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Deformation characteristics and stability of
surrounding rock of underground powerhouse group of
hydropower station during construction
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Abstract: According to the situation of strata exposed during the construction process, combined with the deformation
monitoring of surrounding rock, the deformation condition was analysed. According to the detection results of rock mass
during construction, the finite element model of large underground powerhouse cavern group was established. Using the
deformation monitoring data, the mechanical parameters of surrounding rock of underground powerhouse cavern group
was obtained by inversion analysis. Combined with the results of numerical simulation, the deformation law of
surrounding rock was analyzed. The results show that the excavation of the first layer in the main powerhouse passes
through the surrounding rock whose type is 3, , and IV. Deformation of surrounding rock is influenced more
obviously by rock properties. In the location of auxiliary powerhouse which passes through surrounding rock of type 1V,
the deformation of surrounding rock is larger. The deformation of the No. 0+153.81 section of the main powerhouse is
larger than the others and the monitoring measurement should be strengthened in surrounding rock of type IV in the
subsequent excavation process.
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Fig. 3 Schematic diagram of underground powerhouse excavation
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Table 1 Excavation sequence of underground powerhouse
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Fig. 5 Three-dimensional finite element of
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Fig. 6 Model of underground powerhouse passing

through weak strata

2.2

0+51.30 0+83.80

)0-350.00 m
)0-340.00 m

0+153.81

7

7

Fig. 7 Arrangement of measuring points in vault of

15.60

3.1

main powerhouse

2012-06-18
1
8
1 ~4
0+51.30
0+116.30 3
15.30 10.34 mm
0+153.81
18.46 mm
X =[%,Xg,, X,1"
X1 X2 Xn

8
2

0+83.80

\Y

@)



48

20.0

20.0

1100

¥2-90-210C ¥Z-90-210C
— I s o~ ,
1+1-90-210T JWJM
1$0-90-z102 R\ 1 $0-90-210C
lsz-so-z10z .
151-50-210T 151-50-210T
1co_co =® =®
s0-s0-zl0g = =
157-40-210C 157-40-210T
1s1-v0-T10T
150-v0-210T 150-+0-210T
l9z-€0-z10T
s =
E_191-€0-z107 : _ 91-€0-210C
S oo oo S oo o oo
MoS S S v W
ww/ g T W/ g
67-90-C10C 67-90-710C
e < {Tz9o-zioz ,
2 S i {¥1-90-210C
111-90-210T L
1z0-90-z102 s 10€-50-102
1E=s0-¢l0C = ls1-s0-2102
lc1-¢co- R R
L{s1-so-zior X =
£ {90-s0-z10z 10e-ro-cloe
3 12-v0-210C 1s1-v0-2102
B {81-10-210C
H l1e-€0-z107
L 60-10-T10C .
3 Q
2117-¢0-2102 B R R 91-€0-210¢
© % <o S oo o oo
b= S A SERR=R R
wwy/ T w2 T

(6)
U]

ABAQUS

f(Ey,C1, 01, E5,Co 02, B3, C3,005)

yl_

0+153.81
[12-15]

0+083.80

(d)
2—2m 3—-5m 4—15m
3.2

(b)

)
©)
(4)
©)

n

1

)
4

0
m
ul

Fig. 8 Results of different measuring points on site

..,u

"um)
1 2
MATLAB

m

ming‘

(ur,ug,
(U1:U27"
):

*

U O
u®
U
Un
*]T
w(X

. Xn
Ximinsxisximax

0+051.3
0+116.30
Ximax

(@)
(c)
uf , ug -
up U
[x, %z,
Ximin

X



4 1101
E: E; Es 1 2 2

Ci C C3 01 Q2 @3 Table 2 Comparison of surrounding rock deformation

between inversion and monitoring result

/mm /mm 1%
0+51.30 15.60 16.36 4.87
3
0+83.80 15.30 15.42 0.78
1) 2)
3) 9 0+116.30 10.34 11.15 7.83
0+153.81 18.46 17.24 6.61
8%
3
GB50218—94<« > >[16]
300
3 3 1
v
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Fig. 9 Simulation of excavation process of main powerhouse 0+51.30 0+83.80
0+116.30 0+15381 4
3.3 10~13 10~13
0+153.81
2 2 v
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Table 3 Mechanics parameter values of different types of surrounding rock
E/GPa ¢/MPa ol(°)
1 15.0 10.0~25.0 1941 1.3 0.5~2.0 1.355 45 39~50 44.32
2 10.0 6.0~20.0 8.39 1.0 0.5~2.0 0.708 42 39~50 41.21
4.0 0.8~6.0 1.23 0.4 0.2~0.7 0.469 38 27~39 35.42
(a) (b)
10 0+51.30 ( m)

Fig. 10 Vertical displacement nephograms in No. 0+51.30 section of main powerhouse



1102 ( ) 48

(@) (b)
11 0+83.80 ( m)

Fig. 11 Vertical displacement nephograms in No. 0+83.80 section of main powerhouse
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Fig. 12 Vertical displacement nephograms in No. 0+116.30 section of main powerhouse
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Fig. 13 Vertical displacement nephograms in No. 0+153.80 section of main powerhouse
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