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Study on the mechanical properties of the interface between slurry vein and

frozen soil in artificial ground freezing
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Abstract: To explore the mechanical properties of the interface between grouting and frozen soil in artificial
freezing projects, the relationship between the shear strength of the grouting-frozen soil interface and the freezing
negative temperature, initial moisture content, and normal stress was analyzed. Based on the fracture energy
theory, the toughness coefficient was introduced to study the mechanical performance of the grouting-frozen soil
interface. The research results show that the freezing negative temperature and initial moisture content mainly
increase the cohesion of the grouting-frozen soil interface by affecting the ice bonding force at the interface, and
the freezing negative temperature has a more significant impact on the interface strength. The peak shear
displacement of the grouting-frozen soil interface is determined by multiple factors such as normal stress,
freezing negative temperature, moisture content, and internal structure. Under high normal stress, the toughness
coefficient of the grouting-frozen soil interface gradually increases as the freezing temperature decreases. Under
low normal stress, the toughness coefficient of the grouting-frozen soil interface first increases and then decreases
as the freezing temperature decreases. Under the conditions of 15% initial moisture content and 1 200 kPa normal
stress, when the freezing negative temperature decreases from -5 °C to -20 ‘C, the toughness coefficient of the
grouting-frozen soil interface increases by 27%. The research conclusions provide a theoretical basis for the
safety performance evaluation of artificial freezing projects.

Keywords: artificial freezing; mechanical properties; interface between grout vein and frozen soil; shear strength;
fracture energy; toughness coefficient
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Fig.1 specimen production process and schematic of direct shear instrument
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Tab.1 experimental grouping

Hi'5 RESTRIRIC WIAREKEY% 10 J5 71 /kPa
1~16 -5 10.15.20.25 300.600,900.1 200
17~32 -10 10.15.20.25 300.600,900.1 200
33~48 -15 10.15.20.25 300.600,900.1 200
49~64 -20 10.15.20.25 300.600,900.1 200
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Fig.4 peak strength of slurry vein-frozen soil interface under different initial water content
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Tab.2 shear strength indexs of grout vein-frozen soil

WILR B KR /% R4, ik C c/kPa 0/(°)
10 -5 458 39.34
10 -10 525 40.28
10 -15 711 37.26
10 -20 990 33.91
15 -5 520 40.63
15 -10 607 41.49
15 -15 807 37.88
15 -20 1052 35.83
20 -5 590 41.81
20 -10 711 38.56
20 -15 973 34.35
20 -20 1177 34.23
25 -5 697 41.64
25 -10 866 39.43
25 -15 1085 34.93
25 -20 1275 33.02
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Tab.3 fracture energy and toughness coefficient

&/ C L 1 /kPa G,/ G/l Vo

5 300 4478 5062  0.8846

5 600 5411 6501 08323

-5 900 6164 8233  0.7487

5 1200 6849 10013 0.6840
-10 300 5716 6437  0.8880
-10 600 6740 7816 0.8623
-10 900 7938 9246  0.8585
-10 1200 9543 11506  0.829 4
-15 300 5329 6076 0.8771
-15 600 6610 7657 0.8632
-15 900 7965 9344  0.8524
-15 1200 9597 11060  0.8677
-20 300 5716 6811  0.8392
-20 600 8128 9568 0.8495
-20 900 9661 11358  0.8506
-20 1200 10983 12588  0.8725
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Fig.10 fitting surface of the toughness coefficient for slurry

vein frozen soil interface
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