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Abstract. To address the limitations of current design safety factors in aerospace mechanical 

structures, accurate simulation models that predict the compressive failure of unidirectional CFRP 

composites are highly needed [1]. These materials are significantly limited by localized shear 

instabilities, or kink-bands, which are highly sensitive to fibre misalignment, an unavoidable 

manufacturing defect. This study aims to develop a numerical framework to isolate and investigate the 

micro-mechanisms governing this instability. A 3D explicit micromechanical model was developed in 

Abaqus to analyse kink-band initiation and propagation at the fibre scale. The structure is based on a 

repeating unit cell (RVE) with a hexagonal fibre distribution and a fibre volume fraction of 

approximately 60% [2]. A misalignment angle is introduced by a sinusoidal function in the mesh 

generation characterized by the angle θ. The model uses a user-defined VUMAT subroutine where the 

matrix is governed by a Drucker-Prager plasticity model to account for hydrostatic pressure sensitivity 

[3], and the fibre failure follows a linear brittle law with a Gaussian distribution of failure strains to 

capture the random nature of fibre strength. Compressive loading is applied by imposing a velocity on 

both sides of the plate. The simulation successfully captures the formation of a kink-band initiated by 

matrix shear localization, fibre rotation and fibre breakage (Fig. 1-a). It also provides reliable prediction 

of the kink-band morphology (angle and width) [4]. Different misalignment angles were studied (θ = 

3∘  , 5∘, 9∘), confirming that compressive strain decreases as the fiber misalignment angle increases, as 

shown in Fig. 1-b. 

(a) (b)  
Figure 1: (a) Simulated kink-band at 5 degrees misalignment angle: equivalent plastic strain in matrix (colored 

elements) - white elements: fibers, (b) Compressive stress-strain curves with varying fiber misalignment angle 
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