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Abstract

For the purpose of developing the method for efficiently calculating the design sensitivity and
the reliability for the complicated structure such as ship structure, the probabilistic finite
element method is introduced to formulate the deterministic design sensitivity analysis method
and incorporated with the second moment reliability methods such as MVFOSM, AFOSM and
SORM. Also, the probabilistic design sensitivity analysis needed in the reliability-based design

is performed.

The reliability analysis is carried out for the initial yielding failure, in which the derivative
derived in the deterministic desin sensitivity is used. The present PFEM-based reliability
method shows good agreement with Monte Carlo method in terms with the variance of
response and the associated probability of failure even at the first or first few iteration steps.

The probabilistic design sensitivity analysis evaluates explicitly the contribution of each
random variable to probability of failure. Further, the reliability index variation can be easily
predicted by the variation of the mean and the variance of the random variables.
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Fig.1 Two Models for Numerical Analysis
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Table 1 Statitics of Random Variables

(a) for the Plane Stress Element

(b) for the Plate Bending Element

X

Caloy| P1,3

P2,4| E

t v Ca

Oy Wa |P1,3

P2 E

t

X
V(%)

20 (24 | SOkN
5 40

-80 |2.1ed
20 | 10

lcm(0.3 |18
10( 10 -

10 5 10

24 10.5cm|-25 1-50 |2.1e4
20 5

2

10 5

normal distribution, V : C,0.V,, ¢a : allowable stress, oy :
t : thickness, v :

unit

of 0a, Oy 2

Poisson’s
E ; kN/cm?

ratio, Wa :

Table 2 Results of Deterministic Sensitivity Analysis

X Plane Stress Plate Bending

o2 g3 [+ o2
P 0. 822E-01 0.248E-01 | -0.668E+00 | -0, 666E+00
P2 | -0.972E-01 | -0,109E+00 | -0.449E-01 | -0.457E-01
Ps 0.367E-02 | -0.871E-02 0. 466E-01 0. 474E-01
Py | -0.955E-01 | -0.123E+00 - -
E; | -0.156E-04 | -0.972E-05 0.181E-03 | -0.434E-04
E2 0.113E-03 | -0.935E-04 | -0.200E-03 0, 239E-04
Es | ~0.120E-03 0. 296E-03 0. 396E-04 0. 646E-04
Eq4 0.226E-04 | ~0.193E-03 || -0.204E-04 | -0.451E-04
t; | -0.328E+03 | -0,204E+03 ) -0.121E+05 | -0.191E+05
tz | ~0.173E+05 | -0.196E+04 || -0.630E+04 0. 753E+03
ts | ~0.251E+04 | -0.132E+05 0.125E+04 0. 204E+04
t4 0.475E+03 | -0.405E+04 || -0.643E+03 | -0.142E+04
y1 | ~0.216E+03 | -0.135E+03 0.492E+03 | -0.678E+04
v2 | ~0.559E+04 0.344E+04 || -0.124E+04 0. 159E+04
V3 0.488E+03 | -0.553E+04 0.114E+04 0.150E+04
vs | ~0.688E+02 0. 586E+03 0.312E+03 | -0.207E+02

Table 3 Mean and Variance of the Responses

(a) for the Plane Stress Element Model

yield stress
allowable lateral displacement

(b) for the Plate Bending Element Model

Us Vs g1 | o2 o3 c4 V2 ¥s g1 c2 c4 o5
P[0.0266]-0.0514]5.015/19.708|19.412]15.553] |-0.3604)-0,3229(17,769%)17.754|15.899/15.913
mean
M|0.0270|-0.052215.058]19.898{19. 579(15. 793 [-0.3781}-0.3321|18.169]18.071{16.192|16. 245
V(%) P|18.12 | 16.73 |39.46/16.59 |16.12 |16.71 24.08 | 22.92 |18.31 |23.84 |21.48 {23.91
Mi18.38 | 17.12 139.61(17.17 [16.37 [16.88 25,68 | 23.62 (18.98 ]24.63 {21.90 |23.99
P : present method(PFEM), M : Monte Carlo Simulation (simulation number : 3, 000)
unit ; U, V & W : cm, oi(equivalent stress of element{or node) @) ; kN/cm?
Table 4 Results of Component Reliability Analysis by Each Method
(a) for the Plane Stress Element Model (b) for the Plate Bending Element Model
Zo) Zo2 Zo3 Loy Zw2 Zys 201 Zoz Zog Zos
MVi B8] 8.203 1.233 1.369 2.951 1.545 2.268 1,541 | 1.284 1.941 1.798
Pril, 175¢-16!1.089%-1(8. 555¢-2}1. 583e-3| (6.113e-2]1, 166e-2{6. 160e-219,. 959¢-2|2. 263e-2]3. 610e-2
AFI Bl 6.527 1.167 1.301 2.617 1.304 1,930 1.419 | 1.171 1.794 1.620
Pr (3. 366e-11|1.216e-1]9.664e-2)4. 441e-3||9.611e-2|2. 682e-2|7.798e-211.207e-1|3. 643e~2(5. 265e-2
SO{Pf(13.306e-11(1.171e-119.655e-2|4.069e-3| (1.060e-1|2.878e-2|7.259%-2|1.197e-1{3.620e-2{5.2%4e-2
MC|(P¢ - 1.270e-1{1.027e-1]5.375e-3||1.054e-1]2.938e-2|8.078e-2{1. 142e-1|3. 812e-2(5.034e-2

MV : MVFOSM, AF : AFOSM, SO

Zoi

; SORM, MC ; Monte Carlo simulation
simulation number in MC : 200, 000(plane stress) or 100,000(plate bending)
limit state equation (oy - 0i)
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Table 5 Probabilistic Sensitivities for the Maximum Probability of Failure

(a) for the Plane Stress Element Model

(b) for the Plate Bending Element Model

X Oy Bx Bv o y2(%) oy Bx Bv oyZ(%)
P1|-0.472E+00|-0.291E-04 | -0, 686E+00| 22.28 0.342E+00| 0,131E-03|-0.150E+01| 11.72
P2| 0.446E+00| 0.248E-04|-0.123E+01{ 19.93 0.939E-01} 0.916E-05(-0.566E-01] 0.88
P3{-0.211E-01|-0.106E-05{-0, 137E~02] 0.04 ~0.243E-01 (-0, 976E-05!-0. 760E-02{ 0. 06
P«| 0.439E+00| 0.245E-04{-0.119E+01] 19.28 - - - -

E;| 0.941E-02]| 0.447E-08(-0.109E~02| 0.01 0.937E-02| 0.891E-08|-0.225E-02{ 0.01
E2!-0.679E-01|-0. 326E-07|-0.569E~-01| 0.46 -0.516E-02|-0. 431E-08(-0. 683E-03] 0.00
E3| 0.722E-01| 0.341E-07|-0.642E-01| 0.52 -0.139E-01-0, 133E~07{-0. 500E-02| 0,02
E¢{-0.136E-01]-0.651E-08{-0. 229E-02} 0.02 0.974E-02{ 0.927E-08]-0.244E-02 0.01
ti{ 0.941E-02{ 0.940E-01{-0.109E-02| 0.01 0.786E+00| 0.353E+01(-0, 793E+01| 61.78
ta2{ 0.498E+00| 0.467E+01]-0.306E+01| 24.81 -0.309E-01}-0. 155E+00] -0, 123E-01| 0.10
tz] 0.722E-01{ 0.715E+00{-0,642E-01{ 0,52 -0.837E-01 (-0, 423E+00|-0. 899E-01| 0.70
ta|-0.136E-01{-0.137E+00[-0, 229E-02f 0,02 0.584E-01| 0.290E+00{-0,.439E-01| 0.34
v1| 0.186E-02| 0,620E-01|-0.427E-04| 0.00 0.209E-01| 0,139E+01|-0.112E-01| 0.04
v2| 0.481E-01| 0.159E+01}-0.286E-01] 0.23 -0.491E-02 | -0. 328E+00| -0, 620E-03| 0,00
v3|-0.421E-02|-0. 140E+00| -0, 218E-03| 0.00 -0.462E-02(-0. 308E+00|-0, 548E-03| 0.00
ve| 0.593E-03| 0.198E-01|-0.433E-05| 0.00 0.639E-04| 0,426E-02{-0.105E-06| 0.00
oy| 0.345E+00| 0,281E-03{-0.293E+01{ 11.88 0.493E+00| 0.193E-03|-0.312E+01| 24.33

Table 6 Comparison of the Reliability Index between the
the Full Reanalysis Results
(a) for the Plane Stress Element Model

Estimated and

Case 1 Case 2 Case 3

B°(Pg) Be B*(Pg) Be B*(Pg)
Zoy |6.527(3.366e-11)| 6.908 |7.407(6.476e-14)| 8.192 [9.052(7.050e-20)
Zoz |1.167(1.216e-1) || 2.236 |2.276(1.142e-2) | 1,461 |1.503(6.638e-2)
Zo3 [1.301(9.664e-2) || 2.412 |2.470(6.755e-3) | 1.436 |1.448(7.377e-2)
Zos |2.617(4.441e-3) || 3.589 |3.735(9.369e-5) | 3.189 |3.318(4.535e-4)

All data are same as Table 1 (Case 1), but

the mean of t is 1.2 cm (At = 0.2) in the Case 2,

the C.O.V, of t is 5% (AV: =

the C.0.V.s of P;,3 are 20 % (AVpy,3 =

-0.05) and

B° . estimated value by the Sensitivity results

-0.2) in the Case 3

B* : full reanalysis result by PFEM-based AFOSM
(b) for the Plate Bending Element Model
Case 1 Case 2 Case 3
Bo(Ps) Be B*(Pg) Be B*(Pg)
Zwz | 1.304(9.611e-2) || 2.929 | 2.392(8.37F=-3) | 1.884 | 2.088(1.83%-2)
Zws | 1.930(2,682¢-2) | 3.781 | 3.219(6,441e-4) | 2,366 | 2.499(6.224e-3)
Zoy | 1.419(7.798e-2) || 2.227 | 2.290(1.100e-2) | 1.772 | 1.853(3.191e-2)
Zoz | 1.171(1.207e-1) | 1.821 | 1.915(2.777e-2) | 1.575 | 1,698(4.479e-2)
Zog | 1.794(3.643e-2) || 2.511 | 2,643(4.109e-3) | 2,014 | 2.065(1.944e-2)
Zos | 1.620(5.265e-2) || 2.271 | 2.386(8.509e-3) | 1.899 | 1.995(2, 526e-2)

All data are same as Table 1 (Case 1), but
0,2) in the Case 2 and
-0.05) in the Case 3

the mean of t is 2.2 cm (At
the C.O.V, of t is 5% (AVe




