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 In this study, an analytical solution of multi layered laminated 
composite laminate plate is presented of a new form of 
composite sandwich panels in two different styles; Kevlar 
fibers bonded with honeycomb core in mid plane, and glass 
fibers bonded with honeycomb core in mid plane. Classical 
laminated plate theory has been used for modeling the 
sandwich plate, Ritz method has been used for calculating the 
plate’s maximum bending deflections. The results have been 
validated by Finite Element analysis with a good. The 
parametric investigations include, change in material types of 
lamina, different layer thicknesses, and several geometric cell 
shapes of honeycomb core laminated has been examined. 
The results proved that the Convex cell honeycomb core plays 
a great role in absorbing the force energy as a result it 
reduced the plate deflection by 8% better than semi-entrant 
and re-entrant, and Kevlar-49 is the best among other types 
of Kevlar. S2-glass fiber -Sandwich plates have reduced the 
plate’s overall deflections by 14.73% compared to Kevlar-29 -
Sandwich plates. 
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1. Introduction 
Composite materials are widely utilized in the aerospace, marine, vehicle, and military 
armored systems sectors, among other industries (Jones, 1999, and Al Hilli, 2006). 
High specific strength and stiffness, exceptional formability, and corrosion resistance 
are just a few of the advantages of this family of materials. The laminated fiber 
composite is one of the most popular, with some of them passing in the higher specific 
moduli, such as Kevlar and carbon fiber composites. They have much higher specific 
strength and stiffness than monolithic materials like steel and aluminum, making 
them appealing for a variety of weight-sensitive applications, and one of the 
important applications of composite materials is body armor (Al Hilli, 2006). Body 
armor is a type of protective clothing that is worn to protect the human body from 
different types of sharp objects or projectiles. Hard body armor and soft body armor 
are the two types of body armor that are commonly used. Soft body armor is made 
up of several layers of high-performance materials, making it lighter and more flexible 
(Greene et al., 2018; Mukasey, Sedgwick, & Hagy, 2008). To prepare the soft body 
armor plates, 20–40 layers of woven or unidirectional fabrics made from high 
performance fibers are stitched together. Nowadays, Honeycomb composite 
structures are used in body armor. The sandwich panels consist of two face sheets of 
layered fibers, which are bonded to a very lightweight honeycomb core of aluminum. 
Compared to normal plates, sandwich panels have a very high stiffness and 
simultaneously a low weight. The core of these structures is mainly subjected to shear 
stresses. (Al-Mezrakchi, Al-Ramthan, & Alam, 2020) Proposed two composite plates 
with honeycomb core are subjected to ballistic impact. After validation of models 
with experimental test results, the numerical technique was successfully used to 
forecast impact behavior. When compared to other aluminum alloys investigated in 
this study, the aluminum 7039 alloy was chosen for the honeycomb core material 
because it had a higher ballistic resistance. After conducting tests to determine the 
ballistic resistance of aluminum honeycomb panels exposed to cylindrical steel 
impactors, (Nia, Razavi, & Majzoobi, 2008) demonstrated an analytical formulation to 
compute the ballistic limit velocity of metallic honeycomb structures. On the other 
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hand, Different shear deformation theories for laminated plates have been developed 
to include the effect of transverse shear deformation. These are the classical plate 
theory (CPT), the first-order shear deformation theory (FSDT) and Reddy’s higher-
order shear deformation theory (HSDT). Fundamental governing equations for 
nonlinear dynamic analysis of laminated plates based on von Karman’s large 
deflection plate theory were derived by (J. N. Reddy, 1983) and (J. Reddy & Chao, 
1981). In recent years, linear and nonlinear analyses of laminated composite plate 
and shell structures have found increased applications (J. Reddy & Chandrashekhara, 
1987) and (Baltacıoğlu, Civalek, Akgöz, & Demir, 2011). Deflection analysis of 
laminated plates resting on Ritz method has also been investigated by many 
researchers. (Nath & Shukla, 2001)and (Shukla & Nath, 2000) presented some 
solutions for nonlinear analysis of laminated plates. Nonlinear static and dynamic 
response of laminated plates are also investigated by (Nath, Prithviraju, & Mufti, 
2006) and (Nath, Varma, & Mahrenholtz, 1986) using the Chebyshev series method. 
Rectangular plates on elastic foundation have been analyzed using analytical and 
numerical approaches by (Dumir & Bhaskar, 1988) and (Dumir, 1988). By using the 
differential quadrature and finite difference coupled approach, nonlinear static and 
dynamic analyses of isotropic plates and shells have been investigated by the present 
author (Civalek, 2005), and (Civalek, 2006). Some exact and numerical solutions of 
static and dynamic analyses of isotropic and laminated composite plates with or 
without elastic foundations are also presented in the literature (Shen, 1999), (Shen, 
2000), and (Sofiyev & Schnack, 2003). In the past ten years, some new methods for 
numerical analysis of partial differential equations in applied mechanics have become 
popular (Baltacıoğlu et al., 2011). (Bhimaraddi, 1987)proposed a shear deformation 
theory and for static and dynamic response of the laminate and compared the results 
with the results obtained by Classical and Mindlin-type plate theory. Further, 
investigation of the dynamic response is examined by using higher-order mid-plane 
kinematics and concluded that the higher-order theory is more efficient to predict the 
responses. The principal of orthogonality and state variables are used to get the exact 
solution for the dynamic response of laminate via HSDT (Khdeir & Reddy, 1989). The 
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analytical procedure is used to obtain the closed-form solution for the dynamic 
responses of the laminate with different boundary restrictions (Dewangan, Katariya, 
& Panda, 2020). This seeks for the high performance composite laminated plate for 
soft body armor. It used to calculate mid plane deflection of the rectangular 
composited plate due to impact velocity. The composite plate was made of Kevlar 
fiber renforced plate (KFRP), Glass fiber renforced plate (GFRP), and hoeycomb core. 
Deflection due different types of woven (KFRP), different types of woven (GFRP), 
several laminate thicknes of composite plate has been examined, and honeycomb 
core was calculated. The analytical model results were validated by ANSYS 
workbench. 
 

2. Mathematical modelling 
A laminated rectangular plate of dimensions a, b, and h as shown in Figure (1) is 
considered. A cartesian coordinate system xy is located in the middle surface of the 
plate.  
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Figure (1): Geometry and coordinate system of the laminated rectangular plate 
(Baltacıoğlu et al., 2011) 

The displacement field at a point in the plate using the Classical Laminate Plate Theory 
(CLPT) of mid plane symmitric ply and angle-ply laminated plate are analyzed. 
Depending on the boundary conditions, the Ritz method is used. Fundamental 
governing equations for nonlinear dynamic analysis of laminated plates based on von 
Karman’s large deflection plate theory were derived by (J. N. Reddy, 1983) and (J. 
Reddy & Chao, 1981). (J. N. Reddy, 2003) investigate governing equations in terms of 
the displacement. Start with linear equation of motion of the (CLPT): 
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where 𝑁௫௫ , 𝑁௫௬  , and 𝑁௬௬  are the applied edge forces. 

Eqs (1, 2, 3) in the differential operator form are 
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Where 𝑐୧୨ cofficients are defined as  
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Figure (2): Rectangular plate with in-plane compressive edge forces 
 (J. N. Reddy, 2003) (𝑁௫௫ = −𝑁௫௫

  , 𝑁௬௬ = −𝑁௬௬
 ). 

 

𝑚୧୨ cofficients are defined as 

 
𝑚ଵଵ = − 𝐼 𝑑𝑡ଶ      ,       𝑚ଵଷ =  𝐼ଵ 𝑑𝑥 𝑑𝑡ଶ      ,     𝑚ଶଶ =  −𝐼 𝑑𝑡ଶ 

𝑚ଶଷ =  𝐼ଵ 𝑑𝑦 𝑑𝑡ଶ      ,      𝑚ଷଷ =  𝐼 𝑑𝑡ଶ ( 𝑑𝑥ଶ +  𝑑𝑦ଶ ) 
(6) 

And 𝑑௧
  denote the differenitial operators 
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defined in the term of lamina stiffnesses ൣ൫𝑄ത൯൧


 as 
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𝑄തଵଵ = 𝑄ଵଵ𝑐ସ + 𝑄ଶଶ𝑠ସ + 2(𝑄ଵଶ + 2𝑄)𝑐ଶ𝑠ଶ 

𝑄തଵଶ = (𝑄ଵଵ + 𝑄ଶଶ − 4𝑄)𝑐ଶ𝑠ଶ + 𝑄ଵଶ(𝑐ସ + 𝑠ସ) 
𝑄തଶଶ = 𝑄ଵଵ𝑠ସ + 𝑄ଶଶ𝑐ସ + 2(𝑄ଵଶ + 2𝑄)𝑐ଶ𝑠ଶ 

(9) 
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𝑄തଵ = (𝑄ଵଵ − 𝑄ଵଶ − 2𝑄)𝑐ଷ𝑠 − (𝑄ଶଶ − 𝑄ଵଶ − 2𝑄)𝑐𝑠ଷ 
𝑄തଶ = (𝑄ଵଵ − 𝑄ଵଶ − 2𝑄)𝑠ଷ𝑐 − (𝑄ଶଶ − 𝑄ଵଶ − 2𝑄)𝑠𝑐ଷ 
𝑄ത = (𝑄ଵଵ + 𝑄ଶଶ − 2𝑄ଵଶ − 2𝑄)𝑠ଶ𝑐ଶ + 𝑄(𝑠ସ + 𝑐ସ) 

2.1  Ritz method 

The Navier and levy type solutions do not exist for rectangular plates with all four 
sides clamped. Therefore, for this case the approximate solution method was used to 
solve this problem. Let us consider Ritz method to determine the bending deflection 
for especially orthotropic rectangular plate with clamped edge (J. N. Reddy, 2003). 
Ritz method has been considered for the determination of bending deflections for 
any points are: 

 The plate is symmetric about mid-plane, and each ply has the same thickness (the 
composite plate consists of Kevlar layers and glass layers that consist of the same 
laminate thickness with honeycomb), hence all the bending extension coupling 
stiffness 𝐵 are zero. 

 The effect of vibration on the composite plate was neglected, then (𝐼 , 𝐼ଵ, 𝐼ଶ) 
are zero. 

 The plate consists of especially orthotropic laminates, the layer stiffnesses 
𝑄തଵ, 𝑄തଶ, and 𝑄തସହ are zero for cross-ply angles (0/90), then 𝐴ଵ, 𝐴ଶ, 𝐷ଵ, 𝐷ଶ , and 
𝐴ଶ are zero. 

 (𝐷ଵଵ = 𝐷ଶଶ , and 𝐷ଵଶ = 𝐷ଶଵ),  Because of each ply consists of woven fibers by 
(0/90) plies fixed together as one ply (𝐸ଵ = 𝐸ଶ) was used in this study. 

The Ritz solutions can be developed for rectangular laminates with all four edges are 
clamped boundary conditions. The boundary conditions for a rectangular plate that 
clamped all four edges used in the analytical solution are: 

 at 𝑥 = 0, 𝑎      𝑤 = 0 and 
𝜕 𝑤

𝜕𝑥
= 0  (10) 
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at  𝑦 = 0, 𝑏      𝑤 = 0 and 
𝜕 𝑤

𝜕𝑦
= 0  

The boundary conditions in Eq. (10) imply the following CCCC boundary conditions on 
the displacements and stress resultants of the classical laminate theory (J.N. REDDY, 
2004). Another assumption the applied force only acting on Z direction with 
neglecting the vibration of the plate Eq (3) becomes:  
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𝜕𝑦ଶ
ቇ

+ 𝐷ଶଶ ቆ 
𝜕ଶ 𝑤

𝜕𝑦ଶ
 
𝜕ଶ 𝑤

𝜕𝑦ଶ
ቇ + 4𝐷 ቆ

𝜕ଶ 𝑤

𝜕𝑥𝜕𝑦
 
𝜕ଶ 𝑤

𝜕𝑥𝜕𝑦
ቇ

− 𝑞𝛿 𝑤  

(11) 

 

 

II𝑤 =
1

2
 ඵ 𝐷ଵଵ ቆ

𝜕ଶ𝑤

𝜕𝑥ଶ
ቇ + 2𝐷ଵଶ

𝜕ଶ𝑤

𝜕𝑥ଶ
 
𝜕ଶ𝑤

𝜕𝑦ଶ
+ 𝐷ଶଶ ቆ 

𝜕ଶ𝑤

𝜕𝑦ଶ
ቇ

ଶ 



+ 4𝐷 ቆ
𝜕ଶ𝑤

𝜕𝑥𝜕𝑦
ቇ

ଶ

− 2𝑞𝑤൩ 𝑑𝑥𝑑𝑦 

(12) 

This expression should be appended with appropriate terms due to any applied edge 
moments and forces. 

2.2 Determination equations of bending deflection: 
Consider a rectangular plate with all four edges clamped and subjected to distributed 
transvers load q(x, y). The boundary condition for clamped composite plate are shown 
in Figure (3) 
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at 𝑥 = 0   and   𝑥 = 𝑎   ,      𝑤 = 0    , and         
డ ௪

డ௫
= 0  

 

at  𝑦 = 0,    and 𝑦 = 𝑏  ,    𝑤 = 0     , and   
డ ௪

డ௬
= 0 

Figure (3): Four edge clamped boundary conditions for composite plate 

According to the assumption of Ritz approximation method for all four-edge clamped 
in the form: 

 𝑤(𝑥, 𝑦) ≈ 𝑊𝑚𝑛(𝑥, 𝑦) =   𝑐 𝜑(𝑥, 𝑦)









 (13) 

where 𝜑 is the approximation functions that satisfy all the geometric boundary, for 
this problem, both Ritz and Galerkin give the same solution for the same kind of 
approximation functions. 

For the rectangular plate at clamped boundary condition, the approximation function 
𝜑 (𝑥, 𝑦) is  

 𝜑  (𝑥, 𝑦) = 𝑋(𝑥)𝑌(𝑦) (14) 
where 

 𝑋(𝑥) = ቀ
𝑥

𝑎
ቁ

ାଵ

ቀ1 −
𝑥

𝑎
ቁ

ଶ

 (15) 
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𝑌(𝑦) = ቀ
𝑦

𝑏
ቁ

ାଵ

ቀ1 −
𝑦

𝑏
ቁ

ଶ

 

or 

 

𝑋(𝑥) = sin 𝑥 − sinh𝑥 + 𝛼(cos 𝑥 − cosh 𝑥) 

𝑌(𝑦) = sin 𝑦 − sinh 𝑦 + 𝛼(cosh𝑦 − cos 𝑦) 
(16) 

for i= 1,2,3,….,m; and j=1,2,3,….,n. 

where 

and cos𝑎 cosh 𝑎 − 1 = 0 (17) 
   
 

𝛼 =
sin 𝑎 − sinh𝑎

cosh 𝑎 − cos 𝑎
=

cosh 𝑎 − cos 𝑎

sin 𝑎 − sinh𝑎
 

(18) 

By substituting Eq. (13) , and given 𝜑 by Eq. (14) 

 𝛿𝑤 =   𝛿𝑐𝜑









 (19) 

Then applying to Eq. (10), obtain 

 

0 =   ቐ  𝑐 න න ቈ𝐷ଵଵ

𝑑ଶ𝑋

𝑑𝑥ଶ
𝑌

𝑑ଶ𝑋

𝑑𝑥ଶ
𝑌 + 4𝐷

𝑑𝑋

𝑑𝑥

𝑑𝑌

𝑑𝑦

𝑑𝑋

𝑑𝑥

𝑑𝑌

𝑑𝑦

























+ 𝐷ଵଶ ቆ𝑋

𝑑ଶ𝑌

𝑑𝑦ଶ
 
𝑑ଶ𝑋

𝑑𝑥ଶ
𝑌 +

𝑑ଶ𝑋

𝑑𝑥ଶ
𝑌𝑋

𝑑ଶ𝑌

𝑑𝑦ଶ
ቇ

+ 𝐷ଶଶ𝑋

𝑑ଶ𝑌

𝑑𝑦ଶ
𝑋

𝑑ଶ𝑌

𝑑𝑦ଶ
 𝑑𝑥𝑑𝑦 − න න 𝑞𝑋𝑌𝑑𝑥𝑑𝑦









 ቑ 𝛿𝑐 

(20) 

 



 

QALAAI ZANISTSCIENTIFIC JOURNAL 
A Scientific Quarterly Refereed Journal Issued by Lebanese French University – Erbil,   Kurdistan, Iraq 

Vol. (9), No (1), Spring2024 
ISSN 2518-6566 (Online) - ISSN 2518-6558 (Print) 

 

1226 
 

 

0 = ቐ  න න ቈ𝐷ଵଵ

𝑑ଶ𝑋

𝑑𝑥ଶ
𝑌

𝑑ଶ𝑋

𝑑𝑥ଶ
𝑌 + 4𝐷

𝑑𝑋

𝑑𝑥

𝑑𝑌

𝑑𝑦

𝑑𝑋

𝑑𝑥

𝑑𝑌

𝑑𝑦

















+ 𝐷ଵଶ ቆ𝑋

𝑑ଶ𝑌

𝑑𝑦ଶ
 
𝑑ଶ𝑋

𝑑𝑥ଶ
𝑌 +

𝑑ଶ𝑋

𝑑𝑥ଶ
𝑌𝑋

𝑑ଶ𝑌

𝑑𝑦ଶ
ቇ

+ 𝐷ଶଶ𝑋

𝑑ଶ𝑌

𝑑𝑦ଶ
𝑋

𝑑ଶ𝑌

𝑑𝑦ଶ
 𝑑𝑥𝑑𝑦 ቑ 𝑐 − න න 𝑞𝑋𝑌𝑑𝑥𝑑𝑦









 

(21) 

Eq. (21) represents 𝑚 × 𝑛  algebraic equations among the coefficients 𝑐  , and all 
integral are line integrals, and they involve evaluating five different integrals  

 
න 𝑋  𝑑𝑥





, න 𝑋   𝑋  𝑑𝑥,   න
𝑑𝑋   

𝑑𝑥

𝑑𝑋  

𝑑𝑥
𝑑𝑥





 




 

න 𝑋   

𝑑ଶ𝑋  

𝑑𝑥ଶ
𝑑𝑥,   න

𝑑ଶ𝑋   

𝑑𝑥ଶ

𝑑ଶ𝑋  

𝑑𝑥ଶ
𝑑𝑥,    





 




 
(22) 

Consider the algebraic functions with m=n=1 and q=qo . The integrals in Eq. (22) for 
this case given by  

 
න 𝑋  𝑑𝑥





=
𝑎

30
 , න 𝑋ଵ   𝑋ଵ  𝑑𝑥 =

𝑎

630
,   න

𝑑𝑋ଵ   

𝑑𝑥

𝑑𝑋ଵ  

𝑑𝑥
𝑑𝑥 =

2

105𝑎
  





 




   

න 𝑋ଵ   

𝑑ଶ𝑋ଵ  

𝑑𝑥ଶ
𝑑𝑥 = −

2

105𝑎
,   න

𝑑ଶ𝑋ଵ   

𝑑𝑥ଶ

𝑑ଶ𝑋ଵ  

𝑑𝑥ଶ
𝑑𝑥 =

4

5𝑎ଷ
 





 




 
(23) 

Substituting the integral values into Eq. (21), and obtain 

 
0 = ൬

𝑏

630
൰ ൬

4

5𝑎ଷ
൰ 𝐷ଵଵ + 4𝐷 ൬

2

105𝑎
൰ ൬

2

105𝑏
൰ + 2𝐷ଵଶ ൬−

2

105𝑎
൰ ൬−

2

105𝑏
൰

+ ቀ
𝑎

630
ቁ ൬

4

5𝑏ଷ
൰ 𝐷ଶଶ൨ 𝑐ଵଵ − ቀ

𝑎

30
ቁ ൬

𝑏

30
൰ 𝑞 

(24) 

or 
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7

𝑎ସ
𝐷ଵଵ +

4

𝑎ଶ𝑏ଶ
(𝐷ଵଶ + 2𝐷) +

7

𝑏ସ
𝐷ଶଶ +൨ 𝑐ଵଵ =

49

8
𝑞 (25) 

and one parameter solution becomes   

 
𝑊ଵଵ(𝑥, 𝑦) = ൬

49

8
൰

𝑞𝑎ସ 
௫


− ቀ

௫


ቁ

ଶ

൨
ଶ


௬


− ቀ

௬


ቁ

ଶ

൨
ଶ

7𝐷ଵଵ + 4(𝐷ଵଶ + 2𝐷)𝑠ଶ + 7𝐷ଶଶ𝑠ସ
 

(26) 

where s=a/b denotes the plate aspect ratio. The maximum deflection occurs at x=a/2 
and y=b/2: 

 𝑊ଵଵ(
𝑎

2
,
𝑏

2
) = 0.00342

𝑞𝑎ସ

𝐷ଵଵ + 0.5714(𝐷ଵଶ + 2𝐷)𝑠ଶ + 𝐷ଶଶ𝑠ସ
 (27) 

 

For isotropic square plate(a/b = 1, 𝐷ଵଵ = 𝐷ଶଶ = 𝐷ଵଶ + 2𝐷 = 𝐷), the maximum 
central deflection becomes  

 𝑊ଵଵ(
𝑎

2
,
𝑏

2
) = 0.00126

𝑞𝑎ସ

𝐷
 (28) 

where 𝑊ଵଵ  is the central deflection along the z direction, a, and b are length and 
width of the composite plate according x, and y direction, respectively, 𝒒𝒐 is the 
intensity of transverse distributed load per unit area of the composite plate, D is the 
bending stiffness of composite plate. 

3. Parametric investigations 
3.1 Material investigation  
This study uses two types of sandwich plate: aluminum honeycomb core with Kevlar 
fibers and Glass fiber as face sheet. Different types of Glass fiber (E-glass, C-glass, R-
glass, S2-glass, AR-glass, D-glass, A-glass, and EGR-glass) whereas Table (1) lists their 
intrinsic characteristics, and different types of Kevlar fibers (Kevlar 29, Kevlar49, and 
Kevlar 149) are used, and Table (2) lists their mechanical characteristics. The 
mechanical properties like modulus of elasticity (E), passion’s ratio (v), and shear 
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modulus (G) used as fiber without epoxy, in this study assumed as woven fiber 
(E1=E2). 

Table (1): Properties of different types of glass fibers (Kaw,2005, and Reddy, 2003). 

No. Glass fiber density(g/cm3) Tensile strength(GPa) young’s modulus(GPa) 
1 E-glass 2.58 3.445 72.3 
2 c-glass 2.52 3.31 68.9 
3 S2-glass 2.46 4.89 86.9 
4 A-glass 2.44 3.31 68.9 
5 D-glass 2.11 2.415 51.7 
6 R-glass 2.54 4.135 85.5 
7 EGR-glass 2.72 3.445 80.3 
8 AR-glass 2.7 3.241 73.1 

Table (2): Properties of different types of glass fiber (Kaw, 2005). 

No. Kevlar fiber density(g/cm^3) Tensile strength(GPa) Young’s modulus(GPa) 
1 Kevlar 29 1.44 2.9 62.05 
2 Kevlar 49 1.48 2.9 131 
3 Kevlar 149 1.47 2.3 143 

3.2 Layer thickness investigation 
Three different groups of layer thicknesses are used in this study; first different layer 
thickness (0.2, 0.3, 0.4, 0.5, 0.6) mm used for each ply of glass fibers with constant 
Aluminum honeycomb core 20 mm; second changed layer thickness of Kevlar by (0.1, 
0.2, 0.3, 0.4, 0.5) mm used for each ply of Kevlar fibers with 20mm of Aluminum 
honeycomb core; and finally different Aluminum honeycomb core thickness (10, 14, 
20) mm with 0.3 mm layer thickness of each ply of Kevlar, and glass fiber. 

 
3.3 Geometrical investigation  
Cross woven fiber 0/90(E1=E2)  ply of Kevlar, and glass fibers used with constant layer 
thickness 0.3 mm to each layer with three types of cell shape of aluminum 
honeycomb core ( Convex, semi-entrant, re-entrant) as shown in Figure (4).  
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(a) (b) (c) 

Figure (4): Geometrics of honeycomb cores with different cell shapes (a): semi-re-
entrnt, (b): re-entrnt, and (c): convex (Luo, Yuan, Shen, & Liu, 2021). 

The linear elastic response of honeycomb core is preliminary caused by bending of 
the cell walls. (Gibson, Ashby, Schajer, & Robertson, 1982) modeled each wall as a 
beam. The geometrical hexagonal cell as showed in Figure (5). 

 
Figure (5): Geometry of hexagonal cell of honeycomb core (Gibson et al., 1982). 

 𝐸ଵ = 𝐸

𝑡ଷ

𝑙ଷ

cos 𝜃

(ℎ 𝑙⁄ + sin 𝜃) sinଶ 𝜃
 . (29) 

 
𝐸ଶ = 𝐸

𝑡ଷ

𝑙ଷ

(ℎ 𝑙⁄ + sin 𝜃)

cosଷ 𝜃
 . 

(30) 
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𝑣ଵ = −

𝜀ଶ

𝜀ଵ
=

cosଶ 𝜃

(ℎ 𝑙⁄ + sin 𝜃) sin 𝜃
 . 

(31) 

 
𝑣ଶ = −

𝜀ଵ

𝜀ଶ
=

(ℎ 𝑙⁄ + sin 𝜃) sin 𝜃

cosଶ 𝜃
 . 

(32) 

 
𝐺 = 𝐸

𝑡ଷ

𝑙ଷ

(ℎ 𝑙⁄ + sin 𝜃)

(ℎ 𝑙⁄ )ଶ(2 ℎ 𝑙⁄ + 1) cos 𝜃
 . 

(33) 

where 

Ea: is the modulus elasticity for aluminum. 

t: is the wall thickness of aluminum honeycomb. 

l, h: are the length and height of the aluminum honeycomb respectively. 

𝜃: is cell wall angle, for regular hexagons (𝜃 = 30). 

4. Validation  

A Finite Element model was developed to predict the mechanical performance of the 
sandwich by using ANSYS 2021 R21 commercial program. The geometries of sandwich 
panel with different face-sheet thickness were modeled, and solving the finite 
element was produced by ANSYS/LS-DYN solver from ANSYS software. Four edge 
clamped plate 2288 nodes, and 1050 elements were used to simulate the skins, and 
2288 nodes, and 1575 elements were used to simulate the core, as the upper and 
lower Kevlar-29 fiber were divided into 1144 nodes, and 525 elements, respectively. 
At the same time 2288 nodes, and 1575 elements utilized for modeling the 
honeycomb aluminum honeycomb core. Each material had a lamina property with a 
longitudinal elastic modulus of direction (𝐸𝑥), a transverse elastic modulus (𝐸𝑦), an 
elastic modulus in the depth direction (𝐸𝑧), shear modulus of rigidity (𝐺𝑥𝑧, 𝐺𝑦𝑧, 𝐺𝑥𝑦), 
and Poisson ratio (vxy, v𝑦𝑧, v𝑧𝑥). The applied load was imposed in the center of the 
composite plate, bending in accordance with the analytical solution. The solution was 
obtained through a series of load increments. Then the simulated results were 
compared with the theoretical values. Figure (6) shows the finite element model of 
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the Kevlar-29 fibers as face-sheet, and Aluminum 5052 honeycomb core sandwich 
panel. 

 
Figure (6): Finite Element simulation for Kevlar-29 face-sheet with aluminum 5052 

honeycomb core, and effect of force on deflection of the composite laminated 
plate. 

 Based on Table (3), the FE and analytical solution results showed good agreement. 
Results showed a small difference between Finite Element and analytical simulation, 
because of design of the specimen and time duration in the FE model.  

Table (3): Comparison of the central deflection in (m) between analytical solutions, 
and Finite Element (ANSYS 2021 R1 workbench) results for four ended clamped 

sandwich composite plate. 

No. 
Central deflection W (m) 

Simulation by FE 
Central deflection W (m) 

Analytical solution 

Percentage (%) 
variation between 

results  
1 9.3055*10-7 9.09107*10-7 2.304 
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2 1.8611*10-6 1.81821*10-6 2.304 
3 3.722*10-6 3.63643*10-6 2.299 
4 4.6528*10-6 4.54554*10-6 2.305 
5 5.5834*10-6 5.45464*10-6 2.306 
6 6.514*10-6 6.36375*10-6 2.307 
7 7.4445*10-6 7.27286*10-6 2.306 
8 9.3057*10-6 9.09107*10-6 2.306 

These results suggest that the FE model could be used as a design approach to 
evaluate the bending performance of sandwich panels. Under the same loads, using 
specimen Kevlar-29 face-sheet with Aluminum 5052 honeycomb core as examples to 
verify the precision of the transformed section method, the elastic stage of the 
specimen was investigated. A comparison of the theoretical, and simulated values of 
the central displacement is shown in Figure (7). The comparisons of numerical and 
analysis results to the analytical solution, data show that the method is rather precise 
and is a useful auxiliary means for research work, design, and test. 

 
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

1

2

3

4

5

6

7

8

9

10

Wm(mm)

L
o

ad
 (

K
N

)

 

 

simulation
analytical



 

QALAAI ZANISTSCIENTIFIC JOURNAL 
A Scientific Quarterly Refereed Journal Issued by Lebanese French University – Erbil,   Kurdistan, Iraq 

Vol. (9), No (1), Spring2024 
ISSN 2518-6566 (Online) - ISSN 2518-6558 (Print) 

 

1233 
 

Figure (7): Comparison of the central deflection in (mm) between analytical 
solutions, and Finite Element (ANSYS 2021 R1) results for four end clamped 

composite plate. 

5. Result and discussion  
Nowadays, composite plate is widely used. In this study composite sandwich plate 
with honeycomb core was investigated. In Figure (8) the deflection of symmetric 
sandwich composite plate with honeycomb core at four edges clamped boundary 
conditions in different face-sheet layer thickness was used, results show that the 
central deflection decreased as increase layer thickness or increase number of layers. 
When the load remained constant in small layer thicknesses the central deflection 
increased rapidly, but in larger layer thicknesses the central deflection increased 
slowly. The central deflection results agree with (Ahmed, Agarwal, Pal, & Srivastav, 
2013). In this study 0.3mm thickness for each layer has been selected, as this is a 
suitable thickness for body armor applications. Figure (9) show the effect of load on 
the central deflection of composite plate made of different types of glass fiber with 
aluminum 5052 honeycomb core, results showed that S2-glass fiber is the best type 
to resist deflection and absorb more energy than other types, for this purpose Figure 
(10), and Figure (11) showed more details to display the best type. The effect of load 
on the deflection of different types of glass fiber with Aluminum 5052 honeycomb 
core sandwich plate for 20 layers of 0.3 mm glass fiber for each layer and 20 mm of 
Aluminum 5052 honeycomb core in Figure (10) compared four types (R-glass, AR-
glass, A- glass, D- glass) results showed that R-glass fiber absorbed more energy than 
(AR-type, A-type, D-type) by 13.5%, 18%, 36.8%, respectively, and in Figure (11) 
compared the other four types (C- glass, E- glass, EGR- glass, S2- glass). The overall 
results showed that S2-glass is the best type to absorb energy, better than (R-glass, 
EGR- glass,  AR-glass, E- glass, A- glass, C- glass, D- glass) by (1.5%, 7%, 14.8%, 16.2%, 
19.3%, 20%, 37.7%) respectively, and has the minimum deflection, but D-glass has the 
lowest grade in energy absorption, and has the maximum deflection. Kevlar is another 
type of fibers that stronger than glass fiber, absorb more energy, and has minimum 
deflection. In Figure (12) effect of load on central deflection for different types of 
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(Kevlar-29, Kevlar-49, and Kevlar-149) with aluminum 5052 honeycomb core 
sandwich plate. The composite plate made of 20 layers of 0.3 mm layer thickness of 
Kevlar with 20 mm of aluminum 5052 honeycomb core in the mid-plate, results show 
as the load increased to Kevlar-49, and Kevlar-149 the central deflection increased 
regularly without any significant phenomena, Kevlar-49 is better to absorb more 
energy than Kevla-149, and Kevlar-29, but Kevlar-149 has a small deference between 
results as compared with Kevlar-49, and for Kevlar-29 as the load increases, the 
deflection quickly increased due to lower contact stiffness causes lower modulus of 
elasticity compared with Kevlar-49 and Kevlar-149 (Al Hilli, 2006). 
Another parameter effect on the performance of composite plate is layer thickness. 
Because of some materials produced for a special application, they are difficult to 
receive, in this study several layer thicknesses were examined for E-glass, and Kevlar-
29 because they are easy to receive for experimental test. The effect of load-central 
deflection for different layer thicknesses for 20 layers of E-glass fiber, and Kevlar-29, 
respectively with 20 mm of aluminum 5052 honeycomb core in mid-plane. Five 
different layer thicknesses (0.2, 0.3, 0.4, 0.5, 0.6) mm for each ply of E-glass fiber, and 
(0.1, 0.2, 0.3, 0.4, 0.5) mm for Kevlar-29 was considered in Figure (13), and Figure 
(14), results exhibited good agreement with (Fang, Shi, Wang, Qi, & Liu, 2016), results 
showed in small thicknesses, as the load increases, the deflection increased quickly, 
but when increase layer thicknesses, as the load increases, the deflection increased 
slowly. As to aluminum honeycomb core different types of aluminum did not show 
significant difference, but effect of thickness of core, and cell shapes showed in Figure 
(15), and Figure (16). In Figure (15) three different thickness of aluminum 5052 
honeycomb core (10, 14, and 20) mm was considered, results showed by increasing 
honeycomb core thickness from 10 mm to 20 mm, the energy absorption increased 
by 70%. In Figure (16) three types of cell shape (Convex, semi-entrant, re-entrant) was 
considered, and showed Convex is more effective type, absorb more energy, and 
made a minimum load-deflection. Figure (17) showed the effect of load on central 
deflection by increasing Kevlar-49 layers in (Kevlar, Glass fiber, and aluminum5052 
honeycomb core) sample; due to high strength and modulus of elasticity of Kevlar-49 
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layers the central deflection decreased by increasing Kevlar-49 layers instead of S2 
glass fiber.  
 

 
Figure (8): The deflection of symmetric sandwich composite plate with honeycomb 

core at four ended clamped boundary conditions in different face-sheet layer 
thickness.
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Figure (9): Effect of different types of glass fiber on central deflection for 0.3 mm 
thickness for each layer of (R-glass, AR-glass, A-glass, D-glass, C-glass, E-glass, EGR-

glass, and S2) with Aluminum 5052 honeycomb core. 

 

Figure (10): Effect of load on deflection of the different types of (R-glass, AR-glass, 
A-glass, D-glass) fiber hybrid with Aluminum 5052 honeycomb core. 
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Figure (11): Effect of load on deflection of different types of (C-glass, E-glass, EGR 
glass, S2) fiber hybrid with Aluminum 5052 honeycomb core. 

 

Figure (12): Effect of load on deflection of different types of Kevlar fiber hybrid 
with Aluminum 5052 honeycomb core. 
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Figure (13): Effect of load on deflection of different layer thickness of E-glass fiber 
hybrid with Aluminum 5052 honeycomb core. 

 

Figure (14): Effect of load on deflection of different layer thickness of Kevlar-29 
fiber hybrid with Aluminum 5052 honeycomb core. 
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Figure (15): Effect of load on deflection of different layer thickness of Aluminum 
5052 honeycomb core (20mm, 14mm, and 10mm) with Kevlar-29 fiber hybrid. 

 

Figure (16): Effect of load on deflection of (Convex, semi-entrant, re-entrant) cell 
shape of Aluminum 5052 honeycomb core with Kevlar-29 fiber hybrid. 
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Figure (17): Effect of load on central deflection for S2 glass fiber, Kevlar-49, and  
mixing layers of S2-glass and Kevlar-49 with Al-5052 honeycomb core. 

6. Conclusion 
Analytical solution of multi layered symmetric laminated sandwich composite plate is 
a need as a first step design of new body armors. As exact solutions for calculation of 
the plate’s maximum bending deflection is not available, the approximate solution by 
using Ritz method is an efficient method for solving this problem. Validated results by 
FE method through (ANSYS 2021R1/LS-DYNA) showed fantastic agreement with 
analytically modeled results. According to this validation, the ANSYS steps are correct 
for all cases. Through parametric investigations, the study concluded the following 
results: 

 S2-glass and R-glass are the best two materials for energy absorption, and 
have minimum central deflection while compared to other examined types of 
glass fibers. 
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 Among three examined types of Kevlar, Kevlar-49 has more energy dissipation 
to absorb load, and made minimum deflection because of its higher strength 
and modulus of elasticity as compared to other types of Kevlar.  

 Changed layers and mixed S2-glass with Kevlar-49 with constant load and 
thicknesses; the results showed that central deflection decreases by increase 
Kevlar-49 layers instead of S2-glass fiber, and Kevlar-49 layers are better when 
placed in the front of face-sheet and absorb more load and decrease central 
deflection. 

 While studying laminate thickness, several different laminate thicknesses 
changed for E-glass face-sheet, Kevlar-29 face-sheet, and aluminum 5052 
honeycomb core results showed that central deflection decreases as layer 
thickness increased with constant load.  

 Finally, the geometric of cell shapes of honeycomb core laminated has affect 
in reducing the plate’s central deflection. The results proved that the Convex 
cell of honeycomb core plays a great role in absorbing the force energy as a 
result reduced the plate deflection by 8% than semi-entrant and re-entrant, 
and Kevlar-49 is better than other types because it has a greater strength and 
modulus of elasticity. 

 Glass fibers are materials of low ductility, but when used as layers in 
composite plate, the plates overall deflection was reduced, and laminated S2-
glass fiber better by 14.73% with compared to Kevlar-29. 
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ƿɃيتى  پ ۆزايت پاميترى بۆ كۆمڕاپ  ىینهوەكۆƼهكهل  نیچ نی چƿ يت پ كراوƼچ ساندوي ى  

 نگ هه  ƿهشɃوەى شانهى

  ه:پـوخـتـ
ƿتو  مهɄرهسەچار  داەیه وهنیژɄيتىپ  ۆب  ەیوەرهکیش  یکƼ   پزيتى كه  ۆپكامɃه  ەهاتووكƿ  نیچ  ندهچɃهك  ک 
ƿهكراون ك  نیچ  نیچكتر  هر يهسه  ƿيتىپ  یاستەڕناو  هƼ  يتى ئپ   داهكهزيتۆپكامƼهƿۆمنيهƿ شهمىɃى  ەو

ل  هكهƿنك  هƼيتيكى تپند  هچى  ەوɃش  هƽ  ƿ؊ریڤ کم:  هكهوازى جياواز: يɃدوو ش  هب  ەستراوهب  نگهه  ىهشان
ئپ تپند  هچ  ەو  یاستەڕناو  شىهب  هƿمى  ۆمنيهƿهƼيتى  ترى  ƿهƼيتيكى  م:  ەدوو  ،ەستراوهب  ƽ؊ریڤک  هنك 

  ە و   یاستەڕناو شىهب  هƿمى  ۆمنيهƿهƼيتى ئپ ل  هكهنك ƿه Ƽيتيكى تپند  هچى  ەوɃش  هيى ƿهشووش  Ǆیشاڕی
)  یکیکƽ؊س  یز ۆردیب(  رىۆى تيەوهينۆǄکƿɃهƿ  .  .ەستراوهب  يىهشووش  Ǆیشاڕی  هنك ƿهƼيتيكى ترى تپند  هچ

  ە کارهاتووهب(ANSYS 2021 R1/LS-DYNA) ىهرنامهب  هب  Finite Element)(شيكارى   و ريكاى
ى ەوهزينۆد  ۆ ب  ەکارهاتوو هب  زɃه  یکان ەاوازیج  هاهب  یرهگیکارپاشان    زيتىۆپكوم  یتیپƼ  یƼکردنɄدۆم  ۆب
ئتزڕی  يكاىڕ  هب  هکهƼيتپ  ەیوهنماهچ  ىÞب  ن یرترۆز  Finite)(  نیه�ƹهƿ  کانە کراوɃواپÞب  هنجامه. 

Element  ەوە  Ʉواوهت  ی وتنهکڕ  ƿدۆم   هنجامهئ  هڵگهɄدواتر داتە د  شانین  كانەكراو  ل  .
ƿɃیکǄم  یستووره ئ  ،کانەماد  یرۆ جدرا،    نجامه ئ  یتریامڕپا  یکانەوهنۆ�ƹکەیهندازه ئ  ندهو چ  ت،ینی  ƿه 

ئپ  هک  انی ƿماندهس   کانهنجامه. ئەوهندرانɄخو  هكهنینگوه هى  هانش  ەیوɃش ى  ەوɃشهمى ƿۆ منيهƿهƼيتى 
 نجامداهئ  هƿ  داەكهوز  ینی مژهǄ ه  هƿ  تɃنی بەد  ەورهگ  یکڕۆConvex(  ɃǄ(  یرۆجهƿ  نگهه  ىهانش
  )، Re-entrant(  و)  semi-entrant(    هƿ  بوو  ر٪ باشت8  ەیژڕɄ  هب  هکهƼيتپ  ەیوهنما هچ  ەیو همبوونهک

باشتر  یکانەرۆج  هƽ-49   ƿ؊ریڤک  Ǆیشاڕی كى  هيەزوو  �مهǅب  ە�ƹواز  هییشووش  Ǆیشاڕی  ەندهچرهه  .ەتر 
  ه نمووم  ۆبدا،  زيتىۆپمۆ ك  یکɃتیپƼ  ەیوɃش  هƿ  تɄکاردهب  کɃنیچ  ندهچ  کەو  کɃکاتت  ɄمژەدهǄه زياتر

 . ƽ-29؊ریڤک هƿ ەباشتر٪   14.73 ەیژڕɄ هب 2S-یرهبیفاى رۆج هƿ هییشووش Ǆیشاڕی
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   على شكل زنزانة النحل  ساندويجى البليت  مغلفة بالالمركبة  ألواحتحقيقات بارامترية على 
 

 :الملخص
لصناعة صفائح مركبة بنوعين مختلفين: أولاً:    عدد الطبقاتتالم  وحة لليل النظري  بحث استخدم التحلال  افي هذ 

 ه على شكل (زنزانة النحل)، و كيفية تركيب  يمع البليت الالمنيوم   ) فى شكل متعدد الطبقاتكِفلررُكبَت (الياف  
  ة الموضوع  يمنيوم الأطبقة  هي  طبقة الثانية  الفلر و  ولى هي طبقة كِ : الطبقة الأثلاث طبقات  من  هي: مركبة

طبقته  في  ياف الزجاجي مركبة بنفس الشكل لكن يختلف مع الأول  لأو ا  كِفلر،طبقة الثالثة هي طبقة  العليها، و  
منيوم، ثم طبقة الثالثة هي طبقة  الأطبقة الوسطى  في  ياف الزجاجي و  لأاالأولى و الثالثة، يعني في طبقته الأولى   

العملية استخدمت الزجاجي أيضا. و في هذه  ال  الياف  للبليت  مركبة من صفائح متعددة، و النظرية الكلاسيكية 
مع البرنامج بنتيجة جيدة  قورن النتائج    ثمالبليت    الوسططريقة (ريتز) لتحديد أكثر مقدار الانحناء في    استخدم

يير  من: التغكل  و اختبر فيها    .  )ANSYS 2021 R1/LS-DYNA(  باسم  Finite Element)التحليلية (
لَّمَت أنََّ و النتائج سَ   .و في شكل بعض الخلايا من زنزانة النحل  الطبقات  و سمك  في نوع المواد المستعملة فيها

)Convexدور كبير في امتصاص القوة، و في النتيجة يظهر أن (  اي في زنزانة النحل لهت) الConvex  (ة قلل  
هو  )  49(  كِفلر)، و ظهر أن  Re-entrant) و (semi-entrant%) بالمقارنة ب (8انحناء البليت بنسبة (

) الذي على شكل ساندويج البليت قلل  2Sياف الزجاجي من نوع (لأأفضل الأنواع بالمقارنة بأنواعه الأخرى، و ا
 .) إذا كان له نفس خاصية البليت الألمنيومي  29  كِفلر%) إذا قورن ب (14.73انحناء البليت الألمنيومي بنسبة ( 

 

 


