
11th International Conference on Composites Testing and Model Identification 

J. Costa, J. Renart and N. Blanco (Editors) 

Girona, 2023 

BIAXIAL PLAIN AND OPEN-HOLE STRENGTH OF THERMOPLASTIC COMPOSITES 

 

Gerrit J. de Jong1, Herman C. de Frel3, Tim Janssen3, Wilhelmus J. Vankan2, and Bas H.A.H. Tijs3 
 

Royal Netherlands Aerospace Centre NLR 
1 Voorsterweg 31, 8316 PR Marknesse, The Netherlands 

2 Anthony Fokkerweg 2, 1059 CM Amsterdam, The Netherlands 

 
3 GKN Aerospace: Fokker 

Industrieweg 4, 3351 LB, Papendrecht, The Netherlands 

Email: bas.tijs@fokker.com, web page: https://www.gknaerospace.com/  

 

 

Keywords: Thermoplastic composites, Biaxial testing, Plain strength, Open-hole strength 

  

ABSTRACT 

 

Thermoplastic composites are gaining momentum in the aviation industry as they enable new 

manufacturing techniques that can greatly benefit cost-efficient high-volume production, 

while at the same time enhancing sustainability. There are however difficulties in exploiting 

the full potential of composites materials, in particular under multi-axial loading.  

The objective of this work is to test the plain- and open-hole strength of thermoplastic 

AS4D/PEKK-FC UD composite laminates under multi-axial loading. Cruciform specimens 

are designed for three different layups: (1) Quasi-isotropic [1], (2) Soft, (3) Hard. The biaxial 

test program covers various biaxial load combinations in tension-tension, tension-

compression and compression-compression. For compression loading, a specially designed 

anti-buckling fixture is developed. Digital Image Correlation (DIC) is performed to determine 

the strains at failure and fracture process at the center of the cruciform specimen as shown in 

Figure 1. The experimental data is evaluated to determine the plain- and open-hole biaxial 

failure envelopes. 
 

     
(a)                                                                             (b)  

Figure 1: Biaxial test at NLR: (a) Cruciform specimen; (b) DIC open-hole (tension-compression).  
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