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Safety of lining structure and stability its surrounding rocks for the diversion tunnel
of Danba Hydropower Station
FENG Shiguo, LIU Jie, WANG Ruihong, YANG Yunan
(Key Laboratory of Geological Hazards on Three Gorges Reservoir Area sMinistry of Education,

China, Three Gorges University ,Yichang 443002 ,China)
Abstract: The influences of bolt and lining on the stability of its surrounding rock are investigated in this study for the diversion
tunnel of Danba Hydropower Station. The thickness of tunnel lining under different buried depths are investigated, and the safe-
ty of lining under different working conditions is analyzed. The reinforcement and the crack width are checked, and the influ-
ences of different lining application time on the force and displacement of the tunnel are taken into consideration. It is found that
the bolt supporter can make the distribution of the plastic zone of its surrounding rocks more uniform and the force is more rea-
sonable, which could control the deformation of the surrounding rock better. The maximum compressive stress in the lining will
increases with depth,and decreases with the lining thickness. An effective decompression zone is proposed, which should be se-
lected within the effective decompression zone. The lining thickness is preferred at 1.5 m. In the most dangerous conditions, a
reasonable design scheme of reinforcement is given. By comparing and analyzing the safety of lining under different displacement
and different models,85% displacement reserve is chosen for lining reinforcement, and the deformation and maximum internal

force of surrounding rock can be obviously controlled.
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Tab. 1 Rock mechanical parameters of diversion tunnel
Pr 58 )& / MPa AR/
A SRR R/ (KNem®) A IR L
F i GPa
AL 10~27 7~18 0.19~0. 35
Bl A AT 26.5~28.5 8~20 6~15 1.85~3.93 0.22~0. 38
Eii=g 15~35 12~30 0. 20~0. 36
x2 BEEIEMKRESE
Tab. 2 Classifications of surrounding rocks
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Fig. 1 The layout of a bolt in the tunnel section

of the diversion tunnel
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Fig. 2 Element model of full-length grouting bolt
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Fig. 3 Local coordinate system of shell element
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Fig. 4 Three-dimensional model and stress nephogram of soft rock section of diversion tunnel
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Fig. 5 Model diagram of simulated tunnel test
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Tab. 3 Comparisons of the self-weight stress and stress components in the geodetic coordinate system for the central

location of the cavern under typical profiles

PR /m BN S) 7,/ MPa BEHW S 6. /MPa K x B 6,/MPa Ky B e,/ MPa  6./7, (o, +0,)/20.
600 16. 90 23.3 11.9 14. 40 1. 38 0. 56
800 22.40 26.0 14.7 13. 15 1. 15 0. 54

1 000 28. 20 34.8 14.0 13.70 1.23 0. 40
1200 33. 89 41.9 14. 2 13. 90 1.24 0. 34
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Fig. 8 Displacement comparisons of key points of

surrounding rock before and after supporter
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Tab. 4 Safety evaluations of different depths and different lining thicknesses

)L

o
o
3
o
3

1.5m 1.8 m 2.0m

O
O.

O
O
O

600 m
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i gl 24
BHEE R s
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Comparisons of the maximum compressive stress

of different thickness linings under different buried depths
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Tab. 6 Internal forces and bearing capacity of lining under different working conditions
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Tab. 7 Summary of stress calculations for 1 200m buried lining
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Tab. 8 Inversion statistics of triaxial Burgers rheological
parameters of quartz mica schist
Tyl i) AT AR R SR

Eviesl EM/ M/ EK/ 7K/
MPa (MPa + h) MPa (MPa + h)
ik BRME 2.18X100 4.50X10% 7.78X10° 2.38X10°%
s B/AME 7.08X10° 1.54X107 7.37X10° 5.93X10°
TP 1.69X100 1.59X107 2.54X105 7.57X107
i AAE 1.62X10* 8.75X107 2.97X105 8.90X107
DO RUME 1.84X10° 2.08X10° 1.84X10° 6.53X10!
M M 101X 100 2.52X100 2.17X100 2.19X107
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Fig. 12 Comparisons of displacement trends between calculation and field measurement of B-section
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Fig. 13 50-year displacement trend line of key points around 1 200 m

buried water diversion tunnel measured in practically ground stresses

TFZJE 4. A4 368 B T fta Jn e 859 » 244 % B0 o i
S AR AL A 2 R AL ANFRE N . AESEER] 200 m

B B R T

15 R Eikz|

T A A BRI S Ao 1) e 2 AE — 2 B[] PN s A
T RRIIE B A R A T 45 R ) 2 A T
—SERNAIRE ., TR R # 0 B S 0 2
T AR RN A A A RS TR i, DAAE O SRR AR AR
%,
6.4.1 [ EIRR| AL 85 V0 BT By An [E I
5 AN AT ) T8, 204057 ik 3 B B B 1Y
85 V6 IR+ Yo 2% 05k f B AT A0 BT » RGN B A 7%
N 28. 32 em. H AR (LR ILIE 14,

- T E-ol el

o e |]!||,-

il e fi kg
E ik M s TETAN
= 1A
it Py
=N i

[TES

W
||_J./-’
i e P ToEAY e e S T |

)
B R S 85 Y R ME RS A
Fig. 14 Displacement trend diagrams before and after reinforcement

when the displacement reaches 85% of the total displacement
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Fig. 15 Stress diagrams of reinforced lining when displacement reaches 85% of total displacement
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Tab. 9 Summary of creep forces at key points around the tunnel
at 1 200 m depth of field stress

- (XA
Z

80 Y5 i B fik 85 Y0 I
M, /(N +m) —6.324 3X10° 2.751 0X10°
M, /(N » m) 6. 677 1X 10 5.109 9X 10!
N./N 1.331 1X108 1. 084 8106
N,/N 2.223 0X10° 1.811 6X10°
RPN« m) 6. 359 5X10° 2.798 1X10°
SRR /N 1.349 5X106 1. 099 8106
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Tab. 10  Comparison of maximum axial force and concrete strength of different linings thickness(transversely isotropic) Bfj . MPa
S Ao R 0.8 m %) L. 2 m ) L5 m &) L. 8 m %) 2.0 m 4y
Osg 26. 44 15. 61 14. 35 13.59 13.75
oq 1. 35 1.1 1. 35 1.1 1. 35 1.1 1.35 1.1 1. 35 1.1
SN T 27.79 27.54 16. 96 16. 71 15.7 15. 45 14. 94 14. 69 15.1 14. 85
PR A a Gl
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Tab. 11  Comparison of maximum axial force and concrete strength of different linings thickness(isotropic) Hifii : MPa
R Ao 0 )5 0. 8 m 45 fi] 1.2 m ¥4 1.5 m 4l 1. 8 m 4} 2.0 m )
Osg 19. 77 15. 44 9. 82 9. 34 8.99
64 1. 35 1.1 1.35 1.1 1.35 1.1 1.35 1.1 1.35 1.1
SN g 21.12 20. 87 16. 79 16. 54 11. 17 10. 92 10. 69 10. 44 10. 34 10. 09
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