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Numerical Analysis on Morphologic Characteristics of Rock Slope for Reducing
Rockfall Risk

Hyun-Woo Ji, Sung O. Choi

Abstract Geo-hazard shows a rapid increasing tendency with establishment of frequent great slopes in various
construction sites, especially in the unfavorable topographic condition in which about 70% of the surface is covered
by the mountainous area. An repeatedly taking place on the heavy rain season is accompanied by a large scale
of rockfall, and causes great damage to an individual as well as a property. Even though lots of field studies and
fundamental studies have been performed to reduce this hazard, however, an essential study on the mechanism of
the rockfall should be limited to the conventional studies on the slope reinforcement and/or the rockfall risk analysis.
In this study, the mechanism of rockfall depending on the morphologic characteristics of slope has been simulated
numerically with the PFC2D, one of the discrete element programs. For analyzing its mechanism, the input
parameters relating to the slope such as surface condition, gradient, number of benches, bench gradient, and the
ratio of bench width to rockfall size were taken into consideration.
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Fig. 1. Schematic diagram for different types of rockfall movement.
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Fig. 2. Illustration of rock slope generation in PFC2D analysis.



~

18 el IEY e I AEe)

wall-S X3} o] walld]] Ydo] 2Edl= &
HAE St mn Y49 27 9 AP £
of wg YA AsFE st gtk

PFC2Do|| o3t =2|afjA]of| A ARG AFH B Ao
et YPALRE Table 1] AF2jgt vpel e}, ofuff A
o] Fefjo] whE G419 AFY HlnE P8l 949
A7 0.1m 2 FYsHA 48319

olfgt A4 YL Tl HA9 FAHA o
Wl SeS IETFO RN YA AsPES B4

A

ok Aol FZelue] Bk Fihee] Aol

ﬁ><100

Rate of increase energy (%) = Z

~100 (1)

oA7IA, B = 2710 FAo] At Abgiel] Halst
o 9eh A B2 Aeln, £, & AEHoz
WAIRE S S0 A, Z Atvle] Asterrold o
4 Aelo] AXH walle] 7FlAlE FAAHAE )
s,

o[l YERRS ol gstel Abwle] 92 A9 ¥l
slol] W A WAAF AR Abwnaa ik
£ ATo) TejEl o) oA F2 S0k Ui
o ofsf 71Tt Atple] 27, 2 Applo] SERiAE, Abel
of il ] A Axehe] Ju, relan o] 5]
o that Are] Afeh Uu] Solck. ole o] & 57

AP 7o) iRk thefet o] A8 Bl A A

Wall for
computation

— velocity of rockfall
(m/s)

H ' height of slope(m)

W : width of slope(m)

Fig. 3. Conceptual diagram for rockfall analysis along with
the rock slope.

Table 1. Input parameters used in PFC2D analysis
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Fig. 4. Illustration of different surface condition of the slope using the different sized particles in PFC2D(the slope angle

is 45° in both cases)
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Fig. 5. Increased rate of rockfall energy with different slope angle and different particle size for slope
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Table 2. Increased rate of rockfall energy with increasing the slope angle(when particles are used for generating the slope)

Slope angle(%) 10 20 30 40 50 60 70 80
-10 32 52 86 180 260 360 550

-9 28 66 91 171 255 371 480

-15 41 71 102 188 261 355 590

Rate of 6 33 59 88 191 272 349 530
increase 4 35 68 87 185 282 409 545
energy -8 44 72 103 185 266 389 561
(%) -5 51 73 105 180 265 388 498

-11 26 66 92 178 259 379 502

-12 12 59 80 175 279 369 504

3 31 60 99 186 271 351 565

Mean value(%) 5.7 333 64.6 93.3 181.9 267 372 532.5
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Fig. 6. Increased rate of rockfall energy with different slope Fig. 7. Relationship between slope angle and increased rate of

angles(when particles are used for generating the slope)

energy(when particles are used for generating the slope)
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Table 3. Increased rate of rockfall energy with number of slope-benches(when particles are used for generating the slope)

SIEI::E:;CEZS =0 =l =2 =
80 56 -22 91
82 64 -40 Hang up
86 48 -38 -56
91 52 26 -78
~ Rate of 78 66 88 -94
increase energy
(%) 81 46 -67 Hang up
90 51 21 Hang up
88 52 6 Hang up
84 38 -32 -68
83 47 -55 -79
Mean value(%) 84.3 52 -28.9 -46.6

Table 4. Increased rate of rockfall energy with number of slope-benches(when a rigid wall is used for generating the slope)

Number of
slope-benches n=0 n=l n=2 n=3
181 121 78 58
167 115 95 66
178 131 109 81
191 109 112 48
~ Rate of 164 125 89 56
increase energy
(%) 155 110 77 67
171 106 89 69
169 98 92 71
158 116 110 64
152 114 98 65

Mean value(%) 168.6 114.5 94.9 64.5
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Table 5. Increased rate of energy and number of rockfall collision with different &,/B,, ratio

R/ .Bll' 1\3;3:}? Rate of increase energy(%) I:E:Z;)lf
ratio (m) Ist 2nd 3rd 4th 5th 6th 7th 8th 9th 10th | Ave. |collision
- 0.0 187.6 | 183.2 182.7 | 155.8 | 168.7 | 172.3 171.6 | 181.5 166.6 | 172.7 | 187.6 0
1.000 0.1 172.6 | 166.5 1814 | 171.5 1722 | 168.6 | 155.7 | 182.6 | 183.1 187.5 174.2 0
0.500 0.2 182.4 175.6 168.3 167.4 181.1 181.9 162.7 194.2 171.2 164.3 174.9 0
0.333 0.3 179.5 181.5 174.2 175.3 188.4 181.1 176.2 164.2 142.1 169.5 173.2 1
0.250 0.4 175.6 176.1 138.4 161.2 175.7 155.3 146.7 184.6 144.1 171.2 162.9 4
0.200 0.5 161.2 | 1345 | 146.8 | 177.8 | 151.2 | 176.4 | 1759 | 135.1 161.1 172.5 | 259.3 3
0.167 0.6 168.8 | 122.8 | 172.8 | 172.5 180.2 | 1134 | 1147 | 1754 | 123.6 | 148.7 | 1493 5
0.143 0.7 121.8 | 1729 | 119.5 1652 | 171.5 | 119.5 | 109.5 98.5 122.3 | 169.5 | 137.0 6
0.125 0.8 134.0 | 1442 | 171.1 126.5 1669 | 1345 | 168.5 128.5 166.8 1304 | 147.1 6
0.111 0.9 109.5 105.2 | 175.3 102.7 | 172.5 181.2 98.8 111.5 101.2 | 114.7 | 1273 7
0.100 1.0 110.5 121.6 | 172.8 | 169.8 | 102.3 109.6 | 1154 | 113.5 109.6 91.6 121.7 8
0.091 1.1 122.5 128.3 119.8 | 121.5 1174 | 127.4 | 177.6 | 126.3 114.5 122.6 | 127.8 9
0.083 1.2 103.5 112.3 131.6 | 120.5 172.5 111.6 | 112.5 115.6 | 118.5 127.8 122.3 9
0.077 1.3 148.0 | 156.8 136.6 135 1332 | 136.1 123.5 189.6 | 127.0 | 136.8 142.3 9
0.071 1.4 50.4 40.6 73.7 70.6 49.7 46.8 48.6 50.2 70.4 61.6 56.3 10
0.067 1.5 56.4 46.6 79.7 76.6 55.7 52.8 54.6 56.2 76.4 67.6 62.3 10
0.063 1.6 -27.9 -37.7 -4.6 -7.7 -28.6 -31.5 294 | -28.1 -7.9 -16.7 -16.1 10
0.059 1.7 -40.9 -50.7 -17.6 -20.7 -41.6 -44.5 42.6 | -41.1 -20.9 -29.7 -26.5 10
0.056 1.8 -52.1 -61.9 -28.8 -31.9 -52.8 -55.7 -53.9 -52.3 -32.1 -40.9 -46.2 10
0.053 1.9 -20.6 -30.4 2.7 -0.4 -21.3 -24.2 -22.4 -20.8 -0.6 94 -14.7 10
0.050 2.0 -40.9 -32.1 -52.3 -53.9 -55.7 -52.8 -31.9 -28.8 -61.9 -52.1 -46.2 10
0.048 2.1 -30.6 -21.8 -42.0 -43.6 -45.4 -42.5 -21.6 -18.5 -51.6 -41.8 -35.9 10
0.045 2.2 -36.2 -46.0 -12.9 -16.0 -36.9 -39.8 -38.0 -36.4 -16.1 -25.0 -30.3 10
0.043 2.3 -52.7 -62.5 -29.4 -32.5 -53.4 -56.3 -54.5 -52.9 -32.6 -41.5 -46.8 10
0.042 2.4 -61.4 -71.2 -38.1 -41.2 -62.1 -65.0 -63.2 -61.6 -41.3 -50.2 -55.5 10
0.040 2.5 -64.7 -55.8 -76.1 -77.7 -79.5 -76.6 -55.7 -52.6 -85.7 -75.8 -70.0 10
0.038 2.6 -70.0 -61.1 -81.4 -83.0 -84.8 -81.9 -61.0 -57.9 -91.0 -81.1 -75.3 10
0.037 2.7 -55.8 -65.6 -32.6 -35.7 -56.6 -59.5 -57.7 -56.1 -35.8 -44.7 -50.0 10
0.036 2.8 -69.0 -78.8 -45.8 -48.9 -69.8 -72.7 -70.9 -69.3 -49.0 -57.9 -63.2 10
0.034 2.9 -36.1 -24.2 -47.5 -49.1 -50.9 -48.0 -27.1 -24.0 -57.0 -47.2 -41.1 10
0.033 3.0 -66.5 -54.6 -77.9 -79.5 -81.3 -78.4 -57.5 -54.4 -87.4 -77.6 -71.5 10
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Fig. 9. Illustration of rockfall collision at slope-bench with respect to the R,/By ratio.
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Fig. 11. Illustration of rockfall bouncing at the slope-bench with respect to the different gradient of slope-bench.

Table 6. Increased rate of rockfall energy according to the
various gradients of slope-bench.

Bench gradient Rate of increase energy(%)
0% 376.5
1% 329.8
2% 311.9
3% 467.2
4% 347.3
5% 341.2
Upper-bench
6% 4324
7% 349.3
8% 344.8
9% 529.2
10% 551.6
1% 191.6
2% 219.4
3% -44.8
4% -26.1
Lower-bench B o83
6% -18.5
7% -27.4
8% -56.9
9% -60.9
10% -40.0
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Fig. 12. Results from the numerical analysis on the increased

rate of rockfall energy according to the various
gradient of slope-bench.
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