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Seismic response of undersea tunnels to hydrodynamic and hydrostatic pressures
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Abstract: Based on the theory of Airy minute amplitude of vibration, A finite element model for sea-soil-tunnel system is
established on the basis of the software of ABAQUS. The seismic responses of under sea tunnels to of effects analysis
hydrodynamic and hydrostatic pressures under different buried depths are compared. The results show that, the horizontal
acceleration and relative horizontal displacement is 1.1~1.4 and 1.8~2.3 times respectively under hydrodynamic pressure than
hydrostatic pressure. With the increasing buried depth, the stress and displacement as well as the corresponding impact factor of
hydrodynamic pressure Kp decrease, that is, the hydrodynamic pressure has no effect on seismic response when it reaches
certain depths.The stress in spandrel and haunch is significantly larger than that in the other parts so that the spandrel and
haunch are the most dangerous parts of the tunnel.
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Table 1 Parameters of design waves
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Table 2 Parameters of different soil strata

PRI SRk 4 3 Wk I +JZ Bl Go y
/m Fi/m /s /m /(ms™) ik /m  /(kNm®) /MPa ’
20 5.17 7.3 71.2 9.5 MEESMWE)Z 35 1880 149 045 0.00173
1.2 HEEWANHTE K HEE B SR E)E 4.5 1980 263 045 0.00173
NV e . . AR B L 8 2030 433 043 0.00144
Ik Z BRI A B SR icoR, TR é%%é@ 6 2030 54.6  0.42 0.00144
FEl ) K I RE R AR AT V0% S 55 18] Taft 3%, HLUEAE N g 9 1900 75.9  0.42 0.00173
MREVIHEN 2.0 mis®. JE 1 4 T PR MR I B 201900 135 042 0.00173
o Ik Pyt 7 2040 105 038 0.00144
- VAR IR 13 2040 128 038 0.00144
2 e 20 2000 114 0.35 0.00308
ol g 6 2000 139 0.34 0.00308
g g 12 2000 154 032 0.00308
Zo
% _
g—l
-2 , L . L L )
0 5 10 15 20 25 30
i iE)/s
(a) WP &
2 =
g
<0
& K
igzﬂ_l I 200 m l
= (a) 4 - BEHELHIRE RIS R EE
-2

s 10 15 20 25 30

(b) Tt

1 EEWAMRENEE T2

Fig. 1 Time histories of input ground motion of acceleration of

bedrock
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Fig. 2 Grid of two-dimension finite element mesh model
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Fig. 3 Relative horizontal displacements of undersea tunnel

Table 3 Relative horizontal displacement and Kp, factor at top of

tunnel cm

BaiE AT T Taft I
HAm #K K Ky/%  #K O FK K%

20 6.0 7.1 19.0 6.4 9.8 51.8
30 2.8 3.1 9.3 2.8 5.5 95.4
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Fig. 4 Locations of nodes with stress responses
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Table 4 Peak horizontal accelerations at different positions of undersea tunnel under earthquakes m/s’
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Fig. 6 Time histories of horizontal acceleration at top and bottom of undersea tunnel under input Qingping waves of bedrock
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