
   
 

Multiscale and Multiphysics Study of Composite Failures 
 

Young W. Kwon 
Distinguished Professor of Mechanical & Aerospace Engineering 

Naval Postgraduate School 
Monterey, CA 93943. USA 
Email: ywkwon@nps.edu 

 

Abstract 
 
Multiscale and multiphysics modeling and experiments will be presented to understand and predict failure 
of composite materials and structures. The presentation includes recently developed unified failure criteria 
for brittle materials including polymer composites materials. The same failure criteria can be applied to 
structural components regardless of whether they have cracks, cutouts, or none of them. The criteria consist 
of two parts. One part is a stress-based criterion, and the other part is the stress gradient-based criterion. In 
order to have failure, both parts of the failure criteria must be satisfied. Failure of composites is also modelled 
using a multiscale approach such that the failure criteria can be applied to the fiber and matrix material level. 
The failure criteria use micro-stresses/strains at the fiber and matrix level. Failure modes are fiber 
breakage/buckling, matrix cracking, and fiber-matrix interface debonding. The multiscale modeling consists 
of both upscaling and downscaling processes, which use analytical solutions to make the overall multiscale 
approach computationally efficient. Finally, dynamic response and failure of composite structure with Fluid-
Structure-Interaction (FSI) is presented, which includes both mechanical impact loading as well as 
underwater shock loading. Experimental design, physical testing, and numerical modeling and simulation are 
presented. 
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