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Abstract- The study predicted in this paper contains the 

numerical investigations on Perforated Plate (PP) as well as 

numerical and experimental investigations on Perforated 

Plate with Lining (PPL) which has a variety of applications in 

air and water engineering especially related to defense 

applications. Finite element method has been adopted as the 

tool for analysis of PP and PPL. The commercial software 

ANSYS has been used for static and free vibration response 

evaluation, whereas ANSYS LS-DYNA has been used for shock 

analysis. SHELL63, SHELL93, SOLID45, SOLSH190, 

BEAM188 and FLUID30 finite elements available in the 

ANSYS library as well as SHELL193 and SOLID194 available 

in the ANSYS LS-DYNA library have been made use of Unit 

cell of thePP and PPL which is a miniature of the original 

plate with 16 perforations have been used. Based upon the 

convergence characteristics, the utility of SHELL63 element 

for the analysis of PP and PPL, and the required mesh density 

are brought out. The effect of perforation, geometry and 

orientation of perforation, boundary conditions and lining 

plate are investigated for various configurations. Stress 

concentration and deflection factor are also studied. Based on 

these investigations, stadium geometry perforation with 

horizontal orientation is recommended for further analysis. 
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I. INTRODUCTION 

 

Plates are important structural elements in 

engineering applications such as pressure vessels, missiles, 

liquid containers, ship structures, and nuclear power 

equipments. The perforated plates are used in certain products 

because they are reducing weight and improve certain material 

properties. The perforated plates are used in the heat 

exchangers where these are called as tube sheets. The boiler is 

a well-known example for industrial application of the 

perforated plates. Their versatility includes screening, 

filtering, apportioning, ventilating, deflocculating, regulating, 

protecting, rasping, ordering and forming. The structural 

models are found in mechanical, civil, marine and aerospace 

structures. The structural cutouts are also used to provide 

ventilation and to alter the resonant frequency of the 

structures. In addition to that the designers often need to 

integrate cutouts or openings in a structure to serve as doors 

and windows. 

 

The holes in plate are arranged in various regular 

perforation patterns. Industrial applications include both 

square and triangular array perforation patterns. Behavior of 

the perforated component is drastically different from those of 

non-perforated component. Since the dynamic performance is 

always of interest, perforated rectangular plates having 

rectangular/triangular pattern with the 

circular/rectangular/square perforations are chosen and 

analytical, experimental models are formulated to find the 

fundamental frequency. The perforated plate analysis using 

finite element analysis technique by applying uni axial 

compressive loading using various patterns of the perforated 

sheets design is found out. The investigation is done with the 

help of Finite element analysis (FEA) and consequences. We 

found are nearer to investigational stress analysis. So, I 

adopted ANSYS software for analysis process. Then by using 

Finite element analysis(FEA) procedures diverse patterns are 

analyzed. Later this using Newton forward outburst technique 

estimate of results is completed for dissimilar patterns of holes 

on perforated. The hole pattern and in what way ought to be its 

direction under uniaxial firmness is tested. This paper also 

suggests which alignment should be used for minimum stress 

absorption at different hole patterns. 

 

The paper transactions with stress analysis of plates 

perforated with holes organized in oblong plate with square 

pitch whole pattern. For this, in-plane masses are measured. 

Photo elasticity models stayed casted using photo elastic 

materials for rectangular plate with square pattern of holes. 

The analysis of perforated plates is done by using the Polaris 

cope in experimental method. The results found by 

experimental are likened with the Finite Element Method. 

From the experimental analysis for plate by means of circular, 

square and triangular cut out without bluntness, the stress 

absorption for circular cut out is less than the fair and 

triangular cut out and the stress concentration for square cut 

out is less than the triangular cut out. The stress concentration 

for triangular model is highest. By associating the results it is 

initiate that, the stress concentration by experimentation and 
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by FEM are in close agreement . The analysis of perforated 

plate has immediate application to tube sheet design. 

 

However successful stress analysis required 

knowledge about elastic properties. Considerable effort has 

been directed towards their determination. However ASME 

has accepted the codes for the tube seats with triangular pitch 

pattern, but the codes standard for square pitch patterns have 

not been accepted so far. This is the motivation behind solving 

the present problem. Various design methods has been 

proposed by number of researchers for analyzing stress and 

deflection in multi perforated plates, properly known as tube 

sheets. The purpose for this dissertation work is to show the 

different techniques derived by various researchers in the 

analysis of perforated plates. 

 

II. LITERATURE SURVEY 

 

The presence of hole could reduce the ultimate 

strength and yield strength in a perforated plate.  That’s why  

the  knowledge  of  stress  concentration  is  very  important  

to designers in solving many practical problems. A lot of work 

has been done in this field. 

 

The problem or determination of stress concentration 

around a circular cut out in an infinite plate under tension was 

studied by kirsch (1). He found that the stress concentration is 

maximum at a point on the hole boundary where the tangent to 

the hole boundary is parallel to the applied stress whereas at a 

point on the hole boundary, where tangent is perpendicular to 

the applied stress the stress concentration is minimum. The 

problem to determine the stress concentration in a semi-

infinite plate with a circular hole under simple tension was 

investigated byJeffary(2). Whereas Howland (3) determine the 

stress concentration around a circular hole in a plate of finite 

width under dimple tension. When an increasing tensile load is 

applied to the ends of the plate the hole is positioned 

symmetrically in the plate width. Sokalov (4) determined the 

plastic zone around the circular hole in the case of biaxial 

tension.Feverbery (5) devised a technique to determine the 

plastic zone around a circular hole in the case of uniaxial 

tensile forces in a plate of finite dimensions. Thxsris and 

Merketas (6)experimentally determined the elastic plastic 

stress and strain distribution occurring in a thin strip of a 

strain-hardening alloy with a central hole under uniaxial 

tension. Stresses were evaluated by introducing the 

assumption of plane stress in a material conforming to the 

misses yield criteria and the incremental flow stress strain 

relation. Maroal (7)used elastic finite element methods to 

determine the size of the plastic zones developing around the 

notches. Griffith (8) also estimated the elastic plastic 

deformation in edge notched tensile specimen under plane 

stress condition by the finite element method.Ibrahim and Mc 

challian (9) investigated on elastic plastic deformation around 

a circular hole in a plate under cyclic loading. Cookerhers and 

Baton (10)have derived a method to estimate the size of the 

plastic zone developing around the central hole in a finite 

width plate subjected to plane stress condition and to be made 

from elastic, linearly strain hardening material.  

 

III. DESCRIPTION OF FINITE ELEMENTS 

 

A brief description of the finite element in the library 

of ANSYS used in the present analysis has been given 

subsequently. 

 

SHELL63 element 

 

SHELL63 has both bending and membrane 

capabilities. Both in-plane and normal loads are allowable. 

The element has six degrees of freedom at each node: 

transformations in the x, y, and z paths and rotations about the 

x, y, and z-axes. Stress stiffening and large bend capabilities 

are convoluted. The geometry, node positions and the 

synchronize system are shown in Figure.1. The element, by 

this thickness input at the 4 nodes. If the element has a 

constant thickness, only the thickness at one node resolves is 

input. Pressures would be input as the element faces on 

surface loads. Positive pressures act into the element. Nodal 

displacements and pressures, in-plane element forces, stresses 

and strain are the output of SHELL63. 

 

SHELL93 element 

 

SHELL93 is the element well suited to model curved 

shells. The geometry, node locations and the coordinate 

system are shown in Figure.2. The element has six degrees of 

freedom at each node. The deformation shapes are quadratic in 

both the in-plane directions. The element may have variable 

thickness capabilities. 

       

 
Figure. 1:Geometry & kinematics of SHELL63 
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Figure.2:Geometry & kinematics ofiSHELL93 

 

SOLID45 element 

 

This element is used for the 3D modeling of solid 

structures. The element is defined by eight nodes having three 

degrees of freedom at each node viz., translations in the nodal 

x, y, and z directions. The element has plasticity, creep, 

swelling, stress stiffening, large deflection, and large strain 

capabilities. Reduced integration option with hourglass control 

is available.  

 

SOLSH190 element 

 

SOLSH190 is a solid element with added equations 

built-in to agree it to do a better job at computing bending in a 

thin section consuming unbiased one element concluded the 

thickness than a consistent solid element such as SOLID185. 

 

SOLSH190 is used for simulating shell structures 

with a wide range of thickness (from thin to moderately thick). 

The element possesses the continuum solid element features 

eight- node connectivity with three degrees of freedom at each 

node: translations in the nodal x, y, and z directions. Thus, 

connecting SOLSH190 with other continuum elements 

requires no extra efforts .You can't use SOLSH190 for general 

determination meshing since the bending equations are created 

with situation to the thin Z-axis of the element. That means 

while meshing, you have to control the Z- axis of each 

element. That entails extra effort with universal purpose 

meshing.  

 

Table 1: Element features 

 
 

 

IV. RESULTS & DISCUSSIONS 

 

The deflection, von Mises stress and maximum 

principal stress are arrived for various configurations of unit 

cell shown in Table 2. The deflection obtained for NPP using 

finite element analysis for SOLID45 and SOLSH190 are 

found to be same for the respective mesh density. 

 

Table 2: Details of finite element model and static structural 

responses of various configurations of unit cell of perforated 

plate with lining for pressure of 1Pa. 

 
 

Effect of perforation orientation 

 

The variation in structural responses due to addition 

of 1mm lining plate is compiled and presented in Table 3. The 

response obtained from the analysis of PPL has been  

modified with COA and shown in this table so as to facilitate 

the comparison of this response with that of PP. It is observed 

that for BC3, the deflection is reduced by 35 to 50% and for 

BC4, deflection is reduced by 85%. For BC3, VMS is reduced 

by 15 to 27% and for BC4; the stress is reduced by 60%. For 

BC3, MPS is reduced by 10 to 34% and for BC4, it is reduced 

by 65%.. 
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Table 3: Effect of lining plate on static structural responses for 

various configurations of unit cell in terms of percentage 

 
 

Effect of perforation orientation 

 

The effect of orientation of perforation has been 

studied independently for slotted and elliptical geometries and 

the details are compiled and presented in Table 4. In case of 

slotted perforation, it is observed that deflection for BC3 is 

reduced by 55 to 65% in SHP compared to that of SVP. In 

BC4, the deflection for SHP is reduced by 26 to 33%. For 

SHP for BC3, the VMS is reduced by 70% for SHELL63 

whereas for other elements the stress is reduced by about 85%. 

For BC4, the VMS in SHP are reduced by about 58 to 76%. 

Similar changes are seen for MPS also with slight reduction in 

percentage variation compared to VMS. 

 

It is observed that deflection for EHP is reduced by 

84 to 113% for 4 different elements for BC3 whereas for BC4, 

EHP exhibits reduced deflection by 30 to 43% only to that of 

in BC4. The variation in deflection is plotted against the 

number of elements and shown in Fig. 3.  

 

It can be observed that PP and PPL with HP has 

shown less deflection and stresses compared to VP. So plates 

with HP are recommended, unless otherwise required by 

specific reasons. 

 
Fig.3: Effect of perforation from horizontal  to  vertical  

orientation of unit cell  for various elements on deflection 

represented in terms of percentage. 

Table 4: Effect of orientation of perforation on static structural 

responses for various configurations of unit cell in terms of 

percentage. 

 
 

Effect of release of rotation restraint at the boundary 

nodes 

 

It is observed that deflection for BC3 is reduced 300 

to 500% when compared with BC4. The reduction in stresses 

for BC3 has been found to be 110 to 160% with that for BC4. 

These percentage variations are arrived from the Tables 4.2 to 

4.5 and presented in Table 5 for the entire configuration. 

 

Table 5: Effect of BC3 and BC4 boundary conditions on static 

structural responses for various configurations of unit cell in 

terms of percentage. 

 
 

Effect of perforation geometry 

 

It has been found that the former exhibited higher 

deflection by 0.5 to 7% than the latter for BC3, and reduced 

by 3 to 4% for BC4 and has been shown inFig.4. 

 

From Table 6, it is observed that the von Mises stress 

for BC3 is reduced by 11% for SHELL63 in SHP compared to 

that in EHP.  But the von Mises stresses are higher by 3   to 

7% for 8 noded elements model of SHP compared to that of 

EHP. In BC4, von Mises stress is reduced by13% for 

SHELL63 of SHP and reduced by 2% for SHELL93 in SHP. 
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Figure No. 4. Effect of Geometry from slotted to elliptical 

perforation of unit cell for various elements and terms of 

percentage 

 

From Table 6, it is observed that the von Mises stress 

for BC3 is reduced by 1.5% for SHELL63 model of SVP 

compared to that of EVP whereas for SOLSH190, there is a 

marginal decrease (0.08%) of stress in SVP. But the stresses 

are higher by 5 to 6% for SHELL93 and SOLID45 elements in 

SVP compared to that of corresponding elements in EVP.  In 

BC4, von Mises stress is marginally higher (0.74%) in 

SHELL63  model of  SVP and higher by 4% for SHELL93 

model of SVP. 

 

Table 6: Effect of slotted and elliptical geometry of 

perforation on static structural responses for various 

configurations of unit cell in terms of percentage. 

 
 

Effect of nodal rotational degrees of freedom of the 

elements 

 

It is observed from Table 7 that the deflection is 

reduced by 12%, von Mises stress and maximum principal 

stress are reduced by 13 to 29% for SHP for BC3 with 

SHELL63 element compared to SOLID45 and SOLSH190 

elements. In case of 8 noded SHELL93element, the above 

responses are marginally higher than those in SOLID45 and 

SOLSH190 elements by 2%. 

 

The percentage variation of deflection with respect to 

element type is shown in Fig. 5. In case of SVP and EVP, the 

deflection for SHELL63 is reduced by 20% compared to 

SOLID45 and SOLSH190 and for EHP the deflection is 

reduced by 5 to 10%. For SHELL93, the deflection for SVP, 

EHP and EVP is marginally higher by 2 to 7% compared to 

that of SOLID45 and SOLSH190. 

 

Table 7:  Effect of nodal rotational degrees of freedom of 

SHELL63 and SHELL93   for various configurations of unit 

cell on static structural responses  in  terms of percentage 

 
 

 
Fig.5: Effect of   nodal DOF   of SHELL & SOLID45 

elements of unit cell on deflection represented in terms of 

percentage. 

 

Evaluation of Stress concentration and Deflection factor 

 

Stress concentration factor and deflection factor 

predicted using SHELL63 for slotted and elliptical geometry 

are compiled and presented in Table 8. This table can be used 
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as a design support for ligament width of 6 mm since it is 

based upon under air and water sonar application in India and 

Russia. 

 

Table 8: SCF and DF of unit cell for various configurations 

using SHELL63 element. 

 
 

Considering SCF and DF, it is to observe that for 

SHELL63 for BC3, EHP shows reduced stress concentration 

factor and SHP shows reduced deflection factor around its 

periphery of the perforation. This is due to the presence of 

geometric discontinuities existing at the locations of 

perforations in PPL. 

 

V. CONCLUSION 

 

Finite element results for NPP have been compared 

with the exact solution inspection and it is found that principal 

stress predicted by SHELL63 elements is lower by 1.27%. For 

the SHELL93, the reduction in stress is predicted by 1.2% 

compared to the exact solution. However the reduction in 

stress for the SOLID45 and SOLSH190 is found to be 1.32% 

compared with the exact solution.  There is only marginal 

difference in stress between SHELL63 and SHELL93. This 

implies that SHELL93, which is an eight noded element will 

lead to a finite element model of the plate with more number 

of nodes than SHELL63 which is a four noded element and 

the analysis if performed with SHELL63 will give somewhat 

the same quality results as SHELL93 at a reduced 

computational effort. Considering these facts, the number of 

nodes and elements and computational effort, SHELL63 is 

recommended for the analysis. 

 

The static responses viz., deflection, VMS and MPS 

for SHP and EHP are lower than that of SVP and EVP, for 

both the boundary conditions and for all the four elements 

used in the modeling. Hence horizontal perforation orientation 

is recommended for application. The horizontal orientation 

should be along the smaller dimension of the plate as analyzed 

in this investigation. 

 

Deflection, VMS and MPS of SHP and EHP for BC3 

are lower than the corresponding values of BC4. This state is 

as expected since BC3 has all the rotations restrained along 

with translations. The 5 to 10% variation in the deflection and 

stresses is likely to surface out, when the actual fixed edge 

cannot provide the full fixity expected from that as in the case 

of a defective weld. 

 

Horizontal perforation and BC3 boundary condition 

are the recommended feature of the PP. SHP gives 5% higher 

deflection than EHP, whereas the VMS and MPS predicted in 

SHP is lower than that in EHP. Based on the studies on unit 

cell of two configurations, two perforations and four types of 

elements, it is recommended to use SHP for the under air and 

water applications and SHELL63 element for further 

numerical investigations 
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