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Reliability—Optimal Design Method of High—-Speed Railway Bridges
Based upon Expected Life-Cycle Cost
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Abstract

The reliability evaluation may be a efficient method for estimating of the quantitative structural safety considering the
effect of uncertainties included in high—speed railway bridges. The expected life—cycle cost(LCC) based upon the
reliability evaluation will reasonably offer the safety level and design criteria of high—speed railway bridges. Therefore,
this study determined the expected life—cycle cost and optimal design method of high—speed railway bridges on the basis
of the result of the numerical analysis and reliability evaluation. For this, after creating various design method based upon
the standard design of high—speed railway bridges, the numerical analysis is conducted on each of the alternative design
methods. The reliability evaluation by the design strength limit state function is conducted considering the effect of
external uncertainties on the basis of the numerical analysis result. The expected life—cycle cost of high—speed railway
bridges is calculated on the basis of the reliability evaluation result by each of the alternative design methods. Also, the
optimal design method is determined using the calculated expected life—cycle cost. In addition, The result of reliability
evaluation and expected life—cycle cost of optimal design method are examined considering the effect of internal
uncertainties. It is expected that the result of this study can be used as a basic information for the systematic safety
evaluation and optimal structure design of high—speed railway bridges.

Keywords : High—Speed Railway Bridges, Reliability Assessment, Design Strength Limit State Function, Safety Level,
Expected Life—Cycle Cost, Optimal Design
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Optimal Design Assessment of High-Speed Railway Bridges
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Fig. 1 Optimal Expected Life—Cycle Cost Design of High—Speed Railway Bridges
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Fig. 2 Concept of Expected Life—Cycle Cost for Optimal Design of High—Speed Railway Bridges

Total Expected Life-Cycle Cost (LCC)

[Initial Cost (Cycy) Items |
| |® Design Costs (Cipcr)

e Construction Costs (Ciccr)

® Testing Costs (Cirer)

[Maintenance Cost (Cycr) Items|
| | ® Current Inspection Costs

@ Detail Inspection Costs

® Repair and Reinforcement Costs

[Damage Cost (Cpcy) Items |
o Bridge Replacement Costs (Cprer)
® Loss of Lives and Equipment Costs (CpLcr)
® Cultural and Historical Costs (Cpycr)
® Functional Disruption Costs (Cppcr)
|® Environmental and Social Costs (Cpener)

Fig. 3 Components of Total Expected Life—Cycle Cost
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Table 1 Structural Type of a High—Speed Railway Bridge

2 Span Continuous Bridge

Structural Type (Double Lines System)

Span Lengths 40m+40m=80m
Girder Depth 3.5m
Width of Bridge 14.0m
) 1 I

-

‘oung’s Modulus (kN/m?)
Bridge: 33.697.000
Rail; 210,000,000
Sleeper and Gravel Ballast;

104,081.63
4200mm L 5600mm 4200mm

3000mm

-

Fig. 4 Cross Section of a High—Speed Railway Bridge
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Table 2 Natural Frequency and Damping Ratio of a High—Speed
Railway Bridge

Mode No. Rad/Sec Hertz Damping Ratio
1 25.56586 4.068933 0.02400
2 37.15443 5.913312 0.02401
3 38.28179 6.092736 0.02414
4 46.82113 7.451814 0.02568
5 74.46202 11.85100 0.03337
6 78.17260 12.46458 0.03461
7 79.12776 12.59357 0.03487
8 88.13934 14.02781 0.03785
9 96.78518 15.40384 0.04079
10 102.3104 16.28321 0.04270
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Fig. 5 Time Series Load for Time History Analysis
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Fig. 7 MVD and MBM by KTX Velocity
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Table 3 Parameters of Random Variables in Reliability Evaluation

Random Variables cov.” Distribution Type Bias Factor™ References
Design Strength Moment Spav 0.135 Normal Type 1.12 (Tabsh &, 1991)
Maximum Bending Moment . =
by Dead Load Spup 0.100 Normal Type 1.05 (Nowak -5, 2000)
Maximum Bending Moment - . ;
by Time Series Load S st 0.250 Log—normal Type 1.24 (Cho &, 2001)
“C.0.V.: Standard Deviation Divided by Mean Value
“ Bias Factor: Ratio of Actual Values to Nominal Values
5.4000 - [ Check Point 1: Min.=5.226 1.3E-4 1 . External Uncertainty
B Check Point 2: Min.=5.186 B ; —=&— Failure Probability
5.3560 = L1EA 1 (Check Point 1)
% g ---#-- Failure Probability
= £ 8.7E-5 (Check Point 2)
o5 5.3120 ~
< ¢
= E 6.5E5 1
* 5.2680 - E
z o 435 1
=
2 5.2240 g
'® 2.2E-5 4
=3
5.1800 1+ s
100; 1305200, 230 260, 270 280 2307300330 55% 65% 73% 85% 95% 105% 115% 125% 135%
KTX Velocity (km/h) Percentage Value of Standard Design
1.2E-7 1 O Check Point 1: Max.=6.954F-8 ) ) - o .
B Check Point 2: Max.=1.077E.7 Fig. 9 Failure Probabilities Considering External Uncertainties
Lo
= 1.0E-7 1 o ] )
E; Table 4 Reliability Analysis Result by Standard Design
E 8.4F.-8 - Check Point Bending Moment (kN—m)
%‘ Dead Load 45549.00
£ 6.6E-8 - Check Time Series Load 11574.72
E Point #1 Failure Probability 6.954E-8
‘2 4.8F-8 - Safety Index 5.266
B Dead Load 46261.50
3.0E-8 - Check Time Series Load 12471.90
100 150 200 250 260 270 280 290 300 350 Point #2 | Failure Probability LOT7E=T7
KTX Velocity (km/h) Safety Index 5.186
Fig. 8 Safety Indices and Failure Probabilities by KTX Velocity Pf systems Corresponding 4 1.772E-7; 5.092
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Table 5 Initial Costs of Various Designs (Unit: X10"WON)

Different Designs Initial Cost Value
60% Design 73.876
70% Design 81.984
80% Design 93.104
90% Design 96.140
95% Design 98.689

Standard Design 101.200

105% Design 106.260
110% Design 113.345
120% Design 126.500
130% Design 138.644

Regression Analysis Equation:
y=0.19892" — 2.93752% + 17.472x + 59.944

CDCT = Cvf(lesign strength S pfdesignstreugfh (4)
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Fig. 10 Contributions of Various Cost Items

Table 6. Internal Uncertainties in Damage Cost Items

Table 7 Internal Uncertainties in Random Variables

Random Variables C.O.V. Distribution
Type
. Normal
Design Strength Moment Apsur 0.10 Type
Maximum Bending Moment A 010 Normal
by Dead Load BMD ’ Type
Maximum Bending Moment A 0.20 Log—normal
by Time Series Load BMTSL ’ Type

Table 8 Critical Percentage Value of Failure Probability and
Safety Index

Damage Cost Items Coefficient of Variation
Corer 20.0%
Chrer 30.0%
Couer 30.0%
Coper 30.0%
Coever 70.0%

Expected Life-Cycle Cost Assessment
198.1 [ Max.=198.15 (60%) Min. =104.32 (80%)
| Minimum Life Cycle Cost Design

210

190 A 2 st .
= Standard Design of the Objective Bridge
L]
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S’ -
z, 170
Q
2 150 - 145.0
= 13
-~
& 130 1 s
11
= 1114 1.5
= 110 4 107.3 108.8 ]‘i
H 11H.3
90 T T 1

3.54 409 451 483 497 5.09 5.20 530 5.48 5.63
Value of Safety Index

Fig. 11 Life—Cycle Cost versus Safety Index with External Uncer—
tainties
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Fig. 12 Critical Values of Minimum Life—Cycle Cost Using Monte
Carlo Simulation
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