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A Study on Uncertainty of Risk of Failure Based on Gumbel Distribution
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Abstract

The uncertainty of the risk of failure of hydraulic structures can be determined by estimating the
variance of the risk of failure based on the methods of moments, probability weighted moments, and
maximum likelihood assuming that the underlying model is the Gumbel distribution. In this paper, the
variance of the risk of failure was derived. Monte Carlo simulation was performed to verify the
characteristics of the derived formulas for various sample size, design life, nonexceedance probability,
and variation coefficient. As the results, PWM showed the smallest relative bias and root mean
square error than the others while ML showed the smallest ones for relatively large sample sizes
regardless of design life and nonexceedance probability. Also, it was found that variation coefficient
does not effect on the relative hias and relative root mean square error.
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Table 1. Expected Value and Standard Deviation of Risk of Failure

7n=10 #=50 #=100

N ¢ | Methed TR 2R | B | 8B | B

MOM 0.3111 0.0230 0.00024

0.90 PWM 0.651 0.2525 0.995 0.0187 0.99997 0.00019

ML 0.2686 0.0198 0.00020

MOM 0.2255 0.5026 0.36604

10 0.98 PWM 0.183 0.1880 0.636 0.4190 0.86738 0.30519

ML 0.1836 0.4091 0.29799

MOM 0.1447 0.4839 0.58547

0.99 PWM 0.096 0.1216 0.395 0.4067 0.63397 0.49213

ML 0.1162 0.3886 0.47021

MOM 0.1391 0.0103 0.00011

0.90 PWM 0.651 0.1074 0.995 0.0079 0.99997 0.00008

ML 0.1201 0.0089 0.00009

MOM ) 0.1009 0.2243 0.16370

50 0.98 PWM 0.183 0.0804 0.636 0.1791 0.86738 0.13042

ML 0.0821 0.1830 0.13326

MOM 0.0647 0.2164 0.26183

0.99 - PWM 0.096 0.0520 0.395 0.1741 0.63397 0.21062

ML 0.0519 0.1739 0.21028

MOM 0.0984 0.0073 0.00007

0.90 PWM 0.651 0.0755 0.995 0.0056 0.99997 0.00006

ML 0.0849 0.0063 0.00006

MOM 0.0713 0.1589 0.11575

100 0.98 PWM 0.183 0.0565 0.636 0.1259 0.86738 0.09172

ML 0.0581 0.1294 0.09423

- MOM 0.0457 0.1530 0.18514

0.99 PWM 0.096 0.0366 0.395 0.1224 0.63397 0.14815

ML 0.0367 0.1229 0.14369
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A= ne F7bol wet 1 gre] Sk "ok T= 50 Zo] EAY 2= 9tk
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4 2 mols o(R) L gro] =7lskA I sodETh DFEﬁOM—pWIZ%(Q)%(—lnq)?(alf+b1y+61)
2 Aol A ntol Z71sHA E wollE o(R)o] 74
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T %’-‘—ﬁz‘ ] °}‘°:1 ( )MOM/ ( )ML"] H]a
Hote] BY 9ed] ¢ o FFRG o]FofA JYSS & 1
S g, o e g Fo) Bl mak Fhsel ¢ 4T H0T oy (080N 01855) @n

Table 2. Ratio of o(R)you/ 0(R)y % o(R)pya/ o(R)y; as a Function of Sample Size and
Nonexceedance Probability

N q Ratios
0.9 U(é)ﬂxloj\/[/ U(E)ML 1.1584
. o (jz)pwm/ U(}})Mz 0.9403
U(}Az)nfoM/ ( A)ML 1.2283
10 0.98
U(R)PWM/ U( ) ML _ 1.0242
U(R)MOM / U(}}) ML 1.2451
0.99 .
0'( )PWM / U(R)MZ 1.0466
0.9 U(k) MOM / ( )ML 1.1584
. U(}})PWM/ U( A)ML 0.8944
0'(}}) MOM / 0'( )ML 1.2283
50 0.98 -
O'(R) PWM / ( )ML 0.9787
(B yons | o(B)ag, 1.2451
0.99
U(R)P[/Wu / U(R)ML 1.0016
09 U(}’\Z)MOM/ U(R)ML 1.1584
' o (R) pyny | 0(R) g 0.8890
U(E)MOM/ U( )Ag, 1.2283
100 0.98 =
o (B) pns | 0(R) g 0.9733
0'(]"}) MOM/ 0'( )ML 1.2451
0.99
o (B) puns / 0 (B) g 0.9964
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Table 3. Nonexceedance Probability for Comparison of Each Estimation Method

Sample . MOM vs. PWM ML vs. PWM
: Solutions
Size Y q Y q
10 1 -0.027 0.3580 0.050 0.386
2 -2.438 0.00001 3.310 0.964
% 1 -0.051 0.3490 0.031 0.379
2 -2.247 0.00008 4.201 0.985
0 1 -0.057 0.3470 0.025 0.377
2 -2.188 0.00013 4546 0.989
100 1 -0.060 0.3460 0.023 0376
2 -2.160 0.00017 4.728 0.991
200 1 -0.062 0.3450 0.021 0.376
2 -2.148 0.00019 4.822 0.992
b, =0.192+ N—l_l—(0.4574N— 11722) (W) a, = 0.6079— 7V1_—1(0.8046N— 0-1855) (31
¢, =1.168— Wl_—l(1.128N— 0.9066) (29) b, =0.5140 + 7\,1_—1(0.45741\7— 1.1722)  (32)
A by o Vo g RS F 7 AL ¢, =1.1086 — ——Nl T (1.128V—0.9066)  (33)

4709 o2 o]Folx Eq. (26)olr Al A7i=]e 3
o w o g XA H22 VarB) e B
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e 7HAA "
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e ARN0L 24Ut 4L ¢ S glov), iy
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#s e ¢ F 3 olet  FAlg WO
Var(R) 8 Var(B) pp®) A8 A o2 Jegd e
3 2,

»
e

DIFF{;_ pyy (30)

2
= 5@ (gl @y’ + by +e)
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B30E B8YT 20064 8A

A7V, AF o= B S g 77
Ea (3009 A oz EAW 24349 2749
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Vor(R),, itk &He goz JEAA Bk o A%
Table 39] 5, 6EdA & & Ql= vl9} Zo] FEAR
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Var(R),, B0 2 3g 1A 9o =3 28
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2 7B HE Adrizre WE AW Fokehl 9
o & 9l

Var(R),z % Var(R) o, @ A8 A02 Ueie o
&3} .

DIFFY, _ viom (34)
2
n
= 7V—(q)2" (—Ing)*(a3y’ +byy+c3)
d71A,  a, =—0.4921, b, =0.3220, ¢, =—0.0594 2]
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