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Stress at a point
General state of stress.  Stress cube in 3D

Equilibrium conditions require that:

Why?

zyyzzxxzyxxy   ,,
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Stress at a point
General state of stress.  Stress cube in 3D

There are 9 
components of stress.

Equilibrium conditions are 
used to reduce the 
number of stress 
components to 6:
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Stress tensor
Cauchy stress tensor
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Tensors are quantities 
that are invariant to 

coordinate 
transformations (i.e., 

translations & rotations)
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Stress at a point
Plane stress

General state of stress Pane stress
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Plane stress transformation (rotation)

Stress cube in 2D



x

y

Rotate cube in 2D while keeping

resultant forces the same
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Plane stress transformation (rotation)

Introduce plane rotated 

at angle , therefore 

defining area A
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Plane stress transformation (rotation)

Plane rotated at 

angle  defining 

area A

Corresponding 

forces
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Plane stress transformation (rotation)

Apply equilibrium conditions:

 ;0)1( 'xF

 ;0)2( 'yF
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Plane stress transformation (rotation)

First equilibrium condition:

 ;0)1( 'xF
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Plane stress transformation (rotation)

Second equilibrium condition:
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0sin)cos(

cos)cos(

cos)sin(

sin)sin(''

















A

A

A

AA

x

xy

y

xyyx



Mechanical Engineering Department

Plane stress transformation (rotation)

Transformation equations 

become:
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In-plane principal stresses

In-plane principal normal stresses can be obtained by:
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resulting in an angle of:
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which is substituted into transformation equation to lead to 

the principal stresses (Max/Min):
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Maximum and Minimum in-plane shear stress

Max/Min in-plane shear stresses can be obtained by:

resulting in an angle of:
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which is substituted into transformation equation to lead to 

the maximum in-plane shear stress (Max/Min):
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Mohr’s circle (developed by Otto Mohr in 1882)
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Necking

Principal and maximum shear stresses can be used to study 

failure of components



Mechanical Engineering Department

Does not “fail” Shear failure

Even materials: same behavior in tension and in compression.

Principal and maximum shear stresses can be used to study 

failure of components
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FailureDoes not “fail”

Principal and maximum shear stresses can be used to study 

failure of components
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Stress-strain relation 

(torsion):
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Not uniform stress 
distribution; (in some 

cases, thin-walled tubes 
are preferred for this 

test, why?)

Steels:
utus SS 80.0

Other ductile 

mtls.: utus SS 75.0

Note: ysy SS 58.0

θ

Principal and maximum shear stresses can be used to study 

failure of components
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Reading assignment

• Chapter 9 of textbook

• Review notes and text: ES2001, ES2501
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Homework assignment

• As indicated on webpage of our course


