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Abstract: The vibration of the site has a significant impact on adjacent buildings and precision instru-
ments due to the subway operation. A two-dimensional finite element model of the subway tunnel-soil
interaction system was established based on the ABAQUS software to study the dynamic response of
the site under the vibration loading of the subway, and its validity was verified by field test monitoring
data. Then the effects of tunnel burial depth, soil damping ratio, and soil non-uniformity on the soil
surface vibration characteristics and attenuation laws are analyzed by analyzing the peak speed and ac-
celeration time history of the site surface vibration. The results show that the dynamic response of the
soil surface decreases as the increase of the tunnel burial depth and the damping ratio of the soil within

a certain range; the dynamic response of the ground surface of the site under different soil conditions
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has some difference, but the differences gradually decrease with the increase of the distance. Based on

the above parameter analysis, MATLAB is used to fit the peak velocity attenuation curve, and the

prediction formula of site vibration attenuation is given, which provides a reference for the selection of

vibration-sensitive building sites.

Keywords: soil vibration characteristics; dynamic response; vibration loading of subway; finite ele-

ment analysis

51

il

HL P Tk AR & e b, R 25 AR AE Tl A=
FELURER N L R A T S R S AN TR AR
YE . RALH T P 5250 % LR & A RTRHIF ALY
WA T M A% B S ORS A A L A AR AN ]
kA b A7 B B 2N B BT 0O 20 0E (Hb Ak k)
BAT G W BRI 2, 07 A R IS R R L
(LRT) M ARFARIL 2 (Dublin metro north) % # K 2%
s B T R0 A foHiR sh U S, de sl 4
T 8L 1054 US55 RinEE L
1o A LG Sk b BB B BT A BT, MK IR Bh a0 AR 2
Xof BN PN AN I IE R 1 L L R
T 5% Hb Bk 32 17 fof 2 4R FH T 3 Hb = 4 19 3l 0 g &%
L R A AT Sy i 2 Rk A SR b 3 R % Rk iR PR
P 4 A AL H S AR A

WARIE1TE TR m M F 2 LR EH D
H. lamb € 37 () #L8 Ry 5ok, BF 52 B sh ff 28 F £ 1K
B PR S TR A, ALV, Metrikine 25 4R HY A4 i
B o B T 25 0 AT TR R AR KO TE R
Euler-Bernoulli 9% , 1| 4 oy 25 7 Ak A 4 faf 2% 50 342 2
TR L., SiE T HEL, @B
2B - b 1 A B VR R RY X6 AR R 43 2 b S Y
I h B2 R A AT 9T o T AL 2 2 ) P
#) R.D. Mindlin fig" Ry 3L Ak, 50 B0 58 T 84 F1 £
A sh 6 b fop 2R A R A 50T 32 0 A7 B R A AR
LR I, RFBRAECR I TR T LRk
AT R S TN M K A2 AT 51 R B85 AR Bl I A AR BT
D3, O A B0 g M AR AR R b e k15 4 T
S5 L IEAT B AIE

75 BE L Wi 0 3 56 R AR A 480 D T, DL P. Con-
nolly %5 X AN [v] 377 iy 25 780 () oh 30 2% e 0 A 0K 42
T — TR B 5 AR S A TR A S,
Gupta 58 BIESE T AN R A BB JE |+ 7R B39 DI A5 %

192

RS (BE B T R A5 B3R 0 91 4 41 2l i & R 3 Ak
2y 77 0 A S o X TR AR 2 4 B3 2 GE ik B
M3, T b w0 Bk 8 5 2kis 17 5| R Ik 3 U L)
PARG 2 S0 B9 4k 3 ) LR AT T BB LT 5, LE 4K
TR TR B R 2T B AN R B . A e
A G G A s b Bk 16 5 SRR A AT 1 2 BR T AR
ST AR B T AT 5 R R T AL A
%o LBRBRIER ZH X ¥ 5y ik AT B 5T, R fiE
JE M ks AT IR SR AR K 2] 3 i i S

YT AR SCES 5 52 B TR B3 W K,
S 2 3K i - AR AR AR AR M R O3
Hb K B G R AR E L L R AR 2 5 1 X g
R R B B9 R W, W SE T R B IR B S A 4
T ANTFE LS H AN ) B% T8 BT T 7 3t 26 4k 3l 3
Ik FI 2 X, Sy 48k e T DX ) B 358 4R sl 4 )
ES R E LRI | R 2

1 MHKIETHRITRE

1.1 #HBESH

2RI H ABAQUS A4 #EAT 4 -4 2h 1 A BLAE H
A BR IC AL, 25 T ARG B SRR I A R
AT X AR A PR OCHE AL, AN 1 TR . b AR A A
RS B ) R BE 70 m, KO 9 BE 300 m, 75 b 1 2
Bk T8 F 0 2 AN [) 7K T B B A R BT 15 4R R AT, A
A48 P 5 AT S R 20 m

AL LS A B AR, AR R R 2 R AR
42,45 )2 15y 3R R A IR R Ok 3.17.26,
24 m, BRI AN LA N 3 m, AR 0.3 m, A4 RS Hcn
FLPTR o R DR UE BO0E A UL 1) o A R 2505, X R TR
WEF 3T AL 1 90 s A o 2 Ak T s B B 0B S 114 448 A )
6 RHIE MK

HH T M K 3 A7 s G far 2805 | A R G 25 AL % 1R A
A KA Bl AR AR N AL T AR A D A



70

a
L2020, 20}, 20 3, 20 5, 20§, 20
X A A A 7 7 A

20§, 20§, 20, 20 5, 20}, 20}, 20 5 20
1 1 1 A A 1

300 "

HBA: m

BT R fRUr Y AR 2T A BROTAE R

Fig.1 Finite element model of soil inhomogeneous in the Y direction
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Table 1 Material parameters

Bk B ERES
(kgem ) MPa
B4 (0~2m) 1650 6 0.30
W& 4 (2~15 m) 1900 24 0.32
Fi +(15~40 m) 2000 75 0.31
P8 £ (40~70 m) 2100 120 0.20
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Fig.2 Finite element model of non-uniform soil in the X direction
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Table 2 Material parameters of different working condi-

tions
R/ PR AR I/
B - R L
(kgem ) MPa

Fit1 1900 24 0.32
T —

it 2 2000 75 0.31

#Ht1 2 000 75 0.31
T

#Ht2 1900 24 0.32
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Table 3 Material parameters of the test soils

W/ PR/

ok , HEE/N 24
(kgem *) MPa
A 1930 30 0.2
3 5 & 1950 20 0.3
it 1970 50 0.35
bk 2160 70 0.22
e 1870 50 0.25
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Fig.4 Finite element model of engineering site
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Fig.9 Peak response curves for different damping ratios
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Table 4 Values of the coefficients of vibration velocity attenuation formula in working condition 1

10 m
K 1% 1)
BHLJE Ik 0.05 BHJE L 0.15 BHJE Ik 0.25 BHLJE Ltk 0.05 B JE Lt 0.15 B JE Ik 0.25
a 1.201E—5 0.013 83 0.010 75 0.015 94 0.014 61 0.006 887
b —4.062 —0.045 87 —0.035 37 —0.017 84 —0.028 —0.044 9
¢ 0.000 890 9 0.001 868 0.000 321 0.003 578 0.000 155 0.005 958
d —0.807 8 —0.010 47 —0.005 38 —0.146 6 —0.000 990 2 —0.021 92
HEVR 20 m
K- 5 [m)
BHJE L 0.05 FHJE I 0.15 FHJE I 0.25 FHJE It 0.05 FHJE I 0.15 BHJE Ik 0.25
a 0.010 18 0.006 243 0.006 16 0.012 59 0.010 24 0.017 35
b —0.047 34 —0.045 8 —0.033 —0.015 96 —0.021 08 —0.018 09
¢ 0.003 787 0.003 554 0.001 229 —0.000 119 8 —9.67E—5 —0.008 574
d —0.010 31 —0.014 85 —0.011 39 0.001 228 —0.000 842 1 —0.01373
HIPR 30 m
K 15 1]
BHJE Ltk 0.05 FHJE Lk 0.15 FHJE L 0.25 FHJE L 0.05 FHJE L 0.15 BHJE Ltk 0.25
a 0.005 731 0.011 85 0.004 298 —0.021 65 0.009 01 —0.006 533
b —0.020 22 —0.023 93 —0.014 91 —0.010 51 —0.02343 —0.012 08
¢ 0.001 821 4.45E—5 —0.000 194 5 0.031 21 8.38E—6 0.013 38
d —0.010 06 0.002 86 —0.000 599 3 —0.0119 0.004 575 —0.016 33
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Table 5 Values of the coefficients of vibration velocity attenuation formula in working condition 2

P10 m
IK 30|
BELJE 1 0.05 BHLJE 1 0.15 BELJE I 0.25 BLJE 1 0.05 BHLJE 1 0.15 BELJE H 0.25
a 0.003 552 5.00E—3 4.00E—3 0.004 875 0.003 307 0.002 256
b —0.009 208 —2.17E—2 —0.022 02 —0.046 78 —0.048 42 —0.047 47
¢ 0.079 06 0 0 0.004 665 0.003 999 0.003 931
d —0.180 5 —0.02173 —0.022 02 —0.010 85 —0.016 49 —0.019 78
HEVE 20 m
KF B30
BELJE 1 0.05 BELJE 1 0.15 BELJE . 0.25 BELJE 1 0.05 BELJE 1 0.15 BELJE . 0.25
a 0.002 954 0.011 45 —1.10E—3 0.003 753 0.002 449 —0.000 208 7
b —0.008 235 —2.07E—2 —0.030 85 —0.027 84 —0.027 45 —0.025 61
c 0.004 718 —0.009 154 0.003 222 0.002 859 0.002 796 0.004 712
d —0.078 74 —0.026 76 —0.014 9 —0.008 58 —0.014 69 —0.020 23
YR 30 m
IK - 1% i)
BLJE 1 0.05 BLJE L 0.15 BELJE . 0.25 BLJE 1 0.05 BLJE L 0.15 BELJE H 0.25
a 0.004 59 0.012 67 —0.142 3 0.003 208 —0.141 6 —0.002 685
b —0.012 79 —92.14E—2 —0.026 16 —0.018 59 —0.015 92 —0.026 33
c —0.002 151 —0.011 88 0.142 6 0.001 834 0.145 8 0.006 342
d —0.035 47 —0.029 04 —0.025 53 —0.008 079 —0.015 95 —0.020 45
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