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Slope management system for national roads in Korea 
Système de gestion de pente pour les routes nationales en Corée
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ABSTRACT: Korea has a network of 12,000km of national roads. Because more than 70% of its land is composed of mountainous 
topography, road construction created a large number of roadside cut slopes. Korea Institute o f Construction Technology(KICT) 
started to develop the Cut Slope Management System(CSMS) to manage roadside cut slopes efficiently. The 'CSMS' program is a 
three-year project, started from December o f 1997 to the end of year 2000. The slope management system was developed in the first 
year of the project using a geographic information system(GIS) based on the study o f 290 cut slopes along the national roads. The 
second year o f the project, which will be closely examined in this paper, is focused on the verification and upgrade of the CSMS from 
the study o f additional 270 cut slopes along the national road.

RÉSUMÉ: : La Corée a un réseau de 12,000km de routes nationales. Puisque plus que 70% de sa terre se compose 
de topographie montagneuse, la construction de route a créé un grand nombre de pentes de coupe de bord de la route. 
L'institut de la Corée de la Construction Technologie (ICCK) a commencé à développer le System de Gestion de Pente 
de Coupe (SGPC) pour contrôler des pentes de coupe de bord de la route efficacement. Le ' programme du SGPC' est 
un projet de trois ans, commencé à partir de décembre de 1997 à la fin de l'année 2000. Le système de gestion de pente 
a été développé par la première année du projet en utilisant un system d’information géographique (SIG) basée sur 
l'étude de 290 pentes coupées le long des routes nationales. La deuxième année du projet, qui sera de manière 
approfondie examiné en cet article, est concentrée sur la vérification et la mise à niveau du SGPC de l'étude des 270 
pentes coupées supplémentaires le long de la route nationale.

I INTRODUCTION

There are roughly over 10,000 potentially hazardous cut slopes 
along the national roads in Korea. Slope instability often occurs 
during heavy precipitation between June and September, and 
during thawing season in spring. The failure of roadside cut 
slope causes huge amount o f property damages and human 
losses every year.

The national roads in Korea are controlled by 19 National 
Road Maintenance Offices(NRMO) under the five Regional 
Construction Management Offices(RCMO), which again, belong 
to the Ministry o f Construction and Transportation. Each NRMO 
investigates slope stability along the national roads and wants to 
acquire necessary budget to control the slope instability in its 
region. However, the government cannot provide all o f the 
supports due to the limitation o f funds. Therefore, the priority of 
investments for unstable slopes should be determined using a 
slope management system in a national level.

Korea Institute o f Construction Technology(KICT) started to 
develop the Cut Slope Management System(CSMS) to manage' 
roadside cut slopes efficiently using the research fund provided 
by the Ministry o f Construction and Transportation. The 'CSMS' 
program is a three-year project, started from December of 1997 
to the end of year 2000. The slope management system was 
developed in the first year o f the project using a geographic 
information system(GIS) based on the study of 290 cut slopes 
along the national roads. Geomorphic data, geologic conditions, 
geotechnical properties, and hydrologie conditions were included 
in the GIS statistical data-base system. A checklist used for the 
investigation of the roadside slope is organized to form a 
database system for the cut slopes along the national road.

The second year o f the project, which will be closely 
examined in this paper, is focused on the verification and

upgrade o f the CSMS from the study o f additional 270 cut slopes 
along the national road.

The system includes the field investigations, registration of 
hazardous slopes, rationalized selection o f stabilization methods, 
effective management o f cut slopes, development of 
management tools such as hazard maps, and so on.

2 FIELD INVESTIGATIONS AND STABILITY ANALYSES 
FOR THE ROADSIDE CUT-SLOPES

The roads in Korea are divided into three groups, express 
highways, national roads, and provincial roads, and maintained 
by different government organizations. The current research is 
limited to the national roads, having total length o f 12.0 0 0  km.

The 19 NRMO reported 827 potentially unstable slopes to the 
slope stability team in KICT. Field investigations and 
stabilization analyses were started for these slopes in 1998 by the 
KICT team for 290 sites which were considered most unstable or 
the consequence of failure to be serious. The results are 
summarized by Koo et al. (1999). Additional 270 slopes were 
investigated in 1999, which will be closely examined in this 
paper.

2.1 Field Investigations

Field investigations were performed for 270 sites in 1999. Field 
investigations are divided into three groups: investigation of 
present conditions of the roadside slope, geological investigation 
of the site, and field tests. Investigation of present conditions of 
the roadside slope includes the following items: width o f the 
roads, traffic density, dimensions o f the slope, strike and dip of 
the slope, size and amounts o f existing rock falls, existing 
control measures for rock falls, existing drainage systems, 
number of cut benches, previous failure histories o f the slope.
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and so on. Geological investigation of the site includes the 
bedrock type o f the area, weathering conditions, kinds and 
directions o f discontinuities, discontinuity conditions as 
suggested in RMR by Bieniawski (1989), conditions and 
thickness of weathered soils, and groundwater conditions.
Joint wall compressive strength is obtained using Schmidt 
rebound hammer. Joint roughness is estimated using profile 
gauges.

Undisturbed soil samples were collected using thin-walled 
samplers for shear strength tests. If sampling o f soils were not 
possible, shear strengths o f soils were estimated from the past 
experience. Back analyses were performed to get the shear 
strengths o f failed slopes as recommended by Wyllie & Norrish 
(1996).

2.2 Characteristics of Failed Rock Slopes

Total number o f 195 slopes were failed or had histories o f failure 
in the past among 413 roadside slopes, which were closely 
investigated in 1998-1999 periods. The percentages of the failed 
slopes of metamorphic rock, igneous rock, and sedimentary rock 
were 50.8%, 29.7%, and 19.5% respectively. Since the 
occurrence o f metamorphic rocks among the 413 slopes was 
45.7%. slopes of metamorphic rocks have a higher failure rate 
than those of igneous and sedimentary rocks. Among 
metamorphic rocks, well-foliated rocks such as banded gneisses, 
schists, slates, and phyllites show higher failure rate (about 61% 
of potentially unstable slopes composed o f well-foliated rocks) 
than less foliated rocks such as granitic gneiss (about 42%). The 
results show that the possibility o f slope failure increases if  the 
slope is composed o f metamorphic rocks with foliation. In case 
of igneous rocks, plutonic rocks and volcanic rocks have a 
similar failure rate, which is about 43%. The failure rate o f 
sandstone and shale is only 30% of potentially unstable slopes 
composed of those rocks. However, the failure rate of 
interbedded sandstone and shale increases to 85% because of the 
rock falls caused by the differential weathering.

The principal failure modes o f 195 failed slopes are plane and 
wedge failures governed by discontinuities in rock mass, sheet 
erosion, and rock fall. The percentage of each failure mode for 
different rocks is shown in Table 1. In slopes o f metamorphic 
rocks, the slope failures are mainly controlled by the 
discontinuities. In case o f igneous and sedimentary rocks, 
rockfall and sheet erosion are much more common than plane 
and wedge failures, which suggest that slope failures in those 
rocks are mostly controlled by fractures or erosions. Sedimentary 
rocks have higher rates o f plane failure than wedge failure in 
contrast to metamorphic and igneous rocks because sedimentary 
rocks have only one set o f bedding planes.

2.3 Stability Analyses

About 6% of 270 cut slopes were soil slopes. The rest o f them 
were rock slopes. The occurrence o f the unstable slopes was 
found to be related to the geology o f the area in the first year of 
the project as Koo et al. (1999) described. However, no such 
correlation was found from the study o f 270 slopes in the second 
year o f the project. The occurrence o f the unstable slopes was 
the most in metamorphic rock(42%), the intermediate in igneous 
rock (33%), and the fewest in sedimentary rock(25%), which is

Table 1. Percentages o f Each Failure Mode for Different Rock Types

Metamorphic

Rocks

Igneous

Rocks

Sedimentary

Rocks

Plane Failure 28 10 15

Wedge Failure 35 19 8

Toppling Failure 3 0 0

Rock Fall 26 42 42

Sheet Erosion 8 29 35

Total 100 100 100

Table 2. Slope angles o f  270 slopes along the national roads

1:1> 1:1-1:07 1 0 .7 -1 :0.5 1:0.5<

17(6%) 46(17% ) 65 (24%) 142 (53%)

very similar to the percents o f rock types distributed in Korea. 
The size o f the potentially unstable slope reported by 19 NRMO 
is typically small, i. e., less than 20 0 m wide along the road. 
Eighty-four percents o f the 270 slopes are less than 30m high 
because national roads are mainly constructed along the base of 
the mountain.

Traditionally, the stable cut slope angle along the road in 
Korea has been determined based on the strength of the rock. 
The rock is classified into three groups o f high strength, of low 
strength, and of poor strength or weathered rock. Recommended 
stable cut slope angles for each rock strength group were 1:0.5, 
1:0.7, and 1:1, respectively. Fifty-three percents o f the 270 
slopes dip steeper than 1:0.5, i.e., 63°, as shown in Table 2. 

However, the strength of the rock itself is not the dominant 
factor to maintain the stability o f cut slopes because the strength 
values obtained considering the properties and direction of 
discontinuities can be more important factor. Many slopes in 
Korea failed in the past because slopes were designed without 
considering the discontinuity properties. Therefore, the type of 
rock slope failures were estimated using the stereographic 
projections as suggested by Hoek and Bray (1981). If slope 
failures are possible from the analysis, stability o f the slope is 
evaluated using a limit-equilibrium analysis, which considers the 
shear strength along the failure surface, and the effects o f pore- 
water pressures. Computer programs such as UDEC(Universal 
Distinct Element Code) or RocFall were used, if necessary, to 
check the stability o f rock slopes.

The rocks were assumed to be Mohr-Coulomb material and 
the shear strength of the sliding surface was expressed in terms 
o f the cohesion (c) and the friction angle (I I). The strengths of 
rock masses can be obtained using direct shear test if the rock 
mass contains distinct discontinuities such as stratification of 
sedimentary rock. However, most o f landslides in Korea have 
rupture surfaces in shallow depths and fail after heavy rains. 
Furthermore, the strengths o f the rock along the rupture surface 
change due to the differences o f weathering processes. In this 
case, the strengths o f the rock obtained from the laboratory 
cannot be used in carrying out stability analysis. Therefore, the 
friction angle and cohesion o f the discontinuities are estimated 
from the RMR value using the following empirical equations as 
suggested by Bieniawski (1989):
c (cohesion) = 5.0 x RMR (KPa) (1)
LI (friction angle) = 0.5 x (RMR) + 5 (°). (2)

2.4 Stabilization Methods

A successful slope stabilization program should consider costs 
and environmental and safety issues. It is also essential that the 
methods used be appropriate for the particular condition at each 
site.

The NRMO suggested stabilization methods for 270 
roadside cut slopes. In the past, stabilization methods for 
potentially unstable slopes were applied based on the 
suggestions given by the NRMO. They were mainly to reduce 
the slope angle, to cover the slope with mesh, or to install of 
catch fences. These stabilization methods seemed to be selected 
mainly because o f the work ease. Therefore, more fund used to 
be spent for slope stabilization than it is necessary. The KICT 
teams conducted field investigations and stability analyses to 
determine the priority o f funding for 270 slopes because the fund 
offered by the Ministry o f Construction and Transportation was 
limited. They assessed several alternatives of stabilization 
methods for 270 sites and suggested the most suitable one for 
each site. Table 3 shows that various kinds of stabilization and 
protection measures are suggested depending on the 
characteristics o f the slope.
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Table 3. Suggested stabilization methods for 270 roadside slopes

Stabilization Method Number o f  sites Percentage

(%)
Seed Spray or Coir Net 17 6

Wire Mesh on the 
Slope Face

75 28

Rock Catch Fences 29 11

Resloping 51 19
Trimming 18 7
Horizontal Drainage 9 3

Drainage Ditches 5 2

Precast Concrete Block on 
the Slope Face

2 1

Gabions 9 3
Anchorage 4 2

Rock Bolts 7 3

Concrete Buttress 6 2

Special Nets on the Slope 
Face

5 2

Rock Fences with Ring Nets 2 1

Others 3 1

No Special Measures 28 10

Total 270 100

Table 4. The differences between the fund requested by the five RCMO 
and needed from the study ofC SM S in 1999.

RCMO Fund 
requested 
By NRM O

From CSMS Differences
(CSMS-
NRMOÌ

Seoul 4,830,800 3,067,500 -1,763,300

Wonju 13,409,200 8,534,200 -4,875,000

Taeion 9,947,200 3,846,600 -6,100,600

Igsan 4,865,000 5,948,300 1,083,300

Pusan 1 1,455,800 6,760,800 -4,695,000

Total 44,508,000 28,157,400 -16,350,600

The use o f rock removal such as resloping and trimming is 26%. 
The use o f rock reinforcement such as anchorage, rock bolts, and 
concrete buttresses was reduced from 21% in 1998 to only 7% in 
1999 because 19 NRMO had already taken special measures for 
the potentially unstable slopes along the national roads since 
1995. The number o f reported unstable slopes from Wonju- 
RCMO, which used to have a large scale unstable slopes also 
reduced from 100 sites in the first year o f CSMS project to 27 
sites in 1999. Therefore, the number o f unstable slopes needed to 
be reinforced is greatly reduced. Protection measures o f the 
slope using mesh, catch fences, seed spray, ring nets, and special 
nets on the slope face are 49% o f the 270 slopes.

In the past, stabilization methods for potentially unstable 
slopes were applied based on the suggestions given by the 
NRMO. If stabilization methods suggested by the KICT team are 
implemented, it would result in about 36.7% o f cost savings, 
equivalent to about 19.6 billion Won(about 16.4 million U.S. 
dollars), as shown in Table 4 compared to the methods originally 
suggested by the 19 NRMO for 270 sites.

3 DATABASE SYSTEM FOR ROADSIDE SLOPES

Organization of a database system for roadside slopes using GIS 
makes possible for the Ministry o f Construction and 
Transportation to control the potentially unstable slopes 
efficiently, existing all over Korea. Even though 19 NRMO want 
to acquire necessary funds to control the slope instability in their 
region, the government cannot provide all o f the supports due to 
the limitation o f funds. Therefore, the priority o f investments for 
potentially unstable slopes should be determined using the 
database system. The method determining the priority of 
investments was provided by Koo et al. (2000).

The database system developed for the current project may 
be divided into three groups: map database, cut slope database, 
and interface program. The map database group contains basic

maps, which show the location of roads and major buildings, etc., 
needed for the application of GIS. This group does not need any 
alteration and can be accessed using a user interface program. 
The location o f each site is plotted in the map as a point..

Various information obtained for the roadside slopes can be 
stored in the cut slope database group such as the photographs of 
the site, the history o f slope, topography, vegetation, geology, 
results o f stability analyses, stabilization methods, and so on.

User interface program is written in C++ language and 
works in Window 95 and NT. The program controls the map 
database and the cut slope database groups. Data input, data 
correction, data deletion, and data search could be done easily 
using the program. Detailed information can be obtained simply 
by click of the location point o f the slope. Statistical analyses for 
rainfall records, geological information, discontinuity properties, 
etc., are also possible by using the database system. The priority 
o f investments for potentially unstable slopes can be also 
determined using the database system.

The current research shown in this paper is the results of the 
second year project, which will be followed by the third year 
project. The final results can be applied to reduce the landslide 
hazard from the cut slopes by determining the amount and 
priority o f investments needed each year for the prevention of 
cut slope movements. The input data derived from the intensive 
field observations can be updated when new data are available. 
Detailed information about a specific cut slope can be accessed 
easily using the CSMS. The system will be available for public 
use through a net work system.

The number o f potentially unstable slopes to be stabilized for 
each year will be determined using the CSMS, considering the 
limit o f government funds. Therefore, cut slopes along the 
national roads will be managed efficiently using the system. The 
cut slope management system is expected to give invaluable 
information for the understanding and prevention of landslides 
along the national roads in Korea.

4 CONCLUSIONS

A maintenance system developed based on the study of 290 
slopes in 1998 was updated in 1999 from the investigation of 
additional 270 unstable roadside slopes located in Korea. The 
findings o f this study are summarized as follows.
1) The occurrence of the unstable slopes was the most in

metamorphic rock(42%), the intermediate in igneous rock 
(33%), and the fewest in sedimentary rock(25%), which is 
very similar to the percents o f rock types distributed in 
Korea. The failure mode for each rock type was presented in 
this study.

2) The width and the height o f the 270 roadside slopes 
investigated were mostly less than 200 m and 30 m, 
respectively.

3) Various kinds o f stabilization and protection measures are 
suggested for 270 slopes along the national roads depending 
on the characteristics o f the slope.

4) Government funding for the slope maintenance in 2000 for
the national roads is determined based on the 
recommendation made by the KICT. Therefore, 
considerable savings, about 16.4 million U.S. dollars, are 
expected compared to the case applying the stabilization 
methods originally suggested by the 19 NRMO for 270 sites.

5) A database system for unstable slopes is established using
GIS, which includes the information o f 560 cut slopes along 
the national roads. The organization of a database system for 
cut slopes in a national level was crucial to increase the 
effectiveness o f the maintenance system and to determine 
the priority o f investments for cut slopes in Korea. The cut 
slope management system is expected to give invaluable 
information for the understanding and prevention of 
landslides along the national roads in Korea.
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