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Analyses of Dynamic Responses of Subway Tunnels
with Different Sections under Vibration Loading
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Abstract .

vibration induced by the subway trains. In this paper, taking Beijing subway line 5 as an example, the

Strength and deformation of soil around the subway tunnel is greatly affected by the

dynamic responses of subway tunnels with rectangular and circular sections under train’s vibration loading
are computed by means of the finite element code. The deformation of soil around the subway tunnels and

the displacements of the ground surface are also given. The computation results for the two sections are

analyzed and compared mutually.
tunnel design.
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These results may provide some reference data for subway

vibration and wave; model of FEM; rectangular tunnel; circular tunnel; soil deforma-
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Table 1 The main physical and mechanical

parameters of Beijing subway line 5

N /fo i /ﬁﬁi R
1( Zudi+) 5 1.65 * 103 9 0.3
2(81) 6 1.91 % 103 7 0.25
I(CREE) 7 1.99 %103 | 13.3 0.3
4( ) 4 2.1=103 35 0.25
5(4n) 18 2.2%103 45 0.25
6(iREE1) 0.3 2.5%103 | 3.0=104 | 0.167
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Fig 1 circular tunnel model
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[ 0 Hz ~ 80 Hz, ZRIE{E A/, i 3% I B Y able 2 Amplitude of ground displacement with
15 kN, fn#kani 3 fos

different load frequency with X =0

391/ Hz {1 FS IR {EL/ mm
o 8 0.209239 10 -1
J _I E L L 16 0.321 157 % 10 -2
| 24 0.576 466 * 10 - 1
.Jﬂ L 32 0.969 122 % 10 -3
k. e 40 0.295841 %10 -1
1 ! 48 0.241 280 # 10 -4
= ) 56 0.116242 %10 -6
— — 64 0.125569 % 10 -9
- r 72 0.973 845 + 10 - 10

80 0.107 463 % 10 - 10
Ayt

F3 X=15m &FEMEBHEA LR R IEE
Table3 Amplitude of ground displacement with

B3 BEERERGE differernt load frequency with X =15
Fig 3 loading of circular tunnel Y/ He (A IR/ mm
8 0. 187 563 10 -1
2.2.2 ARIEDHTES 16 0.469 577 % 10 -2
A 4 BB M L BRH A 551 0 m, 15 m, 30 " o 192879
m A0 B WL A (% R - o .10
40 0.122418 %10 -1
43 0.349230 =10 -5
56 0.901 318 10 -8
64 0.237878 + 10 -8
72 0.895673 %10 - 11
80 0.398 624 % 10 - 12

F4 X=30 m AAREFMERETEEMBRABEE
Table 4 Amplitude of ground displacement with
differernt load frequency with X =30

Frequency :’,t‘ﬂ?%‘z/l‘]? {\?%lﬂﬁ{ﬁ/mm

. 157 307 = -
B4 X=0m.15 m.30 m AbH MR IR R 8 0. 157207+ 10 -1
Fig4 Amplitude of ground displacement 19 0. 648 47 #. 102
24 0.462 059 %10 -1
HIPE 4 TTLUE 76 = AR S AL , (ORI R 32 0.632610 %10 -2
A AT 24 Hz b, 70k pE 8 p O — 40 0.401 051 %10 -2
EFEBEANFTESR B K X, 33X A4 2 4 i J2 2% 2 N 48 0.226 592 * 10 -3
FERIE RN E . A U A ) R 3 K X B KR 7E 56 0.553523 » 10 -8
SkEE AL 15 m 2. SRR P A 5 0 IR 64 0.204 786 = 10 -8
{Eﬁj(’ 72 0.172 199 % 10 -9
LT H 72 H  R WRAEL B 1 e/ o 50 017853010 -
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Fig 5 displacement of channel soil with =8 HZ

K6 F =24 Hz B HAAAI RS 1]
Fig 6 displacement of channel soil with /=24 HZ

K7 F=48 Hz BRiE HA(IE = A
Fig 7 displacement of channel soil with f=48 HZ
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Fig 8 displacement of channel soil with =8 HZ
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Fig 9 rectangular tunnel model
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Fig 10 loading of rectangular tunnel
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Table 5 Amplitude of ground displacement with differern
load frequency with X =0

B/ He 7 B I fE/ mm

8 7.36125

16 2.278 37

24 0.315651 " 10 -1
32 0.660543°10 -1
40 0.476 41510 - 1
48 0.594 239710 -3
56 0.198 564 " 10 -5
64 0.144 341710 -5
72 0.135948° 10 -6
80 0.614 96710 -9

F6 X=15 m &FEMEHFH=ERMRABIRE
Table 6 Amplitude of ground displacement with
differern load frequency with X =15

Jii*R/ Hz 185 i {H/ mm

8 2.35137

16 0.279 624

24 1.040 47

32 0.96455"10 -2
40 0.377925"10 -2
48 0.653 895" 10 -3
56 0.742866°10 -6
64 0.154325"10 -7
72 0.502854"10 -9
80 0.375947" 10 - 11

F7 X=30 m AFEMERETEMBRABEE
Table 7 Amplitude of ground displacement with
differern load frequency with X =30

iR/ He P ASIEE/ mm
8 5.841 33
16 3.524 65
24 0.799 811
32 0. 154 666
40 0.114 924
48 0.2626217°10-3
56 0.354 60810 -6
64 0.625557°10 -7
72 0.145517°10 -9
80 0.414 495710 -11
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