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Shear Stress

 A shear stress, acts tangential to the surface of the material

 The free-body diagram shows that there is a tendency to shear the bolt 
along cross sections  mn and  pq.  

 From a free-body diagram of the portion  mnpq of the bolt , we see that 
shear forces  V act over the cut surfaces of the bolt. 

 There are two planes of shear (mn and pq), and so the bolt is said to be in 
double shear.



 The average shear stress on the cross section of a bolt is obtained by 
dividing the total shear force V by the area A of the cross section on 
which it acts 

߬௔௩௚ =  
ܸ
ܣ

 The loading arrangements shown in previous slide are examples of direct 
shear (or simple shear) in which the shear stresses are created by the 
direct action of the forces in trying to cut through the material. Direct 
shear arises in the design of bolts, pins, rivets, keys, welds, and glued joints

 The deformation of a bolt loaded almost to fracture in single shear

Shear Stress



Equality of Shear Stresses on Perpendicular Planes

 Assume that a shear stress ࣎૚ is distributed uniformly over the 
right-hand face, which has area  ࢉ࢈. 

 For equilibrium in the  y direction, the total shear force ࣎૚ࢉ࢈
acting on the right-hand face must be balanced by an 
equal but oppositely directed shear force on the left-hand 
face. 

 Areas of these two faces are equal, it follows that the shear 
stresses on the two faces must be equal.



 The forces ࢉ࢈૚࣎ acting on the left- and right-hand side faces a
couple having a moment about the z axis of magnitude ,ࢉ࢈ࢇ૚࣎
acting counter-clockwise.

 Equilibrium of the element requires that this moment be balanced
by an equal and opposite moment resulting from shear stresses
acting on the top and bottom faces of the element.

 Let the stresses on the top and bottom faces as ૛࣎ , then a
clockwise couple of moment .ࢉ࢈ࢇ૛࣎

 From moment equilibrium of the element about the z axis, we see
that ࢉ࢈ࢇ૚࣎ equals ,ࢉ࢈ࢇ૛࣎

૚࣎ = ૛࣎

Equality of Shear Stresses on Perpendicular Planes



General Observations regarding Shear Stresses

1. Shear stresses on opposite (and parallel) faces of an element are
equal in magnitude and opposite in direction.

2. Shear stresses on adjacent (and perpendicular) faces of an
element are equal in magnitude and have directions such that
both stresses point toward, or both point away from, the line of
intersection of the faces

These observations were obtained for an element subjected only to
shear stresses (no normal stresses), This state of stress is called pure
shear

For most purposes, the preceding conclusions remain valid even
when normal stresses act on the faces of the element. The reason is
that the normal stresses on opposite faces of a small element usually
are equal in magnitude and opposite in direction; hence they do
not alter the equilibrium equations used in reaching the preceding
conclusions.



Shear Strain

 Shear stresses acting on an element of material are accompanied 
by  shear strains.

 The shear stresses produce a change in the  shape of the element. 
The original element, which is a rectangular parallelepiped, is 
deformed into an oblique parallelepiped, and the front and rear 
faces become rhomboids

 Because of this deformation, the angles between the side faces 
change



Sign Conventions for Shear Stresses and Strains

 Sign convention for shear stresses
A shear stress acting on a positive face of an element is positive if it
acts in the positive direction of one of the coordinate axes and
negative if it acts in the negative direction of an axis. A shear stress
acting on a negative face of an element is positive if it acts in the
negative direction of an axis and negative if it acts in a positive
direction.

 Sign convention for shear strains
Shear strain in an element is positive when the angle between two
positive faces (or two negative faces) is reduced. The strain is
negative when the angle between two positive (or two negative)
faces is increased



Hooke’s Law in Shear

 The properties of a material in shear can be determined
experimentally from direct-shear tests or from torsion tests.

 From shear stress-strain diagrams, we can obtain material
properties such as the proportional limit, modulus of elasticity,
yield stress, and ultimate stress. These properties in shear are
usually about half as large as those in tension. For instance, the
yield stress for structural steel in shear is 0.5 to 0.6 times the yield
stress in tension.

 The initial part of the shear stress-strain diagram is a straight line
through the origin, just as it is in tension. For this linearly elastic
region, the shear stress and shear strain are proportional, and
therefore we have the following equation for Hooke’s law in shear

߬ = ߛܩ



Review Questions

Q1 The inclined ladder AB supports a house
painter (82 kg) at C and the self weight (q = 36
N/m) of the ladder itself. Each ladder rail (tr = 4
mm) is supported by a shoe (ts = 5 mm) which is
attached to the ladder rail by a bolt of
diameter dp = 8 mm.
(a) Find support reactions at A and B.
(b) Find the resultant force in the shoe bolt at A.
(c) Find maximum average shear (߬) stresses in
the shoe bolt at A
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