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ABSTRACT 

 
Fiber reinforced composite materials are now replacing the traditional metallic materials and 

widely used in aircraft, marine, automotive structures, and so on, due to the advantages such as low 
density, high stiffness and high strength etc. It is relatively easy to apply CFRP with continuous fibers 
to large and flat or straight structural components, but it is not so simple to apply such CFRP to other 
structural components with various complicated geometries due to the poor flowability of CFRP in the 
fiber direction. Therefore, injection molding and sheet molding compound (SMC) are widely used in 
fabricating structural components with complex shapes because of its excellent formability and 
relatively low cost. However, the random spacial distribution of fibers and relatively low fiber volume 
fraction lead to low stiffness and strength compared to conventional CFRP with continuous fibers. To 
improve the strength and stiffness of short fiber reinforced polymers (SFRP), Unidirectionally arrayed 
chopped strands (UACSs) are proposed by introducing parallel and angled continuous or 
discontinuous slits into a unidirectional carbon fiber prepreg. Previous studies [1-4] indicate that 
UACS laminates have higher strength and modulus than conventional SFRP due to the high aligned 
fibers and high fiber volume fraction, and show superior formability. In practical engineering 
application, most of composite laminates usually require the presence of holes or cut-outs. Damage 
will initiate and grow from these notches due to the stress concentration and finally result in strength 
or life reduction of composite structures [5,6]. Over the past decades, many approaches have been 
proposed to investigate the open-hole strength and failure modes of composite laminates [7-9]. 
Therefore, it has the vital significance to understand the mechanical behavior, crack propagation and 
damage mechanism of UACS laminates with a central hole under various loads. In order to simulate 
the progressive damage and mechanical properties of open-hole UACS laminates with stacking 
sequences of [45/0/-45/90]s and [45/0/-45/90]2s, finite element analysis is used to simulate the open-
hole tensile damage of UACS laminates and conventional CFRP, respectively. To accurately simulate 
the progression of delamination and other damage modes occurring in the UACS laminates near the 
hole, intra-laminar cohesive elements and inter-laminar cohesive elements are inserted into the slits 
and the interfaces, respectively. Good agreements are obtained between the elastic constants from 
experimental results and finite element analysis, and certain limitations of the finite element models 
are observed and discussed. Numerical results such as the onset and propagation of the damage, the 
delamination propagation process and the final failure modes are captured, and show good agreement 
with experimental results. The combined experimental and numerical studies provide a detailed 
understanding of the tensile behaviour of open-hole UACS laminates, and also indicates that the model 
is applicable to analysis of progressive damage of open-hole UACS laminates under tensile load.  
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