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CHAPER THREE – ANALYSIS OF PLANE STRESS AND STRAIN 

Introduction 

This chapter is concerned with finding normal and shear stresses 

acting on inclined sections cut through a member, because these 

stresses may be larger than those on a stress element aligned with the 

cross section. In two dimensions, a stress element displays the state 

of plane stress at a point (normal stresses σx, σy, and shear stress 

τxy) and transformation equations are needed to find the stresses 

acting on an element rotated by some angle θ from that position. 

Maximum values of stress are needed for design, and the 

transformation equations can be used to find these 

principal stresses and the planes on which they act. There 

are no shear stresses acting on the principal planes, but a 

separate analysis can be made to find the maximum shear 

stress and the inclined plane on which it acts. Maximum 

shear stress is shown to be equal to one-half of the 

difference between the principal normal stresses. A 

graphical representation of the transformation equations for 

plane stress, known as Mohr’s Circle, provides a 

convenient way of calculating stresses on any inclined plane 

of interest. The plane-strain transformation equations are 

needed for evaluation of strain measurements obtained 

using strain gages in field or laboratory experiments of 

actual structures. 



2 

If a plane element is taken out from a body, it will be subjected to the normal stresses σx and σy together with 
the shearing stress τxy = τyx, as shown in the figure. No stresses are assumed to act on the element in the z-

direction. 

Sign Convention: 

σx, σy= + tensile 

σx, σy= - compressive 

τxy = + on the right-hand face, tends to rotate the element counterclockwise 

θ = + counterclockwise 
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Normal and Shear Stress Components 

Using this established sign convention, the element is 

sectioned along the inclined plane and the segment shown 
is isolated. The resulting free-body diagram of the segment 

is shown in the figure. If we apply the equations of 

equilibrium along the x′ and y′ axes, we can obtain a direct 

solution for σx′ , σy′ and τx′y′. We have: 
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EXAMPLE 3-1 

The state of plane stress at a point is represented on the element shown in the figure. Determine the state of 

stress at this point on another element oriented 30° clockwise from the position shown. 

Solution: 

Plane CD: 

To obtain the stress components on plane CD, the positive x′ axis must be 

directed outward, perpendicular to CD, and the associated y′ axis is directed 
along CD. The angle measured from the x to the x′ axis is θ = -30° (clockwise). 

Plane BC: 

Establishing the x′ axis outward from plane BC, then between the x and x′ 

axes, θ = 60° (counterclockwise). 
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Principal Stresses 
For design purposes, the critical stresses at a point are often the maximum and minimum normal stresses 

and the maximum shear stress. At a certain angle of element inclination, the normal stresses are maximum 

and minimum without shear stresses. To find the direction of the maximum or minimum normal stress, the 

following equation is differentiated with respect to θ, and the derivative is set equal to zero i.e. 

 The following equation used to obtain the maximum and minimum normal stress (principle stresses) 

Notes: 

Shear stress vanishes on planes where maximum and minimum normal stresses occur. 

If a plane is a principal plane, then the shear stress acting on the plane must be zero. 

The converse of this statement is also true: 

If the shear stress on a plane is zero, then that plane must be a principal plane. 
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Maximum Shearing Stresses 

To determine the maximum value of the shearing stress, the following equation should be differentiated with 

respect to the angle θ and set this derivative equal to zero.  

 

 

 

Therefore: 

Note: The planes on which the maximum in-plane shear 

stresses occur are rotated 45° from the principal planes. 

The maximum shearing stress can be found from the equation: 

The average normal stress on the planes of maximum in-plane shear stress is: 
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EXAMPLE 3-2 

The state of stress at a point just before failure of an element is shown in the figure. Represent this state of 

stress in terms of its principal stresses. 

Solution: 
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EXAMPLE 3-3 

The state of plane stress at a point on a body is represented on the element shown in the figure. Represent 

this state of stress in terms of its maximum in-plane shear stress and associated average normal stress. 

Solution: 
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EXAMPLE 3-4 

Determine the normal and shear stresses acting on an  element whose sides are parallel to the xy axes; that 

is, determine σx, σy, and Ƭxy. Show the results on a sketch of an element oriented at θ=0°. 

Solution: 
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EXAMPLE 3-5 

The surface of an airplane wing is subjected to plane stress with normal stresses σx and σy and shear stress 

Ƭxy, as shown in the figure. At a counterclockwise angle θ=30° from the x axis the normal stress is 35 MPa 

tension, and at an angle θ=50° it is 10 MPa compression. If the stress σx equals 100 MPa tension, what are 

the stresses σy and Ƭxy?. 

Solution: 
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EXAMPLE 3-6 

An element in plane stress is subjected to stresses σx=-25.5 MPa, σy=6.5 MPa, and Ƭxy=-12 MPa. Determine 

the maximum shear stresses and associated normal stresses and show them on a sketch of a properly 

oriented element. 

Solution: 


