
Failure phenomena in aeronautical composite structures can be observed at different scales and, for 
each scale, specific analyses and assumptions have to be taken into account. The typical approach 
for design purposes exploits macro-scale analyses which are based on simplified failure models. 
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Microstructure definition Introduction 

For a full comprehension of how different damage and non-linear material mechanism interact to produce 
structural failure, it is possible to analyze the problem from the lower scale: the micro-scale. At this scale, 
treating the constituents as homogeneous solids and using homogenization process, it is possible to 
gain both an insight into failure modes and useful data for analyses at the upper scale, whose 
experimental determination is very challenging. 

Material models for non-linear analyses 

Single fibre models Multiple fibres models in transverse traction 

In order to reproduce the non-linear behaviour of unidirectional composite material constituents, 
that can not be considered as linear elastic solid, they must be defined as more complex solids and 
the fibre-matrix interphase needs to be modelled. 
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Numerical distribution obtained by this algorithm have been compared with real ones in terms of statistical 
spatial indicator.   

Real distribution: Generated distribution: Statistical spatial indicators: 

Matrix model: 

Pressure dependant yield criterion with a 
paraboloidal failure surface governed by 
traction. 

No viscous effect has been taken into account since the 
load process has been considered quasi-static.  

Interphase model: 

The interphase has been modelled via 
cohesive elements with a bilinear traction-
separation behaviour and a mixed mode 
governed by the B-K relation. 

Non-linear analyses have been previously performed on simple single fibre model for the 
condition of transverse traction an transverse shear. 

Properties: Constituents: 

The algorithm allows the 
generation of random 
topological fibres 
distribution with different 
model size ( ), volume 

fraction (   ), fibres 
clustering and fibre radius 
(  ).  
Typical values used in the 
analyses are reported in 
the following table: 

Elastic properties 

Monoaxial deformation 

Transverse direction 

Pure shear deformation 
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Generated fibre distributions have been used to produce finite element models to which Periodic 
Boundary Conditions have been applied in order to impose one at time unitary deformation field. 
In the first instance linear elastic analyses have been performed. 

Typical Von-Mises stress results for 
different model distributions, sizes and 

BCs: 

Homogenization formula: 

From this approach via homogenization 
techniques and statistic tools, sensitivity analysis 
on the elastic properties of the unidirectional 
composite have been realized. Results show a 
good stability of calculated values and good 
accordance with analytical approach. 

Statistical analysis results: 

Homogenized composite 
constants: 
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Transverse traction: high sensitivity to the interfacial strength.  

Transverse shear: limited sensitivity of the maximum stress.  

A B 

C D 

A B C 

Plastic strain 
localization 

Interphases 
breaking 

Matrix damage 

A low volume fraction induces a ductile behaviour due to the reduction of stress peaks. 

A high volume fraction produces widespread matrix and interfacial damage resulting in a 
more brittle behaviour. 

Volume 
fraction : 
effect:  

Large random fibres models exhibit a lower strength compared to the single fibre 
ones due to the presence of multiple sites of damage initiation.  

Fibres 
distribution : 
effect 
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For strain: 

For stress: 

A different pattern of fibres has been 
used to enhance the visualization of 
failure modes. 

Yield surface Stress-strain curves for 
simple load conditions 

# 

After that the second generated fibre  
is considered the centre 
for the new circular 
domain and so on till 
the volume fraction 
condition is satisfied 

An algorithm for the generation of unidirectional composite material has been implemented 
respecting the non-superposition principles and the material periodicity condition (Fig. #). The 
algorithm, defined a square domain    of side   where it is possible to place fibres, introduces 
randomly the first fibre and, after that, it starts trying to place fibres in an circular crown domain that 
surround the first one till a maximum number of attempts is reached.  

Experimental  trend for this statistical spatial indicators can be 

found in [1]. 

Logical sequence of the fibres distribution generation algorithm 
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