AT B0l A P olgd
N — ¥
B F9% Zxo| o

(Evaluation of Uncertainty Importance Measure
by Experimental Method in Fault Tree Analysis)
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Abstract In a fault tree analysis, an uncertainty importance measure is often used to
assess how much uncertainty of the top event probability () is attributable to the
uncertainty of a basic event probability (g;), and thus, to identify those basic events whose
uncertainties need to be reduced to effectively reduce the uncertainty of . For evaluating
the measures suggested by many authors which assess a percentage change in the variance
V of ) with respect to unit percentage change in the variance v; of ¢, V and aV/ov,
need to be estimated analytically or by Monte Carlo simulation. However, it is very
complicated to analytically compute V and & V/dv, for large-sized fault trees, and difficult to
estimate them in a robust manner by Monte Carlo simulation. In this paper, we propose a
method for experimentally evaluating the measure using a Taguchi orthogonal array. The
proposed method is very computationally efficient compared to the method based on Monte
Carlo simulation, and provides a stable uncertainty importance of each basic event.
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Example 1

Apostolakis and Lee[l]dl A+ AZAYUF 4
AA Qe 82 vhe3 2ok

Q= +GutT6eGET0ah Tt

TBeHt et et tadtseTawe (9
% g (i=1,-,99% median 3Fto] Z+z
0.000017, 0.00036, 0.001, 0.001, 0.00036, 0.0061,
0.0061, 0.00097, 0.00097¢] 1L, error factor Zko]
Z+7+ 10, 3, 3, 3, 3, 4, 4, 10, 102) A TFEE
E WEY 3149 BN Far &% HUl
Azt ded 2o

WA 1 ge WE pe EEAA oe <z
2> Zt
<& 2> Hu 4 BFAHA
q; ﬁgﬁ' E‘?f*‘?ﬂi}
1 0.00004528 0.00011178
2 0.00044994 0.00033733
3 0.00124983 0.00093703
4 0.00124983 0.00093703
5 0.00044994 0.00033733
6 0.00870056 0.00884891
7 0.00870056 0.00884891
3 0.00258361 0.00637807
9 0.00258361 0.00637807
13_—7:“ 2 P1:P8=P9:07580 , P2:P3:
P,= P,=0.6308, P,=P,=0.6633
GA 3 ¢8 F FEERS <X 3>7H 2.
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I 2e FFE AL Li(2°)E Ade
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% 15 25%

1 0.00000000 0.00024311
2 0.00019187 0.00089087
3 0.00053297 0.00247465
4 0.00053297 0.00247465
5 0.00019187 0.00089087
6 0.00239597 0.02112061
7 0.00239597 002112061
8 0.00000000 0.01387159
9 0.00000000 0.01387159

(=0.00053297), g;+= 153 % (=0.00019187), ¢ =
1533k (=0.000000000% 7HAIE2Z, (9Q/8g,),
=0.00072483. 23 1L 1,-,9)7} 15
7 AXBR Q, =525,385x 107 12

D, ={4,5,9} 122 (6Q/aq;), & H&HE 7HA
Wy =wy Xws; Xwg =Py X Py X Py=0.3016.
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ol Rt
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79l V=17,234x 10" "%

Q=G930 T0 93597 qq+Tq g GA 8ol Alat" EEHA FaEE <&
+ 40394+ 20 G395 1 G2 4y G 5>9 #rh <& 5>& AltE Rl o T3]
+ 50596+ 0 00 G T G2 G5 9 A ARrt s A el & Falxl A}
s 2 o v HE3HS HoEu
ojw, ¢, (i=1,---,7) #dol 47 2, 3, 0.001,
0.002, 0.004, 0.005, 0.003°]3, error factor %<
5 20 AFUFEEE wag 3149 g5 0 2HEE
dzke] @A 204 EE P,=0.5835
(i=1,--,7), %A 40| basic event® %7} 7 & wmrelAE g 24t urh e delE
R FrE ARk L@)E Adud wy L SO0 UHE W Q8 T VE WEaE ws
3 Hrlste 22E A JuRE ol &3
<% 4> Z basic eventd] EFHAA FAE
Aty we A4 T ZA T A
Y BleQlar) Ul El(0Q/oa)} UL Bl(0Q/0g)"} UL
1 1.0 0.4469 1.0 0.3530 1.0 0.3804
2 6210 ¢ 0.0003 60x 10 ° 0.0002 6110 ° 0.0002
3 6210 ¢ 0.0019 6010 ° 0.0015 6110 ° 0.0016
4 62x107° 0.0019 60107 ° 0.0015 6210 ° 0.0016
5 6210 ° 0.0003 60%x 107 ¢ 0.0002 62x 107 ° 0.0002
6 47x107° 0.1304 47%x107° 0.1047 46x10"° 0.1102
7 A7 %1078 0.1304 47x107° 0.1047 47x10°° 0.1114
8 304107 ° 0.4421 289 % 1078 0.3316 301 <10 ° 0.3733
9 30410 © 0.4421 28910 ° 0.3316 307 %10 ° 0.37%
x Q=T,17T1x107%, V=27,959x10" 12
w (Q=10,858 X107 %, V=235,400x 10" 2
sk Q=14,267x10 %, V=132,849x 107 2
<E 5> 7} basic event?] E8AX ToE
Aord W s A4 ZA T AMFHI™
“ B{(0Q/0q,)) Ul E{(6Q/0g,)*} Ul E{(6Q/aq)} UL
1 0x10 5 0.0399 01079 0.0428 0x10" ¢ 0.0422
2 0x107° 0.3714 0x10"° 0.3947 0x10° 0.3915
3 1,542x10° ¢ 0.0174 1,539 %10 ¢ 0.018 1,537 %10 % 0.0184
4 2,047x10 5 0.0923 2,069 10 ° 0.0999 2,071 x107° 0.0993
5 1,099x10 6 0.1982 1,098 x107°¢ 0.2121 1,084 %107 0.2077
6 86210 ° 0.2428 879 107° 0.2651 880 107 ° 0.2637
7 599 <10 ¢ 0.0607 587 % 1078 0.0638 576> 10 8 0.0621
x  Q=21,354x10 %, V=17,234x 10" 2
w6 Q=21,900 <10 °, V=16,094x 10" '2
w0k Q=21,832x10" %, V=16,216 <10 2
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