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Reliability Analysis for Composite Laminated Plate Using Hybrid Response Surface
Method

Seokje Lee’, In-Gul Kim™

ABSTRACT

In this paper, the hybrid response surface method(HRSM) is proposed and examined. Hybrid response surface
method calculate a approximate model repeatedly based on MPP coordinates. To verify the performance, probability
of failure, MPP(Most Probable failure Point) and reliability index are calculated for nonlinear function and
composite laminated plate by using reliability analysis method and compared with results by using typical response
surface method(RSM). Probability of failure is calculated under the assumption of the nonlinear limit state equation
and given failure criterion. The results of proposed method shows performance improvement in estimating the
probability of failure.
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Table 1 Properties of random variables(Example 1)

Mean 5D Distribution
£ 0 l Normal
Ty 0 1 Normal

* SD : Standard Deviation
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Table 2 Coefficient of RS approx. equation(Example 1)

RSM HRSM(1} HRSM(2)
by 45.60 53.24 59.34
b, -19.51 -31.29 -36.25
b, -12.17 -10.97 -10.33
b, 3.18 2.07 1.85
b, -0.31 4.11 5.07
by, 1 1 1

* (1) : Method 1
(2) : Method 2
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Table 3 Results using AFOSM and SOSM(Example 1)
Probability of failure MPP
AFOSM SOSM u; u, B
Full model | 1011 % 0903 % | 2.179 0.804 2322
RSM 1.402 % 1365 % | 2.142 0.486 2.197
HRSM(1) 1.007 % 0.896 % | 2.154 0.873 2.324
HRSM(2) 1.011 % 0885 % | 2.178  0.805 2.322

* (1) : Method 1
(2) : Method 2
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Table 4 Results using MCS(Example 1)

Probability of failure 2
MCS MSE Yadj

Full model 0.894 % - -
RSM 1417 % 8.589 0.991
HRSM(1) 1.149 % 8.384 0.992
HRSM(2) 1.210 % 8.471 0.992

* (1) : Method 1
(2) : Method 2
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Fig. 10 Configuration of wing-shaped composite laminated plate (Example 2).
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Table 5 Sensitivity analysis

Sensitivity
E, 0.9859
E, 4.17E-3
vy 3.81E-6
Gy, 9.99E-3
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Table 6 Properties of random variables(Example 2)

Mean SD Distribution
E\(GPa) 1320 132 Normal
Ey(GPa) 93 0 .
Vis 03 0 -

G (GPa) 3.742 0.3742 Normal

tor(mm) 0.125
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* SD : Standard Deviation
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Table 7 Finite element model summary

FEA program COMSOL 3.5a

Type of element
No. of grids

No. of elements

2-D triangular
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Fig. 12 Finite element model.

A AREE AR 1A B F URET 52 5 W
7

5 s AAYsgoh oA 200ME 2o wWst
0.09myrt & A whirt gon sAsed, s

Aol w2 ot EE valE Table 8o A2lshalvh

Table 8 Probability of failure due to random variables(Example 2)

Random Probability of failure

variables MCS AFOSM
Ep E_,, Vg, Glz 313 % 3.08 %

E, G 312 % 3.04 %

3 .
HRSM o2t 23 Method 13} 2, 2% 39le] W ALS
sjgoel, MCS sh41A] Agalold 34+t 10,0008 stict
Hzuel WY P42 ZAS] A6 PR W 24
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Table.9 Coefficient of RS approx. equation(Example 2)

RSM HRSM(1) HRSM(2)
b, 0 0 0
b, 7.67¢-13 1.02¢-12 112¢-12
b, 3.24e-11 4.03¢-11 3.57e-11
by, -7.24e-23 -1.20e-22 2.59-25
by, -3.78¢-24 -5.79¢-24 -7.90e-24
by, 3.18e-21 -3.85¢-21 -5.24e-21

* (1) : Method 1
(2) : Method 2

AFOSM3} SOSM W2 o] 434 34 ZHIE Table 109]
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Table 10 Results using AFOSM and SOSM(Example 2)

Probability of failure MPP
AFOSM  SOSM uy Uy g
Full model | 3.040 % - -1.871  -0.111 1.874
RSM 0.193 % 0.138 % | -2.869  0.340 2.889
HRSM(1) | 4498 % 4128 % | -1.693  -0.095 1.696
HR8M(2) | 3.106 % 2.660 % | -1.850 -0.236 1.865

* (1) : Method 1
(2) : Method 2
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Table 11 Results using MCS(Example 2)

Probability of failure 2
MCS MSE R’rulj

Full model 3.120 % - -
RSM 0.170 % 4.371E-6 0.912
HRSM(1) 2970 % 3.602E-6 0.927
HRSM(2) 1.290 % 3.835E-6 0.922

* (1) : Method 1
(2) : Method 2
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Fig. 13 Distribution form of lmit state equation(Example 2).
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