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Geoelectric method was applied in geophysical research to know the
relationship between resistivity with soil strength based on geoelectric data has
been conducted at Cassa Villa Jimbaran, Badung, Bali. The study lies in the
position of 8°46'50,6" LS and 115°10'02,6" BT. The data was collected by
injecting an electric current inside the Earth's surface using a Wenner
configuration with a path length 148.8 meters. The data was processed using
SiberTool Software to export *.d2d to *.dat file. Therefore, it can be read by
Res2dinv software. The further data was processed using Res2dinv for data
inversion. Thus, it was able to show the contour of cross-section of the
trajectory. The research result was obtained resistivity value at position 51.15
was 6, 40 - 11, 98 Qm. The data of the soil strength was applied Standard
Penetration Test (SPT) method by drilling and taking soil samples then testing
in the laboratory. The soil sample was taken at position 51.15. The soil strength
test result was obtained about 6 - 5, 3 [kg/cm)]"2 at a depth of 0, 58 - 20, 0
meters. The two magnitudes were analyzed to find the relationship in the form
of the two poly nomialorde y=-60,811 x"2+1433,4 x-8442,4 with correlation
coefficient value 0, 9799. It means there was a correlation between resistivity
values with soil strength. It is as well as to define the soil strength value can be
reviewed based on resistivity especially limestone soil.
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1. Introduction

The knowledge of the soil strength is needed in the design of a building e.g., house, dam, and highway
road. The investigation of the land forces becomes imperative prior to development. The soil strength can
be defined as ground resistance to fracture by shear stress, or to deformation by compression stresses. It
determines the bearing capacity of the soil against any existing building on it. It is affected by soil type
(rock), moisture content, bulk density or pore size distribution, porosity, and particle size distribution
[1,2]. The various methods are used to determine the soil strength i.e, Standard Penetration Test (SPT),
Dutch Cone Penetrometer Test (DCPT), and drilling. All methods cost are more than the electric-based
investigation [1].

Electrical soil-based investigations have recently received important attention. This method costs less
than conventional methods and does not damage the environment. The method result is a resistivity value.
The resistivity and soil strength values are affected by porosity, ion content in material, mineral
composition, density, saturation level [1,2,8]. The similarity of the soil variables with electrical resistivity
seems interesting to do a research between resistivity with soil strength. Therefore, it will be looked for a
relationship between resistivity with soil strength. The resistivity data were obtained based on geoelectric
method, the soil strength data was obtained based on drilling result. However, to be noticed is the
presence of the seawater intrusion in the study area. In the case of seawater intrusion, the relationship
between resistivity and soil strength can not be interpreted [2,9]. The relationship between resistivity and
soil strength is still rare [2]. This research location was at Cassa Villa Jimbaran Bali.

2. Research Methods
Field Research
2.1 Soil Resistivity Research
Soil resistivity research is applied a geoelectric method. It is one of the geophysics that studies the
nature of the electricity flow in the soil by injecting the electric current (I) into the soil and measuring the
potential difference (V) that is generated. Inverted electric is electric current with the low frequency
[3,10]. The schematic measurement of the geoelectric method can be seen in the following figure [4, 5]:
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Figure 1. Schematic of geoelectric method measurement

The relationship between the measured current strength (I) with the potential difference that is generated
(V) resulting rock resistivity (p) can be written [6,7]:

Wherein, (K) is (I) ie, the strength of the injected current and (V) is the potential difference, (p) is
resistivity. The resistivity of the calculation results is an apparent resistivity. To obtain real resistivity, (p)
data is needed to be analyzed with Res2divn program.

2.2 Process of Data collection

Data collection is applied SkillPro resistivity tool. Regarding Werner configuration, therefore, the
placement of the electrode along with its displacement is like Figure 2 [5]. The measured physical
quantities are the values of the electric current (I) and the potential difference (V) generated by injection
of an electric current to the soil. After obtaining the measurement data, the data is processed with
Res2divn program. The result is a cross-sectional resistivity contour.

: Station 24
ql 3a Pll 3a P'; 5a G

f

Station 14
C%Mf Direction of Measurement
e b
1
C, P, P, C; Elethod Number

lg2a 324 5 6 7 8 9 10 11 12 13 14 15 16
C ey )

=
]

=
]

=
[}

=
]
L T

o]
=
Il

Figure 2. Data Collection with Wenner Configuration

Results and Analysis
3.1 Result

The results are obtained in accordance with the data collection process i.e., cross-sectional resistivity
contour unlike the Figure 3 below.
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Figure 3. Cross-sectional resistivity contour of a measurement

Regarding the figure of the cross-sectional resistivity contours can be seen that at position 51, 15 meters
indicated by the dotted line, is obtained resistivity data of each depth as follows:

Table 1
Depth resistivity data

No Depth (m) Resistivity (2m)
1 0,58 4,40
2 1,75 4,36
3 2,93 4,43
4 4,12 6,40
5 5,33 10,34
6 6,54 11,34
7 7,77 11,78
8 9,01 11,90
9 10,26 11,94
10 11,53 11,96
11 12,80 11,98
12 14,09 11,98
13 15,40 11,98
14 16,71 11,93
15 18,04 11,85

3.2 Soil Strength Research

The data of the soil strength is collected use Standard Penetration Test (SPT) method by drilling and
taking soil samples, then testing in the laboratory. The soil sample is taken at position 51.15. The soil
strength test results of each depth can be seen in.

Table 2
Strong pressure test result

No Depth (m) Soil Strength Soil Type
(kg/cm?)
1 0,58 3,0 Clay Lanau brownish
2 1,75 5 Rough sandy cadas brownish
3 2,93 3,5 Rough sandy cadas grayish
4 4,12 6 Hard Limestone white whitish
5 5,33 6 Hard Limestone white whitish
6 6,54 6 Hard Limestone brownish white
7 7,77 4,1 Limestone brownish white
8 9,01 3,25 Limestone brownish white
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9 10,26 2,5 Limestone brownish white
10 11,53 2,1 Limestone brownish white
11 12,80 2 Limestone brownish white
12 14,09 1 Limestone brownish white, porous
13 15,40 1 Limestone brownish white, porous
14 16,71 3,1 Limestone brownish white
15 18,04 4 Limestone brownish white

Respecting the observations at the point of drilling generally is a limestone soil, however, there are white
and some are white brown, hard, and porous.

3.3 Relationship between Resistivity with Soil Strength

Based on the above cross-sectional figure at the position of 51, 15 meters has obtained the value of
resistivity, soil strength, and soil types that exist in the study area are predominantly brownish white
limestone soil. Due to the limestone variation, some brownish white limestone is taken to find the
relationship between soil strength and resistivity. The resistivity data and soil strength are taken seven
data that is real and not contaminated with other layers that are at a depth of 7.77 to 18.04 meters. The
election results are shown in Table 3 below.

Table 3
The value of resistivity and soil strength each depth

Resistivity Pressure Strength .
No Depth (m) m) (kg/cm?) Soil Type
1 7,77 11,78 4,1 brownish white Limestone
2 9,01 11,90 3,25 brownish white Limestone
3 10,26 11,94 2,5 brownish white Limestone
4 11,53 11,96 2,1 brownish white Limestone
5 12,80 11,98 2 brownish white Limestone
6 16,71 11,93 3,1 brownish white Limestone
7 18,04 11,85 4 brownish white Limestone

Based on Table 3, it can be graph the correlation between resistivity and soil strength as follows:
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Figure 4. Graph of correlation between resistivity and soil strength
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Based on Figure 4, there is a significant relationship between resistivity and soil strength. Regarding the
graph shows the relationship between resistivity with soil strength in the form of second-order polynomial
y = —60,811 x? + 1433,4 x — 8442,4 with vala ue of corthe relation coefficient (R) is 0, 9799. It means the
existence of posa itive relation between the value of resistivity with soil strength R> 0. If it is viewed from
the value of correlation, the relationship of both data value R close to 1. Thus, it defines that the resistivity
value has a high relationship to soil strength. The value of determination coefficient of 0, 9603 indicates
that soil strength of 96, 03% is determined by resistivity, while the rest of 3, 97% determined other factors
unlike contaminated with other soil types. Therefore, it can be stated the highest soil strength in the
subsurface, the resistivity value decreases or the higher resistivity value in the subsurface, the soil strength
decreases. The relationship of the two magnitudes is in the form of a second order polynomial. Apparently,
the soil strength can be reviewed based on its resistivity especially limestone soil.

4. Conclusion
The conclusion is obtained in the present research:

a) Resistivity value at depth of 4.12 - 18.04 meters at position 51.15 meters with a resistivity value of
5.71 Qm - 9.27 Qm.

b) The value of soil strength obtained is 6 kg/cm? - 2 kg/cm?2 with brownish white soil limestone.

c) There is a significant relationship between resistivity with soil strength in the form of second-order
polynomial y = —60,811 x? + 1433,4 x — 8442,4 with correlation coefficient value (R)is 0,9799.1t
means the value of soil strength can be reviewed based on resistivity value especially limestone soil.
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