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Numerical Prediction of Ground Vibration Induced by Subway
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Abstract: On the purpose of studying on ground vibration induced by subway, the vibration
source model was applied to calculate the exciting force caused by different train speeds, and the
propagation model was applied to calculate the ground vibration caused by different exciting
forces, then the dynamic finite element model of “metro-tunnel-soil” system was established. By
contrasting the numerical results and measured results, the influence law of ground vibration
affected by different factors was analyzed. The results show that the exciting force and the
ground vibration acceleration increase obviously with the increase of train speed; the ground
vibration acceleration peak value decreases significantly as the distance to tunnel increases, and
their relationships with the distance can be represented by power function within 30 m range from
center line of subway; the ground vibration acceleration frequency is mainly concentrated in low

frequency. and the high-frequency actuation is more obvious than low frequency actuation; it is

Y5 H H#5 :2016-04-06
EETH :ERARBFHIESTE (41172257) 5 g @ R IEA BT 55 9% 4 100 %% 4: 350 H (2013G1261062,310826161018)
BN BLA98L) L FL WU ATTA KL KFEVIN, T2+ 4 )5, E-mail : firewoodxu@126. com,



58 AHAFE TRFR

2016 4

recommended to take construction gauge outside 20 m of center line of subway, or reduce the

design speed and the vehicle load, or optimize vibration isolation measure, to reduce

environmental impact of local residents in Shanghai area.

Key words: ground vibration; dynamic finite element model; exciting force; track irregularity

power spectrum; vibration source and propagation model
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Fig.2 Track Irregularity Power Spectrum Density
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Tab.1 Main Parameters of Vehicle and Track
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Fig.3 Propagation Model
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Tab.2 Main Parameters of Soil Layers
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Fig. 4 Exciting Forces Caused by Different Train Speeds

PRBEYR B bR v ) CFE 2 A 32 A R B BR A B HL N
T3 bR UE ) LI T B0 223 (b T 20 51 2 )
) 55 WK S M R A R I 7 b v ) A R
T BLE Sl Gl BO 51 A28 17 51k A9 4E 2 % Ik 30
5 A5 R M R R S I D7 9k D SR #E AT o IR A 5%
[ NI 2w A7 ) PXT1042 258 18 Bd R 4R R 4E
T3 A TR SR FH B 30 2 i A i A 1C e X
Jin e JEE AL Tkt o M R b T M R R T 2
AR i B /NI o S PR IE I KA 52 A S RS R A
I A v A i RN IR RS . I A
SRS TE ML BR BE T 1 7 T T Mk 2 B A R R
BRBRIE O A [ R AL B T I I
A kB AT N 60 km o h ' AR SC[R R 2 4% 7
60 km « h ' RUAE 70 Br 5 R R HEAT XS EEL A 6~8
30 4y T R T AN ] {7 M AT 1 e T I 1
T JE I R 2K
S e JRE A £ e - R (R AR AU P 2

WA 2250 o T K o 22 A1) 1 D A T R BB 4B T
SEAE R B 5 B S S R T I TS I 4 2R A2
PR R, A E TR R 2 BE SR 5 5
0245 2R 1 oy 2 A A R A b R AR — B T EL WA (A
R E M EEA W) & AR T R AR LG 2R R R

4 IRSRBAMESW

B & 6~8 AT LAE 1 H 5 BT A (45 R 5 52
ERTEMRME b I8 — B0 A7 G H gk g | 1 T R B Y
TS FEE I o b A v 14 B O 0 1) R
B R R H O 2R B b T A T 1 b T iR S i S R 0 (.
T A e DU 9. B9 AT RN b T AR S0
JEWEEAE 7.5 m AbHL O m by 2> T 29 752,15 m
AT WA 7.5 m AR T 50 %,

N SR B o BT A5 30 A e T L B G O B
T (1 5 I R R i e 0 R R AT e ot A 3 A0



% 5 HOBLLF AR TIRR-E G A A 69 b4k 7] A e @ IR 3 B T 61
0.10 0.12
~ 0.06f ~ 008
- 7 0.04
£ 0.02} £ .
B 0ol o
= B _0.04
=4 _
= —0.061 —0.08
—0.105 5 10 15 —0.125 5 10
i 18)/s /s
(a) v=50km+h”' (a) HMELGHR
0.12 0.101
~ 0.08F ~ 0.06f
w [}
< 0.04F 7
£ = 0.02r
= 0 =
® %
B _0.04f % —o02r
= =1
—0.08} = —0.06F
—0.125 5 10 15 —0.105 5 To
i 8]/ i 8]/s
(b) v=60km +h”" (b) LR
0.121
6 BEHEL A2k 0 m AL b TEHR B A0 3E B X bE
~ 0.08f
T, Fig. 6 Comparison of Ground Vibration Acceleration at
. 0.04f
g 0 m off Center Line of Subway
= 0 i
H o 0l 0.03
B
—0.08f A 0.02
) ) ) . 0.01f
—0.12, 5 10 15 g
T = 0
(¢) v=70km-h"* B/ _o.01f
=
0.151 o0k
~ 0.10F , ;
T —0.034 B 10
z 0051 I /s
@ 0 (a) HMELR
2 _o0sk 0.025
=0
—0.10F ~ 0.015}
I
) |
_0150 |5 1‘0 1‘5 :E 0.0051 I | I ‘ I
i [6)/s = I ‘ \
(d) v=80km-h™ % —0.005r i
= _.015}
Bs5 igkdo&etmRsmEERERZ
Fig.5 Time History Curves of Ground Vibration —0.0255 3 1'0
i [8)/s

Acceleration at Center Line of Subway

K10 Fr7m B9 ZEIOML A . b P& 10 AT b T b 4%
i 5 I A g 4 0 {5 i L R B0 < T i I Dk
AR K Bl I A K R T T 2 e
JEE W (P AR 12 PR A v = 0. 095 2o M1 (AU A G
FH R=0.996) i HLH 225, .

Dy B 1O F T T R WA (L S S R R M
P8 i DR R St T 5 S5 00 T o 2 A T AT 0 A
FRENNER 3 Fr s A B R GE OO AN RS 2 By 1/3
A2 . M3 3 AT AR B, i T 2 R e A
P19 S MAC R X B R AR 2 A% 478 AR GE B o T DA 45 0 X

(b) TWGHR

B 7 BEEMERAOLE 7.5 m &b T IR 30 0 5E B X BE
Fig.7 Comparison of Ground Vibration Acceleration at

7.5 m off Center Line of Subway
MR BIAE 10 Hz LLF AR BE FL 8463 . 7 10
Hz DA - 1 v 43 B U i 5 B 28 114 496 O T WYl g 0
Wit v B 1 A i A DR U R 0 IR
WAL ) HE AR T RE & 15 i 9T 10 0 i 3] — o R L AR AR
P8 8 P DU S B S R e o o AR I 2l T RS 2 i
TG B DL 10 52 B o o 2 0 T 0 T 8K
J5 TP G2 1 S Dol R A 3 S Xl P 10 v s U £



62 HAMFE TRFR 2016
0.11g
0.021
~ 0.09}
,‘,m 0.01F ‘E 0.07}F
: &
= 0.05F
® 0 B
iﬁ = 0.03F
= —0.01p
0.015 5 10 s
—0.02; 5 1o F I 1 o 0 £ B 25/m
i [6)/s
(a) Hfls R 9 T R 3h 0 I S U (B R BE
0.02 Fig. 9 Comparison of Ground Vibration
_ Acceleration Peak Value
i, 001r — 0a12r
NN 2 0.10
i g
% 5 008
5 —0.01f @&
0.06
i
_ . ) # 0.04
0.024 5 1o =
B [8]/s R 0.02
(b) LR 5 : . . —
10 20 30 40 50
B8 BEMERARL R 1S m oAbt T IR 5 05 B X9 bk BRI o L 2 B /im
Fig.8 Comparison of Ground Vibration Acceleration at B 10 mEEEETREE

15 m off Center Line of Subway

x3 MEE
Tab.3 Acceleration 1/3 Octave Band

Fig. 10  Attenuation Curve of Acceleration Peak Value

1/3 {53578

00 3 42k o IR 1/3 R A5 b O 45556 (HLz) % 37 189 98 3l in 3 2 2% / B
DERFEES /m 1 1.6 2.5 4 6.3 10 16 25 40 63 100 160 250
0 36.8 | 33.7 | 40.0 | 39.5 43.0 | 56.0 | 57.6 60. 1 81.5 68.8 | 63.0 66.7 | 55.8
10 36.6 | 36.1 37.6 | 35.7 | 40.9 | 49.6 | 46.6 50. 9 66.9 | 62.6 60.0 | 58.1 56.0
20 41.3 | 38.8 | 37.5 | 39.0 | 39.1 54.2 | 47.9 53.6 66. 1 63.1 61.1 62.7 | 69.6
30 41.2 | 37.7 | 40.2 | 40.9 40.0 | 49.0 | 45.9 | 43.8 61.3 | 52.3 | 46.6 | 56.6 | 47.6
(49 53 BT o S0 VA b, DX SR A b R 0 6 20 m T B A 45 A B 1 ¥ BT B e e, L A

Y PR SRR AT ML) ORI AR BT 4 IR 4 A
A3 0P PR R 15 it 25 7 0 DR/ b Bk A | i T AR
2y 0] 3t T S A I BRI

5 & i&

(1) Bt 5 Hbu Ak 4 1 T 41 05 I 0 ) o {1 i =2
A, %5 80 km + h™ ' b 50 km « h™ ' B iR S 1
TNT 4076 Fe A o B A b 5k 2 B8 A0t TG R 8 ek
J3E 1 e (o 98 R BRI IR VR AR ) B K
W4

(2) Hiu A7 |- B M A0 k30 mo i [ Y Y 45

3 2l i 3 T s A ph A 0 L R DT e O B A
A3 K B8 080 % B T 2%, A B R R 0B K

(3) Hb AT 4R sh i B AR R s . B
6 T s 2 ) B R KL & A B S B AR B

PR T R A B g

() L T b DX SRR A 7 Bk PP 2K 20 m
Y PR AR HEAT MR ORI AR BE T 4 s 42 A
A3 0P PR 5 it 25 7 0 DR/ b Bk A | i T AR
2y % 3t A B e R A I R

S E 3k

References:

(1] FERA, RIET] LB E. k51 R #5307 1 =
KBRAE S 5 B LT ], e 3l 5wy, 2012, 31(21)
89-93.

TANG He-sheng, SHEN Dao-ming, XUE Song-tao.
Measurement &. Discussion for Evaluation and Limits
of Subway Induced Ground-borne Vibration in Build-
ings[ J]. Journal of Vibration and Shock, 2012, 31
(21):89-93.

R WY oK R AR BE AR VA M BR 5| RS R B TE
Wi L S HATLI ] R 5 S FR 8 TR, 2013, 35



%5 M #OBLF R TR ISR 69 3k 7] AL @ Ik B L TR 63
(4):133-138. 2011,30(5):131-135.

SHEN Dao-ming, ZHANG Lai-dong, XUE Song-tao. [ 9] GUPTA S,DEGRANDE G, LOMBAERT G. Experi-
Experimental Investigation on Characteristics and mental Validation of a Numerical Model for Subway
Evaluation Indexes of Ground-borne Noise Induced by Induced Vibrations[ ] ]. Journal of Sound and Vibra-
Subway[ J]. Journal of Civil, Architectural & Envi- tion,2009,321.786-812.

ronmental Engineering,2013,35(4):133-138. [10] MEAFmE. ZE<rgk. Mgk gl R AR Y IR IEN o] ].

(3] HEBEAAE KT, & kst i =K 85 vhifi ,2007,26(8) :68-71,170.

g S st S R RE (R A (T ). 454 TR, 2013, 29 LOU Meng-lin, LI Shou-ji. Evaluation of Buildings’
(1) :40-46. Vibration Induced by Underground Trains[]]. Journal
SHEN Dao-ming, TANG He-sheng, HU Chang-yuan, of Vibration and Shock,2007,26(8):68-71,170.

et al. Analysis on Annoying Threshold of Subway In- [11] H R.z3¢@E PR sh TRELM. db ot . Bb 5 W Itk
duced Ground-borne Noise in Buildings[ J|. Structural 2010.

Engineers,2013,29(1) :40-46. XIA He. Traffic Induced Environmental Vibrations

L4 SR BT Je M ar v 25, e 588 2k I 6% B BB 3t v and Controls[ M]. Beijing : Science Press,2010.

B PELT ], S s fi TR 2 4. 2014, 14(3) : 8-14. [12] FIALA P,DEGRANDE G, AUGUSZTINOVICZ F.
ZHANG Guang-ming, HE Yu-long, YANG Li-zhong, Numerical Modeling of Ground-borne Noise and Vi-
et al. Ground Vibration Characteristic of Embankment bration in Buildings Due to Surface Rail Traffic[]].
Section for Fast Railway[ J]. Journal of Traffic and Journal of Sound and Vibration, 2007, 301 (3/4/5) ;
Transportation Engineering,2014,14(3) :8-14. 718-738.

(5] BRetEL.E R.BERIAL. 55 B8 4750 % 50k i )5 F i [13] VAL, F DS AL BINE. S BRIB 1T 5 451 ke gt 5%
T iR S LA E L) ). AR Iy, 2010,27(1) : 98-103. BRIR Bl 9 BE 2 T LT . Bkl B o7 15 TR 27 4 2007, 4
CHEN Jian-guo. XIA He,CHEN Shu-li, et al. Investi- (5):68-72.
gation on Running-train-induced Ground Vibrations FENG Qing-song, LEI Xiao-yan, WU Ming-hui. Nu-
Near Railway [ J]. Engineering Mechanics, 2010, 27 merical Analysis of Building Under Low-frequency
(1):98-103. Vibrations Induced by Subway Running Train[ ] ].

L61 BUEI. I 1A, FB VY w2k 5 B At 28 26 0l 36 B Journal of Railway Science and Engineering, 2007, 4
P s 3 o B [T 1. MR % 5 4R gh 45 6. 2012, 32(3) - (5):68-72.

152-154,187. (141 FEFX%. Bz HE . PR 51 4200 10 48 4 ol Y
HE Yu-long.XIANG Yi. Test and Analysis of Envi- Yesh G B L) ) A AR W R2E 23 AR Bl 2
ronmental Vibration of Weinan North Elevated Sta- i ,2012,30(3) :355-359.

tion of Zhengzhou-Xi'an High-speed Railway [ ] ]. WANG Ze-xing, ZHAO Wei-yi, SHEN Dao-ming.
Noise and Vibration Control, 2012, 32 (3):152-154, Simulation of Vibration and Structure-borne Noise
187. Due to High-speed Train Through Changsha Station

L7] 5k #.REX, BEW, YLELEBET5IENY [J]. Journal of Jiamusi University: Natural Science
M 3l S F 58 BUR [T, B 908k TR 2 i, 2011, Edition,2012,30(3) ;:355-359.
31(2):225-232. CI5] GRME € HEBERE, & 5. % BRER IR SR X 5
ZHANG Yang, CHEN Guo-xing, MAO Kun-ming, *%ﬁ‘{l%%ﬂ’]?ﬁﬂﬂﬁj\*ﬁ[ﬂ.ﬂfﬁxjj'i{rhﬁ,ZOlS,SZ(lG):
et al. Status Quo of Research on Measurement of 187-192.

Ground Vibration Induced by Rail Transit[J]. Journal ZHANG Peng-fei, LEI Xiao-yan, GAO Liang, et al.
of Disaster Prevention and Mitigation Engineering, Effect of Railway Environment Vibration on Precision
2011,31(2):225-232. Instruments Inside the Plant[ ] ]. Journal of Vibration

(8] FEARIE. W A L 45 3 T 3ok 290 52 3 30T 131X and Shock,2013,32(16) :187-192.

B g R IR S ST ST ] k35 ik . 2011,30
(5):131-135.

WANG Fu-tong, TAO Xia-xin, CUI Gao-hang, et al.
Test in Situ for Free Ground Vibration Near Urban
Railway Line[ ]J]. Journal of Vibration and Shock,

(16]

KOUROUSSIS G,CONTI C.,VERLINDEN O. Inves-
tigating the Influence of Soil Properties on Railway
Traffic Vibration Using a Numerical Model[ ]J]. Vehi-
cle System Dynamics: International Journal of Vehicle

Mechanics and Mobility,2013,51(3) :421-442.



