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ONE

a) Composite materials are composed of two phases.  Identify these, and discuss how the primary phase can be used to classify composites.  Discuss the different physical forms that the secondary phase can take.
[11 Marks]


[image: ]

The above Representative Volume Element represents a unidirectional composite.

b) 
Given that ∆C = ∆f + ∆m, where ∆ is the transverse extension of the structure when subjected to a transverse load, and the subscripts c, f and m represent the composite, the fibre and the matrix respectively,  prove from first principles.  E represents the Young’s Modulus, V is the volume fraction and the subscript 2 represents the transverse (or across fibre) direction.

[7 Marks]

c) Hence find the transverse Young’s Modulus of a Glass/Epoxy lamina with a fibre volume fraction of 75% given that Ef = 90GPa and Em=3GPa

[2 Marks]



 
a) Phases
Matrix – Primary
		Reinforcing agent – Secondary
[2 marks]

	Matrix is used to classify composites
	
		Metal matrix composites (MMC)
		Ceramic matrix composite (CMC)
		Polymer matrix composite (PMC)
[3 marks]
Reinforcement Agent
	Fibres
Generally circular in cross section, produces greatest opportunity for stiffness enhancement.  Can be continuous or dis-continuous and arranged in 1D, 2D or 3D
		[2 marks]
Particles
Can be micro or macroscopic, arranged randomly leading to isotropic material properties and thus are not generally as strong as fibre reinforcements.
[2 marks]
		Flakes
			2D particles – low cost
[2 marks]

b)  


















[7 marks]



c)  




= 0.0917



[2 marks]
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2a)
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[1 mark]
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[1 mark]
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[1 mark]
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[1 mark]
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[1 mark]
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[1 mark]
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[1 mark]
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c)  
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= 5.25 x 10-5m






THREE
a) When considering the failure of a composite, explain with the help of a diagram, what a failure envelope is.
[8 marks]
b) Name 4 failure theories that may be used to identify failure in a single lamina.
[4 marks]
c) Explain what is meant by first ply failure and last ply failure and explain with the aid of a diagram, why the stiffness of a laminate is non-linear during failure.
[8 marks]



a) 

a) When considering the failure of a composite, explain with the help of a diagram, what a failure envelope is.

A failure envelope is a 3D plot of the combinations of the normal and shear stress that can be applied to an angle lamina before it fails.  Due to the fact that drawing 3D graphs is time consuming one may develop failure envelopes for constant shear stress and then use the two normal stress as the two axis.  
Then if the applied stress is within the failure envelope the lamina is safe.  A failure envelope may look as follows;
[image: ]
[8marks]
b) Name the 4 failure theories that may be used to identify failure in a single lamina.

1. Maximum stress failure theory 
2. Maximum strain failure theory
3. Tsai-Hill failure theory
4. Tsai-Wu failure theory
[4 marks]


c) Explain what is meant by first ply failure and last ply failure and explain with the aid of a diagram, why the stiffness of a laminate is non-linear during failure.

The failure theories listed in part b predict failure of a single lamina.  However a laminate is made up of several lamina.  Thus first ply failure describes when the first lamina fails and last ply failure describes when the last lamina fails.  As such, if you were to plot the stiffness of a laminate during failure you would see a non-linear failure such as the one shown below.
[image: ]
[8 marks]


FOUR

a) Discuss why a typical composite structure manufactured from a FRP would have several lamina stacked on top of each other in order to form a laminate.

[4 marks]

b) Explain why Hygrothermal stresses and strains may be seen in a laminate and the consequences of these on the design of laminates.

[8 marks]

c) Using a diagram, explain how the stress may differ through the thickness of a Laminate, the causes of this, and discuss how this is different to that seen through the thickness of a structure formed from an isotropic material.

[8 marks]


a) Discuss why a typical composite structure manufactured from a FRP would have several lamina stacked on top of each other in order to form a laminate.

Several lamia are used to form a laminate due to the fact that a single lamina may only be ~0.1 – 0.2mm thick, therefore to get anything of meaningful strength several lamina may be combined.  In addition, if a UD lamina is used then the lamina would be weak transverse to the fibres, so that several lanina may be stacked with varying orientations in order to overcome this.
[4 marks]

b) Explain why Hygrothermal stresses and strains may be seen in a laminate

Composites are generally processed at high temperatures and then cooled down to room temperature, due to the differing thermal expansion coefficients of the reinforcement agent and the matrix residual stresses and strains will result at a micromechanical level when the composite is cooled down.  In addition, most composites absorb moisture which leads to swelling stresses and strains similar to those caused by thermal expansion.  These are obviously different in longitudinal and transverse directions depending on the structure of the lamina.  If the lamina is free to expand then no residual stress would develop at the macromechanical level, however if the lamina is part of a laminate, so that it is not free to expand or contract then residual stresses and strains can exist in the laminate.   This can be minimised by using symmetric laminates.
[8 marks]

c) Using a diagram, explain how the stress may differ through the thickness of a Laminate, the causes of this, and discuss how this is different to that seen through the thickness of a structure formed from an isotropic material.

Consider a structure in bending.  If the stress variation across the thickness of the laminate were to be plotted as seen below, then step changes in the stresses are generally seen due to the orthotropic nature of the laminate and the differing orientations and materials used in each ply.

[image: ]		[image: ]y

This can be compared to an isotropic material in bending where the stresses seen in the structure vary linearly with the distance from the midplane and can be calculated with the simple theory of elastic bending.
 [image: ]
[8 marks]
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Failure of composites

When considering the failure of a composite, explain with the help of a diagram, what a
failure envelope is.

A failure envelope is a 3D plot of the combinations of the normal and shear stress that can
be applied to an angle lamina before it fails. Due to the fact that drawing 3D graphs is time
consuming one may develop failure envelopes for constant shear stress and then use the
two normal stress as the two axis.

Then if the applied stress is within the failure envelope the lamina is safe. A failure
envelope may look as follows;
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fails. Due to the fact that drawing 3D graphs is time consuming one may develop failure
envelopes for constant shear stress and then use the two normal stress as the two axis.

Then if the applied stress is within the failure envelope the lamina is safe. A failure
envelope may look as follows;
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A failure envelope for a 60 degree lamina of graphite/epoxy for a constant shear stress of
24Mpa.
Maximum Strain Failure Theory

Similar to Tresca and St. Venant as applied to isotropic materials. Failure is predicted if any
of the normal or shear strains in the local axis of a lamina exceed those of the unidirectional
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Explain what is meant by first ply failure and last ply failure and explain with the aid of a
diagram, why the stiffness of a laminate is non-linear during failure.

The failure theories listed in part b predict failure of a single lamina. However a laminate is
made up of several lamina. Thus first ply failure describes when the first lamina fails and
last ply failure describes when the last lamina fails. As such, if you were to plot the stiffness
of a laminate during failure you would see a non-linear failure such as the one shown below.
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The following observations can be made;

1. The difference between the maximum stress and maximum strain is quite
pronounced

2. Tsai-Hill and Tsai-Wu are in good agreement

3. The variation of the strength of the angle lamina as a function of the angle has cusps
in the maximum stress and the maximum strain failure theories due to the change in
in failure modes.

The above failure theories apply to failure of a single Lamina. A laminate failure is
characterised by the fact that even when one lamina fails, the laminate can still carry a load.|
In fact a bi-linear response is seen as shown below;
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Where there is one stiffness up until the First Ply Failure (FPF) and then a reduced stiffness
up until the Last Ply Failure (LPF).

16:01
28/02/2020

L)




image8.png
O @ ® | file:///C:/Users/fad-kl/Downloads/Mechanics_of_ Composite_Materials_0849313430.pdf hx¢ = Z, 4

342 of473 | i= Contents O — . o Fittopage [ Pageview | A) Readaloud fJ Addnotes & [ B | 2

B e i s N e A e e e R A e e A e e G

of each lamina (Figure 4.5). The stresses, however, may jump from lamina
to lamina because the transformed reduced-stiffness matrix [Q] changes
from ply to ply because [Q] depends on the material and orientation of the
ply. These global stresses can then be transformed to local stresses through
the transformation Equation (2.94). Local strains can be transformed to
global strains through Equation (2.99). The local stresses and strains can
then be used in the failure criteria, discussed in Chapter 2, to find when a
laminate fails. The only question remaining in the macromechanical analysis
of a laminate now is how to find the midplane strains and curvatures if the

Mid-Plane

Laminate Strain variation Stress variation

FIGURE 4.5
Strain and stress variation through the thickness of the laminate.
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Combining [1] and [2] we get the simple theory of elastic bending;

M
I

< |9
]
= | by

Notice that if the beam is a uniform section, the material is homogeneous and the
moment is constant, I, E and M are all constants, therefore R must also be constant.

i.e. the curvature of the beam is perfectly circular.
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Representative volume element of a unidirectional lamina





