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Figure 2-32 Failure (Fracture) versus Yielding
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Figure 2-36 Measured Failure Data for Glass-Epoxy (After Tsai [2-21])
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37 Maximum Stress Failure Criterion (After T:
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2-38 Maximum Strain Failure Criterion (After Tsai |
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e 2-40 Tsai-Hill Failure Criterion (After Tsai [2-2



(1)

(3)

(4)

The variation of strength with angle of lamina orientation is
smooth rather than having cusps that are not seen in exper-
imental results.

The strength continuously decreases as 6 grows from 0°
rather than the rise in uniaxial strength that is characteristic
of both the maximum stress and the maximum strain criteria.

The agreement between the criterion and experiment is even
better than that at first glance because Figures 2-37, 2-38,
and 2-40 are plotted at a logarithmic scale. The maximum
stress and strain criteria are incorrect by 100% at 30°!
Considerable interaction exists between the failure strengths
X, Y, S in the Tsai-Hill criterion, but none exists in the previ-
ous criteria where axial, transverse, and shear failures are
presumed to occur independently.
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Figure 2-41 Hoffman Failure Surface
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Figure 2-42 Hoffman Failure Criterion for Glass-Epoxy
(Data from Tsai [2-21])
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Figure 2-43 Hoffman Failure Criterion for Graphite-Epoxy
(Data from Kim [2-24])



200
150 BORON-EPOXY N
1000
100 2
70 N 500
Ox Ox
ksi 40 MPa
200
20
100
10 62
7 @ TENSION 50
5 | | | | |

0° 15° 30° 45° 60° 75° 90°
OFF-AXIS ANGLE, 6

Figure 2-44 Hoffman Failure Criterion for Boron-Epoxy
(Data from Pipes and Cole [2-25])



Attractive features of the Hoffman failure criterion are

(1) Interaction between failure modes is treated instead of sepa-
rate criteria for failure like the maximum stress or maximum
strain failure criteria.

(2) A single failure criterion is used in all quadrants of 64-c, space
instead of the segments in separate quadrants for the Tsai-Hill
failure criterion because of different strengths in tension and
compression.

(3) In design use, the Hoffman criterion is the simplest criterion of
all criteria discussed.



