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Abstract—Grounding system is one of the components in building equipment security. To fulfill the operational continuity of
electronic equipment in Faculty of Engineering, Udayana University, Denpasar, a grounding system with a ground resistance of ≤
3 ohms is required to be installed. The aim of this study is to find out the characteristics of grounding system to secure the
equipment in the building around the research location, with ground resistance of ≤ 3 ohms and it is expected to be beneficial to
use as a reference in grounding system installation as well as. According to the measurement results at the research location, it is
found that the soil resistance value is equal to 0.23 ohms, where the soil resistivity (ρ) is 28.89 Ohm-meters. There are some
results analysis obtained in ground resistance value of ≤ 3 Ohm. Those are 1) grounding system type 1 rod where minimal depth
installation of the electrode is 14 meters with ground resistance value of 2.6751 ohms; 2) grounding system type two rod with s <
L, it is obtained that each depth is 8 meters with distance of 2 meters between electrodes, where the ground resistance value is
2.4940 ohms. In the installation of two electrodes with s > L, it is gained that the depth of each electrode is 6 meters where the
distance between the electrodes is 8 meters and the ground resistance value is 2.8718 ohms. By applying the plates type
grounding system with 3 meters in length, 1 meter in width, and 2 meters in installation depth is gained 2.8431 ohms ground
resistance value. Furthermore, by applying grid type grounding system with 2 meters in length h = 2,5 meters in depth, A = 4
meters in width and the total length of the electrode diameter 1 cm is 504 meters, it is obtained 2.0978 ohms ground resistance
value.
Index Terms— Grounding system, equipment security.

I. INTRODUCTION 1
Grounding system is one of the important factors in the
equipment protection on the electrical power system during
disturbance caused by over current and over voltage. The
grounding system should have the smallest possible ground
resistance value or ≤ 3 ohms as standard requirement for
equipment safeguards. Soil texture is one parameter that
significantly affects the ground resistance value and the
ground resistance stability. Therefore, in this research will
focus on soil resistance value (R) in order to get soil
resistivity value (ρ). Then, that will be applied in order to
analyze and find out grounding systems characteristic, such
as one rod, two rods, plate system, and grid system.
Faculty of Engineering, Udayana University at PB.
Sudirman Street Denpasar with sandy loam soil texture is
chosen as object research since the equipment in this

building often got disturbance due to less optimal works of
its grounding system. Its ground resistance value is 9 Ohms
which is not appropriate as the standard one. The currently
installed grounding system, type one with ground resistance
value around 9 Ohms is still much larger than the allowable
standard of ≤3 ohms. If it is left continuously it will
endanger the existing equipment inside the building
including the surrounding human if at any time there is
disturbance by over current and over voltage.
II. REVIEW OF LITERATURES
A. State of the Art
1. The research of Janardana, to obtain the value of
grounding resistance ≤3 ohms on the soil location of
Faculty of Engineering Unud Denpasar with clay
texture, when using one electrode must be planted with
a minimum depth of 13 meters diameter electrode 1.2
centimeters [1].
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2.

Measurement result of ground resistance in panel
Building A Faculty of Engineering, Udayana
University, PB. Sudirman Street, Denpasar on May
2014 shows that the value of ground resistance is 6
ohms.

B. Grounding System
The grounding system is installed to drain current and
overvoltage to the ground caused by lightning or internal
disturbance of the electrical system, therefore both the
system and human surrounding that area can be protected
from the danger [2], [3], [4], [5].
C. Types of Grounding Electrodes
1) Rod Electrode
The number of rod grown is adjusted to the size of the
required ground resistance value or soil grounding
type[6] .
2) Strip Electrode
This grounding electrode is used in places where it has
high soil resistanceor soil resistivityand rocky and solid
soil conditions.
3) Plate Electrode
It is a grounding elctrode that has plate-shaped and
grown horizontal or vertical with diameter depth from
the center of the surface plate [7].
a. Vertical Installed Electrode Type Grounding System
(Rod Type Grounding System)
This type of grounding system is applied by placing
electrode rods into the ground perpendicularly. Grounding
by installing electrode vertically (rod) is not suitable for
rocky soil or too solid soil. The equation for rod type
grounding is [8] :

R = Ground Resistance (Ω)
= Soil resistivity (Ω-m)
L = Electrode length (Ω)
a = Electrode radius (Ω)
= coefficient of combination
b. Two Perpendicular Electrode Rods into the Ground
Two cylindrical electrode rods, length L which is
installed perpendicular to the ground with the distance
between the two electrodes is S [3].
The formula of soil resistance for two electrode rods
installed perpendicular into the ground is:

………………….(2)
for S > L

10

……………………(3)
for S < L
S: the distance between the two electrodes (meters).
c. Plate Type Grounding System
Plate-shaped electrode is used in this grounding system.
The ground resistance equation of this type grounding
system is [7] :
ohm………(4)

R
W
L
S

= Soil resistivity( ohm – meter )
= Ground resistance (ohm)
= Plate width (cm)
= Plate length (cm)
= Installation depth (m )

d. Grid Type Grounding System
Grounding resistance with grid system can be calculated
using the standard equation of IEEE std 80/2000 as follows
[9], [10] :

Rg
ρ
h
L

= Ground resistance ( Ω )
= Soil resistivity( Ω )
= Conductor installation depth ( m )
= Total conductor length ( m )

D. Soil
a. Soil Resistivity
Soil resistivity value in a finite depth depends on several
factors as follows:
1. Soil type: clay, sandy, rocky and others.
2. Soil layer: layered with different resistance or uniform.
3. Soil moisture.
4. Temperature.
III. RESEARCH METHODS
The research was conducted at Faculty of Engineering,
Udayana University at PB. Sudirman Street Denpasar from
July to October 2016.
In order to collect the data, there are several measurement
steps which can be presented as following steps:
1) Preparing the components of the Earth Tester gauge to
be used in the measurement
2) Installed 3 auxiliary pegs with 40 centimeters in length
per each peg for the ground surface and one peg also 40
cm in length for the measured peg to obtain the soil
resistivity value according to the measuring instrument
catalog.
3) Installation or connection of cables on each rod with
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the same distance between rods is 20 meters.
4) Connecting the connecting cable to the measuring
equipment terminal (E, Es, S, H).
5) If the cable is fully connected, then do the measurement
by first opening the switch E and Es
6) The measurement is begun by pressing the switch on
the RE upwards.
7) Measurement of soil resistance is done automatically.
8) Entering the measurement results on the soil resistivity
formula, ρ a = 2 π . a . R. Therefore, it will be
obtained the soil resistivity required.
9) The measurement of soil resistivity used as analytical
data is done on the same condition at 8 a.m., 10 a.m.,
12 p.m., 2 p.m., and 4 p.m. during 5 days in the same
location in order to keep the validity of the measured
value. In addition, the measurement is done for 3
months.
The measurement data were analyzed by the calculations
as in equations (1), (2), (3), (4) and (5). Specifically for rod
type one rod and two rod s <L and two rod s> L) was tested
by changing the diameter of rod into 1 cm, 1.2 cm and 1.5
cm. The result of the analysis is to obtain the characteristics
of each type of grounding system.
IV. RESULTS AND DISCUSSION
The soil at Faculty of Engineering, Udayana University at
PB.Sudirman Street Denpasar has loam soil texture to
sandy.
A. The Measurement Results of Soil resistivity
In accordance with the measurement result of 15 times
measurement of soil resistivity, it got 28.89 Ω-meters. That
can be obtained from soil resistance (R), 0.23 and the
distance between the rod electrodes of 20 meters.
TABLE I
RESULT OF SOIL RESISTANCE MEASUREMENTS

No

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Day

I

II

III

Time

8 a.m.
10a.m.
12 p.m.
14p.m.
16 p.m.
8a.m.
10a.m.
12p.m.
14p.m.
16p.m.
8.a.m.
10a.m.
12.p.m.
14p.m.
16.p.m.

Soil
Resistance
Value (R)
(Ω)
0.23
0.23
0.23
0.23
0.23
0.22
0.22
0.22
0.23
0.23
0.22
0.22
0.23
0.23
0.23

Soil
resistivity
(ρ )
(Ω-m)
28.89
28.89
28.89
28.89
28.89
27.63
27.63
27.63
28.89
28.89
27.63
27.63
28.89
28.89
28.89

16
17
18
19
20
21
22
23
24
25

IV

V

11
8.a.m.
10a.m.
12p.m.
14p.m.
16p.m.
08a.m.
10a.m.
12p.m.
14p.m.
14p.m.

0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23

28.89
28.89
28.89
28.89
28.89
28.89
28.89
28.89
28.89
28.89

The soil resistivity used is the results of the largest
measurement values:

s
B. Analysis Results and Discussion
Based on the measurement data obtained on the soil
resistivity, the object research has 28.89 ohm-meters soil
resistivity value. To obtain the ground resistance value ≤ 3Ω
is as follows:
Regarding to the calculation results of each type of
grounding with equations (1), (2), (3), (4) and (5), to obtain
the ground resistance value ≤3 Ohms is as follows [11] :
1) Installation of one electrode rod with 1.2 centimeters
in diameter (electrode radius (a) = 0.006 meters) after
14 meters in depth, it is gained ground resistance value
2.6751 ohms. It has obtained ground resistance value
≤ 3 ohms.
2) Installation of two electrode rods with 1.2 centimeters
in diameter (electrode radius (a) = 0.006 meters) after
8 meters in depth with distance of 2 meters between
the electrodes, 2.4940 ohms is gained as ground
resistance value. It has obtained ground resistance
value ≤ 3 ohms as well as.
3) Installation of two electrode rods with 1.2 centimeters
in diameter (electrode radius (a) = 0.006 meters) after
6 meters in depth with distance of 8 meters between
the electrodes, it is gained ground resistance value
2.8718 ohms. It has obtained ground resistance value
≤ 3 ohms.
4) Installation of plate type grounding system must be
installed with 3 meters in length, 1 meter in width, 2
meters in depth gains 2.8431 ohms of ground
resistance value which has obtained ground resistance
value ≤ 3 ohms.
5) Installation of grid type grounding system must be
installed with total length of the electrode 504 meters,
2.5 meters in depth and 4 meters width gains 2.0978
ohms of ground resistance value (≤ 3 ohms).
The choice of grounding / installation of grounding type
of the five types in the analysis and based on the
characteristics of the analysis results of each grounding
shall be adjusted to the available area. The installation
process of grounding system requires extensive space for
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excavation and drilling as well as measurement of results.
The type one rod and two rod grounding systems can still be
installed in narrow locations, whereas the plate and the grid
types of grounding system requires a wider land area.
V. CONCLUSION
In accordance with the data analysis, it can be concluded
that in sandy loam soil, in order to gain ≤ 3 ohms of ground
resistance value, type one requires 14 meters in depth, type
two rod S>L requires at least 8 meters in depth with the
distance between the electrodes is 2 meters, type two rod
S>L requires at least 6 meters in depth with the distance
between the electrodes is 8 meters, plate type grounding
requires plate 3 x 1 meter in size and finally the grid type
requires 504 meters in total length, 2.5 meters in depth. The
choice of grounding / installation of grounding type of the
five types in the analysis and based on the characteristics of
the analysis results of each grounding shall be adjusted to
the available area. The type one rod and two rod grounding
systems can still be installed in narrow locations, whereas
the plate and the grid types of grounding system requires a
wider land area.
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