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Abstract

The major goal of this research is to create a reliable model for predicting the mechanical
properties of composite material with fatigue failure and to determine how changing the fiber
orientation and the layer arrangement with regard to the applied loading direction affects the
mechanical characteristics of the result components in order to establish the service life with health
monitoring of these structures. A multilayer composite consisting of five layers which represent
shell structure, with the middle layer reinforced by carbon fiber and the top and bottom layers
reinforced by glassfiber random mate and unidirectional glassfiber. According to the tensile test
results, the orientation (2 L- GF- (00/900)s) had the maximum tension load (13 kN) due to the
asymmetrical arrangement of layers and identical distribution of the load within layers, whereas the
orientation (2 L- GF-00) had the lowest tension load (5.6 kN) compared with other fiber orientations.
The compression strength of the orientation 4 (2 L- GF- (00/900)2) with (1.72 kN) and orientation
7 (2 L- (900/ RGF)s with (1.7 kN) is greater than that of the other orientations. The specimen fails
in the test at about (519318 cycles) with time (352 minute) for orientation number 3.
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1. INTRODUCTION

The applications of composite materials is
becoming more popular because it is possible to
modify their mechanical properties to satisfy the
exacting design specifications of contemporary
mechanical devices by carefully choosing the
materials and designing the layups. Today's
applications must tolerate intense mechanical loads
and hostile conditions, such as those with extremely
high or extremely low temperatures [1]. In contrast
to minerals, a composite material keeps its
mechanical, physical, and chemical characteristics.
Composite materials are created by combining
reinforcement and matrix. The matrix is constructed
of polymer, ceramic, or metal, while the
reinforcement is composed of fibers, flakes, or
particle that are stronger and harder [2]. For instance,
in the fiercely competitive aviation industry, one is
constantly searching for strategies to reduce the total
mass of the vehicles without reducing stiffness and
the strength with respect to its component parts [3].
The reinforcement come in a variety of shapes,
including fibers, flakes, and particles, also fibers
may be added with different orientations as shown in
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fig. (1). Each of these has a specific set of qualities
that can be added to composites.

0°/90°

Fig. 1. Fibers orientations

Many studies have been performed with
laminated composites. This section will discuss a
wide range of studies, including studies on the
characteristics of composite materials and studies on
the responses of multi-layered plates to various
loads. The behavior of various fiber-reinforced
laminated composite materials was investigated
experimentally. This work was done on seven
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laminated composites that were made using
polyester resin as a bonding matrix and reinforced
with Jute, Glass, Carbon and Perlon fibers using the
vacuum bagging technique [4]. The impact response
of glass and epoxy laminates applied to impact
energy were numerically investigated in the article
that was presented using the widely used finite
element program LS-DYNA. Maximum
displacement, contact force at impact, and energy
absorption were used to evaluate the impact response
[5]. A size dependent laminated composite materials
microtube's frequency is analyzed utilizing a
nonlocal strain-stress gradient model. The motion
equations for the composite laminated microtubes
are generated by using energy methods [6]. In
particular, the penetration processes under low-
velocity impact are taken into account to understand
the dynamic response of foam core sandwich panels
with composite face sheets [7]. Several studies have
been conducted on the failure analysis of composite
laminated shells at temperature environments during
buckling as well as impact loads [8-10].
Experimental study is done on the dynamic response
and failure modes of sandwich structures made of
carbon/epoxy and PVC foam that have been
subjected to underwater impulsive loading [11].
Halpin-Tsai method was used to determine the
composite elastic characteristics and focuses on the
induced vibration response of a composite laminated
plate that has graphene platelets as reinforcement
(GPLs) [12]. The application of failure theories to
the health monitoring of composite laminated shell
as well as plate structures made of functionally
graded materials [13,14].

The impact of a multi-wall carbon nanotube on
the behavior of composite plates is investigated and
evaluated the dynamic vibration response for plates
and vessels using analytical and numerical methods
[15,16]. By using an experiment and finite element
modelling, the dynamic crushing properties of
unidirectional carbon fiber reinforced plastic
composite under the two loading types of dynamic
3-point bending and axially crushing are studied
[17]. Other research examined the effect of on the
mechanical characteristics of several polymers,
including rubber that is natural [18-19]. The effects
of the loading path on the failure of laminae made of
unidirectional carbon reinforcement materials
polymers (CFRP) and zircon silicide particle to
capture the linked effects of fibers, matrix, and
fiber/matrix interface on the failure [20,21]. A
comparison study was carried out to optimize the
failure strain of several woven fibers reinforced
composite materials under both on-axis (0°/90°) and
off-axis (45°) loading. Carbon-epoxy, E-glass-
epoxy, and jute-epoxy composite are among the
materials [22]. The influence of nanomaterials on
mechanical properties to avoid damage to structures
was studied [23, 24] During the static loading
testing, the unidirectional glass - reinforced polymer
matrix composite was examined using non-
destructive (NDT) acoustic emission [25]. Waste

from the rubber recycling process was employed to
increase rolling barrier protection, and various
rubber estimates reinforced with scrap fibers and
crumbs of rubber [26, 27]. Conclusions of
computing studies on damage localization in the
structures are based on a technique of application of
specified time-frequency distributions to the modal
by using finite element analysis on the estimation of
modal forms of structural analysis were studied [28,
29].

The purpose of this work is to determine how
changing the fiber orientation and the layer
arrangement with regard to the applied loading
direction affects the mechanical characteristics of the
result components of shell structure, and also
analyze the effect of combining numerous fiber
layers in various orientations. This research focuses
on the utilization of various fibers as reinforcement
materials. The originality of this work represented by
the specific orientation of fibers that reinforced
polymer matrix, epoxy under different loads such as
tensile, compression and fatigue test to evaluate the
mechanical behavior of these multilayer composite
materials.

2. EXPERIMENTAL WORK

Mechanical tests were conducted in order to
know the properties of the specimen that were
manufactured. A comparison of properties was made
to determine the best specimen. A multilayer
composite consisting of five layers, with the middle
layer reinforced by carbon fiber (CF) and the top and
bottom layers reinforced by glassfiber random mate
(RGF) and unidirectional glassfiber (GF), as
indicated in table (1).

Table 1. Multi-layers composite material content

No. Fiber orientation
2 L- RGF

2 L- GF-Q°

2 L- GF-90°

2 L- GF- (0°/90°)2
2 L- GF- (0°/90°)s
2L- (0°/RGF)s

2 L- (90%RGF)s

~N|o|ol s~ W N

2.1. Tensile Test

The tensile test was carried out at the University
of Babylon using Electronic Universal Testing
Machine model WDW-200 as shown in the fig. (2).
Where the maximum load of the machine is 200 kN
and it works with a three-phase motor of 3 kW.

Five specimens from each condition were
examined at room temperature as shown in fig. (3),
(4) and (5). ASTM D 638 certified work.
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Fig. 4. Tensile specimens

2.2. Compression Test

The aim of this test is to give information
regarding the compressive characteristics of
polymers when used under conditions that are
comparable to those used in the testing. The
compression test was carried out at the laboratory of
University of Babylon / college of engineering, using
the places shown in fig. (6) and (7). A compression
force applied along the plates compresses a
cylindrical specimen of material with an ASTM D
695 recommended constant circular cross-sectional
area.

Fig. 5. Tested tensile specimens
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Fig. 6. Compression specimens
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Fig. 7. The tested compression specimens

2.3. Fatigue Test
The test was done at the University of Babylon
using the machine shown in the figure (8).

Switch (off-on)
iment test

Cycle no. gauge

Fig. 8. Fatigue test machine
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A cantilever with a constant stress amplitude and
totally reversed (R= -1) is used for the fatigue test.
The specimen is carried out in accordance with the
machine specification and has dimensions of (100
mm length) and (10 mm width), as show in the fig.
(9), (10) and fig. (11) after test.

Fig. 9. Fatigue specimens mold

Fig. 11. Tested fatigue specimens

3. RESULTS AND DISCUSSION

Structural health monitoring may be utilized
successfully to offer accurate information for
decisions and management in the application
scenarios. Health monitoring may be configured to
collect information concerning global structural

parameters such as mechanical tests, as well as
component-level characteristics such as strain and
stress.

3.1. Tensile test

Tensile test results are shown in table 2 which
indicate how fiber type and orientation affect the
properties of composite materials.

Table 2. Maximum load and extension results

No. Load (KN) Extension (mm)

1 6.2 43
2 75 4.7
3 9 7

4 5.6 2.8
5 13.5 10.5
6 8 7.7
7 11 8.5

According to these results, the orientation (2 L-
GF- (0°/90°)s) had the maximum tension load (13
kN) and extension (10.5 mm) as shown in the fig.
(12) due to the asymmetrical arrangement of layers
and identical distribution of the load within layers,
whereas the orientation (2 L- GF-0°) had the lowest
tension load (5.6 kN) and the smallest extension (2.8
mm) as illustrates in the fig. (13) compared with
other fiber orientations because of the applied load
in the transverse direction and the unidirectional
fiber arrangement of layers. These results are
consistent with the results of tensile test of [30].
Carbon fiber with random mat and fiberglass with
different fiber orientation provides materials with the
highest overall strengths which effect on health
monitoring of the structure. The polymer's
outstanding strength is due to numerous inter-chain
bonding.

Losd-Defer Curve

15

LoaukN)

15 s & 75 H 0s 12 138 15
Detorgmm)

Fig. 12. Load- extension of (2 L- GF- (00))

3.2. Compression test

This testing technique is frequently used to
evaluate materials whose end-use applications are
anticipated to include compressive forces. It enables
scientists and engineers to comprehend the material's
ability to yield (the stress at which it starts to deform
permanently), compressive strength (the highest
compressive stress it can bear), and other qualities.
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Compression testing offers a measurable technique
to evaluate a material's performance under
compressive stresses, which is one of its major
advantages that influence on health monitoring of
the structure. Development and research, quality
assurance, failure analysis, and material selection
can all benefit from this knowledge. Table (3)
displays the compression test results.

Load-Detor Curve

Losd(kN)
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Fig. 13. Load- extension of (2 L- GF- (00/900)s)

Table 3. Compression test results

No. Compression load (kN)

0.61
0.44
0.68
1.72
0.5
1.1
1.7

N lwiN(EF

The compression strength of the orientation 4 (2
L- GF- (0°/90°),) with (1.72 kN) and orientation 7 (2
L- (90°/RGF) s with (1.7 kN) is greater than that of
the other orientations as in the fig. (14). This is
because the fiber orientation with 90° produced
significant resistance to compression stress at the top
and lower surfaces of the specimen and measuring
load during the compression test, and the findings of
the current arrangement are consistent with [31].
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Orientation number

Fig. 14. Compression with different orientation

3.3. Fatigue test

Predicting fatigue life for structures is essential
for trying to foresee potential failures and
understanding the usable life and declining returns of
a product as well as material. Evaluating fatigue

characteristics of materials using real- life modelling
is frequently an efficient method for reducing
revenue loss throughout the product life cycle. The
local monitoring may be planned and performed to
assess performance in terms of dependability and
degradation over time for each monitored structural
component. The structural elements that will be
instrumented, as well as the variables to be
monitored, should be carefully chosen.

Fig. (15) indicates that the specimen fails in the
test at about (519318 cycles) with time (352 minute)
for orientation number 3. The maximum number of
cycles denotes the defined "failure" stress that occurs
in this cycle number. The first two specimens had
essentially identical results, whereas the seventh
specimen is a little off. This might be due to
improper fiber orientation setup; possibly it was not
entirely orientated before commencing the test and
has some slack within it. Because of the similarities
between specimens 3 and 4, these will be the
approved fiber orientation values in the fatigue test
for this investigation and the fatigue life results of
the current arrangement are consistent with [32]. All
these data represent the failure values of stress-
cycles curve for each recipe.

600000 -

500000

400000
300000
200000
100000
0 |
1 2 3 4 5 6 7
36

mtime (minute) 152 169 352 315 285 158
BEcycle 234285 | 253586 519318 | 408143 415336 | 240332 50004

Cycles

Fig. 15. Fatigue result with different orientation

4. NUMERICAL ANALYSIS

The majority of laminated shell composite
structures are constructed s shell or plate
components. This is so that the structure can carry
membrane loads with greater efficiency. The
difficulty in manufacturing thick laminates is a
further important consideration. This section uses an
Abagqus case study to provide a broad explanation of
the mechanical tests along with specific methods for
a basic finite element analysis which consider some
of the factors that led to the formation of structural
health monitoring systems. The individual
components which make up a geometry are then
given their material characteristics. On the geometry,
loads as well as boundary conditions are then
applied. The geometry is then divided into discrete
elements, specified by the number of nodes with
element connection in mapped mesh as illustrated in
fig. (16) to (18). The element type has been selected
in order to represent the kind of problem that has to
be resolved. The model is then solved. The final step
is computing and displaying the results.
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Fig. 16. Mesh of tensile specimen

Fig. 17. Mesh of compression specimen

Fig. 18. Mesh of fatigue specimen

Failure criterion are curve fits that use
experimental data obtained under uniaxial stress to
predict failure with multiaxial stress. All of the
failure criteria mentioned in this part may indicate
the first lamina to fail, but they cannot monitor the
failure's progression until the entire laminate fails.
Damage evolution through laminate failure can be
observed using damage mechanics. The composite
laminated specimen under the influence of the
tensile testing load is depicted in figures (19) and
(20) indicating that it's based on normal stress and
strain distribution for the optimum fiber orientation
(2 L- GF- (0/90) ). When the membrane
load applied, the rate of deformation which depends
on the stress and strain distribution during elastic
deformations was lower than other fiber orientation.
The energy loss increases with deformation due to
plastic deformations and aids in the structural health
monitoring of the shell construction.

The compression stress and strain of the
orientation 4 (2 L- GF- (0°/90°),) with (1.72 kN) and
orientation 7 (2 L- (90°/RGF)s with (1.7 kN) as seen
in figures (21) and (22), is greater than that of the
other orientations. This was performed by producing
a large amount of compression stress resistance at

the specimen's upper and lower surfaces as well as
by monitoring load throughout the compression test
using fibers oriented at a 90° angle.

Fig. 19. Normal stress

Fig. 20. Normal stress

Fig. 21. Normal stress

Fig. 22. Normal stress
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Figures (23) and (24) shows that the specimen
fails the test for orientation number 3 after
approximately (519318 cycles) with time (352
minutes). The highest cycle count shows the
designated failing stress that takes place at this cycle
number.

Fig. 23. Normal stress

Fig. 24. Normal strain

5. CONCLUSIONS

The main conclusions highlight from the current
work:

1. According to the tensile results, the orientation (2
L- GF- (0°/90°)s) had the maximum tension load
(13 kN) due to the asymmetrical arrangement of
layers and identical distribution of the load within
layers, whereas the orientation (2 L- GF-0°) had the
lowest tension load (5.6 kN) compared with other
fiber orientations because of the applied load in the
transverse direction and the unidirectional fiber
arrangement of shell structure layers.

2. The compression strength of the orientation 4 (2
L- GF- (0°/90°);) with (1.72 kN) and orientation 7
(2 L- (90°/RGF);s with (1.7 kN) is greater than that
of the other orientations. This is because the fiber
orientation with 90° produced significant
resistance to compression stress at the top and
lower surfaces of the specimen and measuring load
during compression test in shell structure
composite.

3. The specimen fails in the test at about (519318
cycles) with time (352 minute) for orientation
number three. The maximum number of cycles
denotes the defined "failure" stress that occurs in
this cycle number.

4. Predicting the lowered modulus is a subset of the
larger objective of estimating the failure cycle. As
a result, the accurate forecast of the modulus
change is less important compared to predicting of
the failure cycles in shell structure.
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