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Probabilistic Analysis on Dynamic Response of Steel Box Girder Bridge by
Actual Passing Trains
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Abstract - For railway bridges, serviceabilities such as passenger comfort and train riding safety are important design
requirements as well as the structural safety of the bridge. In this paper, dynamic responses of a steel box girder bridge by actual
passing trains were measured and analyzed by probabilistic method. Deflections and accelerations data at center of side span
were collected for about a month by various types of actual passenger and freight trains. Effects by axle weights, types of trains
were analyzed. 100 and 200 years maximum values were estimated by Gumbel probability paper and compared with
corresponding requirements in the current design code. Except for some cases of accelerations, estimated values were well below
the criteria and exceedance probabilities were very low. More data for longer term and other types of bridges are needed to
perform comprehensive analysis on the serviceability of railway bridges.
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Fig. 1. More than 100km long distance passenger traffic
assignment ratio

80

m2004 year m2010 year m2015 year

Double track (%)

Distance (X 100 km) Subway (%)

Fig. 2. Expansion of railway transport
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Table 1. Number of tracks to be loaded for checking limits of
deflection

Number of tracks on the bridge
1 2
1 1 or 2

3 more

1 or 2 or 3 more

a =3 x twist

Fig. 3. Definition of deck twist

Table 2. Limiting values of deck twist

Maximum twist
(mm/m)

1.0
0.5
0.4

Design Speed V' (km/h)

V< 200
200 <V

Dynamic analysis of normal train

Loaded design train
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Fig. 4. Maximum permissible vertical deflection for railway bridges
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Table 4. Limitation of Maximum vertical deflection (Level of comfort =*Very good’)
Design velocity Span length L (m)
(V) (km/h) 0~20 25 30 35 40 40 40 55 | 60~75 | 80~95 | 100~120
L L L L L L L L L L L
210 < V<
0= V=350 1500 1500 1600 1750 1900 2100 2200 2350 2500 2200 1900
L L L L L L L L L L L
200< V<2
00 < V=270 1300 1400 1500 1600 1700 1900 2000 2100 2000 1700 1400
V< 200 L L L L L L L L L L L
- 1100 1200 1300 1500 1500 1400 1300 1200 1100 800 600
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Fig. 6. Test bridge
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Table 5. Axle weight and velocity

min. ave. max.
Axle load 134.1 237.7 450.9
Velocity 8.9 96.5 140.4
6
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Fig. 8. Typical displacement and acceleration
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Table 6. Deflection and acceleration

DT1 DT2 ACC1 ACC2
min. 3.565 0.269 0.021 0.004
ave. 8.608 1.087 0.106 0.015
max. 13.727 10.847 2.062 0.213
C.0.V. 0.236 1.058 1.390 0.994
DT1
1.2
1 .
0.8
[
= 0.6
o]
0.4
0.2
0
0 3 6 9 12 15
Displacement (mm)
ACC1
S4 excess 0of 971
(5.56%)
1 15 2 25

Acceleration (g)

Fg. 9. CDF of measurement data
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Table 7. Type of trains

Frequency | Wheel load | Velocity
Mugunghwa 276 450.9 131.8
KTX-Sancheon 296 369.0 140.4
ITX-Saemaeul 63 174.7 138.9
Freight train 336 404.2 138.3
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Table 8. Number of exceeding the design value in acceleration
Types Mugunghwa Freight train
Axles 20 32 36 38 26 30 54 74 78 106
Frequency 12 3 2 15 1 6 1 1 12 1
Table 9. Comparison of the measured values and the estimation values.
Displacement (mm) Acceleration (g)
(ratio to the design values [%]) (ratio to the design values [%])
Measured |estimation of|estimation of| design Measured |estimation of |estimation of| design
values 100-year 200-year values values 100-year 200-year values
Mueunehwa 12.50 17.78 18.22 1.560 248 2.61
Bung (20, 49) | (28, 70) 9, 72) (446) (709) (746)
8.25 9.32 9.43 0.078 0.11 0.11
KTX-Sancheon | 57550 | (45 37 (15, 37) Pfasse‘g% (22) G1) G1)
TxoSaemaen] | 1091 21.00 P D i 0.062 0.09 0.10 passenger
(17, 43) (33, 83) (35, 87) comfort (18) (26) 29) safety 0.35
Freicht train 13.73 16.48 16.76 2533 2.062 3.31 3.50
£ (22, 54) (26, 65) (26, 66) (589) (946) (1000)
Daily maximum 13.73 22.05 22.79 2.062 3.75 3.97
Y (22, 54) (35, 87) (36, 90) (294) (1071) (1134)
Table 10. Probability of failure £ Aot vk Ao
Displacement Acceleration
passenger passenger 1) AZH AE7H5%s 30Hz2 As=2 DE Esto] 24
comfort _ =
safety safety 31943 1 W91} 0,02g~2.062g2 ARHAQ 03589}
Mugunghwa 1070 | 1070 ul el v of a3 2 gho] Uehieh, 7128 23}
KTX-Sancheon 107 107 3= ol E|e] A 54l ) 5.56%2 A,
_ ) —5.35 o ~
DX Saemaenl |10 10 10 (2) FALARNAY A R FEL & & B0
Freight train 107 144 10”037
FE——— f , 29 F7L 8.83cmole), SA WES
Daily maximum 107372 10”01 3 6.33cm, LS .83cmo|t}, G2 =
SJ5t A YL TS Aol S 200km/h
- L -
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