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Failure analysis of a laminated composite beam subjected to uniformly distributed load and thermal load is 
studied for different boundary conditions and fiber orientation angles, based on first ply failure load. Three 
different boundary conditions are studied: simply supported, fixed-fixed and fixed-free. The strength ratio is 
computed and compared for different failure theories. The effect of fiber orientation angle and aspect ratio on the 
strength ratio based on first ply failure load is presented in the paper. The strength ratio and transverse deflection 
are determined for Graphite/Epoxy and Glass/Epoxy composite and their hybrid combinations to find out the 
optimum hybrid composite beam with minimum weight, deflection and cost. The problem is solved in MATLAB 
platform. The mode of failure of the composite beam is determined by using maximum stress theory. 

 

 Key words: first ply failure load, fiber orientation angle, aspect ratio, hybrid composite beam, strength ratio. 

 
1. Introduction 
 
 A composite material is a system of materials consisting of two or more phases on a macroscopic 
scale, whose properties are more superior to that of its constituent materials. The reinforcement phase is 
discontinuous, stiffer and stronger as compared to the matrix phase. Fibre reinforced laminated composite 
structures are extensively used in different applications due to better stiffness-to-weight and strength-to-
weight ratios as compared to other conventional materials. Failure analysis of a laminate is more complex 
than that of a single lamina and requires accurate prediction of strength of each lamina by assessing the 
stresses to its principle axis in each lamina and by applying suitable failure criteria. Strength of a laminate 
depends on the lamina orientation angle, strength, stiffness, coefficient of thermal and moisture expansion, 
stacking sequence and finally the fabrication process which affects the residual stresses, which in turn affect the 
strength of laminate. The load at which the first lamina fails within a laminate is called first ply failure load. 
 Many research works are available on the analysis of a laminated composite beam for different 
boundary conditions, materials, sections and fibre orientations. Borkar et al. [1] performed bending analysis 
of a simply supported composite beam by using refined beam theories which account for the parabolic 
variation of shear strain through the depth of the beam, thus eliminating the use of shear correction factor. 
Trung-Kien Nguyen et al. [2] present a new analytical solution based on a higher-order beam theory for 
static, buckling and vibration of laminated composite beams for different boundary conditions. Sayyad et al. 
[3] present a review article on bending, buckling and free vibration of laminated composite and sandwich 
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beams. Meng et al. [4] developed three-dimensional (3D) Finite Element Analysis (FEA) to investigate the 
effect of fibre lay-up on the initiation of failure of laminated composites in bending. They applied Tsai-Hill 
failure criterion to identify the critical areas of failure in composite laminates. Research on thermo 
mechanical analysis of composite beam for different fiber orientation angle is very rare. Also, comparative 
analysis of different failure theories is rare. 
 The objective of this work is to study the effect of fiber orientation angle on first ply failure analysis 
of a symmetric angle ply and cross ply laminated composite beam for different boundary conditions under 
thermo mechanical loading. The strength ratio is calculated based on first ply failure load, using Tsai-Wu 
failure criteria for the beam subjected to uniformly distributed load (mechanical load) and combined thermal 
and mechanical load and they are compared with each other. Three different boundary conditions are 
considered in this paper. First, the beam is simply supported at both the ends, second, the beam is fixed at both 
the ends and third, the beam is fixed at one end and free at the other end. The strength ratio is determined and 
compared for these three boundary conditions. The mode of failure is determined using the maximum stress 
theory for the above boundary conditions for two different loadings: mechanical and thermo mechanical load. 
This mode of failure may be used for determining the ultimate failure load as well as the type of failure of the 
beam. The strength ratio is determined and compared for two different failure theories: interactive and non 
interactive, which may be important to find out the best theory which accurately depicts the failure of the beam. 
A hybrid composite beam is developed from Graphite/Epoxy and Glass/Epoxy composite plies with minimum 
deflection, cost, weight and maximum strength. The equations are solved by using MATLAB software. 
 
2. Theoretical formulation  
 
 A laminated composite beam of rectangular section   b xh  and height a  as shown in Fig.1 is 

considered. The beam is composed of four plies of composite material of different fibre orientations with 
respect to the x  axis.   is the fiber orientation angle between the material coordinate system ( 1x ) and 

reference coordinate system ( )x  
 

           
 

Fig.1. Geometry of a laminate (left) and a single ply or lamina (Right). 
 

 Transverse deflection and stresses in the material coordinate system are found out using the classical 
laminated plate theory (CLT) with the assumptions of Kirchhoff hypothesis. The displacement  , ,u v w  can 

be written as [5] 
 

 
   , , , , , ,  0

0
w

u x y z t u x y t z
x


 


  

 

 
   , , , , , 0

0
w

v x y z t v x y t z
y


 


,  (2.1) 

 

     , , , , ,0w x y z t w x y t  
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where, 

   , ,0 0 0u v w  are the displacements along the material coordinate system. 

 
 The general solution of the bending equation [5] is 
 

         
x 3 2

b
xx yy 0 1 2 3 4

0 0 0 0

x x
E I w x q d d d d c c c x c

6 2

                        
   


.                    (2.2) 

 
The constant of integration can be determined from the boundary conditions of the problem. 
 Boundary conditions for different type of supports are as follows 
 

Free:     , 
dM

Q 0 M 0
dx

   . 

 
Hinged:   , 0w 0 M 0  .            (2.3) 
 

Clamped:  ,    0
0

w
w 0 0

x


 


.                                                    

 
The in-plane stresses in the kth layer can be determined as 
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.                                                (2.4) 

 

 The constants in the expressions are defined as 
 

      ,   
4

20
2 4 0b

xx yy

q ba
b b q ba

E I
   . 

 

 The non dimensional transverse deflection is given as      *3 4 2
max 2 0w w E h q a 10 . 

 
3. First ply failure analysis 
 
 Failure analysis of a laminate is more complex than that of a single lamina and requires accurate 
prediction of strength of each lamina by assessing the stresses to its principle axis in each lamina and by 
applying suitable failure criteria. The strength of a laminate depends on the lamina orientation angle, 
strength, stiffness, coefficient of thermal and moisture expansion, stacking sequence and finally the 
fabrication process which affects the residual stresses, which in turn affect the strength of the laminate. 
When a single lamina fails, it does not mean that the whole laminate fails but it is the beginning of the failure 
process. Load at which the first lamina fails is called first ply failure load (FPF). The FPF approach is 
conservative and it is used with low factor of safety [5, 6]. 
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SR
  

Maximumload applied ultimate strength

Load applied applied stress
  .                                                 (3.1) 

 
 If SR > 1, then the lamina is safe and the applied stress can be increased by a factor of SR. If SR < 1, 
the lamina is unsafe and the applied stress needs to be reduced by a factor of SR. A value of SR = 1 implies 
the failure load. 
 The strength ratio based on first ply failure load is determined by using different failure theories.  
 
4. Failure theories 
 
 Single failure criteria are not sufficient to predict the failure of all types of laminates. Failure theories 
are classified into three groups: 

1. Non- interactive theories (maximum stress, maximum strain theory). 
2. Interactive theories (Tsai-Hill, Tsai- Wu failure theory). 
3. Failure mode based theories (Hashin- Rotem, Puck theory). 

 Non-interactive theories such as maximum stress, maximum strain theory are simple to apply and 
can be used to determine the mode of failure but interactive theories like Tsai-Hill, Tsai- Wu failure theory 
cannot tell the mode of failure but explain the interaction of stress in failure. Failure mode based theories like 
Hashin- Rotem, Puck theory are used to determine the mode of failure effectively. In the present study, 
interactive and non-interactive theories are used to determine the strength ratio of a laminated composite 
beam. Also, a comparative study of these theories is conducted for the mechanical and thermo mechanical 
loading. The maximum stress theory is used to determine the mode of failure. 
 
4.1. Maximum stress failure theory 
 
 According to the maximum stress theory a lamina is considered to be failed if [7] 
 

 c
1  ult < 1  <  T

1 ult , 

 

 c
2  ult < 2  <  T

2 ult, 

 

( )12  ult  < 12  < ( )12  ult    is violated.                                                                        (4.1) 
 
4.2. Tsai–Wu failure theory 
 
 Tsai- Wu failure criteria are quadratic failure criteria which take into account the interaction of stress 
components but they cannot be used to determine the mode of failure. A lamina is considered to be failed if 
 

  2 2 2 2
1 1 2 2 6 12 11 1 22 2 11 1 66 12 12 1 2H H H H H H H 2H 1                 ,                   (4.2) 

 
is violated. This failure theory is more general than the Tsai–Hill failure theory because it distinguishes 
between the compressive and tensile strengths of a lamina. The components H1, H2, H6, H11, H22, and H66 of 
the failure theory are found using the five strength parameters of a unidirectional lamina. 
 
4.3. Tsai–Hill failure theory 
 
 Tsai–Hill failure theory is based on the distortion energy failure theory of Von-Misses. Hill adopted 
the Von- Mises’ distortional energy yield criterion to anisotropic materials. Then, Tsai adapted it to a 
unidirectional lamina. Based on the distortion energy theory, he proposed that a lamina has failed if 
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is violated. The components G1, G2, G3, G4, G5, and G6 of the strength criterion depend on the failure 
strengths. 
 
5. Mode of failure 
 

The mode of failure is determined by using the maximum stress failure theory which states that [5] 
 

   ,     ( ) 1 0 fiber failurein tension 1T  , 
 

     ,    ( )1 0 fiber failurein compression 1C  , 
 

   ,     ( )  2 0 matrix failurein tension 2T  ,                                                                  (5.1) 
 

   ,     ( )2 0 matrix failurein compression 2C  , 
 

     ,  ( )12 12S shear failure 0 0 S     .  

 
6. Constitutive model 
 
 A laminated composite structure (beam) is a collection of lamina arranged in a specified manner. 
Consider a laminated composite beam made up of number of lamina bonded together perfectly and 
reinforced by fibers in a definite orientation and which is symmetric to its mid plane subjected to mechanical 
load (uniformly distributed, UDL) and thermal load  T . The classical lamination theory (CLT) is 

applicable for thin laminates, i.e. thickness is small relative to the lateral dimensions and deformation is 
small. Stress and strain with reference to the principal axis (1, 2) in each layer can be determined by the 
classical lamination theory or first order deformation theory because both the theories yield the same stress. 
 
6.1. Mechanical stress 
 

The constitutive equations for a general linear elastic solid relate the stress and strain tensors through 
the expression [5]:   
Moreover, the stress- strains relations in 1-2 planes are 
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where     (6.1) 
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The stress strain relation in the    x y coordinate system is 
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                                                           (6.2) 

 
Combining the above two matrices as 
 

  

 
0N A B

M B D k

     
    
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,                                                                                               (6.3) 
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2 


       ,     i , ,1 2 6 ,     j = 1, 2, 6, 

 (   )  
n

3 3
ij k k 1j

k
i

k
1

1
D bending stiffness matri hQx h

3 


      ,      i , ,1 2 6 ,      j = 1, 2, 6           (6.4) 

where ,  N M = normal force and bending moment per unit length, 
0   mid plane strains of laminate in the x-y coordinate and k  laminate curvature. 

 
 The constitutive equations for symmetric laminates in the absence of in-plane forces are given by [2] 
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,                                                                 (6.5) 

 

     *
 ,  

3
b
xx yy3

11

12 bh
E I

12h D
            where         * ( )11 11D inv D .                                       (6.6) 

 

where b
xxE , effective bending modulus of beam and yyI , second moment of area with respect to the x-y 

plane is given as 
Stress and strain with reference to the principal axis (1,2) in each layer  
 

 
     , , ,[ ]  *   , [ ]  *[ ]  k 0 k k

1 2 1 2 1 2k
T h k inQ v Q            .                                           (6.7)  

 
6.2. Thermo mechanical stress 
 
 Composite materials are processed at high temperatures and then cooled down to room temperatures. 
Some composite structures operate at high temperature, different from the operating temperature. Due to 
mismatch of the coefficients of thermal expansion of the fiber and matrix, residual stresses develop in a 
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lamina. Due to this a thermal strain is developed in the lamina. Laminate, oriented at different angles within 
the laminate have different thermal strains. Each lamina in a laminate gets stressed by the deformation 
differences of adjacent lamina. This difference produces mechanical strain and stress. 
 The mechanical strains developed by thermal loads are 
 

    M T                    where             0 z k      .                                                (6.8) 

 

 The thermal stresses are given by 
 

    T MQ           .                                                                                                  (6.9) 
 

 Mid plane strain and curvature are calculated by 
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                                                                                               (6.10) 
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 i

n
T
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2 
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          .       (6.11) 

 

 Thus, if both mechanical and thermal loads are applied, then superpose the mechanical loads to the 
fictitious thermal loads to find the ply-by-ply stresses and strains in the laminate or separately apply the mechanical 
and thermal loads and then add the resulting stresses and strains from the solution of the two problems. 
 
7. Algorithm based on first ply failure load 
 
 Laminate failure is not catastrophic. If one ply fails the other ply in the laminate is still capable of 
taking more loads until all the plies fail. An algorithm is developed to determine the strength ratio and first 
ply failure load of a laminated composite beam for different boundary conditions subjected to mechanical 
and thermal load. 

I. Enter the basic lamina properties  , , ,1 2 12 12E E G  . 

II. Compute the ply stiffness [ ]12Q  referred to their principle material axis [Eq. 10] 

III. Enter the orientation k , number of layers n , through the thickness coordinate .z  

IV. Find out the transformed layer stiffness [ ] k
xyQ  referred to the laminate coordinate system  ,x y  [Eq.11]. 

V. Calculate the laminate stiffness matrices    , , [ ]A B D  and their compliance matrix [Eq.13] 

VI. Enter the mechanical loading. Apply the actual temperature change .T  

VII. Calculate mid plane strain [ ]0
xy  and curvature [ ]xyk  using laminate analysis [Eq. 12]. 

VIII. Then bending equations are derived and their solutions are obtained by direct integration. 
IX. Using the boundary conditions, the constants of integration are determined and transverse deflection is 

calculated using [D] matrix. 

X. Calculate the layer strain ,[ ]k
1 2  and stress ,[ ]k

1 2  with reference to the principal axis (1, 2) in each layer 

under a given load. 
XI. Enter the five lamina strength and using a suitable failure theory as discussed in the paper, find out the 

strength ratio/ safety factor of each of the lamina. Then the minimum strength ratio is the desired 
strength ratio of the laminate. 

XII. Multiplying the minimum strength ratio to the applied load gives the load level of the failure of the first 
ply. This load is called the First Ply Failure load (FPF). 
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Tsai-Wu failure criteria are used to find the first ply failure load for all the cases but they do not make it 
possible to state the mode of failure which is computed by using the maximum stress failure theory (Tab.2). 

 
Table 2. Comparison of strength ratio from different failure criteria for different fiber orientation angle. 
 

Fiber orientation angle Strength ratio at  x=0, a Max deflection at  x= a/2 

Angle Ply Sym. Maximum stress Tsai Wu Tsai-Hill w (m) wbar 

0 240 240 240 1.08E-04 0.1778 

15 74.4047 71.7765 71.9947 1.83E-04 0.301 

30 37.6785 36.3866 37.3498 3.90E-04 0.6425 

45 21.76 16.8792 18.8729 8.60E-04 1.417 

60 11.2204 9.2311 9.8363 0.0014 2.3663 

75 7.1203 6.8941 6.9839 0.0018 2.9577 

90 6.4 6.4 6.4 0.0019 3.125 

Cross ply Sym. 

0/90/90/0 203.2773 190.0751 197.1989 1.22E-04 0.201 
 
9.2. Effect of the fiber orientation angle on the strength ratio for different boundary conditions of a 

composite beam subjected to mechanical load (Uniformly distributed load) 
 
 The effect of the fiber orientation angle on a symmetric angle ply and cross ply composite beam is 
studied for different boundary conditions, subjected to uniformly distributed load. The strength ratio is 
determined by using Tsai-Wu failure criteria, based on first ply failure load. The beam is composed of four 
plies of Graphite/Epoxy composite material. It is observed from Tab.3 (Fig.3) that strength ratio is maximum 

at 0  and it gradually decreases and becomes minimum at 90  fiber orientation angle. It is also found that 

the strength ratio is minimum at maximum transverse deflection and vice versa. At 90  orientation angle, 

transverse deflection is maximum but the strength ratio is minimum and at 0  orientation angle, transverse 
deflection is minimum and the strength ratio is maximum. The strength ratio of a both end fixed beam is 
greater than the other boundary conditions whereas the strength ratio of a simply supported beam is greater 
than fixed – free (cantilever) beam. 
 
Table 3.  Strength ratio and transverse deflection of a composite beam for different boundary conditions 

under UDL. (Graphite/Epoxy composite material). 
 

  Simply Supported Fixed-Fixed Fixed-Free 

Fiber Orientation angle Strength Ratio wbar Strength Ratio wbar Strength Ratio wbar 

[0/-0/-0/0] 160 0.88 240 0.1778 40 8.5359 

[15/-15/-15/15] 47.85 1.5 71.7765 0.301 11.96 14.45 

[30/-30/-30/30] 24.2577 3.21 36.3866 0.6425 6.06 30.84 

[45/-45/-45/45] 11.2528 7.08 16.8792 1.417 2.81 68.017 

[60/-60/-60/60] 6.15 11.83 9.2311 2.3663 1.54 113.58 

[75/-75/-75/75] 4.59 14.78 6.8941 2.9577 1.149 141.96 

[90/-90/-90/90] 4.26 15.62 6.4 3.125 1.06 150 

[0/ 90/ 90/ 0] 126.7 1.0051 190.0751 0.201 31.67 9.6494 
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Fig.4. Comparison of the strength ratio obtained for mechanical and thermo mechanical load for different 
fiber orientation angle for a composite fixed beam. 

 
9.4. Effect of aspect ratio (a/h) on the strength ratio based on FPF load 
 
 Aspect ratio is the ratio of length to total thickness of a laminated composite beam. As the aspect 
ratio increases, thickness of the beam decreases keeping length of the beam constant and the strength ratio 
decreases and becomes constant (Fig.5). The strength ratio is more significant for the beam whose aspect 
ratio is less than 10 because for the aspect ratio 5 to 10, the strength ratio decreases sharply and after 10, it 
decreases gradually and becomes almost constant after 40. So, the strength ratio does not depend upon the 
aspect ratio when the composite laminated beam has the ratio 40 and above. 

 

 
 

Fig.5. Effect of the aspect ratio on the strength ratio for a fixed composite beam for mechanical and thermo 
mechanical load. 
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9.5. Mode of failure 
 
 The mode of failure is determined by using the non interactive failure theory (maximum stress 
theory). A laminated composite laminate may fail due to breakage of fiber, matrix cracking and shear failure. 
The mode of failure of laminate is very important to find out the ultimate failure load and to predict the 
nature of failure of lamina within the laminate so that proper preventive measures may be taken to avoid 
failure. Table 5 shows the mode of failure of a composite beam under mechanical and thermo mechanical 
load. 
 
Table 5. Mode of failure of a composite beam for different boundary conditions subjected to mechanical and 

thermo mechanical. 
 

B.C   Mechanical Load Thermo mechanical load 

S
S

 W
IT

H
 U

D
L

 

Fiber 
Orientation 

angle 
Failure 
location 

First 
failed 
ply 

Mode of failure 
First 
failed 

ply 
Mode of failure 

[0/-0/-0/0] (0.5,0.5) 1,4 
4- Fiber failure in tension, 1-
Fiber failure in Compression 

1,4 
1- Fiber failure in 

compression, 4-Fiber 
failure in tension 

[15/-15/-15/15] (0.5,0.5) 4 Fiber failure in tension 4 Shear failure in comp 

[30/-30/-30/30] (0.5,0.5) 1 Fiber failure in compression 4 Matrix failure in tension 

[45/-45/-45/45] (0.5,0.5) 4 Fiber failure in tension 4 Matrix failure in tension 

[60/-60/-60/60] (0.5,0.5) 4 Matrix failure in tension 4 Matrix failure in tension 

[75/-75/-75/75] (0.5,0.5) 4 Matrix failure in tension 4 Matrix failure in tension 

[90/-90/-90/90] (0.5,0.5) 4 Matrix failure in tension 4 Matrix failure in tension 
[0/ 90/ 90/ 0] (0.5,0.5) 4 Fiber failure in tension 3 Fiber failure in compression

F
IX

E
D

-F
R

E
E

 W
IT

H
 U

D
L

 

[0/-0/-0/0] (0,0)  1,4 
4- Fiber failure in 

compression, 1-Fiber failure in 
tension 

1,4 
4- Fiber failure in 

compression, 1-Fiber 
failure in tension 

[15/-15/-15/15] (0,0) 1 Fiber failure in tension 1 Fiber failure in tension 

[30/-30/-30/30] (0,0) 4 Fiber failure in compression 1 Fiber failure in tension 

[45/-45/-45/45] (0,0) 1 Fiber failure in tension 1 Matrix failure in tension 

[60/-60/-60/60] (0,0) 1 Matrix failure in tension 1 Matrix failure in tension 

[75/-75/-75/75] (0,0) 1 Matrix failure in tension 1 Matrix failure in tension 

[90/-90/-90/90] (0,0) 1 Matrix failure in tension 1 Matrix failure in tension 
[0/ 90/ 90/ 0] (0,0) 1 Fiber failure in tension 2 Fiber failure in compression

F
IX

E
D

-F
IX

E
D

 W
IT

H
 U

D
L

 

[0/-0/-0/0] (0,0) 1,4  4- Fiber failure in compression, 
1-Fiber failure in tension  

 1,4 
4- Fiber failure in 

compression, 1-Fiber 
failure in tension  

[15/-15/-15/15] (0,0) 1 Fiber failure in tension  1 Shear failure  

[30/-30/-30/30] (0,0) 4 Fiber failure in compression  1 Matrix failure in tension 

[45/-45/-45/45] (0,0)  1 Shear failure    1 Matrix failure in tension 

[60/-60/-60/60] (0,0) 1 Matrix failure in tension 1 Matrix failure in tension 

[75/-75/-75/75] (0,0) 1 Matrix failure in tension 1 Matrix failure in tension 

[90/-90/-90/90] (0,0) 1 Matrix failure in tension 1 Matrix failure in tension 

[0/ 90/ 90/ 0]  (0,0) 1 Fiber failure in tension  2 Matrix failure in tension 
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9.6. Analysis of hybrid composite beam 
 
 A comparative study of the deflection, strength ratio, cost and mass of a graphite epoxy and glass 
epoxy composite beam for different boundary conditions is presented in Tab.6 which shows that deflection 
of the glass epoxy composite is greater than that of the graphite epoxy. Also, the cost per ply of graphite 
epoxy is 2.5 times more than that of the glass epoxy and the density of glass epoxy is less than that of 
graphite epoxy. Laminated composite design includes optimization in cost, mass, strength ratio; stiffness, 
etc. Hybrid composite is the optimum combination of different composite materials since it minimizes cost 
and mass without compromising its strength. Plies of graphite and glass epoxy are combined in such a way 
that it minimizes cost and mass.  
  It is found that G-C-C-G (G: graphite epoxy and C: Glass epoxy material) combination of composite 
materials (hybrid composite) shows the minimum transverse deflection as compared to Glass/Epoxy 
composite and very close to Graphite/Epoxy composite (Tab.7). Graphite/Epoxy composite forms the facing 
material and glass epoxy composite forms the inner core layer. The longitudinal tensile and compressive 
strengths are larger in the graphite/epoxy lamina than in a glass/epoxy lamina. Also hybrid composite shows 
minimum mass as compared to Glass/Epoxy and the mass is slightly greater than Graphite/Epoxy and also its 
cost is less than Graphite/Epoxy but greater than Glass/Epoxy composite. Based on first ply failure analysis, 
the strength ratio (SR) of G-C-C-G hybrid composite is superior than glass/epoxy composite and close to the 
strength ratio of Graphite/Epoxy. Therefore, G-C-C-G, hybrid composite is relatively superior to that of 
constituent composite material. 
 

Table 6. Comparative study of a composite beam composed of four plies of different composite materials 
for different boundary conditions. 

 

B.C Thickness/Ply (m) 
Fiber orientation 

Angle 
Graphite/Epoxy (G) 

    SR wbar Cost Mass (kg)

Fixed-Fixed 0.005 
[45 -45 -45 45] 16.88 1.42 1944 6.48 

[0  90  90  0] 190.07 0.201 1944 6.48 

SS with UDL 0.005 
[45 -45 -45 45] 11.25 7.08 1944 6.48 

[0 90 90 0] 126.71 1 1944 6.48 

Fixed-Free with UDL 0.005 
[45 -45 -45 45] 2.81 68.02 1944 6.48 
[0  90  90  0] 31.68 9.65 1944 6.48 

   Glass/Epoxy (C) 

Fixed-Fixed 0.005 
[45 -45 -45 45] 11.68 2.21 714 7.14 

[0 90 90 0] 144.84 0.74 714 7.14 

SS with UDL 0.005 
[45 -45 -45 45] 7.79 11.06 714 7.14 

[0 90 90 0] 28.3 3.70 714 7.14 

Fixed-Free with UDL 0.005 
[45 -45 -45 45] 1.95 106.24 714 7.14 
[0  90  90  0] 7.07 35.51 714 7.14 

   Hybrid [G-C-C-G] 

Fixed-Fixed 0.005 
[45 -45 -45 45] 15.8 1.44 1329 6.81 

[0  90  90  0] 203 0.16 1329 6.81 

SS with UDL 0.005 
[45 -45 -45 45] 8.02 7.20 1329 6.81 

[0  90  90  0] 96.29 0.81 1329 6.81 

Fixed-Free with UDL 0.005 
[45 -45 -45 45] 2 69.14 1329 6.81 
[0  90  90  0] 24.07 7.77 1329 6.81 
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Table 7. Properties of composite materials. 
 

Property Unit Graphite/Epoxy Glass/Epoxy 

Longitudinal elastic modulus GPa 181 38.6 

Transverse elastic modulus GPa 10.3 8.27 

Major Poisson’s ratio   0.28 0.26 

Shear modulus GPa 7.17 4.14 

Ultimate longitudinal tensile strength MPa 1500 1062 

Ultimate longitudinal compressive strength MPa 1500 610 

Ultimate transverse tensile strength MPa 40 31 

Ultimate transverse compressive strength MPa 246 118 

Ultimate in-plane shear strength MPa 68 72 

Density g/cm3 1.59 1.97 
 
10. Conclusion 
 
 The strength ratio is calculated and compared using different failure theories, based on first ply 
failure load, for different fiber orientation angles for a laminated composite beam subjected to mechanical 
load (UDL) and thermo mechanical load (UDL and T ). The strength ratio is maximum at 0° orientation 
angle and it gradually decreases to 90°. Moreover, the strength ratio of the beam under mechanical load is 
greater than that of the beam under thermo mechanical load. The strength ratio calculated from non 
interactive failure theory is greater than that from interactive failure theory. As the aspect ratio increases, the 
thickness of the beam decreases keeping length of beam constant, and strength ratio decreases and becomes 
constant. The mode of failure is determined by non interactive failure theory because interactive failure 
theory cannot determine the mode of failure. The hybrid composite beam is relatively economical, lighter 
and superior to the beam made up of its constituent materials.  
 
Nomenclature 
 
 E, G − Young’s and shear modulus   

 
b
xx yyE I  − bending stiffness 

 ,h z  − total thickness of laminate, distance from neutral axis   

 K  − shear correction coefficient 

 ,M T  − bending moment, transformation matrix 

  , max maxw M  − max. deflection and bending moment 

 0w  − displacements along the coordinate line of a material point on the x-y plane 

 wbar  − max. non dimensional deflection 
, ,  and , ,x y z 1 2 3  − problem and material coordinate, respectively 

   − strain tensor   

   − lamination angle (degree)   

   − shear strain at plane (MPa)   

 
 ,x y   − rotations of the transverse normal about the and axis,y x  respectively 

   − shear stress at plane (MPa)   

   − stress tensor (MPa)   

    − Poisson’s ratio        
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