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On mechanical properties and failure characteristics of
surrounding rock of tunnel with weak interlayer
under freezing-thawing cycles

ZHANG Li
(China Highway Engineering Consulting Group Co. Ltd., Beijing 100089, China)

Abstract: There are a lot of weak intercalations in the surrounding rock of tunnels along Sichuan Tibet railway,
and they are greatly affected by the cold climate. To understand the influence of dip angle of interlayer and
freezing thawing cycles on the mechanical properties of tunnel surrounding rock, the interlayered rock mass with
different dip angle of weak interlayer and different freezing thawing cycles was prepared in laboratory, and the
uniaxial compression test of rock mass with weak interlayer was carried out. The results show that: (1) the
deformation of hard rock part with weak interlayer is smaller, while the failure of soft rock interlayer is more
severe. When the dip angle of the interlayer is small (f/=0° and 30°), the fracture crack is nearly parallel to the dip
angle of the interlayer after rock failure. When the dip angle of the interlayer is large, the fracture surface of the
rock mass and the interlayer present an X-shaped intersection. The more freezing thawing cycles, the stronger the
damage degree of rock mass (2) Uniaxial compressive strength and elastic modulus of rock mass decrease first and
then increase with the increase of dip angle of interlayer, and the compressive strength and elastic modulus are the

minimum when the dip angle of interlayer f=45°. Compared with the rock mass with horizontal weak interlayer,
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the compressive strength is reduced by 35.27%, and the elastic modulus is reduced by 34.84%. (3) Freezing

thawingw cycles have a significant deterioration effect on the mechanical properties of rock mass. The bearing

capacity of rock mass decreases with the increase of freezing thawing cycles, but the plastic deformation capacity

increases. There is a negative exponential correlation between uniaxial compressive strength, elastic modulus and

freezing thawing cycles, and a positive linear correlation between peak strain and freezing thawing cycles.

Keywords: Sichuan-Tibet Railway;
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Table 1 Physical parameters of rock mass containing
weak interlayer

AN AR /mm B mm THBE/ (gem ) Je R /mm Je 2 H/(°)

A 50.12 99.75 2.37 19.95 0
B 50.08 100.54 2.36 20.70 30
C 49.86 100.13 2.34 19.80 45
D 50.32 100.33 2.32 20.03 60
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different testing conditions
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Fig.3 Stress-strain curves of muddy limestone under different water-bearing conditions
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Table 3 Mechanical parameters of rock mass with weak

interlayer under different conditions

Sye MiS/(0) EMRREL PUETREE/MPa WE(E RNV AR/%  SRMERIEL/GPa

0 16.91 0.76 3.86
10 13.70 1.21 2.70
A 0
20 11.73 1.23 2.03
30 10.51 1.50 1.55
0 14.82 0.63 3.53
10 11.06 0.71 2.34
B 30
20 8.71 0.76 1.71
30 7.79 1.01 1.16
0 11.07 0.55 3.03
10 8.85 0.75 1.78
C 45
20 7.53 0.80 1.11
30 6.80 1.19 0.86
0 15.55 0.64 3.63
10 12.82 0.79 2.44
D 60
20 10.60 0.88 1.81
30 9.58 1.14 1.27
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Fig. 4 Mechanical parameters of rock mass evolves with freezing thawing cycles
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