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Woven composite laminates are rapidly replacing unidirectional composite laminates in terms of structural application.
Nevertheless, the deformation theory for woven laminate has not been well established yet, compared to unidirectional
laminate. Thus, this paper aims to investigate the deformation behavior of woven laminates under uniaxial tension using
both experimental and numerical approaches. The tensile tests were conducted initially according to ASTM D3039 on
samples made of 2 x 2 twill weave carbon fiber prepared to attain the material constants (Ez, E2, Gi2 and v12) and the
deformation behavior which can be obtained from the stress-strain curve. This is important as the material parameters and
values should be input correctly to ensure an accurate numerical analysis. The second stage involves the Finite Element
Analysis (FEA) using ANSYS and analytical analysis using MATLAB. The results of extension for both numerical
approaches have been compared with reference to the experimental results. The results show that the error is less than
30 %. The failure analysis also has been performed to determine mode of failure using ANSYS and MATLAB by
employing Maximum Stress failure criterion. The displacements during First Ply Failure (FPF) and Last Ply Failure (LPF)
between ANSY'S and MATLAB showed good correlation where the percentage difference is less than 1 %. Therefore, it
can be concluded that the current implemented procedure for unidirectional laminates could be a noble alternative approach

to simulate woven laminates under tension accurately.
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1. INTRODUCTION

Woven laminate composites have enticed tremendous
attention due to its exceptional mechanical properties, i.e.
stiffness, lightweight, and particularly its specific strength
and good reinforcement in all directions [1—4]. Through a
variety of process methods, laminates can be tailored into
many forms and used in extensive applications such as
aerospace applications, maritime, transportation industries
and civil infrastructures [1, 5].

Prior to these wide-ranging applications, especially in
the aerospace and ground transportation, the mechanical
properties of the composites must be first established and
considered. To date, the common experimental techniques
employed in studying the mechanical properties of
composites are tensile test, compression test, bending test
and impact test. However, owing to its anisotropy and non-
homogenous behaviour, which are governed by the
complexity of the structure and material characteristics, is
exerting pressure to researchers in analysing the laminate
mechanical properties in detailed manners [6—8]. The
analysis generally includes high-level of mathematical
works and numerous governing equations to compute its
stiffness, strains and stresses [6]. Deterring this, laboratory
tests remain to be the favourable approach in evaluating the
absolute strength and predicting the failure of the composite
laminates. For the past decades, uniaxial tensile test has
been one of the universal experimental methods employed
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to determine the maximum uniaxial load that a material
could withstand, which ultimately establishes the strength
of the whole material [9]. Exerting stress beyond its strength
capacity will only lead to the structural failure [6].

Nonetheless, the traditional practice of these destructive
tests considered challenging and inept, as it requires high
cost in preparing the samples and equipment [5, 6, 10]. The
utilization of numerical approach is therefore, deemed
preferable, hence paved the way to the ideas of generating
tremendous databases of engineering properties through
suitable predictive models [6, 11]. By reducing unnecessary
destructive tests, finite element simulation emanates as a
power tool in condoning a greener approach towards
analysing and developing the properties of composite
structures via commercial software [6, 12]. Moreover, as a
numerical tool, it also permits repetitive calculations and
susceptible to adapt any variations in its parameters [13]. A
precise assessment and knowledge about the properties of
laminate is thus, attainable.

For the past decades, numerous studies have been
conducted to explore the mechanical properties of
composite woven laminate, experimentally, analytically and
numerically [3-8,10,11,13-16]. Countless damage
models of woven composites were proposed to study and
predict the in-plane elastic properties, damage mechanics
and failure mechanism of composites laminate
[1,4-8, 12, 16]. However, there is paucity in the preceding
studies where the failure mechanisms occurred in the woven



composite has not been successfully predicted by none of
these models. It is found that no direct technical approach
has been introduced to predict the failure mechanism in
woven laminate peculiarly using numerical approach.

Therefore, this study employs an experiment-
simulation set up to predict a composite woven laminate
failure. The failure load was determined, and the
experiment-simulation results were analysed to evaluate the
accuracy of the built-in failure criteria. It allows comparison
and evaluation of the current simulation results. Previously,
the capability of numerical approach using ANSYS
software has been performed in predicting the failure load
but only for unidirectional composite laminates [6].
Therefore, this study is conducted experimentally and
numerically, in order to analyse the deformation behaviour
of the new form of composite material. The aim is to
determine the main parameters from experiments on the
woven composite laminates, so that the parametric values
could be input accurately into the finite element models and
analytical analysis. This is novel as no similar research and
approach has been reported earlier.

2. METHODOLOGY

In this study, two approaches were employed;
experiment and numerical method. The mechanical
properties of woven laminates were first determined in a
systematic experimental procedure. Secondly, the Finite
Element Analysis using ANSY'S and analytical analysis via
MATLAB were developed to further investigate the failure
mechanism of the tested sample.

Two experiments were conducted; the first experiment
aimed to investigate the deformation behaviour of woven
laminates and also to determine the value of material
constants (Ei, E; and wvi2). Second experiment was
conducted to determine the value of Young’s modulus (Eas)
in order to compute the value of shear modulus (Gi2). All
the results from these experiments were collected and
computed for numerical analysis purposes.

The material specimen used was prepreg 3 K, 2 x2
HTS40/977-2 Twill Weave Carbon. The reinforcement is a
uni-directional (UD) continuous high tensile strength
carbon fibre (Toho Tenax HTS40 12 K 800tex) and was pre-
impregnated with Cycom 977-2 toughended epoxy resin as
the matrix. The pre-impregnated HTS40/977-2 tapes were
hand lay-up to produce an 0.27 mm thick eight-ply UP panel
and with [0/45/-45/90/90/-45/45/0] lamination scheme. The
details are summarized in Table 1. Ten specimens that
consist of 8 layers have been fabricated with the same
configuration and geometry. The prepreg 2 x 2 Twill Weave
Carbon Fibre sheet was cut in 300 mm x 200 mm
rectangular shape. There were eight rectangles cut for each
angle of laminates. Cutting the warp and weft thread were
performed in a proper and detailed manner to ensure the
accurate angles of all layers during laying the material
[17, 18].

Laminates were prepared by stacking technique in
which all the prepreg rectangles sheet were stacked one on
top of each other at different orientation to give quasi-
isotropic laminate [0/45/-45/90/90/-45/45/0] [15]. The
laminates were pressed on the hot press machine at 154 °C
and 100 bar of pressure for 60 minutes. In order to
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determine the material constants Ei, E» G2 and vi, 5
specimens were cut in X-direction and another 5 specimens
were cut in 45° from X-direction. These cutting directions
are shown in Fig. 1. These samples then were subjected to
tensile load according to the standard test ASTM D3039
[19]. Fig.2 shows the cutting direction for laminated
specimens.

All the test specimens were tested by using INSTRON
3382 Universal Testing Machine at feed rate (testing speed)
2 mm/min where the tensile load was increased uniformly
[18]. Due to the balance in-plane properties, the woven
laminated specimens that are cut in X-direction also
represent the specimens for Y-direction which consequently
produce the same results [19].

The test specimens were then photographed to analyse
the failure modes according to the code that has been
codified from previous study [4]. The stress vs. strain curve
was plotted and the initial slope of the curve gives the value
of Young’s modulus while the ratio of transverse strain (&)
to longitudinal strain (&) obtained provides the Poisson’s
ratio value (vi12). The shear modulus was determined by
using the Eq. 1 [3].
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Cut in 45° from x-direction

Cut in the x-direction

Fig. 1. The cutting direction for laminated specimens

Numerical simulations were performed using two
methods which were Finite Element Analysis (FEA) and
analytical analysis. In order to simulate the experiment set-
up, the FEA was developed using ANSYS software to
perform the failure analysis of composite laminates. Second
analytical analysis was performed by using MATLAB
program where the MATLAB code from previous study [6]
was modified to compare deformation and failure analysis
result between experimental and FEA respectively.

To perform the FEA analysis, the specimens that consist
of 0.075 m x 0.015 m were modelled as quarter of the test
specimen in the ANSYS based on the experiment set-up
which is shown in Fig. 2. The analysis was performed on a
quarter of the composite plate by using 8-noded SHELL
element because it is symmetrical geometry [6]. The
material orientations used for the FEA model were the same
configuration used in the experiment
[0/45/-45/90/90/-45/45/0]  consists of 1.4 x10°m



thickness. The material properties and strength value for the
woven laminates used are illustrated in Table 1 which was
obtained from the experiment and supplier specification
respectively. The element was meshed by using element
division is set to 20 x 10 mesh. In this analysis, the bottom
edge of the test coupon was constrained, and a force was
applied to the top edge. The line on the bottom and left edge
of the shell were constrained in the y-direction and x-
direction respectively. The node at the bottom corner was
constrained in all degrees of freedom. The force was
distributed uniformly across the right edge line of the shell.
This model is an idealized based on the tension test
experiment.

Table 1. Material properties for woven laminates

Properties Values Properties | Values, MPa
E1 15.93 GPa X1 73.77
E> 15.93 GPa Xec 73.77
G2 7.51 GPa YT 73.77
v12 0.26 Ye 73.77
Ply thickness, hi | 1.75 x 104 mm S 50
—>
a —
_’
y >
a

X
Fig. 2. Uniaxial tensile model (quarter test specimen)

Based on the theoretical laminate analysis, the
analytical analysis for deformation and failure analysis was
performed using MATLAB software where all the values of
the laminate geometry and material properties were inserted
in the MATLAB script. The laminate thickness and number
of ply as well as laminate orientation also needed to be
included. Then, after the load for x-direction was inserted,
all parameters for [Q] [A] [B] [D] matrix, normal stress,
normal strain were automatically calculated. The failure
analysis of each ply of composite laminate was determined
using maximum stress failure criteria. The failure of the
composite laminate was detected based on the index
displayed. If the index is equal or greater than one, the
laminate is considered fail. The principle stress is used in
order to determine the failure mode of the lamina.

Numerical validation is essential to determine if the
current numerical approach is acceptable or not. In this
study, the validation was carried out by comparing
deformation results between ANSYS and MATLAB. From
the previous study [6], the deformation analysis for ANSYS
was determined based on the Maximum Stress criteria
consisted different orientations under uniaxial loading
condition. The element type used in this model was SHELL
181 and the boundary condition of the model is represented
in Fig. 2 that shows a quarter tension model.

The geometry of the laminated plate is square where the
length of the plate is equal to the width of the plate that is
a=0.02m. The laminated plate is made of T300/5208
Graphite/Epoxy having an aspect ratio (S =a/h) and the
specific material properties is as shown in the Table 2.
Hence, the thickness, h and the cross-sectional area (A = ah)
of the laminated plated were calculated as 1.3333 x 10 m
and 2.6667 x 106 m? respectively.

There were 24 layers of laminated plate where the layup
studied was (64/04/-04)s. Meanwhile, the deformation
analysis for MATLAB was performed by inserting the
laminate geometry and material properties in the MATLAB
script.

Table 2. Material and Strength properties of T300/5208 graphite-

epoxy [16]
Properties Values Properties | Values, MPa
E: 138 GPa Xt 1450
E2=Es 10.6 GPa Xe 1450
G2 6.46 GPa YT 51
V12 = V13 = U2 0.24 Ye 250
SA=St=Sz 93

The data of displacement obtained for both numerical
approaches are tabulated in the Table 3. The deformation
analysis of the laminated plate was analysed based on the
variation of laminate scheme that varies from 0° to 90° with
a constant load. Based on the layup studied, the analysis
begins with the orientation of fibre, where the angle, 0 starts
with 0° and varies with the step-size of 15° until 90°. Table 3
shows that only small difference results of displacement
between ANSYS and MATLAB during the analysis for
angle 0° 15° 30°, 45° 75° and 90° Therefore, these
numerical approaches were considered valid to be used for
this study.

The accuracy between FEA and analytical analysis is
determined by comparing the numerical results of ANSY'S
to MATLAB. The percentage difference of result is
computed using Eq. 2 which MATLAB results are taken as
a reference [20].

Table 3. Comparison of displacement between MATLAB and ANSYS

- MATLA_‘B - ANSYS % Difference for |% Difference for
Angle | Load, N |Displacement-X, |Displacement-Y, |Displacement- |Displacement-Y, Displacement-X | Displacement-Y
mm mm X, mm mm
0° 687 ]0.0374 -0.011 0.0373 -0.011 0.27 0
15° 687 ]0.0420 -0.029 0.042 -0.029 0 0.34
30° 687 ]0.0610 -0.062 0.061 -0.062 0 0.16
45° 687 ]0.0840 -0.056 0.084 -0.056 0 0.18
60° 687  ]0.0940 -0.028 0.094 -0.027 0 0.36
75° 687  ]0.0964 -0.009 0.0963 -0.009 0.10 0.11
90° 687 ]0.0966 -0.003 0.0965 -0.003 0.10 0.31
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Percentage difference =
Result (ANSYS) — Result (MATLAB)

Result (MATLAB)

% 100
: )
The error analysis between experimental-numerical was
calculated using Eq. 3 which the experiment results were
taken as reference [20].

Error =
Result (ANSYS or MATLAE) — Experimental Result .
Experimental Result

100

©)
3. RESULTS AND DISCUSSION

Table 4 focuses on the tested specimen where based on
visual inspection, the type of failure is classified referring to
code proposed by [21]. From the experiments, it was
observed that only three specimens failed inside the gage
length while the other two failed at the gripping length. Four
of the specimens failed with lateral type (Samples 1, 2, 3 and
5) but only one specimen failed with angled type
(Sample 3). No occurrence of failure by edge delamination
and/or shear was found.

Consequently, the tested specimens failed due to the
stress concentration at this gripping length, which is existed
from compressive force of the grip. This finding has also
been observed in the previous study [22]. However, the
observation was also compared with the previous study
where the result displayed the same type of failure [21].
Therefore, the tested specimens in this study can be
considered credible and be used to compute the material
constants for the further analytical analysis.

The output data from tensile tests were depicted as load-
extension diagram (Fig. 3) and stress-strain diagram (Fig. 4)
for the [0/£45/90] laminate cut along x-direction. The
curves for the five specimens are shown and a curve
representing the average value is highlighted. The end of the
curves in Fig. 3 indicates the failure load, contributing to the
laminate breakage. Nonlinearity characteristic can be
observed in the stress-strain relation (Fig. 4) before failure,
which possibly due to the anisotropic behavior of the woven
laminate made of fiber reinforced in polymeric matrix
materials. The similar characteristic of woven laminates
composite has been reported by Khoshbakht and colleague
[18] but in this study the initial loading steps (< 1 percent
strain) were not consistent. Owing to this, the affected data
were excluded when approximating the Young’s modulus
based on the average values.
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12000
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10000 Specimen 2

Load, N

Specimen 3
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Specimen 4
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Specimen 5
4000

2000
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Fig. 3. Load-extension curves of 5 specimens obtained from the
uniaxial tensile test

Table 4. Specimen inspection (cut in X-direction) based on failure modes

Failure types Tested specimen

Detail of the failure types

Sample 1

Sample 2

Lateral Inside grip/tab Top (LIT)

Sample 4

Sample 5

Sample 3

Angled Inside grip/tab Bottom (AIB)

508



350

300

250 ——4—— Average

200 Specimen 1

«oodeees Specimen 2

Stress, MPa

150 .........

Specimen 3

Specimen 4

100
Specimen 5

E,=15.93GPa

50

0 1 2 3 4
Strain %

Fig. 4. Stress-strain curves of the 5 specimens plotted from the
uniaxial tensile test

From the slope of the stress-strain curve, it conveys the
value of Young’s modulus, E; for longitudinal direction
which equal to 15.93 GPa and this value also represents the
value of Young’s modulus for transverse direction, E».

This is because as reported from previous study, woven
composite laminates have the phenomenological properties
which in-plane properties are balanced so that the value of
Young’ modulus for woven composite laminates are equal
for longitudinal and transverse direction [19]. Hence, the
value of E; and E; obtained from the experimental methods
were valid to be used for further numerical analysis.

Table 5 shows the output data determined from the
tested specimens. The value of Young’s modulus for each
specimen is obtained directly from the linear region below
1 % strain of the stress-strain curve. The value of extension
shows in the Table 5 was obtained from the raw data which
represents the last deformation value as the specimen
impends to breakage. The contraction value in x-direction is
determined by measuring the change in the width.

After computing the value of strain in transverse, & and
longitudinal Strain, &, then value of Poisson’ ration, v12 Of
each tested specimen can be determined. It should be noted
that only the average value of the Poisson’ ratio v1 iS
required to determine the shear modulus, Gi» value.
However, another important step before calculating the
shear modulus Gi2 value is done by computing the average
value of Young’s modulus, Ess (Specimen was cut in 45°
from x-direction). This value can be obtained from the slope
of average stress-strain graph for the tested specimens that
are cut in 45° from x-direction. Then, the value for shear
modulus G is calculated by using the shear modulus
formula. Table 6 shows the final value of four material
constants which are required before starting the numerical

analysis.

Table 6. Material constant of woven carbon fibre

Material constant Value
E1 = E2, GPa 15.93
G2, GPa 7.51

V12 0.26

The results shown in Table 7 display the results of load
versus extension comparing between experiment, ANSYS
and MATLAB program. The numerical analysis was begun
with gathering several loads from experiment as input data
to predict the extension value. Then, 10 different load-
extension values were collected from the average of
experiment data were compared with the numerical results.

Fig. 5 compares the load-extension curve between the
numerical approach and the actual data from experiment.
The load-extension curves for ANSYS and MATLAB are
almost coincided and show a linear behavior. In this
analysis, the percentage error of extension value is
computed as stated in the Eq. 3.

From the error analysis of the extension value, it is
considered valid result, as the error is below than 30 percent
[6]. It should be noted that, the error from the Table 7 is
significantly increased after the input load is about
5592.7426 N. However, the error started to decrease after
load of 10897.0112 N until the maximum load is applied. It
is vital to note that the non-linear behavior of the load-
extension graph is the factor that affects the difference in the
error.
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Fig. 5. Comparison of the load-extension curves acquired from
both experimental and numerical results

Table 8 shows the comparison of displacement in x-
direction and y-direction between ANSYS software and
MATLAB program for FPF and LPF analysis respectively.
In the analysis of FPF, the load at which the modeled
specimen starts to fail is about 1618.72 N for ANSYS and
1618.73 N for MATLAB as stated.

Table 5. Output data for the test specimens that were cut in x-direction

Specimen Young’s modulus Ez, Egtengion in antragtion in Strain ey, AL/L | Strain ey, AW/W Poisson’s
GPa y-direction, mm x-direction, mm ratio, v12

1 16.87 3.997 —0.2133 0.027 —7.1x10°3 0.26

2 17.74 4.777 —0.2417 0.032 —8.0 x 108 0.25

3 11.86 4.323 —0.2311 0.029 —7.7 x10°3 0.27

4 17.43 4.253 —0.2194 0.028 -7.3x10°3 0.26

5 15.79 3.810 —0.2137 0.025 —7.1x10°% 0.28
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Table 7. Results of the load versus extension obtained from the experiments, ANSYS and MATLAB

Load. N ' Extension . % Error .
' Experiment ANSYS MATLAB Experiment and ANSY'S Experiment and MATLAB
1 16.87 3.997 —0.2133 0.027 —7.1x10°3
2 17.74 4777 —0.2417 0.032 —8.0x 103
3 11.86 4.323 —-0.2311 0.029 —7.7 x10°3
4 17.43 4.253 —0.2194 0.028 —7.3x10°3
5 15.79 3.810 —0.2137 0.025 —7.1x10°3

Table 8. Comparison of the displacement between ANSYS and MATLAB (FPF Analysis)

Numerical Failure load. N Pressure on line, Lamina failure i Displacement, mrr_1
approach ' Nm X-displacement Y-displacement
ANSYS 1618.72 107914.76 1,458 0.344 —0.01490
MATLAB 1618.73 107915.33 1,458 0.345 —0.01494
Difference 0.29 % 0.27 %

Table 9. Comparison of the displacement between ANSY'S and MATLAB (LPF Analysis)

Numerical Failure Load. N Pressure on line, Lamina failure _ Displacement, mm
approach ' Nm X-displacement Y-displacement
ANSYS 1933.82 128921.45 2,3,6,7 0.4100 —-0.0179
MATLAB 1933.85 128923.33 2,3,6,7 0.4125 —0.0180
Difference 0.61 % 0.56 %

The LPF load indicates the modeled specimen required
a higher amount of load to fail and has taken place when
failure index of any failure is lager or equal to one [6]. At
this load applied, the laminate failure for the FPF and LPF
analysis is observed by checking the index number which
failure index is equal to one [20]. The number 1, 4, 5, 8 and
2, 3, 6, 7 in the column lamina failure represent the layer
number at which the failure occurred. From the analysis, the
displacement value is characterized in two directions which
are x-direction and y-direction.

The result of displacement for FPF and LPF analysis are
tabulated in the Table 8 and Table 9 respectively. It is
remarkable to note that the value of displacement in x-
direction and y-direction shows good correlation between
ANSYS and MATLAB which the error is less than one
percent, which is also observed in previous study [20]. The
differences for x-displacement and y-displacement are
computed using Eq. 2 which MATLAB results used as a
reference. In this analysis, the displacement obtained for

LPF is higher compared to the FPF analysis which its
displacement would be depending on the load applied.

The first step in determining the mode of failure starts
with governing the principle stress of FPF and LPF for both
numerical approaches. The results given by ANSYS are
only displayed the stresses in global coordinate directions of
each layer. Therefore, the stress value for ANSYS is needed
to be transformed into principle stress to compare with the
MATLAB results. It is only simple transformation in which
the value of stresses obtained from ANSYS is inserted in the
MATLAB script.

The Table 10, Table 11, Table12 and Table 13
demonstrate the good correlation between ANSYS and
MATLAB for the principal stress results. The results of
transformation of stress (ANSYS) for FPF and LPF are
tabulated in the Table 10 and Table 12 respectively.
Obtaining the value of principle stress paves the ways to
identify the mode of failure of each layer failed.

Table 10. Principle stress of lamina failure from ANSYS (FPF Analysis)

. Principle stress (ANSYS) using MATLAB to transform the normal
Lamina o .
failure Angle, stress Failure mode
Stress-1, MPa Stress-2, MPa Stress-3, MPa
1 0 73.80 3.310 1.02x10-11 Fibre/Matrix fail in tension
4 90 3.310 73.80 -1.02x10-11 Matrix/Fibre fail in tension
5 90 3.310 73.80 -1.02x10-11 Matrix/Fibre fail in tension
8 0 73.80 3.310 1.02x10-11 Fibre/Matrix fail in tension
Table 11. Principle stress of lamina failure from MATLAB (FPF Analysis)
. Principle stress (ANSYS) using MATLAB to transform the normal
Lamina o .
failure Angle, stress Failure mode
Stress-1, MPa Stress-2, MPa Stress-3, MPa
1 0 73.77 3.319 4,243 x 1016 Fibre/Matrix fail in tension
4 90 3.319 73.77 -3.175x10-15 Matrix/Fibre fail in tension
5 90 3.319 73.77 -3.175x10-15 Matrix/Fibre fail in tension
8 0 73.77 3.319 4,243 x 1016 Fibre/Matrix fail in tension
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Table 12. Principle stress of lamina failure from ANSYS (LPF Analysis)

Lamina failure Angle, ° Principle stress (ANSYS) using MATLAB to transform the normal stress Failure mode
' Stress-1, MPa Stress-2, MPa Stress-3, MPa
2 45 46.00 46.00 -50 Shear fail
3 —45 46.00 46.00 50 Shear fail
6 —45 46.00 46.00 50 Shear fail
7 45 46.00 46.00 -50 Shear fail
Table 13. Principle stress of lamina failure from MATLAB (LPF Analysis)
Lamina failure Angle, ° Principle stress (ANSYS) using MATLAB to transform the normal stress Failure mode
' Stress-1, MPa Stress-2, MPa Stress-3, MPa
2 45 46.044 46.044 —-50.001 Shear fail
3 —45 46.044 46.044 50.001 Shear fail
6 —45 46.044 46.044 50.001 Shear fail
7 45 46.044 46.044 —50.001 Shear fail

All the tables below indicate the mode of failure
corresponding to the principle stress in direction-1,
direction-2 and direction-12 for both failure analyses.

For the FPF analysis, it shows that Fibre/Matrix failure
in tension occurred at layer 1 and layer 8 of laminate at angle
of 0°. In general, fibre failure in tension occurred when the
principle stress, o1 reached the longitudinal strength in
tension, X1 [2].

Theoretically, woven laminates owing balanced in-
plane properties which the fibre and matrix are exists in the
direction-1. Hence, from this analysis the mode of failure
can be fibre or matrix failure in tension. However, layer 4
and layer 5 of laminate at angle of 90° showed the
Matrix/Fibre failure in tension at which the value of
principle stress, o> is higher compared to the transverse
strength, Yt [2]. When the matrix failed in the direction-2,
the fibre that exists in that layer also failed due to the
characteristic of woven composite material.

The LPF analysis is much more interesting than FPF
analysis because all the layers are failed in shear. The LPF
occurs at the layer 2, 3, 6, and 7 which consisting the angle
of 45° and —45°. All these angles make the laminates
stronger because it makes up the large volume percentage of
the laminate [16]. As shown in the Table 12 and Table 13,
the good correlation of principle stress value also obtained
between ANSYS and MATLAB. From the results obtained,
the shear fails for all layers occurred due to the value of
principle stress 712 is higher than value of shear strength, S

[2].
4. CONCLUSIONS

The extension results obtained from the experiment and
numerical analysis have shown a good agreement. The
analysis shows that both numerical approaches offered a
more realistic and reliable results where the result obtained
from the FEA are in similar with the analytical approach.
Moreover, the results of principle stress also indicated that
both numerical approaches could be used in order to
determine the failure mode of woven laminates when
subjected to uniaxial load. Therefore, this study explained
the details of the experimental and numerical analysis to
give a better understanding about the behaviour of woven
laminates composite. The experiment results obtained
directly will provide a reference data that can be used for
future study.
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The failure analysis of composite laminate using
numerical approach is important because it could provide an
accurate result especially for the development of composite
industry. This analysis also gives huge advantages for
engineers to design an optimum load or stress depending on
the applications. Therefore, a comprehensive understanding
about the deformation behaviour of woven laminates
composite is thus needed.
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