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Frozen Soil Mechanical Properties Research
and Safety Evaluation of Cross Passage
Freezing Engineering

WU Shilong, YANG Dengxian, TAN Yuanzhi,
ZHENG Jun, GUO Shugang, XING Le

Abstract Based on the freezing project of 2# cross passage
and pump house of Guangzhou Metro Line 7 Beijiao New
Town station-Lintou station interval, the physical and mechani-
cal properties test of frozen soil and the safety evaluation of
frozen wall are carried out. The uniaxial compressive stress-
strain curves of silty clay and silty fine sand frozen soil at -5
C, -10 C and -15 C are obtained, as well as the flexural
strength of silty clay and silty fine sand frozen soil at —10 C.
At —10 C, the average uniaxial compressive strength of silty
clay is 2.63 MPa, the average elastic modulus is 82.93 MPa
and the average flexural strength is 2.384 MPa. At -10 C, the
average uniaxial compressive strength of silty fine sand is 3.22
MPa, the average elastic modulus is 49.3 MPa, and the aver-
age flexural strength is 2.048 MPa. The first principal stress,
shear stress and displacement of the frozen wall of the cross

passage section and the pump house are simulated by using

.92 .

ANSYS software with the physical and mechanical parameters
of the frozen soil. The safety factor of the frozen wall meets
the requirements after the excavation of the cross passage,
which ensures the safety and reliability of the underground ex-
cavation construction process.

Key words metro; cross passage; freezing method; me-
chanical properties; numerical simulation
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Fig. 1 Cross section of frozen wall of 2" cross passage and
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Tab.1 Physical parameters of the soil sample

pump house
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R /(g/cm’) wooo  dLBite 7 (m/d) J(W/(m+K)) /(K (kg - K))

R £ 2.00 22.5 0.660 6.00 1.61 1.200
Wy 1.80 23.6 0.750 9.00 1.50 1.420
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Fig.3 Uniaxial compressive stress-strain curve of silty clay at different temperatures
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Fig. 4 Uniaxial compressive stress-strain curve of silty fine sand at different temperatures
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Fig. 6 Simulation results of cross passage section
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Fig.7 Simulation results of pump house section
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Tab.3 Simulation results of maximum stress and displace-
ment of frozen wall
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