Class 2: Mechanical Properties of
Fiber Reinforced Composites
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Cement and tires are examples of particle
reinforced composites
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Composites are classified by the shape and
arrangement of the dispersed phase

The dispersed phase is defined E
by the shape

particle

structural

fiber

The mechanical properties of
each composite are influenced by
the amount and arrangement of
the dispersed phase

Fiber reinforced polymer for civil
infrastructures use continuous
fibers in a polymer matrix. We
are going to be focusing on this
type of composite

The Young’s modulus in particle reinforced
composites is determined by the rule of mixing

The rule of mixing states the actual Young’'s modulus in a particle
reinforced composite is between and upper and lower bound.
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Structural composites are made up of layers
or panels
Ex: Stacked and bonded fiber-reinforced sheets

-- stacking sequence: e.g., 0/90
-- benefit: balanced, in-plane stiffness

Adapted from
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Ex: Sandwich panels
-- low density, honeycomb core
-- benefit: small weight, large bending stiffness
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Fiber reinforced composites can be continuous or
discontinuous

Discontinuous, random 2D fibers
Ex: C fibers in a C matrix

Aligned Continuous fibers

Ex: Glass w/SiC fibers
Eglass = 76GPa; Esic = 400GPa.

== C fibers:
a very stiff

very strong
5 ~C matrix:
@ _ less stiff
fracture less strong
surface
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In continuous fibers strain is constant for the
fiber and matrix and stress is the sum

In aligned continuous
fibers, the strain of the

1
overall composite, the 3
fiber, and the matrix are all
equal. 2

£c= &= 8y

The stress supported by
the composite is the sum of
the stress supported by the
fiber and matrix
Fo=Fe+Fy
G =0 + Oy

In longitudinal loading, the modulus of elasticity
of the composite is the weighted sum of the
fiber and matrix.
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In aligned, continuous fibers, when the 3
force is applied in the direction of the
fiber (1, longitudinal loading)
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This only applies in the range when both
components are behaving elastically

In transverse loading, the modulus of elasticity
of the composite is limited by the lower of the

components. F
1

In aligned, continuous fibers, when the 3
force is applied perpendicular to the fiber
(2, transverse loading) 2
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This only applies in the range when both
components are behaving elastically

When the fibers are not aligned, the modulus is
a fraction of the aligned value
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In longitudinal loading, the overall strain is limited
by the component with the least strain at failure

Case 1: Case 2:

In case 1, the composite fails when the fiber
fails if there is a significant amount of fiber

Case 1.
At low Vg ol /7
* *
o, =Vyoy
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Matrix carries the load beyond
fiber failure
At high VF:

o, =Vor + Vo
Stress in matrix
when fibers fail

Composite failure when fiber fails




The critical volume of fiber for reinforcement

depends on comparing the 2 ¢,* values
Case 1
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In case 2, the composite fails when the matrix
fails unless there is a significant amount of fiber

Case 2: Stress in fiber
At low Vg: when matrix fails
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Composite fails when matrix i
fails [

At high VF: £ g
o, =Vor

Fiber carries the load beyond matrix
failure

The critical volume of fiber for reinforcement
depends on comparing the 2 o,* values
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In summary, the mechanical properties of
the composite depend on the type and
arrangement of the reinforcement

In particle reinforced composites, the
modulus of elasticity has upper and
lower bounds determined by the rule
of mixing

In fiber reinforced composites, the
modulus of elasticity, tensile strength,
and strain at fracture depend on
whether the fibers are continuous and
how the aligned relative to the applied
force




