, 1 Surkhi
. or cinder, I sand

I Lime,2 Surkhi
or cinder.

I cement, 3 lime,
12 sand

.t. i' .r1....

40 parts ofmortar to
. ,Ifi) parls of aggrogate. r

I
I

It

,l() to 50 parts of mor-
to I00 parts' oftar

aggregate.Broken

or
UsuallY
not,,,
more

' than ' '.
25 mlr. :'-'

' : l:'::' 'l':

. Normally suitable for buildingS not more than three storey6 high and in
.. within 2.5 motres of foundation level'

Norrr l.-The milee gigtn in the table are for general guidarce and mry be modlfiid to gult:thc atEngth requirmn to for rnriout

us€s to shich the conqete i5 put to. ' I ' " j"'i.' '

-'j; .'' I i' :

I

-51fia!,-gurkhiand,cindor.aeednot'beuSe4wherecless'Alioe:is uqpd.. r ;' ; ,,,.:ii , .:...-r,.:.:,,;,i r ,..:,i
r ,:t !: ::- '. .i r;':: ii.l. .,: t'r'i.::l i.,

plaoes with dry subgradg that is sub.soil u/at€r lorrcl nc
' '. il : '

t Sp€cifcatioo for building limes (revised).

(6)

gracles.
.,i;

brick'or

I ', i
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I.S. 1692-1960.

testing of steel sheet and
than3 mmthick.

the method of conducting simple
than 3 mm thick.

out until one leg of the test Piece

angle with the extension of the other
the two legs of the spesimen remain in

4xis of bending.

the two surfaoes may depending
i.e. flat agpiust each other

distance. An intermcdiate 'Picge

this distaoca (See Fig. 21.

Description.

of tlst piece.

Width of 'test Piece.

Distance between support
1).

Anelc of b€Nd.

Radius of support rollers.
I

..:
the tost piece ehall be that of the shect from
rken, the skin remair{ftrg ilt8ct.

test
ial

4.3. The test piece shall be prepared so that the edges are free
from burrs and cracks. Cold worked zonerl Eray be removed
by machining or filiug. However, the t€st shap be dcceptable.
whether or not the edges have beanpreparpd,provitedther€cul-
tant bend is satisfactory.

5. Method of test.

5.1. Ihe test pieoe shall be tested eitherhot or cold as specifcd
in the. materials speci0cation.

5.3. The leSs of the testpiece may be.

(a) brought to a specified angle (See Fig. 1).

(6) broueht parallel to each other at a givcndistance apart
. (See Fig. 2) or

(9) brought into cootact with each other (See Fig.4) aocordiog
to the material specification.

Method for

1..'Sope.

1.1. This standard

bend testonsteel and

2. Priricide of test'

2.t. A. straieht test

bv .lrendi,ns without
test.

l

,1"": i'
rerFrsrDg

i
I
I
I

submittedto-gfsricdd.:1y,:1pt#',lHrT#r["'fjr"*m',ffJJ#,1?j1"'Jfi.ff TJ
thc diroction of flexure during the ;;r*;;;;d*itijJ-r,ir. 'rl. 

- -'

l,l

Ll.io tPe care ot

:on thc: requiremonts
or EaY be Paralleil at

may b trsed for tbe

of
a

symbols.

5.4. Another method of test is by hotding one end of the test piecc

between two blocks and bending the specimen over one of tho blocke
which is rounded to the specificd radius (See Ftg. 3) and is of
sufficient hardness.

5.5. Io both the methods the trending forco sLa[ bc applicd slowl1l

with the objectof permitting frce plastic flow of the matcrial. "

6. Test Rquireilents.

6.1. After bcndiog, the outside, of the bent portion.should be

, examined'

6.2. The interpretation of the'appearance of the outside of the

rollers (iee Fig. bent portion shall be done in accordance with material specification

ExrRAcr rnou I.R.c. (1973).

Specifrcationfor road cnd bridge works.

!. ReJcrence numbers

3.1. The followiog
used io this

Moqce Sp,bol'
,w,*ar

(Sea Figs.
I to 4).

numbers and symbots have been

a

b

oc

R

D

r

of mandrel
' For Bitumiaous cowses.

Fhe aggregates: The fine aggrpgat€s shallconsist of cnrsha
radius of tcst pise after trending. run scrrcenings, natural sand .or a mixtue of both. Thcs€ sh4ll bc

clean, hard, durablp, uncoatcd, dry and fipe from injurious,. soft or
' flaky pieces and organic or deletcrious subetances.

4. Test Plece.

I

t-
I

4.1. The thickness of
which the sample is tr

i.2. The width of the
l/16 in.) strip materi

full width as supplis t.

. For asphdttc conctcte.

Fine aggregates: The fioe aggr€gates shallbethc fractionpassing
2.36 om sierrp aud retained on 75 micron sieve, consisting of etstcr
run scnoeld[gs, natural gand or a mixture of both. Thesc &sI
i" 

"roo, 
hid, do."blu,r uniphtodidrl ind rree from any iajurious

soft or. flaky picoos and oiganic'oi deleterious sutrshuecs.
. .l-:-,- .. :

,f

2.2.T\e beading

3

4

5

6

7

). ., .i i1 '

piqielCt 6o zo + ois inm 1or lil in
of a imaller width rmy bc testcd with
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.4.0. Irctatlation oj

4.1. A, Ventical rnixsd
ing:-

(o) Foundation for

(3) the shaft of

(d; ?he chimney ;

:

(Dl Bas€ ofthe kih ; 
I

(c) Ttrc srrp;rimposedll strusturc made up of.t
(l) discharging place,

!

(l) discharging dgvip, and

kiln;

kiln;

I

: and

mixed fccd slnft kilns.
4.4.2- The floor of the discharging place shal be hard and smooth

shaft kiln shall coosist of the follow- finished and sufficiently sloping for easy removat of limer

4,4,1.1. The opening shall be of convenient sizc and shall be fitt€d
with mild steel plate doors of flood gate iype with counter weight
balancing for facility of easy oporation (see Fig. Z.).

NorB :-[n case of shaft kilns where a dischargiug device is not
used but lime is tapped out throrrgh dischareiag Uites at the bottoo
of the shaft there shall be no separate discharging place.

4.5. Discnargug device:_A discharging devie is used to dis-,charge lime from the cooliug zone of the kilr, *d it is fitt€d to the ,botrom of the shaft. Th9. ti-me passiDg through th" diu.h;dr; 
,

devioe is collected in the discharging plaoe.

NorB:-Mention is made of a particular type of discharging
device in 4.5.1. to 4.5.g. For suitability of otner types of devices;advil mav be sought from an equipment manufacturing firur orpractising consultant.

4.5.1. The discharging j"Ji. T3I be only a discharging grare,

-o.r_a 
cirltar--sloping grate be-lgy which a discharging erate ii a-ttaiteO.

When the diameter of the.kiln is-about t.S m-, Jalv 
" Or*rfirggrate may be 6tted. For targer diameters a sloping grate attach€dtq a discharging gtate sha[ be use4

(c) Roof and

(f) Stairways.

4,2. Found*lon for the !-A strong foundation shall be laid
der-ncling on
pfesIlrte over

the nature soil, okrag ioto corNideftrtion the total
it of the and its contcnts when fully charge<t.

4.3. Base of the Kiln of tho tiln sha[ be of solid brick
work platforrn or pillars misonry or RCC or rectangular

!oltunnelled base (see Fig {).
4.5.2. The urscnarging grate shall coosist of a mild steet circular

4.3.1. Solid Plotfurn (Fis. l-A):-This is specially kiln, subject to a maximrim diameter of about 1.5. m. Pairs of

angle iron ftame of diametcr corresponding to the bottom of the

The ptatform shall consist movable curved bars shall be suitably fixed toshall be several centimetre.s between.tho bats in a pair being 4.5 to 8 cm.would facilitate easy removal of lime by have projections outside the circular mild steel frame and the cadsand collection into bins conneoicntly. shall bc shaped as handles.

shaft kilns.
aggregate and

masonry or R.C.C. (Fig. 1-gy:_This
both low and high shaft kilas. The pillar

'to boar

tunnels
loaded

t&g frame, the distance
The curved bars shall

workers without

4,3.2. p111ars of

in a pair at rest position shall
The space bctwen two
be nearty half the size of

curved bars
thclimestone,

typs of basc is suitcd
should bd sufficiently
imposel kiln and its

thc entire psessure of super-

as not to interferc with
Thc pillars shalt be so crranged

and removal of lime.

1.3.3. &ectangular Bose (Fig. l€),;-For high shaft
kilns at rectangular of coacrcte s€cur€s a better distri-
bution of load and is The width of the shall
be such that trucks
mrnufacturel limr.

easily pass through for bcing with
arrangement is very

on costs

4.4.1. The place is the part of the lime kiln which is
and into q/hich lime falls through the
be of the same diameter as thc shaft
through which the lime is remorrcd.

4'5'2'l' In normar or rest.poeition the cuvod bars cannot arowthe limestonc piooes to fall-, through us ttrc gap is la11. the sa; J;#stone pioccs. Whqr limc tas tg.be dischargcd, th€ ciln€d h*;;be tumed opposite by mcsos of haadres so-that ,nt eap betrcco tt€concav! faoes becomes double and lime may *ifi iirrr-'tiilut(^Sea Fig. 3).

eonvraient and salrcs 1.5.2.2. The rimc cea be discharg'd th,owh the catire bottonof thc kiln ppifomly by the dsvioe. - -

4.5.1. In casc of tilnr diamcta t to 1.5 L. A". dfs6l*iDggr-at9 whish shall have thc slme intctnal diadr as thc botomof thc shrft mry b: fittcd ovor-thc dischargiae pt"*. tt h8odbs
conoGcted to the curved bare shall Ue po,litioieilon 

"itf"r.ETttlle kiln.

Erm^cl rrolr I. S. lg49-1967.
I

Code of prauice for deilistt qnd installltion of linte kilns,
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+S.C.t.In ; d&ctqitsqg srsto nflld stcl bors of camo a$affi
rhsllbourd tnditCf rball be&m 25 om. to fl) mm.

lt.5.4. Iu caso et lilhs eithlarp alism€ter.s tDe taBping of limo is

ficilitated tU fftrqc a botcr to sc bofroo of tbo shafr. It conrists

of a drculal slopios glatc foroA of thbl nild sEl platc haviog

Se ure dianeta as fn UOttm of tho shaft and sloping dmo to

so Ftb of obqrt 6{t. (adiog to m opcning of about 1'5 n to thbh
r rtkbrdog glsE b ifttod" Tho hadles of tho curvcd bars are

co&a rtOin tb ,0+cssrdsg placo, Yihi6 niay be opaatod by

lowrr oltgids' .

i

+,5.4.1. Tho thickoeF of'platcs of coptos SFato aod dia'meter

of miLl dcol hn sh8llh ar spccffed by I mochaoical cnginccr'
l

Norc.-Tb coolcl fadEtatc ttc ariechargp of lime through

smsllc rrea anil at 'tbo sam timc allows thc coolins of limc by

cold air.

4.5.5. The cooler rffilt bQ fxed orrer a staod on the discharging

floors€o. fs.(4).

4.5.6. Th cooler q,ilch shdl be an accqsory to tbo kiln snai not

be drldy attachorl to t$c bofiom of 6! gtaft to-o8tro allowance for
cmuims and contdcioos.

45.7, Tho ovcr all tpcht of the coohr shall prcferablv bc one to

tso m€[t6.

4.5.8. Thc coohr clstl bo su6cicntlv strong to withstaod thc

urc,igbt of the cmtetils abow.

1.6. S,elft of thc kfla._{Jtrc shaft is the part of the lime kiln
ln which limc atooe is calcined and from which cooled lime is with'
drawn. If dischar8ing holes are truilt within kilo wall, then thcy

fcm a part of tho sba$, otherwiso the shaft is the part constructod

over tho dischargiog devicc.

4.6.1. thc shatt sha[ F€rally bo cylinddcal snal in case a taper
. is rcquired ths taecring shall be 15 cm. for every 3 m. heigbt of the

sboft.

- Norrg.-The shaft of this nature is v€ry sasy to ,construct and

worts vcrt satisfartorllY.

4.6,2. fuilrwlbn ol tha slaft.-ittte shaft of thc kiln shall

coneist of:
(a) lining'

(6) insulatioo,

(c) outer wall or tlre sholl, and

- (O stoslcasiogot metal bands.

. 4.6,2.t, Th3 tiniog of thc shaft shall be sritablc to withstand
gsrisfadorily higb tem0€rattre , cbooical action of limc and prroducts

of cumbustion onal thd abrdsive ac'tion of tb desending stonB .nd
lirc.

35

4.6.2,3. Tholaying of the firc bricks shall bc done with thin firints.
(Ihickcr fuints aro readily sttackpd by hot limc and soon firb.bricks
bcgin falling out).

4,6.2,4. For bettcr durability and perforoance, fewor joints of
froclry bloc&smaybcurod. Thsymay bc tap€rcd to suit the intcrnal
diamcta of tbs tiln nhish rtodcrs laying very easy and avoids
" 8pas6g" whelr bricts aro usod.

4,6.2.5, The liniry wh ccrristructed shalt preseot a mcnolithic
appcamtre.'

4.6.2,6. Tho thickness of the lining shall be 22.5 mm. or Eore,' rfdcsind.

4.6.3, Insulattuin of thc klh.-Toreducethelos of heat by radiatirin
the kiln ehall bc insulatcd bctween ttc liniag and the outcr wall.
Ihe insulatiou may b€ dono by euitable moons, such as b!, filling
abort 10 cm. of firrclay in a dry state or by filling with thick bum;
paddy husk.

NsrB.-WhEro thc dut€r wall thickness is ibout onc mrtre or
more, excluding thclining separatc insulation is not nooessary.

\.6.4, Owr wll or ilu shcll.4at6 rnatl or the shcll shall he
constmc't0d wlth common burnt clay_,bricks conforming to Class I
of I. S. 3l0l-1965t or localty availabtc'stooc, whiclr cver k ccooo".
micd and @nvtnkntr to dve strength and statrility to thc kitn.

t
4.6.4.1.Thp thicknqs of thc outer wall shall prefcrably be 70 cm,1

exclusive of the lioing, wteo stcl casing is not uscd. 't

4.6.4.?. Whe,n steel casing is used the thickness of the outcr wall
may be only 50 crn., exclusive of tbe lining. If a lining of 50 cm.
is used iostead of 25 cm.,the thickoess of the otrtcr wall may not
exoeoil 25 cm.

4.6.4,3. If the kiln has a taper, the outside wall shall also corres_
pond to the tapfiing.

4.6,4.4. Tbe bricks or thc stonps in the outer wall shall be well
inter.iockeil sith limo mortaf (lee I. S. 1025.-1962 *) fot betrcr
str€ngtb. Tho jcriots shall be thin and firm.

4.6.!.5:.Steel caIllW for steel-shcll kiln,-A steel casing may be
used for liup kilnc for stragth and'to rcnder them gas-tieht. 

- 
The

casing shall bc b,nilt of sheas of stcel I m, and 7 to l0 mm. thict
and fastcood togstbc,f by meas of rivcts. The casing shall bs
first Grcct€d on the brsc of tho kiln and interior rvalls shall be then
built insidoit.

4,6.2.2. Thc upper pafi of 1[s tining, conespondiog roughly by
onc.fourth the hciSht of linigg from top, shall be con$truc{cd in
hardgtonB, granits, sandsiooo or ftrc bricb. Wheo sandgtones

". orua tn"y tt U be so plaed that tbcir laminatrons arc horizental,

but not vertical, to avoid spalltng. Th3 rost of tbo llning up to
tlc bdtom shaU be frclay bticks. Thcy'shal prcf€tr.tt b€ .t
llgh alumina content and of uniform t€ilture and smooth sudaae.

466-t-5r*

€Classification of burnt clay bricks.
.Codc of erac$e for prcperation dnd use of lime mortar in

builalh$.
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' 4.6.r. Mctal Baads.TFor nusonry kilns metal bands shall be

usod around thp periphery of the kiln to streogthen the shaft and to
reduce the tendency to crack. The metal bantls may be of mild
stcel, about ?5 mm. width aad about 3 mm. thickness. The bbnds
shall be braced arounil the kilo and the ends shall be attached to
shackles on:a screw movenent. These shall betightened at fr€quent
intervals. The distance between each metal band may bo one metre
or more.

4.6.6. Pokc Holes.-Poke holes' may be ptovided arouod the
pcriphery of the kiln at diffreDt heigbts to observe the progress
'Ourine operation of the kiln aod also-to disintegrate sticking h,mps

in " scafroldiog " o. " caking " formation with pokers.

4.6.6.1. The Size of the poke hole shall b€ l2x8 cu. and the

teagtb shall correspond to the thickncss of the kiln wall including
the liniog.

4.6.62. The poke holes when not in use may be plugged tightly to
prcrcot sids drafts. 'Ihose in the bumiag zone may be covsed
with firdclay plugs for ready riew and measurernent of temperatures.

4.6.5.3. Tbe poke holes-sball be spaced at every half metre to
otro BEtre and spread around the circurnference of the kiln.

4.6.6.4. Where a casiqg is ud the doors,bf the poke holes shall

bs attach€d to tho, casing and shall be 
rytiCht

4.6.7, Chinrcy.-Whe.ever an additional draft is needed, .lime
kilnr shall b: fitted with a chio.rey'

Nqrz.-The diaoet€r of thc climncy stack for limc kilns may be

catcutatcd from tho follotdng fotuuJa:-

n-^.i / cGTIFFf,fi+1E;

Where r '.

Diiameter of thc chimncy+tack in ccntimctrc.
' 
c-tdlncapaciryio t of lioe/l4h,

t-temperaturc of rho escapiag grses in oC, and

r-lveigbt of the limo burnt for every kg. of fucl ured.

Exanple.-lf tbeoutput of a kihic 10 t oflime/24h, tbe taurpcrature
of ths escaplng jarcs ir 300" q and the seit[t of tho limoie 4 kg '
for every kg. of fuol, burnt (4:l), thc dismctcr of thc ChimDey+tack.
is :-

D-0'3

:50 cm. (nearly).

4.6,7.1. The heiSt of thc dimney dcpends largely on the location
of tle kilo. If thc tiln is si0nt€d at the bottom. of a quarry or
surrounded on all sides, a hil[ chimney is necessary to crga{e the
necessary draft. Howeycr, if it is in opcn with a fair velocity of wini,
a much shorter chimney may be guite sati$actory, A chimney
height of 2 to 6 m. woutd generallj be found suffsieot.

4
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4.b.7,2. Tro tYPes of arc comnonlY emPloYed. In

the flrst typc the chimneY of eElvanized iron sheet or cast

iroa. The bottom of the piee is welded to a circtlar disc

ryhoae diaoster is stiebtly the internal diameter of the

kilo, so that it maY rest over it. AsoftplastcrorclaYPacking
bstweotr tbc kiln aod the renders the joint atmost Ss"tight (soe

Fig. 5). The chimney may ba raiscd or lowercd for lmdi4:ttc
kiln, by couoterpoised ropes to it.

E rrlAcr BBon I. R. C. (f973).

Specitistwlor rod andbridge works

403.L?, Gradins roquiremoots of coass€ ag8r€gates I The

coarse agg€llt€s shall conform to one of tbo gadinss givo in Table

&O4 as spod6cd.

TAIIJ 400.4-Gineuxo RBauIr,EuErxs or CrArsE
Aoonro.rrr.

Groditts Stsw Paccryr
numbr. Sizc rorrge, dcdllstion. by vdsb

posdrrg the

' tlctc'

(1) Q) (3) - 
(4)

I 90 mm. to 40 mm. lfl)mm. 100

80 mm. ' .. 65-85
63 mm. 254
,() mm. ..' Q-15 ,
20 mm. 0-5

4.6.7.3.The second type of chimney is kogwn as submorgpd

cnimoey. Thirconsists of a hetal pipe4 to 6 m' hieb and of sulablc

dfu"6. Tho pipe is thic&pr and tapered at the base and is sub
*"rsrd or dippod one metnoibelow thrc top of, tho stoue in the tiln'
A;fu "or* 

may be lowccqd on to the top of tho kllnthroug[ thc

"tid*y. 
This dovice mayilUe found very effisicot for hig[ rhaft

kilns. I '
l

4.6.8. Rool,-Fot
.\arorkers to operate

?rovidpd ovcr tho kiln.
supported on horizonBl
at the top of the kiln and
.difrer€ot hdights of Liln.

of
ia all
shall

0

ilrtr

rrr!4 _

ALL Dllal$loras N JA

kilo agaiost rains and to onable

typ6 of weather' a roof shsll bc
be of stccl girdg fraoe*ork
It ehal consist of "hoxing"
pladorms with stroog railiags at

37

sHtEr coiE t{tF
cr{tMNE7

aooQ

2 63 mm, to 40 mm.

3 50 mm. to 20 nm.

4.6.8.1. Enoug[ spacs ihall be providcd in the "housitrg" at

' tho top for strong sucoesqive batches ofstotrG and fuel' The plat'

foros at difrercnt hcights lnodd nave spaco of about 1'5 m' from

tho kiln walls. For short kilns, sheds shall be provided'

80mm.
63 mm.
50mm.
40mm.
Z) mn.

100

90-r00
35-70
0-15 -

0-5

100

95-100
35-70
Obl0
0-t4.6.82. Stuirways.{itroog stairways with rails sball be providcd

tr rcnsh tho "housilg" lt tho top and platforms'

63 mm.
5Omm.
,10 mn.
208;"'
t0or.

n65 T|?IGAL CHIMNET

n
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SECTION II

CLEARING SITE, DISMAI\TLING, QUA&8,YING AND BLASilNG

SPEPIFICATION No. 16.

Rquovnr. or Bf,,sHBs, Trras, Pnrcxrv PEAR ETc'

l. The prickly pear shrqbs, weeds and grass shall be cleared and

the roots shall be ttrqusflty grubbed up. The* shaU be disposcd

of in ono of the ways speqified Qelow, as dir€cted by the Executive

Engioeer.

1.1. They may be ..rnorlod to a convenient spJt aoO shall be com'
pletely burnt :- '

,OR
1.2. They.may be buriod in pitr urith at le86t 30 cm. depth of earth

oo tho prickty pear at grdund levcl. Tboso Pits may be dug in tbe

bcd of ,tank or at any phce shorys to'him' by tho O$cen doputed

Uy *rc nmcutivo Eognoer.

2. Under no cirpumstatrces shall cleared stuff be ttrrown by tle
sido of or hcoPcd oD'ctritniDgl'!ogttction' qi&out' one of'theaforesaid

ssoddag ta&E for ia, debtrucriso.

SPBCIFICATION NO. 17.

Cr.!rR$6 er.ro Lnwun'ro Srrr.

SPECIFtrCATION, NO. 18.

f[ililril.Elc Buurnrcs.

l. The buildings or other stnrctues defn€d in the schedule and
handed over shall be dismantlcd down to ground level or to bottom
of foundations or lho pgrtsn irqa mrlo, qtf,., ubic& are specified
shall berdsg uB to or beh*€rouod,lsvFln* sfl, tuseectr in tle sche
dulcitem wording.

2. Spoeia'l.caro shall.bo takeo thattho oaterhh arc as little danagr d
as possible, in the proccss of dismaotling. Thc valuo of materials
broken or damaged threugh caxelssnes shallbe recorrcred from the
Contractor.

3. All sqrviceable mateials sball be rempred aad stac-ted or disf csed
off as specifed.

4. All mere rqhhi$b sbdl bEqolt€ct€d, ia hoepfi fori dirEoeel in th6
manner specified in the te,nder'notice.

5. Method of payment, will tn ddaed in.tbo,lmder notice and
further supplementary specification regadias re.usage of useful
material given for each case of such wo.rk.

SPECIFICATION NO. 19.

INSTBUdTICNS TO CONTRACIORS ON BtAgtING CPERATIONS.

1. All coatractors who execute btasting op€ratioDs in connection

with Rrbli,c Worts Depa,rtmcnt Works for'purpose of quarrying

stones, rroad oonstructionl errce'*rting foundaticns, nell sirkirg cr
for any other lrurpose, sball oboerve the rules and precauticns set

forth bel,ow and any further additioaal instructions which may be

giv.en by the Public Works Department Ofrcer in immediate charge

of the work, and shall be responsible for any accident wbich r:ay
occur to'workmen or the public due to such blasting opetaticr:q

The sub-Divisional Officer should frcquently check the Contractor's

compliance with the Precautions.

Irlqr : In cases whcrs,Uarting is done dertmcntally without

the..sorricee of a oedrasor (on pkexorfer) thp SubDirdsional

Ofrtr, shal! hiorolf reedrat alltho,prcautbns are obgcrved.

2, Blor/rtnr vith bwder.

2.1. Blasting operations must bc in charge of competent persons

appointed by tho contractor and bo carricd out'-druingfxed hours

oi the d"y, plefcpblr dudng tho rnidday luncb on hour or at tb
close of the work. I'{o ignition of blasts shall bc pcmitted by tho

Contractor except ia tho presc,lrceandunderthepcrtonal sup€rvision

of such oqEpctcot persn. ltro,$rbDivisioDal .Qfrccr shodd fr
ths hours in vritteo orders.

2.2. Ttr-, contractor shall be recpcntible fot the gafe qustody and

stor*gp.. of poudg, dv*e,$ite or othcc cmlpsives bro.qsht for uso

on tlre 'vork, aod shaU.kelp,su$ *plosivcr Ssparato from ttc fusos

and dctotplott untfl being actua[y placqd in thc hlast holes.

2.3. Iostruetions contained in I.S 4701-l%8 shall also appli.

l. Tboama,daoribod'or showtr.oa therolor*aet'gitc plan ehall be

clccd of all obetnetione, loo(n'stons' noolrluitcd mderials

eod,rabtlsh of 'dl tiads. All' bnrhrood gball b*donrtd sad the

roots ontirlt,Flbcd' up{ Notts. a*c'tobe cot'doieicd'rcmoved
without ths instructioos of thc E:rocutive Enginocr' Those which

ar€ cut down shall bc grubbed up. The safic"'roitarks apply to

iungtp elcarance. Treeo to be preserved will bc definediq ao adCendum

sPffification.

' 2. Bo,prod*ts of,thp,elaarintarc to,bs $tef*Pd iu suph place and

EffiF6{sm*r.ho o8det?fl. bs tho'Efi€sivc F*gh*r and' Oq Sround

snali be iori in a bcrfcqtly clean csdition ; all sroducts of the

elgad4g shell h tbc pro$erty of Government and shall bc disposed

of as thc Excsutivo Eogineer may direct'

3. AlL holes or holbup, vhothcE orieinally, cxisting or' produced

by digging up roots shall be carefully filled up with earth, we[iranned
antl, lsrrlled oB as rnay be dir-ecJed.

4, Io tho casc of buil(in$, in order. to clear crrt whiltoflts, the

r+troloaroa proPosod, to bo'oeoupied by tho buiHiagsn 0eldct with

an oxtra wiatl of 3 m. all round shall be excavated to a Cepth o1

licm. anal soakad with. wat€r. SpreadinS, wet straw over thc area

*iot',no anti to tho strfacp. If a white-ant's aest exists on the

sitc.-its Dtureoce will becorne cvident in a few days, whereuppn the

i*i Joiia bo complotcb dug out, the queen ant destorl'ed, aod the'

nest flood€d with boililg vater containiog a solution of arsenic.

Thoareawhenefrom6ctoploosesoilhasbeenremovedshall!e
roffllod wlth carth from nsourcq apnroved by thc Executive tsngineer

and ptopcdy lavcllcd. It should be observed that no earth filling

is to-bo itonc io cascs vfuerc the holcs dug to remove the whito,ant's

nesl go bolow the bottorn of fouudation tcvel. concrcte filling will
in $;n cases bo donc under the ordc$ of the Executive Engineer

anir tho contrastor \dtl be paid for the cxtra quantity of conerete

ot.hfu rOrroal ntc for {ho semc.

5. Tho con@.ct r4te for this item of work shall be for complete

c0trDti.m"*ttLlhtg.sn€qifieatian. If esy exif- work js f,ecelsarv

,fi*-thts lfrdtqr' a-r*peratr-qrmt9-P€ot rvlll' be made with the

.ooirantot, in mitlnS, before the work bcgins'

466-3-6^
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3. Blosthts wlth dynamlte atd otlur high exploslves :

3.1. Paragraphs 2.1,2.2and 2'3 of the instrustions for Blasting
witF powdor shall apply.

3.1.1. The competent person appointed by the contractor to be
respcnsible for directiirg blasting operations will be rcferred to as

@ntractor's Supervisor in these rules.

J.2. The position of all holee to be drilled must be marked out, . h whito paint and the contractor's supemisor must take parti-
.rlar note of these fositions.

3.3. The drilling operations being ffnished, the contractor's
supervisor must t& a sond inspoction, and satisfy himself that
the bore holes marked out by him have been drilled.

3.4. The Contractor's supervisor himself must prepareall charges
nccessary for the bore holes.

3.5. The contractor sha[ instruct his supervisor regarding thc
number of holes to bc loaded and 6red at one time. The number
shall in no case bc more than ten. The charges should be fired as
far as practicable successively and not simultaneously.

3.5.1. The loading is to bc done by the contractor's supervisor
hinsclf, andthe position of tho charge holes carefullynoted.

3.6. Immediatcly beforc firing a blast, due warning must be given
and thc @utractor's sup€rvisor must see that all the coolies have
rotircd to safety.

3.7. Thc safcty fuses of thecharged holis areto bclightedinthc
prqlcncc of tho contractor's supervisor who must see that the
fuscs of all the holes charged have properly liSpited.

3.8. Carcful count must b.e kept by the contractor's supenisor
aud othcrs, of each blast as it c6plodes.

3.9. Aftcr thc blast, thc ontractor's supcrvisor must carefully
inspect the workand satisfy himself that thefull numberofcharged
holes have exploded.

3.10 Ig case of misfired holes the @ntractor's supervisor must
glrrt examine the same and at oBce mark a rpd-cross over the boles.

3.11. The contractor's sup€rvisor should also at once rcport to
the contractor and subdivisional officer in charge of the work al1
caws of misfrre, the cause of the same and what steps were taken
in conneotion therewith.

4. Prccautions agalnst misfire z

4.1. If -a misfira has b€en found to be due to defective fuse
dctonators or dlmamit€' the whole quantity or box from which the
defectivc article was taken must be rcturncd to the offce ior
iospection.

4.2. Instrtrc'tions contained in I.S. 4081-1967 shall also apply.

from the old one,loaded and fucd in tle usual way. The explosion
of the charge in the new hole will almost always cxplode the 6rst
charge. Should the first hole be of considerable depth, it will
only be Decessary to make the new hole 15 cm. lower than the top
of dynamite in the old hole.

6. Blasting operations i

6.1. Hard rock requiring blasting *rall comprise of:
(i) any rock or cement concrete for the excavation of which the

usc of mechanical plant or blasting is required ;

(ii) reinforced cement @ncrete (reinforcement cut through but
not separated from the concrete) below ground level, and

(iii) boulders requiqing blasting.

6.2.The classification of hard rock requiring blasting shall be
decided by the Executiv6 Fngineer and his decision shalr be final and
binding on the contractor. Mercly the use of explosives in
excavationwill notbeconsidered as a reason for higher ciassification
unless blasting is clearly necessary in the opinion of the Executive
Engineer.

6.3.. AII the excavated materials quarried, from the p.W.D. or
other Government quarries shall be the property of Governmeat,
Where the excavated material is directed to be use.d in the construc-
tion of embankment, etc., it shall be directly .deposite! at the
required location.

6.4. All other materiais quarried, which are not intended for
use in the work shall bc stacked ncatry for future use on Governmen
Iand as dirgct€d by the Erecutive Engioeer. Unsuitablo and
surplus matcdals not intcuded for use in aoy part of thc wor& rball
be disposd ofasdir€ctcd by the Executive Enginoer.

7. Measuefipnt i

7.1. For rock excavation, the over burden shall be rcmoved first so
that nccessary cross sections could be taken for measurement.

7.2. Where excavation is in trenches or from borrow pits ia
f rrly uniform ground, tb€ measurements of cutting in trenches or
bor.'.rw pits shall be mado.

7.3. Wherethe grouud isnotunilorm, levels shallbetafen before
the start, after site clearance and after the completion of the wort
aod the quantity of excavation in cutting is computed from these
levels.

7.4. Where cross sectionai measurdments could not be taken due
to irregular configuration, payments may be Eade for rock cxcavating
on stac,k mcasurements after deductinS 40- !R qnt for the quantitt

-

oI Yolos.

I

7.5. The rate shall be per cu. m. of rock blasted and computed on
the basis described above.

5. Notes on dYrumite z

5.1. Blasting with Dynamite covered by I.S. 420I-1968 shall also
applv.

5.2. Tamptng: Water, sand aod clay are the best materials for
tamping the first two being the easiest to use. Soft muram is also
suitable. If water is used, the junction of the fuse with detonator
must be made water-tight. This can be done by means of coal-tar
thickened with quicklime. A piecc of cloth can then be wrapped
rounal the joint and kept in position with a few tums of yarn.
In case of a misfire with play tamping, the otd chargc must not
be removcd but a frcrst hole should be bored not less than 15 cm

ExrRAcr Fnou N. B. O.

Blasting and storuge of explosives.

APPENDIX A

GlNtntr,.

1.1. The manufacturc, stotage, transport and use of cxplosives
shall be covered by a licence as required by the current rules and
legislature in .regard to storage and handting of explosives, Ins-
tructions given hereundcr - wherev€r thcylare repugnint to thb ro
quiremcnts laid dowa by tho Central and the Statc Govimments,
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sball be deemodrto haw been superseded by these rules. All depart'

ments officials and thb contractorsin charge of the use and storage

of explosives, shall agquaint themselves with tbe current rules and

legislation issued by the Government, aud ensure that they are

strictly complied srlth.

1.2. No child under 16 years of age and no person who is in a state

of intoxicatioo, shall be employed on the loading, unloading or
transport of explosives, or be employed in, or allowed to enter in
premises where explosives are handled aud/or stored.

1.3. For issuc of instructions on use of explosives, refer paragraph

3601 of the Indian Railways and Works Manual'

ofexplosive.

2.1. For detailed instructions about carriage of explosives,

refercoco should bemade to the I.R.C.A. RedTaritrNo' l8for
.'Cooyeya,oce by rait, of explosive and other dangerous goods "'
Special atteotion is invited to the following sections in the Red

Tarifr:-
Section nember Subiect.

Powers to return to consignor.

Pass required to accompany-
ConsigDments.

Notice of despatch compulsory.

Documents required.

Packing.

Marking and levelling.

104.2

105.1

2.8. Wherethe weight of the explosivestransportedinany vehicle
excceds 900 kgs. they shall be placed in the interior of the vehicles

which shall be enclosed on all sides wlth wood or metal, so as to
effectually protect the explosives from communication of fire and
the vehicle shall he locked. Whentheweight of explosives does

ndt exceed 900 kg. and unless they are carried in the manner laid
down above. they must be completely covered with firc proofed

cloth, tarpaulins or any other suitable material. So as to eff.ctrrally
protect explosives from communication of firel

2.9. Explosivesshould notbemoved during the thun"(r storm

or dust storm.

2.10.-No person except the driver should be allowed to travel

on a vehicle conveying explosives, He shall not drive. conduct or
manoeuvre the vehicle in a dangerous or negligent manner.

2. I l. No carriage of vessel shall be used for transporting explosives

unless all iron or steel therein with which a package containing any

explosives is likely to come in contact, is efrectually covered with
lead, leather, wood, cloth or other suitable mat€rial. No lights

should be carried on the vehicle carrying the explosivos'

2,12. No person is to be allowed to smoke or even to carry matches

when accompanying a consignment of dxplosives.

2.13. No,operation connected with loading. unloading and han<i-

ling of explosives shall be conducted between sunset atrd sunrise'

2.14. No e:rplosives shall be brought to aoy place of loading until
the carriage or vessel into which it is to be loaded, is at the place in
readiness to receive it. A consignment of cxplosives should be con'
veyed direct without dclay or unnec€ssary stoppage on the way'

2.15. tn moving explosives, the cases should be carrieC or pa-sscd

from hand to hand, not thrown, dragged or dropped' Barrelg are

to bc carried, not rolled.

2.16. When cxplosives are being put into or taken out from a

storage magadne the men should be divided into two gangs, one

worring inside the magazine and the other outsida; no persons from

cither gang being allowed to cross the threshold while thc work

is goiug on.

2.17 . The maximum quantity of cxplosives permitted to bc carricd

by each consignment is fixcd by the "Explosivcs Rules, 194O" as

under-

(i) 4500 kg. in any one Railway wagon'

(ii) 2700 Kg. in any one carriage other than a railway wagoo'

(iii) 22,500 Kg. in anY one boat.

106.1

107.1

110.1 to 110.6

111.1 to 111.4.

115

ll5
116

tl9 to 124

tu
125 arLd 126

Ilandling.

Precautions

Storage.

Trains by which despatch ls permissill*.

Types of wagons and quantities permitted,

Carriage in brake vans, Passenget
cornpartments, etc.

?.2. The transport of otplosives by rail, ship or other public con'

veyance, is regulatei! by the rules framed by Government on the

su6ject.- The civil quthorities should be contacted to obtain the

rul€s in force.

2,3. Bvety consiSoment to or from a " storage Magazine "
murtbeaccompeni(dbya guarC and a rcsprnrible person ex-

perlenced in the bendling of €Bplosivos.

2.4. Detonatorss4d €fiplosive are not to be conveyed io t]e
ra* Coo'ignmoot. Ihf,am.abls Oaterials such as matches, kerosene

.to., 
".", 

*t to to lcaoiua in the same consignment with either

explosives or detonators.

.2.5. Before explosives ilG removed each case, barrel or packag:

ir to te carefulli examincd to ascertaio that it is properly closed

and shows no sigg of lcakage.

2.6. Should any case'barrel or package' appeartobedamaged

or-io 
" 

dangerous condition it is to be romoved separately and with

special care.

2.?. @cqcontaiping dynamite should not be exposcd to the

sun, or alloured to get damp.

CustodY an'! storage of exPlosiws'

3.1. The explosives sball not be stored anywhere but io a special

megazine to b€ built for the purpos€. The site of the magazine

snait te frxed by the Engineer-in-charge in consultation with civil

arrthorities rccording to the rules in for@. Explosives must not

be exposed to th3 sun but must always bekeptunderccivs'

3.2. Magaz' '.es nray be considered as of two kinds viz, "Storage
Masazines " ::nC ' e:pense Maga'zines"' Thc former may be in

"ny- "oo,.ni.nt 
pos t i on but the latter should be neor the site of the

work on which thc explosives aro to bc used'

3.3. A servicc supply shall b': storaged by the Supervisor in

charge in an " experse magazine " to be built at sitc according t'o

ii. -Con"tnrn.ut 
rules in force on the subiect, and should if prac'

ticablc, bc erected in such a position that io thc event ol an cxplosion

i.itrr.i trr. work nor the merr employed on the same are likely to

t. un*.a, it must in no case be placcd inside a tunncl mine or

quarry'
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3.4. For the site of a mag zine, an isoleted positiou, should be
selected a a considerable distance from.any to\yn, railway station,
or place of public rcsort, comptrying with the table of distancc to be
kopt cloar arouad explosive magazines, at per rulcs in force.

3.5. Under no circumstances should magazine be ererted with
zl00 m of any working kiln or furnace, and similarly after a magazine
has been.constructed such dperations as limeor charcoal burning
should not be allowed within ,l()0 m of the magazine.

-1.6 The site for a magazine should, if practicable, bc so arranged
that in the event of explosion, any neighbouring town, station or
other place of public resort, would be sheltered by intervening high
ground. Where the natural surface of the ground is not shilled
to, thii arxenge.ment, a thick belt of trees may sometimes be utilised
as a scr@n. An artiicial shelter may aiso be made by surrounding
the maga.zine, by a bank of earth as high as the eaves of the maga-
rine. When this arrangement is adopted care must be talen that
proper provision is made for drainage, and the slopes of the bank
toyard$ thc magazine should be as easy as practicabre.

3.7. The sp.rce suffounding the magazine should be fenced in.
The ground inside this fence should be kept clear and free from
trees, bushes, etc. The admission to this fenced space should bc

by one gate ohly, and no person shsuld be allowed inside thls fence,
without permission of the ofrcer intcharge. In thc case of " Storagc
t[4gg3ia6 " the clear space between the fence and the Magazine
should nowhene be less than [00m.

3'8. Thp door of E4gazine should be sheltered by a screen wall
or otherr.etodion so arrapsed as to prot€ct the doorway from dircct
bullet fre. The door and itE faskninrc chould be. atonS enough
to reist forcible entry, and should preferably be a thick woodcn
onc, faccd on the outeide with plato iroo about 6 mm. thick and
opcning outwaf,ds. The window sboulC bc of tho oamc coastruetion.
All fittings aod keys should be of brass or gun. mctal (not iron).
The dpor should be fastened with two separate locks, th9 key of
one biDg kept by the guard and the key of the other by thc Offic€r-in-
6erse.

3.9. The roof of tho magazine should be arched, aod whqe consi-
dered desirable, may be made bomb proof by a thick coveringr.rf
o+rth ab)vG the arch. Timber shodd.not be rsed in the construction
of ei{her the walls or the roof.

3.10. Two thoroughlyefrcient lightr,ingconductors should be
provided to the magr4uiner ooe at erlch end. The lightning conductors
shall be tested at least oncc every year.

3. I l. Ventilators should be providod, and so dcsigned es to secure
good ventilatioo, but not adnit ofi the inmtion of a manrs arm or
any article being passed through them from outside. They should
be prctected by a gratiog on tbe outside and be fitted inside with
copper wire gauze'

3.12. Every mrgazine should be perfectly welldrained.

3.13. No iron or st€ol is.to bo usad in a magazine for nails,.fasten
ogp, fttings or any other purpos€.

3. 14. The inte,rior of the rne&rrue, that is, the floof and walls,
should ba plotcroC smqoth with cemcnt. This is prefcrable to lining'
them with wood, which,is attgcked by insects aod creates dust.

The magazine should at all times be kcpt scrupulously clean
Itrigh erplosives like dynamite Sould be storcd in a dry, clean

rell-ventilafed, bullct'proof and fue proof building; on an isolated
site.

3.15. No,onE; hall ontcr e nagagine exccpt in the presence of tbe
Offiocr-io+harge, with his permision. Thc pcrsoo in cbargc of thc
magBzlne is to takc carc tllatth€ magazine is woll and securcly locked

3'16. Magnaine eho6 without aails rhould bc."lcDt at e[, f,mc
in the magazinc, and a ruood tub or, eomcat torougrh,rboul 30cm.
high,and 45 cm. in diameteli flllcd with wsteD,shpuEbo,fxcd mar
the door of the magx&le.

Persons entering the magazine must put on the magazine shoes
provided for the pufipogo aad.bc cgrcful.

(a) Mt to put their feet on the clcan floor unlcss tley have
thc magazine shocs on;

(6) Not to allow the magazine shoes to touch thc gi-ound.outside
the clean floor:

(c) Not to allow any dirt or grit to fall on the clear floor.

Persons with bare foot will, before entering thc magazine,
dip, their feet in, srateq and thoo otep dirccf ftorn the.tqb over the
barrier (if there.is onq). on .toi theplean goor.

3.17. A brush or broom.should be kept in the lob!5r of thq magapine
for cleaning on each occasion it is opened, for the receipt. delivery
on inspection of explosives.

3.18. No matches or inflammable miterials should be allowcd
in a magqzine.

3.19. No pcreon harinl articles of.eteel or iron on him is tl U"
allowed to enter the qegmine. Workmen or aoy other fcrsons
any admitted into the magazine should not have on their pcrson
any articlcs mcntioned in, paragmpbs 3-lE, 3-I9 9nd 3-20.

3.20. Oily cotton rags, waste, and articles liable to spontaacous
ignitioo, should not be.takcn intO..the magnziae.

3.21. No tools or imderncnl8 AthF than thoie qf cgpg4r, ,[rass
gunmctal or wood should bc alloqrcd lnsido thc magazine. Tools
should only be used with Sreat geotleocss aod care.

3,T2. A guard should be providcd to evcrymagazinc for its safe
custody. Thc strcngth of thqguar*chould be settled by the Eaglneer
in consultation with the civil authqgitics.

3,23. Detoo4tors, for sigpals, f[g€s, etc., are not to, bq kept in
the same maglzine with gun-powdcr, dynemite orotherexplosives
Dotomtors.€in.hoqrovor bs,&cpt in.af, entrotc adjoiniag tbc nrgrzini
providcd that thcir oumber does not crcacd 25,OOO, apd that tle
annexc is so constructcd that not lcss thrn 50 cm. of mesbDry and
iOO cm. of .air space shall interwne bcturGco eny detonators in such
atroGxe aod the interior of thc peia easednc.

3.24. Earcls or cascs coataidagr.ciplooivoe aro not to-be-opcned
in a magazine. Erplosives in open,casco ana aot to be reoolrred into
a magBzitre.

3.25. ExpbCvos whhhnEear. tobe in. ardqrn&acd or dmScroug
conditfun a.rc not to bo, kept in aDn,4nFiq;-, bU& mr6n 6; ltmgvcd
without delay to a safo.dirtmer rni d*runai Any .aqffiary
destruction ofcxplosives such as mlght be requircd owiagto deteriora-
tion of thc explooivc orr onlddion of,ritso*crriaG, eblld be
carriod, out ia, accordnoco,rritb tholaem.ftns g*tm foi,6q Enciro,
in*hrogc.

3.26. Artificial light is oot to bc allowed ip eny nagazine. Elocuic
stqrage battory torchos may horssyrr bs. rlloryrd. .

3.27. No sm6king shall be altowcd within tfl)m of a rregazine.

3.28. In t'Exppnse M4gazines " the mallets, lelqrs, wgflgps, etc.,
for opening barrels or cas€e,are to be ofwood. TOOIs phould only
bc uscd with grcat gcntlencss and caro.

3.29. Packlng or unpackiry, oI eny oIEr_ation involving lhq noving
ofexplosiveo among ooc anoth€r in en oFencd qgsc, is not to bo
permittcd in a magazine.
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3.30. Baarclsor Gas€s.tp bcmoved fur a magaziee'ara to be

oarried by haud, not rollcd, draggod, ortruned over and orer on the

flooi.

3.31. No person is to be allowed to sleep, to take food, or to
loitcr in a magazine.

3.32. Should repairs or alterationo be neccssary in a magazine

:very prcoaution rhorrld.bc ta,ken, and, if Orasticable, the officer'in-
cbarg6 should bo presont whilo thc work is in progress.

3.33. Account thould kept in evcry magazinc of all cxplosivot
rccclrreil snd issuld.

3.34. Barrelsaodcasesarc to be properly labelled to indicate

theoatureofthecont€ott, quantityrdatc of rcceipt, from whom
reocived, and other partioulars, so thbt their histay can be traced.

3.35. Explosives which have bco fosud'aad roturned to the maga'

zino are to be issucd first ; otherwisc thoso which have been longest

itr storthftto brfirtt isoed.

3.36. The quantity of e{ploeivcs allowed to be kept in an "Expense
magazino " should be liirited, and a notification defining that limit
shoild,bo poslod,uD in C conrylanous poeiti@li both inside and

outcido ths megazinc.

3.37. tsSrdscnd cnslt mustbsfttpt cleq of tho'wallrand 0oors

so.a,to allfit th'ah to'LircOhtc'frccly on'all'side+.' It ir'reuanmn'
deC ,thEt,wHtc prao0tlqbtc,they' should be staolcdin the utddle
with a clear space all rouatl.

3.38. Nututcc ond orf,eriu arratrgoin€nts of o mgsoineure to'be
stridtytiliilocd, Nodkt or rubbith icto'bGdlof,id''and tpqdsl
carGiltorhttd(n'to loqg thtloor'fito''fu8 grdls'of pordtc or
porticre$lerplo,uivo mattcrfall on the frors'dts'to &dcrguof, cascc'

ctc.

3.9. A bssha broonshcrlalSc lilBt,io'th€nag.iB, or"in the

Iob@ ifrbotrie enq"for'plotdqout tho ErfFeb'c oo crcft occasions

it ic opao.d for.ttrc ra*F,AoEnwy'6 i{spos}ion of tho explosiv€o.

3.,o. lvfagazinoshould be opercd oocasioually lndty wcathtr,
so astoteep them well aired. \\4ren open they arc to bc carefully

.Cuard€d.

3.41. The ventilaters of a mag;azine are to be closod during a dust

storm'or ttundei strob, and tho'ffil$dtrels'rot to h'opcmddtring
thtyrfiatenco of an'at4cspfteric tltsturbncrrf thls 'naturc, nor

shouldauy prson bo allowcd in the vicMf ofthc maBarine.

3.42. Shoild thoo bo a ditrculty in keqirg ths ma8ai{nes
free from damp,'fitshlylburnt.gulck lino, exposd in woodcn trays

recomrnended to bc tept in the magaeines.

3.43. Inwery r'stdrage magzine" a maxima and miuima
thermom€tcr should be put up in a suitablo position, and a note

ofthctcmparaturcrecofded by each instrument shodld be'madc
at regular intervals not txooding a wck. It is rccommended that
this bealso done in an'b expenso maSaeine ".,

3./t4. Arecod rhorlld be tcpt of 
-all'occasions on wtrl6 a

'. stottEp'fragazino " is rbpened, with such ptrticotars'as may appcar
deettable.

3.45. Allmagazines are to be officially inspcotedat definite
intewals antl a record kept of the results of suctr inspcctiom.

3.46. At eaeh.insposion, thc coEditions of tho lightoing cooduc-
tors should bc catdully cxamiacd. The lightoing conductorr havc
to b€ got testod at loast ooce ovcry ycil.r by an Inspector ofExplosives
in lho m*ncr grucrib€al by thc Ctticf Inspector of Explosivcs, and

a certificatc showingthc result aod thc date of tcst obtained froa
him,on,payrnent of requisite.fec, sball b@ hung up in the rnagazine
in a conspicuousplace.

3.47. The rules in,force in each tnagazinesheuld be printed in clear
type and hung up in a conspiouous position both in and outsid,c
the building. The officer-in-charge of the magazine should be,
responsible to ensure that the rules are strictly ob,served.

3.48. V[hen high explqsives are stored, a sample should be taken
at least once a yeax aod forwarded to the nearest chemical examiner
for test. Highs:rplodives are those which are habitually fixed by
detonationr aqd used where a dostructive rather than a propellant
effect is aimed at, and include such explosives as:-

Blasting4datine, carbonite,.celtite, dynamite, gelignite,.monofuet
powder, phocnix powder, flegro powder, reburite, tenilc
ammonal, gun cotton slab, picric acid, tri-nitro-to-vol (TNT), eti.

Aacdequateclot.must.be cut on thp skl€ of tbe,plug to hold
thc fuserand prcvcrnt it from dapa{pryhen the plug is being tapped
down. Thetop of thc'plug should be painted rcd.

Use of Explosives

4.1. The explosive shall not be used on the works or on the site
by tho contractors without the written permissicn of the Fngineer.in-
charge.

4.2. Blastirg shall only be carried out at certain specifiedtimes to
be jointly agreed to by the contractor and the Engiheer,in clrargp
withio the hours of dry specified by the licL.nsing authorities, and an

area of 2fi) m radious from the firing point is to be specially f,agged
out, and all workmen exclude.d therefrom at least'10 minutes before
tho'hour for firing, a warning bell being sounded-fot the purpose.

4.3. Explosives shall not be brought on to the works in quantities

excoeding the amouot enouSh for thc particutar amount of fring
to be done and any surptus explosive left,when allthetolestave'tGen
charged, must be earefully fomoved at least 3fi)-m awai from the
firing point.

4.r1. A properly appointed agent on bohaf of the confiaEtbr
shall personally superintead the firing, end not more than cight'hoht
at a tirnc shall be seut ofr (fired successively and not simultaneously).
A,ccouot shall be kept of the blests : if th6e do not tally with the
number fired, the difrerence indicates misfires, in which case no
perlm Btall bc allo*cd to return to thc sit€. of 'tlre firing for at least

half an hour after 6fing, whin thc misfire ahall bo cartfolly looked
for by the authority's agr'tt. to the cwnt of misfire, a portion of
the tarrping may'b studfpd out with coilprssed air or wEte,r 'under
pr€sutrg but no kind of tosl^shall bc used'for this pur?o*. Thc
hole shall thereafter be reprirned rnd fx€d. If r reliwing holo icto bc
drillcd, it shall not ba plred within 30 cm. from the misfired holc.
The relieviig hole'shall run parallel to the-misfrcd hote. If a misfired
is detected during working houn and itis necessary to leave lt charged
till firing time, a slodge of red paint must be cut around the drill hole.

4.5. If misfire has been found to be due to defective fuse, detonators
or explosives, special notice shouldbesent to the offcer-in'charge
of the works, and to the persons in chargp of the storage and " exp€Dse

magalines ", Bo thi sbFc cmy bo *atar toispoe, the ryhol,o qusntiry
or box from which the defetniwartide rrns takcn, No mo[G of thc
defective stock is to be used without permission of the Engineer-in
chargp.

4.6. As each holc is drilhd,gnd loadcdr o small wooden phg
(not more than 8 cm. in lenglh). is to bc driven in at the top, confining
the fusc cnd also'hclpiog to indicstc the poqitlon of the holc if ll
n*strrr. An rdqmidot rtwt,tr eut on tffc'tidt of th! Olug'to
hotd the furo, and.Drcrtnt lt from dtfitgc'uttx thptugis tttiol
tedoed down. The top of thc plu8 should be painted rod.

''tii. '
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4.7. Dynamite sbould bo kept dry until used. If exposed to
damp, tho nitroglycerine exudes and becomes Eost dangcrous. It
shall not be exposed to direct rays of the sun, also it becomes highly
dangsreus if placed near fires, stoves, st@mpipes or heated metal.

4.8. Frozen dynamite is a most dangerous substanc€, as simple
friction of the crystals of nitro-glycerine due to rough or careless
handling, dropping a cartridge or any sudden jolt or jar is liable to
cluse detonation. None but the most experienced men should
therclrre handle it in a frozen state. Itshould be thawed by placing
the cartridges in a pan floating in warm water.

4.9. (i) A wooden tamping rod should be used-to push the cartridge
home. N) metal rod or ramner shall be used in tamping or brough
to the s'i.: of blasting work.

(ii) Th. ch::3e should not be rammed or pounded but pressed

firmly into pla;e.

(iii) Or :arth should be used for tamping. If water is used,
graar care rould bc takcn to press the cartridgos into contact with
each other, as water coming in betwccn two cartridges will prevent
the explosio r of the lower one, and lead to a hole being onlypartially
blown out and remaining charged with the balance of the dynamite.

4.10. The dynamite is exploded by means of a detonator pinched

eo to a fuse by means of special nippers, and put into the primer
or cartridge. Instructoins accompany each box and these should
be carefully adhered to.

4.11. All fuses must be out to the lengths required before being
inserted into the holes.

4.12. Any slackness, carel€ssncss or the infringement of the
rule will render all re;ponsible psrties liable to prosqcution.

4.13. Further detailed instructions for blasting operations are
given in standard sPecifications.

Rulesfor opening and closslng boxet ofdynamlte and
blasting gelatine.

5.1. Wccde.t wedges, about l5cm. long, 3 cm.thickat the head
and 8 cm. wide, also a small wooden mallet, weighing about 0.70 kg.
and a wooden lever 60 cm. long x 5 cm. wide x 2.5 cm. thick should
be provided as the tools for opening boxes.

5.2. The bcxes'should be opened oo a wooden tabte or palnk,
free from grit or metal nails.

5.3. To open the box, the lid should bc forced up by inserting
two woodon wedges io the end, and driving them in by the wooden
mallet. Whe,n raised sufficiently, the wooden lever should beinserted
and tho lid prized off. After removing the lid, the c/ater proof lining
at the joiot should be rent open, whcn the packets containing the
cartridges will be.aocessible for taking out.

5.4. To fe+lose tho box, all the brass nails should be first with
drawn from the lid, the lid replaced in its proper position, and nailed
with a wooden mallet.

5,5. Metal tools shall not wder any circumstonces be used for opening
or ie-closlng z-

Accountal of explosivcs,

6.1. To prevent explosives being disposed ofl unlawfully,
following orders must bc strictly cofotoed :-

(i) The supervisor in charge of the work shall be presondly
rpsponsible for all cxplosives, and shall personally attend to the
charging, tamping and ffdng of all holes.

(ii) The supervisor in charge shall maintain a register in which
the cxploslves used each day will bc cnteed regularly thc same evcning,
13d cooy ofthc entry shall be forwarded to the Engineer-in€harge

ANd IN ADDITION, A STATEMENT AT THE END OF
EACH MONTH SHOULD BE PREPARED AND SENT TO
THE ENGINEER.IN.CIIARGE.

(iii) The Engineer-in Charge shall personally check the balancc
once a quarter

6.2. The Engineer-rn-Charge shall be responsible for implicit
compliance with the instnrctions herein given and with such as rnay
emanate from Government from time to time. with regard to the
storage and use of such explosives on the work.

6.3. All losses, shortage of stock and thefts of explosives, shall be
reported without delay to the nearest Police Station.

ExrRAcrs Fnou I. S,4701-1968

Code of practice for eartft work on canals.

APPENDTX-B.

TYPIcAL METHoDS oF DRILLING ,c,No BLl'stlnc Rocr ttr
ExcAVATIoN.

B-3. Blasting wfih pideL

B-3.1. In case of blasting with powder bore holes will be jumped
or drilled into the rock face. The direction and spacing ofthe holcs
are very importaot for efrciency and econooy. The line of least
resistance (that is the distance of the bulk of the powder from thc
nearest rock face) musr Dever be in tho direction of the holc bored.
The depth of the bore hole should be about tbe same as theline ofthe
least resistance.

B-3.2. The bore holes shall be dried before being charged. The
powder shall be enclosed in a waterproof cartridge and introduced
into each bore hole by a funnel or a copper tube. Safety firses shalt
then be passed into the powder and taken outside to the required
distance.

B-3.3. A wadding of hay or dry turf shall be plaoed on the powder
and around the fuse. An inch or two of the wadding shall be pressed

down on the powder and the remainder of the holc shall be fi1ed
in with tamping materials, that is, dry clay. The filling material
shall be rammed or tamped with a copper or brass rod until it becomes
compact.' Care shall be taken to avoid any possibility of an air
hole around the fuse.

B-3.4. The charge shall be 6red by liehting the fuse. Fuses shall
be cut to the requiredlenSth before beinginserted into the bore holes.
Joints in fuses shall be avoided. Where they are necessary a semi.
circular niche shall be out in each fuse about one inch from the end
and the two pieoes shall be superimposed and bound together witb
thc string. All joints exposed to damp shall be wrapped with a

rubber tape.

B-3.5. The number of blasts to be fired and the actual r.ur-^,: cr o.
shots heard shall be compared and person rcsponsible shall s;.,irr,
himself by examination that all the blasts have exploded befcre worL.rs
are permitted to approach the same. The withdrawal of thc charge
which has not exploded is under no circt ,iistances ro Le permittc.l.
The charge shall be flooded with water d ihc iole ma.xed in a
distinguishing mann::. Another l'gi sh. be jumped at a distance
of about50 ;m. of theold holeand firedir. :usualway. Thcresults
shall be carefully examined by the persors in charge of btasting and
the operations continued untill the original blast is explodcd,

B-4, Blastiw with dynamite

B-4.t. Dynamite is procurable, made up in cartridges cf two kinds,
one 22'2 mln. diameter, 88'9 mm. Iong, weighlng 56'7 g. the other
25'4 mm. diatmeter, 88'9 mm. long; weighing 66'1,g. '
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b-4.2. Dynamite is explbded by -means of detontrtors. Thaxe

are procurable in tin boxes pnd are laid in saw dust whictr should be

blown out with a dry blo* of the mouth before using. One tnd
(cut square) of a Bickfor{'s fuse is pushed into the detonator, till
it touches the whitg fulminlte withia iL The open end of ihe cap

is then pinshed in with pincersto attachit to thb fuse, care being

taken not to break the powdqr'cone ofthefuseby pinching too tightly.
If the detonatoi is to be used to damp or ,wet places the junction

should be made watertight with gease, white lead or tar' A primer

is then opened and the cap gently pushed up to its head into the

dynamite, care being taken not to bury the detonator entirely. The

paper of the primer is then closed up and securgly bound with wire

or twine to prevent displaement of the cap.

B-4;3. One cartridge is first placed in the bore hole and pressed

and not rammed down with a wooden hammer, never with an iron
or metal rod, so as to form'a proper contact with the sides of a rock'
other cartridges are then added as may be required to make up the

necessary charge. The prilner is then gently pushed' not rammed

down,on the top of the ch0rge. The,space for about 20 cm. above

the charge is then gently fllled with dry clay pressed home and the

rest of the tamping is formfl of anv convenient material gently pac-

keal with a wooden rammen.

B-4.4. Following general prinsiples shouid be foltowed io case of
blasting rock with dynamite. The mode of proceeding is very much

the same as for powder, but the holes of similar-depth should be

furthor apart but will havo smaller diameter. Continuity of circuit
shall be checked with Salvbnometers so that all the debnators are

correctly connected before blasting.

B'4.5. Thc following ard the diameters o'f drilts used for different

depths of bore holes :-
Depth, Drlll Diameter.

m. mm.

I to 2 25'4.

2to 3 38'1 to 50'8

84.6. The depth of bote hole should be about the same as tire

line of least resistance and if possible the bottom of the hole should

never dcscend below the.face of the rock. The bore holes should
generatly be not more than 1'5 m. deep and their distance apart should

be from one and half to two times their depth.

8-4.6.1. Ifthe required ohargeis so gtreat that it cannot be held in a

hole 1,5 m. deep, two or more holes should be made close together,

the total charge being sli8ttly increased and exploded simultaneously.

By using delay detonators overcirtting and undersutting can be

minimised,

B-4.7. Cracks and fissdres in the rock to be blasted should be

carefully studied to asctrtaio the best position for bore holes. The
charge should always be pleced in a sound piece c f rock aqd if possible

not nearer to a creqk thbn 30 cm. If it is desired to shatter rock,
closc connections between the dynamite and the rock is essential

antl the points of contacti shoulilbe multiplied as much as possible.

For this reason several Uore holes of moderate diameters are pre-

ferablo to one hote of a la4ger diameter. Sometimes by havlng sloping,

hotes cxcavation can be fontrolled in a particular directicn.

84.8. In case of gently sloping rock with no face, dynamite
should be used as powdef is to b e used, only with fewer and shall-

ower. bore hotes. As the tine of least resistance is not so irpertant in
dyoamite as in powder the necessity for sloping the holes is not so

grcat. But if a face is reduired on an almost level rock sloping holes

should be used.

4$6-3-7

ExrRAcr Fnou I.S.'t081-1967.

Safety odefor bhsrtng anit relateddrilling operations.

2, Terminology-

2.0. For the purpose of this standard, the following defnitions
shall apply.

2.1. Blasting cap.-A shell closed at one end and containing a

charge of detonating compbund, wbich is iSnited from a spark,

it is us€d for detonating explosives.

2.2. Detorutor.-The terrn shell includo igniters, blasting caps,

electric blasting caps, or other similar devices used to explode com'
mercial explosives.

2.?. Electric blasttng cap.-A shall containing a charge of
detonating compound which is ignited by an electric current from
two projecting insulated leg wires.

2.4. Explosive.-Any mixture or chemical compound whieh is
capable of producing an explosion by its own enerSy. This includcs

black powder, dynamite, nitroglycerine compounds, fulminate,
or explosive substance lraving cxplosive powder equal to or greater

than black Powder.

2.5. Magatne.-Any building or other structure used for tho

stoEge of explosives.

2.6, Missed hole.-A ddlled hole containing an explosive charge

that failed to exPlode'

2.7. Permawnt blasting rires.-Those wires between the 6ring
switches ; for use in blasting where the power souce is an electric

circuit.

2.8. Primer.-An explosive cartridge with a detona:or ot igniting
agent inserted thetein.

2.9. Safety fuse.-A medium manufactured especially for fring
explosive chargBs, that cbnveys a flamc at uniform rate rather than
one that is in itself a detonator or one that operates on some other
principle.

2.10. Stemmtng.-Means material used for confiring a charge of
explosivesin a hole or to cover explosivesin mud capping.

3. Transportation, of a x?losives-

3.1. All the relevant central state and local laws and rules and

regulations if any, framed thereqnder shall be complied with.
Loatling, unloading'and handling of explosives will be supervised by
qualified Personnet.

3.2. Where the magazine is located near the construction sito

and blasting operations continue daity, actual requirements of ex-
plosives shall be drawn from the magazine and transported to thc

site. Any left overs should be returned back to the magazine-each

time after the blast. In case of work at scattered places and for a
small duration, portable magpzines shall be used and kept within a

fence in a safe place and properly guarded.

3.3. For carrying smatl quantity (approximately 5 kg' of explosives)

.specially designed insulated containers may be used. These con'

tainersshall bcconstructed of finished wood not less than 5 cm.

thick or plastic not less than 6 mm. thick br pressed fibre not less

than 10 mm. thick. There shall be no metal parts (not even nails '
bolts, screwsretc.) and the container shall be water proof and provided

with a lid. 'The containers shall be provided with suitable ncn'
conductive carrying device, such as rubber, lepther or canvas handlc

-oI Str4P.
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3.4. Vehicles to be used for transporting explosives shatl bc in
good working condition and shall have a. tight wooden or non-
sparking metal (copper, brass and thelike) floor with sides and ends
high enough to prevent the explosives from falling ofr the vehicl,.
In open-bodied vehicles, the explosives shall be covered with a water
proof and fire-resistant tarpauline.

3.5 .Eiectrical wiring in vehiclechall bc fully iesulated so as to
prcvent tho dangpr of short sircuitiDtandatleast tw cfireextinguishers
ofcarbon tetrachloridetype shall be carried. The vehicle shall be
properly marketl so as to givo adequate warning tc the public in
regard to the naturo of cargo.

3.6. No metals except approved dal trnct bodars.shall b€ allow€d
to como in contact 

-with 
cases of erplosirres. Metal, flammable

or corrosive substances shalt not be transported with explosives,

As far as possible, transportation of any other material along uith
explosives shajl be prohibited.

3.7. Smoking shall be prohibited in the vehicle carrying explosives.

3.8. No unauthorised person shall be allowed in the vqhicle carrying
explosives.

3.9. Loading antl unloading of exptosives shall be done carefully.

3.10. Explosives and detonators or blasting caps should not be
permitted to be trinsported in the same vehicles.

!.11. Detonators and other explosives for blasting shall be trans-
polted to the site of work in the original containers or in securely

locked separate non-metallic container and shall not be carried loose
or mixed wirh other mate,riats.,

5. Ase of explosives-

5.1 . Precautions against lightning shal I be provided in aocordance
with [,rlirr Ele:tricity Act and Inrlian Explosives Act and Rules and
regulations tramed thereunder.

5.2. Ary package containing explosives shall not F6 Orageea,
dropped or handled rougfily. The explosives packages shall bo

opened only at a safo distance and properly shielded frour the packagss

of explosives in bulk storagp.

5. 3. Sparking rnetal tools shall not be used to open, legs or woodeo
or fibre board cecs of explosirm.

5,4, Smoting shall not E pcrmittcO nor Ett€hes, open lightr
fire, f,ame, or any other device- capable of producing sparks o-r

flame shall be carried while handling or using explosites.

5.5. Explosives shall not be placed whore tbey may be exposod,to
flame excessirae heat, sparks or impect,

5.6. Tbe covers of the oxplosive qm€s or packagee shall be replaccd
every time soon after taking out part ofthe contents as long as any
explosives.are teft in them. .f

5.7. Explosives shall not be carried in the pockets ofany clothing
or elsewhere on any penton.

5.8. himers shall not be made up in a magazine, or Dear excessive
quantity of explosives, or in excess of immediate'needs'.

5.9. Nothing shall be inscrted in the open end of a blasting cap
except fuses.

5.10. No person shall strikc, tamper with, or attempt to-removc
or investigate the contents of a btasting cap or an electric blasting
cap or attempt to pull out the crimped safety fuse cut of a blasting
cap.

5.11. Children, uoauthorised oPunneoessary perrons shalt not be
prese-nt where exploaives are being handled or usd. 

I

5.12. No person shall handle, use or be near explosives during the
approachtrprogiressof any electrical storm. All persom shall
retire to a place of safety.

5.13. Deteriorated or damaged explosive or blasting equipment
shalt not be used, but shatl be dispo*d of as stated in 11.

5. 14. No attempt shall be made to reclai m or use fuses, btasting
caps, electric blasting caps or any other exploeives which haw been

water soaked, eyen ff they have been dried out. The manufacturert
shall be consulted. '

5.15. No. attempt shall be made to soften hard set explosives bi
heeting over a fire or by rolling the explosive on the Sround.

6. DrillW udloadW-

6.1. Befce planning out the drilling operations for blasting pur-
poses,.nature of stiatumandthe over burden should necesarily

6.2, The face of rock shall be carefully examineil before driUing
to determinrc thc possible presen@ of unfred explosi"'e. No attcmpt
shall be made to &ilt,at a site if undetonatod explosives are suspected

and action shallbetaken aoqordingto l0'4.

6.3. The bore'hole shall be carefully checked for length, pr€s€llcc

of water, dust, etc., with a'wooden tamping pole or a measuring taDe

before loading

6.4. Surplus explosives shall not be stacked near ryorkidg rrca
during loading.

6 . 5. The I ine of detonating fuse extending into a bore hole shal I te
cut from the spool before loading the remaintler ofthe chargo

4. Storagt of exPlosivev

4.1. Storage of explosives is registered by the Indian Explosives

Act and provision thereunder should bc stric-tly observed.

4.2. Eiptosives shall be stored only in a magazine which is clean
dry, well ventilated, reasonably cool, correctly located, substantially
constructed, bullet and fire.resistant and securley locked,

4.3. Blasting caps, electric blasting caps or primers shalt not be
stored in thb same box, container or room with other explosives.

4.4. Explosives, fuse or fuse lighters shall not be stored in a damp
or wet place or flear oil, gasoline, cleaning solutions or solvents or
near radiators, steam pipes, or other sources of heat.

4.5. Smoking shall not be permitted within the fencing around
the explosive magazine, nor matches, open tights, or other fire or
flame shall be allowed near the magazine. Waming notice to this
efiect should be pasted at conspicuous plaoes'

4.6. No leaves, grass, brush or debris of any kind shall be allowed
to accumulate within 8 m. of an explosive magaziae.

4.7. No sparking metat or sparking metal tools shall be stored in
an erplosives magazine, Perions entering the magazine shall not
have shoes with iron nails or other sparking metal.

4.8. If nitroglycerine from deteriorated explosives has leaked

down on to the floor of the explosive magazine, the floor shatl be
desensitized by washing thoroughly with an agent obtained before
hand from the suoplier of the.explosives. For this purpose, desen-

sitizing agents and the instructions for using them shall always be
obtained along with the supply of nitroglycerine.



6.6, A bore hole shall not tfe loaded with explosives after spriaging

(J;ddrh" hole with spl{sives) or Yp.on Slnletion 
of drilline

i;[t"rt Lakiogsur" that it ii coot and that it {oelnot contain any

hot metal; burning or st4oldering material' Temperatures tn

excess of 65' c' are dangprous'

7'7, No attempt shall be niade to fue a circuit of electric blastin

caps with les than the minimum cu rent specified by the masufac'

turer of lhat electric blasting cap.

7.8. Care shall be taken to ensure that all wire ends to be connected

are bright and clean.

7'9. The electric cap wires or leading wires shall bokept short

circuited until ready to fue.

7'10. When eneiry for blasting is taken from power circuits' the

voltage shall not.r"i"O ZZO Y- The w:ring and controlling alrang€'

ments shall @nform to the following :- r

(a) The blasting switch shall be strictlv lccoldine 
to the sngf

cations, extcrnally op"tut.O double'pole dbuble throw switch' which

when tocked in the open p*itioo oritt tno.t circuit and ground the

teaOing wires. The .o'it.tr tnAtUe iostalled atthelocationwhere

the firing is to be controlled.

(D) A 'safety'switch of the same type as the blasting switsh

shall be installed betweelr the blasting switch and the fuing circuit

and lead lines, at a distance not to exceed 180 cm"-from the blasting

swirch,

(c) Both the safety switgh and the blastiog switch shall be locked

in the open position immedihely aft€r firiog the short and before any

personispermitted to return to the'blasting- axea' Key'to the

**t 
"U.t 

iraf remain in-thc possessioo of the blaster at all times'

T.ll.Rubbercoveredqotheradequatelyinsulatedcopperwires,
t"'s;;;;;diii;tu"riu" ot"a for 6rine lines and shall have solid

cores of appropriate guug". Sufficient firing line shall be provided

to permitihe blaster to 6" to""ta at a safe distance from the blast'

!;rs;;;rJr"t..lead lines shall be used'

?.12. Blasting operatio$l inthe proximity of overhead powor

lines, communi&ti* lioo, utility lines, or other structures shall not

t. d*itO on until the op€rator or the owoer' or both of such lines

n* U.o notified and precautionary measures deemed n€cessary

have been taken.

7'13. Aflholes loaded on a shift shallbe fired on the sameshift'

?.14. As far as possible blasting shall be carrie<i,out using suitable

exploder with 25 per cent excess capacity' Electric power fro m the

mains stratlte used only when it is absolulely trecessary'

8. Short frrW wtth safetY fuse ;'

8.1. The fuse shall be carefully handled to avoid damaging thd

"ou"ii"g. 
In very cold weather the fuse shall be slightly warmed

U.f-. ri*iog so as to avoid crackrng the waterproofing'

8'2. Short fuse shall not be used' The length of a fuse shall be

ooi Lr. tnuo 12d cm. The rate of burning of the fuse shall be

toouro-unO it would be necessary to make sure that it will take

.om.iuot tir" io burning so Cs to enable all persoos to reach a piaca

ofruf",v. The burningrateof thefuse shallnot be morethan

60 cm/min. 
:

S.3.Thefuseshalluotbecutuntilthcoperatiotrtoinsertthefuse
into a blasting cap is ready. The fuse shall tje cut off about'2'5 to

i c-. to ensuie a dry end. It shall be cut squarely across with a

4"". *O sharp blade. The fuse shall be seated lightly against the

*J"t urB, and care shall be taken to avoid twisting after it has b€€n

placed in Position.

8.4. Blasting caps shall not be crimped by any means except by a

cap crimper d&ged for the purpose' It shall be neces'sary to make

suie that the cap is squarely crimped to the face'

8.5. Thefuse shall belighted with a fuse lighter dcsigned for the

porp*". If a. match is used, the fuse shall b0 slit at the end and the 
,

oaicn nead held in the slit against the powder core and then the

match head rubbed against an abra'eive surface to lightthe fuse" '

6'7. A bore o
not be sPrung

facturers.

o* u*lhu, hole loaded with explosives shall

6.8. Noforcei hallbeusedfor inserting cartridges or any explosive

into a bore holt, or pass any obstruction in a bore hole'

6'9. No force shall Ue u.sed for inserting a blasting cap or an

electric blasting cap into explosive' The cap shall be inserted into

"-ioi" 
,uJ" wilb a prictu ibsigned for the purpose' A hitch of the

efJricUfastingcap ieadingvlire statt be made onthe primer cartridge

;;;il;.""; pulling o:ut,of the electric blasting cap from the

lipiorir. ,n"rge. 
-In 

case-of fuse, the fuse shall be tied to the explo-
-;il;;;iigeioinut tue uiasting cap is not pulled out' care shall be

;;["; r; ,ti"t tne electrrc biLtin-g cap' leading wire or the length of

tUu-f"*" O*. not get damaged during loading of the charge'

6.10 No attempt shall i:e made to slit, drop' deform or abuse'

the Primer. 
I

6'11. Blasting cqps or etJtric blasting caps shall not be c<innected

io detonating fuse except bfl methods recommended by the manu'

facturers of caPs. 
:

6'12. Explosive cartridge shall not-be cut' nor explosive retrtoved

from the cartridge for use'

6'13. Metallic devices of aoy kind shall not be use'd in tamping'

W"J.. i"-ping tools w[th the no exposed metal paxts except

rli:rp"r.frg' mltal connpctors fo1 jointed poles shall be used'

Virf.Ilrr.iing shall be avoided' Primer shall not be tamped'

6'14. Care shall be tak€n to confine the explosives ]n lfre Ugre

noi"lritu tuno, earfh clay]or other suitable combustible steaming

material.

6;15. Kinking or injurihg or fuse or electric blasting cap wires

bhali be avoided when tamping

7. Electrical short rtring'circuit

T.l.Indecidingthesizesofwires,fuses'circuits'blasting'swit-

"hd;;,1;*.Iio* 
issued bv the manufaoturers of these articles

should be consulted.

z.i. .No person shall attempt to uncoil the wires and open out the

,no't'"i'*it"abareleaditgwiresoftheelectricblastingcapduring
aooroach of dust storm of tr€ar any Source of large charge of static

;lE;i, o. "t"t a radiq transmitrer' Th€. manufacturer of the

tp "i 
iil"r*pectorate d Explosives shalt be consulted regarding

iil JiJu.., from the transmittei, beyond which electric short firing

shatl be cotrducted.

7.3. Firingcircuitshall bekept complete-ly insulated from the

groood * olher conductdrs, such as bare wires, rails'pipe$' or other

paths or stray current'

7.4. There shall not be any electric live wires or cables of any

kind near electric blastins caps or other explosives except at the

time and for the purpooe:of fuing the blast'

T.5.Allelectricbtasti$gcapsshallbetestedsinglyandalsowhen'
*;;A in a circuit in $eries using only an approved type of circuit

continuitY tester or ohm rneter'

Z.O. No attempt shall be made to use in the sime circuit either

electricat blasting caps rirade by more than one manufacturer or

"f.f.i" 
btasting caps of different design of.function even if made by

ii" .*" munufa"t*"^; unless such use is approved by the manu-

-3.--^466
:lt



4:

I

8.e . ine fuse stall not be lighte.d until sufficisal sl6mming has been
placed over the explosives to prevent sparks of live match heads from
comins into contact with the explosives.

8'7. The cxplosives ohall not be held in hands when lighting the
t'use.

9. Ilndergrowd work z

9'1. Onty permissible explosives and in the manner as specified
by the appropriate authority shall be used.

9'2. Exces"ive quantities of explosives shallnot betaken under.
ground at any time. Black blasting powder or pellot powder shall
oot be us0l with any other explosives in the same bore hole.

9'3. For blasting in tunnels and shafts precautions detailed. in
relevant Indiao standard shall be followed. The poisonous gzules

shall be promptly removed by using exhaust fans in shafts and rever-
sible axial flow fans in tunnels. The air duct shall be of such size as
not to allow too much ptessure drop so that the rrelocity of air at
the delivery end is not less than 0'2 m/s. :

10. Before and after firing z

10.1. Before firing, sufficient warningshall begiven toenable
the poople workiag in the btasting area to get ofr the danger zgne.
The danger zone rhall bo suitably cordooed off and flag men posted
at important points.

10.2. No loose material$, such as tools, drilling implements, etc.,
shall be left on the rock surfaces to be blasted.

10.3. Blasting it the opon shall be carried out during the 6xed
hours every day or oo 6xed days in tho.week. This information
shafl be amply publicized and the following precautions obaerved :-

(a)On ttre projects sitcs, where regularblastiog operations are
carried out, daily blasting hours should be clearly printed ou tho
siep-boards on all the roads approaching tbat area.

(&) Road closing barriers should be provided to elosc the traffic
oir these roads, at least 400 metres away wheo the fuing is to take
placc.

(c) The beginning of the firingshouldfollow toud sirenr and
similarly the completion of the firing should be succeedcd by loud

- - sireos.

10.4. The bore holes shall be thoroughly cleaned before a cartridge
is inserted. Wooden tamping rods (not pointod, but cylindrical
throughout) 5ha1l be uscd in charging the holes. The cartridges shoutd
be gently placed aoal oot rammed. The prime,r cartridgs will be
ori the top.

10.5. The shot firer shall not return to the blasting site after
fring, until at least 5 min. have elapsed. In case of electric shot
fring, the shot holes shall be examined after fuing and in casc of
misfire no person shall be allowed to approach the blasling site for
at least 5 min. In case of shot firing with safety fuso
utmost care shall be taken to count the oumber of loud reports td
easure that all the shois have fired and in the event of misfire, no
porson shall be allowed to approach the blasting site for at least
30 minutes. In any case, a careful inspection for remainings of
undetonated explosives shall be made after firing the shots. All
misfired shot holes shall be cross orarted. No other person than
tbese duly authorized shall approach the holes until one of the
following operations has been performed in respect of each of the
misfiied holes ;

.a
(a) If the misfire is due to a faulty cable or faulty electrical

connection the defect shall be remedied and the shot fired.

sz

(D) The stemming shall be floateil out oy use of water or air
jet from hose until the hole has been opened to within 60 crn. of
the charge, whereupon water will be siphoned or pumped out, thcn
a,fpesh new charge placed and duly detooated.

(c) A new hole shall be drilleal uiirn. ,*", from the old bore
and parallel to ir and about 30 cm. less in depth and the new hole

, charged and duly fired.

10.6. A carefut search shall be made of an exploded material in
the debris of the second charge.

Nors : If a shift change is unavoidable, the person incharge of
one shift before leaving the work shall inform the person relieving
him for the next shift of any cases misfired and shall point out thei-r
positions duly cross marked and also state cleaxly what action has to
be takeo in the matter.

ll. Explostves disposal :

ll.l. No explosive shall be abandoned. They shall be disposed
ofr dr destroyed strictly in apcordance with the approved rnuihods
and in doiog so the manufacturers or the appropriate auhority
shall be consulted.

11.2. Explosives, caps, box€s lines or material used in packing of
expl6sives shall not be left lying around in places to which chiliren
or unauthorised persons or livestock can have acoess.

11.3. No paper or fibre meterial employed in packing explosives
shall be put to aoy subsequent use. Such material shall be destroyed
by buming io the presence of a rcsponsible person.

{

APPENDIX XXV.

FoRM oF AonrowNr ron irr ilruovnr, or BusaBs, TRrEs,
PRICKLY PBA3, 31p., ON THE DUTTCH AUCTION SySrfU.

(Vide relevantremarks.in paragraph 210 of the Tamil Nadu public
Works, Highways and Rural Works Department Code).

DUTCH AUCTION SYSTEM.

FonM or AonmMsNr.

Articles of Agreement made this day oflg betrreei His Excellbncy the Governor of TamitNadu
(hereinafter called thc Governor which expression shall tyhere the
context so admits include his successors in Office and assigns) of the
one part and of
(hereinafter called "the c,ontractor" which expression shall where
the context so admits include his heirs, ex€cutors, administrators
and legal representatives) of the other part.

Whereas it has been agreed by and between the parties hereto that
the contractor shall effect the clearance of prigklylpear bushcs
tr@s, etc., over the area in accordance with the ineasurements set
forth in Schedule A hereto in the manner set forth in the Standard
specification in- National Building Code and Tamil Nadu Building
Practice such work to be carried out and completed in accorlanci
with the conditions set forth in Schedule B hereto and to be paid for rs
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therein provrded thc terms and provisions containcd in thc sald

rchedule.hereto being read .with and forming part of this conkact
ahd whereas the contractor has deposited with,
tbe sum of Rs. ' equivalent tg 5 Per
ccnt of the amount specified tn the clauses below a.s secrrrity for the
due fulfilment of the codtract to the satisfaction of the Ex€autive
Engineer, .....,Division.

Nou it is hcreby agreedthat in consideration of the payment of
the sum of Rs.

The contractor, will, upon and subject to the condition set forth in
Schedule B hereto, e8eQute and complete the works entqed' in
Schedule A.

ln witn€st wnerco rne conractor and the oEicer m-cbargc 9[Division, Public Works
Departm0nt, acting on behalf of and by the order and division of
His Excellency the Govemor of Tamil Nadu have hereunto set their
hands the day and year fust above written.

Witness to the signature of the Contractor.

Signature of the Coilracto r

Signature of the Officer-in-charge of Division.

Witness to the signature of the Ofrcer-iu-charge of
Division, P.W.D.

SCHEDULE A.

Measurement of worls to be done (to be signed
by the Contrqctor as- well as the Officer

entering into the contract).

Descrtptton ofthe :locality. I Desqiptlon of the
locality. I"€rrgth. Breadth.

o Supplemenlal List.

Area.
Measuremen,

(1)

Length. Breadth.

(2> (3) (4) ('
SCHEDULE B.

SCSEDULE OF CONDITIONS OT CONTRACT.

1. Works referred to :-The measurement entered in detail in
Schedute A show the area over which the clearance of prickly pear

bushes, trees, etc., has to be done and they shall be carafully followed :

I

2. Works and specifications :JThe work shall be carrie.d out to
the satisfaction of the Executive Engineer,
Division (hereinafter-called the Exesutive Engineer) in aocordaoce

with his directions and ln compliance with the said measurrem€crts,

secification aod written linstruction in explanation of the same as

ruty from time to time $e given by the Exesutive Engineer or his
authoriged representative at the spot'

3. Power of Executive Engineer to order removal of improper
work :;In case of default on the part of the contractor to carry out
the work in accordance with the specifications, the Executive Enginoer

rhall bave power to employ and pay other persons to carry out thc
tame at the contractor's risk and all expenses consequent thercon
or incidental thereto shail be bome by the contractor and ehall be

rrcoverable from him by the Govemment of Tamil Nadu (hereinafttr
called ths Government) or may be deducted by thd Government
from thesecurity deposils mentioned in clause 8 below or from any
Eotreys due or that majt become due to the conEactor.

4. Defects after compfetiotr :-Any defects or other faults which
mal appear within one mooth after completion of the work shall
upon the directions io vriting of the E:recutive Fngineer, be amended

and made gocd by the contractor at his own cost, failing which thc
Exeputive Engineer shall pay him such reduced amouRt as hc thinks
fit or deal with him as pnrvided for under clause 8. The final paymcnt

for the work shall therpfore be deferred for such period as herein
mentioned after the date of completion.

5. Date of commenceprent and completion j-Tbe contractorsball
fortf,with commenc€ work and complete the same within a period of
calender month after the date of commenoement subject nevertbeless

to the provision rr e;tension of time hereinafter be considered
as of essence of this agreem€nt.

(6) (7) (8) (e) 00) (ll)

6. Extension of timc:-If in the oginion of the Executive Engineer
thc works shall have beon delayed on a@ount of any reasonable
caus€, the Executive Engineer may gant in writing a fair extensicn
of time for complgtion

7. Payment and Certificates ;:The Executive Engineer will cause

only one final payment to be made to tbe ccntractcr if the total
mount of th€ contrapt is Rs. 300 aod lcs. but if the coDtract amount
exoceds Rs. 300 hc may cause int€rmediate payments to be made
upcn certificates to be issued at reasonable frequent lntervals, eilter
by himself or by an Ofrcer of rank not tess than that of an Assistant
Executive Enginecr to the extent of 75 per cent of the value of work
executed by the contractor. The balance of25 per cent will bedealt
with'as provided below. The contractor whenapplyirg for a cer-
tificate shall furnisb to the Executiye Engineer a statement of measure
ments of the work executed based on the originaldetailed estimate of
quantitiesincluded in Schedute A together witb a bitl.

In calculating the amount of each item due to the contractor in
every bill submitted for payment under the contract, sums of less

than 2l percent shall be omitted aod sums of 2l percent and more but
not exceeding 5per cent shall be rockoned as 5per cent. The rlmount

shall be rounded to the nearest rup@, sums of less than 50 Paise

being omitted andsums of 50 Paise and more being reckoned as One
rup€e.

8. Security Deposits :-in cases where the contract amouot
excecds Rs. 300 the 25 per cent of the value ofthe executed work
withholdfrom intermediate bills under clause 7 above,will be treeted
as further socurity in addition to the security deposit mentioned in
the agreemeni. Thcse security deposits or so much thereof as may
be returnable willbe refunded after the expiraticn 'of the period fixed

in clause 4 above. If the contractor fails to start work forthwith
or to execute the work within the period fixed in clause 5 or within
such extended time as may be allowed under Clause 6 or if the con'
tractor shall be guilty of a breach or non-observance of any of tle
conditions hereincontained and to be performed or otrserved by him
it shall be lawful for the Exoutive Engineer, in addition and without
prcjudicc.to the other rights and remedies of the Government, to
determine the contBct and such determination shall carry withit
tl:e forefeiture of the security deposits mentioned above together
rvith the value of a such work as may have been executed and not
oaid for or such portion ofsuch sums as may be decided by the Exocu'

tive Engiocer.

Total
Areo.

Measurement
Area. Total

Area.

Date on
which the
work was

ordered.

.;,
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. SECTION ttt.
EABTHWORT.

a

distance, theo the Executivc Engioeer will oecide if watering is to
. be done and decide the extra payment that will be medo befotc the

work is startgd ,,
3. Borrow pits.-

3.1. Porotrs rrrara.--tn digging borrow pits, no porous stratS
should be uncovered on the inner side of the bank or buad.

Stlt' Clearance-Chawcls and Drains, whbre sccrioluil sPoil Batk 3.2, Prbate land.-The.contractor shall not ent." oo patta or

ts requlteil.
privato lands to exca\rate pib until formal arrangnments have besn

made with tbe patta-holder or owrler either directly by lhe Public

Worls Department or through the Revenue Department as may be

required. Where'land.is being required for borrow arEas' entry
can be permitted only after the consent .tatement is obtained from
the Revenue Dopartment.' In these cases. tho contractor will be

instructed rggarding the maximrm depth of pits to be formed (tho
rate to be paid for such spoit earth being settled in writing with the

owner, at the usual sanctiotre I revenue seigniorage rates and in the

absence of other modifYing specification, the cost of such borow
earth will be paid for by Government and shall oot he included by

the contractor in his earth vrork uoit rate). Contractors shall be

pemonally responsible for all damage that they may caused to
private property in tbe execution of thier'work.

3.3. Iocation,--The location of borruw pits will in some Qascs

be shoivtr on the plans. In other cases, the'contractor shall conform

0o the restrictions of this standard specification, obtainirrg, in cvcry

case, prior ord.ers frQm the Executivc Engineer, wher€ he findb i1
necessary to locate pits clse where.

3.4. p6 lank-buds and river bazlrs.-No excavation shall be made

outsiCe of the tank-bund unless otherwise ordeted by the Exe:utivc

Engineer. No excavation shall be made oo the inside of the tank-
bund aeag the toe of the slope than twice the hiight of the bund

at the Point'nor on the outside of the tank-bund, thao thee tim€s

the height of tbc bund. For i.iver banks thc pits shall be on thc

river side not less than 10 metres from tho toc of the flood bank

If th€re are olJ pitr at that site and only the saroe site is to be useC

pits, should exhibit berm alhound and shall have a cross

This should be res,ricted to only where frcoh a.rea s not

available.

3.5. For charuul batl<s.-The loca.ion of the borrow pits *itf
usually be shown on the plans. For earth reQuired for banlliog on

excess of the amouot ayailable ftm the channel section, pits will
be formed- Ordinarily outsidc the bank' au{ at such

from the toe ofthe slope that the 4:l hydraulic gradient
a distapce
does 

- not
eoter the Pit.

3.6. Borow Pits should not be deeper tban one metre, nor mor€
than 50 m long or such other maximum depth and length as may

be specified or or{ered by the Executive Engineer and a clear sprcc

of 3 m (other width specified or ordered) should be left between

pits.

3,,1, Chdnse of classification of soil ln boriow pitt.*ln cases wherc
a lump sum contraqt is enterpd isto for earth work irrespectivd of
class of soil riet with, thgn change of typq of soil as found during
exocution and which soil is passed by the Executive Engineer as

suitable for the work will uot affet the lump-sum. Chalge in
typebf soilfoundduing pit excavation should be at onc€ brought

paymerit will be made for tl,is work and the contract rate for earth to the notice of the E{€cutive Engioeer, so thtt he npy reject

workshall incluclet*ie same. If there.isnowateravailable wi+hinthis soil if he considers it urisuitable. Failurp by the contractor s6 to

,he new

thandu.

2.1. Onresumingnorkeachdayorafteralrintetval of a few days

the old surfirce of thd bund shall be moistened with water' to ensure

a better joint betwqin the otd earth and new. If the intervaL has

been oT longer duradon than a month, or if the old surface has io
*y *oy t onre haldened, than it should be picked up and mois'

tcned before any ne\i earth islaid oo it. Ifthere is water available

*ithin 100 metors of the portion to be moistened. then no extra

=3-pA
I

I
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inform the Executive Engineer will render him liable to remove the
rqiected soil aod re-do, at his own expensq with approved soil, as
may be instructed by the Executive Engineer.

with water very soon a.nd (b) in cises (vherc theSub-Divisionat Officcrs
had inspected such ptaces .nd check-measured lhe particqlar rca\-hes
where.'r.thandoo clearance has to be certified.-

l.g. Mdasarcment, .thandoos, erc.-Measurcment of earthwork

shall be,taken from pit measurements, unless in any casg the Exe'

ortive Engineer has rcason to suspect that fraud-has takes place,

for instance, by dcepning or widening of old pits without instructioos'

and forming ileceptive deatlmen orthandoos. In such casesthe Execu'

tive Etgifiesr shall disallow the measurerneirts entirely or estimate

the quantity at his discretion. pits should be so far as possible,.

of unifo.t'sire. They should be riumbered by page or in other 
'

mfrrner readity to locate the pit referrel to in the measurement book'

. They shoul l be cleared level at the bottom, Metsurements of a
oit stroutO Ue ttre average of length, breadth and dcpth taken at sides,

r and centre of the pit-using a streched string aod rod to get depths

below ground lerel, Deadmen or thandoos arg to be left' during

.f,cavation,offullwidt\ofpit or of such shape and sizeas.maybe

specifred or instruc'ted and shall in all cases be sufficieotly close to
--, 

da"rmin" accurately the original giound le'vel.Deadman or thandoos

rrc to be left, during excavation' of full width of pit or cf such shape

"ia.ir. 
as rnay b€ specifi'd orinitructed ind shall in all cases be

' sufEciently closa to 
'letermine 'cqrately 

the original grouod level'
' These thanttoos are to be left till final melasur:rq nts are taken e'nd

then r€moved from the cuttirgs. The contrac'tor is responsible

to eosure that the thandoos are made of sufficient section and so

rraiotaioed that they remain intact till fioal measurements anil check

measurcments are taken' If for e,ny reason the th.ndoos are washcd
' out by the time the m€asurements are taken t.nd it is difficult lo
' estirnate the correct quantity of earth work, the measuring or check

r measudng officer shall estimate the qu.ntity earthwork at his

descretion rnd, such estimatc shell !e final. All temporary path

ways, f,amps, etc.,ate to be dtessed ofr nea$ly. A liberal deduction

. Jiom-the pit measurements will be made inthefirst instance for

theso th:,ridoos rnd slopes left in the pits a"nd . the same guatrtity

. added when the pits are cleared true a'nd square to section, :'nd so

ceffied by the Sub-Divisional Officeri the measuremont book.

NorE.-It is essential that the 'inspection and certification of.
romoval of thrmdoos shoultl be done by the Slrb-Divisional officeh
but in rare cases the Executive Engineers may dolegate this duty

to secdon Officers, provided that. the amount withheld pending

removal of thandoos does hot exceed Rs. 50 and that the withhcld
' 

amount is 5 pet cpnt or more of the total cost of the earthwork.

Such deleptions c-.n be made onty in individu-l casol as rnd when

required, e.nd in the follon'ing cases, only, viz., (a) in the case of
ch:.nnels r.nd drains inacc.essible at the time antl tikely to be filled

3.?.1. In @ses where a contract schedule rate is for earthwork of a
particular classiEcation, and a different classification of soil is found
during erecutio.n, then a new or supplemental agreement rate should

be taken at once for the new classilication ofsoil, if it is approved
to'be used before such earthwork is done. In. the absence cif such

a-n agreed rate, the contractor will be paid for the new classification

earthwork at the rate for s'-ch classification of earth work eotered

in the schedule of rates of thc division h which the work is beiag

done or at a lower rate as.the Executive Engineer may decide.

3.9. Drainfng,:ftp bdrrow pits should be connecteci together by
a drain of 0'60 m bottom width ; the width to bo increased suitability
in the case of soils which have attendency to well and check the
drain. The earth work involved in the excavation of the conoecting
drains will be measured and paid for at the rates for excavation

fonpd in the case of borrow pits.

3.10, Selection of earth.-ln the case of all important embank-
ments the Executive Engineer will select the earth to be used for '
the embankment after examioation of the soils available at the site .

aqd will instruct thri contractor regarding the location of the borow
pits.

' 3.11. For sik clearance clannels and drains wlire sectioncd spoil
bunk is required.-Clauses 1 and. 2 of the followirg specification
S.S. 2GB on "Earthwork and.rbugh banking" shalt apply to tliis
specificatibn-regardirg excavating and dressing bed to working
sections and removal of deadmen and thandoos.'

4. Prrifiles and shrinkuge allowance;-The allcwance for shrinkage
shall be such that no additiotr to earth witl be requirpd aftor *ttlement
to brirg thebar* up to its full designgd dimension unlcss othernvisc
directed, the following allowance will be made for shrinkage of
oarth in small embankments of not more then 3 metres,

i\

In firm compac! earth : 13 cm per metre, of height of new
embankment.

-. In ordrnary loose earth: l? cm per metre cf height of new
embankment.

' .Y'

In black cotton earth r 2! cm per metre of height of tew
/

The bank is to b9 constructed evpnly to the full section ofthe
profile set up. Ile Sub Divisional Officer.should test accuracy
r f profiles before'work is started.

5. New nn$ hunds.-The method of compaction will be specified
in the tender notice or instructed by thc Executive Engineer, and.
the contract rate for earth work will include the cost of such compa-,
cation dooe to the satisfactiou of the Eiecutive Enqineer. i*o
extra rate will be paid for the necessary watering to bring the eiuth
to the moist state demanded above, unless there is a separate item
provided in'the contract schedule, and the contractor shall observe
this when submitting his tender but an addendum specification will'
be issued aod rneJhod of payment will bc defined where water
is available to moisten the bund after stages of compaction, as
referred to in the preceding sub paragraph.

5,1. Notes on deiigrt-The standards of typical sections of embank-
rhents for tank bunds of various depths based on C.E. (l)'s circular
Memo. No. 6575/3-41, dated 20th Au8ust.1963 reproduced'below'
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(i) Staruhrds
No.6375163 A l,

(1) (2)

l. 0to 3

Ovcr 3 to
4.5

Over 4.5
to 6.

4. ''Ovo 
13

Free.
board.
iil m.

(3) (4)

i2.75 1.5

Siile slopes

2to I or26o

Suddha

Morsel \

Light saody loam

Clay'
- Blick.c.btton soil

Soft decontPosed
rock, etc.

Sidt,.slopes.
,---/\---r
liont Rear

(5)

. krrn o, vuth
ofberm

1,, m,

6 m intorvals 1.5

Do.

Revetment

(7) (8)

0.3 m abovo
M.W.L.

Do.

To top of
'bund.

of Typicallsections of En$ankmenrsfor Tank Bunds olwrbus Depths fuwd on Chbf EWineer (Irtlgation)'s Circular i4efin.
da te d ?.0 t h,tAug us t 1963'

Serial Ateragc ToP
No; depth ol width of'bund

u)atef

Remarks,

(6)

1 l;5.'I 2:l Irlay be adopted invari.
ably for small tanks
with small capacity
and lesser leuBth of
bund,

Mav be adoDted
gpirerally foi a good
sized tank with a

'- good fetch.

MaY tre adopted for big
tanks. . /
Mav be ado$ed

invariably for mqior
tanks. /

, 2 1.25 1.'5.'l 2i
1.5:l
1.5..1

1 :5:l3. 2:l

1.53.

NorB.-(l) Fiitorar(aligementandZonedsoctions maybeprovidedaccording tosito conditionand availabilityof suitable soit. For

Depths over 6 metres, zoned sections must'itrvariabllr be adoptod'

(2) The above standards aro suggested for general guidance. But hore may bo ccrtain cases uihere the bunds will be a right angleo

to tho wind direction whlch will roquire special attention: Our aanks aro mosily. futl during the North East Monsoon period. Hence whero

inuO*Or face either North East or Easr.the free board sbould be adoptcd based on tho formula }lI-0.762-o36L/F-0271|F, where H-
, il"igtt of wave in 6669 F-Fetch in kilomotros. Generally the free board would be raised above 1r4.W.L. to a height $ome what Sfealer

thrn (H).

(J) Average depth of water means the dcpth of water betreen tho lov6l of the average deep bed and F.T.L.

'2 2Anpto 6 2.'1 upto 6 ms
rn from fromT.B.L.
T.B.L.and' andthon 3.'1.
than 2:5:I"

f

.Side slopes

.2* to I or 2X

Sowdoo

Sand

Palasathi

\ Muggu, etc.

eomnrL't.*The soils'oi which a bund may .be compqped of-will
u iivid"h-i*o three elasses and r ill determine the nature ot' tho

siae ttopet to be givcn. i

I ./Nltunu Or sorls AND THEIR sLoPEs.
l

5.2, Gravel.*ln some case! frrm the flairks of tank bunds, the

most suitable earth availibte for raising buirds, will be found, this

soil can be used for cooting the bund with 15 cm thickness of gravel

froo the top of revetment of the inner slope to the toe of buod oo

outcr slope. ,In such cas€s, the cost of conveyance of the gravel

or other sel&ted earth will have to be Considered along with the

suitability of using'other bbrrow earth closelv. 
'

5.3. In places where a rew bank is to be formed, the junctioo

between the'new earth and old will require special orders in cach

casc aepending on thq chaf,ader of the earth'met r?ith, but, as a
general rule, after the ground surface has'been prepared, trenches,

parallel to one another, and tQ the axis of the new bank,.will be

excavated to A depth of 1 metre with 6t cm bottom width and sides

with a rorcrsed siope of f .in 4 or so, to ensure proper bondin! of 
,

the earth filling. These trenches will, as a tule be sited about 3'
metirs apart centrelo cente. The earth surface between the treflcheq

shall bc broken un in 
;ach 

case bfore any new tarth is laid thereoir'

5.3,1. The lunctioo betweeir the new bank ancl old surflgs 31 6

breach site will invariably r:quire special tr'atment in sach case.

ln all chs€s thQ blelch shall be cleared of bll wat6r I the sand. stooes

soft mud, slush'vegetable mould and shrubs, tre,es, etd., il anY, found

in the bed of the varika or in the valley at the vanka sitles, s6all be

carefully removed from the whole ar"a to be covered by tho ncw

bankrand neu bund laid on foundations approved by the ExecutivQ

Brgtneer. Whereporous strata, are met with in.the foundatioag

" 
irli.tr shrll be dug of such width and depth as niav be considered

.*t:".y; such trerch shall be filled in with cor crete, puddlc or

;t,[y selected earth as rriay be directed. 'When the bank has

to Ue formd on smooth rock, a bond may be ensured by ,constnr:tiog
;;;;-;"ib .*iory dwarf walls running loogitudinallv ritb u

Remark Z,-Oepa4mental ofBcers should clearly understind tbal

tt oe taUtes ure only ir{tended as a guide. TheJ must always exercise

,rr"ii "*" .jodg"..ot. When deviations from the tables appear

neessary, tk necessity should'tre clearly and briefly explained in

the repciit accompan]ting the estimate'

Rimo* 3.-As a ;ule, newly formed section may be kept to tho

rear'of ttre existing one as much as practicable so as to utilise well.

iormed slopes in frort and to avoid the necessity of removing a'nd

repacking re!'etme0t:lhat has become set'

kthark a. '-In thi case of T.R.S. tanks or railway affecting' tanks

the circle or other standards applving are to be adgpted'

. tl
1

I

t'
,'l

i ,l . I -*,i-=-.

1L:;.;
lit -.1"r
-i. ,: 

:

#+r,rl

2

Side slopes

llto1or34'.
Red gravel

Morambu

Lie\t re'd loam''

Black loaq{

Uirlte gravgt

Red earth, etc'
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thickness of not less t@,in9 {t"te with battene{ sidee andheight by other agency aad deduct,thecostpluetenp€rcetrt centagefrom
not less th.rn one mehe. The filling in shall be done with earth thqown the contractor's bill or make a suitabli deduction fro.m..the contrac't
in uniform layers along the entire breach lcngth and well consoli- ratc.
dated' Nore : This specificaticin-altcrs the practice which has provailod

. 5.4. All loose soil shall be rerhoved from the ends of the bund in some parts; of paying for sectioning as a separateitem, aod it i
' on either side of the breach and the earth ioont"o. *itt., .ii"- 1"ir"", , is now to be included by the contractor in his tender unit rate for

inclined up the face ,r ti; ,bp" ;; ;ii;; tff'|]*';6u,,f,o;'lo earrhwork, The standard specification which .follows this specifi-

settletightlyontotheoldone. " *'*".'-' '" cation deals withcaseswherespecial sectioningisnotrequired

5'5 where a ncw tank bund is laid on steep .sideJonq 
'lo.pi:s ' 7. Extra lift and. extra lead (by head-load) when carting of

'fll;'f;;,11"1,h*.#':ff #ffi':*:f' 'ffil};ffi;li,::l' 'L"" ::lr::tl;ii:; ihffi-1' or,i*'iu. * l*,r,:.0 :fi' ,p,"ia*iioo
made over the,bed of a str;am and pu,dle,;;ililrfiIirtii. tobe-done'theconvevance willbe paid atthecontract schedule '

9rJg.o, it shail, exceed' the width of th;;;; -!;'q 
i}tLii".'?il",H?"il:T;;#"lr:#?r::B:t11ffitrfit$"";

less than 6 metres to prevcnt Ie akage at)ends. 
:l::.:::l:-rl,"Ti:y ;h; ;,"e. Iri.i. a";;.-;; ;;;;;;;;;;;;;; J;;i;be carried either to a stratum of relatively impervious mate-rial-or to uirn"vr, however, be taken before such work is.begun, in wbich ,

ardepth that will provide the desired lengtherting of :1t-^r:*f,,^:: ;";;-th" fonowinL ,ru."1"o." onliftand leadwillnot apply. -culatiori. Usuatly, this depth is kept as half the hydrostatic' he: d

.over the,foundation. The botlom width of the cut off trench is

dictated by the equiprnent employed for back filling and rclling. 8. (1)_:'kad will be the horizontal distince betwcenthevertical , .
Henoerhe width is kept as 3 meh'es for accommodatins bact rollers. cerrtrtl}e|;l"lfi r*f,:".llXlff,;l.",rii[:].ffi11,i"#;]

5.6. Typical sections of earth dams in the state (see plate attached " lead. " as' above defined less an initial I;d oi 50 metres. For
may be. adopted for depth and conditions obtaining. 'every exra leadof 50mett'es oi partthere of paymentwillbe made

5.?.Itmayalsohapp:nthat,theUteachfillingor-other,.parto,"..o.coItractschedulerate'
the bund is so'situated that water may accumulate and stagnate (ii) " Lift " will be the vertical distance obtained by adding up

, agaiost theoutertoe. Suchconti_ngencyshouldbeavoided, if possible (a) Half the depth of pit actually excavated;
by suitable drains ; if this is impossible, [he buhd at suoh points,

,1r-i.q,,ir" the ad6itional protection and support of a dry;rough (6) half the maximum heightof the bank formed withthe.

stooe toe. Such toe will be provided for trre iuti tengttr of 6ui6 excavated earth over existing gt'ound orbank;and

wtrictr will be afiected by ftre stagnant water, and of such height /e\ the 6iffaence her,

^ 
ir-ao"c-,,.t".ro prolect thb tbe. 'fhe front u"::1i:l*l:",*iil 

"*canaf3tff.li:i!|r #xffr,:T ;;i-'jffi:r$ fit,t;H:'r
be a continuation' of the outer slope of the bund' and :1"^]T:t".rlrj dl;;;;; ir" i"" et* 

-No. 
1.1 ano in the case of diagrams 6 to

wiltbe I to l. This toe will be formed or the *T:_:tT:,"f 
__:1,:T: io,-tt" ,ur"rrli ;'c i l, ,no*o on those oirsra;r.

asusedfortherevetmenttotheinnerslopeofthe bund,and willbe t
built with the same,care, with all the interstices fully filled in with

small,ston6s and chips' 
E.l. " Extra lift 'l by head load will be the su.m of height (a), (i)

5.g. rt may frequently happen especially at valley crossings rhar and (c) asabove defined lessaninitial liftof oaeandhalf metroc

the foundations of the outer casing requirg drainage.' il ru-J 
";;;; lT_ ,rr,*l sketches on'plate No. 3'1, illustrating the method),

at such intervals as is deemed nTtYry,by parallel cross drains ' Norn.-I. S. l20OPartlllgT4alsoregardiug.. lead',and.. Iift.' ,

at right angles to the longitudinal drains. Further longitudinat, shall also apply.
drains may be considered necessary between the two above men-

iioned. In all cases, such drainale system will be set out, so as to
ot"..ru. ap{oper slope of bed to an outlet which takes off all 9. Rale: These remarks on "rate" arcnotapplicabtc toSucL

'iccumulatedbrainage without stagnation. the Dr;ins shall be lrrmpsumcbntractrates.,smayppecifythr.ttlte wopkwill be done
rnade to the section designed, and shall be filled up with small size complete to specification for a fixed sum..
stone with a superimposed layer of smaller material or gravel to o I contract unit rates for earthwork perr l0 mr shall includc-preventtheearthofthebundfallinginandcloggingthedrains'.>.

ra) The' initial rate for excavating and dtpositing in tayen ,- 
5'9. Aseparateschedule item will be provided for suctrstone aot exceeding l5cminthickness,inclusive of-the first50 metrer.

workashereindescribed,orinthe absepce of same in the tender lead and 1.5 metres:lift.
notic€, an agf,eement rate is to be brrived at before the work is (D) preparation of bed-vide clausg I above (Benchlng paidcommenced. , rrately).sepe

6. Scctioning-This work shdll comprise the final shaping, tri- (c) Rarnming and consolidatbn; breaiing clods agd.ttio,,i,,g
ming, dressing, levelling, and ramming of the top surface to inclusive of watering after temporqry stJppage qt rioat-rr.aI
brin! ttre section exactly tothe dimensions ofthe working plans. clause 2abovd.

6.1.No.extrapaymentwillbemadeforsectioning,whichshallbe(d)Pr.ofilcs,etc,-Videparagraph'4,above.
oo"" .rJnrv ,una ttrg to the working olans-.. In cases il;;; (e) waterirg-vide clauses 2 and 5 above.. No extra yayment
contractor delayd eectioning beyond. the specified time orbeyond will be made for watering to be done under this standard .pt"it 

".thc time set by the Executive Engineer for.g.ompletion, the Exe. tion as detailed in addition in an addendu- *p.ln*tion, unless
cutive Enlineer shall, at his discretion either'get the work Aoo. a contract rate is approved prior tocommenciment of the work. :
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Legentl:-
A-Dep[h of pit actirallv excavated in metres.
B*Matimurn heighl of the bank formetl with the excavatetl.earth-over exisl,ing

groufiil or ha4k in metres.' C-Difference between the 1sp leqel pi1 acfuallv er.eavatetl ,antl the level above
whioh " B " is reckonecl ;o ,e*p"ei rf ffiagiams 1 to 6 antl in tha..ea,se of iliagrams 7 to 10
thle values "'C " as shown theiein'in metr€s. '.. .",

1,4 -Newlv formetl bank; , 
."=,"t-

NlQre :+
Eftrt lifts involvett in all the above cases equals: (A/2 +Bl2 +C-l-5)metres.

,]

Por[ o{ ono aad half metres fo be coun;eal as one agd hp'lf BgtreF'
I
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, spscrFIcATIoNNo.2o-8.,

EAhTswoRK ANp Rouon BlNrtxo.

- NorB.-'i'his specification will apply to cases of excavation wherc
breakips clods, ramming and sectioning to the spoil bank are not
reguired-such as may occur in some drain Oxcavation, etc..

l. Ptfs in channel, drain section, Etc.-Fx@yalion. shall be done
cfactly to the working plans. Since in most €ases .of excovation
uirder this specification the borrow pits will be in the bed of thp
drain, the accqiacy dematded in the previous spccification fbr'

'forming the bank shall intliis case be applied totho'sectionof
the drainr

2. Removal of tlundoos. Etc.--Tbe clauses l of the prcoeding

specification regarding borrow pits shall apply .to this specification.
It is essential that the removal ofdeadmen or thandoosand final
dressing of the bed to the working -sections should follow im'

, mediately "after the final measurement and passing of pits by tho
Executive Engineer or the Sub-Divisional Officer sod thc Contractor
shall arrange accordingly. Failure so to <bmply shall preclude'

the contractor f;om any rights of payment for th.e errrthwork dorie

under this specification, or part payment at the sole discrction of
the Executivi Engineerand this shallbe clearly undast6odasao
inseparable condition of the . contract

(tf tbandoos areleft in drains r chinneli aftcr admission ofwator
thereto . resilting to the original bed level will ftequortly occut, aud

the excavation rendered purposeless.)

3. Depositlng.-Spoil fro,m the pits shall be depolited on bank

to each sections as are shown on the relevant plans, specified or
ordered by the Executive Engrneer: Rammiog, brcaking clodr
and smooth surface sectioning shill not be neoessary, but a spoil
bank with a neat straight toe, even slopes and ev€D top surfaoe shall
be formed as the depositing proceeds.

, 3,1. Deduction from the earth work rate as decided by tbc
Executive Engineer shal be made fpr carele$ dcpositioa.,

4. Rate.-Thecontraet rati for earthwork per tO cutic metres shall
include the initial rate for excavating dressing bed and sidcs'to cxact
rcction of worlimg planS, conveyance and dcpositing io tbe require.
ments of this specification, iorclusive of 50 metres lead and 1.5 mctre
lift, providing and forming such profiles log spitos strings rind statcr
as may be considered riecessary bythe Executivc Etrgioccr to guido

' tbe contractor in excavating anii depositing.

4.1. L€ad aod' lift will be paid for 8t the agr€om€nt rate and aB

defined io the preceding specifi&tion.

SPECIFICATION No.2O{.

EARETwoRK sLopING oowx Mlnont-RrB Colornvaxcv
Wonrs

1. The marlin shall be trimmed to the required slope and tbe
spoil shall be thrown ioto the rivsr or used up to fill hollows in thc
sloped margin gs dircaed by Executive- Engineer, Wtren filling
hollows, the earth shall be laid in layers,watered and tamp€red v€ry
hard so as to afforda firm base for revetment or pitching to rcst.

2. Thandoos sball be left at specified intervals for the full length
- of the sloped margin and shall be removed immediately after cbeck

dreasurement.

3. The rate shall be for ten cubic metro of oartbwork done,

SPECIFICATION Nb. 21.

P-uppLr Wonr.

l. Congtosittoz.-The puddle will consist of stifr clai with about
20 per cent of sand. If this percentage of sand doesrnot exist -in the
clay, it shall, after being dug weathered and pulverited, be mixed
with sand up to the required proportion.

'2, Weatherirg, pulverlstng, mixiig and kneadingl-The clay
will be dug and exposed to the sun and air for at lcagt four days
and when dry will .be pulverised with ramtners. Sand is to be
uniformlymixed,if.neceSsary, with thepowder€d clay and two dayr
previotls to that' on which the clay is required for use, the wholo
shall be welted and worked up in a pug mill, puddled under men's
feet or trodden by bulls or buffaloes, into a plastic.mass.

. 3. Consolidotion.'-Wrcn being laid, each basketful should be well
trodden and incorporated with that already laid, care beirg.takeb
that ns stones, bricks, roots, grass, or rubblsh of any kind is allowed
to remain in the puddle. ,

4. Measurefient of clay puddle, dill be recorded before hand by
measuring the space where puddle work is to be done. After com-
pletioni the Oftcer in charge will cotify that the work is com-
pleted ir accordance with the measure,ments already recorded.

Norr : I.5.-4701/1968 shall also apply.-

SPECIFICATION NO. 22.

Tutrnrc.

1. I.S. 4701/1958, particularly paragraDh l0dealingwith the above'.
rubjoct, shall also apply.

2. Taktng oyer.-lfhe turfing or plantiag shall be fnished by the
beginning of the 'rainy season, blt should not betaken over frcm
the contractor until it has formed a complete close grassy lrowth
over the earth. No areawhichdoesnotshowa good healthy grouth
shall b€ paid for. | '

SPECIFICATION No. 23.

Br(cAvATtrro FoulplrroNs.

l. Exbvatcd material is not to be plaoed nea.rer than I m from
the out€r edges of the excavation but shall, be placed anywhert
within 5Q metres,. as may be ordered ty the Exesutive Enginecr
without cstra payment. For rernovat beyond 50 mitres, vide
clausc 6 bdmv :

2.-Tho bottom of foundation pits shall bb dressed level in all
directions and before any concrete is put'in, shall be well watered -

and thoroughly 'ra6med. The foundation trenches shatl be dug out
to the €xact width of the lowest step of thefooting and the depth
shall bc in.accordance with the plans, or as may be gtherwise ordered
Lythe Executive Engineer. In finn soils,the sides'cfa lrerct statl
be kept verticd upto a deplh of 2 metres from the bottcm and for
a gtreater depth, the trench shall be widendd by allowing ilcps of50
cm on eithe,r side afte? every 2 metres depth from the bottcm, s{, as

tci giro a ptical side. slope of I to l. The earth qtrk cxa\ 6iit n
made shall be measured and paid for, taking ialo accounl slr piog
back as laid down abova Thc excavation made in exeess cf thf
above requirements shall not be measurpd and t{idfor.

.t
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Flgr.2 , I y ptcAL M ARktN@ DETAIL5 FoR. NAuL s ,

2.t. For excavatlon inr loosc soil I.S. 37&1t965 sball ba folloned.

2.2. \thcre ditferent i foundation levels 8re Iroc€ssary I.S. 190+
1966 may bc follouPd.

2,,3. l!, by the contrpctor's mistake the orcavation is rrade
deep€r or wider than shown on the plaos, the offa wiaft or depth

shall bc rnade up with concrete-and oot with earth or other material

-at the cost of the contfastol' ,

3. Strorrtd tocks, or femains' of old blrildings, be met with, the

material shall be removed with wedges dnd levers. Blasting will not
be allowed, without {he permission in uniting of the Executive

Engincer. In cases whete the Executive Engineer considers blasting

is essential, the et(tra rbte, if ahy to be paid shall be fixed in uritirg
before the work is Put in hand'

I

4. If bad gtround or fNrose soil bc met wfth, the contractor, will be

responsible. fqr reforti$ the fact to the Executive Engineer who lill
issue such 

'orde$ 
as riray be nemsary. For extra excavation, con-

crete and rirasonry arlsing from bad gtround, the contractors shall

Ue JaiO extra dccordinf, to the sshedule ofrates agreed to.

5. Before concrete iis UiA in the trenches, theJ shatl be passed

by the Executive Engineer'

6. All cxcanated earth, which is tnft or surplus to requirerrents

for . filling iq, shall bo spread 'as ihq!ructed in the staadard specifi'

cation for (Filling lin foundation" at the contractor's orpense.

Lf thi excavateq eirft is to be removed byond 50 metres, then ttre
rate in.the agreernegd for extra lead will be paid or in the absence

of r*t rate, tbg contractor will be paid in accordance with the sch'

eOule of iates of the Division in which in the work is being executecl.

If the cartagp is cheaper than bQad loads, then cartage shall be

ioo"- 
"oO 

all rate strill be fixed in writing by the Executive Bnfiieer
before qdrtage is begun.

?. The @ntract rate for excanation of foundation sball include

thp following:-
(a) Setting out {orks,, profiles, etc.

(D) Site clearanco, prcparation of bed.

.,(i) Forming d+ilmen or thandoos and their removal after
measurementi. i :

(d) Forming (or lebving) steps inside of deeplercavatiort ard
their remcval after rneasuements.

(e) Excavation for insertion of planking and shuttirg.
(/) Unless otherwisc rpeciffed, remcving slips]br fbls iir erce-

vation.

k) *ifi4 out water cn cxcavation from rairs, nrbscil seter,
etc.

(i) Shifting or sulporting pipes, electriccables, ctc. n'et durirg
excavation.

l.{orB : Pumping out wate.r caused by springs, tidat orrivq seepage

broken water mains or drains, well point pum'piog and tte lite
shall be mqasured in kilolitres of water and paid forseparately.

8.. Shoring, sheeting, planking strutting, qlc.i needed for supporting
sides of eNcavation shall be paid for separately unlesi olhernrse
specified inthe description of relevanl icheduleitensandin adden-
dum specifications.

Ertra rate for work in rir uader wtter, in or under foul conditions,
under tides dnd in soow shall be paid for unless othem,rise specified

in the description of relevant schedule iter::s and io addendum speci-
fications. The levels of htgh and low water tides whgre oocurrlng
shall bc stated in the tender schedule.

9. Classifications of soils for earth work I. S. t2C0 Pan '1fi974

shall apply.
Norrs: l. In all such cases, the classification as rrade by the

Executive Engineer shall appty and the contractor shall make tho
excavation underthe rnost favourable conditions, when so iostructed
by the Bxecutive Engineer. No revision of classificatibn will te
mado by the E:recrrtive Engineer.

I.1. Wheo rock is to be excavated by blastiag, it *ill aluayt
be specified before work stafts. In no caso is blasting to be done
before, arate hasbeen agreed onand theapproval oftheExecutive
Engfureer to such action 'obtained

I.2. Contract mte for any classification of soil assures ttat
wedges, levers, picks, mamooties and manual tools ooly are to .be
usod in excavation and inpo case witt the contractor be allorved to
obtain a revision of classification on the ground ttrbt blasriog is
necessary uoless such nmsity is approved by theEi&utirrc Engineer
prior ro commeooement of btasting. In tugp suh oontiacts, rhe

i'466-3-9
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cootrdctor a$ruDcs tho risk of meeting with hard fock, requirlag
removal without €xtra compensation unlbss separatc trroviskn fcr
euch cootingcncy is specifcally ente.r€d in the ccinditions of contract.

t6. At btaces of foundation where existancc of,colonies of sub-
tonurnern termites are found or where rhe struqure is likely to be
attacked -frequently chemical bartiers which prevort thb termitc
fiom rea&ing the sup€r structure of the building sball be introd*ed.
The soil treiitmeot for anti-t€flnite m€asures ia blildings i.e. in
bos€mcnt excavation. column pits and wall trenches slall 

-te 
as per

I.S.6313 (Part ID-+971.

SPECTFICATION No. 24.

. FLLtr.IG nr Four.IbITIoNs.

l. All fouodation shgll be rcfillcd to the origir.al surface of tte
groqnd with approved n:aterials, qell $atered and raomed..

2. The oontractor shall not ffll in around any work, until lt bas
becn approrred by th.e Executive Engineer. In cases wherc tte
cxca\xated foundetion ioiljs to be uscd,for refi lling, it shatl te 6rcugt t

. back from tho place, wnire it ctrs tcrirpo-rarity- dipociteO, anO inc
trcoctro or other cxcavations sball ba ftld up to tbe height of the
origingt surfaoe fuith this earth, crrcfrrlly rarrrred in rigular layers
of not morc than 20 cm in thickncss, and consolidated by tte additir n
of mtcr to each layer as and if found n€c'€s6ary acccrdirg to rhe
directionr of the Erecutive Engineer.

3. Aft€r completion of the building, the grcund shall be carefulty
drEtsGal with o gEotlc outer slopc for a distaoce of 50 oetres, atl
round tho bulldlng, unlcs oths*ise dcceibed in tbo sctcdule itrm
doscription or otherwise direct€d by the Executive Eogineer. Tte
contract unit rate for "Filling in Foundations" is ioclusivc of this
,volk."''' "-r:'

{. Tb diocadons of ponsolidatcd €arth shall be measured for Oe
posDm of,pftpcot, whcre rstrning filliag and rartming of cxcavated
earth lr not dccdbed with tLe item of €scavation. The dimensf< ns

d frltlng.&all be oessu€d corr€ct to the aearcst cur. and cubical' cmtlots worked out correct to two plag of dec'lmat.,

FrLLD.rc tr1.BesrMrNr,

1. lvtatcrials for filling in basement shall bc as defined in the geDcral

epeclficadoo or dcscriptive specificatioa sheet; or shall be brought
from. a eourco approv€d by the Erccutive Engineer.

2. Tbo surfae totreceive thO filling shall be frst cleared free frcm
alt rootc, r,pgptation or cpoil and $Pttcd;

3. Filltng upto plinth levet is to procecd in layers with the con-
struction of the building so that the earth, Elling uay te thorougbly
coruolidated'by the tramping of thc workere. It shall have optlmum
moisiure coot€nt and well ramncd in hycm of 15 cm. Aftcr
thorou& consolidatlon, a sufrcicot guaotity of thp filling is to be

rcmovrd to make room for the f,ooring. For floon to ro@ls, the
scavation shall be level and for rc,raadah' thc slope shall bc 20 mm.
pa mptro towards the verandah edge' uolcsr other solpe is epecifed,
rbown oo the'drawinfp or ordered by the Executive Fngineer. The
dopth qcevatcd should correspond with thc requircd thickness of
tho floor.

4. Whcre saod 0lliog ls sp€cifcd, tho send shafl be clcan, frce from
admixtur6 of foroign matcrial and approved by the Exocrrtive Enginecr
bdora fitllng is commcnood. Should thcre be a ncessity- to 6It in
t.basom€,[t with sea sand prior written approval of the Executive
'Bogiom shall bo ohaincd. Sand flling should be saturated with
mtcr and tho flooring should be laid ia tbis condition.

5. Filllng in bascmcqt shall have optimum molstu:rc.content and,

well oonroli&icd ln tayers of 15 cm. by ramming.with iron rammers

aud butt ends of crowbars. Whcn filling rerches finished level

the sufico rhsll bG flooded with water for a! least 2ll hours, allowd
to d{y and thco tamcd and consolidated in order to avoid any

3cttlirtot at a latc rtrga"
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SPECTHCATION No. 26-A.

WsrrrSnrxDro ron Founplnoxs.

1. Excavation.-Unless otherwise specified, opcn excavaticn shalt.
bo carried down to 30 cm. above subsoil watir tevel, before tbe rell
curb is laid.

a

1.1. I.-s. 395311967 shall apply fo1 fomration of islaod to sihk
well fourrdations ii water @articularly refer para 6.4.). The
ieland ghall be brougbt up at lesst 30 cm. above the water level before
the well curb,is laid and if ihe Executive Engineer shall so direo,
thc sidas of thcisland shall be prot€cted from erosion by meanF of
ndtable piles and shuttering. Separato agroemeDt ratcs for this
work being decided on before the work is done, unless the work.is
to bc donc under ao all inclusivc lump sum agr€m€nt.

1.2. Whethcr fre eteining be sunk, or constructed in opca etxcava-
tlon by bbiling as *oe$sa;:tksting must ncvcr C.itort ito without
ottainiug prror pecrrission of thc Execttivc Engireq. LS. 3955/
1967 shall also apply.

&

1.3. The instructio_ns eontaiDod in tbc clauses I to 1.2. uader
. '1Notcs " to Sta.ndard specifcatioa for .. Excqvating Foundatiors.'

shall apply also'to this specification.

1.4. The iostnrcrions contaiacd in t[c followirg clauscs of rhe
eandard-speei6catioa fsr .. Excavating Foundations', ghall appty
also to this specification q-

Paragraphs (2) and (4) regarding precauticns in bad eround. .

'Paragraph (3) reggrding rccks or.remains.

Paragaph (6) regarding remcldl cf ur.fit or surplus n:aterial.

Paragrapt (2)r (7) and (8) reeardiog shoring, {ceatering e4.

2- Carbs.-Thedeciln for the cr.rrb will be mado by tbe Executire
Englneer and in cases wherc the curbs are to bo suppliod Uy Oe
coatracior, they sha[ bc in eonfornity to thc sanctiooed pl"os t#;;.
Tho crrb witl be made 25 mm. gr€ater iD diameter thao the s.telnlnp.
Tho curbs shall be asscmbled agd passcO by thc E:rocutive Edil;
bcforp the stciniog is oommcnod. If it is ryc€ssary to takc th;;,
apart, for the Erpose of low0ring to the bottom of ccavation, the
parts shaU bo numbered and rc-assembfed at the bottom of the ex-
qgvation. Wooden ctrbs for urcIls of 2 mctnb dism€t€r and under
wilt be madc of t.wo thic,ko€ss of wood, and for wclls above that size
of thra€ thicknesses or more -uoless otber design is showr on the
planr or orderpd by tho Executive Fngitrp6s.. Whcntheringr caoaot
bo made of one pjeoe acf,oss thc width, thc coaoeotric rings shall
brtxk jotnt ; successive lryers of the curt shall also ar*f idrt
with the rings.above and below thbm. The s€parato pieoes io cach
layer shall be qrt to thc requisitc c.urre, and each shall not hp lcss tha;
1.2 m. long, 20 cm. wide and 13 cm. thick unicss otherwise sUoqrn
on the plan <ir othe,eyise specified. All individual scgs,tuts of cacb
ring shall bo strongly dovstail€d togethcr and tho su*ssive fings,
dowelled toSpther .with [ardwood dowels--all to thc sati$hctiin
of tho Executive Fngineer. Ilon bolts will also be used f*ioioiire
the eeveral layers of the curb, as may be showa on thc plans orLOiJ
by the Bxocutive EnEneer. Ihe curb shal b€ levelted up tnrly, and
brouglit to cfiast poeition before the rteiniog is commcaoed.

N.B.-Wooded curbs-(.See Memorandum No. 5g$7_Worls
9l C.P., datcd 15tb Nornober 1929, for suitablc wood_babul,
tamarind, FanSo 9r leak beiag also suitsblc) arc cornrnonly used foi
ooderatc size wells, but reinforped coDcrcte c,rbs will U" it"S,r*,iy
fouhd Lteaper.' Curts with steol ortting edge are used fr; t";
size wells. l

3. Tt+rods,-Hohs shalt b6 drilt€d in the middle of thc cgrUo to '

reoeivo the tie-rods. Tierods shall be tbreadcd both cnds and
6xed through and to tho bottom of the welt curb by nuts anO *ast"r,,and shall bc carried up-forming a contiauous lenlth to m GJi
sp€ctfiad ot sho,wn on ttrc drawin$. unlese othe(wir. 

"p"ciilor ordered, they shall bc 20 qm. diaocter and in 3 .. turgtirs, i"i
morc thao 1.5. m. apartcigmferudally mcasurcd aad eUf tc iofnJ
togothc st bond riogl or pl8ter by 15 m. tong Uottb nu6' ;;;

,J



olans will shov or tt vil bG spcifio4 if the uppcr cod of the tic
il;.h"u b€ tbrcdd€d through iron platcs or Yreather through r
80 mm. x 10 mm. 0at iron bond dng (temporarity sccur€d to keep the

rode vertical and imnovabic whib the sleinilg is bcine built around

thcm.) Tho upp€r nuts vlu b€ scr€Mted down to press against the

top of tho steining., The dbies't of the tiorods is.to secure the curb

to tho steioin& and stren$theu the steiaiag while it is bping sunk

and they must bo kept truli Edcal aod iu ths caotic of thgstoining

throughout thcir hci ght'

4. Stdtftg.i.S. 3955/6r, sha[ apply (particthrlv rcfpr para

4.3.1.'(c) aod 5.10.3.) 
,

4.1. It is dcmlable to ha1g spocially mouldcd bric*s for wcll stcistDg

but sueJb bfictq if dcoaddod, will bo so lpocif€d.

4.2. If plas&ting ls to bc dooe to thc outsidc of tbc rcll to facilitatc

sinking, it win bo so rpcifod uadir th- c dcscription of the nasonry.

5. $Iz&iqg.-Para 5.9.1 bf LS. 3955/196? also sb8[ appb.

5.1. Siokiag mrut not bf rtartcd till tho dcpth of the masoory to be

sunk has sot and until ths stcining b8s bcco eosscd by &o Erccutivc

Eogiooa and ommcomt of siDliog epproved

5.2. Thc contractot rbatl artangc his orya merhod of oioting unlcss

otberris spcaificd orbrdred by tho Erccutirc Engios (La), cithcr

Uv .anr"t lsbdur oE dirtrs, or by drtd. gers' rclffi$og tho top of tDe

,t.ioiog to assist siokinS.
-t

5.3. No daqiateriDs of &d wolls must bc done duriagsin&ing without

obtainiag prior permisidp of the Ercutivc Eogineer aad aay damage

urnict mav result eithcr ito the well or adjoining stnrctures by such

dewaaing shall be madd good at the contractor's expcrisc.

' 5.4. Fbr well sinking I'S. 3955/19/67 sball applv (Particularly

refer paras 6.7. and 7.d').
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be

(i) Barthwork for open cxcavatlon wil L peid only rolh
quantiry actually rcsuired to be ercamt€d taking into aocouot
sloping bapk as meotioned in tho rolevaot specification for eanb
work in fouodation. The excanation madein cxcess of tho above
requit€Eerils shall oo1 be Eeasured and paid for-notwithstaadlns
that the cootrafior may find it moro connenienr to tate out tbe
excavations at slopes other than those shonm in &e plan to avoid
shoringh In every caso tho contrastor shall Eake excavarions
perfectly safe at all stages, for tho workmen, for whose saf,ety hc
shall bo wholly respobsible.

(ii) Curbs will bs paid for p€r surb or pcr 0.01 qrbic Dctro as
igdicatcd in tho relevanf schedule itcm.

(iii) Masonry shall bc paid for on tho qurntiries as shwon in
tho gcheduls or deduoed forn tho plan.

(iv) Sinking shell !3 noasurcd pcs Eot.f run, for diffcmai
dopth as spec{fiod in tho oontrast. Tho dcptb of sinking 8hdl be
mmsurcd to tho bottom of wetl curbfrop tho astral leirel at whicb
tho cutting dgo was laid and ia no caso 30 sm" above sub+oil
^yaten lovel. Tho rato for inking witl bc inclusirc of all drodginf
rod dsvatcring es Beoessary and inclusirc of all tools and planl.

SPECIFICATION NO. 26.8 '

Ufiursnrmro nor Werrn Su-prrr.'

l.'Tho rork ghall bo or*utcd to tto ltandad rpecifcation Yor

" we,f,.clnkiog for foundatioor 1
2. Y dlv stone naso{rry ig to be latd, it rhatl bc mbd to tho

relevant standard specificatioo, either couned or raodom rubblo
as spocifcd, without mortar, and with width of vstical open joints
as speclfied, to tho
dty brickmasonry,

true shape of the well as per plan I and if of

bo dooe at tho

width of opear joints, boad and tryrc of bri*i to
5.i. If lt is ne€$arY tD siDk a well dcsper thm the specified depth, bc used will be speeiffed.

io order to corr€ct anY or error of position, such siaking must
cxpense. If tbe Exeutive Engineer 3. Plitforin; parap€t, pulley airnngpmcnt, ladderornrnSs in scll-

go iortructs, tho be done continuously working day and steiniog drdin etc., shall be executed as shown iqthe relevant plaD,

night till tbe tequired ls reachcd. 'Wels shall not bc left, rtandard specifica$oo materials being uscd in all parts of thc worlc
partia[Y sunk during of pfobable f,oods. Rectification of Norrr.-{i) Thickness of steining:The following dirhcorions arc
damagB to partiallY vrclls from'any cause shatl bc.mqde good rultable:-
by the coatractor to of the B:recutiye Fngiuoer.

Depth ofwell from ground

6, Rentmal of bad tbe stcining splits during the sinking lcvel. work. ,rrOernfy.

oe within six months complotion, and in tbo opinlon of thc (l) @ ,(3)
Executive Engineer, unsound the coatractor shall bc bound

to dismaotb tho part according
andiftle falling

to circumstances and Wolls:3 metre$ and undcr 40sm. 30cm.
r@onstruct it without in of the sides of the

ercavatioo from shoring, or any other cause .due to Wells-Abovs 3 metres and upto l0 metra ' $ im. 40 cm.
renders.it necessary ln the opialoa

For cvcry additional 3 metre depth Increase- the thicl-the contrastor shall be bormd to
ness by 10 cm.

cooctruA and sink elrtirely uew well without charge.

the
(ii) Where wells are axcavat€d in hard ground and ao

. 7. Prcteittoa dttlng,collstrtction-Attenfion is dirocted to
relo\raot clasues of th( etandard gpneral conditions of coatrast.

8.'Rate.-ln tnc cqpc of lumpsum -contrasts,. the work will

or other liniag.is rcquired, steining should be proyided for
of at loast 2 metres to prerrent poflrjtion from surface wrishingp.

Ejrrnacr Fnou I.S. {1011196S.

Code of practlce for cwthwork on eatwls.

4. Cleartng.-
4.1. The Iand over which embankrqents are to be formcd and otbcr

e*pavation is to be carried out shall be cleered ofall trrccr, bushes,
rubbish, ant hills and other objectionablc mattcr.

4.3. It is desirable to protect the troes outside tho outs edge'of thc
canal embankments. However, tho
of a canal can adcentuate variation

presence of trees iu the viciniB

puddh
a depth

exocutd.for I definitd contract anount but completcd aaording to

.thc Plans and spolifications'

8.r. Tools and ptant shall bo supplied by thc Contractorat hig

own crpense-both for diedging and dewatqing where such is
ieouired-untess oth€F arraogpm€nts are defiriitely prcscribed in tlre'

rclimnt speciflcationt or tender noticc. The co+traclor shall quote

Lii t*a.n rate accof,ingb. The matractorh attention is directed

inttlir coonection t6 the relevant claus* in tho standard gencral

conditions ofoontradt, but it is to be understood that Exocutiy€'

Eodn€cr doec not blnd himestf to supply any toob an4 phnt on

hlt€. ' t of moisturc cootent in the sub
stratum. In tho case of expansive soib. such excessivt moisturc

prcs&ltor prysot fc seporeta itms oi variationcanrosultindamapto
to extsnd to distances equal to

thelioing Suchinf,uenefu belM
twice thehci3ht of tbo tE?.

an

8,2. tf the schedulc

the well-theo

466-3-9n
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6. Enfunneat cod{tffitctlon-

6.1. Bcfore commeocing the work, tbe toe of the slope oo eacb
sidc of the,bants chall be lock-oliitted (Dag-Belled) and marked by
pegs, firEly driven into the ground at intervals of about 20 m. Pro-
6les made by bamboos, earth or other convenient materials and
strings shall be set up for tho guidance of the workmen at about
50 m. aprat over straight reacheg and about 25 m. apart at curves.
in setting up the profile'for an embankment a suitable allowance shall
be made for settlement (see 6,2,2.1,).

6,1.1. Masonry blocks shall be constructed ar each profilc to
i ndigto tho contro line as also tho bed level of the canal before starting
the entire earthwork.

6,2. Geneial requlretnents.-Bmlnnkments shall be built to the
height aad slope as ghowa on tbe drawinge. All the edgec of the
eirbankment shaU ba neatly aligped symmetrical to the centre line
of the chaanel. They shall:be absolutely straight in ctraight reaches
and smoothly orvgd lt bcnds.

6.2.1, Tbe top of each embankmeut shall be levelled finished and
so as to bo suitablc for road way and dinen a ctoss outward slope
to drain away rain watrers. The bank qarrying inspection road shall
be given a suiteble cross slope.

6.2.2. For embankment in which controlled compaction has sot
-to bo canied out (rce 6.6.1.) suitrblo a[owance shall b€ made for
settlemcnt.

6,2.2.1. An allowanco of about l0 per crnt, for sottlement ic re-
.,rommencled for embankments io which controlled compaction has
rrot troo canied out (rrc 6.6.1.).

6,r. Mctludt of Constructbn 
-Embankocnts 

ory be built by
manual laboul or by machiocry depoeitint thc materials directly,
ftom elcav4tion.

TABri I-DErnr tl. r Srnl1rnc. . .

Type of Yegctable coq ottlto soll. Depth ol SrtpptnS.

Soilconuiniogligbt gra.sroover . .. 5'0 lo ?'5 cm.
Agncultural laid .To tbe bottom.of Olou_ghed- zoneusually 15.0 to 22.tcrn.

6.5.2.. The grouod surface under all canal embankments ercepting
rock surface, where it is below the maximum water level in thc qanal^
ghall bc scored making open furrours not less than 20 cm. deep bebvJ
natural ground surfaci at intervals if not more than I m. However
whdre the ground surface is below thc bod lsvel of thc canal the eotire
gurface of tbp foundations for ernbanknrnrs shatl bo etripled to a
depth of not less than 15 cm.

6.6. Compactbn' r equirenents.-Emba*meot shall .be compacted,
as shown on the drawlogg, to achieve tho rthuirmors laid down
in 6.6.l.aod 6'6'?. Geoeral mqthode of compactbn of :cmbaotment

are given in 7.

6.6;1. Enbat*nents wlrhout controllcd conqnctbn.-Where
the natural groirnd sutface is aborre tho rnarimuni ratcr lcvel in thc
canal but below the top of the cmbanknrcnt, tlp €mbarlrnant shill Ue

boilt ih byers Dqt erceedins 30 cm. in thicknes. aDd to the ful!
width of the embanf,fnent. Eadr layer shall bg coumeooed .from the
edge farthestfrootheexcavatipn. Top of cachlayer.*all be kcpt
sligbtly depresred io the centre. The excav?ting aod hauling equip-
ment shall travel over the e,mbaokmeit to cvenly 6ietributs the mate ria I
and compacting efiort over wholo surface. If thc otnbankmeot'.is to
caffy a highway itsball be constructad in accr'rdance with 6.6.2.,
6.6.3.1., 6.6.4., 6.6,4.L and 6'6:5.

6.6i2. Enlfui*ncnts vlth controlled corl,paclhn,-Where the natui"l
gound is below tho m'aximum watei level in the canal the portbo
of the emhankdsrt up tc thc maximum water levcl or where 'rigid

liniug is to be latd_, the portion of embankrtent uP to the uppt level
of the liniw, sball be built acr;ording to the rcquiremeois given

in 6.6.3.1., 6.6.4. and 6.6.5'

'6.6.2.1. Bmbanknent shall be builtin lay6 Effigralty not i:xceeding

25 cm. io thickncss (loose layer) and to full width of the dmbankmcnt.
Fach layer'shalt be commelrced from the edgo fartbest from exca-
vation! Top of each layer shall be kept.slightly depressed in the ccotre.

6.6.3. Impeniout zOne ,-T\e iopenrious zonc wherever .shown

oo the. ,drawinp shall be built of material having sufrcient perceniage

of clay so that it can be compacted at optimum.moisture conteit
by suitable compacting eQuilment to the marrimum dry density.
The riraterialshallbecompacted to a deosity as specificdio 6.6.5.
Ttre water tighto€ss of material should bc chocked by carrying oirt
penrieability test. The co'eficient of permeability of impervious
material should oot be greater than 30 cm.. per year. Tbe impenrious
material should prtferably be free from large size particles. If this
is not possible thc maximum sizc and p€rceotag€ or gravels to bo
permitted is 40 mm. arid 20 per ccot rgpectively. When the above
relaxation is allowed the Eogineer-incharge strould eosuro tbat
relative standards set for dry deosity and permeability are fulfllet.

6.6.1..1."The rest of the ompactcd zone may consist of any suitable
'matefial adequatoly compacted to provide stablo guptort for the
impervious core under various conditions of saturation and draw
down. If silty or saody matcrial is used for . this portiog, such. a
matatal will nqt b€ cm€nable to compaction by the usual cbmpaction
procodure.using sheep foot rollers. For such materials proper
rnachigcry .utilising lbe priaciplc of vibrated cbmplgtion should

. be us€d. The rninimurp relative density of thi compacted
material shall not bc less than ?o per'cent. The distribution of
matgial shall bo such that tho compacted material wiff Ue tromoge-
neou and free from leoses, pockets or other imperfections. ft"
maximum d.imension of stcncs pldced in tbe dmbankmbat shall be
not more lhan 13 cm. Theixcavatingand placiog operatiotrs'Sball
bc sucrh that the materials wh€o compactcd will be blended suftciently

. to s€curo thc b6t practlcablc degrcc of compaction, impermeabiliry
aod rtabilitY.

,5.3'1. General dmbuge.-Under ordinary circumstanoes'no
spncial drainage works are necessary in embankmcats but wheu
r4uircd ditches Eay be dirg at a distance not loss than 3 m. ftom
dho too of the slope. The necessity for any drain so provided

'will dcpend on the topography of thc grbutrd on which tlo embank
rn€nt is constructed,.having regard to the desirability of preventing

an accumulatioo of watq at tne bsse of the embankmerit,

$.4. Requirements for materlal.-Y,lhere the embdnkmeat

cdnstructed by taking material fro m bottow pits care shall be exercised

that all large clods are broken and no clods bigger than human frt,
say 8 to l0cm.roots,grass and other rutbish are burriedin the Banls.
Bifore proburing materials from borrow,pit. all perhbatle nraterial

shall, be stripped ofr from the top surface as specified in 6.5.1. Unleqs

otherwise directed by the Engineer-in'charge atl materials shall be

- deoositod in embankments so that cobblee, Srevcl and boulders
' ari wett distributed through other material and not rcted-in any

pocition wlthin or under the e6fufiment.

6.5, Preparwion of ground surface for embankm€rrr.-Before
icginniog tho construction of embankments the strfacc ardaof
ground to b€ occupiod shatl be'cleared 

.of all roots and vcgetable

matt.r of any kind and stripped to a suitablo depth' The stumps

shatt bo pulled or othe[wise removed and the roots grubbed. Tbe

stumpslend roots romovd shall be suitably disposed of' For roky
surtace underembarrkmenha cut off of suitt'hle size may be

Drovided.

6.t.1. T depth to which top soil is removed shalt be adequat€

to rrxrcy€ all perishabte material and any soil which may bccome
'unstable on saturation or may' interferc with development of propor

iond between the foundation aod ' ernbenkment' It is not necesssry

. to rcmot € all th€ soil conteiniog fine hair like roots but onty the

rather bcavy mat.. Table I rtlay $rve ar d guide for ffdng'the

depth ofltriPPing.

a
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6:6.4- Molstwe corrlen,-Piortqanddurbg oompactloE oIE e'

,ir.',lo "$Jto*tt 
shall havc optimum oootcqt re995t'

,io, ,uu purice-of oompactioo aoA this mristue coqtc'ni tFt.F
liii.rr*rffi-t ittoogho* the lavet' In sb far 

-as 
praclicab' tho

;i;,.J;;i th" ,rit.,iul shall be supplemented as 
'cquired 

bv

e;rirrkling *at"r at the site of ompac'tion' if necesary' '

6,6.4.1.'Ifth€moisturecbotentisgreaterth3ioptimumfor
*lrp""tioo, thc @mpactioni operations . shall be delayed until

Iriri,ir. 
"j 

,u" mdterial tras dried to the optimum Eroisture content.

6.6.5. Dry bulk density alter conpactio"'-The dry bulk deosity

of"itre-soil fraclion io compacted ecrbankment.malerial shall be nc,t

;; il'ti;; ceot of the to"ximum dry bulk densitv at optimum

ffiiffi ;",*, "U"in"a 
inlaccordance with I'S' 2720 (Part vID

;1965 '.
Ncrrs.-lthasb€€oot#rvedthatoptimumrooisturecoatgritr

.*ir"roli*4ioiL UOo11tory .aro spldom.setidrdorv in tuld' It.ili
;;;;;;#n io'oo'etop suitablc moicturedoritv relatiorfrls

;;,#;ifi;tue tvpe ot mppa-ctrng equipmcot boing trccd;

7.1. Tesrs for compttctiot of. earftwo*l'-The following tcts

"h"li.be 
c{.i;d out fot deteminiog aoopoction:-"'"'t 

iO*titv oqbturc relationship-of the soll'

iai P*si'v "t 
*ilin field' and

(c) Moistui'€ contetrt'

7' 1' t . Deosity tnoieturg relationship of tho-roil shrU bqd€tamincd

i, ";;;; 
r"itn r.S.: zllo (Part vtrFl96s* and I'S' 272o (Part

vltr).1965'

1'l'z.D€osity of soil in:fretd qhall bc dcterminod in accordaocc

"*liti.i.iizo 6eart lo<vrDle66 or t's"212e (Fart xxtx>1966'

7.1'3. Moisture cooteot of soil shall bc detcrmined in accordance

sitb I.S. n2O (Patt lt)-1965'

7.2. For deoidloC me*hods of compoctioo to otiainthc required

*ps*ffit*u;iffi 
Tffi 

'l?lilf ,lil%ii"?"::

l.Z.Z2. Having Oecidea on thefilling rnaterial to be uscd 6eld

...*?.r-"u.,toota, whcrepossible bc mado with tho compaction

'ffffimrru:-r'#rffii"'ff l:ffiT'*ill,lH:
iil,ffim*; of laver* aod nusrbor of pasees'

:.
lr

.1.
,

..'i

7. 2.2.1, Io docidhg on tho ranp of mr*cturc @ntetrts, day-to-day
varia$oro ia moisture coot€ot should bc takco into considcratioo, ,

partiarlarly in tho carp of cohesive soils. Umitation of control
of moisture oontent are deelt with in 6.6.4. Having decided on.thc
thickneae of layer and range of moisture eonteots! tests should be

made with the diff€rent types of e4uipmeot available and tbe required
qumber of passes should also bo determioed. In all this work'the
state of compactioo should be measured in terms of dry bulk deosity.

7.2.3. During thc actual construclion of any earthwork
marimum rsc $hould be made of construqtiooal plant and deployment

of thc plant shorld be carefully controlled to obtain'uniform @mpac-
tion ov€r as wide ao area as possiblc. Care should dlso be taken

during'tbc compaction opcration to sbape the surface of tho works
to facilitate tho shodding and to minimize tbe abeootiol of rainwater,'
particrrlar attartioe beiog given to tbe prercntion of ponding. It is

advicabts to do thic at tho'end ofcactr day's work.

z.Z.l. 
'flhru, 

ia the oonrtructipn of an aorbso melrt, it is neccsx.ry
to Eorti4t r arhtrt owr which tbe filling has to be placed it is

ocatial tbct thc tillinS end subsequ€nt compaction should be caried
out io qrch d mnncr as to avoid an uobalaoced thrust on the culvert
whieh migbt dirplecc or damage it.

I
9.1. whcrc qoal cxcavation doos not furnish sufficieot sutablo

rnatcrial for ombankmcats, additional material teguired may be

procurod ftom oe'borrov pits. The location of borrorv pits

will dcpcod oo tnc matcial that is being sousbt which io turo dcpen&
on thc dcrign coosidsratioo. It may be oeoessary to survey th. s soil

by mcans of auger borings ortrial pitsto detcsrnioetbeoxtenf and

nrturc ol tho d€porit8 in tho borrow area.

9.2. No borr.rw pitr shall bc dug within 5 u! of the toe of emtank'
mentr, if,thiir dcpth ir lcss than d'5 m, aod l0 m, if their depth i3

moro thao 0,5 m; or within such a distanae from tho toe of thp book
wbcro a 4.'1. hyoraulic gradioot line qrts thc ground surfaco' wbichever

ir rnoae. Borrow pits chall nut bo norc than I m in dopth dnd 25m

in lengrth. A idcar distinco of I m. sball bo left batween the pits.

Ths bod of borrow pitr shall b: left reasrnably smooth 4n{'eYOR,

9.3. Bonow pitr shall be drained to avold stagoation of water.
Tho bottoin levcl of borrow pits should be fircd with refcreocc to the
prcvailiog ground slopc towards tho oearest natural draioage cou*e 

-
Tbs pitr rhall bc conncsted togethet by a drain about 0'5 m wido.
Ttio bottom lcvel of connecting drain should suit the bed level of,
tho pitr it ronnc-ts.

10. Turftng-

10.1. Principles anderlylng the use of gratt on earth slopes.-
Surfacc stabilization ofslopes and thc proveotion ofsoil erosioo and
wcathoring mal bc accomplished by the establishmont of grass or
othcr herbages. The living grass roots machanically reinforcp the soili
and dccaying organic matter improvcs soik structuf,e. Thc graas

leavrs, liviog or dcad, protect tbe surface agaiost rain dnd wind. The'
combioationbf inrproved soil'structure and protection gives stabitity .

against crodon

VhSttr clays and othOr subsoils are usually deficient in thoso

bacterial organisrns whrch promoto healthy gEowth. The application
oftop'soil to any oew slope,is usually a pre-requisite for the succes$ful
establishmoot of grass.

10.2. Top soilittgrTho depthbf top soil requiied will vary according
to thc oaturc of the sub soil aod a depth of dbout 15 cm. of good.
quality soil ovetliiog tbs sub soil is urually suficient to guserin llant
trowth.

t



1O.4, Twfing.-lt is diffcult to Epoeralizo, oo thc type of grars
b bc used sinoe eacb particular soil trpa requires a specifrc grass.
To cnsurp a satist'acfo:y awaral it is ilesirabls to;consult agncurturi
dopartoent, who would make any jneccosary aoalysls of the. soil
befotc specifying thc type of grasg lt-would also be a-belp to
ehrdylb grasscs growing in the neighboUrhood aud to iocludo tho
varicticc that appear to bo mostsuitablo, this of courso,larply depeod
oo DG top soil bcingobteinpd from tho ramo-vicioity.
. Mothodoftost-for eoils Part YII Dstorminatioo of moisturr

conteot-dry deosity rolations using lSht ccmpaction.

10.3.. SoddfiUl.--Thq sods rscd sball bc.ctrt in r tEtrgplar lhapo
t to 10 cr&,thicl aod laid so that theh cdges aro in closo contast
tnd tbco wdibd by bci:og gcntly rarr,med till thcy form r lwcl and
dornpact mat. Wbco-old surfao€s are to be turfcd, they shall be
picked'upto a ocpth of sbout 4 co to givc a hold to tho sods. For
aoOding any grass which forms a ihick short turf sba[ bc used.

Exrucr rnon I.S. ,t839 (Penr I) *1968

Codcof yoctlcc lu mainterurycc of cawls-totlbud caaals.

APPENDIX A.

Rxoioatf{DuD rgrg(D ron clrxtrttct BREAcHST

. D,{ CAt{AIr.

CA}'AL

' A4. Gcneml-,

A4.f Mcthod! fot cloaing, brcaches rn runnit'g canals are
'rsoommended for gc'neral guidancc only. Howover, expsrt tecbnical
alvices-ould beinmodiatelysought as to.the method to be adopted:

A-l . Brachtn a snull dlstributory or mlnor-

-A-l.l Water of the breach spreads on thp adjoihios lands and
og i'itc.o rs oo pnce to talre iarth for closiogthe obrcach. The

, carth baglto be obtaiied by cutting ltbe out€r slope of the exrsting

.?0

brok. E,nouth cartbghqrld bo colleoted on both sidcc of the bf€abb
on ths existingbaol The earth baskcts should nevcr bo thrown in
thcw'ater. The closing grocess should be startedftom both corls by
sllpping tho earth froiltho beap and ptotecting tfie caml si& by
grassy clods usually available from tho berms No gassy clod'
should be allowed to be washed down ioto the breach sits. With a
rush of earthwork at thp end, tho breach may bo closed straight
aryv otofoesfrf from tho ba1k.

A-2. Breech in a maJor distrhutory u stmll branch carul.-
A 2.1. In tbis case it is neccssary to reduce the f,ow through the

brcach, othewise a lot of earth will be washed auray bofore tho
br€ach is closgf,. This should be done.by driving a doublo liae of
stake as shown in Fig. I and then putting plaoke or Eattrtss'
rgf,iost thcmj if available anil if not then fillini juaglo io betweco

, tho stackeo presiog it down with bags 6ll€d with saod and !y meo
walling owr ttrcm. No'oarthwork shoulil progrcsr before tho f,ow
tborugh tto breaoh hqs boen afi€stod to somo oxtcil in this way.
Meaowhile earth should bo piled up on both sides. The closiog
should bc then startcd from Qoth sides by slipping eartb from the
heap in fotm of a ring bund as shown in Fig. 1. All iunde from
the ring bund site should bo r€moved, beforp earth work fogrersca
oo earth bask€t ftbuld bc thrown in watcr. It mrrt always bo
slipped from a hcap. Tho hst pp of abqut 3 m shonld bc close.d

with a rush wheo enough earth has been collected or both sid6-
Straigbt clooure in largo canals is not possible.

A-3. Brcach tn a larya conol-

A-3.1. It would bc desirabte to get.tho supply roduced ftod
hcadworksassggn 9s possible. In case of a brpaoh ia a largo canal tho
closing of the brcach in a'canal follows tho sano mcthod of the.
tingbuotlasd€scribedinA-2.l butthe jungle 6r plants would not
servc the purposo pf 'arreting the flow thmueh the bneacli, Tho.

'doubleline of stakec should be driven as beforo if itepth pernits
aod doublc line of gunny bags 6lled with sand should be put iD it
Tho intcr*poces should be 'plugged with berm earth. A tsmpomiy
bank of guouy bags should be raised in the position of rtakcc aod
bushiog as 'shorrin in Fig. 1. The closing of the Uiact gtoutO
theo be doop by cooltructinS a ring bmd.b€hiod.
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"r.r*^c,Iir*o* 
I.S.'39j5-1967 6.6.?..T,b€ merhod adopted for-concrttiog should be such that

sound concrete is obtained.rfn aov method adopted the cofficto
Cod. ol Practice for.ilcststt attd cor:trlctlon of wcll foundatlotu' 

thoultl be placed st the bottom and sbould io nb case bodroppcd

4.3.1. The mixes for concretq and reiriore& conctcte in-thc variious fro m a height. The methods used may bc lremle. prepakt concreto

componcnts of the welr ,iJit** r.rr'--.:-'- 'concreting by skip boxes. :

--'"iiiiotrom 
plag-Plait $ncrcte not leaner than 1:3:6..plus 6.6.3. ln gasc bottom plugconcrete islaid by skip boxes thc

lo ; ; .-"*"cement or GiaOe r"r loo (see I.s.45 6-1964). arrstrge|nent should be such that it disdlarg€s the 'conctete'at tho

(b) cub-.Reinforc€d conorete of Grade rrr rio orHgryr,tmix base onlr and theconcrele should beevegly distributedatthebase'1'

oot lean6 tbotr 1:2:4.) 6.6.4, Tbe concretirg for ptugr;rrl :hcutrl be done jn one coiti'

(c) Sra.ruhg-Cement of G-gde y loo 
pr higher (mir grou,s oncrtaio.o.. .fl tl"t" Tu two or mcre dredge holc, pluggtng

.obt leaocr than 1:3:6)iseei.s.nseas6+)oruriJt;;ilrrIrs shodd ;r€ferablvberdoneimultaneouJv andtoequalhoightin

ffi "t " 
U.i"fr of rt 

"iEtr 
not leds tban i95S. cml and srcfrcnt all thc dredgp holes'

dand rnortar 1 :3 to l:4 - 
or ."htT 9r 

r-umf9 y"*j-'y- T fil*l o.s.s Ttcrc should bo no f,ow of water through the c,rncrc te

mortar 1:3 to I:4 depending upon tbedepth and sizoof tqow'tl' fitl it is set. )

(d) feP glttg-Plaincooc.ieto not leancr than ! :'l:8;'

t:) R lt:fd-,:*;;;1,*;;,,t-"einrorced "ryt,@"..' Xjrl'frifurtions shau bc takcn'"gainst rnosibre.lanqss to
11 150 or l:2:4 mtx' ; tho 'foundations of strudurEs in thc vicinity. of tbo ,wrlls prior to

5.9. $rfeirqc sficsneEs i .,"' . -' 
' 
- oomm€ocemcot of drodging of thematcrial from iosidoof thow€1l.

i.t.r. ro. *al rh"lt.T [madc isuffcicntlv strong ts rlthand . 6.1.2. The sinting of tho well gboutd bo donc in such a wsy. tbat
.a11 $rcsrcs during stnxrng' tbo well dooe, not go out oft popition or out of plurtb boyond the

5.10.3.Stennig: l''i,.-', ' spccifiod tolerancc'

I.io.i.r. o shoulo be stroiirg enougb to transmit thc superlmpoG€d 
6.?.3. Draatdns may 6e done manually or m*hanically.

;loads to tbe ba$' 
6:l.4.whGo siokioginclayrtheworkmaybedomindrybydewater-

i.ro.r.z. It shallprovide leight forsinkinstotot*1ry' t*"il &"tions Jtratt.ueiatengegardingthe heaviog .or bursting

t.10.3.3. Suffeient bond r$ds should be provided i9 tho stc'ipiar oitto Uasc soit' '

,o"ilJ,ft-*ioofthc steining built'upasthewellisilunk' 6.7.5.AssinkrngqfTq-areoordof thodifferc'tkinds of soil

5.10.3.4, The sreining sho{rld be 11rforyo{ norizo,ntally to t+e penetratcd by thc *ell shall be tept by pres€rving suitablo eoil sam-

*h"'ildr" likely.to comeonthcstcining during siotingor dtrriry pl...

"*rrhe 
(scc also 5.10.3'3.). 7.2, nb:

6.4. IaY|S the well curbz

I.i.i irr. cutting cdge o*cr which. the wgtf cur! it 9-'lt shall be

d;;'"; t" ;nJ r"c"tio'i and'shall be initiallv lcvelled'
', 

6.4.2.Fc laying io watef, where the dopth of standitrg watat is

iJ',*r "*,*;;mple 
sanil islands may te made by laying a forv

'{rour.

6.4.6. For deop waterit

.ofl"'f$*il1h'ffii'j'
5'5' Srl"{'rtr:
6.5:1. The stoiniog shall

to-tP.Io oo case-shall it
{hm tlw Tellistift'd'

tn built in onp straigbt lioc ftom bottom
bc built io pluntb at an intermediato stagc

r 6.5.2. 15c rteiniog SnoutA U" built in true shape botb on the

ioncr and outcr GdS€s'

6.a3. Tho .hpight of the sfeiniog built at aoy timo shall be such

n#"ii" 
-".t, 

docs not losd statrilitv'

6,6, *offin Pl/r/glt'g i '

i.i.r.rt" bottom of try urot! ltroutd be cleanedof unwantGd

-;ffi 
-before 

Pluggins lts stafiod'

6.4.4. The size of the madc in cach cdsi shoulal be sufficient

to allow ftoe working sglce for various purposa.

6.4.5. Adcquatc provision made to. protoct tbobland fro6

esroomical to bulld tho curb On
tho site. For this pqposo, the curb

height

7.2.1. Provision shatl bo made in the d€8i8n for a tilt in the well

in ariy dirwtion. The limit shall bo spociffed by tb Enginoer io'
charge i scn(rauy it should bo limited to I in 60.

1.2,2. @r,$i watch ihafl be kept during sioking'and anv tilts
developing should.be immediatply attCoded to' Whe'nwcr the well

Jo* Lra*"y roi tittine, adequato 
'prwentive 

mcasurEl shall bo

t"-f,ro. fnit niay Oc dono by puttiqg ecpentric lcotlgddo' by pulling

or b,y pushinl the well' or by any other oeaos,

Brrnlsr'rnou [;S. 1904-1966.

code of .prrr;rtce for structwal safcty of buttdtni's-footfuttortt.

7.7. Fotnfutton at'dtferent levels'.

T.7.l.,Whmfootinp are adjacent to sloping grouod or whoro

tho bottoms of tho footings. of a structuro aro at difforent lcvels or
at lorcls differc,ot fromthoeeof thefootiag of atljoining structurtis

the depth offho footing shall be such that the difroronco in footing

olevatioos sh-all be subject to tbe followiog limitations.

(a) Whco tbs grouod surface slopes dowuwa.rd adjaoeot no a

footing, ibe slopiog srufaoe shall oot cncroach upon a frustum of
kring matorislunder thc footiqg having sidcs wbich make ao angte

with tho horiiontal of 60o for rock and 30o for soil and the hori-
zontal distancc from the lowpr odgp of thc footing to tbc slopiog

surfapc shall'bc at loast 60 cm. for rock ond 90 co for soil.

(D) Iothecasoof footingpin granular soil a limdrawo betwoeo

tirelowcr adjaceot edges of.adjacent footings shall not havo a $t€cp€r

slopo than two horizontal to one vertioal (See Fig. 1).
(c) In clayey soik wh&e thc cof,creto or tho maronry of thc

footingp is dcpositod dircctly against the vertioal eide$ of tho er-
cavation, a line dracm betweeo_the lowor adieGnt edgo of thc upper
fmtins and the upgcr adjacent'edge of the lower footing stali not
bqn decp6slopcthantwo horizontal toone vertical (SeeFig.2)
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F.r"--*" t, ' - .. I '*rs ,.*'*i ' 
I

ff*,;ppuyemenlr of ql'-'il., +ell not applv un-Cpr thr

ffiffiffif# 'n,x..,H
I 

- 
..r',rl when thc factor of r"ttf & the foundation soil

Egeri"o.attt! is'not less fiin fotii' '

i. f.g or.n"**.*g onvtnfo.s tp!S.:1 in tho foresoing

affii L"-a"p.n ot o" 
-io*ciii"o 

shsll bG enoush to obtain

L;;f" b"aris press,re against shear failure'
l-, Ji,' .

f ExrRAcr ,*rY 3f64-1966'

: ..- Satary coil" tori etcavation work.

an|il imbering'-

Gqneral-

All trenches in soil other Oian rock or hard comYact

more than 1.5 m deeP,
and timberod"

into whictr men cnter shall bo

shored

, All trenches in soil soft or assured rdck or hard eoil

2m in depth, into which men enter shall be securelY

and timbered.

466-3- l0

4.1.4. Shorting and timbering shall be carried

opening of a trcnch but when conditions Dermit

r
.:i

73tt

Srch.as fiotj'ipilfinglmty bo ftnc before'the excavatioa

'i
t
Ia
#
i-

'.+ii

t

:ii

:t

' iri

5.1'. Alt loooe stonE proidrng clumps of earlli, pockcb of

"o*it"tp 
Eaterial *ni.,t might come dpum on tho wulcm

in thc trench or any ootxditi; which is a bazard, shell q
either rcmoved or the excavated sides ailequately braccd an{

tn t u".,n suitably guarded. On steep slgpee workmen shall

not be permitted to work gae ab-ovo the gthar'

'.6. Minimum berm:

[6I. Excavated Eetcrial sha[ bo kept bact' from thc edgs ot

tne Lencn to ptovide a clcar bcrm of a width of uot lese thaa

bne-third the ff.al <lepth of excavation'

[6.1'll In qrccial carcs, whcrc the dispooal area is limiteit or

*i; iho a!flication of this rcquirement ie imprasticable' tho

I,€rson in charge may adopt a bcrm of redrrcefl width in anyl
-"* .t less ion lil m rnryidcd the materiat being excavatcd

irrrfia*Urstablean(tbeshorlngisd*i8ntdls'carrlrthc
additiooalload.Inallsuc!o*'th"'.shallbepror,idei[
r"U.arti"f toe boards to privent "roll bacLs" in the trenth'

Exrnaqr rnorir I'S' 1,200 (PARr l)-1g74'

Method ol meosurement of building ail'd'

civil engieeering works'

1 . 
PART r-EARTllwoRK'

3. Classificatiott z

8...11 The materials to be excavated shall be classifiod al

foll,ows unless otherwise specified :-

(al, SoftlLoose Soil-Generally any s9il which yielde to

tn oriir"ty application of pick and shovel' or to PHAWRA

rake of other ordinary Agjiog imnlem-ent; such as vegptsbtro

"i-.tru"il-.til, 
turf, gpv"l, eand silt' loam' clay' peat' ctc'

(b\i HantlDense Soil-Generally any soil which rcquiroc

tno "i.ll 
ippli*tion of picf,s, or iumpers or scarifiers tb looccn;

*tf "t strt- day, gravel and cobblestone'

Norr.-Cobblestone is the rock fragment 
- 
u$ally rounded

or-.oJ-roora.d hiving maxiEum diameter in a'try one diros'

tion between 80 and '300 mm'

(c)1 Mud-A mixnue of soil and water in fluid or wcal

solid state.

(O Soft Dtsintegroteil Bock (Not Requtring Blutingl
Rri;;irru.r, o'ui"u -"y be quarricd-or split with qow''

i"i" it it will also include- laterite and hard conglomcr4F'

(e)l Hard Rock (Requring-Blastingl-Any- rock or bouldcc

to, il" "*or"ti"" 
oi *t'i"n bhstin! is required'

NorE._Boulderisarockfragmentusuallyrounded6y
*eati;;; Jirint"gratioo and cxfoliation or abrasion bv mH

tr-*;y5: 
-fifxT 

ffi sd'ffi ::"'""'"":"#X#Jl "ifo#ffi
ff;i;t- u"al',oil, o6, ir"n" wash and tprracc matcdal ot

dissimilar origin.
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f.. ...- -: f--.

,.:
@ ffg* Rgs* (Bled;iir4 Prolilired)"-Hpr{ roc&

ing blasting as dGccibed undcr (41 but where bhotiag rs pro-
hibited or any reasoa and cxcavation has to be carricd oul
by chiaolling, wcddng or atry othcr agrecd qothod.

Nqrc-A broad classiffcation of soil and roo& for oarthworf
qiqqg-_far conditions gcncrally occufiing in practiao has bcco
gcogidcd .yhcrc n€ocssaf,y, 

-furthcr sr$dasdflcation Eay h
dgoc {o.;iuit individual caior alcpcndog on tlic pro'pcrtics d
tba qrbstrata- | ''

g. Ld and lift t

5.,1t, Ledlne distanco for removal lhdll bc mcasrirod ovc,r
thc ahortcst practicablo route bnd oot acceesarily tho routo
actlrally taken. Distances not cxcecding ffim. $all'bc mca'
lord nl uuit, of !.O;m. ,p,i*ance cxlpcding 250p and oot
,qccding 5gQm. .h"ll bo moacurad es.a solprato itcm. Iradr

, !rcYond 5-fi)n "h"ll'bc rcasuqcd,in ut{b of 5@m. that il
'ttcrc will bo ooe itcm for lcad excoeding $0m. and oot
cxd*aing il,m0n; aoothcr itcm for hed excecding I!,000e.
and' not cxoeding J,l00,m.,,tnd,so on tqto 5.kn Whorc
thc tcad oxoecdr 5 tm., it will bc rearucod tr utrits of 'trEo,
'&tf Lm- an* abm te roctoncd &r:ono aad lees than balt
Ihomctr" fidI bo,unorod. l

' ii

;,;'if-.'tli Tho dwription of itcos rha[ inchldc loeding and
unloadiog;

:5.L2. If soil heaps rcquiring rc-handling havc becomo com
eolidatcd duo to passagc of timo or aoy other rcason, it shall

r.\ h sq statod and such heapc .hn[ bc mcaatred scparaGly.

81.3. For tbe purposc of mcasurcmcnts of lcad tho arcr
orcavatcd chnll $6 &vidcd into guihblc bloc&s and for cacb

blocL tho diet8ooo ftta tto od! of thc blocL to contro ol
phocd carth gGrtarqlop to this blo* sbsll bo taLco ac lead.

. Ea Ilft-lifit.h"ll bc Ecanrrcd Aom ground bvcl ErD
vrtion upto ,{.t m. depltr bclow grormd lcrcl tod fugdfot

- , clQlpQtc4 E$crisl on tte SropBd shall be includod in thr

74

ti,
reqlur- itcm

I

of oarthwoik tor"vaiious tindi'.of roll'
bo uoesurod i6 unit of I.5 m.
*fiill saty 6c. mcaaircd; 6at

lloff*u 
done $aufofPc measured except for

When earth has to be cariod over a
dumped beyond it, the lift shall be the
betwoon tho centrc of gnvity of tbo excayated
the top of bank construstion

6 Planking ond slrutting i

-6.11. The planking and strutting roquir.e{ to uphold
of excavated earth, ctc., ahall
of face supported and groupd

be measucd in square
; sepraratcly in stages

6llll The description sha[ itrclude uso and" waste of all
nccessary timier work, includiog wales, struts and opcn o:,]
close poling boards tteir fixing and eubcequeat remorral 'n

Gl.?^Plo*ing-Planlsing
be measured ccparately :

(a) Tlcnctcc;

(6) Arcas (Th. o. dcscription ghall includc ucc aud

(c)] Shafto, yclls, cespitr, mmholoc aod thc lito.

6?.3. Whcre tightly drivcn itore but jointcd
nec€s{rary in the case of ruoaing sand, tbo itcm shall bc
sutcd scparatcly and
with suitable matcrial
itcm.

G?.4 Pkneing *a.*r,rting-rcquirodtb tb tstt
la porttion Srll bc ncaanrcd sctrrrately.

and strutting to the following shit}

ci
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Surki

MorkE
2y11t%5 prelnration, properties. and rxe of lime

demands,
In oases where the importaoce of

erperiments regarding the best size
lochlly available, stone and regarding the amounts

description and relevant specifi-therein, the
ol the algregate md proportion of
sitl be done for any work vhore
proportion of materiais is to vary

In all other cases the standard

ry{ilfution shall be

volume of aggregate (stack measure.
to the volume of prepered nortar,

SECTION TY.

CONCRETE,

Cem€nt Concrete, RePeif G$utin& Reinforced Concrete and Notes on Reinforcea Corcrd!)-,
No, 27. tr' 'over atleast three tiimes and adilirg srfisient quaotity oE water

and Surki Mortar Concretc. , with a sprinkling can, until the colour of the ceDr€[t uniformly
i

distributed throughout tho wholc pass.

Tlie'whole oporotion ghall be so arranged as to take 'ih
fiiilirium'tima'poscible, so that the mixed concrete. sliull be
placed in positionr before initial setting begins. 'Concnete

s,hich had begun to set, or which bas be€rx condeoned by thE

$xecutive Engincer, shall tie rej*ted and temowd from the
work spot, .,:

0. For water for .mixing, setting time, laying and machine
mixing of coocrote, I.S. 456 : 1964 nnd I.S" 269: 1969 slibll

,i

8pply.

lor'itt&ur of concrete,
for the relevsnt itcm.

conveying placing,

ths
; the

to mixture, shell

of tffo

curing of concneto LS. 2545:1965
,l

be as defined in the standard data

measuring boxes must be used
the mortar one over the other so that

io the proportion due to improper

4. Xau,-:yh" contract rates orq tq inclu& tlie cost o[
mixing, coavoying, pl""ilg, ramnrin& vdetng barrotru ttolt
and all appliances required coqrlettj fte corcrcte iu'gocitiddr
They shall also include the cost of balilg'and puruprhi fot
keeping 't[o excavation free of cater- ndoss othcfiflise rpcciffcd.
Centering chall te measured rnd pr,i&.tepcrrbly.

Qustities.-Tho standard data for tlie division h to bs
followed for the quantitiee of mttedall and Iabou rcquirod for
the various itebs of work. Ihe rebvent *hodtlo thl dil
define the proportion of cemeot to sand i.e., whdrcr I :2:'ot
I :3 etc.

"t'
SPECIFICATION No. 29.

Reflir glouting to apton, oul tMtut nritlr Srrrtl
concrsfr aad poiltins wtth su*i mofis.

!1,

stacking.

the

to

+
I

I

I

I
N
J.

1

ls

.1

1

No. 28.

Concretc,

r. r.s. 456/1964 383llff;3, and I.S. 2691t967 sliall also

and sand shall be measured in
well mixed in a dry state, thrice

of wood or slabs witE tight and
may be oo wsstage of morbr, or
much quaatity of thc agBleitrte,

and allowed to dry, as cro be
20 Eimrteg after watsr is added
laid on the tlry plaform aitd oD

be spread drv mhture of cement and saod in
is to be weighed 30 tg.

are to be us?d
of and trroken atone.

size of box be inside dismen-,
wide df cor &p.. TliL mix-

enable the continuous
to avoid partial sets

succalrive batches. The wholo

rl. The surface of the apron or revetment shall bc thoroughly
cleaned and the joints raked out to 230 mm depth. Ttie n'Eole
surface shall be swept clear.

2. The joints shall then be filled in with surki mortax con.
crete prepared in accordance with the standard specification
for same. I lime, l/2 surki, l-ll2 saad and with stotre or
brick jelly as specified broken to 6 mm to 20 our cubes. If
the interestices are large, a larger size aggregate will be
specified by the Executive Engineer. Thb concrete shlaltr be
rammed with flat bars, trowels of flat ends of small thin crow-
bars to ensure close compaction.

3. The surface shall then be pointed flush with standard
specification surki rnortar, covering ttie joints of ttie newly laid
concrete filling by 5 mm. Thc pointing must be done before
the concrete before has set, in order that it may bend well
with it. The joints be finished off neatly.

4, Special attention is necessary to'teep the cotrcrete and
pointing continuously wet at all stages of t6e work and for
three weeks after completion (by covering with sand or mats
and keepiag same watered is otherwise the effect of the sun
on the exposed face of an anron or revetment will cause thc
concrete and pointing to perish !,"efore they irave set.

Nore.-If 2.30 mm raking of joints is unrsuitable for any
particular work, the alteration to the standard specificttion
should be stated in the tender notice.

shall be close to
must be removed

prevent escape of
before refillihg is

I'j'

t
1,:

.,1

I

i

)

l,

[:
I

t
.l11

even joints,
difficulty in
washed and

and

so

l5laid

that
mixing
cleaned

35as
the

i:
I

then crixcd with a shovpl, turning
of thc concrete
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( lp Hartl Rock (Blasting Prohibited)"-Ilard rock requir'

Reinforced g"ns'g1s Work'

' Specifications pontained in l'S' 456:1964' l'S' 269t1967' l'S'
' ti : t e 66, --rs'' 

-ii 
rs' ts 68' - l's' 

^ 
t7* i3]tf i 16 f 

' ritlY "?f;,
'-i.'C 

"i3'zi' tx9' I's' 2159 : re66'

dw aPdY'

1. For aggrepte, sand and !t**l speciflcationr given in

section f lf-ateriats of this shall apply'

{
l

l,
I

t
!
I

Dtwater (a) r.s. 4$z1964. shdl aPPIY'

T ,n, ,ciotorc"miin.-slumc*tw 'ef Einfor@t 
'*i"#-il'iJ css:tiv,-ct2 : 1e56' 113e :1e66'- 17E6 : 1966

(c) Io ttre case of rods supplie'd by ":lto:t"t 
test certifi'

oru'L, U= called for, or the roCs tested in a laboratory ar

il;Go.'J uv the Executive Engineer'

. , (D)) All protruding bars from piers' columos' beanY and

JiL.'# *illl"h o6o b"t ; to Ue splioed, and vhicb msv be

fcft exposed to tnt actloi of thc weather for an indefilite

irioO 
^.U"U 

be .!'r@91ed from rusting b-y encasing the same

t-le" cement. 
-irick 

ielly @trc'rete mix i':5: 10 (otre'cencot'

;;"TJ;-'t o ua"[ i.uv), -o the srtrface plastcred over

;th';; mortar 1:5' l
, , (c) Aft€r 8ll the steel has been place'd in rysition' 

it Ehould

be Passed by the B**uti"t nngineer or. ba''\ rySresdrtative'

bofore any coDbrete is laid'

(d) I.Io part ;f the reinforciag metal i1 ; Uuitains slatt

btyc $rch contact "t to 
"o"t'tt 

the-same to trihsmit ad? elec-

trical currqnt. to

4. Sflices or overlaPs ol reintorcement,-1,5. 456 1964,

LS. 5525:1969, 2502 l%3 shall aPPIY' 456 :l!X:t and

2ll5l tlXl6 shall aPPIY for welding.

Iho following shall' be observed to '*t giir"ro against failure

of iuuc,tqral mcmhirs:' i ' rr1' r' " ' ir' I

-4'i-i;l-;"f 
''att :R.C,c, works, 6e Ereoutive Engineer ahall

di;i;*irca .totipn- *itn oi"'"*tiop.' T.d' bar'beadine

effi;$f 
-i*"i,u.,o"..",orH,Sff 

",:Sl"ill"$lH,"f ti,:'Gdff-;ft"i" 
-a oo'riog rkeiches ebould be rtcorded'in

'tlrt coacerned fitel : . '
T :: ;r';ii w.hearan t[re reinfotcemerrt hrilo''been placed in poei-

.Olt6a:r-*r,r+JEhsircer ot y.- ledreeentatitre' 
not below

the ronk of Assistaht f,x&utivd dnginde.n #mld' inliTt ^atrd

.il""O" rqg9 lef,oro anv cbrcrete.tt lld:,, ."''" '

(iii) rhe F,xqcutlve Epbiliitjt'iat' agpo+i[!,$tip't$:
self about the adequacyli-o*arys.if tue'scltcir<ilog ant

entering before concreting is starteo'

t. ..s',''irtinns concr,q1p.7(i)'(g), Au e,,-s,"ftltt shall be'made'

.,bc[cfe miring. ir stsrted,' to;;*or"'tn41,$p. tt'wih ue"oo'ctoti'

pse rsf:,rvorl at ,a,sb;; ; 4E+t !T#il' 
'placine drd

oJpi'e,"* *"n.tonea& Qv le.t'*f ;m#;{;*,fift
siblc time-limit laid d, p',r(. Conqrete;Ia.'fbt-t up to srpre-deerniaed; sbpptng I

Tlrli-,[I""i 
iigacdU' a pgBiah wihitr &o,pqtnic-sib,h tin€-

,in"tt,ttfin be''iCieAed,: ''t'- , .:i ' '; ' .:1t'' ':ri'rr .'i':
'-.;--;'' ir,i i;"dn irL, ui. dixiriS hiol*iud'of codotetc ahall

be donelffifti;!-** of the officer in'immoeia& charse

of the work; tn" *ot'lctor of 'f,iS a'tent stialt giit'llue'notice

;, ;l r*"oi i* Engineer or his repriseotativo wpen mi'xi.c

##iJp.o*a"O *r,L 11rs .,Er*6r.tivo;, pqgqreer o1 his

deputy may reiect *y Ioocr"* mixedi wheB such 'notice i!
(v) Exccss of ivatt?'agt- mlY

"iio 
loviitv* ircrased rftrfikago'r

causes loss

and liabilitY'to

. ^aot given.

*+'
. i*.-

--*,Hi--

t
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(vi) A working mean to ggt b€si streogth and workability has to
bo adopted to enable the use of the direst possible concretethat can be

worked successfully around and between the steel bars so as to
thoroughly envelop alloftbem, andleave no voidsand hollows.

With insufficient water, the chemical action in setting wil b€

atlversely afrected.

(vii) The diagram appeniled is illustrative of the effect of water

oB the strength ofconceto.

7. Mix desigrt.-The proceduro for concrete mix design, has been

givcn in the eod of this section. This shall be followed while designing
the concrete mix. 

t
(a) For worksin which water tig[tness is required the specificatidns

taid in I. S: 337O-1965 Parts I to III shall applv.

8. Forrns anil cefltefifig.-(a) A coostructional load of 100 Kg/mz in
addition'to the dead weight of the concrete may beassumed in desig'

ning the centering. The forms shall be carefully desigoed and thc

design shall be subject to the approval <if the Bxecutiv6 Engineer,

who may requiro the contractor to alte( the designs in accordance

with instructions, or adopt designs prepared by him without extra
cost. If wooden centedngs are adopted only well seasoned timber
shoulal be usod in their construction. It is better to use too thick, than
too thin timber as it is falso ec,ooony to use light forms, which will not
lend itself for frequent removal and reerection. Uoder no circums-

frances should green timbcr be used, as it is liablc to shrink aftcr
crection.

(D) If the forms are held together by bolts er wires
they shall bo so fixed that no iron will be left exposed on the face of
tbs flnished work.

(c) All centering and supports shall be propedy braced and
cross-braced in two directlons and well stayed or strutted on all sides

rigidly enough to resist storm or high winds during execution. The
forms should be stroog eirough to withstand the weight or pressure

when a considerabld height of wet concrete is being poured, as in
walls or columns. Many authorities suggest that pressure may be
taken as caused by a liquid of half the weight of concrete, namely
I,200 kg/m8.

(d) For joints and gaps, paragraph a).2:1 of I. S.' 45G1964

shall apply.

a

(i) Where the centering posts rett on sol't ground, the loed should
be got distiibuted by means of sloopers or short pites; othcrwisc
the suppcrts may punch into the glound, causing a sag and settlemcnt
and pcssibly, cracks in beams and floor slabs. All uprights should be
provided with a double set of wodges or sand box€s, so that they Day
be gently removod. The section of the scantling from which the
wedges are cut should be at least 10 cm. by 10 cm.

ff) When the concrete is placed in layers' no calculation
nec€ssary as it has been found in practice that for beams, the bottom
boards should be 5 cm. to 6 cm. thick with sides 4 cm. to 5 cm. thick
fot columns sides should be 4 crn. to 5 cm. thick and for walls 4 cnr.
boards are generally used. The thickness can be varied according to
the spacing of the clamps or braces but on this account the matcriat
should not be made too thin. For slab panels, 2.5 cm. board is
generally used which require staying every 60 cm.4 cm. boarding
will require stalng every 90 cm. and 5 cm. boarding cv€ry I.2 m to
1.5 m. Tho studs, i.e. the vertical pieces on which the sheathing or
planking is nailed, should be of such a-sizc and be.so spaced as to
prevent theboards between them from springing.

(&) For square columns three sides of the form should bc
bolted or clamped together and the fourth side left open and braced
at intervals sufficient to keep the box or casing in shape. This
opeo side should be gradually built up a little in advance of thc
concrete laying. For this purpose, strong timbers fxd with wedges
behind vertical runners should be used .

(I) Other shapes of columns must all be fiIlcd from an opcn
side in the form to allow the stecl to be kept in its proper position,
the structuro to be gradually built up and the concrete propcrly and
thoroughly consolidated.

(g) Old forms, or forms left long exposed to weather should be
examined carefullY Morc rc-use.

(i) Tho centering should be so designed and arranged that
tho sid€s of columns can be first removed, then the sides of beams,
th€n boaraliog under the floor slabs andJastly the soffits of beams.

(z) A completoly enclised form should not be uscd es it s,ill
nocessitate filling in of coacrete from a oonside,rable hcight and
provent tho casting of concrete from being properly iaspected or
compactd.

9. Inying conuete.-(A) General: (i) Paragraph 20.2.1 of I.S. 456-
1964 shall apply.

(ii) Usually it will be found preferable to completely fix tbc
reinforcernent for the whole floor, boforebeginingto place concrotc.f

(iii) Stritable wooden plugs may be placed in the centering for
olectric fitting. 5iorl1urly, ctamps for hanging ceiling fans or rewirg
planks should also bo fixed in their correct positions. In all such
cases where fixed blocks are embedded, care should be taken to sce
that the strength or effective cover of any part of the structurc is not
reduced below the standard required by this specification.

(iv) Electrical Conduits to be placed ln Concrete Beams oad
S/a6s.-Where conduits are to be cast in*goncrete slabo, the boxes
and conduits are installed and held in position by blocks and iron
wire fastened to the reinforcing bars. The concrete is then poured and
tamped, For structural reasonsthescruns of conduitare usually
close to the bottom surface or near the central portion < f a flccrslab.
If a great number of conduits must be embedded it may bc necessar y
to increase the slab thickness. This refers of course, to conduits
being installed in a structural slab. In many instance, the structural
slab is covered with a concrete topping or fill ia which thc conduit
may be installed without affecting the integrity of the slab. In atl
cascs, local buildings codes should bo consulted for limitations or
imbedded conduits. In any evcnt the top of any conduit shall bs

(e) To ensure that all faces of conc(ete which will be expossd

to view on completion of the work have smogth finish, bevelled edge

timber (toogued and grooved, if so specified or ordered) shall be
used, giving smooth tight joints.

(f) In spocial casos, the surfaaes that are to colne in contact
with the coocrete shouL1 be planedflat and smoothandbe free from
knot holes antl other imperfections. Oiling or greasing of forms
shail nol be done if the concrete is to receive a coat of plaster after
rcmovai of the forms. I. S; 

'156'1964 
shall also apply.
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(1) Conduits shall hqve an OD sst greater than l/3rd of
the slab thicknoss as measured at its thinnest point.

(2) conduits lsnnilg parallel to each other shall be spaced
not less than 3 times the OD of the largest conduit centr€ to centre.

(3) Conduits running parallel to beam axis, shall oot run
lbove beams.

possible.
(4) Conduit crossings shall be as near to a right aDgle as

(5) Minimum cover over conduits shall be 18mm.

(B) Handlilg,-.Para 20.1.8 and 20.1'4 of I. S; 456-1964 shall
applh

at least lErn- bolow the ffniSlO' fioor surfaca in order to prevent

cracking. Whco heavy truckiti is expected, tbis allowar ce shculd
bc ircroased to lI minimusl.

In general the following rules
in all speciflcations for conduit work

1 @) Tteatment a! beort rgt gf relnlorced cottoete slabs atd beams :

(a) The principle underlying thetroatment at bearings of R.C.C.
slabs and beams, is to effectivoly insulate the R.C.C. structures from
tho masonry or other supports pn which they bear.

_ - (6)IThe vertical face of the masonry rebate at bearings should
also be plastued smooth wit{ cment mortar I : 3. A gap fZ --wide should be left between the ,ertical face of the masonry arrd

46G3-lle :

th€RC. rorkandthin gapshouldbefiltedwitba mastlc. ComDe
srtion of bitumen for caulking purposes gveo in the I.S. l5g0iti6g
shall apply. Coilposition specification 

-for 
mastic given in I.S.

30:711945 and for bitumen felt in I.S. t?2q$n shali apply. The
object of filliqg is ls mini6igs chanoes of stone chips or &her hard
'naterials inadvertantly falling into the gap and getting wedgrd betwpen
the R.C.G. and ma(oury, thus obstructing freo oovemcot. -Wbc,re
the spaces will not be easily uccssible for mastic flling afto tho
concrete is laid, as for example, at sides ot a toobean with slab
elteudlng to full length of the beam at the bcaring, precilte padr of
the mastic 12 mm. thick coulci be iosort€d before hJing the concrete.
The mastic filliog of pad should not exten to fulirtepth of the gap
buta_ spa€ ofsay25 mm lo4omm sbouldbelefivacantat lopln ordcr to admit of tha orastic being squoezed when thc slab or bcam
moved against it.Similarly, the mastic should be stopped about 40 mm
away from the vertical t'ace of walls to ensure the ,uif, behg 6oisher-
witb plaster.

(B) (q) Finisning rte conuere surface._Bestresults at least
cost axe obtained when the fnishing is undertaken while the con-
creto is still green. ffue ffns and any rough plojections can then bcrubbed down and thc whole surfaci troue[t ti an even finisbbyrubbing with a wooden float usiag " -oi* of ooe part cemeatby two paf,B of coarse sand as an 

"b.asive, 
tne mortar at the-sane

trmo flling the voids. A noat cemeNrt worl shaL then be applied
to give a sn ooth surface. If the concrete has set hard, the fins and
1oy$ nrojwtions, if any, shall be removed by usiag corborand,m
brick or a paved SriDding. ,rthi._ u by chipp nt, t foru 

-noiffi
o{-witt the smootting wash. If-the ilrk oi;h6;ing is not Ooni
with care or if tho surface exposed a,fter removai lf tlu for_, *onot be eatisfactorily dealt with in this tnanner due to bad form workorfor othorreasons, a coat ot cement plaster of l:2 ofthictrness as
ordered by the Exeut ve Frgineer shall beapplied. No extrapaypalri
yiJI be glen for fnishing @ncretr surfaces-as tnstruct€d above in
this- clause. However, for a work whe,re the ffnishing of R.C.C.
surfaco with a plaster coat is found necessary for aesthetic utxr*uty,
the .luthgdq gIIiry for tenders should furuish a supplemerrral
specificafion indicating tho thickness and proportioa of 

-mortar 
to

bo used for the plaster 6at over tho R.c.c. concrete surfaca and arso
the mathod of payeent in the schedule of tender uotice.

(b) Weatheins course over tte R.C, Slab._la the case of
buildinS, whoro there is no storey over it, the R.C. slab is to boprotectedagainstalternative shinkage and expansion. For this a wea-
thering course of brfuk jelry concrete is laid over the srab. After
fifteelr days of the laying of R.C. slab, for every I m8 cf
Wgatherine course a layer of brick concrete 100 mm thick with
0.96 mE broken brick 20 mm gauge and 0.325 ms slakJlime (no sand) shall be laid over and well beaten to ZJii
thickness \trith wooden hand beaters. Necessary d"*;
drain the raio water shall also be given in the weathering tureeitself. Thebeating shallcontinueuntil the couerete is welr-consot_
dated and the beatermakes no impression and readiry rebounos from
the surface when struck on it, the wholc shalr be constantry wetted
by sprinkling lime water. Shoqd this surface, Ouring the process

:1 !?lr"i 9,-ryme 
so uneven that water lodges, it sUaff be'pidrJ

up and liesh concrete added as may be nesessary.

[Aftor six days or after the concreto laid has hardened, one cours€
of pressed tiles of size 20 cm. x 20 cm x 20rmm. raarr ue iaiJin oilJ
mortar iD C.M. I : 3 and rubbed smooth.

(c) Payment fc trqatmeat at beariogs of reiniorce,. @Dcret€
slabs ao." beams ohoulq be made separatcliand aot included iniheratcfor R.C. Work

should beobserved and included
in concrete slabs.

(C) Placiilg qd vibration ol concrete.-I. Sr 456-1964 shall
8pply.

(a) llhere the sections of concrete members are thin and very
hoavily reinforced, carefully executed vibration, rfher alone
combined with tamping, causes the concrete to flow uniformly round
tho bars. Mdreoier, the increased fluidity due to.vibration occurs
cryon with mixes which would otherwiso be regarded as too dry for
rsinforced concrete work. In consequance, in work where a low
watc cemdnt ratio would be pecessary, with hand tamping, highsr
stronglh may bo obtaioed by vibration due to the dricr concreter
tbatcan bc urcd and compact$ with these machines.

(6).All beams and slab{ shall be flled to the top surface in one
continuous olrration, t.hat is from the bottom of beam to top of
floor.

(cl Foriverttcal joiats in long buildings.-para liof I.S. 45G
1964 .hall apply.

(d) In cases where theouter faces
should be as a ru1e, be carried through to the

of buildings ar{plastered the
roinforced coacrete roofs
outside of walls and a small built over them. In cases whire
the outer faces of buildings are, pointed, the rr:inforced conqete
roofs may be stopped short the face by halfa brick or a full briek
and theface so left on the up qith bricks to suit the poiuting
over the rest of outor face. leakage through the joint between the
end ofroofslab and ls anticipated tho joiat at weep holes
shall be filled with an asphaltic composition and covered_with flat
tiles before building on the par8pets.

t



(d)loints itt buildilgs:-The various types of joiot,'tt"1 *uy
barc to bciostallad in buildings are as follows :-

l. Er*qubn JofuLr.-Joiuts provided to accommodate the

expannion of adjacent parts and relieve compressive stresses that
may othcrwisc develop.

2. Cogtruction loint.-loist installed at location whose

coDttruction stops for any reason.

3. Contrrctbn Joiars.- Thce are separation or plans of
weitoCIr introduccd in coacrete structure to localise shrinkage
moY€moott.

1, Sltding ioint or verticul joints.-I,lhen variation in tem-
peraturo, moisture content, or loading results in unequal settlement

or tnovqDent in differcnt parts of the building vertical joints are

formedro as to provide as slip plane.

5. Spacltts of expansion j,oint.-(l) Roof R.C.C. 20 mm.
intenal ard at changet in direction.

6. Vcrtical joints may be located at 30 m. intervals in long
uaiform otrustures and at runction of L. H. and T shaped structures.

7. Joints may be provided at every 10 m. for parapets com-
pound mll, chaiia and balconies.

E. Expansion joint in a.g.Q. roof slab or floor slab with or
wttttoutR.C.beams.-The expansion JoiDt should span in the bame

direction as that of the main reinforcement. Jr case tha site con-
ditions require the roints to be spanned across the main reinforce.

ment, D€c€ssaqr beams should be introduced at the Joints to support
the sl&b. A typical sketch of the expansion roint in R.C.C. roof
slab is onolosed. The same can be adopted for floor slabs by omitting
the raised portion above the R.C.C. slab- The avoid cracks in the
supporting, rnasonry below aud in cases where it is not possiblc

to proyidc a vertical roint in the masonqr, it is preferable to provide
scmcut coucrete bed block oD the bearing -In the case of joints
in floor slab over R.C.C. @lumn the copper sheet can be perforated

with slotted holes or groves and inserged over the reinforcement and
the roint 6nished as usual.

9,u Methd of formotion" Type 'A'.*While laying
thc slab, the water bar is placed in its posltion and tied with the
slab reiaforcement gdll. While concreting the ends of the slab

' thojoiotr a,re gtveB increased thinkoess by giviog a slope of I in 12
for 60 cm width, on both sides aDd raised to 30 cm. as showo. The
top aod sides aio finisbed Smootl,ly. (It is not advisable to raise
this portion by masonry, as rnasnory will separate frorn R.C.
slab duriag expansion and there is likelihood of rain water leaking
ttirotUb the separatcd crack).

84

The weathering €ourses are th6n laid aud fu"nishcd as $ho*r
in the raised portion. At the tope oftone side r" the raised portit r,
an asphalt pad or tar' felt is placed. The joint is then covered at top
with two cours€s of precast cement concrete slnbs of mix. 1..2:4
and 2.5 cm. thick in a staqgared manner. The top course of slabp
is given a slope of lcm. (in 50 cm. widrh) by ad.rustirig the rhicknes
of mortar between the two courses of cover slabs as shown id the
sketch.

A.C. Sheet is fixed at the bottom of the rcint with suitablc
screws and plugs. The ends of the roint are also finished smoothl).

Type 'B'.-r{lhile concreting, the ends of stab at the roint
are given increased thickness, by giving a sl(fe I in 12 fcr 60 cm
width, on both sides, from the edge of the roint and raised to 30 cm.
as shown. The top and sides are finished smoothly. (It is note
advisable to raised thir portion by masonry, as masonry will separate
from R.C. slab during expansion and there is likeUhccd of rain water
laking through the separated crack).

Weathering course (riz.) brick jelly lime ccncrete ar.d flat tile
or pressed tiles as the case may be, are then laid and pointed ass
nhown in thc sketch.

A.C. Sheet is theu fixed at the bottom of the joint with suitable
screws and plugs. The_joint rs then filled up witb suitable backup
materials like, plastics, cork strips, granulated cork, board, Dehy
drated cork, Fibre Board, fle.riblb foam, or rope, etc. as shown in
the sketch, up to I cm below the top of the raised portion ofthe
joiut. A b&d breaker such as polythylene strip should be use

in case the sealant has adhesive tendency to the bottom of tfue lsir1
or to the back-up material. The sides of t[e j6ia1. gtr .ld be absolu-
tely free from moisture, oil, dust, Ioose particles, etc., DsEp joints
may be dried by the use of gas torch, or hot air blower. Dust may
be removed by wire brush. The sides of thejoint are then treated
witb primer. The primer is a two component system with a base

and a hardetrEr, mixed at a suitable proportion mentioned by the
manufacturer. Adequate time as stipulated by the manufacturer
may be allowed for the primer to set.

The space at t6s 1sp over the backup material and between thc
dried primer sides is theo filled up with the Sealant. Sealing com-
pouid application should be completed within the potlife period
stipulated by the manufacturpr.

At the tep of one side of the raised Portion an asphalt pad
or felt is placed. The joint is then covered at tfue 1e,ps with two
colrrlies of prccast cement concrete slabs of mix. l: 2: 4 and
2'5 cm thick in a staSgered mann€rr

The top course ofislab is given a slope of 1 cm (in 50 cm) witdh
byadjuSingthe thickness of mortar betweenthe two cours€s of
cover a slabs as ghown in the skefch".

a
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SPECIFICATION NO. 30.A.
PILE FOUNDATION.

1. Marerbls,-specifications contaiuedin specification No. 30
shrll applyrogarding cobont, sard, water, aggrcgate st€61, etc,

l.l. fuuipnunt aad ,accesson'es,-The machinery to beused
for tho typo of pile shatl be as approvod by the Executive Engineer.

2. Cltoice of pile.-The type of pilo, shapoandcrosssection of pile
shall be as por the design approved.

3. Beariog capacity of the pile fouudation shall be determined
as por tho standard test furnished in Appendix of I.S. 2911 (Part-
t)-1964.

4. Sor roinforced co{crete piles, pile caping, spring of piles ard
ottr dctails the specifications laid down in I.S. 29l l @art I)-1964
shall apply.

5. For tho dcign and construction of Under-reamed pile foun-
dation I.S. 29ll (PartIID-1973 sha[ apply.

SPECIFICATION No. 3O-B.

CirANltEL t Nrr FoR FLooR/Rocr

l.l Thc precast R.C.C. unit shall be comtructed complyiog with
standard sprcification No. 30.

1.2. Tho shapo and tizo. structural dosigp, mould for casting,
curing of units. assobly of floor/roof, balcony projoc.tions shall b6
as po tho oxtracts of C.B.R.I. Data shcot j furnishcd.

1.3. Proccdurcs for fixing various ffrturos liko hooks, ciectric
conduits, otc., shall bo as furnishod in ths C.B.R.I. Deta shcet.

Nccssary procautions montionod thoroin shalt bq followed
tluring conSruction.

I.,1. The data furnistod by tho C.B.R.I. sball be followed for
guidrncc only.

SPECIFICATION No.30€.
CoRBrl UNrr rcR Roor/FLooR.

l.l. Tho pr.cast R.C.C. unit shall bo constructcd complyinS
with tho standard spociffdation No. 30.

' 1.2. Tho shape and sizp, mould for casting, tho mcthod of casting
and curiug, assombling of foor/roof, construction of batconi
projoction, etc., shall bo as laid down in thc Data sheet No. 3 of
C.B.R.I. Roorkee (gxtra&.furnisheO).

1.3. Strwtural Dedgr+-Ths unit and roinforcement requirod
slull bo rationally dosigpedas pcretandard practicc. fhc principle
of dosigo for tho two siagos furnished in tho Data shsct shall be
fcllowod. In caso of re*dential buildings tho Tables f and tr shall
apply rcgerding reinforroments for tho spans considerod.

1.4. Thc data furnishod by tho C.B.R.I. shalt bo followcd for
guidanco only.

SPEGIFICATION No. 30-D.
PRBcAsr R.Q. rr.exr FLooRrNo/RooFrNG.

l.l. Tho procilst R.C. plank and partially procast R.C. Jois. shall
bo constructod ccmplyrn$ with spocification No. 30.

1.2. Tha dotails of prccast plank and partially precest ioists
ddails of mould, msthqd of casting and curing thc soquencc of
essmbling and oroction laying of woathering coursc sh{ill be as
laid down in Data Shcot No. 7 of C.B.R.I. Roorkec.

1.3. The structural dcign shall be as por the Data Shoet No.7
of C.B.R.I. in aooordaaff with I.S. 45G1964. Ttrc roof/floor shall
bo adoptod for rcddotial buitdings.

1.4. Procedur.os for fixing fan hooks, provision of belcony pro.
jcctions, construction of bathroom, wator closet, shall be as specifcd
in the data sheet mentioned above.

1.5. Necossary procautions enumerated in the data sheet shall
bo adhered to during colstructioo.

1.6. Thc data furnishod by the C.B.R.I. Roorkeo strall be followed
for guidance only.

SPBCIFICATION No.3GE.

CEr.r.ur.ln uNrr FlooRlRoorr

l.l. The cellular unit, srrpporting joists and deck concretc shalt
be constructed complyng with specifcatiou No.30.

1.2. The strape and size of units, design of supporting prccast
or cast-in-situ joists, the deck @ncrete shall bc constructed as laid
down in Data shoet No. 4 of C.B.R.I., Roorkee. The moutds for
casting aod method of casting and cruiqg, asscmbling of floor/roof
shall be done as spirifiod in tho Data shect and observing nqc€ssary
precautions as laid down therein.

1.3. The data furnished by the C.B.R.I., Rootkee shall be followcd
for guidaucc only.

SPECIFICATION No.3GF.

pnrcsr WArr.rB uNrr Fr.ooR/Roor.

f .i. ttc waflo unit and tho grid bcamsshal be constructod com,
plying with thc spocification No. 30. It shall bo adopted for foors
spanning in two directions baving a spau ofgm and abovc.

I.2. Tbc shapc and size of units, form workfor pr6casting, placing
of concrcto and compaction, curiog crrcction and asscmbly oi toor]
rcof shalt bo as laid down iaData Sheet No. 6 of C.B.R.I., noorkcc'.

1.3. Tho structural dcsign of thc-wafle unit floor/roof shall bcbosod on the analysis of two way slabc givcn in i.S. fjetibi. -' *

I..1. Elcctric conduits, junction box, wooden plugs,fan hooks,
etc., shall bc providod as spccified in the Data sheot.

Thc precautions dotailed thercin shall be foltowcd during constru.
ction of the floor/roof.

t.5. Tho data furnished by the C.B.R.I., Roorkee shall be followcd
for guidance onln

SPBctFIcATIoN No. 30.G.

Clr.cnprp Couporgrr n Floon/B.oor Sr.ra.

l. Celcrete blocb.

l.l. Material.-Tho ccmposition and prop€rtics ofthc celcrotG
block for roof and floor shall bo as in tho spocifcatiorrr No. 35-K for
oolcroteblock masoft?.

I.2. Thooelcteto panelsof sizo 59 crr X 59cm x l0cmshallbe
used in betwoen tho rsinforced coDcrete ribs.

I'3. The reinforced concrcte ribs shalr bc cither precast or cast-in-
situ. specification No. 30 shallapply forthoreinforced concrotc
usod.

2.0. Slructural desigrr.-kr the oelcretc roof/floor slab, tho rib
togcther with screcd is dosigrcd as a ..T" boam. The co-
efficiont of two way slab furoilhLcd inIS: 45d-64shattb€aOoUcC
forilcolgning thoslab. Therib at support shall bodeslqpd;;;
rcctangular beam andchcck€dfor shoaralso.

Minimum 2.5 crn. screod shall be providod over the stab. Tho
screod thickncss sha[ be lncrcasod to suit tho dasigrr oonditiein rrtiicdaigningthont st atT. boam.
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3.00. Tho assombty ad (roction shall be in gonl rs rbor* in thp
rkotd.-

G) The cupOorfing forh work shall be lcrelhd eud chcctod'

fi) Celqetc bloclcs shallbo liftcdand placod in thcghuttoring
to' crri pattcrn bavingrfquireil gap fortho&tgrcalqidth ofrib'

(iii) Tbcrpilforcc!rc[f case shall'bc fixe<l in position with ncoos'

A. Total cross.coctiourl aroa ofthcbeatbaror barscjostioga
ecction of a rdafored coocrctc mcinber

.\" or A"'Cross€Gctional lrca ofstoelin compreorion.

Aw Cross.sctional aroa ofstirrup.

a D@th of tbcborwte stress block.

81 tevcrar6plie;q/d.

B Ovsrall brreadlhofcotprrssion flangcofa eem.

" Breadth of a roctangular beam or breadth of flangp of T or
I-ttcam.

Effoctive widtt of the sla\

Broadthof,therib of aT-bcam or L-beam.

Permissible stross in compressioa in colurnn bars.

Total compaossion at a section.

Stress redudion co.ficient for long column

Overall concrote ilepth or loast lateral dimension of a @lumn.

Dameterofcotumn.

Effectivedepth

Dcpth of oompr€ssir e roinforoement

Total depth of slab.

t1

Total dopthofdrop.

Modut6 of elasticity,of ooncrcte.

Modutus of elasticity of $et.

EL Earthquake load.

F 
" 

LJltimato pylinder ctrGnSlh of concrctc h comprtsrbn.

fr Stlfi acss of torm.

. jd Lcutr brm of tho roristilg mornont.

K5r' Sdfiocss of bomononosidcofaoolumn

f,br Stifrcsrofbornon tho othcr sidc of a coturm.

& S:tifthcsrof brcohrnn.

oXr Lsst ladue dfyrrtim of ootunn.

sa{,y aMl'tE. 
*

r iiirr where so showq in thc drewin& various foaturog liko fan

*tI. iU"n f"conduits,dc., shall bc fixoal in tho manoor ae showD in

6-"i" 'SU""t Xo. 6 d C.?.R.I. for wafle unit 0oor/slab in Sp*ifica'

'tionNo-6.

, (v) Froshconcrctc nlxofiltZ:!(oreoeyqt,tunsandandfotr

m;i$T'ffi:;fl ;l'Jr,,f [::,nlr'"ffi ftH"tffi :

i'. 
1. (hrtus.--I'ho ci*rcap so taid shall bc curctl for 14 dayr

b

be

o'.

q

c

Cr

D

Dl

d

do

&r

Bo

Es

ds

5. Shuttaring shalt be struck offaftcr 14 dalt ofcastisg'

6. Fhtt{tttts-The roof slab shall bo finistcd with wcathcring ccurs€
' rod Upgsed tites as io Scction 8. :

7. CtilinS pla3toric shall bo dope as por spccification for phetcring

and shetlbePaid for-

E. Form work shall bo ocasured for rib bam onlv with maxlpum

slo'we[ce of 5 cm, oo Gitk ridcand $all bo peid for.

Nqils oN R.CI,C. DEsrt{ As PBR r.s'. 456-1964-Hexp
D@x foR BUILDINO EI{OB{BRS IN METTIC SY$IX TV N-BO.

Urbci otheflctsc staled the StMd lbdgt Notattons mcan thc

f&wtry -
A. doss-scctional i$€a of concrctc.trcluding any finishinB

' 
material or rcinfiorcilS stccl.

\1 Loadoal ar€a at Qtumn basc.

AD

Ar

.Ar

Equivalcltarca of helical rcinforccrucnt (volurue of hclical
rcinforcpmt pet anit bng& of oolumn.)

eoos+ectioqal arca of st€Gl in jcnsion.

A. Crqrrrtrnl &tr of*oolorca$im corc.

fi6{iil

Crosscclberl ers ofconcrtto it eluhl corc, crclu{int
etu oI lo{tudiml ninforcst.

a
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Ku' Stiftessofuppercolumn.

-?-

M"t The maximum <tifference between the mom(nts at the ends of
two beams framing into opposite siilcs of colunm, each

calculatec on the assumptiotr thattheends ofthc beam

fixed and that one ofthe beams is not loaded.

Irngth of a column ot tcam bctven adequatc lateal
rcC.aiots, (rn tho caso offlat slabs, L i8 thc svcogp

of Lr and Lr)

(tn the caso of flat gtabs) Longth of panel'in the dircction of
gpan, moasurcd from centre line to centre line of columns'

(tn th€ caso of fat slabs) Width of panel at tight angles to the Pt

direction of spanl moasure6 ltop 6ontre linc to etre line

of columns.

Mc Beoalingmorr€otattbcend of bcam ftambgintoa olumn
assuming 6xitY at connPction.

LL Livc load.

I Elfocive span of beam or slab, or efrective hogth of column'

Pe u
tx kngthof shorterspan of'slrbspanning in two direclions'

\ Lcngth of i@gpr span of slab spanning io two dircctions' Pt" Ac
:-Eit-

M Bending momcnt.

Depth'of neutral axig b€low compreesion edge.

Neutral axis ratio,

=O Sum of pcriretcrr of the bars in tho toosile rtinforcomcnt.

.i{

P . Axial load permissible on a short coluon.

-ffi-

PT --E x 100

x .100

a Total shcar across a section or Mr.

Q' Relstsnoe to shcar at a section of bcam bf varying dcpth.

g Shear strcs8 at a scction of a boam 'or.slab.

tr

d

nl

n
dk dc

Dopth of ncutral axis ia critical or balaned s€ctioo.

L

Lr

b
At

Ar

Ac

bdr

t"l,

My

Mr Rcsisting moment.

Mt . torsfona.t Toq"o,

Maximumhending momontsforspen lx on strip,s of.unit
width in slabs spanniug in two dircctions.

Maximum bendingmomotrts, forgpan ly on strips ofunit
width in slabs spanning in two'dir€ctiotls.

E

R Modulus of ruPturc.

Pitch or spacing of stirrupo.

T Total totrsidatasoctiot.

t Tcnoile stress in reinforcernent

Stress in comprossion r€inforcemlnt

, .t.. r. '

m Modularratio
G

a

n

,., I . ,ir ,;.. '
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w Tohl load on a trcam or slab.

Total iload load Per span.

Total suporimposod load Per spao.

Total load pq unit area of slab or unit length of beam.

Dfi*eopo ofthoconcenhated load from tho faoo ofthe

cantilcver suPport

Xr,Yr Sidos rcctangutar' stirrup or sides of roctargb roprcsonting

m€an of thearcasenclosedby the unit'

/
X Distanco of cotroeotratod load from ths nearcr support.

Z Bpnding mornont co"officient.

Ecnatins moIrEDt oocfficiont for tbs short span for slabs

spanning itr two dirpctlons aad simply supportod on four'
siilce.

da lc*t mnrimum aomprrcrivc strcss in cooctltc duo to
bodiog.

ed Pormilslblo tmsilo Etr€$ itr co0crcto.

<rcu lJldmatocubo &CIgth ofcocrotoin oomprcidon.

em Alowabb unit strcss on motal coro not"to Gxcsd 1,50kg./cm.2'
for stgel comor 700 kglcm. I for cad iron corc.

d8c Pormisiblocomprcssivoshtss in rplnforwt.

esh Frtrlisiblotensitc strsssin helical reinfor€m€nt.'

ars. Pormisslblo tonsilo sttus in tho shoar rchformcnt.

o* Pcrmissible tensile strcss in rtiinforcemont.

osy Yiold strensth of tho rddorcomont.

the aaglo betqten thc incline.l bar aad axir of thc beam.

.,

f,d

wl

I

X1

zt

Zy

zt

zl

(

Bonding momt co.ofrdont for tho long spaq for dabs rpsan'
ing itr twoalirldioosad simPly supportcdim four rl&9.

Bcndingmomotrt co+frcisnt for tho short span forrosaogular
panplg sup@on foursidos and with provision for

to(d@ at comoil.

Bonding momnt co.€ffici€nt for tho long epaa for rcctaagular
panols $pporteil on fotn sidts with provislon for rorgion at

@nr€nt.'

d b" Bonal stt€6s in concnete at a section'

ctba Pormissibleaveragebontlstress in coacrete.

ebl Permissiblo local bonil sttuss in coucrote.

pmissiblo stress ln concrcto in direst comprosdon.

,j

Acual maximum comprcssfuc strcss in ootrcrcE.

DBtoN CorSrANTs aoR BALATTcIBD Sscuoux

v 6

B
E()

b
tt
(5

(l)

a

o
t)

'S ul
a.s-$t
S:!qqt
u'Q
Fs
Br,
SP
["

1400 t3 0.4 0867 tfoc r.oo

?

1400 ll 0i4 0.867 1415 l.la

dcb

a)

50

70

85

g
.S(

$ss$s.$
dst D %lO

g) (4) (5) (O (D' (E)

1400 19 0.4 0.867 8.15 wt63

do'

qab

M 150

(12:4)

M 200

(l dl:3)

M 250

(lrt:zlhrmlssible compmesiw strcrs in concrcto duo to bondiog.

*
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R.C.q DESION FO,RMULAE IN MBTAIC SYSTEIV!

. Ettruc TsotY : snrril EINDTNG.

I. Sltgly rchforccd iccl,ions balancad &ctiott.

_AC!9Au-ts l:
ctlllcAL

1*+_-r
+.8+- ++- b-l FoFs--)

(l) ne - ka

nc
fr--

d

CgftCAL tt A

u=A-t

m 6ab

m!6tb * <rst '

.r{
(itD est - 

-

osl id

M.R. - dst A4

IVI.R. - *bn acb

clil.rlcrl_ !.r
AC.lUAL

whon n (nc

'tlif Llr}- .--:--+t' -iii-:'i(-t

or (iv) Moment of rcslstancc of un&t reirforced sectisn

il btrr - m A.31 (d-n)

tiD Momt of rclistrnoe of balancod soction.

M5 r ds1 Art jd rhcrc jd - (d-nr3)

- | bno r"U iO - 0 trcb tfl tCrr Q bds

u,tcroQ-(l tcbtj).

(v) Moment of resistancc of over rcinforcod seqion

,n
d-- t{ )

(
1 )

.n
d--

3
when n ; ng.

t
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II. SIMPLE BENDING, DOUBLY RETNFORCED SECTION.

t( -!----+

l
.Ei

*€d,t

. rs"'.

, fcb
{"-.oEu-+

.l

l
N_l

F
t t+

:l
J\- -t-

d-d.,

- -_a-. l-

ld

,lF{ n>&

dcb

)llC = m ttcb + crgt
d

Wtr-.n tUri sross section and arca of reinforcements are known
to find "z" from

bn2

- 
+ (m_l) Asc

n
.l :mAsr(d-n)

(ii) When'l is greater than no, Moment of rosistance of a doubly
reinforced beam

c&ta
t '-tr

n (nc

where acb - 
ott {-!
m .(d_n)

1iv) Asl : A$r * Asrr 
_ Mr

Asrr B area of stecl for balaoced scction Jr - --
<rst jd

M-Mr'and 
Anrta : Atc - (d-d") <rsc

III. T. bum and L, Section.

(i) To nnA the depth of Neutral Axis

Bnr : p Ast (d:n)
2

When thc neutral axis liss within th flan8€

XAf,H

MR : o, T(" 
-j) *,.-l)\sc esc(d-d")

Where dsc 
1s 

the compressive stress in concrete at centre ol

(n--do)
gravity.of compressive steel : dcb 

-
n

(iii) When'z'i s less than no

MR *bn 
o:!(t:)

,* (" -;)-m acr to-n)
.. (n-dc)

*(m-l)Asc dc5 --.--.._-'(d-d")
'l When lhe noutral axis lies below the flange

r
ldst

-,-5}-

I
in
J-

h 6+

3-1346G
;

i

i

I

I

\,t,-
t

-}{-
d

%i

I

I
t t'+--

aa

a.aa

lr b' -+t,



94

(ii) Levq arm whon N.A. io bolow tho ia4o
(ii) Area of total tensilo steel - Aftr + Ast,

M-Ma

Gl'i

:MB

-+

dst ja(HJ
(iii) Moment of resietaoco

MR - B&9*j9'.
. (n-ds)

Wherc ccb'- t* 

-
lV. Doubly rclnfa?ed 7 or L siAlon.

(i) Moment of resistanco of doubly reinforced T - beam

MR - Mr * (M:- M,r)

Mr cc!'( 1 + n-dr )MR: 
- id; 

----,
* (m - rt a*'ou,(3l3) (d - d")

<rst (d - dc)

and

M-Mr
Asc -

. (d- dc) c."

Y. Colttru W&r DteQ Compresslorlt
Refer para 10.4 of I.S. 45G64 (AppendeQ

Yl. Ec*nfically t-oaded TOqangilsr Coltnms z I

(i) DoeiSn based on rmcracked sccflons.

Tho mGmbor subjected to axial load alrd bending should
satisfy tho cmditiotr

cl i:'-- -L 
qcb' 

. 

- -{ r6s dcb

(U) Tne rosultant rcnsion !n concrete is-not greater than
3;S7o atd257. of tho resultant comprrssion for biaxial and uniaxial
bstrdiEgrecpectivolyr or does nct exceed I of tb€ 7.day modulue"
of ruptlre o, concrate,

drjt ad-
3

a

o

T

I

(ii) Colomnr with tasp .eoccrtrictty so that tension is

develope<L r

bn (D-d'c - n) + (m-1) Asc X (n-dc) (D-ddd.'ct
7l-;

c*D-dtc-
bn * (m-l)Asc (D.dc) - m A.st (D-d'o'a)2

T , - A't 6 t- *s--r) -et l- I"
( m-r) lsc x n=;b xC
irn €6

@LIn/tN WITH'LARGB EC€ENIRICITY

whtre 
' ','

d'c ir tbc covcr to stcel on thc t€nsioo sido

D is the ovcrall dcpth of oolrmn.

From rhe above cubic cquation 
"n 

t can bc found out by trial
and ottor.

Kaowing'D', ccb can be tound from
bn ccb'+ (m-l)Ass crs6.. trdc) . mA$ dcb,(Dd,c+r)_p

onD2 2

T

1

J

F-
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lII. Crrcur,en CoLULNs SuBJEcr ro EccENrRrc Lolos :

R

:-!

UKl N

rcc LNTE tC LC \pS

2Ra 6cb (sins p (tr- p)
----= -l+Cos.p 3 2

! ?ndr| are the angles subtendcd by the neutral axis at thec€ntrtc correspondilcto equivalent $eel ring and columa respec-
tircly.

Cos B Sin 2p

4
2rt t (m-t) ttcb Sin f + (II - f) Cos f , ;
R+rcos9 |

2rst m dcY (SiD( - f Coe f) (t)
R * rCocf

e. - 2r8 acU 
:- 

g a Sin4I * Cosg. SinF)

. 1{=Co3p 8 32 3 )
2rs ta (E-l) q cb, ( r[ -q.. Sin ZL )

te-is the .tbickness of equirralcot stoel ring

R-is thc radius of ttrs sslnmn, andj

r-is the radlus of thc centre of stecl.
i

Divtdlug thc cquatioo (2) by cquation (l).and subctftuting
arssumed values for I and obtaining corr.spooOog values of07
from equation(3)till th€ abora equations are satisfied.

Ur.nuers IpAD TEoRy 3 FoR rruoly ser lppEribtx B oF
r.s. 456-64.

I. Rectangiular Section - with tension rcioforcemenl

+!-?!-Ef

olt

R+rcosq
2rE tom d'cb ( d
R*Cos( 2

rereRcos$-icos(

+24
-Sin 2( ) (2)

L.o 4 d

(3)
4

' o .55€sbo
i

d

t-.

466-3-l3t

b
,J

4c '**-'/. T,Artg;y

I
I

-t
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0.55 crcuj b

(ii) The lever arm of resisting moment
jd a d -a

d-a
It a < 0.43 d, jd wi[ be -

m. T and L Secrions : Singly retnlorced

(a). If thickness of 6ange & | a tho sectioo is dcsigoed ' as a

rectangular section with breadth equal to B

(b)Ifd.<a

Ms: 0.55 ocn (B-br)d8 (d-dJ 0.55dcubra(d - a)

T-;
Ma,rirnum value bf Mu for sectioos with tension reinforcement

only is obtainod when a 0.43d.

Mtr br.K 0.185- +0.27s
Ycu Bd! B

{ 2g _rg\'}L'1 \ o/ t
de br

For d.ifferent values of 7 and 
- 

, the lalues df \ can be
d'B

read from th€ ready madc tables available.

-'(i) 0.55ecu .b.a o dsY

orq-cbyAst

For fulanoed section2

(iv) aud Mo

section
t

(vi1

Asl

a : 0.43d
- 0.185 qcu

,

,,

bd2

'l -0.236ccu bd

I,ry

d - 0.43d

2

0.785d.

Ast

(r=1)
B(iii) Ultimat€ moEent of resistatrce of the sectioD

(a) in torms of telsile force stoel

Mu E AEt dsY (d - a)

;
(Dl in terms of compressivo forco in colcsele-'-Mu -0.554cu b a(d-a )

T

(v) and Ast. the maximum area
of Eteel for balanced

1.82 6ry

dcu

* - I - Pst dsy
b.f

Fromtho uttimatc atfongth desigu tables availaHe' I* :T b
;;;fry;; for vaiious:gtrados of @ncrete and for difreront

typo of stocl uscd.

DofiU retnlorcad rc&tgul4t seclion'!

(i) Mz'- 
-0.185ccu 

bdt * dcu Asc (d- rtc)

bd #

('i) If Mo 
- s K. and 

j: , 0.15 and 3- our*"uodpuBdr L d B

0.10 and 0.35.

Mu
Ast :;!Ed"\

(;-)

ds br
Fo: valueof- < 0.15 and 

- 
> 0.35-dB

AEt
( I -br ) (G)1t - t/2. as 1

B d\ .dl

( )

(,+)+.(.},+)
Mu

ff j- > Ii increase the she of thc soction and repeat

tho procoss if thc section cannot bo increa$d, tho seotiotr halto

#;;;ffi ';il 
comprersion relnforcemerit also'

a
For dosign d eslunn with direct comprossion and b€odtng

,rSf"tta iffi" avaitaUte in "Hand gml for lftimatoStrcoSth

itls" .iR"iofotoo cotrcrotc Mombors" publishcd by Struclral

fiiffld ;carch Centre, Ro.orbee, U'P' rnay bc rcferrod to

Nolc :-Tho advaBta8€ of uring high strcngth rtcforncd |us

"." 
uo i"riv iJit.a oui ir-n-c'c'' membcrs arc desisncd on

t]ne Uasf of ultimatc load thoory')

Pst- 1- t; 3.64 FeouJ
- 

-
bd

Where

' of concrete

(1- Pt * a sy)

--
1.1 d cu

(d-do)

d-dd

Mu
- -,------- whoro j :

t,8yjd

bra
Bd

1-* a

d

d

fiiD Ast dsY : 0.55 ocu b'a +'Aeo d sc
1"" -- A"t 0.236 d cu. A"" 6 Ec

+- -r, 'r T try
(rv) xi -K:93 + 0236 -+

, (d-d')
ot, ---

From the uldnatc s$ength Design Tatles available Pst and Pro

ilt-;;;;r"l*; of Klan bs read directlv' for different srades

and diffcrent typcs of stecl ac'cording to the values of 

-

lf a > 0.43 d,4ssurrea - 0.43 d;andjd
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CIRCULAR SLAB FREELY SUPPORTED AT THE
EDGES AND LOADED UNFORMLY

In lhls case the maxiritum radial and circumfqcntial moments
Mr and Mo respectively are equal, and occur at thc centri of thc
slab. Their magnitudor per unit width of thc slab is giveo by

Mr: Mo:---;----W/Rllo
in which W:total load por unit area of the slab and

R:Radius of the slab.

Mr reduces parabolically to zero at thc edgcs. M, reduces paraboli-

@#* Rs at the edges. The radial shear force at any

radius-r is equal a tl2w per unit width. Knowiug the maximum
bending mom€nts, the dtpth of theslab and the area of reinfore€menl
required can be calculated as usual. The reinforcement may be
prdvided in two mutually berpendicular direclions.

Circulur slub, frxed. at edges and lodded uniformly,-The
maximum positive radial and sircuderential moments occur at
thg centreand are giveir by :

Mf-Mo: I

Mr becomes zero at r-' fi-U becomes negative thu,caftcr, the

maximum value of rhe negative momcut at the edgies being-5y aa.
r6

Mo decreases parabolically to zero at the edgcs, The shear force is
I wr, at anyradius q. The depth of theslab is calculated.as usuel
considering ttre maximum value of the bending moment on the slab.
At the centre of the slab, reinforcement in the form of a mesh can be
provided forthe bending moments as in the casc of a freely supported
circular slab. HoweVer, at the sdges, the reinforoemeot ptaced
near the proper face of the slab, should be circunf: r,nr,rI or radial
depending upon whether the bentting moment desired to Qo
reisted is cireumfercatial or radial. In the case of tbe circumfeoontial
reinforcom@t, it need be provided only over a 0istance, lreasurcd
radially from the edge, suficicnt for the mesh reinforcem€nt to
devclop bybondsits designstressnear thc circumflrcrico. ln thc
case of theraciial reinforcement it has to resist negativo beodi"g:
moment. Thereforeit should extend over the wholb regionof
nogative b€oding moment and also over ao additionaltengtb requircd
by it to develop its design stress by bond.

Grade of concrele,

Prmlcrsrnr.r srBEsgEs rN coNcRdtg.

(rr.r. vrr.nrrN ra/crr,rr)

Permlssible suess ln
. cqmpression.

Bcrrdrrg. Direct.

Peilsilssiblt ssiiss
in Bond.

Average, Incal.

Permtsstble
stress in

shesT meqsaTg4
as lnclitted

tenfi,on.

Permissible
bqW

pressttre afi

fuflareb
@lotn

conctEe
only).

CtrbE

Q)

n
30

{0

,0

60

70

8p

(i)
dcb

Q)

30

50

70

85

r00

lIs

130

C,.

(3)

2t
,CI

50

60

80

90

loo

q

(4)

3.0

5.0

7.0

g;0

9.0

10;0

eba

(5)

4.0

6.0

8'0

9.0

l0'0

ll,0

12.0

cbr

(o

7.0

10.0

13.0

15.0

17.0

18.0

l9'0.0I

r00

/so

200

tb0

300

350

{00

M

M

M

M

M

M

M

Nors.-Rrlnissiblo stress io rEnsiou in bonding ( cct) may bo taleo to be same as permissibie streps in shear q (beasured as ioclio€d tomioD).giren abone.

a

'a
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PenMrsstsLr sIREssEs rN srEEL RETNFoRcIMENT.

, Permisitble stress in Kg..!cm2.
Scthtl number and type oJ'stress

. iil sieel reinforcement.

(l)

Tension (d51) ether than in (c) helical roinforcement, in a
column and (6) shcar reiaforccrBcf,t-

Up to and including 40 mm.

Ovcr 40 mm.

Up to and including2O mm. - l.

Over2O mm.

Weld€d wira fabric, all sizes

Tcnsion in helical roinforcment in a comprossion mcmbcr
(dsh)

Tdnsion in shoar reinforcepcnt ( cse).

Compression in colnmn $6i3 1ossl : .

Upto aod includiry,CI nm

OvOr40 m'n.

MiM sgeel Medlum tensile
anforming steelconforming

lo grude I of to lS. 412
IS : 432-1966 (Pt.I)-1966 or

ot lo deJormed
IS - 1139-1966 mediumten-

slle ste'el furs
conforming to' /S: 1139-1966
or plain round

. cold twbted
bars conformfug

to
IS : 1786-1966

, (2) (3)

tlieh yield
strergth

defortrcd bart
conforming to
IS:113$-1966

or
IS : 1786-1966

(4)

Lleldod wirc
Iabtc

cottformiag o
lS :1566-1967

(5)

(i)

Slob tltklher'(cn.l

Midifird ue (sq. cm./mctro

Roinforcoot ([ild Stcel)

M6mcnt carrying cspacity (tonDo-{m}

1,100

1300

I 000

I 400

r 300

r 400

I 300

r.14
8 mm@35 cm

or
6 mtn@18 on

'l Half thcguaran-
I tGed yicld
I stross subjcct
I toa maximum
J of 190.

2300

(ir)

(tu)

(rv)

(v)

(vi)

Comprcsion io bars in a beam or slab who tho compressivo Thc calculatsd cooprrssive grcss in thc surrounding coacrctg multiplictl
resistance of tho ccmGot is takGo into amouat. by 1.5 timcs thc modular ratio or dsc whichever is lowei.

Comprcssion ia bars in a b€an or slab whcrc the comprcssivc
roistanccoftho coqor€toisnot takcnintoaocount- 1

-- --7-'

t0

. t.b
6 mm@40cm

ol
6mtn@20cf,n

r 4(n

r 300

I5

1.80
lQ mrn@$cm l0

ot
8 mm@25cm

5t.8 .

I 75A

t7fi

r 900

cm
or

8 mm@20 cm

74.4

2100

l 300 I 600

23A0

20

2,fi
l0 mm@30 cnr

ot
8 mm@20on

e8.5 .

') Hatf the guarae l
I tcd yicld I

l strc8 subjcct I
I toaEaximum I

J dfreoo. J I 9oo

Norr l.-Whcn nild Scciconforning to Gradc II of IS :432 (Prrt D 1965 is ugod, the pe,rmissibtc strGsses shall bc 90 per ccot of the
pcrmidble strcss in columa 3, or if the dosigo dctails havo alroady bcc,n worked out on the basis of mild $cel confdrring to
Gradc I of IS :432 (Part fF1966, the arca of rcirforccment shall be incrcased by l0 per cent of that roquircd for Gridc I
steel.

ttrsrg 2.-For tho pnrpose of this code, tho yield rtrcss of stcots for shic,h therc-is no clcarly. de faed yield point sbould be talen to be
0.2 p€r c'Eot proof $ress.

Ncrrt 3.-.Structurc gubject to wind or carth'quato forc6. thc dlcsct apcdEcd ln tho abovc tablcs may bc cxceedcd up to a timt ol
33lpcr ocot provided in no case doc thc directstross ln rcinforc€meot cxcecd 26(trK9./crlr.

MINIMUM DISTRIEUTION REINTORCEMENT IN SI.ABS

l8

2.16
E!q@35

t2

l9'3 28.6

(
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Values ol .Q.:"-f - --(Kg/cm) 
lbr, single binders (rwo legs) at various spacings(S)

Dianeter of the bar fiorning tlu binder (np1
Sptcing S (cm)

(r)

ll
l2

l3

t4

t5

l6

l7'

18

19

20

25:
30

o
zSt.s

234.6

201.1

175.9

156.4

140..7

127.9

1t7.3

r08.3

t00.5

93.8

88.0

82.8

78.2

74.t .

70.4

56.3

46.s

l0

(8)

550.0

458.5

392.s

3U.0

305.5

27s.0

250.0

229.0

2l1.5

,796.3

183.t

171.8

161.8

152.8

144.2

137.5

1I0.0 G

9t.6

Mild steel (ess:1400 kgl cmz)- High strength slee:l (cs5-175L kglcnt.)

5

6

7

I
9

l0

tt

(2)

158.3

I31.9

I l3.l

99.0

88.Q

tgi.z

72.0

66.0

60.9

56.5

52'8

4s.5

46.6

44.0

41.7

39.6

3l:7

26.4

10

(4)

439.8

366'5

314.2

274.v

244'3

219.9

.199.9

183.3

169.2

157.1

t46.6

t37.4

129.4

t22.2

115.7

r10.0

88.0

73.3

t2

(s)

633.3

s27.8

4s2.4

395.8

351.9

316.7

287.9

263.9

243.6

*a.z

2t1.1

197.9

r86.3

t75.9

166.7

158;9

126.7

105.6

45

54

63

72

56

67

78

90

101

1i2

6

(6)

r98.0

r64.8

t41.2

123.8

1I0.0

99.0

90.0

82.5

76.1

70-7

66.0

61.8

58.2

55.0

52.t

49.5,

39.6

33.0

8

(7)

352.O

293.5

251.s

219.5

195.8

176.a

159.8

I48.0

135.3

12s.8

117.3

I10.0

103.5

97.6
'92.6

88.0

70.4

58'6

t2

(e)

7no
660.0

566.0

494.5

139.5

396.0

359.5

330.0

304.5

282.5

264W

2ry-s

233.0

2m.o

208.5

!s.8'o

158.4

t32.0

I

Loeo cennynvo cApAoTy oF coNcRETE lN REcTANouLAR coLUMNs Cfonne).

, Load on concrete.Column size.
(cml.

(l)
20x20 ..

x25 ..

x30

x35 ..

x4$ .,
1( r, l<

x30

x35..
x40..

. ?45..

x50 ..

Gross area
Ac (sq,cm.)

Load on bars.
Mk..Ng dscAc
Max..W qssAc Minimurh

.rccommend
ed tics

(I l)
(2)

! 400

5m

@0.

'700

800

625

750

87i

t,000

lrl25

tQ50

25

30

35

N
3I

37

43

50

s6

6?

M-400150l.IM-250M-2NM-t50
(3)

t6
(8)

40

(t
36

(,
24

30

36

12

tE

37

45

52

60

67

75

(4)

20

M-300
(o
32

N
48

56

@.
50

,@
70

80

.90

100

Min.
(e)

5.4

6'8

8.2

9.5

10.9

8.5

10.2

tl,9

t3'6

15.3

t7.0

Max.

20

24

28

32

25

30

35

40

45

50

o0)
27.b1

34.O I

4r.o I

50

60

70

80

.62

75

87

loo

112

'125

47.,

54.,

12.

59.5

68.0

76.'

Fif,

I

I,
I

1

I
'l

I
I
I

I

J

5

5

5

@mm
CIDt5

5 .0

I

I
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1OAD cARRyrNc cApAcITr oF gONCRETB IN RECTANGULAR g$LUMNS (tonne! conr.

Loodoa bars.
Min.'008 ers Ac

Max.'OAO dsc AcColum4 size,
(cm.) '

0)
31x30 ..

x35 ..

x40 ..

x45 ..

x50 .,

x60

3S x35

xzl0

x45

x'50

x60

x70

40x40 ..

x45 ..

x50 ...
x6o ..

x70 ..

x80 ..

45 x45

x50

x60

x70

x80

xm

50x50 ..

x60..
x70. ..

' x80 ..

x90 ..

x 100

Glosg area
Ac (sq. cnr.)

(2)

.900_

1,050

1,200

r,350

l,5oo

1,800

1,225

I,400

.1,575

1,750

2,100

L4fl

Load on concretc. Minimum

- recomrltend-
ed ,ies.

M-l50
(3)

36

42

48

54
'eo'

72.

M-?no

(4)

45

52.

60

67

75

90

M-300

(6)

72

b+

96

108

120

144

'M-350

(7)

81

94

108 -

l2t
135

r62

td-&o
(8)

90

105

t?i

135

150

n2

IN
It7

t75

210

245

Min.
(e)

12.2

14.3

15.3

r8.44

20.4

24.s

6r.ol

7r'5 |

81.s I
e1.8 I

ro2.o I

w.5)

8 mm@
20 cm.

M-2:0

(,
54

63

72

8l

90

108

Mar.
(10) (tl

49

56

63

70

84

98

6l

70

78

87

105

122

80

90

r00

120

r40

160

73

84

94

105

126

147

98

i2
126

ua

168

196

110

126

t41

157

189

2N

16.6

19,1

21.4

23.8

28.6

33.3

21.7

24.s

27.2

32.6

38.1

43.5

95'5

to7.r

It9.0

143.0

166.5

83.0

t22.4

r36.0

163.2

190.4

217,6

137.

t 53.0

r8.3'5

214.2

244.8

275.4

170.0'

204.0

238.0

272.0

306.0

.Do.

Do.

Do.

10mm@ 25. .CtTtSr

1,600

t,800

2,000

2,4A0

,,tq
3,200,

i
i

c

2,025

,p,iso

2,700

3,150

3,6CD

4,050

64

72

80

96

t12

128

81

90

108

126

144

162

I
96

108

t20

144

r68

192

t2t ,

135

162

189

216

243

150

180

'ztl

uo
270

300

lz8

144

160

t92

224

256

162

r80

2t6

252

288

324

t44

162

I80

216

2s2

288

182

202

243

283

324

'364

225

270

315

360

405

450

r60

180

200

240

280

320

2,500

3,000

3,500

4,000

4,0i0

.51000

100

120

140

160

180

?N

125

150

175

200

225

in

l0l

lt2
135

157

r80

202

202

225

270

315

360

405

250

300

350

400

450

500

27.5

30.6

36.7

42.9

49.0

55'O

34.0

40.8

47.6

54.4

61.2

68.0

200

2&

280

zao

360

400

F.
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LoAq cARnYtrlo cA?lclrr oF @NCBBTB rN RECTAN6ITEAB co[rlr]t!6 (lonae;-cozf .

Gros qeo
Ac (sq. cm1)

Load oa bqt.'Mlz.'Ul,8 6sc
Max.:g4g <'3s

Min.
(e)

41.1

4.8

52.4

s{8

er3

74.8

49.0

57.1

65.3

79.4

81.6

57.5

61.9

70.7

79..6

88,4

76.5

81.6

91.8

102.0

87.0

97.9

118.8

tt0.2

1t2.4

Ac
,.Ac,,

Mac.

287.3

309.4

355.6

397.8

4E.2.0

380.8

428.4

47e0

382"5

408.0

459.0

510.0

43s,2

489.6

544.0

550:8

612.0

t

Mlnlmam
recbwncn4-

_ed 
des.

(1 1)

10mm @ 25
cms.

Do.

Dot

Colwnt slre
(cm'l

(l)

55x55,..

x60 :.
x70 .,

x80 ..

x90..
x 100

60x60 ..

x70 ..

x80 ..
' x90 ..

x 100

65x65 ..

x7o ..

x80'
x90..
* 100

70x70...

x80..

. x90 --

xloo ..

Lodd on concrete.
r

(10)
M-?.N M-250 M-}W M-350 MN
(4) (5) (6) O (8)

151 181 242 272 302

t6s r98 264 2e7 390

192 231 308 346 385

?2,0 2il 352 ts6 40

A7 297 396 45 495

275 330 4& 4g5 550

Q)

3,025

3,30-o

3,850

4,400

4850'

5,500

hl-t50
(3)

tzt
t2
154

t76

l9E

220

144'

r68

192

2t6

?AO

169

ms.7)

2?A.41

26r.s I
2e.o l
336.6 

|
?74.0)

i

3,60p

4?.oo

4,90p

5,4s

6,0d0

I,

4,225

4,560

5,?00

5,850

6,500

4,?OO

s,too

6,400

7r,bOo

sK25

.o,ooo

6t:ts0

71500

I

4loot.

'Lno
l!

q,000

t,too

9,Ooo

t0.00
l

iso

2to

2N

270

300

ztt
2n

_2&

292

325'

298

136

384

4?2

480

338

364

416

46.

520

392

u8

494

560

450

480

5N

600

slz

576

ffi

3U

378

432

,t86

5t4fi

380

&9

M8

526

585

ut
504

567

630

3@

ao

490

5,lo

600

422

455

520

585

650

4n
560

530

700

562

600

gt5

,750

ffi
72n

E00

810

900

l.ooo

244.81

2s5.6ll

326.41

366.01

,(0s.oJ

zl6

252

288

324

3&

182

2n8

b+
2@

2s3

273

312

351

390

r96

224 ,

252

280

245

280'

315

350

z8t

300

337

375

294

tt6
378

+n

337

360

405

4:?

3u

412

480

666

76.2

85.7

952

75xry ..

x80 ..

x90 ..

x 100

225

z&

270

300 Do.

506

540

ffi1

675

s76

648

7?.0

320

3@

400

'm5

450

256

9t8

8m

324

3@

400 500

486 648 729

540 72n 810

600 800 900 136.0 6E0.0

I Minimum Djam of-Ties "d O

2 Longitudinal bars ir column

Fhctrc O : ., Maximum Diemof conpresrlonbar

space > .35cm.

466-3-14

o

80x 80 ..

. x.?0' ..

x 100

90x90 ..
x100

,,,
ioqx t00

l

i
I

I



toz

Ioro craryrrrc cArAcrTr or ooNcRBrr rN crRcuLrn, coutr6{s (tonaoc)

t

Colw6 Pro
(ent.l

Grcstarea Ac(g,cn.l
Lod onbars.

Mln:.N8 dsc Ac
Moc:.040 ctic Ac

Mln. Max.

Mblrttn
recomtwnded

Ties.

Iador Conpreu.

M.150 M-2N M-250 M-3I.J/0_ M-350

m
'2s

30

35

fi
41

50

60

70

80

90

100

314

491

707

e62

r217

1,590.

19es

2,8n

3,849

5,026

6,3Q

7,954

15.7

24.5.

3513

,08'1

62,8

79.s

98.1

141.3

192.4

251:3

sie.r

3ni

25.1

39.2.

56.5

76.9

100.5

t27.2'

157.0

22ri.2

307.8

4A2.O

508.9

628.3

28.2

u.2
63.6

86.5

113.1

143.t

176.6

254.4

3{'3
452.3

572.s

706.8

31.4

49.1

70.7

96.2

125,7

159.0

196.3

28217

384.8

w.6
636.2

785.4

4.2

6'6

6.9

13.1

t7.l

2t.6

26.7

38.4

52.3

68.3

E6.5

106.8

21.31

$.4J
48.1'l

65.5 t
85.5J

18.8

29.4

42,4

77.7

75.4

95,4

'117.8

169,6

230.9

301.5

38t,7

171.2

12.5

19.6

28-2

38.4

5U2

63.6

78.5

113.0

153.9

201.0

2s4.1

314.i

108.0

133,4

192,O

261,5

341,7

432,5

534.0

6 mm @ l5cm.
cla

8m{o@ zo"m.clc

l0qrm @ 25 cm.clc

,,

tu Dla"
$run).

Atu
fu.ctr,.l

Forelel,
tu.

loto canryrNo c,AtAclE ot roxomnorp BrrNtcclrrENrrx coiul4xs (tonne).

Nat*rof fus.
4 6 10 t2 t4 t6lEm

19.2

v.,
43,2

s3.4

a.6'
E3.5

lu,?
t36.7

173.1

2t9.7

il.5
m.5

25.9

32'0

38.&

50.1

62.8

82.0

103.9

t4.2

1.r3

2.0t

2,54

,.14

3.80

4.91

6.16

8.04

10.18

12.57

12

16

18

m

t2

?s

28

32

fi
40

1.9

3r4

4.3

5.3

6.4

8.3

10{

13.6

17,3

n1

7.7

tl.1

t7'3

2t4
2j,8

33.4

41.9

*1"
69.2

85.5

15.4

n,4

3+6

4?:7

51.7

66.8

.83.8

tw.4

138.5

171.0

23o

41.0

51.8

9.1

tl.s
100.2

r.'e
ta.o
2fit.7

256.1

26.9

$.9

60.5

74.8

90.4

116.9

146,.6

191.4

znt
299.2

3o17

il,7
@.1

85./t

103:4

133.6

tct.s

218.7:

2Tt.O

vt9

*6
61.6

77.8

!x.1

116.3

150.3,.

r88.5

2#.1

311.6

38,.7

38.4

68.4

86.4

r06.8

tD.2

r6?.0

2@,1

nr.1
3#2
4t.1

t

8
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Teau 4.-gquABB spBBAD rooUmJ.

A-Width of Squars Column io cm.

d-Dcpth of footing in cm.

- 
As-Total requirid aroa of steel in sf,. cm. (Bach directioa;.

=o-Required 
perimeter of reinforcing still.

Coxcnrrr-u 200

Totql
load

Flarge
width

CoNcRETB-M 150

Ad(cm,) (cm.)
As

(sq, cnt")

(,

Eo
\cm.>

(6)

Fhrge
width
(nutre)

(l)

Total
load

(torrrre)

Q)

A
(cn,)

d At'(cn,) (sq. cm.)
Eo

(cu.)'
(nptre), (tonne).

(1) @ (3) (4)

4.5

6.5

8.9

tt.6

t4.7

18.1

2L.9

26.1

30'7

35.6

,().9

46.5

52.5

58.9

65.6

7?-7

89'l

87.9

96.1

tM.7

llt.6

FOOTING Y{ITU CONSTANT

Sou. hrssunc 5 tonnes/sg.m. (10001bs/sq.ft.)

25 1.0 10.3 '1.00 
4.5

25 L.9 . 74.2 1.20 6.5

25 3.3 2tu6 t.N 8.9

?.5 5.1 2710 1.60 lt.6
2s 7.6' 300 ,I.80 t4.7

30 8.4 35.0 2,N 18.1

35 9.3 35.2 ,2.m 2t.g

35 12,4 A,2 . 2.40 26.1

40. 13.5 42.2 2.(i 30.7

45 t4.9 42.5 2.80' 35.6

50 ' L6.4 43.5 3:00 40.9

s5 t7.9 4.0 .3.m 6.5
55 2t,A 48.5 3.4 52.5

60 22.O 49.5 3t60 58.9

65 25.0 50.2 3.89 65.6

55 8.4 ff:5 4.00 72.7

70 30.4 56.8 4.m 80.1

7s n.8 57.0 4.N 87.g.

75 37.b 61.5 1.@ 96.1

80 3e.3 6t.0 4.80 tc/..1

85 41.8 63.5 I 5.(n 113.6

+
la+

(3) (4) 6) (o

r.Q

1.0

3.3

5.1

7.6

10.8

tt.4

t2.7

16.0

17.4

18.6

22.7

23.,4

zt.0

30.1

31.0

36.3

38.3

43.2

45.6

4E.0

I'00

bm

I..,l()

1.60

1.80

2.@

2.20

2,fi
2.@

2.80

3.00

3.20

3.4
3.@

3.80

4.00

4,n
4.40.

4,4
4.80

5.fl)

25

25

25

25

25

25

30

35

35

&
4s

45

50

50

55

@

@

65

65

70

v5

?5

25

25

25

25

25

25

25

25

25

25

25

30.

30

30

35

35

35

&
N
Q

25

25

25

25

25

25

25

25

25

2t
25

30

30

30

35

35

35

&
N
{0

7.7

11.6

t6.7

2t.8

28,4

34.8

33.0

32.7

9.2

38.8

38.4

43.4

42.8

218.0

47.2

4;t.0

.s2.0

52,5

56.0

56.5

fi.c

AA
toortN6 SrzE ( 4.oil, t3

lOolrta sv\)7 a1.o $

rirn d. ( +ocr,r , FoorlNG or coxsrlur DEprH ls

BECOITMTNOE6. RElllrORCt"r{EuT nE}.tArLS SAME

, -;;-- 7--i.,

IApIBEL FrnflNc

466-t-t4^

ri

d'

-+
I 25clr-f



_J
1 ,-"--i' .

104

(bxcrcrl-M 150 I

As io(sC.cn) (cm')
Total
load

(metre) (tin te)

(4) (' (O e) .(2)

Sou, PRBsguBr ?.5 Toxr.us/sq.m. (1,500 lbs./sq.ftJ

CoutnsrB-L 200

(3) (4) . (5) (O

A A ls ' !o(cnl Gm) '(w,y.) (cr,)

I

A
(cm)

(:)

25

25

25

25
?;
25
25

?5
25

30
30

35
35

'35
N
40

4s
45

45

50

50

25

25

25

25

25

T
25

30

30

35

35

44

0
&
45

45

50

50

55

55

60

Flqsc Toul
wldth hd
Qrretre) (ba,e,

(l) a)

d
(cm)

r.00
rm
1,fi
1.60

1.80

2.00
2,20
2.N
2.@
2.80
3.00
3.20
3,N
3.60
3-80
4.00
4.2A

4.&
4.60
4.80
5.m

1.5

2.8
4,9
7.7
8.8

10.3

u.9
t3.7
15.5

18.9

21.2
25.2
n.6
29.6
32.4
36:4

40.0
43.44

n.0
49,5

53.3

10

' 3.8

6.5

7.9

- 9.6

11.5

13.1

t7.2

19.8

21,6

u,4
29,2

32.5

33.5

38.3

4s.6

!2.0

56.4

59.7

il,4
91.5

t4.2
2t.9
30.9
4t,2
42.0

43.3

45.0
45.5
48.0.
y.3
56.1

62.3

il.3
65.8
65.6
75.0
77,0
78.8
80.0
8r.5
8l't

l9

30

4l

43

ul

u
5l

59

o
63

66

74

n
78

EI

E9

98

lm
l@

105

u3

l;00
1.20
t.&
1.60

1.80

2.00
2.?0
2,N
2.@
2.80
3.00
3.20
3.4Q

3.@
3.80
4.00
4:20

1'40
4.fi
4.80
5.00

1.5

2.8
4.9
7.7
8.8

10.5

14.0

15.8

t7.6
21.4

23.6
28.2

' 30.6

.32.4
' 38.5

4t.5
4;t.l
50.5
54.0
s6.3
60.0

I1.5
t6.7
24.5

32.2

33.0
4r.0
41.0
41.5

43.2
48.5
49.2

55.0
55.5

56.4

6t.4
62.5

68.5
69'4
70.o
9l.o
T2.0

1.m

tN
l./t0

l.dI
1.80

2.00

2.?+

2.4fr

2,fi
2.80

3.00

3.m

3.'t0

3.CI

3.80

+00

4.m

4.$
4.d)

4.80

5:00

e:0

. r3.0

l7.E

23-2

'29.4

36.3

43.9

52.3

61.4

?t.2

8r.8

93.0

r05.0

' 117.9

t3L.2

145.4

160.3

t75.9

t92.3

2@.4

2n.2

1.00

bm

t.fi
1.60

1.80

2.6
2.n

2:40

.2.il
2.80

3.ql

3.20

3i{t
j.o
3.80

4.00

..m

4.&

4.60

'4.80

5.00

6.8
9.8

13.3

17.4

22.0
27.2
32.9
39.2

+6.O
53'4
61.3-
69.8

78.8
88.3
98.4

r09.0
t20.2
13r.9
t4.2

f 157.0

170.4

9'0

13..0

17.8

23.2 .

D.2

36.3

, 43.9

52.3

61.4

7t.2

. 8l.E

. 93.0

105.0

I l7;8

liltQ
'145.4 -

l@.3

t75.9

- 192.3

2J,,.4

2n.2

t.9

3.8 ./

6.5

r0.2

tl.7
14.9

15.7

19.9

t2.4

4.2

30.2

32.2

35.6

39.4

45.s

5?.7 
-..

61.0

65.0

15.4

?3.1

32.1

42.5

43:A

u.z
45.7

52.5

il.3
55.0

62.0

63.s

64,2

6.7
q.0

81.5

89.5

90.5

9(}8

g2,o

6.8
9.8

13.3

17,4

22-0
n.2
32.9
39-2
6.O
53.4
61.3

. 69.8
' 78.8

88.3
98.4

109.0' 
12.0,2

.131.9.

t4.2
, 157.0

ria.4

25

25

25
25

30

30

35
4A

45

45

50

50

))
fi'
60

65

65

70

?5

80

E5

25

25

25

25
2s

25

25

25

2s
30

30

35

35

35

fi
N
45

45

45

50

50

u
25

?5.

25

b
25

2s

30

30

35

35

,lO

/O

fi
45

45

50

fl)

,,5

fi

25

x
25

25

30

35

N
45

50
50

55

55

60

65

70

?5

75

80

E5

90

95

25

25

?5

30

35

&
45

4s

50

,55
60

60

65

75

15

.75

13

80

85.

90

90

Sou Pnrssunr 10 Tonncs/sq.m. (2.000 lbs/sq.ft.)

E
?5

25

25

30

35

n)

40

{,5

50

50

55

60

65

65

65

6)

70

75

80

80

t3.0

, 82.0 t00.0

t.

.. ;:



I

i

-n

23

33

48

50

53

55

5?
67

68

7l
80

84

85

88

'97
108

110

113

rt4
nl
tn

30.

+5

50

55

6l

69

73

76

88

89

95

100

l@

105

109

120

t32

137

lt0
t4A

156

25

25

25
30

35

do
45

45

50

55

55

60

65

70

70

70
75

80

85

90

90

25

E
30

35

35

40

fi
50

50

60

60

65

70

75

80

80

80

85

90

95

95

2s
25

25

25

25

30

30

35
/10

40

45

45

50

50
55

55

60

60

65

65

70

25

25

25

25

30

35

35

40

45

45

50

50

55

60

'60

65

70

70

75

7s
r8Q

1g'r

26.1

35.6

6.5

58.9

72.7

u.9
tu.1

122.9

r42.5

163r6

r86.1

210.1

235.6

?fr.5

290.9

3m.1

351.9

tu.7
418.9

45a.5

30

4
49

53

57
69
&
75

78

83

85t91

94

98',

108

t2t
124',

ize
131

136

r39

59

65

59

74

it
83

88

92

98

103'

109

tt4
118

tu
136

150

r55

161

t6t

.t7?

(4)

25

25

30

35

40

40

50

50

55

@
65

71t

75

80

80
.80

85

90

95

100

105

1

i

G)i
i

-J

l

z5

25

E;
?s
N
30
30

35

&
40

4i
4t
5q'
50

5t
5'
6q

60

6f
6t

II

70

l

I
l

i
,.i

25

?5
I

25
:

6
30

35

3q

10
I#
s
50

$0

J5

do

do

65

,0

,0

6
'ts

i80

a)o)

105'

(, (o (l) a>

Son Prsssuns l 5 tonnes/se.m. (3,000 lbs./sq.ft.)

(3) (4) (r. (6)

_---
.1.00

'r.m
1.60

1.80

2.00
2.h
2-N
2.60
i.so
3.00
3.m
3.40'
3.60
3.80

l+.oo

: 4.?fi

4.n
4.60
4.80

5'00

1.(D

1.20

1,4{i

l.@

1.80

2.00

2.N

2,N

Z:fi
2.80

3:m

3,N
3.40

3.60

.3.80

4.m

4.m

4.n

'4.fi
4.80

5'00

18.1

26.10

3.5.6

#.5

s8.9

' 72.7 '

n.9

ru.1.,

ln'e "

142.5

163.6

186.1.

210.1-

235.6

?fr2.5 
.

290.9.

,320.1

3-1.9

3s/.7

4r8.9

454.

2-9
5.?
7.6
9.8

t2.3
t6.4
17.2

21.8

u.4
2A.3

3r.2
35.8

39.5
4.0
51.0

@.2
u.7
72.5

1s.5
82.2
87.2

3,9.'
I

7|6

10.1

11"0

.t5.2

18.0

21.7

2y'.i7 '

.28:1

33:O

36.8

#.5

51.2

58.0

66.6

76.0

M,5

90.5

98.6 
.

105.0

13.6
tg.6

.x;.7
34.9
4.1
54.5
65.9
78.5
v2.r

106.9

122.1

t39.4
157.6.

he.t
196.9

218.1

2,40.5

263.9
289.5

.314.1
340.9

2.93
5.68

9.70
. 11.85

14.50

16.30
19.50

u.lo
n.*
31.20

37.70

42.6

45.6

51.0
59:'2

70.0
74.5

82.5

85.0
92.0

r03.3

1.00

t.20
1.40

1.60
1.80

2.@
2.m
2,N
2.@
2.80
3.00
3.20
3.40
3'60
3.80
4.00
4.20
4.40
4.60
4.80
5.00

Sor- nssunr 20 tooncs/sq.m. (4'000lbs/sq.ft.)

.i.r.- ,.,

t*,rii

5
25

30

40

0
45

50

55

60

65

70

75

80

85

90

90

90

95

lU)

105

tlo

r.@

bm

1.40

1.60

1.80

2.00

2.n .

2.40

2.fi
2.80

3.00

3.20

3.0

3.60

3.80

+m

4.N

4,&

4.@

4.80

5.00

3.9

7.6

lo.o

l3;0

18.0

m.8

24;6

n.6
34.8

36.2

43.7

49,6

53.8

58.7

66.0

75.7

86.5

95:5

101.0

1lQo

t23.0a

i.

l3;6
l9'6
26.7
34.9

4.r
54.5

65.9
78.5
92.1

106.9

t22.7
139.4

157.6

r76.1
196.9

218.1
'v4s.5

268.9

288.5

3t4.r
340.9 .
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.l

v,f
106

CoxcrsrE-M I50 CoNcRE E-M 150

A
(cm)

lmet*)
(l)

d
(cm)

(4)

)<

30

30

35

40

45

,0

5s

60

65.

65

70

75

,80

85

85

85

95

95

100

105

(3)

25

25

30

35

35

N
{t
5o

50

55

@

65

65

70

7s

80

85

85

90

95

100

Flaapc
width

Total
lood

Qonne)

- (2)

A
(cm)

(3)

25

'25'

30

35

?5

40

46

50

50

55

60

65

65

70

75

80

85

is

90

95

100

At
(sq. cm)

*o
1cm)

d 'As €o Floee Tofil(cml @q. em) (im1 wef,* 1;cd
.(me,re) (tonne)

(4) (5) - (O (l) Q)

. Sorr. Prussunr 30 tonnes/sq.rn. (6,000 lbs./qft.)
25 5.9 58 -1.00 ?:f.z

30 8.9 59 t.2A 3g;z

35 11.3 , 74 l.4o )3.4
q u4 8?, 1.60 69.8

45 18.5 91 1.80 88.3

50 22.1 .98 z.oo 109.0

55 26.0 105 2i20 131.9

60 30.4 n2 , 2,N l5?.0

65 36.? t22 2.@ lM.3

70 41.9 t29 2.80 ?13.8

75 4t.O 136 3.00 245,4

Eb sz.B t4t 3.m fis.2
90 s7,3 '143 3.n 315.2

90 gt.z 160 3.60 353.4

95 74.0 . 16 g.eo 393.8

95 86.4 184 4.OO 436.3

100 93.5 191 4.20 481.0

105 104.5 mt 4,N 5n.9
110 113.0 N 4.60 517.0

115 tzt.o 215 4.80 628.3

120 130.5 ?22. 5.00 681.8

(5) (O

)

Ir0
t,20

I.40'

!.60

l.E0

2.00

z.N

2.N

2.@

2'80

3.00

3.20

3,N

3.60

3.80

4.00

4,2i

4.40

4.@,

4.so

5.00

n.2

19.2

53.4

69.8

8&3

109.0

131.9

157.0

184.3

213.8

u5.4

n9.2

315.2

353.4

393.8

436:3

481.0

sn.9

577,0

6?A.3

681.8

5.9

8.9

13.8

t5.7

21.4

25:O

D.2

3t.7

40.0'

15.7

55.0

6l'0

70.0

7$5

84.0

97,5

111.5

116.5

132.O

141.0

151.0

45

53

7?

76

82

.86
92

96

,103

lo9

t23

128

t36

t40

t45

l6l

t76

t72

188.

193

198

!IEa__--

g t O.3 Lz IT T---------------

BO Cil l,tlN

--+rafn *!e..
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a
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Bar dla.
(mm,)

6

8

l0

t2

t4

l6

l8

20

22

25

28

7.)

36

40

45

p0

107

o.3 ur o

o.zo o.Qi

0.

CANNIED BEYONO

+--1-+

Perlueter
(cm)

(4)

1.89

2.51

3.14

3.17

4,N

5.03

5.65

6.28

6.91

7.85

8.80

10.05

l1-31

12,57

14.t4

15.71

I

c14

3a

!
4

-,tcd\r*,i*-

T REIN E ET S WITI{

NOTES

I. ,\1 LEASI T/A OT TI{E SPAN REINFORCEMENI SI{OULtr'BE

-IHE FACE. OF T}IE SUPPORT.

2. v{nEN SHEAR .sTReEs c|/ EXCEEOS THL PREMISSIBLS VALUE, NOT MORE 1l\AN

OF TIIE STEAR FORCE 9IIOULO.,E)E Cf,h'RIED tsY BENT.UP BTgg I

,sgggnESSrox agtxrdRcsMENr (d) rr ANY TIED WITH BTNOSB9

,ANCI{ORAGE A. z 5O D FOR lensro*
35 D roR ccirPaESslox r

FOR LIMIT STATTE DESIGN.
ANCHORAGE a : 57 D FOR TEI'ISION.

sP^cED) re o

4

45 D FOR COMPRESISION.

RBrNroncrxo Crun.lcrrntstrcs.

.l
3.o l.

5.

(1)

Area
(ctrfl

Q)

0.x3
0.503

0.785

bl3l
t.539

2.011

2.545

3.142

3.801

4.N9

6.151

8.042

10.179

12.566

15.904

19.635

Weight
Kglm.,

(3)

0.222

0.395

0.617

0.888

1.208

1.578

2.000

2.466

2.980

3.854

4.830

6.?13 .

7.990

'9.864

12.490

t5.410

I

,i;
lt_*:r

.T
,.'I

,



a

Nunber of bars.

(1)

'1
.2

3

4

5

6

7

8

\g

lo

l1

12

l3

l4
l5

l6

t7

18

l9

.20

108

TesLr A-3.-Anans or Gnoups oF STANDABD Bans( lx SueARE CBNITMBTREs).

Bar tliamtere in m.illimetres.

6

a)
0;29

0.56

0.84

1.13

.t 4t

1,69

t.97

2.26

2.s4

2.82

3.1I

3.39

3.67

3.95

4.24

4.'52

4.8b

5.08

5.37

5.65

"8
(3)

0.50

1.00

r.50

2.Ot

2.51

3.01

1.s,
4.02

4.52

s-02

5.52

6.03

6.53

7.03

7.s4

8.04

8.54

9.04

9.55

10.05

10

(4)

0.79

r.57

2.35

3.14

.3-92

4.7t

s.49

6-28

7.06

7.85

8.63

9.42

to,2t

10.99

I r.78

13.35

t4.tl

t4.92

t5.70

l6

(7).

2.01

+.oz

6.03

8.04

l0.oi

L2.06

14.07.

16.08

18.09

20.10

22.|t

24.12

26.13

28'14

30.15

3?.17

34.r8

36.19

38'20

40.2r

18

(8)

2.54

s.irs

'i.63

10.17

12.72'

15.26

1?.81

20.35

22.90

2s.44

27.99

30.5i

33.08

35.62

38'I7

&.71

43.26

45.80

48.34

50.89

'?s

(l l)
4.91

9'8r

14.72

r9'63

,24.54

29.45

34.36

39.27

44.17

49'08

53.99

58.90

63.81

68:7?

73.63

78.54

83;44

88.35

93.26

98.11

.32

(r3)

8.O+

36

(13

t2 14

(s) (o',

I'I3'1.54
2.26 3.07

3.39 4.6t

q.'sz 6.15

5.65 7.69

6.78 9.23

7.9t t0.77

9.04 . 12.31

10.17 13.8s

11.31 . 15.39

12.4' 16.93

13.57 .18.47

14.70 20,0[

15.83 21.s5

16.96 23.09

20 22

(e) (lo)

3.14 3.80

6.tr 7.@

9.42 . tt.n
12.s6 t5.20

15.70 19.00

18.85 22.80

2r.99 26.60

,25.13 30.41

29tZt 34'2t

31.41 38'0t

34'55 4l,at

17.69 45.61

40.84 . 49.41

43.98 53.21

47.12 t1 57:OZ

s0,:29 60.82'

53.40 64.62

56.54 68.41

59.69 72.22

62.83 76.4

28

t9-22

20.35

21.48

22.62

26.17

2?.70.

29.24

30.78

(12)

9'16
t2..31

18.4i

24'63

30.78

36-94

41-10

' 
49.26

55.41'

6.s;a,

-67.73

73.89

80.0

86.20

92.36.

98.52

104.67

110.83

116.99

123.15

16.08'

24:t2.

32.t7

40.2t

48.2s

56.29

9.34

72.38

80.42.

88.46

96'51

104.55

fi2.59.

tzu63

128-68

136.72

144.76

152.E0

I60.E5

10.18

20.35

30.53

40.71

s0.89

61,A7

71.25

81.43

91.60
'101:78

il1:96

121.14
l

132.32

t4z.50

t52.68

162.86'

173.03

153-il

r93.99

203.57

TlsLe A4-PERIMETRA or Groups oF STANDAARD BARs (rN CrNrrurmrs),
I

Bay dlameters in millimetres.
N mber of bts.

(l)

I
2

3

4

5

6

7

E

l0

68
(2) (3)

t.ea 2.5t

3.77 5.02

5'65 7:54

1 ?4 !0.05

9.1i) 12.56

ll.3r , 15.08

13.19 t7.5)

15.08 20.10

16.96 22.62

t8'85- 25.t3

'12

(5)

3..77

7.54

I 1.31

15.08

18.85

22.62

, "?-6.38

30.15

$:92

37.69

18

(8)

5.65

I I.31

'16.!)6

2.2.62

28.n

33.92

39.58

45.23.

s9.8e

56.54

10

(4)

3.14

6',.28

9.42.,
t2.56

15.70

13.85

2r.99

25.13
I
23.n

31.41

t4

(o

4..40

, 8.79

13.19

t7.sti

21.99

26.38

30j79

35.18

39.58

43.98

l6

(7)

5'03

10.05

15.08

20.10

25.13

30.r5

35.18

&.21

45.23

50.26

20

.(e).

6.28

12.56

18.85

25.13

3t.4r

37.69

43.98

50.26

56.54

62.83

22

(10)

6.91

ir.tz
20.73

n'G
34.55

4t.fi

4!'lt
55,29

Q:20

69.n

.25
(11)

7'8s.

15.70

23.56'

31.41

39;27

47.12

s4.97

iz.at

70.68

78.5t

28

02),

8:80

t7.59

?i.38

35.t8

43.98

52.77

61.57

70.31

.79.16

87-96

??

o3)

10.05

20.10

. 30.15

'4o.zt

s0.26

60.31

70.37

80.42

90.47

100.53

36

(14)

11.31

22.62

33.92

4s.23

56.54

6t.8s

,19.\6

s0.47

101.78

113.09

',
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A. 4-PBRI,EEn oF GRouPs op Strxoenp Bens (rx Mrr'r'rxrrnrs)'

Bar futelcr h rrdrll/rli*tcts.

Nw*.cr ol bas.

il

l2

t3

l1

15

l5

t1

rq

,, 19

2A

Slu,dngkn\,

,5

6

7

-t
9

10

: 11

12

.13

l1

15

t6

t1

1t

It
'n

4d3.!- ls

E1012
10.05 15'71 22.62 

.

E.38 11.09 18.85

7.18 11.22 16.16

6.?3 g.82 14.14

s.s8 E.7' ' 12.51

5.03', 7.85 ll.3l

4.st 7.14 10.28

4.19 6.54 a.42

3.8? 5:M E'70
:

3.59 5.61 8.08

t.35 s.2a 7.s4

3.1,t 4'91 1'Vl

2.96 4.62 6.65

2.79 4.?6 6.28

2.65 4'13 5-95

2.5r 3.93 5-65

6

20.73

22.62

u.50

2l.t8

?3in

30.15

32.U

31.y2

35.E1

fl:6e

.t
27.il

30.15

32.67

35.t8

,1.69

4.21

42.12

15.23

fi.7s

fl.1$

t0

34.55

37.69

40'84

43'98

o.t2

50.?5

53.10

56.54

59.69

6r-E3

t2

1r.4

15.23

,19:0

52.11

56.54

oo.lt

64.08

67.85

71.62

75.39

l4

48.3E

52.77

n.fi
61.57

65.yl

10.t7

71.17

79.16

83.56

87.96

r6

55.29

60.31

65.31

,70.37

75,39

80.42

8r,45

90.41

95.50

Im.53

1E

62.n

67'85

7t,51

79.16

u.82

90.n

. 96.13

.101.78

tvl.4'

113'09

20

69'11

75.39

8l:68

8?.96

94.?A

rdo.sr

106.81

r 13.09

I 19.38

125.6

/2

76.V2

82.93

89'E5

96.76

103.67

110158

1t7.49

r,d,'q

131.31

13E.23

25

86.39

91.24

112.10

109.95

11?.81

I25:66

I 33.51

t41.17

149.22

157.08

28

96.76

105.55

114'35

tn.t5

l3l.9,t

140.74

149.54

158.33

t61.13

115.93

12

110.58

r?fi.63

130.69

140.74

1JO.?9

160.85

170.m

180.95'

19l'00

201.06

36

t'A,&

135.71

t{;t.u2

158.33

169.54

180.95

192.26

m3.57

214.E8

226.19

'a

TNr,u A. t-ARBAs or BASB rN SLABS (tN SQURB'dENTIMErIRS PxR IIETRB)

Dtr dbmeter ln millinetert.
L

I

6

5.65

1.71

,1.04

3.53

3.14

2.gt

2.57

2.36

2'17

2.U2

l.rE

t.ft

1.66

1-51

I it9

llt

l4

30.79

25.6

21.99

t9.u

17.10

15.39

13.99

12.83

r1.84

1l'm

1o.26

9.62

9.05

8.55

8.10

1.70

16

&.21

33.51

28.72

25.13

22.34

m,tl

18.28;

16.75

15.41

14.36

13.40

12.57

ll.E3

ll.l7

10.5t

10.0t

l8

50.89

42.41

36.35

31.81

2E.n

25.45

2r.13

21.21

r?.17

18.18

t6*g6

15.90

t1.97

11.4

13.39

12.72

N

52.83 
"

52.36

,14.88

39.21

34.91

31.12'

2E'56'

26'tE

21.17

22.44

2,.91

19.63

l8'48

t7.45

16.51

15.?r

22

76.03

6r,36

54.30
I

17.52

a.24

38.01

14.56

31.68

29.U

n.l5

25.14

23.16

22.36

21.12

20.01

19.01

25

98.17

81.8r

70.t2

61.36

54.51

49.09

41.62

,10.91

t7.76

35.06

12.12

30.6E

28.81

t|,27

25.U

1A.t1

13

lzt.t5

1U2.68

87.96

76.91

6E.O

61.57

55.98

51.3i

47-37

43.98

41.05

3E.,l8

x6.22

a.2l

32.11

3C.79

l2

160.t5

134.04

114.89

rm.53

8e.3

w.12

13.t|

CI.V2

6l'85

57.15

5r,62

so.97

47.r1

14.fi

1r.ll

1U2t

'tr

I



llc

,tNrDiErB llr MDTir).

fu &nut r btnrllfrlrlr,tr,r,s,
STacinS Gn).

2l

22

2'

u,

25

N

27

2S

29

30

32

t4

36

38

40

6

1.3,

t.?8

!.x!

'1.lt

1.13

1.09

1.05

i.or

0.97

0.94

0.88

0.63

0.7t

0-7't

0.?l

q

2.39

2X

2.18

2.@

2.01

1.93

1.86

l.?9.

1.73

1.68

1.57

l.,tg

1.40.

1.32

t.x

l0

1.71

3.51

3'41 
.

3.n

3.t4

3.A

2.'1

2,n

2.71

2.4

2.15

2.tr

2.tt

2.Vi

1.96

t2

5.39

5.14

4.12

4.11

4.n

4.ls

4.19

rl;Oa

3.90

t.1i

3.53

3.33

,,14

2.98

2.E3

I't

1.rt

7.00

6.O

6.41

6.16

5.r2

5.70

5.r

5'31

5.13

4.El

4.53

4.8

4.05

3.E5

16

9,5i

9.14

8.11

E'3E

t.o4

7.71

1.15

7.tt

6.9'

6.ta

6.2t

5.91

5.5t

5,N

5.03

l8

12.12

I l'57

11.06

1o.b

10.1E

9.79

9.42

9.$

8.77

8:48

1.95

7.4

7.07

6.70

6.36

n
14.96

14.28

13.65'

13.(B

' t2.51

12.08

ll,6t

l.?
lot3

10.47

9.82

9.U

t.73

8.n

7.E5

22

l8;10

11.28

16.53

15.84

15.20

t1.t2

lil'0E

lJ.ir

13.l l

!2.6'l

u.88

11.18

r0.56

10.00

9.50

xt

tr.tl

n.3t

2t.11

n.51

19.63

It'tc

lt.lt
17.53

15.t3

16.36

15.34

14.1,1

13.a3

12.v2

n.n

28

29.32

77,9

26.n

25.6

a.63

2r.6

x2.81

ir.w

21.23

.N'52

t9.a

tE.lt

17.10

16.20

l5'39

?2

38.30

36.56.

34.97

33.5 !
32.t7

3&93

29,1'

78.76

n.7,

26.u.

25.13

23.6'

12.34

2t t6

20'l r

ExrRAcr lBou I-S. 2541/65.

Codc of practlce for bulldlngs wi of Hme conuctc la.

Design corcideratbns i

Ganeral : Lime conc.rete may be used in building work genctally
lor the follqwint 3ltuations :-

(a) as a levelling course for foundations and for ptain corrcreto
footings for masonry wallsaod columns : '

(D) base concreteundor floo,rs;

,. , 
(c) for filling hauncheo ovor maso:tuy arch uork; and

(d) rodf finish.

4.2. For satisfactory use and proper sclection of right mix for lime
oon€rctc, detailed information with regard to the followiug will be
nocsssary:

' (o) Fo, use offime concrete in lounfutions : Natureof soil aud

charactristics of grotind at or near thcsurface,sub-soil water lcvel
ond load hanc8itted to the foundation ; '

(b) Foy usc andcrfioor fmidrr,s : Charactrietics of Eround, sub_.oil water levcl, type of floor finish providod and load on the floor.

4.2. l. Lime concrete ia foundation shall not be used for buildingi
wh€re stretrgthrequirements arelikely to exceed thoeespecified in
4.6.2, Its use shall also be restricted to areas where level of sub-soi}
water is trot very high and where soil does not cootain excessivs
soluble salts. fn areas ofhighwatertable, cement concrete.o,
lime cement concrete will have to be used.

4.2.2. When properly prepared and laid, lime concrere applied as
roof 6nish serv€s as an efficieat 

-water 
proofing and heat insulating

material without the need of any further finishing treatment on th e:
exposed surface.

1.3. Mix proportlons:

4.3.1. The mix proportions for use in the preparatlon of lime cpn-
erte for different situtions of'use shatl be giveo tn TaDIe l.

+
,
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T^rr.E :l-RlqgrtilDD MrG EB u: rr Irri Cd.qrn.

(Cleirscs 3.4.r[ 4.3.1., ,LAl. md +6.4)

Ckllr olllr;rc Tif ol lrguc llog/lrrrae- eib I.,S. --ariq*. 
IYP ol

712-l9f,l.' w'E
qtiqrafi.

Scrbta*r ad
Jtrcdatr.

(l)

(i) to formdltieas

lWtf uorut
UAproplbasbyffi.

tW sl nlrrlt
to ar(,', ara,;2

(ly phr.)
Raturks

(2)

I LiEo,.2 8ctrd
t UN, I Srulihi or

Chd€r, I Stod
I Limo,2 Surthi or

Ctodcr.
I Ccmcnt,3 lime,

t2 Srsd".

(3)

A

BorCorA

BorCorA

BorC

(1)

$too or
Drolr, bd*

D..

Do.

Do.

Stone or
broh; brbk

Do.

Do.

Eo.

Brokcn bricL
or@or.

Do.

(5)

J0 rrrr

5O nnr

50m

50 n'

50 mm

!0 mr

50 nm

50 mm

(o '(7)
rl0 to ,O garlr of Normelly ruitable

ffihtto l00Bart! fo,r buildhi not
of aftro83so dc mors ttm troo'
pGodtot ugnn ttc rtoreyr hth ead

5ndht of r3l3r+ io plao trn dr),

fb. rnbgrrde, thet is,' rub-soil weta
lovrl oot within
2,5 Mor ol
foundatiol 'lcrcl.

40 to 50 par$ of Suitablo for dry end
qror{rrb lfl}prrts tokably w€t sub-
of rggrcgsto de- gados.
padinr upon thc
grdhc of a3gre
lnL'

(ii) Bas€ Conctotc
floor 6oLhcg
ground:

(iii) Levellin$ courte cr
Grshtoniot laYcrundcr

ffqor ' flDirbpd leltl on
' structural rlaba'

( iv) Fllliog'ovor beuochcr of

mssoDry arcb work'

(vi) LiSht 0lEoE
gtructural dabs'

urdc. l LimP,2 $cd
0n,
- ir tioo. I Surkhi or

Cindcr, I Sand.
I Limo,2 Surkhl or

Ciodcr
I Ccmcnt 3 Lir.ne'

12 Sand.

I Lime, 2 Sand A

I Lime, t Surthi or
Cindcr, I Sand.

i Limc,2 Surkhi or
Cindcr.

I Ccmeot,3lime,
12 Sand.

I Lime,2 Surkhi
I Limc, 1 Surkhi,

I Ssnd.

I Limc, I Surkhi or
, Cindcr' 1 Saod.

I LImo,2 Surkbi or
Ctndc.

I Cemcot,3limo'
12 Sasd.

'a

A

BorCorA

BorCorA-

BorC

BorCorA

BorCorA

BorC

BorCorA
Bo.rCorA

A

B cCor A

BorCorA

BorC

Brohca brick 25 mm
Do. 25 mrr

Brokon brick 25 mm

Brokonbrick
or Cindor.

Do.

Do.

Do.

45 parts of mortar
to 100 parts of
aSSrGgate.

20 to 25 mm 40 to 50 partr of mor-
hr to lm parlr of' Do. a$moentr.

Do.

Do.

Do.

Do.

(v) Roof terrriog I Limo,2 Srukhi C

ovcr lLlmc,2Sand

zlo perta of morlar tolm parts of rg-
grcgi.to.

Any ruitablc ,O to 50 parts of mor-
dab[rt tar to lfi) parrs

usnlly not of aggr,cgatc.
rnoro than

25 rnm

Ifotc I :-The miros givtn in tho tablo alo foi gmd ddaooo atd may bo moditrcd to suit tho ttrngth rcguiremcnti for YAflOu8 usc3

to ufti6 th,o oocrcb b Put to'

jVoe 2 :-$urkhi end €indc ncod not bo urod rlrcrt C|asr A litris u0€d.

. Spi&ation fc bullding liroce (rwired)'

{t

466-3-15A

*
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Exrrrcr PRox t.S. 2nr- lfl61..

$eclllcat lon fo1 ordfisry, ragldlan*nilg ard
lct leat - por t lan d ce meqt.

6tGl965 bt- niglrr aad p + 3.0 pcr ocat (of combinoil rl3[
cf cq:cnt pltr uod) r.to, 

"10 
grclrsrcd, ctor€d and teicd h tlo

rrenucr deibcd in I.S.-{031, rhail bc as follows :- .. i

Raoii
Ordilury hardcAne
Kglcm.t. . Iki cm.2

2, Matufacture :

2.1. Portland ccmcnt, whether ordinary, rrpid-hardening cr low
hot, shall bo manul'actured by intimately mixing tcg(the.r calc reous
ad argillactbus aad / or other silica, alumini. or iroa olide bcaring
rmtcriab, burningthemat a clinkering tcmpcraiure and grindir,g
tb raultaDt clinker so.as to produce a c - menl cr pi.ble .of cmployi6g
witb:thb epci&&tion. No materials haltba r dded r.fter burning cther
than gpsum or water or both, and. not firorc than one pcrtent of air
ontraining agcntS or other agents, which hz,ve proved not ro bc

[armful.

, 4., Physical rquirements :

4.!. Firutuss: When tested by either cr:e of thc rrcthod ddcribcd
inl.S.403t, Mcthodsof physical tests for hydrauliccemcnt.. Thc
comclrl shall oomply with the following roquirc,tner,ts.

0) (2)

(a) 21]n * 3O min, not lcss tbrn.

(o) lz * I h, nct loss.ttrsn . : l@ n5 100

(c) 168 * 2 h, not less than . . 2m 160

(tt) 672 S 4 h, not lcss than . . 35O

Noft l.-Standard sand.sball conform to I.S. 65e1966.

Nott 2-P is thc pcrccntagc of wetcr rrquircd to produce 8 paste
of ctandard coruistency (sec lO.3).

4.4.1. Altcrnativcly thc ccNncnt may bc acccptod based oo thc
comprcssive strcngth limits indicabd in 4.4.1.1.

1.4.1.1. Thc avcragoccmprcosiyc affangth of at loast threc mrtar
cubes (arca of face 50 cm2.) composed of one part of ccflicot, thrla
parts of sand (see Note I bclow) by weight, and pl4 * 3.5 pcr oeot
bf combined weight of cc,meot plrs sand) watcr, and prtpar€d, stond
and tested in the maoncr desddbed in I.S. 403l-1968 Mcthode of
Physical Tcsts for Hydraulic ccorent, sball be as follows :-

Iaw.
hat,

Kslar{.

(4)(3)

160

(3)

ll5
210

OrdlmrY'

a) After sicving, the rciduc
by weight oo 9Gmicron
I.S. Sieve, Dot to ex-
ceed, per cent l0

(D) Specific surfa.qg (cm2l1)
by Air Permeabllity
Method not less than 2250

Rapid
lardcalng.

5

325e

fow
heet.

l20o

4.2, Soundness :

{2.1. When testedby the'L,c Chatclicr' Mcthod desoribed in
I.S. 4031, unaeratd ordinary rapid-hardenir g ard low he' t P-rtland
oemonts shall not have an expaBsion of more thi'n 10 mm'

rt.2.l.l-In the event of the cements failing to c,onrply with the i-bove
rcquircments a furthertestshalt be made by the'Le Char(li(r'
Method described in I.S. 4031, from another pbrtion of rhe same

utnple, after aeration, by being spread out to a dcfth of 75 mm a1

e relative trumiditi -of 
SO to 80 perbent for a t'otal pcriod of 7 d ys,

when the expursion of cach of the tfuee types of c. met ts mentiored
ebove.shall nrlt be morcthan 5 mm.

,

,t.2.2: When specified by purchaser at thc timQ of plrcirg thc ordcr,

unaerated ordinary, rapid-hardening and low heat Poi ilar.d ceme' ts

shaltnothaveanexpansionof morethan 0.8 per <ient when tosted

by the aufoclave test describect in I.S. 40jl (se6 4'2'3)'

. 4.2.3. Atl ocmeats having a magnesia ecntent of more than J p,66q6r,

rhall be tesied for sounciness by autoclave test described. in I.S. 4O3l

and shall comply with the requiren enl s specif;cd in 4.2.2.

1.3. Setting Til!11. .'fh9 sctting timq of the c(mer ts, whcn t6stcd

by the Vicr"t :.ppar..tus metlxrd descr;bsd in I.S. 4031 shr.ll ccnform
to the followlng r;quiremcnts :

,rdinary. *:;::!rr. i:;.

Nom l.-Tbe sand for thc t6t shall conform'to I.S. .650-196,6

spocification for Standard Sand for Testing of ,Crment (First revisioo),
ficept that the grading of the sand shall be such that it passes through
850t micron I.S. Sieve and not morc than 10 perccnt by weight pascc*

ttrough 600 micron I.S. Sieve (see) I.S. 46G1962 Spocification for
Test Sieves (Revised).

NorB 2-P is the perceatagc of watcr requirod to produce e parte
of standard consistency (see 10'3).

t.

tupiiL
Ordinary hardcning

Kglcmz Kslc^,t

' Iov
hcat

Ksle,
(4)o)

(a) 24b * 30 mtn, not lccs than.

(b) 72 + I h, not lcss than

(c) 168 * 2 h, not less than .

t

(2)

ll5
t15

70

115

26t

4.5. By agr€€mcnt betryoen thc purchasor and the manufac{urer,
tra[svers€ strength 1est. of plastic mortar in accordance with ths
method descriH il I.S. 4031 may t€ sp@med tn addition to the
pst specifi ed in 4.4. The perrrissible laltes, of'thc transvcrso strength
for ordinary and'rapid-harde,ning Portl4nd cemcot shall .be mutually
agrced to betwoen thc purchascr and supplicr at the tiino cif placing
order.(a) Initial se ttixg timc in

minuteg. not lers than

G) finat settiog time in minutc,
not more than.

4-1. Compressive strength.--'fha avoragc compressive atrength of
at last tbrco rnortar cubes (area of faoc 50 cmg) composod of one

prrt of @ment, three parts of staodard sand (conformigg to I."S.

6t)

@
30

6m

30

600

4.5. Notwithstaodiog thc strength requircmcnts sfecified 'tn'4.+
and 4.5, ordin:-ry, rapid-hardeoing and low heat Portland ccmoats
rhall show a. progredsive incre:se in sffengrh frcm'lhe srrengtb at
24 h or ?2 h dopcodiag upotr thc type ofPortland errent.

f t
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1.7. flatolhydratton.'l\ic rcquircmsnt shall apply onlf -f
loq htat csmcot- Wbc'n t .fr- Uv ttto 

"tnoO 
da$ribd lo I'l' 1031

trcbe4ofhydretion of low lrat iortlaod ocopnt shall be as fotlow:-

(o) 7 days not motc than 65 calories per gram' and'

(D) 28 days not more thon ?5 calories psr sr-am'

' 5' S'loragcz ' 
' 

as to pcrmit of
sjl. Thc cemcnt shall bc stored in such I rnnnel

*;-;.-i; p-pu, ii'p*tioo and in a suitatle weathcr-tiglrt

ilJiailg iJ pt"t i., thc cemcnt ftom dampmess aod to minimizc wase

house ihorioration.

6. .Marufacturer's 
certlfi cqte:

6.1. Thc manufacturcr sheltsatisfy himrylf tbat thc cenr€ot cooform

to tnc ,uqoir".*s .f thi" ;t;ttd, and if-requested' pbeu furnish

;.;;fi;" to this effoct to thc purchascr or hie reprcseotative'

't. futis oJ Purchasez

7.1. The purchasor shall spocify the type or types of cement dosirgil'

wh; ;;ti# is spocificrt, tho requirements of ordinarv Portlaod

comolrt lhalt govern.

8. Dellvery:

g.l. The @ment shall bs paskcd in Uas (sury' multi-ply pape'

or cloth) bearing the manufacturer's namc or his registcred trade-

mark, if anY.

t.I.l. The bags or packages may also be marked with tho I'SJ'

Ccrtification Mark' :

8.2. Thc r-ret weight of each bag shatl be 5-0 Ic' The permissiblc

tolcraocc on tho weight oi ot"n:t supplied in bags sliaU bo + Z'S

;-;;i; bag with an ovcrall tolerance of :t:0'5 p€r cent per wason

load of N to 25 tonnes'

Nort.-T\e w6ight of a gumy bag to holtl- 50 kg' of cemeot is

ebout 500 to 5509 aod tne weighr of a 6ply pape( bag to hold

50 kg. of @ment is approximately 400 g'

8.3. Supplies of cement in bulk may be made by arrangerrcrt

b;;il; purchaser and the supplicr (manufacturer or s'tockists)'

9. tumpling:

9.1. Samptes for resfing"and by whom to be taken'-A samplc. or

*;;il i;;-*dg mav betakon bv th: eurc.hTe.r or his represontative'

;Ty;;;soiappo'nted to superintentl the work for pu'rpose'of

;;i,ih; Lment is iequired or bv the latter's representative' The

Hil;;llbc takeo witbin ono weck of delivery and the tTt! shall

be matle within four weeks of delivery' 
.

9'2. Notwithstandinb tho requirernents of 9'l the methods and

pr"Ju." of samplingr-shatl bq in accbrdance with I'S' : 3535-1966'

g.1. Facilities for gampltng and identifying'-The manufacturer

o.-.oppri.. shali afford i,lery facility, and shall provide all labour

""a 
i'"".i"r, for taking and packing the samples for testing thp

"".*t aod for subsequent identification of the coment sampled'

10. Iesrst

10.1. The sample or samples of cement for test shall be takon ar

eooiti,in g and shall be tested in the manoer describcd in the

relevant clauser.

1O.2. Tcmryraturcfor tarrhg.-Th tmpcratrc nngp rithil'
which physical to'sts may bG c.rticd out shotrld, as far as poqsibb'

bGYt"-* 2"C.

10.3. Consistency of ttanibrd cet*cnt pastc'-Tlrc guaotity of
water roquired to producc a pa$te of rtandard consisimc?' to be

uced for ihc detcrminatior of 
-the 

wator content of mortar for ths

comfressive strength tests and for tbe determination of sowdaorc

a6[ cetting time, shall be'obtained by tho method il€scribedih L$'
/()31 +.

lO'4, Non'compliance vith t"t''-Aoy cement w'hich doer oot

comply with ary of thc tests aocl analysis specified abovc' or whicl

has aot bccn storcd in tho mmner ptoviAea in 5'1 may bc rqiectd

as not complying with this standard'

lO. 5. IndePendent tcstingl.

10.5'1. lfthc purchasgr ot hh roproccntativc requircc indopcndont

tesB. thQ samDles lholl be takeir Morc or immodie'tcly aftor delivory'

;,il;piilt" of tllro purchaser or his r-epr€sentstive' and tho tatc

rhall be oarried out in apcordmcc with this standard on tho writtoo

instructiois of the purchaser or tus reproscntative'

10.5.2. Cost of testtttg,-Thc sball- sugPlY' q--o.f
.U.rg", the ccment reguired for tcsting' Unlcss. othe'rwisc apGcllos

i" iii *quiry 
""0 

ordcr, tho cost of thc tests shall bo borne as followol

(a) By ths m*ofo"tu,t' in the event of tho r€sulB thowing that

thc cement iloos oot comply with this standard' aod

(D) By tbc purchas€r io the Gt'ent of the results sbowiog that thc

ibmcnt comPlie with this $ndard'

10,5,3. After a represontativc sample has bcc'n dravn' tcdr on &o

."rpi" .tt"ff Ou carricd out as expotlitiously aa possiblc'

Er(nAcr rnor'r L.S. : 179l-1968'

Sgecificatbn for batch 
'yW 

concrc'e mixerc'

2. TermlnologY'

2.0. Forthepurpose of this standard' the following definitionr

rh;ll;;i;. Tit; oomenclature 9f tbe {s of consreto mixon ir

illustrated in Fig''1'

2.1. Free'FallMixer(DrumTv9\:-A {:*f{1 mixer having e

;; ;t;;*t* of blades fitted internally, wluch rotates about a

il"i?".- "; a",ioe'l axis' The mixing action isachieved bv causing

#"iiJ "i,* 
mix to be liftetl in turn as the drum rotates and at

##l'E"*""r*um'*:?"J#'*':'#ff :tY'ffi
nf the mix io contiououslychanging sequence to forl a homoge'oeous

H.- rt; iree'Jall mixer is goneraltv of the fpllowins tvpgs-

(a\TiltiwTvpe-Tbafreo-faltmixori{rwhichthedrumhasal
inctiJble axis and is a single compartmeot'

(b\ No*tiltW Type'-'Iha free-fall mixer in which tho druo

rotates itr one direction ora horizontal axis and comprises a sioglc'

*.putt*.ot drum having two openrngs'

(e\ Rewrsing Drum Type'-Ttu'Jtott rnOt' in which tho drum

,"OXo"-"-rco.t"Af a*is, tho direction beiog reversed to dieclar...

{{

s
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Z.Z.n nd utbn tat*r.4,Pt Tvp')'-A forrd rlbe riror
r'* 

-JiGi.*iiin"J"c 
ur-raa toi prddta) o:vtos rolativolv'

; il;;l*:-ino .iiios rntlcn lr aooomplishorl bv tho rclottvo

;r-.*b.fun in, .i", thorprn (or trough)int tbo blador'

(orpaddlos).

2.!.Datwtgromdlewl.4holovot on which thc road whools

stand, or if ,ail wheols aro flttod, tho laol of tU to. O of thc nll'

i.*,lmrs Poblr.-Tho fqadius polot fo urod to ooblbb tbl

ilil8 ltdgd 
-auove 

tto ilrtuo grouod lwol aod is tbat point to

*fti-;ffit-iuo"rJbe raisoc'io orilc to con.n3oo ohaoslog

itre toadng rtip or mixsr itsolf, er'rpplioablo'

: 2-5. DitrJt,rgo Poir$z

, i.t. t" " 
**t nirs, d! lonsJ.poht ol l1t opouio[ *hn

,t, i*.i- tf",a;o tbc highot position at whbh it will ofrocflvolv

itt nguittb.t h' '

2.1.2. li a non-tilting mita, tho lomt poiot of tho staorlard

movablc discbarge chuto shoo in its dilchlr-go Olition or thc lovcst

;;;i a stadalard fircrl chutc ef,t€odon' if fltlo'l'

2'5.3.ln Rceustng drum tvte'rtho lowoJ goioi oi 1* di*-Yg
;;; ; the lowest pciot of tt! strntr'l ffroJ chuto Giltoolioo'

if fitbd.

2.6, Waur mcosurutQfit'-

2,6.1. Arttotnoticwater to*'-L taok whic!' oo manitrrlatiou of

" 
,i"r,". rtTriJ iv aod dischatgar a proilcfioroinoil quairtitv ol {atcr'

:#Iil t" " 
praqo*ioud scntiog witbout r€foroqao ro a gauSo

indicetiog the wator level'

2.6,2. Water meter'jA mctot whbh ocrslues the amount of

"*r;;;* 
a mixer wLFrc-it is oootrollo'l by a valvc oporatcd

uitlicr ,"oorttY or automatlcallY'

2'7 . T?ansPortabilitY'

2.1.1. Sutbnery mtxcr''A mixor not providctl with v*lhcels aod 
-

usua[V built into a mixing Plaot'

2.1,2. Portfrlc mixer'-A mixer fttod with a rimplc form of

wbeols.

..2.2- Troiler mirer'-A' mixor fitod with road whecls Eo that it

; ;; ;; bo tow€d c6cicntly and safelv at mailmum statrtorv

specd.

*:;H;lffi '#':"'{,i;'"1;*"al.:r"lji'$:ff '}'fiHfflfr 
*

3. Destgtation of-slze uut tY2c'

.talresiueofebatchtypcconcrctemixershallbcdesignatcd

ir:*l#mm*n',tr,,tf i,ffi :,ft"tr9':',ltT"[ffi il
#i]riiti"t ,r* or the letter R for the roversiog tvpe' Thus a mixer

iliirr 
" 
i"il."r batch capaci{ of 200 litres will have the desisoation

ffii'trir, i, 
"r 

tiltiog type, 200 NT if it is of the non-tiltiog type, or

200 R if it is of lwersing tYPc'

tl. .Slzes-

4.1. Concrere mixers shall bc ot'tUe ftowils^:f ,-
' 
ioJn in, Type.-ll T, loo T, 140 T, and 200 T'

ii't N*'rm* fvpe'-200 Nf' 280 Nf" 340 NT' 'm0'

(c) teuersrng Type'-ZCoR.,280 R' 3t() R' 469 A'

4.1.1. Mnstr;f cae{.W.-Mh9!r ttry optdrgEa"' hvr
rb"ri; 

""piur" 
ot torAog aod nirrlog anloml ffir-'lal!

pGmoot io expss of tbc ootrinsl Eirod bo$ coDCfi ldd ilo?n b

4'2. SizES othor than thocc spocifiod in 4'l moy br arydtod by

mutual agreornont bGilwGeD tbo purctrasor and thc crryph'

5. Drum,

5.1. Thc gize of the drum shall be such tbat tbo ra$o of tbo tofr l
infrior drum volurne (gpomtric solid) to thc oou*Bl rbr of tho

mixcr is oot lcs then tho 
"pproprlutu 

voluo givo in Tobh 1.

5.2. Thc qualitl, of material ruod in tbc conrtrustion of nirio3
drum and minimum thick!€s of &um fo varioue oba of oncotc
oixer shall bc as follows i

Ttltrllo TIrr Mmn.

Stzc of
nl*r
llfics.

Mt rt nun Ttrtcktrcss 6 Shclt crl qilltrt oI qutrA.

'' tlpper conlcal pottlon .Lovcr Ourlor olrlr
af mker fuanl mber dru,

(2) (3)

3.15 mm. thicl $€elth€et 12 mm. thicft cegt tron
conforming to grado oonfotming to fedo

") St-3+1919 of I.S. 1fr19- 30 of I.S.21Gl%21 ot
1963.. hot rollcd carbon daL

NoI.TTrrnTO TYPB MDCn,E
'" o*

Rrwnsord Druu MIErs.

ir)
85

r00
l{o
200

(l)

200

280
340
400

800

Sizr
ol the
Mlxq.
lltrcs,

Mhirwn thlckrrcts olsucl and q,ullty ol materlal.

Nf and
8MNT.

(2)

3.15 mm. thickstcel ghet oonformmg to &adc St-3{.
1079 of LS.1079-196'.

6 mm. thick steel plate conforming to I.S. 2261962 I
or I.S. 1977-1962t.-

l0 mm.thicksteelplate conforming to I.S. 22GI962 t
or I.S. 1977-19620.

5.3. Drum speed.-Tbe mahufacturer shall indicato thc druo
speod at which the mixer should be normally operated to give opri.
mum performance (see 2l). '

5.3.1. Ifsodesired bythcpurchaser, a revoiution countcr may, 
,

also'be provided for guidiog the operator.

6. ll/ater itystem. : ,

6.1. Unbss otherwiso specified one or othcr of the types of watct
measuring"device described in Tand S,withthe fittings shall be suppliod .

with each qixer of 2OOlitros size or larger. Where specified by thc ,

purcbaser, the systgm aod all associato equipmeut shall operato.
satisfactorily with water of any tomperature upto 90o C. The rystem
shall bo manually operated or automatic as speified. Tne water
rn€asuroqrents shallbeexpressod in litres. Provieionshall bc madc
t o facilitate the chocking of the accuracy of sator ryeto .



il6

Nodiidl
4izc

bf ,nixcr
T,NTor N
Litet

TAU.B 7-Mnoruu R.rilo ot qnpx Vo.or6 ro No[N L
sr1ry ru uin.hrrsu;n fup ix EBEI-.FALL MDGR

, . , .(9larlgc,S.t.),

.- 7.1. lf gpeified by thc purchagcr, o dwioc of a typc rgrood ,to
tretlven thc purchaser and thc manufactrrer for locatirg itrc Or.
daigolcttfuof tbeaufornatictant rhall be provided on fhircrs
eboVe 280-litrcsizc.'

3.2. fusis of design:,

3.2.1. General basisof designchall be in linc withthe rdcom_
6snd4tiens ofI.S.1343-1960 * except wherc otherwir. ,p."-iil"a
in this Code. The members other than those specitcd in l.iZ.', frlff
be .dcsigoed in accordance with the requirements of I.S. 

1 
qi:l jl[.

3.2.2. Thodcsign of membersincotrtact withtheliguid oo any
faoe or cnclosingthe space aboyo the liqrtid shall be Uasea oo coi_
iidcration ofadequateresistancero cracking as well 

", "Orqr"i.rtreagth and the foltowing basic requircments, shoirld ."fro ,"tir]0od: .
r (a) Thc computed stresses in the concrctc and in the sieel shal I

not oxoeed the permissible stresses given in 3.3 and 3.4 during trans_
fer, handling and construction, and under worling loads.

(b) Cradking of thc liquid retaining face should be ontirely avoi-
dcd. Thc liquid retainingface should bc checked against crackinr
with a load facror [that is the ratio of the total (dead *live) b;J;;
crac,Ling to the total (dead * live) working load] of 1.2.

, G) In estimating the resistance to cracking, tlie stresses in .anycro$.s€cfiouhoutd be calculated. as for a homogieneorus nnteriai,
making allowance for all losses iD sleel tension.

(d) Theultimate loadatfailure (dead * live)should n(,( bc
less thantwicethe working (dcad * live) toad

(c) Wher.e found necessary provision should bc made by suitablojointr or otherwise to allow for Clastic distortions 
"f 

th; J;;;;
duriog the process of prestrcssing.

Mfiimm ratio of drua wlunc of tiw..

Tllting type. No*Jtltilg tyg. Reverslag typc

(2)

2.5

,.<

2.5

,.<

Nhimum

65

75

lt0

(3)

,t'0

,t.0

4'0

3.9

3.E

(1)

.1.5

4.5,

1.4

.1.1

(4)

ExrrAcr Fnox ! 1.S.3370(pert UI)- 1967.

Codc of pr.acttccfoqaoncretc itracrwesfil tic'sroragc of liryie.
. PART III-PnBsrnrssBD CoNCRETE. SrRrrcruRts.

3. Dcslgn: 
.

.3.1. General: Provisions shall be made for ail conditions,of st[e.]
sscs that may.o@ur in aocordance with the principtes of n:echa nicol
rcogpised metho<is of desigrr and sound engineering practice. In
particular, adequato considerationshalt,be gvento the effects of
monolithic corutruction in the assossment of beilding homents andrbcar, 

:

i.1.1...Bef9re taking upthedctailed desip the dcsigner should
sqtisfy himselfon the corrcct estimrition of loads and on the adequat-
statical oquilibrium of ths etlncturer partigulrly in rcgard to safc! y
againrt oyer-turoiag _of overhangingmembers; ia the lalter ;;
the generat arrangcment should be such that staticai equilitJuri
should be satisfied even when the overturning momeni is cloubled.

7. Water l7l,rcr, '

7.1. Thotankc rhalt bc ccpablo of holding and dclivcridg at lcastc
thoquantitico of watcr spcifcd in Col. 2 of Tlble 2. Thc gaugo
c other devicc for indicating the quantity of watcr in or leaving tbc
Tr* rbatl bo accurato trr rithin * 3 pcr ccnt of thc indicatcd
quaotitvabovc thc minimuo quantity of watc,r ihown in Column 3
of Table 2.

Terrs 2-{lprcfiy or Texxt exp IficrgueNT o! DrscEARoB. '

' lclrutrs 7'1,7.2 and ll.l ,) .

,filtorratlc tq*a oniy,

--..=_--'-- --A---------1Mtnimuminitial lrcrement of
dirclorgc. dle@rye.

. Sisc
ol ttic
mitor

(t,NTor R\
Llfies.

capacig
ol ta*s
liitrce.

(2)

35

5t

(1)

2N

280

?N

4m

800

(3)

1

l0

to

l5

25

I

2

?.2. Automatic tanks shall bc capablo of delivering the minimum
quantity of water shown in Column 3 of Tablo 2, and any euantity
botwcen this and thc total capacity in increorents as shown in Cclumn
4 ofTable 2. The scale should be graduated in incren€nts as shown
ln @lumn 4 of Tablc 2. The quantity delivered shall not rary from
tho prcdetormircd queility by more than +3 per ent of the indicated
quantityabovetheminimum quantity of water shown in oolumn 3

ofTablo 2. T\e gBug! or other r-evice shall be so positioned that it
ean b6 conveniently read by the operator'

?.3. Mcasuring tankr, whcthcr automatic or Don-automstb and

6cfo ftdlg3, shall bc such that the total tiElcyclc for fceding tho
trnk Uoater tlo lowoEt pnqlBuno spccified io 9.t with tho quaDtitic!

DcdfiGd in @lurnn 2 of Tablc 2, and for dischargbg tbclc quanti-

ir ioto tho mixcr, does not cxood two minutcr and the time for
ilct"rriogttr* quadititt rbdl not cxceed half of the maoufae
trrcb $rtcd n'tni m@miritr8 6mc.

3.2.3. For cyliDdrical taats, additional reguiremenrs as epeci,cd
in 7.1 should also be satisfod

3.3. Pcrmlssible flresses in conqrerc :

3.3.I. The permissible stresscs in the concrerc ducto p1666s163
opEratiotrs and working loads, aad thc raodulqo of el&sticity of-""i'_
creto shalt bc as specificd itr I.S. t343-1960.

i

0)
,85
lm

l,t0

209

z8;0

340

400

800

1

I
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3.3.2. For e$timation of resistdnce to cracking, thc limitiag teasilc
strength of concrote shal be assumed to have t-he values ipecified
ia Table 1.

4.2.1. Undcr oorna I oircumstanccs the scrced layer shall nct bo o
grade not loaner thaa M I00 specified in Table 3 of I.S. 4SGlg&
wbere injurious soils or aggessive water are expected, the Bcrecded
layor shall be of grade not leaner than M l5Q specified in Tablo 3 of
I.S.456-1964 and ifnecessary a sulphate resistiag or other special
cement should tte used,

TABLE: LrurrI*c rENsrLE sTRENcrn oF coNcRETE FoR

ESTIMATIoN To RESI$TANCE To CRACKING IN
PRBSTRBSSBD ooNcREIE MEMBERS.

Mittfinya work cube
(15 cmsiide)strensth

oJ concrete at28 davs' Ke.lcm.'

Direcl tensile
s1y6ngth.
kglcm.'

(1) (2)

350 16

400 t7

450 18

500 19

sso 2A

600 2t

650 22

3.4. Permissible stresse$ in stuel:

Bending tensile
slTsngth
kg,lcm.'l

(3)

32

34

36

38

40

42,
43

J. l'tlalls: Provision of Joiats :

5.7. Provision of ioiWs i

5.2, Efect of earth pressure ; When a reservoir walls is .built itr ttc
ground or has earth embanked, against it, relief ir hndiag mom6lt

' d'uc to simultatroous actio n of water pressure insid e thc wall and earth
fressure outside the wall may be pade, provided that.

(a) there is no risk of slip in the embankment or f631 of a rcduc
tion in lhe earth prossure arising from shrfukage or other CarcC:;
and

(b) the earth pressure allou,ed by way of relief ia the ber cling
momont caused, by ioterual water pressure wculd be the minimum
which- can bo reliod upon undor the most unfavourablo coaditions
posSiblo, including thoso under which the roaervcir is to be tostcd
for watertightness.'

6,2.2. lt taoks taviag fixod or floating co-vers the giag grolsUro
dewloped aboveliquied surface shall tr addo.d to liquid proesuro.

6.3. Watertighmerr.-Itr case of tarksintontiea for the storegc of
water for domestic purposeX the roof shall be made watertight, Ttir
may be achicwd by limitiag thc stresrys as for thc fe$ of tho tanh
og by tfueuse of a covering of waterproof membrane or sinilar ottr
fficient moans.

3.4.1. Th: p ;rmissi blt stressos iu prestressing steel and thr mcd,ulus
sf ,e1as1lsi1y sf steel shall.be a s specified in I.S. tJ43-I 960

3.4.2. Where circumferential wires or tlaps are tensioned by meang
of iacks, the losses due to frictioo may be found by reducing thi
o-efrcient of frictioa to 80 per cct of that given in I.S. 1343_l%0.

3.5. Shrinkage and ereep of concrete: TbE provhion regarding
shrinkags and creep'shell comply il,ith tho reqr.,irements of f.Sl
1343-1960.

3.5.1. flfiere reservoii,sare protected withan itrternal impermeable
lining consideration should be Elven to the pcssibility of .oor..r"i
oventuallydrying out. Udessthe6ngrneer issatisficd that the tining
has sufficicot creak-bridginir properties, allcwaace for thc iq"r.er.i
offect bf drying shriokage should be made in the design. ' 

*- 
-

t.
3.6. Losses in prestres$: w[ile assossing the stresrbs in concrete

and steel during tensioning operations and later in servicc, du" regard
shr ll be p.lid to a ll losscs and variations in sftess resultirU i.om 

"i."oof concrote and steel, tho. shrinkage of concrete, the shcrtcning'o?
qcncrote at trausfer' friction aud slip of anchorage. Requiremlents
ir this rospect specified in I.S. I 343-1960 shall h compliod with.

4. Floors : '

4.1 . provision of movement Jorzrs : Movemetrt joints shall be prb-
vided in accordanoe with 8 of I.S. 3370 (Part D-D65.

,t.
4.2. Floors.of tanlcs resting on growl:.If tbe tank is re$ing dire.cifY gn ground its floor may be constructod of concrete with the

trominal percentagg of reinforcement (trot less thaa.0.I5 per cent ;f
gioss cross-sectional area of concrete) provided fhat it is establishei
that the groun{ will cany tte load wilhout appreciable subsidenc.
in any part aad that the ooncrete flcor is cast in panels rtot m..e thai
4.5 metres squat'e wit! contraction or expansicn jcint betwc'e!. I"
such cases a scieed laycr of concrete not less than-75 mm thick shall
irst be plac.ed on the ground qnd covered orler with a sliding laye;of bitumen paper or oiher suitable material to destroy th; bo;d
bjtweon tlie screed and floorlconcrete.

. 4ffi..3-16

6. Roofs.

6,1. Provisfu of Movement ,Ioints.-To avoid the pcssibifity o;
sympathctic.iraking, it is important to emure that Bove&orrt of ;iinti
in tho roof correspond with thcse in walls, if rcof aad walls aro
mooolithic. If provision is made by mears of a sliding joint for
movement between the roof and the wa.ll, sorrespondanpa of joiuts tg
oot so important.

6.2. Lotding.-Fixed, covers of tanks should be decigrod fo,
gravity loads, such as the weight ofroofs slap, earth coyer, if ani
iy6 tcrCs, anl mecheoical equipment. They should also be desiSncd
for upward load, ifthetankissubjected to-internal gas prossure.

6,A. t. tA supeificihl load sufrcieut to eururo llafety with thc uncgt'sl
intensity of loadiog whrch.occurs during the placiag of tfte carth
ctver shrrld be allowod forin designiagroofs. .The eogineer shoutd
specify a loadiag under these temporary cooditions which should
oct bo exc.)]leC. Io desiguing the'roof, allowancr should be mado
fcr the tomp)rary conilition of somo spang loaded and other rpano
unlrlded, urua 1fuough in the fiual state the load may be small cd
evonlydistributed. :

e

5.1.1. Sliding joiu at the base of rie pcll.-Wlrcce it. iB deslred
to allow the wallto expand or contract separately from the 0oor, or
to prevetrt mometrts at the base of the wall owitrg to its fixity with
the floor, sliding;oints ma.V be employed.

5.I.1.1. Considerations effeqing the spacing of venial .movo-
mouts joints are discussed ia 8 of I.S. 3370 (Part I)-1965. Whilo
tho mrlcrity of thesejoints may be partial .or cooplete contractio!
type sumcientjo-nts of the expansiontype sho-ld beprovidedto

. satisfy tho requirement of 8 of I.S. 3370 @art I)-1965.
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6.4. Protectton against corrosion -Protective measures shall be 7.7, Prestressing wire may be placed outside the wall a generaliy,

provided to the uirdersideof the roof to prevent it from corrosion due provided trris is piot"ctJ *i,t- po.orntic mortar to provide 40 mm' to condens itis1, e1 alternatively, the underside of the roof shall be cover over the wire. In malignant atmospheres, such as in heavy
designed as a liquid retaining face, particular care being taken that - industrial areas or near thersea the cables should be placed insicte- the' stipulations regardin! minimum cove r to reinforccment are tlie walls and ground.
adhered to.

7, Cylindrical tanks.

7.8 When the stressing of the prestressing wires is proposed to be
carried out with wires in position, anchorages may advantageoully
be staggered .and placed at suitable points of the cylinder with
a. view to offsetting the heavy frictional losses.7.1. Stesses.-In the design of prestressed concrete cylindrical tanks

the following stresses in steel and condrete after allowing for all
losses should.bo investigated and thcir values should be within the
limits preseribed in 3.3 and 3.4 except wherq otherwise specified
below:-.-

(a) Maximum tensile stress in hoop steel or longitudinat
steel at working load should not exceed the limits specified in 3.4.

' (6) The principal compressive stress io concrete should not
exceed one-third of the specified works cube strength.

(c) The average shear stress on the gross section of the con-
crete should not exceed 1/50 of the specified works cube strength.

(d) When the tank is full there should be a compression in the
concrete at all points of at least 7 kg.lcmz.

(e) When the tank id empty, there should at no point bc a tensilc
stress greater than 10 kg./cmr. Where the tank is to-be emptied
and filled at frequent intervals, or may be left empty for a prolonged
period, it [s desirable to design the tank so that there is a residual
compression when the tank is empty as well as when full.

EXTRACT FROM r.S. 432 (PART r)-1966.

7.2 The base of tFe wall rnay.be designed either fixed with the floor
oras sliding or hinged at thejunction with th€ flodr.

7.9 The worst conditions of stresses resulting from the pressure
of contained liquid, surrounding pressure, if any, temperature,
shrinkagg restraint from roof, etc., should be considered.

7.10. Necessity or prestressing the cylinder wal[ in the directjon
of the axis of the cylinder (vertical) should always b: investigated.

7.11. Longitudinal prestiessing may be replatrcd with a reilforoed
concrete section satisfying the requiremsnts of t.S. 3370 (part II)
le6r.

Speci.ficgtion for mild steel and medium tensile steel bars anC hard

. drawn iteel wire for conoete reinfopement.

Part l.-Mild steel and mediurn tensile steel bars (second revision) .

3. Types and grades

3lI. Rginforcement supplied in accordancs with this standard shall
be classified into the fotlowing types:- ,

(a) Mild steel bars, and

(D) Medium tensile steel bars.

3.1.1. Mild steel bars shall be supplied in the'following two gratleS:-

(a) f,il(steel bars, Grade I ; and

(6) Mitdstbelbars,Gradell. d

5, Freedomfromdefects

5.1. All finished bars shall be well and cleanly rolled to the tlimen-
Sions and weights (see7.l.l.2.) specifie0 herein; they shall be sound
and free from cracks, surfacs flaws, Iaminrtions arrd rough jagged

. and imperfect edges and other.dlfects, and shall be finishing in a

workman like manner.

7.2.1. Ercept in case of unyielding solid rocky sub-grade, cari.
should be takeo to mlnimize the danger or local settlement. This can
be done by deslgning the floor as a thin mernbrane and by provi-
ding a foundation ring under the wall.

7,3. When at the base of the wall, hingsd or sliding conditions
prevail i .

(a) any advantage offered by the restraining effects should be
ignored, and

(6) the moments in the region of the walt base in the direction
parallel to axis of the tank (usually vertical) caused by the
restraining effects of prestressing at the wall base should be
counted for. Values given in tables in I.S. 3370 @art tV)
may be helpful to assess,these moments.

7.4. The ring prestressing should be designed in all cases on Jhe
assumption that the wall-foot is free to slide without frictioEal
resistance. When the foot of the wall is free to slide, a longitudinal
moment should be assumed on the'basis of a restraint equal to one-
half of that provided by a pinned foot. [n other cases, ihe longitu-
dinal moruent should be asseised on the actual degree ofrestraint at
the wall-foot.

7.5. Allowance should be made for the longitudinal momenfs
induced by the transverse stressing in the partially wound condition.
Ihe uiaximum value of the fl.exural stress in the tongitudinal section
from this cause may beassum'ed to be numerically equal to 0.3 times
the ring compression itress.

7.6. Prestressing should be provided in the! transverse and longi-
tudinal cross-section so as to contain these effects within the sriti;l
stresses specified.

6. Nominal sizes.

6.1. Btrs.-Mild steel a.nd-ir:diun tensile stsll brrs
supplied in the following nomioal sizes :-

u

)
shall bs

Diameter of round bars
or side of square bars.

') 5, 6, 8, lo, 12, 16, 20, 22,25,
) 28, 32, 36, 40,45 and 50 mrn.

7, Tolerance.

7,1. Rolling tolerance.---The rolling tolerance shall be as specified
in 7.1.1 ajnd7.l.2, whish are irt accordance with I.S. 1852-1962.

t



7.1.1. iars in staight length.

7.1.1.1. Size.-Ahe tolerance on size, which is. diameter'in thc
case ofround bars or side width in the case of square bar shall be

as given below :-
c Nominal size. Tolerance. Total margln

(r) Q)' (3)

For bars upto and including 25 mm. +9.5 1.0. mm.

gor bars above 25 mm. +0.75 1.5' mm.

7.1.1.1.2. Weight.--The tolerance on weight for round and squarc

bars shall be the following percentage of the weight.calculrted on
the basis that steel welght 0.785 kg./cmr, cross sectional area per

metre run. (Ihe weights are given in Tables 2 and' I of I.S. 1732-

1961. The relevant extract is reproductd in Appendix A).

Tolerance on

weight. 
.

(1) (2) (3)

Upto and including 8.0 mm. ' * 4 per cent. 8 per cent.

Over 8.0 mm. . . !,2.5. per cent 5 per cent.

7.I.2. Coikd rounds and squares

7.1.2.1. Slze.-The toteran@ on size .liameter in the case of coited

found bars and side with in the case of coiled square bar, shdll be as

follows:-
Nominal size. Tolerance. Total rnargin.

. (See Note).

(1) 'Q) (3)

Upto and including 12 mm. . . *0'5 mm. I mm.

Nore.-Measureraent shall be taken at a point sufficiently away

from the ends ensuring Q(clusion of heavy ends.

7.1.2,2. Out of shape.-flhe difference betweeo the maximum and
minimum diametres in the case of coiled round bar and betwoen the
two adjoioing sides in the case of coiled'square bar, at . any cross sec-

tion, shall not exceed 0.65 mm.
t-

Norr.-Tbe weight tolerance is applicable in'the case of coiled

round and square bars'

7.2. CuttW ,tolerance on length.--The cutting toleraoce on leugth

shall be as sPecified below:-

(a) Whenthe'specified lengthis not stated to be -25 mm.

either a mbximUm os| 6fufsrnm. +75 mm.

6) When the minimum length is specified {75 mm.

(c) When the rhaxinium length is specified -50 mm.

' 

8. PhYstcal requirements,

g.l. Mild steel aud medium tensile $eel bars.-The ultimate tensile

stress, yield stress and f,erc€ntage elongation when determined in
accordbnce with 9.2 shall be as given io Table l.

8.2. The bars shall also withstand the bend test specified io 9.3.

9. Tests.

g.l. Selectionand preparation of test ghmple,l.-Unless otherwise

specific in this standard, the requirements of I.S. : 22G1962.

466-3-16e,

n9

9-.1.1. All test pieces of .bars shall be selected by the purchaser or his
authorized reprgsentative, either_

(a) from the cutting of tat, or

(6) if he so desires, from anybar or the coil, after it has been
cuttotherequired orspecifiedlength andthe test piece takenfrom
any part ofit.

T$LE l-MscHAMcAL (Tetsrr-u) pnopanrus or B,c,ns
(Clause 8.1) ( .

Serial number and
property.

(l)

So where so is the
cross sectional area
of the test piece.

Nominal size of
bars.

Q)

For hars I0 mm.
andover.

Grade I. Grade IL

(3) (4)

42 38

Mild steel. Medium
tensile
steel.

23.s 36

(5)

55
(i) Ultimate tensile All sizes

. stress, kg./mmr,.
Miu.

(ii) Yield stress, kg./ .For bars upto ard
mm2 Min. including 20rnm..

For bars over
. 20mm.uptoand

including40mm.
For over 4O mm.

.o
(iii) Elonegtion, per- For bars under

cent, min. on gauge l0 mm.
Iingth 5.65.

34
35

26

24
24

20

23

21.5
21.5

20 t7

23 20

9.1.1.1. IE neither case, the test piece shall be detached from the
bar or tho coil, except in the presence of the purchaser or his aut-ho-
rised representative,

9,1.1.2. Before test pieces are selected, the manufacturer or the
supplier shall furnish the purchaser orhis authorised represe1tative
with copies of the mill records giving the number of bars- in e.:ch
cast with sizes as wgll as the identi0cation merks whereby the bais
from their cast or each coil can be identified.

9.2. Tenstle Test+The ultima.te tensile stress, yield stress and
elongation of bars shall be determined io accordance with the require_ .

mentsof I.S. l@8-1960 read in conjuctiou 'itith LS. n6-"1g62.
The test pieoes shall be cut from the finished material and straightent
where necessary. They shall not be annealed or otherwise subjected
to heat treatment. Aoy slight straightening which lnay bo requirdd
shall be done cold.

9.3. Bend Test.-The bend test shall be performed in accordance
with lhp requirements of I.S. 1559-1961 read in conjuction wiii
r.s.226-1962

t

9.4. Re4est.--$hould any one of the test pieces first selected fail
to pass any of the test specified in this staidard, two further sa|1p1g5
shall be selected for testing in respect of each failure. Should the
test pieoes from both these additional samples pass, the materia.
represented by the test samples shall be deemed to comply with the
requirements of that particulat test. Should the test piece from
eithef of these additional samples fail, the material represented by
the t€st samples shall be considered as not having complied with this

.standard.
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6. Tolerqnces-APPBNDIX A.

(Clause 7.1.1.2.)

Wrrcnrs dr nouNo *B ror* r*r.
A.1. The weights per metr€ of round and square bars in Kilogramr

calculated on the basis that steel weight 0.78 5kg.lcm.2 cross-sectional
area per 'metre run and rounded off to one decimal place in kg.
a,ro gvon in Tabld.g 2 and 3.

TesLE 2-Wttcrrrs oF RoLTND BARs pER MBrtrr RUN.

Nonlnat
Diametrer,

(l)

mm.

5

6

8

l0

t2

16

2,0

22

, Tlarr 3-WBrcETs oF seuAr.E BARII pER MErRE RrrN

(Clause A l).

Nomlnal size. Welght per . .1 Nominal size Wqighr per
tnetre tun. mm. metre run.

elt. tne tolerance on the nominal diameter shall be + 2 per ccnt
or I per cent.

6.1.1- For purposes of determining d,hether the actual diameter
of the wire is within the specified torerance, the diametei shall be
determined with a micrometer by taking two measurements at right
angles to each other at three places at length of not less th;n ;O
mm. and the average of these six measurements shall be taken as the
diameter of the wire. -- - :r ---

8.3'1. Ooe reverse bend test shall be
toones or less in any parcel ofwire.

made'for every 5 metric

7.2. T:he wire shall also withstand the bend test specified in g.3.

8.2. Tensile test.-The ultimate. tensile stress, proof stress a,,d
elongation of wire sLall be determined in accordance with I.S. lszl: ,1960. The test pieces shall becuf from the finished materiaiand'
straightened, where necessary. Thetest pieces shall not be ann6atj
or otherwise sul'jected 'to heat treatmeni. Any slight rt 

"igr,i"i-

8:2.1; One tenstre test shall.be made for every 5 mt. or less in any
parcel of wire.

8.3. Bend Tests.-Reverse bend test shall be made on a test piece
cut from the finished product. The test pieces shall,ot be anneared
or subjected to any heat treatm€nt before testing. The test piece
shall withstand one complete cycle of rgverse bend without showing
any signs of fracture when reverse bend test is carried out in accor]
dance with the requirements of I.S. 1716-19(/|..

E:ctuct rnou [.S. 432 (Pnnr II 1966).

SWcificattonfor mild sbel and medium tensile steel bars and hard drawn

' stel wire for concrete rei4forcemint.

' Part II-Hard Drawn Steel Wire (Second Revision)

4. Fteedon from defects-

4.1. All finished wirc, subject to the provisious of 7 shall be cleanly

drawn to the sp€cified size and shall be sound, free from splits, sur-
faco flaws and other defects likely to impair its us6 for
concreto reinforcement, and fiaished in a workman like manner.

5. Nominal sizes-
' 

5.1. Hard -drawn wire shall bc supplied in the following nominal

8i2cr.

Dlotpte\ of hard drawn wbe.--2.65, 1.15,3-555, 4.0, 4.5., 4.75,
5.3,5.6, 6.3,7.1;t.s, 8.0, 9.0, 9.5, and 10 mm'

Weight per
metre run.

' (2)

kg.
0.2

0.2.

0.4

0.6

0.9

t.6

2.5

3.0

4.8

6.3

8.0

9.9

12.5

15.4

(4)

ks.
4.9

(3)

25

28

32

36

40

s4

60

(2)

kg.
0.2

Nominal
dlameter.

(3)

mm.

25

28'

32

36

40

.45
50

lVeight per
metre run.

(4)

ks.
3.8

6.1

8.0

t0.2

t2.6

16.0

19.6

mm.

7. Physical requirements-

7.1. The ultimate tensile stress, proof stress and elongatton of the
wire when tested in arcordance with g.2 shail not be less than the
following values-

(a) Ultimate tensile stress, kg./mm2 5g

(D) Proof stress (0.2 per_cent) kg./mmr .. 49
(c) Elonlation over a gauge length of g D. @is. 7

the dia. ofwire) per cent.

o)

5

6

8

10

t2

16

20

22

0.3

0.5

0.8

1.1

2,O

3.1

3.8

8.4. Re:tests-Should any ono of the test pieces lirst selectod fail to
pass any of fhe tests specified in this standard, two further ru-pt.,
shall be selected for testing in respect of each failure. Should the
test pieces from both these additional samples pa.ss, the meterial rep-
resented by the test samples shall Ui a"e..O lo copy with the require-
ments of that particular test. Should the test piece from either
of these additional su-pf"s fail, the material repreiented by the tesl
samples shall be coosidered as not having complied with thi;
staDdard.

6.2. cutting tolerances on length-cutting torerance for wire shal
be as follows :-

Len?th. Tolerance,

Over3m. 
-l3mm.

L€ssthan3m.,. _6mm.



Exrucr Fnov I.S. 1139-.-1966.

Specification for hot roilel milil steel m,edium teasile.slee!,Ngh yeitd
strength steel deformed bars for coicrete reinforcement (Revised).

3.'Types-

3.1. Reinforcement supplied in accordance with this standard
shall be classified into the following types :--.

(a) Mild steel deformed bars, and

(a) UeAium tensile steel deformed bars.

5. Defornutions-

5.1. The deformations shall bespaced along the bar at substantially
uniform distances, the deformations on opposite sides of the bar shall
be similar in size and shape.

t2t

Tarrr 1. Pnysrcx, PnopBnrrBs or DBronuro B.ms (CLausr 9.1.)

(l) (2)

(i) Ten;ile strength kgf./ All sizes.
p6z, Min.

(ii) Yield stress, kgf./rnmz For bars
Min. upto

. and'
includ-
ing
20mm.

For bars
over
20mm.
upto
and in-
cluding
40mor.

For bars
over
4Omm.

(iii) Elongation, per cent,
Min. on guage
length 5.65 So,
where So is the
Cross-sectiorul area
All sizes of rhE tr:st

Piece.

Nontinal Mlld Medium
size ol steel tewile

bars, bars. steel
bars.

26 36

24 134.5

gerial number
.ottd property.

High
yield
strength

steel

(4)

55

(3)

42

bars.

(5)

15 per
cent
greater

thad
the
mea-
sured
yield
stress.

42.5

42.s

7. Weight-
.1

7.1. The weight of the bars shall be calculated on'the basis that
steel weighs 0.785 kg./cm.2 of cross-d8ctional area per metre
run, taking into account that the nominal size of a deformed bar is
equivalent to the diameter or side of a plain bar having the same
weight per metre length. The weight thus calculated shall be checked
against the actual weight ofthe deformed bar obtained by welghing
a lenght ofthe bar one metre long

8. Tolerancev-

8.1. Tolerance on wetght.iThe ftolerance on weight for round
sod square bars shall be th following percentage of the weight
calculated as in 7.1.

35

t23 20

42.5

14.5

24

Nominql size
mm,

o)

Upto and including 8.0

Over 8.0

Tolerances on
calculated weight,

.Q)
A i per cent

* 25 per cent

Total nmrgin,

(3)

8 per cent.

5 per cent.

8.2. Cuuing tolerance on length.-Attting tolerance for barp shalt
!e ae follows :-

(a) Wben the spocified lelrgth is not stated to be
either a maximurl (-) 25mm

(+) 75mm.

(+)75mm

(-)sOmm.

(6) When the minimum lolgth is spgcified

(c) When the maximum leneth is specified

9.2. The bar shall .,vrtt:;tqrC bend test specified in 10.3.2. rebend
tcst sprcifiod in 10.r.

10,2. Tensite /est -Ihe tiltimate tensite stress yieid stress and
elongation of bars shall be determined in accordance witu requ,e-
ments of I.S. 160L1960, read in Codunction with I.S. 226:1862.

10.3. Dend test.--The beod test shall be performed in accordance
with the requirrnerts of r.s. 1590-1960 at read in conjunction with
I.5.226-t962.

10.4. Rebend rest-The rest bar shall be bent to an included
T4. 9f 135 degree using a mandrei of appropriate Aia^metor (See
ro.4.l.) The bent bar shall be aged by k:eping in boiling water itOO
dogree O for 30 minutes and theo allowed to cool. the bar slail
thar be bent back to have an included angle of l57.degrees. The
specimen shall be consider.ed to havb passeal in test, if there is uo
fracrure in the beot portion.

10.4.i. The diameter of the rnanJ. shall be as below :- tD

Nominal s'ze olthe fut specinen. Diameter of mandrel.
' (1) Q)

Upto 10mm. Sd.

Over l0mm. 7d.

Wrerc ,J is the nrmj-rel s.ize i,r rnu. ol th; r:;t p:gcr.

o

9. P hy s t ul requtreincnt s-
9.1. The tensile strength, yeild stress and percentage elongation

9f lgs when determioed in a@rdance with lO.2 shall be as givin in
Table l.

',1

6. Fleedo m from defects-

6.1. All finished barS shall be rolled to the dimensions, deforma-
tions and weiehts specified or required. They shall'be sound and
free from cracks, harmful surface flaws, Iaminations, rough and
imperfect odites and all other defects, and shall be finished in work '

manlike manner.



10.5. Retesl.--should any one of the tensile test pieces first selecteil

fail to pass any of the tests specified in this standard, two further

samples shall be selected for testing in respect of each failure. Should

the iest pieces from both these additional samples pass, the material
represenied by test samples shall be drlmed to comply with the require-

ments of that particular test. Should the test piece from either of
these additional samples fail, the material represented by the test

dample shall be considered as not having complied with this standard,

Exrnecr Fnou I.S. 456-1964.

Code ofpractice for plain and reinforced concretp .

(Second Revision.)

4.3. Water.-Water used for both mixing and curing shali be free

from injurious amouuts' of deleterious materials. Potable waters

are generally considered satisfactory for mixing alrd curiog coricrete.

4.3.1. Where water can be shown to the eicess of acid, alkali

or salt, the engioeer-in-charge may refuse to permit its use. As

a guide, the follo\rying concentration represent the maximum per-

missible values : -
(a) To neutralize 200 ml. sample it should not require more than

2 ml. of 0.1 Normal NaOH.

(6) To neutralirs 2g0.ml. sample it should not require more

than 10 rhl. or 0.1 Normal HCI.

(c) Percentage of solids should not exceed the following :-
P.r cent.

o.o2

0.3c

0.05

0.10
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4.5.1. All reinforcement shall be ctean and free from those mill-
scales, dust, loose rust and coats of paints, oil or other coatings which
may destroy or reduce bond.

4.5.2. Welded joints in reinforcement may be used but in all
cases of important connections, tests shall be made to prove that the
joints are of the full strength of bars connected. Welding of re-
inforcement shall be done in accordance with thg recommendations
of I.S. 2751-1966 Code of Practice for Welding of Mild steel Bars
used for reinforced concrete construction. Special pnrbautions are
required in the welding of cold worked reinforcing bars.

4.5.3. Effective diameter of a bar.-For purposes of this code, the
effective diameter of a reinforcement bar shall be calculated as below :-

(a) For a bar whose cross-sectional area is constant along its
length (and deformed bars whose pattern of deformation is such that
by visual inspection the cross-sectional area is substantially uniform'
along the length of the bar), the effective diameter is that of a circle
having the same area as the 'cross-section of .the bar.

(6) For a bar whose cross-sectional area varies along its leogth,
the effective drameter is that ofa circle having an area equal to the
least area of any cross-section of the bar excluding deformation ribs.
An allowance not exceeding 3 per cent may, however, bc added to
the least area ofihe cross-section on account ofthe ribs and/or any
non-continuOus sides.

4.6. Storage of mdte{ls.

4.6.1. The @ment shall be stored at the work in suoh a manoer
as to prevdnt deterioration due to moisture or intrusion of foreign
matter.

4.6.2.The aggregates shall be stored in such a way as to prevent
the admixture of foreign materials, The heaps of fine and coarse
aggregates shall be kept. separate. When different sizes of fine or
coarse aggregates.are procured separately, they shall be stored in
separate stock piles sufficiently removed.from each other to prevent
the material at the edges of the piles from getting intermired.

4.6.3. Steet reinforcement shall ordinarily be stored in such a way
as to avoid distortion and to prevent deterioration and corrosion.
It is a good practice to coat reinforcement with ceinent wash before
stacking to prevent scale and rust;

4.6.4, A1l materials shall b: so stored as to prevent deterioration
orintrusionof foreign matter and .toensurethe preservation oftheir
quality and fitness for the work. Any material which has deteriorated
or has been damaged or is otherwise considered defective by the
engineer-in+harge shall not be used for the concrete.

5. Concrete. 
.r

5.1. Grades of concreti.---The concrete shall be in seven grades

designed'as M100, M150, M200, M250, M300^ M350 and M400.

N.orr.-In the designation of a conorete mix, letter M refers to the
mix and the number to the specified 28 day works cube compressive
strength of that mix expressed in kg./cm.2.

Organic

Inorganic

Sulphates

Alkali chlorides

In case ofdoubt the engineer-in-charge may require that'concrete

' mixed with wrter proposed to be used should not have a compressive

strength, lower than 90 per cerit of the streogth of concrete mixed

with distilled water.

a

4.4. Admixture.-Admixtures may be used in concrete only with
the approval of the engineer-in-charge based upon evidence that,
with the passago of time, neithe" the compressive strength of concrete

is reduced by more than 10 pef cOnt nor are other requisite qualities

of concrete and steel impaired by the use of such admixtures. @l-
cium chloride should not be used. If the strength of the concrete

is likply to be reduced within ten per cent with the passage of tirne,

working stress should be reduced proportionately.

4.5. Retnforcemert.-The reinforc€men! shall be,;

(a) mild steel and medium tensile steel bars and hard-drawn steel

wire conforming to I.5.1432-1960 ;l
t (6) deformed bars conforming to I.S.[ 1139-1966

(c) cold twisted steel bars conforming to I.S.: 1786-1966

.(d) hard-drawn steel wire fabric conforming to LSh : 1566

-1967,arrd
(e) structural gt,'el secticns ccaforming to I.S. : 226-1962



2. Strength requitements of concrete:

,2.1 Whereordinary portland cement conforming to I.S. 269-
I or Portland blast-furnace slag ceinent conforming to l.S. 455-
I is used, the compressive streqith requirements for various
les of concrete shall be as given in Tbble I. Where rapid-hardening
tland cement is used, the 28-day compressive strengh requirements
;ified in Table I shall be met at 7 days. . Where other cements
used, the engineer in-charge shall specify the corresponding

uirements preferably on the basis of preliminary tests.

i'2'2. The strength requiremenfs specifed in Table I shall apply
)oth controlled concrete and ordinary concrete (see 5.3.1). Prelimi-
:y tests need not, however be made in the case of ordinary con-
te.

5.2.2,1. It order to get a relatively quicker idea of the quality of
ncrete, optional works :ests on bedims for modulus of rupture at
+2 hours or at 7 days or compfessive strength tests at 7 days
ry be carried out in addition to 28+day compressive strength tests,
all cases, the 28-day compressive strenglh specified in Table I shall
rne be the criterion for acceptane or rejection of the concrete.

, however , from tests carried out in p particular job over reasonably
ng ieriod, it has been established to the satisfaction of the engineer-
,charge that a suitable ratio between the 28-day compressive strength,
rd tho modulusof rupture at 72t2hows or 7 days or compressive
rength at 7 days may be accepted. The engineer-in-charge may
itably relax the frequency of 2E-day colipressive strengh test
recified in Table V, provided the expecteilength values at the
recified early alo are consistently met. For this puroose the values
ven io Table II may be taken for general guidance in the pase of
)ncrete made with ordinary cement.

5.2.3. Where the strength of a concrete mix as indicated by tests
:s in between the strength for any two grades specified in Table I,
lch concrete shall be classified for all purposes as a coDcrete belonging
r the lower of thc iwo grades betwedn which its stregnth lies.

TAsr,s I.-STRENGTTI REeUTfl.EMENTS oF Cor.rcnBrn.

(Classes 5.2.1, 5.2.2, 5.2.2. and 5.2.3.). All val ues in kg. I cmz,

Compressive strength of 15 cm. cubes
at 28 days after mixing conducted in

accordance with l.S. 516-1959. lt
Graileofconcrett. -n",^t;;;;-*rr;;*-

Min. Min.

O) Q) (3)

M lm 135 100

M 150 2N 1s0

M 200 260 '2OO

. 
M 250 320 25a

M 300 390 300

M 350 44o 350

M 400 r 50O 400

Nors l.-(a) Preliminary Test-A test conducted in a laboratory
on the trial mix of concrete produced in the laboratory with thl
object ol :-

(2) determining the adjustments required in the designed mix
when there is a changc in the materials used during the extrution of
work, or

(3) verifying the strength of concrete mix.

(b) Works Test -.A test conducted either in the field or in a
laboratory, on the specimens made on the works, out of the concrete
being used on the works.

Nore 2.-.(a) Size of Cub s-In the works test with the approval
of the engineer-in-charge 10 cm., cubes may beusedin plac: of 15 cm.
provided the maximum nominal size of aggregate does not exceed

20 mm. Even the use of 15 cm should normally be restricted
to concrcfe having a maximum nominal slze of aggregate not ex-.

ceoding 40 mm. Where concrete with aggregates larger than 40 mm.
size is required to bo tested, the siz.: of cubes should be specfied
by thi engineor-in-charge keeping, in view that generally th6 length of
side of thg cube should be about four times the maximum nominal
sizelof aggregate in the concrete cons ituting the cube spegimen.

ll tA) Str"ngth in Relation to size of the Cube.'-Where l0 cm.
elties are used, the values obtained from tests on 10 cm. cubes shal

be reduced to 'the extent established by comparative preliminary

tests with l0 and 15 cm. cubes, or,in the absence of such comparative

tests, by l0 per cent ofthe value determined from the tests, in ord6r,

to give the equivafent strcngth for 15 cm. cubes' Where cubes larger

than 15 cm. are adopted , geuerally to modification is ne0essary un-
less othe5wise specified by the engineer-in-charge.

. ,NorE 3.-Cylinder Strength.-Compressive strength test rDaY,

with the approval ofthe engineer--in-chetge be conducted' on 15 cm.
diameter and 30 cm. high cylinders iu accordance with I.S. 5161959

instead of an cubEs. \Yhere cylinder strength figures are adopted
the compressive strength figures given above shall be modified aocor-

ding to the form.ila ;

. Minimum cylinder comPressive.

strengttyrequired 0.8 compressive strength specitied for 15 cm.
cubes.

Thd Central Road Research Institute, New Delhi, has carried

out test with a view to establishing a relation between water-@deDt

rado and the compressive str6ngth of concrete using ordinary Portland
.cement manufacturqd in thecountry in aocordance with I.S. 269'1958.

As a result of these, it has been considered atdvisable to give graphs

showing the relationship between the compressive strength of concrete

mixes with different water'cement ratios an( the 7'day compressive'

strength of cement tested in accordance with I.S. 269'1958. These

gr"ph. h"r" been given in Appendix A as they woutdrbe of somc

assistance in obtaining the water-cement ratio for trial mixes of
concrete-' :
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5.3 Proportioning anl works control:

5.3.1 Methods of proportioning.-'The determination of l,1e

orooortions of cement, aggrelates and watbp to attain the requhorl

strength shail bb made by one of the following :---.

(a) With preliminary tests by designing the concrete mix, aoch

crncrete shal[ be called 
''Controlled Concrete'

(b) Without prelirtrinary tests by adopting nominal concrete

mixes,-Such concrete qhall be Or[inhry Concrete.

5,3,2. Contro! led conctet r-
5.3.2,1. As far-as possible controlled concrete should be used on

all concrete work. Controlled conctere for use in plain and rein'
forced concrete structures shall be in grades M l0O, M l5O, M 2m,
M 250, M 3OO, M 350 and.M 400.

*

(1) designing a concrete mix
operatioos start.

before the actual concreting

a



(,r

Compressive
Grade ofconcrete, strength on

15 cm,
Cubes Min at

7 days.

,-.-€ "

Modulus of rupture by beams' Test Min.

TABLE II.

Optional Work Test Rcquiremonts of Conqetc.

(Clause 5.2.2.1.)

(All values in Kg./cm.z).

(All tests cc;rl,:cted in accordance with I.S. 51Gl959.)
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fo allow for the variation in weigllt of aggregates dug to variation
in their moisture cotrtent, suitable a'lj:rstr-enl ir the wsigi.ts .f
aggregates should also bc ma1c.

5.1.2.6.No subs:itutions in mrteriate used on th: work or altera-
tions intheestablished proportions except,as pcrmitterl h 5.3.2. shall
b ; rnade without additlonal teststo showthat the quality and strength
of concrete are satisfactory.

5.3.2.7. Workabilityof tho concrete should bechecked at frequent.
intervals. The slump test, or where facilities, exist the compacting
factor test in dccordance with I.S. ll99-I950 mdy.be adopted for
this purpose.

5.1.2.8. A competent person shoutd be eniployed whose first ttuty
will be to suporvise all stages in the prepaiation and placing of the
@acrete. All works test sp€cimeos should be mado and site tests
sarried-out urder his direct supervision.

5.3.3. O r dinsry concrete :

5.3.3.1. Where it is considored not practicablo to use controlled
conprete o:diuary cotcrete may be used fc r concrete of grades M lfi)
Mt5o, M 200 and M250. The proportious of mr,terials for nominal
cof,crete mixos for orCinary coacrete shall be iu accordance with
fabte ltt.

5.3.3.2. In proporiioning concrete, the quantity of cement shouid
bs d:terminod by w;ight. Tho quantities of fine alJ coxrse aggxe-
gates mly be datermind by volurde, but these should also prefefuty
b: d:termined by weight. I the latter casb the weight should be
d:termined from the volunilIspucifed in Table Itr and the weight
p:rlitre of dry aggregate. If fiire aggregate is moistandvolute
batching i s adopted, allowane,e, shal be mad s for bu lking iu accordanco
with I.S. 2386 (Part IfD*1953.

(Clause 5:3.3. l, 5.3,3.2., 5.3.3.3., 5.3.3.6 and 20.1 ;1,)
'Ordimry concrete.

Grade of

t
1t

At 72*2 Hr. l-At 7 days,

(r) Qt (3) (4)

Ml00 7A Q fi
M I50 .. : 100 15 2l
M 200 .135 t7 24

M 250 t7o t9 27

M 300 200 2t 30

M 350 235 23 32

Nom.-Note.s 2 arrd 3 under Table I are also applicableto Table II.

5.3.2.2. TM coucrete mix shall be d:signed to have an averqgE
'strength corresponding to the values specified for preliminary tets io
Table, I. The proportions chosen should be such that thc concrete
is of ad:quato workatility for the conditions prevailing or the worl
in questio:r an:l can bo proporly compacted withtho m:aas availablo.

Ths maximum total quaptity of aggregate by weight per 50 kg. of
cem:nt shrll nct oxceed 450 kg. except where-otherwise specificalty
Frmitted by th: engin::r-!ncharge.

5.3.2.3. Except where it can be shown to tho satisfaction of the
Engineer-in-charge that supply of properly graded aggrega:e of uni-
fo-rm quality can be maintained over the period of work tho grading .
of aggrega e should be controlled by obtaining the coarse aggregate
iu different sizes and blending them in the right proportions when
required, tha different sizes being stocked in separate stock piles.
The materials should be stoclq, pilod for several hours, preferably
a day before uSe. The gr.ading of coarse and fine aggregate shoultt,
be checke<t bs frequen'ly as po,ssible, the frequorcy-fi.-; g"* llil
beins d t rmin dby th-. cngin:er-incharg) in .nsu." ithat th, s;;-
plitrs are'mrintaining th: grading uuiform with that of th: sampies
us d in th: pr-limlnary tepts.'

5.3.2.4. ln pro'ro:tioring Concrete, the quanti,y of both cemenl
and aggi.egate shculd be determined by weight. Where thc weidht
qf dem:nt is d.:terinined by accepting the. maker's weight pe1 6,-"*
a reaso:r1blo n'rm5:r of brgs should be weighted separately ro ctrecf
th: n:t w:ighi. Wir:re ths cem-.nt is weighed on the site and not in
bags it sh-r'rld bo woighed separately from the aggregates. Water
should b> eith:r m:rsured by volum: in calibrated tanks or weig\ed.
All mrrs.rriog eq'lipn:ot sh r:l I bl mrintaiu:1 in a clean serviceable
condition ao1 th?ir accurafy p-.rioJically chccked.

5.3.2.5.lt is most important to maintain the water-cement ratio'co.l;tant atitscorrect valuo. To this end, dotermination of moisture
colteflts in btth file and cclrse aggregates should be made ag fre_
qr:rrtly as ptssible, th: frequency for a given job b:iag detormin:d
by th, Ergin:er in-:hrrge according to weather conditioor. Th;
amount of the added water should be adjusted to compensate for
atry obss.ved variations in the moisrure contents, For ttedeter-
mination of mristure co1:cnt in the aggrcga.te, t.S. 23g6 (pirt IIJ)
1953. M:thcl; ol Test fr.' agg.'egrte for concrete,. part III speci-
fic Gravity, Dmr:'y, lbids Absorptionand Bulkiqgmaytereforred to

concrete
Total quqntity ol
dry aggregale
by volume per.

5O kg. ofcement,
to be taken as
the sum of th"

indivtdml

f/ffi":[,k
aggtegates,

Proportion of
fine aggtegate..

to coorse
aggregote.

Quantily ol
water oer 5O

kg. of 6ements.

Max.

300

Max.
M 100 Grnerally I :2

for fiao aggre-
gate to coarse
aggregate .by
volume but
subject to a
upper limit
of I :l| and
a lower limit
ofl:3.

Do.2?t

160

100

Norrr.l.-Tho propgrtions of th; aggregate should bea{iusted from
upper lirinit to lowsr limit progressively as the grading of the fine aggre-
gate b:com:s fin: aod th: mlximum size of coarse' aggregate bo.
comes larger. Example : For an average grading of fine agg1sga16

fthat is,ZoneIIofI.S. 333--1963) the proporticns shall bi,l :i|,
I :2and I :3 for mrximum size of aggregate l0 mm", 20 mrn. and
40 rnm respsclively.

34

M 150

M 200

M 250

32

30

27

Do.

Do.
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Note 2: It may be notcd for gcoeral guidancel thatf,M 100'

M150, M2OO andlM 250 of'ordinary concrete.corr€q'ono appnoxF

mately to l ;3 :6, I :2:4, I :l| E and f ll :2'dominal mixos of ordinary

ooacr€t€ currently used in tlc courtry.

s.l.i.:. Thc water-cement natio shall not be more than those speci-

fied in Table III.

Thc cencnt content of thc drix spccifiod in Tablc III for anv ngmilal

nix nay be iocreased if the quaniiy of watcr io a mix has to bc ir-
creased to overcome the dihcdtlc$ of plagement and ccmpaction

so th.t thc water cement ratidl spccificd tn Table III ts not exceoded' 
.

Note I : In the case of vib(Ptcd ooncrete, the limit specified may be

suitebly reduced to aviod sc$cgation.

Note zaThc quantity of ]uutc. used in the concret€ mix for re-

inforoed @rcrato work strould bc sufficient, but not moro thau suff'
cient . to produce a dense cpncrete of adcquate workability for its
purpose, which will .uttourid and properly grip all the reinforcc-

-*t. Workability of thc qoncretc should be coDtrolled bv m{1
taiqirg a water-cement ratid that is found to give a coocrete which

is jusi sulciently wet to be placed and compacted without difficulty
with the means available.

5.3.3.4. Workability of thc 
"onctet" 

should be controlled by direct

measurcrrcnt of watcr content, making allowance for any surface

water in the fine and coarsp aggregates. Thc slump test in accor'

dance with I.S. 119-1959 mhy bc used as a guide.

. 5.3.3.5. Allowance should be made fo, surface water pr€sent in

the a4rcgate when computing thc water contctrt. Surface water

sball bo dotermlned by one qf the fietd methods described in I.S' 233 6

(Part III)-1963. In the atrslnce of cxact data' the amount of surface

water,may bc cstimated fr<im &e values given in Tablo IY.'

Tlnrg IV-SuRFACE wATER CARRIED BY AVERAGE eccnscA,t'r.

Assresare. *"fr:m:; ffi:::,
UmE

NorE.-However in thc ciesign of thc membcr itself, thc desigr
r load nced not be takcn as twii thc working load. Thc strcngth

o{ihemcanber should, however, bc checked toensure that the
'.iE"iU". is safe againsi an ultimate load of twice the dead load plus

the live load, or against the critical ultimate load corrbinations

mentioned in Appeodix B whichcver is more severe.

6.2. Stability considcrations: Beforo takingfup datailed design

ol' reinforced conclete stluctures, the ergineer-in-char3e shcul
satisfyliumself on the conect [estimation of all loads and on thc

. adequate statical equilibrium ofthe structure, ,particularlyrin regard
to safcty against overturnng of loverhangug meinbers. Thc
anchorages or countcr werghts proviacO for overhanging ocnrberd
(during construction ana LrvicB) should be such that $aticequili-
brium shoutd remain, evcn when the overturning nom€nt is

doubled.

6.3. Basic theories of design.

6.3.1. Genual.:Thc method of design should accord rvith the

laws of mechanics u"Og.otof principles relatiog to tho dcsigD ot

reinforced coDcret€. Structurcs muy b" desigrred citbcr by the

methods based on working strcss consideration or by the methods

based on ultimate load considerations.

NorE.-Designs based on experimental investigations on models

sor prototypes may tro accepted subject to the orperioeotal details

and ihe analysis connected therewith being approved by the engineer

in-charge.

6.3.2. Working stress method: In the mothods bascd oo elasti"

thcory, the following assumptions stall tc madc :

(a) At any cross+ection, planesections More bcnding'remAai

planc aftcr bending.

(e) AU tensile stiesscs arc takcn up by rcinforccmcnt end non

by concrete, except as otherwise specifcally p€rsftt€d'

(c) Thc strcss-strain ralationship of steel and concreto' uoder

,norkiog loads, is a straigtrt lioe'

(d) The modular ratio m has the value 2800.1 
(rounded off

eqf.
to the nearest iotegral valup in apcordancc with IS: ?1196O) whcre

t"i h maxiouo pormissible compressive stress due to bending

in concrete inkilogram pcrsquarccentimetrc'

6,5. Llmitine stifness ol members.-Reinforced conor€ts should

poss€ss adequate stiffness to prwent such deformation as might

i.p"ir ,t" itt tefh, appearatroe or efficieocy of the structure or
p.odo.. crapks in finishcs and partitions. For normal 

'cases 
it may

ic assumed that this condition is satis6ed for bqms and slsbs if tb€

ratio of span to overall depth does not exceed the following values :

w;rff'
spanldeplh

t
*F

Vory wet s&nd i.
Modcrately wct sand.

Moist sand

Moist gravel or crushed rock

Coarscr the aggregate,lesset the water it will carry'

5.3.3.6. If ordina5y- concrtte made in accordance with the prcpor

tions given for a particular Brade does not vicld the specifed strenSth

due to proper qualities of matorials not being available, such con-

crote shall be classified 2s pelonging to the appropriatelower grade.

Ordmary concrete proportioned for a given grade in accordance with

Table III shall'not however, be placed in a higher grade on the ground

that thc test strengths are higher than thc minimum spocified. No
interpclation shall be perrnisible.

5'4. Sample size and occlptanee criteria t

5.4. l. All tests shal I be caf ried out in accordance with I.S. 51 6-1 959.

5.4.2.The number of tost specimens required,the frequency ot
sampling and the criteria fdr acc€ptance ofa concrete as conforming
to the specified grade shalf be in accordance with Table V for both
ordinary concrete and cqntrolled concrete. No preliminary tcst
are, however, D€c€ssar5i ln the case of ordinary concrete.
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Beams:
Simply supported beams

Contiouous beams

Cautilever beams

Slabs :
Simply supported slabs spanninginonedirection

Simply supported slahs spanniog in twir directions

Cootinuous slabs spanning in ooe direction . '
Contiouous tlabs spanninfi in two directions

Cantilever slabs

120
l

80

q
20 to 4O

20

25

IO

30

35

35

&
t2

,(



t26
a

, Nore l_-Iil cantilever beams and slabs, the span may be taken

as the effective overhang.

Nors 2--Io slabs spanoing in two directions' tbe short?r of the

two spans should be used tJcabulate the span/depth ratio'

9. Mcmbers h bending z

9.1. Efective sPan z \

9.1.1. Frecly supported beam or sla6'-In the case of a freely sup'

portuO U**o, .tuU, tt u, 
"trutti'e 

span shall be the distaoce befireen

mtres of supports, o. an"- 
"r*, 

distancc betweeo supports plus the

ofu.tir" depth of the beam or slab, whichever is smaller'

9.1.2. Continuous beam or slab-'!t t'ho case of,continuous beam

or slab, if the width of the supports is tess than U 12 of the clear span'

tto .ritir" span shall be *, io g.t.r. If the supports are wider than

iTiz ru a*t span r-or 600 ; wluchever is less' tbe effective span

shsll be takeo as under I

(a) For end span with one end fxed and the other continuous or

for intcrmediate spans, the effective span shall be the clear span

between supports; and

(6) For end span with one end free and the other continuous' the

efrective spafi shall U" .qrui to the clear span plus half the effective

depth ofthe beam or slab or the clear span plus half the width of

the discontinuous support' whichever is less'

Norr..--In the case of spans with roller or rocker bearings' the

effec,tive span shall always be the distance between the centres of

U"uriogs. In the *r" oi monolithic frames, the effective length of

*y iilo", shall be equal to the distance between intersections of

thc ccnue lines of the connecting members'

9.2, General requirernents :

9.2.1, Slabs: .

9.2.1.1. Minimum reinforcement'- In solid reinforced concr'tc

slatx, thereinforcement ineithei d'irectionshall not be less-llgr.

0.15 pqccnt of the groos sectional area of concrete'

9.2..1.2. Effect o! wear--Uthe surface of a concrete slab is not

adeqrratclyprotectedbyasuitablefinishagainstlhecffectofwear'

"" 
npp-p.i"te addition should be made to the structural

thickneds, required.

9.2.2. Beams.

9.2.2.1. T-beam.-lt a T-beam, the breadth of thc flange assumed

as taking comprixsion shallnot exceed the least of the following :-'

(a) One-sixth of the effective span of the T-beam'

(D) The distance between the centres ofthe ribs of the T-beams
and

(c) Theb,readth ofthe rib plus 12 times the thickness of the

. slab.

9.2.2.2. L-beom.-ln a L-beam, the breadth of the flange assumed

as taking compression shall not exceed the least of the following. : -

(a) One-sixth of the effective span of the L-beam. i

(D) The breadth of the rib plus one-half ofthe clear distance

bctw€e, ribs, and

(c) The breadth of the rib plus four times the thickness of the

9.2.2.3. Flanges of T-beamor L-beam,-The flangesot theT-tream
or L-beam may be part. ofa slab which is spanning eithertransverse
to the beam or in the same direction as the beam. In any case the

flange shallhave adequatereinforcement transv€rse to the beam,

andit shallbe builtintegrally withthe tream or effertively keyed

together with the beam. However, where the main reinforcement
of slab, which is considered as the flange oftbe T-beam or L-beam
is parallel to the tream, transverse reinforcement extending to the

lengthindicated in Figure t-shallbe provided near the top surface

ofthe slab. Ifthe quantity of suchtransversereinforcement is not

specrlically determined by calculation, it shall be not less than 60.per

cent of the main reinforcement in.the centre ofthe span of the slab

constituting the flangp.

,2.2.4. M ini mu m re inforc e me nt. -Minimum tensi le reinforcement
t a beam stall be not less than 0'3 per cent ofthe gross sectional

aroa of the beam, the area of the beam being calculated as total c:ross

cectlonal area for rectangular beams and as the area equal to the total
overaU depth multiplied by the width of the web in the case of T-and

L-beams.

9.2.2,5, Deep beams.-Beams with depth/span ratios greater than

0.4 for continuous spans or 0'8 for simplespans shall be designed

asdeep beams takinginto account'the ilon-linear ciistrihution of
stress, lateral buckling and other perliner^t effects'

The minimum r.orizontat and vertical reinforcements in the facel

shall be in accotdagce with 14'1 and the minimum tensile reinforce-

ment as in 9.2.2.4.

x

{>l bn hP

t
x

l!

" SECTION x(X "
9.3, Beams arul slabs slnnning in one direction.

9.1.1. Beams and slabs over frss end supports.-Bending momeot3

in beams and slabs with free end suppsts shall be calculated for thc

sffective span and for thelcadingthereon.

L

r--

' r',i 1-' I 'c
I

t 1

'l

slab'

a
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single span beams and one.way slabs which cany. uniform$lP[ij Ssitive and negative signs in-licate sagging and hogging mometrts

buted- lo;ds shall be designec io resist a positive ter'Cing mcment respectrvety'

WI' near mid soan of -- - where llu is the total uniformly distributed

oad over,n" rr"n 
",lo 

, ,. the effective span. rl."9d1,l:1,:l'#: ,rJ:#-r:,:'":.':l',*t:";1:,:"*]T:il;i:.tlfili:')i;.xi-
member is built into a brict or masonry wall which 

-dev"':^n^:::l o*ing n"tu", ,-
partial restraint, the member shall be designed. to resist a negatrve

";;;r;G; iaceof the support of nt or such other restrain-

74 At exterior face of At fuces o.f ull oiher

ingmoment asmayLreshowhtobe applicable' - sq)portnextto supports.

the end sup-
port.

9.3.2. Beams and slobs continuous over supporls'-In the case of

beams and slabs continuous &er supports, the bending moments to be

provided for at a cross'section shall gerereally be the maximum

bositive and oegative momeris at such cross-section, allowing' in
it tt 

""t*, 
ir.o-desired, for the reduoed 6s66nts due to the width of

,t" t"ppo*t, for the following arrangements of superimposed

loading:-

(a) Alternate spans loaded and all other spans unloaded; and

(6) Any two adjacent spans loaded and all orher spans unloaded'

0.6 wd

0.5 lys 0.5 ws.

lO. Members tn compres;ion

Nevertbeless, except wherethe approximate values for bending

moments given in 9.3.2.1 . are u-ed , the moments over the supports

for any assumed arallgement of loading, includin! the dead load

rnorn"nt. rnay each be iocreascd or dccreased by not more than I 5 per

cent, providcd that these modifie<t moments cver the supporls are

ood fo. the calculation of the corresponding moments in the spans'

913.2,1, Unless more exact estimatcs are made, the ben<iing mo-

ments iq unlformly toaded bcams and slabt ctntint'ous over thr€e

or m(xa approximately equalspans (two epaDs may be coneidered

approximately equal when thcy do not difier by morG than l5 per cent

of the lon!rer span) may be a$umed to havethe following values' :-

+tvil. +wd.l. -wa t.- wa t,

12 24 10

Moment duct_osuper- +WJI +Ws I -W, I
impocedload.' ,_ -n -l-

(1) (2) (3)

0.5 1116.Shearing force due to
dead load.

I

Shearing force dueto
superimposed load.

lo.l. Efective length.-Forthe purpose of this clausc, the cffective
column length (l) given in Table VIII shall be used where L tofqs to
the unsupp-orted lenefh of ihe columa (,Sea 10.1.1 .). The . cffective
columnlenglhvaluesgiveninTableVlfl are in respect of t]rpical
cases only, and embody the general principles which should
beemployed inassessingthe appropriat€ value for any pnrticular
column.

l0.l.l. Unsuzported lcryth.--:16. unsupportd length L of a
column shall be taken as the clear distance belneen lhe ff1 p1 sls6s
except that ;

(a) i n fl at ilab constructi on, it shall be the clear d i stance between
the flrcr and the lower extremity ofthe capital, the drop paoel or
the slab whichever is the least ;

(6) inbeam and slab construction, it shall be the elear distance
etween the floor and the underside of the shallower beam framing

i rtr the c :lurrn in each direction at the next higher fl oor level.

(c) in columns restrained laterally by struts, it shall be the clear
distance between consecutive struts in each vertical plane, provided
that to be an adequate support, two such struts stull meet the column
at approximately the same level and the angle between vertical rillops
through the struts shall not vary morc than 30" fronr a rieht aqslo
Such struts s\all b: o[ adequate dimensions and shqll have sufrciea
anchorage to restrain the column aSainTt lateral deflection.

(d) in columns restrained laterally by struts or b6s6s, nrlth
brackets used at the junction, it shall be the clear distanc€ bcfirGo
the floor and the lower edge of the bracket, provicled tho brlaa&ot
width equals that of the beam orstrut and is at least half tbat of t$
column.

(l)

Moment due to
dea<i load.

@ (3)

Near
middle
oI end
spon.

At
middle

olinteri-
or spans.

At
suPport
ncxt lo

the end
suPporl.

(4)

At
other

inFrior
supports.

12

*w t.
_J

9

(,

Wher€

Wa - total dead load par soatr.

Ws -total suporimposel unilormlv distributed load ner span

I -efreotive span.
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(l)

Column of one stroreY

Tr.gle VIII.

Effcctive column lcngth.

(Clause 10.1)

Type ofcolumn,

(2)

Properly restrained
at both onds in
position and
dircction.

Properly restrained
at both cnds in
positionbutnot in
direction.

Properly restraincd
at one end in
pooition and
direction and
impcrfectly
restrained in both
position and
direction at the
other end.

Effective column

lcngth.

(3)

o.75L

Avalueint€roediate
between L and2L
depending upon
the efrciencY of
the imperfect
restraint.

10,2.3. ln aoy column that hes a lar3c crosvsectional ar€a than

thet rcuirel to suppcrt thc load, thp minimurn pcrcentage of

stcel shall bc based upon the area of ccncrctc requircd to r€sist the

dirtct strcss and not upon thc actual area.

10.2.4. The lcngtitudinal reiqforcoment shall not be less tban

a.l5pqccot in thc casc of podcetals and columns ir $'LiGl the

tcngitudinal rpinforcemcnt is ignorcd for thc purposc of calcula-

ting the permissiblc load on thc column.

L
10'3. Transvcrsc rcinforcemcnl -

10.3.1. Generol.-A reinfofced concrotc compression membet

shall have transt/€Ne or helical rcinforcement so dispog€d that cvery

lrngitudi.ral bar noarct to th€ comproesion face bes effective lrtcral

.upiott 
"gni*t 

buckliog subj-ect to provisions io 10'3'1'1' to l0'3'l'4'

The effective lateral support given by ,transverse reinforcacnt
either in the form of circular rings capable of taking up circumfcuo-

iiatiension or by polygonal links (tateral tios) with intcroal angles

not exceeding tiS;. fhe onds of thc transverse reinforcement

should be properlY anchored.

Columns continuing Properly restrained 0'75 L

through,twoormore at both ends in
storeYs.' Xffilfr. 

and

Propcrly restrained Avalueintormediate
at both cnds in betrvecn 0'75
pccition and aod l'0o de'Pen-

impcrfcctly ding uPon thc
r€streiDed in cfficieocy of the

dircctionatoneor diractional rest-

both ends' raint.

Proporly restrained A value intormcdi'

. ;H:1 
cnd in 

l':," "T"l:fi
direction and upon the efficiencY

imperfectly of the imPerfect

r€strain€d in both restraint.
Position and
dirtction 8t the
other end.

10.3.2. Polygonal links or,lateral ties

10.3.2.1. Prlclr.-The pitch of transverse reinforcement shall be

not more than the least of the following distances :

(r) The least laternal dimension of tho compression menber.

(6) ,K timgs the diamctcr of the longitudinal rcinforcing bar

ncar€xlt to the compression face of thc member'

where

K:l2X maximum.pormissible axial load on the compression

mmbcr

actual comptG6sivo load on thc mcmbcr (actual axial l'oad

alone being considered in thc caso of membors subjoct to

combiuod arial load and bctrdiog)'

with the further provison that I( shall be subject to a minimum valuo

of 16 ano a maximum value of 24'

(c)Forty-eighttimesthediameterofthetransversereidforcement.

1O.2. Longitudinal r einforcemenr.-A reinforced concrete cornpres'

sion membcr shall have longitudinal steel reinforcement' and

.ils-*rrtio"al area of such reinforcement shall be not less than

o.;1.r cent of tho area of concrete section required for direct

io"O "to*, 
Ir)r m)re than 8 p3r c'nt of tho grors'soctional area of

iL" cofo*o required to transmit all the loading in accordance with

this code.

Note.-lt should be noted that the use of 8 per cent of steel may

involve serious.practical difficulties in placing and compactingof

;;"r"fir and a lower percentage is recommeoded' Where bars from

;;;il." below have to be lapped with thcse in the colt mn under

oousideration, the percentage of steel shculd usta'll) ntt exceed

4 Per c€nt.

10.2.1. A rein(oroed concrete column having helical reinforce-

mGntshall have at least sit bars of longitudinal reinforcement within

th i s nclical rei nforcement.

10,2,2. The bars shall be not less than l2mm' in diameter'

10.3.2.2. Diamerer.'Ihe dia'meter of the polygonal links or

rr*.r'-ii", shall be not less than one.fourth of the diameter of the

largest longltudinal bar, and in no case less than 5mm'

10.3.3.2' Dldl,Eter._Thc diametor of the helical reinforcerrcnt

,Uatt be in acPordance witb l0'3'2'2'

10.3.3, Helical reinforcemenl

lo.3.3.l.Piih.-Helicalreinforcementshallbeofregularforma.
ti.r *iti ttttturns of tho helix spaced gvenly and its ends shall be

;;;; property. Where an increased load on the column on

ii" rti"irlir, of th. h"ti*t roinforcement is allowod as provided

""a"i 
io-j.r.z. the pitch of the helical turns shall bo not more than

iSi., oot more than one-sixth of the coro diarn€ter of the columo'

r;;il; th"o 25mm nor less than three times the diamotor of the steel

Uu, io..iog the helix. Ir other cases the requiroments of 1O'3'2'

shatl be complied with'
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10.4. Permr.ssible bads,-

10t.1 . AxiallY loadcd cofilwn3 :

10.4.1.1.' Pedestals and short colamns with late ral iies'-The axial

loaal P pormissibb oo " frPtt"l o, shott column reinforced with

i"is,.iinJ G*ana taitrdtties shall not excec<i that given bv

tho followilg equetion :

' P:rrc' Ac+ eft Asc

where
ca:pglmiisiblo stress in concrete in direct compression'

lc:cross-sectional arqa of concrete cxeluciing any finishing

mo-terial and relrforcin g steel''

ass : pelrnissible comO{iessive stress for column bars' o nd

lsc :Cross-scctional adea of the longitudinal steel'

10,4.1.2. Short colunus u'ith heliccl rein{orcemefi'*Where helical

-iolro.J.ot is used, the axiql load P permissible-on a short column

;;i;;r.*d thet givetr ty ttre equation under 10'4'l'1 and the

cquation given below, thichever is greater

P:qc Ak*qsc A.-sc'L2 qsh Ab

where
ctc :permissibte\tresq in direct compression

Ak : cross-soctionat utL of *oote in tho 
^ 
columD cor€

excluding the afta of longitudinal reinforcernent'

'Aa 
:eguivalont area o{ bolirrl reinforccment which may be

takcnasthcvolumo of helical reinforcement per unit

lolgth of tho column'

lsc :closs-s€ctional arpa of steel in compression'

asl :polmissiblo stress in holical reinforcernont' and

For more cxact calculations, the maximum permissible stresses
in a rcinforce<i conclrnete column or part tbereof having a ratio of
effective column lcngth to lcast lateral radius ofgyration above 50
shall not €xced thoso which result from the multiplication of the
appropriate maximum permissible stresses specified under 8.1 and
8.2. by the co€fficieat Cr givcn by the following formula :

wherc

K nr: least radius of gyratiou

10,4.1.4. Composite columns

(a) Allowabte Lood.-The allo*able load. P on 'a cornposite
column,r:onsisting of a structural steel or cast-iroo cclumn thcroughly
encased in concrute reinforced uith both longituoinal and spiral
reinforcemqnt,shall not €xceed that giren by the following formula

rrsc pormissible compressivq stress for column bars'

fhc srlm of the termsac At and 2 ssh 
. 
Ab should not exceed

o io-l"r-*ftore crcu is the 28'day works cube compressive

stren$h of the concrete (see Table I)'

10.4.1.3. Long columns'-Tho maximum permissible stress ina

. *ioio...a concr€te column or part thoreof having a ratio of effective
' L;ii.i*fJr,irf,i. f*rt tateral dimension above 15 shall not exceed

il;;htfr*sult from the multiplication of the appropriate maximum

pormissible sress as specified under 8'l and 8'2' by thr coefficient

Ail;;tiherorrowins".]".' 

-,Cr:l'5
30D

Pco. cAc + r,gc Ascl.eP 4^

where

Ac :net area ofconcrote section ;

: gross area of the concrete section-Asc-Am.

l.lc-Cross-sectior al area of lorgitr d,ine-l bar reinforcerrent.

lrr-Cross-sectional area of the stccl or ctst iron core.

orr-Allowable unit stress in metal core, notto exc€ed 1,250k91

cm2 for a steel core, or 700 kg/cm2 for a cast iron core;

qc-permissible stress in concrete in dirtci compre ssicn; and

qsc-permissible compressive stress for colurr.n bars.

(b) Metul core and reinJ:orcernent.-The cross-sectional area

ofthe metal core shall nsl exceed 20 percent of the gross area cf the

column. U a halow metal core is used, it shall be fil€d with cotrcrete'

The amounts of longitudinal and spiral reinforcerrent and the requirc'

mentsas to spaciru of bars, details of splices rnd thicklets of
protective shalloutside the spiral,shall cr nfotm 1o l0'2- and l0'3' A

cloaranceofatleasr 75mm. shall be maintained betw(eD the spiral

unCtt. motalcoreat all points exceplShatwhen rhe core consists

il-a structural steel H-cotumn the minimum clearerce may bo

rciluccd to 50 mrn'

where
Cr : reduction coeffi cient

/-effoctive length of column and

D-least lateral dimension of column

i.Iorn.-Whon in a colunu having helical reinforcement the permis'

core area, theleast lateral dime nsion
'of the core.

sibls lcatl is baseci on thel
should be taken as the diameter

I
Cr:l'5' 100 Km
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($ splitzs and cotttuctbns ofnutalcores.-Metal cores io "9tl-:'
'sitocolumnsshallboaeurately milledat splices aad Pooitive DrorT

;i;;=;h"6-.&il;4.;"tof ono coro above aoother' At the

colunn baso, provision shallbematlo tq traosf€r the load to the

footing atsaf€ utritstressosin aoocrdance Withls. .Tbe base of tl"
m€tal srctioD shallbedesignedto transf€,r the load from *re entire

composito columns to thi footing,oritmay bo 
'lesigeod 

to trasnfer

tho loadfrom themetal section ontv, prori&e it is placod in lhu
pier or pedestal asto leave amplo section of conqete above the base for

th€ tra$nfer ofloadfrom thereinforoeoconcrete sedion of the column

by means of bond on the vertical reinforcement and by dir€ct

comlressionontheconcrete. Transfer of toads to the metal core shall

be provi&d forby theuseofbearing members, such as billets, brackets

or othorpositivo connoctions; tbeseshallbeprovided at the top gfthe

metal corp and at intermedi.to floor levets wbero required' The

column as awholoshaltsatisfy tberequirements of formula quoted

uoder (a) of tbo clause at any point; in addition to this, tho

roinfored cotrcr€tcportiotr shallbe doigned to carry, accordingto

f 0.4.1 .l or 10.4.1.2 ds the case may be, all floor loads brought

into tho column at levelsbotw€€n tbe metal brackets or connections

In applying the fomul aundor 10.4.1 .1 or 10.4.1.2 tho giross arca of
columns sha[bc ta&eo to bo tho area of thoconcrete section outside

themotalcorc, and tho allowablo load on ttc reinforccd concrete

sectioo ghall bo frrrther liriiled to0.28 trcu X grosssectionalarea of
tbo column.

(d) Albwabh load on meul coreuly.-Thomotal corcs ofcompo-
.ilupshrmn shallbealeoigned to corry safely aay comlrucli(n or
othcr loads to be placed upon them prior to their encashn:ent in
concrBtc.

10.4.1.5 Concrele filled pipe cohutw:-{tre allowable l,oad P on
golnmns consisting ofstel pipe filkdwith concnele shr.ll te es gircn
below:-

ll,. Members sublect to combinedaxial load ad bendfu.

ll.l. Desigt based on urcrcked sction.-A memter sutjtct to axia,
load and bending (due to exc3ntricity of loaC. s 616li1l.ic c< ns(rucl icn,

Iateral forces, etc,) shall be coasidered folloning condilicns is

sati$ed:

(a) src lcb a I
+

. ec ecb

Il/b€ro

et:catculated tlirectcompressive stress itr concrete.

cs:poflnissiblc axial compressive strcss in conottg

srcb -calculated bending comprcssive stress in corrcrcte

anll
crs! -p€rmissiblebendirucompressile stress in concrelc.

(D) Thc rcultant tc,raion inconcrete istrot Erat(r thrn 35 per

cent anil25 peroent of tho rcsultant compression f& Haxial atrd

unaxial b€oalhg r€spectively, or exceeds thrte, fourlhs the 7 day

modulus of rupture of conclele.

Nors 1- P
qlc 

--: 

er
Ac*m Atc. Ac * m Asc * 2m./.b

for columns wlth tiesand hclicat rcinfotcernentrtspectirely. P, Ac,Asc
anrl Ab arcas,d€fud in 10.4.1.1 aotl 10.4.1.2 and m is the
modular ratio.

.M
Norc 2-e rcb - whcrc M equals thc trorent tnd 7

z
eguals tbe modulus of seclion. In the case of sections subict to
mom€ots in two (trcctions, the slressrs sttll te calculatcd sepratcly
andad&d algebric3lly.

11.2. Desigtbased oncracked section.-lf the requir€nents specifrti
in 11.1, are not satisfed, thestresses io coicrtle and steel shell te
calculated b!, th€ th€ory ofcracked sec'ticn in which thc tersile
rpshtance of coilqete isignored. If the calculated stresscs are
within the pcrrrissible shesses specifed in Tables VI anal VII, the
sec-tion may be assurned to be safe.

Note.--Themaximrm stress inconcrete and sleel may be fornd
from tablcsand chartr based on the cracked section theory or dircrl3
by tletcrnrining tbe r:o-stress linewhich should satisfy the fo[ou'in8r

rcquircnrc,nts:-

(a) Thediroctloadshouldbeequdl tothe atgebraic stm of the
forces on concrele aod st€el.

(D)The mornent of tbe external loadsabout any roference liDe

should boequalto th€ algebraic stm of the n'cn€nt of the forces

in concrete (igpring thc tensik force in concrele) and steel

about thesame lire, and

(c) The mornent of the oxtqral loads about any other rcferctce
limshouldbeequal tothe algchaicsum of thc morcDtof thc forces

in boncrete (rgofig tensilc force in concrele and steel about the
samc lino.)

P

p:Acac(l-4.oooo25*j, + qsc Asc

K,,

Where

Ac-area of concrete within the plpc of the column.

as:permissible stress iD conq€te in dircct compression.

L:unsupported length of the column(soe 10.1.1).

Kc : radius of gyratio n of concr€te alonc ;

L.
qSC:(1,200-0.034 

--kg/cmz provided yield str(nttl of' tr3
sL

the piDe is not less thao 2,{6t6 kg/cmz and - is not more thaD

tzJ. I(r
l,rc-cr6o-r*ional area of the she ll of the steel pipe; ar d

.K.r-radius of gyration ofsteol pipealone.
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11,3. hnding nonuntsin cobnus-

ll.3.l. Bcoding mom€lrtg in internal columns suDDortinof t an
approrimatdy eymmetrical amangBarents of beam and tofCng:ffieo
not bc calculatcd €xoept in the caso of fat slab_construcmA;i-

!61r{ing momts in exteqpl cohmn and in intemal column
supportingananangsn€nt ofboam andloading not approximately
symmetrical should be calculated andprovided for.

Nore 3.-The equatior for the moment at th€ head of the lowcr
column maybeused fel splrrmn itr a topmost story by taking Ku
as zero.

11.3.2.-Where the bending moment is calculated in the internai
columns, itjs p€r6isible to take into account the reduction ia load
rcsultiag fron the beam on one sidc of the column bcing fully loadcd
aod thc bcam on the othcr side being loaded with dead load onlyl

In theabsenceofmoreaccuratemethods of analysis for computing
benalitrg modEntsin columns, the erpression given in Table IX
may be used for estimating the momeots. 11.3.3 Coltrmnssubjocted to directload and bending should ire,l

ferably be chocked for ultimate load,especiallywhcnbendinlmomefis
are caused predomioantly by seismic loads or other horizoatal forces.Terr,e IX-MoMBNTS rN @r.wxs.

Momcnls for lrantes

"'of otu.fuy. 
,

(l)

Extcrnal (and similarlY
loaded) columns.

Momont at foot of upper
column. Me

Momentathead oflower
column. Me

Internal columns

Moment at foot of upper
col'mn.

Kt t Xu*USkb.

Ki

Moments for
framas lwo
or more bays

(3)

Ku

Ki+Ku+Kb

KIJ
Me

K+Ku+Kb

(2)

Ku

11.4. Rclnforcmcent.

ll.4.l. Peilesuls.-{ompression members where the ratio of 
'the

effcctive length to the least radrus ofgyration is less than 12, sucb
as in pedestals, may be proportioned to resist bending moments with.
out providing any reinforcement by permitting the maximum tensile
stress in concr€te equal in value to the maximum permissible inclinoC
tension as given in Table VI.

11.4,2. Members other than pedestals.

11.4,2.1. Rcquirements rcgarding the minimum area of reiutbrcr.
mt and its size and disposition for both longitudinal and transversc
reinforccments shall generally be governed by the correspoodlng
provisions ia 9 so far as \eodiog is conccrned, and prayisiotrs in l0
so far as direct compression is concerned.

Ki*Ku*O.sKb

Mec
Ku

Ki+Ktt+KbftKb,

Momcnt at hoad of lower
column.

Ki.
Mes

Kt+Ku+Kb*Kb,

Nors.l*
Ma-bondingmomcotatthocod of thc be;m framing into the

column assuming fxity at the connetion.

Mer:Maximum differenoebetween themoments at the epds of the
two beams framing into opposite si&s ofthe col"mn, each calcutrted
orr tlroas$mptionthat the ends of theboams arofixed and assuming
orc of tho boamsunloadod.

frl :Stifress of the upper column.

I0':stiffness of the lower column.

K&:stiffooss of tho beam.

KD, :stiffnesq of the boa m on one side of t he columr! and

X6e- s1iffit .t of the beam on the other side of the column.
r;

12. Shear ani torsion.

tLl. Ganerul.-A rcinioroed concrste s€ction in any structural
mpmbcr sball be proportioned and reiaforccd to develop thc rcsis.
tanoe to shear strosse resulting from transversc shear or torsioaal
momonts or both in accordance vnthlz.zto 12.4,5.

12.2 Shear stess due to ttansyerse shear.-The shear stress q at
any cross-section in a reioforced coacrete beam or stab shoutd bo
calculated ftom the following equation :-

o
g - -- (for rectangular beams), or

bjd

a
O : __(for I-or f,-beams)

br jd

Wbere

O :total shcar across the section.

6 -breadth of a rectaogular beam.

Dr :66sa616 of the rib of a T. bcam or L-bcam, atrC

' jd-levet arm of the resisting momeot.

Nors.2-Forthepurposoof this table, 'stiffness' of a memtrcr
ortainedby dividitrg tnemonun ofinertiaof a cross-section bf
the leqgthofthemember provided that the member of constant
crogs'ccction tbroughout its leogth.

I
I

ffl€*-
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lz.!. shear stre ss due ,o torsion.-shear stresi resulting from torsional moment may be acrurately assessed by menrbnro anotogy

orbvanyotherrecognizedtheory, ThevaluesgiveninTablrXmaybeconsideredacceptable for dcign purposesr whero Mt ls the

torsional moment.
TesI-s X-SHSAR SrREss IN MEMaBRs Due to TonstoN.

(Clause 12.3.)

ShaPe.

(2)

F_0..+l

(a) Non-tubular sections' (l) Circle.

l( Mt
TD?

clncLc-

(2) Ellipse.
t6Mt

7c bzD

ELLI?3L

(3) Rectangle
blt(3+Zblo)

WD

37,1t ti

D e s! ription of se ction.

(l)

(D Split box.

Maximum she4r sttcss.

(3)

,

-

'4) Sedion ciadi uD ol' 
ioclengles, such as
T orl.,.

F
2, b${
Whffo ,i is f r or ls

according to
soction

thc
under

T oA r- SECttot

considcration.

\Mt ti

E D, r,t

Where ri is ,. 'or ,,
01 tr, etc,, accordingto the sebtion
under consideration.

2Ati
Where A is the mean

of the areas enclosed
bv the inner 'Anat

tlie outor boundaries
aail ti is tr or tr
etc., a€cordiflg to tbe
sectioo. under con
sideration.

Mt

{6) tulular or box-
sectlons.

c,LoStD &I'

't



8.3.2, Rectanguhr ond T. settlons ander hending

,t
't4t

AC col{cRgTt SRAtl{

I
- 
^,{5

3rl.E,L 3"ftNN
Ultirqate momolrt of of a rectarigular 0r T. sectroo

AC @NENLTE. STN,\IN

rhall be calculated as follows

' (a) Detormine tho depth " a," of the rectangular stress block
to satisfy thefollowing equation :-
. (Ast-Asc) dsy:0.55 dcrl(areasolthe stress block in thc

rectangular or T. Sec'tiou).

(6) Calculato tho ultimate

r. AXIS

AT STEEu sfRAN
(2) Medium tensile conforming to IS. : 1139_1966_

3) cold twisted plain or 'deform&. 
bars coniormiog to

I s.; 1786-1966-
Barcunderl0mm .. .. .. ..

of iesistance as follows :_ Bars from l0mm and above

3,@O

3,450

4,950. '
4,250

2rffi
2,Q0

2r?fi
2,|fl

2,ffi

(2) if d Z 0.43 d, assume, a ts 0'43 d and levor

'rIn:(d-9:41)' '

and Mu-0.55 diu (area of the stress block over the depth
0.43 d) (lever arm)*Ascdsy ds1

W.here

.lst :aroa of tension steel,

/sc : aroa . of compression steol , 
.

6s/:Yiold stross of steelt,

dcu : Cube strength of concrele at 28 days,

Mr-uitimate moment of resistance,

d:effective depth of section,ard

ds-disrance between centrdids of tension steel (Ast) and
comPrc:sion stoel (Asc).

No!e.-lr a balanced t*t"ogufut ssctiou-

Mu:0.185 bilz acu.

and Ast-0'236 bil €cu

ds/
.Fcr the purposo ofdesign dsy sh ll be taken as the guaranteed

yleld stress, subieot to a mrximurg limit of 3,2@ kg./cmt foi plaio
rdund or squarebrrs. In the lbsenpe of a guarantee, unless othiffise
established, the following values m[yf,be assumed:-
(1) Melium tensile steel conforming to I.S. : 432-19o0 " T

8.3.3, Corcentd@Ay baded short. od totg cotnnt._Ultimilo
capacity P of cbncentrically tciaded section should De dctermined
by the following Gquation;-

i-0.4 dcuAc* esy Asc.

Whore-

ecz+ultimate cube strength of concrete in comprcssion.

lc-cross,{@tional area of coocrete excluding' any .finiqhing
material and reinforcing steel..

dry:yield stress ef steel reinforcement or stress in steel corre_
ponding to 0.002 strain whlcheverisless,and

lsc-Cross-sectbnal area of loryitudinal steel.

For long columns, the requirements of I0.4.t.3. shall appty.

tl C.IlGtGfc. 0:3 Per cert

(t) if a{0.43d,take the lever arm:(d-alr)
and Mu:(AsrAs) dr', (leYer arm)+l"rdr, 4s

" (4) Mild steel conforming to JS. : 432_1960_

Grade II.-
Bars up to aod including 20mm
Bars over20rnm ..

(5) Mild steel cooforming to IS. : 1139-1966-
Bars up to and includiog 20mm ..
Bars over to 20mm

G,oaTrr€sEr ti trtr,Lt
crl^tttllatof, ttl canct aasxrir.-l6r tlt rrr.ll.I

tffi n $rlr,uf

2;a0

Bars up to tnd including 25mn .,.

Barsover25rmrup to and inctuding
Bars over 38mm up to aocl includtng

e

38mm

5Omm

I

fs]c-t 8.1.4. Mqtbrs safiect to axlal comprcsrton and bnding la otu
1'600 flarc.-lfltipat6 capacity of reinforoqd goncrete soiic; fir ai€cr, 3,450 compression and bending in the directioo of one of ,r. p.ioap*
3,3@ areas $houldlbo calculatod as follows !-

I

-. _-.Ci?L

46G3-19

T

a

I

At

t
Gradc I- -

Barsup to and including 20mm o.
Bardovor 20mm . .

I
\y
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(a) Tho dopth of thc roctangular otress block should be 0.75 time
tbo d@th of the neutral axis subj€ct to the maximum value equal-to
tho dopth of cross.section.

(r) Tho avemge comprossive str€os across the rectangular str€ss

block should be takoo as 0.55eca, wheo tho resisting EoDGDt due to
compressive force in concrete (not taking into acoount contribution
from compresivo reinforcement) about the centroid of the tension
roinforcoent (or the reinforcement least in compression) does not
orced 0.75 timo thc momoot of comprcssive force inconcrete subjded
to uniform compresivo stress of 0'55 6cz over the e'ffectivs depth of
tho soction. Bot a<d, the average compressive stress across the

rccrangular stross block should be reduced so that this limiting mo'
mcot ig not orceeded. Forai 4 tho avclag€ compressivc

stress apross therestangular sfrcs block sbould be taken as 0'4 ecu.

(c) Strcss in st€el should bc equal to aq appropriate strain in steel

XEr'or ds/ whichevcr is less. For cold worked steel with no definitc

vicld ooiot. Es for this pruposo may bo ohained from the idealized

.t orir"io diagram plotted from tho following data :-
ETbe diagram is a sttaigfut lino from origin to the point withiordnate

oooat to the strcs 0'8 dsy and a curve starting from 0'8 dsy and

Offi'Uv tha foUowing valuos of residual unit elongation :-
0'01 per cent for stress equal to 0'85 dsy.

0.03 per ccntfor stress equal to 0'90 9sy'

0.d7 per cent for streos equal to 0.95 dry.

0.10 per cent for stress equal to 0.975 ctry.

0'20 per oont for stress equal to d,ry.

(d) thG maximum straio in concrete may be assumod as 0.3
per c€nt for the purpose of calgulations.

LAAD Fostrtotl

sTn,\il tN cQtlcRLrs o'l$

5TR-111{ tr G(If,Pfrlsdlorl

cs\PRL55l(It lil
cot{clR?-rE-

a

_$[ Stress ia compression steel should be determined by assuming
ma:iifrum rtrain along the axis o{ most stresscd reinforcement to be
Ofi)2. Where the strain at the levet of the reinforlement does ntt
rcach 0'002, the compatibility cquation shall be used.

(f) The capacity of the section for combined direct load anrt
bonding moment should be determined from thq,following conditions-:

(1) P-algcbraio qrm of tho forces in oonsnde and steel, sirp
(2) Moment of=$e extepal force P about any reference liae-

algcbraic sum of the momcots of forces in conirete and steel about
the sr.me reference Iine'

8.3;5. Mcnbrt subtcct to axtol ottgressbn od bnding h two
pl@cs (Skcw ffiWl.-Whcn hopoint ofapplication of the resultant
Igg{dooe n;i lio along any of tboltwo gometrical axes of the soction
iffill bo a case of combined dtrcct lo8d and bending in two direc-
tione.

t.Arts
SrEEL trrl^ti

7EX5loil

The basic assumptions (a) to (c) of B'3'4 apply- in this caso also'

In tbis case the neutral axis is so choseo that it satisfiee thefollowing

conditions :-
(c) P=algebraic sum of forc€s in concreto dnd stecl, and

(D) Moment of P about any two refereng h?:algebraic sum

ofthi. momeot offorcc in concrete and stoel about thc same reference

linrs.

8.3.6. Ultlnutc shar strerylh'-Ultimate shear strength 
. 
of

,aioioar*O @ncrote scction without shear rsinforcoment both against

tiansvsttc shear and torsion sha11 be cacdlled by taking the shear

sEcngth of concrete equal to two and a half times the permissible

shear sttw givm io Tablo YI.

8.3.6.1. Whoo the shor $Ength of a roinforced concrete section

wiiiout shear r€ioforcomcnt is not sufrcient to lesist the ultimate

;;;" shear and torsion, shear reinforcment's[ouh be provide0

asin 12 with thestrcs in sheal steel limited to dsy'

8.3J. tlltltmte M suewth.-Ultimate bond streogth to bc
asumed for ascertaining the local bond and. qgch- oragie shall be
taleo at 2.5 times the b,ond strcsscs permittd in Table YI.

8.3.8. Control of oackittg arrd dcieclbn -Reinforced toDcr€ts

membors subject to bending shall be designed to have adequatestifir

oes6to prwmt deflectionsorother deformations which may adver-

sely effoct the strength or serviceabilityof.thc structure orproduceun-
nccept ble.cracl" in finishes or partitioos carried by the structutB'

'I

n.3.8.1. ExcOt when calculatioos of dcdoctioDs prove that the

lesser thic&tresses may be used witbout advotse effects; tho ratio of
span to ovor,all depth shall not be greater than that given io 6'5'

8.3.8.2. B€aEs with width of comprsiou f,angelass-than- l/3O

of iUe span shall be adequatety rcstrained latcrallv from buclliog'

4

.;

3

o

a aa,



143

DBsrgN or SIABII
Ar

tl,'-

Spe,uuNo rN Two Drnrcrtoxs
Rronr Axons.

dxl 6xl
x

t I

t2l08

67x x
I

C.l Method l.

C.1.1. ThG bending moments in thc slabs may be calculated asu-
ming that the slab asts as a thin olastic plate and negleoting Poisson's

ratio. These bendiog moments may be assessed either by the use

of influenoo coefficients or reody made. tables which are available,
or by expqimental stress anelysis. The resisting moments of the

slabe may bo calculated by the cornmooly applied theory of thin
platcs.

C.2 htethod2.

C.2.1. Rectangular slabs which are two-way reinforced may be

coirsidered to bo made of two sets of mutually perpcndicular strips.
The individual strip is to be ccnsidered as simply'supportod, 0xed

or continuous dopending upon the support conditions of the slab.
Tho uniformilrdistributed load x, is carried between tho stripg in such
proportions that the dofletion at the centre of slab is same for both
the middle strips. The bcnding moments calculated on this basis

h"u" to be coriected for torsion and corner r€straint. Mid'span
momeots and edge moments for the different cases aud span letrgtls
of slabs ate given in Table XIY and illustrated in figure. fhs
-iO.p", -o."ots shall be calculatS as follows :-

8
wlx

2

x

(l-*xll (l--<llx ) t; (l-cr ) Ivv

10 t2

according to the position of the edge. The circled figures 8, 10 and
12 indicate the denominator fo.r the negative moment expression for
the corresponding odges. (Vide P 145)

NorB 2.-Negative moments on ths common edge from adjoining
pancls should bo averaged.

I

8

wl
aodM,

total uniformly distributod load pcr unit arca.

longths of sides (^SeeTable XIV), and

coeEcients giveo intablc XIV.

Nors 4.-tvl&rimun asd minimuF Eom€Bts can be convcnieotty
found by placing livo loads in altematc panels by usc of the following
equation:

Maximum moment mom€ot due to (dcad load + balf live
load) * momoot duo to half live
load acting vertically upwards and
downwarJs in alteroate panels. a

Minimumrnomeot Do.

C-2.3. For slabg, ed&s of which a,ro disconlinuous,top and bo0tom'

rcinfomcmont sbsll b€ providodfor tonion at ducstraiaed corDool

for a loogth equal to ono-ffth tho slab spsnio Gac,h dircctioo- Both
top and bottom reioforeoeot shall oonsigt of two bycrs of bon
pl.r"aatncr pgp-dicular and parallcltcpcctivdly to tho diagpodB

throurb tUo cornor or parallol to tho rgp@tlvl slab cdgB. Tto
aroa of reinfotrm€Nrt in each of thc four laycm,'pcr ulit width . of
tho slab,shdl Sequalto rnaln reidormoot atmid'o1nn

NorE 3.-Wbm the panellenglh rrrriationis more than 80 per ceht,
oagativc momeot should bo found as for a continuous beam, thc
appnopriate values for shar€- of loads in 1r, and I dircctions bcine
taken.

C'3'Method3.

C.3.1; This merthod ir based on'matlematical anelys€s supptcm€n'

tod by exmtmeotal rlato. The efrects of rodistribution of bonding

momofrs have boon partially allowod for. The following pcovislont

shnll apply for slsbs rwtrgincd oa four sidcs.

(a) Whoro tho coroers of a slsb aro preventcd from tifting anrl

adesuate provision for toniou itr eccordsooa with (e) ofthis claucc

ir-."L,tnu bonding oomcots msy be agsumed to have thc lu€s
given iu accordance with (D) and (c) below :-

M*
m

,i tt

v

^y

whe16

l*,lY 'o
frtrfry -

C.2.2. If the slab is fixed at etlge bearns or is continuous, no tor'
sional reinforccment need be provided at the corn€rs. But for a

slab which is neither continuous nor fixed at sogr€ ofits edges tbp

torsional reinforc€mcrnt may be dropped onlywben the stab is desig'

ned forincreased bending momcnt in a@ordance with Table >([V.

Nors l.-For approximately equal panels' smallest spau not

being less than 80 per ccnt o f the lar8pst, -thc negative B'M' at edges

rmy betalcn as

.,

{
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(6) lttrbs aro considcro[ as !ci"g divided io each dirpction into
otddd strips and cdgo strip$ as shown in Figure 16 the middle strips

heving a width of thr€e'quaftcrs tho width of the sl0b and each edge

firip haciDg a width of one"eigbth of the width of the slab, with the

provision that no edgo stripshould exceed I ' in widtb.
2

(c) Thc maximum bending moments per unit width in the middle

srrip of a slab are gitren by the following equatioos !

.M, - 2r*Wf.

(/) Where a slab ends and there is m rnolithic ccnnection betwoe

the slab and the supporting b,qrm or wall, provision shall be mado
for the negative momelts that riay occur in the slab at such support.
Tho negative moment to be assumed in these cases depends on the
degree of.fxity afforded to the edge of the slab, but for g€Nr€ral pur-
poses it may be takeo as two- thitds of the momert given in Table XV
for the .mid-spao of the slab.

C.4. Methoc| 4t

C.4.1. Thismethodis base<i on the ultimate load method of desigt.
Tbe shi66r load should tB obtained by using the lcad factors as
giveninB.3.l.l. The ultimate bending moments to beallowed should
be dodrced from the analysis in which due regard is given to redistri-
trution of moments that would gccur before failure of slab or beam,
by ttro use ofJohanssn's yield line theory or by any other applicablo
method. The resistance moments of the slab and beam sectiol"
should be calulated in accordance with B.3.2.

Errrucr rnou I.S. 45d-1978..

2
andiUy = Z'Y Wl

Whero

M,t

MyE

Zt, =

7vo

t:

ly-

t,:

v.

lvlaximirm bepdinf mom€G oD ltrips of unit width
in tbe dir*tioa 6f soao t1o

Maximrm U{"d"g momcnts on stripo of uolt width
in the dirtdtion ofsPon lY.

Coefficients shown in Table XV.

Do.

totalload Per Pnitarea.

length of the longgr span, and

length oftho short€r span.

(Coile of n ractrce for plaln and relnlorced cotcrete.)

0.4. This revision iDcorporate s a aumber of important c,hange*
The major thrust in the revision is on the following lines :-

(a) Wbilst designers are aleady aware of 
'the 

need for basing
aeslens on requirenents of adequate streogtfi 6{ sati8factory seM-
ceability,the aoocapt of limit state which provides a rational aplnoach,
taking into asormt variatioos in material strengths and toads on
semi-probabilistic basis has now been introduced. This, io fact is
a rationalization of the ultimate load m*od whlch wgs brieffv
owered in App€ndix B of IS: 45GlW. The working stress nethod
as practised earlier has beqr retaincd with the design for shear and
torsion beiog ali@d with the correspoading provisioas for limit
state mpthodof design"

(b) The clauses dealing with sampling and aoceptancs qriteria
for concreto have beenrevised by elaborating the ooncep6 ofstatistical
quality contol and introducing characteristic streogth of concaete,

to bring it in line with the latest trends in quality omtrol of ooncrete.

(c) Method of design for shear and torsion has beea completely
revird, inoorporating the results of the latest research on the subject.

(O The concept of developmeot l€ngth for reinforcemeat has
been introduced. The requirement regardine checking of local bond
str€ass-has now beeo replaced by an extension of tho ooaoept of
devebpment length.

0.4.1. Thp signiEcaot changcs incorporated in section 2 are as follows:

(a) ths additional materials Dow permitted are more tlpes of
ceur€nt, pouohnas, ligbt weiS[t aggregates, aad cold twisted deforoed

.bars of Grade F. 500.

a

rd) No reinforaemont parallcl to the adiaocnt edges of the slab

"uAtUe 
ioscrbd in tho cdF strips above that Fquircd to comply

*ml'Z't't; t8'3,18'3'4 and (e) of this clause'

At oornors contained by edges over neither of which tho Slab

is cotrtinuous, top and bottom reinforcemoot shou{ bo provid€d

- i^r i.*i"o at the cortrors of the slabs. Both top aod bottom rein'
ilrcenot sUould consist of two layen of ba,rs plapcd parallel to thr
Jrlj*-t[i" rfab and extending in these directions for a distance of

"Jni,L:"f 
the shorter sqan'- fhe-alea -ot 

t!3.uars ia each of thc

f-":*-f"y*t, per unit width of the slab' should bo thrce'qu8rt€rs of
tto "*i 

.uqoi*tl for tbo maximum positive moment in th o slab .

At coroers contained by pdges over only 6ne of which the slab is
'*otiooo*, tbo torsional rcinforcement may b€ reduced to oae-half'

oltuttuqiird by thc precediog paragrapb'

)..,

.{oy reinforpement provided fo1 t}e- nueose of complying rri&
othercliuses of thiscodemay be inctudcd as part of the reinforcement

ieqoircil. to *.PtY with this clause

(a) Tonion rernforcemot sfoufj Ue. nrovided at tho J-u.t
ofa siaU 6copt at oorners contaioed by edgps over both of which

I bo ahbis continuoug'
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(0) Regarding durability, guidance conoeming minimum oeoent-
oootcnt and maximum water cement ratlo for difrereot environ
rn€ot l oooditioro,indudingtypes ef comenttoL uscd fbrresisting
sulpbate attack ha been given in an appendix. Limitations on
thctoatal chlorideand sulphate oont€nt of coicrete have also boen

(c) Information regarding propEgies of conoerete such as modulus
. of elasticity, tensile strength shrinkage, creep and oo-efficient of

thermal expansiontas been given for guidanoe. 
-

(d) Rc€ommendations regarding construction tolerances relating
to form work and placing of steet have been given.

G) neoommendation regardipg acoeptance criteria for hardened
cotrcr€te represented by core tests has been given.

CI The clauses on lo.ad testiqg of structures have bee[ modifie.d.

(r) Guidance on the determination of effective length 9f colums
in framed structures'has been added.

0.4.3. Section 4 includes special derig"r requireiuents fop rtructur€s
such as flat slabs, deep beams. etc, and tft* "r" in additioo to
superseding the rules of Sectioo 3, as applicable. The significant
dhanges incorporated in Section 4 are as fLlows:

(a) Recommendations for the desig of deep beams hane beenadded. i
(b) Guidance for the design ofribbed and voided slabs has been

included.

- -(c) 
The cliuses on desip offlat slabs have been ro,ised. Shear

in flat slabs and openinp in flat stabs are now covered in some d;]:-
(d) The blauses on foodngs have.also undergone some changcs

regarding design for shear and transfer of toad at the dse
of the column.

0.4.4. In Section 5 oq,fmit state mothod, a unified approari has
been made to @ver members in flexure and flexure combined with
axial fgrce. A method for design of comgession me.mbers wih
biaxial b€nding has also been added. Strenderaess effects are ta&en
into a@ount by augnenting the momeats to be considered in design.

0.4.5. Io Section 6 on worlini stress method, tne perinissible
stresses in steel have been modified to make them more rational and
to reflect the provisions of the basic standards on steet. permissible
stresses in concrete for shear have been oompbtely revised in order
to bring the procedure for design ia accordance with the ragommon-
dations in Section 5. Values of local bond stresias have been deleted
a8 thoee af,e lot required according to &e newruhs given in Section 3.
Valges of bearing stress in concrete have also been deleted from the
table of permissible stress€s, since it has been gvea in ttre clause
on design of footinp in Section 4.

0.42 Section 3 oo general desiglr requirements has grouped
togetber design rules which are generally applioable to all stnictures
de;ip€d by any method.'The significant changes incorporated in
S@on 3tre as follows :-

(a) Recommendations regarding protoq/pe testiag bave been
added.

(b) Recommendations regarding stability of thg structures as a
whole have been given in addition to the one regarding theitability
of overhanging members. .

(c) Some recommendations regarding frame analysis such lut
substitute ftames have been given.

(d) The rules for effec{ive width of flange for T and L beams
havo been chaagBd.

(e) The recommendation regarding slender beams have been
change.d.

(f) The slEnderness linits for columns have beon e,hanged.

(g) Mioimum ecen'tricity for the design of comprosaion memborc
has bcen soecified.

(h) Rubs governiltl}the usc bunded bars havo beon addcd. -

@ Curtailment rules for reinforement in bsarm ad sl&bs havc
becn girrcn. ?

(k) Recommeodations regarding critical s€c-tions for shear and
roioimrm web reioforpemeot have becn added.

(m) Thp r@madation rcgndiry mlnlrrru- toosib rcinforce.
rncot in beanrs has boen modified.

l.'Scope z

1.1 This code deals with the general stnrctural use of plain and
reioforced concrete.

. 1.2: Sp€ciat requirements of strustures, such as shefls, foldd
dateSarches, briqrys, chimneys, blast re.si'stant strrrtures, hydraulic
stn1p1uros and liguid retaining structures, oovered in ra@ve codee
have nof,beeu covered in this code i theee codes shfll be used in
coqirmction witl this coite.

2. Terminologlt :

reinforcement

_ 2.1. For the purpose of ttris standard, the definitioos giraen io
h :,tSili-196Spand Is :6461 (Parts I to )(II) shalt generaly-apdf(n) Bcoommendattons regarding side faoe

o boans harre beea adiled'

(p) The clause on span to depth ratio fordontrolling defectton
has been modified apd elaborated to tate into acaorurt the
type and percFntage of rehforremeAt provil,ed. [,ieth"d i;r
calculating the short term ar well n long term doflccd;
hag'been added.

3. ^xltrl&ols, .

3.1. For the purpose of this statrdard, the following letter sfmbols
shall have thc meaning indicated agqinsf each ; whepiother ri.Uoft
aro usc{ they are expalihed at the approp,riate daoe : "

A Area

6 Breadth of beam; or'shorter Oimsqsion of a rogtaog da '

cotumn.

Efiective wi&h of slab,

Efiecrive width of flange

Breadth of web or rib

be

bt
6w

(q) Detailing rules for crack control have been given in tnc code.
These rules are expected to lead to a satEfactory design for
moot of the strudures rrnder normal environmental condi_
tions. Detailed investiSatous of crack width may however
be required for unusual ca$es gr structures in agrQssive
environments.
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up of restangles, shear strcss ls
sid€s of rectangles.

and reinforcing a
to shearJhe following condition s

ahear stress in cotrcrete.

Note2.lla tho caso of boams, however, requirements

spocifieal it I2.4.5. shallaPPlY

(D) Providofullshear to resist the whole shearing

force due to transvorse shear the shear resulting from torsion if-
stross as givcn in Table YI.

I
Where

12.4.2.6. fbo rtsfutano to rhcar at anyrcaloaofa boamrtlnforogit
with inclioed bars may be calculatod on the assumption that tho
inclinod bars foim tho tension mcmbors of ore ofmoro sirgle systcm
of lattioo gir<Iers in which the concrete forms the compression
rnombors. The shear rgsistanco at any v€rtical section shall thoo bc
takon as tho sum of ttre vertical compo[onts of the tensioo and com
pression forces cut by the section. Caro shall bo takon that suoh

assumptiotrs do not involvo gtreater stress€s in the horizontal portion
of tho ioclioed bars tban the permissible strosses.

12,4.4. Renforcementfor shear dae lo torsion.-Reitforcement for
rosisting shoar resulting from torsional momonts shall bo proyidpd

in the form of stirnrp and longitutlinal b4rs and shall tre calculatcd

in accordance witb 12.4.4.1. atil12.4.4.2.

12.4,3. Beamsof varytrtg dcpth.-T\s oquation for shoar gtruso

givcn undsr fZ.Z. strictty applios tb beams of unlform dcpth. In thc :

caso of boams of varying dopth, thooquation Sall bo modifod ar:-

o + !._t_g
tl

tQ-
bid

4-shear sftess at a soction of varying &pth.
d :shoar at, tho soction.

M-boding momcnt at tho section.

d:c&ctivo ibPth at tho s€ction.

0: anglo botwoon tbe top and tbobottom ottgos of tho boar

D:broadth of tho bcam, and '1 r

,d-lov!rarm.

Tho nogativo sip in tho formula appfios whon tb booding momC
M in@scs numrically in tho same diroction as tho ofrccdvo &pthd- '

incrpascs,and tho positfuosi8n:whontho momsnt decsoqsos nrmerl
cally in this dirctioD.

(o) Nf Soar roinforoom€nt i8 nscesaryif-

C+br' > permissibls slrdar sttess as given in Table Vl.

Notel.-]ftlsa practioe to prDvide ssminst shoar reinforcement

in ths whole span of tbo beam ih the form of stimrps at a pitch not
groetc,r thdnthe lovor arm, eve{ if q*q' is less than tho pormissibh

4f 4rlfour tirnes the

Table VI.

srtoro 
l

{-Sher
ln aoorilance

shear stress as gvien in

stress oE the se4ioo duo to transve$o sboat calcuht€d
with 12.2.

t
i:'

l2-4.2.2. Tonsilo which is inclined and carried

through the dopth ofboam I to tbe lever arm of tho resisting
to actas shear roinforcoment provi'

momont shall bo considerod

ded it is anchorod

12.4.2.3.. Whcro tf,to or types of shear roinforcement are used

in conjuoction, the total resistance of the beam shall be

assumod to be tho sum of sharing resistatrces comPuted for each

typo separatelY.

12.41,4. Thc gpacing of shall not exceed a distance equal

to tho lbver arm of the Tho reistance to shear Q

12.4.4.1. Stimrp teinforcoment for rtsiiting ehoer rcsulting froo
torsionsl morents shall bo sltuated as ncar to tho surfaco of oongtile
as possible :-

(c) In caso of rectaogular s€ction the area of tho two bp ia r
closod stirrup shall be calculated by thooquation :-

Mtt
Aw-

Whcro- I

Mr-Otorslonglmomt.

0.8 c.vs & Ifrshatl tlon bc calculateil

Qa
Where

ess-pormissblo
Irr:total cross

choat.

tho following equation :-
ss td

tonsib strpss in the shoar rsinforcom€ot.
soctiol0alar€a ofthostimtp lcgs effcctivo in

Jd-bruarm of tho moment, and

S-pitch or spaciog stirrups.

12.4.2.5. Whon the coasists of a single bent

bar
bar

or
or bars shall be

ofa group ofbont total ehoarrosistance Q of suc,h

frrom the formula :-
Q,:ass As Sln e,

Vfholt
stt€ss in the shear rcinforcemotrt.

cross thc bent lur or bas, and

barco
18

tnclined bar and tbo axilof tho ben

s-Pitch.
esrs:permissible tensile stress io tho shear reinforcement.

&Yr -sidos of tho rectangular stirrup, aDd

Aw-total cross sectional area of tho two legs of tho r€ctangu-

lar stirrup.

(6) In caso of box sections the area of the two logs in any atm
of tho box shall be caluclated by the eciuation :

Aw-M"or" !X. L
Whcre

Xr Yr-sidos of thc rcctangle representing 'ho m€atr of tho artas

cncloscd by thc inncr and outor troundaries ofthe tube (orl bor.

jjl

l

t ltr

til
',. lj"'

., 1.....i- r.llrI
-,'a i.- - ,, , ; +,,*. . . ..., ."..)..,., ,, .:r} ,l

q*qr7 permissible

(c) Redesign the soction
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'. 12,4.42. For aristingthe diagonal tonsioa r-esultitrg from the
torsioaal shear, longitudinel st€el shall b€ providod in additioa to the

r€rrups asstat€d it 12.4.4.1. Longitudinal steet shall be provided
as ngor to tho surfaoo of @Dcrete as possible and shall havo the samo
volurc psr unit length as tho votumo coutained in the corresponding
logp of tho stimrps.

12.4.5. Shear.rrre{, la slcader beams.*lnlslender beams, irres-

lroctivo of the mapitudo of the shear stress, the whole sbearing resig'
tanco shall be proviootl by sbear reinforcemont.

' fi.n4resrrlrrrts gowrnltg dctqllW.

: lE.l.&tdtbg of rchforcenwt.-tn addition to provision of
adospafc anchora,so length and cQver, and compliaopo with I. S.

2frr.1963 de of Practico for bending and fixing of- bars for con'
csoto reinforoemenf the followiog precautions should be taken ln
(Hsiliog thp reinfor@ent:- /

(a) Tension reioforcemsrt shotrld be cithcr ca,rrioil over tho
' arpports or shall bc bent so tbat it shall cnd in tho zono of comp,rcc.

sln or in case of deep beams in tbe zono aud rcduoetl teosion.

(D) If a chango in tbe alirection of teosion or compre*sion rein'
' fcmnt induces a thir<l force a,s'ting outward tadins to split
.tbo concereto, suchforce shouldbctaken up by additionalorlinks
drfupe. Bont tosion mmber at a re€ntra[t angle shoul,il boavoidod.

(c) Teodency to buckling ofcomprossion rernforcement shall be

lcsistod by provision of restraints like ties and stirmps.

(d) Wh€rc taps and joinb a,ro providod in tho roinforcing bars'

@ shall be staggprgd and thp followiog rcquilements should gonera-

: 
lly bo satisficd:-

i . (f) Nosplioesofroinforcmsotshallbemadocceptasshowal, on tho design dxawings ot as spocifiod by tbe €ogin€€E io'cbarp.

( (2) Splles h tmstlc rcltrforccmenL-Splices et points of maxi'
\ mrm tonsils stcss sball be avoided whorever possible, splicos where

f'' 1 uiod shall bs weldod, lappod or othorrviro fu[y dcYelop€d. In any caso

. 'alo gplfue shan fansfcr tho cnfuo computod strqs from bar to bar
aod shsll comply with the requirements specifiod in 18.4.3. tapped
aplioos in tension shall not be used for bars of sizcs largor than 36 mm

dlrmder, srrh spliccs ehall prcferably bo crcldd.
t Fo, contacl spliccs, spaced laterally closcr than l2-biar dia-

mstore or located closc,r thao 15 cm. or 6bar dia,meers from the
ioGi& cilgp, tho lap shsU bo iocreasod by 2O per ccot or stimrps

or closely+paccd spirals sboll eocloso the splice for its fufllcngth"

Whero moro thao onchalf of the bars are splioed withia a
lcoglh of 4Sbar oiamacr or wbero splioos are made at points of maxi-
Burn sttr€Bs, special prmutions sball be taken, swh as incr€asipg

tho[cngth of lap and/or ueing spirals or closely spaced stimrps arouod
and for the lengtb of tbe sPlice. 

:

Q) Splitts h corpresslon rei4forcement.-Whte lapped

rplicF.afc usoq tbo lap lengths shall cooforo to th€ requirements

, of IU:+.5.3. Welded'splices or o6er positive conoeoions may Uc

ugoat iDstoad of la!,pod splitxl l{hero ba,r sizo cxeedds 36 Ut} dia-
-,g4ts8.-mt*4,qqlpF or otbor positivo connections 1ghall preferably'fr'"6e& iri Ua,rs requireO for oomprcssidn only,'tho co.ppirssirl

36lss may be trarumittod by bearios of square cut eods hbtd io coa-
{iifitils trciHc bf o&litab]v, rvol* * or p*,y- *"t-.
' lo coluoos whq$poeitudinal bara a,r,c ofrset at a splico,
tb slopo of tho incliucd pdmonot tha baf:with the axis of tbc columu

, d+llaot GsceGd 1rn6,r'lad'ta6 portioos of tbobar above and
, b&rv tto offsct sholl bo panllcl, to the anis of tho column. Adoqust!

hoc&oahlrupport at tho ofrset bonds shall be treatod.s a.attil,th
- : dtfrroqdrhellttt-rroqdtlty,e*rtm rymf 9I pglhl of,rhoioor

irJ.{:nl t.ir,, *,;1,;: gii. ir :,,t ]:ir ' ,r. . .r, ri;,;i; !tl ..,, .;.cl:r,ll

omstndion. M€tal tbs c spirels so dceignod rhall bo placd ncar
(oot moretbao.fight-bor ilinmacrs from) the.goint of beod. Tb
hodzontal thrust to be reeist€d shall be assumed as ll timps tho
horizontal oomponoot of the oomioal strcs in tho inclincd portion
of the bar. Ofrset bof,s shall be bent before they arc plamd in tb
forms. Where column faces are o,frsct ?.5 cur. or more splicos of v€rtioal
bars ailjac€ot to the offs€t face shall be made try sOarate dowels
olcrlappod as specified above.

(4) Approved welded sphces and posittve *ronitbrnAo 
"gprnved urelded splice is one in which the bars a^re battcred and crotd€d

so thst it will dwelop io Gnsion at least 125 p€r cent of tbo specified
yield strcogth of tbe rcinforcing bar. Approved positive connc-
tiop for bars desigD€d to carry critical tensioo or compression
shall be equivaleot in stresgth to an approved weldod splbc.

(5) Splrcas h meul cores in composiu coh$nts.-Meial crlltc5
in composito coluoos ehellbo accurately mi[ed ot splic€s and posi-
tive provision shall bo mado for alignmont of ono coro above
another. At thc columo baso, provision shall be madc to traosfcr
the load to tbo footing at safe unit stresses in accordance with Tablo
VI. Tte bass of tho metal section shall be designed to traosfer the
load from the entire compositc column to tho footing, o,r it may be
dcsigned to transfer the load from the miltal section only provided
it is so placed io the pier or podeetal as to lcave ample section of con-
cretc above tho base for the trander of loail from the reiofotrd
concr€te soction of tbe columo by means of bond on the vertical
reirforcemcnt and by direct compression on the conp:ncte.

(Q Splices tn welded wlre fabrlc,-La@ splices of wires in
region of ma,rimum]stress (where they are carryhg more than one-
half ofthe pormissiblo streps) shalltreavoided whereve,r possible.
such splices, where used shall be so made that the ovedap;*"-d
betwee,o outernost cross wires of eacb fabric sheet is not less than thc
spacing of the cross wire plus 10 cm. Splis of wircs stress€jtl at oot
more than one-half tho permissible strees shall be so mado that tbs
orrerlap measurod b€ts/€€o outermost cross wires is not lecs than
10 co.

(c) Whero roiaforaomelrt bars aro belrt asidc at coostnrctioo
joints and afterwards bent back into approximately their original
positions, care should be taken to eosure that at no time is the radius
of the be,lrd less than 4 bar diameters for plain mild steel or 6 bar
diamet€m for deformed bars. C;are shall also be taken when beqding
back bars, particularly io light weight aggregate @ncrete, to ensure
that the @ucrete arouud the bar is not damaged.

18.2. Cover:*Reinforoemelrt shall have concreto cover and tq-
thickoess of sd cove,r (exclusive of plaster or other docorativo
finish) shall be as follows :- ,: 

.

(a) At each eod of reioforcing bar not less than 25 mm. oi lcgs
than twice the diaoeter such rod or bar ;

, Oi for a'tmgiiuOinat reinforcing bar io a sstrrmn not l*! thar'40 
-in, nor'lesi ihah the diamct€r of stict rod or bar. In the caso

of coltrmns of
reinforcing bars
be used;

forcement; aod

Gi For aoy oth6r ittnforcenieotnotless'tlian t3 dtrrui lesc
than ' thc"dierhctc,r. of tnroh rritrrromdar; j ,. .,. ,.*riir

Li:l.: l' , ', i:,,. :}ii: ,,. '..!i ;: i,,,111; 1' 1 ..i,:, . liu

i r i '-t1.,

minimup dipe4sion of Z) cm. bi underr. whoec
do not 

-exceed 
J3 mT, the cover of 25 'nin, may

\
ii

::,

i,..

'':*.1

:i' :c

.. :.: ,

' rr:r. r ljt;.';:it; , t. .'ti...

-;
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-orr."r.*t:^',y^.1ffi 
*fi 3**;rTlilt'*,,"}1ffi,l:

i4ncrsed'io sea'wator or suor*' * * ---r.

g

$:ffi,*$J#*ffi
(') Tho diaoeter --

(D) Tbe diaoeter of fu fot8ut bar if' the dianeters are'

uoequal'd r

(c) 5 mm' Dorethar tre nomioal oa'ipun size of tbe coarsc

*"Xi'*o in ttro coocrqp'

ffil#,#;ffitr"lffi'F-ffii

*m

18.4. Bottd and anchorage

18,4.1, Local bond stress'-Thalocal bood stress calculated from

the following equation snaii not 
"*t*O 

tu" 
'aou 

for pormissible local

bood stress given in Table VI :-
M

Q*-tdnP
d

Wbcro

O:tvlaximum shear force at tbe a€ction uoOsr coosiOcra{cii

M-bcoding mom€trt at tho sr:tion'

d-effective depth' 
* "r***'p-the aosle betweeo the top and bottom fa

fit-lelrm arm, and I :

v0-total pcrimeter of tbe tension bars artually at tbo rodion

witb'the lwer arm jd'

NorE.-The positive sign applicd 'F."-F,hfu 
m9dcn1

dffieas€s nuoerically *itn-tnu i"o** it' d'-. (as at baunrbes of

freely supported u"r-tl;iili"g"G *is" 
"pp.lY 

wbcn tho bending

Eomeot' ioceases oo.""*iiv "iiu 
the iocrcaT in 

: 
d ' (as athaunchcq

tlili t" in -tnO". suppor-ts of continuous b€ams)'

Wheo the bban is of uniform dopth througboutor tbp top aod botton

edges are parallel, the expression reduces to 
'

a

sbl :
id Zo

Localboodstress EbI:
ld >0

Wherc

Q, id anil E0 are as defined above' ' 
':

18.4.2. Anchorage'-Abdr uscd as reinforcGmcot shall hrvo

"d.;;;;;ilagJoo 
both sides of anv section of the bar eo a'r :to

il;;;ild;64 rot"" in the bar at thal section' 
.

18.4.3.Anchoragelength._Ancbongplelrgthofa.reinforcinS
t* -i"iit 

""*ii."ea 
aaequate if the-conditions'eivco io 18'+3'l'

ia+]:. t"O 18.4'3'3' are satisfed in the respective casc& 
, ,

f 8.4.3.1. furs in tensi,/,,''-'lr-ltletensile reinforecemontthe lsnStb

-j#;'f; uoy.."tioo to the end of the bar plus ttrc equivalcat

;;;;;;G"oith" hook or anv othe'r anchoragB Gee 18'4'1'

;fil:;.iGilbesuchtlatthe average bond stross induccd to

develop ttre agtuel stres$ at the section shall oot exccedthcpermiseiblc

il*"g[ u."o tfress given in Table YI' ;

Inthe case oftha toosilereinforcement of oircular croos+ection'

,nfi"ilf-.*t*uO fttt t"n section 
"-ptt lF beginnirig of tho

hookshallatleast be.q*iio'n' times the diameter of the .tiFi

lHir"ffi*trl"tii''" i""t as given io 18'4'5'1' , . :

,t,'x'#,ffi#"ffiiTffilt"H
#H#*tffi'H+-

6--rffiW?hffi"rffil
Xffi'x*h"wg.wP*mm

iocreased'

n- permissibleaveragefour times the

In no case shall such value of' z ' be less tban 12' 
,

L8.4.3.2, Bars ln compression'-In comprcssive reinforccmeot'

,nii""ii'rr.**ed from atlv s€ction to-the :Y of.the bar shall be

-.'^h rhetthe average oond stress indiroodto developtheantual

:,:& ilil;;i"" '-u"ttoot 
exceed ooe and a quarter timcg;lo

ilfr,Joi" "i;u} 
uo"a stress sivo! iu Tauo vJ' ;;rr'

sreL

466-3-18A

.bosdstr€so 8iv€oin TaHo |I.
':t



* P 1b:.*. of oooprcrivo ndafcooecot- of riranlar g6sa6gr1ea,
:lo &ogth.Edsrucd from suc.h sdion shall at lcsst bc equal to .z ;
unol tto di{Ettcr of bar.

ffiao

.F

n- actual compressive stress in the bar

. fivc times thc pcrmfusiblo avcragc bond
giveo in Tablo lfl

2#bar diamotcos whichcvcr is grcatc(.

gtress

Fq fiutbcr dotrile abot[ bcods and bootC rcfcroroe to LS. 25(x!_ 
.1963 may be Eade. 

r' DCormed bars may k"q nithout_hooks, pro\ddcd andra3orequirements arc adequatcly met with. Itfto"'ioots are for mcd.ro ddormod bars (see e.t.!), tne.i"-"r r"iri^ oi,n" o*o should . rbc at lessr three times the aiir"tiriln" ili*rii',*sh of straigtr i ,

diameter of the bers. 
vw er lwDl

18.4.6. Bearhs sttesses ln corrctete._ In bends in reinforcing bgfs,the local strees on tho concxGtc may be io..."rJ to three tines thovalue specified in Tabre vr ror G'"oocrJ"-l;;*r coopreseion-
18.4.7. Mccttantul 

IZ:y: gr lachorase._Any oeclanicalor othq dcvicG capable of oeveloping tt 
" 

_ir.i"riil 
"r 

the bar without,damase to concrete mav be rr1l il .tl;;iailn#g with the approval of the €ngineer-in-c;argc. 
Jyeldiqg to toqgi;iJoarrinfor."emrprovisioo of anchor 

^o-rates, 
- ;;;ffir;; auc.hor pinnot I6s than the diamerer ggite uai, d"nr_gii tieu or laps, et6are some of the derrices which may Ui fo."A-GA.i.

18-4.8. &wtfuy rcb{orcenen._Notvrithstaoaling any of thoprovisions of this codo, in.iho caso 
"f 

;;;l;;foroereats,s.ch
as stimrpa and traasvcrse If, *.el"te bi;tdl, atrd aschoragoshall be oeemeal to havo Uoeo pr,ovi&O *t_ ttu-U"r ig bent thorlghan angle of at l,oast 90" rormdi bar of uif*"t it 

-o* 
fiarnoter 6gtis continu€d boyod the cnd of thr 

";"lo;i;;; of at loast eishtdiaueErt, <r alrqtrstivety., w@ tncUar ir-ffiin-"gU ao aqgtoof t80o and is contin.od'boyond th, ii ; trfu for a lengthof at least four bar diaoeqs.

l8.4.9.,4nclorage of irob&d !*r tbl ,esMrry $eo._Iaclilrydreinfoncing bars used to act as shoar roi,for€eGt sba, have thoiraochorage l€qgths msuroit as uaOr:--
(4) Io tbo toasion zw &om tho end of thc sloping or iiclinrdportion of tho bar,and

t8'6. Extendtug ***-, :!?:orylt beyond ttte face of support._In any boam at least onequa-rter of the positivo iinforcourcnt shaltbo extenoed beyond tho face of tho suppolt-r" r, i" poo-uiO"Io-".;ffi:
m€nt suffcicnt to @velop ons-third ofthc aUowaUfe sfress ia the bar.

19.7. Cofunn rci4forezrtnt__ln 
" lS*U, rciafored columntbe rongitudinar bars shafl be.in cootact with the lcrical **;;ilaad oquidistaut around its iaoer arc.*fer"oo". 

---

lg.7.l. Splice tn loWitudful 
-.rebforement._At a splioe in apngitudinal reiaforpoment, the spliocc Uars snaU ovofrp loogitudi.nally tbrough a distanoe ofaot less thaa tbe tap ,.o8trh gu* io lg+3.3\b).

i, 136

:ii. ,

t, i,;:
.: i.j

?.e

.r ,( ,i, i,,..L.5^idf<a,

6vc times thc pcrmissibl€ average bond etress giveo in Table yI.

In ao caso shalt thc valuc of.z' be less than tf,.

- No hoot aood bo providod fq a bar in compression ; and if |r
hfovidod,it sh4llnot be aoormtcd for -"n*us"p,r"po.*

"Jtd.rr* 
ffi in turs.-'thetcq$h of tap in reinformot shail

(r) fa barc ia toosioa :

bar diameter X
actual tensile str€ss

foru times tho peroissible averagc bood stress
girrnin Table\rL

ot

3Gba,r diameters vtichever is greater.

(6) For bars ia sompr€ssioo :

bar diameter X
actual compressive str€ss

--r C

:fi

_18.4.3.4.rap lengthfor rei4forcement of sectiow otrer than circular.Fcreinforcementofsdiqns gtle_r tUui circular, tUe fap feogtU
ehould be sufrcient to develop by bond the actual itro io tbe barc twcthirds the maximum permissibre stress 1n that bar whichever
is greater.

- tE.-d3:5. Attclpruge voluc olbor.-Ar"uonage nal.c of a sr."icht 
(D) in tho comEession zo &om mid dcpth of tho boam.

brslhsllbetskelratnot,ore tbanthe pqiieter ;.p ;'th]fr; r8.5. @muedoa 
.h bcaou._.tb c.omDrcssio' . multipued by thc approlriate permissible average u.ri ui*.-ail rti{orcomeoy shatl bo erertiruii aoaorel i" ffi" ;;.d; 8t riShtia Table vI' -.-- aagbs ovor ths dtstanoc *u.=i1i. ,"suii;tJiofiH.r**,

rE.4.4. at&or4gc wttu or bnds.- Ar,€!d in 1,?d:,.rog p* :lHffifrE3:Xiffiffiffi;ttr1ffiFff
uaybeassuncd to havo an anchorage rralue equivalattittai whicboveris'loss. rneseoooaaryr.infrre,drr"df"";r, p.oposofthc l€ugthof barcqualto tour timJtne'-o.-ao ofthe ro,nd should pass-rre,"iE-iilrca over, tot6 the comp,essive andbor for ca€h 45o th! bar ir,bent, provided tnut i t€nsil,e rcfoforcom@t 

"oe 
ou[-i,rrtt* co,ply with tbc rcquiromco*

(a) the radius ofthe bend be not less than twico th diameter of 
of10'3'1'1' to 10'3.1.4.

thororod bor ; 78f.7- Perentage ol omtnesrion reb{orcenunt.-:fbpelocntagE
(D) thcrensthortbe straight padorthe*y:"L:P.q"f S,:,H;ilffiH.l#,trfs."-ffiffii1*"ffi,;H*,ilf#ilfi 

.I:,fffiXflo;ruDd 
brr; ;J i'i* *,,*, mo,*e,t.rtt"-p-1-. -ffi ;ffi,il shourd bo

rrcnoragpyarueortL-uonosnoironotb"i"k;;H;'m {fftr#ffi,iT'".ll,Sii."trffiffirfr1ffi,ffiYalcottoalogthof barequalto sixteentimce tho 4,".i* 
"r"tt"- 

of thebeam. rnthecaseof T-a1d-I-be"..-*i-iiliau orrurouod bar. boam shall be maximu4 wiett of tho rib.
I\tron -In tbe case of deformed bars and bars which are not circu-lar in seotion, thc dia,catq may be takon as nooinar siz"iirr,"-il"i.
13.415. Euks atd otlcr arclarages.-Hak

d roinfqcempnt in reinforoed *olra" r*tti ?u*HTrffiffff
rious and arrang€rueot as will €osure their adequacy ilfi;;;:
rpocsing the ooncrete or thc steol.

l&4.5.1. Dintensior' ol hooks.-For plain mild stool reinfcroeino

f;ffi ?trt-ffi "ffYffif*" f, l[fl.'tr,".#ffi
'1

-1.,1:,



ffi
thelargB

and nature
in reiaforcetl

of the

19.2. Fot general

that structures exc.eeding 45 m.

joints shall be so provided that
g minimum r€sistance at the

ioiut should Preferably
but not neocsarilY on

before

be
soparate

a structure where expansion
after takhg itrto consido-

exposure to whotheri

of the of the aoncrote, etc. Undtr no

shall a structure 45m or more tr without an oxpan-

of oement shall be dotermined
shall bo taketr to weigh 1440

that the aggregates are
shall be made for bulking

1963 Mothods of Test for
Itr Specific Gravity, Deusity,

will prevont segregBtioD or loss of any of the
segreg:ttioo occcur during tr,uurport, the concret€

plaped. -

, concreto shall be transported
of towor ratio qf surface area
of water by evaporation dwing

aluring cotd reather.

shall be plaooil and compactod.
anct trot be subsoquottly disturbrl

as to preclu(b sogrogltio r.

attontion boing paid to cornors and closespots.

2O.l'4'3. CoilAnctitt7.-Concrote shall be thoroug6y compacted,
during the operation of placing, and thoroughly worked around the
foinforcoment, around embeddod frrtures and iqto corners of thc
form work.

m.1,4.4. Mechanbal vlbration-The use of mecbanical vibrators
for compacting consrotc is rocommcnded, provided that thc reduc€d
s.atercont€ntrecommcnded under 5.3.3'3. is adopted. Over-vibration
or vibrajtion of v€ry wet mixes is harmful and should be avoidcd.

2O't'5. Mittg.-Ths conc,rcte sball be oovered with a layer of
sasking, canvas, hessian or similar atsorbent materials, and kept
constantly wct for seven dal,s frou tho date of placing of concrGtc.
Alternatively, the concrctG being tbroughly wettd may be covered
by a layer of approved waterproofmaterials which should be kepr
in contact with it for s€v€n days.

20.1.6. Work tn extremc weatbr-

20.f .6.1. Whon depoeitigg concrcilc at or near frcezing tempcraturo,
precautions shall be taken to ensure thet the concrete at tho timo of
placing haq a temperature of at loast 4.5o C and that the t€Eperafurc
of the concrete after having bcen placed and compact6{ is maiatain€d
above 20 C until it has thoroughly hardmed. TVheo nec€ssary,
€oncrete materials should be heated before mixing and carcfully
protected after placing in gmeral, heatins of mixing water aloae to
about 60oC may be sufrcient for this pupose. Dependence shorfld
not be placed on salt or other che,micals for the prevcntion of freezing
Calcium chloride, upto ll per cent of the weight of cement, may be
us€d to accelerate th€ rate of hardening. Use of calcium chloridc
in excess of l$ per ceat is harmful. No frozen material, or materials
e6af4lning ice shall be usod. AII concrete damaged by frost shall be
removed; It is recomm€Nrded that coacr€te exposed to the action
offreezing woather should have entrained air and thc water cotrtcnt
of the mix should not exceed 30 litres per 50 kg. of cement.

20.1,6.2. When dopositing coocreto in very hot weather, prccautioas

shall be taken to see ttrat the te'uperature of wet concrete does iot
creoed 30o C while Placing.

I

2O.1.7. Sub-aqueous concrete.

?O.1.7 .l When it is nccessary toldeposit concrete under watcr,
the methods, equiplnelrt, materisls and proportions of the mix to
be used shall be submitted to and approved by the engineer
in charge beforo the worl is started. Ih oo case shali such
coocrete be considered as controlled concrete.

ZO.l.T.2 Cotrcreto rhafl not bo plased in wator having a tomFe-
raiure below 4'5"C. The tpnpTTur" 

!-f golqte, plreo dgpostLd,
shall be not less than 18C, not morc,thstr 38cC.

I

l

1i

I
l

,l

I
'.1 E

should be

I
'l
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19. Expansion joints z

it isrecommenied
divided by one

or moro expansion joints.

in plan dimensions take place abruptly shall be provided with exPan'

don joints at the section whore such changes o@ur. Expansion
movement occurs with

Tho structures adjac€ot to th€

otr separate columns or walls
Roinforecement shall

oot €xtend across an oxPansioo

fsction shall be complete.

and the break betwe€o tbo

19.3. Tbe atotails as to tho

ioints havo to bo Provi(hd can

,fation various factors, such as

rtho time
,circumstances

sion joint.

20. Workmanshipt-

.20.1. Concrete-

ceme,nt to weigh
aggr€gates shall be

121Okg/ma.
determined

either bY volume or byweight. The proportions given

in Table
dry' If aggregates aro

in accordance with I.
,Aggregatos for
Voids, AbsorPtion andBulking.



.2.0,1.7.3. fho coaorste shall contain at least l0 por cent orho
emGot than that requirod for the same mix placed in the dry, the
quautity of oxtra cement varyrng with conditions of placing. Ths
volume or weight of the coarse aggregate shall be not less than onc
and a half times, nor more than twice that of the fne aggrogate. The
matorials shall be so proportioned as to produce a concrete haviag

a slump of not less thao 100 mm., and not more than 180 mm.

*1.7.4. C,offer-dams or forms shall be sufrciently tight to ensure

sill water if practicable, and in any case to reduce the flow of watet
to less than 3 m. per minute through the space into which concft.to

is to bo deposited. Cofferdams or forms in still water shall be suff"
ciently tigbt to prevent loss of mortar throug[ tho walls. Pumping

shall not be done while concrete is being placed, or until 24 hours
thscafter.

?f,-1.1.5. Concrete shall.be deposited continuously until it is brought

to tbcroquirod height. While depositing, the top surface shall be

tGpt as noarly level as possible and the fotmation of eeams avoidod.

Iti methods to be used for depositing @ncrete under water sbal,l be

one of the following :

: (a) Tfemie.-When concrete is to be deposited under waler by
mians of a tremie, the top section of the tremie shall be a hopper
large enough to hold one entire batch of the mix or the entiro coDtents

of the trdasporting buckot if any. The tremie pipe shall be not less

tban 200 mm. io diameter and shall be large enough to allow a free

flow of concrote and strong enough to withstand the extemal prcssune

of the water in which it is suspended, evea if a partial vacuum develop
inside the pipe. preferably, flanged steel pipe of adequate strqrgth
for the job should be used. A separate lifting device shall be lrovided
for oaph tremie pipe with its hopper at the upper eod. Unless the
lower end of thc pipe is equipped with an approved automatic check,

valvo,theupperendofthopipesballbe plugged with a wadd'ng
of g,'n., sacking or other approved material before delivering

tho concrete to thc termie pipe througb the hopper, so that whelr the
concf,ete is forced down froo the hopp€r to the pipe it will force ths
plug (and along with it any water in the pipe) down the pipe and out
of tho bottom end thus establishing a coatinuous stream of concrete

It will be necessary to raiso slowly the tremie in order to cause a nni-

form flow of the concrete, btrt the tremie shall not bo emptied so tbat
water onters above tho concr€to in the pipe. At dl times

after the placing of concrete is startod and until all the concrete is
placed, the tower end of the tremie pipe shall

be below the top surface of the plastic concrete. Tt is vvil I causc

the coocrete to build up from belon' instead of flowing out over the
gurface. and thus avoid formation of laitance layers. U the charge
in the tremie is lost while depositing,the tremie bhall be raised atrove

the concrete surface,and unless sealed by a check valve it shall bc
r€-plugged at the top end, as at the beginning, before refilling for.
dopositingconcrete. 

\
(b'l Dropbouombucket.- Thetopof thebucketshall be open

The bottom doors sball opeo lreely downward aud outward whes
trippod. Tho bucket shall bo filled coripletely and lowered slowly
to avoid backwash. It shall not bo dumped unlil it rests on the
sirfscG upon which the concrete is to be dcposited and when dischar-
god shall be withdrawn slowly until well above the concrete.

G) Bags.- Bags of at least 0.028 cum capacity ofjute or other

coarse cloth shall be flled about two-thirds full ofcoocrete, the sparo

cod turocd.undcr 80 that bag is square ended and seqrrely tied. They

shaU be placed carcfully in header aod stretcher courses to that the
wholo atass is htprlocked. Bags used for tbis purpose ihall be freo

from dolcterious mat€rials'.

(A Grouting.- A sories of rotimdcages madofrom 50 mm.665
q1 f mm.stccl and ertcqding over the full hcighl to be concreted shtll
bc prcparcd aqdlaid vertically gvcr tle area to be concrctcd so tbat
r bjAistance Uetwe€n catrca. pf Fe fgc8.tpO also to the faces of thc
coffistc3ba[ mt Grcecd one mctre-
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Stone aggrcgate of not lcss thatr 50 mrn lot morqthsne00oD,
sizo ghall be deposited outside the steel cages over the full arca ad
bcightto brconcreted withduecaro to prevent dis-ptacemcnt ol
thocagcs. ,r,.

A stable 1:2 cement sand grout with a nrater:ccmeaf ratio .fr:
not lcss than 0.6 aud not more than 0.8 shall be prepared in ncgfj- .
nical mixor aod seut down undor pr€ssure labout 2 kg/cms) throug[
38 to jO mm.diamcterpipes terminatiag iuto steel cages,about 50oq
above the bottom of the concrete. As the grouting proceeds, thl
pipe shall be raised gradually upto a height of oot more than 6OOmq
above its starting level, aftor whieh it may be withdraqm and plrcod
into tho nqt cage for further groutiag by the same procodurc.

After grouting the whole area for a height of abour 60O mrt.i thb:
same oporation shall be repeated, if necossary, for the noxt leyu of
600 mm. and so on. 

.

The amount of grout to be sent down shall bei sufrdsnt to
fill all the voids ofthe stone which may be eithor aeccrtained or raf,qtg
assumed as 55 por cent of tho volume to be concrcted

"20.1.7.6. To minimize the formation of laitaucq, gr*t *r. ,hu,[ ;
bo exercis€d to"disturb the consreto as tittlo as porsibte wbili
it is being doposited. 

,1 
,

20.1.8. Concrete in sea-warer.- Concrete io sea-s.ator u opo*$,,
directly along tho sea-coast sball be at least of M 150 Grade in tho:,,
case of plain concrcte aod of M 200 inthe cass of rcinforcod concrcto.
The use of blast-furnace slag cemeat is advaatagcous und€r $lcL
conditions.

20.1.8'1. Speciat attention shall be,give,n to the deeigo of 'thc nii
toobtainthe denscst oossiblecoocr€to ; slag,broken brict, sof
limestooq soft sandstone, or other porous or weak aggrogatce :s1gii:
not bo used. - t'.r:l.'".

20.1.8.2. As far as possible preferencc shall be givo to
members unreioforced, well-cured and hardeqed, without
corners,and having trowel-smooth finished surfaces freefrom

/cracksorotherdefects : plasteringshould be avoided.

pre&t
r &r$
cfadbg,

i, . ,i.

20.1.8.3. No construction joints shall be allowed within 600 mm.
below low w.aterJevel or within 600 mm. of the upper aad IoWGi
planesof waveaction. Where unusually sevcre conditions or, .

abiasionareauticipated,suchparts ofthe work shall be protcctcd
by bituminous or silico fluoride coatings or stone facing bedded wittbitumen. 

,' 
,

20.1.8.4. In reinforoed concrete structures, care shall be taken 'to_ :
protcct the reinforcement from exposure to salty atlDospherc durinf

20. 1.9. Corcre te in alkdli s otls and alkaline w ater .

20,t.9.1. Genera!.-Thedestructiveactionof alkaline wuco ot"
concrete is progressive. The rate of deterioration which variee wifr" .

the alkali-resisting property of the cement used, .dccreases as tlid.
concrete is made gtronger and more impermeable, and incroascs 8,
the sulphate content of the water increas€$. Where ,t*"t*o aro ,

only partially immerged or are in contact with alkali soils or iratp! :
on one side only, ovaporation raay cause sorious concentratiom of, .,

sulphate salts with subsequent doterioration, even whec tUe oAgiae{
srilphatc contcnt of the soil or water is not high. - ' 

,,t
20.1.9,2. Proportions.-Whoro mncrete structures arc d!6ly.

cxposod to watenr of modor:ate alkali concentrations, a tieb ;iiid"
rosistingcammtlihehighalumiaassmeotshallbeusGd.Thi.concse-
shallbed6iSmd,for a minimumcomprossivcstr6ngthof US d
sml and sball coqtain aotl€ss thaa 370 ks. ofecmclt poc c,bic uot{}
of coEco in placc.



I 20'1.9'3. Drut*agc.-At sitcs tehcre alkali conccntratiotrs are or

-"t b;;iory *gh,Portland Noment concrete is not recommendcd

oni if used, the ground water sirall be lowered by drainage so that

it will not dome into dirwt coot(ct with th€ concrete.

Additionat protection may bo otrtained by the use of a chemically

rgistantstono facing or a layer df phster of Paris covered with suita'
ble fabric,'puch as jute, thoroughly impregnated with tar.

t:
m.2. F*mwork.

Zti.Z't. Gerural.- Thc formwArt stritt conform to the shape,lines

and ilimenbions as shown on thb plans, and be so coDstructed as to
ecmain sufrcielrtly rigid during the placing and compacting of tho

'toncfote, and shalt Ue sufrcicntiv tight to prevent loss ofliquid from

tho concrcte.

I39

20.2.4. Proceilare when rertuoefig tlu lorm work.-A\ form wor!
shall bo re,moved without sush shmk or vibration as would damage6
the reinforced cotrcrete. Before the sofrt and struts are removed, tho
@ncrete surface shall be exposed, where nomsary io ordcc to
asoertain tbat the concrete has sufficieotly hardeoed. Proper pre-
cautiotrs sball be taken to allow for the decrease in the rate of
hardening that occurs srith all cements in the cold weather.

20.2.5. Camber.-Itisgenerally desirable to gve forms an
upwardcamber to ensure thatthe b€ams do oot havc sag whon tbey
have takeo up their deflection, but this should not bc done unt€ss
allowed for io the design calculatioos of tbe beams,

m2.6. Tolqorces.-Borsrwork shall be so coostructed that tht
iolornal dimonsio,ns are within the pcmissiblc tol€rancc ep*ifiod by
tbe desigpe,r.

20.3. Steel,

?nsA. Clemfrne.-All mctal for reinforcement shall be frec from
loose mill scale, locsc rust, oil and Erease or othu harmful mbtter
immediately More placing the concretc

20.32. Plociw.-Nl rcinforcment sball be placed and Eaintsiocd
in thc position shown in the drawiogp.

20.3.3. Bend@.-Reinforcerun shall be b€ot in accordance with
procetlure specifietl iD I.S. 2502-1963 Code of practica for beoding
aod fking of bars for coocreto reinforceraent and shall not bc straigh-
tened in a mannet that will injtue the material

20.3.3.1. Bending hot at a cherry'rqd heat (not erceeding 845"C)
may bo allovred, except for bars which d.pmd for thcir streogth on
ooldworking Bars bonthotshouldnotbecooled bV etreUiog.

20. ?,4. Weliltns.-Wcldiag b,], gas oreloctuicity may bopcrmitbd
undersuitablecmditionsaudwithsuitablo sefegusrds. For guidam
in welding, rclotant Inalian Staoalards for weldrng of mild stcol targ
used in reidorced concreto constrUstioo may be referrcd to.

2O.3.4.1.In the caso of tapk welding usorl for fting reinforpo.

ments m tlleir position, no special pracautiotts in rcgffd to str€ss Do€d

be tak€tt.

m3.4.2. But wetdrng betsr€e:n tbc ends of a rod in line, shercby
stress is traosf€rred acroos tbe section, is r€oomsr€od€d to bc

allowed for mild steel bars only. ln the case of rods of milrt stcd
which have their strenglh increased by cold working tbe $tesl at
thc weld sho,ld be limited to the str€ngth of mild geel beforc eo!il
working, and the additional strength obtained by oold worting
should bo igpored at and near the weld'

20.4. Supemtsion.-Iit is excee'dingly difficult and costly to

alter concrete ooce placcil. Heocefconstant and strict supervision

of alt the items of the construction is necessary duriog the progr€sg

of thp work, ioctuding thc proportioning and mixing of the cooseto.

Suoervisiof, is also of efreme iEportancc to check the reioforcemeot

"oit 
it" pt."log before boing covercd'

20.4.1. Bcforc any importaot operatioo" std as conclttiBg or
Oipping of thp formworkig $artotl, a@u8t€ mtice sbailbe dren fo
ttc construction suPervisor

' 
20'2'2. Cleinbg and t reat mcir of for ms.- Atl rubbish, particularl

chippings, shavinp and sawdust, shall be removed from the interior

of l'f"?o-*nr UeforctheconcptQls placed and th€formworkin contac't

H;;il;;;ie shall be cteanpd ana thoroushly wetted or troated

JIil 
"" "pp*ved 

composition' I Care shall be taken that such appro'
r".6 

""ffisition 
is kept out of bontent with the reinforcement.

V0.2.3 $trippitg ttme'-ln ho circumstatrces shall forms bG

&fi;';*i;-d "on 
totp roachfs a str€nsth of at loast twico the

'frar a *tf"t tb6 conorcto h"y tu subjocted at thc time of

:rtritinS.

20.2.3.|.Thestrongthroferrodtosballbetbatofcoocrgtersing
th;;;;;;;t and-assresates, with tho same proportions' and

.J,iJ ono.t conditions of temperature and moisturo similar to

the3e cxistiog on tho wqk'- Whero- possible the fofm

qort shoutd bo luft loogen, as it would assist the curing'

m.23.r,, tu normal cirorm$ancos (gcocatry whsre tcmperaturer

*r 
-"J""e 

ZO'6), and wherelotflinary coment is usod' forms may

bo ltruck, aftor cxpiry of following periotls ,'

(a) l9alh' columns, and vcrticat 24 to 48 hours as may be
'-' ' 

tia"t of beams. 
i :i"jdod.bv 

the enslneor in

{6) Stabs lProPs left under)

(c) Beam soffits (Props left
undor)'

(d) Removal of Props to slabs :-
(1) SPanoinguPto4'5m

(2) Spanoiog ovee 4'5m '/ ' '

(e) Removal of ProPs to beams

and arcbes :-
(1) SpanninguP to 6 m

(2) SPanoiogover6m

3 days.

7 days.

7 days.

14 days

14 days.

21 days.

For rapid hard€oinc @mpot 3/7 of the above p€dod will
ts sufisi€nt in all cases except vertical sides of slabs' beans and

"ot 
.* which shotild bo retained for 24 hours'

Norr.-The number of preps, their sizes aod disposition shall bo

ruch as to bo abloti safcly carry the full dead lead of the slab' bean

salcb as thc casc maY bo'

I
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i:'i,'i,. APPENDIX.B"

(Clatse 6.3.3.)

Ur.rrurrr LoAD MEIEoD ot DBsoN.

B-1. Deslen Wtncbles.

B. 1. 1. In the ultimato load method of design, stnrchtre shall bs
dcsigDod to have the r€quir€d ultimato load carrying capacity with
apfWriatE load factors for tho operating loads antl thc constitueot
ocmbcrs of the struc,trrrs shall bc dosigned to dev€lop thc oorrepond-
lng ulrimarc strcngth with approgiate load factors.

B. 1. 2. In case of statically det€rminate shuctur€s, the ultimate
load carrying capacity is governed by the ultimate str€ngth of thc
soction subjected to critical combination of loads asd momeots.

B. 1.3. But in case of statically indet€rminate strustu€s, th.
load carrying capunry of the structure does oot corne to an eod by
failure of one soctioo. Redistributioo of rnoments takes plae as a
rcsult of formatioo of plastic hinges. The m€thods of deteroining
the collapse rnschanism of an indeterminate stnrcture for different
mbinations of ultimate loaals and for the given properties of the
strusturc and its qembers are oot covened by this coale.

8.2. lsrwtptbns

B.2.1. Uftimab stcogth d€oign of ninforcd concre6c soctionr is
-tusod on tho fo[owing assunflbos :-

(a) Plaoc s€dom ndnsf b ftc arir rcmah
beoding

plane after

(6) Unless othonvise spocified, teosih s&ogth in concrete is
mglected in soctioos subjected to beoding"

(d) Maximum lfibr€ sttcss in ooncrttc docs Dot c*ro&
0.68acu.

u*3. Prowrfiontng. '
B. 3. 1. Gcral-Membqs should bc proportioood so that (a) ,:

6€y should be capable of oarrying without failure tbc cddctl loed
combination giveo in B. 3. l. 1. ths€by insuriog an ample margio"
of safety rgqinst incrEaso in superiqlosod sorvico loadiand, O) tbg :i
rhains undff working loads shouldnot beso lallp asto causot ,.

csmsivc cracting. 'l

,,.*]
B. 3. 1. l. Unless otherwisc speci6o<1 tV tho engintrlo{haq# 

:

orappropriate ar$hority,wcry momborshould bedesisoad to cary I
rihoril hihrc ths efiects of tho following critical load conilitiong, 

I

(a) For thoo stocturcs iu frfh tho cfrcG of wind and oart[-
galo loads can bo reglocbal:

U:I'S DL*t2 LL. ,,,1

(D) For thor stnrtlrcs in c,tich sind lood choild bo oodrHrt; ti

U:1.5 DL +z.i t t +o.swL. ":

q a -|5 DL *O' 5 LL +2.2 Wl,wffi etqgigodticaloondidoos,
providcd thet oo mber shall have a capacity loss than that roquiml
by tho condition in (a) above.

(c) For those strucdurps in which €arthquak€ load should be
considered, substituto EL for WL inrbie preceding cquations.

Whqc.

g:pfitimateload.

DZ.:Deadload.

.LZ.:Live load.

WL.:Wiadload, aod

EZ- Earthquakeload.

rt

ii(c) At ultirnate str€ogth, stresses and straios arenot proportional
and the distribution of compressive str€sses in a section J"ti""t to
bending ig non'linear. The diagram of compressive cooqete sfuess
distsibution may tle assumed a rectangle trapezoid, paraUola oi
any other shape whictr results io ultimate strength In reasonabi;
a3roemcnt with toots.

Notc.-ltoseoquationsare applicabloto both d,'nasb and 8tali6
loads provi@in thocaseof dyumio loadq .tbe equivalent@c
loedr are utoal aftcr altowiog fqr impad.

**1 ,

,,.;.,:i !

: ,.

''.t'

'.ti

i; ilr

I-j lti.

a
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8.3.2, Rectaryular ond T. secttolri udcr bending

AC, €or{CngTL OyRAlt
Ac' co0lcnLTE sinern

I
,\XtS

- AXIS
3TE!L 3"rrNN At STEEu stRanN

At

Ultimate poment of resistadcd of a rectangular or T. seCtlon
rhall be calc-uleted as follows :-i

(a) Detetmine tho depth '" a\ of the rectangular stress block
to satisfy thefollowiW equation::

(Ast-Ajgjt csy = 0.55 eca frreas of the stress block in thc
rectangular or T. SectioP).

.i

(6) Calculate' ths ultimate

. (l) if alo.43d,take the lev,br arm:(d-alr)
and Mu:(As1-Asc) asy (lever arm)*Ascesy ds

121 if a ?-043 4 assumo, a ts O'43 d andlever*^:(4ry)
and Mu-0.55 ctcu (area of the istress block over'the
O'43 d) (levet arm)*Ascdsy ds.

Where

lsl:arsa of tension steel,

a-- Asc:ata of comPression steol,
.t6s/:Yield stress of steel',

drr, : Cube strength of concr*e at 28 days,

Mn-ultimate moment of resistance,

d:effective dopth o[ section ,and

ds:dlstance betwedo centrgids pf tension steel (Ast) and
comPre:sion steel (Asc).

Note.-ln a balauced rctangular sectioo*

!1,1u:0'185 bdz tcu-

and Ast-O'236 bd acu

rr,r/
.Frr the.porpor" of design esi sh ll be taken as the guaranteed.

(2) Mediurn tonsile conformimg to IS. : 1139_1966_
Bars up to and including 25mm .

Bars over 25mm up to and including 3gmm . .

":) Lold twisted plainor deformed bars conforming to15.: 1786-196f,-
Barc under l0mm . .
Barsfrom tOmmanAaUove :: .: :: ::

(4) Mild steel conforming to IS, z 432-1960-

Grade I-
Bars up to aud including l0mm
Bars over 20mm . .

3,6(X)

3,450

4,gfi

.4,250

2,600
2r4oo

2,350
2,150

2,600

of rosistance as'follows :-,

depth

,ield str€ss, $ubi6ot to a meximup limit of 3,200 kg./cm8
round or square brrs. In the abseilce of a guarante€, unless
establishod, the following vaJucs rpayfi'oe assumed:- . 

.

(l) Merlium tensile steel conformirl! to I.S, : 432-19o0

Bars up to and including 25mm .

Ba6ovor 25mm up to and inoh!f,ing 38mm

Bars over 38mm up to and including 50mm

Iv I
e

Grade II.-
'Bars up to aud including 20mm'
Barsover20mm.. .:

(5) Mild stool conforrringio IS. : 1139-1966-
Bam up to and including'20mm ..
Bars over to 20mm.

cqA?.ttr.lolot ri tttlLtcaitiFglor u cdcr:rt
cExrnt-Fi nl trrrrl,

8.3.3. Corcentrtally baded short and lary colwans.-1111;62,1g

, capacity P of conocntrically loaded section should be determined
by the following €quation:-

P:0'r4 dcuAc* qsy Asc.

Where-

eca:uttirn4le cube streogth of concrete in compression.

,lc-cross+ectional area of @ncrete excluding any finishing
material and reinforcing steel

e^ry-yield stress 9f steel reiriforcement or stress .in steel corrcs- .

ponding to 0.002 strain whicheyer is less, and

lsc-Crosssectional area of longitudinal stcel.

For long columns, the requirements of I0.4.t.3. sbafl apply.

8,3.4. Memhers subject tti axial comprcssion and .beadlng ln qu
planc.-Vltimate Cfftacily of re-inforced concrete secticn for dirocl
compression and bending in the direction of one of fls priocipa
areas $bouldfbocalculatod as follows i-

|l CdtlCfElg. o'3 Per cer-t

2,$A

flor plaio
otherwise

Kslcmt
3'@o
3,450
,,r1

E

I

l

i

I

j

466-}-t9

I
l;;x*

fiEor n s?rr'Li
.A

I
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(a) Tho depth of thc roctaogular str€ss,block sbould be 0.75 time
tho dcpth ofthe neutral axis subject to the maximum value equal to
thc depth of crosseection.

(D) Thc 
"vorag. 

compr€ssive strcss across tbe rectangular stress

bloc.k should bc taksn as 0'55eca, whon the resisting momelrt due to
conplcstlive forco in concrete (not taking into account contributior
from comprossive r.oinforcement) about the ceatroid of the tension

roioforcoent (or tho reinforce'lnent least in compression) doos not
cxcood().?5 time thomoment of comprcssive forco inconcrete subjected

to uniformcomprcssivestressof 0'55 crcnover the effoc{ivo depth of
tho sestion. Ror a<il, tho average compressive stress across the

rcrangular strcss block should be reduced so that this limiting do'
mont is not orceeded. ForaE 4 tno av€ragt compreosivc

str€ss across the rectangular stress block should be taken as O'4 ecu-

(c) Strce in st€el thould bGequal to an appropriate strain in steel

XEs, or ds/ whichevor is loss. For cold worked stool with nodefinitc

vidd ooint, Es for thir pupos€ Esy bo obtained from the idealized

rr**toio diagram plottod from tho following data :-
tlThe diaeram ig e straight tinefrom origin to thepoint withlordnate

equal to the strcs O'8 ds/- and a curve starting from 0'8 6s.y and

i#ffi.W tn. following vaiues of residual unit elongation :-
0.01 per cent for stress equal to 0'85 ctsy'

0.03 per cmt for strcs equal to 0'90 gsy'

0,07 por ccnt for$rcs eguat to 0.95 do/.

0.10 per ceat for Stress equal to O-yIS rrsy.

020 per ent for stress apal to cry.

(d) Tho maximum strain in concretc may be assumcd as 0.3
pcr ccnt for the lurposc of calculitions.

;$f Stress in compression stoel should be determined by assumin!
ffimrim otrain along tho axis of most stressed reinforcement to be
0.002. Where the strain at the levet of the reinforcemenr ddes ntt
reacb 0'002, the compatibility equation shall be used.

(f) The capacity of the section for combined direct load and
bending moment should be determined from the following conditionsJ

(1) P:algcbraic qlm of tho forcesia oonclcte and stoel,6sp

-_ (2) Morn€nt ofthe external force P about any fcfereoce lioe-
algcbraic sum of the momcots of forces in concrete aad steet about
the same reference line.

8.1.5. Members sublcct to ax-tol ottprestbn and bendlng in tto.
plaes (flcew Mhgl.-When hopoint of application of the rcsultant
load do6o act lie along aoy of thcltwo geometrical axes of the section
iifitt'd5'a case of comtined Oiruct toaO and bending in two Oireo-
tions.

LqAD FOstTloN

a

sTRAn tN Gottcnl.l!. o'3$

STRltN lr cs,r1ifris6.la.l

c$PRLselo{ lil
cot{cRzrE-

a

U.Arl3
5rEr.L trf,,Atll

7E 15loil

The basic assumptioos 14) to (e) of 8.3.4 apply-in this casc also. 8.3il. rJhinate bond strensth--ultimate , bond streoS;th to bc'

In this case the noutral jli"* 
"uoren 

that ii satises the following -asumed for ascertaining rlc.local bond and ancborage sball be

conditioos :_ 
-- -taken 

at 2:5 times.tho lond stresscs permitted in Table YI.

(a) P:algebraic sum of forces in concrete and stecl, and

(D) Momeot or p,about any two rcrer-baco ,"o]",ru*o'*t".u- ,o*l[ff#i :{ffi"#""1ffiffi"#fi1#ffi;:
of tbe moment of forcc in concrcte and stcel about tbc same reference no$ to prov€ot deflcctions or other dsformations which may adver-;

linrs. scly effect tho streogth or gerviceabilityoftho structure orproduceun-

8.3.6. ultb*te . s6t strergth.-ultimate shear strength of rccoptablc cracks in finishes or partitions carried by thc structuF'

,aoror*a 
"oo"*te 

scction ivithout shear reinforceoneDt bolh.agaiDst , . .1..\ :.. - :1

;;r*;t; ghear and torsion sha11 be calculated by taking tle sh-ear 8.3.8.1. il*"pt oU*.caloulations of dedecfions prove that tho

,t 
"og,tt, 

of *ncrete e4ual to two and a hatf timen tbc permissiDle t;; thi"t#* may !e usod without adverse effocts; the raiio ol
;;-J;.d,r,* in iablo Yt. rp-.""*pfiOeptUstattngtbegreaterthanthatgivenin6'5.

8.3.6.l.WticnthcsbGargttlogthofareinforcedconcrctesection
without shar r€iDfor.@cot is irot ium"i*t to resist the ultimate

ttansvale shear and torsion, shear reinforcm*t ,U9JO ;;;;d.O B'3'8'2' BdE with width of oomprsion flaago less than lI3O

as in 12 with the strcs in shear steel limited to tt$y. of.the span shafi be ddequately rcstrained latcrnllv frou b.clling'

a'aa,
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C. I Method t

C.l.l. The bending moments in the slabs may be calculated assu-

ming that the slab acts es a thin olastic plate and neglecting Poisson's
ratio. These bonding moments may be assessed either by the usb

of influoncc ooe,fficients or reridy made tableg which are available,
or by experimontal stress analpis. The resisting moments of the

slabs nhy be calculated by the commonly applied theoiy of thitr
plat€s.

C.2 Method2-

i.Z.t. nectangutar slabs which are tf,ro-way reinforcbd may be

considored to b€ made.of two pets of mutually perpendicular strips.
The inilividual strip is to be qcnsidered as simply supported, fixed
or continuous dopending upo{ the support conditions of the slab.
Thq uniformly distributed load lr i s carried hween thc strips in such
proportioirs that the dcflection at thir centre of slab is samo for both
the middle strips. The bonding moments calculated on this basis

have to 6s serr€ctod for torsion and cornbr restraint. Mid'span
moments aud edgp moments for the differcnt cases aod span laogthg

of slabs are giwn in Table XIV and illustrated in {jsure. The

mid span momeuts shall be calculated as follows :-

etl x

(J-a.i)l (t-*x 1 rj (l-cr ) I
I
v

+-
l0 t2

according to the positiou of the edge. The circled figures 8, 10 and
12 indicate tbe denominator for the negative momeDt expreosion for
the correspondiog edgBs, (Vide P 145)

NcrrB 2.-Ncgative moments on tho common edge from adjoining
panels should be averaged.

o"* ti

Nors 3.-Wbsn the panellength variationis more than 80 per ccnt,
tregative moment should be found as fbr a continuous beam, the
appropriate values for share of loads in 1r, and l, directions bclar
takeu.

Norrr4.-lvla"rimum strd minimum mom@ts can bc convcniently
found by placing livo loads in alt€rnato panels by use ofthe fotlowlng
equation :

Maximum moment moment due to (d€ad load 1 balf live
load) + momcot due to half liye
load actiog vertically upwards aad
downwarJs in altcmate Panels.

Minimummoment Do.

Dc$ou or Surs
Ar

SPANMNo rN Two Dnrcrrous
'Rrcsr ANoLEs.

*r12
u

t2108

8

total uniformly distributid load pcr unit arci.

logths of sid€B (Sec Tablo )CV), aod

cooEcicnts girron intable )(V.

C.2.3. For slabs, od8ps of whicharc discontinuous,top anil bottom
rcinfomoent.shsll bo ppvidod for tonion 8t rlDrcstraincd qorrrcrr

for a longth oeuol to omflfth tbo sleb spon in oac'h dircction. Both
top and bottom roinforceocnt shall coagist 9f two la1'ers of borr
pf"o.a Ather p.o"oOstrlar and paraliol respodvdy to tlo diagonatr

throurfi th comos or parallol to thc rcpcctit! slsb cdSR. Tho
aiea of rsinfomont in cach of thc four layers, p€E unit width of
tho slab, shall be oqual o main reinfom€nt 8t Ei&epso. .

afi.tu.t,

r(t
,ily

^y

where

t1, -

lrrlY :

iltrfrY''
C't'ltetlPd3 I

. 'C,Z.Z.tf tho slab is fixed at odgp beams or is cootinuous, no to!. 9:3.1. This msthodis basod on mathematical aoely* r,ppi.-t'
gioml reinforcoopnt noed be piviaeo at the oorneas. But for E t€d by omcirirootar @, _ 

fr9- cffcts of rcdistributioo of boding

slab which i0 n€ithor codiaubus nor fixed at somo of its edgps tho momonts havo gryo oarti{v .{lowod 
for. The followlng provisious

ili*"f *irfot""r*t .ny bu dropped onlywhen tho slab ii itedC- shall apply for slabs'rctrsiocd on foursides'

".Ji* i*."r.d unding iomlot in accordance with Table ](rV.
(a) Whcro tho corncrs of a clab are prevonted from llftipg ald

Nors l.-For appro:rimatol. f cqusl parcb, . smatl€st span not adoquato provision for torsioD i[ ecaodEDoe with (c) of .this clauc:

bcin8l63 thao E0 po **i[ro Liest, 
-tnonegative 

B.M. it cdgcs , is mado' the bcndiog P999ts -Itrsy 
be assumed to hsvE the valuc*

Eay be ta3sn as glvon in accordanco with (D) and (c) bel'ow :-

,16G3-t9t,
a

l

j

;
I
I

2

I
v
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(6) Slabs aro considercd ls bcing divided in each direction into
rnlddlo strips ald cdgc strips as shown in Figure 16 the middle strips

having a width of thr€e'quartors thc rridth of the slab and each edge

rtrid taviag a yidth of onp-eighth of the width of the slab, with tb c

provisio,n that oo cdgio strip should exceed I *
inwidth.

2

(c) Thc maximum bcnding moments per unit width in the oiddle
rtrip of aslab are grvcil by tho following equatioos t'

q

M, ; Z'- Vt;'

andMy': Z" W\.

t47

(/) Where a slab ends and there is m tnolithic con nection betww
the slab and the supporting beam or wall, provision shall bc mado
for the negative momoots that rnay occur in the slab at such support. -

The negative moment to be assumed in these cases depends on tho
degree of fixity afforded to the edge of the slab,, but for general pur-
poses it may be to.ken as two. thirds of the moment give,o in Thble XY
for the mid-span of the slab. -

C'4. MethoL; 4t

Srbfr€

M*= Marimum beodinS Inomentc on ctrips of unit width
in the ,lircctiou of snan l'.

C.4.1. Thismethodis baserj cn the ultimateload method of dcign.
Tbe ultimate load should te obtained by using ttre lcad factorsls
gi ven in B. 3. 1. 1. The ultimate bending momurts io be allowed should
be dsalucod from the analysis in which due regard is givon to redistri-
bution of moments that would occur before failure of slab or bean,
by tbo use ofJohaosenl yield line theory or by any other applicablc
method. The resistance moments of the slab and beam section",
should be calulated in accordance with 8.3.2.

Enrn.lcr rnou I.S. 456--1979.

(Code of practtcelor plaln and relnforced corcrete.)

0.4. This revision incorporate s a nymb.el of important changes.
The major thrustiu the revisbn is on the following Ines :-

Mr - Maximm bending moqents on strips of unlt wiCth" in thc direction of rpan l/.

Z!, : @efficientsshbwninTableXV.

?v i -Do'

w : totalloadDerunitarea'

ly - 
" 
leoeithoftheloFgerspan,and

l, e logthoftheshorterspan'

(dl) No rreinforcemont pa,rallel to the adjaacnt edgps of ,the slab

neod'bo inscrtoal in tho cdp strips above that rcquircd to comply

*Oe.z.t't; t8'3, 18'3'4 and (e) of this clause'

(a) Tonion roinforcemreut should be provided at the ooment

of aLb c,,roept at cornqs contained by edges over both of which
r bo dabis coffiouous'

(a) Whilst designers are aleady aware of the need for baging
designs on requiremenls of adequate strength ard s*isfactory servi--
oeability,the oncept of limit state which provides a rationat ajproach,
taling into amrrnt variatims in material streagths and toads oo
seiri-probabilistic basis has now been introduced. This, in fast is
a rationalization of the ultimate -load method. which qnas bricfly
covered in Ap,psrdix B of IS: 45G1%4. Tbb working rtr.r, ."t1oi
as practised ea.rlier has been retained with the design for shear and
torsion being digned with the corresponding provisions for-timii
state Dothod of design"

. (r) The clauses dealing with sampling and aoceptanoe criteria
for concreto have been rwised by elaborating the ooncepts of statistical
quality control and introducing characteristic streirgth of cooctete,.
to bring it in line with the latest trends in quality cootrol of ooncrete.

(c) Method of design for slear aad torsioo has been oompletely
revised, iocorporating the results of the litest research on the subject. 

-

(d) Tho oonpept of development length for reinforoement has
been introduoed. The requireinent regarding checking of local bond
str6a3s has now been reptaoed by 4n extension of tho concept of
derebpment length.

0.4.1. The significant changes inccporated in section 2 ari as follows:

G) The additi,ooat matorials aow permitted are ltrotre types of
oeErent, pozolanas, light weight aggregat€s, and cold twist€d deformed
bars of GmdeF.5il).

At cqners contained 6y edgec over oeither of which the slab

i, 
"*tioooo.. 

top and bottom reinforcemont should bs provided

flr tonion at the coroers of the slabs' Both top and bottoo rein-
io.coeut shoqld consist of two layers of ban plaoed parallel to the

riOo oftU" slab an$ extending in these directions for a disance of

""*nflU of the ghoiter span. The area of the bars in eabh of the

fl* l"yur., per unit width of the slab, should bo threequarters of
i[" 

"."n 
roqri.utl for the maximum positive'momeot in th c slab .

At comers contained by edges over only one bf which the slab is
*iiiouo*, ths torsional reinforpement may tr reduced to onehalf
ir.iloiioq,iirca bv the precedins paraSraph'

Aoy reinforcement provided for the purposo of complyiog vith
otherclausesof thiscodemay be included aspart of the rcinforcemont

ioqoitoe t" *mpty with thie clause'

t



(D) Regarding duralility, gpidance concerning minimum cement-
cmtmt and maximum wator cement ratio for difrerent envirou-
roental oonditions, including tlpes of iement to b9 &ed for resisting
.sulphatti attack has boon given irr, an appendix. Limitations oo

. tbe toetal chloride and sulphate conteirt. of conerete have also been -

given.

. (c) Information regarding properties of conperetesuchas modulus
of elasticity, tensile strength shrinkage, creep and co-efficient of
therrmal expansion has beqn given for guidance. {

(d) Rceommendations regarding construction tolerances retating
to form work and placing of steel have been given.

(c) Recommendation regarding aoceptance criteria for hardened
coocrete represented by core tests has been givea.

(f) The clauses on load testing ofstructures havebeeo modi6ed.

0.L2. Section'3 on gpneral desiSn requiremenJs has grouped
together ddsign rules which are generally apphcaH€ to all structures
designed by any method. The significant changes incorporated in
Secdon 3 are as follows :-

'(a) 
Recommendations regarding protot]rpe testing have been

added.

(b) Recornmendations regarding stability of the structures as a
whole have been given in addition to the one regarding the stability
of overhanging members.

' (c) Some reconmendations regarding frame irnalysis such as
subsiitute frames have been givea.

(d) The rules for efrectirre width of flange for T and L beams
havo bee,a changed.

(e) The recommendation regardiog slender beams have beea
chagged.

(f) The slondbrnoss limits for oolumns have Lreen changed.

(g) Minimum ecceotricity for the dosign of comprbssion members
lus been sPecified.

(h) Rules governing the ueo bunded bars harre beon added. 
o

(, Curtailment rules for reidoroement in beero and shbo have

.(k) Reoommeadations regarding critical sec,tions for sbear and
minimum web.reinforeement have bpcn addcd.

(m) The recommondatbn rogantng oinirrum tensilo reinforoe-
me|rt in beaErs has been modinod.

a

(n). Reoommtndatlons regarding side face reinforcement
, a beads harrc beea addid.

(p) The clause on span to depth ratio for controlling dcflecflor
has been modified and elaborated lo take into account the,
type aud peroFntage ofreiqforceme$t provided. ldetbod fol
cabulating the short term as well as loog term defl€ction
has'been added.

(r) Guidanoe on the determination of effective lengfh of columns

0.4. 3. Section 4, includes special design requiremats for strpcturcs
sueh as flat slabs, deep beanis. eti, and these are ia additioo to
superseding the rules of S"ctioo 3, as applicabh. ffr" ,igrii"uii
changes incorporited in Section 4 are as-fillows:

(a) Recommendations for the desigrr of deep beams have been
added.'

(b) Guidanee fof the design ofribbed and voided slabs has been
induded.

(c) The clauses on design of flat slabs have beea revised" Shear
in flat slabs and opdnings in flat slabs are now covered in some detail

(d) The clauses on fuhry have also uodergonc some changes
regrding design for shear and transfer of load 

"t 
th" ds"

of the column. '

0.4.4..In Section 5 oq^Imit statre mthod" a unified approach has
been made to @ver members in ffexure and flexure combined with
axial fsrce. A method for design of compression members wih
biaxial bendiirg hds also been addfd. Slenderoess effects are taken
into account by augmenting the moments to be considered in design.

0.4.5. 'In Section 6 on workingstress method, the permissible
stresses in steel have been modified to make them more rational and
tO rcflect the provisions of the basic standards on steel. permissible
stfesses in coircrete for shear have been completely revised in order
to bring the procedure for design ia accordance with the recommen-
dations in Secdon 5. Values of local'trond stresses lrave been deleted
as these are flot required accordiag to the oewrules givon in Section 3.
Values of bearing stre$s in coircrete havd also been deteted ftom the
tabte of permissible stresses, since it has boen givea in the dause
on design of footings in Section 4.

_ 2.1. For the purpose of this standard the deflnitione gven in
Ig :484tl968paad I$ :6461 (Parts I to )Ot) shail geflemly apEtf
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3. Slmiols r

3.1. For the purpose of this staodard, the following letter sypbolg
shall have tbc meairing iadicat€d aqainst eact ; where other symbols
are use4 they are expalined at the appropriate place :

A Area

D Breadth of bean, or shoficr dfoucpsim.of a roCong da-column

b Efrective wi&h rf slab

bf Bfiec'tive widti of ffange

Dw Breadth of wob or rib

1. ScApe:

1.1 This code deals with the general structudlus€ of ptaia and
reinforced @Dcrete.

f .2. Special requlrements of structures, such as shells, folded
plat€s, arch€s, bridges, chimneys, blast re.sistant itructures, hydraulic
strr156ures and liguid retaining structdrres, oovered in respective codes
have not been covered in this oode i these oodes shall be used in
corfunction with this code.

2. TerminologYi

(q) Detailing rufes for crack control have been given in tnc oode.
Th*e rgbs are expected to lead to a satrsfadory desien for
moot of thc $trructures under normal cuvironmental .condi-

tio,ns. Detiiled investigatous of crack wi&h may ho*gver
be required for. unusual cases or structt[es in aggressive
onviroemcnB.

t
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D Overall depth of beapr or slab or diameter of oolumn ;
- di;tio, of a rdLtangalur column in the directioo

under consideration.

Thiekness offlange.

DGad load.

Efrcctive depth of b@m or slab.

Depth of compressiru reinforocmeat ftom the bighly

coopretsed face'

Modulus of elasticity of conqrete.

Earthquake load.

Modulus of elasticitY of steel.

Eocentricity.
Characteristic comgressive strength of coocretc'

Modulus of rupture of corcrete (flexural teosile strength)

Sflit teosilc stro4th of concrete'

DcsiP strength.

Ctaractpristic stren$h of steel

Eftctive moment of ioertia

MomEot of inertialof the gross section excluding rein-
forcernent

;. Uoneot of intertia of cracked section

Sffiess of rrember

I.cwrafo
Angb.ogratb; l'
Prrtialntffa#or

Partial safety factor for material

Percentage redwtion in moment

Creep strain of concrete

Permissible shess in corrcrete in bending compression

Permissibb stress io concretg in direct oompressioo

Permissibb stress in m€tal in direa compression

Permissibb sfess iD steel in compression

Permissibb stress in steel in tension

Permissibb tensib stress in shear reinforcement

DesiSn bond sress

Shear stress io congtete

Ym

8m
ecc

ocbc

ctcc

dmc
qJc

.6s,

dJv

tbd

tc

Df

DL
d
d'

Et

EL
Es

e

ftk
f6
fct
l*
fi
IeI
Igt:

It -

K

6dI fr{aximum shear stress in concrctc with sh€ar refuforcemeal

-r; Norninal shcar stres

A Darneter of bar

4.3,2 Ttrc pEvatue of water sha[ gpo€ra[y be not bss than 6'

5. Concrete.
5.1 Grades-The concrcte shall bcin gradcsdecignated as pcrat

Tablc 2.

TerI,r 2-cnlocs or coNcRBra'

(Chuses S.l,s.Ll, 8.2.1., l4'l'l' a"d35'l')

S pe eifie d claract e r i st ic
Grde desigrutioa. compressive strength d

28 &tt.(r) 
N/gL'

- Mlo l0
M15 15

M20 2i
M25 25

M30 30

M35 35

M40 49

Norr l-In tbe dosignation of a ooncrote Dir' lcttar M rcfc$ to

,h" ,i" aod thc nurnbcr to tha sDGGifGd charactedstic cohptatiw
rtr-Cth of 15'cm Gube at 28 abyS ccrprccsGd m N/mmr'

Ndru 2-M 5 and M ?.5 gadGc of ooocrcto oay bc urcd for lcao

*J.t" bascs 8od simplc foun&tknr for maroory f,rlb' Thctc

mira necd oot bc dcliSnsd.

I.{orr 3-Grades of concrete lower tban M.l5 shell not be ucd io

reinforced coocretc.

5.2. ProPertict ol concrete'

5.2.1. Incrcase in stnngth with r'fle-Whqe it can bc shouro thrt'

" 
ffiU rvin not roccivc ita full design load/strcsE within I ecdod

If Zg dry, 
"ft." 

fhe casti,g of tbp .o.bcr (for qaoDlo, ln forrndadon

Iii* f6* aohmo! ia moltistorcv bdldig)thcc[mcorfudccq
;;;str-glh given in Tablc2oav bcinctcascdbv muttipMns Uv

thc fSotorc gtvcn oclow:

Minimwnaga of tumbr whenfut' 
iesrc, r,*t(i;X;i,;.xrac,ed

t . 'OD6taot or ooc!!$oit or factor

L6 DeveloPmeDtlengtb.

LL Llvc lod or imPopd bad

T , Irngh of a colunn or bcail 
-bctween 

adequati latcral

. - riu"irtt or thelunsuppcrted length of a oottm'

lcf m.d* 4an of bt"m ot slab or effe'ctive lcagth of

.. cohloo
lc.r '., Eftctiw long$ about *-'x'axis

!a7 : -'Dftctivc lsrsh'aDout 2Y axis

ht ,Clalr rp@' hc,P'fao of supPons'; 
tr for ahorter'of tUe two stnos at right angles

li ti, f.ea8lh of SCt'tq sido of slab

II .,ii l-rtaStb of bri8pr side of shb

i, , DBat * boturcenlpoints of zoto nomcnts in a beam

; . Sot" i" ttc{irdho in which rirorentg are dGmNEiDGd
' , ' 

lr*tt to ld;otF of rrDDorts

It SDen'ra,tr\,crlc tO ,r, ceotre to cqDtrc of cupporti

,5 Ir for fic abdet of tltc c{'trtitluous spaoi

M . Deodngomt
n . Modularratio
n ' Nffiib€r of sampbs

P Arial load olr 4 compression m€mbor

q? : Cstcilatcd maxi+rrm bcariog prcssuro of soil

r ledirs
, , .S1nd-n3 of strirfOo or rtmdrrd d*t 

."d""

T. ;Iirrkml osD-lt'
.Iz .. '., 'Stsou falc
't Toulload
VL \Jtlhdloed

w Distrihcd badPerunitarce

wd DirtrihfieddGadbad Pcrunitarca

t i' DFdtutGdioDoscdbcdpcruoit arca
' ' I 'IiePOorncutrda*ir

z ' 
Modulus of scdton

Age factor.

Nonr.l: t{o increase il resDd of agp at loadog should- be

"ttowcit;*tcre 
high alumina ccmcnt coDcrctc l8 use6'

I
3

6
t2

1.0

l.l0
l.l5
1.20

,
&p'

Yi

1d6rt4-m

I

rl

for lold

--
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T.TSIT - 3. PRoPoRTIo}is FoR No},INAL MIx coNc,RETE

(Clauses : 8.3, g. 3. I amd g.3.2.)

Nore 2-Wrere members are subjected to lower direct load during
conslruction, they should be checked for stress€s resulting from'combination of direct load and bending during construction.

Norr 3-The permissible stress€s or design strength shall be
trassed on the increased value of compressive sirength.

5.2.2. Tensile strerrgth of concrete_The flexural and split tensile
strengths shall be obtained as descriH in IS : 516_1959 and IS : 5g16
-1970 respatively. wheo the desigrer wishes to use an estimat€ of
the teruile strength froh the comDrEssive strcngth, the following
formula maI tre used :

Flexur{ strengthrcr :0.7 {fck N/mmz
where/./r is the characteristic compressive strength ofconcrete.

5.L3. Elastic Defornution--Ihe modulusof elasticity is primarily
inlluengd by the elastic properties of the aggregate and to a lesser
€xtent by the conditions of curing and age 6i ti" .ooot", the mix
proportions and the type of cement. The modulus of elasticity is
Dormally related to the compressive str€ngth of concrete.

5.23.1. In the abaence of tbst dak, the modules of elasticity for
stricturat concrete may be assumed as followg:

Ec=5l(/Clyffex
where Ec is the short term static modulus of elasticity in SN/mm2.lnd fck is the characteristic cube .t.rgtt oi *o".te in N/mma.

7. Durability.

7- l. The durability of concrete depends on its resistance to deterio-
ration and the cuvironment in which it is placed, The resistane
of oorcrete to nreatheriag, chemical attack, abrasion. frost and fire
*f.rdr largely upon its quality and constituent maieriats,-- S;;;:
ribility to corrosion ofthe steel is governed by the corctprovidedand
tho permeability of conceret0. The cube_crushing strength aloneis aot a reliable guide to the quality and durabiliiy of concrete; iimust also have anadequate cemeot contenLand a low water_cem€nt
rauo.

Grade of Tool quantity of
Concrete. dry aggregates by

mass pet 5O ke of
cement, to be taken

as tfu snm of the
indulidrnl matses of
firc ard coarse

aggregdtes,

Max.
(1)

M5
M 7.5

Ml0
M15
M29

Proponion of
ftne aggregale to

coafie aggregate
(By Mass),

Quntity of
watet per

, 50ks of
. cemeilt

. Max.

(2)

kC.

EOo

62s

480

350

250

I

(3)

Gencrally

:2 but subjoct to
an uppcr limit of '

I : l|andalower:- 
.

limit of l : 21 l

(4)

litres'

60

45

34

32

30

I
7.t.1. One of the main characteristics influeocing the durability

:f^SI-f "fg I i,r 
.ry:.Tbuity.' 

- 
ivin l.l-il'*o* ag:gresates,a flrauy row p€rmeability is..achieved by having u ,rm"iantli fo;water€rnent ratio, by eniuiing u, tto.ougt ;;;;d:;

the concrete as.possible 
13d by eusuring ,udU*t hydration of.oement through prolrr, curitrer rnetbods.Therefore, for give11 aggjsgale.

thecament content shourd be suffcientto p.oride 
"deqrute 

worka.birity,
vith a low water- @ment ratio so that concrete Jen be completely
compacted with the means available.

*1i3",t'.'l!lil,*rfi [rill,?"',r:fl ffi .Tf, e*Hnn:f nH".f,f:l
8.2. De.tibn mix coneret(.

&2.1. Tne ryr1 shall be desfuned to produce the grade of concretehaning tho reqiiired workauility and i "t"..",*i""-r**ild'*Jiltess than appropriate valL€b siv; i" T"bl.;:--,il;;*;;;d";i
ia Indian Standard Recommended guidlin€s for concrete riil ffi;{under prelnration) may be followed.

. 8.2.2..As long-as the quplity of the mateiials does not chaoge, a mixdesign done carlier may be considercd aOeqtrataior fater work.

8.3. Nominal mix concr,tc-Nominal mix concrete may be,lfd fq ooof-cte of grados Ilt.!, M 
1-S,, M_. fO, frn f , aqd M 2p, Ihe

:iffifif: :aterids.for 
solniaar mix corrc.qe;;ili b; t" aafra,ff.

NoE.-The proportionsoJthe fine to coarse agreiqt€s should b€adjusted from uppcr limit ro lower limit progr.cssGly:ti rht;;i"s
of the fine agg.gate becomes fiacr aed the;aximumrizo of corase
aggregate becomes largpr, Graded oosrse aggrEgate iF4l be ug;. 

-

Exanpb.-Fot an average grading of fire aggregate (that is7oielt
of table 4 of tS : 383-1970), thc proportions ,f,"ff. ["i li];i: i
and I : 2l for maximum sia of aggregates l0 mm, 20 !F. aod ii ;;respeqtively.. .r '.

'.:
8.3.1. The ccment contont of the mix rpocified io.Tabh 3 for anynominal mix shall be proportionrtoty increased f Ao d"6,fifwater in a mix has to be increaspd to ovcrome tqdd;flfr ;fplacemeqt and compaction, oo thql She wat.r-*r*ot ,aliorf opo.lmO

is notexoeeded

Nore l-In the case of vi6rateC contrete, the limitipecifiiU ;iv U"

Norp 2-The quantity of water.used i" ,t" *o**u:^ii i;i'L
rnfored @ncrete work shot{d be sufficefu:n$ but- aot oole rhan
sufrcient to produce a.deosc lolcretp of adcquate 

"q*rUf 
fity for i,purpose, which.will surround.ao0 proporly gr,p Atho .rinf";

ment, Workability of the coocr€teshould be controfbO Ui, ;"i.iil;
a water cootoot thar is found to give a cemete *,ffi.1lriii.t qfic,ill,
wet to t€ placed and compacted without dimculty wlth th" ;";
bvailable.

8. 3.2. If nomiirai mix oonabte madc inAooordan&..widh trc propor
lions givca for a partianlar grade doee not yield ttre sflrcfr;-ffiffi,
such concrete sh&lt tie'clasdhdd rir belonging t" th, ffi;;;]":;grade. Nomhal mix concretc proportioncd for a;giten grdo il
acordance with Table 3 shall not, howerrcr, Uc ptrced id hiSffa5od]
on the ground that the test strengths aro highor,fienfre-Aaiiuilspecified. . ,.: ...- :

lO. Formwork. "' "'':'
:i' .' -i

|O.l. Geroral.-Thp foT wor!-s!d] *,t"signgq,.ard., oootructed
to the shapes, liops and dimeorioox qhown on tfru tr"*to ,iitiithe tol€ranccs given below (.ree46o rndipstaod.rd,q.di.f fr,Cd;for falsework for concrete structu€s (U)dirprepqratior\., ' =---

(a) Deviation from specifiod. dimencioap , ;,.,'- mo cross saction of colgurns and . .. '*12 
mm
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16.3.3. Concrete in the meurber represeotcd by a core test shallr
considere.d acceptable if the ovetege. ogutwl-€nt cube streDethof the
pores is equal at least 85 perccDt of thc cube strength of the grade

of conc,rete specifled for the coresponding age aod np individual
core has a strength lese than 75 percent.

16.4. In case the core t€st result do not satis$-the requirements

of 16.3.3. or where such tests have not bcen.done, load test (oac /6J)
may be resorted to.

16,5. Loadtests on parts o1 structares.

16.5.1. Lpad tests Sould be carried out as sooh as poscible e.l.tr
expiry of 28 days from the time of ptacing of comete.

':. 16.5.2, The strrrcture should bc subirted to a.Ioad, egual to full
dead load of tbe structure-plus 125 tio€s.tle .impospd load for a

. qeriod of 24 hours and then the imposed load slall, be removedi ;,:

Norn.-Dead load inchrdes self weight of the sructural ftsmfr;rs
;pt[i weigt of'ftishes and t'valls or partidoni, if ary, ii consiOered.in

the dcsigp.

16.5.3. The deflection due to impooed load only eball be recorded.
If withia 24 hours of removal of the imposed load, tlo structure does
p9! recgver at least 75 pcrce.nt of the detrection under superimposed

ioiO,tUitestmayberepeqtedafter a lapse of 72hoprs. ff: .the-rgcovery 
is l€$s thao 80 percent, the strugture lbalt be Oeemg io be"unacceptable. 

: .'-

. 16.5.3.1. If tho.maximum dcfoclion in mm, shorvo durini Z4

hours under load is lme.th4" !!, whare / is.the efietiry;sPan in m

aad D, the overall dcpth of tbc s€ction in mm, it'is not necessary

for tbe rocovery to be mesured and the r@very provisions of 16.5.3 will
not apPIY.

' 16.6. Otbcr non{cstrirctivr testmethods may bc adoptcd, in which
'casc 

the accc?taDoe crit€ria shalt bc agroe{ upon benreen thp Gadneqr-

intharg and the contractor aDd tbc t€Ets thdl be done und€r expert

77, General de$igt, requircmenls. '

17.2. D@d luas.-Oeadload ssMl be cakulatcd on the treis'of
unit wei&tg which shall be e$ablisbGd taliog into consideration the
materials spocificd forconstruction

1?.2.1. Alternatively, the dead loads nay be calculated on the
basrs of unrt nriehts of matcrials gwn is 15:19ll-1967*. Unless
more accurate cakulations arc waranteq the.unit weghts of plain
coocrete aod icinfolped corrcrete made with saod and g"rit o.
crushcd netural stonc aggregBtc may be taken as 24,000 N/ma aad
25rooo N7m! respectivcly.

*Scbedulc of unit weights of Buil<iing Matar.iats (first revis'on) .

'18! Sasrt lor design.

ll.l Gtural,-structucs and str-ctural memberr shalt be
designed to have at all sections, strcl4lhs at l€ast egual to the structural
eftsts of docign loads and forccs that oocrrr duriog constrwtion sDd
usc as dotcrmincd by the rele\rcot method on dceip. Structums and
structurat members dratl also mcet all the other requirements oi the
code.

l8.l.l.- The desien shal b€ made in accordance with tlrc principree.

ot mochaoicq reoognized octhods of desigD aod gouad ongiDcabg
practice, kr particular, adequete coasideratioo shall be gtcn t"
thc e,&cts of contirmny on rhe distributiion of bending momentg
aud shears due to monolithic congtucfon

(D). Dciation from dinrensfon of
fooiogs (.rce Note) : .'

(l) Did€ilsion io plan : -12^mm

(2) Becqrtricity 0.o2 times the width of tbe

footing in the direction
of beviation but not

! - +;: j more thair 50 mm.
:

qi"mUircss +0"05 times the specified

ttrickness.

Nsrt.-Tol&ances lpply to iobg:retb dirurnsions only, not to
p"rifidoguf vcrticel rcioforcin! steel or dowels'

11.3. Toleraac: on Placing reinlorctment';Unless otherwisc

spccitGd-Uy .tbe engineer-in'chargo, reinforcemeart slall be placcd

*iffi 6.e.tof6wlng tol€ran96 ;
' (a) Fo effoctive depth 200 mm otlces : ' " ' +10mm -

',tO)^Fortffcctivc&pth1.drcttran|tOnnn " *.lSmm

han one'third ofTtro covo shall in oo ca!rc be reduced by more t

speciied colier or 5 mm whiche.lver i! less. '

11.4. Veltfud loittts or meElunicol conn:ctions'-Welded joints

or mccbanicsl connetions ia reinforcement may be usdd but in all

casor of iapctaot mnocctioo4 testlshotl bcsrade 1o prove tbat the

:ie*#qfqoftbGfrrll streogh oirbarg connccted. Wc6ingof reinforce'

ili" in"n be done in aooodails 'with the rccmmcadrtions of
ISr 2?tr1-1ff6r.3nd Indian St+trdatd Rocommcndatiom for welding

6ia ti*t a *ect Uate for reinforced conc€rote coDstruotioD ('oder

prcpetioi\.

. 1!.5, X*c,rcinfottcmenl'berr are bcot asid€ at construstion

tin6 anO rfrcilards bcDt iDtio thdr original positions, care chould

il" t**id'A*,,rt" that at no limc ir tt6 iaOiug of thc bcnd less than

+ 6Af 
' &bdirta* for ptain mitF gtcot or 6 bar diameters for dcformcd

bar-s. CuG shal also bc takbn wbeil bending back bars, to cDsur€

thrt lho omp'tc arouod thc htjtmt dom:rd-

* Codc of practice for [Veldiog of mild steot bars used for

rciCoP od Corsr€te CoNtru?tiorr
.li

13.3, Cenclelg in Seq-woret:{/!,r(xiele in gca'water or exposcd

dto6ctti-firit-lbd soa'coart clall bG at lea$ M 15 Grade in thc case

of plain cotrdic and M 20 i4 caro of rcinforcpd concrcte. The use

ofdeg dr'pozzolaDa c€ment i3 advantagGous.undcr srrch conditions.

,16. -InsB:etion and testin$ o.f $ructrtres:

l6.l..Inspcction-LmmcdiEt€ly after stripping thc form work,
a[ corirrdd sball be cardulty'idpGctd and aoy dcfoctive work or

rmall dcfcett either removcl o[ madc good bdore concretc hag

thoroulhrb hordencd,

16.2.fa"'ali,sc of doubt i"i"tOirg the grade of eoncerte used,

eithcr dnc to poor worlmanfhip or bascd oa results of cubc dtEogth

t6tl, cooltrGllivc strco8th ic*s of cooorete on the baais of 16.3 aad

/or load 6l (scc 16.5) may be crrrhd out. i

19.3. Colc tf.st".

t e.i.t. ltc points ftoo utieh c{DrG8 8rt to be tskcn a[d the numbo
of coros rcsdr€d rhalt bo a! tDc tlircrfiion of thc cnghatt'iecharsp
and rhrll tc rcrpcmtirc of tbc rtolc of corrzefc conocrncd. In no

rlill fcmct thm thrt core bc tcstcd.

16.34.'Go!Gs rhall bc p*,p$cd and rcstcd al &scribql in IS:
5lG19E9

M 3-20A

l

i

I . 
-r-.",-;
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18.2 Methods of destgn-$tmcturog aad structural elemellts, may
bc dcd&cd by any of tte followiog methods ;

(a) Umit eote method,
(A) Workiog stress mcthod,
(c) Methods besed oa experimental investigations.

Nor.-De$igns based oo experimental iovestigations on models
or full sizc structurc or element (oea lg.3) may be accpted rubject to
cxpedmcotat details and the aoalysis coanected therewith being
appoved by tho Gogircer-in charge.

18.3 Design on experlmental Dasir-Wbcre the desigos is based
on cxpcrim€ntsl inrastigntiron on full size ctrusturr or element,
,oad tcsto shall bo carriod out to aasurc tbc fo[owiog :

(a) The struc&rc chall ratisfy the rcquircooots for defioction
(tce D,.2) aad cracking (see 343.2, whcn oubjoc*ed to a
load for Z houn cp,ualio thccharactcrittic load multiplicd

ty 1.33 r/retcrc r/chall bc takau fmmTeblc 12, for the timit statc of
rcrvicablitiy. If within 24 hours of the temoval of the load, tho
rtutre docs not chow a rrcovery of at lcast 25 perceat of the oaximum
defrcction rhown duriag the 24 hourg under the loe{ thc td lordht

rhould bc rcpeat€d altcr a lapoe of at least 72 hourc.
fhc rocorcry after the eocoud test rhould be at least Z5
pcrccnt of the marimum dc,flcction shown drning the
sond tlst.

Norr.-If thc maximum dcflcction is mm, shown Z hourc undcr
lqed ir lcsc thao 40 ,l/D, c/trse I is the cfiectivcepanin m aod D thc
osgtl dspth of tho goction in mm, it is oot o€cessary for the rocovery
to bo mcasurcd,

' (6) Thc slructuro shall haw adequetc strcngth to su$aio for 24
horuq a total lord eqgal to the charactcristic load

oultiplicd by 1.33 r/wherc r/ shall be takcn from Table 12 for thc
limit rtste of collapse.

19..Stobiltty of the struc,turc.

19.1. overturning-Ihe stability of a structure as a whole agiinrt
ovatuming shall bc ensurpd so thst the nestoriog momcot shall bc
not hc ttan thc sum of 1.2 tirtes iho oarinum ovr,r turailg nommt
dlE to the oharacGristic dead load aod 1.4 timcs the maximum over
tutniDg nomDt due to thc charactoristb imposed loadr. In casoe
vhac dcad load providc the Etoring momeot, only 0.9 times the
charactcaistic dcad load shall be considered. Rcstoring moment due
toimpocod loadrrhall bG igrorcd.

l9.l.l. Tho anchoragrs or couotenrGighrc provided for overhaog-
ing memben (during conctruction aod service) should be such th,r:t
stttic c{uilibrium should rtmain, cwn whcn overturning mom€nt is
doublcd.

19.2. Sltding.-Thc structure shall have a factor agaiost cftdiog of
aot loss than 1.4 undcr thc most adrrcrsc combination of the appliei
charrctcristic forpcs. In this case 0.9 times the charactcristd:bad
load shatl be tdren into account.

19.3. To ensure stablility at.all times, account shall be ralrc of
probablc variations in dcad load duriag coostruction, repair or other
tcmporary mcarurps. Wind and soismic loading shall be reated as
immscd loading.

' 19.4. In dcsigoing the framework ofa building provisions shell be
mad€ by adcquate nolrcnt connstions or by a system of bracings

21. ArulYsis.

21.1. General.-All $luctures may be trnalysed gy th. litr€qr
elasticthrory to calculate itrt€inal actioos produced by derilE lordc
In liar of rigorow elastic analysis, a rioplified aoalyeis as givon in
21.4 for frrmes ad es givco io 21.5 for oontiauous beamg may be
adoPtod.

(al Simply supported beam or slab.__lhc effoctivc cpao: of a
memtrer that is not btrilt integralty with its supports snafi bc tak;a;
cloar span plus the effective dopth of srab o. b.". or oc*rc to c€ntroof supports, whichevq is le$.

(b) Contiitottl beam or slab.-hr the cao€ of contio.rous bcrm

,T,'H,f,:':#:ffi 'ff ;l:,i1i ; ff '3",1f ffir,H i?it'hlln lll2 the clear cpan or 600 mm whichever ir,fi;H;;;;
tpan shall be taken as uoder :.

(i) For eod cpan with one end fixpd ood otha cortinuous
or lor itcroodiate spsns, tho cffoctivo spao shelt b";ilffiffi
between cuppotc ; aod

(2) For enal span with onc cod free aad the othcr 6&huous.
thc cflectivc cpan shdl be oqual to tho desl Epan ptuit hdf th" eEi;d€pth of th, beao or slab or thc clc* rpan plur half the,rE h ffi;disootinrors support, whic'hever is lc$.
No/rB-In thG casc of cpros with rolcr or roc&cr hrirg; tb Gctivo

spao shall always bc thc dirtancc botrtqr the G6rcs of h;;.
(c) Franus.-lo the analycis of .a cortinuous frere, **;

ccntre dirtam shalt bc us€d.

21.3. Stifncss

21.?.1. Rclattuc stifiuts.-Tb .affia. of ftr.+ar3
may b bared on tho momilt of krtb dtbcba&ti;
oB tho b.!ir of any ooc of tho fo{e*gtH*io :

(a) crcs sxtiu.-Trv crq.e*," of ths.r*{i-qB
rtinforcment;

(bl Tlwtslorwd ecrbn.4b oorffiG cro$,{rction pt5 thc
rrea of roidqccmcot tren&rnad er tLD tuis 

"f 
'-h;tb ;;

k\ Cra.bcd section.--:Ibeirr of cotrs& in coqgib. nlusthc arca of reidorocment traoforad on thc tacl'dEttr
ratio.

rhe assumptionc mrdc $all bc, fficnt for.d.r!-ors
of the stnjEture throughout any rdfris. 

1 .. r

21.3.2. For deflcction calculatioes, apgoprhte,&e, d,,&rt
of incrtia as gpecificd io Appcodix Srtould br{iod.

21.4. Structural^ ftanes.- Tfu riagryi4 ..re,+.t*ro'
in 21.4.1.to 2l.4.l.tray bo us€d iileo.odyCs of &G.

21.4.1. Anagenwnt of live load.-
(o) Coosideration may bc limitcd to combimtioos of :

(l) D6i8n dead load oa all spail vrr:th fult d{iA fivc load
oi two adjaoent spans ; and

21.2. Efective spaz.-Unless otheiwise spocihed,
3Dan of a mcmber shElt bc as followc :

the efrective

(2) D€siS ilcad load on alt iriqg.c with frdl dqcifn live load
oo alt€rnate $Pans.

(b) Whoo design live load doce not
desigp dcad load, the load arrangemcnt

aod dcsigo live load op all the spand.

exoecd thrde.fourthr of the
may b€ desUn dead toaO

Norr.-For bcams and slalx continuous .over suppolt Zl.4.l (al
may be assuned.

21.4.2. Strbstitute Jrame.-For determiuing the nomrnts and'
shears at aoy floor or roof level due to gravity loads, th' brauc at
that levet tegcther. with columns abovc aed below with tbeir far
ends fir€d .nay.bc considered to.coostil,ute the framc.

21.4.3. For'tiiolil loails, sidiliftd mettroOs mai be 'tis€d: to
obtain the momefis and shears fot stiuctures thit ar6 eimtiptriggt.
For uosyfrEfttical or very tall ctructur€s, morc rigorouc.Tffir
ghould be us€d' 

.. .r. i;,i,'
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21.5. Moment and $hear cqelficients for continuous beams'-

21.5.1. Unless more exact €diimates are rnade, for beams of uoi'

form $oss*cction which suppPrt substantially uniformly distributed

ioro, or* three or rnore spans which do oot diffef by more than

iJ* ** of tbc longpst , the trending orosreoti and shear forces

"J 
i" dtsit, oay te obtained using the coefficients given in Table 7

and Table I rcspectively'

For ooments at supporB wher€ two unequal spans meet or

io 
"J*-rrtu.e 

the cpaos are ttot equalty loadcd, tho averagp of the

i*"l"ft* f"t the ncgativ€ miment at thc support may bo taken

for tlesign.
.'"- w;* coefrciedts given in Tabte 7 are used for catculation of

t"oOl'oilLr*"t, redistrrbution rcferred to in 2l'7 shall not be

permitted'

2152. Bearlls ard slabs oter free ed supports'-Where a memtrr

is built into a masonry wall whicb devclops only panial restraint

Iil" ,.rt". shsll bc dcsigoed to rcsist a oeEative moment at the

iacc of thc support otl*r" 
Fisthototal de*gntoed aod lis

A
thg effective span, or guch odhcr restraining mioc|tlt as may bo

,i"*i1" u" applicablc. For such a contlition eheor oocfrciont givcn

,i"U" 8 at the end supportimay be iocreasod by 0'05

Tear.r-7-TgNDING MoMENT cDEBFrdtENTs'

(Clawe 21.5.1.)

' TWc of load- Span moments. SuPPort

Near Atniddtc AtstEPort At otlw
mi&lle of of t,r,xt to intetiot
cd interior tlu crtd supryls'

$to.. qnn. stlapott.

Note.-For obtaioiog the bcodiog filorcnt' thc coefficicnt shalt be

oultiplied by the total ilesigp loail and efroctivc spao.

TAiLE-S-SHBAR BORCB COErfICIBNIII

(Clause 2l .5.1. and 21.5.2.)

Type of toad. At end At tttDDott tvxt to th. At
suppott. .,a/ support. othcr

Outerside lwoer sidc

0.6 0.55

supports.

Dead toad and imposed
load (tixed).

Imposed toad (not fixed) 0.45 0.6 0.6 0'6

Norg-For obtaioing tho shear forcc, the co€ffcicnt shotl bo multi'
plicd bY thc total dcsiP load.

lB Critj'crt&4inn.t
Dlstanca 'd'fttorn tho
Feec of thc Srpport

21.6. Critical sections for moment and slpar'-

21.6.1. For oonolithic,o@s$uc.ion the moment$ cooputod rt
tho face of thc supports ghall bc uscd il the i€8ig[8 of itr dcrs
u-tI*. ru.ti*.. 

- 
For ooo-monolithic ooostructiotr thcdcciir of tbo

rrenbcr shall bc dorc kqeping in vietr 21.2. . ,

21.6.2, criticat scctioi for stuar'-T\a ghcars cooput€d et tbd

tace of the soppert sh8ll ba us€d in thc dct{88 of tbo msnba "rt ttts '
s€stion cxcept ac in 2l .6.2.1.

21.6.2.1. Whcn the reactioo in thc direction of the aB-Plild $!sr
introduces coopr'68ioo into the end region of thc ocdc' $*lP!
locatcd u a distanoc loss thrn d ftom tlrc faco of tho supDdt nfb
d.dgr.d for thc same:p;;r ac:that computcd at di$iooc d ('*
Fis.l).

]I

I

ittcrior

all

0.50.4

moments

Dceil load ond irnPosed
bad (6rod).

Imooscd loa'l (not
fixed).

I+-
12

I+-
l0

I+-
24

I

I

l0 12

+-
t2

or|tlcrl r

oa *.

9

Srctioc rtFrcr
eopOoct

9

tA

Fro. t Cnrmrs Seottro Er SHEAR.

21.7; Redistribution of moments.-RdistributiooEqf momafis (6) If themainrcinforoemontof thcglabilpara[cdtothBbGeB

mrv be dooc in accordan@ with 35. I . I . for limit state method and in trarBverse reioforce ment shdl bc provided as in Fig. 2 i c,uch

.ffiil**i,n"6-iJ".-woking stresslmcthod. Howevet where reinforcement shall not be less than 60 per ccot of the osioG!
;;iifiJ analysis using coefficientst'ls adopted, redisribution of forcement at mid span of the slab.

22. Beams.

ZZO. ff*ritu rlelth.-Efrective depth of a]'beam is the dictanc

Oa-weeo thc centroid of the area of tersioo rcinforcement and the

;iffiil;;;;;.; s6;; excturlins the' rhiorness or finishiie

matorial not Placed monqlithically with the mmtrer aoil the thicknqg

oi*y *ootete provided to allow for wear' ThisiwilliFot apply

to deep beams.

22.1.. T-beams attd l:Peams.- :

22.1.1 General-A slap which is assurred'to act as a flange of a

T'beam or Irbeam shall oatirfy the following :
(a) Tho slab shall, bp cast iotegrslly flith th€ web' or th" Eg

and thc slab shall bo otre$ivcly bondcd togahcr io ary oth€r manoor ;

I

and

22.1.2. Efective width of flange.-It the ab&icc of 'dore roourUc

determination, the effoctive width of flanee may be talcn as thc

following but in no cas€ Sreater than the br€adth of t"hc mb'glW hrU

the sun of the clear distances to the a<ilacont Di:aaB.on eithtr tidci

i ' ,, ..i ; : "

. 'lO i': ' :'', .lI
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(c) For isolated bcamr, thc cffoctivc flaagc width shalt bc obtain.
ed es bclow but in ao case greater tban the actual.qridth,:

T-beam,b":-lo
11,[-.' ay 

+ bw

I-beam. Dr : 
-o'5 

lo

' 6"7qll + b' ' '':'

wherc

, hf .- @etive wielth of flengq,

" lo * tistaaec belrcen point's of iero momeits in thc tream,

,r,, -brcadth o.f the web,

D/ - thicknGs! 6f falgc, aod

D- actual width oftle f,angc.

. NOry -: lor conl-uous beams and frames, .lf ay bc assumed
ap 0.-7, tims thp erfroc'live epan.

',tl.V . @nrol of deflcction - The dcficction.of a structure or
pad:tbcreof shall ilot advorsety afrect thc a?pearasoe or effciency
of thG stueturc ot fmighcr or partitions. The Moctioo shall geoo-
rally bc lirrited to the folhriaC :

(a) Thc foal doftaitn duc to all loadg including the efrosts
of tmpcrrtu!, cttcp rod chrinkage aod mcasurGd from thc as-€ast
lowl of thosupports of fodr, roofs and all other hoimdalmernbcrs,
rhould 'not mrmCly ercoca lpaa/ZSO. I .

<D ni,i"Oaetion ircludiag tb efrccts of tempcrature, crsep
ard slqlp[agg occuning qf_ta eroctioo of partitiom and thc applica-
tioo of ffaishcs should not normally excecd span/350 or Z) mm whicb-
ever is less.

t. '- ,;a -- . i..-- . . . 
.i-- i

22.2.1. For'teami'ini sla6s, the rcrtical defcction limits may
generally be assumcd to be sstisficd provided that the spao to deptti
ratior'arc dot grcata than the values obtain€d as below:

(a) Basic valuer ofspan to effoctivc depth ratios for spaas nptol0m:
Cantilever .; 7
SimpD zuppo,rtcd ... '}fr
Continrrcus :. .: 26

(6) For spans sbove lO m, the valucs in (a) may be multiplied
by l0/span in metreg cxoept for cantilcver in which casc defl&ioa
calculatinos should bo made.

(c) pcpeoding oD tb€ arca and thc tlpe of stGcl for t€asion
rclnforceIncot, thc valucs ia (o) or (D) shall bc modiEcd as per Fi& .3

- q Docoding 90 the area of comprccsioa reiaforoement, the
value of spaa to dcpth ratio to furtbcr modificd as per Fig. 4.

(a) For Aanged bcamq the valucs of (a) or 1Uy bc modifiod as
pcr Fig. 5 and thc rcinforccrent pcrccatasp for use in Fig. 3 and 4
should be baged on area of sction cqrd fo trd.

Nors : - Wbco dciloctiooi arc rcquirod to be calcutated flrerncthd girvo in ArEadr'E niey bc und. :
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IL3 Sler&noss littlts for beams to ensure lateral stability. -A limpty supported u coatinuouJ boam sball be so proportiofucd
lhat tbe clear distance betwcen tho latcral restrains does not exceed

250 br
60 D or 

- 

yffp[6v6s is less, where d is the effective depth of the
d

bcam aad D the breadth ef the compresgion face midway betwee:r
tha latcral restraints.

For a cantilcver, t[e clear diltadce from thc frce glrjl of the cantil-

Gvcr to tbc lateral rcsfraint $hall not excead 25 O or'*1 wbichever
ir les. : d

23.1 Gcwral,- Ttie proiisions'of 22.i for beams apply to slabs
alco. . ..

Nom l.-For d"bi rpnn iog in two directions, tbe shorter of the
rro lpanr should bc uscd for calculating thG span to effective depth
tatioc.

NooB 2.- For two-wey rlabc of small spans (upto 3.5 m) with
mild stccl reinforcemeat tbc apaa to overall depth ratios^given below

may be gpDorally be assumed to satsifr vertical deflcction limih for
loading class up to 3,0fl) N/Ms (30 tglMQ:

SimPlY $uPPerle{ gl6!s 35
Continuousslabs 4

For high strength deformed bars of grade F" 415, the values given
above should be multiplied by 0.8.

23.4. Slabs sparuw in t'wb directions at right anglcs - The
slabs spanaing in two dircctions at right anglcs and carrying uoiformly
distributed load may bc dcsigoed;by any ameptable theory or by using
coe,fficirzrts given in Appendix C. For debrrnining bending moments
io slabe'spanning in two directions at right angles and carrying con-
centrated load any accepted m€thod appro@ by the engineer-iu-
chargc may be adoptcd. Ribbc.d slabs spin ing-rn two directions

' at right anglcs may also be treated as:solid Saba provided that the
spacing of ribs is not monc thao 12 times the.}jnge thickness.

NorB:- The most commonly used elastic methods arc based on
Pigeaud's or Westergaard's tbeory and thc most commody wcd
limit state of collapec method is based on Johansen's yield-line theory.

23.5 Lods on supporting beams - The toads on beams supporting
solid slabe spaoning in two diroetions at right angles and supporting
uniformly distributed loads, may be assumed to be in accordance
with Fig.6.
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ARE A 10 BE .CARRIED

BEAPI ,8,

B
,lN fHlS SHADED ,ARE/a
E CARRIED tsY .BEAgJ6'

,tra..6 ',LOepo CrtcreD By guppoerrdqBEAt{s

24. Comgresslon members.

24,1 . Detlaitiotts.

24.1.1. Oolumn or strut is a compreseioo mcmber, thc cffcctitt
fu3h of vhhh srcGcds tbloo timd tho lcalt latoal dimr&r.

2l.l.L Sllpitt and slaulcr conprcssion menficrs-A Comprossioa
$nbcr ogy bc considGral as shct whcn both thc Shndqrncss

Ir,* lcl
rrtbt -- ad 

- 
arc lcct than 12;

ilb
shcc

hx-tfuiw lcogth in rapccr of thc major axir,
a<hptl i! rcpcct of tl, najor erk,
kl-ri&r/ltw lcoSlh itr *D.rt ol tho minor rxir, and
D-sieh of thc mmbcr

f sh$ othcrwisc bG constdGrcd ar a slendef, copprccgion
reder.

24..r.3 Unsupported lutgth- fhe unrupportcd hngth, l, of a
comprcssiolr membcr *ball bc takco as the clegtr distaDoc bctweco
end restrainrs except tbat :

. (a) in flat slab conrtrustion, it shall be char tlistanpc tretvcen
the f,oo[ and the lowcr crtremity of the capital, the drop pancl or
glab whicbcver is the lcagt.

(D) in bcam and dlb coostructioq it shall be thc clear digtrnce
betw€GD thc floor 8od ttc uoalcmn(rc of the sbalbwr trcan frauing
ioto the columns in cact.diroction at thc ncrt highcr f,oor lcvot.

(c) in cotuang recuaiirad laterally, by struts, it sball bc tbc clcar
digtclcc bcttuaro contllcuthrG struts in od.s wrtkal planc, pror{dcd
thst to bc an ade4ntc arplrort, two grrch struts shsll moct ttc
eoluoas at spprorimetory the rame lcrvcl and thc aDglc bctwca
vcrticaf pbocs tbrogsb tbc muu shall not vary moro than 30"
from a rigbt angh. Such $nils shall be of adeguatc dimsasba3
end phall havc ruffcicnt enchorago to ratrain the nrcnrber agEiElt
latcra, d€0cction.

B,'

" 
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(d) in colrrmns testrained

used at the iunction, it shall b€

aod the lowet edge of the

cguakthat of the beam strut 1S

tra is,given bY

bv sfiuts or beams, with brdckets

clear distance bctween the floor
provided that the bracket width

, at least half that of the column'

ts7

and
measured in the Plane under

t42 Effective Length of iomprestion Members-ln the absence

"f';;;';; 
analvsis, the efrective length JsJc of columns mav h

.iJ"* asl oescriuea in APPen{ix D'

24.3 Sle4dernesslimits lor colimns'

24.3.1. The unsupported len$b between eod, restraint shall oot

.*ili'eo ii.o ttt" 
-r"u^"t 

lateral [imension of a column'

2/'i1.2, lf,in any given plane' one eo!11 
1-column 

is unrestraioed'
100 D2

its unsuPPortcd length' 1' shall il;t
D

25.2.1.1. Desigo bond stress in limit state lrethcd for plain bar

in tonsirn shall be as'below :

Grde of borcrete M 15 M 20 M ?: M 30 M 35 M4

irsigrioU ttress,r'r.N/mmr- l'0 l'2 l'4 l'5 l'7' 1'

For deformed bars conforming to IS: 1786'1979 or IS: 1139o

1966, these values shall be increased by 60 percBnt'

For bars in compression, the values of bond stress for bars in

tension shall be increased by 25 percent'

The values of bond stress in working stress design' are givcn

in 44.1.

25.2.1.2 Bars bundled in contact'-The development length o-f

each iar ofbundled bars shall b€ that for the individual bar, incrcascd

bylG; f* toro bars in contact, 20 percent for tfuee bars in

contaci and 33 per cent for four bars in contact'

25,2.2 AnchorW Reinforcing Bars

25.2.2.1 Anchortng bars in tension

(a) Deformed bars may be used witho-ut- end anchoragEs

providei-ievetopme"t length requirement is satisfied' Ilooks should

iorrrt"ffv be piovided for plaio bars in tension'

(b\ Bends and hooks.-'Berrds and hooks shall confornr to

IS :2502-1963 :

(l) Bends-The anchorage value of bend shall be takm

as 4 times ihe diameter of the bar for each 45. bead subject to a
*a*it"u- of 15 times the diameter of the bar'

Q'1 Hooks;Tfu' anchorage value of 
-a-standard 

U-typc

hook shali 6e equat io 16 times the diameter of the bar'

25.2.2.2 Anchoring bars in compression-rrhe anchoragie length og

straight bar in compression shall be equal to the devclopment lc,lrgtt

"i 
Ui-* It compression as specified it 25 '2'1 ' The Eoixted lencth of

ioot., U"oOt, and straieht lengths beyond tende if provided for a

i*lo ."*p*ssion, shall be considered for development length'

25.2.2.3 Mechaniaal &vices for anchorage-Any mcchaqbrl

or other devioe capable of developing the itleogth of thc bar without

;;; ; *octi" may be used as anchorage with the appronal of

the engineer-in+harge'

25.2.2.4 Anchoing shear reinJorcement'

h\ Incltneilbars-The developmeirt lenefh shall be asfor bars

in tXion ; thi le,ngth shall bc measured as under t

(l) In tensioo zone, from the end of the slopiag or inclinod

portion of the bar, and

(2) In thecompression zone, from thc mid depth of the rym'
@) Srlrrups-Notwithstanding any of the provisions of tiig

stanrtaii, in case of secondary reinforcement such asstimrpsaod

;;;J ties, complete development l€T gths and anchorage shall bo

i.".ato n"u" been provided when the bar is bent throughan angle-

"i 
Ji.*t 90o round a bar of at least its own diametgr and is om

ii""J bevo"o the end of the curve for a leogth of at least eigbt

;ffiil;;;when the bar is bent through an ansle of l35o and

i *t",i"..d beyond the end of the curve for a length of at least six

t*-oir-a.* oi whe'n the bar is bent through ao angte of 18o aqd

illoti*.a beyond the end of the curve {or a lenglh of at least forn

bar diameters.

vrhpro I

b-Jialth of that cross'qectroo'

D-{cpth of the cross'$ection

cosidPration'

24.4 Minimum Eccentricityr-All columns 
-t-l* 

* designed for

.iri-ui **ntricity equal to thp unuspported leneth of colurnn/

ffih;"i 
-ait**i""tl0t, 

subject to a mioimum of 20 mm'

25. Requirements governiig Reinforceme"t and Detailing

25.| :General._Reinforcing steel of same tYPe anil grade shall be

;;;-r"d rcinforceoqnt in 4 structural-member' However'

ffi;*;r* of two difrerent tvqcs.or.sadl of steel for main

;fsot*drt reioforccmcilt reqpoctively is permissible'

25.1.1. Bars'oay be arrahgcd singly'^ or io pairs io contact' or in

;;';-.#oifoo, baisbundlcd incontac't. Bundles shall not

L-.i"a-i" a ffiBber wittbut stimrps. Buodled bars shall b€ ti€d

,?# ib -.*" thc bds rernaining together' Bars lsrger thao

#.I-oiu-r.*t shall not be bundled' except in columos'

25"tr. Thc rccommcoiqtigP I9t- 
iletailing foJ.earthquakc'resistant

6;;;;; dr* io rs : 432G1976 should be taken into considcra-

, tioa, rvh6e oPPlicable' '

25.Z'Develo2ment of Stre$s in Reinforcement'-JThe calculated

t"Jif" oi 
"oipression 

in any bar at any s€ction shall be dev.elopcd

"n:*ln-riCu 
oi tne serdon by ao appropriate development len6h

: .il.*re ,r.to*gp or by d combioation thereof'
,1,

25.2.1 Devebpwnt lingth of bars-The devclopment length

Aas
[4:-r i aata

' $h€re l

rr-nominal O"m1to of the bar,

?s-atr€€s io bar pt thc section coosidered at design load' and

I ir-l*igo bon<l htress,gve'n it 25'2'l'l'

I lNone 1-Tte <tevptopmcnt length includes anchorage values

o[ hoofE io temion'reiFforccm€ot'

litC,IB2.-Forbars.ofscctioosotherthancirorlar,thedevelop.
UCi f*gtn should * su'cieot to dwelopo the str€ss in the bar

pv bontt. I

6-3-2

I

I
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^ 25.2.2"5 Beuring stresses at bends,-Tbe be aring stress in concr€te
for bcnd and hooks dqcribed in IS : 2502-1963 ie.A not be checked
Tho bearingstress inside a bend in any other bend shall tre' calculated

* Bearingstress :1" -ghere ro
tr6r-tcnsile force due to design loads in a bar or group of bars.rA-internal radiut of the bnd, and

. -size of the bar or, in bundle, the size of bar of equivatent ar€a

For limit statc method or design, this stress shall not 
"*.."0 -1't'tl t2o l;

wlere I'r is the chrr .cstristic strength of concrete end a, for a parti.
cular bar or gf,oup of bars in contact shall be taken as the centre to
oartnc distanc€ between bars or groupr oi bars perpendicutar to tbe
pfaoe ofthe bcud, fora bar or group, of bars ad.yacent to the face of
the member shall bc taken ai thi cover plus size of bar (fr).
For working strcss method of dcsign, the beiring stress shall not
exceed

_2
ll-26 la.

. 25.2.2.6. It a ch .nge in direction ol teirsion or compressron retn.
forpement induccs a resultant force acting outward tending to splittlo eoncletc, such forcc should bc taken u! by additional links 6r
ctimrps Bcnt tonsion bar 3t a rc-enrant anglc should bc avoided.

25.2;3. Curtailment oJ ,engion reinforcement in flexural members.

25.2.3.1. For curtailmont, rcinforccmcnt shall extend bcyondth point at which it is no longcr to r6ist flexure for a distanoc cqual
t9 llc cffectivo depth of the member or 12 times the bar diarn-crergLichevcr is greater exccpt at simplc support or cad of cantilcvcr
Ia addition 25.2.3.2. to 25.2,3.5, shalt also bc satisfied.

_ Nore.*A point at which reinforccmcnt is no longer required to
irgsist florure is wherc the rcsistenco rnoment o jthe ooction, considcr_
ilg onty thc continuiag bars, is equal to the dcsistr momcnt.

25.2.?.2. Flcxural rcinforcerrent shall not be terminatcd in a
tension.zone unless any one of the foilowing conditions is satisfied :

(a),Thc shcar at thc cut,off point docs not excced two_thirdstlrt pcrnittcd, including tlrc shcar strength of wcb.rrinforcemcnt
nmvided.

(b) Stimp arca in cxccss af tbat requircd for shcar and torsion
.ii govidcd alosg cech tcrminetcd bar ovcr a distancc from thc cutioilDoiat cquat to thrco,fourths thecffoctivc dcpthof thc membcr.
Iho exo* stimrp aree shell be not lcss ttran O.$ whcre &

is thc breadth of bcam, s is thc spacing rnd /r is thkaractcristic
strcDtith of, rcinforcancnt in N/nrur2; Tho reeurting spacing shalt
lot.cxoccd- di8p6 where BE is the ratio of the area of ban cut off
to tDe total arca of bars at thc ecction, snd d is the effective deptt . 

-
6) For 36 ram and smaltcr bars, the continuing bars providc

dsublc ths o'ca requircd for lcxurc at th. cut-off point ina ihetlcar docs not cxccd threo"fourths that pcnnitted

2r,L3.3. tbsitivc momenl rcinferctmcnt.

(i) At hest onc-third thc Bositivc momcnt reinforccmcnt in siraprc
ncaDers fnC orF-fourth thc positivo momcnt rci6orcerncnt'in
ooalin,ous mernbers shall extcnd along thc same face of tho mesrbcr
ihto tlc suptrort, to e lca3rh cCuat tq I{!.

J

(D) When a flexural member is part of the primary latcral load
resisiting systefii, the,positive reinforaement res;ir€d to be extendodinto the support as described in (a) shall be anctrored i" de;r";
its design stress in tension at thc facc of the support.

(c) At simplc supports aid at points of inflection, positive rRomcnt
tenslon reinforwment shail be limited to a diameter such that zy'computd for f, by 25.2.1 docs not cxceed 

'- 
-.

't *ro
V

where

Mr.-mom€nt of resistance of the section aszuming ail rcinforcement
at thc section to bc stressed to-7rly';

/a: 0.87 /y in thc casc of timit statc desipn arstresi"-,,t,td'&trif tJ:.Tffi ,ti:fd*i",hepermissibre
Z: Shear forcc at the scction duc to design loads ;

Lo: Sum of thc anchoragc bcyond the ccntre of thc support and
thc cquivalcut anchoragc valuc of any hook or mcchanical
anchoragc at simplc s:pport ; and at a point of innoctlon,Ip is limited to thc cfcctivc dcpth of thi mcrnben ar l2e
whichcvcr is grcater ; and

O =diametcr of bar.

Thc valuc of Mllyinth: a-bvc cxprcssion may bc increase.d by30 pcrccnt whca thc cnds of thc reiniorccmcnt arc confned by acorlprcssivc rcaction.

25.2.1.4. Negativc. moment'rcinforcenpnt.-At lpast one-third
ofthe total reinforccment providcd for ncgativc rnomcnt at lho,support shall cxtcad beyond ths poiat of infrection for a dishBee,
not less than thecfrective dcpth of thcurcnber or 12 go, onesixtJii'of thq cloar span whichcver is &catcr.

2,5.'.3.5. Curmilment ol bunCkd 6ar.f._Bars in a bundle shelltcnninatc at dilfmat points spaccd apart by oni t.." th.n O timcsthc bar diamqtcr cxocpt for bundlcs stopplni at a 6upgort.

25.2.1. Speciat nunbcrs,-AdqlatQ cnd.archoralc shall b" pru-:
vided for tcnsioa rcinfodmcnt ir iorurel rncndrs wtero reinforoe-matt strcss is not dincttry proportional to momcEt, suc.h *s sloped,
stcppcd, or tapcrcd footinjs ; hrackets ; doep bea.rre; ard msnbors;in which thc tension reisforccment is not peraftcr ,o ,r. *rediui-
facc.

25.2.5, Relnlorcencrt splicin7_Wya spliccs rrc provkhd igthc reiuforciag brrs, they shell 
- 
*s f", a, posiUiq f, "*.if_ithcscctions of sraximum stness altl hc stafferca. I i, ;;;;ilthat spriccs ir lcm,al ac,nrbcrs suouu not * "i .o"uo* ttho batrdiry rnoarnt is srorc tfren 5O pDr ccnt of til.-;;;;;

rcsistaqcc ; arl rot rrcrc tlaa latf tlc bars stetl bc spffocd *iscction.

Wherc norc tler onc-tilf ef tle bars arc gplicqd.4t a $dioror whcrc splboe rre ando a1 poiotr of ."rh; strcc., tFcialplocautions shell bo tef,co, smn as ipcr€ssing thc lcqSti of l;p;tr
siag spinrs or closcry'spaced stmrps eround ttrc rmittr ortfrrapit*:

25.2.5.1. Lap splies.

(c) Lap splicos sbslt on, t *e FI p.o {"rys. th"n 3d arm ;foq ferfcl diemctcrs, bers mty bc wcldcd (saa fl.,j) ; iu 
".."s 

w#wddtng is not pmcrticrblc, leppiry.af 
lers larger ffin f;;;tlc pcnnittcd, ia which c{sa .dditional spiratJ snoutO b. prrffi

rrorrit l thc lapped bers.

(f) Lap splie s,lrli h corsidorcd es staggprcd. if thD eatro to@!tre distaEoc of tho spties_ is not tcss thaa l.i tlos th Iup f_Sthcrlcutateg rs dcscriM in {c). - 
--- --
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(c) Lap lengtb

tension shall be f,d
including anchprage

(see 25.2.1.) or $0 O

where";;-it the development length as described h 25'2't' lor fd'

Nors,-splices in tension members shatl be enclosed in spirals

."o.orbarsnotlessthan6mmdiameterwithpitchnotmorethan'd-;;. 
i"oks shall be provided at the ends of bars in tension

members.

(d) The lap length in compression shall be equal to the develop'

meot*;;h in conipression, calculated as described in 25'2'1"bttt

not less thar, 24@'

(e) When bars of two differeqt diameter-s 
-1e 

to be splicetl' the

f"p fX*i tfr"ff be calculated on the basis of diameter of the smaller

bar.

(fl When splicing of welded wire fabric is to be carried out' lap

"ond'of 
wires shall be made so that overlap measured betwecn

id.-*"ua. cross wires shall be not less than the spacing of cross

wires Plus l0 cm'

' (g't In case of bundled barq, lapped splices of bundled bars

,uarri! maoc by splicing one bar at a time ; such individual splices

fr,ni" " 
bundle shall be staggerod'

length of the lap
Ld or 3O 6 whidhever

shall not be less *lan 1!
is hgreater. The straightdirect tension 2
Q or 2O cm,

25.?.5.2- Weldcil spliccs and nechanical connections.-The design

str€ogth of a weldeil sPlice (see .4) or mechanical connection shall

bc taken as egual to 80 Perc'ent tho design strength of the bar for

tension splices and 100 Perce'nt the design strength for compression

sPlices. However, 100 Percent of the deisgn strength may be

assumed io tension when the area forms not more thao 20

percent of thc total area of at the sectioo ahd the sPlices are

staggered at least 60 cm.

(D) Great€r horizontal distance than the minimum specifiod in

<rl giloufA bd provided wherever possible' However when needlo

ui|rutors are used tho horizontal distancQ between bars of a group

may be reduced to two-thirds the nominal maximum size of thc

coarse aggxegate, provided that sufficient space is left betwe€n groupo

of bars to enable the vibrator to be immersed'

(c) Where there are two or mor€ rows of bars, lhe bars shall bo

verticaity in line and the minimum vertical distance between the bars

shall be-15 mm, two-thirds the nominal maximum size of aggregato

or the maximum size of bar, whichever is the greatest'

25.3.2. Maximum distance between bars in lension'-Unless the

dalculation of crack widths shows that a greater spacing is accept'

able, the following rules shall be applied to flexural rnembers in normal

internal or external conditions of exposure'

(a) Beams.-:Ihe horizootal distance between parallel reioforce'

mentbars,org;roups,trearthetensionfaceofabeamshallnotbo
gtreater than the value given in Table 10 depending on the amormt

If redistribution carried out in analysis and the chafactertistic strength

of the reinforcement.

(b) Slabs: I- 
(1) The horizontal distance between parallel main reinforpe'

ment bars shall not be more than three times the effective depth of a

solid slab or 450 mm whichever is smaller'

(2) The. horizontal- distance between parallel reioforcem€ot

bars provided against shrinkage and temperature shall trot be mo89

than ive times the effective depth of a solid slab or 450 mm whiche'er

is smaller.

. Tlsre_lo crEln DTSTANCE Brrwssr.l BlR.s

(Clause 25.32)

Percentage Redistrtbution to or from Section

Considered

fy. -30 -15 0 +15 +30

Clear Distance Between Ears

value of trooks in flexural

whichever is greater and for

25.2.5.3. End'bearing splices'aEtd bearing splices shall bo usetl

oot fo, ba,. in compression'' the ends of the bars shall be square

;f,'# ;;;rtt" bearine ensured bv suitable devices'

iS.,;.' Spa"ing of Reirforcemenf'

25.3.^. For the purpose of tbis clause, t[re diameter of a round

bar, shall be its nominal diametef, and in the case of bars which are

i"iri*O oT in the case of defqmed bars or crimped bars, the dia-

ilo oArtto takeo as the diadtt€tr of a circle giving an equivaleq

ffirUrC **. Where spacing limitations and mimnimum coosrete

66G tn , 25.O *a based on br*r dia,m*e'r' a- qloup of bars buodled

il;}oj *rri uo tr€ated as qsingle bar of diameter derived'frosr

-the total equivaleot area'

25.3.1.. Mhlmum distance between tudivillual bars.-Tbe following

ghatt aPPtY for spacitrg of bCrs :

(a) Tbe horizontal distance between two parallel oain reinforcing

bars shatl usually be not less t[an the great€$t of tho following:

. (D The diameter of the tnr if the diameter are equal,

(2) The drametor of the lfrger bar if the diameters are unequal,

aod :-

(3) 5 mm more than t$e nominal maximum size of coarse

tgsesate'
. :i . ,,. No[l.-Tbis does nof preclude the use of larger size of
atgregatec beyood the conge$t# reinforceme'nt in the same member 3

the eizg of eggregates may be r(duced arouod coogested reinforcement

to complY with this Provisioo.

466-3-2lt

Nimma mm mm mm mm' mm

25O 2i5 260 300 300 3m

415 lzs 15s l8o zto ', 
235

Joo lo5 l3o l5o t1s 195

Norr.-The spacings giveu in tho table are not applicablc to mombets

subjested to particularly aggressive enrlironments unless in the calqr'
lation of the moment of resistance,/r has been limited to 300 N/mm&
in limit state design and qs, limited to 165 N/mns in working strress

25,4 Cover to Reirrforcemett, .'i:'i:

25.4.1 Reinforcement shall have conorete cover and the thickness ot
such cover (exclusive of plaster or other decorative finish) shi['bo ag
follows:

(a) At each end of reinforcihg bar not less than 25 mm, ool
less than twice the diameter of such bar ; ,j '

(6) For a longitudinal reinforcing bar in a s6lrrmn, not less than
40 mm, rct lessihan the diameter of such bar. In the case of coluons
of, minimum dimension of 200 mm or under, whose reioforcing bars
do not exoeed 12 mm, a cover of 25,mm may be used ; . . ..,... 

,

(c) Foi longitudinal reinforcing irar io a beam; not b;Sj'ih6n
25 mm, not less thaD the drameter of such bar ; .

i'ir

{
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(d) For tensile, , compressive, shear,, or other rcinforcemeot in
a stab, not less than 15 mm, nor less than the diameter of such bar ;
and

(cl For any other reinforccment, not less than 15 mm, nor less

tran the diameter of such bar.

25.4.2 Increased cover thlckness may be provided when
rurfaces of concrete members are exposed to thc action of harmful
chcmicals (as in the case of concrcte in contact with earth faces
contaminated with such chemicals), acid, vapour, saline atmosphere,
rulphurous smoke (as in the case of stream-operated railways), etc.,
and sucti increase ofcover may be between 15 mm and 50 mm bcyond
the feures givcn in 25 4.1 as may tre specified by the engineer-in-chargle.

25.4.2.1 For reinferced concrete rnembers totally imrnersed in sea

rat€r, the cover shall be 40 mm more than that specified in 25.4.1.

25.4.2.2 For reinforced concreto members, piriodically immersed
in sea watcr or subject to $ea spray, the cover of concrete shall be
50 mrn morc than that sp€cificd it 25.4.1.

25,4.2.3. For concrete of gradc M 25 and above, the additional
tbickness of cover specificd in 25.1.2 to 25.1.2,2 may be reduced to
Dalf.

25.5.2.4. In all such c{rses the cover should not oxceed 75 mm.

25.5. Rcquinmcnts of Rcinforcemtnt for Structardl Membtrrs.

),5.5.1 Beams

25.5.1.1. Tension retnforcemcnt

(a) Mininum rei4forcement-T\e minimum area of tonsiog re-
inforcement shall no-t bo lcss than that given by the following :

As 0.85

bd fy

rherc

,4s - irinimum arca of tcnsion reinforcement,

6 - breadth of tho boarn or thc brcadth of the web of T-beam,

d- cffectivo dcpth' and

-f -characteristic 
strcn$h of rcioforpemeot io N/mmg.'v

(b') Maximum reinforcenent4he maximum area of tension re.

ioforcemcat shall not cxcped O.O4 6D.

25.5.1,2 Comltrcssion rei4forccment-The maximum 
"r.u 

of *-pr.,
riC reinfOrccmeot shall nst Gr$led 0.04 ,D. Comprcssion rcinforcc,

ffi in bceos shall be cndmcd by stigntOs for 0frectivc lateral
-fifdot. Thc araogcmcnt of etirrups shall be as speci0ed io 25,5.23.

iS.s.r.s St& facc reinforcenrlnt-Yt4rere tho dcgk of the web in a

63cp excEods 750 mm, sidc face reilnforccmcat sball be providcd aloog

ttEh,o faccs. The total area of such reinforcemeot sball be not less

t[so 0.1 preccnt of thc wcb irrca and shall be distributed oquafly oo
tm facs at a spacing not cf,cccding 300 mm or web thickness whicb.

icr fu loss.

23.5.1.1 Transverse reintorcemcnt la beams fw sluar and torsion-
thoUrnswrsc rciaforcomcot ia bcoms shall bc takpn arouad thc outcr-
oogt toosion and comprcssios bars.' In T-bosms and ltsams , suc,h

iliDforcGreut shatl pass around loDgitudioal bars located closc to th6
orrtff face of the flange.

25.5.1.5 Maximum spacing of shcar reinlorcemmt4b maximum
spacbg of shear rcinfor@rnctrt mcasured along the axis of thc members

r[all oot oxpeed 0.75 d for v€rticEl stirrups and d for iocliood strimrps
4!o, where d is the efrective depth of the sectioo uailer consideration.

..! no case shall the spaciog cxcoetl 450 mm.

25.5.1.6 Minimum shear rclnforccmenr-Minimum shear reii,force-
ment io the form of stirrups shall be provided such that :

Asv 0.4

bsv - f,
where

lsv - total cross-s€ctional area of stirrup legs effective in
shear,

I

Sv - stirrup spacing along the length of the member,

b - breadth of the bcam or breadth of the web of flanged
beam, and

fy 
- charasaeristic strcngth of the stirrup reinforcemcat ih

N/mms which shalt not be taken greater thaa 415
N/mm2'

Howcver, in members of minor structural importance such as lintclr
or where the maximum ghcar strcss calculated is less than half 'thc
permissible value thc provision need not be complicd with.

25.5.1.7. Distibutton of torsion rcinforcement-When a mernbcr is
dcsigncd for torison (See 40 or 18) torsion rciaforccmett shall bc
Providcd ss below :

(a) Transversclreinforcemcot for torsion shall bo rectangular

closcd stirrups placcd pcrpeodicular to the axis of thc mcmbcr. Tho
spacing of thc stirrups shall not exc€ed the least of xr,xr*yr

and 300 rnm, whcre Xr and /1 orc rcspcctively thc short and l4on3

dimcnsions of the stirruP.

(D) Loesituilinal teinforcomcnt shall bc placcd as cotsc as ir
practicablc to the corn€rs of thc cross-scction and in all casca, tbcrc
sball bc at lcast otc longitudinal bar in cach corna of thc tics" U/tca
tho cross-scctional diEGnsioo of thc mcmbcr croccds {JQ mm, 3d{i;
tioDal toogitudinat tats shall bo provided to setisfy thc roquiromcotr

of mioimum rpinforccmcnt aod spacing Siven in 25.5.I.3

25.5.1.t RcinforogEncDt io flengE of T and L boans shell satisfy tbG

tcquircmcots in 22.1.I(b). Wherro iantor are in tensioa, a part of thc

-"io t*.ioo rcinforc@aDt shrll bc distributcd ovcr the c&ctiw
flango width or a width cqual to onc tcnth of thc span, vhiehevor ir
t .ff"r, If thc eftctivo f,angc width cxcedr onc'tcnth of thc spcn

nomi:nal loogitudinal rtinforccment shall bc providcd in the outor

portiofls of the ffangc'

25.52. Slohs--7\orulc givca in25,5'2'l af,d 25,5'2'2 chall apply to

Ca&B in additroo to thoso givooin th9 apprgprirto clausps'

25.5.2.1 Minimum rcitforccnmt-'T* rcirfqcomt in dtflD dilo'

tion-in sLbesb.$ oot bclgssttaao.ls pcrccat of&o totdeeoC&ccdim-

"i"r"* 
Iloqrcver, tlrls valrrcanbc reduccd to0J2pcrcet c&.trti6

*tt-g,n deformcd bars or wcldcd wirc febric lre ueod'

2552.X Meximam frswtcr-Tbo diirnctcr oJ rdu{ofeiag hrrc

rfraft ""t 
cxc€cd one eigth of thc total thicknarsof thc sllb

25.53 Columns-

25.5.3.1 langit udiwl reinfo'f,ctont-

(o) Thc 66s-soction l erqa of longitudinal reinforceno4 rhell

U" J'f.sr tUan O.t pcrggot nor mor€ than 6 pcrcGnt of the gross ccol

Jionat area of the column'

I.trorp.--Ilrc use of 5 pGrccot rciaforccmlnl may invohrc errsfical

dililliics io placing aod compapting of 'consrttc ; t€ro torlr
n *"ot"su is rccoomc.odcd. lVhcre bars fro'm tlp eelna
ffi;-r"* to bo lappcd withthosoinrhecolumn uadsrpod*r
oti*, tt" perc€ntagp of stecl shall usually notcreccditDceml



of provided io a

four rectangular columns and six io circular

alarge croessectional area than that
the minimum Percentagc of steel

area of ooocrete required to resist the

the rtual area.

longitidinal bars
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polypnal links (latcral tiee) with iotcrnat a$tes- not eeeCh
ilS.-m" eads of the Fansvcrce reinfmocmeat shall bo prqcrly
anclrored lsee 25.2.2.4 (b)).

(b\ Arrmgement of ffawverse rcinforccttunt'

(l) If thc longitudinal bars are oot spaced Bore than 75 mm oo

eitner side, traDsverse reinforcemcnt rced only to go-rormd coroot

,oOAt"*"t"barsforthepurposeofprovirringcffectivelateral
supports (see Fig. ?).

(2) Ifthe longitudical bars syaced at e distaooc ofnot exceedio

$ ti;s the diametcr of thc tic are efrecfivoly ticd in two dirtctioos'

;ddld"r"l longitudinal bars in betwecn these bars aecd to be tied

in one direction by open ties (saa Fig' 8)'

(3) Where the longitudinal reinforcing bars in a compressio

lo.*b"t are placed in morc than ooe row, cffcc{ive lateral support

to the longitudinal bars in the inner rows may be assumed to haw

been Providcd if ;

(i) tranwene reinforcement is provided for the outer'modt

row in dccordance with 25.5'3'2', an.d

(ii) no bar of tlrc ioner row is closcr to the nearest compres'

sion faca thao three times thc diamcter of thc largBst bar itr thc

innpr row (sea Fig. 9).

(4) Where the loogitudinal bars io a compresssion mcmbcr

"r" 
gnoop.d (not in contact) and oach group adcquatcly tied with

ir"nir"ot" reinforccment in acrordanoe with 25'5'3'2', thc trms:
verse reinforcemeat for the compressioo momber ae a whob may'
be providod oo the asrrrmptiotr thq cach gr.oup is 

" q"d' hitu'
Oaat Uar for purposc of detcrmining tho pitch and diaoct€r of thc

t -.r"r* reinforpemcnt in apoordaocc with 25'5'3.2. The dia-

mcter of such transversc reinforcsmcnt nced not, however, exeed
20 mm (sce Fie. l0).

t't,

r6l

(b)

(c) Tho oinimum
column shall be

columns.

dirsct stress and not

Noil-Pedestal is 1
of gtlcl dms trot o:tcers

compression member, the efrcctive lcngth

ttpee times the least latcral dimcnsioo'

(d)tbabars shall notbe ldss than 12 mm in iliameter'

(e)

U)

around its inner

G) Spacing of bars measured alongihe periphery of

the column shall exceed 300 mm.

which the longitudinal reinforcement

ln calculations, nominal longitudinal

than 0.15 p€rcent of the cross-scctional area

575 aa 37, r'1

f,rc. 7r
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Fro. I
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25.5,1'l.' Transvcrse rcinforcement'

ffi.',ffig;mn3***U
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, (c) rucn and dbmeter of lateral tbs.
' ' (t) pirch-The pitch of transverse reinforcement shalr be not
more than the least of the foilowing distances :

(i) The least lateral dimension of the compression member;

(ii) Sixteen times the smallest diameter of the longitudinal
leiaforoement bar tq be tied;

- Gr) Forty-eight times the diameter of the transverse rein_
forcement.

(2) Dianuter-The 
$ameter-of the polygonal links or lateral

ties shall be not less than one-fourtt or trc aameter of the largest
bngitudinal bar, and in oo case less than 5 mm.

,(d) Ilelical reinforcement. 
,

(l) Pitch-Hencal reinforcement shall be of regular formation
with the turns of the herix spaced evenry and its ends ,t.ii-t"

properly by providing one and a half extra turns. of the
spiral bar. Where an increased load on the column ;",i;J;.rg;
of the helical reinforcemeut is allowed for, the pitch of nercai tuils
shall be not more than 25 rlm, nor more thin one-sixth 

t oiln
co-rl-diameter of the column,. nor less than 25 mm, ;;
kss than ttuee times the diameter of the steel bar forming *ri rren.
In other cases, the reguirements of 25.5,3.2. shall be *.pi;J ;;i.

(2) Diorcter--:the diameter of the hericar reinforoement shalr- 
,b" i" accordancb wjth 25.5.3.2. (cX2).

28.2 Lever Arm---Theleverarmefor a deep beam shall be deter-
mined as below:

(a) For siinply supported beams :
I

z:O.Z(l*2D)when I S-52
D

or

z:0.6I *t.o l< I
D

(D) For continuous beams :

I
z:0.2 (l+1.5D) when I 3_ 3 2.s

D
or

I
Z:0.5 I when -<lD

where / is the effective spau taken as centre to centre distancc
betw.een supports or 1.15 times the crear span, whichever i, ,.Jr"i
and D is the overall depth.

27. General:
27.1 This part covers special design requirements for some structu-

ral,members and systems in addition to those given in Sections l^S
and 6, except where modified

28. Deep Beams.
28.1 General.

(a) A beam shall be deemed to be a deep beam whcn the ratio
ofeffective span to overall depth, //D is less than :

(l) 2.0 for a simply supported beam ; and
Q) 2.5 for a continuous beam.

(D) A deep beam complying with the requirements of 2g2
and 28.3 shall be deemed to satisfy the provisions for shear.

28.3. Reinforcement.

. 28.3.1 Paitive reinforcement.-*The tensile reinforcement requircd
to re,sist positive bending moment in any span of deep be"m,hali;

(a) extend s,ithout curtailment between supports ;
(6) be embedded boyond-the face of each support, so that at

the face of the support it shall have a development t"rgth 
""t 

i;
than 0.8 Id : where A T lnq darelopment lenglh (sec-25.2.i, i;;
thc design strees in tho rclnforccmcnt ;

(c) te placed sithio B lqry of depth equal to O.25 H.05,
adjacent to the tension facc oftho beam where D is the overau aeptt
and / is the effective span.

28.3.2 Negative reinforcement.
(a) Termirution of reinforcemcnt.-For tensile rcinforcement

requi-red to resist oegative bending moment over a support of a J6-
beam:

(1) It shall be permissible to terminate not more than half of
the reinforcement at a distance of 0.5 D from the faoe ofthe support
where D is Es defined io,2E.2 ; arrd

(2) The remarnder shall extend over the full span.

(b) Distribution-When ratio of clear span to overall dqrth
is in the range 1.0 to 2.5, tensile reinforcement over a support ofa
deep beam shall be plaed in two zon€s comprising :

(1) a zone of dcpth 0.2 D, adjacr;at to tde tension face, which
shall contain a proportion of the tension steel girm byr- t'tGt'')

.. where
/ -clear span, and
D-overall depth ; and

'' 25.5.3.3 In columns whcre longitudinal bars are dset at a splics
tbe slope of the ioclioed portion of tho bar with the axis of the cofimJ
rhall notcxe€d I in 6, and the portions ofthe bar uUor. 

""C 
Urfo*

tho ofrset shall be parallel to the axis of the column d"q;;;
horizotal support at tbe offset bends shafl be treated u, " .oitt,
of dosign, and shall be O:9vid-ed by metal ties, spirals, ; p;;;
the.floor ooostructioo. Metal ties or spirals so designed .U"U U,
flaced ocar (aot more than eight-bar diameters A"O tfr. poiil' of bend. The horizotrtal thrust to be resisted shall be;rr;;';;lt tires the horizontal components .f th" ;;;ir"l strees in the
inclined portiou of the bar. Offset bars shall be U.nt teforcit.V 

"i"placdd in the fqms. Where column faces are offset 75 r, o.*..
splices of vertical bars a(iacent to the offset faoe shafl b".-"d";;

26, Expansion Joints.

26'l rn view of the large number of factors involved in deciding
tbo locatioa,.spacing 

"oq yturg of expansion joints, the p;;;;;i";
of expansion joint in reintbred concrete ,t*"t*., .fr""fO
be left to thc discretion of the designer.

26.2 structures in which marked changes in plain dimensions take
plaoe abruptly shalt be provided with ex;ansio;loior, 

", 
,n"...-rioi

where such changes occur. Expanslon joints shafl U. * prr"fi.O
that tto rrqNsnry 

''movement 
oocurs with a minimum resistance a.

the joint. The structures adaceng to the joi1t ,h""H;;;d;
be supported on separate columns or wars but not necessariry
on-separatq foundations. Reinforcement,sha[ not extend asross an
ex.oaruioo joint and the break between the sections shafl be *-p[r..

263 a\e details as to ithe length of a structure where expansionjoints have to be provi{ed can be determined 
"ft".-t"tiig 

*iilto

consideration various factors, syclr a1 temp€rature, exposure to
weather, the time, and season.of the laying of ii"'ori,aii-"rc]
For the purpose of general guidance, how+ver, it is reco-meoOei
jhat structur€s exceeding 45 m in length sha[ be divided UV or. o.
oore expansion joints.
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'(2) a zone measuring 0.3 {D on either side of the middcpth
of tho beam, which shall contaid] the remainder of the tension st€el,

ernaly OsUib,uted. I

Fot span to depth ratios less than unity, the steel shall bc

evenly distributed over a depth qf 0.8 D measurcd from thc tcnsioo

facc.

28.?.3 Yertical reinforeemenl.-If forces are applied to a deep

tloarn in such a way that hanging action is required bars or suspension

rtimrpe iehall be provided to carry all the forces concerned.

2E.3.4 Sfute face reinforcemalr.-Side face reinforccment shall

oomply with requirements of minirnumreinforcement of walls(see 3 1.1

3C. Flat Slabs.

3O.l Gcneral.-:fheterrn flat slab rneans a rcinforced coDcrete slab

witb'or B,ithout drops, suppod'tcd generally without beams, by

columns with or without ffared column heads. A flat

"trb 
my be solid slab or maylhavo recesscs formed on thc sofit

161 fhat thc soffit comprises a $ies of ribs in two directions. Thc

rpcirss€s may bc formed by remo{rablc or permanent fillcr blocks.

(For dcsign rafGr to l.S. 1456-1978)

31. Watls.

3l.l General.-Where reinforced concrete walls arc intendcd to

cafry v€rticol loeds, thcy should be dcsiened generally in accordaacc

sith the recommcndations girpa for columns. Ttrc provisioos with

rctEd to traoswrsc reinforcemqrt to rcstrain the vcrtical bars aSainst

Uqcline nped not be applied to walls in which.thc vcrtical bars are

not assum€d to assist in resisting comprcssion. Tha minimum

rci&orccment shall bo as pcr 3i-'1. Thc oinimurn thickucss of walJ

chbuld not bc lcss thao 100 mrn"

3t.2 Lsad Cerrying Capacitl.-:15s load carrying capacity of the

raflo shall bc calculetsrt as fo1 columas sivcn in Scction 5 or 6;

hatrGvGr thl strength of the uaall may bc. increascd by thc values

giil bcto* t

Ratr'o cf storey hcight to fcagth of wall. 1.5 or l'e 0'5

. morc lcss

pcr€ont.gciocrceseinstrongth 0 lO 20

NorP.-TLe length of 'thc wall is thc orcrall lcngth or, where

c*eingc e€crr' the le{th bctrfcen adjaccnt opGslEts.

Xl.3 S&,adaaess Etcct$,-Wbof- thc cffcttivc height of tho tall
*e*Ot fZ tines the wall thiclacss, thc slcndcrncss cfEcts shell bo

clfodrtd as in columds. rmtcnc the wall is stiflGrcd by cross

iiib,lhc ilcndcrnoss retios may' bc dctcrnirrcd as ia rS : 1905 I969t

3l'4 Reinforcemeilt,-The reinforcecrent for walls shall be provid-
ed as below:

(a) the minimum ratio of vertical rcinforccment to gross consiac
arca shall be:

(l) 0.0012 for deformed bars not larger than 16 mm in dia-
mctcr and with a characteristic streogth of 415 N/mmz or greater.

(3) 0.0012 for weldcd wirc fabric not largcr than l6'rncr in
diameter.

. Code 6f practise for structural safetyofb uildings : Masonty
wails (/r'ls, r evisio n).

(D) Vertical reinforcement shall be spaced not further corrt
th6a thrcc times the wall thickness nor 450 mm.

(c) Thc minimum ratio of horizontal rcinforcccment to grosg

cof,crcte arca shall bc :-
(l) 0.0020 .for dcformod bars not largpr than 16 mm. in

diamctcr and with a charactcristic strcagth of 'tl5 N/mrn or gr€arcr'

(2) O.m2 5 for othcr tyPcs of bars.

(3) 0.0020 for ivcldcd wirc fabric not l.rger than 16 rnn.,
in diamcter. ,

(d) Horizontal reinforccmcnt shall be spaced not farther apart

than thrcc times the wall thickncss nor 4.50 mn.

' NorB..-Thc minimum rcinforcsmcnt may rot always bc sufficient

to providc adcquate rcsistancc to thc cffccts of shriakrgc and te nr'

Pcfaturc.

32 Stairs.

32'l Effcctive Spafi of Stairs-Tho cffcctivc span of stairs x'itheut

stringpr bcams shall be takcn as thc folloring borizoatal distar€el !

(a) Whcro supponcd at top and bottom riccn by bcros spar'

ning p:arallcl with tho risers, thc distanc ecrtretoglc of belus;

(D) Wherc spanning oa to tbo rb of e hndiei shb, whleh

spans parallct, lryith tha riscrs (rcu FIG lO, e distance equal to the

going of thc stairs plus at each,ood oithcr half th€ width of the Iaflding

i, o." m.t 
", 

whichever ir. smtlor; and

(c) Y{hcre the hndiry rlrb spans in tho.senc dirccts as thc

stairs,-they shall bc G*&rcd 's 
a€tint togpthcr to fonn a siagle

slab end thc sprf, &torrdrd as thc distancB gratrc-to'cctrlre ot thc'

.upporting bcrm q wd6, thc going bcrng tceeuicd horizontally.

i

s

I

I

3

I

llRor n ilarf,ls,\ Y

<l th cr{ry
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Grl rr
Orl r't

[, r-leq€ G)
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32.2. Dittributlon of luding on stairs.-ln the case of stairs
rith opcn wells, where spans partly crossing at rigbt a4hs oocur, the
toad'oo areas lcommon to any two such spans Partly may be taken
as one-half in each directioo as shown in Fig. 17. Where lights or

landing are e,mbedded into walls for a length of Dot hss than ll0 mm.
and are desiSB€d to span io th€ direction of the flieht, a ljo m.
stri! maybe deducted from the loaded area and ttre efreciive broadh of
thi section increased by 7f mm. for purpos€s of designs (sae Fig. fg)

t64
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3L3. Depth ol tcctlon.-Tfu depth of scction shall be taken as
tbc mlnimum thickoess perpendicular to the soffit of the staircasc.

33. Footingt.-

33'7 General.-F@tings shaU be designed to sustain the applied
loads, momelrts and forpes and the induced rcaptions atrd to €osuro
that any scttlcm€ut which may octrr shall be as nearly'uniform'
as possible and the safe bcaring capacity ofthe soil is oot exoeeded(lcalll: 1904-1978.).

33'1'1. In sloped or stepd footings tlre efrective cr,oss section
in coqpression shatl tle limited by the area above the *utrai pluo
and tbc angte of slope or depth and location of steps shalbe-suci
thlt th€ desi8n rpquirements are satisfied at every section. Slopped
cod stepped footin$ that ane designed as a unit shalt be 

"oort 
o&"d

to assure action as a unit.
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orrcsponding junction edge of the aolumn with pedeotal 8nd tbo
horizmtal dane (see Fig. 19) shall be goverered by the e,rprcscfun :.

tanc, <o9lfioo4.-
whcre 7T-'

calsulatedEaxim- -uE_.bea{ng pressure at the base of
. the pedestal ia N/mmr, and

characteristicstrength of concrete at 2g days in N/mrnl

l_-
I

eotur{rt

A-AIN
COilCRE] E
FE DE STAI-

33'l'2. Ihickness ar the edge oJ footW.-In reinforoement ahd
p1ain ooneete footingp, the thickness at ttre edge shall tre not l*s
than 15 cm. for footings on soil$, nor less than 30 cm. above th" tG
of piles for footings on piles. -\

33'l'3. In the case of plain conuete pedestals, the aDtl€ G betweed
thp plane passing thiou& the botton edge of the peOe*a *d ;h"

)

t{lLL

Ft6. lS
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33.2. Morunts and Forces-

'-;;;,;:;;;;;;;;;.-
rnd shcars 1aay bc based on fhc

for footings under masonry

(c) I{alfwaY bdtween the

lb cdP of the gussetted base,

'' gri.4, Stuor and bond-

lf.Z.+.i. The shcar strcngth

any pile is conocntrated at the of the pile.

stresess in foc.ings which
column or pedestal, the fage

be as the side ofa square inscribed
or:tagonal column or pedestal

tt.2.3. Bendiry mortu*-

33'2'3'2, The greatest moment to be used in the design

of whictr" supports a column, pedestal
tor in the manner prescribed in

39.2.r.1. at soctions locrted as

pedestal or wall, for footings(4) At thp facc of the
rupporting a concretc column,

(6) Iialfway bqtween the

or wall ;

line and the edge of thc wall,

l6s

piles, computation for porDonls
that the reaotion from

and

of the column or pedestal and a value equal
footings under gussetted bases.

footings is goverend by thc more

potcntial diagonal
pyramid arouad the

33.3.1. Total tensil.reioforccment shall bc distribute.d acro$ ttc
corresponding resisting s€ction as grven below :-

(a) In one-way geinforced footing, thc reioforccmont shall bo

distributed uniformly across the full.width of thc footing ;

(D) tn two-way reinforced square footing, thc rcinforccmont

extending in each dircction shall be distributed uniformly across thc
full width of the footing ; and

(c) In two-way reinforced rectangular footing, thc rcinforccmcnt
in the long direction shall be distributcd uniformly across tho full
width of the footing. For r6inforceqert in the short dircdon, a

central band equal to the width of the footinS shdt bc marked rloq8
the length of the footing and portion of the reinforcoment dshitrdoC
in accordance with the equation given bclon, shall be uniformly
distributed across the cenffal band :

Reinforcement in central baod width 2

Total reinforement in short direction B +l

33.4. Transfcr of Load dt the Base of Colunn.-The comprc{Fiv?

stress in concrete at the base of a column or pedestal shall be o@dddtd
as being transferred by being to the top of the supporting podctol
or-footing. The bearing pressiire on the loadcd arca shall aot acld
the permissible bearing stress in direct compre5siel multiplH by

" laxilrc of flhe foll,owing two

(a) The footing acting as a wide beam, with a poten-
a plane across the entire width : the
shall be assumed as a vertical section

located from the face of the pedrxtal or wall at a distance

€qusl to the cfrective dePth of footing in case offootings on soil
and a distance equal to half thf efrective depth of footingfor footing
ondh.

the footing, with
truuqated cone or

A
I bot not greater than 2 ;

A
)

where

---supporting area for bearing of footigg, which is

sloped or stepped footiog may be taken as thc
area of the lower base of the largest frustrurn of
a pyreimid or cone sontained wholly within thc
footing and having for its upper base' thq srcl
actually loaded and having sidc slopc tif one
vertical to two horizoatal ; and

A
2 -loaded 

area at the column basc. .
For working stress method of design the permissible bcariog strcrt

on full arca of concrete shall be taken as 0,25 fck. for liqft ctrtc

method of design the permissible bearing stress shall be 0.45 fck.

A

i0) two-way
" cra&ing along the

condatratcd load
'shea ir aocordance

action of
surface of

in this dase, the
with appfopriate

footing shall be designed for
provisions specified in 30.6.

31li.dl2. trn computing the pxtornal shear on any section. through
. ' 'a foCi*.r6port€d on piles, the entire reaction from any pile of
, Al+ter Dpwhose centre is lpated DplZ ot more outside the section1' :stall be-{ssumed as producing shear on the section, the reaction

:frmany:pilc whosc centre is located Dp!2 or more inside the section
:stattbelrrsumed as producin! no shear oo thssection. For iuter.

modi.ie Fqitions of the pile centre, the portion of the pile reaction

to bet$umed as pr.oducing Fhear on the section shall be based on
6trai6t Hrc interpolation between full value at Dilz outside the

' sectioo lrnitl zero value at ;D4/2 inside the section.

- .13.2.4.3. The citical sectidn for checking the development length

in a-fopting shall be assum{ at the same planes as those described

for banding moment in 33.2.3. and also at all other vertical planes

whcre abrupt changes of secfion occur. If reinforcement is curtailed

the eoFtrqrese requirement( shall be checked in apcordance with
?5.2.3.

tI : 3?,1:, Tpnsih Rckforcaanaf--Tba total tcnsilc roinforccmont of
ioy rccfion rhall providc almoment of rosistance at lcast cqual to

1nq tlnf,ins moment on thf soction calculatcd in accordance with
tt.2.r.
' 46G3-22

I

I;:1.
lr: 

'i 
,i 1;,, iil I-r , ,l

33.4.1. Where the permissible bearing stress on the concretc in
the supporting or supported member would be excecded' relnforcc-

ment shill be provided for developing'the excess force, eithcr by
extending the loogitudinal bafs into the supporting mombcr, ot by

dowels (see 33.4.3.).

3i.4.2. Where transfer of force is accomplishcd by reinforocmat
the development length of the reinforcemoat shall be suf,c'i6nt to
transferthecompression or tension to the supporting mornbcr ia
acordance with 25.2.

33.4.3. Extended longitudinal reinforoement of dowels of at bcet
0.5 per cent of the cross sectional area of the supported coltrmn or

n"ii "t and a minimu n of four- bars shall be provided. frilcrc
iowels are used, their di.rmeter shall not exceed the diametcr of tho

crrlumn bars bY more than 3 mm.

33.4.4. Column bars of diameiers larg;th"o-f6 mm. in c,<)mprc81

sion only can be dowelled at the footings with bars of rmallr 4r
of thp neocssary area. The dowel shell extcnd ioto tho colmn r
distanoc cqual to the devcloprnent lcneth of thc bolurnq bar aad hto
tfu footing, a distancecqual totho devoloprncnt lcngh of tho dorcl,

ry

I



11. Safoty and Suvlceablltty Requiremetus_
" 

3.t 1. Gcaoal.-lnthcmethod of design bascd on limit statc concpt
thc rtrustute shall bc dcsigned to withitend safery alr roads fiebrc io
rtt oo it thro,ghout its rife; it sharl also satiiy the senvloeaunity
ItquirEments, such as tlmitations on'deflection and oacking. The
*gEptable limit for the safety and serviceability requirementi before
frilurp eaurs is calld a c Limit State'. The aim of design is to
ac,hieve aooeptable probabirities thai the struqlur'e wifl not become
unfit for the use for which it is intended thqt is, that it will not resch
a'&dtstato.

34.1.1. All relarrant limit states shalt be considered in design tomilt,an a@uate delree of safety and serviceabltity. Ir, ;;"*t,th rtnrc-turd shall be designed on the basis of the most 
""itlor 

ririi
state and shal be chected for other limit states.

- - 34.,!.2" For ensuring ,thc above object&,e, the deeign should be
based on charasterlstic vatues for material strengths and applied loads,
rrti;h takc tnto aacouot tho nariations in the;8t€rial ,i;gth, ;;;in thc toads to be supported. Ihe charac-teristic values ,iorfa G
.basod-on statistical data if availabb ; where s,rcn Aata are nJ aLil
$! th91$ould be a based on experienoe. The . design ,"t;;;';
ds-ivod from the characGristic varuee through the use olpartial sareiv
fl*ors, * fq material strengths and the-other ior toaOs. I;;t;absrc ofspocial coosiderctioos these fadtors shoutd ha\E ilr, oroo
girru in 35 according tq the materiat, the type of loading anJ;;il;;
stato bdng considered.

34.L ltnlt Stote dI Collapse.-.fhe limit state of collapsc of thcrhphre or part of the sturcturo could be assossed f.o, *pto* oi
onc or morc critical sections and from buckling due to ;Iil;;;
plasttc instability (including the effects of sway where appropriate) orovrrtunlng The resistanco to bending, shear, torsibn ;d';il
loo$ ot evgf setion Shall not be less than the, appropriaE *i;
a1't!p! sc-tion ptoduced by the probable most unfavourable combi-
g{on of loads on the structure using the appropriate partial ;afe;
fac'tofs.

31.3. Llndt States of Seniceabiltty-

- 34.3.1. Dcflcctbns.-Llmitingvaluesofdeflectionsaregi vqin2l2.
. U.3.?- Ctackbg,4ackhgofcoucreteshould notadversely affect
tho appoaranco or durability of thc strusture ; the aa:cptabt" Ii;;;;
cracking would vary with the type of structuri and 

"o"i.o*"or Hactuat widths of crae*s will vary bctween wide limit, *O ifr. p*&J
tion,of obsolute maximum whictris not possible.

. nior:.-.ls a guide, thcfollowing may be regarded as ieasonablclimits:;
Tho surfaoc width of cracksthould not, ln gcoerd exceed O.3 mm.

For pardqrlarly aggressive environment, such as the severe;r";;;;
Trblc 1'9, the assessed surfape width of cracks at points oeare,rtoih;
prq r?pf-""Tont should ogtt io 6eneral, exceod 0.004 tirw inu
iomipal.covcr to the main reiaforement. The possibility ;-;6[], q.Cu bohg wider may bc tatqr into aeount, if nccssary.

i,4.1. OtlrerUrrdtsrarer.-strus.tures designed for unus,al orcpr{al functions shall comply with any relevant additioaar riiil-stalc
1i -ttidered 

approprietc to that structure.

. 35. Clioactqbttc ottd Desifi yolues and parttal Sa;fety Factor*
35.1- choacteristtc ilrergth of nuterrals.4he term . characteristic

drcrr8th) rnpans that nalpe of the etrength of the material below
w[fch not moro than 5 per eot of the test iesult, 

"r "ropiJto]]iI't.l-4alactcrtstc str€o8th for concrctq shefl be in accordane wlthIlablo'2 moditrod ry.5.2"1. regnrding increasc in concrreto strcosth
^r4!4 iga Until rhc rolavaot Indhn Strndard Specifcationc for-fi;:
fopgdlg, stel are rnodifiod to ioctrudo tno oonoepiof;fi;,;il-

135.2. Claracteristic Loads.--The term . ghax,4ctaristic load, rrcans
that value of load bnich ms a 95 per *rip.rUrUifity of not bcioi
exoeeded during the life of the struct-ure. sio.".-o"ta ". not avaihblc
to express loads in statistical terms, for the purpose of this codc, the
dead loads worked out on the basisof IS , tbii-ige7 live and wind
loads given in L.S. : lBTS-lg& aoa seisni" iorcrs given in IS : lE93-' 1975 shall be assumed as the oharacterigtic loads. -

glfngth, tbo charactcristic value shall bc assumcd 6 ffis mioimum .
racld/O3.pcpoent proofstrcss spocmeairtteicfovan, foiiiffiffi' t
sp€eificrtions.

35.3. Destgn Yalues-

35.3,1. Materials.-The design strength of the matcrials, / isgrven by:

fa: f

where T m

,f: characteristic strenlth of the material (see 35.1) and

T m : paftial safety factor appropriate to the material end tlc
limit state being considered.
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whcre
F

Laad
comblratlon.

(l)

DL+LL

DL+WL

DL+LL+WL,

35,3.2. Ie&.-The design load,.ft/is givin by

Fd:P^11.

ffi

y; -partial safet5r factor appropriate to thc naturc of roedrng
and the timit stat€ being considered.

35,3.3, C_oweqwnccs of atiaidng ltmtt sute._Whqe the coaso-
qulnces oJ astructurc attaining a limit state are of a s€riou8 oafuio
such as huge lose of life and disruption of the economn hieh€r vahles
for r z and than those given under 35.4.1. ana :S.+.2.-maiT ujpri;:

35.4. Parttal Salay Factor-
37.4.1. Pattal safety for toads.hevalues of y r givcn in TaUc 2

shall normally be usetl.

:characteristic load (see 35.2) and

TABrJ _I2:VALUES or penne[, SArBry Frcron
y l ron loeos.

(Classcs lg.3 @rd 35.4.1.)

Limlt state of colhpv, Llmit Statcs of
Servieablfity.

DL. LL. DL. LL.

(, (o
- 1.0 1.0

1.0 ;.

(2)

VL,

(4)

1.5

(3)

t.5
or
0.9.

t.2 1.0 0.8

Norr l.-While considering earthquake eftcts, substitulc EL forWL,

Norr 2.-For the timit states-of-serviceabllity, the vrtucs of yrgiran.in this-table are applicable fo. ,Uoriteii cffcrs. Whilc
assessing the long tcrm effects due to crcep, thc dead load end iiJpart of thc lirrc road likerv to bc permancni.uv oory-u;ffifi.

rThis value is to bc considored when .stability against orcrturnia3
of stress rev€Nal is critical.

WL.

(7)

1.0
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rF FE.F!=l-FB.!.{:.r ", 
."' ,f',g.+r!rEr.ffiJEr#jr I :

lor nutalal strength,

of a structure or structurel
the values of partial safety

for concretc and I.l5 for stecl.

incorporated in the equations
state design.

36.4,2,2 iWhen assessing the the material properties such
taken as those associated with the

36, Atulysts.

36.1 Arry,lysis of of analysis as in 2l shall be

r uscd, Tho material strength be assuqed shall be characteristic
yalues in thc determination properties of members irrespective

Redistributioo of the calculated

167

,7, Iilntt stotc ol collagret Fbxurc. ,

37,1, Asswtptiot*'-DasiSn forr tho limit ststo of collspso D lhrula ,'

shall bc bascd on thc assumptions givcn below:-
(a) Ptanc scctions nonnal to the axis rernain planc aftcr bcndht

(D) Themaximumstreinin concrete st the outcrmost codlprc-
ssioo fibre is taken as 0.fi)35 in bendlng.

(c) Therelationshipbets/e€nthc compressivestressdistribudooia
concrete'aod tho straio in concrete'may bc assumcd to bc
rectanglg trapexiod, parabola or aoy othcr shapo whlcjh
rosults in prediction of strength in substantial agroffit
with thc results of tests. An acoeptable stress-etrain ci[vo
is given in Figrre 2l). For desigo purpos€s, the mmprcssivo
strength ofconcrete in the structure shall bo assumcd to bo
0.67 times the characteristic strength. The partial safdy
factor 1 m :1.5 shall be applied in addition 1e this.

Norrr.-For the stress-straio curve in Figure 20 the rtcsigo strqt
block paracretres are as follows (see Fig.Zl)t-' 

1

Nora-The limitinc values of the depth of neutral . axis for
differcnt gradcs of steel based oo the assumptions itr 37.1 a,r! r!
follows :-

fy Xurntzxld

250 0.53

15.42 Pailtul sefety loctor y

35'4.2'l Whon asscssing the
nombcr for the linit statc of
r?ao\ f llr shoulal bc tstcn as

' folorvinS eooditions :-
(a) PSuitiMum between

loads is naintaincd.

lr.\ '36.1.1 
hedstibuton of iil contiluoits beams and framcs.-

Tho rodistribution of may be carricd out satisfying the Arca of stress block 0.36 fck xu.

Depth of centre of compressivc force.from 0.42 xa
the er(treme fibrs in comPression.

where

fck<barrrr'rrr;lstic compressivc strength of coocretc, and

xu-depth of neutral axis.

(d) The tensile strength of the concrete is ignored.

-(e) The stresses in the reinforcement are derived from representa.
tive stress-strain curve for the type of steel used. Typical
curves are given in Figure 22. For design purposes tho
partial safety factor Y m, eqttal to l I5 shall be applied.

(/) The m&yimum strain in th€ tcnsion reinforccmsat ia thc
section at failureshall not be less than :-

fv
+ 0.002

1.15Es

whcrc

fy - characteristic strength of steel, and

Es -modulus 
of elasticity of steel.

of the fimit state being
mo&oot may bo madc

thc following

wh&d
'{

Xr-tlepth of

:d:offective

as in 35.1.1.

internal forces and the external

'.{i,

3d&
(6) Theultimatemomeot provided at anysection ofa

mcmbcr is not loss 70 per cent of the moment at that
elastic maximum Boment diagram
combinations of loads.

sectionin a member due to a parti-
shall not be reduced by more thaa

largest moment giveu any-
moments diagram for thc

all appropriate combination

'rI

"\ ,[ ir

8M
d

monient Fpaeity after redistribution is
elastic maximum moment diagram,

shall be satisfied :-
xil_ s0.6
100 "

axis,

and

.0 Sr:Dsrc€otagF in moment.

(e) i Io struptures in the structural fra,mc providesthc lateral
stability, the in momeot allowcd by coadition
36.1.1 (c) shall be to 10 per oent for structures ov€r

, 4 storeys in height.

Iho cxprocsions for obtaining the moments of resistsDe for rwt1CI-
gular and T-Soctions, based on thc assumptionc of 37.1 arc gtvttr iD
lppeotlix E.

I ' 415

500

0.48

0.46

36.1.2. Arutysis of st&s sqtning in two direcfiotu at Nght angles.-

" 
Yicld liop theory or any ofher aeeptable method may be used.
Atternatively the provisions $ven in Appendix C may be followed.

46G3--22t'
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3E, Limit *arc o! collapsc Qompression:

38.1. Assamptions.-In additfon to the assumptions given in 37r.

l(a) to,37;l (e) for flexure, the following shall be assumed : '

(a) Ttrc Eaximum comprepsive strain in coocrete in a*ial com'
pression is takeu as 0.002.

(6) Tho maximum comprusive strain at the highly comprossed

cxtr.cm! flbrc in eoncretc subjc+ted to axial compression and bending

rnd whan thirc is uo tcnsion ofl the soction shall bc 0.003 5 minus 0.75

tincs the strain at the least codrpressed extreme fibre.

mcmbcrs in cdmPression shall bc

in accordance with 24.4. Where

ignorcd.

o04
003

000'7
STRetl

EzA COID WORKED DFFORt,IgD BAR

')'

1y

1f rv

Es'z0oo0o'/?"'

o stnArN
21b lrlrLP $rEEl BrR

22. RrpRtsertarrvE Sreegs SrRerrv Cunvrs tel R'grxFoRcEFlstrt

fy

o
U'
u,v
Ful

Fr6

3E.3. Short Axially Loa&d Membcrs in Compression -Thc mcmbcr -
shall be designcd by considering the assumptions given in 38.1 dtd
the minimum ecccntricity. Whcn the minimum eccentricity as qcr

24.4 does not exoeed 0.05 times the latcral dlmension, the mcmberr

may be desigred by thc following equation :

pu.-O,4fck Ac,+ 0.67fy. Asc.

Where

Pu+xial load on thc member,

fck-'+haracteristic comprcssive streryth of thc concrcte,

Ac-,<ra of coocrcto,

fy+haradcistic strcnSth of thc comprcssion reinforoemeat,

and

Asc+ra of longitudinal rcinforccment for'columns.

rl'it #

tho mioimum ecccotricity should bc

t

I,
t

I
t
I

,

!
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38.4. Comprcsslon members with hellcal rel4forcenun.-Thc
str:ngth of compression D€mbors with helical reinforocmcnt satis^
lying tlercquiremcntof 38.4.1 shallbe takcn as 1.05 times thj
streugth of similar member with lateral ties.-

3q'.4.i. The ratio of the volume of helical rcinforcemcnt to thc vrlumc

ofthecore shallnotbeless than 036[ ! -rY!L lc )fv
where

lgr.gross area of tle section,

A*arta of ihe core of thc helically reinforced coluiu meas-
ured to the outside diameter of the helix,

fck<,baraderistic compressive strength of the concrete,
and

fy<,haastefistic strength of the helical reinforpement but
not exceeding 415 N/mme.

38.5. Members subiect tc conrbinedaxial lood and wiaxial bending,-
A member subjected to axial force and uniaxial bcndiog shafl bc
de,sign€d on the basis of 38.1 and 38.2.

NorB.-The design of member subject to combined axial load and
uniaxial bending will involve lengthy calculation by trial and error
in ordcr to overcome these difficulties intrastion diagrams may be
usod. These have been prepared and published by ISI in Sp:I6
Dcsigtr aids for reinforced concrete to IS : 45G1978.

3t.6. Meinbers subJect to combined axialload ond biaxiot bcndins.-
Tho rosistanpo of a member subiected to axial force and biaxiar
bcodinC frall be obtained on the basis of assumptions given in 3g.I
and 38.2 with neutral axis so choscn as to satisfy the equilibrium of
load and momcnts about two axes. Alternatively such nrcmbers may .
bc dcsigDcd by the following oquation :

f Mux I *n f MuY ''l *n
{ I + { F <l'o
lMuxl) lMuy') -

whcrd
Mux, Muy-aorents about r and y axes due to design loads.

Maxs Muyt<saximum uniaxial momcot capacity for an axial
load ofPu bending about x and y axes respcctivcly,
and

ocnisrelated to PulPuz

whero Paz-0.45 fck Ai+O'7 5 f1, I Asc

For valucs of PulPuz:o.2 to 0.8 thc valucs of €n vary linearly
from 1.0 to 2.0. For valuDs less than 0.2, ccz l's 1.0; for

' values Etreater than 0.8,ocs is 2'g

38.7. Slendcr amgressbn members.--Ttre dosign of slender com.
prgssion members (see 24.1.1) shal be based on tho forces and the
nogreots determined from an analysis of tho structue, inctuding
tho effect of deflection. on moments and forces. When the effect
of d@ections are not take:l into account in the analysis additional
{rfomont given in 38.7.1 shall be taken into aocount in the appropriate
direction.

38.7.1 The additional moments Max and May sball be calculated
by the following formulae :

cfrective length in respect of ttre m&jor axisi

cffoctivc lcryfh in rcopect gf thc minor axis,

dopth of the eross s€ction at right anglcs to thc major
axis, and
width of tho memberr.

For dcsign of section J8.5 or 38:6 as appropriate shall apply.

Nors.*I. In the case of a braced @lumn without any tmosversc
loads occurring iu its height, the additional mom€ot sha[ bo addcd
to an initial momeDt equal to srim of U4 Mu and 0.6 Mu2 wtrrrro
Musis the larger end moment arrd, Mut is the smallcr end momcnt
(assumed negative if the column is bent in double curr"atue). In oo
case shall the initial moment be less than 0.4 Mrrz nor th€ total mornc[t
including the initial moment be less than Mus.For uabraood columnr,
the additional moment shall be added to the end ooments.

Nors 2.-Unbraoed compression members at any given levol or
storg subject to latcral load are usually constrained to defloet cqua[y.
In such cases slenderness ratio for each column may bo t.ken a8 tlc
averagp for all columne acting in the same direction.

38.7.1.1. Thevalucsgiven by equation 38.7.I may bo multipli,od
by tho following factor:

Puz - Pu
ft:-41

Puz - Pb-

wherc
Pu-axnl load on compression member,

Puzas dcfned in 38.6 aild

P6+xial load correspontltog to the condition of meximum
co4rpressive straio of 0.q)3 5 in concreto and teusilc straia
of 0'002 in oute(most layer of tension stoel.

where
Pa .-
lex -
ley -
D-

b-

I

39. Limit state of collapse-Shear:

39.1. Nomltul thcar strcss.-"fbe nominal shear strees ryin bcrres
of uniform depth shall bc obtained by the folowingcquation :

.Yu
TI:-

bd.

where

l/u-+hear forcc duc to dcsign loads :
6 

-breadth 
of thc membcr, which for flangcd setions shell bo

tak€n as the broadth ofthe web, bw and
d -+frective depth. 

r

39.1.1. Bearns of varytng depth-ltthe cas€ of beams oh rrarylng
depth the equation shall be modified as :

Mu
yya-J1e1a 0

d
TY:

where 
bd

Tv, Yu, b ard d arcthe same as in 39.1
Mu-beoding moment at the .s€ction and
p<ogto between the top and bottom edgee of tho beam.

The nsgptive sih in thc formula applies when ttio bcnding
mom€nt itih increases numerically in the same dircction as tha .

efrcctive depth d increases, and thc positive sim when tlr momsg
decreases numerically in this direction.

f PuDl
lylax:4, 

- 

I
t2omJ

lPub)MaY=4- |
t 2000 J

f lex )2{- |L D)

f pv )2{_ |L6 )



?9, 2. Dcsign thear $rength 
{coiluete'

3g,LL. *lttnut shear rcinfor/menl"--Thc design shcar strcngth of
oo*notcid binms without shear{reinfor€emcnt is given in Tabl-o 13.

39.2.1.1. For solid slabs, the dxign shear strength for concrete shall

bo Erc whert & has values giwn below :-

orrcrall Depth of 300 or 27# 250 22s 200 175 150 or
Slab; nun. mofe .

k', 1.oo l.of l.lo l.l5 l.2o 1.25 1.30

' 'f*Oru,-dis provision shaff {ot apply to flat slabs for which 305
stilt apply.

T

39.2.2, Slpar tficwth of merybers undci artal comptcsion.-For

strfo*t ofooncnctcrc dvejinf;abte 13, shall be multlplied bv the
following fadtor 5 :- i

3Pu

whoc i

Pa - axial compressive fodp in Newtons.

& - grom area of tho conp:nete section in mmr and

l*- chfiadqistic compr$sive stre/gh of concrctc.

- gr.2.3. Vtth sltqt ,ctngrurfira-Undcr no circumstances, cvcn

lrith sheal rtinforctmcnt shaflfthe nominal shcar stress in biains
rv cx6cdT c nux gdvenin Tab$ 14.

39.2.?.1] For solid slabs, the fuominal shear stress shall not erceed
hslf thc appropria& valuos girrep in Tabte 14.

i

39,3. Mtdnum thear rehfordenent 
-When 

rv is less than rc given
in Table 13, minimum shcar r{inforccment shall be provided in a&
csrdrooewith 25 5 16,

39A. Dcdgfr of sheor tcinforcenent.-Whea tv exceed r,c givcn in
IirHc 13, slur rcinforcement shall bo provided in any of the following
fonhs: I

(a) Vortical stirrups,
{r) Bont-lp bars aloag with stimrps and
(c) Inclined stirrups.

fVhoro bcot up bars are provided their contribution towards shear
rcsirtanoe shall not be more th4n halfthat of the total shear rein-
forerrnt. I

, fru.s-l3 DBsroN sEBhR srh3Norlr oF coNcRErE.
rc,iIV/mma

(bloutcs 39..2,1. 39.2.2, 39F, 39.4, 40.3.2, 40,3.3 and 40.4:3.)
As Concretc grade.

ls- -- :-----r.---M M 15 .M20 tvtli M 30 M 35 M 40
(1) Q) (3) (4\ (5) (O @l-t 0.26 0.3s 0.t6 0.36 0.37. 0.37 0.38

0.50 0.6 0't8 0.49 O.5O 0.50 O.5r
0:7b 0.54 o.f6 o.s7 o.s9 0.59 0.60
1.0P ', 0.60 o.q2 o.& 10.66 0.67 0.68' r.25 0.64 0.F7 0.70 o.7l 0.73 0.74' 1.5p 0:68 Vl2 O.74 0.76 0.78 0.79

: t.7t g.7l 0.I5 0.78 0.80 0.82 0.84
, I eoP o.lt 0.t9 0.82 0.84 0.86 0.88

2.25 O.1t o.Fl 0.85 0.88 0.90 O.92

, 2.+ o,7l o4z , o.Er o.9l 0.93 0.95
2.7s V7t q2 O.e0 o.s4 0.96 0.98
3.(x) 0.7t 0.t2 O,ez O.e6 0.99 1.Ol

17r

Nore.--fhe term As is the area of longitudinal tension rcinfurce

ment which cotrtinues atJ€a$t one efrective depth beyond tho scgtio!

bcinS considcrcd except at supports whqo tbo full arce of tcndot
reioforcement may be uscd provided thc detailing conforms to

25.2.2. ard25.2.3.

TABLE:l4 Mexruuu SHBAR srnBss r c rrcr, N/mmr.

(Clauses 39.2.3., 39,2,3.1 and 40,3.1.)

concrete. Ml5 M 20 M 25 M 30 M 35 M 40

Gmde.'

r c maqN/mmr 2.5 2.8 3.1 3.5 3.7 'l'O

Shear reinforemcnt shall bo provided to cary a shcar Qquet to
Yu-.qc UO. tne str€,n8th of shear rcinforcemcnt Yzs shall be

calculated as below :-
(a) For vcrtical stimrps t

0.87 h AsY d
Vus

^Sv

(6) For inclined stirrups or a scrisb of bars bcot'up at difictent
cross-gections :

0.E7 fy Asv d -
Va,r : (sin*' +cos:)' ,SY

or singlo groupof parallel bars, atl bent'up(c) For single bar or singlo group of parallel
at the same cross-scstion:

. Yiy .: O.87 fy Aus Sln e

WET€

An --total cross s€ctional area of stimrp legs or bent'up bars
within a distanoe Sy.

- 
^9v spacing of thc stimrps or bcot-up bars along the lengtbc of

the membcr.

ry - nodnal shear stress.

Tc - design shear strength of thc ooncretp. '

b- breadth of thc member wbich for laogoa bcams, shall be
taken as tho brcadth of thc rcb Dn.

fy <harasteristic shength of tho stirrup or bent-up reinforc.
ment which shall not be taken greater than 415 N/nqr,

d --+ngle beturocn tho incllned stimrp or bent-up bar and th6
axis of tho mGmbcr, not fess than 45", and

d'--dcfective depth.

Nonrz l.-Wherq mqc than one typ€ of shear rcinforcment isur€d
to rcinforo tte same portion of tho beam, tb€ total shcar rcsistene
shall be computed as tho sum of the resBtenoc for thc wrioug tlpcs
cperstely.
Norr 2.--'The aroa of the stimrps shall not be less than tho rnini.

mum speciffed in 25.5.1.6.

4O. Llmit state of collapse : Tordon. I .

4O.l Gcncral.-ln gcncral, where the torsional resistance or stifrcss
of members has not been taken into acoount in the analysis of struc-
turo no specific calculations for torsion will be necessary ; adcquato
controlofanytorslonalcracking being provided by thc rcquired
nominal shcar roinforcomcnt. Wherethc torsional rGsistrncer
stifrocss of mcmbers is takcn into aocount in ihe analysis thc members
shall be designed for torsion.

Norr.-Ths approach to dcaiF in rhis clause for torsion is ar
rdtbws.

-i

I

I

1

i



I

Torsiotral reiaforcement is not calculated soparately from that
r.guircd for bmding aad shear. Instead the total longitudinal rcin-
forcermt ir determined for a 0ctitious bcnding mometrt whioh ir a
fruption of actual bsrding momont aod torcion. gimitalty wsb roin-
forcernent is determined for a fictitious shear which is a function of
actual shear and torsion.

,().1.1. Thc design rules taid down in 40.3 and ,{0.4 shall apply to
bsaml of solidr€ctangularcross-s*tion. Howevertheseclausesmay
allo be applied to fianged beams, by substituting bw for b in which
caso thoy are geuerally conservative thereforc specialist literature
raay bc reforred to.

4.2. Crfiical Secrion.- Sestion located lcss than a distance d from
thc faco of the support may be deeignod for tho sarng torsion as oom-
puted at a distance 4 whero d is the efrective depth.

0.3. Shcar and Torsion.

_ n3.!-. Eqlivalent Shear.- Equivalent shear, Ve, shall be calculated
from tho formula:

Ye:Vu* LP-
b

whcre
Ve-
Yu- t

, cquivalcnt shcar ;
ash€ar;- ltr -torsiodal mom€nt; and

,-brcadth of boam.
Thc oquivalent oominal shcar strcss, 7 in this casc shall bc

VCt

cdculated as givon in 39.1, oxcopt for suhtitutiog Vgby Yc. Thc
vrlnes of frc shall not cxcecd the valuct of Tc max given in Tablc 14.

40.3.2. If the equivalont nominal shcar stross, fi,e doos rrot exoeed
Tc, givcn in Table 13, minimum shear rcinforcomcnt rhall bG provided
as por 25.5.1.6. 7c

,m33 If ?}e excoods Tc givea in Tablo 13, both longitudinal and
transvorso roinforecmont shail,be provided io accordance with 40.4.

fi.4 Reinforereat in Members SubJected to Torsion.

10,4.!.Reiaforcomcot for to.rei,on, when requirod, shall consist
oI lotrgltrxmrd alul traul\r€rse rerntorcen€nt.

N,4.2. Loneltudinal Reinforcemen.- Thc longitudinal rcinforce-
mcnt shall be dosigned to resist a,lr equivalcnt bending moment, Mel
givetby Me:MatMt.

whcre
Mu-

fr(

r72

- D 
-breadth of thc member :

/y -characteristic strength 6f tho stirrup rcinforccmGnt ;
Tyc -equivalent sbear strlss as rreifed in {e.3.1 : and '' Tc 

-shoar strolgch of the concr6te rc par Tebb 13.

11. Ltmit State of Seryiceabiltty: Deflection.
4l'l' Flexural Mem@rs.-ln all normal cases, the deffection of e

flexuial member will iot be exe,essivo if tlre ratio of itc rpan tol I
efrective depth is not greater thaa the appropriate ratios Sta@ ia&.j,
When defleciions are calculated according to Appeoitix B, thcy stlrll
Dot excoed the permissible values given in 22.2. ,*__

42. Limit State of Serviceabitity : Cracking.
A1. Flexural Members.- In general, compliancc with ttc rpecin3

requiremeots of roinfo;:cement given in 25.3.2. should bo sgfrcicnt to
control ffoxural crackirry..

422. Comyession Me mbers.-Cracks due to bendingio a cmpior,
sion memlrcr sub!:cted to a design axial ldad gieatcr thil O. Z l*- k,
wherc fck is the chrracteristic comprersive streogth of ooncrcto and
lc is the arca of the gros s section of the msmber, lefd rct bc checkgd.
A membcr subjectcd to lessor load than 0.2/ck lc raay bo considorod
as a flcxural memt er for the purpose of crack cont rol (scc 42.1.).

. APPENDIX A.

(Claase s 7.2. at i 13,1.l.)

Rrounuhlrs FoR DrrlABrury.

A-l Minimum c€Ereot contents for diffCrent c4xxurc8 atrd sulphit

MTNTMUM ChMnrr CoNrrxr nreunro rN ctsrrlE{T.@NcR8rts To rr{sr I|Duurrrrrt rrNDrR sFBctuED oohrDlrroMt or BxBoglrr,t.

I

(Clausc %.3.2. ard A-1.)
Plain conqete. .ktrforced oorotctc

Minirutm Maxirum Mtnhum Msrtrrui
Exposure

(2)
(rs.ln{)

2?i

wrcr
ceDpit

ratio,
(3)

cement
content

cemenl
cotttent.

tndlet
@nEn
telb.

(5)

Mild,-For example,
completely protected
against weather, or
aggressive conditions,
except for a brief

(xg.1ma1

0.7

250 0.6 2m 0.55

310 0.5 360 0.45

(4)

0.55bending moment at tho sross scction ; and

L-?r*)Mt:
u&oro

?u-is the torsional-mopilol D is the overall depth
of the beam and 6 is thc breadth of the beam.

N.1,2.1. If the numerical value of Mt as defined ia 0.4.2. exceeds
tho trum€rial value of thc moncot Mu, loagitudinal reiuforcemoat
rhall bo provided on the flexural compression &ce, such that thc boam
oao also withstand an equiralent Me: givqloy Mbr-1u11-7,4r, thc
Dnont Me, baitg takon as actiog io tho opposite serue to the
momt Mu.

4.1,3. Tlansverce ruinforenunl.-Two lseepd closcd hooos enclos.
iag tE correr longitudinal bars shall harrc-ao area of cro.is Soction
Av, giveq by' Tasv Vusv

lsv: ---,---r-- +------, but tlre total
. - btdt (0.8Uy) 2s&(0.87fh

transvcrsc rcinforc€ment shal trot be less than'

(Tvs-Tc) b. sv

0.87 h'.
Itr-orsio,ml Eometrt i
Zr -4h6ar 1tt . i
rv -<pacinS of thcstirup rrinforc@cnt i
D. -<infre to ocntrle dictaacc bctwccn cornpr berr in thr

direction of the width ;
dr -@trs to coffie diStagB trtvccn corrEr bars in tht

diroction oftho depth ;

No,rs L-When the maximum qator--ccmcnt ratio can bc strictly
controlled the cement cont€Dt in thc abovc Tablo may bo iodn.,{6
bY l0 Pcrooot.

No'rr 2.-{hr minimum ocmcnt coateet ir barcd on Z) mm. rsEn-
gatc. For,Omm. aggrqiBtG, it rhould bc ndrrocd bv about tb-m
corrt; for 12.5 mm. aggrcgatG, it shoUld bc incrcascd Uyabof l0 iri
c€nt.

period ofexposure to
normal weather con-
ditionlq dq6g *n-
strucuon.

Moderate,-For exam-
ple, sheltcred from
lpavy and wiqd dri-
ven rain and against
frerlzing, whilst satu-
rated with water ;
buried concrete in
soil and cotrcretc
contiuuously under
water.

Severe.-For axafirple,
cxposed to sea water,
alternate, wetting and
dryiag and to freezing
whilst wot, subject to
hoary condeusation
or corrosive fumes.

(1)

250

t

uhore
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TAsra 20. RpOunruglrtg Fol:ooxcRrrl rxmsso-ro Sur,rRrrr Armcx'
I 

(chuse L-l) '

Tipc oJ
ccnpnt.

Rcoair c np n t s lor de a sc,
fitfrv comtaclcd' cimcre{e ruilc vith

Class.

0.2 to 0.5

3. 0.5 to 1.0 1.9

assrcgates comPlYing-itrh IS:383-19?of

Minimm
Ccnunt
Conlcnt.

Maxhruon
Free Water

Cerwnt
Ratio.

o)

1.

2.

(,
ffinrry Pottland ccrnent or Portlanil slag oemcot or

Portlaod prezzolata cemcnt.

Ordinary Portlaod cernoot or Portland slag cemcnt or
Portland @maccment.

Ito*rsEl$Etod o6enl

Sultrsulphatcd Oement

(CI

0.55

30 to lZ) 330

310

330

0.50

0.50

0.50,olg.r t2o to 250

only to corcretc uade tith 20 mm

'reouiremerrts of IS :383'1976r placed
Norr l.-Tlis tablc

agBfegates complying rvith
ra n@r'neutral
ocoring sulPtiates h$ not

For
and
15 pcrceot .lfiCoocrctc lrom ordimry Portland c€6cot

oot conditions QrH 6 or less). Super'
life provided that the cotrcrete

prepared a wetcr:cement ratio of 0.4 or .less" ro

mincral acrds, fdown[to 3.5.

Nom 2.--T,\e @ment cotrtlots given in Class 2 are tbo minimum

recomsronded. For .'o. coDtcnts nea,r tho upper limit of Class 2.

*i*, ;"ii*tt:"t"ve tt*c srinrmum are adYiscd'-l '- '

i

Nots3.-there th€ totat So" in column 2 exceeds 0.5 per<.cnt,

tben a 2 : 1 water exuactiffay rxult in a [lower site classiffoation if
mucb]ofthe sulphate is pretent as low solubility calcium sulphate.

Nors 4.-For severe cooflitioos sgctr 1s 
thin scctions ,tdT -!vdT'

ctatic pl€ssure ou one side only and soctions prartly immersed, @nsi'

dcrations should be given to a further reduction ofwatcr cem€nt

ratio. and if necessary uo ln"r.ot, in.the cerncnt conteot to emuro
tte d€grce of rorkability opeded for full compaction and thus mini'
'oum permeabilitY.

t
Norr S.-Portland slag , cement lcpdorming to IS 

-: 455'19751

firh $f Effit.Ifioie -iEiil SoiffintLdiffiiiFffizutpnati
rcsisting properties; 

I

;

Noru6.--Or,linary Pordrnd ccmeirt with thc aCilitional trggirc.
mont.tlrat C.ra contont be n6t qorc thao 5 pcrcoot and \Crl+ F
{or ite solid solution 4 C4O, Ali Or, FerO" +2CaO, Fe2Ot) be not
norc tlmn a) paoeot may,Uc trscd in plaee of supcnutphalcd cemctrt

'Specificatioo for coane and fing agigr€gates fiom oatural sourceg

or concrete {second revtsion).

A-2. To minimizolthe chances of diterioration of concreto from
harmr'ul chemical salts.l-lhe levels of such harmful salts in coocTetG

coming from the concrete matcrials, that is cem€ot' aggtegstcs,

water and admixturcs, as well as by diffusion from tte eovironments
should be limited. Gencrally. the total amount of chlorides (as C1)
and thc total amount of soluble sulphates (as SOg) io the concrete
et thc time of placing should, be limitcd to 0.15 per€eot by mass of
cement and 4 percent by mass of cement respectively.

EAFPENDD(_C:

(Cbuses 23.4 and 36.1.2)

sLers spexxtxc rN ]lno DIREcTtoNs.

C-1. Re$rained Slabs. '

C-1:0 lvhen the corners of a slab are preveoted from lifting , the slab
miii te d€si$cd as specified in C-1.1 to C-t.11.

C'1,1 The maximum bending moments per unit width in a rlab aie
given by thc followrog eqoations :

Ml:e x Wpx

My:n yvltx
where
oc and cc Y are confrcients given in Table 22,

W-total design load per unit area,

Mx, My-moments oo strips of unit width spenning lx an
ly rcspec{ively, and

h and ly-lcogths of the shorter span and longer span
rccpocdvcty.

'1.

of pH 6 to PH 9, containing uaturallY
such ss amnooium salts.

fSpecification for Portland slag-cemeot (third rcvislon't
may be realucd bY rbout 15 Perceot
value may 6" ircreascd-bY about

I

,l

466-3-23

't'

ln

Total SOt
(Persent)

(4)

I-ess thatr 30

(o
kglmE

280

tb€
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TASB. 22-BSNDTNG ltoUBNf CorrrfdnXr rOR BECIANOULAR PANEtrs 8rr?sOrTBD ON gla 31pBs tflITII

PROVIIIION r()R TORSION AT COIUCERS.

(Cbue C-1.1)

Typc ofPaul ald munegi
castdd.

Slprt >x.&se
numbq, \

(D

9

1.0 l.r 1.2 1.3 t4 l5 1.75 2.o

(3) (1) (' (O '@ (8) (e) (lo) (11)(x)

I

2

3

4

5

6

,?

8

Intabrl?ouls z

Ncgetirc nourcnt fi oo[titrllous edge

Pcitirre moErcnt at Did€PtE

Arre Strltt F*e Dt@ns t

Ncgarircrnonrcnt at aontimotrr €d8o

Poeitiw moment at miilspao

Otplang&lse Dlrrzldi;r,uos:

Ncptire momsrt at coottnuoucdge

Positirp morcnt at ni&sDoo

7\vo AMfi ebes Dlsqttituow z

Negadne momeot st oontinous dgo . .

Positivp momeot 8t mid€Pan

Two Sltort F*cs Discrlittilttons

Negntiw mment at continuors cdgp

Positiw moo€trt at mid+mo ..

TwoLotE F&es Disantitttts z

Ncgative momeat at oontinour edgo . '
Positiw rnomcnt at midepan

Thrw futees Di$frrttrons (Orc Lons Wc
Mbrow, I

t$eatine moment at cmtiauous edge

hsitircnmcot atoid+Pss

0.035 0.043 0.0s1 0.057 0.063 0.068 0.080 0.088

0.032

o.w

0.037

0.928

0,047

0.036

0,05r

0.039

0.053

0.01r

0.060

0.045

0.065

0.019

0.032'

0.024

0.037

0.028

0.037

oo28

0.047

0.o3t

0.035

0.04t

0.03t

0.043'

0.057

0J)43

0.043

0.032

0.037

0.928

0.q3

OIF2

0.u8

0.096

0.051

0.009

0.055

0.04r

0.057

0,044

0.061

0.048

0.058

0.052

0.037

0.02t

O0a,f

0.033

0.052

0.(B9

0.057

oofl

0.053

0.047

0.067

0.051

0.077

0.059

0.085

0.tr5

0.047

0.035

0.053

0.010

0.0@

0.045

0.065

0.049

0.071

0.053

0.075

0056

0.084

0.063

0.@l

0.069

0.045

0.035

0.049

0.037

0.052

0.M0

0.056

0.fi3

0.059

0.04{

0.060

0.045

0.65 0.0@

0.049 0.052

0.057

0.043

0.oet

0.0{t

0.071

0.053

0.076

0.057.

0.080

0.060

0.08,f

0.064

0.091

0.069

0.0y,

o.gr3

Il,ru Wes Ditffiwus (OrP Shoi &c
otw:nlmrilz

Nqafive oomsrt at coatiuors cd&

Positivr Dorent stoidspso 0.043 0.051 0.059 0.065 0.071 0.(n6 0.087 0.096

Fou fulges Dbcont'autu :

Pcitive mooerit et oidsPaa 0.056 o.ofl o.Ut2 0.079 0.085 0.089 0.100 '0.107 0.056

t

ii

a

l.
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lrtors of the ddth aodoach oitgo stip oDcaishth of thc

i1.2 Slabe arc cooddemd as alhi'h'lin carh ilircction into 6iddh ' thrc€'qu

rpl snal cilp ships:* trrili" ns'2i, tm dino strtp bsiog wi'tth'

il,

Ji
lr

x
I
ft

+L=r_- tl

2!A For 4n L fae Fr.S7r' fy

Fro. 23 Drvrsrcrrt op Sr-ro tr'lTo MTDDLI Ar,D Elc: Srrrps

v

Sptning tn tvo ditectlons
Stpported oi four' d des.

{m,ffi;#ffiHff#ffi-1t'ffi 
1 ruryf

C.l,,t Tension reinforocmeot gi'ovid€d at mid{pao F P-F-+
.nio-.t n,"tt*a in tno iowq paa of the sfau-tq witbln- 9?-lI qla
.ootinuous edgp, ot 0.15I ofa discontinuous eilgp'

##ffi:ffiffi-#iffiffi
of 0.31

G1.6 At a discontinuous edgp, ncgative moments *qy=E-it"

m,:ml,r tr"ffii ffg, il :T#?:ljrd"
itGa"p"" exteoding 0.1 linto tbe span will be suEcieot

G1.? Reinforcemelrt iri edge trip; porallcl to that eitga t!*
;fi ;th-G ninimun givea in Section 3 aoil the requiremeotr

for ionim giveo in G1'8' Gl9 and G1'10'

C-1.8 Torsion reioforcement shall be provided at anycorler

#;',hP;iilrt t-pri t"pp"t"e on both ed^gps meetios at tbat

;;. it .t"U consist Lf top a"a bottom reinforcemeot, eac'h sith
.,a;j;;ib.* placeit perallef to the si'les of tbe slab and cxteoiliog

i;; tht €dd a mio-r. distance of one-ffth of thoshortor;1ry3

, lbe area olreinforeement in each ofthese fotu layer shau be ulf€o

C,rr"t*t of tbo arto required'for tbc maximum miil+pan moment in

the slab.

GlJ), Torsion reinforccmtn equal tb half-1ha{e*ribeil-tS-gl'8
#;#;f##ffi ;"r;auF"ogf*of bnri?ie-ot'
vfiichtbcslabiscootinous.'

GL10 Torsion reinforcEmts opcd not 'be pcoviibil et aoy

corncr contianeA by cdges ovr both of which tho sbb ie oootiopous'

!Gr.11i'Wharc klltis greatgr r1grl- 2'thu-th6-ffi?ffi"
'speming one sey.

C-2, SimplY suPPortcd slab*

olloring cquadon :

lx tg(xwlxz

Lt -oO wkz

where

Mt, Lfy, w,lx, ly ale srrne as thoce in O1'1' and

Lx anrd Ll a,rc mom€nt ooefficie,nte given ln Tabtc 23'

*J-.[---
'f,lsu-23 BENDINo UOTT T COBTNdIEI{N' K'R SAIJ.

'!"

-er+!t-+--' '

.j. )

dt right atgles simPb

lxlly

o(r
0(v

1.0

0.062
0.062

1.5

0.104

0.o{5

1.1

o.ur4
0.061

1.75

0.113

0.037

t2
0.@
0.059

2.O

0.118

0.v29

1.3

0.093
0J)55

2.5

o.122

0.020

. 1.4

0.09
0.051

3.O

0.12t

0.014

I FISIt 3ri,lt

1
3
B
lfoo
I

.l

$:

d
s
E

E

q,1191s1 $tltP

,10F3-re

C/4j.l Athast50 peroatof tbe teDsioq rcinforcemnt provided' at

dffi;tt tt ltot*i t" tbo euppotts' lto remainiog 50 por6t
,drd"rt*d to r{htin O.t ft or O.i lf of tbo support, as approptiilo

adeguato go-
'ttrc comArs ftoo
arc ghe,n bY fb .

I

I
I
t
I
I

I



APPA}IDIX D..

(ctun2A.D.

E?tlcm/B LsNors,gr CoLuroF.

Dl In tbc ebtco€ of morp cf,sct Boalysis, tholofioctivc lcogtb of
columns in ftsd struc{trs Ety be obtaircal ftoo thc rrtto of
cEccitvc lcngtt to unsupportod lasth lefll gveo in FW Zl vW
rderivodisplapoomt of tbc ontls of tho colgmntsprctrcot€alrodio
Flg. 25 wteo rclatlvcl,rtoral displaeraent of tbc ends is oot prwented

rilr{Et D $ o

oC

o.l

.d.

fi.oo
o+

o)

oz

o.l

176

in th€ lattsr cgs, it is rccommandod tbat the cffcctirc lcngth ratio,
lrfll_ wy aotbe t*cn to bc lclr tlra l.e

1ffiof tbc Institutlon of Stnrctural Eng[ooffs, U.K.

Norr 2-Io Fig. 24 and 25, p, and p. are cuqal b -{ 
f"

{ Ic+€Eb
wlcrethe summation is to bo done for thc mcmbqs ddfiE;
a joint at top aod.bottmreapccivdv; f,g, and 

^trb, bdlgttG g*otal
gtifinossforolumoanitbcamrepAiwty. ifrl$l. -'.. -

9rrED O o.l o.2 o.3 o+ o'F o.7 C.' Oll t o
o o

d
9

r5I
r.

Frc. ?1 Erf rlvt LENfTH Rarro$ pd p, CoLol.{y rN A I'Rr..rG
wrrr. r{o Sxry

8.

q^

o

o.

Jo

"l'

I

\
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a

firilcED l.o

o9

0.9

a7

o5

0.6

j+

o,?

0.>

0.f

Fr

FIXED O o.1 0.2 o.3 o.+ o.5 0,6 l'7 o'9 t.o

o
ll,r'
7-

fr,
Frc 25 Errscrrvr LENGIH Rarro roc e Cclumll rN A FRelre

WrTHoLlr REsrterrr Acetxsr Sr,.rey

LEHOTH OF COMPRESSION ME.MgER.S
lyre Trlrotrtrr-

A
a.l:
t!

b-Z For,oonoal useqeag,!;,"g rd"ot gd con)rhoos,Or-c efhehvo lenlth P4 ;
trn . €rvrn planc ray'be ess.eeJ ori {t bacis af TeUe 2}.

TABIE 2+ E.FFEC'I IVE

Drceee ,* gro (r:rrr,,r.,r
or Coxper*N MamtR VAtuc or

Elrlerrvl
Lt.rcrr
(x
$rg

ltc<rrrelogcr
Yrr.vg oF'EFFBr.rra

Lrrcrrr
(+)

..e50
lt)

.tff<Jrvcly hCd rn pr,lso rrrl
rrrlrr,'mJ at.rntl rolrlrrn rl
lclh ends

f?frchvclv hrU tn lrtrt,.{r rI lrttr
ordt'ratrcinrJ .t.nrl- nL''
{roa rtqrr Cru{

(2)

T
T

..7 Q C'ECL

( $*n

I

>\{ S \ ?

t \(\

N
\$ \

\\
\\

,\\
J

d

o/

t

I

\\\ \\

t\\\ \
\

I \I

t.-'1

ti

i

i

,u

lr

l

I

I

\'



178

TABLE 2+ tr;Ec,rlvl tltt'ru oF GrqPRf,,gEtoDr memaees - GiU

l}rla"Drorrt * Er.ro furferrrt
or CartttreostvtrEa.

tfr6oRlrrceu
YALU! of
Ettxrrvl

LErtar t

(a)

I'oo ('

REco;rrrrng
VALr,,E oF
Erlrctrra
LEnerx

l+)

t.oog

(t)

Effld'rvdv *Jl noatPa rl5rfir' 
o&,'c.rraot abrorael rtroml
rclaton

Etl,rl,vrly bcld u Pcdl'rap .nd
'rcsfroinrrl .gartltt Plrtcn at
dre ./|d, efl elrhc dlrtc r-
ttlard e;rra.l rtt l|.}n but
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E rr_RAcr lR0t*l I.S. 5525-1969'

lccommerdittions for ttetatlirs of reinforcctrent in rcWorced

corcretc wrk.

2. SYmbols antl abbreviatlons.

g.1. For tbo purpose of ihis stadard aod unless othe'miso defined

ilth;t6tt,iu" tv-Uort and abbreviations given in2'l'l' to2'l'4'
Jv U" "tla. 

AII roinforpsment bart used in the structures shall be

rfifiUtv O"tig"atod and numbered both in drarring and scbcdulo'

2.1.1. Symbols relating to cross scctionat shape and size of Rein-

forcccrcnt bars :

A Phin round bar

(or)

Diametor of Plain rouad bar

Plain squaro bar

tr (or)

. Side of Plain square bar

Deformed bar (including square twisted bar)

)* (or)

Nominal sizc(equivalont diameter or side) of the dcfor'
- med bar (ss€ Note).

2.1.4. Symbols relating to various structural membcrs t-
Bm : Beam(s)

Col : Column(s)

fG : Footinds)

JT : Joist(s)

LL - Lintel(s)

LB : Lintel Beam(s)

Sb : Slab(s)

WL : Irngitudinal wall

WX : Cross wall.

5.11. Scl"edules,

5.1l.l. The reirforceme nt of slabs, beams and many other parts

of structures may be effectively shown on working drawings or in a

tabularform,knownasa schedule. Thc schedule is a compact

ru-."ry of ihe dimensions of the concerned structural part, all

ihe Uars comptete with the number of pieces, shape and size; lcngths

antt bending details from which fabrication details may be easlly

worked out. Bar leng3bs for straight bars should preferably bc detaited

in increments of 75 mm.

Norr.-Ir-r accordance with I.S. ll39-1965'i and I'S' 1766-1966+

lhe.nominal size ofthedcformed bar isequivalentto the diameter

or side of a plain bar 6a{ng the same weight per melre run as the

dcformed bar.

5.11.1.2. For small structures detailed on a single shect' tbe schedulc

may be placed in the upper left corner of the drawing. For larger

structures requiring more than one drawing the completo schedulc

may appear on the last she et of the details, or if the size of the struc-

ture warrents. separxte schedules may be prepared for each unit
(foundation, abutments, piers, etc.) on the drawing covering that

specific unit of the structure.

5.11.2, Beams, girders and ioists.-Details of reinforcemont for
beams, girders and joists are usually shown in schedules. Thc
schedules should show ths numtrer, mark and size of numbor I nun'
ber; size, position and length of etraight bars; oumber,.sizg position

bending details and total length of bent bars and stirrups; size,shape

and spacing of bar supports ; and anJ oth€r spccial information
necessary for proper fabrication and placement of the reinforcement
(see Figuro 3). @re shall be takon not to omit any controlling
dimension such as over-all length of thc bar and height oI the bcnt '

bar and.location of bar with respoct to supporting mhbos where

the baris not placod symmetrically. The schedule should also include
special oot& on bendingand anyspecialidformation, such as tho
requirement of laps, two layers of steel.

5.ll.l.l. Ascheduleshall bo supplemented with diagrams and

sketches wherever 4@essary, where bars of {ifferent dimensions are

used, the exact arrangem€nts of the reinforcement shall be shown by

means of clear diagrams. No abbreviation or symbol shall be,used

in a schedule without proper explanation.

3.1t.3. Slabs.-The reinforcement for slabs is generally i{tlicat (d

on the plan, with details for the various typ-es of bend bars s[own in
a schedutc (pee Figures 3 and 4).The schodule shall be similar to that

for bars in oeams, except tbat thc numbcr of bars may also be obtal
ned from the Plan. Panels exaclly alike shall be givcn an identi{yiag

mark or so spocified in the schedulc.

2.1.2. Symbols relating to shape of thc bar along its lengfh :

Bt..: BentBaf.

St. : Sraight bar.

Stp. : Stirrup. j,

SP. : Spiral 
.

Ct. : Column tie.

2.I.3. Symbols rolating to position and direction :

Ew. Each way

spacrng cenrc to ccntrr.

l,imrt ot area covered bY bars.

Drcction in which bars extcttd

a

* Specification for bot rolled mild steel and medium tensile steel dcformed bars for concreie reinforcement (revised).

* Specification forcold twisted "gteel bars forconcrete reinforcemcot'

r79
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5.11.3.1. Ia skewed panels, bars shall.be fanneC to maintain given

spaciog in tho mid span. Additional bars fsr reinforcing the cqeniqgs
shalt be as shown on plao (see Fieure 5).;

51t,4. Walls.-The reinforcement for walls shall bo furdicatetl On

the plan elevation and section with the d,etails for Yarious types of
bcnt bars shown in gcbedule in a manncr similar to that for beams

antl slabs. '
0

5.11.5. &honrs.-The reinforcemelrt for oolumodmay be shown

incolumn schedule (see Figurc 3) When pedestals are used, thcy

should be included in the column schodule. Piles aod pile caps

should be treated as scnarate units antl separaG details or schedulo

or both may be provid&. The main scUeaUe may be supplemented

with a smaller schedule for ties antl bent bars, diagrams sho'wiog the .

arrdngem€nt and beniling of the ties, antl ani speoial feature of t[g
constructio,n pertinent to th6 fabrication and plticing of the colmn
reinforo*efuent (see Figpres 6 an$,7), [n case of rectangular column
thereiofiorcement details rnay be inilioatedwith referonce to framing
pto. ,Ii case of square'column: drsigood for building and axial
load wffi unequal reinforcement rn two dir#ons, dctailed plan

should be given showing the reinfo.rem.gnt, thc beams frafiing into
the colunn, and other salient referencc linos, so that'the bars bie
plaooit in corrgct places in tho plano of bending.

5.L1.6. Dowelsail bar srpporrs.-Dowels and bar supports,
spac& bars, bar chairs, etc, should be specifioally listed on the struc-
tural drawing aod should be scheduled in t\at portion of the structure

b rvhich they are 6rst required so that they can be delivered with the

' 
5.11.7. O'ther sfiuctwes.-Oo some lpes of stnrctur€g, lucl as .

bridgs, tanks, sewers and condirits, and cerrtain oomqgnents of
buildings, such as stairs, specbl procedurcs may be used and a<bptod
to the particular str'usturo (see figure 8). The principal object is
to showthe rpiaforcement in a }imple clear an([ oasy fraooer. Thi*
tay be accomplished by a smalt detailed sketct'of eacb br or.typs
of bar with a table of dime,nsions.

reinforcoment and are availablefor placemgnt at proper time. Foot-
ing dowels shall be scheduled with footing rather than io columr
scbedules.

6. Miscellaneous
."-

6.1. CongBstion of stpel should be avoided at points whorre-momber+

lntersect. It shoulil be ensured that all reinforpdment shoum can bo
properly placed. For example, at tlie intcrscction of a beam end
gird€r, thc b€am bars should be dicod at a difirent elwation that

:thoce in the gird€r so as to avoid ioterftreope wh6n'tho fflol iE

being placed. Anoiher voi trqublesome point is tbs intersection
of columns with beams and gialErs'rnd a lergp scale layout dcteil.

$:uld F slrown on tde drawing for guidance of stod ;mE tsaa
Figure9). J i -.-.1

6.2, It should be €6urcd tM hookotl and bent bars can be placed
ia the form worh and have adequatp conc,retc @ver.

6.3. It should be ensured that the unusual bends shown iothe
drawingcan-be made with bending equrpment normally avaitrrbb-
(Sea t.S.2502-1953r). I

. C.ode of practice for beoding aod fixiog of bars for concrete reioformgnl
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4.6. When a oemtrer lras a breali m its
Aeot in tension tends to separate from
apecial anchorage shaU be provided and
rre the iunotion of staim and landings

'forniqg ao adgle, ingide corners of
,ftaoe8.

The remaining bars in the lowercolumn ehalldend to within ?5 mm
of the top of the floor, or to within 25 mm , of t[e top of other membcr
transmittin! the additional load to the colnmn.

$.4.1. Whero slabb fram€ f,itsh with thq otlttom of upst+nd beams.
. .adcquate reinforcement shall be Drovld$ to tate care of ertra t€o.
rion.

.l"i
. ,6.5. Whero the lepths'of bars are ndt specifically fixed.such as

for tempcrature steel, slabs on ground &O tle bars in floors cutverrs
1ad lsfainingiwalls, stobk lengtbs or.le4gths whicb can be cut from
otoc.k lengrn with a minimum of waste stould'be used.

I,
5.6. Whei larget diameter pars are re{uired in colunrns or in beams

. and !o avoid ccingostion tbey have to tie welded rather than lapped
for splicin$ the method of welding stiould be spedf,eO as well.as
'tlie location of the staggercd welds at (eights or position @nvenient
for welding. , i

i.:t
61. Spttcvs.-Where beams or girdgrs require bars longer then,

, .caried in.stock, t" rplico in the bars chall be madp where the stress
in the ba^r is minimum, ttrat is, at the goint of inflection. Splioes in
b€ot bars can be avoided blySn8 strar$r top 4nd bottogr

.tore though bmt bars aid in carrying 
fiaeonal 

tension.

6.7.1.2. Where the tgps ofcloumn ba,rs ale lesi than l.B m. abovc
the top iffintigp'o& nparstals, the bars sball extend in to tho footing
or pedertal, and dowels shall not be uipd unless specificatly indicated
by the desigper.

8).th€rofrt of a boam
inside corners of rigid,

ii'"{kr* 1, ..1r,r

ei1.l. Dowels shall have a cross.statioual area at least equal to
thatof the bars above and they shall cxtcnd both above and-bclor
the poigts splice the minimum dbtance re4uired for sirlices. fic
minimrm tsngth of lap shalt be based on the size of the largest bar
in the column above the sp]ices:

6.7.1.4. Where the depth of the f6otiag, br footing and pdestat
combined, is less lhan ffus minimum length of edbedm€nt required
for dowels of ihedesired size,the size bf numb€r of dowets'ehall be
increased and shown on desgin drawings. In excclrtioaal cases, hoots
at the bottom of the bars may be desirable to resist tension,.but the
Iength of bars in any sucb hook shall aot be considered in det€rmir
ing thebond area providedforconipression. 

*' .
a

Splice$ sliall be staggered and be by lapiing, welding
or ottrer positive connections, Lap should, however, not be

6:1.1,5. The usb of a tier ofcolumns one atrc$e the other is rare in
bridgc construction, but when used, the practice dessribEd abovi
suouldapply. -,

6X.2. Butt splices.+_Reinforcing bar butt splicos may be made by
arc welding,.fusion welding, s1 using positive connectioo (mochanical
connections). The properties o{these ionqgctors, and tlereiofofiirg
berand preparation requirements vary withthe tlpeofconnwtion
'$ed. It is important that the designcr should specify the type of con,
uection which will meet tho desip requirem€nts (.ree I.S. 45619A1.
and I.S. n$-t966)1.

used for$5
be avoided

*m. and 50 min. bars in tensio!." Splices shall
where the critical desigtl h tensile. Lapped bars,

if used. may be eithir io contact or

,l
61.1. Lq spllces.-Since the stre&tb of r, lap splice does not

.lncrcase directly with the l€ogth of Ia$, but varies with bar diameter,
corcrete strength, position of thq ba{ distrnce from other bars, anj
t/pc of str€ss (compression or tension , it is aecessary tbr the designer
to show length and tocatioo of all lap rrli*.

6;l.l.l. At splice points, sufrcient f,ars 1or tlowels) from tne lower
gslrrmn shall extend into the upper qolumn lo provide not less than
tliespctional area ofihe bars in the (pper column. These bars $all
.grt€nd pt lcas[ the minimum distanb required for column spices.

"61.2.1. Details of the more commonly used types of butt hint
splices are shown in Fig. 10. On the drawings and on orderg to t[o
fabricating shop. the desgner.shalt clearly show the reinforcing bar
and preparation, the method of welding and details of positive @Dn€o.
tions, when used. In cases where material is ordered cut Ai;;|
fromJhe mils considerations should be given wnife orAerini fer[in
to allow for recutting by the fabricatingi shop.

1l
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\6,1. Irov&.-.Dowcls Eay bc aqaQ$ery for splbing ssilumn bors of tb vcrtical ba,rr is wually requirpdrr Whcre bors arc rvdrto4 thc
' or crhEc the ootr@ting for part of ths stnrcture is delay€d or between gqst ogtrr@on practbe is to provid! a lqauFqrt otrd 8t aho top aod a

nrhus units of *ructures. Dowels ghould alwaf's be detailed do1iSfi"borr'Ucd oodjon the bottom of the upper baf to r6t on-thc' ffisothatthoywillb€delivercdtothejobitthepropertime. Elcept squarwut end. This permits 6lling the rosultingspaco withwold
for special cas€s in columns, dowols shall be of the same number, rmctal to dwelop the splioe (See Fis10). Wherc a'*pldod slqp or.

.. rize, and gado ar tho bars ioined and shall be of sufrcienl length-to mcclnaicat Oevisc isiused both onds of the bar may b. eith€r squa$

'pliccs.nbtbc &:tfrffifJliTn*-t:**r*il'JffiH."l,tr#i,:,ffi', vqfocalbarsaod the splico location qill depond upon tho"dosign
6.9. Iflgttudirat )e@rcenutt loy colunn.TWh-ere 1 colupo 1, Goiror*c, the desigoer .noJe ioOicite tbe'tyD.s oi spliccs ir*ri'i-

apartiusla,rfloorissmall(incrosssection)thanthecolumoimmediately ssibleand their lodtioo (see I.S.456-1964r and I.S. 2751.19661).

* bolow it, the vertical bars from tbe lowo-r oolumn shall be ofrset \
to come within the upper colums, or dowels shall be used. The

slopo ofthe inclined pottio" tU"ff 
"ot 

exooed I in6 (see Fig. 6). In
dctailing ofrset.column bars, a bar diameter orrro ira 

"aiZa 
i" tu" -GlQ. 

Iateral teinforcement for ah'nas.-T\ea:ransomcnt of latlrel

, deiredofrset *OioiU"eia"ogfrq*..*tor*, tbai;"t"fi ties -and tp-qt:.shall confo-rm.--to there4urflfclts ofI'S'455.

: shownin.Fig.?. lfapesstotheintpriorof acolumn orpielisDos.
O.g.t. t ongitudinal ieinforcement bars in square or rectangular sarT some pattero of ties may be substitutod proviiled thc tie a,rango.

oofomos snoutO te oftet bent into the oolumn above. Iongitddinal aeirt conforms to the requiremants of I.S.45G1964!: Ibe arrdng€-

rrlnforcing bars in round columns where rcluffis size is not changed ment shoulal preferably be soch as to leavo the inside core aroa of
OoofO UJofiret bcnt if maximudnudberof bars are desiied in the tft cohmn freelfrom maze of interseting ties.

column above. Geueral practice is to sketch the ofrsot for the corner

bars which should be bent diagonally and make this the typical ofrset

dimensiou for all the bars in the column. 6.10.1. Buudled bars sball b€ tied, wired, ior othe'wise fastened to
eosure, thatthey remaio in position. End boaring compresion splicos

6.9.2. Fora1y offset between oofuml faces [up to a maximum of wilt bohold conceoEic' allbundles of column vertioals wiil be held by

t75 mm. the ronsitutlioal bars.ghould be offset u#.'"#ffiJlfrl, {ditionar 
ties at gach sif of eoil beariog splicc' and anv short

exoeeds 75 mm. the longitudioal bprs in the *t,rilo *,i; #;rffil Oiit" tu"t adde'l for tension should bo tied as par[ of the bundlc'

tcrminated at the floor slab and scparate dowels o[6". 
*-" *-*- ': within thc limii of fouriars to a bundle' a oorocr of e tio shodd be

Provided at earb buodle

6.92.1. Where uostanit boam is not provrded' tho height of tho

column euqal tp?5 mm, abovo tho f,oot level shoul'l be cast along with

thelwocolumo.

6.9.3-l.Column bars shallbe spliced at the top of unstand beams

rrthc,r than at floor level.

6.9.3. When the bar arrangomont changcs betwgen floors, bars may

exten<l through, stop off, qr require separateilcwles' Each situation

.*rit* its own solution, Steel oqual io area aucl bond capaoty

to-that io the column above shall be extentled'

6.11. SPecial reintorcemcnt -

6.ll.l, Genqat.-Spirals, whetlrcr io building or tn briileps shall bc

".;;a; with one and ono half qtra turos at both top and bottom'

ffi"* o**y to splice the spiral it-shall be doneby shop weldiog

;; b" 
" 

lap of ooe and one'half turns. Where a spiral cannot ba

i*rrin a in one piece it may be furnishd in two or mce sections by

"-rlair" one an-d one,half turni at each of the ends of each section

i"-u"]"pp"a io the fielil. The soctions shall be propcrly indcnti8ed

by mari numbers, to €osure proper asse'mbly'

6.11.1.1. The height (oi leogth) of e spiral is 
'I€6ned 

as the distanoc

J to out of coils iocluding the finishing turys at top and bottom

t'it o i"rrr."* of t lo mm. The marimuE l€nEth of spaegrs 3h8lt

betbat of tbe spiral plue ooe pitch'

6.11.2. Colurns.-IJoless otherwiso spocially proviiled, spirals shal!

b""J":t ilJ as extondiog from the floor levcl or top of footinq or

;ffi G level of the lowmt horizontal rpinforcement in the slab,

ffi;il;;;r beam above' rn a oolumn with a oaital' it shall

}f,;ffi 6" plane at whilh the diameter or width of the capital is

" H;il J tn" *tumo. If the design main spinl and the floor lwol

;;;-tt"u be prqvided by a stub sprial (thort s€ction of spira[

i""ar"J* *rumn ties. This is necessary to permit placing of tho

t*i"i*r""i in thu floot syst€m. Where stub sprials aro us€'l' thgy

.frJA U" attachetl to the mlrin spiral for tnnsportrtion ot carefully

idonti6ed bY .bar tYPc numbers' -

6.9.4. Where oolumn verticals aso offset bent, additional ties shall

be-orovitled aod placed'not mor€ than eight bar diametcrs from the

iiot of bend. For practical purpos€s' three closely spaced ties aro

ffiuv or.,a,ooe of which may be oart o! the regularlyspaced ties

J* mo uttio ties . Tbe designer should indicato the general arrange'

ments ot'vertical bars antl all tie requirements'

6.9.5. Wclded splices or other positive connections may bo used as

#;;l'r.* for verhcal columo bars instead of lapped splices' For

ffi;i;; 32 mm. and above su{ splioes or connections mav be

ffi i" 
"r"ra 

overcrowding of the bars iluo to thc extremely long laps

fif.t-*rrro otherwise be required. speical preparation of the ends

. Coio of practioe fer plain end re infered conc'rete (secood revision). a

ffi

a

tCodo of practie for welding of mild deel bars ns€d for rolnfored ooncreto cocstruction'-
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6.11.3, Piles.-The mcst common use of spirais is in reinforced

c!trcrete piles. They restrain the longitudinal bars during iiriving -

of the pile and support the structural loads' Piling spirals are genQ-

ally furnished formed to the required diameter and with the proper

number of turns, but unmounted, that is without rigid spacers

to hold the spirals to a designated pitch' The spiral is tled and
transported in a compact bundle. On the job it is ultied and pulled

out over the longitudinal piling barsforrthe proper specified distance.

It is then tied to the longitudinal bars at the required pitch. The 
.

diarqgter vaies with each turn. Two types of splral are fabricated

the circular spiral for round or octagon4l piles and the square spiral
fdr square piles. Spirals may bp supplied il two or more pieces.

The tapered spiral is always furnished separately and the constant

shaped spiral may be furnished in more than one piece to suit the.

length of spiral stock available or the fabricator's equipment. Unless

the separate pieces contain the same number of turns, they should
be carefully marked to ensure proper placing. At least one and one
half extra turns of spiral should be provided at the ends of each
section of spiral and the extra turns from one section iapped into
that of the adjoining section.

I

6.11.3.1. Spirals are also used in circular caissons, columns of
continuous bents for viaducts, columns over arch€s,and other special
cases. When thus used, they are generally mounted on sp-,.ces to
hofd the spiral firrnly in place at the desired pitch during placing
of the concrete.
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t2. B. TYPICAL JNTBRSECTION DETAILS

Fl6 . l? . T Y Pt c AL CoR NEB AN 
" 

INTERSECTI ON

DerAt us FOF WA LL s

6.12. fulge beams,-Whiere the designer shows stirrups in ariy edge
or spdndrel beam, these strimrps shall be closed and at,teast oie
longitudinal bar shall be located in each corner of the beam section,
the siie of this bar fo be at least equal to the diameter of the stiryup
but not less than 12 mmQ. These details shall be clearly indicated t'the designer. Typical details are shown in Fig. Il for normal ani
upturned edge or spendrel b-ea1s. 

-For 
easier placing of the lolrgi-

tudinal bars in the beam. details for two piece closed stirrups arc
also shown, For the same reiNon, the 9Oostirrup hook iq preierred
(see fig. ll). The designer shoutd show the general oo*g...ni
of all such bars and. stirrups.

6.13. Wall intcrsections and,orner s.- Horizontal wall reinforcement
may be required by the designer to resist moment, shear, or merely
changes in length due to temperalure or shrinkage. fn any case
gnless the designer indicates a shrinkage contrcl jcint at this point,
all the horizontal bars in one or sometimeg both faces cf a wafi should
be sufrciently extended past a corner or intersection to be fully
developed. (ye 1q. 12) Irlevertheless it is necessary for the doigoer
to indicate which; ifanS hori zontal reinforcement should be extended
for full development at intersections and corners of walls anil footingsr
Typical details are shown in Fig. 12 for resiitance against mogrelnl
inward, outward, or both, with.the reinforcement from the appropriatr
face or faces anchored

,qz ot5 A4,
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Exmlcr rnPu I. 5.2751-1966'

C.ode of practiice for weliling of mild steel bars wed lor
reinforced cfrlcrete constraction'

10. hnedte.

l}.l. Butt welding of mtld stee! bars'

10.1.1.2. The edges shall be prepared by shearing, machining os

"ny--u""tyt.". 
flame cutting. Bevetling may be done by' chipping'

.u"Uioiog, 8trlnding, or oxyien cutting' The joint faces and tl'c
;*-*oilrg-.aterial shall be free from scale' dirt' grease' painl'

rust' and contaminants'

10.1.1.3. Wheu it is not gossible to rotate pars for welding.in

nai position, tle axis of the bars shall be horizontal and the respective

"'r*'"i""fi. 
shall be vertical, that is, the welds being carried out

in the vertical Position'

10.2, InP weldW-ot miA steel bars'

lO.2.l. Preparatlon of edges and set W of parts'-Edge preparation

i. ;;;;;"dtv for lap welds' The joint faces and thp surrounding

."r".fa tnAt Uefreefrom soale, dirt, grease, paint, rust and'contami'

nant$.

ll. InltialTests' r

ll.l. B,ttt r+v&.-fqipiecds containing butt welds at the centre

o tf," i u. welded' contlitioo shall be selected at the rate of one for

t.sJet..t and one for the nick break test fof every 500 joidts'

ll.l.l. Tensile test.-The selected pieces when subjected to .a
t#i;;Jtfiia*" u tensile strength ooi ttts tban4z ke'f'/mma'

ll.l.2. Nick. 6rro1, 1rv.4e test specimen sfr'att Ut notched'

* E;* i, fig. 2 and shall be broken open a! ong the weld' the fracturcd

;ril;it Jlyexamined for lusion, root penetration' gas cavities__ 
qoAi y of weld mefal. The surface should be reasonabiy free

from cavities, inclusiQos etc. There shall be no lack of fusion' Small

;;;t,; iuy, no*uf.t, be permitted'

11.2, Lap Tbrnfs.-Test pieces containing lap joints at their centrs

shall be selected at the rate of I per 500 joints'

ll.2.l. Tensile tesi.*The load required to shear the joint shall be

at least equal to the tensile load required to fracture the bar'

l2'O Retests.

l2.T,lfasampleselectedfortestingfailstomeettherequirements
';'"**atttl.l.orll.2,thepurchaseror"hisreprsentativeshall
I"iJ i*" further samples from the same lot. If oh testing, either

oilL ,r.pr.s fails to meet the specifed requiremrnts, tho whrle

lo1 tn"ff be rejected'

Nlc}t bREA}4 TEST SPECIUENS

6tl
,L

.3arD ,l.fi

,

46Gl 25s

? 1o.2.

Nors.-When pulling lap weld specimens to determino the tensile

ur"or,n ajig should be usod to prevent distortion du-etg sccondary

;;;;*. iig *v be of design and detail nreferry! bv the testins

;;;;, but strould prevetrt change in geometric of the specim-en as

it is being Pullod. : ' '
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E*rrect rnora I. S. ll9r9-19i9. :

Mctlods of sanpling and arulysis of conuetc.

3..enp$ngof freshwncreteintherteZ,'
3.1. This method spcifies the proceduro to bc followed in the

fdd f9r ohaiqing repr€centativo samples of fresh concrete directly
ftrom tho mixer or from concrote at the time and place of depo.i,ioo. 

'

3.3. Procedure.

.5,!.-2- ltparutus.-(a) *ouid.-a\.".mould for the test specirnenshall bc in the form of the frustum of 
" "o". 

fr"viig the followrng
dimensions :

Dimensions.

Bottom diametir

Top diameter

Heigbt

tr)

,,r

cm,

-<'\ r.,

3Jr,.rn
t.a aa
INrlJ-
r rilr(

2e

IO

303.2. Sanple.-The compoeite sample shall be trulyrepresentative
of tho batch and shatl bo not less tban 0.02 cu. m. in volume. It

, ctall be composed of a mixtuie of portions taken from different
points in tho batch, When continuous mixers are.used, a batch
shaU borognrdod as tho dircharge from the mixure during one
oinuto.

The mould shar be constructed of metar (brass or aruminium sharrnot be used) of at.least 1.6 mm fo. iS gcj-thi"kness and thc top
and- bottorr shall be open and at ,ight angl€$to the axis oftbeoone.
Tl9.qut9 shall have a smooth internal srirface. ft sbaff bc provfi-J
withsuitable foot pieces andarso handres to faJitaierirtingit-rro'iiil
Pould.d concrete teet specimen in a vertical airu.ti"n l" ."q.:"tby the test. A mould doyilea with a suitabl" *0" ,trach-;;
rnay be used. { typicat mould without the guide is siown h 

";:"'
-lb),?qaprrrc.2d;!".tamping rod shall be of stcot or othtrsuitable material, 16 mm il dianieter,0.6 m tong 

"ra 
,oroO.a 

"i 
oTend.

'3.3.1. ftom mixers.-At least three approximately egual sample
irotemcnts totalling 0.02 cu. m. shall be taken from a batch during
ltl dircharge aad oach sample incroment shall be collected by passini
a doan and dry recoptable across tho stream of cor"r6ie. fnii
roocptable shall bo constructed of non-ab,sorbent material, prcferably
of motal and shall bo such that the samplo retained is not sigregatd;
A flat surfaco without retaining sides will mt fulfl this purlose.
Whorb throc sample increments are taken they shall be iaken dt
ahut tho timo wheu one quaters, one balf and ti.rree-quarten of thc
aoDcroto havo been discharged fron the mixer and if more tha]
throo aro takcn they shall bo at correcspondingry shorter, but equalry
epacod intorvals.

3.3.2. From concrete at the rime^and prace of deposition.--The sampre
shail bo taken while a blch 

.9f 
cgncretg is being, or immediat'ely

aftcr it hac be€u] discharged_on the site. ftre sampGsfrUl be collected
fion trOt tcs than ffvo wgJt distributed positions,avoidi"Cti;-;;;;
of tho nas whorc Sogrrytion may have occurred. .

3,4, Mlxing tk composttc simpb.-The compositi sample obtained
by .dtherof tbs meftods g6scri-bod above, shail bc mixed 

"" 
;;;;:

absorboot bdeo oither with a shovel or by other zuitablo i.pr.*.ii
in such a Eatncr as to etrsure uniformity. The sample tt* oUtaAJ
shall bo userd imnediatoly for the purposo of carryiig out the tests.
Carc shall bs taken to protect the samplofrom the weather.

F@ HOr

1T
ItoI -r-
' oa

3o trl6x

,.4

3.5. Raordlns of sanphs.-"Iho following informaiion rogprdingt}r onple shall bo rocordcd:- .. )
(a) Datoan0tino of aampling.

(/) ndbod of qanpli!8 used

(c) nk proportioos (proportions of iagredicnts incruding water,adnirirBi6tc.)
(d) Eixturofron which dotivered (if more tban one is used).
(O tho location of thc sapplod batch aftor placing, aad
(f) tc@poraturo and woatia conditions.

. Nors.-To facrlitate troriftrag of tho oourd in i vqiucat diroctioo.it is rooommended that suitable Bid;;A;;;"i be providod.lnlrivas used ia the oonstruction of moulA ,fr"if U couotarstnkflush on the inside of tho cone. Attacn.uit ,Uould proforably
be woldcd to the mould.

lll dinension io centimfros.

5.1,3*Sqnpliits,-If this test is bciag carricd out in thc fcld, tDcsample of freshly mixed concrete jhafl be ottalneaas dscribod in,3In thc case of concrete coatainirry aggregate;i;;*r- size morothan 38mm, thc cooqete shill be;-;;;;il;eh lltnch cqccoexclude aggregaro particles bigger than 38 ;;. -

-{.
ob

K ,,b
I

A --A

5. Teuslor w*bfiltty.

, 
S,l.l. ltis'aothod of tcct sqocifig the proccdure to be adoptcd.dthc Io tho taboratory or durlng ttc progress of wortl, ilH;for detcruinlag; W tho slump-toet, thc 

"o*irt"o"y oi"oo"r"t" *iur"
tto nonlnal nadmun size of ttc aggregats does alt exceed 3 g ,nm .

t
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5.1'4. Procedure:-The tntetual surface of the mould shall be

thorouehlv oltned and freed flom supertuous moistuie and any set

@ncrete before commencing the test. The nrould shall be placed

on a smooth, horizogtal, rigid and non-absirrbent surface, such as a

carefully Ievelled metal plate the mould being firmly hel'd in placc

wtrile itis being filled. The mpuld shall be filled in four layers, each

approxirdatety-onoq*tt.. of ihe height of the mould. Each layer

rnat t" tamped with twenty-Sve stroke of,the rounded end of the

tamping rod. The strokeS shaf,l be distributed in a uniform manner

ov€r the cross section of the rlbuld and for the second and subscquent

layers -shall penetrate into thb underlying tayer' The bottom lrycr
shall be tamped throughout its depth' After the tcp layer has been

rodded, the coucrete.shatl bf struck ofr level with a trowel or thc '

tampiug rod, so that the mo{ld is exactly filled. Any mortar which

may halve teated out betwee$ the mould i nd the basc platc shall trc

cleaned away. The mould Xshall be removed from the concrete.

immediately by raising it slofly and carefully in a vertic4l direction'

This aUows the concrete to qrUside and the slum/shall be measured

immediately by determining [he difference between the height of the

mould and th4t of the highpst point of the specimen being tcsted.

fr"-"tor" opu"utions shall tie carried cl:t at a place free frcm vibra-

tion or shock, and' within a period of two minutcs after sampling'

5.1.5. slurrrp-The slump measured shall be'recorded in terms

.of millimetres of subsidence of the specirnen during the test' Any

slurtrp specimen which collapses or shears olT laterally gives inborrect

resuti anA f tUis occurs the qest shall be repeated with another sample.

If, in the repeat test also, tltre rpecimcn should shear, the slump shall

be measured and the fact tha! the specimen sheared, shall be recorded.

Nom.-Some indicationl of the cohesivcness and wolkability of
the mix can be obtained' ;if after the slump measurement has been

ilerJ"J,,ue side of tde concrete is tat'ped gently 'with the

io-uiog rod, a well propprtioned concrete which hbs ao appre'

ciaLle slump will gradually slump further but if the mix has been

btdly proportioned, it is l;kelv to fall apart' .

3.l.2.When the shape of any bent bar isothcrthanthosc covcredbg
Tables III to IX but is made up by combiniog two or tuore shapos,
the bending dimensions shall be measured as showu for appropriatc
standard shapes. Where the shape of a bent bar is such that it canoot
be obtained even by cortbining twoor morc standard shapcs, tbe
bars shall be fully iirnensioned in the schedule ar d also the method
of measuririg the bending dimensions shall bc indicatcd in thc sche.
dule ; but such special shapes should be avoided as far as possiblc.

Tnsrr-I. STANDARD FoRM oF RErNroRcauENT sct{lDULlD
(Clause 2.1) Scheduie number.

Location Mark

(l) (?)

Column CI4R
25N

(3)

MS
rbund
25mm.

(4) (5) (6)

5420

,Shape (al.
amensiotts

arein
acLor&nca

with this
standod '

ualess

, orherwisc
statid).

(8)

Straight.

;*:
ara
r.. ..' .ts'\s
\Litt i*{ N

desig-
nation.

Size
and
ty?e'

length

(i)
3,000
mm.

Norr l-The recommended widths of the abovc columns . ere
reading liom left.to rtdfi25,20, 15, 15, 15, 15, 15 and 75 mm. Th;
71mm dimensiol may be reduced to 70 mm for paper sizes other
thao *A. 4. Adequate margin should be provided oncither sidl
tboleft hand margin being not less thad 15 .m. Tho length ,f ii"
form should not generally exceed titat of *A4 size.

rA4 size is 210 X297 mm.

NorB 2-Iu col. 2 the bar identification that will be put on the labclg
attached to the bars shall appear. It should be simple. Td;;
number in the mar-k designation refers to the nrumber of idcnticai
bars in similar lo(ations rn the same section of a given member,,and
theletter Rerefgrs to round bsm, th! figur€ thatfollows thetettcr R
represents the diametor.or the nominal sizc of the bar in millimctrcs
antl N represents the identification number of thd baribars given
oonsecutively.

Nore 3-Io col. 3, the quality of basic shape of thc reirforoement'
bar sball be specifiod.

Exrucr:Fnou I. S. 2502'1963

Co,*-iI qracttce for pending and fixing o! hzrs lor cottrete
; reinforcement.

2. Form of sc.Mttle.

2.1. In coqiunctiou with the requirements of.this code, standard

form of reinfdroement *hedulc as shown in Table I shalt be used

for purpoies of detailiug reinforcement in .concrete work.

3. knd dircnslons qlrd Ws'
3.1. ,General.-Tbo dimdnsicrs of bends shall be so given thqt a

Einimum amount of calculation is necessary for marking off bars
aod setting thc machine and shops. The dimensioning procedure

sbown io Fig. l shoultd be adopted as far as possible.

.3.1.1. 
Wherc no indication is giveo to the contrary, the anglc

betrveen the.pgrtions ofa bar af a bend shall be assumed to be a right
aorle. Bcnding dimensions in which angles are expressed in
d4reos should be av$ided as far as possible. When bendins bars
oflarge diamEter, c4re should betakentoensurethat the overall
leogth of the bent ba,r does_ not exceed the theoretical or celculated
l6Crb.

3'2. Bmds and hooks forming and anclorages.

3.2.1. Dimensions of Bends and flooks :-Unless othcrwise iodl.
cated in the schedule, a s€micircular.hook or a beud forr4ing6a.
chorage to a bar shall be bentwith an internal radius in 

"."orJ"oc"With FiC. 1-A and Fig. l-B, respectively. Iho hook and bood alb,
wanc€s shall be in accordance with Table tr.

I

I

I

.J
t-

I
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Trsls II: .HooK AND BEND ALtrwANcEs.

(Clause 3,1. and 3.2.1.)

Hook allowdnce (IO.

Nomlnal Mildsteel Mediam tensile
sizc ol cottormlng to steel conlorming to .

Bar. .t IS 412-1960 oi tll 432-t960 or
to t IS 1139-1959. ,o t rS 1139-1959.
l-_-/\-a a-*^_+r
Mtn. Re- Min. Re-

'. cammd. commd.

Cold, workeid
steel bars conlorming

to IIS 1786-1951.
a

rJ*r
Min. Re-

commd.

Ittild steel
conformtng to

*IS 432-196Oor to
trs 1139-1959.

--.:--.,-\----:.Min. Re-
commd.

Beid allowance (B).

Medium tensile Cold'worked
sleel,conforining to Stccl baes conlor-
IS 432-1960 ot to miqg to S IS 1786

1r,s il39-1959. -1961.

Min. Re-
3-_4-411
Min- fie-

commd.

475

545

610

680

765

850

5

6.

8

l0

12

t6

20

?2

u
?a

t2

36

,m

45

50

mm.

75

75

75

90

110

145

180

2N

n5

2s0

290

325

360

405

450

mm. Drm.

75

75

90

110

130

175

220

240

27i

3lq

350

395

440

495

550

mm. mm.

75

75

r05

130

155

2lo

260

285

325

39s

415

470

520

585

650

mm. mm.

75

j5

75

75

75

80

100

ll0
.125

ry6

160

180

200

22s

275

mm. mm.

75

7s

75

75

75
[rr
90

110

120

140

155

t75

2fi
220

250

275'

mm.

.commd.

fim, - mm.

75

75

75

75

15

95

tzo-

130

t50 .:

310

350

395

44A

495

550

365

4t5

470

520

585

650

155

175

2@

220

250

n5

170

190

215

240

270

' 300

170

190

2\5

240

n0
300

195

22s

250

280

315

350

H-Hook allowanc€ taken as 9d, 1!d, 13d, and 17d for k values,2, 3, 4 and 6 respectively and round€d off to the nearrest 5 4m' but not

less than 75 mm.

B-Bend allowance takcn as 5d,5.5d, 6d'and 7d for k valuos 2,3,4 and 6 respectively and roundcd off to thc n€are8t 5-mo. but not lss
than 75 mm.

.IS 432-l9GO Specificati,on for Mild Stecl and Medium Tcnsile Stecl Bars and Hard Drawn Stccl Wirc for Concrcto Reioforcomcnt (Rcviircd) I

t IS. 1139-1959 Spccification for Hot Roltod Mild Steel and Meilium Tensile Steel Dcformcil Bars for Concrcto Roinforcomoht.'

t IS 17S6-1961 Spocification for Cold Twisted Stcel Bars for Conctcte Reinforcomcnt.'

I
3.3. Binikrs, sllrrups, links and the like.-l\the cese of bin'lers

stirr'rps, li;lk j, etc., thc straiShr prrtioir tryon;[ e nd'of the cdrve

at thc ctid ghall bo not lqss than oight times the nominal size of tbe

trr:

7. ruW relnforement. :

7.1. Gc&rqt.-Thl acooomy of rcioforccd @ncrcte deign will bo

fully noliged only whcn tho roinforcomonts are mriotaio€d.ot thcir
deigqad pooitions at all tim. The importaot factrrs i4 fixiog tho

loinfclcm€ot a,!B provilion and convcoiooco.

7.1.1.. Rcinforccmerits ghdl be placod in position as givon on the
detalled'dcsign drawing tho shall bo scur€d at that posltioo. Ii case

of delay occurriog bctwepn fixing of rGiofolcorncnt and concretjng
the positioo <if thc reinforcoment shall bo chectcd uior to coucroting.

7.1.2. I,apBie of bars shall be dr.ne io a€cord&qco witb thc rele.
vant roquircmants spocifred in I.S. 45&1964 c€d. of praAte fc
Plain and roinforcod coaerete lrepond rqYii6u) Iaps shall bc
staggorcd. ;

t.il
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7'l'3. The procautions at€scrtbod io. 7.2. to.7.5.. shall bc takcn ' 7,2,1. Every comp,ression bar shallbetied atleast in two perpeodi-to prurcnt displacemcnt of reioforcemcnt during shuttering and cular diroctions.concreting' 
z.z.z. stirrups.may be staggered, provideil it is ensored that the

1.z.Tyirr7df reirforcemzfi bars:-Bars crosping oach othcr, correspouding stirrbps'form a uuiform pattqn in olevation.

$.c ro0uiro4,-rhall bo sccurcd by binding wirc (aonealcd) of size 2.2.3. Th1c mcthods of tying reinforpoments bars aro illustratedaot less than 0.90 mm and conforming to I.S. 280-1962.speciflcation i" ilg. e. Of thothroomstbods, tho ooihod illutratpd io F[g. 6.dfor Mtld sbcl Wirc (Rcviscd) in such a Eranncr that tLry will not .sutul-rt bc prcferrod to mcthod d;til:;;;rill.i gvon rridip over cach othcr at thc time of fixing and conocting. Fts. ;tt"-iil; iiil rn 
"?r. 
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AF TYINC REINFOKCEMENT EAI(S

7.3. Cover bbcks.
7.3.1. Cover t locks, which are gsoorally of cement mortatr, shall bc

uscd Ao ensure thc rpquired cover for reinforcement. ,Cover blocks
T qo:raTY s.q.uat_e or 'rectangular in plan with or without bindi;;
wireembedded in thern which wilr b€ tied to the reinforcement at thJ
time of placing (see Fig. 7). Rings with suiaUfe frofO at Oie centre
nny also be uscd.

-7:?.2.fha mrrtar or coocretc used for the cover blocks or rings
shall not be leaner than tlre mortu or concrete il s5i.6 they will 6c
embedded.

"7.3.3. To provide necessary c:ver for reinf:r:ement at aily section
ooly siogle cover bloqks shall be used.

14, FOR COLUMN

Allo WAuu

COVER

7.8. FOR 6EAM

. AND SLAB

COYER

FtG. 7. CoyeR ELOct(g

).

I
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7.4 Spcers.

?,4.1. llalls,-tn walls where ilultiple ronn of reinforcements are
provided, it is very important thht thc distances between successivc
rows arb propcrly maintflned while concreting; and this may be
achieved by fotlowing one of the methodrillustrated in Fig. g.

7.4.1.1.In the nrethod illustrated in .Fig. g-A, two rows of rei&
forceoent are separated and kept in theircorrect rerative position

197

b1 beins attac'hed to an arrcurate bent bar that acts as distancc]piece
whilein themethodildstrad in Fig. 8-B.rhe same .ffoct i, ashi"uio-
by placing the vertical ban in sbtJaor*t"ty cui iu a board with
additional advantageof maintainingtheconectcover. f[" j;i;
.."y.* gT"9 by pairs of projocting nails and scribe marks Ln the
board will indicate thc correct alignment on the inside face of the
hutters.

t

Accutr4Lty BBr,tr sp.4cE,.. LAtr
ulf.;? To vEiiflcAL OB.'

lDs.tzcNfAL BA( SflUTTE fiS

HoRrzorurAL ,{Nt2 vrxncAu 6*is
llttRED lt EACH tNfpt.sFcrrov.

o U8E OF' NALL SPAGER RAR,

J

U(DTH OF U,IALL

L

*
A

ScRl6; MARK
0t{ gP cER Bo^,rp

6,PACEX, EOARP NAILLO
Acilors f6" aF Fd,RMs
SLOft AcCUtAtaLY cut

SHUTTERS

AARIT.D\TAI- AND VERTI6AL BABS
WIRET 

"A7 
EACQ INT6KsECIION

8 6 . UsE 0F SrAcER, EoARg

covEx \t-xt<

466.?-26

['IG. I IIIAIMAINING wAIrT, BARS IN pdSITION



7.4.1.2. ro tho fust method, thc bar remoins permanently in posi'

ti;'ilil-d; socond Ecthod thc spaccr board has to be removod

before thc shuttcrs.
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7.4.2. Slabs.-ln'slabs, whether double or multiple layers of rein'

forrcmeot are provided, the distances between thc layers Eay be

maintained by the method illustrated in Fig.9'

?t{13 Dlrtqo}a
I DE AGCTf,TE \

3tlt Rrrrfttclrf x1
rT7C. Vkll'

sItT.Dnr SAit

, aLocK

,R CRouN9.

CLAB l(E
tD7 LATIR

R6, 9 , 9ot 
',Lf 

REIXFOR6EP SLAD

7A2.t. ln the ligure, additional support bars are shown inserted

bJi; ; good dcign, &c provision of thesc e:tra b.ar-s'would not be

G.ri"r tUc Ocsigpcr would so erslrgc the reinforcernent that

tbc suplrorting bars would bc a part of thc principal reinforccment.

7A.3. Bcamts.-ln bcams with top ;einforcement, it is dcsirable to

,*p*o tho top rcinforcemcnt from the form work by suitable

iilil..*t which may bc removcd oo completion of concrcdn!

,"toif. appropriatc lcvtl, ualcss such reinforcemcot is otherwise

.lfiOy nrii i, positioa by stirnrps or other Eembers'

7.5. Column r e inforcement.-The column reioforcemcnt, especially
in heavily reinforced columns and in columns subjectc4 to a combina-
tion ofdirect toad and bending, should bepropcrly tied, othcrwise
the strength'of the column will be conside.rably affcctcd. Somo of
the typical methods of tying the reinforcemcnt ara showtr ia Fig. 1o.

The ties may be staggered provid€d it is oosured that thccorrcopond-
ing tiee forma uuiformpattcrnintlevation and they shallbe in
closed loops.
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7.6. Distortion of projocting vertical bars iu double rows

in watls may be prevenlcd prior to complete assembly of horizontal
reinforcemeot and eroction of shuttors by the arraugpments illustrated

in figure . This arrangement coosists of a longitudinal timber or

trrrout on ulg.

rarge bar placed along each row of vertical bar and tied to cash bar
Betweenevery sixthbarofopposite rqws a cross pieceof rnooO o"
teol thould be tied.

{o Y

EOTTOM stAt CONCRCTEO

200

vln'.D

rrfiEriff n.F 1
vll\CO To o€sAttql^s
c,rr()

cwr.
FOSnql

Bcll. Err'c L a^l

a

J

7.6.1. For singlo vertical row of large bars in walls, a timber frame of bar. The diamensions, details and spacing of the flame shall bo

", 
'riil,;Ali?r. iz *"v be empliyed to preveni the distortion determined by the naturc of the work.

fr rlrtc 1? Fr\Arae. Aro

r

TCIIR R^Rf tJftt
nrarrr' FEAf,
uo*x

Iq

I

i{} Ertrrs t
\}lf,rr^L l4rt

rfil'O lDO' TTER
,{trH DA}S P'.o,tELT tNC

FI6 I2 S1'PPOT.TIIJ6 WT.T ICAL TJ'LL
t<ELNPOITCEMENT

('
;

c,\i

I
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I
I

I
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Note.-The frame could often be.part of the shuttering'

8. Trans4or ting r e lnlor cc ment'

8.1. Reinforcement shall be transported to the site of work or to

th"';i;;i.torage bv such means and in such a manncr that th€

relnforcement is neither;;"cd nor deforrned' The uirloailing

;;;;;ttf".cernent shall be done at the nearest conveoient place

,n"i" iiit to be processed further' Particularly in cases where

rii""orttg ii required to bc done by hand' it is irnportant-that thc

,"ii"f".-["rfJbe brought as cl6se as possible to the stacking or

;;# il;; in ordeito avoiil carrvins over lons distances' As

i;r;;;il;, ai ttre time of uhloadins the bars should be sepa'

rabd bY sizes and lengths'

9. Storoge of reinforcement'

,g.l.Theactuallocationofthestackingplaceofreinforcement

"o-*i. 
uplo the site conditions' but it should !e such that the re'

i,Ir"r..r"iot could be convenienily received and. supplied to the

HJrat"#;i"-.-oi.L ii tr" site, on works covering large arga-s' in

.iin, L" 
"""dvantage 

to stack the reinforccment at diffoent Dlacrs

"i.". 
t"-tno areis where they Fre likely to be used most'

9.t.t. tn order to ensure thbt the reinforcement bars are kept in

,"oJtooairion, they should not be leftindirect contact with the

1":':;";;',;; tir"i,ro t" ti"cked on top of an a*anse ment of timbcr

ilp.Js;;;iit ". s,,ituulo racks mav also be used for stackins

."iti"i";."* in tieis' 'Where space !s 
e-xtleT:lv limited' bars mav

;H;;ilfi vertically but the veitical stacking has the disadvan-

;* ;;[tt more oifficult to set the bprs in ind 'out and in identi-

fyf?,t"U*t ,f difrerent sizes andiengXhs' Whatever method of stacking

ir .[tJ.a, tte bars should be stapked il-t'* a way that the various

;;;;;iltths can be quicklv and easilv identified'

9.1.2. After the reinforceXnent bars lave -bee1 
bent' they should

bc placed in the most convonient locations for transport to working

ili""*ii"riur" bends lite qtirrups anl bends of small diameter bars

ffi;il ;;;ip"o toe.tt'er and bundled for ease of handlins' Eaclr

bundlc of bars o. gtoup oi"Uirs should have labels afrred to it indi

ffi;,h;;;;oiuit, utnolng schedulo 1gfs16nce number and its

position in laYing'

S.i.f. fn storing bars, attention shall be paid .to avoiding distor'

tion and to preven(ing deterioration and co11oslon' '

g.l.4.whilstacertain.amountofhardrustonthereinforcement
t. l"*ra"i"i-desiiablc in reinfrrccd concrete work' carg should bc

;""i;;;;;t; tn"t ordw nrsting or loose scaling do not take place

,ffi;ril;; in ,o.t, oohditions of weather where the reinforcement

ilii,ar"i" ."toiroo"o, ;;;;;A "f 
;tinforcement shatl be suitablv

sheltored.

EnRAsr Fnou t:S' 3370 (P*t I)' 1965'

, code of practtc, ff!,ffiyiit*ll,il:;l{::;!*,'.,o,ou" of tiquids.

l, Sco|e.
.1.1'Thisstandard(BattI)laysdownthegcneralrequirementsfor

,bei*fep iiJ";".""Siotr of concret€ structur€s' plain reinforced'

Jpr*t-*t*ntoncretq, intendcd for storage of liquids' mainly

watcr. '

ltorequiromonts agplicablo sfificalry to--rcinforbed concrcte

u;;;;i;trits struanrres are covercd in Part II'

1.2. Thiscodo doc not cover the requirements for rcinforccd and

:imffi;ti-ru 
"";!fi:iff:"s;t,,"1il:r'$,

set. Specialproblemsofshrinkage arisingin the storage cf nco
adueous liquids and the measures nesessary where chemical attack
is pos5ible, are also not dealt with. The recommendations, houescr
maygienerallybeapplicable.to the storage at normal temrerature
ofaqueousliquids and solutions which havo no detrimentalaction on
concrete and steel or where sufEcient precations are taken to eFsure
protection ofconcrete and steel from damage due to action of such

liquids as in the case of sewage.

3. Concrete mix,

3.1. Provisions in 5 of LS. 456-1965 and 4.2.5. of I.S. 1343' ssO

shall apply for reinforced concrete aud p{estressgd concrete membc;s
respectively subject to the fotlowing further requirements.

(a) Except in case of thick sectibos as described in 7 and port+

of structurenei herincontrct with the liquid on any face Eof
encl$ing the space above the liquid, concrete mix weaker than M 20G

shall not be used,

(6) The minimum quantity of cement in tte concrete mix shali
not be less than 330 kg./m8 in reibforced concrete wcrk,, 360 kg./mg
in post tensioned prestressed work and 380kg / m8 in pretensioned

prestressed work. lte maximum quantity of cement 'in the concrete

mix sha'll preferably not exceed 530 kg/ma of concrete.

' (c) Thedesign of the mix shall be suchthat theresultant concrete

is sudciently irnpervious. The mix obtained in accordance witb
the above, if fully comPacte4 will gcoerally girrc.a degree of imf ern-e-'

abilityadequateforallQrdinarypurposes. In special circumstanres

tn i"Sneer in charge s6quld salisfy dimself that an adequate

permeebi.lity is obtained b)' pelrcolation tcats .

.3'3. Imperviousness of coucrete mix.-lo thc coffitruction of'

.oo".eu- structures forihc storage ofliquids, thc impcrviousness of
loo"*i" is an importent basic requircmeit' The permeabitity of
uov- *iio.. *O thoroughly compacted concretc' of givea'

miiproportions is very largely depeident on the water ccmenf

ro,lo. WUif. an increase in this ratio leads to an 'iocrease in the

i"il"rl"t permeabrlity, a very muchreducedwatet cement ra'io
;f ".J; 

iittr " 
given cement content may cause compac'iiotr

difrcukies and thus may prove equally harmful' F or a given mir
iJ" *i,u puttlula.r materials' there is a lowet limit to rhe wa"er-

IJ*ii",iuwhichcanbe used econordcallvqnany job. It is

;;;i"i,;select a richress of mix courpatiblcwirh avaiL ble

"rot 
r"i"t.*noseparlicle shape and' sradht have an impor'ant

;:;;;;;'*"ttcauiritv which must be stited to thp meaos or

""iil"it"i 
*;cted.' B6cient- compacrion preferablv by vibra-

.-r"^-'I* "*."otial. 
In practice, it is usually convenient pariicu-

i;;ir;;. dealirg wiin tl in corgested reinforced s€clioi e to

ir:*1il:'lJ:i:Ir#."s;r'Iis'li#t';"'H:.'1fi "i*
;Jd;;;ratio' In thicker scctions' whete a 'eduction in

Itr*-t """t"nt might be desirable 1o restrict the \elnpcrature

fffdU;;'*ivat"'io', a' lover cement clotent h usui'llv

;H;b;;r"ttlv beCause the overall permealflity of th r':c'ion

ir*;;;d'bv ,nu Ereatcr thichcss md partlY becauce'tess

;;;i-dditions mav pcrmit thorouth compacdon of r
rcrierhat &ier oix'

o
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While prop.r attention must be paid in 'achieving a mix of
inher€ntly low permeabilityn it should be recognized that common
and more serious causes of lcakage in practice, other than crackitr!,
are defects such assegregation aud honey combing and in particular,
qll joints arc poteatial source of leakage.

Ihe mixes as spccified in 3, if fully compacted, will give a degree
of pcrmbilif adtquate for all ordinbry purpos€s. Iir speciae
circumstances where nocessary, the engineer should satisfy himselfl
by a percolation t€st, ttat an adequate degree of impermeability is
obtained.

5. Prutection egainst cofiosion.

5.1. Thetypeofliquid to.be retained should be considered io
relation to the possibility of corrosion of steel or attack otr concrct€
*ith corrosion wat€rs (as in the case with certain natural waters),
itis desirable to use richer and denscr concrete and prov[deincreased
cover to.st€cl. Considerations may also be given to the use of special
cements, such ag, sulphate-resistiog cement or high alumina cem€ot.
tlhere attack is likely to be appreciable tlie provision of an impervious
cotec.tine lining should be consid€red.

7. Thick sections.

7.I. Thicksections shall be thoseparts of structure which' have
tbickness Er€ater than 450 mm. There is a likelihgod of cracking
in such sestionb as a.consequence of tqmperature rise during hydration
of the cment and subsequent cooling. Such cracking is not easy

, to conrol by reinforcement. The following are some of the measures
tbat may be adopted for reducing the likelihood ofcracking.

(a) Mqgnitude of the temp€raturc rise should be restricted by
li aiting the ce,me'lrt coDtcnt' or tV using a type of cement with a Iow
ate of h€at of evolution or adoptiog-suitable construction rnethods.
Portland ccments with lower mtes or sheogth developurent Sencrally
givelowerratesofheats,volution. In suchcases the pemissiblc
str€sses shall conform to requircmeots of 3.3. Tempcraturc risc
may also be restri+ed by casting the cloncrete in.shallow lifts at inh-
vats of a few days so as to allow the escape of pa.rt of heat ftom the
€xposedlpp€r surface.

(6) Stoep tempemture grading wilt occur by sudden chilling
of thcconq,etgsurface. Thisshouldbeaovided,foa instance, somc
protedion may be rcquirod rvten rcmoval of heavy timber form work
coincides with, onset ofcold weather.

(c) Restrainlt to ov€,r all contraction may be limited by provision
of movement joiots ud by provision of suitable sliding layer. Another
causc of iwtraiat rvhieh mfy.lad to orac*ingoccurs *,hclr a substantiat
tfftof coocretcis caEtupoaacold foundatlol. A bctter prooodurc
is to avold crccseive .diepsrity in @peraore betwEcrl suocossiyc

lifts and whce p{acticablc to introducc shallow lifts whea qiarting
from or resunitrg work on,a cold fouadatlon.

7.2. Whilc concreting in,thick scctions, the requirements of I.S.456
-f96a shall apply as fas 8s possibb. , '

. €odc of paactice fof plaip aira .r.iofor"O concrete
Seaod r-cviSoo) 

l

E rrlAca Fndr,I.S. afz0 (Prnr.rii rgss. ,, . ''

Code ol pracdcefur ixkrract'stttutwc fortk.stotoge o1 .tiaiifits
'-Fart II Ribforezd oorrc?eti st?ucrarcs.

1.2. Thiscode does Dotcov€r the.requilements for reiniorcod
andpreetressd coDcretestructur€sfcr stcrage of hotliguds and
IiSuids oflow viscocity and high penetrating poticrlike p€hol, diesel
oil, etc. Special problers of shrirkage arisirg ir the stcrage of
non-aqueous liquids and the moasures nece.qsary where chemical
attack is poesibtc, are also.not dealt with. The recrmrendations,
however, may g€o€rally be applicable to the storage at Dormal
tcmpcratue of aqueous liquids.and solutions whicb bave no de,lri-
mental action on coacrete and stel or ryhere sufrcient pr€cautions
aretaken to ensurcprotectio'n of concrete and steel froln aa-ago
due to astion of such liquids as in the case of semage.

2. Gcrarul rquircmmts.

2.1. Deeign and coostruction of reinforced concrete liquid retiain-
ingstnrcturesslall comply with the requirements of f.S. SSZO
(Part D-1965

3. Desi7a

3.1. Gettcral.-Provisions shall be made fcr conditicns.of stresses
that may ooctr in acco,rdaace with principtes of oechanics,rrecognized
methods of design aad souad ongineeriog fmctice. In particular,
adequate considqation sball be given to the effects of monolithic-
construction in the assessment of bendi,ng mcrf,enl ard stear.

3.1.1. Before taking up the detailed desip, the designer should
satisfy himself on the correct estimatioa of loads and on the adeqrntc
statical cquilibrium of the structure,paillcutarlyio regard to safety
against ovo turniog of.over hanging n:ernbers ; in the latter casc tbc
general arrangcment sbould be such that statical equilibrium should "

be satisfled even when tlre overturning mcment ls doubled.

3.2. Bosis oI tb9n.

3.2. l. General basis of desi gn shall be in I ine with the recommenda-
tioas of I.S.456,1964 e,xcept wherc otherwise specified in rhis code.
The parts ofthe stnrcture neithcrin contabt with the tiquid. on any
face nor coclosing the space above the liguidps iq casc oistaging of e
water towreri shall bb designed in acoordanc€ with the ,eqri.rei,arts
of I.S. 456-1964.

3.2.2. Desip of members other tban thcse r xcluded by 3.2.1. shall
be bascd on ooosideeation of adequate resistance to cracking as rrrclt
as adequatestrength. Calculatioo of strrcssesshallbebes€d on thc
followi.ngassunptionsinadditionto thc gptrcral assumirtiors of
strcsos shall bo bes€d on the following assumptions in eddition to
the gBneral aisumptiors given in I.S.45G1%4..

(a) In calctrlations for both f,exure and direct tension (or oom-
bination gf both) relatirg to resistance to aaci<ing, tt""oicreb i;
capabl€ of swtaining limited t€osih stress; tbs rtolc sccdoo ;i
ooDctt0G including tbe cover, togEtb€r with thc reinforcemcot being
talco ifto aEount.

(D) Thctotalstparstrtss given tVthefolowingeqrEdoro she[ .

aot craood thc valrr girto ia 3.3.1 wlatcrrcr tho rcinfsnaemcnt
providcd:-

Total shear stress
bjg

Wherc

Q-totalsh€ar.
,. b=breadthand
jd:lever arm.

l. ScoW.

l.l. This standard (Part II) lays down the requirements applicpble
specifically to reinforced concrete structures for the storage ofliquids,
maioly water. These requirements are in addition to the general

cquirements laid down in I.S. 3370 (Part t), 1965,

(c)InsUrcnghcalculetions the concret6 has iro teniile streogth'

323. Pldi corrcrctc sttttctwcs.-pl,lin cotrquclneEbers of rcia
forced@trcrrctcliquid rctalning stnrctur€s may .F deigped ad;
structural fallure by allowing tcnsion in plain ccr_'crere as p* d;

c

a

,
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permissible limits for tensiof bending speciEed in I.S. 45G1954 ,

This willautomatically take cafe of failulc due to crackiog' However

rcminal reinforcernpnt in apcoidance withthe rtquiremcnts of I'S'
4#DA shall be provided dr 0fain concrEtc structural mcmbcn'

3.3. Permissible sttesseE in cbncrctc.

3.3.1. For resistanae to cracking : For calculations relatiog to the

iesistanoc of mernbers to cracking, the permissible stresscs in tension

(direct and.due to bending) and shear shall conform to thc values

sprified in Table I. The pcrmissibli: tensile stresses due to bending

apptytotbefamof themembQrincontract with .the liquid' Io
ri":.U* lgos than 225 mm. thick aud in contact with the liquid on

oneside, these perrrissible strcsses in bending apply also to the face

remote form theliquid. ' . '

T^ELE 1 : PERMIISIBIS @NCX.EIE STRESIIES IN CAICULAIIONS' nnrirrNo To REsrtrANcE 16 Qp,lgKING.

NorE l.-Stress limitations for liquid retaining faces shl-ll also
apply to the followiug :-

(a) Otberfaees within 225 mm. of theliguid rel?inirg , [r"(e

16) Outsido or qtcrnal faces of structurrcs :.vay from thc liquid
but placod in wator loggod soils up to th.o lovol of higheit subsoil
wattr hvol.

Nors 2.-Tho permissible stress of 1,fi)0 kg /cm.g in (i), (ii) aad
(iii) may be increased to 1125 kg./cm.t in caso of doforoed bals

.and ia cass of plain milil stoel bars whon tho c:oss roinforcerent
is spot weldcd to tho maitr reinforoemcnt.

3.5. ,Srinecse,r due'to Drying Shtinkage of Temperature Cht.nge:

Strosses duc to dryicg shrinkage or temperature may be

igpored Providoil that :*
(a) the permissible stresses specified in l. f airit 3.4 are not othor-

wise oxcoeded.

(A) 'a&quato precautioos aro takon to avoid cracking oI concrete

duribg tho constrtiction perioil and until the roservoir is put iuto
u30.

(c) ths recommondations of this codo (see I.S, 3370 @art I)
1955 as regardthe provisioos ofjoirts anil forsuitableslidir'g
layer blneathihe reservoir are complied with, orthe reservoir is

to be used only for the storage of water or agu@us liqrriC's at or
near ambient tmperature and the circumstancesare s.uch thaF the

concrete will never drY out'

Grade ol
concrcte

Teislon dae to
bending,

(3)

l5
17

18

20

22

u

Diraa knston.

I (2)

ll
12

l3
15

l6
l7

(1)

M 150

M2m
M 250

M 300

M 350

M 400

Permlssble stresses kg. I cm.z Shear.
(Qtbjd.)

(4)

l5
t7
t9
22

25

27

I,P00 lrg./cm.e

1,000 kg./cm,?

1,250 kg./cm.a

1,fi)0 kg./cm.i

1,250 Lg./cm.'

1,250 tg./cm"c

s.i-Z.For3trength calcirlation'-In strength calcutation ' the 3'5'1' Shrinkagp stresses may' however' be required to bo

permi*sible concrete rl...{* ;iJibc'i" """.ii"1" with'e oi I.s calculatetl in special cases' *hen a shrinkage confrcient of

451.;1964. Where tne Jrcrl"t.a 
-shear 

strees iir concretc alone 30ox lO-c may bo assumed'

J'*I;il"permissible vdlue,ieinforceorentactingin ooajunctio, ,whcn rhe shrinkac€ s

withtliagonalcompressioriin th6concreterfr.ff U"iio"il-#;;-"k" t's,whcn tho s[rinkage stress€s aro allowod' tho pqmissiblc

ffi;ril;i;;;""" , 
Prvvrsw '!vr4^c 

X*;tm'*,'ffi:'Jrfi;:i;$"S:1irbc'lng)ageiven 
iir

,,1#;ill"li'r:ff;:,:{:#:ffi-lHii:i?;1i""'x'1::# g"';rmgn.*i}l'#'iil#ilffi#':H'v of aonbreto

for av'idance orcracB;, the rensil tlp. io qy" ir*i f;u i"l#o"i u*tLuv rlrying out. unloss it ir ostablghcd on ths basir of tssts

bvinorcquire,eotthatthepermisibretensile.stree;ldd:'iff. :ilffit"rf;:At*5*iH;qffiff'tr$ffi fr:ff;';
iJrJi"i-.i.O.a ; so thctcosilcltt€ss iartcelshallbe equalto the osv:'

I.ilip.toltg allowableiteorilcstress in concrete' 4. Floors.

j.4.2. Fo, sficngth.Calculation :-In strength- calculations'the

n".riiitiUi" t t*"s in s@l riinforcement shall be as folloq's :-

, (i) Tcosile str9s in 
,F:mbffs 

in direct tension' 1'000 kg'lcm'l

. 4.1. Provisions of Movomont Joints I Movomont joints shall bc

,-tiJi"."-r'atanco with 8 of !.S' 3370(part r)i-tgeS'

4.2. Floors of Tanks Resting on Ground.-':If rho tank is restil8l

eirecify oveg ground floor may bo constnrcted of colcrpte with

ioii"ir put*"tagoofreinforcemint(soa[ thffi l[61 minimum spss-

f"d; O providcil it is oertain that tho Eound will carry the load

itnirt'ipiiJ"tL subsialencc in dnv par-t ard that tho cotrqote

ri.Irrrr"Jt p""ult with siilel not mgrc than 4'5 mctres'with

coilractioo,or oxpansioqioints.berleo-nr.-,I1 such cases a screed

;;;;i"r"t oof utt tit"i z5 mm' thick iiliall frst bc n!9ceit : .o.P'tli."
oiirid ".i 

*r*a with a.sliiling laror of biturnen papcr or 'other

-;rttilb matgrial to destroy tho bond belwepp tbe scrted.pn'l floor

concrEt€.

In noimat cirqrmstaitoe; tb strod'laFrrshelt bb of grde not
*qk"i thrp }IIOO spociffGd ir I.9.4561964, whcro iqfurious soils

"r r"irrt* wator .aro orpedod, tho scrbcd tayer ehall to of 8rad c
iiiTrfrr rhan M I5O sDdficd in I.S.4561964 anC if rGocssa'"

i-ripi*.iJrt r.g ot oih.i tpuct"tcomGmt shorrld be o+d' : ' '

. . . Oo liquid retaiiring fat.e of mqnbcis ' . ' :.

Onfo&away fromliquid for mcnrbersles-s -

than 225 mm. t$ck'

On facc away from liquid fot menbers 225

mm. or more iir thidrness'

Gii) Tonsite stress.lo s6p6l lsinforcement :-

For me,trbers lcbs that 225 mm' iu thickness'

, For mc,mtcrs 2i5 mn' or urore irl tlickn€gs'

(iv) Conprqeivc,itrcss in colunm subicct'io 
'

dircctload.

a



4'3. Floors of tafifts restlng on supportsi-Ifthetarikissupported
oB walls or other similar silrpports, the floor slab shall be destped
as floors in buildings fot bonding moments due to water 

'load 
and

self weight. The worst con<Iitions.of loadings may not be those
,'g iven in 9' 3"of I.S. 455-1954, since water levolextends over all spans
in normll construction oxcept itr the case of nrdti+ell tanks, these
will hlvi to be <tetermined by the itesigner in each.particular cas6.

4.3.1 . When the floor is rigidly connected to the watls (as is generally
the case) the bending rnoments at the junction between the walts
and flmr shall be taken into account in the design of floor together
with any direct forces transfcrred to the floor from the walls orfrom
the floor to the wall due to the suspension of the floor from the wall.

If thdwails are non-monolithic with the floor Slab, such as in casc
ryhere movement joints have been provided between the floor slabs
and walls. the flcor shall be designed only for the vertical loads ou
he floor.

4.3.2. ln continuous T-Beams or LBeams with ribs on the side
rembte from the liquid, the tension in concrete on the liquid side at
th: face of the suppcrts shall not exceed the permissible stresses for
controlling cracks in concrete. The width of the slab given in 9.2.2.
ofJ.S. 45G1964 shall be made the basis for calculation of the resis-
tailB.to cracking of T-Beam, L-Beam sections at supports.

4.3.3. The floor slab may be suitably tied to the *alls by reinforce-
ment bars properly embedded in both the slab and the walls. In
srch cases nd separate beam (curved or straight) is necessary under
the wall, provided the wall of'the tank itself is ttesigned to act as a
beam civer the supports under it.

4.3.4. Some times it may be oconomical to.provide the floors of
circular tanks iu the shape of dome. In such cases the dome shall
be designed for the vertical load.of the liquid,over it and the ratio of
its rise to its diarqeter shall be so adjusted that the stresses in the dome
arc, as far as possible, wholly compressive. The dome shall be sup
ported at its bottom on the ring beam which shall be designed for
resultant circumferential tension in addition to vertical loads.

5. llaUs.

'3.1. Provisiott of Xoints:

204

. (a) In plane walls, the liquid pressure is resisted by both vertical
and horizontal bonding momenk. An estimate should be made of
the proportion of the preesure resisted by bending rnoments'in
the vertical a[d horizontal planes. The direct horizontal tension
caused by the tlirect pull due tg water pressure on end walls should
be added to'that resulting from horizontal bending moment. On
liquid retaining faces, the tensile stresses due to the combination of
direct horizontal tension and bending action shall satisfy the following
ondition :-

tlCt,
*<1
dct -

Where t' : Calculated direct tensile stress in concrete,

t : Permissible direct tensile stress in'concrete (see Tabte l).
dctl : @lculated tensile stress due to bending in conbrete,and

cct' : Permissibte tensile stress due to bending in concretls
(ree Table l).

(6) At thevertical e6ges where the walls ofa reservoir are rigidly
joiood, horizontal reinforcement and hanch bars rhould be provided
to resist the horizontal bending moments, even if the walls are designed
to withstand the whole load as vertical beams or cnntilevel without
ateral zupports. 

'

(c) In the case of rectangular or polygonal tanks, the sid'e walt6
act as two-way slabs, whereby tlle wall is continued or restrained ia
tde horizontal direction, fixed or hinged at the bottom and hingcd
or.free at the top. The walls thus act as thin plates subject to tri-
angular loading. and with boundary conditions varyiog betweenfil
restrainl and free edge. Tlre analysis of moment aod forces may be
made on the basis of any rooogpized method, However, momentr
co-efficients, for boundary conditions of wall paoels for some cornom
or-cas€s are'given,in I,S. 3370{Part IY) of thiscddeforgeneral
guidance.

5.4. Walls of cyliildricdl tanks z While designrng walls of cylin:
drical tanks, the following poiits should be borne in mind : -

(a). Walls of cylindrical tanks ' are either ca$t monolithically '

with th€ base oi are'set in grooves and key ways (movement jointsi.
In oither case deformation of the wall under the inf,ueoce of liquid
pressure is restricted at and above the base. Consequently, only
part of the triangular hydrostatic load will be carried by ring teniion
and part of the load at the bottom will be,supporte.d by cantilever
action.

. (D) It is difficult ro regtrict rotation or scttlGmcrt of the
bascelab and lt is advieabld to provide vertical reiofor"ement e,
if the wslk were fully 0xcd at the brse, in additlon to the rein-
forcement required to resisi horizontal dng tension for hinged at
brse oonditlon$ ofwalls, unless the appropriate arnount of friry
at thc tas€ igestablish€d by aoalysis wlth due copsid€ration 6
the dimenslons of the besc elab, the type of joint bctween the
wall and slab ard, where applicable. the type.;f soit supportins
the base slab.

5.4.1. Cobffients for ring rension and verticat moments for
different conditions of the walls for some common c"r". u."
given in I.S. 3370 @art IV) for general guidance.

6. Rafs.
6:1. Provlslqt qlf"movemetttJoifrr.-T; avoid .he possibility of .

sympath€tic cracking,it is imporlr-nt to en$ure th"i ;;;;;;
ioints in the roof correspond with ttrose ln walls tf ioof *J;;ii:

t':+
t

5.1.1. Sliding iolnts at the basz ol thc wall : Where rt is dested
to.allow the walls to expand or cohtract Separately from the floor or
to prelent moments at the base of the wall owing to fxity to the floor
sliding joints may be employed.

5.1.1.1. Considerations afecting the spacing of vertical moyem€nt
joints are discussed in 8 of I.S.3370 (Fart fll965. White the m4io-
rity of tbesc joints nay & of th6 partial or complete contraction type,
sufrcidnt joints of thc crpaosion,type should be provided to saiisfy
the re'quireincnts of 8 of LS. 3370 (Part I>1965.

.5.2. Prcssye on walls z. 
.

5.2.1. In liquid retaining structures with fx€d or floating covers,
.tte_ Sa1._Orcsure developed above liquid surface shall be 

"aO"at"phe liOuid Pr€$ure.. i
6.2.i. Vlhco the wall of liquih raaining strucirue is built inenormd

ot has earth embanked ageinst it, the effect of earth pressure shall bc
,takeninto account as discusecGio 4 of I.S.3320 (part D-196j.

'i:3.Watli.ol totk rcuqular qr potlgotulin pla: While
aixigning thB waUs $rylnS9tar.or. po.lygonal cgncr$9 tarls, ihe
following p<i'ints sbould be borne in mind :- :

E
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7., Dcuiling.

1.1. Mitrtmum Reitforc ePent.

7.1.1, The 'pinimum rci[forccm'ent in wllls, f]oors and roois
i n cech of two dirtctio,ns at riltt aagtes shall have ail area of 0'3
Dercent of thc eoncrete soction in that direction for sectiong

,pto 100.-. thick. Fop seeri'onsof thiclntss greata tban lfl)
mm. and lcss than 45gmnf. 1tr6 minlpuB rciofqccoent in each

of thp tso dilsctionsshallDe lioearly reduced from 0'3 Dcr ccnt for
100 4m. thick section ro p'2 perctot for 4fl) mn. thic& scc.rion.

For roctionr of tticloess;reatGr thao 450 mm. minimum reinfor-
cenmt in eaCh of th twd diroctions shall be lbpt at 0'2 per qent.

In c"ooslte gectio8s of thicfnoqg 225 me.. o( Stcattr, two laycra

"t 
roOi*O"C ttocl !ha{l 6e placcd oDc nGar each face of inc

.""ti*to srate up, the minimur,r reinforcement specified in thie
clauco.

2.1.2. In spocisl circubstansB (sec 4.2) noor Jtab8 mty be
conltructeal with p€rcfDtato of reinforcuent l€ss than tbat
spociGcil atrrre. In oo dasG fto peroentago of reinforccment in
any mcmbor shall be }€stJhan that spccifcd in I.S. 45G1964.r

7.2. Minimtt w covct rb rcilrtoreane rrl.

?.2.1. ForUOdd facqs of parls of members eithcr in contact
with ttr liqrdd or soc,ldsiog tho Epac! aboo thc liqnid (such as

inuor facos of roof sla$), thc minimum cova to all ninfcccmoot
should bo 25 mil of tde diametar of thc main bar, wlichsrcr ii
!rcrt!(. fa tne prcsc{ce of sca vattr and soilg and rattr of
corrodiyo cDiaractar thd covcJ sbould tc incrcaitil bB, l2.ErD. but
thisadditioaal covo shalldot Uc iakcn into account for ddgign

', t

c
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7.2.2 For faces away. from the liquid and forparts of the
structura ngither in coniact with thc liquid or any faco nq
eaclosing the space above tho liquid, the cover shalt conform t
the requiroments of I.S. 156:-1964.'

7.3. Size o! Bars, Distawe between Bats, Laps and Bendsz-
Dctails regarding reinfoicement such as sizc of bars. Eirtance
between bars, laps and bends in bars, aed finding of bars shall
conply with thc ltovisions of I.S. 456--1964' and I.S. 2502-
1963.

7.3.1. Bendsin&ars.-ln bends in teinforciog bars, the local
strcsses on concrdte may be increascd to three timos the value
permitted in3-3-2 foi concretein direct cohrprescioi.

7.1.2.Lops iiEcrs.-Bars should be lapped only when such
practice is uaavoidable. Whae laps aro usdd they should be

dcsigned in accordence withthe relevant require6erits of I.S.
45(-19(,4.'

.Code of practice for plain and roinforced concrsto (socond

verisioo)

ExrnAcr FRoM I.S. 134G1966.

Code of practice lor water proofing of roofs with bitwteu lelE

r., scope. 
(First Revision')

1. 1. This staodard deals with the methods of applicat ion of bit u n: en
felts to roofs of buildings designed to render them waterproof.

2. Ter4inology.

2.0. For the prupose of flis atandard, the following defnilion
shall apply.

2-1. .Donding ntqterial.-Bitumcn adhesivcs cmployed to stick the
first }aiGf of rcxrfing feli to the roof surface (orto the underlay whcn
used) or oaglapr ofroofngfcltto another and as a top dressing.

2.2, Layer.- Asiogle thickness of bitumen fclt or bilumcn.

2.1. Mttltiplc lcyer.-Twd or moe layers of bitumen felt laid wrt h
orrcrlapping joials and boaded togetber with bitumen.

L4. Bittoncn primet.-A liqud bilumen of low. viscosrly ,*hich

p€Detratcs into a prcpared surface upon application.

2.5. AndcrlSy.-A lapr of bitumer'satutatod fett somptimes

used additiouslly' betwecn the roof surface aud tbc frst layer of
solf-frbbcal bituucn fclt whco thc waterproofing treatment is to bs
isolatcd fro,m the roof stiucture.

.4. Morqialt

4.1. Materiolp lor regarding ol root arfrce.-Rogr$dirg shall bc
carriod oirt *ltn a euilable oesrent nortar incorporating a ctean,
modiu6 coarsc 8Dd or with a limc SUrRfrYf mortir or any other
suitablc material.

4.2. Bttanen Prlnw.-himct shall" conform to the reguirenents
laid alwu in I.S. 338&1965.

. 4.3. Bitt&run felts.-Ihcx shall comply with the reguir€nients
laid dominI.S, 1322-1965.

I

t
I

.)

are Eonolithic. If, however, poiision is made by means of a

sthins hint for movem€nt b€tte€n the roof and the wall, corres!

pondonce of joints is not so ifiiportant.

' 6.2. Inadirrg=Fiixe(l covers dt tiquiA retaining structuros should

Ue-designed 161 gravitv loads, isucb as the weight of roof slabr

earth c<rvcri if any live loads, and urechanrczl equiPment' They

.ffirfA "r* be desigoed 1sr upward load if tbe liquitl retainiag

itructure is subjecteal to iotcrDal gas pressut€.

6.2.1. A euperficiat load sufrcient to ensote safety with rhe

".rirt ioteority of loadinC whibh occurs during the placing of the

iiiiU 
"or"r 

should be allowefl forin desiSning roofs. The engi-

n*r sloulO spqcify a loadinE under. these tcmporaty ssnditioos,

Ji.l:rfr"nrA *t be exceeilsd. In designing 
-the 

roof, allowance

snoufe te maale for tbc tcBpprar' condition of somrc spans loaded
' ioa o.tor clxos unloadetl. erlen thowh in the 6nal state the load

."v t" soall aoa evenlY dis$ibuted'

6.1. Yatcr-tightle.rs.-In'base of tanks intended for rhe storagc

of *nt* fot tlomestic purlroises' tbe roof must be maie water'

iir,t,. ltis may be achievdd by limitlng the s.resses as for the

-itof th" tark orby thouso of tho. covering of water proof
gtLUp""or 6y proviiilg siopes to olsuro adequate drainage.

"6.4. Protection against porrosi'on: Protectivo measurcs shall

be provided to tho utrder side of tbe roof to prevent it from corro
sion dueto 

"s6{6nss1ion. 
l

i
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' 4.4. Bonding materlols.- Thexr- shall consist of blown type bitumen
coiforming to LS. 702-1961 or residual bitumen conforming to
I.S. 73-1961 or a mixture_ thereof, selected to withstand local
oonditions ofprevailing temperature, and gradient ofroof surface.
The penetration of bitumen shall not be more than 40 when tested
in accordance with I.S. 1203-1958.

. 4.5. Nails.-The nailS-for fixing roofing.felts, with round extra
Xarge head with a diameter of llmm and overall length of 20 mrn
shall be galyanized and shall conform to t. S. 723-19 6t .

5: Water proofing trcatmerrt|

5. t. Ia selecting the combinations of layers and grades of fclt to be
used, consideration shall be given to the type and construction of
buildings, climatic and stmosph€ric conditions and the degree of
permanence required.

5.2. Concrete arrd ,tasonry roofs, flat or sloping.-ll1s following
treatments are recommended :

(a) Normal treatnent, Four courses for moderate condition;
himer conforming to LS. 3384- 1965 to be applied to the roof

surface:

(l) Hot applied bitumen at the rate of i.2kg.7mr rnin ;

t2) Hessian-base self-finished felt, type 3, grade I ;

(3) Hot applied bitumen at the rate of 1.2 kg/m8, Min; and.

(4) Pea-sized gravel or grit at the rate of 0.(X)6 6s/6s.

OR

Floting trealment :

(l) Fibre base bitumen saturated undeitay, type I ;
(2) Hot applied bitumen at the rate of 1.2 kg./m2, Min ;

(3) Fibre base self finished felt, typc 2, Grdde I or Grade 2 ;

(O Hot applied bitumen at the rate of I.2 kg/ms; snd

(5) Pea-sized gravel of grit at the rate of 0.008 als/6s.

- '(b) Neavy treatment.-sixcnrJrses for scvere cotrditions ; Rimer
conformingto t.S.3384- 1965 to be applied to the roof surface:

(l) Hot applied bitumen at the rate of 1 .2. kgl mz, Min ;. .

(2 Hessian baseself-finished felt, type 3, grade, l i
(l) Hot applied bitumenat the rate of 1.2 kg/ms, Min ;

(4) Hessian -base self-finished felt, type 3, Grado I ; )

(5) Hot applied bitumen at the rate of 1.2 kg/m2, Min ; and

(O 

.Pea 

stzed sr"*, t 
:l: 

* ,hc rate of 0.006 6s/6s.

. (1) Hotappliedbitumenatthe rateofl.2kglmsMin;

(2) Fibre.base self-finished felt,type 2,Grade I or grade 2.

(3) Hot applied bitumen at the rate of I.2 kg/s1s 1,4;n .' ,

, (4) Fibre-baseself-finishedfelt,type2Gradi t,or'grade2 j

i (5) Hot applied bitumen at the rate of 2.5 kg/md, plin; anO

(O Pea+ized gravel or grit'at the rate of 0.008 6a76i.

Floating treatment-

(l) Fibre-baw bitumen saturate.d underlay, type I ;

(2) Hot applied bitumen at the rate of 1.2. kg./me, Min ; . _
(3) hiUreUase self-finished felt, type 2, grade t or grade 2iA
(4) Hot applied bitumen at the rate of 1.2 kg./mr, Mitr ;
(5) Fibre-b,aso self-finished felt, type 2, crade 1 or grade 2 ;
(O Hot applied bitumen at tho rate of 2.5 kg./ms, Min. and
(7) Pea-sized grvel or girt at the ratc of0.008 sr8/rn2.

(c\ Extra. heavy treilment i Eight courses for very severe
conditions ; Primer conformirg to I.S. 338r1-1965f to be applied
to the roof surface I

(l) Hot applied biutmen at the rate of 1.2 kg./rna, Min.
(2) Hessian-base self-finsiheil felt, type 3, grade I ;
(3) Hot applied bitumen at the rate of l.2..kbJmr, Min. ;
(4) Hessian-base self-finsihed felt, tylrc f, graOe f ;
(5) Hot applid bitumen at the rate of 1.2. kg./ma Min ;
(6) Hessian-base self-finsihed felt, type 3, grade I ; ' :

(7) Hot applied'bitumen agthe rate of 1.2. kg./me, Min.; and
(8) pea sized gravel or grit at the rate of 0.006 6a7m4

OR

(l) Hot applied bitumen at the rate of 1.2. kg. / -j, V. ;

(2) Fibre-base self-finished felt, type Z grade 1 or grade 2;
(3) Hot applied bitumen at tbe rat€ of 1.2., kp/mr, Min,;

. (4) Fibrobase self-finished felt, type 2, grade I or grade 2;
(5) Hot applied bitumen at'the rate,of I.!, kg.fm:, )trii,;. (O Fibrsbase self-finished felt,type 2, Erade I or,gpadc 2.

(7) IIot applM bitumen at the rate of 2.5 kg./ms,,Min ; arid
(S) Pea-sized gravel or grit.at the rete of o.O0b .en"r. . .,

,.J:#r:?;f.J* 
tvpes and erades or reie rerer to'ffi gi1tq to

; .:

Norr (2).-Where pea-sized gravel ot girt are not availablo,
ooarse may be used.

6.2.1.3. The felt shall bo fust cut,to roquired lengths, .bruSed
clean of,dusting matbrirrls and laid:outflat bn the roof. thii: dervos
to elimirate curls and sub,sequent strctahing. Each leoEtfu,,Of felt.
prepared for laying as described aboveshall belaid in position and
rolled up for a distance of half of its length. The hot bonding
material shall be poured on to the roof across the full widt[ of thi
rolled felt as the latter ib sEadily rolled orlt and prresed dorm. The
excess bonding matcriat is squeeaed out at the ends im<l is r6movod
asthelayingproi:eeds.' I ,' ' " ,:

,. . .. !...,
.6.2.'1.!,When the fust half. of the strip of felt. has bpen bosded

to the rgof, the,&per tratt stratt Ue rolled up an! theq gnrqlpd pn
to the hot bonding material in the same way. . j.i.. ,,

6.2.1.5. Miniumm overalps of lfi) and 75 mm. statt U'dlioweA at
the end and the sides of strips of felt. All overlaps shall be firmly
bonded wilh hot bitumen.

a
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6,2,1.6. The laying of the secopd layer of felt shall be so arranged

tbat the joints are staggered with those of the layer ben€ath it.

6.2,1i1. lt case of poot roofs where the type of treatment consists

of one layer of felt only, in normal treatment (see Fig. 5.2), an addi-

tional layer of felt sball.b€ provided at thc ridge which shall cover a

minimurir leo6h of the slope of 250 mm. on both sides of the ridge'

6.2,2. Ftashines.-Felt shall be laid as flashings in widths whercvcr

junctions of vertical and horizootal structures occur wlth mioimum

Lveda$ of 100 mm. The lower edge of flashing shall overlap tha

felt laid on 0at portion of tbe roof aod the upper edge of the flas.biog

shall be tuc,ted into the groove made in the parapet on the vertical

face of tbe wall. Each layer shall be so arranged that the joints are

staggered with those of the layer beneath it.

6.2.2.1. After all the layers spocified have been laid aad fl6 flaqhingg

oropcdy bonded; the gtroove 6hall be 6lled up. with cemeut mortar

ir *a*t concretc which when sct will satisfactrilj s€cure the treat-

mcnt to tbc wall. .The groove filling shall be cured by watering for
at least 4 ihys after fillilg to ensure satisfactory str€ngth and to avoid

shriokagc cracks

6.23, Drain mouths.-Dratt moutbs shafl be widened and oJher

items of worth completd. Felt sball be gcn€ratly laid as on tbe other

oortioo of the roof excepting that the treatment shall be canied inside

it. araio pipes overlappiog at least 100 mm.

6.2.1. Guttas.-Tfu hoatrient to be laid in tlie gutters shlll provide

for ore laycr of roofing felt more rhao is providod on tha roof proDcr.

ffime * tcast two layers of felt sball be laid in the gutters aren wbon

only ooc laycr of felt bas beon spceifod for the roof as in normal
trcatm€ot (sac 5.2) A priiniog coat sball first be applied. OvGr

thtu, thc frst layer o{ fet shall bc bonilcat with bot bitumc folhryoil
by suoccssiyG laycrs of felt sccurcly boodd togrther and foslly
paintoil vith a coat of hot bltumn at not lcss tlran 1.5. tg/mr.

6.2.4.1. Tbc fclt layers laid scperately in the gutt€rs shall be odr-
tappeit vith tbcorrcsponding hyers on tbc roof propcf.

62;12. fbc fclt hGatEGEt in thc gutttrs ehall bc carrfGd akltn
lnto tho ortlcl pipcs to a ritiirlmum dcpth of 1@ mm. Whcnc lhao

466.3-.27A.
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are walls, gfooves shall be cut out at a reasonable height and tbe felt
tueked in the grooie which shall thea be filted io with cement mortaf,.

6.2.4.3. For gutters in pent roofs, the flashings shall be laid separa-

tely at the sides and carried welt und6r the caves of the penf roofs.

6.4. Shell roofs:

6.4.1. In the case of shell roofs, an additional layer of felt shall
be provided for the valley gutter for oormal treatment and for other
types of treatment, the number of felts in the valley gutters shall be

one laye,r extra. The treatment on the valley gutter shall be.laid
first and the height to which the felt is to be taken shdll be at least

150 mm. above the anticipated standing water in the gutter. For
nororal treatmetrt on pent roofs or shell roofs ; the telt shall be laid
parallel to the direction of the run off gradient. The felts in case of
shell roofs shall belaid from one edge of the valley gutter to the other,
that is, round the curvature. In the case of northlight cyliudrical
shells, it can either start from the valley gutter or from the upper
edge. The upper edge shall be socurely anchorcd at the edge of the
shell.

Norr.-Where insulation has bcen specifed, the insulating material
sball b€ applied on the top of tbe shell surface and plastered, if
necossary, with cement mortar to provide adequate base for applica-
tion of the waterproofing treatm€nt.

6,.4.2, Surface finishine.*lostead of the normal bituminous grave

finish the surface may be fnish€d as follows :-
(a) With two coats of bituminous alumioum paint, or

(DlOne tayer of aluminium foil struct with hot bitumen, or

(c) One laya of cold applied bitumen with gravel or coarso

cand.

a

6.5. ExWtsion Joizr,v-Expansioo joiDts soan h deeigncd to suit
-ttc iequirmeots of each roof. Erpansion joiat oovcrings may be

zinc or of tcad shect or of bitumen felt. In case of tbe lette, a
minimum of two laym of bitumen felt, type 2" gade 2 as spcifed in
LS.'1322-1965 sball be used witb a top drcssing gravel or othcr suitg-
bh finish. Tbc O,pkal cascs aro illustratod in Fig. 2.

ll
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6.6, Treatnunt of bubble formatlon.-If ballooniog occuis which

do€g aot in fact qdVersely affect thb efficieocy of the water'proofing

trEatnrent but is unsightly to lookrat, the defect may be rectified as

giveo in 6.6.1.

6.6.1. Renpve the gravet on the ballooned surface. Then cut

d;'il-il,*^ oot1n" tr"pEd vapour bv firm pressure applied

Uy tana. Sprt tU" bitumen felt Bo lifted, back on the surface by

applyrng adtlitional bitumen. Fipally seal the cut with a piece of
b-itumen fek dith bitumen application and reapply the gravel finish

over it to niake the surface lookluniform with the rest. 
.

7. Inspection atd maintenance:t

l.l.lt is recommended that +rangpments should tre made for a

detaild inspection of the wafer proofing treatment periodically

preferably prior to the advent hf the rainy s€ason' with a view to

repalringf any apparent defects qtnd to ensure complete water'proofing

HrrRAcr Fnou I.S. 4365-1967.

Code o! practice lor applicationof bttamen mastlc for waterproofing
of roofs.

l. ScoPe.

1.1. This standard lays down the procedure for applying bitumen

mastic for water'proofing of 
'rpofs 

and its maintenance.

i.tvtaterulsz , " '

2.1. Bltumen ma*ic.-IhiE shall cbnform to i.S' lOlz-tXs.

22. Bondtnc muerials-Thaeshall consist.of Uow ty,pe bitumea

conforming to I.S. 702-1961 or residual bitum€o Conformicg to
LS. 73-1961 or a mixture thereof, selected to withstaod local condi:
tions of prevailing tempe4ture and gradient of roof surface.. Tho
p€netratio; of blown type Htu-po shall be limited to 45 when kit6d

, in accordance with I.S. 1203i1958.

3.3.1. All work above roof level should be completeit beforo
bitumen mastic is laid. If work has to be carried out on or above
the bitumen masJic after laying. provision sball be made for complete
protecJion of the bitumen mastic by the main cotrtractor.

4. Design corciderationsi

4.1. The primary function of bitumen mastic is to provide a
water-proof covering toaroof. The differeot coosidcrations gven
it 4.2. to 4.10 should be taken into account for the effectiveness
of 'the water-proofiog treatment.

- 4.2. Weather resistance.-Theweather rcsistanc€ ofbitumen mlutic
as a roof covering depends on the following :-

(a) The design, condition and strength of the base includiog
its suitability and the nature of surface to receive mastic roofing
and

(6) The technique of laying and workmaaship.

4,!. Base to receive asphalt, -The base shall bo stroog enouglr
to calTy its'own weight,the weight of the covering, insulation
materials, and any addttional surface Enishes together with live
load and wind load. t\e designer shouid study the needs for move-
meat jo,iots in th€'structirre and it is ersential that these be located
at each part ofthe chaogp of directiouofthe roof deck. 'Tho

movement joints should be continuous through vertical upstands,
walls and edges ofbuildings.

4.?.1-,Preparation of surface.-:The Sutface on whioh bitumen
nmstic is to be laid shall be truer'plane and evon, fr€e from ridgc$
hollows aod iodentationg. Where bitumen mastlo is to be &oyed

to a sgrfqge the .screed should be designed to remain frpe from
crac&s.

4.3.2. Slopestofiotsurface.-Bitumen mastic shall be laid to
an ever thiclcness on flat surfqRes. The slopes shall bo previded'in

the bise on which the roof- covering is to be laid. To ensure

4,3.1.2. For co-[crete, hollo,W tile, precast hollow .bcam of simi'
lar consfuuction'pith air irrogular surface, all stopes excopt

wheo providEd as,part ofthe structure shall be formod ofa scr@d-

ing which shall be f,oited to a plane, even surfice free from ridgps

anC indentations. Eraioage holes shall be provided to prevent any

water being ganpgd in'' the cavities of thq hollow tiles or beams

or in the subbtructurc.

2.3.
used for laying bitumen

2.4, Underlay or
conforming to I.S.

layer of bitumen felt -

2,5. Yapow burien-tlre yapodr banier should cgnsist of
hessian based type: felt c6aforining to t S. I 322:1965 with dirimum
ovcrlaps of 100 and 75 ry+. at the end dnd the iides of strips bf felt

This is use4 where neoessary as an isolating layer between the roof
dcck.and the insulating materials to protst the insulation against

thc aisorption and the effects of moisturc from below-

coated plain expapded metal iathing adequate drainAgB, the slopes shall be formed to even gradieats of
tb veriicat or sloping surfades. 

- rot less than I in 601

II,tj
:At;i4 i "'

*
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43.2.2. lVhcn the base of the roof is formed in timber the ilopes
maybe"foroad by sloping the joints.

Isoluing membrote or underlay.--On all flat roofs, it is essen-
tial that direct contact betweeD the basc and the bitumen mastic
rooftint is avoided by interposing an isolating membranc which
shall bc laid loose on a concnetc roof aod shall be nailed down on a
timbcrroof with not less firan 100 mm and 75mm Iapped joiDts
at th€ ends aDd thc sides respectively.

44.1. On vertical and steeply sloping timber surfaces (slope
grcater tlan 3O') an isolating memberaDe shall be interposed

210

between the timber base and the bitumen mastic. The isoliting
menrbrane shall bc fixed with galvanized round exm large hoadr
nails with a diameter of I I mm and overall length 6f 29 par *o-
forming to I.S. 723-1961 at not more than I50 mm centres.

4,5. Thermal insalation.-Y,lhere it is necessary to prcevcntfluc-
'tuation of temperature inside a building to con!€rve heat or to
prev€ot aa increaso in temperature through the roof structur€,
additioaal thcrmal iosulation is obtaiaable by placiog a laycr of
insulating materials.immediuely be low the bitumen mastic roo6nr.
A vgpour barrier is shown in Fig.' I iUatt U" laid betweenlh-e
base and the iosulation layer.

VAPOVI AARRIER
fut pEo ovElr
lNsUtA riO}J

bIT UMEN MASTIC tA ID ON

INS ULA TINq MATEI\IAL

r3MM BrrurxEN MAslrc VAtvl9.pRoaptvc,RE.oTI4E^II lN ONE COAT SCOftEO ANO .RIITEA-
W}TE N LAI?

lSrurn BrrUmEN fiASflc
SxrRrrNC lN TWa co^rs

Jo,Nrs RAteD our ru tdxn
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ThGRrriL lNsu LAr)or',
I N BI TUIIEI'

Ror.lb co-?Pou

TlIERMAL
a

3aREEV t

FlG.l.

'+

I

art ,,rl rl



2tl

4;6. Keying.-BitumeD mastig will not adhere satisfactorily to
vertical and stec,ply sloping surfaqei unless such sirllaces affo(d

an adeguate tey. The fotlowing preparations shall be provided.

4.6.1. When bitumen .mastic is applied to vertical surfaces.

indudios skirtinp and upstands.against brick work, 'stone'ot

conorete, tbo top of the bitumel alastic shall be tucked into a
iirio*. groove of oot less than 25 x 25 mm formed in the

oAuP PRyFlNd TRBAfMENT

POINfEP IN MORTAR
METAL FLA6HIN6

. .d,r

ZrM'ttl CHASE oUf lN t^/ALl,

z,f{M grtUfrtCf,l rvltstlo
sKtRflNc tN IWO coerS

l,

5o\Mm MEIAL TACK I?
1rd uM lNrEtr r/ALs

-, .'-.1

,p1NTS RAckea ouf 
"o 

FOr(h
t(EY rO|( tr'Tum€N ulAsltc

20 MM RTTUUEN lr,ttrrgr{ rvo coAfs

Uf[,}I5N FEL'

rro 2', FitruMEll

BITUMEN

4.6.3. Stone work.4hd type of key required depends entirely
on the kind ofitonc and on the type of stoq€work' Thp surface

of the stone shall always be as rouglh as posible.

4.6.4. Concrece.-Atl vertical concrete surfacos and those with

a slolx grcater than 3Oo shall be provided with continuous grooves

25x25 mmat approximately 600 mm centres and the surfaceof
. tho areas between thc gfooves shalt be habked, if found smooth

(Sae Fis 3) The screedi4 to sloping surfac€s gr€ater than 30o and

vertisal surfaces shatl be formed with contiouous grooves 25 x 25 mm

at about 600 mm cetrtres and the surface area$ between the liEes

. of groovcs must be fnished with a wooden fl@t and then lightly
scored in a horizootal direction.

r{Agflc LA{D Ot{

.\ \ ! I
i

\i

,SCR,EEO ROOF

uAgTtc,s(,RTlNc To 6t$CK WAt U

Af{D

10o also at junctions formed with such surfaces. a layer
reinforeemont shall be fixed securely by means ofnails.

4.6.6. Metal.-All metal surfaces shall be primed with a rubbe
bituften emulsio.n before the bitumen mastic is applied.

4.6.7. Other types of surfaces.-Svfaces which aro glazed shall
be cleaned and hacked- Surface ceatiogs, suchas paint, distemper

or lime was shall be rernoved aod the basc so exposed shall be
hacked and wite burshed.

4.7. Timber construcd;n,-When roofing is to be laid on timbq.
boardir8, the boards shall be well sea$tred of not less than 25 mm
nominal thickness and well and closely clamped togetber with nailcd,
tongued and grooved joints, or dlosety butter ifplaio edges; amis i
to opon edips should be rounded. The whole structure should be

i

i-a',,

4.6.5, Ttmber.4o pr<lvide an adequate key for bitumen mastic
, ard on vertical timber surfaces and thos€ of slsps greater than

a

'!

structure and its exposod part shall be forned witt a sptay
shed rain water.

4.6.2. Brick work.-Horhatal joint! in the brickwork shal
not'bo less than 10 mm wide, the motar shall be raked out aud
brushed clean to form a key to thc bitumen mastic (sie Fig. 2)
When bricks have an extremely smooth face, an additional key
shall be previded by hacking or similar treatment

,N6

4.,'
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,igid. The cotutruction shtll minimirc the effects ol shrinkage

wi"prg and displacemcnt orrelative Dovemeat of tlc timb:r aod
care&ould bb'takenlo guard against any conditions which might
allow deoay, Partly through tbe moisture already present in timbei

or reurltiog ftom ttre ingress of waier from other parts of the

strusturer To avoid fungal attack, ventilation shall be provided

b€fir€en tbe roof boar0ing aod .the ceilling. Adjacent to vertir

2t2',

MASTIC LAIP. ON

MASTIC SKIF.TINO
KER6

,

cal walls a free-standing wcioilca lerb 'tt&ll ,be, gectrtly nailed
to the roof @k and fxed so as to lcaee anll alr gpacA ,tcllvgen
the wall and the base (see IrrS. 4), T[e timbpr ,brt€ BhsU be
protocted from rain water 'dwing constructibD.. Eqfure the
uoder lay or the bitrrpen mastic is laid, any timlier :aflocted by
dampness shall be allo*ed to dry. Thereforc, tho; firiag of
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4,8. Number of coots atd tMehpss.-The nuobcr of coats for a
particular position ard for a givcn total tbictness depe4ds !n qch
coat oD tho msrimum thiclnces of bitun€o msstic that is possible 'Io
apply while the matorial is in a *arm phstic stat€. The reguircsrents
are as laid down in 4.8.1. to 4.8.5.

4.E.I. Or horizontal surfaccs atrd on slopcs up to 300, but cxctrudios
horizontal dgm'p.proof trcstncot io wattq two coats of e4usl thicktr€os
to a total thickncss of nst less thao 20 mm shstl bc applicd.

4.8.2. On a horizpnta! roof subject to ftrt trafic, such as a tcrracc
or balcony.trno corts of bltunca Errttc shll be apptied. The first
coat shall be miairum lO nm thicl eril tl* *tnoO coat oinimum
15 mm thick.

4.t.3. Oo vortical surfaccc othcr than timbcr including stirftlngg
upstands sod drips 8[d on slopcs ovcr 300, eith€r two coats toa
totol thictncss of mt lcss than 13 Em or three c@s to a total
of aot l6s than Z) om rhsll bo applicd.

4.8.4. On stopcs and on vcrtical sorfaccs of timbcr thrcc ooatr
ol biturilin Dsttfo shll bo cpplicd to thc rcinforccmcnt to a iotat
ttlctness 0f iiot lcrc than 20 mm.

4E.5. At thc htcrtcstioo of thc two plenes forming an tntcrnal
anglo and after thc bihrmen mastic Dae bGco ltid on horizoatal
doitng and vcrtical surfacir, a solid andc flla of bitumen Eastic.
not less tban 50 mm wide on its facc, statt tc formed ia rro.cori
rort. (.fcc Fig.3);

I qS,OoVE FORiY|€a WrH tdtzEna
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4.9, Movenen ioin t-Where it i8 coosid€red nccessary to
proviile EovcmGnt joints in thc roof struclule' 'thcso should bc

of tne twir* lccrb typc with a suirable metat capping (Saa Fig. 51.

4.10. Sot$ tcfectivlty.4he absorption of rchr hcet mry bo

subctantially rcdus€d by cmbedding light colourcd mineral 8ggr€g'rtc

in bitumco dressing compound. Thc finished bitunen mastic rooGtrg

oay also be covcrcd with light colourcd c€mcnt qoncrcte titlee or

witir a saod and c€rnsot ssrced out into paving squar6s (sec Fig" 6).

5. Methotts of laying arul workrawhlg.'

5.1. Protectlon and storage d ttutqbls.'-7. emecbaoiel uixcr
shall bs as trear as possiblc to tho plac€ whero the bitumeo srastic

icto belaidrsoaeto avoid cooli!8of thcmatcrislduringthcoomrcyaoce.
The blockb of bitumen mastic and othcr materials rcquired shall aleo

be placed as near as possible to thc area of roof to be treatcd.

5.1.1. Dry storagc shall bc provided for natcrials cuch ac felt
undedays,thcrnal irsulatiognaterial' ostal lathiry' 8au8€s 8Dd Dctal
eddrg. Normalf tho occhanical mixer aad thc blocb of mastic

nood no rucl protccdon Eltrna mds lbll bo dclivcred b
tho sitc eithGr in thc forn of bloc&r for rmcltiaS tn a mectaalcal
mixer or in a molten iondition delivercd in a mobilc mecbaaical

mixer.

5.2. Presutiorury measwes berorc layhg.-Tfu opcrator shall
not strrt layirg tho bituna mrtic until all preliminary work includin3
laying of thc underlay bas boen cooplctod. The laying of bitumcn
oagtic rball not be comrnprcod until the suface of tbe baee is su8ci'
entty eet to witbstaod. witbout danagq tho trafro involvod iD layins
operatioos. All. other worts which aro liabtc to dama8o the bitumen
mtstb shsu hsve b€€n completed. Whea this is not pcciblor
adequatc protection of the bitumen mastic against damagc shall bc
araogod prior to aod during thc cource of subsegueot building
operations. For example, special care is Decessary to avoid
damageto thcsurface of the bitumen mastic laid onthe roof by cara'
lesc handling ofsoafioldiry and other builder's accessories, by mix'
ing or depositing c€mcnt and mortar upon its surfaces, by the stor-
ingof heaw materialof any kind on the bitumen nastic surface
paint, distemper and solvents, even in small quantities, shall not be

allowed 6 drop on thc bitumen mastic. The followiog shall be

sqgured before actual laying of the mastt€.

(a) The provision of scaffoldiru aad hoisting facilitier for the
materials and Plant ;

(6) The preparation of various surfaces of the base, inctuding
the provision ofan adequate key to any veritical and steeply sloping
surfacc, alqo protection of the surfases of the base from the weather

imoediately prior to the laying of the bitum€n mastic : and

(c) The fixinr of all metal work. susfu as flashings drips and

ourlets.

5.3. Setting out thc work.-The operator shall examine and check
the gradients, the direction of the olopes and the condition of the
surface on which the bitwhea mastlc is to be laid. The deofun of the
roof and the number of operatives engaged determine tbc setting

out and the size of the bays. The dimensions of each bay shall be
such that easy control by the operator is ensured during the process

of laying and rubbing.
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hortod to about 200'C and whcn Oo bitumqr mactic hrs att$iood
8 Elico coodittoo. it rbll bc rdtstcd co*uor* to eDlre r, .

unlform aod$er. Any oourr rgltlijo twitd shdl 6en
bG eddcd to tho hoC bltumcn uadic until tho coneirtacy is unform
At oo tino durlag r@ltiry stdl tho tcogcrrtrro of tho biArmsr
mastic qaocd 2m" C. Wbhtr the bitumco mestic il traosfEd
to thc sitc in a moltco codition or mcltod on the site, thc total
duration ofhcadsaod thc typcofplsat usodlh.lt bc su&thit
the propcrtics of thc bit.men oastic ehall aot be impaired. WbE lthoeum rasticis inaruGcicotlymlrcostate to bo rcrtablo
hrtas +ell bc uscdfor trarporting thc Dstcsid, ia mnelt qlunfitits
from tho moctraobal Eirer. Tbo iosidc of the buc&et aball be coatcd
rith r 0nc, incrt dut. Ashcc or oil rhall not be rsed for this proposo

5.4. RenEltW.-Remelting sball be carried out at the siteof norks
in a mechanical mixer. The type of re6q11ia* plaat selected for
uso shall be governed by the site conditions and the area of the
roof to bo covered, Blocks of bitumen mastic conforming to I.S.
3037-1965 shallbesentto therlte.broken to piecesandtben staked
Inlayesr, f,rst round the sizes of the mixer and thcn inwards towards

the centre. The chargQ in the mechanical mixer shall be gradually

4663484

5,5. T*bttqw ollaying-
5.5.1. Spruadhg.{8) Each coat of qh bay shell be sprcad

rnd uniforoly by-mcaosofafoat to tho reommdcd thic&ooss,
on to tho prr,vioulgy prepered surfsco, tho isolating rcmlrano oi
tho prccldilg coat.

(b) E.toatof tdtum mastic aball bo follo{,od rithout dclay
by tbe sumding oost, sirc €r;rosurc to contaoiaation, for qampio
by drst or dirt, migbt impair adh€sion and caugo hlfutsiqg.

(c) fho junstion bctwccn two cootiguous dalrs of a ooaa of trhmno
masdc shall aot bo tG$ than 1i0 mm ftom corroepondng jr".ti.;
in prooodingooat.

(d) When bitumcn nastic is laid .horizontallS timbcr gnugc o
specified thickncss shdl bc us€d during the laying of cap5 6[1t 

- '

(e) When bitumeo mastic is laid on vertieal or st@Iy slooinc
surfs6eg, thc frd oat ir cssatlally.an adheino l"lrq *ilci-aC, -ari
baso to ararrs completc boDding of subscqrcnt coats.

Any . blows'shallbe picrcedand theaffocted area be carefully
matle good while tho bitum€n mastic is still warm.

5.5.2. Swface ftulsh.-laMlately after rhe completion of
taying the required number of coats and whiro tho bitumec .oti" I,
still warm, horizontal surfaces and sli&t slopee &all bo well -ib.dwith a- wood float, using clean sbarp ssod pa$irg g5O Ei,ron f.S.
Sieve and retained on 3fl) micorn I.S. Sieve (See LS. &tg(f|.,.
Special attentionshould be _giveo to the junCion bcawco bsy;
When rubbing, caro shall be taken to avlod ssnd sprcadiog oil
€xposed edgesof abay. If this ocsurs theedgpsshall bc t*rh;
oloan before the next bay of bitmen mastic is laid.

5,5.3. Final Finish.-(a) To avoid absorbtion of solar h€s6 tight
coloured mineral aggregated or pca+ize grald may Uo 

"rfryspread shoulder to shoulder over tb dtire surfaoc. Th" 
"ggg1;shall be struck to the top surlbce with bituminour bonding ;nqft;:

(b) Thebitumen mastic top may also be paved with' ccrncrot
concretoflooring tiles conforming to I.S. 1237-1919. mo *ooil
tile finishisrecommendedwhere tho roof surfaoo is suO.iecii']I
cootinuous foot trafrc. The bitumenprimer conforminq t^ ri
3394-1965 shall be applied to the surface of the bitum€o .*-fi";;
roofingand allowed todry. Thoconcreto tilc *all b" t"o6;il;
primed surface of 

- 
the bitum€n mastic by eoudog oot 

--f"oi
a can Just sufficient quantity of hot bitu
materiat. cere should be taken rot to ,q;or". ;;ill*oto*?*H
compund between the tiles, any eompound is squeezed op,. it-toirii
be allowed to get cold before removing from the surface ;l th"- #":
A spacs 75 mm. wide should be left at the angle fllet of all upstan'ig
and perimeter valls and an open joint 25 mm wide shalJ U.?oilI
at approximately 9 me of the area laid and be subsequeutlf 

-fiIl]t
with hot bitumen bonding material.

l

l

rl

I
I
I



2t6

(c) Whcro dsaoratrc fiuish lc necgssfil, aluminun pdot
, ftu froq matrrhl *lngi$l8 !"o bituryn qr*ip or agl otbr eoloupd

bit@;ut pnuhiog ffif EAf Fp U!gd.

5.5.4. Ptotcctlon ol srlae.na\ fhs tuoatrncrrt laid should aot

bo put intor*vioo until thc bitumcn mastlchas coolod to thc prpveilln
atmorp[deffietuc.

(6) Car! sbllbctskootoavloddanagototho rurfaco duc to
carels h,lClis qf hu{itcr.r hgh.

I

ETT$pr FRor( c.B.B.r.

Data thcet No. 3.

conbp uvr ron n@flf,Loafr

The unit is a pl9cest &C.C. structural component having two
cirrdar coree throughout its lenefh Gig.). The unit is shucturally
ooupleto by itself aod does not require any type of temporary subport
or propping during construction. It provides a ffush ceiling. It can be

used for floors and roofs io load bearing wall and framed structur€s.
No deck conwte is required in this schecre.

$upeadStn z

Tho nominal width of the unit is kep! as 3fl) mm. with tho actual
nflth ag 295 mm. Thoruh tho dcpth (thickness) of tho utrit wtll
dqlend upon the spanand loadlng conditions, a depth of 130 mm. can

be taken for normal situations. The wcight of such a unit will be
46 kg. per running metre. These unit can be easily handled manually
If mechanicgl haadlipg fadlities are avaihble, uoits having nomiaal
widths of 600 mm Qn{ ftp q+ can pe uscd. Tbg mi-nipun nqg"
web thicf,ness of tbp pnil is kept as 2Qmo. The top and boltom of tho
units are flush while the sido are cofrggpl€d with some dis,tlnoe
towards the en& goqved ag shprn in FigS. The cor4rgations
onthesidpoof thQ pnils, when 0llpd with rDsitu concrpte develop
monolilhicity an4 help in trap$srring th.e loads hansversety aod also
providespacefor 4egatiw reinforoeoeFt over supports. The units
are guitablo for spgus 2.5 to 4.2. metes.

t?,4QA P$qJcCTtoV
?8An c (q$guk4nou,
q til 4 A.S.Dilt

4c
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Structaral Deslgn'.

Thecored unit may be designed either by working stress or

uttimate load uothod. Deppnding upon tfte end condition o{ the

unit, it nay bs desiSB€d as'simply gupported or continuous' The

*O 
"ru 

anigned for the following two stages of loading : '

(D Stqe I-Idtts.-M unit sh8ll be checked for hendling

rtrossccconsid€ringthepernissiblestr€ss inconcr€tc at the timc of

handlin8.

At the tim of layinglthe units, the load comprises of self-

woight of the.unit 8nd tho tveiSht of conc,reto in joints betwcen two

rmits and insid€nt8l live lotd of about 75 kg'm8.

The unit shall be ablc to with stand this loading as simply sup-

ported beam.

(D SWe II- Ludfrtg\-Full load acting on tho unit under the

appropriato md conditions i.e.i simply supported or continuous.

Whcn the f,oor/roof is of thrce or mote continuous bays of approxi'

matdy equal spon, in atselrco of cxact calulationsr the following

.vatuC uay be takco for tonding momonts and shear forces for the two

stagp of lo4aling.

Forfirst stagoof loadlng :

1. B.M. at midspan:(Wc+Wi)x Lsl8.
S.F.:(Wc+Wi)x0.5 L.

Whae, lYc:D€ad qrclSht of the uoit including the in'situ

coocrde in joints betnreto units for nominal width of onc pre caet unit,
uniformly dishibut€d.

Wi:Inridmttl livc load for oni cored unit, uniformty
distdbubd.
L-Efi*tfuospan.

For tho finel stegP o.f loading :

2. B.M. in thc mftldlo of intcrior spau.:-(+*#*

:(+++*#)"
4. B.M. at support n€st to qrd support.

Wa-m_ ++)

eLOV^t OV
(w or cotp utti!'t

3. B.M. in th€ middle of c,nd span.

(

StaAF

5. B. M. at aoy other iutcior eupport.:(+* +)"'
gP.-(0.5 Wo* 0.5 Wr*0.6Wa)r

Whoq Wa:Dcad load duo to flooring/roofng tratmeatt ctc. for
nominal width of one corcd uait, uniformly
distihtod.

Wr.-Super-imposed live load for nominal width of one cored
unit, uniformly disiributd.

The unit shall also be cheeked for safe str€ss€s in shear and bond.

When deigning by ultimate load method, the unit shall be dcsigned

to have the required utilmate load carrying capacity with appropriate

load factors for {he operating load.

Desien Tdlcs.4abl.o I gives the main reinforcemelrt for rasidentlal

f,oor/roof loods requir€d for various spans @;5 to 4'2m) both
sirnplysupportcdandthroc or moro egual continuous spans. Tho

. negative reinformeot in thc ioint betwee,lr cored units at support

for cootinuitY is atso given.

Table 2 gives thc mosr€nt ofrcsistaocc and shear rcsistrncc ofcorcd
uoihforstapI8ndst Sctrloading in caso of ffoor/roofe havlng

uncqual continous spans' Teblo I ig not to bo uscd; but aftcr acrivhg
at tho bending mmcqls aod shcar forccs, the reiaforcc,cront can be

sclectcd from T[blc 2.
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Tru,E l. MAN RBTNToRAEUEI.|T IN coRBD rrNlrs AND rN TIrE JoINT Blf,wBB uNnItI ATSrrpFoRT Fotr rrsEluxAt. ilaonlrcorreDs.

Main Reinforcenew it tlnlts. Main Reiatorcemeat at suppoil

Efiectlve span ln nptres.

Nambers dta.

(2,

ilrm.

MS. Bars.

DeJormed Bars
a )
')

2

,'

No.

Sttply sryported SPot

-#A--.__--!

3 or tore conthuous slpns.

l[8. bt. or Dcfoned. bos. M.S. fus. or

3 or more con ibteas $,o$.

bars. bos or Defornctl. bos.

No. Db. No. Dta No. Ina.
,n n. ,?tm. ,rror.

restsiance resistance
at midspatt. of srq,port.

Shear
resistance.

Di4 ---tNo. Dia
mm.

No. Db
. ,rott,mrn,

4.2 .. 2 t4 2 12 2 t2 2 tO t t4 I t2

4.0 2 t2 2 tO 2 ,10 2 I t t2 I l0

3.521228210287121f
3.02t0282t26110 ls
2.5 :. 2 t 2 6 2 t 2 '6 I 8 I 6

Norr.-Apart from .self weight and live load as per Indran Standard, a load of 100 te/ms rfloo finishor a load of 200tg/m! for woathcring
c .urrc ha! been sonsidered io the carc of floor/roef.

T irst z 2. ULTDTATS MOMBTS oF RESTSTANCB ANp sEAr, Rrdren@ or CoRBD UNrI! Drrrnran RmrOrCBtGMs.

SrW I-Loadine. Stoge II

Reinfocement in nlls. Retnfo rcearnt at Eupport. Motutol Shear
tcicrorcc. rcsistance.

Momcnt of Moruntsof

(r)

No. dia.
tD,.

(4>(3)

k&m,

(s)

kg. m.

(6)

kg.m.

(7)

kg, m.

(8)

&6

309

220

143

487

3sl

268

154

kg.

(e)

14

t2

10

8

6

I t4

t2

10

8

t2

10

8

6

751

580

417

267

I 878

6s4

505

289

1,030

941

829

691

1,200

1,090

919

730

910

667

5t2

290

771

589

420

268

1,120

990

8.t8

694

1,34t

l,l@

9s0

734

8

l

2

)

l2

10

I

I

I

!

\ I

I

NoTEs.+ 1. The moment ofregitance and shear resitance 8{vr4are for 30 ern, width.

2. C,oncreteofgrade M l5O is to b" utqd.

3. Mild steel conforming to rS 432-1966 or cold twisted plain or defc rn e d bars confotming to IS y;ge-D66 are t6 be used a
reinforemcat.
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The mould shall be made ltom well seasoned good quality timbor.
For oasfing vory rargg nulneer of units, the timber mould shall bc
stifrened with steel members or ruay oe madcentirely of steel. This

LGXI'H 4 coBED r^EMBEA

PLAr.l 0F ,V\OII-D

will prove to be more advantageous arid economical in the long run
for largeprojects.

The m<iuld consists of two longitudinal memH!, it*o eud pieces,
two G.I. pipes aod clamps. The diuporioos aod slapes of various
componarts of the mould may be taken as pir Figurqs.
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Afterwards the sides are lightly tamped on thc top to break the bond
b*wecii ooidete aod mould. St6ibquently the sides are moved out
cleaned and oiled and the above $e,ntioned prooGns is re,peatod for
furthercaetiog. Amouli made ol eood quality timbc;, can bc
used at least lfl) times while a steel Eould can be used upto 500 timas.

Ihe freshly cast unitg are kept covered with wet gunny bags at
thecasting yardfor4S hours. After wards, the units are slightly
pustedto breakbond vithfloor,lifted carefullyfrom the ends aa
transported to the ciuring yard manually or in trolly in thejr natural
position,i.e.,withthe main reinforcement at the bottom. In caso
the units are cast upidc down, they sball be tumed to theirnafura
positionbeforetransporting them. At curingyard,thiuniB cag bo
stacked one above the other upto 4 numbers in a row and covcred
with gunnl bags or sand. The uniB must be cured for 14 days by
sprinkling wateroverthemandthenair cured for another 14 da!,!
before placing them in position in any building.

A fiOcnaniseU mefhod ofprodustionofcored units using pressure-
crrz-vibrati<iii t60hnique has $lso becn worked out (Project Proposel
No. 27) fdr factory production. ,

Assenbly of floorl r oof z

Tlio tdi, biriface of wall or btam suitpofts, as the case may be, is
levelled. The units are lifted one by one manually or with the help
of chain putley block or mechanically with a hoist aad placed side b5l

side acioss the span to be covered. The uoits are thm alifpe{ aoe
level$ properly as shown in Figure.s 10 to 16. Negative reinforco
osrt in thc case of continuous floor/roof slab is placed in poddog af
support.

0
I

Thc G.I. pipcs to be used shall have a smooth surface aqd shall be

straigfu along their axis.
Casllng and caring of urrits 3 '

The imer sides of the longitudinal members aod erid pieces of the
rnouid aro oiled with burnt engine oil and ass€.frUled as shown
in FlgueS oo a smooth and level surfacc castiiU Blaform, duly
oiled. The reinforcement cage is placed in position and U clamps

2 to ,t numberg depeoding upon the length of the unit are inserted

on the mould to prevent bulging during concr6ing. M. 150 concretc
with 10 mm. and down graded agEregpted is filled for the bottom
flangeportion. After oiling their surface,the G.I. pipes are introduced

through tbc holes in the end pieces.' Cohcrete is poured from the

top and oompacted with a plate vibrator. It is also possible to
r1o conqoting in one singte operatlon provided due care is taken in
vibratioa to sec that oo cavities are left below the pipes. Dudng
casting, the pipc are rotated a few times so as to break the bon{
betwecn @ncrete and the pipes. The top of the units is ffoishhi
rougb. It is also possible io cast the units uiiside do'*n anO iii thi5
case-, tho top portion which wilt form the ceiling shall Ue f,nisneA

smooth.

About ene to one and a half hours after casting, depOnding upon
tlie weatbot the pipes are withdrawn, by rotating them radially and
pulling out axially after providing support to see that the pipes remaia
in level. I fter the pipes are withdrawn, prec&st concrete discs 9 cut
dia and 2.5 c.m. ttrick shail be inserted into the cores and fixed at a
ttislanee of 7.5 cm. from the ends of the units. The mould is dis-
maafled ab'lut 4 hours after casting, by first removing the end pipe
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Ttin ccment *ash is appliorl to thesides of the units and thb joints

a-re filled. rdth M. 150 concreteirsing l0 tnm. and down graded aggre
gate, and consotidated by rodding. The concret€ ie cur(for 7 days
and lhea d he4, Id cesg. of floor, aay flooring trdatment strch as I.P.S.
or mosalc tiles or' in:situ mosaic may be laid. .Tbc "foQlinc. shatl
bs leid in bays with the bay lines in the direstion of units qoiqd{ing
with some jointr Uettvga uuits. For roof, a coat of bitumeh ii hrst
applied ou the entire surface and tben lime concrete or mud-phuska
with tiles over it is laid. The jeiats betwocn uails at ceiling arc finished

with 1:4 cement : sand mortar dppHcd with the help of a piec of wet
suony bas antr *H3tglte$$:d Tf 9*r:
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. . Ihcse ooutil be achievcd in thp followirig manner depending ot
thcif location ln relation to units.

,.
uNrt - N-9t1U

I

t+
'Il-'.,t!€ow-.U{ 4A{?ILEVER. PiICA'I

rotrD njhti(3
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Tho cantilever across the span of the unit is provided in+itu
(Fig.) by replaciog the corctl unit by precastsolidplanksfora
distance sufrcient to provide the restcrioP mome,nt required to ove,r-

come the overturning momcnt caused by loads over cantilever portion
Reinforaement is providgd overr lhese planks and projected

out for the cantileve,r iengtb and in+itu concrete is done. The canti-
lever across the span can also # provided by projectiog the beafii
supporting the units and th0n placlngcord units over the projecred
bcam io the usualway.

In cas€ of projections in tho same direction as tbo length of units,
the cantilevq can be casi,in-situ with roioforcement from uuits or

lw

WALL

from thcjoints between the units kept Projecting out (Ftg)
Alteroatir:cly,the unit itself can be cast withlprojedionlfor short caoti'
leven by properly desiguing and providing neoessary reinfo,rpeocnt.
(Fig.;.

Fixtures.

Various ffxtures like fan hooks, electric .conduits, eto., sbdl bc
fixed in the following mannei :-

(l) Fan hooks.-T:hae can be kept in tte dt-h-situ concrctc
of the joints between units by slight chipping of the edgps of thc udts
et the location of the fan. . (Fig.).'
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(2) Electric conduits.:fhx*, rray be emboddeal in the cast'in-

dhr comte of tho joiot. At risht anSles to tbo units thoy can bo

te&o along thc walls. Altcrnativcly tbey could bc placed in limo
soocrct€ or other cushioniag matorial.

(31 Etcctrtc lurrction bo'xet._Thesc .fv fi. mA titU ro*
dtugr tn tbo'cost io€itu ioiot betifn rmjts pr- crrUAq4 plins
filt'ingthoioint (Fig.).

tt\e.16leReo (AwLPLI 6

lo Ptt JuNcrto* 6oil j
A-veH Gtvove LEFT WHtr€esrttxo vxtt

ELE6TAId COilDIIIT ALA.NA
TI{E UNIT

JUlClloN Ba(.

toN
??3cArl

UNIT.

I

caMMXeaMxlweea oaFtxtrta aArT. lN SlttJoNcRele

(4) Wooden plags for exposed winag.-Tficsc may be provided

drning casting tho unit as shown in Fig.

Prcca$bw._{(l) M 150 cotrcteto with 10 mm. and ilown gradcd

cotuso aggrcgatc shall bc usod for casting tho units and filling ioints
botsmthouoits. Itmaybs ootetlfor generoal guidancethat M 150

concret€ corresponds approximatoly to 1:2:4 nomirul mrx by voluros'

The amouot of water usoil for the mix shall bo such that

ccment elurry does not flow. out of the mould duriog vibration but

ffiifiliiitaver of iater appears'on the top.

(2)lWhtto castinglhe units, thelconcreto"shatl be thoroughly
ffi'fiCieO 6v"meriG of 

'a plaG vibrator by mrving tho vibrator along

tho langth of the unit and vibrating during all pours of concrcto.

-(l) fU" G.I. pipes shall be stmight and oileil by burnt engino oil
bdort inscting in the mould. In pulling tbo pipcs out, frst slight

robtlon shall bo given. Rotation and pulling shall be dono io sequ-

encc till the whole pipe is taken out, Timber plaDks 3 c.m. wide wifi
a soicirorlar groovo of pipe diasroter shall be us€d to koep the pipes

in lsvel. If.any minor cracks appear on the surfaco, they shall bo

closod in ths gren stagp its€f by applying neat cement slurry and
finishcd with a trowel'

(4) Boforo dcmorldlqS, th6 lonEitudinel members of thc mould
rhall bo tamped bt' a wmden hammer to brcak tho bonc botw€cn the
mould ao<l tho unit.

(, Alter4Shoursofcastiog, the unit shdf be slidedbypush-
ing on tho casting floor to broak tho bond bdoro liftlng themftom the
floor. Tho uoitr shall be llf&d and handlod by a minimum of four
rftn by cupFrting tho
E'""iffit tfiAd; ihall

from tho onds. In aoy case tho cootilevering
not b€ more than 30 cm.

(O During all strfs of handling thc units shall bc kept zuch
that the main reinforpenrsnt is at thc bottom.

PEN PLI.W
,?t4n,Xlor{ii wbAN

(7) No portion oftho uoit rhrtl bc brolcn orchipped onoe it is
cast, G[ceot a- indicated in thc chcct.

(8) OD[r units fully curcd for a minimum pefiod of 23 dayr aften
casting, frcc from.ilaoage anil cracks and sound in all respect 8ht[ bs
rrssfl ia irlisg floorlroof.

(9) During construction, no heaw loa,iling shall be pcmifted
over the units until tho cast-indE coocrcte filled io the jointsattains
strenglh.

Materta| and I abour r qulremart.-

The hbour and mataials requirod for preparation of the m6dd,
casting ouing, transportation, hoistiog aad placiag of unltS and
oompleting the stnrctwal portion of the roof/f,oor
is givcn -below. Brom this basic data, kuowing the pfisvattitrg
ratos of labour and matenials, tE cost of rooflfloor can bc worted
out for any plaoc. The actual quantity of steol will vary d€Dcoding
upon thc span and loods and whether the roofffloor is dcsigncd as
simply supported or cootinuous.

I. Iutould d casttng platforn.-{i) }vlatcrials.

F

Timbcr roquircd for a mould 3.6 m. lolg
Including25p€rceotwastagc ..

9 cm. ouEr diarctd G.I. pipo

40x40 x 5 um. aogle irons for
mps., ctc.

30x5 mm. M.S.fl8t

lO mm. dla bolts 90 mm. long with
nuts and qmh€rs

:0.(571m2

:8.1 m.

:2.5m.

==7.2m.

-8 Nbs.

,



Norr.-Amouldcaobeuseitfiorabout3castioSpperitrayinsumoer
anO Z ca"tins per day in vintrr. A tid€r ooulil can be retisad at

tclrt l(ntiurc.

II. Castttg of units.-The*it*i"f. and labour roquited for casting

anit crriog 40 coied units 3.5 m. lmg aso glv€S below :

(i) Materials-

c€meot I .. 2o bags.

sand 1'5 mz

10.mm. ao0 oown gralbd- 
coarscaig[oguto- i .. 3.0ctg

' St€cl (M.S. bsrs) I . . 187 kg.'

3 mm. dia stcel hYiro l . . 19 ks.
It The quantity of steellis in case of 3 equal continuous spans'

22s

IV. Holstlig ard placfug in Psitott-
Mazloors required to placc r() units at =10 Nos't

"first f,oor (3 n. hish).

Scafrolding char8l, etc,, upto fust foor -Rs.24.00.
L.S. .

{dd 50 por ceot of scafolding chargCI for ovory odra floor levels to
t r: value giveo for flst foor upto fourth floor (12 m.).

f Add 3 Nos. of mazdoors for every cxtra floor lgvels to tho value
given for first floor upto fourth floor (12 m.) for aranual lifling with

or witbout chain pulley. In ca$e mechadcal hoist is uged, no oxfia
Iabour is r€quired.

,,

V. mriltlttrg-

(Frlling concroto in joints and pointing the V groove betwe€o

units ,O Nos.)

(i'1 Materlal* 
,

M 1j0 coocrct€ . 0.7I mE.

. Mildsteelin jointsatsupportiacontinu' 2 kg.

ors sPans onlY

Mortar 1.:4 cement : sand'for pointing Rs. 15.00

including transportable scatrokliog
L.S.

(ii) Labour-
Carpeoter

Fitter

Mazd,oor ..

(iii) lvlisccilaneousr

L. S. fof nails, wdding, etc.

Cost of cistiog Platform .:.

(ii) Latut-
Masous

Mazdoors

Bar benders'

Helpers to bal bendlers . .

, Mixer operator . .i

Helpers to mi[er operator

: Man days. .
:1 Maa day.

-2 Man days.

. Rs. 1.50 Per mould'

. :Its.0.15 Fr unit'

4 Man days.

I2 Man days.

2 Man days"

2 Man days.

I Mdn day.

4 Man days.

Si) Itbur-
Mason

Mazdoors

. 2 Nos.

. 4 Noa.'

(iii) Miscellarcous-
. Cost of bqrnl engine oil to be used on Rs. 18.@.

mould.sides, piges aod platform.
Water for mlxing,conciete and curing 5 K. lit.

units. :

' Electricity reNirsd for-operating vibra: I0 K.W.H.
tor and mlxeir.

Lumpsum fqr miter aod vibrator . . Rs. 4.80.
Nore,-Ooe mason and four rhazdoors can cast 10 rurits per day.

III. Transporthg unit bY trolbY-

ExrRAdT rnorrr CJ.R.I.

Data Sheet &.5:
Qlwuel tntt fot floor lroof.

Ths unit is a precast R.c'c' olernent, trough shaped io sectioo.

It does not rcquir€ any typo of temporary support or propping duriog

coostruction. It can be used for intermediary floors/roofs with
conveotional brick/stone walling or framed structure and no deck

concrete is required.
Mazdodrreqgiredfortransporting 5 Nos.

.10 uoits.

I

The labour .*{t# is for trasporting the units in a trolley from
the casting yard 4t ths sits of oonstruc{ion to different buildings in a
housing colony vlithin,a radius of about 2lD m.

Shape ottl Size- , '

The cross sectiooal shaBe of the unit is in the form of a hough, the

sides aro comignted and grooved at the eods to provide shear key

ac,tion betcrcco adjacent units (Figs.). Tbo ssmlnal

width of ths troit b 3fi) or 6fi) mm and the depth is 130 mrr' Tho

length of tbo uit may be kcpt to suit th€ span to bo covered but is

g*ir"ffy kcpt betweeri 2.5 to 4,2.m; The ac{ual size of a unit is

isl .r,-x ffo msr. it has a minimum flangei web thickness of 25mm

,na t".ngn" about 36 kg./m. Tbe other sizeis 595 mmxl3O mm

which bas a minimum flaogo tbi. ckness of 35 mm with minimtlm $cb

tbickoess of 25 mm and $Gi8bs about 54 kg./m. The corruptions

oo tho siales of tho units wtcn filled with in-situ concrcte develop

monoli{tfoity aqd 8l8o bslp in transferriog the loads transversely

Assuming the cost of trolley as Rs. 1,0fl) and the life of trolley as
12 msnths sith 23 working days per month and number of ,units

traosported per day per trotley as 40.

Cost of trolley for transporting
t.000

,() unrts : : Rs. 3.63.
12x23

i.
n

t
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SEC?'oN AT Be

Structural aoin-
The section and reinforcernent of.the channel unit may be designed

either by working str€ss or ultimate had method. Depending upon
the enil conditions of the unit, it may be designed as simply supported
or @ntinuous. The units are designed for the followiog two stag€s
of loading:-

(i) SUee l-loading.-The unit should be checked for handling
afuasses considering thc permissible sfuess io concreti at the time of
handling

- At the time of layng the units, the load comprises of self.weigb
of the unit and the weight of concrete in joiots betweeq two units and
incidental live load.

The unit should be able 0o withstand this loading as simply
supported beam.

(ii) Stage ll-loailing.-Fdl load acting oo the unit under ths
appropriate end conditions Le. simply supported or contlnuous.

170
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. Whcli tbo floor/roof ii of lbroq or more contiouous bays of
epprUiroatdy oqual span, h absdnce of exact calculations, the follow-
iltC rtlucs msy tro takcq fc bending m.ornents and shear forces for
tto tuo stagE of loading

l. B.M. .t midspon : (wc*W) x L2lE

S.F;:(Vc* Wt)xO.sL l

Whcso, 1/9 aM nrcight:of Oie uoit includiog the in-situ concrete
in joints bqtwesl units for nominal width of ooe
pr€cast unit, uoiformly dishibuted.

l{i - ipciilental $ve bad for one channel unit, uniforml}
distributed. I------l

L: spa8.

2. B.M. inthe miildle of inteiior span.

ff +#)*

5. B.M. at any oth6 ioterior support

( Wd_IT +)r
S.F. -(0. 5Wc *0. 5wI+0. 6Wd)L.

(

(++-#*#)',

Wheie, Wit -Dran bad &ro to flooriog/roofing tr€atm€ot' etq.

for nominal width of one chenocl unit unitormly
distributed.

WI - Super-imposod live load for nominal width of one

channel troit uniformly distribd.ed. :

'The uoit should also be chsckedfor safc strestes in sbpar anil bond'

When tlesigning by ultimateload method, the rmiJ sha[ be desgtned

to have the required ultimate load carrying capacity with appropriate

load factors for the operating load.

Mould-

Tho mould should bo rnado from well seasoned good quality timbcr

or stecl. The timber motrld may be lirpd with st€el shects to bo more

advantageous aod econominl h the loug run for large proiEc'ts.

The mould consists mainly of two componc,lrts:-

(i) tho outcr frame, and (ii) tho ioncr trougb fram.

Wc

-E

3. B.M. in the middle of span

..i

4. B.M. at support o€'xt to

( vd , ,tillllo - -:t )
L'
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The din nsions and shapc of various componeots of the mourd may be tals€n as p€r FiSs.
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Casting and curing of units.-

The inner sidp of outer frmes of the mould is oiled an.'. placed
on a specially prepared smooth and level surfaced platform duly
oited as shown in Fig. Thf reiuforcemeot cage is placed in position
antl }vf 150 concrete with lp mm. graded aggregate is frlled for the

f,angB iortion and vibrated i:vith a plate vibrator. The trough frame
is kept inside thc outer frarfe anfl concrete is levelled by moving the

trough frame to andfro. lattefwarOs tbe trough frame is fixed in
position with the outer frame and U clamps are inserted on the outer
frame. The wetrs of the channd unit are lilled with M 150 concrete,

vibrate.l and finished level. :

229

After about one hour of casting (dependiog upon the weather
conditioos), the U clamps are pulled up and the trough frame is
gently lifted off. The surface may be finished smooth with a trowel,
if necessary. About three hours after casting, the outer frame is also
stripped off. The unit is left undisturbed for 48 hours except that
it is kept wet by occasional sprinkling of water or puttiog wet guony
bags. Afterwards the unit is turned to the position such that the
flange is brought to the top. The unit is then transported,to the
curing yard by supportiog at the ends and stacked with trough on
top. The unit must be cured for 14 days by keeping the trough filled
with wator and air cured for aootber 14 days before placing in position
in a building.

The. mould is cleaned and oiled and the above mentioned proces

is repeated for further castmg.

Assembly of floorl roof.-

The top surface ofrrall or beam supports as, the case may be, s
levelled. The units are lifted on'e by one manually or with tho help
of chain pulley block or mechanically witb a hoist aod placed side bd

side across the span to be covered, The units are then aligned any

levelled properly. Negative reinforcement in the case of continuous
floor/roof s,ab is placed in position at support (Figs. )

lgcD . . ??o,-r------
TOP PLAN OF CH L NITS
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is frst applied on thc eotire surface and then lime @ncrete or mud
phuska witlt tiles over it is laitI. On tbe joint betwoen units in the
ceiling I : r[ cement sand mortar is applied with the help of a piee of
wet gunny llag filing aU liner joints and finished with deep ruled
lines for bcttcr appcarance (Fig. ).

( !+

s=crrox rT cD'(BrAar\\ SEcTlot{ Af 3E'

B:rm
h^.nfr,rrfV
[gryecrsr

Thin cement wash is applied to the sides of the units aod the ioints
are filled with M 150 concrctc using 10 mm gradcd aggrcgato and

oonsolidatett by rodding. the concrete is cured for 14 days by sprink-
ling water. In case of floor, any flooring treatmcnt such as I.P.S.
or nrosaic tilcs or in-situ may bc laid. For roof, a coat of bitumcn
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Ealcony lchaiia Proiections,-

These cotrld be acbieved in thp following rn'nner tlepending on

their location in relation to unrts. In case of projections in the same

direction as the length of units, the unit itslef can be kept projectiog

out for short cantilewr by properly designiog an'l providing oec€ssary

reinforcemeat. Alternatively the ca^ntilever cao be cast io+uit witb
reinforcenrqrt from units or form the joints betw-oen the units kept

projecting (,ut (fiS. ).

The cantilever across the span cI the unit is provided by replaciog

the chanool unit by precast solid planks for a distance sufficient to
provide the restoring moment required to overcome the overturning

moment cartsod by loatls ovsr cantilever portion. Reinforcement

is prcivided over these-plaoks and projected out for the cantilelo
length and in-situ concrete is done. The cantilever across the spao

can also be provided by proj9ctiog the beam, supporting the units

and then placing channel unitg over the projec'ted beam in the usual

way.
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Fixtures.-

Various fixtures like fan hooks, elctric conduits, etc., should be

, fixed in the foilowilg maonerr:-

O) fan hooks,-They c4n be kept in the cast-in-situ coDcrctc

of the joints between untis by slight chipping of the edges of the units

at thelocation ofthe fan (g'ig' )' \
(2) Electic conduits.-They may be embedded in the cbst'in'

situ';;ncrete of the joirt. At right angles to the untis, they could be-

placed only in lime coocreto or other cushioning material.

(l) Electric iuictton boxes.-They may be fxed with rawl, plugs

in the cast-in-situ joint between untis or embedded during filling the

joiot.

(4) Wooden plugs may be provided as shown in Fig.

Preuufions.-

(l) During all stages of erection, handle tho untis such that the

main reinforcement is on the underside only'

(2)- Position the slings,for erection of unit near ends upto O'20 L

from either end of unit and nowhere else' '
!
u

(3) No portion ofthg unit should be broken or chipped once it
is cast except as indicatod in the sheet'

(4) Only fully cured ur:its free from damage and cracks and sound

in all respects should bc used in making floor or roof.

(5) During constrtiction no hdaw loading should be permitted

ore. th" Units uoitl th9 cast'in-situ concrete filled in thejoints attainsi;;i,stn.- i '

Matcrial and labour requirement.-

The latour atrd mdterials required for preparation of the mould,

oastiog, cruing, tranlportation, hositing and placing of units and

completiogthestruc{ural portion of tho roof/floor is given below.

Fromthis basicdat4 knowingthe prevailing rates of labour and

lctcriab, the cost of rooflf,oor can be worked out for any place.

Ttoactual quantity of stcel willvarydopendiog ulroo the span and

le& ald whether thr roof/Eoor is dosignod as sirnply supported or

coltiluous.

45C3-3aA
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I. Mould and cssting platform.-

(l) Materials-

Timber required for e mould 3.6 m long including
25 per cent s,astagc \ ..

,$X4OX5 mm angle irons for fixing the trough
to mould ..

75X50X5 mm anglo iroo for U clamp

30X5 mm M.S. flat

G.I. Sheet 30 gauge
I

10 mm 6ia 6o111 90 mm long with
!E!a rDd ra&ers

0y

Electricity requiied for operating vibrator and. mixer IO KWH.

Lumpsum for mixer and vibiator Rs.4.g0

Norn.-One mason and three mazdoors cao cast l0 units por
dav.

(iii) Miscellareous-

Cort ofkerosenegrease mixture to be used on
mould sides and platform

Water for inixing concrete and]curing units

IY, Hoisting and plocing in.Posifion,- f
Mazdoors required to place 40 units at first floor

(3 m hignl

Scafiolding chargeq ctc., upto 6rst f,oor (3m hiet)
L.S.

0.105mt

4.5 m

0.52 m

7.2a

1.7 mr

Re.0t25lunit.

-5 K.lit.

8 Nos.

Rs.20.dO

E nos.

(i) Labour-

Carpenter

Fitter

Mazdoor

(iii) Miscellaneous-

L.S. for nails, wetding, etc.

No. of reuses of the mould

' Cogt ofcastingplatform

II. Casttttg of unlts.-

The rnaterials and labour rcquirod for casting
charrcl units 3.6 m long is dven bclow ::

(i) Matcrids-

Cement

Sasd

l0 mm graded agErcgate

3 mm dia rteel wire

IlL Transporting uli1s by trolley.-
Mazdoors required for transporting 40 units 4 Nos.

- The labour required is for transporting the units in .a trolley
from the castiog yard at the site ofconstruction in a radius of about
200m to different buildings in a housing colony.

3 days.

1.5 days.

3 da.ys.

Rs.2.0O

100

Re. 0.30/unil.

and curing 40

15 bags.

1.05 m3

2.1np

244 ks.,

16.5 k9

Taking the cost of trolley as Rs. 1,000, Iife o(uolley as 12 months
working days 23 per month and numtrer of units tiansported per
day per trolleyas {0, cost oftrolley for transpbrting 40 uoih.

- -l'ooo :Rs.3.63
12x23

Nors.-.[ mould can be used for about 3 castings per day in sum-
ner and 2 castings pcr day in wioter.

(ii) Labour-

Ivtasons

\[azdoors

Mixer opcrator ..
Ildpcs to mixor opcrator

Bar bcndcr

Hclper to bar bender

Y. Ftnkhbg.-

Fillirg concreteinjoints and pointing in V groove between units_
40 Nos.ri

Atld 50 per c€nt ofscaffolding charges for every extra floor lcve
to thevaluegivenfor fust floor uptofour floors(12 m).

(i) Matcrial-

M 150 concrete O.7l rrr'

Mortar I :4 ccmant : sand for pointing including
transportable sc:affoldiog L.S. . . Rs. l!

(ii) Labour-

4 Nos.

12 Nos.

I No.

3 Nos.

2 Nos.

2 Nos.

Masons

Mazdoors

2 Nos-

4Nos.
.Tha quaqtity of stcel is in casc of 3 equal continuous spans.

lAdd 2 Nos. of oazdqore for cvcry oxtta [oor lewls to ths valuo jilo for frct floor up to four loors (I2 m). to, ln"or,al liftiry wtb9, rithout cheiDPulley. 1q case mechanical hoist is uscd, oo crtra lab-our is rcquircd.
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BxrRAer rR6i C.B.R.!.

Ddtd sheet No. 7.

Precast R.C. plank flootinglroofing schene.

lto schome consists of precast R'. C. plank supportcd over partialty

Drtrttt rcioforced c'nncrete joist (Fig. ). It can be used for floors/
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oofs witb load bearinS walts aDd llrametl stucilrEs for rcsidential
buildings. Tho flooring is taid directly over the plants after the in-situ
concr€rc rn haunches has been laid and olred. The weathering
course for the roof is laid after paintinl tb roof arca with a coat of
bitumen at the rate of i.Z kg76z. This scheme has been .rr*;- fully
adopted iu some housing Droiects.
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Elenunts of floorlroaf z

The 6oor/roof consists of the following elements :-

.(i) 
Precast R. C. Plank.

(ii) Partially Procast R. C. Joist.

Pricast R. C, plank:

lq @

2ccTtoti ^T 
fLootl Lgve.L

PR&CAg| 17.C. AUl< hcfiOrtt
It is partly 5 cm. thick and partly 2.5 em. thick (X'ig. ) of

tvLS, reinforcommt and M-150 concrete. It may be made on
sizes up to 120 cmx45 cm. cnd 130 cm.x40 cm. The maximum
weigbt of tbe unit is 50 kg. For V/.C. the size of plank is rcstrictcd
130 cm. x 30 cm. In cas€ of kitchen, bath and W.C. having span
more'than 130 cm. and tho planks bcar on walls, the shape of the
plank shatl be as shown in (Fig.: ).
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The joist is designed as simply supported Tee beam with 5.0 cm.
thick flange. The reinforcement is provided as per design require
ments depending upon the spacing and span of the joist. Ultimate
homent of tesistance of Tee boam with different reinforcemen ts aro
givcn in Table I for ready reference.

rktL rfi, JCI'?T

IAEr.a-l

(Jltimate moment of reristtnce with diferenr reinforcement for pcrtially. Precastioistt (Bottom widthl25mm. Topwldthl50mm
,depth of precast portion 120 m(n, and overall dcPth v'ith-in-situ concrete 150;mm)'

A. M,S. Bars

Partiall_y precast R,C. joist.

It is a trapezoidal shaped joist (Fig, ). It is designed as a Com-
posite Tee boam with 5.0 cm. thick flange comprising of 2.5 cm

,r€cast aod 2.5 cm. lajd in-situ IvGt 50 coDcrete.

Structaral design i

The flooring/roofing scheme is deiigned on ultimate load method

in accordance with IS 456-19il .. Code of Practie for 'Plain and
reinforced concrete". Apart from self weight and live load as spccificd
in IS 875-"Code of pratice for structural safety of buildings-loading
standards", a load of lfi) kg/ma 1s1 floor finish in case of intermediate
floor and a load d2fi) kg/mr for waterprooflng treatment{or rof
hasbeeh tonsiderpd. ThePrecast Plank for flooras wellas roo
has 3 uumbers of 6 mm. dia. ,M.S' bars as main reinforcement and
the transverse reinforcement consists of 3 mm. dia. M. S. wire at 20
cm. c/c.

1990

6.032

3-16 mm

2200

1'213

Ultimate moment of .

Resistance (ks. m.,

Arca of Rcinforce'
mcnt (cmq 

,

23s

2-10 mm 2-12 at
* l=E nr

850 :970 1060 I 180 1450 1630 l7i0

2.356 2.702 3.017 3.393 1.272 4.806 s.ls2

Reirforcement.

B. Detormed furs

Ultimate Momcnt of
Resistance (kS. m.1

Aree of Reinforco. -

aent (cm2,

Rr,iaforccnrclt.

3-10 mm 3-12 mm

92A 1200 t300 t 350 I 530 l 7i0 1870

t.511 2.013. 2.262 2.356 r 2.70 3.041 3.393

2-10 mm 2-12-nm
*l-l2mm ft-lomm

t2-l2mm 2-16-mm .2-16 mm
*l-lOmm;11-I0mm *t-tZ mm

2-10 mm 3-19 mn - 2-lomm 242; 3-l)[mm
it-t2 mm *l-lomm

I-16 mm
*z-lzmm

NOTE : MilC Stcel corflorming to lS 432-1166 ard cold twistcd plain or deforncd'bars conforming to IS 1786-1966 atc 1o be use

as rcinforccment.

I
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Mould:

The mould is made from wcll seasoned good quality timber, For precast ptank, the mould consists of two longitudinat members,
t*9 e'tt pioces and two tapcring mcmbcs (Fig. ). The mould for partialty prccast joist consisb of two longitudinat members, twoend piccs, Clamp 'A' and clamp .B' (Fig. ).
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CostilS and .curing :-

R, C. Plank:

Theinner sides of the mould which shaflbe in contact with
concrete are oiled. The bottom frame is assembled and placed
on a casting platform having either mould oil applied or wrinkle
t'ree paperorG.l. sheetspreadin lengthand width sufficient to
cover the mould. The reinforcement cage with mortar cover of
12 mmi is placed iuside the mould and M 150 cement concrete with
l0 mm and down graded aggregate is poured to a depth such that
after compaction with plate vibrator it becomes 2.5 cm. thick. The
two tapering members of the mould are then fixed and Ml50 boncrete
as above poured in middle and the sides. Compaction of concrete
is again do;re by plate vibrator and concrete finished in level with
mould. The top surface is made rough by trowel marking. Afterlalf
an hour of casting, the two tapering members are lifted up and reusedIor further casting after cleaning and oiling. The bottom sides
of.the mould are removed two hours after concreting depending
upon weather, by light tamping and opening the nuts. After 24 to
36 hours, the cast unit is first slided by push and then tilted through
90o on long edge. It is transported in vertical position and
stacked against a support in the same position for curing by

sprinkling water for 14 days and air cured for another 14 days befo j
these are laid for floor / roof.

Partially precast ioist.

The joist is cast ia tho normal manner. trhe reiaforcemcnt cage
with mortar.cove of 20 mm is kept rn the mould and clamps 2 to 3
in numbcr depcnding otr the length ofjoist are fixed ov€r the moul d
Cement cor,ctete M l50with15 mm and downgraded aggr€gate
is poured in tho mould aod well compacted by placiog a Plate
Vibrator, on tho mould top, Tho mould is stripped after 3 to 4
hours ofcasting. Thc joists are traosported to the curing aroa by
holding near the onds. These are water curcd for a mioimum
period of 14 days followed by air drying for 14 days before thes6
are laid in buildings.

Erbction and assembly of f loor I roof:

Thc floor/roof is assembled in the following sequenc€ :-
(i) Place thc joists in position, align and level. Immediately

after erection, prop them at middle with a prop having a timber plank
of at least 30 cm length fixed at bearing lwel (Fig. ).

PAf,ATALLY T6ECA ThttT
2r,,r[ Tltlclt ..rooDt{
PL.ANii
looo,4tt, S|ALLI

(ii) Level the 3op surfacc of the wall and beam with l : 6 cemenr
s and morEr wher€ th€ planks havo to bear.

_ (iii) Place tho procast planks ovcr thejoists and or wall side by
side.

OF PARTIALLY-

JOI5T

(iv) Provide fan hook while placing the planks over the jois
(Fig. ).

PROPPtNq

PREc,AgT
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,Nrtru dorvGte f,,a{w

fAffiu{ry re*aet
.91t7.

<b) AC6o95 Tr+E

(v) Place distribution reinforccment of 3 mm dia M.S. wire
2 Nos. parallel to joist and two numbers pcr plank lcrcss thc joist
in thc haunch portion ofprecast pl:,nksand properly tic up with the
Projecting reinf,orcement of joist.

(vi) For roof, in. case of continuous span, providc one l0 mm
dia. M.S. bar ovcr thc support of the joist ottending I /4th of the
spao on both sidcs ofthc wall.

(vii) Apply ccmcnt wetcr at 2 kg. ccrnont/I0 mr ovcr th. preoast

voist ard in hauach portions whcrc in-situ concrete is to bc laid.

fl

cBrrEXr

€r oAr

AReHfi l(f.c-n-Ar{f..,

Fd r$rEUn.

7NECA21 rtANK JOINTS

I+il4+

?n+ l.r+rrrs
tu

T

(viii) Lay cemeit concrete M-150 with l0 mm and down graded
coarsc aggregate over thojoists and in haunches between the planks
and level the top flush with the middle portion of plank.
Thc details ofin situ coacreting for various bearing positions are
shown in (Fig. 1. In case of roof without parapet, it is better to
have planks projecting out for avoiding leakage. A maximum pro-
jcction of 10cm. in planks can be given io either direction shown io
Fig. Further, by providing sbuttering laying reinforcemsot
and concrcting a maximum projcction of 50cm can bc provided
as shown in Fig.
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(ixt Cure the in-situ coricrete for a rninimum period of l0 days.

(x) Do not remove the prop ofthejoist before the curing period

is over. In case of double and more storeyed buildings, the prop for

the joist should be maintained in all the floors till the in-situ conc-

crete on roof has attained strengthto avoid concentreted loadat a
point.

(xi) Provide floor finish or water proofing trertment directly
over th: planks as the case may be. In case of in-situ concrete floor'

242

one of the joint of thc floor bavs should be kept over the joint of
the planks.

(rii) Provide 'V' groove pointing in cement sand mortar l:4
in the ceiling along the joints of planks.

Service Area'.

ln service area the pipes, floor trap, W.C. pan, etc." are provided,
:o the supporting slab has to be suok.

-fl-@R 
FUr|
co.c.

a.c
Punlt

PARIl^tly
6nctl vt th

rl|0 fllAr:
UXIIL

Altlll3 rtrEnl

Precaudons-

The following precautions arc to bc takcn in

e5 flt6 il.Oi ttlElr

crrbr P,-bfi€fi

tfi)me

s

@

r.c

(ii) The preiast plank should be provided with a minimum
bearing of 5.0 cm. and 4'0 cm on the load bearing wall and jois

respectively. The joist should be provided a minimum be raring og

l0 cm.

(iii) Concentrated load should not be allowed on the planks tiil
the in-situ concrote has set and attaincd strength.

(iv) Minimum clear cover to the main reinforcement bars

should bo 12 mm. for planks and 20 mm. for joists

(v) Partially precast joist should be propped immediaicl" after
eriction and should bc kept in position, until the in-situ concrele laid

in the ha-unches attains strength.

(vi) The workers should not walk on the planks before concrete

is laid in haunches and has attaincd strength. Proper cat:walks

should be provided resting on joists/walls for carrying out the

insitu concreting operation.

(vii) l0 mm. and down graded coarse aggregate should be usd
both for casting of the planks and filling the haunches between the

unrts. Forjoists, 15 mrh. aoddown graded aggregateshouldbe
used.

(viii) Tho precast units should be water cured for a minimum
period of 14 days followed by air'drying for 14 days before their use

in building.

(ix) Partition walls should not be constructed over the planks.

(x) " V " gxoove pointiog on the ceiling should be done after

concrete in haunches has been laid.

Materful and ldour requlrencntsz-

The materials antl labour required for preparation of the mould,

casting, curiog transportation, hoistiog aod placing of units aad

completing the structural portion of the floor/roof is given below

rR9
OAT COEA

fP+f

fulcoay I challa P I ole c t ions -
Balcony projections are provided.along the partially precast joistc'

the joist is to be dcsigned with an ovcrhang carrying the super-

imposed loads for balcony as specificd in I.S.875'1964, in addition

to the self-load and lciad due to railing. The main reinforcement of
tho overhang is providcd at the top in the in'situ concrete, the pre-

cast portion taking thc compression. The free end of the joist is to

be propped adequatcly until the in-situ concrete attains sufficient

strcngth (Fig. ).

?ILLITG

120
?BECATT
?t.C.PUllh
pABOArrPilCr
SBT

!f,Orrp coilc.
!ilor ranl

BOOM BATI{

The details are shown in (Fig. ). To take care of thc ailditional
load of the filling and also to make thc floor leak'proof in addition

to haunch filling, 2.5 cm thick M'150 coocrete is also laid ovor

top oftbe planks.

?RECA5T
F.C'"L/$lt

(i) The top of thc walls/beamr should be levell{ with eemont

mortar I :6 before placing the precast planks.

:

n
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The quantity of steel in joist will .vary depcndiog upon the spa-n

"nO 
ioadt"od may be worked oilt from Table l' Fromthebasic

;;; -il;; t io*,ih. cost of roof/floor can be worked out for aov

pfac.i-Uv puttiag the prevailiog rdtes of matoriat and labour'

Bacic d.ata (For calculation ol Cost)-

L Moultls-

1. PrecastR.C. Plank (1,300x400x50 mm')-

(c) Materials-

Timber (Deodar/Teak) " .' 0'0125 m3

M.S. tie rods l0 mrrn. A 60 cm' long with

washer and nut 2 Nos'

Sundries for nails, et'c. (L'S') Ro' l'fi)

(6) Labour-

Carpenter 0'6daY

Mazdoors 0'6 daY

NorB.-Ono mould can bs us€d for 60 castings'

2. Partially Precast R.C. Joist (length 3'5 m')

(c) Materials-

Timber (DeodadTeak) " 0'0575mE

M.S. tie rods l0 mo. dia. 25 cm' long with

washor and nut 2 Nos.

M.s. augle iron clamps ruado of 2'5x25x3 mm 2 Nog

(D) tabour-

I Carpenter

Mazdoor ..

Nore.-One mould ca$ be used for 100 castings'

II. &sting ol com^onen s.-
l. Precast R.C. Plank(l,3@ x4(X)x 50 mm)-

(a) Mqtertols- 
l

@meot r.. 6'24W'

Coarse aggrega.te 10 mm and down 0'0175 ma

Fine aggregate'pand 0'0088m9

: Cfotal CemedJ concrete) I :2 :4:0'0196m8'

M.S. reinforceftrent 6 mm dia. bars 0'90 kg'

G.L binding *ire (24 gauge) ' ' 0'01 kg'

(b) Labour for Prlpcasting, Curing and 'stacking-

Mason t l20 day

Mazdoor l/10 day

Bhisti (Waterr$an) . . 11200 daY

Barbender ., 1l40day

, Helper with Barbender . . I /80 daY

(c) Miscellanccus-

Casting Platform Rs' 0'10

Mould oil arld cld papers'. . Rs'0'10
i
l

i

Vibrator and Electric Charges Rs.0'10

T. antt P. and Water Charges Rs.0'10

NorE.-With one mould, three to four castings can be done in one

day.

2. Partially Precast R.C. Joist (Length 3'50 m)-
(a) Moterials-

Cement .'. 18',10 kg.

Coarse aggregate 15 mm. and dorm .. 0'0519 m8

Fine aggregate,sand 0'0259 m8

Cfotal cement concrete) I t2 z4 0'0577 ms t

M.S. Reinforccmsrit (6 mm. dh. and up to 16
mm. dia) 16'06 kS;

(i) taboar for hccostlng, Mns md Stacktng-

Masoo llz}day

Mazdoor .. 3NeY

Bhisti (Waterrnan) I/100 daY

Barbender. U6 day

Helper with bar be,silcr . . Ul2 daY

(c)Mlsellaneour

-CastinS pla$orm Ro.0'20

Mould oil and paPer Re.0'20

Yibrator aod Elcctic Cbargpn .. Re.0'15

Norr.-With one mould, two castla$ can bo dono ln ono day.

I Il. Erectlon atd assemblY.-

(fraosportation withi" 30 m. tcad and ccs{ioa upto 5 n.lift.)

1. Partlally Pre@st joist-

(a') lmpphg Material-

@alli, Wedges, etc') L.S. Re. l'00

(b) I-abow-
'Mason ll20 day

1vtazdoor ll5 day

Carpentor (for propping only) ll2o day

0.5 day

0.5 day

2. Precast R.C. Plank-

(a) Materlal'

(Cement morter I :6)

Cemeat

Sand

(b) Iabour-

Mason

Mazdoor

0.08 ke.

0.0003 ms

tl4o day

3f40 day

ffi

I

/

I
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lY. Iwltucottcretbg betweel planks andoter beamy
(10.0 mr flmr/roof areaF
(a) Matertal-

Cemont .:

Coarse aggregate l0 mm and down

Fine aggrryto+and (Iotal cement @Bcrete
I :2:4:0.1336 mg.

M.S.3 mmdla. yise

c.I. binding wire (24 gauge)
(b) Iabow (upto 6 mliftF

Maion
' Mazdoor .. ' .

Bhisti (Watcrman) . .

(c) lu;^^^rt ^

Providing catwalks otc.,L.s. ..
T. and P. anO lYator charges

ErruCr PRoM d.B.R,r.
Dafi Sheet No.6.

Waff e unit for r ooll floot-
This schemo is suitablo for roofs/foors spanning in two diMions,

having a spao of 9 m or above in eithor diroctioa. It consisb of
nominally roinforced procast consote units callod waffounits laid in a
grid pattem and oast-ln-situ concrcte in tho Fints bstren thpm,
together witb ths requirod amount of rcinforcmont (Fig. )
No. deck cotrcrcte is provided over'tho units. Tbs ftndbsd slab
has a pleasaot grid pattern in the soffit.

ru .5tTECOrc UNIT

AFl\N

'WAFFLE UNlrS LA|O tN 6mo R{

Icf-YlEry-SEJYAr r Ls u tr I t

borro{ vtLv oF vArFlI{ uNtT

thc units could also be made with projection! only or two oppositc
sides pr with no projection at all. The thickness of the top llange
and tho side webs are as shown in the details (Fig. ). Nonioal
reinforcement is provided in the flnage in the form of steel wire fabric
having 3 mm dia. wires @ 15 cm c/c bothways.

42.75ke.

0'120 ma

0.060 m8

2.?oke.

0'06 kg.

l/5 day

215 daty

t 15 day

ll?i day

Rs.2.50
Rs. 1.50

Y. Flni$lth$*

QO.b mr floor/roof area) . V o Groove pointing in cemenl mortar
l':4forcoiliqg.

(a) Materiat-

Comont 0'8 rS.

Sand .. O.fi)2nl
(b) I-abou-

Mason f/6 day

Mazdoor 116 day

Providing scafrolding (L.S.) Rs.2.0[

Nort.-l. Thc contractor's profit and overheads are to be added.

2. With a gang of 1 mason and 3 Mazdoors having two 6oulds
for joist and four moulds for planks, 4 joists and 16 planks can be

cast in prrc day.

Slupe and ize.-
Th units are of tho shape of an inverted trough, square or rectan-

gular in plan, having lateral dimensions upto 120 cm. Instead of
having projections from the web at the bottomon all the four sidcs.

I-lt-t-l

a
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Structural design:

The gird slabs rnay be analysed by any ofthe methods of analysis

for-t*Juo,y slabs liven in I.S. : 456-1964 or by any other acceptable

iutnoO of uo"tysis. The midspan sections are designed as Tee sections

*iif,pio"r, flange taking the compression and main reinforcement

466-3-32

at the bcttom ol insitu concr€te taking the tension. The suppor

sections are designed as doubly reinforced rectangular beams with a

w,lith equal to the sum of tho thicknesses of the precast webs and width
ol insitu crncrcte joint. A judicious choice of lateral size of unit
and their depth has to be made beforo proceeding with the abow
calculations.
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tests z

fests were carried out on the units aod elabs in i.ccordance with
l.S.: 456-1954 and were found to be highly re.tisfaotcry.

'llte 0oor asrc,mbly also withstood the ultimate load specified in
tbc Code for cftlch it was dcsigned without undergoing any excessive
ddcction. The pattern of cracks show€d thst at the ultimate load,
thc slab behaves in conformity w.ith the yield line theory. Whe n
tccted for resistance to impact, no apparent distress was obscrved
rhcn saod bags weighing 25 kg. were dropped from a height cf
1.2m.

Mould z

Thc mould consists, mainly, of two parts as shown in the dete,il
(Fis. .) I

(i) Peripberal frame which forms the sides of the units.

(iI) Iuidc !x, which forms the trough, together with two angle
iron lifting handles by which the box is remorye6.

The top of the unit is formed by the casting platform itself.

(ii') Relnforcemen.-(a) As already mentioned, lndividual units
are reinforced with hard drawn steel wire fabric, cousisting of 3
mm dia. wires at a spacing cf 15 cm c/c.

(D) Main reinforcement in the joints may be either plain mild
st^eeJ barqor deformed high strength bars, depeadiag otr the choise
of the designer as also on the availaUtity.

Metfiod of casting and curing :

The units are cast upside down in the followiog stepa. (Fig. ):
(i) Three coats of grease-kerosene oil mixturcare appliedon

the casting platform and to the moulds.

(ii) The peripheral frame of the nould is placed ou the platform.
(iii) Fresh concrete of required ;rade is poured into thc frame

in an even thickness of about hrlfth€ flange thickuess and oompac-
ted.

(iv) The wire fabric reinforcenent is placed oo the poursd con-
crete and prosed on it.

(v) More concrete is poured to a total thickness equal to that
of the flange.

(vi) The inside box is put in position.

(vii) Concrete is poured tc form the webs.

Matcrial z

$) Corcretc.-NormallycemeDt concret€of grade M 150 with
12 mm. and down aggr€gatGs aro used. However concrete of higher
s11c4[h may be us€d, as per design requirement, where requircd.

cAsrrNc PLArFoAlr
suirAcr to tE
aro FtF6

3Tro!I
METHOD OX' CASTING

unrs

aJx.f

METHOD OF CURING FORM WORK FOR SLAB ASSEMBIJY

,tll|stsllE;r oEr

SonpBr loTlr
EoD5'rrPufi

.r-?tl0P
dll

rrl.ttr 9o,(
c,o.c

rAII$C
,ll.liO

COIICBETE
9TACTI['

*!'

IRRANGEMENT OX, REINFORCEMENT IN SIJAB

a

-.



(viii) A plate vibrator is put against the mould aud vibrated
thoroughly.

(ix) After about an hour or so, depeodiog upon the weather,
tbe ioside box is removed and the inside faces are given a finishing
touch.

(x) After about 24 hours, the unit, together with the peripheral'
frame, is slightly moved to break the bond between the platform
8nd the unit, if there is any.

(xi) Next, the peripheral frame is removed'

(xii) The unit is cured by ponding water in it for 14 days and
for about another week in air.

(xiii) The unit is now ready for use in construction.

Formwork for slab assemblY

Partial shuttering (Fig. ) is necessary for supporting the slab
assembly during the construction and its attainment of strength.
200 mm. wide and 40 mm. thick planks at a spacing equal to the
aominal size of th€ units are placed in one direction only, supported
by adequate propping and shoring at the desired level'
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Assembly of rooflfloor slabs :

The main assembly is done in the following steps (Fig. ):-
(i) The supporting formwork is levelled and checked.

(ii) Units are lifted and placed on the shuttering in gridpattern.

(iii) Reinforcement cagp is placed together with spacer blocl
to Eaintain cover.

(iv) Fresh concrete of required grade is poured in the joiot and
made flush with the top of the unit.

(v) It is compacted properly by rodding or by a plate vibrator.

(vi) Water cured for at least 14 days.

(vii) Shuttering may be struck offafter I4 days of casting.

Balcony lcftajja pro.iections I

These could be achieved by projecting the slabs over the walls or
beams as shown in the detail (Fig. ). The analysis for design will
be same as that for a conventional RCC slabr on the basis of any
accepted method of analysis.

EaLcotlY /ctt*r.la. PRoJEc'T lo N

UNTT cir,sT lhl- slTu col.lc

eL I FAt{ Hodt

466-3-32e'

rBlN€t oF tAll ll oo6.
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CAST tlr- eTU c,oNc'.

PLACJNq OF CONDUIT PIPE

ilHtr cA,EtT lN - SITU co}lc.

E \v1. Juilc,TloN E.,x

FtxrNq oF

TO Ftx Jur.leTlo}l oor( FLus$
cFtooyE LEFf \|/H[LE cl^syilNq

-JUNcTtoN EoX ' u{lT

UNIT CAST tN-3lTU @hl6,,

ODEN PLI'€i

FIXIN€ c,P \YOOPEN PLUq

lrcgutions.

1. Tbc concrete used shall be of the speciEed grade with 12 mm.

and down Sredcd coarsc aggrcgate. The water-cement ratio forthc

cotroratG mix shall bc controlled such that the c€meot slurry docs

*l Oo* out of the mould during vibration, but only a thio leycr of
rrtcr.Pp€ars on the toP'

2. Whilo castiag the units, the concrete shall bc thoroughly cou-
pctcd by mcans of a plato vibrator and by tamping oo tho out$idc

;f tDo nould.

Fixtures.

Various fixturcs like fan hooks, el€ctric conduits, etc., can be 6xcd

it t'he followiog manner :-

fil Fan [ooks. -'Cestiot tlrem in the cast itr situ corcrete of thc

ioiltiifir. ). Slight chipprng ofthc edges, for allowing thc pro-

i".ti.rrrttn" hook bclow thc cciling and kceping the spacing of the
-udts 

uniform, maY bc done'

$il Etcctric condaits, itt rctiofi bo x a nd wooden p,,4's.- Conduit

of reripum diemeter of 20 mm. can bc takcn through tbe joints

bctrvcpn thc units (Fig. ). Junction box and *coden plt 6s can

r|3o to placed in the joints as showri in the dctails (Fig. ).
itrc oolitions of thesc fixtues should be decided befcte ler'c, so

tfal;U of thcm can beplac€d in position at the timcof in-silu con-

crctiot.

3. Thc units shatl be handled careftrlly to Dreyent breakage of
cdges and corners.

4. Holcs, fixtures, etc., rqquircd for clcctrical fttings, andothcr
scrvices shall bc preplanncd and providcd in thc unit during casling.
No portion of the unit shall bc brokcn or chipped off once it is cast,
cxccpt as indicatcd in this Data Sbcet.

5. Only units fully curcd for a minimurn pcriod of 28 days efter
castio!, frcc from damage end cracks and souad fut all respeets shall
bc uscd in makiry floor/roof.

6. The shlttcring shell bc inspcctcd end approred by the Enginocr
in-charge. bcfore the units arc liftcd end placed on it.

7. Aftcr placin3 the units, the eligumcnt ahall be ctrecked in both
thc dircctions with strings to cnsurc that thc ribs are straight. [n no
cesc, a deviation of morc than 5 mm. shall bc pcrmittcd throu3kout
the lcngth.

8. Bcforc filling the joints between thc unlts wilh concrpte, tho
sidcs of the units shall bc clcaned and wetted and a ceat of ceacnt
slurry with 0.5 kg. of c€ment per $quarc m€trc of the area shall be
applicd with a wide brush or cloth.

9, During concreting, caro shall bo takc0 to cnsure that the reia-
forcement remains in its proper plece.



249

Material and labour requiremeilt | ,

The labour and materials required for fabricatioe of thc mould,
shuttering, casting, curing, transportation, hoisting and placing of
thc units, fabricating and placing the reinforcement, flling the joints
with coDcrete and finishing the ceiling are given below.
From this basic data, knowing the prevailing rates of labour
and materials, the cost could be worked out for any place. The
data given herc is for 10 sq. m. of area and the nominal size of wafle
unit has been taken as 100 x 100 x 30 cm. The actual quantity
ofsteel reguired willv:.ry dependinguponthe spanand loadsand
whether the roof/floor is designed as simply supportcd or continuous.

l. Mould(One No.)-

3. Shuttering-

(a) Material-

7.5 cm. dia. ballies 3.5 m. long

15 cm. x 4 cm. planks

2.5 cm. dia. bamboo for bracing

(These materials can be reused

Nails, etc. L.S.

(b) Labour-

. Carpenter

Mazdoor

16 times)

4. Transportation, placing in position and concreting-

(a) Material-

Cement

Fine aggregate

Course aggregate (I2 mm. and down)

Steel

T & P, etc. L.S.

(b) Labour-

Mason .

Bar bender

Mazdoor

Bhisti .

(a) Moterial-

Deodar wood .

G.I. sheet 26 gauge

Angle iron 50 x 50 x 6 mm.

l0 mm. dia bolt l.l0 m. long with nut and
washer (2 Nos.)

Add for neils, screrys, etc. L.S.

(b) LaboYr-

CarPcnter

Mazdoor

Fitter

IrIorr.-A mould cen br rcuscd lil) timas.
ttr unitt can bc cast Pcr deY.

0'146 cu. m.

1'87 sg. m.

1l'0 kg.

1.5 kg.

Rs.2.00

8 Nos.

8m.

8 Nos.

Rs.2.00

ll2manday

I /2 manday

3.4 bags

0.23 cu. m,

0.46 cu. m.

90 kg.

Rs.5.00

I rnanday

0'9 manday

4 arndays

l/3 manday

&15 bag.

0.015 cu.m.

l/t manday

l/4 aanday

l,s.2.OO

1.5 mandays

1.5 mandays

l/4 maaday

Witl ono rould,

2'CasW-
(e) Matcrial-

Cement

. FinoatErogrto

Corrso.glrcpts

3 mm. dia st€cl ?ir.. ..

Q) Inbout-

Mason "
Bar boadar

lrlezCoor

Bhisti ..

4 bass

0.27 cu. m.

C.5,1 cu. m.

t.l kg.

2.0 narCays

0'l merdey

4.0 nerdays

0.5 manday

i.s'2.0e

X.s.,t.00

Rs.2.00

I K.W.H,

I K. litre

5, Ftnishing-

(t) Mqerial-

Ctmcnt

Sand

(b) Labour-

Mascn .

Mazdoor u
(c) tcetrolding L.S. ..

Castin3 pl+tforn L.$.

Eurut cnlire.oil, uc{ rcrsfrptr, T t ?, ctc.
L.S. ..

Mkcr rnd vi'brator L.S:

ElcctricitY

Wrter .

ExrRAcT r.toM r.s. 29ll (rerr iu) l9tl.
Code o! practtce for lesiga @rd co1sfuariol o! pite fcfrnletionsHrt lll_ttnder reattted ?lles.

2- Terminology ..

2.0. For thc purposo of thiB slandlrd; tha folto*ing defnitions
rhall appty.

2,1. Allowable totL-Thc load whict hay bo rppticd to a pilo
rftcr taking into account-its ultimato loaa capacity, pilc s[&ag
overall bcaring capacily of thc ground bclow tlc p1l', thc alloi.a';
sottlcnpnt, negalnc skin friction and the loadlns cooditi6ns iacfua-
ing reversal of loads.

L2. Bhtter pile (Rakerpile).-The pilcwhichis installcd at an
engle to the vcrtical.

(c)
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2.3. B a ins pil:.-A pile formed in the ground for transmitting
. the load of structure to the soil by the resistance developed at its or

along its surface or both. It may be formed either vertically or at
an inclination (Batter Pile) and may be required to take uplift.' 
When it is primarily meant for resisting uplift or pull it is called an

'Anchor pile'. If the pile supports the load primarily by resistance

developed at the pile point or base it is referred to as an 'End
B€adng Pile' and if the load is supporte.d primarily by friction along
its surfaoe, the pile is termed as 'Friction Pile'.

2.4. Bored cast tn situ pile.-A pile forme.d within the eround by
excavatitrg or boring a hole within it, with or without the use of
a t€mpomry casing and subsequently filling it with plain or reinfor@
consr€te. When the easing is Ieft permanently it is termed as cased
pilo and wh€n the easing is taken out it is termed as uncased pile.
In installing a bored pile, the sides of the borehole (when it does.

not stand by itself) is required to be stabilized with the aid of a tem-
porary casing, or with the aid of drilling mud of suitable consistency.

2.5. Bore6 compaqion pile.-A board cast in situ pile with or
without bulb(s) in which the compaction of surrounding ground

anil freshly fiIled concrete in pile borc is simultaneously achieved

by suitable mothod. If the pile with bulb(s), it is known

' under-reamed bored compaction pile'.

Z.A. Cut-off level.-Tt is the level where the installed pile is

cut-d to support thc pile caps or beams or any other struclural

componeots at that level.

2.7. Datum bar.-Arigid bar placcd on immovabte supports.

2.8. Fdctor of efety.-IAs ratio of,the ultimate load capacity of a
pile to the safe load of a Pile.

2,9. Ititialtesf.-Itiscarried out on test pile(s) generally made for
the ptupose with a view to determining the safe load or ultimate

toad caPacitY or both.

2,10. Kentledge.-Dead weight used for applyinga test load on pile.

2.11. Multi-under-redmed pile.-At under-reamed pile having

more than one bulb. The pile having two bulbs is known as double

uoder-reamed Pile.

2.12. Net displacement,-Net movement of the pile top after the

pile has been subjected to a test load and subsequently released.

2.13. Rout ine (Check) t e st s.-ltiscarried out on a working pile with

a view to determining displacement corresponding to the allowable

load.

2.14. Sofe lodd.-lt is a load on a pile derived by applying a factor

of safety oo ultihate load capacity of pile or as determined by pile

load test or as obtained in accordance with J'2'3.3.

Z.LS. Test pile.-A pile which is selected for load-testing

and which is subsequently loaded for that purpooe. The test

iif" -uv form a working pile itself if subjept to routine load test

with up to one and one-half times ttre safe load in case of compression

test and e{ual to safe load in uplift and lateral thrust.

2.16. Totalldisplaeement (Gross).-The total movement of the pile

top under a given load'

2.17. Tot.dl elastic displcteenlent.-Thts is the magnitude of the

ilisolapement of the pile due to rebund cuased at the top after removal

ol given test-load.,iaThis comprises two components as follows :-
(c) Elastic Or#orn*t of the soil participadng in load transfer;

rod

(6) Elaslic displacement of the pile shaft'

2.18. Trial pile.-One or more piles, which are not working pile,-
that may be installed initially to assess load carrying capacity of the
pil:s. These are tested either to their ultimate bearing capacity or to
twice estimated safe load.

Z.l9' lJltimate load capacir.y.-The maximum load which a pile
can carry before failure of ground (when the soil fails by shear) or
failure of pile materials.

2.2O. (Jnder-rea,med pile.-A bored cp;st in situ or bored comptrc-
tion conr:rete pile with an enlargpd bulb(s) made by either cutthg or
scooping out the soil or by any other suitable process.

2.21. lVorklng load.4he loadassigned to a pile according to
rlesign.

2.22. Working pile.-A pile forming part of foundation of a
structural system.

3. NecessarY lnformation.

3.1 For the satisfactory desiSn and construction of bored cast

in siru drld bored compacted under-reamed piles and the pile founda-

lion, the information on the following aspects is necessary.

(a) Site investigation data as laid down io IS : 1892-1979' or any
other relevant Indian Standard. Sections of trial borings, suppb.
meoted wherever appropriate by penetration tests, should inoor'
porate data/information sufficiently on soil condition below thc
aoticipated level of Pile tiP.

The nature of the subsoil both around and beneath the proposed

pile should be indicated oa the basis ofappropriate tests ofstrength,

mmpressibility, etc., Ground-water levels and .conditions (such as

artesian cooditions) should be indicated be Rsesults of chemical tests

to ascertair the sulphate and the chloride content and ground-water

should be indicated particularly in areas where large scale piliog

is envisaged or where such information is not generally available.

(D) A qualitative indication of the degree of expansiveness of
soil is given in Appendix A. The free swell test will be carried out
according to IS: 2720 (Part XL)-1977

(c) In case of bridge foundations, data on high flood level, maxi-

murscouring depth, normal water level during working season, etc.

Method of test for soils, Part XL Determination of free swells

index of soils.

In case of marine construction' trecessary information as listedin

IS :4651 (Part t)-1974 should be provided'

(d) In case rock is encountered, adequate description of the rock

to convey its phpical conditions as well as its strength charact-

eristica should be indicated'

ln case of weathered rock, adequate physical description and its

expected physical behaviour oo boriog should be indicated.

(e) General plan and cross section of the building showing type o,
structural frame, including basement, if any, in relation to the p'rol

posed Pile cap top lovels.

(/) The geoeral layout ofthe structure showing estimatcd load

vertical and horizootal, momcnts and torque a1 1!6 19p of pil€

caps, but excluding the weight of the piles and caps. The top levels,

of noSUA pile caps shall be clearly indicated.
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,(8) It is preferablc to have the dead load, equipment and live loads
Separately iodicated. Loads and monoments for wind and earth-
quake should also be separately indicated.

(tr) Sufficient information about structure existing near by should
6e provided.

3.2. As far as possible, all information in 3.1 shall bemade availble
to the agency responsible for the design and/or construction of piles

ond/or foundation work.

3.3. Tbe design details of pile foundation shall indicate the infor-
oatbn flecessary for settiog out the layout of each pile within a cap,

cut-ofr levels, finished cap lsvels' orieotation of cap in the foundr
(ion plan and the safe capacity of each type of piles, etc.,

3.4. Due note shall be taken of the experience of under-reamed and

othcr piles in the area close to thc proposed site anal atry soil strata

report tbereof.

4. Materkllsi

4.1. Cement.--:fhe ceooent used shall mnform to the requirement

of I.S: 269-1916, IS: 455'1976' IS: 8041-1978' IS: 6909-1973

rs: t+gg-tgzo.

4.3.5 For the concrete, water and ag;gegates spccificatious laid
down in IS: 456-1978 shall be followed in gcneral. Natural
rounded shingle of a appropriate size may also be used as coarscd
aggregate. It helps to give high slump with less water cement ratio.
For tremic concreting aggregates having nominal size more than
20mm should not be used.

4.3.6. The soncrete for piles in aggressive sUrrounding due to
presence of sulphates, etc., should havc a concrete mix of appropriate
type of cement in suitable proportion.

4.?.6.1.If the concentration of sulphates (measured as SO3)
oxoeeds one percent in soil or 2500 parts per million (ppm) in water a
mix using 400 Kg/m3 of sulphate resisting Portland cement should
tre used. For soils with 0.5 to I per cent of sulphat€s or ground
water with 1,200 to 2,500 ppm, the mix should have 330 kglm3 6f
sulphate resisting Portland cement. For concentrations lesssr than
above concrete mix with 330 kg/m3 ordinary Portland cefirent or
310 kg/m3 sulphate resisting should be us€d. In placc of ordinay
Portland @ment, pzzalana c€mcflt/blast furnace slag cement may
tlc uscd. 

-

4.3.6.2. Conc€ntration of sulphatcs up to 0.2 per cent in soi
aod 300 ppm in water may bc inconsequential.

4.3.7. For bored compaction piles rapid h-ardening cement (see 4.1)
shell not be used. To facilitate construction, admixtures for retardin
the setting of concrete may be used.

5. De sign conside rations.

5.7. Generol-Under-reamed pile foundations shall be designed io
such a way tbat the load from the structure they support, can be

transmitted to the soil without causing any soil failure and vithout
causing such settlement, diffcrential or total, under permanent

transient loailing as may result in structural damagoand/or fuuctional
distress. Thc pile shaft should have adequate structural capacity
to withstand all loads (vertical, axial or otherwise) and momeats
which are to be transmitted to the subsoil.

5.1.1. In deep deposits of expansive soils the minimum length
of piles, irrespective of any other considerations, shall be 3.5 m
below ground level. If the expansive soil deposits are of shallow
depth and overlying non-expaosive soil strata of good bearing or
rock, piles of smaller length can also be provided. In recently
filled up grounds or other strata or poor bearing, the piles should
pass through them and rest in good bearing strata.

5.1.2. The diameter of under-reamod bulbs may vary from 2 to 3
tim€s stem diameter depeoding upoo the feasibility of construction
and design requirements. In bored c'ast in situ under-reamed pile
the bulb diameter shall normally be 2.5 times, and in u16.r reamed
compaction Piles two times.

5.1.3. For piles up to 30 cm diameter, the spacing of bulbs should
not exceed 1.5 times the diameter of bulb. For piles of diameter
greater than 30 cm spacing can be reduced to 1.25 times the steam
diameter.

5.1.4. The top-most bulb should be at a minimum depth of 2 times
the bulb diameter. In expansive soils it should also not be less
than 1.75 m below ground level. The minimum clearance below
the underside of pile cap embedded in the grouod and the bulb
should be a minimum 1.5 times the bulb diameter.

4.2. Steel.-Reinforc€ment steel shall conform to I,S, 432 parl 
1

1966 or IS: 1139'1966 or IS: 1786'1919 or IS: 22G175. Ttre

i ror.r allowed in steel should conform to IS: 45G1978.

4.2.1 For under-rearned bored compaction pilss, the rcioforce-

oent cage shall be prepared by welding the hoop bars to withstaod

thc str€sses tluring compaction process'

4,3 Coficrete.

4.3.1. Materials aad methods of manufaclure for ceme,nt concrets

$aU io general be in apcordaoce with the method of concrcting under

he contlitions of pile instaUatioo'
t

4.3.2 Consisteocy of concrete for cast dz sifu piles shalt be suitable

to ihe method of installation of piles. Concete shall be so designed

or?choseo as to have homogencous mix having a flowable character

*iri.t.nt with the method of concreting uader the given coodition

of pile installation. trn acheiving tharc results, minor dieviations

in the mix proportiotxl used in structual concrete may be necessary.

4.3.3. Stump of @ncreteshallrange betweeo 100 mmto 150 mm for
@Dcreting io water-free unlined boreholse. For concreting by

tremie, a slump of 150 mm to 200 mm shall be used.

'4;3.4 In cas€ of trernie concreting for piles of smaller diameter and
dcpth of up to l0m,the minimum cemeot cootent should be 350kg/m3

of concrete. For piles of large diameter and/or deeper Piles, 16e

minimum c€ment conteDt shoultl be 'loOkg/m3 of concrete. For
dcignpurpose,the strength of concrete mix may be taken equivatent

ro Ml5 and M20. respectively, for concrete with cement of 350 kg/m3
and 400 kg/mo. Where concrete of higher strength is needed, riche.
ooDcrete mix with higfoer @ment conteot may be designed. In case of
piles subsequently exposed to free water or in case of piles where
concretitrg is done under water or drilling mud using methods other
than the tremie l0 percent extra cement over that required for the
design grade of congrete at the specified slump shall be used subject
to the minmum quailities of cement specified above.
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5.1.5. Under-reamed piles with more than two bulbs are n
advisable without eosuring their feasibility in strata needing stabiliz-
tion of tnreholes by dri[ing mud. The number of bulbs in case

of bored compactibn piles should not exceed two io such strata.

5.1.6. The minimum diameter of stem for borehole neediog stabili-
zrtion by drilling mud should be 25 cm.

5.1.7. The minimum diameter of steam for strata consistiog of
harmful constituents, such as sulphates, should be 30 cm.

5.1.8. For guidancB typical details of bored cast in siln under-
reamed pile foundations are shown in Fig.
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5.1.9, For batter piles, a batt€r of 30o for piles in dry ground

,uOi io* and 15" with horizontal for water or drilling mud filled

Gshoul<l generally uot be exo#ded' The under-reamed compac-

;G;;il;aliv coostructed up to a batter of 
.15''

5.2. Otslen of piles--T\eload carrying capacity 9f under.'reamed

l;.p""d;.ffiy on the pile diamensions.and soil strata' Axial

^a "l-"-pfi" 
is iransmitted by point bearing at the toe and the

;;;;t of the bulb(e) and skin friction alons tho nile ,slm'
;;;ils upoo the nature of soil and pile 

-geometrv' 
in additiou

, it e.rO. f.lttron on st6am, friction can develop- on the soil cylinder

ri*}-irr" 
".,teme 

bulbs' In under+eamed .compaction 
piles

*'a."ft"tri't* of load transfer remains the same but soit properties

;;;;;6-"ompaction proaiss are considered' rn uplift load'

;il";rft component at toe is absent but unlike other straisbt

,"i'ir"n[, frt"rbeaiing on an aoular projection of the bdlb is present

;#i'i;'"h ".d 
moment are sustaiiled by horizontal soil reaction

.r.i"pJ 
"1""g 

the pile length'rwhich depends on several factors'

Thcdesignqfpilesbesuchthatithasanadequatefactorofsafety:"'fa)-ur?t,*t 
"ral 

member to transmit the imposed loads'' and

)i( "J*t failure of strata due to reaching ultimate strength.

,.n# ?,1ti""ta "n.o." 
that the itesired limit of settlement is not

xcepded.

Si.Ze.c. For piles up to 30 cm. diameter, if conctctinc is q99?

U,li".i", dquivalent amount of steel placed e'ntrally nray be.providod

S.2.2.4.Theminimumclearoverthelongittrdinalreinforcemeot
shall be 40 mm. In aggressive enviornment of sulphates' etc" it
may be increased to 75 mm.

5.2.1. Safe Loizd.-Safeload on a pilc can bc dctcrmiocd from (c)'

calculating ultimate load from soil.properties aod epplying suitablo

factor of sifety, (b) load test on pile as provjded in IS :2911 (Part f9'
1979 ard (c) Safe load tables.

5.2.3.1. Safe loai! froin ultimate load capacity'-The ultirnato

load capacity of a pile can be calculated from soil propsrties' Tho

soil properties required are stretrgth parameters' cohesion, angle

of internal friction and soil density. If these properties .are Dot

available ttrirectly from laboratory and field tests, they may be iodirectly

obtained from rn sirr penetration test. data (IS :4968 (Part II)'1976

and 15:6403-1971). The success of the approach $sontially

depends how realistically the soil pioperties are delermined or deduced

s.2.1. Pile- as a sfiuctural member--:fhe pile should have adequate

;jj; io .o*uio the dedien loads. Tho pile cross-section should

"-"i-[f.". 
for combined efrect of vertical loads (compressivg and

Iriii-anOlor,lateral loads and momeots' The stem should be

l}ift l*"i ;#ru;'ffi ff"il'r:l'f"'[:: r,H'f#* "fl
[;i;i * the permissible increase in stresses sha[ be taken for

ffi'O-"rJ*6ori" loads. (sec IS : 875'1964 and IS :1893'1975.)

5.2.2. Reinforcemert it,. Piles.-The.provision of reinforcement

:l#s",lxxll""r'iTffilit"!fi!:,*:;",TJ:'#il"1
ffi;].[6 a,d moments, agtiog individualty or in combination

;;; curtaited at^appropriate depth subject to provision given

o. 5.2.2,1. arrd 5'2'2'2'

5.2.2.1. The mioimum area of longitudinal reinforcement in

,"r-JortO U" 0.4 per ceol of mild steel (or equivalent deformed steel).

i.i"fii*.*, is to to piovideil io the full length irrespective of any

iiJi looriOoations and is furtUer subiect to the condition that a

oi"i.o. ag6ber of three lGmm diametgr mild steel dr tfuee 8-mm

iiiJ,". trru strensth steel bars shall bd-orgvidgdt The transverse

;tffi;ffi as circular strirups shall not be less thdn 6-mm diameter

JrA "*f 
bars at a spaciug of not more thao the stem diameter or

0 oo whichever is less

' irr rod.r'.romod compadion piles, a minimum numtler of four,

2-mm diameter miltl steel or four lO-mm diameter high strength

i*t-U"rr shall be provided: For piles of lenghthe exceeding 5 m

-it or 37.5 cm diameter, a nrinimum numtrer of six 12-mm diameter'

I*r "f 
mild or high'streneth steel shall be provided' For piles

,ilaiog 4q cm. dia, a mihimum number of' six 12'mm diameter

tfa-titrgn strength steel bars shall be provided. The circular

trupr for piles of lengths exceeding 5 m. antl {iametcr exceeding

lfi ;qr. shall be of 8 mm. diameter bars'

(a) Clayey soils.

For clayey soils the ultimate loail carrying cepacity of an uodcr'

reamed pile may be worked out froqr the following expressiooc :

gu: .4p Nc Cp * Aa Nc Cra * Crar.4ts * q, Ca, As

where

. Or Gg):ultimate bearing capa'city of pile ;

r{p (cmz1:"tot 'sectiooal area of pile stem at toe lcvcl ;

Nc-bearing sapacity factor, usually taken as 9 ;.

Cp (kgf/cm1-cohesion of. the soil around toc ;

Aa(cm\-1f.14 (Dau-D\') wbere Dn(cm)and D(cm) arc thc' 
under-reamed bulb and stcm diametcr, reopcctlvcly :

Ca$gflcmt -average 
cohcsion of soil around tho under.

rearned bulbe ;

oc -reduction 
factor (usually takcn 0.5 for clays) ;

Cd (kgf /cm8)-averagc cohesion of tho soif abng thc pilo st, I

ds (cm9-surface area of the stom ; and

;r, (cmz)-- surface area of thc cylinder cilcursodbirt tlo
under reaned bultn.

Thc above cxprcssioo holds fo, thc ugual spaciot of undct'rcaitd
bulbs spaced at not more than one'and'a half times their diamcta.

No,re t.-fUe first two tcrius in formula arc for bcaring end tbc
last two for frictioa compoocnts,

Nors 2.-If thc pile is with onc bulb oaly tlcthird t(rr lrill
trot o@ur.

5,,2,2. For pil$ subjected to uplift loads, adequate roinforcc-

*";;;;;;i.iio;g to iate fult upiift which shall not be curtaile Norz 3.:For caleulatins uplift loe.l fnt tsrn wlll,lot 1oS
tt rly stage. in.forrtula'
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Sandy solls.

For sanily soils the follbwing expression be used :

Qu - Ap.(l D. I. N I + t, df. Nq)

, +A;itOu.n.l.lvI * tr Na

+ + T D. I.I( tan $ x (d,2 + df' - On'

where '

lp (cmz)-lTl4 D2, where D (cm) is stem diameter i
Aa (cm\ -1f 14 (Duz - Dz \ where Du (cm) is the uoder-raamed

bulb diameter ;
' r-numbbr of under'reamed bulbs ;

,,,, .1, (kg/cm8;--average unit weight of soil (submerged unit *eight
in strata below water tabD ;

7ytr and lf4-bearing capacity factors dependir-rg upon the angle
of internal friction I

dr (cm)-denth of the centrc of difrprent utder-reamed . bulbF
below grouod lovel;

7

d7(cm)-total depth of pile below grouod level;

I(-€alth prcssure coefficient (usually taken 1.75 dfore
sandy soils) ;' 8-angle of walt frietion (may b,e taken equal to the angle
of internal friction r[); ;

d. (cm)--6qpth of the oentre of first uno€r-reamed.btrlb ; and
dz (cmy--depth of the centre of the last under-reeincd bulb.

Nors I.-The first two terms io the fotmula are for lrcaring com-
ponent and the last one for'frictiotr component.

Nors 3.-Nf will be as spocifiell in IS:6403-19-71 ard Are will
be taken from Fig. This factor, apart from the angle of iilernal
tricaion.A depetds upon tho method of instalatioo of qile and the
componcnt containing this factor wili generally be over estimated.
(up to about twice) in board piles.

,
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Gl Soit arata lrarvins both co,l,usion and friction'

In soilstrata having both cotresion and fridion or in layered strata

hd;;;; tp.. oiriil, rho btaring capacitv rnav be estinate'l usins

LJn it" formula. However, 
'in 

such cases the load tests wifl be a

bctter guide.

For bored cornpaction piles ii sardy strata'the formuta in 5'23'f'$)

.firu 
"peil"bil 

uut ttre mo(ified value o'f O will be used as siven

bclow:

whcre qr : (di+40\12

@)t = aogle of internal friction of virgin soil'

The volues of Ntr, Nq and h arc taken corresponding to Or

The value of thc eanh pr'ssur€ coefricient K wilt be 3'

(e\ Pites relti$g on rock'

For piles resting on rock, the beariog compon€nt will be obtaioed by

;l6ly;;;ih; sJe uaring caqacitv of rock with bearins area of pile

ri*-i,io.Iho o*tioe prpvided bv the bulb pbrtion'

(!) Factors if safetY'

To obtaio safe load in comriression and uplift from ultimate load

#"il;Liiiiy t6" r".to'. of safetv *i1t.u:2:l.Td 3;;pspectivelv'

i',i-iiii* of knred cornpaction piles wiih bulb'diameter 1"'1tl:
s"trh'ili*Id ti; tttot oit r*vio compressionshould be taken 2'2s'

l

5J-32. Safe load from pih load 
'es'l-Th€ 

dafe load 9n pile(s)

io oiJi'tJ"i uplift- and tateral can -b-1oq91"9^ 
bv,STlT:

*r,iJ.i i*i "n 
pites in accordancc with IS : 2911 (Part Iv)'1979'

il:ffit; ilr i.or" than t$,o trundied pileg where detailed infor-

J#"-. tU"ra the strsta aod the guidance of past experience is not

I;i"t,,-il sbouH be a minimum of two pile load tests before

;";iirirs the safe load on Piles'

Norr.- r, i, uatikelY that two similar Pr\ load tests give the

,n ril-Ja"n 
"ion.behaviour. 

Also, ground condftions, position

oi"".t", t"Uf", moisture'@nteqt in soil and desiccation of top strata'

;;"'il;;;; load tests conducted at different times of the year.

;il#;;-shoutd be kept ian view white deciding the safi toad.

5.2.3.t.In the absence of actual tests and detailed investigations'

" ,n" olfu fo"O sn under-reamcd piles of bulb diameter 2.5 times the

;;;;;;i". mav be takeo as siven in Alpendix B'

5.2.1.4.The lesser of th€ two safe loads obtained from 5 2 3 / anii

s.jjl'.i*ra bd used io deEgns. HiEher values can be used lf
ostablishsd by initial load tests'

.5.2.3.5 Pernissibte increase ovqr sofe load an piles-

(a\oyerbd@_Wbcaapiledesi8nedforacertaiasafeloadis
f"*iio fnff iurt siort of the required load carried by it, an overloa6

3l# [,]'#, -T:,ij"ffi 
"* rj"l"f irr*?'*:: ff"i1]

;;t "f 
the safe load on *rorp, nor more than 40 per cent of the

t"f" f"a on single Pile'

(b\ Transient had@-fhe imaximum permissible inctease over

Ihd s;fe lo;d of a pile as arisi{s out of wind- loading is 25.per cent.

t"i"r. of loads and moments arising out of earthguake efrects the

i*ii* on . the safe load oo atpile may be limited to the provisions

I

containcd in fS: 1893-1975' For seismic loads, under'reamed

piles shall be treated as point bcaring piles' The seismic and;1tnd

iorces will not be considered to act simultaneously. For tfansient

loading arising out of supenmpqsed loads, no incroase generally

."v I ailowid. For broken wire conditions in transmiseio.a line

tower foundations, permissible irprease will be as provided in IS :
409l-1979. t

Ndrr-tf any increase in load on a pile has already been oer-m1tt{
for rlasons- other than. 5 2.3'5, the total increase over safe load

including those of 5.1 3.5 shall oot exceed 50 per cent'

5.2.4. Negative skin frtction or drag down force-Whea a soil

stratum th;ch which a pile shaft has ponetrated into 'an underlytng

t irra ,Uut n, I*.pr.r.o as a result of either it being unconsrilidated

or it being unier a newly placed fill or as aresult of remoulding during

driving oi the pile, a drag-dowo force is generited into the pile shaft

up to i point in depth where the sr[roundif,g soil d.oelnot movo down'

ward relative to the pile shaft.

Nors-Estimation of this darg-down force is still under investigation

although a few empiricat approaches are in use. The coucept is
'constantty under revision and, therefore, no d.e0nite proposal

embodiei in this standard. (Recognition of he existeace of |uch
a phenomenon shall be made and suitablefe4uction shall be made t
thi allowable load where appropriate. There is no evidence to shOw

that the use ofdrilling fluids for the construction of piles affects the

skinftic'tion.)

5.2.5 Lateral lcad on piles-A pile may be subiectod to transverse

force from a number of causes, such as wirid, earthquake, water

current, earth pressures, effect of moving vehicles or ships, plant

and equipment, etc. lh" lateral logd carrying clOacitf of a si-ngle

pile depends trot only on the horizontal subgrade modulus of the

roooording soil but also on the struetural streogth of the pile shaft

against bending conseqtent upon application of a lateral load' While

ilriA"riog f.drat load on pilis, efiect of oaher existent loads including

the axial ioad on the pile should be taken into consideration for

checking the structural capacity of the shaft'

Piles under the action of lateral load and moment cCn be analysed

by tie moilulus of subgrade reaction approaches. Due to the plesence

oi bolbt, ,-under-ieamed piles tend to behavo rnore as rigid piles and

it" an ty.i. ean be, done on rigid pole basis' Normally reinf.otced

ions sinsle butb piles which are not rigid may be analysed after the

"li}"ii[i r"ir,ions of Matlock and Release for sandy soils and Brorirs

Ior ctuv.v toitt' For lateral loads with or without axial loads, up

io ttrose gy"o in the Table I of Appendix B, no analysis' may be

nocossary, ifexternal moment is oot acung. In the abeence ofactual

rn s;r tesi values from prtotype pile load test; the modulus of sufurade

reaction values may be taken from the Table 2 given in Appendix C'

Norr-It may be kept in view that modulus of subgrade reactiotr is a

critical factor io the above analysis, yet tlere is no precise method for

["iatrit.g f,. Therefore, it will'be realistic to ascertaio the adiquacy

ofdesign bY ficldtests.

466-3- 33^

\ 5.2.6 Batter pile (Rolcer pile)-Raker Piles are oormallty provided

where vertical piles canaot resist tbBrequired applled horizoptal forces.

In the Preliminary design the load on raker pile is gpnerally coogidered

to be axail. The distribution of load between'taker and vertical piles

- in a gr6up may be determined by gfaphical or analytical methods.

Where necessary, due consideration should be given to socpndary'
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bcnding induccd as a result of the pile cap movement, particularly
rhen the cap is rigid. Fiee standing raker piles are subjected to
Dending momeirts due to their ownweight or external forces from other
eauses. Raker piles embedded in fill or consolidating deposits may
Dccome laterally loaded owiag to the settlement of the surrounding
loil.

5.2.7 Spacins of piles-

S.i.Z.f Spacing of piles shall be,considered in retation td the nature
of ground, the types of piles and the manner in which the piles transfer
the load to the ground.

5.2.7.2 Gewally the centre to centre spacing for bored c,ast in situ
under-reamed piles in a group should be two times the bulb diadEter
(ZDu) It shal rrot be less than l.SDr. For under-grade beams
tbc maximum spacing of piles should generally not exceed 3m. In
under-reanred compaction piles, generally the spacing should not be
less than l.SDu. lf the adjacent piles are of,difforent diameter, an

ayeraSp value of bulb diameter should be taketr for spacing.

5.2.8 Grorping and layout-

5.2.8.1 Forbored case in situ vndepreamed piles at usual spaging
olZDa, the Sroup capacity will be equal to the safe load of intlividual
pile multiplied by the number of pil:s in the group. For piles at a

rpacing of t.SDu the safe load assigned per pile in a group should be

roduced by 10 per cent.

In under-reaned comiaction piles, at the usual spacing of l.SDa, the
group capacity will be equal tc the safe loed on individual pile

multiplied by the number of piles in the group.

Norrs-In under-reamed compaction piles, the capacity of the group
may be more than given b 5 2 8.1 on account of the compaction effect.

5.2.8.2 In.non+xpansive soils,,when the cap of the pile group is
cast directly on re:rsooably firm stratun it may additionally contri-
bute towards the ttearing capacity of the group. . '

5.2.8.3 Thc settlimgot of pile groups depeads upon soil aad pile
chararteristics, spacing, group size method of instillation and magni-
tud€ and uature of loading, In clays sometimes long term settlements
can becomc important while in sands almost all the seitlements will be
oncrquickly.

A gorrp of ftee standing piles is likely to settle more thnn a single

' pile but this iocrease may be marginal if the safe load oo the pilqis
acording to 3 2 3 afi' 5 2I 1. .

Ncrrs l-The scttlenenl, in case of piles in sand, are generally com.
puted from empiricat.relations. A suggested relntionship for esti-
tratioS sotlboents of free staoding under-reamed pile groups io
lands fu:

Sr- $lW
wbgc
. S: : cottbmcot of group in cm.

,Sr. : settleneot of single pile in cm ; pilos are under the same.
safe load per pile,. | : distancehtween outer piles oentre in cm, and

D - ptlr- stem diameter in cm. .
'h clays the immcdiate settlements are eomputed using theory of

clasticity and the long term setttements by consolidation.theory. ,For
he lat€r, the pile group is considered as a footing at the oentres of the
ower most bulb6.

It may be Doted that comput€d settlemonts, by the above approache
Dcticulady for pibs io clay, are very largp as compared to aetually
ocqniDg in practie.

Nors 2-For the grqups with caps resting on ground settlements are
comparable w1th an isloated pile.

Norr 3-In the case of under-reamed compaction piles with cap
resting on ground, whictr is veiry often thc Case, the settlempnts oi
groups may be even less than the settlement of ao
isolated pile.

5.2.8.4 In cese of structure supported on single pile/group of piles,
resulting into large variation in the number of piles from column to
column it is likely that a high order of differential settlement may
result depending oo the type of subsoil supporting the piles. Such
high order of differential settlement may be either catered for ia tho
structural desigll 61 it may be quitably reduced by judicious choice of
variations in the actual pile lodhings. For expmple, a single pile cap
may be loaded to a level higher than that of-a pile in a group in order.
to achieve reduced differential settlement between two adjacent pile
caps supported on differential number of piles.

5.2.8.5 In load bearing walls, piles should generally be provided
under all wall junctions to avoid pclint loads on beams. positions of
intermediaie piles are then decided by keeping door openings fal in
betwein two pites as far as possible.

It

5.3 Gt'ode bcams

5.3.1. The grade beams supporting the walls shall be designed taking
due account of arching effect due to rnasonry above beanr. The beam
with mansonry dtie to composite action behaves asa deep beam. . .

Fbrdre design of beams, a maximum bending moment of wlzlSl
where w is uniformly distributed load per metre run (workea oui Ui
considering a maximum height of two storeys in structures with load
bearing walls add one storey in framed structurers) and / is the effective
span in metresr will be taken if the beams are supported duriag con-
structioq till the masonry above it gains strength. The value of
bending moment shall be increased to wl2l30 if the beams are not
supported. For considering composite action the minimum hei6;hl
of wall shall be 0.6 times the beam span. The brick shength should
not be less than 30 kgf/cmz. For concentratcd toads and other loads
which come directly over the beam, full bending moment should be
gonsidered.

5.32 The minimum overall depth of grade beams shall be ljOmm.
The reinforcemegt at bottom should be kept continuous in all the
beams and an equal amount may be provided at top to a distance of
guartcr span bo{ wafs fromthe pile ceotres. l

The longitudinal reinforccment botl at bottom and top should not
be less than three bars of 10 mm diameter mild steel (or equivalent
deformed steel).

Stimrps of 6-mm diameter-bars should bc at a 300 mm spacing
which should be reduced to 1'00 mm at the door opeilngs near th;
wall edge up to a distance of .three times the depth of beam. No
sbear coonectors are necessary in wall.

5.3.3 In expansive soil, the grade beams shall be kcpt a minimum ef
80 mm clear ofr the ground. In other soils, th€ boams may ttst on
gtround over a levelling conctete coune of about 80 mtu (see Fig. ).
.In this case, part load m4.V be considered to bc borae by the gbund
and it may be accounted.for in the design of piles. Howevor, the
beams should be designed as per claurc 5.3.L

. 5.3.4 In case of exterior beams orrer piles in expansivc soils, a ledgg
projection of 75 mm thickness and exteoding 8O mm into dounO
(r": 

"ig. 
) shall be prbvided on outer side of beam.

5.4 Desfunof Pile Cap-Pile caps are generally designed considering
pile reactions as either concentracted loads or distributed toaas. fti
depth of pile cap should be adequate for the shear for diagonat
tensionand it should also provide for necesary anchorage ofreinforce-
rhent both for ths column and the piles.
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5.4.1. The pile caps may be designed by asJuming that the load
fiom column or pedestal is dispersed at 45" from the top of
the cap up to the mid alepth of the pile eap from the base of the
@lumn or pedestal. The rtactioo from piles may also be taken
to bc distributed at 45" from the edge of the pile, upto the mid-
depth of the pile cap, On this basis, the ma:iimum bending moment

and shear forces should be worked out at critical sections.

5.4.2. When pile reactious are considered as poiot loads, the
citical section for shear in diagonal tension is taken at a distance

equal to half the depth of cap from the face ofthe column or pedes'

tal. For btlodins moment.and shear for bond, the critical section

is taken at thc face of the oolumn or pedestal. In computiog the

exteinal shear or the critical section the entire reaction of any pile

of diametcr D whose centre is located at Dlz ot more outside the

s€ctioo shall be assumed as producing shear on the section; the
reaction from any pile whoee ceirtre is located ar Dlz of, more

insido the section shalt be assumed as producing no. sheir on
the secti6n.

For intermediate positionlof the'pile c€ntre, the portion of the
pilo reactioo to be assumed As proilucing shear on the seciion -shall

be bas€d oo straight line iuterpolatior betweon full value'at D/2

outsidethe sectionand Zero yalue inside the section.

5.4.3. The cap may atso be designed as a soild slaUcarrying con'
centrated loads from piles. A square/rectaogular pile cap can be

divided in.four triangllar/t{apezoidal areas by drawing diagonal

lincs at 45' from thq corners. When the pile is cut by the 1in6, the
loatl on thig pile is shared equatly between the adjacent areas. The
reaction of piles under an rirea will be taken towards producing

shear. The bendiig moment are assumed to act from the centre

of piles under ao area at the face of the nearest pedestal or column'
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5.4.4. Full dimension of the cap shall be taken as wi&h to
analyse the section for bending and shear in respective direction.
Metirod of analysis and allowable strees may be according to IS :
4sG1918.

5.4.6. The cap is generally cast over a 75 mm thick levelling course

of concrele. The clear cover for maia reinforccment io,the cap
slab shall be not less thao 75 mm.

5.4.7. The pile should project 40 mn' into the cap concrete.

6. Equipm:nt and accessories

6.1. The slection gf equipment and aicessoites will depend upon
the type of under-reamed Diles, site c,cnditions end Dature-of strats.
Also it will depend on ecoqomic consideiations and availabtlity
of manually or power operated equipment,

6.2..,{ typical list of equipment for manual coBstruhion !i given

in Appendix D.

6.3. Bore holes may tre'made by earth auges. In case of imanual

boring, an augui boring guide shail bo used to keepthebores vertica ,
or.to the desired inclination and in position.

After the bore is made to the required depth, enlarging of the
base shall be cariied out by means of an uodpr'reaming tool.-
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5.4.5. The clear overhang of the pile cap treyond the outer 6ost
pile in the groirp s'halt normally be I00 to 150 mm, ilepending upon
the pile size.
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6.4. Iugroundwithhishwatertabls having ur.stable pile borcs, tgleraoce.may be!€cessary. Piles.shall not deviatQ more than ?5

boring aniupdcr-reaminirmay be carried sgt using a ruitable drilling mm or orlr quartqr the stem diametet, whichever is less (75 mm or

,,,ua] Cor..nl guidctinos f.r bentonite drilling lnrd are 6D/10 whictrever is more in case of ptes having diameter more than

grrln in eppendix E. Innormatly mctsoil strata, drilling mud 600 mm) f,rom the designed position at tho working leve,l. In the

!,.n oe pcuicd frorn,topwhilcboringand underrearningcanibedonc caso of siagte pile under a column, thc positiorat deriation shculd

W"oio'"r6pi,alearthrargp1 ardtmdcr.rcam€r. Thb lcvel of drilling not bc more tfian 5o.mm or-,onoqrartGr ofithc gcm diafiieter which-

.,U .noo16 always bi atrout one ilr€tre above water teble or the ever is l€ss (100 mm in case of piles hrving diamter more than 600

hvel at wlrbh ortngrin.eccurs. In case of vcry unstablc strata mm). For pilcs where cut-off is at lutBtantial depths, the design

with cxcc*sivc ,erving io, continous circulation of ilrilling mud should prtvide for the worst combioation of t;ho abcve tole.ranoes

us-i-ng suihble pumplog'cguipmcnt .and tripod, Gtc., along with in position and inclination.

iJina 
"Lga. "nc 

ottccr-torllcr may be used. rn.case of piles deviating beyond theso limits, corrective mersures

6j. Somctimes pcrmeable,strata overlying a rim c-layey stratum where necessary may be takqn in the form of increasing Pile sizc,

may be cascrl Ud normal boring and under-reaming operatiotr provision o_f extra rcinforccurent in the pilc, redesign-of Pilc cap and

6.6. To avoid irrcgular.shapc and widcning of bore hole.in *ry fT"}!"Ji;ffit}Jft,"1}Sf;.**ld 
bs rcplacnd or supplem;nted

loosc strata at top, a casing pipe of suitablc lcngth may be usGo

i.ipriiiiry au.ing'toring-dia *orai"g. ' Norg-In case of raker pilei up to a rakc of 1 in 6, there may

6.?. For improved control over thc inctination of batter piles, b no reduction in the capacity of the pile unless otherwise stated'

an.ltripod hoist with".fixcd prlly should be.used for lo+vering in of 7.4 C-oncrcting'thall be donc as soon as possibte after completing

;;d";;;td topts. the. pilc bore. The bore"hole fu[ or drillins mud shoud not be left

6s For ptacins thc conorctc in bore hotes full or driltbrg srud ;TTff:*:"'n$f" 
tn- tz to z4}ours depending upon the sta'

n"p rrwi 
"t 

thc'bottom ihould bc used. Y.5 Fpr plaping codcrcte in pile bores, a funoel should be used

6.e For battcr undcr'reamcd piles, the reinforcome:" *q:'l*11 #ffiffifTr'H$3r,1t:Tl'*1;:Yl:Ti:'J;ff
bc placd guiding it by a'chute or any othcr suitablr': mcthoo' r mixing df soit and alrilling fluid in the coocretc.
concrctingis not done by tr'mic, it should be bydooc bychute'

610 rn undcr-reaurcd compaction piles, suitabre g"J*.: *::ll "rTf",:1r'[?,TJ'l"L:lj"j#Jf 
itr#',ffi:H.]]:t:i

bc uscd for guiding tbc movemcnt of drop wcight a}! tryY,i:: the bouom. Reinfor.cerrent is low6red next aod positioned *ri*rv.
assombly for its ,vertical driving. For operatinSl tk dr@ wetsbtl fn o cdrlpcete: is po;cd to fill up the bore hoie. Care should be
of eite4uatccapacity,suitablcwinchwithhoistiogattaChmertsbould taken that soil is not scrapped from sides if rodding is done'foi
bo us€d. compaction. Vibrators shall not be used.

7,5,2 tf the water is conflned up to the bucket length portion at
the toe aod s€epaSe is l-w, the water should be bailcd out.'and

7. Construction cons:roting should be done as in 7.5;1.

7.1. Under-reamdd niles may be constructed by setecting st itable

insrallation tcchoiqucs at a givcn site depenaling on subsoil strata

*Jl O* and typo of under'rcamcd pilc and oumber of bulbs'

73 In construction witb the eguiPmeDt given in 6, ioitialy, tnring

,riac is ixed with its lowcr frame levelleil for making <tesired

;r.rt", adjttstncot for piles 4 batter. Boring is dooe up to
,-dif.a dcpth aod m under'reaming is cbmpleted

lJ,j.lo order to achiEve proper undcr'roamed dllb, the depth

of boro hole should bo cbecked breforc startiog under'reaming. It
shoutd also be checked during uoder'reaoing and any cxtra soil

at tto bottom of bore hole rcmovcd by auryr before reioserting

the uodcr roamirig tool.

722 Tlir- €ooPlctioo of dosired under-reamed bulb is ascor'

33io€d by (a).the vertical movcmoot of tho handle' and (!) when

'ao firrtbcr soil is cllt.

1J,,1 Is double or multitodsr'rcamed piles, boring is first

completcd to thc depth required for tbc (top) under'ream only and

dtor coopltting thc undcr:rcaming, boring is extended further

for tho sccond undcr'ream and the process is repeated'

7.1 Control ol alignmcat--The fites shall be installed as corrsctly
,rs possibb at thp corr€ct location and truly vertical (or at thc spoci'

6Gd battq). Grcat care shatl to exorciscd in respoct of singlc pile

or piler in two-pilc grouPs,under a column. As a 8uide, for rrcrtical
pllcs r dcviation of 1.5 pcrc€nt and for raker pilee a deviation of 4

i* o*t shall not oormally bo cxccedcd. ln'spocial scs, a closer

7.5.3. In case the pile bore is stabilized with drilling mud or by
maintaining water head within the bore hole, tho bottom of bqe
hole shall be carefully cleaned by flushing it with frestr drilling mud
and pile bore will be checked for its dcpth immediatety beford
concreting,

Concreting shatl be dooe by trcmie method. The tremie should
have a valve at its bottofit and lowered with its valve closed at the
start and filled up with concrete. The valve is then opeocd to permit
the flow of concrcte which permits thc upwards displacement of
ilrilliog muil. The pouring should be continuoug and tremie is
gradually lifted up such that the tremie pipqopenios remains always
in tho ooncrete. If the final stage the quantity of iioncretp in tremie
should be enough so that on fioal withdrawal som€.concrete spills
over the ground.

Nore l-The cof,crete strculd be coherent, tich in GerDGDl

oot les6 than 350 k$/ne) and of slumpnot lessthan 150mm.

Norr 2-The trenie pipe should always peoctrato well into
the concrete with ao adequate milgrn of safcty agaiost aeidentat
withdrawal of the pipe is surgcd to discharge the coocretc.

Nors 3-The pile should bc coocrete.d rholly by trcmio and
the method of dcposition should not be changcd part rvay up the
pile, to prev€ot the laitance from being entrapped withio the
pile.

NorB 4-A[ tremie tubes should be scrupulously cleaatil
Morr and after use.



259

Norrp S-Normally concrcting of the pites should be uninterrup- - - 
Nore-If thc estimatcs of concrcte consumption is on the volung

ted. rn tho cxceptronar casel of interruption "i'"-*,iig, 
tr, of b,ore hcles enil not on thc basis of .oocratc quantitY actually'

which can tre resumed within l or 2 hours, tho tremie shall not tre *n ur"o, G tncicte used may be found tmallcr than cstimatcd

taken out of . the concretF. tnstead t, ;illl "'; 
';;iJ 

and cemcnt consumption may work out to be lcss'

and lowetrd slowly, from tirnu to ti-" to prevent tho concrete around l.S.ll. RecordW of pile details-L compctcnt person at sit'

;; ;rt from letting. C.ortsreting should be I*q{^ bv in{o'- .t 
""rJ 

r*p .e"o.or of r,uoosrry inforrnation about thc construcrbs .

aoti"g " 
little richer concrete with a slump 

" "*rlt,if#1"ffi- " 
pites. itre following mav bc recorded:

;;ry ii.pl"*ment - of 
^the 

partly set concnete' 
nstallatioo of piles io a group ;

;;".;;-r"*iuA U"for. final set-up of conorete already placed (a) Date and sequonce of i
il;il ,o o", .uv u","i*r"d;- oiusei with -ooii."iio*.' 

' 
o*jfl.:11,.;:n;1il:fji3l},{;lt[T 

or stsrn and burtrs' number

Nom 6-In case of withdrawl of
to remove

tremie out of the .concrete'

either accklentally or a chock in the tremie, the

tremie re-introduced in a'rnanner to prevcnt impregeoa-

tion of
may be

laitanoc or scum lvinq on thc top of the @ncrete already

deposited in the bore.

7.5.4, lo inclined Piles, concreting should ti dooe throrigh

a chute or bY tremie method

7.5.5. Fin under'reamed eompaction Piles, the Pile bore is

first filled uP without' any reinforcement. Concreting is

done as in ?.5.1 depending Soon after, the specifled

core assemblY shall be.driven concrete shall be Poured io

simultaneously to keep tho of conorete uP to ground level. If

(c) Cut-off levsl and working lovel i
(d) Method of boring ;
(e) Ground water level ;
(fl Any other ioformatloo.

APPENDIX A.

lcluuse ,i,l (b).1'

DBGREE oF' EXPANSIYBNSIS'

A-1. Thc degrce of cxpansivonoss and coryqgrnt'daosgp to'tbp '

".""rr* "fit-tigtt 
looaiog may bQ gualitatively iuilgcd as sbowo

below:
hollow driviirg PiPe is us€d in
drawn a,fter fllling it with fresh

c.iore assombly, the pipe shall be.with'
qoncrete which will be left behind.

Nmr-Io tn'er reamqd bered compaction piles, concretiilg

should be tminterupted anl noteo (5) and 6) under claule

7.5.3 will not alPlY.

7.1.t. The top of concrote irl a pile shall,be brought above thc

cut-off levcl to permit removal of all laitance and weak concretG

U"ioi" opping and to ensure i*d *o"tttt at thc cut'ofr 6vel for

proper emb€dment into the pilo cap'

7.5.7. l{hcre cut-ofr level isrless thau 1.5 mctre below working

level, concrete shall be cast to tl minimum of 300 mm above cut'off

tevet. for each additional 0.3 m increase in cut ofr level below

working level, additional coveragp of 50 mm minimumshall be allowed .

Higiher-allowence may be nccesiarv depending 
-on 

the length of the

pile. Wnen cooc,rete is daced; by tremie-methgd' it shall be cast

io ttre piling-platform level to Permit overflow of concrete for visual

i;p".d; i.-to o minimum oi one metre above cut'off levcl. .In
the clrcurrtme where sut'off $vel is trelow ground water, the.neeil

to maintain a pr€$ure on the u$et concr€te equal to or greater'than

*"to pr** should be oUserii'eO aod accordingly length of cxtra

*r*"* abovc cut'off levcl shail'be iletermin{' '

1.5.8. Dafective pilc-lt casq, deteptive files are formcd, they

shdll be rcmovcd or lcft in plac0 whichever is convenient wittbut
affecting pdrformancc of the attJaccnt piles or the cap as a whole.

Additional pilps shall be nrovid{ to rcplaoc them as dirccted.

7.59. Any eviation from the Besigned location alignmcnt or lopd

capacity of any pilc shall be notdl and adequate fiEasures taken wcll
beiore the corcretiog of the pilq cap -and plinth.beam if the devia-

tions ar€ beyond thc Ocrmissiblejliinit.

1.i.l0,. Estimatlon of conqetct. quantity,-The' extra ccrrcrct

rcquircd for cectr borcd cast in dira undcr-rcamcd bulb of 2.5 times
thc.stem diamctcr may bc t&n pqual to a stem lcngth of 4lo 4.5

_ timcs its diarmtcr, dopcndiag od thc naturc of strata and othcr sit
orditions. . Ttrc volumc of concrptc actually placed sha[ t c ob6on Ed

in thc case qffew pilos iniaially qpst and the avc,rage figurc otrtaincd
may be used as a guido for workiitg out the quantities of thc concrpto
and cement fo,r sutrccqucot piles.

For uoder-rca,mcd compsctionipiles th0 amount of consrcte us€d

i.s abbut 1.2 tim6 of thc under-redmcd cast tu sits pilcs.

A-1.1 d areas of soil showing high or very high difrerontiil frec

.*Jil 
""rr.., 

*nventional shallow strips fgotingp may not be adequate '

Degree of

exP.niiveness

[.ow

Moderate

High' .i
Very high

APPENDIX B.

(Clause s 5.2.3 '3 ' and 5 '2'5\

, Srrs L.AD oN UNDER'BBAMED lllir[i'

S-1. Safe load tabk'

B-l.lThesafcbcaring,upliftandtatqalloadsforundcr'rearnod
plcs ;ive" in Table I apptv to both TtdiTiA* 

(10<N<30)

,".rAv *oit aod clayey soils of mcdium (4<N<8) consistcncy inc'hd'

r"i"-.*p""rir" soils. The valuoe arc for piles with bulb rliarnctm

iq-"af ti two'and -a'half tirnes thc shaft diameter;

The columns (3) anal (4) of on Tablc 1 prolidc the minimum pilo

l."gth" for singlc and double uodcr-reamed pilos rcspGctivcly, io

.t-*i a.potit of expansivc soils' Also the length givol for 311 qP
ai""r"toi doublc under-rcamed pilcs and rnore in other soils arc

*ioior,rrn. Thc values given for doublc undor'roamcd pilcs itr col'

umns (9) anat (13) aro only applicabls in cxpansivc soils' Thc

roinforcomcnt strown is miH stcct antt it is ailcquatc for loadc ia

compression and lateral thrusts [Columns (8), (9)' (1O anal .(1J)].

For uplift [Column (12) antt (13)1, rcquisitc amotrnt of stcet should

be providcd. In cxpansive soils, tlrc roidptcornent shown in Tablr
I is adequatc to tak9 upward drag duc to ihcaving up of tho soilt

Tho conctqtc considorod i8 M 15.'Thc covor rcquircmonts will
bc as providcd in 5.22.

"il-

I
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't

i v'.'
;i'i 
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,r I i

I

Difaatial'ftec

, swell,perciit

Irss thsn.20

20 to 35

35 to 50

Greatcr than 50
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- \l:2 Safc lqads for piles of,lengths different from those shown. by !5 per cent for piles with butb of twicethe stemdiameter. ,But
i Tabfe I can bti obtained conside]'ing the decrease or increase as no such reduction is required for lateral loads shown in Table.l.
from columns 10' 1l 

' 14 and 15 for the specific case'. ;;; ,;; ;";, ;r- ,od.r-r."."d compaction p,es can beB-1.3 Safe loads for piles with more than .two bulbs in expansive ,"Jrn U dut by increasing the safe load of .equivalent bored cast insoils and mprc than one bulb in all other soils (including non€xpan- ,ii ,roO.i-r""med pile obtained from Table I by 1.5 times in cas€

*"ffin.'i::I;11*^-,"J:n3j.i;ff?il; Lfffllill"tri ;;;il':;?;,ffi; , ,, ,,,."" ""* "i,""*," very,oose
bulb in tr,. 

"uru", 
eii.i'rr',i.*'*ir;il' il;;;,,#;;;; (NStol sandy soils. Depending upon tbe nature and initial comp-

for increased r."g,ri,.quiJ i. ".*r*"0; ilil;ilifi;;1 actness of strata, pilo geometrv and lav-out of piles, this increase
taincd from ;il;d;t-",. ri+Jl"' 

" """:'- * "* 
f"#,::r:",:11".:ffjj;1.j*H,#tr:i::#r?$f,[H:

B'1.4 Values given in columns (lO and (17) for lateral thrusts values of lateial loads should noi be increased Uy more than 1.5
loJ n9t be increased or decreased.for chango in pile lengths. Also times iD all ceses. In obtaining safe load of compaqion file thefor multi-under reamed piles the values shot lJ 

'oot 
ini"ure irr- reduction for pilo bcre holes full of subtoil water 

". 
arliirrig ,rri

thooe given in column (17). For longer and/or muhi-under ,.u."0 dtring concreting should be taken 15 peroent insteart of 25 1;a*6,,nt

lilT .ligt..t lateral thrusts may be adopted afrer establishi"e fro. as given in 8-1.6. The reduction for piles with twice the 61,lbficld lqad 1esd. - --:- 
diameteristobetakenl0percentinsteadof 15percentasgiveirio' B-ri. The provision of reinforcement in under-ieamed comiactionB'I5 For dense sandy (N130) and stiff clayey (N| 8) soils, the piles will also be guicled as stipulated br 5.2,2.1.

*i'#';;;:T1"*l "}|Jr,lffllillt t:,r:*:lxl i: 
' 

Bl.e rhe safe roacls in rabre r, and the recommendationJmudc' increasea ;,*' il; ;iln',r^ ",i ."T"*,i':i,;r._:l',lyi:;, ,: ::,::1,X,: ;?,'J ff: Ll':"i";j fffi S;lr"il*.#,ff ny_;;e dcpth of about thiee times the pile shaft diameter] 
],t "t*}"it l - Iilt to two-thirds the rtads corresponding to deflection of 12 mmend found adequate. For piles in loose (4<Nji0) sandy and io'r-tooA. iri compression and uplift. The deflections correspondingsoft (2< N 54) clayey soils, the safe loads should be taken 0.?5 times t o respective safe ioads-rvill be abcut 6 mm and 4 .i. 

- 
fn" a.n 

"tiorithc values shown in the Table. for every loose (N!4) saudy and at safe lateral load.will bc abcut 4 mm; The values given in Table
vcry soft (NJ2) clayey soils the values obtained from the Table 1 will b: ncrmally on cras:rvative side. For wgrkin! out ultimate' sbould tre rcduced by 50 per cent. com2ressivc and uplift loads, if ttefined as toadi coriesponOing to' 25 mhr dcfl;ction on lord-Jcflection gurve, the value obtained flom8'1.6 The safe loads obtained from Table l, should tre reduced Table 1 can be doubted. But in case of latiral thrust twice the vaiuesby25 wr ccnt if the pile bore holes are full of subsoil water of dril- in Table 1 should be consiilered 

"orr"rpordiog 
-to-'oeg€dion 

ofling mud duriog concreting. No. such reduotion may be done it I mm only.
tffJ":* is confined to the shaft portion below the bottom-most 

B-r.r0 The per.missible inyere gver safe loads obtained from

B-1.7 rhe safe roa<rs in uprift and compression given by.io rabre-r [:*:'ilsll]J::rtr'J:il',:l*il i;',i;tffi"ffix,u*.i
or ottained in aocordanco wilh 8.1.2 to 8-1.6 should be reduced with 5.2.g.

TISTS l_S,\FE LOAD FOR YERTId^L BORED,dAST irr SiIA UNOTN.REAMED PILES IN SANDY AND
CLA).EY sotl.s INdLUDING BLACK coTToN sCI[s.

Size Length Mild steel t einforcement. Compression.

' Dhmetcr
of pile.

Under
reamed dia-

meter.
cm
(2\

50

62.5
:75

94

tm
112.5

125

Single wder:-
reamed.

Double under-

.leanted.

Rings spacing
of 6 mmdia-

rings.
cm
(7)

18

25

30

30

30

30

Longitudinal t einforce-
menl.

Dia
(6)

10

l0
r2
12

t2
t2
t2

Single under- Doubl: mder-

cm

0)
20

25

30

37,.5

,lO

45
50

,', Compression.

hurit*c per3ocm' Decreaseper
Lcngth 30 on Length.'tt

m No,
(4) (5)

3.5 3

3.5 4
3.5 4
1.75 5

4.0 6
4.5 7

5.0 9

Safe loads uplift resistance.

Doubl. tader-
reamed.

t
(l?)

6

9

t2
l8
21.

25.75

31.5

(l l)
'0.7

, 0.9
1.1

1.4

. 1.5

1.7

1.9

SWe under-

. reamed,

t
(12)

4
6

8

12

t4
17.5

2l

Increase'per
30 cm length.

t
(r4)

0.65
0.85

1.05

r.35
r.45
r.60
1.80

Decrease pet-
3O cm length.

t
05)

0.55 :

0.70

0.85

r.10
l.l5 r

1.30 i

1.45

reamed.

.t

(8)

8

12

t6
24
28.
35

42

reamed.

t
(16)

1.0"

1.5

2.0

3.0
3.4.
4.0

45

reamed.

t
(e)
12

t8
24

36

42
52.5

63

reamed.

t
(t7)

. r.8
2.4
3.6

4.O

4.8

5.4

m
(3)

3.5

3.5

3.5

3.5

3.5

3.5

3.5

mm

Iateral thrust,

Single under- Double under-

(10)

0.9

1.15
, t.4

1.8

1.9

2.ts
2A

.l
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' D-I.r.2: For piles in high gound water ta[b and unstabb soil
conditions, boring and under-reaming shall be barried out with beoto'

' nite slurry using suitable equpment. Tremie pipe shall be used for

D -1.1.3 : The additionat equipment normally required for under
reamed compactioa pile ar6 tUi foUowiog : .

(a) Drop weight fo,r dririug the core assembty ; anl
(D). Pipe or solid core.

properly and requi5ite amount steel should be pfovided

Nore.-For obtaiiing safe from Table l, 'N'value (stantl'

aid peiretration test valu-e) a average should be takex uP

to a depth equal to the bulb below'the pils toe. 'In case

'N'value for obtaining safe

given for sandY and claYeY

soils.

M or SuscnA,os

C-1. The values of the of modulus of horizontal sutl'

C.

5.2.s)

modulus of subgrade reaction, tr,
2 and 3.

b,cL vlrurs or oF"h

.,, rN kglcmg

--A-r--1DrY. Subrncrged'

. 0.?75 0.526

. 2.016 1.245

refeated .. 0:041

APPENDIX E.. 
..,

(Claase 6,4)

Bastc PnopsnrlEs oF DRTLLT{G Muo (Brnroxrra)

E-l Properties :

E 1.1 : The bentonite suspension used ia bore holes is basically
a clay of moitmorillonite group having exchangeable sodium cations.
Because of the presence of medium cations bentonite on dispersion
will break down into small plate like prrticles having a negative
charge on the surfaces and positive.chaigp on the edges. When the
dispersion is Ieft to stand undisturbed, the particlues trecome orierted
building up a mechanical structure of its own, the-menhrinical struct'
ture held by electrical bonds is observable as a jelly like mass or jell
material. When the jell is agitated, the weak electrioal bonds are

' E-2. Functiont z

-t

E-2 I : The action of bentonite in stabilizing the sidds of bore hole
ls primarily due to the thixotropic property oi bentonite suspeisions.

The thixotropic property of bentonite suspension permits tbe material
to have the consistency of a fluid when introduced iato the excavation
and when undisturbed forms a je[y which wheo agitated becomes a.

fluid again.

E-2.2 z_ In the case of a granular soil, the bentonite suspension
p.n trut.E into the sides under positive pressure and after a while
fcrms a jelly. -The 

bentoriite suspension Ssts deposited on the sides

of the hole and makes the surface impervious and imparts a plastering

effect. In impervious clay, the bentonite does not peneEate into
the soil, but deposits only a thin film on the surface of the hole. Under
such.conditionq stability,- is derived ftom the hydrestatic head oJ the
suspensio:r

fl-3. Specificationo '.

' F-3 I : The bentonite suspension used for piling work shalt
satisfy the following requirements :

(a) Th6 liquid timit of be,ntonite when tested in accordance with
$ t 27h (Part V|1965 shall be more than 300 per cent qnd lcss than
450 per cent.

(b) Tho sand coDtent of the bentonite powder shall not be grealer'

han 7 per cent.

Nors.-The purpose of limiting the sand conteot is mainly to
control and reduce the wear and tear of the pumping equipnenl-

(c) Bentonite solution should be made by mixing it with frc€h
water using pump for cirorlation. The relative density of the bento-
nite solution should be between 1.034 and 1.10. , 

.

(d) The differential freE s$'elt shalt be +o,re then 540 per cent.

(

grade reaction nr, in sand ol
rn claY maY be taken from Ta

TABLE--2-TYPt

Sorr, rvpr

[-oose sand

lv{.odium sand

D'ensc sand

Very loose sand
loading.

lJnconfined comPres'
siw strengthkglcmg

a. 
> 

l

o)
0.2 to 0.4

I tsl. '

2 to0
I

I

'1APPENDIX
l

(Claure 6.2)

'' EauIpMPNT roR UNbrn'nraurD PILES

(MaNuar- C :NsrnucrroN)

.D-1 
EtluiPment z

D-1.1 : NormallY
manual operation :

ttre followi$ equipment will be requiid

(g) Ari auget ;

(6) An under'reamer ;

TABLE_3_TYTIC.,.L V oB I( (for Preloaileil claY) -
value of

r (2)

1L.o 42

pto65
65.io 130

Probable value
Kkglcmz

(3)

1.73

4819
79.13

195.K

D

(c) A boringguide ; and 
i

d, acoesscries like spire exfensions, cutting tool, canqrsting
lunnel, etc,

D-1.1.1. : For the piles of size,largqr than 30 cm. and for larger

dembs additional equipment required will be a portable tripod hoist

ffi; ;;*di operateo winct'

,\

466-r-34

,l - r'
I

I

i

onaJ,
I

1
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CIRCULAR No.. 176.OF 1981.

Circuhr Memo. No. Wks. Iil (5)187221181-176, dated.l2th
MaY 1981,

oep re$r oN prl-Es.

PnocsDunB ro BE FoLr.owED.

When a load test has to 6e conducted on a pile, the following proce
dure shall be adhered to strictly without any lapse. The procedure
is almost oominon both for an Initial Test on a Test Pile ora Routine
Clclic.test on a woiking pilg except for a few differences which are

o

+

5

tZ

o,t.
a

,
sho'.14 | 6uq
gacc io, trw prson5

to sit
rcodih9.9

a^d tal*'lial gauge

SECTION ON TEST PIT FOR LOAD TEST ON .PILE.

1. R.C.C. prLB 2. R.C.C. PILE CAp, 3. JACK, 4. ROLLED
SUPPORTED BY WOODEN BLOCKS UP TO t85 Cm IIIGI-I
6: .SECONDARY R.S.J. 7. DATUM'BARS, 8. MAGNETIC
CONCRETE SUPPORT, 11. PLATFORM SUPPORTING
AT 120 Cm INTERVALS, 14. SAND BAGS, 15. SPACE

The graduation of pressure gauge hallbegot calibrated first from
reccgnised Istitution like an Engineering College, a Reserach station
or a Research Institute in the presence of the Assistant Executive
Eoginrier, concerned. The capacity of hose pipe and jack to with-
stand the high presqre of liquid at the higesi test toad shall also be
got tested in the same institution along with pressure gauge calibar-
1ion. This ascertain is quite ess€ntial as otherwise, the hose pipe
would often burst and halt the test abruptly causing repetition of the
test from t[e start.

Further it is preferable to resort to caliberation a few days before
the ac,tua l ,load .test every time. The dial gauges will also be got
tested for thc accuracy and for their futl range.

This caliberation process must be repeated for every load test
without fail.

STEEL.JOTST BOLTED TO MArN JOTST, .r. MAIN R.S.J
AI EITHER ENDS: To HAVE.A CLEAR HEAD RooM,
BASED SUSPENDER, 9. DIAL CAUGE, IO. I\.IASONRYi

SAND BAGS, 12. R.S.J SUPPORT, I3. CASURINA I]OLES
FOR PACKING PLATE.

1
(b) Test pit.-The test pit shall have sufficient space for

four persons to sit and record'four dial gauges reading prefeiably
It shall contain two escapes, ONE for entry and the other (or an
emergency ex.ist. The ffoor of the pit shall be 10 cm. clear below
the pile cap. The mudmat can be av6ided preferably and;he pile
cap can be cast with bottom centcring in addition to side shutterings
Even ifthe sand filling is resorted to forthe floor ofthe pit, the clearanc
clearance of l0 cm. shall be maintained at any cost especially a/oud
the,peripery ofthe pile below the pile cap.

The top of the pile cap shall be finished even and tru,ly to plane
Glass phtes on greasc base or any other suitable base (i,e.) plaster

- of paris, etc., will be fxed at fout co.rqprs of pile, cap equidistantly
rom the cbntre of the pile cap to recieve the tip of the dial gaugee,

'a
.Magnetic bSsed dial gauges shall'be employed.in the (esl te

srspened ftom the datum bars. This is again quite esstential*Jia-

,;H-. ,

. .xplained at appropriate places lelow. If therg be any lenicnce or
'apse in observing the procedure strictly, that will resutt into in-
correct assessment of pile capacity and rather over cstimated pite

. capacity.

(a) Testing the load test equipments.-fne equipments emplbyed .

for conductin6i a load test are : (I) Hydralic oil,,tank fiited with a .

pressure gauge, pump handle and release valve (2) Hose pipe to carry
the hydraulic oil to jack, the oil being rnder pressure'(3) a Jack of
appropriate capacity ; (4) deflectometres or dial'gauges and (5) datum
bar5.

\ \ \'
\\\

t+

\\\
6



ordinary dial gauges suspended with holt and nut affangement

n.itt"t-ptoriOe vertically at the start of the test nor maiotain it

during the test.

Both datum pars should be of equal length and of identical

angles or channeh and should be hetd in position to masonry cr con-

.r"f".upport, at either ends placed 5(d) arvay from the periphety- of

;ii. *here d is the diamter oi pite. These bais should be straisht

inOstifenOea tgansversely with cross plates, so that the datum bars

are not distrurbed even inadtertently'

26t

The assessment of safo toad on the pile wifu be mlcle as foilows
for the "driven" piles,

(ir Two thirds of the ffnal load at which fhe totalsettlement

- attains a value of 12 mm, unless it is established,that a total settle-

ment different from 12 mm is permissible in a given case on the basis

of nature and type of the structure in the latter case the actual tota
settlement p.rrnirttt" shall be used for assessing the sife. load i.nsteadl

of 12 mm.

(2) Two thirds of the 6nal load at which the net settlemen'
increases to 6 mni. unless more settlement is permissible" I.SS.2911t

(Part I) 1964. Aspessment of safg load in. the casi of bored piles is
made as follows (as per I.SS. 29ll-1954) (Part l).

(1) Two thirds of the minimum load causing a net settlement

of 2 percent of diameler, subject to the 'maximum net settlement

being 25 mm. may be taken as the allowahJe working load. The total
settlement should, however,. be restricted to 4 per cent- of the diameter.

For this purpose load increment should be.put at equal time inteivals

(ii) Initial test:-(based on IS. 2gll-PartD 1964. All
the above procedure will remain unaltered for initial test also except

that the test load shall tie 300 per cent of the safe load of pile as pe

tender's design

Assessment of safe load in the case of driven piles will be as

follows :

(i) Two thirds of tfie final load at which the total settlement

attains a value of 12 r$, unless it is established that a total settle-

ment different from 12 mm. is permissible io a given case on the

basis of trature and type of structure, in the latter case, tlle actual

total settlement permissible shalt be used for assessing the safe load

instead of 12 mm.

(ii) Two thirds of tlrc final load at which the net settlement

attaiDs a value of 6 mm.

(iii) 50 per cent of 166 final load at which the total settle-

ment equals one-tenth of the diamter.

Asscssment of safe load in the case of bored pileS will be as io
routine test.

' Precautions: The load test oB a pile shall not be carried out earlier

then four weeks from the time of costing of the pile. In the case of
precast . driven piles in coarse gained sandy soils, the'time when

ihe load tests on the piie fouirdations aie carried out shall not be

earlier then one week from the time of driving of the piles.

In practice piles will offen be driven iuto a succession of different

strata. In suoh cases, the oature and . thickness of the

stratum in which the point of the pile rests will largely influence the

load carrying capacity. The characteristics, thickness and iucli'
nation of the strata underbing the pile points have a preponderant

influence on the settlement of the strudure as a whole. In such soils

care should be taken in estimating the oJorall settlement. Ths
possibility of settlement due to the consolidafion, the soil below the

he pile point should'be iovestigated andlaken into account.

Factor ofsafety for assessing the safe load on piles from load test
data should be incresased in unfavour4ble cooditions where.

(a) Settlement must be limitted as in the case bf accurately aligned

machinery or a superstru€ture with fragile TtOa*.
(!) large impact loads aE expect€d'

(c) the properties ofthesoil maybo expectedtodeteriorate with
time. 

r

The lciading ftrr the test is normally achieved by sand bags (I-ead

blocks also) Stacked on a platform supported by R'S' Joists' This

;i;,f*; shall be kept at least 6.0" above GL to have sufficient head-

i*.io -ou.. The itatic load for the test excluding the weight of R.S.

J"i* *iff te normally not more than 20 per cent aftd hence a limit

.iiO p.. cent higher than the highest test load mav b9 fo{ow;dt .If
itlrir t.t followed, the reaction load is not achieveeil and that the

Ro[et Steel Joists (R.S'I.S.) will be lifted or even tilt' at the

highest test load.

(C) Test@.-The load test on pile shall commence only when

the above arrangements are completed 1s ths 5a{irfication of the

g"..otiu" Engineer concerned and after obtaining his approval.

Io .o.. o.f cyclic load test the following proccdure shall be observcd

(i) Cyclic loail test (based on ISS 29ll-1964) The test shallcon'

for* to f.(i- 29ll (PttI) 1964 The procedural details of test shall

oo forn, to tt" abovi I.S,S. and to the following specifications

aa"t 
"otiog 

downthe initialreadiogs on the dial gauges' a load-in'

crement equal to l/5 of the safe load shall be applied and the readings

in- ttr" dial gauges noted down immediately' Note aguin the dial

;il;; reaaings arter 30 minutes. Allow the load to remain for an

torri. ltttr"r" is dropin.pressure in this pcriod, this can bo restored

iv iackine. Note down the teadings of dial gauges then' Ifthe rate

;i ffiffi; b"i*..n th" two mein readings sf the dial gaugei at

in" ooa of 30th aud 90th dinute is less than 0'02 mm' then release

the load very slowly, and uniformly. If the rate.of difrerence is more

than o:02 mm. the dial gauges readings will be observed continuously

"i 
oo" noot iotervals till the rate of difference fails below 0'02 14'

After release of lead iD the I cycle, glserve the readings for about

io .ioirt".. If they are stable, note down the readings and proceed

to tU"*o cycle of loading. Next dpply 2l5th of safe load steadly

and notc sdor:vn the dial gaqes readings. Observe after 30 minutes.

and record the rcadingp. Find out the readings after another 60

mlnutes. If the drfference between the mean readings of the dial

gauges at the end of 3fth and 90th minutes is less than 0'02 mm

Ir&ed to release the load ; If not continue the observation of readings

hir cvcle of loading aud unloadiog will continue till th-e tesi load

(150 per oent of the safe load oo pite as per I.S'S') is reached' This

,"*t r&C rn"U be kept on there till the pr6gressive settlement of pile

;trpr ,id remains nnaltered at its highest value i'e' the needles

;f OA gauges'witl then stop moving indicating that the total settlc-

ment has been reached aod that there will be no further settlernent.

This mndition should redin unaltered atleast for 24 hours con-

,s.rotirrly under tho test load. This test condition will be obtained
'normaty 

in 3 or 4 days tirne (not goveraed. by the I'S'S') The test

is torrect aod aocetable only whenthis 24 hours condition is obtained

(not governetl by I.S.S.) If this 24 hours condition.is not obtained

witlin tbe stipulated time, tbe test shall be rejected and ftesh test

cooducted at contractor's cost. The releasing of the test load' to 7*te
' shall be carried out slowly and steadily by dropping dorm the load

stagp after stage,'(7.55, 715, 615, 515, 415 etc') and noting down

ii"1"m-a. The net settleFetrt at zero load shall be aotcd' The

Dext rettle$eBt shall also be noted after 24 hours after release of test

'load (tot 8;oeverncd bY I'S'S')

46G*?4t
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.srcuoN v.
B RI C K MA S.O NRY.

coxtDlTs

31. Bd* Masonrf0emrrl. .

31-B Brict inSurkiMorter. ..

31-C Brick in Con€nt Mortar t:3. -. ,

31-D Bri*&€hWod;

31-E Bri*WocLlnChY.
32' 

- Iloncy C ombwork with B rictrs and P letL1e6 eas gga I I 0

includiug Whito Wasffe, two aosts.

33. HonoyCombWork withWesbod Pen Tilcs ..

34. Rcinforecd Drick f,'ork !9etls .\

Peg,
Nunb

Specifioation No.

Sricslficati,on No.

Spocificatioq No.

Spocihcation No.

Spebification No.

Spccificrtion No.

SJrocification No.

Spcci6catioo No.

Spccificrtion No.

mn'Lime Mortu

269

270

2lg

zla

2m

4l
271

nit
tn

,

a
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sBcrsN V.
BRIGK MASONRY.

tM7-t970
stu-t97t
269t-t972

2212-t962

t05-1969

2tt7--ls6g

1200- 1970

INDIAN

Codo of Practioe for

Codo of Practice for
Buildiag Bricks.

STANDARDS EXTRACTS.

Recommendrtions on Stackiag aad Storage o{ Construction Matena}sar
Site.

Spocification for Common Bo*t Ctnv BuilttiiLg Bricks . .

Classification of Burnt Clay Solid Hcfts

Codo of Practice for Brick Work

Pugo

Ntmber,

214

276

Method of Mcasuremsnt of Buitdlng andClvll"Engio€erirg Worts
(Part lll)- Brict' Worts.

,

a

/.s.
Nambcrs.

+082-1977
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SECTION V.
BRICK MASONRY.

SPECIFICATION No.31.
BRrcK MasoNnv GBNrnd,.

i ,:!*:::roo 
". 

oor*og bricks and cr,,sin""tioi u," covored
byI.S. 1077/1970 and 3102tr1971.

N.B.-Vide doscriptivo tpucifi{ation sboot to bo attachod tg agree'
mont regarding kilns from wprich ,bricls aro to bo obtained.

2. Bricksaretobewell soaked in ivaterbefore use' Forfurther
instructionsrsgartling soaking]and sizoof bricksto bo used I'S.
221211962, and I.S. 1200 Part II[/1970 shall apply.

3. Regardine makinsof bricks I.S. 2ll7ll967shallapply. Whbre a
larce nu-mber o:f brick has to bo; ma4ufac{urod it would be prudont
toirouldantl burn a small number on trial to onsure tho oortainty
of itre output Ueforo startin g gpe iatio[s on a large scale.

3. 1. Alt fuel for brick burning ohould be dry and used whon com-
parativoly fresh. DocaYed should not be usod as fuel. Tama-
rind or babul is the best wood uso in burning. Specification

2691 1t972.for faciug brick is covorod bY

13. Treatment at ends oI beoas odlolsts.-thc ends of all woodcn
beams wooden roof trussesr etc., shall rest in recoss having 40 mm

space for the free circulation ofair all-round them and provided with
perforated zi nc sheeting.

14. Measurement of brick work is covered by I.S. 12(X) Part III of
t970.

Measwencnts-
(i) Brickwork shall generally be messured in cubic metres unless

othor-wise specified.

(ii) Walls half brick in width aod l€ss shall be measu€d separatcly

in square metres stati+gthickness.

(iii) Brick walls of width over half brick shallbe measurcd in multi'
ples of half brick which shall be de€med to be inclusive of mortar
joints, irr€spective of cxcess of orecuted width.

(iv) The following shall be taken as half brick measurement.

For bricks 19 x 9 x9 cm-10 cm.

For bricks 19 x 9 x 5'7 cm-10 cm.

I 5. Wooilen briclcs.-No extra pricB will be paid for wooden bricks

17. Ilandling bric&s.-Bricks shall not be handled in baskets or in
other mauner wmcn win destroy the sharpness of their edges.

18. Clucking of levels.Jhe SubDivisional Officer will pcrsonally

voify all levels with a levelling instrumeni when ttre work reaches tho
Ievet of the plinth and again at floor and rooflevols.

20. Brick on eilge copittg,etc z Paru 10.1 of l.S. 221211962 shall

APPIY, No extra Paym€nt will be made for this work, over tbe contrac

rate for brick work. The contract rate for brick work shall include

the same.

4. Mortar :-Specification is
mortar perish, i.e., become drY

by I.S. 2212162. Should thc
or powdery through neglect of

watering, the work shall be down and rebuilt at the contractor's
expense, or should the

satisfaction of the officer
the requisite men to water the
the contractor.

4.l..All masonry shall be down on completion and all
stains-lime or from thC face.

S.Bcrs:-No bats or cut bricks bo used except where absolutely

required for obtaining the di of the differnt courses for
obtaining the specified bond and in the opinion of the Executive

Engineer the workis of too a nature to warrant tte special

fail to watch the work to the and Plugs buitt ioto masoory, the wooden bricks and plugs thcmselvcc

of the work the latter may supply
are to bc suppliedfree of charge. Clause 14 under stone rtrasonry

propely and charge the cost to "General" is to be complied with.

16. Stackiw.-This is dealt with in I.S. 4082/1977.

moulding ofbricks of the shape

Setting bricks in mortar, and raking of joints arercovered 19. Rouniling coilefi.-(a, Corners of rooms or pillars whether
by l.S. 221211962. interi or or projecting shall not be rounded but in oxccptional cascs

7. Non-plasteredfoce work:-Finishingjoints is discussed in para where i t is so desired to round the sortrels shall'bo done in

5.5 of I.S. 221211962. Whoetllereis nospecification superseding plast er for the re-ertrant corn€rs but will roquire crhiselling Ot

on the same section of the buildinq in uneven_ coursc the bricks shall
be raked back so as to maintain an ;uniform and effectual bond.

9. Iron, stone, concrete and ottrFr fixtures, buttresses, etc., .tide

clause 16 under standard sPecifica$on for stone masonry general

which is to be complied with.

thestaodard specification "Pointfng-Remarks on"
provision made for extra payment for pointing, the
shall be finished as described unde{ clauses I to 4
romarks on" and shall be well n{bbed with a piece

suitably bent.

7.1. No extra payment will be made for this
joints andit shall be includedbrick work face

in his unit rate for brick work.

8. Raiking back|-When oircumstances render it necessary to carry

lO. Wet foundatlons.-Vide clausp 17 under stone masonry general

which is to be complied with. \

ll.. Openings.:Ihisis covered by paras 10.2, lO.4 of l.S, 22121

1962.

11.1. The contract unit rates for biick work are inclusive 6f quoin
and jamba.

12, Treating.:Ihis is covered bY

t962.
466-3-3s

paras 5.12 and 5.13 ott.S. 22121

non-schedule projectinB aogles beforg plasteriDg.

exposed joint
of "Pointing (b) A separate addendum specification will be iseued in casc

of I0 mm rod sp€ciallY moulded rouded corner bricks arc to bo used in jambs

aches and projectiDg and re-eotrant corners so as to eliminato the

manner of finishing
sharP angles.

by the contractor (c) The rate tendere.d for plastering and brick work in the cese

(a) and (b) above shall be held to cover the cost of labour and

materials for compllng wrth this clause-

21. Plinth oftsets : Pliuth off-sets on the

should be kept 15 ciu below floor lwel (unless

floor to be laid will determine, iostead ofthe 15

floor Paving wniil is done subs€qu€ntly soming upto the face of the
sup -'rstructure. Similarly retaining walls of veranda\ ctc., must
be built with due regrrd to the slope allowed for the floors.

interior faces onlv
finished thickness oi
cm) to allow for the

22. Paranrets: Atl parapets will be measured undcr the 1pasonol

below them and with \Phich they are oontinuous in a floor, the parapet

lti j" f,l.t1ff $IJ]HJ*" l3yr31'oo' 
torc,rar Memo' 

9105/As'

trd"

contractdr
in-char$
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23. Anti-termlte constructlonal methods: At places of foundation
where the existence of colonies of subterraneon termites are found
tle fnobabilrty of internal attack of termite through floor and plinth
tiillings is great. Io such places the constructional practices for
protection against subterranean termites originating both internally

from within the plinth and externally fiom the are,, surroundiog
the building as laid down in I.S 6313 @art D- 1971 s rr, I be followed.

24. Applicability of'gewal specWation: General clauses shall
apply tolall the following subspecification of brick masonry.

zq )^M THrcra c
s ?ER RUCTURE

Z:4 TO?PING

OUTER W ALtlj_t4!4l!tgh cc
@
ltaMM rHtah coARSe

SAUP LAYEB

SPECIFICATION No' 3l-A'

&"ff;*P*
' SPECIFICATION No.31-B.

Br,rcx rx Sunn Monun.

SPECTFICAIION No. 3l-C.

Bnrcr rN Cluan Monr,cR l:3
SPECIFICATION No. 31-D.

Bnxx Ancrrn'onx.

Clacses Addttiorul to General "Proceding"

1. If bricks, specially moulded to theradial lines of thearch,aro
demanded for archwork it wilt be so specified. If any case, the bricks

shall be specially selected and shall be free from defects of any sort.

x.u. Specially moulded bricks are always preferable as cutting and

rubbing of bricks to give propcr radial joints remove the hard surfaces

skin which protects the bricks fronr decay and weathering' Thc

cost of tabour, required for rubbing the bricks, will in important works

comc to as much as providing specially moulded bricks, in which

cagess itwillbcadvisable for the contractor to provide, the same .
whother specified orleft to his option in supply.

bg uy vt)!2Lgp_-Ax$
T!!gh-c.e fu I 2:+) T o??tNG
ege8-1LU-ttlH lcla e.c (t, g: a)

wq

goo
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2. The bricks shall be laid in concentric half-brick rings. Th4
voussoir joints shall be properly summered. The thickness of joints

shalt be the same as that specified in the standard specifications for
the same class of brickwork in mortar. In all arches, the voussoir
ioints shall be truly perpendicular.to the tangent of the curve at those
points. In setting the bricls in arches, they shall be well pressed into
their beds so as to compress the mortar to full bearing and leave

the joint thin.

3. Bricks forming skew-back joints shall be specially mould
or cut, so as to radiate truly, and defects in this particular shall not bc
remedied by the extravagant use of mortar, nor shall patching up
by chips, etc., be permitted.

'{. Grpat care shall be taken that the rings are bonded togethcr
pruperly wherever the joints of any of the rings come to a summering
or ptaosface. Joints intwo consecutiverings shall notcomcinthe
same radiai plane. Thearchworkshallbeevenlyand quicklydone

and kept tiroroughly moist so that no portion of the arch hardcns

or sets before the whol "rch is completed.

5. Centres shall compll lith clause 4 for " Centres" under the

standarpd specifications for " Ashlar Arching ".

I

2.

ffi,

,

-.r r. :.. '\ .'.'.
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6. Archwork over dgors and windows shall be built to this specificatioir, seSoeutal arches baing givco the rise indicatedin thefollowint

table :-
anm or solpjrmrrs AND MEAN LENcrItrs op ARcH RrNGs oB DIFFERaNT TEIcKNE$ roR nEoMBNTAL oPBNINolt or 60o ovBR DooR!

-WINDOWS, ETC.

Sptt in mcrre", I

1,26

1.78

2.fi
I

2,83

3.35

3.87

4.n

(l)

1.0

1.5

2.O

2.5

3.0

3.5

4.0

Rise in
metre.

Area of
segment
in mz

(3)

0.09

0.20

0.36

0.57

0.82

1.1I

1.46

(2)

o.l3

0.20

0.27

0.34

0.40

0.47

0.54

t0 cm

(4)

1.10

1.62

2.15

2.67

3.19

3,72

4.24

50 cm.

(8)

I.31

1.83

2.36

2.88

3.&

3.93

4.4s

Mean length of arch rings difierent thbknesses,

crrr, 
. 

4O cm.

(6) (7)

LM

1.73

2,25

2,77

3.30

3.82

4.m

?.0 cm. 30

(5)

1.15

1.68

2.20

2.72

3.25

3:77

4.i

SPECIFICATION No. 31'8.

tsRrcK WoRr rN CLAY.

l. Mud mortaf of tbo sa,mo spocification as ilcscribed in the

ishndard spocification "Rtndm Rubblo in Clay" shall bo used.

Tbo bricks sball bo the bcst of tho class specified.

2. Work shall bo carrical out to thc Standard Specification with
tho cxeption tbat clay rcplaoes mortar. Joint thickncss should

not oxeil 1.25 cm. Tffe bricks also roquire comparatively little
wettitrs prior to usp not need they be subsequently kept damp as

spocifietl for brick in limo mortar. As tho brigk work will usually
bo plasterod less labourwi[bo rcquir€dfrir finishiog offjoints
of tbo brickwork.

- (Span)sX0.091.

: Span X 1.047

: lSpanfarch thickness) }(l,Ul,
Avorage oflength ofintrados and length ofextrutos

SPECIFICATION No.32.

Hoxgycor,rB \poRK wtTrr ERrcKt ArilD pLASBRED oNg colr 10 uM
LI1IG MOTAR INCLUDINO WIIITB WASEING TWO COAIII.

l.Modular bricks shall be us€d unless other classofbricks
are exPressly spocifiedinthe schedulo itemdescription. Thebricks
shallbe thoroughly bcddcd withlime mortar and havoa boaring of
20 mm. on each side.

2. Ttewall shallbo 20 cm. thick. fhe bond used shall be a heading
bond throughout the wall with rec-taogutar shaped holes.

3. Tho facos and sides of tho hotes shsU bc plastered with limo
mortar one coat to thst standard spocification only a,i15 thickness
10 om, and the sste is to includo plastcrins All joints and edges

shallba struck flushto givo wo surfacc on allsides.

4. Watering shall be dono for one wcek aftcr complotioo of the
masoDry and prior to white washing

5. Two coat of white wash sball be fnally applied to both
faces of the work and also to the interior of the heles. This
inoluded in the unit rateg. The wall shall be carried up regularly
course by course.

Nole.-Ccmcnt mortar cao also be us€d inst€ad of lime mortar.

SPECIFICATION No. 33.

HoNrycoua wonr WITE WASBED p^lr{ TILES.

1. Staodaril specification pon tiles aro to be usod or such othcr
sizo as may b sp€cifi€d or igstnrctcd to be useal by tho Executive
Endo€€r. Innocaso tilesof diffcr€nt dimensions tro used on the
samo work.

2. Tho tiles sMlbo soekcd in watc,r for 24 bours and allowcd
to dry, After thery aro quito dry thcy shtll bo dipped in Btandarad
speification whito wash of the consistcnoy of cream aod again allowad
to dry.

Arca of scgmcnt of 60"

LcnCth of intradog

kngth of Extrados

It{ean length of thc arch

Span
Rise :- 7'4r,41

7. When flat archcs are specified, a relieving arch is to be built

ovcr tho flat arch. The chambor for the flat arch will be 10 mm per

mArc of span. Tho relicving arch must first be built with above

poC"otio* regarding centres, etc. and not sim,ply built int'o the wall

ir* tt"rnu.ooty laid to the segmental shapo. Skew'back of relieving

,r"n 
"nf 

Uu rcit in the samo radial alignment with the skew'back

of the flat arclr. Thespace between arelievingarchandaflat arch

or lintel is not to bo fllled in until the wall has been completed, unless

spocially ordcretl by tho Executivo Eogrneer' Flat arches will be

rormoo'ot carofully rubbed brickinheailer andstretcher bon<lwith all

voussior joints cowarging to tho apex of an equilateral .trianglo

describcd on antl bolow thesoflit of thearch. Flat archoswill usually

only bo used for Poiot'od face work.

t ffi

n.r-It is orstouirry with this class of masonry in Buildings, to
G1gut tho top30cd.ofwalls aod3ocm alround doorsand windows

,ith brfut hlim @rtar or ccn€nt mortar.
466-3-35.r

\



3. Tho tiles should thco be laid in regular rows with concave
surfaco downwards with sufrcieot mortar at tho joints to pravent the
tilcs from displacoment. The tiles in cach row shall be built in
so that ach tilo covors the joint between two tiles in tho row im'
mediatcly bolow. Broken tiles shall nwor bo usod on the work.

SPECHCATION No.34.

Rqnronclp Bnrcr Wonr Wlr.r.s.

l. Tho walls sbatl bo built of modular brickr io Standard
Spocification cement mortar being in the proportion of 1 of coment

to 3 of sand. The reinforemcnt shall consist of hoop iron 40 mm

wr<lo and 15 gaugc or suoh other size al may be spociEed laid flat
in tho middlc of ths briokwork. (Tho bond of the hoop iron with
the brickworkwillbo greatly improved if the hoop iroo is punched

at int€rvals ofsay 15 cm. soastoform burrson bothsides of the

reinforenront The punch holo shall be 6 mm dia'meter).

2. Tho strip of hoop iron sball bo oontinuous and if it is not
avaihblo fqr tbo full l€nEth it shall bc rwert iointed wrth ao overlap

of not lossthao 8cm. Atthoendsthostrips shell be folded ovor

at tho junction to atloast half the depth of the course. It shall be

plaped at ovcry alternato counw or ast may bo otherwise speci0ed

or as shown io the drawing. Before layingthe hoqp iron it should

be exposcd to tho weather to removeits bluish smooth surfapo and

hcreby incroasoits adhosion to tho mortar.

3. Two slots at least 10 cms. d€op should be cut in the walls

betsocn which thc partition has to be built and the partition shall be

built into thcso slotg, tho slots being flushed full joint with cament

mortar l:3 as thc work Procceds'

4. Tho thickncss of thc wall will bo tho width of a standard spocifi-

cation sizo briplq uol€6s otbpr sizo brick is pormitted by the Ex'
urtivo Engiomr to bo usod-plus tto plaster thickoess for tho tvo
fams.

5. The joints should not be more than 6 mm.' ercept where tho

hoop iron is to bo laid, where the joint should bo 25 mm., thick to

ensur€ at least a cover of 12 mm between the reinforcement and the

bricks. Tho face joints shall be raked out to 12 mm. depth before
ths mrtar : t' completelY.

6. The wall shall be finished with standard specification cement

plastering I ;5, 12 mm thick on both fapes and wate'red for three
qr€ets.

7. Two coats of standard speciffcation 'whitc washing' shall

thenboapplied

8. The rate shall be for t0 square metres inclusiveofreinforcement

cutting slots in end wa[s' plastoing, white washing otc.' complotely

Enishcd.in Plac,e.

Non.-(l) These wa[s are intended to be introduced in places

where there are no walls or beams or suoh other foundation under'

neath and they are generally expectedto ac't asa bcam by themselvcl

aud to be held uP bY the sidc watls.

(2) For purposq! of correct reif,forec€ment it is oeccssary to

lay most of the iron in the bottom @ruscxt farthest from the neutral

axis of the wall treating it as a beam and to reduce the reinforccement

proportionately upto the noutral aris and to havc no iron in th.
comprcssion coursqt abovo tho neutral aris but to rcndcr the wall
safo agaiost aoy lateralshockofstr€ss, reinforc€mcnt istaken dpto

b€ top.

n2

Note on proiection against X-Rays in Institutions-

9. General,-The following instructions shall be followed in thc
construction ofallradiological institutions where it is necessary to
provide adequate protection to the operators and other personnel
engaged in the X-ray work from the harmful dfrects of X-Rays.
In view of the danger to the health of o@upatrts, if any mistakes
are committed in applying the protective measures, it is spesially
warned that the precautions should be carefully studied and put
into effect. The extent of protection that is required will depend
upon the potentiality of the equipment to be housed. Requirements
rr various forms of X-Ray work are laid down in terms of thicknesscs
or'lead in millimetres in the report pf the X-ray and Radium protec.tion
i.ommittee. These requirements are as follows:-

X-ray generated by Minimam equivalent
peak u.oltage tnKY. thickness of lead.

In millimetres..

Not exceeding 7:

100

tt

,,

tt

,,

125

r50

t75

n0
250

300

350

M
s00

@
7W

E00

900

1000

t.0

1.5

2.0

2.5

3.0
b,

4.0

6.0

9.0

13.0

t7.o

26'O

35.0

44'0

53.0

62'O

7(r0

t,

,,

t,

,,

,t

9.1. These rcquirements shall be met by special requirements in
construction as detailed below:-

9.1.1. Walls.-Walls shall b€ constructed of special brrium impreg-
natcd bricks. ttcse biicks shall be made by mixinS dry 8 ;a"ts
by volume of clay absolutely fres fhom any pebbles gnd vqot4blo
natter and one part by voluoo of bariumsulphato. In ordcr to
otsure proper mixing, not more than 0.5 m8 of clay shall be takcn
up in a heap for mixing at a time. All such hcedg am thco oolbcted
togethcr into a big hcap aad a pit formod in it. Tho requireito qnentity
of vrats shaU th€n bc pourcd in the pit slowly and tho wholcafiowed
to rcmain for 12 hours after which tho mhturo shall be thoroughly
pugepd. Bricks shall thoo be mouldcd in a mould of standard siz.
but having spochl arraogcments to lcavc V-shapcd groorrcs,at lcast
3 mm. decp on all thr four cdSps of tho bricks to dirtineuish ti@
from ordiaarSr bricks. Thr bricks so prcprrcd shall bc bumt as
ordinary bric&s and shall be laid in limr mortar to which barium
sulphatr is addod in tho ptoportion of 8 : I by vohrmr. Thr thickncss
of barium-impreguatcd brick walls chal bc as roquircd by thogaph
appendod to this spccification. For wall 30 cm thick barium impreg-
nated bricks will bo usd for tho full thickness and in mlls of more
than 30 cm. ttir:nkcss. barium.imprcgnetcd bricls will b. uscd

for 30 cm. and /() @. widtht, in oltcrnab oouncs and tu.bohnco
io thickncss wiU bo built with ordinary bricks io otdhary Eottsr.
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9.1.2. walt plastcrins'-All thc walls d M-|| ,'-T':,y::i 3.4.2, tntho casc of bricks madc from clays containing lirnc

ffi;T]9""nj"i:"fl*,Xjo,:fi;f:l-i|ti,"iii#:ltt'fli fri:',#fr xfirm, thc bricks in stack shourd bc thoroulhrv soakcd in upter

of plaster shall be 15 mm to 20 mm tid in the same mannqr as two (dockcO to prcvent limo bursting'

coats of ordinary lime plasterine' 
3.4.3. Brick stacks shall be placed close to the site of work so

9.1.3. Floor and ceiling.-Floor projection shall be grven by that leest efforts iE rcguirod to unload and transport tho bricks

paviag witbhrium bricks laid flat in cement barium mortar (l cemont, again by loading on pallets or in barrows. Building bricks shall bc

I sand and 3 barium sulphate by volumc). The top of tho floor loaded or unloadcd a pair at a timc unles @lletised. Unloading

shall bo finishcd in good wood, rubber, linolium or any other non' of building bricks or handling in any other way likely to damage

conductingmaterial. Protectionin ceiling may be gven by finishing thecorners orcdges elqthor Parts of bricksshallnotbe pcnnitted.

with 25 mm thickness of ccment barium mortar and pontod ovcr
3'.4.4. Bricks slitt Uc stacked .on dry fum groun'd. For properwith whitc glossY Paint.

9.1.4. partitions.-partitions shall be built in special partition inspoction of quali8 and oase in counting. Thc stacks shall bc

bricks mouldod in the proportion of 2 cla y and 1 of barium sutphatc 50 bricks long and 10 bricks high, the bricks 6eing placcd on edgc

iv,.f"* and provited with a groovg tc accommodate reinforce- and preferably, the width ofeach stack shall be.two bricks. clcar

int of mild stcel rods. The p.ototioo afforded by thesc bricks distance betwecn adjaceot stacks shall not be less than 0'8 m.

against X-rays is given in the 8;raph appended' Thc partitions shall

bo finishcal with cemcnt barium plastor 15 .. to 20 -- thickness 3.4.5. Bricks of different types and classffication shall be stacked

laid in two coats. separatclY'

9.1,5. Protection in doors, windows attd shutters,-Full protection

shall always be provided for in all openings like doors, windows

aod shutters, etc. In the sides of door frames the lining of the barium

iopregnated bricks shall be done to thefull thickness of the wall'

Door frames shall be wrappd round with 28'3 kg/m2 (i'e',

i.S .. thic$ lead sheet bcforc being fixed in masonry,' Protection

in door-shutters shall be gven by sand wiching a56'7 keln.2 (5'0 mm

iti.tl.n*t bail between the door proper and a covoring panel of

*oJ. sirit", protection shall bc given in all windows and shutters

croot otsorvation windows which shall havo load-8lass shutters'

wiooo*shallalsoboplaccdataheightofaboutl.5mchesfron
fi"* i*a so that no dAect radiation will pass out of tho room'

Exrnact rnou I.S. z 1077-1970
Specification lor comrrbn burnt clay building Bricks.

3. Chssificafan
3.1. Tho common burnt clay bricks shall be classified on the

basis of thoir minimum comprcasive strongth. Tho brick of comprcssive

strongth 50 kg./cm.r shall be classifiod as 50.

3.1.1. Each class of bricks shall be further dividad into two
sub+lassss A and B bascd on tolcranccs aod shapc. The
brick ofclassification 50 shall have sub+lassificetion 50 A and 5o B.

21 6

I
IE

gtz? or FR06 s lN BR,ICKS

rN c.r{

E mRAcr rRou I.S. 4082'1977

Rccommendatlotts on stuking and storage ol couttuctlon 
Norrs.-For convenioncc, dotsilGd strssification of bricks corrcrcd

. Matedals a' sltc (flrst revldon)' 
bv thir stasdad as v/dl as in rs : 218G1970 (Spccification for heavy
A'urtiUrunt ctay buitdiog bricks) (fnt rwidon) has bo@ lroecribcil

"}a?iloi;*t sbell not bo rlumpcrt ar sito. ThGy shdt bo staclrod in III : 3102 classifcatioo of burnt clav building brickr, (First rwi-

and ddacomont of bricks'

;
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4. General quality.

4.1. Bricks shall be hand-oi, maohitrc'Eoulded they shall be

freo from cracks and flaws antl nodulcs of freo lime. Bricks Sub,Class A.
of 9 cm. heighi shall be moulded with a"frog t or 2 cm. doep on one

of its flat sides ; the shape aad sizt of the frog shall conform to either

Fig. 1A or Fig. lB. Bricks of 4l cm. height add those made by an

extrusion process may not bc provided with frogs.

4.2. The bricks of A shall have smooth rectangular

faces with sharp corners and clcar ringing sound when struck.
pcrmittod to have slight distortedThe bricks of Sub-class B maY

and rounded edgPe Provided no

ia laying ofuniform courscs',

shall arise on this ascount

5. Dimension and tolerances

5'1. The standard sizcs of
follows:

Length,
cm.

buildins bricks shall bc as

Eeight

19'

19

5'2. Tolerances-The dimensions of bricks when testcd in aocod-

ancewith 5'2'l shall be within the followinglimits:-

a. Length.

b. width.

c. Height.

Sub-Class B.

fa. kngth.

lo' *tutn'
{
Ic. ncigtrt.
t

368 to 392 cm.

174 to 186 cm.

( 174 to 186 cm. (in the casc
J of 9 cm. high bricks).
1 ZZ to 83 cm. (in the case of
L 4 cm. hish bricl$).

350 to 
'110 

cm.

165 to 195 cm.
t65to 195cm. (in.tlccase of

9 cm. hieh bricks.)
74 to 86 cm. (in thc cesc of

4 cm. high bricks).

width.
cm,cm,

5.2.1. Twenty (or morc according to the sizc of stack) whole
bricks shallbeselccted at raudom from thc sampleselected undcr 7-

All blistcrs, loose particles of clay and small projects shall bc removd
Thcy shalithcnbcarrangcd upon a levcl surfacc su'ccessively as

indicatcd in Figurc 2A, 28 atd2C in contactwitheach other and
in a straight linc. Thc overall lcngth of the asscmbled bricks sball
bc measured with a steel tape or othcr suitable in cxtcnsible mcasure

sufficiently long to measure the whole row at one stretch. Measure'
ments by repeated application of a short rule or measure shall not be
pcrmitted. Ifforany rcason it is found inpracticablc to m€asure

bricks in one rolv, the sample may be divided into all the rows of l0
bricks, which shall be measured sepatately to the nearest millimetrc.
All these dimensions shall be adC-ed together.

9

4

9

9

2.A, MEASUREMENT OF TENGTH.

- 
- - -----J'

,'{

.,

L.B. MEASU.REMENT OF hII D.TH.

^fi,MEASURCMENT 
OF HEIGHT

FIG 2. MEASUREMENT OF TOLERENCE OF

BUNXT CLAY BUILDING BRICKS.

,
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6. Physical proputies,

6.1. Compressivc strengtb: Common building bricks shall have a

minimum compressive strcngth of 50 kg./cm.t whea testod in
accordance with the procedurc laid down in table I of
IS: 3495 -1966 (See alsr oot: under 1'1).

6.1'1. Ttrecompressivc strength of anyindividual brick shall no
iall below the average p6rlprcssivc strength spe,cified for the
crrresponding class of brick by morcthan 20 Ferccnt.

6'2' Water absorption.-When testcd in accordence with the proce-
durelaiddowninTable2 of IS : 3495-1966 (Method of sampliog
aodtesting of clay truildingbricks) thc average water absorption of
common building Bricks shall not be more than 20 percnet upto class

125 (see 3'l) and 15 per cent for higher class, by weight after
immersion in cold water for 24 hours.

6'3. Eflorescenr.-When commoo building bricks are tested in
accordance with thc procedure laid down in Table 3 of IS: 3495-
1966 (Method of sampling aod testing of clay building brids
the rating of cffloresccnce shall not be more then "ooderat!" upto
Class 125 aod "slight" for highcr classcs.

Exrnlcr rRoM t.S. : 3102-1971

Classification of burnt clay solid bricks.

3, Classification

' 3'1. The classes and sub-classes of burnt clay solid bricks shall be
as given in Table I. 

t

TlsLr-I. Cr.assss or BunNr Cr-ny Soro Bprcrs AND THErR

PRTNcTPAL Rrqunsuryrs

, Class Compres- Water Eflores-
Iype ofbrick, designa- sive stength absoryr cence.

tlon (sec kglcmz tlon(24 hr.
note below). Min. Immerion

percentage)

'max'
(r) (2) (3) (4) (5)

Heavy duty (see IS: 450 450 10 Nil.2180-1970)' 
4oo 4oo ro Do.

Common burnt clay 350 350 ' 15 Slight.
building bricks (see . 300 300 ' 15 Do.
15:1077-1970). 250 . 250 15 Do.

200 2N 15 Do.
175 175 15 Do:
r50 150 15 Do.
125 125 20 Moderate.
100 100 m Do.
75 75 m Do.
50 50 20 Do.
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ExrRAqr or r.S'. : 269l-1972 
t

Specification for burry clay factng bricks (First Retisior.l

3. Classification.

3.1. The facing bricks shall be of two classes-

(a)Classl;and
(6) Class II.

4. Generyl quality.

4.I. Thefacing bricks shrll be made of clay, shale or mixture of
these materials with or without admixtures and burnt to meet the
requirements ofthis standard. Thecolouringmaterialadded tothe
clay shall be of suitable ccramic materials and shall be well distributed
throughoutthebody. Thcbrick shallbeof uniforur colour.

.4.2, Thebricks shall be free from cracks, flaws and nodutes of free
lime and of even texture. These shall be thoroughly bumt and shall
have plane rectangular faces with parallel sides and sharp straight
right angled edges.

5. Dimensions and tolerances,

5.1. Thestandard si4es of thefacing bricks shallbe 19 x 9 x 9 cm.
ndl9x 9 x 4cm.

5.2. The permissible tolerances sball be as undo :-
Dtmension. Tolerance.

cm,

I9

9

4

Class I.

mm.

+3

-+2

+1.5

Clus ll,

mm,

+5

+3

*2

5. Phy sl cal r e4uircm ent E.

6.1. The average compressive strengthobtained in accordance with
the procedure laid down in Table I of IS: 3495-1966 (Method of
samplingandtestingclay buitding bricks) shaU not be less than
75 kg./cm., for Class II and 100 kg./cmr for Class I.

6.?. Thewater absorption requirement when tested in accordance
with the procedure laid down in Table 2 of IS: 3495-l966for 24 h
immersion shall not exceed 15 per ccnt.

6.3, When tested in accordance with the method specified in Table
3 of IS: 3495*1966 eflorcsccnce requirements shall be .Nil'
for both classcs.

6.4. \Yhen mcasurcd in accordance with the method specified in
Table 4 of IS: 3495-1966 the warpage for both classes shall not
exceed 2'5 mm.

'Exrnecr or lSt 2212-1962.
Code of Practice fot Brick Work.

Nominal thlckness of a wall.--This is the thickness of wall that is
stated in the estimates for calculation of quantities. It is a 'fictirious'
dimension, which is neither the actual thickness of nall excluding
surfaces finishes like plaster, rendering, etc., nor necessarily the overall
thickness including such finishes. The following cxample will
illustrate this point :-

NorE.-Each class of bricks shall further be divided into sub.
ClAsses A, B, etc., based on the following :-

Sub-classA-Tolerancelirnitshall be * 3 percent and shall
have smooth rectangular faces with sharp corners and emit clear
ringing sound,

Sub-class B-:Tolcrance limit shall be t 8 peicent and shall be
permitted to have slight distortion and rounded edges, provided no
difficulty shafl allgrin leying ofuniform courses.



Nonhal
thickwss.

9in.

13l in.

18in.

8trtto E1in.

13 to l3lin" .

t7$ to17 I in.

19 c.m

29cm.

39 cm.

2n

Aaual " .:' 4:'bl. Ceaiertij&imi:fuscdfcbrick masonryshall tn ordiaary
thickness. pr tlBid-hardeoiag pstland ccoent coaforming to IS: 269-l9iE

Specifcation for ordinary,.Rapid-hardcoing and Iow Heat Portland
Oemdt (Rcvised) or blast fumac slsg sfrtt c6trfornlng to IS:455-
lg62,speci0cation for port land B,last'furnace slag Socot @eviecd.)

For traditional brick of
9 ia. length (witballowance
of l14 ia. for moftar
ioint)-
One brickwall

:,, .

ll brictwal

2 brickwall

4.1' fie&.y.-Ijdoee othirildo spocifpd, burnt+lay bricLs shall
conform to'tte r@iremcnti of lti: 1077'1957 specifcation for
common 'bumt ctay buildtE bricks, and shalt be of the spocfed
class.

4,2. Mortss.-MortarSforoaaonry shall be propared in aogrd'
anco wth IS: 2250 Codc of Practioe for preparation and. uso

of masonrY mortars.

4.2.2 Lt rp.-Limc uscd for bricl masonry shall cooforn to thc
rcsuircomts of IS ?12-1956, Spobifcation for BuiHinj Lir
Thhmsy be used in thoform of citbor hldmtcl llmc or linc put0
FUd da$rs of liEo slirllbe dorla aor*cc w|Strs: tf.4t-..1960: i
Codc of Practioofc ndd'ttrt oflimcso4.nseglq{qnpT, &trty,

4'2.3 Ftp aggreearc.-ftrlad shsll coofom' to"ls:1 2tt6
Spocifcation forsand foroasonty Mortar.

4-2.4, .Votci.rwd[n ud fa msoily lindtrr'fit bo dcan ad
freeft,oolirjnriorntinbhrtr'of{oterlounoyfllr',,- :.',,,'

".:j.,:, .i,

5. Design considerutfun.

5.1. Selcctba ol bricks.

5.1.1. For tn in rlljm rituations of brick Ea6ont!1, the batt
shall be scl€ct€din acpordaoe,with Tgble 1.

5.1.2. When the.rcSui€m€ots for sheogfh of masonry prcdomilato

iri tbc patticotar situetion of use, tbcbric.ks sballbe of sur;h Sredo

1.rca M: lOTl-,1957) as to give thG r€quit€d stFeoglh for masom;, aod
itatt Oe sclcctcd in aocordance with their rele\raot provisions of
IS: 1905;1951, Code of PrasticeforStructuralSafe8 of bulldtags
Masonrywalls

5.2. Selectlon ol morta$.

5.2.1. Morrars u$d f.or &ic& Masoqry shall conform seoryally,
to lfl: 2250-1955-So.d€ oilp""ti." for Preparatitm and'uso of
Masonry Mortars.

For modulqr.hick
0Uithallounncc of
rnortarjoint)-

Oriebtickwall

I.$Brickwall
'.i.'

2 Brick wall-, ..

I cm. for

20cm.

30cm.

40 cm.

Tho materlals used for'morftr shall cooform to the requirmeots

' .t -..

Tex.r I : Spr.gcrrroN or EUTLDINo BRIcKs.

( Clotse S'l'L;) l

Typeof brtcktobeuseil, Slieclalanstduotiim, Rearw&r."
I i 'ii

(4)

*rial wmber and situation
ofusc.

(1)

l. Facing

a\
Class I Common bricks (Sea IS:

1077-1957).

(3)

Bricks shall bc freo from minor
dcfccts such as chiPo at tho oilge
ofcorners. Colourandtexture
may also bc spocifi&l. if .so

rcquired.

The biicks shallbe frce from eElore'
soeooe. These shallalsonot bavs
any salt oootent whioL will affst
thc mortar:bf ttr urry. The
bricks may prcfercably bo tt.e

I

2a. subject to verl hcaw loadihg' Heavv dutv ('see IS: 21 80-1962)'

' 
. towat6penetmtion'

t { r) Plinths and fondstlons Class I or clets II common bricks
- .:,{doo darnp-prroof oouilo- (ceelS: lVlT-1957). ,.:

$ouod sell draircd and no
' Ih",r"" ofcootinual wetting

infoundations

(D) Plinths and foundations Do'
t ' hilow dahP'Proof course ' , .: '' .

rri{:subsdil"$irtertatloatahtghi :,' , .' r,, ..',.' , .,.,..:
':'r'1egel.: i .' i ;'. i :. . ..,-. -. '. . ,rI:.,,. r -'- irt - r_

-.'ri ,: ,i

466.3-36
a

dso*st available , with . the
mum watcrabsorpileu.

.8ltrt:

i.r.:;.r i . .

(:t.r : ll.,l,
' .. ,1,.'



Sera,l
it

n$rtq d sitwiot
ol tr.,

ns'

TAil.tt I,' $sEcrreN or BrrrlDnro Brrcrs.

ffit' (5'I'1)

T.ypc of brkkls.fo tcd.

O) Effist .rd3qd.hrdoo ChssII a bcsrquatitymmon
bo6 fi6 nr* r'rtr trl[r(rl8:lfif7-l9lf).
tightplaqtacEnihins.

J: 'Ioternal walls Chotllomoqb,ri&(sIS:
ftn-,9Jf).

Special conslderdton.

(4)

For situations €xposcd to severe

wether (raa TaUe m only
clasgl common brtcks sball'tri'
used asin 4a.

Chss m commoo bricks ako
rDty be oonsi&retl for usc,
providcd t@ satidl the requirc-
meotgfor strcodt (sec IS: 1077

-1957). Foc wa[s which are,

liabl to bo fro$€otly .jn
. contact with water such as in

bethrooms oaly Clase II or
bottlr bdcts shall be wed.

A dcnss waterr tigfut norar stalt'U"
usod for tbo mrsouY. Pqn:
Pets shall pref€rably :rbB

finished on all sides with a
water thht plaster.

(6) In the case of modular brick Equal to .19 cm
conforming to I.S: 1077-

1957, sp€cifcationfor
Common. Burnt ClaY Buitd-
in8 &icks (sae atso 6'l).

5. 5, Ftnishing of ioints.

5.5.1 . Tho facc joints of brick work may be finished by 'lloiatiog
or by "poiuting."

5.5.2. Injointing, either thefacejoins of the mortdr shall be
worked. out while still green to give i finished surface ffush wiihthe
face of thc brickwork, or the joints shall be squarely raked out to
a depth of lq. whilcthe mortar i8 still !trc€n for suhcqrclrt
plastering. Ttc faces of brickwork shall bc cloaned with .wire
brush so as to rcmove any splashesof mortar duringthe course of
raisingthe brickwork' . :

(.3)

,1' -.i j il:i:... ; .

,t.(a)'dfdhil ;ifhll*# Ctrs't,ommn bric&(s ISi fnebrictsrndlprrdarbly bcof Theexposodjoiotsshallbcpoioted
' phfru!:il#lrhda$ron. lG/l-19fl1. unifmcoloar. -with a denso wat€r tiglrt mortar.
thcoaorfs

6. Frte standlnS wals, P0'r4P6.,: Clari'Ioommon bric&r (.ra IS:
wn-19s?,.

a

t 2.2. Thc s€lection of mortar will alsobo goveraed bytbc rtrensth
roquirod fot rtsoory and rcfcrcncc may bc madc to IS: 1906-1961

ddc of Practioofot Stnrctural tla,ffy of Buildings; Ma.rcnry walls

for tnowing thp suitabilitygf oombination of vrrioue typcs of mortars

and rradce of bricks for difrcrent strongths requircd for the masotrry'

5.3. Types of bonds anil their suitability.

5.3.1. The primary object of bond is to give strength to masonry

but it may also be employed to create artistic efrects when tho brick
rork is exposed to vicw.

5.3.2. b brickwork the cross joints in any courso' shall not be

ncarer thau aquarterofabrick tongth from thoseia thbcourse
trolow or above it.

s1. Thtr*,ness of1olnts.

5.4.1. Thc thic&aees of bcd joints shall hi suoh that four courtes

and throojotrFteken consQcutlvcly shrll uur ar follotrt:-

(4) In rhc casc of traditioosl Equal to four tlnes thc aotual

brick. thlckuess of thc brick plus 3 cm.

5.5.3. Io pointing,thcjoints shall be sgrnrety rakod ' 'ootl to 
"

dcpth of 1.5 c-m. while thc mortar is stlll grtcn and the ralcd toint
shall be well brushed to remove dust and loose particlcs aad nell
wcttcd, aod shall be later refillod with Dortar to givo tho rcquired

finish. Sone such finighes are "flush" "werther€d" "tucked".
'Riled," etc. (sec fig. ).

,.;{ar*

a

t. .:

(2)

\.:

'l;
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NOTE:- mlNflNG mtl OFFEfi rActLtflEs FoR
0{7roDu6rx6 lN Tt+E FACE Jo,Hrs A
"MOtrTNN g?ECIALLY PBE'PAREO WITF

REcARD TA C0i{POslrlS' COE.sR,'Erc '

FLUsI lotllr

U,EATIIEREP JOINT

xe.fev',, r0rilr

7 AUCKEfl2 .rrlf{T

RULED Iolil,

DIFFERENT TYPTS OF POilr'NG

F'NISHES FOR tsRlcx- lVoR,K

5.6.2. Regwtance fi nolsture penettatlon,

. 5t6.2.1.. Rain-water penetrates solidbrickwork eitherthrough cracks
',orthrougbthebody ofthe bricks of Eortar. IJorendered walls
'permit morc water to pass through than r3ndered walls, and there
foreshallhot bereliedon togive protection from rain except

i'uhder sholtered or moherate cbnditious.

, 5-62.2. Resistance to rain penetration will .be. increased by
rendering which prevents thc access of,water through.the joints of
brickwork exceptio small guantitiespassedthrough by capilatly

46G3-36A

action. Rendored walls are. therefore. suitable for $evefc.cogditions
provided other requirementsr such ss isufrcient thiclf,ess, use ot
mtsifactory matcrials, and.wotkmanship are atso satisfed.

5.6.2.3, A boll,ow rvall willprovide a perfect barriertotain.peo€tm'
tion. Bvdn when the outcrpiirt'of the walt gcts wet,i tb€ iineronE
will remain absolutcly dry. ' . :) .:.. :.

5.6.2.4. Table III. iudicates the suiiability . of v.arioss watlt under
difrerertconditionsofexposure. ;. ,. -

',1:. Lfrl

, ... :..

r'-
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Exposure,
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5.1O.2. Stecl ,bams.-Tho qrds of steel beams embedded in
masonry shall bc built-in with spacc all round for repaindng or shatl
beprot*tcd with I thick bituminous ooat, or shall be eocasod in
rich conspto of mix I :2 :4. Tho onds shall gpqeally be supportcO
on tcmplstes of plain or reinforcod ccmart @ocr€te of mix. I : 2 :4
or stone.

5.10.3.2. Wbcrethobottomofthcslabdoes not coincide with
thc lwel of a brick course, the level shall not bo made up with cut
bricks but the thickness of the slab at bcariry shall bc increased so
that the bearing is directly on the brick corirso iqmediatelX trclow
its level.

5.10.3.3. Ends of RCC boams shall gsnorally be placed on teurplaro
of plain or roinforoed oement coacrote or otone

5.10.3.4. Thc ends of RCC slabc may beer on a layer of cem€nt
mortar (l: 4 Oir) 12 to 2O twt.thick. Its top sgrface shall bc whita
rq$Edof odrufiito sdtably'tsutod so as to minimize the friction
timorcmcnt of the coacretc etab owr the bearing.

5.f 1.f. Opcoing shall bc oJqrch a size and so spaced in walls
as to redudc otting of bri*e to:the minimum. Thc width of opening
shdll, as far as pmsiblo bo a'multipto or the width of a brick.

5.13.1. All Projecting architecturalfeatures, such as plinth projec
tioos, striog courscs or'cotnic,€s, shall be efrectively bondcd by tailioe
into thc brickruork.to,eoruro_st?bjity.:_lgcb- arthitrctural_ feafirrcs

shall bc r*i stratOt irne'trno wia"iffitiiffin joints as far as*possible.

5.13.2. Wbo such features aro trot to be plaoterrod over, thoy
shall bo b,uilt with bricts yfrich have high durability, r€sistaDce to
abrasion and ooistgre, Dcostration, Bric,Ls speeially made to roquirod
ehapo for this purpcso sh&ll b€ uscd' if possible; otbcrniso, soloctod

bricls rubbod and ground to oorrGct shape and sizc msy bo usod.

5.13.3. Sunshades aod such projesting fcatures which depend

on the weight of Brick masonry over thcm for their stability shall be

kopt supported till such time whcn the brick masonty above is built
anil hardoocd sufEcieotlY.

Construction,

Unrondered I trict thick soliC
w8ll.

5.10. 3.1. Rsinforced c€mctrt concrctc floor and roof slabs rccting
crthe wall shall haw a width of bcaringuot lcss than thd eftctive

- lrClt of strb, subjet [6 s minimum of l0 m.

(1) (9

N

R

I
, NN

Uqrcodercd l+ brick thick solid
wall.

Rmdcrod solid wall

Hollow walls

R-Roommcnded. N:Not Recommmdcd.

Norr.-Exposur sonditions to wind and rain may be broadly dividd
into shplt€ro4 modorats and s€vcro locations.

Shgltered conditions are, for example, rogions of low rainfall
(bolow 750 mm. por annum) and' where brickwork is protlct€d
by the proximity of buildings of similar or greator heights. Brielwork
intholo*rrtwostors,sof buildings of such locations will fall in
this group.

lvlodorate condlitions obtain where the exposure is ncither
sheltcod nor sovene.

Severe conditions obtain whorcthe brick workis exposod toa
modorato gnlo accompanied by a p€rsisteNrt rain, Brick work
thatprojcctswpllabove the surrounding buildings will, especially
be severely exposed.

5.6.4.1. Whcn bricks which have a drying shrinkage of not
mor€'th4n 0.02 p€r cent are us€d, fine hair cracks appear in thejointr.
Theso may usually be ignored. With bricks of higher shirnfuge
valuos, major cracks may appear through the brick work. To coaflne
cracks tb the joints and to dissipato these into a large number of fnc
jointe, it is d$irable that the mortar used shall be weaker than the
bricks.

5.6,4.2. Ctacking due to shrinkage normally will occur at openings
or othor points wherc the vertical or horizontal soction of a wall
changps. A long wall with a t'ew openings will tend to show wider
crad<s abovc and bslow the openings than a sdilar wall with many
oponines. Mctal reinforoement may be embedded in brickwork
at poiuts where cracking is likely to oeur.

5.10. Bearing of floors and roofs.

5.10.1. Tilnber floors and roofs.-It is not desirable to embed
anystruccural timber in brickwork as it is liable to be affected by
dry rot. Timber vnll plates shall bc protected with preservative
if they have to be embodded in wall. .The ends of timbor joints shall
pref€rably rest on corbsls or brackets but when built into a wall
they shall bo treated with pres€rvative and, in addition, space shall
be loft around themforfreecirculation ofair. The.eods ofboams
caEyiDS beaW losds, and of trusses shall be supported on tmplates
o.loonceteorston€todistributethe load over a greater area of
6rick wall.

5.11.2. In qteraal walls, it is dcsirablo io rebetc g6e gitk,larrbr
aoil hcads of oponingr so aa to form a barricr for raia-water. The
sll stall bc slopped sligbtty so as to allow rain wat€,r to drain otr

5.t2. Parapets attd copirgs.

5.12.1. The thickness of pampetg shall be such that their base t
covors the juoction of roof shb and wall which shall be furthcr
effec.tively tr€ated against possible leakage of rain water (see relevant
Indian Standards on roof finishing.)

5.12.2. Copings ftay be of stone, concrete, b,rick or terracotta
anil throated on tbe underside of the projection, The top of the
copin8 shallbe sliShtly slopped so as to allow rain $'ater to drain off.

5.13. Architectural features,

3

4

5
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R

R

R

R
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. 6.4, Morws, '':

' d.tr. llc: problim of storrp of mortir docs oot arhc lir tlo
*; ;?'L;;iuJ -ist-rmcnontltt *rdnsrrotllrs with'hdruilic
lims, as t[c haveto bc'uld immodlotely.: 'LiEb Dostrn

"ffi'*ilvAouri" 
lim which soh;hios "rcquic to bc

,na-"nt 
" 

dey or two afto t$oir grindiilg, shall bo Prevented from-

ayior oot byltot*tirc oovding d !, rycasioml wrinHing of

6.4.2. Mortars shall bc well mixod and shall U" 
"-'p"ttoO'O"'

Jlp nirdtrglhrlofEto lbrito 0f *ortin sucli't manncr as to itr€t'ant

Ltmrtlot'of lattane or cdrocattoni ' '

, !..i :

HORTAR, trOINTq;
' r.r, i L jl

' '1"i 
'

9. Ssdklrtg ol brtck*.

9.1. Bricks shall be soaked in woter beforo uso for a peaiod tbat

i. s,rmcUt for tho wat€r to just pemtrato the whole dspth of the

t"i"f" tr* Notes.) Wottingthe bricks assists itr ro@ofiug l! ditt'
saoa anA drrsi from them. Frnthor, it prcv€qts the strclioo of wator

ir.- G ,"t mortar' as otbprwisp tbc mortar is likely to dry out sooo

i"f"n-ur" bofore attaining afly'sue'ngfh' The bricks sball oot

be too wot at tho tinre of use, 8s thsy are litely to slip on tho mortar

uod ."0 tb€rc will bo diEolhy in-eosuringplum! ness of tbswall,

ilL*ll"*, p,roper adhesioo of brlcts to mortar will not trc possible

if tto Utl"tt are too wct' - J

Nolz l,jTho period of so*iog may bo easily found at sito by a- 'field t€st in which the bricks aro soaked in water for difrcnot
pedods aod ttcn brokoo toffnd the'extcnt of satspcn€tration.
tnc kast perioO that cor&spoods to completo soakios wiu
bo the ono to bs afloq/ad for in the oonstruction work.

Nors 2.-If the bricks arre soaked for thc requircd timo in wator
that is frpqueotly chanepd, tho soluble salts in the brick
will bo leached out, and subscquontoflorescence diUbc
reduced.

9.2. When bricks are soaked they shall be removed from tho

tank sufrcieotly oarly so that at the tim? of layiBg they are Skindry.

Such soaked bricks shhl ba stacked on a clear place, where they
are not again spoilt by alirt' earth,etc.

lO. Layirg of brickwork

10.tr; General.

10.1.1. Biicksshallbelaidonafullbed of mortar. When laying
the bricks shall be slightly, pr.'ssod so that the mortar can get ioto
all the por€s of the brick surfuce to €nstue proper atthesion. Cross
joints and wall joints shall be prop:rly flushed and packod with mortar
so that no hollow spaces are left,Properly fi lle 1 j ) i nts ensure m rximu4.
stron$h and resistaoc€ to penretration of moisture which
takos plaoe mainly through joints.

fn trc case of thick walls (two-brick thick aod over), ths. joints
shatl be grouted at evely course in addition to bedding and flirshlng
with mortar.

' : , i .-.,1 ,..tt,..l,. - ",':'l:
lq. I,2. Briskevith2@. dpepfrogshnll to uced frolrdotvn

Bric,ks with 1 cm. deep frps shall t!9 used eitler frog, up or fuog_
down.

10. 1. 3. Thecourses shallbeatrgned and careshirll bE tak6n to
koep tho pcrpeods. | . '

tO. l. 4. The brick work shall be built in uniform t*r'*.o"..
and other advanoed work eball bt raceod bodc. No partof a walf
during its oonstrustioi sh4ll rise morsthan ons mc&saboqdlta Fnera
construction levels, to avoid unoqual settlemerot arin, A..,,irrrirop"ijolnting' i .;,r ,.. : -: .. r

10.1. 5. fhe facejoiits shatl be furnished eitfier fuy.l6inting br bv
pointing as spqified, in acpordanco with 5.5. ' ": ; I : "---

10.1.6. Toothing may be done whero frrturp qteation is crontemp-
lated but shall not be used as an alternative te rackiq.g.!ac!. ,,,, 

'

10.2.1. All quOins shall be accuratsly constructed and ttc ,.,hilthr
of the courses check€d with sttrrey rods as tho work pioctAs. :.fn

gpnffil, quoin-bricks shall be he4ders and strorchers ln , ifternhtive
@ursss, ttre bond being €stablish€d by placing a quoin closer next to
the queen header. ,,, ..

10.2.2. Acute and obtuse quoins shall be bonded. Wheid pricti.
cable, in the same way as square quoins. -Obtuse quoins stail be
formed with squints showing a three-quarter brick on one face .bnd
a quarter brick on the other. .

:. i , .r
lir.:

. -: . ,r '1.
A TYPTCAL AnMxoBUrNr or cu?-patcrs rN: A CoriNER.,.,

10.3. Pilasprs.-These shall be so set out as to avoid broken btrnd

lO:4. Openings

pra0tica!le,
of bricks

10.4.1. The depth of reveals and rebates shall, where
' conform to standard brick sizes in order to avoid cutting

and thereby weakening the work.

10.4. 2. The arrangement of bond at quoins at Jambs of openings
shall be symetrical.

10.5. Partltions.-For half brick partitions to be keyed into main
rdh, indentr shallbe left in the litts.

10.6. ,lrcf,cs.-Arches shall be turn€d with ordinary bricks ovcr.timbcr centres, gererally in riogs_ cf half-brick length.
Forface work, tho bricks sh8ll b€ either' _ spccially manutaCired
b.ricks or ordinary bricks cut and rubbed to shape in order t ;#;;
uniform radialjoints.

Thecourses at the top ofthe plinth and sills at the top of tho wall
just below-the I9.l {+ or floor sllb aod at the top of the parapet,
shall be laid with bricks on edge (applicable ooly in the casc of traei-
tional bricks); and at comers and deadends the bricks shall be propcfy
radiatod and heyed into positioa by using cut-bricks (also knourn ;
. punja'.b,ricks or t maruconas l). tWica shape and arrangcmcnt ;f
tbese bricks are sfusqrn in Fi8.

i :i).
. :i.: ..

, ,i'1.,r' . l
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10.6.1. Flat archos may be used forthe sake' of appearance, but
fot purposcs of carrying loads of the wall above thcy shall bc usd
iacmjunction with relieving arches, or with tintels palced behind.

10.6.2. Inthoconstructiooofa flatarch,through the €xtradosis
pcfetly lctel, the inlrades is given a slight camber to allow for any
sf,ght e€ttt@t or to conect the apparent saeging of a horizontal
litro, tho ususl allbwance being about I mm. riso at thc oentre for

10.6.3. Largcacrhes in mason4r shall be constructed in accordancs
with the relevant Indian Standards on cpnstruction of masonry arches.

10.7. Fixing of frunes.

10.7.1. Where door or window frames of timberare fxed in the
o[eningp, the ffxing shall be done generally with hold-fasts ofadequate
sizc and strongth sccurely embedded in the brickwork or in chasos

ater filied dp by cement mortar or coocret€. Hold-fasts shall be fxed
n thsbrick-work for a sufficieot lengt! and thch turncd up at eno into

a crooeioint, thus avoiding indiscriminate cuttins of 'bricks. Iron
ltold-fasts shall bo given a protetive coat of bitumen to avoid rustiirg.
lVood'workfaces ia contact with brickwork shall bo treated with wood
preservative to pr€vcnt attack from insects and terrnites.

10.7.2. Fixing of steel doors and windows shallbedonein accor-
daaco with IS : 108l-1960, Code of Praoticeftn;Fixing and Glazing
of Metal(Steel and Aluminium) Doors, Windows and Vdntilators.

10.7.3. Fixing of timber tloors and windows shall be done in
nc€ordaDcewiththereleve,ntlndian Standad on fixing of timber
r{eers and winrtolrc.

. lOJ,4. The framcs shall preferably bo fxed simultaneously and the
masouy work prooecds, as this .constructioq will ensure proper
boad without gaps between the masonry and lhc frames.

lO.lO. Curing-ln hot and dry nrcather, the oortar is likely to dry
up.beforeit hesattaiEoditsfinal sc! aad crumble.,T.his. shsll bc
.prertatpa.Uy kpigs thc hi.l wo* qoqst+ptfy *+ ioi atteait severt
daYs, etrspt io tbc caro of brick Work s,ith mud mortg,toi whiit no
suc!.cqdry shsll bc doqq.

:, . .,.t ,t::... ,...

:- , , .- . '
ll.3; Inqeuion ol' vvr.Lmoullip.-A close.. f*ifcbion

while thc work is in progress will ensure a better quatity w6rt witt
he matuials availabloforusc. Tbe followiog shall te obaerved at

tho tirc of inspec.tion:-

(e), All looscmatorhls, dltand set lumpsof"rrrorfi*r whc& grav
bc lyiog over tho surhoo over whichi.brjckrvork is to #fieshly.uftGI.
shall be removod with I wirc brush.

(6) All the bricks shell be thoroughly sork€d in
imrnodiately bcforr usc.

clean water

10.8. Reinforced brick-work.

f0.8:t. Rcinforc€ment in half-brick partifion walls may be in the
f ermofoild.steelflats or hoon iron,.cxBanded- meeh-.q1. mitrt. ste.1
bars or. fabric. 

'Thce 
are gencally used in wery third or f;h

coursdr of the brick-work. They shall be securcly anchored at their
eaCs wherc the partitions bond.

1O.8.2. In the caso of round bars uscd as reinforcenmt, the
diameter shall not exceed 8 mm. Flat bars aud similar reinforceme.t
shall not have a thickness exceeding I mm.

(c)'fic srrface ovcr which thc brickwork is to bc'isiartod shall
be slightly u,EttGd.

(d) Ths fut coursc itself shall be made horizontal ty providing
gnoush Eorar itr tbc borl joint to fll up aoy undutgtions:ir th" ilcolttte. :]

(e) Plastic mortar rcsults in thorough bedding of tte brick and
moreoomplstcfillingofthcjoints which ensure $cat€r strenglh.
Care shall be takeo to soo t[at the required Quantlty of nrater is addA
to the mortar at the mixing plaform itself and not over the courses.

(f) AII the joints ehall, as far as possible, be thia and the specifi-
cations nrcndoncd in 5.4 in this regarti shall be strictly adhered to. -

(3') Care shall be takelr to see that there is no through joints and
tbe lap is no! less than half tho width of the brick,'and thet all the
vutical joints a,re proporly filled with mortar.

(fr) Theverticality of the walts andhorizoniality of the cours€s
shallbe chocked very oflon with plumb bob and spritlevel, respectiveiy.

U) Noportionof thcworkshallbo left rnore than I m. louet
than the other. Where the masonry of one part has to be dclayed
work shall bc 'raked back'suitably at an angle not oxceedioe 45o
according to bond, and not toothed.

(&) Where plastering is required to be done all the vertical as
well as horizontal joints shall be raked to a depth of about I cm. while
the mortar is wet, ano this will ensure satisfactory adhesion between
the plaster and brick work.

(m) Ca:e shall be ta(en to ensure that the brickwork is kept wet
for seven days commencing from 24 hours after the course is laid.

10.9.3. The thickness of reinforced brick wafl sha[ be not less than Exr^ecr rRort{ lgE r.s. 1g05-lg6g
10 cm. (eoos * *ffff.,ff$ riffiXffi fffir*rrT Buu.prNcs :

10.8.4. Tho crushing strengtb of the bricks used in reinforced
brick work shall be not less than t40 kg/cmr. 6; Permlsslble stresses and design of wallg-

10.8.5. The mortar used for reinforced brickwork shall generally be 6.1. Gercral:-The permissible sJress€s recommended in this
rich, dense, cement mortar of mix about I : 3. Line *o.t"r, ,nufi code apply to masouy walls corsisting of squarcd units built to

10.8.6. rhe inraid steer reinforcement shalr be cooproterrembedde. 1ffiff#.1,ti"t}:'.rHi?'ffi";:rllf;,i"rir ltj :ffi,ffil;
-inrnortar.OverIapsinthereinforcement,ifany,snaunotL;-hsi"""o*"rr"andveneeredwalIsrespectively.' 

than 30 cm. 'v 'wrw.rv'r'

10.8.6.1. The mortar covering in the direction ofjoints shall be aot wall of a cavity construction, the permissiblc str€ss should be based
Iess thaa 15 mm' onthpslendernessratioderivedfromthee.frectivethic*nessortnewaU

,#*f3;fiiliil.1i1.i;XJ,Tl,T'ffi:ffi 
roinrorceinent bars f,1i,*Jj;',;Ti;'.1;H".,ffiilTilliii::.ifffi'lt"?T,tr*:fl

r. Whcre-the load is carrid by one lcaf only, the pcrmissiUl" gtress ;"i
10.8.7. In the cqsc where thb reinforcemonts cross inside a ioirrt- be amived at by one of the followilg two alternative methpds,

the diametor of the reinforoement shall not exed-- f ; - ai;d ' (a) The slendertress rario is based on the effective thickness ofrpe;irllyshrppc'lbricksare usedtopermittargerr€infor;rhen;.-'-" thecavitywallasawholeasgiven in 5.8.3 or 5.g.4 and ou tho

a



cccentricity of th€ load with respcct to the c€ntrc of gravity of th e (d) Mix of mortar.
cross.s€ction of the rtotc walt (both lcevc{lltisig,thc ssme mcthod (c) Cross'sectional area of masonry, end
as rehcrc the loed is canied by both thc loaves but' the eccentricity (fl Shapc oftho masonry unit.
wititiemore flhentheloadiscarricdibyonclcaf oaly' o.i,z, *rx $rrsr.-Allpamissible streseshall be rclated to

(6) tne genOerncss ratio is based on the eficctive thickness of bash striss as given in Table 5 depending upon the cnrslring strar$h
ttefoaeateafonlyusitrg5.S.l.or5.S.2andthc cccentricity of the ofthemagoqryunitandthomixofmortarused.
toadwillalsobcwithrespecttothcceotreofgravityoftheloadedleaf 5.2.3..Whsre thecross.sectionalarea ofawall or column does
onlv. rhthis'mcthod'theeffcctive thiclooes b r1-Y::d- qth"t: tt' nol"l"""o3699sril,thcbasicstressshsflbemultiplicd byareduction
creasing the slenderms ratio) but the eccentricity is also reduccd at ' "--.;-- -'
the same time. in some cas€s, method (a) may give- a higher stress factor egual to Co.Zs+- 

j-lWnei-e 
A is the area (in sq.cm.) of the

factor and in this way allowarrce is made for thestifrening efrect of. 12000 
-

theotherleaf. Inlithercase,onlytheactualthicknessof the load horizontalcross.sectictnof thcwallor column.
u"*iigtt"r-tuo'ldbeuscdin arriving at the cross'scctional area 

6.2.4. Axiallyroadedmembqs.-The stress in an axially loadcd
rcisting the load (see 5.3.2).

6.1,2. Facca wafl.-rhepemiissible road perunit rength of wall frflr"'.ffiil:;ffiTrtl:fffit::']?3l:,1ffii:H:#fr:
shall be taken as the product of the total thickness of the wall and the cable stenderness ralio and zcro eoccntrictly
peroissiblc strcs in the weaker of the two materials. The . ).\ Mcm]*rs sahiacted to c
permissible str€$s shall be found by using the ,.r", ,ii*rll, ".t ii'l 6'2'5' Members subiected to ewntrtc hadins a"dlor lateralforcci'
-",atf 

wfren cafc*rfating the sienderness ratio. 6.2.5.i. In a wall or oolumns futiocnca to oupressi6nand bcnrding,

d.1.3. veneered wau.-rheracingshaub-e entirery^negrected.in i:il#'Hf:t"fffft::"TYJlir*Al,}#"P.;fr|f'}ff
calc,latioos ofstrength and stahili8. For the purpoee of determiniqg ;;;
tbepermissible-stressinthebacking,the slenderness ratio shall be "T.ir.r.The 

maximumcompressivestress in a wall or columns
based on the thickness of the bsckiqg alone' 

ubjrpted to eccentric vertical loads or vertical loads plus lateral loads
shall not exceed the product of the appropriate basic stress anal the

" 6.l.4.Valtlaels:-Wrereewall is subdivided into panels by; reductionfactorgiveninTablee,sutj-ectio increase as in 6.2.5.3

adequatehorizontalorveftical(orboth)supports, the recorrrend-- corresponding tothe applicatile slenderuessratio qnd equivalsn,
atioasforthestructural designas given in this code will apply to eccentricity of verticalloads to beconsidered in the design.

iodividualpanels' 6,z.5.3.whcre thereare additional stresses due to eccentricity

6.2. pernlsstile urqtressive stresses f loadins and latcral forces, the maximum stress resulting from the
combimtion of th€se sith thestress due to axial loading may axcccd

6.2.1. fhe permissible compressive stresses in masonry s161; theproductofthebasicstrcsandthered0ctionfactbror slcndemess

depend upon the following factors :- and eccentricity given in Table 6 by not more than 25 -per certt

(a) Eciontricity of loading. :|il::frflHl 
excess is solelv due to eccentricilv cf loadirtb and

(,), slgnderocss ratio of masonry' 
Note l.-lntro cas€ sball the stress due ro axial toad onty exceed

(c) Strengthofthemasonryunits. I htvaluesgiveninTables'and6.

"i t
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TesLE 5.-BAstc coMPRFssIvE sTREssEs FoR MAsoNRy MBIr{BrRs (lr lNo AFTER TIrE srArED TIMES).

(Clause 6.2.2.)

Maxinum (Parts by vohtnpl.

1

Srlr,llrryintbcr
@td

description olmortar.

Compressive
strcngth of

Hardcning
time aftcr
completionCement. Lirrv Lime Pozzolana Sand.

(see ,rote 3). Pozzobta (see notc 3).
. t dtcttae

, (seerote4)

mortar at
28 days

kglcmz
(see note 5).,

iif woTk
dayst.

(l)

I Cernent

2 Ceiredt

3 Ccmcnt Lime

4 Cemcnt Lime

5 Cement

6 time Bozzolma inixture

T.CcmtLime

E llydraulicl.irc

9,EirePozzolana

I0 Lime

(3)

Hct
ict r

1C

29

3
B orC.

rA

1C

IB

(4) (5). (7)

50 and above

50 and above

30 to 50

20 to 30

30 to 5O

30 to 50

itots

7&o15

5to7

(6)

3

4t

5

9

6

1.5

l2

(8)

,7

t4

t4

t4

,14

l4

1e

I
I

Ij

)i
J

ffi

I

,
2

3

J

,

Q)

I

I

1

I

1

L

I

" ".1.1r



*

Serial namber' .

@rd
description of mortar,

r. "" (t') '

. l Cement
. a'

3 Cement Lime

4 Cemeot Lime

5 Cement :.

.6 Lime Pozzolana mixture

7 Ceoient Lime

8 Hydraulic Lime

9 Lime Pozzoiana

l0 Lime

Cass (l't AxialPad oillY i-
pcrmissible compressive

(axial) stress.

Casz 12\ Eccentric load :'
Permissible compressive

'(axial compression *
beoding co@rbssion)
stress.

appropriate basic stress (frof,r
Tablc 5) multiplied bY the
apPropriate stress factor for
slcnderness ratig and zero
eccentricity (from Table 6).,

appropriate tasic stress multi-
plied by approPriate stress

factor for the slenderness ratio'
and eccentricitY multiPlied bY

1.25.

r-*:
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Basic sircss in untts'whbv'clisht4g

?N

(15)

2l.o

. t7.5

16.0

14.5

14.0

14.0

70

(10)

7.0

7.0

7.0

105

0r)
10.!

10.0

10.0

140

(12).

l2t5 
,

il.5

u.o

.175

.(13)

14.5

13.0

12.0

.210

(14)

16.5

14.5

13.0

1

I ,.,
I

),
5's 8.5 lO'O ll.0 tz.o

2.s 5.b 7.0 8.0 9.0 10.0 l2.O

2.5 5.0 7.0
(.

8.0 9.0 10.0 tz.o

6.0 6.5 7.0 7.55.5

l9'0

l6-0

9.5

]
4.0

Norr I.-The table is valid for slenderness ratio 6 and the loading with zero ecceatricity. . ,

N.orr 2,-Lrnear interlolatign is permiseible for units whose.crushing strcngths are intcrmediate betwecn those given in the table.

' Nore 3.-Lime shall conform to Itl : 712-1964 "specification for building lim€s'i. A, B End C denoto tlo class€s of. limq -as io. t$ : 712-196/.. Pozolana shall conform to IS : 
- 
1344 *1968 "Specification for burnt clay pouolana (First revision) " or IS i 3812

, (Part I)-1966 " Spocification for fly ash : Fart'I For use as Pouolana". . . 
.

NorB 4.-For mortar in Serial No. 6 Lime pozzolana mixture shall be of Grade I.iP 40 conforrring to IS : 4{f8-1967 " Spccificatiotr for
Llme poualana rnxture ".

' Nolr 5.-Mortar strength value are for information only and have bepn reproduced from IS : 225Vl965 " Code of practice for prs-
. paration and usc of masonry mortars,

Nore 6,-Itisadvisabletouseplasticizersforcementmortarsinordertoimprovepropertiesofthemortarsuc.hasflowandwaterretentivity.
Plasticizers should be used aocording to manufacturer's irxtructions. -

Nore ?.-Masonry cement mortars ale also advisable and shall be used according to manufacturer's instructions. The mix proportions
of masoily dment ; sand shall be such as to give comp4rable mbrtars crushing strenglhtrwith the cement : lime : sand mdrtar or
cement : sand mortar ofthe particular grade.

* These periods should be increased by the full amount of any time during which the air termperature remains below 4.5 o C plus half the
am5unt of any time during which the temperature is between 4.5 ' C and 10" C.

t The inclusion of lime in cement mofars is optional.

The axial compressive stress compotr€nt shall not exceed the valuc
o?the appropriate bosic strcso multiplied by the appropriatereductro

lactorfortheslendernessratio and the eccentricity (not for zqrc
eccentricity).

Note 2.-Exceptfor equivalent eccentricities smaller thas ll24
ofthe wallthickness, thedesign case of the ecceutric loadiog with
a 25 pcr ceirt ircrease in stress will always coDtrol rathar tban the
couccotricloading with no stress hcrease.. Fol equirnlcnt eccentri
iities ctooo to but smaller than tl24 of tble wall thickness, the 25 petr

ceot stress increase Day or oay not be permitted, depeading on tbc
valucs of the reductiou factors foi the two cases of eccentric and cOr
eeutricloadiqg

a

\' .- ..t. .:

0F)

25.b

2to
r9.0
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TlsLE 6-RBptrcuoN FAcroRs FroR SLENDERNESS RATIo AND EccENTRIcrrY oF LoADING.

(Clanses 6.2.4. @rd 6.2.5.2.).

Redactlon factor
Slenderaess ratio.

6

6

t0

74

16

1E

2l

24

(1)

a

0

a)
1.000

0.920

0.840

0.750

0.670

0.580

0.500

0.470

o.4N

fuuivalent eccmtricity of loading divided by the thickness of the member.

0.04 0.1 0.2 0.3 _ . 0.33

(3) (4) (5) (O A
1.000 1.000 0.996 0.984 0.980

0.920 0.920 0.910 0.8E0 0.E70

0.835 0.830 0.810 0.770 0.760

0.750 0.7N 0.705 0.6& '0.550

0.660 0.610 0.604 0.556 0.540

0.565 0.545 0.500 0.40 0.420

0.480 0.450 0.396 0.324 0.300

9.448 0.420 0.354 0.276 0.250

0.41s 0.380 0.310 0.220 0.190

0.50

(8)

0.970

0.E50

0.730

0.600

0.480

0.350

0.230

0.170

0.110

Note l.-Litear interpolation between valt:es for the stress facto6

is permissiblc.

Note2.-Eotunrcinforccd maspnry' theralues in eolumn 8 are

for purposos of interpolation only't

6.2.6. Mcabers subJected to concentrated loads :-Additional
stresscs of a purcly local [aturc, as at girder bearings, coluffi ba8cs,

lidclr or othcr corrccntrated loadb, shall be calculated and the mrxi-

num stress resulting from a combination of thesclocal stresses with

stm0ses resultitrgfrom the general analysis of the mernben as provided

for in O.Z.a. or 6.2.5., strall not exceed the permissible streses given

in 6.2.4. by more than 50 per cent, provided such excess is due solely

tothelocal stress€s. When the loading is transmitted through

Banory, the anglo of dispersi > of the loading shall be taken as not

,ot" ttt"o 45" from the directioo of such loading'

' 6.21. Whereindeterminatebut very high stresses occur such ag

at the outer edgc of a wall supporting a caniilever, a spreader or bed

btock shall be Provided'

6.2.8. The rcduction factor for clenderness ratio need not be applied

for scdioos within one'eighth of the height of the member above or
bolow pogitione oflatcral support. For such sectiory the slendernese
'atio may be tatcn as 6'

6.2.9. Allowancefor slapcfoct,or '.-The values of basic stresses

are suitablc when the masonry units are of common brick shape, but

nay bc unnccessarily low for mqFonry units whose ratio of height

tothiokncss isgfcaterthenthat ofthe commor brick. For units
of crushing strcngth not grcater dhan 55 kg/cmr and with a ratio of
beigbtto thictncss (aslaid) Sireatcr than0'75 but not greaterthan 3,

the basic str€ss may bc modified bv the factor speci0ed in Table 7.

TIoTp 7-MoDITISATION FACll,R POR SHAPE OF MASoNRY UNIT.

ftatto of height to O'75 I'0 l'5 2.0to 3'0
thicfuess of brick or
block,

Facf or 1'O l'2 l'6 2'O

6.2.9.1. Linearinterpolation between valuesfor the reductioo
fastors is Pormissible.

466-|3-.47

6.2.10. Where a type of masonry unit or a mortar mix aro rot pro-
vided for in this codc, are used and provided the matoriels and tlc
methods of constructioncomply withthc rcquiromcnts of rclcrrrrl
Indian Standards the basic comprcssive stresso for the masoory
may be dotermined by strengxh tests as described in Appeadix A.

6.2.10.1. For materials and wall constructiorg complylag with
this code and where tcsts on plnels arc mddc, a pcmtissiblcfinoss
related to the strength of the panelsasobtaincd accordiog to Appendix
A may, at the discretion ofthe designer, bc considered as an altcrnativc
to the permissible stress obtained frorit 6.2.2.

6,3. Tensik sfiesses in masonry.-In geoeral no roliance shoutd
be placed on the tensile strength of brickwork in the'calculations.
The designer should assume that part of the scction will bo inactivo
and the remainder will cirry compressive strcss only.

6.3.1. No tension shall be relied upon at a dampproof coursc

or where water is present at the back of a wall.

6.3.2. It some types of walls, tensilc stresscs in bending may bo

taken into a@ount at the discretion of the designer. For mortar
not weaker than a l:1 :6. (cement : lime : sand) mix or its equlvalent

the permissible tensile stress in bcnding should not cxceed I kg./cm.a

6.4. Permissible shear stress.-In the casc of walls built in mortar
not weaker than I : I : 6 (cement : lime: sand) mix and resisting

horizontal forces in the plane of the wall, the permissible shear

stress, calculated on the area of tho horizontal mortar bed joiat
should not exceed as 1.5 kg./crra.

6.5. Arch@ of masonry.-Axnvnt may be tater of the arching

actioa of well-bonded masonry wallssupportcd on beams,inaocordane
with established practice. Where arching of masonry is takcn iato
account the increased axial sft€sses in the brick work associated wlth
such arching shall not exceed the permissible stresses in 6.2,6.3 atd
6.4,

6.6. Ltntels.-Lintels and other elements that support ausolry
constnrction shall be designed to carry the loads from tLrc nasoffy
(allowing for arching whcre applicable) and the loads roeived from
any other part of thc structurre. The length of beering of lintel at
cach €Nrd shall not be less than 10 cm or 1/10 of the span whichwer i r
nore and the area of the bearing shall bc ruftcicnt to €'Bsut! that tlc. r *

'1
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t

stresses in the masonry (combinalion of wall stresses, stresses due to
arching actioh and bearing stresses from tte lintel) do not exceed the
stresses permitted in 6.2,6.3 and 6.4.

6,7. Assessment of eccentricity.-The assessment of eccentricity
of vertical loading at a particularjuncticn in a masonry wall shall be
made considering the extent .of the bearing. magnitude of loads
rigidity of ttre inter-connected members and the geometry of the
junction. In the absence of exac, calculation the eccentricities of
Ioading shall be,taken as given below,

(a) where reinforced concrete and prestressed concrete rool and
floor system of normal span bear on external masoffy
walls, the point of application of the vertical loading shall be
at the centre of the bearing of the wall, When the span is
more than 30 times the thickness of wall the point cf
application of the load shall be considered to be displaced
from the centre of tlearing towards the span of the floor to
an extent of one-sixth of the bearing width.

(D) For timber and other light weight floors, irrespective ofthei.r
spans, the displacement of application of the load shall
be same as for long span concrete floors,

(c) Interior walls carrying continuous floors are assumed to be
axially loaded except when carrying very flexible floor or
roof system. The assumption is valid also for interior wails ,

carrying independenl floors spanning from both sides,
provided that the span of the floor on one side does not
exceed that on the other by more than 15 per cent. Where the
difference is greater, the displacement of the point of
application of each floor load shall be taken as one-sixth
of its bearing width on the wall.

(/) For a wall corbelled out to support a floor or roof, the point
ofapplicationofthe load shall be assumedto be at the
entre of thebearingonthecorbelling. Ifthefloororroof is
supportedon a metal corbel or hanger. the load shall be
assumed to be applied 2.5 cm. away from the face of the walt.

Exrnadr FRoM I.S. : 1905-1980

Code of practicelor structural safety ofbuildings : masonry walls.

The Indian Standard Institution has revised lhe .. Code of pracdcc
r-or Structutal Safety of Buildings : Masonry walls IS : 1905-1969 ",
bv incorporating many changes in the design of masonry walls, with
t€ference to revised mix proportioms,compressive strength of mortars,
provision of lateral supports, calculation of effective height of
masoily walls and columns and their effective length, maximum
allowable slenderness ratio, the angle of dispersion of point loads
in masonry, valuqs of permissible shear stress etc. Because of these
cbanges and revrsions, the desigr calculations in determining the
stress in masonry, eccentricity of loadings ; slenderness ratio etc.,
will have to be as per the revised Code IS : 1905-1980 and the .. f,apla-
natory Hand Book on Masonry Code " published by the Indian
Standards Institution.

The salient features of design are mentiond below for guidance
to DepartmeDtal Engineers. In addition, the important C.odal
provlsions for load bearing masonry for ensuring their structurat
safety, are extracted from the Code (IS : 1905-1980) and appended
for guidance and adoption.

I. Salient featwes :

1. In a load bearing structure the actual stress induced due to
the dead load and live load should not be more than the permissibly
compressive stress. The permissible compressive stress in masonry
depor.ds on the following factors ;

(a) Type and strength of masonry units;

(D) Mix of mortar ;

(c) Slen(ternegs ratio of masonry elemeDt ;

(d) Ecoentricity ofloading ;

(e) Shape aod size of masonry unit ; and

(D Cross-sectional area of masonry.

2. Whenever Tee beams and slab system is adopted the load
from the Tee beam should bc ttansferred to the briok masonry through
a concrete bed block without causing ex@ssi\re stress in thC masonry
(vide clause 5.3.1.6.e). The desien of such masoury piers/walsJ
columns can be prepared by following the steps listed below :' (r) The load on pier/wall/column is calculated (p).

(ii) The ac,tual area of sross sectioa of masonry carrying
the load is found (A).

Load (+)(iii) Actual
Actual area ofsross section

(iv) Determine whether the masonry unit is a watt, picr or
a column (as per clause 2.3.1).

(v) Determine the effective height of malbily unit using.

(a) Table 5 for wall.
(6) Clause 4.5.3. for columns.

(vi) Determine the effective length of wall as per Table 6.

(vii) Determine effective thickness as per Tabl: 7.

(viii) Slenderness ratio.

Effective height or Efiective length whichever is less.

Effective thickness.

(ix) Determine eccentricity of loading with the gurde lines
given in clause 5.9. and 5.9.7.

(x) Determin€ thc Stress factor from Table ll for the slen-
derness ratio and eccentricity calculated as above.

(xi) Determine basic compressive stress from tabls l0 for
th9 mix of mortar proposed, in coqiunction with the crushing strengti
of bricks available for use, as per Table 2.

(xii) Determine the modified basic compressil€ stre$ by
multiplying the basic compressive stress obtained in step (xi) by shape
modification factor fo r masoDty units (vide Table 12) * O Arc"
reduction factor (vide Clause 5.3.1.5.).

(xiii) The permissible stress in masonry is than got by multi-plying stress factor obtained in step (x) and ne moOified ba;io;;;-
pressive stress obtained in step (xii).

(xiv) The actual str€ss calculated in step (iii) should be less
than the permissibre stress obtained in step (nii). A tydcar *ri,
is worked out and appended.

^' rI. The folrowing informations from the cdde are furnisbedfor use of the designers.

(l) When conoentrated-vertical load is transmitt€d through
masonry' the angle of dispersion of roading shalr be taken as nloi
more than 30" from the direction of such loading.

(vide clause 5.3.1.5. (c) of IS : 1905-1980).
(2) The dispersion through concrete bed block is maintainod

at 45" without any change (vide clause 5.3.1.6. (e).
(3) The optimum mortar mixes for maximum masonry streugtb,

with masonry units of various strength, are furnished in taUfei.-.'
(4) It is essential that long walls (such as in Scimco.hall

laboratories in schools) should be stiffored. by 
"ro* ,"ttiat specified intervals as stipulated in Table 3 aad Fieuro of IS.

1905-1980.
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tO m" guide liness for rssessing the eccentricity -of vertical
loadiog at supports in conjunction with span of slab/beam are
furaished in clause 5.9 of IS : '1905-1980.

(i The minimum thickncss of basement walls should bo a
gven in Table 4 of IS: 1905-1980.

2. Termiwlogl :

2.1. Bed bla&.-A block bedded on a wall, column or pier to
dsiperse a concentrated load on a masonry element.

2,3.1. Colunu.-An isolated ,".u"a ioad bearing mcmber, with
of which does not exceed four times the thickness.

2.3.2. Pier.- Athickeoed secuon forming integral part of a wall
placed at intervals along the.wall, to inctease the stiffness ofthe wall
or to carry a vertical con@ntrated load. Thickness of a pier is
the overall thickness including the thickness of the wall or when

Bonded into a leaf of a cavity watl, the thickness obtained by treating
that leaf as an independent wall. (See Fig. ).

2.3.3. Buttress:A pier of masonry built as an integral part of wall
and projecting from either or both surfaces, decreasing in crogs
sectional area from base to top.

I

*niltq.

2.6. Efective lwight---Thc $eight o a wall or columo, to be

consider€d for calculating the slenderoess ratio.

2.7. Efiacttve leryth :--Tbe length of a wall to be considered for -

calcrrlating the slenderness ratto.

2.8. Efcctive thickness:-The thickness of a wall or column to be

considered for calculating the slenderness ratio.

2.2i. Slendcrness talio.-: Ratio of the effective height or effec-

tive leneth to the offective thickness.

4.4. Stabillty atd lateral swwrt ,

4.4.1. Larcral support for a masonry element, such as wall or
colnmo is required :

(a) to resist horizootal colflponents of the forces so as to ensure

stability of ttre structure agarnst overtuming ; and

(6) to limit slenderness of mosonry elements in order to prevent

failure by buckling.

4.4.2. A wall or column may be considered to be provided with
adequate lateral support if the construction providrng the support

is capabl: of.resisting greater of the following lateral forces :

(a) The $mple static reactrons at tbe point of lateral support

to the total applied horizontal forces ; or

oFfi?/F'w.

4.4.3. In case of load bearing buildings up to six storeys, stabllty

.requirements 
of 4,4.2 may be deemed to have been met with if :

(a) height to width ratio ofbuitding does not exceed 2 :

(D) Cross walls acting as stiffening walls continuous from outor
wall to outer wall or outer wall to load bearing inner wall of thickness

and spacings as given in Table 3 are provided. If stiffeningwall
o r stiffening walls that are in a line, are intemrpted by opening
Iength of solid walls in the zone of the wall that is to be stiflered
shall be at least one-ffth ofheight ofthe op€ning and

(c) Stiffenin8 walls are built jointly with supported walls and
jointly mortared, or the two inter'connected by toothin& Alter-
natively, stiffening walls may be anchored to walls to be supported

by tias of non+orrodible metal of minimum section 6 x 35 mm and
length 60 cm. with ends bent up at least 5 cm., maximum vertical
spacing of ties being 1.2 m.

Nore:-In case of halls, exceeding 8.0m io length and non-
residential buildings having trussed roofs, stabilitt and adequacy

of lateral supports should always be checked by structural analysis
A trussed roof, unless special measures are adopted to brace and
anchor it, may oot provide adequate lateral support in the vertical
directions.

4.4.3.2. External walls of basement and plintk blocks :

In case o f external walls of basement and plinth blocks, stability
requiremeot of 4.4.2. may be deemed to have been met with if :

(a) bricks used in basement and dinth have a mioimum qiushinE

of 5N/mms and mortar used in ruNonry is Ml type or better.

(6) Clear height of ceiling in basement does not exceed 2'6 cm.

(c) Walls are stiflened according to provisions of 4.4.3,

_tr

1

.l

(6) ?.5
is d€signed

Latpral gupport may be in thc verdcal or horizontal'directioa, the

former ionnisting of floor/roof acting as a horizontal girder capable

of traD$mitting without execsslre stress€ s the horizontal forces t6
cioss walls r.tiog * stiffeniog walls and thelatter consisting of cross

sralls/piers/bu-tteresses' capabld of tmosmitting witlout excessive

ltresses the borizontal forpes to fouodation

46e$474

t€r ceot of the total vertical load, that the wall or column

to carry at the point of lateral support.
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(d)Io the zone of astion of soil pressure on basement walls
traffic load does uot exoeed 5 knNTmr and terrain does not rise ;
and

(e) Mnimum thickness of basement walls is in accordance with
Table 4.

4,4.3.3. Free standing palls :-Since, in case of a free standrng
wall such as a compormd wall or a parapet wall, there is no lateral
support at the top aad no cross wall to brace the same, stability shall
be ac,hieved by designing the wall as a gravity structure such that
factor of safety against overtuming is at least 1.5. As straight walls
designed on this basis tend to be heavy, stability of free standing
walls greater than 0.9 m in height should be achilved by stagepring
or provision of piers/butternesses. Even though a straight free
ltaniiqg wall oay be stable with the stipulated factor o[ safety (that
ls 1.5), it will have some tension because condition of zero tension
conespoods to a factor of safety of 3 against overtuming. Mortar
us€d for masonry of straight free standing wall should not normally
boweaker than Ml type indicated in Table I ualess walls are thick
coouq! in relation to height, so rul to be free from any tension.

I$ectlve height:
4.5.3. OWnines in walls :-Whea op€nines oocurs in a wall such

that the Era$nry between auy h,i'o consecutive openings is by
dcfrnitiou a sslnmn, eflective height of this masonry shall be taken
rs 1.5 times the height of taller openinC subject to a minimum of
cfoctivc height of the wall, and maximurn of effective height of calrrmn.

1.6. Wctlve length :-The effective length of wall shall be taken
rs given in Table 6. t

4.7.1. For sslid lpails, faced walls, or column the effectivc thickness
thall be the actual thickness.

4.7.2, For solid walls adequately bonded into piers or buttesses
et itilervals and provided the srenddmess ratio is u"."0 upo" tt.
cffectivc height, the effective thickness shal be the actual thickness
of the solid wall multiplied by the appropriate stiffening coefficiera
ac giv€n in Table 7. No modification ig, however, necessary if the
sleaderncss ratio is based on the effective length ofihe wall. :

4.8. Slendeiless ratio,
4.8.t. Wall,r For a wall, the sletrderuess ratio shall be rhe

effcctivc heiltht divided by the effectiye thickness or the effective
length divided by the effective thickness, whichever is less.

4.8.2 Colwnns: For a columns, the slenderness ratio shall bethe groater of the ratios of respectjve effective heights to the.-;;pective cffective thickness, in the two principal directions.
4.9.2 Slenderhess ratio for a load bearlng column shall not

exc€ed 12.

Stractural designz
5.3.1,4 Allowance for shape Jactor; The values of basic

Gonpressive stresses as given in 1,able 10, hold gcod when maso_tuyunits are of comnon brick shape, but thgss values may 661slvfOr masonry uoits having ratio of height to thickness g,eater than
that Of thc comnon brick. For units of crushing strength norgreaterthan 15 N/mmr, thebasic compressive s,ress shourd be
multiplicd bythe factor called shape modification ractor- rrpstpecifiod itr Tablc 12. For units of strengfh greater t.o ijitlnmt €ff@t of shapc may bo neglected.

Norr :-The shape modificatious factors as givea above will notbc applicablo to thc basic compressive stresc values 
"bt"i;;;;prism tcst.

55.1.5. Efecrtve of cross-sectlonal orea;_Where the croSS-roctional area of a maso,ry cremend is less than 0.2 mr, the iasi-c
-tr€ss 

shdl be multiplied by a reduction factor called ..** ..au.ili
factor (Ka) equal to (0.70x1.5A) where.A, is tfc area (in m.) oft bo horizoutal cross r€ction of tho olemcat.

5.3.1.6. Members subjected to. concentated toads. If bearingrrea rmder a load does not exoeed one_third of the total ;;--cnioorl area of the member supporting the toad, the load ;;1.

termed as 'concentrated load,. For calculating.str€ss€s in memberS
subjected to corcentrated loads, the following poiots should be kepi
in mind :

. (c) Masonry is capable of takiirg 50 per ceut greater stressif load is bf concertrated nature. This increase and the provision
in Note under 5.3.1.2. should not be applie.d simultaneously ; but
the one which permits higher strcss should be applied.

(6) When masonry is stressed under a comabination of loads
of different nature, namely, distributed load aod conoentrated load
for reckoning the overall stress under concentrated load, equivalent
distributed load in lieu of concentrated load may be taken as two_
thirds of the coocentrated l6ad.

(c) When concentrated yertical load is transmitted through
m.sonry' the angle of dispersion of the loading shalt be taken as n-ot
more than 30' from the direction of such loading.

(d) A$suming that conceotrated loads bear on full thickness
ofthemasonry elemelrtand are concentirc, the length of theelement
to be considered as effective in resisting a conoentrated load shalt
not exceed the centip to centre distance between the loads nor shalrit exceed the width of bearing plus four times the thickncss of tho
masonry element.

(e) rfilhenever there is a conentrated load ou masonry, it should
be checked whether bearing stress is wi hin permissibie limit ornot. If it is not, @nerete bed block should be introduoed bclow
the load to bring down stress !a maqsnry 19 gafs timits. An incteaso
in stress of 50 per csnt or not permitt€d for cross section of ;;".,
below a bed block. It is assum€d that angle.of dispersion of loai
within the bed blosk is 45". -. ---

Norr.-filhen bearing area under a load is greater than ooc-
third but less than full cross-sectional area of the member ,opporting
the load, the pennissible bearing stress may be interpotated u"tn 

"..i1.0 and 1.5 times the allowable compressive stres6.

5.9. Assessment of eccentricity.-Assessment of ecceatricity of
vertical loading at a particular junction in a masoary wafl should
depend upon the factors such as the extent of bearing, magnifud;
of loads, stiffness of slab or beam and fxity at the support, and thegeometry of the junctioD. No exact calculations are possible to
make accurate assessment of eocentricity. The extent of ecoentri-
city under any particular circ,mstan@s has, therefore, to be decided
accordirg to the best judgoment of the designer. Some guidani
for deciding the extent of ecentricity is givco in 5.9.1 to tg.l. - -

5.9.I. Where concrgte roof and floor system of normal span bcar
on external masonry walls, the point of application of tne venicai
lesding shall be at the centre of the bearing of the wall. \4rhm th;
span is more than 30 times the thickness of wall the nornt of apptica-
tion of the load shal be considered to be dispracea rrom trc:ttre
o{ beqing towards the span of the floor to ao exteot of oae-sixthof the bearing width.

5,9.2, la case of reinforced concrete slabs of nomal span (that
is less than 30 timcs thb thickness of the wall), which donot 

'Gi
on the full width of the wall and .cover tiles or bricks' ar, proriAef,
therc is some eccentricity of load. This eocenfricity may bc atsuaed
to be onc-twelfth of the thickttcss of the wall.

5.9.4 Interior waUs carrying continuous floors aro assupcd
to be axially loaded except when carrying very flexible aoo, o, .ooi
systenilt. The assumption is vatid also for interior walls carryinc
lndependcnts floors spanning from both sides, provided ,h"t'il- span of the.floor on one side does not exced that olr tte otter Uy
more than 15 percent. whcre the difference is greater the dieflad
ment of the point of application oI each floor road.shall b. tat,oas one-sixth of its bearing width on the wall.
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5.9.6. In multi-storeyed buifOings, fixity and eccentricity have
normally purely local effect and are not cumulative. They just

form.a constant ripple on the downward increasesing axial strcss.
If the ripple is large, il is likell to be more serious at upper levels
where it can cause qracking of the walls than lower down where
if may or may not cause local over-stressing.

l.[orB.-The resultant eccentlicity of the total loads on braced
wall at any level may be calcriated on the assumption that imme-
diately above a lateral support, the resultant eccentricity of all the

vertical loads above that levpl is zero.

5.9.7. For a wall corbelled out to support a floor or roof, the
point of applicatioo of the load shall be assumed to be at the centre

of the bearing on the corbelting.

TABLE l. Mrx PnoponrroNs AND SrnsNorH or CoMnoNLv usso

Monulb ron MlsoNnY.

(CPuse 3.3't)

Mtx (by volume)
Serial
number. Cement, Lime. Sand.

0) @ (3) (4)

stength.

(5)

N/mmg.

l01

2 (a)

(6)

3 (a)

(D)

4 (a\

(r)

(c)

5 (a)

(r)

6 0 lBorC 2to3 0.5 L2

No[p l:-Strength of mottor may vary appreciably, dependiag

on angularity gading and fineness of sand. Quaatity of sand in
the mix may, therefore, be decreased where found necessary to attain
thedesired strenglh.

Nors 2.-A, B and C denote eminently hydraulic lime, semi'

hydraulic lime and [at litre respectively, as $ecifed in Indian

Standards.

NorB 3.-When using plain cement sand mortars (Sl. No. 2 (a),

3(a),4(a\ and 5(a), it is desirable to include a plasticizer in thc mix

to improve workabilitY.

Nsrs 4.-For-mortu at Sl. No. 6, if lime C is used, part of sand

should be rcplaced bJ sgrhe pozzalanic materials, for example, burnt

clay or fly ash, io order to obtain the requisite strength.

Nore 5.-In this table, fiyIre classiflcation of mortar as Hl, Hil, Ml
M2, Ll arld L2 trave been grrcn for conceveoience for referelrcc

in design calculatiops, thc letter 'H' standing for hiffi stre1gth, 'M'
for medium strength ang 'L' for low strength.

NorB 6.-For mortar types H2, Ml and M2 though compressive

Tasls 2. C)prrruun Montln Mr:ss ror M.cxlMUu MasoxrY
STRENGTH wrrn MasoNny Uwrrs or Yenrous Stnrxcrns.

'fhickness
Serial ofload

ntmbe.r. bearing
wall to be
stifened.

Masonry unit s1rsngil,
in Nlnunz

(l)

Below 5

5 to 14.9 ,.

15 to24.9

25 ot above

exceed,

(2)

cm.

t0

20

30 and
above.

ncnt
wall.

(Nominal)

Q)

Height' Stiffening Wall.
oJ storey ----\----rnot to Thicknes not less than. Maximum

Tesr,B 3. THIGKNBSS AND SpAcINc oF STTFTBNING WAII,S.

(Clause 4.4.3)

Morlur
tvw.

(2t

M2

MI

H2

HI

4to6
Storeys.

(5)

:
m

20

spaclng

(o

rn.

4.5

6.0

8.0

Mininwm Mortar
comprcs- type.

swe
I to3

storeys.

(4)

cm.

l0

IO

l0

1 ototc 3

(o

HI

H2

M1

M2

LI

I
J
-l

J

I
I
I

)
')

j

0

*c
0

1C

0

2C

IA

0

0.7123C

.5

,7

(3)

m.

3.2

3.2

3.4

(l)

1.

2.

3.4

4*

5

6

7

6

5

3

3

2

2

0.

'Storey height and maximum spacing as given are ceotne to scntrc
dimensions.

TaBr.s 4. Mrxurruu TtudrxBss oF BASEMBNT WAUJ.

(Claase 4.4.3.2.)

6

9

2

8

1

1

0

I

3to Minimum Height of the groand above basentnt
thickness floor level with wall bading
ofbase- (Permonent load).

Serial
number.

Sertal
rumber.

(1)

More
50

than
kNlm,

I*ss tlanr
5O kNln.

(4)

coBposite doriars (that is cement and line mortars)
less than Use of cemeut mortars, masonry streogth

b€ sighifica4tly effected.

(3)

m.

2.50

t.75

TABrJ 6. Errrduw Lrxorn or rns WArIs.

(Clduse 4.A

Cottdition of snpport.

(2)

Where a wall is continuow atrd supportcd
by cross wals/pi€rs/buttr€ss€s and there is
no opening' within a distaope of H/8 from
thc face of cross wall, prer or buttt€ss. .

Where a s,all is supported by a crose walll
pier/ butfess at one end and continuous
with cross wall/pier/buuress supponing
at the other end.

cm.

40

30

(l)

1.

2.

m.

2.00

1.40

Efective
Leneth.

I

(3)

0.8 L

strength of
somewhat
may not

I

., 0.9 L
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lumber,
Serial Condttbn ol support,

(2\

Where a y6lt is slpportpd at each end by
a sross wall / pi.rr / buttress

Where a wall is free at one end and continu-
ous wrrh a cross wall/pier/buttre.ss at the
other end.

Where a wall is free at one end and supported
at the other end by a cross walVpier/but-
tr€ss.

Wbere

L-length of wall from or between centres of cross walls, pi(rg
or buttresses : and

H-rhe acrual height of rvall between cenft€s of adequate
, lateral suppod.

t ln case there is an opening taller than 0.75 H in a walt, the €ods
of the wall at tbe openhg shall be considered as free.

TABLE 5_EFFECTIVE HEIGHT oF WALLS.

(Clause 4.5.1.)

Serial Condition of support. Elfectivenumber. Heiqht.' (r) (2t
3. Iatcral restraint, without rotatioDat .oo"iJ, 1.OO H

(that is partial resEaint) on both ends. For
example, timber floor/roof, not spanning on
the wall but adequately anchored to it oD
both ends of the wall, rhat is top and bottom.

4. Lateral restraint as well as rotational restraint l.5O H
(that is full restraint) at bottom but having
no restraint at the top. For example, para-
pet walls with R.C.C. roof having adequate
bearing on the lower wall, or a compound
wall with proper foundation on the soil.

5' Lateral restraint, without any rotational res- 2.00 H
traint (that is partial restraint) at bottom and
no restaint at the top. For example, para-
pet wall with timber roof not spanning on
the wall below but adequately anchored to
the wall.

Note I i. H is the height of wall between centres of support ia casc
of R.C.C. slabs and timber floors. In case of footings or foundatioo
block, height (H) is measured fromtop of footing or foundation block.
In case of rooftruss, height (tI) is mearured upto bottom ofthe beam.
In case ofbeam and slab constructionheight should be measured
fr( nr Ccntre ef loitem slab to c€ntre of top beam.
All these casrxl are illustrated by means of examples shorm in Fig. ll.

Note 2 ; \Yhere membrane damFproof course or termite shield
causes a discontinuit], in bond, H should be measure.d from the dis.
continuity. that is the top of D.P.C. or termite shield and th€ condition
of support at the discontinuity shculd be treated as one with lateral
restraint only.

Note 3 : When assessing effectr'r.l height floors not adequately
anchored to walls shall not be considercd as providing lateral suppori
to such walls.

Note 4 : When thickness of a wall bonded to a pier is at le$1 mrc.
thirds of the thickness of the pier Eeasur€d in the same direction
the wall and pier may be deemed to act as one structurat element.

h.o.Ltn

llor 6?AltNhl!r

b,lt

trol sPl!{

b:o.89tt h,l'9n.

Effective
Lensth-

(l)

3.

4.

5.

(3)

1.0 L

1.5 L

2.0 L

Serial Cottdition oJ sufport.
number.

(l) (2)

l. Lateral as well as rotational restraint (that is
full restraint) at top and bottom. For exao-
ple, when the floor/roof spans on the walls so
that reaction to load of floor/roof is pro-
vided by the walls, or when an R.C.C. floor/
roof has bearing on the rvall (minumum 9 co),
irrespective of the direction of the spao.
(Foundation foolings of a wall give lateral
as well as rotational restraht)

2. Latcrd as well as rotational restraiot (that is
full restraint) at one end and only lateral res-
traiot (that is partial resuaiot) at the other.
For example, R.C.C. floor/roof at one end
spanning or adequately bearins on the waU
qod timber floor/roof not spanning on wall,
but ade.guately anchored to it, on the other
end.

h.l'7rt

h'o^7rr

h's1'H

0.75 H

0.85 H

LOT SPA[rrrr6+

h:O89a

l|NrIq*

h.oTrtl

oR*
xXrtre 6?lrlrNl:-

u
b,o.7rH

Eff<ctive
Height.
(3)

T-T
H

+
I

+
H

+
H

h 2r

r
ll

I
llI
I
I

h:O7gH

I
L.

ltc. rtlrBtQ pcurq
ArtD?rat]566'

,t. TtnBE( rLm,
ol, R00F

A.D Frce Sl;i1rr'i'.,,;
rylt!

L

a

.a

llA.lcc Froa(/EG
Dettr ox wrri irirsP-
ECTtvc oF 9r(ecnbn
OF 8PAN. ROOF
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I

TIDTT ?.:SflIBNINO dOEFFICIEI{T IOi WAIIS STIFTTNED BY PIBR"

BUTTRESSES OR CROSS WAIIS.,

(C lauses 4.7.2. aud 4.7.2.1)

Stiffening Coelftcimt

S,
Serial

Number
Ratio t

:z -L :tt*
Of more

wp p
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te - th.e thickness of pier ee Cefined ir^2.1.2.

tr- actr al, thickness ofthe wall prsper, 4nd

w- - Widrh of rhe pier in the direction of the wall or the actualP thiclsrt ss of the crcss wall.

Note :-Liiear interpollation between the valt.eg givef, in this
Table is permissible but not extrapollationo taic'e the

limits given.

Table 8-MOOTUM SLENDBRNESS RATIO FOR A I,AD,3N*AC WET,T.

(Clowe 4.9)

Maximum S lende nu t s Rat lo.

t
w

tp
:1

tw

(1)
I
2
3

4

:

Q)
6'
8

l0
15
20 or more ,

(3)

0.35
0.35
0.35
0.35
0.25
0.25

(3)

I.0
t.0
1.0
1.0
1.0

(4)
1.4
1.3
1.2
1.1
1.0

(5)
2.0
1.7
1.4
1.2
1.0

Nnmbet of
storeys.

(1)

Not exceeding 2 ..
ExceedinE 2 ..

UsW PottlotdCement
or Portland Pozzolana

Cement in Mortar.
(2)

27
27

Ucing Lime Mortar.

(3)

20
13

where

S, _. centre to ceo',re sprcirg of the pier or cross woll.

3.5 5.0 7.5 10 - 1.25

No.

TABLB lQ-BAstc CoupnBsslvE STREssEs ron Masoxnv Mrusrns (Arrrn 28 DAYS)

(clause 5.3.1 .1.)

Ba$c Compretsive Stresses in Nlmmz Correspotding to Ma|oflr! U"itl of which Hight to width Rotio does

not exceed 0.75 and crachitrg ttrength, in Nlmmz, is not lel{ tha"_--,\
t5 17.5 20 25 30 35 40

sr.

(1)

Mortar fiP2
fief. Table.

I
2
3

4
5

6

(10

r .59
1.41

a)
H1
w
M1
M2
LI
L2

(4)

0.50
0.50
0.50
0.44
0.36
0.31

(5)

0.75
074
0.74
0.59
0.53
0.42

(o
t.c0
0.96
0.96
0.81
0.67
0.53

(7)

1 16
1.09
t.06
0.94
c.76
0.58

(8)

l.3l
l.l9
1.13

1.03
0.83
0.61

(e)

1.45
1.30
1.20
r.l0
0.90
0.65

1.27
1.17

0.91
0.69

(l l)
1.91

1.62
1.47
1.34
1.11

0.73

(J21

2.21
r.85
1.69
t .51
1.26
0.78

(1 3)

2.50
2.to
l.t0
I.65

'\.40

0.85

(r4)

3.05
2.50
2.20
190
r.60
o.9s

Nors{l) The table is valid for slenderness ratio upto 6 an I loading with zero eccentricity.

(2) Thevaluesgivenforbasiccompressivestressareapplicableonlywhenthemembersareproperly cure.t.

(t) l.inear interpollation is permissible for units whose crushing strength are intermediate between those given in the table.

(4) In case of ashlar stone masonry and coarsed stone masonry the values of bas'c compress've stress g ven in th's table shall

be mult:plied by factors 1.25 and 0.75 respect,vely.

TABII ll-SrREss FAcroRs FoR SLENDERNBss Rnrro AND ECCBNTRICITY oF Lolorsc.

(Claus:s 5.1.1.2. and 5.3.1.3.)

Stress Fdctor \K)for E$tvalent Eccentricltv of lodding Divided by tle thick rcss of the Members.

Slenderness Ratio.
(l)

6 ,. ..
8 ..

l0
12
t4
16
18
2l
U .. ..

0.33 0.50
(See Note 2)

@ (s)

0.980 0.970
0.870 0.850
0.760 0.730
0.650 0.600
0.540 0.480
o.4n 0.350
0.300 0.230
0.250 0:t7O

-..r&Sftuo, .mc oS 10.SlO

0 0.04 0.1 0.2 0.3

a)
1.000
0.920
0.840
0.760
0.670
0.580
0.500
0.470
0.440

(3)

1.000
0.920
0.835
0.750
0.560
0.565
0.480
0.448
0.415

(4)

1.000
0.920
0.830
o.740
0.6,!0
0.545
0.45 )
0.420
0.480

(5)

0.996
0.910
0.810
0.706
0.6114

0.500
0.396
0.354
0.310

(o
0.984
0.880
0.770
0.664
0.556
0.440
o.324
0.276
0.220

Nod-(l) LiBea[ interpollation between values for the stress factors is Fermissible, .-.,., 00].S x D.e x 0.0 x [.0 mngd lo .rw lloe
(2) For unreinforsed masoory, the v,alues in column 8 or only for prrposes -of inlErpoltstion d6$igt"a*dfri0rifffi"rtP 0.33 a16

0.5G s

I

I.
il-G* .1.*--.,i ' L'r*dr- ,

t
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Tlrrn 12. Snlpr MoorrrdlrroN Flcron ron Masoxny UrrG.

Hebht to width Shcpe Mdification Factors (Kpt) For (Inits Wosetotbofunlts. \
(As lhid) crushing Stength in Nlmmz is,-----'\--

D/FWindowand l;.Ii i#i Ll'fL-,.
Add for sunshade etc. ttgte:

Total 11,800 kg.

Load at S.F. Window sill lev€I.

Actual stress at F.S. window sill level.

11,800 kg..

Load

Thickness x l€flgth of masonry Pier.

I1.80 t
L 39.33 tlrra.

0.2 x 1.5

(b) Calathtion of allowanble streess.

Ref I /Clause 2.3.1'Since the length of pier is greater than four
times thiclness, the sleoderness ratio is calculated as that of
watl.

Slendernesb ratio : Efrht/or Efrl€ngth which ever is least

Effthickness.

0.75 x @oor to floor height (-)
depth of bcam + half
thickness.)

C. A. IOB No. 2t2jl D Rc 139 - R
Srnsss C&cuLATtoN.

Data z

I Three stor€y.s .

2 ClCof T* beams ....
3 C/C of Windows

4 SpaoofTeebeams

5 Woindow Size

6 Window sill above floor

7 Width of piers

'8 Crushing strength of Brick (Min)

9 Access not provided to the roof

lodiws:-
(a) Roof sbb-

Self wt of slab 
: 

.

Roof finish

Live load (access not provided)

Total

(b) Flooi Slab-

Self wt. of slab

Floor 6nish

Liw load (Schriol Building) ..

Total

3.0 7.5

(r) @ (3)

Upro 0.75 1.0 l.o

l.o 1.2 I.l
1.5 1.5 1.3

2.0 to 4,0 I.B t.5

10.0

(4)

1.0

1.1

t.2
iIl

15.0

(5)

1.0

l.o

{9

t.2

,"1

i.om: - Linear Interpolatioo=heturch v6luesffi

ir t, 't
l'

1o"r.lrriU}. \

lrlt:,
SEOON ) I Y SCHOOL BTELDINGT1,oAD BEARINGWALL. I

V

.3

*1
i)

Effht. of wall :
(Table 5)

half the
the slab

UItimate.

3.00 m. 
,

3.00 m.

9.00 m.

1.5 m x 1.3m.

f 0.80 m.
1t

1.5fm.

75 ke/cm2.59

24Okelm'i

225kelm'.

75 kg16 t.'

540 kg/m1

24Okslmg,

75kelrn2.'

400 ke/m2l

715 kgln2.

:o.rt*(so- T + y)
Effthickffis :
Slenderness ratio

0.2 .

Ref l/Clause 5.9.1 Ecceotricity

Ref l/ Table II Stressfactor

0.75 x 3.00 : 2.25 m.
0.20 4.

2.25 .
11.25

1.6'.'span >30times
thickness.

0.7715.

Saoord Fhor Window SillLevel.

(s, Calculotbn of actrul strcss.-

Ioad from roof daU dx9.60x3x+ - 7,776kg.'-
20cm. wall.

srt. of 20 cm. wa[ 0.2 x 3,o x L1xty20 2,765 kg.'

sclf wt. of beam 0.1x0.6x9.6x4400 2g74ks.

2

Allowable Slress

Result.-

Thiclatess of wall 20cm.

Bick - Minimumcrushingstrength 75ketcm.2.

Motttu - Mztype(CMl:O.

Ftrst fuor wffiow sill level-

(al &lcuhtioa of actual stess-

Load at S.F. window sill level

Wt. of wall below cill lercl upto S.F. Slab
level 0.2 x3.0 xO8 x 1920.

Load ftom floor slab 715x9.@x3x UZ ..
Setf Elt of beam

0.3 x0.6x9.O(a400

Stress factor x Basic comp. sress.

0.7715 X 59..

45.51t1m2.

Actual sfress (39.33 t/m2).

Henoe safe.
Ret I /table l0* For brick work in C.M. I : 6 (M2 Mortor tf,pe)

using bricks having a minimum crushing strength ot7skgl@\.
Basic compressive stress equal to 54tlm2. 1

11,800 kg.

922 ks.

10296 ke.

2,U74 llg.

2

;



ffiffi+
iffiffij,

ffi$i r

#:,.4-4 t 1

l'. if iit,:[,'t
r.;il[ ftjt i
Ftc4"i I

-.ffiJ

$[it$:,l,
H;:i[S,l'

ffi$ffi

,!'.
t .i;,1

.;t{
:*-.. '-l

.. tl

Wt. of wall

wall winilowg

Ioad at F.F.

Tdsl

dUl€vd

atActual stress F.F. window sill lcvel

$) elctut:oa ,rrrest

Ref.l
timcs

ht. wall.

(feblc-s) i

FUoO;crcratP

I Sincethe leogth of pierisgreater lhmfour
the slenderuess ratio is calculated as that of wall

..:0.75 ( r.r-#-T)
-2,25 m,

..3 2.25

,30

p3r
Rcsdt.

Woll thtcktuss above wfrdow opcttt slritvtali prers * 20 cm; '. 
I I

' ' : ,,.,ti
Vqfr fr tthrw;upo'-,u**roptttttge*fl:rtrl}tfl'
Vdl*lnccrpbr pofuntOcm.,

mf-fmimum Crusing Strength 75 kg/sma

Iilrzraz+Wltyp (CM I : 5) for pier and below window sit'l !il|'thl
(CM I : O for nasory above window op-eniog b*weeo pie4s, -.

Ground Floor Whdow Sill Letel.

(al AWU*n of acttul suess

Iaad at F.F. window siltlevcl

wt of wallbelowsilllovelof F.F. slablevel
0.3x ljx0.8x 1920 . p

0.2x1.5x0.8x 1920

Load from slab
715x9.6x3.0x1 1o296

Sclf wt of beam
0.3 x0.6x9.6x 2,400 2,074

2

Wt of wall abd1rclintsl
02x1.5x1.10xLgm

Itrt of wall in nier portion
o.4xl.5x2.4ox 1,920

D/f Vcrntilator etc'
0.2x 1.5 x0.6x lB20

Add for lintel etc. ..

2,764

rl
Kg.
634 .I

ip

n,$t
n,451 Kg.

n.454 Y,S.lBr

r.t(0.3

+6l.00tloZ
Kg.

n,454

691

46t

Effectivc

634

:.(-) 346

' 450

Total i. ..ffKt,., ,,.

Actual str€ss. .44,415 i

-74.t3 tlaz
1.5 x0.4

Rof l/ctause 2.3,1. Siooe the length of pier is lessthan fourtim$
, tbkcss, tho slotlcrnees rotio ig-calculated as that of columo .

Bfrectivc hr '. . 1.5 xtt of
(Clqse 4.5'3) oPening

1.5x1.3 ..r

:1.95 m

Slenderness ratio

Eccentricity ..

rlt

Sttu$frctor '..

Ref lf.Tgbb 12 AllorraUc etrcss

1.95

0.4

-4.875
:5.5 cm. from

difference in
wall thickoess
of F.F. and
G.F.

5.5

40
0.138
0.9996 .

0.9996x74
n.n qnz

<Arfirqls&cl*.,,
. (7AEVPAII
'::,: , ,, t,,.i;{.

120

20

-$
'.1 :.

I

l'.l.-
'I
ril
t
1

",i'i
.i,r'
:rj ..

'r i

x:l
t/mg-74

't
,:l; '
'I
:1
'll

;

,il

t
-[

:flI

46G3-38

.L
{.

:1

.i,
'i

t:

tI

I

l

150 cm Rof I
Fig.13.

1..,1
&civohoSlh of PaPd wall

i,lihrarue n .f p.r.ilh

,;Hdt*u*io 'l

Stress factor
Slowable stress

aa

)Actual stress
(61.00 tlmz)
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Ilcace provide ,10 x l0 cm. plaster projection on inside

Actual stress. 44,208*

otbjoctcd to wid loandr, should bc dcrhrrd-co encipr.ti,g prll-
cpq (*, 5.3.4.). A gcocrat euidaooe E ,"srrdGTdfr;';
po,rcl ual$icedd bc had from.Iondo Coody O6rdl CICC.1
Bftlaws wtich providc for a minimud,tt*lusrqrylOOa-mJ:
pllT hiqdb! -of 25 ft. such rhar acruat rhictDBs 1q et icast rr . of tb
trcrg[t orttrE lcagth which ever ic mohp"',Jhironoildftr;th --C a sotid 20 cm. wall of normat rtonry ',hctght;[iriiiTfu*ffi
3r6}1bSS. - , ,

$i, q.grlirtott nul&.-Thesc erc. iriereal ,metc u$rqfli $bjGeto much small€r letoral forpcs. The commeuts as rouow irr'hrscriem,rh cord&ration that thc-,walls a[E not subjected to *V pciil
forcc.- I{ti+ *isois forco has to be catereO for design 

"f ,or.bed hsrioS walls including partition watts shouio-E d*d;
cngiuri!&Oririplcs.

Thc bohavious of srrh nanels 1ay tr similar io cxtcrnat paet+
14 ,pg1r&in$qrjpqgpps, to. {6fu6rfo:,rtrmlly ru&iGaf. I" 

'.rcp;
drqcq*irhrho Am&flr Fode,(o (desro 6ral *,tmruG
l?tgrl s.uejofis.should rot exoccd 36 times the thickncsg of perti.

r'tior"inett6nq.pl"t?, thc latcrnal suplrortr being eithcr 
"crtic"f 

&
ihodzortaf, 4 ,:t_courprelreosive guidaocc in ttfu renre,mtO
t 49I., the.Bdrish Standard C? t2t (S) rctevrnt,-grovilio.
ofwbfoh aro rcpgg{ued bolow :

(l) Walts with a@uatc-latoral.rpstraint,at todi m Uftrotattbctop:

. _(4) 
Th:-Sf.q n1r be^o-f any heisht providrd thc t€nsrh

docc not cc€d'4{) ttnca (bg.,thi9fpt; or I - - r

(6) Thc pocl mU bq any kn8tb,prorirdod thc t itht dfr,
oot Gxecd f{rthcd.hc thickocas (that ris, 11;6jy to ooa*OerrC-ar
e frco standing wall) ; or

(c) Whcrc thc length of thlaobol irr orte 40 fiGt and lrt
'0irll*9iffm6r+tHo(tri6tacss, thc hcight plus twicc m.fcaftl il ,

not l.iedf,l3 dmcs tEe thickncss. '

- (2) W.ltl wifr:a{cq^uate latcral rcstraint .t both *Or'.nO.t thc top :
(a) Thc p,apcl may be of any heteht providcd thc tcrtl[

docs not crcd rl0 tlmptlB thickn6ss; or
(O T&'pitncl q?I E.{ any tenerh providcd rbe hctilitg6 nqtpxegofl 30 timcs.the ttigknes; or-

- C).yIh*_. itrg tggf of rh9 rynct is, orcr 40 tincs .od
rcls thrr ro timcs the.thictnees, thc leagt&.pt"sibreGrE

(3) Walls with a@uarefgid rmrlnt at thc top htfif
a$,ttc:ar&r., IhD r Eaidr.Ilg.r bc; o0;any tco8th p8ovidd] tb- ili&,,dnrnot,ffi'3e dm Esrbislucrc i

. _1U[+:O,HT 
jl.1I"Io tone gopiurity of $bstrDrirt wted.

IoodiDg on tntcrnal partitions_where thcre arc opcalngs in thp.S-
nal^cnve!91 o-f a building. cuidaocc i, Er* tins ix&T;ll9. snd C? 3, Ctap&r V.

liii) :Frrccstanding aod parapct walls.
(s) Clsrrso 312 of thc British standard C Itr (l) rced! IfolfH:

. . ePtrapct uralls and balustradc+_parapct walls aod bclur.tat|*louHlhaw su&icnt strpngth andirteHEtloO.afsy_tt3l,1afhrt
loe& giwqbCP 3, Chrgtcr Y. - - - -:--

(D)IEcm is similal provision io thc Arrshaliso Stsndsdrc&ln 4 $-(Parasraph a.2D.

G) Aeeording ro rhe Amcrican Code.(3) heieh of afrDt
wall slot ldrlot cxceed 3 times tbe thickn€ss Oirr1&rA,_*fB,--=

._IEE_D,lg6t No. ll9 . fhe asscssmGnt of wind loandr, Plrbffrtcd
by II!$9r \ -- 

--

'@;3'' Code of besic data fon thc decign oiUuilahgr, Chpptct V.
WiDdLo&; hrtL'De€dand Inpo66-1*4ri ;

_.---.
l.5xq*F0slxul
:flfg1f5gi' , !

<Allorvablg stIS!r
Q3.97'tllr.1tr .hdtsiyc of. plestcr woig;ht.

Porfoa abwe whdaw between Plers.

Sine thc size of window in G.F. is samc as thet
of F.F. and 0oor hciebt is also samc s$that of
F. F. thorlmd dispcrsion docs not str6t th!..
hick work above window opcoing betwcon
plcrs. '

lortbn below alnfuw sill bctwecn Picrs.

Aeturl strces.

EGCire lcngth of Panel wall

Efrcctiveht of Panel wall ..

Slcndcrness ratio

$tres f4dor

Alloweble strPss

&sutt.

Talltltl*ness dove ad below wlnbw
Olrlltutgs2Ocm
Tall thtckrpss ol Pier Portion
Dbttcr proJectbn (ioside) ..

&lclc-.-Minimum crushing sttugth ?s,tglcoa

l?0c8,

l2G

2t,
-Q.t

69.90.Unt

lfl).cn.

l.rx$0

40 cm.
40cmxl0 cm"

Structural

I lx74
1*tlal;

>69.90t/m2

I

'W- Ml typo (CMl:5) fur pior, eqtbn eodrmg,ps6;,6
trlory wiadw opcoitgi lt6l ,tS!,,(eM tr,:,*rf,jn*{t

I portion abovc window opcning

eq0ratfltH Propcr designed bed blocts shouldtbc.prqridtlir for
tllminrtr0oors.

lcfcrcnce- 1. IS 1905-1980-Codc of pracricc- for
safety of Buildings Masonry Walls

'Exrnecr tnou Expr.lxmonv HaNp Boor ox Mexso1fRy goDE
(rs. 1905-1980). Sp :2o (S & TFt98l.

?art 2 Corumeatary on mansow co&.

$tAZ- fbt.load furittg walls.4o detaited exaniaation, ttc
GfilnS plovisions fave lego,found to bc incorroct *d ,.Soi,
oodificatiols,as explained bclow :-

$,1 
patul utd curuin wallr._These are crtcrnal walls and.er

subjcct to wind loading. As explainod in 3.2.1. of tho Aritish St g.
d1jd Cp Dl, theso *rlb *y be considcrcd, for the eurpos6 ;
$bility, a vcrtical elabs spa.ning onc or.two ,"y, fuo.mr1i6c
ao4 lntcrmediate arranlem:nt) and- thus latorally sup.portcd oa two,
thrtoq four edgBs. The choice of method of latcrnal sup,o; ;;
thc-dctailing of the edgps depend upon consideratioh ;f i;-tc*",
toad6-to bc rtsistcd, typc 9f meiu supporting stnrture and difrerco-
tid'mwmats cxpocted beJrm the pancl wall and thc chrc.tgrc.
Pancl aod qrtsin wa[s with a@uatc ofuc rgtaioto *ti6 *i

2e4



l,' 'l I

li
iI 2es

-i
(d) clars t,L22.l."r,OdU*USeOarrO CP l2l (8) ror,itr {.}. r}ro-.d.uOrc mitr,nAy he-Eirod so,ae to-oonfosn to.&fi

, "FrE etanding y{alb+Stdght non-load'bcaring ftoo --: :.:-:;---^-.^:..^-
dendnr c/all$ wheth€r oxternal lor internal. soUioci ;;ff;: 4.,1. Thc soll, 8fltt ffi6in& shdlt bc t€stcd for DotilFqf ;
;*.;h;ttil1*A*--.taffw &Lrtr:;;';:';ofi,ooi-fr"r. ctractcristics,u$hasltquidllutt"ptssdMtyitdex,dtc.inoir6fdiri,p-..'
adjft ;-,ht5[;d;;;-"d[-rh".c dr*J. +ruloir frr. sith tlr pnicdtrrsraftl docm'ln''ft6 nldtratt'hdian'stdnibdrdf,";
ffi;*d ; Tdl" ifiro*l if ;he;ls ;o drfu*t"l o"rpp.i"r Mods of tcst for eoil. Tcst bric,te otlhc samc sizc as ttc ro0dttur' ' '

;;-; if tiltt i ilaffirla+er*t *t"1. inibh^t"-dnt idrro,rrrith'thcrolcrret lxlim6taodad,o'odt* of t5
fp,tor6ori tiorticaUy across it I g_soil. Tcet brfu&t"of *bc!.e.sizo,srtlc prdocfbd*'*ts b-,?

Tinr S-nircxr * t"r**rgRrrro f,nmro.ro wrND sfrrD- ffiffiffiJ#*ol"t, . t-'i:,

, (a).Dr,yts8 *tis&sP.'

P)ThcdShdnkaBt; '
.product brick shall be manufactured andtested for thc following:

Upto Not exceeding lO

7

5

38
(Intcrmediatc values

iYarr.*l N/m2: I /1O Kgllm2 (epproxfuncclrr')

If.thcrc is a horizontal dampprgof course near thp basc of r;he wdl
rtfuh is aot capable of developing tonsion vertlcely tho miolnm
rntl thhtocss should be thc Srcatcr ofthat celculated fiorn cither :-

(l) thc approprhto trclgtrtlthielms ratio'giwn'{n'flblc''1,
(f.bb ,5 above)lreduced by 25 peroenl and tho hcieLt fton thc toral

6f .rc aanP Proof course (or.)

;@):{hc appropriat e'ufishtlthi5kffis ratio 4ireo rin TlIr:l
Gfblo 5 aborrc) ;aad the:hoies.froh tho hnor.kvcl at uficbrtb.
;,rtl it .ortrri""d tate,rally. Uaits weiShing lose than geO fg,/,
(60'trblft.3) aro not normallv $dd in elErna!"tec $arfrng?ds
honpevcr, ll dosignen are certain that such untts' *ilttc'satiifutotiy;
it may bo nscossary to decroase the height to thickncss ratio qgM
b 8atilo l'(Trbb 5 abow).

(v) It is sr{rgsted that d6igurs milrta&e&cb;o$ & &tu
rovisions for proportioning of non-load bearing wdlrhn*dri.
itlooc U rrgard to desiso of a flse $tandog.wall,.a referencc is invi-
lcd to coEmcnts on Clarisc 4.4. Suitable motllficatioits in"ftc
Cod0 will bo made at the time of its revision.

1.1O. Yenarcd wall-The'erfrossion 'ttnared wS' "oocuiq
, tb frst linp of the clarse.should have beea ' Venocr of a-wall l.

Lll" "Cgtain wa&.-Refer to poma€qts.uodcr 443.2.

EJCRAcT rRoM rs :2117-1963

Qoto of practicc fr, ^*r$ff1if*"!Mi.ya(e 
common burnt-.,+hy

4. Soil.

4:1. Th soil uscd of makingtuilding fuicks stoutd'bc protrsscd

to ss to be fre from gravel, co4rse sand (that is partiel€-sht'SrGrtcr

$biln 2 oo"Lliocaad kankarpagticlen ve8€ttbl€.mdr€r, erc.

,t . R3191diog mechanical cepposition,.the soil should,prcfcreUly
ooDlorin:to the following rcquirqnents:-

Sih 20to35 Do.' Smd 35 to50 .Do.

ThG total conte,nt of clay and iitt shatl nottelcos &aurfom:ort
ty wl&t.

ivort-fl) Thc limits for partfuio sizcfradite5fc{ft&itr'tfils dagsc
erot apPlicabtefor black artt4, soil and lateriJi: soils.

lloar-{a Jo rpccial cascgccrrdasdmixhrcs lilc rice^busl mfy^bo

incorpoa,tcd 
if found by expericape to be benrficiel,in"eaor&eirn

a66'3-38A

|b&a{tlw*A mdil,vsr.e. {trshr't,,tltclcfi,,,i
E*U" ratb,tri" P) (3)

6/s

udo fr
28

v

N/m'

285

575

€60

(c)Tficc atsorpticn of bont'brick-Appendix A of 'trf :'
1077-1957 Spccifietion for Common Burnt Clay'.lolldiqf
*h&s.

(d) Comprtssivc strcngth of burnt brick-Appendix C of IS:
tsf,l|t,67. 

1,,

. (c) Optimum fixing schdule. "
ff)Eflorcsocnoe-AppGdix B of trS : lUlT-1957.

{}, 3trn&il lnctids df ' tcst.a!!"ryct' to bc €sHrfilhd'fidr l*a
ihurotit*h. {no*srrcr, a fuft{y satisftcior}Ftuldrffi t[i'
butf*d, bg{b mdachrrs, ty,hmir8',ir4o#Efi

. inrr,p{t'e .tib .ad otc.rvinS ,th ctaaotcriedcs of th
,Omduct(tftc'ilr$

4.4.1. for guict ficld ob,scrvatibns aud intc,rmittcnt cheetgl
siEplut66arcc-givcoin Appmdir A may bc'formtliEdqt

5. Frqprafon of oil.

5.1. Wcuhcr@..--Thc soil shall be left in hcaps and cxposcd
to weethcr for at hast onc'month in cases whcrc srrch
uorthcring is considcred 'oooessary for thc soil. Ec codl

*ell'bo turood atloast twice and it shall bc cnsurcd thrt
thc ontire soil is wet throughout the period of weathcrio3q '

5.2. Tcmpcrtne : ::.
j.2.1. Aftcr wcethcriag thc r€quircd quantity of water sball ta

dr6d fifIqtElolb so ss 'to ott{in tboril$t corUi,ctlridy 
"

'for uoffiltSl*ffiitisl8rprrul. :tdilttions'of s8o.t'iiL .

otls dtcrhh;'iftitcmry; mlrals'batede at ttls a&i' I
.to edi$ tt oonpcitisn of ttc eoi'!. .rlb'
{u.f,tidf of *,alcr my :rrrp frort ll1 1g ltfr.;l
by srilht of ths soil. The moi*cood-cdlalfll,^
bc,}aoedd,with=spadcs or othcr maoual or @o!*ri
cquipmcnt into a plastic mass. Saady roilr ,roer&c],r

lcss water aud clayey soils more rart€r. But nature rod
dGSrcGdEilfilh d tltc,colls,lb@e df *th{ddffi
eballalm bc duly coasidcredin thisrtspect and ttrcohemntioo
ordc in ppelimioaty tot lsec a"a. @)l may be uscful for tlc
iuagcot"

62. ftraitibgrladtta.

i.2.1. tland-nadc bricks may be eithcr ground-mouldid or
trtilomffi. ,$,hrt[ &m'ufroo of ,gruund,,ltalt{3

uod, in thp-formor casc.

*I} fibr dinl;.S'-iutb d thc mooH !h.*{+
r63rd .6fi fr-, 7i*5, rith, .rurd,a.t*.,ilf,.*tr,
mulding is x6fitd'lttrtod&#l trc,dbpcd ia rsiS
endclaocd. Thomould sballrbca bc sol firmtyoathoJ@
$trfrcp. .. t3

i 1150

{av biat reohtpOl.
4

I



612.3. QuantityofctaysligMymorethan the voluhe of iho
nould, shall be taken rolled insand, lf found nocossary th€n sbafrGd

litabty iole a single Iump aud dashed finnly into the., mould wirh a
forcc that is to bejudged by the moulder by orperience, go that the
clay completely occupies the mould withort air pcckets and with
thc minimumsurplus forremoval.

6.2.4. The surplus soil shall be scraped off with a sbarp straiSbt
cdSF or a stretchcd wire and the top surfacelevelled.

6.3. The whole assembly of mould shall then be lifted, given a
dightjerk, and inverted to release the rr.crlded brick cn a Jallette
board in the case of table moulding or on dry level surface of tbe
8round in the case of grouad mouldiag. The ground may be adrnn-
taSEousty sprinkled with sand beforereleasing tte brick cver it,
so flEtt the brick does not stick to the ground. When a frog i8 not *

aceded a bottomless mould may be adopted in which case inversicn
to release the moulded bricks from the motld wiJl not be necessaly.

7, orvr,,e-
7.1. The moulded bricks shall be allowed to dry till they beccme

boncdry.

7.1.1. The dryiog operations may be done in several stages as
follo*r:-

(a) In the position as rel€asedfrom the mould.
(6) As turn€d to stand on edgies, aad

^ (c) Aitransfortedandarrangedinrowsinand bac&s' with
tll8oot of notless than ono centimetra between the brricts.

IXomdThc duration of drying for each of the atove Btsgss Eay
wry with tho conditiong of wcathcr. Gcoerally, stagcs

. (a) and(6)together willrequiretwotothr€e deys and

., stage (c) about a week.

t 2. Tho moulded bricks s,haU be protected effectively aginst
srin sod dampness till they are stack€d inside the kiln.

lJ. In th€ ioitial stages unequal drying shall be avoided.

8. Eotdltns and transport o1 moulfud brlcks.

2o:6

. 
APPENDIX A.

(Clause 4.4.L)

Sttrlrrs Frrrp Thsrs ron Sotr, FoR BRrcK Mar.iurncrunn.

A,l. Testittg soilfor drying shrinkage.

A.l.l, Tho soil shall be ground to a foe powder and rrixed wi$g)
sufrcient water addiog it in sma[ quaftitics so that it b€ccm€$ plastkl
snd qu be noulded with hards. Care shall be taken that not morc
thaa thc corrcct quantity of vater is add€d.

A,1.2. fate i hdadtul of the soil prepared as in A.l.l rnd form
into a b.dl.

A.1.3. -'Ke€p 
the ball in the sun for drying. When dried,

examinc the ball for loss ofshape and surface cracks, ifany.

A'1.4. functuttotu,

4.1.4.1. Uthc ball had dcformed on drying and oumblcs casity,
it may bc inforred that the sand content is excessive.

4.1.4.2. If thc ball is hard hrt shows cracks on the eurface, thcn
the sa[d contot is insu&i€ot.

. '. A.1.5. If thesollis aot found euitable as inferred in.
A.1.4. the t€st shall be re.doncafter modyfingthecompositiou
of thc eoil such as by mlrins different proportioa,s of two soils 'df
byadditioaofsaad,ctc.for checkingthcsuitability.' .-

A.2. Tcstfig nllfor nbuldsg cWactcrlstlcs.

A.2.1. A quanityof soit ae adjuetcd for compoeition shall' ,Ud

ta,ten and watcr shall bo addod in just cnough quaatitics aild mir
knodod wett so as to ohsinrplasticconsistcncy at whichitis
posiblotorolltbreadc of about3mm.out of thcsoil. i i

A.2.2. Bricks of etardard sizc shall be actually moulded from th9
soil ae prepared in A.2.t. and cxamincd for sbariness of eOges ani
comc,r8. . .;

A.2.3.If cdgcs aod Gomcrs arc not sbarp; thc test shall be repeet6d
\iaryi$tho euufity of mtcr addcd, so that fiaally a satisfactory
result is otrtriod.

A.2.4. The moulded bricks shall be lcft to dry for four days, ii
the suo and examined for shriitage cracks. : : 

. 
l

A.3. Tcsthg lor sffitrkage on burntns.

A.3.1. Thc pamplc bricts prepared in A-2 sball be burnt .in ttd
ordinary pott€r'e tlln for thrce days and four nights or untitl :'t[c
bri*s bccoine rcd hot, whichcvcr is longer.

Thc following prccautions shall be taken during the burnjng :

(a) Sprccs of not less tban lOmm. ehall be left bbtween the trricli
whcn arrangiog them in the kiln for burning, and

(D) The arrang€mctrts shall ensure that there is even burning
of the bricks

A.3.2. When thc bricke arc btrrnt, they shall be allowed to ccol.

A.3.3. After ooling, the bricks sball be taken out of the kitn
and cxa,mined for shrintage and d€fornation generally.

A.3.4. Brictg of the lots that arc found to have beeur brunf cvoly
without deformation aod uacquel shrinkage shall be resirrcd ,fo '

strug[Lt6ts esdocribodio A-5. ' 
,

A.4. tcstiallor .'walcr furttba , :,,,,',
A.4.1. .Itc tcst sball be donc in thc same manaer ag. dcscritrd

io Agpcndft A of IS z lUfl- $57 Spcciffoation ibt Coiqmor ilfnt.i
Cley4llirSEictE.

'9.f . puring conveyarrce to the kln. the
btiloidOd or uoloaded one at a time. Use
bordvantagcousin thisrespect.

ll. Contiololfutflins.
ll.l. Ftul'feed.

I I,1.1. The fuel ehall cotrform to the specifications of thc dcsign
o{thc kiln. Generally, lightlfstacking cearscda&coal .with a
lrgO proportion of pieces not more than 5 cm. sizc, wilI be preferable.

{lt1:2. Ite fuel shatl be fed diroctly to the c,hambcrs through
fefid.holce only whcn thc briclo bavc bcen hcatcd ovcr 7fi],,C. Tbc
ffH'lhdl be fed in small quantities at reular inreryate. Thc fepd-
![gi rha[ $e coyqed tightly alter every feed. It wilt bc advantag€ous
ft1ifo6 autonstic feeders for fucl.

i
' ll,2 &ntrolof tem,pemtwe ondrute of fire truvcl.

'lt.2.i Tnetemperatur€ at which bric]ks are to be fued may range
ftbm '800 o to 10fl) " C. dcpending upon the tlpe of clqy. The
tmEsraturo shall prderably be oherved [frequently by means of
qrhtUe high temperature measuring devides, and the fre'fe ed ar:d.
draft adiusled for control.

,12.. UrWArg ol brt&s Jrom tt e kt]a. and sffitrg.

12.1. .Tho bricks shalt bd unloaded from the kiln and cbnveyed
.!e&6,$oroyad with minimuin brealagq. trhoymay bccorHfrrto-
tlpmrious ctasscs of quality as laid docm irIS : 107-19"51Spccin-
adtmfs Oornmbn'Burnt"ctay -Buildlng Bric&s.'

UL2. Bricks shall be stacked on dry surface efieclively drained

fdln rnd a vcry to fapilitate oasy inrrection and removal

moulded bricte shall
ofpallette boards will
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Exrnact or

Measurement

,ten$th.

Part

shall be in the same'manner as described'

of IS: Specification for Common Burnt.

5.1.1. Brickwrok circular on plan to a m€an rattiirs"eocecdhg

6 m. shall be measured oet anO-inciuAea witb the gpneral bricksork'

6. fucklw to ,tt6owY.

6.l.Bric&workinbackingtomasgrryghal-lbcmea'qrrertrya$r
stating the avcragp tni"r.oJsi, itl'd*.;;it" shall includc all cdtiog

and waste fcir bonding. i

l.'toncyanb brick work. . ' )

?.1. Ifuney comb brick waliog sbafl bc negsur€'l to Equafc ffitE
stating the thickoess *a'it"-pltt *-of honey combing' Hooe"

comb opening ghall not be dedtrcted'

8. lwlrytilatt cWnnq shal*.

8.1. Brickwork in independent chimney shafB (as f:t k't^t15
boihrs) shall bc measured net inclusivc of all crrtting qra8l€ uu
tcmplates and kept uoder following categories'-

(a) R&{angular on Plan.
(D) Polygo,nal on plan, and
(c) Ouvad on Plao to anY radius

8.1.1. The height ot chimney from the ground/datumline shalt

4, Measurement.

4-1.3. For walling which is hor€ thao tbree bricks in thickncs

tni-"".tt Ji.trct"*t of wall shall be measured'

4.1.4. No deduotious or additions shall be made on any acoount

I.S 1200 (Part IID-1960

and Ctvlt Ettglra€il'rlg Works

so*.

extra labour shall not be measurqd,

9.1. Formiog of the cavity shall be measured r-o seuare 9cir9
statiog thc width of tu" ""ritv?i 

.iull iotruo" th€ ti€s and tbcir

number per squarc metr]'Tne matuials, size and ebapc of ti€'

ghall t e describ€d.

21. Brtckwork wowd stal Jotsts (aqd"g)'

2i.1. Ertrs labour in ortting and fitting brickwork round *ool

j"il;:rr#;il;;';i-tnuu be ncas.red in sq,aro mcma

for tho finish€d surfaces.

22, Sllls, cornices, etc.

22.1. Plain corbels, string courses' aprons' friezes' sills' cornices

d.i;;ot;, oversailing 6urses, and other projcctions' etc"

splaye.d, bullooscd ot -y-;t;; iype of ptnposes madc or cut'bric*s

;;lib"'f"lly atqscrib€d "nt 
mosut"o in runniog @tres gtating

;; d;,h ;d *iatu or [e projectioo'. No. deduction ahall bG

mado from the masonry 
"r 

*"[-iir-fuL bearing portion of drip

curve, beering of moulding and corqic€s'

21. Ttte brlck work

Tile brictrork shall be measured separately and the rule

f*;;;;; orilinary brickwork shall be followed'

?A. Cluses, rebates, etc'

24.1. Cutting chases, robotes, throotings' gFT"o'etc" in existiog

brislffiork shsll be tr*",,"d ln ruoning greuls statiog the girth

il-;iltfitd acoording to the grth as follows:-

(a) Not exceeiling 10 cm' girth' and

(D) Exoeeltiog 10 c'm' but not exceeding 20 cm' girth"

2.1.1. Cbases, ltbotes, etc,' exceedin-8 29.3t' girth sbsU bo

ocssur€d in square m€{r€s (the girtb X t€n$n.l'

be stated.

9. Cavity wlls.

for.-
(a) cnih of dissimilar mE

posts,' gtr4(ls, rafters' Purliot

O'l mt in scction;

(D) OPeoiog uPto'0'l mt

(c) Wall Plates anil bed 1

ctsJlas and the like, where th

*e i[" to.log tloes not erten<

;oials (that is, joints, beams, liotels

i, truss€s, corbtls, st€?8, etg')- upto

in arca (sec Note); anil

plates, and beariog ol slabs

e thickness does not exceed 10 cm

I over the full thickness of the wall'

of openings, any selmrate lintel

size Lf tne oPenings but the end

pargpting and coring flues measured

size-of tbe flue. APertures for fire

Notc :-In calculating the

, or qills shall be included with

portions of the lintels shall be tsee 4,1.4. (o)l and the extra

wiitth of rebated reveals, if shall also be excluded.

erc.,-Brickwork (excluding fire

chimoey slacks, smoke or air flues

area shall be measured as solid

be made for Pargeting and corrng

0.2 m2 in sectiooal areo, deduction

4.1.5. Flre Places,

brick work) io chimneY

not exceeding 0'2 m2 in

t l ****t* or PolYgonal on Plan, and

(r) Cun€d ou Plan to lnY radius'

5. Brt* *otk cilailu ^ V^'
5.r. Brl*rrork circular on ltao to a m€an radius not excted

6 ;. rh"lt bc Dcasur€d seponltely and shall include all cutting and

mstg lDd t€oPl8tes. 
{

I
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of bc
+ ,..'f, .i,11,

100 cm2 in aroa, and
upto including 0.1 msinarea.

27. Toothtng wd bondtng.

n.t. walls are
of labour

9.1 m3 inarea in wallsooe brlck
io squaro metres 8od in walls

with

.s

t:..r

}j
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excecdirg one brick thick s,h8ll bo mcasrurod in ctbic mctres rad tht
item shall inciudc thc provision for firing and reaoml of tht
requisite shoring and temporary supports.



.i::.

n

ii

I

l-.
tr
l:'

, +7":. * "

SECTION VI

STONE MASON R Y

I

IL



-

SECTION No. Vl

SIONE MASONR Y.

Contents.

Stone Masoory

Cut Stone in Mertaa

C\rt Stone in Surki Morta^r

Cut Stone lltring Courte, Bood and Other Coroices, Btc., io Mortar

Ashlar Archine

Rub&lo Arohitrg

Rubble ln Mortar @nd sort)

Random Rubblcin Mortar

Random Rubble ip Clay

Precast Stone Masonry Block Walling ..
Celcreto Block lltasonry

Dry StoneMesoty ..
Ro.gh Stone oi! facking For Aproa bnd Revetment

Iatorite Or Rotghstonc PttohiDS For Rlver C,ooceraocy Works

Gravgl BackhgRoughetoneDryPaqtiqg Aod Gravelling to top
eod Side StoD. o,f Bunds l, cm. Thirls.

IlamP Proof gout o. ..

Specjffcation No.

Specification No.

Specifcatioa No.

Spocificatioa No.

Speciicatiori No.

Spocificatios No.
Spccificatioil No.

Specificatioo

Page
Nunhr.

No.

No.
No.

No.

No.

No.
No.'
No.

No.

Spocifcatioq

Specifiaation

Spccifcatioq

SpGcmcatiod

Spocificatid
- Speoifoatiotr

Spocifcation

Spocif,cation

303

306

306

306

306

309

309

$9
310

310

3t0

310

31t

3ll
311

3u
3ll

35.

35.A

35.B

35.C

35-D

35.8

35-F

35-c

r5-H

35-I

35-J

3!r(
36

t7
37-A

3?:B

gpoci0oation No. 38

*o
,rt ,rr&ft'j

".i .;"; x,t1: 
,

fitrt-D
l

l

l

i
x

It'

j

t

.ll ,i

I



\=II-7 v

Page
Nutnher.

313

317

320

,'/iL

,I'S.
Number.

llZl-1970

2250-196s
,1597-1967

t597-t967
.4515-1957

1200-1970

tt23-1957
.c.B.R.I.

6042-1969

SECTION VI.

BTONE. MASONIY.

rNbrAN STANDARDS EXTMCTq.

Recomirendations for dimensiors and worlmanchip of aaturd buitding
ston€8for masonry workc. ..

Code of practice for preparation and ue of masonry mofiars. ..
Code of practicc for construction of Sonc qaBogr;l+Errt l*lrrbble stono

masonry

Part Il-Ashlar masonry

C.ode of practicc for bourldcrlining for caldr ,,. -t- ..
Part lV-Method of measurem€ot of buitdiDg aDd civil coginccdag worFs

-Stone oasonry. .. '

Method for petrographical exaoination of natrual buildittS stones.

Precast stonc malk trry block walling-Deta Shcct No.8.
Codc of practicc for conitruriionrof light rciSht cou€tc bloct noronry.

312

312

121

321

326

335

€i.*t.O,'r

,



l

L

i

SPEOhTCATTON No,35.

sEcuoN vr.
STONE MASONRY.

' Snols MasoNnY.

l. Generul.-The foltowing instruotions are to bs coopted with

for all classe of rtono tnasonrY.

l.l. Re@remcntsfor butldW sroze.-BuildinS, stones shall comply

sith spocificatioo No. 3 aad shall be obtaioed from tho quarries

OmneO in the agreement descriptivo specification sheet-for detailed

"ooiA.utioo 
of stones I.S. 1597 PafiUt967 aod I.S. tt23-1957 shall

applv. Stone not suited for the particular class of works defined

tiire ..n*ute items shall be rejectod and rejec'ted stone shall bd

[ffiIf#"?1T"?I":tx:ontractor 
rrom the works spot vide "Georerat '

2. Method of layins stotu.-!,-ay on broadest face which grves

better opportuni8 to fill thc spaces between stones. For detailed

specificatioo I.S. 1597 Part!l967 shall applv.

3. Bond.-For detailed specification I.S. 1597-Part I-1967 shall

8pply.

4. Watering.-For detailed instructions I.S. 1597 Part I 1967 shall

spply.

4.1. Moriar.-Should tbe Bortar perish dr. become dry, white or

oauderly through oeglect of.wateriog, the work shall be pu[ed

doE'n and rebuilt at the conttqctor's expense or should the cotrtraotot

iait to water tho work to the satisfactionof the ofrc.e in chargo of tho

work, tho latter may supply 'thc requisites E€n to water the work
properly and charge tbe cost to the contractor.

4.2. y'Jllmasonry shall bo mshed down on completion and all
staios-linc or otherwise-remvod from the face.

5. Moving stone after it has been placed upon the motur bed.-

5.1. If itisnmsarytomov€astone aftq it has beon placed oo

tho mortar bod, it should be liftod clea^r and be reset. Attompt oust
aevor be made to slide it ove'r stone already laid. Care musr bc takeo

lot to disturb joints already laid when handling or moving stonc.

6. Beil Flates.-Bed plates arc to be laid in all cases under the ends

ofbeams, girders, roof trusscs, etc. The bed plates are to be of

"ir.. 
rpu"in A or ordered by thelExesutivo Engineer. Io all important

cas6 cut stooo or reinforced cons?ete blocks will be used and tfe
sizo and quantity detailed and included under the relwant item of
work. Inall other cases whetre cut stone or reioforced .@ncrete
bod platc are not demanded, the contractor shall supply large stonc

of size and dressirg as ordered by the Executive Engineer aod he will
aot bo paid any extra rate above the contract rato for the wall maso-

nDr for suchbod Plate'

7. Rcrrlsscs Ior ettds of beams, girdcrs, etc., cotbels undcr heavy

beams and cornice ander Jolsts.-The ends of all beams, girders, roof
truss€s, ctc., shall be situated in a recess having 40 mm. space alround
themto permit freecirculation of air and provided with perforated

zinc sheeting.

?.1. Joisis and raiiers will usually'be built in the masonry and tarred
for thot portioo. When it is approved by the Executive Engineer to
build the ends of steel joists or dher steel work into masonry the

oasonryforatleast 15cm. alrotmd the embedded steel shall be in
ccilneut mortar. No extra payment will be made for this treatment.

8. Sroaes which are not to be Pl*stered over.-All lintels and inside

stones which ar€ not to be plastered over should be to the fult width
of thowalls in which they are placed including the tbickness of the
Phster.

466-3-39A

9. Pltnth ofisets.-Plinth off-setg on the intcrior faceb ouly shoolal
bc kept t5 cm. below Eoor level (unless fiDish€d thicLnose of f,oor to
be laid is less than 15 cm, in which case the actual thic*oess of tbs
floor to be laid, will determine, instead of the 15 cm.), to allow
the floor paving, which is done subsequently, coming' up to the face
of the supcrstructure. Similarly retaioiag walls of voandtbs, eto.
must be built with due regard to the slope allowed for the floors.

10. Jambs tbr door and window openings.-Jam&for door and
wiodow openings shall be formed with quoins of tho fuU hright of
the course in the case of coursed masoory. fhe quoins sball be in
breadth at least one and a half times the depth of the course and ir
length at least twice the depth. For each side of door openings threc
and for window openings two, of these quoins shall bo stones of the
full thickness of the walls. Unless rebating of the whole frame in0o
the masonry is specially specified, chisel dressing to the width of
door and window frames shall be done to secure a close fit between
the frame and the masonry. A rebate shall be made in the frame
where plastering is to join with the frame as shown in the standard
desig.os for doors and windows and the plaster shall be keyed well
into the rebate to forma neatjoint. Jambs shall be played as dee.
cribed in the.standard specification for .'Brick Masonry-Gencrall'
Coatract rates for all classes of masonryareinclusiveofquoins,
jambs, aod chisel dressing as demanded by the above and by the
following rnasonry sub speciflcations.

ll, Contractor to stqtply sample stoncs when teiderhg his rates.-
In the case of cut stone masoory or rubble rnsonry of any kind, tbo
contractor sliall supply a sample stonc when tcndcriog his rateq
showing the class ofdressing and face finish that he will cxocuto for
each rate and these sample stones will be initialled and kcpt by ths
Executivo Engineer. Failure of the contractor to €x€cute all work of
tho particular clause up to the standard of his sample supplied, will
be dcalt with as contractor's violation of the contract.

12. Mortar and nuterials to conform to standard specificotiont.-
The mortar to be used for each class of masonry shall conform to thc
particular standard specification for that class of mortar and tho
standard specifications for thq materials used therein. For example,
for .'Cuttone in cement mofiar " the Portland cemeot, gand aail
c@ent mortar shall conform to the three respective standard spccifi-
Eiidn for these items.

13. Dowels and cramps.-When so specified or instructed by thc
Executive Engineer, copings will be dowelled or crampcd-and

"tilft"r 
of pillars, skew-backs and similar work joggled to the stone

below it using dowels and cramps of the hardest and toughest stone
procurable or ofcopper and set in pure lime or cement as ordered
Iron cramps are not to be used. Extra payment for such dowels or
cramps will be fixed by prior agreement beforeexecutioo of the work

74. Eoles for passage of water, etc., to be left and woo&n pfugt
and wooden bricks to be built in darilg constructiorr,-Care shall bo
taken to see that holes for passage of water wherever noocssary as

from terraces, bath rooms, re@sses for downfall pipes' etc., aro
provided during construction and oeatly fnished off by pointipg or
plastecing as ordcrod. Well-seasoned wooden plugs and bricks of
sizes and quality approved by the Executive Eogineer are to be built
in as the workproceeds for fixingdoor and window shutter appli4nces

coat hangers, picture rails, and for auy other purpose d€cidd r€ccss.
ary by the Executive Engineer. Holes are also to be cut in tte sill.
stones to receive the uprights of door-frames, in cases where there
is no thr€shold olate to the frame. No extra payment wiU be Eada
to the contractor for the supply antt ffxing of the wooden plugs aoC

bricks formiog holes, etc., as described in this clause, for my clare

{
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Ealonry fldc arlfi rclsvant clauscs in thc stsndard " Preliminuy
{tli0Padm'r.
' 

15. tatcttq-In distrlrs whcre laterite is useal as a building stone,
thoworkshaftrexecutodacoording to tho rolevaot masonry sub
gpeffication which will be described in tno sctedute itfn- Th"
gtono shall bo th6 b6t procurable and free from any admixtrue of
telitooaft[. It shallbedug out from tho quarry asufrcient time
in adrrane, t0 ba.rdcn wcll, beforc being placed in tbe work. The
loast tltioloas of ctono shall be 17.5 cm. and other diomeirsisns g5.ll
bo arldd dog io tbe relevant aubspocification, tho stom bcing
lial heodr and shctchor altcrnatirrelS br€afing joints by at least
7.5 c'o.

16. Iton, sbrp, concrete or other rtxtwes and buttresseq etc.-Nl
iron, stono, concrcte or other fixtures, refurnslbuttressos, oountaforts"
otC.,shallbo Uuiltand bonded intothe wotkas it prooeeds and not
ins€rt€d or joggled on after the masonry is advaned. No extra
palrn€nt will be inade for labour iovolved in building in any fxtures,
boldfasts, stc., which are given to the contra,stor for fixing in plaoe.

L7. Vet foudatbns.-ltwet fonndatioos, tho ccafrtion shall bo
}6pt fr6 of wrtcr by tho contactor, whilo tho masonry is iD progross

aoil uotil ,5o grq6yo Fngmou conridccc tho mortar hes cufrcicatly
slt

18. ScafiWrgqrdtools aad plott.-Ylde rclsvant clausos undor
tho conilitions of contrast.

19. CXn&r,I Mhrg amers od rcu&rg hbrbt cornqs of rams.-
ttbvdcilaMorqrrerr of buildingl and pdlars of buildlnga lo

.t

coursod rubblc in mortar, first qnd s@ond ,sort and random rubbL
in mortar (exoept for clay mdat amoutyl shall be cnner Omttoo
40 mm. width on eithcr side, or nr& oahrr wi4h as rmy b" sp".itrEf.
At thc enhance of doors, windows, arc:hways and othcr opooings. thc
sorn€rs *goinct wti& doors a.od rrhdows.will opcfi shalt ba .[rrftni
25 mm. width and chiseHrafted beyond the ctadcr 40 dE. gs
above. (when parliarentary hinges are used chisol dilfdnC oaty ir
mcossary).

19.1. Allintsiorcornenof rooms andprojecting anglcs rhsfl bg
rounded to 25 mm.1s(itrs. The projecting angle will in such cases
be chamfered as nomsary and thorounding for both interior corncn
and projecting angpls wil then be done in the plaste, Similarly,
roundcd, chamfcrred and chiscl &aft€d coroers shall bc donc wbcrcvcr
elso they may be shown on tho drawingp.

19.2. Au chisel drafting aod chaeing rcfcrred to uadcr thir ctreuro
shaU be included by the coatracbr ia thc teode unit rato for ."r*-
androundingofcornersinhis tender unit ra0e for plastcriag. NI,
extra allowancr will be made for labour and matedals invovtca tn
complianco with this clause, unlcss it is so exprcssly ctatcd in thc
agrement speifcation.

19.3. Sketc,hcs illushativc of thc naturo of work to bo dono unda
ttis daue aod clausc l0pr$dlry ar€ app€ndcd.

20. Pohttns.-Ct usG tO oJ ths stanitErd-,j$iAOcptiontor {Brict
Masonrys "Gcrcrel" shall apply to this Secification
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21.. Aul-tcrtttte coitttruafiorral methods: At places of founda-
tiolr vhere tho existence of colonies of subterra[pao termites are
fourd tho probability ofinternal attacr ofitermites throughlfloors
aDd pliDth Ottings is great. h such places the'. constructional

practiccs for protectiotr agaiDst subterraDeao termiteo orginatintr
both internallyfrom within the plinth and externallt froin tho
ar€a &urrounding-the buil6ry as laid dowo in I.S. 6313 (part l)-
1971 shall be followed.

?.

FLOOR FINISIIING'

16 M|.r CARPaT

-

,i

I

J
aaoove

APRAN FLOOR
.-.-a-

600, r,1-5 l,6oour.,t+

SANP LAYER,

APROxt ttoo

NTI- TERMITE CONSTfi,UCT'ON 
'N

EIOA/E MA$-URV

VLr!A$ i,,.,1 .;

22. Thts generat tpqficotiotiqpltdle to sub-spefificatlozr : The SPECIFICATION NO. 35-8.

clauses of this "Gctreral" speci8cationshall.be applicable ro" all Crn sroxs rN SuBKr MoRTAR.
pcrtioent pointsto the maioDry subrspecifidations fdfiowiag end '
the contract unitrate for each particular-item of work is inplusive -1.-TheTsnecification 

shallte the same as spccifcation No. 35'IL

oi complianc" with aU clauses of in" ..Oer"ral'i speciflcation asd Thd\nortar th-ail be as per I'S. 2250-1965.

relevant sub-specifloat ioos.

SPBCIEICATION NO. 35.A.

CUTT gIoNE IN MOBf,AR.

Uilttlotut clottrr.s 1s "Gcnetal" precedtttg.

Cut storp z !,5. 1597 Palf II 1967 para 6.1.1 shall apply. By

fine tooled dressitlg is meaot the fiirest surface which caa be given

to a stooe witS a chisel-and without rubbtnS.

1..1 In the a,bsenco of further definition cut stooe masoory shall.

be executed sith a ffoo dressiog for 1[s faoe vide the accompany-

ing figures.

1.2. Masonry s5all be laid as Der I.S. 1597 Part ll'lxi7 and I.S.

llu-r970.

2, FtxtW measurcment dnd PaYmeat fo' iprtait f*uresz
Instructions in I. S. 1.200 Part IV-1970 shall apply'

3. All fno &ossed iut stone work shall belprotected by

SPECHCATION No. 35-C.

C\r Srom Srsrxo CouRsB Boxp Axp ()ran
CoRNrcts Erc. ru Monmn.

Para6.5of I.S. 1597Partl-1967 and Para 6.5 of I.S. 1598
Part II 1967 shall apply.

SPECIFICATION NO. 35.D.

Asnr,an Ancuntc.

Adilitionol claus es to. "Gerret al" pre cedittg.

1.3. rn wPus ?5 cm. thick and und€r the hpderc shau runright !

throughth6wall. i-.. . : " 1(l' :

I. The arcb stonesshall-be closelV Jf th. ,"-" size and carc-
fully and 

".str14tely 
wrou!fit"givlngthe proper radiatiog jointst

that is, the arbhs ones shall 6,s 6ressed 4lll atrd true to their propcr'

shapes and shall be careuflly set in good fine mortar; lticbesg'
of riog and class of mortar will be defiaed in the relevaot schedule

iteuil
'. 

1..i. tne arc stooes shatl not be iess thao 25 cm. on thair least
dimension and header joints shall break Joiot at least U.5 co. b
arohes upto 60 cm. in thickness, the stotres shall all be of the full

meaos thickness of ring. For deepel rings, the Executivc Engineer

sood boxiog immediately after tixing at the cootraptots exp€nsc' will suPPlY face-stoocs a[d key Etooet

t
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1.3. All archwork stones should beof spociallargo stones.
'brrcadth of oach stone at top and bottom will bodoterudnod at
timo of qosution according to thc span and number of stdn€s.

12. Eract uniformiS will Q,g,rcqrd*$ in the thichnes of the arch 2.1. The side or radial joints shall be popoodiolar to tho t6ogpnt
eiog, and in oblique or skw arEdf;$ddt care fu to b€ takeo to dress of tho.curve of tho arch at each point and at dght arrglcs to tho he.
tho bods to the roquired winding. ], ' , iI {iq".s6dd}ilall be dressed to thc truc cun e of the ar;h and tho bac&

o! upper surfacp of the arch stone shall be dressed to the truo survoThe of theoxradosorcatrb,stonE^8hill*svo-itlt uppcr surfaco drlsscdthe to a plane flat s,rrrface-aiporiingailbs--dd,ing mayiodicato. Tho
thickness ofeachjoint shall not exceed 3 mrn.

3. Face stones z Tho &ce stooes shail be flno toolod, or rock faocd
as spocifed or shown on ftie drawifrtd:-af?il atso bG a4anlc!
as spocified if chamfering is to Qe dons to tho Grpoocd rrdhl iohtt
of faco stouesatr6 horiztr-ntal joinfl 6fffi..cioffit.

'; .t

2. Dressing: The header
,toolod to oxact fit on all beds;
.fltted in and drivon into its

and iide radial joints shcll- be fine
the keying couse shall be accuratcly

placc with licavy woodco bcaters.

'r.1 r."
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tractor sllall furnish for the ap-proval of the' 4' Centres'-The eon 
chei up to 4'5 m'

€xecutive Ewineer, plans for tlie centres of all ar

;;;.- ror hrger span arches, thL Executive Engineer will prepare

' intering plansanc furnish theisameto the cohtractor' except in

iil or"-"i rr*p sum contracts, where the contractor shall prepare

and submit the plans olthe centrcs proposed to be used for prior

- ;;;;;ib,t ihe'Executive Engi4eer. For spans.larger than l'8 rrr''
fi.t", 

""nir., 
are to,be used and are to be provided with hardwo^c{

';;;t-;;;;lackenins, the centres-sand boxes shall be used for

slackening, for spans over 6 m' [n all centres 
'the 

arrangement shall

be such that the slackening can be 'effected without any vibration

being transmitteil to the arJh and irr the case of a series of arches that

the Jentre; can all be slackened;simultaneously' If the celtre.l Le
ntrt of clear span, but rest on inDrmediate brick pillars' the brick

priiltt, .i"ir u:i wett'a'a str;nglv ibuilt' the tog of each pillarbeing

[pp"i *i t wood anrl connected up with other pillars by a con-

tinuous piece of timber from abutmerit to abutment'

4.1. In all centres, the upper boaring surface shall be "iy "o"t"-
rly formed to the curve of the intrados of the arch' 

r

4,2. The contraQtor shall obtain instructions from the Ex€cutive

Eugineer, regarcling the number of hours after comPletion of the arch

that the centres shall be sufficiontlY slackened to compress the

joints (re-tightcnins at once) and also the time for comPlete remov: i.
When usitrg a lime mortar centres will ordinari{y be slackened within

24 hours after completion of the arch' Care shall be taken however

that the centr€s are not slackened the mortar in the last finished

' joints is stitl so soft that it will be out,but at the same time'

the cotrtres shall be slackenod tho mortar is still moist, so as to

allow the arch to compress itself biing all thejoints to fair bear,

ing In the ese of a segmental shall be taken to see that

skew tobe a we,ekos lime
or

stlriogng from a horizontal
built. uP to two.thirds of the

cqrtroe. With a guick'setting

SPECIFICATION No' 35-E.

RussLs AncHINc

Additiorul clauses to " Gencral" preccding

joint, that the adjacent wall has been

heighJ of the arch, bef,ore slackening

c-em€nt tnortat, centres should be left

titt tho'mortar hae finaIIY set.

,f.3. Druitrg thp pro$css of rhe ruork, carGust be takcn to distri-

butc tho load on thc centres ia sldpr'to obtain a truo curve a1 ttro

cormlctbn of tfre wor'k- Bcfore tuning archcs excceding 12m' sparu

tho middle balfof thecentre shall boloaded with all the material

which is to be usQd on that portion bf the arch ring'

4.4. The rate for arch worl is toiin6lude the provision ol proper

.rni* o descib€d above-together ,with sand boxes. setting up

oasing and removing the same irreipective of the size of the arch'

(fice;rres or sand boxes are to Be strppliat by the department to the

contractor, then such will be entered in the tender notice and the

quics shall be tendered accordingly')

5,' Renaval of bad work.-'lf any prch s€tlles unduly or becomes

unsidrtly through caielessness' bad workmanshio' centering or bad

*-"toi"l, it shall be rc;.ovcd or re'buIlt at the conrrac(or's expense'

6t. Measurenunr.-Measurement of arch work shall be thsmean of

tho hngths of extrades, the filll brea{th of thearch and the ftrll thick-

ness of the ring. ]

Schedule item rryording and the thicltness of arch ringwitl T ltq:tt
therein. Each slab shall be hammer dressed approximately to lne

;t*.; -hrr;, *i rti4. necessary summeringso thatthe arch stone

may bear fairly one rrpon 
"*tn"t 

for the full thickness of the arch

ring, and should parts for tfr" fUl thickness of the arch ring' and

tft"-"fa p"rtt of the backs of the stones be open thpJ shall be solidly

wedgeil up with spalls anOchips of stones set in mortar'The exposed

faces of the face or quoin stone shall'be bushed or plain dressed

as specified with face perpodicular to the length in$ards' Th'e

soffit shall be dre ssed ,o u pf,n" surface,trueat all points to the

curve of the arch.

]. Thejoints on face and soffit shall not exceed 12 mm' in
th-ickness.

3. The arch quoins shallbe of the same thickness as the sh€eting

of- h" t.u.t", lirt itt"v tt rlt U.' iup"'ioi selccter' slc: t s; iu hll cases

.*t*dine ,ight,htougi, fi'om iltradcs to extradls and alternately'

not tess than 37.5 cm. and 5.3 cm. long perpendicular to the faci of

the arch.

4. Interior arch stonc in the sheeting shall rrot bc.less than ]5 4rm

in least dimension, and the stones shall brcak joint witlr' each other

150 mm. In arch rings 37.5Cm. thick and under, alt stoned shall be of

full thickness ofthe ring.

5. In arch rirgs more than 37.5 cm thick, the stones *iU ilt"iO in

alternate course$Of headers aod stretchers, unless otherwiSe rpecifi'

ed. not more than two stohes going to ma'ke up the thickness of

the arch ring.

SPECIFICATION No' 35'F'

' 
RuoBLE rN MoRTAn (Frnsr soRr)'

l. 1..S. 1597lParl I-1967 shall applv'

1.1 . The stones shall be oolidty b€dded sct full in mortss with
ioints not er(ceediog 12 mm thickness edd with m pinning whatciver
'on tnb face and shall extend well bact into the hearting'.

I .2. In all walls upto I widtfr 60 cm. bond stones runniog thmutih

the wdll shell bc providcd of intervats of I.8 metres clear in cvery

.o,r*". For wallsthielerthan 1.8 metresa lineof headers cach

ttLO"r overlappinglhe other by 30 cnoS' or more shall be provided

irom front to 6".f"t 1.8 mctres interval in every couJae. Careshatl

betakennottoplacethebondstonesofs}rcccssiveGours€sover
each- other. Thi position of bond stooce shall be mrrked onboth

ihe faces for identification aod verification(far marking where plaster

is to be apPlied will suffice.

2. No under-pinaing of eny description is to be allowed and hollow

bedding and flushing such gaps,with mortar are to be carefulty avorded.

3. The work on the lnterior face shall be precisely the sarne as on

ttre-erte"ior face unless the work is to be plastertd,tn which caee

the sidejoints need not be vertical'

4. The rate per cubic metre shall be for finished work inclusive

of all tlressing, chisel drafting etc. The contractor shall thereforc

tender his rate to cover the dressing required 1o conrply with the

specification'

SPECIFICATION No' 35-6'

RunBLE IN Mo*ro* (SrcoNP Sonr)'

l. I.S. 1597/19 67 PartI and I.S. ll2lllgl|shall applv'

l.l. The whole width of the wall will be paid for as coursed nrbble

in mortar second sort ualess it is specified that a certain thickness

will be paid for as coursed rubble and the balance as randum nrbtle.

N.8.-In thick walls such as lock walls, etc', the Executive Engineer

will determine and specify in the tender notice the width which will
be paid for undereach class of work.

i,

l. Rubble arching shall consist od'f,at bedded slabs laid solidly

and flush in mortai with their radfal joints perpandicular to the

i"trgent to thc ourveofthearchat eich point and ihe arch stone

shal-l ptop".ly break joint at headinq joints' The mortar to be used

shall Le tt"nd"rd specification morfar of theclass described inthe

166-340
a
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I ' SPECIFICATION No. 35-H-

RAlgDou RtisEr.E rN Monrm,,

1. For dstails ofrandom rubble work I.S. ll27llg7} and I.S. 1597
Part I/1967 sh4ll apply.

2. No pinning whatever shall be used on the faoe.iBushineF,,
shall aot projet beyond the face q[ the wall morc than 12 nun. in
faces proposed to tre plastered. -

3. Measurement of stone masonry is coiered by I.S. l20O part IV/
1970 shall apply.

o

SPECIFICATION No.35-I

R.e.liporu'Rusar.e nr CLAy.

SPECIFICATIoN No. 35.K

Crrcx.elB Brocx Mesoxny.

l. Celcrete Blocks.

7.1. Materlals.JThe celqete is a light weight material of uniform
polous stnrcturE obtained a3 a rqilult of aeratiog the gree4 concrete

SPECIFICATION No. 35-J.

PRBscAsr jroNr u,{soxny Br,ocK wALLrNo.

i.f. fn. concrete used for moulding the precast stone blocks shall
be as spccificd in Specificatlon No. 2E.

1.2. The stones shall be of such variety confiorming to the requi-
rements of building stone as laid dcwn in Specification No. 35.

1.3..The method of_pioducliron, dimensions of blocks and moulds,
casting of blocks shall be done as specified io Data Sheet No. g oi
C.B.R.I. Roorkee.

1.4. The :werage compressive strength for various mix proportions
shall be as in Table 2 of Data sheet mentioned above,

1.5. The blocks shall be used for load bearing and nonJoad bearing
walls. The permissible stresses in the masonry shal be taken frori
I.S. Code 1905-69 .,Structural Safety of Building Maionry walls,,
depending upon the mortq lo be used for laying and thq compressive
strength of the blocks. Masonry bonds constrtrction and curing
shall be as laid down in,the Data Sheet mentioned above.

l'6. The data furnished bv the c.B.R.I. Roorkee shall be follorved
f or guidance only.
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mix with gas. The mainingredients shall bc s:nd (uicklime, cement,
flyash aluminium powder ind gpoum.

l'2. Propertice of celcr€te strall bc as given under.

Serlal nwbcr and properties. lalue,
o) 8)

. l. Density(dry) 2,75}kglm.s

2. Speific gavity 0.25

3. Crushing rtress 50 to 60 kg./cm.2

4.-Teosilestr,ess ,.- 4kg.fetr.z

s. sncarstress.. ..t ,.skg./cm.z

6.Bondstresb.. 4kg./cm.a

?. Modulusof elasticity 1,96to2.25 x l0rkg/cin.z

' . Abcorptlon test Not expcodinS ,15 p€r oert b'
, volumcin 48 horrs.

9. Capillary action 3 crn. in 24 hours.

10. Shrinkage 0.30 mm./m.. for variation of E0
pcr cent humidity.

ll. Thermalconductivity 0.15 K. cal/sq. mh. (degrce c/m.).

12. Fire resisting Good.

1.3. Block sizes dndfinish.-The sizes of blocks used shall be as
flollorrs :-

For load bearing walls (l) 59 cm. x24 cm. x 19 cm.
(2) 59 cm. x 15 cm. x 19 cm.

For partition warrs ' ' 
,i?ii"r';#H:;f fr:.

Maximum variqtion in dimensioqs shall not be more tban lE rmm.
for height and breadth and * 3 mm. for length. The faccs of the
blocks shall bc roctaftular, opposite faoes shall bc'panlld ailCilt
arrises shall bo squaro and straight. The apdes of thc.bloc&s shall
be right angles aad the edges shall be sharp unless oth€rwise-Eidi?*.

. Allowable comprcssive and tcnsile srress,-Thc naximun cotnpres.
sive stress nhall be 50 to 50 tg.icm.r. Thc temilc stress shall be'10
to 14 per cent of the allowable compressive str€ss.

1.4. Stacking arul handlittg-a*tcrete blocks shall be stodc-pited
on planks or othq supporrs free from contact with the ground. The
blocks shall be handled wirh care and damaged units shall be rcjtrted.

2. Celcrefe masonry :

2.1. Mortar.-Cement mortar l;6 (one cement and sif sand)
shail be used. For detailed specifications for cement mortar I.S. :
2250165 strall apply.

2.2. Strength and stabilily.-Minimum thickness of load bearing
walls shall be 15 cm. and minimum nominal thickness of uon-load.
bearing p4rtition wall shall be 10 cm. thick.

Celciete masonry shall be designed in accordance wirh I.S. : l9O5-
r969.

2.3. Iaying.-Laying of celerete block masonry ia sulrerstructure
shall be as in paragraph 10 of I.S. : 6042{9 @de of practie for
construction of light weight concrete block masonry) (extract fiu.
nished).

2.4. Finishing.-External plastering shail be done if so specifiod.
t he specification No. 56 shall apply for plastering with cement mortar.

2'5. Celcrete masonry shall be coostructed for superstructure only
and shall not be used in foundation.

a

l. The mud to be used for mortar shall bc preparcd from carefully.
selectcd earth of tcnacious naturo to which sand shall be added in

, such quantity that a dri€d hmF of mixture shall not show sig:ns of
cracking. The mud shall be well trodden and workod into the con-
sistency of a thick pastc by the additioir of sufrcient vater. The
mixtuie thus made shall be kept for a week allowing water to sta$d
on the top of the mud in a shallow pool. The mud thus stored up
shall be well tamped with water by treading whcn it is to be used
on the work, care being taken to'remove all clods and stoneq.

2. The work shall bc executed to ihe same specification as the
standard specification for random rubble in mortar with the etrception
the clay of the above description is to be used instead of mortar.

lVJ.-It is customary with this class of masoDry in buildings to
cxoqtte top 30 cm. of walls and 30 cm. around doors and windows
withrandom rubble in marter.

a
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SPECIFICATION NO. 36.

Dnv sroNB MASoNRY.

(Fon nrr,lrxtxo wnrr,s.)

1.1. The work shall bc cxecutcd with bond according to standard

specification for "random rubble in mortar" the portar being omitted
and chamfering and chisel drafting of 

Trners 
not b€ing roquired.

1.2. The larget nSblestone procurable from the quarries sspecified

shall .be usea. fne batte,r to such masonry for walli and parapets
' shoutd not be lcss than I in 12 or such other batt€'f as may be speci0el

6. On completion the surface presented by the apron or revetmerr

shall be even througbout, free frcm irregularities, to the required
length, breadth and slope as specified.or shown on the plans'

N.Bl If jeddy stone dry packing is required by the scbedule itern
description the size of such stone will be described in tbe scbedt ql
item description or in a supplementary speciffcation.

SPECIFTCATION NO. 37.A.

LATERITEOR ROUGII STONB PITCHINO POR RTVEB CONS4RVANCY \ryORKS

1.1. The stones shall conform to paragraph 2 of Specification

No. 37.

2. Profile sections with strings and pegs shall be formed by the
contractor' at suitable intervals at his cost. The pitching shall be

done true; straight and to the proper slope. The top layer of stones

shall be 45 cm thick laid closely in position, and firmly set with the
broadest' faces next to the slope.

2.1. The interstices between the stones shall be filled with the large

siied chips and each chip shall be welldriven home with a hammer

so that it cannot bE removed byhand.

2.2. Otcompletiotr, the surfacl shall be even throughout free from
irregularities to the requir€d dimensions and slope as specified or
shown on plans'

3. The rate Shall be for cubic metre oflaterite or roughstone pitching

and shall be for labour for removing stones from stacks, conveying

to the river margin atrt making up the pitching as herein described

unless otherwise specified.

SPECIFICATION No. 37-B.

GRAVELBACKINO TOROUGIISIIONB DRY PACTINO TXO -GNT-

VELLING To TOP AND SrDE SLOPES Or BUNDS 1 5CV rgrCX.

l.l. The surfaceto receivelheg;avel coating shallbe naatly'

trimmed to thc proper slore, free from all roots and vegetati6n and

profusely wetted before gravel is laid on'

2. Standard specification gravel shall then be mixed with wate

and worked with mamoties tillit can be formed into stiffplastic balls

Gravel so mixed shall be carried in baskets, to where it.is to belaid

and placed asingle layer to give 15 cmin fnished thicknessand shal

[l-*.ff .u.-"d in position with flat wooden or iron rammers.

3. The finished surfaceof gravei shouldbeleftuntouched until

the gravel dries up and .does not show signs of yielding'

4. Vide standard specification for gravel; regarding stack measur

ments,

5. U any thickness other than 15 cmis specified the workshall be

executed to this specification; ramming in layers not exceeding 15 cm

in thickness.

6. The rate will be .per 19 ma (uoless otherwise defined io the

schedule) and will include compliance with watering and all other

clauses of this specification'

SPECIFICATION No' 38'
.t

Deup pRoo! couRsE rN cEMBNT IuoRTAR l:3 (oxe cEMENT AND

THREE SAND) z$mm rIJrcK.

The damp proof courseinceme[t mortar l:3 mixed with crude

oil(5 precentofweightofcement uscd) shall be laid at tevel just

below the undersurface ofthofloor'

't

SPECIFICATION NO.-37.

Roucn SroNE DRY PlcrrNo ron ApnoN aNn RsvErI{rNr

. (For detailed swcfuation 1.5,.4515'1967 shall applfi.

1.1. The bed or slope td recdive the packing will first be prepared

as specifled'and passed by the Executive Engineer. In cases whert
the work of preparation of bed'and slope such as cutting out high
bund, filling in hollows, etc.'.or the digging of the wall foundations

is rather extensive, separate items should usually be provided for such

subaidiary kinds of work in the schedule to the agreement. But if
the work involved in such subsidiary item is very little, no separate

provision noed be made and in the ab'sence of such provision, the

lontractor shall understand that his tender rate is inclusive of all

such work $rithout extra charge. If the packing is to be laid on

mpde gro'und-which is objectionable it shall, so far as possible, not

be laid till the ground has oompletely settled' If a backing of gravel"

quarry, rubbish or other material is to be given, it will bc specified

in a ueparate schedule itcm (15 cq. gravcl or quarry rubbish backing

wcll wetted and consolidated is dtsirable for loose soils)'

2. The stoo6 shall be perfectly sound, as regular in shape as pos'

si'ble, aod Tith their lmgths equal to the thickncss of tbe required

.p.oo o. rst€meot, apd each stoac shall not be less in size than,

0.014 m.t uulcss otheirvisc specifcd br ordered by the Executivl

Engioer, baviog r€8prd to thc mturc of 
-thg 

stong being.quani{'
rne smsll€rsizo ston€s required for filling io interstioes and vedging

rfr"ff oofy bc supplied to the actual reeuire'm-gnts for the works es

ac6nea io rtarrsc (4) below and shall not be used in two or more layers

as a substitute for the full thickness stones specifed in clause (3).

Tt 
" 

.tooo shalt be obtained from the guarry defined in the Descrip-

tive Specification Sheets'

3. The stones shall be laid closely in po$ition on the prepared bed

firmly set with their broadest end downwards, so that they may meet

all round their bases and with the top of the stone; level with the

finished surface ofthe pacting. The stones shall be laid breaking

joint so far as posible in the direction of the fiow of water, Jhe-rtooes 
ur" to be placed perpendicular to the finished surface, i'e',

perpetrdicular to the slope for revetments'

4. The interstices between adjacert stones shall be fflled in with

stones of the proper size, well driven in with crowbars to ensure tight

packingandcompletefillingo.f'all-interstices'.Suchfillingshall
il" *r.i.a on simultafleously with the placing in position of the

largestonesandshallinnocasebepermittedtofallbehind,'The
ffii ;edgiqc shall be done, only after obtaing the orders of the

i-*riir"-E"Sineer. The finat wediing shall be dooe withthe largest

sized chip practicable oach chip being well Criveo home with a
n".r*t *o ttt"t no chip is possible of being picked up or removed

by hand.

5. h.ofiIes of strings and pegs areto be put upto ensurethat the

pitchingisdone,trueandtotheproperslopethrough;outandrevet-

-"ot'-u'"inallcasestobqbuiltupfromthefootofthebanktobe
,"ret"d. Care is trecessary thet a strong toe wall or other pro-

i""tio" is always g;rven to the revetment-which protective measure

will be srrown on the Plans'

. 466-Z-qoo
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ExTneCr rRoM I.s. tl21*1970.

Recommendafions Ior dilnensions and workmanship of natura'l

buil.ling stones .fonnusonry work (First kvision\.

3. Dlmensians ond Tolerances

3.1. The recom.nended diamensions of natirral building stones

measured at edges shall be as given inTible 1.

3,1.1. The r3crinnsnleC dim:nsicni given in Table I have been

worked outon the basis that the thickness bf the mortor joints are 3mm

for ashlar masoflry 6 mm,for block in corirse and l0 mm for square

rubblc.

3.2. Tolerances-The foltowing tolerances shall be allowed on

the tlimensions

(a) For stones required in ashlar .masor,ry :'
(l) tength and breadth.. *5 rnm.

(Z) fieigtrt '. . .. -{-3 mm.

(b) For stooes required for other than ashlar masonry:

Serial nuttt'ttr and
tvpe o! maond

(l)
4. St rncs lor r n.lom rub-

Flc.

5. Stones for sills and (a) 890,990,

. lintets 1090,

"!#.

a'.
Length. Brcadth. . H.cigttt.

'(2t (3) (4)
MAybeotan/ size and shape'but
notlessthan 150 mm. in any dircc-
tion. 

r

q,90, lg0, 90,
290,39O, lgo
490.

(b) 13m,
I 490,
I 590,
I 690,
1790.

190,290,
39J, *99
590.

l,t0, l9O,
240,290,

Kg. cmz.
(5)

'5to7 
.

TtolS

7to15

I5.to 20

20 lo 30

Do.

Do.

3o to so

Do.

--{0 and above (depend-
ing upon the class
and compcsition of
limc used).

6. Storresfor arches, domes The dimcnsions depcnd on the parti-

work'

T. Coping stones l0o, I5O,
200.

(l) Length and breadth

G) Heighr

4. Workmanshiq.

4. I . In the case of stratiEed rocks stones tbr buildirig purposes shall

bsrc quaried and drcs€sd tbat when set in the buitding the stones

.ltleid along the plao of stratification.

TABT.E-l : DrrrlpNsroNs or NATuRAL Buu.orxc Sroxrs. 
.

(Clause 3,1.)

Sctial num,ber and Length Brcatlth Height
type of masotrY

mm.
(l)

l. Sttnes for ashlar

, 2. Stonesfor block in course t94
2U

90

140

1e0

210

290

390

90

90,.140

90

. 90, lrl0

90, lrm,
190.

8. Kerb stones ,00, 200,
300.

, Exrnrcr FRCM I.S. 22if1965.
Code oJ' practicc for preparaiion'and ute of

masonry morlsts.

Masonry mortar sball preferably be specificd by lre 
.. Grade " in

eddition to mix proportions. As a gpidance in this rcspect, tiie
compressive strength (at the age of 2E days) forveirious tyrxx of
masoory moftars normally used may be taken as in Table l.

6 Tmm l-CoupnnssrvE STREI.IGTH or MrsoNnv
Monrens.

{Clauxi 5.1.) '

Mortar ntix (hy rol*me\. ComOyyirTstrengrh
^. al 2g lan in

-l-5 mm.

-10 mm.

:15 mm

90, 140,
190.

90, 140,
190,240.

90, 140,
190.

90, 140,
190.

Cenrcnt.

0

0

1 4

0

0

0

1 2

t12

,

213 to 415

Sond.
(4)

J

2

3

0

3

0

.3

6

I
>
)

190, 29q,' 200, 3O0,

390,49O, 400, 5o0,
590, 690, 600.
790.

sdo, rc0,
5O0. .
a

390, 490,
590, 690,
190.

(l)

niln.
(3)

297
347
397

194
244

(2)
591
691
791

394
494

90, 140,
190,240,
2m.
m, 140,
tgo,240,
290.

90, 140,
l9o,24O
290.

mm
(4)

297
347
391

Stotes for square rubble,,

Lime. Pozzolanu
(2) (3)

.lB 0

icl
'314 B o

roC
lc, 2

lA0
IC3
2l3R 0

t l2c' o

00
I,r3 to l./5C 0

140,90,
190..

'N), l4O,
190,240,
290.

90, 140,
190,240,
290.

N, 140,
790,240,
290.

90, 140.
19o,24O,
290.

440

90, 140,
190,240
zen.

490

J90
o

l003Do.
Note.-A,B and C denote rhe classes of.l'mcs to be used (.9ar

r.s.7l2-1964*).

t

a

* Specifi cation.for building lime
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5.2.1. The durability of mason'ry mortar will depend upofl the
followingTactors :

(a) Volumetric changes duridg the process ofsetting, hardening
and. latsr due to tomperature variations or clue to moisurc movernbnt
in the iurroundings, and the exter/t to which the mortar will internally
accommodate the stresses induced by these volumetric changBs

before yielding

(6) The nature and distribution.of resulting cracks, whether t
fine qracks well distributed thtoughout or large localized cracks

ic) The o(tent to which the bond between the mortar'and masonry

units is rupturcd by volgmetric changes and structural movements

*r*ting not only in roduction of shogth of masonry but also in
firovision of deaaels of secpage fa watcr and othcr solution ioto
thc msonry whicb would.furthor thc prooess of deterioration.

The sotcction of masonry mortati from durability 'considerations

wilt, thetCfore,.harrc to cover both tllc loediog aod Grposnrc condltioD
oof tho masdory, The requirorririt for masotrry mOrtar shall
gpocrally be as spocified in 5.2.2. to',5.L4.

s,llZ. lnthe case of -".oory *popc{, frcqu€otly to rains and rvtcre
thgo is furtlrer protectioa by way of plostering or rendaing or other
6oi$rse, thc Cr&dG of mortar slAll nof be loos.than 10, but prderably,

,about25 il :3llime(Clasr A): sgndrmortaror I :2:9ccmeat, lime
saod, moater). Whcre no protcctiou,is provided thc arade of mortar
foi e<ternat ualle shalt not bc less thln 25.

'5.2.3. For nrasoory io internal walls-In the case of ioad bearing

intqnral cnlls, the grade.of mortet sMtt preforably bc l0 or morc for
high durability but in nc casc loss thap 5. Lime cerncot mortar, or
limc rnortar (sae I.S. 1625-1962) may, be uscd.

5.2,.{. For rnaconry below ground : In the case of masonry in
foundations taid below damp-proofcoursc the gradcs of mortar for
use in masonry shall be as specificd bhoy :-

.(a) Where the soil has littlo moisture, lime-ccment mortar, or
lime inortar of Erade not less than l0 shall be used.

(D) Wherc the soil is ve.ry damp, mortar of grade preferably 25

or more [l : 3l limc (Class A) : Sand oortar or I :2 :9 cernent, limos

Saod mortar or stronger mortars) shall'be used. But in no case

shat, the grade of mortar be lcss than 10.

(.c) ln ttre case where soil is saturated with water, cement mortar)
or lime-cernent mortar of gradepreferably above 5O shall be usedr

but in no case shall the grade of mortar be tess than 25 (l :3) lime
Class A : Send mortar or I :2 :9 cement, Iime, sand mortar or
stronger mortarsJ,

5.2.5. For masonry in buildings subiect to vibration of machinery
' the grade of mortar must not be less than 25 [l :3] lime (Class A)

Sand mortar or I :2 :9 cement, lime, sand mortar or stronger mor-
tars.J

5.2.6. For parapots rhere the height is greater than thrice the thick.
ness, the grade of mortar used in the masgnry shall notbe les s than 25

[1 :31 lime (Class A) : .Sand mortar or l;: 2 :9 of low parapets, the
grade of mortar shall be the same as used in the rvall masonry below.

. 5.2.7: Only cement mortars shall be use.<I in reinforcLd work. For
use in reinforced masonry aod. as protectiVe layer around reinforcc'
ment, the grade ol' mortar shall not be, less than 25 [l :-''] lime (Class

A) : sand mortar or 1 :2 :9 cemetrt, lime, send morlar or stronger
nrortarsl in the case of dry conditions exlosure and not less than 50

(l : i] cement : Sand mortar or 2;1 :9 to 4 :1 :15 cen6nt, lime
sand mortar or strooger mortarsl under wet conditions.

5.2.11. Thegradeof mortarfor rciaingJoints in mrsonty *ith
lerFe concrete blocks, shali not be less than 25 l1 :31 lime (Class A) :

Sand mortar er I :2 : 9 coment, llme, sand, rirortarl.

6.3. Preparation of cerent mortdr i . Mixing shall be doire prc'

ferably in a mechnaical mixcr. II done by hend-mifing, the operation

shall be carried out on a clean watertight platform. Celment and s:'nd

shall Qe mixod dry in the required proportion to obtain a uniform
colour. The required quantity ofwater shall than be ailded and the

mortar mixed to produce workable consistency. 'In the case of
mbchanical nrixing the mortar shall be mixed for atlcast threr arinules

after addition of water ; in the case of hand mixing the mortar shall

be head back and forth for iO to tS minutes with additions of watir'

6.4. Preparation ol,cenunt .lime .moilar.

6,4,1, Whe(e coarse sand is used, the lime putty and the sand in
the required proportions shall, after preliminary mixing on a water'

tight platform with nocessary additioo of water,-be ground in a mor- '

tar mill taking care to rake up continuously the mortar partiucalrly

at the cornFrs, aud also adding water as and whcn re<luired during'
grinding. This mix shalt thcn be transferrcd tq a mechnaical mixer

to which the required quantity of cc'ment is added and the contcnt

mixod for atloast threo minutcs.

6.4.2. Where fine sand is used the mixing oporations shall bc done

in thc same manner as in 6.4.1. except thaigrinding may bc onrittid
for the preliminary mixing of lime putty and sand.

o.4.3.)If the mixture.of lime putty and saod isnot used imrrcdiatciy

for mixing with canent, it shall b€ kept p'rotectcd from <irying ttut

till the time of use.

6.4.4. When adcling watcr finally in tho mortar during mixing

operationsitshallbecnsurcd thatitis addcrl only to the e'(tcrt

necessary for obtaining working consistency for lhe mortar and nol

m(NC.

6.4.5. where dry hydnted limo is uscd,'Srinding of lirnc end sand

in a mortar mill with required addition of water shatl be done

before addition of comcot.

"6.4.6.'Wheie pozzolana is uscd in the mortar, thc pozzolana

shall fust be mixed with the lime in the spccified proportior ano

ground in a mortar mill with addition of requiro(s$ar'tity
of water. Sand shall ttretr be addod to thc mlx and thc mixing and

grinding repeated till every aggegate particle gets coatod untfornfu
*itn tnJ *tn"ntitious matcrial. Mixing after addition of cenrcnt as

ingrpdient shall bo done in thc same manner as descrlbed in 6'4'l'
in a mschanical mixer.

7. Controlling lhe consislcncy of nwsonry mofibr.

7.1. The working bonsistency of the mortar is usually judged by

the worker during application' The water should be enough to
maintaio the fluidity of the mortar during apilication, but at the same

time it shall not be excessive leatHng to segregation of aggregates

from the cement. The.quantity of water needed for maintaming

consistency or fluiditiy will also dcpend upon the masonry to which

the rnortar is used ; for example, thinnerjoints wrll require grester

fluidity; bedjointssubjectto heavy pressure may require stiffer

mortar. Also the mortar should be able to hold the water agait'st

suction by the masonry unit particulary in the. case of burnt clny

anl concretc Products.

Exrnacr rnorYr t.S. 1597 (P,qnr D'lg6i.

Code of practice for construction of slone ,rtosonrr'.

Part-l rubble stone masonrY.

' 4.1 . Stotle.

4.1,1; Types.-The commcn types of natulal building stcn(s which

are generally used are, granits and other igneous rock, lime stdne

(including marb[e), sandstcne' etc., Fcr' the plcpcrtits cf ttc::e

ypes of stones reference may be made'to I'S. 1123'1957.

5.2. Dwabifiry. t'

a
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4'l'2. Qtwlity.-All stones used fo building purposes shall be

strong, hard and durable ae indicated in 4.1.2.1. and 4.1'2'2'.

4'1.2.1. Streneth.-The strength of bullding stones should be ade-
q-atcto crrry the load,q imposed. For qshlar and coursed rubble
masonry, the strength shall be as worked in accordance with I.S..
1905-1961, taken into account, tte appropriate crushing strength
of stoie as giyen in Table 1, and also the type of mortar used . For
raodom rubble masonry, the strengfh value shall be specified cn the
basis of local experience.

TABLE.I-CRUsHINo STRENoTn or SroNrp.

Minimum Crushing
Serial nwnber and. strength iry kg.lciz

type ofstone. (See Notes).

(i)Gnanite.. .. 1,000

(ii)Basalt .. 400

(iii) Limestone (except very soft stone) . . 200

(iv) Sandstone .. 300 
I

('i) Marble i 500

(vi) Laterite 30

Notr.-Thesources of informationare : for (i) I.S. 33161966
' Mptbod of sampling and.grading structural granite '; for (ii) Bombay
P.W.D. Handbook; for(iii)(iv)and (v) DIN 1053'1952. Wall
mascnry and design execution; and for (vi) LS. 3620-1966 " Specifi-
-sation for laterite stone block for masonry ':.

4.1.2.2. Dwabtltty.-The stone shall be free from dcfects like,
cavitiqsr cracks, f,aws, sandholc, veins, patoh€s of goft or I@s€
materials,etc. Theperc€Etage of water absosrtion (8c6 I.S. 1124
1957 for the method oftest) shall gcnerally aot excced 5 per ceDt.
Generally the stoae should not contail cr],pto crFtalline silica or
chert, mica or any other deleterious mat'erial like iron oxide, organic

Nort. l.-The selection of stones for durability is generally based
oir-experience. An examination of structures, at lea6t half a century
otQ whre ttre particular tJD€ of store is uscd, will indicate tbe dura-
bility of thestone. If tool rrarksare visible, aad.the edges and
corners are stillaharp and true atrd the surface is bard ar:d stcus no
signs of deterioratioD, the stohe is durable.

NoTt 2.*stoilefrom quarries having stratifircaticn at regular
intervals wiil be of uaiforrr qualrty generally. Where there are
variations in stratification, the stone shall be examined petrcgrapbi-

cally in accordance with I.S. I 123-1957.

4.1.2.3. Size ofstona.--Normally ptones used in rubble rnasonry
should be small erough to be lifted and placed by hand. The lenSlh'
ofthe stone shall'not exceed three limes the height and tte brcadrh.
on base shall not bo greater than tf,ree-fourths of the thickness of
wall nor less than 15 cm.. T[e height of stone for rubble masonry
may be upto 30 cm.

Notr.-The selection and Sradiqs of stones for rubble masoDry
work is largely done at site and the smaller stones arp uscd in' the
hearting of the wall. Large scale supply will be faciliiated if, as far
as possible. preferred standard sizes for building stone arc used as
covered in LS. I 127.1957.
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' 6'1.1. Random ruble.-(a) Urcoursed(See.FIg.4).-'This tfie of

miuronry is constructed of stones as they come frcm the quarry' The

mason or wallei sel€cts blc cks of all shapes and sizes' mcre cr less

at random, and places.them in position to obtain a gccd tcnd, wbile

restricting cutting of the stones to the removal of inconvenient cornets

with a scabbling or spalling hammer.

(b) Brousht to courses (See Fig.5).-'This walling is similar to

uncoursed random ru6ble except that the wcrk is roughly levelled

upto courses at intervals varying from 30 cm. to 90 cm' in height,

according tothelccality andthetype ofslcne usccl' Jhe course

heights usuatly corrispcnd with the heights cf the qt'icn and jamb

stones.

6.1'2. Squared rubble.-'(a\ (Jncoursed (See Fur" 6)'-'In this type'

the stonesbreloughly squared as risers crjtrrptls rrcl sttcl<ttlt:
with varying heights,'and arelaid uncowsed'

(b) Brought to courses (See Fig.7.)-The $totres are similar to

those used for uncoursed rubble but the work is levelled upto cculse

of varying depth from 30 cm. to 90 cm. according to the localily and

lhc type of stone used.

k) Courseil (first and iecond sort) (See Fig. 8).-{oursed walling

.is.built in courses which may v.'ry in height from 10 to 30 Gm' but

thc stones in aoy one course are roughly squared to the same height'

^hcfec€s of the stones mey tle pitched to give a rock face app'barancc

or may bo ilrcsseal smooth. A variant oJ tbis {ipe of walling may b
rormetl by tho introduction of pionirgs, that is, smaller stones in tho

,ffi courses, at intcrvals, producing a cheiuered effecf'

6.1.!. Polygonal rubbte watlins (See F8'.9)'-Stone'with no pro-

nounocd stratificatioli is roug6y ha,mer pitcbedinto irregular poly-

gonsl sbspes. anit bcdied to show the face joints running iregularly

in all dirctions'

5.j.1. All projocting architectural feeturos, such as plin'h projec-

tions, stdng coulTos, or corniccs shatl bo effectively bonded by tailiirg

;;;;h" Etono woik to onsuro stabilitn Such erditectural features

;ilff o",u. straiglrt ond true into the finished joints as far as possible.

5.5,2. Wbcn such f€atures aro not to b€ plast€rod over, thoy sball

o. Critt wittr stoDo which havo high durability and resistaaco to mois.

tur" prnctration. [Stones specially made to requirod shape

"'itt 
if* tt"fp of temptatx cut out,of shccts, shall be used'

6.5.3. Sun shades and sucn p'rojecting featur*.which de;end on

tte ur,idrt.of masonry ovcr them,- for theif stability +"11 F kte'
.upporteO till such time when the masonry above is - built and

hadaoed suffcientlY'

6.5.i. All coping shall be dowelled or cramped' String courses

,nafitaif at least 25 cm. into the work and shall be throated on the

underside.

1.5. Watering.-stones shall be sufficie'ntly wetted before laying

to pre\,6nt absorption of fiater from mortar'-

7.7. In all typos of-masonV, the particulars given in 7'7'l to1'1'12

shall bo complied with'

?.7.1. The stone shall be laid so that the pressure is always por-

ponccular to the natural bed'

7,7.2. Thecours6 (if any) shall be built perpendiculiar to the pres-

sure which the masomy will bear' In case of battered walls, the basc

,f rtooo and the plane of courses (if.any) shall be at right angles to
'thc bater.

Norr.-In the case of a bridge pier having batter on both sid€s,

the oourscs shall be horizontal'

7.7.3. l8 the case of coursed rubble masonry, if the heights of
rbe cotrsos vary the largest stone shall bc placed in the lowest @urse,

tbi thickocss ol.outtus shall also decrease eradually to the top.

\
7'7'4. Y:rtrcal joints shall be staggered as far as possible'

7'7'5. Bellshaped bond ston€s or headers shall not bo used'

7'7'6. Allnecessaxy chases for jogSles, dowels, and cramps should

be formed in the stones trelore hand.

7'7'7. Sufficient transverse bonds shall be provided by the use o[
'[ond stonc extended from the front to the back of the wall and from

outside wall to the interior, of thick walls andin tho latter case bond

stones shall overlap each other io their arrangoment.

7'7'8. At all angular junctions the stones at each alternate course

shall be well bonded into the respective courses of the adjacent wall'

7'7'9. Where there is a break in masonry work tbe mpsonry shall '

be raked in sufficiently long st€ps for.facilitating ioioing of'old and

new work. The stepping oi ih" t"tiog shall not be more than 45:

with the horizqotal..

7'7'10, Ivlasonry construction with too thin faces, tied up with

occasional tbrough ston€s or filled up with dry packing or small gize

os."gnt"r rtr"ilUJ.tri.tty prohibited.

7'7'll. The walls and pillars shall be carried up truly plumb or to
sp, cifie' b'atter,

t7'12. Storey rods showing the heights of all doors and wiudows

antr otber oe.ta.y inforrration should be usod at the time of qpnst'

ructioD of masonry.

7.8. Fixing ol frames.-Where door or window frames of timbei .

are fixed in the opeoings, the fixiog shall be done generally with hold-
fastg of adequate sizo and strength, securely embeddedin tbe slone

work preferably in chases filled up by cenrenf coocr€te.' Iron tlold'
fast shall be given a protcctivie coat of bitlrmrn to avoid rustiag
Wood work faces in contast with stono work shall bo tr€8tGd ritb
rvood preservetivo to prcvent attack frrim insects and termitts. Thc

framcs shall preferably bo fixed simultaoeously as thG m.asoDry lvork
proceeds as this coristnrtion vill ensurg proper bon{ without grps

betweri the rrasoory and the framcs;

7.9. Beoing olfloors, roofs andlolnrs.-lt is Dot desirable to @bed

any stnrctural timber in stone work as it is liable to be affecrod by

Ori rot. The eods of timbcr jolnts shall prcferably r*t oo sbets
or brackets but wlren built into a wall this shall be tre,atad with prcsce

valirE and in ac.dition, spi-ce shall be left abr'und them fcr fite
circulation of i.ir. The ends of beems carrying heavy loatls ar d cf
trusses shsll be supported oD templates of concrete or storo' Bed

blocks should s€t true to level and bedded io the same mortar as

that used for walling. The ends of the steel beams or trussee eb'
bpdded in masonry shall be built in with space all around for repaioting

or shall be prot€cted with a thick bituminous coat or sha{ be encased

io ii"n *ro*" of mix I :2 t 4.'The ends shall generally be suppor-

ted on templates of plain or RCC of mix I :2 : 4 or stooe'

Norr.-In case of timber ground floor, the ends of the open spaced '

timber joints supporting the floor boards should be nailed to wall
plated on top of 12'5 cm. walling, built either as an off-set to wall

or as a beparate sleeper wall'

7.1O. lointiW and pointiirg.-'All joints shall be full cf r.crta'r'
Pointing ghall be avoided as far as possible, but where unavoidablo

it shall be carried out as the work proceeds using the same tf,crlar
as for Hding. If carried out by rakinB out the joint later cn after

hardening, speoially prepared mortars shall be uscd' thr rnarirrr m

thickness of joints shall be 20 m.m for random rubble and l0 mm.

for squsrerubble. fre various types of pointing are shown in Fig' 10

of I.S.: 2212J1962. .
1.11, Covering.-61een work shall be protected frcrn rain by

suitable coverirg. Masonry work aid cement of composite mrirtar
hall be kept constantty moist on all the faces for a minimum period

ll
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of seven days. The top of the masonry work shall be left flooded b:1t'in m)rtlr. The use of chips shall bei restricted to the filling o

withwater,withthecloseofthoday. 
-Wateringshallbedcnecate- 

intersticsbetweentheadjacentsLnesin hearting and these shall :.

fully so as not to disturb or wash out green mortar and use of perfo- not exceed 10 per cent of the quantity of masonry. While. usiug chips

ratedrose spoutmaybesuitable. Inlhecaseoflimemortar,curirig itshallbeensuredthatnohollow ,p""o "tuleft 
anywhere inthe

should coflrmerrce two days after the laying of masonry and shall masonry.

continue for seven days.

8, Constructlon.
I

8.1. Rondommasonry (tlncoutsed and brought to course).

8.1.1. DresiW.-stoneshallbe hammer-dressed on the face

the sides and the beds to enable it to come in proxmity with the

neihbouring stone' The bushing on the face shall not be more than

4 crn. on an exPosed face.

8.1.2. Insertlion o[ chips.-Chips and spalls of rtones shall be

used wherever nec€ssary to avoid thick mortatr beds or joints and

it shalt also be ensured tbat no [ollow spaces are left any where in

the masonry. The chips shall $t be used below hearting stones

to bringthiseupto thelevetof facestones. Theuseof chips shall

te restricted to the filling of intfrstics between lhe adjacent ston€s

in hearting and these shall not &ceed 2O per cent of the quantity of
.a stone masonry.

8.1.3. Eearting stones.'Thahearting or interuor fillingof a
watlface shall consist of rubblc stone not less than 15 cm' in any

direction, carefully laid, hammered down wilh a wccden mallEt

,into position and solidly beded in mortar. The hearing should br
{aid nearlylevel withfacing and backing.

8.1.4. Bot d srores.-Through bond stones shall be provided in
walls upto 60 cm. thick and in cpse of walls above 60 c,m' thickness,

r ,.t of trro or more bond stonds ovarlappi'ng each other by at least

15 cn. shall be provided in a linp from face to back, In case of high

absorbent type$ of stones (porous lime stone and sand stone, etc')

the bond stone shall extend about two-third into the wall, as through

rtones in such cases may grve rise to damp penetratioD and, therefore

for all thickness of such walls a Eet of two or more bond stooes ovcr-

lapping each other by at least ti cm. shall be provided' Each bond

stone or a set of bond stones shall be provided for every 0'5 ms of
,the wall surface.

8.1.5. Quoinrlorr.-Quoin stone shall not beless thao 0'03 m8

i n volume.

8.1.6. Plumb stone.-Theplumb stoneat about 90 cm' interval

shall be Provided.

S.lJ. LayW.-The masonrY shall be laid with or without courses

as the case may be as per general requirement (see 7'7') The Quoins

shall be laid header and streatcher altertratively' Every stone

shall be carefully fitted to the adjacent stone 3o as to form rieat and

closejoint. Facestoneshallexlendand bond well in the back'

Theseshallbearrangedto breatjoints,as much as possible, and

to avoid long vertical lines ofjoints

8.2. Square rubble.-Course4 rubble (fvst sort)'

8.2.1. Dressing.'Face stond shall be hammer-dressed cn all

beds and joints so as to give th*m approximately rectangular shape'

These shall be square on all joints and beds' The bed joints shall be

chisel drafted for at least 8 cm.back from the face and for the side

joints at least 4 cm. No portion of the dressed surface shall show as

iepth of gap more than 6 mm' from a straight edge placed on it'
Theremainingunexposedportidnof the stone shall not project

bevond thesurfacebf bed and side joints. Thereguirementsregar'

ding bushing shall be samc as for random rubble masonry'

(See 8.1.1)

8.2.2. Ilearting sfones.-THe hearting or the interior filling of
thewall shallconsistofflat bbdded stone carefullylaid on their

8,2.3, Bond stones.-The requrrements regarding through or

trond stone shall be same tut for random rubbte masonry but theee

shall be provided at 1.5.m. to I .8m. apart clear in every course'

8.2.4. Quoin storu.-The quoins which shall be of the same beight

as the cours€ in which these occur, shall not '-e less than 45 cm' in
any direction.

8.2.5. Face stone.'Facestone shall 14il 'rrto the work'for not

less than their heights arid at least otre thirds cf the stones shall tail
iilo the work for a tength Dot less thao tu'i:e their height' These

should be laid headers and sretctrers alternati vdly'

8,2,6. LayfuS.-Allcoursesshall be laid truly, horizontal and

ell vertical jointi sha[ be truly vertiial. The quoiu stones shall be

laitl stretches anil headers alternatively and shall be laid square on

thoir beds, which shall be rough chisel dressel to a depth ofat least

l0 cm.

E cRAcr Fnou I.S. : 1597 @lnr II)-1967.

Coile of practtce {or constuction of stone masowy'

Part ll-Ashlar Masmry.

6.1.1. Ptain ashlar (S* Fig. l)-Stone blocks of the same height

in each counp, are used and every stone is finetooledon all beds'

joints antl faces, full and true'

6.1.2. Swk or moulded (Seo Fig. 2-DFThe exposed faces of

*"U .,oo" brock shall be gaugpd, cut, 8ro9v1dt rebated, sunk or

iiois-nouU"A as the case may be. Stone blocks of same height

in eacn course are used'

6.1.3. Rock (suarry) faced (S* Fig. 2'B)-The faces of eacb

rtoi" tfo"f €xpd;d to view, sball have onlv chisel draft 25mm wido

.rou"O tho edges and betweeD tbe drafts be left rough as the stono

comes from the quarry.

6.1.3,1 Chanfered(SeeFig.2rO-In tbe case of chamfered masonw'

the ertce.s aro bevelled,to 45o for a depth of about 2'5 cm., stone blocks

of same height in each course are used'

6.1.4. Rowh toolcd or panched (See Fig' 2'AFThe faces of

*ir, .too. biock expoeeo to vr€tr, shall havc a fine dressed chiscl

d*ii t't ssr. wide alround the edges and be rough tootcd betrreen

,h;Gft. and on all beds aud joiats. stooe blocks of srme heiSh

inL each . course arc used'

6.1.5. Block'ln'cowse--Tbis is ban'rer'faced or pit'ch-faccd

*si;-;;J masontv in large blocls' Itis a sup€rior tvpo of

coursed nrbble masoory.
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6.2. Weatlpr protection'-C'e&rally ashlar masonry is not given

.J runr.t proiective rcnderirg or fioish'

7.6. Wateriltg.-Stotqshall be sufrciently wctted before laying to

pngv€ot absorption of water from mortar'

- 7.7. llall types of ashlar masonry' the following shall be complied

with.

7.7.1. The natural bed of ths stratified stone shall be so laid that

the pressure is always perpendicular to the strata'

T.T.2.Thecoursesshallbebuiltperpendiculartothepressure
*hi.h ;il;t"o.v *iliieai' io *t" or $t1"teO 

walls' the beds

;l;;;;rd the piaoe of courses shall be at risht angle to the batter.

7.7.3. Where the depth of colrrses vary' the largest stone shall be

placed in the lower course' The thickness of courses shall also decteaSe

gradually to the top'

7.7.4. Spnes shall break joint on the fac'e for at least half the height

.f ti"'."*S" 
"iO 

the bond shall'be careiirlty ma'lntained throughout.

7.7.5. All connected masonr}l in a structure shall be carried up

";i; 
oi" *irott level tbro{rghout but wheri breaks are unavoi-

i"Tr* *l"rrt shall be raked baf* I a PaIlmYm 
anele cf 30' to the

horizontal so as to prevent cracks developing betweeo new and old

work.

T.T,6.Allnecessarychdsesfonjoggles'dowelsandcrampsshould
u" iot .O on tbe stone bef0rc-hend'

7.7.7, Thewalls, pillars snafl Ue carried up truly plu-b o' to

spocified batter'

T.T.S.Allcouniesshallbelaidtrulyhorizontalandallvertical
ioints shall be trulY vertical'

?.7.9.Stor€yrodsshowingthheiehtsofalldootsandwindows

""ioit "r 
n*-*ry information should be used at thetime oi construc-

tion of mannry'

T.l0.rointingandpointing.l.l.llljointsshallbefullofmortar.
poiotiig ,nAf & avoided as far as possible, but where unavoidable'

i1"rffi-t" .".ied out as the work proceeds using the same mor{ar
. 
".i* 

-t"OOing. 
If carried out by raking out the joint, later on after

;il;il, .*ially preparcd mortars shall be used. The maximum

;ftffi;";i:;inis stralt ue 3 mrn' except for ttoc.k in course which

"i"ff U" e *ii. The vaious RDes of pijinting arc shown in Fig. 10 of

l.s.| 2212-1962.

7.ll.Curittg._Gr*nworkshillbeprotectedfromrainbysuitable
covering.MasonryworkandcEmcotofcompo-sitemortarshallbe
t i'*i.*"rf, moist in all the faces for a minimum period of seven

;;;.--ih" top of the masoory work shall be_ left flooded with water

iiii',n" "r"i 
of the day. wetering shail $ done carefully, so as

""i'i. 
airfurU or wash out g;reen mortar and use of perforated rose

"*ri arv be suitable' In the case of lime mortar' curing should

il;;; two days after laying of masonry and shatl continue for

seven daYs.

8. Cowtruction'
'&.1, Plain ashler'

t.f.f . Dressing.-Everl stonp shall tre. cut to the required size

"oi- 
,i"p", chisei dressed on all beds and joints so as to be free from

[*n*g-Ot**O surfa@, shall npt show a depth of gap of more than

iili.-fi".,t uight edge placed on it. Theexposed faces and joints,

;._" fr;; tt" r"." shall be 6no tooled so that a straight bdge can be

f"ia rioog tU" f"o of the stone in contact with every point. All visible

;;; ft edgcs shall be true and square and free-from chippinS'

i;-;fr; sto-nes (quoins) shall be dressed square and corner shall

bc straiglrt and vertical'

E.1.2. fund rrorl€s.-Through bond stones shall be provided

in walls upto 60 cm. thick anJii-case of walls above 60 cm' in thickness

;r.t ;f il or rnore U"oJrtooi o"ol"pping each other by at leaqt

15 cm. shall be providea in a-iine itot f""" t" u""t' In casc of hi&ly '

absorbent type of stones Goro,s ltme stone and sand stone etc') the

bond stone shall extcnd alooi1*o-tlird into thc wall' as throueh

stones in this case ,n"y gi* rit" to damp penetration and henoc for

aU thickncs of such walls a set of two or more bond stoncs

;;;il; each other bv at least lScm'-shall bc.providcd' Each

uoiatto".-o, a set of bond stones shall be provided at 1.5 m to

1.8 m. aPart clear in every course'

8.1.3. lnyiw.-Tbefacastone shall be laid beadcrs and stet'chers

"rtou.irriv. 
"rbe 

headerl $all bc so arranSd to cme as nearby

"l 
p*tiur"i" tne niadre-oCsmetchcrsi abovc or below' Stones thall

be laid in regular cou$€s of not less thao 30cm' in besht and all

"-;,r;; 
shaU L of thc same heieht unl6s othcrwise specified. No

il;;br[ t lress in hsadth then is height or less in lcngth thm

;"i* itt hGiSht, unless othettrise specified'

8.2. Ashlar swk or moaWed'

8.2.1. Dressing.-Dressing shall be done in the same Danner

.rjiof"i" "ttlarl 
rhe faces sball then be gauged' cur' grooved'

;;b"#, ;rk oi pr,iio mouldeil as required for the work' For thir

i,-.ffi;; a iutl size lavout of the moulding shall be prepared on plet

I;;; f"t wtich sheet templates shall be ry uo!- the stone dressed

to thetemplates to a uniform and fine fiaish' The dressed surface

shall not be more tl"" ir-' fiom straight edgc placed on it' .All
,iJir. 

"rgf"t 
and cdges shall be true and frec from chippings' The

j;"ts ;;. f-m tbl face shall also be fine tooled so that a straisht

iG if"".a .n it-is in coutast with every point' It shall be finest

r*1"iitn", can be givento a stone with the chisel and with rubbing'

8.2.2. The requirements regarding bond stones and laying shall

be-the same as in plain asblar (See S'l'2)'

8.3. Dressing.'Thedressing of stonc blocks in case of ashlar

,oct sUaft be similar to ashlar rough tooled (see 8.4.1-) except that

;;;;il faces of the stone bctween the drafts shall be left rough

"iit" ,to"" comes from the quarry but no rock face or " bus[ing

snaU project more than 7.5cm' from plane of drafts'

8.3.1. Stones required for ashlar chamfered masoruy shall be

0."*r"O as above exsept that the edges round the exposed face of

"u.t,...oo"shallbebevelledoffto45oforadepthofabout2'5cm.or more as specified.

8.3.2. Therequirementsregarding bcnd stones andlayiagshall

be ihe same as in plain ashlai (See 8'1'2')

8.4. Athhr ror4h tooled'

A.+. f . Dressing.-:fhe dressing of stone blocks- shall be similar

to ptain astrtar except that faccexposed io view shall have a fne

"ui[i 
arurt 2.5cm. wide round the edges and shall be rough tooled

Lf**" the draft such that tbe dressed surface shall not deviate

more than 3mm. from the straight edge placed over it'

8.4.2. The requiremcDts regardirg bcnd stones laying shall

be the same as on plain ashlar (See 8'l'2')

8.5. Ashlar block in cowse'

8,5.1. Diessing.-The 51qa6s dressed all sqared ard laid to

fine roints (see 7.10) the facec usually beil g hammer drcssod'

it " .tor" selooted, may be of larger eizc than for plair ashlar'

8.5.2. The requitlllrents regarding bond sto[E and layiqS

shall be the sadre as in p lain ashlar (see 8. I .2) exc€pt that tho

"ourr". 
vary betwcen 2o lo Q5 cm.ia the thickness. This tlryo

of masonrj'is, thcrcforc, slightly sup€rior 1o courscd rubble

masonry.

{66-3-4lA
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8.6 Ashla r Masoal, for spec141 works.

8.6.I. Archdome or clrcular moulded work.

_5^1.? lressinS.-The dressing shail be done in the same. m4ntrer as for ashlar sunk mouldei.*"pirA"t for arch or domework, the stones shallt-e dressed ," ,O;'r;;,red wedge shapeso that rhe jpints shall be truly ,uciri] 
'-'

8,6.1.2. 1he requirements regarditrg bond stoce aoC layingshall be the same as in plain 
"rm", i"r7 i. i_zl. centering atrdshutterjtrs required f.; iil ilk ;;;id, be of approved' quality.

8.6.2. Moulded and carys4 aelrmrr.
g'6'2'1' Dressing.-The cressing shail be icne in lhe samema[trer as for plair ashlar (ree S.l.t.). The joints *irh tt"adjoining stotres shall be truty vertical, 

-horizontal, 
raCial anCcircularasthe casemaybe. The face stralt Ue dr€ssed touniform curves of planes as required for lhe work in accor(.ance

with the methocl prescribed for ashlar plare (ree E.I.).
86.2,2. O;her details shall be the same as for plain ashlar.

Exrnncr rnou I.S. 4515_196?.

Code olpractice for boulder lining for canals.

4. Specifications for stone for lintng.

4'1. stones used rbr lining shail be rounded or sub-angular river
cobbles or blasted rock pieces with sufficient base area to be stable.

4.2, 1rll the $tooes shall have reasonably uniform size with djmen-
sioos as given in Table I depending upon the cane_i capacity.

4'3. Iqdividur.l stones sharl be sound, hard and durabie and she.rl
he such thr.t they will be abte to sustain weathering and water action.
They snait oe rree rrom laminations, soft spots, cracks, a.urn. und
other defects.

5'1.2. Sampleprofiles true to thecross-secion of the canal shall
made at suitable intervals to 'eosure corr@t formation of sub-gradc-
Toensure uoiformity ofsideslopes a chord shall be stretched across
two-profiles over a spacer of uniform thickuess of 12 mm. at each
O1ofile. A third spacer shall bo run under the chord to check
theevennessofthesurface. This process shallbe repe4ted at short
intervals along the slopes till tho surface between two profiles is.properly levelled and drcssod from top to bottom.

5.1.3. Ifatanypoint, material of prepared sub_grade has been
excavated beyood the neat lines required to receive lining, the excess
excavation shalr be filred with material compatibte with sub-.grade
material and throughly compacted.

5.1.3.1. When partial fillingof an existing canal is necessary toreduce the cross'sectional area to that required for tined .aoai th".fill shall be ptaced and suitabry comlnctod to avoid its settrement andrupturing ofthe lining

- 5.1.4. To cover up lapsos in tho comfiaction of the inner edges cf the
banks, alip cuttingwidth ofnottcssthatS0 Cm horizontally shall
be proviCed. Depending upon the nature of soil and rhe side slopes
of the canal, the iip-cutting width may be io the range of 50 ," f OO J*_

6'0. Laying.

6'1. sub-grade (both bodandcrope) of the canal shail be dividedinto compartments by stono mqsoarlr or ootrcrete ribs. frc co_part_
ment shall have dimsnsionc of not mor than 15 m along ano aiross
the centre line of ths canal Tho epacing of ribs across-the centre line
shall be so chosen as to dfuido tho canal bed and srope .y-"i.i.i-J
about the centre line and in guch e mrnner that ribs are prouial at
thejunction of theslopeand bcdandatthe upper extremity of thE
slope.

6'1'1. If stone maso,ry ribs are used the stone shail meet the require-
ments specified in 4.3.

6.1.2. If concrete ribs are used they shall be made of Grade M Ifll
concrete in accordance with I.S. 456-196/,.

6'1'3. Ribs sharr be rectangular in cross-section,withwidth equal to
tho dimension of stonealonC-1!longeraxis, as speci0ed in +.2 a"A
depth 'equal to the depth of lining.

6.2. Al5 cm. thick lay,qof filtcmpteriat, where required, shall
be laid in compartmento formed by ribs. Filter materiar starr ie
in accordance with the roqulrcEcob lp€cifed in 7. ---- --

6'3 Stones shall bo carofuIly hand packed in the compartments. Thef
placiog method shall bo such as to onsure a reasonabty smooflr surflii
and uniform thickness.

6'3.r. spacesbetrventrestonos shafl be nrinimised. such spaces
shall bewed_gedwithspallsof suitable sizeto avoid ntter ma-teriii
being washed out. Such filling shall immediately follow tne phciag
of stones.

7. Filter,

7'[. Filter material whero roquirod gtrafl befree from flakes, sof6
particles, shalg organic Eatter or other deleterious substance.

7.2. Filter material shall be such that 15 per ceut size of the filter
material shall not be greater than 4 times the g5 per ,.rt size of thu
finest layer ofsoil in contact with it. rn order to ensure that the fiIte-
material/has the maximum permeabirity and is not itself washed in-t-j.
the boulder layer above it,its grain size sould be as large as is permiJ-
sible and its 15 percent size 

'shoutd 
6e at reast four times 

"rirr"tlrthe coarsest adjacent layer of soil it is retaining.

7.2.1. Where a large diference bxists between the gradiag of the free
draining material and of the soil to be retained, it may be 

"o*o.,to use more-than on layers of filter material, eactr p.ogrussiuei;,

TABLE-I DTMBISToNS oF sToNEs AND THIcKNEss oF LINING.

(Clasue 4.2.)

Thickness
of llniw.Sirial number and canul

copocity.

(l)

mB /sec.

(i) 0 to less than 50

(ii) 50tolessthan 100

(iii) 100 and absve

Average
dbnension
ulong the

longes! axis.

Minimum
dimension

at any
Secfion,

(2>

mm

150

225

300

(3)

mm

150

225

300

(4)

mm

75

It0

I50

Norn.-A maximum tolerance of 10 per cent is permissible in the
thickness of lining and tbe dimensions of stones.

5. Preparation oJ sub- grade.

5.1. The sub-grade shall be prepared and drEssed true to level and
gradeaccordingto therequired cross-section of thecanal to form a
firm compacted bed for the lining.

5.1.1. Inotherthan predominantly sandy reaches where the dry
bulk density of the natural soil is not less than t.g g/cms anA wteie
tho lining is not done immediately after excavation, the initial €xcava-
tion shalt be done upto, about 30 cm. above final secti,on and
cutting to final shape shall be done immediately before laying the
Iining.
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Frger io gain size but satisfying the filter criteria given in 7'2 with

iespect to adjacent lower laYer.

7'3 Construction offilter.

7.3.1 The sub'grade, before placing the filter, should be firm and if
necessary be lightlY tamped'

7'3.2 Clan filter material should have sufrcient water ccntent (3

to f6 p* *ril during placement and placement should be such that

segregBtion is Prevented.

E:<rnlcl rnou I.S. 12fi) (P^lnt IV)-1970'

Method of measurement of building and civil
e ngiieering w orks- Sto ne mosonry'

3. llalling. 
r

3.1 The type of stone, nature of walting and mix of mortar shall be

aoririo.a. iit"ot are to be trorizqhtal or joints dressed' it shall be

;il; The item of sene{al wallins shall be deemed to

inctude the following:-
(a) Bondstones;

(6) Rakingoutjointsforplasteringor for pointing done as a

,"pnrX" p.o"* o. fioithiog3oints flush as the work proceeds;

(c) Preparing tops of existing wall and the like for raising;

- (d) Rough cutting and waste fbr forming gables' cores of arches'

rpl;;;;;;; and like aud all rough cuttitrg in the bodv of the

(e) Leaving or making holes fur pipes, etc;

(f) Building in holdfasts, airlbricks, fixing bricks; etc' ;

(g) B:rldiqg anC pointing wall plates, lintels, sills, etc in or on

*"U;;'b"dditS-roof tiles and corrugated sheets inor oiq walls;

(ft) Building in ends ofjoists, beams, lintels, etc'' and makiqg

good; and

0) Openings and flues for which no deduction is made (see 4'3')

3.1.1 Random oruncouredrubble walling brought upto course

stratt Ue measured separately staiing the minrmum and maximum

heights of courses.

3. 1.2 In case of coursed work, the heights of course shall be stated,

if iegularly diminished, it ehafl r,e so described stating the maximum

airO minimu-' heights of course$

3.l.3Stonewallingcircularonplantoamea[radiusnotexceeding
o i. snaube measured separatEli and shall includeallcuttingand

waste aod templates.

3.1.4 Stone walling circular on plan to a mean radius exceeding 6 m '

shalt be measured net and includcd with the general walling'

3.l.5Thefollowingclassofworkshallalsobeincludedwiththe
general walling:-

(a) Footings;

(6) Battered stone Easotrty (measured net). The battered surfaces

shall, however, be meaulredscppratdy in square metres as an extra'

over; and

(c) Stone walling in chirnney breasts, chimney stacks; smoke or

air flues.

4. Measurements.

4.1 Except where otherwise stated, stone masonry generally shalt be

measured in cubic metres and face work in square metres'

4.2.Nodeductionoradditionshallbemadeonanyaccountof
the following;-

(a) Ends of dissimilar materials (that is, joists, beams' lintelz

posts, 
-girders, 

rafters,purlitres, trusses, corbels steps etc')upto o'Ims

in section;
(6) Openingsupto 0'1 m2 in area (seenote); and

(ci wattptatesand bed plates, and bearing of slabs, c. Af!45^

andthelike, wherethethicknessdoes not exceed l0 cm andttLe

bearing doesnot extend overthefull thickness ofthewall'

NoTB.-In calculating, the area of openiog, separate lintels or sills

snatfUeinctuOea atonJwitn the size of the openinp but the end

portionsofthelintels shallbeexcluded [see 4'2 (a)]and the extra

width of rebatedreveals, if any, shallalso be excluded'

16. Dressed stone work'.

16'1 Dr*sed stone work as in sills, steps, stringcourses' cornices

columns, caps, copingt, lintels, etc, shall be measured in cubic

metres atrd the type of dressing shall be fully described '

16'2 Dressedstonework as it CHAilAS,IALLIES shelvesshal

be measured in square metres (inclusive ofbearing) '

16.3 Striog courses and c,ornices shall be fully described an I

rneasuredas ..ertra ovef" dressedstoneworkin runningmetres.

E:rrtecr FRoM I.S. 1123-1957.

Method for petrographical examination of natural
building stones.

l. Scope.

1.1 This standard lays down the procedure for ' petrographical

examination of natural building stones'

2. Sampling.

2.1 The sample shall be selected to represent a true averrgc cf the

type or grade stone under consideration.

2.2 The sample shall be selected by the purchaser or his authorized

representative from the quarried stone or taken from the natural

rock as described it 2'2'l atd2'2'2 and shall be ofadequate size

to permit the preparation of the requisite number oftest pieces.

2.2'l Stone from ledpes or quarries.-Ihe ledge or quarry face of the

stone shall be inspected to determine any variation in differenl starta

Difrerences in colour andstrucutreshall be observed. Separate

samples of stone weighing at least 25 kilograme each of unweathered

specimens shall be obtained from all etrata that appear to vary iq
colour and strucurel Pieces that have been damaged by blasting

shall notbeincluded in the sample

2-2.2 Field stone andboulfurs.-A detailed iospection of the depcsits

of field stone and boulder over the area where the supply is to be

obtained, shallbe made. Thedifferentkindsofstones and their
conditioo in the various deposits shall be recorded. Separate samples

shall be selected of all classes of stones that would be considered for
use in construction as indicatedby visual inspection.

2.3. When perceptible variations occur in the qualtty of roc*, the
purchaser shall select as many samples as ar€ necessary for deter-

mining therange in PorPerties

3. Test procedure.

3.1 The sample shall be exa,mined mactoscopically and microscopi'
cally for itscolour, structure, dexture, andmineral constituents.

4. Report oftest results-
.4. 1. From the results of the examination, the classifica'r ion of rock

shall be determined.

4-2. Tbe brcad classificatioq of the corlmon types of Dtural
buildinf, stonesis given in Table l.



322

Trrrr l-Prrnocnepnrcer, cLAyrcATIoN oF TrrE @MMoN TypEs or NATuRAL EtrLDrNc sroNElr.

(Clause 4.2,\

Class.

0)
Tvw.
(2)

Coloar.
(3) ',

White to light
grey and pink.

White to light
grey, pink and'
sroyt h black.
Black wheo
extreme glassy
(obsidian and
pitchstone).

Structure. Texture.
(4) (s)

r. IGNEOUS ROCKS.

Cotstitrcnts.
(o

A volcanic rock correspond-
ing in chenrical composi-
tion to grauite and gelrerally

having small phenocrysts
of quartz and orthoclase
(or otho alkali-felspar) in a
glassy or crystocrystallinc
ground-mass.

It consists essentially of
alkali-felspars and one or
more of mafic minerals,
especially homblende.

. Wbcnrquartz is'prresent, the
t€rm quartz syenite is used.

$emarks,

Do.

Do.

Felspar is often
kolinizcd aod
sericitizod anJ
the amphiboles

and pyroxencl
chloritized.

Q)

lgnsut
Rock.

Granite

Do. Phyolite

Rift and grain
structure which
are directions
of comparati-
vely eiuy
splitting atright
aogles to ono

, another. Also
jointing, shect
and bandcd
structure.

Fluidal structure.
AIso spherulitic,
nodular and
lithophysal struc
turcs.

Jointing, shect and
platy structures.

Merocrystalline.
porphyritic,
fluidal, spheru-
litic and per-
litic. Rarely
holohyaline.

Holocrystalline,
hypidiomomhic
and phanerocry
stalline, Also
trachytoid.

Holocrystaline, It consists essentially of Felspar is often
hypidiomorphic quartz and felspars with kaolinized and
and phanono- any of the folloWing:- scricitizcd and
cry*tallino. Also Biotite, muscovite, amphi- the amphiboles
porphyritic and boles and pyroxones. andr0 plrroxonegraphic. chloritizod.

Do. Syeoite

Do. Diorite Dark colour

Dark green, grey Jointing, sh€t and
and bluish grey. platy structures

Do.

Do.

Trachyte Greyish whitc . . Flow structure Microcrystalline,
aphanitic.

Andesite Dark colour

Trachytic,
hyalopilitic,
porphyritic.

Microcrystalline,
aphanitic,
porphyritic.

Do. Gabbro Dark colour

Do.

Do Dolerite Dark colour Ophimottting

A volcanic rock containing
alkali-felspan and one or
moro mafic mineaals of
which tiotite and eugite
are thg most common.

A volcanic rock composed
est€Dtially of palgioclase
lblspar together witli one
or moro of the minerals,
biotite, hornblende and
pyroxeoes.

It consists of' plagioclase (not
less calcic than labradoritc)
and pyro.rene. Olivine
boaring typ€s are dis.tin-
3uishcd as olivine-doleritc.

Holocrystalline,
hypidiomorphic
and phanero-
crystalline.

Holocrystalline,
panidiomorphic
and ophitic.

It is composed of plagioclase
felspar and mafic minerals,
such alr hornblode,
biotito and dugitc. If
quartz bo prEs€ot, tho
torm quar:z-dorite is
used.

Do.

Do.

Jointing and Holocrystallioe, It consists of labradorite or
bandcdstructuros. panidiomorphic bytwooite (lime felspars)

and phanerocry- and augite. , With the
stalline. Some- incoming of olivine, the
times also allo- rock becomes olivine
triomorphic. gabbro.

Flcspars are ofton
kaolinized and
augite uralitizod
and Chloritizpd
Olivine alter
to serpontine..

Do.



Class. Type.

(r)

lggus
Rocks.

Do. Trep

SedimentarY Sandstone

Rocks.

Do. Iaterite

Do. Shale

Basalt . Dark colour

ioloui.
tll

Depending
ceqenting

on

material, red
to $rown, earthy
to bufr, whitc
aod sometim€s
ycllpw or gireo-

nist. Grey-
wacfi<e is dark
in colour.

White, grey, pink,
blue, brown
and black.

(2)

323

Slructurc. Texture. Gonstituents. Rans*t''
(4) (s) (o (o

Block and ropy Microtithic, por- It is composed essentially of Felspars are often

surfaceoflavas, phyriticApbanitic plagloclase(atleastas taolinized and

pillowy struc- as a wholc or labradorite) and pyroxene augite uralitized

iures, 
- flow ip the ground- with or without inter- and chlortiized.

.bending vesi- mass ALso stitial glass,when olivino ollvioe altcrs

cular and 'intergranular. is prescnt, the rock is to'serp€nliae'

amygdaloidal. terraed as olivine basalt.

Also columnar
and prismati
structures.

(It is an old name originally applied to igneous rocks which were neither cOareely cry'
- stalline tike granite nor cellular, but obviously volcanic,like pumice and scoria. The

rocks so dcsignated include basalts, dolerites, andesites and porphyrites (types often
grouped as whinstooes) ; altered varieties ofsome ofthese, such as epediorites and

diabase (types grouped as greenstones) and finally the mica traps dr lamprophyres.)

2. SEDIMENTARY ROCKS.

stratifed (often Fine to coarse Mainly quartz girains com' Do'
falsebedded). graincd. pactedandcemented to-

gether bY silceous, cal'
careouS, argillaceous and
femrglnow cernents. When
interspaces 416 sornPletoly

- flled bysilica, a very solid,
compact, hard rock is
then formed, which is
termed quartzite.

Browuish red Beddtd, often Ccltular . . . . 'A mixture of hydrated ferric Hardness on
' cotiqc and oxide with hydroxide of exposure.

pisolitic. aluminium in various

Proportions; frequentlY
alrc with manganese
dioxidc, titanit-m
dioxide and free silica.

Grcy, greyish, Stratified with Plastiq; grainsize A mixtureof clay minerals

white, reddish. shaly cleavage. lcss than 0.01 mm. with clalcraous, ferruginous

pink, btue, or carlonaceous matter'
bro$n and black-. Often micaccous and

chloritic.

Do. Limestone
and dolo-
mite.

Stratified Amorphous,
granulari

3. METAMORPHIC ROCKS

F,rscntially calcium carbonate Hardens on er
(Catcite) with varying im- posure.

puritic or magnesium car-
bonate, and of siliceous,
argillaceous, glauconitic,
femrginuous, phosphatic
and bituminous varieties.

Generally (but not n€cesa.
ril]) of granitic or diori'
tic coEposition.

Mdbmorphic Gneiss

Rocts. 
\

White to light
gfeY, Pink and
grcenisb black.

Gneissose (alten
nation of schis-
tose and granu-
lose bands
which art
dissimilar both
in mineral
composition
and texturc).

Crystalloblastic.
palimpset and
xenoblestic.
Also PorPhY-
roblastic.

I
I

x



Class. Iype.

o) a)
Metuor- Schist

ohic Rocks.

Do. Slate

Do. Granulite ..Greenish-bluc and
bluishrey.

314

Structure. Tcxture.

(4) (5)

Schistoge (foliated). Crystalloblastic

Slaty. (Having Aphanitic
the property of
easy flssibility
along planes
indepeudent of
the original
bedding).

Massive rocks ; Even-graiued ;
bedding is rare. foliation rare.

Generally consiss of lamellar
minerals, such as mica,
chlorite, tale and hornblende
or of stressed minerals like

quartz and calcite.

Formed from fine grained
deposits, such as shales,
mudstooes and volcanic
ashes.

Quartz-felspathic . granulites
are characterized by dis-
tinctive high temperature
assemblages quartz-ortho-
clase-plagioclase-Kyanite-
silllmaniterglaef. The
pyroxenegranulites are
composed of plagioclase,
hypersthene aod diopside.

They can be
usedas road-
metal bocause
the bqst
stones for road
making pur-

poses are equi-
granular medium
to fae-grains.
rocks.

Felspar is ofteo
kaolinized and
sericitized.

All of them carry well- They are suscepti-
crystalline ultra [mafic ble to weather-
minerals like pyroxenes ing because of
amphiboles, oliving etc., the presence of
They also contain abun- carbonate and
dant carbonates, sul- sulphur mL' phides, apatite and hydrous nerals.

minerals, such as serpentine,
chlorite and zeolites.

Quartz is the_ important and euartzites make
most - 

predominant good pavinc.
mioeral. Felspar may or may ind curt-Jtb-i&
not be present. Contain Judged from
various accessory minerals the attrition
like zircon, garnet, apatits, tests quartzite

iron ore, etc. . and vein quartz
stand high in
the Iist of

building stones

The foliation in phyllite is These rocks arle
mainly {ge to sericte (a very fria.ble.
flaky mineral). The iron
oxide is pr€sent in the form
of haematite which appe-
ars as minute scales.

Quartza, lew micace ous
minerals; garaets and
andalusite aretheother .
minqal asociation.

Colour.

(3)

Variable from
purple to gree-
nish black and
dark grey. Also
light grey or
Ereenisb pink
and green
soapstooes.

Highly variable
from purple to
greenish black,
dark grey,
greenish grey
and purplish
grey.

Constituents.

(o
Renurks.

(7)

Do.

Do.

Do. Quartzites.

Amphibolites 'Dark 
green i or

dark blusihgreen.

Lamprophyres Dark coloured
rocks.

Occur as dykes .. They have a pro-
nounced por-
Phyrite texrurG

Geuerally occur in Foliated meta- Composed essentially of
theform of dy- morphic rocks hornbleude and plagioclase
kes (metamor- Schistesity is Garnet, epidoto, biotite
phosed dykes) not nedessarily and quartz may be present
of as small conspiq,rous in sphenc, apatite and
irregularpatches. typescontaining opaque oresare almost

no mica. always present.

White, milky or
grey.

Stratified; com-
pact beds.

Granulose meta-
morphic rock.

A grey, pink,
greenish and
lustrous rock.

Joints and cracks
are frequent.
Bedding is
frequently dis-
turbed byjoints.

llis a foliated
rock with its
minerals not so
woll defined as
a schist.

Do. Phyllites
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' ,{u'
,';iDq,'

,Do. Acid po!-
phvrY.

. Vob*.

loi
crdishrtrey

Light colourod,
white to Brey,
lcucosratic.

32s

(4)

Bddod. Ioints
aftcommon.'

Texturcs,

(,
A dcneo, compact

fock. It lias got
a typical criss-
croqs structure.(a difforent
arrantement; in
which corres-
ponding areas
of oontigrious
crystals
diverse
directions).

Porphyritic, in ?ofohyritic,
truEiYc, ruch incquirraoular,
ac dytc and poitilitic, mcdi-
dll$ . um to 6nc grai-'ood. 

d

a

Thc mode of Medium to finc
.occuxrrocc of Sraiocd, por-

tbGG is intrurivd, phyritic, in
rrrch as dykos c{uirranular.
and gills.

Contfigqtt.
t(o

Chlorite, biotite andalusite,
graphite, etc. It is formed
due to metamorphism of
argilaceous (clay) rocks.

It consists c$entislly of
quartz, alkali-fclspar and
biolite, .amphibolc aod
rarely pyroxeoe, rTho

rock ls formod in t*o
gcnerations and consists
of phcnosystsand fine
grsinod groundmass.

Porpfurics are thc equi-
valent of granites in.tho
plutonic and ryolites in
volcanic roeks.

Rcrylitt

a
The criss.cross

structure im-
parts to the
hornfels a
remarkablc

toughness and
is, thereforc

good for a
building stonc.

lie in

The quailz
phenocrysts
have the fo.D!
of more or
less corroded
bipyrandds asIn rhyolites
Orthoclase
(Potash felspar)
torms well
shaped crystals
to somc dcgreo
sericitizod or
taolinized.

,Do.

iDo. Porphyritoroc Light grtY to

eosphyntic dark SIQI'
Mlcro-- mctodt/Pe.

dioriter.

Potasb felspar (orthoclaso) ir The .,,,*'' thc dorineot mincrd oftc6 phcod;:
occurriDg rp two gcnora. h;;,h;";;r_
tions,- accompanicd b1 of mono 

--'i1,
hornbleodc, Uiotito and tcss ;;"d;
in q9r9 acid by a litUc io- bip,,ranb;;

tcrstitial qurtzi ltirthc. ir-;il;
cquivrlent of iycqitcs Orthoct*
in the plutonicand hachy- . fp"t riEm*l
tes in the rrolcanic rocks. formf 

"*[ehapodafmtl
tosooe.@i6c
ccrlsrtizpd or
taolinizod.

Gmphic 
intorgrowth of quartz Thc q.lsrty

and alkali-felspar forms phcnocry#*',
thc groundmass ia wNch i""" tt"'"f*_
numsrour phcuocrysts of of .oro r-fEplagioctasc, hornblcode .jrrrd;-U;
are closcl.X, paclrod. The ono,l, 

-"r-"'i,
felspar is muctr stained, rbyolt:- ..
and tho Seoealespspt of Oo1tro"i1,3 ,

tho ro€k is rycnitic. The (potch -et*,
proFin@taadnotoworthy forr,,"U---'-.
p_hloocryslrarchornbkndq rhapcd 

"-q^n"l,plaglocacc and lcss com- ,o * out[,.gdy l:qtc. Irtary oon- scdolt?d 
--;

tein a littlc qlrts rnd ho[niad.
frbabb micro tonalitc is
the commoncst tlDq, por-
phpitcc aro the oqulwtcnt . .!

. of dioritc in ltho ptotorlc .r"1
rnd rndldtcl io tbo vol. .t.

cdqr.lodt$ ': .. .

Sub.acid Por'
phyry.

Light coloured,
whitc to grey
leucocratic. i

Modeof oocur-
rcnoc as minor
intrusiong.

Medium graioed,
Incquigranular,
graphiC and

i porphyritic.
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Class.

(l)

Metamor-
phic Rocks.

Ttt9.

(e)

Marble (crys-
talline
lime stone).

gtttbTtttc.

(4)
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Texture.

(5)

Constituents.

(o
Retflatk&-

(7)

Clwl:

'tr)

Drrmcr rnou C.B.R.I.
Data Sheet No. 8.' 

hecast stone mosoiry block walling,

hrtrduc:tlcn

In some parts of the country, stone forms the chief walling materiil
It is bcing used mostly in the form of random rugbte masonry for
onstructing walls of thicknesses generally 3g ani 45 cm. Of late,
30 cm, thick walli are also being used. The thicknesses adopted have
been fuainly dictated from practical considerations, They require
€xcessive materials and are undesirably massive. Besides, the cons-
tructio[ is time consuming and calls for more skilled labour. In
rtone masonry walls,the external fac.e is generally pointed maintaining
tbe stone texture, while the internal surfaqe is plastered. The average
thioknece of plaster required is more due to.the unevenness of stones.

A study was undcrtaken with a vicw to reduce the thickness ofwall
aswellas level of skills normally required in the traditioaal method

ofconstruction. Application of precagting technique was thought of
and a gchemo of producing masonry units in the form of precast stonc
rnasonryblocks(Fig. ) wasdevelopedsuch that stone texture is
maintained on the external facc and the internal face even to have
minimum thickness of plaster. These can be easily produced at
factory or site with semiskilled worker without any spesial equipment.
This Data Sheet describes method of production of stonc masonry
blocks, construction of wall and also gives basic data for cosi
computatioD.

Crystalline the' tsrm-, tdlletr uiod tfthout
a mineralogical prefi,r

implies a *rjaty, such as
ststtlary marble composcd
ahost cotir€ly of catcite.
In oomrnqcial sonso lall
qalcarcous rocks'capeblo
of taking polhh andcrys.
talLine dolgmit€s- .arc '

,clasi€d as marbles, ar
" rfooccrpcntincrocl!.

Method of production' :

TAiLE. I.- DruBxsrcNs or Br,ocr rxo lfiour,pg.

Considering ease in bandling and other requirements, the ncminatrr
length aad height of the block is kept 30 cm. and 15 cm. respecrively
with three widths as 20cm, 15cm and t0cm. The actual block dimen_"
sions are short by I cm. to accommodate mortar joiut thickness,_
These blocks weigh from 9 tb 18 l€. To get stone tcxture on the
outer face of wall, tbc blocks are cast such that the bottom face during
casting forms the exposed face when laid in waII. The block sizes.
and mould dimeniions are given in Table l.

Varieties of Jointed
colour-white

opalescent, grey,
black, pink,
ted, brown,
yellow, green,
blue and com-
bination of
thcee.

Serful
number

Dlo* stze
(cm).

Nomirul,

(3)

B

20

l5

l0

Mould
dimensions .

(7) (8)

HL

t4 29

14 29

t4 29

(cn).

Internal,

.-:--.,\--,n(r). (2) (')

L

D

29

29

(4)

H

l5

l5

l5

(6)

B

l9

14

9

(e)

B

t9

14

9

(10),

H

14l

t4

t+

I

2

3
tt
I
j

l
Ia addition to thc above sizes, ll4, 113, 112, Zlj and 3/4 tgngt r

blocksarealso required or breaking thejoints in alternatecourses
Special blocks of 29 x9x 14 cm. and 19 x 19x 14 cm. with a scmi.
circular rccessononeface (Fig. ) arercquired to accommodatc
vertical rciniorccment at corners and openings for seismic conside-
rations. Thc various stcps for casting blocks are given bclow:_1

t

,.. ..,}

r"-t

a'
I

!

!

Aarwl,

a-- L Ft

L

30

30

30
,i
.t

'.t t
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Mould; ,u F a,r, flatgt o
,u tfr* t,9,?L*To

1-

btl tpw? (ut rtfrl.

t+;r\
The blocks are cast in isolated steel moulds of dimensions as givcn

in Table 1. Thcse consist of rcctaogular boxes f,ffiri6mEfiliEiEl
M.S. shcct oper from top and bcttom aud having 2 handlee of 6 mm.

diamlter brrs w:lded on bcth sides across the widths (Fig.). For
fabrication of the mould, all welding is done from outside $o that
the ineroal odget are sharp and free from welding flux. For a produc-

tion of 500 blocks per day about 8 to 10 moulds are sufficient. Smaller

size blocks required for breaking bond can be cast by partitioning
these mculds with G.I.'sheet or alternativel/ separate moulds. one for
cach type may be made. A separate steel mould of 29 x 9 x 14 cm.
ryith a semicircular timber piece of 8 cm. dia. x 14 cm. height is uscd

for casting btocks ri,ith recess to Frovide vcrtical reinforccrnent from
scirrtric considerations' (FiC, ). Thc same mould is also used for

. .castiog 2/3 sizelong special block by plugging the end l0cm .portion.
A l0 to 12 mm. thick timber or plywood piece of 28 cm. x 13 cm. ic
uced for keepiqg the cast-block pressed during demouldiug. Alter-
oativc to fixed open box type moulds, split type steel mould (Fig. )
cao also be used. In this ca$e, thc area.of casting platform needod
will bc morc but demoulding will'be easy and the cast blocks will
bc lorc disturbcd in lrecn ctage.
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. A rraooth levet and had surface is requhed for casting the blocks.
Thc castfu plqtform may consist o/ 30 itrm. thick I :3 : 6 cement
omcretc'ffaiehcd smogth with neat cement on a.base of either brick
rcilpg'or lean cotrcrete. For a production rqte of 5@ blocksfday,
a casting area of 80 sq.m. is required.

stage.' Sincc the proposed conciete 6rix is very leau, i{lacls inrfiul
particlcs to impart it plaaticity aod'wortabiliry. Ibe rei< re, tlc rol,o'
of sand in the coacrcte is very sipificanfindltbe size, slape,rerri.rrc
and its grading to becaretulty c6ooseo. fofi-p"rfgooC ioif"tim-
and bood, the sand should be well fradodland&sboulqhavde;
particles (15-20 per cent)- p"rs1ry I.S.- sievt No. 3@ frc6,r'Aoe,(5-15 per cent) passing IS sieve No. tjO mlcoon. : .

Wheresuch sandis not available, the proportiooingtrof Oani to,
aggrcgate should Qe suitably adjusted by a fcw irlulsttolaVc,
good workability and plasticity at Sreen stage. Inllarcus ."td. ni
ash is available, this mey be us€d asirubctitue foiite Ar.. prrU"iJofsand. ,:. l

&dlrolbtubt j "',,.,';,i;',
1l CIg*: ptaform 

-aod nrdutds pr.p*ry. lppry ;. *e#
cauot ou rmtrdc rDG EoUIirs oEr a.d'y. . placc moutdr sidc syd.i"
in a rob aftot oillry tbo. plarfpnb oi;proFg.*.rt;#lJiffi
bottom(Egi). , , , .:,.:,::i

To cavc on tho cement corcumDtion. cemqnt concrete is uredas

$ddog E t€lidlqtcad oJ cemea't.mortar. The coacrete sbguld,
ttaoforci posoeoe fbo0+o*adtity'aod toheseiveness 8t thc gre€n

/

.B

I

t€

i!:

I

I(aurbls z -
' .The ston€ mas;ary blocks are made of large size stone pieces binded

Qgtther wlth lea.n cemeDt boocrete mix. _of I 15 :8 (cemeq! : 'sand ;
d&g ageept"Ihma."and down). the stono pieces ux[ are as

$rgp size as oan tie'accommodated in the ;nould. These can be
.ffuin 5 to 26 cm. Eize, and ohained eithe4 'from quarry or breaking
rtc :river bouldotr to Drovide r6us!-swface foi betler and alao a
{lit rurfacostoDc tef,turc. r :
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(iv) When 6 to 8 blocks^hav9 boen filled up, tho demoulding
started from tho block cast.first by placing timter piece on top anlkeepiog it prcssed bv thumb whire furtnf tne -ouro op io 

"ir. oibox type mould or by.. removing tnu pior- and separatingtho sides in case of split type of morrld. The demouldiigis to be done soon after the casting (3 to Z mio. Aepeodiog ,p-oitho weather) to avoid setting of concrct€ and its adhesion withmould.

(v) The moulds are rearranged in a row and subsequent castingcontinued in the same way as described above. 
'The 

casting ofspocial blocks are also done in the same way by ,sing speciat mouldsor tin shect partition and timber block for -utt-* i*.r. 6 cut our.
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''..f$ *Coanr es ta3p rhilfpl6;1i,et*ftf"1a4pE @,rr,t_ lho
|?${ryrof rtono ffirq&,bol,ru br too,Ooosdlss w*.tL6,*tCl4$ qly bciolqfhfrmU)-2d cmro in widrh * to tzor,*
.rtrd b loigh t &om.7 to 1{ cns. Carre igtobotrtoottattnercf a-Tbry fqof f.l go. tunm ury two stonc piom and bctruir

'ffi 
*"* :* orth€ bi'dius r*"l

brcffiie.pr;64r [dttFm tho srono ui*., loa mould in itsl
ffirffitIS h+ mmr concrcro by trowtling fo covcr tho

t,fli"ff;ffi.#,$;H
$c'f5 9 t q. gizi. .#;iun*iitrrinriq'Effih' n6.t6fo:"ffir
Dhcrsir to-bo urcd r*ing erutn+requao oonea{n,covcre{&
lE#tf.ftpsod -otuv $otro pei!. Fi[ ooncntro iroo rcumpart E
:31T,4'$:ry.4.t'p by hoping thonsuti rad fiafish im 6
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r. -S&IIL alrt.*r.of cesti,as or lm fi how aopmfrftpon
ilHfiFl firfl!il thdltc rro elfuMy frshcril to. bryk bond atd lfltcd.

.&a1.,*qUrnd.pq tcvol.grou4ri heting h1* of {a!d.ad iarE-d by
#!EIH snqlfs8 of;latu oveltho strc,kdfor 2 w*tsafitl air.

fu#'ibrlei$rj2 *ttrs bcfors taiins 6cB h walt. j

Li+O f* *-hii.**or,.hvo bI&L oqt of svcr,, 5oo bloclss, to
td*I ,foq its cirnF,ossivc strcogrh iftcr providing nro:Eor capplng

.,T. PT *, .ry ftirid doum 4l.s.'2l8Ftect. 
;'Cqiirctintt;**3 i t-*I "::
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different sizes and shapes and lean cemcnt concrcta Further, the bond
of the lean concrete with the stone picces is very mucb influencod by
the grading and type of the sand. Added to this tho sizc, shape, quality
and position of placernent of the stone pieces has great influence ro
the performance of the sto*c masonry blocks under load. 'Therefore

depending upon the materifis namely cement, thc tyle and grading of
sand and the quality and quantity of the stones uscd, largo variation
ln the strength of the blocks can be expected. To know the acfua.l
strength of the blocks, it is necessary that blocks be made by using
the local materials and tested. For guidance, the crushing streoglh
of the blocks 'cast and tested at C.B.R.I. with different con r( te
proportions using local materials is given in Tablc 2.

'q

Sertal
number.

(l)

Concrete mix proportton by volume
Ccment : Sand ; C, aggregatc.

Q)

L :2:,4

i :3:6
I :4,:8

l:5:8
l:5:10
l:6:12

Block base
dimensions

L.xB.
(3)

(ct"t.)

29 xlo
29x19

29 xl9
29x19

29 xt9

29 x19

Dloghl,cieht
H.

;"10
(qgr)

lri
.#
-*1{::

14

14,':: 'rt': 
.

l4

Averagc
ultimate

crushing load.

.s);: t
(Nrfts.1, ,].

irm
1,.1
.l

, .6-S, i.
--+t'

,38

3S.6

27.2

Averqe
compressivc

strength.

I (I)'"
Gs/cric.l

lE2 .

' fl4'
78

6r'

50

HIB,

(5)

I
?

3

+
s
6

0.74

o!!"
G74

on4

o.e4

o.74

(iii) The fiortar for layiog thc blocts is not to bc ka;!tr fu!
I :(.(ceurent:sand) and whore good qnelity lirc is availabtc, pozzo
lanic' mortar and compositc mortar Eay bo dsed.

_ (iv) Thc blocks should be dry at thi timc of laying in thd
masoffy. If the climate is hot and,dry, tho blocls may-bo wued
on tho surfaco only in older to rcCrUi ttcir suction from morhr,
HouFIr€r, wctting is gencrally ncitber noccssary nor dcsirablc. Thc
conshiency of.thc modar should lb adjustod to suit thc zuctioa of tDc

-b-!99!s, ryJher than.tle,blopks.lc qettod-to suit the morrar.

(v) For brcaking of ver{ical joints in altcagtc oouises,, ,.r:aeii(r

k.nSlttff!"fqp- lgprth)aro.usod. Thenirsry
&&fbihrious inll aifftr;str, at+corncrs*td junctiom rr
ffit in (Fig. ). Thc sstimt fcatnrg to tic edoptcd go l$ne-
bdow:- . ":',-T$i:n ' n -,

r1

I

III

cas @etmt i'r ttttcrto*l oF 20120 Ca'uilt

T^lsrn 2-CorrrpREssrvE SrnrNcrn or Pnrcesr SroNs Mlso!,IRy BLoCKs WITH DTFTERENT CoNcnrrn Mrx
PnoronrroNs AND LARcE Stzs SroNB Prrcrs.

I

.t,tt" Ul"*g arc both:for loid ,t** and non-load't**h;
'11nlt& Dgplnding rpoo tho strength S ttre blocks and the portar
ii, bc u$d fdrliyrqg thc peru$fibte stnhses in thc rnaronryls,tatcn
'iiop rt" I.S. Codo; 1905{9 "Stnr*ural Safcy of AuiiAkrp-
g1fu1*g4| Walls". iSo ttickncss of thi wallsis docided dcpqnding.

iipAe6ioloadcomingl ovrf, it. Whilc imany of tho construstion

ilingFffhrfidiog sith thcsc bbcks'aro{sinitar to th€se [adi$enally
,6sd h.trdcl( leyiq& flcrcaro cc,rtaio,Important diffcrcnoq nrhioh
,ciutt'b. rpcq1ritcd in.orda to obtain lho bcet rcsults. IteF arc
S9sEa+bchlr-:- i ,i - **" {-^ a.. ; .,i . --
:i,'. Ol As ;rttiog of rhe blocks is notirrcorhffiiffili[:fifiiia;e;
lnfUe bd' pUanod tb rrit &c block dimcdsion, i.a. alt tffi 6f waUo

rprtipgr, sproes bftumo tho oprnings, ctq{slatt bc qultiplo of t0 @s,

,i;1p*q 
biihts chelt bo muttiplc of dqtcidht,.i.til3 cof, ". ''

: .'6]$ Ac"r,toad b6dng walt ooustrrlaion,thao blocla can bo
tafl m to 3 to 4 dorq/Ed constnrctioo. tto "Uf tU.tncss is dccidcd

I

t
'l

i

f-q
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J Vg L

' J0 ctt ?lLfi?Te^ wx 20 c/^ '9ALL

(t @fittc d *ftgt ct u^tt 3 \,
.MfirOU A rat,n Ci ihtu

(a) At T tuacdon of 1) co, ytth 1} cq-a9d 15 cm wltb'I5 cm
ffcf vait+r ,articat jom at tho eaito lim of&ors wall iB Erovid6d
h Blrarl!CI orupir W nrovlCtnf f1f rini.or 2P fu bldcb ln eis€
of 20co. t6tt ,wrtt agd l/4 and.c '3l{ liza bloc&s io caso of l5cm
thlck rauc ar rhosn:in E.rss r - ', 'i

' (b) locr-of T jurgioNlof 2bcmxt0emsnd l0cnxl0cn
'rhi* uralb, tho joioh arc Et88tp(odtJ lriqg f I3rd.+l 

-h3lbblocts in altcoato counr aJ rhwon io Fhe. '{: *t' " t.''' - -.. 
- ,,' .

(c) Fc 2o co to 15 cm and l5 6i.to ,, o. *f ffi
thc bgodlns b acffarsd W govidhg'ZO.cm. lmg.6 nm-dir",bri ln
alEort€ councg Tho anangloeot for 15 to l0 cm watl iEEttloo
ir shmn-in Flg. For dcdding thd mcra$ic tie' onlJ ooail Eottqr

' (d)Tbc boding fqt 30 cu with 3r(}'cm'and 30 om wtth l0 cm
q6lb t storyo iD Fl& Tho bondingfor3Qcoand$cmthftkli.
pflsdorc wi& 20 co thir( *allr-lrc rhown io Fte!'

(c) Tf,. b6dhg at qorEl aod door/*indow -opcnfotr wftb
qroUaf lttoctr. for grov'rding vqrical rsinforcmcot' fr@ scis@fo

"ooOareUory'rro 
shown in Fig.

'l
!

I

i

i

I
I

l
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c

(vi) Ttoboldfestr of doorg windowc aad vcotilators art fixed

by cmbcdding in M-l(X) oco€ot ooncoctc.'ir

? (vii) Tbo beariog of lintel ic kept 10 co. on cither side. To
r"t ittio top lqrol of llu&l *tth thG courd tol$t. insttu ooe{o
of rcquired thlctncs is provided at tbc bearing.

ivrit) Only doublc ccaffoldlog is to bG utcd. No hblee in tho

masonry for eupportlnS scafisldiig .arc to bG allorvcd.

(tr) The oateroal face bc finisbcd witb any desinble pointirg
thc intemal frcc may or m8y not bc plsstcled.

,/lr\*
T T

+0
J'

Y*,*!

L

(x) Tbo pluSr for 6xing scrficc pipcs and clptrical 0ttlogs ctc.

be orefcrably inscrtcd at tbe ioiots of .the masonry. Wbs€ lsr8t
oocninst are rcquired to be for saoitary fttings, full blocla bc taken

out, *1 tho sBBs 6llcd wlth ton oncrcto altcr taklng tlr fitllnr
tluoush tho wall& Spaco for nitc,tes or for ffxlug clectrie switch

u,*oOL a". t. ocato4 W ueing thin blocls it is Drcfcrabto 0o prcplsn

tUo srrrdcr and malo povirlon during thc oortructloa o{ rat!.

a

o.

' 10 cn ?rLa?rot uqtn co il t LL
.t

Teru 3-BAsft, DAIA loR MATtsRlAL ero Ijrorn Rrcurr nns-

, NffitMW*.'bcm. ffi
(l) e) (3) (4)

Nominrlrircblocl(cm.) .. 30xAnxl5 30x15x15 30xlOx15

ActurlslzDof bloctcm. .' X)xl9xl4 ?f xl4xll Dx 9xl4

Concr€o'ntr prcpcttin tr l t5:8 l 15:8 l :5 t8
voluoc (Cco.ot t emd I
l(ho. Ed dowP"ooo
ag5drta)

'hl l.

q

!

oea

DOVVTVO 
^l 

OOAUC4 b PAO\ O76iltr'r'
FOR venflcltL llitu?o^cittou-7, . r
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Trar.r 3 -BAsrC Dar.t pan Mersntel AND LAEoUR

RsqulnitvrNis--6oar, : : Comprhol ol cemev conumption,

ltcm, ..

(l)

N oml n tl t hl e* acu - of b loc k,

20 cttt. 15 cm: l0 ctn-

(3) (4.,

Latuur..
&o,:

fdOUI.D fi:rod Open box
typoS{o.)

M.S. Ht mm. rhrok 1m;;.

Fabrication aod urclding

"try 
'p,s.)Rq.

CASTING OF Bt.OClG
(No')

Cco€nt(Bags) ..-...
Saod (mr)

Coert€ aggr. e_g4ta (ml)

Stono bieccs (mr) (stack
rclumo.)

filron (M. dayr) . .

Uortllkd lotts (tvl;&ys). '

Pro&rctioo pa day by gsug
of,ooonaron and ccvco
pufi$cd' *otlcrr'(No&)

I

0.16

12.00

100

.t

o.t2

10.00
-, -"

l@

l.t4
0.20

0.3?

o,27

0.25

t-75

400

222

0'14

l.t
2.2

I

0'08

8.00

rQ
TrnlB 4-Crr,crr Coxsuqrlox ron itr6a11rrvB wAlltllu,_t0ur.

Iten.
Cettrnt Consunptloa (baes).

1.54
'o.27

G43

o.37

0.30

2.t2

330

o'77

o.14

a.t2

0'15

o.?fr

1.40

500

2O cm.
rhick

prccatt
stone

matorrry
blo*
wall.

30 cm.
iri'
stotE
woll.

23 cn.
thlck brl*

irall,

2:85

o.72.

't.12

4.69

area for thi:

(4)(2)

, Suodri6.
rl

C6t of casting pladorm
and mould"oit, cti L.S.-
Rr. (for 100 blocks).)

Mamnry Work(|O m,).

Mrtcriab.

PrEdit etooc .. Easoilry
Ho*r (Nd.)

'MoItt(q) ::
Lrborr for f<luodatlon aod

Cin6.:'t ' ': i ;:: ':""': ;'

M&m(M.days) .

Uqlillcd wodrc (M. &ys).

0.@

(r)'
I Blocke : ..

2 Mortai (CM t: 6)

3 Plaster (l2.mm.lnCM l:O

4 Plastcr (20 mm. in CM I :6)

5 Pointing(inCMl :3)

Total ..

(vi) The wall provides a
to 20 cE.

and
amenable to quatity control.

(3)

3.42

0.95 4.ss

o.T2

2.24

0.20

5.29 v.t9
.,i

E$rblor supsr sfuclerc
.olofut"tfio''t *d..-: r .'.' :'

Mamo (M. dayr) . 0'20
,.. :{.r.d"it: t .. ! '!", 

1".' 
'"1

Un*ilhd torker (M.'dayr). . ' 
,,Q.50

(iv) Bccausc of prrfabricatioo of ma$nry unib, consistent' .. tand bottcr cquality. is achievcd. <.*reli-

AdYantagcs.

"uP,"mt 
stone masontv block walling has tbe fgltowins.

(i).Iti is. a hbdur inrcnsive.tpsrhniqu: of qrcfabricati.r. It do.,*, 
f l,] ljt 

qw-c"nitet .iqtmcl erna qricr cosumollo,' i "-"*
(i i) Ihe usc d stone rpalls sav€s cgqcn1 Lnlunptioo and paovide

sftosth-'ifto dithF*r-.ffi inix'which ;;;t&L a binder onty.It atso rlduoes the cost of block.

o, llLlifi$lx"{,ffiF;3,qf'1ffiqff. * at siper g$orr

(v) Tbc prrcast stonc 
ryso-Dry^ 

block walliog givc bctq fonn
cooctruction. Productivity in laying is incncasod- r;J-*rr;;'
built by ordinary matbns.

2n.

o.19

r.30

2.fi

0.18

0.,1O, ."

tr2

0.09

0.90

,.m

0.10

0.20

r fbo aborc labour. includes cas{ng, lifting, curing and tackiols
t bolblai*s withio f"tcad of M.' '' ':

Noil!.ili 
'Ttro'coet'of 

eiatroUing,'T & P, waier iiO Lroiitrirtrsi,t
pro6!-snd o-vFrhc+F.u1c.ro,T add$ e{ft; ... . , ,-,

(2) Thc hbour for traqgportatlon of blocke from stac,k to
' . ,orutnictibil ritc bt&:lidci iDcrudd.fof 'a:lleed 

d..............Ifr t0fii
ody. For cvcr5r additional 50 M.lthd 0.4p,.&3O; OrrgnD

Etrength and ag such

(Yril.
watl'fa'cd'

One facc of the btock b1* ii gtoq tgrlut-o,rtho eqrqql;is f,rish oointcd which apart fno- ,eri;b.l;-'&.lr-4*.
natural stoni'appcaranoe 

"r 
a 

"o,r.soo 
miil"iltory,"t

;and various arcbitetural paucroc cao b. obt"int,

da]rs of rrnskilled wcrker may be adtftd'f<ir lOO.Nori<if gives the
20 cm., 15 crn. and l0 car. thick blocks rcspectirt*g;:,,.,. I tesser cost

.-

334,-i-

(2)

1.00 0.8b

I

o[-, I
,bo I
.l'
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' (vlii) Tho intcroal plastcr fuishing can be eliminatod vith cafo
during production and liying. Evcn if ptastaiog is done, the thicknesr
rcqutrcd is otrly l2mrri. agaiost the 20 to 25 mrn. in brick aod random
rul.ble masoory rcspoctively.

(ir) This provides improved performancc to rain watcr peac,tra-

tion/seepage whlob is oot attainablein random rubble masonry.

BxrRAcr Ftolr I.S. 6042-1969.

Cops op pRACtI|c poR cor.Bm.udrroN op ucrsT wErorrr oNcRrhi
BLOCK MATbRY.

l0 : Laying concretc bbck mawny ln superstructure.-

lo.l. Use olmortar ln masoury,-

l0.l.l. Lightwi4ht coocrete block msrcnty insupcrstructure
shall bc laid eithor ln I :2 :9 or I : I :6 comcot/limc, saad mortar
as explained in 6.1. If good quality lime is not available, l: 6
.cement sand mortsr roay be rucd.

Itr1.2. Mortar chall not be sptead so ouch ahead of the actual
layiog of tho unlts that tt tonds to stfien and lose its plasticitn thereby
resulting in poor bond. For most of the work, thc joiats, botil
horizoatal rnd vertical,sball be l0 mm. thick. Except in the case of
cxtrudcd joint con trucfion described in 10.2.3., the mortar joint,
shall be'struck ofi flush with wall surface and when the mortar has
started stifreningr it shall be comprcssed with a.rounded or U*haped
tool. This compaction ir important, since mortar, whlle hardening
has a.tendency to shrink stightly &nd thus pull away from the edges
of the block. The mortar shall be pressed against the units with a
joioting tool after the mortar has srifrened to efrect intimate cbntact
between the mortar and the masonryunit aud obtain a weather-tight
j oint.

10.2. Operatlons for laying bbck masonry

LO.Z.|. Ftrtt Course.-The first coursc of concrete block masonrv
shall be laid with great carer making sure that it is properiy alipeA' levclled and plumbed. as this may adsist the mason in laying lucoedin.
oources to botaiu a straight and truly vertical wall.

10.2.1.1. Belorc laying the first course, the alignment of the walt
shall be marked on the damp proqf coluse. The bloch for this
qou6e shall first be laid dry, that is without mortar along a string
itretihod between properly located cortrerc of tho wall in oiAer t
doterrninethecorrect position of tho blocks including those of tho

' cross wallsjoiotingitandalsoadjusttheirspacing. Whenthe blocks
are sat in proper position. the two corner blocks shall bo removed, a
mortar bed spread and theso blocks laid back in place truly tevel aaO
plumb. The striug shall then be strotched tightly along the faces of
tho two corEer blocks dnd the faces of the intermediate ones ajdustcd
to coincido with the line. Thereaftei, cach b.lock shall be removcd
anrl rslaid over a bed of mortar, .After every three or four blocks
have been laid, thQir correct alignment levcl and verticality shall be
carefully checked. 

I

lO.2,Z. Thc constructioD of walls pay to sarted either at tho
corners frst or started from one end [roceedfag in tt u otUer Cirec]
tioD. If the cornem of the wall are builtffrst, they shall be built
four or five courses higher thao the centre of the wall. As eaeb
course is laid at the Corner, it hall be &ecked for alignment and Iev-J
and for being plumb. Each block shall be carefully shecked witba
lovel or straight edge to make certain that the face, of the block are
all in tho same planc. This precaution is neoessary to €osure truty
.ctraight and vertical walls.

466-343^

10.a2.1. The uso of I storefrod or courrc pole which ir rimpty
a 

-t 
oard with markings 2(X) mm. apart, provideo an asurate method

of fnding the top of the masoary foi each counrc. Eaeh couno
in building the corner!, shall be stepped bact by a half-block aod
the horizontal spaciog of the blocLihall be checkcd by placing a
rnason's level diagonally acro$ the corners of the block.

10.2.3. When fiIling in the wall bctween the orftr. a masoo'c
lioe ghsll be stretched from corner to corner for eacn fiurec and the
top outsidc edge ofeach block shall bclaid to thig liac. The nrar nc r

9l Todt*g or gnpprng the block ehall be such as to pglition the
block propcrly witb minimuo qdjustment.

10.2.3.1. To asgure eatisfactory bond, uortar shall not be spread
too far ahead ofactual layrng of thc bloch as it will etiffen aod lorc
itr placticity. Ac oach U6cf is hid, e*cess .ort"i *t*airi}r"rr
the joints shall be cut ofr with the trowel and thrown back on thc
mor.tar boerd to be reworked into thc fregh mortar. If thc work ir
progressing rapidly, the eitruded EortrBr cut from the joints may bc
applied to thc vcrrical facc shells of the bloc& just laid. fflheri Uc
any delay long enough for the mortsr to stiffeo oa the block. the
mortsr sball be rcmoved to the Eortar board aad rcryorked. Dead
moJtar that has beerplcked up fromthe scaffold orfrom the g66j
ehall not be used. 

r

10,2.4. Closure Dolc&.-Whea installing the closure block, all
edgec of the opeining aad all four edgec 6f the clouere block sharl
be buttcred with mortar. The closure block shall be csrcfufly lowered

llto-Ot1cg.. _If any mortar fails lcaving an opcNr joint, the clogure
block rhall be rmoved, frcsh mortar ipplieO and the operation
repcatcd.

10.3. Provlsions for door and windows llarus.
Mild steel bar holdfasts shoutd be so fastened to tbe door or window

framee that these occur at block course lerret. 
-

10.4. Provlsions for llatels.-Lintels may be oither plocatt or
cart in situ with appropirate reinforcement. where opcaiaS 0corr
cloee to one another, a contiouous lintel shalt be provided. -

10.5. Provision for rool.

10.5.I. The top of the roof course shafl be fnished lmooth eith
l.';s!g!"y.. of I : 3 cement mortar and covered wltt a .ori of .ruol
oil or craft or oil paper to ensure free movement of the roof. '

10.5.2. Where the roof slab projects beyond the external wall faca,

-lo-6. Intersectlng walls.-Alr walrswhereverthey meet of intersecr
rhall be bonded or tied securely in accordance ,rith IO.6.t. 

"odt0.6.2.

10.6.1. Beariry mlls.-When two bearing walls meet or intenect
qnd lhe oounles are to be laid up at the same time, a true masonrjr
bond between at least 50 per cent of the unit' at the iotere€ctioi
s oecessary. When such intersecting bearin! walls are laid uo
8ep€r-ately, pockets with 200 mm. maximum verticsl spapiogi staif
be lc& in the first wall laid. The corresponding course of tf. s"cood

10.6'2. Non-load bearing ral/s.-Meeting or iDtersecting noD
load bearing walls shal be bonded by either of the two ..ttoo,
reco--eided for bearing walls or provloea with adequatc ili"J
suPpors.

10.6.3. The sidc walls of rong buirdiogs-sbalr be istiffened at.regrllrr
intervals with pilasteN or by sealed bonds which are about turiee ite
thickness df the walt.

,:
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a

Speci6cation No. 39

."Fpccificatiou No. 39.A

'Sp€ci6c6tiop No. 39-B

Spociftcatioo 1rle. 39-C

:SpociEcation No. l9'D

5p€ci6oatioo No. i'-E'

Speciflcation No. 39.F

:Spcci6cation No. 39G

:.Sp€ci8cation No. 39.[l

:Specifiaation No. 39-I

:,Speci8€atioo No 39'J

:Speci0cad-on No. ,t0'

- :Specification No. 4l

Spocificatioo No. 42

Speci6catiun No. 43

SECTION VII

F LOORIN G

CONTBNTS

Ground Or -Basacnt Ploor witb and .without l0O mm.thick
Concrrofc Baro with and witbout Sand Filliog.

Flooring with (a) Ioportod Marble Slab (6) Prcss€d or
Ornaracntal Tilc or (c) Sguare Missioo Tllo-ovq a Bcd of
Consre-rto lfi) mm. Thi(* aod Pointcd with Cocot.

Flooring with Squaro Paving Erickr ottr a bed of Cooccte
lfi) mm. thick and pointcd witti Comt.Moror 1 r 3.

Brick on EdgoFtooriry orrcr a bod.of Concrcto 100 mm. thick and
pointod with Comoot.

Flooring with Paving Stonc io Lime or Comcot llortar laid oo
lfi) mm. Brokoo Stonc in Llmo or Ccfircnt lr&irtar Concrcte
and pointcd' with Cement Mortar I :3. ..

Flooring with Paving Stooc in Lime6rCcmentMortar laid
on Sand Baso and poioted with eement Mortar I r 3 (Sand
Baso to be paidfor undc scpsratc item of work)..

Iaying in Situ Cemeot CoocrctoFlooring with Floor Topping.

Ftooringwith,l00 mut. COocEGtc .and 20 irm. CcmentConcrctp
Surface-Ellls pattcn (FiBt Sort).

Flooring with Comcto lfi)c'm. tNck and plasteredoyerwith
Cemeot Mortar I 13-12 mm. thick. .; . o,

Ftooring with Red Ccmcnr pla*eq polishcd Surfacc anO tlrcaO

Terraza (MarHc C:hips) Ftooring-laid in Situ.

B€st Tcrrao€d Ftooring -with Bricl on EdSe 25 mm. Concrcto
and 12 mm. . C€fitcnt Plastoring I : I to Tbp aod Bottom; :

Best Tcrraced Flooring with Brict on Edge, 25 'mm. Concrcte 12
mm. Ccocnt Plastcring I : 3 to Bottom and on Top prcrcd
Tiler sct in LimE Mortar and Pointed with Ccmeat Mortar I :3.

Flooriog with Clnvel l5 cm. Thick..

Teakwood Flooring iO mm. thict.

Page
Numbcr.

341

942

?47

v7
t47

341

341

341

341

ut

?42

342

342

y2

,47

-l
'4)

f,
,,1
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t.

a

I"s.
N.arta.

tt66-lv,o
3l9l-19i9

Tlfll-l9l0
t14r-ts59

3670-1966

2119-1962

119F1968

3583-1966

nitT-1959

3629-1966

SECTION vtl
FLOORINO

TNDIAN STA}{DARDS-EXTRACTS.

Codo of practloe 
for 

laylry btrnt cley brlck floodng

Code of prapfico for leyios lu situ granoli&ic. concrete floor topping'

Codo of pracdco fol. laylng in rltu cncnt c' ncrete flooring'

codo of plsctioo for laylng aad ffnbhlng of emeot' ooncr€te 0ooring tiles.

Codc of pra€do for modnrctlon of tlnbor f,oorr

COdo of pr1ctico fof brick-nr*cometc cotrpolite (Madras terrace) floor or roof'

Codc of practicr for laying bitumco mastic flooring "

Spcci0aation for gtnactrual tinber ia buildiog

Page

Nambq

347

348

348

353

355

359

359

360

361

362

I



SECTION VII

FLOORING

-, ' sPEcrF:lcATIoNlNd' 39'
j

.i:xouxoon asruslrt Frcons qnrE /*ND wnfflur 100 ru r.Ecr
. 

CoNCNEE ETS WIE AID ?IITOUT SAI{D TILIINC.

l. Gewml.-' 1 ,

, 1.1 . If a M ofBand Elling is to the iSiven und€r the ooncrcte base

rbo ;; <hpth'of sead will bo notodif !ry ld.svant 
soheduleitem

;t"" fhis sanrl filling will not'be includcd in the contract rate

;,fi- ir.trru for tho flouing but will bo paid for separately ar

il",no=*G"f.Aiiem for sand fllliry, Wbensand fillingis to be

;""* n ti"ri*.pfy withtho standrrd specifications for sand

and fq fillingin .

2. The boil for fho concete whethqpan{ or^ea{h tred is specifed

"Gi 
;;"e*ed to tho standa'rd specifcatiqo for filling in basemcnt

lcvsl or sl,oped asspssified or imtructed'

3. Oothe bed thus prepared staddard specification congete

t;;-#;k or stooc io lime or surki frortar as specified in the rele-

""il*mri"f" 
item shall belaid io ooqthickncs.and beaten with

;;;l;-*s uhtil the comete stall have become throughtv

consoliaatcd.

For I. ll. Speifioations I. S' 25?i"197$ and N' B Code part vI
.ra Vlf otrsp€ci@tionshallaPPlY' 

1

,[. Asemple of thc tilco, brickc,pav{ng-stoo€sc'shbs rvhich aro

""*iiJ-Tnit" 
relcvant schedulo item for eurfacing sbsll in all

;ffi; .oU*,,a to tho Executivc 'Engineer and must roceive

il-oppto*f uufon they are laid in pladc'

l

s. Sollfscios eost shallbelaid as per {'S' 2571:1970 and I'S' 5766"

roii-*a N. S. C. port V, Vt aod VIIof appendioes Bricksshall bc

;;'l.ld thrrtall jqifis asofull of mortar' The thiokoess of the

i*r," *,ff Uu beturcco 8 and 10 mm. , Ths joints shall be f,ueh

'#"J?;-t"irg i.u out 10 mmldcep whilothc mortar bstitl
i[-tU,roalro6 joints shallbewelllitshod to.rcmove du$t aod

ffi Ji;F ani wett wetted and shu be refitted with ccmeot-E8t* 
1 :3 (1 cemcnt : 3 satrd) mixod with an apgoved colo'ing

4redient of the same colour asthcfloor'

, 5.1. In tlre cas€ of thG tro of gddaeal slabc -thc 
joint shall be

-^"iJ t,, tt f'll @tb of the slab with ltandqrd specification oement

;;; I cemeot and 3 sand and *Pll fubH with a small clean

trovelto,finmasooothsurfaco. r

6. Tbalrcvo clausoapply to alt thc followns oooriugsub*poci-

mtiom.'fhr rat€6 in allcas*por lO{sq' .motr6of flooringsball

t" ioa*ir. of poiating and finiohing cbmplpte in accordance with

tff spcltcation aad tbo relsnaat subsD*ifcatiotr'

SPECIFICATION No' 39-A'

Froonrxo wrTE (a) IMPoRTED MARELB sless (D) DRESsED oR

ORNAMENTAL TILES' OR (C) iSqUENT MISSION TILES-OVER A BED

Or col{CRBrts 100 mm TIIICK AND POINTED WITII CEMBNT.

A,idtt iorul clauses to' General' preceding'

l. Tbo slabs or tiles shalt be of a mako which will be specificd

in the relevant schedule item'

1.1. The joiots betweeotherows ofslabs ortilesshall not exceed

3mm 
in width-unlese others'ise specified'

466-3 44

SPECIFICATION No. 39-8.

FtoonrNo wlTri seuABB pAvINo Bnrcrs ovEB A EBD or @NcRarB
lfr) mrn rgrcK At{D PoINTBD wITH cEMENT rcRrAr I :3.

l. The work shall be executed as I'S' 5766:197) ar,d'

I.s. 3583 :66.

SPECIFICATION No. 39-C.

BRrcK oN EDcB FTDoRINc oYBR A BED oF coNcRETE

THICK AND POINTED WITH CEMENT.

1.1. To be executed as per I.S. 5766:1970.

100 ia{

SPECTFICATION No. 39-D.

FLooRrNc wrrg plvrxo srtoN8 IN LrtttB oB cE[t8]ar ]vtror,r* IAID oN

IOO ro{ BROKE{ gIoNB LIMB OR CTIIGNT MORTAR CONCRRIA POI!{IID
wrrs CBMBNT lvtonten I t 3

Additiowl clauses to' Generol' precedttg.

l.l. Tho taving stoae shalloomply with standard spccification
for ' Flooring stooo 75 mm to 100 mm thick' which sBesifcatioo
also d€fincs thethickness of jointsin floorio&,

2. Thepaving stoneshallbe laidin standard specifcation liao
sr ce6ent mortar over th€ @Dcretc is bed befor6 the latt€r fitrally
set with all joints and beds fully set itr mortar. The t*ls of mortar
for levelling up should be guardedagainst by careful,seloction of
stone of uniform thicknegs.

3. Poioting flushshallbe done asinstructed under. 'Geoeral
preceding.

SPECHCATION No.39'E.

FrponlrrO W.TTS PAYINO STONT IN LIME OR CTilBI{T UORTAR IAID ON

sAiND BAIB AND Dolr{rb firE cnGfr Uontar,t .' 3 (ser.O aAlB ro
B pArD lOR UNDBR A slPARArt n3M Or wORr.)

r,t. AQgtiaultuw o'G@',&qfrill, ' ,. ., ,1 , 
"

1.r. Th. thiohrii: of ttd,of dsd &Iltb a* rt&lcc; 1i:tfu :pr
lcvant scirodulo rto. It will be paid for s@sratcly ,udc 3 retddo

1.3. The workshall be donein accordancewiththc precediog

specification except tbat the @ncr ]te base is omitted and a saod
base provided--the lerrellingbed course of limcorcerpBt ruortil
bcing also not required.
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SpECIFICATION No. 39-F. (5) Aftd tbc fioG has b@ comphod, it should bc covered witlil
tvo inohc of grrcs, rand or csw dust ond kopt vGt for ttroe,woet+

LayDlo rN !il.ru cExBNr @NCRETE E{pBrtiG wrrH II@r It is b€ftrr oot to be fuoufbt iilo uso for a .o*t"i* f"iog. :.
Torrnc.

Notcs.la) The notoogivonunder 39-Fshall apply.
.:'1' [8' 2571'1]?0 aad 5491 ; op shall ap'ply' 

(D) spociat carc is ncocssary ttrat the 61ring uader thc hrnj
Ber gXoolithic corc&rc foor topprns t[c mix lproportion givcn oonoAo is wottcd-and-thryqfly oonsolidatcd d dqd""p";d

ia IS. 549!.1969 shall be adopted ond aa rcgards spccifcatioas 6a tho ctandald spocifcation for " ffiog " in basemcnt -as othuni*
ciro of pancl layhg foor toppiag, etc., thc Jame spccifcation as givcD tho wholc floor is liablc to crack.

in I.S. 2t7l-1970 for coOcnt @ncretG floorine shalt bo followcd.

Black t One-sixth cubic metre manganese dioxide.

SPECIFICATION No.39-H. .

Eootnrc wtE oolrcmrE 100 rn. rrficr AND pLtsrEnED ovir
wrlu'ctsuEt{T M*r1r I rg.tZ'ntrt. rarcr. , l, i

l. For flocing with acment eotrcTGIG 1,8.237t-lyto sha[;pilI.,
1.1. S6ndard specifoatioa ccmont plastdring | :3 12 rm, t!,le*

is to bG appliod to the floor bcforo thc conclcto has set ia ord,€r.lo:
obtain a epod bond withthe base.

2,'@Dt plaster gauSps or othcf, gaug€s sbould 6e put cn.ttc
conclptc floor about 3 DGfies apsrt tb Gnsurc cvea thiclness. -,. I

3. CcEGnt plastains must bc 3o* il $quarc8 or strips, o, e,llia
g,acls will aplr@r, if a large urface is done. , 

'.1

Buf z Ole-$xth subic metro of yellow odh,re or 'Gopi'

SPECIFICATIoN No. 39'G.

Nqrrs: To make a coloured flooi the following maErials should
bo mixod in thc quaotities staEd, with every cut metre of top laycr
cemcBt@rErcto.

,lRed: Onc-twelfth subic metre red-oxide iron powder.

Froonnro wmr l(X) MM. @N(nErB lNo 20 uu. CrvrNt Colcnrtr
.SURTACE EIilS PATTERN.

(First sort.)

(l) The 100 mm. concrete base shall be prepad as detailed before

under "Gencral" For prepariog the basc I.S.: 2571-1970 also
shall app1y. l

(2) Oa tbo clean wet surfaco of tha con€r€tc baso, before i t has
sot, will be laid a liyer of oemont concretc to give a fnished depth of
20 mm. over the lime concrete.

Tho cernent ooncretc will consist of standard specification hard
broken ston€ chippings, graded from gauges 3 mm. to I0 r'rm. an6
well mixed with standard spocifcation. Ccment neat, in the
proportion of 3 brcken ston€ to I ccment, or as othcrwise sp€cifi€d
or iostnrcted by the Exocutivo Bnginecr.

The Comont ooncpte shall b€ spread immcdiately it has boen
mixod, using a straight odgp, Ito concreb must be well boaten with
2.5 kg. wcoden " thapio " until cement slurry corDes to the surfacc-
say for not less than 15 minutes---and it is very important that tbc
consolidatioo should be oarried out quickly, as oth€rwisc the initial
sot of thc corffitrt is likely to spoil tho work, if the bcathg is continrrod
too loqg or is not sufficiotly thorouSh. Wheu tho mortar hgs oorno
to tho surfacc, thc floor shall bO polishcd with trowols.

(3) ToprcventlarSF areas ofcement conclsf6 from crackiog due
tq ooasfiuction during setting, the f,oor shall be divided into strips-exiending 

across the width of the room, or into squares or rectangleg
1.2 m. to 2.J m. in width. The edge of each section into which thc
floor is divided should be defrpd by flat bars ofstoel or wood, thcir
dopth beiog thi same as that propos€d for thc finished floor. They
should b€ white washcd io ordcr to prsvcnt them from adhcring
to the colrcr€t!.

When the slabs have set, the bars should be removed aad thc
igltrtl fflled in, with standard specifcation cemcnt mortar I :2.

'(4) If it is dcsird to have a ffoe fnish -*& may be eprid<Icd
o\rcr tho surfae of the con&rete which has sct, aad rubtrtd orrcr witl
*1rhin8 stonos

. SPECIFICATION No. 39-I.

FroonrNc wlrH RED CEII{ENT pLAsrER, pot-rsnrD 5L.RFA6E AI\D
TIIR,EAD LINED.

l.l. The coocTete base shall be well cleaned bruhsed free frcm
any dust or loose conqsto materials and then wetted. I kg. of redr.,
oxide ofiron per squarc metre offlooriag shalt be addcd to the ccment
mortar I .'3 and well incorporated during, mixing and or"-"-oui}
the mixture applied to the floor, otlerwise cooforming to ite_
standard specification "Plasteriog with cemeat Dortar,,. The
plasrcr flooring shall bc- thrcadlitr€d in squar€s ai"eo*i
to the sid68 of the roomand siz€ as iostnrctcd tV tUe aceardeofai
o,fficer-in+harge of tho work. The squares shotrld ti 

"f .qu.i
size and finished offregularly at the edge or border arounO tte roJg:
either at a @roor or midliuc of the oquarc. Tlie surface ill G
b,rought to a fino polished finish b! the use of potishhg ,,or*r. .-

2. The precautions against cracking and instuctions fcr wate4ng
girrco,in the standard specification for . ..plastering witb 

"roririmo,rtar " shall bc followed.

SPECIFICATION No.39.J. 
,.,

TB,RAzo (Mer,arr Ctrps) Froonnrc-rarp lN srru. : ,

The thickness ofthe undcrlaler shall be measured correct to a mm
Thc thickncse of the top layer shall not be less than tha t specifiee.--:?

l,l. urrder Layers. Cemont oonqr€tc of specifcd mir shall. tn,
usod and the specifications givon bclow shall appty.

This shall bo prcpard 
9y gIPS gadod. stonc or tric&.aggragstc

of tominalsizo as snocifi{ with fine aggregato and oemenr io sici}J
proeorfio.ns with rt4uired quadity of water. --.- i

The graAing aad quality of ag;gregates shall bc such as to give
mhiosm compressive str@Cfh of 110 tg, cm. e and 2lO tg.Tcofsi

' Onc samptc oOnsisting of 6 cub*.t5xl5xl! cm., shall be tatea fo" ,
crcry, l0 clbic mohes or part thcrcof of acmqrt 

""r.h0. 
t : 2 :;}fr

crrbo tcste sh3lt not be carriod olt in q3e tho quEntity of cerfr
ooncrcte I z2:4 placd on gly day is torc thsh'10 

";. 
;. fr;

othcrThc spccifcd. For ottgf daails rcfcr .n.e.C. ;ft;lE
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ch&U consist c6l€nt with
dgSrcgat€ (Marble chif s)

3.2. Polishing, curing and finishiag.*blishing shalt be done by

machine. About a6 hours after laying the top layer, the surface

sha[ be watered and ground evenly with machine 6tted with,tpecial

rapid cuttiDg grit blocks (carboruadum stooe) of coarsc grade (No'

oo) tiu tne -uibl. chrps are eveoly exposed and the 6oor is smooth'

Aiter the first Srindin& the surface shall be .horougNY washed to

remove aU Srrndiug mudand covered with a gouod of cement or/and

colouring matter in same mix and proportion as the topping in order

to fill any pin hol€s that ap['ear. The surface shall be allou-ed to

cure for 5 to 7 days and then ground with machine fitted with fine

gritblocks(No.l20).Thesurfaceiscleanedandrepairedasbefore
and allowed to cure agpin for 3 to 5 days' Finally thc third grindins

shatlbc done withmachinefitted withfine grade grit blocls (No' 320)'

to get even and smooth surface without pin holes' The finished

.rrf".u should show the marble chips evenly txposed'

shall be mixed in the

mix,
powder bY weight.
the proportion of

of aggregates
to binder mix.

(2)

l'75 parts.

1'50 Parts.

1'25 parts.

1'50 parts.

Matrana, black Bhainslana

Where use of machine for polishing is not feasible or possible,

rubbing and polishing shall be done by land, ln the same mann€r

AS specified for machine polishing except that cartorundum stcne
8l@o, Dehradun white,

gr€y Gadu (Surat) of coarse grad€ (No. 60) shall be used for thc first rubbing, stone of

or as specifcd. It shall msdium grade (No. 80) for second rubbing and stone of 6ne grade

in texture, with crystaline (No. t20) for frnal rubbing and polishing'

colour and free from strains, After the final polish either by machine or by hand, exolicacid sball
33 @. per square metrc sprinkl€d with
a namdah block (pad of woollen raSs).

thickness of the top be dusted over the surface at
chips) shall be water and rubbed hard with

The following day, the floor shall be wiped with a moist rag and dried

with soft cloth and finished clean.

t t Minlmtmthickacss
of toploy*(mm|.

6
9
9
t2

Curiog stall be done

dust or ponding water.
by suitable means, such AS laying moist saw

4. Precaitons,'Flooring in lavatories and bathrooms shall be

laid aftcr fixinB of water clos€t and squatting pans and floor traPs.

TraPs shall be plugged, while laying the floors and opened after

the floors alt cured and cleaned. Any damages done w.Cs.

squatting pans and floor traPs during the execution of work shall
art us€d
l| times

the minimum
be made good by the Contractor.

the maxtmum
thea8 20mm. or 25mm.are During cold weather, concreting shall not be done when

and bedded on the temperature falls trelow 40 c. The concrcte placed shall be protected

wearing layer. agaiDst frost by suitable coverings. Concrete damaged by frost

shall be removed and work r€done. During hot .weather, pr€cautions
shall gct the

. Tbc
sample of

shall be taken to see that the temperature of wet concrete does not
c€ment to

exceed 380 c. 1r1s concrctiog shal be laid within half ar hour of
of th€ day, unlcss pcnmitted by the Executivc Enginpr'cemeDt, coloured cement

the closingtimeof approved quality
Ji
i1;item or ln the latio to

The f,oor shall be protected from any damage during €xecutron

Engineer Colour- ofwork.
thoroughly with the

chips added nd 5. L4rosY72ilEnts,
of dry mixture of mortar

S.1. IrDgth aod b(eadth thall bc mcasurod orred to a c'm' bcforo

l;"; ;kiI;,G, dado or wall plaster' Thc arca as laid shrlt be

,*iJ"t"A in squarc oetrc corrcct to two plaocs of dociEal' No

;il;;" shalt bc made m,r 61tra paid for any opeoing in ioor of

ffi-t. o.r square (t0 dm)' NothiDg extra shall bc paid for

il'"*-in" rcor it difrdoot hveh in tho ssoo r@m or ortlBEsd.

lot ttr order to eDSUre a

a dry place and will
dry mortar shall be

fequired. The mixed

,i

I '1 : l

' ," '

contain just suftcicot

Size olrygr8qtes.

0)

For grades 00,0 and 1

For grades 2 and 3

For grades 4 and 5

Mixcd sizoaggregaE

Tlnr,e 1.

Tesw 2.

Size

The oands shall bo of uoiform sizc, hot Grccodiog 2 eq' m' in stea

asd 2 L in bngth for incide situationf. In exposed situatiotrs the

;;; uov tiO. of tbe pancl shal mt be more than l'25 ncffi'
A;;;,*y at 2'00 k8.I,qr sq. m. strall bo app[4 before laving of

ooOo i"yu* over tho c€ment concret€lR'C'C' srrface'

S*io fixhg.  mm. to 6 mm. glasi stripi or 2 mm. alumini6m

"rii;:Ii;ffi* 
nxa wittr their top at pioper level, sivins slopc'

The terrazo topping shall be laid while the under layer is still

Plastic, but has hardened sufficiently to prevent cement from rising to

the surface, this is normallY, achieved between 18 to 24 hours after

the under layet has bepnlaid. A c€ment slurry preferably of the samc

colour as the toPPinE shall tre brushed on the surface immediately

before laying is commenced. It
thatr that sPecified

shalt be laid to a uniform thickness

slightly more in order to get the specified finished

thickness after rubbing. The surfacc ofthe top laler shall be trctelled
over, pFssed and brought true to r€quir€d level by a straight edge

dnd steel floats in such a manner that thc maximum anrouDt of
marble chiPs come up and aru spread uniformly over the surface.

3 . ToP laYer.

as undor :-

Proportion

46:3-44^
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moulded 7.4. Measurettpn!.-Length and height shall be measured
rect to a cm andits area shallbe calculated in m,
two places of decimal stating the thickness.

skirting. Height shall bemeasured as finished length of
fromthe finisfued level offloor

5.3. Dividitrg strips of metals inscned in tera7o to form
Dattcrosr sha,ll be dcscribed statiry the materials, its width aod
n6 aail ocaeurcd in ruDniog metres.

5.4. Special gurface finlghes to'treads, risers aod the
stcp aod the like shall be mcasured seporately aod
metres and shall include foim work, if required.

ends ofconcrete
given in square

Rate.-4ha ratc sha[ include the cost of all materials and labour
nvolved in all thc operatioos dccribed abqve including cleaning of
surface of R;C.C. slab or sub-grade and application of cement.slurry

strips of glassshall not include the cost of sub-grade concrete and

correct to 5 mm. where the height
where the beight exceedsbays, of Skirting do€s Dot exceed 30 cm. aBd

thick- 30 cm. it shall be measured correet to a cm.

7.5. Rates.-:Ihe rate shall include the cost of all the
described above.

8.0 Crazy Marble Floorlng.

8.1. Sub-Grade.-Crazy marble stoae8ooring shall be laid
c€m€fit or lime cotrcrete sub{rade. Ite sub.grade shall be Pro-

or aluminium usod for making panels.

7. Terrazo (Moble Chips) Skirttng-In Sirrr -
Under coat.-The uoder coat of skirting shall be of cement

plaster of tbe thicknoes and mix descibed in the item. Specificatioas
givcn under shallapply.

A bsnd of
height aboye

plaster at the bottom of wall not exceeding 30 c.m. in
thc floor shall be olassified as skirting. It shatl be

good bond between R.C.C. slab and floors.

out simultaneously with the laying of flo6r. It's corners and juctions
with floor shall be finished neatly as specified.

flush with wall plaster or projecting out
tbe wall plaster, as specified. The work

Ihickmas.-Tbe. thickoess
erclusive <if the thickoess of

uniformly by 6 m.m. from
shall be prefcrably carried

oftho plaster specified shall be measured
key, i.e., groovas or opeo joints in brick

vork. The averago tbickness shall oot be less than
t&ickness, bore 6 m.m. The average tbickoess should

the specified
bo regulated

at the time of plastering by keeping suitable thickness of the gauges.
Even thickness required io daubing behiod rounding of comers at

stone picces shall be hard, sornd, claue€ and homogga6rB in 1..-juctions of wall shall be ignored.

heparatlon of wall sttrface.-The joints tshall be raked out to a
depth of at least 15 .m.m. in masonry walls, while the masonry is

In case of coDcrete walls, the surfape shall be roughened
The surface shall be cleaned thoroughln washed with

watg and kspt wet before skirting is commenoed.

As regards application, the work shall be carried out in the marner
described in paragraph below except that the
fioished rough with a scratching tool to form a

under coat shall bc Thc oement aod marblo powden sha[ be mixed in proportioo of
key for the top coat. 3 pants of cemeot and ons part of marbls powder by weight.

,bpftanttor,-Sfrirting rryith specified mortar end to specify thick-
the portion of marble chips to bind€r mix by
of marble chips to 4 parts of binder mix.

being laid. '

by backinr.

turc with crySaline and coursc grains. It shallbe uniform colour,
aod free from strains, crac,ks, dec ay and weathering. Before steri'
1ng t$c wilr& the contractor shall gpt the sample of marbl,e stone,
appoved by thc FJ€cutive Engiaoa. Thc marblc stonc pieoes sh&lt
bo of sipos as approvod by tho $rccttive Enginm bu! the thick-
ncss sball bo as spociffi

.i
I{

ness shall be laidlirrimediately after the surface is prepared. It shalt
b€ laial along with the bord€r or aSaceat pooels,of floor. The joints
in slrirting shall be kept true aod straight io continuation of the linc
ofjointiin bordersor adjaceot paoels. Theskirtiogshetl be fnished
rmootn and tnrc, with top truly horizontal and jiiints truly v€rti;
crcopt whene otherwise iodicated.

white or black or as specified.
homogeneous in texture. It stull

It shall be
be uniform

a that the
to

i;
stains, cracks, decay and weathering.

8.4. Laying.-A coat of cemeot slurry at the rate of
.persquare metreof area shallbe spread and then

7.2. Top Coat.-The specificatioos as in paragraph shall hold good
as far as applicable and shall include cutting to line and fair finish

pieces shall be laid by hand in such
of all the laid marble stone shall be true
After fixing, the cernent marble chips mixtures

to

to top edges of terrazo and polishing.

344
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,t 8.6.

atrd
pans

tne ioors
damage

of lrade

8J. and be measurel correct
to a c.m. dado, plaster and its area as

rn ! sqnare to two places of
9.2.3. The surface of the f,ooring duriag lalng shall be

be paid for opening tn
checked with a straight edge atleast 2 rnetre long, so

floor or area 0.1. squfie metre ). Nothing extra shal! a true surface with the required slope.
paid for laying
courtyads.

floor at different the same rooln or is ,i
(sawn,9.2.4. Where full sizetiles canlrot be fixed, theseshall be cut

cort of
to ther equired slze and their edges rubbed smootb to etrsure

all materials and straight and true joint.
above including the

and applying tbe oemeot 9.2.5. Tiles which are fxed in the floor a4ioining the wall shall
of subgmde. enter not less than 12 mm. under the plaster' skirting or dado. The

junction between wall plaster and tile work shall be fiaished neatly
and wittrout waviness.9. Tertazo

9.1. Terrazo 9.2'6. After the tilc have been laid, surplus cemeot
1237-1959. may have come out of thc joint shall bc cleen€d ofr.

gout that
to IS

be shown tn the 9.3. Cwtng, Polislrt A and Flntshittg.

9.3.1. The day after the tiles are laidor as the all joints shall be cleaned

Tlarg 3. of the grey cement SEout with a wrre brush or trowel to depth of
5 IIlm. and all dust and loose mortar removed and cleaned. Joints

I*ngth. Thickness. shall then be grouted with grey or white cemeDt mixed with or without
pigment to match rhe shade of the topping of the wearing ' layet
the tiles. The same cement slurry shall be applied to the eatire sut:
face of the tiles in e thin coat with a vicw to protect the surface fron
abrasive damage and fill the pin holes that may exist on the surfac€-

Nomlrul. Actwl. Nomirul'
I

not less thqt.

(5)

20 mm.

25 mm.

22ma

, 
(1)

ir0cm

(2) (3)

19.89cm ?l ca

29'85 cm. 30 cm.

24.85 cB. 25 s:m.

Toleraacet Tolerances on

(4)

30 cm.

25 cm'

9.r.2.

cm. 9.3.2. the ioor shall then be tept wet for a mininun perlod of
7days. The surface shall there after be grounded evenlywithmachiire
fitted with coarse aggregate grade grit blocks (No. 60). Water shall
be used profusely during edndiog. After grinding, the surfacc shall !q
thoroughly washed to rcmove all griniling mud, cleaned and mopped.

cm.

and breadth shall be plus

or minus one
The range of

millimetre,
dimensions

tolerance on shall be Plus 5 mm. It shall then be covered with a tbin coat of gf,ey or white c€aent
mixed with or without pigment to match the colour of the toppid!
oftheweariagsurfaceiuorderto fillany pinbole that appear. Thti
surface shall be again cued. The second grinding shall then b&

in any ooe tiles shall not exceeds

I mm. on length and breadth and 3 thickness.

9.1."3. Thc 1i165 shall

of not less than 140 kg.
be uoder bydraulic pressurc carried out with machine fitted with fine grade grit blocks (No. t2o)
per square and shall be given the

to site.
9.3.3 The final grinding with. machine fittcd with the finest grado

the second
to tn the backing

grit blocks (No.320) shall be carried out
grinding described in the preceding paxa or

the dav after
of before handing over the

Similarly the pro- floor, as ordered by the Executive Engineer.to the wearing Iayer
to be used therein shall 9.'3.4. For small where circumstances required, hand \

used ln !1rrx.
areas or so

polishing may be permitted ln lieu of machine polishing after layrng

shall not be lesg
smallest uPto 6 rnm.

chips ranging from
for slzes of marble

slab on which the tiles
wetted mopped. The bedding
mofiar

the bedding shatl
10 mDc

i

not than
be 20 IIlm. and

Forhand polisbiqg the following carborundum stones, shsll beuped..

lstgfuditrg coarsegradestone(No.60). 'ir'
Seoondgdnding 6s6lirrmgrad€(No.80). :'

In aII othcr rcgp€c.ts, the process shall be similar es for pachiao ;

9.3.5. After ths fnal'polish. crimic rrrd flt8ll bG dtrtee over rtdl
surfaco at tho rstoof 33 go. pgr s$iard.ilstrt Sririktad trith rtsBi
and nrbbcd hard witha ' fimdah'block{p$d' of woolen idgsg;di# 1

f ollowiq F{qo flso:,shdl bc *imcd *dth,a mi6r rag rod d1&yt ,

with I soft cloth and fnirhed clean.

chips varlng from the smallest upto 20 mm.



9.5. Rate.-Thc rateshallinclude the cost of all materials erd
latrour involved in all the operations described above.

1O.2. Preparatton of surfae.Ahe opecifcatioas for this ghall be

Ito samo as 7.1.

lO.?. Uytng.- 12 mm.,thick plaster of cement mortar I :3.;
G Cemeni: 3 coarse and) or nix as specified, shall then be

applied and allowed to harden. The plaster shall be roughened

bo with wire brushes, 61 !y scratching diagooal linss 2 mm. deep

atapproximately 7'5 ctn. centre both ways.The.back of tilessball
h$tered with a cost of grey cerreot slurryand edge with grey or
shito coffint slurry with or without pigment to match the shade

, of,3!p trcad or flooring. W'lere full size tiles cannot bc ltxed-' tio-tilci shall bc cut (sawn) to the requirod sizc and thei;
Gdgeo rubbed smooth.

lO:1. Cuttng, Pottshltg md Fntshilg.-The spcifcations as in
l.l.sUall holil good as ''far as applicablo. Polirhing rhll bc
iooosttlhand.

1O.5. Lfeasurements.-Thc thickness of the skirting shall bc
&rcd. LenSth shall be measured along thc finished face of riser,
rtirting or dado cqu€ct to a cm. Height shall be measured fron the

fnishod lovel of tread or floor to the top (the undersidc of tread in
' 

tho case of st6ps). This shall t c mcasured cort€ct to 3 mm'in case of

delivery to site.
tThe tilcs shall be given the first grinding with machine befcre

The tile shall conform to the specifications fcr plain
tarra;zo tiles in respect of method of manufacture and
backing and wearing layers

ll'2. IayW, Curing, Polishing oad Ftntshing:-Shall . tc a6
sposifisd in 9.2 and 9'3 except that the polishing of the tiles
and the chGquer Sroov€s, after laying, may be donebyhand. Special
care shall be taken to polish the grqoves in such a manner
uoiforB scction and that theit finish shall match with the
the flat portion ofthe tiles.

ll'3. Mcaswement M rate,-Shall bc epecifi€d in 10.4 aqd 10.5.

12. Chequered Tiles in Stair Treads.

ccD659l6 61
the mix of' 10.1. The t€rrazo tile shall be as specified in 9-1. asfor as

applicabl€. Tlre minimum finished thickness of tiles shall howeG
be 12 mm. The, finished thickness of the upper layer shall be not
less than 5 mm. for size of marble chips from the smallest

upto 12 mm. and not loss than 6 mm. for size of chips varyrng from
lhe smallest upto 20 mm. where the biSger sized chips are us€d the
titoe shall not bo less than 20 mm. thick-

l2ol. Chc.uercdTtlet,-Tfu spocificatioo$ fcr tilcs *aff U.ef
spccifod in 3GJ-ll-l exccpt in thc followinS rcspccts :-

(I) Ttrc length of the tiles including nosing shall

(2) The nosing edge oftho tile shall be rouoded.

(3) Thc minimum thickooss of the tile shall be 30 mm.

(4) The front portioo of the tile for a minimum lengtl cf ?5 nr.
sha11 tr"n grooves running parallelfrom and iocluding the nosing

the til€s shall have the normal chequcr pattern.
to 166 16slng and at c€ntres not exceeding 25 r.m. B€yond ttet

(5) Tho nciqg chall also havo tb sanc gcriaE lefrr(,ee
top.

12.2. Preporation of Surfoce od layiag :

or as spccified mix. The minimum thickoess of bedding
any placc shall be 10 mm. Bedding mortar sha1 bc

bc as specrfel .

timPed and corroctcd to propor lsvots. After layilt

346
\.

, 9.3.6. If any tib ic dimubcd.or drmsg:d, it shrlt be cfitttd or itscs *irtiqC (mt c$ccdisg 30 co. ia h'itht) eDd dado. Tho ana
66pci. pronerlfjojntBd and polichcd. - rball boctlcrdated in square uctr6,corrtct to two plsccs bfdccinsl.

,Whcrp the hcight of ritcs, skirtiog or dsdo does not admit of ftrll
cizo or ottror etandard size tiles and the tiles arp to bc cut (sawn), exra
ehall bo paid for the sane. In lhe case of dados, this cxtra,shrll t€
coufinsd to thc ar€a of the portion of cut tiles uscd.

106. lRarc.-Tho r8t€ shall include thc cost of all materials and
labour inplved in all the operations dqctibed above.

Extra rates sha[ be paid for risens, skining and portiotrs of dado
where cut (sawa) tilee arc us€d.

ll, Chdr*tdTile Fboriryz i

tl.l.Ctqdrcd ?i'&r:-The'tilee shall bcof nominal sizes irct
as 4 x 20 cm. ZS x25 csr and 30 x 30 cm. or of standrrd sizes sith .

cqual eidcs. The size of til€s to be used shall tre r s stc u r. in d.n \r ir t s 
*

or as roquired by the Execrrtive Engineer. Tte ccntre to ccrtrc
distance of ch€quers shall not bc.lese ihan 2 5 cm. and rct mcre tl . n
5m.



12.2.3,
(swan) to the size (along the

the cut edge is and used.

shall be

cement per squlr€
bnd sball be

as far as possible but
tread aod inany cases

skirtiog or dado and
Dot less than l0 mm.

fixed, these shall be cut
of the chequers where
th€ case of embedded

tihg totho sizc of trcnds *f;

SPECIFI@TION No.4l.

BE8T TERRACED rLooRINc
coNcRETE 12 mm. Crlvcrr

WITH BRICK ON EDGE,75 mm.
nasrlnr}{o l:3 ro BOTTOM

AND ON lOP PNBSSED T!I8S SET IN LIMB ITOBTIIR

POE.IIBD WTTS CBTGNT UONTAB I:3.

SPBCIFICATION No.42.

Froonro wrrs cnAvtr, 15'cm; rurca.

SPECIFICATION NO.43.

TEAKwooD rr oRINc 40 mm,Tffrcr.

1.1. I.S. i 361011966 and N.B. Code Parts V, VI
apPendix shallapPlY.

l.l. I.S. :21t9ft2 and LS. : 123711959 and I.S. :

shall appU.

true while the in the case of exposed edges

rubbod smcoth ensure a stBisht and ture

surplus cement grout shall

sp@ificadons shall be

of the treads trosing and
done by hand in tho same

Special care shall be
a manner as to get a

nosiog and their ffnish
portion of the tiles.

on stair treads shall be
places of decimal. Length

skirting, dado or all Palster
shall be measured from

or in thecase of
to the near edge ofthe

cost of all materisl sand
atrcvo.

6,3. Loyi,tg ,he brtcks.

6,9.1. Soakfrts of Brl&s.-Totedu&exocssivdsoction, th! bri4!
bofore boing laid shail bc soakod in clean water and thG'P atoxipd tq ;.

drain natil thcy aro snrfaco dry . )

Bxrnlcr FBou I.S. 576FW.

Code of ptctctlcc for lattne bumt clay brick fraotttg.

6.3.2. The bricke shall bc laid in plain, diagonal, herringtione

other suitable Patterns. The bricks shall either be laid frat

Damaged bricks shall not be used. Broken b,ricks

used in flooring 616ppt for closing a' line.

rri yII. of

I

oN EDGE 75 mm-
l:3 To rop

1.1. I.S. z 2ll9ll962shall aPPIY'

such rooms arE terra@

a slope

walls fof 15 cm. exoep

will be carried through
adjoining rooal iD cases

of the must be perfoctly levcl
is specified iostructed to be given by

flooring in set into walls

be paid for as and rtot as

tl

,l

ASSOCIAIION OF ENGINEERS

TAMl LIIADU PUBL1 C '/iC,iKS DLPiTRTi'lEl{T

OHEPAUK, TAORAS . 60 Cli'O5.
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12,4. M easurezrezrc.-Chequered

iosured in square metre correct to

shall be measured from the flnished face

as the oase may be, cotte,ct to a cm'

the outerodge ofthstread to
tho edgo tiles of the landing
cboquered stair treed tile.

and wide
the



4 Ftroor topping lrid
ovcr tho hardned
susp€rdcd slab.

5 Floor
over

8. Curittg z

topping laid
cushioninglayer

40

for f,oor toppings whoevq'abraison combined with impact is likely
to be severr:.

4.4. Mix proportions.-Mh proportion for the granolithic con-
crcto floor topping for difrcnt type of floor finish shall bc I :l :2
(Chmcot: fneaggreghte : coarscagglegate, by volurrc)

7.1. Floor Topping laid Mooolithically with the suepeoded slab.
Note (l).-lnthe monolithic mcthod of consinrc'tion the grano-

lithicconcretefloor topping maybe regardedas contirbutingto
tho struutural streogth of the susp€nded floor.

it shall be

ErrRAcr rnom I.S. 2571 --1970.

Code of practice for layhg tn stu cen errt corwrete floor*tg.

(First Revision.)

0. Forwqd.

giveo io Table 1. The coarse atgrogpte sball geocrally be of
ingsie:-

below.

@) Cementconcretetoppiog Graded from 16 mm and trelow.

8.1. Immediately after tho flooring surface is finished
protected from rapid drying, by erecting barriers against

of thickness 40. --
and above.

pared
b€ the

as

I

draught and strong aunlight. Assoonasthe surfacehad
sufficiantly to prevent damage to it, shall be k4t continuouly

Note Q),---T\e monolithic construction of granolithic concrete
for atleait teo days by means of $ret gunny bags,50 mm

ffoor topping presents certaio diffculties in construction due to otber of damp sand spread ovor thp surfaca or pooling watcr oo tho
activities, such as plastering of walls and ceilings, fixing of joinery, During this period the flooting shall not be cxposed to any
movement of scaffoldings, hddcrs, etc., which are litely to damage prsmaturo expo$rc to trafic witl lead

whicb cannot be satisfactorily repaired.
to damage to tbe

th floor finish.

7.3. Floor Topping laid over cushioning layer (.See Table 3) :
ilorc.-Where lime and good quality of bricks are not avilable

t l4 :8 ccm€nt conspte may be used.

'rrul,t 3-DrmENr 
"*#,ottf#X3:rtlc 

coxcxrrs

(Clauses 6.1., 62 and 7.1 t o 7,3).

W Number and Type Thicktuss of
floor toppirrg. granolithic Remarks.

concrcte
floor

topping in
mm, Min.

(1) (2) (3)

A. Floor topping laid over base corrcrete on growd.
I Floor topping laid 20 Grauolithic concretefloor

monolithically with topping shall bc laid' thobasecoocrote. 
HlrJ:*"r.,ylth the

0.2. Ir'eitu €smt aoncr€tc floodng coDsiS! ceecptirUy
ccmeot coocrete, and possesses good wearing properti€s aod
of easy cleaning and maintenance which makc it suitable
in houses, offices, schooh, hospitals and light industrial
Dcpending upon the arnouot of loadiog and the degec
resintaoce oeeded, the floor finish has to be laid in various
and a careful selection has to be mado regarding mix

and laying and Gnishing of ccmcnt concEetc flooring for
ratidactory Performanoe.

4.2.1.1. Coare aggregate :-Thc grading of gr&dod

g$flresate for cement coocrete flooring mix shall be within

2 Floor topping laid 40 Granolithic concrcte
sep-aretely on harde- floor topping shall be
ood basc concrete. laid separately over

specillly proparod
surface of set and
hardened base cone-. crete.

'a

B. Floor toppt rg ldd over susperdcd slabs.

'1, .

F'loor topping laid
mooolithically with
tho suspcodod slab.

l

20 ille graoolithic concrotc
topping shall !e 1ai6
end finisbed Dono-

). " 'l 
' ".

(c) C.ement cotrcr€t€ toppiog Graded from 12.5 oo and bctoe.

', .1.i, : ii
Under-layer of cement

nanks.
coocrete toppiog two

348

ExrsAsr Fnou I.S. 5491-1969.

Code ofproaicefor laying in situ granolithlc concrcte

fhor topping.
O. Forward.

The topping shall be laid
separately over tho
specially prepared
surface of s€t and
hardened suspeuded
slab.

Rematks.

(2>

40

Graded from 12.5 mm aud b,elow,
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Trnr.r l4rrsg Acorrorra
(Clawe 4.2.1.1.)

I.S. siere desigration. Percentage passing for aggregote of nominal size.

in
(1)

40

20

l6

t2.5

lo

4J5

2,36

mm. ,() mm. 20 mm.

@ (3)

95 to lfi) 100

30 to 70 95 to lfl)

12.5 mm.
(')

100

90 to 100

40 to 85

0tol0

Ccment coocretc
l:2:4 (ccmcnt.'6nc
aggregate.' coatse
stoac aggr€gateof
size 12.5 mm and
bclow by volume).

25 to 55

0to10

16 mm.
(4)

100

90 to lfl)

30 to 70

0tol0

4.2.1,2. Finc oggrcgatel-The grading of fiEc atg'rGisteforocm€nt

f,oobS mix shallbs withio tbcliolts of ooc oltbe tso qoDGs Siwn

io rntto 2. The 6nc agSrcgpto sb5l be al€lcribcd as fine ag8rcgatc

of tto gadi4 zonc ioto which it fEls'

Teu,r 2-Fnrr Aiiorroerr.

l.S, sicvc dengurion- ' Pcruntagc-by twtsht Possitts
,.S. td'w.

10 to 35

0to5

zone l. Gtading zona 2.

percentqgc by wcltht Nstinc
I.S. slcrcs.

I. S, sleve deslgnaiou.
Grading zone l. Grding zone 2.

(l) (2) (3)

600 oicron 15-34 35-59
' 3fi) micon 5-?o 8-3O

150 micon 0-10 0-lO

5,2. Mtx poporttors-Mir proportions for tho beso cosO aoil
lh toppiag for difiocnt typcs of 0oor fnich shalt bG rs sD.&it ih
Tablo 3.

Nsrr :-.So far thc practice had bcan to usc 1:2:4 caocnt coErtc
for toppiog for bondcd 6oish, but this nir is bciog ioccasinCly rop'
leod thGso days by l:21:3L mix. beceusc it gives much bctter uork'
abilig and 6oisb.

(l)

10.00

4,75

2.34

1.18

(2)

100

90-100

04s
30-70

(3)

100

90-100

75-100

55-90

(2)(1)

I

T.$r,r 3-Rrcoalr,trNptp Srrcutrceflons roR DIBERENT TYPES oF CBMErf coNcRErE rl.ooR FINISI|ES.

Ttpc. Sub&av. , U& aoncretc.

thickness. Mk.proportlon. Miaimumthickttuss Mk. proportion.
mfi.

(3) (4) (5)' (O

A. CONCR,f,TB FI.OORN.IG LAID OI/ER GROI,'ND.

tucotcolcrto 1:4:8
(oqmcoti firoslEr€-
gat€.'cours€ ltotrc
aggPl$c of 

'10mm aod below by
volunc).

Ccmcot concrctG
1:4:E (ccmeot, fitrc
aggtrc88tc.' coarsc
stonc) agSroSnto of
40 mm.and bolow
by volume.

Ccmcnt coocrcts l.'2
to 3 (ccrncntietooc
a88rpgrto of size
4.75 m'n andbelow
by volumc).

Remarks.

(7)

Ccmont coocr€tc
topping shall bc
laid mooolithic
with tho base
cotrar€Je.

In places such as
garrages wbere
wbcclcd trbfrc
@nrtl into cgo-
tactwith thP ffoor-
ing tho sublasc
sball havc a hard
coro ovor the
wcll rarnned sand
filling. The C-curent
concrctte toPping
shall be laid
monolithlc with
tha barc consrcle.

Thoroughly @n:
solidaEd Eiround
covercd with 100
to 150 srm. well
rammed (Pr€fcra-
bly coursc) sand.

100 mm thick bard
coro of wcll con-
lolidatcd drYbrick
or stone aggregate
bliodcd with
wrOOnUM (dis-
iotegratcd rock)
cr coars€ saD{l
iaid over wcll
rammcd sand
fillingof 100 mm.
tbick.

100

100

20

25r-A

4fi-345
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Trrr.s 3-RrcoM[8NDD sDScItrcArIoN toR DrrIB$rT TrDS! ol cn8.Il oox(tEtt noon f,6u83.

o)

Tyle sub-base. Base concrew

Minimum rtickness
tn mm.

(3)

100

r00

100

(2)

Stone ballast (,10
mm. graded aggre-- satcs) rnixed with
locally available
yellow or rodsoil
or soft Moorum
in l:I proportion
shall be compact-
ed to about 3fl)
mm. thickness and
thoroughly satura-
ted with water.
This surface should
be further covered
with another 2fi)
nrm thick laver
of soft MOORUtvt
or cinder or sand
and compacted
properly before
laying the base con-
crete.

Thoroughly consoli-
dated groundcov-
ered with 100 to 150
mm well rammed
(preferably coarse
sand.)

Mlx-proprtlon.

(4)

Cemeot coDcrttd
1.4.8. (Cement.'
nne agErlgate.'
coursc stonc
agSrcgatc of
40 mm. and
below by volume.)

Cement concretc
l:5:10 (Ceneau
trneaggr€gate:
coatsc. storic
aggregate of cize
40 rttm and below
by volure) (or
limcconcrete). 

-

Ccm€dt coocrcte
1:5:10 (Cemcrit:
fne aeEf€ggte..
coarse stone aggrt-
gFate of size 4{}lDtrr.
aad below bv
volirme ot lime 

-

concrdte.

,n
thlckngss

25

Under lerrr 25.

Topping shall be
laid separatelv over
specially prdpared
surface of set and

hardened base con-
crretc.

aggr€gate.. coarse
Eggregate of size
I2.5 mm. and
below by volume)

aggregate of size
4.75 mm. and below
by vloume).

-<r

Topptng.

Mlx-ptolottion

(o

(Imentconcrete I:21.'
3l (Cement; find

RemarLs

o)
I.B

(5)

m Cement conaete I :2 In the regions havinc
to 3 (o€mentstone expanslive soilE
aggregate of size like tbe black
-4.75rlmsad6s1o", cottoo soil the
by volume). subbase statt te

laid as d€scribed.
Thc topping shall
be laid monblithic
with the base
concrete.

III.' ' :Tltorou&ly consoli-:.-dated ground
covered with 100
to 150 mm. well
rammed (preferably

...,. coarso..6and).

Under-layer cem€Nrt Under-layer shall becotrcr€te, I:3:6. Iaidseparatelvover
(cGm€Dt.. fne) sp*lailv pre'Dar€d
aggregate coarsc surface- of - setItoreaggregateof and hardenedbase
siznl2.5 mm. and concrete. Wearile
bdow by volume. tavers 

-itati tfifr
be laid over thcgr€s surface of
under layer and
finished - 

monoli-
thick wirh it.

ry.

\ 
,wc*issrayerl5. ,ffiitm,

eggrqatc of size
4.Zj rnm and, below by volume).

Nom.-In regions baving expausivesoils,the subbag€shallbelaidasgirtOiot;pel-Bforboth Type II and Typc III f,oonng.

B. FLOoil. ToPPING LAID ovER STRUCTURiL/SUSPENDED sLABs.
:!11

l5- I C€mcnt concretc l:2
to 3 (Cement.. stone

Cement concrete
topping shall be
laid and finished
rnonolithic with
the structural slab^
For this purpssi
the t@ping shall. be laid immedi-ately after the
structural @ncretehas stiffened
enoulh (but is still
green) to allow for
thc workemen to
head over it bu
Olacing planks. -

u.



Sub-base. Base concrek.

tttclwss Mix-proportlon.
mm.

(1) (4)

vl

vri 50 to ?5 Lime concrete,

5.7 . Size of pwtalr.-Floor fnish shall be divided into suitable pancls

!o as to reduce the risk of crackiog. Sizeof the panelis governcd

by the thickness of floor 6nish, thc type of construction (monolithic
or bonded construoti,on) local conditions of tcmperature, humidity
and the s€asoo in which flooring is laid. For floor finish laidin
exposed situations or in hot and dry climates, the size of tle panels

shall be smaller as compared to the floor finish laid in less erposed
situations or in cold and humid climates; the size of panels fo1
integral floor finish canbelarger than that of floorfioishlaid
separately on the hardened basc. Generally, no dim€osion of a
panel shallexceed4 m in case of floor finish laidmonolithically
with the base concrete and 2 m in casp of floor fnish laid separately
on a hardened base; length of a panel shall not exceed 1 t/2timesits
breadth.

5.7. I The joiots ln the floor finish shall ex,teNd through the borders
aad skirtings. Ifthe skirting is laid monolithicwiththeflooring
,a border of about 300 mm width must be provideda roundthefloor.
the width of border provided around the floor when theskirtingis
not monolitbic withfloorfinish shall notexoeed 450 mm.

466-345A
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fru.r 3-lRrcorarrax{ro SpscmcllloNs roR Dlruruln ryr8s or cEUBttr CoN(BIG traor nNrsEE - onr.

TopptttS.
t-, - -- ,-_

Mtatrutm thlckru ss Mlx-progwtl oa.
ln mrrL
(5) (O

U r. Ccmeat cqcrGta
l2f :31(C.iemcot:
tn€ sggrqBBte..
@aI!€ stonc ag-
grqaro of rizc 12.5

Remarks

(7)(3\

Topping shall bc
laid directly over
tbe specially pre-
pared suface of
set and hanlened

Dm. and bclow rtructural sbb.,
by voluoc).

Undcr layer 2i. .. Under lnyer ceoeot Undcr laypr chFltooo@to1:3:6 be laid dir€Cili
(emot: frc cwr the spec{Atri
stgrqgrt€: ooallse gepalpd qnr
Stoneaggrrgarcof face of sct ad
sizc l2.5rnm and hardencd strue
below by volume.) tural slab. WeEt-ing layers sthll

then be-laid over
the green surface
of uuder layer
and fintshed mono-
lithic with it.

Wearing layer 15 .. Wearing layeroemeat
sDctEtg l:2 to 3
(Cement: stone
aSSrcgatoof size
4.T5mmandbclow
fu volume.)

Samc ag for V or YI Cushicning trayer
of lime concrete
shall be laid over
the prepared sur-
face of structural/
suspended slab.
Cement coDcrete
topping shall bo
laid as for V orVI. Lime coo-
crete shall bo
prepared aodlald
as per relevant
requiremehts of
I.S.2541-1965"
Code of Practice
for use of lims
concrete in buil-
dings."

5.7.2. Constnlctionjoints betwoen bays of the Soor finish shotrld
placed over any joints in the basc concrete.

8. Laying oncrete floorilg on growd.

8.1. Floor fnish ldd morcllthically wlth the hse concrete
(firish 6pes, I and I-A and I-B).

8.1'l Preparat lon o! sub-.base.

8.1.1.1. The ground or earth flling shall be ttroroughly compactcd
sothat thereareno loosepocketsleft aoy wberein thewhole ate
Thir shallthen becoveredwith clean sandrvell consolidated to r
thic&ncssofnotlessthaa lO0 mrn. Great care is neoessary in thc
prcparation of tto rubbase, as a s€ttlemcnt io the sub-base may caurc
thcfailure of the whole floor.

8.1.1.2. In situations, such as garages where wheeled traffic comes
lnto oontact with the flooring sub.base shall coosist of well compacicd
sand layer of lfl) mm thic&. and an adriitional I@ mm thici cE!1
compacted hard core of dry brick or stone ballast (40 mm size)
blindcd with Mooram disintegrated rock or coarse sand.

8.1.1.3. In thc case of expansive soils, like Uack cottolr soil,
stone ballast (,O mm graded aggregates) mix€d with locally available
ycllow or red soil or soft Moorum in l:l proporticn shdl bc
compasted to about 3fi) mm thickness and thoroughly saturated with

!
&

.np"
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watcr. This surfacc sbourd bc furthcr cov€r€d with aootbcr 200 mm
tbic& layer of soft Mooraal or cinder or sand and compoctd
properlybeforclaying the base concrrete. Speciat care is necessary in
consoldation of the ground as othe.rwise 

'the 
settrement of sub,base

may cause cracking of the whole floor.

8.1.2 l-qlne ile bass.-:ly. area to be paved strall be divided into
suitable paaels keeping in view rhe limits specified in 5.7. This
shallbedone by fxing screedstrips, tneOepin of which shallbe
egual tothecombinedtbic*ness ofthe base concrete andthe topprog
Before being taid in position the screed strip shall preferabli be
coat€d with athick coatoftimcwash .o 

"rto 
preventthem fromsticking totheconcrete deposited in ite pui,-efs.

8.1.2.1. Before placing the base concrete, the sub-base shall be
properlywettpd. rheconcrcteshallthen be deposited between the
scrced strips thoroughly tamped aod tbe surface screeded unifomly
bclowthedcsired ffnished gradeofflooring to acommodate therequired
thic,knoss oftopping. Any slopedesiredin thefloorfnish shallbe
givi:n in tle base coacrte. The surfaces shall not be fnished smooth
but k@t rough to provide adequate bond for the {opping.

. 8.1.3. Lqying the topping-On the clean, green surface of the
6ase concretg the toppin! shall be ptaceOin position as sooo as
possible but generally not laterthan two ortbreehours oflaying
the base coocrete depending upon the temporature and the atmoJ
phcricconditious. Thebaseconsreteatthetime oflaying thetop-
ping shallbe still green but suffciently firm to enablethiworkmin
towork overitby placing planks onits surface.

8.1.3.1. The consrete mix for the topping shall be deposited on the
base concretein the soeed strips already laidand theroughlycompac
ted to the finish€d thic&ness. Glass or aluminium strips mai te
providcd for cffective separation of panels aod to provide straight €dgBs
and comers for the panels where good workmanship is r€quir€d.
The mix for the toppiag shall tre stiff enough to p6v€Dt accumulation
of aoy excess wat€r or laitance oa the sufaoe. If water or laitance
rises to tbc surface whea consolidating (which indicates tbat too,
much of wat€r has buq y"0 in the preparation of concretethe
cooprete should pleferably be scraped -O rd oa Uy a fresU iii
If it is d€sired to absorbsurpllBwaterforany reason,itshouldbe
mop@ up; it should oo no aoeouot be abaorbed by spreading dry
ceo€ot. The toppiug shall then be floated with a wooded Aoat to
feoderthesurfaceeven and after the zurface is slightly hardened it
sba[ be finished snooth as described in 8.I.3.2.

8.1.3.2. Finishittg the surface.-Nter the coneete has been fully
compaded tt shall be finishJd b-y trowelling or floating, fnishini
operations shall start shortly after the compactioo of concrete an[
shall be spread over the period of one to six hours depending upon
thc temp€'raturc and atmospheric conditioas. The surface stati te
trowc[€d thrcc times at intervals so as to produce a unifol m and hard
Surfae. The satidactory resistanoe of floor to wear depends la1.gply
upon the care with which trowelling is carried out. The object
of trowelliog is to producc as hard and close knit a surface as possiblc
Thc timo ioterrral allowed betrveen suooessive trowellings is very
impodant. Immediately after laying only just suffcient trowe[in!
sha1t bc donc to give a level surface. Excessive trowellin!

. in the earlier stagBe shall be avoided as this tends, to wort a layi
rich io cement to the sutface. Sometime, after the first trowelling,
the duration depending upon the temp€rature, atmosphqic condi-
tioos and the rate of sct of oemcnt used, the surface shall be retrowelled
lo cloee any pones in the surface, and to bring to sutface and
scrap ofr any excess water in conqrete or laitance (it shall not
be trowelled back into the topping). The final trowelling shall be
dooe well before thE @ncrete has become too hard but at such a
tin€ that considerable pr€ssure is required to make any impression
on the surfaoe. Trowdling of a ric,h mix of dry ocment and fne
aggrBgte on to thc surface shall oot be permilted.

8.1.4. The basp concrete and the toppiog shall belaid in alternate
panels- tbe intcrrrediate panels beiog filleil inafter one to two dbys
depending upon the tenperature and atmospheric conditiong. The
screod strips should bc rremoved the ncxt day after the concrete has
beea dcpositcd in tbe yanels and the 

"i* of panels sball be
e-x11i1ed for any honey combing or undulation which, if found
yhall bo repaired straight and smooth by ce,ment mortar. If thc
intermediate pancls are oot to be fined the next day the screea strips
shall then be cleaned and put back against fu 

"dg* of p"rref,till the concrete in the alt€mate panel is to be deposited. When
the concrete is being depooited in the alternate panels the screed
strips shall be rernoved. When the concrete is being ca6p}a6sd ia
new panels, care shall be taken to avoid damage to the panels
already laid. If glass or aluminium strips *" proiid"d fo, "fiJiiseparatiou of paoels the base concrete and the topping may be laidin all the panels simultaneousb

8.2. Ftoor fiaish latd sqnrately or hardened concrete basei

@nish type ID.

8.2,1. preparution of sub-base-Tbc subbasc sha, bepreparsd asdcscribcdinS.l.l'1, 8.1.1.2 and 8.1'1.3.

8.2.2. Lafing the base concrete_:flhebasc concrete may be deposi-
tedin the wholeareaatastretch. Before placing tb"".r"r#;l;
sub-base shall be properlv wetted and rammed. rt".oo"r"t" ,iiii
theo be deposited between the forms, where necessary, ttroughl,
tampcd and the surfac€ fioisbed lever with the top eoges or tue roilJ
The surface ofbase concrete shall be left rough to provide 

"O"q*i;bond for the topping' Two or three hours after the *o"rtoGi
been laid in position, tbe surfac€ shall bc brushed with a hard ini$
to remove atry scum or laitance and swcpt clean so that the coarse
aggr€gate is exposed.

8.2'3'WinS tle topphg.-fuforcthc operation for laying thc top
ping is sta,rtcd the surfaoe of basc concrrctc ahal be throqhly -"G*i
ofall dirt, looac, particlcs, cakcdmortardroppings, and laitae
if aoy, by scrubbing with coir or sted wirc UrusU. Wterc iie
co1crete has harilened so much that roughoing of surfacc UV wii
brush is not posiblc, the cntirc surface sball be roughened Uichipp-
ing or hacking. Bcfore laying thc topping, the surface stal bc soaked
withwater, atleastfortwelve bours and surplus watershall beremoved
by moppingimmediately More thetoppingislaid in position.

g.2.3.1. The screed strips sball be fted over the base concrete
dividios itintosuitable. penclsasrccommendedin 5.6. Thescrced
stripe shall be 8o arrangBd tbat the joints, if ann in the base conc'ete
shatl coincide with the joints in the topping. Before placing the
concrcte mix for topping, neat cem€ot slurry shatl be throughty
brushed into the prepared surfam of the base coDcrete just ateaA
of the finish. Thetoppingshalltheo belaidvery throughly t"-p.4
struck off level and the surface floated with a wooden float. The
surface shall bc tested with the straight e9ge aoa mason's spirit tewl
to dctoct any inequalities in thc surface which, if any shall bc made
good immediately. The fnish shall be laid in alternate panets as
d€scrib€d in 8.1.4. for topping laid monolithic with the base concrretc.

8.2,3.2. Finishingthe sarlace.-4foe surfaceshall bc fnished ar
given in 8'l'3'2.

8.2.4. LOine the topping in two layers.-Where the topping is to
belaid in two layers to obtain verysmooth anddense ftrish (rce
finish tlpe III, Table 3), the subbase, base concrete and under la1,er
oftoppingshall be laid as describedin 8'2'1 to8.2.3 withrhc cxcep-
tion that the surface of the concrete in the under layer of topping rhall
not be finished smooth with a trowel but left rough after taapiry
it with screed board.



8.2.4.1 Thetop 15 mm. thick wearinglayer of mix I :2 to 3 cem€nt

€onqrete (depending upon the quality $ finish and abrasiveresis'
tance desired) of consistency stiffer than that of und€r'layer concrete
shallthenbeimmediately laid over the rough but greensurfaceof

under-layer, and throughly tamped struck ofrlevel, and thesurface
floated with wooden float. Thesurface shallthen be tested with a

-straight-edge and mason's spiritJevel to detect any undulation in the
'surface which, if any,shall be made good immcdiately. Thesurface

,shallthen be 0oisherl smooth in accordancewithS'l'3'2.

9' Laying floor tonpW on swpended slabs.

9. l. Floor topping laid monol ithically with the structural/suspended

slab (Finish tYPe IV).

9.1.1. Theform workforstructuralslAbshall beerected to the

toisb€d thickn€ss of foor finish. Stfuctural ooncrete shall be

depoeit€d in the forms, throughly consolidated and surface finish€d

tdow the top edgp of the form to accomlnodate the required thic*'
aess of thetopping. Any sloperequircdin thefloor fnish shallbe
rfuenln the structural concretc itselfj andany laitanceor scum

imft t" brushedawayfrom the surfapdof@ncr€te whenit isetill
ge6n. The swface sball not be finishcd smooth but kept roug h to

-prwfdo an ad€quato bood for thetopping'

9.1.2. On the green surface of the structural cotrcr€te, topping, shall

te daoed in position immediately- after-lhe 
- 

structural cotrcrete has

-stifleo€d eoough (but is still plastic) to allom' for the workmen to tread

over it by piacing planks. laitance and foreign matler, if any, shall

Ua r€moved b€fior€ the topping is placed it position. The topping shall

be throughly €mpacted and screeded to thc finished grade. The

.nir for the structural concrete as well as the toppiog shall be as

stiE as possible cansistent with workabilityso as to prewnt accumo'

aatiooof""cersofwatcr orlaitancee on the surface. The topping

shall then be floated 'vvith a wooden floaQ to ronder the surface even

Aftcr the surface is ligbtly hardened, it shtll be finished in accordance

{ith t'l'3'2.

, 9.2. Floor toppiug laid dircstly over the hardcned, structural/
euspcnded shb (Finish types Y and VI).

g.2.1. Prcpaiation of surface of structufal surpended slab.-When
-thetoppingisto belaid separately but dlrectly over the structural

*lab without any cushioninglayer, thc structural' concrete, 3 to 4
'tours after its laylng intheforms, shatl throughlybrushed with
a coir or stel wire b,rush to rqnove aay scum or laitaace and swept

clean to expoeethe coane aggfegates and leave the surface rough.

9.2.2. IAIiW toppt8.-Befote the opefation of laying thetopping

ir rt"rtudth"srufape of structuralslabshplt bc throughly cleaned

ofthe dirt,loosepatticles,cake mofrar droppings and laitance,

if any, by scrubbing with coir or steel who brush' Where the concrete

has hardenedso muchthatroughening ofsurfaoe by wire brush is
oot possible, theentire surfaceshall bc roughened by chipping
-or hclcing.

S.Z.f. tne scceed strips shall then bc fixcd over th€ structural glab

.dividing it into suitable panels as recommodcd in 5'7. Immcdiately

tofore dqositiqg the cotrcretc for the topping' oeat cement slurry
shall be throughly brrshed into the prepored surface of the struc'
,turalglab,just aheadofthe floish. The toppingshaU theo be laid
4horuughlytaroped,struck off level and surfae 0oated with a

wood@ floet. The surfaceshallthenbettsted with a straight'edge

atrdmasotr's rpirit levelto detect any inoqualities aud undulations

rin urfaco which, if any, shall be made Sood immediately. The

dnishrhall be taid in alternate paoels as decribcd in 8'l"l and olher

3s3

layingand 6nishing operatiouihallbcdonc ar in 8.2.3snd 82.4f
dcpcoding upoo whctherthetoppingistobclaid io eingle or two
taycn.

9.3. Floor topptng latd oler crtshionlng ktler oJ llme corbrete .

9.3,1. Prepring the tub-ltoor.-Before laying the limc cotctetc,
the surface of sub-floor shall be thoroughly cleaned of
dirt,looseparticlesandlaitance (in case of RCC elabo) by scrub-
bing withsteel wirebrushe. Thcsurfaceshall then be thoroughly
clcaned and soaked with water overhight and surplus water rqnorred
by mopping immediately before lime coacrete is laid in position
On the clean damp surfacc of subfloor, lime coacrete shall then be
evenly spread between forms,if n€cessary, thorougftIy tamped and
lovelled. Io the preparation and laying oftime concrete the relevaot
provisions of I.S. 2541 -1965 shall as far as possible, be followed.

9.3.2. LoyiflS the topping.- Before laying the topping, surface
of lime concrete shal I be thoroughly cleaned and prepared as reqom-
mended for base concirete in 8.2.2. and 8.2.3. immediately before
spreading th€ concrete for topping, the surface shall be brushd
witha thitrlayer of neat cemeot slurry. The topping whether
in single or two layers shall then be laid as given in 8.2.3 and 8.2.4.

ll. Curing z

11.1. Immediatelyafterthe flooriag surfaceis finished, it shall
b€ prot€cted from rapid drying by e,r€cting barriers against wind or
drought andstrongsunlight. Assoonasthe surface has hardelrod
sufficiently to pr€vent damagc to it shall be kept continuouily
moist for at leasts ilifteen days by means of wct guaay bags,SO mm
thick layers of damp sand spread over the surface or pooling water on
the surface. During this p€riod the flooriag shall not be expoecil
to any traffic. Regular traffic on the floor should be allowed onl;
aftcr 28 days.

ExrRAcr rnou I.S. 1443-1959.

Coile of practice for laybg aid fuishing of ccment concnstc
floortug tihs.

7.2, Completion of preceding work.

7.2.1. Allthe ingide walts, ceiling and outside qra[s shall bo
plastered and door frames and windows fixed in place. All hoar5r
work in the room shall bo completed.

7.2.2. The sub-floor shall be fnished to a reasonably true plane
surfaceabout 35 mmto45 mm bclowthelevel ofthe fnished floor
properly graded and free from loose earth, dirt or dust and lumps.

7.3. Beforethetiling work is started, alt points of lwel for thc
finished tile surface shall be Eututd or$. Thig is particularty
necessary in the case of fioished staircase buildings.-Wherwcr slopo
in finished floors are desirod, pointr of lewl and outlets shalt be
correctly marked and outlct openings made beforehand.

7.4. Protection against ilampnesr.--Ifherever rr is feared or suspeo.
tod tbat dampnes$ may percolate on th€ top of the subfloor or baso
during any time ofthe year,the sameshallbe treated or covcrod
with any of the reoognized damp-preefing methods to prev€ot
dampness or water occuriog on the top of the sub,floor or bast.
Whereit issuspectedthat watermay percolate fromthe side watt
the same shall also be properly water proofed up to at least 15 cn,
(or 6 in) above the level of the sub,Boor.
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ii g. BeddWl
': 9.1. pngorotion ol nnrur.-Lime mortar is definitely pre.fc-
ableto ccmsnt mortar for preparing the bed ofthetiles.

9.1.1. @rc shrllltc taken in the preparation of the mortarto' qrsu€that thcrcarc no hardlumpstbat would interfere withlhe
wen bedding of thetilcs.

' 9.2. gprailtttg.-Beforc cprcadrlng the lime or c€mcnt mortsr,
tlo sub,floor or base shallbccleaned ofall dirt, sc11p orlaitaacc,
'and of loose material and then well wetted dowtr wittout forming ioy
Vatcr pools, on the gurface. In the cas€ of reinforocd ooncrGte
f,oorc, thetopsha[ b€left roughand thesurfacesballbcrcourod
wlth brush or broomstick while thc base conqete is grcco. T.hc
oortar shall then bo ovenly and cmoothly spread ovcr- the borc by
tho uso ofssrccd battcns. Thethickness of tUis bedding sball
normally benot leosthan l0mm (or 3/g inch) and not morethan
20 m- (or 3l4in) inany placc.

. Screeds properlylcvelled, shallbe fixed at thecorrcct heightto
out the thicknoss of the ecreod bod. The lime mortar shalr ue sprcad
cin thesub'floor or baso andrq,ellod witha sqre€ding Boarrl. T,hc
slightty rough surfac€ left by tho e.need.ing board formi a satisfactory
koy forthetile$.

, wherever big aroas of floor are to trc tired, the levcl of the ccntral
Jrortiol of tbo floor shall be kept l0 to 20 mm higihcr th.o the lwel
marked at tho rralls (depcnding on the size of the hail), unles rpoci-
0od otherwis'. rhis is normally done to aviod the olticat illusioa
of a depressiou in the ential portion of the tiled hall.

The actual Exing of the tires may being after the beddiag Dortar
tas become sufrcientry hard to offer a fairly rigid cushion for thc

: tilcs and to cnabre the mason to place a woodeo plant across aad
tquat on it. The fixing may be done on th€ sama or the next dly.

10. Flxlttg.

' 10.r. Ncat cement grogt of the honey like consistency shau bc

i accommodate about 20 tiles. The tires shafl be fxed in thie grout
one after the other, gach tile bcing gently tapped with a woodcn
oallet till it is proporly bedd€d and in lever with the adjoining ti6.
The mason shall keep the joints as close as possible 

"oO 
io .iraightii lines. The joints between the tiles shall normalry be r.5 m- 1ort/10 in.) wide.

10.2. After the tiles have been raid in a room or the day.s fxiag
work is completed, the surplus c€mcnt, grout that may have comc
out of the joints, shall be cleaned ofi, generally, witb saw dust]

10.3. The day after the tilcs have been-fixed, the jornts shafi-bc
re-filled with oement paste or grout of rhe same oi 

"ppro;."t", i1*::i":,",trru:,J*f*if ;',lli!li,:qi1'"JiliijH*Ti
. a Eoc,El and any roose cement, dirt or dust in the joints lurr u",removed. The freshly lhid ponron of 

T:r.r?, bedding ,n"fii'" O*-ented from damage by providing suitable Uat ira--aing..*

. 10.4. Tiles which are fixed in the_foor adjoining tbe wau sharrgo about I0 mm. (or I 12 in.) undcr the plaster, rt irting oi ia.o a,

rgreement between the tile layer and rl: *"1t ptust"ring-conl"actor
the wall plaster may be left unfinished by about SO mi, 

-i..] '
abo ve t he I evel of thi propos"a noi.t .ii I;.j #i ;""0H' 

"tffiri:l. strip may be plastered rater or after the tiles are n*.a uiliorirn.a

i -. 
l0.5..Geoeralry, where tile flooring is.intended to be usedr th€i dimEnsions of room erch wav .uv 

-rr." lSienea to be mffics ofr rile dimension centre to centre of joints. In cases wiic tne

dimonsions.of the room may not possibly be adjusted to be a dulti-
ple of the tile dimensions, a frastionat tile may be used to ffll-thc
s^Dacc. Whea the crtra spdce is less than 25 rnm. (or t in.) it may bc,
filted with a mortar of equal parts of sand, marble cbips and cement,-
oloured to match with the tiles.

10.6. After fixing, the Eooring shall be allowed to mature undh-
turted for seven days so that the beddiog acts properly. Aftef-
this, it may be used for light traffic. Heavy trafrc shall not bc
allowed on the floor for at least 14 days after 6xing the tiles.

ll. Pollsfing,

I l.l. Polishing of the tiles shall be commence.d ooly after the floor
as well as the joints have dried up.

11.2. Polishing may be done cither by hand or by maohine.

ll.2.l. If polished by hand, the tiles shall first be thoroughly"
wctted with clean water and rubbed down with a suitabte potishiaf;
stono evenly and without ecratching tbe surface. Thereforf
the floor shall be washedcleao end again rubbed h8rd with felt and
slightly moistened oxalic acid powd€r.

11.2.2. When potishing with machine, carborundum stonesof thc
followiag grit shall be used :-

(a) For levelling (usually done in thc fsctory. 24 to.60
Also sac 12.)

(6) For secood griading (for removal of 0lling 120 to lll&
of plaster on the surface of the tile).

(c) For final grinding 220 to ljiF
Sufrcient euantity of water shall atways be ussd whea potishia3:

wlth machine lo prevcot scrErchin&

11.3. Aftcr polishing tbe floor sball be very carcfully washed dcaor
and drled. When dry, the floor shall be covered wiih oiHree, dr1,
gaw dust which sball bcremoved only afterall the constructioo *ori.
such ac paintiag, diste,mpering Gtc., iD the area is foished, and juoi,
bcfore it is ocpupis6, while rcmoving the saw dust, finer pofisf nai
be obtaincd by running the floor machincs fitted with bessiao bo&
or felts until the floor shines.

11.4. Terrazo tiles shall ordinarily be polished by machine as ia,
11.2.2. but for small areas or if circumstances so roquire, as in tha
caso of wall-tilingthcymaybcpolishedbyhand as in ll2.l. ptais
cement tiles may be polished by hand or by machiae.

11,5. C,fuquered or grooved riles.-These tiles, whether plain o'
terneizo,shallalwaysbe poliehed by hand as in ll.2.l. ttachine
polishing shall not be used as it may damagc the embosed oi
chcquercd portions of the tiles.

12. Laying of rough ttles.

12.1. where tiles have been suppried and fxed inroughconditioc
(aot ground and filled by the manufacturer), the fiist grinrtiag
shall be done at about seven days after fixiag the tites. 1 Aoolr
sutfacing machine with carborundum stones of 2t1. to 60 girt sha&

. be used and the tiles ground till the eross section ofthe maiUh c6ipror graias are suffciently exposed. Thereafter, thc floor sbettt
tfurougll.v washed and brushed so as to remove any toose parq"f,
or dust from the pores andjoints ofthe tiles.

L2.2.The pores and joints shall then be filled with coloured cenrent
i:asteor grout, as the case nray be, the colour being as far as possibG
ol the same shade as of the matrix of the tires. rne nrring stra-li-d
rlrmty rubbed into the surface of the tiles so that aff tm ioies'aircll and properly 6lled.

*
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r2.3. The filling shall bc kept moist folltwo days and thcn allovod
to dry for eight days. Tbereafter the tile sball be polisbod as in I I .

13. SW lhtg. dado work, s t alr case t read work, e t c.

r3.1. Tho skirtint, whorc required, shall be fxed only after layiag
{hc tilesonthcf,oori trftilesareto bcfxad on walls (dado worD
theprotionof thewallto be'so tiled shall beleft unplastered. Also,

'dado work shall be done only after fixing tiles on the 0oor.

13.2. Before Exing tites on brisk or ootrcrete wall the wallsrufacc
:shall 6rst be wetted with clean water. There after, it shall be

"ovenly and uniformly covered with a coating of limc or cement

mortar about 20 mm. (or 3/4 in.) thick. Bdore the cuhioningmortar
teq hardeneC, tpe back of each tile to bo Sxed shall be covercd with
a thin layer of neat c€ment pastq and the tile shall
{hen begently tappod against the wall with a woodm mallet. Thc
{:d4 shall be dong from thp bottom of lhe wall upwards. Each
titc 'stalFbe 0rod as close as pcssible to tbe ooe a(ioining and aoy

difierence io tbo thickness of the tiles shell be evenod out in the
€uihiotitg octtaror ,codgn! pAste so that |ll the iilc faces are sgt
rir dodormity wfth oncanother.

13.3. lVhprcv.er possilbe skirtiryE aed {ado shall be ground and
'polishcd just as for floor work with machinc suitable for the purposo.

SlirtioCr and dado may alse be polished by hand.

13.4. Prccast trcadS dnd risers for stairclses shall be bedded and
'Bolished as for flooring.

trcstles,laddcrs, stops, etc. , have to bc used for cletriclans, plumber'c
atrd other light wort it shall bc arragcd that patrs in codact witDd.
ttre flooriag are badded by the contractor doiog such work and no
sliding of the appliances 6a 1[6 Ginisft€d f,ooring tu. p€rmitted. The
owner shall also take care, when thc floor is used. for subsequent
operations, that staining, damaging or pittiqg of the tile workis
ontirely prevented.

16.2. Subseguent maintetance :

I 6.2. I . Cement tile floors shall be daity sriyabbed with clean water for
atlcast tbree months after they have been fixed and polished. If
they are very dirty, water and soap may be used. Care shalt be
taken to remove any soap film deposited in washing, as failure to
do so will result in the floor bocoming slippery and dull,looking.
Use ofsoda, acid etc., shall be avoidcd.

E:mRAcr rRoM [. S. 367f-f965.
Code ol praclice for constructlon o! tlmber floors. ' r , i

4. I{atcrbls: '' 't "

4.1..f Spccies of timber recomrended for usc of floor boards
shallbethose specified in Appendix A. Speciesof timber selected
forgirders, bindersand projecting joists shaltbc tlps€ spccified
in Appeudix B

4.I.2. Timber selected for construction of the fioor, nam'e$, boards'
and tbe supporting members shall conform to the rcguiremenfr
specrfied in Appendix C. 

_

?. Conslrucrion:
T.l. SlngkJotstedfbont ,,'r, n ,,,,

7.1;t lniflgitrg jei$ts,ghall be.laid ro surport:the,floora. Thc
maxim1r#l{nrn of.the joist shall r1ot exeee*Xd.m. :

Thc nrlomum,width of bfidginS',joists shall,irot be less than 5 cm
and shalt have the ratio of depth to breaCtti'bail,ie'ii 3 and'4. These''
shall be designedstrong enoqgh and sballnqt,ddaq morctbn 11360
ofthe span.

7.1.2. Sbtgle jolsted floors ot groand larel*Whilelafing suci
f,oors th.e gteps as given in 7-l-2-l to 7-l-?-7 shall bc adopte.d.

7.1.2.1. Thearea below the floorsehall'becteaned. of vEgctation.

7.1 .L2. The cleare'd area shall bc evenly sprEad and spade,inishod
15 cm. sith a layer of cement concrete l:3:6. (l Cem#t,; 3 sand; 6
coarsc algrggatg gf 19 mm gauge).

Iloaey tornbed.slecper walls or dwarf
(12 ctb):thictness midittum Uint a't a
to 2.5 m.

walls shali be of
maxlmum distancc'

7.1.2.4. Air space shall be provided in

35s

13.5. Thelayiils and
ddne slrtiilat to ttet ot'

'ri'r : '

polishiqg of tiles for external paving shall be
ofdinary flooriqg.

_three 
ponths of dailycleaning.

have come to the surface and
trouble drom this cause and the

I

14. Cleanlng.

ll.l. Upon conplefioh pf tiling work in.each portion of floor 6r.
frll, as tle case may be, all unused..s.trfplus'matirials, rubUishi
dcbris, etc., of thetiliqg wdrk Shbll Ue re'to{eA awayfroii the finished
,sBrfrpo. Th. fiopihclulork shall be thoroilghly; craaicd with cnter
rsing a scrubbing brrsh, coarse cloth oi broom. Aulds, ha'f*:
abrasive cleaning powers or steel wire shall not be used under
,trormal circumstanccs 3

lS. lppcarzryg :'

fS',f. ihe f,obhg6 f,dor stall fiave 
'inl 

even, smooth eurfage.
ft sball ntt be wared with a vierr to incrcasing its gloss. Jbints
thall be filled and set in correct.aliqameut.

litprs (l).-NoFrUf rlt fte,hlylsid tilofloon anddado'work may
lbow efforesc€ooa cven dter the tilco are polfuhod. llhia may bo
particularly noticeable in plain tile floors.

'tho tiles or of tbe Euished floor;
This moy not affect 7.1.2.3

the quality of the seme may.acquire half brick

I beautiful, natural sheen after two to apart of2

n{

When all the salts from the cotrcrete
,are washed off, there will be no more

the interfiediate walls to
deail spots by providing

foor will require less work for
lbeen used, their oatural gloes will

li{otet !.-Hri holes'mev also apDgar in {he finished flooq. Tiny
oir cells, which may be ibo small to be 6lled, may be sometimes

openod up in tarroa tilcssn acoount ofthe'pqlhhing proccss.

Ni/rr 3. -Variations inay occur in tdgsha{esof cerncnt wd ia t[g
oatrix, in the colour aad shade of th€ msble chips and in the
dirtrih{ion of,ths chips ovcr the'tilcs; Within limits, such varia-

givo maximum cross verttilation to avoid
honeycomb @Dstructions.

7.1.2{'. Tho vemilarod space per liaehi merrdbf<iutCrfoundatioh
walls shall be provided as given below:

its upkeefl. U quality tiles have
improve with age and wear.

Cllmate
(l)

Very humid

Syce
requlred. Climate.

Mild
Dryclirnati

Space
regutred.

(2) (l) (2)

cmt :

45 il
22 ":;tbsfray add to the phhract€f, and rttractiveness of the overirtl Humid

cohur aod dcirp' 7.1.2.6. Proper crdss ventilation shail be provided under the .

16. Malntemnce f,oor by means of air-bricks or honey combed ventilators i;;rd..;;
16.1. Carelnnudiarelyafterthe work z I avoid condcUrafioo of mokture Comihtst"iln the undcrneath or

16. r.1. Aner{atng. the noor shau be aro*od, to remain crean and , :H:t*ilH' .Hi,iilTJ[fT[j:"il1:'il:ti,:[Hfl1i]
ffco from cemeiit, oil, paint, distemper, plister,droppi4gs and odl be covcred with wire guaze or other such effectual metioO. i6. '

Gatcrials likely to stain or spoil the tilcs. If appliances, such as, avoid cotry of rcptiles, rats, etc.

+
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7 ,1.2.7 . A mimum of 30 cm . floor space shall be provided betweco
thc underside ofcveryjoist or girder ofthe ground f,oor and thc top
surfacc of thc ooncrcte or the level of floor below.

7,1.3. Stngle Joisted apper floors.-\Lhile laying such floors
otqps as giveo in 7.1.3.1 to 7.1.3.5 shall be followed.

7.1.3.1. Bridging Joists shall be ptaced across the shortesl
8paD.

7.1.3-2. The joists shall rest oo wall platos. No wall plate shall be
built into solid walls as it caus€s dccay. Whcn joists are built
into walls without wall plates, tho cnds ofjoists bcddins into the
wall shall be treated with suitable prcservative.

7.1.3.3. Where tho spa.ce betwccn thc bridging joists is greater
tbao 2.5 m. struttingshall bcprovidod betweenthe joistsin continuous
rows at iatervais of not more than 2 m. apart.

7.1-1.4. Strutting sball normally be of herring bond type, the
minimum sizc of mcmbers being 5 x 3 mm. Solid strutting, usually
provlledfor hcary floors, may also bc provided. The dcpth of
ctruttiog mcmber in thc latter casc, shall be threfourtbs of the
dcptb ofjoist and brea&h shatl have a ratio of one-thrid to one-
foruthto thcdcdh.

7.1.3'5. Tlimmiag or framing of timbers, arouad the openiags
inlOors rhall coasist of tri;miry joists, trimmer joists and
aimmcd joists 0ttcd by mcans of tusk tcnon joints.

7.2. Ira& futstcdfloors z

7.2.1. This tlpc of 0oor rhall bc edoptcd wbcr€ $pan of bridging
toints is morc tban 3.5 o but le$ than or cqual to 5 m.

7-2.2. InW otlu.-Thc floor shell bc supporrcd on bridgins
iristr which, h turn, shrll bo eupportod oo bindc.rs. Iho Undon
rhall bavo a maximum rpar of5m. Thcsc oheltmtbef,eccdovcr
door, wiodor opcoinCg unlccs supportcd by lintcls or bcamr dcsig.
lod to support thoinqlnbcotlord.

7. 1. Ttl* loistcd lbts ot fmtmd ttort t
7.3'1. This typo of 6oor shall bo adoptod rherc spen of bindcrs

crcetdr 5m but trot Gtroodiag l0 E.

7.3.2. Layrq of f,frr.-Bridging llisa shell bc supportod oa
bindcrs which lo turn shall rcst oo timbcr girdcrs.

7.3.2.1. Tlttfiq gfu&rs.-Thc girdcrs gha[ bc leid along thc ehort
span, and sball be plaood at a maximum spaciag of 5 m.

7.3.2,2. Blnders.-:thx rhall bo $pportod on timbor girdcrs and
rhrll !s lointcd to tho by tcoon joints. Tbc llnc of bindcrs in
oacb scatim shall bo b!o[@ to svold taons coming dirccilly oppositc
to cacb othor and thw wo&cnlog tho sdion.

7.4, S&drlrrbc?tlmrr.
7.4.1. Thir typc of 0oor colsirtr mainty of a otb-loor of ococot

couoctc and -ain 0oor of timbcr plaott.

7.1.2. Lqlag olfuots.-The layiog of Eoor shtfl bG ca,rriod out
rs followr :-

(al Sbfuor.-lt usually aomists ol ccmcnt concrctc f,oor end
rhatl havr a thicLocs of 5 to 7.5 cm.

" (b) Yoodenfillat-Wha tho ccm6t colscte gub.foor ls
dill sct end has not act, tinbcr fillcils trcetod with plccurtivec
g1do from heart wood of hardwood cpccics of soctioa l2.jx4 cm.

"$Ell bc laid Aush with th€ top of subioor. For f,oorr rhcre
Orlodng ofrect is dosircd, for cxamplo, in dancc 6oors, tto timbtr
0llcts shafl be raiscd by about 8 mm. abovc thc tcvct of sub.floor.

Tho 6lhtc shatl bc laid ebng thc chort sBn, sFsd d) cm. aprrt
ocotrq to ccotrc, end rhall bo cmbcddcd minimum upto opthird
of thc dcpth of [b8oor to protcct ttc tlmbc, ptankt from the damp-
un.

(cl Mainfloor.-It shall be of timber planks oot lese thn 2.i
co. in thickness and shall be supported oo timber fillets.

7.5. Purpose made floor.
7.5,1. These floors are primarily hollow floors with bridging jois6

and bioders, etc., and are c{rnsfuAed for specific purposes. These
aro generally constnrcted for following purposes:-

(a) Skatingrink floor ;
(0) Badmintoo floor ; and
(c) Squash floor.

7,5.2. Laytugoffloors.-Steps mentioned below shall be followcd
while layingsuch floors :-

(a) Timber fillets or plugs about l0 cm. deep shall be embeddcd
in the coment coacrctc floor when it is still wet ;

(D) The timber fillets or plugs shall bc at a maeimum distarc.
of one metre cetrtre to c€ntre arong th€ tongerrcngtfi of ttc wa[s oi
thcroom;

(c) On two oppooite fillcts or ptugs in the opposite walh, the
two ends of a timber floor joist shatl be laid ou the concroti
floor ;

^-- (d) An iroo screw shall pass through thc loist and the wooden6[cts ;
(e) Oo one deepcr side-of the floor joist a groovc 2 cm. high r
(fl Timbcr runncrs of typc as shown in Fifp. fO.l tnd l&&

shall thcn ba inscrted in the Sroovc and adjaccnt to the fioorif.rts ;
- G) Timbs f,ooring boerds shall rtco bc phocd rr

rfuht anslcs to thc leogth of tho floorrcists bctow ; aod
(i) Scrcws shall prss throujhthowoodmrunncrs aad thciooring:

borrds startiug from thc bottom cn{ s3 thc woodcn 
"o**r-ifr3oig iato tho floori!8 boards upto threfourth deptb such that tbo

rcrsws arc invisibh flom eborrc (Scc Ftgure l0).
FtSwe.-I}.A Section throuth tho f,oor; I(}B Enlartcd dcteit of

tiobcr runncr.

8. Tirfierllmr boailt.
8.1. Unlcss othcrwisc sp*ificd, thc flooring boardr, aemcty ptaots

shrll gs 40 mm. thick and shall aot bc grcatcr than t5 c,m. raD enO.
3m.long.

9. ,Ioirttiug dctailsfor tloor boards (*efigure ll).
9.1. The following tYpesof loiqts Qistcd in order of their efrcieney)

rhll generally be us€d for joining of the floor boards:-
(a) Squaro ofbutt ;
(e) Splaycd (Figurc l1-B);
(c) Rcbatod aod fi[ctcd (Figure tI{) ;
(O Rcbatcd (Fierro ll-D);
(c) Tongued and3roovcd (Figurc ll-E) ;
(f) Robatcd, tongucd and groorrcd (FiSurc tt-g ;
(3') Splaycd, rcbatcd , tongucd and groorrcd (Figurc I l-G) ; and
(i) Ptou&cd and toogrrd (Figrc lt-H).

9.2. For all thcjoiots dotaihd alrovc, thc scrcw shall be drivcn
from the top of the floor boards dovrn to thc timber loor joist b3toqr
end shall bc scrcwcd from the top.

9.2.1. If it is inteodcd that the scrs{w rDay not bc visible from thc,
top, anothcr typc of toogued and groorcd joint shalt tcprovlacC
rith scrcws drivcn at the bcam angles from the bot0on tip of the
tonguc of thc plank going to the joints below (,Sac fieurc il-E).

lO. Floor Seals.

10.1. Thc porous of timbcr floor shall be scalcd with an cfficitnt
typc of floor scal. Thc typc of ioor scal shall dcpcnd ,p- tb.,
l0tPoscoftho 0oor.
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APPENDIX A.

, (Clduse 4,1.1.1

Specles of timbe.r recommended.for timber flotiri.

A-1. Tbe following species listed according to the. percentage of
identation for hardness, taking teak (tectona grandis) as l0O may
tre used for floor boards :-

GIJRJAN (Dipterocarpus tuberculatus) . . I35

ROHINI (Soymirlafebrifuga) I30

SATINWOOD (Chloroxylonswiotenia) .. 130

MAMAWGA (Carallia lucida) 125

AXLEWOOD (Anogei ssus ti1 i fol ia)
a

120

KALASIRIS (Albiuiaodoratissima) l2O

. BIJASAL @terocarpus Marsupium) 100

LAUREL Clerminalia tomentosa) 100
a

WHITE CHUGLAM Clerminalia bialata) . .. 100

' TEAK (Tectona grandis) .. 100

LONDI (Lagerstroemia Parviflora). 95

'WHITE CEDAR @ysoxylum malabaricum) .. 95

KINDAL (Terminalia Paniculata) .. .' 95

PALI (Dichepsiieliptica) .. 90

KOKKO (Albizzialebbeck) 99

ROSEWOOD @albergiatatifolia) .. 90

KASI (Sridelia retusa) 
. 
. 85

$SSCO (Dalbergia Sissoo) .. 85

PINEY (Hartwickia Pinnata) 85

JARUL (Lagorstroomia lypoleuca) 80

ANJAN (Hardwickia binata) . 70

CYPRESS (Cupresseus torulosa) ... 60

MACHILUS (Machilus Macrantha) 55

A-1.1. For detailing the species of timber suitable ior fioor board-
flisted in order of strength in hardness) other imporlant characs
teristics, namely, shock resisting ability, strengttl as a beam and
retention of shape 1r"vs 6tso been taken ioto accouat..

APPBNDIX B.

(Ctaasq 4.1.15

Sryctes of tinber recommendedfor girders and proiectihg polsts.

B-1. For girders, binders and bridgingjoists, the following species

may be used :-
(a) For spans of 12 m. and greater, all species of group " Super "

specified in LS. 3629-1966.

(D) For spans greater than 6m; butlessthan l2m. all specieg

of group " 5tan&rd'" specified in I.S. 3629-1966.

and
(c) For spans up to aad inclucling 6 m.-all the species of group

"Ordinary" c,pecified in I.S. 3629-1966 may be used.

APPENDIX C.

(Alause 4'1,2. 
n

Specl$catton of Tinifier for Wooden Floor Bogrd.

Gl. Timber for floor board.

C-!.1. The appcatance of timber shall be a matler for agreemenl

befwen purchaser and vendor.

G1.2. The abrasibn (Hardness) resistance shatl be sufrcient to
withstand Constant v,,ear 1ad tebr.

G1.3. Thc spccies.should preferably be of 
'non-refractory 

nature
such that it is easily seasoned in open air and srin wilh systematic

stacking.

C.1.4. Thickness of floor boards should be from 2.5 to 4 cm.

C-1.5 Depending upon the availability and strength, any of the'
species givco in A-l may be used'as fioor boards.

C:2. Ttmbr Floor fobr Binders and Girders :

Q-2.1. The modulus of elasticity, E, of the species should not bG

le"ss than 56246Ke.lftnz.

C-2.2. "nta extreme fibre stress ft. of the species should ndt bc toss

than 85 Kgr/Cmt.

C-2.3. The speiies sha'll be such as.will rapidly be seasoried freo
from defccts.

Norr.-Depending upon the availability and strengtlr dedred. thc
species for floor joists. binders and girders shall be.selected from
I.S. 3629-1966 and as specified in Appendix B.

u
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E clrAcr FRoM I.S. 2119-1962,

Code of Drrctice for Srick+um-coilcrcte -contposite'(Madro; Tcrracc') flottr or roof-

7.3: Preparalion of terrace bricks.-^fhe terrace bricks shall

be kebt immersed in water for at least 4 hourS before use in the worh'

The skin shall then be allowed to dry. This treatment is neceslary

t<i devetop adhesion wi4r mortar in the terrace-brhk-work''

. 9. Laying of t'errace bricks-

9.1. trf1e1 plsparation as in 7.3, the terracc bricks shall be laid

on edge in diagonal rows spanning over the joists. The laying

shall start from onc corner and proceed towards opposite corner'

Each row shall be comDleted before the neixt one, adjacent to it, is
started,

g.2. The bricks shall be laid in linre mortar of mix I : 12 (Lime

putty : sand, by volume)' The thickness of mortar joints 
.shall

not exeed I cm. , :
9.3. During laying, the bricks shall be pressed against the adjacent

row blroady laid so that it bonds well with the mortar bnd also

partially develops lateral adhesion pre'r'enting it form slipping' To

onhance the self-suPportiirg arch actiotr of the brick work, the briaks

may be so laid as to obtain for the brickwork a slight rise in betweerr

the.joists,'the rise being ggnerally not exceeding 5 mm'

g.4. After laying, the brickwork shall be . sured by koeping it
ooist for a period of not less than 10 ddys so as to set properly'

lO. Laying of lime brick-ielly contete.

19.1. After the terrace brick has set, a layer of lime-brick-ielly

@ncrete of mix I :2| (slaked lime-lrick-jelly, by volume) shall be

lald and spread to an' average thickness of 10 cm'

' 10.2. After the lime-brickjelly cortcrete is laid initial ramming

shall be done with a wooden rammer of weight not excceeding 2kg.

so that the layer of lime concrete is conso-hdated to 7.5 cm thickness.

After this the consolidation shall further be doae with the &and

beater (see 2.4) so that the concrete har<lens and the treater makes

no improssion oo the concrete bnd readily rdbounds from the surface

wlren struck on it.

10.3. After compaction the surface shall be wetted by sprinkling
on a solutioo prepared by soaking in water th6 dry nuts of Termiqalia
Chobula (Kadukai).

, Note.-The solutron of Kadukai may be prepared as follows :-
The dry riuts shall be broken to small pieccs and allowed to
soak in water. The resulting liquor'is decanted and used for the
work.

lf the surface during the procoss of compaction becomes so

uneven that water lodges in pools, ttio surface shall be. pricked up
and fresh concrete spread and consolidated as necessary to obtain
an even surface.

10.4. The concrete shall then be cured by sprinkling water and
allowed to hardcn foi a period of not less than six days before layiug
t he floor or roof finish.

11.2. Tb€ ceiling shall be finished with lime plaster of mix I :2
or c€ment ptaster of mix I : 3 as required. The plaster shall be'
in a single cnlat 12 mm thick.

11.3. Ttte finished surface of the terraoe an{ ceiling shall be

cured with water for a period of not less than tfuee weeks,

ExrRAcr rnou I.S. 1196-1968.

Cotle of practiqe for laying bitumen mastic floorlng '

(First Revisiou)

5. Muterials,

' 5.1. Biturnen mastic shall conlbrm to th€ requirements givtn in

LS. 1195-1968.

7, Constuction

7.1, The baseonwhichthe bitumen masticfloorif,g istobe laid

shall be adequately strong to lsssive the mastic and to carry the

anticipated traffic over it.

7,2, Preparatlon oJthebas; The base shall have -a true' eveo

and dry surfape whichhasbeen slightly coarsened by means of a
stiff broom or wire brush and should be free from ridges and !ol'
lows. A steel trowelled finish is not desirable. The levels of thQ bale

should be such that the specifiEd trbrckness of bitumen mastic may

be applied uniformly. If the finished floor is likely to hilve wqter

or industriafliquorJuponit,astraight fallof notloss than lin 75

should be provided Channels should be previded as trecessary

to Ensure adequate drainage.

7.3. Treatment of the base ; 'Ihetreatmeat of.the base shall be

decided by the d,esigner in consultation with those responsible for
the iooring. Oneof the following maybeused ;

(a) A screeded tEd of cement concrete not less than 25 mm thick'

.or

A 'bitumen mastic undercoat to level up irregularities in the

surface ;

(b) An isolatiog.membraneorunderlay ; or

(c) onmetal floors,athinprimirgcoat of bitumen paint apt'lied

ovcr acleananddrysurface. Thepaint shouldbe dry before the

mastic is laid' )

7.4. ttnderlay : Where aa utrderlay is to be used it shall be a

layer bf bitumeil felt conforinin g to I. S. I 322- 1 965'

:1.4.1. An urderlay shallbeessential tobeused in the following
cases :

(a) Onatimberbase i

(6) On a base of porou$ or opentexture'.such as no'lioes,
clinker ; i

(c) When soncreteiscraaked ;

(d) Wheu concrete has been contaminated by foreign matter
from Industrial processes, such as sils, grs4sss, sugar solutions.
or ch€micals', -

(e) When the concrete lns beeh chemically treated, for exapple,
with silicate of soda; and

(/) When the mastic is ts 6. laid over a thermal insulating
medium, forexample, iq cold stores,

7,4.2, An undertay isnot considered to be essentialat the desigu

stage. yet circumstances may ariss imrirediately bclbrc or at the
timc of layingwhichrender essentialtheuse of anrrnderlay as for
example ;

(4) whetr the bitumeu nasiic is found to cool too rapidly
to allow the material to be manipulated for a sufficient length'of
time' to enable a proper finish t6 [s imp3rted. Pre'riature cooliag

a
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takes pface bythedissipationofheattt.orgntlr"Uuse or by reason 7.8.3. Sur.foce fintsh:-Ihetop of surface fniih tequireil shoulOof the woather conditions, or both. It mayalso occur 
, 
wlere it is be specified by tir. O".ien"i. The following are the two types ;nccessary to transport the bitumen mastic far from the mixtuie.

'Under rnese cotrditions a felt underlayactsasathermalinsulating @) Matfinish;Thesurface should berubbedin witb sand
ncdium to assist the retention of heai in the material for a loneei durlng tbe final floating operation. The saud should be bkan and
tine afterlCyiqg thar would otherwise be possible. 

- ---..-- ' free from foreign matter. All surptusmateriat shculd bercrrcvcd, aft€r rubbjngiscompleted.
(6) wheu 'blowin!'of the bitumen mastic is "*ry.tiIq Tq (o pi*nea frniih t The surface should he 0nish€d wirh acannot bc ovcrcolas by dusting the surface with limestone cust of float'in a matrner similar to that used for a matt fiaish but withoutrock asphalt powder. theuseofanabrasive.

Norr.-The reasons for..blowing.' areat present obscure' but
It may he caused bycxtremedampneds or dryneis or by the nature of
thc surface texturc oftheconcrete. It ii important that, where
it is known in advauce that these conditions may arise, as fer
oxample, whcn the cotrarete lhs beennewlylaidthese responsible
for tbc laying of tbe mastic should henotified.

7.5. lluctng the undsTloy: The uuderlay, when required should,
be laid loose witb lapped joints.

- 7,6. Setting oat. The sctting our ofthe floor area into bays
is rormally decided acmrdrngtg workable requirements. Th6 arrar--
8om€nt of the bays depends uponthe designof thefloor and the
nunber of spreblieri engaged sothatthe laying and fnisbingpro-
cesscs .mey both beeasilycontrolled bythe operatives.

7,7t Re-melting c, $rre :-Re melting is the tern applied to the
mrlting.at the siteor rn a mcblie mixer of the pieces brokeo bitumen
aastic blocks. The blocks shallhehroken ioconvinient sizeToE
loadcd into. the mechanically agitated mixer or mastic eocker at
thE site of work. Thematerials shall thenbe carefultyremelted. At
this stage any coarse aggregate preferably pro cbeated shall he fed in
succ€lsive poftiors until the eomplete charge is thoroughly incor:
poratod., After allthe coarse aggregate has heen incorporated, the
natorial shall bc mixed ceatinuously for a period, of uot less 

-than

cne lour before laying is begutr, and mixirg shall be continued until
layiug spcratioris completed so as to maitrtainthe coarse aggregate
ia suspcnsion. Atnostage duringthc remeltingdnd mixiog pioiss,
sldl the tempcratureerceed 205 degreeC.

?,E. Loyirt.

7.8.1. Traaqort oJ molten ruaterial: WheD tbe materral is
sudciently molten to be workabre it should be carried in buckets
to thc p:int ol layia3. To preyest th: mclten material from stickingto tbe buckcts, they may be sprinkled inside witb a mini-u;
guantity of inorgauic dust,suchaslimesterc dust. Cemeqt, has.
or oil shall not be used:

7.8.3.1. Immediately after completiol of thslaying, thebitumcn
mastic sbould be protected from damage till the miterial ccols to
thg surrounditrg temperature.

. 7.9, functioits:.Special care should betaken ineff€cting prop€r
junctions' between newand previously laid sections of wor&. ihccoltact edges of'the previously laid mastic shouldbecleaned aoO
warmed by temporary applicatioo o,f hot mastic. fnis proceOui
should also be adopted at junctions betweenthefloorfioirUuna
skirtiqgs, covers or fillets,

7,10. Skirtittgs: Skirtings should be execut€d in not less tlentwo coats, particular care befug takentoeDsure prop€r adtpci:n
of the first coat to the base. gp.sj.1 care should 

-bciat,en;;-;;
ternal angles to ensurc the full thickness of the material.

, T.ll.protection of thesuryags: The newly laid surface sbould
be prolected from damage due_to eareless hindling of coastmction
equipment, spillage of oils..painas, chemicals, plying of ,rni"i;i
etc. @ncrete or mdrtar shall not be mixed directly-on the biturucn
mastic surface

7.12. Bringine into semice: Tlemastic flooriqg should aot.Do
subjecte.d to traffg until the material has cooled throughouf-t o rie

9,2. Relnlrs.

.9.2.1. .When a dT*g:g sectionhasto beremoved,itslioutd be
done carefully. Considerable damage may result f.";;;;;
to cut away an affected area with the hammer and chisel or t; ,rf1fritwitha blowlamp. Thecorrect mothod is tq phs6 hJ r"rtir.
around atrd over the area concerned and after this ias had a sufrcient
softenilg effect,the areashallbectrefully cut away anO naAigooO
with fresh bitumen magtic.

9.2.2. When two-coat work is being 1611or.4 or mad,e good, thg.
edge aleaglheperimeter of thearoa shail be cut bac& mt.tess-ib;
25 mm to half tbe total thickness of the mastic, to for. 

" 
f"pp"O;Jii_

. 1.8,2. gpeadtry: Bitumen mastic should generally be laid in
bays inthecoat. It should be spread to ttre-specifila,fi"li#
ly means of suitable hand tools, gaugesr straighi edges and h;;
lcvols fuiug u.sed to cmure accuracy. Type bituiaer mastic should
'heo bc ficatedtoauniformly levelsurfaceand should be free from

'rghness and imperfections

Exrn,c.sr rnorr.r I.S. 35g3-1966,

Specificationfor paving brbks. 
,

4. Ditnewions and iolerances

4.1. Dimensions.-The.standard sizes forpavingbricfu ,tru1 6" ..
as given below. The dimension of ttr6 61is1-.hall-be 

"-rfi;;applying to the body of the brick only, exclusive of tugp.

7.8,2.1. Ifblowiog occurs; the.bubbles should be punctured
and the area affected carefully made good while the niastic'is stilt
hot.

tengih.
.cM..

19.5

19'5

width.

cM.

9'5

9.5

Depth.

cM.
'9

4

7 .8.2.2. Two+oat should be treated in a -'6aner similar to *1, fo,
siuglc coat work, but care shd,ld be thken tb afrariAe ihat the joints
in successive layers 416 $tagger6d.
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4'2. Tolerances: The permissible tolerance oflthe dirieilsioos

sp€cified in 4'l shatl be as follows :

6. Slupc oad dimefistotts.
6'1. Flooriqg tiles shall notmally be square shape4. trlatr'trles'

rect4ngulsl in shape shallalso be available. The dimensions of the

sides aod the thictncss€s of the tiles shall be as given in Table I.

Terre l-Drual.uoNs oB SIDES AND rrilcrNEssEs oF TILES.

Thickness (t)
mm

Dimewion
cm,

19.5

4

9'5 aod 9

Tolbrance
fiun,

+6
+ 1'5

+3
Modulay'sizes

Non-Modular sizc

Size
cm

19'85 x 19'85
29'85 x 29'85

24'85x24'85

J\ I\ 20
25

22

5. General qu(tlttY.

5'1. Thebrickishall betboroughly well'burpt and shall be free fron
'"t;"kt *d other flaws and lime nodules' Uniform quatity of thc

bricks is of vital importance to ensure that pavement wears gvcnly'

fl" Lrctt shall bave plaoe rectangular faces aad ' sharp straig}t

right angled edges.

6. Loss in abrasion.

6'1. The maiimum percentage of loss i:r abrasion 9f.!hi- navip
bricks d,eterrnilred in accordance with the proc€drll€ laid down te

Appendix-A ofI.S. 1237-1959 shall be agrced to between th€ pucbaser

and the supplier.

Nors.-suitable'limits for loss in abrasion will be specified in

du€ course.
t

+This sizc does not fit in with the modular dimeosions, but as

this size is in use at present, it has becn included in the Standard.
Thc Sectisnal Comnittec, however , hopss that, with ttie gra{ual
adoption of modular dimensions the use of this size of tites will
be dropped in duc course.

Ncrrs l;-Thickness of joints is assumedas t.5. mm. .

Norr2.-As a largc number of tiles exactiyto size20x20 cm.,
25 x25 cE and 30x30 cm is being manufaclured in the counlryat
present, these sizps shall if 'Eupplied, be' accepted in place of
l9'85k19'85 cm.' 2{'85x24'85 cm and 29'85xD'85 m sizes
respectively for thc{ime being, tillibe gancellation of this provisicn
is hnnounccd.

6'1.1. Half.tiles for use wiih the full tiles in the floor shall have

dimensiens which shall be such as to grdte two half-tiles, when joined

together, match-with the dimensions of one full-tile.

6'3. Tolerance.,-Tolerances on lengfh and breadtb shall beplus ot
minus otre miltirrqre. Tolerance olr thickness stall be plus 5 nrr,
But, the ranlp of dimension in any ole delivery of tiles shatl not
excced 1 mm on tcngth and headth, and 3 mm. on thickaess..

7, lltearide layer,

?' l. The minimum thictness of wearing layer for the varicus classes

of ccm€nt @trcrete flooring tiles shall be as specifi€d itr Table III.

, TasLE lll-Trucxnrss or wrmulc LaYrn.

Chss of tile.
Militmtm

thickres ot
*$eatug
hrnr
mm.

3Plain &ment and plaiu coloured tiles for General

purpos9.

Plain ccment and plain coloured tiles 1ot 5t"', duty ' '

16rra2o' tiles with chips of size iarying frcm the smallesr

upto 6 mn (or U4 in.)

Terrazo tiles with chips of size raqging from the smallest

up to 12 mm (or ltzid..

Terrazc tiles with chips of size varying from the

Smallest upto 20 mm (or 3141n').

8. 1ercmlqualttY of tllcs.

S'i. Uoless othcrwise required, the wearing face of the terrazo

tiles shall be mccbaDically ground and flled' The wearing face of the

iit"r rtr"ttU" plaoo, free from projections, depressions ard cracks

(hair cracks not included), and shall be reasonably lerallel to thc

f"k f"""'of the tila All angles sha[ be right, anglel and all ariscl

sball be sbarP and true.

7. ComPressive strcngth,

7.1. The average compressive strength whqo tested acrordinS to

the brocedure laid down in I.S. 3495-1966 shall not bc less than '
44i 

-i;/;,.

8'0. Water absorPtlon.

8'1. Tha water absorption by weight after 24 hours inlmcrsicn kl

eold water when d,etermined according to the procedure laid dsrn
in l.F 3495-1966 shall bc not inorc than 5 per'cent'

Exrilcr i'RoM I.S. 1237-1959'

Specification fo7 gsmsnl ssincrete floortng ljles'

',. 1. Classificafion.

Cement coocr€te flooring tiles shall be of twoclassesas gilen

depetrdirg oD the duty they Perform :

General pupose Tiles-used for flooring in such places where

tak"n up by floors; suchasofficebuildings

hospitals, residbntial buildings, -ac.

6

5

5

I
6

\
' '3'1.

light loads are

\
I

!y duty Floor Tiles-used for beaw traffic conditions

i[ath and passagBs in auditorium, in railway platform

god-owns.

' 'il'i

h*
[4',;

\

). .!
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SECTION VtrI

ROOFING AND CEILING
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SECTION'VIII

ROOtr ING ANI' CEILIN;
. CONTSNTS.

44. Roofing, General aad Materials. t

4#A B€tt Tilgd Roofing with Flat and Pao Tilec.and Li4c Mortar Bordcrs
inchrdiog Tcek Reepers.

4+B Bost tiled Roofing with Pan Tilos and Lime Mortar Bordcrs inclu<ting
Teak Rsepers at 10 cm. omtrGs.

,l&C Test Tiled Roofing with Pan Tiles laidon Bamboo Rafters,Bapboo
Reepersend Bamboo MatsiDcludirg Ume Morar Borders.

4+D B€st Tild Roofing with Mangaloro Tlles s€t in Morta,r over Flat Tiles
. apdinchdingTeak or Couutry WoodReepers

4+E B6t Tiled Roofng with Mangplom Tites includiqg Teak or Countty
Wood Rscpcrs

4&F Madras Terraood Roofint with Brick on edge 75 rnm., Concreto., Thtee
cou$l€xr of'Fht Tiles aad throo coats of Lime Plaster to Top and

.t ono Coat of Cemont Plrster to Ceiling.

44G Terraced RooflncwithBrick onedgB, 75mrh. Congrete twocours€s
i of Flat Tilcs in C. M' I : 3 to top and onc coat of C@€Et Plast€r

I :3 to bottom.

4,4.H Reinforoed Concrete Roofing and two couffis of Flat tiles to top. .

\ 
- tt

C+t Tersaoo.t Roofiag wiO aactl on edgo or rcinforced Coocreto: Roofiog ?5 nm. Concrete aod one course of Pressed Tiles to Top.

45 Complete Surface Ropair to Ieaky Terrace Roofs

46 Best Thatchod Roo6n8 25 cm. thic,k, including Bamboo Raftcts,' 
Bamboo' Rce,pcrs and Baoboo Mats.

B€st Thatchcd Roof,ng rrsing Coconut Cadjan Madale

Rooflo8 witb Galraniscd Comrgatit Iron ShiEca .).

nooEDg with Gehnoiscd C;oirulatcd iron Shoets aod Pan Tiles ovor

Rooflng with Asbcstoa Cemmt Comupted or Scmi Comrgated Sheets

,12 mo. Teakwoot Plaoli Ceilingp (fongued and Grooved planking)

t2 mm. Tea&wood Plank c€ilio8 with 35 mm. X 12 mm toa& bathng

Pogc
awtbet

Specitcation No.

Specitcation No. ,

Speoifc.rtion No.
\

Spo#ion No.

Speoiffcatioo No-

Spcrtfioation No.

SpecificationNo.

Spccification No.

SDeci0catiou No.

Spccihrcation No.

Spoci6catioo No.

Specifrcation No.

Spoci0cation No;

S'pccificatiotr No.

Siocification Uo.

Spocification No.

SpecifipalionNo.

Specificetim No.

t

369

369

369

,6:

3m

370

370

371

tls

375

376

376

376

3n

318

378

37S

46lA

47t
x

48

4q

J0i
I

5rl

*t-- .^
, .jt

t
T

466.H74



SECTION VIII
ROOTINO AND CEILING
INDIAN STANDARDS EXTRACTS

459-1y70

65*-t972

2tl9-t962

' 
244r-1963

?sgF,B/6/

285! -1981

Specificatior for clay roofog tihc, mangabre pattcml

t*r"s1n$n" forrconstuction' of trric&'anr'corcretc aonpooite

Cot of.pracdae for fring ceilingcoverlngt

Sp*ifcatioa for turnt clay gaf tcrracing tile
\ 

Codo of pciorforroofing with Mangaloretiho

?/(,.ut-tgil *,r"rffiffa""ffi." asbcstos' ococnt gh*te

i1036-1955 Codo of practioc for laying limo eoncrctc for ! watgrD6pqfroof fnilh
5i90-li60 Oodc of practioc for oostnrction of timber ocilings ..
m-rw sperfcation for garvanised stecr _st€Gb (praio aad orr,rg"tat

I

(Va{ras

379

38t

382

386

386

,..s.
nambL Pagc

annbcr,f.



SPECIFICATION 44.

RooF[,tG, GrxpnAt. .lNo IrrfATr*nrs

l. Specification for terrace bricks'is covered by Appendix A of
lS 2119162 N.B.C,-Appendix Part VII. Tiles are specifieo in lS.
2fi9lfigil N.B.C. Appendix Part V-Soakiog of bricks in water
is mentioned h lS 2ll9 162.

SESIION VIII
kOoFING AND CETLING.

to be complied with,
roofing sub specifica-

::",. 
j#i,{;:?U,i.ffi tTi?,,'Hl;Hl"'l,:":tgi:,,,,a',ffi ;

.:1y-::9r; 
t\ seon! rayer shall th; be raia wiE the eonvex side

lTTot and covering the roints berween the rows of tiles of the
f,reytous layer, the lap being two-thirds of the lengtn ilf tte tile. fietu:lt"*. shall have rhe lallow eoa of tti- rtite-ilw"ro, 

the eaveslwiile the second layer iq laid witt ttre wide 
-ena tlilia, trc.rn r.

...4. 
Ridges and hips wil be finished with large semi-cylindrical

tiles set in mdrtar and neatly plastered. in. ,"ti p", l0 sq. metres

. 5. Valleys shatl be llned with standard specificatlon.galvanized
iron 1.25 mm. thick shecting 1.2 metre *A", 

""oi.a ?5;;.;;;
lhe ,"tl at top unless flashing is specified. 5o" fooior..tup ,ilrif
,!" ,ir.-o at joints, if any, down the slope. No nails or solder shall
oc used where the sheets lap, the depth of the trough_ made by the
sheetiag should not be lesJ thao 10b mm. The-Gets shafl be laid "
over the reepers and not under and nailed on.Two reepers 50 mm x 12.'-mm. shall be fixed over the galvanized iroa sheet 15 cnr. away frcqn
thecentreline ofthe valley on eitherside,to teep tnetitesand mortar
rromhUinginto thegutter of thevalley. Theroofing rate does not"
loclude the cost ofgalvanized iron sbeets, but it shailincruae tabour,
etc.,for fxing.

- -6. 
Strips-of mortar, slightly-trou49d.to cary a*ay the rain water

falling on theo,25 cm. in width and 5 i:m. in thickness, shall b€ laid
down thc slopcs at intervals of not more than 2 metres and whiti
washpd two coats.

7. At the Junction of the roof with a walt, thc tilec shall bc let into
thc wall to adepth of about 5 cm. pn! a strip of mofiar bmder shall
be formed 10 cn. thick above thc rooi srrrfacc after $outing tho joidt
between the rqof and thq wall.

8. The joints ofthe flat tiles on tde under cide shall be neatly pointcd .

and thc til€B whit6 washed aftcr the roof is completed and tiefore ttre
paiiling of thc reapers and rafterr is commenoed.

9. The roofshall bc kcpt damp for at least a week to enable tho,
mortar over the flat til€s to set pioperly.

lO. Thc rate per l0 rq. metres for tho roofng completely finishcd
inclusive ofcost ofsp€cial lilc' fq ridges and hips, recpers, ta*ing
same and fixingr but excluding oaly oost of,thc galwnizea sneetingl

, 2. Mangalore tiles : Specification of tiles
ls.654t 72.

is covered by

Nonr.-As there arolr{angalore tile6 of di$erent sizes in the market
the contractor should obtain instructions from the Executive Engineer
regarding the spaciugs of the lugs and catches on the tiles to suit the
spacing ofthereepers.
' 3. Lime,,&ad, brickrelly and mortars usqd in roofing iteds must

.all comply with the r€sp€ctive standard specifcations.

4. Th€ above spccifications fgr matedals.rre
sheresuch materials are used ia all the followi[g
tions.

Notet on design of roofing.

. Appcndir X of T.N.B.P. gives the information. Live loads
andwindloadsare dealt with indetail iu N.B. Code partvl-
Soction I.

SPECIFICATION No.44A.

Jrrr Tu.uo Rooruvc wrrE Fur.lxo Peu nr.Es A.{D Lrc Monrm
Bonprnc Ixcruorxo TB.rr RfpBrns

Ctauses afiltiorul to " General" prcqdilg.

I. Thc maximrm distance between eentrc bf the comron rafters
for the roof shall not tr more than-60 cm. unlpss otherwise specif ed

' inthedrawiog. Thodzeofther€epersshall be60nrni.x12 mm. upto
a spacing of 60 cm-. between centre to centrc of rafters. Reepere
as spccified above shall be nailed with reeperinails 40 m. long, at
central distance suited to the size of the flat tiles (i.e.), 15 cm.
for the standard size flat tiles. The reepers shall be of well seasoned'teihrood 

and shall bc straigbt pieces, of uni&rm size and colour
, aad not shorter thao the leogth necessary to cowr at least four rafters.

Tho undsr facee and size of tho lsepen shalt b planed beford ftting
up. Ioints betw€sD rcepGrs shall be butt joints. No Joiats Eha[
comc G:r@t orrcr the ra.fters. Theroigts of nci two adracent row of

, recpcrs shall come over the samo rafter. At tbo €aves, thcre sball
bo trrorc@ers sido by side and thc flat tiles ahall lstartf,rom the Centre

srf thelast but onc rceper. Thc lower reeper slmll be of such thick
.ess aod shape that the uoiformity of the top, slope of roof may . be
prps€drrcal. The rate for tho roofing includeslthe cost of reepers
anal fi,ring the same.

2.-Thc flat tiles shal} be immersed in water'for two hours and
dricaL They shall havc their underside dipped,in whitewash of the
coosfulcncy of cteam and allpwed to dry and shdll be laid dry on thc
r*Ders. tho top surface of the reepers havingibeen painted with
tar-two coats., On tbc flaJ tiles shall be laid a layer of lime mortar
20 mm. thick, to ptevent theo from slipping or being lifted by the
wlqd. Over the flat tiles thus finished, pan tilcs shall be arranged
io parallpl wdys touching each other in the exact tine of the roof from
olvo to ridge.

JV.B.-The rise of the roof for this type of roofng rnill ordinarity bc
onc-ihird span

Nore.-E4perimeats were carried out in Chengalput Division to

ff l'Iffi '.:"fr [ffi fr ffi iil.lx's.'qt:'ffitilrtlr,?;r:lltdlf# j
narrow end, whieh aot$ as a spout, towards thg eaves coovcj4c the
whole of the run offof the rain water, as tho upper'layer is only to
.eal tbe rbints between the suceessive Iower layer rows of tiles. WithiE
lmits then, an excess of tiles redirccd the glope of ruq offiu eaph row
aod is objectionabte. It was foutrd that best rcsults were obtaincd
when the cover of the lower tiles was half the tile Iengh and for the
upper layer, two-thids the tile length cases being taken for riscbnc-
tlird and one-fourth spanrin accordance with the slopcs laid down
for thb type of roof by Chief Engine€r's memorandum. .The maal.
mum length bf; urater-tight pan tile roof for a conentratiorrl of
raiofall of 38 cm. in ten minutes was found to be 5.5 metres when the
rise uas one-third span and 4.2 metres wtren the rise was onc-fourth
slran.

,,{
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2. Tho tiles wcd wrrc 20 cm. 12.5.bm.*10 om. x9mn.. - with

2
a cuvaturto of 30 mn. measured at the centre of th€ tile. Thc numbcr

- pf thes€ tilcs required for one square metre of roofog on the abovo
basiswlcountedandfoundto be !,650 without allowauce for
brcakages.

' 3. For slopes of'longer lengths than roted above, it will usually
'be advisable to adopt other type cf roofing or bree k the slc g e, by -a

.drop in the roof, carrying away the run-cff frcm the uffer fart c{
the roof by gutteriag.,

SPECIEICATION No. 44-B.

Brst rrIJD RoonNG wm{ PAN TtrJs AND LIME' ![oR?AR BoRDERS

rNcLrrDINc.TBAx, BEEFERS AT l0 cM. cENrlEs.

' l; The work shall be exquted to the standard spcciflcation for
t he sade class of work with flat tiles, exoept tht the flot tiles and
thelayer ofmortar over them 4reto be omitted and the spaciagof
reepers sentre to centre will now $d 10 cm.-

'2. The lime mortar borders and mortar junctions at all walls are
to be formcd similar to .thc standard spccification for the same

olass of roofing with flat tiles..
., rt,' 3. The ratc shall b per lO sq. m€tres inclusive of rldges, hips
-.]-'.ipryen, 

erc"-vi& preccpding spoci8catbo regarding rate.

SPBCIEICATION No. 44-C.

BTST M,TP T{..TOTTXC WITB PAN TIAS LAID ON BAMBfi) RATIIB.S,BAUm,O

BEEPEBS AND BAMDOO IidATS INCLTTDB.IG T,IME I&}RTAB BOIBDEB8.

l. Rafter couples, spiked and lashed with coir rope a! top, notched
slightly.aud spiked to the wall plates shall be placed at 45 cm. interva ls.
The oouple rafters shall bc of strong closely krotted bamboos,7Smm.
to 10O mm. di6m*iror suth otherlarger sizeas the requiremgnts

maydcmand and shall project to a distance 45 cm. horizcntally ircm
tho outsido face of the wall. Split bamboo reepers 20 mrir. to
25 mnr. width shall benailed to th erafters with reeper rails, at inter-
vals of 40 mm. centre tq ccntreofreepers. Over.the reeBers shall
bc taid the bamboo mats, which shall be fixed seculely to the reepers,

so that thcy do not become displaced during the process of tiling.
h

2. The tilec., lime mortar. boldors, rid8pc, hipo aud \xslbys shau
hen be laid on, in the manner discribed in the Standard specificatioB

- {-Bc6ttiled roofrrg with pen tilcs and lioe rc*ar borders, etc.

. 3. The rate shlal bc for tle complete roqfing cxcluding tlo gost of
. rlvanized iror sheethg for valleys, if any.

ffr tfr- Roolgro WrrE MAr.rcArcRB T[,Es tr{cLUDTNGTilron Coulrm.yWoop RsBpERs. ,

f 
.. C[ausqs aOAitional to .. Gcncral,, precedine LS. 2g5g/1964 shall

.apply.

- ?. lf it ir spgcifcal.ly stat€d in rhs Srtedrde i{rn rtscrtption m in , l
tlre sp€cificatious thit ventilating tjtcs arc tq tr *;-d;;L-;i; ,

lnrovidedrat places pointed out by ihe Ex€qrtive Eaginccr. Tb,
vcntilating tiho shalt be dfstandard patt€r' and mako spDrovcd by
e E < :: r tivc Engineer and shall be of the rame ooulour as tf," otni
tiles'and wellturrit. The, sha[* crbro and tigft vith thc octcrillor;,
the rate for the roofng shall include the o6t of tio ventilifathg tifr i

3. The roofag rato does not ircluds tlc os of gplwaizsd iron
shpet but it shall iaolude hboutr, otc. fur fxieg

SPECIFICATION I$O. 44-F.

MADRAs TBRRAcED Room.rc wmr Bnrcr oN Eoce Zj Mn. CoNcnrrs
Ttsrer Ooursrs or Fl.Ar Trirs axp Thrr Colrs or-Lnc pl,e"srrn
rc Tor ANE (hlE Cotr or ChmvrPr,rurrn ro CErNc.

1. [S. 2119162 and 3036-65 shall apply.

2. Nter six days or after &e ooncrste laid tas hardencd, threo
courses of 0at tiles shall be laid in staAdaid spccifartio lire rorr6r
t : ll diagonally and breakingrcint. Iho sidspiar of tilitudb; '
beds shall not be more than 6 mm. set full in mortar.

3. The flat tiles shall be immersed in water fm two hours befme t
bcing used. The joints of thp top layer ehall be left opeo ra afford
a key for the plastsr. Tts top surfaoe shafl th€n bc plastcr thrce
ooats of lime Eortsr ia acpordencp wlth staadard spccifcatim for
the sane and rubbcd to a polished surfaca.. The ceiliag atso shal
be plastered wlth ccment mffiar f :3.12 mrtl: thick.

4. Should the mortar perish through neglet of sratedog the work
shall be pulled dovm and rebuitt at th @ntractors expens€ or sholld
the oootraptor failto witer the workto &e satigfa€*im of thc fficcr-
in+harge of the nrork th,p latter E&y su9ply ttorcqrisla een or wrtor.
the work pr@erly and chatp the cost tO tbi) c@Eac,tor.

5. Special attcntion is to be paid to drainage opeoingr i[ pag,pt
and binding walk to ensrrc that'the nin runs ofr guickly. "

SBCIFICATIOI'I lib.'l'LD.

BBsr TrLED Roornra wrrs \,LtfgAioRE Tlrrs cBr nq Mqrri, ovn,' FLlr T* T Btcr:rrDwl TIAK oe couNrRY w@ Rsrms.

ll Clue aihfrttotul to- Geaerul " hecedng.

IS. 2858/1964 end N3.C. Appqulix to Pafi V[ shaU applv.

2. The roofingrate doesnst includs the @st of tle gahanized iron
sh€ots but it shall include labourer, etc., f,or fixing. /

SPECIFICATION NO. 44-G.

Trnnlc4 h&E{o wlu'BilcroNEffi,7516[' CowtGr Tm;
Oornsrs ot Fr,lr Ttrls nt C.M. I :3 To Tim rm OI, 06*r o,
ChmsrPr.Asnu l :3 m'Bourora 

,

l. Clruss ldilitireal,to Goucral tsmodia,f. L8, 2J,t9.l64.gllfiff#

and N,B.C. Parts V, \ftr AoDaEdic! frsl ap0&.

2. After six dajry or.aftertheooncrete laid tag

course squ*e to tho parapet thus breaking roint Tho :itle rdnt

4{ 
n,

':--
i,.

i' . ,

3.-.

3. The roof fr*ll bo kept watered for a week. Thprate for lO s.q of tihs shall not be moro than 6 mm thick 86t full tri'll8r TIE

metres of roofiEg shpll iBcltxle cost oPspesial hip andridgo til€s. mortal layer bed over tho ro-of slab +ell Eot be lqss th3! 9 EB

+. rhe jorntsofthenattlesonthe undersideshao*'*,or**. tr#fJ,1ffi*T:ffiffi tr*Hlffi T-J:lffll*ffi
and white washed after the rsof is oomBleted and before thp paintins Uoimmers€d in vpter for.two hours bcfure tcio,, uscd Th€tih shsl
of the reepers and rafters is @mmcnced be laid and fnished offas itrstructed in S S 44-II

,L
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3. Bcforc tbc work dries uP the tile joiuts shiU b€

raked out aod pointcd civer with mortar I :3 mixed with
crudqoil prepared as iostructed in clause Supra. The, joints sball
be well rubbed over with thin bar and the excess of mortar
scralrp€d off until the surface of the
and becohes hard. The ceiling shall be

attains a black prilish

with one coat of
Standard specification " Plastering with mortar I : 3, 12 mm.

thid(-S.S. No: 56. Clausee relating totS perishing of mortar and

Foviding propcr openings of drainsin S.$; 44'G sball apply to this

S.S,lho,

a
i

SPECIFICATION No.r, 44"fil.
i

Rrnnoneo.Concxrrs RoorD{G er$ TWo Counsrs or
Furr Tius 10 ToP.

5. Clauseg relatfug to the perishing of mortar aod leaving proper
openitrg for drains in S.S.44-F shall apply to this specification also.

6. Payment shall oc-per 10 sq. metressuperfi. cjal ar€s on the comP
loted roofng and the rate sball be either inclusive or. exclusive of
R.C. slab concretG as the case may be according to conditions in
the tender schedule-yile also remarks in clause 2 supra regardiag
camber concrete, The bearing of the slab shall be oot less than
15 cm, or the depth of the slab without the surfacing, whichever
is greater. Thrs area of bearing only shall be paid for at the roof
slab rate irrespective of the actual bearing when thig is greater, unless

otborwise specifically defined io writing before a cutract is entcred
into. Corresponding deduction for wall masionry work will beuade
ff the roof slab is carried continuous over the wall to fotm a cornice
or chajja, then the roof slab shall be measurdd as instructed and pay-

mcnt'for th€ cornice or chajja portion willte defined in Schedule A
of theconftact on alineal metre basis, oras may beotherwisespecified,
and ehall include the portion bearing on the wall apart from that
sp€cifi€d above fsr payment as roofslab.

7. If thc parapet wallis of 20 cm. tnict and more than two cours€s ,

of flat tiles shall be laid contiairous upto 50 mm. through the parapct

wall.' In addition to this, along the juriction of the parapet ald roof,
til€s stsll be laid iaclined at 450 to the ftte of the parapct after layiog
n€oe$ary brick ielly coucrete (vide Fig. &1). The inclined tiles also

' should bo taken inside the wall for a depth of 50 mm. 4.

8. !f the parapet wall is of 10 cm. thick then 20 cm. thick parapdt l '
wa[ shafl be built initiaJy for a height of 30 cm. and ovcr thie 10 cm.

thick parapct waU shall be built. Iaying of tiles sheU be similar
to tbs specificatioo d€scrib€d above for 20 cm. wall. '@g.E'3)

9. Iil&ec facia xpik in concrcte is Edopted inctead .of parapet

wall then a 20 cm. thick brick work shall be -built b&ind thG. facia

worl for a helght of 30 cm. Laying of tilcs shall bo similar to thc
pecifisadoo dosribed above for 20 sm. wall. @g. 8;4).

10. Plast€rinS ofthe parapet shail be done only after tho tilcl e!3
. laig

11. Tbe aroa of thc tilea for whi& paymcnt ito be made shall bc
the Gspos€d area of the tiles at top.- The cootractor ehall,therefore

duotchis unit rtte accnldinglY.

tr2. The additionel brick jelly concrGte antl tites at thc ittctioa
of thc panpo rith roof eMl be meoqrpdand peidfoq rePrretcty.

l. Claarcs adtlitional to " Genirai preceding.n

The reinforced concrete roofing shall be laid as per I.S.456/64

and N.B. Code Part YI Scction 5. For extracts of I.S. See Section 4.

. 2. The reinforcod con€rete roof slab will itset bo laid wherever
possrble at lhs rcqutrod alopc to sccure propcr &ainagp of fio roof.
Thig slopewill be'd€finad in the relevant plans or specified by the

Bxecutire Eogino€r. When the required slopc hag to be given by

mns o{ cambor coacrete over gtrders, thh concrete-of the same

' rsix as tfie floor slab-will be formcd on the R.S. peams or on the

Tee beams, as the caso rnay be, along wrth the roof slab. The forms
of the roof slab and the girdes shall be so adhiustbd ae to enable

tho moulding of the canber coacrc*c cn mass ilith t&o roof sleb.

This cambc concrct€ Ehatl be considered aa included in the square

, tr€trc rate for ihe roofiug unloss other rnethsd o$paymeat is in tto
Schodule.

3.'As sorn as tho scitiog p:riod for the r6of slab is over the

i rp of ths slab shrll bo thoroughly c-leaoeil and,wettcd. Two courses

oi ZO mm. thick flattiles shall bo laid ia qemert fiortar 1:3 mixed

'with crude oil anal pointad io the rame rnanner as insructeal io cbuscc
2 ttrd 3 of S.$. No.44,G. l

4. As tbe work proceeds it shall be kept'thoroughly wetted until
thr morter has sct flrm and hard. Watering shall bc continued fqr
tEee weptr aftgr comtrue-tioD.

l
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4. The area of the tiles for which payd€nt is to be madd shall be

the cxocscdarea of tiles at top. The additional brick jellyconcrete

ana tiieslaiC at thejunction of parapet with roof shall be measured

and Paid for seParatelY'

SPECIFICATION NO.45.

CoMPLETB SI,RFACE RBPAIRTO LEAI'Y TBRACE ROOFI}'

This spocification is for renewing thd surface of an old lime

plastered terrace roof '

l. The tioe mcrtar plastei shall b: entirety removed and, the joints

;r.ile existiog course of flat tiles bslow thoroughly raked out. 6
ilw oo.,.9 of flet tiles shrll be laid in standard specification cement

l*r"',-f tl mixrd with crude oil as desciibed belos,, 16" cement

IIaa. feving well into the raked out tile joints bencath.

adortcd.Evr--!- 
O', Mrxen CEMENT Morrln dNo CoNcnrrs

SPECIFICATIONT No.'{4-I.

TERRAcED Roorrxo wrrE BRrcK oN EDGF oR RprxronceD coNcaETB'

R,@fINC 75 MM. COT,!CRffE AND ONt COURSE OB PBESSED rrLES

ro Tor.
Clause additional to " General" proceeding.

l. The work shall be executed sinrilar tq the $tandard specification

No.4zt-G or 44-Has the case may be excoPt that the two courses of
gat tiles shall bo replaced by one courseof pressed tiles, the laying

onO finishing being similar to that of flat tiles (vide fig. 8-l and

*2).
2. TberoofioE shall be measured in square metre-

3. Payment will bE mlde as spccihed in the tender schedule

(/1 Tn: tim:s of initial an I final set are delayed by the addition
of oil; 5 p.)r c3nt of oil increase the time of initial set by 50 pcr
cent and the time of fnal set by 47 per cent.

(c) The crushing stren!,th sf 6ertar and concrete is decreascd
by the addition of oil to th: mix. Concrete with l0 per ceot cf
oil has 75 per cerlt ofthestrengthof plain concreteat 28 days. At
the stage of one year, the crushiDg strength of mortar suffers but
little with the adAition of oil in amounts up to l0 per ceut.

(aI) Thetoughress or resistanceto impect is but slightly affected
by the addition of oil in amounts upto l0 per cent.

(r) The stift ress of oil-mixed concrete appears to be but little
diff:rent from that of plain concrete.

(f) Re;ults of tests fcr permanent deformation'iodicate that
nc definite law is fJllowed by oil - mixed concretd.

(g) Oit-mixed mortar and concrete containing l0 per cent of
oil heve very little absorption and under low pressures both are
water-proof.

. (r) OiFmixed mortar esalaining l0 per cpnt of oil is absolutely
water-tight under pressure as high as 2.8 kg, per sq.cm. Oil-mired
mcrtar is etlective as water-proofng agent under low pr:ssures ,whEg
plastered on either side of porous concrete.

(i) BrnJ between plain bars and c:ncrete is seriously effected
byth: mixtureofoil. Thebondofdeformed barsis not so seriously
affe:ted but is scmewhat decreased by the oil admixture.

3. S.>::ification for crude oil fcr use with mortar is covered by
Appendix D of IS 2ll0162 and N.B.C.Appendix-Paragraph VIl.

q. Mcthod of mixing.-For most purposes where damp proofing
rs req.rireJ l0 per cent of oil based on the weight of cement in the
mixture is necessary and .sufficient:-

(a) For making oil.cement mortar or concrete, the required
quantitiesof the various ingredients are collected separately. f"fing
sand and cerneor in thc ccrrect proportion, they are mixe{, togethi
until the miiture appoar to be of uniform @lour. Waicr is
then added to the mixture and the mass is again mixed to a mortar
of mushy comistency. The correct quantiry of oil is then addcd
to the mortar and the mass turned again until there i s no tracc of
oil visible on the Surface of the mortar. The mortar is now renady fJr
use.

(b) For c)ncrete,, the oil mixed mortar is combined with stone
or gravel previously moisteoed and the mass is turneO until all oi
the stono is thoroughly coat€d with the mortar and an unitorm nii
obtained.

(c) In a machite mixer, the cement, sand and water are 0rst
mixcd to a ln)rtar when alternate batches of oil and etone 

"r" ,AO"A
until the required guantity of oil is mixed, and then the remaiodei
of the stone is added and mixg6.

5..tJszs -Oil-mlxing cement' mortar or concrete can be 1,.6{
alvantageously where damp-proofingisrequired. Oo r.* 

"a.i,oil-clm3nt plaster_can be used as damp-proof course, as outside
pttiteriog.for walls and as wearing cour$es for fl661s aod ;;;;
Floors, ,osfs and walls of old stnrctures can be made water-pr66i
by the addition of oil-cement plaster.. Concrete for foundatiJn
floors, water cisterns, retaining walls, etc., caa be made Ca;p-pi".-f
by the additon of oil. 

- 
In reinforced cement concrete, ,aOit,'* Ji

oil is nrt reccmmeoded as it affects boud.strength..riou.ty uot".-.
specialdeformsd rodsareadopted forreiqfolssment. ReinforceA
ccncrete slabs can hrwever, berendered waterrtight by the applica-
tion of a cclt of oil-coment plaster oo the surfaco-

(a) For new plastering work, the addition of mineral oil 5 por
cent by w:ight of cement is all that is necessary. When the ptasier
s to b: apptied to be old wcrk, the surface should be scil6gj
thoroughly clean and made wet before the application of tne oii.
ccmont mlrtar. The bcnd between the old work sn6 the new riill

bas become hard'

2. LaboratotY
mine the PhYsical
variors qdantities

properties of conPrete

oi .lil admixtures have

tests made to detir-
mortar contain ing

valua ble resullg

(a) The teosile strength of oil mixed dement mortar I :3 is
,"* iirir" air.rent from that of plainmsrtar, 4Dd shows a substantiat

;;il i" streogth at 28 days and at 6 monthsl over that at 7 daysi

iUr, tnu oit rnix:d doss nct exceed l0 psr cetrt of the weight of

the more importatrt of which are mendonefl below :_

cemeot.

466-3-48A

l- IntroCuction-Ordlnrry cement mortaror concrete, because of
its ab,sorbtive qualities is used in some struptures.with ooly partial

;;;. Wheo madc proof against the pqrmeatiof of m6istur6,

;;rt, its field of use fulncss rendered Eore universal but iis
.?U;"1, is likewiso greatly increased. A fery simple method of
iilo-pio"nqs cement concrete or rbrtar fs by the incorporarioi
;ilt i; oil residium with the mixture. luch tra,o;1 _ir* *i.h
;;;;t*rt" in small qua^otities entirelv drsappears in t[e a1ia1ur.

iJ -o*. 
not sepa.ratc from the other ingretdients after the cement
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be improved if the old surface be roughened with a stone hanmer, coat to which qew tattiei, whcrcver required, should bc addcd. Thcitrnaybewgllatsotoapplyawashofgrout,made.bf mixing cement new coat shall be thenlaid on as dpscribql above and oew catr!,withwrttrtrth:crniistencyofcream,boforelaying the bil<ement buirdlesprovided,ofthefullthicknessofthegrassroofing.
mortar.

(6) Por ccncrete, the quantity ofoil to be used will be l0 per
centtyweigltot..^iot. careshouldbetakennot to use smooth sPECIFrcATIoN No.46'A.
rods for reioforcement and not to load the slab or beam before full Besr rHarcnpo RoorrNc usnrc CocoNur Clprax M.lolrs.
strcngthisd:velcpsdin,iesay2Sdays,fortheapplication of water- r r ,

procfiogcoatof;il-cementplastertoaconcreie rrrf"".itr.'*-. -,.1'--Layingofraftersandreepersshallbedoneasspecifiedin
.pr"ie"ution has given abcvi for plastering *"y b;;;;;t"d. 

---- slS' No' 4'6 specification for best thatched roofoi.
(c) Wbe^r two coats of plastering are adopted as in stucco work - 2, .Ovy the reelrcrs, double new coconut cad,jan itradals shall bc

(with slap or pebble dash) the oil mix may be restricted to the first laid closely ooe over the other beginning at the eaves 
""o 

**ir*
orscratchcoat only, upwardl and tyiug well each madal 6 the recpers. The top oithe roof shall be finished off by raying twolayers'of cadjan madalslongitudinally atong the ridge with trreir csDirc ";;i; across the

spEcrFrcArroN No. 46. fJ_:tJl""i,,f.T# ff""'JlffifJ,",H *,l[,:hH,,S
Brsr THrtcrreD Rmrtxc 25 c\4. Tmcr, TNcLUDTNG B.Nsoo s-halt t9! bo so accute as to buckle the madals. et ii^:i+l numberg

RAFExs, BAIrBoo REE*ERS 
^xo 

Brusoo MA,rs. of double crcilut ca(ian madats thall *- ,; i;r;;t l0 sg. m-

t. Refter couples, stronsly rashed with coir rope at top,. notche{ il"Til"filJ#: 
**' A pitch oGot less-tiai;f 

-,,ir* 
will bc

sligbtly and spiked to wall plates shall bc placed at 45 cm. intervals.
Thecoupleraftersshall be of strong closelyknotted bamboos' 3, The-9ave1 andvergesshallthenbetrimmedbycuttingofrthc
7.5cm.tol0cn.diameter,orsuchotber Iargersizeas the r{uiro- l_me ends 9f cadjarmadals. Thc roof *nn.omprcted rhall
0ents mlydcmrndand shell pr6jsslleadistancc45 cm. horizontally pr€Eent a uniform appearan@.

f;ffiXf*,:::ilir:["-llk*ilJr"r?*H,;Tf.^,rJffi ...::.-.I!"n j,hf roorshalbEp.rrectryweathertightwithnorearagc

and sec.rrely tied with ccir rope (or ,nailed "r-;;; b"il;;;j ::I:*t under heavv rains. It should not siot frceptiUlv with i[c
wbere the reepsrs cross every rafter. over ,h;;;;;ru weightofamanstandinSonit'

ldid ths bast q:ality of closely'woven bamboo mats, shiny surface 5. The rate for thatch roofiirg wilt include all work aad rnatcrialc
dOwaward, to cJ n.lletely cover the reepeB and so secured to the as described, abcve.
reep3rs,thatth:y will nct b: displaced whilelayingthethatch. This

["THTffil,r?":'#3:'i:uili."u** 
i'r ttre mats and tvins ,,fuT"j:ffffi:f:]f"?ir-*'rilX;i:li1H?;H

,2. The grass shall be laid in three layers. The 6rst layermay 
sameshallbemeasuredandpaidforseparately.

bc of ooarse grass and may be laid on loose and tied tightly down with
bamboo battens, not more thaa 25 cm apart, with ties at spacing of SPECIFICATION NO. 47.

fl"H"lT#[ff'ilTtr},"##::ir?::t#ffiffi":,,';: Roorruc wr*r cALvANrzED ..RRUGATED rRoN s,Er.!i,
or the ground, each of sufficient thickness to fornvonerthird of the 1. The Gauge of sheets will be noted in the Schedule ts.n\rc?
finished coatifg. The grass,is to be closely packed and tied wjth (extract r.nder speciEcationls)andN.B. Co(.c app"rOl* pari V
bamboo battens below and above, spaced, and with,ties at intervats refcrto severalthicknessand,weigbts.
of 45 cm. each layer of tatties separately laid and tightly tied on the
roof with ties at intervarr 

"izj-"ro "r..; ;h" b";il.' A; ";;il _"'_'l' Galvantzed corrugated iron sheets.-4he roofing shall coosist
surface of the finished. roof shall be even withorr ;;; ,;;il;r: :l::Hd staadard specifcation galvanized iron shs€ti oisueh sBusp
Thc cave b -.ndles are to be of the full thicr..r"r. or ti. 

-grJr, 
;ffi: a-s wiII be specified, in the tender notlce. . The sheets shall be uniqiufr

evenrv and tishtrv laid' out on squarerv neauv uoa p"i.J'ri;ydi. 
-' :1"?ffiT;ff'"3.T:ffit $;*: ffu"Hxff#;ll?;";TiliV.A.-This lattEr paragraph {nay be modified as necessary for each wtrite powOery deposit.

locality by supplementary sprecification to suit the b€st type ofthatching
toovm to the local thatchers. - 2. The shects shall be taid on the roof with a lap of not less than

3. rhe ridge and hips wil be nnished off bv a ,r:1111,., q:,. ::.n;: ffi;",:::;3::i$#11fj.'lf#'X-ilml
and both ridge and hips will be coverd by strong bamboo batt€ns Or."tion o1 lscil heavy rains.'
firmly sccured with coirrope to the bamboo below.

4. vaueys wi'l be lined with plain galvanized, ironsheetins not less .;;. ff*fj::"0:1",h ,ffi1il1f,Ti1J'il#[:[?ilH
thaa I metre wide which will be secured to the bambooframing. il"i" 

".a 
ri.;;';;i; ili-lir". is more usual:

4.1. The finished roof shall be perfectly weather tight with no
lcalgase whatever under heavy rains. It should not sink perceptibty
with the weight of a man standing on it.

4.2. Apitch of n:t ness than half span witl tre usually adopted.

5. The rate for thatch roofing will include all work and materials
at dessibed abcve, except valleylinings.

Nors.-In repairs where a top coat has to be renerved, the entire
top layer of grass shall be removed, hollows i n the layer below shall bc
tlled with new. grass laid under the battens of the towcr

4. The rivets or bolts shall be placed at 30 cm interrrals along with
edge of the length of the sheet, or at such distance approximately
30 cm as will equally divide the sheets along their length, The bolts
and rivets shall always be placed along the ridge. of the comrgations.
As the overlap exceeds to ccrrugations, theserivets or bolts shall be
ilaed. zig-zag so that the end of each of the two overlapping sheetc
shall be drawn tightly one agrinst the other.

5. The horizontal joints of the sheets shall also bc riveted or botieC
toggther by means ofrivets or bolts and washerg, the rivets cr bolts
being placed, normall;', on each alternate corrugation ridge.
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or iron purlin.
on the roofthey
thcslant height r

may be lifted, on
9f the joints falli
rheeting shaJl be t
eontal joiuts do n

(l)
t.6O mm.
1.25 md.
I.00 mm.
0.80 mm.
0.63 mm-

fastened to them to galvanized iron hook
clips, screws, or other fastdners, as may bc

approvcd by the,Executive Engineer. 60 mm screws are used for
wooden purlins afrd hook bolts for angle iron purlins. These screws

or bolts are to be hvenly spaced, two per shcet slope, over each purlin.
' Tbp screws or bdlts must always be placed alory the ridges of the

oorrugations. T$e bolt holes must be slightly larger thaa the
diametqrofthe bglf so as to allow contractioa and oxpaasio.t of thc
mass of the roof'l covering. These holes must be covered by lead

. 1etrs[orsl or bitunhn and iton washers fitting tight to the shank of thc
lelts and extendFng 12 mm all round beyond the hole. Prnlinr
r.hall also be prolided along the ea\rcs at each side to prev€nt tha
over lapling endq of the sheets from buckling or lyitrg uneven onh.

t. The maximhm spacing of purlins for difierent gauges of sheet
.rhall not excoed tte following :-

Thickncss.

Roofins
with

Mangalore
tilcs over

shee15,

(3)

2.1 m.
1.8 m.
1.5 m.
1.4 m.
1.2 n.

Remarks

9. AII rivets,
rivets shall be ti

screws, etc, shall be set in white lead. The
ar,d drawn closely and the heads spread

evenly and and properly hammered, and set down all round.

I

5. Thc holesifor the bolts shall be drilled or ncatly and cleanly
Dunched in the fidgp frbm the outside inwards, so that a prqp€r
scatingforthelifopet washerisbbtained. A punch and' shectcr's
dolly shall be usdd.

7. 1}c roof cbvering shall be supported loagitudinally by wooden

rpecificd. Thc cootractor shall thcrcfore study rhc drewingr 1
dctcrmiocthclegsthsof such ridgiog and valleyia lining to tr
supplied befcrc hc submits his tendtr ratc.

12. Where the shects have to be cut to suit the dimensicn of tlrc
roof, either along the slope or along the lcnglh, they shall bc crt
carelully with a straight edge aad chisel.

13. For outside walls and partitions, the sh€ets may bc fircd
witb a lap of onc and a half comrgations. This may beobtained bV
rcversing. each alternale sheet in order that the sharp edge of the
outer corrugation shall, in all gaoes, lie iawards into thc outer
hollow of the corrugation in the next sheet which gives a neat finish
to thcjoint. ,

NorB.-I. Where the nature of the work so justifies , the comr-
gation sheeting will bepaintedaftererectioa withtwocoole of appro-
ved paint. There are suitable patent paints in the market which wilt
adherc on galvanize<i surfaces.

Agalvanizcdironroof has beet found to tre 10" to20" Fahrcn
heit cooler when painted white; than when left ofits natural colour.

2. Corrugated iron sheets shouli not be built into gabte and
parap€t8, but should be bent up along the edge and suitable flaehiog
provided, or a projecting drip course built, as part of the parapc
to cover thejoints by at least 75 mm (This flashing is not included.
in the roofing rate).

3. Wheo comrgated sheets are used for temporary buildinss.-
it is undesirable to make holes in them. The use of Windless cliis'
avoids the necessity of making holes in the sheets.

4. \ilhen riveting is, done, the sheets should be riveted in sct
on thc ground. Generally three shcets in the leogrb ard tluee cr
four in breath can be completed on the ground before tley aro
boisted on to the roof. In fixing the rivels, which willaluays te of
galvanized iron, they will be passed through from belcw aod teld
up firmly-by a holster, resting on a block of wood placed on thc
ground. A lead washer fittiog tight to the shank of.thc rivct and
extending 12 mm all round beyond the edge of the hole will be put
on, and the rivet head will be made over it wirh a ligirt hammer
and finished ofrlvith a capping tool. Care must be teketr that thc
sheetis well supported underneath, and that no indcntification is
made on the upper surface of the corrtgation.

4.1. When the different sets are hoisted on to the roof, they wil
be riveted together in the same manner, pareful btocking beiag donc
from below :

SPECIFICATION NO.48.

RooTTIc WITH GALVANIZED CoRRUGATED TRoN sHEETsAND.
PAN TrLEs ovER.

The c rrrugated ir6n roofing rhall be ex€cutad to the standard
specification for ..Roofing witb galvanized corrugated iron shcets,,
Over this roofng shall be laid dry, without mortar, standard speci
fication pan tiles, in the same mann€r as detailed in the stantard
specification. "Besttiled roofng with pan tiles incruding teat.c"pc^
at 100 mm centres and lime borders cotrpl€te, with the 

"*""pti.,that (l) teak reepers are now unnecessary, (2)lime borders rr. oriU.J
and (3) the number of tiles may be reduced to give overlep of half
t6e tiles length both in rower and upper rayer. Tte tiles stratt stari
at 30 cm from the eaves unless otherwise specifed, res.ing against
reepers fixed as for ordinary pan tiles roofng and screued to thc
rafters in a similar manner. to tte way wird tie s are fixed. Ridges
and hips will be finished as specified in lhe stanc:ar<t specificati-on
for pan tile roofing.

Nore. - The area of the r6o6ng is to be Eeasured as per area.of
corrugated iron sheets below.

For permanent work, before.laying theshects
may be riveted on the ground to a length equal to
rf the roof-vide rrote 4 below. This riveted shept
to the roof and placed on the purlins, irrespective
ng on the purlins. The second and oJher rows of
lxedas described aboVe taking'care that the hori-
ot fall in one line ; the sheets shall be carefully

pan
tiles over

sheets.

(s)

This table is for
75 mm
corrugations
18 mm. dccp.

Roofing
withRgofing

qith
shcets.

m.
m.
m.
m.
m.

(4)

1.8 m.')
1.5 m. I

1.2 m. Il.l m. I
I'o m. J

lO. Wind ties consisting of continuous lengths of flit bars iron
5O mm X 6 mm dof suitable woodetr batten$ if so speci'ted, stratt Ue
fixedalongthe eavfs oftheroof, theties being bolted or scrcweddown

,to thgraftcrs in th( samc way as the sheets are fastened to the purlins.
Slot holes willb€critin the windtiesto allowforexpansionard contra-
ctio due to variation in temperature. In windy locations, sucfu ai
open sheds or vefandas, the Executive Engineer will also specify
the measures to bt adopted to secure the purlins themselves to the'
'oasonty or other darts.

i

11. Ridgss and hips shall tre covered with proper ready made
t.O mm thick gakani2ed corrugated iron ridging vide standard
rpccification for e4fvanitea iron sleets having a 

-minimum of 25 cm
lap on either side. I These shall be seqtrely fastened down to the main
roof in the same f-ranner as the corrugated sheets are attached to
Gach other and to the purlins. The capplng or ridgjng rtall be ]aid
sith an overlap of [t least 25 cm at each joint between ru,o ler,gt]s.

l

ll.t. Valleys wiif Oe lined with 1.25 mm standard specificali< n
3alvanized iron 6r iinc sheeting, 0.9 m wiCe, screled dc n n to 2-<n m
planking laid benlath them-the sheet having 25 cm overlap.

I

11.2. The contr{ct unit rate for the rocfirg per l0 sq. trclras
$etlirrclude the supply and fixing of the standard ridging for ridges
rnl bios and she$inr for vallelys as specified above_,unless iiis
otherwise described in thc relevant schcdule item or otherwise
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SPECTFICATION No.49.
' RoorrHo wrrn Asasslos cEt[BNT coRRUcATED oR

, SErII-@RRUGATED sIrEBTs.

l.l. Speci6cction for A.C. shect roofing is given in IS 459/1970
and N.B. Codo appendix Part V.

1.2. Thc contraot unit rate for the roofiog pcr l0 sq. netres sball
ircludo tho supply aod deliveq, of shceting, ridging and 6xing
rcssories with or without erection.

Ftxlry ol slpctc.-IS 30o7/Part II/1965 and N.B. Code Appcndix
YII ahall appty.

2.1. It is importaut when using unreinforced Lmrgated sheets

on larp roofs, in which tbcre is likely to be some move,ment of thc
druoture duc to variations ia climatic conditions, that expaasioa
joints should bc us€d in association wilh the sheets to permit any
grtch moy€EcDt being.talen up. It is thcreforc desirable thst thc
rccomm,ndations of thc manufacturers on this point should bo
carefirlly folloruod. In caccs whcre sheots havo to be bolted through
tho lap, aad on long strctchcs of roof, an crpantlioo joint shoul<t
bo provided at tho dcfinite intcrvals recommen&d 1 for oacb
partisular claca of roof.

74+ I'
z \-H, \.-, a-rA-^\- f \-/\

t
1

1Et.'
,h.

FI6 I CORP UOATEO SHRITS

Ceillngsaotes

l. t.S.244U63 shall apply.
1.1. Methods of fixingtimberceilings are descrited in lS 53t0/69

and NS.C.PartVI Section 3.

SPECIETCATIoN No.50.

l2.r0r. Trrrwooo Pr,eNr Crrr.rNos (ToNcuED AND GRoovBD
pr.ArurNo).

IS. 5390/69. peragraphs 4 aod 7 of IS [241163 aad N.B.C.
Part VI S:ction 3 shallapply.

SPECIFrcAUON No.5l.
I

12 yn. Tnerwooo Pr.exr Crr,rxo wrmr 35 uu. x 12 nr
TEAx BArTtN.

IS 5390/69 and N.B. Codc Part VI Soction 3 shall apply.

Exrnecr rRoM I.S. 459 - 1970.

Specificst|ott tor uarc inforce d corrugated and semi-corr agatel
a s best os cettufi sne e a s.

4. Dinewioas and toleranccs.
4.1. Thc shccts shall cbnform to thc dimensions ar d tohieostr

glvco In Tablo I and Fig. I md Fig..2.
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TABT,E l-DIMENsroNs AND Tor,m,rxcrs or Cpnnuotrro a,xo Snu r'CoRRUoArtsD SnBrrs.
(Clartse +.1.1

(All dimensions h millimeters)

Seriel number 
'

type of shce

Depth o!
conugaflon,

,---*--r
D Tol*

farrce.

(2) (3)

,18 +3
-5

45 +3
-5

Pilch of
corflEqtbn,

+a
P Tob-

r@Ec.t.
(4) (5)

146 +6

,--L--t
T Tole-

rance.
(8) (e)

l0l0 +10

-5

o4d
't.

Overall
width.

Effective Nominal fungth of-width. thtckruss, sheet'.

0)
G) Cornretated sheots

Gi) Semi-conueeted sheeis

Sq'ul nunber attd Chqrfucturlstic.

(i) Waterabsorption, p4rcent max . .

B

(o
1050

Tole-
nonce.

(7)

+10

-5

,---l--l p--.4--.1
T Tolc- A Tolc-

ruiltoe. tgrcQ.
(10) (11) QD (13)

6 +Ffee 17fi + 5

- 0.5 '20()0 
-lO

2500 or
3000

6 * Free 1750 + 5

-0'5 2000 -10
25m
3000

may
Tolerance table fcrr pitch

pitches for sneets.

E:ilRrcl rnon I.S. 654-1972.
Spcciftcatiott for Clat roofing, tiles; Mangalore pattern.
3. Clustfuatlonz
3.1. Roofios tiles, Mbngalore pattern' shall be of two classes

namc$, clasc AAand class A and shall be classified as per the charac'
'teristics as spcci6ed inTable l.

Tr,rr.r l{rAssrcenoN oF RooFINc rILEs.

(Claucs 3. 1, 6'53, 6'54,7't and 7',3)

Requirements.

agreement
aud threerelates to measurement over six pitches lbr

4.2, Tbe roofing tile shall bc free from impurities like particles
of stone, lime or other foreign materials visible to the naked eye
either on the surface or on the fractured fecagfthc tilc obtaiacd
by breaking the tile. However, occasiqral particles upto 2 mm in
size may be permissible. Wheu struclqthe tile shall givc a charac
teristic ringing sound and yAcn brokcn thc fracture shall be clean
and sharp at the edges. 

. 
Tlie class AA tilrothall be of uniform colour

4,3. Slwe : When the roofing.tile is placed on either facc
on a plmesudace,t\e gap at tte comers shall be not morc than 6 mm

'' iil

l0l4

4.4. Lags I

'4.lj: )Eottrm l4rs: The tile shall have at least 2 battern.
Lugs with base thickness (thiokuess at bottom) not less thsD 15 mm.
and thickness at top not less than l0 mm. The projectioo from
urface of the tile shall be between 7 and, 12 mm. (see Fig.l).

iA-,'" ;- i

338 +6
-,,

I 100 +r0

-5
+10

-5

,---_.rtr-1
Clsss AA; Clcss A.19 24

(ii) Drcafing load, kg. hin- . . lO2 A2

(o) Avprago. lO2 82

(D) Ildividual 91 6E

. 4. Gbsalqulitty z r i:':

{.1. Tho rooffrrg tiles Shall be madg fron suitable clay,of even

tdurcand ehall be well butat. They shall be free from irregularitits,
f,tcb $ tf,ists, bends, cracls and laminations.

-t l\ "Jt' ' ''' '' 'fS'i *rl

x
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- 4'1'?. 
-fuw lugs :IThe tile shall be at lcast 2 eave lugs witb

Fig.l).

. 5.1. Dtnuadots.-fhcreshallbethrcorizesoftiles,with principal
direnoioos as givcn in table 2. Thc tolenncc in lcqgth 

"oA 
dtn

arc given in 5.2. !
Terr"r 2 :- DnENsroNs or rrLE!.

5. Dimensions aad toleramcs :

Serlal aumber.

^.. 
, 
:: --lorrtCltto* and cross rtbs:Tfoccross scction of thc roofing (l)

tile-shall bc such as to givc the tilc structural rrudity. fhis may UI r
aclicved by providing loogitudinal comrgations with intermdiatc t'
qross ribs or stiffeners Gee Fig. l). 2.

3.

4.6.. Tte down hole : At least one hole shall be provided in
one of the cross ribs near the eave end of the tile for securing the tile
o tho rocper or batten with wire. The hole shail be clear and truc
end shatl be not more than 2 mm. in diamcter, but shall be targc
eoough to pass a I.6 mm. wire easily (Seg. 'Fig. l).

Norr : If the maximuo overlaps arc kept, the tilc at Serial
numbor (l) isuscdforbiltcnspacirgupto 320mm.Serial No. (Z) up0o
359TT. and 5sr1", numbcr (3) upto 3d) mm.. Itrowwer, UyrdqciG
lUttably overlaps in thotilesarscrialNos. (l)and(2)thes" .uo 

"fibG usod for batten spacing upto 360 mm.

5.1.1. The minimum overlap (see Fig. l) shall be 60 mm. leagth.
wise and 25 mm. widthwise for each type of tiles.

Overall
length.

(2)

410 mm.

420mm.

125^rn.

Ovcrdl
widrh.

(3)

235 mrn.

250 mm.

260 no.

I

:1.

t',
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5'2. Tolerances.-For measurement of variations in lenglh/
vidth of tiles the difference between : -

(a) the overall length / width of thee tlles (Measured li acccr-

lance with 5.2.1) and

(D) thelength / width ofa tile is calculated and this value shall
rc within the limits mentioned below :-

For tile sizes. Yalue of l/aluefor
iz mm. length. width.

. lz mm. iz mm.
(t) @, (3)

ttO k 235 ' 630.to 650 4t0 to 430

l2O: 250 670to690 420to440

125 x /o> 690 x 710 430 to 450

5,2..1 , ee tiles shall be selected at random from the sample

lelected u r er 6'3, AU blisters, loose particles of clal and small

projections shall be removed-' These shall be arranged upon a

level surfase interlocked along length / width wise on straight line

iD tight position, and overall dimensions are mcasured (See Fig. 2)'

{cl -uitable floor and ceiling finish.

7. PreptratorY work.

7.3, Preparation of tenaces bricks.-'The terrace bricks shall be

kept immersed in water for atleast 4 hours before use in the work.

The skin shall then be allowed to dry. This treatment is necessary

to develop adhesion with mortar in the terrace-brick work.

9. Laying .of terrace bricks-

9.1. After preparations as in 7-3, the terrace bricks shall be

on edge in diagonal rows spanning over thejoists. The laying shall

start from ooe corner and proceed towardb opposite corner. Each

row shall be completed before the next one, adjacent to it, is started.

9.2. Tho bricks shatl be laid in lime mortar of mix l:l$ (lime

putty, sand by volume). The thictoess of mortar joints shall oot

6ceed 1cm.

466-t-49

2 A. ARRANGEI4ENT oF THREE tlLeg
LEN6TH WISE IN TIqtT POSITION'

28, A&RANOEMENT OF TI+REE T'LES

H(EAOIHn&SE tN T||CHT POglrloN '

FI6 . MENSUREM ENT OT TALE KANCE S.

5.3. Weight.-She avera3e weight of thc six tiles, whon dric'I
at 105 to llO"C to constant weight and weighed, shall be not lesl

than 2 kg. and not more th.n 3 kg.

5.3.1. The weight of tile shall be noted ccrrect'to the nearest

0 0l kg.

Errn \cr FRoM t.s.2119-1962

Code of practice Jor constuction of brlck+vm'concrctc cemrosi9
(Madras Terrace) floor or roof.

4. Design considerations,

4,1. General.-The Madras terrace floor or roof shall consist

of the following comPonents :-
(a) Alayerof terrace'brickwork laidonedge with lime mortar

specified mix, sgpported gn closely spaced wooden prccast reinforcod

ctncrete or steel joists and having a suitable ceiling fnish applicd
tothe soffit of the terrace-brick work.

(6) A .course of lime'brick jelly concrete taid to a sp€cifed

thickness over the terrace-brick work and having the roquired floer

or roof finish at the toP ; and

9.3. During taying, the bricks shall be prcssed against thc aqisc€Dt

rowalreadylaid so that it bonds wellwiththemortarandalso pafiially

develops lateral adhesion preventing it from slipping. To enhanco

the self-supporting arch action of the brick work, the bric*s may

be so laid as to obtain for the brick work a slight rise in between

the joists, the rise being generally not exceeding 5 mm'

9.4. After laying, the brick work shall be curcd by keeping it
moist for a pericd cf not less than lO days so as to sct propcrly

\

lO. Layinc of lirrre-brtck Jelly concrete.

10.1. Aftor the terrace brickhas sct, atayor of llmo'trlot tcllT
coucrete of mix 1:2i (elaked limo'brist jollf 'tU volune) !&e[ tt
laid and spread to an aYerrge thicfuos of I0 o.



10.2. After the lime-brick lelly conerete is laid, initialramming
shall be done with wooden rammer of weight not exceeding 2 kg
so that the layer oflime ccncrete is consolidated to 7.5 cm. thickness.
After this, the consolidation shall further he done with the hand
beater (see 2.4) so that the concrete hardens and the beater makes
no impression on th€ concrete and readily rebounds from the surface
when struck on it. t

10.3. After compaction, the surface shall be wetted by sprinklirg
or a stlution prepared by soaking in water the dry nuts of Terminalia
Cheb rlr (Kadukni).

No.te, -The sclution of Kadukai may be prepared as follows : -
The dry nuts shall be broken to small piecos and allowed to soak

in water.

The resrlting liquor is decanted and used flor the work.

.If the surf"ce during the process of 
"o\-puction 

becomes
so uneven that water lodges in pools, the surface shall be pricked up
and fresh concrete spread and co;srlidated as necessary to obtain
an everr surface.

10.4. The concrete shall then be cured by sprinking water and
allowed to harden for a period of not less than six days before laying
the floor or roof finish.

Il. Finishtng.

11.2. The ceiling shall be finished with lime plaster of mix I ;2 or
cement plaster of mix I : 3 as required. The plaster shall be in a
single coat l2 mm thick.

I 1.3. The finished suiface of the terrace and ceiling shall be cured
with water for a period of not less than three weeks.

JOa

Exrnect FRcM r.S 'i44t-79\,- . ' '

Code oJ' pactice for fixing seiiing cover;fl(,-

4.8. Timber for ceiling lrame work and beading.-11s timber shal!
be made from selqgted species that are found to be satisfactcry in
the local practice for such use.' The timber shall !e seasc,ned in
accordance with IS : 1141;1956 code of practice for Seasoni/rgs of
Jimber (Tentative). Timber for ceiling frame work shall not be less
than 60 mm. in depth and 40 mm. in width, The beadings shall
generally be of size 40 mm. x 12 mm. The timber shall be preserv. -
tive treated inaccordance withIS:401-1961 Codeof Practice for
Preservation of Timber (Revised).

4.9. Tinrb.r planl-ls.-The Planks shall be oi seasoned timber
wrought to required size. The plank thickness may vary from I 5 mm,
to 25 mm. T1e width of plank shall be,100 mm, to I50 mm. length
not exceeding 3 m. each plank shall have tongue and groove for
rrinting. The planks shall preferably be well.planed on both sides
f5r short lengths of not less than l0 cm. near each end. The planks
shall be from the species of timber specified in IS : 883-196I, Code
of Practice [or use cf StructuralTimber in Building(Material, Grading
and Design) (Revised) Seasoning shall be doa-e in accordance with
IS:1141/1958. The planks shall also be preservative treated in
accordance with f.S. 401 /1961 .

4.10. S tt s pender s Jbt' cei li ng ft' ame wo r k-These may be fabricated
from mild sieel liais or other metal sections. They shall preferably
be in two pieces so that the length of tt-e suspender may be adjusted
slightly during fixing of the ceiling frames. The shape at the top
end shall facilitate a frm suspension from thestructural floor above
with proper anchorage..

Where mild steel flats are used as suspender, they shall be of one
the following sizes:-

35 to 40 mm. x 6 mm. ;45 to 50 mm. x 6 mm. or 60 to 65 mm. x
6 mm.

4.U . Metal flame vror k.--:lhe frame work may also be made of
sections of light metal, srch as aluminium, the shape of cross sectioq
being such as to facilitate proper suspension and proper fixing of. the
ceiling coverings to them.

5.2, Suitability of different types of ceiling covering .

5.2.1. Timber plank-Timber plank coverings wiil
strong and stiff.

be generally

5,2.2. Gyptu,n plaster board.--Theso coverings will comtrihute
high fire resistance to the ceillngs to which they are fixed. Gypsum
bcrrds, which arrsensitive to moisture, shall not tre used where
excess.of moisture is to be encruntered

5.2.3. Plywood-Plywc:d may be used for ceiling covering to
obtain a continuous flush surface. Plywood ceiling shall preferably
be fi xed with beadings at appropriate spacings. If decorative, polist ed
or waxed surface is desired, decorative plywood conforming to
IS :1321-1958 Specificaticn for venered Decordtive Plywood may
be used. If coloured or pairited surface is desired, plyucod con-
florming to IS : 303-1960 specification for plryood for General
purposes (Revised) may be used.

5.2.4. Block boardslnd particle boarfls.-.Any of these types of
ccverings is durable, strong and stiff like timber plants with the
additional advantages of providing a continuous flush surface, simpli-
city and speed of fixing. Beading shall preferably be providecl at
joints as in plywood. Joints may be bntt-fitted on frame members.
For decorative ceilings, decorative veneered matched panele may
be used in eithel veneered particle boards or block boards. For
coilings to be painted, commercial, grade boards may be used.
Particle boards will give additional sound absorbing and sound

amping qualities.

I
APPENDIX A.

(Clauses 2-3 and 5-4)

- Specifrcatton for terrace bricksfor use in Madras terrace work.

A.1. Manutacture..

A.1.1. The bricks shall be made from clay moulded to the rectan-
gular shape and burnt in the same manner as for common building
bricks. Either hand or,prachine moulding may be adopted.

A.2, General qualit.v.

A,2.1. The brick shall be free from cracks and flaws and modules
of froelime.

A.2.2. The defects in uniformity or the shape of the brick shall
nct be sroh as to cause difficulty in obtaining uniform courses while
lying the terrace-brick work.

A.4. Dimensions and tolerances.

A.4.1. The size of the terrace brick shall be 15x7.5 x 2.5. cm.

A.4,2. When 20 whole bricks are measured together in accordance
with the procedure given in 4.2.1. of I.S. 1077-1957 specification for
Commrn Burnt clay building bricks, the dimensions of bricks shall
be wlthin the following timits:-

Length 290 to 310 cm.
Breadth 145 to 155 cm.
Thickness 45 to 55 cm.
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5.2.5. Asbestos cement buililing boarils.-These can be used even

in situttions where mcisture is present, suchas in bathrooms' kitchens

erc. Asbestos'c€rn€ot bcards Lf a special composition and special

surface texture can be used for decorative acoustic and insulation

purposes.

7.4. The beadings, wherever reQuired shall be 6xid tabattens with
screws of length 50 mm. or equalto double the overall thickness ol the

planks and beadings, whichever is larger. The overlap 'of the

beadirys shall be equal on either-side of the two adioining planky,

The bead,ing shall be mitred, at junctions. The spacing ofscrews shall

be staggered along its length so that each one is driven completely
,l.ougtr one plani. , Screws shall be countersunk and screw holes

filled up with putty or stopping.

7.5. The ceiling. shall be treated with a suitable wood finishing in
accordance with IS. 2338 code of practice for Finishing of rT ood and

Wood based materials in Buildings.

5.3.1. Ttre frame to support th-e ceiting shall te designed for stru-

cturat strengttr and stability taking into consideration tlr'e spacing

oii.r* *"-1"ts and the sizes, wei ght and strength of ceiling coverin gs

to be fixed. ' z

5.3.2. Generally false ceiling to R'C'C' slabs may be provided to

"ru", 
p.oj".ting b*.t, frames and slabs at different levels' and also

service lines and installations.

Note. -Itt p.r5lic halls where R'C'C' slabs are o.ot provided in or e

lereluseoffelsec:ilingshallachievebetterfinish'acousticand
thermal ir,sulations conce' led lightiog' etc'

5.3. Frame strength and stabintY

\
7. Fi.ring timber Plank cellins ' -

8. Fixittg gypsam plaster boards.

8.1. The nails used for backir.g gypslm bcards stall be of 2'5

or 2'65 mm size with a head diameter of 5'to l0 n,m. The length

of , nails shall be as follows :

For 10 mm. thick board-about 30 mm.

For 12 to 16 mm. thick board 35 to 40 mm.5.3.3. The suspenders used for supporting frame w'rk fe r t'alse

..irirg t, nCC siabs shall be a length sufficient to reach the ceilii gr

framel and sha'll be anchored adequ&tely to sffuctural concrete above

.o u, io o61ai1 the required suppJrt for the ceiling'

5.3.4. Where the msmbers of ceiiine framE work span more than'

so".. oot." to centre additional oross battens shall be provided to

sttiffen them.

5.3.5. C:iling bcards whose weight is not more than 5 kg1mz may

Urn*rdli.""ttvtonCCslabsbymsansoffr'ringplugs'boltsor'other
suitable devices.

7' 3. The'counter sunk screw holes and the joint s between the plar,ks

straiioe flleO wlth putty or stopping'

466-3-49L

8.2. Only screws shall be used for fixing erypsum boards thctrgh

nails may be used for initial tacking. The screws shall be countersunk'

The sizes of screws shall be 2' 39 ot 2' 74 mm. dia' (1 2 to 1 3 guage) and

the lenEth as follows :

8.4. Finishing of ioints,-The joints'shall befilled with gypsum

plaster or other finishing materials recommended by the manufacturer

of the boards. After filling the joints, a thick skin of the finishing

*"*iutt shall be spread about-s cm' vide on either side of the joint

andootoitshallbetrowelled dry a reinforcipg scrim sloth about

iO 
". 

riO". When metal scrim is used, a stiffer plast€r wili bc

nec€ssary to enable the trowelling of tho scrim down to the bcard (sea

Fig. 3) the joiats may be left open also if desired'

For l0 mm. thick board-about 30 mm.

For 12 to l6 mm. thick board 35 to40 mm.

The screw shall have 10 mm. minimum clearance from the edge of '

board.. Steel screws without brass or nickel coating shall not be

used.

8'3. lointins.-4he boards sball be fixed with a joint, cl€atance of
about 6 mm. The joints shall always be in perfect line and plane'

Jointlng may also be provided in a decorative pattsln'

7.1. After 6xing of th: framo wrrk in accrrdance with 5'3 the

expxed,longihofsu;p:.rl:rsshaltbeprotectedwithanti-corrosive
plint wherever necessary. Timber battens shall be 

]real3A 
with a -'ri"."rvutir" Uefore use and thetreatmeflt shall be such that they do not

i.nr. .oy stain on th: coiling coverings'

i.2'Tn,.outerlineofplenks,shallbeaccuratelyfixedinstraight
linul:iitt. Tlrp plank joints shall be parallel and in perfect lire'

il;'fr;J phnk neit to the wall shall be fixed cerefullv and accuratelv

*i, .r.ti to the wall, subsequeot planks shall be jointed\up 6ongue

"oC 
grrrve j rint, see also 5'2'l ') with utmost care'

t.
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9, Flxlngfibre building boards i

9.1. Frantework.-The frame work batteas and cross battens
supporting tto ceiliag shall be spac€d accordi ng to the size of boards
to tt fixod.

9'2.The sizesofbattcnsmayt?ngefrom 65 to 75 mm x 40 to
50 mm. and th€ spacingmay range from 45 to 60 mm. for longitu-
dinal battens and 60 to I20 cm, for cross battens depending on
tho sizo of boards.
- thoframo mambcr shall bo treated with a coat of prescrvative
palnt preferablg odoruless before the ceiling corqing is fixed.

9'3. All tho edgpe of the fibroboards shall be fixed to frame
mombers by means of scrows. Along tbe edge line of the board the
scrows shall be at a spacing of 7.5 sm. @nhe to centre aud shall have
a clearan@ of 10 mm. from the edge line. Along the lines of inter-
modiatoSupports,tfue screws may be spaced at 15 to 20 cm. cetrtre
to eotre. All the screwsshallbe countersunk.

9.3.1. Thc scrcws shall be nrstless and greascd before fixinc
6crcw!, if use{ shall preferably be coated *ith brass or nickeJl
longth of scrcws shall be as follows :-

For 3 to 6 mm. thick board-25 mm.

For 8 to 12 mm. thick board-30 to 35 mm.

9.4. lotntilA.-Tfucjoiots shall not bc normally filled with plaster,
but wterc th! ffbrcboerds (Iow or medium deusity boards) are to be
conoot plaslered, the joints shall bc left with a gap of about 6 mm,
vhich shall bo covo[cd with scrim,beddedincemont plaster, before thc
inishing coat of plastc is applie.d.

EN S'TUC'UiAL
Ef,,AM

o?EN totws SgREw to to lSmm
FEOM ED6e

FIG,3. FII,IIS}IING InEATMENT FoR roINTstN GY?3UhA SOARD CE ILIN6 .

nFrxFoRcE SCirM
CLOTH

9.4.2. lf the Fibreboards specially moulded in the edges are used,
the manufaeturer's instructions for cutting at site shall be followed.

9.4.3. In the case of rebated edges, screwing shall not be done
through the rebates.

. 9.4.4. Open joints may also be covered with strips of various
materials such as the following:-

(a) Wood cover strips, about 35 to 45 mm. vide and 12 mm. or
less thick ;

(D) Plain strips cut from standard sheets of the same materials
as the bo6rds, or mouldings'of fbre boards separatcly procured for
use as cover strips, or special types of moulded oover strips supplied
by manufacturers of fibre boards ;

(c) Metal cover strips such as a aluminium or chromium plate<
metal ,'

(d) Shaped plastic strip ; and

(c) Linen-backed adhesive strip.

Linen-backed adhesive strip may be fixcd by wetting the linen ani
pressing over the edges of the boards.

10, Flxtne plywood, block boards or parttch boards.

t0.1. Frame work.f,he frame work battens and cross bottenr
.upporting the ceiling shall be spaced in seitions determiued, takinl
into consideration the size and shape of the board, the thickaess of thr
board, includiag its strongth and weight the pattern of the figure andgain matchiug iu the case of decrrrative boards and other considera
tions specified in 5'3.

steel The cover strips shall be screwed along the centreline ofthejointr
The so that the fixing of screws pass through the open joints. The spacing

of scrcws shall be at 15 to 20 cm. centre-to.centre. Speciat types oi
coverstrip of Ebreboard metal, plastic, etc., sfuall tle fixedio aocordanot
witfu 15" manufacturer's instrucfion.

9.4.1. The joints botwcen ffbrcboards in thc coiliog may be finished
in varlous ways as described in I$. 1414-1962 code of .practice fo1
6xing rall coveriri8s.

luHcrrort
,E
Ar



38s

10.1.1. For boa1615 ia tfiickness 4 mm. to 10 mm, spacings vary from

45 cm. to 60 cm. for longitudinal battens and 60 cm to 130 cm for

cross batteos. For boardsabove l0 mm' thickness, the above spacings

may vary from 60 cm' to 90 cm' for longitudinal battens and from

90 cm. to 130 cm. for cross battehs'

10.1.2. The sizes of battens may range from 65 mm' to 75 mm' x

40 mm.to 50 mm.

10.1.3. After fixing, the frame work shali be checked with regard to

th; l;;;i position oiits outside 6urface and for pr6per fixtures and

joints.

10.2. The playwood or other boards shall be checked for correct

,ir.; rqo"."n ts ofadjacent sides and laying patterns' In the case

lial"o..tir" boards,the pattero and figure matching should have

blen aeci<bA and put on p;per, and b 'ards preferably numbered for

;;Gf i"*. env uoard so required s,all be cut to the req rired

plan.

Wherenecessary, particularly when it isoot sufrcientlythick to

beself-supportingfrom edge, to edge playwood. may be stiffened

J*t i[J'"ares- and also in intermediate positions bv stiles or

il-r-ri* tttipt of wood, metal, plastic or other maler ials'

10.2.1. Th€ boards shall be carefully lifled in a predetermined

auoo.. sod ffxed on to the frame by use of wood scrcws' All the

Igotfr"if U.nxed to framQ members by screws spaced 7'5 cm

;;;; i" ceatre for 4 mm to 6 mm thick plvwood' for thicker

io".O, tfr. centre to centre spaciig of these screws may be at about

iit..rifr"ihi"ko.... Thiscrews, shall have a clearance of l0
.r.-i."rr tt 

" "oge 
line. At the lines of intermediate supFort, the

J"i* ,i"ilue fiied at ceotre to cenEe spacing not exceedins 25

iiao ,nt thickness. All tho sqews sh:rll be countersunk'

10.2.2. The screws shall be fixed starting from oue corner and

"ntrnO=i"S 
to both sides to 6x the board flat and level'

10.2.3. The length of the screws shall be as followc'

For boards upto 7 rom' 25 mm'

For boards above 7 mm' upto 12 mm' 35 mm'

For boards above 12 mm. Thickness+2u mm'

10.2.4. The screws shall be rustless ar'd greascd before fixing'

10.3. Jointing-Theboards shall be bult jointed with a minimum

clearance of 2 mm.

10.3.1. The joints,if left open,shall be filledwith painter's putty

and brought tL levtl or may be cr.t toV shape. They may also be

left open, levelled or pa:'alltd grooved usirg.plansand a chisel ora
grooving cutter. The boards may also be pre'cut and edges

iounOeO before ffxing. ln the case of decoratile boards' the joints

may be coloured to match the general' colour and patlem of tho

ceiling boards.

10.3.2. The joint may also be rebate'jointed or jointed with

tongulancl g.olr. ,t given in 7.2 screws shallinthat cise not be

fixed through . he rehate.

10.3.3. Alterfiatively, the oFen joints shall be covered by a
moulding or strips as given in 9.4,5.

10.3.4. \'! hen fixing mouldiog in case of decor ative boards, care

should be taken lhat their colour, shape and siz'eae selected

appropriate to the decorative pattern oftbe ceiling'

10.3.5. Finishing-Theceiling after fixing shall be finished by

hand sanding, where necessary, and given further 6nisl-'es of lraxing
polishing, clear varnishing or painting in accordance with the instruc-

.iioor oi the manufacturers of these boards. Finishing of wood

surface shall be in acs<rrdanc'e with I.S' : 2338-code o[ Practice

for finisiring of Wood aod Wood based materials in buildings'

Wben piywood or other boards rvilh finished surface is fixed,

care shall be taken during haudling and fixing c'peratt(n not to

OisturU and spoil the uniformity of the manufacturor's firrish'

ll. Fixing asbesros cemeilt building boards'

ll.l. In fixing asbestos c'ement building boards, care shall be

taken to avoid rigid fixing as this may cause cracking if the support'

ins structure expands or shrinks, The boards shall be fixed with

sciews to wooden g;rounds or fitted with the ceiling frame by rneans

of metal chanoels and clips as illustrated in Fig' 4'

UOODEX UEUBER

ASaY St os cEMlt'lr
CEILI o aoA".9

WOOOEH.OR MEfAL 
'TFI'r EACIr Si{E8r ,orNT'

FIXtH6 ASBESTOS 6EMEHT CEILIN6 SOAR'O6

TO WOODE N MEMEERS
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12. Inspection.

12.1. The special points forinspectionduring workshould,be-
. (a) Quality ofthe coverings.

(6) soundness and rigidity of the supporting frame work.
(c) accuracy in level of the frame work and

. @) straightness of joints, and correct alignment of bead-
rngs.

Fixing and beading work along the junction lines between the
c,;iling and walls, and also at cornerjoints need specialattention.

13. Maintenance and repairs.

13.1. Gypsum wall boards and aslestss'cement boards will
oot ordinarily require any further finishes to maintain.

13.2. The protective 6nish on wooden planks, plywood, and
oiher boards, of wood based materials shall be periodically renew€d
t-. prolong their life.

13.3. When replacement of planks and, boards is nec€ssary,
such as in case of decay, distortion, bulging 6gt, etc., the whole plank
or brard, part of which has been aflected shall be removed at joint
line and replaced and restored to original finish.

13.4. Replacement and repairs shall !e done with specialiare.
The repaired surface shall not show any difference from the ori-
ginal in fitting and fixing, beading and finishjng, e.r:d protective
treatmetrt. Maiotaining uniformity in finishing treatrnent in an
important aspect during. maintenance and repairs.

Exrucr rRoM I.S . 269f1964,

Specification for burnt clay flat terracing tile.

2.1. Terracingtile.-A flat tile hand made or machine pressed
made from finewellweathered or wellprepared clay and burnt in a
kiln, anC w^rich is capable of being laid level on a prepared base in
one or mlre cour\es to provide satisfactory floor or roof finish

3. Manufacture.

3.1. The terraciog tile shall & made from good clay of oven
texture and shall be uniformly well burnh They shall be uni-
forp in size and shape and shall be free from irregularities, such
as twists, bends, cracks and particles of stones.

4. Slzes.

4.1. The size of terraciry tiles and the tolerance shall be as given
below:

(a) 2O x 20 cm; or 20 x l0 cm; or 15 x 15 cm.
(6) Thickness 15 mm or 20 mE and

' (c) Tolerances:
Ipngth and width . . $5 mm.
Thickness .. 

=f2 
mm.

ExrRAcr rnou I.S. , 2g5g_1964,

* *'tr;!:;'*roofins with

4. Design c.onsiderations.

4,3. Reepers.-The spacing of_rafters shafl not normally exceed60 cm. unless the reepers 
.are otherwise d;;; against sagging,taking into consideration the species of ti.6, ir"d and the load

Description of roof.

(1)

Mangalore tiles embedded in mortar qver
flat tilss.

. Ilr2. The spacing of screws or other fixtures will depend. on the
size and weight ofthe aQbestos boa.rd and sha[ be as advised by tbe
manufacturers of these boards.

covering over them. The size of reepers unless otherwise designed
shall normally be 5 X 2.5 cm. for Mangalore tiles-laid over flat tilec
over reepers and 5X 1.5 cm. for Mangalore tiles,over reepers or,
over ceiling tiles laid on reepers. \

4.5. Strength and stability.-Wlile considerirg the strength
and stability of the roof frame work supporting Mangalore tiled roof
the following dead loads shall be taken into account:-

Risel
span.

(2)

114 to 112

Deud
v'eight oJ

r ooJ
covering
kglmr.

(3)

lI0

o

Mangalore tiles with ffat tiles without ll4tol!3 E0
mortar for embedment.

Mangalore tiles alone I !4 to I 13 90

4.6. 
-Roof 

drainage.-No gutter or rain water pipe shall,disctarge
waicr from one roof to another unless the discharge is frr m u ,rnrll
area such as a ..Dormer". For detailed informaticn retating to
the disposal of raih water from rcofs, referenbe sl.rall be made tb
l.S : 2s27-1963.

If a valiey gutter is formed by means of sheet metal, the sheet
shall be taken at least a distance of 30 cm. under the roof on either
side of the gutter. Near a wall the sheet metal constitutirig ttre valley
gutter shall be taken at least 7.5 cm, into the wall and set with cement
mortar.

43. Use of chss rrles.-Glass tiles, usually of the same shape
as the Mangalore tiles niay be fixed in the sime manner as other
.tiles at suitable spacing according to the requirements of rcof light-
ing. Glass tiles of special types shall be laid in accordance with
the instructions of the manufacturers of these tiles.

5. Materials.

5.0. The materials used in roofing with Mangalore tiles shalt
conform to 5.1 to 5.5.

5.1. Mortar.-The mortar for use in bedding ridge tiles as well as
Mangalore tiles shall be:

Either compJsite mortar I :2:9(one part cement, two parts
lime, nine parts sand) or lime mortar I : 3 (one part lime, three pari
sand).

Water used for making mortar shall be clean and free frcm
deleterious materials.
' 

5.2, Mangalore riles.-These shall ccnform to IS : -65+ 1962
and specification for clay roofing tiles, Mangalore patfern (revised).

5.3. Ridge liles.- These shall ccnfclm ro IS: 1464_1959.

5.4 Ceiling rile^r.- Ceiling tiles for use with Mangalore rrtei
shall mnform to IS :1464-t959.

5 ! Fla, t iles,-Flat tiles for use with Mangalore tites shall have
one of tlre dimensions equal to the gauge of the Mangalore tile.,

5.6. Glass riles.-These shall preferably be of the same shape as
Mangalore tiles

-5.? Ventilating tiks._Tiles equal in size to one plain Mangalore
tile or two tiles laid side by side after allowing for over lapping.
These may be used to provide top ventilation in a room.



387

5.8. Narls for fixing reepers.-Nails uscd for 6xing reepers or
rafters shbll bo plain head nails of sizc 12 gauge (or 2.50 mm.) or
13 gauge (or 2.24 mm.) conforming to IS :, 723-1961. The

nails shatl be galvanized. The length of the nails shall be st'cir that

a minim:m penetration of 2 cm. will be obtained into thc raiters

when they are driven through'

5.9. Sheer metal for valley gutters.-This shall be of gatvanlzed

metal and of thickness not less than 1.2 mm.

5,10, Reepers: Reepers shall be of any species of structural
timber given in IS : 883 - 196l'

and the size shall be in accordance with the design but shall in no

case be.less than the size as specified in 4-3. ,;Reepers shall be

treated for protection against decay and termites in accordance

with IS : 401-1961.

5.11. llire for tying down the tiles :-The wire shall be galvarrize c

and shall conform to IS : 2EG-1962. Specification for mild stecl

wire fcr general purposes (Revised).

7, Prep*atory work.

7,1. For flal tiles.-Before use in the'oofng, the fat tiles shall

first be prepared by irnmersing in water for two hours and air-drying

before [aying. The undersides of the flal tiles, may also, i f so specifi ed,

be dipped in white wash mixed to a creamy consistency anJ the tiles

then drierl.

7.2. For Mangalore 
-tiles.-Wherever Mangalore tiles are to be

embedded in a mortar layer over flat tiles, the Mangalore tiles shall

first be'soaked in water for at least two hours before laying.

8. Fixing of reepers,

8.1. The reepers shall be fixed over the rafters a! the speciGed

or designed spacing and nailed. The nails shall penetrate at least

2 cm. into the raftersr. The reepers shall be nailed to the rafters

by means of plain headed nails. Their length, shall be

extended only by means of butt Jolnt. The joir:t sliall cccur only
over the rafters. The joints of no two adracent rows oi reepefs sbal

come over the same rafter. At the eates a tiltirg flllet shall be ixed
f necessary (s:e Fig l.).

,
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9. Laytng o1' Iulnngalore tlles .

9.1. The tiles shall be laid from the eaves towards the ridge pr.r-
perly interlocked according to the design of the. tile. The tile
shall bdlaid either directly over the reepers or over an under cover
(see 9.1.1. and 9.1.2). The tiles shall be laid breaking joint that is,
the left channel of the upper tile shall lie in the right channel of that
below and shall fit properly one to another the catches rcsting fully
against batters. The hips and ridges of the rcof shall be covered
with ridge tiles which shall be edge-bedded in mortar (see 5.1) as

illustrated in Fig. 1. The mortar in edge bedding may be further
finished with plaster of paint to match with the colour of the tiles.
If the courses of roof tiles adjacent to the hip or to the ridge do not
finish oxactly underneath the ridge tiles, either purpose-made tiles
or tiles cut to suitable shapes may be used. Wliile finishing joints,
gaps in the troughs ofthe rooftiles givingridge or l.ip, iflarge enough,
shall be ngatly packed watertight using small pieces ofchips of broken
tiles and mrrtar. At eaves the lower most coulse of the tiles shall
overhang the tilting fillet by a distance sufficient to ensure that the
water drained off from the roof discharges clear off the eaves into
the gutter.

9.2. Alignmen.-Thefinished slopeofthe roof shall be uniform
ridge toeaves. Theeaveslineand theridgp-line shall be pedectly
straight, horizontal and parallel to each other.

9.3. lunction between ridges and hips.-Thejoints between h;p and
rrdge tiles shall be Srouted so as to be leak-proof. A metal saddle

not less than 45 cm.r area may preferably be used undernpath such
junctio,ns as additional protection against leakage.

9.4. Work at valleys. - Since valley is a particularly vulnerable part
of the roof as its p:tch is sevetal degrees less than that of the
generalroof surface and it has to provide a channel for the water
runniDg down into it from two slopes on either side, special care
shall be taken that a clear and an unobstructed channel is formed.
Under cover (sez 9.1.1 and 9.1.2) shall be prbvided for the courses

oftiles adjacqnt to the valley.

9.1.1. Protective measures agair*t wtnd.-A suitable arrangement
shall be made to sccure the ends of lower most course of tiles to the
roof structure for preventing the tiles from being blown up by wind.

At least the bCtom most layer of tiles, and preferably more number
of layers above it, shall be tied to the reepers or other roof elements by
means of galvanized wire.

Tbe tiles at the oaves shall also be protecled against lifting by meaus
of a galvanized steel flat of size 4 cm. x 3 cm. fixed to the roof.

Mortar bands 20 to 25 cm. wide may also be provided ovei thetiled
roof at a spacing of 2'5 to 3m for additional proteclion agrinst wind.
The mortar bands shall run along the roof slope.

9.1.2, Layine Mangalore tiles over a flat tile undercover.-The flat
tiles shall first be prepared by immersiog in water for two hours and
dried before layng. The under-side of 6at tiles shall also be
dipped in whitewash mixed to creamy consistency and dried. The
flat tile shall then be laid over thereeper. The mortarlayershallbe
spread over the flat tile to a thickness cf not less than 2.6 cm. The
Mangalore tiles shall also be soaked for two hours trfore laying in the
roof. When the mortar layer is spread, the soaked Mangalore tiles
sbalt be laid so as to be fully embedde.d in the mortar over the 0at
tiles.

The valley gutters shall be laid over the reepers and not nailed oo to
them from underneath. Two reepers ofsection 5x2'5 cm. shall be

fixed ovcr rhe mefal shee,s, 15 cm, awayfrom thecentral line of the
valley on eitherside soastoretain the tiles andmortar,against
falling into the gutter of the valley. On either side ofthe valley, the
roof shallbeplasleredwith cement mortar to athickness of 12mm.
and for a distance ofatleast20 cm. so that rain water from the gutteris
prevented from percolating through the tiles or the undpr cover to the

unilprside ofthe roof(see Figure 5).

10. Finishing eilges arowd chimney stacks and skylights:

10.1. In the case of chimney stacks and other similar features, full
tiles shrll be used around them and taken into the masonry. In
adtl:ion, metal or bitumen flashing shall be used tocover theinter-scc-
tion between the top edge of tfoe tiling and any projection tbrough
the roof.

The flashing shall be turned against the projecJion and dressed
down over tbe tile. The flashing shall be well tucked into either
thejoints in masonry or Sf,ooves in concrete, as the case may be, and
shall be wedged and pointed.

Where the pitch of the roof is more than 30', additional fillers
hall be fixed to the reepers at a spacing ofabout one metre centres, so

thatthe fllttileslaid between them areretained in position.

The Mangalore tiles may also be fixed over flat tiles without mortar
edding ifthe work is so specified.

9.1.3. Laying Mangabre tiles over ceiling tiles.- Where a layer of
ceiling tiles is to be laid as under cover the ceiling tiles shall be laid
over the re.epers and the Mangalore tiles shall be laid 6ysr them with
appr@riate interlocking between the tiles in the two layers.

ll, Treatment of Junctions with walli

I 1.1 Junctions of the roof with walls shall preferably b€, treated for
water proofing in accordance with the relevant Indian Stardards
for water-proofing and damp-proofiog. W.lerever special
features like roof gutters and flashing s are not profl0ed between the
junclions of the roof aad wall, the tiles shall be let.i nto the wall to a
depth of notlessthan 5 cm. and a drip moulding shallbe provided
at 4bout 10 fii. height above the roof surface, and joinls between
theroofandthewallshallbe grouted witha waterproofiug mortar
such other materials (sre Fig. O.
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ftxrRAcr rR M l.S. 3007 (penrI)-1964.

Code of practice for hying of asfustos ccment sheets
part l-con'agateil slrccts,

5. Detbn conslilcratlons.

5.1. In ordeltosecu6e a sound and permanent rocf with maximum
ec)l)my; the roquiremenls specificd in 5.1.1. to 5.1.7. shall be
followed.
I

5.1.1. Roof plan.-Ihe roof plan *shall be as simple as possihle.
Formation of hips and valleys should be avoided,as far as possibto.

Isolated projections above roof should be avoided at the dpsign stag0
itself, as it is diffipult to make the junctions between such projecii on,
antl thc roofslieeting weather proofl

5.1.2. Pitch ofthe roof,Jfhe pitch of roofs shatl, wherever possiblc,
be preferably not less than I 8" ehould it, however, be found desirablo
to adopt'roofs with a pitch less than t$o 'the values prescrikd in
5.!.6 for the end laps.betureen a{aent shall be correspondiogly
increasedaf,dlor thejoint$suitably scaled. iu accordance with tie
m rnufacturer's. r@Jmmendations or the instructions of the engineer
in-charge.

5,1.3 Purltu.-All purlins shall bein one planc and shal{ be properly
anchoredtothe- supprtingstructure. Special care shall betakea
that tho sheets do not doiect €It the intermediate purlins in an attempt
t o makethesheetsboaron such pqrlins.

5;1.9.1 Spaclns of prlks.-'Ihe spaciog of purlins shall bc
arranged to suit the standard lengths of sheets but shall not exceed the

lollowing:- 
Distance between purrin c,enrrcs.

Thlckness dtsheet.

mm.

6

7

Forroofcqverlng. For side cladding.

m.' . m.

t.4 1.7

l'6 l'9

5.1.6.1. iltherevcr'four cornerc'6f sheeis over.laps,.two of lhem
shaU be mitred in tlrc manner deseribed in 8.3.4 and 8.3,5, in order
to secure a per fect fit..

5. l-7. Ia order to avoid under, width of flashine; the sheets should
finish at aLulnents as far as possible nith an upturned edge.

8; Laying and fixing of sheets,

8.1. Sawing and'Drilling.- Sheets sha[ be cut as n6,:essary witt
a s,ood 8aw. Holes in the sheets shall be drilled, they shall on no
asouot bc punchcd. The latter method no-t onty Eplays out tho
oportur-! thn rrcakeoing the material at vulnerablc poioB, but
h alrc llhcll toconriacnoe a fracturc of the sheet rhich will ultimateti
oloo out in woathoring. The holes for fixing shali,be 2 mm larger than-
tbe dlrmotor of tbe flxigg bolts" and shall alurays be drilled itrrouett
tbccrownof thecoinrgition and not onthe valleys. -

8.t.t. tlolcs for fixing tte sheeting shall be OriifA in the contre
ofthe end lap ofsheets to suit the purlins, ttiat ig on tbe opntrc line
of thc purlius lf thcse arc of timbcr and equare head coach scrers
arc u!od, or as clocc as porsible to thc back of the purlins, if J or L
bottt aro urod wlth steel anglec or pr€cast oooctcte or tirnber purlios.
It lc rpoommooded therefore, to drilt th holes on the rooi with
tho shcetioglaidin tho correct posirioq. No hole shall bc nearer
than 40 oin to aoy edge of a sheet or an iooessory

5.2. nfig occwries.

8.2.1. Thc satisfectory eervie of tho roofing depeoda {o I grcil
ex.tent upon the efficiency of fxing aocesories. It is there-iore'
important that particttar attcotion is paid.to the propcrr cetection
and useof fixipgaccessories. ftcfixingaceesoriec sball oonforo
to-the requiremCnts of Nl 730-1956.

8.2.2. Galvaaized iron.-J-Type hook bolh or craokcd hook
bolts, and nuts bearlog on lalvaniz€d iron wasberi aod bitumen
washers shall be used fot fixing s{reets on angle iron.'purlins.

8.2,1. G.alavanized iron L-type hook bofts ai<t nuti bearing
on gnlvanized iron washers and biturnen sdshers shall be uscd fo1
fixin3 a\rets on R. S. joist, prccast cbncrete or timbcrpurtins.

5.1.3.2. Ridge purlines shall bc fixed 77 mm. ro 115 mm. from lhe o ^ ,

5.1.4. Additional trimmers or bridging shd[ te used betweeo timber purtins.
purlins at all points wlerc considerablc roof trafrc is likcly to cccur,
ior example, adjoining valley or box gutters, b"b; ;;";-;t : 8'2'-5' Galavanized lron bolts ald nuls bearing on Ealamnizcd
around chimncys, ventilators or orher upiakes. 

' 
ririt rttri.,iJiJd; t^t:i.lat washers and bitumen washers shall be uced Jor stitchiag

on new roofs and when ro-ivering or repairirr-;;ir;i;;;;:. :ljllsheets,fixtureslikeridgecappings'correrpioet, tcDtilatcr;
Similarly, when a coursc of sheets of smaller r"rrgtr,-r*"irii.airg northlight gurves' etc'
'closerpurlinspacingisrequiredtomakeuparoofslope,itis'desirable 

8.2.6. Where shects are laid on tubular purline tbe fixing holt
to arange the closor purlin spasing at eaves rather than at edges ab shouH 5e .toiigouO to encompass "i1*.i nirt itJ tuL"'perlptrer
tliiswillbrirgadditionalsupport.whereitis mostrequired. aod precautions sholld be tdken to prevent its rolation. Secticns

5.I.5. Hip and vafley runners should be provided, fixed flush otherthananglesandttbesmay requireanadcpted form cifhooh

wirh the top face of purtins and spanning u.i"..iii"*, ;; ;iil. :olt'
arlequate support to the.raking cut edgps of roof sheets at hips and 8.2.6.1. Direct fixing of sheets to drilled metal fran:e work o .

valleys, The ruoners should ntn parallel to the edges of the sheeting by stud wJding is und€sfuable as it tencls to reshain mc'eme,nt 9fand plaoed so as to permit the filiing of the sheers and hip couerin! stieets.
accessorics.

5.r.6. r-aps-rhe sheets shan be raid with a srde rap of harf comr- ,r: 3'l "il;iffillrJ l:f,t fft1*"r'fi"ffis,:1' #,t, T,1lI:
egtion (seb Fig. ). For normal roof pitches (that is, inclinations galivanized iron washers. These form essential "*ori* to good
greater'than or equal to l8') the endlaps (see fig. 2) id sheets fixing work. Fixing bolts and screq.s shall be fi ri-oi.or" in
shall not be Iess than 150 mm. For low roof pitches (that is, inclina- diameter and the nuts of the hook crank.bolts (or heads of coach
tions less thfn l8') or for normal pitched roof in'exp-osed positions, screws)shallbearonplavanized ironrr,ashers(flat.curved ordiarnond
the end laps shall be increased and it is desirable to consult the pattern) w[ich in turn stratt be embedded on bituminous f.il-;;;;
manuitctdrers in such cases. 

' The side lap shall as far as possi ble Uu - i.ou6O o. d-iamond patiern corresponding.to lhe shaFe of galavanized
sheltered from'tho prevailing wind direction. -The free qvelhane iion washer). The screw or nuti shall be tighteni rumi'i"ntfv *iv
at eaves, nr€asured as the length of shoct from its lower edge?o ttri to seat tho bitomen washer orrcr the cornrgations, so that natrral
c€irtre ol bctt ho[6 shall rot bc mori than 300 mm for 6 mm thict mrvement in the sub-structure of the roof may not damhge thr
shcoB and 4{D mm for 7 tnm thick shocts. ' 

shoding.

/
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8,2.7. (l). The leogth of the J bolt or crank bolt shall be.?5 D:trl
longer'thau the {efth of the purlin for single sheet fixing and 90 ED
Iongerthan the depth of the purlin where two sheets overlap or where
rifues or' othci aocessories arc to te fixed with the sheet. The
minimuq bngth of square head coach. screufor timber purlins shall
be ll0 mm. The number and,length of bolts and the number of
bitumen and galvanized iron'waslers for fixing astestcs ccn:ent
corrugated sh€€ts shall be as given in Table l.

. 8:2.8. The galvanized iron flat washer shall generally be 25 trm
in diametcr and 1.6,min thick with hole to suit tbe.required eize of
fixing.aeessory aud.the bitumen washer siiall be 35. mm in diameter
and 1.5 mm thick with hole to suit the required size of fixing
accessory. For othcr shapes of galvanized iron and bitumen
wash€rs suitabl€ sizes as approved by the Engineer-in.€harge may
be used.

. 9.2.9. Ridge cappings shall as far as possible, be secuipd to the
ridge purlins by the same bolts which secures ihe sheetiog. gther
asbcstos cemont aoccssories such as barge boards, eaves filler pieces
aud apron fashiqg'pi€ocs, shall ba sepured either to the suppoiting
structure or to the shecting by roofrng bolts:

8.3. Layingthe sheets.

8.3.1' Before the actual.laying of sheets is started, the purlin
rpacing and the tolUtn of tn" iUurh shall be chepked to ensure that-
lhc gangementa will providc 1he lqps required and the specifie
overhend at the eav€e. .

813.7. Hook bolts, crank iotis o. square head coach screws bf' at least 8 mm. gize shall tre fitted with a galvan'ized iron washer and a

T,utJ l-Numrn AND LENGrrr or Bor,rs exp bituninous washer of suitable shap0 to fit the out€r face of qhaet
-- ----- -:_ ', and inserted through.hotes of corregpondiug size (see 8.1) drilled. NUMEER oF Bm.nrrxousfELr.up Gar.veuzrp Inox Wrsruns. ;il;;;;; "T;h;;rs"tton. One bolt or s&ew shall be us€d(clause 8'2'7) on eacn sidc of sidg lap (see rig. r) il ;;;; r-n"rii; ilri ffi

Scrtal nwnbet and 'Nurnfur-of 
bohs and Length of go11.* lighlly at fust, and tthen tufty tigntenea when a Oo""n o, mgre sheets

ana;;ffica wn \ ::,ilHrTl..nr:i,f"1x1ffi,:f'il'Jfi1,ff".:Ylnff::
, (l) Q) (3) makc-the sieets beai on such purlins.

(l) At Horizontal (end) Twicc the number of Depth of purlin

' '#Jt"Htlr*' *ffi [#: o*t pruse0mm s. Fixt,,s ov occe,so,i,,.

piocresarcucsd. At ' ,.r. Ggnerat. Mgulded asbestos cementacccsoriesshould bc

*ye ",*t*ffi 
'select€d 

as far as possible from the raog" oi standard pauertrs.' .iG pi."* il , i;.*:iljj.;?fdTH:r#*f.I;lTililf"ff:f,x?:$,'i#
secured by thc same
bott. nTftS: 

mcthods as appioved bv the Ensiner-in'charge miy be

(ii) At oaves ihon filler Ttice tho numbcr of
pieccsarenotuscd. ' shects in one hori-

' Atridgewhcncomr-. zgntial course.
gptcdohcotandridge
piccesarc notsccurcd
bYthtl samc bolt.

(iit) At intermcdiate purt Twicc the ntmber of
linswhere horizon- sheets in one hori-
tal lapa donotooctfr. zontalcourse.

8.32. The shel bc hid with tbc smooth side upwards-and with'
$cside and end laps.as givcn in5.1.6 (See Fig. I and 2). The @urses

rrshects shall $ so laid that the corugations run'in continuous
$raightlines.

.8.3.3. lf a building is in an €xpos€d position and is subrcct to
driving vinds, and rainsit-is advisable to commcnce layi,ug the sheets
o m the cnd oppoeite to the diroction of prevailing winds.

8.3.4. Asb€stos cement corrugated ohcets shall bc laid, startin3
at the eaves dtner fiom left to right or lrom rieht tb fArO"p.Jifr
upon the Prorailing direction of the wind. If laid from left to right"
(seB Fig. 3) th€ first sheet shall !e laid uncut, but the rernaining sheits-
in the bottom row shall have the top left hand corners cut or mitred.
The sheets in tlie si:cond and, other inter-mediatd rows shall have
the bottom right hand corner of the first $heet cut, all other sheets
€xcept the last sheet shall have the both tle bottom right hand corAer

1nd ton left hand corner cut. The last sheet shall have. only tne iop
teft hand corner cut. The last or the top row sheets shalt atihave ti-.
bottom right hand corner cut with the exception of the last sheei
which shall be.laid uncut. If the sheets are laid from right to lefr,.
the ffrst sheet shall be laid uncut and the remaining procedure shali'
be reserved.

Dcpth of purlio
plus 75 mrir

Depth of purlin
plus 75 mm.

8.3.5. The mitre desqribsd in 8.3.4. is necessary to ptovide a snug
fit where f.our sheets meet at a lap. It is cut from a ioint 15 cm.
(or whatever the length of the end lap maybe) up the vertical side oi
tte gheet to a poin[ 4.5 cm. along the horizoqtal edge. Thus cutring
shall te donc wlth an ordinary wood saw at site.

8.3.6. The ends ofallsheetattotheearrcs shall be supportdd aad
thesupportshall.bc plaocd as nearto themargin of the sheets .a8
practicable. The maxirnum free overhang at the eaves shhll be aot
morc than the limits specified in 5.1.6.

9.1.1. Roofing accessories,should be secured to the roof or wall
cladding as far ag possible, by the same bolts which secure the sheets.

9.2. Rtulee copping:.*Ndgp capping shduld also be secured to
theriilge purlins as far as possible by the samG b6lts which secure the
sheets. }I'.herc this is not possible, each wing of thc ridge capping
chould be adequatdy secured to the sheets by roofiing bolrs.

11. Malntenance,

I l.l, The roof covering shall be periodically examiricd, any brokon
units shalt be replaced promptly and flashings rcdrcgsed, if necesary,
Roof coverings which hale been painted 

"er coated to protect thcm
from chomicallf ladcn atmosphere shall be repairited from timc to
time.
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E.xfnecr Fnou I.S. .1o36 -1965.

Code of practice for' laying linte contete for a
water-proofed roof finish. i

5. Priparation oJ'lime conuete.

5.1. One part of $laked lirne and two parts of SU&I(III 6y volume

chall b€ mixed (m a wator-tight platform. Thisshall then be sprinkled

with the iequired quantiiy of water and shall be wetl g;round in

a tftl or usioC mechanical grinders lsee Note uod:r 5'2)'

5.1.I.1. if trydrateO lime is used adjustme nt shatl be made in the

proportioning aodpreparation in the samc niannor as explaio:il i:t

I.s. 1625-1962. ' , \ ,

5.2, The lime ccncrete shall 6e obtaincd by thoughly mixing
' tt 

" 
aggr"gut and lime'SUIr(Ilf mortar io the proportioos of 2*- : I

fi; by volume. Burnt brick a3Sfegate shall besoaked throughly

i. 
"ntei 

for a period not less than six h lurs before use in the concreto

mix.
Nore. -Lime c.rncrete can alsc be pr@red liy nixing thd aggegato

inctusive of brick tttrst obnined,d'rring Etald4 vith sJalctl liryitt
G-r"ru proportions by volurne as in J.a [ho aggogate shetl bo

tboroughly soaked before. use.

5.3. Tho lime coocrcto shall bc usod in.thc rofi vlthlt 96 boyr
of the prepbratioo bf lime mcrtar if SUIif.m b iuoorpqrst!0 (See

r.s.254r-1964)

Nore.-Addition of 12 KC. of borboap and 4 Kg. of alum in csdb

cubic motrc of limo aonaroto dicsolved ln raiot slll imnvro tho

watarproofiDs quality of tbo timc concroto.

6. LaYW.
6.1. Tho ewrae. thiclcnoct of liu coamCa thrll Dot bo hrr theo

l0 co. Io cas€ th€ thid(ms ir morc thm lO cm., ach byc lhll
mt bo moro than l0 to 12.5 oo.

6.1.1. If tho roof ir flet, tho rlopo roqutrcd ?or dreinagp mry 
'

bo grven in the limo qoocroto layer, but the minimum compac'totl

thickncs (see 6,2.) of tho concrotc layer rhall nowhorc bo lcss than

7.5. cm.

6.2. After the lime q)ocrd€ ir lai4 it rhall bc initially remmcd

witharammer woighing not morc than2I(8. and thc finirh brought to
tho roquired evcnnrrn and, slopo. Furthor consolidation rhall be done

usint woqd€n'?EAPIES, who will sit do.a togpt[er, and beat the

rurface lightly and in rhythm and nove forward gradua[y. Tho

bciting will nornatly have to be carriid'on for at lcast seven days

untit tho THAPI nulos no impression on thc surfac€ and reboundg

roadily from it when struck

6.2.1. If the surface during tho pttoest of compaction bccomes
go ullGVGtr that ryter lodeps ia pools, tho ourfee tho! bo prickcd up
and fresh lino concrc0c sprcsd and consolldat€d as it neessary so as

to ensur€ pro.per slopcs and lcvets arc bsin8 maintaincd.

o.2.2. Speoial care shall bc taken'io properly consolidate tho

oonsrcte at its jimcrion wittr thc parapet wall.

6.2.3. During compaction by hand beating, tho surface shall be

spriokled liberally with lime watar and small proportion of sugar

sotution (see Note l) or a solution prcpared by soaking in wdter tte
dry nuts of termioalia chebula-(sae Notc 2) should bc added to thc
lirrc watr for obtaining improrvod water-lroofing in.tho concrcte.
On complction of boating the mortar thatpomoe on tbG top shalt bc
srnoothencd with a trowel or float, if neocssary, witl 11, addition of
sugar rolution.

Norn l.-Tbc sugar solution is propared-in the northem parts of
thir couhtry by mixing about 3 Kg. ofjaggery and tl Kg. of "B AEL "
frutt to lfl) litres of watct.

Nsre 2.-The solution of terninalia Chebula (kADUl.Ab nis"*

be preparbd as fbllows.:-

The dry nuts shall be broken to small pieces and
allourcd to soak ia water. The general practice is to have a proportion
of 50 gr. of KADUKAI 200 gr. of jaggery and 40 litres of water fo1

l0m8 wprk. The solution is.brewed for 12 to 24 hours. The resulting
liquor is decanted and used for the work.

6.3. Curin!.-Tholime cotrrcrete after compaction shall be;cured
for six days or until it hardens by covering with a thin layer of grass

or straw which shall be kept wet continuously.

7. Finish.

7.1.. In extreme olimates where there is a considerable expansion
and eontractior,, tivo la;rcrs, of tiles may bo put or the top of the

lime concretc. The tiles should be juinted with au impervioui mortrr''
For such'a finish, maintenanoe will be confined to the top most Snish

7.2. The proteclion against water penetration for the rooffinish
is enhanccd by efrcient drainap of- surface water.

7'2'1. For this purp.rsc, thc dopc of the t'errace with lime conrrere
and tilo finish chall notbo less than-l in 60 and the slope io th6 case el
plain limo conorote fnish shall not be less than I in 50.

7.2.2. Fqevery40mlof roof arpa onc 100mm {iameter raio
water pifrc ehqtl bc :ovi&d.

. E"rrrAcT FnoM I.S,5390-f960

&& of prrctlu lor orultuction ofttmbq cellings.

6. nrtcr ltla*t.
61. To minimlzo cfrccts of chrintage and swclling 15 to 20 mm.

thict rod trot morc then tfl) mm. widc timber planks shall be used.

7. Coruffuctlon.

7.1. In rospcct of manncr of ffxing; ceilings may be the following
typd rt in 7.1,1. to ?.1.3. Thc design of tipber ceilings shall be
arrrlod out 1s in I.S, 88F1966. 

,

7.1.1. $opiry oeiling fiiLcd immediately bclow th roofing.
Thoyerou8u8[y A,rcdjud abovetbopurlins. Ue ceiling is requircd
to bo Eddd to on cirtfng roof with cosrmoa rafter construction,
It nay bo trGd to tho ondqside of thc rafters or the roo$ngs and
bothnc,6&e, may bc rclhov€d thc ociling fired abovc the raftera and
tho bettcosand roo0ng rcfxed.

7.1.2, 
''Hori:zrilal 

closcd eiliirg bciow roofs and foors, In tbis
type any ofthc materiats (except corrugated galvanized shcets) rnay be
usqd and fixed to the underside of the flcor or roof.

7,1.3. Horizontal open ceiling.below roofs and floors-Pieces cf
timber. called "fillet pieces" or fillets. (about 4 cm2) are
naild to thc rides of thc bridging joists of floors or tie beams of the
wooden framo6, planks, etc., are then nailed to the fillets from below.

B:nrlor Frnx I.S. 277-1969.

Swcifrcation for galvanlsed steel sleels.

@lain and corrugated).

1, l&nufccttrtc t

4.1. Gahnnizcd $tcol thcdt shrll bc made by galvanizing blect
rhects or cold rolted sheets or coils made from good quality fow
carbon mild stedi free from craeks, pittiogr, blisters, laminatioo5
twists. scales and othcr surface dcfucts. Shee{s rhall t,e cloonty
rheared. . -

6ffi,y,

'!:r$

i*



4.1.1. Black shects or cold rbllid sheets or coils reqtrired for gal'

";il; ffii;ili-GJ, be cittrer apqcalc$ or normalized' unless

- 
6ttrerwise srecifi1d,

4.2. Gavarizing shatl be carried dut b, first picklini the black

sheets or by cleaning tfr" cafA rotlcd coilsinline and then dipping

them in a bath of mrlten zinc at a tcilnperatur€ suitabli to Olodlce

;;il;.-r* irnir"trnrv adhesivc 9*t1oP oJ zinc' The zinc'in'

gots used fo. gatvaniriiiit'utt 
"oofoi- 

at least to grade Z'n 98 of

i.s. zos-tsoe (see alsoI.S. 2629-1969)'

S. Frceilom' from etefecrs'

5.1. Galvanized plain sheets shall be.reasonablv flat and free

f.;;;;. a;Lnlt"o corrusated shceti shall bc free from twist

orUuckteandshallhave,uniformorrrugations'trueindepthand
pit.t 

"nO 
pataflel to the sides of the, shcet: Tle galvanizcd 31lnt

' ,t"tt t" clcafr, even and frce frora'ungalvaniscd spots and othcr

O"f""t. (somo of these defects have'beon described- in I'S' 2629-

1e66',).

6. Dimensions and weights,

6.1. Diniensions and weights of galvanized sheets shall tie as given

S.l.l.Galvanizedsteeish'eetswit.hdimensicnsandwcightsother
tt 

"rr 
in&o splciffcd in Tdblc I may be supplied subjcct to mutual

agrcemcnt betwc€n the purchaser a{Id the ma[ufact'urcr'

6.2. Corrugations'-The depth of corrugation shall be 18 mm

(nominat) and shallhavc a pitch oi 75 mm' (nominal) (see Fig' l ')'

6.2.1. The uumber of corrugatidns shall be 8, l0 or 1l pcr shcet'
' fhe overall wltdth of the sh€et b{forc and aftcr -corrugation shatl.

,correspond 
to the dimensions as gi*en in Table 2'

'. 7. fol"iance on dimensiorts, 
I

7.1. N,r sheei shall be smaller in lcnefh thati the specified dimen'

sion, A matiFum ' tolerauce of plus 0'5 per cedt (not less than t0
mm) inlength may be allowed. r'

7.2. The diagonal distances between the opposite corneri of any

sheet shall not differ by m'rre than 20 mm.

7.3. The-tolerance on the weight of. an individual sheet shall be

f 10 per cent and tolerance on cach bundle of sheets shall be *5
pcr cent.

395

7.4, Tolerance on corrugationr',-'l'he crrrrugations shall ba

suhject to the following tolorances :- 
,

on depth {1'5 mm'

On overall width after corrugation f 10 mm.

7,5. Sizes of sluers.-The sheets shall bt or the following siz s :-

kneth
m.

width.
m.

0-75 or 0.90

. 7.5.1. Theshcets may also bc supplied in sizes other than those
sprccified above hs per agroemcnt betwccn the purchascr end thd

manufacturcr.

$. knd test.

8.1'. Test santplis,-Tat pieoes, preferably ' [.'shapcd ,230 mm

long and 75 to 100 mm. wide, shall be cut both along antl acfclr tho

direction cf rolling.

8.1.1. Bend tcst pieocs shall li selected a1 tlio raic of ono ld'of
2 for cvery 50O shelts or part thcrcof.

E.2. Rcquire neirls.-samplos of galvanizcd'stel shccts lclcctad

as dcscrlbcd in 8'1 shall \rithstand bcndipg through lE0' round

a mandrcl having a diamctor spccified in 8.2.1. without pccliag o'
flaking of zine coating. Bend te.t shall bc donc t'on -iuo d''r s

the dircction cf rolling'

8,2.1. Thc diamoter of the mardrOl around wbich the test spcci'

nlon is bent, shall be equal to tho thickness of the number of shccts

specified in Table 3. :

9. Zinc cc-uting, :

9.1. The woight of c,rating-refcrred to in this sp6cification ihall
reprosent the total weight. of zinc., both sidcs inclusive'

9.2. Onany sample relected at random from the del ivcry in aertn
danoe'with 10'1, the Coating for the differcnt classes shall bc within

thc limits sPccified in Tablc 4..

1.8
aa

2.5
2.8
3.0 a

DEPrH 
- ICTM NOMThIAL

ttf c

lTXM MOrtxAtS

a

I

I

I

?tot, DEprH ArD prrcH or coRRUcArroN

2

I

I
r
)

a
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TesLB 2-DETAES or ConnuoAuor.rs.

(Clause 6.2.t.)

Nomlnal overall width o;f sheet mea-.
sured .bet ween crcwtts of outside

corrugations.

Tlsr,r 4 : Lnms op uNc Coeruo.
(Chuses 9.2 and IO.2.O)-

Specified Minimum
coating coating

(Nominal) by
di,tgorul
.triple
spot test,

slmz

(3)

625

500

350 .

27s

Number o!
corrugations. Mininum

coating.
single

spot test

clmz

(4)

-550

425

300

250

Betore
corrtgation.

mm.
(2)

750

900

.1000

o After
culugalton.

W:
(3)

660

800

885 .

IO

L1

Zinc (Spelter)
coatilg

i

Closs

(l)
(r) glm2

.:)
75C

6C0

450

375 .

8

I

2

3-

4

750

600

' 450

?75

Thlckncss of theer, rirl.

glmz I.60 t.?s 1.00 0.80 0.63
(Diameterof Mandrel, F.xpressed as the Numhcr of Tlnes

the lhlchess of Sluet,)
{l). (2) (3, (4) (, (O

I0 t0 It t2 t4
6SgIOII
66Jtg8

-4 4 5 6 5

T.lar.E 3-DrAMrrER or MANDRETJ xon, DEI.TD TEIIT.

(Clause 8.2.1.)

10. Cmtingtest.

t}.l. Test Samples: Oneset of three samples, each 50 x 50 mm or
50 mm diameter shalr be serected ar random frcm one sheet for ev.*
500 galvanizcd sheets or part thereof. In case 

"f s.lr;;;;;.;;;i,produced from black sheets one set of three samplis rh"lrL;i;k;
f1o1 an ixtremityof eachdiagnal *tr*.ln 

"ure 
of galvaaised

shoets produced from cold rolled coils, one set of three saipf*,t"ff
be cut-one being fiom the middre of the width of sheet ana Lne eaci-from each side of shect and in io case closer than I0O mm fromthe edgeoftheshcet.

ll. Retests, ri

I1.1. Uthe sample selected in accordance with 8.1 and I0.l faitto eomply with the requirements 
"i B.;:;.i"oo ro.z, furrher rest

samples may be selected at random at the rate of,*".",, i"l .r.rv5fl) sheets or bart thereot fgr retest in respect of each failure. Thiadditional tests shalr be carried out in th".u." -rnn.., as the originai- t€sts,

11.2. lI aay of the retest, sample fails to meet the reqj.em"nts ofthir specifcation, the entire batci qf sheets r;p;;;;;;;iil;;;;;;;;
shall be deemed as hot conforming to this staniard.

,
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SECTION IX

PLASTERING, POINTING WHITE.WASHING

COLOUR.WASHING AND ERING



SECTION IX.

PT,ASTBNNB POINTINQ WEITE WASBING, COLOUR WASEING' AND DIT'TEMPERING;

CONTENTS.
' Poge
Namber.

Specification No.52.

6pecification No.53

Specification No.54

'Specification No.55

Specification No.56

Specification No. 57

Specification No. 57-A ..

Spei&tiooNo.5.8

:Specificatioa No.59

SpeciEcation No.60

Spocification No.61

Spccification No.62

'spccifcation No.63 . .

Spocification No.54-

Spceificatioa No.65

Epectfcation No. 55-A ..

Cement l;imb Plastcting
'a

Medras-Plaster

MudPlasto

1

J

Plasteriog with Line Mortar-One coat . .

Plastering with Lime ffi61far-T\+'o coats 20 mD. Thick

Fiastedng EithLime Mottar-Three coats 35 mm.'Thick

Plastcring with $urki Moitar

Plastering with Cement Mortar

105

405

405

405

405

N5

Q5

405

406

/t06

fi6
fi6
406

&6

w

Pointing with Limc Mortar (l : 1l) ..
Pointiog with Surli Mortar(l: t: D . ..

Dointing with.CcmGDt Morter (1. r 3)

S/hite Washing . .

Colour Washinr .

Distempeting

Cemeot Paintlu

I

a
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PLASTERING, POINTING, WHITE WASETNG, COLOUR WASHING AND DISTEMPERTNG.

TNDIAN STATiIDARDS EXTRACTS.

r.s.
Namfur.

5410-l969

427-1965-

128-1969

D@-rnt

t597-1967

l66t-1972

2394:1965

24s2-1963

5278-197t

Specificatioir for Cement Paint, Colour as requils6 ..
Specification for Distemper, Dry Colour as required ..

Method--of Measurement -of Blritding and Civil Eogineering Works.-
Pad Xll-Pl4stering and pointing.

Code of 
- 
practice for Construction of Stone Masonry-part I-Rubble l

StoDe Masonry.

'Page

N umber.

407

'409

410

41I

412

412Coqe._o.f practice for Cement and Cement-lime.plaster Figisheson Walls and
Ceiliogs.

Code of praptice for applicatioo of Lime Plaster finish

Code ofpractice for external rendercd finishes

Code ofpractice for Whifelyagfuingand Colour Washing

413

415

416
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P LASTEfiNG, POINTING, WI, .IITE-IVASHINq Co LouR \resHnvc arro pTSTEMPERING'
\. 

-

2. Should the mortar'orack, or perish througE noclcst of watering or
Phstering-No&* 

for othcr fault of tbe contractJitht ;;;i tu"rr t" removod and

The specificetions lu{ doyn: in l.S. 2&2163 regarding ;;"1G contractor's exlrerse or sbould t}e contractor fail to

.*tumai?Ioi&E-ffiin"tstatt afltv- ' *",.. in 
-r"oit 

io the satisfaction of the offscr-intaargc of tbe

spEcrFrcArroN No..52. *l;r"m,':Ii'"ffi*"H',I,.'T iffHli."?T,to 
water thc worx'

EAsrtsRrNc WITE IrMB Monrrn-Or'm coer. 3. Where thread lining is to be donc, it shall be done to thc ins'

tnrctions of the Bxecutive Engineer.

15 mm thick.

(Brick Masonry.)

l. For appliqrtion of lime plaster fnrsh I'S' 2394/1965 shall apply'

rr it, .ri'"rhasbecome setorbard€ned beforebeing used, itshall

ir lq.a"a anil removed fromtheworkspot'

2. Should tlre mortar perish throwh ndect of watering or for other

fJt J,Ur 
"ontractor, 

the work shrll be removed and redone at the

::r;r;;;";pense; orshculdthe contractorfail to water the work

;:1;;;;itf""tion of the officer'iil'charge of the 'work, thc latter

i", r*ni, the requisite men to s'ater the work properlv and charge

the cost to thPcontracror'

pLAsTBBNc WrrE IJMB ItrontlR'two 6olts, 20 mm' TmcK'

1.1- Specifpationfor plastering with lime mortar-two coats covered

Uyf .S. Zf X[ee5 sball aPPIY'

SPECIFTCATION NO..54.
l

prAsTBRtr.to Wng LrridE Uofrm-rrrnrr @AIs, 35 rltt; tEtcK.

r.t. So:cificrtion for plastdfrng with lime mortar, 'lThree oats

*n*"0'by r.S. 2394/1%5 shdl applv'

SECTION Ix.

apply for measurement of

or two
parus 12

SPECTFICAf,ION NO. 57-A.

CSMTNT IJMB PLA.gTBRTNA.

t'1. Specification for plastenng with cemont'lime mortar covood

by I.S 166U1972 shall aPPlY.

sPtsctFtcAT[oN NO.58.

Mlons-Pr"rrrrn

t.l. Specification for "Madras Plaster" covored by I'S' 2194165

shall applY.

SPBCIHCATION NO. 59.

MUP Pr.rsrer.

1'1. Specification pointing covered by I.S. 1597 Panr (DllW
(particularly 7\ shall aPPlY.

2. The
tool to form a

3. The joint for brlck work, and courscd masoff,

shall be struck with a trowel on a straight edEp and all supor'

fluous trelow for brick work :

1.1. For mud plaster ; none but wcll tempercd clay, or briel carth'

r+ rt -lt "i;;i" 
toJd, Sravel'.o1 roots' shall bc used' The

tr., i.i" u" s-lrftea me an* tf,rown into a pit with cbopped straw

;id**a"iu fo such proportions as lnav !e ordcred'- It if thetto

ffiffii.rAanJn Ja.i,m crater atrd left for a wcck or t-wq.sfGr

ilffi;it t[ be floated on as for lime plaster.' t'ol1 il'hi1 co?"

,ro*u;fu "mrx:*':.y*TT'i,ffi 
f"'*T,ffiI

lil;;';; bc altowed to set, but not to become drv before the

ffis;il;* 1." raio. smootheo thc subecqucnt coat sith a

;;;;; d;"oa m'rtv polish with atrotol' The conttact rtte'

"i[ 
l" for tte finished thickoossrequirod'

Polzrfirg (Remarks on)'

3. 1.S.1200/1971 Part XII
plasterioS.

t 1.1. Spscificaton for

*u1-gsVered by I'S

SPECIFIOATION NO. 53

SPECIF4CATTON NO.55

PT,ASTERINO Sunrr Jvf,onrln.

-dn

t

I

and l3olI.S. 2g4lt96s\.

,:

SPtsCIFICATION

:

ItjltTBr.ttw wIT[

NO. 56 AND s7.

CnBNr lvior,rnh.

f.i. For Dlarrcnog sto ie masoary, the speciffcations laid down

in I.S. r 661 /1972 shall anft.
166 3-52 :

, i {..'
..: . i..,!l,r l'!l.tc
....,i. I j I
F, ]!i
r*...,;i J sel--irit-. ^.

:

I
i
i

i
t
I

I

.. .- a' ;t:

!

. 4.,r- .

as shown
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- 4. V€rtical joints will be finfuhcd with a hard slcin aimitar to the
-horizoatal Joiob, only flrrh and oot ,t u..t-"i-a"1U"n bebw forhf* work-

SPECTFICATION No. 62
porNTrNo wrrn CBMBNT tvlorren (l :3)

1.1 Thc work sha[be_il€cut€darspccifiodfor..pointiug 
withllno mrtar.," ef,oept thar portland od;t-;;ital,rrng I porrhndcmmtrnd 3 s8n4 and conformi"g t ,n",Lra"Jlp"##il

!r Portland Ceorcat mortal, fiallL uruA i^GO of lime EortarTho work rhalt gs excutcd ar BpiAy;-p;;; (aud not alnia
f ::H;ffi ;1r"ffi;ifr,IriPiH:t1"x"il$tffi
ia the rolwont gchodule itcm.

Drl,tcll

DRtcrr

otlltc.r(

-Mortar

IIORIZONTAL JOINT

VBR,TICAL JOINT

_.5. Rendo-m nbblo joints will bc fnishedflush in tha abccnceor llt 199rnng spocification or rchcdulc itcm, i.e., Dressiog t1e

ffi,E??,H:i:'t*tlIffiffi r,.fr :Hlffi :1}H**b.ht 0u$ with the faoo of thc wall.

-. 
6. Ng €[tra'p8],Eoot over the rato for ltasonry will be paid forthc oothod of finishing jointc dcacribcd 

"b;
'-7. Finiching joiats as dccribed above is all that is necessary, end
I.Oo: whlle tho wor& is in progress, before the mortar has sel, tle
Joiaa bok as vrell and neat as any pointing.

SPECIEICATTON No. 60

ponnmo wU Ifll8 l\fionrm (l : ll).
l.l. Spccificatlon on pointing gv ."d by I. S. 2212fig62 (partb

ccterly pangrtph 5) shall apply. For extract of i S. See Secrion 5.

- !,. fu_ mortar requirod lor pointing work shall be grcund as

iffiat* nojoting work, in the etandard spccifcatiin ro.ttellD rDorrar, usingl pert_ standard tpecificationlircand llpartsrbadard cpeif,cation rand. Thc rated joirt" ,mff U nU.i-JtnEof,tar, mtl ptrcsed inro thc faco of rhe valt 
"oa 

,ufU"A ,i*iilwh.o ffailhed, thp mortar poiating sr,arr *iestri"tiai" tt"-i-iln
9f oq ioints aad a, superfiuous Eorrar ri"ri--t" removed wirh atrowel.

3.Wbon nrfrcieirtly air--drie! to allow of rubbing, the pointiagrh'n bG rubbed o,vcr with-thin bar trowels ,Jii" sbinning polishir girto to the mortar surfaoe of the joint.

SpECIEICATION No. dr
pomnrc clru Srnrr MarAR (f :l:t).

1.1 Ths work rhall [6 6&6u1ed as spccifed for .. pointing witti 1imeggrtar" €xcept that surki mortar of p.op*ti*i I lime, l surkirod I csod and otbenise conforoiry ,, ,t .t oA.ra ,p.dil i;;or Surkl Dortar win be used instead of time ao"t r.

SPECIEICATION No. 63

TtftE wAsrNo.
l.I. Spcification laid dowa iu LS. d,78fl971 chslt appty.

2. Bach coat of whito wash is to bo albrrsd.to dry and should bciupcstett by tho Subordinatc i" 
"hrrFi;;; ipprv,re tho ocxtooat.,

- l. TAf @ntractoruh.Il qk" pr€caution to prevent white washbcing splarhed on the ura,, floor 
"rd;th; 

-;#;** 
and articlcsnot to bo vhite nashod. Th9.coryra.to, ,n"U-"La all such itoc

Ir*:*$ffi r"j,f ,ltsl*E'8il;;;;;-o-,,,"o,,.Ladders,
danaeo orrcratching "r,||'-H-*iu]ll 

*", bass to ;';;;

z, -,.-1
!'

-Mortor

D,$CJ{

SPECIFICATION No. 64

Corprn wAsErNo-

l.l. Spcifcations laid dosm ilr l.S.627gllg7lrhalt apply.

SPECIFICATION No. 65

Dsmonnnro.

1'I' Speci'cation for distempers raid dorn in r. s. 42711g75 6ndI.S. 428/19@ shall apply.

1.2. Wall surfocc._plaster 
-sboutd 

prGs€nt a fne polished surfaccand be aholutdy dry bcfore afut .poirg l, ;;.r*d. fhe cratkurst be well-cleancd do*.p no pl""sin! .f;;, evcr resultfromtho uso of dist€mpcr unless the grou.A to U *oi-tlupon ispGrfocdycleaa. rnequalities and sma, nore, .u"n'is-;;ilil;fi"1il:
fillcd with elltrsum, aad allorved.-to sa harO #ore tie;rffi;is applicd. No extra payncnt will b€ tiren-fo;;is cleaoiog andfilliag; unless there is sopar:f schcdlte pi*iriol, ,"ae forthcsamo,in vicw of the megnitudc of thc work.t" 

.bc 
;;;;.' "

2. Mixlw._Vnless otheneisc-ordcred by thc E:recrtive Engiaatho mhing of tbc distcmper shalt be carr# *i jo 
"*rOance wifrth: 

Fltrucrions isnred by the maaufacturen oil# p"rri"of"r brandof distemper that ir spociGil to bc or"d. 
-- '--

3. Applicatton.

3.1 One coat ehall be ap4ied uatess-otherwir" A"no"a io tt" ,aovaot sohodulc iten.or othcnyito orf,rcd Ui ire-Li.,rti* Enghpc!In applving, dip thc brush.in the- ois,.;per at- stroke crocswiscon the wall and iinmediatoly ru"t" eop[Oillr"t -rnJlr?J.'*
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3.2. It is recomoeoded two Egtr shaii rryork together' ono Tho surfaco shall !s wet thoroughly with clean water. Wheu tho

going round the surfaoo starts <trYirog aod thore is no siSrr of watar on the wall (Tho
is ready for application

wards as far as hc can reach surface must fecl damP to touch) thc mrfae

epplying thc distcmper below. Ncnr.-On a asw surfaoe or in very dry atmoophpro whqo tbe

water is oither suck€d in or evaporated very fast, wot ths rurfaco

3.3 In this waY, it is easier join up aod avoid PatchY overlrps. with watcr uutil a uniform dryins in noted' Conoentrate only on

thooc parts which are drying earlier than the roet carry on until uni-

formity io drying is observed.

4. Brushes. (3) Mriirur.-Unless otherwise ordered by the Bxecutive Eagioeer

the mixing of the coment Paint sball be carried out in accordanoc

witb the instructions iesued by the manufacturers of the Particular
brand of cement paint that is specified to bo used.

4.2 Old brushes cakeat wiqh dry tlistemPer shall not bc allowed
stired beforo and during

(4) Appltcatbn.-Tbe watcr mfur€d cem€Nrt paiot shall be kept well
use and shall be applied within one bour

oo the work. of preparption. Use ffat brush aod oore horizontally or vertically

to gnsure Perfect covering. While apptying tho frst cost brush

Notes on dlstemPers t hard into tbe surface to s€al uP all cavitieo or Pores which maY be

stand oxposure to heavY tain, pr€sent. ForthesecondcoataPPlY similarly but finish with a vertical

the distemper from the ceiliuglpyle
and the.second man following him

to

4'1. The @ntractor sball usp proper distemper brusbes as supplied

by firms dealing in distemper. The brushcs shall, each day aftcr

woik, bc warhed in hot wat€l and hunS up to dry.

(a) None of the digteopss will
Dorcanaoy of thombe<lescrihd as

be mrde to wash distemperd walk

asrecommended bY the

(c) Distempers should
is acturally rcquirod for a
in prefercooe to cold vrater pr@aring the mixutre.

(6)
as they
out of

(d) On now lime
iD tllo coats over one coat

-(e) Oo old lime
of hard dry white wash

coat of tlistenpor without
which lro lime'Proof I

(, Whdo tho lime

Distempers-grow dark with age.

be mixed in a largpr quantity than
woik aud hot nater sbould be used

walls, distempcrs should be applied
priming.

walls covarcd with onc or two coats
from efloroseo@ or t'kalar", one

shall bodono withamplowatcr aftcr 24 houn to ensure

of tbs patnt frlm.

washable. No attempt should movcoent taling ca,rc to sst tbst thc paint is spread evenlY ovcr the

during the moilloon. surface. During application frequent stirring should be done to

ensure homogeneous composition.

(5> CtDW.-Ztt b$8 after the first coat has been applied the

surface shall bo s8tunilld sitb ve. Ib rcond aoat shsll bc

appliod when the gurfae ie damp to touch. Rcwatering the sufrace

ie used, a coating of warm should first bc applied, but if routh,
a coat of Spenish whito chalk mixed with a solution of glue is

employed to render the smooth, the coating when dry,

being rubbed as clean aod eveo as possible.

be used but only distempers
be us€d.

is very smooth and no Priming coat

SPECIFICATION NO. 65.A.

Ch,cnrr Pennnro.

for ce@nt paint laid down in I.S. 54lG19O chaH

fto numbcr of coott nooc$ary sbalt be as ilcctdcd by the Exccutivc

Eqgineer.

(O Weather.-1(lrrllrlq poqsiblo, the application of ceocot point

rlati tat c plaec in tho shade. If this i8 impocriblo' tho patntcd

srrrfae shlll bo wcttod with a fno watcr spray after 4 to 5 hours.
Paioting dudng raily scaaooll shall be done tatcing precuation that
thc paintcd surfa,oo aro not hit by rainfor a minimun of 3 to 4 horus

as tho paiots aroliablc to wash offif raio oqus lwithin two to thrce

hours.

. Exrnrcr rnor IS. 5410'1969.

Spcllicttbt fot Mrrart ph$, olou as reqalred.

l. Scope.

1.1. This standard preecribes the requirements and t.hc rcthodl
of sampling and tcet for ocmont paint, colour ac requircd. Thc
mateaial is int€odcd for uro on wellc, ceilings, and as an intsior or
cxtorior decorative and protectivo flni$.

2. Tqmtttobsy.-
2.1. For the purpost of this staodard, thp definitions givem in. '

I.S.: 1303-1953 shaUaPPlY.

3. Requirenents.-

3.1. Compositlon -The 
qaterial, on analysis as prescribcd in

Appendix A, shall chow e ch€mic8l compocition as givco below. ltc
composition of tbc bulk supply shall be similar to that of rpgistcocd

samplc t

(c) For locsl made ttistfmpers a priming coat of milk (O'75 kg.
per 10 d) maY bo uld wi$ good recults.

([) Distcmpers should bo applicd in dry weather with a broad
stifl brush, and tho first soqt coat should bo alloqrcd to tlioroughly

dry bdorc the noxt is laid on. Thc first coat should always be

oriii6tur tiot anrl sbould be appliod with care. The brushc uscd

rhould rcver be allo-wotl td rest on thc brisfles anil alter uso they
rhould bo cardully and thqoughly cleaned.

(O.lireat care should ir" trt"o in choosing a suitablc colour
for altgLt or a dark room. 

1

Ponttand cement
Hydrarod line
Alkali resigtant Pigmont
Wetcc repollanc hYgrosaoPic

salts fungicides.

perfect setting

Percent by
Welcht.

f,Q rnin.
25 mix.
3 tol.
In suitable propor-

tiom to produco
a material to
satisfy the roquire
monts of this
standard.

(1) Spoci6cation
aPPlYr

(2) Surface previous coating, lime work, loose
materials and dirt shall removd throughly by scrapping and

paint was previously usod, only a

or organic lmatters whicb
oapor is oecessary to romove all fungus,
may be prcs€nt.

46G3-52a

I
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34. Durability.-Whet prepared and tcotod for normal outdoor
exposuro as prescrbiod undm C.4, a gcneral breakdown of the flm
propared from the registerod sanpl€, shall not occur in less than
18 months.

l.trora-As a precaution agaiost inadevertent aocidents, thc outdoor
expo0uro tost (C.4) shall be carried out in duplicaG.

- 3.1.1. Faeedom from orgoic bittfus.4be matcrials sball be
frco from orgauic bioderc, ihcn tcsted as prescriUed in Appendix B

- 3.2. hepmratbn for wc.-The ruaterial Bhall. bc in the powdcr
form, &oo from lumpc tlet aro not friabte and when miieO witt
reguirod voluoo of water sUaU Ue suitable for usg on po,rous eurfaccs
of maso[ry, coDoc€tc, Stucco, com1tlou brick and rough plaster
work, 

_exoopt lyspurn plastcr. The suface to whic,h tts paiot is
aPplisd shall be freo from charking or other €xtran@us matter which
iatorforo with tho adhpsion of the paint to the surfaae.

3-.3: TF water mixed paint shall bo kept well stirred during use
and shall bc applied within one hour of prcparation. The surface
to be paint€d shall be wettod wiih water bcfore application.'.

3.6. Optionol &qutemnts.

i-6.1. spreadiog capacity, spreading Timo and opacity_ro
addition, ifagreed to between the purchaser anO iUe.rp-pii*l Gspreadiqg capaciry, sprearting time and opacitv shalt b" a;";io;in accdrdance with relevant mettrods of tesrai gi"* io f.S. , IOI1964 and the results reco-rdod on tle saupte iii"r.o for approval
against the specification. In the case of ,upplio .f"..d ;;;lap.p-roved sample to this specifications, these'ciraracteistics sailt bewithin 90 pre cent of the approved ,".pi.. ----

6. Test methods.

6.1. Tests shall be conducted according to the methods prescribed
inIS : 101'Ig64andAppendicesA to H to this standaro. neferancerto the relevant clauses of I.S. : 10l-1964 are given in 3.6.1. aeJcolumn4of Tablo I and.to Appendices in 3iI, f.l.l., 3.4 andcolsmn 3 of Table I.

4. Packbg andmarking.-

- 4.1, 
-packtttg.-Unless ;;** agreed to, ti" c.y material shallbepacked in polyethylene bags in ,uit"Uf" -J"l tntainers.

4.2. Iulotkt a.-Each container shall bc marked with the following :
(a) uame of the material . .

(6) Name of the maoufact-
urer and/or trade mark;
if any

(c) Weight of the material;
and

(d) Month and year of
manufacture

5. SarnplW.

5.I. Representative samples of the material shail be drawn as,prescribed under 3 ofIS.: 33-1963

3.5. Tho matcrial whon mircd with cqual volume of water shall
also comply with tho requirm€nts givcn in Tablo l.

TAErr I-REaurRrMBlrN FoR cEMENT pArNT, colorrR As REerrInED.

Serbl awtbcr ud
Cltoracrcfisttc.

Requtrement.Method ol test ref. to

Appendk. Cl. IVo.
ln l.S. z.
t0t-t964.

(3) (4)

D-

4.2.1. The containers may arso be marked.with the r.s.r. certification Mark.

Norr.-The use of the f.S.I. Certification Mark is governed by theprovision of the Indian Standards Institutioa (Ce
Act, aud tne nues aat-nquations madc ,hrr",r"f:f"$:*#:T|
this mark on products covered by an Indian $rrdard ;;;-d;
assurancf, that they have been produced to comply with the 

-requiri
ments of that standard, under a well-de6ned,sy,siem of inspcctioi
testing and euality control during production. This ,r"r.-, ,ili"?is devised ahd supervised !y I.S.I-. and operatJ by ihe ir;ucerhas.lhe further-safeguard, that tlre products as actually _u*J *cotrtmuously checked by I. S. I. for conformity to the staadard.
Details of conditions,under which a ricence ror the use of the r.s.rCertification Mark may be granted to manufacturers or proc€ssonr.
may be obtained from the Indian Standards Institution.

1-5

(l)
(i) Drying time (hard€n

ing) and recoatiog
properites.

(ii) Finish

(iii) colour

- (iv) Fastness to Ug[t (using
paoels as in C.l.l.l.).

(v) Residue on sieve (on
dry material) percent
by weight, Max.

(vi) Resistancc to dry
rubbing.

(2)

Not more
thao,2A
hours.

Smooth end
matt.

CldoEarch
to tho

Aocifd
I.S. oolour or
as agrecd to

To pass the
test.

3.0

To pass the
test.

I1

B

F

t2

(vii) Water repeltancy To pass the C -test.

(viii) Pot life of mixed paint Not less than H
I hour.

(ix) Keeping properties (on Not less thao 3l
drynaterial). 1 year.

'Mcthods of test for ready mixed paintr and emmels (secoud
revision).

6.1.1. For match against IS colour, fS : 1650-1960 shall be used

6.2. Qultty ol r eagents.-Vnless specified otherwise,pure chemlcals
and distilled water (,SeafS : 1030-1960) shall be employcd in tests

Norr.-.. Pure chemicats " shall mean chemicats that do not
contain impurities which afect theresults of auatlnis.
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Exr*.rcr norra I.S. 4n - rc65

Specification lor distempe\ f,ry, colour a, requltcd.
(ftevi sed)

l. Scope.

1.1. This standard'prescribesthe requirements 4nd th: methods
of sanpling and t6s1 for dry distemper, coloui as required. The
material is used ae a flat finish fcr interior dccordtivc purposes on
walls, coilings, etc.

(l)

(iv) Coloru . Closo match to the speci-
fiod l.S. colour wtrere
specified.

(v) Fastnesstolight. Topassthetest

(vi) Residue onsieve, 5.0
peraent by
weight,14a1.

(vii) aesis,6aaoe 1. To pass th€ t€st
dryrubbing.

(viii) Recoating pro- Do.
perties.

(ix) Behaviow to- Do.
wardslime. 

,
(x) Keeping prolrer- Not lce thao onc y€ar

ties.

A

4. Packlng and ,turking.

4.1. tuking -atrs material shall be suitably pached as a$€ed to
between the purchatt€rand the supplier.

4.2. Markfus.-The containers shall be marke d with the name of
the material ; manufacturer's name and trade-mark, if apy ; Weight
of the material ; lot and batch numter.

4.2'1. The containers may also be marked with the I.S.I. Certifica-
tion Mark.

4'3. Other details of packing and marking shall be in accordancc
witb the instructions grven by the purchaser.

5. Saryiline.-
5.1. Representative samples of the material shall be drawn a

prespribed under 3 of I.S.33-1963.

5.2. Nunber ol ,errs.-Tests for all characteristics specified shall
be conducted in the composite sample.

5.3. Criterh for conformity.-The lot shall be considered as con!
formfury to the specification, if the composite sample satisfies all
the requirements specified in the standard.

6. Test methods.

6.1. Tests shall be conducted as prescribed in 3.1, 3.2 and in
columns 3 and 4 sfTable 1.

6.1.1. For matchiog to I.S.colour I.S. 1650- 1960 shall be rsed.

6.2, Qwltty of reagents.-Unless specified otherwise, pure chemi-
cals and distilled water (see IS. 1070-1960) shall be emfloyed
in tests.

N9TE. ..Pure chemicals" shall mean chemicals that do trot
contain impurities which affect the result ofanalysis.

Methoy' sf
test refer to

Colunn number in
Serial number aid
characteristic.

Reguiremcnt

(2\

Appen
dix.

r.s.
101-

r.9@.

(4)(3)

1t

2. TermliologY.

2.1. For the purpose of tbis standard, the dofinitions g'vcn in IS.
1303-1963 shalt apPly'

t. Requircwnts.

3.1. Form and condition.-The matcrial shall be in the term of
a fino dry, homegeneouspowder frce from gdourr of putrefaction
as such and when mixed with water.

3.2. Compositlon-The material shall consist of suitable pigment s

extenders lime,proof tinters, wator-soluble binders and preserva-
tives mixed in suitable proportions to complY with the rcquirement
of this standard.

t2

B

c

D

3l

Tlrr,e l-RteurREMENrrl FoR DrsrBIripER,

MrxED Wrrh Apreuetr QuANrrrY or
Corput As REeurRED.

, (Claue 3'3')

WhEN

Method of
rc$ refer @

number in

(1)

(i) Dryingtime,
barddy.

Serialnumber ard
clurucprlstic.

Requirement

Q)

Not mor€ than 3 hours on
a 150 x 150 mm. neat,
ceEcnt block.

AWtt-
dk.

(3)

,.s
101-

1964

(4)

7.1,
7.2

and
7.3

7.4(ii) comistonsv ' " *mlt 
lil"l"'li."efriX;,

tion by brushing.

Gii) iFinish .. .. Smooth and. matt . .

i

I

i
!

rl.irrdr{.- .""(|*h. -,1,--

7.5

' 3.3. Tbe material, when mixed with an adequate quantity of
water, shall also comply with the requiremerts glv€o in Table 1.

3.4. Optional requirements.-ln addition, if agrecd to between
the purchaser and thesupElier, thespreading ca$acity, Bpreading
timoand wet capacity shall be determined in accordancc with th€
relevant methodr of t€st as given in t.S. 1011-1964 and the
resultsr€cordodonthe sampleoffered, or approval against the
specification. In the case of eupplier ofr€red against any approved
saople to this specification, these characteristics shall be within 90
Pcr ceot of the apProve<i samPie.
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. E crR^cr fnou f.S. +ZA -tSOg.

Srytficotion for distsmper, oil e malsion, colour as r zquired

(ftrlrl evisioa).

l. &opc.

l.f.This standard preecribes the requirements and the methods

of sampling anil test for distemPer, oil emulsion. The mate-

dal is uscd as a flat finish for decorative pu4roses on wallg

and cclings whprefrequent washing may become necessarY.

Terr.s 1- Rreurnnrrnrg r<)R DIsTSPER, Otr EMUBIoN,
OoLorrB ^ls Rrqurno.

(Claus 3'3.)
Methodof

Test
reterc to

Cl.nunberln-
,-- --.rS--Et
Al!en-

dlx

Serlal number. utd
clwacteristic.

Requirement.

(r) Q)

(i) Drying time, hard dry. Not more than 3h on a
.150 x l50mm.neat
cem€nt block.

2. TerntnobgY. \

!.1. fqr the purpose ofthis standard, the definitions given in I.S.
1303-1963 shall aPPlY. (ii) Consisteocy .

3. Rqubements.

3.1. Form and condttion.-Tbe material shall be in the form of a, (iii) Finish

homog€o€ous paste, free from odour of putrefaction as such and (iv) Colou,
wtcn dixea with water.

(3)

Ls.
101
1964,.

(4)

7.1,
'1.2

and
7-3.

7-4Smoothand uniform
mixturo suitable for
application by brush-
ing.

Smooth and matt

close match to the
specificd I.S. Colour' or to approvod
sample whcre I.S.

3.2. Conpsidon-The material shall be of the oil emulsion tlpc, coGG-isn6tii,€Afa.
containing suitabte pregervatives, and of such a compositiotr as to (v) Fastness to light To pass test ..
compty with tha requirements of this standard. (vi) Rcsidue on sieve, 1,0

Per ceot bY weight'

3.3. The material when thinne.d in the prepsrliou by weight of Mar'
four pa*s of paste with one part of water, shall also comply with (vii) Rcsisqace to dry To pass test ..
the requirem€ntsgivetinlbblel ruoDtng'

7.5

ll

t2

l
t'
I'

A

B

3.4. Opttorulreqalrements.-lla addition' if agreed to between

the purchaser and the supplier the spreading capacity, spr€ading

time and capacity shall be determined in accordance withthe relevant

methods of test as given in I.S. 10l'19'64, and the results record€d

on the sample ofrered for approval apinst specificatiron. In the
case of supplies ofrered against any approved sample to this specifi-

cation, these ch*racteristics shall be not less than 90 per ceot of thc

approled sample.

4. Packingandmarking.

4.2. Marking.-The containers shall be marked with the name of
the material, manufasturer's name and trade-mark, if any ; weig[t
ofthe material ; and'lot, batch number aod date of manufacture.

4.2.1. The containers may also be marked with the I.S.I. Cfefiifi-
cation ltfiark.

4.3. Other dertails'of packing and marking shall be inaeordance
with the irstructlons given by thc purchaser.

(vii) Rocoating proper- Do. C
tics.

Qx) Resistancetoalkali. Do. D
(x) Washability .. Do. B
(xi) Keepingprop€rties . . Not,less than oneyear. .. 3l
5. ewbg.

5.1. Represeotative samples of thc material shall bc drasm as
prccribed rmder 3 of I.S.85-1960.

5.2. Nwber of ,esrs.-Tests for all characteristics specifed shall
be conduc'ted on the composite sample.

6.1. Itests shrll be conducted as preecribcd il LS. l0l-f964 snd
App@dic€s A to E. References to appendiccs aod relevant clausce
of I.S. 101-1954. aro giveo iu co[,rmns J and 4 of Table 1.

6.1.1. Formetching to I.S. Colour, f.S. 1650-1960shall berrod.

(p2. QdA ofreqants.-Unless speciffed otherrvise, pure chemi-
cab aod distilled water (see I.S. 1070-1950) shall be emptoyodin
tcrt8.

l.IoTs-o Pure chenicals " shall meao chemicals that do not
contain impuritics which afiect the results of analysis.

4.1. packtts.-trnress othcrwise aerced to betweeaahe pur-chaser r"iliqr*:ff':U#;X:r;-r#;HHrf.T,Hl;:*?,ii;
and the supplier, the material shall be packed in suitable metal con- i"q"ir}*t" specified iD the staDdard.
tainers' 

6. Tcst ,rutlsats-

-
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3.1'4. Work on old surfapes shall be so describcd stating the thick-
4'6, Deductions.

ness of dubbing if anY.
4'6'1, For jambs, soffits, sills, etc., for openings not exceeding 0.5

sq. m. cach in aroa; foi ends ofjoists; bcans ; posts; girders; steps;
3'2. Plastering on r@fs, ceiling and walls shall bc measur€d etc., not. exoeeding 0.5 sq. m. each in arca; and for openings

separately. not exceeding 3 sq.m. each deductions and additions shall be made
in the followitrg manner;

Brm.rcr lrorr I. S. l,2fl)(Prr
Uctttod oftw;eamnut of buikdng and cA

Patt U plaserhv aad poitttW.,]
3. Plastcrtg.

3'1. fbp work of plastaing shall be classi
matorial used aod Each classification shalt be 

I

Tho following particulars shall be giveo for 
-ee

@ Mixof Mortar;

(c) Nature of srrfaceheatmeat;

(d) Natu€ of bsse;

(c) Grvod wprk, colical work,
sort ttating tltc radius; aod

(f) Any rpocial tr€alm€,lrt of base.

(D) Number ofcoats and thickness ofeach coat;

r)sD-r971.

lil engbceringworks

ffed according to the
measured separately.

rch classification :-

;

spherical work and eliptical

lr shall be enumerated

ired' sqnrately stating

3.1'1. Thc descriptlon shall iuclude arises, internal rounded andcs,
ctcrnal chamfers and or rounded angles not_ exoccding 80 mn in
$rth.

3'15'1. Lathing shall be fully decribed and measured net; wood
and stecl latfting shall be measured separately.

3'15'2. Iaps, gauge,and mesbofsteel lathing shallbestated, m
allowaooe being made for laps or cutting

3'15'3. Sizs oflaths, thcir distancc apart and the kind oftimbcr
shall be stated in the case wood lathing.

3'15'4. Connector lathing shall be measure.d separatcty.

4. PotntW.

4'I. Proportions of the materials shall be deseibe.d. Thg varoius
tlpe ofpointingshallbemeasuredseparately. pointingon differcnt
types of walls, floors, roofs, €tc., shall be measured separateh. fne
type and material of surface to tre.pointrld shall bc describcd.

4'21 Poiuting in siugle detached joints for flashings ehan be
measured in running metres.

4'3. Pointing brick and tile work with mortars of matchiag
shades shall be measured separat6ly.

4.4. Pointing shatl be measurcd in squar€ metres.

. 4'5. Removing pointing by raking or otherwise shall be measured
tn squar€ metr€s.

(c) Idcasos, ofopenings ofareaabove 3 sq.m. each, deductions
shall be made for opcning but jaobo, softts and' sills shall b€
measured.

Norra-In calculating areas of openings extra width of rebated

4.7. Raking out fo ints shal! be measured in square metres or altcr-
natirely included in description of item. '-:

4.2.1. Raking out single detached joint shall be measur€d sq6mtet,
in ruooing metrcs.

3.1.2. In case of fibrousplaster partictlars of Ecthods
tion and oftreatment ofioints shall also be gileo.

3'l'3. Work in repairs shatl be so describcd statiag
thlckness ofany dubbing; ifany.

ofapplica-

the average

3.4. Plasteringinisolated widths orin widths
ga[eral ptastcring work (as in bands, cornices,
shatl bc m€asur€d as below :

(o) 30 cm or belowin width/girth in running

bo moasuredseparately. Lengthshallbe
at thp contre of girth. Girth shall be
mouldiog.

inrunningmetres
along curve of

3.13'1. Moulded cornies and coves shall measured in squar€
metres, thc area being arrirred at by leneth by girth.

3'5. Plastcring at a hcight greater than l0 m abovp Sroundydatum
lwol shall bo measned scparately in stages of 5 m height cxcopt
interior plasteringin caso of building which shall be mcasured separ&
toly for eaoh $torey.

s€palately in squale metres separately.
otherwise

etc., and openitrs oot exceeding 0.5 sq. m. each, and no addition

3'3. Rcmoving plaster by scraping or shall bemeasured (a) Nodeductiooshallbemado forendsof Joists, beams, posts,

notformirgpartof shallbemadeforreveals'jambs,sofrts,sills,etc.,of these oPenings.

sunk parels, etc.) (D) Dedudions for openings excee.ding 0.5 sq. m. but not exce,e-
ding 3 sq. m. each shall be made as follows aad no addition shall be

metres; and made for roreals, jambs, soffits, sills, etc., of these openings;

(6) width girth above 30 cm in squara metr€s. (i) Vft€n both faces of wall are pointed with the sarne tJEe
ofpointing deduction shall bemade for oneface only.

(iD When two faces of wall are pointed with different tlpes
of pointing or if one face if plastered and the other pointed, deduc-
tions shall be madc in the plaster or pointing 611 the side of
frame for door, window, eto., on which the width of reyeals is less
than that on the othorside, but no deduction shall be madq from3'6. All plastering shall be measured in square metnes ualess plaster or pointing on the other side.

other wise described' (iii) When only one faoe is treated and the other face is not
3'7. Fairjoints and cutting to edges shall measurGd separately treated, full deduction shall be made if the width ofthe reveals on

in nrnning metres or alternatively described included in theitem. the trcated side is less than on the untreated side, but rf thewidth of
the reveal is more then no"deduction shall be made not any addition

3.13. Architrarres, mouldrngs, ceiling ribs ciomicce shan csch shall be made for reveals, jambo, sofrts, sills, etc.

3'14. Forming letters or ffgures in plastr
stating the height.

3'15. Plastcring on lathing shaU b€ measr

Eumber ofcoats and thothickncss ofeach coa

.. , -..,.;- . ,r -.
*

I

I

I
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ExrnAcr rnou I. S. f597 (P^r'nr I)-1967.

Co& ol practlco lot constructlon of stonc tttosowy-
Part I fubble stotv mosottY.

1:tO. totnting and Pointing.-All joints shall bc full of mortar.
Pointing shall be avoided as far as possible, but where unavoidable
it shall be carried out as the work proceeds using the same mortar
asfor batding. Ifcarried out byraking out thejoint lateronaftcr
hardening specially prepared mortarsshall beusod. Themaximum
thickness of joints shall be 20 mm for raudom rubble and l0 mm.
for square rubble. The various types of pointing are shown in
Fig. l0 of l.S. 221?rl9e(See Sec. 5).

Exrnlcr rRoM I. S. 166l-1972.

&fu of practlce for cement and cement-llme plastet
flnlshes ontd.lls and ceilings.

4. Maturtab, tools ond accessories:

4'1. Tbc following materials, .conforming to relevent India
Standgd speciflcatious, shown against them, shall be used.

(a) Gment conforming to I.S. 269-1967 or I.S.45!1967.
(D) Lime class B and C conforming to I. S. 712-1964.
(c) Sand conforming to I.S. 1542-19@

7'2. Number ol plaster coats.

7'2'1. llAeideal number of coats, where practicable, is two, namely
theundercoatfollowedbya finishingcoat. It is reconizcd, howewr,
that'much successful work has been carried out in the past with-
plaster fnishiog coats with a single coat on reasonably plahe back:
Srounds of bricks, concrete and similar materials. However, for
rrery rough surfaces, such as rough- stone Dason4r, three caal ptqst€ring
Day be iecessary. Metal lathing nornally requircs a three ooat
plastorfini$for suooessfulresults. Rcnovation work on wood laths
sbould also be carried out in three coats.

7'2'2. frc raogp of coats normally employed for difibrent back-
grounds is as follows :

Number of
Background. coots.

Brickwork or hollow clay tiles 2 ot I
Concrete cast in situ . 2 or I
Building blocks 2 or I
Woodormetallath 3ot2
Fibre building Board (insulating boarO 2 q I
Wood Wool slabs 2 or I
Cork slabs 2 or I
Uncrren and rough stoae masonry 3 ot 2

7'4. Rc;*n randed plaster speclfications .

7'4'1, A llst of specifications for mixes suitable for variou3

situations is given in Table 2, with coverg single coat work which is
used generally and also two and three coat works suitable for special
situations. The lime in the mixes specified in Table 2 and in 7.4,2.is
assumed to be measured as lime putty, but if it is measured as dry
hydrated lime. tte proportion of lime in any mix shall be slightly
higbcr than i3 iqdicated and a suitable adjustment shall be made as
indicated in 7'4'111.

11. Pnpration ol plaster,

ll'1. Proportioning :

1l'1'1. The material us€d in the preparation of plastering mixes
may be measur€d by Volume using gauge boxes.

1l'l'2. C€rn€ol shall be measure by weight. For the
pupose of proportioning, one cubic metre of cement shall be taketr
to weight 1440 ks. approximately.

7'3. Thle*ness of plastering.

73.1. Finishiag coats (and singlc coat worh whcre employed)
lhdl bc of such minimum thickness as just to pnovide a sufrci€ot
body of materialto harden satisfactorily underthsite conditions
in any partictlar case.

7.3'2. The total thickness of two.ooat work exclusiw of keys or
dubbing out $all be geaerally about, but shall not normaily cxooed
a) mm and if shall not exceed l'5 mm in the case of in-situ conclete
tofrts. The thictnoss of three+oat cro* ihall be about, but shall
ot notmally exceed 25 mm.

individual coat shall generally bc as

11'1'3. Proportioniag of lime mal bo done by measuremeat of
volume as lime putty or dW hydrate{imc before the preparation
of putty. The mix proportioa of lidg, unless otherwise statgd,
gerrrally refers to the volume of putty. ,
Norsl- Lime putty urcights about lZfdtgT6r.
Nom 2.-One Ms of dry hydrated lime normally gives about O8

to 0'9 m8 of lime putty. .tLf'
ll'l'4. Quantity olwatj: For gBoer-al cement plaster work with

l.'3 proportion the quantlty of water required is about 70 perceat by
vreight of cement. Tbil may ho*tver, wry depending ot thc folhw-
ing factors and a(iustr4pnt shall be done as explaincd in I.S. 2250-
1965. i

(a) The nature and conditions ofthe fne aggregate;

(D) Tbe temperature and humiditp6t the tirm of wotking;
(c) Richnoss of thc mix, namely urbother rich ot leaner than 1..3

(4 The varying quantities of lime in composite mortars; and

(e) The use of admixtures added for improving the workability.

ll'2. MbcW.

tl'2'1. Cetwnhline plaster : The cern€nt lime plaster shall be
prapued by diring dry in the required propottions of cement aad
sad. Lirc putty mixed with water shall then be added to the
mix and the contents mixed for sonretime until a satisfectory
mortar is obtained.

tl'tI. &ncnt plaster.' Cement and sand shall be mixed dry
in the required proportions to obtain a rBiform colour. Water
shall then be added to get the required consistency for the ilaster.

11.?3. Ooment lime plaster Bhall be rxed within two horirs after
thc addition of water to ccrncnt provided tt is tq$ agltattd or turncd
owr at itrtorvals of at lcast 20 min. Ccment pltstlrs sball bo uscd
within half an hour after the addition of water. Any mcrtar or
ptaster whcih is panially set shall be rejec'ted and removed forthwith
from the sitc.

11.2.4. Mixing may be Ooo" "ittot*"tlv or meclanically.
. Hand mixing" shall be carried out oo a cleaa, water-tight ptatfonir
DurinS mixing the mortor shall be hecd back and forth for 10 to 15

min. aftcr tho water is added. In 'machine miringlhe mixer Sdl
run at least 5 min. after plac;lng sll the iogrediento iFhp drum.

7'3'3. The thickness of an
Goommetrded in Table 2.

i

't
-L

,$
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t1.2.4.1. Machine mixing is preferable to hand mixing'for all
mortars.

Ti.ws2: RBcoMIGNDBD PT.AsTER siecrncerroNs.
I

(Clause 7 .3 .3 . and 1 .4 ,l .)

Situation. ThicY,ness.

Exrucr rnou I.S,2394 -1965.

Code of practicefor applicalion o[lime Ptaster linish.

9.5. yumfur af Coats-For normal backgrounds, one coat is
ad€quate for ordinary finish and two coat$ for high class finish.
However, in special situations ot where background is very rough
and uneven, three coat$ 1nay be n€cessary as discussed in clause

8.6.I. Cases whore the natur€ or location of baetground influences
the chsic.e with rqard to the number of coats are as follows :

' (a) Wood lathing normally requires three coat plaster finish for
satisfactory.results :

(D) Three coats of plaster may be necessary foi finishing uneven
stone masonry

, (c) Where very coarse sand is used in the lime plaster, finishing
the surface with lime punning may be n€cessery.

(d) In case of plastering on cciling and,sqffit, generally ooe codl
will be sufficicnt but for ceiling of floors or roofs eoirstructe<t with
rough stone slabs which are not adequately dressed and .where
there are undulations in the surface two coats will be necessary._

8.6.!. The range of coats, normally srnployed for diflerent bSck-
grounds are as follows

. Stone work (internal antl external) 2 or 3

Concrete blocks I or 2

lYgoAhths.. .i,2or3

8.7. Thickttcss of Plastering-The thickncss for plastcr work
exclusivg of ley or dubbing out shall generally be as given in Table 1.

.TABLE I :

Setial No.ord
Type of'work,
, (1)

Serial No. and
No. of coat of plaster.

(i) Single coat plaster

(ii) Two coat Plasters :

(a) Backing coat

(6) Finishingcoat

(iir. Ttree coat pl4sters.

(a) Basc coat

(D) Second coat

' (c)'Finisting coat

(2)

Both internal
and exter-
na1.

Very rough
sudace;
both
intcrnal
and cxternal.

' Mix.
(Ptoportion
by volune).

(,

l:0.:3to
6.

I:l:6
|:2:9

l:0:3
to 6.

l:l:6
I t2:9

Fat lime and
fild sand or
mrrble dust
in equal pro-
portione.

Do.

l:0
l:0
l:0
l:l
I z2

0
0
0
I

(4)

l0 to 15
mm.

l0 to 12
mrn.

3to8
mm.

10 to 15
mlq.

3to8
mm. t

3to 5

rnm.

a I
I
I
I

I:0:3
l':O:4
l:O:6
l:1:6

(2)

mrn.

.15

t0

t5

I5

Third
aal.
(4)

. , Nom l.*Srhcre two or threo coat plastcr" are adopted, as far ai
possible thc mir for the under coats should contain dciarse sand
ooaforming to grading 2onc II of I.S. p83-I920 and hariing finencca
modulue not less than 2.0. l

Norrr2,-For single coat plasier the fineaess modulus of sand
should bc as fer as possible I.5 aod conforming to grading ZonefV of . I.S. 383-1970. Whcre only fnc sand is araitatt tne
finencss moduluc of saod may h improved by miring the required
porccutagp ofcoarsc sand. The itrcngth of plaster mix gcts reduced
with thoreduction in theffnenesrnodulus of sand. I

Norr 3.-Othir mixc of ccrnont/lime ald sand may also beadof
t9S 

-dcpcnding. _!1 thc qudity of saud arailatle ana Ucal
copditions provided the streni4h conforms to any of the aDove miici
Sirien in TaUc 2.

(i) Brick masoDry i .
' (r) Si{,gl. coat work . . , . .

(6) Doublc cdlt work

(ii) Stonemasonry.. .i
(iii) Stonimasonry (very rough

surface).

t.8. Swlacc tinish.*lnternal plasters aro uoually finisbed toa
soooth sur&ce... Lime punning or ncreru ftrisb is necessarl, to otlteit
a sqooth surface over coarse plaster wherc ottcrwirc whitc or
colour. wash will not gfve good appcarancG.

8.g. Eficc, of atmotpfreric conaitions*'W.ideol cOnditions for
application of plastei are lentle luarmth coupted with modcrate
vcntilation. Extr€mes of all kinds should Dc avoided as far as
possible. The efrcct of prevailing weather at thc tine.of plast€rin;
oI dud.ng !h9 selting,{qriug pnd hardening period h simihr forlini
p.Bster as fot.cemgnt or cgment lime. phstcr. For cfect of urioUs
atmospheric ag@ies cla'u. tr, ot.r.S. l66l-19$-may be rdcr-
rrd. .i:. . ..i

466-3-53
j

Second
aoal,
(r)

mm.

l0

t0

10 .to
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9.1. Roughness.-Ihc roughness of background improves tho
bond of plaster.. This is particularly important in case of sofrts
and coilinp. A smooth surface mrty be roqhenpd by wire brush-
ing ifit is not hard; or by hacking ifit is hard. Arr€r rouglenrog
the surface carc shall b€ tatco Eeisten the surfaccsuffcielrtlv hefrire
plasterin& as otherwisc the fr€shly exposd surface rnay.!qq!_.lto
nbsorb coriderable amouot ot wrtcr trott thc pla$et." ro'ailor
special'back gfouod+ wood lath, expaodo<l metal latbipg, wirdftE'
tigg, ctc., may be fixpd to providc kef to the plaster.

ti. Prc2nration of fucb-groundfir appttcatbn of line plosta.

11.1. FLr durability of plister it is vital to obtain a satisfactory
bond betwpen the fuskgrsun4 and the frst plaster coataua ilso
to emurc that the bonA is maiotainc{ subo&uentty.--}Cil (iD thcond cdat "
preparation of thc backgrouod shall bc doae to futdl thc re{uire- (iii) Ncoru finishing coat
ments meotioned in 11.2 to I 1,4.

9. Gcrcral precautiow in pla*ering.

72. Prepration of lime mortars for plastertng,

12,1.2. rtk- recomdended rnix proportions for lime nrortars for
plastcr work shall be as given in Table 2.

Trer"e 2 : RE@IofiNDED MxPcoporrroug

(Clause 12.1.2,')

$e1ial No.ad Mlx proportlon. Closs oftlpcofcoat. .lime.'(r) (2) (3)

(i) Dubbins and 6rst coat I lime : 2 to3 sand A and B.
@oth for' cxtemel and or.
inicrnet surfaces). I time-l Surkhi C

I to 2 sand.

I limc :2 to 3 Surkhi C
(for irst coat in the

. case of two coat
wor$.

llimc:2to3saad.. C

Fat lime and fine cand C
ground in cgual 6o-
portiom.'

Nort.-Lime plastcrcd {inishcs are not suitable for extcrnal sur-
faces in areas ofheavy rainfall.

o

11.2. Exccpt for ropgh and uaeren surfaces alljoints in thc brict
msonry on the fair.side shall be raked out to a depth of not tess
thao 12 mm. while the mortar in the joiots is sjill greea. AII joints
in the brick,and coocrete block masonry shall be faked out.'

13. Applicotion of lime plasl

. ,.3..Roughenip^"y dp-o1',q_9r the backsrourd .,yt"o !b"I ,#";Til'#:ilj;fi},:l}im#.,j:ffi*i?llf#l"H:
becarriedoutasin9.l.andg.2. Where nccirsarydubbingshallbi ,-Or. 1.n,. ,iff p"qpii ii" .".n*f of scaffolding as carly as
barried out as explained in 9.3. po..iil".

13.1.: To ensure ev€o tbickness and a true surface, plaster about
t5 x 15 cm. shalt be flrst applied, horizoutally and vertically. a
not more than 2 metre intervals over the entire surface to ser* a
gauges. The surfaces,of these.gauged areas shall be truly in thc
plane bf tbe finished ptaster surface. The mortar shall then be
laid on the wall, tretween the gauges with trowcl. The mortar shalt
be applied in a uniform surface slightly more than the spdihed
thickness. This shall be beaten with thapies to ensuie thorough
filling oftheioints, and then brought to a true surfaoe, by working
I woodan straight gdgc reaching across thc Snugps with small upward
and sideways movcments at a time. Finally the surface shall
be finished off true witha trowelorwooden8oat accordingasa
smoofh or a sandy granular tcxturc is rcquircd. Exocrsive trorrcIling
of overworking thc float shall bc avoidod. During this pro6s, a
solution oflimc pulty shell be applicd on tho surf,.cd to natc thc
letter worklblc. . All srncrs, erisc, anglcs and junctiond sheil bc
truly vcrtical or horizontal as thc case may bc, anit shall be <irrefully
finishcd, Rounding or Chambering corner$, ariecs junctions, etc.
shal I be camied out with proper templates to the sizes roquirod.

11.4. The masoruy shall be allowcd to dry out for sufficient period
so that initial drying shrintage is fairly complete aad suctlon a(iust.
ment is p)ssible during plastering f8ee.9.4.). The background should
be mristened bcfore the applicatiou of plaster. Differential move-
meots.betwecn tho brckgrqund and the plaster duc to moisiilic
changc will crusecrackiug of the plaster, as explained in 9.5. Major
part of such movements shall be allowed to set in before the plaster
is applicd,as for cxtmplc,. by giviogin the case ofmoisture movc-
mert suficicnt drying interval to the background. [n concretij
cmstruction.hacking shall bc properly done for Elood adhesion of
thc plaster to the background. Hollow ccocrete blocks and
foam concrete blocks shall ooly be lightly wetted bcforc the appli-
cation of plaster.

i:.i. I

.,,tLll'. ProptrloaCrg:;Mitctials.to bc used in the preparation of
llme,' rhorter..lfta'Il bc,aioasurcd by volum*gau8e box;. P."p";- t I3:1.i, Insuepondingu6rkatthocndofthoday,.tteplaster.:sball
tioning of lime shatl 'bo donc by measureEsot of volume as limc bc. lcft out.cleag. tq .linc both horiz4ntalty and *.tirarry. , Whcn'
pufiy_. In casethe geasule.genlis.done oo quicklimc o{ hyrhateOl .o;.m.rOigg ttre ntastoring, thG GdgE of tne ota .nmtk sha1 bc
atls$t{Jimg; theirquantitv shalt be sush asitd yiild the requfucd scrapcd clean and wptted with limqlrutty bpfore planertr" 

"or,ifivolump of.Ii$ eft{ (rte }]otc).' I i , , , to the adiaeent arees to enable the i*o to prop..tty join togcthcr.
I .,,',,..: ,-i..' ,.: , ,,.,: Plartcringworkshallboclmcdattheendofthodayonthebodyoi

N<irr.-tnc ri,dr.il di,rtar.Ti.r 
1, lolq{rciF, p1$ur'd * Slflf#llffi'.'}:il1i,ffi::#lii}Hlllll,T;r-H$j

liilo" Eut!!', -{il jiel{q:q ry --polt$ dry g&ec lioc, tbo . oor at thc oerams on arisos. H;.i;;"tl;i;; t";r"";'wo** rhalr
ptoprftiO0s of tlallc 'ltr atry'Etx shfll bo oligfiUy hIShEf tbas that ir oot ,atco osur on pafapot tops and copings, as thosc liriariaUlyr ead 

.

iollceted and a suitablo a(iustEeat shatl be dado ar indicetcd lr' to leakagos. Nor pction of tho surface shall be lcft ouJ initiatty
l2J.f . to bc patctrcd uplatcr oo. .
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13.1.2. Sorne times, erds of scaffolding ballies have to bc housed
n tbe walt whicb is bcing trealed with plaster. In such cas€s, after
thc.ballies are takeq out, the hole or holes left in tho wallshall be
filled up with bricks and mortar and the Fatch plastered up true,
cven and smooth in confotmiry with therest of wallso that no sign of

13.2. One Codt Plasteq work. 
;

13.2.1. Masonry walls on which plaster ts to be applied dircctly
shall be clean anti dry with thejoints raked to a depth of at loast.
12 mm More applyrng the first coat. The surface shall be damped
evenly to control suction which is an essentiql trearment for securing
first class work. The plaster shal I be ofs'pecified thickness and carried
out to the fulllength of wall on to the natural breaking points like
doors and windows.

13.2.2. Thq mortor used for the plastering shall be stifr enough
to cling and hold when laid ; for ceiling the mix ii required to be

stiffer rhan thst usod for walls. On so6ts the mortar $hall be laid in
long.even spreads outwaxds from theolrerator overlapping bach
trowel full and using eufficient prosour'€ to force it ioto intimate
conlact with the background. On walls thc rrortar shall belaid in
long even spreeds upwards and acrose, ovcllapping each trowel full
using suffcient pressure to force it into intimate contact with the
background.

13,2.3. Oo relatively smooth background the mortor may have
to be dashed on to ensurc adequate bond frrn it wben .ppiied with a

trowol. dashing of the firet coat aids in securing intimate bond
by oxcludiog air which might otherwise.betrapped behind theplaster.
Tto dmhing of the first coat shall be done uring a strong whipping
imotion at right angles to tho facc of the wall.

13.2.4. The plaster shalt be laid in alitilomore than the required
thickness add lenellsd with a wooden float. The plaster shall be
trowdled hard and tigbt forcing it into joints to obtain a good bond,
and suifaoe rubbed smooth with a plastcr@'s trowcl.

13.2.5. Tho plaster shal I be water cured as described ir| 14.

13.3. Two coat Pldster work.

1 3.3.1. First coat.-Tlre first coat of the epecified thicktes$ 6h8ll b€
applicd in a manner similar to oD6 coat plaster mentionod in'13.2.
Boforc tho first coat hardeos its surfac€ thal I be beaten up by edges

of wooden taperrs and close deots shall bo made on the surfacc. This
helpt the pl3ster in several ways'; the cracko'arc clored, the mortor
is coopacted; and driven home into tbolrints and the dents serve as
a koy to the subsequent coat. The subsequent coat shall be applicd
after this coat has beeo allowtd to sct for three$o fve days dopcnding
upon woathe.r conditions. The surface Shall not be altowed to dry
dunng this period.

13.1.2. Ftrst coat on wooden Lath and Mcral Lathtng.-The
firtar ghall be stifr onouh to cling atd hold whea laid, .and shall
thco bo applicd by lanng and spreading diagonally acioss the tath
wok overlapping oach trorvcl full and using sufficient presiure to
fore it throug[ thc lath work to enablcit to tap on thc other gide.

The matcrial shall be laid as uniformly as poscible. Theaverage
thickncss shali not €xceed l'J mm. This ooat slall bo allowed to
stand to get firm bcforo denting

13.3.3, Second coat.-Tto second coat shall bc completed to the
c;*r.rcd thiclinees in cxactly the samo :manocr ac for thc frst coat.
Thd finishing coat shalt be laid with a inasotr's trowel to an av€ragc
thiciircss of 5 rnm.

, l 
.c

13.4. Three Coat plaslet work.4he fust tso coqtr shall b
apptM in a rnanner as explained in 13.2. and 13.3. The thjrd coat
shall bc completed to tbespccified tbicknes.c in the_samb matrtr€r as for
the second coat and shalt be cured as in 14. t 

.

.14. Curing.

14.1. Curlng shall be started 24 hours after fnishing the Plaster.
The,plaster shall be kept wet for a period of ? days. During this
period it shall be suitably protected fr.om external damages. The
dates of plaster shal t be 1 egibly mark&l on t he various sections of tho
walls so ihat curing for the specifed period there after can bo
watched.

15.2. Applicationof "Madro plaster".

15.2.1. Madras plaster.-This is a special plaster finish applied in
tbreeormorecoats to obtaina smoothipolished surfacein plaes
where shall lime and fine saad are easily gvailable.

15.2.2. Firr,t coat.--The fust coat of lime plaster shallbe applied
to the wal I as specified in I 3,2. This shal I be allowed to set foi' two or
three days and then the surface, secured thoroughy in diagonal
lines. crossing- each othor. The plaster shall be kept constant
uatered tillit ic nearly sot and then the second and third coats may bo
applied as in 15.2.3. and 15.2.4.

15.2.3. Second coat.-One coat, about 5 mm thick, of the mix
specified in 15.2.3.1. shall be applied and brought to an exact levcl
surface, with long wooden floatc or where reguired, witb curved
moulds. Tbesurfaoe oftheundercoat $hall be watered, ifnecessary
beforc, applying this coat.

15;Z.S.i. Tho roix ahallconsist ofthc fottorilg :

Sbell lime (Slakcd). 12 parts

Finewhitesand .. gparto

Powered marble I part

By volumo
I
I
I

)

The san! shall be ground vey fine. The marble aleo shall bo
gound fine:rnd sifted through muslitr. The materials ihall.be mixcd
with water and tept in a heap, well wetted for two days.

',
15.2.4. Third Coat.-The same mix as uged for the socond coat

shallbe gro-und on flat stoneslabswith $tones,rollersto thocoDoistcoc?
offne river and mud and applied to a thickness of about 2 mm over
tlc second coat, which shal I be w6tted beiore haad.

The surfaoe qfthe third coat shall be polishcd first witb rrowels
and then with very hard smooth rtones. Whilethe polirhing olrcration
is_in progres soa!, stone pdwder contained in the muslin bags shall
tt Ouctcd on the surfaoe. The operatioo rhall bc pontinued till a
high smooth polisb is obtained.

15.2.5. Curing rhal I be donc as explainod in Clauge 14.

Errrn^cr rnoM I.S. 2&2-1963. , ''

Code of pructiie for cxierral nndercd nn*t.
6.12. Nuntbro.,fcoatt.-Ncnallyo_nocoatiarufrcient for ordruery

buildingp in dry or modoratcly wei clinratec, Fc importaot building
or for buildin gr in areas of heavy raiofal land fc rircvcn baclgroutd
two coats wil I bc requirod. For pcbble dash end tough cast at lerst
ooe undcrcoat will be neescarv.13.3.4. C\rinc shdl & dono as dcscribed. in 14,

466-3-53A
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6.13. Function of diferent coats and tlpir rccommended thickncssi

6.13.1. (Jndercoats.-lJndrecoats scrve vdrious purposes. They
provide d means Ef straightening or levelling an -uneveh surfacc
they seal the surfaco of the wall and are often the most important
part ofthe treatment in preventing rain peDetration : they provide a
surface ofeven suction and satisfactory adhesion for the finishing cbati
aod thoy prevent 'grinning' sf joints or ofareas of differing suction
through the finishing coat. An undercoat in any part shall have a
thickness of not less than 8 mm. nor more than 12 mm. If geater
thickness is required to build up, an even surface, additiooal undercoatg
shall be used as. required. For coloured cement renderings, ttts
undercoat must bo admixed with water proofiing compound to provide
a water-proofing base.

6.13,2. Ftnal or $nishing coot.-Tho thickness of the hnal or
finishing coat will be governed to some extertt by the texture required
but will normally be 3 to 8 mm. as fiuished. Some of the fine textured
machine applied finishes may be as thin as 3 mm.

6.13.t. Single coat rendering.-In the caeo of dense background,
such as of coment concrete, or whe,re surfaoe of the background is
v€ry even (as for oxample, wallrbuilt with hollow,concrete blocks)
or buildings subjected to moderate or light expo$rue conditions,
wood-flat rendering can be applied in one coat. It shall not exceed
18 mm or be less than 6 mm in thickness io alry part. But extreme
care shall be taken in preparing the surface of the.background as
explained in 8.1.1. to ensure idequate trond between the rendering
and the background.

ErrBAcr rnou I.S. 6278-1971

Code of practice for white washing ard colour washing.

2. Materials.

2.1. Lime.-Lime used for white washing shalt bc freshly burnt'-
Clars'C' I ime (fat I ime) and white in colour'conforming to t.S. 712-
t%4.

2.2. yfdter.-Water shall be clear, free from all organic and sus-
ponded impurities-Potable watcr is most suitable fo.lh" pu.pos".

2.3. Gum or glue.

2.4. Sottium ihloride.-sball conform to either I.S. 2'53-1964
or Grade tr of t.s.'797-1867.
'2:5. tltmmorine,blue or indigo-shall conform to t.S. 55-1950.

2.6. Plgmefii. !

2.6.1. Yellow and rc&oehre.-The Ochres rhall conform to-
I.S. 47-1950. The solid lump shall be crushed to powder.

'2.6.2. Btue vrtzol.-Frosh crystals oi hyd.ou, copper culphate

lBlue vitriol ) shal lcoirlorm to LS. 26l-196ii and shal I be efounded
tofinepowder.''

i :"r'" '' '

4. Preparatiottof swfacis i .

4.1. New,Snrlaces.-The.surface shal,l be thoroughly clcaaed og
alldirt, dust, mcrtar, drops and other foreign matter befiore whiti
*vash is to be appticd.

4.2.1. Surfaces, w!9Je tlp sarne colour qpsh is to b9 repeated-
Oldsrufaces alrcidy bhitewashed or colour washed shallbeLroomed
torcmorao alldust,rad dirt.' All looso ccales oflime liash and other
foreigo mattcrchallalso b€rtinorod. Whero trcavy soahng hao t4tEn
glaac thc €Etircsurfae chall bc seraped'clean. Thir iril I also applv'
ry[pro a oolurc Eash,hrt, t,o be giyeo as an algd]i whitc.wastci

:,

4.2.2. Surfacos, where differont colour ryash is to bo applied-
Old oolour wash on surface shall bc entiroly removed bcfore whits-
wash or differcnt colour wash is applied. The surface shall bc pre-
parod by brushing or'by scraping or by othcr suitable moans to pro -
duce clean surface and shall be broomed to iotnove dust, dirt, itc. '

4.2.3. O I d s u rface s s p o i I e d by s mo&e.-The burface shal t bc scraped
with st€el wire-brushes or steel scrapers. The surfaco shail ttrco bo
broomed to romove all dust and dirt and shal I bo washod with clean
water.

1.2.4. Old and grs6ss. spats-{ld and grease spots sha[ be re,
movod by a suitable chemical and smooth surfaoes shall bc rubbed
with wire brushes.

4. 2. 5. AII unsound portione of t he surface plaster shal I b-o removed
to full dolith of plaster in rectangular patchec and plastered again altcr
raking tho masonryjoints properly. Such portions shall be wetted
and allowed to dry. They shall then be given one coat of
whitewash.

4.2.5.1. All unnecessary nails shal be rem6ved, the holo6 and
cracts fiIted with lime putty or plaster of paris to maEe the surface
smooth.
'-4.2.6. Whenwhitewashing old surfaces, if the surface was

found to be. infected with mould growth, it shall be treated itr
accordance with. 4.2.6.1.

4.2,6.1. Any growth of m6ulds moss shall bo romoved by scraping
with stcel scraper and ammoniacal copper soluation consisting of
.15 gm. of copper cerbonato dissolvod in 60 ml. of liquor ammonia in
500 ml. water, shall be applied to the surface and allowd to dry
tfuoughly boforeapplying whitewash or colour wash. An alternative
to amruoniacaloopper eoluation treatment may consists of 2 per691t
sodium pentachlorophenite soluation in water.

4.2J.-Lwlareas affoctedby efflorescence, shall be initially
tr€ated in, acoordanoe with the mothod described in C-3 of I.S. 23 95
(Part (I) 1966 and then applied with whirewash or colou-wash. l

5. Prelnration of whirewash and colour wash.

5.1. Preparation of whitewash.-Whitowash shall be proparod
from fat lime conforming to I.S, 7 12-1964. The I imo shat I be sla&cd
at site and shall be mixed and stirred with.about fivp I itres of *ater
for I Kg. of unslaked lime to mAke a thia cream. This ohalt be
allowod to stand. for a period qf 24 hours and this shal I be screeoed
through a cloan coarse cloth. Add I Kg; ofgum dissolved in hot
wator to each m8 of I ime croam. About I 4 kg. of sodium chloride
diseolved inhot water maybc added for ercry lO kg. of limc. Smalt
ciuantity of ultra-mirine blue (up to 3 gm per kg. of lime) shall
bo added to thc last two coat$ of whitcwash solutioi and the whole
solution shall be stirred thoroughly before use.

NorE l.-The addltion of sodium chloride(common satt) to liue
wash helps in quigk cattbnation of calcium hidroxide ma*ipg the
coating hard and rub-resistant.

NoTE 2. - Foi exterior work the whitewash or colour wash.that
'will adhere well to stone and masonry surface may also be prepared
by scatteriog one part by'weight of tallow in small lumps over 12 parts
of quick lime, slaking it with only just suftcient water to form a
thick paste, stirring occasiotally to assist in.dispersing the tallow
and alloWing it to stand until cool. The resultant paste sball theo
b6 let down to thin wash, which is strained through a coa6" 

"tott 
.

If taltow is not oblainable, then linseed oil 6r gar1..-oii about l0
lper cent by weight of dry lime may be used. If the oil does not
sponify and incorporate . with lime, it should be heated up until
the oil disappearg. The oil forms with lime an insoluable se6p
which when once dry, will not wash of with hcary rarn,. In cagl,
ofcolourwash, mineral colours, such as oxide ofiron, red-anC yeffow
colours, based o"n chrominuin oxide and carbon blact not #caea
by lime may be added. Use of lins;ed oil'is lilely to give slisht
yellow tinge to . whitewash. , . ri :
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5.2. Preparatiott o! colow rasL-Suffciqnt quanllt' cf colour wash

enough for the complete job shall be propared in one operation
to avoid any difrerence in shade. The b{i9 whitewash solution

shall be prepared in accordance with 5.1. Mineral colours not

affected by lime shalt be added to the whitqwash solution as pre'

pared in 5.1.

6. Application of whitcwash afrd colour wash.

6.1. Apptication of whltewash.-White wash shall be appliedwith

MOONF brush or other brush to the spocified number of coats'

The operation for each coat shall consist of a stroke of the brustr

given from the top, dowowards, another from the bottom upwards

over.the ffrst stroke, and similarly one stroke horizontallli' from the

right and another from the left before it dries ; Each coat shall be

allowed to dry before the next coat is applied. No portion of the sur'
face shall be left out initially to be patched up later on. The brush

shall be dippgd in whitewash pressed lightty against the wall of the

@ntainer, and then applied by lightly pressing against the surface

with full swing of hand.

6.t.t. The whitewashiog on ceiling should be done prior to that

on rvalls.

6.1.2. For new work, minimum two coats shall be applied so that
the suface presents a smooth and uniform finishthrough which the

plastcrdoes not show. The fioished dry surface shall not show any

signs ofcracking and peeling aBd the whitewash shall not come off
readily on the hasd when rubbod.

6.1.3. For old work, after the suri'ace has been prcpared as in
4.2, a ooat of whitewash phall be applied ovcr thc patches and re-
psirs. Thon onc, or two morecoats of whitewash shall be applied
owr the eantirc surface. The whitewash surface shall present a
rnifam fioish through vhich thc plaster patches do not show.

6.2. Apiticarton of Colottr vasi:-Tbe colour rash shall be applicd
inaccordancewiththqproceduregivenin 6'1. For colour wilsbing

on ngw works, after the surface has b€en prepared as in 4'1. The

first primary coat shall be of whitewash and the subsequent coat

(minimum two) shall be of colour, wash ; and the entire surfae
shall present a smrcoth and uniform finish.' To start with 0.1. ml
of the prepargd surface shall be colour-washed with the first coat

ofwtiitiwash and subsequent coats of colour-wash solution in full
numberofcoats and.the shade so otfiained shall be examined befor€
theentire work of colour-washingistakenupinhaad. lt shallbe

noted that small area of colour wash will appear lighter in shade thaD

whcn the same shades are applied to large surfaces.

6.2.1. For Colour washiag an old work, after the suiface has beco

prepared as irt 4'2 a coat of colour wash shall be applied for tbc
patches and repairs. Then the specified number of coatS of coloul.

wash shall be applied over the entirb surface. The colour wash

surficpshall present a uoiform colour shade. No primary coat is
needed for old surfacd bearing colour of the same shade.

6.2.2. On surfaces requiring a change of colour, after the surfaoe

has been prepareil as in 4'2'2two coats of whitewash shall be applicd
before application of specified number (miaimum two) of coatl

of colour-wash ofthe new shade.

7. Protective measures .

7.1. Surface of doors, windows, floors, articles of furniture, etc,

and such other parts ofthe building not to be w[itbwashed or colour.
washed'shall be protected from being splashed upon. Such surfapcs
ghall be cleaned of whitewash or colour-wash splashes, if any.

l-

I
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, SECTION X

: PATNTTNG' vARNISHINP' ela

spEcrFrcArroN No, 6.6. H"Tm:"'tt-;f"i5';i*:i:Jil'jli,;l:t:Uff,i.ffiff#
Pmrmlc. 'of-

l,Matertak.la\Allpaints,oilsandothdrmaterialsandlaboursoftsoap"ll2part'
fr;;h;;;il,i;;utuir u providedbv thecontractor. and includedio Potash - "r I part'

his rate per tOsquaremetre-,"of*"i'no*isede6nedinfhe scheduled - - --': -

item wording "r.ur"r,aorilHrffiit.Ti;'ilffit*ion 
Quicktime U}totBpan'

Nom.-rn most @so'r the E:recutive n.ngineer will issue the The soap and potash are to be first dissolved by boiling in waler''

paints, raw and boiled rii;o oiiaoo otner inseil# J;; ";; 
rne rimeis-tlJ *oa"o.-a tnu whole applred hot coverins the paint'

and price to be ooted in the tender notrr.+d ,n" rJii** 
';ri' u. .wlictt 

i,i b"-.;;;"d o'itn tu" soluiion' Tho solution m' u$ be

asked to quote his price for fi4ished worl based *iilJnir""'["p*- rerto" ioi ri to 24 hours afto which the paint may be removed by .

- 
urashiag withhot water

me,ntal suPPlY.

(6) w*n the contfactor is sp€cifically permitted to'obtain the Another methoil is as follows:-The solution with the ingrcdi'

paint by direct purchase ;; ;J bJ p*tt"* from the dephrtment 
"o,. 

ooi"J-u"row should be mixed in the proportion given against

tho paint shall be obtai;d bft;;;,r""tg1: *d ioup.rt.o uv tt" *"n *i tti*J until the bubbling ceasc"+pplakara$ 700 sf,ams'

public works Dspartment odcerinchar€eofthenort, io in" o.grml """hi;;;; 
?00-;;' yqa sntu lime l/70 subic mbtre and

containers as isru€d ov tie-manuractrtie., uerore.iir" *otoio"rr somciit wnter to iake it intoliquid form to flow freely'

;;"ffi;;-y tt" *"t.otot. The surface from which the paint is to_ be removed should bo

(c) when the contraptor is instruct€d or permitted to mix paint 
"*,.Jiil"try 

osing a whitewastr-br,sh ard the solution left on for

rrom'stiffp4nt pastec, he sharproceed *.t,#ll r:' uh ,E u 
;f}t"i"lX,U';n fr""'m,l,t"*,I'ffi*XJ*S*^T

Preparing a pot of pint'-I.{f sum3ient stiffpaint from the ;;tt;"* w'lth a good lashing soap and water' usiog a boot

caskortin,antlcoirer*i"ilr"r'inthecaskoitin-wiitr"'l"I*'offfit'il;;i;diouldbeallowedtocomplotelvdryupbefore
;,^*: ;I;; in a ctean paint po1 withlinseed.oil(rtrw' boiled' or repainting'

#lffiHH#I-*"l:r.ffi:, rtffi{T}lJ,T:b'Ht",uo: 
- 

,when 
the ord paint-has been thoroughrv removod, the surface

neoessary stainer or pigment and mih up._3saln ,rii."girl.rit r srra,ue wastrco, ruutec down, and holes, etc', stopped' as spocificd

talceasecondcreanpaintpot,coverrtwittrcanval:tiiiontightly "bJfb;;-wooa 
wo.t.- rf,thosolventforremoval coutainr

and work the mixed paint tbrough this canvas, *rtt " 
u*"r,,-i"ti oruri:Io,*rlacidsuchasdilutevincgar should be uscdinwashing

this second paint pot. Take off tlho canvas *"*';d th" paint is goom tJ ;;;lt* the alkali' care-must be tak€n that tho wood

thenroadyfor uso, ex@ptwhenafl+tfinishi*desi.earo, tno mar ir*i u:or.tiorpoi*irrurorla,mp isusod. Allgreasyplapes sba,'

@at,whenarittlemoretriperinemrybead* 
"_'"': 

.:,_ ilr"?Fffi 
with turpentine, and then washed with soap and

..(d) specifications for oil pastelaid in- IS' 86 to IS' 100/1950 " 
(,,r, For rww iron attd steel work.-s9*ifiati91-s, for painting

snali also apply. i;;n ,oO rt*r worklaid down in IS. 1477 PafillTL shallapply.

(e) Speifications forlinseed oil laid in lS' 75i67' IS' 7750 and trew

(iv) Far otd pointetl swface,iron anil steel -rlorlc'-SpocificationsS.zillsosnattalsoapplv' ro.")"iii*."*."painting"iorsteel worklaiddovniorS' W7 Partl

Aspecifications for turpentine laid in IS' 533/54 shall iishallapplv'appri'. 
,*':?'f'l#ifl"'i*"m';;f'3:;ir'f"# "[r"'?Tlffo'??shall aPPIY'

2. Preparilts the swface for pqirlitts'-$-) !o!-new wood work'-

s#iili"iJfor paintiag-new ryood-w-ork 
laid down in IS' 2338

6t rifeT*r,"ll applvtParticularlv ref ' Para' 6)'

(ii) For old wood worlc'-SpeificatP9- f9t. " lvlaintenanoe

paini-nel' laid down in IS' 2338.(P.afi lf)167 shal applv' (Parti-

lf,ilivi.r. pi; . i'z *drable 3)j

Ifthe old painted surfaceis blistered or,flaked' it will be ndps'

r*y il;;dtl, remove the old] paint 
' 
before repainting '

This wil I Uc spccifieA in the tender notice' and sodereatescheule

,"," ,ttJOtO, uniess'the painting item expressly states that the

;#;;;ffied snarr be inclusite of removing old paint'

Old paint shall bo removed ih ths qanner speqifed in the lender

oo,iJ.lffiii oo rp."lt 
"tion 

fiirr method of removalis montionod

iriil'i*io rurr*, it .tutt be rgnorrcd by bnrning with an ordinarv

p-niilu.t 
-tf""'ramp' or by colering the surf,ace with kerosone oil

4664-54L ;

.l
I

i

. t.lr,i- r: I

3, Applicatton-No paint shall be applied untit the articler

u'rl uli po*t"d for piinting by the Public Works Departmcnt

The oaint shall be laid orn evedy and proierly by mens of croaelng

an;'Utd"tr,thelatterinthedirectioa of the graiu for wmd work

il ;;rb.i I be taken that the p{int is of such consistencv that it .

ilir ""tifvf..* 
thebrush' Thepaint must oot beallowedtosettlc

ii,t" "."t: 
to prevent this, each paintq shatt have in his paint

*";;Ji r_itn.ti"t, with which the painl shall bo stirred

;;;r"liy. If a skin has formed on the top of tho paint'it shall

ffirlfoilv t"r"r"a befoie the paint is 9*d: - fo prevent' mixed

"lil-}iorri 
aivine o. skinning over, they should -be 

kept constantly

ffi;:. ;ffiffi;i.;-ffer" thl paiot shall'not be stirred

tir, tu" pai*iog urustr.

Specifications laid down in IS' 1477 Part lllll shall also-

&

I
I
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-No hair marks from the brush or clogging of paint shall be left
on the work or puddles in the corners of f,-ane-lr, urgl., of mouldings,
etc.

In painting (or'virnishing) doors and windows, the putty round
the glass shall also be painted (or varnisheed, as the case 

-may 
be)

but the glass must not be smeared. StaiDs of paint in gtass paries,
etc., shall be carefully removed by applying a litil. t*p"":tio" uiO tt"
whole workleft'in a clean condition.

' 4. General.-For painting, vargishing, wood-oiling, etc,_All
painting and varnishing shalt be neatly and care fully fni$hed. AnV
damagr done by dropping or smearing paint or varnish shal I be made
good by the cootractor at his own cost. Superfluous patches or
stains of paint or varnish shall be temoved by means of turpentine.

Method of measurementlaid down in IS. t2OO part XV/1968
shall apply.

5. Rate.-The contract rate for painting pef IO m2 shall include
the cost ofpain! preparing surface to be painted, brushes, cleaning
mateJials and labour, the whole complete in accordance with this
specification for the number ofcoats specified (including scaflolding,
etc.-vide General conditions of contract) unless other rnethod oT
palm€ot is specified or defined in the relevant schedule item.

(Wheir old paint is to be removed, a separ6te schedule item
should be provided.)

' @) Double biled linseed oil._This shall be more viscousthan the raw oil, ftxys a deep6r colou, 
"oO 

-6'."in. 
gravity betweeo0.931 and 0.945 at a temperature of 30" C. It shall dri *rth- ; ;;r;;surface. It shall conform in all respects to lSiT_f gS0 as amendedfrom time to time. The oil shall be of 

"pp.o*j brand and manu-faqtrue.

. (e) Tarpentine.-Mineral turpentine i.e., petroleum distillatewhich has the same rate of. evaporation as' vlgetaUfe turpentine(distillate product of oreoresin or conir".tl rhal-r'be used. It sha,have no grease or other residue when alloweJ;;r;prr",. i; :ffiiiconformtolS: 83-1950 as amended.fro. tt;; tT;;;, 
r' s,sr!

1.6. All the above materials- shall be of approved manufaclure andbrought to site in their original pu.ting. io JJulld-londition.

2. Preparatton of surface.

2.1. Woodwo*._The wood work to.be painted shall be dryand free from moisture

The surface shall be thoroughty clea4ed. AII unevenness shall berubtred down smooth with sard- paper and ,i.ii U" well dusted.Knots, if any shall be covered-witt freearati#.].rO lead nrade bygrinding red Iead in oit and mt"ing ;i;;-;-rr*s gtue size andrsed hot.

The surface treated for knoting. shail 
-!e dry before painting isapplied. After the priming coat is applieA, iL f,or.. and indenta-tion on the surface shall.,bd r]oqp.d *lin JirrJ.ri, pulry or woodputty (for specificatior.s for gra_zier's putry ind wooo puttv see sub-paras9'33 andl3.37'l'2 rp""id;ir; re-specttvely;. glsp-ping shall not lrc cone be.fore the pri*irg.** -1, 

apptied as thewood will absorb the oil in the stoppinc ;iiil later is thereforeliable to crack.

- 2i2. Iron and_steel wo*.-Al,l.rust.and scales shall be re.movedby scraping or by brushing with steel 
"ior 

U*.i"r. Ilard stin ofox.ide formed on thCsurface 
9l-*orrgUt iron OuJng rojling whichbccomes loose by rustiag, shatl be removod.

All dust and tlirt shatl be thoroughly wiped.away from thesurface.

If the'surface is wet, it shall _b€ dried before priming coat isundertaken.

2.3. Plastered surface.-Tbe surface shall ordinarily not bepainted until it has dried oompletely; Trial patches 
"f 

pril;t;i,
bc laid'at intervals and yhere dryire ir ,rrirf""tiiy, p"ioting ,t"ttbe takeb in hand. Before priiner ig applied, holes and 

";d;i;;ffi:shall be filled up with plaster of paris aqd rubbed sEooth.

3. Applicat.ion.-The.Primer shatl be applrc9 with brushe',worked well into the surface and spread evea and snooth. i;-:painting shall be done by crossing and layiog off.

4- Other details.-The specifications for .. paioting (Generar).shall hold good so far as they are applicabte.

SPEctFIcATIoN No. 66-4.

PrxuNo PnuaNo @AT oN Wooo, IRox on, pr.asmnBo

l. Materials. 
SLRFACES'

I..1. Tbe priming coat !o.r wood work, iron work or plastered
surfhce shall bo as specified in the dbsqiption of the itear.

1.2. The priming coat shall be prepared at the site.of work, or
roady made primer of approved brand and manufacturo .h;li;;
used.

1.3: where primer for wood work is to be mixed at site, it shal
be preparedfrom a mixture.<i,f red 

f?it1iri,,lf a una ooouiouoiil'
I insoed oil in th retio o

X.4. Where primer for steol work is to be mixed at site, it shall
be pr@ared from a mixture of red lead, raw rinseed oil ano turpei-line in the ratio of 2.8 kg : I litre : llitre.

1.5. Thespecifications for the base material and thinner for mixed
on site primers shal I be as follows :-

(a) Witelead.-The w.hitelead shall be pure and froo.from
adulteranJs like barium j{ntat9 and whiting. Ir shall conform to
IS : 103-1950 ae amendod from time to time.

(b) Redleod.-This shall trc in powder form and shall be pure
and freefrm ddulterants-likc brick du$t etc. It shalt coofo.i tJ
IS : 102-1950 ae aoeoded from timo to time.

(c\ Raw liweeit oit.-Raw linsoed oil shalt betightly viscous 5but clar and of yellowish-colour withl ight brown tirib. itr rp."ingravityatat€mporatrreof 30o cshallbe botween o.iz: ana 
-offi.

lrhe oil sball be mellow and sweet to the tests witti viil ii rtii;riltc oil shall be of sufrciontly matured quality. Olf, turUfi oJ tlil,
with acid and bitter taste and rarcid odour aft *hil remains stick.
for a comiderabte time sbarl be rcjcgtd. n*iiri"rr *Ii"il i"'it
resp€sts to Ill : 75-1950 as- am€odcd from time to time. Ih; ;li
shall bc of approvod brand and manufacture.

SPECIFICATION No. 66-8.

Penrur.ro wmr sIrPR.pR qutxry R&tDy MDGD pAlr\Eorr,*G.f
SEEf,s.

1. Paizts.*Superior quality ready mixed paint, suitable inpainting over G. I. eheets, ofapproved brand and n,"ouf""ru.JrJf
of the required shade shall be used.

cf
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2. Preparation of surface.

2.1. New work.-(a) The, painting of new G. I. sheets shall not
usually be done till the sheets have weathered for about a year. When
new sheets are to be painted before they have weathered, they shall
be treated with a mqrdant solution prepared by mixing 38 gm. of
copper acetate in a litre of soft watei or t3 gm. hydrochloric acid in a
solution of 13 gm. each of copper cbloride, copper nitrate. and
ammonium chloride dissolved in a litre of soft water. This quantitli
of solution is strfficient for about 235 sg. m. to 280 sq. m. of area and is
applied for ensurin$ proper adhesion of pairtt. The painting with

. the pordant solution will be paid for separately.

.(6) Before painting weatlered G. I. sheets, rust patches shall be
completely cleaned with coarse emery paper and brush. All grease

marks also shall be removed and the surface washed and dried and
. rusted sufface shall betouched with red mixed,paint of red lead.

2.2. Old work.-(a) If the old pdint is firm and sound, it shall
becleaned ofgrease, gmoke, etc. Thesurface shall then berubbed
down with sand paperand dusted. Rusty patches_shall be cleaned up
and touched with red lead.

(6) If theold p4int is blistered and flaked, it shall be completely
removed. Such removal shall be paid for separately and painting
shall be treated as on'ndw work.

3. Application -The number of coats tb be applied shall be as in
the descripion of item. In the case of C. G. I. sheets, the crqwns of
the corrugations shall be piinted flrst and whetr these get dried the
general coat shall be given to ensure uniform finish over the entire
surface without the crowns showing signs ofthinning.

The second or additional coats shall be applied when the previous
coat has dried.

4. Other detatls.-Tbe specifcations for .'Painiing (General) "
- shall hold good so f;aras they are applicable.

SPBCIFICATION No. 6GC.

Spuy plrNmso y* Fr.AT_wALLpArNr oN NEw woRK rNcLrJDrM)
.PnrntrNc coAT.

l. Mdterials.-The priming coat. shall consist of ..Distemper-
ing primer " or .' Cement primer 'r as speeified in the description bf
the item. They shall be of'approved brand apd manufacture.

Theflat wall paint shall be ofapproypd brand andmanufacture and
oftherequired. shade.

2. Preparation of the surfoce for ptimhrg coat.-The surface shall bc
tfuelgrrghly cleaned of dust, .old white or.colour wash by washing
andscrubbing, . Thesurfaceshallthen beallowedto dryfor at least
48 hou$. It shall then be saad papered to give a smooth and even
surface. Any unevenness shall be mhde good by applying putgr,
made of plaster of paris, mixed with water on the entire surfacc
includrng filhng up the undulations and then sand papering the $arc
after it is dry

3. lpplicaation.

!.1. Prirpr C@t.-'fhe specified primer shall be paiuted or
sprayedove_r the surface in an,everr and.uniform layer.

Note. -Flat wall paint shall normalty be applied on walls lA'
months after thcir completion, io which case, Distemper primer wilt
sufrc€. If the walls are to be painted earlier, the primcr coat shall
eonsist of @mcnt primer.

' .3.2. Painting Coat -Wbet the surface is dry, the spray painting
with the wall paint in uuiform and even layers will Lre done to the
required riuinber ofcoats. Each coat shall be allowed to dry over
night and lightly rubbed with very fuie grade of sand paper and loose
pbdicles.brushed off before the next coat is sprayed.

Ifafter the final coat ofwall paints, the surface obtained is not upto
the mark, further one or rno.re coats as required shall be given afte
rubbing down the surface aud dusting off all the loose particles to
obtain a smooth and eveu finish.

If the primer or wall paint gets thickened during the apglication; i,

shall be thinned suitably with the thiiner recommended by the manu
facturer.

Adequate ventilation shall be provided to disperse spray fr,mes,
Fitments and floor shall be protected from the spray.

Other deuils.-The specifications for'.painting lgeneral)"
shall hold good as far as applicable.

SPECIFICATIONNo.6GD. .
Spnax parNtrNc wml FLAT wALL PAINT oN oLD woRK.

Parzr.-The specification shall be.same as in paragraph 13.28.1.

2, General.-Ylltete the old pa'int is in sdunO condition, renewal
shall be carried out as given in para 3 to 5. Otherwise the old paint
shall be completely stripped and spray paiuting shall be carried out as
over newwork. Such removalshall bepaidforseparately.

3. Preparation of surfoce 
-The surface shall be washed to remove

dust and dirt. A mitd.detergent solutioh like soap water shall be
usedforw4shingand the surface shall alsot"*bbeddowt lightly
with abrasive paper when dry. Any patches appearing on tbe
surface shall first be touched up with a coat of paint. These shall be
allowed to dry and theo rubbed down lightly
' 
4. Paiatine.-:fhe paint shall thgn be'applied witi spraying

machine in uniform and even layor. A secoud coat shall be applied
ifconsidered neoessary by the Eogineer-in+harge but only after the
fust coat is complete dry and hard.

5. Other details.-:Ihe specifications for .. Painting (General).,
shall hold good as far as they are applicable.

SPECIFICATION No. 66.E.

' P.lNrNc wrrH AcID pRooF pArNr.

l. Paiat.-.Acid proof paint of approved brand and manufacture
and of the required shade shall'be used.

2. Preparation of surface and dppfucatiop.-The specifcations
shall be same as for. "Painting: with ordinfry or superior. quality
ready mixed paints on,new work or oJd work".

3. Otlrer dctails.-The specifications for "Paioting (General)"
ghall hold good as for as they are applicable

SPECIEICATION No. 66F.

,T*r* .o* *o"ryml.wAsrE AND vBNr PrpEs

l: Painting cast iron rain water, soil, $aste and vent pipes and
ittings inciudinc priming coat, on new work.

f.f.trirrLr.-(a) Plber,-Tlne Primer shall be prepared on' site
or shall be of approved brand and m4aufacture as specifed in the
iten.

,h l--,-..:-



(b) Paiaf.-Paint shall be anti-corrosive, bitumastic paint, 1.3. Measuremen s.-Meas[r€ment shall be taken in terms of
atumioiumpaintorothertypeof paintasspecified ininedescriptioi letters cm (the cmmea$urementrelatestotheverticalheight of if,e
oflheitem.' ' '1- bttering) The lbtter heights shall be measured con€ctto a.cm.

1.2. prepdrAtion of surface.*Tlne.surface.shall bc prcpared icr Dots,dasfues,punctuationsandothorsimilarmarksorfinesshall
priming ccat as desciibed in sub,para 2.2. of specification No. 66-8. be measured for payment.

1.3. Application.-lthe number of coats of painting over ths 
- 1.4. .Rare.-Rateshallinlcudethecostof all labour aodbateriafs

priming coat shall be as stipulated in the description of the t-tem. i'o*f".6 in the,operations dpscribed above. The rate per cm. height

fhe application of paint over priming coat shall be canied our of letter shall Uon g*A irrespective of the width of the letters or

as per spocification foi application of the relevant quality if paint Egures or the thickness of the lettefing.

in new work' The same rate will apply irrespective of whether black Japan or

1.4. Measwemens.-Measurement will be taken over the finished ordinary ready mixed paint of any shade as required is uesd.

line of pipe including specials, etc., in running metres, correct to a
Gm' 2. RelenerW with paint (on old worh-

Pipes of difrerent diameters of bore shall be measured and paid 2J. paint.-Sp*rficationsshallbethesameasinparag[aphl.l.
for sepnrately.
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Specials and fitting such as holder-bat clamps, plugs etc. will not
be measured separately. l

1.5.Rate.-The rate shall include the cost of all materials and labour
involved in all the operations described-above, including painting
of all speciatls and fittings.

t
1.6. Other ite tails.-Sryifications for " Painting (General) " shatl

hold good as far as they are appltcable.

i. laiqting cast iron rain unter, soil, waste and vent pipgs and
fittings on old work.

2.1. Paints.-The specifications for paints shall be the same as

in sub'para8raPh 1.1. (b).

2.2.' Preparation of surface.4\e surface shall be prepared as
fo1 painting with ordinary or superior quality ready mixed paint,
on old iron and .steel work.

' 2.3. Applicatrbr.-llhe specifrcation for painting will be same
as for paioting with ordinary or'superior quality ready mixed paipt
on old iron and steel work.

2.4. Measurenuts, rale and other details.-"Wse shall bc the same
as in corlespslding sub-paragraphs 1.4. to 1.6. under new work.

SPECIFICATION No. 5GG.

LsrrEn.rNc wm{PArr{r.

7. Letterlng with pqrr on nlw work.

l.l. Paints.-Black Japan pain! or ordinary euality ready mixed
paint as ordered by the Engineer:in-charge shall be used. The
paints whether black Japan or ordinary ready mixed paint, shall be
of approved brand and manufacture. Ord.inary ready mixed paint
6hall be of thq shade required by the Engineer-in-ct1arge.

1.2. Iattering.-The letters anil, figures'shall be to the heights
and widths as ordered by the Engineer-in+harge. These'shall be
stencilled or drawtr in pencil and got approved before paintirg.
They shall be of uniform size and finished neatly. The ed8ps shall
be straight or in ploasant smooth curYes.. The thickness of the
ettering shall be as approved by the Enginecr-in'chrrge. Letlering

shal{ be vertical or slairting as required.

Two ot more coats of paint shall be appli.ed till unifotm colour
and glossy finishare obtained-

2.2. Painting shall be done over the existing letters and shall
accurately follow theirlines and curves.

One or more Qoats gf paints shall be applied till a uniform colour
and glossy finish obtained

2.3. Measurenonts and rdte.-+be specificatioos shall be tho

aampasin thecorr.espondingsub'paragraph 1.3. and 1.4. under new
work. 

.

SPECIFICATION NO.67

WooD OU,NG

1. The surface to be wood oiled shall b€ throughly cleaned as

sppified in tfue standard speciflcation 'Painting " ind be pcrfectly

dry aod smooth, and free from dust. Beforp oiling is started, care

shall b€ taken to see that alt koots are killed and gll cra*e or holes
plugged. The knots,ghatl be cut qut to a. slight depth, and the holes

cleaned free from dust and filled in with wood putty which is made

as follows.-

On a piece of wocd,. say about 25 cm. by 15 cm. face, and oo the
side where ctoss-gains appear d small quantity ofsize of glue is gently:

pqrred and the surface is scraped with thc edgeof a fine carpenfer's

chisel. Very fine wmd..powder mixed vitfu tho glue and a stiff paste

formed. After fillig in the holes and cracLs with thi,s wood putty
and when dry, it shatl be rubbed down with s cgrpenter's 6le and
smoothenod with sand-papei, so that the knots or holes do not show

and the wholo surfaco presont.an uniform appearancc.

2. Ihe wood oil to be used shall be of the best quality and from
ai approved maker. 'If the oit is found to be too thick splrits or
turpcntine shall be added to give the required consistency. Thc

wooO oii shall be laid on .evenlyand properly withibrushes of thc
best quality. Succ€ssil€ coats shall be applied after the previous

coats are thoroughly dry and inspected by the officer io-charge.
tho work after completion shall not be patchy nor sticlly to
touch. No hair or other material shall be allowed to stick on the

wood-oil.

3. Measuremept and rate shall be as de0ned in the standard- speoifi-

cation ttPainting".
lt.

/Vor.-Wood oiling will only be done for interior s'ood-rotk,
Dot erposed to tht wsafber

,*.



1. Pat,fing 2 c1a* with wod presetyative on new -work.
-' l.l. dil type wood preservative of spgcifed guality and approv€d
mater conforming to IS.t218-1952S:ll be used. ,

t.l. Preyration of swface.-Painting shall be done only when
thesttrface is perfectly dry to permit of good absorption. A.ll dirt,
dust or other foreip matter shall be removed from the surfac€ to be
painted. All roughness shall'be sand papered. and cleaned.

1.3, Appltcatbn-Ihe preservative shall be applied liberally
with a stout brush and not daubed witft rags or .cottoo waste. ii
shall be applied with a pencil Drush at the joints of the wood work.
The first coat shall bo allowed at.least 24,'hours to soak in before the

, second (the fnal) coat is applied. Tlie p€cond coat shall be applied
in.the samc rianner as the frst coat. lThe excess .of preservative
which does not soak into the wood ihall be wiped off with a clean
dry piece ol'cloth.

1.4. Ott et *niii-Tirc specifications I for * painting (General),,
shall hold good in so far as tlrey are app{icable.

2. Paintiog 6ne cqat with wood preservative on old weg-1a" *or*
shall be deqe in the same manner 4s for aew, except thafonly one
coat rhall b done.

SPECIFICATION I*o. 68.

Tmnnc wmt ooArrirAR.

Specifiortions for crude coal tar laid pown in IS:2lQ6I shal
also apply.

l. For coal-tarring wood or iron workithe surfad beiag wel!,
. cleaned, cgnl-tar -$atl bG' beated; not guite t" thr

boiliog point, thinned by the addition of I litre of cdmmon keroserc
oil to 18 litres or 24 tirttles of tar, and u,hile still very. hot, apptiod
like.paint with a brush. When possible:to rcsrove iron work for
the purpose, it shall be beated to nearly a ted heat and then painted
with coal-tar. Iron - *ork, which cannot be heated shall be paiated
with hot taf, ard kerosene oil as specified above. The second coat
shall be applied only after the first;r drr. 

,

No streaky patches oftar shall be visible on the surfaceafter finish.

2. Ouqkilogaui of unslaked lime mixed wirh 4.5 litres coal-tar
will prerrnt its rurning and shall be used unless othervrise specifed:

3. Measu€ment and rate shall be as defiaed in IS: 1200 (part XV)/
1968. Scrapping and clcaning will be inctr,&d in t[e t411j1g 161"
if so specified, or I s€parate sch€dule items will be provided as may be

SPEGXFICATION No: 69.

Rrcgrr r.lo. l. Smro.lno TA,R pArNuNG

" l. Receipt No. I givee a thick elastic coating suitable for anicrt
shut ters, sluie shutters and inside of punts, Eud other work, wh€re a

1'1. Polilri.-Pure shellac varying fromprla oraage to lemon
yellow colour, free from resin or dirt shall be dissr lved in mefh$ated
spirit at the rate of l5O gm. of shellac to I litre of spirit. Suiteble
pigment shall be add€d to get the required shade.

,,, .SPECIFICATION No. 67-4.
' Parurnqo wmrivoop plEsERvAuvE.
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'. 2. h.eparatlon and aoplicatioa :-Thoroughly boil the first threq
ingredie4ts togrther for aot less thao 15 mioutcs nerewamiqgi$
aot suffcient, the mixture must b€ aAually boiled. Then add, the
kerosene oil (after removing the pot from the fire), and thoroughly
mix all ingredients together, aod apply as hot as possible with IoOg
handled brushes. Small brushes made of beatin out palmyri
leaf stalks can t€ used for gettiag into awkward cotaers and Crwioes,
and are. cheap. . Tbe painting should be done late in the morning or
after midday whcn the iron work has become heated uprin the sun
and on no account should any paint be applied, on a rainy or ewn
cloudy day.

3. Coal-tar varies somo what in its coasistencn and if a thick
quantity happens to have br€u supplied., the mixture
may be made thinner by either slightly reducing the amount of pitch
or by increasi.ng the proportion of kerosene oil. 1a" former alter.

.native is preferable.

4. Covering capacity - About. 2kgS. and 3 kgs. of this mixturr
are required for single and double coats for l0 sq. metresrespectively

5, Clatse 3 of the standard specificaticn for ..Tarring with coal
tat" applies also to this specification.

6. It is essential tf,ritU, surface to beDpainted is quite cleanand
free from rusl-. blistered paint etc.

Spectrcations.for varnish laid down h lS:. 337152, IS; 33gJ52,
lS:.340152, IS: 343i52, IS: 347152shall apply.

Specifications for va,rnishings laid down in IS: 2338 (part I/l 96gl
shallappty.

Method of measurement laid down in IS: 22G0 part XV/6g sha,[
applv.

SPECIFICATION No. ?GA,

FNN.IqI SPIRIT EOLISHINC.

l. French spjrit polis*iug on old work.

slight stickine.. tt,*",tilrrr*r*

35 Litrcs of coal tar. 
'

4 kiloga^ms of freshly slaled'lime.
5 kitorrans of pitch.

5litres of keioocne laoP oil.

*=, f ,I,

-rtr

SPECIEICATION No. 70.

Vlnxrsnulc.

l'2. heparalion of surfacb .-If the old polished surface is not
much soiled, it shall be cleaned of grease and dirt by rubbing with
turpentine aod then rubbed with fine sand paper.

If the old pof.ryd surface is mucli soiled tben it will be D€cessary
to remove the entire polish as desclrbed in para l3,O.of CpWd"
spocifcatioa and such rcmoval shall be paid. for seeamtely outsi{e
thc rate of polishing. Further the polishing itself will tave to be
donclike new worL and will be paid fo: as such.

1.3. Applicqrion.-The numbcr of coats of polish to be applied
shall. tr as describedin .tbp item.

A p4d of woollen cloth covered by a fne cloth sball be ued to
apply the polish. The pad shall bc moist€Dcd with the polish and
rubbcd hard on thc wirod in a sories of overlapping clrcles applying
the mixture spafingly but uniformly over the entirc area 6 iiv;
ancvenlcvclsu&€c. Atncc of linsoed oilm ttcface ofthooad
fscilitates this op,eration. The surfacc shall b€ allowed to dry anO
thc rcmaining coots applied in the same *ay. Tq fnish otr, tn" p"C
shall b€ cowr€d with a frcsh piece of cleao fine cotton clotl stigitty
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damped with metliylated spirit and rubbed lightly and quickly with

circuiar motions. The finished surface shall have a unifc'sn texture

and high gloss.

l'4. Measurements, rate and othei denils '-.These will be as for

"Faiuting (General)" as far as they are applicable'

SPECIFICATION No. 71.

. WrtXXO.

l. The surface shall be prepared as described in the Standard

Soecification "y26ishing", except that glue size application is not
-o'*totv. Stoppind of all'cracks and'hole shall be done with a

mixture of finJsaw dust formed of the wood being treated, beaten

up witb sufficient beewax to give it cohereoce.

2. Waxing is to be done as follows :-
Takeof-Beewbx-lkg'

Turpentine - 05 kS.

Melt the wax and when it is ihoroughly melted, add it to thc tur'
pentine and mix well and' allow it to cool' Smear the wood work

iitn tUls and allow it to rcmain over'aight so as to soak into the

pores of the wood. Then in the morning wipe the superfluous wax

off and rub up with a soft flannel to a fine polish.

9. Measuremeat and. rate shall be defined as in the siandard

opccification "Painting".
Norr.-As a rule, French pclishing is better than rtax polishing

vhich lattcr will ordinarily only bc done for carved work. French

polishing requires to be done by skilled labour to be satisfactory.

Wheri the surface is quite dry, a second coat

in the same rnanner and rubbed dntinuously for
the surface is dry.

tall be aiPlied
otlhour or until

The final coat shall then be applied and rubbed forlwo hours
(more if necessary) until thp surface has assumed a unifum gloss

and is dry, showing no sigr of stickiness..

The fnal polish depends largely on 163 6mqunt'of rubting which
should, be continuous.and with uniform, pressure'.with fi€quent

changps in the dircction.

l'4. Other ietails:-The specificatim for "Paiuting (Gcnera\"

shall hold good as far as they are applicable.

2. Bees waxing or polishing with ready'twde wax pollsh on old

work. 
:

2'1. Materials :-These will be as specifiedfor new work in

iubparaeraph l'1'

2'2. Preparation of surface.-The wood, work shall be cleaued

of all smoke and grease by washing witb lime water' The surface

shall then bc washed with soap and completoly dried' Then it shhll

be prepared smooth with a carpenter's planc. r
2.3. Applicattor--The polish shall be appiied in the same manncr

as in paragraph 13'39. l'3 for the final coat on new work' In this

c"s" oo. Jr two coats shall be applied as necessary to get uniform-

glost, instead ofthree coats in the case of new work'

2.4. Other detatls,-The specification for "Paioting (General)"
shall hold good as far as they arc appligable

,., :. .1.*5

- spEcIFIcATIoN No. 7l-A. 'NotesandRecipes'"*'* *- 
--.-- -- - l. Bases of paints.-The base of all lead paints is either white

BsEs wA)(o{o oR Por.IsHrNG wrrri nsADv'MADE wAx FoLIsH. or;Ji""a.' tn, formei is a carbonate of lead, latter an oxide of

l. Bees waxing or polishing with ready-thade wax pollsh on nefi lead.. Whitelead paints are not suitable for delicate work as th.e lead

becornesdiscoloured.whiteleadis,however,deuse,ofgoodbody' work t 
rnd. permanent and is perhaps the base most largely us€d. It is

l.l. Mat,etials : The polishing shall be done with bees waxing obtainable in-the market cither dry or ground in oil. White lgad_ir

pr.p*.C locally or with ready-made wax polish of approved brand frequently adulteratod with s.plphate of beryta, whitin& etc. Thg. 
'ind manufacture, as stipulated in the description ofitem. presence of sulphate of ba-ryta can.be detocted by thc addition of

(a) where bees. waxing is to be prepared rocaly, the fo[owing nitric acid which will dissolve the lead buf ,,ot thefarrta'

epecihcations for the same shall apply :- - 
Red liad is very largely used for painting ironwork, for the priming ,

pure bees wax rree rrom parann or streaine aaurleralt! shar be tr:Jj*YT$"ffi:1i,f,*:S"::;#fiJ!'il?*-.*ffir*Tfr
. used. Its specific gravity shall be 0'965 to 0'969 and melting point il-"1-"iUf", and treating with dilpte nitric acid. Thc lead will be

ehall be 63o C. E;lu.d 
"od 

the brickdust will remain.

The polish shall be prepared from a mixture of bees wax Oxide of zinc or znc whitc is the bqse of most zinc paints. It
111s6sd oil, turpentine and vamish in the ratio of 2:1*.:l:* by welght hasth advantage ovcr leadpaints that it is not linble to discoLouration

The bocs wax and boiled linsed oil sha[ be hoated over a slow by sulphur, but ii has the disedvatrtascthat i.t has less body tban wtite

fre. whcn the. wax is completely dissolved, hJ;;rr*-ilru lead, is difrcult to work, a4d is less durable, Lead dricrs should

cooled till it is just warm and turpentine 
""4 

v*nitr, ?ddrd i;li;; not be used with zinc paint:

the requir€d proportions and the entire mixture shall be well stirred. Oxide of iron forms-the base of an important class of .paints. Thl

r.2. preltoratron of surface z-prepration of surface wil bc tints obtainable vary.from yellowish brown to black'

as for "varnishing" with the excqrtion that knots holesiand .r.,Linsded.oil.-spbcifications for rate and, boited linseed oilc
cracks shall:betoppcdwithamixtureoffine sawdnstfotmedoftbe -:-'-:':T:1"";.,;'::;;"-;;"*"ii".^i- 

---, .----

wood leios treared,lbeateir .p with suhcient ;;ffi"ffii;T, covpred bv IS' 75167 and77l5o shall applv' 1

€ohdsion. :''.t': :'. :' ' I ; r' :l

1,3.t Aptliin&r,;.-Thd,polibh'shall ,tuappliod evenly with a ccivered by IS.533/1954 shall applv'

eleanspf.tptd,p8bottori dotL in such a.*ay that the.eurface.is com.t : ' : r' i

;t"Ifi;:il1ilr;;;.red:rh;.*ri* i. in . -uJ.",l;;ffi; 4. Irardsroppias.-specincationsforfiIlerscoveredbvIS:'ltolts'
rort3lg..1o.hour..,il,,,,..'.,.-'.',,.',l.shallapply.:.
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(a) Resin
Linseed oil . .

Copal

(D) Copal
Oil of Turpentine
Linseed oil '.

( c) Amin resin
Lithargd
Sugar of lead
Splrit ofturpentine
Linseed oil ..

( d) Pale Shellac
Mastic
Spirits of wine

Shellac black
Olibanum
Gamboge.
Copal
Gum benzoin

2 Parts
2 Parts for

works.
I Part

7.5 Parts
6.5 Parts
10 Parts..

weight

I
fBv 

weieht

5' 1a1 Primitg coat for gqlvanized irort. t Speciflcations for painting

of ferrous metals covered by ISl. 147 7 lP artll and Il I 197 I shall apply.

(b) Pri miag coat on por tland cemezt.*Specifications for painting
plaster surfaces covered by IS: 2395 Pafit166 and IS: 2395 Part II
/6Tshallappty. , ' 

,

6. Recipes.'-The iollowing make good varnishes.-

Reelpc lor polishing teak. ..To potish teak without destroying the

naturalcolour ofthe wood, add one part of boiled linseed oil,followed
by one part of turpentine, to two parts of bees-wax warmed to a
thio liqui4, and then apply while still warm with ar- clean
cloth halfanhour. Whenthesurfaceisdry,appty a second coat
in the same rnanrrer and rub for an hour, taking care to frequently
change to the direction of the rubbing. Finally, apply a third copt
which should be similarly rubbe;1 for two hours until the st rface has

assuryed an unifrm gloss and is quite dry, showing no signs of sticki'
ness'lrhen touched. The final finish largely depends on the amount
ofrubbing but too much stress cannot be laid on thi importance of
having the surface to be polished, atxolutely smooth and even, before
applyng the first coat, so that no roughness is apparent on rubbing
with bare hand. Unless this precaution is taken the result will bo

an uneven gloss, altogether discounting the natural beauty of the
teakwood, wbich no amount of subsequent polishing will remove.

A darker colour can be obtained by appllng the samc mlxtur6
and rubbing well into the surface of the wood for five minutes, Then
having removed any of the mixture, remaining on the surface, apply
French Polish with a pad consisting of cotton wool inside a clean
white cloth, and rub in till the wood is quite dry. Care must be taken
to renew the cloth should it show any sign of wearing, else the cotton
wool will stick to the surface and give trouble, while occassionally
moistening the pad with raw linseed oil will be found advantageous.
The surface should then be carefully sand-papered to remove any
small irregularities. If the sand-paper is moistened with linseed oil-
and ooe piece is then rubbed on another for a few seconds, it will,
prevent the wood being scratched. A final coat of French polish
applied as before, and thoroughly rubbed until the wood feels per:
fectly dry when touched, should give a satisfactory fillish.

7, Schedule wording.-The following typical schedule wording
describes the operations to be done for the schedule contract rate
per l0 sq. metres of the paintin9item.-

(2) For new wood work.-Clea't, knot. rrrb down, give priming
coat, top and then aPPIY.

One
or
two
or
three

- Ready mixed paint Pigment, groand, in oil '

Labour and materials completer, executecl in accordance will
standard specificatjon No. 66.

Foiold painted wood-work and iron work it should be defined
in the schodule item wording if the rate is tot include removal of
old paint.

r Note should bo pade of the place and pricr at which the
print, oil and olheringredicts Will b: supplied in th" casjs des-
cribed in the rote to etausel (a) standard sp,cifica,ion for
prinling".

ExrRACr FRoM J. S. 75-1967.

Specifrcnionfor linseed.oil raw and r{fr.n(.i ,

I.'ScoPe.

1.1. This standard prescribes the requirements and the methods
of sampling and test for linseed oil. /

2.1.1. Alkali---refined or sami-refined linseed oii.- Linseed Oil
which has been refined by neutralization with alkali and bleached
with bleaching earth or activated carboa or both no other chemical
agents being used. The oil may also be treated with mineral aci
prior to alkali refinding'

3 Parts
5 Parts
2 Parts

800 G
15o
25s.
5.5 litres or
2 litres or I

cornmon

4.75 kg.
.86 ke.

I

1

J
By weight

Varnish for iron-work and oitdoor wo$t, A ready mixed carriage

varnish ofapproved make will usually Sp specifie{. Aitother recipe
is: Dissolve in about I kg. oftar oil,0'25 kg. qfasphaltum and an

equal quality of pounded resin mix hotlin aa iron kettle, taking care

to prevent contact with flame when cold, use.

Yarnishfir common work, Tzke I of lamp resin and powder

it, place it in a can and add I litre of of turpentine, shake well
and let it stand, with occasional foradayortwo. Thenadd4
litres of boiled linseed oil, shake well ar,rd allow it to stand

in a warm room. till clear. Decant portion and use, or reduce

with spirit of turpentine until of
varnish is intended for protecting
It has been used with advantage for

proper consistency. This

The preparation oi varnishes is a d,ifficult job and it is better to
purchase varnishes ready prepared.

Recipe lor French polish.-A good lFiench Polish, suitable ior the
lndian climate, dan be made with ttle following ingredients Dis-
solve in 8 litres methylated spirit tllelfollowing;--

exposed to the, weather
wood and iron work.

l.2kg.
200 gm.

200 gm.

200 gm.

200 gm.

The gums are cru.h"d small and, ridded to the spirit and mixture
is agitated until the. gums are dissolVed. Immersing the vessel con-
tainft the mixture ina warm bath {iOs the operation.

Recipe for oil coating for wood 1work.-The following mixture
forms a gootl dit coating for wootl Sork.-

1.2 kg. double-boiled linseed oit-

400 gm. TurPentine.

400 gm. bees-wax. 
:

The oil and thdwax are to be.heated in a vessel over a slow fire till
the wax is melted and after the mixtrire has cooled, turpentirle is to be
added and the mixture then appli{ in two. coats.

I

Sweet oiling. -Mix equal parts S common vinegar, @untrJ( sweet

oil and turperrtine. (This gives a da4ker effect than linseed oiling.)

466-3-5s
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2.1,2, Actd-refined ltnseed oiL-Linseed oil which has been

refincd using mineral acid and bleached with bteaching earth or
activated carbon or both.

3. Types and grades.-The material shall be of two types, ex'
pressed and solvent extracted with grades as given below : -

(a) Expressed.-
(i) Alkali refined;
(ii) Acid refinedi
(iii) Rawgrade l,'and
(iv) Raw Sradc 2.

(b) g ob e nt -ext 
r oct e d.-

(i) Semi-refined; and
(ii) Raw.

3.1.1. Of these, tbe Alkali refined grade an( thc Rarr Grade I
of the tixpressed type are suitable for edible use.

Nors.-Although the Alkali'refined and the semi'refined grades

tre equivalent, the latter is not considered suitable for direct edible

consumption.

4, Requirements.

4.1 . Description : -The material shall be obtained from good
quality linseed cake by solvent-extraction or from clean and sound
linseed from linum usitatissimum linn, fam. Lioaceae by a process

of expression, or solvent extraction,

4.2, The matelial shall be clear and free from rancidity, adul-
terants, sediment, suspended and other foreign matter' separated

water and added colouring aod flavouring substances.

ExrRAcr rnou LS. 78-1950.

Specificatlon for,linseed oil, pale boiled, lor paints.

l. Scope. , ?

I.1. This standard prescribes the requirements and the methods
of tcst for the material commercially known as.Linseed Oil' pale
boiled, for paints. The material is used as a drying oil.

4, Rquirenents.

4.1, Description:-The materiirl shall be prepared from genuine
linseed oil and necessary driers. It shall be clear and free from
sediment a'nd other insoluble matter.

4.2. Colour.-The colour of the material, when examined through
a 0.25 in (or 6.35 mm.) all glass cell in a standard Iovibond Tinto-
meter, shall be not deeper than a combination of l0 yellow uirits
and 2 red units.

Alternatively, whetr tested by a suitable colorimeter, the material
shall be not darker thao a frestrly prepared solution of 0.38 g. of
chemically pure potassium dichromate dissolved in 100 ml. of con
centrated sulphuric acid (sp. gr. 1.84).

4.3. Drying tittu .-The oil shall be surface dry in not more thao
18 hours when tested as prescribed under 15 of IS : 74- 1950.

4.4. Freedom from rosln.-The oi[ shall show no positive reaction
for rosin when tested as prescribed under 23 of IS : 74-1950.

4.2,1. The clarity of the material shall be judeed by the absence
of turbidity after keeping the filtered sample at 30'C for 24 hours.

Exrucr rnou I.S. 77-1950.

Specification for linseed oil, botled for
Wlnti.

l. Scope.

2.2. This standard prescribes the requirements and the methodg
of test for the material ccmmercially knowu as linseed oil, boiled,
for paints. The material is used hs a drying oil.

4. Requirements.

4.1. Description:-The material shall be prepared from genuine
linseed oil and necessary driers. It shall be clear and free from
sediment and other insoluble mattei.

4,2, Colour :-The colour of the material, when examined through
a 0.25 in (or 6.35 mm) all glass ccll in a standard lovibond tinto-
meter, shall be not deeper tlan a combination of l0 yellow units
and 1l red units.

Alternatively, when testcd in a suitable colorimeter, the materia
shall be not darker than a freshly prepared,'ilultion of 2.220 g, of
Ltemically pure potassium dictromate dissolved in 100 ml. of con-
centrated sulphuric acid (sp. gr. 1.84).

4.3. Freedomfrom rosin:-Thc material shall show no positive
reaction for rosin when tested as prescribed under 23 of IS z 7 4-1950.

4.5. When lead free material is required, it shalt conlain not more
than 0.05 percent oflead or compounds oflead (calculated as metallic
lead) when tested as prescribed uqder 22 of IS : 74-1950).

4.6. When lead-free material is required, it shall contain not
more than 0.05 percent of lead or compounds of lead (calculated
as metallic lead) when tested as prescribed under 22 of IS z 74-1950

Speclfrcation for oil Tnste for paints, to lndiatt stutdard colourt.

l. Scope.

l.l. This standard prescribes the requirements andthe methods
of test for the material commercially known as Oil Paste fot Paints
with the distinctive colours as specified in the title. The material
is normally used for making ready mixed paiats.

4,3. Form and condition: -

4.3.1. The material shall be supplied [p the form of a smooth.
homogeneous paste. When thoroughly mixed and taken -on a
spatula, it shall not flow in a continuous stream when the spatula
is held in a vertical position.

4,3.2. The material shall be in such a condition that stirring with
an appropriate quantity of a mixture of three parts by volumc of
lirseed oil boiled (IS : 77-1950), or linseed oil, pale boiled (IS :
78-1950), and one part by volume of white spirit (lS : 84-1950)i
gasily produces a uqiforn paint suitable for application hy brushes
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4.4. The naterial ehsll also oom$ly with the requirements io

Table l.

*'

Teru l. RrornnrtrraNrs FoR oIL r{rxrs wru 198 DlllrrNcrrvg

@IOTru AS SPBCITED IN TTIB TITLB.

(Clause 4.4.1

Requbement.
Reference

toISz
85-1950

APPENDIX. A.

(Clause3.2,)

DBrorutulrroN or FLAfTENINo PRoPTRTIES'

A.l. Procedure-

A.1.1. Brushon amillsteelpanel I50 xl50 x0'8fi)mm', insizc,

a coat of the material over a coat of primer aod allow it to airdry
for 12 hours under laboratory drying conditions treat the approvcd

sample in the same manner and at the same time. Subiect both

surface to facing and rubbing and then compare the sample

undertest withtheapproved sampletested io thesamemanner and

at the same time.

A.1.2. The material when so compared sball not be inferior to the

approved sample.

APPENDIX B.

(Chuse3.3.)

i:,t",i lri* of the method.-rhe srey filler is upptl"o, ou., ,rituut"
primqr, on one half of a metal panel. This after wet rubbing and
allowing to dry is overcoated with a fllm of synthetic enamel. The
gloss of the eoamel film on the fiiler coated portion is compared with
the gloss on the other half.

B.l, Procedure-

B.1. l. Ametal panel 0'C630 to 0.800 mm. thick and 3fi) X
l50mm io size is cleaned, degreased and derusted as prescribed in
5.2.of I.S. : 10l-1964.

B.1.2. Apply the coat of primer (conforming to IS : 3538-1966 or
$ 2077-1962 @ and allow to dry over uight. Then apply

the material uniformly to one half of the panel. Allow this to dry
for l5 hr. Apply onembrecoatofthemeterial asaboveandallow
todry for another l6hr. Thedryfilm thicknessof thetwocoatsofth€
matcrialsshallbe 40 to 50 microns.

Wet rub th: film with emery paper No. 280 and wipe off. Allow
this to dry for one hour. Overcoat this with synthctic enamel

(conforming to IS: 2932-l96y'. on the entire panel coated with
filler as well as uncoated.

8.1.3. Reporrs.-Examinc the gloss of the enamel film ou the

fillercoated portion visually with thatofth€otherhalf. Tbegloss

of the fill€r coated portion shall not be inferior to the other half
when thus examined.

il.r.s.t. Alternatively, if aeireed to betweeo thepurchaser and the

supplier, the gloss of filler coated portion shall also be examined

instrumintally and slall not be less than 8-0 per cent of the gloss,

whon compared to the other half. In case of dispute, the results

ofinstrumental examination of Eloss shall be accpeted'

Exrucr rnou I.S. 212-1961

Specifrcationfor crude coolur for general use'

3.0. Requirements -
3.1. Composirion.--Crude coal tar shall be the genuine product

of destructive distillation of coal, free from adulteratants. The compo-

sition of the rnatcrial shall be the subject of agtreement bctween thc

purchaser and the vendor.

Serial number and
characteristics.

(l) . Q)

l. Finish . . - Smooth with oil gloss

2. Colour Close match to the specified
IS colour.

3. Residue onsieve. . Not more than 0.5 percent ' '

4. Watercontent Notemorethan0.5percetrt

5. Keeping properties Not less tfun one year from
the date of manufacture.

6. Marking and delivery As agreed with the purchaser'
but eacb package to be

marked i'Lead Paint ".

l

I

,.{

I

l

I

I

l

(3)

6

8

(3)

7.t.&7.2

7,4

7.5

9

l0

l3

t4

ExrRAcr rn'on I.S. 110-1968.

Specificationfor Ready mixed Paint, frushing, greyfrller, for
edqmzls. for use oler Primers.

TlsLe l. REQUIREIIIENTT "o" 
*rnoii MrxED PNNr BBUsHINo GREY

FTLLER FoR ENAMELS ron pst ovFR PRIMBRS.

(Clause 3.4-)
Method of

. Serial number and fuquirements. t:lt W. lo--'charaiiiri*ic 
rc?forfrffr

(1) @')

Drying timc, hard dry Not more than 12 hours

ConsistencY Smooth and uniform
andl suitable for
brufting;

Finish Smocib and matt to
seffiglossy.

Colour C.ty I

Residue on sieve, 2.0
percent bY weight
max.

Flexibility, and ad' No visible damage or
hesion (after 48

bours air'drYin$.
detlchment ef films.

(i)

(ii)

(i ii)

1iv)

(v)

(vi)

il
13

t6

24

3l
(vii)

(viii)

Flash Point

Keeping Properties.

Not below 3ff C.

Not l0ss than six months.

4.2.1 The containers may also be marked with the ISI Certification

mark.

I

I
r

l

I

I
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3,2. ,yater, -Water contents of crude coal tar shall not be in
excess of five per cent by weight and shall be determined
as .described in, I. S. 1211-1958, Methods for testingTarand'Bitumen; 

Determinationof watercontent (Dean and Stark method)

3.3. Mineral matter (Ash).-.The mineral matter in crude coal
tar shall not leave on incineration, ash in excess of one persent by
weight uf moisture free 141, on the weight of moisture-fre0 tar,
determined as described in IS: l2I7-1958 Methods for testing tar
and Bitumen : Determination of Mineral mdtter (ash).

ExrRAcr FRoM I.S. 337-1975.

Spccifrcation for vcrni5ft, finishing interior.
Taslr I.-REeurREMENrs FoR vARNrsH FlNrsHrNG rNTERroR.

(Ctause 4,3.)

4t2

Tlrir.B Ii ftequrnurNrs Fon YAnnrsn UNoEncoerrrc EXTBRTdR

Narunal RmrN.

(Claase.4.3.)

serial number 
Requirements' 

,:I:{;tr;
. andch.ttacteristic number le

rS:197-1969.

8

9

Serial iumber
and characteristic

(l)

1) Drviue time mi.x:
(a) Surface dry
(?) Hard dry.
(c) Task free

(iD Finish
(iii) Colour

Rcqlire ment,

6 hours.
18 hours.
24 hours.

Smooth and glossy . .

Not darker than a 9
. combination of 41

yellow dnits and 10 ,
red units.

No such scratch as to
show the bare metal.

Notvisibledamage or
detachment of
film.

Scratches free from
jagged edges.

30".

50.0

o)
(i) Drying timemax:-

(a) Surface dry

(b) Hard dry

(ii) Finish,

(iii) Colour ..

Method ol
(Ref. 1o Cl. No (iv) Flexibilityandadhesion
rz 1^S 197-

l96t) *
(3) (v) Stripping test ..
7.2

(vi) Flash point min.

(vii) Volatile matter content,' 
Percetrt by weight,
rDax.

(viii) Viscosity at 30.0'C

10 (ix) Acid value, max.

(x) Keepiag p,roperties

(2)

8 hours

18 hours

Smooth and glossy

Notdarkerthana combi-
'natioo of 41. yello*
units and I0 red units,

Novisible damage or
detachment of 6lm

Scratches free from Jagged
edges.

35.O'C(or95'0"F)

50.0

Not less tban l.S(htockes
and not more than 2.50
stokes,

25.0

'Not less thau one year
from the date ofmanu.
facture.

(2)

(3)

7.2

ll
method I

t2

t1

14

l6

(iv)

(v)

vi)

Scrak h hardness.
(on moebrnical
tester).

FlexibiLity and
adhesion.

Stripping test

Flash point, min.

Volatile matter con-
tent percent by
mass work.

Visdosity in stokes
Acid value, max.

Keeping properties.

t7

19

1l
Method l.

t2

(xi) Marking and deliverv 
1r:flrir",Tlff'l"rfi",

20

(vii)
(viii)

13

l5 ExrRAcr FRoM I.S. 340-1952.

S pecifrcafion for v ^;rnish, mixing.

4 Requirements.

4'1. Descrtptba:-The materiil shall be clee.r a.od traDsprrent and
free from foreign matter,'sediment and undissolved water.

(ix)
(x)

(xi)

1.0 to 2.0
15.0

Nbt less than one year
from the date of
manufacture.

t7
18

20

.Method of sampling and test for vdrnishes and lacquers (frrrt
revision).

. Exrnecr rnorra I.S. 339_1952.

SScirtcationfor Vurnish, undcr coating, €xt€rior, natural resin.

4. Requiremtnts.

4,1. Desu,iption.-The materials shall be clear and transpar€rt
and free from foreign matter, sediment and undissolved water.

4.2. Composition.- The material shall be based on natural r€sior
dryiug oils, driers.gttd thinners in suitahle prcporticns to salisfy the
requirembnts $diis standard.

..'..
4.3. The material shall also crmply with the requiremenrs in,'Tabie I.

4.2. Composition:-The material shall be based on resins, drying
oils, driers and thinners in :uitable proportions to satisfy the require-
ments of this standard.

r}
+--:. trUe material shall become hard dry and at ain a condition

suitable for flatting with pumice powder and water in not less than
6 hours and not more tban l0 hours, when tested accoiding to the
method prescribed in Appendix A.

4.4. The material shall mix satisfactorily in all proportions with
linseed oil, raw (IS 75-1950) or linseed oil, boiled (IS: 27-1950)
or stan<l oil (tS: 79 -- 1950) ora mixture ofany two or all ofthese oils.

4.5, The materials shall show no sign of fatteoing when tested as
prescribed in Appendix B

8



4'6. fhe material shall also comply
Tabie I.

Tlnr.r I. Rrqurnuelrs ron

(Clause

Serial number and

"nororlsYistic,

(t)

4J3

with -the requireurcntr in' 5. Tests.-

ARNISH: MIXINC.

Reference
to Column

number ir,
/S:197-

1969

5'1. Uuless specided otherwise, tests shall be c. nducted as prGs-

cribed in IS : 197-1969. References to the relevantclausc
of tbe standard are given io column (4) of Trble I.

TABT.E I. RoqurnrueNrs ron YARNsn, SqEr LAc, FoR GENERAL

Punposes.

, (Chuse 4.5.1'

Requiremenls.

Reference
to

column
nutnber
in I.S.

197-t969

V

(i) Finish

(ii) Colour

(iii) FlexibilitYand
sion.

(iv) StripPing test

(vii) ViscositY at 3OC'

(viii) Acid value, Ba{.

(ix) Keeiring Propertifo

Smooth andi glossy

Not darker ihan a combi-
nation otill yellow units
and l0 reil units.

adhe, Novisibled4mageordetach
ment of 6kn obtained by
tlipning. j

Scratches fnk from Jagged
edgoo.

Not less thln 1.50 stokes
rnd not inore thao 2.50
stokes.

I

l5.o I

I

Not less thad one year from
the date of manufacture

Serial number
atd characreristic.

(31

I
9

lt
method I.

t2

I3

14

l7

(D

(iD

(iii)

(iv)

(l)

Drying item, max :

(a) Harddrr

Finish

Ashcontent,percent bY

rrcight, max.

Freedom from resin

2 hours.

Smooth and glossy .

0.50

(3)

7.2

8

l5

(2)

(v) Flash point min. . . 35'0'C (or dp'O:fl

(vi) Volatile'mattercon' 40'0
tent, Perc€nt bY

. weight max,

Shall show no posi-
tive reaction when
subject to liebermann
storch or Halphen
Hicks test.

(v) Keepiog ProPerties Not less than one year
from the date of
'mauufecture in
stoneware or glass

containers.

(vi) Marting and ddivery. As agreed between thc
purchaser and the
vendor, but eaeh
container shlll be' marked " Highly
inflamable. "

20

E:<ruci rRoM I.S. 533-1954.

Specification lor gum s?rit otlurpentine. (Oil of grpentine'1.

3. Grades.

3.1.- The ma{erial shall be classifiE& into two grades, namely

Grade I and Grade 2.

3.1.1. Grade I of gum spirit of turpentine is intended for use

.;n all disppnsing where the material is required for internal use, a; J

in perfumery.

5. Requirements.

5.1. Soarce.Ahe material shall be genuine distillation product of
the oleo-resin.of.pinus roxburghil sargent and allied pinus species.

5.2. D es crip t ion.-The material shall be a clear, limpid, transparen t
liquid, with a pungent and somewhatbitter taste, and free from sedi'

.ment, suspended matter,. separated water 'and added adulterants.

5.2.1, Tbecharteristic odour and taste of the material beconel

stronScf and.hss plc&sant lr the oil ages or is exposed to air.

5.3. Grease W, test.ftree drops of gum spirit of turpentine

when successively e,vaporated from the same spot of an unsized p{ per

shall leave no giease rtain, thus showing th'J abseoce of firod cils

l6 l8

t9

19

(x) Markioganddelivery as agrL.O between the 20
purchaset and the
vendor. ,

i

Exrnacr lRoM I'Si: 347-1952'

Specificatton lov l/ arni sh, shellqc, for general par poses.

.4. Requirements.

4.1. Descriptbn The material shr{ll be free from foreigri matter
and visible impurities.

, 4,2, Conposttio&.-:Ihe materials sliall contain 40*2 percent by
weight ,of shellac (IS: 16-1949) di$solved in denatured spirit
(IS; 324- le52).

4.3. Iodine vulue.-:fhe iodine v{lue of the residue obtained
from the material after evaportion at 40o C. under vacum shall be not
morethan 20o C.

4'3.1. The iodine valuc shall be detennined as prescribed under

appendix GII. of IS: 16- l9f.
4.4. Colour Infux.-Tht colour in{ex of the material shall not

exceedl8'O. i ,.
4.4.1. The colour inder shall be ditumined as prescribed under

appendix D of IS-: 15-1949, with the following modification for
2.3 of that Appendix.

" 2.3. Shellae rotu,riolo.-Weig{t accurately a quantity of thc
material equivalent to 10'O g of drylshetlac and dilute to Ifl) ml.
$,ith cold 95 per cent (by volume) ethyfalcohol0S: 321-1952).Filter
the solution in an ordinary funnel usi{g a mediunr grade filter paper

.Dispard the ffrst 15 ml. of the filtrate pod then collect 5 ml. or more
of the olear filterate for the test ". 

I

I

Requirernents.
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Exrnncr rnorrl I.S. 1200 (PARr XV.) 1968.

Method of measuremew of building and civil ingineeiittg workt.

PARr XV-Painting.

3. Measurement ,

3.1. Painting, escept where otherwi$e stated, shafl bd measured

io rquare metr€s.

3.1.1. No deduction shall be made for openings not exc€eding
0'5m8 each, and no addition shall be made for painting to beading
ooulding, edges, jambs, sofrts, sills, etc., of such openings.

3.2. In case of sfuep fabricatodstructural steel and irol work,
shop paint shall be included in fabrication. Site paint shall be

ueasured separately on the basis of the weight of steel work and
iron worL or io square E€tr€s as nged be.

Nors.-No addition shall bc made to tho weight calculated for. ths
purpos€ of measurenent of steel and iron wonk for the paint applied
cither in-shop or at sit€.

3.3. Painting up to l0 cm. width or in girtb and not in conjuction
with sinilar painted work shall be measured in running metres and
shall include cutting to line where so required.

3.3.1. Cutting to line, whers not included in the itEm, shal bc
moasurod separately io running metres.

3.4. Snlll articles upto 0.1 ma of painted surfaces, where no,
in qoqiunction with sinilar painted work, shall be enumerated.

3.5. Painting on differeat typ€s of work shall be kept separate
and the surface to be phinted shall be described. It shall be stated
whether the mclsuremoots arc flat or girthed. Alternativelndifferent
gurfaces may be gouped into ooe generalitem, areas ofuneven surfaces
being convertetl into equivaleot plain areas io accordance with Table I.

3.6. Corrugated sheet surface and Nainital pattern roof surface
shaU be included with plain surfaces after iocreasing the areas by
the following percetrtagps :

3.10. Painting in
enumaf,ated in the

repair wort upto ohc SQuire hotro sball bc
following categories:-

(c) Upto 0'l sq.m.

(6) 0.1 to 0'5'sq. m. ; aad

(c) 0'5 to I sq.m.

Nore.Areas exceeding I square metro shall be oeasured as ln 2'6.

TABLB l. EQUTVALENT PLaN Anses or UNEVEN SuRPAcEs.

(Clause 3,5.,

Eow measued,

(2)

Paoelled or framed and Measured nat (nol
braced or ledgedand girthed) including
battened or ledged CflOWXIIAT or
battened and braced frane. Ed8Ps,
joinery. chocks, cleats, etc.

shall be deemed to be
included in the item.

(3)

1.30
(fc r
each.
side).

Flushjoinery I Mcazured til.,rjr# ,'tl*
CHOWKIIAT or eaoh

:[H' 
'*t""ui[" 

' sido)'

shall be deemed to bc
' included in-the item.'

Fully glazed. oi eauzed Measured flat (not 0'60
joinery. girthed) iricluding (for

CIIOWKIIAT or each

. frame. Edgcs, side).
chocks, cleats, etc.t
shall be deemed to be
included inthe item.

Muhi-
Serial number and
Description of work

(l)

a

3.

Pyinc
J'actot.

I

(a) Corrugatadsboets

(6) Nainital pattqn roof (plain shees with rolls)

(c) Nainital pattero roof with corrugated sheets

(d) Asbestos cemeot sheets, corrugat€d

(e) Asbctos csmoot shccts, gsmi*omrgated

Pcr cent

t4

IO

4.

Fully venetioned ol
louwed joinery.

6. Weather boarding

7. Wood shingle roofiing.

Partly panelled and Measured flat (not
partly glazed or girlt^ed) ircludirg
gauzed joinery. CHOWNH AT or

frame. Ed8es,
chocLs, cleates, etc.,
shall be deemed to be
included in the itcm.

Measured flat (not
girthed) including

CHOWKEAT or
frames. Edges,

chocks, cleats, eJc.,

shll be deemed to be

iocluded in the item.

I
(fcr
eacb
si.de)

l'80
(fc r
csch
side.)

l'20
(for
eoch
side.)

l.t0
for
cach
$do.

25

20

IO
5.

3.7. Paintiog on caves-Eutterc, raio water pipes, soil and venti-
lating pipes and steel poles shall bb roeasured in running metres stating
the size or girth, . Fittings, such as bends, shoes, branches, heads etc.,
shall be included in tho length.

3.8. Paiotiog on small articles, such as gato and:turn straps metal
ceiling roses, metat_switch-blocks' heads and nuts of bolts, articles
of builder's hardwaro and the like when pic,ked out in a difrerent
tint or nct io coqiuction withsimilarlpainted work shall be enumerated.

3.9. Flag staffs, chimneys, aerial masts (not latticed), water tank
0ood light towcrs, over-head electric mast, spires and the like requiring
cDocial scafrolding shall be mpasured separately stating the size, height
and average girth.

Measured flat (oo
girthed) supporting
frame-work shallEot
be measured separa'
tely.

Measuredl ffat (not
girthed).

I

?

-t
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Scrbl rumberaad'
Ihscrll,tlt,t of *otk.

(l)
Boarding with cover
fllets and match
boarding.

Measurled
girthed).

flat (not I.05 (for
each.

side).

Mcasused flat overall; 0.80 (for

no dpduction shall Painting
be made for open all over'

' spac&.

Mbasured flat overall; 2 (for

no deduction shall Painting
be 4ade for open all
sp-ac?s.; supporting over).

menibe.s shall not
be measured separa-

'teu,

. Do. I (for

,il,:li
over.)

I (for
pain-
ting
all
over),

Guard bars, balustr-
adcs, gates, gratings,
grills expanded metal
and railngs.

Gates and opcn palisade Mersured flat overall;
fencing including- no deduction shall
staodards, braces, be made for oPen

rails, stays, etc. spages; supporting
members shall not
be heasurcd separa-
tely. (Seo Nore)

' Exrnlcr FRoM I. S. l+77 (Part l't l97l
Code ol practice for lointing of ferrous metals in buiklings ond'

allicd finish-s.
PIRT I -Pietreatment.

5, Surfoce preparation and pre-treatment.

5.1. Pre-treatment and priming of ferrous metals under'controlled

conditions "of the factory gives the best results and it is therefor€

advisable to adopt this method whenever possible. Ttre object

of such treatment is to preserve and maintain the metal surface

during transport, storage and erection and to minimize the'oqsites
preparation for final painting. Much' will ilepend upon the timo

between the factory treatment and erection, the care with which

the materdials have been stored and handled during that periodt

and the protective qualityof thetrcatment applied.

5.1.1. Application ofa suitable priming coat should follow pie'
tr€atment *thout delay. Subsequent coats of paint may be applied

on the site after cleaning down any damaged parts and touching

up with the primer paint.

6.2, Removal of rust and scales.-When steel leaves the rolling

mill, it has a firmly adhering kin known as'mill scale'. The conti'
nuous fresh layer ofmill scale is in itselfa good protection against

corrosion of the underlying st6el. However, oniexposure to

the atmosphere, mill scale absorbs moisture and coinmences to
work itself l,oose allowing moisture to penetrate between the scale

and the steel and resulting in rust formatiorb ol,tl steel, which has

been kept for a long time in the open, has heavy layers of rust formed
on its surface. If paint is applied on the layers of rust or loos
mill scale, rusting continues almost to the same extent as if there
reas no paint, with the added disadvantage that over heavy tayers of
paiqf progresSive corrosion is not easily detected. Derusting
descaling aretheessential preparationsrequiredprior to the appli-
cation of any type of coating on iron and steel. There is considerable

difference between the condition of a new steel which required pain'

ting and old steel which has been allowed to ryeather and rwt' and

the approach to each problem is different. 'Generally, derusting

and descaling of steel may be carri€d out either mechanically or
chemically.

6,2.1, Mechanical cleaning.4fhis may be done by scrappin3,

chipping wire-brushing, rubbing, with a brassive paper or iteel wocl,
by flame cleaning and sand or shot blasting. New steel that is,

to be painted has'normally a surface partly rusted and partly com'
prising of firmly adhering mill scale. Once the fumly a*tinS
mill scale has broken, it is extremely difricult to ddcimine
whether the remaining mill scale is adhering firrnly enough to be left
on the surface or should be removed. For ordinary working conditions
it is practically impossible to remove firmly adhering mill scale

by ani hand operation. Any specification, which requires the cleaning

or removing of mill scale or rust by scrapping sanGpapering,

chipping wire brushing etc. ihall therefore be understood to mean
that firmly adhering mill scale still trot be removed and that the
surface finally obtained will not give optimum protection against
rust atalater date. Whilethisreferstoreasonably newsteel which
has been protected against excessive weathering in a yard or workshop,
quite often very old steel is used on construction or in manufacturing
processes where heavy rust or scale has formed. This type of scale

consists'of numerous layers ofrust orchemically bioken doqm
steel and is not the sameas the thinlayer of millscale. The difference

is obvious in appearance, while mill scale is bluisb black in colour
rust scate is rustybrown in colour. Such rust and scale can usually
be removed completely with a scraper or a chipping hammer or
both. If complete removed of all types of mill scale is reQuired
(which is the best preparation).the old really efficient mechanical

method of doing this is.by sand'blasting or sbohblasting (see Appeo
dir-A).

flowE)twol.

(2)

Multlplllns
factor.

(3)

8.

9.

t0.

Tile and slate battetr-
ing.

Trellis (or Jafrri) work
one-way or two-way.

I l.

t2.

13.

14.

@rved or eoriched worl Mcasured flat.. 2. (foreach
I side.)

steerrouer$utters .. 
tlffi$"vfl:;l',H;i,.::;f'

. guides bottomrails side).
and;locking arrange-
meflts, etc., shall be
included in the item
(top cover shall be
m€dsured. separately).

,
15.

16.

17.

18.

Plain sheetl steel doors Measured flat (not

and windo*s. girtped) including
fra{re edges, etc.

I l0 (for
each
side).

Fully eilazc4ot gauzed

steel doorc and win'
dows.

Partly panellcd ard
partly glazed or gatued

steel doors. *
Collapoible gate

Do.

Measgred flat (Size of
op$ning).

I

O,50 (for
each
side).

0.80 (for
each

-side).

1.50 (for
pain-
ting all
over).

Do.

Nors.-The height shall be taken from the bottcm of thc lowest

rail, if thi palisades do not go below it (ol from the lower end of
palisades. if they project betowthe lowestrail) uptothe top of
psli!&d€t, but not upto the top ofstandards, ifthey are higher than

tb! prlissdrs.

,t-

.'. r.'l'-*i*7

I

I

't
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-6.2.1.1. Hand scrapping.-The cor.rect procodure shall be scrap
thoroughly with a hand scraper followed by wire-brusking (firsi
with.coarse and then with fine wire, brushes) and finally sand-
papering the surface with coarse sand paper (No. 3.) steet wibi (No.Z)
or emery paper (No. 3.) or emery cloth. This will gire a rea-
sonable assurance that no lease mill scale or heavy rust is left bn
thc surface. For purpose of examination the hand cleaged surface
shall be wipe finally with mineral turpentine, which also removes
grcase and perspiration left by handmarks.

4.2. It is strongly .recommended that a primer is employed for
which long-term experienoe under the specific climatic conditions_
is available and tc, i'nsist that it shall conform te the relevant rndian
Standard specifications.

4.3. Tbe primer coat shall be applied soon after completi(,n (,f
precleaning or pretreatment in order to prevent contamination of
the surfaces in any way. Primer paints may be applied by the
usurl brushes and sprayguns. Primers containinglead pigments
shatt not be.appliec byspray.

Nore.-Opinion haSi been expressed by techhologists that the
primer coats on steel should in preference always be brushed, as
only a brush is capable of ,'working in" the paint into the minute
depressions on the non-abcorbent steel surface'thus ensuring a film,
free from 'holidays,. Brush application is also stated to eive better
adhesion. tJVith these pcints in view dven where the finishing coats
are applied by spray, the specifications in mariy instances require ,

brush application of the two primer coats.

ExrRAcr rRoM'I4S. l4t1 (part ID-I9ZI.

Code of practice for painting of ferrcus metals in buit)ings
and alliedfi.nishcs.

.Pnnr II-pzrinring.
3. Procedare Alter prefiaration I pre-treatment-Function of patnt.

3.1. With preparation and possible pretreatments as describod in
lS. 1477 @art l) 1971, the metal surfaoe ii ready for painting. It
is essential that immediately after the completion of the pretreatment
prooees, the fust primer coat shall be apptied within the shortcst
poscible interval. This is particulary importaot in coastal arcas
Irith high humidity. The successful painting bf iron and steel
dcponds, to a.great extent, on tho preliminary work expleincd ia
detail in Part I of this standard and if it is not immodiarly followed
by ait least one protectivo paint coat, the results achiertd might losc
their desired value.

,3.2, The applicatioa of the paint film has two mai[purpos€s.
The first oneisto protect the steel from corrosionandthesecond
for decorative apt'earance. A painting which gives the steel adequate
pro(oction over a long period oftime together with good appeilanoe
shall, thorefore be adcipted. Such a specification shallalso make
it possible to adopt a schedule of repainting which is comparatively
inexpensive that is, as is possible to carryout without too high
a preparationcost and at intervals as long aspossible.

3.i. A paint film comprises of coats of primer, filler, ,under-
coating and finishing prints. Fdrsatisafactory performanoeofa
paint fi lm, under the conditions in which they are reqriired to perform
selectionof the right type of paints andtheiradjuncts isof utmost
importance. Iherefore, it shall bb carofully ccinsidered whether
the paint film has to withstand continuous exlxt$rue to exterior
woath€r conditions or is requ:red to withstand a coilosive atmosphere
or is required to perform on indoor surfaces. There does not
still exist an all purpc';e paint finish but satisfactory paint finishes
aro anailable for practically auy particular condition of exposure.
Ihere are a number of published Indian Standard specification fc
iotsior and erterior, enamels andpaintsandtheir adjunots,narnley,
primm, fillers, under coating and finishing enafirels paints. For
paints to perform under special conditions it is recommended that
the paint manufacturer may be consulted.

'4. Primer coats :

4.I. Type of primers.-Primers are applied on stoel work to inhibit
corrosion and henoe called anti-corrosive primers. They should
adheretothesurface firmlyand offer a keyto the subsequent coat,
Anti{onrosivo primers may be leadbased or lead.free tylres. For
spray application lead-free primers shall bo usod. Tbe primer coat
for ferrour surfaces shall be provided using one of the prioers con-
forming to IS. 102 1962 or IS. lU 1962 or IS. 2074-1962
Other anti-corrosive primers such as zinc ric_h primu, also called
.Cold galvanizing' may be used in accordance wlth the manufas
urerg, recommendations.

5. Intermediate ond finisltng coats.

5.1. Filler coar&-.Filler ooats are applied to trll deep dents
and to obtain a.smooth fnish whsever n€oessary, the degree
of flling depending upon the finish desfued. OnIy factoryprepared
6ller suitabtc for steel work shall be used. Fillers prepared by whiting
aod linseed oil by craftsman at rite shall never be used as such filler
may be unbalaned and incompatible with thEprimer, undercoating.

5.1.1. Appttcattot.4,orrcr;t application of filler requires a good
'Puttyknife' and skill. It is aa operation for skilled workman who
obtain good results by experience . It is essential that _filler applied
shallbejust sufficient to ffltthe depression or uDevenness ana ii snatt
be restricted to the minirirum. It shall be applied in thin layers.
In filling^ deep depressiotui or unevenness, as many coats as are neces-
sary mai6o applied altowing each layer to dry hard. The
hardenedfillersurfaseshallbe cut dowa by wei nrbbin beforo
the subsequenf coat is applied. Where necessary, filler coatsmay
be applied over the unde,rooats also.

4.4. Two coats shall be applied ailcwing a dr:rdng time so that
the frst coat is quite hand dry before thc secotrd coat is applied or. '
according to the manufacturer's instructione. In the case of red lead
after the second coat of primer, sufficient time shall be allowed f<it
the red lead todry thbroughly. Experience bas sh,own that under
conditions obtaining in hot and humid parts of Iqdia, a minimum
of two or preferably three, dap' dr$ne time for red leatl gives
good hardness to the fflm.

5' 1.2'. Readyan ixed filler.-To fil I up surface scratches or similar
fine dents all over the surfaoe, appllcation by brush or- spray or coat<
of ready-mixed filler is recommended. Each coat shail be hard-dri
and w€t rubbed to a smooth finish before the next coat is applied.

5. 2. Unfu r coat iW- Nter appl ication of the primer,a coat of un Cer-
coating is recommended where a higFclass finish is required. The
purposo is to provide a smooth and level foundation for the finishing
coat, hide the primer/filler @ats and give_ a full bodied colour in
conjuction with the finishing coat. Undercoating paints shall conform
to the relevant Indian Standard spcifications. The undercoating
may be applied by brushorspray. Applicationbyspray givesa smooth-
er finish .than by brusb. After the film ofundercoating is hard
drn wet rub to asmooth finish before the firstcoatoffinisfti1g
is applied.

t-
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6.2.1.2. After the first coat is hard dry, apply a second coat so
tdat a film free from'hotidays' is obtained.

6.2'2. Filler oats-
6.2.2,1. AfJ€r the secOnd cgat of primer iS.Iard dryi lough gtrd

thc surfaco witbout scrat4$ing or in any qray damagiog thc prin.Gr
coats and clean ftco from dust.

6.2.2.2. Fitld€€p donts with paste fiIter usiag a good prtiy $n ife ,
prcseiog firmly into the denls and applying an'optimum layer. Altow
io hard &y and crrt down by wet rubbing to a smooth fnish. Alio r
ths water to evaporate.

6,Z.2.3.Appty ap many coats of paste filler as are requiiid to got

. a smooth surface, allowing eachlayer to har{dry, tboq $€t rubbing
'to 

a smooth fnish'and sllowilE fhe watpr to dryof,befoco the, pex r
layerisappliod. : i '

6.2.2.4.Aft€rthelastooatsofpa$efilleris tard dry iDC Ep3

rulrbd, whco nmsary aOply a coat of !/Mlftfcr bv bnxU or
sprlyto ill fine dcnte ;nj ccrattcttcs'on tho metil,Apwp'n"re-OCr
and sct<ub to a rmooth 6drhr

' /'i 
- 

' ' ' rr.
.: '. -',, , :'; : " ti',.

, fl, ..-1, .,r .,. ?r'i.+ti, l.) i' '' - rj"i' :r;'::it'i-' '.'',:igfl '',

,.r. tutsh@aoals.-Tho fioistini ooat ,' giveg 
'thB,. 

ilqit"l
n i.i to ttu article. This is the cmt which comes in direct costract

ffiii"""ffilr-La n* t" prot*t the underlying coats, wbichin

i;;;;r*,. tne paintJ atticie' choice of.the finishing paint shall

.iltlO" uf,.. carefully coosidering tbe conditions under vrhidr it has

;;il;. Finishing paints/enamets oonforming to the relevent

iia[* ii*aard specifications shall be emplgv.e{' The finishing coats

mav be applied by brush or sptay' For Brush application good

i.ifiiv brushes tn"tt Uu used' Formally two finishing coats are

lSi-"oO"A. The second coat maf be apol!9d after the first coat

;r;;rd;;;;d its gloss is koocked dff bv scuffing with a verY fine

' cutting dovice.

5,.4. Compatibiliry-Before coosidlring rhe application of inter'

.ai"t" *i Anishiog coats, it shallbe made-sure that those &lected

i.l*rp.,iUfe with each other' If a non-elastic finishing coat is

iirriJor"r an olastic primer coat, it may lead to ctacking or 'alli-

i*::i*;,mil','#'d,'ffi ftff s#itr?ilfr:,'ffi ffi T:l:
#;;i*t-;;;;ng sclvent' it mav attack'the'priper coat and lead

;tt*lltiliriir*ting)orthe entire paint structure' As a general

r.f*, is sJer to o* pi-i'"-t, {iller, undercoating and finishing paints

mado uv the same manufacturer'

5.5. Dryittgtine.-For the paint film comprising of the primer

;;: ,h" fi"tshing coats with filler coats and undercoatins where

H;;;;;;rfoim in unisoa, it is esseotial that each coat shall

ffinii"ttUv drv before the subsoqtent coat is applied' otheryise

;f;[i;il'frilmay apperu soon after exposure dueto the shrinking

Iia;oneof tU,cp^ts. Ao iot".u"l longer than thedryingtime specified

tIUiiJL*r, product specification may bo neoe.sa.rv depending
',ii-,U"-*n"iinl ot"d, for exanlple' red leadptimerto I'S' lo2-
iiez t qoi.". a fairly long drving time'

5.6. Flatting down'-Cuttitg of primer @at' under@at and flrst

niti "*ii- 
**"tial to provide a kef for QubseQuent coats in order

' t;jJpit". tho int€rcoat adbesioo' fto primer'coat wfth'or without

' ,-i6'*"tiu" dry cut and theundercoat with or without pptty fo'r spot

work shall bo wet cut with water proof empry paperNo'220'240'

ilil";; of undercoatiogp wi&out putty' prior to finishing coat

$;i;;J cut with wateqnoof emerv paper No' 280/320' The

t$;;rh *et shau b€ wet cud with waterproof e'merv paper

il;. ;6i400: Tho surface should be drv' clean and froo frqm dust
'u"i*".ouruq*", coat is aPPlieil'

S\ . trtixine before application'-tt is essential that a paint is applied

o;vuti.i ln" *ntents-of the drum have been thoroughly mixed. some

Hiitt'.""U "t 
the red lead primer and zinc p-rimer' after long stroage

, :;^I -lii* 
"rthe 

pig@ent at tht bottom of ths drum and' therefore'

#;,il;dinary stirri"eis required inorder to suspend the pigment

I'#-"*"f"tlyintne medium'' As stirringofthescttled pigment

;ffi;;;ns, it will help consideraSly to adopt tho following

Procedure'

, A day or two before application' the drums- shall be turned over
' 

,r?iii in ttreir heads'Whea lPen]ng 
a drum' about half the

i"ifriltt"frbe pour.eO into aiiother drum and then the sedimrcat

.t"-Jio,o the remaining rnediirm;when this is fully dons and thqe

. areositberlumps nor s€diment left, the twolots shafl be mixed together

;d;;"-hly stirre{"The-ppint' while in-use-' shall be stirred from

, timo to time to ensure that the'pigment remains in suspension' The

Llfiiitr*n*e of slightly stirriog a 5 gllon drum and pouriqg the

ffii"":t- ,ra the painter's budcet may result ;n most of the pigmeots

,-r*ilil;t the tottom of t1ie drum asd being eventuallv thrown

'"ffiiiii in" result that the paint actually applied willcontain onlv

,."olff61 Xt€f;centage of the plgments which have so carefully been

'iEpot"t.A by the paint rnanufacturer'

.. ,,, 46G3-56

5.7 - l, AdCt t ton to ri&',refr.-ThiDn€$ @.c!,,at F.incr -et trtDt,
tim) sM(iot be added, to 94iil8 on tbc f€plingihflt'tlP, oeg#4nfiv
otine paint supplGd bf tho nanufadurer is'too thicls If the 'poiat
*; iree; moofrct teA to coniorm to Inian Standard rgpeif:
cations, and has been subjected to coutrol tests in a manufactuer's
laboratory, the paint shal I have the correct consistency'and shall not
require furth€r dilution. ff there is any doubt ,the visoosity. gf tho

paintmaybechecked(see8 5 I l). If aslightadiustfientof frccosity
ir ,r".rlv, uso the ihino r."o.mndod by the manq{aciruo.

5.8. Importance of eniironmenlal conditions arul *yncis ii{,itB t*'
t"ir.-ii*iieoperation should be carried out in well iuriua4e
pldoe, from dust. Draughts and diroct sunlight should b€ awided
Irs lt willre$ult ia poor flow and a patc,hl finish. It is esscotiai tbat
the surface to !c Painted shall be diy, free from moisture ae othe-
wise corrosion ind or othc paint defocts mayrcult duoto moisturu '

gettiag trapped in the paiot film. Corroct timing for the appli'
cation ofthe primer aswell as other coats is important.

5.8.1; In coastel regions aadrareas with moderate or hiSh humidity
ryith appreciable differenco iri Aay and night temp€tahlr€g, it it
Unerally not safe to peiat exterior stool work oarly in tho
morning due to the settl€ment of dew on the surface, In such'!ildrx
paiating should bc started later in tho morninlp after dew has 

-revlipo

iatiO. fo. the same reasons, painting duriridmoirsoon shall' be

armided even indbors as the humidity is very high and drying,willbc
adipterl resulting in paint defects.

6. Painting s chei&.les-

6.1.2.1. White cleaning with powerlwirebrush, care shall be takcn
nol to do it exessively, since a mill scale oasill g,gts burnished to
smooth evon surface to whic,h paiat do€g trot adhere, and this will bo

dctrimental to-the performan@'df phint. All accessible weld
flux and splatter shall bo r€moval by power tools.,;

6.2.1. pttmet coats- / l

6.2.1.1. Immediately after preparation of the sulfaoe, apply the
fuBt coat of primer by s0ray odbrush" preferably'ttre latt€(tc*irg
in tho paint into the fine dents andlensuring a continuorrs 6lm without

1t,1.
,.:|

.1r:ii:

.1; ?n

.t, l
. .:i
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*
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' 6.2.2. 5. Apply the requisite number of coats, either in local patches
or all over tbe surfaoe as required, allowing each crrat to dry-ffarO
wet rubbqt and water allowed to dry offbefore the subrequ.i, *;ii.
applied.

6.2.3. Un&rcoats.

6.2.3-1, Wet rub thc entire surface, cuttitrg doryu to a smooth
uniforn surfaoo. Allow the water to evaporate] Apply an optimum
cdat of uodercoating by brush or spay wiih minimum bursh marko.
Allowthe film ro hard-dry, Wei iub, cuttiqgaowni;;"..";
flnish (cnsuring that at no placo the uud€rcoat isimpletely removed).
Allow the satcr to e\rapofittc.
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T1U 2. RBdoyl6sp3p pArNrrNc En^crtc bl xA[.rB{AI\rdt worr.
(ClauuT-t)'

Condition of sttrface.

6.2.4. Jltttsttbtg Mrs.
.6.2.4.1. Apply tbc frst finishingcoat by brush or spray. Ailowtodry.

6.2.t2. Gontly remono lhe gloss for the entire surface. Dust otrand apply the sccond ffnishing coat.

7. Mainteruncc patuilts .

7'r. Thc breakdown of a paint film is a progressive onc starti'g
with the topmost coat, gradually goiag downwards to ttre piinfi
coat. .Th€ object of maintenanoo painting is to renovate th; pai;
film periodioalrn chccking the progr€s$ oi breakdoqm 

"oo-i"il'tainingtheprotectivo and deooratvie rialue of the paint flm, tnisprolongiag its eff€ctivo lit. The priaciples of maiutenanr" p"i.G
a,re sunnarizEd ia Tabls2.

(4)

Nil

Yes Fine
Checking.

fustleg-

(2>

Nil

Nil

N[

wt
,Tp.F'tu.

(l)

t.
2.

3.

Nil

Ntl

Ycs

@ac*kg.

(3)

Nit

Nit

Yeg
Not roachod

the surfaco
bolow.

(o

Yeg

Nit

NiI.

Yes

Ycg

Nil

Cleoing ard paiating
proccdttc.

(o
Clean : rub with sand paper, apply one reviver ooar.

"3 #JHrJ.u-o"u 
check€d ftm; clean; appry one or ruo

Treet as in 7.5.I.2.

Tbst.llD 7,5.1.5.

Ttct as in 7.5.I.5.

Co4lctetyroovo pninf to barc4ctalandpaint with full ."h"drrl*
C.orylctdyr€mor! peint to bare metalandpaint withfuil cc,hcdde.

1. Yes

5.(a) Islizrd ..
(b) I.aalizsd ..
(c) Localizod '..

6. Heaw
rutin8.

Nil

Nir

Nil

Yes

72.1\c symptoms of paint breakdonn are chalking, hairlioe
cracking deep cbecking, fine checking, peelitr& blistelleg, 666
rustirg. Thcy may be present either aloae or aloqg witfu 61tre.g
dependinguponthedegreeof breakdown. ThebreakdJwa normally
starts from the top coat, geoerally when there is chalking, checking
and cracking do oot appear and the trreakdown is a gradual procesi
qt' s16sion. This type of failure is most $esirable as the protectiw
valueof the filmis retained over a longer Friod and renovation is
€asier.

?'3. Th symptoms grren in 7'2 ,flu,y appear all orrer the surface
or it may appear- in certaia are_as in patches. Blistering is aoother
syEptom of breakdown" Checkiag cracking, blistering-and peeling
€xtrosc the primer coat atrd the surface underneath to the q/eathei
aodoorrosionis thctcsult: Thcrefore.sucha breakdown is to bs
remcdied quic*lY'

?.4.' If tho specifcation of the painting opcrationis knoc6, mainte.
nance painting puy F easier and mor€ €ffoctive as it is possible t-o
rcoornte by using the same quality of paifts as use{ earlier. If
tbis is not knoun, maintenauce poiating has to 6e caried out on
thsovcrallstrcngfhof tho existiog film sn( renovated by usiqg
rbo tlst EatGdel roqulrod to pcrform rmdcr ths conditions of expoeulo]

7'6. Removat of otd pdat for rcptailng.
7.6.1. Cauflon should b€ cxercise.d whiie reuoving thc old..paintPaitrt rqmorrcrs of the arHi b"*d;;;i"## are avaihbroand if proper care is not taken, thcy--may do ,r*;;; ,hxa 

'#;
While washing iloryn after usingiltati t,"", ;rtre] $ructurcs, suchas wood may be advcrsety ale{ed._.Forii","fr"ot typr, the fumand fre hazard is to bc counted. tlEy contain wixes 4nd rcnovalof lagt traces of wax is eesential as othenris""Oiir* of the p;rj

7.6.2 BuminS off of cotd paint carricd out rwith caution is beftetthan using paint rsdove$.

7.6.3. Rogtovrl of tho qlC p";ot by mcctanica't mcthod of _
rhipping and scrapiag is the bcst . . i -- 

i.

-7J. Plecautions agaiw furgi.-Extey'.or painte
dwelop fungi whichin"ir rc removed "* "-j^jI36sg 

rnaJ,

ilil:ft ,TlPHtr,H'a;;il;r*Hf "ii:r*,ffi
Norr.-A recommcodpd conpositi6q and con<

ammoniacal wash shalt coosi:t of 
1 .. rf;;; ##ffi:E-ffiin 80 ml. of liquor ammonia and dilutcd-to one

Altaaativeln z.s prrruot 
"f ,"8";-i; ;#ij6l#J"Lffi

may bo ius€d.

, -ii...ruliJi i;+i

,

Checking.
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' 8f.. Gewtal-The aim of inspcc'tliin and testiqg 
'-t 

t: .q*trfl
*tEtter the recomriended practice is';being employe'd during ewry

;A; apptication bhd whether theifinal resufts fulfil tho object

Jfr*ririri. Inspoctioa, therefore, r'rpans a-clce Eupervisiod while

iiu-r*tiio progscss.Aty test carri{ out sh@li t€ hf noud€BtrucF

ti*'*i*t *rit of 
" 

destrucive natrire,chould bo either restrictql

i" 
"f*t 

*lt[ can lerestored withoutlnarrinsthp gBneral appearance'

"iE.""u 
tn"t it is possible to restoreeasily'withsutnecesitating'

a complete repetitiolr of the work.

8.2. Inspection of surfaces prior to. painting-lnsrrx9jon rnpthods

wiiiOepend o" whEther an article is tp be painted for the first time

or is to be rePainted. 
:

, 
g.2.l. .iVen, worls.(Nd previously giiated).-fne folorvins shall be

docided by inspection :

(a) The method of preclealing feasible or rammendcd'

' (a) Tbe intermediate protectiw tr€atmeots to be applied" if
found necessary ;

(c) The painting schedulrc and ihe specifications for the paint

for ensuring ihe particular perform4nce r€quired ; and

(d) tne mefhod of applicati$, w[gthe1 by brush, roller or

Yq'
8.2.2. O td work (Which requires repaio"*}-'0" following shill

bd alecidcd bY iusPection; i

(a) ll/hether the entire existingi PiDt requircs removal ; and

(6) \Yhetbpr rcpaintiogwithoutpaint remorralwould be adequate'

i

8.2.2.1. For ascertaioing whethdr the old paint has deteriorated

to such an extont that its completerhoval is rcoessary the following

l$f..{or €mbritrlq@nt should be ehplopd'

' As square coin such as a 5 faise coin- shall bs pressed with

tho straight edgc on an ang|e of 45? agpinst the paint film. This will

frJli"?"nip of paint ureakiu{ loose from the surface if the

o,aiJ Lr embrittled, lacks 1dfuesion and requires removal'

Iiru *i"t is trot embrittled, it wili curt or shrivel up undpr

i"{- i"ort". The square colni testt shoutl be combined with

--"r"-ir"tion of the paiot fi!fo througb a magnifying elass to

obserretUeexteotof crazing. Aisuitablc uagoifying ghss is the

itreart counterrerrployed in thc textile trade. It bas a 10 magni'

t i*jffi a paint dlm which dbes obt show fine hair cracks uider

it..uv 6't *,tiAo"d as perfcetly sriund'

."'8;1. Iwpecttdt y'urlng ptepera$on of swfaccs '

8.3.1. Cleanng and DegteastngTAt tho work-+ite a visual aod

physloaliospectionis adequate" h degreased steel surface is duller
.il"pp"u.urr* than ouc *6is[ isi$'eo slightly oily' Wiping the

irrfice with a piece of white clottrlwill show if minutc traces of grease'

lii aort n"v. U."nleft onthe surfbce. Wheo steet is beingdegreased

i" 
"lpr"g 

the sunface, with minclalturp€ntine(or any other solvent),-

ili"i-port"* to watch that the (leaning rags qre washed or changed

rqgularlY.

53.2. Deiusttus and descary,$..

' (bt gwd,ar'ry1ur.--:'I:Io ffqt9'rror&od {- inqrsioa' '
Fty be lard doun for hrnd scepina ,.&;is- unrhsopstl€ la'qffi ri

,rurfaccs to bc parfdly,r, icl€m' and for purfpces.of' 
.

ingtictiooo aU looee rust or.scale (and all lsocc paift in GasP 9"f - i
pepai4ting) shall have be,en r€Eeyae . . . , *, , ,l

8, lupcction and testing.

(a) Sandbla*ing -The
and is by

surface should be

such a uniform
cleaned

466.3-56.

satisfactory method of removing
The critcrion of inspection should

{c) Clunical rux, remowl.-Intheceseof choiiigl rust rcmorre
(pickiiog), iospection .Ufi-.ato-_srt" tt t rr,.asfrid after.pickling
hasremovedalltracesofacid. All work picces shall bo iBip€cted

8.4. Inspectbn before andduring htermedlate prate$ive treat"s"s'-
It is impoltant to inspoct th work to make nlie that rp timc is

allgwed for fresh rust or other oontarnination'to take place betryeea:. ' : '

thi precleaning and the intermefiate protective trcatment. IDEpec.

tion of the virious sugliested int€rmcd,iat€ protective tr€atrputs
shall be carried out to eDsure conformity with tthe rcc,ommeoded

practice as laid down in this standard and in accorals.ncE lwith
manufacturer's re€ommendations.

8 .5 . Gensral lnspection befori and dutig patnthg,-when iospeoring

general painting work vrhile in progregs, i1 should be etr.sur€d"-:

(a) rhat paiilins follorys iurmediotely aftcr pr€cleaning or
pretr€.toents ; that any coqtamiaation whicb may [occw in the

interim pcriod is remoY€d' tbat special Frecautions are taken whco

paiding after galvanizing i
(D) that no painting is carri€d out when there is daogcd of

dew;

(c) thattools used are clean $od not excossivelyworn;

(4 tnat the paint io the drums is thoroughty mixpd prior to
apprlication ;thatdrums areinspected to make suie that Do sediolelrt

iJteftintnem;

(e) tfuat if paint has thickersd because of long storagp or
b&auseof theclaporationof the solve,nter its viicosity is e4iustGd

as r€commended by the paiot manufacturer ;

0l) that each coat is allciwed to dry sufrciently but Bot cr*
swely before applying the followi[g coat that manufactrtir'siodruc-

(g) that everyindivialual coat is properly applicd, rcasorably
pvcl and s66pth,'aod free from runs and " Holidags".(tinrfe
uncorrcrcdareas). '

8.6. Inqrctton of general qppetance of finlshd wor,lF-IDqp€ctie
of finished woak, althouSh not possible by dcfi{te standards' oay

8.6.1. Timc of lnqection.-lnspectioh of a flnished! workin thc
open shall not be caricd out during mid'day or in H8&t' gsslicli

". 
Oufu.t as more cleasly viri61" in slightly diftrsed li8Lt. ThEtr

inspecting interior paintiqg the sun should not shine directly on tho
srrrfac€s to be insprected. The best time for inspection is in tho
aarlyooroing.

8.6.2. Appearace.-The fnishe.d job shall havc a clean uniformly
ooLouredappef,rance. IfBeintisapplied byaspray gun,asmooth
finish witl be obtained. If paint is applid by s roll€r, thc finish
.,rill havo a light tcxtu€ effcct. .If paiDt ie applied by brush, light
b,rush mtks will be peroisible to thp nakod eye at a distanco of aot
morothan4 m. Brush ma*s d€petd on tbo type of paiot, the gpality
of brushes rryed,and afuvoalt, thoiskill of thc uprtmen s,pplyiog
tbe paint. It would bc unreasaneble to expcct perfection wben

'applyingpaiut bybnsh. trpaint,applicdby brush; has becn

Jiiltrd, no brtrsh marks will be visiblo but there witt be a tli6ht
tcxturc 

"frcct 
iistoad ; sfipplinli,-{s'not tsqtircd B*cept.oo het3

surfac€s, or $urfaces litili to bo'vtstic(ffmm' 
"r 

3166' {i$risk :,;
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.: 8S.3. @ldb.-&t& colour matchiry sbuld beJudgcil against
n rerbple parcl ts[ing tha.ianc type of surfacc as thdt ho wtich thb
pabt tas becn applied. Tho efect of colout is hfluotced by tlrc
ttrtufc or the method ofapplication ofthe paint. Colour appears
different duriry midday, in the evening or in the morring, and in
artifioial.or uatur*l light; colour will charye under a tunggtetr-
flaognt laop,'a flourescent laop or a mercury lamp (vapour).
Applicatiou by brush gives a slightty differeqt surfacc tcxture thatr
application by spray or roller and the colour will, there,fore, difer
rlightly. To avoid confusion at the time of inspection, the samplc
pauel prepared fro4 an identical material aod painted by tle same
method should be placcd as trear as possible to the article to be
isspoctad so &at th€ incideoce of light is the same.

8.6.4. Gloss.-Tho extent of gloss should be agreed ulnn prior to
comrnencenent of pAintiqg. As the extent of gloss is generally oot
oI mqior importdnce, the gloss of the 6nal job may best be judgcd
by prepariig test parcls prior to the application of the paint on the
bulk of the work aud making a comparison with them ; such test
orrels may also ba asked for from the paint supplier. It should be

not€d 1,hat gloss will vary with application by spran bnrsh or roller
aod will further very considerably with the type and aature cfthe
surface, the smoother the surface the higher will bc the gloss.

APPBNDIX-A.

lCla*e 6.1.)

BRUETNo oF pArNT.

A.l. Geaeral'.-

A.l,t. Clean brushps shall tre used, and it shalt be eqsured that
,the ppint does mt show o6jectbnable pulling qa6er the brush. Tho
bnrsEshalt besuchthat the paintdoes mt showlappiag strosh rad
works satisfactorily under it.

Lt.Z. tne piliil brush sbatl oot be dipped deep iuto thi paint
as the bristles get overloade( aod the heel gets filld with bafut
thereby the brush loses its floxibility and shape. As a genenl rqle,
the b.rush shall be dippod to three fourths of the total length of the
bristl€s. After tho brish is initialty dipped, the end is wiped against
the walls of tho cotrtaircr to etrsure that painis does not dribbL oif
the ends of tho bristles rrten paiutine is started. The paints shall
bc mixed periodically duriqg brushiag.

A.1.3. For keeping paift in small quantities duriEg application by
bnsh, use ofa paint container may be found advantageous. These
coatainers are filled about three foruths during application. Qt66ning
of these contairers is done only with paint tbinaers which are com-
patible with the paiut to be filled.

A. 2. Brush dPPltcatton.

A.2.1. While applyine paint with a brush, the brush shall be hetd
at an augle of approximately 45 degrees to the vertical surface ; and
serrerat light strokes applied in the area to be painted, so as to frst
transfer the pairt to the surface. Duriry paiotitrg, the brush shall
also b€ turned around thrsugh 180 degrees in order to ensure that
the paint on both the faccs of bristles is utilis€d oompletely. The
paint is theo spread with geutle pressure so as to hide the surface ard
produce a unrform coating. Eosure that the ends and not the sides

of th" b.irtl" *me itto contact $ith the surface during painting.

A.2.2. The paint shaU be applied, first using vertical strokes until
the surfac$ are coYered, and thea brushed c.ross-wise for complcte

foverage witb li8ht 8tro&cs' v) as to smooth out laps and brush
ruartsr and finally laid of witb vcrtical strotcl.

f zrr, oynnq paiuti[g, €vcry timc aftcr tbc paint lras 6een wortGd
orrt of thc brush brirtlos.glafter.thc brush-has bc€n ,ndda4
$he brisiies of tbe brusb (which ar" dr"*^ ;gdh;ue to the high EBt_
facc tcasion of thc onatt guantit,cs 

"f ;;;il, ia bctccen tLs
tbo bristlcs) $ball bc opetd up by striking the brush ag]rinot aportion cf tho mp*intgd surface with ths and of the brigtlos
hcld at right angles to the surfacc so that b.istlcs thcreaftar
will coltect thc eolrect amcluDt of paint whco dipped. agairi ih
to thc paint contaiter.

A.3.1. A ncw bristle b,^l ,-r n1^oryrly conditiorcd by suspeadi4g
it in raw linsced oil for a period of 2i hours. fne iit d"&" iil;lt
bristles which makes it frrrther imftrviors to paint pigme;t. . -'- '*

A.3.1.1. Ecfore uoe, thelinseod oit is removed ftom the bush
by sasbirs it in a thimcr mmpatible with the paint sutae4ffi
uscd.

A.3.2. Afrer cach deyt work, the b*eh slall be cleancd in mircral
turpcotine or ary other suitable thinncr, ensuriag that td;#
and pigmeat are comfletetyremoved fromihe heelif tt i JA.*'*'

At3..2.1. WT- X,olnd soap sh4l be used to clean thc brurhcs
uscd in watcr boutrd pei!ils or emuls'oA8.

A.3.3. After clcaning, the. bru$q ar-e wrypped in heary papcr of
watcr-proof paper for storegc. If it is to belusd th" ;;-;;-
it Bhall be hung ia 4 rhirmer or rinseed oil in a coataincr. otrE
aeount, shall bnrsbes bc madc to stand on the bristl6.

APPET{DIX_8.

(Ctanse 6.6).

SpRAy op PANT.

B,l. Prepoationof Nntlor sfoylry,-
8.1.1. Generally, paints are availabe rcady for use for pra$ft.

If-thinning is aholutely D€c€ssary, it shorild be kept Oouar L i
minimum.

Nqr.-Nitrocclluloee la(quers (enamels)' arc not usuefr|
supplied in gprayine consisteucy. They have to U" tfrinneO-fril
spccial thi,ner to prop€r consistency before apptication.

8.2. &mybg procefurc z- 
l

8.2.1. During sparying thc spary-guo shall be fetO perpco.ic.hh
to the surface to be coated and shal.l_be pars"A 

-ov* 
G

surface in a uniform sweeping motion. Different arr pressures and
fan adiustment shalr be tried so as to obtain the best apftication ffi
the minimum wastage of paint. The air pressures snaiinot il k;
too high as otherwise thc paint will fog up and will be waeted.

8.2.1.1. Spots that u." io"c"rsiile to the spray pattern shail bc
touched up by brush after spraying.

8.2.2. Tbe possiblc causes of defects in spray pafuthg work {rb
detailed in dppeudix Cand the suggested rcmedies shall be follocdi
for satisfactory workoanshiP.

8.3. Malntenance of spraylng quipnwnt.

B.3.1. At the end ofthejob, thespray-gun shall be cleaned thorouchlv
so asto befreefromdirt. Incomect adustments shallbe set rifr,
as otherwise they willresult in variable spray patterns, runs, sags sbf
uneven coats. Caustic solutions shall aot be used for ciearin! p[
poses as it will deteriorate the spraJFgptr.

I-qa;r*,lt':;
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aPPrx$rx +c.

Ceusrs aNp nrMroms

Suggested rerp.dler.

Q)
Retrove air cap, and clean tip

apd air cap carefully.

iR'egCIlate flow of peint
I

hA tho correct "ro*, *
i solvcut bymetsrne.

i

ryr
C.2. Defects in iorkdindltp-{ont.

; Possible cdises. Suggestedrettudbs.

(l) (2)

C.2'2. Excessive spray fog, saliface hazc or bhom,-

1. Too high air prcesure Us! Icast anouat of courpresod
alr 8tl ao06tsary.

2. Spray_iog past surfaeo of the Releasc trlgger whco tun pas[Cproduct. targat.

3 Wrong air cap or fluid tip Arcortainandusccorrcctsctup.

4 Gun strokdd too far ftom the Stroke the 8un 150 to 250 mm.
surfaoc. . froo surfae.

5 Mat€rial thinned out too mrch. Add tho corroct aoount.

. Spray during dry periods ; if not
use retarders or slow e\rapoE-
ting solvents as advised by thc
manufacturers.

Tighten
gasket.

2. taky connection- on-fuid TiShtgS connections ; lubricate
tubeorneedlepacking(sano- pac,kinS.
tion Strn).

3. Fluidpipenoltightenodtothc Tighten-; clreck for dcfoc.tiva
prqsuro tank lid. threads.

C,2,6. Patnt teaks from sPraY !un-
l. Fluial rpdte packing trut too Loosen nut ;.lubrieatc pac,kloj

tilht.

2. Packi$ for ffuid Ddcalb dry. . Lub,rlcate ttis Dart daily.

3. Foroign particle bloc&s fiuid Romort tlp and cleen.
tip. 

:

{. rDtortL 0tdd tip ot.dr.gt,.' Htfiae Udih 
9. 

p.I &f}, 
.,,..,

5. Wronrriacocodb .. .i thcorrdedlrrdol'

C.2,3. Paint will not come trom Spruy gm :-
1. Out of paitrt Gun bcgins to Add p:iat,-ar1*tly thinncil out,sputt€r). and straid.
2. ScJtled, caked pigpent block- Rc,move o-botruction, strip paint

ing gun tip. thorougily.

3. Grit, dirt, paint skins, ctc., Clean spray gun thorourhlv ird
blocking gun tip, fluid valve strain thc paint, alwax itnin
or strainer. paint before uciogit.

6 Too humid an atmosphere

C,2.4. Paint will wt come &te to delects wlslng lronpresswc taik-
l. Iack of air pressure in the Check for leaks or lack of eir

pressure tank. eatry.

2. Air intake opeoing;,ioside of This is a common trotbtc. Ctrne
pressrre tank lid, cloeged by the opening periodically.
dried up paint.

3. Iraking gaskets on tank over. Replace with a new gnsket.

c.l.
.ci.r..ggi. I

/tsP $uses.
r (l)

Dirty air cepend fluid tip (dis'
torted slrgy Pattern).

l.

2.

3.

4.

Gun stroked .too closc to thc r Stroke the gun 150 to 250 mm.

-8urfscc. ; fromsurface.

Trircer nottcleascd at e,nd of :Opcratorshouldreleasethe triggpr
*6tc(*tonstrofedocsnot i afterevery stroke.
gp bcYondobject). '

Gustrokcdatwrongaugleto 6un Should be stroked at riSht
sidfacc. ! "oS* 

to suface.

5.,Paint aPPliod too heavilY

c."Bdht thirde{tm much

i.'
C^1.2. Strc*s.-

1. Dirty air cap ard fluid- tip- (diitorteasprayPattern).

2. Icuffcient or incorrect over'
lapping ofstorkes.

3. Guu stroked too raPidIY(dust'
ing of ths Paint.)

,4. Gun stroked at uroag augte to
surfac€.

5. $roking too far from surface

5i tloo muchairprcscurc

g.t.li. @aryet,folt.-
l. Pai$ oot thindcd out suGcien'

tlv.

2. Ngt dePositing a wet coat "

3. Ghrn stroked tqg r-EPidIY (dus'
titrgoftbepolDt). \

,t. Imrffcicot air irosrurc

5. Using wrong air cap or fluid
nozile.

6.Gun strokddtoo far from tho
surface.I

". 
OvErsEraY ruiljns -a Pre

viouslY spraYed $Etae'

C. ?^ Defccts in w otknoah$l'
C.XI. Excesstve Paht loss''
1. Not'TliggEringt tb€ gun at

cach stroko.

2. Strokiog at wroqg anglo to
surface.

)

3. Strsking tun too far'fmm t[P
surhoo.

+ $lroigaircqp o, tddtiP .'

5. Air Proesurc too hi&

Rp*ore air cap and clean tip
I and air cap carefully.

Follow the previous stroke accura-
tely to deposit a wet coat.

Ar{oid "WAiopitrg" and use
delibcrate slow strok€s.'

Gtn should be stroked at dght
bqgles to surhce.

Stloke 150 b 250 rrrm. from sur.
face.

Usb lcast air prgssure ar nec€ssary

I

/dd:tle porr€st amutrt aod thc
{igbt tfpe of solvent by moarurc.

Chcck solvent, use correct speed
oterlap and stroke.

Avcid "Whipping" IJsG dclt-
txiate ilow strokdr.

i

Inqtasc air pressure or reducc
fluld prossuro.

'l

Selec! corrpct air cap and nozlo
for thc material aud feed.

I

Stroke the eun 150 to 250 mm.
fro*r surficc.

Spray detail.parts first. Eod wit{
a wlt codt.

I

il
I

It shotld be a habit to retcase
trig*r afer orcry stroke.

I
Gun shpdd bc atroked at right

angl* to surfae.
;

Strokc thc gun 150 to 250 mr&
from lhe strfaco.

i

Asccrkt{n and we cor€ct sct up.

Usc tlr4 lalt ruourt o[ rh il
ncoosty.

1
i\

i

C.2'5. Gud sputters ConstantlY-

1. Ftuid nozde not tieht€ned to
spray gun.

I

soanroln using a ggpd ril
,.[ I
j

!"

ir:, -

iir.

h;r,, -, ***^*,ti i;

t

I
rl



442

l

Errrrcr rRdr 
1 

3?1338 (part I) 1967

. Part lapcratlot* od workmawhip.

Code of prutice for finishtng of wood'snd Wood based ruterials,

4i Gercral Characteristtcs of wood aad rwod-bocd tnateriab.--Tho
dcctrative and protective value of a flnish may be influenced by the
nature of the surface on which it is applicd. Thore are sweral speies
tif w<rod and an increasipgly larse number of woodbased panei pro-
dusts often differing from each other in surface characteristics. They
,matbe hard, soft, resinous or porous in varying degrees.

!'$. Wood is a hygroscopic material aad tries to reach a state
of equilibrium with the atmosphere in so far as itg moisture conteot
is concerned, bhanges in moisture cotrteot are aeompanied by swel-
ling aud shrinkage, which is most pronoirnced across the grain of
thb wood. Due to moisture movem€Ntt the summcrwoods swpll to
agleaterextenttha4spiingwoods and this setsup stress-concent-
ration it the sharply d€fircd junctioas between one year.s srunmer
{rpwth qo{.t!e next year's spring and the failure commences about
this region. The,resulting str€sses on the flm of fnishing materials
are such as to cause fissures to develop along the grain under adverse
circumstances.

_ 4'l'2. Bdore painting, wood rhall !s propcrly scasoned apd tho
'moisture coot€nt shrll bc brought as near as possible to the oquli-
tiirm moisture.cqnteat as given io f.S. : 2g7-.l%g so as to prov.ent
\meven.shrintbge duri4g dry!ry whicff may result in distoration or
st/€o in cracks in thb'paint finish. It is also advisable not to fnish
lters$ivcly dry wood.
r.i,,.

4.1.3. The cellular structue of wood has a strong influcnce on tho
rtcorition ofliquid comporcnts of finish€c. Non-uniform abaorp-
fioa o{ vehiclcs by the wood upsets"pigqeil-binder ratio i pairing
thc appearance and life of the coating.

4.1.4. Plywood, block board, hard board and particle board have
lroiter dimensionat stability than solid wood and provide more
unrform surfaoe for fnishing.

DcsiEl considcratlora.-

5.2.1. Prirne coat.-

lr.2.l.l. A suitable wood primer shall adhere frmly to the surface
form a sound foundation for further coating and fulfil special funct-
tron$, luc}t as acting as a sealer oD porous wod and hardboard.

5.2.1.2. Whenever the timber has large pores a preliminary priming
vilh a quick drying varnish of the gold size type conformiag to I.S"
198-1952 is desiiable. The varnish shall be forced with a brush
sell into the poreq so that the pores are completely filled. This
filling of the pores shall not be regarded as a substitute for normal
pnming and shall be followed by a coat of primer,

5:2.t.1; Pink wo6d primer (see LS. 3536-E 1966) or the mixture
of whito and red lead primer Eay be used in painting structur$,
cohtaicing a slight exces of moistre as thcy allow oinute quantities
of ooisture to pass through without disrupting it.

52.2. Stoppcrs adfillers.-For dccp holcs, plastio wood ooafoe
ming to I.S.423.-1961 shall $q used. Stopping rnay be geoerally
confned to large holes or cavities. Shallow indentations shall be
made up with the paste filler conforming to I.S.426-1961. For high.
class work filling operation shall be done over the whole surfaoe by
uring the filler conforming ro I.S. ll0-1950. For char fnishes,.
filler conforming to I.S. 345-1952 shall be used.

5.23. andercoat ad $nishing coat nutedals.-Before consideriqg-
the application of under coat and finishing coat it shall be made surl
that those selected are compatible wit\each other. If o ror-
elastic finishing coat is applied over an elastic primer coat it may lead ,
to cracking or alligatoring eg 1tr6 fiaishing aod the primer coat ma]r
b€comc visible through cracks in the fnishing coat may become.
visible through cracks in the finishing coat. Similarly if the fuishing_
coat contains a strong solvent, it may attack the primer coat and
lead to shrivelling (wriqkling) of the entire paint structure. It is
therefore essential to specify and ensure that the various types oI*
paints to be used are compatible with each other, and as 

-Indian

standard specifications on piiats allow enough latitude for the maanF
facturer to a(iust his guarantee that the paints purchased not only
satisfy the specifid requirements but are also compatible with eaiL
other. As a general rule, it is safer to use primer and faishing paints
made by the same maaufacturer

6.1, Surface pregnralion :.

6.1.1 . Wood thst is to be painted sbould be well seasoned, and free-
from disoloured sapwood and from parge resinous or loose koots_.
If the wood is not properly seasoned, the surface may become uneyes'
oa drying and cracks may also develop. paint applied over dis_-
colouredsapwoodisliabletobecome discotoured ; resinfrom ktot
tends to exude through the paint. Any such unsound portions.
should, therefore, tre cut out and replaced with sound wood.

-6.1.2. 
Nails sbould be punched well betow tbe surface to provido.

a fitu key for stopping.

5:2.1.1. Alumrnium prlmer may b€ uscd for priming wood having
trcts.gpd msinow ns!tcr.. Tte princr prewnts the rtCin of thr
ngd fromUceding.

C.t.l.'Uoulaings qbould be carrfully smoothod with :.brasip
paper and projcctins fibres left after machiniqg should be rcmovcd_
a*rc.orqa ''prrticulal 

attention since paint eollccts o" A"y ,oAU,
projections and thclfnished appearance is thcn marred;

6.1.4. Flat poqtious should be smoothed off with abrasive paper
used across the gtain prior to palnthg anc wth the grain p.ior
to staining or ifthe wood is to beleft in its natural colour. fi,ooO
work which is to be stained is sometimes smoothed tV *ruping':
instead of by glass papering.

6.1.5. Any lnots, resinous streaks or bluish sapwood that are:
large enough to justiry cutting out should be treated with two coat
of pure shellac knotting, applied thinly and extended about 25 m-
bef'ond the actual area requiring trcatment.. Aluminium princr
may be used in the place of shellac ;lcnotting. If the area is' snatn
and,tl€ wood is not highly resinous, it is permissiUte insteaelof:
applying two coats of knotting, to apply one coat slightly pigdt" -

?llh,fluainigp powder. i ..
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O2..hintng:

6.2.1. If therc is dirt or any other e:ttraneous material this shall be
.rremoved. If the wood work is not alleady primed, a priming coat
thatl be applied, In case there is already a primer coat but atr
unsatisfactory one, it shall be rubbed,down to bare wood and the

:rurface reprimed. Primer shall be applied by brushing.

6.2.2. Care shall be taken to prime not only the surface of the wood
.that will be visible af!:r fixing but also any surface which will be in
-contact with materials, such as brickwork or concretefrom which
-the wood may absorb moisture. It *o,ild b" 

"n 
advantage to give

:surfaces a further coat of primer, before fxing.

6.2.3. Unless specified otherwise all joinery work, which is intcnd-
,ed to be painted shallreceiveat least two primingcsats. It is parti.
"cularlyimportatrt that end grains besotreated and, if itis necessary
rto cut thejcinery before fittings, all cu[ ends shall be paintcd witl
4grg pgiming CoatE.

6.3. Stopping aad filline.-Stopping and filling should be done
.afterpriming. If the surfaceilrDot frst primEd, the fllcr or
*topping may shrink and fall away, owing to absorption of somc
of the binder.

6.3.1 Stopping is made to the consjstency of stifr paste and is
.used to 6Il holes and cracks, whilc the fu4ction of the filler is to level

"up slight irr€ularitieo of surface. Filler is usually applied with a
putryknifeand igsubsequently rubbeddbwn to alevel surface wittr

abrasive paper, pumice stooc or other sriitaole abrasive. For certaii
vork, fillers are Eixed to the consistenc! of thick paint and applied
rith a brush.

6. 3.2. The fitler coat sho uld be_ of an optimum thickness and should
te allowed to fully harden and flatten ;beforc eubsequent coat ii
applied. Apply as many laye$ as necclsary allowiqg the coats to
'tarden and flatten between coats.

6.4. fupllcatton of nder coat.-Vrtder coat shall be applied after
the surface has been primed, stopled, fflled and rubbed down to a
roooth surface. Undcrcoat may be brushed or spr6yed. Aftr:r
.drying the coat shall be carefully rubbed dowa aod wipcd cleaa
tefore the next coat is aPPlied.

6.5,Fhtshitrs,-Tbe application cf fioishing paint varies accordiqg
{o the type of paint employed. Cleanliness is essential and as far ag
possible the application should be caried out in normal drv condi-

tious. Th: 0nishing coat m1y be applied either with the brush or
sprayed.

7. APryttcatlanof,clearftnfshes : 
i

7.0 Gewral.-Clear ffnishes for wood {re geuerally used for
ificriof surfacee as thdir durability when u#d on external Surfaces
is lces than that of pigmonted coatiqg. Thif is mainly bocause of the
destructive action on thc clcar finishes by thq ultraviolct ra]rs pr€xrent

"lnthcauolight. Theultraviolotradiation is tria grdat exteat absorbed
ty the pigments presetrt in the coatiop uflle it may cause consi-

derablo.damageto clear finishes. 
:

l

7.1; For tho applicadion of cfear ffnishes fhe following preedurc
rhallgcncrallY bc adoPted :- 

:

(a) Fillins; i

rit steinins; 
i

G) Sealilg; and 
:

(O FinishiDs. I

. .; '. . ; .,:-:...!i7.2.FulW: 
,,. . ,;:.

.. 
7'2'1. The primary function of fiilers is to ffrt the opened cer6:ofthe wood in the surface.lay_er- tnis i, ";;;;;';;;il'H:excessive p€netration of the finish, that if, subsequlrly applied andt9 fevel otr the surface of apoiousrooO-Jo-ilr"; ffi;,fr;;fnish possible

_ 7.2:2. On hard wood with large open vessels a suitable fllerconforming to IS :345-1959 may be useC. - --'- -1,,;:I
7,2.3. For special stain effeits coloured fillers shall be use{. * .

7,2.4. A combination of filler and stain may be used for rcaloas of
99st, that is, to elimniate a separate staining .p"ofioil iil;;tbe.regult lacks the grain and cohur 

"ort.*-t 
ciaiacterlstic of woodstai[s.

7.2,5. On fno-textured woods haviqg minute pores that do ootrcquirc flling, unfiflod dryiqg oils, thin ,u"rtlo, ii*o", or sholtrc
may bcusod.

7'2.6. F,rer or stain firer shall be heaviry appried to the-*ood
surface by had, usrng 

-hessiaa or jute ,"s;;r." ;i;d;.l;
may be rubbed when still wet to gei bcttei penotration. Aftcr
5 to 10 minutes it shall be wiped off by haod acros, tt" gr"io fo[O*J
by a lighl wipe with rhe graio. fickiqg out otcoroers anO cottin$'
may 

-b! 
done with a rag wrapped urouod the end,of a sharpen&

wood dowel. The fllerl surfaccghafl be dried prur,"oury *"ii-ffiand smoothened with abrasive paper. Wipe witn a ctean *[;;to remove dust and oibs. . - ::.-

7.3. Stalnbg:

2.3.1. Staining of wood may bo resorted for iadoor fittioss:ifl
;venlhen only for subs€qu€ot clear ffninhos. Thc object of riifi
cpod is to darken itas parrof a decorativo r"n".r r,ifrtffi
sarried outr stoinrng may-bc used wrth gooa crcctlo ;h"Git
natural grain or fuuring of thc wood.

7.3.2. T}re depth of colour- produced by stainiqg will depend not
onl- y on the concentration of thc stain but arso on tf,e exent-io--,ffi;
;t is absorbed by the surface. staiD is readily absorH bv s.r.porous sfring-wood bu! co-mnagtivety little by rhe hard-rilfr
lspsElsrrmmsrworcd. Hardwoods, beingless absorbent, *ff prfi
less diffc,ltv ; stain may be appried liberarry and aflowed toremain uutil sufEcient guantiry_is absorbed, the'excess Ci;;;h;
wiped off if necessary. 'The effects produced by knots, ;";ir";portions and other markilgs may be similarly ;dt*tJ. ffi
diff.erent-types of stains as water, spirit aud oiistains nuv"-oiroili
penetrating properties and, therefore, shafl be selected t; ,"it-t
performance required.

7.3.2.r. Vater ,t,ins.-water staios are madc with qrater soruhredrcs. They emphasize th: qr-ain,_ especially that of ."irn"t"]
since they are readily absorbed by the porous portions but less ,";;;;
by tho denser, more resiroLs portioJts. They will"ir" O" iJtof the wood thus spoiliqg the sooothness of the fnish if ; f*!t
polished efrect is required ; this difficulty can be overpome bv i.Jt
wettitrg the surface with water to raise the grain ana then, atter
d$ring, smoothiag it with abrasivepaper beforestairtrg. UAJ"lilr,
n€c€ssary to provideatemporarystainiqgtreatment oo wood; t[at is
damp or unseaso'€d' water Btain is preferable tb othert lpes of stain"

7.3.2.2. spfrir srains.--,Spirit gtains are solutioas of Xpirit sotuiic
dycs in indrrtrial methylated sprrit. Like watcr stains,'spi;il:;;I;
pcnctrate more into thc softer portioas of the y.ooC ana m icceni-@

,:r-
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tiogaio tut thcy do mt crstc tho 0brcs to swcll mr raise thc gsin'
Ilsyxi[&yvcry quic&lyadshall bc applicd quickly ad skil-
fully to avoid par6y cfr€ct& If aBplied to damp wood the dyes
iq the stains aro liable to bc thnown ogt of solution. The surfacc

efter stainios ryith spirit staiDs q&y bc finished in the saoe way as

after treating withwaterstains. : .

7.3.2.3. Oil statns.-Oil stains may be solutions of oil soluble dyes

in liqsecd oil but usually, to give a wider range of colours, they coo'
sist gf imoluble, semi-transparent pigments ground in linsecd oil
ard thiorcd with turpentine or other solvent. Sometimes wax is

,,added to make tho stainless penefrating. Oil stains will give a
softdr efrect than water stains or spirit stains. Generally they may
F€ fnish€d with glass or flat oil varnish. If wax polished the stain
8hall.fint ba giver time to dry har'd. If applied to dadp wood
thcy arelikely to develop a milky effect or bloom. The apflication
.of soil stairs and varnisb will ietard the dryiqg of the wood.l Oil
stains will not take well on certain resimrs or oily woods, sqch as

:toal. Sometimes these woods are pretreated with solveats to
;t6ove thc greasy mattor from tho surface prior to oil stainiirg or

raraishiag.

. X.1.3. Washcoatlng.-lf grain raisiryrtains have been emplciyed
,oF if it is deeirod to rcduce !o 6 mlnimuin the risk of staitr bfbeding

iilo top'coats.aodto prc,y'cntdiscolouration of wood by absorption
of olt.andstainsfromthefiltor,a" tldt coat of shellac or lacquer
thnll be applied on tho stainoll surfaccs bcfore slnding.

7.3.4. ThE ctain msy also be mirod with varnish to produoc t[e
*ombinod, effoct in one operation;'the reeult will, howcver, not
,beas satisfactory as when the " fininshing " follows as a separate
operation after staining. Alternativeln the stain may also be
oixid with wax so that after application in one operation thc war
may be polished. Ifere again the results will not be as satisfactory

i ps io a,two stqgp system.

' ,.3.5.r. Sarface intenoJ foqstainingshall be kcpt scrupulously
,, d6an and free from greasy finger marls. It shall be prepared bv

gareful smoothiag with fine abrasive palrcr, used in the direc.tion of
,. the Erain; scratches across the grain are likely to trecome stainpd

darkcrthantherest of thesurfac€ andso spoilthe finished appqaranae.
,If water stain is to be us€d,the surface of thc wood shall be'wetted with
ratcr to raise the grain and then be allowed to dry before ffnally
smoothing.

7.3.5.2. Small cracks or nail holes may be stopped with plastic
wood, fine plaster of paris or other suitable stopping, if water stain
orspiritstainistobe used. The stopping shall be rubbed 4qwn
with fino abrasive paper when hard and touched with a little thinoed
knotti.ng b0fore staining. Where oil stain is to be used, stopping
shall preferably be done after staining, using tinted putty or w;o[
6ller.

7.3.5.3.If ne@ssary, softwood may be treated with hot weak size
bcfore staining to prevent undue absorption of stain, but in excess
of size should be avoided. To a certain extent the degree of penetra-
tion of a staio may becontrolled bf prc-treatmentof the absorbent
surface with a hot weak size ofthinned shellac varnish. Size shall
preferably be not used wherethe stained surfacesare likely to come
into contact with water, which may smear it. To control the deptti
of colour, however, diluted stain may be made to soak well intoihd
rood. WhEre size is used, the surface shall be allowed to dry
thoroughly beforestaiuing. [n general, iat surfaces shall be tr"ataa
trst and mouldings and edges last, that is, reversirig theord,erl+
commsnded when applyittg paint, thc object being to avoid double.
staioiqg alom thc edgcs.

7.3.6, ,lppttcatbn of stoltts. : r''

7.3.6.1'. Stains may be aBplied bybnsliry, and wiping or by
sprayilg. The stain shall be so thioned that it cal be applied
'tairti tiueratty withdut o-ver-staining. Carcshaitbe taken, esqecially
on ahorbent softwoods, to apply the stain evenly and wtLout
overlipping. Spirit stains, in partisular require careful and qirick
application as they iiry very qurckly.

7.3.6.2 Thestained surface shall be vamished, wax polishcd or
french polished as required after it has dried. For reasons of
e@nomy, tbe surface shall be sized beforq varnishing, in which case
it is important to allow the size to dry thoroughly. Where a morE
durable finish is required two or three coats of finishing clear
yarnish is recommended.

7.4.'Seatittg.-Asuitable sealer shall be appliid on the filled, ind
sanderl surface to prevent absorption by the wood of the succeeding
oats of finish and to seal stain aod fller and th-us pr€clud€ their
bloeding into the finish coat

2.4;i, Seoter may be sppyed 9F taking care trlt to flood' thG
surface. It is-atlowed to dry hard,

7.4.2. L stain (toner) may be incorporated with ihe.sealer fcr'
special colour effects.

'7.4.3. When fully dry the suface shall be sanded taking care lot to
. cut through at corners and edges. Dust shall be blown offaad surface

*ipod with a blean rag.

7'5. Varnishing.-

?'5.1. Sufaces to be varnished shoutd be prepared to produce a
snooth, dry, Eatt ,surfac€. Plevious coqts of paint or stain;
if any, should be allowed to dry and be rubbed downJightly, wiped,

g.ffand allowedto dry.

7.5.1.1. The operation of varnishing calls for careful attention to.
&dnrrror, All dust and dirt should beremcv€d frcm ir.e ruri:ce-
tffi varuished and also from the neighbourhccd. Ifrhe surfaces
..E"--t-.ffi ;ffi .iraisingof thedust,theyshould,beallcwedto
fii!fiffi[iriy ir"for" varnishing is ccomenced, Damp armosphere

ifr-uglts should be avoided. For exterior work, a norma!
drydayshouldbechosen. Exposureto extremes of heat or cold,
or to a damp atmosphere will spoil the work.

7-5.1.2. In handling and applying varnish care should be tateh to
arcid forming froth orair bubbles. Brushes atrd containers should
bc kcpt scruPulously clean.

7"5.2, Appllcatlon.-The varnishshould be applied liberally with a
brushand spre4d evenlyover a portioo of the.surface with short tight
strokes to avoid frothing. It should beallowed to flow out whilethc.
next section is being laid-in. Excess varnish should then be scrapcd.
out of the brush aod the first secfion be crossed, re-crossed ond
thin laid ofr tightly. Too much or too little varnish left on the
surface will mar the appearance of th€ fioish. The varnish-
on.ce it has bqun to set, should trot be retouctpd. ". If'
a mi$ake is made, the varnish should be removed and the work.
started aftesh.

7.5.?.1. Wheretwo coats of varnisharespecified, thefrst should be
a harddrying undcrcoating or fiatting varnish; this should. be
allowod to dry hard and then be flatteddown befirc applyfu 16ri
ffnishing aoat. If two coats arc applied, sufrcient timc sbould ba
allod betwleo@atr

ffi
f

.ir
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7.5.2.2. Whonflat varaishisu*cdforfinishiag,apr@aiatorycoat slightly damped with methylated spirit and rubbed lightly aod

ofharddryingqndurcoarrngorfl{ttingvaroishshouldfirstbeapplied quickly with circular motions. The finished surface should havo

rd slould bg allowcd to hardFn tdoroughly. It shoutd then be a uniform textureand high gloss.

lijUly rubbed down before the tat varnish is appliod. Sections
.of thowork, such as panels, shorlld bc cut in clearly, so as to avoid
any overlatlping during applicaiion,asthisislikelytoimpart some ExrRAcr rnou r's' 2338(Pmr Ir) 1967'

ocasurc of glossto partially flried areas, worked up in lapping. Code o! praqice lor ltnishing of wooy' ond vood-bused
On large areas, thc flat varnish thould be applied rapidly, and the wakrialt.
odgcs of eaoh patch applied shorid not be allowcd to sbt, but should

Part ll-Wedules.bo followed up rhilst in frcc worling condition.

8. Ftench plttth | , 4' Scleduleslorlinishwwoilworkz

8.1. pure shcllac varying from pale of,ange to lemon yellow 4'l' Newwadwork z

colour, froc from resinordirtohould be dissolved in methylated 4.1.1, Prepratton.-Tbc surface shall be prepared as specified
spiritat tho rate of 0.15 kg. of *hellac pcr litre of spirit (seeIS 348 inI.S.2338. (Part I) 1967 }Iowcver, the following points shall be
1952). Suiteblopigment should $e added to get thercquired colour. notcd ;.

8.2. Preptulotof surfacetrAll uncvenness should be rubbod 
^,^j,dowoto iocotbacsswithsand papcr and the surface should papcrr

bo well durtod. Fill up thc porPs in the wood with a filler madc of (6) The surfacc shell be primed,

a pasto of rhiting in watcr or methylated spirit (with a suitable (c) Knots shall be treatod with two coats of shellac knotting,
pigoent llks burnt scrona or umbor, if requircd) othervisc the and
french pclish ,irl g:t absorbed and a good gloss will be diffcult to (4 Deep holes sha[ be fillod wirh plasric wood conformiog toobtiin' r r.s.423-r961.

8.3.AppMton ol poltsh -A pad of woolenclothcovered bya finc
cloth should b: used ro apply tto polian. Thc pad should bc mois - 4'l'2. Ftntsh.-Thc differcat coats ar spccified in Tablcs I and

teocd with pclish and rubbed h4rd on the surface ina serics of ovcr- 2 sball be appliod aloag with stoppiag arrrl filling wherc nccescat,

lapping circlcc applying the polish spariogly but uniformly over the for thc oorrcsponding type of fnish..
entire aroa to givc an even surfabc. A trace of linseed oil on thc facc
of the pad faciliato this opgratfon. Thc surface should bc allowcd 4.2. Malntcrunce work.-ln the casc of painting or fnishing
to dryandthcronainitrgaoats$flicdinthe samE way. To finish rclating tomaintcnanccwork,theprinciplesgiwninTable3shou(
off, the pad chould be covcred tvith a frcsh piece cf clean fine cloth gcneralty be adopted.

TABIT 3.-X,ECoUTGNDED PBACTICB IOB IIAINTENANGE PAINTINO.

(Claue 4,2),

Scnar Condition of
Clcaning and painting practicc,-)

Do.

Do.

Do.

,Nil.

(l)

2.

3.

4.

5.

6:

8.

1

l
E

Blis-
ur@

(2)

Nil.

Nil.

Nil.

Crack-
t,g.

(3)

Nil.

Nil.

Yes.

Clp*
w.

(4)

Nil.

Yes.

Nil.

Nil

.Nil.

Yes.

Nil.

Nil.

Nit.

Clnl*
ing.

(5)

Yes

Nrl.

Nil.

Nil.

Yes.

Nil.

Nil.

Nil.

Nil.

Localis:d

(o

Clcar.; rub witb sand paper, apply onc reviver ooat.'

Flat dowa to removc cbocked fi lm ; clcan ; appty one or tso tcviver C-rxts.

Rub downwithsteelwooUsand papor to ncmo\re crackod/crazed 6lm ; toucb
up with primor wtorcdamafd; apply two coatsoffinishinS.

Scrapc aod rub down (wit[ 5ao6 paper) the spot to barcwood,fcathcr ortr
the cdScs of paint, allow thc surface to brcatbc out ; touch up witb
primpr; appty two ooets offnishisg (with a coat ofuncler ooat, ifnecossary!

Treatmcnts in (l) and (4) combincd.

Treatmeots in ( ) and (4) combined.

Complctcly rcmove paint to bare wood and follow the full scbedule.

Do.

Do.

l

Yes.
Loraliscd.

9. Ycs. Nil.
Hcavy.

tilor&*Qurlity of Paints

4r,6-3-57 .

#

Nil..

Nil.

Nil.

Ycs.
DeeP

Ycs.
D9cP.

intcrior aod cxtcrior as in Tablo I and 2.for

I .t+

t -.-li,;
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' ExrR^cr Fnbu t.S.2395 (Part I,) /1966.

Code of practlce for polnting concrete, tusowy and )loster surfaces

Par t I-O p e rat i ons and w o r lcnanshi p.

4. Characlerlstic of the subsffata dnd treatment:

4.1. General.-tn painting calcareous surfaces. careful considera'
tion shall be given !o the physical and chemical properties of the
substrata and the backing materials which are strongly alkaline.
Concrete, lime and cement plasters are likely to cause alkali attack
on paint. This will have to be clearly distinguished from materials
vhich are neutral or nearly so, as in case of calcium sulphate plasters.
The characteristics of different calcareous surfaces are described
iE Appcodlx A.

4.2, Planntng of all painttng operatlons in Relation to Dampsness
la the fuckgronad.-When painting new walls, any type of paint
sptem which will seal in the moisture shall be avoided.

4.2.1. Thc material for initial decoration shall, therefore, be chosen
in due relation to the ultimate sclteme for redecoration. If, for exam-
ple, it is intended eventually to paint the surface witb an oil paint,
the initial decoration shall be done either with a material which
can be removed easily and completely, or with one which is suitablo
to receive oil paint.

4.2.2. When the surface has proporly sct and cured and wh€n all
cxccss moisture has dried out from it and from the backing and fur-
ther movements of moisture will be negligible, painting may be done
as specified, it being merely necessary to select an alkali resistant pri-
oing paint when oil based paints are used to suit the porosity of the
iurface.

4,2.3. However, where it will not be possible to allow the re-
quired time. for the surface to dry out fully, the decoration in such
cases shall be with a porous finish, such as lime wash, @losr wash.
cement paint (see Appendix B.), oil-free distemper or suitable emul-
sioo parnt which will allow drying to continue at a reasonable rate
through their 8lms. Gloss paint shall not be used until drying is
complete.

lf a surface remains persistently damp, the causeshall be examined
and the surface suitably treated before attempting to decorate. If
remedy is impractical, isolation of the afiected surfaces by batten-
ing out and plastering or boarding may be oecessary. Local areas
affected by efflorescence (see Appendix C.) shall be cut out and re-
plastered, or treated with metal foil to prevent the absorption.of
sater from the exterior or the peoetration of water into the interlor
(See Appendix D.)

4.3. Paintlng and o t hcr fi ni slus on bo th sidcs of tle w a ll.- pabtiag
new walls or partitions on both sides may result in an increased risi
of paint failure, because the means of escape of water introduced
during construction.opcrations are restricted- A difference in the
porosity of the paint 6lms applied to either sidc of a walt rnay resutt
in orie side being more affected than the other. Tbe rist, is ffi!'ar
and greater when only one side is pqinted and other sidc is sealed'by 

some impeimeable form of treatmetrt, for example, wall tiling.
Particularly, severe conditions may tre met when walls,. partrtions
and ceilings are built of materials that nced large quanrities ot water
for curing and setting. For all solid walls, partitions and @1rnge,
therefore, the precautions outliued in 4.2. shalt be carefully observed.

4.4. Yariatlon ln saction.-The variation in suction characteri-
rtics of the surfaces to be painted require eorrespondioS rrariation
of the primiru coat or, in some cases, the use of glue size,petrifying
tiquid or sealers according to the type of paint to be used. Surfacei

which show local viriations in suction, as for erample, betwecn
individual bricks or on patches produced on plastered surfaceq by
local over trowelling or by eflorescence, shall be treated by-thi
application of a suitable primer. Lime plaster finishes have a mode.
rate suction, which can easily be counteracted by use of,""i.o.

4.4.1. lt the suction is so high or variable that a normal paifiinS
procedure is uolikely to give a good finish, one of the f;Uowin;
pretreatments sball be applied over the whole surface as a primer-,
according to the type of paint to be used ;

(6). Dry distemper . A coat of the same distemp€r
thinned with water or petri.
fyrng liquid supplied by thc
manufacturer.

or
A cost of ,.sharp @lour" of

primer-sealer wilh addition of
6nely ground pumice.

(c) oirPaint ooffii,*ll,"l3:.x;m#
sultation with. the manufait_
urer of the paint.

(d) Emursionpaiat ^"rlfl,I:,;T::ltiix
eommendof,'- by the manu;
facturer.';.

(a) Cement paint aad lime wash. Wet the surface before appllng
paiDte.

4.5. Surface imperfections.-lmperfectioas on surfac€s either'' plastered or otherwise mar the apprearence of tbe paint fioish, and
are especially consiicuous if th€ finish it a gGsy. Wbere smoot6
floishes are required, particular attetrtion shrfl be paid to thi
Dreparation of the sutface, including atry necessary nrb-bing dcrm,
sealing, stopping or filling.

- Plaster, if.improperly gaugsd and worked,isliabte to dcvelop sur-
face crazing (map crazing). This defect,if presont, chall be tieated
amording to the method. gven in 6.1.2. before painting to prevert
the cracks or their positions from showing in the finished work. '

5. Selectionofpaints:

5.1. Th€ setction of paints shall generally be as giveo in the
sshedul€s covered in IS 2395 (part II).)

6. Preparation ol ba& ground.

6.1. For ltme plaster surfaces: .

6.1.1. tn the case of new lime plaster, precautions wirh regard to
the drying of background shall be <ibaerved carefully as th;; will
considerably affect the performance of the finish. ra the cssc of
new lime plast€r, the essential principtes with respect to drying of
background will be the followitrg:- -

(a) If possible, limo plaster shall be left unpaiotcd for the first
fow months so as to allow the plaster to carbonate, harden ana ary
thoroughly, if the plaster has any dendoncy to ctaza of ctack oving

fipe of Patnt.

(a) Size'bound distemper.

(l) Oue-coat application.
(2) Two-coat application.

Pre-treatmev.

A coat ofclearcole.
A coat of size atone will be

sufrcient.

I

I

t

I
{

t
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to sfuinkage on drying, the movetnents shall be allowed to 6ccur
before the surface is painted: so as to enable provjsions of suitable
preparatory treatment. Heating the rooms, if ,accompanied bY
good ventilaJion, will assist drying; but shall be cautiousty adopted.
Too rapid dryingmay damage the plaster by causing undue shrink
age and separation of the plaster coats.

(6) tfthere is aoy objections to leaving the plaster bare, a tem-
porary decoration of soft distemper, (non-washable distemper) may
be applied. This may be removed easily at a later date and r.eplaced

by a-more p".m"o.nt decoratiorl. Other tybes of paint'suitable
for early application are cemelit paints, silicate paints, and washable

distemper depending upon the final decoration in view.

(c) If the background of the plasteris one likely to cootain
large amounts.pf water, for examph,'new brickwork, concrete'or
buitding blocks, no attempt shall be trade to apply oil paint (especi-

ally glbss finishes) until there is €very reason to believe that the walls
are thoroughly dry. Some indication of the p/ogress in drying can

be obtained by means. of the tests described in Appendix E.

(4 If the backgrouod,is of a dry type, for ou.pl., wood or
metal lath, bil paints may be applied with safety after a few weeks

drylng, add oit-bound distempers everi earlier.

6.1.2. In case of old-uripainted plaster surfaces any qource of
dampness in walls and oeilings shalt pe removed and paintingshall

bo deferred until the plaster has dried.
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6.1.3.5. Certain wall and ceiling ,surfaces may reveal hairline
cracks. After complete removal of the existing paint systems and
if the lime plaster has cured and dried comirletqly, use atleast two
coats of any of the primers for the paint sptemto bc adopted. Tt hen
oil paint is to be used, the primer atleast shall be of the alkali resistant
type. Lime fast pigments shall be used.

6.2. For cement and cement concrele surfaces.-For new surface
it is preferable the surface is left unpainted for as long as possible
to aliow dryrng. Before paiotiog, the surface shallbethoroughly
brushed to remove all dirt and remains of loose or powdered
materials.

Treatment of the surface with solution of acids or salts such as
zinc sulphate is not advisable and the risk of alkaliattack is not
reduced appreciably and effiorescence may be increased. But on
old unpainled surfaces, if there is an extensive growth of vegetable
material which cannot bo removed by brushing, the growth shall be
destroyed by applylng a wash of ammohiacal copper solution in
accordanco witb 4.6.2. The dead aDd dry rc,mains of the growth
shall bo brush€d off prior to painting. Any loose or uncveo areas
or atry major cracks inthe Qement conctete orplaster backgrouod
shall be cut out and made good and thc rcpairs allowed to dry
thoroughly beforo painting is commeoced. Minor repairs may be
made with cement mortar. Cement plaster or coagete which is
prwiously painted shall be preparedin the same manncr as in 6.1.3.

6,3. For Gwswn plastet surfoces.-Bcfore application of the
paint it shall be e4sured whether the surface is alkaline.or neutral
aud the alkalinity may be tested in accordance with E-I.

If the surface of the plaster has a patchy appearaDce and shows
wide varitaiong in suction.due to effores@nce or other causes, a
paint primer shall be applied before the application of a regular paint
system.

For old surfac€s, unpainted or previoudy painted, the preparation
of backgrdund will be the same as in the case of lime plasters. If
it is a neutral surface, the application of a priming paint may not be
necessary,

a

Any maror cracks or defects in the plaster shall be cut'out and

mdde good. Crackr may be qrctted thorougNy prior to
flling, or priming paint may be applied to the sides of craok to avoid

undue absorption of water and subsequent shrinkage of the filling.
For filling, a retarded heoi'hydrate cal$ium sulphate plaster gauged

with about one-third of im volumo of $Ydrated lime may be used.

Prior to paintingt, fine cracks miy tf filled with a mixturc of lin'
seod oil, putty and white leatl or a distemper typd of filling compo'

' 
sition depending ori the finish which in to follow.

6.1.3. In the case of previously paioted lime plaster surfaces the

following precautionsf given in 6.1.3.I. to 6.1.3.6. shall be observed

'e.t.f .t. Any existing fungus or mould growth shall be completely

rernoved: The surfacc shatl be thoroughly scraped and rubbed down

with bristle brush and santl PaPer and then washed down with slean

water and allowed to dry. A coatof fungicidalupshshallthenbe
appliett and allowed to dry after which a further coat shall be applied

and left for sometimes to dry thorougbly. The surface shall be kept

under obscrvation during the drying out period and if the mould
' recurq! the treatment and drying shall be repeated before painting.

The surface shall be brushed with a soft bristle brush to r,emove

any dust particle 24 hours after the wash, Painting shall becarried

out ovgr the top of tho fungicidal wash without removing it with

waEr.

6.1,3.2. Any oxistiqg paint showing extensive flaking, bleaching

or saponification (as-showo'by stickines or the presence of yellon

r soapy runs) shall be relnoved by scrapi4g and washing and the sur

faee 
- 
allovred to dry complstely. It may theil be repainted as

prescribed for new surfaPes.

6.1.3.3. Local defectivo patches shall be treated individually by

removing all loose or softe:.ed paint and bringiog forward the treated

patchg;ith primer aud undercoating before applying a fresh coating

*over lhe whole area.

- 6.1.3.4. Dry distempers and limc wash shall - be totally

trcmoved prior to repaintiDg. It may sometinres be necessary to wet
Fthe surface before scraping. This shall not be'overdone and all

,rrrfaces'shall bo perfectly dry prior tb the aDDlication ofanv priming

coats.

466-3j58
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6.4. For mesonry surfaces.--All mortarjoints shall be brought to
a sound cqndition before painting operations are started. In the
case of ne'v brickwork, painting shall be deferred for atleast three
months aftor completion of the masouy work and longer if thc
weather during this period has becomeunfavourable for dryirg.
Dirt may be removed by wasbing with water. In the case cf old
masonty, wheriever there is extensive growth of vegetable matter,
it shall be troated suitably according to 4.6. Previously painted brick
work shall be prepared in the manner given at 6.1.3.

8. Maintenance.

8'.1. General.

8. 1. I . Existing paint work shall be cleaned oi rubbed down aeordin g

to its typo, and damago to the plaster ghall be made good.

8.1.2. Defective paint on surfaqes (as shown by eticrtnos or the
presence of soapy runs) shall be removed and' the surface allowed
to dry completely. 'Repainting on such bxpoged plaster rball bo

rarricd out as d€scribed for new plaster surfaces.

' 6.1.3.6. Water based paint or washable distemper, if in a clcan,
sound conditions need not be removd if similar coatings are to be
applied in the new paint system. By using a mild detergent, the
surface may be washed add then after a light sanding, will be ready
to receiye a fresh coat (with spot priming if required),
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,o

Clear ooat or size etc.

Alkal i resistant primer

A thinned 'coat of emulsion,.
paint.

Alkal i resistant primer

Alkali resistant primer

. Athinnedcoatofthcpaint

. Athinned coat of cement Paist

. AthinnodcoatofthoPainf ..

(6) The paint for initial decoration shall be chosen i n due relatioo

to the ultimate scheme of painting.

(c) The variation in suction characteristics requil es cc rrespcn'
ding variation of the priming coat and if necessaryr treat m€nt r€com

mended ln 4.4.1. of IS : 2395 (Part I) 1966 may be applied.

(d) The surface should be treated as recommended in 4.6.2. and

, 4.6.3. of IS :2395 (Part D/1966, if infectetl with algac and mould,

(a) If effiorescence appears' painting Sould bc'dcferred until
it ceases or suitable ,*rdid meilsures are taken tis taid dpwn in'
C-3 of IS:2395'(Part D,1906.

4.2. Finishine.'-

4.2.1. Ihe different coats as specified in Tables I aod 2;hatt5e
applied along with pretreatments where neoeosary for coroponding
types of paints

4.2.2, Normally stopping or filling as reguired should be carded
qut before any painting is done agd care should be taken to sce

that any cracks between plaster and wood work (for cxamplc sklrt'
ings) are securely filled. If such cracks are wide, eaulkiqgs Aith
hemp or simitar material may be nocessary to sugPort the filling aod
prevent it falling away through the gaps. Minor defects arefrequcntly

rnore apparent once the priming offirst coat'has beeh applied and if
further stopping br filling is done over this first coat thc area must

bebroughtfcrwardwith appropriate paint to rastor€ €r'GB porodty

over the surfaQe

4.3. Maintenance work.-l{.thecase of painting rdatiog to mair
tenance work, the pnnciPles grven in Table 3 should Eencrglly 'D
adopted.

a

a

8.1.3. r#here small patches of defective paint are removed, the
area may be filled with a water filler u&ng a broad-knife to bring
it levol with the surrounding surface. Water fillers shall be applied
to the plaster and primed wben dry. Wherc oil paint is to be used

all patches and repairs shall be primed and brought forward with
under coating. Ttlhere oil-bornd water paint or emulsioa paint is
to be used a thio coat shalt be applied prior to the general applica-
tion.

a

8.1.4. The ctroice of paint system to be applied to the surface

will vary according to thc oature of the €xisting paint and that of thc.
new finish to be applied (Sec IS ;2395 (Part ID.

Code: ol practice for paiming concrete, ,rusonry and Pwster' satfoces.

PART II-SoEBDuLBs.'

4.1. New Work.--The surfaces of coocrete, masonry and grilster
shall bc preparcd as specified in 6 of IS :2395 @art I)/1966t and tha
burfacc of asbestos qcmctrt buitding products rhall be prepared as

givnn tri 5 of IS :3140-19651. Howsver the following points shall,
'bc notcd : -

(a) The qurfaces aro alkaline antl aro likclyto hold largp quantity

of water and so the paiotiog should be carried out when rtri: surface

is dry. Howwer, coment paiots;limc wash and colour wash tolerato
a certain amount of dampness.

Serlal rutmber and findl finish required. Prlmer coat.

o)
A thinned ooat of white wash.

A thinned coat of colour wash.

G)

Tlrl.s I-ScHBDULBS EoR PAINTTN9 NBw cALcARBorr:l grRlACEs-IN .lmloD' '
(Clause 4.2.1.)

Under coat.
(3)

Finldriw coats.
. (4)

White waeh (two goate).

Colour wash (two coato).

1 Whitewash ,;
2 Colour wash

3 Distemper
(a) Dry disterirpor (non- washable)

(b) Oilbounddistemper ..

4 Bmulsionpaint

5 Ftat/semiglosspaint ..

6 Glose Paint "

Filler to be used, ilrequired Dry diete,lnpcr (twd ooets).
(r.s. 427-1966)

Oil 'bound distemper (two
coats). (1.S. 428-1953).

Emulsion paint (two coats).

Do.

Do.

Under coat as
to be used, if

required
required.

7 ChomicalrdistantPaint

I C.ooontpaint

9 Bituminoue paint ..

Do.

Filler to be used ifrequired

Filler Flat/sernigfloss paint {tq6
. coats).

Gloes Paint (two eetr)
(r.s. 133-1965).

Chcmical residant paint (tql6
coats).

Crment paint (two coats).

Bituminoue peint (evo.tr t).

I Bqulsion paint may be thinned aooording to tha maoufacturet's regoqmeqdatio4.

I
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' f^$rc 2-scrtpodr,ss rcln |enrrxo mw cat caniouil sunracrS-Eirlnibh..

(Chuse 4.2.1.)

Se rlat ahttbr and ltwl linis h
reryiiretl.

'0)
iitmer coai. (lrder coat.

Q) (3)

A thinned coat of white -wash. Nif

AthiDnod coat of oolour wash. Nil

A thinocd. coat of cmulsion Paiol. Filler to be us€d,.if
required.

Alkali resistant primer Under coat as required

Dc Do.

Ftnishittg coait.

(4)

White wast(two coats).

Colour wach (two coatt).

Emulsion paintf (two cofts)

Flat/semigloss paint (two coit. )

Gloss Paint (two coats)
. (I.S. z 2932-1964\

(I. S.: 2933-1964).

" Chemical rcistaat paint (two
coats).

Cement paint-(two coats).

Bituminous paiot (ko caats).

I White wa^di

2 Colour wash . .

3 Emulsionl.iot. . J

4 Ftat/Semigloss Polnt

5 Gloes paiqt

6 Ctemicalresistant Paint

7. Ccment Paint

8 Bitumiuogs Paint J:

A thinned coat oflhe paint Fillor to bo used, ifroquired.

I .. Athinnedcoatofcementpaint NiI.

A thinned coat of the Paint . . Nil.

. Emulsion paint may !G thi4ned according to thb manufacturer's recommendation.

Tenu 3-RrccuMENDED PnAcrtcB toR UAINTENANcE PAINTTNo.

(Clause 4.3.\

Cotrdlton o{ surface.

Chclktne. Cracking. Cleaning and painting
. practice.

(7)

Clean, rub down with abrasive paper, apply one
finishing mat.

Rub down tho affected surfaco. to bdro .plastor,
allow to dry, touch up with primor coat 

"na 
tn*

apply ihe reguired number of finishing coats aod
follow-by-a roviver coats on tho otire surfaco,
if rsquircd.

'i
Scrapo dff tho sqft filnr, allow the surfaoe to dry

coripletely, touch up with primor ooat r"nd thon
apply the roquired number of f"h6;ot co.ate ard
follow by a rwiver coat oD the entire surfacc, if

. required.

Rubdown andeveo up thp surfaco wilhsand papet
to remove' cracked 6Ln. Touch up with primer,
and apply ths roquired,number of finishing coats
and follow by a reviver co+t oD .thc entiro
surfapo, if required.

Romove the paint jrom the 'affect€d . portico comp.
letely and follof part cr full schedule o i paiating
as the case EaY be.

Serial
ruamber.

(5)(3)(2)(l) (4)

Yes.NIL

Yos.

NII.

NIL

NIL

Yes.
(Loca-
lised.)

NIL

(o

NIL

NIL

NIL

NiL

Yes.

t

2

NIL

NIL

Yes.

NII NIL

NIL

Yes.

NTL

NIL

NIL

o

3 NIL

lttr,

Norc.-l. In casc of any serious chsracteristica failure mentiotred above (excopt chalkiag), the palnt ghould be
ccimpleeb romovol and tho full sche<tule of painting bo fol'owed.

Norz.-2

i:

466-3-58e

There is no effective remedy for efflorsconce.

a

a

t

,l
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Exrnect rnou C.'P. \il. D. srrcrqclrlox.

Painting.

13.33. Painting (GeneraD,

13.33.1. Materials.-Paints, Oih, Varnishes, etc., of approved
brand and manufacture sha[ Le used, Ready mixcd paint as received
from the mrnufacturel without iny admixture shall be used,

If for any reason, tbinning is necessary in case of ready mixed paint,
the brand ofthinnerrecommended by the manufacturerpr as instructed
6ythe"Engineer-in-charge shall 6e dsed. C

Approvod paints, Oils oi Varnishes shall be brought to the site of
work 5y the contractor in their original containers in sealed condition.
The matorial shall be 6rought in at a time in a Lguati quantities
to sufice for the whole work or atleast a fortnight.s work. The
materials shall be kept in the joint custody of the contractor and
the Engineer-io:charge. The empties shall not 6o removed from thc
site of work, till the relevatrt item of work has been ccmpleted and
?ermission obtained from the Engineer-in+harge.

13.31.2. Qommencing worlc.-Painting shall not bc smrred until rhe
Engineer-io<harge has ins.pected the items of work to be paiiled,
satisfied himself about their proper quality and given his approval to
commence the painting work.

Painting except the priming coat, shaU generally.!e taken in hand
after all other builders workis practicallj finished,

The roomsshculd 6a thoroughly swept out and the entire building
cleaned up, at least one day in advance of the paint work 6eing
started.

13.33.3. Preparation of surface.-The surface shall 6e thoroughly
cleaned and dusied. All rust, dirt, scales, smoke aud grease shall be
thoroughly removed 6efore painti_ng is, started. The preparep surface
shall havc received rho approval of the Engineer-in-chaige after
inspection, 6efore painting is commenced.

13.33.4. Applicatton.-Before pouring into smaller containers'for
u5e, the paint shall be stirred thoroughly in its containers,. when
applyiog also, the painting shall be continuously stirred in the smaller
containers so that its consisteocy is kept uniform. .
, The pairiting shall go laid on evenly and smoorhly 6y means of
crossing and laying off, the later in the direction of the grain of wood.
Tho crossing and laying ofl consists of covering the area over with
paint, brushing the surface hard for the first time over and then
brushing alternately in opposite dircction, two or three times and then
ffnally brushing lightly ia a direction at right angles to the same. In
this process, no brush marks shall be left after laying offis finished.
The full process of crossing and laying off will coDstitute one coat.

Where so stipulated, the paintiog shAtl 6e done by spraying. Spray
machiro, used may be (a) high pressule (small air pressure) tvpi-or
(6) a low pressure (arge air gap) type, dependi.ng on the nature and
location of work to 6e.carried out. Skilled andexperiencd workmen
shall 6eerhployed for this class ofwork. paints usod shall be brought
to the requisite consistency 6y addiag a suitable thinner.

Spraying should be dooe only u&en dry Eondition prevails.

Each coat shall be allowed to dry out th3roughly and rubbed smooth
6efore the aext coat is applied. This should 6e facilitated 6y thorough
ventilation.

Each coat .*".b, ,h. lasl s6.1, 'shall be lightly rubbed down with
sand paper or fine pumice stone andclcaned off dust 6efore the next
coat is laid.

No left over paint shall be put back into the stock tins. When not
in use, the cont4ners shall be kept properly closed.

No bair marks from thc f,rush or clogging of paiot puddles in tbe
corners of panels aogles of mouldings eic., shali be left on rhe wolk.

In painting doors and windows, the putty round ,h. glass panes
must also 6e painted ; but iare must be taken to see that no paint
stains, etc,, are left oD the glass, Tops of shutterS and surfaces in
similar hidden locations shall not 6e left out in painting.

In painting steel,work, special care shall 6e taken while painting
over 6olts, nuts, rivets, overtaps, etc.

The additional speciFcations for primer and other coats of paints
shall ge as according to'the detailed ipecificaticns r.nder the respertive
headings.

13.33.5, Brushes and containers.-AtreF work. the 6rushes shall bc
crrmpfetely cleaned of paint'and linseed oil gy rinsing iith turp"otio",
A brush in which paint has dried up is ruir:ed and shall cn no-acrount
Seusedforpaintingwork. Thecontaineis, when not in use, shallbe
kept closed and froe from air so that paint dces not thicken and also
shall be kept safe from dust. When the paint has been used, the
containers shall be washed wirh turpentine and wiped dry wirh scft
clean cloth, so that they are clean, and can be used again.

13.33.6. Measurements-

13.33.6.1.'The' units of measuremeot for paintlng eicept where
othcrwise shaded strall begiven-in" sq. mctre6',.

13.33.6.2. Small-articles not exceeding l0 sq. decimetres (0.1 sq. m.)
of painted surfaces where not in c6njuncticn withsimilar painted work
shall 6e enumerated.

. 13.33.6.3. Painting up 15 cm. in width or in girth and not in coqiuc-
tion with similar painted work shall be given in running metres.

Ncrr--Compress of trusses compound girders, stanchions, tattices
and similar work shall, ho-wever, be grven in sq. metres irrcspective
of the size of girth of membels.

13.33.6.4. [n measuriag, painting, varnishin!, oiling, etc.,. ofjoinerv
and steel work, etc., the coefficient as in the'following table shail Ub
used to obtain the area payable.

The ceofficients shat 6e applied to the areas measured flat and
not girthed, in all cases :-

.a
Table of co'eficients to be agpried over areas of different surfacrs to

get equivalent plain areas :-
Serial nurter and description ol Multiptying co.eficient.

work.
(t) @

Wooowonr-Doons- Wtt roolt s,
ETC.

!. Panalled or framed and
6raced doors, windows etc.

2. LedEpd and battened or
. ledgpd, battened and

braced, doors, windows, etc.

3. Flush doors,' etc. .:
4. Part panalled and part glassed

or gauged doors, windows,
etc.

l-30 (for each side).

Do.

l-20 (for eacfurid'e).

l-0 (Do.)

5. Fully erazed or gauged doors, C-80 (for each sidc).
windows, etc.

6. Fully venetioned or louvered t-g0 (for each side).
doors, windows etc.

' ?, T."Uis (or Jaffri) work one 2 (for painting all over).

, 
*u'or two waY"

a

t
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Serul nwnber and descriptioa
of work.

o)

8. Cpwed or arriched work

9. Whether bcarding

10. Wood shingle roqfing

ll. Boardingwith cover fillets and
match boarding.

t2. Tile and slate battening

13. Plain sheeted steel doors or
windows.

r+. Fulty glazed or gauged steel

1r:o and wi4dows.

t5. Partly panalled and Partly
glazed or gBuged doors and
windows.

16. Corrugated sheeted .-steel
doors or windows.

17. Collapsible gates

MultiplyhB
Ceelficient.

:2 (for each side).

1.20 (for each side).

l.lC (for.6s5 side).

1.05 (for each side).

0.80 (for painting all
' over).
l.li (for each-:ide).

0.5C (for each-side).

0.80 (for each side).

1.25 (for each side).

1.5 ) (for painting
all dver).

:1.10 (for each side).18. Rolling shutters of iirter-
locked laths.

General work''.

19. Expanded metal, hard drawn
steel wirp : fabric of
approved gualiry, sril
work artd gratings- in
guard bars, balustrades,

. railings and partitions.

I (for painting all over).

20. Opeo Palisade fencing and t (for paintingallover).
gates inpluding staodards,,

. bracee, rails staYg etc., in

Note : Thebeightshallbe taken
from the bottom of the
lowest rail, if the Palisades,
do notgo below it (or fron
.thelower eod of palisadc,
if they project below
the lowest rail) uP to the
top of palisades bul" not
upto tho top of etan&rds'
ifthey are higber than thc

. palisades.

21. Corrugated iron shoeting in
roofs; side cladding etc.

l.l4 (for eacb side).

22. A.C. Corrugated sheeting in
roofs side cladding etc.

1.20 (for eacb side).

21. 1.10 (for each side).

' using plaioshoets).

24. Wire gruge shutters includilg I (for each side).
painting of wire gauge.

gxplanatory notes oit the vable of co-efllilents ln para 13.33.6.4.

(l) Whqe doors, wiadows, etc., are.of composite types otler
than tbose included in pbra lF3l-d -4.the differeot portion sha\
be measured separately witb their appropriate co-r . i':r.tsthe centre

lioe of tbe common rail being takeri,as the dividing liue betwd6n
the two portions.

(2) Measurements for doors, woindows, etc., shrill bd takcn
flat (and not girthetl) over all iacluding chowkhats or frames, whero
provided. Ythere chotvkhatq or frames are not providcd, the shutter
measurernents shall be taken.

. (3) Collapoible gates shall be measured for width from outBide
to outside of gate in its expanded Ihoition and for height from bottom
to top of channel verticals. No separa(e measurements shall be taken
for the top and brttoid guide rails iollers, fittings, etc.

(4) Rolling shutters of interloeked laths shall be measured or
the actual shutter width and the height from bottom of opening
to the centre of the shaft. ir{o separate measurements shall be taken
for painting guides and other exposed features within or outsiCe the
shuttec area. The painting o[ top cover or hood shall however be
measured separately.

(5) Co:efrcients for slidingdoors shall be the same as for normal
types of doors in thb table. . Measurements shall be taken outside
to oubido of sheltters, and no separate measurements s'hall be taken
or painting guides, rollers, fittings, etc.

(6) Measurements of painting of doors, windows, colla"bsible
g;atee, rolliog shttters, etc., as above shall be deemed to include
paintiog all iron fiftings in the same or differ6nt shade for which no
offa will be paid.

(?) The aeesuree€nts'as abve "hall be deemed to include
also ths painting of edges, blocks, cleats, etc., for r{hich no ef,tra

.will be paid.

(8) The coofficients for doors and windons shall apply irrespec-
tive of the size of fremes and shutter members.

(9)Whenthe twoflacesofa door, rvindow,etc.,areto betrea-
t€d withdiff€rcot specified fiaishls, meaurrebble underseparate items,
the edps of frames and shutters shall be treated with the one or the
other type of finigh ag ordcred by tb Engineer-in-charge, and the..
measur€meot of this will be deemed'to be incluiled in the measure.
ment of the faco treatcd with that finish.

(10) In tho casc whso ghuttcrs aro 6xed on both faces of the
frames, the m€asurc,Eeut for thp door framo aod shutter on oae
face shall be teken in ths manner.already described, wbile tho addi- ,

tional rhutter on the otber face will be measured for the shutter
arca only excludiog tho fraoc.

. (lf) \[here.!hc shuttetd are provided with clearance ar top or/
dnd bottom such opcnings shall be deducted fom the overalt measur.c-' ments and relevant co+,ficients shatl be applied to obtain the area
payable.

(12) Io caso of,trollis (or j@i) work, the measuremenfs shall
include tho painting of tho frame member for which no separate
m€asuremeDts thsll bo taton. Trellir door or window rhutters shall
ako be measured und€r.trellis wotk.

(13) Measurements of guard bars cxp4ndod metal, hard d,tawn
steel wirefabric ofapproved quality grill work and tratiags, when
fixed b frame work, painting of which ic onco measurcd elsewherc' shall be takelr exclusivo ofthe framps. Io other cascs the rneasure
ments srhall te taten inclusive of the framer.

Q)

a

. (14) For paintiugop€n palisEdefencingend gates etc.,theheight
shall be measured from the bottom of the lowest rail, if the patisader

do not go below it. (or from the lower end ofthe palisades, ifthey
projects below the lowest rail), upto the top of th6 rails or palisades

whichever are higher, but not upto the top bf the sendards wh;n
the lafter arc higher than thc top rails or the palisades.

(15) Io theFase of asbestos cefireot comrgated pr semi-corru.
gated sheeting,aod iron comrgpted sheeting iu roofdl'ide clacldinc
etc., the work shall be measured flat,{not girthed) as fixed.
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L3.33.6.6. For trwses compound grrdets, stadghions, Idttice
girders, and sirqihf work, actual "r*t *iU be measured iu sq.metres
aod no extra shall be pdid for paioting cn bolt heads, nuts, washers.
etc., even when thcy aie pickcd out in a diierent tint to the e{iacent
work.

13.33.6.7. Painting of raia water, soil, iaste, vent and water
pipps, etc.; shall bE nieasured in running metres of the piarticular
diauotor of iho pipo coriaern€d. paintlng of specials such as bends
hpgds, branc,kos, junctions, ihocs etc., qhafl te ioclddcd in the length
aod no separate measurenbais shalt be takea for these or for painting
bractets, clamps, ctc.

13.31.2.3. Plastered surface.--The surface shall ordioarily not
be painted until it has dried completely. Trial patches of prima
shall be laid at intirvals and where drying is satisfactory, painting
shall be taken in hand. Before primer is 6!flied, troles and undula-tids, shall tle flled up with plaster of paris and rubbed smoorh.

13.31.6.5. Width of moulded work of alt orher kinds, as in hand
rails, cornices, architrar6d slall be measured ty gfurh.

11.33.6.8. MalasurcmeDts of wall surfaccs abd wood and otter
r;.ork not rcferred tc elready shall be recorded aj per acluals,

13.34.2.2. lron and steel wo*.-All rust and gcales shal be
renoved by scrappiry or by brushing tvith steel wire brushes. hard
skin ofoxide formed on the surface of ua.ought iron during rolling
which becomcs leose by rusting, shall be removed.

,dll dust and dirt sball be thorougbly wiped away from the surface.
I

lf thc surfacc is wet, it shall be dried beforc priming coat is under-
takea.

13J3.6.9. Flag rtaft, stccl chinncyq, acrial masts; spires atd
otter such. sbjentl rrquulrgi spe€iet scr!fir,itg rlafi tc u€asured.
scparetdy;

13.33:6.10. Lc,ogth and breadth shall be mcasured correcr to
a c,a. When one or drore @ates are required to be apdicd to nc(el
work tretore fixing, this shafl bc started and mcasuiea ,.p"oi.l-
tloo printi**pplicd.aftdr.0xiug; 

.

13,33.7, Prceautow.-Nl fumitr6s,. 6rturqr, glarioSr floon etc.,
shrll bo protectcd by cowring and otairu; sn€8re, sphsfins, ii' 6dy, shall bb removed and eay.ldalagE doae shell be aa* eoo-Jbi
ttc conirarilor st his cd6t.

13.J3.8. Rate.-\ata shnll inclu{e coet of dl labour and
naterials iovotvod io atl the op€rdioDs descriH above and.in rie
p irtichder.rpcittatiols given uader tho eevsal iteor.

13-51 Removkgold paint :.

13.54.1. Removing-old paint witb p&tcnt psiot ..-orq and.ptt-
paring surfaoe.

)

t3'54'l'r. Paiar remover-pate^t paint r€mouer shafl coosirt
9f volatile organic liquids thickencd with walcg and ofter
ingrcdients to retard tho ovaporation of tho liquid aod to cnablci
substaotial loycr of removEr to be appliod to thl*nfu*

The paint remover shall be of a brand and oanufacture approvcd
by the Enginer-in+harp.

It shall be fres ft66 rrt<atlas oattcr and trorrcrUia Eo thai it
can bc handlcd by workmen without iqiury. iir-t"UlUruoo.i"d;:
rnable quality as far as posiblc.

11.54,1.2. AOpkutloa.-paint rrmover shall be used whcrc bum-
iog off with blow lamp is not suitable. The paiot nq,over sau bG
applied libcrally with a brush and ano*cd to remain on tho s"rf"* f*
a period depending on thc partiorlii brand of remover used and on
the thickncss of tho paint coatinS to be removed. Wn* ,Ui p"irrt
film lifts and rvrinkres uader the action of ttrs' rcmover it shal tre
stripped with a sharp instru6ent. If'thoflm is not thoroqghtyre
moved, a seoond coat of r€mover may tic appli,ed if qo6sa; ;;;
such patches and then the film thoroughly sqappaal off.

After dhe surfaoe has bean stippcd, it shall bc washod down with
mineral turpentimto'remorc aE traoe.sf Drr8ffin wer, g6icn fonig
otre of the ingredieuts of patent paint,rGnoser aaA,wirm if left in
place willprevent tbc paint from drying.

The cteaned r*i* shall bo suitablyproparc{ for appHcation ofpaiot or other fioish.

13, j4 palnttrg pfiiltiltg coat onwod, fuon or 1ila$e red *rfaee I
13.34.2. Prcprufion of surf,ace 

3,

13.34A.1. ylood woik.-The wood *rrt to bc painted.shall
bc dry aod free frog,noisture, The $rfaoc.shaU U" ttoroufrV
cl€and. All udet€m.r rhaflibc rubbrd down smooth wttt sani
paper and sha[ be well dugtcd: ' Knots, if 

"ov 
slatiie;o};,h

preparation of red lead.made by grrnding red lead in waterano -ixingwith stong glue sized and iscd hor.

a

13.54.1.3. Prcqations.-Where thc peim rcaOvcr used is of
15e infammable tyDe, suitable precaution ,e!fuf r{* of trc ehali
be taken.

Ncii'trbpuring paint€d surfaces which are not to be freated should
be properly?rotected fron conta€t with print rcmoro,.- 1- 

- ----'-

13.54.1.4. Preparctbn of turfacc.-The surfaee shall rh6n h p.u. ,pared ar described in para 13.34.2 fot,,palnlag with )rhhttg e;;t, '

Thc surfaoe treatod for knotting shall be dry bcfore paintiag is
appliod. Aftcr thc Driming coat ir epplicd, the holcs and ioo.ntatioi
ef the surfacc thall bc atopffi with flrzlor.s putty or wood putty.

i{'#tr;}ik::#,,':fi :"TJffi r,:,,J#tffi,,#;:"i*:
liablc tb orack.

a-
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13. 54.1.5. Mcosarcmen** Sb*itication in para 13. 33.6 wilt bnld
good.

l3'54'2'3.Prepoafion o! surface, mcasuremens, "ate and o,t.(,
details i-7lta specification for thesc shall be the same as in co:rcrr
ponding sub paragraph pf 13.54.1.

13.54.1.6. Ratc.-Rate shalliinclgde the cost of aU hlur and
materials involved in all operadons dcscribed above.

13'54'1.7. Other dctoils.-Se pgcification for .. painting (Generag "
.'in 

paragraph 13.33 shatl hold good as far as posrible.

13.54.2. fi.emoving old paint wtth caustic soda plutionarrd l,rc-
paratlonofsurtace 

1

t2.54.2.t. Apdicirtton -Caustic, soda dissolved with 4g trmes its
roluinc of water shall be applied to the old paint with a brush and

'whcn the paiat filq lifts and wriaklebs it shalt be thoroughly scrapped
ofr in the same woy as in sub.par4graph 13:.54.1.2. After the sur-
hce h4s bcen gtnppod thoroughly,,it shali be rinsed with several
.:hanges of clean water to remow all traces irf alkali, which if allcwed
to remain are liablo to spoil the Dew paint apptied over it. A Iiulc
aoetis acid or rincgar added to tbe final change of rinsing water
helps to neutralizr any remaining qlkali.

13.54.3.3. Preporation of sarface, ,nea$wcmenb. ratc u:nd .othetl1 54'2'2.Prxautbn.-C-austic sodq, as its name implies is a details.-Tbc spocificrtiors tor thess rhall .be the satc es io thc
oorosiw liquid and care rhould-be tlfeD to sec tbat no lictuid spilts corresuootting sub.patagaphs of I3.S4.1.
gwr the skin or c{othing.

t

13.54.3. Remoing old paint with blgw lamp and priparing surface.

13'54.3.,. The pairt shall be removed cithcr with a blow larrp or
with an ar€acetylene eguipment. The flame shall be allowed to pla,
upon the paint'j-ust enough to soften it without charring either the
paint or ths background. Tbe softened paint sh4ll then $
removed with a 3tripping knife following the ffar4e as it is monpd up
tbe surfacc.

Buraiog ofr shall begin at the bcttom of a vcrticul surface,and
shell proecd upwards.

13.54.3.2. Prccautioas*Resoyel with blow tatp'shall not be
done oo narow or canad undor cutsurfectrorwberc&ci3irrisft
of damage to neighboudog materials such as paoq ir dazed windowr.

o
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