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A case study of the excavation damage zone expansion time effect in hard brittle
country rock under high geostress: characteristics and mechanism

YANG Yan-shuangl’z, ZHOU Hui3, MEI Song-hual, ZHANG Zhan-rong4, LI Jin-lan®

1. Hunan Provincial Key Laboratory of Key Technology on Hydropower Development, Power China Zhongnan Engineering Corporation Limited, Changsha,
Hunan 410014, China; 2. School of Civil Engineering and Construction, Hubei University of Technology, Wuhan, Hubei 430068, China; 3. State Key Laboratory
of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan, Hubei 430071, China; 4. China

Railway Siyuan Survey and Design Group Co., Ltd., Wuhan, Hubei 430063, China

Abstract: The excavation damage zone (EDZ) in hard brittle country rock exhibits noticeable time effect after excavation, as rock
strength varies with time caused by the high geostress, which leads to the development of surrounding rock excavation damage zone
and shows time-dependent characteristics. The LSSVM-PSO intelligent inversion analysis method considering time effect was
established based on the time effect evolution model of rock strength, and measured EDZ data collected in the test tunnel of Jinping II
Hydropower Station, such as borehole monitoring, ultrasonic test and deformation monitoring were used as target functions. The
orthogonal design method, least square support vector machine (LSSVM) model and principle of particle swarm optimization
algorithm were used to simulate the EDZ’s time effect evolution process between the time excavation ended and 25 days after in
Jinping II Hydropower Station. The study result shows: 1) Under high geostress, the principal geostress direction dominates the EDZ
expanding, furthermore, the minimum principal stress direction is the main direction for EDZ extending and the failure zone (failure
approach index, FAI=2) also concentrates in this area. 2) The area of plastic zone after excavation develops to be “S” shaped curve.
The area change of the plastic zone is relatively slow at beginning, then shows a linear increasing tendency and gradually becomes
stabilized. 3) The plastic zone growth is rapidly increased from 3™ to 10™ day after excavation, during which period rock burst is most

likely to occur. The research results can provide guidance to the time effect characteristics of EDZ expanding in hard brittle
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surrounding rock mass under high geostress.
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Fig.2 The test tunnel location and profile
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Table 3 The parameter combination of orthogonal test

scheme and the calculated deformation of each
monitoring hole
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Table 1 The rock mass mechanical parameters
/(KN - m”) E/GPa V% R/MPa C,//MPa ¢./(T) w/(°)
26.3 253 0.22 1.5 3.1 46 10
¥ E H R G
Pr 4
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Table 2 Coefficients of inversion analysis
i @ B 5 c/MPa_ @ /(%)
1 0.002  0.0005 0.0005 0.0005 16 16
2 0.008 0.0020 0.0020 0.0020 20 20
3 0.016 0.0080 0.0080 0.008 0 24 24
4 0.032 0.0160 0.0160 0.0160 30 30
5 0.064  0.0320 0.0320 0.0320 32 32
6 5
L25 56 3 25
FLAC™®
20d D

2 0.0020 0.0020 0.0020 0.0020 20 20 3.15 9.6

3 0.0020 0.0080 0.0080 0.0080 24 24 2.77 7.9

4 0.0020 0.0160 0.0160 0.0160 30 30 2.29 5.4

5 0.0020 0.0320 0.0320 0.0320 32 32 2.18 4.6

6 0.0080 0.0005 0.0020 0.0080 30 32 2.18 4.6

7 0.0080 0.0020 0.0080 0.0160 32 16 354 145

8 0.0080 0.0080 0.0160 0.0320 16 20 3.15 9.6

9 0.0080 0.0160 0.0320 0.0005 20 24 2.77 7.9
10 0.0080 0.0320 0.0005 0.0020 24 30 2.29 5.4
11 0.0160 0.0005 0.0080 0.0320 20 30 229 5.4
12 0.0160 0.0020 0.0160 0.0005 24 32 2.18 4.6
13 0.0160 0.0080 0.0320 0.0020 30 16 353 145
14 0.0160 0.0160 0.0005 0.0080 32 20 3.14 9.6
15 0.0160 0.0320 0.0020 0.0160 16 24 2.77 7.9
16 0.0320 0.0005 0.0160 0.0020 32 24 2.77 8.2
17 0.0320 0.0020 0.0320 0.0080 16 30 229 5.4
18 0.0320 0.0080 0.0005 0.0160 20 32 2.18 4.6
19 0.0320 0.0160 0.0020 0.0320 24 16 353 145
20 0.0320 0.0320 0.0080 0.0005 30 20 3.14 9.6
21 0.0640 0.0005 0.0320 0.0160 24 20 3.14 9.6
22 0.0640 0.0020 0.0005 0.0320 30 24 2.77 8.2
23 0.0640 0.0080 0.0020 0.0005 32 30 229 5.4
24 0.0640 0.0160 0.0080 0.0020 16 32 2.18 4.6
25 0.0640 0.0320 0.0160 0.0080 20 16 354 145

33
20d
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6 m
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Table 4 Results of inversion analysis
o o B yi) co/MPa w/(<)
0.0151 0.002 3 0.004 3 0.0019 25.7 20.5
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Table 5 Comparison table of monitoring value, forward 3 5m
calculation value of inversion parameter and LSSVM-PSO
extrapolation predictive value
; I m
'mm /m
23 6.0 12d
2.4 5.4
22 6.3
25 6.0 57 46m
34
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Fig.3 The damage zone range diagram of surrounding rock at different times after excavation
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Fig.6 The damage zone area variation of surrounding rock

with time after excavation
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