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It is difficult to predict the magnitude of a rockfall with respect to the shape, volume, and weight of the rock
mass, as a rockfall exhibits erratic behavior that depends on the slope geometry, such as the height and dip of the
slope. In this study, a field survey was conducted on the slopes of Ulleung-Do, South Korea, where rockfalls fre-
quently occur along coastal roads, to classify the mode of rockfalls and estimate their magnitude. This study also
analyzed the effects of rockfall behavior on roads by applying a simulation technique. Agglomerate and trachytic
rocks distributed across the study area produce rockfalls in a differential weathering rockfall mode and a toppling
rockfall mode. In terms of rockfall weight, trachytic rockfalls were 2-3 times heavier than agglomerate rockfalls.
An analysis of rockfall behavior from the simulation indicates that the impact energy on the road exceeded the
absorbing energy of a standard rockfall protection fence; however, the rockfall was secured when a ring-net was
applied.
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(c) Toppling rockfall mode

(b) Outcrop of agglomerate

(d) Outcrop of trachytic rock

Fig. 2. Rockfall modes and outcrops observed at Ulleung-Do (Seo et al., 2012).
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Fig. 3. Distribution of the lengths of major and minor axis of volcanic bombs ot the agglomerates slopes.
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Fig. 4. Distribution of the spacing of vertical and horizontal joints on trachytic rock slopes.
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Fig. 5. The rockfall contribution values of volcanic bomb axis lengths and joint spacing in trachytic rocks.
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Table 1. Volume and weight of volcanic bombs and blocks for agglomerate and trachytic rock.

Rock type Parameter The maximum The mode of The maximum contribution
observed value (MOV) | observed values value (MCV)

Major axis length (m) 2.0 1.1 1.1

Minor axis length a (m) 1.6 0.2 0.5
Agglomerate Unit weight (ton/m®) 2.240 2.240 2.240
Volume (m?) 3.217 0.028 0.173
Weight (ton) 7.206 0.062 0.387

Height (m) 2.0 1.1 1.1

] Width (m) 1.9 0.3 0.6
Trfgf]fsuc Unit weight (ton/m’) 2.580 2.580 2.580
Volume (m?) 7.220 0.099 0.396
Weight (ton) 18.628 0.255 1.022
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Table 2. Simulation input parameters for the Rocfall program in this study.

Rock R, R S.tafldgrd Friction Horizontal velocity
type " diviation angle (°) (m/s)
Agglomerate 0.85 0.55 0.04 350+£5.0 1.5+0.15
Trachytic rock 0.90 0.60 0.04 35.0+£5.0 1.5+£0.15
Talus 0.82 0.32 0.04 30.0+£2.0 -
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Table 3. Geological and geomorphological features of the simulated slopes.
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Falling point
. Rock - - - Average angle of slope
Slope No. Location * Height Horizontal distance from road o
type )
(m) (m)
S-1 Jeodong-ri A 127 120 69
S-2 Jeodong-ri A&T 113 110 65
S-3 Jeodong-ri A&T 70 90 46
S-4 Cheonbu-ri A 92 81 56
S-5 Cheonbu-ri A 24 20 52
S-6 Cheonbu-ri TR 27 22 73
S-7 Jeodong-ri A&T 134 85 66
S-8 Jeodong-ri TR&T 198 255 54
S-9 Jeodong-ri A&T 114 142 49
S-10 Jeodong-ri A&T 90 82 76
S-11 Jeodong-ri A&T 154 186 63
A, agglomerate; T.R, trachytic rock; T, talus
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