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Shear and Diagonal Tension
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Shear Flexure Effects

Pure shear at neutral axis:
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Web-shear crack

Below neutral axis: Combination of shear stress and tensile stress
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Principal stress:
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Typical cracking due to principal tension
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Shear Flexure
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Diagonal compression




Shear Stresses
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Shear Capacity Mechanism

carried by ,
1V compression (shear)
C
_ V.= concrete
/ carried by resistance
L Va | friction aggregate |«
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> |carriedby | v _=(shear) steel

dowel action resistance

Total resistance = Concrete + Steel resistance




Shear Strength of Concrete

Shear strength: v_ = Ve
b d
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Design for Shear (SDM)
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V. = (0.50\/1‘7“76 pI:/I/U d ]bd <0.93,/f/bd

u

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

Shear strength with axial load:

Compression: V, = 0.53(1+0.0071 N, J\/Tgbwd kg

Ay

Tension: V. = o.53(1+0.0029 N, j\/T;de kg
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SDM




Design for Shear (SDM) SDM
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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 whereV, > 0.5 ¢ V, except in

members:

e Footings and solid slabs b

A
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e Concrete joist construction h

e Beams with h <25 cm

e Beam integral with slabs with h <60 cm and

-h<25t '
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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
V mln O 2\/17

but shall not be less than 3.5bs/f, <+— muquﬁm%’u fe <306 ksc

— c, A, f, Avfy
szgzraLrRandaannInnNam Smax = z
y ozﬁ p =

¢ Vg < 14Jfgbd — s = di2 < 60cm
e 1.1fibd < Vg < 21/f¢bd —> s = d/4 < 30cm

e Vi > 21/fibd — Lasumingn
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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| AWIMLIIRBY V, NvnaRIngaAsees d 31NHIYAT89TY
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agn1s VvV, = V, /¢

Step 2| AwiiNAGRanABWNTA V, = 0.53,/f, bd

01V, <V, WLEAIIIADBNIANAIAILADBNINNITNADINIS
— ldindnUasniaenga(szazinaninign)
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Step 3| AlwIMMARIRanNRBINITAIINMANUGEN Vg = V =V,

Step 4 F‘im’gmﬁﬂé’mﬁaumﬂﬁqm Vg max = 2.1\/f; bd

SDM

VvV, >V LERIINTARIAANIWIA LHLNEIND —> LNNIWIAREIAR

s, max




Step 5| ssezvinananuaaniisednis s =

Afy AT,

| I =
Step 6| FzezviIUVANUABNNINNGR Spax =

<
0.2\/ftb ~ 3.5b

v

a1 Vg < 1.1 /fibd — s, = d/2 < 60cm

v

a1 1.1/f bd < Vg < 21 /fibd — s, = d/4 < 30cm

s~ single closed loop stirrup has 2 legs
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Variation of Shear Capacity

P
P
>
>
>
> <4
[
> V
> - AN
| - /
P VC
> o
R o >
=
> )
> O
/)]
| y—
- <
g 2 o
> = >
> 5 <
[ / . [
> l >
> A
> o
~ \ 4
] /
(Q\
~
|

Support




28819 5.1 89NLUULHANUaNSULSILODWLWAIBEILEET AIRWARISIADWATE

fe= 280 ksc ldinandaan DB10 Aasinaniasa f, = 4,000 ksc

P, =5tons P, =5tons ~ 1 c
P, =2 tons Pp=2tons o
w, =3 t/m %
| A ‘ W = 2 t/m "
\ 4 \4 \ 4 \4 1 \ 4 \ 4 A\ 4 \ 4 \ 4 1 \ 4 \4 \ 4 \ 4 -O
eeesd
= A = := =:
l > > > 40 cm
© 25m 4.0m " 25m Section A-A
1. ATWIWLLSILRBUUSLAY
w,=1.4(2)+1.7(3) = 7.9 t/m
P, =1.4(2)+1.7(5) = 11.3 ton

AT NLABDRLIIRDNV,, :




46.85 ton V| w, = 7.9 t/m

N 27.1 ton

d =53 cm
L5 ‘15.8 ton 4m . 25m
< '|‘ o
25m -15.8 ton
-27.1 ton
amgﬁmmm”wm 30 4«. -46.85 ton

Vo fiszez d = (46.85 — 7.9(0.15+0.53))/0.85 = 48.80 ton
2. AMUIUNIAILRDUADUNIA

V. = 0.53/f/bd = 0.53v280x40x53/1,000 = 18.80 ton

Cc

3. AMUIA1adLdauninadIn1santnandaan

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




4. Muwraiiaadau V, anfige widinndiauiniissnansalel ?

V = 2.1/f:bd = 2.1v280x40x53/1,000 = 74.50 ton

S,max

[V,=30.00ton] < V —  KUIBAAHIUIALNY WD

S, max

1.1yf. bd = 1.1v280x40x53/1,000 = 39.02ton > V,

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

max
5. AMUIMSEEEHIaLKRANUaaNTIBBINTS
aadldinaniasn DB10 Uaanta(aasan) A, = 2(0.785) = 1.57 cm?

Af,d 157x4.0x53
Y, 30.00

S

S

= 11 cm

Rulld DB10 @ 0.11 . Nszez d 91nEIgATBI5Y




6. aanLUULKANUABNNNA1IL24 27.1 ton
15.8 ton

V,Jo = 15.8/0.85 = 18.6 ton ; am |
Vo < [V,=18.8ton] —> Use min. stirrup -15.8 ton
-27.1 ton k
A.f,  1.57x4,000
“max = 35b  3.5x40

d/2 = 53/2 = 26.5¢cm < 60cm  maviuld DB10 @ 0.25 . finanedag

‘ DB10@0.11m DB10@0.25m DB10@0.11m ‘

d »ld »ld

A
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A
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A
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25m 3.7 m 25m




MA9879N 5.2 ATWIWLAYITAITUBIARNAIN 2 BW/LNAST (TINWIABNAILDY)
LAZWIRHNLT 2.5 AW/LNAT MHaanluulranUaana nsunIwih ANGIADUNSA
f' = 250 N.1./28.2 ATRIRANLETNIUNIIAR 4,000 n.0./2H.

=25 0 SN
EEEEEEEEEEEREREN d = 64 cm
EEREEEEEEEEREEN
) L=10m 1 - >
5911 30 cm

1. w21 0h shear force envelope §1% 3L NULULUNTT

B inyUszauninua w, = 1.4(2)+1.7(2.5) = 7.05 auw/iLua3
fnsinaslieas w,, = 1.7(2.5) = 4.25 qwLuaT

u

wsadoudszanfivanseu wl/2 = 7.05(10)/2 = 35.25 6




W8 audsEaBANA1 9T w  L/8 = 4.25(10)/8 =

531 A% o ¥ o . e e . - e o
UBINANWIVTNAUNUBARIAKULILIATAITVDLINUATS FUYFINTBITLNTI 40

TH. WINAAINYABLNTzEE d = 64 TX. NAIIATBITY UTaRanddriny

V /o N3z8z d = 41.47 — (0.84/5)(41.47 — 6.25) = 35.55 614

35.25/0.85 = 41.47 ton

shear force
envelope V /¢

5.31/0.85 = 6.25 ton

2. ATWITHANR IR UABUNTS V,

V. = 0.53,/f'b,d

0.53+/250 x 30 x 64 / 1,000
= 16.09 ton
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41.47ti. 84cm | Critical section
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o o v A dl v ~
3. @WIANRILRa NG BINITIINIARANU AN V,
V
V. = “u_V = 3555-16.09 = 19.46 ton
¢
4. dwrmrinaddan Vo uiniige nninaaduwiaiivesne
A 1
wieldd, = 24f b,d = 2.4250 x30x64/1,000 = 63.75 ton
Ho991n V, Neaen1snszes d = 19.46 fw JALaLAk Vg . = 63.75 6%
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5.

o

p3asey  1.1f b,d = 1.14/250 x30 x64 /1,000 = 33.39 ton

Woean V, <1.1f b, d menw s, = d/2=64/2 =32 948. < 60 4.
ATWBITWIZUEAIILRANURONNADINTT

aadld RB9 Uaanlm(dasa):

A, =2(0.636) = 1.27 #¥.” uaz f, = 2,400 n.n./2u.°

segerianandannneninisnszes d mﬂﬁwaa@mm%’uﬁa

B A fd  1.27x2.4x64
V 19.46

S

= 10.02 cm

mf anldinanUasn RB9Y @ 0.10 u. fiszez d ﬁ]’]ﬂN’Jﬁ]Eﬂ
2997

Founiga A, f 1.27 x 2,400

S = LA A = 32 cm

" 0.2fb, 0.24250x30




A, f
S = -2 = 1.27x2,400 29 cm Smax = 29 VY.
3.5b 3.5x30

w

ma1iu RBY @ 0.10 &. Mdanldla

LA A WA1IDTIAISIANT 022w 15 FN. LHDLSIL2aWNNINTZINaRaIa AU
AUARNBENININNINTEEE d 31NHIFATBITU

7. @1wIman V /¢ wazszazfiazlfindniaan RB9 @ 0.15

B
Afd
Vo o ALE Ly _ 1272404 4609 — 29.1ton
0) S
41 47 ton RANTUIRUAN V /d = 29.1 A

29.1 ton i o
ANNNHATNLARYNARE
6.25t _
on « = 41.47 — 29.1 <500
41.47 —6.25

176 cm
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USMnadA B deuiates winszesiiananlaaniu s, ., = 29 9.
A, f d
Vo o ALEG Ly J 1:27x24X08 4669~ 228 ton
0) S 29
X = 41'47_22'8><500 = 265 cm from support
41.47 -6.25

8. AR NUADNATNGEILAUINAIWI UN

Avualilaanusniuisses 1 98, 9INHIAT095U LAIAIWINIEEENLdRS

Q/

ANSeezrneszviiUaanllanieszasfidnwmnlalneaainluianitaasoit
RBO9@0.103. :20+1+16@10 =181 5dl. > 176 vd. OK
RBY @ 0.153. :181 +6@15 =271 4. > 265 TU. OK

RB9 @ 0.29 &. : 271 + 7@29 = 474 T4.




