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Structural Mechanics I

CE  203

Summary of lectures 12-15: Stress Concentration and Generalized Hooke’s Law


Stress Concentration:  it is an elevation of the magnitude of stress. It is caused mainly by a change of geometry including sudden reduction in diameter of a circular shaft, opening a circular hole in the load path. Typical examples are shown in Fig. 1 below. 

For an normal stress caused by an axial force N, the average stress is avg =N/A, and if the measured maximum stress is max, the ratio of these two stresses is called the stress concentration factor such that: SCF=maxavg.

Fig. 1:

How to Evaluate Stress Concentration:

1. By an experiment;  

2. By photo-elasticity;  

3. By numerical analysis using the finite element method.

The results are summarized in tables or charts of stress concentration factors depending on the geometry change that causes the stress concentration.

The design of a structural part must ensure that the maximum stress is max must not exceed the allowable stress. This allowable stress for linear elastic material behavior must not exceed elastic. 

The following example illustrates a typical problem with axial loading subjected to stress concentration.

The example is used to evaluate the SCF from the given chart, and to show that axial deformation is not affected by the localized effect of stress concentration.
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The non-uniform bar ABC carries a load P= 270 N. Tt has the following
values: r=10 mm. ; d=100 mn.

Determine :

1. Maxtmam normal stress: 6,

2. The final length of the bar ABC if E=200 GPa, the change in temperature

AT=-10"Cand@=127x10 / °C.
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Generalized Hooke’s Law:  

It summarizes the relationships between the stress components and the strain components under a general state of loading as shown in Fig. 2 below.

On the stress cube shown, the possible stresses are shown on the positive face along the positive axes: x, y, and z, and on the negative faces the stresses are equal but opposite in direction.

Fig. 2:

From equilibrium, it can also be shown that yx = xy or generally that ij= ji. 

The stress state at a point in a material is completely described by: 

· Three normal stresses:x,y,z..
· Three shear stresses: xy,, xzyz.
Hooke' Law: For a linear elastic, homogeneous, isotropic material, the principle of superposition is used to compute the total strain caused directly by a stress or indirectly by Poisson’s effect such that:

x(tot) =  x(_x) + x(_y) + x(_z);

y(tot) =  y(_y) + y(_x) + y(_z);

z(tot) =  z(_z) + z(_x) + z(_y);

Then since: x(_x) = x/E and x(_y) = - y = - y/E, it is readily seen that:

x(tot) = 1/E [ x - y + z )];

y(tot) = 1/E [ y - x + z )];

z(tot) = 1/E [ z - x + y )].

For shear stresses, the relations for direct shear stresses are simpler and independent from each other. This is so because the stresses xy,, xzyz are acting on independent (orthogonal) plane, as their subscripts indicate the direction and plane for each stress component.

· The relationships are: xy =xy,/ G; xz =xz,/ G; xy =yz,/ G. 
Where:  shear modulus G= E/2(2+v).

The following examples illustrate the applications of the above relationships for a linear elastic material. 
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yx = xy
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y








x





Stress cube





Stress raisers: a) hole; b) sudden reduction in area.
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