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Background

Aim

Approach
Use network model for periodic cells subjected to 
direct tension 

Improve the understanding of fracture processes at 
the meso-scale of fibre reinforced materials
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Meso-scale generation







Meso-scale generation

Examples
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Network model









Example of periodic network

Network elements Beam elements with links



Material models







Analyses





Analyses: Direct tension

Plain

Four groups of analyses
Aggregates Fibres Aggregates

+Fibres

10 analyses with random meso-structures and networks 
for each group



Analyses: Input
Meso-scale generation

lmin = 3 mm

dmin = 8 mm dmax = 16 mm⇢a = 80 %

df = 0.75 mm ⇢f = 1 % lf = 3 cm
Aggregates:
Fibres:

a = 10 cm

Material parameters

Matrix: 

ITZ:

Discretisation: 

Aggregate: E = 90 GPa

E = 45 GPa ft = 1.5 MPa GF = 60 J/m2

ft = 3 MPa E = 30 GPa GF = 120 J/m2

Fibres+Links: ⌧ = 3 MPaEf = 200 GPa Eb = 3000 GPa



Results



























Crack patterns in matrix and ITZ
Stage I

Stage II

Agg. Agg.+FibrePlain Fibre



Roughness evaluation











The end
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�cc = �mu (1� ⇢f) + ↵1↵2⌧0⇢f lf/df

�pc = 4�1�2⌧0⇢f lf/df

Naaman (1987)

Analytical expressions
At peak:

After cracking:
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Matrix strength
Fibre orientation
Fraction of bond strength mobilised
Average pullout length
Postcracking orientation efficiency





Energy Components
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