Stresses due to Combined Loading
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Mathematical representation: Stress Tensor
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To solve for stress at a point
1. Draw a free body of the cut section and identify all forces and moments acting at that section
2. compute stresses

The principle of superposition holds for stresses, i.e., stresses are additive.
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Principal stresses

Normal and shear stresses vary with direction of the coordinate system. There are planes on
which the shear stress components are zero. The normal stresses on these planes are called
principal stresses and the planes themselves are called principal planes. The principal shear
stresses are at 45° angles to the planes of the principal normal stresses.

The objective of the machine designer is to find (or predict) the largest stresses at critical sections
of machine components.

We can use the following system of equations to determine principal stresses:
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Find where the determinant of the 3 x 3 matrix is 0.0
Ny Ny, and n, are direction cosines.

There will be three roots that will make the determinant of the above matrix 0.0; those three roots
are si, S, and sy—the principal stresses. s;>5s,>S3

The principal shear stresses are determined as follows:
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t13 is the maximum shear stress.

For the 2-D case, or where s, = 0.0, the principal stresses are:
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