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PREFACE

Landdlides have become a major threat and disasters at large scale residence area in urban as well as
suburban area or villages. Our profession has important roles in public safety against landdides and man
made slope failures and the potential of shaping the future of landdlides risk management. The theme of the
conference “ADVANCEMENT OF RESEARCH, PRACTICE, AND INTEGRATED SOLUTION ON
LANDSLIDE” reflect the effort to synergize the academic research and findings and practical experience in
facing climate change and human interference on the nature.

Engineering Geologists, Civil Engineers and Environmental Engineers and other professionals are concerned
with the problems of debris flow, landslides and rockslides which may be caused by natural disasters, river
erosion, climate change, human errors and geo-environtmental problems. Eventhough we have gained
experience, knowledge and advanced technology, there are still numbers of deadly events that recently
occured at many placesin Indonesia such as in Padang Pariaman in Sumatera 2009 (more than 600 fatalities),
South Cianjur 2009 (54 fatalities) and recently at one particular district area of Banjarnegara, Central Java
with 351 fatalities (Legetang/Kepakisan, 16 April 1955), 90 fatalities (Sijeruk, 4 January 2006) and 108
fatalities (Jemblung, 12 December 2014) and also in many other countries as well.

Landdlides Risk Reduction is hence very important steps in every country. They require multi hazard
approach including institutional capacities such as policy, legislation, education and training, community
awareness etc as an essential condition for its effectiveness. Many universities, research institutions,
landslides centers and geological or geotechnical consultants have gained experience and knowledge which
are of valuable importance. Case histories of landdlides contribute to the state of the art for research and
practice on landslides and rock slides. It is with the objectives of sharing knowledge, the conference has been
aimed for the goals. Hence the conference is very important event for exchange of ideas and experience and
for contribution among many countries all over the world.

We would like to extend my appreciation to all of you who have been travelling from far distance and
specially to the Keynote Speakers and authors who made their efforts to share their knowledge and
experience to the audience. This conference cannot be successful without the support of the department, the
faculty of engineering, specialy the dean Dr. Adhijoso Tjondro, Rector of Parahyangan Catholic University
Dr. Mangadar Situmorang, and Director of LIPI Geoteknologi Dr. Haryadi Permana for their encouragement.
Last but not least, to all members f the committee for their endless hard work and dedication, | have to
acknowledge that they are the people behind the scene, for without them, this event will not come to reality.

Finally to all participants, | wish you find this conference useful and beneficial to you, and your institution.

Organizing Committee
International Conference on Landslides and Slope Stability
(SLOPE 2015)

Prof. Paulus P. Rahardjo, Ph.D.
Chairman

Dr. Adrin Tohari
Co-Chairman







TABLE OF CONTENT

KEYNOTE

CHARACTERISTICS OF WATERFRONT LANDSLIDES INDUCED BY EARTHQUAKES
Kenji Ishihara 1-1

THE EARLY WARNING TECHNOLOGY OF LANDSLIDE DISASTER MITIGATION; IMPLICATIONS
OF RAIN-INDUCED SLOPE FAILURE IN A VOLCANIC ISLAND OF 1ZU OSHIMA
I. Towhata, S Goto, G. Wang and T. Akima 2-1

TOOLS, TECHNIQUES AND TECHNOLOGIES FOR CAPACITY ENHANCEMENT TO REDUCE
LANDSLIDE RISKSAND PROMOTE COMMUNITY RESILIENCE
Surya Parkash 31

CONTROLLING FACTORS OF RAINFALL-INDUCED SLOPE FAILURESIN RESIDUAL SOILS
H. Rahardjo and A. Rahimi 4-1

SUSCEPTIBILITY ASSESMENT OF RAINFALL INDUCED LANDSLIDES: A CASE STUDY OF A
LANDSLIDE IN UMYEONSAN (MT.) KOREA
Sangseom Jeong, Joon Kyu Lee and Junghwan Kim 51

THEORY TO REALITY OF FAILURES OF SOIL SLOPES INCLUDING FORENSIC ANALY SIS OF AN
INDIAN LANDSLIDE DISASTER
Deepankar Choudhury, Ashutosh Kumar and Milind Patil 6-1

INSTABILITY OF A HIGH CUT SLOPE OF VOLCANIC BRECCIA LAID ON CLAY SHALE AT
KM 31_875IN CENTRAL JAVA, INDONESIA
Alatas|. M., Irsyam M., Himawan A., Nawir H. and Wiriodinoto I. D. 7-1

BEHAVIOR OF PILESIN LANDSLIDE AND SLOPE PROTECTION
Paulus P. Rahardjo, Aris Handoko, Adityaputera Wirawan and Petrus C. S. Santoso 8-1

CAPACITY DEVELOPMENT FOR THE LANDSLIDE MITIGATION
Dwikorita Karnawati 9-1

LANDSLIDE HAZARD MITIGATION IN INDONESIA
Surono 10-1

A. SOIL AND ROCK BEHAVIOR FOR SLOPE STABILITY ANALYSIS
IMPORTANCE OF LOWER-BOUND SHEAR STRENGTH IN THE RELIABILITY OF SPATIALLY
RANDOM CLAYEY SLOPES

Z. Farah, S Najjar and S Sadek Al-1

RELATIONSHIP BETWEEN SHEAR STRENGTH AND SUCTION OF GRANITIC RESIDUAL SOIL
A. Nurul Huda, M. J. Md. Noor, |. B. Mohamed Jais A2-1

THE EFFECT OF SATURATION ON THE STRENGTH PARAMETERS OF COMPACTED COHESIVE

SOILS
Cindarto Lie, Yosep Purnama and Sucipto A3-1



ANALY SIS OF INCREASING SHEAR STRENGTH OF SOIL TO SLOPE STABILITY AFTER
CONSOLIDATION SETTLEMENT COMPLETED WITH VARIOUS METHOD
Yudhi Lastiasih and Putu Tantri K.S. A4-1

BACK CALCULATION METHOD TO ESTIMATE SHEAR PARAMETER (c and ¢) OF CILILIN,
WEST JAVA LANDSLIDES
Ikah N. P. Permanasari, Gunawan Handayani, Arif Rohman and Lilik Hendrajaya A5-1

EXPERIMENTAL STUDY ON RESIDUAL SHEAR STRENGTH AND IMPROVE SHEAR STRENGTH
WITH COMPACTION TEST ON AREA LINGGAMANIK, SUKABUMI
Lestari, A. S, Satria Yogie and Assidiq Bagus A6-1

BEHAVIOR OF ROCK INTERFACE BASED ON BACK ANALYSISUSING FINITE ELEMENT
METHOD
Anita Theresia, Paulus P. Rahardjo, Aris Handoko and Sylvia Herina A7-1

B. LANDSLIDE MECHANISM

CHARACTERISTICS AND FAILURE MECHANISM OF LANDSLIDES IN WEATHERED GRANITIC
ROCKSIN HAI VAN MOUNTAIN, VIETNAM
P. V. Tien, K. Sassa, K. Takara, H. T. Binh and L. H. Loung B1-1

PREDICTION OF TIME VARIATION OF SHEAR DEFORMATION OF SANDY MODEL SLOPE
UNDER RAINFALL BASED ON THE MONITORING OF THE SHEAR STRAIN AND THE PORE
PRESSURE IN THE SLOPE

K. Sasahara B2-1

STUDY OF CUT-SLOPE STABILITY ON QUATERNARY VOLCANIC DEPOSITS CASE STUDY:
TRANSJAVA TOLL ROAD, EAST JAVA
Kwari D. Pelupessy and Felicia Sutomo B3-1

PHENOMENA OF EXPANSIVE SOIL SOFTENING ASA TRIGGER TO LANDSLIDE OF CUT SLOPE
P. C. Tamsir and P. P. Rahardjo B4-1

FLEXIBLE FACEING UNDER REAL 1:1 FIELD TEST CONDITIONS
C. Balg, C. Wendeler and P. Baraniak B5-1

THE EFFECT OF DISCONTINUITY ORIENTATION ON THE STABILITY OF ROCK MASSES
Cindarto Lie and H. R. G. K. Hack B6-1

INFLUENCE OF HY DRAULIC CHARACTERISTICS OF SOILSIN THE UNSATURTED SOIL SLOPES
WITH VARIOUS HORIZONTAL WATER TABLE
Indra Noer Hamdan B7-1

IMPORTANCE OF ELONGATION FACTOR IN DETERMINING GEOSYNTHETICS STIFFNESS FOR
FINITE ELEMENT CALCULATION
GOUW Tjie-Liong B8-1

C. THEIMPORTANCE OF GEOLOGY ON LANDSLIDESAND ROCK SLIDES
HIDDEN LANDSLIDE: ASTHE CALDERA RIM DEFORMATION AT FUKAYAMADAKE PLATEAU,

AT THE FOOT SLOPE OF KURIKOMA VOLCANO, KURIHARA, JAPAN
Le Hong Luong and Toyohiko Miyagi C1-1



ASSESSMENT AND MONITORING STRATEGY FOR SLOPESIN DIFFERENT GEOLOGICAL
FORMATIONS
Agus Setianto Samingan Cc2-1

GEOLOGICAL HAZARD POTENTIAL ANALY SIS OF CIMANUK WATERSHED
Fikri Noor Azy, Luthfan Harisan Jihadi, Mohamad Sapari Dwi Hadian and Zufialdi Zakaria C3-1

LANDSLIDE HAZARD IN GEOTHERMAL AREA OF PATUHA
Putu Krishna Wijaya and Dwikorita Karnawati C4-1

LANDSLIDE RISK EVALUATION BY COMBINATION OF MORPHOLOGY, GEOLOGY AND
SIMULATION APPROACH IN TROPICAL HUMID REGION
Le Hong Luong, Toyohiko Miyagi, Shinro Abe, Eisaku Hamasaki and Pham Van Tien C5-1

THE IMPORTANCE OF ADEQUATE GEOTECHNICAL INVESTIGATION FOR SLOPE STABILITY
REMEDIATION — LESSON LEARNT
Henrico Winata and Achmad Muzni Chasanudin C6-1

D. COUNTRY REPORTSAND LANDSLIDE CONTROL

ENGINEERING CONTROLS FOR HILL-SITE DEVELOPMENTSIN MALAYSIA
Yee Thien Seng D1-1

WIDESPREAD SLOPE MOVEMENTSWITHIN THE AUSTRIAN ALPS
G. Moser D2-1

LANDSLIDE DISTRIBUTION AND LANDSLIDE SUSCEPTIBILTY IN THE Rio LA CARBONERA
WATERSHEAD, PICO DE ORIZABA VOLCANO, MEXICO
Gabriel Legorreta Paulin, Marcus 1. Bursik and Trevor Contreras D3-1

FEATURES OF FORMATION AND ACTIVIZATION OF LANDSLIDE PROCESSES IN
KYRGYZSTAN
Kamchibek Kozhogulov Chonmurunovich and Olga Nikolskaya Victorovna D4-1

THE HONG KONG EXPERIENCE IN LANDSLIDE RISK MANAGEMENT FOR SUSTAINABLE
URBAN DEVELOPMENT
Jenny F Yeung D5-1

E. ANALYSISOF DEBRISFLOW AND MUDFLOWS

RESEARCH ON MUDFLOW BEHAVIOR
B. Widjaja E1-1

LARGE DEFORMATION ANALY SIS OF DEBRISFLOW ON MT. UMY EONSAN CONSIDERING
ENTRAINMENT OF BED SEDIMENT
Sangseom Jeong, Kwangwoo Lee and Hyunsung Lim E2-1

LANDSLIDE AND DEBRISFLOW AT KHAO PANOM BENJA, KRABI, SOUTHERN THAILAND
N. Phienwej and A. lyaruk E3-1

SIMULATION OF WHOLE LANDSLIDE PROCESS USING MOBILIZATION CRITERION FOR
UMYEON MOUNTAIN IN KOREA
Kang, Snhang, Lee, Seung-Rae and Vasu, N. N. E4-1



SPATIAL STUDY ON SHALLOW LANDSLIDE WITH IMPLEMENTATION OF INFINITE SLOPE
ANALYSISMETHOD ON GEOGRAPHICAL INFORMATION SYSTEM PLATFORM FOR
KARANGKOBAR, BANJARNEGARA, CENTRAL JAVA

Andriansyah and Tommy Ilyas E5-1

F. CLIMATE CHANGE IMPACT AND RAIN INDUCED LANDSLIDES

ASSESSMENT OF CLIMATE CHANGE IMPACT ON LANDSLIDE HAZARD IN WEST JAVA
A.Tohari and H. Santoso F1-1

INCORPORATING CLIMATE CHANGE ADAPTATION AND DISASTER RISK REDUCTION ON
LANDSLIDE INTO SPATIAL PLANNING, CASE STUDY: TARAKAN ISLAND
Setiawan B. and Fad Z. G. F2-1

THE INFLUENCE OF RAINFALL PATTERNS ON SEEPAGE CHARACTERISTICS AND STABILITY
OF SLOPE
Yu Luo, S-ming He and Jin-chuan He F3-1

THE ROLE OF RAINFALL RESOLUTION IN SLOPE FAILURE MECHANISMS
M. Suradi, A. Fourie and A. Hasan F4-1

STABILITY ANALYSISOF A SHALLOW SLOPE FAILURE DURING RAINY SEASON IN
KULONPROGO, INDONESIA
Agus Setyo Muntohar and Eko Soebowo F5-1

G. SEISMIC RESPONSE AND EARTHQUAKE INDUCED LANDSLIDE

LANDSLIDE INDUCED BY THE YOGYAKARTA 2006 EARTHQUAKE
Eko Soebowo and Dwi Sarah G1-1

STUDY ON SEISMIC RESPONSE OF REINFORCED SLOPE USING SMALL DIAMETER STEEL
PILES
Y. Mochida, A. Takahashi and M. Sawai shi G2-1

THE INFLUENCE OF DYNAMIC ACCELERATION OF SINUSOIDAL LOADSTO THE LANDSLIDE
SURFACE OF CANTILEVER RETAINING WALLS
Anissa M. Hidayati, i Prabandiyani R. W. and | Wayang Redana G3-1

SEISMIC STABILITY ANALY SIS OF EARTH FILLED DAM — A MODEL STUDY OF THE LEFT
EMBANKMENT OF NAGARJUNA SAGAR DAM, INDIA
Sunu Cecil Edem, M. Padmavathi, V. Padmavathi and P. N. Rao G4-1

INFLUENCE OF SEISMIC EFFECTIVE DURATION TO SLOPE SAFETY FACTOR
Anggun Mayang Sari and Arifan Jaya Syahbana G5-1

EARTHQUAKE INDUCED LANDSLIDE ON NEARLY SATURATED ZONE OF SCORIA AT
PADANG PARIAMAN, WEST SUMATRA
R. Karlinasari, D. K. Andiany and P. Rahardjo G6-1

H. STABILITY OF DAMSAND EMBANKMENT

A BACK STABILITY ANALYSISOF AN EARTH DAM THAT FAILED AFTER THE FIRST FILLING
Raul Flores Berrones, Victor Hugo Alcocer Yamanaka and José Alfredo Gonzalez Verdugo H1-1

vi



PREDICTION OF FAILURE OF SMALL EARTH-FILL DAMSBY HEAVY RAIN
A. Kobayashi, K. Yamamoto and Y. Tsukada H2-1

MODELING EROSION AND LANDSLIDES AS SEDIMENT SOURCES TO ASSESS DAM SILTATION
D. Brambilla, L. Longoni and M. Papini H3-1

REHABILITATION OF DOWNSTREAM SLOPE OF EARTH DAM DUE TO WETTING
D. Djarwadi H4-1

RISKS OF HIGH EMBANKMENTS ON STEEP SLOPES
Andreas Brandner H5-1

SEEPAGE ANALY SIS OF PT. FREEPORT INDONESIA TAILING EMBANKMENT

Ratna Dewi, Yulia Hastuti and Danar Kharisma Utama H6-1
SLOPE STABILITY ANALY SIS OF PT. FREEPORT TAILING EMBANKMENT
Yulia Hastuti, Ratna Dewi and Paisal Al Raza H7-1

I. NUMERICAL AND PHYSICAL MODELLING FOR SLOPE STABILITY ANALYSIS

A NEW PHYSICAL MODELING APPROACH TO ANALYZE SLOPE STABILITY FOR SHALLOW
LANDSLIDE ASSESSMENT
Z. Yousaf, T. Lebourg and D. Provitolo 11-1

CENTRIFUGE MODEL TESTSAND NUMERICAL ANALY SES OF SLOPE REINFORCED BY ROCK
BOLT WITH FACING PLATE
S. Nakamato and J. Takemura 12-1

FUNDAMENTAL STUDY ON APPLICATION OF CAPILLARY BARRIER FOR SLOPE FAILURE
PREVENTION

Shunya Kobashi, Keigo Koizumi, Keiji Sakuradani, Kazuhiro Oda, Masashi Takemoto

and Adrin Tohari 13-1

STABILITY ANALYSISOF SLOPESIN NILGIRISDISTRICT OF TAMILNADU, INDIA USING
STRENGTH REDUCTION TECHNIQUE
V. Senthilkumar, S S Chandrasekaran and V. B. Maji 14-1

AN ADVANCED TWO-DIMENSIONAL FINITE ELEMENT ANALYSISAPPLIED IN PILE-
STABILIZED SLOPES
|-Hsuan Ho 15-1

SLOPE STABILITY ANALY SISREGARDING RAINFALL-INDUCED LANDSLIDESBY COUPLING
SATURATED-UNSATURATED SEEPAGE ANALYSISAND RIGID PLASTIC FINITE ELEMENT
METHOD

Yu. Ando, Kentaro. Suda, Shinji Konishi and Hirokazu. Akagi 16-1

EFFECT OF DEWATERING IN SLOPE STABILIZATION: OBSERVATIONS FROM EARTHERN
DYKE, SOFT ROCK SLOPE AND HARD ROCK SLOPE
Sukanya Chakraborti 17-1

2D AND 3D FINITE ELEMENT ANALYSISAND GEOTECHNICAL MONITORING FOR SLOPE

STABILITY ASSESSMENT OF CIHERANG BRIDGE ABUTMENT
Santoso P. C. S, Nandya D., Wirawan A., Sugianto A. and Rahardjo P. P. 18-1

vii



3D FINITE ELEMENT MODELING OF SLOPE FAILURESDUE TO FILL PLACEMENT ON SOFT
SOILS BEHIND BRIDGE ABUTMENT
Wirawan, A., Handoko, A. and Rahardjo, P. P. 19-1

J. BIO-ENGINEERING AND OTHER TECHNIQUES FOR SLOPE STABILIZATION

GEOENVIRONMENTAL AND BIOENGINEERING IMPACTS ON GROUND TERRAIN MOVEMENTS
D. C. Wijeyesekera and E. W. K. Loh Ji-1

FINITE ELEMENT MODELING OF LIGHT-WEIGHT SLOPE BIO-STABILIZATION AND ITS EFFECT
ON STABILITY OF HILL SLOPES
S Gugan Vignesh and Pradeep Kumar R. J2-1

LIVE POLE TECHNIQUE AS A SLOPE SAFETY PREPAREDNESS FOR EFFECTS OF CLIMATE
CHANGE
Bujang B. K. Huat, Afshin Asadi and Mohammad Hamed Fasihnikoutalab J3-1

LANDSLIDE IN THE PHILIPPINES: ASSESSING THE ROLE OF BIOENGINEERING ASAN
EFFECTIVE ALTERNATIVE MITIGATION TECHNIQUE
A. Indelicato J-1

K. USE OF PILES, SOIL NAILING AND GROUND ANCHORSFOR LANDSLIDE CONTROL
AND SLOPE STABILITY

CASE STUDY OF SLOPE PROTECTION MEASURESBY SHOTCRETE FRAME AND GROUND
ANCHOR IN INDONESIA
Hisashi Tanaka, Msahide Tanaka and Qusilarto K1-1

SLOPE STABILITY MEASURE FOR BASEMENT EXCAVATION, A CASE STUDY OFFICE
BUILDING CONSTRUCTION IN BANDUNG
Sugianto, A. and Cindarto Lie K2-1

STABILIZATION OF NAINITAL LANDSLIDE BY SOIL NAILING - A CASE STUDY
Satyendra Mittal K3-1

EFFECT OF BORED PILE ON SLOPE STABILITY
Asriwiyanti Desiani and Daud Rahmat Wiyono K4-1

CASE STUDY ON THE EXCAVATION STABILITY AT NEAR EXISTING PILE FOUNDATION
Joko Sudirman N. S. K5-1
L. CASE HISTORIESON LANDSLIDES

STABILITY ANALY SIS OF SLOPES SUPPORTING THE WORLD’ SHIGHEST RAILWAY BRIDGE
G. Madhavi Latha and V. Padmavathi L1-1

LANDSLIDE EVIDENCE PROBLEM SOLVING ON NATIONAL ROAD BANDUNG - JAKARTA AT
KM 18+000 IN CILOTO — PUNCAK PASS REGIONS
Eddie Sunaryo Munarto, Hery Vaza and Rudy Febrijanto L2-1

SLOPE STABILITY ANALY SIS OF TONJONG NATIONAL ROAD, CENTRAL JAVA PROVINCE
Hedy Rahardian and Hendarto L3-1

viii



LIMESTONE STRIP ASREMEDIAL MEASURES OF A LANDSLIDES IN EXPANSIVE CLAY,
A CASE STUDY
Eddy Triyanto Sudjatmiko L4-1

FAILURE OF BRIDGE ABUTMENT EMBANKMENT ON SOFT SOIL A CASE STUDY IN LAMPUNG,
SOUTH SUMATRA
Cindarto Lie and Djoko Koegtijanto L5-1

ANALY SIS OF SOIL CEMENT MATERIAL TO SLOPE STABILIZATION ON ACCESS ROAD OF
JATIBARANG DAM PROJECT
Abdul Hakim L6-1

MECHANISM AND COUNTERMEASURE IN PENGALENGAN LANDSLIDE, WEST JAVA
Toshiaki Hosoda, Aris Handoko and Paulus P. Rahardjo L7-1

M. LANDSLIDESMONITORING AND EARLY WARNING SYSTEM

PROPOSED EARLY WARNING SY STEM OF SLOPE FAILURE BY MONITORING CHANGESIN
MULTI-POINT TILT AND VOLUMETRIC WATER CONTENT
Wang Lin, Uchimura Taro, Towhata Ikuo, Nishie Shunsaku, Eto Ippel, Tao Shangning and SuLing  M1-1

LANDSLIDE MONITORING AND SLIP SURFACE ESTIMATION BY GEOMETRICAL APPROACH
CASE STUDY: CILOTO-PUNCAK, WEST JAVA
Hasanuddin Z. A., Vera Sadarviana, Irwan G., Dudy D. W. and Achmad R. T. M2-1

BANK EROSION AND INSTABILITY MONITORING WITH A LOW COST TERRESTRIAL LASER
SCANER
D. Brambilla, L. Longoni and M. Papini M3-1

CHARACTERIZATION OF SOIL CHEMICAL PROPERTIES FOR STABLE AND UNSTABLE SLOPE
ASHAZARD MONITORING RATING SYSTEM FOR SHALLOW SLOPE FAILURE
Rashidi Othman, Mohd Shah Irani Hasni, Ruhul ‘| zzati Shaharuddin and Noor Shakilah Mhd Radz  M4-1

THE POTENTIAL OF SOIL COLOR PROPERTIES TO PREDICT SHALLOW SLOPE FAILURE IN
NORTH-SOUTH HIGHWAY SLOPE, MALAYSIA
Rashidi Othman, Mohd Shah Irani Hasni, Ruhul ‘1 zzati Shaharuddin and Zainul Mukrim Baharuddin  M5-1

LANDSLIDE PROCESSES MODELING, MONITORING AND RISK REDUCTION
Valentina Svalova M6-1

N. LANDSLIDE MAPPING, RISK ASSESSMENT AND MANAGEMENT

COMPARING SINMAP LANDSLIDE SUSCEPTIBILITY MODELSIN THE Rio EL ESTADO, SW
FLANK OF PICO DE ORIZAVA VOLCANO, MEXICO

Gabriel Legorreta Paulin, Fernando Aceves Quesada, Juan Umana Romero and Hector Alfredo Legoreta
Cuevas N1-1

MANAGING AND ASSESING LANDSLIDE RISK INCLUDING THE CONSEQUENCES
Ferry Haryono and Budijanto Widjaja N2-1

REGIONAL SLOPE STABILITY ASSESSMENT OF TAWANGMANGU DISTRICT, CENTRAL JAVA
(INDONESIA)
D. Sarah, K. SQugianti and H. Lestiana N3-1



OVERVIEW OF LANDSLIDE EXPERIENCE IN WEST SUMATRA IN 2012-2014
A. Hakam, B. Istijono and Sarbaini N4-1

MAP OF SUSCEPTIBILITY ZONE OF LANDSLIDE IN BALIKPAPAN EAST KALIMANTAN
PROVINCE AS ASPECTS OF DISASTERS IN DEVELOPING AREA
Herry Purnomo Suranta, Kristianto, Gede Suantika, Nana Rukmana and Gasit N5-1

O. CAPACITY BUILDING AND LANDSLIDE EDUCATION FOR COMMUNITY RESILIENCE
ARATOZAWA MASSIVE LANDSLIDE, KURIHARA. MIYAGI PREF, JAPAN — AN IDEA TO THE

LANDSLIDE GEO-PARK
Toyohiko Miyagi, Hidekazu Sato, Misao Sato and Rie Nakagawa 011



Proceedings of Sope 2015, September 27-30" 2015

OVERVIEW OF LANDSLIDE EXPERIENCE IN WEST SUMATRA
IN 2012-2014

A. Hakam !, B. Istijono * and Sarbaini ?

ABSTRACT: The West Sumatra is a province that stretching from the west coast to the hills in the middle of the
Sumatra lsland. Many landdlides in West Sumatra frequently occur in areas along the mountain chain during last
three years in this province. The diversities of physiographic and geologic conditions as well as surface
vegetation lead to the landdlide in the West Sumatra. In addition, the landslide occurrences are also influenced by
the weather and local climate. The reduction of the strength of the soils due to the rain is the main factor causes
landslides. In landslide remedial work, the budget and available technology as well as local resources capability
are restrictions that necessary to be considered. This paper describes a review of the landslide in West Sumatra
and treatment measures for the last 3 years (2012 to 2014). This study is very important to improve and to
develop the efforts to reduce the landslide risk and treatment in the future.

Keywords: landslides, ground condition, remedial action

INTRODUCTION

The West Sumatra Province is geographically
located in the west-central side of the Sumatra
Island (Figure 1). In the middle of this province
there are many hills that laid from the north to the
south as part of the Bukit Barisan hill. The Bukit
Barisan hill is also geologically formed due to the
existence of the Semangko fault which divides the
Sumatra Island into two parts, east and west. In
addition, along the Semangko fault there are some
active and non-active volcanoes which create a
mountain area

The formation of soil deposit of the West
Sumatra province in general is dominated by the
volcano activity along Semangko fault. The area
around the Semangko fault is known as volcanic
area. The lowest area of the volcanic area, the
ground is dominated by sediment material that
likely originated from the volcanic area. The
physiographic of the West Sumatra province then
can be divided into three groups that are volcanic
area, hill area and flat area (Figure 2). These
physiographic conditions form dopes with
different types of soil, in where it will be shown
that the landslide in the West Sumatra generally
ocCurs.

In the last 3 years, it has been carried out the
Landslide Reports in the West Sumatra by the

!'Lecturer, Andalas University, Padang - West Sumatra, Indonesia

Government Body. This paper shows a review of
that landslide record that occurred in the West
Sumatrain 2012 to 2014. This review is related to
the incident location, type and geological condition
of landslide, time of occurrence and remedia
action that has been done.

Figure 1. Map of the West Sumatra province

2 Professional, Water Resources Dev., West Sumatra Province, Indonesia
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*** Semangko Fault

Figure 2. Physiographic map of West Sumatra
(adapted from Sandy, 1985).

LANDSLIDE OUTLINE

Theories to analyze the stability of the slope
have been written in many textbooks in many
languages (example: Huang, 1983 and Hakam,
2010). Those references have been elaborating
type of sliding, factors cause diding, slope stahility
analysis theories aso the methods for designing
the retaining structures. Here, landslide types and
factors cause the diding of slopes are written
briefly in the following sections.

Slopes can be failure in term of sliding (genera
landdlide), flow of soil (debris flow) and rock
debris (rock fall). There is aso a slow movement
of dope that known as creep. A creep generaly
does not cause a collapse in slope but result in
displacement that may lead cracks and damage to
the facilities there on. The illustrations of those
types of landslide are shown in Figure 3.

In genera, the factors that cause a landslide
can be divided into two groups. internal and
external factors. Both factors theoretically cause of
decreasing the strength of soil or increasing the
force thus reducing the safety factor of the slope.
External factors are all of the disturbance from the
outside of the slope, either made by natura or
human. The examples of the externa factor which
can reduce the dope safety are vibrations from
human activities, earthquakes, additional loads, the
removal of retaining forces on the down of the
dope and aso the loss of slope covering. The
internal factors are changing in the moisture
content of the sail, increasing the soil mass due to

N4-2

water intrusion, the absence of cemented material
in soil mass, increasing the water table, heaving -
shrinking of the soil mass, sudden reduce of water
table and liquefaction.

Rock fall
Figure 3. Illustration of sliding types

Further, common things that need to be
considered in the dealing with landdide are
topography, geology, water in the soil, climate and
weather, vibration, history and time. These things
directly or indirectly may trigger the slope stability.

LANDSLIDE IN WEST SUMATRA

Since there are many landdides in west
Sumatra region, Division of Geology of Energy
and Minera Resources Department of West
Sumatra province published annua reports of
landslide. These good records of landdide are
started in 2012. The summary of landslide records
for last 3 years then are shown in the Table 1 —
Table 3. The types of recorded landslides in the
West Sumatra are any mass soil movements
including general type of diding, debris flows,
creep and rock fall.

The landslides that are reported in here are the
ground movement in which resulting in damage to



public and private facilities as well as fatdities.
Many landdlides in small scale that did not result
in loss or casudties also occurred in the West
Sumatra but not recorded in this reports. In 2012,
the landslides have taken 11 lives in six locations.
In 2013 only one event of landdlide but took 20
lives at Maninjau Lake in Agam District. In 2014
there were four locations of landslide which
resulted in the fatality of 7 lives.

Table 1. Landslides in 2012

No | Name Type Fatality | Trigger Action
|| Tanah Datar | Debris flow | Heavy rain Retaining wall
fault Planting
steep land
no vegetation
2 | Pasaman Debris flow | heavy rain River Normalization
(3injd.) | no vegetation Retaining wall
Planting
3 | Pariaman Falling | Heavy rain Evacuation
Erotion on toe Drainage
4 Solok Beneral Fault Re-planting
Landslide Wrong in land use | Relocation
Water Infiltration | Cutting slope
5 | Padang Debris flow Heavy rain. REIainiqg wall
lllegal logging Relocation
Re-planting
General Heavy rain Relocation
B | Padang Landslide 4 Farming field Educating
T | Solok Selatan Debris flow | Heavy rain Re-plan.ting
Relocation
7 . Heavy rain
Tanah Datar | Debris flow Steep Farming Gabion
field
Weathering rock
9 | Solok Selatan | General 3 Heavy rain Cutting slope
Landslide Erosion onslope | Re-planting
Relocation

In Table 4 is shown the time of the occurrence
of landslides over 3 years. It can be seen that
landslides occurred mostly in the early months and
the end months of the years. In those months that
are recognized as rainy season in the West Sumatra.
It is very rarely landslides happened in March to
June where the rain is also rare. There is also
generaly heavy rain felt at the time prior to the
occurrence of landslides. Thus it is needed good
preparation of equipments, funding and human
resources to deal with landslides especially in the
rainy season. Although there is only one incident
of landdlide triggered by an earthquake, it must
receive special attention. Many landdides also
happened during Sumatra earthquake in 2009.

In three years of the records, landslide
locations in West Sumatra mostly occurred in
volcanic area and some of the locations are in the
hill area as shown in Figure 4 and Figure 5. The
geology of these locations is made of relatively
unstable young rocks. Geotechnical studies on
some locations of dope indicate the behavior of
clay against water affected the landslides. The

reduction of the soil shear strength caused by the
increase of the water content affected the slope
stability and lead to the landslides. An assessment
for the landdlide in Maninjau-Agam showed that
the saturation in soil mass can reduce the soil
cohesion by 75% (Hakam et al, 2013).

Table 2. Landslide in 2013

No | Name Type Fatality | Trigger Action
| Agam General sliding 20 | Heavy rain Replanting
Pesisir
2 | Selatan Debris flow Dike Failure Re-planting
Heavy rain [abion
Steep slope Slope cutting
3 | Agam Beneral landslide - Steep slope Retaining wall
Heavy rain Re-planting
Slope cutting
4 | Pasaman General landslide - Earthquake Re-planting
3 | Solok Debris flow - Heavy rain Re-planting
Eration
B | Solok Creep - Fault Planting
Saturation in soil | Relocation
Heaving in soil
Debris flow - Heavy rain
T | Payakumbuh Fault Slope cutting
Construction Planting
General landslide failure
Logging
Heavy rain Re-planting
8 | Pantai cermin | General landslide Fault Re-construction
Heaving in soil
Debris flow Construction Retaining wall
failure
9 | Maninjau Debris flow - Heavy rain Rebuild dam
Dam failure Re-planting
Babion in river
Fault Redesign of
0| Malalak General landslide - Heavy rain slope
Wrang slope Retaining wall
design
Il | Solok Selatan | General landslide - Heavy rain Cutting slope
Steep slope Re-planting
Logging
12| Tanah Datar | General landslide - Heavy rain Retaining wall
Steep slope Plugging crack

The understanding of the factors that cause of
landslide is very useful to determine the corrective
and preventive actions in the future. The rain is
certainly very difficult to be controlled, but the
water which triggers the occurrence of landslides
can be controlled well.
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Figure 5. Distribution of landslides
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Table 3. Lanslides in 2014

No | Name Type Fatality | Trigger Action

|| Sawahlunto | General landslide Heavy rain Cutting slope
Steep slope
Heavy rain
Housing on top

2 | Pariaman General landslide | Heavy rain Cutting slope
Lack of vegetation | Planting
Construction fault

3 | Solok Selatan | Debris flow Heavy rain Retaining wall
Lack of vegetation | Re-planting
Logging

4 | Pasaman Debris flow 3 Heavy rain Re-planting
Steep slope
Human activity

3 | TanahDatar | General landslide Steep slope Re-planting
Lack of vegetation

B |Agam General landslide Steep slope Cutting slope
High water content | Planting

7 | Tanah Datar | General landslide Steep slope Cutting slope
Lack of vegetation | Planting

Pasaman

8 |Barat Debris flow Heavy rain Re-planting
Steep slope Education
Human activity
Lack of vegetation

9 | Pasaman Debris flow Heavy rain Babion
Weak soil

10 | Solok Debris flow Heavy rain Cutting slope
Steep slope Re-planting
Non-cohesive sail | Education
Logging

Il | Solok Debris flow Heavy rain Re-planting
Weak soil
Erosion prone soil

12| Solok Selatan | General landslide Heavy rain Cutting slope
Steep slope Planting
Wraong slope const.

13 | Pasaman Debris flow | Heavy rain Re-planting
Steep slope Babion
Logging

Table 4. Occurrence time of landslide

Tahun | | 2|3
2012

2013

2014

Note: [ rain priorto [l earthquake accur

Remedial actions to solve the landslide in West
Sumatra are conducted generally in terms of
replanting trees. The main reason to do this action
is because the landslides occurred aong the open
locations at the hill and mountain areas. But at
certain locations, the landslides also occurred at
the roadsides. In these cases the restorations are
done by constructing retaining walls. For landdlide
which occurred along the rivers, the gabions are
chosen. The remedial action to prevent water
intrusion in to the soil mass by controlling the
water above the slopeis rarely done.

The conventional reparation of landslides in the
West Sumatra is caused by the lack of technology
aswell as limited budget. That is combined by the
lack of knowledge of dope stability and
stabilization of authorized bodies which deal with



landslides. The improvement of human capacity
must be done, especialy in terms of prevention
tasks of landdides. In additional, the enough
budgets and the appropriate technology to prevent
landslides must be considered better.

Investigations on landdide in dliding prone
locations should be done so that appropriate
solutions associate with landslide can be made up.
An example of an investigation on the slope
stability and its solution for Maninjau diding in
Agam has been conducted in 2013 (Figure 6). The
investigation procedure is started by afield survey
and laboratory tests of soil samples then followed
by stability analysis and delivering a recommended
solution. On the laboratory investigation the
undisturbed and saturated soils are tested and those
data are used for the analysis. The slope protection
by re-plantation deep-strong root vegetations was
then recommended.

S

Figure 6. Maninjau — Agam Linslide 9n 2013
(Hakam et al, 2013)

CONCLUSIONS

Landdides in the West Sumatra generaly
occurred mostly in the highlands (hills and
mountains) that have relatively steep slope and the
disadvantage geotechnical  conditions. The
landdlides that occurred from 2012 to 2014 have
caused damage to infrastructures and fatalities.
The cut of vegetations that covering slope surface
and the change of land use have triggered
landslides. Some landslides were also caused by
inaccuracy of the artificial dopes design. Although
in 2012 to 2014 there is only one landslide caused
by an earthquake, it is important to notice that an
earthquake can trigger landdides such that
happened during the Sumatra Earthquake in 2009.

Mainly the landslides occurred during or after
heavy rain. Along a year, landslides occurred in
the rainy season i.e. in January, February and July

to December. It is necessary to have a good
preparation for the emergency response of
landdlides in those wet months.

Remedial actions for landslides in the West
Sumatra are mainly associated with the availability
of budget and technology. The plantation is more
popular solution compared to preventive treatment
such as surface water control. For a better solution
in future it is necessary to develop understanding
and to increase the human capacity related to the
slope stability and protection.
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