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The objective of this study is to produce the rock slope hazard map on the Mt. Hwangryeong located at center of
Busan Metropolitan City for evaluating the rock slope hazard susceptibility. The Mt. Hwangryoeng is located
between Dongrae and Ilkwang faults and consists of various rocks such as sedimentary rock, andesitic volcanic
rock, andesite, gabbro and granitic rocks. Thematic maps were carried out using ArcGIS for Database including the
orientations and density of joints, strength of rock constructed through the field survey and results from previous
studies. Also, rock slope hazard susceptibility for the Mt. Hwangryoeng area was studied using empirical method
through checklists proposed by NDMI (National Disaster Management Institute). Results from using the empirical
method indicated that rock slopes are evaluated from very stable to stable, but moderate stability has been partially
presented along the edge of the mountain area.
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Fig. 1. Geological map of the study area (modified from
Choi and Paik, 2002).
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Fig. 2. Major faults system at Busan-Ulsan district and
lineament distribution in the study area (modified from
KIGAM, 1983).
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Fig. 3. Lineament density in the study area.
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Fig. 4. Rose diagrams showing the frequency & length
distribution of lineament around the study area.
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Fig. 5. Rose diagrams showing the orientations of
measured discontinuities throughout the study area.
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Table 1. Results of discontinuities survey.

Information of representative discontinuities
Location Coordinate Rock Densi A i
type No. Orientation ensity verage spacing
(EA/cm) (cm)
Set 1 N35E/75NW 0.038 26.32
) N35°09'53.56" ) Set 2 N35SW/T5NW 0.032 31.25
Site 1 orerto 1 on Andesite
E129°%05'18.16 Set 3 N35W/75SW 0.034 29.41
Set 4 N85E/75NW 0.026 38.46
Set 1 N20E/70NW 0.023 4348
Set 2 N20W/80SE 0.018 55.56
. N35°09'54.55" .
Site 2 £129°0521 02" Andesite Set 3 N70W/75SW 0.022 4545
Set 4 N75E/75NW 0.017 58.82
Set 5 N20E/20SE 0.012 83.33
Set 1 N30E/75SE 0.046 21.74
) N35°09'51.00" ) Set 2 N70E/15SE 0.038 26.32
Site 3 et 1A Andesite
E129%05'19.12 Set 3 N70W/75SW 0.044 22.73
Set 4 NI5E/55/NE 0.021 47.62
Set 1 N65E/25SE 0.057 17.54
Set 2 NOSE/50SE 0.052 19.23
. N35°09'53.38" .
Site 4 £129°05'43 19" Andesite Set 3 N25W/65NE 0.044 20.83
Set 4 N65E/75SE 0.021 27.78
Set 5 N25W/65SW 0.027 37.04
Set 1 N45E/75NW 0.023 4348
. N35°09'34.71" .
Site 5 F129°05'05.36" Andesite Set 2 N60OW/75SW 0.021 47.62
Set 3 N60W/75NE 0.014 71.43
Set 1 N20E/75NW 0.042 23.81
. N35°09'13.90" .
Site 6 F129°05'49 21" Andesite Set 2 N60E/20SE 0.036 27.78
Set 3 N60W/75SW 0.031 32.26
Set 4 N20E/45NW 0.026 38.46
) N35°09'16.57" ) Set 1 N40E/30SE 0.062 16.13
Site 7 et s 1An Andesite
E129%05'46.12 Set 2 N30W/30SW 0.047 21.28
Set 3 N65E/80SW 0.031 32.26
Set 1 N40W/25SW 0.078 12.82
. N35°08'40.13" Sedimentary
Site 8 £129°06105.08" rock Set 2 N70E/80NW 0.096 10.41
Set 3 N30E/80SE 0.117 8.55
Set 1 N15E/80NW 0.046 21.74
Site © N35°08'25.80" Sedimentary Set 2 N75W/75SW 0.055 18.18
e 0, 1 "
E129°05'52.41 rock Set 3 NI5E/15NW 0.096 15.15
Set 4 NI5SW/15NE Bedding plane
Set 1 N15E/80SE 0.042 23.81
Site 10 N35°0825.12" Sedimentary Set 2 NSOW/B0SW 0.061 16.39
ite " "
E129°05'53.38 rock Set 3 N35W/15NE 0.088 11.36
Set 4 N35W/15NE Bedding plane
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Table 1. Continued.

Information of representative discontinuities

Location Coordinate Rock Density Average spacing
type No. Orientation
(EA/cm) (cm)
N3 1003.55" Andesitic Set 1 N45E/75NW 0.048 20.83
Site 11 E129°04'55 11" vbolcar}lc Set 2 NI15E/75SE 0.04 25.0
reccia Set 3 N40W/S8ONE 0.034 29.41
N35°10'17.45" Andesitic Set 1 N55W/83SW 0.051 19.61
Site 12 E129°05'03.06" \;:)lca.r}lc Set 2 N25E/80NW 0.042 23.81
reccia Set 3 NOZW/258W 0.034 29.41
Set 1 N15E/80SE 0.06 16.67
. N35°09'40.51" .
Site 13 F129°06'13.05" Andesite Set 2 N65E/65NW 0.044 22.73
Set 3 N85E/80SE 0.034 29.41
Set 1 N40W/75SW 0.074 13.51
. N35°09'25.80" .
Site 14 E129°05'18 42" Andesite Set 2 N75W/758W 0.044 22.73
Set 3 NI8E/35NW 0.031 32.26
. N35°09'37.59" . Set 1 N45W/80SW 0.042 23.81
Site 15 e " Andesite
E129°05'27.89 Set 2 NG6OE/75NW 0.032 31.25
Set 1 N25E/55NW
. N35°09'38.31" .
Site 16 £129°05'18.49" Andesite Set 2 NI15W/75NE No data
Set 3 N75W/77SE
Set 1 NI15E/80NW 0.054 18.52
. N35°09'31.78" .
Site 17 E129°05'03.65" Andesite Set 2 NS55E/55SE 0.044 22.73
Set 3 N5OW/75SW 0.028 35.71
Set 1 N65W/80ONE 0.126 7.94
Set 2 NI5W/80SW 0.094 10.64
. N35°0929.03" .
Site 18 F129°05'48.26" Sedimentary rock | Set 3 N25E/80NW 0.088 11.36
Set 4 NS50E/N8OSE 0.064 15.63
Set 5 N55E/10SE Bedding plane
Set 1 N40E/80NW 0.063 15.87
. N35°09'40.64" . Set 2 N20W/80NE 0.046 21.74
Site 19 g " Andesite
E129°06'09.96 Set 3 N50W/80NE 0.042 23.81
Set 4 N75E/80NW 0.028 35.71
Set 1 N20W/55NE 0.067 14.93
. N35°09'39.77" .
Site 20 E129°06'05 34" Andesite Set 2 N30E/65SNW 0.051 19.61
Set 3 N35W/70SW 0.044 22.73
Set 1 N20W/80NE 0.062 16.13
. N35°09'38.31" . Set 2 NS50E/75SNW 0.048 20.83
Site 21 oot " Andesite
E129°05'58.05 Set 3 N55W/08NE 0.04 25
Set 4 N75E/75SE 0.028 3571
Set 1 N45E/5S0NW 0.063 15.87
°09' " Set 2 N50W/75SW 0.058 17.24
Site 22 N35 009 ,12'10 " Andesite
E129°04'49.15 Set 3 N50W/75NE 0.052 19.23
Set 4 N20E/15SE 0.046 21.74
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Table 1. Continued.
Information of representative discontinuities
Location Coordinate Rock . . Density Average spacing
type No. Orientation (EA/cm) (cm)
Set 1 N75E/80SE 0.086 11.64
008" " Set 2 N15W/30SW 0.08 12.5
Site 23 133\]13259%85'50%?895" Sedimentary rock Set 3 NI5E/75SE 0.074 13.51
Set 4 N35E/SSNW 0.066 15.15
Set 1 N50W/30SW 0.074 13.51
008" " Set 2 N45E/75NW 0.065 15.38
Site 24 133\113259%233854298 Sedimentary rock Set 3 N45E/75SE 0.056 17.86
Set 4 N35W/75SW 0.033 30.3
Set 1 N35E/80NW 0.084 11.90
Set 2 N25E/15SE 0.072 13.89
Site 25 ;32590%2,42696654':, Sedimentary rock | Set 3 N4OW/75SW 0.066 15.16
Set 4 N75E/75NW 0.051 19.61
Set 5 N20E/28SE Bedding plane
Set 1 N60E/8ONW 0.048 20.83
. N35°08'40.74" Andesite & Set 2 | N20E/75SW 0.04 25
Site 26 oo " sedimentary
E129°05'01.96 rock Set 3 | N6OW/25SW 0.032 31.25
Set 4 N75E/55NW 0.026 38.46
Set 1 N30E/8ONW 0.044 22.73
, N35008'51.77" Andesitic Set 2 | NS50W/S0SW 0.038 2632
Site 27 E129°0439.39" voleanic Set 3 N60E/25SE 0.031 3226
breccia
Set 4 N75E/75NW 0.029 34.48
Set 1 N75E/7SNW 0.036 27.78
Site 28 N35°09'57.47" Granodiorite Set 2 N35E.65NW 0.022 45.45
E129°06'19.37" Set 3 N8SE/15SE 0.012 83.33
Set 4 N85E/15SE 0.008 125
Set 1 N60E/75NW 0.028 35.71
Site 29 ;2§%Z§1Li::, Granodiorite Set 2 N40W/45NE 0.027 37.04
Set 3 N15E/55SE 0.024 41.67
Site 30 I;?g;?gf,gg f: Gabbro No data
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Table 2. Distribution of landslides occurrence at each lithology.

Lithology Area (km?) Landslides occurrence Landslides density (landslide/km?)
Andesite 5.74 18 3.14
Andesitic volcanic breccia 2.66 7 2.63
Sedimentary rock 2.65 4 1.51
Granodiorite 0.64 3 4.69
Gabbro 0.66 1 1.52
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Fig. 6. Landslides site in the study area.
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Table 3. Guideline on the Rock slope stability evaluation (NDMI, 2012).

Factors Evaluation criteria & score
. Moderately Highly
Weathering Fresh Slightly weathered weathered weathered
1 5 10 15
. <10 m 11~20 m 21~30 >3] m
Slope height
1 4 7 10
1:1.5 1:1.2 1.1.0 1:0.7 1:0.5 1:0.3 ~90°
Gradient (<34°) (40°) (45%) (55%) (63°) (73%)
1 2 4 6 8 10 12
Soil h=0 m 0<h<2m 2<h<Sm h>5m
thickness 0 2 6 8
Rocks not included in | Unconsolidated sediments / limestone / mudstone, shale with slaking / biotite schist
Lithology the right side with low shear strength
0 10
Joints Very favorable Favorable Fair Unfavorable |Very unfavorable
orientation 1 2 4 8 10
None Presence
Faults
0 5
None Presence
Valley
0 4
None Wet conditions Flow conditions
Leakage
0 2 4
Tension None Presence
crack 0 8
Failure None Presence
history 0 2
Densely
. . Public populated area
Da{n.ageable None City street Major road building (hospital/
facility type school)
0 8 10 14 18
Total score 100
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Table 4. Guideline on the stability evaluation (modified form NDMI, 2001).
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Stability Very Stable Stable Partially stable Unstable Very unstable
Score 0-20 21-40 41 -60 61-80 81-100
Table 5. Stability checklist for rock slope (modified from Song et al., 2012).
Factors Evaluation criteria & score
. 100<UCS<250 50<UCS<100 25<UCS<50 5<UCS<25
Weathering
1 5 10 15
0-106 m 107-212 m 213-318 m 319-425m
Elevation
1 4 7 10
1:1.5 1:1.2 1.1.0 1:0.7 1:0.5 1:0.3 ~90°
Gradient (<34%) (40°) (45%) (559) (63°) (739
1 4 6 8 10 12
o t=0 m 0<t<2m 2<t<Sm t>5m
Soil thickness
0 2 6 8
Rocks not included in | Unconsolidated sediments / limestone / mudstone, shale with slaking / biotite
Lithology the right side schist with low shear strength
0 4
Joints orientation °~20°, 80°~90° 65°~80° 65°~50° 50°~35° 20°~35°
(Dip of joints) 1 2 4 8 10
None Presence
Faults
0 5
None Presence
Valley
0 4
None Wet conditions Flow conditions
Leakage (Jv>30) (3<Jv<30) 3>Jv
0 2 4
. None Presence
Tension crack
0 8
. . None Presence
Failure history
0 2
. ' Public Densely populated
Damageable None City street Major road o area
building .
facility type (hospital/school)
0 8 10 14 18
Total score 100

% UCS : Uniaxial Compressive Strength (MPa)
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Fig. 10. Landslides susceptibility map using the index method.
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