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ABSTRACT 
 
 

A constitutive model for progressive crushing is presented to predict impact behavior and 
damage evolution in random carbon fiber polymer matrix composites (RCFPMCs). 
Based on the ensemble-volume averaging process and first-order effects of eigenstrains 
due to the existence of prolate fibers, an effective yield criterion is derived to estimate the 
overall elastoplastic damage responses. First, an effective elastoplastic constitutive 
damage model for aligned fiber-reinforced composites is proposed. A micromechanical 
damage constitutive model for RCFPMCs is then developed. The governing field 
equations and overall yield function for aligned fiber-orientations are averaged over all 
orientations to obtain the constitutive relations and effective yield function of RCFPMCs.  
Finally, the complete progressive damage constitutive model is implemented into finite 
element code DYNA3D to solve large scale problems such as automobile components 
and systems. An advantage of the progressive damage analysis is that the information 
from the progressive damage model can be implemented into finite element code as 
material input properties and thus the calculations required in the constitutive model can 
be greatly reduced.  
 
Acknowledgments 
 
This research was sponsored by the U.S. Department of Energy, Assistant Secretary for 
Energy Efficiency and Renewable Energy, Office of Transportation Technologies, 
Lightweight Materials Program, under contract DE-AC05-96OR22464 with Lockheed 
Martin Energy Research Corporation, and by an appointment to the Oak Ridge National 
Laboratory Postdoctoral Research Associates Program administered jointly by the Oak 
Ridge National Laboratory and the Oak Ridge Institute for Science and Education. 
 


