
-r

AD AO6S 667 FOREIGN TECHNOLOGY DIV WRIGHT—PATTERSO N AFB OHIO F/S 20/3
TECHNICAL STANDARDS FOp GROUNDING OF LIGHTNING PODS IN SOME COU——ETC (U)
FEb 78 N HA DZI —PE SZC

UNCLASSIFIED FTD IDIPS)T U35 77 NI.

~:. na __
• ~~~~~ ______ 

—

I

I — —



FTD—ID(RS)T—2235—77

FOREIGN TECHN OLOGY DIVISION

H

TECHNICAL STANDARDS FOR GROUNDING OF LIGHTING RODS
IN SOME COUNTRIES

by

M . Hadzi—Pesjc

~w2~
Approved for public release;
distr ibut ion unl imited.

L~L__ _  

~~~~~~~~l2 22 L
_ _ _ _  - _~~~~~ _.i~ 1~~_~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



FTD-ID(RS)T— 2235—77

‘ ACCESSION lit

NTIS WINe S.ctIiR~~
DOC B~ft Section D
uNANNOUNCED a
j USTW~ ATION - 

— 
EDITED TRANSLATI ON

u!slIIJJmJJAtAluBIun ~~
~~~~~~~~~~~~~~~~~~

~FTD—ID(RS)T-2235-.77 27 February 1978

—~MICROFICHE NR : ~~ 7f1~- ~~O~2t7
TECHNICAL STANDARDS FOR GROUNDING OF LIGHTING RODS
IN SOME COUNTRIES

By: M. Hadzi—Pesic

English pages: 19

Source: Elektrotehnika , Vol . 30, Nr. 9, 1975, pp.
152~—153l.

Country of origin : Yugoslavia
Translated by : SCITRAN

F33657—76—D— 0390
Requester : Naval Surf. Weapons Center
Approved for public release; distribution
unlimited .

THIS TRANSLATION IS A RENDITION OF THE ORIGI.
HAL FOREI GN TE X T WITHOUT ANY ANAL YT ICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY:
ADVOCAT EDOR IMPLIED ARE THOSE OF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSIT1ON TRANSLAT ION DIVISION
OR OPINION OF THE FOREIGN TECHNO LOGY DI. FOREIGN TECHNOLOGY DIVISION
VISION. WP.AFB . OHIO.

.4 
FTD _ID~~~)T_2235_77 Date 27 P~b 19 78

p

— -~ —~ --~~-~~~~~ ~~~~~~~~ A.~~. — —



TECHNICAL STANDARDS FOR GROUNDING OF LIGHTNING RODS IN SOME COUNTRIES

Mihallo Hadzi—Pesic , Dipi. Eng .

Over the last few years the technology for protection against atmo-

spheric discharges (lightning) has been considerably improved . As the

consequence some countries have undertaken to work out new regulations.

Austria may be mentioned as an example where regulations about lightning

rods, issued in 1970 (1) have been replaced by new , substantially dif-
ferent , regulations in 1973 [2]. Updating of regulations about light-

ning protection is in progress in other countries also. The Federal

Republic of Germany is in the process of replacing their regulations

“BLITZSCHUTZ UND ALLGFNEINE BLITZSCHUTZ BESTIMNUNGEN” - “ABB ” issued as

the eighth edition in 1968 by a new ninth edition , to be issued this

year. In addition , preparation of the “INTERNATIONAL GUIDE FOR LIGHTNING

RODS” is in its final phase.

It is believed that a review of requirements , standards , and recom-

mendations of various countries will provide some guidelines for imple-

mentation of new “Technical Regulations for Lighting Rods ” in Yugoslavia

which have been in effect since 1968.

A lightning rod installation does not prevent a lightning strike

from taking place. Instead the strike , within the area protected by the

lightning rod , takes plac e at its tin and is conducted into the ground .

In this review we will be concerned only with the part of the light-

ning rod protection that is related to ground and grounding conductors. *

Protection of buildings and installations from atmosnheric dis-

charges can be divided into two groups:

—— external protection

—— interna l pro tec t ion
The external protection is designed to accept lightning strikes and

conduct them into the ground without causing damage to the object or

installation to be protected , or without injuring a person present within

the lightning rod zone .

Author ’s Address: Mihailo Hadzi—Pesic , dipl . eng.
Beograd , Koste Jovanovica 
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The internal protector has the purnose of preventing electrical

breakthrough or jumps between parts of lightning rods and metal narts ,
electrical networks or tt—networks. These may occur because of too—shOrt

distances , because of ioni zation or because of induction.

The grounding is part of’ the lightning rod that connects the light-

ning rod installations to the ground .

Depend ing on the method of installation of grounding , lighting rods

may be divided into two groups:

-- Surface grounding , where horizontal conductors are placed in

the ground at the depth of O .~4 to 1.0 meters (it could be in form of

tanes , rings , networks , and connected to foundations).

—— Deep grounding , where a conductor is buried vertically in the

ground (could be in the form of tubes , rods , or nlates).

—— A combined grounding represents an installation where surface

and deep—type — grounding are combined together.

The grounding of lightning rods has a two—fold role. Primarily it

must conduct the lightning current into the ground with a minimal poten-

tial differential on the ground surface. The other role of grounding

is to shape the grounding potential of the object to be protected , and
to minimize the voltage drop of contact and pace distance , to protect

people present within the lightning strike zone . This is accomplished

by installation of the surface grounding in the form of a closed or a

nartially onen ring around the object to be protected from the lightning

or by grounding to the foundation (f a building constructed with rein—

forced concrete.

When a building is struck by lightning , the ground conductor (with

reference to the ground ) will have a voltage

I di

2 dt
(see Figure 1).

At the ground surface around the conductor , the voltage falls off

as the distance from the conductor increases . The grad~~’nt of the vol-

tage drop around the conductor depend s upon how it spreads along the

surface. From the edge of’ the conductor , along the ground surface , there

are large voltage drops over a distance equal to one (walking) step.

In order to reduce this voltage a surface grounding installation could be

used or, if that Is not possible , the ground surface can be covered with

gravel or can be paved . The ground conductor should be considered as a

2
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Figure 1: Voltage of a lightning rod and changes of potential on the
ground surface during a lightning discharge

di
U l ~~. — — I i R.

I ~Ii

2 di

where: La 
— ground connector Inductance

R — connector resistance

Rr 
— dissipation resistance

Lt 
— ground conductor resistance

I - lightning current

di/dt — rate of current dropoff

Z — ground conductor

Ua 
— ground connector voltage
— ground conductor voltage

U0 
— voltage of ground surface

Uk 
— voltage drop for a distance of one (walking) step

RZ — ground reference.

series connection of ohmic resistance , induc tance and capac itance. An
electric scheme equivalent to a grounded conductor Is illustrated in
Figure 2.

In planning protection against lightning, consideration should be
given to economic justification of such an installation in view of the

3
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Figure 2: A scheme equivalent to a linear surface grounding; L —

Inductance of the ground conductor; R — resistance of
the ground conductor ; Ra 

— ground resYstance.

damage that could be caused by lightning . In such a calculation impor—

tant elements are the probability of a lightning strike and the maximum

value of the lightning current .

In the proposal to the International Guide for Protection from

Lightning, there are statistical data for maximum values of lightning

currents (Figure 3), and the increment s of current as a function of

frequency of strikes (Figure ~4). Depend ing upon the purpose and the

value of the object or installation to be nrotected , 50% or 90% of

the values shown are used in calculations as strike frequency probab i-

lity.

~ r wr~ ~~H “~‘~1J~ll I -

,JJIthL~i1JII~;L~ILi , Ith [M J
Figure 3: Maximum value of the lightning strike current as a function

of the strike frequency.

~~~ 
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Figure ~: Current Increments due to strike frequency .
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Figure 5: Maximum value of lightning current.

Accord ing to technical regulations on lightning rods in SFRJ , It

was adopted that atmospheric discharge (normally) has a form of elec-

tric impulse with current strength of 60 kA. The time adopted for

frontal discharge is two microsecOnd s and the half—time of lightning

duratio* is 50 microseconds (Figure 5). Similar values have been

adopted in other countries.

The dissipation resistance of the grounding conductor (Rr) i.e.,

of the ground , is represented by the ratio of the voltage of the groun-

ding conductor (Us) and that of the current that flows through the

ground either as direct current or as alternate current at 50 Hz.

The strike resistance of the grounding conductor (or the ground —

Ru) is represented by the ratio of the voltage U~ 
and the electrical

pulse of lightning which flows through the ground . Dissipation resis-

tance of the ground ing conductor during the flow of the electrical 
P

lightning pulse does not have a constant value . It is dependent upon

the time and the form of’ the e~ ctrical pulse. The variability of this

resistance increases with an increase of the specific resistance of

the ground and with the length of’ the grounding conductor .

The effectiveness of the lightning rod grounding is characterized

by the strike resistance of the grounding (R) rather than by the dis-

sipation resistance

The relation between these two forms of resistance Is defined by

the expression:

R = K•flr

The coefficient ”kN depends on a number of factors which will be

discussed later.

5
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When planning lightning protection one should first determine the

dissipation resistance for the given tyoe of grounding.

In this review , we will show some m€~thods used for calculation of

grounding for lightning protection.

THE DI SSIPATION RESISTAN CE (R~~ for various forms of the grounding
conductors can be calculated by the following methods :

01 — SURFACE GROUNDING

As was already mentioned , surface grounding refers to horizontally

placed conductors buried to the depth of 0.14 — 1 m.

01 — 1 SINGLE—LINEAR GROUNDING CONDUCTOR is a horizontally placed

conductor , where it is attached at its beginning to a single lightning

rod (Figure l2a). Its dissipation resistance can be calculated from

the following expression:

p I’

2 I , I d - h
where :

p — specific ground resistance (Qm )

1 — length of the ground conductor (m)

h — conductor depth (m)

d — diameter of the conductor material (m)

Rr 
— dissipation resistance of the ground conductor (ç~)

The dissipation resistance of the grounding conductor of this type

with the length of less than 20 m and diameter d = 0.1 m , can be appro-

ximately calculated by the expression:

R, 2-

01 — 11 When the lightning rod is attached to the middle of the

grounding conductor whose full length is “29.” , Its dissipation resis-

tance is assumed to correspond to a parallel connection of’ two linear

ground conductors , each leg having a length “9.” .

If the two legs of the conductor form an angle of less than 180°,

the dissipation resistance of the whole conductor is obtained by multi-

plying the resistance of one leg (R ) of length “1” with the coefficient

The coefficient “f1” is given°graphically in Figure 7.

R =  f1 x R  H.
6
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I
01 — 12 The expression below represents dissipation resistance

of a horizontal linear grounding conductor with “n” legs . All legs are

joined together at one point where they are connected to the lightning

rod . All legs are of equal length “1” and have equal angles between

them .

R = f’
2 x R

where

R — dissipation resistance of a single leg

— factor taken from the graph In Figure 8.

Ru (fl)

hO -- -- 

30 - - - --- - 

--

20 — -- — -— -- -—- — —

I

50 700 200 3 ‘0 400 5 012m

Figure 6: Permitted values for strike resistance of ground conductors .
fi

0, 9 I --

45—_i
0 30 60 90 120 750 780’ o(

Figure 7 — Value of’ the factor

01 — 2 RING TYPE GROUNDING CONDUCTOR is a conductor placed around

an object in the form of a ring which may be either closed or open. If

an area is surrounded by a conductor in the form of a CLOSED RING “A” ,
(m2) ,  the dissipation resistance can be given by the approximate expres-

sion:

7 
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A ring—typ e grounding conductor in square form and without one

of the sides — OPEN RING TYPE with three legs of equal length “1” (m)

— has 20% higher dissipation resistance than a closed ring type groun-

ding conductor with the same area “A” .

01 — 3 GRIT TYPE GROUNDING is installed in the form of a net

placed horizontally in the ground . Its dissipation resistance is
smaller than that of a ring type grounding conductor but greater than

the dissipation resistance of’ a horizontally—placed, solid plate , groun-

ding conductor of the same area “A” .

01 - 14 NETWORK TYPE GROUNDING CONDUCTOR is installed in the form

of a net , placed horizontally in the ground . Its area “A” (m2) has an

approximate dissipation resistance of’:

p
K, — 0.45

V A

0, 5

0,4

0,3

42 ~~~~~
2 3 ~ 5 6 7 6 9 10 broj tr ako

Figure 8: Value of the factor

02 DEEP GROUNDING CONDUCTORS
By deep ground ing conductors , we understand conductors that are

buried vertically . They are also called VERTICAL GROUNDING CONDUCTORS .

02 — 1 ROD—TYPE GROUNDING CONDUCTORS
— 

Rod type grounding conductors consist of’ one or more vertically—

8 
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I
buried water pipes or iron rods , heat—coated with zinc .

02 — 11 P. SINGLE ROD GROUNDING CONDUCTOR of length “1” Cm) and
diameter “d” (m) has dissipation resistanc e of:

p 4 - I
- Iii

2ii I d

If the diameter of the grounding conductor is d = 25 mm , or d = 50u,
the dissipation resistance can be approximately determined by the ex-
press ion:

p

02 — 12 A DOUBLE ROD GROUNDING CONDUCTOR buried vertically with
both rods of equal length “1” (m) and separated by the distance “a”
Cm ) has the dissipation resistance:

R = f x Rr 3 r
~

where: f
3 

— factor taken from the graph in Figure 9 which is depen—
dent upon the ratio all ,

R — dissipation resistance of a single vertically buried

grounding conductor.

Figure 9: Value of the factor

02 - 2 PLATE TYPE GROUNDING CONDUCTOR . A square metallic plate
vertically buried to the depth of the underground water or to the depth
where the upper edge of’ the plate is at least 1 m , below the ground sur—
face, has a dissipation resistance which can be approximately calculated

by use of the expression (a):

9
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p
R, —

4 ,5 - a

where: a — side of the square Cm)

p — specific resistance of the ground (~2m)

03 COMBINED GROUNDING

Often , the grounding of lightning rods is done by o combination of

vertically— and horizontally—placed conductors. As an example we can

Coasjder a horitzontally—placed network for grounding of lightning and

a single vertically—placed grounding rod . If the l en g t h  of a mesh
square of the network grounding conductor is “lx” and the vertical con-

ductor of length “1” (m) is connected at the network crossing point , the

aenroximate value of the dissipation resistance can be calculated by the

exnress Ion :

R = f x Rf  14 rm
I

where: f~ 
— factor taken from the graph in Figure 10 which depend s

upon the ratio

— dissipation resistance of the network grounding.
m

0,1 ~~ ~
qa -
07~~~ -0 0.7 0,2 0.3 0,4 0.5 0,6 0,7 0 ,80,9 s

In,

FIgure 10: Value of the factor

STRIKE RESISTAN CE (R u) of’ lightning rod ground i ng is , as mentioned

b~’f’ rj ri , Iietermined by the ex p r ession :

B = K.R
U 1

The coefficient “k” has a maximum value (3) of’ k = 1.5. This value

of’ the coefficient “k” is used for single , surface grounding conductors

(01 — 1) and for grounding conductors using multiple legs whose length

10
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I
does not exc~ ed the “limiting value” ~Figure 11) . The value of 1.5 Is P
also used for factor “k’ in case of the ring—type grounding conductors
(01 — 2 ) . Igr(n,)

(gr i

~ ‘tj~ >
~~L ~~r2

~~~200 600 1000 1~00 1/100 2000.flm -

Figure 11: Limiting values for lengths of grounding conductors.

Because the d i s s i p a t i o n  res i s tance  of a s ingle su r face  grounding
conductor is inversely proportional to its length , one should (the other
f’actors being equal ) give attention to the determination of’ the strike

resistance of’ grounding. This resistance is not to be reduced by a

ca l cu l a t ed  l eng th  of the  conductor  which exceeds  the  l imi t ing  value
1grl (Figure 11).

For economical reasons , one may adopt (in place of the limiting value

“1gri”)~ 
line “lgr2” as the limiting value for the length of the grounding

conductor , because for large lengths the strike resistance of grounding

of single horizontal conductors does not change significantly .

When in calculations of the dissipation resistance of a single sur—

face conduc tor , the  required length  “1” exceeds  that  of “1grl ” ’ the
length can be shortened to the limiting value “1grl” because a longer

length of grounding is not needed to obtain the required s t r ik ing  resis-
tance (see broken line in Figure l2a).

L - . 
‘9’?

Figure 12a : Single linear grounding conductor .

When the lightning rod is connected to the middle of the grounding

conductor (Figure l2b), the calculations can be carried out in the same - -

manner as in the previous example. The strike resistance of the whole

11
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’19,7

Figure l2b : Double  linear grounding conr~’ct ,or connected in the middle.

grounding  conduc tor  can be treated as two conductors of equal length
“lgri ” (01 — 11) connected in pa r a l l e l .

The coefficient “k” has the value of unity (k — 1) for horizontal
grounding (01 — 3), for deep grounding (02), and for combined grounding

(03).

The strike resistance of grounding may be regarded as equal to the

dissipation resistance for a linear horizontal grounding with “n” legs
of 20 to 30 m length (01 — 12). The same r e l a t i o n  can be used for any
local ground ing at a distance of 30 meters from the object carrying the

lightning rod .

A linear grounding conductor 20 m long may be regarded as prac-
tically satisfactory for leading away a lightning strike. Consequently ,

this length should be utilized for calculations of the strike resistance.

The strike res is tance  of a l i gh tn ing  rod ,grounding must  be sma ller
than  the poss ib le  maximum value  of th i s  res i s tance .  It can be calculated
from the express ion :

2 p

where p is the specific resistance of the ground around the grounding

(c2m).

The strike , resistance of grounding is illustrated in Figure 6 as

a function of the specific resistanc e of the ground [3].

I I~I

As may be observed from this diagram the specific resistance of

the ground for up to 50 ohm—meters , is assigned a maximum va lue of
strike resistar.ee of Ru 

— 10 ohms .
max

If a lightning rod grounding has more individual grounding conduc-

tors which are not interconnected underground but only by the lightning

rod installations on the roof, the total strike resistance will corres-
pond to the above If the following requirement Is fulfilled :

12
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R < R
U~~~~ Umax

The striking resistance for each part of the lightning rod grounding
must be :

R < 2 . R
U —  Umax

This cond i t ion  must  also be f u l f i l l e d  for  each separate grounding
conduc tor  or for more separate grounding conduc tors  (no more than 3)
which are int erconnected underground .

When the resistance of a lightning rod grounding is not known or it
is not known how the  grounding was i n s t a l l ed  or which type was used , and
the resistance cannot be determined according to the listed principles

and t he re fo re
R,~~~V 2 P

the grounding does not satisfy the requirement s for proper lightning

protection.

When installing and planning a lightning protection for objects

and installations one must take into consideration also the existence

of other conductors around the object such as “plumbing network , elec-

trical and tt cables with metallic shielding, gas pipes , pipes for heating

or chemical processing and other metallic bodies . In principle , ia such

cases the grout~dIng for lightning rod s is connected (galvanized ) to the

metallic bodies as long as they are separated by less than three meters .

The r e g u l a t i o n s  anc~ gu ide l ines  of various countrie, give instruc-

tions for electrical connections or insu la t ions . As an example , we may
refer to the Yugoslav Technical Regulations for Lightning Rods (section

~4.67 to 14 .691).
In electrical power installations and lightning rods the so—called

SINGLE POTENTIAL SURFACE GROUNDING [5] are used . The protective grounding

for the high and low voltage power and lightning is connected into one

syst em.

Lightning grounding may be placed into water only in exceptional
cases when earth grounding is not possible.  In suc h cases the grounding
conductors  are placed into the  water in the same way that they would be
placed in the  ground . For ca lcula t ions  one must take into considerat ion
the specific resistance of water , which is up to 200 ohm—meters , and of

13
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wet clay at the bottom of the water , which may have a st’~~’ific r ’sIs—

tance up to 20 ohm—meters.

Grounding conductors should not be placed in water where swimming

is permitted or wells which aren ’t permanen tly closed. The ground con-

ductor should not be in the form of a metallic sphere.

Modern technology for’ lighting protection [3] uses mainly round

conductors , particularly zinc—coated iron . For the hor1zont~~ grounding

conductor s, zinc—coated iron must have a minimum diam~~.er or 10 mm , and2deep grounding conductors must have a minimum area of 300 mm , and a mini-
mum length of 1.5 m. Plate—type zinc coated (Iron) grounding cond u~ tors

must have a minimum plate thickness of 3 mm. The lightning rod leading

into the ground must have a minimum diameter of 16 mm . The iron must be

zinc—coated under heat to a thickness of 275 gr. per 1 m 2. The zinc

coating should not crack or peel when round iron is bent and the diameter

of the bending radius is larger than ten time s the rod diameter. This

test assures that the material complies with the corrosion resistance

requirements.

In technical specifications and guidelines for lightning rods , var—

b u s  countries [6] have established requirements for lightning rod

grounding .

I.  AUSTRIA. The spec i f i ca t ions  [2] do not prescribe the res is tance
value for l igh tn ing  rod grounding . For the speci f ic  resistance of the
ground of up to 50 ohm—meters , Ru should be 10 ohms (see Figure 6).
Closed—type ring conductors placed 0.14 m deep are recomme nded for

grounding . When crossing or approaching a distance of 3 m from metal
piping (water piping, steam piping , etc.), or metal— shielded cables ,
they must be connected (igalvanized ) to the grounding or they must be

inserted into a pipe of insulating material with a minimum thickness of

3 mm. In that case the permitted distance is 0.14 meters. If the metal

shielding of a cable is grounded , the above—mentioned requirements do

not apply . Except for specific conditions , lightning rod grounding may

utilize a plumbing network but piping for gases may not be used for

grounding .

II. BELGIUM. Regulations on lightning rods [10] state that the

strike resistance of grounding may have the values from 5 to 50 ohms
depending on the specific resistance of the ground , height of the ob-

ject to be protected and type of grounding. 

--— ., ~~~~ - —. .- , -
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III. BULGARIA. Technical regulations of 1972 [8] s ta te  tha t , for

a speicific resistanc4 of the ground of 500 ohm—meters , the strike re-

sistance of lightning rod grounding may be 140 ohms for each grounding

conduc to r  and should not  exceed 20 ohms for to ta l  grounding in s t a l l a t i o n .
Res is tanc e of grounding for f ac to ry  ch imneys , water—cooling towers , etc.

may have values  of up to 50 ohms . These regulations describ e in detail

the p r o t e c t i v e  measures  and methods for i n s t a l l i n g  various types of
grounding  and o b j e c t s .

IV. DENMARK. Danish regulations for l i gh tn ing  rods [7] require
that the total resistance of grounding should be less than 2 ohms . Ring—

type grounding is to be placed at a depth of 0.14 meters . Plumbing instal-

lations could be used as part of the ring conductor . Instead of the ring

grounding plumbing networks , or metallic piping for gas or water heating

systems can be used . Also a metallic plate or tape (which should not be

mad e of copper) can be inserted into a well. The grounding may be of

the surface type in the form of a tape or a deep type grounding which

reaches the underground waters .

V. ENGLAND . The regulations state [9] that the total resistance
of lightning rod grounding should not exceed the value of 10 ohms . Every

rod must have its own grounding. In case of an object with “n” grounding

conductors , the resistance of each should not exceed R
~ 

= n x 10 (ohms).

It is recommended that vertical rod type grounding be used and should

be buried to the depth of underground waters. Use- could also be made of

surface type grounding in the form of ring, ray , and other structures.

VI.  HOLLAND . The Dutch regulat ions  [12] s ta te  that  to ta l  s t r i k e
res isn tace  of l i gh tn ing  rod grounding , which is connected either to a

m e t a l l i c  p lumbing  network or to a grounding sys tem of neighboring ob-
jects , should not exceed the value of 2.5 ohms . The average strike

res i s tance  of indiv idual  grounding conductors  should be w i th in  the  l imi t s
of R

~ 
= n.R as long as the number of grounding conductors is equal to or

less than 10. When the number of ground 1n~ conductors  exceeds 10 , the
resistance of each may have the value,1~u

1 
ihere ’R”represents the total

resistance of the grounding. When electrical installations are brought

into the building by a cable , the metallic shield of the cable must be

connected to the grounding of the lightning rod . The energy distribution

system mus t have an entry c ab le p laced inside a metal lic tube which must
be connected to the lightning rod groundins’. The resistance of this

15
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ground ing  should  not exceed  1.5 ohms . If the sys tem has on ly  one
ground ing  conduc to r , the  r e s i s t a n c e  should  not ex ( e((I 6 ohms .

V I I .  YUGOSLAVIA.  I n our r e g u l a t i o n s  [ 1 4 ] sect~~on no. 14. 12 states

t h a t  the  R va lue  should  not  exceed 20 ohms for  s p e c i f i c  ground resis-
tance of 250 ohm—meters. For specific ground resist-~i nc ’ in excess  of ’
20 ohm meters , the value for strike resistance may be up to 8% of the

specific ground resistance.

VI II .  SOUTH AFRICA.  In South A fr i c a  wh ere the  s p ec i f i c  resis-
tance  of the  ground is h igh , the  s t r i k e  r e s i s t a n c e  shou ld  riot exceed
the value  of 30 ohms [13]. R a d i a l — t y p e  s ur f a c e  gr o u n d i n g  is recommended .

When deep— rod type  grounding  is used , the  r e s i s t ance  of each of the
ground ing conduc tors  should not exceed ten times the  res i s tance  of t o t a l
grounding (R ~ = 10~n where “n” is the number of vertical grounding

conductors). Plate—type grounding is not recommended .

IX. HUNGARY . Regulations of 1962 [11] state that the strike
-

, 

resistance of a single grounding conductor may have a value of 30 ohms .

When the grounding conductors are connected into a single system , the
reni staas. may have the value of up to 5 ohms . It is expected that new

regulations will be issued this year which will adopt modern achievements

for protection against lightning.

X. POLAND . In new technical regulations [18] the strike resistance

of lightning rod grounding (depending on the soecif’ic ground resistance)

may range from 10 to 50 ohms . Ring—type surface grounding placed at

the depth of’ 1. m is recommended . The surface grounding conductor should

not exceed the length of 35 meters for a specific ground resistance of
up to 500 ohm—meters. For the ground resistance of’ 1000 ohm—meters , the

length of grounding conductors should be 35—50 m , etc. In a dry ground

• the tape may have a length of up to 100 meters. For field granaries on

dry ground , a grounding conductor of 15 m length is satisfactory . Large

metallic installations such as water’ pipes which are within 3 m. distance
from a lightning rod installation (grounding) must be connected into a

single system .

XI. FR GERMANY . Technical guides for lightning rods [114] primarily

reommend the use of ring—type surface grounding buried to 0.5 m , and

separated by 1 m from the building foundation , or grounded to the foun—

dation. When ring—type grounding cannot be~instal1ed , use can be made of

other types such as radial or linear type up to 20 m long or a deep
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grounding rod 6 m long or two rods each 3 m long and separated by a
d i s tance  of 3 m or by grounding to a 1 m 3 block of re inforced  concre te .
A secondary l igh tn ing  rod must  hav e a grounding conduc tor  length of 5 m ,
or a deep grounding rod 3 m long . Me ta l l i c  and non—meta l l i c  i n s t a l l a t i ons
of water pipes or gas and steam d i s t r i b u t i o n  systems can be used for
grounding . Such d i s t r i b u t i o n  systems must be connected  to the  l i gh tn ing
rod grounding when they are separated by less than 2 m.  Accord ing  to
these guidel ine~. ( ABB ) the res i s tance  of l igh tn ing  rod grounding does
not have to be determined when there  are no me ta l l i c  ob jec t s  in the  vici-
n i t y  of the  grounding conductor . When there are underground objects
w i t h i n  d i s t ance  “D” (urn ) of the grounding conductor , the fo l lowing
re la t ionsh ip  must be s a t i s f i ed :

R = 5~ D

The Postal Service determines the resistance of the lightning rod

(2 ohms). Objects with explosive danger or posts higher than 20 rn,

require resistances of less than 10 ohms . It is required that lightning

rod grounding comply with the requirement s regarding voltage drops for

(walking ) step distance and touch . The voltage around the grounding

conductor must be equalized .
XIII. U.S.S.R.. General specifications [15] require that strike

resistance of’ lightning rod grounding not exceed 10 ohms . Linear and

rod grounding types are used . In ground s with specific resistance ex-

ceeding 1000 ohm—meters , deep—rod type grounding must be used . Light—

fling rod grounding must not be connected to grounding of other objects.

Lightning rods and ccnductors must be separated from metallic objects

by at least 6 m. Metallic objects and installations inside or outside

the building which are within distance of’ 30 m must be connected to a - - 
-

,

ring—type grounding, the resistance of which should not exceed 15 ohms .

Connecting cables (power or tt) must have lengths of’ over 50 m as con-

nections in air are not allowed for objects with lightning rods. The

grounding resistance of’ metallic cable shields may be up to 20 ohms . At

the ooint where cables enter the objects , they must be connected to a

ring—type grounding of the buildings .

XIV. SWITZERLAND . Regulations [16] do not require that the re-

sistance of’ the lightning rod grounding be determined . Use of ring—

type grounding 0.5 m deep and separated from the foundation by 1 to 2

m is recommended . When presen t, plumbing installations with metallic

pipes exceeding 50 m must be used as grounding for a single rod . In
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I
cases where In s t a l l a t i o n  of a s u r f a c e — t y p e  r ing grounding is incon-
ven ien t , a r o d — t y p e ve r t i ca l  conduc to r  may be used but  it must  be
separated by one—half  of i t s  length  from the  f ’oundatiol)6f’ the  objec t .
A tape t y p e  grounding us ing  a wire 10 m long (minimum ) can also be used .
The wire can be placed into the  ground in a w a v e — l i k e  manner .  Rain
g u t t e r s  may be used as lightning rod leads. The gutter must be con-

nected to the plumbing installation in the cellar at the point where

they are closest to each other. In such a case the gutter may not have

a separate grounding.

O b j e c t s  located on rocks  or ground of h ig h spec i f i c  r e s i s t ance  must
have all  rods — ground leads — connec ted  to a r i n g — t y p e  ground . This
ground is connected (by ga lvan i z ing )  to p lumbing  p ines , m e t a l l i c  cab le
shie lds  and cable car cab les .  If there  is a pos s ib i l i t y  of mechanica l
damage to the ring’ conductor  it must  be p ro t ec t ed  by a m e t a l l i c  t u b e .

X IV.  UNITED STATES OF AMERICA . Regula t ions  [17] do not requi re
tha t  the r e s i s t ance  of the  l igh tn ing  rod ground be determined . Each lead
must have a separate  ground . Each me ta l l i c  pipe buried in t h e  ground
(p l umbing ,  s team pipes , e t c . )  must  be used as a l i g h t n i n g  rod ground .
For the  groun d wi th  low sp ec i f ic  r e s i s t ance , v e r t i c a l l y — b u r i e d  rods
3 m long are s a t i s f ac to ry . For a ground w i t h  high spec i f i c  r e s i s t ance
(sand , gravel , s tone)  use must  be mad e of e i the r  t a n e — t y p e  sur face  ground ,
ve r t i ca l  rod , or deep p la te  ground . Depth is imoortant  for  v e r t i c a l —
type  grounding.  R i n g — t y p e  grounding mus t  be bur ied to a depth of 0 . 6  m.
In ce r t a in  grounds sur face type ( r ing or r ad ia l )  grounding connec tors
are used.

XV . INTERNATIONAL GUIDELINE S FOR LIGHTNING RODS . In the proposed
guidel ines  [3] the  values for res i s tance  of grounding are not g iven .
The method s for ca l cu l a t i on  of res is tances  for various forms of grounding
against  l i g h t n i ng  reported here have been t aken from the above proposed
guidel ines .

CONC LUSIONS
On the basis of the reported data , all specifications , regulations

and guidelines prescribe the required resistance for lightning grounding

or give dimensions and method s for Installation and grounding . Common
to all newer specifications is the requirement to determine the shape

of the potential around the ground. This is required because of possible

critical voltage at the distance of one (walking) step during an atmospheric
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discharge which must be regarded as an impulse phenomenon .
It Is f e l t  t h a t  before  d e f in i n g  a f ina l  form of our Regula t ions

on L i g h t n i n g  Rods we should wai t  for p u b l ic a t i o n  of the In te rna t iona l
Ligh t n i n g  Rod Guide l i ne s .
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