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Partners:

M3 program ïaccelerating the 

engineering process: from materials to 

applications 

Twin M3Strength projects
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ÅM3 Program and addressed domains in the twin M3Strength 

projects

ÅKey R&D details of the twin M3Strength projects and related 

industrialization
1. Composites fatigue modelling

2. Quasi-static and dynamic multi-scale modelling

3. Effect of defects by multi-scale modelling

4. Composites dynamic modelling for crash and crush

ÅSummary

Outline
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Knowledge centers

Industry

Solving lightweight

challenges

by

advanced testing

& simulation

M3 MacroModelMat program
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Twin projects ñM3Strengthò

Multi-attribute strength of composites

Application-driven, multi-

attribute (static-, fatigue-, 

impact-strength)  efficient 

simulation methods

Efficient 

predictive 

modeling

é

Virtual Material 

Characterization

é

As-manufactured propertiesé

Composite simulation Composite testing

Fatigue of inter- and intra-

ply

Strain-rate dependent 

behavior of composites

Micro- and meso-scale unit 

cell modeling

Homogenization techniques

Effect of defects in 

composites

Modeling and testing of 3D 

woven

Behavior of foams an link to 

helmet CAE challenge

é by multi-scale modeling 
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Understanding behaviour of materials by

Experimental characterization

Foams

Static + fatigue Effect of defects 

(static)

Impact and 

crushing

Intralaminar

properties

(inside the 

plies)

Interlaminar

properties

(between

the plies)

UD and Woven fabric +

0//0 and off-axis 

interfaces

üMode I

üMode II

üMixed I-II

UD and Woven fabric 

Static : T & C

Fatigue: TT, CT and CC

3 lay-up sequences

Voids

Delamination 

(defect)

Challenges

Key points

ÅFull mechanical material 

characterization in static, fatigue

and dynamic (Multi-attribute)

ÅRobust testing method 

development

ÅLink between material 

characterization and parameter 

identification for simulation

ÅLarge amount of samples (~3000) 

and data processing 

ÅNon-standard testing to be 

developed 

ÅCover several material factors 

(e.g. strain-rate, temperature)

Foams

Delamination

3D woven 

fabrics
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Composites fatigue modelling

Intra- and inter-laminar behaviour

Challenges

Efficient and reliable 

simulation of fatigue damage 

phenomena

Key points

ÅIntraply damage ïContinuum 

Damage Modelling (CDM)

ÅMicro-cracking

ÅMeta-delamination

ÅInterply damage ïCohesive 

zone model (CZM)

ÅDelamination onset and 

propagation

Based on failure type, amplitude & max.

stressČ Accurate

Micro-crack initiation prediction

Stress transfer matrix Č Efficient mapping

of global stress to local stresses

ČBrittle failure ČShear failure

COUPON

FEM

with

CZM

G-N curve 

(DIC)
FEM

(CZM)

1
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Continuous fiber composites

Intra/Interlaminar fatigue prediction

Added values

ÅPrediction of continuous fiber 

composite behavior for high cycle 

fatigue

ÅIntra/inter-laminar coupling fatigue

ÅMultiaxial and variable amplitude 

loadings.

Key points

ÅIntralaminar fatigue prediction via 

stiffness degradation

ÅCombined with interlaminar

fatigue onset/ re-onset prediction 

via energy release rate 

degradation

ÅNon-Linear calculation to predict 

accurate stress and strain fields

Road condition =

Variable Amplitude loading

Multi-axial loading

Intralaminar

Interlaminar

Energy release rate degradation

Linear damage accumulation

Intralaminar

Stiffness degradation

Permanent strain

Mean stress effects

Initial damage due to first loading 

cycleü Considering stress/strain redistribution after damage accumulation for 

both intralaminar and interlaminar elements

ü Non-Linear FE calculation for delamination onset/re-onset prediction

Interlaminar

Free edge

Buckling

Radius ,  Ply drop-offé

1
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industrialization
1. Composites fatigue modelling
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ÅSummary
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Composites quasi-static and dynamic

Multi-scale modelling

Challenges

ÅSequential multiscale: 

micro ĄmesoĄ macro

ÅVirtual tests reduce 

experimental ones 

Key points

ÅDedicated models for each scale.

ÅNon-linear and damage response.

ÅStatic, fatigue or impact loads.

ÅSimulation tools for: 

Åcomposite design 

Åmechanical improvement

Åcost reduction.

Microscale Mesoscale Macroscale

[0/90]4
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Virtual Material Characterization (VMC)

by multi-scale modelling

Added values
ÅMulti-scale simulation replacing 

experimental testing

ÅSupport of different composites and 

different scales

ÅEfficient generation of  mechanical 

material data

Key points
ÅCAD interface to geometry modeler 

WiseTex (KULeuven MTM)

ÅFast homogenization method by 

TexComp (KULeuven MTM) for 

stiffness predictions

ÅAdvanced FE-based homogenization

by ORAS (UGent MMS) 

Models Material data

Homogenization

Micro scale (yarn level)

Meso scale (textile/ UD level)

VMC ToolKit
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3D Woven performance

by multi-scale modeling

Added values

ÅSimulation-based 

optimization of 3D-woven 

structures

Key points

Virtual testing

Woven fabrics

Resin selection

ÅViscosity, rheology

ÅWettability, permeability

ÅMechanical properties

ŸSynolite 8388-P-1

Flatwise and edgewise 

compression (square)

Material selection

New set up to open up the

fabric during impregnation

ÅInnovative weaving 

capabilities to meet multi-

attribute requirements at 

minimal weight

ÅExtensive experimental 

program on coupons and 

for optimal resin selection

ÅFeasibility check of multi-

scale simulation

Composite production Mechanical testing

ÅHoneycomb structures

ÅSquare structures
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Effect of defects by multi-scale modelling

Challenges

Predicting the effect of voids 

on statistically-controlled 

damage in fiber-reinforced 

composites confronts the scale 

issue

Key points

ÅDeveloping a combined micro-

meso approach for simulation of 

transverse cracking in the 

presence of voids

ÅIn-situ monitoring of mechanical 

tests at the meso- and micro-scale 

to obtain crack density evolution 0

16

32

48

64

0 0.003 0.006 0.009

x̀x
 (

M
P

a
)

xʁx

reference model

model with void

Transverse cracks detected by digital image 

correlation in loading micrographs

Micro-scale finite element modeling of 

transverse damage
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Modeling evolution 

of transverse 

cracking linked to 

CDM models in 

Siemens software

Composites as-manufactured properties

Effect of intra- and inter-laminar defects

Added values

Simulation-based assessment 

of effect of defects allowing 

analysis of properties 

degradation

Key points
Intra-laminar defects:

ÅDeveloping a combined micro-

meso approach for simulation of 

transverse cracking in the 

presence of voids

Inter-laminar defects:

Å4P bending on omega-stiffener 

sections with initial delam.

experiments vs. simulations

ÅModeling the same 

geometry and lay-up as 

in the real specimen in 

Siemens software

ÅCohesive zone between 

flange and skin

homogenized

Micro-level modeling of effect of 

voids on transverse failure

3


