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One of the concerns of designers of engineering structures is structural failure due to stress
concentration caused by geometric discontinuities in the structures. Therefore, by considering that
perforated composite plates are used in most engineering structures, their study is very important. The
purpose of this paper is to present a new model based on the regression method for estimating stress
concentration factor of a circular hole in orthotropic plates. One of the important applications of
providing stress distribution around holes in terms of mechanical properties is the use of these
relationships in the stress analysis of perforated viscoelastic plate using the effective modulus method or
Boltzmann's superposition principle. First, using different values of the mechanical properties of the
composites plates, and employing an analytical solution based on the complex variable method, the
stress concentration factor of circular hole is calculated for a number of these materials. Then, using
multiple linear regression, an explicit expression for the stress concentration factor is given in terms of
mechanical properties. The results show that the multiple regression model is able to predict the
circumferential stress with a maximum error of less than 1%.
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U G(GPa)  FEy(GPa)  FE,(GPa) oola pls
0.28 38 8.6 39.0 Sl A5l
0.27 45 8.9 430 oSl I8
0.17 53 29.7 29.7 =Sl L 09
0.34 22 5.5 87.0 Spl,¥sS
0.27 7.2 103 142.0 Szl
0.28 5.0 8.7 131.0 Sl oS
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Table 3 Mean and standard deviation of MLR model for different variables

il (gl mize ol 4 MLR Juo (gllas Jlne Blimil g (o500 3 Jgor

F o S
RMSE MAPE RMSE MAPE RMSE MAPE o juice
0.43+0.00 6.98+0.15 0.45£0.05 7.36+1.47 0.42+0.01 6.89+0.39 E\/E; B\ /Gy, v
0.79+0.01 10.86+0.55 0.85+0.14 11.55+2.01 0.78+0.03 10.69+0.70 E\/E;,Gpo/ By vyz
0.2140.00 3.11£0.07 0.2240.03 3.2840.60 0.21£0.00 3.0740.16 Ey/Ey E\/ Gz, 1z
1.26+0.02 19.23+0.51 1.3140.18 20.5343.67 1.25+0.04 18.92+0.57 Ey/E, G2/ By v1s
1.2240.00 17.57+0.34 1.2240.16 17.9842.76 1.21:0.04 17.84:0.67 Ey/E  Ex/Graivin
1274001 18.84+0.55 12940.15 19.4142 61 1.26:0.04 18.69:081  E,/E),Gyu/E, . vy
MIR ibiza sloJos iyl amsid Jgox
Table 4 The result of evaluating various MLR models
IJS S o,._....,l)_____JU
RMSE MAPE RMSE MAPE RMSE MAPE Joa
0.21+0.00 3.11£0.07 0.22+0.03 3.28+0.60 0.21+0.00 3.07+0.16 s>
0.20+0.00 2.99+0.07 0.23+0.04 3.28+0.60 0.19+0.00 2.88+0.17 e gl
0.06+0.00 0.92+0.02 0.07+0.04 1.060.32 0.06+0.00 0.88+0.06 ail sals sg ax 0
0.05+0.00 0.82+0.04 0.07+0.02 1.01+0.32 0.05+0.00 0.77+0.06 o3 s 0
05 o)lests 18 095 1397 sl jo (30 SuilSo wSdgo 28
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—0.0005(E, /Gy2)? — 1.62v45% (14)
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Table S The result of the variance analysis of the quadratic MLR
models

P-value DF SS MS F-value
0.00 8 39484 49.36 12761 e
E
0.00 1 24425 24425 63156 xl{E_Z)
1
E
0.00 1 14635 14635 37843 xz(G—'
12
0.00 1 0.09 0.09 24.29 x3(0,,)
0.00 1 0.27 0.27 68.95 Xy X3
0.00 1 0.30 0.30 77.97 XoX3
0.00 1 237 237 612.95 x5
0.00 1 1.17 1.17 303.58 x2
0.00 1 0.03 0.03 7.82 x3
Error 85 0.33 0.00 las-
Total 93 39517 5
R? =99.92/. Ry =99.917,
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Table 6 Statistical evaluation of the prediction function of the quadratic MLR models

S Oemal S
Kur. Ske. Var. Mean Kur. Ske. Var. Mean
247 -0.10 3.16 6.83 205 0.02 425 6.32 sl
246 -0.11 321 6.82 2.03 0.03 4.25 6.32 BAS o e
0.99 0.97 0.90 0.99 0.99 0.99 p-value
MIR pg5 4255 Jos 503 poats Sl 0L5,)1 7 Jgur
Table 7 Evaluation of the MLR quadratic model’s generalizability
Js i otealyetS
MAPE RMSE MAPE RMSE MAPE RMSE TS (%)
0.79 0.06 100
0.81£0.02 0.05+0.01 0.96+0.28 0.06:+0.01 0.77+0.06 0.05+0.00 X tstd 30
0.83 0.06 0.65 0.05 0.88 0.06 Best
0.86+0.11 0.06+0.01 1.04+0.34 0.07+0.02 0.75+0.10 0.05+0.00 X tstd 60
0.87 0.06 0.85 0.06 0.85 0.06 Best
0.95+0.17 0.07+0.02 1.12£0.33 0.0840.03 0.71+£0.14 0.04+0.00 Xtstd 40
0.82 0.06 0.81 0.06 0.82 0.06 Best
1.80+£1.22 0.17+0.13 2.12+1.54 0.19+0.15 0.48+0.23 0.03+0.01 X tstd 20
117 0.08 1.20 0.08 1.07 0.07 Best
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Fig. 4 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

Lekhnitsky solution [4]

aalllas o ) &is B, B,

ol T 12 (GPa)  (GPa) (GPa)
6.7344 6.7504 0.28 7.17 10.3 181
4.1361 4.1133 0.25 7 16.2 474
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