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Abstract

The classical statistical approach using test data samples to estimate true value of Random Variables by calculating mean and
variation (standard deviation or coefficient of variation) of samples is very useful to understand the existing condition of the
structure. But with this classical approach, our prior knowledge through educational background and professional experience cannot
provide any benefit to make decisions by the structural engineers. This paper shows the role of Bayesian methodology by providing
chance of using valuable prior knowledge to come up with more accurate estimation of structural condition. This paper also shows
how important it is to have a proper prior estimate of Random Variables and corresponding confidence level through gathering and

studying more relevant information.
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PE 9 2IATFRERE FS U8l 247 4 (2)5 2ol

AATHHart et al., 2012).

¢p, =a(1=0.758 pc)/(1+0.755 pp) (2a)
¢p, = aexp|—0.758(pa+pp) | (2b)

2 (29M ot 27F] FAg(D)Y WP 2T7F
(D)9 V&, 5 0= 2L elet

T3 g A= AF(reliability index)olH FtEE
¥ 9 2aeER R A5l da 47 4 (3)3 2ol
298k = Qlth(Hart et al., 2012).

Be—1
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oJ71d, B, & (central safety factor)® C/DE
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Table 1 Central safety factor (3.) in case of reliability

index =3.5
Coeflﬁc%ent of Coefficient of variation of capacity
variation of
demand p,, re
10 15 20 25 30 35
10 1.69 | 1.93 | 2.20 | 2.51 | 2.86 | 3.26
15 1.93 | 2.20 | 2.51 | 2.86 | 3.26 | 3.72
20 2.20 | 251 | 2.86 | 3.26 | 3.72 | 4.24
25 251 | 2.86 | 3.26 | 3.72 | 4.24 | 4.83
30 2.86 | 3.26 | 3.72 | 4.24 | 4.83 | 5.51
35 3.26 | 3.72 | 4.24 | 4.83 | 5.51 | 6.28
40 3.72 | 424 | 483 | 5,51 | 6.28 | 7.16

20% COV), BE(fair confidence-35% COV), £ (poor
confidence-50% COV), % & (very poor confidence-
80% COV)Z2 Z+z+ Jepd 4= 9l

3. HIo|]A ZHAIH(bayesian updating)2 HE

Hlo| 2 AAlY S A gate] A ES] YFUEE FHote
AlElE A2 gt 78S X7t 2AES] 4EE
f B ek, i xo| ¥EAAE o2k A8 o] 3
3 gtk 7Y 3o, =990psi). A& <& ZA2EQ

A==} 5,471psi, 7,823psi, 5,326psiz Ut o]7]A
o Al #2 AAlze Aol obd X9 I HHEES 5.500
psiZ A3 F Matlab(2011)& o] &g+ AlEge]Xed <3
AEE grelth

olojA] 7]EH 4 Xo| A Y Z¥M S (nested random varia-
ble) Y& AjZo] vHEo] Wit o] Yx¥sy Y& 7|
Xo| atgko|t}.

A AR FRAAYAE B9l Ay A4 A
ggato] yo| Hagtel tidt AP gk (prior estimate),
Y2 Hata Bl AR AR vl oig 2l

2|

- %(5,471+7,823+5,326)=6,207psi
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ozl 4 (5)% 2.
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oz mapEs 427w xo d= Pz mawag w  ow/bES Vel HAE AT 7E 10 He A8
WEAsE e 2. A= e TR7IEAe] A Ao 2AG ARIFH el
ozrE AYs| =t} Fig. 10 BdFE & o2 293t
ARE pR7)ERe] AREFE Ui AEs =
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X, = ¥,=6.183psi Ael tha dHo] St Aol ol @ A Zohe o
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Table 2 Convergence upon increased sample numbers in case prior estimate of COV for nested random variable ¥
equals 80% (top) and 20% (bottom) respectively

Sample size(n) Y, Ty, oy Py (%) R lef e} G

3 6,183 566 1,140 18.4 0.061 0.98 0.02 0.57
5,910 496 1,107 18.7 0.98 0.75 0.25 0.50

5 5,721 440 1,083 18.9 0.061 0.99 0.01 0.44
5,611 405 1,070 19.1 0.98 0.84 0.16 0.41

10 6,019 312 1,038 17.2 0.061 0.99 0.01 0.32
5,934 299 1,034 17.4 0.98 0.91 0.09 0.30

20 5,497 221 1,014 18.4 0.061 1.00 0.00 0.22
5,475 216 1,013 18.5 0.98 0.95 0.05 0.22

30 5,520 181 1,006 18.2 0.061 1.00 0.00 0.18
5,504 178 1,006 18.3 0.98 0.97 0.03 0.18

50 5,584 140 1,000 17.9 0.061 1.00 0.00 0.14
5,573 139 1,000 17.9 0.98 0.98 0.02 0.14

100 5,483 99 995 18.1 0.061 1.00 0.00 0.10
5,479 99 995 18.2 0.98 0.99 0.01 0.10

- 5,500 0 990 18.0 0.061 1.00 0.00 0.00
5,500 0 990 18.0 0.98 1.00 0.00 0.00
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0.8 =—10% (Superior Confidence)
-==20% (Good Confidence)
— - -B5% (Fair Confidence)

== «50% (Poor Confidence)

0% (Really Poor Confidence)

1 2 3 4 5 6 7 8 9 0 11 12 13 14 15

-_—— T -

——10% (Superior Confidence)
== 20% (Good Confidence)
= « «35% (Fair Confidence)
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01 80% (Really Poor Confidence)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Number of Samples, n

Fig. 1 Effects of prior uncertainty and sample size on
test data weighting factor (() and prior estimate
weighting factor ()

Table 3 Variation of parameters with prior confidence,
three test samples

1S - ol g . PET] - L

Table 4 Variation of parameters with various prior
estimate, three test samples

Superior | Superior | Superior | Superior | Superior
confidence|confidence|confidence|confidence|confidence
prior prior prior prior prior

(10%) (10%) (10%) (10%) (10%)

Y, 5,000 6,000 7,000 8,000 9,000

oy, 500 600 70 800 900
X, 6,207 6,207 6,207 6,207 6,207
G 0.43 0.52 0.60 0.66 0.71
G, 0.57 0.48 0.40 0.34 0.29
X, 5,623 6,109 6,524 6,813 7,010

oy, 1,059 1,073 1,084 1,094 1,101

oy | 192 176 | 16.6% | 16.1% | 15.7%

Very poor Poor Fair Good Superior
confidence |confidence|confidence|confidence|confidence
prior prior prior prior prior

(80%) (50%) (35%) (20%) (10%)

Y, 5,000 5,000 5,000 5,000 5,000

oy, | 4,000 2,500 1,750 1,000 500
X, 6,207 6,207 6,207 6,207 6,207
C, 0.98 0.95 0.90 0.75 0.43
Gy 0.02 0.05 0.10 0.25 0.57

X, 6,183 6,147 6,090 5,910 5,623

oy 1,140 1,136 1,130 1,107 1,059

Py, 18.4% 18.5% 18.6% 18.7% 19.2%

Bo| &&= Ao RE 7Fsslth(Haselton et al., 2008).
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Fig. 2 Detail of concrete column
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Table 3¢l Hlo]lx AANE Ba HF 3@t x=
5.523psi=5.523ksi0o| B2 C=1,296 X ="7,158kips7} Hr}.
4% APsel WEARCOVE APl B
EFAAE T3 F A719] Hitghs o] gate] et ke
Var(C) = EX(C— C)*)= E((4,X~ A, X)*)

= AE(X—-X))=Aoy’
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COV(C) = A,0 /A, X=(04/ X) = py =0.192
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oA71A, AA FGeA A= A5 gt aftE A stlof
ok 4 o BEAS A% 52 352 ek a= 2L
=lolgta 7Hgetat. ole AA ol AHE 3?%—9-—?%3’]
87 AZ Fo Hey Zozn sPeke Aolth Eo
ZAYE hHll g 27 F(demand)o] HlwA A
AFEE Rdgjo 2 RE ©&Eo] I QFEk| SalAjo] skl
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(good confidence) 9]

=1(1-0.75x3.5%0.192)/(1+0.75%x3.5x0.2)
=(0.325

Ao 759 4% APe e

¢, C=0.325x7,158kips=2,326kips7} BT},

X= X,=6,207psi

oy =1,402psi

COV(X) = py=1,402/6,207=0.226

C=1,296 X=8,044kips

pe=0.226

¢p, =1(1-0.75x3.5x0.226)/(140.75%3.5%0.2)
=0.267

] QJ,].ZJOE 017— ;q %—_ o
¢, C=0.267x8,044kips=2, 148kips7} BT},
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X= X,=5,343psi

oy =1,466psi

COV(X) = py=1,466/5,343=0.274

C=1,296 X=6,925Kkips
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