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Abstract: The unloading deformation and range of the excavation slope are larger in high-ground stress or soft rock areas, and
the ordinary bolt (cable) cannot meet the need of such deformation. So, exploring the new support measures has become an
inevitable trend. A constitutive model to simulate the working principles of yielding anchor is put forward, and the numerical
simulation method for the reinforcement of the yielding anchors are successfully realized. Taking the reinforcement design of
the slope at the left bank of Jingping I Hydropower Station as a typical example, the effectiveness and influence of slope
reinforcement in the excavation and unloading process are simulated and analyzed. The results show that the yielding anchor

has certain advantages in the large deformation of the slope, and the numerical simulation method may provide a scientific basis

for the design of the yielding anchor supporting scheme.
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Fig. 1 Diagram of yielding components
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Fig. 2 Stress-strain curves of yielding anchor cables
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Table 1 Mechanical parameters of rock and structural planes
e PR R B PR AR A HE R FEHR S
l D
2 /GPa /GPa /GPa AR /(kg'm™) /MPa C°)
I, 8.0 4.8 12.0 0.25 2.80 1.50 46.9
11, 5.8 2.7 7.0 0.30 2.78 0.90 47.0
v, 3.3 1.1 3.0 0.35 2.75 0.60 34.9
IV, 22 0.7 2.0 0.35 2.75 0.40 30.9
W2 fi 4.0 0.1 0.4 0.35 2.60 0.02 16.7
JRBE ik X 33 1.1 3.0 0.35 2.75 0.40 29.2
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Fig. 3 Flow chart of numerical simulation for yielding anchor
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Fig. 4 11 1-1I 1 profile of left bank of Jingping I Hydropower

Station
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Fig. 6 Potential sliding blocks after excavation and reinforcement

layout of anchor cables
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Table 2 Safety factors of sliding blocks and percentages of sliding

surface yielding unit in excavation reinforcement process
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Fig. 9 Monitoring displacement curve of monitoring point in the

excavation strengthen process
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Table 3 Safety factors of sliding blocks and percentages of sliding

surface yielding unit in strength reduction process
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itk ibE fep) ik fep)
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125 1256 1255 99 99
1.3 1306 1.308 100 100
135 1363 1.363 100 100

(2) AL R SR 73 Hr

ISR R 4 ANRFE R AT AL A A
[ (LR SRR & MoR R ER, PRI 11 (a) ~
(d)o HIEIFTIL: ik #2805 & 7KT A A K e 67 72
BN TEER R IT S, IR REE o B 4 i 1
ms EEERAEEUNT 130 1, BEHEN, KT 1.30
Ja HELPGE I G, JUHGR R SR (54 1.35 I, Bl yik
A R AN 5 R I B KK AL

1401
135}
1.30F
« 1251
ﬁ 120
g st —e KFALE GEE)
Lol —— KPR (i)
: —a— AR (GEE)
1.05} —— B (FE)
1.00 L L L I & L )
50  -40 30 20 -10 0 10 20
FRAE R 1 A7 % /mm
(a) BESRATHk SHRHE R LIEMIAI O R R
1407
135}
130}
125
?é 120}
I —o— KA (ULFE)
& T —x— KPR ()
110} —=— BB (LLE)
—— AR (EE)
1.05}
1.00 . s i . .
-30 -20 -10 0 10 20
FRE R 2 A 3 fmm
(b) FEERAEEU SRR 2 MRS K R R
1401
135}
1.30F
125)
?é 120+
g st —e KB GLIE)
—x— KRS (L)
L10f —a— BEfiEE (1)
1.05- —— B (IHE)
1.00 . . . .
-50 -30 -10 10 30 50
R 3 MM /mm

(e) MR g« SHRME R 3 METAL R S R B 2%

2017 4
1401
135}
130F
~125f
?; 120}
H1s —o— KPR GLHE)
&-r —— KPR ()
110} —=— BEf (LK)
Los —— RERE (i)
1.00 . . I . . ,
-50 -30 -10 10 30 50
FEAE 24 Mol A B fmm

(d) BESRAEE L SR RA MR K R B2k
11 $HER DML SRR E T £ X R
Fig. 11 Relation curve between displacement of monitoring point
and strength reduction k&
3.3 IPMRIFMN
L3 DA bk Bl R PN A 2R A [P RS2 23 T
B RIS R T REEW A R mOT 2 R T AE T Bl
PR 242 280G A RN ITHZ AR e W sl ik
AIRLRE K s A R ) 18 2l 1 e B 5 2 i K B
TR E T S HU A RASHIR A JE

4 LEpFIEIN

(1) FF& AR AA B, 85 5O 5
ORISR A, A TG R S e T L IR BT ) ) 2
P, M BARS TALESIT O, R RE
L R B AR 5T 7

(2) B AR TR G FF7E 3P 0T DU N A 3
P, B AR E R, 24 R
HSEGAT A T LB TS H0HET, U A2 4 2
B2 R FBH, LETE AT IR M 37 0,
I AT T3 P T R K T A ] 1A

(3) B LB B 1 BRI R, [
RN 105 I, Bk SRR T R,
A 7 2 A TN T BT T, %A R
BOR T mAE 7 22, B LE PR SFA E i b
AT S 42 5 M 5% % 1«

(4) LETEREFFHE AL RIRASES, 5Lk IR B
A, R TR R RS, A
R G A E .

(5) L FE ST L0 8 SC P A R I 40T, 75 R
SRR AR S W, FCHE R AISE B T AR FE R I
TR, Hpi R, R R
2 5 TE A B B TR RIS B B 0, B
35 TR M 5 (B 0 TR B 9

P
[1] ¥ &, BEE. KAUKR TRRAMS T R R 7] K



4 1

Ke, . BT FLAC™ HUB U LE R B 3R 150 (5 LERAE 50

719

[3]

J1kH, 2013, 39(5): 16 - 19. (YANG Jian, HUANG Jing-bo.
Discuss on some problems of hydropower and water
conservancy engineered slope[J]. Water Power, 2013, 39(5):
16 - 19. (in Chinese))

LU Ying-long, WANG Lian-guo, ZHANG Bei. An
experimental study of a yielding support for roadways

constructed in deep broken soft rock under high strsess[J].

Mining Science and Technology, 2011, 21(5): 839 - 844.

b, B B BTE &R JOKBE T B

ERREMED M S BEI]. EA %5 TRER, 2009,
28(11): 2167 - 2175. (LI Zhong-kui, ZHOU Zhong, TANG
Xue-feng, et al. Stability analysis and considerations of
underground powerhouse caverns grpup of Jinping I
hydropower station[J]. Chinese Journal of Rock Mechanics

and Engineering, 2009, 28(11): 2167 - 2175. (in Chinese))

(4] X8 @, ¥ e, RAR, S ILIEE TR PR R

SN 1), k38 TR, 2009(1): 27 - 31. (ZHENG Jing,
HAN Long, ZHU Ben-zhen, et al. The problems related to
the anchorage engineering for side slope and their effects[J].
Journal of Railway Engineering Society, 2009(1): 27 - 31. (in
Chinese))

[5]1 & &, KRAZ. WHHR IR R SRR ).

[6] R, =

[7] &AL, Fauk, £

BRiE TR 2 4%, 2010(1): 10 - 13. (ZHENG Jing, ZHU
Ben-zhen. Failure factor and failure damage type of slope
anchor structure[J]. Journal of Railway Engineering Society,
2010(1): 10 - 13. (in Chinese))

e, B, 8 ARREREIHZ SRS
P B BB AT ], FiEwe 2543, 2008, 33(1): 11 - 16.
(YU Wei-jian, GAO Qian, HAN Yang, et al. Optimization
design and numerical analysis of excavation and yield
supporting for unstable surrounding rock[J]. Journal of China
Coal Society, 2008, 33(1): 11 - 16. (in Chinese))

Ve, v TR Lk e A U AT
LTSN, A £ TR 2R R, 2008, 30(10): 1437 - 1443.
(LIAN Chuan-jie, WEI Li-de, WANG Ge, et al. Development

of 3D numerical simulating methods for high prestressed

(8]

(]

[10] £

yield bolts[J]. Chinese Journal of Geotechnical Engineering,
2008, 30(10): 1437 - 1443. (in Chinese))

RS A. 8 AR M e R Lk BT o o 1 A R
NI, K FF2R, 2010, 15(1): 62 - 64. (LIU Jing-shu.
Application of nest anchored rope and yielding anchored bolt
with high strength in full-coal roadway with bursting
liability[J]. Coal Mining Technology, 2010, 15(1): 62 - 64.
(in Chinese))

BARA, OB, BN, & OREE TR E LR R
TR RGBS LU FE[T]. A0 05 TR 2R,
2012, 31(4): 656 - 666. (LI Shu-cai, WANG Qi, LI Wei-teng,
et al. Comparative field test study of pressure relief anchor
box beam support system in deep thick top coal roadwayl[J].
Chinese Journal of Rock Mechanics and Engineering, 2012,
31(4): 656 - 666. (in Chinese))

Vel UL gk He 5 AT B B LRI 7E K 3B [D].
R b B R K%, 2007. (WANG Ge. Numerical
simulation of pre-stressed yield bolt support and its
application[D]. Jinan: Shangdong University of Science and
Technology, 2007. (in Chinese))

(11] EREE, M2ehm. SRS AT IS W E SO A A BT

[12] faimd, 5% ., 72

S HT ] L 1, 2007, 28(4): 44 - 45. (ZENG
Xiang-yong, DENG An-fu. Finite element analysis of rock
cutting slope reinforced by combined action of prestressed
anchor cable and anchor bolt[J]. Rock and Soil Mechanics,
2007, 28(4): 44 - 45. (in Chinese))

08, 8% RS A TR T
SRHLHI B AR & SCH Tt (0], A S TR SR, 2007,
26(5): 987 - 993. (HE Man-chao, QI Gan, CHENG Cheng, et
al. Deformation and damage mechanisms and coupling
support design in deep coal roadway with compound roof[J].
Chinese Journal of Rock Mechanics and Engineering, 2007,
26(5): 987 - 993. (in Chinese))

[13] CHARLIE C L. A new energy-absorbing bolt for rock support

in high stress rock masses[J]. International Journal of Rock

Mechanics & Mining Science, 2010(7): 396 - 404.



