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Equivalent Deformation Modulus and Strength Parameters of Surrounding Rock
for the Underground Powerhouse of Three Gorges Project
Based on the Modified GSI System
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Abstract The influence of orientation of structure plane on parameters of rock mass is neglected in the study on the strength
and deformation modulus based on geological strength index (GSI) system and Hoek Brown strength rule. In this paper as a
case of underground powerhouse in the Three Gorges Project, the influence coefficient between the distribution of structure
plane and structure rating (SR) of surrounding rock is calculated based on the space distribution character of excavated surface
and structure plane; the statistical method of SR in the GSI system applied for large underground caverns is modified; and the
experiential estimates of equivalent deformation modulus and strength parameters of surrounding rock are acquired. The investi-
gations show that the calculative errors of the equivalent elastic modulus in elastic zone, deformation modulus and cohesive
strength in disturbed zone of surrounding rock based on modified GSI system decreased by about 15%, 8%, 28% respectively.
Key words: geological strength index (GSD); deformation modulus; strength parameters; orientation of structure plane; under-

ground powerhouse; engineering geology.
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Fig.1 Modified quantitative GSI system
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Table 2 Modified parameters of SR and statistics of structure plane quantity
B B> 60 30° ~ 60 B< 30
a  >75 30~75 <30 > 75 30 ~75 <30 > 75 30 ~75 <30
a; 0.8 0.9 1 1. 05 1 1. 15 1.1 1.25 1.2 1.3 1.25 1.4 1.35 1.25 1.2
89 393 16 128 17 247 119 1 8 65 2 121 97 6 33
,Ka SR Qiy Qi
Jos .
:E.L75 m ~ (
95 m. 0+ 170 ~ 0-+270 20 m X ),
100 m . 1 200 90’ . 90’ .
, 15 . 2.
2 m, 2 mX 2m, ’ s
s 0.5m , ai
) J. ( , Ju
’ ), SR:
15
’ ’ JV= > aid
’ =1 7
3 , 3 SR =—17.5InJ ++79.8.
. :NNW.NEE 2,
NNE. . NNW
. (3 Ka . ; NEE
® 3 . ,
OB> 60", N17°W ~N77°W; @30 =3=60", ,
NI3’E~NI7W N73E~N77W;®OB< NE ;
307, N13’E ~N73'E. 3 Ka NNE
O Ka=1.10 Ka=1.50 . . (7 Jy
Kas=2.2. 1.15 /m’,SR 177.30.
J NC)) 2.3 SCR
3 3
Jo = ZJW- — ZKai * Nai» 6
» Nai i H Jy 3 , SCR
0.90 /m’, J, (1) SR 8l.64. 4
2.2 SR SCR .
’ - SCR = Zb,-SCR,-, Zbi = 1. (8)
. . . SCR: i SCR . b i
@®) SCR=12.96.
. 2.4 GSI
, (GB50218-94) 1 GSI . DOSR , GSI=
, 73.70; DS R . GSI=10. 80.



1034 -

34

3

Table 3 Description for character of structure planes
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Table 4 Statistic result of surface condition rating (SCR) of

structure planes
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Table 5 Deformation modulus and resisting shear strength
SR SR
E c ¢ E. ¢ ¢

(GPa) (MPa) (O (GPa) (MP )
34.94 2.97 58.76 29. 57 2.33 55.87
22.71 2.45 58.45 19. 22 1.95 55.11

6 HB
Table 6 Strength parameters of H-B yield rule
SR SR
my, s a my, s a

11.37 0.054  0.50 10.2  0.039  0.50
6.84 0.022 0.50 5.8 0.015 0.50
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Fig.4 The curve of H-B strength rule of surrounding rock
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Table 7 Back analysis result of surrounding rock parameters
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