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AMENDMENT H‘l% 1 JUNE 2001

IS 456:2000 PLAIN AND REINFORCED CONCRETE = CODE OF PRACTICE
{ Fourth Revision )

( Page 1, Fareword, lasi but one line ) — Substitute *ACT 318 ; 1995' for 'ACT 319 | 1989",

(Page 11, clause 4 ) — Delete the matter 'Ly — Horlzont) distance between centres of lateral restraint’.
( Page 15, clouse 5.3, Title ) — Substivte ‘Chemical Admixteres’ for ‘Admixtures’.

( Page 17, clause 7.1 ) — Substitute the following for the existing informal table:

Placing Conditions Dagree of Slump
Workability (mm)

(v @ L)

Blinding concrete;
Shallow sectiona; Very low See 711
Pavements using paven

Muss concrete;
Lightly reinforced
sections in slabs,
beams, walls, columns; Low 25-75
Floom; t
Hand placed pavements;
Canal lining;

Strip footings

Heavily reinforced }

sections inslabs,
beams, walls, columna;

Slipform work; ] Medium 75-100
Pumped concrete

Trench hll; ] High 100 -150
In-situ piling

Tremie concrele Very high See 712

NOTE — For most of the placing condilions, internal vibemtors (seedle vibrators) are suitable. The dismater of the wendie shall e
determined based on the density and spacing of reinforcemen! bars nad ihicksess of ssctions. For lremie concrels, vibrmilom s ol required
w0 be waed (sar alvo 1150

Medium 50-100

{ Page 19, Table 4, column B, sub-heading ) — Substitute *Free” for 'Face” .
{ Page 27, clause 1353 ) — Delete.

{ Page 29, clause 153 %

1) Substitute ‘specimens’ for ‘samples’ in lines 2, 6and 7.

b) Substitute ‘IS 9013' for '159103".

* (Page 29, clause 16.1 ) — Substitute ‘conditions’ for ‘condition’ in line 3 and the following mgtter for the existing
" mater against ‘a)’

‘a) The mean strength determined from any group of four non-overlapping consecutive test results pomplisg with fhe
appropriate limits in column 2 of Table 11."

(Page 29, clause 16.3, para 2 ) — Substitute ‘col 3' for ‘ol 2'.
{ Page 29, clause 16.4, line 2 ) — Substitute '16.1 or 16.2 as the case may be' for ‘16.3'.
(Page 30, Table 11, column 3 ) — Substitute ‘2 [, =3' for ‘af,™ and ‘af, =4 for £~

*Price Group 3 1



Amend No. 1 to 15 456 : 2000

{ Page 33, clause 21.3, line 2 ) $ 90> ML [ticdh' [l 'section’.

[ Page 37, clause 23.1.2(c Substitute b £ L' for 'L, b’ for b’ and ‘b’ for *b,’ in the formulac.

( Page 46, clause li.a'l.%ﬂgmsn ﬁoﬁ.u'

| Page 49, clause 26.5.3.2 {c) (2), last line ] --Suhs.lll,ulr ‘6 mm' for ‘16 mm".

( Page 62, clause 32.2.5 ) — Substitute 'H2* for ‘H, " In the explanation of e,

{ Puge 62, clause 32.3.1, line 4 ) — Substitute *32.4' for *32.3".

[ Page 62, clause 32.4.3 (b), line 6 | — Insen “x,_' between the words ‘but’ and ‘shall’.

[ Page 65, clause 34.2.4.1(a), lost line | — Insent the following after the words 'depih of footing” :
*in case of foolings on soils, and &1 a distance equal to half the effective depth of footing”.

{ Page 68, Table 18, col 4 ) — Substitute =" for ‘1.0" against the Load Combination DL + IL.

( Page T2, clause 40.1 ) — Substitute *bd” for 'b,” in the formula.

( Page 83, clause B-4.3, line 2 ) — Delete the word ‘and” .

{ Page 85, clause B-5.5.1, para 2, line 6 ) — Substitule "Table 24" for ‘Table 23",

( Page B35, clause B-5.5.2 ) — Substitute the following for the existing formula:
‘A=ap(s-2dv, /a)fo, 2 04ab/087S"

{ Page 90, clause D=1.11, line 1 ) — Substiiute ‘Where' for ‘Torsion”.

( Page 93, Fig. 27) — Substitute *I, /1" for ‘UL

( Page 95, AnnexF ):

3) The meference to Fig. 28 given in column 1 of the text along wilh the explanation of 1be symbols used in the Fig.
28 piven therealter may be read just before the farmula given for the rectangular lension zone.
b) Submiituie ‘compression’ for ‘campression’ in the explanation of symbal ‘e © .

{ Pages 98 to 100, Annex H ) — Substitute the following for the existing Annex :

ANNEX H
{(Foreword)

COMMITTEE COMPOSITION
Cement and Concrete Sectional Committee, CED 2
Chairman
D H. C. VBVEISVARAYA
*Chandrika’, ! 15t Cross, 63-54 East Park Road,

Malleganrars, Bangalare. 560 003
Members Represeniing
DS, C. AHLirwaiis L Indin Lad, Mow Delhi
Srm Y, BaLassamaniay Direcieraie General of Supplies and [ispossts, New Delhi
Semi B P. StcH (A lermote)
Siou G, R BHARITRAR B G, Shirke Cosstruction Technology Lid, Pune
Shm A K. CHADHA Hindustan Prefab Limited, New Delki
SHm ). B S (Alernate)
Cner Encivees (Desion Central Public Works Department, New Delhi
SUPHRINTENDENG ENGINEER (S&5) (Allernaic)
Cronp Enainees (Navoas Dasg Sardar Sarovar Narmada MNigam Lid, Gandhiaagar
SureRmTENDING Excovees (Q0T) (Alernais)
Cuer EncinEps (RESEARCHRCUM-DIRBCTOR Irnigation and Fower Ressarch Institate, Aswritear
ReseancH Ormcim (CONCRETE TECHNOLDGY )
(Alrermrie)
2

{ Comtimued on page 3 )



Amend No.1 o IS 456 : 2000

{ Continued from page )
Monbory Represending
SHu ). P, Drsad Ciujarat Ambuja Comenta Lid, Ahmedabad
San B K AT [Allermaie)
DikcToR AF. Engincering Research Labomtories, |{pderahad
JopaT DmpcToR (Allermaie)
Dmrcon (CMDI) { N& W) Central Water Commission, Mew Defhi
Derury Diracon (CMDD (NWAS) (Altermare)
Sum K. H. Gasowas Hyderabad Indusiries | ad, Hyderabad
Su V. PATTARD (A lermata) T
S V. K. OHANBEAR Siractursl Eagineering Rexearch Centee (CSIR), Ghaziabad
S 8. Gormai The Indis Cemems Lid, Chenmai
Siou R, TAMILARARAN (Alermate)
S S K Gumia Thasimra Gannon Durkerley and Cospany Lid, Mumbal
S 5. SAMKARAMARAYARAN (Alrermare)
SumN, 5. Bias Central PButlding Research Inasivue (CSIR), Roorkes
Do InsHaD MASOOD (A liermate)
Paor A ¥ Juw University of Koorkes, Hoorkee
SR N, C. Jam Cemenl Corparation of India Lid, New Delki
Jover DuperoR (STAMDARDS (BES) {CD-1) Research, Designs & Sandasds Organization (Mizistry of Railways), Lucksow
Joawt DimpeToR (S Tanmanns) (H&S) (CB.[T)
[Alternaic)
Swsu M. 0. Josin The Indian Hume Fipe Campany Lid, Mumbai
S P D. Kmxae (Abernaie)
Stmu D K. Karmumoo Matinnal Test |louse, Cabcubia
SHu B R MiEna (Abarnate)
S P, Bausimamuemiy Larzen & Tuhrm Lid, Mumbai
Semu 5. Coowniumy  [Akermate)
Du AL G. Maphava Rao Structural Engincering Reaearch Cenire (CSIR), Chennai
Sum K. Mara {Alternaie)
Sima ], Sanur Hospitl Services Consultncy Comporation (ladia) Lad, Mew Delhi
SHm V., Summn Housing sad Urban Development Comeration Lid, Nee Delhi
Sumi 0. P. Smau (A llernate)
SHu Prarruia Kusdag Ministry of Surfacs Transport, Department of Surfece Tanspon (Roads Wing), New Delbi
SHuP. P. Nar {Alrermate)
MEMBEN SRCRETARY Central Hourd of [rrigation & Power, Mew Delhi
Drmtrron {Orv,) (A dermate)
SHuS. K. Namiaa Enginecr-inChicl's Branch, Asmy Headquarers, Mew Delhi
Da A 5. Goe (Abernals)
SHwi 5, 5. SEEiBA Ceniral Road Research Inesti e (CSIR), New Delha
Lo SATANDES KiMAR [A lernate)
Swm ¥, R Pwuu Indian Raads Congreas, New Delhl
Snms AL K SuamMa (A ltemale)
DeC. RAnamar Malional Council for Cement and Budlding Materialys, Baltabgarh
D K. Mosas (Alternate)
Shm S, A Renoi Gamenon [ndis Lad, Mumbai
REPREEENTATIVE Builder's Assocuton of Indis, Mumbad
Sum . 5. Sarcares Geologicsl Sarvey of Indis, Calcuwia
SHn L N AGARWAL (Allernate)
SurmmnTENDEG Enopem (Desor Public Works Departmsent, Government of Tamil Madu, Chennai
Exrcurmve Exomaes (SME Divesion)) (Allerate)
S I, I Tararta Indian Rayen und lodusiries Lid, Pune
Srm A I TN [Aliernate)
Semt T, N. Trwasu The Associsted Coment Companies Lid, Mursbal
D . ChacsH (A lermaie)
ﬁlh?m Central Soil and Mawnals Resesrch Swson, Mew Delhi

{ Continued on page 4 )
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{ Continued from page 3 |
A ambars

DaH. C. Vivesyarava
Srm D, €. CHamunvini (A bernai)

Som Voo Kinian
Dirmctor (Ctv Eagg)

Convanar

D A K Munce
Membars

SxC, R. ALIMCHANDANT
SHUS. RANOARAIAN (A liernale)

Da F. C. Ciowoimy
D C. 5. VioHWANATHA (Alisrnais)

St ] P. Dma
5400 B. K. JAoTIA (A lternaie)

DunscTon
Simu N, CHANDRASEXARAN (Altermale)

Dwecron (C&MDD)
Derurry DixecTon (CEMDD) (Alternate)

JomT DmecTor STANDARDS (BESYCE-11
Joaer DixpcTon STavpanns (B&SYCEH-I
(A lermate)

SurEnvTERD NG EnoveERR (D
Exacimve Excireen (Descra)- 1 (Allermaid)

S V. K. GHANEGAR
SuuD. S, Praase Rao (Alernaie)

Sus 5, K Gusis, THAKLITA
SHIS. P. SANCARANARAY ANAN (A lernaie)

S ). 8. Hvoowara
Smul K Jam

SumM. P. Jasineon
De B. Kawkiwaia Rac (Aliermaie)

Crmer Evonreen & Joort SECRETARY
SUrERINTENDING ENGINEER (A levnalr)

ProF 8. Knsiea MoouTHY
Semt K. K. Mavan {(Aliernaic)

Dn 5. C. Mamm

Maraomc DeecTon
Svmi M, Kurny (Altermate)

Smu S, K Mumham
Lv-Cot K. §. Cuanax {Alicrnais)

SwuB. V.B. Pu
S M. G Do (A Rermate)

Swu A, B. Pranice
Sru D, M. Savum (A Mernats)

S Y. L P
BiouS. 5. Seiin (Aliarnais )
Sedu SaTANDER Kusianr (Alermaie IT)

Regrasanting
The Inatitusien of Engloeen (Tudia), Caloutia

Dirsoior Osasml, BIS (Sr-officio Mander)
o e - Bt r aliriml

St 1 X Prasap
Additionsl Director (Clv Bagg), BIS

B Sareay Paser
Deputy Dippetar (Clv Eagg), BIY
Concreie Jubcommitee, CED 2:7

Repraseing
Nuloes! Coundll for Camant and Bulld|ng Mateclals, Ballabgarh

Stup Consulunis Lid, Mumbal

Tormeel Research Poundaibon (e Indl, Calevta
Gujarat Ambujs Camenta Lid, Ahmsdabad

Conirsl Soll and Mueterisls Ressarch Swsilon, New Delhi
Ceatral Water Commission, Mew Delki

Rescarch, Designs asd Standards Organization { Misistry of Raitways), Lucksow

Ceniral Public Works Depannient, New Delbi
Structurs! Engineering Research Cenire (CSIR), Ghaziahad
Gunnon Dunkarley and Co Lid, Mumbai

Associaled Consulting Services, Mumbai

Ia persanal capacicy
Central Building Research Inatituie (CSIR), Roorkes

Public Worka Depariment, Mumbai
Indian lostitule of Technology, New Diethi

Manlooal Cowncil for Cement and Building Materiats, Ballabgarh
Hindustan Prefab Limied, Now Delhi

Engineer-in-Chist ‘s Branch, Army Headquaner, Now Delbi
The Associated Comsent Companios Lid, Mumbal
The Hindostan Constraction Co Lid, Mussbal

Camiral Rosd Resoarch Instituie (CSIR), New Delhi

( Cantinuad o page 3)
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o amibary
S A 5. Prasab Rag

B K M (Alernaie)

Sk L Pama

S k. R Gaanie (Aliwmaie)

i B, D, RasaLxan

Sau U, 5. P Ve (Alerneie)

Hasumanmia Rao
S O, RAMAXRIHNAN (A ltarwane)

Swma 8. A Reoo

Du K. K Navak (Allarmuis)

Sun 8, C Sawiey
Sum

R. P. MEmoia (Alernais)

PaorM. 5. BHETTY
SN, K Smoa
Sws B, T, UswaLia

Convenar
Da €. RAkimaR

Muembars
Dn Asm Kusan
Sum V. K. Qreanmcan
Pror A K Jam
Siu L K Jam
S Josm Kumun
Da 8. C, Mam
D A K MrrraL
Ssmi S, A Reomi
D V. THIRUWVENGDAM

Members

Din C. Rauguman
Sumw 5, A Reooi

(CED2)

Amend No. 1 to IS 436 ; 2000

Rupraseating
§ructural Englosering Ressarch Contrs (CSIR), Chonoai

Mations! Rullding Construction Corpomtion Lad, Now Delhi
Muclear Power Corporation. Mumbm

AP, Engiosering Resserch Laboratonios, Hydsrabad
Cammon |odla Lad, Mumbal

Enginesrs India Lid, Naw Delhl

ledlan Cancrete [nstitvie, Channal
Ministry of Surlaco Transport (Ronds Wing), New Delki
In personal capacity

Pancl for Revision of 18 456, CED 2:2/P

Reprasenting
Hational Cauncil for Cement and Building Materials, Ballabgarh

Wanlonal Council far Cement snd Bullding Materials, Ballabgarh
Siructural Engimeering Rescarch Centre (CSIR), Ghazisbad
University of Roorkee, Roorkes

In personsl capacity

Ceniral Public Warks Department, New Delhl

Nutiannl Coundl for Cemenl ynd Duilding Materinla, Ballabgarh
Central Publlc Works Department, New Delhl

Gammon Indin Lad, Mumbsi

Schiool of Planming snd Architecture, New Delhi

Special Ad-Hoe Group for Revision of 1S 456
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. O
AMENDMENT NO, 2 SEﬁéﬂBER 2005

TO wdlp
IS 456: 2000 PLAIN AND REINFORGED CONCRETE —
CODE OF PRACTICE

{ Fourth Revision ) '

( Page 13, clowse 82.1.1, line 1 ) — Substitute ‘1S 3812 (Pant 1)" for
‘Grade 1 of 15 3812°,

( Page 13, clavse 82.1.1 and corresponding Note ) — Substitute the
following for the existing;

*Silica fume conforming 10 15 15388 may be used as pant replacement of cement
provided uniform blending with the cement is ensured.

NOTE — Siliea fume is usaally used in proporion of 2 ta 10 percent of the cement
content of & miax,”

{ Fage V3. Note wnder clavse 5,113, line 5 )} — Subslituic ‘b’ for ‘range
from being, .

{ Page 25, clanse 10.3.3. fine 4 }— Delete the word *and’,
{ Page 65, efause 34142, fine | )— Substitute ‘on’ for ‘or’,

[ Page 65. clause 34.3.1(a), fine 2 | — Delete the words “extending in each
Jirection’

( Page 66, clowse 34.4.3, fime 5 )— Substitule ‘not” for “no”.

{ Mage TR, amer A ) — Substituie the following for the existing cniries for
15 3812 . 1981;

I8 No. Title

IS 3812 (Pan 1): 2003 Specification for pulverized fucl ash | Pan 1 For
use as povzolana in cemenl, cement morar and
concrele (second revigion)

{ Page 79 Annex A )-— Add the Tollowing at the cnd.
Iy No Tirte
IS 1538% : 2003 Specification for silica fume’



Amand No. 100 05 406 | 3000

( Page 80, B-2.1.1, informal iable ) — Insert the following in the table:

T
6

( Page B1, Table 21 ) — Insert the following row after the Iast row:

() {3) L (4
M33 178 130 1.5°

( Page 91, Tabis 26, Cas No. 2, col 2 ) — Substitute "One Shert Edge
Discontinucus’ for ‘Ons Bhont Edge Contimasus’ .

{ Page 96, G-11(c), formula | — Substitute 'Mum' o7 ‘Muim'
[ Page 96, G-1.1(d), fast ling | — Substitute '38.1' for 39.1"

(CED1)



AMENDMENT NO. 3 AUGUST 2007
T
IS 456 : 2000 PLAIN AND REINFORCED
CONCRETE — CODE OF PRACTICE

 Fourth Revbsdon )
{Page 2, Farswardy — Tngert the folliwine aller para 8:

"The provisions for Self Compacting Concrete hove been included for guldence
{xee Annex 1)

(Fage 10) — Add the following atthe end;
CANNEX ) SELF COMPACTING CONCRETE'
(Fage 13, clouse 544, (o sentence) — Dielate,
(Page |5, clumse 56,2) - Add the fotlowing at the end;
' Beduction in design bond strength of coated bars shall be looked int,”

(Page 13, ooy 5.6.3) — Add the folliwing after the classe and renumber
thi-axizting elauss 57" a5 *5.8",

5.7 Fibres

Fibees may be ndded 10 eancrete for spectil applications to enhance properties,
for which speciatist itcrature may be referred o

(Page 15, elouse 6.1,31— Substituie the tollowing for the existing class:
‘Concrary of grades lower than thoese given fn Table 5 may be used for bean
concrete,  foundaton for masonry  walls oF temporary relnforced concrete

copsiructian.”

[Page |7, clouse 7.1 Ceow aive Amendnrent Mo, 1]] — Inthe infisrmal toble,
delete the words Whe-situ piling' fn ealimn 1,
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{Page 23, Tokife U) — Number the cxisting node a8 “NOTE |7 and add the
following ‘"NOTEZ":

METE 2~ Chuantity of waser regaited From duarsbile paint of viesw ay be feas ilan the value give
whave.

{Page 2%, clause 15.1.1, fast fhe) — Add i accordance with 167 ul the
e -

(Paige 30, Tabie 11, oot 2) — Substitute 4, +3 Wimm® for ' + 4 Ninmm®®
ggninst ‘M 20 or above’

[Puge 30, Tahle 11, col 3 (sev alve Amendment o 1]] — Suhatitute *f 3
Mimm® far a4 Mimm® wrniast 'M 20 or abave.

(Page 42, ¢lme 26,110 — Add the followiig af the end:
“Congestion of minforcement should be avoidsd during detailing. Viriows
micthods such s thocsing the diameter and grade of steel carcfully imd bundiing
of reinforcement, If required, are available.*

[Page 45. claure 26.3.5.1(a)] — Substitute the following for the existing:

“Lap splices shall nol be ssed for bars langes than 32 mm. Bors Targer than
42 mim shall be welded {see 12.4) or mochanically splhced.®

[Page 46, claise 26,3 X)), last line} — Substitute *300 mm’ for 450 mm',
|Page 4T, clmse 16.5.1:1(0)] — Addthe following note ot the end:

'NOTE - The we of 4 porcens reuforcoment may wvalvs. prictichl difficalty in plisvitye and
compncling eongrele: henie Wiwer Percentuge i reconimndod,”

[Page 47, clause 26.5.1.2) — Add the following note at Lhe end:

THOTE -~ The wse of 4 perent inforeemen may wrvolye priceics! diffizdlty in plaging omd
umispactiing o corsrete fenns lovwer porcenisge o el omineeded

(Page 52, wiouve 2934, last fing) — Substitoe *32.5' for “32.4",

{Pege 100, daney H) — Add the following anmes

-



Amend No. 3 to IS 456 @ 2000

ANNEX ]
{Fareward)
SELF COMPACTING CONCRETE
J-1 GENERAL
Sell comnpacling concrete 15 a concrete Mat s wniformby amd complésly every
comer of formwork by fis own weight without applicetion of any vibration,
without segregntion, whilst muintaining homogenaity,
J-1 AFPPLICATION AREA
Self compacting condfete may be used in precest-concrote npplications or -for
conerete placed on i, It may be manufsctured v o site batching plang or inoa
ready-mixed concreie plant &nd delivered to site by tuck mixer. 1t mey then be
placed either by pumping o pouriag into horizental or vertical forms,
J-3 FEATURES OF FRESH SELF COMPACTING CONCRETE
Thee follwing are some of the features of seif compacting concrate:
o Slutnp Now: 600 mm, &in,
b1’ Sufficien! amount of Goes-{< 0.125 mm) preferably in the mnge of
400 kg/m' to 00 ke'm’. This can be achieved by having sand content
muore thon 3% percent and wsing mineral admixtire to the order of 25

percent to 30 percent by mess of cemantitions materiafs.

eh Use of high range water rédocing (TTRWR) admixiure snd viscosine
medifying agent (Y MA) in appropriate dosiges,

(CEE 2}

Repmprashly LnitHS siew Delh, Indm

T
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Indian Standard

PLAIN AND REINFORCED CONCRETE —
CODE OF PRACTICE

( Fourth Revision )

FOREWORD

This Indian Standard (Fourth Revision) was adoplied by the Bureau of Indian Standards, after the draft finalized
by the Cement and Concrete Seclional Commitiee had been approved by the Civil Engineering Division Council.
This standard was first published in 1953 under the titke ‘Code of practice for plain and reinforced concrete for
general building construction’ and subsequently revised in 1957, The code was further revised in 1964 and
published under modified ttle "Code of practice for plain and reinforced concrete’, thus enlarging 1he scope of
use of this code 1o struchures other than general building construction also. The third revision was published in
1978, and it included limit state approach to design. This is the fourth revision of the standard. This revision
was taken up with a view to keeping abreast with the rapid development in the field of concrete technology and
to bring in further modifications/improvements in the light of experience gained while using the earlier version
of the standard. :

This revision incorporates a number of important changes. The major thrust in the revision is on the following
lines:

g) In recent years, durability of concrele structures have become the cause of concemn to all concrete
technologists, This has led to the need to codify the durability requirements world over. In this revision
of the code, in onder to introduce in-built protection from factors affecting & structure, earlier clause on
durabilily has been efaboraied and a detailed clause covering different aspecis of design of durable
structure has been incorporated.

b) Sampling and acceptance criteria for concrele have been revised. With this revision acceptance criteria
has been simplified in line with the provisions given in BS 5324 (Part 4):1990 'Concrete: Part 4
Specification for the procedures to be used in sampling, testing and asseszing compliance of concrete’.

Some of the significant changes incorporated in Section 2 are as follows:

a) All the three grades of ordinary Portlond cement, namely 33 grade, 43 grade and 53 grade and sulphate
resisting Portland cement have been included in the list of types of cement used {in addition to other
types of cement).

b} The permissible limits for solids in water have been modified keeping in view the durability requirements.

¢} The clause on admixtures has been modified in view of the availability of new types of admixtures
including superplasiicizers.

d) InTable 2 'Grades of Concrete’, grades higher than M 40 have been included.

e} It has been recommended that minimum grade of concrete shall be not less then M 20 in reinforced
concrete work (ser alse 6.1.3),

I} The formula for estimation of moduelus of elasticity of concrete has been revised,

g) In the absence of proper comrelation between compacting factor, vee-bee time and slump, workability
has now been specified only in terms of slump in line with the provisions in BS 5328 (Parts | 1o 4).

h) Durability clause has been enlarged 1o include detailed guidance concemning the faciors affecting durability.
The table on 'Environmental Exposure Conditions’ has been modified to include ‘very severe” and
‘extreme’ exposure conditions, This clause also covers requirements for shape and size of member,
depth of concrete cover, concrete quality, requirement against exposure to aggressive chemical and sulphate
attack, minimum cement requirement and maximum water cement ratio, limits of chlonide content, alkali
silica reaction, and importance of compaction, finishing and curing.

i) Aclause on ‘Quality Assurance Measures' has been incorporated to give due emphasis (o good practices
of concreting.

k) Proper limits have been introduced on the accuracy of messuring equipments to ensuce accurate batching
of concrete.

2118 BISOT—2
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m) The cluvse on "Construction Joinls” has been modified.

n) The clause on ‘Inspection” has been modified to give more emphasis on quality assurance,

The significant changes incorporaled in Section 3 are as follows:
4} Requirements fur 'Fire Resistance’ have been further detailed.

b} The figure for estimation of modification factor for tension reinforcement used in calculation of basic
values of span to effective depth o control the deflection of flexural member has heen modified.

¢} Recommendations regarding effective length of cantilever have been added.
d}  Recommendations regarding deflection due 1o lateral loads have been added.
e} Recommeadations for adjustments of support moments in restrained slabs have been included.

N Inthe detemination of effective length of compression members, stability index has been introduced o
determine sway or no sway conditions.

g} Recommendations have been made for lap length of hooks for bars in direct tension and (exural tension.
h) Recommendations regarding sirength of welds have been modified.

j}  Recommendations reganding cover to reinforcement have been modified. Cover has been specified
based on durability requirements for differemt exposure conditions. The term ‘nominal cover' has been
introduced. The cover has now been specified based on durability requirement as well as for fire
requirements.

The significant change incorporated in Section 4 is the modification of the clause on Walls. The modified clause
includes design of walls against horizontal shear,

In Section 5 on limit state method a new clause has been added for caleulation of enhanced shear strength of
seclions close o supports. Some modifications have also been made in the clavse on Torsion, Formula for
calculaton of crack width has been added (separately given in Annex F),

Working stress method las now been given in Annex B 50 as to give grester emphasis wo limit state design. In
thus Annca, modifications regarding torson and enhanced shear strengih on the saime lines 25 in Section 5 have
been made.

Whils! the common methods of design and construction have been covered in this code, special systems of
design und construction of any plain or reinforced concrete structure not covered by Lhis code may be permilted
o production of satisfactory evidenve regarding their adequacy and safety by analysis or test or both
iee 19),

Tn this code it has been assumed that the design of plain and reinfonced cement concrele work is entrusted to a
qualified engineer and that the execution of cement concrete work is carried out under the direction of a gualified
and experienced supervisor,
In the formulation of this standard, assistance has been derived from the following publications:

BS 5328 : Par 1 : 1991 Concrete : Parl | Guide to specifying concrete, British Standards Institution

BS 5328 : Part 2 : 1991 Concrete : Part 2 Methods tor specifying concrete mixes, British Standards
Institution

BS 5324 : Part 3 ; 1990 Conerete : Part 3 Specification for the procedures to be used in producing and
transporTing voncrete, Britsh Standards Institution

BS 5328 : Part 4 ; 1990 Conereie : Pan 4 Specification for the procedures to be used in sampling, testing
and assessing compliance of concrele, Brtish Standards Institution

BS 8110 Part | : 1985 Structural use of concrete : Pant | Code of practice for design and construction,
British Standards Institution

BS R110 : Part 2 : 1985 Structural use of concrete : Part 2 Code of practice for special circumstances,
Britizh Standards Tnstitwtion

AC1 319 1989 Building code requirements for reinforced concrele, American Concrete Institute
AS 3600 - 1988 Concrete structures, Standards Association of Australia
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DIN -5 July 1988 Structural use of concrete, design and construction, Deutsches Instilu fir Normong 1V,
CEB-FIP Model code 1940, Comite Euro - Interpatcmal Du Belon

The compusilion of the technical committee responsible Tor the fonualaeon of this standind! s geven in
Annex H.

For the purpese of deciding whether a particuwlar regueresient of this standard s comphied with, the Gnal valie,
observed or calculated, expressing the result of & test oF analysis shabl be rounded off in sccordance with
152 : 1960 ‘Rules for rounding off numerical vilues {revisedy'. The number of significant places retained in the
rounded ofT value should be (he same as thal of the specilicd valoe in this stndord



SECTION 1 GENERAL

1 SCOPE

1.1 This standard deals with the general structural use
of plain and reinforced concrete.

1.1.1 For the purpose of this standard, plain concrete
structures are those where reinforcement, if provided
is ignored for determination of strength of the structure.
1.2 Special requiremnents of structures, such as shells,
folded plates, arches. bridges. chimneys, blast resistant
structures, hydranlic structures, liguid retaining
structures and earthquake resistant structures, covered
in respective siandards have not been covered in this
standard; these standards shall be used in-conjunction
with this standard.

2 REFERENCES

The Indian Standards lisied in Annex A contain
provisions which through reference in this text,
constituie provisions of this standard. At the time of
publication, the editions indicated were valid, All
standards are subject to revision and parties to
agreemenls based on this standard are encouraged 1o
investigate the possibility of applying the most recent
editions of the stendards indicated in Annex A.

3 TERMINOLOGY

For the purpose of this siandard, the definitions given
in I5 4845 and IS 6461 (Parts I to 11) shall generally

apply.
4 SYMBOLS

For the purpose of this standard, the following letter
symbols shall have the meaning indicated against each:
where other symbols are vsed, they are explained at
the appropriate place:

A = Area

b - Breadth of beam, or shorter dimension
of arectangular column

bﬂ' - Effective width of slab

b, - Effective width of flange

b, — Breadth of web ornib

D - Overall depth of beam or slab or

diameter of column; dimension of a
rectangular column in the direction
under consideration

D, - 'I_'hit:hu:ss of flange
Dead load
d - Effective depth of beam or slab

d" - Depth of compression reinforcement
from the highly compressed face
E - Modulus of elasticity of concrete

11
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Eanhquake load

Modulus of elasticity of steel
Eccentricity

Characteristic cube compressive
strength of concrete

Modulus of rupture of concrele
(flexural tensile strength)

Sphitting tensile strengih of concrete
Design strength

Characteristic strength of steel
Unsupporied height of wall
Effective height of wall

Effective moment of ineriia
Moment of inertia of the gross section
excluding reinforcement

Moment of intertia of cracked section
Stiffness of member

Conztant or coefficient or factor
Development length

Live load or imposed load

Honiontal distance batween centres of
lateral restraint

Length of a column or beam between
adequate lateral restraints or the

unsapporied leagth of a column
Effective span of beam or slab or
effective length of column

Effective length about x-x axis
Effective length about y-y axis

Clear span, face-to-face of supports
I", for shorter of the two spans at right
angles

Length of shorter side of slab

Length of longer side of alah
Distance between points of zero
moments th a beam

Span in the direction in which
moments are determined, centre to

centre of supports

Span iransverie 1o [, centre (o centre
of supports

I, for the shorter of the continuous
spans

Bending moment

Modular ratio

MNumber of samples

Axial load on a compression member
Calculated maximum bearing pressure
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Calculated maximum bearing pressure
of sail -

Radius

Spacing of stirrups or siandard
deviation

Torsional momenl

Wall thickness

Shear force

Total load

Wind foad

Drstributed load per unit area
Distributed dead load per unit sres
Distributed imposed Joad per unii area
Depth of neutral axis

Modulus of section

Lever arm

Angle or ratio

Partial safety factor for load

Partig] safety factor for material
Percentage reduction in momenl
Creep strain of concrete

Permissible stress in concrete in
bending compression

Permissible stress in concrete in direct
compression

Permissible stress in metal in direct
compression

Permissible stress in steel in
compression

Permissible stress in steel in lension

Permissible tensile stress in shear
reinforcement

Design bond siress
Shear stress in concrele

Maximum shear stress in concrete
with shear reinforcement

Nominal shear stress
Diameter of bar
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SECTION 2 MATERIALS, WORKMANSHIP,
INSPECTION AND TESTING

5 MATERIALS

5.1 Cement
The cement used shall be any of the [ollowing and the
type selected should be appropriate for the intended
use!

a} 33 Grade ordinary Portlund
conforming to IS 269

43 Grade ordinary Portland cement
conforming to IS 112

cement
b)

53 QGrade ordinary Portland coment
conforming o IS 12269

Rapid hardening Portland cement conforming
to [5 B041

Portlund slag cement conforming 1o 15 455

€
d)

€)

N Portlend pozzolana cement (fly ash based)

conforming to IS 1489 (Pan 1)

Portland pozzolana cement (calcined clay
based) conforming to 15 1489 (Part 2)

Hydrophobic cement conforming to IS 8043

Low heat Portland cement conforming to
IS 12600

Sulphate resisting Portland
conforming to IS 12330

g

h)
i

k) cement

Other combinations of Portland cement with mineral
admixtures (se¢ 5.2) of quality conforming with
relevant Indian Standards laid down may also be used
in the manufacture of concrete provided that there are
satisfactory dats on their suitability, such as
performance lesi on concrete conlaining them.

5.1.1 Low heat Portland cement conforming to
15 12600 shall be used with adequate precautions with
regard to removal of formwork, etc,

5.1.2 High alumine cement conforming to [S 6452 or
supersulphated cement conforming to 15 6909 may be
used only under special circumstances with the prior
approval of the engineer-in-charge. Specialist literature
may be consvlted for guidance regarding the use of
these types of cements.

5.1.3 The antention of the engineers-in-charge and
users of cement is drawn to the fact that quality of
various cements mentioned in 5.1 is to be determined
on the basis of its conformity to the performance
characieristics given in the respective Indian Standard
Specification for that cement. Any trade-mark or any
trade name indicating any special features not coversd
i the standard or any qualification or other special
performance characteristics sometimes claimed/
indicated on Lhe bags or containers or in advertisements
nlongside the 'Swtutory Quality Marking' or otherwise

have no relation whalsoever with lhe characteristics
guarantesd by the Quality Marking as relevant to thal
cement. Conswiners are. therefore, advised to go by
the characteristics as given in the corresponding
[ndian Standard Specification or seek specialist
advise 1o avoid any problem in concrete making and
construction.

5.2 Mineral Admixtures

£2.1 Pouolanas

Pozzolanic makerials conforming 1o relevant Indian
Standards may be used with the permission of the
engineer-in-charge, provided uniform blending with
cement is ensured,

5251 Fly ash (pulverized fuel ash)

Fly ash conforming to Grade | of 15 3812 may be
used as part replacement of ardinary Portland cement
provided uniform blending with cement is ensured.

£.2.1.1 Silica fume

Silica furme conforming (o a standard approved by the
deciding authority may be used as part replacement of
cement provided uniform blending with the cement is
ensured,
MNOTE-—The silica fome (very fine non-crysinlline silican
o ide) is a by -product of the manufacture of silicon, femmosilicon
of the Like, [rom quanz and carbon in electric are fomace It i
wsually wsed in proportion of 5 1o 10 percent of the cemem content

of 2 mix
5.2.1.3 Rice husk ash

Rice husk ash giving required performance and

uniformity characteristics may be used with the

approval of the deciding authority.
NOTE—Rice husk ash 8 produced by burming rice hugk and
ciontain farge proportion of sifics. To achieve amorphous stale,
rice hask moy be barnt at controlled iemperoture, 115 necessory
o evalunks the product from & particalar source for performance
and unifonmaty since it can range from being as deleterious os
it when Incorporued in concrste. Woler demand and drying
shnnkage should be studied before wiing rice husk.

£.2.14 Metakaoline

Mectakaollne having fineness between 700 1o
900 m*/kg may be used me porzolanic material in
concrele.

KOTE—Meiakaokine is obtalned by calcination of pure o
refined kanlintic clay at o temperniure betwoen 550°C and 850°C,
follewed by grinding 1o achieve o fineness of 700 10 900 m?kg.

The resulting material hos high pozzolonicity.
5.2.2 Ground Granulated Blast Furnace Slag
Ground granulated blast furnace slag obtained by
grinding granulated blast furnace slag conforming to
LS 12089 may be used as part replacement of ordinary
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Portland cements provided uniform blending with
cement is ensured.

5.3 Aggregates

Aggregates shall comply with the requirements of
15 383, As far as possible preference shall be given 1o
naetural aggregates. -

5.1.1 Other types of aggregates such as slag and
crushed overbumt brick or tile, which may be found
suitable with regard o strength, durability of concrete
and freedom from harmful effects may be used for plain
concrete members, but such aggregates should not
contain more than 0.5 percent of sulphates as SO, and
should not absarb more than 10 percent of their own
mass of water.

5.3.2 Heavy weight aggregates or light weight
aggregites such as bloated clay aggregates and sinlered
fly ssh aggregates may also be used provided the
engincer-in-charge is satisfied with the data on the
properties of concrete made with them.
NOTE—Some of the provisioas of the code would requirs
madification when these aggregubes are used; spacialist livaraturs
muy be consulted for guidance

5.3.3 Size of Aggregaie

The nominal meximum size of coarse aggregate should
be as large as possible within the limits specified but
in no case greater than one-fourth of the minimum
thickness of the member, provided thet the concrete
can be placed without difficulty so as to surround all
reinforcement thoroughly and fill the corners of the
form. For most work, 20 mm aggregate is suitable.
Where there is no resiriction 1o the flow of concreie
into sections, 40 mm or larger size may be permitted.
In concrete elements with thin sections, closely spaced
reinforcement or small cover, consideration should be
given to the use of 10 mm nominal maximum size.

Plums above 160 mm and up to any ressoneble size
may be used in plain concrete work up to & maximum
limit of 20 percent by velume of concrete when
apecifically permitted by the engineer-ln-charge. The
plums shall be distributed evenly and shall be not closer
than 150 mm from the surface.

£3.3.1 For heavily reinforced concrete members as
in the case of ribs of main beams, the nominal
maximum size of the aggregate should usually be
restricted to § mm less than the minimum clear digtance
betwesn the main bars or 5§ mm less than the minimum
cover to the reinforcement whichever is smaller,

5.3.4 Coarse and fine aggregate shall be barched
separately. All-in-aggregate may be used only where
specifically permitted by the enginser-in-charge.

5.4 Watar
Water used for mixing and curing shall be clean and

14

free from injurious amounts of oils, acids, alkalis, saits,
suger, organic materials or other substances that may
be deleterious to concrete or steel.

Potable water is generaily considered satisfactory
for mixing concrete. As a guide the following
concentrations represent the maximum permissible
values:

a) To neutralize 100 ml sample of water, usir.g
phenolphthalein as an indicator, it should not
require more than 3 mlof 0,02 normal NaOH.
The details of test are given in B.1 of IS
3025 (Part 22).

To neutralize 100 m! sample of water, using
mixed indicator, it should not require more
than 25 ml of 0.02 normal H,SO,. The details
of test shall be as given in 8 of IS 3025
(Part 23).

Permissible limits for solids shall be as given
in Table 1.

5.4.1 In case of doubl regarding development of
strength, the suitebility of water for making concrete
shall be agcertained by the compregsive strength and
initial setting time tests specified in 5.4.1.2and 5.4.1.3.
5.4.1.1 The sample of water taken for testing shall
reprasent the water proposed to be used for concreting,
due accounl being paid to seasonal variation. The
sample shall not receive any treatment before testing
other than that envisaged in the regular supply of water
proposed for use in concrete. The sample shall be stored
in & ¢lean container previously rinsed out with similar
waler,

54.1.2 Average 18 days compressive strength of at
least three | 50 mm concrete cubes prepared with water
proposed 1o be used shall not be less than 90 percent
of the average of strength of three similar concrele
cubea prepared with distilled water. The cubes ahall
be prepared, cured and tested in mccordance with the
requitements of IS 516.

5.4.1.3 The initial setting time of test block made with
the appropriate cement and the water proposed to be
used shall not be less than 30 min and shall not differ
by + 30 min from the initial setting time of control
test block prepared with the same cement and digtiTled
water. The test blocks shall be preparsd and tasted in
accordance with the requirements of 1S 4031 (Part §).

8.4.1 The pH value of water shall ba not Jess than 6.
£ 4.3 Sea Water

Mixing or curing of concrete with sea water is not
recommended because of presance of harmful salts in
sea water. Under unavoidable circumstances ses water
mazy be used for mixing or curing in plain concrete with
no embedded steel after having given due comiderstion
to possible disadvantages and precautions including use
of appropriate cement system,

b)

<)
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L] "Festesd ms per Fermisadble 1imbt,

Mu, My

il Urganic 15 W25 { Fant 18) Bk gl

it} Inrginis [5 3025 an 1K) FiRHEmgh

i) Sulphotes (ns 503, ) i M2S  Par 24) 40 ]

ivh {hlorides {as O 15 028 {Pan 1) 2 DY gl
Fur soncrete tiob coadsimng
cimnbeded sieel amd SUG mpi
fur rewforeed conwrets work

] Suspended imwmer I5 M25 (Pann 1T T (N |

S4.4 Water fownd satistuctory [or mixing s also
suitable for curing concrete. However, wiler used for
curing should not produce any objectionable stan o
unsightly deposit on the concrete surface. The presene
of tanmic wcid or iron compounds is objectionable,

5.5 Admixtures

551 Admixture, of used shall comply with 15 9103,
Previows expericnce with and ditw o such nuseriads
shontd be consichered morelation to the likely standards off
supervision and workmsnship toihe work being spoeoiied
5.5.2 Admixtures shoold not impair durahility of
comerete nor combine with the constituent (o foom
harmlul compoumds tor incresse the risk of corrasan
of reinforeement.

5.5.3 The warkability, compressive strengih and the
slump foss of coneeele with and without the use of
admixturey shall be cstablished Juring the wial mines
kel e of mlmixiures

5854 The relative density of Diguid admixieres shall
he checked Tor cach devm contaning adndxines amd
conmpared with the specilied vadue belore swcceptance
558 The chiopide comtent ol admixtiares shall
e andependently tested Tor cach el belore
aCCEplnee.

86 I two or more admixtures e psed
sitnultaneonsly in the same comerete i, daka shonld
be obtmined w assess their interacion and 1o cnsure
their compatihility.

56 Reinforcement

The reinforcement shall be any of the following:

a) Mild stee! and medium icnsile steel bars
conlomming to 15 432 (Part ),

by High sirengh delomed steel bars conforming
w5 178G,

¢) Hard-drawn sieel wire fabric conforming to
IS 1566,

d) Structural steel confurming 1o Grade A of
15 2062,

15

S.6.1 Al reinforcement shall be (ree Tom loose mil
scales, loose rust and coats of paints, ol, mud or any
eiher substances which may destroy or reduce bond.
Samd blasting or other trestment is recommended o
clean reinforcement.

S6.2 Special precautions like coating of reinforcement
muy be required for reinforced concrere elements in
exceplivnal cases and for rebabilitation ol structures,
Specralist literatiore may be tefered toom such cases.
£6.3 The modulus of elasticity of steel shull be aken
as M0 KM, The characteristic yield strength of
different steel sTall be assimed as the minimun vield
stressfL2 percent prenl stress specilied in the relevant
Ipabism Standand.

E.7 Storage of Materials

Stowage of matertals shall be as described i |5 3082
6 CONCHETE

6.1 Grodes

The conerete shall be in grades designated s per
Table 2

6 1.1 The charmctenstie strength s defined as the

strength ol material below whiclr nol more 1than
§ percent of the test results are eapected o tall

6.1.2 The minimum gride of conerete for plain and
teintorvet conerete shall be as per Table 5,

6.1.3 Concrote of grodes lower than those given in
Fable 5 may be used Tor ple conerele constnchions,
lcan conerete, stmple foundations. foundation for
masonry walls and other simple or temporary
remnlorecd concrete consiruciion.

6.2 Properties of Concrete
6.2, 1 fhierecse af Strengrh with Age

There s nonmally o gain ol strength bevond 28 days,
The quantum of increase depemds apon the gride and
v of Ccement, vurnng e b e o e nial comditnons,
et The design shonld ve pased on 28 dovs el -
tenistic strength ol vom i o anfess there i cvidenee b
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Table 2 Grades of Concrete
{Clawse 6.1,9.2.2, 15.1.1 and 36.1)

Group Grade Desiguation  Specified Charecteriste
Compressive Sirongih of
150 mm Cube at 18 Dayw in
Nimm?
mn i2) (]
Ordinary M 10 1o
Concrete M5 LS
M 20 0
Standard M 25 pa]
Concrete M 30 X
M 33 kL1
M 40 40
M 45 45
M 50 50
M 55 55
High M 60 &0
Strength M 63 &5
Concrete M T 70
0 ]
M ED B0
NOTES

1 In the designnation of concrets mix M refars 1o the mix and the

member 1o the apecified compressive strength of 150 mm size
cube ot 28 days, expresaad in Nfman,

2 For concrete of compressive strenjgth grestar than M 55, design
paraimecters given in the standand may ac e apphicable md the
valoe: moy be obinined from specialized literatures and
experimental resulis,

justify a higher strength for a particular structure due to
age.

6.2.1.1 For concrete of grade M 30 and above, the
rate of increase of compressive strength with age shall
be based on actual investigations,

6.2.1.2 Where members are subjected to lower direct
load during construction, they should be checked for
stresses resulting from combination of direct load and
bending during construction,

6.2.2 Tensile Strength of Concrete

The flexural and splitting tensile strengths shall be
obtained as described in IS 516 and IS 5816
respectively. When the designer wishes to use an
estimate of the tensile strength from the compressive
strength, the following formula may be used:

Flexural sirength, f, = 0.7 f, Nimm?

where f_ is the characteristic cube compressive strength
of concrete in N/mm’.

6.2.3 Elastic Deformation

The modulus of elasticity is primarily influenced by
the elastic propertics of the aggregate and to a lesser
extent by the conditions of curing egd age of the
concrete, the mix proportions and the type of cement,
The modulus of elasticity is normally related to the
compressive strength of concrete.

6.2.3.1 The modulus of elasticity of concrets can be
assumecd as follows:

16

E = 500074
where
E, is the short term atatic modulus of elasticity in
N/mm?.
Actual messured velues may differ by % 20 percent
from the values obtained from the above expression.

6.2.4 Shrinkage

The total shrinkage of concrete depends upon the
constituents of concrete, size of the member and
environmental conditions. For a given humidity and
temperature, the total shrinkage of concrele is most
influenced by the total amount of water present in the
concrete st the time of mixing and, to a lesser extent,
by the cement content.

6.24.1 In the absence of test data, the approximate
value of the total shrinkage strain for design may be
taken as 0.000 3 (for more information, se¢ IS 1343).

6.2.8 Creep of Concrete

Creep of concrete depends, in addition to the factors
listed in 6.2.4, on the stress in the concrele, age at
loading and the duration of leading. As long as the
stress in concrete does not exceed one-third of its
characteristic compressive sirength, creep may be
assumed to be proportional to the stress.

6.2.5.1 In the sbsence of experimental data and detsiled
information on the effect of the variables, the ultimate
creep strain may be estimated from the following
values of creep coefficient {that is, ultimate creep sirain/
clastic strain at the age of loading); for long span
strocture, it is advisable to determine actual creep
strain, likely to lake place:

Age ar Loading Creep Coefficient
7 days 22
28 days 1.6
| year L1

NOTE—The ultimate croop strain, estimated o describad above
docs not include the clastic sirmin.

626 Thermal Expansion

The coefficient of thermal expansion depends on namre
of cement, the aggregate, the cement content, the
refative humidity and the size of sections. The value
of coefficient of thermal expansion for concrete with
different aggregates may be taken as below:

Type of Aggregate Coefficient of Thermal

Expansion for Concrete/C
Quartzite 12w 13x10?
Sandstone 09t0 1.2x 10¢
Granite 07095 x 10¢
Basalt 0.8 10 0.95 x 107
Limextone 0.6 10,09 x 10"




7 WORKABILITY OF CONCRETE

7.1 The concrete mix proportions chosen shoubd be
such that the concrete is of adequate workability for
the placing conditions of the concrete and can properly
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be compacied with the means ovailable. Suggested
ranges ol workability of conerete measured in
pccondance with 1S 1199 are siven below:

Plucing Conditions

{1 {2
Blinding concrete,
Shallow sections;
Pavemenis using pavers
Mass concrete;

Lightly reinforced
seclions in slabsg,
heams, walls, columns;
Floors;

Hand placed pavements;
Canal lining;

Strip footings

Heavily reinloreed
sections in shabs,
beaamis, walls, columns;
Slipform work,
Pumped concrete
Trench fill;

fn-situ paling

Tremie concrete

Diegree af
Wearkubilery

Very low

Low

Medaiit

Hagh

Wery high

Slump
{mm)

(3)
Ser7.1.1

25-75

50-100

T5-104)

100)- 1 561

See T1.2

WOTE—For most of the placing conditions, intemal i (ncedie vihndids) ane suitobbe. The diameter of the needle shall be
determined based on the density wnld spaving of remforcement bies and thicknsa of sections, Foe trense concrete, vibrators o aol

required to be used (ree afra 133}

.11 Inthe 'very low' category of warkahility where
strict control is negessary, Tor example pavement
quality concrete, measurement of workability hy
determination of compaciing factor will e more
appropriate than slump (see 1S 1099 and a value of
compacting Factor of 0.75 10 080 s suggesied,

7.0.2 In the 'very high’ category ol workability,
measurement of workahility by determination of flow
will be appropriate {see 15 9103},

8 DURABILITY OF CONCRETE
K.l General

A durable concrete is one that perfonms satisfaciorily
in the working environment during its aniicipated
exposure conditions during service. The moterials and
mix proportions specified and used should be such as
to maintain its integrity and, if applicable, 10 protect
embedded melal from corrosion.

B.1.1 One of the main characteristics influencing the
durability of concrete is ils permeability to the ingress
of water, oxygen. carbon dioxide, chloride, sulphate and
othet potentially deleterious substances. Impermeability
is poverned by the constituents and workmanship used
in making the concrefe. With normal-weight aggregates

2116 BISOT—4.

a suttably bow permeabiltty 15 2chieved by having an
adeguate cement comtent, sufficiently low free water/
verment ratiny, by eénsuring complete compaction of the
concrele, and by adegquale cuning.

The Factors influencing durability mclude:
a)  the environment,
by the cover to embedded steel,
¢] the type and quality of constituent materials,
dy the cement content and waterfcement ratio of
the concrele;

¢} workmanship, 1o obtain full compaction and
efficient curing; and

3 the shape and size of the member.

The degree of exposure anticipated for the concrele
during its service life together with other relevant
factors relating to min composition, warkmanship,
design and detailing should be considered. The
concrete mix 1o provide adequate durability under these
conditiens should be chosen taking account of the
accuracy of cument lesting regimes {or control and
compliance as described in this standard,



IS 456 : 2000

8.2 Requirements for Durability
B.2.1 Shape and Size of Member

The shape or design details of exposed strociures
should be such s« to promote good drainege of water
and o avoid standing pools and rundown of water,
Care should also be taken to minimize any cracks that
may collect or transmit water. Adequale curing is
essential to avoid the harmful effects of early loss of
moisture (see 13.5).Member profiles and their
intersections with other members shall be designed and
detailed in a way (o ensure easy flow of concrete and
proper compaction during concreting.

Concrete is more vulnerable to deterioration due (o
chemical or climatic attack when it is in thin sections,
in sections under hydrostalic pressure from one side
only, in partially immersed sections and i comers and
edges of elements. The life of the structure can be
lengthened by providing extra cover to sieel, by
chamfering the comers or by using circular cross-
sections or by using surface coatings which prevent or
reduce the ingress of water, carbon dioxide or
ageressive chemicals.

B.2.2 Exposure Conditions

8.2.2.1 General environment

The general environment to which the concrete will
be exposed duning its working life is classified imo
five levels of severity, that is, mild, moderate, severe,
very severe and extreme as deseribed in Table 3,

Table 3 Environmental Exposure Conditions
(Clawses B.2.2.1 and 35.3.2)

S5iNo.  Environment
in {21

i} Mild

Exposure Conditinns
(K1)

Concrete surfaces protecied oLgainst
wenther or aggressive condrtions, except
those situsted in coastal orea.

Concrete sorfpces sheliered from sovere
ramn ur freezing wehilss wet

Concrete exposed o condenaation and rmin
Conerete continuously under water
Concrete in contact of brned under non-
aggressive soil'ground waler

Concrete surfaces shellersd from
saturated salt air ip coastal area
Concrete surfaces exposed (0 severe
rain, oliernote wetting ond deving of
cccosional freezing whilst wet or severe
condensution,

Concrete completely immersed in s wober
Concrete exposed Lo cosstol covinonmenl
Concrele surfnces enposed 1o sea wiler
#peay, corroslve lumes oc severe freezing
Concrete in contact with or boried
under aggretsive sub-sodlfground water
Surfoce of member in tidal zone
Members jn direct contact with quid/
solid apgressive chemicak

it Moderate

i}

)} Yery scvere

vl

18

B.2.2.2 Abrasive

Specialist literatures may be referred to for durability
requiremenis of concrete surfaces exposed (o abrasive
action, for example, in case of machinery and metal types.

8.22.3 Freering and thawing

Where freezing and thawing actions under wet
conditions ¢xist, enhanced durability can be obtained
by the use of suitable air entraining admixtures. When
concrete lower than grade M 50 is used under these
conditions, the mean total air content by volume of
the fresh concrete at the time of delivery into the
construction should be:

Nominal Maximuni Size Entrained Air
Apprepate Percentage
(mum)
20 51
40 411

Since air entrainment reduces the strength, suitable
adjustments may be made in the mix design for
achieving required strength.

8.2.24 Exposure to sulphate attack

Table 4 gives recommendations for the type of cement,
maximum free water/cement ratio and minimum
cement content, which are requited at different sulphate
cuncentrations in near-neutral ground water having
pHof6t09.

For the very high sulphate concentrations in Class 5
conditions, some form of lining such as polyethylene
or polychloroprene sheel; or surface coating based on
asphalt, chlorinaled rubber, epoxy; or polyurethane
materials should also be used to prevent access by the
sulphate solution,

8.2 Requirement of Concrete Cover

8.2.).1 The protection of the steel in concrete against
cacrosion depends upon an adequalte thickness of good
quality concrege.

8.2.3.2 The nominal cover to the reinforcement shall
be provided as per 26.4.

B.2 A4 Concrete Mix Proportions
8.2.4.1 General

The free waler-cement tatio is an important factor in
governing the durability of concréte and should always
be the lowest value. Appropriale vatues for minimum
cement content and the maximum free water-cement
ratio are given in Table 5 for different exposure
conditions. The minimum cement conlent and
mAximum water-cemnent ratio apply to 20 mm nominal
maximum size aggregate. For other sizes of aggregate
they should be changed as given in Table 6,
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8.2.4.2 Muximum cement content been given in design 1o the increased risk of cracking
Cement content not including fly ash and ground  due to drying shrinkage in thin sections, or to carly
granulated blast furnace slag in excess of 450 kg/m®  thermal cracking and to the increased nisk of damage
should not be used unless special consideration has  due to alkali silica reactions.

Table 4 Requirements for Concrete Exposed to Sulphate Attack
{Clatses £.2.2.4 and 9.1.2)

s Claan Concentration af Sulpbates, Type of Conent Dense, Fally Compscted Concrete.
Ma, Exprrssed as 50, Made with 20 mm Nominal
e — Maximum Slze Aggregates
In Senl Camplying with IS 353
Todat 50, 50, in Tn Grovund
T Waker-  Water - B
Sou Eatroct Minimam Maxtmum
Ceoneny Face Water-
kgim’ Rafio
Percent g &1
i 1) () (5} () m (8
1h I Traces Less thon Loss than iddinary Portland 2800 055
=02} 1.3 0 cemen: ar Porelond
glag cement or
Porlsnd papsolmns
censent
i) 2 0.2 wer 10 0w Ordiginry Pl amd 330 G50
(11 b 1.2 cingil i
Poriland slag
LT or
Furtlunil
porzzelma ceanend
Supersulphatid E301} 0.5
ceanenl or
sulphute reasting i
Portlond cemenl
iy 3 05w L9 B I3t Supenulphated L] 0,50
|0 it 25 CEFmenl (N
sul phike resistisg
Puriland v
Fortlaml pozrolang 350 (145
cement ot Portland
slag comenl
%] 4 IO Vim 5w Supemuiphoted m i 45
20 54 50 or sulphate
Fkisbang
Portland vement
¥) N More than Mure tlan Muore than Sulphaie residing K} 040
20 5.0 54 Puetland cemeat of
supenuiphuted cement
wiih proteclive coalings
MOTES
I Cemem content given in thas fable 1 srespectyve of grades of cotient,
1 Use of supersulphoted vement 15 gencrally restocted where the prevailing temperature is above 40 °C.
3 Supersulphated coment gives an nocepable life providead that the concrete is dewse and prepared with o wuler-cement ratio of 0.4 o
less, 10 mimeral acids, down to pH 3 5
4  The cemient contens given in col foof this table are the mimmum recommended. For 50, condents near the upper limae of any class,
comen! condents ahove these minomum ane sdvized.
5 Forsevere condilions, sich s thin secions under hydrustaric pressure on ome side only ond sectons panly immersed, considerations
should be given 10 0 forther reducton of woler-cement mi,
&  Porilwid slag coment confuiming o [5 435 with slog content mane than S0 peroent exhibits betier sulphate resisting propenies.
T Where chiorde is emconntered slong with sulphates 0 soil o groumd water, ondinary Portiand cement with C A content from 5 to 8

percent shall he desirsbbe to be used in conurete, instgad of sulphate resivting cement, Allematively, Portland dwe cement conforming
tis 15 455 having smore Uthin S0 percent shag of 8 blend ol ondinsey Pontland cement and slag may be used provided wulTicieal information
15 aviilahle on performinnce nf such hlended cements in these aondituons.

9
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8.2.5 Mix Constifuents

8.2.5.1 General

For concrete 1o be durable, careful selection of the mix
ind materials is necessary, so that deleterious
constiluents do not exceed the limits.

8.2.5.2 Chlorider in concrete

Whenever there is chloride in concrete there is an
ingreased risk of corrosion of embedded melal. The
higher the chioride content, or if subsequently exposed
to warm moist conditions, the greater the risk of
corrosion. All constituents may contain chlorides and

* concrete may be contaminated by chlorides from the
extecrnal environment. To minimize the chances of
deterioration of concrete from harmful chemical salts,
the levels of such harmiul salis in concrete coming
from concrele materials, that is. cement, aggregates
water and admixtures, as well as by diffusion from Lthe
environment should be limited. The iotal amount of
chloride content (as Cl) in the concrete at the me of
placing shall be as given in Table 7.

The total acid soluble chloride content should be
cilculated from the mix proportions and the measured
chloride conlents of each of the constituents. Wherever
possible, the wial chioride content of the concrete
should be determined.

8.2.5.3 Sulphates in concrele

Sulphates are presenl in most cements and in some
agpregates; excessive amounts of water-soluhle
sulphate from these or other mix constituents Can cagpse

expansion and disruption of concrete, To prevent this,
the total water-soluble sulphate content of the concrele
mix, expressed as SO, should not exceed 4 percent by
mass of the cement in the mix. The sulphate content
should be calculated as the total from the various
constituents of the mix.

The 4 percent limit does not apply to concrete made
with supersulphated cement complying with [S 6909,

8.2.54 Alkali-aggregate reaction

Some aggregates conlaining particular varieties of
silica may be susceptible 1o attack by alkalis (Na,0
and K,0) originating from cement or other sources,
producing an expansive reaction which can cause
eracking and disruption of concrete. Damage to
concreie {rom this reaction will normally only ocour
when all the following are present logether:

a) A high moisture level, within the concrete;

b} A cement with high alkali content, or another
source of alkali;

¢c) Aggregate containing an alkali reactive
constituent.

Where the service records of particular cement/
aggregate combination are well established, and do not
include any instances of cracKing due to alkali-
aggregale reaction, no further precautions should be
necessary. When the materials are unfamiliar,
precautions should take ope or more of the following
forms:

a) Use of non-reactive aggregate from alternate
SOUTCES.

Table § Minimum Cement Content, Maximum Water-Cement Hatio and Minimum Grade of Coacrete
for Different Exposures with Normal Weight Aggregates of 20 mm Nominal Maximum Size

{Clawses 6.1.2, 8.2.4.1 and 9.1.2}

F1 ] Exposure Plain Concrete Reinforced Concrete
N, S Chresy
Minimum Maximum Mimmium Minimnunn Maximum Minimum
Cement Fres Water- Grnde of Ceirent Free Wiler- Girnde of
Content Cement Rotio Concrese Condenl Cement Rath Concrete
kg/m' kg/m'
" 124 ()] (4} (%) (&) (M {8)
" Milid 20 060 - 300 0,55 M X
it} Muoderute 240 060 MIS 300 0,50 M 25
T Severe 250 (.50 M 20 320 043 M 30
vl Very severe 260 .45 M 20 340 045 M 33
v} Extreme fan (.40 M 25 A6 0.40 M 40
NOTES

1 Cement content prescribed in this table is irmeapective of the prodes of cement snd it in inclosive of additrons mentionsd in 5.2, The
additiont such os v ash or ground granulared blast furmace slag may be taken into scoount in the concrets comporiton with respect (o
ithe cement content ond waler-cement ratio if the sustobility is estoblished and a3 loog ot the maximum ainounts taken inlo sccownt do
pot exceed the fimil af pozzolons and alng specified in IS 1489 (Pun 1) and 15 455 respectively.

2 Minimum grode:for ploin concrete under mild exposure condition iy not specified.

20



Teble 6 Adjustments to Minimum Cement
Contents for Aggregates Other Than 20 oun

Nominal Maximum Size
(Clause B.2.4.1)

51 Nominal Madmum  Adjusiments to Minlmum Ceanent
Ma. Aggregate Siae Centents ku Table §
; mm kg/m'
1}] 12} )]
i} 1 40
i) N 1]
i) 4 =30

Table 7 Limits of Chloride Content of Concrete

(Clause 8.252)
51 Type or Use of Concrete Mazimum Tidal
Na. Acld Soluhle
Chilaride Content
Exgressed as ky'm'of
Concrete
1)) 2 {3
i) Concrete contaiming metol ond 0.4
steam cured af elevaled f=mpe-
ruture und pre-sressed concrete
uh Reinforved concrete of plain congcrele 06
conizining embedded medal
it} Concrele not contaning embedded 30

mczlal of sny malerial requining
prifection from chlonde

b) Use of low alkali ordinary Poriland cement
having total alkali conlent not more than 0.6
percent (as Na O equivalent),

Further advantoge can be nbtained by use of fiy
ash {Grade 1) conforming to 15 3812 or
granulated blastfurnace sfag conforming Lo
[5 12089 a part replacement of ordinary
Portland cement (having total alkali conlent as
Na,0 equivalent nol more than .6 percent),
provided fy ash content is a1 least 20 percent
or slag content is at least 50 percent.

Measures to reduce the degree of saturation of
the concrete during service such as use of

impermeable membrancs.

Limiting the cement content in the concrele mix
and thereby limiting tital alkali content 1 the
concrele mix, For more guidance specialist
literatures may be referred.

d)

B.26 Concrete in Aggressive Soils amd Warer
B.2.6.1 General

The destructive aclion of aggressive waters on concreie
is progressive. The rate of deterioration decreases as
the concrete is made stronger und more impermeable,
and increases as the salt content of the water increases.
Where siructures are only partially immersed o ate in
contact with aggressive soils or waters on one side only,

1}
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evaporalion may cause scrious concentrations of salts
with subsequent deterioration, even where the original
sall conlent of the soil or water is not high.
NOTE — Giidance regarding requirements for concrete cxposod
1o sulphale oriack is given |n B214.

8.2.6.2 Drainage

Al sites where alkali concentrations are high or may
become very high, the ground water should be Towered
by drainage so that it will nol come into direct contact
with the concrete,

Additional protection may be oblained by the use of
chemically resistant stone facing or a layer of plaster
of Paris covered with suitable fabric, such as jute
thoroughly impregnated with bituminous material,

B.2.7 Compuaction, Finishing and Curing

Adeguate compaction without segregation should be
ensured hy providing suitable workability and by
employing appropriate placing and compacting
equipment and procedures. Full compaction is
particularly imporant in the vicinity of construction
and movement joints and of embedded water bars and
reinforcement.

Good finishing practices are essential for durable
concrele.

Overworking the surface and the addition of water/
cement to aid in finishing chould be avoided; the
resuliing lanance will have impaired strength and
durability and will be pearticularly vulnerable to
freezing and thawing under wet conditions.

It is esscential to use proper and adequate curing
techniques to reduce the permeability of the concrele
and enhance its durability by extending the hydration
of the cement, particularly in its surface zone
(see 13.5).

8.2.8 Concrere in Sea-water

Concrele in sea-water of exposed directly along the
sea-coasi shall be at least M 20 Grade in the case of
plain concrete and M 30 in case of reinforced concrete.
The use of slag or pozzolana cement is advantageous
under such conditions.

B.2.8.1 Special attention shall be given w the design
uf the mix to obtain the densest possible concrete; slag,
broken brick, soft limesione, soft sandstone, or other
porous or weak aggregates shall not be used.

B.2.8.2 As {ar as possible, preference shall be givento
precast members unreinforced, well-cured and
hardened, without sharp comers, and having rowel-
smionsth finished surfaces free from crazing, cracks or
olher dafects; plastering should be avoided.

8.2.8.3 No construction joints shall be allowed within
600 mm below low water-level or within 600 mm of
the upper and lower planes of wave action. Where
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unusually severe conditions or abrasion arc anticipated,
such parts of the work shall be protected by bituminous
or silico-fluoride coatings or stone facing bedded with
bitumen.

8.2.84 In reinforced concrete structures, care shall be
taken o protect the reinforcement from exposure to
saline atmosphere during storage, fabrication and use.
It may be achieved by treating the surface of
reinforcement with cement wash or by suitable
methods.

9 CONCRETE MIX PROPORTIONING

9.1 Mix Proporiion

The mix proportions shall be selected to ensure the
workability of the fresh concrete and when concrete is
hardened, it shall have the required strength, durability
and surface finish,

9.1.1 The determination of the proportions of cement,
aggregates and water o altain the required strengths
shall be made as follows:

a) By designing the concrete mix; such concrete
shall be called ‘Design mix concrele’, or
h} By adopting nominal concrete mix; such
concrete shall be called ‘Nominal mix concrete’,
Design mix concrete is preferred (o nominad mix, If
design mix concrete cannot be used for any reason on
the work for grades of M 20 or lower, nominal mixes
may b used with the permission of engincer-in-charge,
which, however, is likely to involve a higher cement
content.
9.1.2 Information Required
In specifying a particular grade of concrete, the
following information shall be included:

a) Type of mix, ihat is; design mix concrete or
nowninal mix concrets;

h) Grade designation;
c) Type of cement;
d) Maximum nominal size of aggregate;

¢} Minimum ccment content (for design mia
concrete);

I Maximum waler-cement ratio;

g) Workability,

hy Mix proportion (for nominal mix concrele);

i} Exposure conditions as per Tables 4 and 5;

k) Maximum tempersiure of concrete at the time
of placing;

m) Method of placing; and

n) Degree of supervision.

9.1.2.1 In appropriate circumstances. the following
additional information may be specified:

) Type of aggregate,
b} Maximum cement conlent, and
¢} Whether an admixture shall or shall not be

used and the type of admixture and the
condition of use,

9.2 Design Mix Concrete

9.2.1 As the guarantor of quality of concrete used in
the construction, the constructor shall cammy out the mia
design and the mix so designed (not the method of
design) shall be approved by the employer wilthin the
limitations of parameters and other stipulations laid
down by this standard.

9.2.2 The mix shall be designed to produce the grade
of concrete having the required workability and a
charactenstic strength not less than appropriate values
given in Table 2. The target mean strength of concrete
mix should be equal to the characteristic strength plus
1 65 times the standard deviation,

923 Mix design done earlier nol prior 10 one year
may be considered adequate for later work provided
there 13- no change in source and the quality of the
materials.

9.2.4 Srandard Deviation

The standard deviation for each grade of concrete shall
be calculated, separately.

9.2.4,1 Stundard deviation bused on test strength of
sample

a) Number of test resulty of samples—The total
number of test strenglh of samples required to
constitute an acceptable record for ealculation
of stondend deviation shall be not less than 30,
Attempts should be made to oMain the 30

"samples, as early as possible, when o mix is used
for the first time.

b) In case of significant changes in concrete—
When significant changes arc made in the
production of concrete batches (for enample
changes in the materials used, mix design,
equipment or technical control), the standard
deviation value shall be separately caleulated
for such batches of concrete.

¢) Standard deviation to be brought up to date—
The calcolation of the standard devianon shall
be brought up lo date after every change of mix
design.

9.2.4.2 Assumed standard deviation

Where sufficient test results for a particular grade of
concrele are not available, the value of standard
deviation given in Table 8 may be assumed for design
of mix in the first instance, As soon as the results of
samples are available, actual calculated standard
deviation shall be used and the mix designed properly.



However, when adequate past reconds for o similar prade
exist and justify to the designer a value of standard deviation
different from that shown in Table B, it sludl be permissible
10 use that value.

Table 8 Assumed Standard Deviation
(Cliuse 9.2.4.2 amd Tubiy 11)

Grade of Assumed Standard
Lonecrele Devialiva
B’
M D 15
M 15
M 20 40
M 15
M 30
M 15
M 40 i
M5
M 50

NOTE~~The abowe values comespond & the sue conind huving
proper sturage of cement, weigh batching of all nuatenals; contmolbed
addition of water; regular checking of ol snave, sily, apgregate
gradings und moisture content; and perindicol checking of
waorkahility and streagth. Where there i deviation from the above
the values glven b the above tohke chaill be agivesed by |N/mm’

9.3 Nominal Mix Concrete

MNominal mix conerete muy be wsed tor concrete of
M 20 or lower. The proportions of muatenials for
nominal mix concrete shall be in accordiunce with
Table ¥,

93.1 The cement content of the mix specified in
Table Y for any nomunal moix shall be propoionaely
increascd if e guantity of water in 4 mix has to be
increased to overcorne the ditfficultics of placement amd
compaction, 5o that we water-cement ridie as specifed
is not exceedesd,
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10 PRODUCTION OF CONCRETE
10.1 Quality Assurance Mensures

10.1.1 In order that the properies of the completed
strpclure be consistent with the requiremenis and the
assumplions made during the planning and the design,
adequate quality assurance measures shall be taken.
The construction should result in satisfactory strength,
serviceahility and long term durability so as 1o lower
the overall life-cycle cost. Quality assurance in
construction activity refates o proper design, use of
adequate materials and components to be supplied by
the producers, proper workmanship in the execution
of works by the contractor and vltimately proper care
during the use of structure including timely
maintenance and repair by the owner

10012 Quality assurance measures are hoth lechnical
and organizational. Some common cases should be
specified in a general Qualny Assurance Flan which
shull identify the key cleménis necessary (o provide
fitness of the structure ang the means by which they
are (o be provided and measured with the overall
purpose o provide confidence that the realized project
will work satisfactorily in service fulfilling intended
needs. The job of quality control and quality assurance
would invelve quality audit of both the inputs as well
as the omputs, Inputs are in the form of malerials for
vuncreic, workmanship in all stages of hatching,
mixing, iranspuortation, placing, compaction and
cusing: and the related plant, machinery and
equipments; resulting in the oulput in the form of
voncrele in place. To ensure proper performanee, it is
nevessary that cach step in concreting which will he
covered sy the next step is inspected as the work
proveeds {vee also 17},

Table @ Proportions for Mominal Mix Concrete
(CVarnaes B3 and 9.3 1)

Grade of “lotal Qruautity of Dy Aggre-
Cancrete pates by frlass per 50 kg of
Cementl, (o be Taken o3 the Suin
af the Individual Magres of
Flive snd Coarie Aggregales, ki,
M
(1 12
M35 1L 1]
M 7.5 6258
M ilo 480
Mis 130
M 20 250

Praportion of Fine Quantity of Water per
Agpregute 1o Coarse 50 kgal Cement, Mar
Agyregate thy Muss) I

B 14}

Generally 1:2 bat pubijedt to &0
on upper limitof 1Y, ond a 45
loweer lnit of 134, 14

2

k']

NOTE—The proportion of Lhe fine 0 coarse aggregates shoald be adpusted from upper limar 1o Jower imil progressively s the prading
of fine aggregaies becones finer and the maxitum size of coarse sggregate hecomes larper. Gruded cuarse aggnegate shall be used,

Erample

Far an average grading of fine aggregate (that 15, Zone I of Table 4 of 15 830, the pruportions shall be L1V, 1.2 and 12, for
moximum size of aggregates 10 mm, 20 mim and 0 man cespectively
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1013 Euch party involved in the realization of a
project should establish and implement a Quality
Assurunce Plan, for il participation in the project.
Supplier's and subcontractor's activities shall be
covered in the plan. The individusl Quality Assurance
Plans shal! £it into the general Quality Assurance Plan.
A Quality Assurance Plan shall define the tasks and
responsihilities of all persons involved, adequate
conural and checking procedures, and the organization
and maintaining adequate documentation of the
building process and its results, Such documentation
should generally include:

a)  lest reports and manulocturer’s certificate for
materials, concrete mix design details;
pour cards Tor site organization and clearance
for comerete placement;
record of site inspection of workmanship, field
lesty;
nun-conformance repons, change onders;
e) quality contrel charts; and
) staistical analysis,
HUTE—{ruabny contenl charts are recommendedl wherever the
comerete is i conttnuons production over considerable penod.

10.2 Batching

To avond confusion and error in batching, considerstion
should be given to using the simallest practical pumber
of different concrete mixes un any sile or in any one
plant. In hatching concrete, the quantity of both cemenl
and agpgregule shiall be determined by mass; admixture,
if solid, by mass: liquid admixture mnay however be
micasured in volume or mass; waler shall be weighed
or measured by volume in a calibrated tank (yee also
15 4925).

Ready-mixed conerete supplied by ready-mixed
conerete plant shall be prefemed. For large and medium
project sites the concrete shall he sourced from ready-
mixed concrete plants or from on site or off site
batching nnd mixing plants (see 1S 4926).

HL2.0 Except where itcan be shown to the satisfuction
of the engineer-in-charge that supply of properly
grided aggregate of uniforn: guality can be maintained
over o period of work, the grading of aggregate should
be cuntrolled by obtaining the coarse aggregaie in
different sizes and blending them in the right
proportions when required, the different sizes being
stocked in separate stock-piles. The material should
be stock-piled for several hours preferably a day before
use. The grading of conr<e and line aggregate should
be checked as frequently as possible, the frequency
for u given job being deiermined by the engineer-in-
charge (v ensure that the specified grading is
maintained.

10.2.2 The accuracy of the measuring equipment shall
he wilhin + 2 percent of the quantity of cement being

h)
)

d)
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measured and within + 3 percent of the quantity of
aggregate, admixtures and water being measured.
1%.2.3 Proportion/Type and grading of aggregates shall
be mode by trial in such a way so as (o obtain densest
pussible concrete. All ingredients of the concrete
should be used by mass only,

10.2.4 Volume baiching may be allowed only where
weigh-batching is not practical and provided accurale
hulk densitics of materials to be actually uscd in
concrete have earlier been established. Allowance for
bulking shall be made in accordance with IS 2386
(Part 3. The mass volume relationship should be
checked as frequently as necessary, the frequency for
the given job being determined by engineer-in-charge
1o ensure that the specified grading is maintained,
I0.2.5 It is important to maintain the water-cement
rutio constant et its eorrect value. To this end, determi-
nation of meisture contents in both fine and coarse
aggregates shall be made as frequently as possible, the
frequency for a given job being determined by the
engineer-in-charge according to weather conditions.
The ameunt of the added waler shall be adjusted 10
compensate for any ohserved variations in the moisture
contenls. For the determination ol moisture conlent
in the sgpregates, IS 2386 (Part 3) may be referred to.
Tor allow for the variotion in mass of ageregate due W
variation in their moisture content, suitable adjustments
in the masses of aggregates shall also be made. Inthe
absence of exact dwta, only in the case of nominal
mines, the amount of surface water may be estimated
from the values given in Table 10,

Table 10 Surface Water Carried by Aggregate

{Clareze 10.2.5)

Sl Aggrcgale Apptoximete Quantity of Surface
M. Water

Percent by Miss vm'
[{5] (2 [&3] 4)
il Very wiel sand 15 1260
il Muderately wet samd L1 B0
i) Muoist sand 5% 40
wl "Mzt gevel or crashed rock  1.2%-2.% 24}

" Coimrser the aggregate, less the water it will corry,

10.2.6 No substituiions in materials used on the work
of alterations in the established proportions, except as
permitied in 10.2.4 and 10.2.5 shall be made without
addilional tests to show tho the quality and strength
of concrete are satisfactory.

10.3 Mixing

Concrete shall be mixed in a2 mechanical mixer, The
mixer should comply with [S 1791 and IS 12119, The
mixers shall be fitted with water measuring (melering)
devices. The mixing shall be continused until there is a
uniform distribution of the materints and the mass is



uniform in colour and consistency. If there is
segregation after unloading from the mixer, the
concrete should be remixed.

10.3.1 For guidance, the mixing time shall be at least
2 min. Por other types of more efficient mixers,
manufacturers recommendations shall be followed;
for hydrophobic cement it may be decided by the
enginesr-in-charge.

10.3.2 Workability should be checked at frequent
intervals (se2 IS 1199).

10.3.3 Dosages of retarders, plasticisers and
superplasticisers shatl be restricted 10 0.5, 1.0 and 2.0
percent respectively by weight of cementitipus
materials and unless & higher value is agreed upon
between the masufacturer and the constructor based
on performance test,

11 FORMWORK

11.1 General

The formwork shall be designed and constructed so
as to remain sufficiently rigid during placing and
compaction of concrete, and shall be such as to prevent
loss of sturry from the concrete. For further details
regarding design, detailing, etc, reference may be made
to IS 14687. The tolerances on the shapes, lines and
dimensions shown in the drawing shall be within the
limits given below:

a) Deviation from specified  + 12
dimensions of cross-section - 6 "
of columns and beams
b) Devistion from dimensions
of footings
1) Dimensions in plan +30 o
-12
2) Eccentricity 0.02 times the
width of the foot-
ing in the direc-
tion of deviation
bt not more than
50 mm
3) Thickness + (.05 times the
specified thick-
ness

These iolerances apply to concrete dimensions only, and
not to positioning of vertical reinforcing steel or dowels.
112 Cleaning and Treatment of Formwork

All rubbish, particularly, chippings, shavings and
sawdust shall be removed from the interior of the forms
before the concrete in placed. The face of formwork
in contact with the concrete shall be cleaned and treated
with form release agent. Release agenis should be
applied 50 as to provide a thin uniform coating 1o the
forms without coating the reinforcement.

2118 BISOT—5
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113 Stripplng Time

Forms shall not be released until the concrete has
achieved & sirength of at least twice the stress to which
the concrete may be subjocted at the time of removal
of formwork. The strength referred to shall be that of
concrete using the same cement and aggregates and
admixmure, if any, with the seme proportions and cured
under conditions of temperature and moisture similar
10 those existing on the work.

11.3.1 While the above criteria of strength shall be the
guiding factor for removal of formwork, in normal
circumstances where ambient temperature does not fall
below 15°C and where ordinery Portland cement is used
and adequate curing is done, following strilking period
may deem to satisfy the guideline given in 11.%:

Type of Formwork Minimum Period
Before Sirtking
Formwork
a) Vertical formwork 10 columns, 16-24 h
walls, beams
b} Soffit formwork to slabs 3 days
(Props to be refixed
immediately after removal
of formwork)
£) Soffit formwork to beams 7 days
(Praps to be refixed
immediately after removal
of formwork)
d} Props 1o slabs:
1) Spanning upto4.5m 7 days
2) Spanning over 4.5 m 14 days
&) Props to beams and arches:
1) Spanning upto6m 14 days
1) Spamning aver 6m 21 days

For other cements and lower temperature, the
stripping time recommended abave may be suitably
modified,

11.3.2 The number of props left under, their sizes and
disposition shall be such as to be able to safely carry
the Full dead load of the slab, beam or arch as the case
may be together with any live load likely to ocour
during curing or further construction.

11.3.3 Where the shape of the element is such that the
formwoerk has re-enirant angles, the formwork shall be
removed as 5000 as possible after the concrete has set,
ta avaid shrinkage cracking occurring due to the
restraint imposed.

12 ASSEMBLY OF REINFORCEMENT

12.1 Reinforcement shall be bent and fixed in
accordance with procedure specified in 15 2502. The
high strength deformed stesl bacs should not be re-bent

235



15 456 : 2040

or siraightencd withowt the approval of engineer-in-
charge.

Bar bending schedules shall be prepared for all
reinfercement wirk.

12.2 Al reinforcement shall be placed and maintained
in the position shown in the drawings by providing
proper cover blocks, spacers, supporting bars, etc.
12,2.1 Crossing bars should not be tack-welded for
assembly of reinforcemant unless permitted by
engincer-in-chursze.

123 Placing of Reinforcement

Rough handling. shuck loading (prior to embedment )
and the drogping of reinforcement from a height should
be avoided. Reinlrcement should be gecured against
displacement nutside the specilied limits.

1231 Tlerances on Placing of Reinforcement
Unless otherwise specified by cngincer-in-charge, the
reinforcement shall be placed within the Tollowing
tolerances:

a) for effective depth 200 mm + 10 mm
ur Tess

by for effective depth more than t15mm
200 mm

12.3.2 Toleranee for Cover

Unbess specified ulherwise, actual conerete cover
should not deviate [rom the reguired nominal cover

+ i

by 0 mim,

Mominal vover as given in 26.4.1 should be specificd
to all steel reinforcement including links. Spacers
hutween the links (or the bars where no links #xist)
and the formwork should be of the same nominal size
as the niommnal cover,

Spacers, chairs and other supports detailed nn
drawings, together with such other supporls s
may he necessiry, should be vsed to maintain the
specificd nominal cover Lo the stee] reinforcement
Spagers or chairs should be placed st o maximum
spacing of Im and cloger spacing may sometimes be
THACESSITY.

Spavers, cover blocks should be of concrete nf same
strength or PVC,

12.4 Welded Joints or Mechanical Connections

Welded joints or mechanical connections in
reinforcement may be used but in all cases of importany
connections, tests shall be made 1o prove that the joints
are: of the full strength of bars connected. Welding of
reinfurcements shall be done in accordance with the
recommendations of IS 2751 and 15 9417.

12.5 Where reinforcement bars upto 12 mm for high
strength deformed steel bars and up 1o 16 mm for mild
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steel bars wre hent oside at construction joints and
afterwards bent back into their original positions, care
should be taken to ensure that ar no time is the radius
of the bend less than 4 bar diameters for plain mild
steel or 6 bar diameters for deformed bars. Care shall
also be loken when bending back bars, to ensure that
the concrete around the bar is not damuged beyond
the hand.

126 Reintforcement should be placed and tied in such
a way that concrete placement be possible without
segregation of the mix. Reinforcement placing should
allow compaction by immersion vibrator. Within the
concrete mass, dilferent types of metal in contact
should be avoided Lo ensure that himetal corrosion does
nol take place.

13 TRANSPORTING, PLACING,
COMPACTION AND CURING

11.1 Transporting and Handling

Aflter mixing, conerete shall be truasported w the
Formwork as eapidly as possible by methods which wall
e vent te sewregation or loss of any of the ingredients
or ingress of foresgm matter or waler and maintaining
the required workahility

L LE During hot or cold weather, concrete shal] he
transponed in deep containers. Other suitable methods
to reduce the loss of water by evapuration in hot
weather and heat loss in cold weather may also be
agduplid

13.2 Placing

The conerete shall be deposited as nearly as practicable
in s fmad position (o avoid rehandling. The concrete
shail be placed and compacted before initial setting of
concrete vermmences and should not be subsequently
disturbed. Methods of placing should be such as
o preclude segregdtion. Care should be taken 1o
avord displacement of remtorcement or movement
ol lunnwork. As o gencral guidance, the maxi-
murm permissible ree fall of concrete may be taken
as b5 m.

133 Compaction

Conerete should he thoroughly compacted and fully
worked arvund the reinforcement, around embedded
fixtures and inte cormers of the formwork.

13.3.1 Conerete shall be compacied using mechanical
vibrators complying with I8 2508, IS 2506. IS 2514
and 18 4656, Over vibration and under vibration of
concrete are harmful and should be avoided. Vibration
of very wel mixes should alse be avoided,

Whenever vibration has (o be applied externally, the
design of formwork and the disposition of vibrators
should receive special consideration to ensure efficient
compaction and 1o avoid surface blemishes.



13.4 Construction Joints and Cold Joints

Joints are a common source of weakness and, Uerefone,
it i% desirable to avoid them. I this is nol possible,
their number shall be minimized. Concreting shall be
carried oul  conlinuously up o construction joints,
the position and arrangemenl of which shall bhe
indicated by ihe designer. Construction joints should
comply with 15 11817,

Construction joinls shall he placed at accessible
locations 1o permit cleaning oul of lailance, cemeni
shirry and unsound concrele, in order to creale rough/
uneven surface. Itis recommended w clean oul laitince
and cement slurry by using wire hrush on the surfaice
of joint immediaicly after tmtial seting of concreie
amd to clean vil the same nmediately thereafler, The
prepared surface sheuld be in o clean saturated surface
dry conlitiom when fresh concrete 15 placed, against i,
In the case of construction joints ot locations where
the previous pour hus been cast against shuttering the
recommended metlud of obtaining a rowgh surface for
the previonsly poured conerele is o expose the
apgregaie with a lgh pressute water jet or any ofher
SPPrepriate means,

Fresh conerete shoukd be thoroughly vibrated near
cnnstrcton joints sothat motar from the new conerele
Tows between lorge apgrepates and develop proper
hond with old concrete.

Where high shear resistance 15 reguired at the
congtrietion joints, shear keys may be provide:,
Sprayed curing membranes and release agents should
b thorog iy reanoved Trom joint surfaces,

135 Curing

Currag is the process of preventing the loss of mimsture
trom the conerele whilst maintainmg i satisfaciory
emperature regime. The prevemion of mosture losy
from the conereie s paptcularly important of the water.
ceswent eatio s low, if the cement has a high rale of
strengih develspment, i the conerete contains
granulated blast lurnace shag or pulvenised fuel ash,
The curing regime should also prevent the development
ol high tempeature pradients within the voncrele,

The rate of strength development at carly ages of
concrele made with supersulphatcd cement is
significantly reduced at lower tlemperatures
Supersulphiated coment conerew 15 serousty affected
by inadequate curing and the surface has o be kept
mwist for at least seven days.

13051 Mrost Curing

Expused surfaces of concrete shall be kept
vontinuously in a domp or wet condition by ponding
or by covering with a layer of sacking, canvas, hessian
or similar materials and kepe constantly wet for at least
seven days from the date of placing concrete in cuse
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of ordinary Porttand Cement and ot least 10 days where
muneral admixtures or blended cements are used. The
period of curing shall not be less than [0 days for
comcrele exposed o dry and hot weather conditions.
In the case of concrete where mincral admixtures or
blended cements are used, it is recommended Lhat
ahove minimum periods may be exiended Lo 14 days.

13.5.2 Membrane Curing

Approved curing compounds may be used in lieu of
moist curing with the permission of the engineer-in-
churge. Such compounds shall be applied to all exposed
surfaces ol the concrete as soon as possible afier the
concrete has sel, Impermeable membranes such as
polyethylene sheeting covering closely the concrete
surface may also be used to provide effective barrier
agams! < vaporation.

13.5.3 For the concrete containing Portland pozzolana
cement, Portland slag cement or mineral admixture,
penod of cuning may be increased.

13.6 Supervision

1t 15 cxceedingly difficult and costy to alter concrete
once placed, Hence, constant and strict supervision of
all the items of the construction 1s neocessary during
the progress of the work, including the proportioning
and mixing of the concrete. Supervision is also of
extreme importance o check the reinforcement and
ils placing before being covered.

13.6.1 Before any important operation. such as
concreting or sinpping of the formwork is started,
adequate notice shall be given to the construction
SUPCEVISOR,

14 CONCRETING UNDER SPECIAL
CONDITIONS

14.1 Work im Extreme Weather Conditions

Dunng hot or cokl weather, the conereting should be
done ax per the procedure set out in IS5 786
{Part 1} or IS 7861 (Part 2},

14.2 Under-Water Concreling

14.2.1 When it 1s necessary to deposit concrete under
water, the methods, equipment, materials and
proportions of the mix to be used shu!l be submitted 1o
and approved by the engineer-in-charge before the
work is siarted.

14.2.2 Under-water concrete should have a slump
recommended in 7.1, The waler-cement ratio shall not
exceed (16 and may need to be smaller, depending on
the grade of concrele or the type of chemical attack.
For aggregates of 40 mm maximum particle size, the
cement content shall be at least 350 kg/m* of conerete.

14.2.3 Coffer-dams or Forms shall be sufficiently tight
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to ensure siill water if practicable, and in any case to
reduce the flow of water to less than 3 m/min through
the space into which concrete is to be déposited.
Coffer-dams or forms in still water shall be sufficiently
tight to prevent loss of mortar through the walls.
De-watering by pumping shall not be done while
concrete is being placed or untit 24 h thereafier.

14.2.4 Concrete cast under water should not fall freely
through the water. Otherwise it may be leached and
become segregated, Concrete shall be deposited
continuously unti it is brought to the required height.
While depositing, the lop surface shall be kept as nearly
level as possible and the formation of scams avoided.
The methods to be used for depositing concrete under
water shall be one of the following:

a) Tremie—The concrete s placed through vertical
pipes the lower end of which is always inserted
sufficiently deep into the concrete which has
been placed previously but has not set. The
concreie emerging from the pipe pushes the
material that has already been placed 1o the side
and upwards and thus does not come into direct
contact with water.

When concrete is to be deposited under water
by means of tremie, the top section of the tremie
shall be & hopper large enough 1o hold ane entire
batch of the mix or the entire contents the
transporting buckes, if any. The remie pipe shall
be not less than 200 mm in diameter and shall
be large enough to allow a free flow of concrete
and strong enough to withstand the eaternal
pressure of the water in which it is suspended,
even if a partial vacuum develops inside the pipe.
Preferably, flanged sieel pipe of adequale
strength for the job should be used. A separate
lifting device shall be provided for each tremie
pipe with its hopper at the upper end. Unless
the lower end of the pipe is equipped with an
approved automatic check valve, the upper end
of the pipe shall be plugged with a wadding of
the gunny sacking or other approved material
before delivering the concrets to the tremie pipe
through the hopper, so that when the concrete is
forced down from the hopper to the pipe, it will
force the plug (and along with it any water in
the pipe) down the pipe and out of the bottom
end, thus establishing a continuous stream of
concrete. [t will be necessary to raise slowly the
tremie in order to cause a uniform flow of the
concrete, but the tremie shall not be emptied so
that water enters the pipe, At all times after the
placing of concrete is started and until all the
concrete is placed, the lower end of the tremie
pipe shall be below the top surface of the plastic
concrete, This will cause the concrete to build
up from below instead of flowing out over the

b)

gurface, and thus avoid formation of laitance
layors. If the charge in the tremie is lost while
depositing, the tromie shal] be raised above the
concrete surface, and unloss sealed by a check
valve, it ahall be re-plugged at the top end, as at
the beginning, before refilling for depositing
concrete,

Direct placement with pumps—As in the case
of the remie method, the vertical end piece of
Lhe pipe line is always inseried sufficiently deep
into the previously cast concrele and should not
move ta the side during pumping.

©) Drop bottam bucket —The top of the bucket shall

4)

be covered with a canvas flap. The bottom doors
shall apen freely downwapd and outward when
tripped. The bucket shall be filled completely and
lowered slowly to avaid backwash, The bottom
doors shall not be opened until the bucket rests
on the surface upon which the copcrete is o be
deposited and when discharged, shall be
withdrawn slowly until well above the concrets.
Bags — Bags of at least 0,028 m® capacity of
jute or ather coarse cloth shall be filled about
two-thirds full of concrele, the spare end turned
under so that bag is square ended and szcurely
tied. They shall be placed carefully in header
and stretcher courses so that the whole mass is
interfocked. Bags used for this purpose shall be
free from deleterious materials.

¢} Growting—A series of round cages made from

50 mm mesh of 6 mm sieel and extending over
the full height to be concreted shall be prepared
and laid vertically over the area to be concreted
s0 that the distance between centres of the cages
and nlso 1o the faces of the concrete shall not
exceed one metre. Stone aggregate of not less
than 50 mm nor more than 200 mm size shall be
depasited outside the steel cages over the full
area and height to be concreted with due care to
prevent displacement of the cages.

A stable 1:2 cement-sand grout with a water-
cement ratio of not less than 0.6 and not more
than 0.8 shall be prepared in a mechanical mizer
and sent down under pressure (about 0.2 N/mm?)
through 38 to 50 mm diameter pipes terminating
into sieel cages, about 50 mm above the bottom
of the concrete. As the grouting proceeds, the
pipe shall be raised gradually up to a height of
not more than 6 000 mm above its starting level
after which it may be withdrawn and placed into
the next cage for further grouting by the same
procedure.

Afier grouting the whole area for a height of
about 600 mm, the same operation shall be
repeated, if necessary, for the next layer of



600 mm and 5o on.

The amount of grout to be sent down shall be
sufficient to fill all the voids which may be either
ascertained or assumed as 55 percent of the
volume to be concreted.

14.2.5 To minimize the formulation of laitance, great
care shall be exercised not to disturb the concrete ag
far as possible while it 15 being deposited.

15 SAMPLING AND STRENGTH OF
DESIGNED CONCRETE MIX

15.1 General

Samples from fresh concrete shall be taken as per
IS 1199 and cubes shall he mude, cured and tested al
28 days in accordance with [S 516.

15.1.1 [In order to get s relatively quicker idea of the
quality of concrete, optional tests on beams for
modulus of ropture a1 72 £ 2 h or a1 7 days, or
compressive sirength tests at 7 days may be carried
out in addition to 28 days compressive strength test.
For this purpose the values should be arrived at based
on actual testing. Inall cases, the 28 days compressive
strength specified in Table 2 shall alone be the coiterion
for acceptance or rejection of the concrele,

15.2 Frequency of Sampling
15.2.1 Sampling Procedure

A random sampling procedure shall be adopted 1o
ensure that each concrete batch shall have a reasonable
chance of being tested thot is, the sampling should be
spread over the entire period of concreting and cover
all mixing umnils.

15.2.2 Frequency

The minimum frequency of sampling of congrete of
cach grade shall be in accordance with the following:

Quantity of Concrete in the  Number af Samples

Wort, m’
1- § |
6-15 2
16-30 3
31-50 4
51 and above 4 plus one
additional sample
for each additional
S0 m* ot part thereof

NOTE—At lenst one sample shall be taken from each shifi,
Where concrete is produced ot continwms prodecton uni, such
s ready-mixed concrete plast, frequency of sampling may be
agreed upon mutuadly by suppliers ws purchaserns

15.3 Test Specimen
Three test specimens shall be made for each sampie
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for testing at 28 days. Additional samples may be
required for various purposes such as 1o determine the
strength of concrete at 7 days or at the time of striking
the formwork, or 1o determine the duration of curing,
or 1o check the testing emror. Additional samples may
also be required for tesling samples cured by
accelerated methods as described in 1S 9103, The
specimen shall be tesied as described in 1S 516,

154 Test Results of Sample

The test results of the sample shall be the average of
the strength of three specimens. The individual
variation should not be more than +15 percent of the
average. If more, the (est results of the sample are invalid.

16 ACCEPTANCE CRITERIA

16.1 Compressive Strength

The concrete shall be deemed (o comply with the
strength requirements when both the following
condition are met:

a) The mean strength determined from any group
of four consecutive test results compiles with
the appropriate limits in col 2 of Table 11.

b) Any individual 1est result complies with the
appropriate limits in col 3 of Table 1.

16.2 Flexoral Strength

When hoth the following conditions are met, the
concrete complies with the specified Mexural strength,

a) The mean strength delermined from any group
of four consecutive tlest results exceeds the
specified characteristic surength by et least 0.3
Nfimm?.

b) The strength determined from any test result is
not less than the specified characteristic strength
less 0.3 Nf'mm?,

16.3 Quantity of Concrete Represented by
Strength Test Results

The quantity of concrete represented by a group of
four consecutive test results shall include the batches
from which the first and last samples were wken
together with all intervening batches.

For the individual test resull requirements given in
cal 2 of Table 11 or in item (b) of 16.2, only the
particular batch from which the sample was taken shall
be al risk.

Where the mean rate of sampling is not specified the
maximum guantity of concrele that four consecutive
test resulls represent shall be limited to 60 m'.

16.4 {f the concrete is deemed not to comply persuamn
to 16.3, the structural adequacy of the parts affected
shall be investigated (see 17) and any consequential
action as needed shall be taken,
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16.5 Conceete of each grade shall be assessed
separalely.

16,6 Concrete is liable to be rejected if il is porous
or honey-combed, its placing has heen interrupted
without providing a proper construction joint, the
reinforcement has been displaced beyond the
toderances specified, or construction tolerances have
nol been mel. However, the hardened concrete
may be accepled after carrying oul suitable
remedial measures to the satisfaction of the engineer-
in-charge.

17 INSPECTION AND TESTING OF
STRUCTURES

17.1 Inspection

To ensure that the construction complies with the
design an inspection procedure should be se1 up
covering materials, records, workmanship and
eonstruction,

17.1.1 Testz shoold be made on reinforcement and
the constitwent materials of concrete in accordance with
the relevant standards. Where applicable, use shouid
he irade of suitable quality assurance schemes.

17.1.2 Carc should be taken to sec that:

a) design and detail are capable of being executed
to a suitable standard, with due allowance for
dimensional tolerances;

e} there is a system 1o verify that the quality is
satisfactory in individual parts of the structure,
especially the critical ones.

17.2 Immediately after stripping the formwork, all
concrete shall be carefully inspected and any defective
work or small defects either removed or made good
before concrele has thoroughly hardened,

17.3 Testing

In case of doubt regarding the grade of concrete used,
either due to poor workmanship or based on results of
cube strength iesis, compressive strength tests of
concrele on the basis of 174 and/or load test (see 17.6)
may be carried out.

174 Core Test

174.1 The points from which cores are 1o be taken
and the nuinber of cores required shall be at the
discrelion of the engineet-in-charge and shall be
representative of the whole of concrete concerned.
In no case, however, shall fewer than three cores be
tested.

17.4.2 Cores shall be prepared and tesied as described
in 15 516.

17.4.3 Concrete in the member represented by a core
test shall be considered acceptable if the average
eyuivalent cube sirength of the cores is equal toal least
&5 percent of the cube strength of the grade of concrels
specified for the comesponding age and no individual

b) there are clear instructions on inspection  core has a strength less than 75 percent.
standards; . _ i 17.5 In case Lhe core test results do mint satisfy the
¢} there are clear instructions on permissible  ouirements of 17.4.3 or where such tesis have not
deviations; . been dane, load test (17.6) may he resorted 1o,
d) elements critical to workmanship, structural
performance. durability and appearance are  17.6 Load Tests for Flexural Member
identified; and 17.6.1 Load tests shoubd be camried out as soon as
Table 11 Characteristic Compressive Strength Compliance Requirement
(Clmeses 6.1 and 0.3}
Specified Mean of the Groop of Individual Test
Grode 4 Noa-Uverlappiog Resudts in Nimm'
Comsecutive
Test Hesults in Mimm*
i (1] &3]
M5 & [, +t.H2S x estnblished &/, " Nmm'
siandard deviation {rounded
off to nezrest 0.5 Nmm™)
o
£, +3 Nimn,
whichever in greater
M 20 z [, + 0525 x cetablished 2 £, Nimm!
nr standord devintion {rounded
ahsive off to neares: 0.5 Nimm?)
or

f, +4 Nimum', whichever

i greater

MNOTE—In the shsence of established value of standand deviation, the volues given in Table B moy be ssrumed, and attempt should be
made 1o obiain results of 30 samples os carly e possible 1o estabiish the value of standand deviation.
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pessible uller expiry of 28 duys from the tme of placing
uf concrete.

17.6.2 The strocture should be subgected Lo oo loud cgual
p ol adeand Foad ol the straciire plus 125 Gones e
impusced oad for o perod of 24 and then e poposed
Toad shall be remeved,

MOTH-—Itead load meludes sell weiphs of he stowe tural
anemnibares plos weight of fnishes and walls e pastiveone (i any
i ceniadered inthe desen

17:6.3 Thes dellection due 1o posed b only shall
b revorded. 1wathin 24 hoof removal ol the imposed
Towal, the structure does ot recover al leust 75 percent
ol the defleetion under superimpased lond, he west may
be repeated alter a Bipse of 72 I 1 the recovery is bess
than 8O pereent. the structure shall be deemed e be
unacceptahle,

17651 1 the oo deflecton momo, shown
uring 24 oumeder Deaed as less i 000, whene s
W elteetsve spaman g e 27, e overalldepth o) the
s BT P I B s i pevessaty B0 e recosery o
Bz presesureel amed the recovery provisions ol [T 3 shall

1t

IS 456 ; 2000
el pply

77 Membiers Other Than Flexural Members

Mt biers other than lexeral members should be
referably mvestigated by analysis,

17.8 Non-destructive Tests

Nern-desleuctive tests are wsed 1o obtain estimation of
e progernes of eoncrete i the stroetore, The mwethods
inbopred inelode ulteasome pulse velocity |vee 15 13311
(1% 13 ol rebowmad bammer [15 13300 (Fan 2.
prabe penctration, palleut and maturity. Neon-
destrictive tests provide allermatives W vore 1esis lor
estiring the strength of conerete m g strugiuore. o
wun supplement e data obtamed Trom o liotesd
number of cores, These methods ae bosed on
edsureme dd wimaiele  preperty fhaal Dears somme
tehtioms g (o stremgth, The accuracy ol these netbuod s,
el s determimed By the dereee ol cornelutiom
betwern strength amd the physical gualily mwessuned
bt i destructive ests,

A o] e methesds noow B adopted, iowhoch case the
aveplinme crense sl b agreed o prior 0 estimg
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SECTION 3 GENERAL DESIGN CONSIDERATION

18 BASES FOR DESIGN
18.1 Aim of Design

The aim of design is the achievement of an acceptable
probability that structures being designed will perform
satisfactorily during their intended life. With an
appropriate degree of safety, they should sustain all
the loads and deformations of normal construction and
use and have adequate durability and adequate
resistance to the effects of misuse and fire.

18.2 Methods of Design

18.2.1 Structure and siructural elements shall normally
be designed by Limit State Methed. Account should
be taken of acvepted theories, experiment and
experience and the need to design for durability,
Caleulations alone do not produce safe, serviceable and
durable structures. Suitable materials, quality control,
adequale detailing and good supervision are equally
important.

18.2.2 Where the Limit State Method can not be
conveniently adopted, Working Stress Method (yee
Annecx B) may be used.

18.2.3 Design Based on Experimental Basix

Designs based on experimental investigations on
models or [ull size siructure or clement may be
accepted if they satisfy the primary requirements
of 18.1 and subject to experimental details and the
analysis connected therewith being approved by the
engineer-in-charge,

18.2.3.1 Where the design is based on experimental
investigation on {ull size structure or element, load tests
shall be carried oul to ensure the following:

a) The structure shall satisfy the requirements for
deflection (see 23.2) and cracking (ree 35.3.2)
when subjected to a load for 24 h equal to the
characteristic load multiplied by 1.33 v, where
¥, shall be taken from Table 18, for the limit state
of serviceability. IT within 24 h of the removal
of the load, the structure does not show a
recovery of al least 75 percent of the maximum
deflection shown during the 24 h under the load,
the test loading should be repeated after a lapse
of 72 h, The recovery after the second test should
be gt least 75 percent of the maximum deflection
shown during the second test.

NOTE—H the maximum deflection in mm, shown during

24 h under load 15 bess than 40 /D where | is the effective span

in m; and D is the oversll depth of the section in mm, it is not

pecessary fior the recovery tobe messorad,

b) The structure shall have adequate strength 1o
sustain for 24 h, a total load equal to the charac-
teristic load multiplied by 1.33 ¥, where +y, shall
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be taken from Table |8 for the limit steie of
collapse.

18.3 Durabiity, Workmanship and Materials

It is assumed that the guality of concrete, steel and
other materials and of the workmanship, ss verified
by inspections, is' adequate for safety, serviceability
and durability.

18.4 Design Process

Design, including design for durability, construction
and use in service should be considered as a whole.
The realization of design objectivez requires
compliance with clearly defined standards for
materials, production, workmanship and slso
maintenance and use of structure in service,

19 LOADS AND FORCES
19.1 General

In structural design, account shall be taken of the dead,
imposed and wind loads and forces such as those
caused by earthguake, and effects due to shrinkage,
creep, lemperature, etc, where applicable.

19.2 Dead Loada

Dead loads shall be calculated on the basis of unit
weights which shall be established taking into
consideration the materials specified for coastruction.
19.2.1 Alternatively, the dead toads may be calculated
on the basis of unit weights of materials given in
IS 875 (Part 1}, Unless more accurate caleulations are
warranted, the unit weights of plain concrete and
reinforced concrete made with send and gravel or
crushed natural stone aggregate may be taken as
24 kN/m’ and 25 kN/m® respectively.

193 Imposed Loads, Wind Loads and Snow Loads

Imposed loads, wind loads and snow loads shall be
assumed in sccordance with IS B75 (Part 2), IS 875
(Part 3) and IS 875 (Part 4) respectively.

19.4 Esrthquake Forces

The carthquake forces shall be calculated in
accordance with IS 1893,

19.5 Shrinkage, Creep and Tempernture Effects

If the effects of shrinkage, creep and temperature are
liable to affect materially the safety and serviceability
of the structure, these shall be taken into account in
the calculstions (see 6.2.4, 6.2.5 and 6.2.6) and
IS B75 (Part 5).

19.5.1 In ordinary buildings, such as low rise dwellings
whoss lateral dimeasion do not exceed 45 m, the



effects due to temperature fluctuations and shrinkage
and creep can be ignored in design calculations.

19.6 Other Forces and Effects

In addition, account shall be laken of the following
forces and effects if they are liable 16 affect materially
the safety and serviceabilily of the structure;

a} Foundation movement (ree [S 1904),

b) Elastic anial shortening,

¢} Soil and fluid pressurcs [see 1S §75 (Par 5)],
d) Vibration,

e) Fatigue,

f) Impact [see [S 875 (Part 5)),

g) Erection loads [see IS 875 (Part 2)). and

hy Stress concentration effect due to point Inad and

the like.

19.7 Combination of Loads

The combination of loads shall be as given in 15 875
(Pan. 5},

19.8 Dead Load Counteracting Other Loads and
Forces

When dead load counteracts the effects due to other
loads and forces in structural member or joint, special
care shall be exercised by the designer to ensure
adequate safety for possible stress reversal,

19.9 Design Load

Design load is the load 1o be taken for use in the
appropriate method of desiga; it is the characteristic
load in case of working siress method and characteristic
load with appropriate partial safety factors for himal
state design,

20 STABILITY OF THE STRUCTURE
20.1 Overturning

The stability of a structurc as a whole against
overturning shall be ensured so that the restoring
mament shall be not less than the sum of 1.2 times the
maximum overtuming momenl due Wo the charscteristic
dead load and 1.4 times the maximum overturning
moment due to the characterstic imposed loads, In
vases where dead load provides the restoring moment,
only 0.9 times the charactenistic dead load shall be
considered. Restoring moment due to impuosed loads
shall be ignored.

20.1.1 The enchorages or counterweights provided
for overhanging members (during construction and
service) should be such that static equilibrium
should remain, even when overturning moment is
doubled.
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20,2 Sliding

The structure shall have a factor against sliding of not
less than 1.4 under the most adverse combination of the
applied characteristic forces. In this cose only 0.9 times
the charactenstic dead load shall be taken into account,

20.3 Probable Variation in Dead Load

To ensure stability at all times, account shall be taken
of probable variations in dead luad during construction,
repair of elher temporary measures. Wind and seismic
loading shall be treated as imposed loading.

20.4 Moment Coanection

In designing the framework of a building provisions
shall be made hy adequate moment connections or by
a system of bracings 1o effectively transmit all the
herizontal forces 1o the foundations,

20.5 Lateral Sway

Undder wrunsient wind load the lateral sway at the 1op
should nov exceed HISOD, where H i3 the total height
iof the building. For seismic loading, reference should
be made to 1S 1893,

21 FIRE RESISTANCE

211 Acstructure or structural element reguired to have
fire resistance should be designed to possess an
appropriate degree of - resistance to Aame penetration;
heat transmission and faifure. The fire resistance of a
structural element is expressed in termns of time in hours
in aceondunce with IS 1641, Fire resistance of concrele
elernents depends upon details of member size. cover
12 steel reinforcement detailing and type of ageregate
fnormal weight or Hght weight) used in concreie.
General reguircments for fire prutection are given in
I5 1642

21.2 Minimwm requirements of concrete cover and
member dimensions for normal-weight aggregate
concrele members so as (o have the required fire
resistance shall be in accordance with 26.4.3 anul
Fig. | respectively,

21.3 The rewnforcement deculing should reftecr the
changing pattern of the structural section and cnsare
that beth individual elements and the siruciore as a
whole conlain adeguale suppori, ties, honds and
anchorages fur the required fire resistanee

21.3.1 Additional measures such as application of fire
resistant finishes, provision of fire resistant false
erilings and sacrifivial steel in tensile zone, shoukd he
adopied in case the nominal eover required excecds
40 mm for beams and 35 mm for slabs, 1o give
protection against spalling.

21.4 Specialist literature may be referred to for
determisnng tire resistance of the struchores which have
nel been covered in Fig. 1 or Tahle 16A.
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22 ANALYSIS 21.2 Effective Span
221 General Unless otherwise specified, the effective span of a

All structures may be analyzed by the linear member shall be as follows:
clastiz theory to calculate internal actions a)  Simply Supported Beam or Slab—The effective

produced by design loads. In lieu of ngurous efastic span of a member that is aot built integrally with
analysis, a simplified anulysis as given in 22.4 for its supports shall be taken as clear span plus the
frames and as given in 22.5 for continuous beams inay effective depth of slab or beam or centre to centre
be adopred. of supporis, whichever is less,

M



by Continuous Beam or Slub — In the case of
continuous beam or slab, if the widih af the
support is less than /12 of the clear span, the
effective span shall be as in 22.2 (o). 1T the
supports are wider than 1/12 of the clear span
or 600 mm whichever is less, the effective span
shall be taken as under:

1) For end span with one end fixed amd ihe
ather continuous of fur intermediate spans,
the effective span shall be the clear span
between supports;

For end spun with one end [ree and the other
continuous, the effective span shall be egual
to the ¢lear span plus half the effective depth
of the beam or siab of the clear span plos
half the width of the disconlinuous suppart,
whichever is less,

In the cuse of spans with roller or rocket
kearings, the elTective span shall always be
the distance between the centres of hearings.

2}

3)

Canrelever — The etfective length of acantdlever
shall he taken as its lenglh to the Tace of the
suppart plus hadf the effective deprth except
where 0 Torms the end of & continaoos Team
where the length W the centre of support shall
be takern,

Frenes — Inthe analysis ol @ contmuous Trane;
centre to centre distance shall be used.

€)

dy

223 Stiffness
12,31 Relative Stiffness

The relative stiffness of the members may be based on
the moment of nertia of the section deternned on
the busis of any one of the lllowing debimbons;

a) Grosy section — The cross-scoion of the
member ignocing reinforcement;

b} Transformed section — The concrele Cross-
section plus the area of reinforcement
transformed on the bass of modular ratio (aee
B-1.3); or

Cracked sertion - The arca of conzrele 1n
compression plus the area of reinforcenicnt
transformed on the basis of modular ratio,

c}

The assumptions made shall be consistent for all the
members of the structure throughout any analysis.

12.3.2 For deflection calculations, appropriaie values
of moment of inertia as specified in Annex C shiuiu
be used.

214 Structural Frames

The simplifying assumptions as given in 22.4.1
10 22.4.3 may be used in the analysis of frames,
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214.1 Arrangement of Imposed Load

) Consideration may be limited to combinations
l:lf.

1) Design dead Toad on all spans with full
design imposed load on two adjacent spans;
and

2y Design dead load on all spans with full
design impesed load on alternate spans.

bl When design imposed load does not exceed
three-fourths of the design dead load, the load
arcngement may be design dead load and design
tggsed load on all the spans.

MIFTE -~ For heams and sluhs confimunua over support
22.4. Liz) may be assuiged.

22.4.2 Subsette Frame

For determining the moments and shears at any floor
or conl level due 1o gravity loads, the beams at that
level together with columns above and below with their
far enids fixed may be considered 10 constitute the
T,

22.4.2.1 Where side sway consideration becomes
critival e W unsymmelry in geometry or loading,
ngorous asalvsis may be required.

2243 For lateral loads, simplified methods may be
usesd 115 phtan the moments and sheary for structurey
et are svrrunetneal. For unsymmetrical or very tall
struciures, more rigorous methods should be used.

225 Moment and Shear Coefficients for
Continvous Beams

2251 Unless more exact estimates are made, for
beainy ol uniferm cross-section which support
suhstantially uniformly distribwted loads over three or
T afnuinsy wihich dee not differ b}' more-than 15 percent
ol the tonpest, the bending moments and shear forces
sl in dexign may be obtained using the coefTicients
given i Tuble 12 and Table 13 respectively.

For muments at supports wheee two unegual spans
meel or in case where the spans are not equally loaded,
the averaee of the two values for the negative moment
al the sagavsr may he taken for design.

Whwere coeflicients given in Table 12 are used for
cateulation of hending moments, rethstribution referred
to in 22,7 shall pot be permitted,

22.8.2 Beams and Slubs Over Free End Supports

Where o imember is built into a masonry wall which
develops only partial restraint, the member shall be
designed L resist a negative moment atthe face of the
support of Wii24 where W ixs the total design load
und [ is the elfective span, or such other restraining
momient as may he shown to be applicable, Farsucha
condition shear coefficient given in Table 13 at the
end support may be increased by 0.05,
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Table 12 Bending Moment Coefficients

(Clause 22.5.1)

Type of Load Span Moments Suppori Momenis
M?Mnl Al I"-'Ek! M-S_uppm‘t M{l;l
of End Span of Interior Mext to ihe Interior

Span End Suppaort Supports
i 2} (3} 4} 5)
Dead fonl and imposed 3 +L =4 el
Joad (fixed) I2 16 1] 12
| load
mpoked {hot +L . !_ I I
fixed) i 12 3 w3

NOTE — For obtaiming the hending moment. the coefficient shall be multiplied by the 1otal design lood mnd effective span.

Table 13 Shear for Coefficients
(Cleprereey 22.5.1 amd 22.5.2)

Type of Load Al Emd Al Support Nexi to the At Al Other
Sujrpart End Support lnterlor Supports
{ﬁlﬂ' Bide Tnmer Shle
{1 (2) 3 (EH 15
Drenel Food snd imposed n4 0h (.55 0.5
bruseh (Flmed)
listpevsed food (nni 045 0& (413 &
fixed)

NOTE -- Far obtairing the shear force, the coefficlent shall be multlpliied by the total design foad.

226 Critical Sections for Moment and Shear

22.6.1 For monolithic construction, the moments
computed at the face of the suppurts shall be used in
the design of the members at those sections. For non-
monolithic construction the design of the member shall
he done keeping in view 22.2,

22.6.2 Crirical Section for Shear

The shears computed at the face of the suppon shall
be used in the design of the member at that section
except as in 22.6.2.1.

22.6.2.1 When the reaction in the direction of the
applied shear introduces compression into the end
region of the member. sections localed at a distance
less than d from the face of the support may be
Jdesigned for the same shear as that computed at
distance o (see Fig. 2).

NOTE—The above clouses are appliceble for beams generally

coftyig umiformly distnbuied lood of whee the principal load
is Incated forther thon 24 from the foce of the suppr,

217 Redistribution of Moments

Redistribution of moments may be done in accordance
with 37.1.1 for limit siate method and in accordance
with B- 1.2 for working stress method. However, where
simplified analysis using coefficients is adopted,
redistribution of moments shall not be done.

kL

23} BEAMS
23.0 Effective Depth

Effective depth of a beam is the distance between the
centroid of the area of tension reinforcement and the
maximum compression fibre, excluding the thickness
of finishing material not placed monolithically with
the member and the thickness of any concrete provided
to allow for wear, This will not apply to deep beams.

23.1 T-Beams and L-Beams
231.1 General

A slabh which is assumed to act as a compression
flange of a T-beam or L-beam shall satisfy the
fullowing:
a) The siab shall be cast integrally with the web,
or the weh and the slab shall be effectively
honded logether in any other manner; and

If the main reinforcement of the slab is paralle!
to the beam, transverse reinforcement shall be
provided as in Fig, 3; such reinforcement shall
not be less than 60 percent of the main
reinforcement at mid span of the slab.

23,1.2 Effective Width of Flange

In the absence of more socurate determination, Lhe
effective width of flange may be taken as the following

b)
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+

(b)

FiG. 2 TyFicaL SUPPORT CoNIITIONS FoRt LoCATING FACTORED SHEAR Force

but in no case greater than the breadth of the web plus
hatf the sum of the cleas distances 1o the adjacent beams
on either side.

a) For T-beams, b, =% +b, + 6D,

b) For L-beams, b, =-:~g-+ﬁ_ + 3D,

c) For isolated beams, the effective flange widih
shall be obtained as below but in no case greater
than the actual width:

where
b, = effective width of flange,

I, = distance between points of zero moments
in the beam,

b_ = breadth of the web,
D, = thickness of flange, and
# = acrual width of the Nange.
MOTE =— For contingoud beams and frames, 'L may be
ansurmed an 0.7 tlmes the effective span
131 Control of Deflection

The deflection of & structure or part thereof shall not
adversaly affect the appearance or efficiency of the

»

structure or finishes or partitions. The deflection shall
generally be limited to the following:

g) The final deflection due to &l loads including
the effects of temperature, creep and shrinkage
and measured from the as-cast level of the
supports of floors, roofs and all other horizontal
members, should not normally exceed span/250.
The deflection including the effects of
temperature, creep and shrinkage occurming afier
erection of partitions and the application of
finishes should not normally exceed spanfi5S0
or 20 mm whichever is less.

23.2.1 The vertical deflection limits thay. generally be
sssumed to be satisfied provided that the span 1o depth
ratios are nol greales than the values oblained as below:

a) Basic values of span to effective depth ratios
for spans up to 10 m:
Cantilever

Simply supported 20

Continuous 26

For spans above 10 m, the values in (2) may be
multiplied by 10/span in metres, except for
cantilever in which case deflection calculstions
should be made.

Depending on the area and the stress of
stee] for tension reinforcement, the values in (a)
or (b) shall be modified by multiplying with the
modification factor obtained as per Fig. 4.
Depending on the area of compression
reinforcement, the value of span to depth ratio
he further modified by multiplying with the
modification factor obtained as per Fig. 5.

b

7

b)

<)

d)
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SECTION XX

Fic. 3 Transverse RemrorceMenT ™ FLavce o T-Bram Wien Mamn REmrosceMenT oF
SLAB 15 Pararier To THE BEAM

] For flanged beams, the values of (a) or (b) be on area of section equal o b 4.
modified as per Fig. 6 and the reinforcement

. NOTE—When deflections are required to be calculniad, the
percentage for use in Fig. 4 and 5 should be based method given in Annex, C may be wsed,

) \\\ \
16 \ A \h. \\1l <
SANANENE NN
= F"I.?ﬂ-
FENNENASNSTNEE
E \\.h\“‘"ﬁ._ i . ! = 190 ——
[y
E 08 === 15=290
&
H I
i} Note: 1y 15 STEEL S5TRESS OF SERVICE
LOADS W N
Q 04 o8 12 16 -0 26 8

PERCENTAGE TENSION REINFORCEMENT

Arsa of cross -secrion of sieel raguired

£, =058, Areaed crows - secticn of steel provided

Fio. 4 Moomcanion Factor For Tension REINFORCEMENT
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213 Slenderness Limits for Beams (o Ensure
Lateral Stability

A simply supported or contiruous beam shall be so
proporiioned that the clear Jistance between the lateral

-
-

whichever

, 25
restraints does et exceed 60 b or

1% less, where o is the elfective depth of the beam and
b the breadth of the compression fuce midway betwesn
the lateral restraints,

For 2 cantilever, the clear disiance from the free end
of the cantilever to the lateral restraint - shall oot

100s*

exceed 28 b or e whichever is less.

24 S0OLID SLABRS
24.1 General

The provisions of 23.2 for beams apply to slabs
also.

39

MNUOTES

1 For slabs spanning in two directions, the shoner of ihe two
spans shotld be used far calculating the span to effective
degith rathos

For two-wiy tlabs of shoster spand (up to 3.5 m) with mald
stoe| reimforcement, the span to overall depth ratios given
below may gencrally be nzswined (o safisly verlical
deflection bimits for looding class up to 3 kM/m?,

Simply supporied slabs 15
Contmuous slabs &)

For high stre ngth deformed bars of grode Fe 41 5, the values
given above should be multiplied by 0LE.

24.2 Slabs Cootinuous Over Supporis

Slabs spanning in one direction and conlinuous over
supports shall be designed according o the provisions
applicable W continuous beams,

24,3 Sisbs Monolithic with Supports

Dending moments in stahs {except Nat slabs) constructed
momidithically with the suppons shall be caleulated by
taking such slabs either as cominuous gver supports and
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capable of [ree rotation, or as members of a continuous
framework with the supporis, taking into account the
stiffness of such supports. If such supports are formed
due 1o heams which justify fixity at the support of slabs,
then the effects on the supporting beam, such as, the
hending of the web in the transverse direction of the
beam and the torsion in the longitudinal direction of the
beam, wherever applicable, shall also be considered in
the design of the beam.

24.1.1 For the purpose of calculation of moments in
slabs in a monolithic structure, it will generally be
sufficiently accurate to assume that members connected
to the cnds of such slabs are fixed in position and
direction al the ends remote from their connections
with the slabs.

24.3.2 Slahs Carrying Concentrated Load

24.3.2.1 If & solid slab supported on two opposile edges,
carries voncentrated lopds the maximum bending
moment caused by the concentrated loads shall be
assumed [0 be resisted by an effective width of slab
{measurcd parallel to the supporting edges) as follows:

a) For a single concentrated load, the effective
width shat] be calculated in accordance with the
fullowing equation provided thal it shall not
exceed the actual width of the slab:

S

whers

b, = -effective width of slab,

k = constant having the values given in Tahle
14 depending upon Lhe ratio of the width
of the slab (1% 10 the cffective span Lie

x = distance of the centroid of the
concentraled load from nearer support,

[, = effective span, and

a = width of the contact area of the

concentrated load from nearer support
measured parallel to the supported edge.

And provided farther that in case of a load near
the unsupported edge of a slab, the effective
width shall noi exceed the above value nor half
the above value plus the distance of the load from
the unsupporied edge.

by Fortwo or more concentrated loads placed in a
line in the direction of the span, the bending
moment per metre width of slah shall be
calculated separately for each lnad according 1o
its appropriaie effective width of slab calculated
as in (a) above and added together for design

calculations.

¢) For two or more loads not in a line in the
direction of the span, if the effective width of
slab for one load does not overlap the effective
width of slab for another load, both caleulated
as in (@) above, then the slab for each load can
be designed separately. If the effective width
of slab for one load overlaps the effective width
of slab for an adjacent load, the overlapping
portion of the slab shall be designed for the
combined effect of the two loads.

Table 14 Values of k for Simply Supported and

Continuous Slabe
{Clauze 24.3.2,1)

ih, k for Stmply k for Continuous

Supported Siube Slabe
ol na 0.4
02 0E 0.B
0.3 L6 .16
04 L44 144
0.5 1.72 168
08 _ 1.96 184
07 212 .96
0.8 224 208
09 216 2.16
1.0 and above 2.48 224

d) For canhilever solid slabs, the effective width
shall be calculated 1n accordance with the
tollowing equation:

b = 12a +a
where

b, = effective width,

4, = distance of the concentrated load from the
face of the canulever support, and

4 = width of contact area of the concentrated
tnad measured parallel to the supporting
edge.

Provided that the effective width of the cantilever

slab shall not exceed one-third the length of the

cantilever slab measured parallel to the fixed edge.

And provided further that when the concentrated
load is placed near the extreme ends of the length
of cantilever slab in the direction parallel to the
fixed edge, the effective width shall not exceed
the above value, nor shall it exceed half the
above value plus the distance of the concentrated
load from the extreme end measured in the
direction parallel to the fixed edge.

24.3.1.2 For slabs other than solid slabs, the effective
width shall depend on the ratio of the transverse and
longitudinal flexural rigidities of the slab. Where this
retio is one, that is, where the transverse and
longitudinal flexural rigidities are approximately
equal, the value of effective width as found for solid
glabs may be-used. But as the ratio decreases,
proportionately smaller value shall be taken.



24.3.2.3 Any other recognized method of analysis for
casds of slabs covered by 24.3.2.1 and 24.3.2.2 and
for all other cases of slabs may be used with the
approval of the enginesr-in-charge.
24.3.2.4 The critical asction for checking shear shall
be as given in 34.2.4.1.

24.4 Slabs Spanning in Twe Directions at Right
Angles

The slabs spanning in two directions at right angles
and carrying uniformly distributed load may be
designed by any acceptable theory or by using
coefficients given in Annex D. For determining
bending moments in slabs spanning in two directions
at right angles and carrying concentrated load, any
accepled method approved by the engineer-in-charge
may be adopted.

on Fipeoud's or Wester-guard's theory and the most commonly
wend fimnit state of collapse method ks based oo Johansen's yield-

line= theory.

24.4.1 Restrained Slab with Unequal Conditions at
Adjacent Panels

In some cases the support moments calculated from
Table 26 for adjacent panels may differ significantly,
The following procedure may be adopred 10 adjust
them:
2) Calculate the sum of moments at midspan and
supports (neglecting signs).
b) Treat the values from Table 26 as fixed end
momhents,
¢} According to the relative stiffness of adjacent
spans, distribute the fized end moments across
the supports, giving new support momenis.
d) Adjust midspan moment such that, when added
to the support moments from {¢) (neglecting

IS 456 : 2000
signa), the total should be equal to that from (a).

If the resulting support moments are signifi-

cantly greater than the value from Table 26, the

lension steel over the supports will need to be
extended further. The procedure should be as
fiollows:

1} Take the span moment as parabolic between
supports: its maximum value is as found
from (d).

1) Determune the points of contraflexure of the
new suppont moments [from (c}] with the
span moment [from (1)},

3) Extend half the suppont tension stee] at each
end to at least an effective depth or 12 bar
diameters beyond the nearest point of
contraflexure.

4) Extend the full area of the support tension
steel at each end 1o half the distance from
(3).

24.5 Loads on Supporting Beams

The lpads on beams supporting solid slabs spanning
in two directions at right angles and supporting
uniformly distributed loads, may be assumed to be in
accordance with Fig. 7.

25 COMPRESSION MEMBERS
15.1 Definitions

25.1.1 Column or strut 15 & compression member, the
eifective length of which exceeds three times the least
lateral dimension,

25.1.2 Short and Slender Compression Members

A compression member may be considered as short
& o

when both the slendemes? Mtion -% and %L are less

than 12:

B

LOAD IN THIS SHADED
AREA TO BE CARRIED
ay BEAM 'R’
LOAD IM THIS SHADED AREA
TO BE CARRIED BY BEAM ‘A

Fig, 7 Loap CanrmEn sy SurrorTiNG BEAMS

2118 BISI7—7
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where

[, = elfecuve length in respect of the major
anis,

{3 = depth in respect ol the major axis,

= effective length in respect of the minor

vy 7
anis, and

o= wilth of the member,

It shall ctherwise he considered as a slender
compression member,

25.1.3 Unsupporied Length

The unsuppurted length, 1, of a compression member
shall he taken as the clear distance hetween end
restramts except that:

a}  in flot slah construction, it shall be clear distance
between the floor and the lower extremity of
the capital, the drop panel or slab whichever is
the least.
in beam and slab construction, it shall be the
clear distance between the floor and the
underside of the shallower beam framing inlo
the columns in each direction st the neat higher
foor level.

k)

¢) incelumns restramed laterally by struts, il shall
he the clear distance between consecutive
struts in each vertical plane, provided that to be
am wdeguate support, two such struts shall
mueet the columns @t approximately the same
tevel and the angle hetween vertical planes
through the struts shall not vary more than 307
from a right angle. Such struts shall be of
adequate dimensions and shall have sutficient
atchorage lo restram the member against lateral
deflection,

d] in columns restrained laterally by struts or
beams, with brackets ased ot the junction, it shall
be the clear distiance hetween the floor and the
lower cdge of the bracket, provided that the
hracket width equals that of the beam strut and

15 af least half that of the column.

25.2 Effective Length of Compression Members

In the ahsence of more exacl analysis, the effective
length [, of columns may be obtained as described in
Annex E

25.3 Slenderness Limils for Columns

25.3.1 The unsupported lengih between end restraints
shall not excecd 6l umes the least Tateral dimension
of u column,

25.3.2 If, n any given plane, one end of a column is
unresirained, its unsupporied length, [, shall not exceed
100 57
Fi]

42

where
b = width of that cross-section, and
[} = depthof the cross-section measured in the

plane under consideration.
254 Minimum Eccentricity

All columns shall be designed for minimum
ecceniricity, equal to the unsupported length of colomn/
500 plus lateral dimensions/30, subject to a minimum
of 20 mm. Where bi-axial bending is considered, it is
sufficicnt to ensure that eccentricily exceeds the
minimum about one axis al a time.

26 REQUIREMENTS GOVERNING
REINFORCEMENT AND DETAILING

26.1 General

Reinforcing steel of same type and grade shall be used
as main reinforcement in a structural member,
However, simultaneous use of two different types or
grades of steel for main and secondary reinforcement
respectively is permissible.

26.1.1 Bars may be amanged singly, or in pairs in
contact, or in groups of three or four bars bundied in
contact. Bundied bars shall be enclosed within stirmups
or ties, Bundled bars shall be tied together to ensure
the bars remaining together. Bars larger than 32 mm
diameter shall not be bundled, except in columns,
26.1.2 The recommendations for detailing for
earthquake-resistant construction given in IS 13920
shiould he taken into consideration, where applicable
(see alyo [S 4326).

26.2 Development of Stress in Reinforcement

The calculated tension or compression in any bar ai
any section shall be developed on each side of the
section by an appropriate development length or end
anchorage or by a combination thereof.

26.2.1 Development Length of Bars
The development length L, is given by

-89
4Ty

L,

where
¢ = nominal diameter of the bar,
G, = stress in bar at the section congidered at design
load, and
1,, = design bond stress given in 26.2.11.
MOTES

1 The development length includes snchomge volues of hooks
in ienstom reinforcemant.

2 For bars of sectiona other than circular, the developmeni
Iength shoold be sufficient to develop the stress in the bor
by bond,
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26.2.1.1 Design bond stress in limit state method for plain bars in tension shall be as bolow:

Grade of concrete M 20 M 25 M 30 M 35 M 40 and above
Dezign bond stress, 1.2 14 1.5 1.7 14
r, N/mm?
For deformed bars conforming 1o 15 1786 these values 2} 1n the compression zone, from the mid depth
shall be increased by 60 percent. of the beum.
For bars in compression, the values of bond stress for by Stirrups—Motwithstanding any of the
bars in tension shall be increased by 25 percent, provisions of this standard, i1 case of secondary
The values of bond stress in working stress design, reinforcement, such as stirmups and transverie
v !i\’ﬁ'b in B-2.1. ties, complete development lengihs and
anchorage shall be deemed to have been
26.2.1.2 Bars bundled in contact provided when the bar is bent through an angle
The development length of cach bar of bundled bars of at least 90¢ round a bar of &t lcast s own
shall be that for the individual bar, increased hy 10 diameter and 1s continued beyond the end of the
percent for two bars in contact, 20 percent for three curve for a length of at least cight diameters, or
bhars in contact and 33 percent for four bars in contact. when the har is bent through an angle of 135"

and s continued heyond the end of the curve

36.2.2 Anchoring Reinforcing Bars for a length of at least six bar dismeters or when

26.2.2.1 Anchoring bary in tension the: bar 15 bent through an angle of 1H0° and 13
a) Deformed bars may be used without end continued beyond the end of the curve for o
anchorages provided development length length of at least four bar diameters.

requirement is satisficd. Hooks should normally
he provided for plain bars in lension,
b} Bends and hoaks — Bends and hooks shall The hearing stress in concrele for bends and hooks
conform ta IS 2502 deseribed in 135 2502 need not be chiecked. The bearing
stress inside a bemd in any other bend shall be caleulated
as given below:

26.2.2.5 Hearing srressés of bendy

1) Bends—The anchorage value of bend shall
be taken as 4 umes the diameter of the bar
for cach 45" bend subject 1o a maximum of
16 times the diameter of the tar

2} Heooks—The anchorage value of a standard
U-type hook shall be equasi to 16 times the
diameter of (he bar.

; F
Bearing stress = —=
r

wherc
F = tensile force duc to design loads in a bar

e e of harg,

26.2.2.2 Anchoring bars in compression = internal radius of the bend, and

The anchorage length of straight bar in compression ¢ = size of the bar or, in bundie, the size of bar
shall be equal to the development length of bars in of equivalent area.

compression as specified in 26.2.1. The projevied
length of hooks, bends and straight lengths heyond :
bends if provided for a bar in compression, shall only  exveed L where [ 15 the characieristic cubwe
he considered for development length. 1+1¢/u "

o sirength of concrete and g, for a particular bie or grow
26.2.2.3 Mechanical devices for unchorage of hai in contact shall be takzni'::.' the cenlre Lo f-unhﬂ
Any mechanical or other device capable of developing  distance beiween bars or growps of bars perpendicular
the strength of the bar without damage o concrele may 1o the plane of the bend; for a bar or group of
be used as anchorage with the approval of the engineer-  bars adjacent w the face of the member e shall he
in-charge. taken as the cover plus size of bar (@), For working
«wiress method of design, the bearing stress shall

For linmt stade method of design, this stress shall nat

26.2.2.4 Anchoring shear reinforcement

a) Inclined bars — The development length shall  nop exceed — 28—,
he as for bars in tension; this length shall be 1+2¢/u

measured as under: 26.2.2.6 I a change in direction of tension or
1) In tension zone, from the end of the sloping  compression reinforcement induces o resultant force
or inclined portion of the bar, and acting outward tending wo split the conerele, such foree

41
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should be taken up by edditional links o7 stirrups. Bent
tension bar at a re-entrant angle should be avpided,
26.2.3 Curtailment of Tension Reinforcement in
Flexural Members

26.2.3.1 For curtailment, reinforcement shall extend
beyond the point at which it is no longer required
resist flexure for & distance equal to the effective depth
of the member or 12 times the bar diameter, whichever
is greater except at simple support or end of cantilever.
In addition 26.2.3.2 to 26.2.3.5 shall aiso be satizfied.
NOTE—A point &t which reinforcement [e s longer roquined
to resist fexure is where the rosistance moment of the section,
contidering anly the continuing bars, is equai to the design
moment,
26.2.3.2 Flexural reinforcement shall not be terminated

in & tension zone unless any one of the following
conditions is satisfied:

a) The shear al the cut-off point does not exceed
two-thirds that permitted, including the shear
strength of web reinforcement provided,

b} Stirrup area in excess of that required for shear
and torsion is provided along each terminated
bar over a distance from the cut-off point equal
to three-fourths the effective depth of the
member, The excess stirrup area shall be not
lﬁaihmﬂjhffruMabiaﬂmhIMui
beam, s is the spacing and f, is the characteristic
strength of reinforcement in N/mm®. The
resulting specing shall not exceed d/8 i, where
B, is the ratio of the area of bars cut-off to the
tolal area of bars at the section, and & is the
effective depth.

c) For 36 mm and smaller bars, the continuing bars
provide double the area required for flexure at
the cul-off point and the shear does not exceed
three-fourths that permilted.

26.2.3.3 Positive moment reinforcement

a) Al least one-third the positive moment
reinforcement in simple members and one-
fourth the positive moment reinforcement in
continuous memnbers shall extend along the saeme
face of the member into the support, to & length
equal to L, /3.

b) Whee a flexural member is part of the primary
lateral load resisting system, the positive
reinforcement required to be extended into the
support as described in (a) shall be anchored 1o
develop its design stress in tension at the face
of the support.

¢) At simple supports snd at points of mflection,
positive moment tension reinforcement shall be
timited to a diameter such that L, computed for
f, by 26.2.1 does not exceed

Fels

whaen

M, = moow® of revinasce of the section
pspmrving all reinforcement M the section
0 be siregsed (0 f;
0.57 1, In the case of limit state design
and the permissible stress g in the case
of working stress deslgn;
shear force at the section due to design
loads;
sum of the anchorage beyond the centre
of the support and the equivalent
apghorage value of any hook or
mechanical spchorage at simple support;
and ot & point of inflection, L is limited
to the effective depth of tha members or
12¢, whichever in greater; and

¢ = diameter of bar.

The value of M,/ Vin the above expression may be

Incregssd by 30 percent when the ends of the
reinforcement are copfined by a compressive reaction,

26,234 Negasive moment reinfarcement

Al laast one-third of the total reinforcesment provided
for nogative momant a the sspport shall extend beyond
the point of inflsction for » distance not less than the
effective depth of the member of 124 or one-sixteenth
of the clear span whichever is greater.

26.2.3.5 Curtailment of bundled bars

Bars in a bundle shall terminate at different poinis
spaced spart by not leas than 40 times the bar diameter

encept for bundles stopping at a support,
26.2.4 Special Members

Adequate end anchorage shall be provided for tengion
reinforcement in flexural members where reinforce.
ment stress is not directly proportional to momant,
such as sfoped, stepped, or tapered footings; brackets;
deep beams; and members in which the tension
reinforcement is pot paralls! o the compression face.

26.2.5 Reinforcement Splicing

Where splices are provided in the reinforcing bars, they
shall as far as possible be away from the sections of
maximum stress and be staggered. It ls racommendad
that splices in floxural members should ot be at
sections where the bending moment is more than 50
percent of the moment of resistance; and not more than
half the bars shall be spliced at & section,

Where more than one-half of the bars are spliced at a
section or where splices are mado st points of
maximum stress, special precautions shal] be waken,

L, =



such as increasing the length of lap and/or using spirals
or closely-spaced stirrups around the tengih of the
splice.

26.2.5.1 Lap splices

a) Lapsplices shall not be used for bars {arger than
36 mm; for larger diameters, bars may be
welded (see 12.4); in cases where welding is
nol practicable, lapping of bars larger than
36 mm may be permitted, in which case
additional xpirals should be provided around the
lapped bars,

b) Lap splices shall be considered as siaggered if
the centre to centre distance of the splices is
not bess than 1.3 times the lap length calculated
as described in (c).

¢) Laplength including anchorage value of hooks
for bars in flexural tension shall be L, (see
26.2.1) or 30¢ whichever is grealer
and for direct tension shall be 2L, or 30¢
whichever is greater. The straight length of the
lap shall not be less than | 5¢ or 200 mm. The
following provisions shall also apply:

Where lep occurs for a tension har Jocated at:

1} top of a section as cast and the minimum cover
is less than twice the diameier of the lapped
har, the lap length shall be increased by a factor
of 1.4,

23 comer of a section and the mimmum cover to
either face is less than twice the diameter of
the lapped bhar or where the clear distance
hetween adjacent laps is less than 75 mm or &
times the diameter of lapped bar, whichever is
greater, the lap length should be increased by s
factor of 1.4.

Where both condition { 1) and (2) apply, the lap

length should be increased by & factor of 2.0.
NOTE—Splices in tention mermbers shall ba enclosed in
spirals madke of bars not jess than & mm diasmeter with pitch
nod myere than 100 mm.

d) The lap length in compression shall be equal to
the development length in compression,

calculated as described in 26.2.1, but not less-

than 24 ¢.

e) When bars of two different diameters are to be
spliced, the lap length shall be caiculated on
the basis of dismeter of the smaller bar.

f) When splicing of welded wire fabric is to be
carried out, lap splices of wires thall be made
so that overlap measured between the extreme
cross wires shall be not less than the spacing of
pross wires plus 100 mm.

g} In case of byndled bars, lapped splices of
bundled bars shall be made by splicing one bar
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al a lime, such individual splices within a bundle
shall be staggered.

26.2.52 Strength of welds

The following values may be used where the strength
of the weld has been proved by tests to be at Jeast as
great as than of the parent bar.

8) Splices in comprestion — For welded splices
snd mechanical connection, 100 percent of the
design strength of joined bars,

b} Splices in tension

1) B0 percent of the design strength of welded
bars (100 percent if welding is siricily
supervised and if al any cross-section of the
member not more thap 20 percent of the
tensile reinforcement is welded),

2) 100 peroent of design strength of mecha-
nical connection.

26253 End-bearing splices

End-hearing splices shall be used only for bars in
compression. The ends of the bars shall be square cut
and concentric bearing ensured by suiiable devices.

26.3 Spacing of Reinforcement

26.3.1 For the purpose of this clause, the dismeter of
a round bar shall be jls nomipal diameter, and in the
case of bars which are nol round or in the case of
deformed bars or crimped bars, the diasmeter shall be
taken as the diameter of a cirole giving an equivalent
effeciive arep. Where spacing limitations and
minimum congrete cover (gee 36.4) are based on bar
diameter, a group of hars bundled in contact shall be
treated as a singlo bar of dismeter derived from the
total equivalent area.

38.3.2 Minimem Distance Behween Individual Bars

The following shall apply for spacing of bars:

a) The horizontal distance between twa parallel
main'reinforcing bars shall usually be not less
than the greatest of the fallowing:

I} The diemeter of the bar if the diameters arc
equal,

2) The diameter of the larger bar if the
diameters are unoqual, and

3} 5 mm mane than te nominal maximum size
of cparse aggregate.

MOTE—This does not preclsde the wee of lorger iz of
aggreguies beyond the congested reinforcement in the
cima member: the size of aggregates may be mdused
around congested reinforcement to comply with this
b} Greater horizontal distance than the minimum

specified in (a) should be provided wherever
possible. However when needle vibrators are
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usced the horizontal distince between bars of a
group may be reduced o two-thirds the
noeminul maximuin size of the coarse aggregme,
provided that sufficient space is Tell between
groups of bars o enable the vibrator to be
immersed,

¢} Where there ane two or more rows of bars, the
bars shall be vertically in line and the minimum
verical distance between the bars shall he
15 mm, two-thirds the nominal maximum size
of aggregate or the maximum size of hars,
whichever is greater.

26.3.3 Mavimmem Distance Between Bars in Tension

Unless the calculation of crock widths shows that a
preater spaving is avceplable, the following rules shall
be applied 1o Nexural members in normal internal or
external conditions of eaposure,

a) Beamy — The horizental distance between
pacallel reinforcement bars, or groups, near the
tension face of 4 beam shall nol be greater
than the value given in Table 15 depending on
the amount of redistribution carried oul in
analysis and the charncteristic sirength of the
reinforcement.

by Sluby

I} The horizontal distunce between paral kel main
reinflorcement bars shall not be mone than theee
times the effective depth of solid slab or
AN mm whichever is smaller,

2) The horizental distance berween parallel
reinforcement bars provided against
shrinkage and temperature shall not be more
thun live times the eifective depth of asolid
slah or 450} mm whichever is smaller.

26,4 Nominal Cover to Reinforcement

26.4.1 Nemcnal Cover

Mominal cover is the design depth of concrete cover
to all steel reinforcements, including links. 1t is the
dimension used in design and indicaled in the drawings.
It shull be not less than the diameter of the bar.

26.4.2 Nominal Cover to Meet Durability Regquirement

Minimum values for the nominal cover of normal-
weight aggregate concrete which should be provided
o all reinforcement, including links depending on the
condition of exposure described in 8.2.3 shall be as
given in Tahle 16,

26.4.2.1 However for a longitudinal reinforcing
bar in a column nominal cover shall in any case not
be less than 40 mm, or less than the diameter of
such bar. In the case of columns of minimum
dimension of 200 mm or under, whose reinforcing bars
donot exceed [2 mm, 8 nominal cover of 25 mm may
be used.

26.4.2.2 For fuolings minimum cover shall be 50 mm.

26.4.3 Mominal Cover to Meet Specified Period of
Fire Resistance

Minimuim values of nominal cover of normal-weight
aggregate concrele to be provided (o all reinforcement
including links to meet specified period of fire
resisipnee shall be given in Table 16A.

26.5 Requivements of Reinforcement for
Structural Members

26.5.1 Beams
26.5.1.1 Tension reinforcement

a) Minimum reinforcemens—The minimum area of
tensivn reinforcement shall be not less than that

-

Table 15 Clear Distance Between Bars

(Claase 26.3.3)
i Percentapge Rediztribution to sr from Section Considered
-0 -1 0 +18 | +30
Clear Distance Between Bars
Mifmm® it mm i mm mm
50 215 60 o 00 300
415 125 155 140 210 25
S0 It5 130 150 173 195

M{ITE — The spacings given tn the table are not applicable 1w members subjected to panticulacly aggresslve envirnaments onless in the
caleulation of the moment of resistonce, £ has been limdted 10 300 Nimm? in limit siote design and o, Hmited to 163 N/mm? in working

stress design,
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Table 16 Nominal Cover to Meet Durability Requirements

{(Clause 26.4.2)
Expasure Nominel Concrete Cover In mm not Lesa Than
Mild 20
Muoderue ¥
Severc 45
Very severs 50
Extreme T5
NOTES

I Por nsain reanforcement op 1o 12 mun diasmetes bar for inild expusure the nominal cover may be redoced by 5 mm
1 Unless npecified otherwise, octunl concrete cover shoald not devinte fmm the required nominal cover by +10 gy
f

3 For exposore condition "sevene” and *very severe’, redinction of 5 mm may be mude, whene concrete peode is M5 and above

Table 164
Nominal Cover to Meet Specified Period of Fire Resistance
(Clguses 214 and 26.4.3 amd Fig, 1)

Fire Mominal Cover
Resis- —— —
tance Bearns Slubs Rits Colurnns
Sirmply Continuous Simply Continuoas Simply Continuoos
supported suppoTted supported
h inm mm mim mm mm mim mm
0.5 n pii) 20 b it 0 40
1 20 20 20 w0 M Fa i3 40
1.5 20 i 1% 20 a5 0 an
FJ 4 30 33 15 4% A3 40
i Bl a0 45 ] 53 45 4]
4 T 56 55 45 65 55 an
KODTES

1 The nominal covers given relate specifically 1o the minimum member dimensions given in Fig. 1.
2 Cames that e below the bold line require atiention to the additional measures necessary io reduce the agks of spulling (1er 21.3.1),

given by the followibg:

4 085
bd fy
where

A. = minimum area of tension reinforcement,

= breadth of beam or the breadth of the web
of T-beam,
d = ecffective depth, and
f, = characteristic strength of reinforcement in

Nfmm?.
b) Maxdmim reinforcement—The maximum area of
tension reinforcement shall not exceed 0.04 AP,

24.5.1.2 Compression reinforcement
The maximum arca of compression reinforcement
shall not exceed 0.04 5D, Compression reinforcement
in beams shall be enclosed by stirrups for effective
lateral restraint. The amangement of stirrups shall be
as specified in 26.5.3.2.
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26.5.1.3 Side face reinforcement

Where the depth of the web in 4 beam exceeds 750 mm,
side face reinforcement shall be provided along the two
faces. The total arca of such reinforcement shall be not
less thun 0.1 percent of the web aren and shall be
distributed equally on two faces &l a spacing
niot exceeding 300 mm or web thickness whichever is
less.

26.5.1.4 Transverse reinforcement in beams for shear
and torsion

The transverse reinforcement in beams shall be taken
around the outer-most tension and cotnpression hars,
In T-beams and [-beams, such reinforcement shall pass
around longitudinal bars located close to the outer face
of the flange.

26.5.1.5 Maximum spacing af shear reinforcement

The maximum spacing of shear reinforcement
measured along the axis of the member shall not exceed
0.75 d for vertical stirrups and o for inclined stirrups
al 45", where 4 is the effective depth of the section



under consideration. In no case shall the spacing
exceed 300 mm.

26.5.1.6 Minimum shear reinforcement

Minimuom shear reinforcement in the form of stirrups
shall be provided such that:

A 5

bs,

0.4
0877,

total cross-sectional area of stimup leg
effective in shear,

stirrup spacing along the leagth of the
member,

breadth of the beam or breadth of the
web of flanged beam, and

characteristic strength of the stirrup
reinforcement in N/mm? which shall not
be taken greater than 415 N/mm?®.
Where the maximum shear stress calculated is less than
haif the permissible value and in members of minor
structural importance such as lintels, this provision
need not be complied with.

26.8.1.7 Distribution of torsion reinforcement

When a member is designed for torsion (sez 41 or
B-§) torzion reinforcement shall be provided es below:

2) The transverse reinforcement for torsion shall
be rectangular closed stirrups placed perpen-
dicular to the axis of the member. The spacing
of the stirrups shall not exceed the least of

x*.ﬂ%n-mdiﬂ.}mﬁm:,ndy,m

respeciively the short and long dimensions of
the stirrup.

b) Longitudinal reinforcement shall be placed as
close a2 is practicable to the comers of the croes-
section and in all cases, there shall be at least
one longitudinal bar in each corner of the ties.
When the cross-sectional dimension of the
member exceeds 450 mm, additional
longitudinal bars shall be provided to satisfy the
requirements of minimum reinforcement and
spacing given in 26.5.1.3.

26.5.1.8 Reinforcement in flanges of T-and L-beams
shall satisfy the requirements in 23.1.1(b). Where
flanges are in tension, s part of the main tension
reinforcement shall be distributed over the effective
flange width or a width equal to one-tenth of the span,
whichever Is smaller. If the effective flange widith
exceeds one-tenth of the span, nominal |ongitudinal
reinforcement shall be provided in the outer portions
of the flange.
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16.5.2 Slabs

The rules given in 36.5.31 and 36.5.2.2 shall apply
to slabs in addition to thoss giveh in the appropriste
clauses.

26.8.2.1 Minimum reinforcement

The mild sieel reinforcement in eithef direction i slaba
shall ot be less than 0.13 pereent of tie tokal cross-
sectional ars. Howeveh tia valoe can be reduced to
0.12 perosiit When high strength deformed bars or
welded wire fabric are used.

26.5.2.2 Maoximum diameter

The diametet of reinforcing bars shall sot exeesd one-
eight of the total thickness of the sieb.

2653 Columnr
16531 wrﬁp"ﬂm

@) The cross-sectional ares of longitudinal
reinforcement, shall be not less than 0.8 parcent
nor more than & percent of the gross ¢ross-
seciional area of the column.

NOTE — The ase of & porcent rinforossttet may fveive
practical difficukien in placing sed sttepacting of concress,
henos lewer percestage it recommended, 'Where bam Yrowd
the columss below have 1o be inpped with thfiie in the
colema under condideratien, B [Mentage of smel shall
wually not cxcesd 4 parcont

In any column that has a larger cross-sactional
area than that required to support the load,
the minimum percentage of steel zhall be
based upon the area of concrete required to
resist the direct stress and not upon the actual
area.

The minimum number of longitudina] bars
provided im a cobumn shall be four in rectangular
columns and =ix i circular columns.

The bars shall not be less than 12 mm in
diameter.

A reinforced concrete column having belical
reinforcement shall have at least gix bars of
longitudinal reinforcement within the helical
reinforcement.

In a belically reinforced columm, the longitudinal
bars shall be in contact with the helical
reinforcement and equidistant around its inner
circumference.

Spacing of longitudinal bars measured along
the periphery of the column shall not exceed
300 mm.

In case of pedestals in which the longitudinal
reinforcement is not taken in account in strength
not lesa than 0.15 percant of the cross-sectional
area shall be provided.

b)

€)

d)

€)

1]

h)



NOTE — Pedistal is & compression member, the effective
leagth of which does not exceed three times the laast Interal
dimenghon.

26.5.0.2 Transverse reinforcement

2} General—A reinforced concret= compression
member shall have transverse or helical
reinforcement so disposed that every longitu-
dinal bar nearest to the compression face
has effective lateral support against buckling
subject to provisions in (b). The effective lateral
support is given by transverse reinforcement
either in the form of circular rings capable of
taking up circumferential tension or by
polygonal links (lateral ties) with intertial angles
not exceeding 135°. The ends of the ransverse
reinforcement shall be properly anchored
[see 26.2.2.4 (b)).

Arrangement of transverse reinforcement

1} 1fthe longimdinal bars are not spaced mare
than 75 mm on either side, iransverse
reinforcement need only to go round corner
and alternate bars for the purpose of
providing effective lateral supports
(see Fig, 8),

[f the longitudingl bars spaced at & distance
of not exceeding 48 times the diameter of
the lie are effectively tied in two directions,
additional longitudinal bars in batween these
bars need to be tied in one direction by open
ties (see Fig. 9).

Where the longitudinal reinforcing bars in

a compression member are placed in morc

than ane row, effeative lateral support to the

longitudinal bars in the innér rows may be

assumed to have been provided if:

i) transverse reinforcement is provided for
the outer-most row in accordance with
26.53.2, and

it) no bar of the inner row is closer to the
nearest compresgion face than three
times the diameter of the largest bar in
the inner row (see Fig. 10).

b)

2)

3

4) Where the longitudinal bars in a com-
pression member are grouped (not in
contact) and each group adequately tied with
transverse reinforcement in accordance with
26.5.3.2, the transverse reinforcement for the
compression member as a whole may be
provided on the assumption that each group
is a single longitudinal bar for purpose of
determining the pitch and diameter of the
transverse reinforcement in accordance with
26.5.3.1. The diameter of such transverse

2118 BISOT—8
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reinforcement need not, however, exceed
20 mm (see Fig. 11).

¢} Pitch and diameter of lateral ties
1) Pitch—The pitch of ransverse reinforce-
ment shall be not more than the least of the
following distances:
i) The least lateral dimension of the
compression members;
Sixteen times the smallest diameter of
the longitudinal reinforcement bar to be
tied; and
iii) 300 min.
Diameter—The diameter of the polygonal
links or lateral des shall be not less than one-
fourth of the diameter of the largest

longitudinal bar, and in no case less than
16 mm.

i)

2)

d) Helical reinforcement

1) Pitch—Helical reinforcement shall be of
regular formation with the turns of the helix
spaced evenly and its ends shall be anchored
propetly by providing one and & half extra
turns of the spiral bar. Where an increased
load on the column on the sirength of the
helical reinforcement is allowed for, the pitch
of helical turns shall be not more than 75 mm,
nor mare than one-sixth of the core diameter
of the column, nor less than 25 mm, nor less
than thres times the diameter of the steel bar
forming the helix. In other cases, the
requirements of 26.5.3.2 shall be complied
with,

2) The diameter of the helical reinforcement
shall be in accordance with 26.5.3.2 (c) (2).

26.5.3.3 In columns where longitudinal bars are offset
at a splice, the slope of the inclined portion of the bar
with the axis of the column shall not exceed | in 6,
and the portions of the bar ahove and below the affset
shall be parallel 1o the axis of the column. Adequate
herizontal support at the offsel bends shall be freated
a5 & matter of design, and shall be provided by metal
ties, spirals, or pars of the Moor construction. Metal
lies or spirals so designed shall be placed near (not
more than eight-bar diameters from) the point of bend,
The honzontal thrust o be resisted shall be assumed
as one and half times the horizontel components of
the nominal stress in the inclined portion of the bar,
Offsct bars shall be bent before they are placed in the
forms., Where column faces are offset 75 mm or more,
splices of vertical bars adjacent to the offzet face shall
be made by separate dowels overlapped as specified
in 26.2.5.1.
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27 EXPANSION JOINTS

27.1 Swuctures in which marked changes in plan
dimensions take place abruptly shall be provided with
gxpansion on joints al the section where such changes
secur. Expansion joints shall be so provided that the
necessary movement occurs with o minimom
resistance ot the joint. The structures adjacent to the
joint should preferably be supported on separate
columns or walls but not necessarily on separate
foundations. Reinforcement shall not extend across
an expansion joint and the break between the sections
shall be complete.

<75 |57%
All dimangicns in miltimerres,
Fia. 8

21
229 [nuu ETER §
> /

- \

M

All dimensions in millimeotres.

Fic. 10

27.2 The details as to the length of a structure where
expansion joints have 1o be provided can be determined
after taking into consideration various factors, such us
temperature, exposure to weather, the time and season
of the laying of the concrete, etc. Normally structures
exceeding 45 m in length are designed with one or
more expansion joints. However in view of the large
number of factors involved in deciding the location,
spacing and nature of expansicn joints, the provision
of expansion joint in reinforced cement consrete
structures should be lefi to the discretion of the
designer. IS 3414 gives the design considerations,
which need 1o be examined and provided for.

] T

All dimeasions in millimetres.

Fia. 9

ET!AH SVERSE REINFORCEMENT
3

(3

\Anwmuﬂ. GROUPS

Fs. 11
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SECTION 4 SPECIAL DESIGN REQUIREMENTS FOR STRUCTURAL
MEMBERS AND SYSTEMS

28 CONCRETE CORBELS
24.1 General

A corbel 1s a short cantilever projection which supports
& load bearing member and where:

a) . the distance a_between the line of the reaction
Lo the supported load and the root of the corhel

is less than o (the effective depth of the root of
the corbel); and

the depth at the outer edge of the contact area
of the supported load is nol less than one-half
of the depth at the root of the corbel,

The depth of the corbel ot the face of the support is
determined in accordance with 40.5.1.

28.2 Design

28.2.1 Simplifying Assumptions

The concrete and reinforcement may be assumed Lo
act as elements of a simple strut-and-Lie system, with
the following guidelines:

b)

a) The magnitude of the resistance provided to
honizontal forge should be not less than one-half
of the design vertical load on the corhel
{xee alro 28.2.4).

b) Compatibilily of strains beiween the strut-and-
tie al the corbel root should be ensured.

It should be noted that the horizontal link requirement
described in 38,23 will ensure satisfactory service-
ability performance.

28.2.2 Reinforcement Anchorage

At the fronl face of the corbel, the reinforcement should
be anchored either by:

&) welding to a transverse bar of equal strength —
in this case the bearing area of the load should
slop short of the face of the support by a distance
equal 1o the cover ol the tie reinforcement, or

bending buck the bars to form a loep — in this
case the bearing arca of the load should
not praject beyond the straight purtion of
the bars forming the main tension reinforcement.

bl

28.2.3 Shear Reinforcement

Shear reinforcement should be provided in the fonmn
of horizontal links distributed in the upper two-third
of the effective depth of rool of the cocbel; this
reinforcement should be nul less than one-hall of the
aréa of thi main tension reinforcement and should be
adequately anchored.
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2B.2.4 Resistance o Applied Horizonte! Force

Addiuonal reinforcement connected o the supported
member should be provided 1o transmit this force in
it entirety.

29 DEEP BEAMS
29,1 General

a) A beam shall be deemed 1o be a deep beam when

!
the ratio of effective span to overall depth, 7

is less than:
13 2.0 for a simply supported beam; and
2} 2.5 for a continuaous beam,

A deep beam complying with the requirements
of 29.2 and 29.3 sholl be deemed to satisfy the
provisions for shear.

b)

29.1 Lever Arm

The lever arm z for a deep beam shall be detemined as
below:

a) For simply supperted beams;

r=02(+2 whtni'_f%SI
or
06! h I*:l
= [l W —_
2 =] D

b}  For continuous beams.

z=020+15D

ar

!
h —=%15
when | £ D

!
=[5 — < |
=051 when D

where [ is the cffective span liken i centee to centre
distanice between suppeets or 115 tines the clear span,
whichever is smuller, and £3 15 the overall depth,

29.3 Reinforcement
29.3.1 Positive Retnjorvement

The tensile reintorcement required 1o resist positive
bending moment in any span of a deep beam shali:
a) extend without curtwlm:al efween supports;
b} be embedded bevond the Tace of each suppor,
50 that at the face ol the support it shall have a
development length not less than 0.8 L where

L, is the development lengrh (see 26.2.1), lor
the design stress in the reinforcement; and
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¢) be placed within a zone of depth equal 1o
0.25 Dt = 0.05 | adjacent to the lension face of
the beam where D is the overall depth and | js
the effective span.

2932 Negative Reinforcement
8) Termination of reinforcement — For tensile
reinforcement required to resist negalive
bending moment over a support of a deep beam:
1) Tt shall be permissible to terminate not more
than half of the reinforcement at & distance
of 0.5 D from the face of the support where
D is ns defined in 29.2; and
2} The remainder shall extend over the full
span.
Distribution—When ratio of clear span to
overall depth is in the range 1.0 to 2.5, 1ensile
reinforcement over a support of & deep beam
shall be placed in two zones comprising:

1) azone of depth 0.2 D, adjacent to the tension

face, which shall contain a proportion of the
' . tension steel given by

b)

{
08 —-0%
(5-09)
where
{ = clear span, and
D = overall depth.

2} a zone measuring 0.1 D on either side of

the mid-depth of the beam, which shall
contain the remainder of the tension stzel,
evenly distributed.
For spun to depth ratios less than unity, the
steel shall be evenly distributed over a
depth of 0.8 D measured from the tension
face.

29.3.3 Vertical Reinforcement

If forces are applied to a deep beam in such a way that
hanging action is required, bars or suspension stirrups
shall be protided to carry all the forces concerned.
29.3.4 Side Face Reinforcemen!

Side face reinforcement shall comply with require-
ments of minimum relnforcement of walls (see 32.4).

30 RIBBED, HOLLOW BLOCK OR VOIDED SLAB

30.1 General
This covers the stabs constructed in one of the ways
described helow:

&) Asaseries of concrete ribs with topping cast on
forms which may be removed after the concrete
has set;

b} As a series of concrete 1ibs between precast
blocks which remain part of the completed
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structure; the top of the ribs may be connected

by a topping of concrete of the same strength as
that used in the ribs; and

¢) With a continuous fop and bottom face but
containing voids of rectangular, oval or

other shape.
30.2 Anslysis of Structure

The moments and forces due to design loads on
continuous siabs may be obtained by the methods given
in Section 3 for solid slabs, Alternatively, the slabs
may be designed as & series of simply supported spans
provided they are nat exposed to weather or corrosive
conditions; wide cracks may develop at the supports
and the eagineer shall satisfy himaelf that these will
not impaeir finishes or lesd to corrosion of the
reinforcement.

30.3 Shear

Where hollow hlocks are used, for the purpose
of calculating shear stress, the rib width may be
increased to take account of the wall thickness of the
block on one side of the rib; with narrow precast unils,
the width of the jointing monar or concrete mey be
included.

304 Deflection

The recommendations for deflection in respect of solid
siabs may be applied to ribbed, hollow block or voided
construction. The span to effective depth ratios given
tn 23.2 for a flanged beam are applicable but when
calculating the final reduction factor for web width,
the rib widih for hollow block slabs may be assumed
to include the walls of the blocks on both sides of the
rib. For voided slabs and slabs constructed of box or
[-section units, an effective rib width shell be calculated
sssuming all material below the upper flange of the
unit to be concentrated in & rectangular rib having the
same cross-sectional area and depth.

30.5 Size and Position of Ribs

In-gitu ribs shall be not less than 63 mm wide. They
shall be spaced al centres not greater than 1.5 m apart
and their depth, excluding any topping, shall be nat
more than four imes their width. Generally ribs shall
be formed along each edge parallel to the span of one
way slabs. When the edge is built into a wall or rests
or & beam, a rib st least as wide as the bearing shall be
formed along the edge.

30.6 Hollow Blocks and Formers

Blocks and formers may be of any suitable material.
Hollow clay tiles for the filler type shall conform to
IS 3951 (Part 1). When required to contribute 1o the



structural sirength of a slab they shall:
o) be made of concrete or bumt clay; and
b) have a crushing strength of at least 14 N/mm?

measured on the net tection when axially loaded
in the direction of compressive stress in the slab.

3.7 Arrangement of Reinforcement

The recommendations given in 26.3 regarding
maximum distance between bars apply to areas of solid
concrete in this form of construction. The curiailment,
anchorage and cover 1o reinforcement shall be as
described below:

8} At least 50 percent of the total main
reinforcement shall be camied through at the
bottom on to the bearing end anchored in
accordance with 26.2.3.3.

Where a slab, which is continuous over supports,
has been designed &s simply supported,
reinforcement shall be provided over the support
to control cracking. This reinforcement shall
have a cross-sectional area of not less than one-
guarter that required in the middle of the
adjoining spans and chall extend at Jeast one-
tenth of the clear span into adjoining spans.

In slabs with permanent blocks, the side cover
to the reinforcement shall not be less than
10 mm. In all othar cases, cover shall be
provided according to 16.4.

30.8 Precasts Jolsts and Hollow Filler Blocks

The construction with precast joists and hollow
concrete filler blocks shall conform to 1S 6081 (Parl
1) and precast joist and hollow clay filler biocks shall
conform to IS 6061 (Part 2).

31 FLAT SLABS
31.1 General

b)

c)

The term fist slab means a reinforced concrete slab
with or without drops, supported generally without
beams, by columns with or without flared column
heads (ree Fig. 12). A flat slab may be solid slab or
may have recesses formed on the soffit so that the soffit
comprises & series of ribs in two directions, The
recesses may be formed by removable or permanent
filler blocks. '

31.1.1 For the purpose of this clause, the following
definitions shall apply: :

a) Column sirip — Column strip means & design
strip having a width of 0.25 L, but not greater
than 0.25 |, on each side of the column centre-
line, where [, is the span in the direction
moments arc being delermined, measured centre
1o centre of supports and /, is the span transverse
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to {,, measured centre (o centre of supports.
by Middle strip — Middle strip means s design strip

bounded on each of its opposite sides by the
column strip.

Pane! — Panel means that part of a slab bounded
on each of its four sides by the centre-line of &
column or centre-lines of adjacent spans.

31.2 Proportioning
M.2.1 Thickness of Flat Slab

The thickness of the flat slab shall be generally
controlled by considerations of span to effective depth
ratios given in 23.2.

For slabs with drops conforming to 31.2.2, span to
effective depth ratios given in 23.2 shall be applied
directly; otherwise the span to effective depth ratios
obtained in accordance with provisions in 23.2 shall
be multiplied by 0.9. For this purpose, the longer span
shall be considered, The minimurmn thickness of slab
ghall be 125 mm.

31.2.2 Drop

The drops when provided shall be rectangular in plan,
and have a length in each direction not less than one-
third of the panel length in that direction. For exterior
panels, the width of drops at right angles to the non-
continuous edge and measured from the centre-line of
the columns shall be eqguel 10 one-helf the width of
drop for interior panels.

M.2.3 Column Heads

Where column heads are provided, that portion of a
column head which lies within the largest right circular
cone or pyramid that has a veriex angle of 90%and can
he included entiraly within the outlines of the column
and the column head, shall be considered for design

purposes (see Fig.12).
31.3 Determination of Bending Moment

31.3.1 Methods of Analysis and Design

[t shall be permissible o design the slab system by
ane of the following methods:

a) The direct design method as specified in 31.4,
and

£}

b) The equivalent frame method as specified
in 315, ;

In each case the applicable limitations given in 31.4
and 31.5 shall be met.

31.3.2 Bending Momenits in Panely with Marginal
Beams or Walls

Where the slab is supported by a marginal beam with
adepth greater than 1.5 times the thickness of the slab,
or by & wall, then:
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~ CRITICAL SECTION i CRITICAL SECTION FOR
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-
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TO BE NEOLECTED N THE
CALCULATIONS

12C SLAB WITHOUT DROP & COLUMN

WITH COLUMN HEAD

NOTE — D s the diamecter of colurmn of colamn bead 10 be considered for design and o i effective depth of slab or drop s

approprisie,

Fig. 12 CrmicaL SecTioNs Fok SHEAR N FLaT SLans

a) the total Joad to be carried by the beam or wall
shall comprige those loads directly on the wal!
or beam plus a uniformly distributed load equal
in one-quarter of the total load on the slab, and
the bending moments on the half-column strip
adjacent to the beam or wall shall be one-quarter
of the bending moments for the first interior
column strip.

31.3.3 Trangfer of Bending Momenrs so Columns

When unbalanced gravity load, wind, earthquake, or
other lateral loads cause transfer of bending moment
between slab and column, the flexural stresses shall
be investigated using a fraction, & of the moment given

b)

hy:
|
o=
2 |a
Wi
where
a, = overall dimension of the critical section
for shear in the direction in which
moment acts, and
a, = overall dimension of the critical section

for shear transverse 1o the direction in
which moment acls.
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A slab width between lines that are one and one-half
siab or drop panel thickness; 1.5 D, on each side of
the column or capital may be considered effective, I
being the size of the column.

Concentration of reirforcement over column head by
closer spacing or additional reinforcement may be used
10 resist the moment on this section.

31.4 Direct Design Method
31.4.1 Limirarions
Slab system designed by the direct design method shall
fulfil the following conditions:

a) There chall be minimum of three continuous
spans in each direction,
The panels shall be rectangular, and the ratio of
the longer span to the shorter span within a panel
shall not be greater than 2.0,
It shall be permissible 1o offset columns to a

maximum of 10 percent of the span in the
direction of the offset notwithstanding the
provision in (b),

The successive span jengths in each direction
shall not differ by more than one-third of the
longer span. The end spans may be shorter but
not longer than the interior spans, and

b)

€

d)



¢} The design live load shall not exceed three times
the design dead load.

31.4.2 Towl Design Moment for a Span

31.4.2.1 In the direct design method, the total design
moment for a span shall be determined for a strip
bounded laterally by the centre-line of the panel on
each side of the centre-line of the supporis.

31.4.2.2 Theabsolute sum of the positive and sverage
negative bending moments in each direction shall be
taken as:

M = 1otal moment;

W = duianluldnnnnml{l.;

[ = clear span extending from face to face of
columns, capitals, brackets or walls, but
not less than 0.65 [,

I, = length of span in the direction of M ; and

I, = length of span transverse to |

31.4.2.3 Circular supports shatl be treated as square
supporis having the same area.

31.4.2.4 When the transverse span of the panels on
either side of the centre-line of supports varies, /, shall
be taken as the average of the transvesse spans,
31.4.2.5 When the span adjacent and parallel to an edge
is being considered, the distance from the edge to the
centre-line of the panel shall be subatituted for L
m3l4.2.2,

31.4.3 Negative and Positive Design Moments

31.4.2.1 The negative design moment shall be located
at the face of rectangular supports, circular supports
being treated as square supports having the same
area.
31.4.3.2 In &n interior span, the total design moment
M shall be distributed in the following proportions:
Negafive design moment 0.65
Positive design moment 035

31.4.3.3 In en end span, the total design moment M
shall be distributed in the following proporiions:
Interior negative design moment:
075 - 010
I+ -—
“l.
Positive design momenl:

0.28

1
I+—
“I‘

(1L63-
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Extetior negative design moment:
0.65

1
14—

@, is the ratio of flexural stiffness of the exterior
columns to the flexural stiffness of the slab al a joint
taken in the direction moments are being determined
and is given by
IX,
= T:'

K = sum of the flexural stiffness of the
columns meeting ot the joint; and
K = flexurs! stiffness of the siab, expressed
as momeni per unit rotation.

31.4.3.4 ft shall be permissible to modify these design
momends by op to |0 percent, solong as the total design
moment, M, for the panel in the direction considered
iz not less than that required by 31.4.2.2.

31.4.3.8 The negative moment section shall he
designed 1o resist the larger of the two interior negative
design moments determined for the spans framing into
a common support unless an analysis is made 1o
distribute the urbalanced moment in accordance with
the stiffness of the adjoining parts,

3144 Distribution of Bending Moments Across the
Panef Width

Bending moments at critical cross-section shall be

distributed to the coluinn sirips and middle sirips as
specified in 31.5.5 us applicable.

31.4.5 Moments in Columns

31.4.5.1 Columns buittintegrally with the slab system
shall be designed Lo resist moments arising from loads
on the slab system.

31.4.5.2 At an interior support, the supporting
members above and below the slab shall be designed
to resist the momeat M given by the following equation,
in direct propoction to their stiffnesses unless a general
analysis is made:

(w, +0.5w, )0, 88 =w) 117

]
+—
i

M =008

where

w,w, = design dead and live loads
respectively, per unil area,

(3 = length of span transverse to the
direction of M,

33



length of the clear span in the
direction of M, measured face to face

of supports;

LK
—ﬁ-hwlzrc K and K areas defined

in 31.4.3.3; and
w,, ", and 1, refer to the shorter span.

31.4.6 Effects of Pattern Loading

In the direct design method, when the ratio of live load
to dead load exceeds 0.5 :

a) the sum of the flexural stiffnesses of the columns
above and below the slab, IK, shall be such
that _is not less than the appropriate minimum
value o specified in Table 17, or

b} if the sum of the flexural stiffnesses of the
columns, ZX , does not satisfy (a), the positive
design moments for the panel shall be multiplied
by the coefficient f, given by the following
equation:

o is the ratio of flexural stiffness of the columns above
and below the slab to the flexural stiffness of the slabs
at a joint taken in the direction moments are being
determined and is given by:

o = ZK

IK,
where K_and K are flexural stiffnesses of column and
slab respectively,

315 Equivalent Frame Method
31.5.1 Assumptions

The bending moments and shear forces may be
determined by an apalysis of the structure as a
continuous frame and the following assumptions may
be made:

a) The structure shall be considered to be made up
of equivalent framez on column lines taken
longitudinally and transversely through the
building. Each frame consists of a row of
equivalent columns or supports, bounded
laterally by the centre-line of the panel on each
side of the centre-line of the columns or
supports. Frames adjacent and paralle] to an edge
shall be bounded by the edge and the centre-
line of the adjacent panel,

b) Eachsuch frame may bo anelyzed in its entirety,
or, for vertical loading, each floor thereof and
the roof may be analyzed separately with its
columns being assumed fixed at their remote
ends. Where slabs are thus analyzed separately,
it may be assumed in determining the bending
moment at & given support that the slab is fixed
8t any support two panels distant therefrom
provided the slab continues beyond the point.

¢} Forthe purpose of determining relative stiffness
of members, the moment of inertia of any slab
or column may be assumed to be that of the
gross cross-section of the concrete alone.

d) Variations of moment of inertia along the axis
of the slab on account of provision of drops shall
be taken into account. In the case of recessed
or coffered slab which is made solid in the
region of the columns, the stiffening effect may
be ignored provided the solid part of the slab
does not extend more than 0.15 | _ into the span
megsured from the centre-line of the columns.
The stiffening effect of flared column heads may
be ignored.

31.5.2 Loading Partern

31.5.2.1 When the loading pattern is known, the
structure shall be analyzed for the load concerned.

Table 17 Minimum Permissible Values of o

(Claure 31.4.6)
Imposed Load/Dead Load n.u.f{l Value ol
]

m @ @
0.5 0%m20 a
10 03 06
10 0 07
10 1o 07
10 125 08
10 20 12
20 05 13
20 0 18
20 Lo 16
20 1.2 19
i0 0 4.5
20 03 18
10 04 20
0 10 23
30 125 8
s} 0 13.0

31.5.2.2 When the live load is variable but does not
exceed three-guariers of the dead load, or the nature
of the live load is such that all panels will be loaded
simultaneously, the maximum moments may be
assumed (o occur at all sections when full design live
toad is on the entire slab system.



31.5.2.3 For other conditions of live load/dead load
ratio and when all panels are not loaded simohtaneously:
a) maximum positive moment near midspan of a
pancl may be assumed to occur when three-
guarters of the full design live load is on the

panel and on allernale panels; and

b) maximum negative moment in the slab al a
support may be assumed o occur when three-
guariers of the full design live load is on the
adjacent panels only.

31.5.2.4 In no case shall design momenis be Laken to
be less than those occurring with full design live load
on all panels.

31.5.3 Negarive Design Moment

31.5.3.1 Al interior supports, the critical section for
negative moment, in both the column strip and middle
strip, shall be taken al the face of rectilinear supports,
but in no case ut a distance greater than 0,175 {, from
the centre of the column where [, is the length of the
span in the direction moments are being determined,
measured cenlre-to-centre of supports,

31.5.3.2 At exterior supports provided with brackets
or capitals, the critical section for negative moment in
the direction perpendicular to the edge shall be taken
at a distance from the face of the supporting element
not greater than one-half the projection of the bracke:
or capital beyond the face of the supporting element.

31,5.3.3 Circular or regular polygon shaped supports
shall be treated as square supports having the same
dared.

31.54 Modification of Maximuem Moment

Moments determined by means of the equivalent frame
method, for slabs which fulfil the limitations of 31.4
may be reduced in such proportion that the numerical
sum of the positive and average negative moments is
not less than the value of total design moment M
specified in 31.4.2.2.

31.5.5 Distribution of Bending Moment Across the
Panel Width

J1.5.5.1 Column strip : Negalive momest at an interior
support
At an interior suppord, the column strip shall be
designed to resist 75 percent of the tolal negative
momenl in the panel at thal support.
31.5.5.2 Column sirip : Negative moment al an exierior
Iupport
a) Atanexterior support, the column sirip shall be
designed to resist the total negative moment in
the pane! at thal support.
b) Whete the exterior support consists of 2 column
or & wall extending for a distance equal o or

2116 BISAT—g
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greater than three-quarters of the value of [, the
length of span transverse to the direction
moments are being determined, the exterior
negative moment shall be considered 1o be
uniformly distributed across the length [,
LSS Column strip : Pasitive moment for each span

For each span, the column strip shall be designed to
resist 60 percent of the total positive moment in the
pane].

3554 Moments in the middle strip

The middle strip shall be designed on the following
bases:

a) That portion of the design moment not resisted
by the column sirip shall be assigned to the
adjacent middle strips.

b} Esch middle strip shall be proportioned to resist
the sum of the moments assigned to its two half
middle strips.

¢) The middle strip adjacent and parafiel to an edge
supported by a wall shall be proportioned to
resist twice the moment assigned to half the
middle strip corresponding to the first row of
interior columns,

31.6 Shear in Flat Slab

31.6.1 The ¢ritical section for shear shall be at a
distance df2 from the periphery of the column/capital!
drop panel, perpendicular to the plane of the slab where
d is the effective depth of the section {see Fig. 12).
The shiape in plan is geometrically similar to the support
immediately beluw the slab (see Fig. 134 and 13B),

NOTE — For colitnm gections with re-entrant angles, the critical

seviion shall be takan & indicated ia Fig. 13C ond 130,
31.6.1.1 In the case of columns near the free edge of
a slab, the critical gection shall be taken as shown in
Fig. 14,

31.6.1.2 When openings in flat slabs are located ot a
distance less than ten Limes the thickness of the slab
from a concentrated reaction or when the openings are
lecated within the column strips, the critical sections
specified in 31.6.1 shall be medified so that the part of
the periphery of the ¢ntical section which is enclosed
by radial projections of the openings to the centroid of
the reaction area shall be considered ineffective
{gee Fig. 15), and openings shall not encroach upon
column head.

31.6.2 Calcularion of Shear Stress

The shear stress T, shall be the sum of the values
calculated according to 31.6.2.1 and 31.6.2.2.

31.6.2.1 The nominal shear stress in flat slabs shall be
laken as ¥/ b d where Vis the shear force due to design
load, b_is the periphery of the critical section and d is
the effective depth.
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31.6.2,.2 When unbalanced gravity load, wind, value of ashall be obtained from the equation given
earthquake or other forces cause mansfer of bending  in 31.3.3,

moment between siab and column, & fraction (1 - a) i

of the moment shall be considered transferred by 3163 Permissible Shear Stress
eccentricity of the shear about the ceniroid of the 31.6.3.1 When shear reinforcement is not provided,
critical section. Shear stresses shall be taken sy varying  the calculated shear swress at the critical section shall
linearly about the centroid of the critical section. The  not exceed T,
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where
k = (0.5 + ) but not greater than 1, § being the
ratio of short side to long side of the column/
capital; and
1, =025 /f; in limit state method of design,

and 0.16 .,I'E in working stress method of

design.
31.6.2.2 When the shear stress at the critical section
exceeds the value given in 3L6.3.1, but less than
1.5 1, shear reinforcement shall be provided. If the
shear siress exceeds 1.51,, the flat slab shall be
redesigned. Shear stresses shall be investigated at
successive sections more distant from the support and
shear reinforcement shall be provided up to a section
where the shear stress does not exceed 0.5 ©_. While
designing the shear reinforcement, the shear stress
carried by the concrete shall be assumed to be 0.5 1,
and reinforcement shall carry the remaining shear.

31.7 Slab Reinforcement

31.7.1 Spacing
The spacing of bars in a flat slab, shall not exceed

2 times the slab thickness, except where a slab is of
cellular or nbbed construction.

31.7.2 Area of Reinforcement

When drop panels are used, the thickness of drop panel
for desermination of area of reinforcement shall be the
lesser of the following;

a} Thickness of drop, and
b} Thickness of slab plus one quarter the distance
between edge of drop and edge «f capital.
31.7.3 Minimum Length of Reinforcement

a) Reinforcement in flat slabs shall have the
minimum lengths specified in Fig.16, Larger
lengths of reinforcement shall be provided when
required by analysis.

b} Where adjacent spans are unequal, the extension
of negative reinforcement beyond each face of
the common column shall be basad nn the longer
span.

c) The length of reinforcement for slabs in frames
not braced against sideways and for slabs
resisting lateral loads shall be determined by
analysis but shall not be less than those
prescribed in Fig. 16.
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31.74 Anchoring Reinforcement

a) All slab reinforcement perpendiculer to a
discontinuous edge shall have an anchorage
{straight, bent or otherwise anchored) past the
internal face of the spandrel beam, wall or
cotumn, of an amount;

|} For positive reinforcement — not less thea
150 mm except that with fabric reinforce-
ment having a fully welded transverse wire
directly over the support, il shall be
permissible to reduce this length to one-half
of the width of the support or 50 mm,
whichever is greater; and

2) Fornegative reinforcement — such that the
design stress is developed gl the intzemal

face, in accordance with Section 3.

Where the slab is not supported by a spandrel
heam or wall, or where the slab cantilevers
heyond the support, the anchorage shall he
obained within the slab.

31.8 Openings in Flat Slabs

Opemings of any size may be provided in the flat slab
if it is shown by analysis that the requirements of
strength and serviceability are mel, However, for
apenings conforming to the following, no special
analysis is required.

a) Openings of any size may be placed within the
middie half of the span in each direction,
provided the tolal amount of reinforcement
required for the panel without the opening is
maintained.

In the area common Lo Iwo column strips, not
more than one-eighth of the width of strip in
either span shall be intermupted by the openings.
The equivalent of reinforcement interrupted
shall be added on all sides of the openings.

In the area commaon Lo cne column strip and one
middle strip, not more than one-guarter of the
reinforcement in either strip shall be interrupted
by the openings. The eguivalent of rein-
forcement interrupted shall be added on all sides
of the openings.

d} The shear requirements of 31.6 shall be satisfied.

bl

h)

)

32 WALLS

32.1 General

Reinforced concrete walls subjected to direct
compression or combined flexure and direct
compression should be designed in accordance with
Section 5 or Annex B provided the vertical
reinforcement is provided In each face. Braced walls
subjected to only vertical compression may be designad
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as perempirical procedure given in 32.2, The minimum
thickness of walls shall be 100 mm,

32.1.1 Guidelines or design of walls subjected 1o
horizontal and vertical loads are given in 32.3.

32.2 Empirical Design Method for Walls Subjected
to Inplane Vertical Loads

32.2.1 Braced Walls

Waills shall be assumed to be braced if they are laterally

supported by a structure in which all the following

apply:
a} Walls or vertical braced elements are arranged

in two directions 50 as to provide lateral stability

1o the structure as a whole.

Lateral forces are resisted by shear in the planes

af these walls or hy braced elements,

Floor and rool systems are designed to transfer

lateral forces.

Connections between the wall and the lateral

suppaorts are designed to resist & horizontal force

nol less than

1) the simple stalic reactions to the total applied
horizontal forces at the level of lateral
support; and

2) 2.5 percent of the total vertical load that the
wall is designed to carry at the level of [ateral
support.

32.L.2 Eccentricity of Yertical Load

The design of 2 wall shall take account of the actual

eccentricity of the vertical force subject to a minimum
value of Q.05 ¢

The vertical load transmitted 1o a wall by &
discontinuous concrete floor or roof shall be assumed
to act al one-third the depth of the bearing area
measured from the span face of the wall. Where there
15 an in-situ concrete floor continuous over the wall,
the load shall be assumed o act at the centre of the
wall.

The resultant escentricity of the total vertical load on
a braced wall at any level between horizontal lateral
supports, shall be calculated on the assumption that
the resuliant eccentricity of all the vertical loads above
the upper support is zero,

32.2.3 Maximum Effective Height to Thickness Rario

The ratio of effective height to thickness, H_/f shall
not exceed 30,
32.2.4 Effective Height
The effective height of & braced wall shall be taken as
follows:
8) Where restrained againsi rotation at both ends
by

b)

]

dl
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Iy Noors DI5H, ur

2y imntersccting walls or 0I5L,
stmilir members
whichever is the lesser.

B} Where not restrined against rotation at both

enids by

Fi Mnors

1.0 H'“ 3

2} interseeting walls or Hiod,
semilar members

whichever s the lesser,

=
il

the unsupported height of the wall,

=
1}

the horieontal distinges belween centres
of fareral restraint.

3225 [design Arial Steengrh of Wall
The design axial steength # | perumit length of a braced
wall in compression may be calculated from the
following equation;
F,=030-12e-2¢e)f,
whire

thickness of the wall,
s evcentricity of lood measurcd at rght

angles o 1he plane ol the wall detennined

in accordance with 32,22, and

additional eccentricity due to slen-
derness effect takenns H_ 72 500 7

323 Walls Subjected to Combined Horizontal
and Vertical Forces

32.3.1 When horizontal forces are in the plane of the
wall, it may be designed for vertical forces in
accordance with 32.2 and for horizontal shear in
accordance with 32.3, In plane bending may be
neglected in case 2 horizontal cross-section of the wall
is always under compression due to combined effect
of horizontal and vertical loads,

32.3.2 Walls subjected o horizonial forces
perpendicular to the wall and for which the design axial
load does not exceed 0.04 f, A . shall be designed as
slabs in sceordance with the appropriate provisiens
tnder 24, where A_is gross area of the section.

32,4 Design for Horizontal Shear

32.4.1 Critical Section for Shear

The critical section for maximum shear shail be taken
at a distance from the base of 0.5 L_ or 0.5
whichever is less.

32.4.2 Nominal Shear Sirexs

The nominal shear stress T, in walls shall be cblained
as fallows:
Tvu = 1III-l f Ld

where
¥ = shear feree due w duesign loads
! = wall thickness.
d = UKl where L bs the length of

the wall
32420 Thndder mo corevmstanees shall the nominal
shiear stress 7 inowalls exceed 0007 fan limai state
method and 012 0 noworking stress method.

3243 Pesicn Shear Steengrle of Conerere

The design shear strength of concrete i walls,
T . without shear seinforcement shall be taken as
Pl

ap For H_JL_£1
T EOO-H LK JF,

where HI 1502 n limt state method and 0,13
i working siress method

by For H AL, =]

Lesser of the woboes vodeadarsgd Trom a8
Abeve and Trom
P HL

T ™ Kaa i

wihvers K in 0045 i fmmit state methaod gl
TUE a0 worrkie soress macthioed, bt shall be
it liess thin -‘f, ..'..'Tl i S Ll wheie -‘ﬂ
w0 FS o Dl state methed and 0010 in
wirking steess methed

3244, Devign af Shear Reinforcement

Shear remforcement shal' he provesded tocarry o shear
egual to V =1 7 (0K L) T case of working stress
method V1 replwed by V. The strength of shear
reinforcement shall be caleglated s per 4004 or B-5.4
with A defined as below:

A =P (OBL)r
where F_is determined as fallows:

a)  For walls where H_.l’ L =1, F‘ shall be the
lesser of the ratios of either the vertical
remnforcement arca or the horizontal
reinfurcement area (o the cross-sectional area
uf wall in the respective diréction.

b) For walls where i_/ L > 1, P_ shall be the
ratio of the honzontal reinforcement area to
the cross-sectional area of wall per vertical
metre.

3AL5 Minimum Requirements for Reinforcement
in Walls

The reinforcement for walls shall be provided as below:



a} the minimum ratio of vertical reinforcement o
gross concrete area shall be;
1} 0,001 2 for deformed bars not larger than
16 mm in diameter and with a characteristic
strength of 415 Nfmin? or greater.

2) 0,001 5 for other types of bars.

1) 0431 2 for welded wire fabric not larger than
16 mm in diameier,
b) Wertical reinforcement shall be spaced not

farther apart than three tmes the wall thickness
nor 450 mm.

¢} The minimum ratio of horizonial reinforcement
o pross concrete area shall be:

by G002 0 for deformed bars not larger than
16 mm in diameter and with & charactenistic
strength of 415 N/mm® or greater,

2} DLM2 5 for ather types of bars.

3) 0.002 0 for welded wire tabric not larger
than 16 mm in diameter.

dy Horizontal reinforcement shall be spaced not
further apart than three times the wall thickness
nor 450 mm.

MOVTE - The miasniin remitecement may sofl always be

sulficient to provike arequie restanee B the #fecrs of

shrinkage and temperifure

32.5.1 For walls having thickness more than 206 mm,
the vertical and horizontal ceinforcement shall
be provided in two prids, one mear each face of the
wall,

32.5.2 Vertical reinforcoment need not be enclosed
by transverse reinforcement ax given in 26.5.3.2 for
columin, 1f the verical remivrcement is not greater
than (.0 times the gross sectional area or where the
verlical reinforcement is not required lor
COMpression.

33 5TAIRS

3.1 Effective Span of Stairs
The effective spin of stairs without stnnger heams shall

15 456 : 2000

be tuken as the following horizonial distances:

a) Where supported #t top and bonom risers by
beams spanning parallel with the risers, the
distance centre-to-centre of beams:

b} Where spanning on to the edige of 4 landing slab,
which spans parallel, with the risers (see Fig.
171, a distance equal te the gaing of the stairs
plus at each end either half the width of the
landing or one inetre, whichever is smaller, and

£l Where the landing slab spans in the same
direction as the staics, they shall be considered
as acting together to form a single slab and the
span determined as the distance centre-to-centre
of the supporting heams or walls, the poing being
measured horizontally.

331 Distribution of Loading on Stairs

In the case of stairs with open wells, where spans partly
vrossing al right angles occur, the load on areas
common o any two such spans may be taken as one-
half in cach direction as shown in Fig. 18, Where flights
or landings are embedded inlo walls for a length of
ned Jess than |10 mm and are designed 1o span in the
direction of the flght, & 150 mm strip may be deducted
from the loaded area and the effective breadth of the
section increased by 75 mm for pumposes of design (tee
Fig. 19).

31,3 Depth of Section

The depth of section shall be wken as the munimum
thickness perpendiculor to the soflit of the stairciase.

34 FOOTINGS
34.1 General

Footings shall be designed to sustain the applied loads,
monnents wnd Forces dind the induced reactions and o
ensure that any settlement which may occur shall be
s nearly uniform as possible, and the sale bearing
capacily of the soil is not exceeded (vee 15 1904).

3.1 in sloped or stepped footings the effective
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cross-section in compression shall be limited by the
area above Lhe neutral plane, and the angle of slope or
depth und location of steps shall be such that the design
requirements are satisfied at every section. Sloped and
stepped footings that are designed as & unit shall be
constructed lo assure aclion as a unit.

34.1.2 Thickness at the Edge of Footing

In reinforced and plain concrete footings, the thickness
at the edge shall be not less than 150 mm for footings
on soils, nor less than 300 mm above the tops of piles
for footings on piles,

34.1.3 In the case of plain concreie pedestals, the angle
between the plane passing through the bottom edge of
the pedestal and the comresponding junction edge of
the column with pedestal and the horizontal plane
{s2¢ Fig. 20) shall be governed by the expression;

1an & £0.9 %‘i'l--u

THE LOAD O ARE
COMMON TO TWO
SYSTEMS TCO BE
TAMEN AS OME
HALF TN EACH
DIRECTION
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Byt vro WaarLs
where
g, = calculated maximum bearing pressure at
the base of the pedestal in N/fmm?, and
£, = charecteristic streagth of concrete at

28 days in Nfmm?,

342 Moments and Forces
3.2.1 In the case of footings on piles, computation
for moments and shears may be based on the

assumption that the reaction from any pile is
concentrated at the centre of the pile.

34.2.2 For the purpose of computing stresses in foolings
which support a round or octagonal concrete column or
pedestal, the face of the column or pedestal shall be
taken as the side of a square inscribed within the
perimeter of the round or octagonal column or padestal.

34.2.3 Bending Moment

34.2.3.1 The bending moment at any section shall be
determined by passing through the section & vertical

COLUMN

PEDESTAL




plane which extends completely across the footing, and
computing the moment of the forces acting over the
entire arca of the footing on onc side of the said plane.

34.2.3.2 The grealest bending moment 1o be used in
the design of an isolated concrele footing which
supports a column, pedestal or wall, shall be the
moment computed in the mannet prescribed in 34.2.3.1
al sections located as follows:

a) At the face of the eolumn, pedestal or wall, for
footings supporting a concrele column, pedestal
or wall;

b} Halfway between the centre-line and the edge

of the wall, for footings under masonry walls;
nd

c) Halfway between the face of the column or
pedestal and the edge of the gussetied base, for
footings under gussetted bases.

34.2.4 Shear and Bond

34.2.4.1 The shear strength of footings is governed by
the more severe af the following two conditions:

8) The footing acting essentially as a wide beam,
with a potential diagonal crack extending in a
plane across the entire width; the critical section
for this condition shall be assumed as a vertical
section located from the face of the column,
pedestal or wall at a distance equal o the
effective depth of footing for footings on piles.

b} Two-way action of the footing, with potential
diagonal cracking slong the surface of truncated
cone or pyramid around the concentrated load;
in this case, the footing shall be designed for
shear in accordance with appropriate provisions
specified in 316,

34.2.4.2 Incompuling the external shear or any section
through a footing supported on piles, the entire reaction
from any pile of diameter DF whose centre is located
D /2 or more outside the section shall be assumed as
producing shear on the section; the reaction from any
pile whose centre is located D /2 or more inside the
section shall be assumed as producing no shear on the
section. For intermediate positions of the pile centre,
the portion of the pile reaction to be assumed as
producing shear on the section shal] be bazsed on
straight fine interpolation between full value at I
outside the section and zero value at D /2 inside the
section,

34.2.4.3 The critical section for checking the
development length in a footing shall be nssumed ar
the same planes as those described for bending moment
in 34.2.3 pnd also at all other vertical planes where
ghrupt changes of section occur. If reinforcement is
curtailed, the anchorage requirements shall be checked
in accordance with 26.2.3.

2116 BISNOT—10
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314.3 Tensile Reinforcement

The total tensile reinforcement at any scction shall
provide a moment of resisiance ot least equal to the
bending moment on the section calculated in
aceondance with 34.2.3,

34.3.1 Total tensile reinforcement shall be distributed
aeross the comesponding resisting section as given
below:

a) Inone-way reinforced footing, the reinforcement
extending in each direction shall be distributed
uniformly across the full width of the footing;

h} In two-way reinforced square footing, the
reinforcement extending in each direction shall
be distributed uniformly across the full width
of the footing; and

¢} Intwo-way reinforeed reciangular fooring, the
reinforcement in the long direction shall be
distributed uniformly across the full width of
the footing. For reinforcement in the short
direction, a central band equal to the width of
the fonting shall be marked along the length of
the footing and portion of the reinforcement
determined in accordance with the eguation
given helow shall be uniformly distributed
aeross the central band:

Reinforcement in central band width 2
Total reinforcement in short direction [+ 1

where 3 is e ratio of the long side to the shoret
side of the footing. The remainder of the
reinforcement shall Be uniformly dismibuted in
the outer portions of the footing.

34.4 Transfer of Load at the Base of Column

The compressive stress in concrete at the base of a
column or pedestal shall be considered as being
transferred by bearing to the top of the supporting
petlestal or footing. The bearing pressure on the loaded
area shall not exceed the permissible bearing stress in
direct compression multiplied by a value equal o

E}- but not greater than 2;

where
A =

suppurting aren for bearing of footing,
which in sloped or stepped fooling may
be 1aken as the area of the lower hase of
the largest frustum of a pyramid or cone
contained whelly within the footing and
having for its upper hase, the area actually
loaded and having side slope of one
vertical o two horizontal; and

loaded area at the column hase.

S
L]
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For working stress method of design the permissible
bearing stress on full area of concrete shall be taken as
0.25 f,; for limit state method of design the permissible
bearing stress shall be 0.45 f,

34.4.1 Where the permissible bearing stress on the
concrete in the supporting or supported member would
be exceeded, reinforcement shall be provided for
developing the excess force, either by exlending the
longitedinal bars into the supporing member, or by
dowels (see 34.4.3),

34.4.2 Where transfer of force is accomplished by
reinforcement, the development length of the
reinforcement shall be sufficient 1o transfer the
compression or tension (o the supporting member in
accordance with 26.2.

34.4.3 Extended longitudingl reinforcement or dowels
of at least 0.5 percent of the cross-sectlonal area of the
supported column or pedestal and a minimum of four
hars ghall be provided. Whers dowels are used, their

&6

diameter shall no exceed the diameter of the column
hars by more than 3 mm.

34.4.4 Column hars of diameters larger than 36 mm,
in compression only can be dowelled at the footings
with hors of smaller size of the necessary area, The
dowel shall extend into the column, a distance equal
ta the development length of the column bar and into
the fooling, a distance equal to the development length
of the dowel.

3.5 Nominal Reinforcement

34.5.1 Minimum reinforcement and spacing shall be
as per the requirements of solid slab,

34.5.2 The nominal reinforcement for concrete
sections of thickness greater then | m shall be
360 mm? per metre length in each direction on each
face. This provision does not supersede the requirement
of minimum tenstle reinforcement based on the depth
of the saction,
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SECTION 5 STRUCTURAL DESIGN (LIMIT STATE METHOD)

35 SAFETY AND SERVICEABILITY
REQUIREMENTS

35.1 General

In the method of design based on limit state concept,
the structure shall be designed to withstand safely all
loads liable 10 act on it throughout its life; it shall also
salisfy the serviceability requirements, such as
limitstions on deflection and cracking. The acceptable
limit for the safety and serviceability requirements
before failure occurs is called a *limit state”, The aim
of design is to achieve acceptable probahilities that
the structure will not become unfit for the use for which
it is intcnded, that is, that it will not reach a limit state.
35.1.1 All relevant limit slates shall be considered in
design to ensure an adequate degree of safety and
serviceability. In general, the structure shall be
designed on the hasis of the most critical limit state
and shall be checked for other limit states.

35.1.2 For ensuring the above objective, the design
should be based on characterisiic values for material
strengths and applied loads, which take into account
the variations in the material strengths and in the loads
lo be supported. The characteristic values should be
based on statistical data if available; where such data
are not available they should be based on experience.
The *design values' are derived from the characteristic
values through the use of partial safety factors, one
for material strengths and the other for loads. In the
ahsence of special considerations these factors should
have the values given in 36 according to the material,
the type of loading and the limit state being
considered,

35.2 Limit State of Collapse

The limil stale of collapse of the struclure or pari of
the structure could be assessed from rupture of one or
more critical sections and from buckling duc 1o clastic
or plastic instability (including the effects of sway
where appropriate) or overturning. The resistance (o
bending, shear, torsion and axial loads at every section
shall not be less than the appropriate value at that
section produced by the probable most unfavourable
combination of loads on the structure using the
appropriate partial safety factors.

35.3 Limit States of Serviceabillty

3521 Deflection

Limiting values of deflections are given in 23.2.
38.3.2 Cracking

Cracking of concrete should not adversely affect the
sppearance or durability of the structure; the acceptahble

67

limils of cracking would vary with the type of structure
and environment, Where specific atteation is required
to limit the designed crack width to a particular value,
crack width calculation may be done using formula
given in Annex F.

The practical ohjective of calculating crack width is
merely to give guidance to the designer in making
appropriate structural amangements and in avoiding
gross errors in design, which might result in
concentration and excessive width of flexural crack.

The surface width of the cracks should not, in general,
exceed 0.3 mm in members where cracking is not
harmful and does not have any serious adverse effects
upon the preservalion of reinforcing steel nor upon the
durahility of the structores. In members where cracking
in the tensile zone is harmful either because they are
exposed to the effecis of the weather or continuously
exposed to moisture or in contact soil or ground water,
an upper limit of 0.2 mm is suggested for the maximum
width of cracks. For particularly aggressive
environment, such as the 'severe’ category in Table 3,
the assessed surface width of cracks should not in
general, exceed 0.1 mm,

35.4 Other Limit States

Structures designed for unusual or special functions
shall comply with any relevant additional limit state
considered appropriate to that soructure.

36 CHARACTERISTIC AND DESIGN
VALUES AND PARTIAL SAFETY FACTORS

36.1 Charucteristic Strength of Materials

The term ‘characteristic strength' means that value of
the strength of the maberial below which net more than
5 percent of the test results are expected to fall. The
characteristic strength for concrete shall be in
accordance with Table 2. Until the relevant Indian
Standard Specifications for reinforcing steel are
modified to include the concept of characteristic
strength, the characteristic value shall be assumed as
the minimum Yield stress/0.2 percent prool stress
specified in the relevant Indian Standard Specifications,

3.2 Characteristic Loads

The term ‘characteristic load" means that value of load
which has a 95 percent probability of not being exceeded
during the life of the structure. Since data are not
available (o express loads in statistical lerms, for the
purpose of this standard, dead loads given in IS 875
{Part 1), imposed loads given in 15 875 (Part 2). wind
Inads given in 1S 875 (Pan 3), snow load as given in
IS 875 (Part 4) and seismic forces given in IS 1893
shall be assumed as the charactenistic loads.
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36.3 Design Values
36.3.1 Materials
The design strength of the materials, f, is given by
Ja =
where
f

= characteristic strength of the material
(see 35.1), and

Tw = partial safety factor appropriate to the
material and the limit stdte being
considered.

3.3.2 Loads
The design toad, F, is given by
Fy=Fyy
where
F =
=

charagteristic load (see 36.2), and

partial safety factor appropriate to the
nature of loading and the limil state being
considered,

36.3.3 Conseguences of Attaining Limir State

Where the consequences of a structure attaining a limit
state are of a serious nature such as huge loss of life
and disruption of the economy, higher values for ¥,
and ¥, than those given under 36.4.1 and 36.4.2 may
he applied.

J6.4 Partial Safety Factors

36.4.1 Partial Safety Factor ¥, for Loads

The values of ¥, given in Table |E shall normally be
used.

36.4.2 Partial Safety Factor ¥, for Mateiral
Strength

36.4.2.1 When assessing the strength of a structure or
structural member for the limit state of collapse, the
values of partial safety factor, v, should be taken as
1.5 for concrete and 1.15 for sieel,

NOTE — v, values are alresdy incorporsted in the
equotions and tables given in thiz standard Tor limit stae.

design.

36.4.2.2 When nssessing the deflection, the material
properties such as modulus of elasticity should be
taken as those associated with the characteristic
strength of the material,

37 ANALYSIS

37.1 Analysis of Structure

Methods of analysis as in 12 shall be used. The
material strength to be assumed shall be characteristic
values in the determination of elastic properties of
members irrespective of the limit state being
considered. Redistnbution of the calculated momenis
may be made as given in 37.1.1,

¥1.1.1. Redistribution of Moments in Continnous
Beams and Frames
The redistribution of moments may be camied out
satisfying the following conditions:

a) Equilibirum between the interal forces and the
eaternal Joads is maintained.
The ultimate inoment of resistance provided at
any section of a member is not less than 70
percent of the moment at that section obtained
from an elastic maximom moment diagram
covering all appropriate combinations of loads.
The elastic moment at any section in a member
due to a particular combination of loads shall

b)

c)

Table 18 Volues of Partial Safety Factor ¥, for Loads
{Clauser 18.2.3.1, 364.] and B4.7)

Lasd Combinailon Limik Sinte of Coltapee Limit Sttes of

i =3 Serviceahllity

DL iL wL DL i WL

i) {2) {3 1] 5 {6 0
DL+ 1. 15 14 1. ] -
DL + WL 1 5or 1.3 1.0 - 1o

L —
DL +IL + WL 12 Lq 08 os

NOTES

1

While consldening eurthquake effects, subsiituie EL For WE

2 Forihe Limil states of serviceability, the valoss of 7, gives in this table arc applicable for shon term effects. While assessing the
Iong term effects doe 1o cresp the dand losd and thal pant of the live load likely to be permanent may only be consédered.

" This vadus is to be considersd when stability against overtuming or siress reversal |5 critical.
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not be reduced by more than 3 percent of the
numerically [argest moment given anywhere by
the elastic mazimum moments diagram for the
particular member, covering all appropriate
combination of loads.

d) At sections where the moment capacity after
redistribotion is less than that from the elastic
maximum moment diagram, the following
relationship shall be satisfied:

&M

D425 <06
d 100

where
%, = depth of neutral axis,
d = effective depth, and
8M = percentage reduction in moment.

e} In structures in which the strectural frame
provides the lateral siability, the reductions in
moment allowed by condition 37.1.1 (c) shall
be restricted o 10 percent for structures over 4
storeys in height.

37.1.2 Analysis of Slabs Spanning in Two Directions
at Right Angles

Yield line theory or any other acceptable method
may be used. Alternatively the provisions given in
Annex D may be followed.

38 LIMIT STATE OF COLLAPSE : FLEXURE

38.1 Assumptions
Design for the limit state of collapse in flexure shall

IS 456 : 2000

b} The maximum strain in concrete ai the
outermost compression fibre is 1aken as 0.003 §
in bending.

c) The relationship between the compressive stress
distribution in concrete and the strain in concrete
may be sssumed 1o be reclangle, trapezoid,
parabola or any other shape which results in
prediction of strength in substantial agreement
with the resuits of test. An acceptable stress-
sirain curve is given in Fig. 21. For design
purposes, the compressive strength of concrete
in the structure shall be assumed 1o be 0,67 times
the characteristic strength. The partial safety
facior y_ = 1.5 shall be applied in addition 1o
this.

NOTE — Por fhe stress-sirain curve in Pig, 21 the design
tress block parameten are &2 follows (rer Pip. 220

Arcs of streas block = 0I6f .2

Depih of contre of compressive foroe = Dl x
from the extrems fibre in compreazion

where

[, = clamscteristic compressive strength of concrese, and
£, = depth of newted axis.

d) The tensile strength of the concrete is ignored.

) The stresses in the reinforcement are derived
from repressnptative siress-strain curve for the
type of steel used. Typical curves are given in
Fig. 23, For design purposes the partinl safety
factor ¥, . equal 1o 1.15 shall be applied.

f) The maximum strain in the tension reinforce-
ment in the section at failure shall not be

be based on the assumptions given below: less than:
a) Plane sections normal to the axis remain plane Jy
after bending. 1L.1SE, +0.002
where
f. = characteristic strength of steel, and
PARABOLIC ok : )

CURVE £ = modulus of elasticity of steel.
l GaTe,,
“ i 0-43%y
= —Jc-mﬂm. Ay - 0361, %y

007 rET

ETRAIN ——

Fia. 21 Stress-STram CurvE Por CoNcuETE

Fis. 22 Saess BLock ParaMeTERS
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NOTE — The Hmiting vahses of the depth of neutral axis for
different grades of seel hased on the assumptions by 3.1 are o

follows;
f, 5 afd
150 033
415 048
1 1] D46

The expression for obinining the moments of resisteace for
rectanguler and T-Sections. based on the xssuaptions of 38.1, are
given in Anaex G

39 LIMIT STATE OF COLLAPSE :
COMPRESSION

35.1 Assumptions
In addition to- the assumptions given in 38.1 (a) to

T0

38.1 (¢) for flexure, the following shall be assumed:

a) The maximum compressive sirain in concrete
in axial compression is taken as 0.002,

b) The maximum compressive strain ot the highly
compressed extreme fibre in concrete subjectsd
to axial compression and bending and when
there is no tension on the section shall be 0.003 5
minus 0.75 times the strain at the least

compressed extreme fibre.

392 Minimsum Eccentricity

All members in compression shall be designed for the
iminimusm ecoentricity in accondance with25.4. Where



calculated eccentricity is larger, the minimum
eccentricity should be ignored,
39.3 Shori Axially Loaded Members in
Compression
The member shall be designed by corsidering the
assumptions given in 39.1 and the minimum
eccentricity. When the minimum eccentricity as
per 25.4 does not exceed 0.05 times the lateral
dimension, the members may be designed by the
following equalion:

P, = 04f, A +067f A

where

P, = axial load on the member,

S, = characteristic compressive strength of the
concrels,

A, = Area of concrete,

f, = characteristic strength of the compression
reinforcement, and

A_ = arca of longitudinal reinforcement for

columpns,

3.4 Compression Members with Helical
Relnforcement

The strength of compression members with helical
reinforcement satisfying the requirement of 39.4.1 shail
be taken as 1.05 times the strength of similar member
with lateral ties.

39.4.1 The ratio of the volume of helical reinforcement
1o the volume of the core shall not be less then
0.36 (A /A1) f,If,

where

A, = gross area of the section,

A = areaof the core of the helically reinforced
column measured to the outside diameter
of the belix,

fn = characteristic compressive strength of the
concrete, and

J, = characteristic strength of the helical

reinforcement but not exceeding
415 N/mm?.

39.5 Members Subjected to Combined Axinl

Load and Unlaxial Bending

A member subjected to axial force and uniaxial bending

shall be designed on the basis of 39.1 and 39.2.
NOTE — The design of member snbject to combined axial Inad
and undaxial bending will involve lengihy calculation by trial
and emror, In oider to overcome thess dilficulties interaction

disgrama muy be usad, Thess have bees prepared and published
by BIS in "5 : 16 Design nids for reinforced concrete 1o
IS 456"

7
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39.6 Members Subjected to Combined Axial Load
and Blaxial Bending

The resistance of a member subjected to axial force
and biaxial bending shall be obtained on the basis of
assumptions given in 39.1 znd 39.2 with ncutral axis
30 chosen as to satisfy the equilibrium of load and
moments about two axes. Alternatively such members
may be designed by the following equation:

[ﬁu]i L
Mo M._,,,,
here

w
MM, = moménts about x and y axes
due 1o design loads,
M“,..H_" = maximum uniaxial moment

capacity for an axial load of P,
bending sbout x and y axes
respectively, and
o is related to P /P _
where P =0457 . A +0757.A_
For values of P /P_ = 0.2 to 0.8, the values of &, vary

linearly from 1.0t 2.0. For values less than 0.2, @_is
1.0, for values greater than 0.8, o is 2.0.

39.7 Slender Compression Membera

The design of slender compression members
(see 25.1.1) shall be based on the forces and the
moments deiermined from an analysis of the structure,
including the effect of deflections on moments and
forces. When the effect of deflections are not taken
into account in the analysis, additional moment given
in 39.7.1 shall be taken into account in the appropriale
direction.

39.7.1 The additional moments M, and M_ shall be
calculated by the following formulae;

g4

"1 mu{%}:
» .fu?_{h}

My

My 2000 &b

axial foad on the member,

effective length in respect of the major
xis,

effective length in respect of the minor axis,
depth of the cross-section at right angles
to the major axis, and

b = width of the member.

For design of section, 39.5 or 39,6 as appropriate shall
apply.

o I
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NOTES

1 Acolumn may be considered beaced in & given plans if lateral
stubility to the strecture as a wholt i provided by walls or
bracing or tustresning designad to meviet al Iatersd forces in
thai plane. It should otherwise be conaideced s uabraced.
In the case of & braced column withoot any trensverse joads
occaming in ity height, the additional moment shall be added
to an indtisl moment oqual 1o sum of 0.4 A and 0.6 M,
whers M_ is the larger end moment snd M, 13 the ymallier
end momen( {asumed pegative if the column is bent o doube
curvoture). In no case shall the initinl moment be bean tan
.4 M, mor the ote! moment lnchwding the initial momenat be
beas than M . For uabraced columns, the mditiosal moment
shail be added to the £nd moments.

Uinbraced compresyion mermbers, s any given kevel or slorey,
subject io laternl Joad are wsually comstrained 1o deflect
equally. In mih cases slendomens mtio for sach column may
be taken & the svernge for all colamas acting In the sme
directhon.

39.7.1.1 The values given by equation 39.7.1 may be
multiplied by the following factor:

fii:.fl.gl

k =

where
£, = axinl load on compression member,
P, = asdefined in 39.6, and
P, = axialload corresponding to the condition
of maximum compressive strain of

0.003 5 in concrele and iensile sirain of
0.002 in outer moat Layer of tension ateel,

40 LIMIT STATE OF COLLAPSE : SHEAR

40.1 Nominsl Shear Stres

The nominal shear stress in beams of uniform depth
ehall be obtaitied by the following equation:

V .
L 4 -3:-
where
V. = shear force due to design loads;

b = breadth of the member, which for flanged
section shall be taken as the breadth of
the web, b_; and

d = effective depth.

40.1.1 Beams of Varying Depth

In the case of beams of varying depth the equation
shal]l be modified as:

M,
V.2—Ltanf
T-.--'_%'_

where

1,. V., band d are the same a3 in 40.1,
M, = bending moment at the section, and
p = angle between the top and the bottom edges

b

of the beam.
The negative sign in the formula applies when the
bending moment M, increases aumerically in the same
direction as the effective depth 4 increases, and the
positive sign when the moment decreases numerically
in this direction.
4.1 Design Shear Sirength of Concrete

40.2.1 The design shear strength of concrets in beams
without shear reinforcement in given in Table 19,
40.2.1.1 For solid slabs, the design shear strength for
concrete shall be Tk, where & has the values given
below:
Overall Depth 3000r 275 250 22% 200 175
of Slab,mm  more less
k 100 108 110 115 L.20 125 130

NOTE — This provision shall nol spply to flat slabs for which
31.5 ghal) apply.

40.2.2 Shear Strength of Members under Axial
Compression

For members subjected 10 axial compression P, the
design shear strength of concrete, given in Table 19,
shall be multiplied by the following factor

iF,

1500¢

A=l —i "
A, 1 but not exceeding 1.5
where
P = axial compressive force in Newtons,
A = gross arca of the concrete section in mm?,
and
J, = chercteristic compressive strgngth of
concrele.
40.2.3 With Shear Reinforcement

Under no circumsiances, even with shear
reinforcement, shall the nominal shear stress in beams

1, execed 1T,,,, Biven in Table 20.

40.2.3.1 For solid slabs, the nominal shear stress
shall not exceed half the appropriate values given in
Table 20.

40.3 Minlmum Shear Reilnforcement

When 1, is less than T, given in Table 19, minimum
shear reinforcement shall be provided in sccordance
with 26.5.1.6.

0.4 Design of Shear Reinforcement

When 1, exceeds t_ given in Table 1%, shear
reinforcement shall be provided in any of the following
forms:

8) Vertical stirmups,

b} Bent-up bars along with stirrups, and



Table 19 Design Shear Strength of Concrete, 1, N'mm?

(Claurer 40.2.1, 40.2.2. 40.3, 40.4, 40.5.3,41.3.2, 41.3.3 and 41.4.3)
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roa 2t Concrete Grade
— -
M 15 M2 Mz M¥ M 35 M 40 und above
in (1] » (L] (] 1] m
<014 028 028 029 0.2y 0 0.30
028 0.3s 0.36 036 017 0.17 0.8
0.50 046 048 0.49 0.0 0.50 a8l
0.7 0.54 0.56 0.57 0.59 0.59 0.60
1.00 0.60 052 054 0.66 0,67 D64
1.2% 0.64 067 0.70 011 0T 0.4
1.50 0,58 072 074 076 078 o
178 071 0.7 o 0.80 082 .84
200 o.71 079 on 0.84 086 0.8
224 071 0.4 o 0.88 0.50 092
250 07l (Y 7] o 091 053 093
278 0.7 DAz 0.90 094 094 o on
0 an a2 092 L 099 .00
and
aberve

ROTE — The term A_is e wren of longstudingl ienalon reinforcement which continues ot least one effective deph beyond the section
heing conmdered except of suppon where the full area of tension reinforcement may be used provided the detailing conforms 10 26,32

ond 26.2.3

Tabie 20 Maximum Shear Stres, 1

N/mum?

{ Clowres 40.2.3, 40.2.3.1, 40.5.1 and 41.3.1 )

Concrals MiS M0 M 23
Grade
Hn—rml' 15 i3 Al

MM M3 M 40
wnd
above

5 37 40

c) Inclined stimmups,
Where bent-up bars are provided, their contribution
towards shear resistance shall not be more than half
that of the 1otal shear reinforcement.
Shear reinforcement shall be provided 1o carry a shear
equal to V,— 7. bd The strength of shear reinforce-
ment V_ shall be calculated as below:

8) FPor vertical stirrupa:

v, = 087y And
Iy

b) Porinclined stirmups or & series of bars bent-up
at different cross-sections:

v‘

.M (sina + cosax)

¢) Por single bar or single group of paralle! bars,
all bent-up at the same cross-section:

2118 BISOT—11 n

V, =087 A, sin o

total cross-sectional area of stirmup legs
or bent-up bars within a distance 5.
spacing of the stirrups or bent-up bars
along the length of the mamber,

naminal shear stress,

design shoar strength of the concrete,

breadth of the member which for
flanged beams, shall be taken as the
breadth of the web & _,

characteristic strength of the stimup or
bent-up reinforcement which shall not
be 1aken greater than 415 N/mm?,
angle between the inclined stirrup ot
bent- up bar and the axis of the member,
not less than 45°, and

= effective depth,
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1 Where mone thanape type of shear reinforcement ks ased
o reinfonoe the sume portion of the beam, the tolal shear
resistunee shakl be computed as the sum of the mesistance
for the various types separately.

2 The arcn of the starruges shall no be bess than the onimum
spersificd in 26.5,1.6.

40,5 Enhanced Shear Strength of Sections Close
L Supports

40.5.1 General

Shear farture at sections of heams and cantilevers
without shear reinforcement will nomally oceur on
plane inclined at an angle 307 ta the harizomal, If the
angle of Failure plane is forced to be inclined more
steeply than this [kecause the section considered
(X - X)in Fig. 24 15 close w a support or for other
reasons |, the shear force required to produce fulore 1
mereased.

The enhancement of shear strength may be taken
into account in the design of seclions near a support
hy increasing design shear strength of conerets Lo
Td 1 Ja, privided that design shear stress at the face
of the suppoen remains fess than the values given in
Tahle 20. Account may be taken of the enhurcemeant
inany situation where the section considered is closer
to the face of a support or concentrated lowmd than twice
the effective depth, d. To be effective, tensinn
reinforecement showld extend om each side of the point
where it is intersected by a possible failure plane for a
distance al feast eyweal 1o the effective depth, or be
provided with an ecuiv slent anchorage,

40.5.2 Shear Reinforcement for Sechions Close to
Supports

If shear reinforcement ks reguired, the tolal anea of this

is given by!
A=ab(t,-2d tja )l 087 f 2044 bl08T |

This reinforcement should be provided within the middle
three quarters of « , where a_ i less than d, horizontal
shwear reinforcement will be effective than vertical.

40.5.3 Erhanced Shear Strength Near Supporty
{Simplified Approach)

The procedure given in 40.5.1 and 40.5.2 may be used
for ofl beams, However for beams carrying generally
uniform load or where the principal load is located
forther than 24 from the face of support, the shear
stress may be calculated at 2 section A distance J from
the fuce of support. The value of T_is calculated in
aecordance with Table 19 and appropriate shear
reinforcement is pravided at sections cloger to the
support, no further check for shear at such sections is
reguined,

41 LIMIT STATE OF COLLAPSE : TORSION
41.1 General

In structures, where (orsicn s required (o maintain
equilibrium, members shall he designed for torsion in
accordance with41.2,41.3 and 41.4. However, for such
indeterminate struchures where torsion can be eliminaed
by releasing redundant restraints, no specific design fur
lorsion is necessary, pruvided torsional stiffness is
neglected in the caleuletion of imernal forces. Adoguate
cuntral of any torsional cracking is provided by the shear
reinforcement as per 40

NOTE — The appranch b design in this clouse is e folboes:

Timsganal eeinforeement 1 nat ealculsted separaiely from tha

reguired for bending ond shenr. Instead the total loagitudina

remluwroement i determined for o fichtioos bending moment
which is o fanction of acmal bending maoment and toricn,

MNOTE — The shear causing failire 15 that acting on section X-X,

Fis, 24 Suear Faulure Near SUppoRTs

74



similnrly weh reinforcement 15 determined for 2 flentious shear

which iz 8 function of actia] <hedr and torsion
41.1.1 The design mles laid down in 41.3 and 41.4
shall apply to beams of solid rectangular cross-section,
However, these clauses may also be applicd to flanged
beams, by substituting b_ for b in which case they are
gencrally conservative; therefore specialist hiterature
may he referred 1o

41.2 Critical Section

Sections located less than a distance o, from the (ace
of the support tray be designed for the ganic torsion as
computed st a distance ¢, where o 15 the offective depth

41.3 Shear and Torsion

41.3.1 Equivalent Shear

Equivalent shear. ¥, shall be calculated from the
formula:

V=V +16 g
where
V. = equivalent shear,
V. = shear,
T = torsional moment, and
b = breadth of beam.

The r.qui'vnl.unl norminal shear siress, T in this case
shall be calculated as given in 4L, except Lor
substituting ¥ by V. The values of 1 shall notexseed
the values nf € geven in Tahle 20

41.3.2 1f the equivalent nominal shear sitess, T does
not exceed T given in able 19 minsmum sheir
reinforcement shall be prowided as per 26,5, 1.6,

4133 It exceeds T ogiven in Tahle 1% hoth
longitodingl and transverse remforement shall be
provided in sccordance with 41.4.

41.4 Reinforcement in Members Subjected to
Torsion

41.4.1 Remmbforcement for torsieon, when reguined, shaldl
consist of longitudinal and transverse reinforcament.

41.4.2 Longiindinal Reinforeemen

The tungitudinal reinforcement shall be designed
resist an equivalent bending moment, M given by

Mrl = I!{H + lI‘:’I
where
M, = hending moment at the cross-section, and
1+ 0D ]
M =T
I w [ 1._1'

T

I5 456 : 2(HH)

where

T is the torsional moment, /s the overall depth
if the beam and £ is the brewdih of the beam.

41.4.2.1 If the numerical value of M as defined
in 41.4.2 exceeds the numerical vilue of the moment
M longitudinal reinforcement shall be provided an
the flexural compression face, such that the heam
e also withsland an equivalent M, given by
Mo =M, - M, the moment M being taken as acting
m the upposile sense to the moment M |

A1.4.3 Tranvverse Reinforcement

Two lepped closed hoopy enclosing the corner
lovngtudimal hars shall hove an area of croass-section
A . given by

24 7.5 % Vasy e
Tl BT £, 25d0RT L)
Bt e total trnsverse seinlurcement shall nol be ess
than

A,

S
(h87 f}.
where

T = torsional meirent,

Vo= shear force,

v = spacing of the Stierop reinforeement,

B = reatre-o-centre distince betwech cormer
hars 1 the direction of the width.

d, = venire-tu-centie distimes between cormer
burs.,

B o= hreadthool the member,

f = vcharacterisiie strenpth of the stirtup
remnforeement,

T, = ecyuivaleni shear siress as specified in
4181, and

= shearstrength of the conerete as per Table

14

42 LIMIT STATE OF SERVICEABILITY:
DEFLECTION

421 Flesural Members

b sl o) carsaes, e defTection of a flesual member
will not he excessive if the ratio of i span o ils
clfective depth s net geeater than appropriate mos
green in 2L 01 When deflections are calcnlaied
preording o Anncs C, they shall not excecd the
permssible values given in 23,2,
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43 LIMIT STATE OF SERVICEABILITY:
CRACKING

4).1 Flexural Members

In general, compliance with the spacing requirements
ol reimforeement given in 26.3.2 should be sufficient
i control (Texural crocking. If greater spacing are
required, the expected crack width should be checked
by formula given in Annex F,

43.2 Compression Members

Cracks due to hending in a compression member
subjected to a design axial load greater than 0.2, A,
where f_ is the characleristic compressive strength of
concrete and A_is the area of the gross section of the
member, need not be checked. A member subjecied (o
lesser load than 0.2f A may be considercd
a5 flexural member for the purpose of crack control
(see 43.1).
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3831970

432 (Part 1) :
1982

455 - 1980

al6: 1959

875

(Part 1) : 1987

(Part 2) : 1987
(Part 3) : 1987
(Part 4) : 1987
(Part 5) : 1987

1199 : 1959

1343 : 1980

1489

(Part 1) : 1991
{Part 23 : 1991

1566 : 1982

1641 : 1988

ANNEX A
(Clause 2)

LIST OF REFERRED INDIAN STANDARDS

Title

Specification for ordinary
Portland cement, 33 grade (fourth
revision)

Specification for coarse and fine
aggregates from natural sources
for concrete (second revision)
Specification for mild steel and
medium tensile steel bars and
hard-drawn sieel wire for
concrete reinforcement: Pam |
Mild sicel and medium tensile
steel bars (rthind revision)

Specification for Portland slag
cement {fowrth revision)

Mcthod of test for strength of
concrelc

Caode of practice for design loads
{other than earthquake} for
buildings and structures :

Dead loads — Unit weights of
building material and stored
maatesials {second revision)
Imposed loads (second revizsion)
Wind loads (second revision)
Enow loads (second revision)

Specizl loads and load
combinations (second revition)

Mecthods of sampling and
analysis of concrele

Code of practice for prestressed
concrete (first revision)

Specification for Portland
pozzolana cement ;

Fly ash based (third revision)
Calcined clay based (third
revision)

Specification for hard-drawn
steel wire fabric fo1 concrete
reinforcement (second revision)
Code of practice for fire safety
of buildings (peneral); General
principles of fire grading and
classification (first revizion)

I5 No.
1642 : 1989

1786 ; 1985

1791 : 1968

1893 : 1984

1904 : 1986

2062 : 1992

2386 (Pan 3):
1963

2502 : 1963

2505 : 1980

2506 : 1985

2514 1963

2751 : 1979

(Part 17) : 1984

{Part 18): 1984

IS 456 : 2000

Title

Code of practice for fire safety
of buildings (general) : Details of
construction (first revision)
Specification for high strength
deformed stecl bars and wires for
concrete reinforcement (thind
revision)

Specification for hatch type
concrete mixers (fecond revision)
Criteria for earthquake resistant
design of structures (fourth
revision)

Code of practice for design and
construction of foundations in
soils : Genersl requirements
(third revision)

Steel for general structural
purposes (fourth revision)
Methods of test for aggregates for
concrete ; Part 3 Specific gravity,
density, voids, absorplion and
bulking

Code of practice for bending and
fixing of bars for concrete
reinforcement

Concrete vibrators —Immersion
type — General requirements
General requirements for screed
hoard concrete vibrators (first
revision)

Specification for concrete
vibrating cables
Recommended practice for
welding of mild steel plain and
deformed bars for reinforced
construction (firss revision)
Methods of sampling and test
{physical and chemical) for water
and waste water :

Mon-filterable residue (total
suspended solids) (first revision)
Volatile and fixed residue (total

filterahle and non-filizrable) (firs
revision)
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IS No.

(Part 22) : 1986
{Part 23) : 1986
iPart 24) ; 1986
(Part 32) : 198R

3414 : 1968

R12: 1981

3951 (Pant 1) =
1975

4031(Part 5) ;
1988

: 1996

4326

4656 ;
4545 ;
4525 ; 1968
44926 : 1976

5816 1999

(Part 1) : 197]

(Part 2): 1971
6452 : 1989
6d6 )

(Part 1): 1972
(Part 2): 1972

Title

Acidity (firsi revizion)
Alkalinity (first revirion)

Sulphates (first revizion)
Chioride (first revizion)

Codde of practice for design and
installation of joints in buildings
Specification for fly ash for use
as pozzolana and admixture (first
revision)

Specification for hollow clay tiles
for floors and roofs : Pant | Filler
type (first revision)

Methods of physical lests for
hydraulic cement : Part §
Determination of initial and final
setting times (first revision)
Recommendations on stacking
and storage of construction
materials and components at sile
{xecond revition)

Code of practice for earthquake
resistant design and coastruction
of buildings (second revirion)
Specification for form vibrators
for concrete

Definitions and terminalogy
relating to hydraulic cement
Specification for concrete
hatching and mixing plant
Specification for ready-mixed
concrete (second revision)
Method of test for splitting
tensile strength of concrete
{first revision)

Code of practice for construction
of floor and roof with joists and
filler blocks :

With hollow concrete filler
blocks

With hollow clay filler blocks
{first revision)

Specification for high alumina
cement for structural use

Glossary of terms relating lo
cemenl:

Concrete aggregates
Materials

IS No.

(Part 3); 1972
(Part 4) : 1972
(Part 5) : 1972
(Part 6) : 1972
(Part 7) : 1973

(Part 8) : 1973
(Part9) : 1973
{(Part 103 : 1973
(Part 11) : 1973
(Part 12} : 1973
6909 : 1990

7861
(Part 1) : 1975
{Part 2) : 1975
B0d41 ; 1990
BO43 : 199

BI12: 1989

9013 : 1978

Q103 : 1999

3417 : 1989

LIBIT : 1986

12089 : 1987

12119 : 1987

Title

Concrete reinforcement
Types of concrete
Formwork for concrete

Equipment, tool and plant
Mixing, laying, compaction,
curing and other construction
aspect

Properties of concrete

Structural aspects

Tests and testing apparatus
Prestressed concrate
Miscellaneous

Specification for supersulphated
cement

Code of practice for extreme
weather concreting :

Recommended practice for hot
wegther concreting

Recommended prictice for cold
weather concreting

Specification for rapid hardening
Portland cement (second revision)

Specification for hydrophobic
Portland cement {second revision)

Specification for 43 grade
ondinary Portland cement (first
revision)

Method of making, curing
and determining compressive
strength of accelerated cured
concrete lest specimens

Specification for admixtures for
concrete (first revision)

Recommendations for welding
cold worked bars for reinforced
concrete construction (firsr
revision)

Classification of joints in
buildings for accommodation of
dimensional deviations during
construction

Specification for granulated slag
for manufacture of Portland slag
cement

General requirements for pan
mixers for concrele



IS Mo,

12269 ; 1987

12330 : 1988

12600 : 1989

13311

Tiile
Specification for 533 grade
ordinary Portland cement

Specification for sulphaie
resisting Portland cement

Specification for low heat
Portland cement

Methods of non-destructive
lesting of concrete :

15 No,

{Part 1) 1992
{Part 2} : 1992
13920 ; 1993

14687 : 1999

Title

Ultrasonic pulse velocity
Rebound hammer

Code of practice for ductile
detailing of reinforced concrete
structures subjected to secsmic
forces

Guidelines for falsework for
concrele struciures
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ANNEX B
(Clanses 18.2.2,22.3.1,22.7, 26.2.1 and 31.1)

STRUCTURAL DESIGN (WORKING STRESS METHOD)

B-1 GENERAL
B-1.1 General Design Requirements

The general design requirements of Section 3 shall
apply to this Annex.

B-1.2 Redistribution of Moments

Except where the simplified analysis using coefficients
{see 22.5) is used, the moments over the supports for
any sssumed arrangement of loading, including the
dead lnad moments may each be increased or decreased
by not more than 15 percent, provided that these
modified moments over the supports are used for the
caleulation of the corresponding momenls in the spans.

B-1.3 Assumptions for Design of Members
In the methods based on elastic theory, the following
assumptions shall be made:
a) Al any cruss-section, plane sectivns before
hending remain plain after bending.

b} Alltensile stresses are taken up by reinforcement
and none by concrete, except as otherwise
specifically permitted.

¢) The stress-strain relationship of steel and

conerete, under working loads, is u straight line.
280
che

where a.*'h' ils p:rmissihllu COMmpressive :il.n_zss. d1.llrﬂ
to bending in concrete in M/mm? as specified in
Table 21,
NOTE — The eipression given for m parmially takes into
necount long-term effects suck na creep. Therefore this:m

is ol the pame e ibe modular mtis denved buded on the
valve of £ given sn 6.2.3.1.

B-2 FERMISSIBLE STRESSES

B-2.1 Permissible Stresses in Concrete
Permyssible stresses for the various grades of concrete
shall be taken as those given in Tahles 21 and 23

NOTE — Fur sicreiss in dtfesgth with age 821 shall he
epplabde . The vidies ol ponmassihle stress shafl b bt by
prierpulation bubween the grades of concreie,

d} The modular ratio m has the value

B-2.1.1 Direct Tension

For members in direct tension, when full tension ix
taken by the reinforcement alone, the tensile stress shal
be not grenter than the values given below:

Cirade of M 1t M M2 M5
CUnnperete

Tenxile Sinexe, 11 1.0 1.8 12
MAnm!

M 0 M a5 Mdo M 45

EL: &1 44 4K 52

F
The tensile stress shall be calculnted as m

where

¥, = 1ol tension on the member minus pre-
tension in steel, if any, before concreting;

A = cross-sectionn| aren of concrete excluding
any finishing material and reinforcing
steel;

A = modular ratio; and

A, = cross-sectional arew of reinforcing steel

in lension.

B-2.1.2 Bondd Stress for Deformed Bars

In the case of deformed bary conforming o IS 1736,
the bond stresses given in Table 21 may be increased
hy &) percent.

B-2.2 Permissible Stresses in Steel Reinforcement

Permisuible stresses In steel reinforcement shall nol
exceed the vajues specified in Table 22.

B-2.2.1 In flexural members the value of g, given in
Taohle 22 is applicable at the centroid of the ensile
reinfurcement subject to the condition that when more
than one laver of tensite reinforcernent is provided,
the stress at the centroid of the outermost layer shall
not excesd by more than 10 percent the value given in
Tuhle 22.

B-2.3 Increase In Permissible Stresses

Where stresses due o wind {or earthquake) temperature
and shrinknge effecis &re combined with those due o
dead. live and impact lood, the strosses specified in
Tables 21, 22 and 23 may be exceeded upto a limit of

3'.’--;‘- percent. Wind and seismic forces need not be

considered os acting simultancously.



Table 21 Permissible Stresses in Concrete IS 456 : 2000
{Clauses B=1.3,8-2.1, B-2.1.2, B-2.3 and B-3.2)
All vahres 1o N,
Grade of Fermissible Siregs in Compregiton Permisgible Stregs
Canecrele s e in Bond (Average) for
Bending Direct Plain Bars in Teagion
(h £2) k3] 14)
o, o, T
M [0 a0 15 -
M IS 50 4.0 L1
M 20 70 50 0.8
M 25 85 &0 09
MM g o (KH
M 35 5 b Il
M 40 10 1eic 12
M 45 145 1o 13
M A0 16.0 120 1.4
NOTES

| The values of panmissible shear sicess i concrete are given im Tabie 23,
2 The bond siress given in ool 4 shall be increased by 25 percent for hars in comipression.

B-} PERMISSIBLE LOADS IN COMPRESSION
MEMBERS
B-3.1 Pedestals and Short Columns with Lateral
Ties
The axial load P permissible on 8 pedestal ur shon
column reinforced with longiudinal bars and lateral
tics shall not exceed that given by the following
eyuakion :

F= o A +aA,

where

¢ = pennissible siress in conerete in direct
COMPICSSion,

A = cross-seclional area of concrete
excluding any finishing material and
reinforcing stecl,

a_= permissible compressive stress for
column bary, and

A = crnss-sectional area of the longitudinal

steel.

NOTE — The suireisang cccentricity meptioned ia 154 moy e
deemud 1w be incerporated in 1he above equation,

B-3.2 Short Columns with Helical Reinforcement

The permissible load for columns with helical
reinforcement satisfying the requirement of 3%.4.1 shall
he 1.05 times the permissible load for similar member
with lateral ties or rings.

B-23 Long Columns

The maximum permissible stress in a reinforced
concrete column or part thereof having a ratio of
effective column length to least lateral dimension above
12 shall not exceed that which results from the

2116 BIS7.—12

muliiplication of the appropriate maximum permissibie
stress as specified under B-2.1 and B-2.2 by the
coefficient € given by the following formula:

C, =125 '?EI
where
C = reduction coefllicient;
I, = ecffective length of column; and
b = least lateral dimension of column; for

column with helical remforcement, b is
the diameter of the core.

For more exact caleulations, the max imum permissible
siresses in a reinforced conerele column or part thereol
having a raho of gffective column length to least lateral
radius of gyratipn above 44 shall not exceed those
whiuh result from the multiplication of the appropriate
maximum permissible stresses specified under B-2.1
and B-2.2 by the coefficient C. given by the following
formula:

by
160,

C, =125 -

where i is the least radius of gyration.

B-3.4 Composite Columns

a} Allowable lowd — The allowalle axial load P
on & composite column consisting of structural
steel or cast-iron column thoroughly encased in
vonerete reinforced with both longiudinal and
spiril reinforcement, shall not exceed that given
by the following Tommula:

P= u.l "‘n'+ ﬂuAu'+ [!'-_An
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Table 22 Permissible Stresses in Steel Relnforcement
(Clowses B-2.2, B-2.2.1, B-2.3 and B-4.2)

5l Tyjpe of Siress in Steel Permbsaible Stresses in Nimm’
N, Helnforcement e —
Mild Stee] Bars Mediuem Tensile High Yleld Sirength
Conforming to Steel Conforme Deformed Bars Con-
Grade | of g bo 15 432 forming to IS 1786
15 432 (Past 1) iPoct 1) (Grade Fe 415)
i} [l 3 i4) 1]
1 Tensivn (@ o o)
al Ui o el amcludding T4n Half the puaranteed 230
20 mmuam vield stress subpect
10 0 naimum of 190
By Clver 20 min kU] 230
W) Cmnpression i column 134 130 (L"4]
bars ( o7_}
fii} Compression in bars in s The caleulated compresgive stress in the sumounding comercte multiplied by 1.5 times.
heam vr slub when the com- Lhe modular ratio or o whichever is lower
pressive resistance of the
concrele 15 taken inlp aocound
iv)  Compression in bars ina
beam or slab where the
COMPIEasive resistance
of the concrete is not
faken info account;
2] Up to and insluding 140 Half the guaentéed 149h
20 mm yield stresg subject
to & maximum of 19
b Over 10 mim 130 1590
KROTES

1 For high yicld strength deformed bars. of Grade Fe 500 the permissaible steess in direct tension and fleaural iension shall be G.55 f

The permigsihle stresser for shear and compression reinforcement shall be us for Grade Fe 415,
1 For welded wire fubric conforming to 15 1566, the permassible value in teasion @ 35 230 Ninun?
X For the parpose of this sandard, the yield stress of sweels for which there is no clearly defined yueid podng sheuld be mken 1o be

1.2 percent pmof siress.

4 When mild steel conferming to Grade 11 of 15 432 (Part 1) is used, she permissible siresses shall be 90 percent of the pecmdssible
siresses in ool 3, orifthe design deindls hove already besn worked ou on the basis of mild sleel conforming o Grade §of 15 432 {Pan
1); the aréa of reinforcement shall be increased by 10 percent of tha required for Ginade | s2eel.

where

g, = permissible stress in concrete in direct
COMpression;

A = net area of concrete section; which is
equal to the gross arca of the concrete
section —A_=A ;

a_ = permissible compressive stress for
column bars;

A = cross-sectional area of longitudinal bar
reinforcement;

o_ = allowable unit stress in metal core, not to
exceed 125 N/mm?® for o steel core, or
70 MNimm® for a cast iron core; and

A = the cross-sectional area of the steel or cast
iron core.

by Metal core and reinforcement — The cross-

sectional arca of the metal core shall not exceed

f2

e

20 percent of the gross aren of the column. If a
hollow metal core is used, it shall be filled with
concrete. The amount of longitudinal and spirat
reinforcement and the requirements as to spacing
of bars, delails of splices and thickness of
protective shell outside the spiral, shall conform
to require- ments of 26.5.3. A clearunce of al
least 75 mm shall be mainiained between the
spiral and the metal core at all points, excepl
that when the core consists of a structural steel
H-column, the minimum clearance may he
reduced to 50 mm.

Splices und connections of metal cores — Meul
cores in composite columns shall be accuraiely
milled at splices and positive provisions shall
be made for alignment of one core above
enother. Al the column base, provisions shall be



made to transfer the load to the footing at safe
unit stresses in accordance wilh 3. The base of
the metal section shall be designed (o ransfer
the lead from the entire composite columns to
the footing, or it may be designed to \ransfer
the load from the metal section only, provided
it is placed in the picr or pedestal as o leave
ample section of concrete above the base for the
transfer of load from the reinforced concrele
section of the column by means of bond on the
vertical reinforcement and by  direct
compression on the concrete. Transfer of loads
lo (he metal core shall be provided for by the
use of bearing meembers, such as billets, brackets
or other positive connections, these shall be
provided at the top of the metal core and at
intermediate floor levels where required, The
column as ¢ whole shall satisty the requirements
of formula given under (a) at any puint; in
addition to this, the reinforced concrete portion
shall be designed o carry, according (o B-3.1
ot B-3.2 as the case may be, all floor loads
brought into the column at levels between the
metal brackets or connections. In applying the

. formuloe under B-3.1 or Be3.2 the gross area of
column $hall be taken o be the area of the
cancrete section outside the metal core. and the
allowable load on the reinforced concrate section
shall be further limited 10 0.28 £ times gross
sectional area of the colummn.

) Allowable Load on Meral Core Only — The
metal core of composite columns shall be
designed to carry sately any construction or
other loads 1o he placed upon them prior to their
encasement in concrete.

B-4 MEMBERS SUBJECTED TO COMBINED
AXIAL LOAD AND BENDING

B-4.1 Design Based on Uncracked Section

A member subjected to axial loed and bending (due 10
eccentricity of load, monolithic construction, lateral
farces, etc) shall be considered safe provided the
{ollowing conditions are satisfied:

1} G:n egl +u:h:.uﬂ: <1
O, Dohe
where
.. = Fnl:ultt:d direct compressive stress
in concrete,
a, = permissible axial compressive siress
in concrele,
g, ., = calculated bending compressive
stress in concrete, and
o, = permissible hending compressive

stress in concrete.

IS 456 : 2004}

b} The resultant tension in concrete is ot greater
than 35 percent and 25 percent of the resultam
compression for biaxial and untaxial hending
respectively, or does nol exceed three-fournths,
the 7 day modulus of rupture of concrete,

MNUTES

1o = for columns with tes where P, A and

=
A +1.5mA,

A_ defined in B-3.1 and m is the modulur i

M
lo. .= 7 where M equals the moment and £ equals
mndulus of section. In the cose of sections sukyect 1o EHbcan

in two direcrions, the stress shall be cafeulmed separately and
aided algebraically

B-3.2 Design Based on Cracked Section

[f the requirements specified in B-4.1 are not satisfied,
the stresses in concrete and steel shall be calculaned
by the theory of cracked section in which the tensile
resistance of concrete is ignored, If the calculated
siresses are within the permissible stress specified in
Tables 21, 22 and 23 the section may be assumed 1o be
safe.

MAOTE — The moximum Firess i concrete and stee! may be
fowmd from tobles and charty based on the cracked section theney
or directly by detenmining the nu-stness line which should satisfy
the fedlowing PequEirements. :
a}  The direct load shoukd be equal 1o the algebraic sum of
the forces on concrete and steel,

by The monent of the extemal boods shout any reference
line should be equal to the slgebraic sum of the ot
of the forces in comcrede (ignonng (he fensile foree in
concrote) and steel abowt the same line, wl

¢} The momeni of the external boads show any arher
reference lines should be egual 1o the pigebeaic sum of
the monenl of the fonces in concrete (Ignonng the tensile
frirce in conuiete) and steel aboul the same line.

B-4.3 Members Subjected to Combined Direct
Load and Flexure

Members subjected to combined direct inad and (lexure
and shall be designed by limil stute method as in 39.5
atier applying appropriaie load factors as given in Table
L& '

B-5 SHEAR
B-5.1 Nominal Shear Stress

The nominal shear siress T in beams or slabs of
unifurm depth shall be calculated by the following
cquation:

Ty & — .
bd
where
V= shear force dus 1o design loads,
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b = breadth of the member, which for flanged
sections shall be taken as the breadth of
the web, and

d = effective depth.
B-5.1.1 Reams of Varying Depth

In the case of beams of varying depth, the equation
shall be modified as;

V+ thE
rr:[_-_-_-.d_-.—.
bd
where
T, V. b and d are the same as in B-5.1,
M = bending moment at the section, and

B = angle between the top and the botlom
edges of the beam.

The negative sign in the formula applies when the
bending moment M increases oumerically in the same
direction as the effective depth d increases, and the
positive sign when the moment decreases numerically
in this direction,

B-5.2 Design Shear Strength of Concrete

B-5.2.1 The permissible shear stress in concrele in
keams without shear reinforcement is given in Table 23,

B-5.2.1.1 For solid siabs the permissible shear stress
in concrete shall be k. where k has the value given
below:

Overall depth 300or 275 250 225 200 175 150or
of slab, mm mare less
k 1.00 1.05 1.10 1.15 120125 1.30

NOTE — This does not apply to flat slabs for which 31.6 shall
apply.

B-5.2.2 Shear Strength of Members Under Axial

Compression

For members subjected to axial compression P,

the permissible shear siress in concrele T_ given

in Table 23, shall be multiplied by the following

faclor:

A=le 5P _ | but not exceeding 1.5
fa
where
P = axial compressive force in N,
A = gross areaof the concrete section in mm?,
and
f, = characteristic compressive strength of
concrele.
B-5.2.3 With Shear Reinforcement

When shear reinforcement is provided the nominal
shear siress T, in beams shall not exceed T___, given in
Table 24.

Table 23 Permissible Shear Stress in Concrete
{Claures B-2,1,B-23. 842 B-52.|,B-522,B-53, .54 B-551,B553 B-632B-6.31 and B-64.3 and Table 21)

100 T"“L Permissible Shear Stress In Concrete, T, Nimm?
Grade of Cancrete
M 13 M 20 M2s M 30 YEL M 40
and ahove
(i 2 3 {4 (5 16} m
< 015 018 0.18 0.19 0.20 020 020
025 02 022 023 023 0.2 023
0.50 029 030 0.3 031 031 032
075 0% 015 036 037 017 0.3
1.00 0.37 039 D4 04l 042 042
125 040 0.42 0.44 0.45 045 0.46
1.50 042 0.45 0.4 0.4 D49 0.49
175 044 047 0.49 050 0.52 0.52
2,00 044 0.49 oS 058 0.54 0.55
225 0.44 0.5l 0.53 05s 0.5 0.57
2.50 044 nsi 0.55 0.57 0.58 0.60
275 D44 0.51 056 0.58 0.60 0.62
3.00 and 0.44 031 057 060 062 0.63
above

NOTE — & is thet arca of longitudingd icnsion reinforcement which continues al beast one effective depth beyond the section being
comsidered exoept al supports where the full arca of tension reinfercement may be used peovided the detalling eonforms o 26.2.2 and

1623,

B4



B-5.2.3.1 Forslabs, 1, shall not exceed half the value
of £ given in Table 24.

B-5.3 Minimum Shear Reinforcement

When t_ is less than T_given in Table 23, minimum
shear reinforcement shall be provided in accurdance
with 26.5.1.6.

B-5.4 Design of Shear Reinforcement

When t, exceeds T given in Table 23, shear
reinforcement shall be provided in any of the following
forms:

a) Vertical stirrups,
b} Bent-up hars along with stirrups, and
c} Inclined siirmups.

Where bent-up bars are provided, their contribution
towards shear resistance shall not be more than half
that of the total shear reinforcement.

Shear reinforcement shall be provided 1o carry 4 shear
equalto V-1 _bd. The strength of shear reinforcement
V. shall be calculated as below:

a) For vertical stirmaps
V= Oy Ay
s'l'

h} For inclined stirrups or a serics of bars bent-up
at different cross-sections;

V, = Ei%ﬂ{ (sin & + cos a)
¥

¢) For single bar or single group of parallel bars,
all bent-up at the same cross-section;

V=0, 4, sinn
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greater than 23 N/mm?,

@ = angle between the inclined stirrup or
bent-up kar and the axis of the member,
nol Jess than 45, and

d = eflective depth.

NUTE — Where more thun one type of shear reinforcemen i3
usedd o ren forve the xame porios of the beum, e dal sheas
resistaner shall be computed as the som of the redsimaee for the
variows fypes separatery, The area af the st shall o be
bess than the ronimuin specifed i 265, 1.6,

B-£.5 Enhancved Shear Strength of Sectivns Close
ia Supports

B-5.51 General

Shear fwifure s sections of heams and cantilevers
without shear reinforcement will nomally occur on
plune inclined al an angle 300 1o the homizontal, §t the
angle of fwlure plane is Torced to he inclined more
steeply than this [hecause the section considered
(K — X)in Fig. 24 15 close o a support or for ather
reasons|, the shear force required 1o produce fatlure 15
increased

The enbangement of shear strength may be taken
infu sgedunt in the design of sections ncar 2 suppor
hy envreasing design shear strength of convrete, 1
tu 2d Tla, provided that the design shear stress al
the face of suppoct remains fess than the values
giver in Table 23, Acecount may be taken of the
enharcement in any siluation where the section
considered is closer to the face of a support of
conventrated foad than twice the effective depth, o
Ta be elfective, tension reinforcement should extend
on gach side of the puint where it is intersected by a
possible failure plane for a distance at least equal wo
the cffective depth, or be provided with an

Yinere cguivalent anchora
; anc e
A, = otal cross-sectional area of stitrup legs b 8
or bent-up bats within a distance, B-8,5.2 Shear Reinforcemeni for Sections Clase to
5, = spacing of the stirmups or bent-up bars Supparts
along the length of the member, If shear reinforcement is required, the wtal area of this
. = design shear strength of the concrete, is given by:
b = hreadth of the member which for A=ab (1, -2d t/a,)f087f > 0dab/0RTf
fl hea hall he 1 : ;
h::;: of II':::-':hi;:: DAt AN TN Thas reinforcement should be provided within the
o e ) middle three quarters of a, Where 4 is less than o
g, = permissible lensile stress in shear  hodzontal shear reinforcement will be more effective
reinforcement which shall not be taken  than vertical,
Table 24 Maximom Shear Stress, T o N/mm?
(Clauses B-523 B-5.23.1,B-5.51 and B-63.1)
Concreie Grade M3 M 20 M 25 M 30 b3S M aii and obove
- MAmmd & 1K 19 v 23 LB
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B.5.5.3 Enhanced Shear Strength Near Supports
{Simplified Approach)

The procedure given in B-5.5.1 and B-5.5.2 may be
used for all beams. However for beams carrying
generally uniform load or where the princaipal load is
located further than 2 o from the face of support, the
shear stress may be calculated at o section adistance o
from the face of support. The value of T_ is calculated
in accordance with Table 23 and appropriate shear
reinforcement 15 provided at sections closer to the
support, no further check for such section is required,

B-6 TORSION
B-6.1 General

In structures where torsion is required to maintain
equilibrium, members shall be designed for torsion in
accordance with B-6.2, B-6.3 and B-6.4. However, for
such indeterminate structures where torsion can be
eliminated by releasing redundent restraints, no
specific design for torsion is necessary provided
torsional stiffness is neplected in the culeulation of
miernal forces. Adequate control of any rorstonal
cracking is provided by the shear reinforcement as
per B-S.

NOTE — The appruach to design in this claose for tarsion 1s w

follows

Torsional retnforcement is not calculated separntely from
that reyuired for bending ond shear Tnstead the todnl
longitudinal reinforceinent ts determined for a fictitious
bending moment which is a function of aciual bending
monent and torsion; similarly web reinforcement is
determined for a fictitious shear which i o funstion of somal
shear and torsion.

B-6.1.1 The design rules laid down in B-6.3
and B-6.4 shall apply to beams of solid rectangular
cross-section. However, these clauses may also he
applied to flanged beams by substituting b_ for b, in
which case they are generally conservative; therefore
specialist literature may be referred to.

B-6.2 Critical Sectlon

Sections located less than a distance d, from the face
of the support may he designed for the same torsion as
computed at a distance d, where d is the effective
depth.

B-6.3 Shear and Torsion
B-6.3.1 Equivalen! Shear

Equivalent shear, V_shall be calculated from the
formula:

T
V =V+lb—
* b

where -
V, = equivalent shear,

YV = shear,
T = torsional moment, and
b = hreadth of beam.

The equivalent nominal shear stress, 7, in this case
shall be calculated as given in B-5.1, except far
substituting ¥ by V. The values of 7,_shall notexceed
the values of T given in Table 24.

B-6.3.2 If the equivalent nominal shear stress t_does
not exceed £, given in Table 13, minimum shear
reinforcement shall be provided as specified
in 26.5.1.6,

B-6.3.3 Il 1, exceeds 7 given in Table 23, both
fongitudinal and transverse reinforcement shall be
provided in accordance with B-6.4,

B-6.4 Reinforcement in Members Subjected to
Torsion

B-6.4.1 Reinforcement for torsion, when required,
shall consist of longitudinal and transverse
reinforcement,

B-6.4.2 Longitudinal Reinforcement

The longitedinal reinforcement shall be designed o
resist an equivalent bending moment, M_, given by

M, =M+M,
where
M = bending moment al the cross-section, and
i1+ 07
M=T }. where T is the torsional

moment, £ is the overall depth of the

beam and & is the breadth of the beam.
B-6.4.2.1 If the numerical value of M as defined
in B-6.4.2 exceeds the numerical value of the moment
M, longitudinal reinforcement shall be provided on
the flexural compression foce, such that the beam can
also withstand an efuivalent moment M, given by
M =M ~M, the moment M being taken as acting in
the opposite sense lo the moment M.

B-6.4.3 Transverse Reinforcement

Two legged closed hoops enclosing the corner
longitudinal bars shall have an area of cross-section
A . given by

T.s, Vi,

.+
4" 3 ﬁ.d, Tov Z'Sdt T
ransverse reinforcement shall not be less than

!1“ -1} b.s,

+ I8

, but the total

where
T = torsional moment.
V = shear force,



]

il

spacing of the stirrup reinforcement,

centre-1a-gentre distance hetween corner
hars in the direction of the width,

centre-lo-centre distance helween comer
bars in the direction of the depth,

breadth of the member,

87

i
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permissible tensile stress in shear
reinforeement,

equivalem shoar stress as specified in
B-6.3.1, and

shuzar strength of the conerete as specified
n Tahle 23,
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ANNEX C
(Clauses 22.3.2, 23.2.1 and 42.1}

CALCULATION OF DEFLECTION

C-1 TOTAL DEFLECTION

C-1.1 The total deflection shall be taken as the sum of
the short-term deflection determined in accordance
with C-Z and the long-term deflection, in accordance
with C-3 and C-4.

C-2 SHORT-TERM DEFLECTION

C-2.1 The short-tlerm deflection may be calculated by
the usual methods for elastic deflections using the
short-term modulus of elasticity of concrete, E, and
an effective moment of inertia /, given by the
following equation:

For continuous beams, deflection shall be calculated
using the values of [, I ‘and M modified by the
following equation:

Xe=k EI;_I:‘] *H:l = 't!]'xn

where

E ]

modified value of X,
values of X at the supports,
value of X st mid span,
k, = coefficient given in Table 25, and
X = valueof [, | or M, as appropriste.

X

e

n

o

| A i C-3 DEFLECTION DUE TO SHRINKAGE
m - L
12 - M i[hi]ﬁ C-3.1 The deflection due 1o shrinkage a_ may be
Md\ d)b computed from the following equation:
LSty =k P, 1
Wi k, is & constant depending upon the o1
[ = moment of inertin of the cracked section, Y conditions g upo i
il i
M = cracking moment, equal to — > where Lo ﬂnflk?m'
[ 0.125 for simply supported members,
£, is the modulus of rupture of concrete, 0.086 for members continuous al one end,
L lf_ the m:mintlzf II'lEI'rtI: u'fddT gross and
ECCiion ADOU € Ceniroidal axis,
neglecting the reinforcement, and y is the 0.063 for fully continuous members.
distance from centroidal axis of gross cc ohri Ea
section, neglecting the reinforcement, o ¥, is shrinkage curvature equal to k, D
extreme fibre in tension, . where g, is the ultimate shrinkage strain of concrete
A = maximum moment under service loads,  (see 6.2.4),
o= |ever arm, . k.:llﬂ! P_PSI-UTWD‘HSFI-P:'ELQ
¥ = depth of neutral axis, Fﬂ'
d = elfective deph,
h, = breadth of web, and =0.65x flj_",i.si.ﬂfutﬂ-?‘al_ﬂ
b = breadth of compression face, L
Table 25 Values of Coefficient, k,
(Clauze C-1.1)
k, 0.5 or less L6 n7 0B 0.9 1.0 N t2 13 1.4
&, 0 0,03 0.08 0.6 030 .50 07 0.91 097 1.0
NOTE -k, is given by
gy M, +M;
My, +My

where
M. M, = suppor moments, ond
M, .M, = [zed end moments.
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where P= 1004y ooq p = 1004, b _
bd b G, ey = mitial plus creep deflection due to
: ; : permanent loads obtained using an
r‘"d Dh ':f““ gl dapdhs of thie sectian, snd Ly the elastic analysis with an effective
engeh.of span. modulus of elasticity,
C-4 DEFLECTION DUE TO CREEP E, = T-E}E‘ # belig the cinepiaeiicien,
C-4.1 The creep deflection due to permanent loads
oy M2Y be obtained from the following equation: =
B = short-term deflection due to
O penan = Tty ™ Tt permanent load using .Ev .

2118 BIsOT—13 g9



ANNEX D
[Clauses 24.4 and 37.1.2)

SLABS SPANNING IN TWO DIRECTIONS

D-1 RESTRAINED SLABS

D-1.00 When the corners of a slab are prevented from
lifting, the slab may be designed as specified in D-1,1
o D-LIL

D-1.1 The maximum bending moments per unit widih
in a slub are given by the following eguations:
M =a, wil
- 1
M =a wl
where
u, ond o, are coefficients given in Table 26,

w = |odal design load per unit area,
M,M = moments on strips of unit width
spanning I, and | respectively,
and
[ and! = lengths of the shorter span and
ionger span respectively.

D-1.2 Shabs are considered as divided in each direction
inter riddle strips and edge strips as shown in Fig, 25
the iddle sirip being three-yuarters of the width and
each edpe sirip one-eight of the widih,

D-1.3 The muxinmum moments calculated as in D-1.1
apply unly 1o the middle sirips and no redistribution
shall be made.

D-1.4 Tension reinforcement provided at mid-span in
the middle stnp shall extend in the lower part of the
shb v wihin .25 1 ol o continuous edge, or 0.13 { of
a discontinuous edge,

D-1.5 Over the continuous edges of a middle strip,
the tension reinforcement shall extend in the upper part
ol the slub a distance of 0.15 { from the support, and at
lcast 50 perccent shall extend a distance of 0.3 1.

[y

D-1.6 Ata discontinuous edge, negalive moments may
arise. They depend on the degree of fixity at the edge
of the slab but, in general, tension reinforcement equal
to 50 percent of thal provided at mid-span extending
0.1 [ into the span will be sufficient.

D-1.7 Reinforcement in edge strip, parallel to that
edge, shall comply with the minimum given in Section
3 and the requirements for torsion given in D-1.8
o D-1.10.

D-1.B Torsion reinforcement shall be provided at any
corner where the slab is simply supporied on both
edges meeting at that corner. [L shall consist of 1op
and bottom reinforcement, each with layers of bars
placed parallel to the sides of the stab and extending
from the edges a minimum distance of one-fifth of
the shorter span. The area of reinforcement in each of
these fout layers shall be three-quarters of the area
required for the maximum mid-span moment in the
slab.

D-1.9 Torsion reinforcement equal to hall that
described in D-1.8 shall be provided at 4 corner
contuined by edges over only one of which the slab is
continuous.

D-1.10 Torsion reinforcements need not be provided
ol any corner contained by edges over hoth of which
the slab is continuous.

D-1.11 Torsion | /1, is gredter than 2, the slabs shall
be designed as spanning one way.

D-2 SIMPLY SUPPORTED SLABS

D-2.1 When simply supporied slabs do not have
adequate provision to resist torsion at corners and 1o
prevent the corners from lifting, the maximum

;;
e

T
i
1
- E.‘,‘g‘: WDODLE §TRES - MIDOLE  STRS -
1 I
i : "'""'fu‘i'ﬁﬁ“""#
25A Fom Sean [, 25B Fon SPan |,

Fia. 25 Duviston oF SLaB o MiDuLE ano EbGE STRITS

20
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Table 26 Bending Moment Coefficients for Rectangular Pancls Supported on
Fout Sides with Provision for Torsion at Corners

(Clanges 1.1 and 24.4.1)

Case Type of Panel and Shert Spun Coeffickents o Long Span
M Mumeiits Considered (Valaes of L ) Coelficlents
i, for All
- - Vitlues af
[RA] (B 12 I 1.4 1.5 1.75 21 I.-".
) 2y 15] 4 15) ) (7 ®) 4y 1] ({14]

t biterior Panels;
MNegative mament af contlmsous edge 0002 07 DM UMY 005) MOSY  OneD 0065 0032

Puskitive st AL at macd-spon 3024 [ T17d 4 40 0nlae 0O i1 (L5 0049 0024
2 thre Short Edve Confimsour;

Negative moment of confiouous edge 007 0043 {RO4E 0051 0085 0057 0064 O06R 00T

Positive rument o imul-spon 028 4RIz (O3 oo ool (04 048 052 028

A e Lewrg Edee Discanhinsns;
Megative ninent ab contimaous edge 0037 Odd4 0052 0057 0063 0047 Q077 0085 0017
Pusitive poement at mmagd-span n2A HLIEY e Odd (047 nosl 0.059 (LS i Tied ]

4 Then .ﬂ.rﬁlm'.r'm FJJ,Q'F.T T ecumpriiaosiy -
Megative moment of continuous sdge D047 tLosR L) 006%  0o7l na?s 0084 il (L7
Positive maomsent il ndul-span (LIRS 0 fids iy sy 086 1,063 LD TLINAS

S5 Tovw Shand Edger Pivessn finuaner:
Megative momenl af continuogs edge 045 AL OS2 ONSh ROSF D60 LAY [ —

Prsiive mesmenl 38 nrgd-spon [ERLERE (7 {liMly  f1iM} ridd (048 1,049 s RS
Li] Thin f.r-lr_l; f:'ll'g{'.l Tl ewinisiued v,

Megarive momenl o conbinuoos odge — - — - - —_ - - LikaS

Positive psiment ue imdal-spon [ ERS LEIEN LR YA I ool (GR .08 {LIHEA [IRViER
7 Thare .FJ";Q‘FT Thsvaan i inmny

(e | eme Eddye Continuinsy:

Megative moment i continuons edpe AT D6 E O TR {1 O R [LRTL1] | (.17 =

Possiiwe e nt an iddl. span {1048 4K N0esL  00nsl 061 i (T (1071 [N
] Thare Edges D 'Iﬂirh.lrlllr'r

(ke Mhart ey Constiraierar) |

Pevpative sl o goneanuyis edpe = - - == - — -— -— 0.0657

Posalive muomiei at mld-span limgd HE[RT] R EE L T L R it e (LI 0k
i Fonr Edger Prveontiennsy:

Frusative momnem at gl span [+ (¥ I ft0rz 00T DO8s LERTE LY (UKl 07 s
moments per unit width are given hy the fellowing and ¢ and a are moment cocfficients
equation: given n Table 27

M, =a, wi D-2.1.1 At least 50 percent of the tension
Mow reinforcement provided at mid-span should extend
y Ty NS toy the supports, The remaining 50 percent should

whisrs eutend to within 0.1 1 or 0.1 J" of the support, as
M, M. w1 I aresame as those in D-1.1.  appropriate.

Table 27 Bending Moment CoefTicients for Slubs Spanning in Two Directions at
Right Angles, Simply Supported on Four Sides

{CTaeese D-2.1)
I_-'I, |0 I 12 1.3 14 I 5 175 2 .5 i
Q, 062 0oz REE Y LLima [h4rMy (LT [ [ERE ] 0122 0.124
" 11,082 ol 0,050 1SS ALY (LR o3y 0,029 $RLA) 4

9%
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ANNEX E
(Clause 25.2)

EFFECTIVE LENGTH OF COLUMNS

E-1 Inthe ahsence of more exact analysis, the effective
length of columns in framed structures may be obtained
from the ratio of effective length to unsupported length
I 11 given in Fig. 26 when relative displacement of the
ends of the column is prevenied and in Fig. 26 when
relative lateral displacement of the ends is ot
prevented. In the Intter case, it is recommendded that
the effective length ratio [/l may not be taken to be
less than 1.2.

MOTES

1 Figures 26 and 27 are reprodoced from “The Strectuml
Engineer” Mo. 7, Voleme 52, July 1974 by the parmisicn
of the Council of the Institution of Strocters] Enginesrs,
L H &

il e K

IK, +IK,
where the ummation is 10 be done for the members
framing into a joint ot iop and bottom respectively: and K,
and X, being the flaxural stiffncss for column and beam

In Figs. 26 and 27, P, a0d B,

E-1 To determine whether a column is » no sway or
a sway column, stability index  may be computed ns

given below :
Q -.z_'.Fl-éI-
Hy b

where

Ip = sum of axial loads on all column in the
M|
A, = clastically computed first order lateral
deflection,
H_ = total lateral force acting within the storey,
and
h, = height of the storey.
1f © 50.04, then the column in the frame may be taken
as no sway column, otherwise the column will be
considered as sway columnn.
E-3 For normal usage assuming idealized conditions,
the effective length [, of in & given plane may be

el ot assessed on the basis of Table 28.
HINGED 10 .\ \\ < \% 2o
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Tuble 28 Effective Length of Compression Mambers

(Clause E-3)

Degres of Eod Symbal
Restraind of Compre- .
mlon Members

(L) @

Effectively held in
poition ond restrained

againet rotathon |o B |
both ends

Effectively held in
position ai both cnid,

-——

rotation st one exd

Effectivaly held in

position at both ends, /
bt not restrained |
gkt rolation

Bffectively beld in o
position and restrined by
gaingt rotation of one /
end, und & the other 4
restrained agaimst

rotation but not held

In position

Effectively held in
poaition and restradned
agningt rotation in
one end, wed ml the
other partially restr-
ained against rotation
but mot held in position

Effectively beld in l‘]
position at onc cnd uy |
bair mot reatrained J
againa rotmion, and /

o the olhed end restaied

igainet motation

bert mot held in position

Effectively held in -
position and restrained ‘,f
agrinat FOtRHLON B Ong

end but not held in
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ANNEX F
(Clauses 35.3.2 and 43.1)

CALCULATION OF CRACK WIDTH

Provided that the strain in the tsnsion reinforcement
is limited 10 0.8 F, / E,, the design surface cack width,
which should not exceed the appropriate value given
in 35.3.2 may be calculated from the following
equation:

Design surface crack width

3 £
W
" 22;.,4:.,1
l +
h-x
where

a, = distance from the point considered 1o the
surface of the nearest longitudinal bar,
C,.. = minimum cover 1o the longitudinal bar;
E, = Average sicel sirain al the level considerad,
& = overall depth of the member, and
x = depth of the neutral exis.
The average steel strain £,, may be calculatzd on the
basis of the following assumption:
The concrete and the steel are both considered to be
fully elastic in tension and in compression. The elastic
modulus of the steel may be taken as 200 kN/mm? and
the elastic modulus of the concrele is as derived from
the equation given in 6.2.3.1 both in compression and
" in tension,
These assumptions are illustrated in Fig. 28,
where

h = the overall depth of the section,

x = the depth from the compression face to the
neutral axis,
J. = the maximum compressive siress in the
concrete,
;: = the tehsils stress in the reinforcement, and
E, = the modulus of elasticity of the reinforcement.
Alternatively, as an approximation, it will normally
be satisfactory to calculate the steel stress on the basis
of a cracked section and then reduce this by an amount
equal to the tensile force genernted by the riangular
distributions, having a value of zero at the neutral axis
and a value at the centroid of the tension steel of
IN/mm? instanianeously, reducing to 0.55 N/mm®
the long-term, acting over the tension zone divided by
the steel arca. For a rectangular iznsion zone, this gives

b (h-x){a- x}

=8 SEAE-)

A = area of tension reinforcement,

b = width of the section at the centruid of the
lension steel,

€ = strain al the level considered, calculated
ignoring Lhe stiffening of the concrete in
the tension zone,

a = distance from the campression face to the

poist af which the crack width is being

celeulated, and

effective depth.

fe

ts/Ec
I ¥
A4
h
l o At g
SECTION CRACKED STRAIN

- STRESS IN CONCRETE
fs 1 Himmd IN BHORT TERM
- o535 Nimm? IN LONG TERM

STRESS

Fo. 28
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ANNEX G
(Clause 38.1)

MOMENTS OF RESISTANCE FOR RECTANGULAR AND
T-SECTIONS

G-0 The momenl of reslitance of rectangular and
T-sections based on the sssumptions of 38.1 are given
in this annex.

G-1 RECTANGULAR SECTIONS

G-1.1 Sections Without Compresslon
Reinforcement

The momernt of resistance of rectanguler sections
without compression reinforcement should be obtained
as follows |
a) Determine the depth of netutral axis from the
following equation :

x, 0811 A,
d 036 f,bd
b} 1If the value of x/d is less than the limiting

value (see Note below 38.1), calculate the
moment of resistance by the following

expression ;
A, 7,
= L ) A
M, =087 f, A, d[l bd_f,.]

¢) If the value of x/d is equal to the limiting
value, the moment of resistance of the section
is given by the following expression :

My = 0.36 22 ron [I ~0.42 ﬂ'—?—]bd‘ fx

d) Ifx /d is greater than the limiting value, the

section should be redesigned.
In the above equations,
£, = depth of ncutral axis,
d = effective depth,
!, = characteristic sirength of reinforce-
ment,
A, = areaol wasion reinforcement,
Ly = charusteristic compressive strength
of concrete,
b = witlth of the compression face,
M_.. = limiting moment of resistance of
a scction withoul compression
reinforcement, and
x, . = limiting value of x_ frum 39.1.

G-1.2  Section with Compression Reinforcement
Where the ultimate moment of resistance of section

exceeds the limiting value, M, = compression
reinforcement may be oblalned from the following
aquation ;

M =M =fA(d-d)
where

M.M . duesameasinG-1.1,

f.= design stress in compression reinforce-
ment corresponding to a strain of

'0.003 3 11'.‘:."‘:1

JI.l'-'.!

where
X, p = the limiting value of x, from 3.1,
A_ = meaofcompression reinforcement, and
d’ = depth of compression reinforcement
from compression face.

The lotal area of tension reinforcement ghall be
obtained from the following equation

A=A +A,,
where
A_ = area of the total tensile reinforcement,

A, = area of the tensile reinforcement for a
singly reinforced section for M,
and

Ay=A_f1087f,

G-12 FLANGED SECTION
G-21 Foar x < D, the moment of resisiance may be
calculated from the equation given in G-1.1.

G-2.2 The limiting value of the moment of resistance
of the section may be obiained by the following
equation when the ratio D, / d does not exceed 0.2 :

Xy,

M, =036

Xy, max
- 1=0.4
3 {-oans

et ]fﬂ, b,d’

+0.45 i, (by -b.l'D;[d—PiL]

where
M, x . dandf, are same as in G-L.1,
b, = breadth of the compression face/flange.
b_ = hreadih of the web, and

D, = thickness of the flange.



G-2.2.1 When the ratio D /d exceeds 0.2, the moment
of resislence of the section may be calculatod by the
following equalion ;

M, -u.aﬁf-“j—"'-[l -n.az"-%] fu b

+0.45 £, by =y )3y [“'%LJ

IS 456: 2000

where ¥, = (0,15 x_ + 0.65 D{J\. but not greater than
I3, und the other symbols are same o in G-1.1
ond G-2.2.

G-2.3 Forx .. >x > D, the moment of resistance
muy be caleulated by the equations given in G-2.2
when [3 /x_does nol exceed 0,43 and G-2.2.1 when
N/x exceeds 0.43; in both cases substituting x,.
hys,

]
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