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Fig.1 Excavation zoning and layout of the monitoring instrument at the 1" layer of the main building
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Fig.2 Sketch map showing the excavation of the 1™ layer
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Table 1 ~ Mechanical parameters of rock mass
/GPa /MPa /MPa /KN m?
T3 8.00 0.23 1.12 42.0 1.23 25.34
%64 18.80 0.22 1.37 49.5 1.76 25.49
263 18.01 0.22 1.33 48.7 1.33 25.50
262 18.24 0.22 1.35 49.0 1.71 25.50
2 18.66 0.22 1.35 49.2 1.73 25.49
5 3.67 0.25 0.90 35.4 0.84 25.63
T34 18.68 0.22 1.37 49.5 1.75 25.50
2
Table 2 Physical and mechanical parameters of discontinuous surface

¢/ ° K,/ MPa m~! K./ MPa m~! ¢/MPa

22.0 4800 2100 0.12

41.7 37400 12500 1.00

cz0 + 165 ¢z0-90
2 m
9 m 1 2
K. =K,=1.0 K, £ K,
5



236 2009

1 ¢z0-58.75 4 cz0 + 87
1 1.6 m 4

0.5 m

20m 1I2m 8m S5Sm 3m 2m Im —-1m -2m
-3m -5m -8m -12m -20m

3.1
3.1.1

3DEC 3
-58.75 1 + 87 4

fir#bim

L %
= LOONE-N2 2 ANGE-NZ
| GOF-2 2 O00F-N2

200002 LEE-0Z
e EEGONE-N | 200F-N2

CcroswE

-/ CZ0-58.75Wim

L
e

3 1 4

Fig.3 Displacement vector diagram of section 1 and section 4
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3 cm

Table 3 Comparison of calculated displacements and monitoring results at various sections

1 2 3 4 5 6 7 8 9
1.01 0.92 1.07 1.00 0.90 0.52 0.93 0.33 0.44
0.59 0.41 0.58 0.98 0.93 0.60 0.62 0.61 0.61
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Fig.4 Displacement variations of section 1 and section 4 in excavation
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Fig.5 Variation curves of principal stress of section 1 crown surrounding rock
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Fig.6  Variation curves of principal stress of section 4 crown surrounding rock
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Fig.7  Variation curves of principal stress dip of section 1 crown surrounding rock
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Fig.8 Variation curves of principal stress dip of section 4 crown surrounding rock
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Fig.9 Variation curves of principal stress dip direction of section 1 crown surrounding rock
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Fig.10  Variation curves of principal stress dip direction of section 4 crown surrounding rock
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Table 4  Principal stress at different excavation stages
9m
/MPa -6.16 -8.49 -6.43 -8.97
oy /e 66.76 4.95 4.26 0.05
/e 183.34 275.18 261.39 250.70
/MPa -5.95 -4.06 -2.74 -2.25
-58.75 0, /° 1.59 3.03 5.39 4.14
/e 89.65 184.92 170.98 160.70
/MPa -5.83 2.24 1.21 0.97
o3 /° 23.19 84.19 83.12 85.86
/e 358.97 63.54 29.55 341.34
/MPa -5.98 -9.38 -10.13 -13.98
oy /e 54.48 3.90 3.51 4.13
/e 330.70 86.23 87.80 88.19
/MPa -5.81 -5.06 -4.98 -5.64
+ 87 o, /e 1.92 0.76 0.56 1.95
/e 238.04 176.29 177.84 178.33
/MPa -5.66 -0.26 1.21 0.56
o3 /e 35.47 86.03 86.44 0.56
/e 146.68 277.33 276.95 293.48
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Fig.11  Variation curves of the maximum shearing stress of section 1 and

section 4 crown surrounding rock
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DEFORMATION AND MECHANICAL PROPERTIES OF THE
LARGE UNDERGROUND CAVERN SURROUNDING
ROCK WITH COMPLEX EXCAVATION

TANG Jun-feng' > XU Guo-yuan' TANG Xue-mei' LI Xue-zheng’

1. School of Resource and Safety Engineering — Central South University — Changsha 410083  China
2. Mid-South Design and Research Institute for Hydroeleciric Projects ~ Changsha 410014  China

Abstract Complex geological condition and construction procedure are often met while constructing the
big underground cavern so study of stress and deformation of the surrounding rock can not only help us
further understand the mechanical properties of rock mass but also provide reference for support design
and construction of big underground cavern. Deformation and stability of the underground cavern mainly
focus on the crown of the chamber. Taking the underground power house of the Xiangjiaba hydropower
station as an example and introducing the three-dimension discrete element method 3DEC the
authors has studied the variations of displacement and stress under the complex excavation condition
compared the calculated data with the monitoring results and proposed that the proper support distance
is Sm delay the constructing face .

Key words underground caverns surrounding rock mass deformation 3DEC displacement stress

support





