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ANALYSIS OF COUPLED ANISOTROPIC SEEPAGE AND STRESS OF
LARGE DIAMETER RIVER-CROSSING SHIELD TUNNEL
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(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China; 2. Key Laboratory of Geotechnical
and Underground Engineering of Ministry of Education, Tongji University, Shanghai 200092, China)

Abstract: Shanghai Yangtze Tunnel is the largest diameter and longest once-driving distance shield tunnel in the
world until now. The average covering soil is 9.0 m, and the shallowest covering soil is only 6.8 m. In order to
control the floating of segment during large diameter shield driving under high water head and shallow covering
soil, a single-liquid synchronous grouting process is adopted. The construction process of Shanghai Yangtze
Tunnel east line river-crossing part is numerically simulated with a 3D elastoplastic coupled anisotropic seepage
and stress model which could consider the soil permeability varying with volumetric strain. Combining with the
measured data, the change laws of tunnel segment’s rising displacement and the pore water pressure outside the
segment during tunnelling are revealed; and the pore water pressure distribution outside the segments and above
the crown when the deformation has been stable are studied. Moreover the influences of groundwater seepage on
surface settlement and segment internal forces under different water depths are analyzed. The results show that the
current single-liquid synchronous grouting material and technology can effectively control the floating of
segment; the ratio of pore water pressure outside the segment to hydrostatic pressure increases with the depth when
the segment deformation has been stable; and the action of groundwater improves the segment’s forced state; but
the negative impaction of high pore water pressure caused by the high water level on the segment force should be
paid more attention to.

Key words: tunnelling engineering; large diameter; river-crossing tunnel; coupled anisotropic seepage and stress;
hydrodynamic pressure
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Fig.1 Geographical position of Shanghai Yangtze Tunnel
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Fig.2 Three-dimensional model meshes
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Table 1  Physico-mechanical parameters of soils

Y o1 N S L
LA /(k,ﬁimfa) g;,iﬁ E/T\jf‘f IR E c/kPa oI(°) EiNre ffgﬁ/(cm ;;

@ VLW 17.7 39.6 3.15 0.35 11 17.0 0.526 8.16Xx1077 1.81x10°7
3 KA I T 1 18.4 30.6 6.51 0.30 10 27.0 0.468 419%10°* 4.00x107*
@AY JHRF - 16.8 50.9 2.07 0.39 10 10.0 0.587 1.53x10"7 1.20X10°7
®s KO F+ 18.1 34.8 455 0.35 20 20.5 0.498 8.67x10 © 6.45X10°°
@1 -1 KEF T L 18.4 30.3 8.12 0.33 14 27.0 0.468 1.65X107* 8.30X10°°
@1 - KEHS TA L 18.8 27.4 11.48 0.30 8 315 0.444 4.44x107* 2.11x10°*
@ar K 19.2 23.9 16.44 0.29 2 35.5 0.415 1.01X1073 8.00x10*
@ KO RRRY AN 1D 20.0 215 18.04 0.28 3 345 0.420 4.16x10* 3.00X107°
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Fig.3 Relation curves between crown’s vertical displacement

and time
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Fig.5 Relation curves between pore water pressure and time
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Fig.6 Distribution of pore water pressure outside the tunnel
segment(unit: MPa)
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Table 2 Ratio of pore water pressure to hydrostatic pressure

with the depth
REEIm FLBR/K I J) u/MPa #7/KIE ) p/MPa ulp
0.000 0 0.3424 0.3037 11273
0.255 6 0.3849 0.306 2 1.256 9
1.004 8 0.4213 0.3135 1.3440
2.196 7 04313 0.3252 1.326 3
3.7500 0.474 6 0.3405 1.3938
5.558 9 0.5158 0.358 2 14401
7.5000 0.546 4 0.377 2 1.448 6
94411 0.583 6 0.396 3 14726
11.250 0 0.6257 0.4140 15113
12.803 3 0.652 1 0.4293 15189
13.9952 0.669 2 0.4380 15279
14.744 4 0.708 8 0.448 3 15810
15.000 0 0.736 3 0.450 8 1.6334
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Fig.8 Surface settlements under varying calculation conditions
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Table 3 Comparison of representative point axial force under
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Table 4 Comparison of representative point bending moments

under varying calculation conditions KN *m
i A
T %
A M B mC HD
1 —349.0 —377.5 387.5 388.5
2 52.6 56.5 —21.5 —21.8
3 487 53.4 -17.1 —17.2
4 57.2 61.3 —243 —245

varying calculation conditions MN
i P
WES
A B M C M D
1 2.09 2.63 3.42 3.41
2 2,51 3.02 2.89 2.89
3 2.30 2.90 2.69 2.68
4 2.80 3.26 3.28 3.27
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