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Constituve models

Ply Continuum Damage Model
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Simulation of Composite Materials

Quasi-static

Dynamic
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An efficient numerical approach to the prediction of laminate tolerance to Barely Visible Impact Damage,
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Recurrent Neural Networks

𝝈 𝑡𝑖 = 𝑓 (𝜺 𝑡𝑖 )

Damaged Behaviour

Elastic

𝝈 𝑡𝑖 = 𝑓 (𝜺 𝑡0, 𝑡1, … , 𝑡𝑖−1, 𝑡𝑖 )
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Recurrent Neural Networks
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Isotropic

Periodic Boundary Conditions
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N = 8 

Dataset Generation. Generation of strain history paths

Abaqus
(Implicit Solver)

𝜀 ∈ [−0.1, 0.1]

𝑡 ∈ [0,1]

1000 paths
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Dataset Generation. Accumulated Plastic Strain
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Dataset Generation. Effect of Fibre’s Distribution
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Neural Network. Architecture

Mean Squared Error

Mean Absolute Error

Recurrent Neural Network 
Arquitecture

• 1 Recurrent Cell : 100 hidden units
• Fully Connected Layer

12k parameters

m. s. e. m. a. e.

0.9419 13.18

m. s. e. m. a. e.

1.005 13.24

Train Set

Test Set
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Results. Model Validation

Pure Elastic Behaviour

Longer History

m. s. e. m. a. e.

0.487 44.57

m. s. e. m. a. e.

1.297 101.4
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Periodic Boundary Conditions

𝑉𝑓 = 60%

Matrix-Fibre Interface: 
Cohesive Elements

Matrix: 
Plasticity
Damage

Strain Paths:

𝜀 ∈ [−0.012, 0.012]

𝑡 ∈ [0,1]
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Surrogates

𝑡 = 0 𝑡 = 0.05

𝑡 = 0.16 𝑡 = 0.67 𝑡 = 0.83

Tensile Damage
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Summary & Future Work

• A methodology for training surrogate models for RVEs is tested on a micro-scale composite 
material RVE with matrix damage and interface debonding

• The proposed method is able to reconstruct general-shape strain-stress curves under
damaged conditions.

Future Work

Implementation in Abaqus

3D RVE

Geometrical Parameters(Volume Fraction, Fibre Diameter,…)
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