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Abstract 
 

A numerical experiment for the elastic bending analysis of single square 

plates is numerically dealt with in the present study by means of the finite 

element method. A total of eight plates with combinations of clamped, simply 

supported and free boundary conditions that subjected to a uniformly 

distributed strip load are considered to investigate the responses of the plate 

deflection. Results concerning the deflection surface and its contour and the 

deflections along the middle line and diagonal line of the plates are 

graphically presented. Their numerical values are also prepared and given in 

tabular form for easy use by other investigators. 
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1 Introduction 
 

Plate-like structures are encountered in many fields of engineering [1]. They have 

applications in the design of aerospace, off-shore platforms in ocean engineering and 

ship structures as well as the construction of building floors or roof structures in civil 

engineering, etc. The classical thin plate theory is used to analyze bending of plates. 

This plate theory is based on the assumption that deflection is small in comparison 

with its thickness. The governing equation can then be derived by making use of the 

linearized strain-displacement relation and the assumption that “normals to the middle 

plane of the undeformed plate remain straight and normal to the middle plane during 

deformation” [2]. In order to determine the accurate solutions for this class of problem, 

it is naturally desirable to obtain the exact closed-form solutions. Timoshenko and 

Woinowsky-Krieger [2] presented and collected the analytical closed-form solutions 

for bending of isotropic rectangular plates under arbitrary loads throughout the past 

century. In addition to static bending of plates, their vibrational behavior is also one 

of the great interested problems, especially the free vibration characteristics. Numerous 

researchers have devoted their efforts toward solving various problems in this field 

[3]. However, it can be concluded that the number of exact analytical solutions is 

limited in which solutions are readily available for rectangular plates having at least 

one pair of opposite simply supported edges. Based on the Levy-type solutions, the 

governing differential equation is satisfied exactly throughout the plate and solution 

satisfies all edge boundary conditions. 

In this study, the objective is to numerically investigate the bending behaviors 

of square plates with different support conditions under a uniformly distributed strip 

load. Based on the finite element method, the ANSYS computer finite element software 

for windows [4, 5] is then used to model the plates and determine the plate deflection 

responses. 

The configuration of the plates under investigation is demonstrated and listed 

in Figure 1 showing the plate dimensions, coordinates, boundary support conditions, 

and also loading condition. It can be noted that the shaded area presented in Figure 1 

represents the uniformly distributed strip load, whereas the representative boundary 

conditions symbols are given in Figure 2. However, it is convenient to represent each 

edge condition using the letter symbols that corresponded with the designation as given 

in Khwakhong et al. [6]. Three different types of classical boundary conditions, 

namely, the free, simple, and clamped supports are designated by the letters F, S, 

and C, respectively. The letters designate the type of support starting at the left 

edge and proceeding in a counterclockwise direction around the other three 

remaining edges. For example, consider the plate configuration of case 3 which 

has two opposite clamped edges and two opposite simply supported edges. The 

designation for this plate conditions is given by C-S-C-S. For the plate of case 4, 

it has the same type of boundary support conditions with respect to the plate of 

case 3 but different in direction of loading. In order to specify the plates of case 3 

and case 4 separately, the numbers (1) and (2) are used for this purpose. Thus, the 

plates of case 3 and case 4 are designated by C-S-C-S_(1) and C-S-C-S_(2), 

respectively. 
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Figure 1 Dimensions and coordinates of square plates 
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Figure 2 Representative boundary conditions 

 

 

2 Method of investigation 
 

For the plate problems under consideration, the assumptions of linear elasticity with 

small strains and displacements satisfying the classical bending theory of thin plates 

[2] are used. Because some cases of the plate do not have at least two opposite simply 

supported edges, their analytical solutions are more difficult to obtain. Thus, for the 

numerical treatment of these problems, the finite element method is applied to solve 

the problem numerically. 

ANSYS finite element program [4, 5] has been used in the analysis of the 

present study in order to determine the deflection response of the plates. Shell 

element of quadrilateral shape as shown in Figure 3 (SHELL181 element type of 

the ANSYS Library [5]) is selected to model and analyze the plate-bending problems. 

 

 
 

Figure 3 ANSYS shell element: SHELL181 [5] 

 

SHELL181 element can be described that it is suitable for analyzing thin to 

moderately-thick shell or plate structures. This element is a four-node element with 

six degrees of freedom at each node as shown in Figure 4 (translations in the x, y, 

and z directions, and rotations about the x, y, and z-axis). In addition, SHELL181 is 

also well-suited for linear, large rotation, and/or large strain nonlinear applications. 

In the element domain, both full and reduced integration schemes are supported. 

The element formulation is based on logarithmic strain and true stress measures. For 

more details about this element, the reader should consult reference [4]. 
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Figure 4 Coordinates and degrees of freedom for SHELL181 [4] 

 

In the analysis, single square plates with plane dimensions of 50 cm. by 50 

cm. and having uniform thickness of 3 mm. are investigated. The material properties 

of the plate are the material properties of aluminum plate that have been used in 

Khwakhong et al. [6]. Therefore, the Young’s modulus (E) and Poisson’s ratio (υ) 

are taken to be 55.43 GPa and 0.27, respectively. 

Based on the finite element concept [7, 8], the plate is discretized with a 

uniform mesh of 100 square elements that has 726 degrees of freedom. In order to 

apply the uniformly distributed strip load with intensity of 100 kg/m2 as shown in 

Figure 1, this distributed load will be transformed to an equivalent point load 

applied to the node of elements that bounded in the shaded area. After performing 

the ANSYS computer program, the numerical results for the deflection value at 

each node of finite element plate model can be determined. They are listed and 

imported into the SigmaPlot program [9]. This program is a state-of-the-art technical 

graphing program designed for the Windows platform. The advantage of the 

SigmaPlot program is that it can plot a smooth sharp variation in dependent 

discretized values within 2D and 3D data sets. All numerical calculations will be 

stated and presented in the next section. 

 

3 Numerical results 
 

Figure 5 to Figure 12 demonstrate the deflection surfaces (3D) and deflection contours 

(2D) for the plates of case 1 to case 8, respectively. From the obtained results, it is 

clearly seen that there are zero deflections along the plate edges supported by simple 

and clamped supports. In case of the plates having clamped edges, there are also no 

rotations of the plate normal to those edges. 

Figure 13 presents the comparative deflection curves along two middle lines 

and diagonal line for the plates of case 1 and case 2. It can be noted that the deflections 

are two-fold symmetry with respect to two middle lines of the plate. Additionally, 

all deflection curves for the plate of case 1 are larger than those for the plate of 

case 2. 
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Figure 5 Deflection surfaces and contour for the plate of case 1 

 

 

 
 

 

 

 

 

 

 
 

 

Figure 6 Deflection surfaces and contour for the plate of case 2 
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Figure 7 Deflection surfaces and contour for the plate of case 3 

 

 

 

 
 

 

 

 

 

 

 

 
 

Figure 8 Deflection surfaces and contour for the plate of case 4 
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Figure 9 Deflection surfaces and contour for the plate of case 5 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

Figure 10 Deflection surfaces and contour for the plate of case 6 
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Figure 11 Deflection surfaces and contour for the plate of case 7 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 12 Deflection surfaces and contour for the plate of case 8 
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Figure 13 Comparative deflection curves for the plates of case 1 and case 2 

 

 

 
 

 

Figure 14 Comparative deflection curves for the plates of case 3 and case 4 
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Figure 15 Comparative deflection curves for the plates of case 5 and case 6 

 

 

 
 

 

Figure 16 Comparative deflection curves for the plates of case 7 and case 8 
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Figure 17 Comparative deflections along the middle line, w(x,25) of the plates 

 

 

 

 
 

 

Figure 18 Comparative deflections along the middle line, w(25,y) of the plates 
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Figure 19 Comparative deflections along the diagonal line, w(x,x) of the plates 

 
In the same manner with Figure 13, the comparative deflection curves for two 

cases of the plate having the same boundary support conditions but different in the 

direction of uniformly distributed strip load are prepared and given in Figures 14, 

15, 16 that correspond to the plate boundary conditions with C-S-C-S, S-F-S-F, and 

F-C-F-C, respectively. 

Figure 17 to Figure 19 intentionally present the comparative deflection curves 

along two middle lines at 25y  cm. and at 25x  cm. and along the diagonal line at 

y x  for all cases of the plate. Numerical values for the deflections that graphically 

demonstrated in Figure 13 to Figure 16 are prepared and given in tabular form of 

Table 1 to Table 8. 
 

 

Table 1 Deflection values for the plate of case 1 
x,y : cm. w(x,25) : mm. w(25,y) : mm. w(x,x) : mm. 

0 0.00000 0.00000 0.00000 
5 0.32332 0.36270 0.10238 

10 0.62599 0.67846 0.37626 
15 0.88087 0.91746 0.72272 
20 1.05370 1.06520 1.00640 
25 1.11510 1.11510 1.11510 
30 1.05370 1.06520 1.00640 
35 0.88087 0.91746 0.72272 
40 0.62599 0.67846 0.37626 
45 0.32332 0.36270 0.10238 
50 0.00000 0.00000 0.00000 
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Table 2 Deflection values for the plate of case 2 
x,y : cm. w(x,25) : mm. w(25,y) : mm. w(x,x) : mm. 

0 0.00000 0.00000 0.00000 
5 0.04410 0.05630 0.00483 

10 0.15029 0.17728 0.06180 
15 0.27100 0.29323 0.19639 
20 0.36454 0.37198 0.33914 
25 0.39954 0.39954 0.39954 
30 0.36454 0.37198 0.33914 
35 0.27100 0.29323 0.19639 
40 0.15029 0.17728 0.06180 
45 0.04410 0.05630 0.00483 
50 0.00000 0.00000 0.00000 

 

Table 3 Deflection values for the plate of case 3 
x,y : cm. w(x,25) : mm. w(25,y) : mm. w(x,x) : mm. 

0 0.00000 0.00000 0.00000 
5 0.06600 0.20162 0.02190 

10 0.22525 0.37213 0.13982 
15 0.40503 0.49595 0.33742 
20 0.54293 0.56981 0.52055 
25 0.59426 0.59426 0.59426 
30 0.54293 0.56981 0.52055 
35 0.40503 0.49595 0.33742 
40 0.22525 0.37213 0.13982 
45 0.06600 0.20162 0.02190 
50 0.00000 0.00000 0.00000 

 

Table 4 Deflection values for the plate of case 4 
x,y : cm. w(x,25) : mm. w(25,y) : mm. w(x,x) : mm. 

0 0.00000 0.00000 0.00000 
5 0.07170 0.14502 0.01740 

10 0.22987 0.28651 0.11716 
15 0.38724 0.41305 0.29549 
20 0.49709 0.50325 0.46637 
25 0.53609 0.53609 0.53609 
30 0.49709 0.50325 0.46637 
35 0.38724 0.41305 0.29549 
40 0.22987 0.28651 0.11716 
45 0.07170 0.14502 0.01740 
50 0.00000 0.00000 0.00000 

 

Table 5 Deflection values for the plate of case 5 
x,y : cm. w(x,25) : mm. w(25,y) : mm. w(x,x) : mm. 

0 0.00000 3.90690 0.00000 
5 1.04710 3.70860 1.12370 

10 2.00320 3.58500 2.07680 
15 2.77710 3.51120 2.81860 
20 3.28360 3.47210 3.29520 
25 3.46000 3.46000 3.46000 
30 3.28360 3.47210 3.29520 
35 2.77710 3.51120 2.81860 
40 2.00320 3.58500 2.07680 
45 1.04710 3.70860 1.12370 
50 0.00000 3.90690 0.00000 
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Table 6 Deflection values for the plate of case 6 
x,y : cm. w(x,25) : mm. w(25,y) : mm. w(x,x) : mm. 

0 0.00000 2.24300 0.00000 
5 0.78135 2.24950 0.69862 

10 1.47480 2.30230 1.36220 
15 2.01340 2.37830 1.93440 
20 2.35360 2.44400 2.32870 
25 2.46980 2.46980 2.46980 
30 2.35360 2.44400 2.32870 
35 2.01340 2.37830 1.93440 
40 1.47480 2.30230 1.36220 
45 0.78135 2.24950 0.69862 
50 0.00000 2.24300 0.00000 

 

Table 7 Deflection values for the plate of case 7 
x,y : cm. w(x,25) : mm. w(25,y) : mm. w(x,x) : mm. 

0 0.26615 0.00000 0.00000 
5 0.33374 0.07690 0.03660 

10 0.41552 0.24884 0.16396 
15 0.50060 0.42347 0.35369 
20 0.56666 0.54727 0.52379 
25 0.59159 0.59159 0.59159 
30 0.56666 0.54727 0.52379 
35 0.50060 0.42347 0.35369 
40 0.41552 0.24884 0.16396 
45 0.33374 0.07690 0.03660 
50 0.26615 0.00000 0.00000 

 

Table 8 Deflection values for the plate of case 8 
x,y : cm. w(x,25) : mm. w(25,y) : mm. w(x,x) : mm. 

0 0.86383 0.00000 0.00000 
5 0.81578 0.08260 0.08930 

10 0.79196 0.28587 0.29495 
15 0.77983 0.52113 0.52666 
20 0.77422 0.70403 0.70558 
25 0.77251 0.77251 0.77251 
30 0.77422 0.70403 0.70558 
35 0.77983 0.52113 0.52666 
40 0.79196 0.28587 0.29495 
45 0.81578 0.08260 0.08930 
50 0.86383 0.00000 0.00000 

 

 

4 Conclusions 
 

The present paper deals with a numerical investigation on symmetrical bending of 

uniformly strip loaded square plates with different boundary support conditions. The 

deflection responses of the plates can be numerically carried out using the ANSYS 

finite element software package. The obtained results are then both graphically 

demonstrated and numerically tabulated in the form of table for easy use by other 

researchers. 
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