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ABSTRACT

The composite failure model simulates the 3-dimensional behavior of an orthotropic composite
structure. It predicts the onset of four major failure modes, namely tensile failure, transverse shear
failure, compressive failure and delamination. The occurrence of these failure modes is predicted
by four independent failure criteria. It is believed that these failure mechanisms contribute to an
ultimate failure of a composite system. Complete failure of the composites is facilitated by
progressively degrading the properties of the composites.

The following provides an outline of the model:

A. Constitutive Behavior

The 3-D constitutive model is based on orthotropic material and is given below:
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B. Failure Criteria

1. Tensile Failures

a. Longitudinal (6,,>0.) oy S bc

Longitudinal tensile failure occurs if the following is met:
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When failure occurs, the following must be set:
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Degradation is performed over a small period of time. Option is to be available for
elimination of failed elements when transverse tensile failure criteria is also met.
Another option is to be available for elimination of failed elements when a critical
strain is reached.



Failure Criteria
1. Tensile Failures (Cont.)

b. Transverse (Opp > 0.)

Transverse tensile failure occurs if the following is met:
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When failure occurs, the following must be set:
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Degradation is performed over a small period of time. Option is to be available for
elimination of failed elements when longitudinal tensile failure criteria is also
met. Another option is to be available for elimination of failed elements when a
critical strain is reached.



B.

Failure Criteria (Cont.)

2.

Thru-Thickness Shear Failures
a. Longitudinal (0,, >0.)

Longitudinal thru-thickness shear failure occurs if the following is met:

(&) &)=

where the first term is considered only if Ga3>0

When failure occurs, the following must be set:
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Degradation is performed over a small period of time. Option is to be available for
elimination of failed elements when transverse thru-thickness failure criteria is
also met. Another option is to be available for elimination of failed elements
when a critical strain is reached.



B. Failure Criteria
2. Thru-Thickness Shear Failures (Cont.)

b. Transverse (G, > 0.)

Transverse thru-thickness shear failure occurs if the following is met:
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where the first term is considered only if Opp >0

When failure occurs, the following must be set:
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Degradation is performed over a small period of time. Option is to be available for
elimination of failed elements when longitudinal thru-thickness failure criteria
is also met. Another option is to be available for elimination of failed elements
when a critical strain is reached.



B. Failure Criteria (Cont.)
3. Delamination Failures

Delamination failure occurs if the following is met:
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where the first term is considered only if Cec>0

When failure occurs, the following must be set:
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Degradation is performed over a smail period of time. No option is available for
elimination of failed elements for this failure mechanism.




B. Failure Criteria (Cont.)
4. Compressive Failures

a. Iﬂn_gl__t_u_g_l_rLaI compressive failure occurs if the following is met:
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Degradation is performed over a small period of time. Option is to be available for
elimination of failed elements when a critical strain is reached.



B. Failure Criteria
4, Compressive Failures (Cont.)

b. Transverse compressive failure occurs if the following is met:
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where Opb < 0.
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Degradation is performed over a small period of time. Option is to be available for
elimination of failed elements when a critical volumeric strain is reached.



B. Failure Criteria
4. Compressive Failures (Cont.)

¢. Thru-thickness compressive failure occurs if the following is met:
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where the first term is considered only if Occ < 0.

When failure occurs, the following must be set:
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Degradation is performed over a small period of time. No option is available for
elimination of failed elements when a critical volumeric strain is reached.




C. Strain-rate Dependency

Option is to be provided to define strain-rate dependent failure strengths.
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