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Abstract Because maglev trains have a propulsion and absorption force without contact with the rails, they can drive
safely at high-speed with little oscillation. Recently, test model of a maglev propulsion train was produced and
operated, and has since been chosen as a national growth industry in South Korea; there have been many studies and
considerable investment in these fields. This study examined the dynamic responses due to bridge-maglev train
interaction and basic material to design bridges for maglev trains travelling at high-speed. Depending on the major
factors affecting the dynamic effects, the scope of this study was restricted to the relationship between dynamic
responses. A concrete box girder was chosen as a bridge model and injured train and rail types in domestic production
were selected as the moving train load and guideway analysis model, respectively. From the analysis results, the
natural frequency of a bridge for a maglev train, which has a deflection limit L/2000, was higher than those of bridges
for general trains. The dynamic responses of the girder of the bridge for a maglev train showed a substantial increase
in proportion to the velocities of the moving train like other general bridge cases. Maximum dynamic response of
the girder is shown at a moving velocity of 240km/h and increased with increasing moving velocity of train. These
results can be used to design a bridge for maglev propulsion trains and provide the basic data to confirm the validity
and verification of the design code.
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Table 1. Magnetic properties of Bogie

Classification Unit Unit data Symbol
magnet area m? 0.036 A
nominal current A 30.5 A
total resistance [0} 6.0 R
cycle of coil time 400 N
nominal interstice m 0.008 2y
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o = a1l - Table 4. Maximum displacement (Unit: mm, rad)
g2 AU 5A8HE THE A2} 5182 WelE _ , ‘ ‘
_ _ o Division x Dis. y Dis. z Dis.
g4 etes rgE L vk ofeldh o] f2 AETA Location 3 98 11, 186
o 9% s ABE B ATe) FHsNATet rpgo  sar | Dis | o8| 22w | 005
. N, _ . ° Load | Division [Roatation Angle xRoatation Angle yRoatation Angle z
2 Hud 5 glo] detsol o3 7 e s dants Location | 11, 186 11, 186 11, 186
%E{%%}—ﬂ} 1;]] E_—g}y 2 ?:;l,];]_ Dis. 6.584E-04 2.141E-04 2.700E-03
Division x Dis. y Dis. z Dis.
Location 2,3 96, 103 79, 119
Table 2. representative load of Design Criteria Live Dis. 1.054 -1.977 0.050
Division Toad Load | Division [Roatation Angle xjRoatation Angle y[Roatation Angle z
Dead Load Self Load Location | 43, 154 11, 186 11, 186
Live Load Empty Car | 1.3 tonf/m Dis. 5.570E-04 6.709E-05 9.187E-04
Ve 2088 TRull Loaded Car| 2.1 tonf/m Division x Dis. y Dis. z Dis.
Im[l:"g;s(ive Considering 10% of Live Load Location 43, 155 87, 111 96, 103
Dis. .094 -0. 1.
Latoral Load |_ateral Force 2.1 x 20% = 0420 tonf/m Lateral) == 0.09 0.388 1.566
ateral Loa Moment 0420 % 1.398 = 0.587 tonfm/m Division [Roatation Angle x[Roatation Angle y[Roatation Angle z
Location 83, 114 32 34, 163
Dis 6.362E-04 -1.777E-04 -1.000E-04
Table 3. Member force of a girder (Unit: tonf, tonf - m)
. . Bendin : =
Self Point Shearing Force Momen% Torsion 2.3 XI-%_II_I%EHA_"I A
Load End 7.04E+01 | 9.66E+00 | -1.46E-06 Mol ale M T e I EA 6D Ml Eas
Mid -2.57E-01 3.51E+02 1.11E-05 A7Pdants AEuE HiSA R By Tt
Li Point Shearing Force Bﬁ;ﬁg;gt Torsion = Oéi}g} OEjW"ZI‘ —g% S}]éj_— ATz ‘7’%%‘:} oaji}’llj—-
1ve
Load End 7.04E+01 9.66E+00 | -1.46E-06 do A, AR, RER FAEHY Qo drus
Mid -2.57E-01 3.51E+02 1.11E-05 - _
. ’ Bending . A, i, AYZ 450 ok wFrde] gz
Lateral Point Shearing Force Moment Torsion
atera o F = 2] ) Z~Ho T8RN ET == X
Load End 7.04E+01 9.66E+00 | -1.46E-06 2 QA B T Aol aprlEnes Al
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Fig. 2. Mode shape of railroad bridge

Table 5. Frequency and Mode of Railroal Bridge

no. Frequency(Hz) Period(sec) Direction
1 4.681 0.2136 Vertical
2 7.327 0.1365 Lateral
3 18.092 0.0553 vertical
4 19.901 0.0503 Lateral
5 25.734 0.0389 Torsion
6 28.428 0.0352 Axis
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3. Dynamic response of vertical displacement of a girder by magnetic propulsion train

536

60



FAYPASE B2 AV HYINE AEwe] 44 A7

0.008 I | | 200
= Lift / Roughness
Lift / no Roughness
0.004 — no Lift / no Roughness
£ E
: N s AN
g N 7 5
o -0.004 5
a \ 4 =
0 ey v \ T)
—— Lift/ Roughness
-0.008 1| ——— Lift/ no Roughness Y
——— no Lift/ no Roughness
-0.012 -100 ! l !
s} 20 40 60 o] 20 40 60
Position [m] Position [m]
(i) Velocity = 400km/h (a) Velocity = 80km/h
0.008 I I I 200
= Lift / Roughness
Lift / no Roughness
0.004 — no Lift/ no Roughness
£ o T 100
S =
: Zea 3 i W
§ \ / 5 e ’b}‘
g -0.004 £ /
=
8 \ // = o0 b IO
-0.008 ¥/ / L?ﬂ / Roughness
4 Lift / no Roughness
no Lift / no Roughness
-0.012 -100 ! 1 !
o 20 40 8o 0 20 40 60
Position [m] Position [m]
(j) Velocity = 450km/h (b) Velocity = 200km/h
0.008 I I I 200
= Lift / Roughness
Lift / no Roughness
0.004 — no Lift/ no Roughness M
< 7 oo AN
= 1=
= R G 7
£ £
£ \ /] B
2 -0.004 £
@ 3
S N\ / 2 1 Ay
-0.008 / Lift / Roughness
\ Lift / no Roughness
—————— no Lift/ no Roughness
-0.012 ! 1 !
o 20 40 8o 0 20 40 60
Position [m] Position [m]
oo (k) Velocity = 500km/h (¢) Velocity = 400knvh
[ [ [ 200
= Lift / Roughness
Lift / no Roughness / \ 1
0.004 — no Lift/ no Roughness / \\
£ / — 100 ﬂl
g ° i = !
2 S
g \ E A
g -0.004 / £ ’ij ﬂ
e = 4 | R
-0.008 \ // ——— Lift/ Roughness
\ // +{ —— Lift/ no Roughness
/ —————— no Lift/ no Roughness
-0.012
0 20 40 80 o0 ! 1 !
Position [m] 0 20 40 GO

Position [m]
(d) Velocity = 600km/h
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Fig. 3. Dynamic response of vertical displacement of
a girder by magnetic propulsion train
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Fig. 5. Dynamic response of shearing force in the middle
point of a girder by maglev propulsion train
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Table 6. Section property according to the displacement

limit
Limt of Vertical 9 4 4 4
Displacement A(m?) 1,/(m ) | Lm) | J(m")
L/2000 1.140 0.282 0.504 0.463
L/2500 1.168 0.251 0.594 0.528
L/3000 1.228 0.268 0.713 0.586
Table 7. Natural frequency (Unit: Hz)
Limit £/2000 L/2500 £/3000
Mode Fre. Dir. Fre. Dir. Fre. Dir.
1 4.681 | Vertical | 4.879 | Vertical | 5.078 | Vertical

7.327 | Lateral 6.952 | Lateral | 6.955 | Lateral
18.092 | Vertical | 18.864 | Lateral | 18.885 | Lateral
19.901 | Lateral | 18.915 | Vertical | 19.743 | Vertical
25.734 | Torsion | 24.873 | Torsion | 24.761 | Torsion
28.428 Axis 28.436 Axis 28.426 Axis
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