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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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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)

Vo< 200
200 < V

Dynamic analysis of normal train

Loaded design train
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Hg. 4. Maximum permissible vertical deflection for railway bridges
(bv =1m/s’)"H

Table 3. Recommended levels of comfort!"®!

Level of comfort Vertical acceleration b,(m/s?)
Very good 1.0
Good 1.3
Acceptable 2.0
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Fig. 5. Location of bridge

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
<
270 < 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=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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Table 5. Axle weight and velocity

min. ave. max.
Axle load 134.1 237.7 450.9
Velocity 8.9 96.5 140.4
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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.O.V. 0.236 1.058 1.390 0.994
DT1
1.2
1 -
0.8
=
= 0.6
@]
0.4
0.2
0
0 3 6 9 12 15
Displacement (mm)
ACC1
54 excess 0f 971
(5.56%)
1 1.5 2 2.5

Acceleration (g)

Fig. 9. CDF of measurement data
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130 & 2 SgkS A FE Ao Uehlar GA] @ 7|1k
1004, 2009 wjo] A 7H& e e T3, o] e
“g2Jsto] Table 90l R SITt, G2 A& 29igh) A&
717k 100, 2009 wjo] HHZk, AA7|E 7S vk
ot 439 A= AE7]7E 2000 L wff F=3§oH A 2 36%,
SARTE 90%o T}, 7HEES] A9 Fa st ASAE 7

Z7k1 0.35g9] 446%0] 11 FHEAR= 589%0] T}
SHERR] AL AEZ7] 200 HHZES 712742 1000%

2 w38kgo] 107 o]t} 7+ 4$-2] 73 2HE-S Table 10
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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A sadntel] ofsk gAY mape] FAgH] et SRy BA
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 2.48 2.61
Eung (20, 49) (28, 70) 29, 72) (446) (709) (746)
8.25 9.32 9.43 0.078 0.11 0.11
KTX-Sancheon | - 3735 | (15 37) (15, 37) Pfassengef (22) 31) G1)
TxSaemaeul | 109! 21.00 0g [ 63337 6 0.09 0.10 passenger
(1173, 433) (3136, 4883) (3156, 867) comfort 2(:)86)2 22;? ;293 safety 0.35
7 . 7 . . 5
i i 25.33
Freight train |~ > "4y | (26, 65) (26, 66) (589) (946) (1000)
Daily maximum 13.73 22.05 22.79 2.062 3.75 3.97
Y MAXIMUM |0y 54y | (35, 87) (36, 90) (294) (1071) (1134)
Table 10. Probability of failure £ Aefotd o2t 2t
Displacement Acceleration
paenger | | pawenger () AZE /ML 30H20) 52 Befefo] 4
safety safety Sk 71 ¥9I7} 0.02g~2.062¢ % AT 0,359
Mugunghwa 10”9 10”0 v WELL u ok gHiAE 2 Zro] Uehdt) 7]2e 2}
KTX-Sancheon 10° 10~ SH= o8 9 4= 54712 AA9] 5.56%= ZFA S}
_ [eS) —5.35 o -
TXSaemacul |10 10 10 (2) FATANNAL A% A HEQ o= & A2
Freight train 10~ 1449 107 0%7
- - ] - y2Re) zo}ﬁzl.% o 2 7“;__5'4__0_
Daily maximum 10737 107 &7 6.53em, ?? ° _ y,830m . 5 ]—u =
9fet A& AR g Aol A £ 200km/h
- L -
= [e) = o
o Aelseint. A Ao olgstel T gl py TG BT g O 5 BN TVEAA B A
2 710] 10702 Zhet) o] ZFE-S B ZaobAA ] A% 2.53cm, 3.53cmo|tt, AEH o -2 1.37cmE F
= W 2 Pz ARl e & 4 U BT S A2 A 7 the B iR
(3) Z4:0} £7]9] Ao} B3 AIKHS o851l AHE BE
ot A3} Al&E 58 dal= B33ls, KTX-ARH, ITX-
1. 88 Aok, SR, of 3 /1nel /1 2l
L Ao nagsol gy S uolt, 248
o] =& A A wefo A A} 7HE ] Al 2 slol3t AT} F38}59] 7L sEARI} 7 L E=
A4S THRAL Qlk, Aebd Aol Sl T~ U4 e i 797} 911, 38%9] AL E x|y} tAy|Tato|t}, 3}
2l OO0 47t T+ AR, 7H45% A E AA)st B st nE gAy|Bag o) 227} 674
o] 34 FF9717]9] HloJHE SAH AL FAl ol T k= olt}, BzalaL} sHEalxte] EEa} o2 dxoe] 29
A S5 7% SAsto] 45k & Ao A pE T} 2227} e oJgfo] Q)= Aoz wrhE)
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