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Abstract. Watukumpul is an area located in central Java which has two active landslide
trigger, for example, high slope and earthquake. The aim of this study was to determine
the landslide potential area in Watukumpul induced by earthquake and soil slope. We
used 33 microtremor measurement data analyzed using Horizontal to Vertical Spectral
Ratio (HVSR) and Historical earthquake data between 1988-2018 to calculate ground
shear strain (GSS) value that describes the soil dynamics condition when the earthquake
occurs. The area has soil slope range between 0°-58°. The result of ground shear strain
calculation ranges between 0.0004 — 0.0092. We combined the high slope and GSS value
using Simple Additive Weight (SAW) method to make the landslide potential area map.
The result of the SAW method showed that the area has medium and high landslide
potential.
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1 Introduction

Watukumpul is a subdistrict of Pemalang regency located in central Java which is a
downhill area with the high slope on the hills. This area has complex geological structures i.e
faults, folds and was crossed by some rivers which make river hill along the path [1]. This
condition causes landslide occurred in Watukumpul. There were 2 landslides even happened
in Gapura village and Tundagan village that damaged houses and public facilities in 2017.
Besides that, Central Java has tectonic processes which were deemed to ground motion [2] as
well as in Watukumpul. This area has peak ground acceleration value about 0.11-0.15 g [3].
Therefore, Watukumpul has two active landslide triggers, for example, a high slope of
elevation and earthquake.

Some landslide parameter could be combined to map the landslide potential area i.e.
particle motion and local site effect which conducted from microtremor measurement
[4]1[5]PGA and local site effect that were reflected as ground shear strain value [6]; local site
effect, slope of elevation and local site effect [7]; ground shear strain value, rainfall intensity,
PGA, Vs30, slope and distance from the fault [8].

In the study, we combined two active landslide trigger in Watukumpul to make landslide
potential map as a mitigation effort in terms of both government policy decisions and EWS
(Early Warning System) scheme technicalities. Earthquake-prone to ground motion factor was
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investigated using ground shear strain values that describe soil dynamics condition when the
earthquake occurs [9]. The ground shear strain was calculated based on PGA values and
vulnerability index value (Kg) [10]. We determined Kg value from microtremor measurement
which was analyzed by Horizontal to Vertical Spectral Ratio (HVSR) [11].

Simple Additive Weighting (SAW) [12] used as a weighted statistic method to combined
two active landslide trigger in Watukumpul as a landslide potential map.

2 Geological Setting

The research area located at the south part of Pemalang regency, central Java. Geological
setting of the area consist of alluvium formation (Qa); Halang formation (Tmph); Rambatan
formation (Tmr) and diorite intrusion (Tmi(d)) [1] (Fig 1). The area has some faults with
southeast-northwest or northeast-southwest orientation.

109°210°E  109°230°E 109°25'0"E 109°27'0°E 109°29'0°E 109°31'0"E 109°330°E

Qa

| |Tmph

Tmr

-Tml (d)

o
4
3
~
o
24
e
=

T T T T T T T
107°0C°E 109°00°E M1°00°E 1300E 115°00°E

Fig. 1. Geological map of the study area

3 Material and Methods

3.1 Data Acquisition

The slope data in this study used data from the United States Geological Survey (USGS).
The historical earthquake data for the last 30 years (1988-2018) around the area (E106° -
E115° and S(-3°) - S(-11°) were taken from the International Seismological Center (ISC)
which has the magnitude more than 3. The PGA value use earthquake data. It will use together
with the results of the microtremor measurement to determine the value of ground shear strain.



The microtremor data obtained from measurements in the study area were 33 points using
3 component MAE seismometer (Figure 2). The measurement duration of each point was 20
minutes with a sampling rate of 100 and measurements were carried out in a quiet location to
avoid noise in the form of residents' activities or passing vehicles.

109°21'0"E 109°23'0"E  109°25'0"E 109°27'0"E 109°29'0"E 109°31'0"E 109°33'0"E

® Measurement Point

Elevation (m)

. High : 3419
ILow 0

N

8°0'0"S 7°0'0"S
1

T T T T T T T
“00E 109°0'0°E 111°00°E 113°00°E 115°00°E

S
<

Fig. 2. Microtremor Measurement Location
3.2 Data Processing and analysis

The historical earthquake data was proceed to obtain PGA values using Fukushima-Tanaka
equation [13] as follows

loga = 0,41 M, — log[R + 0,333 x 10%*'Ms] — 0,34R + 1,28 D

where a is the ground vibration acceleration, is the surface wave magnitude and is hypocenter
distance. In this study, the value is calculated based on the distance between the hypocenter
and the microtremor measurement point.

The 33 point microtremor data were processed using Geopsy software based on the HVSR
method which proposed by Nakamura. Data processing criteria follow the criteria of the
Sesame project [14]. Data processing results based on HVSR method produce predominant

frequency ( fo) and amplification (A) which together with PGA (a) values can be used to
calculate the ground shear strain () value using the following equation
A2 «a

V=, (2




With the assumption that the efficiency of soil dynamic force (€) was 60% and shear wave
velocity value in bedrock layer is 600m/s [15].

3.3 Data analysis and interpretation

The soil slope parameter and ground shear strain are combined using the Simple Additive
Weight (SAW) method to determine the potential level of landslides. Simple Additive Weight
(SAW) method is a multicriteria analysis method to combine several parameters into one
decision result by multiplying the index class value of each data parameter with a rating value
then adding up the results for all parameters.

The weighting criteria for the two parameters are as Table 1.

Table 1. Weighting criteria for ground shear strain and soil slope (modified from Hadi, et all [8]

Indicator Criterion Weight Level of Susceptibility Index Class Rating
Ground High GSS >0.01 3
Shear Strain 5 Medium 0.0001 < GSS <0.01 2
Low GSS <0.0001 1
High Slope > 40° 3
Slope (%) 3 Medium 250 < Slope < 40° 2
Low Slope < 25° 1

The results of the SAW method based on Table 1 are normalized values to determine the
potential level of landslides with low, medium, and high classifications.

4 Results and Discussion

4.1 Soil Slope

Based on topography data from USGS we conducted soil slop map of study area that
show in Fig 3. The soil slope value range between 0°-58° which show that The topography of
the area is highly steep. The elevation range between 90-11256 m. An area has high landslide
potential if the soil slope more than 40° [8].
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Fig. 3. Soil slope map of the reasearch area
4.2 Peak Ground Acceleration

The distribution of PGA values from the calculations in Figure 4 shows that the PGA
values range from 18.37 - 21.97 gal with the highest being in the South East and North West
areas of the study area. This high value is caused by a source of local fault activity near the
study area.
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Fig. 4. Peak Ground Acceleration (PGA) distribution map.



4.3 HVSR Results

The results of microtremor measurement data processing using the HVSR method are
predominant frequency (fo) and amplification (A) values from 33 measurement points

(Figure 5). Based on Figure 5, the amplification values ranged between 9 - 41.45.
Amplification states the impedance contrast between the surface sediment layer and the
bedrock layer below so the amplification values of the area showed that variations in bedrock
layers. The amplification values obtained based on the peak HVSR curve are not related to the
frequency value dominant but comparable to earthquake wave propagation quality factors (Qs)
earthquake and associated with earthquake wave magnification [16]. The research area with
the highest amplification value is easily go through to ground motion if an earthquake comes
through.
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Fig. 5. Predominant frequency ( fo ) and amplification (A) values from microtremor measurements.

The dominant frequency of the study area ranged from 1.36 - 7.62 Hz (Figure 5) with the
distribution of values in the study area can be seen in Figure 6. The frequency obtained from
the peak of the HVSR curve showed the thickness of the surface sediment layer of the study
area [17], [18]. Based on Figure 6, the research area with high-frequency values (6.56-7.62
Hz) was in the village of Majalangu, Watukumpul village and Jojogan village, so that this area
is an area with thin/small sediment thickness. an earthquake comes through.
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Fig. 6. Predominant frequency distribution map.
4.4 Ground Shear Strain

The calculation results of the ground shear stran produced a value that ranges from 0.0004
- 0.0092 with the distribution of values shown in Figure 7. The sediment layer will be inelastic
and surface deformation in the form of cracks if it has a ground shear strain value of more than
0.001. It will experience a large deformation in the form of liquefaction or landslides if they
have ground shear strain value of more than 0.01[10]. So it can be seen in Figure 7 that almost
all research areas have the potential for surface deformation if they go through earthquake

vibrations.
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Fig. 7. Ground Shear Strain distribution map



4.5 The Landslide Potential Map

Figure 8 shows the landslide potential map results used the SAW method. The low-
frequency value was in the little part of Tundagan and Cikadu village. This area has a small
potential value because it has a ground shear strain value of less than 0.001. So, it does not go
through surface deformation when an earthquake occurs. Values of medium and high lending
potential are almost evenly distributed in the study area. The value being contributed by the
dominant ground shear strain parameter of the study area was more than 0.001. The value of
high landslide potential is caused by slope factors of more than 400 in the study area with a
ground shear strain value of more than 0.001 so that the slope is a very determining factor in
the mechanism of landslides in this study. Research on the mechanism of soil movement due
to earthquakes in the Yogyakarta area on May 27, 2006 earthquake based on geological
studies led to the conclusion that earthquake vibrations can trigger the mass of sediment slope
surface go through movement and landslides [19]. The main factor controlling the sediment
mass movement is the weathering conditions on slopes steeper than 40 and the orientation of
rock layers.
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Fig. 8. Landslide Potential Map of Watukumpul

5 Conclusions

The result of this study show Watukumpul area dominated by medium and high landslide
potential area. The high potential landslide area controlled by soil slope more than 40° Based
on the results of this study, it was suggested that landslide potential map can be used as a



reference in the mitigation of landslides both in regional spatial planning by local governments
and installations of tools for early warning landslide systems by BNPB.
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