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Modeling the Relaxation Behavior of a Polymeric Composite
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ABSTRACT

Polymeric composites exhibit highly nonlinear and rate dependent behavior during

loading and unloading in off-axis directions. The equilibrium state of stress during loading is

lower than the state of stress produced at finite strain rates. The amount of stress relaxation

during loading decreases. Interestingly, however, the stress goes up to reach to the equilibrium

state of stress for a fixed displacement during unloading. The unloading behavior is quite

similar to the loading behavior. The stress relaxation patterns during loading and unloading is

also similar, and those depend on the fiber orientation angles and the loading and unloading

rates. The AS4/PEEK thermoplastic composite is used to characterize the relaxation behavior

for different off-axis angles and loading rates. There exists a transient loading region at the

beginning of unloading. The effective stress and effective plastic strain concept is used to

establish a master curve of stress recovery pattern for different off-axis angles and unloading

rates.
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Fig. 1 Comparison of equilibrium curves
during loading and unloading.
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Fig. 2 Equilibrium master curve of loading
and unloading by one-parameter
model.
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Fig. 3. Transient region at the initial stage of
unloading.

200
190
180

~ 140

g 0

%0

g m ’d‘»;

@ & T v 20
4 s 30
RN Jf Rg 48
/]

20 92 04 08 08 1.0 1.2

Fig. 4. Stress-strain curves which have the
same effective stress and effective
plastic strain (loading and unloading
rate:0.01/s).
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Fig. 5. Comparison of relaxation during
loading and unloading for different
fiber orientation angles(loading and
unloading rate:0.01/s).
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Fig. 6. Relaxation master curve of loading
and unloading(loading and unloading
rate:0.01/s).

Fig. 7. Comparison of relaxation during
loading and unloading for different
fiber orientation angles(loading and
unloading rate:0.0001/s).
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Fig. 8. Comparison of relaxation during
loading and unloading for different
fiber orientation angles(loading and
unloading rate:0.00001/s).




