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Abstract
The creep behavior, flexural strength, shear stress was investigated in this
paper for epoxy, epoxy composite reinforced with glass fibers: (chopped strand mat),
woven roven (90-0°) and chopped strand mat together as a sandwich composite with
volume fraction (21, 25, 29) % for each type. The tests were done at constant
temperature (room temperature (23+ 2) °C.

The results shown that the increasing in volume fraction increases the creep
behavior, flextural strength, shear stress for all samples also the results shown the
effect of fiber orientation in increasing the creep behavior, flextural strength, shear
stress in sandwich composites in comparession with the composites reinforced with
randomly glassfibers.
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Introduction

A composite may be defined as
any multiple phase material that
exhibits a significant proportion of the
properties of both the constituent
materials, a judicious combination of
two or more distinct materials can
provide better combination  of
properties. Fiber reinforced composites
are those composites in which the

dispersed phase isin the form of fibers,
technologically, these composites are
very important as they provide high
strength and stiffness on aweight basis
[1].

Many researchers studied in this
field, Balkees [2] showed that the
orientation of fibers had amajor rolein
increasing the creep resistance
according to applied load,
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microstructure of the composite, and
adhesion between the resin and the
fibers.

Papanico laou [3] gave an
excellent  review for  damage
development in polymeric materials
which is completely different from the
respective one of metals, leading to
complex damage mechanisms such as
fiber breakage, matrix cracking, fiber
debonding and ply- delamination,
addition all the damages appears not
only in different types, but also in
different levels and location, which
have different effects on the residual
life of acomposite structure.

Houshyar [4] gave that the
incorporation and increase of the fiber
concentration gave rise to a
considerable increase of tensile,
flexural  strength, the maximum
improvement in  properties was
observed for the composite with W =
50% which is equal to Vi = 26%, is
chosen as a critical fiber concentration,
this was due to the reinforcement
imparted by the fibers that allowed
stress transfer from the matrix to the
fibers.

Lee & Jyongsik [5] reported that as
fiber content increased, the tensile and
flextural modulus of the glass fiber
composite showed alinear increment.

Another study by Abot & Yasmin
[6] showed that the interface region
between the matrix and glass fibers
limited the mechanical properties of
the composite.

Amorphous materials such as high
polymers show high rate of
deformation under relatively low stress
and temperature because of their less

rigidity, and thermosetting polymers
are much more creep resistant than
thermoplastic polymers, the creep
strain, creep constant calculated from
the equation [7]

When
€: drain
AL: changein length
L .- original length of the sample

log =
k= slope ozt )
When
k: creep constant
t: creep time

The ability of a material to undergo
flextural distortions without weakening
or shattering is a key property for the
use of polymers in many components
and structural parts, the flextural

strength calculated from the equation
[8].

Ipl

FF=—— ... (3)
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When

Fs flextural strength.

p: applied load till failure occurs.
L: span of the sample.

b: width of the sample.

t: thickness of the sample.

While the shear stress predicted from
the equation
3p
T= Py R (4
When
7. shear stress
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In the present work aim to study the

creep behavior, flexural strength and

sheer stress for the epoxy composite

reinforced with glassfibers.

Experimental work

1. The epoxy resin used in this study
was (contextra Epl0O, Jordan
Industry), with its hardener (Ep10)
in ratio (3:1), and left at room
temperature (23+ 2) °C to
solidified after (24) hours.

2. Hand lay — up molding technique
used to prepare:-

& epoxy composite reinforced
with [chopped strand mat glass
fibers with surface density
0.277 Kg/m?] from Mowding

LTD. UK
b- Epoxy composite reinforced with
[woven roven (0-90°) with

surface density 0.5 Kg/nf] from
Mowding LTD. UK, and chopped
strand mat together as a sandwich
composite.

3. The volume fraction used for each
type in (a, b) was Vi = (21, 25,
29) %.

4. The creep test was carried with
technica equipment machine
model (S™M 160 MK2)
manufactured in England with
constant applied load P=200 N.

5. flextural test was carried out
using ( hydraulic press / No .
36110 ) manufactured by (Ley
BOLD Harries) with athree point
| oading apparatus.

6. The samples were cut with
standard dimension (ASTM-
BS1178) for creep test and
(ASTM-D 790) for flextural test.
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Result and Discussion

In Flextural strength the sample is
exposed to two kinds of stress, the first
is compressive stress from the point of
exertion of weight and the second is
tension stress of the lower surface of
the sample[9].

From the results in fig (1) reinforcing
of epoxy (matrix) with glass fibers
increased the flextural strength, this
atributed to the fact that the
reinforcement imparted by the fibers
allowed stress transfer from the matrix
to the fibers.

At low fiber volume fraction f =21%
the matrix is not restained by enough
fibers and highly localized strains
occurs in the matrix at low stresses, as
the fiber volume fraction increased to
25% and up to 25%, the stress was
more evently distributed and the
composite stiffness increased [10]. The
results in fig (1) shown that the
flextural strength of the composite
reinforced with both sandwich and
random glass fibers increased with
increasing the volume fraction of the
fibers and in compare between the two
types noticed that the flextural strength
of the composite reinforced with
sandwich is higher than the flextural
strength of the composite reinforced
with chopped strand mat glass fibers,
this is due to length and packing of
(0°-90°) glass fibers, strong interface
region between the matrix and the
fibers[11].

From the results in fig (2), the shear
stress of the epoxy resin increased after
reinforcing in both (sandwich and
chopped strand mat) glass fibers due to
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the role of fibers in absorbing shear
loads[12].
From the resultsin fig (3) and (4) when
the loads applied on the sample the
elastic deformation occurs due to the
extension of bonds between molecular
chains as a result the molecular chains
extended and rotated this region in
creep curve called primary stage.
The most important region in creep
curve that the stran becomes
approximately constant with time
which called secondary stage and this
stage appears the visco-elastic
properties of the sample which gives
the estumatied life of the part. Thefinal
region in creep curve is tertiary stage,
when the strain decreased rapidly as a
result of local necking resulting failure
inthe sample[13].
From the result in fig (3) and (4)
noticed that the strain increased rapidly
in the beginning caled initia
instantaneous strain.
The composite materials have different
strain according to type of fiber,
composition of fiber and adhesion
between the fibers and the matrix in
the interface region [14]. Generally
reinforcing the polymers increased the
secondary stage in creep curve mean
that needing more time to approach
final fracture due to the role of fibers
which absorbing the maximum part of
the loads as a result the strain increased
[15].
Conclusions

These results characterize the
creep behavior and flextural strength,
shear stress of composites with three
volume percentages of an E-glass fiber
in a room temperature curable epoxy
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matrix from them, the following
conclusions can be drawn:-
1. Change in volume percentage of

fibre produces no change in
mechanical properties.
2. The creep rate in sandwich

composite was higher than creep
rate in random composite as a
result the creep resistance of
sandwich composite is lower than
the creep resistance of random
composite.

3. The creep constant (k) decreased in
each type of composite with
increasing the volume fraction of
fibers.
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Table (1) Creep constant with volume fraction
for each type of composite

Vi % K

21(S) 7.264737
25 (S) 4.255027
29 (S) 4.019867
21 (R) 9.169572
25 (R) 4.674599
29 (R) 3.69584

T',(MPa)

4500

4000 -
3500 =

3000

2500 _—
- —m—Ep+R

2000

Ep+S
1500
1000

500

0

W
0 21 25 29

Figure (1) flextural strength of the composite reinforced with
each type of glassfibers
R: chopped strand mat S: Sandwich glassfibers
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Figure (2) shear stressof the compositereinforced with each type of glassfibers
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Figure (3) creep behavior of sandwich composite
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Figure (4) creep behavior of random composite
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Figure (5) Changing Log of Strain with Log of time for sandwich composite
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Figure (6) Changing Log of Strain with Log of time for random composite
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