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Presenting an explicit relation for analyzing stress of plates with quasi-square
holes and under tension by using multiple linear regression
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Keywords Abstract

Stress concentration factor Stress concentration on the geometric discontinuities is one of the factors of structure failure. Nowadays, plates with
Quasi-square hole holes are inseparable parts of designs and pieces, therefore studying the stress concentration caused by these holes
Multiple linear regression is necessary to prevent structure failure. So the designer for presenting a design must be aware of the stress
Complex variable method concentration in the hole and according to it design the basis. In this research, by using the regression method and

on the basis of the mechanical properties of the materials and the radius of curvature in the corner of the hole, we
try to present an explicit relation for estimating stress concentration in the orthotropic plates with quasi-square hole.
This relation, in addition to easing the use and bypassing the hard and complex process of analytical solution,
provides designer with the opportunity to calculate stress of perforated viscoelastic plates by using the effective
module method or Boltzmann's superposition principle. At first, with analytical solution based on the Lekhnitskii
method the stress values are calculated in many composite plates with quasi-square hole. Then, by using multiple
linear regression and on the grounds of mechanical properties, is given an explicit relation for the stress concentration
coefficient. The results show that the multiple regression model is able to predict the circumferential stress with a
maximum error of 2%.

Please cite this article using: o Lod oolisiw! yj wyle 1 dllio (il gloyl gl
Abbasnia, A. Jafari, M. and Rohani, A., “Presenting an explicit relation for analyzing stress of plates with quasi-square holes and under tension by using multiple linear
regression”, In Persian, Journal of Science and Technology of Composites, Vol. 6, No. 1, pp. 21-30, 2019.
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Fig. 1 A plate with a quasi-square cutout under uniaxial tension.
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Table 1 Mechanical properties of materials [23]
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Table 3 Mean and standard deviation of MLR model for different variables

Js Cd Ogaml S
RMSE MAPE RMSE MAPE RMSE MAPE Lo o
2.30£0.00 17.06£0.18 2.3240.11 17.1621.23 2.3020.02 17.03+0.27 E,f—l,vu,w
EZ 12
2.730.00 18926025 2748017 19.0421.74 2.7240.04 18.8940.32 ?.%,vlz,
2 1
2.17+0.00 16.59+0.20 2.1720.12 16.6621.34 2.1620.03 16.57+0.29 %_5_1,1,12,
1
3.45:0.00 24414026 3.47:0.21 24,67+2.05 3.45:0.05 24.35£0.40 %.%,vlz,
1 1
3.40£0.00 23.7820.26 3.4120.21 23.95+1.88 3.4020.05 23.3820.74 %_:_2,1,12,
1 12
3.48+0.00 2437025  3.500.20 24.53£1.87 3.48:0.05 24.330.33 %.%,vlz,
1 2
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Table 4 The result of evaluating various MLR models
Js s Ogel IS
RMSE MAPE RMSE MAPE RMSE MAPE Joe
2.17+0.00 16.590.20 2.1740.12 16.66+1.34 2.16+0.03 16.57+0.29 b
1.33+0.00 9.10+0.08 1.34+0.05 9.20£0.36 1.33+£0.01 9.08+0.09 R
1.79+0.00 13.66+0.16 1.81+0.11 13.80+1.06 1.79+0.02 1362023 sl 1als pgo ax o
0.54+0.00 4.03+0.04 0.55+0.02 4.12+0.36 0.54+0.00 4.01+0.07 ISRPEEN
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Table 5 The result of conversions various MLR models
Js Cnd Ol ydS
RMSE MAPE RMSE MAPE RMSE MAPE Joe
0.21+0.00 1.30£0.01 0.22+0.01 1.33+0.07 0.21+0.00 1.30£0.02 () = f(x)
1.43£0.00 10.72+0.13 1.450.09 10.93+0.92 1.43+0.02 10.68+0.21 y = f(In(x))
0.65+0.00 3.41+0.01 0.65+0.04 3.45+0.10 0.65+0.00 3.40+0.03 In) = f(in(x)
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0.49+0.00 2.98+0.02 0.49+0.03 3.03+0.16 0.49+0.00 2.97+0.04 ﬁ = f(Vx)
1.19+0.00 3.06+0.07 1.20+0.22 3.11+0.24 1.19+0.04 3.04+0.09 l = f(x)
y
0.42+0.01 1.72+0.02 0.42+0.05 1.75£0.09 0.42+0.01 1.72+0.03 % =fx)
y
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Fig. 2 The results of validation of the MLR regression model
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Table 7 Statistical evaluation of the prediction function of the quadratic MLR models

Cns Ogasl S

Kur. Ske. Var. Mean Kur. Ske. Var. Mean

3.63 1.04 44.11 12.66 3.87 1.06 46.82 13.23 gs"élﬁ

360  1.04 4399 12.67 384 105 4671 13.23 oad i s

0.99 0.98 0.99 0.99 0.97 0.9 p-value
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Fig. 3 Validation of the values of the realistic and predicted stress concentration coefficient by the MLR model
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Table 8 Comparison of stress values in the present study and Ref. [4,25-26]

yol> adllas [4,25-26] gl w v, G12(GPa) E2(GPa) E1(GPa) ol gl
4.9799 4.9583 0.04 0.26 7 16.2 474 e-Spllass
5.4895 5.4755 0.06 0.26 7 16.2 47.4 oS gllasas
6.8501 6.7758 0.1 0.26 7 16.2 47.4 oS gllasas
13.5698 13.4403 0.2 0.26 7 16.2 474 eSollass
7.4300 7.4708 0.02 03 7.17 103 181 S pllegil s
9.0896 9.2576 0.06 03 7.17 103 181 oS leudl S
14.0902 15.0489 0.14 0.3 7.17 10.3 181 G.J%\/a@él)f
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Fig. 4 Comparison effect of w on stress concentration in the present study and Ref. [4-5] in different materials
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Table 9 Evaluation of the MLR quadratic model’s generalizability

5 Sl Ol S
MAPE RMSE MAPE RMSE MAPE RMSE TS (%)
1.31 0.22 100
1.30+0.01 0.21%0.00 1.33+0.07 0.22+0.01 1.30+0.02 0.21%0.00 X +std 80
1.29 0.21 1.34 0.21 1.28 0.21 Best
1.31+0.02 0.21+0.00 1.33+0.04 0.22+0.01 1.29+0.04 0.21+0.00 X + std 60
1.30 0.21 1.35 0.21 1.26 0.21 Best
1.31+0.02 0.21+0.00 1.34+0.03 0.22+0.01 1.28+0.06 0.21%0.01 X +std 0
1.26 0.20 1.34 0.20 1.14 0.19 Best
1.34+0.04 0.22+0.01 1.37+0.04 0.23+0.01 1.23+0.12 0.20+0.02 X +std 20
1.34 0.20 1.38 0.20 1.17 0.20 Best
sl 1S (sl e s ot Sl (slaosls (g3l ®
Sogas gl W
S5 a4
JEws e x4 (1=1-5) Sl e @ik, Wl as e S, b, 5l eolitl b allie ol o
W 1| ool dcwle ; 5l w
S P) g [SandB P ol = ol O < PR i -
m?) Ll 5 & ;
W . ( ) - d..w.ilko os)Lc L 4.2.9)5 Q)ya 6[2:‘5:[.1))‘ W) AEU L_,’S.uls.o uol? >
J ¥ ode v“)%“*wj b ooy a8l ool Joe 288 g oo cVlie plo > b yols gandllas ol
(Nm2)

(NM?) 5 38 505 oy (nSilea
Ol o v,
(Nm?2) Jlel 25 g,

(NM2) 5,5 Slaise o 235 gzl 0y, 0y, Tyy
(NM?) o Slatie j0 15 slz! 0,00, Tp0
Jae > ¢
cllS gl 2
oS S A
&le -6

[1] Muskhelishvili, NI, “Some Basic Problems of Mathematical
Theory of Elasticity” Second ed., Netherlands, Noordhooff, 1962.

[2] Savin, GN., “Steress Concentration Around Holes” Pergamon Press,
NewYork, 1961.

[3] Lekhnitskii, SG., “Anisotropic Plates” Second ed., Gordon and
Breach Science Publishers, NewYork, 1968.

[4] Rezaeepazhand, J. and Jafari, M., “Stress Analysis of Perforated
Composite Plates” Composite Structures, Vol. 71, pp. 463-468,
2005.

[5] Rezaeepazhand, J. and Jafari, M., “Stress Analysis of Composite
Plates with Non-Circular Cutout” Key Engineering Materials, \Vols.
385-387, pp. 365-368, 2008.

[6] Rezaeepazhand, J. and Jafari, M., “Stress Concentration in Metallic
Plates with Special Shaped Cutout” International Journal of
Mechanical Sciences, Vol. 52, pp. 96-102, 2010.

[7] Riyah, NK. and Ahmed, NE., “Stress Analysis of Composite Plates
with Different Types of Cutouts” Anbar Journal of Engineering
Sciences, Vol. 2, No. 1, pp. 11-29, 2009.

[8] Rezaeepazhand, J. and Jafari, M., “Stress Analysis of Composite
Plateswith a Quasi-Square Cutout Subjectedto Uniaxial Tension”
Journal of Reinforced Plastics and Composites, Vol. 29, No. 13, pp.
2015-2026, 2010.

[9] Batista, M., “On the Stress Concentration Around a Hole in an
Infinite Plate Subject to a Uniform Load at Infinity” International
Journal of Mechanical Sciences, Vol. 53, pp. 254-261, 2011.

b Sy RS o ogamels Slowko (gl alal, ol il ST 4 1,
Sl o g, S5 eslial L ol jplaie ol (sl ool camsasy
Slxio I ol sl gl 5 gy chalize e by, sl
S ooliil b s 10 dlme niye and (50505 (sl Sg sl
Pl 5 A S8 cepd om e bl Wiz b g S
b @) Sl

S iy e 6l Geizren 9 1.3 U slas wo o (Sl
e Gaanl S Jolhe )3 00t (i iy 9 (X85 (0010 degeme 90 (o
abaly 3l oo slazel b5 1, o &) golyiings Tl (0.99 L 1) s 5
Oy sl ookl b B o5l ce ool B 1, Sl (nl gam )5 (by 5l e il
3 ) Set¥lgSany Slrio (25 (ol (iredp Jol b g e Jode
<83 bolyen (o o (SYsb wig; (RIS LS L izren 05 dralxe
S (o0 (297 M ye i olej 50 VL

<l ey by
P9 a5 ol 3l bj;

(i=1-4,
j=2-4,
i #J)
Jaze &gl by (i=1-4)
FogiS FaniS C

(NM?) Job Sxu¥l Jyoa By
(NM?) 20 Szl Jpoo

(NM?) 5y Jsoe Gy

(Nm?) sl F

oslo olaxs

Joe syl p
s o=l Ry

28

J 93018 5 )9Ud 9 polc 4y yuis

(/' ¥



LB LS (59U 9 pglc Ay s

J

('Y

Obled 9 Ligulic e

M}uxj)&mk;.\}aur shls _slzmwmd.alm‘_x@e/ua sakul)y S sashl

29

[10] Rao, DKN. and Babu, MR. and Reddy, KRN. and Sunil D., “Stress
Around Square and Rectangular Cutouts in Symmetric Laminates”
Composite Structures, Vol. 92, pp. 2845-2859, 2010.

[11] Erklig, A. and Yeter, E., “The Effects of Cutouts on Buckling
Behavior of Composite Plates” Science and Engineering of
Composite Materials, Vol. 19, pp. 323-330, 2012.

[12] Kumar, MM. and Rajesh, S. and Yogesh, H. and Yeshaswini, BR.,
“Study on the Effect of Stress Concentration on Cutout Orientation
of Plates with Various Cutouts and Bluntness” International Journal
of Modern Engineering Research, Vol. 3, No. 3, pp. 1295-1303,
2013.

[13] Patil, RD. and Kumar, B., “Stress Analysis of Perforated Tube Sheet
Used for Pressure Vessel having Square Pitch Hole Pattern”
International Journal of Innovative Research in Science,
Engineering and Technology, Vol. 4, No. 1, pp. 18899- 18906, 2015.

[14] Miao, C. and Wei, Y. and Yan, X., “Stress Concentration of Periodic
Collinear Square Holes in an Infinite Plate in Tension” Journal of
Pressure Vessel Technology, Vol. 137, pp. 51201-51208, 2015.

[15] Jafari, M. and Moussavian, M., “Optimum Design of Laminated
Composite Plates Containing a Quasi-Square Cutout” Structural and
Multidisciplinary Optimization, Vol. 55, No. 1, pp. 141-154, 2016.

[16] Jafari, M. and Rezaeepazhand, J., * Investigation of the Effect of
Different Parameters on Stress Distribution of Non-Axial Plate with
Central and Traction Shear” 17th Annual (International) Conference
on Mechanical Engineering, 2009. (In Persian)

[17] Rohani, A. and Jafari, M., “Determination of Optimum Parameters
Effect on Stress Distribution in Orthotropic Plates with Quasi-
Square Cut out Using Genetic Algorithm” Journal of Solid and Fluid
Mechanics, Vol. 4, No. 4, pp. 87-99, 2015. (In Persian)

[18] Jafari, M. and Rahimi-Petroudi, A., “A Study of the Effect of
Various Parameters on the Stress Analysis of Isotropic and
Anisotropic Plates Containing a Central Rectangular Hole Subjected
to Shear Stress” Journal of Solid and Fluid Mechanics, Vol. 5, No.
1, pp. 101-114, 2015. (In Persian)

[19] Malekzadeh Fard, K. and Bayati Chaleshtari, MH. and Jafari, M.
and Pourmoayed, AR., “Determination of Optimal Parameters for
Orthotropic  Plates with Pentagonal Cutout by Imperialist
Competitive Algorithm” Journal of Science and Technology of
Composites, Vol. 4, No. 2, pp. 161-170, 2017. (In Persian)

[20] Mohammadi, B. and Kazemi, A. and Ghasemi, R., “Damage
Analysis of Holed Composite Laminates Using Continuum Damage
Mechanics” Journal of Science and Technology of Composites, Vol.
2, No. 3, pp. 23-34, 2015. (In Persian)

[21] Eslami-Farsani, R. and Sari, A. and Khosravi, H., “Mechanical
Properties of Carbon Fibers/Epoxy Composite Containing
Anhydride Self-Healing Material under Transverse Loading”
Journal of Science and Technology of Composites, Vol. 3, No. 3, pp.
285-290, 2016. (In Persian)

[22] Eslami-Farsani, R. and Khosravi, H. and Ebrahimnezhad-Khaljiri,
H., “An Experimental Study on Mechanical Properties of
Epoxy/Basalt/Carbon Nanotube Composites under Tensile and
Flexural Loadings” Journal of Science and Technology of
Composites, Vol. 3, No. 2, pp. 187-194, 2016. (In Persian)

[23] L M. Daniel, O.Ishai, “Engineering Mechanics of Composite
Materials” pp. 34-35, 1994.

[24] Abuelfoutouh, NM., “Preliminary Design of Unstiffend Composite
Shells” Symposium of 7th Technical Conference of ASC: 693-786,
1993.

[25] Jafari, M., “Stress Analysis of Isotropic and Orthotropic Plates with
the Non-Circular Opening under Uniaxial Tension, PhD Thesis,
Department of Mechanical Engineering” Iran University of
Ferdowsi, Mashhad, 2009. (In Persian)

[26] Asmar, GH. and Jabbour, TG., “Stress Analysis of Anisotropic
Plates Containing Rectangular Holes” International journal of
mechanics and solids, Vol. 2, No. 1, pp. 59-84, 2007.


https://link.springer.com/journal/158
https://link.springer.com/journal/158
https://profdoc.um.ac.ir/list-confname-%D9%87%D9%81%D8%AF%D9%87%D9%85%DB%8C%D9%86%20%DA%A9%D9%86%D9%81%D8%B1%D8%A7%D9%86%D8%B3%20%D8%B3%D8%A7%D9%84%D8%A7%D9%86%D9%87(%20%D8%A8%DB%8C%D9%86%20%D8%A7%D9%84%D9%85%D9%84%D9%84%DB%8C)%20%D9%85%D9%87%D9%86%D8%AF%D8%B3%DB%8C%20%D9%85%DA%A9%D8%A7%D9%86%DB%8C%DA%A9%20%D8%A7%DB%8C%D8%B1%D8%A7%D9%86.html
https://profdoc.um.ac.ir/list-confname-%D9%87%D9%81%D8%AF%D9%87%D9%85%DB%8C%D9%86%20%DA%A9%D9%86%D9%81%D8%B1%D8%A7%D9%86%D8%B3%20%D8%B3%D8%A7%D9%84%D8%A7%D9%86%D9%87(%20%D8%A8%DB%8C%D9%86%20%D8%A7%D9%84%D9%85%D9%84%D9%84%DB%8C)%20%D9%85%D9%87%D9%86%D8%AF%D8%B3%DB%8C%20%D9%85%DA%A9%D8%A7%D9%86%DB%8C%DA%A9%20%D8%A7%DB%8C%D8%B1%D8%A7%D9%86.html

wbBed 5 Wi wle Sle

...M}uy..;).né.p’i;ur.\}ihrLs|)|éalzﬁmd‘ﬂdﬁlzi¢w;eﬁak§4bgl)h§36ﬁl)l

30

J 94018 5 9Ud 9 pgle d i

('}



