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¥ Shear

1.1 Shear stress variation over F?eci'angufor Section af L:‘nem!j
Elastic Homonrfous malterial :
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Only vertical equilibrium Cnly horizeptal equilibritm
is represented s represented
FBD of (3).
Ty For rotational equilibnum,
¢ Ty= L,
Ke are interestedin caleculabon of T;
Binge, Ti=Ty Ty is ber'hﬁ cadcuiated as

follcws -
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For horizaental 'chur‘);b'n‘uyy—, of @
C,~Cy+ T, (b-dx)=0
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= V = SF on secHon

A= Area ef hatched portion

Y= destance of C.G. 6F halch portion Frem NA
1= ™I of section

bz Width of geclien abt Llevel -
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7-2 Shear-stress Variation over Qf’ctanjcdar- Section oF RCC:

F\ Parabolic (upte NA)
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Rectan?ufar (upte kension RIE)
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Concrete be lov Concrele beloyy AMTA s cracked so,
NA s cracked entire force will be Faken by stec enly.
So, T1=T,=0 It vmeans d/fference of 7,47, below
It means shear (NA) X,-X, and Xg-Xz remains constant
stress is zero So shear stress alse remains constanit-

—#% Conclusion: e
Shear stress vartabion aver recianﬁular section of

RCC bearn subjected to sagging BM is parabolic from lop

fibre to NA and remains constant uplo Fension reinforcement




7.3 Types of Crack :

73.1 Flexure Crack :

Ik develops due ba Plexure skress anly.

R Renre crack

™

T+ develops due to shear stress on
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D r‘ago nal Shear crack

7.3.2 Shear Crack:
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7-3.3 Flexure Shear Crack:
It develops due bo combined effect of flexure and shearstress
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74 Shear TransFer Mechanism;
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All forces are away from sectron.
Total Shear Resistance of section= Q}’C+v03 ¥ V)t Vs .

Ve= Shear resistance offered by uncracked concrete.

ngz Vertical cemponent of resistance offered bj czgyreﬁccfr
inlterlocki ng.



Vq=Shear Resistance affered by longitudinel tensiopn RIp
by dowel action

Vs = Shear resistance offered by shear re ihforcement-
Compined effect of first 3-components (Ve+ Vay+Vq)

is shear resistance of sectian Without shear rernforcement

Tts value s T.bd where, 7. is deg@n(ghmr 3%r=f=r791-.hezﬂ
concrete and its value s 3:"1«@:’1 rn Table 19 oF IS 456 (R¥3)

corvesponding to grade of conerete qnd ¥, of Yangi tudinal
tension reinforcement:

1.5 Criticaf Section foir Sheqr.

Tt (s that sectjon where chance of failure due to shear i

™maxrmurm.

)
i

If support reaction provides compression ro the end of
member then critical seckion for sheagris at a distance 'd’

From face of of support:

-

—C¥itieal.
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F.6 Nominal Shear Stress:
Is 456 provides uniform skress £ Shear Stress distr-

buton instead of as disscussed in 7.2
#-6.1 Beam ofF Uniferm Deplh!

Vi
Nominal Shear Shtiess = Ty = b

1. €2 Beam of VO:H;ﬂg Depth :
Caye X: BGndr'ng Momenlt and depth are in creasing in Same

direcl ion
Wx Rpplied BMz ResjStance of
WA ! | secton
F\ X : M h"‘lq: TCC‘.SBX L,q
! 1
: Mu= TeosB»d ('LAECU
WL r f—TCO‘j ;
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Ts1nB "
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E Fd =8

wh _ wx-v-Tsinp=o
b



— A = %I: —w2- [8ih B Ww-—\f\,_&
e |
d A
Vu = .ti-’_!___ = CAATE
g2
then 3
' Ll WU
M e SN AL R
M |
- 1N
Nominal ‘S‘hfo,- 5 —M_ - VL[ 3 B

Stress - VT bd b

CaseW : BM and depth are f'n(rf’aﬂ'nﬁ

Vv

Nominal Shear Shess= €y © 75

where B s angle belween

¥ S fgn Convc"ninn;

BM (1)

4 el

BV (1)
d(ﬁ.q;___,_ (—}\,;f-“)

'n opposite divection:

Vi + 5& tanpB
bd

lop and bottorn fibres
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7.3 Design of Secttan for Shear:
Step 1. Calculake desig n/ fac{m-z?d/ ullimate shear ferce ot
critical section.
Step2 - caleulate Nominal Sheor Skress .

Muy
L -
T Y[,l = tanp

bd B S-:Tt’,max

Where T, oy (s ™azimum sheqgr 8t capacity of sectior
with sheqr reinforcemment its value I's given in
Table 20 of IS 456 (Pg‘ge ¥3) correjpondir?_g to Semdje of

concrete.
; 0.63JF, N/ rm?
: - on Stze IS Increaded -
IfF Ty > Te, ey then Sectio ca sed

step3: Take value of of T, from Table 19 of IS 456,
correspondf"og ko gmde of concrete and % oF
tension reinforcement .

T is modifred as &7, For member Suty“ected to

axicd compPression.

| 5Py
§= minimum |7 VT T Ag
Vi 1.5

e s modified as k”{c for slab thjckness

k- 13 DK 15amm
= 16 «0.002D 1560 = D < 300

= § 300mmLD
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Step 4. IF€ v < ) then pominad Shear

stirrup 1s provided (n pPTimary ymembers and noe
shear stivrup is provided (P member of miner
i ™portance (tinte])

..Af)v 2 L, Oé!_; :

Zx47) Asv= 4{Ex¢?)

It% -_i_c_ < TV < -—(C then homfnaj \Theaf J!’:ﬂ‘ru;p
2

s provided in all types of Mmeémber.

¢ \8 O
Asy o _04

bS, ~ 087 fy

F To £ 8 Tamay HED- EhEGF reinforcement

'S designed for shear force ('Tlv"n)bd

Step 5 Shear reinforcement 1S provided bj Foll.ayo:‘r\v_g
thrce wWays.
@ Inclined Stirrup

1\\\ // /% Vige SN it
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@ Vertical SHrrup

Sv
A—=
=
\ = Dy

G) Bent - up Bars

Asgv
}RJ /2‘204’ Vigs = 087 Fj-Aav'S"”DL

¥Nole:
- Not more than 50Y of shearforce taken by shear
reirn forcement E( Tv-"T)bd] is assumeol to be taken
by bent Bup bars
Bent up bars are always provided with shedr
Stipyups  so shear stirrdps are design ccl For
maxi'mum  6f Fol)ow:'pj sheagr forces.

2

o {Th=T, 108 — Capacity of bent-up bars
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Case I (q£r il
Vi h
200kN 200kN
\}
C 30kN S0kN
She -
Shear force laken by 200-30 = 170k N IO kN
Shear R/p
Capacily of bent-up 060 k N 4 0kN
bars
- = = I8
Shear Force laken by —%’4: 85 kN P=os kN
Stirrup

= ae—Sb- |& Pfff__ljsj] (Pﬁ?f-erabij 45-;_60,)

' 15 N/ 2
N fj 's net assumed to be more than % mm =,
| o of steel. This Rimitatron is

srod
rack width,

frrespective of
imposed b central ¢
. Ba BBQ —= 54 F g

e Fe 415

. Fe 500 —— 415 N/mMm?*.

ermissible spacing ofF skirrups
s &S per stfp@
Asv 94

By = Min) mum b8y ~ G871y

step 6. Maximum P

rbjcal §

. 0. 754 ang 4 for v€ |
c_«"hvc‘ly

‘neh ned sHiYryp TSSP

e 300NM
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2 eclion 9iven be!ou;
* Bo D“’S{?n 4~ Jegjed vertien) skivrups Jor s 9

which is Such’Ch“d ro ulbimade shear force 100D kN,
}

5060
i3
5-25¢
M30
e Fe S0,
21-25¢
w Iwomm
g T S

Stepd: VYuz= 1000kN

2
te 1000X10
ELEPE Ty U gy - LLHHEAIE

bd S00X 1400

2
Tyz= 43 N/mm* (<Tmm::3_‘5 M/mm)

Skeps Py = - 100

= 21 x Ex25%x 100

W Table 19 of
o = R IS456
fa i = TeTOTONIMMT b Ly 4y ems

Sh:'p‘} (5."0(9 _Z_-V >TC) SO Shear R/F 'S c{ejfgnea{ QO'OP
SF:(ZV—T() bq(
= (1493~ 0-75) x 50041400
SF=4496 kN.

Step S: & (1) —= S, (1)
Ne. of degs (1) —s Sy (1)
Assuming 4. leggcd - & ¢
87 FJ Asy 9

Vusi

Sy
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3 0‘8?X415)(4)'(Ex 82 x 140
47‘6){!{3' = = o 4

SV

Step §: Spa ¢’ng :

o 2 AT 5 ¥OITED

AL I 2% . 8, 68008
bs, ~ 08%fy ——ch

S, < Minimum

® O_;Sd = o550 MMM

¢« 300M”MM

¥ @ 200 cl/e
prOVr'dl'nj ‘4’!&88'?0’ 8*"’”’#’

*Ex. Design Shear veinforcerment  for Section §1veD below
which s 5LbeE‘Cff’d te wc)rk:rjj load Shear Foree

e

: =1 -, b("f S8
apCk N A'.SSLHT\G‘ 2 - bars used FO}" bf Nt up ¢

“—secton
|

' z00
‘ ™M 20
coo | " r
= 45°
4_20? X 4
Os g 9\‘
4~QOP
ﬁ ) ﬁ
Step 17 Vu~ .5X 260 = 300kN
T = Vu _ Saomo‘g
" N 2 T T ——
B4 Scox €00

2.
- y '}; =
Ry 1. 6% I\meml & Ce v mo® C 2.8 WNirnm ™)
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= . X100
300 X606
Pt" = 0352'
¥ Te= 039 N/ mm? ( From Table 1q Pt:O-\g.S“'/. $ MQC))

Skteps'  Sinee Ty > T so sSeclion is deugned for
5e=07v-T) bd
=(1-6T—0-39)x 300X600
SFz- 230.4 kN
Step5. Capaciiy of bept-up bars
= 687 fy Asy Sina
- 0.R7T XA415X% ng%xzoixsfh45°
= 160-41 kN

Bent-up bars are always vafdﬁd woith stirrups
SO StinUpS Should be ciag:gned Foy gl mum QP

F@Howmﬁ.
(Ei)—ié 250 o s ouN
.2 2 b :)_

- (Tb"_' --(c)bd = CQPQ(‘ITJ of benk up = 230-4~)60 -4
bars

- 69.99 kN
Assuming 2 fﬁgged 8¢
Vug< ‘—M
Sy
= Sz @-87’415"1X%x1o‘x6oo

115.2 x 107 *

Sy= 189, 6 4 MmN
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Biep 5. . 1% 04mm
Asv 0-4
. —_— =2 5§, < 302.4MMmM
Sy < ™MInIiMmuUm. }TS-V - o-&? F). .

0750 = 0FST X600 =ASC™MM

= 300M™MTM

= Prowdl’ng 2—?&99«:’ 8 ¢ @ 135 mm CJe.

; )G yiven 10
¥ Ex. Dﬁsfgr) Shear reihforcement for the gbf(‘n’) given

S - rbarlec
e%. of chapter 6. Assurne Q_=3*Q¢ bars are cur ed

criltical Section for shear.

before
—400—
M30
Fe400
Jeo WU: 58- 12 5 kN/m
Legr = 1445
J A-324+1-14$ Ff Im
0o 0e0 0 Support width = 400 ¢ SOOMM.
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= W L. —Wx -

\,C"r (2=1mMm) 2
— 58 125x11-45

2.

— 58.125

Ver = 294.64 kN

3
2 . X |10
Step2: Ts ¥u = 44 = 085 Nimm?2 <., mgx
s SeOEEED (5.5 N/mm?*)
: Ast
Step 5. y
SEEp D Pt bg *1oo
= Qx%xsza £+ 1x .%s-ﬂél
D e NS K. || 5
400 x 800
- JIS45€
P = 0-56, [me Table 19 of 25 ]
Pezo0-56°4 § M30
Stgqu Since Ty 7 Te S6 Shear reinforcement s dt—‘s‘{'gnf’d

£= (T,~ T)hd

75

for
= (0.85-0. 52)%x 400 X&00

SFz 105. 6 kKN

__5_’_"__252' Assum{nﬁ 2—,?(:’335(7) !04;

.87 ry A,SV d
Vus = '___—‘g———-—-ﬂ____

T x 10%x Yoo
G6.8F x415X flxzmo B

106.6% 10> =

Sv
= By = 49-CY6I’T)m

R Note:
Fmm dia

apprepncle resalt

should bave taken for ™More
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stepe; spadng:
e 4249.6 mirn

» Asv C.4 e =
S = ™inimum bg, Z O-Slfd = Sy< 354.96mm

« 0-75d = 0. 758000 GOOMM™

a B3CGO MM

Providing l—_!cjﬂged (o¢ @ Boo ™MmcC/¢

'n middle porbion

K Naote: e
is increased
pared to supports .

Spacing of skirrups
because Shear force I's less as com

INREARIN

= =8

78 Reason of e, max -

B —

» A

S K
2\
X I
7 — =

ct) Reversad of ¢ MVertical Stirrups

ca) Inclined
Styrrups Sbress
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- As fload increases on veam, T, also Increases. This T,

procluces Eension on one diatgona,ﬂ plane ancl compression
on anothe dfqgoﬂa,ﬂ plane.
- Dl“agOHOJ lension is taken by shear reinfercement and

diagonal eompressian Is taken by concrete

For T, ” Umax ? concrele under dl'agonaf Shptmis

3et crushed 3o Ty should nok be more than Te max

Vertical shear stirrups are preferable than inde rnclined
= Skirrups becads€ J b bakes are of reversal of stress.

19 Advantages of Minimurm Shear Stirrup:
i Tt SQFF\?aum’S against any sudden Failure oF Membey
Tn other words , shear Stirrup provides ductility to the
member.

0y It prevents horizontal cracksdue te Shrinkage.

== 1

> « o S B

"

\

33 confinement of conuete

45 Enhances performance of meméer subjected to torJion.

sy Enhances dowel action af tensfon veinforcement

710 Shear Connector:
It s provided for mmenolithic action between
concrete slab and steel|l begm which makes bthis

section as composite. It alsg prevents fafera.ﬂ
bucklfng of beam.
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Shear .
connector | ﬁ ,3 LTP
( Shear studs) ”

Embed ment oF
comp. Flange to
prevent buckh'r:?

Bra C”H

711 Deep Beams:
A beam Is class) Fied as df‘ep bearmr based on

Efj vabto . It is provided to carry a very high value of
‘D -
patnt dood.

19 For SS.beam. ekl ey

continuUoOUES ﬁfi < 2.5
D
e 1«.15 LC‘L‘_‘OT

2 L("f_f = Minimum
. Cle distance brw supports.

3» Plane seclion no fonger remains plane after

bmdfnj, \Jg

e ' before bending

)
A frer N / '
Bend ”13 1 :




45 Defleckion 'n deep Beam:

L6l
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Cior
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Peg.on eF plane

section vemain s [Q)Oﬂc p?ﬁch“caﬂy

=~ In shallow beams, Abend,ng>> A

sheqr SO “sheqr s

ﬂeglecbed.buf i the case of deep fc:)(i"::?!'?i?d,,l

L/‘\‘Shfdr deminales
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s» First crack 7p deep beams develop due bo o ragonad
ensian. b&’(‘auSG’ 5}16’0!’ dominates rn olef'-p beams.

—® firsl crack due tp diagonal lension

-- Chapler 7 Ends Here...



