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Abstract A railway bridge has both a vertical load distribution and a lateral load distribution with size
and direction that change according to the train movement. Lateral loads have a variety of causes, and
each of them is linked and shows a complex response. Due to these characteristics, design standards
stipulate equivalent lateral loads regardless of the type of bridge. In railway bridge design, dynamic
analysis is performed based on the vertical load, but static analysis is used for the lateral load, and
lateral vibration regulations are insufficient. The purpose of this study is to present a model for the
analysis of snake-like motion for a steel-arch raiﬁivay bridge and to analyze the effects and dynamic
responses through bridge/train interaction analysis for urban railway vehicles. To this end, the
wavelength was selected as a parameter according to the train speed. A snake-like motion model was
made with the rail deviation, initial lateral force, phase difference, and longitudinal friction coefficient
of the rail as random variables. The dynamic responses were analyzed using a time integration method.
Twelve train speeds of up to 120 km/h were applied with intervals of 10 km/h. In the result of the
numerical analysis, the natural vibration mode was lateral, and lateral deformation occurred
preferentially in the primary mode. The lateral displacement in the center of a girder was 0.67 mm when
the snake-like motion was ignored, but when considering the snake-like motion, up to 4.7 mm of
displacement was generated at a speed of 120 km/h, which is an increase by about seven times. This
displacement is equivalent to about twice the static lateral displacement of 2.4 mm due to an equivalent
lateral load. In general, as the speed increases, the lateral cﬁsplacement when considering snake-like
motion also increases. The lateral displacement according to the wavelength change of the snake-like
motion model also increases rapidly at a specific speed. The wavelength change and speed of the rapid
change in the lateral displacement response distribution are linked to the behavior characteristics of the
railway bridge, so the slope characteristics should be considered for each bridge model. In particular,
in railway bridge design dominated by the lateral behavior mode, dynamic responses need to be analyzed
while considering snake-like motion.
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Table 1. Natural frequencies of Bridge

Mode Frequency(Hz) Remark
1 2.033 Lateral
2 2.947 Vertical
3 3.088 Lateral
4 3.301 Lateral
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Table 2. Reference values of random variables

Part Rail-Wheel Initial LF. Phase = Friction Vertical
Eccentri. Differ.  Coeff. Load
Symbol G H, % Ho A
Value 5mm  0~10.5kN  15° 0.4 52.5kN
Range(%) 20 20 20 20 20
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Table 3. Max. Displacement at Mid-Span of Girder

Speed Displ.(mm) Speed Displ.(mm)

(km/h) Dy Dz (km/h) Dy Dz
10 16.056 0.599 70 16.150  0.636
20 16.083 0.595 80 16.091  0.625
30 16.066 0.595 90 16.063  0.621
40 16.083 0.595 100 16.076  0.629
50 16.083 0.616 110 16.051  0.648
60 16.104 0.615 120 16.054  0.672
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Table 4. Max. Vertical Disp(mm) at Mid-Span of Girder

(il:r?;f) 115.6m 127.4m 140.0m 180.0m L106m L160m
10 | 1662 1631 1658 1671 1676 1632
20 | 1647 1624 1618 1655 1641 1636
40 | 1663 1628 1606 1663 1635 15.72
60 | 1627 1616 1600 1643 1634 15.62
80 | 1633 1604 1608 1649 1636 1559
100 | 1625 1623 1599 1639 1625 1543
120 | 17.07 1631 1607 1645 1626 15.29
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Table 5. Max. Lateral Disp(mm) at Mid-Span of Girder

Speed )15 6 127.4m 140.0m 180.0m L106m L160m
(km/h)
10 053 048 057 045 049 042
20 050 042 049 051 039 033
40 0.53 0.44 0.43 0.61 0.42 0.43
60 078 058 047 083 055 090
80 126 072 054 117 084 153
100 271 108 058 156 118 240
120 473 186 070 209 175 3.42
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