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Effects of heavy rainfall on the slope stability — A case study
on Imogiri Cemetery: The graveyard complex of Mataram Royal
Kings
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Abstract. Rainfall is the most common cause of landslides in Indonesia. On March 17, 2019, a landslide
occurred in the Imogiri Cemetery, Mataram Royal Kings Graveyard Complex. It was expected to have
been triggered by heavy rainfall of 148 mm d' intensity. This research aims to determine the effect of
rainfall on the slope stability on the landslide at the Imogiri Cemetery. The study was carried out by slope
stability modelling using Geostudio software. Rainfall information and soil characteristics data obtained
from testing soil samples in the Soil Mechanics Laboratory, Civil and Environmental Engineering,
Universitas Gadjah Mada, were used as input on the software. The output of the analysis is the factor of
safety (FS) value, defined as the ratio of the shear strength to the shear stress. Without the rains, the FS
value is about 2.44, which means the slope stability is stable. After heavy rainfall, the FS value decreased
to 1.209 at the end of the simulation, which indicates happen the slope instability. Based on the simulation,
the FS value depends on the volume of water content and hydraulic conductivity of the soil. Result of this
study shows that heavy rainfall can trigger slope instability in the Imogiri Cemetery.

Two houses buried and three deaths during the
landslides [14]. In this study, slope stability will be
analyzed only from the effect of heavy rains without
concern to other triggers.

1 Introduction

Landslides occur due to disturbance of slope stability
[1]. Landslides occurred on slopes with shear resistance
of the ground or rock smaller than the weight of the soil
mass or the rock itself, so a shear strength will be
decrease and shear stress will be increase [2]. Landslides
can be trigger by the heavy rainfall [3—4], steep slopes,
less dense and thick soil, erosion, reduced vegetation
cover, and an earthquake [6, 7]. In Indonesia, rainfall is
the most common cause of landslides.

Rainwater infiltrations cause an increase of pore
water pressure in the soil [8]. It can make the slope load
increases and will trigger the landslides [9]. Not all types
of rainfall can trigger the landslides. Only heavy rainfall

2 Slope stability

The concept of slope stability refers to the limit
equilibrium. The condition of the slope stability is
determined by the value of the factor of safety (FS). It is
defined as the ratio of the shear strength to the shear
stress [15]. The factor of safety value depends on
cohesion (c¢) value and the angle of internal friction (¢).
The higher the soil cohesion value, the higher the
number of safety factors. In general, dry soils have

with an intensity higher than 70 mm d!' or 100 mm d!
can trigger the landslides [10]. Heavy rainfall will only
be effective in triggering landslides if the soil is easy
absorbing water with a steep slope [11, 12]. On March
17, 2019, a landslide occurred in the Imogiri Cemetery,
Mataram Royal Kings Graveyard Complex, Imogiri,
Yogyakarta. The landslide was expected to have been
triggered by heavy rainfall of 148 mm d' intensity [13,
14]. At other hands, some news state that landslides
happened on Imogiri Cemetry not only triggered by
heavy rainfall but also triggered by small earthquakes
happened frequently [13].

higher soil cohesion (c¢) values. Referring to Equation.
2.1 the factor of safety F, for strength, may be expressed
as follows:

F== (1)

Td
where 7 is shear strength exerted on the soil and z; is
shear stress applied to the soil. Based on the factor of
safety, the slope stability divided into some classes
shown in Table 1.
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Tablel. Slope stability classification [16]

Factor of Safety (FS) Classification
FF>15 Stable
1.25<F<1.5 Medium stable
1<F<1.25 Less stable
F<1 Unstable

Slope stability analysis methods differ between
homogeneous and  inhomogenecous soils.  For
homogeneous soils with an uncertain flow of seepage in
the soil, the suitable analysis method is the Method of
Slice. The most popular and widely used of the Method
of Slice is the Fellenius Method. The ordinary method of
slices was found in 1927 by Fellenius, considers the
forces acting on the right and left sides of any slice to
have a zero resultant in the direction perpendicular to the
landslide [16]5(.

Fig. 1. Stresses and forces acting on the slice [16]

With this assumption, the balance of the vertical
direction and the forces that work by taking into account
the pore water pressure as follows:
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If there is water on the slope, the pore water pressure in
the landslide field does not increase the moment due to
the soil that will slide (M), because the resultant force
due to pore water pressure passes through the centre of

the circle. When Equation 3 substitute to Equation 7,
obtained F equation shown in Equation 8.

iz ca; + (W, cos 6; —u; )tg ¢

F = -
SETW, sin 6,

®)

where F' is factor of safety, M, is number of shear
resistant moments along the landslide field, M, is
number of moments of soil mass of landslides, ¢ is soil
cohesion (kN/m?), ¢ is angle internal friction (°), a; is the
length of the curve of the circle on the slice i-th, R is
radius in the landslide field, » is number of slices, W; is
mass of slice soil i-th, and 6; is the angle as defined in
Figure 1. If there are forces other than the load of the
land itself, such as the load of the building on the top of
the slope, the moment due to this load is calculated to be
M.

3 Data and methodology

3.1 Study area

The research location is in the Imogiri Cemetery,
Mataram Royal Kings Graveyard Complex, Imogiri,
Yogyakarta. Based on the topography, the landslide area
is dominated by gardens, hills, and residential areas.
Based on the morphology, the location of the landslide
has a slope ranges between 20° and 40°. Based on
lithology, the location of the landslide is composed of
volcanic breccias which sustain weathering and form a
thick layer of soil [17].
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Fig. 2. Research study area

3.2 Data
3.2.1 Soil data

Soil samples data was tested in the Soil Mechanics
Laboratory, Civil and Environmental Engineering,
Universitas Gadjah Mada. From the soil test, obtained
the soil index properties and permeability coefficient as
shown in Table 2.
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Table 2. Soil index properties and permeability

coefficient
Parameter Top Soil Seconq Third .layer
layer soil soil
Depth (4) (m) 1.5-2 2.5-3 6-6.5
Moisture Content
(W) (%) 26.51 22.29 37.45
Spesific Gravity
2.61 2.53 2.5
(€D)
Void ratio (e) 1.06 0.73 0.82
Degree of
saturation (%) 65.05 77.42 100
Q) 34.51 36.83 34.01
Cohesion () 0.13 0.09 0.13
(gr/cm?)
Coefficient of
permeability 1.70E-07 | 8.50E-09 1.10E-06
(m/s)
3.2.2 Loads data

This study used two types of loads data, are:

1. Structure loads

Structure loads is the Imogiri cemetery buildings
used 10 kN m following applicable standards (SNI
1727-2013) [18]. The Imogiri cemetery complex load
is estimated at 100 tons with a cemetery area of 1650
m? (half of the total cemetery area). This value is
smaller than the minimum construction load based on
SNI, so it is appropriate.

2. Rainfall loads

Based on the Meteorological, Climatological, and
Geophysical Agency of Indonesia report, rainfall
during landslides at the Imogiri cemetery complex on
March 17, 2019, reached 148 mm d!. Rainfall data of
70 mm d! intensity or more than 100 mm d™! intensity
indicates the type of heavy rain that can trigger
landslides. This rain data is then converted into an
hourly rain form with the ABM method to obtain rain
infiltration values. rain infiltration value will be input
to the software as flux unit (¢) boundary conditions
[19].

3.3 Data analysis

Analysis of the Imogiri cemetery slope stability was
analyzed using the Fellenius (Ordinary). The model was
simulated using SLOPE/W and SEEP/W on Geostudio
Software. This method was chosen because it is simple
and have errors are still in the safe category. Modelling
was simulated for two conditions, that are slope stability
with and without rainfall loads. Modelling with the
rainfall load was simulated for 13 h. The basic equation
on SEEP/W is the non-permanent seepage defined as
Equation 9 [16].

€)

dh  k d*h N d*h
dx?  dy?

T m

where 4 is high of energy, & is permeability coefficient,
m, 1s stability coefficient and yis weight of water unit.

4 Result and discussion

4.1 Slope stability without rainfall loads

The output of the analysis is the factor of safety (FS)
value, defined as the ratio of the shear strength to the
shear stress. The result of slope stability simulation using
SLOPE/W without rainfall load was obtained a factor of
safety (FS) value about 2.442 as shown in Figure 3. This
simulation just influenced by the structure loads from
Imogiri cemetery. The SF value shows that the structure
loads do not cause landslides in the Imogiri Cemetery.
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Fig. 3. The results of the simulation of slope stability without
rain loads using W/

4.2 Slope stability with rainfall loads

Slope stability modelling using SEEP/W in Geostudio
software is used to investigate the effects of continuous
rainfall on the slope stability on the landslide at the
Imogiri cemetery. The analysis called as transient
seepage analysis. A transient analysis can be used to
evaluate the effect of altering the slope of the volumetric
water content function (m,,) [19]. It depends on the initial
conditions. Initial conditions in this study used steady-
state conditions, assuming that there is no flooding in the
initial stage (H= 0 m) and its value not changing until the
simulation end. Rainwater infiltration value is input as
unit flux (¢) boundary conditions. Rainwater infiltration
is very influential on the slope stability. Rainwater
infiltration will continuously increase the degree of soil
saturation, but the infiltration rate will decrease with
increasing the degree of soil saturation.

The value of the soil saturation degree greatly
influences the soil suction value. Soil suction is the
ability of the soil to absorb water [20]. The higher the
value of the soil saturation degree, the lower the soil
suction value. Soil suction value influenced by porosity
and volumetric water content. The higher soil porosity
value, the lower soil suction value. The volumetric water
content value is contrary to the soil suction value. The
relationship between soil suction values and volumetric
water content, expressed as a soil-water curve
characteristic (SWCC) as shown in Figure 4., shows that
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the volumetric water content value is contrary to the
value of soil matric suction. At the beginning of the
simulation, when the soil is an unsaturated condition,
every part of the soil layer has the different value of the
volumetric water content. The highest value of
volumetric water content in an unsaturated condition is
topsoil. In the end of the simulation, when the soil is a
saturated condition, all of the soil parts have the same
value of volumetric water content. From Figure 4 can
conclude that rainfall infiltration causes the volumetric
water content increase, which leads to the matric suction
of soil to decrease[21].
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Fig. 5. The changes of the factor of safety to rainfall duration

Figure 5 shows that after heavy rains crashed the
slope, the factor of safety (FS) value decreased
continuously. In the initial stage of transient seepage
analysis, the safety factor value is about 2.43. This value
is smaller than the factor of safety (FS) in the slope
stability simulation without rainfall loads. It happens
because the soil condition in the transient seepage
analysis is saturated. At the end of the transient seepage
analysis simulation, the factor of safety (FS) value
decrease to 1.209. The factor of safety (FS) value in the
range between 1 and 1.25 classified as a less stable
slope, which means the minor disturbance can disturb
the slope stability. The decrease in the factor of safety
(FS) value occurred due to the changes in soil pore water
pressure. Pore water pressure will increase the load and
shear stress of soil. If the shear resistance of soil
exceeded, it will cause landslides [22].
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Fig. 6. The changes of slip surface properties to rainfall
duration

Figure 6 shows the change in pore water pressure and
pore water force to rain duration. At the beginning of the
simulation, the pore water pressure and pore water forces
are negative and eventually become positive as the
duration of rain increases. Pore water pressure and pore
water force values are negative in dry soil. This value
will increase if there is soil wetting and will be zero
when it is exactly as high as the groundwater level. It
will be positive and higher if it moves away from the
groundwater level until the soil becomes saturated. In the
saturated condition, the rainwater fills the pore space that
makes components of soil changes into land and water
only. The value of pore water pressure will be lower than
the pore water pressure when the pore water pressure
value is negative. Contrarily, the pore water pressure
value will be higher than the pore water pressure when
the pore water pressure value is positive.

Based on Figure 5 and Figure 6., it can define that the
value of pore water pressure is contrary to the factor of
safety (FS) value. In conclusion, heavy rainfall can
trigger the instability slope in the Imogiri Cemetery, but
rainfall loads cannot cause the landslide in the Imogiri
cemetery without other triggers. The result of this study
is close to the real conditions in the location of landslides
because there are no earthquake loads add in this
simulation.

5 Conclusions

The result of the analysis is the factor of safety (FS)
value, defined as the ratio of the shear strength to the
shear stress. Without the rains, the FS value is about
2.44, which means the slope stability is stable. After
heavy rainfall, the FS value decreased to 1.209 at the end
of the simulation, which indicates happen the slope
instability. Based on the simulation, the FS value
depends on the volume of water content and hydraulic
conductivity. Result of this study shows that heavy
rainfall can trigger the instability slope in the Imogiri
Cemetery, but rainfall loads cannot cause the landslide in
the Imogiri cemetery without other triggers. In this
study, no simulation was carried out with the influence
of the load due to earthquake factors, even though the
study location was prone to earthquakes. For further
research, it can be reanalyzed by adding the effect of the
load due to the earthquake.
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