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Flexural Reliability Assessment of PSC-I Girder Rail Bridge Under Operation
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Ki Hyun Kim - Inho Yeo - Hyoung-Bo Sim

Abstract It is necessary to determine reliability indexes of existing railway bridges prior to setting up a proper target
reliability index that can be used to introduce a reliability based limit state design method to design practice. Reliability
is evaluated for a six PSC-I girder railway bridge, which is one of many representative types of double-track railway
bridges. The reliability assessment is carried out for an edge girder subjected to bending moment. In the assessment, the
flexural resistance and the fixed-load effect were obtained using existing statistical values from previous research on the
introduction of limit state design to road bridge design. On the other hand, the live-load effect was determined using sta-
tistical values obtained from field measurement for the Joong-ang corridor, on which heavy freight trains are frequently
passing. The reliability assessment is performed by AFOSM(Advanced First Order Second Moment method) for the
limit state equation, and a sensitivity analysis for the reliability is performed for each factor of the load and resistance
effects.

Keywords : Limit state design method, Reliability analysis, Railway bridge, Field measurement
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Fig. 2. Cross-section of PSC I girder bridge.
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Fig. 3. Dimensions of PSC I girder at mid-span.

Table 1. Statistical information for material properties.

Tendon Concrete
S . Elastic Yield Ultimate Yield Ultimate | Compressive Elastic
Statistical information Area, i i
p modulus, stress, strength, strain, strain, strength, modulus,
’ E, Joy Jou Epy Epu Jo E.
Mean [5] 5922.5mm> | 200GPa 1600MPa 1900MPa 0.01 0.052 40MPa 28GPa
Coefficient of variation | 0.0125 [6] 0.06 [7] 0.025 [6,8] 0.025 [6,8] 0.01 0.01 0.15 [6] 0.15
Type of distribution Normal [6] | Normal [7] | Normal [6,8] | Normal [6,8] | Normal Normal Normal [6] Normal
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Statistical information of 2,000 sections: u = 17.15 MN-m, CV = 6.57 % Statistical information of moment: 1 = 5120.96 kN-m, CV = 18.76 %
200 - 150 T .
Mg, (N=2,000) m w, = 18.184 M, (N=1,207) u, = 5308.647
150 all data | o,=1873 all data A o, = 624.488
_____ lower tail (10 %) \\7 va - 10.3% 100 | =7~~~ upper tail (10.0249 %) D) CVt = 11.764%
100
50
50
>
6 otz [N
10 12 14 16 18 20 22 1000 2000 3000 4000 5000 6000 7000 8000 9000
Moment (MN-m) Moment (kN-m)
Probability plot for Normal distribution Probability plot for Normal distribution
0.9999 - z i
0.999
0.99 009888
00.9 0.99
.75
2 05 ) 08{@
9 Qo
g O g % R
Q 0.01 02_ 0.01 - =
~ 0001 0bB81 o
0.0001 b
10 ) 12 14 16 18 20 22 1000 2000 3000 4000 5000 6000 7000 8000 9000
Moment (MN-m) Moment (kN-m)
Fig. 4. Distribution of flexural strength. Fig. 5. Distribution of moment caused by train axle load.
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Table 2. Statistical data for the types of fixed load [9].

Item Coefticient of variation Type of distribution
Fixed load D1 0.08 Normal
Fixed load D2 0.25 Normal
Fixed load D3 0.25 Normal
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Table 3. Statistical information used for reliability analysis and reliability index for the girder.

Reliabili Fail
Flexural strength Moment from fixed load Moment from live load e- a0ty a ur'e'
index probability
Mean = 18,184kN-m Mean = 3,506kN-m Mean = 1,847kN-m
Coefficient of variation Coefficient of variation Coefficient of variation
=10.300% =11.806% =11.764% 6.6468 1.4977x10°%
Normal distribution that has a best fit R Normal distribution that has a best fit to
. Normal distribution .
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