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Shear and Diagonal Tension
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Shear Flexure Effects

Pure shear at neutral axis:
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Below neutral axis: Combination of shear stress and tensile stress
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Typical cracking due to principal tension
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ﬂx ‘ Diagonal tension
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Shear Stresses
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Shear Capacity Mechanism

v carried by -
l V, compression (shear)
_ V.= concrete
/ carried by resistance
l Va | friction aggregate
l interlocking
Vs carried b
_ Y J«—— V, = (shear) steel
dowel action resistance

Total resistance = Concrete + Steel resistance




Shear Strength of Concrete

Shear strength: v, = V‘a

from experiment v, =0.50,/f/ +176p, \IGId <0.93,/f/ kglem?
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Design for Shear (WSD)

Shear strength of concrete

V. :(0.265 f/ +91.4%djbd < 0.464,/f/bd

Simple formula: V., = 0.29\/f7bd
Shear strength from concrete & steel: v =V_+V.

Required shear strength from steel: V.=V -V,
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Shear Strength Provided by Stirrup
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/ | Shear strength provided by stirrup
A f.d
d :I VS = A/ fsn — SS
Shear Design Requirements WSD

Max. shear strength:  Vv__ :1.32\/f7(:'bd
Max. stirrup spacing: S, <d/2<60cm

f v>0795/f/bd — s, <d/4<30cm

Minimum stirrup: minA, = 0.0015bs

AV
O Smax = 540150
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Step 1

Step 2

Step 3

Step 4

ATWINLSIREY V IniaRIngansse: d 31niigATaIsy
ATWIMATAILREWABWNIR V. = 0.29,/f. bd

01 V <V, udmniinmenninfiniaodanyinniingoinis
— ldnanuaanieeign(szezvinaninign)
—> ARAWIANUIGD
[ o L =] dl [
FIWINNIANQBWNINNGR V4 = 1.32,/f¢ bd

61 V>V, LdAeIRiaAaRaua laligowe —> [NAWIAREIGAR

X

AIwINANRIReuwnAaINIsaInmanUaan Vg = V-V,

Step 5

srgraAanlann s = Ayfyd
VS
1 < o A WSD
FTHLUIAANUIBNNINNGR Spax = vV
! 0.0015b
g1 V < 0.795./f,bd - s, = d/2 < 60cm

a1 0.795/f bd < V < 1.32/f;bd - s, = d/i4 < 30cm

single closed loop stirrup has 2 legs
_ ! _ (Useniagniisasan)

A, =2 A, | : Wwnnanuasnluszwiuiien

Vv

f,: nbewsefisanldzaandndasn
SR24 : f, = 1,200 ksc
SD30: f, =1,500 ksc
SD40 : f,=1,700 ksc




Example 1 : Shear design by WSD

b =30 cm, d = 45 cm Ve = 0.29/f¢ bd
f'. =240 ksc, f, = 4,000 ksc = 0.294/240x 30x45/1,000
@ critical section V = 15 ton = 6.07 ton

Viax = 1.32,/f.bd = 27.61 ton Ve = V-V,

0.795,/f bd = 16.63 ton 15-6.07 = 8.93 ton

s - Ayfyd _ 1.57x1.7x45 _ 13.45 cm

Vs 8.93

iaean V < 0.795fbd — s = 45/2 = 22.5¢cm < 60 cm

max

S = Ay = 1.57 = 34.9 cm '

max = 59015b . 0.0015x30 - USE Stirrup DB10 @ 13 cm

Design for Shear ( SDM) SDM
N1R9LRAVADUNSA

V, = (0.50 f/+176 /’I:/I/u d jbd <0.93,/f,bd

u

Simple formula: Vv, =0.53,/f/bd

Shear strength with axial load:

Compression : V, =0.53| 1+ 0.00?lz’j\/fi’qud kg

Tension : V, =0.53| 1+0.0029 2 j\/f_ b,d kg




Design for Shear ( SDM) SDM

ANAILAInIDIAWLEINIHANTUNTIEIN - V. = V_ +

pONLUUARIARIARANAIEaw © V., > V, /¢, ¢ =0.85 for shear

ey . .
T Jwutanniunszuwiuldaw c n=d/s
d l o (% =] [~ .
L | n1adkRawaNBanudasnn ;

l A, fyd

e—d — Ve = A,fyn =
A, =2 A, S vy S

\'

lun1seanuuu Maadewnanlaaniisesns : Vg = V, /¢ -V,

- o Ay, f,d
seezdnaanlaen © s = Y
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ACI318: 11.4.6 — Minimum Shear Reinforcement SDM

11.4.6.1 — A minimum area of shear reinforcement, A, ..., shall be provided

in all reinforced concrete flexural members where V, > 0.5 ¢ V., except in
members:

e Footings and solid slabs b

e Concrete joist construction hI

e Beams with h <25 cm

e Beam integral with slabs with h <60 cm and
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ACI318: 11.4.6 — Minimum Shear Reinforcement SDM

11.4.6.3 — Where shear reinforcement is required, A, ., shall be computed
by o
- bs
Avmin = 0.2\/Ef
y
but shall not be less than 3.5bs/f, <— miuANEIWMIU f, <306 ksc

Aty ATy

1 < o
suﬂumemanﬂaanmnnqﬂ Smax =

0.2,/ftb = 3.5b
o Vg <11/fibd — s = di2 < 60cm
o 1.1/fibd < Vg < 21/fibd — s __ = d/4 < 30cm

o Vg > 21/flbd — Wasuntsn

WSILRUN 1 LuN1599NLUY

ACI 11.1.3.1 — For nonprestressed members, sections located less than a distance
d from face of support shall be permitted to be designed for V, computed at a
distance d.
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Step 1

ATWILSILREY V, IiARIngansees d A1NHI19RT895Y

ANauRaunAaInIs vV, = V,/ ¢

Step 2

AWINANAIREWABUNTR V., = 0.53./f. bd

071V, <V, LERIIAIBNIANAIAILR8BNINNINEHDINS

— ldndnUaandoengn(szasvinesninign)

—> ARAWIARWIAR

Step 3

AIwINANRIeunAINIsaInmanUaan Vg = V-V,

Step 4

o o el =] dl _ !
ATMINNIANRDUNINNGR Vs maxy = 2.1/f¢ bd

a1 Vv, >V

SDM

LERIITRIIBARIWIA LN GIND —> INNIWIARIIE A

S, max




Step 5| szezvinananUasniifesns s =

Aty AT,

1 < o
Step 6 suawmomaﬂﬂaanmﬂwqﬁl Smax =

———— <
0.2,ftb = 3.5b

a0 Vg < 11/flbd — s, = di2 < 60cm

max

a1 1.1/f{bd < Vg < 21/ftbd — s = d/4 < 30cm

single closed loop stirrup has 2 legs
i} !  (Unenifenfidasen)

A, =2 A, | : Wwnnanuasnluszwiuilen
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Variation of Shear Capacity
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2881990 6.1 9aNLUUKANUAENSULSILEDWIBATWAILAYT ANTABANIRIADHATH
fe = 280 ksc ldindnuaan DB10 faumnaniass f, = 4,000 ksc

P =5tons P_=5tons s~ o ‘ =
P, =2tons P, =2 tons ©
w, =3 t/m @
A «— Wp = 2 t/m Tl
©
\ 4 y y v \ 4 v v y \ 4 y \ 4 \ 4 e e oo v
O o 7
. L | J 40 cm
s m 40m 25m Section A-A
1. AMUIALSILRaUUSEAY
w, =1.4(2) + 1.7(3) = 7.9 t/m
P,=14(2)+1.7(5) = 11.3 ton
AR HLTILRDY V),
46.85ton V, w =7.9t/m
N 27.1 ton
d =63 cm
b 15.8 ton
) ) 4m U 25m
) e
2.5m -15.8 ton
-27.1ton
ANNFAINATINET 30 BN, _46.85 ton

V, /o fisses d = (46.85 — 7.9(0.15+0.53))/0.85 = 48.80 ton
2. ATUIUNIRILRDUABUNIE

V, = 0.53/f{bd = 0.53v/280x40x53/1,000 = 18.80 ton
3. AMwIninaadauiidasnisanumanlaan

V., = V,—-V, = 48.80-18.80 = 30.00 ton

S n




4. Amwimmandau V, anfige Imidaadizuiniesnansalel?

Vomax = 2.4/fbd = 2.14280x40x53/1,000 = 74.50 ton

[V,=30.00ton] < V —  RUIAANIUIALNLIND

S, max

1.1/f/bd = 1.1J280x40x53/1,000 = 39.02 ton > V,

S = d/2 = 53/2 = 26.5cm < 60 cm

max

5. AMuIMSEezHIsIRENUaaNAGaINIS
aagldiwanuaan DB10 Uaanla(daean) A, =2(0.785) = 1.57 cm?

A, d 157%x4.0x53

S = 11 cm
V, 30.00
savuld DB10 @ 0.11 «. fssee d mnﬁfaqmaa%'u
6. aanLUULHENUaaNfinanagae \‘ 27.1ton
15.8 ton Am
V /o = 15.8/0.85 = 18.6 ton D |
V/¢ < [V.=18.8ton] —> Use min. stirrup -15.8 ton
-271tont\\\

A f
Smax _ vy _ 157)(4,000 — 45 cm

3.5b 3.5x40

d/2 = 53/2 = 265cm < 60cm  metiuld DB10 @ 0.25 &. Ainanedag

DB10@0.11m DB10@0.25m DB10@0.11m

2.5m 3.7m 2.5 m




