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Discussion on mechanism of reinforcing high
and steep slope with prestressed anchor cable

LI Jian, CHEN Shan-xiong, YU Fei, JIANG Ling-fa, DAI Zhang-jun

(State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan, Hubei 430071, China)

Abstract: Prestressed anchor cable reinforcement is an important way to improve slope stability. Understanding the mechanism of
reinforcement of slope by prestressed anchor cables is of great theoretical significance for guiding the design of slope reinforcement.
Based on the calculation model of the high and steep slope, through continuously improving the strength reduction coefficient of rock
and soil mass, we obtained the variation law of the displacement of slope foot and internal force of prestressed anchor cables.
According to the stress distribution law of rock mass reinforced by prestressed anchor cables, some useful conclusions are drawn.
When the strength reduction coefficient of rock and soil mass exceeds the safety factor of the slope, the internal force of prestressed
anchor cables increases rapidly. The internal force is obvious when it is close to the foot of the slope. The change of internal force of
anchor cables at the foot of slope can be monitored for evaluating the stability. For high and steep slopes, most of the prestressed
anchor cables can not improve the compressive stress on the potential sliding surface and the shear strength of the sliding surface. The
primary mechanism of the prestressed anchor cables to reinforce high and steep slopes is to control the displacement of the potential

sliding body of the slope.
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Fig.1 Schematic of a rock slope
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Fig.2 Numerical model of a rock slope
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Table 1 Parameters for numerical modelling
/ GPa / kPa 1(=) / (kN - m) / (kN - m) I m? / kN /m
25 0.23 1000 40 —
0 40 2.0x10° 2.0x10°
200 0.20 — 0.001 885 1000
100 30 2.0x10° 0.408 4
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Fig.4 Relationship between the displacement of slope foot
strengthened by prestressed anchor cable and the strength

1.0 reduction factor (obtained by the inflected point method)
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Fig.3 Relationship between the displacement of slope foot
without prestressed anchor cable and Fig.5 Relationship between the displacement of slope foot

the strength reduction factor strengthened by prestressed anchor cable and the strength
reduction factor (obtained by the convergence method)
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Fig.6 Variation of different cable inner forces under
different strength reduction factors
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Fig.8 Schematic of the reinforcement function of

the prestressed anchor cable to the slope stability
considered by the traditional method
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Fig.9 Calculation model of the prestressed anchor cables
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direction (a single anchor cable)

/ MPa

13
Fig.13 Compression stress on the anchoring surface
(group anchor cables)

11
Fig.11 Compression stress along the anchor cable axial
direction (group anchor cables)

3.3

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



712 2020

1
14
2 0.76 mm  0.47 mm
4.2 6.0 mm
0 5m
0 2m
1.59
1.59
1.8
15 kN
[8]
Yang [
FS
0 1 2 3 4 5 6 7 8
0 e T T T T . 300
[é] 2 b Y --=4 250
3 Lot =2
e 4 F “a, .,"" S
£, u Lt 1 200
\'ﬁ\" ——
g I u g 1 150
r M
10 , "“‘*'a- 1 100
12 F /.—u— ;'f B,y
/7 \-.-. \\\ 150
14 \ .

14

Fig.14 Relationship between the high slope foot/ the cable
inner force and the strength reduction factor

14



713

(1]

[2]

(3]

[4]

3.0

[J1. , 2018, 39( 1): 461-468.
ZHANG Yu-fang, YUAN Kun. Experimental study and
application of anchor performance of a new type anchor
cable with double anchor[J]. Rock and Soil Mechanics,
2018, 39(Suppl.1): 461-468.
[D].

, 2017.
ZHU Hai-xi. Research on anchoring effect of prestressed
Xian:  Xi’an

anchor cable in loess formation[D].

University of Science and Technology, 2017.

[J1. , 2019, 40(7): 2799-
2806, 2837.
JIANG Ze-feng, ZHANG Ge, ZHU Da-yong, et al.
Critical sliding field method for slope under anchorage
force and its application[J]. Rock and Soil Mechanics,
2019, 40(7): 2799-2806, 2837.

1 ’ .

[ , 2006, 27(8): 1349-1352.

(5]

(6]

(7]

(8]

(9]

[10]

[11]

LIU Cai-hua, CHEN Cong-xin, FENG Xia-ting.
Discussion on design method of prestressed cable for soil
slope[J]. Rock and Soil Mechanics, 2006, 27(8): 1349-
1352.

[J1. , 2002, 23(2): 187-190.

ZHANG Fa-ming, LIU Ning, ZHAO Wki-bing, et al.
Optimizing design method of prestressed cables in
reforcing rock slope[J]. Rock and Soil Mechanics, 2002,
23(2): 187-190.

[J1. , 2002, 21(7):
980-988.
DING Xiu-li, SHENG Qian, HAN Jun, et al. Numerical
simulation testing study on reinforcement mechanism of
prestressed anchorage cable[J]. Chinese Journal of Rock
Mechanics and Engineering, 2002, 21(7): 980-988.

[J]. , 2004, 25( 1):

260-264.
LI You, BAI Shi-wei, ZHU Wei-shen, et al. Simulation
test and numerical simulation of anchoring effect of
prestressed cable[J]. Rock and Soil Mechanics, 2004,
25(Suppl.1): 260-264.

91 , 2008, 27(5):
979-989.
LI Zhong, ZHU Yan-peng, YU Jun. Calculation methods
for active slope reinforcement based on stress control in
slip surface[J]. of Rock
Mechanics and Engineering, 2008, 27(5): 979-989.
YANG Guang-hua, ZHONG zhi-hui, ZHANG Yu-cheng,

et al. Optimal design of anchor cables for slope

critical Chinese Journal

reinforcement based on stress and displacement fields[J].

Journal of Rock Mechanics and Geotechnical

Engineering, 2015, 7(4): 411-420.

[J]. , 2018, 29(2): 397-416.
LI Ning, GUO Shuang-feng, YAO Xian-chun. Further
study of stability analysis methods of high rock slopes[J].
Rock and Soil Mechanics, 2018, 29(2): 397-416.

[J1. , 2013, 34( 1): 371-378.

LI Jian, CHEN Shan-xiong, YU Fei. A method for
searching potential failure surface of slope based on
maximum shear strain increment[J]. Rock and Soil
Mechanics, 2013, 34(Suppl.1): 371-378.



