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ARTICLE INFORMATION ABSTRACT

Original Research Paper This paper aims at optimizing the parameters involved in stress analysis of finite isotropic plates, in
Received 28 August 2016 order to achieve the least amount of stress around a quadrilateral cutout located in a finite isotropic plate
Accepted 24 November 2016 under in- plane loading using a novel Swarm Intelligence optimization technique called Ant lion

Available Online 04 January 2017 optimizer. In analysis of finite isotropic plate, the effective parameters on stress distribution around

quadrilateral cutouts are cutout bluntness, cutout orientation, plate’s aspect ratio, cutout size and type of

Keywords:

Finite metallic plates loading. In this study, with the assumption of plane stress conditions, analytical solution of
Quadrilateral cutout Muskhelishvili’s complex variable method and conformal mapping are utilized. The plate is considered
Analytical solution to be finite (proportion of cutout side to the longest plate side should be more than 0.2), isotropic and
Complex variable method linearly elastic. To calculate the stress function of a finite plate with a quadrilateral cutout, the stress

Ant lion optimizer functions in finite plate are determined by superposition of the stress function in infinite plate

containing a quadrilateral cutout with stress function in finite plate without any cutout. Using least
square boundary collocation method and applying appropriate boundary conditions, unknown
coefficients of stress function are obtained. Moreover, the finite element method has been used to check
the accuracy of results. The obtained results show that the mentioned parameters have a significant
effect on stress distribution around a quadrilateral cutout and that the structure’s load- bearing capacity
can be increased by proper selection of these parameters.
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Fig. 1 Finite plate with cutout subject to in- plane loading.
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Fig. 12 Variations of the cost function in finite plate under uni- axial
loading for different values of b/a
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Fig. 13 Variations of the cost function in finite plate under bi- axial
loading for different values of b/a
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Table 2 Optimal results for different values of L/a (b/a = 1)
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Fig. 17 Variations of the cost function in finite plate under bi- axial
loading for different values of L/a

Cow @l glal/a o Sgame gamio 4o dl i il Ol s W, 17 JSCb

Srs7egd (525

1 opleus 17 )93 1396 RIS (3o Swille wiiie

.J.I.ék_,’.o dL:Jl 6y s L (§)97egd 6)1(6)@ prevs

& 5 45 -9
a4z 90y (§jldingy o peSdl Sl ealiad b L (sl gl i cpl o
5055 Blblam g 55 f3e Gai ol e 4 (ALO)

8¢
[ L/a=0.01
s b La=01 7
f— — \ - L/a=0.2 —_—
45..--.\\' - — = L/a=03 -(—.-
[ - - - = L/a=04 I/_/,___
w2
O
O .
40 \& 0, 140 160 180
[ R g
2 F \ / ° 6(degree)
i \ Nl /
4| o
[ \./
6 L

Fig. 16 Variations of the cost function in finite plate under uni- axial
loading for different values of L/a

Cos @l glal/a o Sgame gamio 4o dl i Al Ol Wy, 16 K&

Sy ST (o285 )k

20


https://dorl.net/dor/20.1001.1.10275940.1396.17.1.22.2
https://mme.modares.ac.ir/article-15-3358-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-26 ]

[ DOR: 20.1001.1.10275940.1396.17.1.22.2 ]

A3 )90 s @398l Sl 0 SLaiawl s Slaziuo Y93 BIIIT )l a5 SakS Il 5 394 S9ls 3930 G il S wdine

sz sl ;0 W o Sles & lsioe (ALO) az 50 s o2 )5Sl oo
otz caz w08l nl o (B 5 25en 53 conlin S s o2
(Sae S5 Slaghg, DM gy cnl o 08 o)lal (o ang alaks
Sl S el g 05l e Ay ase sk Slsx lad
Ol eonlpl Sl dalys 92y (o i abill Sy 50 b S
i (lde (giludigy ;0 dzjge b pl Sl &S L8 Az

el il L6 g clie

&&lyw-10

[1] N. I. Muskhelishvili, Some basic problems of the mathematical theory of
elasticity, Second edition, , pp. 78-131, Netherlands: Noordhooff, 1962.

[2] S. G. Lekhnitskii, Anisotropic plates, Second edition, pp. 53-108, New
York: Gordon and Breach Science, 1968.

[3] G. N. Savin, Stress concentration around holes, pp. 68-158, New York:
Pergamon Press, 1961.

[4] K. Rajaiah, N. K. Naik, Optimum quasi- rectangular holes in infinite
orthotropic plates under in- plane loadings, Journal of Applied Mechanics,
Vol. 50, No. 4a, pp. 891- 892, 1983.

[5] J. Rezaeepazhand, M. Jafari, Stress concentration in metallic plates with
special shaped cutout, International Journal of Mechanical Sciences, Vol. 52,
pp. 96- 102, 2010.

[6] G.H. Lei, CW.W.Ng, D.B. Rigby, Stress and displacement around an elastic
artificial rectangular hole, Journal of Engineering Mechanics, Vol. 127, No.
9, pp. 880- 890, 2001

[7]1 F. Darwish, M. Gharaibeh, G. Tashtoush, A modified equation for the stress
concentration factor in countersunk holes, Journal of Mechanics A/Solids,
Vol. 36, No. 1, pp. 94- 103, 2012.

[8] V.P Golub, E.A. Panteleev, Subcritical growth of high- cycle fatigue cracks
in finite thin isotrropic plates, International Applied Mechanics, Vol. 36, No.
7, pp. 938-47, 2000.

[9] M. Jafari, I. Ghandi Varnosefaderani, Semi- analytical solution of stress
concentration factor in the isotropic plates containing two quasi- rectangular
cutouts, Modares Mechanical Engineering Vol. 15, No. 8, pp. 341- 350,
2015. (in Persian .. l$)

[10] D. K. N. Rao, M. R. Babu, K. R. N. Reddy, D. Sunil, Stress around
Tetrahedral and rectangular cutouts in symmetric laminates, Composite
Structures, Vol. 92, No. 12, pp. 2845- 2859, 2010.

[11] N. K. Jain, N.D. Mittal, Finite element analysis for stress concentration and
deflection in isotropic, orthotropic and laminated composite plates with
central circular hole under transverse static loading, Materials Science and
Engineering, Vol. 498, No.1, pp. 115-24, 2008.

[12] M. Jafari, H. S. Ashoori Savadkoohi, Study of the force and moment
resultants around quadrilateral hole in unsymmetric laminates, Modares
Mechanical Engineering, Vol. 15, No. 5, pp. 193- 204, 2015. (in
Persian .. 15)

[13] D. S.Sharma, Stress distribution around polygonal holes, International
Journal of Mechanical Sciences, Vol. 65, No.1, pp. 115-124, 2012.

[14] I.M. Ogonowski, Analytical study of finite geometry plate with stress
concentration, AFAA/ASME/AHS21sSDMConference, pp. 694-98, 1980.

[15] C. Linc, C. Koc, Stress and strength analysis of finite composite laminates
with elliptical holes, Journal of Composite Materials, Vol. 22, No.1, pp.
373-85, 1988.

[16] CW. Woo, L.W.S.Chan, Boundary collocation method for analyzing
perforated plate problems, Engineering Fracture Mechanics, Vol. 43, No.1,
pp. 757-68, 1992.

[17] X. Xu, L. Sun, X. Fan, Stress concentration of finite composite laminates
with elliptical hole, Composite Structure, Vol. 57, No. 2, pp. 29-34, 1995.
[18] Z. Pan, Y. Cheng, J. Liu, Stress analysis of a finite plate with a rectangular
hole subjected to uniaxial tension using modified stress functions,
International Journal of Mechanical Sciences, Vol. 75, No. 1, pp. 265-77,

2013.

[19] M. Jafari, E. Ardalani, Analytical solution to calculate the stress distribution
around triangular hole in finite isotropic plates under in- plane loading,
Modares Mechanical Engineering, Vol. 15, No. 5, pp. 165- 175, 2015. (in
Persian .. )

[20] H.K.Cho, R.E. Rowlands, Reducing tensile stress concentration in perforated
hybrid laminate by genetic algorithm, Composites Science and Technology,
Vol. 67, No. 13, pp. 2877-2883, 2007.

[21] Jafari M, Rohani A, Optimization of perforated composite plates under
tensile stress using genetic algorithm, Journal of Composite Materials, Vol.
50, No. 1, pp. 2773-2781, 2016.

[22] J. Chen, Y. Tang, R. Ge, X. Guo, Reliability design optimization of
composite structures based on PSO together with FEA, Chinese Journal of
Aeronautics, Vol. 26, No. 1, pp. 343-9, 2013.

[23] N. Chang, W. Wang, W. Yang, J. Wang, Ply stacking sequence optimization
of composite laminate by permutation discrete particle swarm optimization,
and Multidisciplinary Optimization, Vol. 41, No. 2, pp. 179- 187, 2010.

21

5 -
— L/a=0.01 . .
PR ST L/a=0.1 /'\\ . F N\
----- L/a=0.2 .= .
3 F = —=-=1L/a03 I_’ Seoo.=T
- = L/a=04 1y === ==_"A\
2F — —La=05 [Artririvts e \\"
1 — - -La=06
w
(@) 0 M " L M

20 40 60 804 100 120 140 160 180

2 F \\\__..----___a;. 6 (degree)
NemTm ey
SBE\N. 7~
i \//ﬂ*\\l

5 L
Fig. 18 Variations of the cost function in finite plate under shear
loading for different values of L/a
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