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Introduction What are Composites?

1.1. What are Composites?

Introduction

e Structural material consisting of multiple non-soluble macro-constituents.

e Main motivation: material properties tailored to applications.

e Both stiffness and strength comes from the fibers/particles, and the

matrix holdes everything together.
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Types of composite materials (Figure from NPTEL Online-IIT KANPUR (n.d.))

Examples
@ Reinforced concrete

@ Wood (lignin matrix reinforced by
cellulose fibers)

@ Carbon-Fiber Reinforced Plastics
(CFRP)
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CFRP Helicopter Blades

Top Helicopter Blades n.d.)

@ Wood (lignin matrix reinforced by
cellulose fibers)

@ Carbon-Fiber Reinforced Plastics
(CFRP)

@~ ZX STIMGESS, ~3X SIrength, ~ 1076
weight of AA.

@ High fatigue resistance. But quite brittle.

@ Main- and tail-planes, fuselages, etc.
Helicopter blades.
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Introduction

e Structural material consisting of multiple non-soluble macro-constituents.
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Introduction Modeling Composite Material

1.2. Modeling Composite Material

Introduction

Two main approaches:

Macro-Mechanics

Micro-Mechanics

Square array Unit cell

- ﬁ . (m @

AiA
Cross-sectional view of continuous < o =
fiber reinforced composites

Hexagonal array Unit cell

(Figure from “Micro-Mechanics of Failure” 2024)

@ ®)

Homogenization of micro-structure (Figure
from Skovsgaard and Heide-Jorgensen 2021)
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Introduction

1.3. Constitutive Modeling

Introduction

Axial Elongation
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@ Strain is fixed, but stress experienced by
media differ.

g = ELEZ
@ Stress-strain relationship simplifies as,
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Constitutive Modeling for Composites

for Composites
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1.3. Constitutive Modeling for Composites

Introduction

Axial Elongation
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@ Strain is fixed, but stress experienced by
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Transverse Elongation

Filament

Matrix

@ Stress is fixed,

strains differ:
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@ Stress-strain relationship simplifies as, o oy o
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Introduction Constitutive Modeling for Composites

1.3. Constitutive Modeling for Composites

Introduction: Poisson Effects

Axial-Transverse Coupling
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@ Transverse displacement written as
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(Figures from Megson 2013)
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1.3. Constitutive Modeling for Composites

Introduction: Poisson Effects

Transverse-Axial Coupling
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@ Transverse displacement written as
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1.3. Constitutive Modeling for Composites
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1.3. Constitutive

Introduction: Anisotropy

Introduction

Constitutive Modeling for Composites

Modeling for Composites

General Anisotropy

Oz Cnn Ci2 Ciz Cu Cis Cie Exa

Oyy Ciz2 Caa Ch Coy (a5 Oy Eyy

Oz Ciz Caz C33 O34 O35 Csel| |ez

Oy Cia Cos Csza Cua Cus Cue Yy

Oxz Cis Cos Cs5 Cus Css  Cse Yz

Oy= Cis Cos Csz6 Cus Cse Ces| |[Vy= |

a
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Introduction: Anisotropy
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Introduction

Constitutive Modeling for Composites

Modeling for Composites
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General Anisotropy
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1.3. Constitutive Modeling for Composites

Introduction: Anisotropy

Triclinic: Three Planes of Symmetry
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Introduction Classical Laminate Theory

1.4. Classical Laminate Theory

Introduction

Reference plane

Figures from Kollar and Springer 2003
(=]
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Introduction Classical Laminate Theory
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