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THE PROTECTION OF STRUCTURES AGAINST LIGHTNING

This Code of Practice has been prepared by a Committee
convened by the Codes of Practice Committee for Electrical
Engineering. Having been endorsed by the Council for
Codes of Practice, it was published under the authority of
the General Council on 15th September, 1965,

First publishcd {as CP 1), 1943.
First revision (as CP 326.101), September, 1948.
Second revision (as CP 326}, September, 1965,

This Code of Practice makes reference to the following British
Siandards and British Standard Codes of Practice:

BS. 125. Hard-drawn copper conductors for overhead
power {ransmission purposes.

B.S. 215. Aluminium and steel-cored aluminium conductors
for overhcad power transmission purposes.

B.S. 905. Interference characteristics and performance of
radio receiving equipment for aural and visual
reproduction (excluding receivers for motor
vehicles and marine equipment).

B.S. 970. Wrought steels in the form of bars, biliets, and
forgings, up to 6 in ruling section, for automobile
and general engineering purposes. En series,

B.S. 1052. Mild steel wire for general engineering purposes.

B.S. 1400, Schedule of copper alloy ingots and copper and
copper alloy castings.

B.S. 1473, Wrought aluminium and aluminium alloys for
general engineering purposes. Rivet, bolt and
screw stock for forging,

B.S. 1490, Aluminium and aluminium alloy ingots and cast-
ings for general engineering purposes.

B.S. 2655. Electric lifts.

B.S. 2870. Schedule of rolled copper and copper alloys.
Sheet, strip and foil.

B.S. 2874. Schedule of copper and copper alloys. Rods and
sections (other than forging stock).

B.S. 2898. Wrought aluminium and aluminium alloys for
electrical purposes. Bars and sections.

CP 3 : Chapter IV Precautions against fire: Part 1. Fire

’ precautions in flats and maisonettes over 80 ft
in height.
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CP 327.201. The reception of sound and television broad-
casting, ‘
CP 1013. Earthing. '

British Standard Codes of Practice are revised, when necessary,
by the issue cither of amendment slips or of revised editions. It Is
important that users ascertain that they are in possession of the
latest amendments or editions.

The following B.5.1. references rolatc to the work on this Code of
Practico:
Committes reference ELCP/4 Draft for comment D 64/717§

I PR A SR
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with large areas of roof of varying profiles

. Zone of protection of a single catenary

. General principles of a re-entrant loop in a
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through a parapet wall

Routes for down conductors in a building with
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This Cede of Practice represents n standard of good practice and
takes the form of recommendations. Compliance with it does pot
confer immunity from relevant legal requirements includitg byclaws,
Atiention is, however, drawn to the fect that In certalp byelaws,
notably those Building Ryelavs ba.ed upe- one of the models issued
for England and Weles and for Northern Ircland, and o the Scottish
Building Regu'ations, compliance with the provisicns of ceitein
British Standards or British Standard Codes of Practice, or of specific
claases therein, is “ deemed to satisly ’ the requirement of certaln
of the byelaws in the £elds covered by the British Stundands and
Codes of Practice, or oy the speciiic clauses referred to.
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BRITISH STANDARD CODE OF PRACTICE CP 326

THE PROTECTION OF STRUCTURES
- AGAINST LIGHTNING

FOREWORD

This Code of Practice is intended to provide authoritative guidance of a general
nature on the principles and practice which experience has shown to be of
major importance in the protection o structures against lightning, and on the
problem of when to protect and when not to protect. It also shows the part

which a structure or its components may $lay. in forming 2 protective system;
it is hoped that thic' will discourage such visnecessary practices as fixing con-
ductors on metal masts or metal chimneys.

The present Code embodics some of the subject matter of the original Code
CP1: 1943 and of CP 326.101 : 1948; it has, however, been modified and
expanded to take into account recent advances in knowledge of the lightning

. discharge, and changes in materials and forms of construction.

It is emphasized that this is not a specification, but a set of recommendations.
The reason for this limitation is that the atmospheric processes which produce
lightning occur on a vast scale and are subject to many variables. Thus, the
protection which can be provided in practice with due regard to a reasonable
insurance investment must be governcd by statistical considerations, The
variations in the atmospheric conditions, topography and architecture of the
widely distributed areas of the British Commonwealth call for considerable
freedom of action. Codes of Practice must therefore cater for very wide needs.

Those aspects of the problem of lightning protection which assist in an
understanding of the protective methods described in this Code are briefly
summarized in the following paragraphs. Additional notes of an explanatory
character are given in the Appendix, which includes guidance on the assessment
of the risk of damage from lightning and on the advisability of instailing a
protective system.

The principal effects of a lightning discharge to a structure are electrical,
thermal and mechanical, These effects arc determined by the currents which are
discharged into the structure. These currents are unidirectional and may vary
in amplitude from a few hundred to 2 maximum of about 200 000 A, with a
statistical average of 20 000 A.

The current in any discharge rises steeply to its crest value in several micro-
seconds (one microsecond = one millionth of a second) and decays to zero in
several tens to hundreds of microseconds. Many lightning discharges consist
of a single stroke but many others involve a sequence of strokes which follow
the same path and which discharge separate currents of the amplitudes and
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waveshapes mentioned. A complete multiple lightning discharge may thus last
a second or even longer.

The principal electrical effects of a lightning current are twofold. As this
current is discharged through the resistance of the earth electrode provided for a
lightning protective system, it produces a resistive voltage drop which may
momentarily raise the potential of the protection sysiem with respect to true
earth to a high value, It may also produce around the earthing electrode a high
potential gradient which can be dangerous to persons and to livestock.

As the lightning current rises steeply to its crest value (an average value of
this rate of rise is about 10 000 A/ps) it can, as a first approximation, be regarded
as equivaient to a high frequency discharge; this frequency is not, however, high
enough to justify the use of the travelling wave theory and of calculations
involving surge impedances, A vertical conductor of the dimensions used in a
lightning protective system has an inductance of about 5 x 10-* H/i00 ft
(16 x 10-* H/100 m). The rate of rise of current in conjunction with the induc-
tance of the discharge path produces an inductive voltage drop which has to be
added, with due regard to the time relationship, to the ohmic voltage drop
across the earthing system. Water pipes, electrical installation cables and other
conductors, long sections of which are buried in the ground and which are not
connected or inductively coupled to the lightning conductor system, remain at
true earth potential throughout the lightning process. As the point of strike on
the lightning protective system may be raised to a high potential with respsct
to true earth, there is the risk of a flashover from the lightning protective system
struck to metal on or in a structure. If such a flashover occurred, part of the
lightning current would be discharged through internal installations with con-
sequent risk to the occupants and the fabric of the building. Such a flashover,
a so-called side fiash, must therefore be guarded against.

The thermal effect of a lightning discharge is, so far as it affects lightning
protection, confined to the temperature rise of the conductor through which the
lightning current is discharged. Although the amplitude of a lightning current
may be very high, its duration is so short that the thermal effect on a lightning
protective system is usually negligible. This ignores the fusing or welding effects
which occur locally consequent upon the rupture of a conductor which was
previously damaged or was of inadequate cross-section. In practice the cross
section of a normal lightning conductor is determined primarily by mechanical
considerations.

Where a high elettrjc current is discharged through parallel conductors in
close proximity, theséare subjected to large mechanical forces. Secure mechanical
fixing is therefore required for lightning conductors. A different mechapical
effect exerted by a lightning discharge is due to the fact that the air channel (i.c.
between the thunder cloud and the lightning conductor) along which the dis-
charge is propagated is suddenly raised to a very high temperature, This results

Documents®
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in a strong air pressure wave which is responsible, for instance for the lifting
of tiles from roofs. No protection can be provided against such an effect.

A lightning conductor is incapable of discharging a thundercloud without a
lightning stroke. Its function is to divert to itself a lightning discharge which
might otherwise strike a vulnerable part of the structure to be protected. The
range over which a lightning conductor can attract a lightning stroke is not
constant, but is now believed to be function of the severity of the discharge.
The range of attraction is thus a statistical quantity. On the other hand, the
range of attraction is little affected by the configuraticn of the conductor, so
that vertical and horizontal arrangements are equivalent, The use of pointed air
terminations or vertical finials is therefore not regarded as essential except
where dictated by practical considerations,

The Committee considered methods intended to increase artificially the range
of attraction afforded by a lightning conductor but, on the material before it,
were unable to include such methods in this Code.

Adequate information is not available on the frequency of occurrence of
lightning discharges to earth in different parts of the world, While it is established
that the ratio of inier-cloud to earth discharges is much higher in tropical than
in temperate regions, no more can be stated about the actval rate of earth
discharges than that it appears to be roughly proportional to the number of
thunderstorm days.

The geographical distribution of thunderstorms is governced by conditions
in the atmosphere, but the frequency of occurrence of earth discharges is likcly
to be affected by topographical features. No evidence is available to suggest that
the occurrence of earth discharges is affected by the nature of the soil or subsoil.

SECTION ONE : GENERAL

101. Scope. This Code covers good installation practice and the selection of
equipment considered necessary to prevent or to minimize the risk of damage
or injury which may be caused by a lightning discharge.

General principles are advanced for the protection of structures on or in the
ground. Recommendations are made on materials, components, earthing, test-
ing, etc., applicable to all such structures.

Guidance on the classes of structure which should be protected is given in
Clause 104 and more detailed notes are given in Clause Al in the Appendix,

Specific recommendations are made for structures designed for the storage
of explosives or highly flammable material. However, there may be circumstances
in which application of the relevant clause is not necessary, e.g. where the quantity
of explosives or highly flammable material is small, where this material is so
encased that it represents no additional lightning risk or where the consequences
of ignition are not serious because of the nature of the structure or its isolation.
In cases of doubt, civil concerns should consult the Home Office Inspectors of
Explosives; Crown Establishments should consult their Headquarters.
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Temporary structures need consideration, particularly wl.ie there is risk to
life, e.g. climbing or other cranes supported on the structure, scaffolding, stands
for spectators. Current-carrying wires may be directly associated with structures
coming within the scope of this Code, and certain recommendations relating
thereto have becn included; however the protection of telephone and telegraph
wires, radio transmitting and receiving stations, electric traction and supply
lines should, on account of the specific technical requirements concerned, be
referred to the appropriate authorities.

The protection of ships, afrcraft, and mining installations underground is
expressly excluded from this Code.

102. Definitions and abbrevistions. a. For the purposes ot this Code the following
definitions apply:

Lightning protective system, The whole system of conductors used to protect
a structure from the effects of lightning.

Air termination or air lermination network. That part of a lightning protective
system which is intended to intercept lightning discharges.

Down conducror. A conductor which connects an air termination with an
earth termination,

Bond. A conductor intended to provide electrical connection between the
lightning protective system and other metalwork and between various portions
of the latter.

Joint, A mechanical and electrical junction between two or more portions of
a lightning protective system.

Testing joint. A joint designed and situated so as to enable resistance or
continuity measurements to be made.

Earth termination or earth termination network, That part of a lightning pro-
tective system which is intended to discharge lightning currents into the general
mass of the earth. All parts below the lowest testing point in a down conductor
are included in this term.

Earth electrode. That part of the carth termination which makes direct
electrical contact with the earth.

b. In the illustrations the following abbreviations and symbols are used:
H.C. horizontal conductor.
V.C.  vertical conductor.
Z.P.  zone of protection (boundary indicated by dashed lines).
a and B protective angles.

103, Exchange of information, The designer of the structure should collaborate
with the lightning protection engineer when plans are being prepared, so that
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due provision is made in accordance with this Code. Information is also required
at an early stage regarding other services and climatic and soil conditions for
earthing requirements.

104, Need for protection. (See also Clause Al.) Structures with inherent ex-
plosive risks, c.g. explosives [actories, stores and dumps, fuel tanks, usuaily
need the highest possible degree of protection against the effects of lightning
strokes; recommendations for the protection of such structures are given in
Clause 212,

1965

For all other structures the standard of protection recommended in the -

remainder of the Code applics and the only question is whether to protect or
not. With many structures there will be little doubt as to the need for protection;
examples of such structures are:

1. those in or near whi~h large numbers of people congregale;

2. those concerned with the maintenance of essential public services;
3. those in areas where lightning strokes are prevalent;

4. very tall or isolated structures; and

5. structures of historic or cultural importance.

In cases of doubt, reference should be made to Clause Al in the Appendix. This
takes into account the various factors that affect the risk of the structurc being
struck and the consequential effects of a stroke; it assigns certain values to these
factors and explains their use in arriving at an overall * risk index ’ to serve as
an aid to judgment.

it is emphasized that certain structures are cither self-protecting or need only
litte additional expenditure to rende: them immune from lightning damage.
The first category comprises structures which are entirely of metal and which
are adequately carthed; the second category includes structures with frames of
steel or reinforced concrete which can easily be protected in accordance with
Subclause 2094(i).

105. Zone of protection. (Sec also Clause A2.) In technical literature, the term
* zone of protection * of a lightning conductor denotes the space within which a
lightning conductor provides protection against a direct lightning stroke by
diverting the stroke to itself. For a single vertical conductor, this zone has been
described as a cone with its apex at the highest point of the conductor and with
an angle, the so-called protective angle, between the side of the cone and the
conductor, to which different values have been given in different publications,
Experience shows that a conductor cannot be relied upon to provide complete
protection within any particular zone; all that can be stated is that the protection
afforded by a lightning conductor increases as the assumed protective angle
decreases.

Documents’
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For the practical purpose of providing an acceptable degree of protection
for an ordinary structure, the protective angle of any single component part of
an air termination network, namely either one vertical or one horizontal con-
ductor, is considered to be 45° (see Figs. 1 and 2}. Between two or more vertical
conductors, spaced at a distance not exceeding twice their height, the equivalent
protective angle may, as an exception, be taken as 60° to the vertical; an example
is given in Fig. 3. For a flat roof, the area between parallel horizontal conductors
is deemed to be effectively protected if the air termination network is arranged
in accordance with Clause 203.

For structures requiring a higher degree of protection, other protective
angles are recommended (see Clause 212).

106, Materials. (See also Clause A3.) The materials from which the component
parts of lightning protective systems are made should be chosen from those
given in Table 1,

Copper and aluminium are recommended for their durability but, if there is
any serious difficulty in the use of aluminium or copper, then galvanized steel,
of the same cress-sectional area as that stated for copper, should be used. Bare
aluminium should not be used in direct cuntact with the ground.

Where insulating coatings are used, rlue regard should be given to their
durability and non-flammability.

For the protection of conductors at the tops of chimneys, see Clause 218.

W

uments:
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Fig. 2. Horizontal air termination

Fig. 1. Air termination consisting of a
single vertical conductor
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For key to abbreviations,
see Subclause 1025,

Fig. 3. Adjacent vertical conductors show-
ing increased zone of protcetion between

conductors
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TABLE 1. MATERIAL FOR COMPONENT PARTS

Matertal ¢ Speclfication | Grade or type

Castings
Leaded gunmetal ~ B.S. 1400 LGI-C or LG2-C
Aluminium alloy - B.S.14%0 ° LM6-M or LM8-M

Bars and rods : ‘
Copper, hard-drawn cr annealed : C101 or C102-PA2Z
Phosphor bronze : ' PB102
Naval brass B.S. 2874 Cz112
Copper-sificon CS101
Aluminium ElE
Aluminium alloy B.S. 2698 E9lE

Strip ‘
Copper annealed B.S. 2870 C101 or C102
Aluminium B.S. 2898 . EIE

Stranded conductors
Copper, hard-drawn B.S. 125
Aluminium B.S. 215

Fixing bolts and screws for copper
Phosphor bronze
Naval brass B.S. 2874
Copper-silicon

Fixing bolts and screws for aluminium
and aluminium alloys
Aluminium alloy ~ BS.1473 . HBI0
Stainless steel BS.970 ' En58

*B.5, 125, * Hard-drawn copper conductors for overhead power transmission purposes ',

B.S. 215, ' {;lqmim‘um ond steel-cored aluminium conductors for overhead power trans-
mission purposes ",

B.S. 970, *Wrought steels in the form of bars, billets, and forgings, up to 6 in m'ng
section, for automobile and genera] engineering purposes. En series *.

B.S. 1400, * Schedule of copper alloy ingots and copper and copper alloy castings "

B.5. [473, * Wrought aluminium and aluminjum alloys for general engineering purposes.
Rivet, bolt and screw stock for forging '.

B.S. 1490, * Aluminium and sluminium alloy ingots and castings for genera! engineering
purposes '

B.S. 2870, * Schedule of rolled copper and copper alloys. Shest, strip and foil *.

B.5. 2874, ' Scht;dulc of copper and copper alloys. Rods and sections (other than forging
stock) ',

B.S. 2898, * Wrought aluminium and alu:mninium alloys for clectrical purposcs. Barg and
sections ",
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TABLE 2, MINIMUM DIMENSIONS OF COMPONENT PARTS

Component Minlmum Dmensions

Alr terminations (see Note 1)
Aluminium and copper strip
Aluminium, aluminium alloy copper and
phosphor bronze rods
Stranded aluminium conductors
Stranded copper conductors

Down conductors (sce Note 2)
Aluminium aod copper strip
Aluminium, aluminium alloy and cogper rods

Earth terminations (see Note 3)
Hard-drawn coppe! rods for direct driving
into soft ground 14 dia
Hard-drawn or annealed copper rods for
indirect driving or laying in ground 34 dia
Phosphor bronze rods for hard ground 4 dia
Copper-clad steel for harder ground (not rock) | 34 dia

Fixed connections (bonds) in aluminium,
aluminium alloy and copper
External-strip 3 xig

rods 34 dia
Internal-strip 34 % He
rods 14 dia

Stranded flexible connections (bonds)
External, alumipium 428/-018
External, annealed copper 416/-018
Internal, aluminium 221,018
Internal annealed copper 248/-018

NOTE 1. For farm buildings, see Subclauss 2174,

NOTE 2. For the protection of trees, sea Clauso 214,

NOTE 3. Other special sections may be used, provided they are of equivalent size. Copper
sirip may be used, provided it is of the same size as the down conductor.
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107. Dimensions. (S also Clause A3.) The component parts of lightning pro-
tective systems should have dimensions not less than thosc given in Table 2,
except in the special case in Subclause 2174. In situations where inspection or
repair is unusually difficult, consideration should be given to using a size greater
than tite minimum given in the table.

For convenience, the melric equivalents of dimensions are given in Table 2.
The nearest standard size should be used, provided that the dimension is not
appreciably smaller than that stated.

SECTION TWO : DESIGN

201. General considerations, The structure or, if the structure has not been built,
the drawings should be examined with regard to all the relevant details of this
Code and in particular for:

1. metal used in the roof, walls, framework or reinforcement above or below
ground {e.z. sheet piling), to determine the suitability of such metals in
place of, or for use as, components of the lightning protective system (see
Clauses 209 and 210);

- available positions for down conductors providing the required number
of low impedance paths from the ait termination network to the carth
termination, this is particularly important for internal down conductors;

. the nature and resistivity of the soil as revealed by trial bors holes for
foundation purposes or soil resistivity tests with, where economically
practical, the driving and testing of a trial earth rod clectrode with the
object of designing a suitable earth termination;

4. services entering the structure above and below ground;
sound radio and television receiver aerials;
flag masts, roof Ievel plant rooms (e.g. lift motor rooms, ventilating plant
and boiler rooms), water tanks and other salient features;
the construction of roofs to determine methods of fixing conductors with
special regard to maintaining weather-proofing of the structure;
possible penetration of water-proofing membrane where earth termina-
tions are to be sited beneath the structure;
the provision of holes through, or fixing to, reinforced concrete;
the provision of bonding connections to steel frame, reirforcement rods

or internal metals aud for any holes through the structure, parapets,
cornices, etc., to allow for the free passage of the lightning conductor;

the choice of metal most suitable for the conductors, e.g., aluminjum
conductors for structures where aluminium is employed externally;
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