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Corrosion Fatigue Reliability-Based Life Cycle Cost Analysis of
High-Speed Railway Steel Bridges
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Hyo-Nam Cho - Hong-Min Jeon - Jong-Wan Sun - Man-Keun Youn

Abstract As it recently appears that LCC (Life Cycle Cost) analysis may be considered as an essential method for
economic evaluation of infrastructures. Many researches have been made to assess LCC of each’ facility based on
reasonable methods. However, expected maintenance repair cost must be reasonably estimated to enhance the reliability
of LCC analysis through systematic and rational methods. This study is intended to propose a rational approach to
reliability-based LCC analysis of high-speed railway steel bridges considering lifetime corrosion and fatigue damage.
However in Korea, since high speed railway steel bridges are only recently constructed, no direct statistical data are
available for the account of the maintenance cost and thus their maintenance characteristics are not'clear yet. In this
paper, for the assessment of expected maintenance/repair cost, the fatigue system reliability analysis-incorporating the
corrosion effect is proposed by considering the corrosion and fatigue damage using measured'datafof high “speed
railway steel bridges. A model proposed by Rahgozar, at al for fatigue notch factor considering the corrosion effect
is used in order to incorporate the corrosion effect into the fatigue strength reduction and S-N curve. Finally, the
effectiveness of LCC modet proposed for high-speed railway steel bridges is demonstrated by a numerical example.

Keywords : System Reliability, LCC, S-N Curve, High Speed Railway Steel Bridges
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Table 1. Statistical parameters for a and b

Carbon Steel Weather Steel
Parameter "3 "
a10*m)y | b |a(10*m)| b
Mean | 340 | 065 | 333 | 0498
Rural cov | 009 | 010 | 034 | 009
Environment
coc - - -0.05 -
Mean | 802 | 0593 | 507 | 0.567
Urban cov | 042 040 | 030 | 037
Environment
coc | 068 - 0.19 -
' Mean | 706 | 0789 | 402 | 0577
Marine  Foov T o6 049 | 022 | 010
Environment
coc | -031 ; 045 | -

cov: Coefficient of variation, coc: coefficient of correlation
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Table 2. Bridge Property
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Fig. 1. Bridge’s Measured Locations

Stress Range
[Mpal
500
¥
500 |
-15.00
888553586888388388888823888R3885333888888
S-Nd<soora _:ﬁfEEEZQEQRNK%ﬁRE‘SR%ﬂﬂaﬁﬂ§}%&‘é$iﬁﬂ
TIME(sec)

Fig. 2. Stress Record Curve of Mid span Upper Flange (300km/hr)
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Fig. 3. Stress Record Curve of Mid span Lower Flange (300km/hr)
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Fig. 4. Stress Record Curve of Support Upper Flange (300km/hr)
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Fig. 5. Frequency of Upper Flange at Mid span
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Fig. 6. Frequency of Lower Flange at Mid span
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Fg. 7. Frequency of Upper Flange at Support
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Table 3. Statistical Characteristics of Variables
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Fig. 8. System Reliability index
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Table 4. Maintenance period considering corrosion and fatigue

Category omin SR | A 27| | fAEs B
B Carbon Steel | Rural 87 1
B Carbon Steel | Urban 8 12
B Carbon Steel | Marine 5 22
B Weather Steel | Rural 104 1
B Weather Steel | Urban 18 5
B Weather Steel | Marine 95
C Carbon Steel | Rural 36 3
C Carbon Steel | Urban 7 14
C Carbon Steel | Marine 4 24
C Weather Steel | Rural 43 2
C Weather Steel | Urban 15 7
C Weather Steel | Marine 39 3
D Carbon Steel | Rural 21 5
D Carbon Steel | Urban 6 4
D Carbon Steel | Marine 4 6
D Weather Steel | Rural 22 4
D Weather Steel | Urban 12 4
D Weather Steel | Marine 21 4
E Carbon Steel | Rural 11 9
E Carbon Steel | Urban 5 9
E Carbon Steel | Marine 4 10
E Weather Steel | Rural 7 9
E Weather Steel | Urban 8 9
E Weather Steel | Marine 8 8

Table 5. Maintenance period considering fatigue

Category 5 FARS F7] | FARS: Sl
B Carbon Steel 115.0 By
B Weather Steel 138.2 FrRa
C Carbon Steel 47.5 2
C Weather Steel 46.4 2
D Carbon Steel 244 4
D Weather Steel 242 4
E Carbon Steel 11.8 8
E Weather Steel 11.8 8
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Fig. 11. Cost classification for LCC analysis
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Table 6. Construction cost of high speed railway bridge
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7 AHE ’ ’
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Table 7. Ratio to construction cost(%)
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