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Abstract - In this paper, time-dependent probabilistic performance indicators including reliability, redundancy and risk are in-
vestigated. These indicators are computed based on bridge system modeling under various environmental conditions and steel
types. The bridge system modeling considers the correlation among the bridge girders such as perfectly correlated and inde-
pendent girders. This paper shows extensively the effects of the bridge system modeling types, correlation among the bridge gird-
ers, environmental conditions and steel types on reliability, redundancy and risk. Furthermore, the relation among the reliability,
redundancy and risk is also investigated. This study is illustrated with an existing bridge consisting of nine steel girders. The time-
dependent deterioration of the bridge performance is assumed to be affected by corrosion and traffic loads.
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. [ . System modeling I
Girder 7 Girder 8 - -
Girder 1 Girder 3 Girder 4 Girder 5 Girder 8
Girder 4 Girder 5 Girder 6
Girder 2 Girder 5 Girder 6 Girder 7 Girder 9

System modeling II

(b) System modelings I and II
Fig. 1. Steel girder bridge
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Table 1. Random variables to define the state function in Eq. (9)"'2+!3]

Random variables

Properties Yield strength | Modeling Weight uncertainty factor | Traffic load distribution factor | Impact factor of
F, uncertainty traffic load
(MPa) . Acon Asil Aaph DF.. | DFy_oc | DF; U
Mean 250 1.11 1.05 1.03 1.0 0.982 1.14 1.309 1.14
Standard deviation 30 0.128 0.105 0.082 0.25 0.122 0.142 0.163 0.114
Distribution type Normal
Table 2. Corrosion parameters for carbon and weathering steels for two environmental conditions!*"!*!
Environmental conditions for corrosion
Condition A, Condition B,
Girders Properties Carbon steel Weathering steel Carbon steel Weathering steel
Acor-CS Acor-WS B.o-CS BeorrWS
d W d W d W d 18
Mean 80.2 0.59 50.7 0.57 70.6 0.79 40.2 0.56
land 9 Standard deviation 33.68 0.24 15.21 0.21 46.60 0.39 8.84 0.056
Correlation coefficient 0.68 - 0.19 - -0.31 - —0.45 -
Mean 34 0.65 333 0.50 80.2 0.59 50.7 0.57
2-8 Standard deviation 3.06 0.065 11.22 0.045 33.68 0.24 15.21 0.21
Correlation coefficient - - —0.05 - 0.68 - 0.19 -

340 F=7d7E0te] = A3 A A6 S (EH A752) 20219 124



& 28515 o, Aol wht Al= = A5=E Fig. 20 L
ER AT SISA T (A H 1349), WS T (A 294 8), Z12]

lﬂéﬂ El(3~7)= A (9a), 4 Ob)<+ 4 (90)9] HEI=+E

J-83tod 4] (2)0ll 2lsh A== X4 pE ALIRIT Fig. 201
A Bz Biek o] &A= 27] 7HE 2 A E RS
7, WEA T 29 80] = WA= IAT, o] 57
t] 3~78t} ZHA| Et} E3L B,y -CS7t Ao -CSETE FALS
o] GEA7]= 270]|22, Fig. 2(b)2] B.,~CSol T3t 4

B A= 3147} Fig. 2(a)2] A, -CSETHE A=A S
Utk
AT

=

5.0
Girder 1 and 9

4.0
=
% Girder 2 and 8
< 3.0
g
2 - ) ) il -
s 20 Girders 3-7
)
~

1.0

0
0 10 20 30 40 30 60 70
Time, ¢ (years)
(a) Acor'CS
5.0
Girder 1 and 9

4.0
=
% Girder 2 and 8
= 3.0
g
T S
E [T bt E T N
=Pl T o i et S
520 Girders 3-7
L
~

1.0

0
0 10 20 30 40 30 60 7
Time, £ (years)
(b) Ba)r'CS

Fig. 2. Reliability index of each girder
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Fig. 5. Risk of system modeling with carbon steel
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