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Abstract. The investigation of landslides applying various methods has been
receiving increased attention in recent years. This study was aimed at assessing
the estimated distribution of landslide movement using an energy conservation
formula in a lumped mass model to obtain velocity and travel distance
estimations, in combination with an inverted resistivity model for estimating the
Amahusu landslide volume. The research location was in the Amahusu hills of
the Nusaniwe subdistrict, Ambon, Indonesia. A survey was carried out using
GPS and a geoelectric resistivity method with the Wenner-Schlumberger
configuration. The results of the study provide a characterization of this
rotational type landslide. The estimated landslide volume was 70,954 m’ and the
estimated potential landslide volume was 50,603 m®. This mass moved 303 m
away from the original location, with an estimated maximum velocity of up to
21.25 m/s. The displacement pattern of a landslide mass is primarily controlled
by the geometry of the sliding plane. The geometry of the sliding plane causes
different types of movement, based on which the possible occurrence of a future
landslide can be predicted.

Keywords: conservation of energy; landslide; resistivity inversion; travel distance;
velocity estimation.

1 Introduction

A landslide is the displacement of slope material, such as rock, soil and debris
or a mixture of such materials, down a slope [1,2]. According to Bachri and
Sheresta [3], landslide disasters in Indonesia are affected by the tropical climate
conditions, with high rainfall occurring annually [4]. Such disasters cause
damage and disruption and are a threat to the human population [5], where
casualties and property losses can be considerable. They can also do damage to
industry and the environment [6,7]. Landslides can be the result of
modifications to nature by human activities [8], and contribute significantly to
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the evolution of landforms [9]. The size of potential damage depends on the
nature of the landslide itself [10].

Investigation of landslides applying various methods of assessment has been
receiving increased attention in recent years. There are several methods to study
the problem of landslides, such as geophysical methods to identify the sliding
plane, methods for predicting geotechnical slope stability, geo-information
methods (satellite imagery and overlay) for landslide susceptibility
interpretation, geochemical methods to identify clay content, and so on. Recent
researches have used geoelectric methods to investigate this problem because
they are not subjective. The interpretation and analysis of resistivity values
depends on local geological conditions, which can be confirmed by drilling for
soil samples (coring) [11] as well as with methods based on geo-information.
Meanwhile, geotechnical and geochemical methods are objective because they
are based on the physical properties of the landslide material discovered by
testing samples in the laboratory or by modeling.

One indication of a potential landslide area is the formation of a sliding plane on
the slope with soil/rock material on top of it. Landslide debris that slides down a
slope with high velocity is a remarkable geological phenomenon [12]. Velocity
is the most important parameter for determining the destructive potential of a
landslide; only a few meters per second of landslide velocity can cause
significant damage [13]. Velocity and landslide area have been proposed using
landslide data from the literature [14], using a numerical simulation model [15],
spatial analysis [16,17], remote sensing [18], modeling in a tank [19], and so on.
Models for the estimation of landslide travel onto a horizontal surface below the
slope based on the slope’s geometry were then produced from the application of
a simple energy conservation formula. The estimate uncertainty of travel
distance and velocity of landslides should be considered in most landslide
situations and one needs to allow for this when planning in landslide-prone
areas. Nevertheless, the estimate of travel distances and velocity of landslide is
valuable for landslide risk assessment purposes. The estimate of potential
landslide volume can be applied to predict the size of a landslide given the soil
thickness or potential failure plane and to estimate the landslide hazard due to
earthquakes and faults.

Landslide material in the study area is moving towards the toe of the slope,
threatening to cover a highway and move down to the coastline. The movement
is influenced by mechanical and hydraulic resistance factors that also affect the
velocity and lateral extent of the slide. Until recently, relatively little research
had been done on landslide kinematics. In an effort to understand the kinematics
of landslides and to provide guidance in planning mitigation strategies, velocity
estimation and geomorphological analysis are critical. In this paper, a research
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on the movement of landslides is reported, which used an energy conservation
formula in lumped mass models to determine the estimated velocity and width
range, while the estimated volume was assessed based on resistivity inversion
data from the Amahusu landslide, a rotational landslide.

2 Materials and Methods

2.1 Study Area

Slope geometry and geoelectric surveys were carried out in the Amahusu hills,
Nusaniwe subdistrict, Ambon, Indonesia, geographically located at coordinates
03043'59.37"-03043'55.57" southern latitude, and 128008'23.12"-128008'19.30"
eastern longitude (Figure 1) [20]. On June 30, 2013, a landslide occurred in
Amahusu. The landslide geometry was about 250.50 m long and about 2-5 m
thick. The average width of the landslide was 60 m, with the largest width of 85
m located at the center. The area of the landslide was about 4,783 m® The
elevations of the crown of the landslide and the landslide legs were respectively
142 m.asl and 14 m.asl, with a steep slope of 84.2%. The rock in the Amahusu
landslide contained Ambon volcanic rock, sandy clay and soil debris.

Geological Map [
- Subdistrict Nusaniwe
@

il (a)

Figure 1 (a) Geological map of Nusaniwe subdistrict, (b) topographical profile
of Amahusu landslide.

2.2 Estimation of Landslide Volume with Geoelectric Method

One indication of a potential landslide area is the formation of a sliding plane on
a slope. A sliding plane is caused by differences between a layer and the
overburden layer underneath [21]. The sliding plane can be detected using
geoelectrical resistivity because there is a high resistivity contrast between the
top soil layers and the impermeable bottom layers. Direct-current electrical
survey is used to determine the subsurface resistivity distribution by measuring
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the electrical potential difference between a pair of potential electrodes on the
ground surface with a current applied through a pair of current electrodes.
Resistivity is measured as apparent resistivity [22] following Eq. (1):

AV

Pa = KT (1

with pa is the apparent resistivity (Q2.m), AV is the potential difference (volts),
I is the current strength (A), K = 7rn(n+1)a is the geometry factor (m) for the

Wenner-Schlumberger configuration [23], a is the distance between the
electrodes (m), and n=1,2,3,4...

Determining the volume of a landslide is a more difficult task, which requires
information on the surface and sub-surface geometry of the failure slope. The
physical basis for this observation is poorly understood, but its implications are
enormous. Such a trend means that landslides are intrinsically scale
independent, i.e. they retain a geometrical similarity independent of the scale at
which they occur. For a homogeneous slope, the only length scale of the
problem is the slope size upon which the slide occurs [24]. In the absence of any
other length scale, simple scaling predicts that the landslide’s thickness should
correlate with its lateral dimensions and both should correlate with the steepness
of the slope.

A 2D cross-section arc model representing a landslide can be transformed into a
cone ball representing the landslide in 3D so that the length of the surface of the
landslide is the diameter of the cap and the thickness of the landslide. Thus,
using the landslide’s surface length scale (which in 3D would be the diameter of
the cap) and the landslide’s thickness it is easy to calculate the volume of the
correlating 3D landslide cap. Based on the 2D resistivity cross-section there is a
resistivity contrast between the layers on the sliding plane. The sliding plane
can be divided into two planes, A and B (marked by a black dotted line in the
model). The region underneath the sliding plane is in the area of geoelectric
measurement. Based on these measurements, the maximum depth of the sliding
plane above A and B is obtained. Based on geological mapping, the width and
length of the sliding plane are obtained so that the volumes of A and B can be
determined. The method of calculating the volume of soil above a sliding plane
uses the formula for a half-ellipse.

2.3 Model Estimate of Travel Distance and Velocity

In places with height differences, soil located at higher elevations tends to move
downwards due to propulsive forces. In addition to the force that drives down
the mass there are also resisting forces on the sliding plane that work against the
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ground movement so that the position of the soil remains stable. A propulsive
force such as gravity can cause a landslide.

Figure 2 Slope geometry of lumped mass model (modified from [25]).

Figure 2 shows a slope geometry, where point A, the starting position of the soil
mass containing potential energy (Ep), starts to move along the slope and the
potential energy is transformed into kinetic energy (EK). During movement a
certain amount of energy is lost due to friction (Er). Thus, at any given location
defined by height Hp(X) and distance X, the following law of conservation of
energy applies:

mgH , =mng(X)+jygmcosﬁ(x)d€+§mv2 )

From Eq. (2) we can infer that the estimated velocity of landslide v(X) can be
calculated according to topography Hp(X) as follows :

V() =29 \J(H, —H,(0) - (x~x,) 3)

where Hy — Hp(X) = H is the elevation difference at the landslide site, z.(X-XA)
is the height of the energy line, p = H / R is the friction coefficient, and R is the
travel distance of the landslide (m).
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3 Results and Discussion
3.1 Estimated Landslide Volume using Geoelectric Survey

This result is based on a recent investigation of the Amahusu landslide in the
hills of Kayu Besi Nusaniwe, Ambon. This event occurred on July 29, 2013.
The landslide type was clearly rotational. A geoelectric survey was carried out
using a resistivity method with Wenner-Schlumberger configuration and the
topography was obtained by GPS survey. Geoelectric lines of the track were not
taken parallel to the slope due to the very steep and narrow topography, so that
the measurements needed to be supplemented with slope values to complete the
overall data. The parameters were then adjusted to determine the resistivity
values of the field.

The values of rock resistivity (p, 2m) resulting from analysis and interpretation
using standard resistivity, observation of the rocks in the field, and other
secondary data were arranged for the survey area. Interpretation of the details of
the calculation and data processing, in principle for each datum point on the
resistivity section, shows that the resistivity values were between 5 and 500 QOm
(Figure 3) with the following details: the first resistivity group (I), with a low
resistivity value (< 30 Qm), was interpreted to be soil, clay and clay powder,
and was generally brown to reddish brown in color. This material was generally
loose/weathered, and porous enough to pass water through at a low rate. The
water content makes this material more conductive. The second resistivity
group (II), with medium resistivity values (30-60 Qm), was interpreted to be
sand, sandy clay with fine to coarse grain, clay and gravel. These rocks were
found at various depths and thicknesses. This material is generally
loose/weathered and porous enough to pass water through at a high rate. The
third resistivity group (III), with a high resistivity value (> 60 Qm), was
interpreted to be sandy loam with fine to moderate grain, and compact
claystone. These rocks were found at various depths and thicknesses. This
material is generally compact and acts as bedrock in almost the entire survey
area.

Analysis of the resistivity and subsurface interpretation (Figure 6) indicated that
the study area is a landslide prone area, since it is estimated that there is slip
between the soil bedding layer and the compact and hard rocks, i.e. there is
contrast between high, medium and low resistivity layers. The landslide
potential of the slide area lies in the medium resistivity group with sand or clay
sand overlying a high resistivity group in the form of compact claystone. The
slip field in this path can be triggered by high rainfall with a long duration
before and during the landslide. This causes the rainwater to permeate the
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porous rock (claystone and compact stone), so there is a possibility that the
water will accumulate in the layer and the layer easily decays, thus increasing
the rock/soil mass as well as increasing the load on the slope and making the
slope instable. The rainwater also permeates the impermeable layer of rock that
is suspected to be sandy clay (medium resistivity group). The existence of
weathered rock or undecayed bedrock and moisture content above the clay
causes the layer of rock to become slippery, so that rocks on top of it slide down
the slope. Thus, the sandy clay acts as a sliding plane, which can cause a
landslide. The sliding plane of a landslide can be determined by observing a
crease in the soil on the track where the subsurface is visible. It can also be seen
from the difference in solidity of the soil structure in places where the landslide
occurred and in places where it did not occur. The potential slide plane in the
study area is approximately indicated by the dotted lines in vertical cross-
sections AMH-01 to AMH-06 (Figure 3). The landslide movement is classified
as a rotational slide.

&
1
- w == P e e R L T K
7 P w2 % w0 AN
ea :
Ny <, 7
wl 5
; < PAAD,
L Ly 0 messsanasa e T T
i AR 8 MBI DM ®” W0 AN
1 -
.
a4
= fErere
n =
A 4
i ;
e ;
X P
.
| 2 E
E &,
B 5 LS s o
E / ] Sliding plane
& . .
& Interpretation of lithology

(E| ,‘J The first group {1} : Soil layer. clay and clay powder
r The second group (IT): Sand, sandy clay of fine-grain 1o
i d
L o o e PR AL N e e e e Yot coarse, clay and gravel
4 40 4 P WHBNDBYD !Maz\c:l-ll! 0N OB H ST MM MM RN The third group ” "} . sﬂﬂl‘y loam of rlnl!'gﬁ“.“ 0
1 n m maoderate and compact claystone

Rawasoty i chenm

Figure 3 Stacked section of true resistivity at line AMH-01-06 [26].
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Sectional image modeling of resistivity values was conducted by measuring
resistivity points on six lines with a spacing of 4 m and a path length of 100 m
in the north-south direction and with a distance between each line of 40 m. The
topography of these lines is at elevations of 10.5-139.0 m above sea level
(m.asl). The parameters were obtained in the form of apparent resistivity values.
These values were correlated to obtain a picture of the physical conditions of
the rock below the surface through interpretation of the inversion using an
anomaly map in the form of a stacked cross-section of true resistivity (Figure 6).
The interpretation results indicated that the sliding plane lies at a depth of 2-5
m, which can be interpreted as clay sand with resistivity values of 30 Qm, as
shown in Figure 6. The identification process was done on six lines, which were
dominated by values of low to high resistivity with AMH-01 as the apparent
resistivity distribution, which is different from the AMH_02-03 profile possibly
occurring at a depth of more than 5 m. Meanwhile, at the same depth, the
apparent resistivity distribution of AMH-04 resembles that of AMH-02-03. The
sliding zone was estimated to lie at the position X = 8-58 m, as can be seen from
the AMH-02 profile, and was expected to occur in the AMH-03 profile at the
position X = 25-55 m up to a position of about X = 25 m in the AMH-01 profile.
There is also a possible sliding zone below a depth of d = 5 m at position X =
25-52 m in the AMH-04-06 profile. The sliding plane is obtained from the
resistivity contrast between two neighboring rock layers. Generally, at the
beginning of the track in the study area there is some exposure of overburden
that has a relatively higher resistivity than the other zones that allegedly contain
a large amount of clay rock, which results in a decline of the resistivity value of
the medium.
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Figure 4 Sliding plane estimated from the resistivity profile at cross-sections
AMH-2 and AMH-3 and the corresponding volume configuration.
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This estimate was obtained by combining the position of the upper sliding plane
(A) and the lower sliding plane (B) on the 2D resistivity cross-section map for
each path with resistivity values of about 30 Qm (Figure 4). Figure 4 shows the
measuring lines at each research location. Thus, by inserting sliding plane
variables for each line, a prediction of the landslide volume is obtained. The
result of this calculation is shown in Figure 5. The diagram of the estimated
landslide volume (Figure 5) indicates different types of landslides due to
different locations being triggered by different mechanisms. This shows that the
ratio between the thickness of the landslide and the length of the landslide
surface is extremely sensitive to the mechanical properties of the soil, where the
soil strength reduces with decreasing depth from the ground surface. The
estimated landslide volume of the current landslide is 70,954 m®, while the
estimated volume of a potential landslide in the down position sliding plane A
and B is 50,603 m".
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Figure 5 Estimation results for volume of Amahusu landslide.

There is a difference between the estimated landslide volume and the estimated
mass potential volume of the landslide because the estimated landslide volume
is determined from information on the surface and sub-surface geometry of the
failure slope. Meanwhile, the estimated value of the potential volume of the
landslide mass is determined based on the contrast in resistivity between one
layer in the sliding plane and the layer above it. The distribution of the landslide
volume can be applied to estimate the expected size of a landslide, considering
the thickness of the soil or the potential failure of the slope, so that the resulting
avalanche danger can be estimated.
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If the landslide mass is on a steep slope, a re-occurrence of a landslide at the
same location is possible. This is because the layer has a heavier load and
incoming water cannot penetrate the layer of clay so that the water will be
accumulated on top of the bottom layer, resulting in saturation of the landslide
mass, followed by drastic reduction of soil strength, which in turn reduces its
safety against sliding. This anomalous alteration will occur if the disturbances
on the slope and the chance to shift to the south or the north. On the other hand,
in the horizontal direction, the landslide distribution is in the direction of the
sliding plane, headed to the western-sea cliff toward houses and the coastline.

3.2 Estimate of Travel Distance and Velocity of Landslide

After the volume of the landslide mass was estimated, the travel distance and
velocity of the landslide were calculated based on slope geometry data obtained
in previous studies [25,26] (Figures 4 and 6(a)), where the mass of unstable soil
moves on the sliding plane from southeast-northwest toward the bottom of the
slope and local roads to the coastline. The calculation step began with making a
downhill track based on the measurement and slope parameter data. These data
were used to estimate the travel distance and velocity of the landslide based on
the previous equation. Field observation of the elevation along the trajectory of
the Amahusu landslide allows estimation of velocity between two points along
the track. First, the coefficient of friction of runout for the first part of the
trajectory, XA=0, was estimated wusing Eq. (3) simplified to

V,(X) =129 |/(tan B - )X :

1.1194/x  for #=27.15"
V() =41.611Jx  for #=30.17" (with x=0.45 4)
2453y x  for f=37.07"

For the second part of the trajectory, when the center of mass has moved to the
position of X, = 69.00 m, the velocity estimate is:

v, (X) =~/600.543 -1.985x (5)

The results of the analysis Eq. 4 and Eq. 5 as a function of distance (X) are
presented in Figures 6(b) and 6(c). The equations were used to obtain an
estimate of the maximum velocity of the landslide based on the maximum
height obtained from the curve as shown in Table 1.

This shows that after the rock/soil mass starts to move from the crest of the
sliding plane and slides with great velocity along the slope, the velocity will
reduce with increasing travel distance. Vertical drop Hy.x refers to the height
from the elevation of the occurred landslide to the elevation of the landslide
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accumulation and reflects the total energy of the landslide movement with
landslide volume.

Table 1 Results of parametric study of Amahusu Landslide.

Parameters Value Units
Height difference, H 136.00 m.asl
Angle of friction, ¢ 24.18 0
Coefficient of friction, 0.45
Runout distance, R 302.91 m
For slope angles, f=27°
Maximum velocity, V(X)max 15.27 m/s
Distance, X 185.00 m
Maximum height, H(X)nax 101.00 m.asl
For slope angles, f=30°
Maximum velocity, V(X)max 18.45 m/s
Distance, X 131.00 m
Maximum height, H(X)pax 82.20 m.asl
For slope angles, f=37°
Maximum velocity, V(X)max 21.25 m/s
Distance, X 75.00 m
Maximum height, H(X)ax 62.71 m.asl

Generally, the greater the vertical drop, the greater the potential energy, the
greater the landslide sliding speed, the farther the runout distance, and the
greater the hazard region. The mass movement of a rotational type landslide
was found in the Amahusu landslide, not that of a translational type landslide.
For the velocity of a rotation type landslide, the result of the analysis is 15.27-
21.25 m/s for slope angle (27-30°). Translational landslides have lower velocity
than rotational landslides. Landslide velocity depends on material properties,
motion mechanism and the characteristics of the path. Some lithologies are
expected to produce extremely rapid movement: quick clays, loess, loose spoil
tips, etc.

The analysis (Figure 6) showed that travel distance gets smaller with increasing
landslide velocity at different slope angles for a soil mass friction angle of 24°,
Thus, the estimated maximum landslide velocity is 18.45 m/s at 131.00 m from
the main scarp and is located at the maximum height of 82.20 m.asl with
gradients reaching 30°. For a slope of 37°, the estimated maximum landslide
velocity is 21.25 m/s at 75.00 m and is located at a maximum height of 62.71
m.asl. The greater the ratio between the slope angle and the soil mass friction
angle, the higher the landslide velocity and the lower the energy line.
Conversely, the smaller the slope angle relative to the soil mass friction angle,
the lower the landslide velocity and the higher the energy line.
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Derivatives of landslide velocity against position X are infinite at the beginning
and at the end, which means that significant changes of landslide velocity occur
at these positions. According to this simple physics analysis the landslide stops
abruptly. Thus, the estimation of the landslide velocity gain depends only on the
shape of the landslide path, because the trajectory of the available energy
content is controlled by the frictional model. From the analysis, the velocity of
the sliding mass is initially very high and gradually reduces until it reaches the
downstream slope. It possessed great kinetic energy, which could destroy
homes and alter geomorphology. Landslide velocity changes greatly depend on
the altitude of the slope and the deposition of landslide material.

The results of the landslide velocity prediction analysis can provide an overview
of the landslide imprint. The estimated maximum velocity in the Amahusu
landslide was different from that for landslides at other sites. This difference
depends on the height, distance runout, slope, pseudo-friction angle and local
geological stratigraphy. The landslide speed is lower if there is water contained
in the slope, whereas if water does not play a role (slope in a dry state), then the
speed of the landslide is higher. Thus, water greatly reduces the velocity and
range of a landslide with the same geometry and coefficient of friction. High
velocity of the moving mass is present in rotation type landslides, in general
exceeding 15 m/s. Our velocity prediction of the Amahusu landslideapproaches
the results reported by Helm [25] and Iverson [27]. Individual landslides
indicate that the derivative of velocity to distance is not limited to the starting
and end points of the track, which means that the velocity changes very rapidly
around these points of passage. Thus, according to the analysis of this simple
energy line, the landslide stops abruptly (transit time) and further pushes the
landslide material in front of it down the slope. This means, that the steepness
of the slope is not sufficient to overcome a major obstacle, applying a relatively
smaller retaining force over a longer distance. The larger the angle of the slope,
the faster the landslide mass releases the total enormous energy so that the
distance traveled by the landslide material until it settles at the foot of the slope
is greater, despite the loss of energy. Loss of energy occurs at some cracking
points, whereas along the energy line it is assumed to be linear because the mass
of the landslide is considered to be constant. If the water factor plays a role, the
speed will decrease. Very high landslide velocity values are found in cracked
areas and carry large energies that decrease along slopes with a long range.
Alteration of landslide velocity follows an energy line that involves gradual
material changes during movement.

4 Conclusion

Estimation of volume movement of the Amahusu landslide with the application
of a simple energy conservation formula and resistivity inversion was
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successfully carried out. The results of the analysis provided an estimated
landslide volume of about 70,954 m® and an estimated potential landslide
volume of about 50,603 m’. The differences between both values are because
the landslide volume estimation requires information on the surface and sub-
surface geometry of the failure slope, while the potential landslide volume
estimation is base on the geometry of the sliding plane. The landslide mass
moved over a distance of 302.91 m with an estimated maximum velocity of
21.25 m/s at about 75.00 m from the onset of the landslide, and reached a
maximum height of 62.71 m.asl at a slope angle of 37°. As expected,
fluctuations in the landslide parameters of velocity, travel distance and volume
were influenced by the angle of the slope.

The accuracy of the landslide volume estimate depends on the measurement of
the geometry of the failure slope. The constraints can be overcome by borehole
inclinometers at many different locations while digital image analysis and
digital terrain models based on a geographical information system can be
combined to obtain optimum results.

Acknowledgements

The authors would like to express their thanks to the Earth Physics Laboratory,
Faculty of Mathematics and Natural Sciences, Unpatti Ambon, and the
Department ESDM of Maluku province for their assistance in completing the
data retrieval.

References

[1] Arbanas, Z., Dugonjic, S., Vivoda, M. & Jogodnik, V., Landslide
Affected with An Open Pit Excavation in Flysch Deposit, Proceedings of
the 15™ European Conference on Soil Mechanics and Geotechnical
Engineering, pp. 1319-1324, 2011.

[2]  Paulin, G.L., Bursik, M., Ramirez-Herrera, M.T., Lugo-Hubp, J., Orozco,
JJ.Z. & Ayala, A.L., Landslide Inventory and Subceptibility Mapping in
the Rio Chiquita-Barranca Del Muerto Watershed, Pico de Orizaba
Volcano, Mexico, Springer-Verlag, Berlin Heidelberg, pp. 280-296, 2013.

[3] Bachri, S. & Sheresta, R.P., Landslide Hazard Assessment using Analytic
Hierarchy Processing (AHP) and Geographic Information System In
Kaligesing Mountain Area of Central Java Province Indonesia, Journal
of 5™ Annual International Workshop & Expo on Sumatra Tsunami
Disaster & Recovery, pp. 107-112, 2010.

[4] Groen, E.T. & Jacobs C., Risk Mapping Indonesia, Sector Disaster Risk
Reduction & Emergency Aid, Cordaid, pp. 1-12, 2012.



180

[3]

[6]

[10]

[11]

[12]

[17]

Matheus Souisa, et al.

Bell, R., Petschko, H., Rohrs, M. & Dix, A., Assessment of Landslide
Age, Landslide Persistence and Human Impact using Airborne Laser
Scanning Digital Terrain Models, Geografiska Annaler: Series A,
Physical Geography, Swedish Society for Anthropology and Geography,
pp. 135-136, 2012.

Varnes, D.J. & TAEG, Commission on Landslides and other Mass-
Movements: Landslide Hazard Zonation: A Review of Principles and
Practice, UNESCO Press, Paris, p. 9, 1984.

Sassa, K., International Programme On Landslides, Springer-Verlag,
Berlin Heidelberg, pp. 15-28, 2013.

Gorsevski, P.V., Jankowski, P. & Gessler, P.E., An Heuristic Approach
for Mapping Landslide Hazard by Integrating Fuzzy Logic with Analytic
Hierarchy Process, Journal of Control and Cybernetics, 35(1) pp. 121-
126, 2006.

Korup, O., Densmore, A.L. & Schlunegger, F., The Role of Landslides In
Mountain Range Evolution, Geomorphology, 120, pp. 77-90, 2010.
Matziaris, V.T., Ferentinou, M.T., Angelopoulou, O.T., Karanasiou, S.I.
& Sakellariou, M., Landslide Hazard Analysis: A Case Study In Kerasia
Village (Prefecture of Karditsa), Bulletin of the Geological Society of
Greece, 40, pp. 1711-1722, 2007.

Firmansyah, Feranie, S., Tohari, A. & Latief, F.D.E., Prediction of
Landslide Runout Distance Using Coulomb Friction Model Simplified,
SNIPS ITB, Bandung, pp. 65-68, 2015.

Steven, N.W. & Simon, D., Particulate Kinematic Simulations of Debris
Avalanches: Interpretation of Deposits and Landslide Seismic Signals of
Mount Saint Helens, 1980 May 18, International Journal of Geophysics,
2006(167), pp. 991-1004, 2006.

Hungr, O., Dynamics of Rapid Landslides, Progress in Landslide
Science, Chapter 4, pp. 47-56, 2007.

Scheidegger, A.E., On the Prediction of the Reach and Velocity of
Catastrophic Landslides, Rock Mechanics, 5(4), pp. 231-236, 1973.
Lucas, A., Mangeney, A. & Ampuero, J. P., Frictional Velocity-
Weakening in Landslides on Earth and on other Planetary Bodies, Nature
Communications, 2014(3417), pp. 1-9, 2014, DOI: 10.1038/ncomms-
4417

Salvini, R. & Francioni, M., Geomatics for Slope Stability and Rock Fall
Runout Analysis: A Case Study Along the Alta Tambura Road in the
Apuan Alps (Tuscany, Italy), Italian Journal of Engineering Geology and
Environment-Book Series (6), pp. 481-492, 2013. DOI: 10.4408/IJEGE
.2013-06.B-46

Cuanalo, O., Bernal, E. & Polanco, G., Geotechnical Stability Analysis,
Fragility of Structures and Velocity of Movement to Assess Landslides



[18]

[19]

[20]

[25]

[26]

Study on Amabhusu Sliding Plane Estimates 181

Vulnerability, Natural Hazards Earth System Sciences, Discuss., 2, pp.
5689-5720, 2014. DOI:10.5194/nhessd-2-5689-2014

Booth, A.M., Lamb, M.P., Avouac, J.P. & Delacourt, C., Landslide
Velocity, Thickness, and Rheology from Remote Sensing: La Clapiére
Landslide, France, American Geophysical Union, Geophysical Research
DOI:10.1002/gr1.50828

Yang, W., Yang, T., Ying, C., Ying, L.D. & Wei, W., Study on the
Velocity of Partially Submerged Landslide, Journal of Engineering
Science and Technology Review, 7(3), pp. 62-67, 2014.

Souisa, M.. Hendrajaya, L. & Handayani, G., Preliminary Investigation
of Landslide Mechanism on the Ambon Island, Maluku Province,
Proceedings Seminar of Basic Science VI, FMIPA Ambon, pp. 23-32,
2014.

Souisa, M., Hendrajaya, L., & Handayani, G., Landslide Dynamics and
Determination Critical Condition Using of Resistivity Method in Desa
Negeri Lima Ambon, Indonesian Journal of Physics, 26(1), pp. 1-4, 2015.
Dobrin, M.B. & Savit, C.H., Introduction to Geophysical Prospecting, 4™
Ed, McGraw-Hill Book Company, New York, 1988.

Telford, M.W., Geldart, L.P., Sherrif, R.E. & Keys, D.A., Applied
Geophysics, Cambridge University Press, Cambridge New York, pp. 556-
557, 2004.

Asael, B.K., Katz, O., Aharonov, E. & Marco, S., Modeling The Relation
Between Area and Volume of Landslides, Ministry of National
Infrastructures, Geology Survey of Israel, Jerusalem, Report GSI, pp. 1-
16, 2008.

De Blasio, F.V., Introduction to the Physics of Landslides. Springer
Science+Business Media, New York, B.V., pp. 118-119, 2011.

Souisa, M., Hendrajaya L. & Handayani, G., Imaging Resistivity of the
Sliding Plane at Hills Booi and Erie of Ambon City using Configuration
Wenner-Schlumberger, Spektra: Jurnal Fisika dan Aplikasinya, 16(2), pp.
1-5, 2015.

Iverson, R.M., Debris Flows: Behaviour and Hazard Assessment,
Geology Today, 30, United States Geological Survey, Cascades Volcano
Observatory, Vancouver, USA. pp. 15-20, 2014. DOI:10.1111/gto.12037



