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mine a general state of stress, and which do not depend on the particular
coordinate system chosen to describe it.

9.4.1 Yield criteria for ductile materials

Because experimental evidence suggests that the yielding of ductile materials is
due to shear stresses causing slipping between layers of the material, we can
anticipate that appropriate yield criteria will L.2based on shear stresses. Two
such criteria are in common use.

Maximum shear stress ( Tresca) criterion

This criterion is based on the idea that a ductile material will yield under a
general state of stress when the absolute maximum shear stress is equal to the
absolute maximum shear stress at the yield point in a simple tension test. It is
often known as Tresca's criterion, after the French engineer Henn Tresca,
(1814-1885). _

As we saw in Example 9.7a, in a state of simple uniaxial tension with an
applied stress of @, the absolute maximum shear stress is ¢/2. Consequently, the
maximum shear stress vield criterion can be expressed symbolically as

max ~

(9.47)
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In a general three-dimensional state of stress, the absolute maximum shear
stress is given in terms of the maximum and minimum principal stresses. ¢, and
74, by equation (9.26) as

oy A (9.48)

On the other hand. in a state of plane stress with principal stresses 7, and o,
the ubsolute maximum s given by equation (9.28) as the largest of

G, — 0, a,| G|
i, = —| or |—| or |—=| (9.49)
Therefore. if #, and 7. uare of opposite signs -
7,0,<0 and o, -7, =0y N/ A | = (9.30a)
X
and if they are of the same sign
ac.0,>0 and g, =ay oOr |0, =0y (9.50b)
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Fig. 9.42.

Shear strain energy (Von Mises) criterion

This criterion is often presented as being based on the idea that yielding of a
ductile material under a general state of stress will occur when the density ol
shear strain energy is equal to the density of shear straimn encrgy at the vield
point in a simple tension test. Itis often referred to as von Mises’ criterion. after
the German-American mathematician Richard von Mises (1883-1953]. An
equivalent. but much more straightforward. way of deriving it 1s to base
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Under plane stress conditions, with ¢, = 0, this becomes

ot +063-0,0, =03 9.53) @ 3

Another way of expressing the same result is to define a von Mises equivalent

stress (sometimes referred to as an effective stress) as NBe. L e brons!
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and take yielding to occur when this normal stress is equal to the measured -
vield stress in simple tension. In other words. the equivalent stress is the stress in
umiaxial tension which is equivalent to the complex state of -tress according o
the von Mises criterion of vielding. The equivalent stress is therefore a4 useful
parameter with which to characterize a state of stress, which s why it s
calcuiated in programs ROSETTE and ANAL2D in Sections 9.2.6 and 9.2,

If we plot the curve defined by cquation (9.33) with axes of 7, and 7., we
obtain Fig. 9.43. The shape of the vield locus is an ellipse. with the maior and
minor axes along the biaxial tension/compression line TT and pure shear line
5S. respectively. Figure 9.44 shows the Tresca and von Mises vield loci.
Figs 9.42and 9.43. plotted on the same uxes. We see that the points A, B. C. D, E
ind F at the corners of the Tresca locus also lie on the von Mises locus. This
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must be the case at points A and C, because both vield criteria use simple
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tension as a reference condition. We have seen already that the assumption that
vielding 1s a phenomenon controlied by shearing means that the yield stress in
simple compression is equal in magnitude to that in simple tension. which
explains why the loci are coincident at points D and F. They are also coincident
at points B and E representing biaxial tension and compression.

The most significant differences between the two criteria occur under
pure shear conditions. For example, point Q on the Tresca locus 1s defined
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