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Materials

Shapes

Architectures

Glass Aramid CarbonSteel

E Modulus (Gpa)O 400

Particulates Fibres: short long     discontinuous continuous
Shape factors L/d1 ∞

OrientationO 1

Random Knitts Weaves

Freedom in reinforcement types
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Micromechanics

Matrix
Fibre

Micromechanics

Macromechanics

A laminate

Design of structures

A lamina
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Continuous fibres

Continuous fibres

Matrix (polymer)
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Properties of unidirectional composites

 
S Glass 
Epoxy 

Kevlar 49 
Epoxy 

Carbon HR 
Epoxy 

Carbon HM 
Epoxy 

Boron 
Epoxy 

Vf  65 % 65 % 65 % 65 % 55 % 

Density  2.04 g/cm3 1.36 g/cm3 1.56 g/cm3 1.5 g/cm3 1.97 g/cm3 

EL 56 GPa 86 GPa 145 GPa 270 GPa 220 GPa 

ET 16 GPa 5.6 GPa 10 GPa 7 GPa 2.3 GPa 

 LT 0.26 0.32 0.29 0.3 0.26 

GLT 7 GPa 2.5 GPa 5.5 GPa 5.7 GPa 6.9 GPa 

rL tension 1.75 GPa 1.5 GPa 1.2 GPa 0.95 GPa 1.3 GPa 

rT tension 0.04 GPa 0.03 GPa 0.08 GPa 0.035 GPa 0.065 GPa 

rL compression 0.9 GPa 0.28 GPa 1 GPa 0.75 GPa 2.85 GPa 

rT compression 0.15 GPa 0.14 GPa 0.25 GPa 0.2 GPa 0.03 GPa 

rLT shear 0.06 GPa 0.05 GPa 0.1 GPa 0.055 GPa 0.06 GPa 
 

 

L

T
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Which stiffness do you need ?

Mat

Plain weave

Fibre content (%)
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E UD,transverse
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Short fibre composites
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Short fibre composites
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where  is the ‘orientation parameter’. For random distribution, =0, for more
oriented fibres ,  takes higher values, 0<<1.

10

Length of fibres

Cox model

Orientation of fibres



Halpin-Tsai equations
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Short fibre composites
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Properties of short fibre composites

Properties at  23°C 
Zytel® Zytel® 40% short fibres Zytel® 50% short fibres 

0 % HR 50% HR 0 % HR 50% HR 0 % HR 50% HR 

Yiel stress y (MPa) 84 MPa 48 MPa 205 MPa 135 MPa 230 MPa 155 MPa 

Failure strain y (%) 50 % >300 % 3 % 6 % 2 % 5 % 
Bending 
modulus E  

2.7 GPa 0.9 GPa 10.5 GPa 6.5 GPa 23.5 GPa 8.5 GPa 

Shock (notched) 
Izod  50 J/m 200 J/m 160 J/m 214 J/m 180 J/m 270 J/m 

Shock resistance 
Charpy  

Pas de rupture 60 kJ/m2  65 kJ/m2  

Density   1.14 g/cm3 1.45 g/cm3 1.58 g/cm3 

Melting temperature 245°C 233 °C 233 °C 
Heat distortion 
temperature in 
bending at 1.8 MPa  

65 °C  224 °C    

Water absorption 
24h (immersion)  

1.6 %      

Molding shrinkage  1.3 % 0.18 % 0.16 % 
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Other models

TMX15 chap.4

• with anisotropic fibres

• for 2D and 3D composites
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Macromechanics

Matrix
Fibre

Micromechanics

Macromechanics

A laminate

Design of structures

A lamina
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Introduction

Stresses and strains are symmetric

Linear elasticity

Hooke’slaw

Tensor is symmetric

Anisotropic materials 81 csts

36 csts

21 csts

13 csts

Material symmetry
Monoclinical
Orthotropy
Transverse isotropy
Isotropy

9 csts
5 csts
2 csts
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Approach used by the engineers

Constants of the engineer

Orthotropic materials under plane stresses

Laminate theory and effective properties

Laminate symmetries and coupling effects

Design maps
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Orthotropic materials under plane stresses
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Importance of fibre orientation
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Laminate elasticity
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From fibre to structures

Matrix
Fibre

Micromechanics

Macromechanics

laminate

Structure

A lamina
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Effective properties
Mechanics of materials
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Symmetric and balanced laminates

21



Effective properties
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Guides de conception
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Failure of composites
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state of stresses

decohesion, rupture of the fibes

matrix rupture
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First ply and final failures
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Design maps
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Fatigue of composites
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Fatigue of composites
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Damage in composites

Debonding
Pull-out

29

Energy release rate G, modes I, II crack propagations

Fibre bridging
Fibre ruptureMatrix 

rupture



Delamination
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Design

Micro and macromechanics

CADFEM  tools

Applications

Mechanical tests
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https://www.altair.com/composites/



FEM
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https://filecr.com/windows/esacomp/?id=13436849765



Multiscale analysis

Example: Prof. Sung Kyu Ha, Hanyang University

Micro-meso-macro scale
Impact simulation
Damage in thin and thick laminates
Fatigue life prediction
Blade design
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More to come
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Textile composites



Exercises on Moodle


