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ABSTR ACT

The com1rc_site failurc model simulates the 3-dirhensional behavior of an orttrotropic composite
structure. It predicts the onset of four major failure modes, namely tensile failu$, tranw?rse shear
f"ilS", compressive failurc and delamination. The ocqurence of these failure modes is predicted 

-
byfotu indcpendent failure criteria. It is believed that these failure mechanisms contribrite to an 

-
ultimate failure of acomposite system. Complete failure of the composites is facilitateabt -
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 ortlrotropic material and is gtven below:
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B. Failure Criteria

1. Tensilc Failures
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Lnngitudinal teruile failure occurs if the following is met:

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 eriteria ig algo met.
Another option is to be available for elimination of failed elements wben a critical
rtrain ig reached.
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B. Failure Criteria

l. Tensile Failnres (Cont.)

h: or),,,,*-

fransverse tensile failure occurs if the following is met:

when failure o@urs, the following mrurt be set:
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Degradation is performed over a amall period of time. Option is to be available for
elimination of failed elementg when longitudinal tensile failure criteria is also
met. Another option is to be available for elimination of failed elements when a
sritical gtrain is reached.
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B. Failure Criteria (Cont.)

2. Thnr-ThicknessshcarFailures

a. Iongitudinal (oaa > 0.)

Iongitudinal thnr-thiclness shear failure occurs if the following is met:

where the first tem is considered only if oaa > 0

IVhen failure occrrrs, the rolo*ing must be set:
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Dqradation is perforued over a small period of time. Option is to be available for
elimination of failed elements when trangverge thru-thi-cknese failure criteria is
also met. Another option is to b€ available for elimination of failed elements
when a critical etrain is reached.

rn
")



B. Failure Criteria

2. Thm-Thickness Shcar Failures (Cont.)

b. Tranwerse (o66 > 0.)

Transverse thnr-thickncss slrear failure occurs if the following is met:

where the first term is considered only if 066 > 0

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

o.'
ouu

oc"

ob"

o"a

S.r

O""

0.

o""

0.

0.

0,

v



B. Failure Criteria (Cont.)

3. Delamination Failures

Detamination failue occurs if tlre following is met:
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where the first term is considered only if occ > 0

\Mhen failure occrrrs, the following must be set:
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legradation ie performed over a emall period of tine. No option is available for
elimination of failed elemente for this failure mechanism.
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B. Failure Criteria (Cont.)

4. CompressiveFailures

a. tglgitru<linal comlressivc failure (rccurs if the following is met:
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where Oaa< 0.
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Degradation is performed over a gmall period of time. Option is to be available for
elimination of failed elements when a critical strain ig reached.
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B. Failure Criteria

4. Comprressive Failures (Cont.)

b. Tranwcrse compressive failure occurs if the following is met:
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where Obb < 0.
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Degradation is perforned over a small period of time. Option is to be available for
elimination of failed elemente when a critical volumeric gtrain is reached.
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B. Failure Criteria

4. Comprcssive Failures (Cont.)

c. Thru-thiclrness cornpressive failure occurt if the following is met:
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where the first tem is considered only if occ < 0.

when failure occurs, the following must be set:
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Degradation is perfomed over a rmall period of time. No option is available for
elimination of failed elements when a critical volumeric strain is reached.
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C. Strain-rarcDependenry

Opion is to be provided to define strain-rate dependent failure stnenglhs.
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