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Abstract: The environmental vibration caused by subway running can affect human health if it ex-

ceeds a certain value. Evaluating the exact vibrational response caused by the subway is of great
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importance. Therefore, an imported vibration meter is used to measure the vibration of Qingdao
Metro Line 3 and Shanghai Metro Line 10, respectively. By processing the data, the time-history
curves of vibration acceleration are obtained, and the Fourier transform also obtains the corre-
sponding spectrum curves. The spectrum curves are then transformed into the frequency range of
the one-third octave spectrum. Finally, the average value of frequency vibration levels is worked
out. The differences between Qingdao Metro Line 3 and Shanghai Metro Line 3 in terms of vibra-
tion acceleration time-history curves, vibration acceleration spectra, one-third octave spectra, and
frequency vibration rates are also discussed. The findings show that the Qingdao Metro’s vibra-
tion response is greater than that of Shanghai Metro; the frequency vibration level of Qingdao
Metro has surpassed China’s environmental vibration standard, whereas Shanghai Metro’s fre-
quency vibration level is equal to environmental vibration standard.

Keywords: metro vibration; environmental vibration pollution; frequency vibration level; one-

third octave frequency spectrum
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Fig.1 Geologic profile of observation point
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Table 1 Dynamic parameters of various kinds of rock and soil
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Fig.2 The time history curve of vibration acceleration
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Fig.3 The time history curve of vibration acceleration
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Fig.4 The spectrum curve of vibration acceleration

at Tongji University station

[7] Py e B 23R 2 SR SR AR A 5 AT A IR, AR S
TR U8 S B 19 34 07 R (RMS) |, 3% R i 15 3]
Xof B HO AR A T R . 5 — R R E
X SR AR T HE AT e A L AR 4k fr;%HJ.IJJEAZ‘ '
W (B o AR 5 FH ) 23 03 b et £ 3% 1) 250 L 10—
HLC B I A T8 N OF Y. ARl RMS {EE/‘J/TE
SCL I AT B BT A

L /gff‘ R _
RMS = [ | % ()de = NA”ZZ)OJ (nA)A =
/fZT (n) (2)

0
0 50 100 150 200 250 300 350 400 450 500
A Hz

(a) ALVUT il 7 13RS 03 A

4.5x10 1
4.0x10* 1
3.5%10 4
3.0x10* 4
2.5%10" 4
2.0x10 4
1.5x10 4
1.0x10 4
5.0x107 1

YIS 2k

g E /g

0
0 50 100 150 200 250 300 350 400 450 500
B Mz

(b) FLVUT by 7 R ) D3 A

2.7x10 1
2.4x10" 1
2.1x10 1
1.8x10" 1
1.5x10" 1
1.2x10
9.0x107 1
6.0x107 1
3.0x10° 1

ZIn S 2%

Tk /g

b ln... sisitibdads st . ,_..LAMJIA“MI.‘

0 sl
0 50 100 150 200 250 300 350 400 450 500
B /Hz
() FLVU ™ Mpsliz Iy 3 o A

B 5 &Zw) shikah ik FIRE

Fig.5 The spectrum curve of vibration acceleration

at May Forth Square station

K A R REERT RN E] B 2 () RIS 5 R,
x(n) NEHBE S,

THEAAEM 1/3 f5EASmE 6 fin.

m & 6 AT AL, L LR Y 1/3 R AR S A A
WAl . 431k 55 Hz M1 160 Hz, £ 55 Hz 4b,Y )5
] PR h Ik B fe K, R 3.7 X110 g, 7E 160 Hz 4b,
Z RS E R, 6X10 g, SR
1/3 A A0 AR 1% o A 7 > W (B, 43 1 2 60 Hz Fi 280
Hz, 7E 60 Hz &b ,Y J5 R 8l B e K. hy 2.3 X
10 *g. £ 280 Hz &b, Z J51a) ¥k o Jin il & 45 K.



542 % 2 W B AL AR 3 B P LB 10 SRR SR e 473

2X10 Pg, HRHMBEIN FEZHRE T L
Bk o ELIR S0 5 B R T v Mk L 3 5 S A
FOBTE 43 M7 B9 45 S — 2,

6.0x10 1 .
55x104 X
50x104{ =Y
45%10%{ -=Z
4.0%10 "
3.5%10 1
3.0x10
2.5%10 1
2.0x10
1.5%10 1
1.0x10"
5.0x107 -
0 T T T
1 10 100 1000
A /Hz
(a) FIERIGE R0k 1/3 A i

ik /g

A
n --l—l'!&!ia:g

2.6x10° 1
2.4x107 —o— X A
2.2x107 1 ~y

2.0x107 1
1.8x107 1
1.6x107 1
1.4x107 1
1.2x107 1
1.0x107 1
8.0x10 1
6.0x10* 1
4.0x10* 4
2.0x10 4 A
0 -.-.a-usﬁ:ézﬁﬂ-?:é:% . .

1 10 100 1000

A Hz

(b) 75 5 FL VU $3k /345 5FRE
B 6 iy 1/3 1425

Fig.6 The one-third octave band of subway vibration

+Z

ik /g

B 7Ca) 7 (b) 435I oy b i R R B b Ak 4y A
WYCEIE . B AT LUE Y 7E 3 5 00 R AL 4R 9
Ko T 5 R R 3h A9 IR GKF B 8K T B b ek Y
PR, H I 32 000 R Pk oK 7 8 o 70 E A 85 4k 3
B A T L v 1l K 1) R K B AR 4 6 3R R 1 2R
SR 3h bn . AR HE IR B T X8R PR 8 R B A
YD 3T v — AR 5 T B TR A DX 188 T T IR
bR BRAG A B 0] A 75 dBL 1) 72 dB, 1 T 5 M
BRI 3 0 1 S R AR G2 3 90 dB, &35 R K
1) B A R B A1 0t 200 %o 757 5% b A2k SR B i 98 41 i e

3 4

KT PR 3 AL Tromino 43 5 %) [ ¥ b
Bk 10 SR ANTE Bk 3 5 2B R , I % Pk %k
it AT 0 B R S AR A BT L AR

(1) iU (9 T b S 2 1 B J2 0 A X b 2k
PRBNBYFE MK, A BT BHLJE B, b AR BB/ 5 A
JETBELJE M/ |l BE 4R s B, T B A BT Ak Y b ik

/) D)1 BRI T A N R S (70 o B =B 7S R
Sy b 9 AR B BE A 1.5~4.0 £

90 Y
801 ——y
70| —w—7Z7
60
m 1 -
S 50|, puanemnn
§ g Rreeess
Raad -4
30
207
107
0 —— T — T ———Tr
1 10 100 1000
B /Hz
(a) LI [RIGEKSF ko SR 2P 31
90 —o— X An
804 —a-y LR, AedER
70{ —=—z
60 1 PN <
;% 50 1 /A ,./-"‘-:A
?Lé\, 40_“‘*%%-‘[0‘0’0,&0
30
201
10
0 —rr————rrrrr——————rrrry
1 10 100 1000
SRR MHz

(b) & F U35 S SRR F-
B/ 7 HekIEFHSMIKRATFHIA

Fig.7 Average value of frequency vibration levels

of subway vibration

(2) b b b R AR B DL O £, % 5
T M R IR B L A A AR RO )
SRR T bR B 5

(3) 7 By P AR Mk i) IR 0 T B i Bk 1 b
R gk, H O R IR 9 Bl i 3 [ A 36 85 ik 3l b e
(L T 7 29t R 4t PR ) e A Ik 20 e AR R B 35 4R
SR AE(EAN Y

2 & Lk (References)

(1] ZEsEH0. BRa B AR a3t Bk X 0] 1E 28 28 9L 36 583 528 8 45 15

L BREE AR 2l 5 e Kot SR (] S A5, 2018, 48 (B 1] 2)
885-889.
LI Zhixin, CHEN Jinke, SONG Ruixiang. Structure Vibration
Analysis and Solutions of an Operation Control Center Caused
by Metro Main Line Transit[J]. Building Structure, 2018, 48
(Supp2) :885-889.

[2] #Exgug, EE. &R, 590 45217 i b 808 A7 605 | 09 it
BT A & J1%%,2012,33(2) :327-335.

CAI Yuangiang, WANG Yu, CAO Zhigang, et al. Study of-
Ground Vibration from Trains Caused by Track Irregularities

[J].Rock and Soil Mechanics,2012,33(2):327-335.



474

o® T OB E R 2020 4F
(3] BRI A~ S, B R B BT A T Atk 2 2 ] 00 il [13] CAIY Q,SUN H L,XU C J. Three-dimensional Analyses of
BRI R[] ] TR f12%,2016,33(3) :39-46. Dynamic Responses of Track-ground System Subjected to a
QIAN Jiangu, ZHOU Renyi, HUANG Maosong. Dynamic- Moving Train Load[J].Computers & Structures, 200886 (7-
Stress Responses to High-speed Moving Load on Elastic Satu- 8):816-824.
rated Semi-space Ground[J]. Engineering Mechanics, 2016, 33 [14] =07 885200, 0o A8 LT 2.5 4 FROCHE A 1 s S vp 25 1
(3):39-46. W PR M RE ST (0.8 1 1%, 2013,34(7) 1 2111-2118.
(4] 4SR50, W R MR 9 42 7 00 B R B 3R 4 Rt A 1 YUAN Wan, CAIYuangiang, SHI Li, et al. Study of Vibra-
R Fymg A LT A A S5 TR 224, 2015,34(7) : 1470- tion-isolation Efficiency of Open Trench in Saturated Ground
1479. by 2.5D Finite Element Method[]J].Rock and Soil Mechanics,
YUAN Zonghao, CAI Yuangiang, ZENG Chen. Dynamic Re- 2013,34(7):2111-2118.
sponse of Track System and Underground Railway Tunnel in [15] @) s AR EE A ok, 55.2.5 48 BR oG/ #r il A sth 3651 4242
Saturated Soil Subjected to Moving Train Loads[ J]. Chinese T5ER R ]]. A - TR . 2011,33(2) :234-241.
Journal of Rock Mechanics and Engineering, 2015, 34 (7). GAO Guangyun, HE Junfeng, YANG Chengbin,et al. Ground
1470-1479. Vibration Induced by Trains Moving on Saturated Ground U-
[5] DEGRANDE G,SCHEVENELS M,CHATTERJEE P.et al. sing 2.5D FEM[]J].Chinese Journal of Geotechnical Engineer-
VibrationsDue to a Test Train at Variable Speeds in a Deep ing,2011,33(2):234-241.
Bored Tunnel Embedded in London Clay[]].Journal of Sound 167 &8, MRS . 254%. & o 20 45 far 2 1E FH T R 08 4% 1) [] 12 1
and Vibration,2006,293(3-5) : 626-644. Lt e 3l 3 R B BB 2 BT LT .28 4 2 5 TR A4l 2014,
(6] XTI, T, Gupta S, 5 b N 5 2% 2l for 430/ HI F g 8 &% 33(1):189-198.
A th 3 9 3h o o g ()] 98 3h 5 et . 2008.27(5) - 81-84. GAO Guangyun, CHEN Gonggqi, LI Jia.Numerical Analysis of
LIU Weifeng, LIU Weining, GUPTA S, et al. Dynamic Re- Dynamic Characteristic of Transversely Isotropic Saturated
sponse in Tunnel and Free Field Due to Moving Underground Soil Foundation Subjected to High-speed Train Load[]].Chi-
Trains[J].Journal of Vibration and Shock,2008,27(5) ;81-84. nese Journal of Rock Mechanics and Engineering, 2014, 33
[7] YANG Y B,HUNG H H.A 2.5DFinite/infinite Element Ap- (1):189-198.
proach for Modelling Visco-elastic Bodies Subjected to Moving [17] @I ZEd 5. i, 558, -0 2k B% 91 2232 17 51 & () Mo i
Loads[J].International Journal for Numerical Methods in En- Pesh sz 508 ] ] A+ 1% ,2007,28(9) : 1817-1822,1827.
gineering,2001,51(11):1317-1336. GAO Guangyun, LI Zhiyi, FENG Shijin, et al. Experimental
[8] h2rii, =8, S0 BT 2.5 4E4 R JC J7 1R 4 0L & i 91 42 7 Results and Numerical Predictions of Ground Vibration In-
A H LR B [T P E B (G ) ,2008,38(5) :600-617. duced by High-speed Train Running on Qin-Shen Railway[ ] ].
BIAN Xuecheng, CHEN Yunmin, HU Ting.Numerical Simula- Rock and Soil Mechanics,2007,28(9):1817-1822,1827.
tion of High-Speed Train Induced Ground Vibrations Using 2. [18] @I iz, KRB, 2 T4, 45 Rig ik — 5L AR T 4k 2
5D Finite Element Approach[]]. Science in China Series G: 5T ) ] MR TR 2E ], 2014,36(3) :429-433.
Physics Mechanics and Astronomy,2008,38(5):600-617. GAO Guangyun, ZHU Linyuan, LI Weihua, et al. Vibration
[9] ANDERSEN L,JONES C ]J C.CoupledBoundary and Finite El- Test and Analysis at the People’s Square of Shanghai, Metro
ement Analysis of Vibration from Railway Tunnels:a Compar- Line 1[J].Northwestern Seismological Journal,2014,36(3):
ison of Two- And Three-dimensional Models[ J]. Journal of 429-433.
Sound and Vibration,2006,293(3-5) :611-625. [19]  EAfREE, FOEW: . 2590 F WU T 3 T 30 1 85 P23 B 9 101
[10] GALVIN P,FRANCOIS S,SCHEVENELS M. et al. A 2.5D W SR S B 9T () ) S A5 4, 2019,49(14) :89-95.
Coupled FE-BE Model for the Prediction of Railway Induced XIA Qian,ZHAO Jin, WANG Defa, et al.Research on Vibra-
Vibrations[ J ]. Soil Dynamics and Earthquake Engineering. tion Law of Ancient Pagoda in Liao Dynasty Based on Dy-
2010,30(12) :1500-1512. namic Characteristic Analysis under Train Excitation [ ] ].
(117 szl 30 28000 07 50 42 08 47 77 A B9 SR ML R IR 3l [T, Building Structure,2019,49(14) :89-95.
HAFFE TR 2007, 26 (84T 2) :4353-4361. [20] ZOU C, WANG Y M, WANG P, et al. Measurement of
BIAN Xuecheng, HU Ting. Parametric Study on Embank- Ground and nearby Building Vibration and Noise Induced by
ment-ground Vibrations Generated by Train Moving Loads Trains in a Metro Depot[ ] ].Science of the Total Environ-
[J]. Chinese Journal of Rock Mechanics and Engineering., ment,2015,536:761-773.
2007,26(Supp2) :4353-4361. [21] THEMEXRAEASHT%SHM% 550 D] A . P6 # 58
[12] W% B0, Wk 090 B8 o 200 T 43 )2 3t 56 e o7 4 1 L) . IR, 2012.
A E TR, 2007,26(1) :182-189. WANG Zhijia. The Statistical and Analysis of Dynamic Pa-
BIAN Xuecheng, CHEN Yunmin. Characteristics of Layered rameters of Soils and Rocks[ D].Chengdu: Southwest Jiaotong
Ground Responses under Train Moving Loads [ ]J]. Chinese University,2012.
Journal of Rock Mechanics and Engineering, 2007, 26 (1) [22] ESVELD C.Modern railway track[ M].Zaltbommel, Nether-

182-189.

lands: MRT-Productions, 1989.



