International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 10, 2020

ISSN: 1475-7192

Investigation of Landslide Vulnerability on
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ABSTRACT- The aims of this research to identify potential weak zone of landslides on Prambanan based on the
geoelectric resistivity technique of Vertical Electric Sounding (VES) Schlumberger configuration. Data was collected
as much as 7 point sounding ; each Spreading AB has a length of 80 meters. The location of landslide is near from
resident house. Therefore evaluation using resistivity method is needed to identification vulnerability of landslide.
There are 7 of data acquisition. Based on the inversion result, contrass resistivity zone identified as diferent border of
layer. Based on 2D resistivity modeling results indicate that the slip field is at a depth of 1.02-7.8 meters in the form

of weathered Tuffaceus Sandstone.
Keywords- sliding surface, geoelectricity, Schlumberger configuration, Vertical Electric Sounding, resistivity
zone

I INTRODUCTION

Indonesia which is around the equator line has two seasons every year (dry season and rainy season) that occurs
almost half a year under normal circumstances. However, it has been observed in the recent years that the dry

season lasts longer than normal circumstances due to the effect of global warming that result in more frequent
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landslides [1-4]. Landslides are geological phenomenon that involves movement of a mass of rock, earth or
debris due to soil erosion [5-9]. Landslides happen due to interaction between local geology and high rainfall
intensity conditions result in significantly different landforms with varying degree of susceptibility to land
sliding [10-14]. Landslides can triggered by rainfall, earthquakes, volcanic activities, changes in groundwater,
disturbances and change of slope profile by construction activities or combinations of these factors, landslides
did not a happened naturally but it was a result of human actions [15-18] . Landslides in mountainous terrain
often occur during or after heavy rainfall, resulting in the loss of life and damage to the natural and/or built
environment [19, 20].

Sleman Regency is one of the regencies in DIY Province, Indonesia which is 72.11% of its area consists of
mountains and hills with altitude between 100-2,500 meters above sea level, with a very steep slope above>
40% of 1,526 km2 [21]. According to Lutfia fajria (2017), 24.70% of sleman district areas (1010,39 ha ) are
included in the category of areas with high landslide vulnerability [22]. In 2011, the landslide disaster in Sleman
Regency resulted in 34 housing units buried, casualties of 4 people, with the extent of landslide prone areas
reaching approximately 3,303 ha. In 2012, landslides destroyed 40 homes and left 3 people dead [21].

The geo-electric resistivity method is one of the most used in Landslide studies shallow investigation.
Therefore, this method can be utilized for the survey of landslide prone areas, especially to determine the
thickness of the layers that have the potential of landslides and the lithology of layers of subsurface rocks [5, 23,
24]. Marsudi etal. (2018) employed Schlumberger configuration method to survey the geology structure under
the surface based on the variation on the specific resistivity or resistivity of the rocks in Bukit Permai
Singkawang [7]

Landslides may be considered as common natural hazards, in many cases leading to significant economic losses
and even fatalities. The identification of high risk areas is important in landslide prediction and mitigation.
Hence, there is a need for landslide geophysical mapping for identification of potential landslide areas. The
present study is an attempt towards development of a landslide methodology by using resistivity method in

Prambanan to efforts to control the vulnerability of landslides in the study area.

Il METHODS

This study was conducted in Kecamatan prambanan. In this study geoelectric resistivity with schlumberger
configuration method was used, as can be seen in Figure 1. The distance between the electrode potential of
"MN", while the current electrode and the electrode potential in outer (AB) In general, the apparent resistivity
values [10] can be written as:

pa=K= (1)
with pa : apparent resistivity (Q.m), AV : potential difference (volts), | : a current (A), k : geometry factor for

the Schlumberger configuration.

Received: 27 Feb 2019 | Revised: 20 Mar 2019 | Accepted: 30 Apr 2020 910



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 10, 2020

ISSN: 1475-7192
AB\% (MN\?
e O
The result that obtained from the measurement is resistivity value which then calculated to obtain resistivity
value as data analysis. Resistivity value is processing by IPI2win software with qualitative VES two layer

interpretation. With idea current flow can consider to refract in subsurface layer boundaries.

-4 -
A\ | |
+ -
Earth ; ;
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AB = Current Electrodes
MN = Voltage Electrodes
L = Profile Length (m)
/ = Electric Current (Ampere)
v = Potential Difference (Volt)

Figure 1. VES using Schlumberger configuration
The characteristics of subsurface can be known and analyzed by compare the resistivity value from inversion
result to table reference that describe resistivity value of some material of the earth and data logging of research

location. The reference table (Table 1) can be seen in the following table:

Tabel 1. Material resistivity value [25]

Material Resistivity (2m)
Soil Clay, Moist 15-3
Soil Silt-clay & Moist 3-15

Soil Silt 15-50
Soil Clay 2-20
Shale 100 - 300
Shaly Sandstone 50 - 300
Sandstone 500 — 3000
Basement rock fractured & filled moist soil 150 — 300
Gravel sand mixed with silt 300

Gravel sand has a silt layer 300 — 2400
Basement rock fractured & filled dry soil 300 — 2400
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2.1 Area of Study

The study in Prambanan, Sleman, Yogyakarta (Fig 2) area. The most of Prambanan area is covered with
mountains. Data retrieval is carried out by taking 7 data sounding that spread perpendicular the direction of
avalanches. There are 7 measurement points with an average distance between 130 m. The research area has a

settlement shown in Fig 3. Landslides can endanger residents in the Gayamsari region.

AT nEIrsre "nuTE

Figure 2. Overview map showing location of study area Prambanan using Google Maps,2018

111 RESULT AND DISCUSSION

3.1 The Condition & Lithology

Conditions at the study site were influenced by two seasons. The season is the dry season and the rainy
season. Data collection was carried out in July - August where the period was the dry season. Factors affecting
resistivity value, soil homogeneity, metal mineral content, aquifer content, porosity, permiability, temperature
and soil age (Muallifah, 2009). Water content is closely related to permiability and porosity, which will affect
the water content in Soil. Soil has an average porosity between 0.43 - 0.36 for sandy soil and an average of 0.58
- 0.51 for clay soil. (1) (2). Nevertheless the Soil porosity is complex. Traditional models regard porosity as
continuous. This fails to account for anomalous features and produces only approximate results. (3) In this study
a general model is used which is divided into four parts. Starting from the top ; topsoil, subsoil, parent material

and bedrock.
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Figure 3. Stratighraphy Baturagung dan Jiwo Hills (modified from Sudarno, 1997)

Rock lithology references in the area use literature sources from geological map sheets (Surono, 1992). In

addition, field observations were also conducted. The Kebo Formation is between sandstones and gravel

sandstones, with inserts of siltstone, claystone, tuff and shale. While the Butak formation consists of polymic

breccia with sand intervals, gravel sandstone, siltstone / shale (Surono, 2008). Based on observations in the field

it is known that rocks. The lithology found at the study site was Sandstone with intercalation of tuff. Strike-Dip

observations of rock outcrops in the field have N85E / 31. Above the rock piled up the Soil layer covering most

of the research area.
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Figure 4 Geological map of research location ( Surono, 1992)

3.2 Morphologi Condition

Figure 5 and 6 shows the location and description of the state of the research location consisting of residents and
agriculture fields. In Figure 5 and 6 shows the distribution of residential locations. This area of the valley is
located by 3 slopes. The slopes are in the southeast, southwest and northwest of the research location. Based on
measurements in the field it is known that the southeast slope has a slope 16.2 ° (29.05%), southwest slope = 9.2
° (16.19%), and northwest slope = 7.4 ° (12.987%). Slope also causes slope instability. Based on the slope and
the morphology of the slope of the Gayamharjo area, it has a landslide potential. The source of landslides can

come from the three slope directions that lead to the village of Gayamharjo.
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Figure. 5 Map of the distribution of residential areas
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Figure 6. Map of settlement distribution and morphology in the study area by topography maps using ASTER

GDEM v.2 data.
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3.3 Data Processing Results
VES (Vertical Electrical Sounding) measurements at Prambanan are carried out with a total of 7 points (Fig 7).

The electrode configuration used in this study is Schlumberger with a maximum stretch length of AB / 2 is 40

m. The results are then processed using two layers of qualitative VES interpretation.
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Figure 7. Acquisition data Location
The data then plotted in a log in the form of a matching curve with interpretation of depth (x) and interpretation
of type resistivity (y). Processing and interpretation using IPI2win software with processing results are reistivity
(N) contrast, medium resistivity (p), medium layer thickness (h) and depth (d). The interpretation approach uses
in this study is a two layer and three layer model ( PB 6) . From the Fig 8, it shown that there are two medium
contrasts between the upper and lower layers. At the top layer is interpreted to have a resistivity value of 36.8
Qm. The upper layer thickness is 2.51 m. Its depth is from 0 m - 2.51 m. At the lower layer it is interpreted to

have a resistivity value of 7.23 Qm. Layer depth of 2.51 m - infinite. The upper layer has a relatively larger type
of resistivity than the bottom layer.
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Figure. 8. Profil of PB 1
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There are two medium contrasts between the upper and lower layers withh resistivity value 25.9 Qm and 9.28
Qm, respectively (Fig. 9). Upper layer thickness has depth 0 m - 3.69 m while the bottom layer is 3.69 m -

infinite. The upper layer has a relatively larger type of resistivity than the bottom layer.
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Figure. 9. Profil of PB 2

From Fig. 10 the top layer is interpreted to have a resistivity value of type 158 Qm with depth is from O m - 3.71
m. At the second layer it is interpreted to have a value of 2.87 Qm, depth of layer 3.71 m - infinite. The upper

layer has a relatively larger type of resistivity than the bottom layer.
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Figure. 10. Profil PB 3

There are two medium contrasts between the upper and lower layers withh resistivity value 2.81 Qm and 715
Qm, respectively(Fig. 11) Upper layer thickness has depth 0 m — 7.19 m while the bottom layer is 7.19 m -
infinite. At this PB 4 point there is an anomaly, that is, this point the upper layer resistivity value is smaller

compared to the lower layer.
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Figure 11. PB 4
From Fig. 12 the top layer is interpreted to have a resistivity value of type 15.7 Qm with depth is from 0 m -

3.32 m. At the second layer it is interpreted to have a value of 7.43 Qm, depth of layer 3.32 m - infinite. The

upper layer has a relatively larger type of resistivity than the bottom layer.
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Figure 12. PB5

From the Fig. 13 the top layer is interpreted to have a resistivity value 25.6 Qm with depth is from 0 m
—1.02 m. At the second layer it is interpreted to have a value of 4.16 Qm, depth of layer 1.02 m — 9.47 infinite.
Third layer it is interpreted to have a value of 7.68 Qm, depth of layer 9.47 - infinite. The first layer has a

larger type of resistivity than the second layer. Dan third layer has a larger resistivitas larger than second layer.
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Figure 13. PB 6

From Fig. 14 the top layer is interpreted to have a resistivity value of type 47.6 Qm with depth is from 0 m —
1.43 m. At the second layer it is interpreted to have a value of 16.5 Qm, depth of layer 1.43 m - infinite. The

upper layer has a relatively larger type of resistivity than the bottom layer.
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Figure 14. PB 7

Data from sounding profiles are then correlated with each other in the form of the fence diagram shown in
(Fig. 15 and 16). Shows the relationship between topsoil layer thickness and slope from sounding profile
interpretation data. Dark brown is interpreted as Soil layer thickness. The yellow color in the second layer is

interpreted as Tuffaceus Sandstone.
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Figure 16. fences Diagram in grid section and sounding profil

Based on the results of the thickness of the Soil layer, number of Soil layer volumes is estimated.
Volume calculation is limited to the surrounding area with sounding points. The formula used is the formula of
the volume of the cube with the limit of length x width x height. The lenght value = 300 m, width = 220 m and
the thickness is obtained through the sounding profile interpretation value (Table 2). The estimation result is
that the Soil volume is 243,206 m3 shown in Fig. 17.
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Figure 17. PB 6

Table 2: Interpretation Results

Resistivity ~ Contrast ratio of layer ~ Depth (m)

Station  Layer
y (Q.m) (0=good; 1=poor)  fom to

Thickness Geological Implication

PB 1 1 36,8 0,196 0 2,51 2,51 Soil

2 7,23 pl>>p2 251 -~ ~ Tuffaceus sandstone
PB 2 1 25,9 0,358 0 3,69 3,69 Soil

2 9,28 pl>>p2 369 -~ ~ Tuffaceus sandstone
PB 3 1 158 0,018 0 3,71 3,71 Soil

2 2,87 pl1>>p2 371 -~ ~ Tuffaceus sandstone
PB4 1 2,81 0,004 0 719 7,19 Soil

2 715 pl<<p2 719  ~ ~ Gravel sandstone
PBS 1 15,7 0,473 0 332 3,32 Soil

2 7,43 p1>>p2 332 -~ ~ Tuffaceus sandstone
PB 6 1 25,6 0,163 0 1,02 1,02 Sail

2 4,16 p1>>p2 1,02 -~ ~ Tuffaceus sandstone
Ph 7 1 47,6 0,347 0 1,43 1,43 Soil

2 16,5 pl>>p2 143 ~ ~ Tuffaceus sandstone

In addition to using the table value, the interpretation also takes into account the conditions and field conditions.
Using resistivity table data and geological data is interpreted that the first layer is the soil layer. Seasonal
measurements cause dry soil layers which cause the resistivity value in the first layer to be relatively larger
compared to the second layer. This is because pores in soil are not filled with water. At the second slice it is

interpreted as a compact rock as a layer of tuffaceus sandstone and gravel sandstone.
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In the second layer, the relative resistivity value is smaller because there is a tuff content in the sandstone,
the tuff resistivity value has a small value as in shale [32]. In PB 4 there is a relatively smaller first layer value
anomaly than in the second layer. Based on the PB 4 morphological analysis located on a hill. It is interpreted
that the area is more resistant than other measurement points located in the morphology of the valley. Based on

geological data and the second layer resistivity table on PB 4 is interpreted as Gravel sandstone

IV CONCLUSION

Interpretation created by using resistivity table and real conditions in the field. Based on interpretation from
resistivity and geology value the first layer is soil. Measurements on dry season caused soil layers will be dried
it make the resistivity value in the top layer to be relatively larger compared to the second layer. It caused pores
in soil are not filled with water. At the second level it interpreted as a compact rock as a layer of tuffaceus
sandstone and gravel sandstone.

The second layer, the resistivity value relative is smaller because there is a tuff content in the sandstone, the
tuff resistivity value has a smaller value than in shale [32]. In PB 4 there is anomaly, first layer has smaller
value resistivity than in the second layer. Based on the PB 4 morphological analysis located on a hill. It is
interpreted that the area is more resistant than other measurement points that located in valley. Based on
geological data and the second layer resistivity table on PB 4 is interpreted as Gravel sandstone. Based on result
of Vertical Electrical Sounding measurement at the Prambanan area the minimum depth of the top layer is 1.02
and the maximum depth is 7.19 m. Average first layer depth at Prambanan location is 3.26 m.

Based on result of Vertical Electrical Sounding measurement at the Prambanan area the minimum depth of the
top layer is 1.02 and the maximum depth is 7.19 m. Average first layer depth at Prambanan location is 3.26 m.
The slip plane lies in the fresh rock as sandstone and gravel sandstone layer, at a average depth of 3.26 meters.
This layer is a compact layer that can act as a slip field. Unlike the soil layers of the depth at 0 — 3.26 meters
depth It is a weak layer during the rainy season so that it can become material and material carrier that will

move to lower area.

V  Acknowledgment

The authors would like to thanks Ministry Reseach and Higher Education, Universitas Pembangunan Nasional
“Veteran” Yogyakarta for providing facilities and financial support under Competence Research Gran (PBK)

No. 114/UN62.21/LT/I\V/2018.

Received: 27 Feb 2019 | Revised: 20 Mar 2019 | Accepted: 30 Apr 2020 922



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 10, 2020

ISSN: 1475-7192

REFERENCES

1.

10.

11.

12.

13.

14.

Received:

F. N. Izzati ZSL, B. Marcelina, S. S. Hutabarat, and Widodo. Identifying potential ground movement as a
landslide mitigation approach using resistivity method. Conference Identifying potential ground movement
as a landslide mitigation approach using resistivity method. American Institute of Physics.

Nishioka SK, Kenichiro; Oku, Yuichiro; Egusa, Nobuyuki; Tanouchi, Hiroto. Evaluation of Landslide
Disaster by Pseudo Global Warming Experiment Rainfall and Soil Water Index on Shingu River Basin,
Wakayama with Typhoon T1204. Journal of Japan Society of Civil Engineers. 2017;73(4):187-92.

Zhang Q, Han L, Jia J, Song L, Wang J. Management of drought risk under global warming. Theoretical and
Applied Climatology. 2016;125(1):187-96.

Gariano SL, Guzzetti F. Landslides in a changing climate. Earth-Science Reviews. 2016;162:227-52.
Perrone A, Lapenna V, Piscitelli S. Electrical resistivity tomography technique for landslide investigation: A
review. Earth-Science Reviews. 2014;135:65-82.

Akanbi E. S. 1 BJA. 2-D Electrical Resistivity Imaging for Detecting Landslide Vulnerability of Some Tin
Mine Sites in Jos South, Plateau State, North Central, Nigeria. IOSR Journal of Applied Geology and
Geophysics. 2017;5(2):17-24.

Marsudi BP, Singgih Saptono, Nurmaya Putri Ira, Fahrul Indrajaya. The Mitigation of Landslide Disaster at
the Area that Formerly a Soil and Rock Mining in Bukit Permai Singkawang. International Journal of
Mining Science. 2018;4(1):1-10.

Bellanova J, Calamita G, Giocoli A, Luongo R, Macchiato M, Perrone A, et al. Electrical resistivity imaging
for the characterization of the Montaguto landslide (southern Italy). Engineering Geology. 2018;243:272-81.
Kumar V, Gupta V, Jamir |, Chattoraj SL. Evaluation of potential landslide damming: Case study of Urni
landslide, Kinnaur, Satluj valley, India. Geoscience Frontiers. 2018.

Ling C, Xu Q, Zhang Q, Ran J, Lv H. Application of electrical resistivity tomography for investigating the
internal structure of a translational landslide and characterizing its groundwater circulation (Kualiangzi
landslide, Southwest China). Journal of Applied Geophysics. 2016;131:154-62.

Ko FWY, Lo FLC. From landslide susceptibility to landslide frequency: A territory-wide study in Hong
Kong. Engineering Geology. 2018;242:12-22.

Brunetti MT, Melillo M, Peruccacci S, Ciabatta L, Brocca L. How far are we from the use of satellite rainfall
products in landslide forecasting? Remote Sensing of Environment. 2018;210:65-75.

Mead S, Magill C, Hilton J. Rain-triggered lahar susceptibility using a shallow landslide and surface erosion
model. Geomorphology. 2016;273:168-77.

Okamoto T, Matsuura S, Larsen JO, Asano S, Abe K. The response of pore water pressure to snow

accumulation on a low-permeability clay landslide. Engineering Geology. 2018;242:130-41.

27 Feb 2019 | Revised: 20 Mar 2019 | Accepted: 30 Apr 2020 923



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 10, 2020

ISSN: 1475-7192

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Received:

Supriyanto Rohadi AES, Masturyono, Jaya Murjaya, Bambang Sunardi, Rasmid, Drajat Ngadmanto, Pupung
Susilanto, Jimmi Nugraha, Suliyanti Pakpahan. Ground Landslide Hazard Potency Using Geoelectrical
Resistivity Analysis and VVS30, Case Study at Geophysical Station, Lembang, Bandung. Conference Ground
Landslide Hazard Potency Using Geoelectrical Resistivity Analysis and VS30, Case Study at Geophysical
Station, Lembang, Bandung, vol. 1857. AIP Publishing.

Persichillo MG, Bordoni M, Cavalli M, Crema S, Meisina C. The role of human activities on sediment
connectivity of shallow landslides. CATENA. 2018;160:261-74.

Garcia-Ruiz JM, Begueria S, Arnéez J, Sanjuan Y, Lana-Renault N, Gdmez-Villar A, et al. Deforestation
induces shallow landsliding in the montane and subalpine belts of the Urbién Mountains, Iberian Range,
Northern Spain. Geomorphology. 2017;296:31-44.

Preuth T, Glade T, Demoulin A. Stability analysis of a human-influenced landslide in eastern Belgium.
Geomorphology. 2010;120(1):38-47.

Szokoli K, Szarka L, Metwaly M, Kalmar J, Pracser E, Szalai S. Characterisation of a landslide by its
fracture system using Electric Resistivity Tomography and Pressure Probe methods. Acta Geodaetica et
Geophysica. 2018;53(1):15-30.

K. Szokoli SMKPS. Characterisation of a landslide by its fracture system using Electric Resistivity
Tomography and Pressure Probe methods. Acta Geodaetica et Geophysica. 2018;53:15-30.

Novia Destriani AP. Identifikasi Daerah Kawasan Rentan Tanah Longsor dalam KSN Gunung Merapi di
Kabupaten Sleman. JURNAL TEKNIK POMITS. 2013;2:134 - 8.

Fajria L. Measuring landslide vulnerability at sub-district of prambanan, region of sleman using geographic
information system. Geo Educasia. 2017;2:388 - 406.

Awusilio E, Zimmaro P. Landslide characterization using a multidisciplinary approach. Measurement.
2017;104:294-301.

Devi A, Israil M, Anbalagan R, Gupta PK. Subsurface soil characterization using geoelectrical and
geotechnical investigations at a bridge site in Uttarakhand Himalayan region. Journal of Applied
Geophysics. 2017;144:78-85.

Hendra Lesmana KS. Identifikasi Basement Rock Pada Zona Longsor Dengan Menggunakan Metode
Geolistrik (Studi Kasus Wilayah Kelurahan Selili Kecamatan Samarinda Ilir Kota Samarinda Kalimantan
Timur). Conference Identifikasi Basement Rock Pada Zona Longsor Dengan Menggunakan Metode
Geolistrik (Studi Kasus Wilayah Kelurahan Selili Kecamatan Samarinda Ilir Kota Samarinda Kalimantan
Timur), Samarinda, Indonesia vol. 1. p. 32 - 6.

Muallifah, Fagih. Perancangan dan pembuatan Alat ukur resistivits tanah, Jurnal Neutrino Vol 1 No 2 April
2009, UIN Malang

27 Feb 2019 | Revised: 20 Mar 2019 | Accepted: 30 Apr 2020 924



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 10, 2020

ISSN: 1475-7192

27. Buol, Stanley W.; Southard, Randal J.; Graham, Robert C.; McDaniel, Paul A. (2003). Soil Genesis and
Classification, 5th Edition. Ames, lowa: lowa State Press, A Blackwell Pub. Co. p. 494. ISBN 0-8138-2873-
2.

28. Soil Survey Staff (1993). Soil Survey Manual. Washington D.C.: U. S. Government Printing Office. Soil
Conservation Service, United States Department of Agriculture Handbook 18. Archived from the original on
2007-02-07. Retrieved 2006-11-03.

29. Horgan, Graham W. (1996). "A review of soil pore models" (PDF). Retrieved 2006-11-03.

30. Surono. 2008. Pusat Survei geologi, badan Geologi , Jurnal geologi Indonesia. Vol. 3. No. 4 Desember 2008:
183 — 193, Bandung, ID.

Received: 27 Feb 2019 | Revised: 20 Mar 2019 | Accepted: 30 Apr 2020 925



