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Seismic Response Analysis of Box Tunnels in Saturated Sand
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Abstract: Foundations in saturated sand have the potential to liquefy under the effects of earth-
quakes,and foundation failure caused by liquefaction can lead to a serious damage of underground
structures.Considering Opensees as the computing platform,a dynamic numerical simulation was
performed to calculate the seismic response of a box tunnel with mid-columns in saturated sand
when seismic waves of different amplitudes were input. Acceleration responses and the spectral
properties of ground and structure, as well as the permanent deformation of the ground, after-
shock displacement of the tunnel,and internal force distribution of the tunnel, were studied. The
results show that the additional internal seismic forces in a box tunnel in saturated sand are con-
trolled by the relative displacement of the surrounding soil. The permanent displacement of the
tunnel such as side shift and floating probably appear after the main shock;in addition, remnant
internal forces also probably occur.
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Fig.1  Conical yield surfaces in principal stress space and

deviatoric plane
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Fig.2 Stages of the cyclic loading process
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Table 1 Constitutive parameters of the artificial fill
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Table 3 Parameters of the tunnel material

bR WE/(kgem*)  PEEE/GPa THIA I
C30 2 500 30 0.18

R4 BEESBANIBAN

Table 4 Initial internal forces of tunnel

% 38 A7 W71 /kN /KN B/ (KN - m)
TOUAR 72 vt 75.1 93.3 76.3
TOUAR 72 77.8 120.3 136.9
AR Ay 77.8 120.4 136.9
T0 AR A5 3 75.1 93.3 76.3
A 3 B T 137.1 69.8 76.3
A 5 5 R 140.0 120.0 151.5
JE AR A v 206.7 149.7 151.5
AR A 216.5 114.9 86.7
JEAR £ 216.5 114.9 86.7
JI AR 1 it 206.8 149.6 151.5
R RE TR 140.0 120.0 151.5
e it 35k T 137.1 69.9 76.3
epORE A TR 309.1 0.0 0.0
PO RE R 309.1 0.0 0.0
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Table 5  Hyperstatic pore pressure ratios under input earth-

quake motion with different amplitudes

R IRE /g A3 A4 A5 A6
0.05 0.75 0.50 0.66 0.08
0.1 1.00 0.76 1.00 0.17
0.2 1.00 0.88 1.00 0.37
0.4 1.00 0.95 1.00 0.99
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Table 6 Peak dynamic internal force of each key joint of tunnel under earthquake motion with different amplitudes

0.05 g 0.1¢g 0.2 ¢g 0.4 ¢g
% 18 ¢ H — — — —
e T il A1 5y ¥l il A1 5y ¥l il 71 5y A il 71 5y ¥l
/kN /kN /(kN * m) /kN /kN /(kN * m) /kN /kN /(kN « m) /kN /kN /(kN * m)

TOUAR Zc B 16.4 41.1 160.2 39.3 58.6 217.5 121.7 97.0 340.6 144.2  139.2  477.3
oA T 22 50.5 46.6 70.4 108.1 55.8 74.7 90.7 75.4 64.5 103.9  109.3  114.3
T A 37.0 27.0 4.0 83.3 59.7 44.8 121.8 65.6 80.7 153.4 81.5 92.7
T0UAR A it 42.1 48.1 158.1 106.7 82.6 282.3 49.4 66.6 256.1 80.5 94.8 344.7
A 15 1% TR 31.7 69.9 158.1 52.4 133.6  282.3 92.9 33.5 256.1 145.4 33.3 344.7
A B 5% 38.7 18.6 120.2 105.2 1.3 178.9 110.7  208.8  418.9 82.9 276.4  548.6
JEE A i 60.8 46.1 120.2 157.2 63.8 178.9 175.7  146.9  418.9 219.0  156.6  548.6
A A 42.6 13.9 1.7 142.7 23.2 114.1 85.8 132.1 157.5  132.5  166.6
AR 2 19.2 34.2 72.9 107.0 69.2 117.0 157.1 35.0 15.8 206.3 74.5 47.2
JUS A A i 41.6 106.9  237.5 164.7  139.2  365.9 160.4 76.4 227.7 142.4 91.2 342.5
2 B 5k IS 140.7  107.8  237.5 90.5 184.2  365.9 125.4 13.1 227.7 125.5 46.9 342.5
e Kl 435 T 32.5 40.6 160.2 78.2 27.3 217.5 66.2 158.4  340.6 126.6  203.6  477.3
v A T 10.2 23.6 74.3 16.0 38.4 119.5 22.0 46.8 145.2 40.3 67.6 207.0
A R 10.1 25.8 74.7 16.2 41.4 121.2 22.2 50.6 147.9 40.3 72.1 213.7
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Table 7 Residual dynamic internal forces of each key joint of tunnel under earthquake motion with different amplitudes

0.05 g 0.1¢g 0.2 g 0.4 ¢
% 18 O B . — v - — o — — — o r
4 T3 i H 35 1 il i H 35 1 il i H 35 1 Gyl i 35 1 Gyl
/kN /KN /(kN+m)  /kN /KN /(kN+m)  /kN /KN /(kN+m)  /kN /KN /(kN + m)

00 AR 22 % 35.6 2.7 1.1 77.4 7.6 19.0 92.5 14.0 43.7 86.6 12.2 46.7
Toib 22 60.4 11.5 39.8 97.8 5.4 28.5 112.7 2.5 16.7 111.3 4.4 16.5
ToUAR h A7 59.7 9.8 37.6 95.3 0.9 21.1 112.3 2.7 16.1 111.7 4.7 16.8
TR A7 i 37.5 4.9 8.9 75.1 14.4 44.6 91.0 15.4 46.3 83.5 13.5 49.1
A7 it 355 TH 11.6 29.1 8.9 7.7 60.4 44.6 10.2 72.5 46.3 9.2 82.5 49.1
A ik 20.2 67.2 79.6 22.9 100.6 97.5 30.5 114.6  117.6 41.9 127.9  132.8
A 126.2 417 79.6 201.0  47.7 97.5 224.1 47.9 117.6 250.9 51.5 132.8
i LR 94.7 10.2 46.1 161.5 15.1 57.7 185.6 23.4 67.2 242.0 19.6 69.2
AR e 94.3 12.3 48.3 159.3 25.2 65.5 185.3 24.5 67.8 242.0 17.4 68.7
JES MR 22 Vi 129.5 44.0 90.7 204.7 51.9 125.9 208.8 47.7 119.0 258.6 53.5 130.1
iz 25.1 73.1 90.7 19.1 108.7  125.9 41.5 114.2  119.0 78.8 123.7  130.1
it 45 TR 10.1 25.9 1.1 16.6 55.6 19.0 7.0 72.7 43.7 7.7 79.7 46.7
rpRE AT TH 11.5 0.7 2.2 6.5 2.5 17.1 0.2 0.6 21.0 0.2 0.3

A R 11.5 0.7 2.3 6.5 2.5 17.1 0.2 0.7 21.0 0.1 0.5
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