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Sectional Committee, CED 02 26 February 2026

FOREWORD
(For mal clauses )to be added | ater

This standard was first published in 1953 u
Reinforced Concrete for Gener al Bui | [ Co
1957. st amaevarsd further revised in 1964
"Code of Practice for Plain and Reinfo
of shasdardtructures other than gener al bui
revision was publis in 1978, and it i nc
renforced concrete ( structural mémbers.
proviemoasceptance ¢c r i awearned idnucrlfalbdi & di it sy tol
fifth revision of th andar d.

hed
RC)
rite
e st
t bei ssd@dmeéasds advances-ofmbaret i n t
[ nal | -p&t &erdadtni cehei mstlatcki a i n desi gt
e buillnt pwairtthi ccuolnacrr,etiet. addresses th
e taken place over the | ast two deca
t

f

n

t

h

[ y of chAlnca,eteev ert rtulced ulreest. f our deca
n major changes. Hence, this woeeidsi on
S

g

S

e

O =
0N O =x

tanding of structur al behaviour ; S 0me
structur al desi-gme c kpienegr orfe vd eanwvc raentde p
it is envisaged that this standard

O —ocSTo—~n =+
S S csSmpCE S5 S
Qo -y ST
T T D p® TS DO

S oS =

Thirevision incorporates a number of signifi
this revision are:

1)The title of the standard has b@ede mofdi f |
Practiced, which addresses three types of
and prestressed concrete.

2)The basis odf cohearsirgn ¢ sstedl abounre £d. The st
requires concrete structures to be desig

strengtskerviceability, durability,Eaoibustn
criotnesi deemed to have been designed for
demonstrated to meet the requirements | ai

3)High strength concretes and reinforcing
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revision.

4) I n general, the Dbasic pPArxiiradi pmdabrecnedirreg ma
moment ¢ agpraeciha séesd aoasnhde ar afndroeces i onal mo me
capaconmsiteengthut, the method of estimatin
been i mproved based on principlés moti mgc
straahues in steel and eecondbey icompeead

| uref sdcdormdmet e.
design strength val ugrsowifdecdomer ebe ma
essions, now showing exXxpfloci matyernihal p

ihmmi t ssttrad,regttdife deddsniign osnniweéngtf hexur e

ncrete member i s revisecdkcfornamrtyh ato mpa rers

I bbrehe member t o trheaatc hcionrgr elsipnointdiinngg stto

e cosncfdpsifgodur abi |l ity sa&mdod i dheassl giheen

troduced quantitatively.

e provisicers vieleatbkedsttyr esi stance, 1| mpa

r

e

n

ol
N—r
- — —

o
N

ST O0S X —O
oo~ =

oo
N—r

e r eosfi sctoaimaneeet ddeensedati onal i

new expression has been provwtafed for
crete, pnvhriaoadingiherlOper &2iOghesS for M25 a
t o pleOr cleeniter f or higher gr 80es of concrete
10Met hod of w®rseepnatoefimakiargatc kanwdi dt h cal cu
have been revised.

(] ~
O~ "0 -0 >

o T ™

11Requirements are provided on the need to
structures.
12P9r ovi si ons fArCe®Inastted cttioono and AQual ity A
rati orbalsiezded n di fferent | evels of qualit)
13Qui dainsceprovi dedsprct la¢ wypescf 0ff2 concrete
The provisions of this standard ar eglaphbpdli cal
stabatitywe structure | evel i St aadsnsduy readmibcy e
equilibriums, eosvEeagdiualnliy ga g sil @ ddi Inaga t astiuitbosni € e
presumed that | ocal instability at t he me n
proportioning of the members and through ap

me mber s.

After the publication of this stan€add, ofF S 1

Practiced wil!/l stand withdrawn.
I n the formul ation of this standard, assist
publications:

1)BS EN 206: 20 1ConAIr.e201l6,Speci ficati on, Per
and ConfoEuridpean Committee for Standardi
2)EN 1992 (informall yEurEdCc o2d)e, 220 1Besilgrnafaf
Struc,t ubBuersopean Committee for Standardi za

3)EN 149492 2023, Eurocode 2: Design-lof Con
Gener al rules and rules for buildings, br
European Committee.for Standardi zati on

4)YACI 318: 2019, Buil ding Code Requiremei

American Concrete I nstitute
5)AS 3600: 2018, Concrete structures, Stand
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6)DI N 1045, 2012, Concret e, Reinforced and
Standard by | Desu tFduarth @ Blor mung E. V. ( Ger ma
Standard)

7)CEB MioBel CodeCe@®mikO0Oe Euro International C

8) SO 19338 Performance and Assessment Requ
on Structur al Concret e, I nternational Org

For the purpose of deciding whether a part
complied with, the final val ue, observed or
or analysis shal/|l he rouB8dedOdaf2f' Rolascbodar
numeri ca(fr evadlsTlehees number of significant pl ace
of f value should be the same as that of the
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Cement and Concrete Last Date for Comments:

Sectional Committee, CED 02 26 February 2026

1 SCOPE

1. TT'he provisions of this standard ar e app
mai nt enance and assessment of pl ai n, rein
structures. Al so, they are apphccabéecompohs

structures.

1.”he provisiond afetappl stabbdaronly to desi ¢
madwi nhlor mal wei ght aggregatmasdwialnhdg hntowe itgoh ts t
heavy weightS@megagirelgatregui rements of structur

pl ates, arches, bridges, chi mneys, bl ast r e
|l iquid retaining structures and earthquake
standards haveened bepebhhics standard; these ¢
cajunction with this standard.

1.Bhe provisions of this standard are appl i c:
as specified hereunder.

1. 3PIllain concrete

The provisions of this standard shall be ap
el ements where reinforcement, i f provi ded,
strengt hs.

1. 3Re2i nforced concrete

The provisions of this standard shall be ap
(RC) el ements and structures, including but
structures, bridges, retaining wal | s, i ndu
apprtenant structures, chimneys, bins, silos
foundation systems, lan3d. Ipr@visions given in

1. 3Pr3estressed concrete

The provisions of this standard are applicat
concrete el ements:

a)Podtensi oned concrete elements, with interl
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b)Preensi oned concrete el ements.
1. 3Prdecast concrete

The provisions of this standard are applicab
precast concrete structures, and not fo

1. 3Stbhecedncrete composite

The provisions of this standard are applicat
members w@wfonstetebk composite structures, and
strucfThie edesi gn of all members, joints, conn
t he whoompeosti t ecture shall be demonstrated ba:
a)the provisions given in the relevant stan
b)the principles |l aid down in this standard
1. 3Adedi ti onal requirements for concrete stru
Addi tional requirements for desi gn, constru
concrete structures such as earthquake resis
|l iquid retaining structures, cooling t,ower s,
hydraulic structures, coast al Sstructures, S
concrete el ements, precast concrete product
and composite structures are provided in the
standards These standards shall be used i
standard.

14Structur al Materials

Standard materials shall be used so that th
constructed ar e alNmEmaede sramigtuh rtéhme dt s own i1
this standard during planning, design and c
grades of materials for which the provisior
conform to the re/lquirements given in

2 REFERENCES

The I ndian Standards | isted in Annex A cont a
this text, constitute provisions of this sta
indicated were valid. Al |l standarrdes nemd ss ub
based on this standard are encouraged to in
mo st recent editions of the standards i1indica

3 TERMI NOLOGY

s standard, fini
on,

purpose of thi t he
hall l'y apply. Il n addi

de
a gener al ti

31Categories ob Retlratudtvier g i ority of structur
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severity of the negative consequences (that

property and harm to natural environment) in
31. Bpeci al §stouoactotuees whose failure wild h a
which are required for national security;

31l. Zriticalistrwct wres whose failure will hav
are required in the aftermath of disasters
di saster management, and governance & busine
31. 3 mportant Iistrwctures whose failure wild.@ f
which are structures in which | arge number o
31. Nor mal stistcuet @s es whose failure wild/l h a
are not |isted as special, critical or i mpor

32CharacteristdiltcheStateaargacht eri sti c strength i :
of material below which not more than 5 perc

33Competent Aulthheorperyson or organization t hatf
to enforce rules and regulations within a sp

34Competent oGGooumndd on which the structure i

should be free from hazards | ike | iquefactio
and can resist safely the | oads i mposed by t
35Design Basis ReAp drotcu(m@BR) prepared by the S
and should be approved by the Owner, which d
of desi gn, al l considerations, i ncluding d
investigations atmahersiaftemahdableryr bpadt com
met hods of analysis, methods of design and d
36 Dur abolTihtey ability of a structure or a st
performance above a minimum acceptable | evel
exposed to a certain expected environment, w
need for & stgacfucah intervention
37Dur abilityURdetetha action of design | oads
t thereof to

capacity of a structure or a p
a)sustdadtneri orati ononddrhym@t eali £hemi¢tal an

environmental actions withi speci fied |
b)ser ve telxrpeewcghed swartvhiooudg lainfye avoi dabl e di s

ar
al
n

38Expected SeirTvhiec epelLriifoed f or which the struct
is expected to meet the required performanc
anticipated maintenance but no major/ substan

391 ntegrity UGrdietrertihae action of design | oads
capacity of a structure or a part thereof to
a)have redundancy of such type that all ows
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me mber s ;

b)sustain sufficient strength and | ocal def
to carry additional | oads i nduced, wi t hot
inelastic deformability; and

c)not coll apse either globally or |l ocally,
exceeds the design | imit states of safety

310Restorabilidd YWndcei t eheaaction of design |

standard, capacity of a structure or a part

a)sustain no damage in such structural el em
and/ or strengthened after damage,

b)per mit stiffening and/ or strengthening
amenabl e for modifications after damage,
def ormati on,

c)be brought back to original condition (if
i )if damaged (when permitted) under the a
under earthquake ground shaking |l oad) c¢
I ii)f the design | oads are exceeded or w
i mposed on the structwre, damage may ac

3.1Robustnessd Wmnidteear itahe action of defsimgea, | 0c¢

bl ast anariismipmagctout of hwuman errors (or any

standard, capacity of a structure or a part

a)internarlessutftrieasmi t hin specified strength |
b)inel astic defwrimht nospecified deformati on

3.28trengt h dCGknidteerr itahed acitgronpedidsi ed in this
capacity of a structure or a part thereof to
a)sustailn nointleyd or, nancdamdageg the effects of
b)possess sufficient strength to resist e |

mar gi n, and
c)undergo such defor matipar ttihaltn codsiydipgesteei n
col l.apse

3.3ServiceabildtUndE€ri tdrei action of design | o
ari si nbg afsrtomi mpasctpeamndifeidren this standard,
a part thereof to

a)restsrtiressswithin the specified | imits;
b)sustcaianoks wi dt hs small er than specified c
c)undedgbdbor maiinehsadi ng deflections, rotatic
than specified.deformation | imits

3.4Mai nt emafhrcecess of preserving the ctonditio
continues to meet its performance criteria t

3.5Performanc® R&rgiutiereineent s that define the mi
astructleermelnt from the standpoints of strengt
restorability and robustness

3.6Nomi nal oClblhveerdesi gn depth of concrete cove
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in design and indicated in construction dr aw

3.7Qual ity ASSSAr pmrac e of gual ity management
providing confidence that quality requiremenrn
tur n, prevents defects by ensuring that pr o
focuses on the syssteth anddpseogasaad construc

3.8Quality &Anpaot of quality management Sys
guality requirements, whi ch I n turn, det ec
monitoring and measuring outputs
31%Quality oMandimdument that describes the que
of an organization

3. 0Quality AssurhAndcoec Prheamt t hat outlines the
and responsibilities needed t o ensur e t ha
requirements

3.1Regul ar Sd Austwweture that is composed of
el ement s, which provide definite and direct
horizont al and vertical pl anes) to the founc
have wuniformm dinstprliabnutainod el evati on of struc
view of mass, stiffness, strength and deforn
3.2Rel i &bdoensi stently good in safety, quality
trusted

3.3Repadi Physi cal i ntervention in a structure
the materials of the structure and its memk
characteristics (like structural configurat
strangnd overall |l ateral deformability)
3.42Rest @rBPhysi cal i ntervention in a damaged
structur al characteristics (like structural
| ateral strength and overall |l ater al def or me
take jttheetm back to their undamaged states
3.52RetrdfRhysi cal i ntervention in the struct
characteristics (like structural configurat
strength and overal/l | at er al def ormability)
them cagabileeti ngmar edetmaanrd t heir. current capa

3.65el ect SOrTuhcet ugteructur e identi fied in the
condi.ti ons

3.27 Hardeniing Matecdemiahg materi al i's define
strength equal to or greater than 1.1 ti mes
taken at a crack opening displacement (COD)
hardening mat erei alulitsi pdnree cwhaec ks can occur p
For materi al hardening to occur, the fibre d
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the SFRC is at | east 10 percent greater tha
without fibres. The wvalue of COD of 0. 3mm
contribution to the strength of the composit
sbstantially taken by the fibres alone.

4 SYMBANB ABREVI ATI ONS

4.1 Symbol s

For the purpose of this standard, t he symbc

foll owing meanings with respect to the str

ot herwise defined el sewhere in this standard

Symbol Meani ng

0 Crosecti onoafl tahree ame mber

0 Smal |l es-sectriosmsal area along th

Ag Gross areaeoftionoss

0 Effective ar-eacphpfobhhe cross

0 Area of steel i n compression

0 Area of steel i n tension

0k Area oprensotnressed bottipmssengf
column or in the width of the
considered

0 Area of |l ongitudinal prestress

0 p Area of pr est ypeasssseidn gt etnhdroonusg h
capital core inneach span dire
Crossectional area of ties
Area of comodete at the
Ar ea of tranaVven-ge rxebcatri on pe
di menBafona rectangul ar section

0 Ar ea of tranaVven-ge ryebcatri on pe
di menBofona rectangul ar section

0 Area of horizontal stirrups 1in

0 Area ofsecno®n of transverse hg

0 Area ofsecnon tr ainreva rcier duln&r

0 Tot al -secaso®nal area of transve

0 Area of main tension reinforce

0 Area of primary r ei nCregexcst memta
compression steel along the fu

0 Area of reinforcing sttieel al on

0 f Area of shear friction reinfor
Area of the base of the frust
wholly within the footing, h a
area, and having a slope of 1
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0 Area of the column or pedest al

0 Area ofsecnoosn of prestressing

At Ti me dependent multiplying fac

0 Contact area of bearing of the
end, which i f circul ar i n sha
equi valent area

0 Maxi mum area of that portion o
geometrically similar and conc

@ Wi dt h of contact area of conc
measured parallel,Cteo ttsae@mptdn & &
bet ween bars or groups of bar g
bendi ng,

@ Di stance of concentrated | oad,
Overall di mension of the crit.i
perpendicular to the axis abou

@ Overall dimension of the crit.i
the axis about which moment ac

@ Di stance of appldiecsatginonw eaft ifcad

B Overall width of a concrete be

) Effective width of sl ab

) Actual wi dt hef bécttihvee swiabt h of
structuyuoa aksewadalilon di mensi on pert
axjjagerage of the width and dep
critical section

) Perimeter of <critical section

) Centtreent re di stance between c
direction of the width

) Smal l er di mension of theseetta

@ Nomi nal cover to column bars p

) Breadth of the member under <co

) Breadth of the web of the memb

o, Breadth of the effective fl ang

) Effective sl ab width

0 Tor si onal, Comreslitiacant dept h, No mi

Od Design concrete nominal cover

Cm Mean depth of carbonation meas

0 Di stance of point of-akhtseokstr

0 Di stance of point of-akhtseobkstr

0 Sl enderness Factor

Cs Surface chloride content

Ci I nitial chloride content

Csck Characteristic value of surfac

CED 02( VL0 96)
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0 Design value of surface chlori

Cth Threshold chloride content

CQck Characteristic value of CO2

Cix )t Chl oride contexéandtexpuousturdept

0O Crossection dimension perpe@dec
depth of a concrete beam or
rectangul ar column in the dire
of member

Da Chl oride diffusion coefficient

Da( o} Il nitial diffusion coefficient

Dda( t ) Desi gmtmrecsdyat e chl oride diffus

Da(ts) Design value of chloride diffu
ts 1

Da, Mean value of chloride diffusi

0O Equivalent thickness of voided

0O 0.2% mes |l ength of the member

0O Depth of the beam web nor mal t

0,0 Di mensions of the end members
at its ends

O Larger dimension of t he -sreeccttiaon

Q Effective depth ,AV¥emagencfeetf
slab in two orthogonal directi

Q Centtreent re di stance between c
direction of the depth

Q Nomi nal cover to column bars p

Q Di ameter of the bar

dg Maxi mum nominal size of <coarse

Q Mi ni mum di ameter of col umn

Qr Di ameter of the |l argest |l ongit

Q ; Di ameter of the smallest | ongi

0O Modul us of elasticity (in MPa)

0O Modul us of elasticity (in MPa)

O Strain hardening modulus of re

0O Modul us of elasticity (in MPa)
strands

Ec Shotredrm static characteristic
concrete

Ec | Modul us of elasticity at the 4

Q Eccentricity of Il oading

Qr Mi ni mum eccentricity for bendi

Qp Mi ni mum eccentricity for bendi

CED 02( VL0 96)

2025



Draft rSa afnodra Comment s Onl y CED 02( &wrC096)
November 2025

Qp additional eccentricity of str
i n t hoeploaunte directi on

Q eccentricity of wunbonded tendg
the end

erf (z) Error function

Fo Characteristic strength of ten

O Bursting tensile force

O Tensile force due to design | o

O Design | imiting strength of a

O Design Load on the strut, tie

O Factored sliding shear force
structure as a whol e

"O SIl'iding shear force demand due

"O SI'iding shear force demand due

O SIl'iding shear force demand dug
the effects of earthquake shak

O SIl'iding shear force demand due

"O SI'iding shear force demand due

O Design sliding shear f orce srla s
of the structure as a whol e

"O SI'iding shear force resistance

O SIl'iding shear force resistanc
resi sbpaheeed by positive shea
provided in the structure

O SIl'iding shear force resistanc
vertical earth pressure | oad

O Design compressive strength of

O Design tensile strength of a r

O Design compression strength of

O Actual mean breaking | oad

O Tendon under the | oad

"Q Characteristic compressive str

Qp Target mean strength of concre

Q Mean compressive strength of ¢

Q Direct tensile strength of <con

"Q Split tensile strength of conc

"Qr R Mean split tensile strength of

Q Modul us odf raprnarret e undebry bceann
out the flexural tension

"Qp Mean fl exural tensile strength

Q I niti al st r,esCsubien sctornecnrgetthe a't
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Q design stress in steel cofrgesp
Q- i Characteristic tensile stress
"Qp Compressive seraessrcing steel
Qi Compressive sbnesste atiotfhe elia
steel i n compression
"Q Effective compressive strength
Q Characteristic compressi Nodetr
Q Characteristic tensile strengt
Q Characteristic tensile strengt
Q Characteristic strength of the
"Q Actual yield stress of reinfor
"Q Actual ultimate stress of rein
Q Characteristic tensil e streng
strands
"Q Stress in prestressing steel a
"Q Design Strength of prestressin
Q Stress in concrete due to pr es;s
steel
Q Maxi mum initial appeetstdes &i ng
i mmedi ately behind the anchor a
Q Proof stress of the prestressi
Q Axi al stress
Q bond stress
Q Tendon stress just after relea
Q o Design tensile strests at ti me
Q Bond strength for anchorage in
Q Stress in tendon
Q Stress in tendon after al/l |l os
Q Stress induced in bar at the s
combination related to strengt
Bearing stress
Maxi mum bearing stress

Desi

gn otcroenncgtet e and steel s

Char

acter.i

stic strength of the

a
X

Desibgemr i ng osft rceonngctrhe t e
s
a
s

Absolute value of tensbleadsnge
Design axiaofl rseirrefnggrtchi ng st eel
Limiting desigm axial somemet!ls
Limiting design flexural stren

10
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Q Design flexur al strength of <co

"Q Limiting desi gn nf lbexdr anlg < ternen

"Q Design bearohgcsehnhceegeéh

Q Design bonfdostreinmgftdrci ng bars

Q Stress at paiontpedtk t@aoygfemme ¢ e

"Q Cube strength at time of tensi

Q Characteristic strength ©d mpu
stress (taken as positive) at

"Q Peak strength of confined conc

"Q Effective prestress after all

Q stress in the prestressing st
corresponding tepan axial stra

Q I nitial stress in the prestres

Q stress in the prestressing st
corresponding tepan axial stra

Q Maxi mum principal tensile (tak

O Shear modulus of <concrete

O Hei ght of the dJobotattbeabhtwabf
from its base

O Factored horizont al |l oad

O Unsupported height of the stru

O Effective height of a structur

O Later al shear forcien atthe o9t oorfe
along the principal plan direc

Q Hei glstt osfegnsi der ed

hs p Di stance between tip ofsetchtei onno

Q Noti onal size (in mm) of the n

O Effective second momesretctafonar e

O Equivalent value of moment of

O Effective moment of inertia

O Oat | eft support

O ‘Oat right support

O ‘Oat -spdn

O Moment of inertia of the crack

O Gross moment of inertia

0 Property of critical section
about ceratxnoei odl cx i ti cal secti

0 Property of critical section
about ceratxnoei odl cy i tical secti

0 St . Venant Torsional Constant
Carbonation coefficient

11
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Km Mean carbonation resistance co

Ke k Mi ni mum characteristic carbona
systems

Kd Design carbonation coefficient

0 Fl exural stifimheesisngfatol bennj o
Fl exur al stiffness of t he
rotation

Il Factor dforsamfaetey i al

k Effective | ength ;€Caet oirciodntt hf
Wei ghting factor

K1 Thr-demensi onal orientation fac

kn Coefficient dependilmg on the n

Ko) Modi fier depending on percent i
steel s

Ko) Modi fier depending on end rot &

ko) Factor to account for | arger t

Kr a4 Reference factor

0 Effective | ength

0 Span of the member measured be
me mber s
Unsupported | ength of the memb
Sum of anchorage beyond the ce
anchorage of any hook or mecha

0 Hori zontal dicdrminrcef beattweerean r ¢
wal |

0 Basic transmission | ength

0 Tr an s milesnsgitohn

0 Upper value of desig@gn transmis

0 Desitgmnsmi ssion | ength

0 Di spetesigd

0 Anchorage | ength

0 Effective |l ength when bending

0 Effective | ength when bending

0 Design | oad

0 Characteristic |l oad

0 Devel opment | ength

0 Reduced devel opment | ength

0 Devel opment | ength in tension

0 Devel opment | ength in compress

0 Lengtlhapofspl i ces

0 Length of structural wall

12
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0 Length of the prestressing ste

a Lengths of shorter spans

a Lengths of | onger spans

a Effective span

It Length of the specimen taken 4

a Effective | ength for bending
di men®i on

a Effective length for bending
di men®i on

a Length of cantilever sl ab meas

a Span in the direction moment s
supports

a Span transmeaswerdd centre to c

a Clear span extending from f ag
brackets or walls

(o Unsupported | engt hsaxfiosr bendin

(o Unsupported | engt hsaxfiosr bendin

(o Length avail able between the f
front of the corbel

0 Maxi mum unfactored design bend

0 Moments in col umn

0 Bending moment demand at the <c

0 j Fixed end moment (due to DL an

0 5 Fixed end moment (due to DL an

0 Ser vi ceabibleintdyy ndge srogneanitt y

0 ,0 Serviceability design penti sgi
member f or be-mdidagieabout X

0 Bending momeiserdemandi | ity des
demand at the critical section

o ,0 Design bending momeet dleemands
servickeabhdbity

0 Equi val ent design bending mom
me mber due to toYebotmalne dome K
anal ysi s

0 design bendingnsmbemwsrhtadh t o col
to column by unsymmetric bendi
unbal anced gravity, wind, eart
horizont al forces applied on t
Tot al design bending moment ac
Tot al bendi ng moment X-axeinsa nalfs -1
section of the col umn

0 Tot al bendi ng moment Y-adxeioda nt b e

13
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section of the col umn

0 Addi ti onal bending moment demg
structur e acXtaixn gs aobfo-stéhcet hcer no sosf

0 Addi ti onal bending moment demg
structur e acYaixmg a bhoes éccrtoisesn o f

o ,0 I n the design of the slender
top and bottoXmxicg.i ng about

o ,0 In the design of the slender
top and bottoYaxaicst.i ng about

0 "o M|Factored bending ano mehnet tdoepmaanng
vertical me mber daxiosfg idsoedt
obtained by I|inear structur al
design | oads applied on it

O "o M|Factored bending anmo mehnet tdoepmaanng
vertical me mber Hda Xiosfg idBDa@dt
obtained by |inear structur al
design | oads applied on it

0 Overturning mo me nt demand t h
structure as a whol e

0 Moment demand that cause fl oat

0 Moment demand that cause fl oat

0 Moment demand that cause fl oat

0 Moment demand that cause fl oat

0 Restoring moment that helps in
as a whol e
Restoring moment due to that p
Restoring mo me nt due to char
of fered by positive anchorages

0 Bendmoment induced i nX-aaxinsember

0 Bendmoment induced i nY-aaxinsember

0 Li mi teisngnd bendi ng moment <capacd

0 Limiting design bending rmxment

0 Limiting design bending @axment

0 Limiting bending momefatxi sapdc-i
section of the RC member corre
bending moment (with no axi al

0 Limiting bending momedsai sapéc-i
section of the RC member corre
bending moment (with no axi al
Bending moment at right suppor
Totdaelsi gn bendaogi mgmantthe cri
Equi vadkesngn bendiarng trhemecnrti t i c
member deevioeability design’Yt

14
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on the member

’ Revised bending moment <capacit
Bending moment that produce®t:
design moment

0 Design negative moment

0 Design positive moment

0 Design negatimeamoeneinérsi or spa

0 Bending moment induced at the

0 Bending moments i nduced at t
me mber

0 Absolute value of wunbal anced <
axis of critical section

0 Absolute values of unbal anced-
axis of critical section

m Modul ar ratio

0 Number of col umxncso nisni diehreedst or e

0 Number of storey

0 Number of transverse | inks in

0 Number of 1l egs in transverse r
me mber

0 Number of rectangleed itomat st te n

€ Total number of time intervals

0 Desiaggn ad dmamember obtained fr
on the structure

0 i Design axial load on column fr

0 Axi al force capacityofatR&€emeil

0 Axifance induced i nZaaximember al

0 Limiting design axial force

0 Limiting axial | oad capacity
pure axi al |l oad (with no bendi

0 Prestressing force

0 Design tendon force

0 Design axi al dionr cteh e ns tcoorl euymnc o

0 Servi ceabialxiiffagir de sac gmaci t vy

0 Axi al |l oad demand

0 Design compression axi al force

0 Design tensile axial force den

0 Desiagn al | oad corresponding t¢
across tshec tcirmms s

0 Serviceability compressive axi

0 oW Serviceability design pemmid i

15
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membet ensi on

n Percentage of steel i n compres

N Percentage of tension steel

0 Stability index

0 Largest value of stability ind

N Maxi mum bearing pressur e i nd
pedest al

R El astic force; rkidrue triesi otaan e

RH Rel ahuinviedi ty of the ambient en

i I nternal r a d,iraudsi uosf otfh eg ybreantdi o n

i Least radius of gyration

Sma x Maxi mum spaci ng Dbtertawesevne rasdej ahcoe

i Spacing (mm) of the transverse

Y Normalized transl| gtbrenahat e dMomn
i n a member, Temperature

Y Tor si onal moment carried by co

Y Design torsional mo me nt at t h
obtained from structur al analy

Y Limiting design torsional mome

Y Desi gn torsional mo me nt de mar
concrete, transverse reinforce

Y Serviceability design torsiona

Y Serviceability design torsiona

Y i Total serviceability desatgnt heo
section

4y temperati®€hneduirmng th¥ time int

Y Temper attgge eght e

Y Temperatemenof

Y Temper amiuxe wat er

Y Temper atvaterofbn aggregate

0 Age of concrete a,¢t Itrhiet itdaImed wrf
at the time of exposure

teff Duration (in years) tDawiolulghb evh

t Ti me period

ti Time for initiation of corrosi

tp Propagation time of corrosion

0 Equi val ent ti me

ts Age of the concrete at t hei nbedg
normally this is at the end of

0 Thickness of the wall

0 Thickness of the footing

16
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ts1 Design service |ife

0 Per i neeft etrhe member in contact

W Shetmrce induced Iin a memiaxi wh

W Shetmrce induced in a memiKaxi wh

W Factored vertical | oad

W Design shear force capacity

w2 Contribution of concrete to de

W Design earthqguake base shear o

W Shear cfaorrrcieed by concrete

) Design shear force demand

W Total design shear force actin

W Equi val ent design shear force
duetbosi onalYomdmaeamted from str

w Design shemaangfoersdeadb ftroomc ol um
col umn by sy mnoeft rsilcabb eonrdifnogot i

w Fact areesd gn vertical force in ¢

W Design shear force capacity

W Contributionwof concrete to

W Contribution of wreinforcing st

W Design shear force capacity of

w Design shear force capacity of

@ § Contribution of co@mpression co

W § Contribution of wreinforcing st

W Limiting design shear force i-f
axi s

W Limiting design shear force i-I
axi s

W Shear force in the structure i

W Serviceability design shear fo

W Contributionwof concrete to

W Contribution of wreinforcing st

) Vol ume of 2aoied per m

W Total serviceability @etigg &t
section

W Equi vdésngn s haetart hfeorccrei t i cal
duetobosi orealy mom

W Shear force at the top of the

W Shear force at the bottom of t

W Overstrength | ateral force

W Total de<Llgmateadoefficient

W Masseagagfregat e

17
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W Mas s e earfe nt

W Mas s ani xf wat er

W Massdrefe water on aggregate

w Uni formly distributed design |

0 Crack width

@ Factor based on grade of conecr

() Di stance of centroid of concen
Nomi nal cover, Constant which

W Smal |l er di mension of a closedgd
reinforcement

W Bal ancedfdeptolss section of <cor

W Li mi t i nogf dneeputthr al axi s

W Di stance of centroid of prestr
section

@ Di stance of the concentrategds H
of end Dbl ock

® Side of |l oaded area

W Di stance of the concentrated |
in the direction parall el to t

W Di stance from centrobsdati amri §¢
the Modulus of concrete for th
reinforcement) to the extreme

Z Earthquake zone factor

@ Section Modulus wsfcthengrosse:¢
bot throomsfti borfe concaemper eéigncioms i de
transfor medf esrech e madd xigs about X

@ Section Modulus wsfcthengrosse:
bot throomsfti borfe concaemper eéigncioms i de
transfor medf srechh e maaixnigs about Y

@ Section Modulus wsfcthengrosse:¢
bot thooms f i bofe concrteetnesii cmnsi de
transfor medf srech e madid xnigs about X

® Section Modulus w®fecthengross e/
bot throoms f i bofe concrteetnesii cmnsi de
transfor medf srech e madaixnigs about Y

a Lever arm between the centroid
| ayer of steel

| Coefficient of ther mal expansi

| "Q Average compressive stress in

| The ratio of fl exur al stiffnes
at a joint taken in the direct

| Short span bendi ng; Hroantetnito nc ooeff
col umn moment
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| Long span bendi ng ;nkornaecntti omo eofff
col umn moment

p | Fraction of wunbalanced col umn
centreixdasl ot critical section

p | Fraction of wunbalanced col umn
centr exdasl oyf critical section

| Angl e of prestressing steel te
axis of the member

() Ratio of the | arger and small e

I Shear deformat Rani of act ort he p
translational stiffness and pu
Angl e of inclination of the ¢
tapered beams

f Factor accounting for the geo
concrete in the Strut

f Factor accounting for the | evg
Node

1@ Di stance of resultant compres:;g
fibre

f Rati o of the aféatof ther ¢ ot at
section

I Short span shear force coeffic

I Long span shear force coeffici

I 0 Coefficient describing devel op

T "Q Factor accounting for e%fect 0]

I 0 Factor accounting for effec% o

(04] Chord displacements in a frame

W Later al defl ecticom tet rtecsp eaft ¢
the storey considered along th

W Shotrerm defl ecti on

W § Lontgerm defl ection due to shri

W § Lontgerm defl ection due to cree

W Defl ection due to temperature

wO Los of prestress due to creep

O Loss of prestress due to shrin

WwQ I ntegrated and averaged <creep
anchorage points

wO Loss of prestress due to rel ax

wQ Rel axation | osses (stress) in
type of steel, initial prestre

wO Loss of prestress due to el ast

WO Loss of prestr essduduengt oansclhiopr
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Wi SI'ip in the anchorage of prest

w0 Loss of prestress due to frict

yQ Range of forces

Y, Mi ni mum fatigue strength

a Rel ative to chord displacement

_ Aggregate type factor
Crossection Size factor

_ Crossection geometry factor

- Strain

- I nitial strain in prestressing

- Compatibility of strains at a

- Yield strain of reinforcing st

- 0 Creep stratrton(iat dtoieme not i ncl U
el astic strain in concrete at

- Strain at paion etk tcaopngfecnte & e

- Ulti mate strain capacity of «co

- 0 I nitial elastic strain at | oad

T Aut ogenous shrinkage strain

T Tot al shrinkage strain

T Drying shrinkage strain

T & Final value of the drying shri

- Strain in concrete at wultimate

- Ultimate Strain of wunconfined

- K Limiting strain in concrete

- i Limitingeisnfranoai mg steel

- h Limitingprestaessing steel

- Design temperature strain impo

- Average strain at the | evel of

i Parti al safety factors for | oa

I Partial safety factors for mat

i Parti al factornrsk of safety on (

i Parti al factor of safety for a

. Normalized rotational restrain

r Factor @faismdtetlyat er al i nstabi

I Parti al safety factor based on
design service |ife

i Parti al safety factor based on

q Earthquake overstrength factor
Ulti mate oversteengobhciagtet et
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Ul'ti mat e ovVverosft rpernegstthr e sascitnogr s
Yield oversbfepgekBttrassomng st e

I Shrinkage curvature

r Temperature curvature

, St andar d ,dewuvireaetsison

, In fl exur al members permi ssi bl

, I n fl exur al members permi ssi bl

, Permi ssi bl e str eshsenidin ncgo nccorneptr g

” Per mi ssi bl e st r esbsenidn ncgo rn cernesti &

, Per mi ssi bwhestcempressi ve resi
considered

” Permi ssible bearing strength

, Permi ssi bl e iakiaxXi aslt reecymgpgrhe s s i

” Permi ssible axial strength in

” Permi ssible filexbemadi sgreoamp he

, Permi ssible filmxbhemadi sgrteaemgsiho

, Permi ssi bl e stresasxiian ccoomrprreetse

, Per mi ssi bl e stundsasx iianl ctoemcsri eothe

n Poissonb6s ratio

' Poi ssonb6s ratio of concrete

' Coefficient of friction in cur

— Rotation at the top of compres

— Rotation at the bottom of the

— Angl e subtendedmbyhei dk ametr.i
circular section

. Nomi nanmhe taifa r,e b@irameter -®écttihece
circul ar Miecitmwm di ameter of m

. Size of the bar, or in bundl ed

%o, O Creepfdd ci ent

%0 Noti onal creep coef f i cdfefnitciteon
l ogarithmically in 75 years

%o factor account for effect of
coefficient

. Di ameter of the bar used as tr

T Design bond stress

T Limiting design bond strength

T Desisghrearngstthr eof concrete

T Desisghreaength of concrete in st

T 5 Maxi nduemsi gn shehrcehceeste in s

T Desisghrear sitm e;mwyrntdhi ng shear
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T Desisghrear sitm eciggthor ti onal shea

T Design sheamasdr ess

T Desisghnear tsitnamsfsersrieadb ftroonc ol u n
col umn by sy mnoeft rsilcabb eonrdifnogo t i

T Desisghnear tstamsfsersrleadb ftroonc ol um
column by unsymmetric bending

T Nomi nal shear stress at the f
design vertical force

T Per mi ssi blne sshterags s

T Nomi nal design shear stress de

T Tot al serviceability deasti ginhes
section

T Maxi mum desi gnofs hceoanrc rsettree s s

T Desisghrear strength of concrete

T Design sheaf serehgtbing steel

T Design sheampr sdtrreergsihngofst eel

T Permi ssible bond strength

T Permi ssible shear stress stren

T Permi ssible maxi mum shear str g

T permi ssible punching shear str

I Design distortional shear stre
principal plan directiconauma gn

T Characteristic strength of the

” Coefficient dependent on elye
resistivity

"0 Stress reatl atxiame otn ( hour s)

7 Effective percentage area rat.

” Strength enhancement factor

” Strain enhancement factor

” Area ratio of transverdcgier erceiil
rectangul ar section

” Area ratio of transver-der gcaetiin
rectangul ar section

” Area ratio of transverse reinf
section

Y Variation in density with temp

— Eccentricity factor to reduce
requirement to design for a m
di mension of the member perpen

— Anchorage efficiency

— Coefficient accounting for typ

— Coefficient accounting for qua
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‘ Factors based area of botto

‘ Factors based area of compr

‘ Factors based aspect ratio

‘ Factors based o area of effec

4 . 2brAeébvi ati ons

ACR Al kali carbonate reactivity
ASR Al kal i silica reactivity

BL Bl asdd

CL Constriloadi on

CRCA Colrbll ed cold anneal ed

C3A Trcial ci um al umi nat e

C4AF Tetra calcium alumino ferrete
CMOD Craméauth opening displacement
CcCOD Crachkgening displacement

DBR Desibgamsi s report

DEF Del agetdringite formation

DL Dealdad

EPL Eargrle s sloa @&

ESL El asthioe t eamd ng | o

EI FS Exteirnoul ation finish systems
FEM Fi neltement met hod

FRP Fi brreeit nforced pol ymer

FSL Foundasteitan ement | oad

GGBF Grougrdanul ated bl ast furnace
GGBS Grougrdanul ated bl ast furnace sl
HDPE Hi gllensity polyethyl ene

| L | mp o oeadd

L MC Latmxdi fied concrete

LPL Liqprdssure | oad

LR Loadti o

MV L Machwvnération | oad

NDT Nomestructive test

oMC Opti momstuenatcont

PC Pl aconcr et e

PCE Potayr b o x gtlhaetres

PL Prestloaeds

PMC Pr ojnacntagement aonbnsul

PMC Polymedi fi ettleconcr e

PPC Portpamdol aemmat cem

23



2025

structures

Draft rSa afnodra Comment s Onl y CED 02( &wrC096)
November

PPCC Pol yReoerrt lceemtent concrete

PSC Portbkhadenoem

PRAN Per meamedudiyng admydcrntauseamiohi on

PRAH Per meamedudiyng admiakxiogreohddt 0§

PVC Polvy nyl echl orid

QA Qu a laistsyanc e

QC Qu a lciotny |

QAP Qu a laistsyur anacne p

RC Reinfoooedet e

RCC Reinfecemeodnhccete

RCPT Rapchkhl oride permeability test

RH Rel ahumiedi ty

RHPC Raphar demo mtgteammedn t

RMC Readny x cene

SBR St yrkewmteadi bee rub

SCC Setbmpactnicnrge tceo

SCM Suppl emeemanyi ttiedusaal ma

SFRC St eferlk ei nf oree@d concr

SL Snolwa d

SR Sl endemne ®s

SR Segregrati on

SRC Sul phatse smeng ce

TAL Temper aambieentadair | o

TDS Totdailssol ded soli

TFL Temper aft vo &d |

UFGBS Ul tfriane ground granubgted bl ast

UPV Ul trapwinde velocity

UTS Ultimaheile strength

VEOVA Vi reyslt er of versatic acid

WL Wi nlada d

5 BASES FOR DESI GN

The bases for design of concrete

to structures that are conasntdr uaxrte ds toanb lceo mpre

action of the design | oads.

5.1 Concrete Structures

Concrete tures shalll be

struc
concrete (PSC).
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5. 1Reli nforced Concrete Structures

5.1 Reilhhforced concrete structures may be con
structural systems:

a)Moment frame system,
b)Structural wall system,
c)Braced frame system, and
d)Advanced (svushteumse an-ti ubeame

or a combination thereof.

5.1 Wh.i2e selecting a structural system for
considered:

a)Structural wall systems perform better th
b)Extreme <caution shal/l be exercised when
systems in concrete structures, as speci
(Part 5);

c)Connections and joints shal/l not fail or
members may fail;

d)Reasonabl e parity shal/l be ensured bet we
reinforcing steel empl oyed. Combi nati on:¢
concrete shall not be admissibl e, whi | e
high grade concrfatle maayd be waste
e)Construction technology employed shall b
| oading on creep and shrinkage deflectio
structure.

5. 1Pr2estressed Concrete Structures

Prestressed concrete structures perform best

negate the effect of prestressing. Design sh
are carefully examined and such st rFpucotnuer e s
areas only when quantitative evidence of sat
due diligence by the statutory authority.

5.1 Methods of prestressing

a)Pr-eensioni ngeansdoposaty aBruet ,p ewhreiatntpeods.hi ng i
undertaken using proprietary items, the e
testing of these systems at a recognized
aut hority

b)Prestressing may be achieved by either of
l1)External prestressing method, and
2)Bonded internal prestressing method.
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5.1 Ddrzction of prestressing

a)Prestressing of strai ghpterofroircmetdhesd hnoe mhzeorr

vertical or any other direction depending

b)Prestressed member s nmoyp rbees tcroesshsbeade d , wi t k¢
i n:

l1)bridges with superstructures prestresse
prestressed, and

2)buil dings with slabs prestressed and t h:

5.1 EFf*cts of prestressing

When cho@giersdgsradesesct components of concrete s

a)Prestressi emgnpmeydéddd shall be commerfsur at
concrete on the day of prestressing, an
sequence; and

b)Di fferenti al deformati omap bed wreneesnsbgedr esst r €
shall be duly coO®widgred thedbbBgber stiff
of the prestressed members |, compati bil it
prestressepd easntdr ensosned member s shall be en:

5.2 Materials

Concrete structures shall be designed with
engineering properd¢hasaatmarn iedbttiad npdoperties
relevant I ndi adeSimgneati ea$ , apsn o@eerr t i e s

5.3 Loads

Concrete structures shall be designed to re
which shall be identified by the owner and
(DBR)he | oads shall be:

a) represercthaad alcyt etrksms icd ¢ od@d, 8amsl per
b) comdbs npaelr t he | oad c ormhitd4o a g edoenssilhgegpesc i f i €

5.4 Basics of Design Process

The design of concrete structures shall begi
a) performing the conceptual design, whic
1)t he overall form |Iike overall shape and
2)the structur al system | i ke the structu
directions, the type of structural el em
3)t he materi al of construction; and
[

y
0
S
¥

I

b) preparing the De g n pBeespiasr eRke tphoyu ¢tt h(eDaBIR
engi menedr approvewnebhgf dhe the start of t h
considerations, including
1)t hckesi gn standards to be adopted,
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2)the field investigations at the site of
3)t he materials suggested to be used,
4)t he | oads to be considered,
5)t he essenti al | oad combinations to be c¢
6)t he method of analysis to be adopted,
7)t he methods of design and detailing pr o]
8)any other speci al considerations
5.NMet hodAsnalfy si s
5. 55tlatic and Dynamic Anal ysi s
The stessbtants I n me mber s, reactions at ¢
members and structure shal/l be obtained by
specified hereunder, unless otherwise stated

a)Static ahallsibe deemed to be sufficient
represent all | oads by equivalent static
significant. The following methods of sta
1)Thr-demensi omalatliichneamt ysctsui es al |

2)Twai mensi omsdalatliicnearal ysi s may suffice i

direct | oad paths in the form of regul
directions; and

3)Simplified esti Bflathay peowisead iinn | i mite
specified therein.

b)Dynamic amal ysibe empl oyed when the appli
nature and inertia forces are significan
anal ysis shal/l be admissi bl e:
1)Thr-demensliiomé&agmami ¢ anasltyrsucst virnesalflor es
the effects for examining theé.Jtaxedigt h
5.7)2.2and

2)Thr-demensnomlalicdhyemami ¢ analysis in selec
5.7 .an.84 7)2fBr estimating the effects f
robustness and Bomtthe gmatter icali taerd ageomet r
shall be cohei cddraecdcteristics of nonl i
assumed therein (such as initial & degr
ulti mate strengths, and cyclic hysteresi
of the mat éelthiesles mayyed.e esti mated anal yt
proper toinessg idfuemt materials, or ascertai

5. 5Go2verning Equations

ructures resting on competent gr
hree sets of governing conditions

a)Equil i bri um THhoeu asttirouncst ure as a whol e or i
equilibrium equations, namely three forc
moment equilibriums;

b)Constitutive Lawsheofs-sMeataesri arlesl ati on spec
standard shall be applicable at each mate
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d)Geometric CompatiobThetge cCrmentdriitéd oaempati bi
upheld between the foll owing:
l1)the structure and the suppo

rts and
2)t he adjoining members within t

he struct
5.6 Structural Design

5. 6Calt egories of Structures

5. 6.Basled on the relative severity of the nec
l'ife and |Iivestock, | osses of property and h
failure of a structure, structures shall be
a)Speci al Ot gturcd tr erses whose failure wildl I
and which are required for national secur
b)Critical Odssttrruccttuorreess whose failure wil/ r
which are required in the aftermath of d
for ensuing disaster management, and gove
c)l mportant dssttrruuccttuurreess whose failure wild.l
whi ch ar e structures i n which | ar ge nur
congregate; and
d)Nor mal stOrsucrtuwcrteusr es whose failure wildl h
are not | isted as special, critical or in

5. 6. Thsezl|l ect structures shall be designed for
hi gher performance under the action of the e

All critical and special structures shal/l be
owner aoadmpetant authority may i1identify a no
select structure; in suchDBR.case, it shal/l b
5.6De2si gn Quantities
The design of concrete structures shall comp
a)Under t he action o f t he mo s t unf avour a
di spl acement | oads (wiftoh parmtdisalt akahetay f
combinations 6s)gectife etiolilnowi ng shal.l be
structural analysis:
1)Stresses (namely nor mal and sheatv stre

sections of the structure,
2)Vi brations (namely relative displ acemen

accelerations) induced at <critical | oca
3)Def ormations (namely transaltatcirans caan d srec
of members and critical |l ocations in th
These shall be under the Ga&hieon dof ntghea ol, o
modul us of concrete shall be tak®&nhr aisnt h

curve at T@QMt ress of
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b)The desigressitteasnnsg capacities of members (
foroc,ce sheaod® dmdcebendingd momemtnd tor si ona

momefwWtcapacities either individually or i
by the | imit state method wusing principl
partial saffedry matcaroirsl s specified in thi
c)The stesesbtants demands at any section e:c
l ess than theaedaditamtstcrapaxci ti es of me mb

above.
5.7 Design Criteria

5. 7Silx Design Criteria

5.7.8i.x1 criteria shall be considered in the ¢
a)Strength criteria,

b)Serviceabileirt v,

c)Dur ahcirliitteyr i a,

d)Robustness criteria,

e)lntegritgria, and

f)Restoramitterniya.

5. 7.Clon2crete structures shal/l be designed tc
hereunder.

a)The structure ®omathebbadesi ghetdhe quantit
speci f5i.ed 2iarh d

b)shall be checked to meet:
1)AlI'l stiuk¢éuremai ning two quantitative cr
criterifma A)azsaperdur abil ibt.y7 )cr.idredi a (as
2)Sel ect s fi rtunceteunmaeisn i n g u & rhtrieteat i ve criter
serviceabilityS.cdni2t. &uraab(ids ty®erc7r)i2t.e3r i a
robustness chHitrerRi. @& hffas epn@ari ni ng t wo QuU:
namely integrith. 7c)r2ia%ed i me tacr apbeirl i ty ¢
5.7)2.6
The sequence of design involving the six cri
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Select Structural System
( Fr ame, Frame with Wal/l |, Br ¢
Examine Constructability
(Handling, Congestion,
— Undertake Initial Proportioning —
of Structural Elements
(Strengt h, Durability, Sejr

Prescriptive Values

1

Design for Strength

2 3

Design for Check for
Durability Serviceability
n
QO
=
c>5 Select
© Structure
L
o
=) Not Not
3 |ox o OK 4 oK
O A Check for €— Check for —_—
Integrity Robustness

Not 6

OK Check for
Restorability

FI GISEQUENCEMBPETI!I NG STHIRI TERI ASTFRARCTUMREISI GN OF
CONCREBERUCTURES
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5. 7P.e2ar f or mance and Design Requirements
The performance expectat ibermsav)(amdl attlkead desi g
requirements (related to quantitative cal cul
as specified hereunder corresponding to each
5.7.82rngth Criteria
a)Performance requirements
The structure (or a part thereof) shall |
hereundder the action of | oads applied e
specified in Table 2 for :the strength des

1)AIl | structures

i )Strength to sustain only Ilimited or no
|l oad combinations, and

2)Sel ect structures

i )Strength to resist inelastic effects,
combinations, and

iDef ormati on capacity that results in
partially or completely, under the eff

b)Design requirements

eme n9 ssBhgai lvle hanpapplayr.t i cul ar, all str
) shall comply with the foll owing

=

T qu
t eo
i

e
e

(= Y piben 3
~T 0O

1)Straatnsa point in concrete and reinforoc
sections of members shall be wWId.tdh,idh. 3 he
when estui,lnaahdgcapacities, or a combinat
2)Stresagesa point in concrete and r-einfor.
sections of members shal/l be within the
i )9.3,2when estamd tciaqppgacanides,

i 19). 3, 2wblen esYXcianpaaciintgy .

5. 7.S2rZiceability Criteria

a)Performance requirements

Al | structures (or a part thereof) shall
under the action of |l oads applied as per
Tablfeor3 the serviceabi:lity design of memb
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1)Stresses i nduced at t he critical sect
nonlinearities in concrete and steel, 0
| evel under fatigue | oading,

2)Crack widths do not expose reinforceme
corrosion, and
3)Def ormati ons do not damage the architec:

b)Design requirements

heequiremen® ssAhgailvie hanpapplayr.t i cul ar, all str
thereof) shall comply with the foll owing:
1)Def or mati ons (namely relative transil e
accelerations) at the critical | ocati on:

val ues splecdi.fli ed i n
2)Crack whdt hsbe within the pefmdsitnBbe v:

3)Stredsesconcrete and steel atsextponst oé&
members shall be within the 9pdwiRes si bl
esti matdi mghd capacities, or a combinatio
7. DUrAbility Criteria

a)Performance requirements

All structures ( ®rusda apganr ts utchhe rdeed fe)r i solraaltli c
under environmeni(pdly saactailgng h(fetmhatali sand bi
which does notexjpeacdarddiszauviidies Itihfee acti on
applied as per basic |l oad combinations gi
of member s.

b)Design requirements

Theequiremen©sslgdlvle danmpgp ayr.t i cul ar , al | st
designed such that the materials (types

mi ni mum cement content and maxi mum water
durability requiremertxpecoede sggmwavdicegtl i &
prevailing environment conditions.

7 Rbbdistness Criteria

a)Performance requirements

Al | sel ect structures (or a paundetrhetrleef
action of | oads applied as per accident
Tabl:e 4

l1)Ilnel ast+essltitmdbesed i nl oisti hvgi temauutl i br i un

without gl oballocad !l | aplsleapse pwioghessi we
col |l amgde,
2)Def or mati on demands without fracture in
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b)Design requirements

Theequirementds Sgavkenlamppyrti cul ar, al |l S €
shall comply with the foll owing:

1)Bl ast Resistance

The requirements of IS 4991 (Part 1) sh
above ground, and of I'S 6922 for under

concrete structures.
2)Fire Resistance
FI ame penetration awmid hhoeuat dternmesamsdnsi sssuicohn
i )Transmi s
the stru

S
c
iil)nel astic
combinat.
n
u
c

c O

ti me of heat to steel rei
I ele~ments shal.l6 .ble wit hi
str éhmagrehlh y d e mva a d dY, or their

ons thereof at alll sections
corresponding reduced i nel astic desi
temperatures e8t6émhted as per
i ilinel ast. def ormation demands (namely
| ocation in the structure or relative
be | ess than the corresponding deforr
estimat ed. Gasidgper
i vOverall deeponet result in coll apse of
the progressive coll ap8e2r(8Bqguirement s
2)l mpact Resistance
| mpact of the projectile on the structu

i )lnelastic str émgritetd yde maaddY, or their

combinations thereof at al | sections
corresponding inelastic design capaci
9.6. 3

iil)nel astic deformation demands (namely
| ocation in the structure or relative
be I ess than the corresponding deforr
estimat ed. Ga.séapeér

i idvierall desgponee result in coll apse of
the progressive coll ap8e2r(g8bguirement s

5. 710htegrity Criteria

a)Performance requirements

Al | select structures (or a part thereof)
behaviour that it usmuwstraitrmse talcd ifoml lodwil moaq,c
integrity |l oad combinations specified in
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1)No col INoprsneali nStructures

2)No crushing of hopoeStarouctr Lert ees

3)No yielding of Congi taldj Bahdbausesn
4)No spalling of Spevceralc@®rnaocmuettar es

where the said four categorie§S.6flsfiructu

b)Design requirements

TheequirementOsggavenappl vy. Il n particul al
shall comply with the foll owing:
1)The structur al system shall be simple w
safely transmit the inertia forces i1indu
settl ement t o t he ground, without t
IS 1893 (Part 1) and the corresponding
the type of the structure;
2)The vertical me mber s -sselhcalilontad a@fr elaarnt e
l east a minimum initial |l ateral stiffne:
3)The members shal/l be designed such that
be as specified in |I'S 1893 (Part 1); an
4)Sel ect members shall poss@asne e f oremattii
i nel astiact rtohteaitri osreict isaaclsh ctrhoasts t he over
deformabitheéystructure (relative inel ast
| ateral deformation demand estimated as
5.7 Res@orability Criteria

a)Performance requirements

1)AI | select structures shall be designed
under the action of | oads caopnpbliineadt i @ s
specified in Tabl e 5, it should be poss
and quickly to original condition (i f
retrofitting. Hence, all select structu
suchtthhey sustain damage:

i)in selectasmeméapasi ty desi goiperceigfuiierde me
' S 13920,

iiat accessitbkcal | ocations within these
i iof) the inelastic amapawicttyi | @¢e siygpre raegq
speci fliSed 3i9r2 0,

ivof |imited extent that can be retrofit
v)t hat can be retrofitt edavbayi Itaebclhen iagtu etsh

| ect structures shall be designe:t
under the action of aggressive environm
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them back to original condition (1if n o't
repaihreref ore, a structure (or a part th
l1)Designed to sustain such | evels of det
be subjected to structur al repairs b
available at the time of design to und
in a timely manner, and

2)Provided at the design stage iitself \
undertake timely structural repairs on
such that the deterioration controlled

b)Design requirements

Theequirements 8Sgavkenlamppayrti cul ar , al |l S €
shall comply with the foll owing:
1)Members which are not intended for dam
structur al repair (without any structur
action of design | oads; and

2)The | ocation of possible damage under d
shalpr-dbeet er mioneddk at such | ocations that

design through:

i )proportioning the stiffness and strenc

new structure, and

i iproportioning the stiffness and strer

modi fi edna&md/raurctafral members being add

when retrofitting an existing structur
c)The environment at the site of the struct
the effects of environment shal/l be consi
peg.;5 and
d)A maintenance schedule shall be provide
estimates the condition of the structure
made on it and its constituent material s.

5. 7. 0.eld ashipregtressed members

No inelasticity shald/l me mper sni uhddr i hher dst
actions consi.d®red as per

5. 7TRe3s i st ance

5.7.8Bhéd internal resi(ataaned ¢ ainpde o ¢ hes mat i ¢
capaciofi emembers of concrete structures shall
theori es, experiment al evidences, professio
Unl ess required otherwise,
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a)Str enogmehnsber s shall be estimated as per tF#F
i 8.;3

b)Servicealvielli tsyt resses and deformations in
shall be estimated as per the pO%rdmaadi bl ¢
the deflections and 9r.4t.alti ons as specifie
c)Dur abofl imggmbers of a structure shal/l be
met hod sp@cgbh faineadd i n

d)Robustnessand nrtegtodrtabisltirtuyct ure and i1 ts
addressed as per the9.p6,aodiBespsepercveéeled

5. 7.Conxrete structures designed and detail et
(throughout its expected service |ife) margi
a)All concretshastr possess:

1)the strength corr esrpeoxnulitngn ttsoe atth ecnrsotsicsé

me mber s, when the structure iIis subjecte
| oad comtsipreatiifaresd in Tabl e 2,

2)t he serviceability corresponding to the
and in the structure, when the structur
per the | oads geamibfiinead iiomsTabl e 3, and

3)the durability of the members and hence
environment at the site of the structur.

b)Sel ect concrehal stpasseses

1)t he strength, the servicebabZi.l2ity and t h:
2)t he robustness cor r ersepsounldtianngt-sse oattt bcersossosft
members, when the structure is subjecte
i mpact and blast | oads) apepiefri edei hoda
and examined to not sustain progressive
3)the integrity corresponding to the defo
the structure, when the structure is sul
|l oad combsipreatiifdresdd in Table 5, and

4)t he restorability of the members and he
the forces and deformations induced in
subjected t o design earthquake | oads i
specified in dnsd 1t8Me3 g dPdirtti adnal | oad con
in the respective part of IS 1893 depen

5. 7J3.17hts and Connections

a)Bot h c¢saisttu iaand precast concrete structure
al |l member joints and connections shall r
forces and moments transmitted through th
combi ned aes 2per eTxacbhelpt when stated ot her wi

Standar ds.
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b)When joints and connections sustain inel a
the design |l oads, the structure shall be
in the form of bracebyondeguatcteumamewal ks
or by aofsylsna&aei ngs.

5.7 .Bf.fdecftatofgue shall be considered in des
strengths of the constituent materials, when
of cycles of oscillating stresses, including

a)vehicular | oads as specified in I'S 875 (P

b)machine vibrations.

5.7 E3f®cts of fluctuations in creep, shrinke
structuresstsihmdtiddogeexpansion joints be provic
di mension of the structure exceeds 45m, unl e
This effect may be i gnstedeynRChéudkdi ggs of
height, 1 f theexaegeést4ddmmemsploan.

5. 7TNedw Technol ogi es

Strength design and serviceability check

technol ogies and systems may be accepted ba

case design and detailing are based on:
a)Results from experiment al i nvestigation
appropriate anal ytical studies and sat i
requirements | aid down in this standard,
b)The said experi ment al i nvestigations an
mentioned in (a above are duly approved

nt

)
experts appoi ed by the competent author

5.8 Process of Design

Structures shall be designed by:
a)Prescriptive process, when the design bas
shall satisfyotfhestrequyithemesrtrvyi ceabil ity
b)Cl osleodop process, when the design basis r
shall d¢$a&ati skigesfr esamerndgdmsgt h, serviceability
integrity and restorability.

5. 8rlescriptive Process

This consists of a s etbaosfedquaenqtuiitraetmednetlse xsppeer
t®.%hdesigner shalll comply with the steps i
the structure as deemed to meet the intent o
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5. 8l20sLeodop Process

Thi s consists of a set of :

a)Quantitativiasaperegeumicee meOntl® . dpelci fi ed i
b)Qualitative performance9r®dfQuiBmnembert § 0s me
procedures, complying with which establi:
met the intent of the standard.

5.9 Assessment and Strengthening of Existing

When required, the safety of an existing str
per the relevantl hndaae BShendardsture is fo
deficient, It shall be strengthened with | &€
t owar ds enhancing t he structur al character
demonstrated quantietngttihweealiyngt hatt et Wentsitan r
effective in eliminating the structural def]i

5.10 Quality Control and Quality Assurance

5. 1Rel evant I ndi an Standards shall be compl

wor kmanshi p, mai ntenance and wuse of structu

Constructability, mai ntainability and wusabi

integraf phet process of design along with

materials, selecting suitable structur al SYS

performing structural design, and providing

5. 10.hz owner shall ensure that qguality sys

serviceabl e, sustainable, aesthetic and econ

and assurance.

5.11 Maintenance

5.1Types of Maintenance in Focus

Mai ntenance of concrete structures shal/l be
a)prevent deterioration of structur al me mb
repairs, and

b)stop further deterioration of structur al
repairs, when required.

The owners shall ensure that systems are i@

structur es temxrpoewdheaou todtrivehee sltirfuect ur es.

5. 1Ac?ions of Maintenance

The designer shall identi fyetxlpecaetd cods vi @ ek

the structure, to prevent its undue deterior
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6 LOADS AND I TS EFFECTS

Two types of | oads shalll be considered in th
namel vy orce | oads and deformation | oads, wh
i ®.dn@8..Zhe applicable | oads shaldesiegn pleasifd
rep.ort

6.1 Force Loads

The force | oads to be considered in the des]
shall be:

a)Dead | oad,

b))l mposed | oad, including maintenance speci

c)Wind | oad,

d)Machine vibration | oad,

e)Earth pressure | oad,

f)Snow | oad, including aval anches,

g)Liquid pressure | oad, including hydrost a
pressures,

h)Prestress | oad,

i )Bl ast | oad,

j )l mpact | oad, and

k) Construction | oad.

6. 1Delad Load

6. 1.De.ald | oad shalll be conside

static force actiThgseni hbhbkeudéerpcburei onal d e
on the structur e Tdhuer iwnngi tc owmesitghutcst iocofn.concr et
pelrS &8 ofmaotteraisalper 1S 875 (Part 1) .

red as specifi.

6.1 Whenh the materials being used are differ:¢
the dead | oad of a structure shalll be esti ma
in its construction, finishoenss,, architectur al

6. l.nhlposed Load

| mposed | oad shall be considered as specifie
hi ghway, rail way, aqgueducts or pipeline brid
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This shall be considered as a downward force
standar ds.

6. 1.Cx.ittical positioning of imposed | oad

| mposed | oad shall be placed on the structu
unf avourable effect on -ineésulwtadrmt riers pfe@eacudg.o It
of detailed estimate of this effect, this st
i mposed | oad arrangement at | east of the fol
a)When design imposed | oad is more than 0.7

l1)Maxi mum positive benedadipragy rmd ments | méda rp amie

assumed to occur when the full design i
and on alternate slab panels; and
2)Maxi mum negative bending moment in the
assumed to occur when the full design i
system; and

b)When design i mposed | oad is | ess than 0.7

1)Maxi mum positive beneagipragy md ments | rmada rp amie

assumed to occur when 75 percent of the
sl ab panel and on alternate sl ab panel s
2)Maxi mum negative bending moment i n the
assumed to occur when 75 percent of the
adjacent panel s.

I n no case, design bending moments shall ©be
design i mposed | oad on all sl ab panel s.
The above considerations shal/l be valid for

6. 1.R2dauction in imposed | oad

The imposed | oad can be reduced up to 50 per
reductions shall not be permitted in the des
a)Structures related to garages and pl aces
b)Structures on whom theéoi mmosed | oad is 5
The reduction the column axi al | oad ari si

depending on

i n
the number of sBokRfeylsSi&75 heParo
except when the

|l oad combination being consi
6. 1.12np>d>sed | oad in estimation of defl ection
When ¢ puting the deflections due to creep,

om
shall be considered, which are present for
serviceéhlki séeroatcture.
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6. IWi3and Load

Wind Load shall be consider ad drspee aipfpil @ ¢ di
to the surface of the structure latri shabl f be
considered along such direction(s), which pr

6. IMadchi ne Vi bration Load

6.1 .Maclhine vibrations shall be consiadker ed z
concentrated forces applied at t hesulcohc atthiaotn
t he wor st effect i s accounted for on the str

6. 1.The2 | oad arising from machine vibrations

a)l.5 times the peak | oad as i mpact all owan
performed, unless detailed analyses show
b)Act ual tempor al hi story of the vibratin

perfor med.

6. lIEa5rt h Pressure Load

Earth pressure |l oad shall be considered as s
and in IS 1B8B)(Partdyneamic actions arising

ground shaking, as vertical and horizontal f
6. 1Sn6tow Load

Snow | oad shall be considereds asa dpwmowai e&df

acting on the structure arising from natur al

6. 1L.i7gui d Pressure Load

Liqguid pressure | oad shal ll Sbe8 7c0 naskiadeetr febdy caes
applied nor mal to the surfaces of the struc
acting on it statically or dynamically, as
structure

6. IPr8estress Load

Prestress force in prestress steel asphpadliledbe
at the | ocations where the strands are anch
When doing stermotahtdesrhhronlgpsses i n prestress

i 8. 3.sh.a4 | be consi dered.

6. 1Bl9a st Load

Bl ast |l oad shall be considered as a force i
denotation above ground as specified in IS /4
as specified in I'S 6922, and as the conseque

it
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6. 11l mPpact Load
| mpact | oad shall be consi demsd aad osgeciafpipéd
the direction of the impact on the structure
a)collision or sudden braking of a vehicle
crane moving on gantry inside the structu
I

[
b)projectile I mpinging on it.
6. 1Chhstruction Load

truct ad shall be consiaderaed a:
l i ed e structure during the «coc
f.

structure in its unfinished states al
changes in properties of concrete wit
some | oads being temporary, and

sequence of ocothnesrtewchuiolndii mgsnu(l wh
appear on already deformed state of t

er e
he p
which can be considerabl e.

6. 1. The2construction | oads to be considered

rks (such as for mwor k),
n equi pment (such as floor p o
n water pur i fi ,

n materi al (su as floor tile

n
u
u
c) u

d) people congregating on fl oors.

w
i
i
i

O O OO

on the partially or fully constructed struct
6.2 Deformation Loads

The defor mati dbre Ilcoads dered in the design of
a)Creep,

b)Shrinkage,

c)El astic shortening,

d)Temper aambieent air,

e)Temper at iur e,

g)Foundation settlement, and
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f )Eart hquake ground shaking, I ncluding effe
which shall be taken as described hereunder.
6. 2Crleep
Crespall be consi de7.eldads. s diepeenfdiaend ismr ai n i

in the members of concrete structures.
6. 25h2r i nkage

Shrinkhgtl be consi der7ed .adss S5a futeipmd ide di tail m
induced in the members of concrete structur e

6. 2ElI3astic shortening

be considered as ax

El astic shortening shall
structures from axi al co

member s of concrete

a)Prestressed corecrntetmatmammer ss he adj oining
t

castsiitm with hem, and
b)Verti cal me mber s of buil di ngs t hat ar e

di spl acement on al lThadjsaviomielyg omembaircd .i on
buil dings shall be considered in structur

6. 2T.edmper aAmbbieent Air

6. 2. T2 mperature (ambient air) effects shall
(ParTh®) el ongation, contraction and bending
temperature, gradient temperature and tot al
of t heseccrtoisosns of the memher0.8sti mated as pe

6. 2.Tdh.e2 effects of t hese membesuldted mtranaao fi oa d

members shall be estimated through structura
design. Shortening of members of the support
basestofuctur al anal ysi s.

6. 2T.ebmper aFiur e

Temperature (Fire) effects shall be consider
prescriptive requirement s9.ofhaflilr eb ep rnoette cwiitoh
absence of this compliance, the effects of f
be esti mat eddewpsinmMd@ n tsitreear B Sscur ve considere
nonlinear structur al anal ysi s.
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6. 2FRobundation Settl ement

Foundation settl ement shal/l b ea sc ofnlse xdiebrieldi tays
soi l armdpendant soi l consolidation rel at ed
cal cul ati onaselaantde ds asftertuyct ur al anal ysi s

The settlement of foundations need not be cc
and #diemendant settl ements (namely total and
rotations) do not exceed t h9 4p.elr.nbi ssi bl e val

6. 2Eafrt hquake Ground Shaking
Earthquake grohualdl shekcomgsi de

re
dependespl acement i mposed at th
directions.

d as per | S
e base of str
6. 3 Design Loads

6. 3Chlaracteristic Loads

The force | oads and t he dbe flo @ ns2htailoln bleo acdosn sdi ed
as characteristic force | oads and character:i

6. 3De2si gn Loads

The desibgsnhdloladbe esti mated as:
o Oor,

wher e

5
[

Char act ersipsetciicf6il éda Hi nnd
Parti al safety factor appropriate for the
considered speciTadb%®d in Table 2 to

6. 3Pa3rti al Saff eby Eaadsr s

The partiall safettyf faceéot design | oads shall
Tabbfofri ve desi gMhec ei tt dhrei a&c.onsequences (such

di sruption of economy) of a structure is con
of a certain design |l oad than thdse hdagrheirde
val ueést hoafn t hose gi vah3 emayabé ea@Qopbed in the
structure; the same shebigbhebdsescsmeerpedtin t

6. 3Qtdh er Loads

Cc n

Loads that cause more se 0
t di

re effects o
6.adanfl.2an be adopted in t

e
e design at

tn rm™~

v n
h he
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a)Speci al Considerations
Special considerations shall be given to
are subjected to stress concentrations an
al |l or a few of them.
b)Desi gn Basis Report
All | oads applicable to the design of con
design basis report.
6.4 Load Combinations
6. 4Stlructures shal l be designed for t he wo
combinations specified in Table 1, namel y:
a)Set 1 Basic |l oad combinations in all stru
b)Set 2 Accidental |l oad combinations in sel
and
c)Set 3 Extreme | oad combinations related t
whose geotechnical report states that th
earthquake shaking in structures as per |
of 1S 18Ny denpermdei type of structure.
Table 1 Loads to be Considered in the Thre
Cl aws.&4. 1)
Sl Load Load Combinatio
No. Set Set 3
Basi c Extre
Combi n Combi ne
A. FORCE LOADS
1 Dead Load (DL) Yes Yes
2 ||l mposed Load (I L) Yes Yes
3 Wind Load (WL) Yes N o N o
4 Machine Vibration Wher e
5 [Earth Pressure Lol applic Wher e Wher e
6 [Snow Load (SL) applic applicg
7 |[Liquid Pressure L
8 Prestress Load (P
9 Bl ast Load (BL) N o N o
10l mpact Load (I PL)
ll1Construction Load
B. DI SPLACEMENT LOADS
1 Creep (CL) Yes N o N o
2 |[Shrinkage (SHL) Yes
3 [El astic Shortenin Yes
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4 Temper aAmbieent Ai Yes

5 [Temper aFiure ( TFL) N o

6 Foundation Settl e N o Yes

7 [Earthquake Shakin Yes

6. 4TRe | oad combinabti daargde stpleec i miimidmum combi n

néed to be Ewmtsharer ed.

a)Al | |l oad combinations are considered in
maxi mum effect on the structure. | f new c
mi ni mum combinations specified in Tabl es
and

b)Addi tional | oad combinations may be speci
designing specific structures; even those
those structures.

6. 4T.h3 structure shall be examined under the

the design | 0&6d)3 dgaspert:ated in

a)Table 2, when designing to me®t7thelstren

b)Tabl e 3, when checkisnegr via cmemlbiidnade ofritlee

5.7,2anhd when checkingucamlmpl i apeeirfoifed ihie

5.7;2.3

c)Tabl e 4, when checkimngb wstmpd s sapnecaeii ftaefe d tah e

5.7;2. 4

d)Tabl e 5, when checkingegomppeenibee/di2a tbhe
oVe

e
wherein the earthquansdé a
t

B
bettakg@gnhhakapeo
partit 383 depending on t

he ype of the str

e)Tabl eTaZzb3(eas applicable), when chaet&i algi tio

cri tsereica Hi.dd 2iuldl ess stated otherwise in
|l ik®3935 (Part 5) for earthquake retrofit
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5.

November

Characteri
Structures

S | Load

(1 (2)

A. Force Loads

1 [Dead Load (DL

2 |l mposed Load

3 Wind Load (WL

4 [Machine Vibraf

5 [Earth Pressur ¢

6 |[Snow Load (SL

7 [Liguid Pressuil
(a) Static
( bDy nami c

8 |[Prestress Loa

in prestress
only
(a) Bonded Ten
(IMi ni mum
(2Maxi mum
(b) Unbonded
(IMi ni mum
(2Maxi mum

9 |IBl ast Load (Bl

10|l mpact Load (|

l1/Construction |

B. Deformation L

1 |[CreéflL)

2 |[Shrinkagle)

3 |El astic Short
(a) Dead Load
(b) Live Load
(c) Prestress

in PSC strug

4 |Temper aAmbiee n{
(TL)

5 |Temper aFiure (

6 |Foundation Se

7 |[Earthquake Sh
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Tabl e 3
Designing

Me mber s
Durability Criteria

rSdc afnodra Comment s

of

On |

y

Par ti almtSoa fbeet ya pFpalciteodr so n

Concrete

(Clauses. 2.2, 5.
S| Load Set 1
N o Basi c
Combinati o
1111213141516/1
(1]C2) (345678
A. Force Loads
1 Dead Load (DJ1.]2.]2.]0./1./1.]|1.
2 ||l mposed Load|1.|0.|0. 1.]1.]1.
3 Wind Load (W 0./0.]1.
4 Machine Vibr 1.
(MVL)
5 [Earth Pressu(l./1.]2.]1./1./1.]1.
6 [Snow Load (S 1.
7 ILiquid Press
(LPL)
(a) Static 1.]1.
(bDy nami c 1.
8 [Prestress Lo
in prestre;q
structures
(a) Bonded Ti¢
(IMi ni mum 0./0./0.]/]0.]/|0.|0.]|0.
(2Maxi mum 1.]1.]2.]2.]/1.|/1.]|1.
(b) Unbonded
(IMi ni mum 0.0.0.0.0.0.0.
(2Maxi mum 1. 1.2 2.2.20.12.
9 Bl ast Load (
10|l mpact Load
l11|IConstruction
B. Def ormation Loads
1 |[Creéeg@gl) 1. 1.]1.]2.]1.]1.
2 |Shrinkahle) 1. 1.]1.]2.]1.]1.
3 |Elastic Shor
(a) Dead Loal1.|2.]1./1.]2.]2.|1.
(b)) Live Loal2.|2.]1./1.]2.]2.|1.
(c) Prestres{1./2.|2.(1./2./|2.|1.
in PSC str
only
4 |Temper aAmbiee|1./1.(1.|1. 1.
Air (TL)
5 |[Temper aFiur e
(TFL)
6 |[Foundation Sf1.(1./2.|1.(1.(1.|1.
(FL)
7 |Earthquake S
(EL)
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Member s o

(Cl aused. 2.

rSdc afnodra Comment s

f
4,

S| Load Set 1
N o Basi c
Combinat
111111 @
(1]C2) Aoy
A. Force Loads
1 Dead Load (D
2 |l mposed Load
3 Wind Load (W
4 Machine Vibr
(ML)
5 Earth Pressu
6 Snow Load (S
7 Liquid Press
(LPL)
(a) Static
(bDynami c
3 Prestress Lo
in prestress:¢
only
(a) Bonded Tg
(IMini mum
(2Maxi mum
(b) Unbonded
(IMini mum
(2Maxi mum
9 Bl ast Load (
10 ||l mpact Load
11 |[Construction
B. Deformation Loads
1 CreépglL)
2 Shrinkahle)
3 [Elastic Shor{
(a) Dead Loa
(b) Live Loa
(c) Prestres
in PSC stru
4 Temper aAmlyieen
(TL)
5 Temper aFiure (
6 Foundation S
(FL)
7 Earthqguake S
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Me mber s

Restor a

(Cl ausesd. 2. 5,

Only

of

b
5

S

Load

Set

(1

111
12) (3 4

Force

Loads

Dead Load

| mposed L

Wi nd Load

AIWIN(F|"

Machine V
Load (ML)

a

Earth Pre
Load (EPL

»

Snow Load

Liquid Pr
Load (LPL

(a) Stati

(bDynami c

Prestress
i prestr
ucture

IMi ni mum

(2Maxi mum

Bl ast Loa

| mpact Lo

Construct
(CL)

Def or mat

CreépglL)

Shrinkahle

El astic S
(ESL)

(a) Dead

(b) Live
(c) Prest
in PSC
structure

Temper atu
Ambi ent A

Temper aFiuf
(TFL)

tio
me n

Founda
Settl e
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7 [Eart hquak
Shaklng " IR

7 STRUCTURAL MATERI ALS

The minimum requirements given hereunder sha
grades, testing, physical properties, mi x p
and prestressing steel so as to meet require
this standard.

Structural materials shall comply with the
in other relevant national standards, so tha
i's assured as envisaegedntBkBeovgbeutd i flkeeof st
these structur al material s.

7.1 Concrete

The ingredients, grades, met hods of testing,
of concrete shall comply with the requiremen

7. U.ngr edi ents of Concrete

The basic Il ngredients of concrete shall/l be
specified hereunder.

7.1 . Alggregates

Structur al concrete members shall be constr.
wei ght aggregates complying with requirement

7. 1.Cle.m2nt

a)For general wuse in plain, reinforcedtand pr
used shall be any of the following and the t
intended use:

1)Ordinary Portland t&®m&nt conforming to

2)Portland sl ag cem@mtt.conforming to

3)Portland pozzolana cement I(¥489 a(sthharbtask)d.)

4)Portl and pozzol ana cement (calcined c
| $489 (Part 2).

5) Composite cement 36didfhor miCognptosi te cement
| S 16415 and containing a declared clinke
ash content not more than Zd@yperomemtesand
strength of 43 MPa can be usednfor reinfo

6)Portl and | i mestone calcined clay cement ¢

b)Ot her

cements as given bel ow c a7. 1b.elt.a2s(ecd) f
7.1.3.:2(k)

1)Sul phate resisting Portl@g@B8B80cement confor
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2)Mi crofine ordinary Por t13&M®d®3cement confor
3)Hydrophobic cemen8048nforming to

4)Low heat Portland de&memt0O,conf orming to
5)Rap-hdrdening Portland Ic&8m&ht conforming t
6)Hi gh alumina ceme®¥d5Qonforming to
7)Supersul phated cemé&mMmtd 9¢ o mmfnar mi ng t o
8)White Cement t8O#HAr ming to

The attention of the users of cement is draw
menti on7.dl .iles 2t o be determined on the basis
performance characteristics given in the res
that cement-mar Anygr tamyetrade name indicati ng
covered i n thenyst gunaéai di coart i an or ot her :
characteristics someti mes cl ai med/ I ndi cat e
advertisemeattshal @MNtgasti Wt ory Qual ity Mar ki ngo
what soever with the characteristics guarante
that cement. Consumers are, therefore, advi
in the corlrneds pponndSitlagndar d Speci fication or s
any problem in concrete making and construct
c)Sul phate resisting Portland cement i's a t\
amountcafcituoum al uminate (C3A) is restricted
+C4AF) |l ower than 25 percent.

dXComposite cement 36ddfSoramimttudg e of Portl an
(Il 296353), IfB81ZAashPdrt 1) 1], gr ¢ 8®n6d7 1g4r) a naun da t
gy psum.

elLow heat Portland cleIn2@00 cohédblr mbrgustsed wi
precautions with regard to removal of for mv
f Hi gh al umina ceméiBt452onfsorsmiingabtlee for use

circumstances wi t h t he prtearhaagpr ova$pecafi
|l iterature may be consulted for gui dance

cemenBwt. in some cold regions, this cement
materi al taking advantage of hi gh heat o f
devel opment .

gSupersul phated cement is used where concret
|t i's a product of granul ated bl ast furna
guantity of Portland cement or Portland cen
of I hme. cE€ment has chemical resistance to |
generally encountered in construction and t
i s used generally for marine wor ks, mass
aggressiv,e rwaitrefresr ced concrete pi pes i n

constructi olmeami sgl phialt £, i n chemical worKks
concentration of sulphates of weak solution
over rail ways @©Osteamddrfiowrencolncca et e sewer s
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effluents. l ts use |iBV 0Mgt wheno mreen doe e vay | |
is above 40AC. | t should not be used for S

hMi crofine ordinary Por tl3ind9 3t einse nd uictoanlf loa mf

applications |l i ke rock grouting, grouting
construction for | eak prevention, soil stat
] Hydrophobic Portland cement i's manufacture
rainfall areas to i mprove the shelf | ife of
k Rapid hardening Portland cement (RHPC) has
Portland cement except t hat RHPC is more
chemical composition.

7.1 Wa.t3Er

Water wused for mixing and curing shall be cl
total dissolved solids (TDS), oils, acids, a
substances that may be deleterious toofsteel

concrete.
a)Types of water

general, the suitability of water for
S origin. Water to be used for mixing
e types described bel ow. Any type of w
al | bastpsestedtated procedures and shall
veh. 1.nl. 3(b).

l1Potabl e water

This water is considered as suitable f
requirem&mit5d0ofwherein the chloride cont e
PPM and al kalinity 1is |7esls QJt.Bd®y)oh wqta
needs no further testing. Il n case of an
accordi.ng. x.03(b)

2Natural surface water

Thi s water, i f found suitabl e, can be u
requirememnrlt . &f( b)

3)Treated water

Appropriately treated water from industr
be used i.n concrete
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4)Water recovered from processes in the ci¢
This I watedes$ hat was part of surplus con
the inside of the stationery mixers, mi
and concrete pumps, or process water f
bl asting of h a rTdhei nse dwactoenrc rmeaye . theasomtsai n
provided with suitable equi pment t hat d
t hroughout t he water or sedi mentation
provided the water is left in the basin
the solideopttol yettl e pr

Wat er recovered from process in the <col
concentrations of very fine particles, t
0.25 mm. Water recovered from processe:

combined water canhebef ousleodwipnrgo vriedgeudi rte me

I )The additional mass of solid materi a
the use of water recovered from proc
shall be | ess than 1 percent mass f
aggregates present in the concrete.

I iThe amount of recovered water shall b
over a day's production.

5)Water from underground sources and Recy

i Recycled water

Water recovered from concrete producti

from sewage, greywater or storm water s
that i s appropriate for its intended u:
i Desalinated water

Desalinated wateérlcben®Brobbhd ngysedsea Howe
water or brackish water shall not be us
due to presence of harmful salts.

b)Testing and requirements of water

1Preliminary testing and I nspection

The water shall be examined for oil and
matter, odour and humic matter shall me ¢
6 in accordance with test procedures sta
A smal l subsampl e shall be assessed as
Bring any materi al t hat has settled bac
sampl e. Pour 80 ml of the sampl &eahto a

with a suitable stopper and shake the ¢
the sample for any odours dtfhdarn tdhoaubtt had
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the odour, test the water for its odou
regul ations for potable water. The odour
the maxi mum | evel accepbedrvertpetabl éa
foam. Set the cylinder in a place free f
mi nut es. After 2 minutes, check the sam
foam and signs of any oils or fats. Af t
téh apparent vol ume of the settled sol i
Measure the pH wusing inditThéeonyr padgebD. br
hydrochloric acid, mi x and then smell o]
sul p.hi de
Put 5 ml of the sample into a test tube.
AC and 25AC by allowiAddi® mb efamld % rs
hydroxide solution, shake and | eave for
Table 6 Requirements for Preliminary I nspec
[Cl aurs.el. 1. 3(b) (1)]
SI|Par amg Requirements
No.
(1 (2) (3)
i )|Oi | s Not more than visible traces
fats
i i|Deter gf/Any foam should di sappear within
ii|Col our|Water not from sources classifie
the colour shall be assessed qua
i v|Odour Water from sources classified as
no smel |, except the odour all ow
of cement ; -fwuhrenraec eblsalsatg i s pr esaed
smell of hydrogen sul phide
Wat er from other sources: no s
potabl e water ; no smel | of hyd
Hydrochl oric Acid
v)[pH val|Not | ess than 6
vi|Humi ¢ [The colour shal/l be assessed qua
Matter|lafter addition of NaOH
2) Permissible |Iimits for solids shall be &
Table 7 Maxi mum Permissible Limit for Solid
[Cl agBdel. 1.8rfd.)X.2). 3(c) ]
SI|Parame| Tested Maxi mum Per mi ssi bl e
No per For mi xi n( For curing
(1 (2) (3) (4) (5)
i) Organ|| 8025 ( 200 mg/ | 200 mg/ |
18)
i I norgdql 8025 ( 3000 mg/ 3000 mg/ |
18)
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i Sul phiql 8025 ( 400 mg/ | 800 mg/ I
(as S| 24/ Sec
and | S
(Part 2
2)
ivf Chlor|l] 8025 (2000 mg/ I fl500* mg / | fo
( a3 32) not conconcrete or
embedded sfconcrete wor K
500 mg/ I f ofmg/ | for co
concrete wo|lcontaining em
v)|Suspen|l| 8025 ( 2000 mg/ 2000 mg/ |
Matt e 17)
NOTE1000 mg/1l chloride in water for reinforcd
can be permitted provided the chloride content
mi x design and conform to requiimemdért cofmctr @ttle

3) The pH value of water shall be not | ess

4) Higher alkalinity or acidity can affect
foll owing concentrations give the maxi mu

i )To neutralize 100 ml sample of water,
require more than 250 miThef deét @2 s0moMmal
as gi vem?2in (Part 23) .

i iT neutralize 100 ml sampl e of water,
indicator, it should not require more t
details of tleS@2%rEePa@grtvea2) .n

However, in case of doubt regarding devel
concrete due to alkalinity/acidity or higl
for making concrete shal/l be ascertained |

settingsttd mepdci fied bel ow:

i Average 28 days compressive strength of
cubes prepared with water proposed to I
percent of the average of strength of

prepared with distill eé waeemredhecuouct
tested in accordance IWil6éh. the requireme
i iThe initial setting time of test bl ock
the water proposed to be used shall not
differ by N 30 min from the initial set
with the same iscsé¢éméheedawadt ar . The test
prepared and tested in accolr8@8®@®hk e( Rvartth

5) .

I n addition to the requirement for the al
tests menti oned above, the same water wi t
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organic matter shall be wused for concret
adoption at construction site.

A suitable means of ensuring uniform di
recovered water with a density greater
Water with a density |l ess than or equal
contain negl i gi brmhaet earmoauln.t s of sol i d

| f It I's expected to use potenti al al k
concrete by adopting appropriate measur
promote deleterious reaction, the water
The equival ent ndgeditum haXildenodo exceed 15
l' i mits are exceeded, the water may be
actions have been taken -gdiol ipaea vreena c tdied res
sting and requirements of curing water
rmissible | imits for solids shal/l be as
ould not produce any objectionable stain
rface. The presence of tannic acid or ir
mpling of water for concrete making and
sample of water not |l ess than 5 |litres s
r testing shall represent the water prop
count being paid to seasonal variation.
nt gpirreevri ously rinsed out with similar wat

7.1 Admd xtur es

Ad mi

admi

admi

xtures can be used to alter the composit

cement in the concrete by pozzolanic and hyc
XxXtures or suppl ementary <cementitious m &
functfi omonocrete (and are called chemical adr
xtures can be used in production of conc
Mi neral admi xtures/ Suppl ementary cement.

a)

1SCMs as given below may be used as part

can be pozzolanic material or reactive
bot h.
Fl'y ash (pulverized fuel ash)

FI'y ash con88tmxihf
of ordinary Port|l

Batb 1) may be used
a
|l evel of fly ash s
f
d

a
d cement . For conc
al | be restricted t
y ash siB&Il/Ink gh aavned a

e4d.. 5 Hdwenver, fly a:

mat erial wherein
|l i me reacti vedry m
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percent may be used in concretes of gr
ratio O 0.4 subject to meeti9n.d dur abi |

i iS)iIica fume

(¢
Q
—
c

Si | me IcIONTFHOEF mMmMmanyy e used as part
cement . It is wusually wused in propo
ceme [ l ous content of a mix.

>
—
—

i iMe)t akaol in

Met akaol i n clodnd d54dnimagy tloe used as pozz
in concrete as part replacement of orc
repl acement | evel shal/l be up to 15 pe

i Ground Granul ated Blast Furnace Sl ag (

GGBS confor@&i6ndg4t onay be used as part
ordinary Portland cement. For concre
repl acement | evel of GGBS shall be res
cementitiouBomanesiatance to sul phate
reacsie@ny (7 GGBS up to 60 percent can b
w/ ¢ ratio should be further reduced
durability considerations.

viUltrafine Ground Granu(lBWR@BS)BI ast Furn

UFGBSonfornisg71®» may be used as part
cement . The replacement | evel shal/l b

vill trafine Fly ash

Ultrafine fly ash produced through <cl a

I S 19058 may be used as part repl aceme

The replacement | evel shall/l be up to 2
2)fn general, more than one type of mineral
batch of condHoevtewvelndr esvietre . f el t necessary
concrete, structures below ground (not ex
of concrete and for plain concrete, t he
admi xture that 1is fly ash addcemkentachtunome
permitted subject toHdwewers, meinlti oa efdu e |
as an additional mi nerdalc omdmiexXxteurseu bijrect e
specified above. Uni form bl ending of the
should be ensured. I n such cases, fly a:
within following | imits:

Tot al reg= 45 percent of

(Ma X content

FIly Ma ( = 20 percent
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| GG B SMa(x |= 25 percent |

3Xombinati onmaft e mili & Ihemsfthi peen d GGB S

Concrete mix designs for high performance

use of a miner al admi xture such as fly a
ultrafine admi xture such as silica fume,
sl ag. Il n tshiec r ecaogmme,ndati ons given bel ow
Mi ner g Ul traf Ma x i mu Suggest
admi xt mat er i combi nf maxi mum
repl ac€g of ul tr
l evel additiv
percen percen
(1) (2) (3) (4)
FI'y ash|Silica 35 10
Ul trafi 35 20
ash
Ul trafi 35 20
GGBS
GGBS (m|Silica 60 10
50 percfUltrafi 60 20
GGBS
These |imits shal/l also apply where PPC
content mentioned on the bag shall be co
percent (for fly ash and silica fume) wil
M40 and highw/rc hraatiino O 0. 4.
b)Chemical admixtures
1)Chemi cal admi xtur eBablaesf 8nesnetd,onsehdaliln c o
| 9103. Previous experience with and da
considered in relation to the |Iikely sta
to the work being specified.

2)Chemical admi xtures can be achieved by
manufacturing processd®SD10But sFhualtlheaompl

i )The workability, compressive strength
with and without the use of admixture
trial mi xes before use of admixtures.

i iHMhe relative density of ' i qguid admi x
drum containing admi xtures and compal

before acceptance.

i ilif) two or more admi xtures are wused
concrete mix, data shalll be obtained
ensure their compatibility.
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i VAdmi xtures shall neither i mpair durab
the constituent to form har mful comp:
corrosion of reinforcement.

v)The chloride content of admixtures st
each batch before acceptance.

viQompatibility of chemical admi xtur e
used at site shall be ensured.

3)The amount of admi xture added to a mix s

record. Addi tional dose of admi xture n
advance information to purchaser/user) a
to regain the aroetkab(ilfitgeoés caomy) with
bet ween the producer/supplier and the pt
producer/ supplier shal/ assure the ulti

him and maintain record of eqgcuoarndt ittoy baen dk
by supplier/ pr eddouscienrg oafn de aschharreed WPt h pu
chemical admi xture type or brand ei s c¢h;
evaluated.

4)Shrinkage compensating admi xtures shall n

Table 8 Types of Chemihealr Adbmisxtidruesntand
[Cl aufrsel. 1. 4(b) (1)]

S| Type of admi|Typical active constit/|

NoO.

(1)]1(C2) (3)

i) Aireent raining|(Salts of wood resins
Some synthetic detergel
Salts of sulfonated | i
Salts of petroleum aci |
Salts of proteinaceous
Fatty and resinous aci |
Tall oils and gum rosi |
Al kyl benzene sul fonat e
Salts of sulfonated hy/(

ii)[Retarding Unrefined Lignosul phonij
Modi fied Derivatives o0
Lignosul phonate
containing Sugars
Hydroxycarboxylic Aci d
Carbohydrates includini
Heptonates related to |

iii|Accelerating|Triethanol amine
Sodium thiocyanate
Sodium formate or Cal ci
Sodium nitrite or Calcl
Calcium nitrate
Al umi nat es
Silicates
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cids ani
rboxyl i

(@)

i v)|Wat-eeducing [Lignos
Hy dr ox
Pol ysa

>
—_——a -

ndensat |
conden!

(¢

Naphth
Pol yca

V) Hi gh range wMel ami
reducing Naphth

Nor mal andlproduct
Pol ycar

s

u
y
c
Mel ami n
a
;
n
a

S 0W|X 53T 9 —FO
DN ®O =™ D S
— 35| —TOo0w YL Y
o<

Ol—l-

> O

o8}

O

D O

QD
—
(0]

S

Pyl Be
o<

vi )|Shrinkage rePol yoxy
Propyl e

al kyl
I

SQQ|ITCwn —o|c— oo — —

< D
O S
o

vii|Corrosion inAmine ¢
emul si on
Cal ci um

QO
—

boxyl ates ami |

ni trit
Organic al kyidicarboxyl
Chr omat es
Phosphate
Hypophosp

Al kal i s

Fl uori des

vii|Permeabedudciyng admi xtur e

a) No#imydrostatijlLoncghain fatty
conditions (|caprylic c
Soaps and

Fine part.

tatic |Crystallin

ydr os hydrophil
PRAH) solubl e, o

| i quid pol)

a
o]
Petrol eum d
C
e
r

b) |[H
(

7. 1 .F1l .by es

Fi bres may be added to concrete for special
But, sruwecths hfaild be approved by the competent &
of a duly constituted comfetengt pbeandrelaetiwi
reduction need to be determined before use.

Il n any case, fhbgpaslelsemate bd taken advantage
of strength to meet the trreqragptere mON.Bd oh | i mi
7. 1Grzades of concrete

7.1.Thel provisions of this standard shal/l be
|l isted in Table 9.

7.1 .Conxrete of grades | ower sthtadn thlkeoues egi we
|l ean concrete whliewechinmge, usedndati on for m:
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wal | s and ot her smal | temporary RC constru
strength of such concrete is sufficient to r
7. 1.F20.r3 concrete using miner al admi xtures an
cements, the properties of setting time and
from those of nor mal gr adCeo ganni &z alncwe @i ada cdo
properties shal/l behttakemnmi mg tdieme di agr ideg pe
l oadi ng.

7. 1. Thedgrade of concrete to be adopted wildl
requirementsthe Huiweivrmum grade of pl ain con
concrete (RC) and prestresgedeaobet etve ( PSC)

S| N o Type of Conc¢ Mini mum Grade d
be used
(1) (2) (3)
i) Pl ain concrete M1 5
i) Rei nforced ceme M2 5
iii)|/Prestressed concrete
aPodtensi oning M3 5
bPreensi oning M4 0

7.1C8ncrete Mix Proportioning
7.1.vM3 .x1 proportion
a)The mix proportions shall be selected to

concrete; strengt h, durability and surf ac
ot her specific requirement.

b)The determination of the proportions of
properties of concrete as mentioned abov
concrete mix such concrete shall be calll e
predetermined scwenhcreoecrnetxe shall be cal
concreteo.

c)Design mix concrete shall be prec¢ammed to
be used for any reason in projects with ¢

be used with the p-excimiasgieon of engineer
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Table 9 Grades of Concrete
(Clasgeland. 1. 3. 2)
S| N Goup Gr ade Speci fied Char
DesigngCompressi veate
on strengths of
at 28 days (
(1) (2) (3) (4)
) Lowgr ade M1 5 15
i) concr et M2 0 20
i M2 5 25
i V) M3 0 30
V) M3 5 35
Vi)l Nor ngah d{ M4 0 40
Vi concret M4 5 45
Vi M5 0 50
i X)) M5 5 55
X ) M6 0 60
X i) . M6 5 6 5
1] g B o M0 70
X1 1 M8 0 80
NOTH ow grade concrete shalll not be used in
d)I nformation required for concrete mix des
I n specifying a particular grade of con
following information shal/l be included:
1) Grade designati on;
2) Type and grade of cement;
3) Mini mum and maxi mum cement content ;
4) Type of fine aggregate (whether natur al
mi xed sand or manufactured);
5) Maxi mum nominal size of aggregate;
6) Type of coarse aggr egaaneg Ulwehre tohre rg raanvgeull a
crushed particles, rounded gravel or man
7) Maxi mum-bwantdeerr r at i o;
8) Exposure con®i.thi.B8ns as per
9) Type, extent and condition of wuse of mir
added) ;
10)Met hod of placing;
11)Workability requirement at the time of |
12)Level of quality assurance (sulh; as nor.
13)Transportation ti me;
14)Design service |ife;
15)Durability test requirements as applical
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16)Any other specific requirement | i ke ear/|
maxi mum temperature rise control requit
requirement i f any (for mass concrete |/
7.1.D3.s42 gn mix concrete
The design mix concrete up to M 80 shall mee

a)The constraldt emarry out the mix design and
met hod of design) shall bi e haaprpgreo, v ewdi thbhyi nt
' i mitations of parameters and other stipt
sought by tiheheaernge,oeeaumg data (including
strength v-eemest waadero for range of propo

proportioning details) shall be provided
content , fine and coar se aggaccmiaxturceosnt
chemical admi xXtures, etoc.

b)The mix shall be designed to produce the

the approved procedures of mix designs an

c)The grade of concrete shall have t he
characteristics and characteristic stren
Tabl e 9.

d)The target mean compressi Qe hsatldermget esdfi m

as:
M o pHYNQ o
wher e
Q = Characteristic compressive
(specified strength);
y = Standard deviation as per
Q = factor based on grade of ¢

e)Mi x design done may be considered adequat
year, provided there is no change in sour

f)Standard deviati on

The standard deviation for each grade C
separately.

l1Standard deviation based on test strengt

i Number of test reedoltas oumbampbéstest
r

sampl es equired to constitute an acce
standard deviation shall be not | ess 1t
obtain the 30 sampl es, as early as pos

fitr i me.
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iilh case of significadamMithenhanges fiimcanona
are made in the production of concrete
the materials wused, mi x design, equip
standard deviation value shal/l be sepa
of concrete.

i Stlandard deviation t & ael churl ;aug hotn wp tsd
deviation shal/l be brought wup to date
The standard deviati on shall be checl
availability of a minimum 30 test resu
value consi dearxeddésiigsn.f ound to be higl
modi fication shal|l be done in the mix.

2Assumed standard deviati on

Where sufficient test results for a pa

available, the value of stamagabd desumed
for the proportioning of mi x in the fir
samples aracdwaill alalleul ated standard de\
sampl es) shall be used and the mix prop:
adequate past records for a similar gr ac
value of standard devioawm oifiallli ¢ f 20 enitt s
permi ssible to use that val ue. | f rec
repl acement of aggregates, the standard
shall be increased by 1. 0.
Table 10 Assumed Standard Devi ati
[Cl ass@. 1.73..2((8))2d. 1(8)22)]
S |Grade of Assumed Standar X
(in MPa) (i n N
(1) (2) (3) (4)
i) M10, M1 3.5 5.0
i M20, M2 4.0 5.5
P M30 to N 5.0 6. 5
i V) M65 t o N 6.0 8.0
7. 1 .Nb.md nal mi X concrete
I n general, nominal mi x concrete shall be a
use of nominashal Ix enceetei cted to works of
strength of concrete is not critical. No mi |
making concretes of grades M20 or | ower . M 2
if consideredn ddhee ptoalmite offr wi ew of durabil it

The mix proportions of materials for nomi na
Table 11. The nominal mi x specified therei:i
not be measured by volume. Al so,
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a)Cement content of the fmorx ampycndmiemdali nmiTx
proportionately increased in case quantit
to overcome difficulties of placement and

as specified is not exceeded.
b)Quantity of water required from durabilit
given in Table 11. Suitable dose of wate
may be used to achieve required workabil:i
as givenlilBufTabie no casshalwatexc eed ttemd
given in Table 11
c)The proportion of the fine aggregates to
to from upper | imit to | ower | imit progre
becomes finer and the maximum size of cCo
Graded coarsdadggbegatseds
Table 11 Proportions for Nominal Mi x
(Cl aurs.el. 3. 3)
S| N{Grade[Maxi mum Qua ProportiofMaxi m
Concr Dry Aggredg Fine Aggreg Quant
Mass per 5 Coarse Aggrfof Wa
Cement (by Mass)per 5
(taken as of
Il ndi vidual Cemen
Fine and C (in |
Aggregate
(in kg)
(1) (2) (3) (4) (5)
i) M 5 800 Generally, 6 0
i) M 7. 625 but subj e 45
i Qi M 10 480 upper and |[|g 34
i v) M 15 330 1:11 and 32
V) M 20 250 30
7. 1P.hdy si c al Properties
The salient physical properties of concrete

7.1 Modlul us of elasticity

The stheorrmm static characteristi@ovalcwewcofet mod
be used in the analysis and design of <concre

0 prnmath
r concrete

o]
e and sand:
O percent r

a)The above equation is valid f
aggregates only. For | i meston
be reduced by 10 percent and 3
the value shoubyd 200 p enrccreemts.e d
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s®aglilv enno ta bboev ea.p |

7. 1 Pbixsonds ratio
Theoi ssroantéiso of wuncracked concrete with diff
bel ow:
Type of Aggredg Poi sso
concrete Rati o
(1) (2)
Quartzite and 0.12
Li mestone 0.15
Basal't 0.18
Sandstone 0.20
7. 1 Che¥F ficient of thermal expansi on
The coefficient off tchoenrcmeelt eexwgarhsidarn f erent
taken as bel ow:
Type o Coefficient of ®heCma
Aggregat (I ®10UC)
i n conc
(1) (2)
Quart zi 1.30
Sandsto 1.20
Basal't 0.95
Grani t 0.95
Li mestc 0. 95
7.1 ChA.edkp coefficient
The creépi%pensthall be defined as:
ep 0O —,where
- 0 = Creep straitorfi &t dbesme not include the i
strain in concrete at the time of | oading);
- 0 = Il nitial elastic strain at |l oading; and
to = Age of concrete at the time of | oading
The coefficient given above shall nadthebe ap
above esteigmasbdal 6f be considered for normal w
M20 to M8B80, i f the compremsi@due sthreagedowdes | n
The creep coefficient shall be determined de
structures. For this purpose, structures sh
given bel ow:
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a)Level 1

The foll owing members and structures are
l1)Reinforced concrete beams, frames and
and cantilever bemnspanmnmore than 2.5
2)Pl ain concrete footings with a reasona
their base;
3)Reinforced concrete retaim;nanwlal | s wi
4 YAl | structures havupghhdeysd agrns scerr vinake |
concrete of grades between M20 and M60C
than 30 m,

b)Level 2
The foll owing members and structures are

1)Prestressed beams or m, aadrmkd oda rstpialnesv airp

up to 3pan,;
2)Buil dings of hheights up to 100
3)Bogirderst apwdd eor arch bridges with sp
4)0Ordinary tanks, silos and pavements, a
5)All structures having design |ife up t
c)Level 3
The following members and structures are

l1)Prestrlecesedi rderayedabbe arch bridges \

t hanm;80

2)Buildings of heimihts more than 100
3)Gravity, arch or buttress dams; cool in
containments and vessels; and | arge of
4)All structures having design service |

7. 1.14e4el s of <creep

% O shall be estimated as given below-for di
compacting cogroeshealils hues eidncreased by 10 pe
creep.

a)Level 1
For structures suskpao shalgl |eeelt alecraepgi
Age at the thiCreep Co/-(g,tg‘(tjii
7 days 2.8
28 days 2.1
365 days 1.3
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b)Level 2

1)For structures sus%,adoehnanfgl |l beelt aRenraep

12. The values spe2afeefiloi neXpbbkeré& categ
and C4 as 9d&f.i nfFeodr ienxposure category C1,
13 shall be muwlatl ugls elge dblyr s BoOn dp etroc e n t
relative humidity and for 75 years desi

Tabl2eCrle €pef fi'cgeaiConsi deSr zeleorhber Gamade of

Concrete
[Cl aurs. el .14 b K]

GradeAge at the tiw Creep Coefgf aci et
concr (in days) for different siz
1006mi 30060m- >600

3000m 600 m mm

(1) (2) (3) (4) (5)
M2 5 | 1 4,61 3.96 3. 65
M4 5 7 3.22 2. 76 2. 585
28 2. 48 2.13 1. 96

90 1. 98 1.70 1.57

365 1.51 1. 30 1. 20

M5 0 1 3.28 2. 86 2. 686
M6 5 7 2. 29 2.00 1. 86
28 1.76 1.54 1. 43

90 1. 41 1. 23 1. 114

365 1. 07 0. 94 0. 87

M7 0 4 1 2. 46 2.18 2. 05
hi gh 7 1.72 1.52 1. 43
28 1. 32 1.17 1.14d0

90 1. 06 0. 94 0. 88

365 0.80 0.71 0. 67

2)Where end results are not sensitive to
t he val ues ddnvaegne icnmo nMaibder ed for desi gn
nor mal wei gprto witothe&ed e¢ empressi ve stress
0.3t the age of | oading andl inedweteeamp e
10AC and 20AC with seasd2®AC tvarFwa@®AiCon
temperature greater than 40AC, 12nmae cr ee |
be increaperdcedrnytnl®he absence of accurat

c)Level 3

For structures suskr,ado shalgl |eeeésBi maeegp, a

%o, O %ol O,

wher e

/o = Notional creep coeffieiféncitantwhicealk
|l ogari thmically in 75 years, and
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Coefficient describing devel opment

by, (t)

mlnaRHO
_ dlog(t- to)g" €751
& 4437 H
i n which
t = Age of concrete (in days) at the ti
and
to = Age of concrete (in days) at the ti
The notional c¢pekRrpl lcokeé fecti emated as:
/. (0] =/. RH b(fcm)b(to)’
wher e
J RH = factor account for effect of relati
coefficient
6. 1- RH/1
1+ 1- RH/100 45MPa ¢ f
CEE
=le ¢ g o ’
oo ROL008, B, a5MPa> 1y
e 601%n gy
b(f.,) = Factor accounting for gffect of co
16.8
=—, and
foct8
bltoy) = Factor accounting for effegt of ag
:;02, and
0.1+ty
i n which
RH = Relative Humidity of the ambient env
hh = Notional size (imapmm) of the member
o 0.7
a 45 Q
a; = , and
(;ck+8+
o 2
445 @
az gck+8_’
wherein
A, = Crosecti onoafl tahree amember , and
u = Per i neft etrhe member in contact with
7.1.Shr5 nkage strain
The total shrinkage of concrete depends wupon

me mber and environment al conditions.
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a)The tot al shrinkage strain is composed o
shrinkage strain and the drying shrinka:i
shrinkagei stgaven by:

T T T
wher e,

T WwWilot al shrinkage strain
T Wdr ying shrinkage strain
T Wdlut ogenous shrinkage strain

b)The autogenous shrinkage strain develops

maj or part develops in the early days aft
function of colntcrientcer esatsreesn gitiht.h hi gher st
to cementitious materials ratio. 't sho
concrete is cast against hardened concr et

shrinkage with time may be taken as:

otoroft)eidclidasoroo

Wherbag(t):1-exp1(-0.2ﬁ)LH1MS age of colmcrete in days.

Il n the absence of accurate field/ |l aborato

considered in design.
Grade of C|Autogenous Shr-i mamy
M 30 35
M 35 45
M 45 65
M 50 75
M 60 95
M 70 105

i n develops sl o\
fdenkd vabner aotfe .
heeq udael v etloo p ment o©
n time may be t a

The drying shrinkage stra
t he water through tha@&heaa
shrinkagepnsatyr abien t ak e nQjag&T
drying shrinkage strain i

Cha(t) = Buslt, ts) ke U

o (t-t)
buft)= (t-t,)+0.04/K

wher e

t = age of the concrete at the moment <c

ts = age of the concrete at the beginnin
in days; normally this is at the en
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ho noti onal size of the cross section,

2 A/ u

kni s a coefficient depehndiamsg garmn etnh eéb en cotwi: o n

ho Kn
(i n mm)

100 1.0
200 0. 85
300 0.75
500 0.70

Val ue@esmafy be taken from the table given
expected mean values with a coefficient o

f -6
ek Unrestrained Dryi 69 %% ninke

(in MP. for Relative Humidit
— A —
50 percent 80 percent
(1) (2) ( 3)
25 535 300
50 420 240
75 330 190
NOTEThe values for the other designatec

7. 1.S4r@ength
The basic strengths of concrete shadilr et t a

compression, direct tendsnpdn carnd ombsawpdnd nE8res
dayisn t he ofr emggdhvetne hereunder shall be acc
when the same is detriment al or causes britt

a)Compressive strength

The characteristic fgormMiPrrescovacsetenghntber

compression shall be considered28aVhe de
characteristic strength of concrete, unl €
strength for a parti dlelaaar cotmpu ctswsiig ed sd r te

whiichh required to be adopted during const
fom = Max| fo +1.65s ; foy + X ,

whersei s standard Hevicaotnisotnanandspe@.i flired i
particular, when designing concrete mix,

fem-
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b)Direct tensile strength
The direct t &mnosfi Iceo isetradetinegbeh obt ai ned by c
direct tension test as specified in IS 51
datfa,can be approxi mately calculated by tF
‘ :\I'e'0.80fct,SID
¢t i054f,

wherfggpis the splitoftemsrndreetby reemtgd thh evdy o u
split cydd ndeecitfeised in | S KRle ¢(eheeut us/ Se

of r uopft ucroencr et e unddedry keamdiynfgl 8 xouudd la mtee n s
teas specified in I'S 516 (Part 1/ Sec 1).

c)Split tensile strength
The split tdpgsofileceshmrdtye be obtained by c

split cyds ndmpecitfeised in IS 516 (Part 1/ Se
data, the defgi,ganvbheuappfoxi mated by:

fct,sp = 050\/f_ck

When mean split ftehnesl eequireadtho be adc
construction, it shall be esti mated as:
fet.spm = Max|fo sp.m +1.655 5 fy g +0.55],

whewd s standard deviation of split tensi/
I'n the absence of ddgagymatyhe emeaark ewnalawse la
the charactfgristic value

d)Modul us of rupture

The modul usf,off rcomtcured e undeshabdndiengbt an

by carryibnegn doiuntg ttheessisprectidsted in | S 516.
of test data, ftpheanelse gapwyradwuiematied by:

f, =07, ,
When mean flexurafl,,iengielgaii sedengt hbe ad:c

construction, it shall be esti mated as:
f. . =Maxf, +1.65s; f, +0.55],

cr
whewsd s standard deviation of fl exur al t el

I n the absence of dpatimay tthe tmelein vad uk. 4
characterfesstic value
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e)lncrease wntéatagegth
The design of new stomc2@&reayshalhdr det drais
of concrete only, unl ess there iIs an evi
particular structure due to age. Such ca
1)When increased strength iIis to be used,
strength with age shall be based on act
curing procedure adopted at site and ex
actual strengtheaekb)eababt emeootaehithan
but not at more than 91 days 1 n case o0
chosen t o base the design and constru
appropriate. This decision shall be Db
deldystrength, and the age at which the
sewWéi ght , i's expected to be resisted by
2)For evalwuation of strength or | oad carr
existing structures, strength at ages o0
ascertaining the actual strength, sustai
fatigue effthesctpecifadn swhilecterature may b
7.1 Workability
Theoncrete mix proportions chosen should be
workability for the placing conditions of tF
with the means avail abl e. Suggested ranges
accordance with ilnS Tlalb99% alr3e. gi ven
Table 13 Suggested Ranges of Workabild:i
(Cl aurs.el ) 4. 7
S| N Pl acin| Degreel S ump at tHCompact
Condi ti|Workab pl acing facto
(1) (2) (3) (4) (5)
i )|1) Blind| Very 1 0. 705. 8
concrete Sl ump shal
2) Pavemf relied
using pay (I'sS 1199
trains
i i|Mass con({ Low 2575 0.180 . 9
Lightly |
sections
beams, w;
col umns
FIl oor s
Hand pl a|/
pavement !
Canal Lil
Strip f ol
i i ilHeavily Me di um 751150 0. DO 9§
reinfor ci hi gh
sections
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beams, wij
col umns
i vISI-fprm w({ Medi um 75100 0. DO 9§
, thin mi hi gh
Pumped Hi gh 100150 0. 9450
concrete
v)|Trench f | Hi gh 100150 0. 95 0
i|[Tremie c{ Very H Me as ur eome Not ta
wor kabi I i used
determinat
wi | | be apg
per | S 91
vVi|Rol | er Very M Zero sl ump
compact e |l ow Water cont g
concrete tested by
VB tesl2)6
NOTE
1 For most of the placing conditions, internal
2 The diameter of the needle shall be det er mi
bars and thickness of sections.
3 For tremie concrete, vibrators are not requ
7.2 Reinforcing Steel
Reinforcing steel wused in reinforced and pre
with the requirements specified hereunder.
a)Alrlei nforcement shal/l be free from | oose
paints, oil, mud or any omayerbsubse@ntce sc
reinforcement.
b)No reinforcement bar shal/l be coated witht
bar s. Any such coated bar shal/l not be wu
c)No reinforcementexcleplt| the wal#&dedvel di ng r ¢
reinforcement cage. Also, welding may be
slabs conforming to IS 1566
7. 2Grlades of steel reinforcing bars
7.2.Thel grade of the steel bars to be used at
dr awi ngs. No change shall be made at site,
structur al designer and owner.

7.2 .Tthh.e2 reinforcusgd ssleal | Ib&F®f@drem ptroovi si ons
this saaaplplridcabgeadeseionfeor ci ngTabkel 14i ven
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Tabl e 14 Designated Grades of Reinfor
(Cl aurs.e2. 1. 2)

S [ Grade of Specified Cha
Yield StQ{emgtM
(1) (2) (3)
i) Fe 250 250
i) Fe 415 415
i Fe 500 500
i V) Fe 550 550
7. 2Ph2Zysi cal and Mechanical Properties
The salient physical properties of reinforc

hereunder.
7.2 Modlul us of elasticity

The modul usyodf reeliaisftoircciitng st eel of all grad
MP a .

7.2 Pbixsonbds ratio

Theoi s sroantdifso r ei nforcing steel of all grades
7.2.CoedF ficient of ther mal expansi on

The coefficient off trree mrhalr ca xmgarsdieen of al l
1.2 51 0a.

7.2.S2rength

a)The yield strength f steels f

o] or which th
be taken as the 0.2 percent pr f
t 0

00 stress
02 after r

resi dual plastic strain of 0.
yi elicnhtpo the stress corresponding to the |
as the yield (tensile) strength. The ul't

taken as the maximum stress at whi ch t hi
Unl ess ot heedr,witshee ssttasctength refers to char.

b)The acceptance criteria for steel reinfor
7. 2.Ed2.0hgati on
All reinforcing steel shall comply | W tlif 8t6he

7.3 Prestressing Materials
7. 3Prlestressing Steel

Prestressing steel shall be used only as spe

a)Bonded tendons in new concrete structure
applied | oads,

b)Bonded tendons (as internal prestressing,
external prestressing, but with due preca
where it iIis required to increase resistan
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c)Unbonded tendons, where it i's required t
during the construction of new concrete s
said stage of construction.

7. 3.Tendons

Prestressing t
types of prest
relievedsgymuahd
requirements g

endons are made of single or ¢
ressing steels ar evipersmi sssirhbelse
S and hbghsten3hkeessbaall cCo

iQen heretiedencehssdedbobds Ta bl

Table 15 Types

of Prestressing Ste
(Cl aurs.e3. 1. 1)

Ty p € Name Ref er end
Standar
(1) (2) (3)
Wireplain col d -rdalaivenvesd rvwei{l S 1785 ( H
| ndent eddr ahvanr ds e esged [I'S 6003
Stress retpllwvesdrramldt3| | 6006
StlraRelaxatlon
Streseskl_evepdlymlslttrlands 'S 14268
Rel axation
Bar 4Hi gh tensile steel ball S 2090

7. 3.Phyxical and Mechanical properties

The salient physical properties of prestr e:
specified hereunder.

a)Modul us of elasticity

The modulus ®)hofel psestregsiing steel s hal
manufacturerodos tesTheepvabDwsedlbn nt lesli gn.
conform to t he manufacturer 6s test val u

acceptance criteria. The maximum and mini
obtained from acceptance tests shaluksbe
specified in manufacturero6s test report.
When values are not available from the ma
to ascertain the same. |1 n g2.n%rmdrtchderhte ofa
values indicated hereunder:

€210000MPa for Plain Cold Drawn Wires
E, :‘: 200000MPa for High Tensile SteelBars(rolled or heattreated)
t195000MPa for Strands

b)Poi ssonds ratio
ThPoi ssroantdifso prestressing steel of all gr a
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c)Coefficient of t her mal expansi on
The coefficient off tphreersmale sesx magn siterel of
taken a0 UC.21 1
d)Strength
The tensile yield stress of steel for whi
shall be taken as t heStO.e2n gptehr creenfte rpsr ot oof cst
strei@Qgtand shall mean that the value of
reinforcing steel wires, bars or strands
the test results are expected to fall
e)Stress relaxation
The stress rel axati on shall be obt aine
Certificates, and verified independently
of actual test data, the design value of
taken as thretaxbmesnt ial ue at 1,000 hour
i nitial stress of 0.7 times the UTS at 20
the UTS, the valuesdadgilver iusdcillablt eFoodré tlees:
than 1,000 hour s, the maxi mum values of r
Tabl e 17.
Table 16 Stress Relaxation for Di fferent I n
Il niti al Stress Tested at 1,000 hour

[Cl aurs.e3. 1. 2( e) ]

S| Rel axation Loss
N o I ni ti al S| Nor mal RelLow Rel ax
MP a) St eel
(1 (2) (3) (4)
i) T®"Q 0 0
i T Q 2.5 1.25
i X"Q 5.0 2.50
iV T'Q 9.0 4.50
Table 17 Stress Relaxation up to 1,000 hour s
Tested at 1,000 hours at 20AC N
[Cl aurs.e3. 1. 2(e) ]
S| Ti me ( Loss of the initial s
No. hour s percent)
Nor mal Rel al| Low Rel axa
(1 (2) (3) (4)
i) 1 34 37
i 5 4 4 47
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i 20 55 57
i v 100 70 72
V) 200 78 79
Vi | 500 90 90
Vi 1000 100 100

The stresgs oOraetl atxiantei ocn (hour s) other than at 1
as:
K

o t ~
I‘(t): rloooail_z OOO§ ,

where

000 = Stress relaxation value at 1000 hours as per Table 20, and
&7 10000

k - % 10008
C T 100 =

_ €0.155 Normal Relaxation Steel
~ 10143 Low Relaxation Steel

Il n peesi oned members, stress relaxation shal
increase during their curing, which induced
capturing early age relaxation, arising fror
in steam curing), an equivalent time (hours)
tensioning i n the relaxation time to accoun
|l oss in prestress in the relaxatiend afs:t he p
pp 1 Y g o
——————— 4y Y0
4y ¢ Tt G
wher e 5
4Y = Temper aG)urdeur(iinng th® time interval,
Dt = Time interval for which the Temperat
n = Tot al number of time intervals consi

7. 3.Unt3®nsioned steel

gener al , untensioned steel shal9. 3coanf or
guirements of cover and spacing Ret2welerb b«
8. 2,2ahd of provisions for assenmbll.y5.03f r ei

I n
Re
an
7.35h22athing Ducts and Joints
The sheathing ducts shall

a)be made wmfl di sheel or HDPE conforming to
t

having a test certificate furnished by h
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b)be I n as l ong l engt hs as practical fr
considerations without getting damaged;

c)be watertight at i1ts internal joints wher
required;

d)conform to the requirements specified in
Annex B shalll be perfor med as part of
prestressing systems employing corrugated
meant for rout ipme essi taen dt ensatvien ¢gs npowrt h i nt er

e)Be joined by any of the following method
tests, before prestressing:

f)Corrugated threaded sleeve couplers, wh i
out side of the sheathing duct s;

g)Wel ding using electric roaster machine or

h)Heat shrink couplers; and

] ) Be I-teiagkht against water pressure of 0.05
procedure given in Annex B.

7. 3Me3chani cal Coupl ers

7. 3.F3 . xled or movable type mechanical <coupl er s

a)Be placed to not adversely affect the | o0a

b)Meet the specifications | aid down by the
cover over couplers and reinforcement for
to acceptance tests similar stetAntnfexse&)spec

c)Be | ocated away from intermediate support

d)Not be used in more than on 50-spentc¢eoemt of

e)Be spaced such that the distance between
which cables are coupled is not closer th
depth is |l ess than 2.0 m, but not <closer
m,

f)Meet the requirements of strength of i nd
7.5.and

g)Be able to transfer full force of tendon

7. 3.A3.s520 , the anchorage and stressing of se

anchorage of the first tendon when fixed cou
7.4 Prestressing Systems

Prestressing systems manufactured by speci al
with the standard prest I aesisngr ewisn & g/- setqrua npd

stressing/restressing facilities, and grout:i
tendons. Prestressing system proposed to b
(nationally and internati onaanlyl ynew toerstleas saenr
systems, specialist |Iiterature shal/l be refe

7. 4P.rleensi oned Systems
7. 4. Anchor ages
Anc h o rsahgeelsl
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a)Enable the full design strength to be dev
appropriate -tlemgitdirsed nt egmckons sared ghaave su

1)Tr ans milesnsgitohhs &e 4) 1o2er which the prest
Ois transmitteddfswpleldgsnigdhh ovecrehiech tF

prestres9giinsg dfiosrpceer sed gradually to co
0 0O Q, and
2)Anchoraged |l emwgt hwhich the deliign ten:
devel oped in concrete.
b)Meet the require/medntls. s pecified in
c)Not be permitted in top surface of the de
d)Be introduced only after examitneimmpgo rtahreiilry
only during construction.
e)When tendons atr ea anncmotrredcti on joint or wi
(whether on an external rib, within a poc
mi ni mum residual compressive stress shalll
the direction of thecanchlofr etdhe@ rmisrtirmwsmirmnm
is lesser, reinforcement shall be provide
near the anchor beyond the tendon that |
required, I f thethendoohosageupbesdsi daér ed.

L

FI QLENGTH PARAMETERS I N TRANSFER- OF PRESZS
TENSI ONED ELEMENTS
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7. 4. Txraxhsfer of prestress

a)The prestress shall be assumed ctomshantr a
bond s@regsven by
0 —_a (1)
wher e

- = Coefficient accounting for type of

2.7 Indented Wires
= l|3.O 3and 7 wire strands
} FromActual Tests Others
- = Coefficient accounting for quality
€10 Good bond conditions
}0.7 Others

"Q 0= Design tensile stretss at time of r
é ~
07882 ek
(?QM 9

b)The tendons shal |debseitgopmmymidesdd avm glhevmont by
|0 Local stress at release

v p&0 Hi gher for Li mistheQtrgtamadmdr Sigfeet y
wher e
” . . .afprr()6
0 = Basic transnma/SH o8 | ength =
& pme 2
2 _ 6100 GradualRelease
! {1.25 SudderRelease’
_80.25 Tendonswihcircularaoross- sedoin
az _i . )
{0.19 3- andr - wirestrands
r = Nominal diameter of tendon, and
fomo = Tendon stress just after release.
fpmt:fbpt
c)The concrete stress shall be assumed to
di sper si bgg,anedngt h
d)The stress in concrete may be taken diff
justified and if the transmission | ength
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7.4 . Anchorage of tensile force for the wulti me
a)The anchorage of tendons shall be checked
in concretg/fgxceeldes tendon force shall be
section, including the effect of shear.
| ess OISJ‘@n no anchorage check need to be p
b)The bond strength for anchiogsiage in the ul
Q --"Q, and

wher e

- = Coefficient accounting for type of

el4 IndentedWres
= : 1.2 7wirestrands
t FromActualTests Others

= Coefficient accounting for quality

€10 Goodbondamditions
:' 0.7 others

"Q 0= Design tensile stretss at time of r

c)The design
of higher s
d)The total a

(see 3F:i g.

l e strengt®h MPacobnaoceteees
t hs.
oxgeanlcehmgtimg a t eiddiosn car |

S5 e
e: " o
> D S
QS w»w
= —

_ afpa~ foan §
prd"-ptz’fazfge fog O
wher e,
Loy = Upper value of desL,gh=2lp,@dnsmission
fg = Stress in tendon given by (i) aboyv
fow = Stress in tendon after all I osses.

83



Draft rSa afnodra Comment s Onl y CED 02( &wrC096)
November 2025

fi bpd 1
fpd 2
fpdoo
Lpt] LptZ prd
S

Tendon

FI GSTRESSES I N ANCHORAGET ZIONIEOMED PRE
MEMBERS: (1) AT RELEASE OF TENDONS, AN
LI MI'T STATE

e)When reinfortcda mgi ceamedd psteeel s are used tog
zone of concrete, the anchorage <capacit
separately and added for design verificat

7. 4 Dkevd at or s

A deviator shall withstand both | ongitudinal
and transmitsttrhueot utroe; tthheh resechicto e v adt ftulr e
prestrteesrmsdmmsodcauaey overstressiinlgn oa dewaagtei
zone,

a)tubes forming the sheaths shalll be abl e
| ongitudinal movement of the prestressing
i mpairing its proper functioning; and

b)radius of curvature of the tendon shall r
ofwi re/ strand

c)desi gamegd e of. t e widsahra loln boef O | @ faidti eathesh o n o
deviat or Buth,efutsrecdesy el b ptehdeh a naggfan g$ e abl el
consi der @ési gn.

7. 4P.o2dtensi oned Systems

7. 4.T2h.el anchorages in post tensioned system
types:
a)Anchorages (partially or fully embedd
prestressing force of tendons S tran
prestressedbebaemegmndby
b)Anchorages (externally mounted) in whicl

is transferred t oexcoenrcnradtle tnhoruonutgehd dnre ar
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7. 4. The2 anchorage shall meet the foll owing r e
a)The anchorage may consi st of any devi c

compl i es wi t h t he requi.r2en2e d®.s2 . 2ai8d 3 d
Proprietary anchorages shalll be handl ed
with the manufacturerods instructions an
b)The anchorage shall be capabl e of hol
prestressing tendon carrying a | oad cor |
initial prestressing |l oad and the ulti me
c)The anchorage shall transfer effective
possi bl e, the entire force from the pr
without inducing undesirable secondary
d)The anchorage shalll be safe and secure
and i mpact | oad.

e)The anchorage shall have provision for
medi um, such as cement grout, for the p

unl ess alternate arrangements are made.

7. 4. The3 anchorage shall be capabl e of:
a)Hol ding and transferring a force not | ec
tensile ultimate strength of the tendor
anchotagdon assembly.
b)Withstanding not |l ess than 2.0 million
percent of nominal UTS of tendons it 1is

0
percent breakage of wires o
n

more than b5
h W@ ecycl es per mi

not mor e t a

7.5 Prestressing Grout
Unbonded tendons pleandbed deidt h earr cibm cdedktds out si

member shall be protected fGroaoutciomg olsy ome rhent
and nuclear grade (low sulphufFprgmaeaseei at e &
t han cement -loirf esugerr haomegnt materi al s, arrang
inspection and refilling or replacement of g
Podgtensi oned tendons shall be bonded to the ¢
a grbattory made coated wires or strands emb
suitable fild]l aWhseon asruec ha cscpeepctiaablliezed materi a
prestressing are employed, manufacturer's re

The recommendati ons speci fied hereunder C o
tensioned tendons of prestressed concrete me

7. 5Colnstituent Materi al s

Cement grout s shall be mad e wi t h cement,
specifications are as hereunder:

a)Wat:erOnly <c¢cl ean potable water free from i
from sea, creeks or effluents shal/l be wus
b) CementThe same cement as used in construc
shall be used in the preparation of the g
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c)Admi xtuAeseptable admi xtures conforming t

show that their use i mproveisndheapepfel ui
reduces Dbl eeding, entraindadmi xt ames exipaln
contain chlorides, nitrates, sulphides, s
damage the steel or the grout. When an e

unrestrained expansion sAbumi powdexcelkadl Il

not be used as an expanding agent.

d)Sand It is not recommended to use sand f ot

7. 5Us2e of Grout Col |l oi dal Mi xer

The grout shall be continuously mixed in a
1000 RPM, and with a traverd/.sdi scharge not ex
7. 5Pr3operties of Grout
Before using any grout, the required tests s
t he mix ofThteheprgorpoeurtt.i es of the mix shal/l be
construction of a prestressed member, whose
a)Wat-€ement : Rdtti oshould be as | ow as possi
required workability. This ratio shal/l no
b)Del et eri ous NMatcerrlioalisde or sul phate shall
grout. When constituent materials of the
sul phites, their proportion by weight sha
1)Chl oridges: (Cl1 percent
2)Sul phate (S®. 0 percent
3)Sul phioshew) ( SO. 01 percent
c)Temper:aatlUhe temperature of the grout (aft
temperature of the structure) shall not e
d)Compressive ®Theengmpbressive strength fror
grout shall not be | ess than 17 MPa at 7
moi st atmosphere for the first 24 hours a
e)Setting Tihmes nitial setting time of grou
and |l ess thamdl2theurs.nal setting time s
hour s.
f)Bl eedi Bgeeding in a grout kept at rest fc
percent of the initial volume of grout
g)Vol ume Chad8mgevolume change of grout kept
within tibe5rpaeageent and 5.0 percent of th
h)FIl ui. diFt wadi bg t ested eort hgerro ubty scporneea d etsetst
for cone test shalll be I ess than or equal
as per grout spread test shall be greater

7.6 FRP Bar s

The provisions of this standard are not
bar s. FRP bars shall not be wused for
structures. FRP bars can be usedpeomilfy
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requi radr dbiolmi ty considerations and permitte
casespecialist |iteratthome wWesdgho be consulte

8 STRUCTURAL ANALYSI S
8.1 Gener al

a)Two methods of structur al analysis are ad
anal ysi s.

b)Structures shall be analysed by Il inear ar
Combinations, and then assessed by nonlin
2 and Set 3 Load Combinations.

c)Construction stagerfamamleysiicnn Dlodlhl Ibeepe
analysis.

8. lL.ilnear Anal ysi s

Linear structural analysis shall be employed
their members):
a)using initial el astic properties, whi ch
factors specified in this standard;
b)through a validated standard software wus
structure and foundations together, which
1l)a thdriemeensional model , or
2)a t-dwiomensi onal mod el throughhel ahauctven
satisfies all the following:
i) The strucesardensi al buil di ng;
i i)The structure is symmetrical in plan
symmetrical | oads.
i iiThetructure has a rpdcatna mgwelaard OleaTs ; wi
i v)Pl an aspect ratio of the structure 1is
v) The structure has height of 10 m or |
vi )The structure has regular structur al
these grids are parallel to each othe
VviiThe sizes of similar members ddanot v
is, total depths of all beams are wit
and the plan di mensions of wvertical m
are within 10 percent of the small est
vi iTih)e effects of mini mumcglndnf earacen tarnidc
cenbferesistance at each mass | evel o]
for separately and explicitly as spec
c)by any of the following met hods:

l1)Conventional 82 hod as per
2)Strut and ti e8.mM@edamdd as per
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3)Simplified ed8t.idmates as per

8. INo2nl i near Anal ysi s

8. 1 .Nbnlinear analysis shall be used to asse:
me mber s) under t he action o f | oads corres;fg
Combinations and Set 3 Extreme Load Combinat
(and theirundembdrhse) acti on of | oads correspo
combinations.

8. 1.T2h.e2 actual Il nelastic properties with no
characteristic strengths and strains are use

8.1.38t&8ndard structur al anal ysi s software
undertaking a detailed sensitivity analysis
i nel astise¢ r ait m edoesf olr mad i on characteristics o
member s s hdl | be use

8.2 Conventional Met hod

Structur esnahgbbyk dtbhee I i neaor deelrgs taincal (yfsiirss tme
estimate internal f or ces daensd gdne flooranuast iaopnpsl iper
using spatial (3D) anal yti dal2. had&.lay. xlt)e@p2)
wi th mat er i-ad c tainan aclr opsrpoepcei rftiieeds ians t hi s st an
action of | oads combined as per Table 2.

8. 2Moldel I i ng

3D model s shall be employed in the structur

boundary conditions of the structure capture
of the structure, except8.&s lpe@aPRt led ( @)t h2
Me mb-end rotations may be released during a
refl ected during design of members.

8.2 Member flexibility

The geometry, materi al propefrtcesnaatdi wiotuy dk
members or members and foundati on, shall b
capturféd etxhei | ity of the structure.

a)Geometry (3D Model)

1)Members of monol ithic concrete structul
centrelines, and assumed to be rigidly
members shall be considered to span bet
me mber s, N

O ©O U

C pm

wheOan®are di mensions of the end member
is framing ab itsdsende, sprmad of the memt
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bet ween the centreli sekgi gfEltdshee, etnhde nmeemmbbe
shall be consider ©OdFp a @ hpé rfolme x ihlkel ¢ acp st «
t wo end members, and the rest of the por
region treated as rigid. This shall be
the structure. At | east the natulral di
the structure. I f t heprmemadri cg eoameitfr yc oi
|l oads are applied within the span of th
shall be considered, including at the p
|l oads and moment s.

D+ D>

= -

| L centeriine |

FI 4AGEOMETRY OF A MEMBER MEETI NG OTHER MEMBERS AT |

2)In indeterminate structures subjected t
to strength, serviceability, robustnes:
Tables 2 to Shereepactiiveelsyi ffness of m
on one of the foll owing:

i )Theecond momemft toffeiarked transfotmedscr
(to be wused for defwlerter amhsef @ Ir cne Id a tcir a
s e c tsihoanl | be considered as area of wunc

area of steel reinforcement bars tran
area usmomdultahegn avteino by :

< I o

a5
i iHMhe prescriptive values of c¢cracked mo
specified in Table 18, where the estim

Oo f a beam shall consider effects of:

aalbot h beam and a part of the sl ab (eq

as spec9.fd)ed men sl abs are not model
bb)o n lbye aam when sl abs ar e model | ed expl
combinations coaai tdeqeak ®nilcd ad e
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SectiMdenmbPearogp ¢éis@ dleesn oSt ruct ur
Anal ysi s

[ClawBse. 1. 1(a) (2)]
S| Type Nor mali zed Ef fsecttiivenaCr s g
No|l struct For strength For serviceahl
me mb e 1 robustness ¢
i ntegrity d
Axi { Sheal] Secorn Axi @ Shea Secor
Are{ AreaMomen| Areg Ar egMomen
0o 7o 0 7o Ar ealo 7o 0 70 Ar e a
‘oro ‘oro
(1 (2) (3) (4) (5) (6)] (7) (8)
i )J)SI abs 1.0 0.4 0.25 1.0 0.7 0. 35
i i|jBeams 1.0 0.4 0.35 1.0 0.7 0.50
i iI|{Col umn g
(a) 1.0 0.4 0.70 1.0 0.7 0.90
Compr es
(b) Ten 0.1 0.4 0.70 0.3 0.7 0.90
I viStructu
Wal | s
(a) 1.0 0.4 0.70 1.0 0.7 0.90
Compr es
(b) Ten 0.1 0.4 0.70 0.3 0.7 0.90
3)When safety of a concrete structure dep
certain members that is, the members ar
(al so called equilibrium torsion), t he
shall be consi gsisdainad beshganallor si ona
members shall be included i n ®tfustuwmhal
member s shall be taken as:
‘060 m8&8"00
wher e
‘O =shear mofdud¢ ase+r—et eand
0 =180,
i n which

O =Modul elsa otfoifc ictoynacnrde t e

=Poi ssonods

rati o of concrete

O =Tor siconal amwi, =

wher ein

0 =St. Venant Torsional Constant of ¢t
section, of the rectangular web wit
any
=| @,

® = Smaller di mension of the member,

O = Larger dimension of the member, a

a = Factoresti BlatierttWenant Touesf onal
concrete members given by Table 19.
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Tabl €03 fi ci ent to estimate torsional st
[Cl aBs.e. 1. 1(a) (3)]

ofol 1. 1. 1.l 2. 2. 3.] 4.| 5.
| 0.10.]0.]0.{0.70.10.1{0. 1

b)Materi al Properties

I n the estimation of dneofduelcit icof@s®©laamdtsitcriutc
O of concrete, reinforcing steel and pre

speci f7fi.dd 4di.MMand. 2. 2r @sf@gti vel y.
c)Boundary Conditions

i n he connection between me

When model | g, t
|l e those between column and col u

rigid whi

1)f Il exi bl e, i f the column terminates i n
fl exi bl e tshoei If |(ewhiebriel i ty shall be refl ec
transl ational and rotational stiffnesse
flexibility of mohal usotifngsubmt adlee r ea@icl
under heathd

2)ri gifd,t he column terminates into a raft

hard soil

8. 2.Sb-fddundadyisoem fl exibility
a)The flexibility of foundation of the str
shall be accounted for, especially in str

l)open foufdaheonshan psidsebsi)l tshiatteifsn g( eon
class )Q orndE

2)deep fouffdaheons han wells ameédcamdsons)
harsbi | tshiattefSiidg(,e CIl as)s. A, B or C

b)Si mple structure8. la.sl (madyd e f ee@ mpmhed fr c
requirement even in case of soft soil.

c)Site classes A, B, C, D and E shall be t a

d)Foundation Flexibility

The flexibility of the structur al el eme
structure shall be modell ed considering

e)Soil flexibility
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The flexibility of the soil underneath o
rests and the soil adjoining the struct.
foll owing ways, namel y:

1)El asgriichgwhen only flexibility of soil n

i )When Ti16ouhdati on sstyisttfepne dipisi ntghsat, ( i s

transl ational bearing and shearing spr
be employed at the bases of wells anc
nor mal and shear resistances offered b
aa)ndividual Ifnrootthewngabsence of mor e |
individual footings can be taken to |
(i Lo
3] -
100
wher e
0= length of overhang from the f ace
0 = breadth of the footing,
O= elastic modulus of the footing
O = second moment of t-hec tairoena ooff tt
footing, and
0= modulus of subgrade reaction of
footing; and
bbywell foundlant i tomes absence of mor e de-
foundations can be taken to be stiff
i iWhen foundation el ement is flexible:
Distributed transl ational bearing and
along both vertical and horizontal dir
of wel | s, piles and footings, to acc

resi stances off eriendg btyh et hfeo lslooiwi,ngadj oi

aa) individwardt foalti mgari ng and hori zo
at each node underneath the footing,
bb) raft Tiweamtdiaddlontseari ng and hori zon
each node underneath the raft founda-

cc) pile fhhamdaomtooals bearing compressi
vertical shearing springs at each no«
and vertical bearing and horizont al
underneath the pile, and

dd) wel | ifbondabnoaé bearing compressi
vertical shearing springs at each nooct
and vertical bearing, hori zonal s he
underneath the raft foundation.
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The modulus of subgrade reaction of soi
said translational and rotational sprin
(Part 1).

2)Soi | mass, when flexibility and inertia
i )Soil underneath foundations shall be d
materi al propertiesOdydoti ssonldsdhmamo oul
be taken as specified in I'S 1893 (Part
iQaution shall be exercised when model |

strudtowma-abi bnsystem, to not Il ntroduc
arising out of the reflection of waves
the base rock on owhitchhe tfhod |soowiiln gr esshtasl;l|
as boundary condition at supports of s

aayettl ement of foundat-t enmm,cohsahidabi
soi | gmoalellaldees peci fi ed di spl acement a

bb) Loss of contact at frooudned d seido g s |
|l ocalized soil springs distributed a
the flexibility of soil and of the f
in soil spring, when they are in ten:
be used onlyrehgfhcagaiaoabtsoverturnir

eccentricity of Q eadfongand hesa bhan:

with soil bel ow i s more thaneb8eperc
nonlinear analysis shall be perfor me

8. 2 Ef f®xct of Prestress

a)When a concrete structure is partially or
shall be performed of the whole structure
on adjoining elements, considering:
l1)idet er neitnrautcet ar ee @&ff fprcea st ressing, and

2)inindetersmi mactub @ ®hh ce and di splafctement
prestressing.

b)In indeterminate structures,

l)structural analysis shall be
of the member nd the st ct
prestressing tendons and he adjoining
member throughebthe boeﬂle emng the grouf
2)when the members are expected t,0o-respon
curves of the constitutive materials o
nonlinear; the analysis shall/l be nonl i n

perfor med
a ru ure, where
e t

e t

r
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8. 2L.ozadi ng

Loads shall be applied as per6.tadse plecoad combi
a)Table 2 when designing to meet strength <c
b)Tabl e 3 when checki nsgercvo nepelaibainlciet ywiatnhd tdhuer
c)Tabl e 4 when checki nrgobcuosnipnm & sasrciea ,wi t h t he

d)Tabl e 5 when checkingntcegmwiltitwnaed wit €eht éaiha
and

e)Tables 2, (&as apphdcable), when checking c
criteri a.

8. 2An3al ysi s

8.2.S3.ability I ndex
a)The st abi0latt ys iisnndaelyxl be estimated as:
. B 0 3
0
B ( Q
wher e
0 =design axial d&imrcgerei mtoalewmmnonsi de:t
3 =]l ateral deflectowint mtr ¢ ope otf tcom | iutmn
the storey considered along the prin
( =]l ateral shear f obicne tahte tsotpo roefy ccoolnusn
along the principal plan direction <c
Q =heigbt ooeynsi dered, and
0 =number of col ummronisn dteheedst or ey
Her® ,3> anfl are based on results from l|line
the action of | oads considered a6.fgoerr t he

strength criteria (Table 2).

b)The |l argest val we amosgabit Wosyteoirochyesa Idf t
structure shal/l be take as:

0 GoOd xEAOA pgh8 H)
c)The method of ahabgsuses applicable shal

depending on0tHervalhee pafrpose stated ther
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Tabl eMez2thod of Structural Analysis Applicabl
Combinations
(Cl aws.e2. 3. 1)

Sl|{Load Met hod of Anal ysi s
No|Combi na Lineart Approxi mDetail ed (
Set Anal ys Geometri Nonlinear
i g it Nonl inear i i ™ 0
i f8tt O
T TT
(1 (2) 3) 4) 5)
I )JBasi c Yes Yes N o
f odresi gn|f odresi gni nfbut redesi
the strythe structstructure
0
to be | ess
i iflAcci den|No N o Yes

f oarssessin
the struct
i i|Extreme|Yes Yes Yes

f odresi gn|f odresi gni n|f carssessin
the striygthe structthe struct

8. 2.L3.nz2zar Analysis
a)Linear analysis may be performed of <conecr

1)Stabilidty @odewhereisn esti mad8.edun.dleper
the combinations.®brl eadadsengt W gr iamer i a

2)Sl ender ne@i@;gfggi\psﬁcqlﬁqmns satisfy:
Q0 ¢m#11 011 AOAAEABIEGG X AU

~ o~ o~ & o~

i
wher e
M=Effective |l ength fadt@r 20f the col umn
O =Length of the column, and
i =Radius of gyration

in wlWaoll are the gross second moment of

crosesction of t he <col umni fsoercctaalounmn roefs p
rectanguisactcoossmay be taken as 0.30 t
crosesction in the considered direction
crosesction as 0.25 times t-dectdiamet er of

b)Linear analysis may be performed using th

1)Frame Mehalbld be used when structures co
that have one di mension much | arger thal

95



Draft rSa afnodra Comment s Onl y CED 02( &wrC096)
November 2025

2)Finite EI ememnatl | Mebtehoudsed when structur es

t hat are stocky and structures have onl
appropriateness of the results from thi
considering them in designof &@ppésscacon:
concentrat eantlroaandts , a nrgel e s, and openings
addressed in the design stage.

3)Hybri d #Meahbdbe used when structures coc
systems and members of udeeenbegeammetamny/
beamo!l umn joints with similar sizes).
asf rame mebnyb etrdsenltrirte geometrbeamg saod a
col umns) and-dombasfsiomigl e3 €6 8 mkmdaasm

col umn joints, structur al wal | s, and
requirements related to modelling of th
and Finite El ement Methods shal/l be app

4)Strut & TshralMettheodused when structures
paths;unnborm stress dp rsitsrmabtuitc o me mbne r 13

junctions of members of concrete struc
perform | ocal anal ysi s, and srtmhabVvVemaltl |
gl obal structural analysis of the struc:
c)Iln each of methods mentioned above, it sh

1)Geometry (such asea@atrie@ass odndcrmesment s o0
member s i s c¢@n Qi st da(na)wi t h

2)Modul us of elasticity isr.d@oAdsildaenrde® . @s
7.3.1.2(a).

asiss represented accurately, when dynan
oundary acaerfdietcitonshe true restraint at
ffects of shear deformations are consi
f
o]

me mb e r H#Omwdtoise i s | ess than 10 for cor

r cantil ever. This requirement shall
8. 2. A pF oxi mate Geometric Nonlinear Anal ysi s
Geometric nonlinear analysis shall be perfor
systems (like frame smBinuictum@es) wheof eiamy, w h
estimate@. asu3nmknr the combinati ®nf4oro fs tlroeandgst
criteria (Table 2). The approxi mate geometr
estimate the additionald 3beefifegtesmdment so( dwme
9.3,&2nd7 used in the design of col umns.

8. 2.Nbndinear Anal ysi s

a)Detail ed Geometric Nonlinear Analysi s
Detailed geometric nonlinear analysis sh
concrete structural igysweasei sshesnti mat ed
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ped8. 2.,8Bndi no matne¢n ineedacrriuteys under the actia
specified in the | oad &.94nlwihreant icohnesc kmenrgt if

compliance of the structure with strength
b)Geometric and material nonlinear analysis
Combined geometric and materi al nonl i nea
concrete structural systems, under the ac
combinati ons 6@nes twiheeme dc hiecki ng f or the ¢
structure with robustness, integrity and
1)Progressive Coll apse Analysis

i )\When designing important and critical

progressive coll apse analysis shall be

strength and deformation demands on n

members of the primdr)y |(ovaer triecsails ta md
prevent:

aa)lLocal coll apse involving formation
members resulting in that | ocal port
unstable under the inelastic conditd.i
under the applied | oads,

bb) GI obal coll apse involving formati on
of the structure (in general) resul ti
unstabl e under t he inelastic condi t
deformation under the applied | oads.

i iProgressive CodHalplsei Mmnall we:i s

aa) | denkeyyehemahthee primary | oad res
the structure,

bb) Preparing the anallkeéey calaetmoadtt|i nree n
cc) Performing | inear structur al anall

estimate the design strength demand
under the appl(ramglravdeyd!| loaad and |
if applicable, snow | oad) specified
given in Table 1.

ddRepeating the anal ylsey eleanm@miith,gkanot
el emeantes removed one at a ti me.

eel)i sting all combe sr@alt P,AMMssNdiIf ohreash
member of the structure from each of
ffHThese ¢ ombiM ¥, tMaonndss hoafl | be used to d
me mber s.

i ilif) the structure is found defi,citema fr
same should be mitigated (i f not elim
alternate | oad pat hs; and
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2)Bl ast Analysis

i )Structur al anal ysis of a structure su
nonlinear response history analysis me
i n Selklbinds. It shall account for
nonlinearities. Al so,c htahrea cd teirfi fsnt e s
materi al as per tshter an oxn |l ciunrevaer osft relses

material s.

ii) Two analyses shall be performed, nal
aaAnal ysNenlli near analysis of the full
bbAnal ysNenl2i near analysis of the modif

critical members removed, which are
members to be removed shall depend or
1. Al so, the bl ast pr essnuirneg sshuarlfla chee
after removing the critical me mber s .
as per progressive coll apse.

i ilif) the structur e hl sanftaoluynsdi bdee fsiacmee nsth o url
mitigated (if not eliminated) by intro
to shield the structure in focus.

8. Btrut and Tie Method

Strut and sthieel lanbad ypseirsf or med as specified he

8. 3Moldel I i ng

8. 3. Al. mMember or | ocal region shall be represce
consists of amadedupiohasttuovussand ties conn
of transferring the factored | oads applied o
a)Bregi(beramBeomowelgliodn)t he member, or

b)Dregi(dnsturbed or disturbed region) of th
of member s, the junction of members and
where the | oads are applied aBoagiwnsh ot

8. 3.Furzaz her,

a)At each node, at | east t hr et hnseterbuetrss, neweo
struts and one tie, one strut and two tie
b)The ties shall be permitted to cross str
the struts shall cross or overlap only at
c)When determining the geometry of the trus
and nodal zones shal/l be taken into accou
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d)The adlbgelteyveen t men yaxaansd ud/fmeied i ng at a node
not be | eAss EFEdmant R5bs purpose:

1)Theompressive may be assumed to spread |
2 longitudinal to 1 transverse to the a;
2)Theendgiolree shall be considered to pass

the tie.
e)The area of each face of a nesdeec tsihoanlall naorte
of the strut or tie measured perpendicul &
the node shall be similar to the shape of
ont o tehsepamdirng faces of the nodes.
f ) Geometric Properties

The geometric properties of struts and ti

1)The cgeoctsi onfadbf aaesatrut shall be esti mat
wi d whand dé®pobh confined concrete wi t hi
reinforcement shall be taken as:

w = breadth of the member under compr e:
O= 0t2mes I ength of the member wunder
2)The cogeoctsi ontabf atib@es made of steel reinf
be taken as thessoam ofmalt hareaossef all b

transformed to equivalent &rz.al.of( a&)o.ncr

g)Material Properties

The materi alsugrhomad ol es ¢f, Pel ssbapioy
compressiv,e ananesndteh sasengphicabl e) shal
hereunder :

erties shalohfbeedak

l1)For struts, the prop
l-loeceppnspaeed ckosédrce

by appropriate <c
and
2)For ties, it shall ohgi tsakerndabtsitniatr coefmet

8. 3Lo2zadi ng
The | oads and

I o
Tabl es 2, 4 and
respectively.

ad combinati o6 salmsd ad de chief icench
5 for strength design, ro

8. 3An3al ysi s

The traditional |l inear truss analysis shall
|l oads, and the forces estliomagt evd tihn tthhee satprpwtr
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4 Simplified Estimates

a)Unl ess more accur at
as PBer. 1. 1p(rbo)vi ded
fi

foll owing simpl.

e est i ma tbeass eadr ea naavl ayi sl eas
al | conditions menti on
ed estimates may be wuse
1)Bending moments and shear forces of co
bending moments of comay esdlaibds adasd( hbhael
spanning in two dir&chnBng) 3daheseeci mipe ¢
estimates shall stand as the | ower bour
conventional met hod and strut and tie m
2)Ef fective |l engths of concrete ®@&amBpr2essi
and

3)Defl ections and crack widths 8i.il@ndncr et
8.10. 2

b) I n continuous beams where vertical suppc
i zont al mewchb et ssuahd small sized, conct
pl e and symmetriicnsstteraudc taufr ap e rsfycsrtmim g
uctural analysis by keredicrogn veonmd rotn ad n dn
ce coeffi bereeruslkaplecbéi ddemed t Whlea su
se coefficieadntssrabet uerdofr bendi ng mo
mitted.

5 Mofreame Structures

When a concrete structure tbhe madmploiff iae dmoent
provi @ed@dn8 nffor beams and sl abs, respectively,

8

. Be a ms

Beams are member Wi ebs dxlamdetrr eé®si gn | oads
out of | oad comb®6 naandiadn essp e2¢, i f4i eadn di 5

a)Load transfer from rectangular sl ab panel

The uniformly distributed | oad on the so
right angles shal/l be assumed to be tran
the influence area gener at A&ld nbeys tahse sihnotwen
Fig. 5.
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SUPPORT ON WHICH
/_ SLAE RESTED

45° 4§
L 5
450 45
I J—
L<L,
(a)
FREE FREE
{NO SUPPORT]) (NO SUPPORT)
tan-1(L/L,)
FREE
(NO SUPPORT)
45° 455
L] (c

SUPPORT ON WHICH
SLAB IS RESTED

FI GSUNI FORNDIYSTRI BULDED GNADEAREA 86LISLAB IS ASSUMED TO BE
TRANSFERRED ADJODHESMBPORSLABUPPORTED( AAL LFOUR
SI DEE BIHRESI DESNK CIWOADJ Ol NSNBGE S

b)Desi gn moment and shear coefficients

1)The bending moment and schoenatri nfuooruase bceoaents
any floor or roof | evel shall be taken

i )The sthasc$ampl e and symmetr,ic structur
i iHMhe structure is subjected (tnoam@iblyati ve
an®jon its spans,
i iTihhe structure HMas =wBStmmbdeirtgramddy | oad
i viohe beam is not a deep beamt awhomwer alalt
dep®h i s:
8t 3EI BIOB b1 AOOMRIA

<) #1 1 OERAADO
When any one of these conditions is not
met hod of analysis shall be empl oyed.
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2)Unl ess more exact estimates ar-xeamtaiden, f o

which support substantially wuniformly d
spans, which do not differ by more tha
l engt h, the designndbedasingn mohmeart sf @ar c

estimated using the coefPRRcirespecgiwvenh yi
coefficients given in Teadbtlee aRhHt sihmltlhe ed

bendi ng moment s, and those giventodlabl e
obtain the designwWslseahef ctrncad, deemge |
andthe effective span, or such other r
shown to be applicabl e.

3)For moments at supports where two uneque
are not equally | oaded, the average of

moment s at t

he support may be taken for
in Table 21 a
t

re ubsendif g meme mtad , ome aif st
not be permitted.
4 )Where a member i's built i nto a masonry
restraint, the member shall be designec
woafcat the face of the support. For suc

in Table 22 to estimate the design shea
increasdeu by

Table 21 Design Bending Moment Coeff
[Cl awBs. & (b) ]

S NgType of Span Mo menr Support Mon
Near| At mi | At suj] At sup
mi ddl| of I nj] of En of 1Int
End S Span Span Span
(1) (2) (3) (4) (5) (6)
i) DL and P P P P
(Fixed) DC D © 0TI DC
i i) |[I'L (Not P 1 & [&
D T DC () ()

Tabl édex2 gn SheG@ae fFfoircieent s
b) ]

[Cl a s & (

S| Nol Type ( Att hg At Support ne| At Ot
Load End Support I nter
Supp Suppor SuppofSuppo

cl oser farthe

Span End Sp
(1) (2) (3) (4) (5) (6)
i) DL and ™ T T 11 @ U @ Tt

(Fi xed]
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of ™8 v T T T T T T
)

L

i) (
Fi xe

N
d

8.7 Sl abs

8. 7TRelct angul ar sl abs stWwaVl sbabsrewhed Bbewpyns

the following conditions:
a)They cantilever from only one edge;
b)They are supported on opposite edges; and

c)They are supported on more than two oppos
rataifbtoof more t han

Al | ot her slabs (including circular and pol
edges, or atcen)praehmtl |i et veagpaskbdbas t wo

8. 7S021 i d SI abs

The provi8siboms befams apply to sl abs al so.
provided hereunder are applicabl e.

8. 7.0heday sl abs

Sl abs spanning in one direction and conti nu:
onway sl a®nalayasdecdor di ng to the provisions afy
beams

8. 7.T2veRay sl abs

When the | oad on the slab is transferred to
in plan or when there are only two supports
are not parallel to each ot heray tsheabsl ab sha

8. 7.S2.ads monolithic with supports

Sl abs (except flat sl abs) const r uvacntad dbsneodn ol i
taking such sl abs either as continuous over

or as members of a continuous system with t
stiffness of such supports. | f such siutpyport s
at the support of slabs, then the effects or
the web in the transverse direction of the

direction of the beam, wherever applicabl e,

t he beam.

For the purpose of estimation of moments 1in
sufficiently accurate to assume that members
fixed in position and direction at bbhe far e
8. 7.S.albs carrying concentrated | oad
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| f a solid slab supported on two opposite
maxi mum bending moment caused by the concent
resisted by amwodf fsdcathi vemewaisdutrhred parall el to
by:
a)For a single concentr atoesdh alola db e tehset ieniafteec
® Qop - & O
wher e
w=width of contact area of concentrated I
~ parallel to supported edge;
w=actual width of the sl ab;
Q=constant as per Tablk#, 23, as a function
w=di stance of centroid of concentrated | c
a=Effective span.
When the concentrated |load is placed near
shall be estimated as:
® aQQop — OGN Qop - b @

whewe s the distance of the concentrated |

Tabl é& »83 Si mply Supported and Continuo
[Cl awvBs.e7r. 3. 4( a)

s Q
O(Simply sulContinuou
sl ab

0. 0.40 0.40
0. 0.80 0.80
0. 1.16 1.16
0. 1.48 1. 44
0. 1.72 1.68
0. 1.96 1. 84
0. 2.12 1.96
0. 2.24 2.08
0. 2. 36 2.16
1. 2.48 2.24
1. 2.58 2.29
1. 2. 64 2. 36
1. 2. 72 2.40
1. 2. 78 2. 45
1. 2.84 2.49
1. 2.88 2.53
1. 2.92 2.56
1. 2.96 2.58
0. 2.99 2.60
22 . 3.00 2.60
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b)For two or more concentrated | oads placed
the bending moment per meter width of sl &
each |l oad accordiwgfteliabseappmapeidats in
together for design calcul ations.
c)For two or more concentrated | oads pl acec
spanpoffslab owing one | oamofdoglsamoowiove
another | oad (both estimated as in (a) at
be designed ®eopfarsalted yof | 6ne | oad overl a
adj acent | oad, the overl|l apping portion o
combined effect of the two | oads.
d)For cantiIevdesrheslollihﬂesqeaﬂ)ismated as:
” T ¢
w pEw o

wher e
w =Distance of concentrated | oad from fac
®w =Width of contact area of concentrate

supporting edge, and
& =Length of cantilever slab measured par

When the concentrated | oad is placed

cantil ebesrhadllatbh,e esti mated as:

® aQepgD OGN—NmM Qop - & ®

whewei s the distance of the concentrat

measured in the direction parallel to
e)For sl abs otheroshaln shbdpeandlambst,he ratio
l ongi tudi nal flexural rigidities of the
estimated for sol id sl abs may be used.
proportionately smaller value shall be t a

f)Any other recognized method of stwiutch ur al

the approval -iodhahgeegngsnaeral ternative t
above.
8. 7.S12.ahbs spanning in two directions at right

The bendi

ng moments in slabs spanning in tw
analysed by:

a)Any acceptable theory or by wusing coeffic
when caunriyfionnrgml y di stri buted | oad, and

b)Any acceptabl e met hod -iagplparoggee,d wWwlye ne ngam
concentrated | oad.

Wheafa ¢ the slabs shall be designed as one
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8. 7. Ah.ad ysis of two way sl abs
a)Two Way Sl abs restrained against torsion

e f sl ab are prevented

When the co a
t shall be esti mated as

S
mo ment i n |

rner o
he sl ab
1)Maxi mum bendidhhgnbomentsnit width and ma>
forwendper unit width along shorter and

for the nine caskEisgoférooti hnlme tegddges of

shall be estimated as:
0 | 0a
0 | 0a
w I oa
w I va
wher e
| h =short and | ong span bending moment
5 per Tabl e 24,;
TR =short asipand onnlgear force coefficient:
Tabl e 25;
0 =tot al uni formly distributed design |
3 combinations specified in Table 2; a
ahd =1 engths of shorter and | onger spans,
CONTINUOUS
EDGE
DISCONTINUOUS
EDGE
FI GGNI NEASES @FNTI NUI 1S ABGB
2)Sl abs shall be considered in each direct

and edgesesktirgi.ps7)(; the migdidire estsr iof it et
and each edgeegé&thi pfohée width.
3)The maxi mum momen&.s7 .exs.tdl{neaytdeld hian | appl y

mi ddle strips, and no redistribution sh
4) When support moments estimated wusing T
significantly, the following procedure :

106



Draft rSa afnodra Comment s Onl y CED 02( &wrC096)
November 2025

i )Esti mate total Mo mesnpta na smotnneen ts uanm do fa vnei
support moments (neglecting signs) for
iiHreat the value from (i) above as fixe
i iDi)stribute the fixed end moments acr o
relative stiffness of adjacent spans,

i Vst i mat e-sip@aw miodnent in a span as total
obtained in (i) above minus smaller of
(iii) above of that span (neglecting s

5)If the resulting new support moments ar
from Table 24, the tension steel over tF
as given bel ow:

i )Consi der t he Sspan mo me n t t o be vary
supports, with the maspamommoalkné adt ai
i 8.7(2)6iand

i iDetermine the fpPpdiextus eofof comter anew sup
(obtained from (iii) abovel] wi t h t he
8.7(2)6i)

Tabl 8ehdi ng Moment Coefficients f
on Four Sides with Provisio
[Cl awBs.e7 (R. 6

or Rectang:
n for Tor si

Short Span Coeffi ci \
Iy/lx AldTa
CasMoment considered 1 ‘1-‘1-‘1-‘1-{1-<1-‘2-

I nterior Panel s
Negative moment af{0O.00.0O0.00.00.00.00.00.0 0.0
Positive mosngaat af0.00.00.00.00.00.00.00.0 0.0
.[One Short Edge Discontinuous
Negative moment af{0O.00.0O0.00.00.00.00.00.0 0.0
Positive mosngaat af0.00.00.00.00.00.00.00.0 0.0
./One Long Edge Discontinuous
Negative moment af{0O.00.0O0.00.00.00.00.00.0 0.0
Positive mosngaat af0.00.00.00.00.00.00.00.0 0.0
.[Two Adjacent Edges Discontinuous
Negative moment af{0O.00.0O0.00.00.00.00.00.0 0.0
Positive mosngaat af0.00.00.00.00.00.00.00.0 0.0
.[Two Short Edges Discontinuous
Negative moment af{0O.00.0O0.00.00.00.00.00.0 0.0
Positive mosngaat af0.00.00.00.00.00.00.00.0 0.0
.[Two Long Edges Discontinuous
Negative moment af - - - - - - - - -
Positive mosngaat af0.00.00.00.00.00.00.00.0 0.0
.[Three Edges Dii @rceo nltd mgt okilsge Conti nuous
Negative moment af{0O.00.0O0.00.00.00.00.00.0 0.0
Positive mosngaat af0.00.00.00.00.00.00.00.0 0.0
.[Three Edges DiisOncentSihnnwuadaussdge Continuous
Negative moment aft - - - - - - - - -
Positive mosngaat af0.00.00.00.00.00.00.00.0 0.0
Four Edges Discontinuous
Negative moment af{ - | - [ -] -1 -71-1T7=-71T-171 -
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IPositive mosnean a{0.00.00.00.00.00.00.10.1 0.0
Tabl &hz2mr Force Coefficients for Rectangul a
Four Sides with Provision for Torsior
[Cl awBs.e7 (2) b
Short Span Toeffic 1
& 7a Al
Cas/Moment considered |1.-¢1.71.41.071.J1.¢91.172. a¥a
1.l nterior Panels

Continuous Edge lo.J0.{0.970.70.70.40.40.1 0.

2.]/0ne Short Edge Discontinuous

Continuous Edge 0.10. 0.40.40.40.40.5170.'% 0.

Di scontinuous Edge - - - - - - - - 0.}

3./0ne Long Edge Discontinuous

Continuous Edge 0.10.40.40.40.40.%0.50.°"1 0.

Di scontinuous Edge/ 0.40.70.70.10.70.3%0.10. -

4. |Two Adjacent Edges Discontinuous

Continuous Edge 0.40.40.40.590.90.5%0.50.°¢ 0. 4

Di scontinuous Edge/ 0.70.70.10.10.10.310.1%0. 1 0. 1

5.|Two Short Edges Discontinuous

Continuous Edge 0.40.40.40.40.40.40.50.°"% -

Di sconti nuous Edge - - - - - - - - 0. 1

6. |Two Long Edges Discontinuous

Continuous Edge - - - - - - - - 0. 4

Di scontinuous Edge|/0.70. 0.310.10.10.40.40. ¢ -

7.|Three Edges Dii@rceo nltd mgt olkdsge Conti nuous

Continuous Edge 0.40.40.50.450.%90.%0.¢0.¢ -

Di scontinuous Edge/ 0.310.30.70.10.10.30.1%0. 1 0. 1

8. |Three Edges DiisOnentSihmmuadusdge Continuous
Continuous Edge - - - - - - - - 0. 4
Di scontinuous Edge/0.70.10.10.10.40.40.40. 1 0.

9. |[Four Edges Discontinuous

Di scontinuous Edge[0.J0.70.70.40.40.70.40.1 0.1

b)Two Way Sl abs not restrained against Tor

Sl abs)

When the corners of a slab are not preve

designed as specified hereunder.

1) When simply supported slabs do not hav
torsion at corners and to prevent the
bendi ng moarvethper wunit width in a slab sj
and | onger spans, respectively, shal/l b ¢

0 | 0Q
0 | va
wher e
| h =short and |l ong span bending moment «
per Tabl e 26;
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0 =tot al uni formly distributed design |
3 combinations specified in Table 2; a
ohdh =1 engths of shorter and | onger spans,
Al MIDDLE STRIP D STRIP
I
I I
I I
I I
I I
Ly | I
I I
I I
I I
I I
| | —X
D.125 Lx—-—l—ﬂ—r—l— |:|_|'r5 LI '-L‘_—-—D125 Lx
L,— -
(a)
Yi
| EMD
D.I?ELF _____________________ STRIFI
| ]
Ly
MIDDLE
0.75Ly STRIP
| N 1
EMD
{0125 Ly 2o
(b)

FI GTMI DDLE EONIESTRI PS SIFABA FRERNDI NG Al OAs
DI RECT,AQ@K BY)DI RECTI ON
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Tabl 88eh@i ng Moment Coefficients for -Rectan
Supported on Four Sides
[Cl awBs.e7 (B) B

afa | 1. 1.11.2421.31.41.5851.7 2.0 2.9 3.0¢
| 0.00.00.00.00.00.170.230.2130.10.12
| 0.00.00.00.00.00.00.00.0H0.00.0

8. TRia3bbed, orHoMoliodwe d S| abs

The be
I

ding moments and shear forces due to
shal e ob t h

n
b tained by e9 .r3 .gdo.rlo(ues) met hod spe

8. 7R l4at S| abs

a)The coefficients given hereunder are for
Val ues provided hereunder cannot be addec
by other methods of analysi s. The effect
estimat ed ey ndentldinear anal ysis (using hy
8.1)2.1

b)The term fl at sl ab means a RC sl ab withou
the requi @erneetnitos sopBe.c7i.fd wetd wint h or without
i s supported by columns with or JWHitgh.out |
8) I't may be solid slab or may have r ece
soffit comprises a series of ribs in two
by removable or permanent filler bl ocks.
c)For the purpose of this c¢clause, the follo

1)Col umniaststmpip of sl ab® &adwitn groa wirdetaht ea
™ oonnach side ofctenhierae,olbbwmertehne span i n
direction moments are being determined,
suppor tast haendspan t riamesaseurseed tmentre to
supports.

2)Mi dd|I el astsrtirp p of sl ab bounded on each ¢
Column Strip.

3)Panel T &t rpiap t of a sl ab bounded on each
cenltirme of acemnltliueens, oofr adj acent spans.
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COLUMN COLUMN COLUMM

gt ]

k- LR I PP s
P R Lteree T

COLUMN =,
HEAD

COLUMN
HEAD

(a) [{=]] (c)

FI GBDI FFERGEDMETRI EFRE ACGE AB$ A AB WwI THIROP AGOL UMN
Wi THOWCoLUMMEAD( B AB wiI THIROP ASOLUMN WICDH UMN
HEADAND( CS. AB WIDROP ARSOLUMN WICOHUMMEAD

8. 7.Gk.0Z2netri c proportioning
a)Thickness of flat sl ab

1)The minimum thicknessnmof dJlhabtshazlkinebs
sl ab shall be controlled by considerat:i
givef.By3.1

2)For sl abs with d8ops4d.cdhhiormitngst @f | on
effective depd.dhaglilveme i amapplied directly,
be mul timbi ecdorby hi s pur pose, only the
considered.

b)Dr op

When drops are provided, they shal/l be re
in each directidarmimaot olfestshet peamednd engt h
exterior panels, the width -obntdroppeusated
and measameddehritirme of the columnéashak hebe
width of drop for interior panel s.

c)Col umn heads

When column head® @rowvapietdal $ he portion o
' ies within the [ argest right <circular cc
90A and can be included entirely within
column head, shall be cos{siddegr.edd)f.or desi

8. 7.DetErmination of bending moment

a)Met hods of analysis
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FI at sl ab systems shall/l bea s@amalfyisned eb ye |
met hod. I n the absence of results from
permi ssible to analyse such systems by on

1)The direct design nBet7/h@dh dla)s speci fied i
2)The equivalent frame8mé&tRMod)as specifi e

subject to the | imitations of the methods
b)Bending moments in panels with marginal b
When the slab is supported by a marginal
the thickness of the slab or by a wall k6 t
1)The total |l oad to be carried by the bea
applied directly on the wall or beam pl
to gumarter of the total | oad on the sl a
2)The bending momemnt s munn st me phaldf acent to
shall -dpeartner of the bending moments fo
strip.
c)Transfer of bending moments to col umns
| p
C ©
P o5&
wher e
w=Overall dimension of the critical secti
perpendicular to the axis about which
w=0Overall dimension of the critical secti
axis about which moment acts (see Fig.

For resisting the bendi

ng moment arising
t hatpd®ome each side of the

column or capit:

wheOes the | ahgeknets ¢f)slab, (ii) thick
width of column resisting the bending mon
over column head by <closer spacing or ad:c¢
to resist the bending moment at this sect
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-Axis about which

I
I
|
Ithe moment acts

/7
,=C+d |G —1+—

d/2

14/2 | Ci |42 |
i
a;=-Cy+ d

FI G9GEOMETRYTRAAINSFERUNBALAN@EENDI MOMENT FROMBLAB TO
COLUMNHI'S IS APPLI CABLE FOR TRANSFER OF UNBALANCED BE
FOOTI NG TO COLUMN ALSO

8. 7Ddrect design met hod

a)Thairect desisp@ml metberodused to analyse an

structuramnl pwytwhheemf | at sl ab system fulfils
1)The structure i s subjected to gravity |Ic
t he pawheelns.the system is required also t
frow nd, earthquake gr ounar sadtalkda rn gl, a tbd raa
acti,omddi ti onal RC structur al wall s or
provided in tAma, stsruwcdct ualeement s provi di
resistance to the structure shall be d
|l ater al | ®a.dd gi ven by

2)There shalk hbeeatohe aisnrn oeauasc s pdainrsect i on.
3)The | engths of successive spans in each
onehird of |l onger span | engt h; end span
than interior spans.

4)The panel srexchalngruth eardptei o of l onger spa
shorter swianhilengtmanel shall not be gr e
5)Col umns are not offset from the grid 1|
span lienngthhe di r ectniootnwiotfh dtthhaen goifdgsiedi, on i
above; and

6)The design |Iive | oad shall not exceed t

b)The foll owing steps shal/l be foll owed:
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Determine totall afesa gspammenhat i s, t he
of a simply supported span) along each
positive and average negative bendi ng
determined for a stripgeblbiovmeedf | Bher pahh

each sid:eendiﬁrreehf”the supports, shall b
L
P
wher e
w= design |l aemd on area
a =cl ear span extending from face to fac
or walls, budesinot I ess than

& =centoenteaeagth of span O0i;n arhee directio
ad =centowenteagth of span transverse to

Whi |l e detber nmihnet nfgol | owi ng need to be con
i )Ci rcul ar supports shal/l be treated a
area.

i iWhen the transverse span of t he par
cenltirme of suppdratld ‘oeer iteask,en as t he
transverse spans.

i iWh)en an exterior panel i's being cons
exterior edglircre afthepanel shaliln be s
calcul at.i on of

Determine negative andoposai tsipae,dasi dm a
0, along each direction.

i)fn an interior span, ttheg chasiigrerrrag & toi
at the face of rectangular supports, o
supports having the same areal and d

(considered teopan) ahat hebmidi stribut
proportion:
0 ™o, and

0 ™ 0 .
And, in an exterior span, 0t he adasi gn
0 (considered to act at the face o
circular supports treated as square s
the exterior and interior supports, a
(considered teopaan) ahat hebmidi stribut
proportion
5 T L
P =
L
0 & U T@p
P
0 ™ O T[&plp
P
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wher et he ratio of flexural stiffness o
slab at a joint taken in the directio
given by:
B v
| o
in whiicsh the flexuralMmeteitfifinmge ag afhec gl
Uthe fl exural stiffness of t he s |
rotation.

i iHMhese design moments can be modified b
sum of the moddfiedd valamals ob6f t he panel
in the direction considered is not | es
momebdtspeci fied above.

i iWh)en the negative moments at an interi
t wo spans framing into it, the sectio
|l arger of the two interior negative de

mad e t o di stribute nthei unhatandadceanoy
stiffness of the adjoining parts.

2)Apportion negative and positive design
and middaersssiplse panel width, along ec:
3)The bending moments at t-hpa nc)r isdericaso n (s
shall be di stcroilbuunine da ntdo mnishded Isepesti fi ps
9.2.5.1(c) (1).
4)Det ermine moments in columns
i )Columns built integrally with the f1l a
resist moments arising from |l oads on t
iiUnl ess a gener al analysis is made, at
members above and below the fl at sl ab
resist total O deosri gnh emocnoel nutmn gi ven by:
0 ™0 a0 U ad
) 81 Y 0
P
wher e
O ,0 =design dead and i mposed | oads per
a = |l ength of span trams;verse to the
o} =l ength of <cl ear s pame aisnurtehde bdeitrweece
the face of supports;
| = f axpeai f8i.&d 4i./ (abn)d( 2)
O ,0andrefer to the |l oading and spans ¢
0 shall be distributed to the column s
slab in proportion to their stiffness.

c)Ef fects of Pattern Loading

When thei mposedofoadekoedddad | oad

115



Draft rSa afnodra Comment s Onl y CED 02( &wrC096)
November 2025
1)The sum of fl exur al stiffness of <col ur
B 0 shall be |suscsh nohatl ess than the n
|  speci fTabdei @7
2)IB 0 does not satisfy (1) above, the pc
panel shall be mul tfigi ved by: the coeff

v

S o |
rp v P

T—r—U h

Tabl eMi i mRier mi ssi bl ¢ RfVal ues of
[Cl aws.e7. 4(.24) 1( b)

il R
u a
0./0.5 t| 0.
1. 0.8 0.
0.8 0.
1.0 0.
1.2 0.
2.0 1.
2. 0.8 1.
0.8 1.
1.4 1.
1.2 1.
2.0 4.
3. 0.8 1.
0.8 2.
1.4 2.
1.2 2.
2.0 3.

8. 7. Equi val ent frame met hod

The met hod shall be used when the flat sl ab
|l aid down foritrleetude soifg nvimeent htohde structure
slab is required to resist | ateral | oads.

a)Assumptions

The bending moment s and shear forces i n
determined by this method, which consider
as c@ontinudoiusen8i onarodélk amend makes t he
assumptions:

1)The buil ding eiqgsuimad e ndipt tfho favreerst i ¢ a l and

me mber s at Ealclh lfewawenles coneigat yadfend mcowu
bounded | atecanliiyrrebyoft htehe panel on ea
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cenltireme of the col umns. Frames adjoinir
by the edgenbhimneetbf the adjoining panel
2)Each such plamalryfhedms eatirety, for ver

Each floor thereahalaysepdhat elopf wi ils 1t
assumed fixed at their remat seedadsa.t el Wh
to determine the bending moment at a gi

support two panels distant there from, |
the point.

3)When determining relative stiffness of

sl ab or column may be assumesdcctto olme otf hdt
concrete alone.

4)Wariations of moment of inertia along t|
of drops is considered. I n a recessed

in the region of the columns, the stiff
the solid lpaabr td coefs tnhoet se xg@ @,n di mitoa et hH e adn|
measur ed deamltnreheof the columns. The sti
column heads is ignored.

b)Loading pattern

1)When the |l oading pattern ia&an&«lnypswend t hbhe
|l oad concerned.

2)When i mposed | oad/dead | oad ratio is va

or t he natiumpeo sefdi 4l beawdch t hat al | pane
simultaneousl! vy, the maxi mum moments sha
sections whempfowsleld sd emsaidgtnhe entire sl ab
3)For other conditions of imposed | oad/ de
are not | oaded simultaneously,

i )Maxi mum positi ve -snpoamme notf nae apranneild s hal |
to occur shamnt ehdewifgn uilnmpioss eodn Itohaed p an
and on alternate panels thereafter; an

i iMaxi mum negative moment in the sl ab at
occur wh-gnat heedsesoifgn uilmp css eoch Itded adj o
panel s only.

4)In no case shall the design moment be 1t a8
wi t hdegsuilgn 1 mpoons ead |l opaadn e | s

c)Negative design moment

1)At iamt er i ort hseu pgroirtti,c al section for neg
column strip and middle strip, shall b
supports, but in no casmxati raamdithtearceeat
of the colwimn,t whelrength of the span in

are being detercemiedenméasupedrts.

2) Aeéxtaesrupport provided with bracket or ¢
negative moment i n the direction perpen
at a distance from the face of the brac
half the projectiapntal bekgobdatket farcec
capital
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3)Circul ar or regul ar polygon shaped brac
sqguare bracket or capital having the sa:

d)Modi fication of Maxi mum Moment

Moments determined above may be reduced
numeri cal sum of the positive and aver age
the value of t ol &lpede d8i.¢g/md dnadme n t

e)Di stribution of bending moment across the

1)Theol umnshalrli ppbe designed to resist:

i )75 perdceontalofmegatinvd hmo rpeamte | at that

I nt esruippror t ; and

i i) 00 pertcetnda!l ofegatinve hmo mpmamt | at that
extesupport. Where the exterior suppo
wall extending for a di stamcevheigseal t o
the | ength of span transverse to the ¢
exterior negative moment shall be cons
across tte | ength

i 16600 pertcemntal opposiitn vieh enopneeme |
2)Thei dd| es hsatlrli ppe designed to resist the

i )That portion of the ntoott arle sdiesstiegdn bnyo nieh
strip.

i imMhe sum of the moments assigned to its
i iTihhe mi ddle strip adjacent and parall el
shall be designed to resist twice the
strip corresponding to the first row o

8. ol umns and Struts

8. 8elf i ni ti ons

A column shall "Qanoe eaxfpiGalinndér edsessi gn | oads &
of any |l oad combi6n.ae poenn dsipregc idn edlidfidi@er nes s
0 7w col umns shall be classified as:
a)Pedestal, whree-abet hess than or equal to 2
b)Short col vrennd-awhenl ess than or equal to 1
atl east one direction
c)Long col umn,—wheins emothert han 12
wher e
W = Cro9ssction dimension perpendicul ar
O = Cro9ssction dimension perpendicul ar
0 = Effective |l ength when bending abo
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0 = Effective I ength when bending abo
A strut shall have onlfy(axidahocbhbmmdeangese r 1
design | oads arising out of6a#dy | oad combina

8. 8Ef2f ect i voef LCeonmgptrhessi on Member s

Il n the absence of more exact analysis based
of the whole structure as per primcanol es of
of a compression member (nasqwmelymaosnamneat evadt ¢ |
bending about I'ts major and minor axes, res
generalized method amderesdbri pctvenmetfhodads
the basic | oad combinati onsTasbpdeci2f.i ed for st

8. 8.Gx2.nker ammd tzhkead

The effectbiofe al emgnpr essi on member shall be
procedur e:

a)Estimate normalized r ptaatdiaotn atlh er ensetmbaei rn tes
and normalized tr ans'Yusstiingna l restraint f a
. P
p Y
P
[ oY
vy YYFY Y
[0}y 0)
wher e
v 0 F—
(O} 0)
v 0 F—
@) 0)
vy W T
[0}y )
W w1
[0}y )
wherein
0O =bending moment induced at the top of t
O =bending moment induced at the bottom o
—=rotation induced at the top of the com
—=rotation induced at the bottom of the
w =shear force induced in the structure i
|l ength of the member I s being estimate
w =shear force induced at the top of the
in which the effective |l ength is being
w =shear force induced at the bottom of t
storey in which the effective | ength i
U =1l ater al translation induced at the top
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U =1l ater al transl ation induced at the bot

These stress resultants and deformations
basic | oad acspimbe maitm ohabl e 2.

c)Read the effectNiveomeRigglh fudsd,thoga n dy
estimat ed iamn d( a)h ea bsohveea,r dfedso:;r mati on f act
PO

@ 10

wher e
O= Modulus of elasticity7o0fl,dodcrete as
‘O= Shear modul us Ogfp conwhetse Poi ssonbs r
as specd.fli,ed. 2 n

o= Effective ar-seacbifonhas8sf@eé&ifli ed in
O= Effective second momesretc tafo naraesa soofe ctil
i 8.2,1lahbd
0= Unsupported Il ength of the compressi o]
c)Esti mate the @&@fafective | ength
0 Qb

wheies the effecti vid hlee rugntshu pfpaoorttcerd, laenndgt t

(d) (e) ()
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0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Ou O Qv

(i) ( k) (1)
FI G.kflabca mart s considering onlp=0f lwa xwhr anlo nd e
di mensi onal rel ati vieoft:rTafnds)ITdtli fedl Tad@estrai
(enN=5 T#49 TghO THLS5T+90T330 TkhrO0 anld=100

1.0

00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 1.0

Ov Ou
(d) (e) (f)
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FI 61 K-FACT@RHARTS CONSI DE RFINESX BBROATLHSAEB RDE F ORMAT | FONNRS
b= 1wl TNONDI MENSI REAATITRENSLATI BRNATRAITOE (A) T =,dB)

T=X0)T=2D)T=3e)T =5ANKF) T =8

060 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10

Ou Ou Qv
(d) (e) ()

FI G1 X-FACT@RHARTS CONSI DE RFINEX (BRATLHSAE B DEF ORMAT | FONRS
b= 271 TNONDI MENSI REAATITRENSLATI BRNATRAITOE (A) T =,dB)

T=1c)T=2D)T=3e) T =5ANOF) T =8
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(d) (e) (f)
FI G1 X-FACT@MHARTS CONSI DERIFINEGX (BROATIHSAEB PEF ORMA T | FONRS
b=5N TNONDI MENSI REAATITRENSLATI BRNATRAITOE (A) T =,dB)

T=X0)T=2D)T=3e) T =5ANKF) T =8

(a) (b) (c)
FI G1 K-FACT@RHARTS CONSI DE RFINEX (BBRAATLHSAE B DEF ORMAT | FONRS
b=8Nl TNONDI MENSI REAATITRENSLATI BRNATRAITOE (A) T =,dB)

T=ANOC)T =2

0.0 02 04 06 08 1.0 0.0 0.2 0.4 0.6 0.8 1.0

(a) (b) (c)
FI 61 XK-FACT@HARTS CONSI| DERFINEGX BROATIHSAEB PEF ORMAT | FOONRS
b=1@® TNONDI MENS| REAATITRANSLATI BRATRAITOE (A)T =,0

B)T=N0Cc)T =2

8. 8.Pexcriptive met hod

Only two extreme cases of [ ateral restraint
or -snway shal/l be determined byspeai iBa&d Bgnth
This method is applicable only to isolated c
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a)Col umns a-ond! benam

The effecbioveal enggumicodmudnnbesdml | be estin
Tabl e 28, swhérree unsupported | engt hThifs t he
is applicable for i1isolated member only.
b)Structur al wal |
The effectOi vt hesghtuctural wall shall be
1)When stthaebi | iOtayt iamdexst orey of thmdtistruct
the structural wall shallande consi dered
O O
wher e
‘O=Hei ght of the structural wall from t he
2)When stthaebi | ibtay iamdexstorey of the struct:
structural wall shall, ,amed ccdnsi dered to |

i )restrained against rotation at both en
O d Qgy 10 M O

iinot restrained against rotation at bot

wal | s:
O a Q& No
wher e
O= Unsupported height of the structural
0 = Horizont al dd esrigarmnecfe |baetteweaeln r estr ai n;

Tabl &€fZ&ctive Lengths of Membertsed Compr ¢
[Cl aBse8. 2. 2. (a)]

SI End Restraint of Symbq Effectiveé a®ng
No | End 1 End 2 TheoretiRecommg
Trans|Rotat|Transl|Rot at ed

n n
(1 (2) (3) (4) (5) (6) (7) (8)
i) [Fully|Fully|lFully|Fully :E; T@®0 T 0O
restri{restr|restrirestr
d d
ii)Fully|Fully|Fully|Not i 0 TR0
restrirestr|restrirestr -
d d
i iilFully|Not Fully|[Not :I: 0 0
restrirestr|restrirestr
d d
i v)Not Fully|Fully|Fully L 0 p&0
restrirestr|restrirestr
d d
v) |[Not Full yl|Fully|Not 7% q)) g
restri{restr|restrirestr Ll
d d
vi)Not Not Fully|Fully Jﬁ 4] 4]
restri{restr|restrirestr T
d d
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8. Medistribution of Moment s

Redistribution of bending moments obtained

carried out only in continuous beams and st
provided the following conditions are satisf
a)Equi librium between external | oads appli

mai nt ai ned.
b)After redistribution of bending moment s,

1)The revised bending mameminycagaditonm @i o\
not | ess than 70 percent when | i mit
percent when all owabl e stress met hc
erically | argest bending moment dema
| i niecaraneallayssti s considering all combi
standar d;

revi sed bendi nag naonnye nste cdteenbpanndof a m
than 30 percent when I imit state r
ent when all owable stress method of
est bending moment demand at that S
t
d

(7))

(7]

anal ysis considering al/l combi nat
ard; and

At sections where the reviseldallemrdi ng
redistribution is | ess than the numeric
0 at that section obtained from the | in
combinations of | oads specified in this
satisfied:

N
N

WO —-oT3IATTS 00

~ —®»® DO O T TSC U

O T DO T J

SHQ O O

w
N—r

Q ~ T
wher e
w= Limiting depth of neutral axis at t
Q= Effective depth at the section; nd
4)In RC structures with moment frame as t
4 storeys tabl 0°Tohesfrassibhan 0. 10.

I..

c)No redistribution of moments shal/l be per
of frame members when:

1) Bendi ng moment and shear forces coeffici
from simplified anal ysist aotfi ccad ntyi niunoduest
moment fr ames,

2) Bending moments at the beam ends are co
analysis, and

3)Bending moments ar e easntailngyastiesd by nonl i n
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8. 10 Deflection and Crack Width in Concrete

Defl ection and crack width shall be estimate
envi saged to appear on the structure. Thes:
service | evel |l oads acting6ad4 per combinatio

8. 10ell ecti on

The deflection of o@umemimed oatd sarmy ptliimal tr ans
estimated as specified hereunder.

8. 10Bdaths and sl abs

Unl ess more exact estimates are smaflebetaims 1t
under the acctoirorne soppfonildaaadgs to | oad combinati o
criteria specifi eadgiiwen oiad Tahmbda n3ats hoanl | be

3 3 3 5 F pp F

terMme ard | efgaedciomi sd Ret

where the re ective
t S9vallek(lg)i ven in

p
not exceed e

s
h

a)Shotregrm ded |l ecti on

The stheorrmm defl ecti on due to i mmedi at e e
estimated by the wusual l i near el atsérim met
modul us of el as®@gcveg. byadnadd nacnr eetfef ect i ve
of i fOgi vieam by:
. 0O
O ~ , s
0 of W w
PR T~ 0P o
wher e
© = moment of inertia of the cracked sect
0 = cracking bending mement of the sectio
0 = maximum unfactored design bending mom
O = lever arm between the centroid of cor
of steel,
Q = effective deptthioh,t he cross
@ = breadth of thseweboonf the cross
@w = breadth of the compsession, face of th
i n which
"Q =modul us of rupture of concrete,
‘O =gr oss -scercatsison about the centroidal axi s

concrete for the area corresponding to
w =di stance from centrotsdeaclt i @xni s(cowfnsgdes
Modul us of concrete for t he area cor
reinforcement) to the extreme face of

1)The effective iemaht OF ta&enhias bounde
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© O ©°
whefOes the gr ods imemdntas eodft itchre. cr os s
2)For continuous beams, the total def | ecH
equi valendbobahueedf by the weighted aver
~ O O -
o Q p QO
wher e
©O =l,at right support,
O =l,at |l eft support,

O =l,at -w®pdn, and

M = Weighting factor given by Table 29,
wherein

0 = bending moment at |l eft support,

0 = bending moment at right support,

0 5 = fixed end moment (due to DL and 11
0 5 = fixed end moment (due to DL and 1|1

Tabl ave2 9 hti ngtea Etsdri mat e CE@fuitviad eMd mber
[Cl awBs.el0. 1. 1( a)]

0 0 o.|0.{({0.]0.{0.{2.¢(212./1.112.1]1.

[la}
o
0
H

Q O |0.4dO0.qdO. 10. 30.490. 10.

b)Lontgerdraf | esctdoe to shrinkage

The defl ection due to shrinkage may be co
F O oa
wher e
@ i AT OB ANOMAOO
0 = ™ ¢ V3 EI DIOBDITIOOAMAOO d
T ey Al ARODO OERDT AiIOA 2"
e c& OIAITU OET AT AAOO

[ = shrinkageQcurvature =
wherein
- =ultimate shrinkage strai7n li)Mddusiced i n c
O =overall depth of the concrete member,
) K G—— P8 T& U N n P8
0 =

T V— P8I n n pd

whemendg are the percentages of reinforcir
compression f acesli sretshpee cctlievaerl yl,e nagntdh o f 1
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c)Lontgerdraf |l escy doma to creep

The creep deflection due to permanent I
foll owing equations:

A 3 q 3 h.

wher e

3 ; = initial deflection plus creep de
obtained wusing elastic analysis
el asOicfitygoncr etOe O&@e-n, avwsher ei n
Oi s givebh.athyl the creep 7cdefaf. idci e
and

3 k. = initial deflection due to perm

el astic aOagliwsids bhwidt. i
d)Def |l extdwen to temperature effects

The deflection due to temperature effect
calcul ated as:

3 KO/
wher e

N = modifier depending on end rotati
8.10,. 1.1

r = temper at urQe——c,uravnadt ur e =

a = clear length of the Member.

wherein

ko) = modi fier depending on percentages
steels a8. ggO,veénlin

- = design temperature stwmld@jnandcdposed

0O =overall depth of the concrete memb

i n which

| = coefficient of tHWerlmalaBalxpansi on

3Y =differential temperature (AC) betw
of the beam.

8.10Ca4l @mns and wall s

The | ateral deflections of columns and wall s
structur al analysis of the structure.

8. 1Cr2a2ck Width Calculation for Beams

8. 10TRe lcr adkatwitdhenh surface of t he member sh

, 0Q-
Y Ta o
P "o
wher e
Q =distance from point considered on the sur
outermost | ayer of |l ongitudinal bar,
- =average strain at the | evel of the outern
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W =—cover to the outermost | ayer of longitudi

Q@ =overall depth of the member perpendicul ar

w =depth of outermost compression face of me
section considered,

provided that strain in the outermost | ay e\

TR0

8. 10TRe2average -sstheaelll shhe agsnt i mated on the b

assumpti éng)(4dée

a)The concrete and steel are considered to
compression;

b)The el ast iOc iM@Pagubdiusrei nforcirTng ; tadadal i's a

c)The el asti© (mdBal wd concr et7/e 1iid4n lalksotper
compression and tension.

LIE fe

I

fs/Es f. E

(b) (e}

fm = 1MPa in SHORT-TERM
/ = 0.55MPa IN LONG-TERM

:
|

P
T

FI G1 STATE SITRESAT TBEACKESECTI ON WKRREM/I DTH IS BEI NG
ESTI MATEADECT| GEOMETRYBSTRAIDN STRI BUANNCTRES S
DI STRI BUTI ON

8. 10ARt 8r natmawe lbye, approxi mated on the basis
then reduce this by an amount equal to the t
by the stThel teemesa.l e force acting over the t¢
estimated from a triangular distribution of
axis and 1 MPa at the | evel of the ecenntamai d
0.55 MPlae i-lnemnm. For a rectangular tension
express-icon for

wher e
- = strain in steel at the | evel consider
of the concrete Iin the tension zone,
w = width of the section at the centroid
() = distance from the compression face to
width is being calcul ated
=0 (I)
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effective depth of the section
0 Q,
tot al de h of the section,

00 ©
TN TR TR TR

pt
modul us of elastiandy of tension stee
area of tension reinforcement.

8. 10eBiperature Stresses and Deformations

a)Structural analysis shall be performed by
the stresses and deformations induced by
|l oadcombi nati ons (given in Table 2) relat

1)Temper aAmbieeoa&dTALSeti nl Basic Load Combi
This anal ylsii semahlaylsli sb;e and
2)Temper aFiur e (LToFaLdgeti n2 Acci dent al Load Co

This analysis shal/l be nonmaneamadabhnal ys
geomedmdlcysi s.

b)Iln each of the two set8s 100f, 3afneanpyesreast unmmeen tpir
acr oss t-sheec tciramms so f the members shall be ¢

9STRUTURAL DESI GN AND DETAIL

a)The aspects of structur al design and d e
esti matdienmsg gthhecapattheé i member s, connecti ons

l)strength ocfagprltemanecsa xyi al force, shear f ol
moment and torsional moment9 .cl3aapacities,
2)overall di spl acememte capalkd tuyieg derfdor me
capacofti member sdefnaemaliyon and rotation u
combination of | oads givef. @&ntdiFabhB633,

(Part 1) wamndd ( Part 5);
3)strength efapaoinhies and anchorages to t
t heenst i mat ed..:as per

b)Thedesign capaciotikees examieeidgagdewmahds he
asaxial force, shear force, bending moment
drifts andhrotaghi ®nhsgctur al anal ysi

cC)With respect to earthquake ground shaking

1) Theapacoti eRC members and RC structure

earthquake ground shaking shall be cons
(Parts fLotodilfiherenPraogvirsicoms esf the se
13920 shalll be complied with in additio
in case of conflict, provisions of the

2)Thassessafentthe capacity of RC members a
resi st effects of earthquake ground st
considered as specifiedfon diSfflend8nt (Pt
Provisions of the said parts sotfr dnSg tl1iBems ¢
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members and the structure when meeting
|l aid down as the objective of strength
earthquake or after it I's damaged duri n
d)In the provisions spechdrisshGh | h ermee anidoerrc,i ntg
st eelc cdomfrosr miSnd WB@&n bars made of other ma
detail ed expdnrail me mteatpieordr or med t o be sati:
of me mber s made wit h dseusdhynmactadrciudlast,i oan
modi fied by the designer at the request ¢
the competent authority

9. ability

Under the action of the design characterist.i
stable against overturning, sliding, floatat
of the structure and member s. Theckedbifbrt)
the temporawgr ke natbd i oatgur e s, which are empl o
under the action of the realistic | oads app:c¢
concern, especially when structure$nrestchon
cases, stability shall be checked considerin
flexibility of soils strata, respectively.

9. 1Qvlerturning

a)A structure deemed to be stable against o
0 0
wher e
0 = wunfactored restoring nooweernttu rtrhiantg hoefl g
structure,
= TIdD 0 ™y
i n which

0 =restoring moment due to dé.ald. 1,o0ad d
0 =restoring moment due to edadr.tlhfipress
any, and
0 =restoring moment due to characteris
of fered by positive anchorages prov
0 =factored overturning moment demand t ha
structure as a whol e

_ p&D P80 pBO pBO 7ET,Al AA
p&0 P80 pBO P31 %AOOENOARA

i n which

0 =moment demand due to @lehdl,) oad spec

0 =moment demand due to impadsed | oad s

0 =moment demand due to earth. pfrBssure
including the effects of earthquake

0 =moment demand due to 6niladBdl oad spec

0 =moment demand due to earthguake 1| oa
overstrength | ater al force (consi de
di stribution of forces along the he
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given by the respective part of | S
the structure.

b)The anchorages or counterweights provided
construction and service stages) shall b
remain even when ovekeauhilrend ng moment i s

clUplift at column bases

1)Upl i ft shall not be acceptable in colun
ot her foundati ons, parti al upl i ft may |
capacity not being exceeded as specifie
types:

i )Hard soil and Upcko

15 ercent area
i iMedium hard solUp to 10

u

m

p c a
percent area ca

i iS90ft soil . Not i ft permitted.
2)When the above require nts are violate
revised to avoid such a condition. The
tension shall be combined with those of
) the combined footing does not have any

1

i it)he structure meets a requirements o

P
e

9. 1Sl2iding

a)A structure deemedst bdibnedgegt athlee mogai msdtv e r

combination of the design | oads, shall sa
0 O

wher e

O =Design sliding shear force srladiiantgarmnde

the structure as a whol e

=80 O T O,

i n which

'O =sliding shear force resistance due
Tabl e 2,

'O =sliding shear force resistance due
resistance offered by positive shea
provided in the structure, and

O =sliding shear force resistance (o0on
vertical earth pressure | oad specif

W =earthquake zone factor as specified

'O =factored sliding shear force demand th

as a whol e

_ p® O O O @] 7TET,A AA

T 0 0O 0 0O AOOENOABA

i n which

O =sliding shear force demand due to d

2,
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'O =sliding shear force demand due to i
Tabl e 2,

'O =sliding shear force demand due to e
in Table 3, including the effects o
applicabl e,

O =sliding shear force demand due to w
2, and

'O =sliding shear force demand due to e
Table 2, estimated using the overst
the respective part of 1S 1893 depe
structure

b)The resistance shall be based only on pos
provided bfyriedtfieen s of
l)shall be ignored when ¢ idering eart h

ons
parts of the structure that are above g
2)may be considered when dealing with four
that are buried in soil

9. Fl®atati on

a)A structure deemedfloatsehtadtdalslag i sdai:nst

0 0
wher e
0 = restoring moment that helps in resist
structure as a whol e,
= TIdD 0o
i n which
0 =restoring moment due to that part o
2, which accounts for effects of bu
and
0 =restoring moment due to characteris
of fered by positive anchorages prov
provided; and
0 =overturning moment demand that causes

a whol e

_ pRD P80 p&0 pBO 7ET,A AA

~ p&D P80 P80 P81 AOOENDOARBRA
i n which

0 =moment demand that cause fl oatation
specified in Table 2, considering t
the submerged part of the structure

0 =mo me nt demand t hat cause floatation
specified in Table 2,

0 =mo me n t demand t hat cause floatation
|l oad specified in Table 2, and

0 =moment demand that cause fl oatation

in Table 2, and
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0 =moment demand t hat cause floatation
specified in Table 2.

b)The restoring moimepnots epdr ol voi adde ds hbayl | be ign
9. 1Sudbsi dence

The provisions of this standard apply to c
competent ground. Subsidence shall be consi
of the ground to hold concrete structures ol
acti omne olfoatds presciThkedachors causing subsi
i nclluideeuefdawrtiimgh strong eaastpqubakreshakti ngs)
ground,naeiwnhadlglr eodi n ds,u dacthedn downwarddi rmovge rhearter
spreading under strong earthquake shaking.

9. Rasic Quantities

The i nitial proportioning of concrete stru
performed using quantities and |l imits specif

9. 2Efif ecti ve Di mensions

of more accurate determinatio

ence
r the quantities commonly wused in

9. 2 Efflective span

a)Beams and sl abs

The eff ecatoifvea ssplaanb or beam shall be take!
1)Si mply Supported Member

a Q& mNa o

a 2 A

2)Continuous Member

a)Whea a Q& 7TpQominl

G Q& Ma . 1 OOEIN OAGEMAB@DPDT 000
a 2AOGHOICAER@I TAAROET CO
b)Wheba & Q& Tp Qo miml
a
et ) RT AP AIEOEART AEABAMOEAO
o AT 1T OEH @OEBN OAOI ABRAIAOA
Ly g A Al e A gpm e o Lo e A s .
G Q& -Na — )y RT AP AIEOEARAT AE@AMOEAO
Ly AT 1T OET 01 60
Uy & — 2A00HBOICAER@T 1AAROOET C
Vg
cCantil ever Member
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| OEA AEEA T OEDDHDADO

- LITTOERXOAO
clear distance between supports,
di stancecbetweeamfesupports,

di stance betweembfeseppmodtto
effective depth of the member, an
width of the support.

b)St aircase

The effectafvet sepasnl ab sienEia .s tla’/i racnaddhefta(b | e

has no stringer beams shall be:
d N - e s N AA A s A A s s
- 7TEAORDDTAO@ABAT OOT |
OEOCRWBLAADDAT PRAIOBAOEAGAOO
S G Qb i O 7EAOAAT I BEIBA CAEAT AET C
po aQd i o Ol AAAT PRAIOAOEAAOO
wher e
a =Centtrmeent re di stance between t he
a =Going of the staircase measur ed
0 =Wi dth of the stair sl ab,
0 A =Wi dth of the |l anding at the top
0 A =Wi dth of the |l anding at the bot
Where spanning on to the edge of a | andi
direction as the stairs, the stair slab s
l anding slabs to form a single sl#al and
centre disetheramsobrttwall s supporting the
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)

LANDING BEAM

EFFECTIVE SPAMN

' %

I—-—x—-—L—x—-—I——GOING (G} -J-- Y—-—Ldf\’—-—l

FI G. 17 A

\

\‘SIDE SUPPORT

LANDING SLAB

FOR EFFECTIVE SPAN
(SEE FIG. 16 OF THE CODE)

2

‘ N

l__x ! 1 GOING (G}

FI G.B
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EFFECTIVE SPA
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I

GOING (G

-
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FI G1 EFFECTISFEN SBFAISRABS SUPPORTED AT EACH END

BYLANDI GABS SPANNI NG PARALLEL

TO THE RI SERS

Table 30 Effective Sop@aonr toBadc& ®@di by SLabdi ng S

SpanniPagal | el to the Risers

[Cl awse. 1. 1(b)]

X Y Effective

(1) (2) (3)

pa pa O O O

pa pa O ® pa

pa& pa& O pa &)

pa pa ‘0O pa pa
9. 2 Eff2ctive depth
Theffecti Qef dept i nforced or prestressed cor
deep beam) shall be taken as the distance be
reinforcement anfdi borhbee t baet erompstessi on f ace,
thickness of any materi al not cast monol ithi
provided to allow for wear. This shall be a
and structur al wal | sandbuctornboetl st.o Fdoere pd ebeepa nbse
shall be used instead of effective depth.
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9. 2 Eff®&ctive width of flange

Unl ess determined more aca wrfatteley,f |tahneg ee foffe c:

i n a monolsiltahbi cs ypsetaer m of a structure shal/l b
a)Beam resisting‘compression i n flanged men
(o f e o
3 — o ¢O0 4 AAAI O
@ g
a . , N e o 2
— ® do , AAAIO
PC
™ a o

andaaf i sol awiedhbelange:

0l — 4 AAAL O
I’p a T
& W
o Y AAATL O
1P a
VAR
@
wher e
w= actual width of flange,
W= breadth of the web,
O = depth of the flange,
= actual width of the flange of the is
a = distance between points of zero mome
= @.ih members of continuous beams and m
a = clear distance from web of flanged b
side 1, and
& = clear distance from web of flanged b
side 2, and
a = effective span of the flanged beam.

b) Fobeam resisting tension n | anged member

[ f
in earthquake zonekSIV89Y¥ daRdr. ¥Vl las per
9. 2 Eff4ective height
The effecbofva belgmh or walB.8h&2ll be taken
9. 2 . No.ng nal Cover
a)lt shalll be taken as the clear thickness
edge of the concrete enxetnebreirort os utrifeacmee aorf
namely the distance from the exterior con

nearest:

l)ransverse bars when stirrups, l'inks or
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2)l omugdii hat sproerstressi ng wheennd osnt iorrr udpusc,t | i n
are not used, and

)J)out er face of the coupler, When stphrnea g
bar s

for safe t rtaemmsavimseseifarhroofugh bond to concr «

b)Theomioaver from strength considerations
outermost surface of steel to th near est
t han:
l)reinforcing steel bar s:
PRQ Q cquwa
¢8tQ Q cquwa
whefQe hal l be taken as:
i )t he diameter of the steel bar, when ba
i ityhe diameter of the | argest steel bar,
di ameters, and
i itih)e equi valent diameter of the group o
when they are used in a group.
2)prestreSS|ng steel tendons or duct s:
1)in bonded tendons,
i )di ameter of | argest tendon or sheath
i injomi nal aggregate size plus 10 mm, a
i 1775 mm, and
2)in unbonded tendons,
i )75 mm in beams, and
i i95 mm in sl abs.
d)When couplers are used, the stirrups shal

e)Tol erance on cover shalO be taken as spec

f)Nominali mastritm reinforced and prestress
shall be taken as the | argest value based
l)strength consi dan@d)bmyve as per

2)dur ability cons9.daéenrdati ons as per

3)ire resistancaescpasiderations

I n any case, the minimum values for diffe
be taken as specified in Table 31.
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Tabl eMiHhHl mum Cover to Reinforcing Bars for S
Forces in Concrete Members
[Cl aws &.(5) ]

Sl abBeamWaf q Col umns|/Wal|[Footings

Mi ni mum Cmmker
e
r

S wi t hHiQohn cPreertfeosr noatnhceer

I
e
0 40 35 50
Longitudi

f
Concrete Memb
20 25 3

Concrete Members with
Precast Concrete (witbohHi @A I[Peevreflo r3ma(nhcieg f

20 20 25 35 30 45
Longitudi

9. 2 Effective Cover

Theffective cover for each | ayer of bars, t
the centroid of that |l awed ohebaesyestendaonsts
concrete member, and shaltobehaakkbayas abmbi

the diameter of:
a)thar §esthaasdr ovi ded in that | ayer, and

b)t har §est equivalent circular bar in that
in that | ayer.

9. 2Ab2s ol ute Di mensi ons

The preliminary sizing of concrete members
shall comply with the sizes specified hereun

9. 2.Nd.mli nal di ameter of steel bar s

Where requirements of <c¢lear spacing of bars
bars, the nominal di ameter of steel bars sha
a)nomi nal di ameter of the round bar, in a r

b)an equival ent circul ar -sheaat ioofn atl h earsecaamee fd
resisting tension, in ribbed, crimped, bu

c)an equivalent single bar of the same t ot
nomi nal di ameter of individual bars, 1 n a

9.2.8.z2 ng of concrete members

The minimum size of concrete members shall b
ofstr enmagtrhabainldiitryesi st ance. The | argest of tF
hereunder shall be adopted in design.
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a)Strength Consideration

1) Concrete members shall have at | east t h
32, with some exempti ornessiidne ntth et Ihsathzua 4 d!
comply with the following conditions:

i )buil ding has a maxi mum of 3 storeys,

i ibpui l dings has bay | engths | ess than 4.

i isit)orey height in any storey is | ess th

i vbjui l ding does not have a stilt storey,

v)structur al system is a moment frame o
wall , and

viagt | east 70 percent of the frame pane
unreinforced masonry wal l s.

2)When select concrete structural walls a!
force resisting system, the minimum thi
wall s can be | ess than 160 mm. Il n such
i )They shall be part of the analytical r

structural analysis.

i iHMwo analyses shall be perfor med, one
thickness 160mm or | ess included, and
design shall be based on both of these

b)Durability consideration

Concrete members shall have at 9e&st the

c)Fire consideration

Concrete members shall have at | 6adt t he

These minimum sizes specified shall be a

nomi nal cover requiif.edmentmetmenittihaned

Table 32 Minimum Sizes of Concrete Member
Considerations
[Cl awse. 2. 2((a)]

S| NStructur al Mi ni mum Si ze
Smal | Buiil Structure
than Smal l
(1) (2) (3) (4)
i) |SI abs 100 mm thick
i i )Beams 200 M50 mM250 M3 0O m
i1 1Col umns 230 M3 0 mM300 MBIOO n
I v)Structurall160 mm thij200 mm thi
v) INo#structur 100 mm thick
Vi JJFootings 150 mm thickness at
vii|Sunshades 100 mm
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9. 2. Max3dI mum di ameter of bar s

The reinforcing steel bars wused (hereinaft
conf or miSn ds/t8eb! | meet the requirements specif
a)Longitudinal reinforcement

1)Beams

The maxi mum di ameter of bar shall depert
gener al can be taken as 25 mm or | ess.
used, t he crack wi dt h r8e dleDin d e ndeunrtasb i & p
requirements9.sspatif bedciomplied with.
2)SI1 abs

The maxi mum di ameter of | eeniggihttu do fn atl h eb a
thickness of the sl ab.

3)Col umns _ B

The maxi mum di awm&agrp s hwhbad®B®are t he
di mensions -9éctihencofosshe col umn.
4)Structural wall s

The maxi mum di ameter shall depend on th

b)Transverse reinforcement

1)Beams
The maxi mum di ameter of bar shall depen
be |l ess than 16 mm.

2)Col umns

The maxi mum diameter of bar shall depen:t
be |l ess than 16 mm.

3)Structural walls

The maxi mum di amet er shall be 12 mm.

9.2 M .nd mum di amet er of bar s

a)Longitudinal reinforcement

1)Beams

The minimum di ameter of main bar shal/l k
2)SI| abs

The minimum diameter of | ongitudinal b a
di stributiomnsweéldedamesh manufactured
provision may be relaxed as per | S 4948
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3)Col umns

Thei ni duimmaestheait | be 12 mm.

4)Structural wall s

The mini mum di ameter shall be 10 mm in
boundary el ement, except when bar di amet
as in water tanks).

b)Transverse reinforcement

1)Beams

The mini mum di ameter of bar shall be 8 |
2)SI1 abs
The mini mum di ameter shall be 8 mm, wh e

the permi ssi bl9 2v.&l.ule egi ven in

3)Col umns

Thei ni dumm&tperof bar shall be:
Q-
Q i i)cb(‘upddl’]:
whefQg iIis the diameter of the | argest | o
4)Structural walls
The minimum di ameter shall be 8 mm of I

transvieese

9. 2. Ma.x5 mum cl ear spacing of bars

The requirements specified hereunder shall
internal or external conditions of exposur e,
8.1and. 4)1s8Bow that a greater clear spacing

a)Beams

1)Longi tudi nal reinforcement

The maxi mum c¢cl ear spacing between paral
bars (near the tension face) shall be
maxi mum spacing of | ongitudinal bars (i
specified iirs Tagphplled caBl e to members exj
moderate internal environments and not t

very severe and extreme %njv,ironimess si s
cal culation of the design I0i,mitth e gd eseingi

stress in longitudinal steel bars is |in
and the allowable stress to 165 MPa in
values specified in Table 338sBawhlenbe 1|

redi stribution is considered.
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2)Transverse reinforcement

The maxi mum cl ear spacing of transverse
the axis of the member sh&l®anwnot306&Xx emene d

whefQes the effective depth of beam. Th
at a maxi mum distance of 50mm from the
beams under axial tension, the clear sp

not exceed

PO

T[EXU—~:—,,Q(b,QQ
b)SI abs
The horizontal distance between parall el
greater than the smaller of:
1)300 mpoQoofr main reinforcement bars, and
2)450 moQoofr di stri bution reinforcement,
whefQies the effective depth of solid sl ab.

c)Col umns

1)The maxi mum cdlalrl slpaci ng
i )J300 ment ween ddjgadeardti nal bars, and

i) D Qomatalp ®; NEQLHO bet ween adajnascveerrts et

ti es,

wher e

Q i = diameter of the smallest | ongitudi
) = one dimension of the col umn, and

(@) = other di mension of the col umn.

2)The first hoop in a column shall be at
the face of the top of the slab, soffit

d)St r ucWaulrlasl

he maxi mum cl ear spacing between adjacen
)Jvertical hhdQesnsdol | dored

)hori zont ald Qscarrdsalte h,al |

hebes the thickness of the wal.l

S NP o
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Tabl eMa%X3 mum Cl ear Spacing Between I ndivid
Bars i n Beams
[Cl aws . 3. 4(a)
Grade oI Maxi mGmear spacing (
"Q( MPa)| depending on the redistr
iI30 % il1l5 0 % +15 +30 9
250 215 260 300 300 300
415 125 155 180 210 235
500 105 130] 150| 175 195
550 Not 120 140| 160 Not
Per mi Per mi {

9. 2.M.n@ mum cl ear spacing of bars

Thel esspraci ng of Dbars shaplrlovbegi wpenmeheredubyget h

a)Reinforced concrete members

Il n all concr et e snheanbbse r sb e(asmusc,h caosl umn s |, W &
shell s), tchleesapna @i mgmof bars shal/l be as s
1)The horizont al di stance between two par
and walls shall be not |l ess than the | a

8% &ABTAT &Avum
i) p®% &ATpuL
P8% & Acum

whete Di ameter of a bar, i f the diamet
i iDi ameter of the bar of the | argest si z
i i5 )mm more than the maximum nominal siz
2)The vertical <cl ear s pacsenég.fb¥e tswheaelnl abney nt
|l ess than the | argest of the foll owing:
i )Di ameter of a bar, iIf the diameters ar
i iDi ameter of the bar of the | argest siz
i i5 )mm more than the maximum nominal siz
i v)6 mm.
3)Where needle vibrators are required to
V|brate the concrete in the <core of t h
bet ween the parallel main bars or groups
to pass t he wvnigblreatnoere d(eadt) .t he a
4 )YWher e bar s are spliced by mechani cal

speci f9i.2d 2alPo(vce) apply to the distance be

b)Prestressed co
Grouping of <ca
i )Bundl es sha

n
b
I

cabl es:

crete members
| 0
| d of mor e

tesnoiromMed tisomae g
not be permitte
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iil)f there is possibility of obstructia

exposure condition, horizontal groupin
i iA )pair of ducts placed horizontally or
be permitted, only in the straight por
given below. (see Fig. 19)

aal)wo <cabl es can be grouped horizont al

duct is not more than 50 mm.
bbTh)wo cabl es can be grouped vertically
is not more than 110 mm.
cchwo cabl es shalll not be bundled over
the plane of curvature.
HORIZONTAL
SPACING
HORIZONTAL
SPACING
VERTICAL VERTICAL
8 8 jspﬂcmc Jspmwe
OONOON
88 88 | 00 0O €O OO0}
FI G. 18A FI G. 188B
HORIZONTAL
PACING

o by gl
B B BB

FI G. 18C

FI g1 81 NI MCMEABPACI BETWEEKROUPS BARS(A)VERTI CAL ,fBAI RS
HORI ZONTAL,APNJCRBUNDL ES

hori zont al and ve
of cabl es, or t

c al di tances
S S |1
oOwWi ng:

rti
endons

i )PosTtensi 6Bonded or Unbonded (Bmlee dd gd €
19)

aa)Outer di amet er osfi nag|dea cdtubcet tme p@amr e n o f
ducts and the next pair

bb)50 mm, and

cc)Maxi mum nominal size o0XI0 cmmrse aggre
The above shalll be applicable for maj
reqguirements can be relaxed | ocally ne
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provided the minimum clear spacing bet
the | ine cjeonigmrierfg ttwioe cabl es is not | es
outer diameter of the duct and 50 mm.

i iPosltensi 6 @€@abhbes or (LaegeFiBa.r sl9)

aa) Outer diameter of a cable or bar;
bb)50 mm, and

cc)Maxi mum nominal size of coarse aggre

i iPirJjensi 68ingle Wi (sédemrRdgn 20)
aa) Three times the diameter of a wirel/t
bb)20 mm, and
cc) 10 mm more than the maxi mum nominal

c)Cables or ducts may be grouped together v
t wo .

(=3

g + 10 mm

LY

aw
3
3

= dg+ 10 mm
=@
= 50 mm

a

g + 10 mm

oo

gaQ
3
3

N
o

. -

FI 1 M NI MCMEASPACI NG BETPOBHNENS|I ONBICTS

+10 mm

v v v
N wa
oRQa

+10 mm

VvV

dg
3@
20 mm

FI g2 0MMI NI MCMEASPACI NG BETPOBHNENS| ONIEDNDONS

9. 2.D2vel opment | ength

a)A bar at any section shal/l extend on eact
required devel opment |l engt h, end anchor a
devel opmedtshlagngtble esti mated based on the
stress required to be developed at that s
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. Q"Q
U —
T
wher e
Q = nominal di ameter of the bar,
"Q = stress i nduced i n bar at the sectior

combination related to strength criter

tf = design bond stmPOeg@sbad(epecified in
When more steel is provided than that req
devel opmetedteingathed by the above expres:
further. The reduceddstdaVél bpmesti mahgthas

6v

b 0
0 h
b)When design |l oad cosmbreagi sperci tTeabd@aednt o

are used, the development | ength shall be
1) and the other rel evant part of I'S 13

structur e.

c)When de

S |l oad comler natieabsalrree yuasteedd, t etohi
design bo

gn
nd st ®e8s 6sshhatlel) fbiee du siend .
d)In the estimation of development | ength:
1)The anchorage values ari siinngc |furdoend hfooork sk
in tension, and excluded for bars in col
2)The bent |l ength of bars is included for
|l ength of bar for bars in compression (.

e)The devel opment | ength is the same for b
the | i mit state method and for bars of r
serviceability requirements by the all owa

f)The devel opment | ength of each bar in a :
the individual bar increased by:

1)1 0per cveme&n i n contact with one
2)2er cvelmgn i n contact with two
3)3 % n t hr

M O O
— —
O T T
—~+ ® @
5 = =
(0]

= T T
O
o= =

er cvelnegn i cont act wi t h e
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{CHJTICAL SECTION J {CHJTICAL SECTION J

= i
7 ] " 1
® 3_ ® |
7 ™
A~ A~
/N I:j?: /N I::?j
j\ A~
N N
Py * : > :
® 2 ® 2 L4
A N
AN AN
T ™ __ PROJECTED LENGIH OHeY
N N SHALL BE COMSIDERED
PN - A 'T—J—:‘ FOR THE PURPOSE 0F /.,
X : . X
g e@ X ‘% ’@ P %
M k A~
5E Y
/] /]
AN A
s _
A A
N N
_ﬁ ] _* ]
® A ©® A La i
7 +
N N
P Y
FI G. 21A FI G. 21B

FI G2 1DEVELOPMELENGTH DbD&FNGI TUDIBMRS I(NATENSI ONND( B)
COMPRESSI ON

9. 2 Ah.cthorage of ©bars

a)Anchorage by longitudinal bars

The anchorage | ength of straight bar in

development |l ength of the bar in tension

straight |l engths are not available to ac

l ength withi nent hien nbeamrbse rs,ubtjhect ed t o:

l1)tensi on, the use of st anda(r do nbfeonrdnsi nagn dt
' S 2502nd straight | engths shall be pern
i )t he anchorage values to be used to est
l ength shall be taken as:

a)t% f or each 45A bend, smgpj eandto a ma:
b)p % f or a s ttaynpdearhdook , and

i it)he straight | eng(tshe eb elysdygrad PRt2Hhea%dpe n d se a ¢
where k is the mandrel diameter recomn

2)compression, the use of standard bends
tol S 2250@2hrd straight |l engthsoshgl hsbeuth
as the projected | ength of the hooks, b
start of the bend, along the direction

149



Draft rSa afnodra Comment s Onl y CED 02( &wrC096)
November 2025

4x @ min.
] 3@[

Gm 'rﬂ 1 \ m 'rﬁ 1
L (k+1)0 ! (k+1)@ !

STANDARD 80° BEND
STANDARD HOOK

FI G2 DEFI NI T1 OSTSA NOFA RIDOK ASDANDABEND LOWGI TUDBARS
b)Anchorage of transverse reinforcement

Not withstanding any provisions of this s
(such as stirrups and transverse ties),
anchorage shall be deemed to have been pr
a bar of at | et &dt hirtosugchwnandiaanngl e of at |
continued beyond the end of ¢hher eupeact if 0
as specliSi2zexd02.n

c)Anchorage by mechanical devices

Mechanical or otherl &etae@®d® bd enfodr mMierve | toq
strength of the bar without damage to con
the approval ofc htamdeehgiaseenihreg mi ni mum s
shall be provided before mé&Shaeirdal devic

d)Bearing stresses at bends

The bear i'@ign sdadamecsrset e need not be checked

of bars com@El yi5a0gh.evi wihs e, the bearing str
shall be esti mated as:
- O
1'Q
wher e
O =tensile force due to design | oads i
i =internal radius of the bend, and
%o =si ze of the bar, or in bundled bars
and
8 , EISEOOA AOET A
0 <

— 11T <3AA0AOET A
wherein
w =Centtrceentdi et ance between bars or group:
to the plane of the bending, for a par

=Cl emaover plus foirze dfarbamr, group of ba
face of the member
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e)Ot her requirements

1)If a change in direction of tension or
resul tant force acting outward tending
Sshould be taken wup by additional bar s,
Additional requiremé&ni38adl@a eleidqpueadi frieetdaiir
structures
2)Berntensi on keanrt raatnta arnegl e shal l not be pe
Longi tu Longi tu
St eel St eel
2 3 PPpoRCHOI CE 2 3 B5SpopCHoOI CE

FIl c2 PLANVI EW OGNCREBERUCTURES REHENAFRANDRNERS SHOWI NG
LONGI TUDSNEEL

9.2.Sp.19cing of bars

Where splices are provided in the reinforci
possible) from the sections of maximum stres
members shall not be at sections, wheorne the
the member is more than 50 percent bfofthe |
the member. When bars are required to be spl
namel y:

a)Lap Splicing

l)Lap splicing may be used &aRriamdnorret e
fl exural Gomppmoes gdiean no -skeacrt iiom tilse ir a:
owing to either direct-f lteexmwsrialn toan scioom
when members are under axial tension,
of diameters of 20 mm and morte, tlhaep s
extent possible in flexural members. |
can be used.

2)When | ap slicing is used, tdleosmednbleao s
transverateohgopbe full | endtem sardodn| appi
compr e,s swmlknbesapraci ng at not more than 1°F

over which these transver sie fopdofos ar e
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n

nd

(dependi g on the |l oad action) from ¢t
Fig) a

) When it is inevitable to |l ap splice

he provisions of the clause shall be a
n compression, when the compression bar
i that haveit¢hod88Ul bopk endiheraend tr
o] i tudinal bars in tension are splice
a be empl oykdp [saheagltlh tbhee:

B—r—r—-r—rw

es
ng
y

) 0 DWW M, whieries the devel opment
tension and includes the anchorage Vv,
% t he di ameter of t,heanldarhabei agstl
l ength nobd wkiems®malp Ban and

i)ip80yy I f the bahre itsod oxcfatae dseactti on whe
cover iscChestaetbanner of a section w
cover to eithec¢kbdbancewhiesel ebsathdnst ar
adjacent | apds iGOess&Mplhohamnd

i)Jicb , if both (i) .and (ii) above apply

p length iwvallweki nd dmnoker age bars
a owebo, whi chever is larger, @nd for
%, whichever is | arger.

as possible from the secti
d wsi pt ahci end dtldapgseeldt r ansver
t complying with the requi
rt 2/ Sect 3).

7)Esse empl oyed in beams and pref
more than half the bars are spliced at
as staggecedtmeendhet ance of the splic
t h &0y, whieries calcul 8t éd2a%fepmol. thar
half the bars are spliced at a secti ol
furthepebgeibQsuch that

i )their |l ap |l engths are calcul ated on t

bar, when bars of two different di ame
i ityhe | aps are made by splicing one ba
are spliced; such i ndividual splices
stagger ecde mtintennthr et ance of the splice
p&0y oy Whieries calcul@at2d2a8(peftl).

8Where | ongitudinal bars i n compression
the | ap splices)d shadbd MNoek pf whiern et it he
devel opment | ength in compression (and
of hooks an &otbheer ddksi)ameatder of the bar bei
a straight | emgituhmmdd)g %l .ess t han
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9)When splicing welded WiS e49%4a8bapcspkcobatée

fabric shall be made so that overl ap
cross wires shall clhbesapmaacti nlge 4 tchrars st hwe
100 mm.

b)Wel di ng

Wel ding of bars shall Bot,benpexmeptednt
where welding is inevitabl e, the desi g
wel ded (in any structur a® hember ) shall

c)Mechanical <coupling
When there is congestion of reinforcing
used for splicing of reimdauicriemmmge rbtag s w!

1) Mechani calcomnmdwplnmertsp IS 16172
2) Not more than half the bars at a sect
coupl ers;

3) Mec hanciocuapll er s shall not be employed v
i kely tdsde S SrIme@dBec( Bafqt 5
4) They are staggered by at | east 750 mm;

5 Coupl ers shouprde foefr garla logpptleidci ng bars of
20 mm or mor e.

»150  »150 #150 *150

\ | | | !

i
i

L=LAP

Fl G2 £L OSEmOPTRANSVER®®PS ALONGUITHENGTH LaPPI NGBARS
| NTENSI ON GOIMPRESSI| ON

9. 2.CunDail ment of bar s

a)Curtail ment of bars shall be permitted, p
1)Steel reinforcing bars shall extend bey
required to resist flexure (where the ||
considering only the continuing bars 1is
at | east f otr lae adsits teagnucael Qatnod &b .,h ee X @e @te r a tc
simple support or end of cantilever.
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2)Fl exur al reinforcement shalll not be ter.|
one of the following conditions is sati:
i )The shear force -defmapdi at dbesconodt ex
design shear stré@&n@gtibcedpees gordi nign t C

t

bal ance cont i nunabudstngel t he shear S
reinforcement provided.

i i9ti rrup area in excess of that require
along each terminated barofdoveproiantdiesqtua
™X @of the member. The excess stirrup a
speci f9.e2d 4i.mMmheée) (exllesapraagi ng shall not
Xy , wheire the ratio of-ofhetareheofobe

of bars at tQtehe eaftfieoomt,i vaenddept h.
i iTihhe continuing bars provide doubl e t he
cudaff point and t he s peacofdotelsa tn o e remict

b)Positive moment reinforcement

1)At | e petr c@&MBtpositive moment reinf orceme
supported memipersxenbhpo2bti ve moment re
provided in continuous members shall e X
member into the suppaorfaa, to a |l ength eq
2)When a flexural member i s part of a co
system, the positive reinforcement requli
shall be anchored to develop its design

support.

3)At supports of simply supported beams
continuous me mber s, t he di ameter of t |
reinforcement shhadrmhp bte®@ d2ilcp.nBhd®BEr i ng

to MPeQ does not exceed:

— U0, when end of reinforcement sustair
L 0, when end of reinforcement is con
wher e
0 =Li mimomegnt of the section assuming
section to be streslsiemdi tt os tdaemsd gde ssi
the permi ssabl ewablesstress design
W = Desshieganr affondhe section; and
0 = Sum of anchorage beyond the centre
anchorage of any hook or mechanic
support; and
=0 % at the point of inflection.
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c Negative moment reinforcement

At | e atshti rodheof the total reinforcement pr
support shal/l extend beyond the point of
deﬂ”{;%ol'birp(p

d)Curtail ment of bundled bars

Bars in a bundle shall terminate at diffe

T, except for bundles stopping at a supf
9. 2Re3l ati ve Di mensions

ioning of members and sections of
s specified hereunder at the | eve

9. 2.S3 enhderness Ratio
a)Sl abs

1)The basic smpani momdep tohf rsaotliiods sl abs sh

per Tabl e &ids twhereffective span of t
direction ofQibentdthegefaadtive depth o
direction of bending. The valded. for f

2)The basic -#magi wmeam sihnal(l1)be modi fied to

maxi mem accountamg@a foeffr bottom t-ensi on

span, grade of steel , araesap eocft croanhp roe sos
sl ab, as:
‘ o
a Q
a9
wher e
‘ S
Q 0 j
P TPULO
P TEN
‘ S
p T
wherein
0 | = area of tension steel provided
0 | = area of tension steel required
considerations in the sl ab,
n = percentage of steel (expressed
compression face of the slab, an
I = ratio of the | arger and small er
pl an, more than 2.
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Table 34 Basic Maxi mum -Spdn SttlabBept h Ra
[Cl awse. 3. 1(a)]
Sl |[Boundary Con Basic MaSpammt o RBé p-bh
No. OneVvay Sl abs
(leis smaller of the two
(1) (2) (3)
i )/Continuous a 32
i i |]Continuous a 29
i i iSi mply suppo 26
i v)yCantilever 7
b)Beams
l1)Serviceability criteria
i )The basic smpaxi mwmdep tohf rbaetainoss s hal | l
pefTable 35¢qi swhehe effective span of
direction ofQtbheen dd fnfge c tainnde dept h of
direction of bending.
i imMhe basic -magkiivveunmsihrmal (1 )be modi fi ed t
maxi mem accountarnega foofr bottom t-ensi on
span, grade of steel, area of compr e
compressionafspacgeraamad of the beam,
a
a Q
o)
wher e |
"Q 0 |
P S TPULO
P TN .
-8t S & U
, WF
S . 8
up o W D P
.S
o
wher ein
¢ ODpu
| = ¢gqroQnm
p®d OQu T
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0 | —area of tensi on sstpeaenl opfr otvhied e d
beam,

0 | —area of tension steel required
considerations in the beam,

n —area of |l ongitudinal steel (ex|
provided on compression face o

. percent or | ess,

W =breadth of the web of the beam

OF =breadth of the effective flang:

Table 35 Basic Maximum’.'SpJefn Btema mBept h Rat
[Cl awse. 3. 1(b)

I\?l Boundary GCsor Basic MaSpammt o RBé p-bh
0
a(m)pm a(m)pm
(1) (2) (3) (4)
1 Continuous ¢ pT
¢ T cnd—
2 Continuous ¢ pT
P PUT
3 Si mpl S d pT
ply (Y 0o p(p(‘x_
4 Cantil ever pm
X &
2)Stability criteria
i)l n simply supported or continuous k
di st &aingce bet ween the | ateral restrai
faces) shall be taken as:

wher e
w=breadth of the compression face mi
restraints of the beam; and
Q=effective depth of the beam
i il)n cantilever beams, tke ymdxiomunmhel e
free end of the cantilever to the | at
shall be taken as:
a g DQscqn'bn-B—
wher e
W =breadth of the compression face mi
restraint and the free end of the
Q =zeffective depth of the beam
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c)Col umns

1)In columns | aterally supported at both
di st demebet ween the |l ateral restraints
a  j UQacmead’pn;u-B
wher e
w=breadt h -soefc tciroons sof t he col umn per penct
of bending, and
Q=dept h osfecctrioss of the column in the |
2)In cantilever columns, lgh®x bmeatxwereum cl e

the and the free end~of the col umn sha

L s W
a g stchxd’prpn—B

wher e

w=breadt h -soefc tciroons sof the column perpen:t
of bending, and

Q=depth odecctrioems of the column in the

d)Structural Wall s

1)The elevati onO d@asmpdctstmatcitar al wal | s
el evation) shall ®Woitsexkeedf B83&cd wherlke
the overall thickness of the wall web.

2)Structural walls shal/l be classified a

0 o mEe e
mo— ™ %@ O OA N @A@O O A7OAG A AG
O o s A A oAk s kg

T T p8t 3 N O3AMO O A7GAQ O AQ
O N A e s e o i A4
p8t 5 gt )T OAOI AAEGAAHGO AAG
O e m AR A Mo Ak S 4
¢8t 5 x8t 31 AT13A0A00 A7OAD O AG

3)Structur alnowalhlasmeshe | ¥8h a n

9. 2.C¥.oxzectional aspect ratio

a)Beams ~
The ma x Ofwurma t i o of sekcei cm 0oo$ a beam w
compression fd®dange shall be

b)Col umns _
The maxQfmmuant i o of a cc@® umBGol b @ik aWie toh
i s in thk® t18laamrge not recommewmnrdeedai dabhde
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circumstances, they shall be designed al
structuralb.waBlL 8 (see

c)Structur al Wal | s

Theini mufdratio of struct8ural @malls shal

9. 2D3Is3FTinction between columns and structur :

a)Notwithstandi ng,9.t2han.€glr2o,\&3v.eXx 6 n § a bsfhnae nhb e r
be desigséduasynalf waakladisnd hmo meali ouwti agr :

its major axis along ivesr tfiuclall ihegaingtdikleelviek
cur vaatluorneg i1 ts full height [Fig.-f28kkb)yE, |
owing t-waflkameteraction (especially at tF
small jumps at the | evels where 2%Hhe) |Jb.eams
The bending moment at the roof | evel need
of beams at that | evel

b) EIl se, the vertical member shall be desig

along the whole [oFi gar2504&4)Jjts height

FI @5ARAMEYSTEM FI 5B TRUCTURAILSTEM

FI @5COUPLEBAMESTRUCTUWALSYSTEM

Fl G2 BENDI N\BOMENDI AGRAMSVERTI CMEMBERS
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9.2.4 Amount of Reinforcements

a)The minimum and maxi mum amounts of reinfo

shall be9t2ladafl. s 4r2spectively. Longitud
bars shall be provided to carry the axial
on the members. The transverse reinforc
shear forces Iimposed on thetmemmat spaamsdw
buckling under its design |l evels | oads.

be considered to propodt esfgcvenvmewhanetrh
form of either circul ar rings capable of
pol ygonal l' inks (lateral tiemgulwith inter

b)Bars may be arranged singly, or in pairs
bars tied togetherseaticoms$ awhereThar srass
be enclosed within closed stirrups. Al so,
ensur eartsher eemai ning together during concr
di ameter shall not be bundled, except in

c)The recommendeadri tomepeasiiasrt ant desi gmf and
concrete structures i n earthquake zones
| S 13920.

9. 2.M .ni mum Reinforcement

Concrete members shall be provliadadregi taunddihn aa t
transverstorcements specified hereunder.

a)Longitrmdnhal cement

1)SI abs

i )The mini mam a@redmnper meter width of t
each orthogonal direction shall be tak
i iFHactory manufactured welded steel me s
grade, but not site welded steel me s h .

2)Beams

i J)Longi tudi nal reinforcement
The mini mum afr elaongi tudinal reinforcem
of untensioned |l ongitudinal reinforcen
as

0 TS, vQ
®»Q "Q

i i9i de face reinforcement
Il n sl abs, beams and footings, when th
exceeds 750 mm, the side face reinfor.
the two faces. The tot al area of swuch
0.1 percent of the wbbtadeaqaad!| yhahlt
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atcheagraci ng not exceeding 300 mm or Wwe
| ess.
Table 36 Minimum Steel Required in
[Cl awse. 4. 1(a) (1)]
Types of § Minimum Area of Reinfo
width of s?ab (in
Thickn99D nThicknedd 1
CompresiTensiCompresTens
Face Facel|Face Face
(1) (2) (3) (4) (5)
Sd isSd ab
(a) Fe250 250 “mnm0. 15 170 2mn80
perc
of
area
(b) Fed41l5, F 0.12
perc
of
area
(c) Welded S 0.12
perc
of
area
FIl at Sl ab 360 mm0. 18| 360 “mn0. 18
perc perc
of of
area area
Sl ab on Grad 360 mm0. 12| 360 “mnf0. 12
perc perc
of of
area ar ea
3 Vetcia l Me mber s
The minimum percentage of | ongitudinal :
columns and structur 8l 2wdldsa)sBal ¢olbemn
I Mty and A.s2.pderdg adi 4 st rijucmduyr awh ewad | |
fis the ratio of the pure flexural | ater
|l ateral transl ational stiffness, given ©
P ©O
f Y
@
0
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i) Col umns

aahhe mini muyumodr eéangitudinal bars in a
together) shal/l be given by:
O - TMiny- ¢L - ou
50 TIpmm- T TT-UVU
_ MIpC- Q- XT _ _
This steel shall be provided uniformly
bbhhe mini mum number of | ongitudinal bar
transverse reinforcement provided i n
rectangular columns, and six in circul
cchhhe mini mum area of | ongitudinal reinit
0.15 percent-sedt itohnealc raorsesa o f the ped
when the | ongitudinal bar s i n the pe
estimating the strength.
ddWhen a column is psecvidedaWwi ahea Canog:t
required to carry the |dpadosf, Itohnegni ttuhdei |
bars shall be calculated based on the
the direct compressive stress and not
not | ess than:
O i Ttme- L - oU
— TBIX L- TTT- LU
wQ
o TBIWT- QT - X T
i iQQtructural Wall s
aaSt ructur al wall s meant to carry axi al
moment shall be provided with one cur
spaced vertical and horizont al reinfor
bbQoncrete walls with only one curtain c
section shall not be considered as str

cchhe mini mum a@m@ha per meter width of th
(carrying sustained compressive | oad)
on both faces together shall be:
Mtnu&AcO@AAI
Mint&ATBRAVATAALVOQAAI

wheboe s the thickness of the structural

0 | PTMT

ddDhe mi ni mugm (ame aper meter width of the

the Il ongitudinal (vertical) bars on b
percent i n RC wal l s not carrying sus
retaining walls).

4)Footings

When the thickness of the footing at thi
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i)less than 750 mm, at | east one curtain
with a mind pumest meter width of the f
pl an direction on the tension face of

minp &RAcCOQAAI b

winp &ATHEALARAALOAAAT®

i 17750 mm or mor e,

aa) at | east in two curtains of reinfor
mini mumo gt eet meter width of the f oot
direction (one on the tension face o
compression face) of:

minp &RAcCOQAAI -

minp &ATHRALATEALOAART O

bb)at | eastp &6 Omentmer wi dth of the footir

wheoes the thmmkoéeéss hei mooting.

0 f P

n
t

0 f P

5)Raft foundations

At | east two curtains of reinforcement s

Op per meter width of the raft (one alo

the top and bottom f aceg) .nHmaeo fmilnd nmoguint vad

(horizontal) bars in each schurltlaibre:of r e]
0 f PpTMIOMT TETITIP Q

wheOes the total thickness (in mm) of t|

b)Tr ans veeirmsfeor cement

The amandtcl ear spacing of transverse rei
by considerationsshefar désdtgear sf on . momen:
Notwithstandi nogct beeamember s shall be proc
the mini muimypambuanhssteesek as specified her

1)Beams

i )The mini mMmup af emaransverse reinforcemen

together in a RC beam shall be:
5 T wQ
h D
iy Q
wher e
t =shear strength (MPa) of concrete c
of Il ongitudinal steel
mMnminil ¢u -¢L-0U
= M@ X Ml T -TT-ULVVU
M T MInil @m - T - XTI
@ =breadth ( mm) of the beam perpend
bendi ng,
Q —effective depth (mm) of the beam |
i =clear spacing (mm) of the transve
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Q =characteristic strength (MPa) of
not be more than 415 MPa, and
— =integral part of the number.

i iHMhe mini mMmup af emaransverse reinforcemen
together in a PSC beam shall be:
a)Members subjected:to dynamic | oading

Mino® 10 LA ;
) B 16 &SATPOAAI
0 p p T WTT e R T Ao ATdA L 6BAA]

winp®© 10 &ALVAMAALOQ I
b)Members not subjected to dynamic | oa

0 | PN TEITP T
wher e
w =Breadth (mm) of the beam web along
O =Depth (mm) of the beam web nor mal t
2)Col umns

The mini mupm @m@aof transverse reinforce

| argest of the steel based on the foll o

i )Shear force consideration

5 T wQ
h Q
) 3Q —
wher e
t =shear strength (MPa) of concrete c
of longitudinal steel
mMnmnil ¢uv -¢L-0U
= M@ Ml TTM-TTMT-0VLVU
M T Mini @m - T - XTI
W =breadth ( mm) of the column perpe
bendi ng,
Q —effective depth (mm) of the col um
i =clear spacing (mm) of the transve
Q =characteristic strength (MPa) of
not be more than 415 MPa, and
- =integr al part of the number.
i TAXxI al force consideration
0 | me Q cume q0:%
w0 - O w [0)
wher e
W =breadth (mm) of the column perpendic
O =depth (mm) of the column in the plar
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Gee=nominal cover breadth (mm) to col um
pl ane of bending,

e=depth (mm) to column steel in the pl
- =strain in concrete at wultimate strai
of concrete), and
O =modul us of elasticity Df2)y2ihforcing
i ibat er al confinement consideration
o,,h TET T T
(A
wher e
w= breadth (mm) of column normal to t
considered, and
i =vertical <c¢clear spacing (mm) of trans:s
3)Structural walls

The mini mum ot mfh amafearansverse reinfor
l ength of the wall shall be the | argest
considerations:

i )Ther mal consideration
0 ¢ T T[BTHCL&AC\QQA'&,\,I\ .. . A N
h P mine RATBAVATAALVOGAAI
wher e
0= thickness (mm) of the wall
i ibater al confinement consideration

aaAl ong the | ength of the wal/l

0 § Oi mMrmt
wher e
0= thickness (mm) of wall nor mal t o
considered, and
i =vertical <clear spacing (mm) of tra
bbAl ong the thickness of the wall per
0 f PTMMMBT T T
wher e
i =vertical <c¢clear spacing (mm) of tra

9. 2. Maxd2 mum reinforcement

Concrete members shall not bel @m@ivtiadewddn awi t
transversktorcement more than those specified
a)Longi tudinal reinforcement

The maxi mum bhmoghntatddfmfal shal l be as spe

hereunder.
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| ab
he maxi mom afe&l exur al tensile steel i
0 T TOTT | < ® T8t
h P =T o ) C
her e
—effective depth of the slab in the pl
=depth of the sl ab in the plane of b
=bal anced depth of the slab in the pl.
—average design stress coefficient u
compressive force Il n concrete, when
devel oped on the compression ssiede, U
Fig 26) ,
eams
he maxi mom afeédension steel i n a beam
0 0O | < ® St @O
" R 0 @
nd the maxo ynuonf ac®mpr essi on steel i n a
0 f 8t Q Q
he
= beam perpendicul ar to
= of the beam in the pl
= the beam in the plane
= of the beam in the pl_
= stress coefficient u
i n concrete, when
compressi on ssiede, u

0.871,A,,

0o o S

£ lim-=t

RC SECTION NORMAL STRAIN NORMAL STRESS
UNDER FLEXURE DISTRIBUTION DISTRIBUTION

FIl G2 BALANCEONDI TI ONCONCREBEAM FLNEXURE
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3)Col umns

The maxi mogn @fr etaot al l ongitudinal steel

i )When | ongitudinal bars are spliced onl
O i OOt T T

i iWhen l ongi tudi nal bar s ar e spliced b

mechanical ¢ s and | apping:

oupler
0 f wOmdtc v
4)Structural walls and boundary el ements

i )The maxi méypaueorfea ot al  ongi tudi nal (vel

web of the gthr udteurtavlo wallrlt ai ns t oget he
0 f 00 mdrgm

i iTThe maxi muAgIhpaofeat ot al l ongi tudi nal (v
boundary el ement osfhatlhle bset rguicvteunr ably :wa l
aalhen |l ongitudinal bars are spliced o

0 f o0 mrTm
bbWwhen | ongitudinal bars are spliced
mechanical couplers and | apping
ol wOrdt o T

Extra precaution shal/l be exercised du

cage and concreting to address the |i kel

b)Transverse reinforcement

A concrete member shall be deemed to have
requirement, i f theidediegmssheadal usmhse and
walclosmpl i es wit h:

T tTs

i n accor d9.n2c.e6 .wl (teh)

9. 2Cr51 tical Sections

a)The stessbtants shall be obtained at | eas
hereunder, and the members designed for
shall be designed for the <critical sect |
sections ffamdmetrhawaryi ti cal section

b) I n the design of beams and sl abs contin
positioning of i mposlkd2al dtadespeoeilfiicad]l ien

9. 2.B.ndi ng moment
a)The critical section for negative bending

l1)monol i thic concrete structures
i )Beams: at the face of the support (col

167



Draft rSa afnodra Comment s Onl y CED 02( &wrC096)
November 2025

i iQol umns: at the soffit of the beam or
i iSt)ructural Walls: at the soffit of the

i Voot i ngs: at the face of the column w
and the face of each step in the footi
v)Piles: at the soffit of the pile cap,
moment depending on the relative | ater
viRafts: at the face of the columns or s
2)no-monol ithic concrete structures
at |l ocations deter mi ned considering t h
concrete members.
b)The critical section for positive bending

l)at t hepamdimpuypported beams of concrete

to the wuniformly distribdeter nbignaeddsheand
cal cul ati on -umi fcoarsnel yofdinsotnr i but ed | oads,
2)at a | ocation determined considering th
concrete members i n cont rmounooul si tcha ncc rceotnec
structures and monol ithic conunrieftoer nd tyr L
di stributed | oads.

9. 2 .SHhear force

The critical section for shear force in sl ab
hereunder.

a)Sl abs

1)Solsl dbs
The critical section for shear 902c® in

2)Fl at sl abs

i )The critical section fOgf sbomarhehpédi p
of the col umn, capital or drop, me as ul
the sl al®, swhbeeeffectivesdeipgh. dTThae
shape in plan is geometrically similar
the sle®@b g() ;28 or col umn-exndataindn sanwil tels
critical sectionFshal P8be)takedn(d3 per

i il)n columns near the free edge of a fl ¢
taken Risgpe29.
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IR _-'.]]e?';'],'-""' S o™ s
oL, I -"i - "l.'ial_ T -"..".1'1'.‘

; . L !

a* a i ;
|
|

o
~.90°-
", #

" CRITICAL

B \“7 SECTION

EE AR FOR SHEAR
COLUMN

-

FI @7 BLAB Wl TBrOP AQODLUMN WI TEBO@UUMNEAD

__“...';_'_ 0.5ds
e
' oa s i -
e |
oo &
SLAB 48 e |
v - .. - e e
R e -,.“._‘i RETE ! A
. ISR — “De L ds
a .- _'.._,_'{ - .".f'ﬁ“"";' 20
4 L, r - 2 LA ."'
= T P S

. g7
COLUMN ™ e "/ > | criTICAL
HEAD N Y SECTION
N FOR SHEAR

FI @7BLAB w TBDrOP AQOLUMN WCALHU MNE AD

0.5ds
i Ao
SLAB I Y

I p . . S &L T, "

P ‘d a : R ) S LI . : T
. a4 4 ) “ 4 . - ‘o " . o4 ds

. . — - De - - L) . .
TEe s - P .
. . g i - .

L B e - - - ]

PR . j . - - A L a

ar ‘ ‘a wal 4 Tay, W : * ) “

CRITICAL
SECTION

HEAD FOR SHEAR

FI @76L,AB wDrREP AQOLUMN WI TH COL UMN

HEAD

FIl g2 CRI TI SBCTI ON SHER RORCE HALMBLABS
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FACE OF
COLUMM OR

r————————— 4 COLUMN HEAD

| |

| | /

| | /

| | [

| | \

| | \

| |J diz

L I _—

2
CRITICAL SECTION -—-I CRITICAL SECTION
(@) d2 (0)

drz diz

FACE OF COLUMN OR L f
COLUMN HEAD |

NS

CRITICAL SECTION

(c)

FIl 2 8RI1 T1 SBCTI ONPLIAN FSHEARORCE HLMBLABS

FACE OF COLUMN OR
COLUMN HEAD

diz

CRITICAL [~ 7]
SECTION |

|

| CRITICAL |

| SECTION |

I |

| df2 |

| |

FREE EDGE | FREE EDGE

di2
(a) (b)

FIl G2 EFFECT FREEDGES ORI TI SECTI 6NN PLFAOR SHEAR FORCE I N
FLABLABS
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b)Be ams
1) RC Beams

JWhen beamsnicfacrmrml y disori bheegpird oa@d p:
aconcentr amaeld | loeaad ed at a ¢@firsotna ntchee me
face of the support (even though the
introduces compression in the suppor
force shalll be at

aa)a di s©Qfamam t he facewlhdntthlre smppoert

supported from below [see Fig. 30(a
due to appliedcloommpdessnbhedsceport;
bb)t heace of t,h ewhseunp ptore me mber 'S su
above [see Fig. 30(b)], such that t
introduces tension in the support

di stance Désomthhe face of the su
designed for the same shear force a
Qf rom the face of the support,
el se the critical section for sh
face of the support [see Fig. 30

=

e a
(c

N
—_

CRITICAL |
SECTION

CRITICAL
SECTION

CRITICAL
SECTION

|
bl

I I
bsumronr Fesmecs
COMPRESSION

FI GO BANI FORM COMPRESSI ON LOADQFRODMATBESFAKREE OF THE
COL UMN

SUPPORT IN TENSION SUPPORT IN TENSION

|
| CRITICAL

S

| CRITICAL
| SECTION

FI GOBNI FORM OR CONCENTRATRD THESIFAKECGOMEFUMME
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| 1 cRITICAL
+. | SECTION

CRITICAL
SECTION

|CRITICAL
i ysecmion

==l ISUPPORT IN
COMPRESSION

SUPPORT IN
COMPRFESSION

FI GOONI FORM OR CONCENTRATED TQOMARIES FIACKCE@FU MM E
FI G3CRI TI SBECTI ON SHERRRORCE UNDER DI FFERENT SUPPORT COND

2)PSC Beams

The critical section for shear force i
di st hcem the face of the support

9. 2De6si gn Strengths of Concrete and Steel s

a)Three types of strengths shall be consi de
design strength, and overstrength.
b)The desi giModt rae mmtilelrli abe obtained as:
‘0
"0
[
wher e
Q =characteristic strength. dafarfdh2 mat
7.,3 and
I =partial safety factor appropriate
action

c)The des

i gn strengths of concrete and stee
structur al

concrete sections and member s.

d)Hi gher grades of materials than that used
beams.
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9. 2.Co.nkcr et e

a)ln dédei gn of concrete ,setche ohagl ladoewsi inggmd e\
stremdgthcsoncrete shall be considered:
1)Limiting designQbearing strength
2)Li miting desigin,bond strength
) Limiting desi niaxihaali astcemgprlessi on,
4)Li mi ting desi g ianx iaaxli aslt rteenngstiho n
S5)Li miting design sthear stress capacity
6)Li miting designQ filneemali ngt ceomgptrlessi on
7)Li miting designQ filnebemal ngt temgt lon

b)The parti al | suasfeedt yi nf aacrtroirvi ng at the abov
concrete are given in Table 37.

c)Designer sl onmoyf udseesi gn strengths fthan thos
d)Design beariQng strength

The design beR®rdfngcesnareentgd hs a2, ke veaken

by:
0 PR g
wher e
"Q=characteristic compressive strength of
[ =partial safety factor for concrete = 1

Tabl a3t i al Saffety BacUsed to Esti mate
Di fferent Limiting Design Strengths
[Cl awse.6.1(b)]

SINo|Li miting Design Str|Partial Safe
(1) (2) (3)
i ) |Design Bearing Stre 1.5
ii yDesign Bond Strengt 1.8
i i ijlDesign Axi al Strength
(a® i ocompression 1.5
(bQ i dirteernsi on i
i v)Design Shear Strength
(at) i hl exur al shear 1.8
(bh)r T maxi mum fl exu 1.8
(ct) i punching shear 1.8
(df) i di stortional sh 1.8
v) |[Design Flexural Strength
(a® i bendcompr essi on 1.5
(bQ® i bendti @mgsi on T
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e)Design bonfl strength

1)Thedesi gnstometigflor reinforcing bars embe
shaltlalken as:

T

T TR g ) e e o

'j’r— ™ 0RE  p- 0 ARACAABGOAT OET 1

[ 4

] Y ) § . e

ll’r— ™ oRE op- 0 ARATBAVANAAVAARABGOAT OEIT I

Crsy x Q8 ) i m a e  aa s

v rX ™ TP ¢8- 0ARACAABGAT I POAOOEIT I

(Y

e T8 ) y o e o e e a

:‘:na)r @ 0@® of- 0 AGATHALANAAVAAGRT | POAOOET I
wher e
[ =partial safety factor for concrete in
2)When considering effects due to earthqu:
structural wall s( If)folhe bwalsue 1 dgiewnean oinn s h
bars on both faces.

3)When us i-ogmpsaecltfi ng concretes, t he desi
concretes( bhvaelnl ibne modi fied with suitse
determined based on experiments. I n t he
data, a reduction factor of 0.6 is reco

f)Design axi & as®r engt hs
1)The daxi@ghn s oéngbomcrete in axial compr

taken as:
T (0
I

Q ™ Q

wher e
[ =partial safety factor for concrete in

2)The deaxi@gn s oéngbolmcrete in axial tensi
zerowhen estimating the bending moment
capacity of a concrete section or membe

g)Design shear strengths

1)The design sheaf e6bnength and the max

shear sﬂﬁogthoncrete shall be taken a
f m@r "2 m__ FOy

"f"r’ L mye #11 ADEOAARART AT x A0
Th e OR y0A 411 ADEOAREGBE A
wher e
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P81 Tt %AEAADED®ET mini
=crosesction sizes8factor. = . o

— %AEEAADED BT mini
=crosection geometry factor =

T@OZAAAAA@QCAMAOEII
™ T # E O AGDA A
[ = partial safety factor for concrete
Q= characteristic compressive strengt
n = frackdimwfin tension steel provided in
p =2 o® 0 EDI I DOACEEEAAA
1 =
p —=2 m 0 EOAT ABEAIAA
I n whi ch
0 =gross area of the concrete col umn,
0 =area of longitudinal tensile steel i
® =breadth of the beam parallel to the
Q =zeffective depth of the beam perpendi
"Q=characteristic compressive stress ca
O =design axi al | oad on member obtainec
on the structure, and
2)Thdesign punching olieazmonstrreergtsthal | b €
T Qt
wher e
T =2 ™ TPQ, and
NM=m — p
wher ein
[ = partial safety factor for concrete
3)Thdesign sheadarosctcemagt 8toéd i d sl abs (ot h
sl abball be taken as:
T Q t
wher e
tf =design shear strength of concrete,
M = Factor to account for thickness of

Tabl éQ 3R qui tddcounfThif ok n eSosl Sidfa b s
[Cl awse.6.1(9g) ]

Overal l( nD®p 71
(1) (2)
300 mm or m 1.00
275 mm 1. 05
250 mm 1.10
225 mm 1. 15
200 mm 1.20
175 mm 1. 25
150 mm or [ 1. 30
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h)Shear strengths of concrete i n walls

1)Thedesign shedry, satnrdentghteh maxi mum desi

strength of concret e ei n askternucatsur al w.
ts =
v mnﬁo — ®eXQ 0 — <3
- r 0 o 0 T
ry 0 = 0
TMoVTE gw — Q P = G
. V] v
L F 0 O
Setex®@ o0 P _— 5 ° "0
7 F 5 gt 0 X 0 0) q T X
e o P o P
T ™ TQ
wher e
tf =design shear strength of concrete
M = Factor to account for thickness

2)Theer mi ssi bl e Tsyheaanrd stthree sjgsaex immwsmi bl e
shear sftir essof concrete in structur:
taken as:

S O S
Tﬁ T@T[LD‘Q o 0— T[8Tl.p0,"Q

T & TP Q
wher e
"Q =characteristic strength of <concr e
O =Hei ot t he wall from its base
0 =Lengptfth the Wall at its base,
[ =partial safety factor in concrete
1. 8.

3)Thaesign distortiomhadf shemcr estte einmg t |
column joints shall be taken as:
|'pp$)<U“Q
¥ F __
T80 T TIQ e am o moan e a0 o
T T *1T EATOONEBARAT EAAAOD
U L Q.
v
wher e
[ =partial safety factor in concrete

* ] EATOONEBAAT DIt EAAAO

/| OERAIOET OO

] )Design fl exuQ aln@strengt hs

The design f|'@xofr ado msctrreetnegtihn compr essi o
as:
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.68f
flpc= 0681k _ 0.45f,
M
wheft epartial safety factor for concret

The design f |"@xoufr aclo nsctrreetnegtihn t ensi on
zer o, when estimating the de&sbfgnabend
concrete section or member.

9. 2. Re.ihforcing steel

a)ln dbhkeign of concrete seddhgeninggn asnedir enmegn bh

reinforcing steel shal/l be considered as
1)Design axi@lofstrreemgtor ci ng steel i n tens
2)Design axi@lofstrreenngftoor ci ng st eel I n comp

3)Design shedr. strength

b)Desi gners mayowslan atlluesse specified hereu

c)Partial sdffeary faichnfoorscing steel
The partiall $afertrgihdotrci ng steel shall b
39.

d)Design axi@l strength

1)The design dQiodl reti médmgtch nghat eebei hake

asg®Y¥X, which is given by:

: Q .

Q — ) XQ
wher e
"Q=characteristic rtea mdiolres i satgrdesrt getel o f
[ =partial safety factor for reinforcing
2)The design aQiodl retimdrmgtch ng st eel in co

taken as the desO gh megiafostrepggsheel i
i's given by:

e)Design shedr strength

The design tédenefilreeistnfremgitimg steel to be

the shear strength of reinforcing steel s
"OVio
T F ™®Q
wher e
"Q=characteristic rted mdiolre i satgrdesrt getell o f
[ =partial safety factor for reinforcing
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[Cl aws.e2. 6. 2]

Saffetgr FRetnfercing
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Steel

Design Strength of R/ Part:.

E

al Saf

(2) (

3)

Design axial strength

(a)

Design ARiianl tSetnrse ng

1.

(b) Design AQXi alo mptrreesrs

1.

Design shedr strength

1.

T
ol|or|o

.2 .PG.edtressi steel

ng
a)ln theign of prestressing
stremdgt  rsei nforcing steel
1)Design axi@lofstprreensgttrhe ssi ng
3)Design t enstiloef
the shear strength of

b)Desi gners mayowslearn atlluesse spe

c)Partial sdffeary praedtoresssi ng s

T
T

he partial [ sfaofretpr efsatcrteosrsi ng
abl e 40.

Tabl a4ai al SafgytwrF&®octesns

[Cl aws.e. 6. 3(a)]

sptrreesntgrtens si ng
prestressing

concrndhdexei gsnect i
s hal

I be consi dé
steel in ten

steel t o be
stee

ci fied hereu
t eel

steel shall

essing Steel

Sl
No.

Design Strength PrilParti al

7y

of

Saf e

(1) (2)

(3)

i )|Design axi™@li nsttreennsgitoh 1.

15

i i |Design shedr strength 1.

15

9. 2St7r ¢ 5 ai Concretes

n Curves of
The
used

me mb e

t et segt saiofotucuersrete

estimate the foll owi

and

hr
t o ng ¢
rs

a)The designratmegssuirves to esti

b)The charactstiratinccatrvessto

c)The overstr-emgaihnscursss to e
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9. 2.Cohnktrete

a)ldeali sed Unconfined Concrete
Thedealmosned oni-st sRr-ecswsr ves of wunconfined
compression, to be used in designsefe conc

Fig. 31):

1) Design curve:

. ST T oo
- W2 S
VR
2) Characteristic curve:
"0 - iR ¢ — — L
T (0 - -

3) Overstrength curve:

Q - curve of unconfined concrete shal/l |
performed on speci men,

wher e

- =Straidemsagn peak strengthdefpenndsommi e

grade of concrete as per Table 41,

TBU T P W T\ TT T THQAT L

Ul tstmatien i n unconfined concrete depen

as per Table 41:

TBITTO X XTRUTTTT T P@,X U

Par siadlet yf craatcoret e, taken as 1.5,

Strapeahkt storferugtchcrofnicm eedtees tf r om

Ul t i startaei n of unconfiesmeéed concrete from

Strength enhancement ratio wnhtoanfespdc

concr e ttesdfndd mehtraeg actwalibseand

” Strength enhancement rati o wi t h resp
unconfined ctosdnrdeft edhtder oot veali sd i C

—
I n
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f

c

0.68r f o Overstrength
0.68r g 1f o
0.68f ® Characteristic
0.68f /gy ® Design
e
0 €p Cpt €eu €ur

FI GIDESI GN STSRERAS N CURVES OF UNCONFI NED CON
COMPRESSI ON FOR USE AS DESI GN, CHARACTERI
CURVES

Tabd4dBtrains at DesignaRdakll 8§t menhgtf Btrain

Unconf Chedr eCempmessi on
[Cl as8e2.4. 1(b)(]2) and 9.2.6. 4

Sl Characteristic
No. [Strenmgt MPaj Con|

)

' b X

.’-\ m
OOOOOOOOOOOb

O|C0|0|0|0|0|0|0 |00,

N
N[OOI~ RIWWININM
o|jgjo|jo|lo|tl|jo|u1|Oo|01|O N
O0|0|I0|0|I0|0|0|0|0O |0
o000 |00 |0|0|0|0 O
NININININININININININ
NININRP[FRPIPRIPIOIOIO|O
O0|0|I0|0|I0|0|0|0|0O |0
o000 |00 |0|0|0|0 O
NINNWWWWW W Ww|w
OIoOIOIOIFININIWINIOg

b) Confined Concrete
The monot osti c'®s-hawrswses of confined concr ef

(see Fig. 32), to be used in assessment ¢
as:
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l1)Unconfined concrete:

0 o T - -
Q- C - N 8
Tg,"Q - 8 -
wher e
-g =Str am@Q ian pesatk unconfdtnreadi s toawerswse
=Py @
fe
A
5% I—
feer |
Confined

_________________________________________________________________________________________

Actual Unconfined

Ep Eup EeT E02fep €0.2fccp > &

FI G S RESSTRAI N CURACHUGENCONFI NEDCOWND NEONCRETE | N
COMPRESSI ON FORSHBESMENCONEREBERUCTURES

2)Confined concrete:

1P

¢ L e S mo- -
ry
“Q— ”, ” ” __ ” ’ -_ ” -_ - - -
l:J,Q ¢ LA " -
:JI: "0 Qo0 - - ™®'Q - -
o Q-
wher e
e =Strain at paion gpcsatk tcaonngfei-enterda isnt rceusrsv e
B - ” ” p
- 8 ” ” p
for =Stress at paiontpasdtk t @ammgfeirsriterda isnt rceusrsv e
- Q c” c” - T” G” - C11 -

—_ =Sl ope at poitnot pocksatk ao @ e ihitsnterdaisnt r e

curve
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= ¢ ¢ — y o —
8
; — - —_ T
- — T
Vi
Q =Peak strength of umddbnfi ned concr e

- =Strain at peak strength of wunconfi
- =Ul ti mate strain capacity of wunconf

Q = Peak strength of confined concr et
=0 p @ —

” =Strength enhancement factor

- =Strain at peak strength of confi ne
=- p G¢" p

” =Strain enhancement factor

- = Ultimate strain capacity of confi
=aQE - N-g

-8 = Stra8sh, iant gpesatk conf isnterdaisnt rceusrsv e,

i )Rectangul ar sections

a)Ef fective Area Ratio
" =zEffective area ratio

1) Solid eseR3ti)on (se
= Area ratio of t ransvdeirrseec trieoinn f c

=B N

" = Area ratio of t ransvdeirrseec trieoinn f c
=B -

wher ein

0 =Area ofsectooqn of talaommg exexcd i Dar

perpendicul arO to di mensi on
ofsecntoosnn of talaonwg eyexsd | ar
perpendicul ard, to di mensi on
f |l egs of transverse r

o
I
>
®
©

c
I
Z
c
3
o
®

n
f |l egs of transverse r
n

c
I
Z
c
3
o
®

r o]
directio
r o]
t (0]
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0 =Dimension -scefct icoms-shilroenqgvi an, (
perpendicular to the transverse
direction),

O =Dimensi on -soefct icoosshilroenq@vi gn, (
perpendicular to the transverse
direction, and

i =Spacing of transverse reinfor
|l ongi tudi nal direction.

2) Hollow section

? = Area ratio of transvderrseec trieoinnf c
=B

? = Area ratio of transvderrseec trieoinnf c
=B

wherein

0 =Area ofsecnoosn of tialaommg exexcd i mar
perpendicul arO to di mensi on

0 =Area ofsecrnoosn of tialaommg eyexcd i mar
perpendicul ard, to di mensi on

0 =Number of | egs of transverse r
direction,

0 =Number of | egs of transverse r
direction,

0 =Di mension -scefct icomms-shilroenqgvi an, (
perpendicular to the transverse
direction),

O =Dimension -soefcticomwsshilroengvi gn, (
perpendicular to the transverse
direction, and

i =Spacing of transverse reinfor
|l ongi tudinal direction.

b)Ef fective Area Ratios for best conf i
The best effective achaeveatdi when:
1)The effective area ratio i s same al

the sect'ioh,. i .e.,

2)Théeransverséorcement s distributec
width of the section along both dir
i iQircul ar sEic§4pns (see
a)Ef fective Area Ratio
o= area ratio

Effective

=—_h n

h h

wher e
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1)Solid section
"r =Area ratio of transverse reinfo
circumferenti al direction
" = Area ratio of transverse rei n;
direction

wher ein

0 =Area ofsectoo®n of transverse rei
circumferenti al direction,

0 =Area ofsecnto®dn of transverse rei
radi al direction,

O =Diameter of the circular secti ol

2) Holl ow section

"r =Area ratio of transverse reinfo
circumferenti al direction
_ h h

"n =Ar ea rati o of transverse rein
direction

wher ein

0 =Area ofsecto®o®n of transverse r
the inner edge of the section
direction,

0 =Area ofsectoosn of transverse r
the outer edge of the section
directi on,

0 =Area of secrno N of one tr
reinforcement tie along radial

@] =Quter diameter of the circul ar

O =l nner diameter of the circul ar

b)Area Ratios for best confinement
The best effective achaevatdi when:
1)The effective area ratio i s same al

the sectizon” i, . e. e.,

O

] “0 0 ¥ P B

0 z 0
P o —

2)The radi al

re
peri meter of

i nforcement ties are d
the section
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FI G3A
— Asx1
. A2 Asy1 Asy2 Asﬁ Asyd
— Asx
— As
FI G3B FI G3C
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FI G4 A FI G48B

FI 63 DETAI L GE@METRRAARAMETERS UBEDI MATI ON I GH RCUL AR
SECTI ONS

9. 2. Re.ilhforcing steel

Thedealmosned snhi-es 8™ @i-ncurveeinfforcing steel in
and compfse€s ghaniBal | be: taken as
a)Design curve:
’"_— T[ - P
Q- re-x r
2 -

Vil [
b)Characteristic curve:

Q- Q — m - -
0 i o
c)Overstrength curve:
Q - curveeomhforcshgllIstkel determined fro
performedndmrcing bars
wher e
"Q = Characteristic yield stress of reinfor
"Q = Actual yield stress of reinforcing ste
"Q = Actual ulti mate stress of reinforcing
I = partial satenyofachgrsterl, taken as 1
- =0, vyield strain of reinforcing steel u
- =00pGGAAain of reinforcing steel under un
O = Modukluasstoifcity of, reinforcing steel
O = Strain hardening modul us ®fQr¥e-i nf or cir
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- = Actual wultimate strain in reinforcing
m = wultimate overrsdirrefngn hi fq@ c PBaferlifgonrt aken
experi mental dat a.
fs A
A R —— 3Overstrength
nyy ””” } sh
Characteristic
fo L
! Design
(fyj‘
| |
i
’ \\\kgy 1 &
| N Eu Eun2 <
ngb’

FI G3 PESI GN STRERBSI N CURWREBNPPRCSTEEL I N TENSI ON AND I N
COMPRESSI ON FOR USFECHVWSRAXETSHFRINSTI C AND OVERSTRENGTH CUI

9. 2. Prextressing steel

The dealmosneod ehr-ess®in curves of prestressing
tension and (xeoBripg.esXG)onshal l be taken as:

a)Design curve:

'__“Q = =
1y — TT - —_—
. T [
L7Q - - O -
ul [ r
b)Si mplified design curve:
C— —— T - —_—
o . - ]
e, i
ol [

c)Characteristic curve:

0 - )
0 - 3

d)Overstrength curve:
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Q - curverettressihmd | stheeeldet er mi ned fro
performedndmrcing bars
wher e
"Q = Characteristic yield stress of prestre
Q Actual yield stress of prestressing st
Q Actual ulti mate stress of prestressing
[ = partial spfesyrtastag Boberel, taken as
- ="QFO0, yield strain of prestressing steel
- =i onovtiM@ain of vsteel wunder uniaxial ten:
O = Modukluass toifer @ syt rosftsese In,g
O = Strain hardening modulus 0® pQelstress
- = Actwual wultimate strain in prestressing
m = yield overstmrerdtrte sfsa mtgo™® thadr,ont aken a
experiment al data, and
m = ultimate overpneaeethrgd hsifrag fOtF@dlo,ont aken
experi mental dat a.
The simplified desstgma&nmmno tcounrivce ssthraelsls be us
simply sppeettesssed concrete members, whose
i fe
for
Qupfup| Overstrength  —__— ; vTQT
Qyp fyp ______ Characteristic —EW ,
fyp ?Designéﬁ

Simplified
Design |

T ' )
\ < &, /¥
\ ]/P/M
~Qypey
FI GE@DESI GN STRERBASI N CUEVEPRESTRESSI NG STEEL I N TENSI ON F

DESI GO HARACTERI STI C AND OVERSTRENGTH CURVES

9.Besign for Strength

The design for strength of a structure shal
me mber s al ong wi t h t he joints and connect
el ongation/ compression, bending, shearing ol
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resul tants) I mposed on them by the probabl e
applied on the structgwetlhsappecocprfi @dei padtab
for | oads in each combination). The desig
(including the effect of 9tarem@i h)saskralyl faet
the corresponding demand -assattanedowiih ea
and estimated as its resistance correspondin
reaches a | imit state (eithereohdstrain or st

This standard recommends the estimation of
considering |imiting strains (which are dif
when estimating the axial force and bending
whermste mating the shear force and torsional
design resistances of members corresponding

shall be callstreeagpaei tieasting

9. 3Stlability

The structure shall meet the following requi
a)Equilibriium strabed uteg shall meet the pr o\
speci f9.¢edeefiome its members, joints and co

strengt h.

b)EIl astiadbdiiElaicthy member (namely beam, col umn &
meet the maxi mum sl ende9r.Rels3=sflorad i iots ispece

for strength. Failure resulting from el a
be avoided by 9c @mapHh.gli h. g3 awvhd haccounting fo
l engths of members under axtibaelndibnegn daicntg oe
by suitably psriogpeosr Opedrn B mgp di tax counting f or
moment <capacity apopre atrhienga xoinali 9l .oBaz@.d3 pec i
9.3)2. 4

c )Pl asttiadbiiThet ystructure shal.l meeb.&me pr o\
5.Bnder the action of | oad dodomMbi nati ons a

9. 3Li2Zmi ting strength capacities

a)lfhki misttirremghgt h capacities of sections of ¢
corresponding to the | imiting:
l)strapaci f9 ed.a@2nd. 3. w2hedn estimating axi al
bendi ng mopmeanitespectively; and

2)stress sp%.c3d.B2ndd 3ivdh.ebn estdhmadri nfgor ce a
torsioncapmaemtspectivel y.

bConcrete members provided with reinforcem
steel

shall be designed treeibébacvedi maanamdwert |
reinforcing sndelhotnwiéhsicomshing of con:
More stringent requirements than those
I S 13920 for design and detailing of conc
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of earthquake shaking.

c)The provisions given hereunder shall/l be
concrete me mber s . I n t he design of de
calcul ations shall be performed in the ali
including the usemedfhodhe¢ het putes &r itptei ve
accordan8c.e3 with

9. 3. AZslumpti ons

The following assumptions shall be made whe

capaviatnd | i miting bendibngf memahtowapacct gt e

with reinforcing steel or prestressing steel
a)Pl ane sections (nor mal to the axis of be
after bending.

b)The tensile strength of the concrete is i

c)The characteristic bending cun@ereasdviehst
design bending comprm®ish vemd &, r emgerhe itshe
partial srafety.fBadtoor concrete i n compress

d)The desiegnraflmessirve of concrete in comp
taken @as2 pe@eri4

e)The characteristic tensil éQ stama@nptrlresaofr es
stee®. i sAnd, the design tensil eQFtrength
P2 where the paf tiisall.slabf eftoyr fsatcetedr r ei nf
tension and compression;Q@nd @iReswhes i nc
the partiall saf®ty5ffact oprestressing stee

f)Thdesisgm-es 6 ai n rceuirrvfeorocfi ng st eel in tensi
namelQy - curve, i's a®9.8peéamfdestdr esnsi ng st
tension, Qnameluyve, is a%. X.pee.c.fied in
g)The |l imiting strain in:
l)reinforcing steel in the outermost | aye
- h TBIHQT%
2)prestressing steel in the outermost | ay
T T« E AMOAAEBA QI EOOA A
TR &) 3O e e A A e
ST p ees— x EAMOAAERBIEA OT EOOAA
w
3)concrete in compression i s:
- h - 8
h
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9.3 .M.nd mum eccentricity

a)Columns and structural walls under compre

the bending moments arising out of the mi
for bending about each odectthieon wof atxhees mo
given by:

1)For bendi ngd alkdpetr ptemedi cul ar tQooft htehedi m
crosesction of t‘he me mber ,

0n  Goe— 2n2ncii
h Unnorlr‘]cnr]c
whetoeis the unsupported | 8ngxihs; famdbend

2)For bendi ng9 aalxdpstr ptemnedi cul ar toooft htehedi m
crosesction of t‘he TmerTnber,

0: é(('b‘a W w .
h UT[T[O'TI;'CTIE]C
wheboeis the unsupported | &naxihs. for bend
b)Structur al wal | s under compression shal
eccentQrpi dueyto sl endernesdHlanfeedti riectti loa
by:
Q- 0O
h CCUT[T[
whefOei s the effective height of structur a
axi s.

c)The unsuppodataendd béna@at tompressi on member
as the clear distance between end restrai

1)Moment frame structures with belams rest:

Clear distance between the floor (bel o\
beam (at the next higher floor | evel ab
direction;

2)Moment frame structures with beams rest:H
RC bracket s -caotl utntnel j boae anmh s

Clear distance between the floor (bel ow)
(at the next higher floor | evel above),
| east that of the beam strut and the wi

3)Braced frame structures
Clear distance between consecutive brac
each vertical pl ane, provided each brac
by:
i )Brace having &sdkeduatne dd rmesansi on,
i iBrace being anchored t o restrain t
defl ection, and
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i iTihhe angle between vertical pl anes t ht
60IA20WMhen two such struts meet t he <cc
|l evel : and

4)Fl at sl ab structures

Smal |l er of the clear di stances between
extremity, the drop panel and the sl ab |
d)For columns and structural walls wunder t
specified. In such cases, i O hs hailels bwei tehnisr
thee O limiting strength interaction envel

9.3.LAa.mM3ting axia force capacity

a)Limiting strains
A concrete member shalll be saatd aosdatvieo
under t heaxaicali,whercat a section:
l1)reinforced members wunder

i J)compresscsomanrete in compression and rei

reach the |Ié&pitiamgl strain

i it)ensiiren nforcing steel in tengjy,on react
2)prestressedndcember s

i )compred<siomrcrete in compression, reach

E'C’“m; and

i it)ensiiparestressing steel in tenegppon reacd

the contribution ofshealilnfoe criegl esdteed. t
The axial force resisted by the concrete
sai d | iamni ta steadtei on shall abé at aipaacesythe

of that section.

b)Pedest al s

The ddsdgingaxiinagl for

compresbabh be tak
U ™ QO Q

c)Short col umns

The deésimgaixiimmg f orce capaci t[9 20af3.(d(iRIC s ho

- QO RO 1 s SRV O Ro) EBI I DPOAOOEIT 1
Q0 EuAT OEI 1

C

and et delsiingiatxiimag f orce capacity of a prest
col udmm. .0l (ic
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-M 06 O MLo Q Q0o EB#T I DPOAOOEI 1

C

-"Q6 EBWAT OET 1
wher e
O =9gross area -soefcttihoen cirnoscsompr essi on,
0 =total area of Il ongitudinal reinforcing¢
0 =area of |l ongitudinal prestressing st ec
"Q =characteristic strength of concrete,
"Q =design stress in steel cofrgesponding t
"Q =Z=stress in the prestressing steel (i ncl
corresponding tepan axial strain of
"Q =stress in the concrete at the | evel of
to an axi-gzl, samdin of

- = 0.90, the eccentricity factor to red:
the requirement to design for a minin
di mension of the member perpendicul ar

d)Long col umns

A RC or PSC [Qodadg3ichil mm)mhompression or ten:¢
treated asolasnmeanmnr the purpose of this s
axi al for ddeshcaalplacmnoty be estimaskdl li ndepe
designed foratheoocombimle&rdilng cacmeemdci f i e
i8.3.2.7.
9. 3.D2s4 gn | imiting bendi ng moment capacity
Thedesign |l imiting bend mg mMmmefnlte xauapmdcimgm
rectanguisactcoonsshall be estimated as speci

crosesction shapes agectuiserd,s hadlel cheosdi scr et i s
fibers (corresponding separ aboalcy et@)r piamfad il e
axis of bebndif ng.,h oz®we cctr sobsmss | be ascertained
procedur e

a)Limiting strains

A concrete member shall be said to have
under t hebeancdtiinogn , mbfmentat a section:

l)reinforcedeimembrer £oncrete or reinforci
corresponding-gl omit,i mee sptercaiinvel y; and
2)prestressedeimemelrercsancrete or prestress
corr esploinmiitnigrg osrt y ai mespectively.

The bending moment resisted by the concr
reaches the sd&ai d Isiemitti ot asthea | | be taken
momeoapadciotfy t hat section.
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1)RC sl ender beams, slabs, footings-and r |
reinforced section. The dieoifgmRCbhdrdaimsg
shall be obtained by solving iterative
nonlinear equations:

i )EqQuilibrium of forces and moment at a
i iQompatibility of strains at a section
i idonstitutive | aw of constituent mater.]
2)The estimation of i mi 06f nq@ rmecmdift r c & pa

rectangul ar RC secti oerneidéesoirgcreedd sthoalde bu
hereuse&r g( 37).

i )EqQuil i brium of forces and moment at a
Force Equilibrium:
Qo Q Q0 "Q 0 (1)
Moment Equilibrium:
0 Qw0 W MM Qo0 »w Q
MO Q w (2)
i iQompatibility of strains at a section
- — - (3)
- — -k (4)
- (5)
[I” (7 C\ AN &Esc = &csc ﬁ( -ﬁn ‘x(G = /}'\‘L
XI ﬂ',ﬂ(‘g = aﬁ‘k T
M
D |d
d_xCG
o |eedjAr  Sw [ T
Cross-section Normal strain Normal stress

FI 63 BSTRAI'N 3INRESS DI STRIBUTI ONGUR IEREISNSF R CE D
RECTANGUIRASECTI ON

i idonstitutive | aw of constituent materi a
m — - — m - -
Q- (6)
mQp - — - - -
Q - O- (7)
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™ K c — (8)
m 0

the sectiroeni ntfoo ricee dum dvgarn anifror ci ng
tension side

extreme fiber
TS T ¢ T—,

S
shalgl specitfhieed,i mand nt
of concregtewhese®e t ha
(9)
(10)

—~+ ~+ 7
> 35O
® o =

B and

h

Thus,l itnhie i oo fdeaptult r al
depdhof

w

axis bhhbhbhhcbd |

neutr al waixsd sgi wererley :
— O

(11)
8
Therebsha) ds thiemmas epder

the iteration sc|

W
mm
Eq.

&)

Q
MP a
Eq. (

mm mm /

Eq.

(3 (

oo o [E°

W

Then,l itnhiet i
by:

mo memft tclagp aMe mlyer shal |l &

ng

(12)

(13)

r . (14)

footings and rafts
bendi ng orMonRGts lcapsa,ciftooot i ngs
d by the same method as that

evof| atheadewmimdtfltor the purpose

=)

(
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d)Prestressed concrete beams with bonded te

l1)Even PSC beams shall be designed to be
prestressing steel reaching the | imitir
reaching the | i miti nTghesterfafiencti nofc opmpersetsr:
al one shall be considered in thel esti ma
of prestressed beams; the contribution
reinforcibnghatkeebetnegl ected

2)The | imiting bendibnagt mo meeidtaicadnsS&Lc bey m w
bonded tendons also shall be obtained (¢
iteratively the following nonlinear equ.
i )EqQui l i brium of forces and moment at a
i iQompatibility of strains at a section,
iidonstitutive Law of constituent mater.
Al s o, since Oomftridéiunf oncitrog st eel i's r
section shall Dber d@irrefadreae da ss eac tsii onrg.l vy
3)The |l imiting mibnmefnta capraded yprestressec
section desi gnedci mnoorbcee du nsdhearl | be esti

hereundé€&r g(.s88)

i )EqQuilibrium of forces and moment at a
Force Equilibrium:
QG oaw QO (17)
Moment Equilibri um:
0 Mo Q w (18)

i iQompatibility of strains at a section
- — - (19)
iidonstitutive |l aw of constituent mater.

‘ mM — - — mno- -

QG - (20)
™ p - — - - -

Q - O- (21)

T
QK Q Xeg =
XL fg,;rivg = jk T
M
- d—xq

Cross-section Normal strain Normal stress

FI G3 8TRAI N SMNRESE STRI BUTI ONS BONRDEPRES TRESSED
RECTANGUISERTI ON
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4)For the bonded PSC-reeatfioomr-etdgn I[dern wnfdoerrc i

steel on the tension si-diesplealffilkd,t aadl
-in the extreme fiber of congretwwbekess
-k mMingme— and (21)
L (22)
But, to bebi mi wi odo,fdeéenpeunt r al axi s shall
bal anced oépneutral axis given by:
® — Q (23)
andesti mayt etdhe i teration scheme given be
mm mm |/ MP a mm
Eq. (1 Eq. (| Eq. (
W
é
é
€ W
Then,|l itnhiet i ng momemft tctagp ame mlyer shal |l be ¢
— T = = (24)
wher e
m™muv— - — mn - -
: (25)
M vp - — - - -
:’uv — mn - B
s : (26)
'y - - -
l‘J) - —
e)Prestressed concrete beams with unbonded
1)Thé| mibteinndg ng mo meilnhtatc ap asaeficttgi oPMSC beam w

unbonmrealst resshag | sbeelobt ained by:
i J)consider ithign stmkeemsded prestressing ste

section considered, and- asxsownladredie dt
prestressing steel asseBkmowm9at atsh agti vsea
- - Tg,z—‘(]r
O 0
wher e
- =initial strain in prestressing stee
Q =eccentricity of unbonded tendon wit
at the end,
1 —expected maxi mum defl ection under t
| oad combinations specified in Tabl
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0 =centmomentdietance between supports of
me mb eam;d

CoO gl T T T T T T T T T T T T g

0.5L | 0.5L |

|
(b)
FI'G. 39 PARAMETERS RELATED TO PROFILE OF PRE

UNBONDED PRESTRESSED MEMBER: (A) BEFORE DE
(B) AFTER DEFORMATI ON

iiwsing the nonlinear system of governin
of forces at a section, and constituti
2)The | imiting moméenancapbontded prestress
section desi gnedadi mnfborbcee du nsdhearl | be esti
hereuse&r g . 40
i )Equil i brium of forces and moment at a
Force Equilibrium:
Qo waw QO (27)
Moment Equilibri um:
0 MO O w (28)
i iQompatibility of strains at a section
- _— - (29)
iidonstitutive |l aw of constituent mater.
Mmoo — - — mo- -

Q- (20)
™ p - — - - -

Q - O- (30)
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£ fe
i i i |
(P
Xeg = ﬁxL
XL ﬁ',r?i’g = O fck
M
D,l’ —

A_-.]i

e
O VAR éﬂ'}'
(’:5’1
Cross-section Normal strain Normal stress

FI' G. 40 STRAI N AND STRESS DI ISNBIOBNDEIDONS A
PRESTRESSED RE CTSAENGGIULGANR

3)For t he bonded PSC sreeitnfoor ctea ,ibnes t ruanid

prestressing steel on Qheet &noswon &l de,
-in the extreme fiber of congretBatl,egd
begi n-wihtah | be taken as, t hwmadti immAaw edy st
the iteration scheme given bel ow:

-k Q- 0 -k

mm / | MPa mm mm [/

Eq. (|Egq. (| Eq. (2

é
é
é -
4)Onc-ei s solved, the desi-gn:i s acceptable
i) f -, shall be estimated wsuwnigheq. (26)
fw. And,0 fsihrmdlll be estimated using eq. (
s - t he.secbsen geometry, grade of ¢
of prestressing steel shall be revised
f)Col umns and structural walls

RC columns and structur al wall s shall be

design ax(iahdésrge bendilngomesmdlati ng

interaction of the 9n@mb,erand sn ctp ejcu Sti efdo ri
design bendidng Whemerstt ructural walls are i
el ements, the said calculations shal/l be
section as a singéetieoni shallt heottcrlbescons
as web and boundary elsampentposand omr iamp@il p le

9. 3.D.s5 gn shear dorce capacity

A concrete member shall resi®oatthkedesi ghcah
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both concrete and transverse reinforcemen

a)Limiting stress

Under theslean oanto médheeg cr it ireianf csreced omo rod t
or prestresmemb:eoncrete

1)Contribution of concrete

Concrete shall be assumed to hfavet hreeac!t
design shear streamgdh of concrete
2)Contribution of transverse reinforcing
Transverse reinforcing steel shall be a
Sstres@xXQbtuut not mor e t hdaens i4gln5 tMPnaspiflteh es t |

reinforcing steel

The shear force resisted by the concrete
t hese said | isminuilntg aktoraesdssgecst i on s hal |l be
design sheapadiotfycé hat section. I n flang
width of the web shall be cdenssiigdre rsehde arn ft
capaoftg RC beam, columnhaeaad sé¢rrmnfcomuc ame m
be proviidredt benlfyor m of vertical stirrups.

b)RC beams and col umns

1)Shear reinforcement shall be provided a:
i )Whem t t,mini mum shear reinforcement s
speci f9i.&€d 4i.Mn ( b)

i iWhent t ty , shear reinforcement shall
specified hereunder, and

i iWh)e hy t,the member size shall be revis
area,

wher e

t =design shear stress demand at a RC s

i n which

0 =design bending moment at the critica
i =angle of inclination of the compressi
beams, andolUtmkemi ssmati c members.

I n the above expression, the negative
momepnDti ncreases numerically in the same
dep@hncreases, and the positive sign whe
2)The | imiting design shear force capacit

estimated as:
wher e
w =contribution of concrete

@ contribution of reinforcing steel

200



Draft rSa afnodra Comment s Onl y CED 02( &wrC096)
November 2025

=@es -
i n which
0 =totalsecbisesnal area of transverse s
=0 —,
Q —effective depth of the member,
i =spacing of the stirrups along the |
Q =characteristic strength of the bars
0 =number of | egs in transverse reinfo
t he member,
%0 =di ameter of the bar used as transve
8 =integr al val ue of the number,
t =—desisthrear strengéaé ope cl. hXB(edddtniedn
th =maxi mum desi gnofs hccoamcrsdtpeescisfi ed i n
9..6(d) .
c)RC structural wall s
The | imiting shear force capacity of a RC
wher e
W =contribution of concrete
=15 ™ o,
W =contribution of reinforcing steel
o o 8
=m0 —
i n which
0 =totalsecobisenal area of transverse stz
=0 —,
0 =l ength of the wall,
i =spacing of the horizontal stirrups a!
Q =characteristic strength of the bars
0 =number of |l egs in transverse reinfor.
wal |
%0 =di ameter of the bar used as transver.
8 =integral value of the number,
thR =desisghmar strength of conasespecnftbd
i A..26(d) .
d)Prestressed members
The Il imiting sheaffr &4d oR @ mampkeri tsyhal | be |
of shear force capacity obtained at t wo
capaoitoff uncrackand skesiigm sheaw bbrce c
cracked section, and shear reinforcement
prestressing steel shall not w;beoncloynsi e
contribution of the transverse steel unt
such members shall be considered.
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l)Uncracked Section Limiting Shear Force

The | imiting sheaof famcencrpaked yPSC mer
be:

A PO ™ Q mQdé Ao

wher e

@ =breadth of whthiec mesttbaelrl, be ot afk emelms b
in a flanged section

O =zoverall depth of the member,

"Q =maxi mum principal tensile (taken as
™ T1Q,

"Q =Z=compressive stress (taken as positiyv
prestress,

"Q =characteristic strength of prestress

0 =area of prestressing steel,

| —anglepredtressing steel tendon with t
axis of the member.

n the flanged members whose centroi dal

rincipal tensile 9% 71@sag sheal li nte risiemnitti

I

I
p
flange and the web.

2)Cracked Section Limiting Shear Force Ca]

The | imiting shweaof ftohrec eP G preecnmbteyr s hal |
as:
w W [ W R
wher e
W fp =contribution of compression concret
= p Mu—tTOoQ — D
™ Q ®0
W f =contribution of reinforcing steel
o o 8
= ™0 —
i n which
"Q zeffective prestress after alll | osses
mor e TR n

"Q =characteristic strength of the prest.
w =design shear force demand aTahlhe sec:

2,

0 =design bending moment demand at the
Tabl e 2,

0 =bending moment that produces zero st
dep@h
:T[ﬂj‘Q—1
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"Q =stress in concrete due to prestressi:
steel ,

d =effective depth of prestressing steel

y =distance of centroid of prestressing
section,

| =second moment of inertia of the conc:

the other quanti t8i.e3s. larb5e( baass defi ned i n

The vadbumecalfcul ated at a particular sect

constant oV erQrctnheea sduir etdanicne t he directi o
moment from that particular section.

Al so, when the prestressing tendaors is i
being estihmateadmponent of prestressing
 ongi tudi nal axis of the member alone s
.

Transverse shear reinforcement
Transverse sheasrharleli nbfeo rpcreoneinded i n a PSS
the foll owing:

i

YWhen o 1w, mi ni mum shear reinforcement
as spec9.fad.ed. 1 (nb)

i iWhemdow © Ty OQthe ar eaf closed 1l oop
reinforcement of two | egs shal/l be est
0
8 —_
wher e
Q =characteristic strength of the ba

shall not be more than 415 MPa,

Q —effective depth of member with re;
i =spacing of the stirrups along the
8 =integral value of the number, and
th =maxi mum desi gn osfhecaormsritagteeanqgitfthi ed i

9..26(d) .

i iWhyem; ©oQ ®, h¢ member size shall be rev
shear area.

Punching shear

Sl abs and footings shal/l be designed to

and unsymmetricatlepiugrmc hsimgar Ftame stshedem

critical section of a footing or a sl ab

T 1 t
wher e
tf =design shear streslsakkrtams¢terumd or ol
col umn by sy mnoeft rsilca bb esnedéifmpgot 4 h@ga ) |
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tf =design shear streslsakrtams¢éerumad ©or ol
column by unsymmetric bseBigg 41(B)
(assumed to vary Ilinearly about the

i n which

@ = desi gn sthreanrs ffeorrsdeadb ftraomcol umn or |
column by symnoeft rsilcabb eonrdifnogot i ng,

0 =design bendtngnmbmesmheado t o col umn or
to column by unsymmetric bending of
unbal anced gravity, wind, earthquake
horizontal forces applied on the str

@ = overall di mension of the <critical
perpendicular to the axis about whi c
:(I) 'Q

@ = overal/l di mension of the critical ¢
the axis about which moment acts,
:(I) ’Q

Q = effective depth of the slab or foot

VDS

Ds

{71=C1+ll'

<€ >
FI G. 41 A
Axis about which
the moment acts hu
a= C} + d
DU
* dy = C1 +d E

FI'G. 41 B

FI 64 IGEOMETRYTRAINSFERUNBALAN@EENDI MOMENT FROMBLAB TO
COL UMN
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3.D2.sd gn torsional’YyY moment capacity

a)Gener al

1)A
a
an
t e

er in torsion is said to have reac

i on reaches the correfspiondongr @tees

inforcing steel stirrcmaatactleat s$

e Qstrength

2 )AI e assunmpidvmal |l ibeeapphi cabl e wher
design torsional moment capacity al so.

3)In general, where the torsional stiffne
been considered in the analysis of the
torsion shall be necessary. Adequate c

sumed t o havwei déeéenbyprt he required

inforcement. But, where the torsional

S

r

e

e
e

m
C
r

S i

t

w —Saow 3
> —o —~T

S

e

a been considered in the analysi s, t

sion.

provisions of design for torsion sh,

solid rectangul ar beams,

ihhol |l ow rectangul ar be&adars, with wall thi

isio)l bbe@ ams -mema@md, whose webs comply with

O & and
i vPSC concrete beams having an average I

T®Q .

5) I n concrete structures, where torsional
equilibrium, members shal/l be designed
provisions given hereunder. But, for suc
wher e torsional moimeantt e dc alny breel elaisi ng
restraints, without compromising the sa
the structure, no specific design for tc
torsional stiffness is negl ected tihre str
i nter narlessulrteasnst s .

a
r
h
t o
4)Th
i)
i

i

b)Li miting stress

A concrete member shall resist TtYhe déasign
critical section by <concrete, transverse
steel . Undes hehe &atottclee ofi tireahfeecedo

concrete or premémkeiesed concrete

1)Contribution of concrete
Concrete shall be assumed to hfave hreeac!t
design shear streagdh of concrete

2)Contribution of transverse reinforcing

Transverse reinforcing steel shall be a
stresp¥Xoftdleesi gn t enifl @ estnfengtimg st eel

The shear force resisted by the concrete
the said | i nsiitmunlgt asateroaassd®esct i on shall be
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design sheapadiotfcehat Skeati ori nforcement

pr
cr

c)Cr

Sections

ovideaan aoMmley form of vededguaatle sctanmnrtrruopls .o f
acking shal/l be provided by the shear r

i tical secti on

ated IQéssmthhe fadesbanecde s

| oc
designed for the same torsionaly nwhifkerne as
fec

is the ef

tive depth of the member.

d)RC beams

1)

Design for bending moment

The total desigb lendingg amoméemet critical

0 0 0

wher e

0 =design bending moment at the criti
obtained from structur al anal ysi s,

0 —equi val ent design bending moment at
me mber due to toYsesbomaahedomewim str

“Y=design torsional moment at the critic
from structural analysi s,

O =l arger dimensiserntofont od d¢hessoncrete

@ =smaller dimens$eantioédnthfe thessoncrete

Further,

A OLOF 0 0KS YSYoSNI akKlff o06S RSlaGay=sR ¥
Ay GKS RANBIOgRY 27

A ALGF 0 2 GKS YSYOSNI akKlkfft o6S RSFaGay=sR ¥
Ay (KS RANYR®RsFRN2FO Y2YBY U0 2F OQay3 AY
0KS RANBOaz2y DHLBIRZAAGS (G2 GKFG 27

2Pesign for shear force

i )The tot al deswgactsheagratf otbe critical
obtained as:

wher e

w =design shear force at the critical
from structur al anal ysi s, and

W =equival ent design shear force at

me mber due t o t oY cshtoaiah e dnofmeam str
anal ysis
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= pH—,
i n which
“Y=design torsional mo me nt at the <cri
_ obtained from structur al anal ysi s,
w =smaller dimensseatiobdntbfe Tthessoncr e
i imMheot al shear fstateddhedemandcal section
as:

T -

i iShear reinforcement shal/l be provided
aaWhent f t, imi mum shear reinfor ceme

provided®.&s 4pdn( b)
bb)Wheh ¥ th , the afea@xross section of

| egged cl osed hoops enclosing the co!
given by:

o Q Yoo
TEp 320 i Iy Cd
Tt eQ
wher e
Q =characteristic strength of the Db
Q —effective depth of member with r
steel ,
i =spacing of transverse reinforcen
t he member,
&) —cent@entre distance between corr
bars in the direction of the wid
Q —cent@entre distance between corr
bars in the direction of the dep
8 =integral value of the number,
c ¢ )Wh e hj T, tmeenber size shall be revi
its shear area.
wher e
t =desisghrrar strengtamdof concrete,
th =maxi mum desi gn osfh ecaorn csrterteen gt h

e)PSC beams

1)Design

for bending moment
The total

desi g0 lemndingg amomdédmt critical

0 0 0
wher e
0 = design bending moment at the critioc
0 = equivalent design bending moment 3
member due to TOoY¥Y si onal Mo ment
:Yp -,
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i n which
“Y=design torsional moment at the critioc
O=1larger di mensiserctofont obé ¢hessoncrete
w =smaller dimensseatiobntbfe Thessoncrete
Further,
i )b 0, then design the membemcfongthe
in the direatnidon of
i il)b 0, then design the membemcfongthe
in the diraencd ifoonr oaf moment of
a)o 0 0 acting in the direodotion op
b)0 o p — —:acting on t hsee csta nmen carboosus
an axis perpendituylar to the axis of
wher e
w=smaller dimension of a closed hoop
reinforcement, and
Q= —.
2)Design for shear force
The torsio'ﬁ{adarrrroi!geemtby concrete shall be
Y
Q Q
wher e
Y torsional moment carried by concrete
00 © Q
m —
6O p 5 _
Q=— and
Q = —
i n which
= p —
@ = smaller dimension of theeacteicdam,ngul art
O = | arger di mension of theecéecbangul ar
'Y = design torsional moment demand obt ai
Ww = design shear force demand obtained f
w = Iimiting shear forc®e Xamakity obtair
0O = number of rectamgteisomhias ¢c¢bmpciosd

The shearcéaoriced b‘d/

W wﬁ
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5
|l osing the col
t

When -tevpged cl osed hoops enc
the 2 |l egs of

the arefa cross section of
given by:

Q 0
0o = ' , . Ny
T ¥Q2 0 | awwfﬂ—&—r]w w q
t T OO0
The above area shal/l not be | ess than t hi

require@d. asdpeér
9. 3.Design combinedbanmdiahg fincaemtci ty

a) The sufficiency of re ofba RC n

sistance
i ngd monrme mtbsout both the

and bend -axetsi ot
shall be examined conside®i B@ahtdh &€ oanpd y mm g
with the governing equations of structur
b) Based on t Wedesftiab@ d2i.it3yv é midiexa | me mb er s
| ater al | oads (li ke columns and structur a

or unbraced as given bel ow:

1)A vertical me mber shall be considered
structure as a whole is provided by wall
to resist all | ateral forces in that pl e
l evel satlilsdwiersg tihreedwal it y:

V] T8t T and

2)A vertical member shall be considered
structure as a whole is not provided b
designed to resist al | l at er al forces i
satisfies the yf oatl ocawniyn gs tionreegyu a leivte |

0 T8t
c)Columns and structural wallé hahtt be des
0 from any of the following:

1)Det ailed geometric nonlinear analysis,
2)Linearized geometric nonml Yaeakryaina) ysi s

=

hen results from any of the above are ur
shall be used along with the additional b
total bendiong,0mo,mMme na rsd acting abkaonuwt Yt he |
axes of -ddcstactondahe top and bottemalolf Isé er
approxi mated by addi g addi tticontahe mmenedit r
mo me nt demands obtained by Il inear struct
combi nati on sTadd &osifrieendytihn cri teri a

d)o and shall be estimated as:
0 =Additional bending moment demand owi
structur e actaxnigs adbfo-stehcet hcernoXsosf t he co
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=dde— — INd Qp

0 =Additional bending moment demand owi
Structur e acYaxnogé atbhoes eccrtonsesn of t he co
= a0we— — N0 Qf

i n which

0 = factored design oanx itahle |noeamub edre, ma n d

0 —average of Itehregtedd excft iavlel vertical memb
bendi ng aYsaoxuids tthleeisrectr oss, when the s
unbracedef hadeihge h of the vertical me
aboutXatxhoef i tsecto®®m, when the structur

0 —average of Itehregteld excft iavlel vertical memb
bendi ng abaoxuits tohfe tMeeitri oosgosswhen the s
unbracedef hadeihngeé h of the vertical me
aboutX-atxhoef i tsecto®®m, when the structur

O =depth ofostedlceda i on of t he memberaxpiesr pcecefndi
bendi ng,

w =depth ofoseacea i on of the memberaxpesr poefnd i
bendi ng,

I = o} and

Qr an®@; are minimum design eccent-andities
Y-axes, as 9Ypa8&gi2f.i2ed i n

wherein

0 =desiagn al | oad corresponding to the bal
across tshec tcirmms s

I QOO B Qp MQpdf B Q05 AATOITO
| Moa B Qp Q6 5 B Qb ; A£ICHOA ODAI O
Qr,  Qran®yrin these expressions correspond

with®thbherbal anced section, which are des
e)Gener al requirements for col umns

I n the design of the slender columns, the
shall be considered:

l1)Unbraced col umns

¢

0 0 0
IS
0 0 i)
.~ 0
0 0 0
.
0 0 )
wher e )
0 M"and "=factored bending amo mehnet tdoepmaa

bottom of the verticalXamnciodhert@actriag:
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ecti
0

andad

ecti

0

2)Br aced
For

~unwoc St w

be desi
of t he
bel ow:

The tot

section

rrrrr

5
Thexi al
0 on t
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by Iinear structur al
applied on it; and
bendi ng amo ntehnet tdoepmaan
of the verticalVYaxeiofbertsactriog:
obtained by Il inear structur al
| oads applied on it.
columns (with no concentrated | o0a
purposes of design of braced col
moments at the top and bottom of
gned for the same moment consi de
member. The imgemierf oghdlhle Tetdads m

obtained
| oads

=factored

on

h

on

mo me n t demands about t

esti mated as:

al be
s hal

ndi ng
I be
a QOwngod
A & g o

N mao
N mao

TERp)
h

h
h

h

ani)
no
hvr]D
hni‘)
| o @da rdde riamedh | bendi
he col umns obtained

dem
S h:

mo menrdt
above

ng
as

hereunder.

f)Col umns

Col umns

demand p

providedd bly ta

tw

These
i 2.7

1 8. 3.

nat
n S
on

—0naQ un n >

oM~~~ —

ter
rai
e el
venha
ction
| 1 owi n

1)Equi l i brium of

0 "Q

b Ine|

under uni axi al bendi

ng

shal l be
t he str el
di agr ams,
shall be

Xxi al bendin
) l'ie insid
nteraction
n diagr ams

under

uni a g
ob Nt wd 0 ( e
a

ac

q
m 0 i
O Iinter tio d

@nd apnptreorxaicmaitoean dbagrdarmwn

dab8ecdlt Jodl Fprgi a URC (s ec
ly on top and bottomOfammdlear et he
4and shall be tB&lelne FadsA pae rRC
with generalized dise®inighuttd? n

g procedure may empl oyed:

el vy,

f C
tates ti

€

of
be

Axi al Force and Bendi

ng |

Qr QR0 R QRO Tp
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S |

November
W we x. O o
) QG w — Tw Qr Qp0 5 — Q
C C
thﬁ— Q TGC
2)Compatibility of Strains at the cross
w Q
- h —_— - T0
W
) w Q
- R & - TT
) Q W .
" ®
3)Constitutive Law of constituent materi al
Q
R T - -
- 0_
T
‘M Q p - — - - -
Vi o -
o
| —nh P_A no- s -
- o - T X
™ Q - -5 -
- O- i mo-f -
o . T
ol - - h - v
o O- m -5 -
o . T W
"o - - R -
O To- -
- O'_
| - O Tt
P -
u’T[&i"Up o - ) S
o p P -
e 2 ppc- no- -
Uy P
T "o v p
i p- P
Ic o - pPC- o
Ly p -
v} P o=

Il n t he Qabiosvet,he average compr e®Qsit he

stre

compressive esbnesste at (@fher diervfedr mifnd ac

compr esxitbe, compr esisni vreeisntfroerscsi ngQst eel

anfdot he distance of resultant compressiyv
fiber.e Ahsoare the number s of l ongi t uc

compression and tension si deseotfi drm.e
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Strain of

[Cl aws e3. 2. 7(f)]

S| |Poi State of Strain at Strain at
No. Fi ber
(1) (2) (3) (4) (5)
i) A Uni form col- -
i i ] B Compressiveg- at top c|- at bottom
gradient fiber fiber
iiij C |Strain grac¢- at top c({0Oat bottom
fiber fiber
iv) D |Strain gragq- at top c({0Oat bottom
fiber
V) E Bal anced st- at top c{-j at botto
gradient fiber | evel
vi ) F Strain gra¢Oat top st|-5 at botto
| evel
vii G |Tensile strOat top co|-jp at botto
fiber | evel
vii| H Uni form tern- - R
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Tabl €x$p43 essibinmi fiomg Axi al 0lamdld mCap agi ty
Bending Momendt iICamapacR€ySection with Top
Steel Only Corresponding tditMaidgSal i en

|l nteracti ofnorDi BBgmdaimn-gx ABout X
[Cl aws e3. 2. 7(fF)]

Poi|Expressiboamsi f or
A U mMNO0 Q m I o Q M@ Q 0o
B 8 T][;(‘Q('SO Q ™ 0o Q M Q0o

0 Q ™ Q 0 %) e ™ Q M Q0 —
C |v | Q60 Q "™ 0o Q "Q o

0 | Q60— f @) Q Q 0 (E) e ee

Q "Q 0o (@:2)

D |0 | Q60 e Q "M 0o ,

4] | Q00 e — | O QQo?'Qaeae
E [0 | Q6w @ Q6 Qb

0 | "Q(’j(b%) I ® Q Q 0 — eQo —
F |0 Q 0 @200

0 Q, o@e;;e ead w Qo0 ?'Q
G |0 Qo6 Q6

0 MO0 — ®xeQ0 — 0Q
H [0 Qo6 Q0

0 T
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\\ m] v &;‘l
Td A
2

A Geometric centroidal axis
MAxMeutral axis

FI ¢4 NORMASTRAI N QMNRESE STRI BUTI GRNGSEICN IAON CORRESPONDI NG
TOEI GHSALI EROI NTS ONESTENMINTERACTDIOANGRAM
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Tabl &u44 Stress Bllochndr dper thiiefsf er ent Gr ad
Concrete
[Cl au8el3. 2. 7.6 and 9.3.2.7.8. 3]
S N Grade o Ful I Stress
Concret Properti e;g
| f
(1) (2) (3) (4)
i) M 20 0. 364 0.41
i) M 25 0.361 0. 41
[ M 30 0. 358 0.41
i v) M 35 0. 355 0.40
V) M 40 0. 352 0.40
Vi) M 45 0.349 0.40
Vi M 50 0. 346 0.40
Vil M 55 0. 342 0. 39
i X)) M 60 0. 338 0. 39
X ) M 65 0. 334 0. 39
X i) M 70 0.330 0. 39
:I:m jWLI
XL
Fs GA : Geometric centroidal axis
IM & NA : Neutral axis
Normal strain Normal stress
distribution distribution
FI ¢4 3GENERRECTANGURASECTI ON REITMFORCITNEE L ANFOUR
FACESs
g)Col umns under bi axi al bendi ng
Columns wunder biaxi al bending shall be de
i nequality:
0 0
7 P8t
P
P 0 WET
V] ]
wher e
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0 =design bending @amomenyg dXeaoxaonsd tthhee cr os s
section of t he reinforced concrete |
geometric nonlinear structur al anal ys
design | oads applied on it;

0 =design bending momengy dYeotaorsd tthhee cr os s
section of t he reinforced concrete |
geomenomici near stro€¢t urhael sdamalcy suire s u
design | oads applied on it;

0 =l imiting bendi ng momeanxti sc aopfa-stiehtey icarboosust
of the RC member corresponding wunder
moment (with no axi al |l oad 9018, i2t ¥, e st

0 =l imiting bending momeanxti sc aopfa-stehtey icarboosus
of the RC member corresponding under
moment (with no axi al |l oad 908, 2t 4, e st

0OWw&E—, and
¢® 0 TRO

o= s @b O @b
¢at @0 0

i n which

0 =limiting axi al | oad capacity of the R
axi al |l oad (with no bending moment 0 |
9.3.2.3

h)Structural Wall s

1) The desigmnaxidalsilgmadenndiangd momMENt s
tural walls shall be estimated as i
Pn7particul ar:
hRoefp loaute direction, structural wall
ns and the same provisions appl i
hal |l be compl i ed wi t h, includin
ts; and
i il)n ¢ane@ direction, additional mo me r
estimating the t eptlalnemaodmerretctiimnt.he i n
2)RCstrucwadrlasl under uni axi al bending shal
design demani )poadnd;0 () | i e i0dnsi dend he
0 0 interaction diagrams, respectively.
be drawn as per 9%.h3e 2pr7inci ples | al
rnately, Danl appeortcmadan db e gdraanwn us
rain distributionTapeéeci Ai5ecdnat Fdrgcr
wall section with uniformly distri6b
are giTwaedrd gi Mmé&nid shall be tTakdre as

w
~
- 0

s 00 —~F o
o~ o —

N
j —
AThACIO OID>W C

w1 o g

a RC section with general issekd gdi st r |
e foll owing equations may be used:

— = -
0

i )EqQui librium of Axi al Force and Bending
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0 | " Qr QE 0§
QRO Tp
N IR . . N
) |Qowz T w Qr QR0 W
"Qr0 | W T ¢
iiQompatibility of Strains at the cross
(@)
- R (b—,- TO0
W
R g TT
W
-k - - TU
()
iidonstitutive Law of constituent mater:.
" " h © h
me Q —_ —_ m - § -
C — N h T o
m Q - -5 -
- O- i T - f -
. . T
T - - - v
- O- y T - f -
o . T
o - - R -
T8 L — P - no- -
- O'_
7] UT[
[3) p-
-,-[8 - - - -
. up 5
A S
e 2 ppc- no- -
U’ P
P o= oo
p p-_ P
I o - pPC - ) o
Ly p -
o S
I n the| &besvd,he average compr eQQspitvhee stre
compressive csbnesete at (@Wfher diervfedr oifnd as
compr esxitbe, compr esisni vreeisntfroerscsi ngQst eel

anfdot he distance of

fiber.
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Table 45 Five Critical States of Strain of
Longitudinal St eel Distributed Uniformly
Li mi i migl nteracti ofnorDi BRggmrchimm-gxAbout X

[Cl aws e.2.7(h) ]

S| |[Poi |State of StStrain ate|Strain at i
N o Firbe

(1) (2) (3) (4) (5)

i) A Uni form col- -

i i1 B Strain gr acd( at top c{0at bottom

frhb frhb
V) C Bal anced st- at top c{-j at botto
gradient frhb | evel
vii D |Tensile strOat top col-; at botto
frhbe | evel
vii| E Uni form tern- - R
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Table 46 ExpLéssitomyg fAai al Olaonatdi ndatpiancg t y
Bending Momend iCmpacR€EyRectangul ar Wall
Longitudinal St eel Distributed Uniformly
Points Loamiiti g nt eracti ofnorDiBRgmdailng About
AXi s
[Cl awse3. 2. 7(h)]

Poi|Expressiboamsi f or
A
0 T QO D Qp ™ IR O
0 T
B |0 | QO 0 M Q0
0 | Qo0 < f W Qp M Q 0 [0
C ~
0 | Qo0 0 Q, ™M Q 0 j QRO §
v N
U QoL ? f w Qp ™M Q 0 W
Qr0 FW
D ~
0 "QrO j
0 Q0 F®
E 5 Al
0 T X0 ;
0 Tt
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9. 3.D2.sd gn combi neds heaan lofchaopcaeca t y

e rel at idcdes ibeeri avlelehodesisdire ar ofcoarpcaecs h a lels
estimated using theéesheal obvi mlgamex®iragl ( str es

)

I
o0 =

T ™Q ¢ pﬂb% V8 > P® s Blug

036045 0.6 1.00 o
) fa

FI G4 @1 MI T(AXG ASHEARSTRESENVEL OPE POT NN CONCRETE
9. 3.D2.s9 gn combi naeadd bemeala rn gf dOreosepratc i t y

The factored shd)asrhaflglrcseatdiesrriayndt heeBiog) owdi7ng con

, . U , 'z
w w — W W
U

wher e
W =design shear afsorscpee cl a @ ae@i & yn
W =contribution of concretewt,o design shear for
0 =design bending @aa® mempe cc tdp e2dai4tdy
0 =design bending moment demand at the critical
Vv
Vo
Vrup
Vﬁ‘

Mp Moy

FI ¢4 LI MI T{NBEARORCEBENDI MOMEN)ISTRENGENVEL OPE CROSAS
SECTI ON RPEMRMBER

222



Draft rSa afnodra Comment s Onl y CED 02( &wrC096)
November 2025

9.3.Pes0gn combi neadi sahxeiaarl dfdoveeeedi ng ©oment
capacity

Member s of seNIect concrete structures that d
to have cambiivte@nt capacity.

9. 3De3si gn and Detailing of RC Members

and detailin of reisfyesteend csbat

The design g
rmed as provided hereunder.

be perfo

a)Structur al Design

1)The grades of materials (namely concret:
for wsencirrete structuresls.Rall be as spe
2)In the calculations related to design
characteri st i'®shyailell dn ostt rbeen gtitahk en t o be m

irrespective of the grade of transverse
The admcembbhati ons of the grades of <cor
in reinforced concrete member s Tsahod lel co
47The said combinations shall be appl i«
transverse reinforcement.

3)

b)Reinforcement Detailing

1)The detailing requirements provided in
structur al compgeaéenrims. and sub

2)Members of concrete structures shall/l be
| ocations and faces where concrete mem
tension, bending tension, axi al compr es
This reinforcementl|l em@gl | ob@gi tauwdiamagle da mc
directions of the member.

3)Bars may be arranged singly, or in pair
four bars bundled in contact. Bundled b
or ties. Bundl ed bars shall be tied t ocg
toget her . Ba323 mmrdieameatham shall not be
col umns.

4)The recommendations forreetaitanngcdodowstr
givenlBag@s8uld be taken into considerat

Tabl e€€Codmbi nati ons of GradResi nfforCoincg e$tee aln
Admi ssi ble in RC Structures
[Cl aws.e3. 3( a) ]

Grade of Reinfo
Grade of ( Fe250Fed41Fe5(0Feb5H
M2 0 Yes Yes| Yes| Yes
M2 5
M3 0
M3 5
M4 0
M4 5
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M5 0 Not
M5 5 Admi s s
M6 0

M6 5 Not
M7 0 admi ssi bl e

9. 3.53 .abs
The gener al requirements for geo®elry.shal.l

a)Solid SI abs

1)Design

Sl abs shall ©béaedascifamedcbéeéndi nlg ama mea mtg
from the | oad combination specified in
shall be esti ma®e@ .aghsd4d 3pa&Ac. i9f ¢ &gt i amt t he
sections 9®9pe&ci5fied in

2)Detailing

The gener al requirements for reinforcem
i ®8. Pn addition, the requirements given |
(seEig. 48).

i )Onavay sl abs

aaBottom reinforcement

1) Main tension reinforcement shal/l
the slab along short span directio
l ong span, such that at | east 50 pe
width of the support @ @onfd croenntaiinnui onug
suppormoeaahddi scontinuous support.

2)Secondary tension reinforcement she
part of the slab along | ong span di
the short span on top of the main t
at | east 50 percent of ihe exupmarst ,0

and remai ni m@guootfo cwintthiinnuou® asfupport
di scontinuous support.

bbJop reinforcement

l1)Main tensi on srhailnf drec emeorvti ded i n t |
the slab along short span directio
l ong span, such thofr omekhenfaceato
continuous aspudp@firsconti nuous suppor
2)Secondary tensicghateéei beopcomented i
part of the slab along | ong span di
t he sholbregl sswatnhe mai n t e,nss wmh rteh antf
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extends Mtaflreoanstt he ft@aoé¢éi atiou,besupp
angdpaofdi sconti nuous support

FI ¢4 &REI NFORCEMENT DE TONBWAWYSOIOFSL A B
i iHMwavay sl abs restrained against torsior

The following detailing requirements s
eff ecctag thfaundleenp e rlad audien g :

aa) Tension reinforsemani nptoei dned da e
extend in the | ower p23raf od ddiret isnluac
edgepi9ocorf a discontinuous edge.

bb) Over t he continuous edges of a

einforcement shall extend (in the wu

foad from the support, and at | east

i st amsBle of

At a discontinuous edg

on the degree of fi
reinforcement shal provi
pr eypiae d extiGdmid m gt h e pan.
nforcement in edge strip, paral

mi ni @u @ .aghiddetnhei mequirements fo

ccC

e, negativ
Xxity at t he
I e

S

b

QO Q
—~ 5

:
(0]
d
)
d
t
(0]
dd)
t
b
1

n reinforcement shal/l be prov
S simply supported on both ed
|l consist of top and bottom rei
pl aced parall el to thdroimdes
edges a mini mdmfdihstodncteh eofs hon
area of reinforcement i n each

rreecear t ers of the area regpiamed f
moment in the sl ab.

2)Torsion reinforcement equal to hal i
shall be provided at a corner cont a
which the slab is continuous.
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ee) Torsion reinforcements need not be
by edges over both of which the sl ab

ff) Extend 50 percent of the reinforce
effective depth or 12 bar diameters b
flexure.

gg) Extend the full area of the reinfoc
half the distance obtained in (cc) a

hh) At |l east 50 percent of tespaon re
shall extend to the supports, and th
™aompaof the support, as appropriate

i iTiwaevay sl abs not restrained against tor

ad Size and Position of Rib

l i tu ribs shal6l5 bemaet Tlreaey <halnl b
actend rreot gr éabagmartthaanand t heir dept h,
topping, shall be not more than four
be formed along each edge parall el t
When the edge is built into a wall 0
as wi the @dxeatring shall be formed al on

bbArrangement of Reinforcement

The maxi mum distance %. ap.pihy bao sage:

e
of solid concrete in these slabs al sc
cover to reinforcement shall be as d
1)At | east 50 percent of the total ma
through at the bottom on to the be
9.2.;2.10
2)l n | abs wi t h per manent bl ocks,
reinforcement shall not be Il ess th
cover shal/l be9 . p2.olv.idded as per
i VRestrained Sl ab with Unequal Condition
aa) Il n some cases, the supp@oitflomé ment
adjacent panels may differ signi fic
shall be adopted to adjust them.
1)Cal cul ate the sum -9apamomedt SuppoOo!
(neglecting signs).
2)Treat the values from Table 26 as
3)Di stribute t he fixed end mo ment s
according to the relative stiffnes
4)Adj ussspmndmoment such that, when a
moments from (3) above, the tot al
that from (1) above.
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bb) I f the resulting support mo ment s
value from Table 26, the tension st
extended further. The procedure shou
l1)Take t he span mo me nt as parabolic
maxi mum value is as found from (aa)
2)Det er mi ne t he points of contrafle
moments from (iii) above with the s
3)Extend half the support tension st
effective depth or 12 bar diameter s
contrafl exure.
4)Extend the full area of the suppor:
half the distance from (3).
b)FIl at Sl abs
FIl at sl abs shall be built only in structu
as @Ber2. 3Trhe design and detailing of flat
specified hereunder.
l1)Geometry

i ) The mini mum thickness of flat sl abs sh

i iWhen drop panels are used, the mini mun
be the | arger of 1.5 times the thickne
panel shall extend i meakhickee doft estuppar f
di stance not-sl gsh thanspap | ecnegntthr eme as
t@eenbfesupports along that direction.

2)Design for Bending Moment

The middle strips, column strips and ef

be designed for the bendi8ng .MBomMents obt

3)Design for Shear Force

i )Fl at sl abs shall be desiwgiyednfdornt wef fwa
shear.

i iWhen openings in flat sl abs a0etimesate
the thickness of the slab from a conc
openings are | ocated within the col u
speci9f i2Qesth.a2 | be modi fied so that the
critical section, which is encl osed by
to the centroid of the reactiosearea,
Fig),4and openings shal/l not encroach
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- - -=-- | | r=====d b -

l I |Column
F72) 1

v
" 7 e d/2?
Critical Section 4/ 77 Critical Section ‘Tf

Opening
Openin
Critical Section - =
: : 4
] ] 1 ]
I ] I ]
I 1 I 1
] 1 1 ]
| C oll — | Column |
] ] 1 ]
L . PR | L, 1
Critical Section

FI 4 TIRUNCATE®I T1 SECTI OMNBPL ANFORSHEARORCE HLMBLABS
OWI NG TO PRESEREHRI| G&3I Ol NCNGUMNS

i iOnaay shear

At any support, under a concentrated |
thickneway ®hear at the critical sect
across design strip s%ha.l5lsfa(ttahsef ya brseeqqc
of more detailway asnlaéyrsi shalolinebe di str
the column strip and middle strips in
moments in each strip.
i viwavay shear
Sl ab shall be -waey i ghear fatr dwwmport, co

and reaction areas at Cx.i2.isc.pR(sas)gmcti o
shear strefsshalimame computed from foll

+ W p | 0O O p | 0O O
w0Q 0 0

wher e
W = Absolute value of design shear f
0 = Absol ut e val ue of unbal anced (o

centr ocaxdiad oXf critical section,
0 = Absol ut e val ues of unbal anced C

cent r eaxdasl oYf critical section,
) = Peri meter of critical section,
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Q = Average of effective depths of
directions,

p | = Fraction of unbal anced col umn n
shear about-axemstmodi @aal tXcal sect

p | = Fraction of unbal anced col umn n
shear about-agzestobdbidaityYcal sect

| = Fraction of unbal anced col umn n
fl exure about -aensrofdalki axeal Xs

| = Fraction of unbal anced col umn n
fl exure about -aensrof dati akxeal Ys

0 = Distance of poi nt of {anxt esr eosft
critical section,

0 = Distance of point of-akhnhtseobstrifrt
section,

0 = Property of critical section ans:
i nertia aboewtxicemtfr ccirdali cxa l s ec

0 = Property of critical section ans:
i nertia abowtxi csemtfr cwirdali cval sect

Thereafter, shear reinforcement shal./l

aaWwhenm 1t %
No shear reinforcement need be provi

b bWh e h T p®t

Shear reinforcement shall be provid
specified fee@®@undcddarr.esses shall be
successive sections mor e di stant fr
reinforcement shal/l be prdewiidgead sthhe atr
stress Hdmasdnotm@excéwd | e designing
reinforcement, concrete shal./l be ass
™t and reinforcementieshgn bahaarcesmb
demahd thdt s , and
c cWh e p&t T
The fl at sl-cadbsishmdd tbhe irrecrease its s
reduce the sheattr; stress demand
wher e
t =Design punching shear strength of
9. 2. 6. la(nd)
t =Design shear strengt h9.oX. &.oln(cd)et e
4)S|l ab Reinforcement
l1)Longi tudi nal Reinforcement
i )Thepacing of | ongitudinal b&tsmes a f
the slab thickness, except wher e a

construction.
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i iHhe reinforcement wi &hsihnalelf fbeec tci wret asil
a mini mum dOsithegendfcriticalvaypyectio
shear spécifbe@(an

i iWh)e n— i== "Q on critical svayt i someafror
surrounding col umn, concentrated I
reinforcement withiawo ,efwhicah vies sd eashi ga
mo menit ,shall not dre ,less than

. ¢ W
0 f —_—
d a Q0
wheoew andare as d&.f7.n3%.d2 in
i vWh e n drop panel s ar e used, t he t hi

determination of area of reinforceme

of drop, and thicRres sdicft anlceb belt wse e
of drop and column & capital
v)The I ength of Il ongitudinal reinforce

against | ateral sway shall:

aa) have at | east the |l engths speci f

bb) be provided with | engths | arger,

cc) extend i n negative reinforcemen
common column based on the | onger
spans are unegqual, and

dd) be made of Dbent basrpsanonrlayt i vwoh epreer
use of bedodsl e$s 45

vihhe bottom integrity reinforcement s

whi ch passes t hrough t he col umn i

reinforcement shall

aa) have at | east 2 bars passing con
col umn,

bb) have no splicing over a | ength
tension as estimated above, from th

cc) have sufficient devel opment beyo
tension (estimated using the ulti ma

reinforcement used),
dd) be si zed based on the wvertical
corresponding to the combination of
ee) sum of ar ea oif n tcergetiii rinfuoorucse nbeont tt opnma
through column or column capital C
given by:

C2
¢

&) JO JOo

wher e

0 j =Ar ea odfr ensotnr essed bott om rei
passing through column or i n t
capital in the plan direction
area of reinforcement shall k
continuous and not anchored 0
col umn;
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0O p =Area of prestjpeasssse dh gt eérhdroonusgh ¢
or column capital core in each
of t he area of prestressed roe
considered, i f not continuous
opposite face of col umn;

Q =Characteristic stpepgthessefd
reif orcement ;

Q =Stress i n prestressed reinfor
| oads; and

O0r =Desiagn alon ocaod umn from the fl o

a i Minimum
= " percentage A, Without drop panels With drop panels
wy :
§ atsection
! 0.30 £, 0.30 £, ! 033 ¢, 0.33 £, !
| | : | — | ' '
| | | \ / | 1
50 | 0.20 ¢, 0.20 7,[ | 0.20 £, 0.20 7, |
|_|_ — e | I >5d == _|_|
o [r— n —_—
© ! > 5d ! N / !
Remainder I | z x,+ 30d, !
[ i } |
o Note: Refer to Clouse for minimum extensions beyond the critical section |
= for two-way shear. i |
5 ; i ;
= | 75 mm min. —= |=— 150 mm —s [
3 >0 —|! [~ 150mm ' ;
i 75 mm min, —=|  — i
i i i
E i i | 24 d, or i
£ ) | Max.0.125 *lm 300 mm min. all bars |
8 Remainder —| l+— 150 mm |.._..|_._..| 150 mim —= |
! i !
! | "—"'lk“-EdgL‘Dfdl'Dp ~_-‘ [— !
! ! ] X4 !
| I !
Note: Integrity reinforcement not shown (see Clouse ). |
! I !
I ' ; I
i 0.22 £, 0.22 £, : ‘ 0.22 £, 0.22 £, i
& . -— = |e— -—| |J+—— .
] 100 I
" Hi BN ]
-3 i : i
% | i |
& 50 i : i
- *|! <150 mm o ks 150mm—| e
b=} i | | |
o
E Remainder ! L} | ‘\ !
E Max. 015 £, [T Max 015 £, :
1 l 1
; : ;
| | |
) —= i -— €y —*= | - [1 — i -
i Clear span — £, i Clear span — ¢, i
! i !
! «— Face of support — | - Face of support ——— |
! Centre to centre span — £ | Centreto centre span — £y !
I | 1
G Exterior support 0 Exterior support q
(No slab continuity) Interior support (Mo slab continuity)

(Continuity provided)

Fl 65 M1 NI MUBMNGTH REF NFORCEMERTA BLMB S
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5)The integrity reinforcement as specifi e
requirements:

i)fln RC flatlebhabs2 hars of 10 mm di amet
each diAlexdi on.

N o IS 1!

iil)n PT fl at sl abs,

a aAt | east 2 tendons of 12. 7 mm di amet
direction Conpredbtuteosnedofr enionnf or cen
considered.

bbQut side the column or column capital
shall pass under tendon in other (or
span. | f t his requi rement i s not f
reinforcement shal lprbestpr @wnd ac dreameint ¢
as specified in (a) above.

ccNoprestressed reinf

Y

e orcement shall be
or column with devel opment l engt h <ceé
strength of @2Qeinforcement
ddP§restressed tendons shall e anchor

b
pport or ¢
rec

beyond exterior face of su
e el)f requtiprreecs,t reesed reinfo ement s h
mechanical, welded or | a@wafpbdbimmceaat
of column in flat sl ab@®awirtohmo dtacdker oogd
col uimbnl at sl ab with drops. When | ap s
l ength shall be at |l east 1.3 times de
characteristic stré&ng®lAht ef nateiiwndloy,ce
bottom bars can be provided as inte
through column or column <capital, a
adjoining span for at | east 2 ti mes
using characternsorcémenength of rei
6)The spacing of |l ongitudinal bars in a f|
i )Positive or negadhalel rreotnf loecef@aced n
times the slab thickness, or 450 mm, Vv
slab is of cellular or ribbed constr uct

ii Reinforcement withitnsehfécnovebsl apawi
thantilmés the slab thickness, or 250

iiPdsitive reinforspaecad kb56 | ,mmaxc ebpet
t hat when fully welded transverse me:
support, this ength can be reduced t ¢
mm, whi chever S greater.

i viNegative reinforcement shall be space
devel oped at the intern8l 7facB(cy.in

v)When the fl at l ab is not supported by
it cantilevers beyond the support, t
within the flat sl ab.

I

i
0
h

s
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7)Shear Reinforcement

i )Single I|-8g, ma-Unhppkel osed stirrups (se
used as shear reinforcement, provi de
requirements:

a)Q puvdad,and
b)Q p®, wh®re diameter of stirrups.

i iHMhe design shear “strd)esllgalhl ohetdhessiemsat ¢

. o~ O
W TE X e
wher e
"Q =characteristic strength of stirrup
MP a ,
0 =sum of-secbobsenal area of all 1 egs of
l ine parallel to the perimeter of ¢
&) peri meter of <critical section,

spacing of stirrups measured perpei
which shal llchnot exceed

Distance from column face to first stir
shall
not e XFceedi stance between vertical l eg
column face skall not exceed

/«\>i6%(75mmmmg

|*f212dba~|

45°

oo
FI G. 51A SI NGLE LEG SFIBRWBJLBARLE LEG
STI RRUP/ BAR

FI G. 51C CLRBED STIR

FI 5 1SI NGLEGMuULT!I PUENICL OSEDTI RRUPS SHEAR REI NFEARROEMENT |1
SLABS
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8)Openings in Flat Sl abs

Openings of any size may be provided i
detailed analysis that the requirements
metBut , when openings conform to the fo
required.

i )Openings of any size mayldbe nsltenacophd w
direction, provided the total amount
middle strip without the opening i s |

i il)n the area common to two parts of
adjacent panel sit meotwinbtrhe ofh acnolaumn s
span shall be interrupted by the opert
interrupted shall be added on each
directions.

i ilin) the area common to one column str
more tiHahrme ireinforcement in either st
the openings. The equivalent of rein
added on all sides of the openings.

i v hear design requirements s8&.an.l3.b2e s,
c)Ri bbed, Holl ow Block and Voided Sl abs

1)Size and Position of Ribs

I n ribbedigiubbdsshahl be not Theesierng han 6°F
shall be spaced not more than 1.5 m apa
topping) shal/l not be mGeeaethhhyd4 tings:
formed along each edge parall el to the
edge is built into a wall or rests on ¢
bearing shall be formed along the edge.
2)Subject to meeggunget@bRt i i2ghbe) voi d shall
considered in the est iBmwat,i otnh eo fmitnh emuvno is
needed for construction shal/l be ensur e
3)Hol Il ow Bl ocks and For mer s
I n sl abs made of blocks and formers, th
' S 3@Bdrt 1). When required to contri but
sl ab, t hey shall be made of concrete o0
strength of at | east 14 MPa measured o
|l oaded in the directsiom dfhecesmhmmbessi ve

4)Analysis and Design of Voided SI abs
When contribution of void formers to thi

i) Void for mer h

S be of plastic or o
ii) Analysis and

al |
design of voided sl ab
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aa) Reduction in weight due to introd:i
portion can be modified to take into
bb) Reduction in stiffness due to intr
of voided sl ab can be mathematical |l
and shape of void former in proposed
cc) Reduction in shear capacity due to
shall be |l ocated in areas where desi
equal to shear resistance of wvoided
shall extem@hbayohe acsiti tbiyc al section ¢
of punching shear reinforcement. Al o
sl ab edges, mi ni mum solid zone equal

provided.
dd) When compression zone remains abov

axi s i s

within top concrete cover of voi d f
voided slab in voided part shall be
neutral axis is within void former, r
be considered

ee) Sum of top and bottiaoamugno rotfi nuwa@usan

bottom cover of void former) shall be
of diaphragm as per IS 1893 (Part 1)
ff) Mini mum reinforcement i n voi ded
equi val ent thickness of voi@eof sl ab.
voided sl ab shall be calculated as b

: W,

wher e

®w = Volume offawvead per m

@w = Volume of solid sl akaoftasimilar t
O = Thickness of sl ab.

gg) Fire resistance of voided sl ab s

reinforcement

cover, spacing of reinforcement, cl e
and thickness of sl ab. @quhalall ebe
considered to determine minimum thic
fire resistance.

hh) When voided slab is casted in twog
formers from buoyancy, necessary joil
provided at construction joint.

5Arrangement of Reinforcement

The maxi mum di stance Be?fvaBepl ibeasr st og iaween

solid concrete in this form of construc

and cover to reinforcement shall be as |
aa) At |l east 50 percent of the total |
through at the bottom on to the bear
wi ®8h2. 2. 8
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bb) Where a sl ab, which iIis continuous
as simply supported, reinforcement
support to control cracking. FThis re
sectional area of not | essn tthhaen nid &d dp
of the adjoining spans afod sthhael Ic |eexat
span into adjoining spans.

cc) In slabs with permanent Dbl ocks, tF
shall not be I ess than 10 mm. I n al

provided a®cd»rdihg to

3 .B*.adns

general requirements for geo®Mme®ry shall

a)Fl exdiami nant Beams

1)Design

ms shall behdasiaghoe doeefnari ntgo moeneindt a
ces transferred thorough them under
Tafbdre s3t rength criteria. The capacity
spec9.f3 az.84 8 .a2. 5 east at the critical
2.5

2)Detailing

e ener al requirements for reinforcem

T n
i addition, the requirements given [
u
r
r

=y

L
r
r

di nal steel in beams shall be enct
cement for effective | ater al res
cement shall be as bel ow:

® D O

i J)Longi tudinal Compression Reinforcement

Whenever compression reinforcement is
additional moment s (and not merely a
| ongitudinal reinforcement bars), it s
closed | oop transverndd arngieasf dibrfécadmse, nt .
wherfd anges are in tension, a part of
shall di stributed over the effecti
1/ 46 f span, whichever is
excee /1l®e span, nomi nal I
[ @

be
t he
5 f1
provided n the portiohsf offh

B s »

d 0
d h
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SLAB
KHEINFORCEMEN1

STIRRUP TAKEN
.1~ ROUND OUTER-

MOST BARS

=00

FI G5 ZIRANSVERREE NFORCEMEMLTA NIGNBE AMRE S| STSHNEGARORCE AND
TORSI ONMOMENT
ii)Side Face Reinforcement

Where the depth of the clear | ength of
mm, side face reinforcement shall be p
clear |l ength of the web. The total are
|l ess than O0.05% of tfhaec ewe bT harseaster | e
di stributed equally at spacing not exc
whichever is | ess.

i iTir)ransverse reinforcement in beams for
The transverse reinforcement in beams
outmast tension and compression longit
Further:

aa) The transverse reinforcement for t
stirrups placed perpendicular to the

of the stirrupéQaiatdnNomat , e whee @&

andare the short and |l ong di mensions
bb) The |l ongitudinal reinforcement st
practicable to thsecbmens of the cro
cc) There shall be at | east one |l ongit
dd) When slketcooab di mension of the n
mm, additional |l ongi tudi nal bars sh
requirements of mi ni mum reinforceme
9.2.2.6

ee) T-heamsndbeams such reinforcement s ha
l ongi tudi nal bars | ocated close to t
fl ange.
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b) Compr egsilosimmmant Deep Beams

1)Gener al

A beam shall bedeepmbdbed yime nbedidaf raffectiv
span to overall depth is Il ess than 2.0 i
continuouAdbdepmbeaomompl ying with the requi
to detailing of steel reinforcement given
the providesiogs forashkardfdowr in this st
2PDesign
i )The | eviehadd mbe determined as bel ow:
aa) For simply supported deep beams:
. a
. ™ a ¢O p o
‘ . a
T o) &
bb) For continuous deep beams:
a
™" a p®0 p = ®
& 0
. ‘ &
T o) p8t
wheaed QaNpd a , 1 n awhsi déret @eens pan
bet ween suppotrhtes calnedar span between s
i iMhe area of the |l ongitudinal steel s/
. 0
0 —
T XQ o
whebeis the design moment esti mated
under t he action of | oads correspc
combinations sptoirfsedengtiablFret2ri a.
3)Det ailing
The following reinforcement details
54 and 55):

i )Positive Reinforcement

The tensile reinforcement provided
moment in any span of a deep beam s
a) extend without curtail ment betw
bb)e embedded beyond the face of ea
face of the support it shall have
thartfﬂu, whieries the devel opment | er
9. 2)2.r7fequired t od emd lginl iigrer etdhiee
reinforcing steel bars; and
cche placed within a zmn@ m™fx depth
d of t

adjacent to the tension face |
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REINFORCEMENT PROVIDED STIRRUPS
IN COMPRESSION ZONE

[ \

/ NOMINAL HORIZONTAL NOMINAL VERTICAL

ADDITIONAL
REINFORCEMENT
NEAR SUPPORT

COMPRESSION
ZONE

0 /
0.25D
TENSION ZONE / 0051

/ /
A END BARS ARE TO BE ANCHORD FOR %
A DISTANCE OF 0.8 Ld AT BOTH SUPPORTS
L
[

POSITIVE FLEXURAL
REINFORCEMENT

FI 65 POS|I TIREENFORCENENRAI LISI IMRISUPPORTEDBDE BEAM
i iNegative Reinforcement

The tensile reinforcement provided t
moment in any span of a Deep Beam sh.

aaler mi nation ofTheitndrmgicleenerndi nf or c e |
to resist negative bending moment o

shall be permissible to terminate
reinforcement ™M®Oframdit hteanae eofof t he
and the remainder shall extend over
bbDi stributi on -OWherneionaftiiDioscse menntt he r ar
1.0 to 2.5, the tensile reinforcem
beam shall be placed in two zones ¢
l)a zone ofOaddgpatchrent to the tension
™ — 1™ ti mes tcfe talreeat ensi on st eel
2)a zone o®Odadrepeiht her sideeptdhf otf hda hn
beam shall contain the remainder

di stributed.
When retfOo<]l the entire tension ste
di stributed mDenceasudept h rofm t he t en

239



Draft rSa afnodra Comment s Onl y CED 02( &wrC096)
November 2025

i iMe)rtical Rei nforcement

| f forces are applied to a deep beam
i's required, then bars or suspensi ol
carry all the forces concerned.

i v9i de Face Reinforcement
Side face reinforcement shall comply
reinforcement 90f2 . wWalll(sa)[(ad9 per

i iWi)de Beams
aaBeams with width more than that of t he

used, such that wtdhoee swindotth eoxfc ebeeda m wi ce t
col umn. But , in no case the projected p
side shall exceed 50 percsaBEBi gof 56Gr. wid:
bbWhen the width of the beamoexdtceahsvei dt
reinforcement shall be provided through
the beam column joint

CONTINUING BARS
/ As1 =As
—] 05D |— / —] 0.5D 0.5D / /—Asz (NIL IN THIS CASE) ‘
[

- // // 0.2D
CURTAKEDBARSJ/ // T ’
06D D
T
02D
Z VA Z) f
| L || L |

FI GABLEARPAN/ OVERBRRTAH2 . 5

As1=05As
//*Asz =0.5As

CONTINUING

BARS
—\ —{ 05D 0.5D
\
|

7
./
v

1/ 02D
- ~
\ / | 06D D
J LCURTAILED BARS S
02D
VA IVAI VA f

I L

L !

FI G. 54B CLEAR SPAN/ OVERALL DEPTH =
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VALL BARS CONTINUING /AS
\ /

“= =~
| WJI Wll lm 070~
r L 1 I L 1
FI G. CAZE@&R SPAN/ OVERAp& DEPTH
Asl BAREA OF NEGATI VE REI NFORCEMENT
FI 65 NEGATIREEE NFORCENDENRAI LCOINN | NU®DEE BEAMS

SUSPENDED Az 0.002 bwS —p—]
ASTIRRUPS [ w
JAAY /
/ ] k"
/ SUSPENDED L d
I STIRRUPS \
[ B
1
D q
]
s
' D q
- REDUCED LENGTH J
D
| | —| oF sTIRRUPS NEAR
- SUPPORT L
DORL
08D
OR b d
0.8L
I‘ | e |
025D | <~ “
005
/ nl la
/
| N / I
i L

ZF’OSITIVE FLEXURAL
REINFORCEMENT
WITH END ENCHORAGE

FI 65 SUSPENDBDRS SINVIPISUPPORTEDHDE BBEAMS
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—s 0.505——‘ ——=< 0.5D;—]

T
“E=EE

N |

SECTI &N
FI G. 56 A

TRANSVERSE REINFORCEMENT THROUGH THE COLUMN
TO CONFINE BEAM LONGITUDINAL REINFORCEMENT
PASSING OUTSIDE THE COLUMN CORE

e
[l =i L

PL AN
FI G. 56 B

Fl G MAXI MERFECTMUBTH WOmBEAM ARBQUI REDPANSVERSE
REI NFORCEMENT

9. 3.C1AImMNs aol Benam

The general requirements for geo®me®ry shall
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a)Desi gn

Col umns shall &xi alesfigmed, foohear f droce an
resi st al | forces transferred thorough
specified in Table 2. The capacity of the
i 8. 3.ah84 3.a2. 1 east at the cri%.ix.a9 sectio
b)Det ailing
The gener al requirements for reinforcemen
9.Pn addition, the requirements given her
l1)Longi tudi nal steel in columns encl ose
reinforcement for effective | ater al [
gener al requiremeBts specified in
2)Transverse or helical reinforcement soa
bar nearest to the compression face ha
buckling subject to the following prov

i )The effective | ateral support i's gi\
either in the form of circular rings
tension or by polygonal l'inks (Il ater
exceeding 135U. The endadoofcemeattsaa
properly anchored.

iil)f the Il ongitudinal bars are not spa
si de, transverse reinforcement need
alternate bars for the purpose of pr
[seEig. 57(A)].

i ilif) the | ongitudinal bars spaced at a
the diameter of the tie are effective
| ongitudinal bars in between these b
by opesekBigs $57(B)].

iv) Where the I ongitudinal bars in a

(not i n contact) and each group ade
reinforcement 9a8 . @ecitfriaends viem se r ei n
the compression member as a whol e 1
assumption that each group is a sing
of determining the pitch and diameter
as spec9.fATdek idn ameter of such transyv
need not exceed 20 mm.

3)Hel i cal r edmdalolr cbeemeunsted only in piles,
when used, they shall comply with the
i )Pi ticthel i c al reinforcement shall be of
turns of the helix spaced evenly an
properly by providing one and a half
Where an increased | oad on thhee iccoallu mr
reinforcement is allowed for, the pi
more than 75 mm, !Aoofr tnhoer ec otrhea nd ilal nbe t
col umn, nor | ess than 25 mm, nor | es
the steel bar fotmiemg caseshelihxe. rilmg.tL
9. 2s.h2a | | be complied with.
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i iD)i ameitTere di ameter of the helical re
accor dan9c.e2 .wi.tlh.

%\O ©o O

Z\k\b Ol 9

b b

> A
FIG. 57C

FI 65 /ARRANGEMENTR®RSVER¥YHE NFORCEMEGOL UMN S
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4) n columns where |l ongitudinal bars are
i J)the sl ope of the inclined portion of
shall not exceed 1 in 6, and the por
the offset shall be parallel to the
i iagdequat e hori zontal support at the o
matter of design, and shall be provic
of the floor construction. Met al tie
pl aced near (not mometehardr® m)i méase Ip
bend. The horizont al thrust to be re
times the horizontal components of t|
portion of the bar

i iof)f set bars shall be bent before the

column faces are offset 75 mm or mo
adjacent to the offset face shall/l I
overl apped a$%. 2 pgseeci fgi.e &b 8i)n

_— .
pamt's T -
=Tt L. A
¢ 0 o
.- = ) ".'.
T F " Ve
o ———t
e =T ; CoLUMI
- . B L~ FACE

HORIZONTAL COMPONENT g
OF THE FORCE IN THE :
INCLINED PORTION TO BE
TAKEN BY LINKS AT@& .
WITHIN A DISTANC -
oF 84 s, A =
B [T

oAt

FI 65 AJNBALANdBRCE AT LOCATI ON OF CRANKI NG OF REI NFORCEN
CoL UMN

9. 3.S3rdctur al wal | s

a)When structural walls are provided in a s
pl an directions. Al ong each pl an direct
proportioned that they do not create then
pl an of tehe structur

b)In a structure with only concrete wall s,
1)the walls other than those designated t
me et t hese reqguirement s.omBaitti,biilfi tyi gp
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damages ar e
requirements

2)t he coupling
al | forces tr
in Table 2.

c)The gener al req
be complied wit
shall be compli

1)Bui | di mgs uwittu

i )Streesul tant

mo me nt
Thus, t
horizont al
and minor
bbTh)he struct
maj or axi s
i at t
be zer
bendin
c al m
t h
al
n d
e

c
3
gei
%)

U)(/)OCCT@:<""3
TTSS® DD IO
®D® QS —= o~

OO0 *TOhocKQ
—_——p = -0 > —

i iDesign

aaGeometry

.d&dnm8 . 3.2t. 71 east

nts Only CED 02(2C096)
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i ncurred i n such wal | s,

o fl aii dt epmént mmdr i t eri a

beams between the structur .
ansferred thorough them un
uirements for geé®&mhalyl and
h . I n addition, the addit:i
ed.

mhavi wgl he openings
demands

h
t

wal I
e stru
er wi se.

be designed

i n proporti ol
shall be capal
shear f dronmg ibmpgds epd amn dii t
wall s shall be designed
rei nf orfooemeértn dd m ge aadho ufta do
axi s.
ural wal l
al ong th
he fl oor

0 owi ng
g moment

I shall
h cture
h | t

e

have the b
i ke t hat
evels; the bendi
tms tahte tphreaets elnewe lo
di agram (about it
ember along the height <cha
en it shal/l be designed | i
wal | s asxhiaalllD, fboerhceeadsa igdn e d e f «
rme nrtesi st al | forces trans
combination of foétonadsrepegt
The capacity of the struc
at the ©crit

shall

e height
I

n

A wall designated as a structural wal
l)have at |l east 200 mm thickness, and
2)have tH®eTrat i ef fective hreadatght to th
exceeding 30, where the effective h
be gi wem.Ry 2(b) .

3)be built from foundation to roof, u
at a | ower height, the structure do
IS 1893 (Part 5).

4)have 2 curtains of reinforcement, w
vertical and horizont al steel bar s
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Concrete Walls with only one curta
bar s i n theseantior <halsls not be C
structur al wal | s.

bbapacity Estimati on

The design of concrete structural w a
nomi nal openings (of area | ess than
each storey) shall comply with the p
1)Design for axial force and bending
i )Structur al walls shall be designe

axi al f obrecredi @mamgd mo ment shall be

speci f9i. 8d 2i. v

i iHMhdesign bendi ng homfena <tarplacti Urya |
shall be estimat ed. 3a .t4hpecarfaaedc
horizont al reinforcement Sso estim
the mini mum ar9.a2 .s4p.elc(ibf)i(e3d) i n

2)Design for horizontal shear force
i )The <critical section for maxi mum
wal | 1 Hd aintes ds healclt imem t aken at a h
basedwd® NMBO , whieapr® are the over:
| ength and overall height of the
i iHMhaomi nal shear fsitm eas ss tdreumatnudr al v
ipl ane dshalkcltilme esti mated as:
w
"

@ o

shear force on t he W
tions of Tadddeosrdsrpeercg tfh e

| ength of the structura

ss of structural wall

i iTiTihhe nomi nal Tfbkbéatl snoéesexceed the
design sheat pstrefhgtchoncrete in st
wall s sp®c2fa@.ed(d)n

i vilhdesi gn shear tfofr cee sctarpuacctiuryal wa
estimated as 9sdPpe?iThhieedariem of hor
reinforcement S0 estimated shall
mi ni mum area9spesdi.ffed(8n

ccBoundary EIl ement s
1)Boundary el ements shall have geomet
i )The width of thetbdiemesas y mae htahil c b

as that of t he ,twad | b ovierbd a(rtyh ad | eins
conceal ed).
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i iTThe | ength of the boundary shall
thickness of the wal/l we b, 0.15 t
and 500 mm

2)Boundary el ement s shall be provi

boundaries of wal Ifsi,xroeneme 3 hiev e xg3 trre

in the walm®@Q dweedads factored gravif
factored earthquake force. Bounde
di scontinued at el evations where ¢
stress become® QL esExttreane fi ber cor
stress shall be estimated using a |
section properties.

3)A boundary el ement shall have adec
capacity, assuming short column act
compression arising from factored ¢
shaking effects

4)The | oad factor for gravity |l oad s
|l oad gives higher axi al compressi v
el ement .

5)The vertical reinforcement in the b
|l ess than 0.8 percent and not great
upper | imit would be 4 percent to a

6)Boundary el ement s, wh .e3 e3 sriefgbu)i r lea
provided with speci al confining re
height, whose
i J)areashall be at | east:

o] n8tluQ,,Q

i isspacOmgt more than:
a)l/ 3o f mi ni mum member di mensi on
el ement ,
b)6 times di ssmatldresaf ltomegi t udi nal

bars, and
c)100 mm but may be relaxed to 1
di stance betweehpamralsisel l egs of

|l i mited to 200 mm, but need not
7)Boundary el ements need not be provi

i S provided wi t h speci al confini
8.2.3.3(c)(1).

8)Wheabeam frames into the minor axis
el ements shall be provided at such
of the wall. The design of such a b

requirement of mini mum column di mer
mi naxi s of the 8wa&lalnsdlgmivneinmurimo c ol um
beam strength8.ra.t2a.04(ga)ven in

i ibOetailing
aa) Structural wall,banilnstheanide ch atvoe raets i
two curtains of wvertical and horizo
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bb) The mini mum reinforcement i n t |
directions 9sR2emayli edt ilbe sufficieni
adequate resistance to the effects

cc) $heuctur al reliofproeemental and
directions obtained OLwhenandwgsi gned
respectively, should account for t

temperature al so.

2)Bui |l di mgs uwittulnavi wgl 6 geni ngs

Structural walls with openings shall be
openings are mandatory in Structural Wal
and si ze, and shall be placed symmetric

design of conlcrwvwedalel sstwiutchh uomeni ngs of S
comply with th& pBO20Osions of

3)Bui | di nmogss ywiutcht ur al wal | s

Buildings constructed with only structu
such that there i s nioplteadnesfioornmaitn otntse na rt
from combi mexd adediogmce and design bendi
acting under the effects of 6coamBonat hen
purpose of checking the tensi®&mn8.ih. B(th)u
shall be used.

9. 3. Fh.umhdations

a)Spread Footings (Il ndividual and Combined)
1)Gener al
Footings shal/l be designed to:

i )Sustdhesni gn veDthaeoril zdmtaadl o amdédemdli ogd
momenti mposed by the structure above,

from the soil under neaftlhe,x ubrya | p rsotvriednigntg
strength and development | engths

i iBnsure tdatt lagntygamt may occur shall be
possible, and

i iBnsur e thlreatri nye pnessedein soil does n
safe bearing capacity of the soil (as

2)Geometry of Footing

i )JFooti ngsflcaaan obre sFtoeoppendys aaet dasignedi
and hence shalll be constructed to ass
footings, the thickness at the edge s
footings on soil s, and the thickness &«
than 300 mm for footings on piles.
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iMhe cgeoctsion effective in bending c¢omg
the area above the axis of bendi ng. I
sl ope or depth and | ocation of steps

requirements are satisfied at every se
i ilin) plain concrete]| pbedaeteaal 4,i nteh g oamg In
bottom edge of footing and outer edge
and t he hsoerBizgoyntSadlal(l comply with the

OAT T p 2T
Q
wher e
n = Maxi mum bearing pressur e i nduced
pedestal, and
Q= Characteristic strength of concret

My

Column or Pedestal \

Footing ,’ \

’l“

FI 65 PERMI SSIABIGEIE CONTAI NED WI TGEIOMETHRE PEOFESTAL

3)Bending Moments and Shear Forces

i )The bending moment at any vertical sec
be determined as the moment of the f or
of the footing to th cantilever side
compl etely across the footing).
iHMhe critical section for estimating t
i solated footing which supports a ol
taken:
aa) At the face of the col umn, pedest al

concrete column, pedestal or wall;
bb) Hal f way kemiveeae &ahd the edge of the
under masonry walls; and

cC) Hal f way between the face of col umn
gusseted base, in footings under gus:

i iWh)en doing so, bending moments and she
assumi nmgeatche on from any pil e ato tihe a
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centre of the pile, in footings restin
bending moment and shear force shall b
or pedest al taken as a square inscri.t
circul ar or octagonal columns or pede
circular or octagonal columns or pedes

i viohe design for shear force of a footir

of the following conditions:

aalBeam She@Gwmay action of the footing wi
crack extending in a plane across th
section | ocated at a distance equal

from the face of the columht; pedest a
bb) Punchi ngi S§hmereert:r iTomamly acti on of the f
potenti al i agonal crack extending a
a symmetr.i ally ocon&mo eadidrtcrud rmaa a tceodl u
above or truncated pyramid around r e
the critical section | ocated at a di
depth of the footing from the face of
| oad.

cc)Punching U8Bgame:t rfiwaayl acti on of the f
otential diagonal <crack extending a
wo -@aynmmetrically ori emtned alef atrrowr
ach side around <circular column abo
ne around each side rectangul ar col
ection |l ocated at a distance equal

ooting from the hfadce aofritlke bodlhumnxi
ending moment .

d
c
r
a
h

O ™wWoom 0o

4)Tensile Reinforcement

The tot al
the footin
t

ensile reinforcement at any
) | B mibteinmdg rnagv inbemeenatc A pacsi t )
eqgual to e desilgonbehdi sgcmbmant The
reinforcement so obtained shalll be di s
i )l mn&way reinforced footings, unifor ml
footing along each of the two direct]
iil)n wewy reinforced footings, uni f or ml
footing, along each of the two direc:
i ilin) wewy reinforced footings, uni f or ml
footing, along the | omgidiorandtyh earc riors
full width of the footing, along the
aa) A frattibe total reinforcement uni
ral band equal to the width o

ent
gth of the footing, and
re

[

t

g
h
e

mai nipn@ ofr atchtel otnot al reinfor ce
buted in the outer portions o
q

U
P 3

a ¢
| en
bb)T h e
di str

wher e
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footing in

0= nger | e e
I he footing in

Lon gt h of th
0= Shorter ngt t

h of
5)Bearing Stress on top of the footing

i )The maxi mum b&ardemastiressconcrete at
t he f ooatti ntghe( orase of a column or ped

off actored ddoibgrmihnedces per | oad cor
i mabl)e shall comply with the conditio
0
o & Q&N -
wher e
"Q =Design bearohgcehceat®ée Rgigvdr aljy
0 = Area of the base of the frustum o
wholly within the footing, having
area, and having a slopeseBid. vert
60), and
0 = Area of the column or pedest al

iHhe maxi mum bef@nﬁxidmgssstnroetsscomply wi t h

the condition:
a)Rel ment shall be provided for
by nal dowels in the footing

f
d 0
b)Devel nt | ength of such dowel
[ t

I

e

3""(‘DQJ:5
o~—woT — =
s®3~o

suf ansfer the compress

c)Suc orcement shal/l

1l)be a 5  pseercctemotnadf atrlkkea
column or pedestal,

2)have a minimum of four bars, and
3)have diameter not exceeding the d
pedest al bars by more than 3 mm.
bars are of diameter 36 mm or | ar
di ameter smaller than that of the

e
|
e
n
e
I

P o000
.

to tr
reinf
st 0.

11 ~ Footing

FI 6 BEARI BSGRESS ON T OPFO®T | INHE
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b)Raft Foundations

Raft foundations shall comply with the fo
l1)Longi tudinal flexural reinforcement i n
curtains, one on top face and another o
directions. Thi s shall me et t he mi nir
requirements9. 8pécl¢ap@db6)n

2)Iln wag rafts, flexural shear shall be ¢
of the raft in design

3)In wwy rafts, both flexural shear and pu
i n design

c)Piles and Pile Caps
The requirementSs 29plelc i(fPimehda lilnh $e@c cbmpl i ed

d)Pi |-Readf t s
The requirementSs 29plelc i(fPiagsdasi H baen dc a83mp |l i ed

e)Wel l s and Well Caps
Specialist |iterature may be referred.

9. 3.SP.eki al Structur al El ement s

Adequate end anchorage shall be provided f
members where reinforcement stress is not di
sl oped, stepped, or tapered footings, brack
the tensfonceement i s not parallel to the con

a)Staircases

The recommendations related to strength,
beams and sl abs shal/l bael ap.p| kF wratbhH eer ,f otr h e
shall be applicabl e.

1)Di stribution of | oads on stairs

Il n stairs with open wells, where spans

the | oad on areas common to any two su
percent in each dFrectWihéma@sf Isihg@lhwins i oir

are embedded into walls for a | ength o
designed to span in the direction of t
deducted from the | oaded area and the

increa®fedobypurposes of design [see Fig.

2)Depth of section
Thdepth of section shall be taken as t he
to the soffit of the staircase.

3)Modeldfi nsgt ai rcases

Staircasemodéahkloédchagpt ure the sti
t wo successive floor slabs by t
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But, when sliding joint detailing i1s ad
and inclined slab and/or inclined spine
modi fied accordingly to not introduce a
fl oor sl abs.
I , LOADING
150 mm L OADING
. I RARRRRRRER AR
R DU T
0 TWO SYSTEMS T0 B2 TAKEN
E AS ONE HALF IN EACH DIRECTION
IIHIIII\I**%

FFECTIVE BREADTH

FI G. 61A FI G. 618B
Fl 66 ASSESSMENIOA®DS BSNAIR ABS AQPENWELSTAI RCAMSND( B)
STAlI B8I LT IWALOL

b)Corbel s

1)Corbels may be designed by wusing strut
foll owing shall be complied with:

i )The inclination of msaitnue whahlrkespebet
and 68A.

i iHMhe strut shall be designed such that
in it does not ®©&x®&®.eed that given in

i iTihhe reinforcement, corresponding to t
beyond the | oaded area unde+hotolps bear
anchorage devices such a@ap cdosupalvearisl,abur

bet ween the face of the verticael membe
shall be measured beyond the full widt
be fully anchored at the other end of
cor bel i's attached.

2)Al ternately, a corbel may be designed b
met hod, i f the following conditions are
i )The di e&todnagplicatidensi gh a&aatioscade sfsor

than its efQfdedteirvne neelptah t he face of |
(seEig), 62

i iHMhe cor bel is subjected tamda net downw
i iTih)e cor bel i's sudpsecgedhboi @actaimgd or
away from the vertiewal member is | ess
3)In the prescriptive method, a corbel s h
the following provisions:
i )The design of the corbel shall depend
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a)w ™MO. The corbel shall be provided wi
with darshal l be provided in additiol
rei nf orocaetmetnite top of Ot hlkeakcbrbobempl Hew

0 T®O0
which shall be pr-tolviirdeedof ithh'@ ppemrbdlw
b)YmO w 0O The <corbel shal l be provide
stirrupso wihtahl larbeea provi ded in addit.i

reinforcement at the top of the corkt
inclined stishapbk.cotmpky with:

5 T@w

T ¥Q
Al s o, t he cor bel shall be desi gnec
compression stress in the s®Or@t does
c)w O The corbel shall be designed as
i)lf the corbel has var Qianng tdeptohu,t stit
edge of the corbel mM®alhlaldott hkee dleg
t he face of t he support. | n such
contributions from inclined compr e
considered when resi stainffly t he facto
i iQritical section at the face of th
resi st simw)/®anaondslay factoded mo me

0 Q.
i iDe)sign of shear foj ¢coi o@shaitnf dreceéem

accor dan9c.e3 .wi.ts5h( b)
i vQhe nomi nal ghaaart hset rfeascse of t he st

factdeedgn verd shall fbecéd@esi ghan
maxi mum shedgmasair@marn ét e

v)Rei nf or cdemmeengtui r ed t o reswat t he
O Q Qshall be est9i.mathedd as per
viHori zont®] Wbeoneapplied in addition
®w, shall require additional reinfor
0 t o r '©ssihsatl | be detm®rini @.e dHd0r e,m
shall not be mMakewnlless pgrhawni si ons

avoOdrom acting outwards fOrsohmaltlhe v

be regaidpodsaes koved if it acts out

vertical me mber owi ng to restrain

temperature change.

viiArea of primaroy shailnf drecesmemt t hat
o] awwo 0”5 R o]

vi iToY al canpéaclosed stirrups or ties

reinforcement shatm@o not. bDei sltersisb utt
O uniformly witHhQadjacdnst amcet he |

reinforcement .
i x0) TOG hal l not be |l ess9thasa. 1hh}) spec
x)At front face of the corbel, pri mar
anchored by:
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a)Bending pri mary tension reinforc

horizont al |l oop; OR

b)Any other means of positive ancho
xiBearing area on the <corbel shal l
portion of primary tension reinfor
interior face of transverse anchor
xiTihhe effects of torsion, I f any, s h
wi Bh 1.. 6

FI' G. 62A

FI 66 ZSEOMETRYCORCRETPBRBEL W{ AYNI FORM DERODHBVWARYI NG

DEPTH
9. 3.Th.edr mal expansi on

a)The stresses induced by temperature cha
restrained against expansion and contra
to have been considered if the | arger pl
t han 45 m. But , whemn memei olnariger mepid an t [
calcul ations shall be perfor med.
b)When it is desired to not provide such
stresses induced in the stru&umnder sthhad |

action of | oadsbapipt ileadacd sspeabi Thhe&d eins
3correspondsienrgvitcoe atbhiel any deisi gnied sui t e

9. 3
9. 3Ded4si gn and Detailing of Prestressed Concr.
a)Thegener al design requirements of t his st
concrete structures shall be as applicabl
members al so, except as modifi ¢etheande@ssgmpp
and detailing of prestressed coxxgtedms .str
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b)Structur al Design

1)The grades of materials (namely concr et
and prestressing steedncraatmd sstirbd et froegs |
speci fli.€d i n

2)ln t he calcul ations rel ated t o desig

reinforcement, the chQsdaat ¢ér inotti ey itealkd
more than 415 MPa, irrespecsi nardV ert he
steel used.

c)Reinforcement Detailing
The reinforcement detailing in prestresse
specified in the subsequent <cl auses.

9. 3 E4flects of prestress

a)The effects of prestress shal/l be accoul
appearing on the structure.

b)I n particular, the contribution of prestr
of the member shall be | imited to that
mobilized in them by their further el on
deformati embefr .t he m

c)The force in prestress wires, cables and
at two |l evels, corresponding to:
1)Prestressing force considered 10 percen

podgttnsi oned systems, and 5 percent mor e

tensioned systems, and

2)Prestressing force considered 10 percent

tensioned systems, and 5 percent- | ess

tensioned systems, and

Under t he above l evel s of prestress, t

requirements | aid down in this standard s
9. 3 A cchountbhbamgdddrprestressing steel in calcu

Area and moment of-senefrbonasbalthbecmodsfied
presence of prestressing tendons and the pos
area of prestress mteemesshakl abeat akemn hasopre
whemées the modul ar ratio given by:

., O
a —_—
O
wher e
O = Modulus of elastig¢cand of prestressing
O= Modulus of elasticity of concrete
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stressing, reduction may

I n rduil rteict i onal pr e
and sheaths placed at an an

ungrouted duct s
consideration.

9. 3. Max3I mum initial prestress

a)At the time of initialtrtsastsitomd njgac K ehtei mie
a prestressing rod, wire or strandot mmed:i
exceed 900fpelr.clenpter cent proof stress.

b)In exceptional conditions, temporary over
i's permioteds percent obBtOetSspeproegndepdr btk
of measurement is ensured to be within K
c)The simedshe tendon i mmediately after tra
elastic shortening amat amhe hpmreaeagteers|tilpgn s&
0.1 percent proof stress.

d)The 0.1 percent proof stress shalll be t a
stress.

9. 3.Lbss of Prestress

il e assessing the stresses in con
ter in service, due regard shal/l
om creep and sh

ormation) of <con
termined by actu
reunder .

crete anc
be paid t
rinkage of concrete Rel
rete at transfer, slip ir
I test s, all owance for t

Wh
| a
fr
dé C
de a
h e

a)Creep of concrete

1)The | oss of prestress due to creep of cc

permanently applied | oads. The creep |

erection stresses and oth stresses of

2)The |l oss ofO puestoesseep concrete sh;
} O- 5 "1 AR A

e
(0]
0 ) ]

YQo 51 AT 14880 AA T

r
f
o
I O
wher e
O =Modul us of elasticity of the prestre
- =Creep strain of concrete integrated
prestressing tendon at -+ bes séeestiben n
calcul ated. For all practical purpos
to sustained stress equtarlestsoest haet av
beginning and end of the period in f
0 =Area ofsecnto®on of concrete member; an
YQ =l ntegrated and averaged creep stres
anchorage points.
b)Shrinkage of concrete
he | oss ofO puestoesisrinkage of concrete
YO ©O- &

S
T

258



Draft rSa afnodra Comment s Onl y CED 02( &wrC096)
November 2025

wher e

O = Modulus of elasticity of the prestres
- = Shrinkage strain of 7cdndradaitde esti mat e
0 = Area wskctiossof concrete member.

c)Rel axation of steel
The | oss oMOdpuree sttor ersesl axati on in prestres:
obtained as:
Yo YQb

wher e
YQO= Rel axation |l osses (stress) in prestre

steel, initial prestress, age and temp
0 = Area wskctiossof prestressing steel
YQshall be determined from experiments. V
avail abl e, the relaxation | osse¥Q;shall b
given in Tabl e 48.

Tabl Red & xati oNOLoisseBrestressing Steel at 1,
2AC)
[Cl aws.e3. 4. 4(c) ]

S| Il nitial Rel axation Loss
Nor mal RelLow Rel &
(1) (2) (3) (4)
i) T®"Q 0.0 0.0
i) T 'Q 3.0 1.0
i T™'Q 5.0 2.5
i v) T|'Q 8.0 4.5
"Qis the characteristic stre

tendons at higher temperatures or ten
xation | osses greater, the relaxation
flawerar ge . No ¥®eshall omeimade in tendor
| to or greater than the relevant | ac
he anchoring of the Tendon.

d)El astic shortening of concrete

The | oss oX¥Odpuree sttor eeslsasti c shortening of
obt ained as:
YO m@®a"Q6
wher e
a = modul ar ratio of the prestressin
Q = 1l nitial stress in concrete, esti mat
|l ocated at their centroid:
1)Pr-eensiiolnnintgi al stress in concrete ad
averaged along their | engths
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