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FOREWORD

This standard provides information for the state-of-the-art design of a satisfactory lightning
profection system for structures (building, fixed facilities...) and open areas (storage areas,
leisure or sports areas...) using an early streamer emission lightning conductor and provides
instructions as to the methods to be used for achieving such protection.

As in the case with anything related to the natural elements, a lightning protection system,
designed and installed in accordance with this standard, cannot guarantee absolute
protection to structures, persons or objects; however, applying this standard will significantly
reduce the risk of protected structures being damaged by lightning.

The decision to provide a structure with a lightning protection system depends on the
following factors : lightning stroke probability, severity and acceptable consequences. The
selection is based on the parameters contained in the-risk assessment guide (Appendix B to
this standard). The risk assessment guide also indicates the appropriate protection level.
Examples of structures which may need a lightning protection system are :

- buildings open to the public,

- tower blocks and, generally, high structures (pylons, water towers, lighthouses, etc.),

- buildings and warehouses containing dangerous materials (explosive, flammable or toxic
materials, etfc.), :

- buildings containing highly vulnerable or valuable equipment or documents (such as
telecommunication facilities, computers, archives, museums, historical monuments).

From the structure design stage onwards and then during the installation, particular attention
should be paid to : '

- take into consideration all the iters which are to be used for making up a lightning
protection system which meets the requirements of this standard by requesting

professional advice from those involved in the sector : designers, builders, installers,
users, efc.

- plan the complementary use of conductive items in the structures to be protected.

The measures stated in this standard are the minimum requirements for a statistically
effective protection.
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1. GENERAL

1.1 SCOPE AND OBJECT

1141 Scope

This standard is applicable to the lightning protection using early streamer
emission lightning conductors of common structures of less than 60-m high and of
open areas (storage areas, leisure areas, etc.). it includes the protection against

the electrical consequences due to the lightning current flow through the lightning
protection system. '

Notes ;

1. This standard does not cover the protection of electrical equipment or systems

against voltage surges of atmospheric origin which are transmitted by networks
entering the structure.

2. Other standards describe lightning protection systems using simple rod
lightning conductors, stretched wires and meshed conductors.
Some Administrations, public services or operators of hazardous installations
may have adopied specific regulations.

1.1.2  Scope

This standard provides the information for the design, construction, inspection and
maintenance of lightning protection systems using early streamer emission
lightning conductors. The purpose of these lightning protection systems is to
safeguard persons and property as effectively as possible.

1.2 REFERENCE STANDARDS

The following standards contain provisions which are referred to herein and thus
applicable to this standard. At the time of publishing, the stated issues were
current. Any standard is subject to revision and the parties involved in agreements

based on these standards are urged wherever possible to use the latest issues of
the documents listed below :

NF C 15-100 {May 1991) :
Installations électriques a basse tension : Régles

NF C 90-120 (October 1983)

Materiel électronique et de télécommunications - Antennes individuelles ou
collectives de radicdiffusion sonore ou visuelle : Régles

NF C 17-100 (February 1987)
Protection of sfructures against lightning - Requirements.
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1.3

1.3.1

1.3.2

1.3.3

1.3.4

1.3.5

1.3.6

1.3.7

1.3.8

1.3.9

1.3.10

. protection system.

DEFINITIONS
Lightning flash to earth

An electrical discharge of atmospheric. origin between cloud and earth, consisting
of one or more current impuises (return strokes).

Lightning stroke
One or more Iightning__ discharges to earth.
Striking point

A point where a'lightning. stroke contacts the earthr,; 3, structure, or a lightning

Protected volume

Volume of influence of the early streamer emission lightning conductor within
which the early streamer emission lightning conductor is the striking point.

Lightning flash density Ng
Yearly number of lightning flashes per kmz2.

Return stroke density Na

Yearly number of retum strokes per km2 A lightning stroke consists, in average,
of several retrum strokes. See map in Appendix B.

Lightning protection system (I-_PS'-)':-* :

The complete system used to protect structures and open areas against the
effects of lightning. It consists of an external lightning protection installation and of
an internal fightning protection installation, if any.

External lightning protection installation (ELPY)

An external lightning protection installation consits of an air-termination system,
one or more down-conductors, and one or more earth termination systems.

Internal lightning protection installation (ILPI)

An internal lightning protection installation consists of all the devices and

measures reducing the- electromagnetic effects of lightning current within the
volume {o be protected. R

Early streamer emission (E.S.E) lightning conductor
A lightning rod equipped with a system which creates the triggering advance of the

upward leader when compared with a simple rod {S.R.) lightning conductor in tthe
same conditions, - o
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1.3.44

1.3.12

1.3.13

1.3.14

1.3.15

1.3.16

1.3.17

1.3.18

1.3.19

1.3.20

Triggering process

Physical phenomenon between the inception of the first corona and the continuous
propagation of an upward leader. _

Triggering advance (aT)

Mean gain in triggering time of the upward leader of the E.S.E. lightning conductor
when compared with a S.R. lightning conductor in the same conditions and
derived from the evaluation test. This is expressed in ps.

Natural component

A conductive part located outside the structure, sunk in the walls, or situated
inside a structure and which may be used to replace all or part of a down-
conductor or as a supplement to an ELPI.

Equipotential bonding bar

A collector used to connect the natural components, ground conductors, earth
conductors, screens, shields and conductors protecting  electrical
telecommunication lines or other cables, to the lightning protection system.

Equipotential bonding

An electrical connection putting ground conductors and conductive parts at the
same potential or a substantially equal potential.

Equipotential conductor

A conductor providing for equipotential bonding.

Dangerous sparking

An electric arc produced by a lightning current within the volume to be protected.
Safety distance (S)

The minimum distance for which no dangerous -spark can be produced.

Interconnected reinforcing steel

Natural components within a structure which provide an electrical path resistance
smaller than 0.01 Nand can be used as down-conductors. '

Down-conductor

Part of the external lightning protection installation designed to conduct the
fightning current from the E.S.E.lightning conductor to the earth termination
system.
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1.3.21

1.3.22

1.3.23

1.3.24

1.3.25

1.3.26

1.3.27

1.3.28

1.4

1.4.1

Test joint/Disconnect terminal (or measurement terminal)

A device used to disconnect the earth termination system from the remainder of
the system. C

Earth electrode

A part or group of parts of the earth termination system which provides direct
electrical contact with the earth and disperses the lightning current to earth.

Earth termination system

A conductive part or 2 group of conductive parts in intimate contact with and
providing an electrical connection with earth.

Earth termination system resistance

Resistance between the test joint and-earth : it equals the quotient of potential
increase, measured at the test joint with respect to an infinitely remote reference,
and of the applied current to the earth‘_el'ectrode. R

Surge Protective Device (S.P.D.)

A device designed to limit transient surge voltages and to provide a path for the
current waves. It contains at least one non linear component.

Transient surge voltage of atmospheric origin

Overvoltage lasting a few milliseconds 6nly, oscillatory or not, usually strongly
damped. ' o -

Protection level
Classification of a Iighthing protection system which expresses its efficiency.

Note : This definition 'should not be confused with that used with surge protective
device (S.P.D.). : e

Equivalent collection area of a structure Ae

A fiat ground surface subjected to the same number of lightning flashes as the
structure under consideration. '

STORMY PHENOMENA AND LIGHTNING PROTECTION SYSTEM BY
E.S.E. LIGHTNING CONDUCTOR

The storm phenomena and the need for lightning protection

The need for protection, is determined according to the lightning flash density of
the area being considered. The probability of a structure being struck by fightning

over a one-year period is the product of the lightning stroke frequency times its
equivalent collection area, ‘
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The lightning flash density is given by the formula Ng = Na/2.2, N is given in the
map situated in Appendix B.

The structure protection appropriateness and the protection level to be used are
given in Appendix B.

Note : Other requirements (statutory requirements or personal considerations)
may lead to the decision being taken to adopt protection measures for reasons
other than statistical ones.

1.4.2 Characteristic lightning parameters and associated effects

Lightning is mainly characterised by parameters related to the electric arc between
the cloud and the ground, hence those related to the lightning current flow in the
arc and the conductors.

The most important parameters are the following :

- amplitude,

- rise time,

- decay time,

- current variation rate (di/dt),

- polarity,

- charge,

- specific energy,

- number of strikes per discharge.

The first three parameters are independent in terms of statistics. Any amplitude
may be encountered, for instance, with any decay time (see the world-wide data
presented in the tables in Appendix D).

As an electrical phenomenon, lightning may have the same consequences as any
other current flowing through an electrical conductor or any other current flow
through a bad conductor or an insulator.

The expected effects of the characteristic lightning parameters are as follows -

- optical effects,

- acoustical effects,

- electro-chemical effects,

- thermal effects,

- electro-dynamic effects,

- electro-magnetic radiation.

The thermal and electro-dynamic effects are taken into account when sizing the
different components of the lightning protection system. The electro-magnetic

radiation effects (flashover, inductions, etc.) are taken into consideration in article
3.

The remaining effects have no appreciable effect on the design of a lightning
protection system. All the effects are described in Appendix D.

C 17-102 - July 1995 -8-



1.4.3

Components of a lightning profection system

A lightning protection system consists of an external lightning protectibn

installation (ELP}) and, if neces

installation (ILPI).
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The external lightning protection installation consists of the
interconnected items :

(a) One or more ESE lightning conductors
{b) One or more down-conductors

Figure 1.4.3

(c) A test joint for each down-conductor

(d) A lightning conductor earth electrode for each down-conductor
(e) Disconnectable cnnnector -

{f) One or more connections between earths

(g) One or more equipotential bounding

{h) One or more equipotential bounding through antenna mast arrester

sary, of an additional internal lightning protection

following
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2.1

2.1.1

2.1.2

The internal lightning protection installation consists of ;

(1) One or more equipotential bonding(s)
() One or more equipotential bonding bar(s)

- The equipment of the electrical installation are :

(k) Earth termination of the structure
(I} Main earth terminal
{m) One or more surge protective device(s).

EXTERNAL LIGHTNING PROTECTION INSTALLATION (ELPI)
GENERAL

Design

A prior survey should be conducted to determine the protection level to be
considered, the E.S.E. lightning cenductor location(s), the down-conductor path(s),

the earth termination system location(s) and type(s).

Architectural constraints may be taken into account in the lightning protection

system design but this may substantially reduce the lightning protection system
effectiveness,

Prior survey
The prior survey is divided into two parts :

{a) Assessment of the lightning strike probability and selecting the protection level
using the data in Appendix B.

(b) Location of all the elements of the lightning protection instatlation.
This information should take the form of a specification, stipulating -

- structure sizes,

- relative geographical position of the structure - isolated, on a hilltop, amidst other
buildings which are higher, of the same height or lower, '

- frequency with which the structure is occupied by people whose mobility is
restricted or otherwise,

- risk of panic,
- difficulty of access,

- service continuity,

C 17-102 - July 1995 -0 -



2.2

2.2.1

2,2.2

- Struclure wentenis | -presence of persons, animals, flammable materials, sensitive
equipment such as computers, electronic or high-value or irreplaceable
apparatus,

- roof shapes and slopes,

- roof, wall and load-bearing structure types,

- metal parts of the roof and large external'metal items; such as gas heaters, fans,
stairs, antennae, water tanks,

- roof gutters and rainwater pipes,

- salient building parts and types of materials (metal or non-conductive material),
- most vulnerable points of the building,

- lay-out of the building metal pipes (water, electricity, gas, etc.),

- nearby obstacles which may affect the lightning path, such as overhead electrical
lines, metal fences, trees, etc.,

- environmental conditions which may be highly corrosive (salt air, petrochemical
plant, cement works, etc.). '

The structural points considered as vulnerable are the-salient parts, particularly
towers or spires, chimney stacks and flues, roof gutters, edges, metal masses (air
exhausters, main wall cleaning system, guardrails, etc.), staircases, equipment
rooms on flat roofs.

AIR-TERMINATION SYSTEMS
General principles

An early streamer emission lightning conductor consists: of a pointed air terminal, a
friggering device and a support rod with a down-conductor connecting system.

The area protected by an.E:S.E. lightning conductor can be determined using the
electro-geometrical model, such as the one used in Appendix A, and the ES.E.
lightning conductor triggering advance as defined in 2.2.2.

The E.S.E. lightning conductor should preferably be installed on the highest point

of the supporting structure. It should always. be the ‘highest point within the area
that it protects. : L

Triggering advance
An E.S.E. lightning conductor is characterised by its triggering advance which is

demonstrated during evaluation tests. Such tests compare an early streamer

emission lightning conductor against a simple rod ightning conductor situated in
the same conditions.

-1 o C 17-102 - July 1995



2221

2.2.3

2.2.3.1

The triggering advance (AT) is used for computing the protection radius. This is
expressed as follows :

AT =TsR - TE.S.E. lightning conductor, where :

TSR is the mean triggering time of the upward leader of a simple rod lightning
conductor.

TE.S.E. is the mean triggering time of the upward leader of a ESE lightning
conductor,

E.S.E. lightning conductor evaluation test

This test procedure involves assessing the triggering advance of an ES.E.
lightning conductor. The natural conditions are simulated in the high-voltage
laboratory by adding the superimposition of a permanent field, representative of
the ambient field during a storm, and of an impulse field, representative of the
downward leader approach.

Note : In-situ correlation tests are in the process of being defined.
Positioning of the E.S.E. lightning conductor
Frofected area

The protected area is delineated by the envelope of revolution having the same
axis as the E.S.E. lightning conductor and defined by the protection radii
corresponding the different heights h under consideration (see figure 2.2.3.1).

Rp3
Rp 2
Rel oy

-, -mvl
/T

0000
/ a0oog
QCoo y

D000 3!
oo0oaga o ‘

e

Figure 2,.2.3.1. Protection radii

hn s the height of the E.S.E, lightning conductor tip relative to the horizontal
plane passing through the top of the element to be protected.
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2232

2.23.3

Rpn is the E.S.E. lightning conductor protection radius at the height under
consideration.

Protection radius
The protection radius of an E.'S'.E,”l:ighthir'lg conducior is related to its height (h)

relative to the area to be protected, to its triggering advance and to the selected
protection level. (SeeiAppendix-A.).’ A R S

Rp = Jh(2D-h) + aL@D+al)

with h2 5m.- " (Equation 1)
When h < 5m, the graphic method is applied using the curves in 2.233.a bandc.

Rp is the protection radius.

h is the E.S.E. lightning conductor tip height relative to the horizontal plane
passing through the top of the element to be protected.

Dis :
20m for protection level |, -

45m for protection level I, _
80m for protection level IlT. .~

AL : alym) = V(m/ps)_-'ﬁf'(p'_s_’),'wl'-\é're- : (Equation 2)

AT is the triggering advance determined- by the evaluation 'teéts (see 2.2.2.1) as
defined in AppendixC. ' .

Selection and positioning of an E.S.E. lightning conductor,

A prior survey is conducted to determine the required protection level (see para.
2.1.2) for each lightning protection system installation.

The required protection radius Rp for the protection of the structure is then
determined using equation 1 or the curves in figures 2233.a,b,cforhz5m, and

using the curves in figures 2.2.3.3. a), b) or ¢) for h < 5m for protection levels | to
I as follows :

- level | : graph of figure 2.2.3.3.(a)

- level Il : graph of figure 2.2.3.3.(b) . .

- level lil : graph of figure 2.2.3.3.(¢) .

When the graphs are used, the -protection radius Rp is determined by locating
required height h and AL for the E.S.E. fightning conductor under consideration in
the appropriate graph.

Note : The AL values in the graphs are non-restrictive examples.
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D (m) is the striking distance or rolling Visphere radius.
AL(rn) is the trlggenng advance of the E S E. llghtmng conductor considered..

h{m) is the he:ght difference between the air terminal tip and the horizontal plane
cons:dered

Rp(m) is the protection radlus m the honzontal plane con51dered

Flgure2233. (a) Lol
Radli of protectlon of the E.S/E, lightning conductbrs .
' Level of protectlon I (D 20 m) :
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Radii of protection for h = 20 to 60m

D (m)

45

ab@mi 5 | 10 | 15 1 20 ] 25 | 30 | 35 | 40 | 45 | 50
h (m) Rp (m)

20 | 43.30| 48.99| 54.54] 60.00] 65.38] 70.71] 75.99] 81.24] 86.46] 91.65
25 | 45.83| 51.23| 56.57| 61.85| 67.08| 72.28| 77.461 82.61| 87.75| 92.87
30 | 47.70| 52.92| 58.09] 63.25| 66.37| 73.48| 78.58] 83.67| 88.74| 93.81
35 | 48.99| 54.08| 59.16| 64.23| 69.28| 74.33| 79.37| 84.41| 89.44| 94.47
40 | 49.75| 54.77] 59.79| 64.81| 69.82| 74.83| 79.84| 84.85| 89.85| 94.87
45 | 50.00| 55.00] 60.00| 65.00| 70.00| 75.00| 80.00| 85.00| 90.00] 95.00
50 | 50.00| 55.00| 60.00] 65.001 70.00] 75.00] 80.00| 85.00| ©0.00] 95.00
55 | 50.00| 55.00| 60.00| 65.001 70.00| 75.00] 80.00] 85.00{ ©0.00] 95.00
60 | 50.00| 55.00| 60.00| 65.00{ 70.00] 75.00| 80.00] 85.00] 90.00] 95.00

D (m) is the striking distance or rolling sphere radius.

AlL(m) is the triggering advance of the E.S.E. lightning conductor considered.

h{m} is the height difference between the air terminal tip and the horizontal plane
considered,

Rp(m) is the protectioh radius in the horizontal plane considered.

Radii of protection of the E.S.E. lightning conductors

C 17-102 - July 1995

Figure 2.2.3.3. (b)

Level of protection 1 (D = 45 m)
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Radii of protecﬁo::'i for h =20 to 60m

60

ALm] 5 [ 10 | 15 | 20 | 25.] 30 | 35 | 40 | 45 | 50
h (m) : s - . Rp(m) _ o

20 [ 51.23] 57.45] 63.44] 69.28] 75.00] 80.62] 86.17] 91.65| 97.08]102.47
25 | 54.77| 60.62| 66.33|71.94] 77.48]°82.92| 88.32| 93.67| 98.99]104.28
30 57.66| 63.25| 6874 74.15] 76.83];84.85} '00.14| 05.30|100.62]105.83
35 | 60.00] 65.38] 70.71{ 75.99| 81.24| 86.48| 91.65] 96.82{101.98]|107.12
40 | 61.85| 67.08| 72:28]. 77.46] 82.61| 87.75| 92.87] 97.98|103.08108.17
45 | 63.25] 68.37] 7348 78.58] 83.67( 88.74] 93.81| 98.87|103.92}108.97
50 | 64.23| 69.28] 74.33| 79.37| 84.41] 89.44| 94.47| 99.50|104.52]109.54
55 | 64.81| 69.82]| 74.83| 79.84| 64.85| 89.86| 94.87| 99.87!104.88]109.89
60 | 65.00f{ 70.00| 75.00| 80.00] 85.00] 90.00{ 95.00{100.00}105.00(110.00
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D (m) is the striking distance or rolling sphere radius.

AL{m) is the triggering advance of the E.S.E. lightning conductor considered.

h(m) is the height difference between the air terminal tip and the horizontal plane

considered.

Rp(m) is the protection radiu_s-,iri the horizontal plane considered.

2.24

. Figure'2.2.3.3. (c),
Radii of protection of the E.S.E. lightning conductors
~ Level of protection Il (D = 60 m)

Materials and dimensions:

The E.S.E. lightning conductor pari(s) through which !ighfhihg current flows should
be made of copper, copper allioy or stainless steel. The rod and the air terminal tip
should have a conductive cross-sectional-area larger than 120 mm?.

2.2.5

2.2.5.1 E.S.E. lightning conductor

Positioning

The E.8.E. lightning conductor tip should be at least 2 metres higher than the
area that it protects, including antennae, cooling towers, roofs, tanks, etc.

The down-conductor is attached tb the E.S.E. lightning conductor by a connecting
system located on the support red. This connecting system consists of a suitable
mechanical device providing long-lasting electrical contact.

If the external installation for a givén structure comprises several E.S.E. flightning
conductors, these are interconnected by a conductor complying with the data in
table 2.3.4, unless it has to be routed over a structural obstacie (cornice, parapet

wall) with a positive ‘or negative lev

2.2.5.1).
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el difference in excess of 1.50m (see figure
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Figure 2.2.5.1

UL

//

When E.S.E. lightning cc}ndm_:tbrs proteét open areas such as playing fields, golf
courses, swimming pools, camping sites; etc.,.they should be installed on specific
supporis such as lightning poles, pylons, or any other nearby structures which

enable the E.S.E. lightning conductor to cover the area o be protected.

C.17-102 - July 1995
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22563

2.3

231

23.2

Elevation masts

The E.S.E. lightning conductor height may be increased by means of an elevation
mast. If the E.S.E. lightning conductor is steadied by conductive guy lines, these
should be connected at the bottom attaching points to the down—conductors by
means of conductors complying W|th table 2.34.

Preferred mstallation poin is

The architectural features favourable to the E.S.E. l|ghtnmg conductor installation
should be taken into account ‘during the lightning protection system desngn
Usually, these features are h:gh structural pomts suchas:

- equipment rooms on ﬂat roofs S

- gables, :
- metal or masonry chlmneys

DOWN-CONDUCTORS
General principles

Down-conductors are designed to Iet the lightning current flow from the air-
termination systems to the earth termination system. The down-conductors should
be installed outside of the structure, except in the cases mentioned in 2.3.3.1.
Number of down-conductors

Each E.S.E. lightning conductor. shouid be connected to the earth termination
system by at least. one« down-conducto!: ~Two-or more down-conductors are
required when : : :

- the horizontal prOJechon of the conductor is larger than ifs vertlcal projection (see
figure 2.3.2).

- ELPIs are installed on structures higher than 28m.
The down-conductors should be installed on two different main walls.

>
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A <28m and A > B ;1 down-conductor

k B

1 5 Y I 1Y I B A

TI& T T

A>28mor A<B : 2 down-conductors

A : Vertical projection of down conductor _
B : Horizontal projection of down conductor

Figure 2.3.2 - Number of down-conductors

233 Routing

The down-conductor should be instalied in such a way that its path is as direct as
possible. The down-conducter routing should take into account the earth
termination location (see 2.5.2). It should be as straight as possible glong the
shortest path without sharp bends or upward sections. The bend radii should not
be less than 20 cm (see figure 2.3.3). For the diverting of down-conductors, bends
formed edgewise should preferably be used.

The down-conductors shouid not be routed along or across electrical conduits.
However, when electrical conduit crossing is unavoidable, the electrical conduit
should be placed inside a metal screen which extends 1m beyond the point of
crossing. The screen should be connected to the down-conductor.

Routing round parapet walls or cornices should be avoided. Provisions should be
made to ensure that down-conductor paths are as direct as possible. However, a

maximum height increase of 40cm is permissible for passing over a parapet wall
with a slope of 45° or less (see figure 2.3.3 ¢).
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.4,

¢ = length of the loop in metres,
d = width of the loop in metres.

No risk of dielectric breakdown if the requirement d > ¢/20 is met
F igu_fe 233LPS down-conductor bend‘shapes

The down-conductor;é'héufd' be attached on the basis of three fixings per metre,
The fixings should.be suitable for the supports: and their installation should not

alter the roof watef-tightness. The fixings should allow for possible thermal
expansion of the conductors. T

-2 C 17-102 - July 1995
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2.3.3.1

2.3.32

23.4

All the conductors should be connected together by means of clamps of the same

material, or by solid rivets, soldering or brazing. Drilling through down-conductors
should be avoided wherever possible.

Down-conductors should be protected against the risk of impact by installing
sleeves up to a height of 2m above ground level.

Internal routing

When external routing is impracticable, the down-conductor may be routed inside

a specific service duct running along the full height or part of the height of the
building. '

Insulating non-flammable internal ducts may be used when their internal cross-
sectional area is 2000 mm? or more. The proximity requirements stated in
chapters 2 and 3 should be complied with in all cases.

The down-conductor system effectiveness may be reduced by internal routing.
The project manager must be aware of the reduced lightning protection system
effectiveness, inspection and maintenance difficulties, and the risks resulting from
the entry of voltage surges into structures.

External cladding

When the outside of a building or structure has a metal cladding or stone or glass
curtain-walls, or in the case of a fixed cladding item, the down-conductor may be
attached behind the cladding to the concrete wall or the load-bearing structure.

In such a case, the conductive cladding components and the supporting structure
must be bonded to the down-conductor at the top and bottom ends.

Materials and dimensions

Down-conductors consist of strips, braided cables, or round sections. Their
minimum cross-sectional area of 50mm? is defined in table 2.3.4.

Down-conductors

Material Remarks Minimum dimensions

Bare or tin-plated Recommended for its Strip : 30x2mm
electrolytic copper (1) good conductivity and Round section : 8Bmm dia.

corrosion resistance. (2)
Braided cable : 30x3.5mm

18/10 - 304 stainless steel | Recommended in certain Strip ; 30x2mm

cotrosive environments. Round section : 8mm dia.

2)
A 5/L aluminium . . | To be used on aluminium .| Strip : 30x3mm
i surfaces {cladding, Round section : 10mm dia.
curtain-walls). (2)

Table 2.3.4
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2.3.5

236

2.3.7

2.3.7.1

The uge of insulated coaxial eables as down-conductors is not permitted. The use
of insulating sheaths or coatings around down-condiictors is not permitted except
for the cases described in 5.2. '

Notes :

(1) Tin-plated: copper is recommended in view of its physical, mechanical and
electrical properties {conductivity, malleability, corrosion resistance, etc.).

(2) As the !ig‘htning current has an impulse characteriétic, the flat conductor is
preferred fo the round conductor since its outside surface area is larger for a
given cross-sectional area. - - :

Test clambiDiScoh_n_e;j;t 't"é_r‘m':iﬁnal (Q'r'"té's't termiﬁai)

Each down-conductor should be provided with a test clamp used to disconnect the
earth termination system for measuring it. The test 'cIamp should bear the term

“lightning condiictor and the 'sy'mbql @ =

Test clamps are usually instailed on the down-conductors at height of about 2 m
above ground level. When lightning protection systems have metal walls or are not
provided with specific down-conductors, test clamps are inserted in between each
earthing system and the metal building item to which the earth termination system
is connected; the test clamps are installed inside inspection chambers which bear
the symbol-. S

‘Lightning flash counter

When a lightning flash counter is provided, it should be installed on the most direct
down-conductor above the' test clamp and,.in any case, at height of about 2m
abovegroundlevel. ~—~  ~ 7T :

Natural components =~ |

Some conductive structiral components fay be used in place of an entire down-
conductor or part thereof, or supplement the down-conductor.

Natural components which can bé‘ ‘used in piace of the entire down-
conductor or part thereof -

Generally, external interconnected steel frames {metal structures) can be used as
down-conductors in so far as they are conductive and their resistance is 0.010or
less. : g o '

In such a case,' the "upper-end_ of E.S.E. lightning conductors is connected directly
to the metal frame whose lower end is-to be connected to the earth termination
systems. RO RIS N

The use of a natural .down-conductor should meet the equipotential bonding
requirements stated:in:chapter 3. .. Glen i :
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we : As natural components may be modified or removed without the fact that

=/ belong to a lightning protection system being taken into account, specific
-—ductors should be preferred. :

=ural components which can be used to supplement down-conductor(s)

= following items can be used to supplement the lightning protection system and
—onnectedtoit:

interconnected steel frames providing electrical continuity :

- internal metal structures, concrete reinforcements and metal structures sunk
info walls, subject to specific connection terminals being provided for this

purpose in the upper section and lower section (at ieast in three points at
each level);

- external metal structures which do not run over the entire structure height.

Note : When prestressed concrete is used, special attention should be paid to
the risk of mechanical effects due to the lightning current flowing through the
lightning protection system.

metal sheets covering the area to be protected, provided that :

- long-lasting electrical continuity is provided bet\veén all the parts;
- metal plates are not coated with insulating material.

Note : A light coat of protective paint, a 1mm thick asphalt film or a 0.5mm
thick PVC film is not considered as an insutation.

metal pipes and tanks if made of material 2mm thick or more.

=UIPOTENTIAL. BONDING OF METAL PARTS AND
WERNAL LIGHTNING PROTECTION INSTALLATION

NERAL

=en lightning current flows through a conductor, differences of potential appear
-~een this conductor and nearby earthed metal parts. Dangerous sparks may
—oroduced across the ends of the resuiting open loop.

>ending on the distance between the ends of the open loop {down-conductor(s)
& earihed metal part), equipotential bonding may or may not be achieved. The

imum distance at which no dangerous sparks can be produced is known as the
=ty distance s and depends on the selected protection level, the number of
=/N-conductors, the material between the loop ends, and the distance from the
—al part considered to earth connection point,
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3.1.1

3.1.2

e

ekl

It is often difficult td pr‘dvrde for msut%’tlon dunng the inétallation of the lightning
protection system (through dack-of information rieeded:to-take a decision), or to
provide for long-term insulation (structurat changes work etc) Equipotential
bonding is therefore frequently preferred

However, equipotential bonding is not provided in some cases {flammable or

explosive piping). The down-conductors are then routed further away than the
safety distance s (see 3.2, 1(c))

Equipotential bonding

The equipotential bonding should be provided wherever possible at the closest
point by an equipotential conductor, a lightning arrester or a spark gap, between
the down-conductor-or the E.S.E.- -lightning conductor draining the lightning current

and the component to be put at the same potential and located on the structure, in
the structure walls or lnsrde the structure

Safety distance -

The safety dlstance is’ the ‘minimum drstance at whrch no dangerous spark is
produced between a.down-conductor draining the lightning current and a nearby
earthed conductive mass (see fi gure 4.5),

The insulation with respect to dangerous sparks is achieved when the distance d

between the lightning protection system and the conductwe item considered is
more than ds.

Safety distance :s(m)=n. -kk—' Km) k (Equation 3)
_ m. _

where ;

- n is the number of down-conductors for each E S.E. lightning conductor before
the contact point consrdered . _

n = 1 for one dowfi-cnductor,”
n = 0.6 for two down-conductors, - - . -+
n= 0.4 for three or more"-down'-cohduotors' :

-kjisa factor related to the selected protectron level :
kj = 0.1 for protection leve! §, :

ki = 0.075 for protection Ievel I,
ki = 0.05 for protection level Ill.

-kmisa factor related to the matenal used between the fwo |00p ends :
km = 1 for air,

ki = 0.5 for a solid material which is not a metal

-1 (in meters) is the" Iength atong the down conductor(s) from the point where the
proximity is to-be considered to the earthmg system of the metal part or the
nearest equrpotentlal bondmg p0|nt i .
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3.2

3.2.1

3.2.2

3.3

C 17-102 - July 1995 - 26

Notes :

w e s, T

(1) When'the nearbyconductwepart is not electrically earthied, it is not necessary
to provide an equipotential bonding. = v

(2) When the LPS is connected to reinforced concrete structures with

interconnected reinforcing §feel and in case of steel frame structures or of

structures equivalent screening performance, proximity requirements are
usually met.

EQUIPOTENTIAL BONDING OF EXTERNAL METAL MASSES

In most caées. a'connection using an equipotential conductor is possible. If it is
not possible or authorised by the competent authorities, the connection must be
made using a surge protective device. -

Equipotential boending using an equipotential conductor
Equipotenti_al,boﬁding;should bé p_rdvidéd at the follovging loqations :

(a) Above the g?dund and uh'dergrbuncii'.: a

All the structure‘ ea-fth termiﬁals should be fhterconnected as provided for in
paragraphs 4.4 and 4.5.

(b) Whenever the proximity requirements are not met : when d<s,

In such a case, the acceptable equipotential conductors should be of the

same {ype as those used to make down-conductors (table 2.3.4). They should
be kept as short as possible. _

In the event of a lightning prdter_:tion.systerﬁ éepérate_d from the structure to
be protected, the equipdte;i_jial bonding should be made at ground level only.

(c) Inthe case of gas 'servi_cé pipeé !oéafed do@‘ns;tream of the insulating sleeve,
s=3m. ' B P

Equipotential bonding using a surge protective device

An antenna or a small post supporting electrical lines should be bonded at the

nearest to the down-conductor, via a antenna-mast spark-gap type surge
protective device. :

~If pipe lines (water, gas, etc.) with insulated parts are lald within the space

considered, such insulated parts should be by-passed by the surge protective
device. _

EQUIPOTENTIAL BONDING OF METAL PARTS SUNK INTO WALLS
The guidelines stated in paragraphs 3.2.1(a) and. (b) are still applicable in so far as

connecting terminals have been provided for this purpose in the relevant batches.
Special attention should be paid to water-tightness problems.



3.4

4.1

Note : For existing structures, the competent authorities should be contacted.

EQUIPOTENTIAL BONDING OF INTERNAL METAL PARTS : INTERNAL
LIGHTING PROTECTION INSTALLATION

Equipotential conductors should be bsed to connect internal metal parts to an
equipotential bonding bar made and laid out in such a way as to allow easy
disconnection for inspection purposes. The minimum cross-sectional area of such
conductors should be 16 mm<2 when they are made of copper or aluminium, or 50
mm2 when they are made of steel. The equipotential bonding bar should be
connected to a point as close to the structure earthing circuit as possible. For large
structures, several equipotential bonding bars may be installed provided that they
are interconnected. Each equipotential bonding bar should be made of copper or
the same material as the equrpotentla! conductor and its minimum cross-sectional
area should be 75 rnm2

For electrical or telecommunication systems, using screened conductors, or
conductors installed inside a metal conduit, earthing the screens or metal conduits
usually provides sufficient protectlon

If not, the active conductors should be bonded to the hghtnmg protection system
via surge protective devices.

EARTH TERMINATION SYSTEMS
GENERAL |
One earth termilnationr__system is pro'yided_ for éach do.vyn-conductor.

To allow for the impulse: “charactefistic' of the iightriing ‘current and to enhance
current draining to earth, while mlnlmlsmg the risk of dangerous voltage surges
within the protected volume, it is also important to pay attention to the earth

termination system shape and dumensmns and also to the earth termination
resistance value, - : S

Earth termination systems' should meet t_he following requirements :

- the resistance value measured using a conventional equipment should be

10 ohms or less. This resistance should be measured on the earthing termination
insuiated from any other conductive component,

- the wave impedance or lnductance value should be as low as possmle in order to
minimise the back-electromotive force which is added to the ohmic potential rise
occurring during the lightning discharge. For this purpose, earth termination

systems having a smgle excess:vely long honzontai or vertlcal component shouid
not be used.

The use of a single ve'ni'cal Atermination. aystem deeplj} ‘buried to reach a humid

layer of soil is thus not advantageous unIess the surface remstmty is pamcularly
high. L . : ‘ .
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4.2

It should however be noted that such drilled earth termination systems have a high
wave impedance when the depth exceeds 20 metres. This calls for the use of a
greater number of horizontal conductors or vertical stakes which must always be
perfectly interconnected from an electrical standpoint. Similarly, copper conductors _
should be preferred to steet conductors whose cross-sectional area required fo

achieve equivalent conductivity makes their use impracticable.

Earth termination systems should-be made and laid-out as stated above and in
section 544 of standard NF C 15- 100

Unless there is a real lmpossm:hty. earth termmatlon systems should aIWays be
directed outward from the buildings.

EARTH TERMINATION SYSTEM TYPES
The earth termination system dimensions depend on the soil resistivity in which
the earth termination systems are mstalled The resistivity. may vary to a

consaderable extent depending on the sonl matenal (clay, marl, sand, rock, etc.).

The resistivity can be assessed from the table below, or measured using a suitable
method with an earth ohmmeter.

Once the resistivity is known, the Iength of an fermination system can be
determined usmg the followmg simplified equatlons

Linear honzontal termlnatlon system Vemcal terminatlon system
L =2p/R (Equation 4) L le (Equatlon 5) |

where :

L is the termination system rength (m m)r

p is the soil resusﬂwty (inQ.m)
R is the desired resistance ‘_"?‘..',L.’F =109).
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Soil - R | - Resistivity in Q.m
Swampy terrain ‘ : . afew units up to 30
Siit B 20-100
Humus I 10-150
Humid peat 1 © 5100
Soft clay , 50
Marl and compact clay "~ 100-200
Jurassic marl - 30-40
Clayey sand . _ , = 50-500
Siliceous sand L RS PR - 200-3000
Bare stony soil _ ' 1500-3000
Grass covered stony soil S 1 - 300-500
Soft limestone ‘ ' ‘ 100-200
Compact limestone ' N 1000-5000
Cracked limestone o b T T 5001000
Schist o -50-300
Mica schist - 800
Granite and sandstone dependingon - - 1500-10000
alteration 100-600
Granite and sandstone little altered

Table 4.2

For each down-conductor the earth termination systems should at least consnst of:

{a) conductors of the same matenal and cross—secttonal area as the down-

b)

conductors, except for alum:mum, arranged in crow's. foot fashion and buried
at a minimum depth of 50 cm.

Example three 7-8-metre Iong conductors burled honzontally at a minimum
depth of 50 cm; or

a set of several vertical stakes totalling a minimum length of 6 metres.

- arranged in line or as a triangle and separated from each other by a distance
equal to at least the buried Iength

- inferconnected by a conductor which is identical to or has characteristics

compatible with the down- conductor, and buried in a trench at 2 minimum
depth of 50 cm.

Note : The recommendedxlary-eut isthe ttiangle. -
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.........................

. . b \Disconnectable
Disconnéclable/ : 4
; , connector
connector ¥ . o 3
B ..-.. ..4 ............ ennvensesnns
sdbdumagavenansrmsnnntoad . B

D : Down-conductor
B : Building foundation {oop earth
P : Lightning earth termination system

Figure 4.2 - Typical earth termination system diagrams
4.3 ADDITIONAL—MEA‘SURES

When the high soil reéistivity makes it impossible to achieve an earth termination
system resistance lower than 10 ohms using the above standard protective
measures, the following additional measures may be used :

- add natura! material with a lower resistivity'around the earth conductors;
- add earth rods to the crow's feet or to the stakes already installed;
- augment the number of earth termination systems and interconnect them;

- apply a treatment which reduges the impedance and features high current
draining capacity; -~ - '

- when all the above measures are adopted and a resistance value of less than 10
ohms cannot be obtained, it can be considered that the earth termination system
provides -accéptable’ lightnifg current draining when it consists of a buried
termination system at least 100m long, assuming that each vertical or horizontal
element is not more than 20 m long. - '

44  EARTH TERMINATION SYSTEM INTERCONNECTION

When the building or the protected volume has a foundation earth termination
system for the electrical system in compliance with article 542.2 of standard NF C
15-100, the LPS earth termination systems should be connected to it by a
standard sized conductor (see tablés 2.3.4 and 4.6).

For new installations, this measure should be taken into account as from the
design stage, and the interconnection to the foundation earth circuit should be
made right in front of each down-conductor by a device which can be
disconnected and located in front of an inspection chamber bearing the symbol
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4.5

Bor

For existing buildings and msta[lahons, the gonnections should be made preferably
on the buried parts and |t shouid be poss1ble {o dlsconnect for inspection
purposes.

When the mterconnectlon is made lns:de a bunldlng. the mterconnectmg conductor

should be routed in such a way that no currents are induced in nearby cables or
equipment,

When several separate structures are mcluded in the protected volume, the E.S.E.
lightning conductor earth termination system should be connected to the buried
equipotential earth network lnterconnecttng all the structures.

PROXIMITY REQU!REMENTS

The LPS earth termmatzon components should be at mln:mum dlstances away
from any buried metal plpe or eIectﬂcal conduit. - =

The minimum dtstances are lndlcated m table 4.5 hereunder

4.6

Buried services S Mlntmum dlstances _
: Soil resustlwty <500 Q m | Soil resustuwty > 500 am
Electrical conduit 05 ' 0.5
HTA
Electrical conduit LV 2 5
without earth
termination system
Earth termination 10 20
system
LV mains supply
Metal pipes for gas 2 5
E Ta‘bie 4 5

These distances are apphcable only With condmts Wthh are not electrically
connected to the main’ eqmpotentlal Iink of the bu:ldmg

Note : In the case of non metai condmts, comphance wnth a mmlmum distance is
not required. PR .

MATERIALS AND DIMENSIONS -

The materials and the minimum dimensions for the earth termination systems are
given in the table below.
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B Earth tt—;-[m-i_:j!at_.ion systems

Materiél

Recommendations

Minimum dimensions

Bare or tin-plated
electrolytic copper (1)

Recommended for the good
conductivity and corrosion
resistance.

Strip : 30x2mm

Round section : 8mm dia.
Grid made of wire with a min.
cross-sectional area of 10
mm2

Solid stake : 15mm dia., 1m
s I

Tubular rod ; 25mm O D., 1m

g

Copper-plated steel
(250um)

Rod : 15mm dia., 1m Ig

18/10 - 304 stzinless steel -

Recommended m certaln

corrosive soils.

Strip : 30x2mm
Round section : 10mm dia.
Rod ; 15mm dia.

Hot-galvanised steel
(50um)

Reserved for provisional
short-term installations

Strip : 30x3.5mm
Round section : 10mm dia.

-1 because of its poor

Rod : 19mm.dia., 1m ig
corrosion resistance,

5.1

5.2

C 17-102 - July 1995

Table 4.6

Note : (1) Tin-plated copper is recommended in view of its physical, mechanical
and electrical properties (conductivity, malleability, corrosion resistance, efc.).

ANTICORROSION PROTECTION
GENERAL

The corrosion of metals depends on the type of metal used and on the
characteristics: of the metal environmefit. Factors such as ‘fungus, soluble salts

(electrolytes), degree of ventilation; electrolyte temperature and changes make the
conditions hlghly compllcated

[ PP

The contact of dtss:mllar metals assocnated with electrolysis phenomena due to
the environment increases corrosion in more anodic or active metal and decreases
corrosion in more cathodic or inert metal. Corrosion in more cathodic metal should
be prevented. The electrolyte for this reaction may be a humld so:l or
condensation retained in cracks e

PRECAUTIONS AND MEASURES TO BE TAKEN

In order to reduce cérrosion, it is necessaryto:

- avoid the use of unstitable metals in an aggressive environment,

- avoid contacts between dissimilar metals with diﬁeren? galvanic couples,

- use conductors of appropriate gauges and corrosion-resisting fasteners,
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6.1

-prowde protectwe coatlngs m crltlcal cases as appropnate to the external
influences. _

To meet the above requarements the followmg precautlons are g:ven as typical
examples : : S :

- the minimum thickness or dlameter of a conductive item should comply with the
provisions of this standard,

- aluminium conductors. should not be buried or embedded directly in concrete
unless they are provided with a suitable long-lasting sheath,

- copperlalumlmum joints should be avoided wherever possible. If unavoidable,

joints should be made usnng smtable two-metal connectrons

- copper is usually su1table'for earthing, except under certain acid conditions,
when exposed to oxygen or sulp.hate

- when there are sulphunc or ammonlacal fumes a coatlng may be used on the

down-conductors. . .

Note : The use of lnsulatlng matenal of thlckness Iess or. equai to 0.5 mm is
admitted. :

- conductor fasteners should be made of stainless steel or a suitable synthetic
material under corrosive enwronmental conditions.

SPECIAL MEASURES

ANTENNAE

An antenna on the roof of a bunld[ng increases the Ilghtmng stroke probability and
is the first vulnerable: ztem hke!y to recewe the lightning discharge.

When this is an mdwldual or collectwe radiobroadcastxng receiver antenna,
complying with the standard * . the- antenna support mast should be connected
through a surge protectwe dewce or a spark gap to the down-conductors of the

installation by a standard conductor unless the antenna is outside the protected
area or on another roof.

A common suppoﬁ mast can be used uhd'er the following conditions :

- the common support mast conmsts of adequately strong tubes which do not need
guy lines,

- the E.S.E. lightning conductor is attached to the tip of the mast,

Matériel électronique. ‘et de -télécommunications ‘- -Antennes - individuelles ou collectives de

Technique de P'électricité),

radiodiffusion sonore ou visuelle:; Regles (Standatd NF-G 90.120 - Octqber 1983, published by Union
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-the E.S.E. lightning conductor tip is at least 2 m above the nearest antenna,

- the down-condtictor is attached by a clamp-which is fastened directly onto the
rod, ' '

- the antenna coaxial cable is routed inside the mast antenna.

In the case of a lattice mast, it is preferable to route the coaxial cable through a
metal tube.

6.2 THATCHED ROOFS

In this case, the E.S.E. lightning conductor should preferably be installed on the
chimney if it exists. The down-conductor should be an 8mm diameter annealed-
copper round conductor which should be routed along the roof ridge on stand-off
insulators with a clear space of 20-25¢cm and down on thatch gutters.

6.3 FACTORY CHIMNEYS

As factory chimneys are very tall and smoke and hot gasses ionise the air, they
are highly prone to being struck by lightning,

The upper part of the chimney should be provided with a E.S.E. lightning
conductor, preferably using materials suited to the corrosive atmosphere and
exhaust temperature, and located on the prevailing wind side.

For chimney height 40 metres high or more, two down-conductors minimum
should be installed diametrically opposed with one being located on the prevailing
wind side. These down-conductors should be interconnected at the upper end and
at the base of the chimney by an horizontal conductor, Each down-conductor
should be provided with an earth termination system.

The external and internal metal items should be connected to the nearest down-
conductor under the same conditions as those stated in Chapter 3.

6.4  FLAMMABLE AND EXPLOSIVE MATERIAL STORAGE AREAS

In comp_liéncé With the cutrent tégulations._ tanks containing flammable fluids
should be earthed but such an earth connection does not provide adequate
protection against atmospheric ‘d_ischavrge_s. A thorough additional survey is

therefore necessary.

E.S.E. lightning conductors should be erected on masts, pbles, pylons, or any
other structure outside the safety area so.as to be above the installations to be

protected. Their location should ".take ‘the protection radii into account in
accordance with this stardard. -

Earth {ermination systems should be oriented away from the storage installations.

The E.S.E. lightning conductér and protected instaliation earth termination
systems should be equipotential.

-
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6.5

Note : The Mlnlstenal Decree dated January 28, 1993 concerning the lightning

protection of certain classn" ed installations makes the installation of lightning
stroke counters compulsory '

RELIGIOUS BUILDINGS

Steeples, . towers, mmarets and belfnes are prone to belng struck by lightning
because of their promlnence _

B TP

The main prominence(s) should be protected with E.S.E. lightning conductors
connected to the ground by a direct dOWn -conductor routed along the main fower,

A second down-conductor following the nave ridge should be provided when one
or more of the following conditions is met :

- the total steeple height exceeds 40 metres,

- because of its length, the nave extends outside the E.S.E. lightning conductor
protechon area ‘ : :

In this case, the second down-conductor should ongmate from the summit of the
main tower., B

When a church is fi tted ws’th two down-cfonductors and the encl of the nave is fitted

with a non-metallic cross or statue the cross or statue wuli be provided with a air
terminal.

Both LPS earth termlnatlon systems and the electric earth are preferably
lnterconnected by an earth conductor.

., ;—

Some religious buildings have electr;c bells The electrical power supply is

~ protected agamst voltage surges by lightning arresters complying with article 3.

0

lDl;fmgﬂmu

JTRITTITTTT TR

Figure 6.5 - Religious building

.3s. - C 17-102 - July 1995



6.6

6.7

6.8

741
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STRUCTURES OF ALTITUDE .. . .

Mountain restaurants, refuges, cableway stations are particilarly prone to being
struck by lightning. The E.S.E. lightning conductors may be installed in compliance
with the provisions of this standard, paying special attention to the equipotential
bonding and earth termination systems. o

OPEN AREAS, LEISURE OR SPORTS AREAS

Play fields, camping and.ca[avan_‘sitgs,. swimming pools, racecourses, motor
racing circuits, amusement parks, etc.

The E.S.E. lightning conductors are instalied on flagpoles, floodlight masts, pylons,
or any other existing structure. Their number and location depend on the type and

area of the surfaces to be protected in compliance with the provisions of this
standard. _

TREES

Certain isolated trees are potentially prone to lightning strikes because of their
height and shape. . . ., .o o

Wherever the risk of lightning strike involves hazard to close structures (e.g.
nearby building), or historical or aesthetic interests are involved, the tree may be
usefully protected against lightning by installing an E.S.E. lightning conductor at its
top in compliance with the provisions of this standard.

The easiest way to install the down-conductor which does not hinder the tree's
growth and damages it as little as possible is to use a conductor in the form of a
flexible braided cable secured by suitable fasteners taking the most direct path

~ possible along the tree trunk.

INSPECTION, MAINTENANCE

LPS maintenance is essential since a number of components may lose their
effectiveness over time due to corrosion, weather, ‘mechanical impacts, and
lightning. The mechanical and elegtrical, characteristics of an LPS should be
maintained throughout the LPS life in order to meet the standard requirements.

INITIAL INSPECTION:

Once the E.S.E. lightning conductor instaliation is completed, it should be
inspected to make sure that it complies-with the provisions of this standard.

The purpose of this inspection is to make sure that :

- the E.S.E. lightning conductor is 2 metres or more above the entire protected
area,

- the materials and the gauges used for the down-conductors are suitable,

»
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- the down-conductors are routed, located and electrically bonded as required,

- all the instaliation components are ﬁrmiy' secured,

-the safety dlstance(s) 1s(are) respected andlor equnpoten’ual bondings are
provided, . . ,

- the earth termination system resnstance values are correct,
- the earth termmatson systems are: :nterconnected

This inspection should be peﬂrformed vrsdal[y under the condmons stated in part 6
of standard NF C 15-100. .

However where a conductor is entirely or totally hidden, its electrical continuity
should be tested. Such a test should conform to part 6 of standard NF C 15-100.

7.2 SCHEDULED INSPECTION
The inspection frequency is determined by the protection level. The following
mspectton intervals are recommended
: , N-ormal; ingerval_.,-, : '-.Intensiﬁed intervat
LEVEL | C - 2YEARS- B 1 YEAR
LEVEL !l = 3YEARS . -} . 2YEARS
LEVEL Ii} . 3.YEARS' ‘_ 7 - 2YEARS
Note : The :ntenszf‘ ed mterval is recommended in a corrosuve atmosphere.
An LPS should also be inspected whenever the protected structure is modified,
repaired or when the structure has been struck by lightning.
Note : Lightning flashes can be recorded by a hghtnlng flash counter installed on
one of the down-conductors.
7.2.1 Inspection procedure

A visual inspection should be performed to make sure that :

- no extension o'r_mo‘diﬁca_'tion.of the-protected siructgre;?;qalls for the installation of
additional lightning protective':méasures ‘

- the electrical contmurty of vrsrble conductors is correct

......

- all component fasteners and mechamcal protectors are in good condition,

- no parts have been weakened by corroswn

- the safety distance is respected and there are enough equipotential bondings
and their condition is correct.
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Measurements should be taken 1o verify ;
- the électrical continuity of hidden conductors,

-the earth termination system resistance values (any variation should be
analysed).

7.2,2 Inspection report

Each scheduled inspection should form the subject of a detailed report containing
all the findings of the inspection and the corrective measures to be taken, .

7.3  MAINTENANCE

Any faults found in the LPS during a scheduled inspection should be corrected as
soon as possible in order to maintain its optimal effectiveness.
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A1

A1.1

A1.2

APPENDIXA
{Normative)

PROTECTION MODEL

ATTACHMENT PROCESS DESCRIPTION

- Striking point deterrﬁina‘tion

The formation or arrival of a stormy cloud creates an electrical field (ambient)
between the cloud and the ground. This electricat field may exceed 5 kV/m“on the
ground, thereby initiating corona discharges from ground reliefs or metal parts.

The lightning stroke begiﬁs with the :fd‘r!rﬁaition of a downward leader within the
stormy cloud which propagates in steps towards the ground. The downward leader
conveys electric charges which causes the ground field to build up.

An upward leader dévelops from a structure or an object iinked to the ground. The
upward leader propagates until it joins the downward leader and the lightning
current flows through the resulting channel. Other upward leaders can be emitted
by several ground structures. The -first: one which joins the downward leader
determines the fightning striking point (Fig. A1).

-l
(1rs

1oy
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!
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L T o
L N TRETYY

» "
[} ]
=l"= depua
LN ] a l'_:
asjegy [ %3
1% HHI::‘,EL‘Q Tiestitesssiesssy

_Fi_gure A1 _'

Note : This description only. concerns the’ negative 'downward lightning stroke,
which is the only application case of the electro-geometrical mode!. This type of
lightning stroke is by far the most frequent.’ " R

Leader propagation _yeldcity N
Recent 'experimentélid'ata obtained f_réfﬁ the nature shows that the average

velocities of the upward and downward leaders are comparable during the

attachment phase and the velocity ratio-vyp/vgown is close to 1 (between 0.9 and
1.4). :
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A2

A21

A22

A3

A 3.1

- Assuming that v = Vup = Vdown =1 mlps (avéragé measured leader velocities),

where ;

vup is the upward leader velocity,
vdown is the downward leader velocity,
v is the common velocity.

ADVANTAGE OF AN E.SE. LIGHTNING CONDUCTOR IN TERMS OF
PROTECTION

Triggering advance -

An E.S.E. lightning conductor is built to reduce the average statistical time related
to the upward leader initiation. An E.S.E. lightning conductor features an triggering
advance as compared with-a simple rod lightning conductor installed under the
same conditions. This gain in time is assessed in a high-voltage test laboratory as
recommended in paragraph 2.2.2.1 and Appendix C to this standard.

Gain in length of the upward leader
The gain in upward leader Iengih alis given by Al (m) = V(m/us) - AT(us).

The protected volume is determined from the protection modei described above
on the basis of the electro-geometrical model.

MODEL OF PROTECTION
Protection radius of a S.R. lightning _ﬁbnductor

In the case of a simple rod, according to the electro-geometrical model, the
lightning striking point is determined by the ground object which is the first one to
be locafed at a distance D from the downward leader even though this object is
the flat ground itself. The distance D between the strike point and the upward and
downward leader joining point is known as the "striking distance” : this is also the
development length of the upward leader.

Therefore, it appears as if r_a fictitious sphere of radius D was centred on and
moving rigidly with the downward leader head., R

Considering a simple rod of height "h" relative to the reference surface (building
roof, ground, etc.), there are three possibilities (see figure A 2):

B L
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A 3.2

~
D=01% 7 \
t .. |

/-'\\‘ ’ ‘,/

/" ‘I ..\-’_/.
Protectedarea R°-:= = -\ - o - - ..o
mareni B\
: . Area of reference (roof, .., ground)

Figure A 2 - Fictitious sphere method

- if the sphere comes into contact with the vertical rod (AY only, the vertical rod will
be the strike point, = _

- if the sphere comes into contact with the reference surface and not with the
vertical rod, the strike point will be on the ground at S only,

- if the sphere comies into contact with both the simple rod and the reference
surface at the same time, there are two possible strike. points : A’ and C', but the
lightning discharge will never strike the hatched area (see figure A 3).

.- ‘3_5' y
3 i D
4 o
" L U
W77
FigurgA;% '

The striking distance D is generally given by the following equation :

Dim) = 10?3, where

| is the peak current of the first return stroke in kilboAmperes (kA).
Protection radius 6f,aﬁ_E.'S;E; lightﬁi'ngﬂcbnductor»‘ o
In the case of an E.S.E. lightning conductor ‘of triggering advance AT, and with al

= v.AT, the possible strike points are A and C (Figure A 4) with a protection radius
Rp, such that: : E _
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Rp=V N (2D-h) + AL (2D +al

where :

D is the striking distance

AL is the upward leader length gain defined by AL = v, AT

h is the E.S.E. lightning conductor tlp helght above the surface to be protected
Rp is the E.S.E. hghtnmg conductor protectlon radlus

AT is the triggering advancq .of the E.S.E.r Ilghtnlng.: conductor.

~

YT

Figure A4
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B

- APPENDIX B

(Normative)

LIGHTNING RISK ASSESSMENT GUIDE AND
SELECTION OF PROTECTION LEVEL FOR AN ELP}

GENERAL

The lightning risk assessment guide is intended to assist the design manager in
the analysis of all the criteria used to assess the risk of damage due to lightning
and to determine the need for protection and the required protection level. Only

the damage caused by a direct lightning stroke on the structure to be protected
and the lightning current flow through the LPS is covered.

In many cases, the need for. protection is obvious. Examples are:

- large crowd, -

- service continuity,

- very high lightning stroke frequency,

- tall or isolated structures,

- building containing. explosive or flammable materials, or irreplaceable cultural
- heritage. : : '

Some typical consequences of a_:iightni'hg stroke on' several types of common
structures are listed in table B1 for information. '

Structure classification

Structure type -

Lighthin'g consequences

Comman structures
(see note)

Private house

™ | Perforation” of electrical installations, fire and equipment
_ d,amag,e,_._normglly limited to _glg__j_ects close to the lightning

strike point or path.

Farm

Risk of fire and dangerous sparks, )
Risk consequent to power failure : cattle dying as a result o {
the loss of ventilation control and food distribution.
Risk of step voltage.

Theatre, school,
hypermarkets, sporis
areas

Risk of panic and fire alarm failure resulting in delayed fire
fighting.-

Bank, insurance
Hospital, nursery, jail

Conipanies, business
companies -

Same as above plus problems related to loss of information
and computers malfunction.

Same as above plus problems related to patients in intensive
care: : A

Same as above plus problei'ns related to patients in intensive

care units and evacuation of handicapped persons.

Industry

. |Additional effects depending on the factory contents, ranging

from minor ddmage to unacceptable damage and production
loss, . ..o

Museums and =~
archaeological sites

_ Irremat:eab}e.lzd'sses‘i;_] cuitural héritage.
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TableBY

Note : Sensitive electronic equii:]‘ﬁ'tent may be Installed in any type 6f structures
and can be easily damaged by voltage surges due to lightning.

A risk assessment method is proposed in this guide, it takes into account the
lightning risk and the following factors :

1. Building environment,

2. Type of construction, _ | "
3. Structure contents,” - o ' o
4. Structure occupancy, ' o
5. Lightning stroke consequences: @ °
The building location in the environment, .and the building height are taken into
consideration for the computation of the exposure risk.

In some cases however, certain criteria specific to a given structure cannot be
assessed and may prevail over any other consideration. Protective measures can

- then be applied which are more stringent than those resulting from the application

of the guide.

The selection of the suitable protection level for the ELPI to be installed is based
on the expected direct lightning stroke frequency on the structure or the area {o
be protected and on the accepted yearly lightning stroke frequency Ne.

B2 Determination bf Nd and N¢
B21  Lightning flash density Ng.
The lightning ﬂash densuty is expressed as the yearly number of lightning flashes
per km? and can be determined by.: . : o
Lsmﬂ\estmkedensﬂymapNanFlgmeBd,lnthlscaseNg N,/22 |
- consulling a ightning locaion nefwork, - Wit N e =2 N,
- using the local isokeraunic level N, Ngm-004Nk1.25 N/10 -
The value Ng max takes into account the maximum lightning density and the
precision of detection. :
Ny 5 10 15 . 20 25 30 35 40 45
Ng max {0.3 0.7 12 1-7 22 - 28 34 4.0 4.7

C 17-102 - July 1995

Note : The map of figure B4 shows the stroke density. The constant 2.2 is the
average ratio of the number of strokes to the number of flashes.




B22

Expected frequencyfit'é‘f‘éf direct ligﬁfﬁ'tﬁg*to a structure

The yearly average frequency Ng of dlrect hghtnlng to a structure is assessed
using the fol!owmg equation ; ‘

Nd = Ng max. -Ae - C1 10'6Iyear, where : {Equation 6)

Ng is the yearly average lightning flash densaty in the region where the structure is
located (number of lightning flasheslyearlkm “%;

Ag is the equivalent collection area of the isolated structure (mz)j

C1 is the environmental coefficient.

The equivalent collection area is defined as the ground area having the same
yearly direct lightning flash probability as the structure

According to table B2, the equivalent- collection area Ae for isolated structures is
defined as an area of ground suiface which has the same annual frequency of
direct lightning as the structure. !t is the area between the. lines obtained by the
intersection of the ground surface and 1 :3 slope fine passing through the top of
the structure and revolving around the structure (see figure B3).

For a rectangular structure with Iength L wndth W and height H, the collection area
is then equalto : L

Ag = LW + 6H (L + W) + 9zH2 (Equation 7)
The topography of the site and the objects located within the distance 3H from the

structure significantly affect the collection area. This effect is taken into account by
applying envrronmental coefficient C4 (fable BZ)

Relatwe structure !ocatron S C1
Structure located within a space contalnlng structures or trees of the 0.25
same height or taller L o ST
Structure surrounded by smaller structures R Y
Isolated structure : no other structures within a- drstance of 3H ' 1
Isolated structure on a hllltop ora headland o o

Table B2 - Determmatlon of envu'onmental coefficient Cq

- When the equivalent collection area of a structure entirely covers that of another
structure, the latter is d!sregarded

-When the collection areas of several structures are overlapped, the
corresponding common collection areais cons:dered as a single collection area.

Nole : Other more sophlstlcated methods may be used to assess the equwalent
collection area wrth greater accuracy :
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- . Figures B3 -T ypical ¢computations

1%) Forg recténgular building, the collection areais: Ag = Lx W+ 8H (L + W) +
o H - vl i ‘

. Ny
i
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2°) Buiding with a prominent part %

The equivalent area of the prominent part encompasses all or part of the lower

part :
2.1. Ag = 9nH2
A
H H
2.2. . Ac ' i
' N 142
1 r
. _ eHZ l
.
At
3H2

.47. C 17-102 - July 1985



B 23

B 2.31

B23.2

Tolerable frequency (Ng) of lightning to the structure

General

The values of N¢ are assessed through the analysis of the damage risk, taking
account of suitable factors such as :

- type of construction,

- structure contents,

- structure occupancy,

- lightning stroke consequences.,

Determination of Ng

As indicated above, four determun:ng factors given by coefficients Cp, C3, C4 and
Cs, are to be assessed using tables BSto BS.
LetC=C2.C3-C4-C5 Nc is expressed by N¢ = 5, 5. 10"3!C

_ Table BS

Cz,i strustural coefficient

Structure

Roof

Metal

Common

Flammable

Metal

05

1

2

Common

1

1

2.5

Flammable

2

2.5

3

 Table B6

Ca, structure contents

No value and non flammable . . +

el Py

0.5

Standard value or normally flammable

High value or particularly flammable

WIN]—

Table B7

Exceptional value, irreplaceable or highly lammable, explqsi\ie'

C4, structure occupancy

Unoccupied

0.5

Normally occupied

Difficult evacuation or risk of panic

PRy PN

Table B3

Cs, Iightmng consequences

Service continuity not required, andrio consequences on the environment 1
Service continuity required and no consequences on the environment 5
Consequences on the environment 10

Note : Specific fegulations may impose other values for Ng in'some cases.
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B3

PROTECTION LEVEL SE.LECTION METHOD

The tolerable lightning frequency Nc is compared with the expected lightning
frequency Ng.

~The result of this comparison is used to decide whether an LPS i Is required and, if

so, the protection level to be used
- If Nd < N¢, the LPS.is not required systematically.

- If Nd > Ng, an LPS of effectiveness E 2 1 - N¢/Nd should be installed ;nd the
associated profection Ievel selected in table B 10. ‘

The LPS design shall meet the specn“ ications given in the siandard for the selected
protection levels,

When an LPS with an effectiveness factor E' smalier than the computed factor E is
installed, additional protective measures should be taken Typical additional
protective measures are :

- measures limiting the step or con‘tact'voltage,

- measures restricting fire propagation,

"~ - measures reducing the effects of voltage - surges induced by lightning on

sensitive equipment.
A practical method for selecting ‘the 'protection level is given in figure B9,

Table B10 glves the critical effectlveness values E¢ corresponding to the limits

~ between the protection levels and the protection Jevels correspondlng to computed

effectiveness E,
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Table B9 - Determination of protection requirement and protection level

- If Nd > N : THE PROTECTION IS REQUIRED :

below.

Data input Computation Resuit
Equations
Equivalent collector area: =
Ag = LW + BH (L + W) + 92H2 = Ae =
(for a rectangular volume) H=
. ; ' . Hz =
Expected direct lightning stroke frequency on a structure Ng max=
Nd = Ng max.-Ae/C1-10" ée- ' Nd=
. 1=
Accepted dir gct lightning stroke frequency on.a structure Co=
N¢ = 5.5.107¥/C where C = C2.C3.C4 Cs Ca=
C4= Ne=
Cs=
- If Nd < N¢ : THE PROTECTION 1S OPTIONAL.

. Determine the required protection level by computing the effectiveness E = 1 - - N¢/Ng.
. Install an ELPi with a protection level corresponding to computed E using table B10

Table B10
Computed Assomated protectlon Ievel Peak current Initiation
effectiveness - L KAY distance
E | S D (m)
E > 0/98 ~ |Level | + additional - -
| measures LR i

0.85<E=s0.98 Level | 2.8 20

0.80<E=<0.95 |Levelll 9.5 45

0<E<080 . |Levellli 14.7 80
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Figure B4 - Map of lightning stroke density N in France

This map is based on statistical data coming from measures collected since 1987 by the
national network of lightning detection. -
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C21

C22

APPENDIX C
{Normative)
E.S.E. LIGHTNING CONDUCTOR ASSESSMENT PROCEDURE
EXPERIMENTAL CONDITIONS

The effectiveness of an E.S.E. lightning conductor is assessed by comparing the
upward leader triggering time emitted by the E.S.E. lightning conductor against the
upward leader triggering time emitted by an S.R. lightning conductor.

For this purpose, the SR lightning conductor and E.S.E. lightning conductor are
assessed one after the other under the same electrical and geometrical conditions
during laboratory tests simulating the natural conditions of the upward leader
initiation (positive upward leader).

Ground field simulation

The natural ground field existing béfofe_g lightning stroke 'affects the conditions of
corona formation and of existing space charges. The natural ground field should
therefore be simulated : its value ranges from 10 kV/m to 25 kV/m.

Impulse field simulation

To reproduce the natural phenomenon as closely éS possible, the ground field
build-up is simulated by a waveform the rise time of which ranges from 100 psec

to 1000 psec. The wageform siodae within the upward leader initiation region
should be between 2.10° and 2.10” V/m/s.

EXPERIMENTAIL SET-UP
Positions of lightning protectf@rﬁ systemé to be compared.

The upper plate/air-termination distance should be sufficient for the upward leader
to propagate in free space and, in any case, over a length greater than 1 m (d=
im). The objects to be compared should be placed in the same electrical
environment which is independent of their locations : they should be tested one

after the other and centred on ground above the plate and their height should be
the same. o

Dimensions of experimental set-up

The upper plate/ground distance (H) should be greater than 2 m. The ratic h/H of

the air-termination height to the plate height above ground level should fange from
0.25 to 0.5. The smaller horizontal dimension of the upper plate is the upper
plate/ground H distance. :

C 17-102 - July 1985 .52.



PTS L T PDA h

/// 77 11.1.'7777 " . /// T 777777
Laboratory ground . Laboratory ground / / /
Con_ﬂgurétio_h1 ) o .Conﬂguréﬁon2
Figure C1

C3  PARAMETERS TO BE CHECKED - MEASUREMENTS TO BE TAKEN

C 3.1 Electrical parameters

- Applied voltage waveforms ar'\_d-a'rfnﬁliwdés {ambient field calibration, pulsed
voltage wave, associated current, ete.); -

- Continuous polarisation setting;

- Initiation setting on the reference equipment (simple rod lightning conductor) :
initiation probability equal to 1.

C3.2 Geometrical conditior_ns

The distance d should' be strictly the same in each configuration : it should be
checked before each test Doeeni :

c3.3 Climatic parameters

The climatic conditions should be recorded before and after testing in each
configuration (pressqre, temperature,,ab_solute humidity). T

C34 Number of lightning strokes in éach configuration

The number of lightning strokes should be statistically:adequate in each
configuration, e.g. about one hundred lightning strokes in each configuration.

C35 Triggering time

The criterion adopted for assessing the effectiveness of an E.8.E.lightning
conductor is its capacity to initiate an upward leader before an SR fightning
conductor under the same conditions. The average upward leader triggering time
T is measured for each usable lightning stroke on the SR lightning conducter and
then on the E.S.E. lightning conductor, -
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c4 EFFICIENCY OF THE E.S.E. LIGHTNING CONDUCTOR
C 4.1 Experimental Assessment of the average triggering times

The'upWard leader triggering times measured during usable shocks on an SR
lightning conductor and an E.S.E. lightning conductor are used to compute the

average triggering times T'gp . and T'ESELC in compliance with the selected
experimental curve parameters.

C4.2 Reference waveform

The reference waveform is defined by a rise time TR of 650 usec and a shape as
shown in the graph of Figure C2.
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C4.2

Determination of the triggering advance of the E.S.E. lightning conductor

The expenmental curve is plotted on the same graph as the reference
waveform fo which is asagned the same field value Ep as the experimental
field EMexp - C o

Lines are dropped from T‘SRLC and T'gee o ONMO the rererence curve and the

ordinates of the intersection points give the E field values. The triggering times
are obtained by projecting lines from the E values to the points where they
intersect the reference curve; the associated values on the x-axis gives the

triggering advance AT (psec) = T'gp o and Tesere -

Z}J ﬁﬁ ' o b
e -+ + + >

-

v/m ¢ .
Figure C3

Note : The method proposed above can be used to determine a AT value in a
- laboratory. Using the upward leader initiation fields which only depend on air-
termination hEIth h, a AT value independent of d can be determined. This

transposition is accomplished using the.continuous leader “starting threshold
field model developed by Rizk & Berger
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D 1.1

D1.2

~ APPENDIX D
(Informative) 7 .
TYPICAL LIGHTNING-PAlRA_METERS AND AS_SOC!ATE.D. EFFECTS
TYPICAL LIGHTNING PARAM~EfERS o
Impulse com.ponent waveforms (d‘ig:charges) of a lightning stroke

Figure D1 shows a few lightning current waveforms. Such lightning currents
have been recorded at the San Salvatore Mount research station in
Switzerland. Tables D3 to D15 show the cumulated frequency distributions of
the lightning characteristics. '

Temps {us)

0 XM W ™ wo 13 mog

Temps (us) _

T ® ZSh o3 IO 1000 1245 y3e0

O 5 30 T WD LS 18

- Z]L,/

Témps (ws)

Negative and positive lightning cﬁrrentsfméasured_on San Salvatore Mount at
Lugano (Switzerland) o

Figure D1 -.Examples of Iightning currents
Distribution of the different Iightning. parameters

A considerable number of pan_'ameters' are used to describe the lightning
impulse (or impuises in case of negative fightning), including in particular :
current amplitude, rise time, decay time, charge and specific energy.

These parameters refer to the actual Iighming stroke ‘waveforms as measured
to compute the distribution statistics. Initially, the amplitude, decay time and rise
time may be considered as defined as in a laboratory. The charge corresponds

to { idt and the specific energy to | i*dt. The usefulness of these parameters is
explained below. ' :

The steepness (steepest current slope in kA/usec) is also sometimes a useful

data for characterising an impulse though it is related to other parameters
already defined : rise time and.amplitude.
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The total lightning flash, including the impulse(s) and the following current
flowing in the interval between two impulsés is essentially characterised by its
total duration.

b2 THERMAL EFFECTS OF LlGHTNIN_G PARAMETERS

The parameters mentioned in the foregoing do not generally have the same
effects or failure medes as regards the different types of equipment.

The current amplitude is useful for addressing the voltage surge problems and
mechanical load problems generated by lightning.

The rise time is only used to address the voltage surge problems.

The decay time is related to mechanical loads in that it is used to determine the
electromagnetic force application time; it is mainly representative of the
lightning stroke energy in connection with the amplitude. To represent this
energy, the amplitude/decay time binomial can be replaced by :

- Specific energy | idt (amplitude and decay time) when the LPS component
dimensions are considered (connectors, conductors, etc.);

- Charge [ idf (amplitude and decay time) in the case of the characteristics of
surge protective devices connected tfo lightning protection systems (E.S.E.
lightning conductor + earth-termination system) or metal melting at the
lightning strike point.

D21 Thermal effects related to charge quantity Q

Thermal effects are observed. in lightning protection installations especially
when the air-termination systems have sharp tips on which melting is
sometimes observed over a maximum of a few millimetres. In the case of flat
surfaces (sheet-metal plates), evidence of melting is found which may result in
complete piercing. - ' . S '

An exceptional lightning stroke (300 C) is cabable of ﬁierbing sheet-metal plates
of up to 2-3mm thick.

This accounts for the minimum thickness requirément when a metal plate is

used or likely to serve as a lightning collector (e.g., 4 mm for iron, 5 mm for
copper). - T

Low-intensity discharges with a long duration may readily cause ignition. As
lightning discharges are usually accompanied by a continuing current, lightning
strokes are seldom cold. Even dry wood can be ignited by this kind of lightning
with long-lasting continuing currents.

Poor contacts are particularly dangercus points along the lightning current path.
Contact resistance values of a few thousandths of an.ohm already generate
enough heat to melt appreciable quantities of metal producing sparks. When a
readily flammable -material is located near suéh poor contact pointe, indirection
ignition may result. This kind of sparking is particularly dangerous in premises
exposed to a risk of explosions and in explosive manufacturing plants.

C 17-102 - July 1995 -58-



D22  Thermal effects related to current integral | dt

When the lightning current enters a metal conductor in which it can propagate,
the resulting heat dissipation obeys the Joule's law which involves the square of
the current i#, current flowing time t and ohmic resistance R.

Significant thermal effects are therefore encountered eépécially at high-
resistance points. : : .

The direct-current resistance measured on a conductor should not however be
taken as the resistance value R. Lightning currents are short shock waves
which produce a skin effect as in the case of high-frequency currents, i.e., the
current flow is confined to a thin conductor surface layer a few tenths of a

millimetre thick, as measured in direct current, which corresponds to the total
cross-sectional area.

There are no visible consequences of this heating, in spite of the skin effect,
when the conductor gauge is large enough, Temperature rises up to the melfing
point temperature only occur in conductors having a small gauge or high
resistivity. Melting effects are often observed, for instance, in antenna cables
and wires. On the other hand, cases.of melting are seldom observed on larger
gauge wires of a few millimetres in diameter (such a barbed wires). Melting has

never been seen in lightning conductors having the gauge re'_commended in this
standard. : : . , L

On the other hand, the current flow in poor conductors releases a large amount
of energy in the form of heat. This is why the water contained. in wood, concrete
and similar materials is heated up and vaporised. The entire phenomenon lasts
a very short time and, as a consequence of the subsequent pressure rise,
trees, wooden masts, beams and walls burst. Explosive effects of this kind
more particularly occur in places where moisture has accumulated (slits,
vessels full of sap) or the current density has risen significantly, i.e., at the
points of current entry or exit between a materiaj having a poor conductivity
(cement) and a material having a high conductivity. (attaching clamps of a

damaged lightning down-conductor, electrical conduit cramps, water and gas
pipe steel clamps). - . g

D23 Electrodynamic effects

Significant mechanical loads may occur only when sections of the lightning
current path are laid out one relative to the other in such a way that one of them
is located within the magnetic field generated by the other. [n this case, the load
increase is inversely proportional to the distance between these sections. Smali
turns are subjected to considerable enlarging loads. Considering a 10 em
diameter ring made of 8 mm'diamet.gr wire, a very heavy lightning current of
100 KA wilt apply a force of 1200N to each centimetre of the periphery. With a
2m diameter, the force would drop to 140N. Due to the reciprocal interaction
between the lightning current in a conductor and the Earth's magnetic field,

mechanical effects of only about 10N per metre of conductor can be produced:
such effects are trivial. o
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In addition to these repulsion forces, which may distort conductors in rare
cases, there are also strong attraction forces between parallel lightning current

paths when they are quite close. In this way, thin tubular antennae are crushed
and parallel conductors knock together.

D24  Potential differences and arcing

The surprising profusion of spark traces observed after ‘a violent lightning
stroke, sometimes even in buildings provided with lightning protection systems,
can be explained by two effects well known in electrical engineering : the earth-
termination potential rise, which mainly depends .on the peak intensity
(amplitude) of the drained current, and the induction phenomena which mainly
depend on the di/dt gradient (leading edge steepness) of this current.

D 2.41 Earth-termination potential rise

Due to the earth-termipation resistance R, resulting from the resistivity of the
soil itself, there is a potential difference between the LPS down-conductor and
nearby points while the current is flowing. The total potential rise relative to the
unaffected remote ground (therefore remaining at the conventional zero
potential) is expréssed by Ohm's law : U =Rl

A 100 kA current flow through a 5-ohm earth-termination system will cause a
potential rise in the lightning current draining system of 500 kV relative to
remote ground points. o S

Such a potential rise is actually distributed in the érd_uhd -'according to a law
which depends on the type of earth-termination system and the soil
characteristics, o

All the conductive parts of the structure which are connected to the earth in any

- way (heating systems, pipe lines, electrical systems, cable armours) are also
subjected to a potential rise if they are not interconnected. The only way to
prevent insulation breakdown is fo provide an electrical connection through
down-conductors to independently earthed parts. In this way, these become
integral parts of the lightning protection system and can therefore drain part of
the fightning current according to branch circuit laws. Their connection to the
down-conductors make them an integral part of the LPS.

As no conductive connections o live electrical lines can be made, this standard
recommends the installation of ‘voltage surge protective devices known as
lightning arresters (varistors or spark gaps). However, these lightning arresters
should then be sized to withstand a non-negligible portion (from a few per cent
up to 50 per cent, approximately, in the worst case) of the lightning current
striking the LPS, ' . S

Note : Given the frequencies invélved in lightning phenomena, the earth-
termination system impedance ‘should be taken into account in addition to the
measured earth-termination system direct-current resistance.
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D2.4.2 Induction phenomena

Shorter distance between down-conductor and metal building structures

An LPS down-conductor forms open loops with the various metal struciures of
a building (water pipes, central heating system, electrical power lines, etc.).
These loops will be subjected to induction phenomena and electromotive forces
will appear between their open ends. This standard allows for this phenomena

in article 3.

TABLES D2 TO D14

These tables are extracted from IEC 1024-1, Part 1, Section 1, Gunde A,

"Selection of protection levels for lightning protection systems"

Basic values of)lightning current parameters

Cumulative frequency distribution

Table D2 - Peak current (kA).(min 2 kA)

nghtmng stroke | , N Cumulative frequency |
: | 98% | 85% | 80% | 50% | 5%
First negative strokes 4 ' 20 | - 90
Subsequent negative strokes 4.6 12 30
Positive flashes ' 4.6 35 250
Table D3 - Total charge (C)
Lightning stroke Cumulative frequency. -
95 % 50 % 5%
First negative strokes 1.1 5.2 24
Subsequent negative strokes 0.2 1.4 11
Negative flashes 1.3 7.5 40
Positive flashes 20 80 350
Table D4 - impulse charge (C) |
Lightning stroke Cumulative frequency
95 % 50 %. 5%
First negative strokes 1.1 45 20
Subsequent negative strokes 0.22 0.95 4
Positive flashes 2 16 150
Tabie D5 - Front time duration (ps)
First negative strokes Cumulative frequency
95 % 50 % 5%
Total rise time 1.8 9.5 18
'Rise time between :
30 % and 90 % of peak current 1.5 38 10
10 % and 90 % of peak current 2.2 - 5.8 14
-61- |
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Table D6

Subsequent lightning strokes Cumulative frequen'cy
' o : - 95 % 50 % 5%
Total rise time 02 1.1 4.5
Rise time between : - ' 1 '
30 % and 80 % of peak current ' 0.1 0.6 3.0
10 % and 90 % of peak current 0.2 0.8 3.5
Table D7
Positive flashes ' —_Cumulative frequency 7
95 % 50 % 5%
Total rise time . 3.5 22 200
Table D8 - Stroke duration (us)
Lightning stroke . Cumulative frequency
95 % “50% - 5%
First negative strokes : 30 75 200
Subsequent negative strokes : 6.5 32 140
Positive flashes 25 200 2000
Table D9 - Specific energy (J/Q)
Lightning stroke Cumulative frequency
95 % _ 50 % 5%
First negative strokes 68.0x10¢ | 55x10% | 55x10°
Subsequent negative strokes 5.5 x 104 6.0 x 103 5.2 x 10%
Positive flashes 25x109 | 65x%x10° 1.5x 107
Table D10 - Rate of rise'(kAIps)
First negative strokes - _ . Cumulative frequency”
95 % 50 % 5%
Maximum rate of rise 9.1 24 65
Average steepness between : _
30 % and 90 % of peak current ' 2.6 7.2 20
10 % and 90 % of peak current 1.7 5 14
‘Table D11
Subsequent negative strokes Cumulative frequency
95 % 50 % 5%
Maximum rate of rise 10 : 40 162
Average steepness between :
30 % and 90 % of peak current 4.1 20 99
10 % and- 90 % of peak current |- 383 16 72
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Table D‘12' o

Positive flashes Cumulative frequency
: _ ' 95 % 50 % 5%
Maximum rate of rise 0.2 2.4 32

Table D13 - Total flash duration (ms)

Lightning stroke - Cumulative frequency
- 85 %. 50% 5%
All negative flashes 0.15 . 13 1100 |.
Subsequent negative strokes 31 180 900 ]
Positive flashes 14 85 500

Table D14 - Time intervals between strokes (ms)

Lightning stroke _ Cumulative frequency
_ ' 95 % 50 % 5%
Multiple negative strokes 7 33 150
-63 -
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APPENDIX E
(Infoermative)
PROTECTING PEOPLE AGAINST ELECTRICAL SHOCKS

E1 GENERAL

People standing outdoors run the greafest risk of being struck by lightning,
whether directly or caused by the step voltage. For people inside a structure,
the hazards are due to : . B

(2) the abrupt potential rise in items connected to lines leading from the
outside such as power lines, telephone fines, outdoor TV antenna cables;

(b) metal objects within the structure which may also be brought to high
potentials : contact voltage.

" The measures stated in this standard to prevent dangerous sparking are
designed to reduce the risks run by people inside structures.

E2 PERSONAL BEHAVIOUR

To protect themselves against lightning, individuals should take the following
minimum precautions :

(2) look for a shelter in a place' covered by an eérthed roof is or an all-metal
shelter, '

Note : Conventionally manufactured tents do not pro‘vide protection.

(b) when there is no shelter neérby. reduce one's i{eight.((.:rou.ch down) and

surface area on the ground (join the two feet) and do not touch any earthed
object with the hands,

(c) do not ride a bicycle or a horse. Do not remain in an open-top car,
(d) do not walk or swim in water,

(e} keep away from high places, or tall or isclated trees. If the vicin.ity of a tree
cannot be avoided, stand beyond the foliage limits,

(f) do not touch or stand next to metal structures, metal fences, etc.,

{(g) do not carry any object which extends above the head (umbrella, golf club,
tool, etc.),

(h) do not use or minimise the use of cbrd' telephones,

(i) do not touch any metal object, electrical appliances, window frames, radio
sets, TV sets, etc.
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E3

FIRST AID

The first aid to be given is the same as in the case of electric shocks or burns.
Artificial respiration should be administered immediately by a first-aid worker.
Such action and other emergency first-aid may save the injured person.
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