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Experimental Investigation of the Electrical Parameters o
the Soil for the Purpose of the Grounding System Desigr
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Abstract —The aim of the paper is to propose a mathematical The measurements of the electrical characteri&j¢s, Co
equation, describing the influence of the electromagnetic field" for each of the samples, having different moisture contents, are
frequgr)cy on the specmc voIlume re5|st|\{|ty and the dielectric mgde with the device Precision Impedance Analyzers 65008
permittivity of multilayer soil. To obtain the dependence gariag shown in Fig.1. The analyzer can measure directly the
experimental studies have been done in the electrical power . o5 of the resistance and the capacitance of the samples and
substation construction area. o pe .

after that the specific volume resistivity and the relative

Keywords — Specific volume resistivity, Relative dielectric ~dielectric permittivitye; can be calculated using formulas.

permittivity, Multilayer soil

. INTRODUCTION

There are not many data for the specific volume resispivity
and the relative dielectric permittivity of the soil at different
frequenciesf of the electromagnetic field, arising due to a
lightning current. Data for frequency of %{z can be found
more frequently. Since the specific volume resistance directly
affects the grounding resistance, it is necessary to detepmine
depending on the frequency of the flowing through the
grounding rod current. Such research has been done and  Fig. 1. Precision Impedance Analyzers 6500B Series
published by the authors [1], but for the significantly narrower
frequency range from 1Rz to 100kHz A direct lightning The device can measure the following parameters
stroke over an object leads an impulse current to flow througbpacitance C; inductancel; resistanceR; reactancelX;
the grounding elements and high frequency processes devetepductance G; dissipation factorD; quality factor Q,
in the soil area around them. The specific volume resistivity ailfipedanceZ; admittancey; phase anglé. The total frequency
the relative dielectric permittivity of the soil depend on thosgange is from 28z up to SVIHz. The speed of measurement for
processes. The precise determination of the electriaik used frequency fromKHz to 1000kHz is from 60msto
characteristics of the sgil ande; is necessary to establish a250ms(in the Meter Mode) and from 68sto 190ms(in the
correct model of the grounding system for the study of the waygalysis Mod¢. The measurement accuracy is up to 0, 05%,
processes. and the dissipation coefficient has accuracy up to 0, 0005%.

In Section Il the experiment equipment is described and theFor each sample the analyzer allows rapid and accurate
mathematical equations for data processing are given. fieasurements of a certain number of valueR, & Co, Z and
Section lIl, the experimental results and the analyses dapeat different frequencies.
presented. The concluding remarks are given in Section IV.  The samples are placed in a suitable sensor (Fig. 2), which is

a flat capacitor with circular copper plates with a diameter of
Il. EXPERIMENT DESCRIPTION 3?,78mm and dig;tance_ between them 4&yin (other sensors.
with different dimensions can be used). The surrounding
. . surface is made from plexiglass, because of its great resistance.

Samples of the soil from the area where an electrical powger he t f the sensor there is a sprind so that the samole is
substation will be constructed have been taken. The samp egdt etopo hanical pring hi d P
were taken from depths Om and 0.8m, as well as from the under a constant mechanical pressure. This provides a
soil surface. The values of the specific volume resistivity ang'Mmum presence of air in the test soil.
the dielectric permittivity have been measured for wet and dry
soils, as well as for the loose and the pressed soils.
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The analyzer measures the resistaRgcef the soil sample. m-m,
Using the measured value Bf the specific volume resistivity ¢ =——-+=.100% ()
can be calculated: m,

RS wherem is the mass of the wet sampfg; is the mass of the
pv =, Qm (1)
h same dry sample.

) ) The differencem- mp is exactly the mass of the water into
whereR, — volume resistance of the soil sam@leS— surface e sample.

of the electrodey?; h— thickness of the soil sample. The drying at the samples is carried out by a special

The specific volume resistivity can be calculated aftemethodology - Gravimetric method [3]. The mass m of the wet
measurement of the parametérandD and using following material is measured. Then the sample is placed in an oven at

formula [2, 5]: about 126C to dry for an hour or two. After that they are placed
into a desiccator for about an hour to reach the thermal
D = CLCR/ (2)  equilibrium. The mass #of the dried sample is measured. By
formula (7) is calculated the humidity. For greater accuracy
whereqw = 27.f should be used electronic scales for measuring of the mass.
The measurements are carried out at different densities of the
D soil, which are calculated using the following formulae:
= 3
R 2nfC ) y = m kd ®)
The dielectric permittivity of the soil can be determined V[rTf]
using the dielectric measurement method [3], which is the most _
appropriate for granulated materials. This method measures the V =Sh ©)
capacityC of the capacitor with a dielectric between the plates )
(the soil sample) and the capacity of the air capadior S= 4 (10)
(without soil between the plates). The alteration of values of the 4

dielectric (the soil sample) parameters at different frequencies ) .
of the electric field is observed. Under the influence of th&here m—mass of the soil sample;— volume of the soil in
electric field the dielectric polarizes itself and its dielectriéh® sensorsS — surface of the electrodd;— diameter of the
permittivity can be measured by measuring the capacitancefictrodeh — thickness of the sample.

different frequencies of the alternating current.

The capacitance of the flat vacuum capacitor is: The obtained from measurements results are processed by

the computer program Grafer [4]. This is a mathematical

S program for processing of the experimental results. The
Co =& — (4) program has an option to draw a theoretical curve by the
h experimental results and to give the best mathematical function

describing the experimental curve as well as the coefficient of

Where.&:l' . . determination, which shows how the approximated (theoretical)
The capacitance of the same capacitor when there is;@ve is close to the experimental.

dielectric (the soil sample) with relative dielectric permittivity

£ between the electrodes is: The resultant mathematical expression of the dependencies

of the specific volume resistivity and the relative permittivity
from the frequency (from BHzto 1000kH2) of the electric field
S (5) can be used for different humidity and density of the samples.

c= £r£0F This equation can be used in the calculation of the specific
volume resistance of the soil and the grounding resistance value
whereeo= 8,85 .10 F/m; S=2374,6.16nY. at a specific frequency.

Then the relative dielectric permittivity of the soil sample is:

C

& :C_ Measurements for investigation of the dependence of the
0 (6) specific volume resistivity and the dielectric permittivity from

the frequency in the range KHz to 1000kHz at different
The formula (6) allows, after measurement of the tWHumidity and density of the samples were made.
capacitances, to determine the relative dielectric permittivity of

the soil sample between the electrodes of the sensor. PheDependence of the specific volume resistivity of wet

relative dielectric permittivity is determined at different soil ~ Pressedy, = 1239,8 kg / f) soil samples from the

humidity. frequency of the electric field at a depth of 0.4 m.
The humidity of the samplag is evaluated by the relative

content of the water into them [2, 3]:

[ll. EXPERIMENTAL RESULTS
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Figure 3 presents the results from the fulfilled test ——— Experimental curve
Theoretical curve

measurements of wet pressed soil samples. 160 —

=== Experimental curve
Theoretical curve

Relative permittivityer

0 200 400 600 800 1000
Frequency, kHz

Fig.4. Relative permittivityr of wet pressed soil from point
Ne2 at a depth of 0.4 m versus the freque

Specific volume resistivitpyv, am

In this case the curve is examined in several sections —

0 200 400 600 800 1000

Frequency, kHz Fig'5+7'
Fig.3. Specific volume resistivifyy of wet pressed soil from
point Nel at a depth of 0.4 m versus the frequency )
& R === [Experimental curve
For the results the following equation is processed by Grafer: %‘ | Theoretical curve
£ i
Y =-10,25159429 In(X) + 108,2316067 S e
o
The coefficient of determination, R-squared = 0,914924. g .
8 .
The results present that the alteration of the specific volume &
resistivitypy is according to a power decreasing function which i
is confirmed and by other authors [1, 2, 3, 6, 7] for granulated o ‘ ‘

o 100 200 300

materials for different frequency ranges. The high coefficier
of determination 0,914924 shows that the experimental cur
can be described very precisely by the function as:

Frequency, kHz

Fig.5. Relative permittivityr of wet pressed soil from point
No2 at a denth of 0.4 m for the secNel versus thd€reauenc'

f - Equation:Y = -23,32579912 In(X) + 152,4130114
Coef of determination, R-squared = 0,88972

= [Experimental curve

B. Dependence of the relative permittivity of wet presged ( Theoretical curve

= 1207,9 kg/r¥) soil samples from the frequency of the
electric field at a depth of 0.4 m.

The results are shown in Fig. 4

For the results the following equation is processed by Grafer:

Y =-20,17964574 In(X) + 145,8162477

Relative permittivityer

Coef of determination, R-squared = 0,855494.

In most cases, experimental curves, describing the

permittivity dependence on the frequency, get a complex T ‘ 5 ‘ T ‘
character and the Grapher program processes them with | Frequency, kHz
accuracy. Fig.6. Relative permittivity, of wet pressed soil from poihk2 at

a depth of 0.4 m for the sect¥2 versus the frequency
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Equationin(Y) = 0,003628384114 X + 1,175912635

Coef of determination, R-squared = 0,863944 200% ki
- Rosq e - = 100 kHz
20 - = 300 kHz
H 700 kHz
i === Experimental curve 50 - - m900kHz

Theoretical curve
1000 kHz
0 _
om. 0,4Mm. 0,8M. hm

Fig. 9. Dielectric permittivity versus the depth at which the sample
was taken.

IV. CONCLUSION

Relative permittivityer

The dielectric method for measuring the electrical
characteristics of the soil and the received experimental results,
which are confirmed in other studies, give reason to continue
the investigation for other samples - multilayer soils.

The resultant mathematical expression of the dependence of
the specific volume resistivity from the frequency can be used
in the calculation of the resistance of the grounding system for
a specific frequency value.

Equation:In(Y) = -0,005454867346 X + 7,030009011 The_: resul_ting mat_h_er_natical expressions of the dependenc_e of
the dielectric permittivity from the frequency can be used in
Coef of determination, R-squared = 0,930534 calculating the capacitance of the grounding system, which is
necessary to create a model scheme of the installation for the
study of the wave processes in it.

’ \ \
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Frequency, kHz

Fig.7. Relative permittivityr of wet pressed soil from point
No2 at a denth of 0.4 m for the secNe3 versus the

For the three section:

-23,3257991m(X) + 152,4130114;<0X < 306z
Y = In(Y)=0,00362838411X + 1,175912635; BBlz< X< ACKNOWLEDGEMENT
-0,005454867348 + 7,030009011; G6z< X<  1@6Q
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