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Tab.1 Parameters of numerical experiment scheme

VARIiE 250
42/ m HEIR/ m M 2280 A HiFE E / MPa WEEEESf @ / °©  FhE T C / kPa TARALE 1
HI1E 4.20 50.00 0.70 80.00 30.50 22.00 0.28
3.00 20.00 0.50 50.00 25.00 10.00 0.25
5.00 100. 00 0.90 100. 00 35.00 50.00 0.35
WA
10. 00 150. 00 1.10 200. 00 40.00 80.00 0.45
- 200. 00 1.30 500. 00 45.00 100. 00 -
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Tab.2 Parameters of numerical experiment scheme

S YR H/ m IEVIEY 3 @) Wit E/ GPa FEHES o/ © FhiE 1 ¢/ MPa NEL/NE A
1 50 0.72 0.08 30.5 0.022 0.28
2 100 0.72 0.08 30.5 0.022 0.28
3 50 0.50 0.08 30.5 0.022 0.28
4 50 0.72 0.05 30.5 0.022 0.28
5 50 0.72 0.08 25.0 0.022 0.28
6 50 0.72 0.08 30.5 0.010 0.28
7 50 0.72 0.08 30.5 0.022 0.35
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Fig.9 Relationship curves between deformation and principal stress of each alternative
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Tab.3 The fitting formulas and maximal deformation

S /N, AIUAH/ mm VS RSN I AH/ mm
y, =—1.746 4x-7.498 9 X, =-5.628 y, ==2.468 5x-10.468 0 X, =-5.185
: y, =4.974 8x+2.230 5 X, =-5.809 5 y,=5.118 6x+2.595 4 X,=-5.717
y, =—1.686 8x-12.278 0 X, =-8.660 y, ==1.799 7x-7.692 2 X, =-5.569
2 y, =4.800 9x+2.737 8 X,=-6.125 6 y, =5.026 5x+2.286 1 X, =-5.761
¥, =-2.967 73-7.978 6 X, =-3.474 ¥, ==0.795 0x-6.599 8 X, =-11.232
3 y,=5.004 5x+2.111 6 X,=--5.751 ! y, =4.932 2x+2.090 9 X,=-5.831
¥, =—2.056 9x~7.858 3 X, =-4.953
4 y,=5.331 7x+2.907 2 X, =-5.547
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Tab.4  Surrounding rock maximal deformation based on the design strength of shotcrete

VS X, X, HaXHAE 3K AVFTEAE X/ mm VS X\ X, 4% FSFIRAE X/ mm
1 X, <X, X, =-5.628 5 X, <X, X, =-5.185
2 X, >X, X, =-6.125 6 X, <X, X, =-5.569
3 X, <X, X, =-3.474 7 X, >X, X,=-5.831
4 X, <X, X, =-4.953
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Analysis of deformation and failure characteristics for surrounding rock of
soft-rock tunnel and stability evaluation

LIU Nai-fei', LI Ning'?, GUO Xiao-gang’
(1. Institute of Geotechnical Engineering, Xi'an University of Technology, Xi'an 710048, China; 2. State Key
Laboratory of Frozen Soil Engineering, CAREERI, CAS, Lanzhou 730000, China; 3. University of Natural
Resources and Applied Life Sciences Vienna, Vienna 999013, Austria)

Abstract; Soft-rock tunnels are more and more widely used in metal mines, traffic tunnel and hydraulic projects.
Because the soft rock has low strength and poor stability, the tunnels excavated in the soft rocks must be supported
immediately. The current stability evaluation methods given in the design specifications cannot be used for the
tunnels which should be supported at once. To deal with these problems, the interrelationships of vault deformation
and spray stress in the soft-rock tunnel are investigated based on several numerical experiments including the
interrelations between different elastic modulus, Poisson ratio, cohesion, internal frictional angle, buried depth,
diameter, lateral pressure coefficient, and so on. Based on the interrelationships, a new concept of the stability
evaluation of the rock mass is discussed based on the security of the supporting structure, and the reliability has
been demonstrated by the water diversion project located at Kuyu in Xinjiang Uygur Autonomous Region. The
numerical test results show that all variables have significant influences on the vault deformation and spray stress,
especially for the major principal stresses. With the development of the deformation, the principal stress axes are
exchanged and the names of major and minor principal stresses interchanged. The major principal stress of shotcrete
increases with the increase of elastic parameters and decreases with the increase of strength parameters. The

research results can provide a theoretical guidance for the design and construction of the similar soft-rock tunnels.

Key words: soft-rock tunnel; vault deformation; deformation regularity ; spray stress; numerical analysis; stability

evaluation



