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Web-shear crack

Pure shear at neutral axis:
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Shear Flexure Effects
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Below neutral axis: Combination of shear stress and tensile stress

Principal stress:
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Shear Stresses
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Shear Capacity Mechanism
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Total resistance = Concrete + Steel resistanceTotal resistance = Concrete + Steel resistance



Shear Strength of Shear Strength of ConcreteConcrete

Shear strength: c
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Design for Shear (WSD)Design for Shear (WSD)

Shear strength of concrete

0.265 91.4 0.464c c c
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Simple formula: 0.29c cV f b d′=

Shear strength from concrete & steel:
c sV V V= +

Required shear strength from steel:
s cV V V= −



Shear Strength Provided by StirrupShear Strength Provided by Stirrup
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Shear strength provided by stirrup

Av = 2As

Shear Design RequirementsShear Design Requirements

Max. shear strength:
max 1.32 cV f b d′=

Max. stirrup spacing:
max / 2 60 cms d≤ ≤

If
max0.795 / 4 30 cmcV f b d s d′> → ≤ ≤

WSD

Minimum stirrup: sb0015.0Amin v =

or
b0015.0

A
s v

max =



�������ก�	��ก
�����ก��	��	��
	������

Step 1 ��������	
��� V ������������ก��������� d ��ก�������	���

Step 2 ������ก����	
�����ก��� dbf29.0V cc ′=

 �� V < Vc �!�	�"���ก���#�ก����	
���#�กก�"������	ก��

→ $%�
��&ก'�ก������!��(�����"�	#�ก���!��)
→ ��*����������

Step 3 ������ก����	
���#�ก���!�� dbf32.1V cmax ′=

 �� V > Vmax �!�	�"��������#�*���+#"
,��	, → 
,��#*����������

Step 4 ������ก����	
��������	ก����ก
��&ก'�ก cs VVV −=

�����"�	
��&ก'�ก
s

vv
V

dfA
s =

WSD

Step 5 �����"�	
��&ก'�ก#�ก���!��
b0015.0

A
s v

max =

 �� dbf795.0V c′≤ → smax =  d/2  ≤ 60 cm

 �� dbf32.1Vdbf795.0 cc ′≤<′ → smax =  d/4  ≤ 30 cm

single closed loop stirrup has 2 legs

('�ก
�����#�!	*�)

Av = 2 As : ,�-����
��&ก'�ก$������
���

fv : ��"����	����#$��*	
��&ก'�ก

SR24 : f v = 1,200 ksc

SD30 : f v = 1,500 ksc

SD40 : f v = 1,700 ksc

WSD



Example 1 : Shear design by WSD

b = 30 cm, d = 45 cm

f’c = 240 ksc, fy = 4,000 ksc

@ critical section V = 15 ton

dbf29.0V cc ′=

000,1/453024029.0 ××=

=  6.07 ton

dbf32.1V cmax ′= ton 61.27=

ton 63.16dbf795.0 c =′

cs VVV −=

ton 93.807.615 =−=

s

vv
V

dfA
s = cm 45.13

93.8
457.157.1

=
××

=

USE Stirrup DB10 @ 13 cm


���	��ก dbf795.0V c′≤ → smax =  45/2  =  22.5 cm  ≤ 60 cm

b0015.0
A

s v
max = cm 9.34

300015.0
57.1

=
×

=

Simple formula: 0.53c cV f b d′=

Shear strength with axial load:

Compression : 0.53 1 0.0071 kgu
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Design for Shear (Design for Shear ( SDSDMM)) SDM

ก�������������ก	�� :



Design for Shear (Design for Shear ( SDSDMM)) SDM

ก����	
���*	���
!��#
��&ก�����	
��� : Vn = Vc + Vs

ก����������$��#�ก����	
��� : Vn ≥ Vu / φφφφ ,  φφφφ = 0.85 for shear

Av = 2 As
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��&ก'�ก�����	ก�� : Vs = Vu / φφφφ - Vc
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ACI318: 11.4.6 ACI318: 11.4.6 –– Minimum Shear ReinforcementMinimum Shear Reinforcement SDM

- h ≤ 2.5 tf

- h ≤ 1/2 bw

11.4.6.1 – A minimum area of shear reinforcement, Av,min , shall be provided 

in all reinforced concrete flexural members where Vu ≥ 0.5 φφφφ Vc, except in 

members:

• Footings and solid slabs

• Concrete joist construction

• Beams with h ≤ 25 cm

• Beam integral with slabs with h ≤ 60 cm and 

bw

tf
h

h

b



ACI318: 11.4.6 ACI318: 11.4.6 –– Minimum Shear ReinforcementMinimum Shear Reinforcement SDM

11.4.6.3 – Where shear reinforcement is required, Av,min shall be computed 

by

y
cmin,v f

sb
f2.0A ′=

but shall not be less than 3.5bs/fy �����#!������ ksc 306fc <′
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dbf1.1V cs ′≤• smax =   d/2   ≤ 60 cm

dbf1.2Vdbf1.1 csc ′≤<′• smax =   d/4   ≤ 30 cm

dbf1.2V cs ′>• ��������"���!
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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 Vu computed at a 

distance d.
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Step 1 ��������	
��� Vu ������������ก��������� d ��ก�������	���

Step 2 ������ก����	
�����ก��� dbf53.0V cc ′=

 �� Vn < Vc �!�	�"���ก���#�ก����	
���#�กก�"������	ก��

→ $%�
��&ก'�ก������!��(�����"�	#�ก���!��)
→ ��*����������

Step 4 ������ก����	
���#�ก���!�� dbf1.2V cmax,s ′=

 �� Vs > Vs, max �!�	�"��������#�*���+#"
,��	, → 
,��#*����������

Step 3 ������ก����	
��������	ก����ก
��&ก'�ก cs VVV −=

SDM

ก����	
��������	ก�� Vn = Vu / φφφφ



Step 6 �����"�	
��&ก'�ก#�ก���!��
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yv
max ≤

′
=

 �� dbf1.1V cs ′≤ → smax =  d/2  ≤ 60 cm

 �� dbf1.2Vdbf1.1 csc ′≤<′ → smax =  d/4  ≤ 30 cm

single closed loop stirrup has 2 legs
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Variation of Shear Capacity

Mid spanSupport

d critical section
wuL/2

φ Vc φ Vc/2

wu

φ Vn



��%�������� 6.1 ก���
��&ก'�ก�����	
���$����%"�	
����� ก�����ก����	��ก���
= 280 ksc $%�
��&ก'�ก DB10 ก����	
��&ก
!��# fy = 4,000 ksc

PL = 5 tons
PD = 2 tons

PL = 5 tons
PD = 2 tons

wL = 3 t/m
wD = 2 t/m

2.5 m 2.5 m4.0 m

A

A

Section A-A
40 cm

d 
=

 5
3 

cm

cf ′

1. ����%*
	�������	����

wu = 1.4(2) + 1.7(3) =  7.9  t/m

Pu = 1.4(2) + 1.7(5) =  11.3  ton

!���	���/0#���	
��� Vu :

46.85 ton

27.1 ton

15.8 ton

-15.8 ton

-27.1 ton

-46.85 ton

2.5 m4 m

2.5 m

wu = 7.9 t/mVu

d = 53 cm

!##������#ก���	
!� 30 1#.

Vu/φ ������� d =  (46.85 – 7.9(0.15+0.53))/0.85 =  48.80 ton

2. ����%*ก�������������ก	��

c cV 0.53 f bd′= 0.53 280 40 53 /1,000= × × =  18.80 ton

3. ����%*ก��������������"��ก�	-�ก���ก���ก

Vs =  Vn – Vc =  48.80 – 18.80  =  30.00 ton



4. ����%*ก���������� Vs ��ก���� ! %���"���!�����!�/���/�	��0��?

=  74.50 tons,max cV 2.1 f bd′= 2.1 280 40 53 /1,000= × ×

[ Vs = 30.00 ton ]  <  Vs, max �"���!�����!�/���/�

c1.1 f bd 1.1 280 40 53 /1,000′ = × × =  39.02 ton  >  Vs

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

5. ����%*	���������ก���ก����"��ก�	

�	$%�
��&ก'�ก DB10 '�ก'3�(!	*�) Av = 2(0.785) = 1.57 cm2

v y

s

A f d
s

V
=

1.57 4.0 53
30.00
× ×

= =  11 cm

!������#$" DB10 @ 0.11 �. ���	��� d -�ก3�%- !	��	��

2.5 m2.5 m

DB10@0.11m DB10@0.11m

3.7 m

DB10@0.25m

6. ��ก
�����ก���ก���ก���$�%� 27.1 ton

15.8 ton

-15.8 ton
-27.1 ton

4 m
Vu/φ =  15.8/0.85  =  18.6 ton

Vu/φ <  [ Vc = 18.8 ton ] Use min. stirrup

v y
max

A f
s

3.5b
=

1.57 4,000
45 cm

3.5 40
×

= =
×

d/2  =  53/2  =  26.5 cm  <  60 cm !������#$" DB10 @ 0.25 �. ���ก���$�%�


