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Abstract: Non-uniform frost heave of rock in cold zone tunnel

under unidirectional freezing condition is one of the main
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reasons for tunnel frost heave force. To study the frost heave
characteristics of fractured rock mass in cold regions,
laboratory tests of frost deformation in fractured saturated
sandstone and tuff under unidirectional freezing condition have
been conducted. The freezing process and frost deformation of
the fractured rock mass under the unidirectional freezing
condition have been analyzed. A significant difference exists
between the frost heave at the fracture and the rock itself.
The fractured rock mass shows evident non-uniform frost
heaving characteristics during the frost heaving process. For
saturated sandstone with deep fracture, the normal linear
frost heave rate increases with the increase of fracture width.
For fractured saturated sandstone, the linear frost heave rate
of rock increases and the normal linear frost heave rate of
fracture decreases obviously with the decrease of the freezing
temperature. The frost deformation of the fractured tuff is
mainly contributed by the frost deformation of the fracture,
and the rock itself contracts during the freezing process.
According to the experiments, the non-uniform frost heaving
coefficient of saturated sandstone with fissures is calculated
considering the influence of fracture. When the fracture is
parallel to the direction of temperature gradient, the non-
uniform frost heaving coefficient of saturated sandstone with
fracture decreases with the increase of fracture width. The
non-uniform frost heaving coefficient of saturated sandstone
increases with the increase of temperature gradient. The
increment of non-uniform frost heaving coefficient of
saturated sandstone with fractures is larger than that of
saturated sandstone. The test preliminarily reflects the non-
uniform frost heaving characteristics of fractured rock mass,
and provides experimental basis for the calculation of frost
heave deformation of fractured rock mass in cold region
tunnels.

Key words: fractured rock; unidirectional freezing; non-

uniform frost heaving coefficient; frost heaving characteristics
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Tab.1 Size of the fracture in specimens

AHRS A PR/ mm PRI /mm
Cl 2 40
C2 4 40
C3 " 6 40
C4 e 2 20
Cs5 4 20
Cs 6 20
N1 BIRE 4 40
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Tab.2 Physico-mechanical parameters of specimens
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Fig.3 Line frost heave rate and temperature of specimens with different fracture sizes
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Fig.9 Diagram of frost heaving in non penetrating

fractured rock mass
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Tab.4 Non-uniform frost heaving coefficient of

fractured rock mass

h/mm  e/mm %gg&gﬂi ap/107%  @,/1074 '3

10 32.78 12. 96 2.53

2 30 26. 20 10. 12 2.59

10 A 10 29, 23 12.18 2. 40
30 22. 84 9.21 2.48

6 10 32.03 13.51 2.37

30 24. 28 10. 08 2.41

2 10 31.13 12. 40 2.51

20 4 10 27.05 10. 82 2.50

6 10 33.22 13. 27 2.50
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Fig.10 Relationship between non-uniform frost heaving

coefficient and fracture width
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Tab.5 Non-uniform frost heaving coefficient of
fractured rock mass under different
temperature conditions

R/ s B R ) 4 /

C + em—1) TREER /mm ap/10 av/10 I3
10 29, 23 12.18 2.40
150 2.43 30 22. 84 9.21  2.48
10 52.57 17. 33 3.03
2.75 2.8 30 47.48 1491 3.19
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