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Application of the multilayer soil equivalence method
in determining the normalized parameters of the grounding system

Introduction. Normalized parameters of the grounding system, such as touch voltage and resistance, are critically important for
ensuring electrical safety and reliability of power plants and substations. The complexity of the multi-layered soil structure makes it
difficult to determine mentioned parameters. This is due to the fact that real soils on the territory of energy facilities of Ukraine have
three or more layers, and the specified parameters are determined by software with two-layer calculation models. Therefore, the need to
provide multilayer geoelectric structures into equivalence two-layer models for practical application is an urgent task. Goal.
Determination of the application limits of the multilayer soils equivalence method based on the calculating results analysis of the
grounding system normalized parameters. Methodology. The study considered a three-layer model for four soil types (A, H, O, K)
common in Ukraine. The calculations were performed using the LiGro sofiware package, which is based on the method of integro-
differential equations, applied to the analytical solution of the problem of the electric field potential of a point current source in a three-
layer conducting half-space. As a criterion for the possibility of applying the equivalence method, a relative error value of 10 % was
chosen when determining the normalized parameters of a grounding system of the given topology and soil type. When determining the
error, the calculation results in the original three-layer soil structure for the given topology of the grounding system were taken as the
true value. The results show that the effectiveness of equivalent technique significantly depends on the type of soil and the area of the
grounding system. In particular, for soil type A, replacing the upper and middle layers with the equivalent first layer (the lower layer
with the second) provides a smaller error in the calculations of the grounding resistance than representing the upper layer as the first,
and the middle and lower layers as the second equivalent layer. At the same time, there is a tendency for the error to decrease with
increasing area of the object: from 225 m’ to 14400 m’, for the first case, the error decreased from —14.6 % to —2.6 %, and for the
second case, it changed from —9.3 % to 14.6 %, respectively. Originality. For the first time, the results of the methodical error evaluation
of the equivalence techniques of multilayered soils of different types when calculating the normalized parameters of grounding system
are presented. Practical value. Determination of the conditions and limits of the use of the equivalence method when calculating the
normalized parameters of grounding system by software complexes can be used in the design of new or reconstruction of existing energy
facilities of Ukraine. References 20, tables 5, figures 4.
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Bcmyn. Hopmosani napamempu 3a3eMuio8aibH020 NPUCMpoOIo, maki AK Hanpyea OOMUKY ma Onip, € KpUMmu4Ho 8adCausumu O
3abe3neyenns enekmpuyHoi 6esneku ma Haoditinocmi pobomu erekmpocmanyiii ma niocmauyin. Crraonicms Oazamowlaposoi
CMPYKMYPU IPYHMY CMBOPIOE NpoONeMu ONsl 8USHAYEHHA 6KA3AHUX napamempis. Lle 06ymoeneno mum, wjo peanvHi IpyHMu Ha
mepumopii enepeoo6 ’ckmie Yxpainu maroms mpu i 6inbiue wapis, a HOPMOBAHT NAPAMEMPYU BUIHAYAIOMbCS NPOZPAMHUMU 3ACOOAMU
3 080WAPOBUMU PO3PAXYHKOBUMU MoOenamu. Tomy HeobXiOHicmb eKgieanrenmy8anisa 6a2amouaposux 2e0ei1eKmpuiHux CmpyKmyp y
o0goulaposi mooeni 0N NPakmuyHo20 3ACMOCY6AHHA € AKMyanbHolo 3adadero. Mema. Busnauenns meosic 3acmocysans memooy
eKGI6aneHmy6ants b6azamowiapogux IPyHMi6 HA OCHOBI AHANIZY pe3YIbmamié pO3PAXYHKY HOPMOGAHUX NAPAMEmpi6
3a3eMma08anbH020 npucmpoio. Memoodonozia. Y 0ocniodicenni po3ianymo mpumapogy mMooes 0id Homupbox munie ipynmy (4, H,
0O, K), nowupenux ¢ Yxpaini. Po3paxynku 6UKOHAHO 3a 0ONOMO2010 Npocpamuozo komniexcy LiGro, axui 6azyemuvcsa Ha memooi
iHmezpo-oupepeHyitinux pigHsHb, 3ACMOCOBAHOMY O/l AHANIMUYHO2O GUPIUEHHS 3a0a4i Npo NOMEHYIal eNeKMmpPUYHO2O MO
MouK06020 Odicepeia CmMpymy 6 MmpUuuiapo8oMy NpoGiOHOMY Hanienpocmopi. B axocmi xkpumepiio MOMCIUBOCMI 3ACMOCYBANHS
Memooy eKei6aneHmysants 00pano eeruyny 6iOHOCHOI noxubku 6 10 % npu eusHavyenni HOPMOBAHUX NAPAMEMPIE 3A3eMI0E8ATLHO20
npucmpoio 3adanoi mononocii ma muny rpyumy. Ilpu eusnauenni noxubKu 3a icmunHe 3HAYEHHS NPUUMATUCL De3YTbmamu
PO3PAXYHKY y GUXIOHIL MPUWLaposii. cmpykmypi Ipynmy Oas 3a0anoi mononozii 3azemniosanshozo npucmpoio. Pesynsmamu
O0eMOHCIMPYIOmb, WO epeKmusHicmy Memody eK6I8ANIeHMYSAHHA CYMMEBD 3ANEHCUMb i0 Mumny IpYHmy md HAOWi cucmemu
3asemnenus. 30kpema, Ona Ipyumy muny A 3aMina 6epXHbO20 Ma CEPEOHbO20 WAPY eKBIBANEHIMHUM NEPUUM WAPOM (HUIHCHLOLO —
opyeum), 3abe3neuye menuty nOXUOKY po3paxyHKie onopy 3a3emienis, Hidc npedCmasnents epXHbo20 Wapy 6 IKOCmi Nepuiozo, a
cepeoHbo20 ma HUNCHL020 — Opy2020. Ilpu yvomy cnocmepicacmuvcs menoenyis 00 3meHwenHs noxuoku 6io —14,6 % oo —2,6 % 3i
spocmannam niowi 06’ekmy 6i0 225 m> 0o 14400 r’. Opuzinanvnicms. Bnepuie npedcmaeneno pesyibmamu oyinKu noxXubKu
Memooy eK6i8aneHmysants 6azamowaposux IPyHmie PisHUX Munie npu po3paxyHKy HOPMOBAHUX NAPAMEMpIE 3a3eMII0BANbHUX
npucmpois. Ilpakmuuna yinnicms. Busnauennss ymoe ma medc 3aCmocy8anHs Memooy eK8i8aneHmy6aHHs Npu pPO3PAXYHKY
HOPMOBAHUX NAPAMEMPIE 3a3eMNI08ATNLHUX NPUCMPOI8 NPOZPAMHUMU KOMIIEKCAMU MOdice OYMU GUKOPUCMANO NPU NPOEKMYBAHHI
HOBUX abO peKoHCmpPYKYii ichylouux enep2ood ‘ckmie Ykpainu. bibmn. 20, Tabun. 5, puc. 4.

Kniouoei cnosa: 3a3eM/Il0BaIbHMIA PUCTPIiii, HANPYTa J0THKY, ONip 323eMJII0BAJIbHOTO MPHCTPOI0, METO/ eKBiBAJICHTYBAHHS,
0araTomapoBHii IpyHT.

Introduction. Calculation of the normalized
parameters of grounding devices (GDs) of power plants
and substations, namely GD resistance, GD voltage and
touch voltage, is an important scientific and practical task
both from the point of view of designing new energy
facilities [1-3] and operating existing ones [4]. The initial
data for performing such calculations are the single-phase
ground fault current, the operating time of the main and
backup protection, GD topology [5], the material and
cross-section of the grounding conductors, the resistance
of the base [6] and the electrophysical characteristics of

the soil [7]. The latter factor is practically independent of
human influence and cannot be changed during operation.

In common software packages for modelling
electromagnetic processes in GDs [8—13], a two-layer soil
model with a separation boundary parallel to the ground
surface is used. Based on the fact that, according to the
results of the analysis of 612 soundings, more than 80 %
of soils in the locations of energy facilities in Ukraine
have three or more layers [7], there is a need to reduce the
existing structure to a two-layer one. Usually, the
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equivalence method is used for this [12—18]. Its idea is
that a model with such characteristics of the geoelectric
structure of the earth is considered equivalent, under
which the grounding conductor will have the same values
of electrical parameters as in the original multilayer
structure.

To reduce the multilayer geoelectric structure to
equivalent, the total transverse (normal) and longitudinal
(tangential) conductivities are determined when currents
flow in the corresponding directions in a rectangular soil
column of height 4y, with a base in the form of a square
with a side of a known size (for example, a = 1 m).
The expressions for determining the equivalent resistivity
pe (1) and the equivalent layer thickness /. (2) have the
form [7, 14, 15]:

Pe = i(hi'pi)x[iﬁJ_ ) )

i=1 i=1 Pi

he= |3 (- pr)x Y-, )
i=1 i=1 Pi

where p; and #; are the resistivity and thickness of the i-th

layer, m is the number of equivalent layers.

In general, three methods (see section 2.3.2 [3]) of
applying the equivalence method [7] have become
widespread in practice:

1. Method No. 1 — the upper layer of a real
geoelectric structure is considered as the first layer of an
equivalent two-layer one, and the following layers are
equivalent to the second (it is believed that this method
allows to determine the potential distribution on the soil
surface and the touch voltage with the smallest errors).

2. Method No. 2 — all upper layers of the real
structure are represented as the first layer of an equivalent
geoelectric structure, and the lower one is the second
layer (this method is usually used when calculating the
resistance and potential on the ground).

3. Method No. 3 — all upper layers of the real
structure before the grounding conductor and additional
0.1-0.2 m are represented as the first layer of the
equivalent geoelectric structure, and the lower ones (or
those that are lower relative to the grounding conductor
elements, other layers) are represented as the second
layer.

The first and second methods are obtained on the
basis of the physical meaning of the normalized
parameters: the ratio of the specific electrical resistance p
of the upper layers has the greatest influence on the value
of the potential on the soil surface, and therefore on the
touch (step) voltage, and the resistance and potential on
the grounding conductor are more influenced by p of the
layer in which the grounding conductor is located (see
section 2.3.2 [3]). The third method has been practically
applied in the Research and Design Institute «Molniya» of
NTU «KhPI» on the basis of numerical calculations and
comparison of experimental and calculated values.

However, in [9—15] there are no visual information
and analytical and statistical data that would allow
assessing the general impact of the equivalence of
different types of soil (A, H, Q, K) on the results of
calculating the normalized parameters. The results

obtained in [4] can be considered only a preliminary
analysis for a GD 5x5 m’ area and insufficient for
practical use.

Considering that the specified parameters affect the
electrical safety of station and substation service
personnel, as well as the reliability of equipment
operation, relay protection systems and telemechanics, the
study of such an impact to increase the accuracy of their
determination is a relevant task.

The goal of the work is to determine the limits of
application of the method of equivalence of multilayer
soils based on the analysis of the results of calculating the
normalized parameters of the grounding device.

Research materials. Considering that in Ukraine, in
the locations of energy facilities, the vast majority of soils
are three-layered, it is advisable to consider this particular
geoelectric structure and the method of its equivalence. It
is generally known that three-layer soils are divided into
four types based on the ratio of the electrical resistivity of
the layers:

*Q—(p1>p2>p3); * A= (p1<p2<p3);

e H—(p1>p2<p3); e K—(pi<p2>p3).

The analysis of the percentage distribution of the
results of experimental soil sounding studies on the
territory of energy facilities of Ukraine, carried out in [4],
showed that the soil type Q is 44.43 %; A — 0.84 %;
H-31.42%; K—-23.31 %.

To achieve the goal, as a criterion for the limits of
application of the equivalence method, it is proposed to
choose a value of relative error of 10 % (acceptable for
solving practical problems on calculating the soil surface
[6, 8, 11]) when determining the normalized parameters
of the GD of a given topology and soil type. To carry out
the study of the above soil types, the LiGro software
package was used [17], which allows determining the
normalized parameters of the GD of arbitrary complexity,
located in a three-layer soil. The specified complex was
created on the basis of the method of integro-differential
equations, applied for analytical solution of the problem
of electric field potential of a point current source in a
three-layer conductive half-space, with subsequent
integration of a set of point current sources in the form of
an arbitrarily oriented grounding conductor.

To perform the calculations, three variants of the GD
with the size of 15x15 m’, 45x45 m’ and 120x120 m’
were used. The cell size in all cases is 3x3 m’ (see
Tables 1 — 4). A rod made of hot-rolled steel BSt3SP
(Fe37-3FN) with diameter of 14 mm with the
corresponding electromagnetic characteristics was chosen
as the grounding conductor. The grounding conductor is
located at a depth of 0.5 m, which meets the requirements
of the regulatory document [19].

According to [7], it is advisable to consider the
values at the ratio p*= pi/p; in the range [0.01; 10],
which allows to cover 99.9 % of three-layer soils of
Ukraine in the locations of operating energy facilities [4].
According to [4], the thickness of the layers is within
hy € [0.02; 10] m for the first layer and 4, € [0.01; 35] m
for the second one. To perform a qualitative analysis, the
average value of #; and h, was chosen [7]. The
parameters of the considered initial three-layer and
equivalent two-layer soil models are given in Table 1 — 4.
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In this case, the average statistical values obtained in [7]
are taken as the initial soil model. The equivalent two-
layer ones are obtained using (1) and (2).

Table 3
Results of calculation of the parameters of the GD for soil type Q

Equivalent model by method:

Parameter | Original model
When performing calculations, it is assumed that the No. 1 No. 2 No. 3
resistance of the base is 100 Q [3], and the current of a p1, Qm 1000 1000 155,54 1000
single-phase fault to the ground is 10 kA. The calculation hy, m 0.8 0.8 8,7 0,6
of the touch voltage was performed at the center (U,.) and pa, Qm 100 17.5 10 19,6
at the edge (Uy) of the grounding conductor (see hy, m 6,3
Tables 1 —4). The resistance of the GD (R) and the voltage p3 m 10 5
on the GD (Ug) were also determined. The calculation GD 15x15 m
. . Ue., V 23800 24810 2953 16380
results (values of U,., Uy, Rg and Ug) for a given grounding R O 431 377 289 253
system located in soil type A are given in Table 1. Uo V 43120 37660 28920 25330
Table 1 Uy, V 26810 25850 4793 17570
Results of calculation of the parameters of the GD for soil type A GD 45x45 m*
Parameter | Original model Equivalent model by method: Ue V 5494 5437 812,8 530,6
No. 1 No. 2 No. 3 Rg, Q 1,01 0,87 0,62 0,27
p1, Q'm 10 10 64,3 10 Us, V 10040 8657 6203 2680
hy, m 0,79 0,8 8,7 0,6 U, V 6127 5926 1250 935
0y, QO'm 100 570,3 1000 510 GD 120x120 m’
hy, m 5.46 U V 861,5 815 1598 | 4977
s, Om 1000 Rg, Q 0,19 0,18 0,13 0,16
GD 15x15 m® Us, V 1852 1772 1320 1587
Ue, V 91,81 73,43 848,60 92,82 U, V 1082 1095 274,1 874,2
Rg, Q 3,61 3,94 4,13 4,40 Table 4
Us, V 36050,0 39420,0 | 41310,0 | 43990,0 Results of calculation of the parameters of the GD for soil type K
Up V 512,80 548,70 | 2183,00 | 635,60 P . Equivalent model by method:
3 arameter | Original model
GD 45x45 m No. 1 No. 2 No. 3
U,, V 34,77 39,26 111,20 38,41 p1, Q'm 10 10 253,8 10
Rg, Q 2,36 2,29 2,49 2,15 hi, m 0,8 0,8 21,7 0,6
Ug, V 23550,0 22940,0 | 24940,0 | 21540,0 P2, Qm 1000 473 10 47,1
Uy V 243,50 237,60 | 974,10 | 23430 Iy, M 6,3
GD 120x120 m* 3, Qm 10
U, V 30,16 31,15 | 40,16 | 32,11 GD 15x15 m’
Rg, Q 1,45 1,24 1,49 1,24 U, V 84,22 159,20 | 4412,00 193,50
Ug, V 14530,0 12410,0 | 14910,0 | 12400,0 R, Q 2,29 0,95 6,00 1,01
Uy, V 127,70 11620 | 436,30 | 121,60 Us, V 22890,0 9500,0 | 59960,0 | 10090,0
Uy, V 538,70 432,90 | 7935,00 | 478,90
Tables 2—4 show the results of a similar calculation GD 45%x45 m>®
for other soil types. Ue, V 51,27 56,47 | 1056,00 63,57
Table 2 Rg, Q 0,85 0,39 1,54 0,40
Results of calculation of the parameters of the GD for soil type H Us, V 8542,0 3888,0 | 15350,0 4012,0
Parameter | Original model |—£duivalent model by method: Up V 200,80 165,50 | 2372,00 [ 179,00
No. 1 No. 2 No. 3 GD 120%120 m>
p1, Qm 1000 1000 39.4 1000 Ue V 34,37 33,79 | 220,10 34,80
hy, m 0,8 0,8 21,7 0,6 Rg, Q 0,25 0,16 0,34 0,16
p2, Q-m 10 211,5 1000 212,3 Ug, V 2479,0 1626,0 3364,0 1649,0
hy, m 6,3 Uy, V 78,17 76,61 | 536,10 | 80,03
ps, O'm 1000 . .
GD15x15 m? To analyze the data of the calculation experiments,
UV 24770 21300 736,10 | 15860 the error in determining the normalized parameters o
Re. O 4.60 9.08 1,84 8,06 using the equivalence method was considered. The true
Ug, V 46000 90820 18410 | 80580 values were those obtained when calculating using the
Uy, V 25740 28340 1270 22710 model of the GD placed in a three-layer soil. For each of
GD 45x45 m* the normalized parameters and the corresponding soil
U,V 5126 4340,00 | 133,60 | 3225 type, the dependence of the relative error 0 on the GD
R, Q 1,68 2,75 1,08 2,55 area S was constructed.
Us, V 16810 27450 10810 | 25470 Figure 1 shows the specified dependence for soil
Up V 6270 7909 477,10 | 6577 type A. Here, in Fig. l,a, the dotted line indicates the
GD 120x120 m’ family of curves for the touch voltage at the edge of the
Ue V 467,2 594,30 36,92 | 446,2 GD (Uy), and the solid line indicates the touch voltage in
Rg, Q 0,84 0,89 0,72 0,86 the center of the GD (U,.). The designations No. 1 —No. 3
Ug, V 8290 8920 7180 8644 correspond to the methods of equivalence. In Fig. 1,b, the
Un, V 1466 1958 217,30 1704 solid curves correspond to the dependence J(S) for the
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GD resistance (R;), and the dotted lines indicate the
voltage on the GD (Ug).
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Fig. 1. Error in determining normalized parameters depending
on the area of the GD and the method of equivalence of soil type A:
a — solid curve — U,.; dotted curve — Uy;

b — solid curve — Rg; dotted curve — Ug

It should be noted that the error of more than 300 %
is not shown in the graph. According to the results of
modeling for soil type A, we see confirmation of the
initial hypothesis — method No. 2 is quite effective for
calculating the voltage on the GD and the GD resistance
(the error decreases with increasing area), and methods
No. 1 and No. 3 show a sufficiently high accuracy in
determining the touch voltage. At the same time, in the
center of the GD, method No. 3 shows the best results
(error up to —10.5 %), and at the edge of the GD — method
No. 1 (error up to 9 %).

Figure 2 shows similar calculation results for soil
type H.

According to the results of modeling for soil type H,
we see that the error in calculating the touch voltage in
the center and at the edge of the GD lies in the range from
—27 % to 15 % (equivalence methods No. 1 and No. 3).
However, it is practically impossible to identify a specific
range of application for them. For the specified type of
soil, the use of the equivalence method for calculating the
voltage on the GD and the GD resistance is not
recommended, although the tendency for the error to
decrease with increasing area remains. At the same time,
contrary to the established opinion, methods No. 1 and
No. 3 have the smallest error (for them, the absolute value
of the error decreases from —97 % to —6 % and from
=75 % to —4 %, respectively). However, in the future, it is
necessary to additionally investigate their behavior with
an increase in the RP area.

Figure 3 shows similar calculation results for soil
type Q. The symbols are similar to Fig. 1.

According to the modeling results for soil type Q,
we see that only method No. 1 can be used to calculate
the touch voltage in the center and at the edge of the GD
(the error lies in the range from —4.2 % to 5.6 %), the
voltage on the GD and the GD resistance (the error is
from 22 % to 4.3 %).

120 0% Nod — ol
100 == e N2
&0 N e e B B et Ne3
No2 = = Neil
60
Ne3 = = N2
40 Type H
=TT @ - = Ne3
20 J‘m\\
S~ P
0 =< e Ne3
o O == 000" —Nmau“\_ 15000
— e e s e — O,
==
. o
80 9, % Nel
60 \ — o2
Ne2
Ne3
40 \\\
20 - = Nol
0 No3 - Ne2
% 5000 \ 100 15000 — — No3
) S, m
-40 /
= [Type H]
-0 7 / Nol
-100

-120
Fig. 2. Error in determining normalized parameters depending
on the area of the GD and the method of equivalence of soil type H:
a — solid curve — U,; dotted curve — Uy;

b — solid curve — R; dotted curve — Ug
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Fig. 3. Error in determining normalized parameters depending
on the area of the GD and the method of equivalence of soil type Q:
a — solid curve — U,; dotted curve — Uy,

b —solid curve — Rg; dotted curve — Ug
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Figure 4 shows similar calculation results for soil
type K. The symbols are similar to Fig. 1. In Fig. 4,a,
method No. 2 is not shown, since it gives an error of more
than =500 %.

According to the simulation results for soil type K, we
see that the equivalence methods No. 1 and No. 3 can be
used to calculate the touch voltage in the center and at the
edge of the foundation, respectively, with area of less than
2000 m” (the error lies in the range from —10 % to 15 %).
The use of the equivalence method for calculating the
voltage on the foundation and the foundation resistance is
not recommended, although the tendency for the error to
decrease with increasing area is also preserved.
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Fig. 4. Error in determining normalized parameters depending
on the area of the GD and the method of equivalence of soil type K:
a — solid curve — U,; dotted curve — Uy,

b — solid curve — Rg; dotted curve — Uy

According to the results of the analysis of Fig. 1 — 4,
we can form the following algorithm for choosing an
equivalence method for calculating a certain normalized
parameter of the GD depending on the type of soil (see
Table 5). The principle of forming Table 5 was as
follows: if for a certain type of soil when calculating one
of the normalized parameters the condition

|0|< 10 % 3)
is achieved, then the number of the corresponding
equivalence method is indicated and it is recognized as
acceptable for use.

If there are certain restrictions on the area of the GD for
which condition (3) is achieved, then the method is accepted
as conditionally acceptable, and the restrictions are given in
the note. If condition (3) is not met, then the method is
considered unacceptable, and Table 5 indicates «—».

The application of the proposed algorithm for
selecting the equivalence method is considered on the
example in Appendix 1.

Table 5
Recommendations for the algorithm for choosing
the equivalence method

Soil type / GD parameter U, Uu Rg Ug
Type A (91 < p2< ) 3 1| 2* | ¢
Type H (p1> pr <p3) - - - -
Type Q (p1 > pr > p3) 1 1 - -
Type K (o< > > p3) TR IR I

Note: * — permissible at S > 1000 m’;
** _ permissible at S > 2000 m>.

Conclusions.

1. Based on a series of calculation experiments and
analysis of the obtained values of the normalized
parameters of the grounding device, it was established:

— for soil type A, methods No. 1 (the upper layer of
the real geoelectric structure — the first layer of the
equivalent two-layer, and the following layers are
equivalent to the second) and No. 3 (all the upper layers of
the real structure to the GD and an additional 0.1-0.2 m —
the first layer of the equivalent structure, and the following
ones — the second layer) can be used to determine the touch
voltage, where method No. 3 is better for the center of the
GD (error up to —10.5 %), and method No. 1 is better for
the edge of the GD (error up to 9 %). Method No. 2 (the
upper layers of the real structure — the first layer of the
equivalent structure, and the lower one — the second layer)
for calculating the voltage and resistance of the GD is
allowed to be used for areas over 1000 m?;

— for soil type H, none of the equivalence methods
allows for a calculation with error of less than 10 %;

— for soil types Q and K, the equivalence method can
be used only for calculating the touch voltage. In this
case, for Q, the equivalence method No. 1 should be used
(error from —4.2 % to 5.6 %). For type K, method No. 1 is
better for the center of the GD, and method No. 3 is better
for the edge of the GD with area of over 2000 m>.

2. Regardless of the soil type, when determining the
GD resistance and the GD voltage, in all cases there is a
decrease in the error with increase in the GD area, which
indicates the possibility of improving the accuracy of
calculations for objects with area of over 10,000 m®.

3. Based on the analysis of the modelling results, an
algorithm for selecting the equivalence method for
calculating a certain normalized GD parameter depending
on the soil type was formed. The relative error within
+10 % was chosen as the acceptance criterion. At the
same time, depending on the soil type and the GD
parameter being determined, the methods are divided into
acceptable, unacceptable and conditionally acceptable
(taking into account the limitation on the GD area).

4. Considering that a full calculation of all
normalized parameters using the equivalence method can
be performed only for soil type A, it is most advisable to
use software packages that allow taking into account the
three-layer structure of the soil in the process of
determining the normalized GD parameters.

APPENDIX 1
An example of applying the proposed algorithm for
selecting the equivalence method. The initial object has a size
of 120x65 m” with depth of the soil location of 0,6 m. Soil
parameters: p; = 53,9 Qm; p, = 117 Qm; p; = 12,3 Qm;
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hy=1,2 m; hy = 12,3 m. Accordingly, the soil is located in
the first layer.

The given soil parameters correspond to soil type K,
and the area of the soil is 7800 m* and meets the condition
S > 2000 m”. Therefore, to determine the touch voltage in
the center of the GD (U,.), one should use the equivalence
method No. 1 according to expressions (1) and (2),
according to the results of which the parameters of the
equivalent model will be: p;, = 53,9 Q:m; p,, =32,18 Q-m;
hi. = 1,2 m. To determine the touch voltage at the edge of
the GD (Uy) using the equivalence method No. 3:
Pre = 53,9 Q-m; py, = 32,32 Q'm; hy, = 0,8 m. In case of
need to determine the voltage on the GD and the GD
resistance, one should use a three-layer soil model.
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