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Abstract 

This paper aims to study on base plate located at base of tank, which is filled with milk. The plate contains a circular 
hole presently. Stress analysis for different hole geometry has been done. The results based on analytical solution are 
compared with the results obtained using finite element methods by utilizing ANSYS 14 software. The main 
objective of this study is to demonstrate the effect of various shaped cut-out in plate . In addition, effect of cut-out 
geometry (circular, square, rectangle, triangle or special cut-outs), material properties (isotropic and orthotropic), 
fibre angles, and cut-out curvature are considered to observe the behavior of plate. 
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I. Introduction 

Stress, defined as force per unit area, is a measure of 
the intensity of the total internal forces acting within 
a body across imaginary internal surfaces, as a 
reaction to external applied forces and body forces. 
Stress is a concept that is based on the concept of 
continuum. When a force is applied to an elastic 
body, the body deforms. Thin walled plates and 
panels of various constructions are widely used as 
primary structural elements in simple and complex 
configuration. Such plates may or may not contain 
various cut-outs, which greatly affects its strength.  

II. Literature review 

G. C. Mekalke, M. V. Kavade, and S. S. Deshpande 
described to analyze a plate with a circular hole 
subjected to a uniform stress and observe the 
Variation in the results obtained through various 
meshes. P. M. Mohite, and C. S. Upadhyay described 
the conventional and hierarchic models predicts the 
in-plane stresses quite accurately but transverse 
stresses are quite different both qualitatively an 
quantitatively. As hierarchic model is designed for 
symmetric laminate, it fails to predict the stresses in 
anti-symmetric laminates. The transverse stresses 
obtained by conventional and hierarchic models 
using Equilibrium equations are in good agreement 
with the exact one but differ quantitatively. Dajin Liu 
described it is necessary to provide enough anchor 
bolts to resist the tensile component resulting from 
the moment. When the axial load is combined with 
moment, base plates experience small, moderate, and 

large eccentricities which equal to the moment 
divided by the axial force.  

III. Stress analysis in base plate 

For base plate diameter is 2834 mm, hole diameter 
720 mm and thickness is 10mm. material for base 
plate is steel (IS 2062). 

Table:1 Material Properties for Steel (IS 2062) 

Materi
al 

Young 
modul

us 
(Mpa) 

Poiss
on’s 
ratio 

Tensile 
Yield 

Strength 
(Mpa) 

Tensile 
Ultimate 
Strength 

(Mpa) 
Steel 
(IS 

2062) 

210* 
103 

 

.30 250 550 

Table:2 Different Types  of Cutout 

Shape Area Parameter Dimension 

Circular గ
ସ
(Diameter)ଶ Radius 360 

Diameter 720 

Square (Length)ଶ Length 638 
Width 638 

Rectangular Length x 
Width 

Length 783 
Width 520 

Triangular 
ଵ
ଶ

 x Base x 
Height 

Side 980 

Hexagonal ଷ√ଷ
ଶ

 x Side2 Side 396 

Elliptical 
π x (Major 
axis) x 
(Minor axis) 

Major axis 508 

Minor axis 255 
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3.1 Meshing 

As shown in fig.1 it is meshing model of base plate 
using ANSYS 14 Workbench. 

               

          

                           

 

Figure 1 Meshing of the plate 

Table:3 List of Elements and Nodes in different 
cut-outs 

      Shape      Elements       Nodes 
Circular 153282 309937 
Hexagonal 154009 311641 
Elliptical 160701 324501 
Rectangle 151267 306058 
Square 152711 309409 
Triangular 150815 306566 

 

3.2 Boundary condition 

As shown in fig.2 Boundary condition for that load 
applying downward direction and side at it fixed. 
Load applying 3354 N in downward direction. 

 

 
 

                    Figure 2 Boundary condition 
 
 

3.3 Result 

For Different cut out stress and deformation are 
shown below. 

 3.3.1 For circular plate 

    

             

 

Figure 3 equivalent stress  and deformation in  
plate with circular hole 
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3.3.2 For elliptical hole  

 

               

 

Figure 4 equivalent stress  and deformation in  
plate with elliptical hole 

3.3.3 For hexagonal hole 

  

                       

 

Figure 5 equivalent stress  and deformation in  
plate with hexagonal hole 

3.3.4 For Rectangle hole 

                

  

 

Figure 6 equivalent stress  and deformation in  
plate with rectangle hole 
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3.3.5 For triangle hole            

   

 

 

Figure 7 equivalent stress  and deformation in  
plate with triangle hole 

3.3.6 For square hole 

 

               

 

Figure 8 equivalent stress  and deformation in  
plate with square hole 

        

 

Figure 9 comparison equivent stress and 
deformation  for all cut-out 

                  IV.  Stress analysis  analytically 
Equivalent stress and deformation for plate with    
circular hole are below. 

4.1 Equivalent stress 

σmax     = ଷ
଼
x ( 1+ v ) x ∆୮	୶	ୖ

మ

୲మ
 

                         =113.57 Mpa 
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4.2 Deformation 

δ = ଷ
ଵ଺

 x (1- vଶ) x ∆୮ୖ
ర

୉୲ర
 

    = 34 mm 

V. Conclusion 

After analysis of different cutout like circular, 
elliptical, square, rectangular, hexagonal out of these 
elliptical hole has less equivalent stress and 
deformation as compared to other cutouts. 

References 

1. Dajin Liu, “Circular Base Plates with Large 
Eccentric Loads”, 10.1061/~ASCE!1084-
0680~2004!9:3~142! 

2. K. Van Der Westhuizen, A.H. Basson And H.R. 
Schuster, “Sunsat Baseplate Design, Finite 
Element Analysis And Manufacturing”, 
Mcdonnell Douglas Aerospace - West, 
California, Usa, 1994. 

3. G. C. Mekalke, M. V. Kavade, S. S. 
Deshpande, “ Analysis Of  A Plate With A 
Circular Hole By Fem”,  iosr journal of 
mechanical and civil engineering (iosr-jmce) 
issn: 2278-1684, pp: 25-30 

4. P. M. Mohite And C. S. Upadhyay,“ A Study 
Of Various Modeling Approaches For Analysis 
Of Laminated Composite Plates”, vol. 51, 
(1984):745-752. 

5. E. Ufuah, Member, IAENG And T. H. Tashok, 
“Behaviour Of Stiffened Steel Plates Subjected 
To Accidental Loadings”, Engineering Letters, 
21:2, EL_21_2_07 

6. František Wald, Zdeněk Sokol,martin 
Steenhuis,jean-pierre Jaspart, “Component 
Method For Steel Column Bases”, Cost C1, Ed. 
K. Weynand, Brussels, 1999. 

7. P.K. Khan, “Effect Of Shear Lug On Anchor 
Bolt Tension In A Column Base Plate”, 
Challenges, Opportunities And Solutions In 
Structural Engineering And Construction – 
Ghafoori (Ed.) © 2010 Taylor & Francis Group, 
London, Isbn 978-0-415-56809-8 

8. E.V. González, P. Maimí, P.P. Camanho, A. 
Turon, J. Costa, “Effects Of Ply Clustering In 
Laminated Composite Plates Under Low-
velocity Impact Loading”, Mechanics Of 
Materials, Vol. 39, No. 10, Pp 897-908, 2007. 

9. D. S. Sophianopoulos , P. G. Asteris,  G. T. 
Michaltsos , “Equilibrium Based Evaluation Of 
Stress Distribution Under Steel Column Base 
Plates”, Electronic journal of structural 
engineering, 5 ( 2005). 

10. Saleh Yazdani, G. H. Rahimi, Mehdi 
Ghanbari,“Experimental And Numerical Stress 
Analysis Of FML Plates With Cutouts Under In-
plane Loading”, Issn 1392 - 1207. Mechanika. 
2013 Volume 19(2): 128-134 

11. Ali Karbakhsh Ravari, Ismail Bin Othman and 
Zainah Binti Ibrahim, “Finite Element Analysis 
Of Bolted Column Base Connection Without 
And With Stiffeners”, International Journal Of 
The Physical Sciences Vol. 6(1), Pp. 1-7, 4 
January, 2011. 

12. Kargarnovin M.H., Faghidian S. A And 
Arghavani J., “Limit Analysis Of Fgm Circular 
Plates Subjected To Arbitrary Rotational 
Symmetric Loads”, world academy of science, 
engineering and technology 12 2007 

13. Iancu-bogdan Teodoru,and Ionut¸ -Ovidiu Toma, 
“Numerical Analyses Of Plate Loading Test”, 
Universitatea Tehnic˘a ,Gheorghe Asachi Din 
Ias¸I Tomul Lv (Lix), Fasc. 1, 2009. 

14. Claudiu Iavornic, Gilbert-rainer Gillich, Vasile 
Iancu, Zeno-iosif Praisach, Ovidiu Vasile, 
“Stress And Deformation Analysis In Base 
Isolation Elements Using The Finite Element 
Method”, “Eftimie Murgu” Resiła Anul Xviii, 
Nr. 1, 2011, Issn 1453 – 7397. 

 

 

 


