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ABSTRACT 

 

Polymer composites based on Non-Crimp Fabrics (NCF) and thin plies attract increasing interest for 

industrial applications. NCF composites simplify storage, handling and layup of dry fibre preforms 

before infusion with a polymer resin, while minimising the crimp seen in conventional weaves. This is 

of interest for vacuum infusion of large structures, e.g. ships and wind turbines, as well as for fast 

infusion methods, e.g. Resin Transfer Moulding (RTM), required by the automotive industry. Thin ply 

composites offer dramatically increased strains to first ply failure in tension and shear, which is crucial 

for improved fatigue properties, and offer increased design freedom for a given laminate thickness. 

Thin ply composites may also contribute to improved compressive properties of woven preforms. Thin 

ply prepregs are particularly attractive in high performance applications, e.g. in aeronautics and sports, 

while thin ply weaves are an attractive alternative in applications based on infusion of weaves. 

 

NCF and thin ply composites require a different mechanical characterisation and new design approach 

than used for composites based on unidirectional (UD) prepreg. For these reasons RISE SICOMP has, 

during the last ten years, been involved in several projects on modelling and characterisation of NCF 

and thin ply composites. The work on NCF has been focused on carbon uniweaves with unidirectional 

carbon fibre bundles woven or knitted together by sparsely distributed glass yarns. Uniweaves have 

many similarities with UD prepreg, and offer the same design freedom in terms of the choice of layup. 

 

Our research group has measured the in-plane and out-of-plane strength of two uniweaves in tension, 

compression and shear [1]. The transverse out-of-plane and in-plane stiffnesses E3 and E2 are very 

similar. The corresponding tensile strength Zt is in fact an interlaminar failure, apparently initiated at 

the weft yarns, and is significantly lower than the intralaminar tensile strength Yt, Figure 1a. A weaker 

but opposite trend is observed for Yc vs Zc, which appears to be a result of the tensile loading of weft 

yarns during out-of-plane compression. Similar effects as for the tensile properties are seen for the 

shear stiffnesses G13 vs G12 and strengths XZ vs XY, Figure 1b. 
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Figure 1: Matrix dominated strength in a) tension and compression b) shear. 
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Analytical models and meso-mechanical FE models have been developed for the stiffness and strength 

of these uniweaves [2]. Furthermore, an advanced FE model has been developed for failure under 

triaxial stress states [3]. The main aim of this model has been to include damage growth of a uniweave 

ply and predict the subsequent behaviour in crushing, with the aim to allow simulation of composite 

automotive structures in crash situations. A small and simple arrow shaped coupon test has been 

developed for validation of the models [4]. 

 

Tensile tests on cross-ply laminates with thin plies confirm the validity of the basic predictions for 

transverse in-situ strength, but have also demonstrated the importance of including the residual 

stresses after curing [5]. 

 

Impact performance is a main concern for composite laminates, and we have compared the effect of 

impact on laminates with conventional ply thickness and with thin ply weaves. Initial tests on 

laminates with a thin ply weave in a cross-ply layup, using LY556 resin cured at 140°C, resulted in 

limited delaminations but extensive fibre fracture along “fold lines” due to bending failure, Figure 2a 

[6]. In contrast, subsequent tests on laminates with thin ply weaves in a quasi-isotropic layup, using 

RTM6 resin cured at 180°C, demonstrated delaminations similar to those observed in laminates with 

plies of conventional thickness and less pronounced fibre fracture, Figure 2b [7]. The main reason for 

the differences does not seem to be the difference in layup, but rather the significantly higher residual 

stresses after curing at 180°C. Delaminations generally cause a transition from laminate bending to 

membrane action and failure. Furthermore, the interlaminar strength and toughness is unaffected by 

ply thickness, but the initiation of delaminations is influenced by matrix shear cracks. Thus, the 

sequence of loads for matrix shear cracking, delamination, laminate bending failure and membrane 

failure is crucial for the extent and distribution of fibre fracture [6]. 
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Figure 2: Fibre damage in xz-plane after impact on laminate with a) LY556 resin and b) RTM6 resin. 
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