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ABSTRACT. Purworejo Districtis a district with high disaster risk index in Indonesia, es-
pecially landslide. The main factor that triggers the landslide is rainfall. However, there
has been no comprehensive research on the intensity of rain that triggered the landslide
in Purworejo District, especially in the Sub district of Loano. Huge landslide occurred in
Loano Sub district at 2016, causing 46 deaths and damages in several houses. Therefore,
it is necessary to study the prediction of landslide based on rainfall data and geological
conditions of Loano Sub district, Purworejo District. The objective of this research is to
analyze the mechanism of landslide, to analyze the rainfall that triggers the landslide and
to estimate the intensity of rain that can triggers the landslide. The research method is
collecting historical data of landslides in Purworejo District along with rainfall data, geo-
logical observation that includes the condition of lithology, geomorphology and hydroge-
ology, undisturbed soil sampling in Loano Sub district. The prediction of landslide uses
empirical methods which were then simulated by Geostudio 2012 Software. The results
show that the type of landslide is sliding, the main control factor is the steep slope and the
thickness of the soil. The rainfall threshold triggering landslide are as follows for lithology
andesite breccia I = 81.782 D11, sandy clay I = 92.579 D13, and andesite intrusion
I =14532 D03,
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1 INTRODUCTION

Purworejo District is ranked 19 out of 496 dis-
tricts and cities throughout Indonesia with a
disaster risk index score of 215 or high category
(BNPB, 2013). In 2016, a large-scale of landslide
disaster occurred in Caok village, Karangrejo
village, Loano sub-district claimed 46 casual-
ties, 15 missing people and dozens of damaged
houses (Widiastutik & Buchori, 2018).The rain-
fall and geological condition are the main fac-
tors causing the landslide (Cruden et al., 1996;
Varnes, 1978; Varnes, 1984). Rainfall intensity
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as a trigger for landslide varies depending on
the geological conditions of each region (Kar-
nawati; 2005). There are several ways to ana-
lyze rainfall threshold, one of them is empiri-
cal methods (Guzzetti et al., 2005).An empirical
threshold is composed by geological condition-
ssuch as; soil moisture, thickness of soil, and
hydrology. When rainfall reaches or exceeds the
threshold, it will trigger landslide (Reichenbach
et al., 1998; Cepeda et al., 2010). By understand-
ing the rainfall thresholds, the casualties due
to landslide can be reduced and as an illustra-
tion for the relevant agencies in performing the
most appropriate mitigation actions (Peruccacci
et al., 2017).The application of rainfall thresh-
olds is then developed as early warning system
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for landslide (Aleotti, 2004; Huang et al., 2015;
Luca et al., 2017). Therefore, it is necessary to
study the prediction of landslide based on the
analysis of rainfall data and geological condi-
tions, especially in Loano District generally in
Purworejo District.

This research is aim to: (i) Evaluate the mech-
anism of landslide, (ii) Analyze the rainfall that
triggers the landslide, (iii) Estimate the inten-
sity of rain that triggers the occurence of land-
slide.

2 RESEARCH METHODS

There are 2 sources of data used in this study;
primary data and secondary data. Primary
data include geological data (morphology, ge-
ological structure, hydrology and hydrogeol-
ogy, lithology, and land use). Secondary data
include regional geological data, history of
landslide in 2008-2018, and daily rainfall data
of 2008-2018. The rainfall data was prepared
bythe Irrigation Department, Public Works
Agency of Purworejo District. The history of
landslide was prepared by the Disaster Man-
agement Agency Purworejo District, Ministry
of Health,and local newspaper.

The research was conducted in 4 stages
method, starting from the preparation phase
covering problem formulation, literature study,
and secondary data gathering including daily
rainfall data of 2008-2018 and history of land-
slide of 2008-2018. The second stage is field-
work and laboratory analysis. This stage in-
cludes collecting engineering geology aspects
such as morphology, lithology, undisturbed
soil sampling, geological structure, depth of
groundwater level, land use and observation
on the location of landslide. In addition, it also
includes testing undisturbed soil sample in the
laboratory (ASTM, 2000). The third stage is data
analysis of geological maps, geomorphology,
rainfall thresholds in each geological condition,
and slope stability analysis. The geological
condition is represented by the lithological unit
in Loano District. Therefore, each geological
condition has each rainfall threshold. Then, the
final stage is the conclusions and advice from
research.
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3 DATA REPORTING

3.1 Geomorphology of the research area

The geomorphology zone of research area is
based on morphography aspect or slope value
by Karnawati (2005). The geomorphology
of the research area is divided into 4 zones,
namely; Plain (0-10°), Low Slope Zone (10-20°),
Medium Slope Zone (20-40°), and High Den-
sity Zone (>40°). The study area is dominated
by medium slope zones and the location of the
landslide is mostly found in the medium slope
zone and in the high slope zone.

3.2 Geological of research area

The geological mapping in the study area re-
sulted in 3 geological units, from the oldest un-
til the youngest, namely andesite breccia units,
andesite intrusion, and alluvial deposit (sandy
clay deposit). In this study area,the geologi-
cal structures are normal fault and shear joint.
The normal fault is found in Glagah River
while the direction of the shear joint isrelatively
northwest-southeast. From the remote sensing
analyzis, a dextral and sinistral fault. The geo-
logical map of study area is shown in Figure 1.

3.3 Rainfall of research area

The main triggering factor of landslide espe-
cially in Indonesia is due to high rainfall (Kar-
nawati, 2005). Rain can reduce the tension be-
tween rock pores, weathering rocks so that the
value of rock cohesion decreases (Hardiyatmo,
2012). To predict landslide, needs daily rainfall
data within a period of 10 years from 2008 to
2018.

Statistics of rain events in the study area in-
dicate that the rain always drops in 4 consec-
utive months in November—April. Peak of the
rainy season occurs in December and January.
Anomalies occur in 2014 and 2016 where in that
year the peak of the rainy season occurred in
June. The data is coming from Irrigation De-
partment, Public Work Services, Purworejo Dis-
trict from 2008-2018. Figure 2 shows the rain
intensity graph for 10 years.

3.4 Characteristics of soil mechanics

Soil technical parameters were obtained from
laboratory tests. This test aims to determine the
soil properties used as a parameter of slope sta-
bility and the landslide mechanism that occurs.
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Figure 2. Graphic of rainfall intensity in study area from 2008-2018.
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Soil sampling is focused on Caok Village which
is the most vulnerable area of landslide and is
considered to represent the research location.
The location of soil sampling is shown in Fig-
ure 1. An original rock from soil samples isin
the form of andesite breccia that has undergone
intensive weathering. The tested parameters
include grain size distribution, specific grav-
ity, water content, atterberg limit, and triaxial
test.Table 1shows the result of undisturbed soil
sample testing in each parameter.

4 ANALYSIS

4.1 Landslide mechanism

In the research area, there is a geological struc-
ture, shear joint, with the relative direction of
the northwest, N 353°E and N 302°E. At this lo-
cation,is indicated the present of normal fault
due to sudennly change in the topograpich ele-
vation.

The observed landslide is rotational slide
with slides in the form of curved curves or
horseshoes. This type of landslide often oc-
curs on steep slopes (>40°). Landslide is con-
trolled by a steep slope of 43° so that the grav-
itational force produced when the soil expe-
riences movement is even greater. The con-
stituent rocks, andesite breccia, which are vol-
canic products, are susceptible to weathering
due to the dominance of the feldspar mineral
content. Feldspar is easily weathered which
makes the andesite breccia altered into a thick
layer of soil.

The presence of shear joint becomes a discon-
tinuity for rocks so that rainwater can enter and
interact with feldspar minerals. This mineral
feldspar is susceptible to alter into clay mineral
when interacting with rainwater. This clay min-
eral can be a slip surface of landslide. On the
observed location, the slip surface is in the form
of lapsed andesite breccia that has been altered
into clay soil size with direction of N 43°E and
the direction of landslide is N 55°E. Both the di-
rection of avalanche and the slope of the slip
surface have the same relative direction that
is northeast, thus increasing the occurrence of
large-scale landslide. Figure 3 shows the mor-
phological appearance of landslide at the study
site.
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4.2 Rainfall thresholds and lithological unit

Rainfall intensity that can trigger landslide in
each region is different. This difference is cer-
tainly caused by the geological conditions, es-
pecially rock types, compactness, and weather-
ing rates. Therefore, each geological condition,
represented by lithological unit, will have dif-
ferent rainfall threshold.

Collecting the landslide history data is an im-
portant step that must be carried out in this
research. The landslide history data have in-
formation about rainfall intensity and duration
when the landslide occurs, type of landslide,
and type of lithological unit. In addition, the
value of rainfall threshold is obtained by plot-
ting rainfall intensity and rainfall duration.

In this research, there are several lithological
units thatare sandy clay, andesite intrusion, and
andesite breccia (Rahardjo et al., 1995). The plot-
ting of rainfall threshold is done on each litho-
logical unit.

4.2.1 Alluvium deposit (sandy clay)

The value of rainfall threshold is obtained by
plotting the rainfall intensity and duration of
landslide that occurs on alluvium deposit. By
using this method, the rainfall threshold values
is represented by equation I = 92.697 D013,
The value of I means maximum rainfall inten-
sity while D means the duration of rainfall cal-
culated in number of days. This rainfall thresh-
old value is very suitable to be used in the de-
velopment of early warning systems with geo-
logical conditions in the form of alluvium de-
posits. Figure 4 shows the rainfall threshold
curve in the geological condition of the clay de-
posits. Landslides that occur in geological con-
ditions in the form of avalanches on the cliffs is
due to increased flow of river currents.

When there is rainfall with the intensity of
85 mm/day with the duration of 1 day or above
the curve line, then it is predicted that a land-
slide will occur. When there is rainfall with an
intensity of 60 mm/day for 4 days, it is pre-
dicted that a landslide will occur. Meanwhile,
when it is exactly at the line of the rainfall
threshold, the soil is predicted to be in critical
condition.

4.2.2 Andesite intrusion

When the geological conditions are in andesite
intrusion, the rainfall threshold values is repre-
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Figure 4. Rainfall thresholds curve for sandy clay.

sented by the equation I = 145.32 D933, The
value of I means maximum rainfall intensity
while D means the duration of rain calculated
in number of days. This rainfall threshold value
is very suitable for the development of early
warning system in Purworejo District. Figure 5
shows the rainfall threshold curve in the geo-
logical conditions of andesite intrusion. Land-
slides that occur in this geological unit issliding
type. Landslides occur in weathered andesite.
When there is rainfall with intensity of
100 mm/day with the duration of rain 1 day
or above the curve line then a landslide will
occur. When there is rainfall with intensity of
70 mm/day for 2 days, then a landslide will
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Figure 5. Rainfall thresholds curve for andesite in-
trusion.

occur. Moreover, if it is exactly at the line of the
rainfall threshold, the land is predicted to be
in critical condition. The intensity of rain trig-
gering landslide for this geological condition
is greater than other geological conditions.This
is because andesite lithology has the highest
and freshest compactness compared to other
lithologyin the study area.

4.2.3  Andesite breccia

The rainfall threshold values of andesite
brecciais represented by the equation I =
81.782 D~ 11%7. Value I means the maximum
rain intensity whereas D means the duration
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Figure 6. Rainfall thresholds curve for andesite brec-
cia.

of rain calculated in number of days. This
rainfall threshold value is very suitable for the
development of the early warning system in
Purworejo District. Figure 6 shows the rainfall
threshold curve in the geological conditions of
the andesite breccia.

When there is rainfall with intensity of
80 mm/day with the duration of rain 1 day
or above the curve line then a landslide will
occur. When there is rainfall with intensity of
30 mm/day for 2 days hence predicted land-
slide. Meanwhile, when it is still in the rainfall
threshold curve, then the soil is predicted to be
in a critical condition.

4.3 Landslide prediction

The prediction of landslide occurrences in this
study is related with rainfall thresholds and
slope stability analysis. In this research, the
analysis of slope stability and prediction of
landslide occurrence using Geostudio 2012 soft-
ware aid that is Seep/W and Slope/W. The
Seep/W software is used to determine the in-
filtration of rainwater that enters the soil during
rainfall under certain conditions and its relation
to groundwater rise. Slope/W is used for the
slope stability analysis by considering the con-
dition of the ground water level. The Parame-
ter input in Geostudio 2012 is water content, co-
hesion, angle of friction, bulk density, and dry
density (Table 1).

This simulation is performed on soil samples
from intensive weathering of andesite breccia
on Table 1 noted as S2. The location of sam-
ples had experienced landslides in 2016. How-
ever, the sampling is carried out on soil that
has never experienced landslides. The Sim-
ulation was performed only on lithology an-
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desite breccia which represents all of litholog-
ical units and considered as a verification of
rainfall thresholds in each lithological unit. The
rainfall thresholds of andesite breccia is repre-
sented by the equation I = 81.782 D119 where
Iis intensity in mm and D is time in day.

The prediction of the landslide occurrence
in this study includes 4 simulations. The first
simulation was performed in a normal condi-
tion where there was no rise in ground water
level, no rain, and no decrease in soil mechani-
cal properties, the value of cohesion, and fric-
tion angle. The simulation, which is the ini-
tial condition of slope, shows the safety factor
is 1.442 (Figure 7A). This safety factor indicates
the slope is stable or safe (Bowles, 1984).

In the second simulation, the rainfall
was below the rainfall threshold,which was
50 mm/day with 1 day rain duration. In this
simulation therewas an increase in ground wa-
ter level, a decrease in cohesion values, and an
increase in weight of slopes. The rainfall input
in Slope/W was still under the rainfall thresh-
olds. The second simulation shows the safety
factor is 1.371 (Figure 7B). This safety factor
indicates the slope is still stable or safe (Bowles,
1984).

The third simulation waswhere rainfall was
exactly on the rainfall threshold, which was
50 mm/day with 1.5 days duration of rain. In
this simulation, there was an increase in ground
water level compared to the initial condition
and there was a decrease in cohesion value and
increase weight of slope. When the rainfall in-
put in Slope/W reachesthe rainfall thresholds,
the safety factor is 1.171 (Figure 7C) which is
the slope is critically to move (Bowles, 1984).

The fourth simulation was when the rain-
fallwas above the rainfall threshold, which
200 mm/day with 1 day rain duration. In
this simulation, there was a significant rise in
groundwater level compared to the initial con-
dition, the decrease of soil cohesion value and
the increase weight of slope. When the rainfall
exceeds the rainfall thresholds, the safety factor
is 0.874 (Figure 7D). This safety factor indicates
that the slope is unstable or critical. Figure 7
shows the illustrations of each simulation.
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Table 1. The result of undisturbed soil sample testing in each parameter.

Sample of Andesite Breccia

Testing Parameter Notation Unit S S4 g7
Water Content Water content w Yo 45145 39063 46041
. . Bulk density b gram/cm® 243 1905 21.39
Volumetrie Welght 1y " yensity ve  gram/em® 167 137 1465
Specific Gravity Specific gravity Gs 2654 2656 2677
Liquid limit LL % 4396 43.65 43.36
Atterbere Limit Plastic limit PL % 30.14 30.92 37.84
crbers Plasticity Index PI % 1382 12.73 5.53
Liquidity Index LI 1.09  0.64 1.48
Percentage of gravel Yo 0 0 0
Grain Size Percentage of sand % 9.7  10.01 23.01
Percentage of silt/clay Yo 90.3  89.99 76.99
. Angle of internal friction [ ° 24 6 13
Triaxial CU Cohesion ¢ KPa 20885 60.12  17.45
FS =1,442 ES=1.371
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%3

0.874)

FS=1,171 FS=0,874

Elevation
Elevation

140

- Oy I A N R T I 5 [ I L
10 30 50 70 90 110 130 150 170 190 210 230 250 270 290 310 10 30 50 70 20 110 130 150 170 190 210 230 250 270 290 310

Distance Distance

C) Third Simulation, with rainfall intensity 25 mm for 2 days D) Fourth Simulation, with rainfall intensity 200 mm for 1 day

Figure 7. The illustration of landslide by each rainfall thresholds.
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5 CONCLUSION

Based on the results of the research and the data
analysis, several conclusions can be drawn.The
mechanism of landslides that occurs is domi-
nated by the type of sliding type, namely ro-
tational sliding or slump.Landslides will occur
along the discontinuity plane. The main con-
trolling factors arethe steep slope and the thick
soil. The triggering factor is high rainfall inten-
sity.

Rainfall threshold values that trigger land-
slides vary in each type of lithology. The rain-
fall threshold valuefor the sandy caly deposit
represented by the equation I = 92.679 D013,
The rainfall threshold values fo the andesite
intrusion represented by the equation I =
145.32 D~9338 andthe rainfall threshold for the-
andesite breccia represented by the equation
I = 81.782 D~ 1197 While I is the rain intensity
(mm/day) and D is the duration of rain (days).
Landslides will occur with rainfall intensity of
more than 95 mm/day for sandy clay deposit.
However for andesite intrusion and andesite
breccia are more than 145 mm/day and more
than 80 mm/day, respectively.
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