
•  SHEAR	STRAIN	AND	STRESS:	
	
	
	
	
	

•  APPLICATIONS:	
o  Punching	a	circular	hole:	

	
	

o  Shear	stress	in	pin:	
	
	
	

•  YES,	THERE	IS	SHEAR	STRESS	IN	AXIAL	LOADING!		

Lecture	3	summary:	shear	stress	and	strain	

me	323-	cmk	

 
γ =

δ s
Ls

 
τ = P

A
; A = πdt for a circular hole( )
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c)  Shear strain 
Consider the loading of the element below by a shear force V: 

 
 
Shear strain deformations produce skewing in a rectangular-shaped stress element: the 
angle between adjacent sides changes from  π / 2  to  θ

* . Here, we will define the shear 
strain as γ  representing this change in angle: 

 
  
γ = shear strain = π

2
−θ*  

where, from the figure, we have:  

 
tan γ =

δ s
Ls

.  

For small strains,  tan γ ≈ γ , and therefore, 

 
  
γ = π

2
−θ* ≈

δ s
Ls

 

Although shear strain was defined initially in terms of an angle, for small strains this 
measure becomes the ratio of deformation distance δ   to the shortened height of the 
stress element  Ls . 
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Examples of direct shear 
 
Punching operation: 
 

 
 
With a small clearance between the punch and the inner diameter, the sheet metal 
experiences a state of direct shear. Here, we can calculate the shear stress acting on the 
circumference of the punch slug as: 

 
 
τ = V

A
= P
πdt
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τ = V

A
; A = π d / 2( )2 for a circular pin( )
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Bolted and pinned connections: 
Single-shear 
Consider a rod connected to a hinge with pin having a diameter of d. The hinge has a 
single support to ground. The rod carries an axial load of P. What is the average shear 
stress in the pin? 

 
   F∑ = P −V = 0 ⇒ P =V   
Therefore the average shear stress in the pin is: 

 

  

τ = V
A
= P

π d / 2( )2
= 4P
πd2

 

 
Double-shear 
Consider a rod connected to a hinge with pin having a diameter of d. The hinge has a 
double support to ground. The rod carries an axial load of P. What is the average shear 
stress in the pin? 

 

  F∑ = P − 2V = 0 ⇒ V = P / 2   
Therefore the average shear stress in the pin is: 

 

  

τ = V
A
= P / 2

π d / 2( )2
= 2P
πd2
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e) Normal and shear components of stress in an axially-loaded member 
As a closing note, let’s consider the stresses in an axially-loaded rod with a cross-
sectional area of A. Here we will make a cut through the rod that is perpendicular to the 
rod axis, as shown below. 

 

 
Since the axial load throughout the rod is P, we can write down that the average axial 
stress is the axial force divided by the cross-sectional area: 

 
 
σ ave =

P
A

  

Also, since the axial load is perpendicular to cut face, the shear stress on the cut face is 
zero.  
 
Suppose, instead, we make a cut through the rod at an angle θ , as shown in the following 
figure. 
 

 
As a result of this cut, we see two changes. First, the axial load now has both normal and 
tangential components on the cut face of: 

 
 

Fn = Pcosθ
Ft = Psinθ

  

respectively. Second, the area of the cross section over which these resultant components 
act takes on the larger value of: 

 
 
Ac =

A
cosθ

  

With this, the components of stress normal and tangent to the cut are now written as: 
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σ =

Fn
Ac

= Pcosθ
A / cosθ

= P
A

cos2θ = P
2A

1+ cos2θ( )   

 
  
τ =

Ft
Ac

= Psinθ
A / cosθ

= P
A

cosθsinθ = P
2A

sin2θ   

From this, we see that the orientation of the cut through the member influences the values 
of normal and shear components of stress. Furthermore, we see that an axial loading can 
produce both normal and shear components of stress. (Note that the maximum shear 
stress occurs for a cut at  θ = 45° , where   τ = P / 2A .) 
 
  
 
 
 


