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M echanical property of B-type breccia under both natural and saturated state
and itsinfluence on the stability of underground power house
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Abstract The field investigation laboratory experiment and numerical computation were carried out to
systematically analyze the B-type breccia from a hydropower station. The laboratory test results indicated that the
B-type breccia exhibits typical elasto-brittle-plastic feature under the confining pressures of 0—15 MPa. The
specimen deformation tended to be uniform under relatively high confining pressure. Therefore the elastic
modulus had little relationship with the confining pressure. Due to the different calcite contents in the specimens

the peak strengths of the specimens differed markedly. Peak strength increased with the increasement of calcite
contents. Compared with natural specimens the internal friction angle of saturated specimens increased while
cohesion decreases which illustrated that water strengthened the bonding effect and weakened the internal friction

coefficient Three-dimensional numerical model including breccia mass was established. Mechanical response of
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B-type breccia under excavation was obtained through numerical computation. The numerical computation results
fit well with monitoring data. It indicated that the surrounding rock was steady after systematic reinforced support
have been set.

Key words rock mechanics B-type breccia natural and saturated state softening effect underground powerhouse

stability of surrounding rock
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Fig.6  Stress-strain curves for typical specimens
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Fig.7 The peak strength change with confining pressure for

natural and saturated specimens
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Table 1 The mean values standard deviations and variable
coefficients of peak strength in natural and

water-saturated state

MPa / / / /
MPa MPa MPa MPa
0 38.18 2.66 0.0700  39.06 4.45 0.110
2 56.91 0.53 0.0093  54.61 2.66 0.049
7 73.21 12.10 0.1700  63.81 13.87 0.220
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Fig.8 The residual strength change with confining pressures

for natural water content and saturated specimens
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Table 3 Cohesions and friction angles of breccia under natural

and saturated state
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Fig.19 Schematic view of anchor bolts supporting in

surrounding rock of B-type breccia area
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Fig.17 Three-dimensional numerical model of main power

house including breccia body in left bank Block State
Plane: on
Live mech zones shown
4 None
shear-p
Table 4 Mechanical parameters in numerical computation e onptensione

E/GPa ¢/MPa ¢/MPa ®/(F ®/(F o/MPa & &

11 9.0 3.0 35 33 12

2.5x  3.5x

3 3
10 120 30 28 32 10 107 10 (b) 14246

30 15.0 40 2.0 20 14246

Fig.20 Verification of numerical plastic zones at vault in
1+246 profile

120
100
80

6" ( )

o0 21 v

(o1—03)/MPa

40

20

0 Le
0.000 0.002 0.004 0.006 0.008 0.010 1\

18
Fig.18 Comparison between numerical and experimental
results under different confining pressures 22



* 1540 - 2016

24 1\

-—n
23 F /

22

/mm

21+ 21 25 MPa

20 ! ! ! |

21 6" 23
Fig.21 Calculated displacement of B-type breccia at vault in #6

generator set profile during excavation layer by layer

Block State

Plane: on
Live mech zones shown

Block State

Plane: on

Live mech zones shown
None

shear-n shear-p

shear-n shear-p tension-p

| |shear-p tension-p
ion-n tension-p

(b) ( MPa) ®)
22 ¢ 23 6
Fig.22 Contours of numerical computing results of #6 Fig.23 Plastic zones under natural and saturated state in #6

generator set profile generator set profile



35 8 B * 1541
(&)
I
I
#
v ©) 6
5
5 [31]
Table 5 Comparison of calculation and measured®"! surrounding B

rock displacement increment in typical section

/mm /mm

1+266.00 1.26 1.53
1+289.00 6.26 4.68
1+238.85 2.89 3.02

5
5
| B
(1) B
60%
(2) B
2

3)
“4)

(1

(2]

B3]

(4]

(3]

(6]

(71

(8]

(References)

[M].

2006 22.(MENG Zhaoping SU Yonghua. Theories and methods
of lithesome mechanics[M]. Beijing Science Press 2006 22.(in
Chinese))

M].
2003 75.(ZHAO Wenxia. Methods and

high-tech application of field geology work and Zhou Koudian
geology[M]. Wuhan China University of Geosciences Press 2003
75.(in Chinese))

M]. 1988 20.(SUN
Guangzhong. Mechanics of rock mass structure[M]. Beijing 1988
20.(in Chinese))

[J]. 2014 35(4) 1
063—1 068.(HE Mingwu PENG Jiyin WANG Yifeng et al.
Geomechanical properties and engineering prevention of breccias in
left bank underground powerhouse of Wudongde hydropower station[J].
Rock and Soil Mechanics 2014 35(4) 1063—1 068.(in Chinese))

[J].
2000 (2) 29—33.(SHI Mingkui GOU Yueming

CHEN Wenfu et al. Significances and methods of study of eruptive
breccias[J]. Geology and Mineral Resources of South China 2000
(2) 29—33.(in Chinese))

[J]. 2008 30(8) 1203—
1 207.(DENG Jianhua HUANG Xingchun PENG Jiebing et al.
Mechanical properties of Gypsum Breccia with different water
contents[J]. Chinese Journal of Geotechnical Engineering 2008
30(8) 1203—1 207.(in Chinese))
[J].
2005 32(3) 94—96.(SONG Fei ZHAO Fasuo
LI Yalan. Experimental study of gypsum breccias creep
characteristic[J]. Chinese Journal of Hydrogeology Engineering
2005 32(3) 94—96.(in Chinese))
[J].
2007 21( 1) 6—8.(XIONG lJiangling LI Jianhua.

Experimental study of gypsum breccias engineering characteristic of



* 1542«

2016

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

the tunnel in Taihang Mountain[J]. Railway Standard Design 2007
21(Supp.1) 6—S8.(in Chinese))

[R]. 2011.(NIU
Xingiang SHI Boxun WENG Yonghong et al. Feasibility study
report of Wudongde hydropower station in Jinshangjiang River[J].
Wuhan Changjiang Institute of Survey Planning Design and
Reaserch  2011.(in Chinese))

[R].
2012.(Changjiang Institute of Survey Planning Design and Reaserch
Limited Cooperation. Construction geology report of Wudongde
Hydropower station in JinShajiang river[R]. Wuhan Changjiang
Institute of Survey Planning Design and Reaserch Limited Cooperation
2012.(in Chinese))
M].
1989 35.(ZHU Qinwen. Brief tutorial of petrography[M]. Wuhan
China University of Geosciences Teaching-Research Office of Rock
1989  35.(in Chinese))
M].
2013 55.XU Gancheng ZHENG
Yingren QIAO Chunsheng et al. Supporting Structure and Design in
Underground Engineering[M]. Beijing China Water Power Press
2013 55.(in Chinese))
. [M].
2013 140.(FENG Xiating ZHANG Chuanging

LI Shaojun et al. Dynamic design method for deep tunnels in hard
rock[M]. Beijing Science Press 2013  140.(in Chinese))
. GB/T50226—2013
[S]. 2013.(The National

Standards Compilation Group of People’s Republic of China.
GB/T50226—2013 Standard for test method of engineering rock
mass[S]. Beijing China Planning press 2013.(in Chinese))
. SL264—2001

[S]. 2001.(The Professional
Standards Compilation Group of People’s Republic of China. SL264—
2001 Specifications for rock tests in water conservancy and hydroelectric
2001.(in Chinese))

[
2013.(CHEN

engineering[S]. Beijing China Standard Press

1[D].
Jing. Time-dependent deformation and fracture mechanism of hard
rock and engineering behavior analysis[Ph. D. Thesis][D]. Wuhan
Institute of Rock and Soil Mechanics Chinese Academy of Sciences
2013.(in Chinese))

STILLE H PALMSTROM A. Ground behavior and rock mass
composition in underground excavations[J]. Tunnelling and Underground
Space Technology 2008 23(1) 46—64.
[J].
2010 31(8) 2425—2434.(ZHANG Kai ZHOU Hui

FENG Xiating et al. Experimental research on elastoplastic coupling
character of marble[J]. Rock and Soil Mechanics 2010 31(8)
2 425—2 434 (in Chinese))
HUDSONJA HARRISONIJP.

M]. . 2009 65.(HUDSONJA

HARRISON J P. Engineering rock mechanics an introduction to the

[20]

[21]

[22]

[23]

[24]

(23]

[26]

[27]

[28]

[29]

[30]

311

principles[M]. Beijing  Science Press 2009  65.(in Chinese))
[M]. 2012 97.(CAI
Meifeng. Rock mechanics and engineering[M]. Beijing Science
2012 97.(in Chinese))
M]. 2007 17.(YOU

Press

Mingqing Mechanics properties of rock[M].
Publishing House 2012 17.(in Chinese))

Beijing  Geology

[J1. 2014 33(6)
1 122.(ZHOU Hui MENG Fanzhen ZHANG Chuanging

1 114—
et al.
Quantitative evaluation of rock brititleness based on stress-strain
curve[J]. Chinese Journal of Rock Mechanics and Engineering 2014

33(6) 1 114—1 122.(in Chinese))

M]. 2000
2.(GUO Yingzheng LI Zhaoxia. Foundation of applied mechanics[M].
2000 2.(in Chinese))

. GB 50021—2001
[S]. 2009.(The National

Beijing Higher Education Press

Standards Compilation Group of People’s Republic of China. GB
50021—2001 Code for investigation of geotechnical engineering[S].
Beijing China Building Industry Press  2009.(in Chinese))

GUO S F QI S W. Numerical study on progressive failure of hard
rock samples with an unfilled undulate joint[J].
Geology 2015 193 173—182.

EBERTHARDT E Birittle rock fracture and progressive damage in

Engineering

uniaxial compression[Ph. D. Thesis[D]. Saskatoon University of
Saskatchewan 1998.
JAEGER J C. Rock failure at lower confining pressure[J].
Engineering 1960 189 283—284.

7. 2008 29(1) 144—152.(JIANG
Quan FENG Xiating CHEN Guoqing. Study on constitutive model
of hard rock considering surrounding rock deterioration under high

geostresses[J]. Chinese Journal of Rock Mechanics and Engineering

2008 29(1) 144—152.(in Chinese))

[M]. 2010
10.(ZHENG Yingren KONG Liang. Geotechnical plasticity
mechanics[M]. Beijing China Building Industry Press 2010 10.(in
Chinese))

[J]. 2011

30(3) 524—539.(JIANG Quan FENG Xiating XIANG Tianbing
et al. Numerical simulation method for stability analysis and
intelligent and dynamic of optimization design of large cavern
group[J]. Chinese Journal of Rock Mechanics and Engineering
2011 30(3) 524—539.(in Chinese))
(

)[R]. 2015.(Ministry and
technical management department of Wudongde engineering. Weekly
report of safety monitoring for Wudongde hydropower station

(underground main powerhouse engineering)[R]. Beijing China

Three Gorges Corporation 2015.(in Chinese))



