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Abstract

In order to evaluate the performance of a grounding system against lightning or fault currents
including high frequency components, the grounding impedance should be considered rather than the
steady state ground resistance. To evaluate the ground impedance, the frequency dependence of
resistivity and relative dielectric constant of the soil have to be analyzed. This paper deals with the
frequency dependence of the resistivity and relative dielectric constant of three types of soil on water
content. As a result, the resistivity of soil is getting lower with increasing of water content. It is nearly
independent of the frequency in the range less than 1[MHz], and is decreased over the frequency range
above 1[MHz]. On the other hand, the relative dielectric constant is rapidly decreased with the
frequency in the range less than 1{MHz], but it is nearly independent on the frequency over the range
of 1[MHz]. It was found from the experiments that the frequency-dependant resistivity and relative
dielectric constant of soil should be considered when designing the grounding systems for protection
from lightning or switching surges.

Key Words : Sail resistivity, Relative dielectric constant, Lightning surges, Grounding impedance,
Grounding systems

» 2AZ: AR Wt W13 walaA
Tel : 032-860~7398, Fax : 032-863-5822, E-mail : chjohy80@naver.com
AadA 2009 7€ 319, 1A4AAF 2000 89 12, AAMg R 120099 119 109

@ Journal of KIIEE, Vol.24, No. 1, January 2010



.M E

A28} 2ol 4 [kHz]~=+ [MHzlel ]2 %12——4

SRS TP R AN 2 A3
G& u HRA|AEe] obHAL HR| AT E
7k % Ak HANZRY nFse] dd 5%
e 98l WAYHD 2z Ado] 27w Foks
Wstol w02 J5H7} ol Fol Aok AeHIl-3) A
AQ o] B 2P L EMTPY Matlab} 2
& Z2IYL o 43tel $45| 3 glon, HX|Y
Wz @ s2mde] ojstel 299k o]ejdt 3
2rde AN 9ANE & 1 ¢ cBel AR
olof gt} BlzerEe PXAZel Fejoh HAA
Fo] A FHE EYol nteh Walsi] F2 2oke] A
&} vl f ol Wt A4 AAE L PR
Udme) Y PSS TRE ARE D ulf
g Fapstel et wateha) g 45E 1
4% Aze AN o5l A 2 BAE
N B v g AYEol Fos gEan
o 7133}‘315}[6—7]. DFA B et

Lo o rr 2
L

Eore] ARBo t@ Aui vay 2] F7
wel A k5ol AAHe} dout ANY S
& e Fusol 259 Avjol7] Wi v}
4 Fupol whe} Aago] WsjalA Hka 1 A3
o) AAZ} aTHC) =H mde) M FALe A4S &
oFo] FFl WE AT ghol AN HA LAAT o}
2457 SR RE 5 [GH 991014
2A% Aawo] A7 el 1P SHge
F (HZlA 5 [MEZ AR 9] A58 B7kske 21
B4 XA a0 B Tz e AL
SR AT 5k g £ RN
Bl AAAzRe] AAsh sl B8 4

= Eoke) qEEN vlfAES] T el v
HolE ) Ade Bxoz ¥ANFe) Fas Wl
HE 498 A7ARE Fea,

O

o

Jl

Y - HNEHYY=2N M247 M12, 20104 1€

BEL

3 =
g 13 2ol oﬂmoﬂ Wo] RakE 140x140x

150[mm] =7]9] F¥elmzd &7 AF

ASTM G 57-%5a0lXe ota2d §71d B¢ dot

Wenner 442 H-& 0|85t B AES
= P S Aokslal 9low AFIgoA E
& 715k 10l B AT

He PSR P

*1 z7e] B

& 93 20EE AHe Bt &

%
Rl 2712 Aga 24 F27) 98 719 BH

ol

J+ Zole] v g gle] FAolA ARG 27]9} th

stk 382

3t el E BER 4

shn =43)ze) Jddes HES Hasies] 98

(r)J

it

A8 5 Y= AANLE ol 83tel 3

2

il
o Ay Iy 4
ol ol

[}
=)
R

st

)
=
3}

38 1. AEAL NEE

Sel AFE AY ksE AYH AFE 53
g 5 Q=% orshlch slkglel B 1lg] D7t
] o
Pk Aofstaon, HHoxE Hasks
A 871 Wl FTol WA WS
7 ARor 2P FAS A A

Fig. 1. Schematic diagram of the experimental

setup
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a9 29 reBI RS YuaE o (DT 2o
AR, AR A8 (R)H 3TF E(m)SE &
g

_ R . wRC
Z_1+w2R2C2 1+ PR W

4 (9] P2 A5R(R)% () A
B2 Foto] Qe Yvidach AT Al A3
228 A 99, 92ase 439 ARAEE g
$ 4 (), @ozrE ANY & Uk

l

m Z
R=Ret+ o= 2
m Im (3)

C=—" ="
w(R? +I®) w2

A g} Qo zRE £7)9] WA Aol Lt 9
7] giol EFe AZER HlHdEE 4 @), O
AT 5 Ao

AZ
PR _ @

e, :L ‘ (5)

eOAw22
A7\M, 4 HFe] WA, 1& A2 Aotk
3. 824t ¥ OFE

PC 7[5t ARG £497]4 29¢ Zoshae
& 29 3o JeEblAT

Journal of KIIEE, Vol 24, No. 1, January 2010



J8 3. FXYLEA 247|8 0128 YmEACt AR,
Aseol 548 50| AnsiEol of

Fig. 3. Examples of measured results for
impedance, phase difference, real and

imaginary parts using grounding impedance
analyzer
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Fig. 4. Frequency dependence of impedance and
phase difference of sand on water content
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water content

1IMHz]e]3}e] Fapeoll A ¢k 1000[Q + mlE vyehy
A3, 1IMHz]el 4ol Falgrolx 23] 72aste
AIMHz]o)89] F<4=0l4 200[Q - m] ©l8}e] Fre
UeRSIth 830l Foste] ulel Agkgo)
st 9[%le] RS A 1[MHz]o|5}¢)
Tl A 140[Q - ml9) AFES VEhIU 1, 3}
T7F Aol wel 80[Q - mI7HA Aade Hom
Uebstth 1IMHz]o) 3]l FarolA] 428k8-Zko]
FETE EAlo AIEY Fu o&EAe] & Ao
Z Yeistth 28 5 (1)) vlsAee] 49 100[kHz]
olste] Fujroll A Bkl BEdAd gxIAloe) &)
3k Al 2] JFgo e nlfAgo] A7 Wakst
= Ao® AFHT: 10 [kHz]o)8te) Faloa =
B57b F7Hl Wk HlgH e asts How

@

X

vhebstom of 100kHzlol el A 3ol & ol
o Yehi @ Aoz BAHL. ufHge SR
ol Z7hel wet A Ueiton) suee
o e ol AFEe] Wale] ula) whg- A e}
sk

vhAtES] AFED gLl SRR He
Fore) 249 A%E 29 69 e, silE
o AL IMHz] o139l Fahsoln FAsA 2
a3t B4 vt koA 29 A%
g9) 749 FRIHF| /1Y HE 5o FRIH
2k

T 274 o 500[Q - mle AFES AT,

(a) MEE

(b) HIRXE

JF 6. TEER 2 olAES HEEN HRES9
FOroEN

Fig. 6. Frequency dependence of resistivity and
relative dielectric constants of silt on the
water content

Journal of KIEE, Vol.24, No. 1, January 2010



1

6 (b)%= Bl &) Fu5 o2 vehiy,
Sragol] ARl 347} 271l we} 32

j)
ML
oo ol

Sl b Ao vehdth kel Fshao)
A RG] 50421 AS 1000001439 v 2

e YERI, 25[%]e EIFEEREIME
LO00ol /o] #s Hele Aoz eyl viAlES]
HfAd &0l o3k Axb= 2ol b)ste] WFo] Fo
o o] gk AN pRALES] YAte] A7]7} wle- 2
BAT Az 3l SAA T T Gl glof
Aot Aste] fdAte] E5ol A7) wiitolzt &
gt vRHES 1IMHZIZHA F3e7t Ads 3ol
FASA At 1IMHz] o)de] FapgeollA
1000]8ke] gro 2 Aatqich dutdeg deA 9l
T Eo vFd&L 10 o8k o2 Yehfjol]
u olE gEe o B BAUo R AXE v
FAgoln o] el wEh e Ao
2 FHE50] ZA e} EF AA 9] vHER
o} o] ko] Al AA FES Aoz relch
O9 7L FES] R W AET HlR
H&o] Fir A4S UEth EQ A3Ee] 7
¥ 100[kHz]7HAl Fahpe] & & vephtA] eigkon
1[MHz]e13e] F ool A oF 7IMHz)7HA ZHasshe
Aoz Jepgrh  FEIEel 5%l AS
100[kHz]o13te] F3hroll Al oF 3000[RQ - mlE et
WL, 1IMHz]el e} FapollA] J24 3] 7Haste]
TIMHz]o) /el ool A oF 100[Q - mlE YERH
Artk. FEFHEe] Skl wel AFgEol Fadt
o B[%le] FEEFHF 2-F UMHzlolehe] 5t
Foll A 30[Q - mle) AFES YERA L, FH47t
ol mEk 18(Q - mI7HA] Fhashs Ao R vhE
wth 1IMHz]ol /o] Fahpall A idhfao] B&
FE AYE] Wyt A9 gl AoE Yeth
a9 7 ()9 v &S] A9 100(ktz]ol3ke] 53t
ol A ZHe adate] Mo w & WEE Uehio
ZAzko] A WEI} 10(kHz]ol5ke] Fabol A
Farrt S/ we vl g dAsE AoR
LR om oF 10[kHz]o o] Fokrol A Falae]
4ol A YehA] &= Aoz EAHEh vfA
2 FEFfE] FUHe whet A Jebsod

o

2!
o8
r

M Rl=EN M24F N12, 20108 19

TR w2 Xole AEHEL] W3l nls) o
[e]
o

A pEbet

FoolZY

Fig. 7. Frequency dependence of resistivity and
relative dielectric constant of clay on the
water content
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