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Abstract - In this paper the combination of the theoretical, numerical and experimental study of stresses, deflection and free 

vibration of (stainless steel mesh, random E-fiberglass, and Epoxy resin) anti-symmetrically laminated composite plates 
subjected to a uniformly distributed load for simply supported boundary condition are investigated. The theoretical analysis 
which based on (Kirchhoff’s Hypothesis) is conducted. The numerical analysis which based on Finite Element Method 
(FEM) by using ANSYS program is conducted and the experimental setup and procedure of the modal testing method and 
fabrication procedure of the laminated composite plates is described. A computer program based on Finite Element Method 
(FEM) ANSYS has been developed to perform all necessary computations. The results are compared with the analytical and 
experimental results. The stresses, and deflection of 3, 6, 9 and 12 layered simply supported laminated composite plates has 
been determined analytical and compared with FEM, and natural frequencies has been determined experimentally and 

compared with both methods analytical and FEM. The mode shape of the plates has been determined using ANSYS package. 
Once the analytical, FEM and experimental had been validated, the effects of the fiber orientation and number of layers to 
the stresses, displacement and natural frequencies values was conducted for different cases of anti-symmetric 3, 6, 9, and 12  
ply layup. 
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I. INTRODUCTION 

 

There are wide ranges of application of composite 
plates such as (aerospace, marine, automobile, 

electrical equipment, medical instrument and civil 

structure ….etc.). In general composite plates are 

subjected to several types of loads (thermal, static, 

dynamic). These loading conditions are commonly 

observed in aerospace shuttle at high speed in the 

space. The composite material is a combination of 

different materials which are distinct in macroscopic 

level.  One of the common types of composite 

material is fiber reinforced composites which have 

been widely used because of their inherent high 

stiffness and strength to weight ratio. Using these 
types of highly fiber reinforced materials enables the 

designer to control the strength and the stiffness's of 

the structures. By laminates can be treated as plates. 

[1]In linear plate theories, which are the main 

concern of this study, deformations are considered to 

be small compared to the plate thickness and strains 

are linearly proportional to stresses. The design and 

analysis of such laminated structures. Require 

knowledge of stresses and strains in the laminate. 

Also, design tools, such as failure theories, stiffness 

models.[2]  The reviews of composite are focused on 
analytical studies and finite element analysis and 

experimental. Wang et al. [3]presented mesh less 

approach based on the reproducing kernel particle 

method is developed for the flexural, free vibration 

analysis of laminated composite plates.T. Kant et al. 

[4]investigated the static analysis of simply supported 

composite and sandwich plates based on a higher-

order refined developed.A.M. Rastafari et al 

[5]investigated natural frequencies of square 

laminated composite plates for different supports at 

edges using a third order shear deformation theory of 

plates (TSDT). H.Matsunaga [6] studied two-

dimensional global higher-order deformation theory 
is presented for the free vibration of angle-ply 

laminated composite and sandwich plates subjected to 

thermal loading.J. S.Kumar et al. [7] analyzed 

numerical results are presented for free vibration of 

anti-symmetric cross-ply and angle-ply laminated 

plates.  B. S. Reddy et al. [8] studied a finite element 

model of the composite laminated plate for various 

side-to-thickness ratios, aspect ratios and modulus 

ratios. I. Mishra et al. [9]studied involves extensive 

experimental works to investigate the free vibration 

of woven fiber Glass/Epoxy composite plates in free-

free boundary conditions.S. J. Lee et al. [10] studied a 
four-node laminated composite plate element having 

seven degrees of freedom per node is newly 

developed by using the higher-order shear 

deformation theory ( HSDT) and assumed strains to 

perform the finite element method ( FEM ) stress 

analysis. 

 

This study is aimed to produce laminated composite 

plates consisting of multi layers of square stainless 

steel meshes and random E-glass fibers embedded on 

an epoxy matrix in a volume fraction of 15%, 20% 
and 65% respectively. Then we are going to 

investigate the effect of the number of layers and the 

orientation of steel meshes on the mechanical and 

dynamic properties of the laminated composite plates 

such as stiffness and natural frequencies using 

theoretical, numerical and experimental analysis.  

 

II. THEORETICAL FORMULATION 

In order to approximate the three-dimensional 

elasticity problem to a two-dimensional plate 
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problem, the displacement componentsu o(x; y; z) , 
v o(x; y; z) and w o(x; y; z) at any point in the plate as 
shown in Figure (1) showed plate section normal to 

the y-axis before and after deformation.  Kirchhoff’s 

Hypothesis of composite laminated, assumes that 

normal to the mid surface remain straight and normal 

during deformation [11].The reference plane 

displacements u0 and v0  in the x and y directions and 

the out of plane displacement wo in the z direction is 

functions of x and y only: 

 

 

 
Fig.(1) Kinematics of deformation in the x-z plane 

 

 
Fig.(2) Multi-layers laminate 

 

The Hooke's law for the k-th lamina in the global 

coordinate systems shown in figure (2).is 

 
 

A. Navier solutions for rectangular composite 

material plates  

    To solve the governing polynomial differential 

equations (12), (13) and (14) for Bending for anti-
symmetric orthotropic plate which is subjected to 

transverse load q(x,y)for static case. The 

displacements u0(x,y), v0(x,y), and w0 (x,y), and 

load q(x,y)are described by double Fourier sine 

series, for simply supported boundary conditions. The 
boundary conditions are identically satisfied by the 

following expressions for displacements, according to 

Kant. [4] 
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 The coefficient Pmn  for uniform distribution load and 
simply supported laminated plates, the Euler 

coefficient is Pmn =
16 P0

π2 , according to Bose. 

[14].Substituted equations (15) and Euler 

coefficientPmn , in to governing equations (12), (13) 
and (14), we get deflection equation.

 
 (16)   

 

To determine the stresses (σx  , σy  , τxy )  for anti-

symmetric angle-ply and cross-ply orthotropic 

composite lamented plate, substitution equation (16) 

in to equations (4), (5) and (6), and substituted in 

equation (9). 

 
 

(17) 

To determine the natural frequencies and mode shape 

for anti-symmetric cross-ply and angle-ply of 

rectangular laminated plate as shown figure (2), 
simply supported at all edges at x=0,a and y=0,b, the 

natural frequency equation is expressed as. [1] 

 

ωmn
2 =

π4

ρh
 L6 +

(2∗L2∗L5∗L3)−(L4∗L3∗L3)−(L1∗L5∗L5)

(L1∗L4)−(L2∗L2)
   

  (18) 

 

In most of the mechanical problems, ANSYS 
software gives good result, that’s why it has been 

chosen for the analysis of the stress, deflection, 

natural frequency and mode shape of the composite 

laminated plates. It is very important to select the 

suitable type of element for a specific work. For the 

present work the element SHELL 99 has been chosen 

because it is suitable for thin to moderately thick shell 

structures composite. 

 

III. EXPERIMENTAL WORK 

 
After validating the formulation with the existing 

literature, both the theoretical and experimental 

results for stresses, bending and vibration of 

laminated composite plates are presented. The 

stresses and deflection are measured at the bottom 

center of plate (i.e.  
a

2
 ,

b

2
 , −

h

2
  ), and under uniform 

transverse distribution load q=1. Her for stresses, 

bending and free vibration analysis, the study is 

aimed upon the following parameters.Fabrication 

methods of composite laminated plates, the processes 

are shown in figure (3). Preparations of the 

percentage of materials for composite composition 

(15% Stainless Steel mesh, 20% random fiberglass, 

and 65% epoxy resin) in volume fraction, these 

materials possess the mechanical properties as shown 

in the table (1).  Laminating starts with the 

application of a gel coat (epoxy and hardener) 

deposited on the mould by roller brush, whose main 

purpose was to provide smooth external surface and 

to protect the fibers from direct exposure to the 

environment. The plies were cut from rolls of random 
E-fiberglass and stainless steel mesh. Layers of 

reinforcement were placed on the mound at top of the 

gel coat and gel coat was applied again by roller 

brush.  a plastic sheet was covered the top of plate by 

applying polyvinyl alcohol inside the sheet as 

releasing agent. Then, a heavy flat metal rigid 

platform was kept top of the plate for compressing 

purpose. The plates were left for a minimum of 24 

hours under heat source where a temperature up to 50 

C0 before being transported and cut to exact shape for 

testing.  
 

Table (1) Mechanical properties of material 

 
 

A- Vibration testing machines 

The instruments that conducted for the free called a 

vibration testing machine. There is an instrument to 

generate excitation to the plate and testing objects 

which is one part of the vibration testing machine and 

is called vibration exciter or generator. The excitation 
can be controlled and changed, which this is very 

important because the exposed vibration frequency 

and type of base vibration will be already known. A 

schematic diagram of the vibration testing machines 
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is shown in figure (4) which are consists of the following units. 

 

 
Fig. (3)  Processes to make composite laminated plates 

 

 
Fig. (4) Vibration measurement scheme 

 

IV. RESULTS AND DISCUSSION 

 

A- Effect of number of layers of a laminate 

Four different types of laminate are fabricated, which 

are made up of 3, 6, 9, and 12 layers. The stresses, 

deflection and natural frequencies are obtained by 

both methods theoretically and experimentally and 

for simply supported all edges boundary condition. 

The variation of  stresses, deflection and natural 

frequencies with increasing layer of laminate for both 

theoretical and experimental results are show in 

tables ( 2 ), ( 3 ) and (4), table (4) has been obtained 
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from the experimental results, for example from  

figure (5) is the relation between the " 
acceleration(m/s2) VS hertz (Hz) " and mode shapes 

were obtained from ANSYS program for one case ( 

Non/ 0o /90o ) as shown in figure (6). Normal stresses 

σx  and σy  are reduced about 96.96 %  and 94.52 %  

respectively  and shear stress is reduced about 92.44 
% With increasing the number of layers four times in 

case( Non/ 0o /90o ) Deflection W, is reduced about 

94.44 %  with increased three times layers for case  

from ( Non/45 o /-45o ) to ( Non/45o /-45o ) 3 .With 

increase the number of layers the natural frequencies 

ω will decrease about 77.43 % with increased number 

of layers four times for case from (Non/45 o /-45o ) to 

( Non/45o /-45o ) 4 ). 

B - Effect of fiber orientations 

Stresses, deflection and natural frequencies of 

laminated plate four cases are considered and each 
case have  four types of fibers orientations  i.e. 

(Non/0o/90o)1,2,3,4 , (Non/22.5o/-67.5o)1,2,3,4, (Non/45o/-

45o)1,2,3,4, and (Non/62.5o/-27.5o)1,2,3,4 .  

 

The variations of stresses, deflections and natural 

frequencies with fibers orientation are presented in 

tables (2), (3) and (4).The results for stresses, 

deflections and free vibration of the plates of  

(analytical and FEM ) are in good agreement as show 

in tables (2), (3) . As shown in tables (3) and (4) the 

experimental results show a good agreement with the 
analytical and FEM proving that fibers angle has 

influence on the dynamic behavior of the laminated 

plates.  

By increasing the angle of fibers the normal stress σx  

is increases about 76.6 %  by changing fibers angle 
from (Non/0o/90o) to (Non/62.5o/-27.5o) at the same 

time.Normal stress σy  is reduced about 66.7%, and at 

fibers angles (Non/45o/-45o) both normal stresses was 

equal. The deflection have parabolic shape, have been 
minimum deflection in fibers angles (Non/45o/-45o), 

the percentage of reduced about 20.6 % in case fibers 

angles (Non/0o/90 o) to (Non/45 o /-45 o).Fibers angles 

also effect on the natural frequencies ω , the 

maximum frequency occurs at (Non/45o/-45o) and 

minimum occurs at (Non/0o/90o), from the 

experimental results, the angle of the fibers from 

(Non/45o/-45o) to (Non/0o/90o) reduces the natural 

frequency about 27.56 % for the 1st mode, and about 

13.28% for the 2nd mode.  

 
Also in experimental proved that variable external 

forces don't effect on the natural frequency, but effect 

on the amount of acceleration as shown in figure 

(5).In experimental result, natural mode of frequency 

sometimes varies within a range as shown in table 

(4). It shows that an approximate agreement with the 

(analytical and FEM ANSYS program). The 

percentage error between experimental and (FEM) for 

the 1st mode for (Non/0o/90o)3plate by about 12.61 %  

respectively, and for mode six is 3.54% error. 

 

 
 

Table (2) Variation of stresses and maximum bending of composite laminated square plates, for simply supported all edges 

boundary condition 
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Table (3) Variation of natural frequency of composited laminated plates, for simply supported all edges boundary condition 

 
 

Table (4) Experimental results of natural frequency of Compositedlaminated plates, for simply supported all Edges 

boundarycondition 
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Fig. (6) Represents the first six bending mode shapes of the analyzednumerical model of the square composite plate ( Non / 0

o 
/ 90

o 
). 
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CONCLUSIONS 

 
In this research the following notes have been 

concluded:- 

1. Fiber angle effects on the normal stresses, where 

maximum normal stressesςx  are obtained at the 

plate angle (Non/62.5o/-27.5o)1,2,3,4 and minimum 

value at (Non/0o/90o)1,2,3,4.But normal stressςy  is 

opposites ςx i.e ( have been maximum stresses 

are obtained at the fibers angle  (Non/0o/90o)1,2,3,4  

and minimum value were at (Non/62.5o/-

27.5o)1,2,3,4 ). And fibers angle effects on the 

shear stress as maximum shear stressesτxy  are 

obtained at the plates angle (Non/0o/90o) 1,2,3,4 , 

(Non/62.5o/-27.5o) 1,2,3,4  and minimum value at 

(non/45o/-45o) 1,2,3,4. 

2. Fibers angle effects on the natural frequency is 

varying with variable fibers angle and it have a 

maximum natural frequency of fibers angle 

(Non/45o/-45o) and minimum values at fibers 

angle (Non/0o/90o) and (Non/62.5o/-27.5o). 

3. Fibers angle could influence on the 
deflection. For plate (Non/0

0
/90

0
) the 

deflection is maximum (𝑤𝑚𝑎𝑥 =

0.0174 𝑚𝑚 ) andfor (Non/45
o
/45

o
) 

defection is minimum( 𝑤𝑚𝑖𝑛 =

0.0138 𝑚𝑚). 
4. When the number of layers is increased, the 

normal stresses decreases such as for plate 

(Non/0o/90o), ςx = 3740 Pa and the plate 

(Non/0o/90o)4 has ςx = 113.3  Pa , so normal 
stress is reduced about 33 times where the 

number of layers is increased 4 times, in the 

same time also normal stress ςy   is reduced. And 

shear stress τxy   is reduced with increased 

number of layers. 

5. By increasing the number of layers, the 

deflection is reduced such as, from (0.0174 

mm) to (0.00022 mm) for case plates 

(Non/0
o
/90

o
) and (Non/0

o
/90

o
) 4 respectively 

(it is reduced about 80 times). 

6. The natural frequencies are increased by 

increasing thenumber of layers. 
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