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Grounding

AAL.\j,,

Drum Containing Class | Flammabile Liquid

"“‘--..._______ _—_/

Listed Safety Can

fiun : Jon Koppari et., “ Grounding and Bonding Against Static Electricity”, OSHA Training Institute
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metal container with a
sufficient material thickness

air-termination system\ LPZ 04
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intermeshed equipotential bonding system

building shield, e.g.
steel reinforcement /'I
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line to the
remote potential
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ventilation +
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fiun : DEHN + SOHNE, “Lightning Protection of Oil and Gas Industrial Plants”, Lightning protection guide, m™ edition, wooc.
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Protection method
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17im : DEHN, Lightning Protection Guide, 3rd Update Edition, 2014.
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~ ﬁ protection mast
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fiun : Christain Bouquegneau, “Lightning Protection of Oil
and Gas Industrial Plants”, IX International Symposium on \
Lightning Protection, Nov. 2007.

earth-termination system
(ring earth electrode)
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Meshed earth-termination system of an industrial plant

1: buildings with meshed network of the reinforcement  2: tower inside the plant
3: stand-alone equipment 4: cable tray

§i31 : Christain Bouquegneau, “Lightning Protection of Oil and Gas Industrial Plants”, IX International Symposium on
Lightning Protection, Nov. 2007. .
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— @196714189U (Ground conductor)

_ \ Connection between the ground

conductor and ground electrode

< Laanau (Ground electrode)
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Single Ground Rod Multiple Ground Electrodes
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(uniform Soil)

p 21
R=—1In—
271l n
[ P 41
R =——|I -1
21l n( ) ]
" 2TLR
ANTNAIUATUNIUIUNIZVDIAY p = a7
(Soil resistivity) ln( ) 1
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RESISTIVITY
(Q-m)
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Hemisphere _ b
2 radius a "= 2na
One ground rod . p 4L
* length L, radius a R 2xL (In ? B 1)
2 a
2L
. o Twogrt?und{*ods R=-2 (Ing—l)*'-‘e*(l*—’{"“i* )
s >L; spacing s 4nL a ns 3s 5%
4 2 4
.e ’I‘wog‘rc-:undfods R= o Gnﬂ+ln—L—2+s——s .5 )
s < L;spacing s dnL a 5 2L 16L° s391%
. . . 2 4
Buried horizontal wire R = o (In 4L +1n 4L 9 L5 _ & . 8 - )
length 2 L, depth s/2 anL a s 2L 16L% b512L
. 4
Right-angle turn of wire P 2L 2L s 43_’_ _ 5 )
I_ length of arm L, depth s/2 R 4"L(i“ a +in s 0.2373 + 0.2146 L ¥ 0.10351‘2 0.0424 L*
Three-point star P 2L 2L _ 5 at i_“\
/k length of arm L, depth s/2 R= sﬂ,{,(lnﬂ_ *In ?‘F 1.071=0.209 L +0.238 L? 0.054 Lt )‘ ’f
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Four-point star
length of arm L, depth s/2
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) 2 4
L (in 2L o in2i 20121071 SE+ 0.645 ;7 ~0.145 z—4

8rlL a &

. . 2 4
Six-point star 2L 2L . s L. _ )
Eight-point star P 2L 2L . 5 s> st

BIE length of arm L, depth s/2 R= IEHL(ID a +lns +10.98 551L+326L- — L ITL
Ring of wire
O diameter of ring D, diameter = ; (ln 8D, In 1‘9)
of wire d, depth s/2 2n°D d s
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. . 2 4
BUI.'I'E!.‘.! vertical r;:unzd plate R = P, b (l . _?__ a . ﬂ a ) 78
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Resistance (%)
et 1

1/2 5/8 3/4 1 11/4 11/2 13/4

Rod diameter (in.)

fi1n: Electrical Power Equipment Maintenance and Testing, Paul Gill
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fisn: Electrical Power Equipment

Maintenance and Testing, Paul Gill
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a: impulse cof ficient,0 — 1
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Final (Ionized) Electrode Resistance ( £2)
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0 kA

40
Initial (Meggered) Electrode Resistance ( Q)
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®* Two-point method

®* Three-point method

* Fall-of-potential method
®* Ratio method

®*  Four-point method

®* Touch potential method

® (Clam-on method

83

WA.AT. §1059 Fuvinld N1560aAUTIUNUA d1mTUUDIATITHATINEINNTIY




TWO-POINT METHOD

NA.A5. 8159 Juninlel

N13ARaRUBNUUR d115UuRIANTLaTREINNTIH




TWO-POINT METHOD

+—+— Grounding conductor

- ) Auxiliary rod
T'erminals shorted .

Ground rod ke ) (Y-Z shorted)
\ ‘/ with jumper wire \
o |
Utility pole
Ground level TP
—
Butt plate —r@
v
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THREE-POINT Method

Electrode
under test

Auxiliary
electrode 1
y

Auxiliary
§ electrode 1
R y

Test
§ electrode
R

X

Auxiliary
electrode 2

z

:
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Auxiliary
electrode 2
R

Z

R1=Rx+Ry—A—1
1
R2=RX+RZ=A—2
2
R3=Ry+RZ—A—33
R,—R, — R
sz 1 22 3
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FALL-OF -POTENTIAL METHOD

Ground

electrode
under test

Current

supply
L i

Ammeter (1)

Voltmeter (E)

. Auxiliary ‘ Auxiliary ‘
* X potential & current g
electrode electrode
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FALL-OF -POTENTIAL METHOD
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EFFECTIVE RESISTANCE AREAS

NA.A5. 8159 Juvinlel
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EFFECTIVE RESISTANCE AREAS (Cont.)
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RATIO METHOD
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FOUR-POINT MEASUREMENT

NA.A5. 8159 Juvinlel
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FOUR-POINT MEASUREMENT
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TOUCH POTENTIAL MEASUREMENT
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CLAMP-ON GROUND RESISTANCE MEASUREMENT
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CLAMP-ON GROUND RESISTANCE MEASUREMENT
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