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Experimental study on influences of leakage of confined water on
buoyancy of underground structures
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Abstract: In order to solve the problem that the prediction of the buoyancy of underground structures in confined aquifer is
inaccurate, a series of model tests on the impact of confined aquifer seepage on the buoyancy of underground structures are
conducted. Two cases are studied: (1) the vertical seepage in homogeneous soil layer; (2) the vertical seepage of the confined
water through overlying aquiclude. The influences of the seepage on the buoyancy of the underground structure under different
hydraulic gradients in both cases are investigated. The results show that the pore pressure distribution and the buoyancy of the
underground structures are not consistent with those obtained from hydrostatic pressure when the seepage occurs. And they are
usually larger than those obtained from hydrostatic pressure. The raising ratio of the pore pressure and buoyancy to the
theoretical value based on hydrostatic pressure equals to the vertical hydraulic gradient in case the vertical seepage occurs in
homogeneous soil. The raising ratio of the pore pressure and buoyancy to the theoretical value based on hydrostatic pressure is
much larger than the hydraulic gradient in case the confined water seeps in the overlying aquiclude, which is obviously
different from that in homogenous soil. In the case herein, the raising ratio is about 2 times the hydraulic gradient.
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Fig. 1 Schematic illustration of model test
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Fig. 2 Design of model box
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Fig. 3 Model of underground structure
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Fig. 4 Layout of pore pressure sensors
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Table 1 Physical properties of soil samples in tests
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Table 2 Conditions in model tests
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Fig. 5 Calibration results of mechanical measurement system
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Table 3 Values of pore pressure and buoyancy of structural center in test condition No. 1
\ ‘ ‘ LR T Ee o N ‘ eIt
Ly o U ek T g e s rwmieak 0
C _ S 0
B W{E P/kPa FLIEAH PykPa P° /mm 1 FIN whEEN D 0
0
1-1 0 3.105 0.035 1.260 128 0.067
-2 0.125 3.509 3.0 0.170 1.280 144 120 0.200
1-3 0.25 4.101 0.367 1.305 164 0.367
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Table 4 Values of pore pressure and buoyancy of structural center in test condition No. 2
\ . . FLIE IR T ELA . s . SEVAL S i
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c 0 . 0
IS WE P/kPa fLIE{H PykPa B /mm HEN  EHEFEN D 0
2-1 0 2.945 -0.018 1.260 128 0.067
2-2 0.125 3.724 3.0 0.241 1.290 152 120 0.267
2-3 0.25 4.640 0.547 1.320 180 0.500
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Fig. 6 Values of pore pressure at different depths in structural

corner position
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Fig. 7 Values of pore pressure at different depths in structural
corner position
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