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Dynamic pore pressure model for saturated loess based on dissipative energy

JIAN Tao"2, KONG Ling-wei'-2, BAI Wei*2, SHU Rong-jun'-2
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan, Hubei 430071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A series of undrained dynamic triaxial tests is carried out to investigate the evolution patterns of pore water and
accumulative dissipated energy during the vibration-induced liquefaction of saturated loess, and the effects of confining pressure,
dynamic stress amplitude and consolidation stress ratio on them are discussed. The results show that the pore water pressure and
dissipated energy of saturated loess gradually build-up with the increase of cyclic loading times during vibration-induced liquefaction.
The consolidation confining pressure inhibits the increase of pore water pressure and consumes more energy. Larger dynamic stress
amplitude leads to faster increase in pore water pressure and less energy consumption. Under the isotropic consolidation, the increase
of pore water pressure causes the effective stress to be 0, thus triggering the initial liquefaction. However, under anisotropic
consolidation, the specimen usually reaches the strain criterion for liquefaction first, while the pore water pressure does not increase
to the confining pressure level, and the larger consolidation stress ratio leads to the lower pore water pressure and less cumulative
dissipated energy during liquefaction. The pore water pressure is closely related to the cumulative dissipated energy, and normalized
pore water pressure u/o’o and the cumulative dissipated energy W/Wr are less influenced by the confining pressure, dynamic stress
amplitude and consolidation stress ratio and can be expressed uniformly in a hyperbolic model.

Keywords: saturated loess; vibration-induced liquefaction; pore water pressure; cumulative dissipated energy
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Fig.1 Typical undrained cyclic triaxial test results of saturated loess
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Fig.10 Effect of stress conditions on the relationship

between pore water pressure and cumulative
dissipated energy
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Table 3 Fitting results of dynamic pore pressure model
based on dissipated energy

811 5% AF PELR
o,/kPa K CSR m n R’
50 1.00 0.10 0.297 0.784 0.991 6
50 1.00 0.15 0.183 0.801 0.981 8
50 1.00 0.20 0.315 0.676 0.985 0
100 1.00 0.10 0.370 0.708 0.989 7
100 1.00 0.15 0.561 0.493 0.995 0
100 1.00 0.20 0.625 0.384 0.992 8
200 1.00 0.10 0.314 1.344 0.919 4
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Fig.11 Fitting curves of a pore water pressure model based
on cumulative dissipated energy
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