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ABSTRACT

Landslide zone investigation has been conducted using geoelectricity to determine the number
of cracks and using a compressive strength test to determine compressive strength cracks. The
result of this research is that the rock layers of Waru District consist of soil layers resulting
from the weathering of quartz rock into quartz sandstone. This quartz sandstone lies on top of
a more solid rock layer. The type of landslide that is formed in the Waru sub-district is
translational. This type of landslide is caused by water entering the lower layer, causing
landslides and the number of cracks that trigger landslides. The results of the low compressive
strength test resulted in landslides. This result was due to a decrease in the number of pores
filled with water and an increase in the pores that were not filled with water. This occurs due
to the presence of water in the cracks, the number of cracks cavities, and the density of the
cracks which results in reduced adhesion between the cracks holding layers.
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INTRODUCTION

Landslides cause material and non-material damage to the community. Landslides are
natural disasters that often occur during the rainy season. These disasters usually cause
considerable economic losses and casualties ' Landslides in Malalak District have caused
casualties and the closure of the Malalak road section [?l. Therefore, it is necessary to
research to monitor these landslides. To monitor these landslides, field measurements are
required. The description of the researchers above has explained that the occurrence of
landslides is very dangerous for the community in material and non-material damage and
the psychology of the community is disturbed, therefore intensive monitoring is needed to
minimize the occurrence of landslides.

It has been shown that it is very important to take field measurements after the dry season
131, For this reason, it is better if the measurement is done during the dry season. Several
geophysical studies have been realized in the last 10 years, complemented by permanent
hydrogeological and geochemical monitoring at certain locations inside and outside of
landslides . Electrical resistivity tomography (ERT) can describe two types of faulty
surface geometry (surface landslides and collapsed surfaces), and identifies three external
shapes in ancient river basins, landslide bodies and collapse bodies [*!. The ERT method
seeks to register and present variations in the properties of basic geotechnical materials in
dams such as; bulk density, moisture content, elasticity, rock mechanical properties,
electrical resistance and mineralogical and magnetic properties, and so on [®. The
objective of the ERT survey is to characterize the geometry of the landslide section 7).
Seismic and geoelectric methods are powerful tools for investigating landslides [®. The
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description above explains that geophysical measurements can monitor the occurrence of
landslides, therefore researchers use the geophysical measurement method. To minimize
the occurrence of landslides that cause loss of both material and non-material. In
geophysical measurements to maximize measurements, measurements are needed during
the dry season, because at least water enters the ground during the dry season.

From the results of XRD, XRF, and SEM analysis, it is the occurrence of landslides due to
almost cuboid crystals with high porosity, this occurs because there are many cavities in
the soil resulting in the density of sand that is still lacking so that the soil is easily
displaced. However, this data is still not sufficient to predict soil strength, so it is
necessary to add data with civil engineering science. Additional data with the cracks
compression test was carried out in 2020.

METHOD

The Geoelectric Survey to determine cracks and the compressive strength test for cracks
was carried out in the Waru sub-district. This research was carried out with a combination
of 2 science, namely geophysics and civil engineering from May to October 2020.

Geoelectric data acquisition using 64 channel geoelectric tools in one stretch with a
spacing of 10 meters per point and using res2div for modeling. Data collection design in
2020 (Figure 1).
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Figure 1.Geoelectric data acquisition design 2020

We sampled the soil to determine the compressive strength at the depth of these cracks to
determine the compressive strength of cracks was carried out by taking samples of soil at
the depth of these cracks. The soil sampling tool uses drilling, after taking a new sample
the cracks strength test is carried out in the Civil Engineering Laboratory of the University
of Madura.

RESULTS AND DISCUSSION

The results from the 2D appearance show that the rock resistivity value Line 1 to line 4 is
in the range 51.2 - 396 Qm. The resistivity value of line 1 rocks yields 51.2-281 Qm with
an error value of 5.9%. The resistivity value of line 2 rocks results in 71-231 Qm with an
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error value of 2.7%. The resistivity value of line 3 rocks produces 65-365 Qm with an
error value of 2.6%. The resistivity value of line 4 rocks produces 54-376 Qm with an
error value of 2.9% (Figure 2).
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Figure 2. Resistivity results in geoelectric data in 2020 to look for cracks

The results of the geoelectric section reveal that the rock layer in Waru District consists of
a layer of soil from weathering of quartz rock, which becomes quartz sandstone with a
thickness of 4 - 15 m above a more solid rock layer. The intersection of the rock between
the top and bottom soil layers is a sliding plane that is formed fairly evenly in each Line.
In all lines, the landslide type that is formed is a translational type caused by water
entering the lower layer so that landslides occur. Incoherent landslides, the shape, and
structure of the soil are unstable or the rock mass remains intact during the landslide [1%,
Overall, landslides in the Gombel Hill area can be found at a depth of 5 m - 6 m and are
found at the contact between the clay and clay rock layers [,

The rubble material in the 4 Lines consists of weathered soil formed from intersections of
quartz sandstone, claystone, and other rock fragments mixed with water. This fracture
structure is a weak zone that makes it easy for rainwater to seep into the ground. The-clay
type soil material has a loose formation (unconsolidated material) so it is relatively
unstable and if there is a disturbance to its structure, the bonds between the grains are easy
to break. Where clay rock has a permeability value of 0.0004, it easily passes water, while
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its porosity has a value of 40%. The type resistance of a material depends on the porosity
of the rock and the type of fluid filling the rock pores. A porous rock is easily filled with
liquid so that the grains are easy to escape. Landslide potential zone where the physical
properties of claystone easily derail massive material on it [!?1. It was found that creeping
was caused by excess soil mass from the top of the hill as well as an abundance of water
which then resulted in reduced layer cohesion, increased load, and the absence of strong
bulkheads to stop them [3]. Resistivity values at 10.3-40 clays and sandstones that
experience rainwater intrusion. Massive sandstone and claystone layers with a resistivity
value of 40-70 m [14],

To identify possible landslide triggering events is to identify using rainfall ('], If the rain
continues in the Waru sub-district, the water contained in the soil will continue to increase
and one day it becomes saturated with water, so that the holding capacity of the soil
decreases, as a result, the land shifts and moves in the direction of the slope. Water that
accumulates from high rainfall results in unbalanced cracks. If the cracks accumulate by
water, it will be very dangerous because the load will get heavier below the surface which
at any time can trigger landslides . Three landslide susceptibility zones, namely low,
high, and very high landslide susceptibility, have been described, landslide zones that
result in very high landslide vulnerability due to rainfall ['¢]. Shallow landslides due to rain
are the main landslide type occurring on the natural plains of Hong Kong due to the high
seasonal rainfall and the soil profile that is resistant to deep weather ['7). The number of
cracks on line 1 is in a stretch of 60 meters 450 meters totaling 10 cracks. On line 2 there
is a stretch of 40 meters-320 meters as many as 9 cracks. On line 3, there are 5 cracks in
the 50-260 meter stretch. On line 4 there is a stretch of 30 meters-310 meters as many as 8
cracks.

The results of the compressive test on the cracks zone were carried out to determine how
long the cracks withstand rainwater. The way to do a pressure test is to take samples in the
4 lines with a variation of 3 samples. The results of the cracks can be seen in Table 1.

Table 1.The results of the compressive strength test on cracks

No Line Cracks Cracks Thickness = Depth of Cracks Cracks Compressive

Number (Meter) (Meters) Strength Test (MPa)
1 Cracks 6 32 2,5-18,5 21,4
2 Line 1 Cracks 8 2,8 8,5-17,6 26,9
3 Cracks 9 6,1 9,3-22,7 22,6
4 Cracks 1 10,7 2,3-20,9 18,3
5 Line 2 Cracks 4 4,9 1,9-10,4 37,3
6 Cracks 5 17,6 5,7-17,9 20,7
7 Cracks 1 15,3 7,8-19,4 34,8
8 Line 3 Cracks 3 8,5 8,3-20,7 25,8
9 Cracks 4 14,2 3,9-12,1 29,3
10 Cracks 1 11,8 3,5-14,7 16,2
11 Line 4 Cracks 5 7,4 1,8-11,3 27,5

12 Cracks 8 11,3 2,9-23,1 31,7
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From the results of 3 samples of compressive strength test on line 1, the weak are cracks
number 6 with a compressive strength value of 21.4 MPa and cracks number 8 the
strongest with a compressive strength value of 26.9 MPa, On line 2 the weakest cracks are
number 1 with a compressive strength value of 18.3 MPa and cracks number 4 is the
strongest with a value compressive strength 37.3 MPa, weak line 3 is cracks number 3
with a compressive strength value of 25.8 MPa and crack number 1 is the strongest with a
compressive strength value 34.8 MPa, line 4 is weak is cracks number 1 with a strong
value the pressure is 16.2 MPa and cracks number 8 is the strongest with a compressive
strength value of 31.7 MPa. This result was due to a decrease in the number of pores filled
with water and an increase in the pores that were not filled with water. The MIP test shows
that the volume and number of large pores decrease, and the volume and number of small
pores increases along with the increase in nano-silica content, this is due to an increase in
compressive strength [18],
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Figure 3. Comparison of compressive strength on cracks

Comparison of all paths in the compressive strength test is line 4 cracks 1 the lowest and
line 2 cracks 4 the highest, the lower the compressive test, the faster landslides will occur
(Figure 3), this happens because of water in the cracks, the number of cracks cavity and
the density of the cracks. The decrease in compressive strength is strongly influenced by
the ratio of the volume of water in the cracks. The higher the volume of water, the less the
mass of cracks that can withstand the landslide rate. This results in reduced adhesion
between the cracks holding layers. The decrease in compressive strength was also caused
by the varying shape of the cracks which caused water to enter more freely, thus affecting
the adhesion and power interlocking between the cracks holding layers.

CONCLUSION

Line 1 has 10 cracks, line 2 has 9 cracks, line 3 has 5 cracks, line 4 has 8 cracks. The more
cracks, the higher the intensity of landslides, so for this study the landslide-prone zone is
located on the line 1 stretch with a cross between the upper and lower soil layers. These
rock crosses are rocks from the weathering of quartz rock into sandstone and clay-
limestone.

The results of the low compressive strength test resulted in landslides due to the presence
of water in the cracks, the number of cracks cavities, and the density of the cracks, this
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resulted in reduced adhesion between the cracks retaining layers and a decrease in the
number of pores filled with water and increased pores. which has not been filled with
water.
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