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A Hybrid Micro Meso modeling approach (HMiMe) is presented to simulate the compressive 
failure of multidirectional laminates and woven composites. Compressive failure of carbon-
epoxy composite materials can be seen as an interaction of three failure mechanisms: Fiber 
kinking, matrix cracking and delamination. This interaction is responsible for the final failure 
of the structure at the meso- and macroscale. The experimental results are able to show the 
failure mechanisms inside the composites [1, 2], but the sequence of events of the 
mechanisms is still not fully understood. The need for a deeper understanding of these 
interactions is important for a better prediction of the failure behaviour, to be able to develop 
predictive analytical models, and to improve the mechanical properties of composite materials 
under compression. 
 
A thorough understanding of fiber kinking is essential for the prediction of stiffness and 
strength of long fiber reinforced composites under compression. The initiation and 
propagation of kink bands are very complex problems, where different phenomena such as 
local (material and geometrical) nonlinearities and local instabilities interact and have to be 
taken into account. Although the peak load of unidirectional laminates can be determined with 
a simple 1D-micromodel, the full (2D and 3D) micromodeling is essential to simulate the 
propagation of kink bands and their interactions with the other failure mechanisms. 
 
The high effort (cost and time) related to experimental tests demands the use of finite element 
multiscale analysis to determine the stiffness and strength of composite structures. Based on a 
3D-micromodel, a new Hybrid Micro Meso modeling strategy is developed to establish 
stiffness and strength of multidirectional laminates and woven composites under compressive 
loading, including the effect of fiber kinking. The HMiMe approach is based on a 
micromechanical model in the kinking-relevant areas (axial loading with respect to the fiber 
direction) and mesomodeling in all other areas where fiber kinking is not expected to occur 
(transverse loading and off-axis compression areas). A nonlinear constitutive model for the 
matrix is used at the microscale to describe the fully nonlinear mechanical behaviour of the 
material, while a homogenized transversally isotropic constitutive low [3] is applied for the in 
the regions where fiber kinking is not relevant. The initiation and propagation of kink bands 
are in this way appropriated represented, so that the interaction during the kinking process can 
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be simulated and the complete nonlinear stress-strain response can be determined. 
 
The simulation results of the HMiMe model for specific composite specimens show localized 
high stress concentrations in the regions with fiber misalignment. Matrix yielding is taking 
place in these areas and results in kink bands for the fibers parallel to the loading direction. 
Delamination and matrix cracking are initiated around the kink bands and propagate inside the 
material. The progressive failure under pure compression is predicted using this HMiMe 
modelling approach. 
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