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1. Introduction  

Composite materials often have manufacturing defects, such as voids [1], meaning tools like 

numerical modelling can be used to address the uncertainty. The approach presented here is 

evolved from the current modelling strategies, such as those performed by Nikopour [2] and 

Jaing et al. [3] by accounting for realistic void generation. 

2. Model Description 

The first stage is a microscale model which homogenises the impact of voids in neat resin. The 

calculated material properties are passed through to the mesoscale model by situating the fibres 

within the homogenised matrix. The updated model is loaded until failure at which point ply 

level strengths can be predicted ready to be used in component design.   

3. Experimental Validation 

To validate the model, laminates with 

differing porosity were manufactured. 

Specimens were subjected to 

compressive testing and found to have 

a 10.5% reduction in strength.  

Microscopy was used to generate unit 

cells and the modelling process 

described in Section 2 was followed 

providing a model correlation of over 

95.2%. The experimental and 

modelling results can be seen in 

Figure. 1. Once validated, the model 

was used to show a reduction in tensile 

strength from 60.5 MPa to 50.6 MPa. 

4. Conclusion 

A multi-scale model has been developed and validated to predict the transverse strengths of 

composites with varying porosity. The microscale model predicts the homogenised matrix 

strength due to voids and this result is then used in a mesoscale model to predict the knocked 

down transverse ply strengths. The approach was validated with a correlation of over 95.2 %. 
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Figure. 1. Experimental and model prediction of 

transverse compressive strength of laminates 

cured at 0.6 MPa and 0.05 MPa.  
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