
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 the fibers are placed, introduces randomly the first fiber and, after that, it starts 

trying to place fibers in a circular crown domain that surrounds the first one till a maximum number of 

attempts is reached. After that ,the second group of fibers is generated starting from the centre of the new  

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 definitionIntroduction

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 processes, 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

Curing model for epoxy resins Damage induced effect on unidirectional 
composite transverse properties

In order to reproduce the non-linear behaviour of unidirectional composite material constituents 

that cannot be considered as linear elastic solids, they must be defined as more complex solids and 

the fiber-matrix interphase needs to be modelled.
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The numerical distributions 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 effects have 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.

Properties:Constituents:

The algorithm allows the 

generation of random 

topological fibers

distribution with different 

model size ( ), volume 

fraction ( ), fibers

clustering and fiber radius 

(  ). 

Typical values used in the 

analyses are reported in 

the following table:

Effect of fiber-matrix debonding
Single and multi fibers representative volume elements have been generated and fiber matrix decohesions with 

different size and positions have been represented. Models have been endowed with periodic boundary 

conditions. The Algorithm for the injection of randomly distributed debonding has been implemented in the 

finite element software with the possibility of  defining the quantity of debonded interfaces and a preferential 

orientation. The idea is to simulate technological defects  that can be induced during the production. 

Ph.D. Poster Presentation, University of Pisa, Dipartimento di Ingegneria Civile e Industriale 19/11/2017

Many RVEs with a volume fraction of 60% and a fiber tensile strength of 93MPa have 

been realized. Curing process has been imposed and tensile properties evaluated. Cured 

RVEs reveal a reduction in strength of 50% with respect to the uncured one 

Effect of curing 

on multi fibers

RVEs: 

Transverse tensile properties of cured single fiber models reveals  a reduction in 

strength and an increse in its sensitivity to fiber volume fraction.

Effect of curing on 

single fiber

Yield surface Stress-strain curves for 

simple load conditions

#

circular domain and so 

on till the volume 

fraction condition is 

satisfied.

Experimental  trend for this statistical spatial indicators can be 
found in [1].

Logical sequence of the fibers distribution generation algorithm

[1] Pyrz R., Quantitative description of the microstructure of composites. Part1: Morphology of unidirectional composite systems.
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Debongin zone 

identification RVEs with different fiber-matrix 

debonding

Injected debondings produce a detrimental effect on the failure strength of unidirectional composites in 

transverse traction while the degradation effect is mitigated in in-plane shear loading condition  

A stiffness comparison for 

single fiber models with 

same size and different 

position of decohesion has 

been performed.

In order to validate the 

numerical procedure, results 

have been compared with 

models where the deboning 

was simulated by physically 

detached nodes.

Transverse traction results In-plane shear results

In order to increase the fidelity of micromodels thermomechanical simulations of curing process have 

been  performed. The thermal expansion and the resin shrinkage during the curing produce in the solid 

a residual stress field that can induce localized damaged zone. Residual stresses and microdamage are 

considered as the starting initial state for micromechanical model under different loading conditions.

Curing kinetics equation

Kamal’s model [2]:

Macroscopic elastic properties evolution

Square pattern single fiber models with different volume 

fractions and matrix tensile strengths have been 

subjected to the curing process.  
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Contour of the evolution of 

the principal stress field is 

reported into the graph. 

Internal self equilibrated 

stresses are reported for 

different stages of 

volumetric strain field 

highlighting, on one hand, 

the thermal effect (a), on 

the other hand, the 

shrinkage effect (b).
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