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Analysis of movement of rockfall from high and steep slopes
at Jiangping River Hydropower Station and protective measures

WANG Sheng-nian' > SHI Chong' > CHEN Hong-jie' > HUANG Wei' *
1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering
Hohai University Nanjing 210098 China
2. Research Institute of Geotechnical Engineering Hohai University ~Nanjing 210098 China

Abstract The high and steep rock slopes behind the workshops of the Jiangping River Hydropower Station have
developed joints and fissures and a nearly vertical free surface angle and are thus likely to pose rockfall hazards

threatening the safety of workshops in the river valley area. To solve this problem typical sections of slopes were selected
and a rockfall movement analysis model was established based on geological exploration. The experiential formulas were
used for quantitative analysis of the characteristics of rockfall movement and the kinematics formulas based on probability
were used for numerical simulation. The rockfall placement distribution bounce height movement velocity and kinetic
energy distribution were analyzed. The calculated results show that the rockfall from high and steep rock slopes

significantly threaten the safety of workshops of the hydropower station and protective measures should be taken.

Key words rockfall of steep rock slope rockfall movement analysis rockfall protective measures high and steep slope

of Jiangping River Hydropower Station

3 Ritchie * 3

3 6-7

2011-02-21
“ " 2008 BAB29B01 50911130366 20090094120017
1987 — . E-mail myresort @ 126. com



163

2
1
O
1
307.40m. 370 m. 1
380.00 m 120 m. Fig. 1 High and steep rock slope behind workshops of
Jiangping River Hydropower Station
0.3~0.8m’
1
2
2.1
I 29 1
Il
R x y ¢
@ VR 0 2 v, x S 0 :
. a v, _ Ry
: 8
[Q Pmax Vr
2 - 7 L
R t 1
Y 202sin’ 3 + w0l
lmax 0/
L v? tana — cotfB 2 )
T 2gtana 1 — cot’B 4
P max 2
hax = Lpaxtana 3 Fig. 2 Trajectory of rockfall movement
2.2

8-12



164 40
4
2.2.1
Uhx U})y Vhn
Uht
{”bn = U}, C08a — Vp,Sina
4
Uy, = UpyCOSa + Vp,Sina
€n €;
Van Vay
{va"’ = vpyc08Q — vsine e, 5
Dy = U}y COSQ + Dp sina e
Vax Vay
{vax = UanSiIla + uatsina
6
Day = Vg SiN@ — vp,c08Q
/Uil
Uy = vezlx + Vay 7
2.2.2
v = \/U% + 2gH sina - kcosa 8
— vy n/s H—
m.
. kmgcosa
mgsina < —gr— 9
2
r°H
v :\/1)(2)+2g 5 2(1—*005&) 10
+ R
R— m r m.
2.2.3
L > 1.9
E, = wmv” + & lw 11
L) 2
m— kg E; ] I— ke m? w—
rad/s.

3.1
3.1.1

3 230.00 ~ 673.00 m.



2 165
3.1.2
650
610
570
530
g 490
450
i
E 40
370
330
290
3.2 250
3.2.1 0 40 80 120 160200 240 280 320 360 400 440
K7 18 BR B /m
0.00m 230.00m . 3
Fig. 3 Typical section
AB BC 7 4
1
Table 1 Results of experience method
/
/° /m B /m /° /m 1 /m
m s m s
1 38.46 673.00 4.40 0.00 14 31.22 501.01 22.70 3.53
2 64.81 667.00 9.08 2.08 15 82.95 390.00 44 .45 18.61
3 47.95 660.00 11.31 4.18 16 31.72 381.89 28.13 3.03
4 57.97 642.98 17.11 6.73 17 45.98 371.29 29.42 9.88
5 61.37 626.00 16.79 6.59 18 49.63 357.80 31.18 12.22
6 54.76 615.41 19.33 10.93 19 44.43 349.20 31.95 9.02
7 33.51 594.57 19.63 3.94 20 38.63 341.59 32.37 5.52
8 24.91 582.46 20.09 1.92 21 35.50 330.16 32.98 3.79
9 21.16 567.16 22.14 0.76 22 35.06 320.43 33.50 3.52
10 29.43 559.60 22.30 3.05 23 35.71 310.64 34.06 3.73
11 24.89 552.00 22.61 1.66 24 33.78 305.76 34.26 2.86
12 60.18 524.00 21.64 8.03 25 37.74 297.96 34.78 4.65
13 50.21 511.27 23.58 10.78
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Fig. 4 Sketch map of slope sections of rockfall movement
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2
Table 2 Geometric and surface characteristics of slope sections of rockfall movement
/° /m
AB 52 93.33
BC 27 36.79
CD 24 85.72
DE 56 51.00
EF 31 17.28
FG 83 111.84
GH 39 146.52
3
Table 3 Values of calculation parameters
/o
AB 0.40~0.60 0.15~0.37 0.75~0.95 22 1 0.35 0.02 0.75 0.02
BC 0.50~0.75 0.12~0.32  0.65~0.95 31 1 0.32 0.02 0.65 0.02
CD 0.50~0.75 0.12~0.32  0.65~0.95 29 1 0.32 0.02 0.68 0.02
DE 0.40~0.60 0.15~0.37 0.75~0.95 31 1 0.16 0.02 0.75 0.02
EF 0.50~0.75 0.12~0.32  0.65~0.95 37 1 0.14 0.02 0.65 0.02
FG 0.40~0.60 0.15~0.37 0.75~0.95 26 1 0.32 0.02 0.87 0.02
GH 0.30~0.60 0.25~0.75 0.88~0.98 22 1 0.36 0.02 0.98 0.02
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Fig. 5 Calculated results of rockfall from high and steep rock slopes at Jiangping River Hydropower Station
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