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Table 4-1. Summary of the effects of shock

Alternating Current (60 Hertz) Direct Current Effects
(milliamperes) (milliamperes) (milliamperes)

0.5-1 0-4 Perception 39 =

1-3 4-15 Surprise (reactor current)

3-21 15-80 Reflex action (let-go current)
21-40 80-160 Muscular mhibition wilas Sus 5
40-100 160-300 Respiratory block i ans
Ower 100 Over 300 Usually fatal .

FAT GV la S5 55 55 5 e o ge B8 s G oS oA S B L T e Ve YL 0L
Sl 4 0% 655 Ol UM oo 5aAS Yer e LS 3Ll 53 3 5kes Clasl 6 o5 50 B o
L 0L e 3l (3L S b DI g (S g 5 Sl Tl 5350 2l Sl Sy 4 O 5SS 50

il Fa SV YL s

L Olgie o g ol odilas O 2l 5see Olo) SdacOl s dtws S OL o 0 3T st Ol5e 53 573 L6 &S5
Ols DAISLER Lu g U cpl 3 g0d dmloes 15T 5ae 0l 5 JUsl 0L o s aaly 55 o2 Jga 3 5 eslizl

:cﬂ.u\o;ﬁg;ua,;um‘;,souj”;;;m O35 L 33l Lo ys 84,0 5540 53 5 0l

( Ip)* * ts=0.0135
Ails O 5l 6y 58 0L ai Ip 5 0 51 0L 2 JWsl by 1S alasly ol o
Tl LS oo 1y el (Lo VPP OL o S Wl g e 436 0.5 0boj Il & G8 Jsnp Gob s Ol 2o

S daloms 5y 30 4 Ol [y (00,5 SO0 35 0 51U 5 0L 2 2871 YL U a3 51 Ol o o

I5=0.116/\'ts
s yllesl 5o Wil esls OLES S slate la o glas 5 = ) %J:Q\ O ol 5o Calises (slgiso Lol 2l 4§.:.114;.4>‘-j:b.

d3 1 5 0ds ly Sloslows il (o SISV 35 65 0 Sl g8 JB Sloms 0L 2 ST [EEE 51kl dbeor

Pl odd oSS 5 Mol o5 s 4 T VL




( Ip)* * ts=0.0246

1=0.157ts
Wl 035 02315 e OT 4 aslsl 43 487 mal (5la a3y e 5 03 4K b5 ) bl B3 Jge b
S STB s S 5 VL 4 50 sz S Ol slas Il 3 5 55 Bl
Cond s pan 315 LS 35 AST 0 3,5 5 ISl pdse 4 oS (5 e 5 0Ll (35,15 Comds 4 G 0L
B e 5 s D) 93 4 ol (S IS 1 50 L DLl 35 5
Sul e 4 sy el 5 ks (S it ;b Cands ) S Sl ols QLI 1 U 53 eld iy 8 Cands 53 5SS

¢35 dal s 208 0Ll Ok 1 )50 0L e 2l 5 3015 5 s g (S50 s 93 L OL >

a) Indirect contact b) Direct contact
I-Il{jIhlﬂlllllIl-lIh
*
- H
/ " )_'
”
d ' o
N o~ | : N '
PE :IIE-*IIII :
: : nlom
A : “w[ %
: ; < A
S - :
i3 HELY O A Re |
-'-IIIIIII-. ? ﬂ

----------------------------

Fig. 7 : Fault current Iy = residual current.
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a) TN-C earthing system
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c) TN-§ earthing system
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b) TN-C-S earthing system
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L1

. 4 L2
L1 o
L2 L2
N
L3
\
\

TT (neutral connected to earth) wiring diagram:

I | | |

- The neutral point of the supply is connected to earth.
The enposed conductive parts of the installation are connected to an
IT (neutral isolated or via impedance) wiring diagram: earth rod; either a separate earth rod or to the neutral earth rod.
The neutral point is either not connected to earth, or is so via an
impedance (1000 to 2000 Ohms).
- L1
: L2
L L3
L N
L ] PE
+ e ® & @
—
]
TN-5 wiring diagram:
The neutral conductor and the protective conductor are separate.
® L1
2 L2
i
/]
P L3
PEN
F 9 B
_ —

TN-C wiring diagram:

The neutral conductor and the protective conductor are the same
conductor: PEN.
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Fig. 2 - insuwiation fault on a nefwork operated in TT.
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Fig. 10 : fault current and voltage in TT system.
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A8 4w lie (tenability
TN-C TN-S TT IT{1) IT{2) Observations

safety
m of persons + + + +4 - Uc # 0 on 15t fault (IT)
m fire -- + + - TH-C not recommended
m =xplosions - - + + - TM-C strictly prohibited
availability- + + + ++ + depends on discrimination
(further to 1 fault) of the SCPDs or RCDs

(easier to implement)
maintenability - ) + + . the IT authorises preventive

and even predictive maintenance
reliability P + ++ + + advantage for small Ids
of the installation (damage- electrodynamic

forces)
disturbances
m radiation - - + +4 - advantage for small Id
transmission EM
m =quipotentiality -- + ++ + + pay attention to harmonics
of PE in TN-C

(1) : 1%t insulation fault.
(2) : 2rd fault.

fig. 23: comparing the earthing system.
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The resistance to earth of a rod or pipe electrode R,
_in ohms (£2), is given by the following equation:
R gt ose () 1
where

L s the length of the electrode, in metres (m);
d is the diameter, in metres (m);
p is the resistivity of the soil, in ochm

metres (§+-m) (assumed uniform).
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Plates The approximate resistance to earth of -
a plate (R) in ohms ({}) can be calculated from the .
following eguation: : v...(.a osliul i dasly

n-fia)

where

p is the resistivity of the soil (assumed uniform),
in ohm metres ({-m);

A is the area of one face of the plate, msquare
metres (m=).

el il ol b ol dln 651 i 8T (Al g0 5

D ghn dnlons 5 595 alasly 53 ]
in which a
21:Rs

where

R s the resistance of one rod in isolation, in (;
is the distance between adjacent rods, in m;
is the resistivity of soil, (L m;

is a factor given in Table 2 or 3;

is the number of electrodes (as given in
Tables 2 and 3).

(=]

Jsep 95 cpla by e Jolie

e ST R

= O T

lalr b s aoe &7 (B sl 1L IV L 515 s 2 Jstr !

dade &1, Ll 4 & 415 et Lo S5 (55 o shal s
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Table 2 — Factors for parallel electrodes

arranged in line

Number of electrodes (i)

Factor A

=T < B T = = B I

o
==

1.00
1.66
215
254
2.87
3.15
3.39
3.61
3.81

Table 3 — Factors 'for electrodes arranged in

a hollow square

Number of electrodes ()
along each side of the

Square

Factor i

w9 =31 O oW o b3

o &5 B B S

20

2.71
451
5.48
6.14
6.63
7.03
7.36
7.65

8.67
8.96
9.22
9.40

7.90
18.32

T iEdm-L.

NOTE The total number of electrodes around the square
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Table 5 — Coefficients for strip or round

For a strip or round conductor electrode the conductor electrodes
resistance R, in ohms ({2) is given by the following —— - R
e(manam e arrangemen _ o mfnt
P ¢
K= m I:]Qge (ﬁ]-'- i| SmgIe L 2 -1 -1.3
]eugth“} et
Two 4 | 05 0.9
where lengths at LI
e
L is the length of the strip or conductor, in
metres (m); Three 6 | 18 22
k is the depth of electrode, in metres (m); IIEZIEJ'%ms o \I/
is the width of strip or diameter of L
conductor, in metres (m); -
P is the resistivity of soil, in ohm S - iR PR
metres (ﬂm), a0°
Pand Q are coefficients given in Table 5 for L .
different arrangements of electrode. ';
|

 Where two or more straight lengths, each of length L in
metres {m) and of separation s in metres (m), are laid paralle!
to each other and connected together the combined resisiance
can be caleulated from the following equation:

where
El'l - FR]
p s the resistivity of soil, in ohm metres ({l-m);
. o . . e
Pe 15 the resistivity of infill material, in chm e
meires ({m); R, isthe resistance of n straight conductors in parallel,
in{l
d is the diameter of electrode, in metres (m); R, is the resistance of one straight conductor in fsolation
5 . . . calculated from th ion and coefficients
is the diameter of infill, in metres (m); . PRty A pe
L is driven length of electrode, in metres (m), | ¥ s the fullowing vikie;

for two lengths, F = 0.5 + 0.078(s4) 937
for three lengths, F = .33 + 0.071(s/%) ~%08

for four lengths, F = 025 + 0.067(¢/L) ~4%! provided that
0.02 < (s/L) < 0.3,
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H.4.3 The environmental coefficient accounts for the topog-
raphy of the site of the structure and any objects located within
the distance 3H from the structure that can affect the collec-
tive area. Environmental coefficients are given in Table H.4.3.

Table H.4.3 Determination of Environmental Coefficient C;

Relative Structure Location G
Structure located within a space contain- 0.25
ing structures or trees of the same height
or taller within a distance of 3H
Structure swrounded by smaller struc- 0.5
tures within a distance of 354
Isalated structure, no other structures 1
located within a distance of 35
Isolated structure on a hifltop 2

75



Table H.5(a) Determination of Structural Coefficient G

s — Stuctural Coefficients

Roof
Structure Metal MNoometalhe Flammable
Metal 0.5 1.0 2.0
Monmertallic 1.0 1.0 2.5
Flammable 2.0 2.5 5.0

Table HL5{(b) Determination of Structure Contents
Coefficent Gy

Struciure Contents Cy
Low value and nonflamrnable 0.5
Standard value and nonflammmahble 1.0
High value, moderate flammability 2.0
Exceptional value, flammabhile, 5.0
computter or electronics
Exceptional value, irreplaceable 4.0

culmaral items

Table H.5{(c) Determination of Structure Qccupancy
Coefficient

Structure Occupancy Cy
Unocecupied 0.5
Normally Occupied 1.0
Difficult to evacuate or risk of panic 3.0

Tahle H.5(d) Determination of Lightning Consequence
Coefficient G

Continuity of facility services not 1.0
required, no environmental impact
Continuity of facility services required, 5.0

no environmental impact

Consequences to the environment 10.0
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Annex A

(informative)

Determination of the k factor

Table A.1— Values of factor k for calculating the area of grounding conductors

Initial ?Elaenm :, mﬂnr:lm Value for k when conductor material is
(°C) Copper Alominum Steel
20 150 145 04 55
20 160 : A 149- : 97 58
P 200 165 107 50
20 220 171 112
e 150 180 117 0
20 300 195 126
20 500 235 g5
40 150 131 85
40 160 136 87
+0 200 152 99
e = 160" 105
40 250 170 110
40 300 183 119
40 500 224 145
70 160 114 75
s 150 105 p
73 160 11 72
73 200 131 P
e 200 125 81
— 220 123 87
%0 220 130 85
20 250 142 93
125 250 123 =

From IEC 621-1: 1987. Reprinted with the permission of the Imernational Electrotechnical Commission.
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Figure 2b—Cooefficient K, of Schwarz’s formula
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