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Abstract— The present work deals with the effects of laminate arrangement on the failure behaviour of hybrid composite plates under 
transverse sinusoidal load. Failure analysis has been a subject under study for many years, especially for composite materials. This is 
largely due to the spontaneous nature of composite materials when it fails without warning. Hybrid composite are commonly utilized 
to improve the unexpected and instantaneous failure mode of composites. Nevertheless, the failure behaviour of hybrid composites is 
still not well understood. Moreover, studies have not exploited the effects on sinusoidal transverse loading on hybrid composites. 
Therefore, the first and last ply failure of the hybrid composite laminate was simulated and analysed using built in failure criteria 
function in ANSYS. The hybrid composite consisted of graphite (GR) and glass (GL), with lamination schemes of [GL/GL/GL/GL], 
[GL/GL/GL/GR] and [GR/GL/GL/GL] were subjected of transverse sinusoidal loading.  The laminate failure was predicted using the 
Maximum Stress Theory. Prior to determining the first and last ply failure of the hybrid composite plate, numerical validation was 
conducted to ensure the accuracy of the finite element software. The failure curves of the first ply failure and last ply failure were 
plotted and the results showed significant difference in the correlation of loadings that caused first and last ply failures and the 
lamination scheme of the hybrid composite plates. Thus, it can be said that the present work proves to be of importance and valuable 
in the field of study as well as enriching the knowledge regarding the failure behaviour of hybrid composite plate under transverse 
sinusoidal load of different laminate arrangement. 
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I. INTRODUCTION 

Utilization of composite materials have increased rapidly 
in the recent years. The application of composite materials 
have been utilized in various applications and structures for 
more than 60 years [1]. However, the history of composites 
can be traced back when to thousands of years ago, with the 
utilization of mud and straw to make building blocks [2]. 
Composite materials have a number of advantages attributed 
to its characteristics. Among of which, the revolutionary 
material has a high strength to weight ratio [3]. This renders 
the composite material applicable to various applications [3]. 
Among the applications that capitalizes on this advantage 
include those for military aircrafts, launch vehicles and 
satellite structures [3]. The application of high strength to 
weight ratio composite material in automotive vehicles also 
has shown to meet performance and weight requirements, 

thus improving fuel efficiency [3]. Another factor for the 
widespread application of composites is due to the ability to 
tailor the properties of the composite material to the 
designated application [1]. This allows freedom for the 
designer or manufacturer to customize the composite 
material for the desired application. 

The ability of tailor the properties of composite materials 
can be done by controlling the number of plies, the fibre 
orientation angles and the structural properties of the 
laminated composites [4]. The fibre orientation angles 
directly affects mechanical properties [3]. Laminated 
composite materials are oriented in directions that will 
improve the strength in the primary load direction [3]. 
Hybridisation, or creating a ply-by-ply hybrid structure is 
also utilized to improve the common composites failure 
mode by making it more gradual and distributed [5]. This is 
done to counteract the failure mode of composites that are 
usually unexpected and instantaneous, with absolutely no 
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warning as well as low residual load bearing capacity [5]. 
Symmetric and antisymmetric graphite/epoxy laminates that 
varied in fibre orientations [6]. From the study, it 
demonstrated that the strength gradually decreased from 
orientation 0°  to 90°  [6]. Hybridisation on the other hand 
was studied whereby the hybrid composites was a 
unidirectional (UD) interlayer of carbon/glass composites [5]. 
It was found that the best hybrid composition exhibited 60% 
improvement of the modulus compared to pure glass [5]. 
Thus, the fibre orientation, number of plies and the structural 
properties of the laminated composites allows the 
improvement and customization of composite materials to 
desired application. Failure theory has been introduced to 
anticipate the strength of a composite material [6]. 
Laminated composites exhibit failure in a progressive 
manner, beginning from the weakest lamina of the laminate, 
termed as the first ply failure [7]. When the first ply failure 
occurs, the effects causes the loss of integrity of the laminate 
as well as the loss of strength and stiffness of the overall 
material [6]. An engineer should be well informed of the 
load that initiates this failure, as if undetected can cause 
disastrous undesirable results during application [7]. Once 
the first ply failure occurs, it should be noted that this then 
can progress and propagate to the following weakest plies 
and resulting in total rupture and failure known as the last 
ply failure [6].  A number of studies have been conducted 
investigating the first and last ply failures of laminated 
composite materials [8], [9].  

Failure of composite materials are usually predicted by 
the use of failure criterion. Maximum stress theory is one of 
the most commonly employed criteria to predict composite 
failure [6]. One of the advantages of this theory compared to 
other theories is that this theory is able to predict the modes 
of failure of the material [10]. In this criterion, it will predict 
failure when any of the principal stresses (, , ) along 
the principal axes exceeds the corresponding stress in the 
same direction [11]. This theory is straightforward and 
simple way to predict failure of composites and the 
interaction between the stresses that act on the lamina is 
unnecessary to consider [6]. When one of the stress 
components fail, failure is exhibited in this theory. Some 
previous studies utilized Maximum Stress Theory to 
determine the composite strength of their respective 
composite laminate materials [4], [6], [10], [11]  

The bulk of studies of composite materials have not 
explored the effect of sinusoidal loading on composite 
materials. Up to date, a majority of studies explored the 
effects of axial loading subjected onto composite materials, 
such as investigating the failure and deformation analysis of 
graphite epoxy using uniaxial tension [6]. Another recent 
study also subjected the composite material under study with 
uniaxial loading to predict the failure of composite laminates 
using finite element implementations [10]. In 2015, the 
influence of out-of-plane ply waviness on elastic properties 
of composite laminates under uniaxial loading was 
investigated [12]. A considerable amount of literature has 
also been published on composite laminates subjected of 
biaxial loading. Biaxial loading was applied to fibre 
reinforced composite laminate to analyse the failure 
behaviour [13]. The study of fracture characterization of 
glass fibre composite laminate also utilized biaxial loading  

[14]. Thus, such studies remain narrow in focus dealing with 
only uniaxial and biaxial loading only.  

One of the main downfalls of composite materials is that 
the material often exhibits complicated failure mechanisms 
and damage evolution behaviours that are difficult to analyse 
[15]. This poses a difficult task as to accurately determine 
the ability of the composites to bear loading [15].  Complex 
computational models as well as high mathematical 
implementations are usually executed to theoretically find 
the desired strength of the composite material [10]. This 
method is very tedious, complex and costly [6]. Therefore, 
the utilization of an analytical tool, such as finite element 
method (FE) can avoid this difficulty [6]. Among the 
commercial FE software that can be used to establish finite 
element models is ANSYS, where it uses first order shear 
deformation theory (FSDT) [10]. Another study showed that 
utilizing ANSYS an average error of 15% and was easy to 
modify and manipulate [10]. The utilization of the built in 
criterion of Maximum Stress Theory in ANSYS was also 
found to be accurate [10]. Thus, this paper presents the study 
and investigation of failure analysis of hybrid composite 
plate under transverse loading.  

II. MATERIAL AND METHOD 

The method employed to achieve the objectives are 
divided into two stages. Stage one is numerical validation 
and stage two is failure analysis. Figure 1 below depicts the 
processes that were involved in the study. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 1 Processes involved for the validation and failure analysis of hybrid 
composite laminates 

A. Numerical validation 

The finite element results was obtained through the finite 
element programme, ANSYS v15 and validated by 
comparing the results obtained to the exact solution. The 
study replicates a research to allow to comparison of the 
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values of the finite element results on ANSYS v15 with 
exact values the research has already obtained [4].  A square 
symmetric cross ply [0/90/90/0] composite laminate plate 
with planar dimension of (a x b) with a thickness of ‘h’ was 
subjected under sinusoidal loading. The displacements and 
stress results were determined and recorded  and compared 
to the results obtained[4]. Sixteen eight-nodded elements 
were utilized in modelling the laminated composite plates 
and two aspect ratios, a/h, of 10 and 100 were analysed. The 
geometry of the composite laminate plate is shown in Figure 
2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Geometry of laminated composite plate  

The sinusoidal loading applied to the composite laminate 
plate is [4], 
 
  (1) 
 

Whereby  . The 
material properties of the composite laminate plate are 
tabulated in Table 1 [4].  

TABLE I 
 MATERIAL PROPERTIES 

Properties Values 

 
175 GPa 

 
7 GPa 

 
0.25 

 
3.5 GPa 

 
1.4 GPa 

 
A simply supported (S) boundary condition was employed. 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Boundary condition for laminated composite plate 

The maximum displacement and stress results were 
normalized as per these equations [4],  
 
  (2)
  
 
       (1) 
 
 
         (2) 
 
 
         (3) 
 
 
 
            (4) 
 
 
                  (5) 
  
 
                (6) 
 

B. Failure Analysis 

For the failure analysis, it was conducted on hybrid 
graphite (GR) and glass (GL) epoxy on ANSYS v15 as well. 
Three square hybrid composite plates of lamination scheme 
of [0/90/90/0] of [GL/GL/GL/GL], [GL/GL/GL/GR] and 
[GR/GL/GL/GL] was subjected to sinusoidal distributed 
loading to observe the first and last ply failure. The 
composite plates had a planar dimension of (a x b) and 
thickness of ‘h’. Twelve eight-nodded elements was used in 
modelling the hybrid composite laminate plates and aspect 
ratios, a/h. of 5,10,20,50 and 100 was simulated and 
analysed. The geometry of both the hybrid composite plates 
is as shown in Figure 4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4 Geometry of hybrid laminated composite plate 

Sinusoidal loading was also applied to the composite plate 
is [4], 
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Whereby .  
 

The material properties of the composite laminate plate of 
glass and graphite are tabulated in Table 2and Table 3.  

TABLE II 
 MATERIAL  PROPERTY FOR GRAPHITE/EPOXY 

Elastic parameter Strength data 
E1 

E2 = E3 
138 GPa 
10.6 GPa 

XT 
XC 

1450 MPa 
1450 MPa 

12= 23= 13 0.3 YT 51 MPa 

G12=G23= G13 6.46 GPa 
YC 250 MPa 

S 93 MPa 

TABLE III 
 MATERIAL PROPERTY FOR GLASS/EPOXY 

Elastic parameter Strength data 
E1 

E2 = E3 
19.94GPa 
5.83GPa 

XT 
XC 

700.11 MPa 
570.37 MPa 

12 0.29 YT 69.67 MPa 

G12 2.11GPa 
YC 122.12 MPa 
S 68.89 MPa 

 
The boundary conditions applied for the analysis is the 

same as the one utilized in the numerical validation, which is 
simply supported. Failure was predicted using the built in 
failure theory and criterion in ANSYS, which is Maximum 

Stress Failure Criteria. The results of the first and last ply 
failure loadings obtained from ANSYS, they were 
normalized using the following equations: 
 

 
6

2

10

)( SFPFload
ilureFirstPlyFa =  (10) 

 
6

2

10

)( SLPFload
lureLastPlyFai =  (11) 

III.  RESULTS AND DISCUSSION 

A. Numerical Validation 

The results of the percentage error of the normalized value 
against the exact value (Elasticity 3D) are tabulated in Table 
4 and Table 5.  

Based on the results obtained from the comparison of the 
finite element values and the exact values, the values 
obtained through ANSYS is considered accurate as the 
difference between the obtained value and the exact value is 
small, with less than 15% of error.  

B. Failure Analysis 

The normalized load for FPF and LPF in Table 4 to Table 
5 are plotted against the respective aspect ratios in the graph 
in Figure 5. 

 

TABLE IV 
COMPARISON OF EXACT AND FINITE ELEMENT SOLUTION FOR MAXIMUM DEFLECTIONS AND STRESSES OF LAMINATED COMPOSITE PLATE WITH ASPECT RATIO, 

A/H, OF 10 

 
TABLE V 

COMPARISON OF EXACT AND FINITE ELEMENT SOLUTION FOR MAXIMUM  DEFLECTIONS AND STRESSES OF LAMINATED  COMPOSITE 
PLATE WITH ASPECT RATIO, A/H, OF 100 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Graph of normalized loads of FPF and LPF of hybrid laminated composite plates of different aspect ratios 

Maximum deflections and stresses 
  

   
 

Elasticity 3D value 0.74 0.56 0.40 0.03 0.20 0.30 
ANSYS value (Present) 1.0571E-06 48271 39876 2528.8 2156.9 3058.9 

Normalized value 0.74 0.48 0.40 0.02 0.21 0.30 
Error (%) 0.42 13.65 0.56 8.04 10.05 1.62 

Maximum deflections and stresses 
  

 

 
  

 

Elasticity 3D value 0.44 0.54 0.28  0.02 0.14 0.34 

ANSYS value (Present) 0.61690E-03 5.38E+06 2.71E+06  2.13E+05 1.55E+04 3.36E+04 

Normalized value 0.43 0.54 0.27  0.021 0.15 0.34 

Error (%) 1.41 0.19 1.81  1.25 9.72 0.30 
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From the results (Figure 5), it is observed that the 
lamination arrangement has significant effects on the overall 
strength of the hybrid composite. In the composite plate of 
lamination scheme of [GL/GL/GL/GR], FPF occurs at a 
smaller loading, compared to the FPF of the composite plate 
of lamination scheme of [GL/GL/GL/GL]. The FPF occurs 
at the fourth layer, which is the graphite layer. The addition 
of graphite does not strengthen but decreases the strength of 
the composite laminate, as the laminate with the graphite is 
the laminate that fails first. Even though the strength of the 
graphite fibres are much more stronger than the fibre 
strength of glass, the matrix strength of graphite in tension is 
considerably lower compared to the matrix strength of glass 
in tension, which accounts the FPF occurring in the graphite 
layer. This is the cause for the FPF loading of 
[GL/GL/GL/GR] composite laminate being lower than the 
FPF loading of [GL/GL/GL/GL] composite laminate. 

In the composite plate of lamination scheme of 
[GR/GL/GL/GL] however, it was subjected to a much higher 
loading for it to exhibit FPF compared to the composite plate 
of lamination scheme of [GL/GL/GL/GL]. The FPF failure 
also occurred on the fourth layer, however in this case is the 
glass layer. Due to the matrix strength of glass in tension 
which is much higher than the matrix strength of graphite in 
tension, this attributes to the higher loading required for FPF 
to occur in the composite lamination scheme of 
[GR/GL/GL/GL]. 

However, when observing the LPF of composite plate of 
lamination scheme of [GL/GL/GL/GR] comparing it to the 
LPF of composite plate of lamination scheme 
[GL/GL/GL/GL], the former composite laminate was 
subjected to a much higher loading before it would exhibit 
last ply failure than the latter composite laminate. Even 
though both the composite laminates exhibit LPF at the same 
layer, which is the first layer which is glass, the addition of 
graphite in the former composite plate increases the strength 
considerably in accordance to the LPF. 

For the LPF of composite plate of lamination scheme of 
[GR/GL/GL/GL] compared to the LPF of composite plate of 
lamination scheme [GL/GL/GL/GL], the former composite 
plate exhibited LPF on a slightly higher loading compared to 
the latter composite plate. In this case however, the addition 
of graphite only increases the strength slightly in accordance 
to LPF. 

IV.  CONCLUSION 

This paper presented the utilization and application of 
finite element analysis using commercial software (ANSYS) 
to observe the effects of laminate arrangement on the failure 
behaviour of hybrid composite plates under transverse 
sinusoidal load. The results obtained successfully showed 
the loadings required for the hybrid composite plates to 
exhibit both first and last ply failure. From the result, it was 
exhibited that lamination schemes of glass and graphite in 
different arrangements can significantly change the strength 
of the laminated composite plate. A composite plate with a 
lamination scheme of [GL/GL/GL/GR] accelerated first ply 

failure and delayed last ply failure, and a composite plate 
with a lamination scheme of [GR/GL/GL/GL] exhibited the 
opposite, whereby it delayed first ply failure and only 
slightly delayed last ply failure. This was done in 
comparison of a composite plate with a lamination scheme 
of [GL/GL/GL/GL]. Therefore, the failure behaviour of 
hybrid composites under sinusoidal loading varies with the 
lamination arrangement. 
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