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Abstract: - In this paper an analysis regarding the vibration of thin rectangular plates, embedded on all 
edges, is presented. The first thirty natural frequencies were obtained for the plate without damage and, 
afterwards, for the same plate with four different types of damage (rectangular holes). The damage was 
placed in the plate center in all analyzed cases, the hole’s planar surface being increased successively. 
Numerical simulation results, i.e. frequencies and mode shapes, are presented in tabular and graphic form. 
These results highlight the way how natural frequencies of rectangular plates change due to a central hole.  
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1. INTRODUCTION 
 
 Rectangular plates often constitute the strength 
elements in civil or industrial structures. Their shape 
and support type is imposed by the different 
operational conditions. The scientific research 
results regarding the rectangular plates, as well as 
the practical importance related to the knowledge of 
their way to behave in different loading and support 
conditions within some structures (buildings 
machines, equipment) are emphasized in numerous 
treaties, books, scientific papers published 
throughout the decades. Important results were 
obtained in the early years by Chladni, Konig, 
Tanaka, Rayleigh, Ritz, and later by Timoshenko [1] 
and Leissa [2]. Each of the above mentioned authors 
contributed significantly to the development of 
theory and introduced methods in order to solve the 
plate problem by establishing rigorous solutions of 
their differential equations of equilibrium. 
     The design and manufacturing of engineering 
goods as machines, constructions, and different 
other high-performance appliances, which should act 
in safety conditions, require complex theoretical 
studies and experiments. Those should clarify the 
problem of structural behavior under static loads as 

well as the dynamics of the structure under free and 
forced vibrations. From here arises the importance 
of studies concerning the vibration of different 
elastic deformable systems [3]. 
     The dynamic response of an elastic body can be 
reduced to a set of relevant mode shapes, each mode 
shape being associated with a natural frequency. 
These are the main modal parameters which define 
the structure’s dynamic properties and provide a 
complete dynamic description about the structure.  
 Our previous researches focused on the modal 
analysis of plates with various shapes, both in the 
healthy state [4]-[5] and in the presence of cracks 
[6]-[8]. We succeed to define the damage signature 
as a reliable pattern for damage detection methods. 
In this paper we extend the research on rectangular 
plates with large disruptions in form of central 
rectangular holes. 
 
2. MATERIALS AND METHODS 
 
     Herein a comprehensive analysis on thin 
rectangular plates, embedded on all edges as shown 
in fig.1, is presented. It is made by using the ANSYS 
simulation software, specifically the frequency 
analysis module [9]. 
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 The steel plate dimensions are 1x0.5x0.002 m, 
and the physical-mechanical characteristics, in 
accordance to the ANSYS software library are 
presented in Table 1.  
 
Table 1. The mechanical properties for AISI 1045 steel 

Yield 
strength 

Tensile 
strength 

Elastic 
modulus 

 Mass 
density 

[N/mm2] [N/mm2] [N/mm2] [kg/m3] 

530 625 205 7,850 

 
 The rectangular plate with imposed constrains is 
presented in figure 1. In this work we determined the 
natural frequency for the first thirty free vibration 
modes and make an analysis to classify these 
vibration modes. 
 

 
 

 
Figure 1. The undamaged rectangular plate and imposed 
constrains (a) and the 3D model for rectangular plate with 

a central hole (b) 
 

 Figure 2 presents a 3D model for rectangular 
plate with rectangular defect which is zoomed in 
figure 3 to highlight the mesh details for rectangular 
plate with rectangular defect. 
 

 
Figure 2. The mesh details for plate with rectangular hole 

 

3. VIBRATION OF THE HEALTHY PLATE  
 

The rectangular plates were fixed by clamping 
the contour edges and the mesh was made by the 
Standard Mechanical brick elements, with 20 
characteristic (Jacobian) points, the maximum size 
of one side being 1 mm. The mesh for all analyzed 
plates in ANSYS software, was made using the same 
type of solid mesh, where the resulting for total 
number of nodes and elements specific to each type 
of plate are approximately equal. Figure 3 shows the 
1-1 (a), 1-2 (b), 2-1 (c) and 2-2 (d) vibration modes 
for the plate without damage. 

 

 

  

 
 

Figure 3. The first four mode of vibration for the 
undamaged plate 

a) 

b) 

a) 

b) 

c) 

d) 
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4. VIBRATION OF THE PLATE IN 
PRESENCE OF A CENTAL HOLE  
 
 In the simulation, plates without and with 
different dimensional (10×20 up to 250×500 mm) 
rectangular damages have been assumed. The 
dimensions of damages were iteratively increased by 
10 mm. Images of the figures 4 to 6 present the 
similar vibration modes, which were achieved by 
FEA, for the plate with 50×100 mm, 100×200 mm 
and 150×300 mm damage, respectively. 
 

 

 

 

 
 

Figure 4. The first four mode of vibration for the plate 
with a 50×100 mm hole 

 

 

 

 
 

Figure 5. The first four mode of vibration for the plate 
with 100×200 mm hole  

 
 Thus, the natural frequency variations are 
presented for different lengths of damage, 
corresponding to the following vibration modes m-n: 

a) vibration mode 1-1; b) vibration mode 1-2;   
c) vibration mode 2-1;  d) vibration mode 2-2. 

 In table 2 the first twenty natural frequency 
values of vibration modes determined by FEA, 
corresponding to three damage scenarios, are given. 
The frequencies have been grouped in the m-n 
vibration modes, and they were assessed for a large 
number of damage dimensions.  

a) 

b) 

c) 

d) 

a) 

b) 

c) 

d) 
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Figure 6. The first four mode of vibration for plate with 

150×300 mm defect  
 

  The graphical representations from figures 8 to 11 
are accomplished by using all derived values by 
simulation, i.e. 25 points for each mode type. The 
curves indicate the natural frequency variation as a 
function of damage area for the considered vibration 
modes. The red points in these figures mean the 
lowest natural frequency value, representing in the 
same time an inflexion point. Their meaning is that 
in these points the effect of mass loss and stiffness 
decrease manifest accumulation. In the left-side of 
the point, the mass loss decreasing is preponderant, 
while in the right-side the stiffness diminishing is 
more significant. 

Table 2. Values for calculated frequency 

Mode 

Calculated frequency values for the four 
rectangular plates  

Without 
defect 

With  
defect  

50x100 
[mm] 

With 
defect  

100x200 
[mm] 

With 
defect  

150x300 
[mm] 

1-1 47.806 47.181 48.355 53.301 
1-2 61.902 61.821 61.244 61.293 
1-3 87.070 86.466 89.044 94.946 
1-4 123.159 122.467 105.267 90.862 
1-5 169.665 169.324 170.135 160.933 

1-6 226.237 224.048 223.980 223.634 
1-7 292.691 292.980 286.479 286.752 
1-8 368.886 364.824 368.436 373.375 
2-1 124.438 122.558 119.946 124.966 
2-2 138.227 137.382 134.189 127.918 
2-3 161.934 159.960 151.490 148.299 

2-4 195.988 194.100 188.592 182.863 
2-5 240.480 237.752 243.834 253.124 
2-6 295.299 293.079 300.268 311.919 
2-7 360.288 354.118 355.651 365.155 
3-1 239.652 236.098 227.369 224.040 
3-2 253.453 253.210 252.016 258.230 

3-3 276.801 275.338 277.564 279.264 
3-4 310.044 309.182 308.493 320.664 
3-5 353.375 353.851 326.509 345.686 

  
 It is obvious that a hole shape closer to the red 
area in one of the pictures in the figures 4 to 6 lead 
to a lower frequency. In this case the change due to 
stiffness reduction is relevant. 
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Figure 7. Frequency vs. damage length for the mode 1-1 
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Figure 8. Frequency vs. damage length for the mode 1-2 

a) 

b) 

c) 

d) 
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Figure 9. Frequency vs. damage length for the mode 2-1 
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Figure 10. Frequency vs. damage length for the mode 2-2 

 
     Having again a look to the figures 7 to 10, one 
can observe that the inflection point occurs by 
different values of the damage edges. After these 
values, where the minimum frequency is attained, 
the frequency increases due to the more relevant 
influence of the mass loss. Also one can presume 
that the relative frequency change is controlled by 
the damage location. The way how frequencies are 
altered by damage can be used to describe damage 
signatures as patterns usable in the damage 
assessment process. 
 
5. CONCLUSIONS 
 

In this paper the authors have focused to 
highlighting the effect of defects on the dynamic 
behavior of steel rectangular plates with defects. A 
finite element study on rectangular plates in absence 
and presence of rectangular damage, in form of 
holes, placed in center of plate is also presented.  

In this study a large number of vibration modes 
and damage scenarios were considered for finite 
element analysis. With a summary analysis we 
concluded that defects produce natural frequency 

changes. These changes are dependent on the defect 
dimension and constitute a reliable indicator which 
signalize the appearance of damage and provide 
information about the severity of the damage.  

In the further work we will focus on finding 
mathematical relations to describe the dynamic 
parameter changes in respect to a given geometric 
discontinuity, characterized by shape dimensions 
and dimension. 
 
ACKNOWLEDGMENTS 
 
 The work has been funded by the Sectoral 
Operational Programme Human Resources 
Development 2007-2013 of the Ministry of 
European Funds through the Financial Agreement 
POSDRU/159/1.5/S/132395 
 
REFERENCES 
 
[1] S. Thimoshenko, S. Woinowski-Krieger, Theory of plates 

and shells, McGraw-Hill Book Company, New York (1959). 
[2] A.W. Leissa, Vibration of plates, NASA SP-160 Report, 

Ohio State University Columbus, Ohio (1969).  
[3] P.P. Bratu, Vibratiile sistemelor elastice, Ed. Tehnica, 

Bucuresti (2000). 
[4] M. Tufoi, G.-R. Gillich, C. Hatiegan, N. Gillich, P. Lorenz, 

Some aspects regarding the transition from beam to plate 
behavior of vibrating structures, Romanian Journal of 
Acoustics and Vibration, 10 (1), 62-68, (2013). 

[5] M. Tufoi; G.-R. Gillich; Z.-I. Praisach; J.L. Ntakpe; C. 
Hatiegan; An Analysis of the Dynamic Behavior of Circular 
Plates from a Damage Detection Perspective; Romanian 
Journal of Acoustics and Vibration, 11 (1), 41-46, (2014). 

[6] G.-R. Gillich; Z.-I. Praisach, D. Onchis-Moaca, N. Gillich, 
How to Correlate Vibration Measurements with FEM 
Results to Locate Defects in Beams, Proceedings of the 4th 
WSEAS International Conference on Finite Differences - 
Finite Elements - Finite Volumes - Boundary Elements, 
Paris, 76-81, (2011). 

[7] G.-R. Gillich, E.D. Birdeanu, N. Gillich, D. Amariei, V. 
Iancu, C.S. Jurcau, Detection of damages in simple 
elements, DAAAM, 623-624, (2009) 

[8] G.R. Gillich, Z.I. Praisach, Detection and Quantitative 
Assessment of Damages in Beam Structures Using 
Frequency and Stiffness Changes, Key Engineering 
Materials, 569-570, 1013-1020, (2013), 
DOI:10.4028/www.scientific.net/KEM.569-570.1013. 

[9] M. Tufoi, C. Haţiegan, O Vasile,G.-R. Gillich, Dynamic 
Analysis of Thin Plates with Defects by Experimental and 
FEM Methods, Romanian Journal of Acoustics and 
Vibration, 10 (2), 83-88, (2013). 

 


