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Abstract

Non-proportional loading tests of Nylon 66 at room temperature exhibit path dependent behavior and

plasticity-relaxation interactions. The uniaxial formulation of the viscoplasticity theory based on overstress

(VBO), which has been used to reproduce the nonlinear strain rate sensitivity, relaxation, significant recovery

and cyclic softening behaviors of Nylon 66, is extended to three-dimensions to predict the response in strain-

controlled, corner-path tests. VBO consists of a flow law that is easily written for either the stress or the strain

as the independent variable. The flow law depends on the overstress, the difference between the stress and the

equilibrium stress that is a state variable in VBO. The evolution law of the equilibrium stress in turn contains

two additional state variables, the kinematic stress and the isotropic stress. The simulations show that the

constitutive model is competent at modeling the deformation behavior of Nylon 66 and other solid polymers.
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Table 1 Material constants

E =3700 [MPa] k =1500 [s]
E, =305 [MPa] %, =30 [MPa]
v =039, n =04 k, =15
& =1[MPa') ¢, =740 [MPa]
4, =60 [MPa} ¢, =2670 [MPa]
4, =3 c, =100
4, =53 [MPa] ¢, =2
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Fig. 1 Stress-strain curves at various strain rates;
experiment by Bordonaro®(symbols),
model(lines)
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Fig.2 Stress drop versus time during relaxation
period; experiment by Bordonaro'¥(symbols),
model(lines)
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Fig. 3 Corner paths in strain space with no hold-time.
Tests are performed at an effective strain rate
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