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ABSTRACT

This thesis concerns the study and the design of thg

' grounding system which is conformed to different kind of work, such
as substations and plants of different demand of high voltage.

- For Hrese particular examples, each of them exists the most convenient
and the most effective design by using ground grid without vertical
ground rod as principally refered in IEEE GUIDE FOR SAFETY IN AC
SUBSTATION GROUNDING ANSI/std.80 - 1988. Furthermore, this thesis
is also contained of the study of main factors that effect the security
system of grounding designs like the case of soil resistivity which is
constantly varied and the case of different shape of ground grid.
The mentioned conditions are frequently lead mistake in calculation. The
table of comparison.and the percentage of defaﬁlt of each case will be
shown in order to help users to finalize their decision. Apart from
that we have also included theriway to rectify and to evaluate the
design of grounding system to posses more security by using common
meterials. The principle and essencial ways of measure in designing the
grounding system are given herein after aswell.»
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h aoow — <y .i.i _-1;_‘
i 36t g ~Tea ¢ s
SELLRERSHL GURDTW WWWTIEBE (92060 1)
@

auiaum

soil risistivity mpe =20

surface resistivity mpe =2000

symestrical F-current A Iﬁ=8000

crushed rock layer thickness m h5=.1
duration of shock current sec T_=.1"

No. of parallel conductor n=2

spacing between parallel conductor m D =10
Total Length of conductor m L=235

depth of grourd grid m h=.5

diameter of grid conductor m D_=.01%8

FP LEATANTTATLSN

K11=0.30285

Kh=1.22477

Km=1.07386

Ki=1.17200

Cs=0.65706

length of minimum conductor L_, =208.10682

E, .., ~1451.43708

Em=1285.33597

E =4705.2757
step

Es=436.3318

SAFE
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TEULEDEIOU LUADTY LWWIEBEY SRANATULRDANE DA

soil risistivity mpe=20

surface resistivity m e =3000

symestrical F-current A 1_=8000

crushed rock layer thickness m h5=.1
duration of shock current sec T_=.1

No. of parallel conductor n=3

spacing between parallel conductor m D, =10
Total Length of conductor m L=208.10682
depth of ground grid m h=.5

diameter of grid conductor m D, =.0138

#71 1eRINN19A W
Kii=0.30285
Kh=1.22477
Km=1.07386
Kl=l.17200
Cs=0.65706
length of minimum conductor Lo, =208.1068
E =1451.43708
touch
Em=1451.43706
E =4705.2757
step

E_=492.7180

SAFE
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NAANTE L 3
sruvsancn usn g biinean Seansse i
tlaufiaya
soil risistivity mp=30
surface resistivity mp_=3000
symestrical F-current A I_=8000
crushed rock layer thickness m hs=.1
duration of shock current sec T =.1
No. of parallel conductor n=3
spacing between parallel conductor m D1=10
Total Length of conductor m L=215
depth of ground grid m h=.5

diameter of grid conductor m D_=.0138

AT LERINAN TR
Ki1=0.30285
Kh=1.22477
K =1.067386
m
K1:1.17200
Cs=0.65706
length of minimur conductor Lo =208.10682
Etouch=1451.43708
Em=1404.90210
E =4705.2757
step

E_=476.9208

SAFE
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. a P
1T IR AL e _=30) (51% 6.2)
U

toqrae e
EUT RSN
a

20

roe

t

soil risistivity me =30

surface resistivity mp_ =30

swvmestrical F-current A Ig=8000

crushed rock layer thickness m h_=.1
duration of shock current sec T =.1

No. of parallel conductor n=7

spacing between parallel conductor m D, =10
Total Length of conductor m L=1155

depth of ground grid m h=.5

diameter of grid conductor m D =.0138

AN R IAAISAL I
K, ,=0.47047
Kh=1.22474
Km=1.00074
K1=1.86000
Cs=1.00000
length of minimum conductor L50=1165.39003
E =383.32130
touch
E =386.77963
m
o) =43%.8526
step

E_=146.6594

NOT SAFE
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. . i
NTT.TEULE BRI T e =30 (21 6.4)
> Q

soil risistivigy @ p =30

surface resistivity mp =3
symestrical F-current A Ig=8000
crushed rock layer thickness m h_z.d
duration of shock current sec T =.1
No. of paralleil conductor n=7

spacing between parallel conductor m b,=10
Total Length of conductor m L=1175
depth of ground grid m h=.5

diameter of grid conductor m D, =.0138
T e

K11=0.47047

K, =1.22474

Km=1.00074

Ki=1.86000

Cs=1.00000

length of minimm conductor L_,=1165.39003

Em=380.19615
E =432.8526
step

E_=144.1630

SAFE



HATITATL Y 6

NTIIMILUIRBAPU (o_=30)

{autaym

s0il risistivity mp =30l

surface résistivity mp =30

symestrical F-current A Iﬁ=8000

crushed rock layer thickness m h _=.1
duration of shock current sec T_=.1

No. of parallel conductor n=7

spacing between parallel conductor m D =10
Total Length of conductor m IL=1165.39002
depth of ground grid m h=.5

diameter of grid conductor m D_=.0138

T d' b 73 (-3
A LFRINNITAL R
K11=0.47047
Kh=1.22474
Kmfl.00074
Ki=1.86000
Cs=1.00000
length of conductor=1165.39003
E, ., =383.33130
E =383.33130
m
E =432.8526
step

E_=145.3518

SAFE
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o =4
- - - Rt ath Tl Lo
ALY Y

1799°39YLLRSIFL 848 mesh (1Y 6.4)
UBLEENR

so0il risistivity mwe =30

surface resistivity me_=30
svmestrical F-current A 13:30000
crushed rock layer thickrness m hs=.1
duration of shock current sec T =.5
No. of parallel conductor n=9
spacing between parallel conductor m D_ =175
Total Length of conductor m L=20700
depth of ground grid m h=.4:Z7

diameter of grid conductor m D_=.013Z

AT lERnnsa e

K N 1=0. 52608

K _=1.20706

K =1.88405

K,=2.20400

C_=1.00000

length of miniimwmn conductor L_,=21800.0G847
Etouch=171.43097

E =180.54139

Estep=193.5776

E_=33.7196

NOT SAFE



e e o 4 gest .,gl‘* ~
TUSTNSYULE BRI EL 16416 mesh (9uv B.6)

soil risistivity me =30

surface resistivity:n,osrsc
symestrical F-current A 13:30000
crushed rock layer thickness m hs=.1
duration of shock current sec T_=.5
No. of paralliel conductor n=17
spacing bhetween parallel conductor m D =87.5
Total Length of conductor m L=39100
depth of ground grid m h=.457
diameter of grid conductor m D_=.0133
A I nA I

K11=0‘66043

Kh=1.20706

K_=1.57296

K1=3.58000

Cs=1.00000

length of minimum conductor 150=29561.57413
F genon™171.43097

Em=129.12646

Estep=193-5776

Ea=29.2960

SAFE
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HAPIAUAR 9

AN9TINTLUURDAING 8%8 mesh (Eﬁﬁ 6.7)
Haufaua

soil risistivity me=30

surface resistivity m_e_=30
symestrical F-current A I§=30000
crushed rock layer thickness m h9=.1
duration of shock current sec T_=.5
No. of parallel condhctor n=9
spacing between parallel éonductor m D =283
Total Length of conductor m 1L=33000
depth of ground grid m h=.457

diameter of grid conductor m D_=.0133

A9 16RINATTAUNL
K!i=0.52608
Kh=1.20706
K =2.03673
K1=2.20400
C_=1.00000
S B
length of minimum conducter L, =23566.71046
E, ..,=171.43097
E =122.42618
m
E =193.5776
step
EB=21.0682

SAFE
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WANNSATLIMY 10

A1997T81UNDRYAU 4%4 mesh

so0il risistivity m_e =230

surface resistivity ne_=30

symestrical F-current A Ig=°0000

crushed rock layer thickness n hs=.1

dﬁration of shock current sec T _=.5

No. of parallel conductor r=5

spacing between parallel conductor m D, =533.66
Total Length of conductor m 1L=18330

depth of ground grid m h=.457

diameter of grid conductor m D_=.0133

AN LERINNITATL
K1‘=0.39811
Kh=1'20706
Km=2.32290
K1=1'51600
C5=1.00000
length of minimum conductor L_,=18487.70384
Etouch=l71.43097
Em=182.90589
E =193.5776
step

E_=26.0012 -

NOT SAFE
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CRITVER L 11

A199IISELLARAYAL 8%8 mesh

r

.
EUT AN

al R
5

v

soil risistivity m =30

surface resistivity m p; =20

symestrical F-current A I§=OOOOO

crushed rock layer thickness m h =.1
duration of shock current sec T _=.5

No. of parallel conductor n=9

spacing between parallel conductor m D =397
Total Length of conductor m L=49000

depth of ground grid m h=.457

diameter of grid conductor m D_=.0133

AV LERINAITATUNL
K11=0‘52608
Kh=1.20706
Km=2.14433
K1=2.20400
Cs=].00000
length of minimum conductor L. =24811.69221
E, . ,=171.43097
En=116.80597
E =193.5776
step

E_=14.1628

SAFE
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sanseaRs 12

MMTIWMTLULREALEU 4%4 mesh

faufiana

soil risistivity me =30

surface resistivity m_o_=30
symestrical F-current A 1_=230000
crushed rock layer thickness m h_=.1
duration of shock current sec T_=.5
No. of parallel conductor n=5
spacing between parallel conductor m D1=794
Total Length of conductor m 1=27215
depth of ground grid m h=.457

diameter of grid conductor m D =.0132

AN LHRIINATITA LM
K11:0'39811
Kh=1.20706
Km=2.43020
Ki=1.51600
C =1.00000
£ =3
length of minimum ccnductor L5°=19341.69225
“touch=171°43097
E;=181.83594
E =193.5776
step

E_=17.4974 -

NOT SAFE
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6.4.1 ANNGTLNTUITLWILARINU

' P . v 2 o 'a‘ 4 %Q‘trﬂﬁa
ﬂ?;lﬁkﬁﬁiWWE,ﬁlqlﬂﬁuﬂWUQWLﬂﬂzﬂﬂdﬁuﬂLL&ﬂuuﬂ@CLﬂs?&ﬂ?ﬁﬁ&ﬂﬂ?@.ﬂ

A

<.. ' €, < < .
INUSLWAIe LS. ¥e L5273 Driven Rod UES

“

U9 an 6.4.1

Q‘ = 2 o =3 q‘ Q <p
TN 6.4.1 ua@iﬂﬁﬂiﬂuﬂﬁuﬂﬁu,ﬂ?ﬁwﬂﬂuﬁﬁuﬁﬁ;NﬁzﬂadﬂuﬂLﬂ&ﬂﬂ&ﬂ&d@?ﬂﬂﬁ?ﬂ&ﬂ

f37ANM) 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

Tﬁcewugu%Lxué TPI §av§@aiag?
Rb (ohm) 640 500 440 380 360 340 300 250 230 210

)oD(ohm-m) 300 400 486 530 602 662 664 618 628 626

ﬁﬂmgﬁawwﬂ55uuma;aﬁc %@ﬁ%@fay%
R, (ohm) 550 505 430 870 305 235 185 150 125 110

)oD(ohm—m) 258 404 546 516 531 457 409 371 341 328

Tsaugaausiund FInIOUATUTA
R, (ohm 110 90 75 65 59 55 55 55 53 53

polohm-m) 52 72 83 91 99 107 121 136 145 158
S~ inafudiusl Sevdeldes ns

R, (olm)>1000 >1000 >1000 >1000 >100C >1000 >1000 >1000 >1000 >1000

,D(ohm_m) - -— - Coeme ee e e e . - e e - -

-83-



Resistivity (-m %10)

70 ¢

60

40

20

- <4 . <o : o )

-~ . et~ -~ g~ ™ =
ANILLTEL YELE Y4 YEUWSTTET R nd @
D1

<ia .
5 A:JO.D" IR R

a

Y vy X meimq e
FIIRWETLT
b
Q‘l 4 . - 2 o S Se e
L 88 51 FAE FOF INUE TUY I AL W IR B IV L ONN TN RD
S E L meMy & e s & s
RD AL FOEIIERTUWNUNLE SRS L SRIEMIATINAAFIST LU IR 6N
Py ! o 2 B e i
f’Dg D AR ITURTLY TURTLWNTEEIELYATLTUY Y R
N SO SO - U SURPINE SN SN S-S SO S
R AS ENF LAY TLIDATLEIELIITINATT NG 1) AR L RENQ I BNES LY NIRRT T
a
@ A 6 A . ° aa & S U .—\‘q,\ ‘.
UG LNUT L TRWNINNTYEF AT ULARRIAL (1961 93 Lawi
Saraburi
fDl.
- g
B fnz
1 1 ] 1 1 L { 1 1 1

030 060 090 120 - 150 1.80 210 240 270 3.00

Depth " (m)

Gl‘ r‘d o [ Q"o . - 1 o v 4:[1:0’“= : P .
zﬂne.ll uﬁﬂdﬂﬂiLliﬂULﬂﬂnﬂjfbl NATUWINNAN R.D i ag W UAMITNNAN
Q‘u @ <
R MNIRIHAAUS
a q

-84~



<
-~
T

R < ! o ] o . .
Y Sl mia ) gagia o~ P e s St et 2 el A @) -~ CAB VA NN N A
YL USEULYVIHEUA - Py AP LWL INE Rb N @ Y9 TATUININNAY R

P & N - 2

8 o :
Ll?fbl AB ﬁ?ﬂ?ﬁﬂ@?ﬂ??%ﬁ?;%?&ﬁﬂ@mﬁ%ﬁﬁﬁ?&%?ﬂ Rb
<~ l & 45» 14 <y @ d& 5 ' <
R.D B ﬂ?ﬂﬁﬁuﬁﬁuﬂﬁuﬂﬁﬂiﬂﬂﬁﬂﬂﬁL1&?5ﬂ7ﬂ15ﬂﬁ@@d58ﬂﬁ@ﬂ@@@u

i ' 1 4 ° a ‘o
18 ﬁjﬂﬁﬁﬁﬂﬂuﬂ7u31LW?BQEG@L%W?%UNQWﬂ Ra

-
N
D

< : L o« = < Y S e a s v o
Ra f2 AR TUFRTUNILLIRYTDIFL(ININAVTICNS. 1) 0L RENATHUEAUY LNALAES

v A 6 a ° da ' S 21 Y
NUAU LULT L WWWHINITNAENI T ULOBRIAY (1ﬁﬂ7 93 Tﬂﬂu)

Resistivity Q-m %10)
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Resistivity (o-m %10)
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6.4.2 AMAAMTUTUTAITHUURDRIN

f1597 6.4.2  LAAINAZDINITRIAIAINATUNTUL DAL NTIRAIAY LAEIFA 1Y

£
G
AR TUNTUINLWIEIDIGU = 100 ohm-m
ANANZ AIAELATIR ARG = 0.5 m
w & @ o :
5209870 = 5 mm

UU229 mesh = n

AR 19T AIRELNTIARITULERI UM 3.2

EQ, = amlenmsaunlusgunish 8.2 €81

Sv = A eRINAITAM ludNNNT2ae Sverak [61
Sc = a W le#nngarum luguns2e9 Schwarz £71

A e nmsauam leen3 )4 Finite Element C81

Ty

fade

=
]




n

Square/Rectangular

(e}

16

16

64

16

100

144

255

16

16

16

16

16

G4

144

20

24

40

40

40

60
100

120

150
80

80

30

160

120

240
320

480

20
20
24

40
40

40

60
100

120

20
10

30

15
20

30

Ground Resis. ohms

EQ

1

1.41

1.25

0.84
0.46

0.38

0.30

1.80

1.17
.92

0.79

0.62
0.44

0.28

SV

2.96

2.62

0.90
0.49

0.40

0.32
2.53

1.47

1.29

0.89

0.87
0.61

0.39

2.56

2.49

1.35

1.29

0.88.

0.49

0.41

0.32

1.42

1.14

0.52

0.40

0.26

-88-~

Fin

1.25

1.15

0.86

0.47

0.39

1.13

0.87 -

0.78

0.60
0.42

0.27

EQ

3.5

5.7

1.3

3.3 -

4.8

3.7

% Error

Sv

12.5
10.5

12.1

7.1

7.2

7.0

3.2
54.3

14.8

17.7

48.3

14.7

15
45.2
44.4

g

-4.3
3.2

6.1

2.3
4.3

5.1

3.2
-13. 4

-10.9

-1.8
-13.8

-2.6

--13.3

-4.8

-3'7



L Shaped

32 10 60 10 10 1.43 1.77 1.55 1.36 5.1 20.1 14.1

48 20 20 20 20 1.30 1.43 1.42 1.29 0.8 10.9 10.1
52 10 60 80 10 1.01  1.36 1.36 0.97 4.1 40.2 38.2
20 20 50 80 10 0.8 1.16 1.11 0.88 1.1 31.8 26.1
25 30 50 70 10 0.83 1.03 0.89 0.83 0 24.1 19.3
28 20 90 80 10 0.72 0.96 0.85 0.71 1.4 35.2 33.8
32 20 120 20 20 0.73 0.90 0.80 0.71 2.8 26.8 12.7
128 20 120 20 20 0.68 0.84 0.77 0.66 3.0 27.3 16.7
34 40 60 60 10 0.73 0.87 0.85 0.74 -1.4 17.6 14.9
36 20 80 80 20 0.67 0.84 0.84 0.66 1.5 27.3 27.3
51 30 70 70 30 0.60 '0.70 0.70 0.60 (¢] 16.7 16.7
56 20 120 20 80 0.54 0.66 0.57 0.53 1.9 24.5 7.5
88 70 40 30 69 0.48 0.52 0.53 0.50 -4.0 4.9 6.0

1 80 120 120 20 0.44 0.53 0.50 0.48 -8.3 10.4 4.2
34 80 120 120 20 0.27 0.44 0.44 0.38 -2.6 15.8 15.8
136 80 120 120 20 0.35 0.41 0.42 0.35 0 17.1 20.0

-89-



Triangular

40

110

45

60

60

144

160
200

150

200
100

160

50

100

80

80

0.65
0.39

.62

0.91
0.80
0.46

0.75

0.64
0.60
0.58

0.40

0.88
0.70
0.45

0.69

0.57

3.60

0.57

0.236

-90-

0.82

0.41

0.63

18.7
29.8

24.8

23.1

12.2

19.0

9.8
12.4

14.9

9.5

9.6
2.4
11.8

9.1



T-shaped

10

10

40

30

32

44
. 66
72

108

19>

10

10

10
20

20

20
20

20

20
30

20

60

80

100 200 300 100

20

20

20

20
40

40

40

40

60
50
60

20

490

50
40
60
60

100

80

60

80

80

80

(%]

10

10

10
20

20

20

20

20

40

60

80

2.58
1.43

1.32

1.18
0.76

0.85

0.79
0.73

0.62

0.58
0.52

0.45

0.42
0.33

0.17

1.51
0.93

1.05

0.98
0.80

0.79

0.75
0.61

0.58

0.47
0.37

0.24

2.58

1.72

0.93
0.89

0.79

0.75
0.60

0.57

0.47
0.37

0.25
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2.41

1.42

1.20
0.74

0.90

0.82
0.74

0.63

0.59
0.48

0.46

0.44
0.35

0.18

7.1

0.7

0.8

-1.7
2.7

-5.6

~-4.5
-5.7

-5.6

56.9
24.6

28.0

25.7

16.7

19.5
21.€

25.4

6.8
5.7
33.3

21.1

21.4

13.4
20.3

25.4

25.0

23.9



6.5 manwa%%gﬂwsﬁ%vﬁEa35nuéaaa§uLﬁaLﬁméﬂﬂawuﬂaaﬂﬁﬂaaaszuuda&aﬁu

6.5.1 MITAAAIRITEITUNUADITZUUGRRIN

~Tasm T L WNa s 12 B8 MNAaRIAL

: Sele

€ ar S
SHITIUNITINRAN T UM, NS ERNLLUSY SULRERIAL L¥FI2D 6.1 ,6.2 ,6.3
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6.5.2 ATILWNATMMIINAUNIUNILNY
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o lHucuua®ain1g LAlasL NI IR aaIeu
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crushed rock layer thickness m hs = .1 crushed rock layer thickness m hs = ]

duration of shock current sec Ts = .1 duration of shock current sec Ts = .1

No. of parallel conductorn = 3 No. of parallel conductorn = 7

spaciiy between parallel conductormD 1 = 10 spacing between parallel conductor m D1 = 10

depth of ground grid mh = .§ depthof groundgnd mh = 5

diameter of grid conductor m D2 = .0138 diameter of grid conductor m D2 = .0138

ki = 0.30285 Kii = 0.47047

kh = 1.22474 Kh = 1.22474

km = 1.07386 Em = 1.00074

ki = 1.17200 Ki = 1.86000

Cs = 0.65706 Cs = 1.00000

lenght of conductor = 208.10682 length of conducter = 1165.39003
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Em = 1451.43708 Em = 383.33130
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ABSTRACT
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s0il risietivity » P=30

surface resistivity = P-=l
symoetrical P-current A J1g=30000
crushed rock layer thicknoss wm hs=.1
duretion of shock current sec Te®.S

No. of perallel conductor n=9 —
spucing between perallel conductor = 81=175

A0REUIN depth of ground grid m h=.457
dismetar of grid conductor m D2=.0133
Kii=0.52600

munIn 1 wan13a1u2a leanat asos
sofl risistivity = P=30

Kh=1.20706
surface resistivity = Fs=4000

Fu*1.80405
symaestrical F-current A 1g=08000

‘K1%2,20400

crushed rock layer thickness » he=.1
: ¢ shock . # Ceu=11.04575
duration of shock current sec Ter.l| -
lengLth of conductor=20700.00000
No. of perellel conductor n=3

Etouch*166.76664
spaciny between parallel conductor » DI=10

Ex=180.54139
depth of ground grid m h=.5

EeLep=174.9210
diametar of grid conductor w 02°.0138

8u+32.7192
K1i=0.30228S
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Cs~0D.€5706 soil ricletivity » P=30
length of conductor=208.106R eurfece reslstivity m Pemi
Btouch®1451.43708 syzostrical F-current A [g=30000
Em1451.43708 “cruched rock leyer thickness m hs®.1
Belop=4705.2757 durotion of shock current sec Te=.5
Bs=492.7160 NKo. of parallel conductor n=i7
SAFR

cpscing between parallel conductor ®m D1*87.5
depth of ground geid = ht.457
disouter of grid conductor m 027.0133

unIN 2 WENIIAIUIENITIINTEVURIRIAU(P =30)
imunin ma °. Kii®0.66043

soll rleistivity m P=30

Kh=1.20706
surface resfstivity m Ps=30

Ew=1.57286
symastrical F-current A 1g=8000

Ki=3.%8000
crushed ract layer thicknees m he*,!

. Ce=11.04575

.durctioq‘of shock current f.c Ts '{_ length of -conductor=391000.00000
No. of pasrallel conductor n=7 gLouchs 166.76604
spacing between parallel conductor m D1*10 Emr129.61047
depth of ground grid m h=.5 Ectup=174.9210
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ABSTRACT

Anelysis of fectors Lhat effect the design of the
groonding eystem will be shown {n this psper. One of
usin factorc {s the frequenl wodificetion of soil resis
tivity thet effect directly with the design of Lhe
grounding systesm. Aunother effecl te the shspe of Lhe
grounding {nstalletion systes.
grounding systes design rofer to JIEEE GUIDE FOR SAFETY
IR AC SUBSTATION GROUMDING ANSI/IEEE std., 80-1986.

However,the refering principles may provida mistske if

Kowedey , moet of the

the shepe of ground grid i{s not squere or rectsngulsr,
but 1s trisngle or in the”T","L*shspe which determined
the substation spsce. Thde paper will include wmethod
Lo find out the correct suswe Lo Lhe montioned case
snd alco the ussws of comnon welerisls which {s s
convenient way to supply wors security.
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B8 20 40 30 (O 0.48  0.52 0.53 0.%0 -4.0 4.0 6.0

1 80 120120 20 0.44 0.5 0.50 0.48 -6.3 10.4 4,2
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«8 100 200 300 100 0.17 0.24 0.2%5 0.18 =$.6  33.3 38.9
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