
International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2022): 7.942 

Volume 12 Issue 10, October 2023 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

Deflection and Stress Analysis of Sandwich Plate 

under Uniformly Distributed Load using FSDT 
 

Pranav Vishwakarma
1
, Dr. Rajesh Kumar Satankar

2
 

 
1Post Graduate Student, Department of Mechanical Engineering, Jabalpur Engineering Collage 482011, India 

 
2Associate Professor, Department of Mechanical Engineering, Jabalpur Engineering collage 482011, India 

 

    

Abstract: The deflection and stress values of sandwich plate with uniformly distributed load (UDL) are investigated. The sandwich 

structure is modeled using the First order shear deformation theory for the mathematical purpose. The analysis of deflection and stress 

values is done in ANSYS 18.0 software. Lastly, the influences of structural parameters (Face to core thickness ratio, aspect ratio, 

thickness ratio, boundary conditions) the deflection and stress values are obtained, and for subsequent conclusions discuss accordingly. 
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1. Introduction 
 

Composite and sandwich plates are widely used in 

aerospace, marine, defense equipment, automobile etc. The 

growing work of sandwich structure because light weight, 

high strength, low cost, and other advantages such as fire 

resistance, extreme load bearing capacity, and damping 

characteristics. The use of these characteristics it is 

necessary to build appropriate model, which is capable to 

predicting their structure. The free vibration is done by using 

classical analytical theory [1-3], Finite element analysis 

using First order and higher order shear deformation theories 

[4-7]. In these studies, the core of sandwich plate assumed 

incompressible. But this is true only for honeycomb core. In 

case of a flexible sandwich core this assumption is prevent. 

The higher order shear deformation theory [8] is use to 

derive the mathematical model and show the behavior of 

plates with flexible core. 

 

The first order shear deformation theory the accuracy of 

solution is based on shear correction factors. This limitation 

is reduced by higher order theory, finite element method is 

also proposed by using of Reddy’s higher order theories. 

Comparison of the first order and higher order, the higher 

order theory is more accurate in calculating frequencies of 

plate [9-10]. But after same time more research ahead it is 

found that global higher order theory overestimate natural 

frequency for sandwich plate with different thickness and 

material. To vanquish the drawback of global higher order 

theory, the layer wise theory is more accurate to calculate 

frequency of sandwich structure. In other hand some of 

theory is also present such as Zig – Zag theory in Kapuria et 

al [11] which is assess the effort of laminated and sandwich 

plate. 

 

For the review of articles this present work is based on First 

order shear deformation theory. In the present work 

deflection and stress of sandwich plate is calculated and 

compare the results of different boundary conditions. 

 

Plate Geometry:  

 
Figure 1: Sandwich plate 

a and b, Lenth and width of sandwich plate, 

h is total thickness of plate in which three layer first and last 

is Face layer and middle one is Core layer. 

h = 2tf + tc 

tf = thickness of Face  

tc = thickness of Core 

 

2. Methodology  
 

The First order shear deformation theory is basic concept of 

structural engineering and mechanics. The First order shear 

deformation theory also called the Mindlin-Reissner theory. 

It is use to analyze the structural behavior of thin wall and 

plate. In this theory the shear deformation is important for 

study. It assumes that the transverse shear strain is linearly 

varying across the thickness of plate. 

 

Some of assumption is also consider the axial and transverse 

normal strains and rotations components. 

The displacement felid is: 

ux(x, y, z) = ux0(x, y)+ φx(x, y)z 

uy(x, y, z) = uy0(x, y)+φy(x, y)z 

uz(x, y, z) = uz0(x, y) 

The quantities (ux0, uy0, uz0, φx,φy) all are unknows. 
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3. Model Analysis of Plate 
 

The sandwich plate is made of three-layer two face layer and 

middle layer is called core layer. The dimension of the plate 

is depending on ratio of tc/tf, and the aspect ratio is 1. The 

thickness ratio a/h is also change such as (10,20,30,40,50) 

and tc/tfratio is 0,1,3,5.The deflection is carried out under 

UDL. And the plate is made in ANSYS 18.0. 

 

 
Figure 2: Geometry of plate 

 

 
Figure 3: Generation of mesh 

 

4. Results and Discussion 
 

In this article, the deflection and corresponding stress is 

calculated in the sandwich plate. The material of plate layer 

is 

 

Table 1: Material property 
Material properties   

Aluminum (Face layer)   

Density (kg/m3) 2700 kg/m3 

Young’s modulus E  72e9 Pa 

Poisson’s ratio  0.3 

Viscoelastic material (Core layer)   

Density (kg/m3) 1140 kg/m3 

Young’s modulus E  1e6 Pa 

Poisson’s ratio   0.49 

 

Table 2: Deflection and stress analysis to change thickness 

ratio and also change the tc/tf ratio, with All side is clamp. 

 

Maximum Deformation 
Thickness Ratio  tc/tf = 0 1 3 5 

10 4.10E-04 0.0137 0.0928 0.28704 

20 0.0015 0.0474 0.3467 0.9602 

30 0.0034 0.1053 0.70602 1.6572 

40 0.0061 0.184 1.1033 2.2184 

50 0.0095 0.2797 1.4858 2.6285 

 

Maximum Stress 
Thickness Ratio tc/tf = 0 1 3 5 

10 0.7374 7.1063 23.908 49.104 

20 0.7456 5.9389 21.733 42.815 

30 0.8778 6.8578 23.854 40.646 

40 0.9605 7.3975 23.96 37.3 

50 1.0049 7.5959 22.82 33.15 

 

Table 3: Deflection and stress analysis to change thickness 

ratio and also change the tc/tf ratio, with two side clamps 

 

Maximum Deformation 
Thickness Ratio tc/tf = 0 1 3 5 

10 0.000951 0.031178 0.21879 0.66107 

20 0.003569 0.10934 0.77096 1.9977 

30 0.007953 0.2398 1.5025 3.2205 

40 0.014112 0.41336 2.2497 4.1147 

50 0.02202 0.62075 2.9244 4.7436 

 

Maximum Stress 

Thickness Ratio tc/tf = 0 1 3 5 

10 1.3972 12.004 42.461 86.934 

20 1.5852 13.329 47.6 85.517 

30 1.751 14.412 47.685 76.051 

40 1.821 14.682 44.656 65.887 

50 1.8449 14.486 40.632 57.017 

 
Table 4: Deflection and stress analysis to change thickness 

ratio and also change the tc/tf ratio, with one side clamps 

 

Maximum Deformation 
Thickness Ratio tc/tf = 0 1 3 5 

10 0.0389 1.1464 6.4616 12.449 

20 0.1558 3.8503 13.388 19.177 

30 0.3504 6.864 17.509 22.566 

40 0.6237 9.5646 20.302 24.901 

50 0.9751 11.893 22.487 26.838 

 
Maximum Stress 

Thickness Ratio tc/tf = 0 1 3 5 

10 10.026 80.422 253.47 394.13 

20 11.166 75.729 193.22 274.16 

30 11.586 68.887 155.57 211.57 

40 11.827 62.163 131.53 175.07 

50 11.955 56.466 114.47 150.19 

 
Corresponding graph of table 2: 
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Figure 4: Under UDL development of deflectionin all side 

Clamp 

 

 
Figure 5: Under UDL development of Stress shown 

 

Corresponding graph of table 3: 

 
Figure 6: Under UDL development of deflection in two side 

Clamp 

 
Figure 7: Under UDL development of Stress shown. 

 

Corresponding graph of table 4: 

 

 
Figure 8: Under UDL development of deflection in one side 

Clamp 

          

 
Figure 9: Under UDL development of Stress shown. 
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5. Conclusion 
 

In this work it is proposed a layer wise plate to calculate the 

maximum deflection and maximum stress with soft core 

material. The implicitconclusions from the analysis are 

discussed inthe following lines. 

 From the analysis, it is observed that when applying the 

UDL, deflection is depending on both the ratios such as 

Thickness ratio (a/h) and tc/tf ratio.  

 When increasing the thickness ratio with tc/tf ratio the 

deflection of plate is increasing and in stress analysis, the 

effect of stress is also depending on both ratios that is 

increasing as deflection. 

 Also, the effect of boundary condition is observed in 

analysis, comparison of different boundary condition 

such as all side clamp (CCCC), Two side clamp (CFCF), 

One side clamp (CFFF) the value of deflection and stress 

is minimum in CCCC boundary condition.  
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