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Challenges

Manufacturing defects

Ideal component

Manufacturing 
defects

As-manufactured part

Complex failure modes

3D interactions of fibre 
breakage, matrix cracking, 

delamination etc. 

Materials with internal architecture

Exotic panels Textile composites

CMCs

Porous materials

Joints

Analytical / empirical shell material models do not exist in the following scenarios:



Goal

“Create a framework to model complex materials and 
manufacturing defects with shell elements” 

• Direct plug-in to existing shell models in commercial software
• e.g. shell elements that can model delamination, wrinkles, 3D woven materials …



Multi-scale

Sub-structural solid model (RVE)

Structural shell model

“FE2” 



Mathematical background

Nodes

Surfaces Volume

Principle of orthogonality and 
kinematic equivalence:

Principle of energy 
equivalence:

Sub-scale energy
=

Macro-scale energy

Homogenised quantities: 
resultants and ABD(K) matrices

Realistic transverse 
shear deformation

Classical shell 
homogenisation

(𝜖13, 𝜖23)

Aewis K.W. Hii, Bassam El Said. “A kinematically consistent second-order computational homogenisation framework for thick shell models.” Computer 
Methods in Applied Mechanics and Engineering, 398, 2022.



Second Order

1st order 
deformation

2nd order 
deformation

Fluctuation 
field

𝑤

Fine scale 
deformation

Second-order homogenisation

‘Strain-gradients’: 
𝜅11, 𝜅22, 𝜅12, …

First-order homogenisation

‘Strains’:  𝜖11, 𝜖22, 𝜖33, 𝛾12, 𝛾23, 𝛾13

Curvature/bending Twist



High fidelity 
(direct simulation)

Verification example

Macro-scale 
shell model

Interface 
damage

Meso-scale 
RVEs



Demonstrator part: The c-spar
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Demonstrator part: Simple shell model creation



Simple shell model: Eccentricity (1/2)
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Simple shell model: Eccentricity (2/2)

-16mm
-8mm

-4mm

0mm

+2mm

+4mm

+6mm

+8mm

+16mm



Simple shell model vs experiment
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Additional material 
properties:

CDM (damage) of fibre & 
matrix: Volume fraction, 
density, modulus, Poisson 
ratio, strength, energy

CZM (cohesive): Energy, 
strength, penalty 
stiffness

As an input to FE2

*Assembly

*Instance

*Node

*Element

*Nset

*Elset

*Surface

*Shell Section

*Coupling

*Step

*Boundary

*Material 
(ply-level)

RVE:

Dimension, number of 
voxels, cohesive layers, 
artificial delamination

Commercial shell model User specify in input script



RVE Damage

Interface damage - delaminationMatrix damage Fibre damage

Implicit continuum damage material model: Ioannis Topalidis, Bristol Composites Institute 
Cohesive zone material model: Aewis K.W. Hii, Bristol Composites Institute 



Shell element formulation

• User element: U-type

• 8-noded shell

• 9 integration points
Each element will 
have 9 meso-scale 
solid models
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Dummy elements (1/2)



Dummy elements (2/2)

FE2 element location Delamination Matrix damage Fibre damage



0/90 Example



Artificial delamination

• Very slow -  RVE compute at each integration point and at every increment

• New functionality - machine learning model ...

mat_coh_delam

mat_coh
upscale.py

Image courtesy from Vincent Maes



Deep learning as a surrogate

Deep Learning with neural network
Example: Modelling shear delamination with 

shell elements
Using TensorFlow Library within Abaqus



Thank you!

Meng yi Song

mengyi.song@bristol.ac.uk

+447429204766

composites-certest.com

bristol.ac.uk/composites/
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