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Abstract. When calculating the electrical resistance of the grounding devices of electrical installations, it is necessary
to know the resistivity p of the soil. As you know, resistivity depends on many parameters, including such as density
and type of soil. To determine this dependence, an experimental setup was created, where experiments were carried
out on compaction of various types of soil, teak like loam, sandy loam and sand. Dependences of resistivity are found
on the basis of pilot studies of p soil from its density what allowed specifying dynamics of its change during soil
consolidation from a loosening condition to density of a natural bedding of soil. Experiments have shown that the
statement «the better the soil is rammed, the lower its electrical resistivity» works, but not for all soils. The technique
we propose allows us to determine and build these dependencies, select or refine the worst-case resistivity value
relative to the data of the geological prospecting center for each soil layer, build their graphs of changes over time
to calculate the resistance of ground electrodes and their design. This technique can be used to build dependencies
for other types of soil. The technique can be applied as an additional one to others, but it gives a more accurate
calculation of resistance for complex structures of grounding devices.
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Relevancy

At calculation of electric resistance [1-12] of
earthing devices of electrical installations, it is
necessary to know resistivity o soil that influences
temperature, humidity and degree of compaction
of soil. Before publishing articles [5,6], where
dependence o from temperature and humidity of
the soil received on the basis of indistinct logic and
dependence of temperature of soil on its depth is
presented, o with empirical formulas or directly
through labor consuming measurements was
calculated. These measurements were corrected with
coefficients reflecting seasonal factors. Definition
on [6] appeared more accurate, but also it doesn't
consider change of ¢ depending on soil density. It
is considered, as well as in other cases that soil will
be well stamped and its density thus will reach the
level that has been presented before the instalment
of earthing devices [10-12]. Meanwhile, it is known
that often after installation of grounding devices their
accuracy gets worse compared to the calculated pa-
rameters despite careful observance of technology of
carrying out constructional work. There is data on

EZXJ subsidence of soil that defines temporary intervals

of soil transition to a condition of natural bedding
of soil. For example, it is required at systematically
erected construction of grounding with application
to ram carefully the soil of clay and sand. It requires
approximately 2 to 5 years and 1-2 years with
ramming, and without it roughly 10 to 15 and 2-5
years. Thus, both of the enforced ramming and time
of natural ramming affect the soil density.

Method for determining the electrical resistivity
of the soil. The fact that the more soil is rammed
the less electric resistance it has, that is clear on a
physical level and is common knowledge. However,
the nature of the dependence ¢ soil from its den-
sity for sand, sandy loam and loam, are studied
insufficiently. In this work, these received dependen-
ces on installation, that allow providing necessary
consolidation of samples of a concrete type of soil are
presented. This work also presents measurements of
soil electric conductivity at various degrees of their
density. Installation [13] (figure 1) consists of a pipe
1 in diameter of 11 cm fixed vertically on a frame 2
established on elastic support 3, with the activator
of the fluctuations 4, two internal electrodes 5 and
6, placed in two radial openings 7 executed in an
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Figure 1 — Installation for definition of soil electrical

conductivity

average part of a pipe. The bottom external electrode
8 is established motionlessly in the bottom of a pipe,
and top external 9 — at the top of a pipe, with a clip
possibility to a sample of the soil 10 placed in a pipe,
for example the screw 11. External electrodes are
attached to the power supply 12, and internal - to the
voltmeter 13.

Experiments were carried out as follows: 1) the
sample of soil with known weight of P and humidity
of v was loaded into a pipe with a segment of S,
length of £, and temperature of ¢; 2) it was exposed to
a vibration process for achievement of some form of
compression; 3) tension with frequency of 50 Hz was
applied on external electrodes. The current passing
through soil, was measured by the amperemeter 14,
and the tension on internal electrodes by the voltmeter
13; resistivity counted on p=(U-S)/(I-{), where { -
distance between internal electrodes 6 and 7; 4) the
density of d was determined by a known formula:
d=P/(S-{,). 5) Then installation disconnected from
a tension source, and partially consolidated soil was
exposed to a vibration process for some time. After
the next stage of consolidation tension again applied,
and measurements were carried out. These actions
had been proceeded before the sample’s consolidation
was close to the limits.

Apparently from figure 2 and figure 3 for damp
soils (sand, sandy loam and loam) from 1% to the
water-saturation consolidation p decreases when den-
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sity increases. For example, for sand with humidity
of 1% and 10% dependency of p from density could
be described by the following exponent:

0= pae" ",
where o, and d, — have resistivities and the soil den-
sity is taken accordingly to geological exploration
which were undertaken before designing the earthing
device, — the factor equal k,=— 008+ 108),

Humidity makes a very strong impact on
dependence o from d. So at dry sand (humidity of
0%) o changes within 9,5-7,5 KOm-m, at damp sand
(10%) o changes from 100 to 35 Om-'m. Dependency
o of d at humidity from 1% to 10% changes in 2,5-3
times, and the value of d decreases in 10-100 times
(figure 2 a scale p; and 0,).

Nature of changes of o for sandy soil in dry
condition (from 0% to 1%) has its own particular
qualities: at the beginning of consolidation process
the reduction of d of sand that could be described by
an exponent, is observed approximately until 1.6-10°
kg/m? then unlike the data [4] it has a linear growth
(figure 2, a curve p;) is observed.

For sandy loam and loam it was impossible to
receive these dependencies, because in reality they
have no humidity less than 1,5% and 1% respectively
since they are highly hydroscopic (figure 3). Therefore
damp soil (sand, sandy loam and clay) is necessary to
ram carefully, as well as it is recommended in [4].

For loams and clay in a damp condition the
phenomenon of particle adhesion is typical. It leads
to formation of emptiness and numerous cracks that
reduce conductivity of soil. Therefore it is necessary to
consider this feature at the installation of the devices. It
was possible to receive approximately homogeneous
density soil structure for loam humidity up to 10%
(figure 3) at the laboratory installation.

Considering that o without consolidation at a
natural bedding of soil is much less than soil that
not so carefully rammed (if not to ram soil at all,
as you can see from demonstrated dependencies, o
may reach 300%) the received results can be used
for adjustment parameters of the earthing device
electrical installations from the moment of their
bookmark before complete land subsidence.

This research has been funded by the Science
Committee of the Ministry of Education and Science of
the Republic of Kazakhstan (Grant No. AP13268889).

Conclusions

Limits of 0 measurements depending on density
at the same humidity for loams and clay are highly
diverse and should be considered at calculations o,
without watching even at a careful ramming.

For damp soil resistivity decreases exponentially,
for sandy dry (at humidity of 0%) — after an exhibitor
to density 1,55-1,6-10° kg/m® at first decrease, then
linearly grows.

The received results can be used at the para-
meters adjustment for earthing device at electrical
installations.
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Figure 2 — Dependences p from density for sand humidity of 1% (a curve p;), 10% (a curve p,) and 0% (a curve p;)
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Figure 3 — Dependences p from density for sandy loam humidity of 5% (a curve 1) and loam of 7% (a curve 2)
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AHOamna. 3neKmp KOHObIPFblAAPbLIHLIH, Hepae KOCY KypblafblaapbliHblH 3AeKmpik KedepaiciH ecenmey Ke3ziHOe mo-
MbIpaKmeolH, P aneKmpik KedepeiciH biny Kaxcem. beneini 6onraHoal, anekmp Kedepeaici KenmezeH napamempsepze,
COHbIH, iWiHOe mbifbi30bIK MeH MonbipaKmoiH mypiHe 6alinaHeicmel. byn mayendinikmi aHelKmay ywiH sKcrnepumeHm-
MiK KOHObIPFbI Kypbiadbl, OHOG MOMbIPAKMbIH apmypsai mypaepiH, ca3zdaK, KYMOAK HaHe KYM CuaKkmel mukmepoi
moliFbi30ay 6olbiHWa 3KCepumMeHmmep 1ypeaizindi. IKkcnepumeHmmik 3epmmeysep HeziziHOe MornbipaKmMelH HAKMbl
a1eKmp KeodepeiciHiH monbipaKmMbiH, MbiFbi30biFbiHA Mayendiniei mabbliaodsl, 6y MonbIPAKMbIH WOFbIPAAHY Haroali-
bIHGH MOMbIPAKMbIH, MABUFU MOMbIPbiAy MbiFbi30bIFbiHA 0eliiH e32epy OUHAMUKACLIH HAKMbIAAYFa MYMKIHOIK 6epi.
Toxcipubenep «mMonbIpPaK HEFYPAbIM HAKCbl Mblfbl30aafaH 60sca, OHbIH 31eKMPiK Kedepeaici corypanbim a3 60aa0bl»
0ezeH MyXbIpbIMHbIH HYMbIC icmelimiHiH 0anendedi, bipak 6apabiK Moneipakmap ywiH emec. bi3 ycbiHbIN 0MbIPFaH
adicmeme ocel mayendinikmepoi AHbIKMAYFa HaHe KYpyFa, monbipakmoiH apbip Kabamel ywiH 2eono2uansiK 6apaay
0pMaAsbIFbIHLIH, 0epeKkmepiHe Kamosicmbl MeHWIKmi 3nekmp Kedepzici MaHiHiH eH Hawap HYCKAcblH mMaHOayra Hemece
Hakmeolnayra, xepee mylibiIkmarelumapOblH KedepaiciH ecenmey #aHe onapdsl x¥obanay ywiH yakeimmax 6acman
0/1ap0bIH 832epy 2paghukmepiH xacayra MymkiHOiK 6epedi. Ocbl adicmeme bolibiHWA MomnbipaKkmMsiH 6acka mypsepi-
He mayendinikmi Kypyra 601a0bl. TexHUKAHbI 6ACKAAAPFa KOCbIMWa pemiHoe KondaHyra 60a1a0bl, 6ipaK xepae Kocy
KYpbIAFblAapbiHbIH Kypoesi KypblasiMOapsl YwiH KedepeaiHi 0anipek ecenmeyae MyMKiHOIK 6epeli.

Kinm ce30ep: monbipakK, moifbi30biK, KOPCbIAbIK, MOMbIPAKMbIH MEHWIKMI 31eKmpik Kedepaici, ¥epae Kocy KypbisfFbl-
aapsl, memMmepamypa, biaFanobiaAblK, 31eKmp emkidzimiai, moneipaKMmMsiH MblFbi30aay 03pexceci, monsipaKkmel es1-
wey, 3epmxaHasbiK eswWey.

BAusHue nA0MHOCMU 2pyHMa Ha e20 ydesnbHoe 31eKmpuyecKoe conpomueneHue
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AHHOmMayus. Mpu pacyeme 31eKMPUYECKO20 COMPOMUBAEHUA 3a3eMAAWUX ycmpolicme 31eKmpoycmaHO80K Heob-
X00UMO 3HAMb yOesibHoe 3eKkmpuyecKoe cornpomueneHue p epyHima. Kaxk useecmHo, yoesnbHoe anekmpuyecKoe co-
npomuesieHue 3a8Ucum om MHOXECmea napamempos, 8 MOM YuC/Ae U MAKUX, KAk naomHocme u eud epyHma. [as
onpedenerHus amoli 3asucumocmu bbi1a cO30aHA IKCIEePUMEeHMAsbHAA YCMAHOBKA, 20e MPo8o0UsUCh IKCHEePUMEHMbI
M0 YyNA0MHeHUo pasHo20 8Uda 2pyHMa, MAakux KaK Cy2auHOK, Cyrnecs U necok. beinu HalideHs! 3asucumocmu yodesnsb-
HO20 3/1eKMpPUYECcKO20 CONPOMUB/AeHUs 2pyHMA HA OCHOBAHUU SKCePUMEHMAsbHbIX Uccnedo8aHuli p 2pyHma om e2o
M0MHOCMU, YMO M0380/1USI0 YMOYHUMb OUHAMUKY €20 U3MEHEeHUs Mpu KOHCOAUOayuu 2pyHma om cOCMOSHUSA pas-
pbixaeHHocmu A0 nA0MHOCMU ecmecmeeHHOU 3aCbinKu 2pyHmMa. IKcrnepumeHmel 0KA3asuU, Ymo ymeepideHue «4em
fAydyuie ympambo8aH e2pyHm, mem MeHble e20 yoesnbHoe daeKkmpuyeckoe cornpomusneHue» pabomaem, HO He 044
ecex epyHmos. lpednazaemas HaMU MemoOUKa 1038075em onpedensms U CMmpPoums 3mu 3a8UcUMocmu, 8bI6pams
unu ymoyHume camolli Hauxyowuli 8apuaHm 3Ha4eHuUs yoenbHo20 31eKMPUYEeCcKo20 CoNpPomueaeHUs OMHOCUMenbHo
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OaHHbIX 2€0/1020pA38€00YHO20 YeHmpPa 075 Kau 0020 C/0A 2pyHmMa, Cmpoumse ux 2paguKku UsMmeHeHUs om spemeHu
019 pacyema conpomusseHul 3a3emaumesneli U ux MPoekmMuposaHus. 1o amoli MemoduKe MOXHO MOCMPOUMb 308U-
cumocmu u o opyaum eudam 2pyHma. Memoouka moxem MpumeHAmMsCs Kak 00NoaHUMenbHAsA K Opya2um, Ho 0arowas
60s1ee MoyHbIli pacyem conpomusneHus 0415 C0HCHbIX KOHCMPYKYUl 3a3eMaaowux ycmpolicme.

Knroueeasle caoea: 2pyHm, naomHocme, conpomuesneHue, yoesnbHoe 31eKmpuyeckoe cornpomusseHue epyHmad, 3a3em-
AAwue ycmpolicmea, memnepamypa, e1aXHOCMb, 371eKmponposodHOCMb, CMerneHb YNaA0MHeHUs 2pyHma, usmepe-
Hus 2pyHma, 1a6opamopHseie UsmepeHus.
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