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A Study on the Vibration Characteristics of Subway Structure by Train Load
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Abstract

In this study, the vibration analysis of the underground box structures induced train movement is studied. In order to
perform these analysis, dynamic data, which was measured when subway is in service, are gained by attaching

accelerometers on the structure such as lower beam, lateral wa

1l and upper slab. Also, accelerometers are attached on the

lower beams and side walls of the gravel ballast and concrete ballast sections in order to compare vibration due to ballast
materials. The vibration results of upper slabs and lower beams reveal that the vibration on the upper slabs is greater
than the lower beams. Also, the results of the crack gauge on the upper slab show that crack width dose not change due
to vibration, These means that the effect of the vibration on the structure is very limited. In order to evaluate the
vibration of the structure, acceleration unit is converted to velocity unit comparing with the existing velocity data gained

from the platforms.
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Table 1 Limit of Vibratory levels

Day time Mid night time

Type of area (06:00~22:00) | (22:00~06:00)

residential area, green land area,

green belt area, school zone, ~65 dB(V) ~ 60 dB(V)
hospitals, library
other area ~70 dB(V) ~ 65 dB(V)

Y = 20 logX + 91 ; X = particle velocity (cn/s) Y+= dB(V)

Table 2 Allowable vibration of structures due to blast

Allowable particle

Type of structure W .D 1
velocity
cultural structures 0.3cmy/s
mason or wood ceiling structures 1.0cm/s

masonry structures with concrete foundation
Y 2.0cm/s
and slab
small size concrete structures 3.0cm/s
a high—rise building made of concrete or -
5.0cm/s
steel—frame
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Table 3 Type of the cross sections for vibration test

e oot | e |t i
Type 1 5m 300m concrete Yes
Type 2 5m straight line concrete No
Type 3 4m 250m gravels No
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Table 4 Type of the cross sections for vibration test

Section sensor | Moving train | Moving train | Peak acceleration
Type direction | direction direction (/s
X left line 0.144
lower y left line 0.304
beam
z left line 0.532
Type 1 |right upper left line 0.089
z
slab right line 0.071
left left line 0.127
z
upper slab right line 0.069
lower z left line 0.228
Type 2 B -
beam z right line 0.386
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Table 5 Boundary condition for mode shape analysis

case number

Boundary conditions

Subgrade reacton modulus

1 hinge—roller -
2 elastic link 20,000 kN/m’
3 elastic link 200,000 kN/m'
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Table 6 mode shape (case 1)

2nd mode (33.25Hz)

3rd mode (36.74Hz)
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Table 7 mode shape (case 2)

e —

1st mode (22.65Hz)

3rd mode (45.02Hz)

4th mode (51.70Hz)

Table 8 mode shape (case 3)
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Table 9 Peak velocity at platforms
. Peak . Peak
Location velocity (cm/s) Location velocity (cm/s)
A platform—1 0.0617 A platform—2 0.0240
B platform—1 0.0457 B platform—2 0.0032
C platform—1 0.0023 C platform—2 0.0110
D platform—1 0.0041 D platform—2 0.0028
E platform—1 0.0155 E platform—2 0.0191
F platform—1 0.0056 F platform—2 0.0043
G platform—1 0.0102 G platform—2 0.0107
H platform—1 0.0427 H platform—2 0.0178
I platform—1 0.0098 I platform—2 0.0059
J platform—1 0.0074 J platform—2 0.0076
K platform—1 0.0170 K platform—2 0.0031
L platform—1 0.0079 L platform—2 0.0138
M platform—1 0.0126 M platform—2 0.0042
N platform—1 0.0079 N platform—2 0.0071
O platform—1 0.0068 O platform—2 0.0051
P platform—1 0.0015 P platform—2 0.0030
Q platform—1 0.0120 Q platform—2 0.0052
R platform—1 0.0065 R platform—2 0.0060
S platform—1 0.0275 S platform—2 0.0130
T platform—1 0.0417 T platform—2 0.0151

A s FAE oot QJorw ZHE Lol
A oF Im "ozl o] A E AA]ste] a7t
g4 we] FEE SAsich S4A% Hdixt
00617cm/sE/\1 2 AT Bl B4 FHAl &
e AEEE gEn A2 s o 5 Qv w57
oA 249 ko] A7t 0.01eny/s o8k HA w0
et vwd o w9 22 ks Holal glo] V&

Irerosks|x| 153 Maseo11. 7)) 113



Table 10 Peak velocity at Type 1

Location lower beam Left upper right upper
Peak
velocity (cnys) 0986 0.0919 0.0896
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Fig. 16 Change of crack width at upper slab
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