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Abstract: Considering the correlation among the failure

modes of the multiple control monitoring points from the
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existing long-span bridge girder, a novel optimal R-vine

Gaussian copula data fusion method for failure
probability analysis is presented. Based on the extreme
strain information, an optimal R-vine Gaussian copula
model considering the correlation among the failure
modes of the multiple control monitoring points is built
by combining the corresponding performance functions,
the bivariate pair-Gaussian-copula model and the optimal
Further,

moment method, the failure probability analysis of the

R-vine model. with the first order second
existing long-span bridge girder is conducted considering
the correlation among the failure modes. The feasibility
and application of the method proposed is compared
with the other analysis methods based on the monitoring
data of the existing bridge. The results show that the
optimal R-Vine Gaussian copula information fusion
method for the failure probability analysis of long-span
bridge girder considering the correlation among failure

modes is more reasonable.

Key words: structural engineering; girder; correlation;
R-vine Gaussian copula model; first order second
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brifE2:/10°  9.6293  27.9585  11.8643  26.5816  12.4641 16.5646  18.4470  14.2205 14.5938  15.266 2
PpIE 0.5630 0.696 3 0.866 2 0.772 3 0.5405 0.969 7 0.9890 0.686 9 0.5058 0.5532

43R 2, MR (19) TS TR R b= ke G FF 10 7 B9 B R—vine 1 [ (3X0(20) 7w ) fil
PERYSE 515 RS pair—copula ZRRER , 18 157 —JT Gaussian copula X} %
Dy =max (anpfz’ ...,pfm) —1.0500 X 10~ (22) IERBEXARLIEAOCIEE 5 #5 F 3R R HE AT
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Tab. 2 Reliability index and failure probability of multiple monitoring point
WA AR B# C I D E #if
% ArEERGR  RBUBER FTEERRRR KRR WIEMRRR RAUER O FTEHEAS R WIERRR RAUR

TH 4.7596  9.7008X10°7 6.8236 4.4400X10 1

JEHS 3.706 7 1.0500X10°* 5.4707 2.2409X10°% 7.6697 8.6175X10°% 5.0655 2.0372X10°7

7.0330 1.0109Xx10*

6.8808 2.9754X10°" 5.2966 5.8992X10*

4.0507 2.5537X10°

M. FETFAER) R—vine copula iRy #r SR 1H 7Y
10/ W0 AT A3 ik g 45 A 9 19 65 R ARG 1) 2R 3
BEHR A RABUSTHON I A R 3 AR 3 P o

Y35 3 A4, 55 5 i S GRG0 A 10 ZE Bl AL AR
25 2 AR AR A S AAE R AR = (18) 7]
15, % IR AR BB AR R PR AR OC 1Y 55 5 15 3 BR S S50
po=max(p, .{v.w} €E) =2.2695X 10 (23)
K :p,  FRom v 1 BRI w T £ pair-copula B H
MR GAME R  E(1=1, -+, 9) Jy 2 3 2 R 1Y
U .

120 (22) F= (23) THRE5 3T A, SR TR AL R
—vine Gaussian copula B | 2 B VG VTR A6 5 15 32
G2 IS OB A S 19 R S R N TR % &

KRB I 1 R A . 3K (22) X (23)
THES M 22 705 Uk [ 1] 257 /9 C/D-vine
Gaussian copula #5815 25 B 1) 22 F- P AH L (SR
(1A 2% 18 e 38O XM SR Y 2R A5 32 1.06 X
1072, 2k C/D-vine Gaussian copula £ %% & 23 54
B AR S 1 R 3Ry 1.6 X 10 2RI 1.7 X 1077,
7% 18 5T R R BB A DGR TR A5 R 25 B
/1N, i C/D-vine Gaussian copula % F& 4 #H &
/N, 2 — 20 Bk T A SCHAL R-vine copula #5254
MHERAPE . T HL, SCH R A B R-vine Gaussian
copula 5 74 7 3 4f A5 F (] AH AR 1 R AIE ok P A
e EIE =, 53R 1 ] 3558 15 e W 25 48 =i
7. 1) C/D—vine Gaussian copula #BYAH L , 7648 &
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SEBRIEN
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Tab. 3 Failure probability of multiple pair-Gaussian-copula

) e Sul Kendall BAHC Z £ RBAA
1,5 0.4737 5.5779X10° %
2,8 0.853 2 2.0371X10°7
4,6 0.574 0 7.3035x10°%
3,1 0.6118 4.2114X10 "
1 2,10 0.8224 2.2695x107°
2,4 0.874 5 2.2407X10°8
9,2 0.7614 5.8983X10 ¢
9,3 0.914 6 4.135 8X10° %
9,7 0.920 1 3.028 910"
3,511 0.0251 2.9774X10°%
4,82 0.1830 3.4476X10 "
2,64 —0.1705 9.6136X10 *
9,13 —0.1511 1.500 0107
’ 9,102 —0.166 5 4.6550X10718
9,4)2 —0.166 9 3.0386X10"%
3,209 —0.2921 8.8397X10"%
7,39 0.2727 2.7153X10°"7
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gik

i AN Kendall FAH % R 5L PR RS
9,5/3,1 —0.0756 3.0736X10"%
6,8/4,2 0.336 6 8.2117X1071
9,6[2,4 —0.3378 4.603 5X10~4
3 2,109,3 —0.3402 2.7382X107"
4,1009,2 0.070 3 6.3008X10""?
3,4(9,2 —0.057 4 2.0525X10°%
7,2|3,9 0.239 2 3.3465X10° 18
2,59,3,1 —0.2053 1.5256X10%
9,86,4,2 0.1115 8.8550X107 %
3,69,2,4 —0.1253 7.5308X107%*
! 4,112,9,3 —0.1192 3.8200X10717
3,104,9,2 0.0735 2.3931X107"
7,4/3,9,2 0.0857 7.2753X10°18
4,52,9,3,1 —0.090 1 2.978 1X10°%
3,809,6,4,2 0.124 8 3.4908X10°16
5 1,6/3,9,2,4 0.2174 9.7833X1071
10,1/4,2,9,3 —0.104 6 4.0795X107 "%
7,103,4,9,2 —0.0739 1.4505X 107
6,514,2,9,3,1 —0.2101 2.442 2107
1,8/3,9,6,4,2 —0.0125 1.1732X10°%
° 10,6/1,3,9,2,4 0.097 8 1.6522X10°"7
7,1/10,4,2,9,3 0.0121 5.526 910718
8,56,4,2,9,3,1 —0.0398 4.1793X1072
7 10,8]1,3,9,6,4,2 0.085 3 7.4112X1071
7,6/10,1,3,9,2,4 0.0210 1.4748X10~%
10,5/8,6,4,2,9,3,1 —0.014 1 1.2855X107"
’ 7,8/10,1,3,9,6,4,2 —0.1119 2.4659X10"%
9 7,510,8,6,4,2,9,3,1 0.1859 2.540 01071
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