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the strain rate-dependent mechanical behavior of polymeric 
materials with a good accuracy.
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Introduction

Materials are used at different strain rates which most of 
them show different responses to the change of load-
ing rates. Polymeric materials are also known as sensitive 
materials to the loading rates [1]. Therefore, to analyze 
their behavior, many experiments should be done at dif-
ferent strain rates. However, determining the mechanical 
behavior of materials at different strain rates are costly and 
time consuming; thus, a model is necessary to determine 
the mechanical behavior of these materials at different 
dynamic loading conditions.

The strain rate-dependent mechanical behavior of metals 
was investigated by many research groups [2, 3]. Johnson 
and Cook [2] by performing torsion and tension tests had 
presented an empirical constitutive model that predicted 
the mechanical properties of various metallic materials at 
various strain rates. Zerilli and Armstrong [3] based on the 
framework of thermally activated dislocation motion, pro-
posed three micro-structurally based constitutive equations 
for BCC, FCC and HCP metals. However, it was shown 
[4, 5] that Johnson–Cook(JC) and Zerilli–Armstrong (ZA) 
models did not predict the strain rate-dependent strength of 
some metals with an acceptable accuracy. For this reason, 
some of researchers modified constitutive models to pre-
dict the mechanical behavior of special materials. Meyer 
[4] claimed that the ZA model was found to be inadequate 

Abstract Polymeric materials have wide applications; 
therefore, it is necessary to develop a dynamic constitutive 
model to investigate their strain rate-dependent mechanical 
behavior. In this study, mechanical behavior of neat epoxy 
and carbon nanofiber (CNF)/epoxy nanocomposites were 
studied experimentally and analytically. For this purpose, the 
Johnson–Cook material model has been modified to develop 
a generalized strain rate-dependent constitutive model to 
simulate the tensile and shear mechanical behaviors of the 
neat epoxy at a wide range of applied loading rates. The pre-
sent model includes three main components: the first com-
ponent expresses the elastic behavior of polymers using an 
empirical equation. The second component models the non-
linear behavior of polymers using the modified Johnson–
Cook model. Finally, the third component predicts the ulti-
mate strength of polymers under dynamic loading conditions 
using another empirical equation. Furthermore, by combin-
ing the generalized strain rate-dependent constitutive model 
and the modified Halpin–Tsai micromechanical model, a 
dynamic constitutive-micromechanical model is presented 
to predict the strain rate-dependent mechanical behavior of 
CNF/epoxy nanocomposites. To evaluate the present model, 
predicted results for the pure epoxy and CNF/epoxy nano-
composites were compared with conducted and available 
experimental data. It is shown that the present model predicts 
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