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Abstract 

While analytical fiber fragmentation models following the global load-sharing (GLS) assumption 

efficiently reproduce the stress strain curves of unidirectional composites loaded in the direction of the 

reinforcement when the number of breaks is moderate, they completely fail to predict tensile strength. In 

this paper, we propose that failure takes place when a critical density of breaks, which depends entirely on 

the constituent properties, is reached. Therefore, we rewrite classic GLS fragmentation models in terms of 

the linear density of breaks. The critical number of breaks for a set of glass and carbon reinforced 

polymer composites is extracted from published experimental data and fitted to an empirical law, with 

good predictive capability. Our approach complements GLS fragmentation models because it identifies 

the ultimate stress, from which the stress-strain curve given by the model becomes unrealistic. 
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1 Introduction 

Physically-based analytical approaches to anticipate the mechanical properties of composite 

laminates are fast tools for structural design and permit their constituents to be optimized for a better 

mechanical performance. Analytical models for the stress-strain behavior of unidirectional plies in the 

direction of the reinforcement rely on the representation of the stochastic occurrence of breaks along the 

fibers and, therefore, are referred to as fragmentation models [1,2].  
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