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Abstract

A structural system reliability analysis is studied for the safety assessment of midship
section. Probabilistically dominant collapse modes are generated by Element Replacement
Method and Incrimental Load Method. In order to avoid generating the same modes repea-
tedly, it is branched at final plastic hinge. Using first and second order bound methods,
system failure probability of midship section is computed and compared with deterministic
load factor method to show the usefulness of the proposed method.
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Fig. 1 Portal frame

Table 1 Data of portal frame

i A(m?) I(m*) RifKN-m)

1 2 4.8e-3 3.58e-5 75.

3 4 4.0e-3 4.77e-5 101.

5 b 4.0e-3 4.77e-5 101.

7 8 4.8e-3 3.58e-5 75.
E=2.1%e8, e=1.0e-5, COVgr;=0.05

Table 2 System failure probabilities

ERM approach(6)

ILM approach(6) | Gorman method(12)

First Bound 6.41e-3~1.215e-2
Second Bound 6.41e-3~7.004e-3

6.41E-3~1.215e—2
6.41E-3~7.004e—3

6.41e-3~1.215e-2
6.41e-3~7.004e-3

( ):The number of identified collapse modes
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7—4-—8°[2 (Pr=5, 41e-3) 6—4—-8'[2 (I81E-3)

3 (Y. 81e-3) 3 (4. 34e-4)

7—4—8—1  (}.59e-3) 6—4—8—1  (1.1le-4)
+ ! Redundant Plastic Hinge

||

(Pf=6.41e-3) (1.8le-3) (1.59%-3) (1.81e-3)

Fig. 2 Dominant collapse modes by ERM & ILM
approach
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Fig. 3 One strut transverse frame

Table 3 Numerical data of one strut transverse

i j A(m®yxe-1 I(m%xe-1 Rifton-m)
1 2 2.35 2.412 2714

3 4 2.18 8.206 7910

5 6 2.13 7.947 8840

7 8 1.33 4.893 5700

9 10 2.18 8.206 7910

11 12 2.13 7.949 8840

13 14 2.68 14.370 12700
15 16 2.35 2.412 2714

17 18 2.68 14.370 12700

E=0.21e8, COV R/COV L;=0.1/0.3, €é=1.0e-10

AF7E obF AAT Fow o] g A2y Az
oA & JF& NAA gt AYHFYS hFEE
Moz 78 ¥ARES AFE 47 167404 ol&
Bod) T 1022 3o A& Azolth 2t Wyo)
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2 7 A9 HAGEH Po] ALH Pyoz
173748) $AREE ol gsto] Tat w3l g gtol
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Table 4 System failure probabilities

ERM approach(16)

ILM approach(16) Gorman method(173)

First Bound 1.617e-16~3.347e-16
Second Bound 2.603e-16~2.732e-16

1.618e-16~1.0799%-15
2.854e-16~3.3940e-16

1.617e-16~3.347¢e-16
2.603e-16~2.723e-16

( ): The number of identified collapse modes
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Fig. 4 Deterministic dominant collapse modes by
Gorman’s method
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others
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others
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Ty

+ ! Redundant Plastic Hinge
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Pt=9,36e-17 7.04e-17 1.62e-16 1.73e-18  8.62e-19
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Fig. 6 Dominant collapse modes by ERM & iLM
approach
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Fig. 5 Probabilistic dominant collapse modes by
Gorman's method

Table 5 Numerical results of one strut transverse

18 —2.48le-3,
9 —3597e-6 [T
sections 4 —2.445¢-7
with 10 —1.761e-8
first the 1 —1.009-8 4
hinge largest 17 —8.990e-9 l i
failure 12 —8.634e-9 l
prob. 11 —1620e10 ° B
14 —1.63le-11 T
2 —1.16%e-11
18 —2481e-3 e e
failure 9 —1.18le-6 1
17 —1.037e-7
path
1" —1.636e-7
generated
Collap. | "0 11 —9.390e-12
1
Mode by ERM 2 4.550e-1§ |
o ILM 10 —3.33le-16 |,
o | M —Lllles L L
app 15 —9.361e-17%
(8=8.230)

+ : Redundant plastic hinge
¢ : Probability failure of this collapse mode
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Table 6 Numerical data of two strut transverse

i i | Agmimel | Kmfwe-2 | Rifton-m)
1 2 0.765 0.4462 179
3 4 0.672 0.59933 226
5 6 0.529 0.52755 204
7 8 0.144 0.13921 96.7
9 10 0.672 0.59933 226
11 12 0.529 0.52755 204
13 14 0.144 0.13921 96.7
15 16 0.672 0.59933 226
17 18 0.529 0.52755 204
19 20 0.847 0.97644 314
21 22 0.756 0.38510 160
23 24 0.838 0.87402 288

E=0.21e8, COV Ry/COV Li=0.1/0.3, €=1.0e-10
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Fig. 7 Two-strut transverse frame
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Fig. 9 Probabilistic dominant collapse modes by
Gorman’s method

Table 7 System failure probabilities

{ i ERM approach(36) ILM approach(36) Gorman method(213)
First Bound 9.424e-6~3.595e-5 9.424e-6~3.756e-5 9.426e-6~1.078e-4
1.000e-5~1.148e-5 9.945e-6~1.131e-5 9.434e-6~1.195e-5

Second Bound |

( ): The number of identified collapse modes
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