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Experimental study on dynamic cumulative axial strain performance
of artificial frost-thawed saturated silty sand

TANG Yiqun'?, LI Jinzhang®, LI Jun’

(1. China Key Laboratory of Geotechnical Engineering( Tongji University) , Shanghai 200092, China;
2. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China)

Abstract; In the soft soil areas, such as Shanghai, artificial freezing method is adopted for constructing 98%
underground engineering of metro side channel, pumping stations, and cross-river tunnels, but the method also
causes notable problems of frost heaving and thaw collapsing on subway tunnel and surrounding geology
environment. Although physical and mechanical properties of frozen soils have been studied, it is hardly sufficient
for the research on the dynamic plastic deformation of freezing-thawing saturated silty sand. A remold-striping
equipment was designed, and a method of saturating and freezing-thawing was proposed. The dynamic cumulated
axial strain characteristics of freezing-thawing saturated Shanghai silty sand was studied using triaxial testing
system. The experimental results reveal that compared with traditional compaction method, the remold-stripping
equipment and proposed test methods provide an effect way for remolding, saturating, and freezing-thawing silty
sand. The height and volume frost heaving ratio of intact saturated silty sand sample showed less influence with
freezing temperature, but remolded silty sand frost heaving ratio increased as freezing temperature decreased. The
axial permanent axial strain was closely related to the dynamic pore water pressure and less influenced by freezing
temperature. Reducing vibration frequency resulted in smaller cumulated plastic strain. Increasing effect cell
pressure and dynamic stress amplitude can significantly reduce the dynamic cumulated axial plastic strain of
remolded freeing-thawing saturated sandy silt. Improved semi-logarithmic mode of cumulated permanent axial strain
on freeing-thawing saturated silty sand was proposed and verified by experimental data, which could exactly forecast
development trend of dynamic permanent axial strain.

Keywords: artificial freezing method; freezing-thawing silty sand; dynamic triaxial testing; dynamic permanent
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Fig. 1  Device for remolding and stripping dense silty sand
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Fig.2 Device for conducting saturated and freezing - thawing
test on silty sand
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Tab. 1 Physical and mechanical indices of samples
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Fig.3 Multi-function dynamic tri-axial test systems
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Tab.2 Scheme of un-drained dynamic cyclic tri-axial test and control parameters
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axial strain about freezing-thawing silty sand
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Fig.5 Curves of changing rate of plastic strain and dynamic
pore-water pressure of the freezing-thawing silty sand
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Fig. 13 Curve of fitting formula with freezing temperature
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Tab.3  Specific parameters of the equation of the fitted curve

FlJE/kPa  ER&E5IEL/C BN T BB/ kPa PRI/ He MEAK MXRE R
50 -20 10 0.5 £, =0.089 x InN -0. 101/N +0.079 0.989
80 -20 10 0.5 £, =0.059 x InN -0.019/N +0.007 0.993
80 -20 20 0.5 £,=0.110 xInN' -0. 107/N +0.087 0.994
80 -20 30 0.5 £, =0.257 x InN - 0. 150/N +0. 127 0.997
80 -20 10 1.0 £, =0.069 x InN +0.019/N -0.030 0.995
80 -20 10 2.5 £, =0.060 x InV +0. 055/N -0. 062 0.996
80 -10 10 0.5 g, =0.064 x InN -0.025/N +0.010 7 0.990
80 -30 10 0.5 £, =0.071 xInN +0. 016/N -0.025 0.996
130 -20 10 0.5 £, =0.043 x InNV +0. 022/N - 0. 030 0.995
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