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Foreword

This document {EN 62305-2:2012) consists of the text of IEC 62305-2:2010 prepared by IEC/TC 81,
“Lightning protection”, together with the common modifications prepared by CLC/TC 81X, "Lightning
protection”.

The following dates are fixed;

» latest date by which this document has to be {dop) 2013-03-19
implemented
at national level by publication of an identical
national standard or by endorsement

* latest date by which the national standards conflicting (dow) 2014-01-13
with this document have to be withdrawn

This document supersedes EN 62305-2:2006 + corrigendum November 2006.
EN 62305-2:2012 includes the following significant technical changes with respect to
EN 62305-2:2006:
1) risk assessment for services connected to structures is excluded from the scope;
2) injuries of living beings caused by electric shock inside the structure are considered,
3) tolerable risk of loss of cultural heritage is lowered from 10-3 to 104;
4) extended damage to surroundings structures or to the environment is considered,
§) improved formulas are provided for evaluation of
— collection areas relevant to flashes nearby a structure,
— collection areas relevant to flashes to and nearby a line,
— probabilities that a flash can cause damage,
— loss factors even in structures with risk of explosion,
— risk relevant to a zone of a structure,
— cost of loss.
6) tables are provided to select the relative amount of loss in all cases;
7) impulse withstand voltage level of equipments was extended down to 1 kV.

Notes and tables, which are additional to those in IEC 62305-2:2010 are prefixed “Z".

Attention is drawn to the possibility that some of the elements of this document may be the subject
of patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such
patent rights.
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Introduction

Lightning flashes to earth may be hazardous to structures and to lines.

The hazard to a structure can result in

— damage to the structure and to its contents,
— failure of associated electrical and electronic systems,
— injury to living beings in or close to the structure.

Consequential effects of the damage and failures may be extended to the surroundings of the
structure or may involve its environment.

To reduce the loss due to lightning, protection measures may be required. Whether they are
needed, and to what extent, should be determined by risk assessment.

The risk, defined in this part of EN 62305 as the probable average annual loss in a structure due to
lightning flashes, depends on

— the annual number of lightning flashes influencing the structure,

— the probability of damage by one of the influencing lightning flashes,

— the mean amount of consequential loss.

Lightning flashes influencing the structure may be divided into

- flashes terminating on the structure,

flashes terminating near the structure, direct to connected lines (power, telecommunication
lines,) or near the lines.

Flashes to the structure or a connected line may cause physical damage and life hazards. Flashes
near the structure or line as well as flashes to the structure or line may cause failure of electrical
and electronic systems due to overvoltages resulting from resistive and inductive coupling of these
systems with the lightning current.

Moreover, failures caused by lightning overvoltages in users' installations and in power supply lines
may also generate switching type overvoltages in the installations.

NOTE  Malfunctioning of electrical and electronic systems is not covered by the EN 62305 series. Reference should be
made to EN 61000-4-5 211 (]

The number of lightning flashes influencing the structure depends on the dimensions and the
characteristics of the structure and of the connected lines, on the environmental characteristics of
the structure and the lines, as well as on lightning ground flash density in the region where the
structure and the lines are located.

The probability of lightning damage depends on the structure, the connected lines, and the lightning
current characteristics, as well as on the type and efficiency of applied protection measures.

The annual mean amount of the consequential loss depends on the extent of damage and the
consequential effects which may occur as result of a lighining flash.

The effect of protection measures results from the features of each protection measure and may
reduce the damage probabilities or the amount of consequential loss.

The decision to provide lightning protection may be taken regardless of the outcome of risk
assessment where there is a desire that there be no avoidable risk.

1) Figures in square brackets refer to the bibliography.
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1 Scope

This part of EN 62305 is applicable to risk assessment for a structure due to lightning flashes to
earth,

Its purpose is to provide a procedure for the evaluation of such a risk. Once an upper tolerable limit
for the risk has been selected, this procedure allows the selection of appropriate protection
measures to be adopted to reduce the risk to or below the tolerable limit.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

EN 62305-1:2011, Protection against lightning — Part 1. General principles (IEC 62305-1:2010,
mod.}

EN 62305-3:2011, Protection against lightning — Part 3., Physical damage to structures and life
hazard (IEC 62305-3:2010, mod.)

EN 62305-4:2011, Protection against lightning — Part 4. Electrical and efectronic systems within
structures (IEC 62305-4:2010, mod.) {l

3 Terms, definitions, symbols and abbreviations

For the purposes of this document, the following terms, definitions, symbols and abbreviations,
some of which have already been cited in Part 1 but are repeated here for ease of reading, as well
as those given in other parts of EN 62305, apply.

3.1 Terms and definitions

311

structure to be protected

structure for which protection is required against the effects of lightning in accordance with this
standard

Nole 1 to entry: A structure o be protected may be part of a larger structure.

3.1.2
structures with risk of explosion
structures containing solid explosives materials or hazardous zones as determined in accordance

with EN 60079-10-1"! and EN 60079-10-2/

3.1.3

structures dangerous to the environment

structures which may cause biological, chemical or radioactive emission as a consequence of
lightning (such as chemical, petrochemical, nuclear plants, elc.)

31.4
urban environment
area with a high density of buildings or densely populated communities with tall buildings

Note 1 to entry: ‘Town centre’ is an example of an urban environment.

3.1.5
suburban environment
area with a medium density of buildings
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Note 1 to entry: ‘Town outskirts’ is an example of a suburban environment.

3.1.6
rural environment
area with a low density of buildings

Nolte 1 to entry: Countryside’ is an example of a rural environment.

3.1.7

rated impulse withstand voltage level

Uw

impulse withstand voltage assigned by the manufacturer to the equipment or to a part of it,
characterizing the specified withstand capability of its insulation against (transient) overvoltages

[SOURCE: EN 60664-1:2007, definition 3.9.2, modified]'®

Note 1 to entry: For the purposes of this part of EN 62305, anly the withstand voltage between live conductors and earth is
considered.

3.1.8
electrical system
system incorporating low voltage power supply components

3.1.9

electronic system

system incorporating sensitive electronic components such as telecommunication equipment,
computer, control and instrumentation systems, radio systems, power electronic installations

3.1.10
internal systems
electrical and electronic systems within a structure

3.1.11
line
power line or telecommunication line connected to the structure to be protected

3.1.12

telecommunication lines

lines intended for communication between equipment that may be located in separate structures,
such as phone lines and data lines

3.1.13

power lines

distribution lines feeding electrical energy into a structure to power electrical and electronic
equipment located there, such as low voltage {LV)} or high voltage {HV) electric mains

3.1.14

dangerous event

lightning flash to or near the structure to be protected, or to or near a line connected to the structure
to be protected that may cause damage

3.1.15
lightning flash to a structure
lightning flash striking a structure to be protected

3.1.16

lightning flash near a structure

lightning flash striking close enough to a structure to be protected that it may cause dangerous
overvoltages
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3.1.17
lightning flash to a line
lightning flash striking a line connected to the structure to be protected

3.1.18

lightning flash near a line

lightning flash striking close enough to a line connected to the structure to be protected that it may
cause dangerous overvoltages

3.1.19
number of dangerous events due to flashes to a structure
N
5]
expected average annual number of dangerous events due to lightning flashes to a structure

3.1.20
number of dangerous events due to flashes to a line
N
L
expected average annual number of dangerous events due to lightning flashes to a line

321
number of dangerous events due to flashes near a structure
N
™
expected average annual number of dangerous events due to lightning flashes near a structure

3.1.22
number of dangerous events due to flashes near a line
N
1
expected average annual humber of dangerous events due to lightning flashes near a line

3.1.23

lightning electromagnetic impulse

LEMP

all electromagnetic effects of lightning current via resistive, inductive and capacitive coupling, which
create surges and electromagnetic fields

3.1.24
surge
transient created by LEMP that appears as an overvoitage and/or overcurrent

3.1.25
node
point on a line from which onward surge propagation can be assumed to be neglected

Note 1 to entry: Examples of nodes are a point on a power line branch distribution at an HV/LV transformer or on a power
substation, a telecommunication exchange or an equipment (e.g. multiplexer or xDSL equipment) on a telecommunication
line.

3.1.26

physical damage

damage to a structure (or to its contents) due to mechanical, thermal, chemical or explosive effects
of lightning

3.1.27

injury to living beings

permanent injuries, including loss of life, to people or to animals by electric shock due to touch and
step voltages caused by lightning

Note 1 to entry: Although living beings may be injured in other ways, in this part of EN 62305 the term ‘injury to living
beings’ is limited to the threat due to electrical shock (type of damage D1).
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3.1.28
failure of electrical and electronic systems
permanent damage of electrical and electronic systems due to LEMP

3.1.29

probability of damage

Px

probability that a dangerous event will cause damage to or in the structure to be protected

3.1.30

loss

Lx

mean amount of loss (humans and goods) consequent on a specified type of damage due to a
dangerous event, relative to the value (humans and goods) of the structure to be protected

3.1.31

risk

R

value of probable average annual loss (humans and goods) due to lightning, relative to the total
value (humans and goods) of the structure to be protected

3.1.32

risk component

Rx

partial risk depending on the source and the type of damage
3.1.33

tolerable risk

Ry

maximum value of the risk which can be tolerated for the structure to be protected
3.1.34

zone of a structure

Zg

part of a structure with homogeneous characteristics where only one set of parameters is involved
in assessment of a risk component

3.1.35

section of a line

Su

part of a line with homogeneous characteristics where only one set of parameters is involved in the
assessment of a risk component

3.1.36

lightning protection zone

LPZ

zone where the lightning electromagnetic environment is defined

Nole 1 to entry: The zone boundaries of an LPZ are nol necessarily physical boundaries (e.g. walls, floor and ceiling).

3.1.37

lightning protection level

LPL

number related to a set of lightning current parameters values reievant to the probability that the
associated maximum and minimum design values will not be exceeded in naturally occurring
lightning

Note 1 to entry: Lightning protection level is used to design protection measures according to the relevant set of lightning
currenl parameters.
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3.1.38
protection measures
measures to be adopted in the structure to be protected, in order to reduce the risk

3.1.39

lightning protection

LP

complete system for protection of structures against lightning, including their internal systems and
contents, as well as persons, in general consisting of an LPS and SPM

3.1.40

lightning protection system

LPS

complete system used to reduce physical damage due to lightning flashes to a structure

Note 1 to entry: It consists of both external and internal lightning protection systems.

3.1.41

LEMP protection measures

SPM

measures taken to protect internal systems against the effects of LEMP

Note 1 to entry: This is part of overall lightning protection.

3.1.42

magnetic shield

closed, metallic, grid-like or continuous screen enveloping the structure to be protected, or part of it,
used to reduce failures of electrical and electronic systems

3.1.43

lightning protective cable

special cable with increased dielectric strength and whose metallic sheath is in continuous contact
with the soil either directly or by use of conducting plastic covering

3.1.44
lightning protective cable duct
cable duct of low resistivity in contact with the soil

EXAMPLE Concrete with interconnected structural steel reinforcements or metallic duct.

3.1.45

surge protective device

SPD

device intended to limit transient overvoltages and divert surge currents; contains at least one non-
linear component

3.1.46

coordinated SPD system

SPDs properly selected, coordinated and installed to form a system intended to reduce failures of
electrical and electronic systems

3.1.47
isolating interfaces
devices which are capable of reducing conducted surges on lines entering the LPZ

Note 1 to entry: These include isolation transformers with earthed screen between windings, metal-free fibre optic cables
and opto-tsolators,

Nole 2 to entry: Insulation withstand characteristics of these devices are suilable for this application intrinsically or via
SPD.
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3.1.48

lightning equipotential bonding

EB

bonding to LPS of separated melallic parts, by direct conductive connections or via surge protective
devices, to reduce potential differences caused by lightning current

3.1.49

zone 0

place in which an explosive atmosphere consisting of a mixture of air and flammable substances in
the form of gas, vapour or mist is present continuously or for long periods or frequently

[SOURCE:IEC 60050-426:2008, 426-03-03, modified]'®

3.1.50

zone 1

place in which an explosive atmosphere consisting of a mixture of air and flammable substances in
the form of gas, vapour or mist is likely to occur in normal operation occasionally

[SOURCE:IEC 60050-426:2008, 426-03-04, modified)!®

3.1.51

zone 2

place in which an explosive atmosphere consisting of a mixture of air and flammable substances in
the form of gas, vapour or mist is not likely to occur in normal operation but, if it does occur, will
persist for a short period only

Nole 1 to entry: [n this definilion, the word "persist” means the lotal lime for which the flammable atmosphere will exist.
This will normally comprise the total of the duration of the release, plus the time taken for the flammable atmosphere to
disperse after the release has stopped.

Note 2 to entry: Indications of the frequency of the occurrence and duration may be taken from codes relating to specific
industries or applications.

[SOURCE:IEC 60050-426:2008, 426-03-05, modified]'®

3.1.52

zone 20

place in which an explosive atmosphere, in the form of a cloud of combustible dust in air, is present
continuously, or for long periods, or frequently

[SOURCE:EN 60079-10-2:2009, 6.2, modified) !

3.1.53

zone 21

place in which an explosive atmosphere, in the form of a cloud of combustible dust in air, is likely to
occur in normal operation occasionally

[SOURCE:EN 60079-10-2:2009, 6.2, modified] !

3.1.54

zone 22

place in which an explosive atmosphere, in the form of a cloud of combustible dust in air, is not
likely to occur in normal operation but, if it does occur, will persist for a short period only

[SOURCE:EN 60079-10-2:2009, 6.2, modified] !

3.2 Symbols and abbreviations

a Amortization rate ... ARNEX D
Ap Collection area for flashes to an isolated structure....................... A21A1
Agy Collection area for flashes to an adjacent structure.......................o . A2S
Ap’ Collection area attributed to an elevated roof protrusion ............................... A21.2

A Collection area for flashes near a line...... TUTTUTRR U v v A5
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Collection area for flashes to a line .. e ALY
Collection area for flashes striking near the structure ............................................ A3
BUTEAIIG © vt e er e e st e e b s e er e s e et s e e araraanes A2
LOCALION FACION . e it cerere s e e er e s rasarerararaoarararasananasnnens Table A1
Location factor of an adjacent struCture ..o A25
Environmental factor............ooo Table A.4
Installation factor of the line............... e Table A.2
Annual cost of total loss in absence of protection measures ................... 5.5; Annex D
Factor depending on shielding, grounding and isolation conditions

of the line for flashes t0 @ liNe . ..o e saaae e Annex B
Factor depending on shielding, grounding and isolation conditions

of the line for flashes neara line................ooi i Annex B
CoStOf OSSN @ ZON@....iiciiint it cne e e o2 AINEX D
Cost of protection MeasSUres ... e e e e Annex D
Annual cost of selected protection measures ...................cooooiin 5.5; Annex D
Annual cost of residual 0SS ... 5.5, Annex D
Cost of residual loss in a zone.. it aenie e ANREX D
Line type factor for a HV/LV transformer on the llne trerererererenieenennneeans, lable A3

Value of the animals in the zone, in currency C.6
Value of the building relevant to the zone, In CUITENCY .....cocovivieiiirirircriiircveecranen... C.6
Value of the content in the ZONe, IN CUTTENCY ...ocouiiiiiiiiiei e eeaeaeaen e C.6
Total value of goods in dangerous place outside the structure, in currency ........... C6

Value of the internal systems (including their activities) in the zone,

in currency.. e s s o SO e e S e B s A O
Total value of the structure. in currency TOTOTOTOTOIOTOTOTOTOTOTOTOTOTOIUPPIRURPPRPI OF%. 1K O ¢
Value of the cultural heritage in the zone, IN CUMTENCY ......cccivivciiirrcrirircrirncrnan. ©.5

Injury to living beings by electric ShOCK ... 4.1.2
Physical damage ................. e se e nneencnn e 4102
Failure of electrical and electromc systems rrerarererareraneeansaaesanasaaeearsesaneses 4.1.2

Factor increasing the loss when a special hazard is present ........................ Table C.6
Height of the Structure ... AT
Height of the adjacent structure ... e eeeee . AL2LD

RN T =Y S = | (=R Annex D

Factor relevant to the performance of protection measures against LEMP ........._.. B.5
Factor relevant to the screening effectiveness of the structure.................coeee......B.5
Factor relevant to the screening effectiveness of shields internal to the structure....... B.5
Factor relevant to the characteristics of internal wiring...................c.coooiiiiin . B.5
Factor relevant to the impulse withstand voltage of a system.................................B.S

Length of structure.. LA
Length of the adlacent structure LA25
Loss related to injury to living bemgs by electnc shock (ﬂashes to structure) ...6.2

Loss related to physical damage in a structure {flashes to structuse) ............... ..‘,..6.2
Additional loss related to physical damage outside the structure
{flashes to StruCtUre) ... o C.3,C6

Total loss related to physical damage (flashes to structure)............................ C.3,C.6 (]

Length of line seCtion. ... e anee e ALD
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Loss related to failure of internal systems (flashes to structure) ............................. 6.2
Typical percentage of loss related to physical damage in a structure...Tables C.2, C8, C10,
C12

Typical percentage of loss related to physical damage outside the structure..C.3; C.6
Loss related to failure of internal systems (flashes near structure)......................... 6.3
Typical percentage of loss related to failure of internal systems...Tables C.2, C8, C12
Typical percentage of loss related to injury by electric shock ............Tables C.2, C12
Loss related to injury of living beings by electric shock (flashes to line) ................. 6.4
Loss related to physical damage in a structure {flashes toline).............................. 6.4
Additional loss related to physical damage outside the structure {flashes to line)C.3,C.6
Total loss related to physical damage (flashes to line) ... ... c.3.c6{l
Loss related to failure of internal systems (flashes to line) ..., 6.4
Loss consequent to damages............... .6.1
Loss related to failure of |ntemal systems (flashes near a Ime) ISTOTOTOTOTOTOTOTOTOR « 3¢
Loss of human life ... e 4.1.3
Loss of service to the public ... 4.1.3
Loss of cultural heritage ... e 413
Loss of economic value .............. TSRO TSRO Ceereenans TSN 4.1.3
MaINtENANCE FAE ... ... e et e et e e e aean Annex D
Number of dangerous events per annum.. RO < |
Number of dangerous events due to flashes to structure cerrerieeerieaeeeean A4
Number of dangerous events due to flashes to adjacent structure I AN 2E5
Lightning ground flash density .......coviiii et Al
Number of dangerous events due to flashes nearaline.........c.c.coovcvivivecrineccnne.. A5
Number of dangerous events due to flashestoaline........................ccoeeieee. A4
Number of dangerous events due to flashes near a structure................................ A3
Number of possible endangered persons (victims or users not served).......... C3, C4
Expected total number of persons {(or users served) ..., C3;,C4a
Probability of damage ... eere e rtee s seeseeaeneae ANNEX B
Probability of injury to llvmg bemgs by electrlc shock

{flashes to a StruUCtUIre) ... oo e e e 6.2, B.2
Probability of physical damage to a structure (flashes to a structure)........... Table B.2
Probability of failure of internal systems (flashes to a structure)..................... 6.2;B.4
Probability reducing Py, and £,, depending on line characteristics and

withstand voltage of equipment when EB is installed .. cieeeneneee.. Table B.7
Probability reducing £y,, Py and Py, depending on line characterlstlcs

and withstand voltage of equipment (flashes to connected line)........................ Table B.8
Probability reducing P, depending on line characleristics and

withstand voltage of equipment (flashes near a connected line)........................ Table B.9
Probability of failure of internal systems (flashes near a structure).................. 63;B5
Probability reducing P, depending on shielding, wiring and

withstand voltage of equipment............... terirerireeieeneeneee BLD
Probability reducing Pg, Py, Py and PZ when a coordmated SPD

system is installed .............. B o0 oo a— s e Table B.3
Probability reducing Py dependmg on protection measures

against touch and step Vollages ... e Table B.1
Probability of injury to living beings by electric shock

{flashes to a connected lINE) ... i e 6.4; B.6
Probability of physical damage to a structure

(flashes t0 @ CONNECEEd NN )... .o it ce e e re e s aaaeaaeas 6.4;B.7
Probabitity of failure of internal systems (flashes to connected line) ................. 6.4, B.8
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Py Probability of damage relevantto a structure ........ ... 6.1
P Probability of failure of internal systems

(flashes near a connected lIN).....oooiiiiiie i et rece v reeevneaans 6.5, B.9
A Reduction factor associated with the type of surface...........coooiviiiiiiiiiiiniee, C.3
fs Factor reducing loss depending on risk of fire........cococcivviiiiiiiniciciiiecccicneeenee... . CL3
p Factor reducing the loss due to provisions againstfire...............c.ccoeviviinneeee......C.3
R RIS K et e 4.2
Ra Risk component {injury to living beings — flashes to structure) ............................ 4,22
Rg Risk component {physical damage te a structure — flashes to a structure)........... 4.2.2
Re Risk component (failure of internal systems —flashes to structure) .............. ... 4.2.2
R Risk component (failure of internal systems - flashes near structure)............. 4.2.3
Rs Shield resistance per unitlength of acable...............ccccoeiiiviviviiiiieciineeen..... Table B.8
Ry Tolerable risk.. o e, 5.3; Table 4
Ry Risk component (m;ury to lwung belng - flashes to connecled Ime) ..................... 4.2.4
Ry Risk component (physical damage to structure — flashes to connected line)........ 4.2.4
Rw Risk component (failure of internal systems — flashes to connected line).................. 424
Ry Risk component for a structure ... e 6.1
R Risk component (failure of internal systems - flashes near a line) ...................... 425
R, Risk of loss of human life in a structure .. R o SR R . e e R |
Ry Risk of loss of service to the public in a struclure R o]
R3 Risk of loss of cuitural heritage in a structure 4.21
R, Risk of loss of economic value in a structure ... 42,1
Ry Risk R, when protection measures are adopted.................ooo Annex D
S Structure... eererererererarererarenarerenanererarerareraraneserarererararareseranererarararesess P22
Sy Annual savmg of money ................................................................................. Annex D
S, Section of a line.. e T T T e T T O O
S1 Source of damage - Flashes to a slfuclure reearerraararaerarenasanannernenneennaenens 10
82 Source of damage — Flashes near a struclure 4.1.1
S3 Source of damage — Flashestoaline................cocooiiiiiicciiie e 40101
S84 Source of damage — Flashes near a liN€ .........coiviiiiiiiiiii et e aani e 4.1.1
to Time in hours per year of presence of people in a dangerous

place outside the StrUCTUTE ... ... e et e ee i e e aaeerraaeaans C3
t, Time in hours per year that persons are present in a dangerous place...................C.2
To Thunderstorm days PEI YRAT .o iiiricriririeirmieaeeraranerarenesareseraseresaacneseserareresesers AT
Uw Rated impulse withstand voltage of a system.............ccciiiiiiiiiiiiiniiiiecceeeee.. BLS
W, Mesh width ... e BLD
w Width of StruCtUre (oo i e e ee et e an e A211
w, Width of the adjacent StrucCtUre ... A.2.5
X Subscript identifying the relevant risk component..........cccoovviveeiiiiiiinncinn. .. 6.1
Zg Zones of a structure................... b e e R oA s s SRy v s S iR e s sur sV P s s 6.7

4 Explanation of terms

4.1 Damage and loss
411 Source of damage

The lightning current is the primary source of damage. The following sources are distinguished by
the point of strike (see Table 1):
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- S1: flashes to a structure;
- §2: flashes near a structure;
- 53: flashes to a line;

- 54: flashes near a line.

4.1.2 Types of damage

A lightning flash may cause damage depending on the characteristics of the structure to be
protected. Some of the most important characteristics are: type of construction, contents and
application, type of service and protection measures provided.

For practical applications of this risk assessment, it is useful to distinguish between three basic
types of damage which can appear as the consequence of lightning flashes. They are as follows
(see Table 1):

- D1: injury to living beings by electric shock;

- D2: physical damage;

- D3. failure of electrical and electronic systems.

The damage to a structure due to lightning may be limited to a part of the structure or may extend to

the entire structure. It may also involve surrounding structures or the environment {e.g. chemical or
radioactive emissions).

4.1.3 Types of loss

Each type of damage, alone or in combination with others, may produce a different consequential
loss in the structure to be protected. The type of loss that may appear, depends on the
characteristics of the structure itself and its content. The following types of loss shall be taken into
account {see Table 1):

- L1: loss of human life (including permanent injury);

- L2: loss of service to the public;

- L3: loss of cultural heritage;

- L4: loss of economic value (structure, content, and loss of activity).
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Table 1 — Sources of damage, types of damage and types of loss
according to the point of strike

Lightning flash Structure
Point of strike Source of Type of Type of loss
damage damage
/\< D1 L1, L4a
S1 D2 L1; 2513, 14

J
I

-L- D3 L1b, L2, L4

— é s2 D3 L1b, L2, L4
-L
D1 L1, L4a
s3 D2 L1, L2, L3, L4
D3 L1°, L2, L4
s4 D3 L1b, L2, L4

a  Only for properties where animals may be lost.

b Only for structures with risk of explosion and for hospitals or other structures
where failures of internal systems immediately endangers human life.

4.2 Risk and risk components
4.21 Risk

The risk, R, is the relative value of a probable average annual loss. For each type of loss which may
appear in a structure, the relevant risk shall be evaluated.

The risks to be evaluated in a structure may be as follows:

- Ry risk of loss of a human life (including permanent injury);
- R, risk of loss of service to the public;

- Ry risk of loss of cultural heritage,

- Ry risk of loss of economic value.

To evaluate risks, R, the relevant risk components {partial risks depending on the source and type
of damage) shall be defined and calculated.

Each risk, R, is the sum of its risk companents. When calculating a risk, the risk components may
be grouped according to the source of damage and the type of damage.
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4.2.2 Risk components for a structure due to flashes to the structure

R,: Component related to injury to living beings caused by electric shock due to touch and step
voltages inside the structure and outside in the zones up to 3 m around down-conductors.
Loss of type L1 and, in the case of structures holding livestock, loss of type L4 with possible
loss of animals may also arise.

NOTE In special structures, people may be endangered by direct strikes {e.g. top level of garage parking or
stadiums}. These cases may also be considered using the principles of this part of EN 62305.
Rg: Compaonent related to physical damage caused by dangerous sparking inside the structure
triggering fire or explosion which may also endanger the environment. All types of loss (L1,
L2, L3 and L4) may arise.

Rqo: Component related to failure of internal systems caused by LEMP. Loss of type L2 and L4
could occur in all cases along with type L1 in the case of structures with risk of explosion, and
hospitals or other structures where failure of internal systems immediately endangers human
life.

4.23 Risk component for a structure due to flashes near the structure

Ry: Component related to failure of internal systems caused by LEMP. Loss of type L2 and L4
could occur in all cases, along with type L1 in the case of structures with risk of explosion,
and hospitals or other structures where failure of internal systems immediately endangers
human life.

4.2.4 Risk components for a structure due to flashes to a line connected to the structure

Ry Component related to injury to living beings caused by electric shock due to touch voltage
inside the structure. Loss of type L1 and, in the case of agricultural properties, losses of type
L4 with possible loss of animals could also occur.

Ry: Component related to physical damage (fire or explosion triggered by dangerous sparking
between external installation and metallic parts generally at the entrance point of the line into
the structure) due to lightning current transmitted through or along incoming lines. All types of
loss (L1, L2, L3, L4) may occur.

Ryw: Component related to failure of internal systems caused by overvoitages induced on incoming
lines and transmitted to the structure. Loss of type L2 and L4 could occur in all cases, along
with type L1 in the case of structures with risk of explosion, and hospitals or other structures
where failure of internal systems immediately endangers human life.

NOTE 1 The lines laken inlo account in this assessment are only the lines entering the struclure.

NOTE 2 Lightning flashes to or near pipes are not considered as a source of damage based on the bonding of pipes to
an equipotential bonding bar. If an equipotential bonding bar is not provided, such a threat should also be considered.

4.2.5 Risk component for a structure due to flashes near a line connected to the structure

R;:  Component related to failure of internal systems caused by overvoltages induced on incoming
lines and transmitted to the structure. Loss of type L2 and L4 could occur in all cases, along
with type L1 in the case of structures with risk of explosion, and hospitals or other structures
where failure of internal systems immediately endanger human life.

NOTE 1 Lines taken into account in this assessment are only the lines entering the structure.

NQTE 2  Lightning flashes to or near pipes are not considered as a source of damage based on the bonding of pipes to
an equipotential bonding bar. If an equipotential bonding bar is not provided, such a threat should also be considered.
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4.3 Composition of risk components

Risk components to be considered for each type of loss in a structure are listed below:
R;: Risk of loss of human life:
R1=Ra1+ R+ R+ R+ Ryg + Ryqg + Ry + Rz P (1

NOTE 1  Only for structures with risk of explosion and for hospitals wilh life-saving electrical equipment or other
structures when failure of internal systems immediately endangers human life.

R,. Risk of loss of service to the public:
R2=Rga+ Rep + Rmp * Rya + Ry + Rzp {2)
R3: Risk of loss of cultural heritage:
R3 = Rga + Ryg (3)
R,: Risk of loss of economic value:

R4 = Raq®* Rpg * Roa *+ Ryg + Ry + Rya * Rwa + Ry (4)
NOTE 2 Only for properties where animals may be lost.

The risk components corresponding to each type of loss are also combined in Table 2.

Table 2 - Risk components to be considered for each type of loss in a structure

Flash to a Flash near a Flash to a line Flash near a
Source of structure structure connected to the | line connected to
damage s1 52 structure the structure
S3 S4
Risk component R, Ry Re Ry R, R, | Ry R,
Risk for each type
of loss
R' - » »a w a » L[] »a - 3
R2 » w " " » w
R, . .
R,
«h - - . +b e - *
2 QOnly for structures with risk of explosion, and for hospitals aor other structures where failure of internal
syslems immediately endangers human life.
b Only for properties where animals may be lost.

Characteristics of the structure and of possible protection measures influencing risk components for
a structure are given in Table 3.
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Table 3 — Factors influencing the risk components

Characteristics of
structure or of
internal systems

Protection measures

Collection area X X X X X X X X

Surface soil resistivily

Floor resistivitly X X

Physical restrictions,
insulation, warning notice, X X
sail equipotentialization

LPS X X X x® ) ¢4 x®
Bonding SPD X X X

Isolating interfaces X X X X X X
Coordinated SPD system X X X X
Spatial shield X X

Shielding external lines X X X X

Shielding internal lines

Routing precautions

Bonding network X

Fire precaulions

Fire sensitivity

Special hazard X

X | X | X | X

Impulse withstand voltage X X X

2 Only for grid-like external LPS.

b Due to equipotential bonding.

€ Only if they belong to equipment.

NOTE 21 Thunderstorm warning systems compliant with EN 50536 can alsa be used to reduce the risk.

5 Risk management

5.1 Basic procedure
The following procedure shall be applied:

— identification of the structure to be protected and its characteristics;

— identification of all the types of loss in the structure and the relevant corresponding risk R (R to
Ry):

- evaluation of risk R for each type of loss R to Ry;
- evaluation of need of protection, by comparison of risk R, R, and Ry with the tolerable risk Ry;

— evaluation of cost effectiveness of protection by comparison of the costs of total loss with and
without protection measures. In this case, the assessment of components of risk R, shall be
performed in order to evaluate such costs (see Annex D).
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5.2 Structure to be considered for risk assessment
The structure to be considered includes

— the structure itself,

— installations in the structure,

— contents of the structure,

— persons in the structure or in the zones up to 3 m from the outside of the structure,

— environment affected by damage to the structure.

Protection does not include connected lines outside of the structure.

NOTE The structure to be considered may be subdivided into several zones (see 6.7).

5.3 Tolerable risk Ry

It is the responsibility of the authority having jurisdiction to identify the value of tolerable risk.

Representative values of tolerable risk Ry, where lightning flashes involve loss of human life or loss
of social or cultural values, are given in Table 4.

Table 4 — Typical values of tolerable risk Ry

Types of loss Ry(y™")
L1 Loss of human life or permanent injuries 1073
12 Loss of service ta the public 1073
L3 Loss of cultural heritage 104

In principle, for loss of economic value {L4), the route to be followed is the cost/benefit comparison
given in Annex D. (€}

5.4 Specific procedure to evaluate the need of protection

According to EN 62305-1, risks R, R, and R3 shall be considered in the evaluation of the need of
protection against lightning.

For each risk to be considered the following steps shall be taken:

- identification of the compaonents Ry which make up the risk;
— calcuiation of the identified risk components Ry;

— calculation of the total risk R (see 4.3);

- identification of the tolerable risk Ry;

— comparison of the risk R with the tolerable value Ry

If R < Ry, lightning protection is not necessary.

If R > Ry, protection measures shall be adopted in order to reduce R < Ry for all risks to which the
structure is subjected.

The procedure to evaluate the need for protection is given in Figure 1.

NOTE 1 In cases where the risk cannot be reduced to a tolerable level in spite of having applied the most efficient
protection means proposed (i.e. Pg = 0,001, Pgep=0,001), the site owner should be informed. In these cases the use of a
thunderstorm warning system is recommended.
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NOTE 2  Where protection against lightning is required by the authority having jurisdiction for structures with a risk of
explosion, at least a class Il LPS should be adopted. Exceptions to the use of lightning protection level Il may be allowed
when technically justified and authorized by the authority having jurisdiction. For example, the use of lightning protection
level | is allowed in all cases, especially in those cases where the environments or contents within the structure are
exceptionally sensitive to the effects of lighining. In addition, authorities having jurisdiction may choose to allow lightning
protection level Il systems where the infrequency of lightning activity and/or the insensitivity of the conlents of the
structure warrants it.

NOTE 3 When the damage to a struclure due to lighining may also involve surrounding struclures or the environment
{e.g. chemical or radioactive emissions), additional protection measures for the structure and measures appropriate for
these zones may be requested by the authorities having jurisdiction.

5.5 Procedure to evaluate the cost effectiveness of protection

Besides the need for lightning protection of a structure, it may be useful to ascertain the economic
benefits of installing protection measures in order to reduce the economic loss L4.

The assessment of components of risk R, allows the user to evaluate the cost of the economic loss
with and without the adopted protection measures (see Annex D).

The procedure to ascertain the cost effectiveness of protection requires:

- identification of the components Ry which make up the risk R,;

— calculation of the identified risk components Ry in absence of new/additional protection
measures,

- calculation of the annual cost of loss due to each risk component Ry;

— calculation of the annual cost C of total loss in the absence of protection measures;
— adoption of selected protection measures;

- calculation of risk components Ry with selected protection measures present;

— calcutation of the annual cost of residual loss due to each risk component Ry in the protected
structure;

— calcutation of the total annual cost Cg of residual loss with selected protection measures
present;

- calculation of the annual cost Cpy, of selected protection measures;
— comparison of costs.

If C_ < Cg, + Cpyp, lightning protection may be deemed not to be cost effective.
If C_ > Cg, + Cpy, protection measures may prove to save money over the life of the structure.
The procedure to evaluate the cost-effectiveness of protection is outlined in Figure 2.

It may be useful to evaluate some variants of combination of protection measures to find the optimal
solution regarding the cost effectiveness.
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Identify the structure to be protected

Y

Identify the types of loss relevant to the structure

Y

For each type of loss, identify and calculate the risk components
RA, RB, RC, RM, RU, RV, RW, RZ

NO
Structure protected

YES

Protection needed

YES

Is LPS
installed?

Are SPM
installed?

Caiculate new values of
risk components
RA+RB +RU NO
+RV> RT ®
y Y
Install an adequate Install adequate Install other protection

type of LPS SPM measuras

Y y

JEC 2635/10
Key

af R,* Ry <R; acomplete LPS is not necessary; in this case SPDO(s} according to EN 62305-3 are sufficient.
b See Table 3.

Figure 1 — Procedure for deciding the need of protection
and for selecting protection measures
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Identify the value of:
» structure and of its activities

* internal installations

Calculate all risk components RX relevant to R4

Calculate the annual cost CL of total loss and the cost CRL of
residual loss in presence of protection measures (see Annex D)

Calculate the annual cost CPM of selected

protection measures

It is not cost effective to adopt
protection measures

NO

It is cost effective to adopt protection
measures

IEC 2636710

Figure 2 — Procedure for evaluating the cost-effectiveness of protection measures
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5.6 Protection measures

Protection measures are directed to reducing the risk according to the type of damage.

Protection measures shall be considered effective only if they conform to the requirements of the
following relevant standards:

- EN 62305-3 for protection against injury to living beings and physical damage in a structure;
EN 62305-4 for protection against failure of electrical and electronic systems.

5.7 Selection of protection measures

The selection of the most suitable protection measures shall be made by the designer according to
the share of each risk component in the total risk R and according to the technical and economic
aspects of the different protection measures.

Critical parameters shall be identified to determine the more efficient measure (o reduce the risk R.

For each type of loss, there is a number of protection measures which, individually or in
combination, make the condition R < Ry. The solution to be adopted shall be selected with
allowance for technical and economic aspects. A simplified procedure for selection of protective
measures is given in the flow diagram of Figure 1. In any case, the installer or ptanner should
identify the most critical risk components and reduce them, also taking into account economic
aspects.

6 Assessment of risk components

6.1 Basic formula

Each risk component R,, Rg, Re, Ry, Ry, Ry, Ry and R;, as described in 4.2.2, 423, 4.2.4 and
4.2.5 may be expressed by the following general formula:

[© Ry =Ny x Py x Ly (5) €l

where

Ny is the number of dangerous events per annum (see also Annex A),
Py s the probability of damage to a structure (see also Annex B),
Ly is the consequent loss (see also Annex C).
The number Ny of dangerous events is affected by lightning ground flash density (Ng) and by the

physical characteristics of the structure to be protected, its surroundings, connected lines and the
soil.

The probability of damage Py is affected by characteristics of the structure to be protected, the
connected lines and the protection measures provided.

The consequent loss Ly is affected by the use to which the structure is assigned, the aitendance of
persons, the type of service provided to public, the value of goods affected by the damage and the
measures provided to limit the amount of loss.

NOTE When the damage to a siructure due to lightning may also involve surrounding structures or the environmenl
{e.g. chemical or radioactive emissions), the consequent loss should be added to the value of Ly.
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6.2 Assessment of risk components due to flashes to the structure (81)

For evaluation of risk components related to lightning flashes to the structure, the following
relationships apply:

— component related to injury to living beings by electric shock (D1)

Ra=Npx Pyxly (6)
— component related to physical damage (D2)

Rg=Np X Pgxlg (7)
— component related to failure of internal systems (D3)

Rc =Ny X PexLg (8)
Parameters to assess these risk components are given in Table 5.

6.3 Assessment of the risk component due to flashes near the structure (52)

For evaluation of the risk component related to lightning flashes near the structure, the following
relationship applies:

— component related to failure of internal systems (D3)

R’J:NMXPMXLM (9)
Parameters to assess this risk component are given in Table 5.

6.4 Assessment of risk components due to flashes to a line connected to the structure (S3)

For evaluation of the risk components related to lightning flashes to an incoming line, the following
relationships apply:

- component related to injury to living beings by electric shock (D1)
Ry = (NL+ Ny x Pyxiy (10)
- component related to physical damage (D2)

Ry = (N_+ Np,) x Py x Ly (11)
component related to failure of internal systems (D3)
RW=(N|_+NDJ)><PW><LW (12)

NOTE 1 In many cases N, may be neglected.

Parameters to assess these risk components are given in Table 5.

If the line has more than one section (see 6.8), the values of R|;, Ry and Ry, are the sum of the R,
Ry and Ry values relevant to each section of the line. The sections to be considered are those
between the structure and the first node.

In the case of a structure with more than one connected line with different routing, the calculations
shall be performed for each line.
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In the case of a structure with more than one connected line with the same routing, the calculations
shall be performed only for the line with the worst characteristics, i.e. the line with the highest
values of N and N, connected to the internal system with the lowest value of Uy (telecom line
versus power line, unscreened line versus screened line, LV power line versus HV power line with
HV/LV transformer, etc.}.

NOTE 2 In the case of lines for which there is an overlapping of the collection area, the overlapping area should be
considered only once.

6.5 Assessment of risk component due to flashes near a line connected to the structure
(S4)

For evaluation of the risk component related to lightning flashes near a line connected to the
structure, the following relationship applies:

— component related to failure of internal systems {D3)
Rz=N %X Pyxiz (13)
Parameters to assess this risk component are given in Table 5.

If the line has more than one section (see 6.8), the value of R, is the sum of the R, components
relevant to each section of the line. The sections to be considered are those between the structure
and the first node.

Table 5 — Parameters relevant to the assessment of risk components

Symbol Denomination Value 2fa°u°s':i"9 ia
Average annual number of dangerous events due to flashes
Np — to the struclure A2
N - near the siructure A3
N, - to a line entering the structure A4
N, - near a line entering the structure A5
NDJ — to the adjacent siructure (see Figure A.5) A2
Probability that a flash to the structure will cause
P, - injury to living beings by electric shock B.2
Py - physical damage B.3
P — failure of inlernal systems B.4
Prabability that a flash near the structure will cause
(A - failure of internal systems 85
Probability that a flash to a line will cause
Py — injury to living beings by electric shock B.6
Py - physical damage B.7
Py — failure of inlernal systems B.8
Probability that a flash near a line will cause
P, - failure of internal systems B.9
Loss due to
Lok, — injury to living beings by electric shock C3
Ly =Ly — physical damage C3,C4,C5 C6
te=Lly=t, =L, - failure of internal systems C3.C4,C6
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In the case of a structure with more than one connected line with different routing, the calculations
shall be performed for each line.

In the case of a structure with more than one connected line with the same routing, the calculations
shall be performed only for the line with the worst characteristics, i.e. the line with the highest
values of N and N, connected to the internal system with the lowest value of Uy (telecom line
versus power line, unscreened line versus screened line, LV power line versus HV power line with
HV/LV transformer, etc.)

6.6 Summary of risk components

Risk components for structures are summarized in Table 6 according to different types of damage
and different sources of damage.

Table 6 — Risk components for different types of damage and source of damage

Source of damage
Damage S1 82 3 S4
Lightning flash Lightning flash | Lightning flash to | Lightning flash
to a structure near a structure | an incoming line near a line
o1 R,=N,xP, xL R,=(N + N}
= X X =(N +
Injury to living beings A o AT Ux P xL o
by electric shock Ly
D2 2
Ry =Ny x Py x by Ry g’ ’LNDJ)
Physical damage i R vESSY
D3
Failure of electrical Ro= N x Pox Lo | Ry = Nyx Py x Ly, Ry = (N + R, =N xPyxL,
and electronic : Ny I X Py X Ly
systems

If the structure is partitioned in zones Zg (see 6.7), each risk component shall be evaluated for each
zone Zg.
S

The total risk R of the structure is the sum of risks components relevant to the zones Zg which
constlitute the structure.

6.7 Partitioning of a structure in zones Zg

To assess each risk component, a structure could be divided into zones Zg each having
homogeneous characteristics. However, a structure may be, or may be assumed to be, a single
zone.

Zones Zg are mainly defined by

- type of soil or of floor (risk components R, and R)),
- fireproof compartments (risk components Rg and Ry),
- spatial shields (risk components R and Ry,).

Further zones may be defined according to

— layout of internal systems (risk components R and Ry,).
— protection measures existing or to be provided (all risk components),
- losses Ly values (all risk components).

Partitioning of the structure in zones Zg should take into account the feasibility of the
implementation of the most suitable protection measures.

NOTE Zones Z. according Lo 1his part of EN 62305 may be LPZ in line with EN 62305-4. However they may also be
different from LPZs.
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6.8 Partitioning of a line into sections 5

To assess the risk components due to a flash to or near a line, the line could be divided into
sections S . However a line may be, or may be assumed to be, a single section.

For all risk components, sections S| are mainly defined by

— type of line (aerial or buried),
- factors affecting the collection area (Cp, Cg, Cy),

— characteristics of line (shietded or unshielded, shield resistance).

If more than one vatue of a parameter exists in a section, the value leading to the highest value of
risk is to be assumed.

6.9 Assessment of risk components in a structure with zones Zg
6.9.1  General criteria

For the evaluation of risk components and the selection of the relevant parameters involved, the
following rules apply:

— parameters relevant to the number N of dangerous events shall be evaluated according to
Annex A;

— parameters relevant to the probabitity P of damage shall be evaluated according to Annex B.
Moreover:

— for components R,, Rg. Ry, Ry, Ry and R, only one value is to be fixed in each zone for each
parameter involved. Where more than one value is applicable, the highest one shall be chosen.

- for components R and Ry, if more than one internal system is involved in a zone, values of Pg
and P, are given by:

Po=1-—(1=Peq)x (1= Pco)x(1—Pe3) (14)

P =1 (1= Ppy) x (1 - P2} x (1 — Ppg) (43)

where Pg; and Py, are parameters relevant to internal system i =1, 2, 3,...
— parameters relevant to the amount L of loss shall be evaluated according to Annex C.

With the exception made for P and Py, if more than one value of any other parameter exists in a
zone, the value of the parameter leading to the highest value of risk is to be assumed.

6.9.2 Single zone structure

In this case only one zone Zg made up of the entire structure is defined. The risk R is the sum of
risk components Ry in this zone.

Defining the structure with a single zone may lead to expensive protection measures because each
measure must extend to the entire structure.

6.9.3 Multi-zone structure

In this case, the structure is divided into multiple zones Zg. The risk for the structure is the sum of
the risks relevant to all zones of the siructure; in each zone, the risk is the sum of all relevant risk
components in the zone.

Dividing a structure into zones allows the designer to take into account the characteristics of each
part of the structure in the evaluation of risk components and to select the most suitable protection
measures tailored zone by zone, reducing the overall cost of protection against lightning.
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6.10 Cost-benefit analysis for economic loss (L4)

Whether or not there is need to determine protection to reduce risks R; R, and Rg, it is useful to
evaluate the economic justification in adopting protection measures in order to reduce the risk R, of
economic l0ss.

The items for which the assessment of risk R, is to be performed shall be defined from

the whole structure,

a part of the structure,

an internal instaltation,

a part of an internal installation,
a piece of equipment,

the contents in the structure.

The cost of loss, the cost of the protection measures and the possible saving should be evaluated
according to Annex D.
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Annex A
(informative)

Assessment of annual number N of dangerous events

A1 General

The average annual number N of dangerous events due to lightning flashes influencing a structure
to be protected depends on the thunderstorm activity of the region where the structure is located
and on the structure’'s physical characteristics. To calculate the number N, one should multiply the
lightning ground flash density Ng by an equivalent collection area of the structure, taking into
account correction factors for the structure’s physical characteristics.

The lightning ground flash density Ng is the number of lightning flashes per km? per year. This
value is available from ground flash location networks in many areas of the world.

NOTE If a map of N is not available, in temperate regions it may be estimated by:
Ng=0,1Tp (A1)

where T, is the thunderstorm days per year (which can be obtained from isokeraunic maps).
Events that may be considered as dangerous for a structure to be protected are

— flashes to the structure,

— flashes near the structure,

— flashes to a line entering the structure,

- flashes near a line entering the structure,

— flashes to a another structure to which a line is connected.

A.2 Assessment of the average annual number of dangerous events Ny due to
flashes to a structure and Ny, to an adjacent structure

A.21 Determination of the collection area Ap
For isolated structures on flat ground, the collection area A is the area defined by the intersection
between the ground surface and a straight line with 1/3 slope which passes from the upper parts of

the structure (touching it there) and rotating around it. Determination of the value of Ap may be
performed graphically or mathematically.

A21A1 Rectangular structure

For an isolated rectangular structure with length L, width W, and height 4 on flat ground, the
collection area is then equal to:

Ap=LxW+2x(3xH)yx (L+ W)+ rx(3xH)? (A.2)

where L, Wand H are expressed in metres (see Figure A.1).
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3H

IEC 2637/10

Figure A.1 — Collection area Ap of an isolated structure

A.2.1.2 Complex shaped structure

If the structure has a complex shape such as elevated roof protrusions (see Figure A.2), a graphical
method should be used to evaluate Ap (see Figure A.3).

An acceptable approximate value of the collection area is the greater between the collection area
Apmin €valuated with Formula (A.2) taking the minimum height Hy,y of the structure, and the
collection area attributed to the elevated roof protrusion Ay’ Ay’ may be calculated by:

Ap’ = mx (3 x Hp)? (A.3)

where Hp is the height of protrusion.
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Figure A.2 — Complex shaped structure
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AbMIN Rectangular structure with H = Hyyn Formula (A.2)
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Ap Collection area determined using the graphical method

IEC 2639/10

Figure A.3 — Different methods to determine the collection area for the given structure

A.2.2 Structure as a part of a building

Where the structure S to be considered consists of only a part of a building B, the dimensions of
structure S may be used in evaluation of Ay provided that the following conditions are fulfilled (see
Figure A.4):

the structure S is a separated vertical part of the building B;
the building B does not have a risk of explosion;

propagation of fire between the structure S and other parts of the building B is avoided by
means of walls with resistance to fire of 120 min (REl 120) or by means of other equivalent
protection measures,

propagation of overvoltages along common lines, if any, is avoided by means of SPDs installed
at the entrance point of such lines in the structure or by means of other equivalent protection
measure.

NOTE For definition and information on REI, see ||

Where these conditions are not fulfilled, the dimensions of the whole building B should be used.
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> 1,2,3,5,6,7

4,8

B huilding or part of it for which protection is
considered (evaluation of A, is needed)

parl of building for which protection is not
considered (evaluation of A, is not needed)

S structure to be considered for risk
assessment (dimensions of S are to be
used for evaluation of A}

parlitioning REI 2120

/ \ amevenee partitioning REI <120
B

internal system

equipment
N
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TEIEAN
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IEC 2640/10

Figure A.4 — Structure to be considered for evaluation of collection area Ap

A.2.3 Relative location of the structure

The relative location of the structure, compensating for surrounding structures or an exposed
location, will be taken into account by a location factor C (see Table A.1).

A more precise evaluation of the surrounding objects' influence can be obtained considering the
relative height of the structure with respect to the surrounding objects or the ground within a
distance of 3 x H from the structure and assuming Cp = 1.
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Table A.1 — Structure location factor Cp

Relative location C,
Structure surrounded by higher objects .25
Structure surrounded by objects of the same height or smaller 0.5
Isolated structure: no other objects in the vicinity 1
Isolated structure on a hilltop or a knoll 2

A.24 Number of dangerous events N for the structure

Np may be evaluated as the product:

Np = Ng x Ap x Cp x 10-6 {A4)
where

Ng is the lightning ground flash density {1/km2 x year);
Ap is the collection area of the structure (m?) (see Figure A.5);
Cp is the location factor of the structure (see Table A.1).

A.2.5 Number of dangerous events Ny, for an adjacent structure

The average annual number of dangerous events due to flashes to a structure connected at the far
end of a line, Np, (see 6.5 and Figure A.5) may be evaluated as the product:

Npy = Ng x Apy x Cpy x Cy x1078 (A.5)

Ng s the lightning ground flash density {1/km? x year);

Apy s the collection area of the adjacent structure {m?) (see Figure A.5);
Cpy is the location factor of the adjacent structure (see Table A 1),

Ct is the line type factor {see Table A.3);

A.3 Assessment of the average annual number of dangerous events N,, due
to flashes near a structure

Ny, may be evaluated as the product:
Ny = Ng x Ay x 108 (A.6)

where

Ng s the lightning ground flash density (1/km? x year);
Ay is the collection area of flashes striking near the structure {m?2).

The collection area A, extends to a line located at a distance of 500 m from the perimeter of the
structure (see Figure A.5):

Ay = 2x 500 % (L + W)+ x 5002 (A.7)
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A.4 Assessment of the average annual number of dangerous events N, due
to flashes to a line

A line may consist of several sections. For each section of ling, the value of N_ may be evaluated
by:

Ny = Ngx A x C; x Cg x Cy x 108 (A.8)

N_ is the number of overvoltages of amplitude not lower than 1 kV (1/year) on the line
section),

Ng is the lightning ground flash density {1/km2 x year);

A is the collection area of flashes striking the line (m?) (see Figure A.5);
C, is the installation factor of the line (see Table A 2);

Cy  is the line type factor (see Table A.3);

Cg is the environmental factor (see Table A.4),

with the collection area for flashes to a line:
A =40x L, (A.9)
L is the length of the line section (m).

Where the length of a line section is unknown, L =1 000 m is to be assumed.

NOTE 1 National committees may improve this information in order to better meet national conditions of power and
telecommunication lines.

Table A.2 - Line installation factor C,

Routing C,
Aerial 1
Buried 0,5
[Z) | Buried cables running entirely within a meshed earih 0,01
termination (5.2 of EN 62305-4:2011).

Table A.3 ~ Line type factor Cy

Installation C;
LV power, telecommunication or data line 1
HV power (with HV/LV transformer) 0,2

Table A.4 - Line environmental factor C¢

Environment Ce
Rural 1
Suburban 0.5
Urban 0.1
Urban with tall buildings2 0.01
2 Buildings higher than 20 m.
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NOTE 2 The ground resistivity affects the collection area Al. of buried sections. In general, the larger the ground
resistivity, the larger the collection area (A proportional to vp). The installation factor of Table A.2 is based on p =
400 Qm.

NOTE 3 More information on the collection areas A for telecommunication lines can be found in ITU-T Recommendation

K.47 11

A5 Assessment of average annual number of dangerous events N, due
to flashes near a line

A line may consist of several sections. For each section of line, the value of N| may be evaluated by

Ny = Ngx A xC;x Cg x Cyx 106 (A.10)

N is the number of overvoltages of amplitude not lower than 1 kV (1/year) on the line
section;

Ng s the lightning ground flash density (1/km? x year);

A is the collection area of flashes to ground near the line (m?) (see Figure A.5);
C, s the installation factor (see Table A.2);

Cy is the line type factor {see Table A.3);

Cg is the environmental factor (see Table A.4).

with the collection area for flashes near a line
A =4000x L (A.11)
where L is the length of the line section {m).

Where the length of a line section is unknown, L =1 000 m is to be assumed.

NOTE 1 National committees can improve this information in order to better meet national conditions of power and
telecommunication lines.

NOTE 2 A more precise‘evaluation of Aj can be found in Electra n. 161 @l and 162 1oL, 1995 for power lines and in ITU-T
Recommendation K.46 "'l for telecommunications lines.

1EC 2641/10

Figure A.5 - Collection areas (Ap, Ay, 4, A}
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Annex B
(informative)

Assessment of probability P, of damage

B.1 General

The probabilities given in this annex are valid if protection measures conform to

— EN 62305-3 for protection measures to reduce injury to living beings and for protection
measures to reduce physical damage,

— EN 62305-4 for protection measures to reduce failure of internal systems.

Other values may be chosen, if justified.

Values of probabilities Py less than 1 may be selected only if the measure or characteristic is valid
for the entire structure or zone of structure (Zg) to be protected and for all relevant equipment.

B.2 Probability P, that a flash to a structure will cause injury to living beings by
electric shock

The values of probability P, of shock to living beings due to touch and step voltage by a lightning
flash to the structure, depend on the adopted LPS and on additional protection measures provided:

Pa=PraxPg (B.1)
where

Pra depends on additional protection measures against touch and step voltages, such as those
listed in Table B.1. Values of P, are given in Table B.1.

Pg depends on the lightning protection level (LPL) for which the LPS conforming to EN 62305-3 is
designed. Values of Py are given in Table B.2.

Table B.1 - Values of probability Py, that a flash to a structure will cause shock
to living beings due to dangerous touch and step voltages

Additional protection measure P‘ n
No protection measures 1
Warning notices 10-1
Electrical insulation {e.g. at least 3 mm cross-linked polyethylene} 102
of exposed parts (e.g. down-conductors)
Effeclive soil equipoientialization 10—2
Physical restrictions or building framework used as a down- 4]

conductor system

If more than one provision has been taken, the value of Py, is the product of the corresponding
values.

NOTE 1 Protection measures are effective in reducing £, only in structures protected by an LPS or structures with
continuous metal or reinforced concrele framework acting as a natural LPS, where bonding and earthing requirements of
EN 62305-3 are salisfied.

NOTE 2 For more information see 8.1 and 8.2 of EN 62305-3:2011. {(C]
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B.3 Probability Pg that a flash to a structure will cause physical damage

An LPS is suitable as a protection measure to reduce Pg

The values of probability Pg of physical damage by a flash to a structure, as a function of lightning
protection level (LPL) are given in Table B.2.

Table B.2 — Values of probability Pg depending on the protection measures
to reduce physical damage

Characteristics of structure Class of LPS Pg

Structure not protected by LPS 1

Structure protecled by LPS [\ 0.2
m 0.1
[} 0.05
| 3.02

Structure wilh an air-termination system conforming to LPS | and a continuous metal or 0,01

reinforced concrele framework acting as a natural down-conductor system

Structure with a metal roof and an air-termination system, possibly including natural 0.001

components, with compleie prolection of any roof installations against direct lightning

strikes and a continuous metal or reinforced concrete framework acting as a natural

down-conductor system

NOTE 1 Values of Py other than those given in Table B.2 are possible if based on a delailed investigation taking into
account the requirements of sizing and inlerception criteria defined in EN 6§2305-1.

NOTE 2 The characteristics of LPS, including those of SPD for lighlning equipotential bonding, are reported in
EN 62305-3. (C]

B.4 Probability P that a flash to a structure will cause failure of internal systems
A coordinated SPD system is suitable as a protection measure to reduce Pg
The probability P that a flash to a structure will cause a failure of internal systems is given by:

Pe = Pgpp x Cpp (B.2)

[C) Pgpp depends on the coordinated SPD system conforming to EN 62305-4 and to the lightning

protection level (LPL) for which its SPDs are designed. Values of Pgpy are given in Table B.3.

Cyp s a factor depending on shielding, grounding and isolation conditions of the line to which the
internal system is connected. Values of C  are given in Table B.4.
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Table B.3 - Value of the probability Pgp as a function of LPL
for which SPDs are designed

LPL Psen
No coordinated SPD system 1
1H-1V 0,05
1l 0,02
| 0,01
NOTE 2 0.005 - 0,001

NOTE 1 A coordinated SPD system is effective in reducing P only in structures protected by an LPS or structures with
cortinuous metal or reinforced concrete framework acting as a natural LPS, where bonding and earthing requirements of
EN 62305-3 are satisfied.

NOTE 2 The values of Py, may be reduced for SPDs having better protection characteristics (higher nominal current fpy,
lower proteclive level Up, etc.) compared with the requirements defined for LPL ) at the relevant installation locations (see
Table A.3 of EN 62305-1:2011 for information on lightning current probabilities, and Annex E of EN 62305-1:2011 and
Annex D of EN 62305-4:2011 for lightning current sharing}. The same annexes may be used for SPDs having higher
probabilities Pgy .

Table B.4 — Values of factors C , and C, depending on shielding, grounding
and isolation conditions

External line type Connection at entrance Co Cu

Aerial line unshielded Undefined 1 1

Buried line unshielded Undefined 1 1

Multi grounded neutral power line None 1 0.2

?Icg)lded B e poyerion Shield not bonded to the same bonding bar as 1 0.3
equipment '

Shielded aerial line (power or TLC) Shu_ald not bonded to the same bonding bar as 9 0.1
equipment

Shieldell buned|ins(poweqoriiic) Shield bonded to the same bonding bar as equipment 1 0

Shielded aerial line (power or TLC) | Shield bonded to the same bonding bar as equipment 1 0

Lightning protective cable or wiring

in lightning proleclive cable ducts, Shield bonded to the same bonding bar as equipmeni 0 0

metallic conduit, or metallic iubes

(No external line) No connection to external lines (stand-alone systems) 0 0

Any type Isolating interface according to EN 62305-4 0 0 A |

NOTE 3 In the evaluation of probability £, values of C, ; in Table B.4 refer to shielded internal systems; for unshielded
internal systems, C , = 1 should be assumed.
NOTE 4 For non-shielded internal systems

- not cannected to external lines (stand-alone systems}, or

- connected to external lines through isolating interfaces, or

- connected to external lines consisting of lightning protective cable or systems with wiring in lightning protective
cavtle ducts, metallic conduit, or metallic tubes, bonded to the same bonding bar as equipment,

a coordinated SPD system according to EN 62305-4 is not necessary to reduce P provided thal the induced vollage U is

not higher than the withstand voltage U, of the internal system (U < U,,). For evaluation of induced voltage U} see Annex
A of EN 62305-4:2011. (C]
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B.5 Probability Py, that a flash near a structure will cause failure of internal
systems

A grid-like LPS, screening, routing precautions, increased withstand voltage, isolating interfaces
and coordinated SPD systems are suitable as protection measures to reduce Py,.

The probability Py, that a lightning flash near a structure will cause failure of internal systems
depends on the adopted SPM measures.

When a coordinated SPD system meeting the requirements of EN 62305-4 is not provided, the

value of Py, is equal to the value of Pyg.

When a coordinated SPD system according to EN 62305-4 is provided, the value of Py, is given by:

Py = Pspp X Pys (B.3)

For internal systems with equipment not conforming to the resistibility or withstand voltage level
given in the relevant product standards, Py = 1 should be assumed.

The values of Py, are obtained from the product:

Kg, takes into account the screening effectiveness of the structure, LPS or other shields at
boundary LPZ 0/1;

Kgo takes into account the screening effectiveness of shields internal to the structure at
boundary LPZ X/Y (X>0, Y>1);

Kga takes into account the characteristics of internal wiring (see Table B.5),
Kg4 takes into account the impulse withstand voltage of the system to be protected.

NOTE 1 When equipment provided wilh isolaling interfaces consisting of isolation transformers wilh earthed screen
belween windings, or of fibre optic cables or optical couplers is used, Pms = 0 should be assumed.

Inside an LPZ, at a safety distance from the boundary screen at least equal to the mesh width w,
factors Kg4 and Kg, for LPS or spatial grid-like shields may be evaluated as

Kg1 = 0,12 X Wy (B.5)
Ksz = 0,12 X sz (8.6)

where w, (m) and w,,, {m) are the mesh widths of grid-like spatial shields, or of mesh type LPS
down-conductors or the spacing between the structure metal columns, or the spacing between a
reinforced concrete framework acting as a natural LPS.

For continuous metal shields with thicknesses not lower than 0,1 mm, Kg, = Kgy = 1074,

NOTE 2 Where a meshed bonding network is provided according to EN 62305-4, values of K, and K , may be halved. (Cl

Where the induction loop is running closely to the LPZ boundary screen conductors at a distance
from the shield shorter than the safety distance, the values of Kgq; and Kg, will be higher. For
instance, the values of Kg4 and Kg; should be doubled where the distance to the shield ranges from
01w, to0,2w,.

For a cascade of LPZs the resulting Kg, is the product of the relevant Kg, of each LPZ.

NOTE 3 The maximum value of Ky, and Kg, is limited to 1.
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Table B.5 — Value of factor Kg; depending on internal wiring

Type of internal wiring Kss
Unshielded cable - no routing precaution in 1
order to avoid loops?

Unshielded cable - routing precaution in order 0,2
to avoid large loops®

Unshielded cable - routing precaution in order 0,01
to avoid loops¢

Shielded cables and cables running in metal 0,000 1
conduitsd

a4 Loop conductors with different routing in large buildings (loop area in the order of 50 m).

b Loop conductors routed in the same conduit or loop conductors with different routing in
small buildings (loop area in the order of 10 m?).

¢ Loog conductors routed in the same cable (Joop area in the order of 0.5 mz).

d  Shields and the metal conduits bonded to an equipotential bonding bar at both ends and
equipment is connected to the same bonding bar.

The factor Kg, is evaluated as:
Kgya = 1y (B.7)
where

u is the rated impulse withstand voltage of system to be protected, in kV.

w
NOTE 4 The maximum value of K, is limited to 1.

If there is equipment with different impulse withstand levels in an internal system, the factor Kg,
relevant to the lowest impulse withstand level should be selected.

B.6 Probability P, that a flash to a line will cause injury to living beings by electric
shock

The values of probability P, of injury to living beings inside the structure due to touch voltage by a
flash to a line entering the structure depends on the characteristics of the line shield, the impulse
withstand voltage of internal systems connected to the line, the protection measures like physical
restrictions or warning notices and the isolating interfaces or SPD(s)} provided for equipotential
bonding at the entrance of the line according to EN 62305-3.

NOTE 1 A coordinated SPD system according to EN 62305-4 is not necessary to reduce P, in this case SPD{s)
according to EN 62305-3 are sufficient.

The value of P, is given by:

PU = PTU XPEB XPLD XCLD (B8)

Pry depends on protection measures against touch voltages, such as physical restrictions or
warning notices. Values of P, are given in Table B.6G;

Peg depends on lightning equipotential bonding (EB) conforming to EN 62305-3 and on the
lightning protection level (LPL) for which its SPDs are designed. Values of Pgg are
given in Table B.7;

P p is the probability of failure of internal systems due to a flash to the connected line
depending on the line characteristics. Values of P are given in Table B.8.

C,p Iis a factor depending on shielding, grounding and isolation conditions of the line. Values
of C p are given in Table B.4,

NOTE 2 When SPD(s) according to EN 62305-3 are provided for equipotential bonding at the entrance of the line,
earthing and bonding according to EN 62305-4 may improve protection.
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Table B.6 — Values of probability Py; that a flash to an entering line will cause
shock to living beings due to dangerous touch voltages

Protection measure Pry
No protection measures 1
Warning notices 10‘1
Electrical insulation 10-2
Physical restriclions ¢}

NOTE 3 If more than one provision has been taken, the value of Py is the product of the corresponding values.

Table B.7 — Value of the probability Pcg as a function of LPL
for which SPDs are designed

LPL Peq
No SPD 1
v 0,05
" 0.02
! 0,01
NOTE 3 0,005 — 0,001

NOTE 4 The values of P, may be reduced for SPDs having better proteclion charactersistics (higher nominal current fy,
lower protective level Up, etc.) compared with the requirements defined for LPL | at the relevant installation locations (see
Table A3 of EN 62305-1:2011 for information on lightning current probabilities, and Annex E of EN 62305-1:2011 and
Annex D of EN 62305-4:2011 for lightning current sharing). The same annexes may be used for SPDs having higher
probabilities Pgg.

Table B.8 — Values of the probability P, , depending on the resistance Rg of the cable screen
and the impulse withstand voltage Uy, of the equipment

Line Withstand voltage U, in kV
t Routing, shielding and bonding conditions
ype 1 1.5 2,5 4 6
Aerial or buried line, unshielded or shielded whose
Power shield is not bonded to the same bonding bar as 1 1 1 1 1
lines equipment
or Shielded aerial or buried 5Q/km < RS < 20 Hkm 1 1 0,95 0,9 0,8
Telecom whose shield bonded to the
s same bonding bar as 10Q/km < Rg < § Qkm 0,9 0.8 0.6 0,3 0,1
Equipsnent Rs < 1 Qfkm 0.6 0,4 0.2 0,04 0.02

NQTE 5 In suburban/urban areas, an LV power line uses typically unshielded buried cable whereas a telecommunication
line uses a buried shielded cable (with a minimum of 20 conductors, a shield resistance of § O/km, a copper wire diameter
of 0.6 mm). In rural areas an LV power line uses an unshielded aerial cable whereas a telecommunication line uses an
aerial unshielded cable {copper wire diameter: 1 mm}. An HV buried power line uses typically a shielded cable with a
shield resistance in the order of 1Q/km to 5 (}/km. National committees may improve this information in order to better
meet national conditions of power and telecommunication lines.

B.7 Probability P, that a flash to a line will cause physical damage

The values of probability P, of physical damage by a flash to a line entering the structure depend
on the characteristics of the line shield, the impulse withstand voltage of internal systems
connecled to the line and the isolating interfaces or the SPDs provided for equipotential bonding at
the entrance of the line according to EN 62305-3.

NOTE A coordinaled SPD system according to EN 62305-4 is not necessary to reduce Py, in this case, SPDs according
to EN 62305-3 are sufficient. (C]
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The value of Py, is given by:

where

Pes depends on lightning equipotential bonding (EB) conforming to EN 62305-3 and on
the lightning protection level (LPL) for which its SPDs are designed. Values of Pgg
are given in Table B.7; {C]

Plo is the probability of failure of internal systems due to a flash to the connected line
depending on the line characteristics. Values of P 5 are given in Table B.8;

Cio is a factor depending on shielding, grounding and isolation conditions of the line.
Values of C g are given in Table B.4.

B.8 Probability Py that a flash to a line will cause failure of internal systems

The values of probability Py, that a flash to a line entering the structure will cause a failure of
internal systems depend on the characteristics of line shielding, the impulse withstand voltage of
internal systems connected to the line and the isolating interfaces or the coordinated SPD system
installed.

The value of Py, is given by:
Pw = Pspp X Pro < Cp (B19)

where

Pspp  depends on the coordinated SPD system conforming to EN 62305-4 and the lightning
protection level (LPL) for which its SPDs are designed. Values of Pgpp are given in
Table B.3; {C]

Plo is the probability of failure of internal systems due to a flash to the connected line
depending on the line characteristics. Values of P are given in Table B.8;

Cio is a factor depending on shielding, grounding and isclation conditions of the line.
Values of C  are given in Table B.4.

B.9 Probability P, that a lightning flash near an incoming line will cause failure of
internal systems

The values of probability P, that a lightning flash near a line entering the structure will cause a
failure of internal systems depend on the characteristics of the line shield, the impulse withstand
voltage of the system connected to the line and the isolating interfaces or the coordinated SPD
system provided.

The value of Py is given by:
Pz = Pgpo x Py x €y (B.11)

where

Pspp depends on the coordinated SPD system conforming to EN 62305-4 and the lightning
protection level (LPL) for which its SPDs are designed. Values of Pgpp are given in

Table B.3;

Pu is the probability of failure of internal systems due to a flash near the connected line
depending on the line and equipment characteristics. Values of P, are given in
Table B.9;

Cu is a factor depending on shielding, grounding and isolation conditions of the line.

Values of C, are given in Table B.4.
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Table B.9 — Values of the probability P | depending on the line type
and the impulse withstand voltage U,, of the equipment

Line Withstand voltage U, in kV

type 1 1,5 2,5 4 6
Power

lines 1 0.6 0.3 3,16 0.1
TLG 1 0.5 0.2 0.08 0,04
lines

NOTE More precise evaluation of P, can be found in IEC/TR 62066.2002 for power Iines('2] and in ITU-T
Recommendation K .46 1l for telecommunication (TLC) lines.
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Annex C
(informative)

Assessment of amount of loss L,

cA General

The values of amount of loss Ly should be evaluated and fixed by the lightning protection designer
(or the owner of the structure). The typical mean values of loss Ly in a structure given in this annex
are merely values proposed by the |IEC. Different values may be assigned by each national
comynittee or after detailed investigation,

NOTE 1 When the damage to a structure due to lightning may also involve surrounding structures or the environment
{e.g. chemical or radioactive emissions}). a more detailed evaluation of L, that takes into account this additional loss
should be performed.

NOTE 2 Itis recommended that the formulas given in this annex be used as the primary source of values for Ly.

NOTE 21 The typical mean values of loss Lx proposed by the IEC are referred to temperate regions. For other regions
adjustment could be needed. {Cl

C.2 Mean relative amount of loss per dangerous event

The loss Ly refers to the mean relative amount of a particular type of damage for one dangerous
event caused by a lightning flash, considering both its extent and effects.

The loss value Ly varies with the type of loss considered:
— L1 (Loss of human life, including permanent injury): the endangered number of persons
{victims);
- L2 (Loss of public service): the number of users not served;
— L3 (Loss of cultural heritage): the endangered economic value of structure and content,
— L4 (Loss of economic values): the endangered economic value of animals, the structure
(including its activities), content and internal systems,

and, for each type of loss, with the type of damage (D1, D2 and D3) causing the loss.

The loss Ly should be determined for each zone of the structure into which it is divided.

C.3 Loss of human life (L1)

The loss value Ly for each zone can be determined according to Table C.1, considering that
— loss of human life is affected by the characteristics of the zone. These are taken into account
by increasing (h,) and decreasing (1, T r;) factors,

— the maximum value of loss in the zone shall be reduced by the ratio between the number of
persons in the zone (n,) versus the total number of persons () in the whole structure,

- the time in hours per year for which the persons are present in the zone ({,), if it is lower than
the total 8 760 h of a year, will also reduce the loss.
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Table C.1 — Type of loss L1: Loss values for each zone

:::‘:;; Typical loss Formula
D1 Ly=rxlyxn,/nxt, /8760 (C.1)
D1 Ly=axbexn, /o xti8760 {C.2}
D2 LB=LV=rpxr‘xhzxLFxnzln(xlz/8760 {C.3)
D3 Lemby=Ly=t,=Lyxn, (0 x1 {8760 (C.4)

is the typical mean percentage of persons injured by electric shock (D1) due to one
dangerous event (see Table C.2);

is the typical mean percentage of persons injured by physical damage (D2) due to one
dangerous event (see Table C.2);

is the typical mean percentage of persons injured by failure of internal systems (D3) due
to one dangerous event (see Table C.2);

is a factor reducing the loss of human life depending on the type of soil or floor (see
Table C.3);

is a factor reducing the loss due to physical damage depending on the provisions taken
to reduce the consequences of fire (see Table C.4);

is a factor reducing the loss due to physical damage depending on the risk of fire or on
the risk of explosion of the structure (see Table C.5);

is a factor increasing the loss due to physical damage when a special hazard is present
(see Table C.6);

is the number of persons in the zone;
is the total number of persons in the structure;
is the time in hours per year for which the persons are present in the zone.

When a structure is treated as a single zone the ratio n,/n; should equate to a value of 1.

Where the value of {; is not known, the ratio t,/8 760 should equale to a value of 1.

Table C.2 — Type of loss L1: Typical mean values of Ly, Lg and L,

Type of damage Typical loss value Type of structure
D1 -2
injuries Ly 10 All types
101 Risk of explosion
107! Hospital, hotel, school, civic building
D2

5%1072 Public entertainment, church, museum

physical damage
2x10~2 | Industrial, commercial

1072 Others

10-! Risk of explosion
D3
failure of internal Lo 102 Intensive care unit and operation block of hospital
syslems

10-3 Other parts of hospital

NOTE 1 Values of Table C.2 refer Lo a continuous attendance of people in the structure.
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NOTE 2  In case of a structure with risk of explosion, the values for Lg and Lo may need & more detailed evaluation,
considering the type of structure, the risk explosion, the zone concept of hazardous areas and the measures to meet the
risk.

When the damage to a structure due to lightning involves surrounding structures or the environment {(e.g.
chemical or radioactive emissions), additional loss (Lge and Lyg)} should be taken into account to evaluate the

total loss (Lgr and Lyr)

Lpr=La+ Lge (C.5)

Lyr=Ly + Ly
where

Lge = Lye = Leg x £,/8 760 (C.6)
Lre being the mean percentage of persons injured by physical damage outside the structure;
te being the time of presence of people in the dangerous place outside the structure.

NOTE 3 ¥ values of #, is unknown, f, /8 760 = 1 should be assumed. L should be evaluated or based on the dacuments of the
authorities having jurisdiction.

Table C.3 — Reduction factor r, as a function of the type of surface of soil or floor

Type of surface® Contact resistance n
k 027

Agricultural, concrete <1 1072

Marble, ceramic 1-10 1073

Gravel, moquetle, carpets 10 - 100 1074

Asphalt, linoleum, wood > 100 10°°
2 Values measured between a 400 cm? electrode compressed with a uniform force of 500 N and a point of infinity.
5 A layer of insulating material, e.g. asphalt, of 5 cm thickness (or a layer of gravel 15 cm thick) generally reduces

the hazard to a tolerable level.

Table C.4 — Reduction factor r, as a function of provisions taken
to reduce the consequences of fire

Provisions U
No provisions 1
One of the following provisions: extinguishers; fixed manually operated extinguishing installations; 0,56
manual alarm installations; hydrants; fire compartments; escape routes
One of the following provisions: fixed automatically operated extinguishing installations; automatic 0,2
alarm installations®
® Only if protected against overvoltages and other damages and if firemen can arrive in less than 10 min.

If more than one provision has been taken, the value of 7, should be taken as the lowest of the
relevant values.

In structures with risk of explosion, r, = 1 for all cases.
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Table C.5 — Reduction factor r; as a function of risk of fire or explosion of structure

Risk Amount of risk r
Zones 0, 20 and solid 1
. explosive
Explosion
Zones 1, 21 10!
Zones 2, 22 103
High 10-!
Fire Ordinary 1072
Low 103
Explosion or fire None 0

NOTE 4 In case of a structure with risk of explosion, the value for r, may need a more delailed evaluation.

NOTE 5  Structures with a high risk of fire may be assumed to be structures made of combustible materials or structures
with roofs made of combustible materials or structures with a spegific fire load larger than 800 MJ/m?.

NOTE 6 _ Struclures with an ordinary risk of fire may be assumed to be struclures wilh a specific fire load between
800 MJ/m? and 400 MJ/m?,

NOTE 7  Structures with a low risk of fire may be assumed to be structures with a specific fire load less than 400 MJlmz.
or structures containing only a small amount of combustible material.

NOTE 8 Specilic fire load is the ratio of the energy of the total amount of the combustible malterial in a struclure and the
overall surface of the structure.

NOTE @  For the purposes of this part of EN 62305, structures containing hazardous zones or containing solid explosive
materials should not be assumed to be siructures with a risk of explasion if any one of the following conditions is fulfilled:

a) the time of presence of explosive substances is lower than 0,1 hiyear;
b) the volume of explosive atmosphere is negligible according to EN 60079-10-1°! and EN 60079-10-2*;
c) the zone cannot be hit directly by a flash and dangerous sparking in the zone is avoided.

NOTE 10  For hazardous zones enclosed within metallic shelters, condition ¢) is fulfilled when the shelter, as a natural
air-termination system, acts safely without punclure or hot-spot problems, and internal systems inside the shelter, if any,
are protected against overvoltages lo avoid dangerous sparking.

Table C.6 ~ Factor h, increasing the relative amount of loss
in presence of a special hazard

Kind of special hazard hz
No special hazard
Low level of panic {e.g. a structure limited to iwo floors and the number of persons not grealer 2
than 100)
Average level of panic {e.g. structures designed for cultural or sport events with a number of 5
participants between 100 and 1 000 persons)
Difficully of evacuation (e.g. structures with immobile persons, hospitals} 5
High level of panic {e.9. structures designed for cultural or sport events with a number of 10

participants — greater than 1 000 persons)

C.4 Unacceptable loss of service to the public (L2)

The loss value Ly for each zone can be determined according to Table C.7, considering that

— loss of public service is affected by the characteristics of the zone of the structure. These are
taken into account by decreasing (r;, rp) factors,

— the maximum value of loss due to the damage in the zone must be reduced by the ratio between
the number of users served by the zone (n,) versus the total number of users (n) served by the
whole structure.
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Table C.7 — Type of loss L2: Loss values for each zone

Type of damage Typical loss Formula
D2 lg=Ly= fo X X Le x n,in, (C.7)
D3 Le=Ly =Ly =L =L xn,in (C.8)

is the typical mean percentage of users not served, resulting from physical damage (D2)
due to one dangerous event (see Table C.8);

is the typical mean percentage of users not served resulting from failure of internal
systems (D3) due to one dangerous event {see Table C.8);

is a factor reducing the loss due to physical damage depending on the provisions taken
to reduce the consequences of fire (see Table C.4);

is a factor reducing the loss due to physical damage depending on the risk of fire
(see Table C.5);

is the number of users served by the zone;

is the total number of users served by the structure,

Table C.8 — Type of loss L2: Typical mean values of L and L

Type of damage Typical loss value Type of service
D2 . 107! Gas, water, power supply
physical damage F 1072 | TV, telecommunications lines
D3 10-2 Gas, water, power supply
failure of internal Ly Y — -
systems 10 TV, telecommunications lines

C.5 \Loss of irreplaceable cultural heritage (L3)

The loss value Ly for each zone can be determined according to Table C.9, considering that

— loss of cultural heritage is affected by the characteristics of the zone. These are taken into
account by decreasing (r, rp) factors,

— the maximum value of loss due to the damage of the zone must be reduced by the ratio
between the value of the zone (c,) versus the total value (c;) of the whole structure (building
and content).

where

[ AS

Table C.9 — Type of loss L3: Loss values for each zone

Type of damage Typical loss value Formula
2 Lo=L,=r xrxt.xc,lc
physical damage e Cv o TpX TyX EpxC 1 6 (C.9)

is the typical mean percentage of value of all goods damaged by physical damage (D2)
due to one dangerous event (see Table C.10);

is a factor reducing the loss due to physical damage depending on the provisions taken
to reduce the consequences of fire (see Table C.4);

is a factor reducing the loss due to physical damage depending on the risk of fire
(see Table C.5);

is the value of cultural heritage in the zone;

is the total value of building and content of the structure (sum over all zones).
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Table C.10 — Type of loss L3: Typical mean value of L

Type of damage | Typical loss value Type of structure or zone
D2 1 _
physical damage Ls 10 Museums, galleries

C.6 Economic loss (L4}

The loss value Ly for each zone can be determined according to Table C.11, considering that:

— loss of economic values is affected by the characteristics of the zone. These are taken into
account by decreasing (1, o r;) factors;

— the maximum value of loss due to the damage of the zone must be reduced by the ratio between
the relevant value in the zone versus the total value (c;) of the whole structure (animals, building,
content and internal systems including their activities). The relevant value of the zone depends
on the type of damage:

D1 (injuries of animals due to shock): ¢, (value of animals only)

D2 (physical damage): Ca * Cy + C. + Cg (value of all goods)
D3 (failures of internal systems); ¢ (value of internal systems and their activities
only}

Table C.11 — Type of loss L4: Loss values for each zone

Type of damage Typical loss Formula
01 La= XLy Xcal ey (C.10)
D1 Lu=nXLyXcala (C.11)
D2 La=Lly= XX LlpXx(catcpt ot cs)la (C.12)
D3 Le=tm=tw=Lz=toXcs/ o (C13) ' |

is the typical mean percentage of economic vaiue of all goods damaged by electric
shock (D1) due to one dangerous event (see Table C.12);

is the typical mean percentage of economic value of all goods damaged by physical
damage {D2) due to one dangerous event (see Table C.12);

is the typical mean percentage of economic value of all goods damaged by failure of
internal systems (D3) due to one dangerous event (see Table C.12),

is a factor reducing the loss of animals depending on the type of soil or floor (see
Table C.3);

is a factor reducing the loss due to physical damage depending on the provisions taken
to reduce the consequences of fire (see Table C.4);

is a factor reducing the loss due to physical damage depending on the risk of fire or on
the risk of explosion of the structure(see Table C.5);

is the value of animals in the zone;

is the value of building relevant to the zone;

is the value of content in the zone;

is the value of internal systems including their activities in the zone;

is the total value of the structure (sum over all zones for animals, building, content and
internal systems including their activities).
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Table C.12 — Type of loss L4: Typical mean values of L, Lpand Lg

Type of damage Typical loss Type of structure
value
RREe dE(: 1o shock Ly 1072 All types where only animals are present
1 Risk of explosion
0.5 Hospital, industrial, museum, agricultural
physica?fiamage Le 0.2 Hotel, school, office, church, public
entertainment, commercial
10~' | Others
10-? | Risk of explosion
D3 1072 Hospital, industrial, office, hotel, commercial
failure of internal Lo 10~% | Museum, agricultural, school, church, public
systems entertainment
10" | Others

NOTE 1 In structures where there is a risk of explosion, the values for L and L, may need more detailed evaluation,
where consideralion of the type of structure, the risk explosion, the zone concept of hazardous areas and the measures Lo

meet the risk, etc. are addressed.

When the damage to a structure due to lightning involves surrounding structures or the environment {e.g.
chemical or radioactive emissions), additional losses (Lpe and Lyg) should be taken into account to evaluate

the total loss {Lgr and Ly1)

Lgr=Llg+ Lge
Lyv =Ly + Le

where

Lee=Lve =Lee X Cel €

Lee  being the typical mean percentage of economic value of all goods damaged by

(C.14)

(C.15)

physical damage outside the structure;
(% is the total value of goods in dangerous place oulside the structure.

NOTE 2 Lse should be evaluated or based on the documents of the autharities having jurisdiction.

The data related to the value ¢, of animals, the value ¢, of building, the value ¢, of content and the
value ¢; of internal systems including their activities should be provided to the designer from the

owner of the structure.

If such data are not provided, the values in Table C.Z1 and C.Z2 are proposed to assess these

data.
Table C.Z1 — Values to assess the total value c,
Type of Reference values Total for ¢,
structure
non- Total reconstruction costs Lo ' 902
. . . ¢, per volume
s"::::;‘::; (not including loss of Ordinary ‘ p(gmﬂ) 400
activities) High 500
Total value of structure, Low 100
industrial including building, . ¢ per employee
structures installations and content Ordinary (‘k‘;,empf;yge) 300
(including loss of activities) High 500




- 55 - EN 62305-2:2012

Table C.Z22 — Portions to assess the total values ¢,, ¢, C¢, Cs

Condition Portion Portion Portion Portion for Total for all
for for for the the internal goods
animals the content systems {Ccateptecto)l
¢, ¢ building c. ! ¢, ce | G [
cp !/ ©y

Without S n 0 .
animals 0 75 % 10 % 15 % 100 %
With animals 10 % 70 % 5% 15 % 100 %

If the data from Tables C.Z1 or C.Z2 are used, the following steps should be performed:

1. Determine the total value ¢, in € for the whole structure from Table C.Z1
2. Determine the total values ¢,, ¢, ¢ and ¢, for the whole structure from Table C.Z2

3. In case of more than one zone subdivide the total values of c,, ¢,, ¢, and ¢ in fractional values
valid for each zone. The fractional factor could be

- volume of the zone / total volume for non-industrial structures,
- employees in the zone / total number of employees for industrial structures.

NOTE Z1 The typical mean values of costs given in Table C.Z1 and in Table C.Z2 are merely values proposed by the
CENELEC. Different values may be assigned by each national commiltee or after detailed investigation.
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Annex D
(informative)

Evaluation of costs of loss

The cost of loss C| 7 in a zone may be calculated by the following formula:
Ciz=Razx ¢ (Bn3)

where

R,z is the risk related to loss of value in the zone, without protection measures;

Cy is the total value of the structure (animals, building, content and internal systems
including their activities in currency).

The cost of total loss C, in the structure may be calculated by the following formula:
CL=2Cz=Ryx¢c (D.2)
where

Ry =2 R,z is the risk related to loss of value, without protection measures.

The cost Cg, 7 of residual loss in a zone in spite of protection measures may be calculated by
means of the formula:

Criz = Razx¢ (D.3)

where
R'47 is the risk related to loss of value in the zone, with protection measures.

The total cost Cg, of residual loss in the structure in spite of protection measures may be calculated
by means of the formula:

CRL = 2 CRLZ = R4 X € (0.4)
where

R’y =X R,z is the risk related to loss of value in the structure, with protection measures.

The annual cost Cpy, of protection measures may be calculated by means of the formula:

Com=Cpx(t+a+m) (D.5)

where

Cp is the cost of protection measures;

i is the interest rate;
a is the amortization rate;
m is the maintenance rate.

The annual saving Sy in money is:

Protection is justified if the annual saving Sy, > 0.
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Annex E
(informative)

Case study

E.1 General

In Annex E case studies relevant to a country house, an office building, a hospital and an apartment
block are developed with the aim of showing

— how to calculate the risk and determine the need for protection,

— the contribution of different risk components to the overall risk,

— the effect of different protection measures fo mitigate the risk,

— the method of selection from among different protection solutions taking into account the cost-
effectiveness.

NOTE  This annex presents hypothetical dala for all cases. Il is intended to provide information about risk evaluation in
order to illustrate the principles conlained in this part of EN 62305. It is not intended Lo address the unique aspects of the
conditions that exist in all facilities or systems. (C]

E.2 Country house

As a first case study a country house (Figure E.1) is considered,

Loss of human life (L1) and economic loss (L4} are relevant for this type of structure.

It is required to evaluate the need for protection. This implies the need to determine only the risk R,
for loss of human life {L1) with the risk components R, Rg, R and Ry, (according to Table 2) and
to compare it with the tolerable risk Ry = 105 (according to Table 4). Suitable protection measures
to mitigate such risk will be selected.

Following the decision taken by the owner that an economic evaluation is not required, the risk R,
for economic loss {L4) is not considered.

Telecom line (aerial)

H=6m

13 - z

Z4
\

o o s

P S T S

Power line (buried)

L =1000m LL=1000m <]

IEC 2642/10

Key
Zy. outside

Z,: rooms block

Figure E.1 - Country house
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E.2A1 Relevant data and characteristics
The country house is located in flat territory without any neighbouring structures. The lightning flash
density is Ng = 4 flashes per km?2 per year. Five persons live in the house. This is also the total

number of persons to be considered, because it is assumed that there is no person outside the
house during thunderstorm.

Data for the house and its surroundings are given in Table E.1.

Data for the incoming lines and their internal systems connected to are given for the power line in
Table E.2 and for the telecom line in Table E.3.

Table E.1 — Country house: Environment and structure characteristics

Input parameter Comment Symbol Value Reference
Ground flash density (1!km2!yeat) NG 4.0
Structure dimensions (m) LW H 15, 20, 6
Location factor of structure tsolated structure Co 1 Table A1
LPS None Py 1 Table B.2
Equipotential bonding None Peg 1 Table B.7
External spatial shield None Ks, 1 Formula (B.5)

Table E.2 — Country house: Power line

Input parameter Comment Symbol Value Reference
Length (m)® L 1 000
Installation factor Buried C, 0.5 Table A.2
Line type factor LV line Cy 1 Table A.3
Environmental factor Rural Ce 1 Table A4
Shield of line Unshielded Ry - Table B.8
Co 1
Shielding, grounding, isolation None = ; Table B.4
L
Adjacent structure None L, W, H, -
Location factor of structure None Cos = Table A.1
Withstand vollage of internal system Uy 2,5
(kv}
. Ks, 0.4 Formula (B.7}
Resulting P 1 Table B.8
parameters Lo
i 0,3 Table B.9
? As the length L, of the line section is unknown, £, = 1 600 m is assumed (Clause A.4 and Clause A.5).
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Table E.3 — Country house: Telecom line (TLC)

Input parameter Comment Symbol Value Reference
Length (m)® L 1000m
Installation factor Aerial C, 1 Table A.2
Line tlype factor Telecom line Cy 1 Table A3
Environmental factor Rural Ce 1 Table A4
Shield of line Unshielded Rs - Table B.8
o Nl , Cio 1
Shielding, grounding, isolation None Table B.4
C, 1
Adjacent structure None LW, N, =
Lacatlion factor of structure Isolated struciure Co, - Table A1
Withsland voltage of internal Uy 1,5
system (kV)
Kgq 0,67 Formula (B.7})
Resulting parameters Po 1 Table B.8
Py 0,5 Table B.9
# As the length L of the line seclion is unknown, L, =1 000 m is assumed (Clause A.4 and Clause A.5).

E.2.2 Definition of zones in the country house

The following main zones may be defined:

Z, (outside the building),

Z, (inside the building).

For zone Z, it is assumed, that no people are outside the building. Therefore the risk of shock of
people Ry = 0. Because R, is the only risk component outside the building, zone Z; can be
disregarded completely.

Inside the building only one zone Z, is defined taking into account that

both internal systems (power and telecom) extend throughout the building,
no spatial shields exist,
the structure is a unique fireproof compartment,

losses are assumed to be constant in all the building and to correspond to the typical mean
values of Table C.1.
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The resulting factors valid for zone Z, are reported in Table E.4.

Table E.4 — Country house: Factors valid for zone Z, {inside the building)

Input parameter Comment Symbol Value Reference
Type of floor Linoleum ey 109 Table C.3
Protection against shock None Pra 1 Table B.1
(flash to structure)
Protection against shock None Pry 1 Table B.6
({flash to line)
Risk of fire Low 7 1073 Table C.5
Fire protection None 7] 1 Table C.4
Internal spatial shield None Ks, 1 Formula (B.6)
Internal wiring Unshielded Ky 0,2 Table B.&
(loop conductors
Power in the same conduit}
Coordinated SPDs | None Pspp 1 Table B.3
tnternal wiring Unshielded Kgs 1 Table B.5
Teleears (large loops >10 m?)
Coordinated SPDs | None Pspp 1 Table 8.3
Special hazard: none h, 1 Table C.6
D1: due to touch and step by 102
voltage
L1: Loss of human life D2: due to physical L 107! p——
damage :
D3: due to failure of Lo S
internal systems
. nla xt 18760 = 5/5 x - 1
t
Factor for persons in zone 8'760/8 760
Ly 107 Formula (C.1}
Ly 107 Formula (C.2)
Resulting parameters Ly 10 Formula (C.3}
Ly 104 Formula (C.3}

E.2.3 Calculation of relevant quantities

Calculations are given in Table E.5 for the collection areas and in Table E.6 for the expected
number of dangerous events.

Table E.5 — Country house: Collection areas of structure and lines

Symbol Result Reference Formula
m? Formula
Structure A 2,58 x 103 (A.2) Ag=LxW+2x(3xH)x(L+ W)+ rx(3xH)?
A, - (A7) Not relevant
Power Ap 4,00 x 104 (A.9) ALe=40xL
L Aye 4,00 x 10° (A.11) ALp=4000xt,
Apip 0 (A.2) No adjacent structure
Telecom ALy 4.00 x 10* (A.9) Ay =40 x L
e A 4,00 x 10° (A1) Al =4000x L,
Aparr 0 {A.2) No adjacent structure
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Table E.6 — Country house: Expected annual humber of dangerous events

Symbol Result Reference Formula
1/year Formula
N 1,03 x 1072 (A.4) N,=N.xA_ x Cnx 106
Structure o D e o o
Ny - (A.6) Not relevant
7 -
Np 8,00 x 10 (A.8) N p =N, XA ax Cup X CrpX Crpx10°®
Power
Line Nup 8.00 (A.10) Nyp = Ng < Ayp X Cyp X Cgyp X Cyjp x 10°°
Nose ¢ (A.S) No adjacemt structure
N 1,60 x 107 (A.8) Nyp = Ng x ALy % Cpp X Cgypx Cypp x 1078
Telecom
Line Nyt 16 (A10) Ny ® Ng X Ay x Cypp x Cyyp x10°8
Nosr 0 (A.5) No adjacent structure
E.2.4 Risk Ry — Determination of need of protection

The risk R4 can be expressed according to Formula (1) by the following sum of components:

Ry=Ra+ Rg+ Ryp + Ryp * Ryt + Ry

Risk components are to be evaluated according to Table 6.

Involved components and total risk evaluation are given in Table E.7.

Table E.7 — Country house: Risk R, for the unprotected structure (values x 10-9)

Symbol Z, Z, Structure
D1 RA = =0 =0
Injur
jury Ry = Ryp* Ry 0,002 0,002
D2 Rq 3,103 0,103
Physical
damage | Ry =Ryp* Ryy 2.40 2,40
Total - 2,51 R, =251
Tolerable R, > R, : Lightning protection is required R =1

Because R, = 2,51x10-5 is higher than the tolerable value Ry = 10-5, lightning protection for the
structure is required.

E.2.5 Risk Ry — Selection of protection measures

According to Table E.7 the main contributions to the value of risk are given by

- component Ry, (lightning flash to lines) of 96 %,
— component Ry (lightning flash to structure) of 4 %.

To reduce the risk R, to a tolerable value, the protective measures influencing the components Ry,
and Rg should be considered. Suitable measures include

a) installing SPDs of LPL IV at the line entrance (lightning equipotential bonding) to protect both
power and telephone lines in the house. According to Table B.7 this reduces the value of Pgg
(due to SPDs on connected lines) from 1 to 0,05 and the values of P, and P, by the same
factor,

b) installing an LPS of class IV (including mandatory lightning equipotential bonding). According to
Tables 8.2 and B.7 this reduces the value of Pg from 1 to 0,2 and the value of Pgg (due to
SPDs on connected lines) from 1 to 0,05 and finally the values of P, and P, by the same
factor.

Inserting these values into the formulas, new values of risk components are obtained, as shown in
Table E.8.
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Table E.8 — Country house: Risk components relevant to risk R, for protected structure

Type of Symbol Result case a) Result case b)
damage x (1075) x {1073)
D1 A, =0 =0
Injury due to
shock Ry = Rumw * Rur ~0 =0
L7 Ry 0.103 0.021
Physical
damage R, 3,120 0.120
Total R. 0,223 0,141

The choice of solution is decided on economic and technical factors.

E.3 Office building

As a second case study, an office building with an archive, offices and a computer centre is
considered {Figure E.2).

Loss of human life (L1) and economic loss (L4) are relevant for this type of structure.

It is required to evaluate the need for protection. This implies the determination of only the risk R
for loss of human life (L1) with the risk components R, Ry, Ry and Ry, (according to Table 2) and
to compare it with the tolerable risk Ry = 1075 (according to Table 4). Suitable protection measures
will be selected to reduce the risk to or below the tolerable risk.

Following the decision taken by the owner an economic evaluation is not requested; therefore the
risk R, for economic loss {L4) is not considered.
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Z,: garden {inside)
Zy: archive

2,4 offices

Zs: compuler centre

Figure E.2 - Office building
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E.3.1 Relevant data and characteristics

The office building is located in flat territory without any neighbouring structures. The lightning flash
density is Ng = 4 flashes per km? per year.

Data for the building and its surroundings are given in Table E.9.

Data for the incoming lines and their connected internal systems are given for the power line in
Table E.10 and for the telecom line in Table E.11.

Table E.9 — Office building: Environment and structure characteristics

Input parameter Comment Symbol Value Reference
Ground flash densily (1lkmzlyear) NG 4.0
Structure dimensions {(m) LW H 20, 40, 25
Location factor of structure tsolated structure Co 1 Table A1
LPS None Py 1 Table B.2
Equipotential bonding None Peg 1 Table B.7
External spatial shield None Kgy 1 Formula (B.5)

Table E.10 - Office building: Power line

Input parameter Comment Symbol Value Reference
Length {m) L 200
Installation factor Aerial C, 1 Table A.2
Line type factor LV line C, 1 Table A.3
Environmental factor Rural Ce 1 Table A.4
Shield of line (Q/km) Unshielded Rg - Table B.8
s S . Cio 1
Shielding, grounding, isalation None Table B.4
C, 1
Adjacent structure None LW, H, -
Localion factor of adjacent structure | None Coy - Table A1
Withsland voltage of internal system Uy 2,5
{(kV)
Kgy 0.4 Formula (B.7}
Resulting parameters En 1 Table B.8
A 0,3 Table B.9
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Table E.11 - Office building: Telecom line

Input parameter Comment Symbol Value Reference
Length (m} L 1 000
Installation factor Buried C, 0.5 Table A.2
Line type factor Telecom line C; 1 Table A.3
Environmental factor Rural Ce 1 Table A4
Shield of line (Q/km) Unshielded Rg - Table B.8
Shielding, grounding, isolation None i"o : Table B.4
Lt
Adjacent structure None L, W, H, =
Location factor of adjacent structure | None Co, - Table A1
Withstand voltage of internal system U 1.5
(kV}
KS4 0,67 Formula (B.7)
Resulting paramelers P 1 Table B.8
Pu ¢.5 Table B.9

E.3.2 Definition of zones in the office building
The following zones are defined:

- Z4 (entrance area outside);

- Z, (garden outside),

- Z (archive);

- Z, (offices),

- Zg (computer centre);

taking into account that

— the type of surface is different in the entrance area outside, the garden outside and inside the

structure,

- the structure is divided into two separate fireproof compartments: the first is the archive (Z3) and
the second is the offices together with the computer centre (Z, and Zg),

— in all inner zones, Z,, Z, and Zg, internal systems connected to power as well as to telecom
lines exist,

— no spatial shields exist.

In the different zones inside and outside the office building a total number of 200 persons shall be
considered.

The number of persons related to each zone is different. The distribution into the individual zones is
shown in Table E.12. These values are used later to subdivide the total loss values into fractions for
each zone.

Table E.12 - Office building: Distribution of persons into zones

Zone Number of Time of
persons presence
Z, (entrance outside} 4 8 760
Z, (garden outside) 2 8 760
Z, (archive} 20 8 760
Z, {oftices) 160 8 760
Z, {computer centre) 14 8 760
Total n = 200 -
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Following the evaluation by the lightning protection designer, the typical mean values of relative
amount of loss per year relevant to risk R, (see Table C.1) for the whole structure are

- Ly= 10-2 (outside the structure),
- Ly=1072 (inside the structure),
- Lg =0,02 classified as "commercial building”.

These global values were reduced for each zone according to the number of people endangered in
the individual zone related to the total number of people considered.

The resulting characteristics of the zones Z, to Zg are given in the Tables E.13 to E.17.

Table E.13 — Office building: Factors valid for zone Z, (entrance area outside)

Input parameter Comment Symbol Value Reference
Ground surface Marble 7, 10°? Table C.3
Protection against shock None P, 1 Table B.1
Risk of fire None L 0 Table C.5
Fire protection None i 1 Table C.4
Internal spatial shield None Ks, 1 Formula (B.6)
Special hazard: None h, 1 Table C.6
D1: due to touch and step vollage L, 102

L1; Loss of human life
D2: due ta physical damage L - Table C.2
D3: due to failure of internal systems Lo -

Factor for persons in zone n,in x t,/8 760 = 4/200 x 8 760/8 760 = 0,02

Table E.14 — Office building: Factors valid for zone Z, (garden outside)

Input parameter Comment Symbol Value Reference
Ground surface Grass r 102 Table C.3
Protection against shock Fence Pra 0 Table B.1
Risk of fire None A 0 Table C.5
Fire protection None [ 1 Table C 4
Internal spatial shield None Ka,y 1 Formula (8.6)
Special hazard: None h, 1 Table C.6
D1: due to touch and step vollage Ly 1072

L1: Loss of human life
D2: due to physical damage L - Table C.2
D3: due to failure of internal systems L, =

Factor for persons in zone n,in x t,/8 760 = 2/200 x 8 760/8 760 = 0,01
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Table E.15 — Office building: Factors valid for zone Z; (archive)
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Input parameter Comment Symbol Value Reference
Type of floor Linoleum f 105 Table C.3
Protection against shack None Pia 1 Table B.1
{flash to structure)
Proleclion against shock None Pry 1 Table B.6
{flash 1o line)
Risk of fire High i 1071 Table C.6
Fire protection None s 1 Table C .4
Internal spatial shield None Ks,y 1 Formula (B.6)
tnternal wiring Unshielded Ky 0,2 Table B.5
Power (loop conductors in the same conduit}
Coordinated SPDs | None Pspp 1 Table B.3
tnternal wiring Unshielded (large loops >10m?) Ksy 1 Table B.S
Telecom
Coordinated SPDs | None Pspo 1 Table B.3
Special hazard: low panic h, 2 Table C.6
D1: due o louch and step voltage Ly 102
L1: Loss of human life
D2: due to physical damage 4 0,02 Table C.2
D3: due to failure of internal systems =5 -
Factor for endangered persons | n,/a, x t,/8 760 = 20/200 x 8 760/8 760 - 0,10
Table E.16 — Office building: Factors valid for zone Z, (offices)
Input parameter Comment Symbol Value Reference
Type of floor Linaleum r, 10°5 Table C.3
Protection against shock None Pra 1 Table B.1
{flash Lo structure)
Protection against shock None Py 1 Table B.6
(flash to line)
Risk of fire Low I 10-3 Table C.5
Fire protection None [ 1 Table C 4
Internal spatial shield None Ksz 1 Formula (B8.6)
Internal wiring Unshielded Kgq 0,2 Table B.S
Power (loop conductors in the same conduit}
Coordinated SPDs | None () 1 Table B.3
Internal wiring Unshielded (large loops > 10 m?} Ky 1 Table B.§
Telecom
Coordinated SPDs | None Pspp 1 Table B.3
Special hazard: low panic h, 2 Table C.6
D1: due to touch and step voltage Ly 102
L1: Loss of human life
D2: due to physical damage Ly 0,02 Table C.2
D3: due lo failure of internal systems Ly =
Factor for persons in zone nin x t,{8 760 = 160/200 x 8 760/8 760 - 0,80
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Table E.17 — Office building: Factors valid for zone Z; (computer centre)

Input parameter Comment Symbol Value Reference
Type of floor Linoleum f 105 Table C.3
Protection against shack None Pia 1 Table B.1
{flash to structure)
Proleclion against shock None Pry 1 Table B.6
{flash 1o line)
Risk of fire Low i 103 Table C.5
Fire protection None s 1 Table C .4
Internal spatial shield None Ks,y 1 Formula (B.6)
tnternal wiring Unshielded Ky 0,2 Table B.5
Power (loop conductors in the same conduit}
Coordinated SPDs | None Pspp 1 Table B.3
tnternal wiring Unshielded (large loops > 10 m?) Ksy 1 Table B.S
Telecom
Coordinated SPDs | None Pspo 1 Table B.3
Special hazard: low panic h, 2 Table C.6
D1: due o louch and step voltage Ly 102
L1: Loss of human life
D2: due to physical damage 4 0,02 Table C.2
D3: due to failure of internal systems =5 -
Factor for persons in zone nfa x t /8 760 = 14/200 x 8 760/8 760 - 0,07

E.3.3 Calculation of relevant quantities

Calculations are given in Table E.18 for the collection areas and in Table E.19 for the expected
number of dangerous events.

Table E.18 — Office building: Collection areas of structure and lines

Symbol Result Reference Formula
m?2 Formula
S A 2,75 x 104 (A.2) Ap=LxXW+2x(3xH)x{L+W)+ax(3xH)
Ay - {A.7) Not relevant
ALp 8,00 x 10 (A.9) Ap=40xL,
Pﬁ:’:r Aup 8,00 x 10° (A.11} Not relevant
Apam 0 (A.2) No adjacent structure
A 4,00 x 10* (A.9) Aup =40x L,
Tel'i‘:“;"m Ay 4,00 x 10° (A11) Not relevant
AT, 0 (A.2) No adjacent structure
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Table E.19 - Office building: Expected annual number of dangerous events

Symbol Result Reference Formula
1iyear Formula
Eo— No 1,10 x 107 (A.4) Np = Ng x A x Cg x107°
Ny - {A.6) Not relevant
Ny p 3,20 x 1072 (A.8) Nip =Ny % Alp % Cpp  Ceyp X Cryp x 1078
e Nyp 3.20 (A.10) Not relevant
Npae ¢} {A.5) No adjacent structure
Nt 8,00 x 1072 (A.8) Nir = Ng X Alp X Ciy X Cpp XCrpy x 1078
i Nyr 8.00 (A.10) Not relevant
Noarr ¢} (A.5) No adjacent structure
E.3.4 Risk R, — Decision on need for protection

Values of the risk components for the unprotected structure are reported in Table E.20.

Table E.20 — Office building: Risk R, for the unprotected structure (values x 10-%)

Type of Symbol Z, z, Z, Z, Z, Structure
damage
D1 R, 0,002 ¢} =0 (0,001 = 0,003
Injury due
to shock | Ry =Ryp * Ryn =0 0.001 » L
D2 Ry 4,395 0,352 0,031 4,778
Physical
damage Ry = Ryp *+ Ryy 4,480 0,358 0,031 4,870
Total 0,002 0 8,876 0,712 0,062 R, =965
Tolerable R > R Lightning protection is required Ry = 1

Because Ry = 9,65 x 10-% is higher than the tolerable value Ry = 10-°, lightning protection for the
structure is required.

E.3.5

Risk R, — Selection of protection measures

The risk R; in the structure is mainly concentrated in zone Z, due to physical damages caused by
lightning striking the structure or the connected lines (components Ry = 49 % and Ry = 50 %
together cover 99 % of the total risk) (see Table E.20).

These dominant risk components can be reduced by

o -

providing the whole building with an LPS conforming to EN 62305-3 reducing component Rg via
probability Pg. Lightning equipotential bonding at the entrance — a mandatory requirement of
the LPS - reduces also the components Ry and Ry, via probability Peg, (€]

providing zone Z4 (archive) with protection measures against the consequences of fire (such as
extinguishers, automatic fire detection system etc.). This will reduce the components Rg and

Ry, via the reduction factor T

providing lightning equipotential bonding conforming to EN 62305-3 at the entrance of the
building. This will reduce only the components A, and Ry, via probability Pgg. (C]
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Combining different elements of these protective measures the following solutions could be
adopted:
Solution a):

— protect the building with a Class Il LPS conforming to EN 62305-3, to reduce component Ry
(Pg =0.1);

— this LPS includes the mandatory lightning equipotential bonding at the entrance with SPDs
designed for LPL Il (Pcg = 0,05) and reduces components R, and R,,.

Solution b):
— protect the building with a Class |V LPS conforming to EN 62305-3, to reduce component Rg
(Pg =0.2).

— this LPS includes the mandatory lightning equipotential bonding at the entrance with SPDs
designed for LPL IV {Pgg = 0,05) and reduces components R, and Ry,

— use fire extinguishing (or detection) systems to reduce components Rg and Ry,. Install a
manual system in the zone Z3 (archive) {rp= 0,5).

For both solutions, the risk values from Table E.20 will change to the reduced values reported in
Table E.21.

Table E.21 - Office building: Risk R, for the protected structure (values x 10-9)

Z, z, z, zZ, Z, Total Tolerable Result
Solution a) =0 0 0,664 0,053 0,005 R, =0,722 R, =1 R <R,
Solution b) =0 0 0.552 0,089 0,008 R, = 0,648 R, =1 R LR,

Both solutions reduce the risk below the tolerable value. The solution to be adopted is subject to
both the best technical criteria and the most cost-effective solution.

E.4 Hospital

As a more complex case, this study considers a standard hospital facility with a rooms block, an
operating block and an intensive care unit.

Loss of human life (L1) and economic loss (L4) are relevant for this type of facility. It is necessary
to evaluate the need for protection and the cost effectiveness of protection measures; these require
the evaluation of risks R and Ry.
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Figure E.3 — Hospital
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E.4.1

The hospital is located in flat territory without any neighbouring structures. The lightning flash
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Relevant data and characteristics

density is Ng = 4 flashes per km? per year.

Data for the building and its surroundings are given in Table E.22.

Data for the incoming lines and their internal systems connected thereto are given for the power line

in Table E.23 and for the telecom line in Table E.24.

Table E.22 — Hospital: Environment and global structure characteristics

Input parameter Comment Symbol Value Reference
Ground flash density (1/km?/year) Ng 4,0
Structure dimensions (m}) LW H 50, 150, 10
Location factor of structure Isolaled structure Cp 1 Table A.1
LPS None [ 1 Table B.2
Equipotential bonding None PEB 1 Table B.7
External spatial shield None Kg, 1 Formula (B.5)
Table E.23 - Hospital: Power line
Input parameter Comment Symbol Value Reference
Length (m} L 500
Installation factor Buried C, 0.5 Table A.2
Line type factor HV power (with HV/LV C; 0.2 Table A.3
transformer)
Environmential factor Suburban Ce 3.5 Table A .4
Shield of line (©/km) 'l;g‘:disn“;et')‘;"’;’:‘lz‘:i‘;’nfzztsa“'e R Ry <1 Table B.8
Shielding, grounding, isolation tg‘:dz‘h;e;gfb::if‘i::m?:t same Z':) 01 Table B.4
Adjacent structure {m) None L, W, H -
Location factor of adjacent None Coy - Table A1
structure
Withstand voltage of internat Uy 2.5
system (kV)
54 ¢4 Formula (B.7}
Resulling parameters Po 0.2 Table B.8
P 0,3 Table B.9
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Table E.24 — Hospital: Telecom line
Input parameter Comment Symbol Value Reference
Length (m} L 300
Installation factor Buried C, 0.5 Table A.2
Line type factor Telecom line Cr 1 Table A.3
Environmental factor Suburban Ce 3.5 Table A 4
. . Line shield bonded to the same
Shield of line (S2/km) bonding bar as equipment, Rg i< Rg <5 Table B.8
. . C 1
NP . . . Line shield bonded to the same LD
Shielding, grounding, isolation bonding bar as equipment, = p Table B.4
u
Adjacent structure (m) Length, width, height L. W, H, 20,30, 5
Location factor of adjacent Isolated structure Co, 1 Table A1
structure
Withstand vollage of internal Uy 15
system (kV)
Kgq 0,67 Formula (8.7)
Resulting parameters Po 0.8 Table B.8
en 0.5 Table B.9

E.4.2 Definition of zones in the hospital

The following zones are defined:

- Z4 (outside building);

- Z, (rooms block),

- Z5 (operating block),

- Z, (intensive care unit),

faking into account the following:

— the type of surface is different outside the structure from that inside the structure;

— two separate fire proof compartments exist: the first is the rooms block (Z,) and the second is
the operating block together with the intensive care unit (Z; and Z,);

- in all inner zones Z,, Z; and Z,, internal systems connected to power as well as lo telecom lines
exist;

— no spatial shields exist,;

— the intensive care unit contains extensive sensitive electronic systems and a spatial shield may
be adopted as protection measure;

In the different zones inside and outside the hospital a total number of 1 000 persons shall be
considered.

The number of persons, the times of presence and the economic values related to each zone are
different. The distribution into the individual zones and the total values are shown in Table E.25.
These values are used later to subdivide the total loss values into fractions for each zone.
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Table E.25 — Hospital: Distribution of persons and of economic values into zones

Economic values in $ x 10¢
_— Number of | TiMmeof [ Animals | Building | Content Internal Total
presence systems
persons
(hiy) c, c, c, c, c,

Z, (outside building) 10 8 760 - - - - -
Z, (rooms block) 950 8 760 - 70 6 3,5 79,5
Z, (operaling block}) 35 8 760 - 2 0,9 5.5 8,4
Z, {(intensive care unit) & 8 760 — 1 0,1 1.0 2,1

Total n= 1000 - 0 73 7 10 90,0

For risk R,, following the evaluation by the lightning protection designer, the basic loss values
(typical mean values of relative amount of loss per year) according to Table C.2 and the increasing
factor for special hazards according to Table C.6 are as follows:

- Ly =102 in zone Z, outside the structure;

- Ly = 10-2 in zones Z,, Zy, Z, inside the structure;

- tg =107 in zones Z,, Z,3, Z, inside the structure;

- h, =5 in zones Z,, Z,, Z, inside the structure due to difficulty of evacuation;

- Lg =103  inzone Z, (rooms block);
- Lo = 10-2 in zone Z5 (operating block) and zone Z, (intensive care unit).
These basic loss values were reduced for each zone according to the Formulas (C.1) to {C.4) taking

into account the number of people endangered in the individual zone related to the total number of
people considered and the time when people are present.

For risk R, the basic loss values according to Table C.12 are as follows:

- Ly=0 no animals endangered;

- Lg =05 inzones Z,, Z3, Z, inside the structure,

- Lo =102 in zones Z,, 23, Z, inside the structure.

These basic loss values were reduced for each zone according to Formulas {C.11) to {(C.13) taking
into account the value endangered in the individual zone related to the total value of the structure
(animals, building, content, internal systems and activities) considered. The value endangered in an
individual zone depends on the type of damage:

— D1 (injury by eleclric shock): value ¢, of animals only;

— D2 (physical damage): sum of all values ¢, + ¢, + ¢, + Cg;

— D3 (failure of internal system). value ¢, of internal systems and their activities only.

The resulting characteristics of the zones Z, to Z, are given in Tables E.26 to E.29.
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Table E.26 — Hospital: Factors valid for zone Z,; (outside the building)

Input parameter Comment Symbol | Value Reference
Ground surface Concrete n 1072 Table C.3
Protection against shack None L 1 Table B.1
Risk of fire None % 0 Table C.5
Fire protection None 0 1 Table C.4
Internal spatial shield None Ksy 1 Formula (B.6)

Special hazard: None h, 1 Table C.5
. D1: due to touch and step voltage L; 102
D2: due to physical damage Le 0 Table C.2
D3: due 1o failure of internal systems Ly 0
Factor for persons in zone n, { noxt, /8760 =10/1000x8 760/ 8 760 — 0,01
Table E.27 — Hospital: Factors valid for zone Z, (rooms block)

Input parameter Comment Symbol | Value Reference
Type of floor Linoleum n 10°% Table C.3
Protection against shock None Pia 1 Table B.1
(flash to structure)

Protection against shock None e 1 Table B.9
{flash to line)
Risk of fire Ordinary 4 1072 Table C.5
Fire protection None i 1 Table C .4
Internal spatial shield None Kz 1 Formula (B.6)
Internal wiring Unshielded (loop conductors in the same Ksa 0,2 Table B.5
Power conduit)
Coordinated SPOs | None Pspp 1 Table B.3
Internal wiring Unshielded (loop conduclors in the same cable) Kga 0,01 Table B.5
—— Coordinated SPDs | None Pgspo 1 Table B.3
Special hazard: difficully of evacuation h, 5 Table C.6
D1: due o touch and step voltage L 1072
L1: Loss of human life
D2: due to physical damage Le 10-! Table C.2
D3: due to failure of internal systems [ 1073
Factor for persons in zone n,faxt,{8760=950/1000x8760/8 760 = 0,95
D2: due to physical damage Le 0,5
JL N D2: Factor (¢, *+c, +c +c¢ Y ¢, =795/90 - 0,883 L. P
D3: due to {failure of internal systems [ 10-2
D3: Faclor ¢ /¢, =3,5/90 - 0,039
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Input parameter Comment Symbol Value Reference
Type of floor Linoleum o 1075 Table C.3
Protection against shack None Pra 1 Table B.1
{flash to structure)
Proleclion against shock None Pru 1 Table B.9
{flash 1o line)
Risk of fire Low o 103 Table C.5
Fire protection None f 1 Table C.4
Internal spatial shield None Ks,y 1 Formula (B.6)
tnternal wiring Unshielded {loop conductors in the same L 0.2 Table B.5
Power conduit)
line
Coordinated SPDs | None Pgep 1 Table B.3
tnternal wiring Unshielded {loop conductors in the same Ksy 0,01 Table B.5
Telecom cable)
line
Coordinated SPDs | None Psep 1 Table B.3
Special hazard: difficulty of evacuation h, 5 Table C6
D1: due o louch and step voltage Ly 102
L1: Loss of human life
D2: due to physical damage L, 101 Table C.2
D3: due to failure of internal systems L, 102
Factor for persons in zone n,la xt /8760=235/1000x8760/8760 - 0,035
D2: due o physical damage Le 0.5
D2: Factor (¢, + ¢, + ¢+ C,} ! ¢, =84/90 - 0,093
L4: Economic loss Table C.12
D3: due to failure of internal systems Ly 102
D3: Factor ¢ /¢, =55/90 - 0,061
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Table £.29 — Hospital: Factors valid for zone Z, (intensive care unit)

Input parameter Comment Symbol Value Reference
Type of floor Linoleum (e 10°% Table C.3
Protection against shock (flash | None Pra 1 Table B.1
to structure)
Proleclion against shock (flash | None Pry 1 Table B.9
1o line)
Risk of fire Low e 1073 Table C.5
Fire protection None 0 1 Table C.4
Internal spatial shield None Koy 1 Formula (B.6)
tnternal wiring Unshielded Ky 0,2 Table B.5
Power (laop conductars in the same conduit)
Line
Coordinated SPDs | None Pspp 1 Table B.3
tnternal wiring Unshielded Kga 0,01 Table B.5
Telecom (loop conductors in the same cable)
Line
Coordinated SPDs | None Pspp 1 Table B.3
Special hazard: difficulty of evacuation h, 5 Table C.6
D1: due o louch and step voltage L 1072
L1: Loss of human life
D2: due to physical damage L, 10-! Table C.2
D3: due to failure of internal systems L 102
Factor for persons in zone n,taxt, /8760=5/1000x8760/8760 = 0,005
D2: due o physical damage - 0,5
D2: Factor (¢, + ¢, +c . +c}/c =2,17/90 - 0,023
L4: Economic loss Table C.12
D3: due to failure of internal systems Ly 1072
D3: Factor ¢_/c,=1,0/90 - 0,011

E.4.3  Calculation of relevant quantities

Calculations are given in Table E.30 for the collection areas and in Table E.31 for the expected
number of dangerous events.

Table E.30 — Hospital: Collection areas of structure and lines

Symbol Result Reference Formula
m? Formula
A, 2,23 x 10* {A.2} AD=L><W+2><(3><H)>((LfW)+1t><(3><h!)2
Structure
A 9,85 x 10° {A.7) Ay = 2x 500 x {L+W) + X 5002
Aup 2,00 x 104 {A.9} Ap=40xL
Power 5 _
line Aup 2,00 x 10 {A.11) A,p=4000xt,
v (4} {A.2} No adjacent structure
A 1,20 x 10* (A.9) Ap=40xL
Telecom P _
ine A 1,20 x 10 (A.11) Ap=4000xt
Agyr | 281 x108 (A.2) Agyy =Ly x W, + 2x (3x H))x (L + W) + nx (3x H,)?
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Table E.31 — Hospital: Expected annual number of dangerous events

Symbol Result Reference Faormula
1fyear Formula
Structure No 8,93 x 1072 (A.4) Np = Ng x Apg X Cpye X 1078
Ny, 3,94 (A.6) Ny = Ng x Ay x 1076
Nip | 4.00x1073 (A.8) Nyp = Ng XA p X Cup X Cgp X Crpp x 108
sy Nyp | 4.00 x 1071 (A.10) Nyp = Ng X Ayp X Cyp X Cejp X Crpp X 1076

Nose Q {A.5) No adjacent structure

Nt 1,20 x 1072 {A.8) Ny = Ng x Ay X CypX Cpp X Cppp X 106
Te:i‘fg"" Ny 1.20 {A.10) Nyp = Ng X Ayp X Cypy X Cepy X Cppy X 10°8

Noyr 1,12 x 1072 (A.5) Nopyr = Ng % Agyr X CoyyX Cqyp x 10 5

E.4.4 Risk R, - Decision on need for protection

Values of the probabilities Py are given in Table E.32 and the risk components for the unprotected
structure are reported in Table E.33.

Table E.32 — Hospital: Risk R, - Values of probability P for the unprotected structure

Type of Symbol Z, Z, Z, Z4 Reference Formula
damage Formula
P 1 1
D1 A
Injury due Pumwr 0,2
to shock
Purr 0.8
P 1
D2 8
Physical Py 0,2
damage
Pyt 0.8
Pe 1 (14) c=1-(1-Pep)x(1-Per)=
=S1-(1-1)x(1-1)
Py 0,006 4 (15} W= - (1 - P} X (1 - Pyl =
03 =1-(1-0,0064)x(1-0,00004)
Failure of
internal Pwip 6.2
systems
4 P 0.8
Pz 0
P [}

2T
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Table E.33 — Hospital: Risk R, for the unprotected structure (values x 10-9)

Type of Symbol 8 z, Z, z, Structure
damage
D1 R, 0,009 0,600 9 =0 =0 0,010
Injury due
to shock Ry = Rysp + Ryny =0 ~0 ~0 =0
D2 Ry 42,4 0,156 0,022 42,6
Physical
damage Ry = Ryp * Ry 9,21 0,034 0,005 9,245
Rc 8,484 3,126 0,447 12,057
D3
Failure of Ru 2,413 0,889 0,127 3,429
internal -
systems Ro = R ¥ Rt 1,841 0,678 0,097 2,616
Ry = Ryp + Ryp
Total 0,009 64,37 4,89 0,698 R, = 69,96
Tolerable R, > R;: Lightning protection is required R.=1

Because R, = 69,96 x 1075 is higher than the tolerable value Ry = 1075, lightning protection for the
structure is required.

E.4.5 Risk R, — Selection of protection measures
The risk R is mainly influenced (see Table E.33)

— by physical damage in the zone Z, {components Rg = 61 % and Ry = 13 % of the total risk),

- by failures of internal systems in the zones Z, and Z,; (components R = 12 % respectively R, =
5 %) of the total risk.

These dominant risk components can be reduced by

— providing the whole building with an LPS conforming to EN 62305-3 reducing component Ry via
probability Pg. The mandatory-included lightning equipotential bonding at the entrance reduces
also the components R, and Ry, via probability Pgg,

- providing zone Z, with protection measures against the consequences of fire (such as
extinguishers, automatic fire detection system, etc.). This will reduce the components Rg and Ry,

via the reduction factor oo

— providing zones Z5 and Z, with a coordinated SPD protection conforming to EN 62305-4 for the
internal power and telecom systems. This will reduce the components R, Ry, Ry via the
prObablllty PSPD’

— providing zones Z5 and Z, with an adequate spatial grid-like shield conforming to EN 62305-4.
This will reduce the component Ry, via the probability Py,.

Combining different elements of these protective measures the following solutions could be
adopted:

Solution a):

protect the building with a Class | LPS (Pg = 0,02 including also Pgg = 0,01),

install coordinated SPD protection on internal power and telecom systems for (1,5 x) better than
LPL | {Pgpp = 0.005) in zones Z,, Z5, Z,,;

provide zone Z, with an automatic fire protection system (r, = 0,2 for zone Z; only),

|

provide zone Z5 and Z, with a meshed shield with w,, = 0,5 m.

Using this solution, the risk values from Table E.33 will change to the reduced values reported in
Table E.34.
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Table E.34 — Hospital: Risk R, for the protected structure according to solution a)
(values x 10-5)

Type of Symbol 8 z, Z, z, Structure
damage
D1 R, =0 =0 =0 = 0 =0
Injury due
to shock RU = RUIP & RU{I =0 =0 =0 =0
D2 Ry 0,170 0,003 =0 0,173
Physical
damage Ry = Ryp + Ryy 0,018 ~ = 0 0,018
R 0,085 0,031 0,004 0,12
D3
Failure of Ru 0,012 -0 =0 0,012
internal N
;ystems Rw = Rwe * Rwir 0,009 0,003 =0 0,004
Rz = Ryp + Ry
Total =0 0,294 0,038 0,005 R, =0,338
Tolerable R, < R: Structure is protected for this type of loss R, =
Solution b):

- protect the building with a Class | LPS (Pg = 0,02 including also Pgg = 0,01);

— install coordinated SPD protection on internal power and telecom systems for {3 x) better than
LPL | (PSPD = 0.001) in zones Zz, 23. 24.

— provide zone Z, with an automatic fire protection system (rp = 0,2 for zone Z, only}.

Using this solution, the risk values from Table E.33 will change to the reduced values reported in
Table E.35.

Table E.35 — Hospital: Risk R, for the protected structure according to solution b}
{values x 10-5)

Type of Symbol Z, z, Z, zZ, Structure
damage
D1 RA =0 = = =0 = 0
Injury due
to shock RU = RU,‘p + RUI'T ~ ~ = =0
D2 Rg 0,170 0,003 0,001 0,174
Physical
damage | Ry =Ryp * Ryg 0,018 = ~0 0,018
Re 0,017 0,006 0,001 0,024
D3
Eailure of Ry 0,002 0,001 ~0 0,003
internal —
systems Ry = Ry + Ruyr 0,002 0,001 =0 0,003
Ry = Ryp + Rar
Total =0 0,209 0,011 0,002 R, =0,222
Tolerable R, < R;: Structure is protected for this type of loss + =1

Solution c¢):

- protect the building with a Class | LPS (Pg = 0,02 including also Pgg = 0,01).

— install coordinated SPD protection on internal power and telecom systems for (2 x) better than
LPL | {Pgpp = 0,002) in zones Z,, Z4, Z4;

- provide zone Z, with an automatic fire protection system (r, = 0,2 for zone Z, only);

— provide zone Z3 and Z, with a meshed shield with w_, = 0,1 m.
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Using this solution, the risk values from Table E.33 will change to the reduced values reported in
Table E.36.

Table E.36 — Hospital: Risk R, for the protected structure according to solution c)
{values x 10-5)

Type of Symbol Z, z, zZ, Z, Structure
damage
D1 R, =0 =0 =0 =0 =0
Injury due
to shock RU = RU,‘P * Ru/y = Q =0 =0 w0
D2 Rg 0,170 0,003 =0 0,173
Physical
damage Ry = Ryp * Ry 0,018 ~0 =0 0,018
Re 0,034 0,012 0,002 0,048
D3
Failure of Ru - > =0 =0
internal -
systerns Ro = R ¥ Rt 0,004 0,001 =~ 0,005
Rz = Ry * Rax
Total =0 0,226 0,016 0,002 R, =0,244
Tolerable R, < R,: Structure is protected for this type of loss R, =1

All solutions reduce the risk below the tolerable level. The solution to be adopted is subject to both
the best technical criteria and the most cost-effective solution.

E.4.6 Risk R, - Cost benefit analysis

For the economic loss L4 the corresponding risk R4 can be evaluated in the same way as before. All
parameters required for evaluating the risk components are given in Tables E.22 through E.29,
where the loss values Ly for economic loss L4 only are valid. Therefore only the zones Z,, Z, and
Z, are relevant, whereas zone Z, is disregarded (It could be relevant only in case of loss of
animals).

The economic values (animals, building, internal systems and activities) were given above in Table
E.25 for each zone and in total.

From the risk values R, or R'4 and from the total value of the structure ¢, = 90 x 108 § (Table E.25)
the annual cost of loss C, = R, x ¢ for the unprotected and Cgq = R, x ¢, for the protected
structure can be calculated (see Formula (D.2) and {D.4)). The results are shown in Table E.37.

Table E.37 — Hospital: Cost of loss C| (unprotected) and Cp, (protected)

Risk R, Cost of loss
Protection values x 107 $
Z, z, Z, Z, Structure G or Gy
Unprotected - 53,2 8,7 1.6 63,5 57 185
Solution a) - 0,22 0,07 0,01 0,30 271
Solution b) - 0,18 0,02 0,005 0,21 190
Solution ¢} - 0.19 0,03 0.007 0,23 208

The values assumed for interest, amortization and maintenance rates relevant to the protection
measures are given in Table E.38.
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Table E.38 — Hospital: Rates relevant to the protection measures

— 80 —

Rate Symbol Value
Interest i 0.04
Amortization a 0.05
Maintenance m 0,01

A list of cost Cp for possible protection measures and the annual cost Cpy of the protection

measures adopted in solution a}, b) or ¢) are given in Table E.39 (see Formula (D.5})).

Table E.39 — Hospital: Cost Cp and Cpy, of protection measures (values in $)

Protection measure Cgst N ARSI CP“., R v .
(3 Solution a) Solution b) Solution c)

LPS class | 100 000G 10 000 10 0600 10 000
Automatic fire protection in zone Z, 50 000 5 000 5 000 5 000
Zones Z, and Z, shielding (wx, = 0,5 m} 100 000 10 000
Zones Z, and Z, shielding (wm = 0,1 m}) 110 000 11 000
SPD on power system (1,5 x LPL 1} 20 000 2000
SPD on power system (2 x LPL 1) 24 000 2 400
SPD on power system (3 x LPL 1) 30 000 3 000
SPD on TLC system (1.5 x LPL I) 10 000 1 000
SPD on TLC system (2 x LPL I} 12 000 1 200
SPD on TLC system {3 x LPL I} 15 000 1500

Total annual cost Cy, 28 000 19 500 29 600

The annual saving of money S, can be evaluated by comparison of the annual cost of loss C| for
the unprotected structure with the sum of the residual annual cost of loss Cg for the protected
structure and the annual cost of the protection measures Cpy. The resuits for solution a), b) and ¢)
are given in Table E.40.

Table E.40 — Hospital: Annual saving of money (values in $)

Symbol Solution a) Solution b) Solution c)
Loss for the unprotected structure L 57 185 57 185 57 185
Residual loss for the protected structure CaL 271 190 208
Annual cost of protection Com 28 000 19 500 29 600
Annual saving S, =C, -{Cp, + C,)) Sy 28 914 37 495 27 377

E.5 Apartment block

This case study compares different solutions for lightning protection for an apartment block. The
results show that some solutions may not be not sufficient, whereas several suitable solutions can
be chosen from different combinations of protection measures.

Only the risk R, for loss of human life (L1) with the risk components R, Rg, Rg, and Ry, (according
to Table 2) will be determined and compared with the talerable value Ry = 107° (according to Table
4). Economic evaluation is not required, therefore the risk R, for economic loss (L4) is not
considered.
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Figure E.4 - Apartment block

E.5.1 Relevant data and characteristics

The apartment block is located in flat territory without any neighboring structures. The lightning

IEC 2645/10

flash density is Ng = 4 flashes per km?2 per year. 200 persons live in the block. This is also the total

number of persons to be considered, because outside the building no people are assumed to be
present during a thunderstorm.

Data for the block and its surroundings are given in Table E.41.

Data for the incoming lines and their internal systems connected to are given for the power line in

Table E.42 and for the telecom line in Table E.43.

Table E.41 — Apartment block: Envirenment and global structure characteristics

Input parameter Comment Symbol Value Reference
Ground flash density (1/km%year) Ne 4,0
Structure dimensions (m} H = 20 or 40 (see Table E.45) i, w 30, 20
Location factor of structure Isolated structure Ch 1 Table A1
LPS Variable (see Table E.45) Py - Table B.2
Equipotential bonding None Pea 1 Table B.7
External spatial shield None Ksq 1 Formula (B.5)
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Table E.42 — Apartment block: Power line

Input parameter Comment Symbol Value Reference
Length (m} L 200
Installation factor Buried C, 0.5 Table A2
Line type factor LV line Cy 1 Table A.3
Environmental factor Suburban Ce 0.6 Table A .4
Shield of line {Q/km) Unshielded Rq - Table B.8
- R - Cip !
Shielding, grounding, isolation None c, ] Table B.4
Adjacent structure {m) None L, W, H -
Location factor of adjacent None Cy, - Table A.1
structure
Withstand vollage of internal U, 2,5
system (kV)
ot 0.4 Formula (B.7)
Resulting paramelers P 1 Table B.8
w 0.3 Table B.9
Table E.43 — Apartment block: Telecom line
Input parameter Comment Symbol Value Reference
Length (m} L 100
Installation factor Buried C, 0.5 Table A.2
Line type factor Telecom line Cy 1 Table A.3
Environmental factor Suburban Ce 0.5 Table A 4
Shield of line (Q/km) Unshielded Rg - Table B.8
- R : Cio 1
Shielding, grounding, isolation None c., p Table B.4
Adjacent structure {m) None L, W, H, -
Location faclor of adjacent None Coy - Table A1
structure
Withstand vollage of internal Uy 1.5
system (kV)
Kaa 0,67 Formula (B.7)
Resulting parameters o 1 Table B.8
P, 0.5 Table B.9

E.5.2 Definition of zones in the apartment block

The following zones may be defined:

— Z4 (outside the building);
- Z, (inside the building).

For zone Z, it is assumed that no people are outside the building. Therefore the risk of shock to
people R, = 0. Because R, is the only risk component outside the building, zone Z, can be
disregarded completely.
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The zone Z, is defined taking into account the following:

— the structure is classified as a “civil building";

— both internal systems (power and telecom) exist in this zone;

— no spatial shields exist;

— the structure is a single fireproof compartment;

— losses are assumed to correspond to the typical mean values of Table C.1.

The resulting factors valid for zone Z, are reported in Table E.44.

Table E.44 — Apartment block: Factors valid for zone Z, (inside the building)

Input parameter Comment Symbol Value Reference
Type of floor Wood 7y 10-% Table C.3
Protection against shock None Pra 1 Table B.1
{flash 1o structure)

Proteclion against shock None Py i) Table B.6
{flash to line)
Risk of fire Variable (see Table E.45) i - Table C.5
Fire protection Variable (see Table E.45) o - Table C.4
Internal spatial shield None Kgy 1 Farmula (B.6)
tnternal wiring Unshielded {loop conductors in the same Ky 0,2 Table B.5
conduit)
Power
Coordinated None Pspo 1 Table B.3
SPDs
Tel Internal wiring Unshielded {large loops > 10 m?) Ky 1 Table B.S
eleco
m Coordinated None Psep 1 Table B.3
SPDs
Special hazard: None h, 1 Table C.6
L1: Loss of human life D1: due to touch and step voltage Ly 1072
Table C.2
D2: due to physical damage Le 1071
Factor for persons in zone | n, /na xt,/8760=200/200x8760/8 760 = 1

E.5.3 Risk R, — Selection of protection measures

Risk R, values and the protection measures selected to reduce the risk to the tolerable level
Ry = 10-5 are given in Table E 45, depending on the following parameters:

— height of the building H;

— reduction factor r; for the risk of fire;

— reduction factor o reducing the consequences of fire;

- probability Pg depending on the class of LPS adopted.
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Table £.45 — Apartment block: Risk R, for the apartment block
depending on protection measures

Height Risk of fire LPS Fire Risk R, Structure
H protection e protected
m Values x 10 R, <R,

Type A Class Py Type o
Low (3,001 None 1 None 1 0,837 Yes
None 1 None 1 8,364 No
Ordinary 0.01 n 0.1 None 1 0,776 Yes
v 0.2 Manual 0.5 0,747 Yes
20

None 1 None 1 83,64 Nao
t 0,05 Automatic 0,2 0,764 Yes

High a1
| 0,02 None 1 1,553 No
| 0,02 Manual 05 0,776 Yes
None 1 None 1 2,436 No
Low 0,001 None 1 Automatic 0,2 0,489 Yes
v 0.2 None 1 0,469 Yes
. None 1 None 1 24 .34 No

4

Ordinary 0.01 [\ 0.2 Automatic 0,2 0,938 Yes
| 0.02 None 1 0,475 Yes
Naone 1 None 1 243.4 No

High 0.1
| 0,02 Automatic 0,2 0,949 Yes
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Annex NB
(informative)

Assessment of probability P, of damage

NB.1 General
The probabilities given in this annex are valid if protection measures conform to;

— BS EN 62305-3 for protection measures to reduce injury to living beings and for protection measures
to reduce physical damage,

— BS EN 62305-4 for protection measures to reduce failure of internal systems.
Other values may be chosen, if justified.

Tables NB.3 and NB.7 have been modified for clarity and to reflect the UK's interpretation relative to
the assessment of probability of damage for a structure.

Values of probabilities Py less than 1 may be selected only if the measure or characteristic is valid for the
entire structure or zone of structure (Zs) to be protected and for all relevant equipment.

NB.2 Probability P, that a flash to a structure will cause injury to living beings by
electric shock

The values of probability P, of shock to living beings due to touch and step voltage by a lightning flash
to the structure, depend on the adopted LPS and on additional protection measures provided:

Py =Prax Py (NB.1)
where;

Prn depends on additional protection measures against touch and step voltages, such as those
listed in Table NB.1. Values of Py, are given in Table NB.1.

Py depends on the lightning protection level (LPL) for which the LPS conforming to BS EN 62305-3
is designed. Values of Py are given in Table NB.2.

Table NB.1 - Values of probability Py, that a flash to a structure will cause
shock to living beings due to dangerous touch and step voltages

Additional protection measure Pra
No protection measures 1
Warning notices 107
Electrical insulation {e.g. at least 3 mm cross-linked polyethylene} 1072
of exposed parts (e.g. down-conductors)
Effective soil equipotentialization 1072
Physical restrictions or building framework used as a 0
down-conductor system

If more than one provision has been taken, the value of £y, is the product of the corresponding values.
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NOTE 1 Protection measures are effective in reducing P, only in structures protected by an LPS or structures with
continuous metal or reinforced concrete framework acting as a natural LPS, where bonding and earthing requirements
of BS EN 62305-3 are satisfied.

NOTE 2 For more information see 8.1 and 8.2 of BS EN 62305-3:2011.
NB.3 Probability Pg that a flash to a structure will cause physical damage
An LPS is suitable as a protection measure to reduce Pg.

The values of probability Py of physical damage by a flash to a structure, as a function of lightning
protection level {(LPL) are given in Table NB.2.

Table NB.2 - Values of probability Pz depending on the
protection measures to reduce physical damage

Characteristics of structure Class of LPS Py

Structure not protected by LPS 1

Structure protected by LPS W 0,2
] 0,1
I 0,05
| 0,02

Structure with an air-termination system conforming to LPS I and a continuous 0,01

metal or reinforced concrete framework acting as a natural down-conductor system

Structure with a metal roof and an air-termination system, possibly including 0,001

natural components, with complete protection of any roof installations against

direct lightning strikes and a continuous metal or reinforced concrete framework

acting as a natural down-conductor system

NOTE 1 Values of Py other than those given in Table NB.2 are possible if based on a detailed investigation taking into
account the requirements of sizing and interception criteria defined in BS EN 62305-1.

NOTE 2 The characteristics of LPS, including those of SPD for lightning equipotential bonding, are reported in
BS EN 62305-3.

NB.4 Probability P that a flash to a structure will cause failure of internal systems
A coordinated SPD system is suitable as a protection measure to reduce P.
The probability P that a flash to a structure will cause a failure of internal systems is given by:

Pc = Pspp x Cip (NB.2)

Pspn depends on the coordinated SPD system conforming to BS EN 62305-4 and to the lightning
protection level (LPL) for which its SPDs are designed. Values of P, are given in Table NB.3.

C,p is a factor depending on shielding, grounding and isolation conditions of the line to which the
internal system is connected. Values of (i, are given in Table NB.4.
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Table NB.3 - Value of the probability Pgpp as a function of LPL for which SPDs are designed

LPL SPD Pero
No coordinated SPD system 1

-1V - 0,05
-IV* (Note 2) 0,005

] [} 0,02
I1* (Note 2) 0,002

| | 0,01

I* {Note 2} 0,001

NOTE 1 A coordinated SPD system is effective in reducing P only in structures protected by an LPS or structures
with continuous metal or reinforced concrete framework acting as a natural LPS, where bonding and earthing
requirements of BS EN 62305-3 are satisfied.

NOTE 2 Smaller values of Pgpp, are possible where SPDs have lower voltage protection levels {Up) that further reduce
the risk of injury to living beings, physical damage and failure of internal systems. Such SPDs are always required to
ensure the protection and continuous operation of critical equipment. SPDs with low voltage protection levels also
take account of the additive inductive voltage drops along the connecting leads of SPDs,

Unless stated, the susceptibility level (of equipment} is assumed to be twice its peak operating voltage. In this respect,
installed SPDs with a voltage protection level greater than the susceptibility level but less than the impulse withstand
voltage Uy, (of equipment), equate to the standard value of Pgp, whereas installed SPDs with a voltage protection
level less than the susceptibility level equate to the enhanced value (ie SPDs denoted by *).

For example, in the case for a 230 V mains supply an SPD fitted at the service entrance (for lightning equipotential
bonding) should have a voltage protection level of no more than 1 600 V (4 kV withstand at the entrance of
the installation, 20 % margin and a factor of 2 for the worse case doubling voltage as per IEC 61643-12;
{(4 kV x 0,8)/2 = 1 600 V} when tested in accordance with BS EN 61643 series. Downstream SPDs (those that are
located within another lightning protection zone} fitted as part of a coordinated set to ensure operation of critical
equipment should have a voltage protection level of no more than 600 V {((1,5 kV x 0,8)/2) when tested in accordance
with BS EN 61643 series (Class Il test).

NOTE 3 The LPL governs the choice of the appropriate structural Lightning Protection System (LPS) and Surge
Protection Measures (SPM), one option of which can include a set of coordinated SPDs. Typically, an LPS class Il would
require SPD L. If the indirect risk (R;) was still greater than the tolerable risk (Ry} then SPD I* should be chosen.

When a risk assessment indicates that a structural LPS is not required, service lines connected to the structure (53) are
effectively protected against direct strikes when SPD IlI-IV or SPD IlI-IV* protection measures are applied.

Table NB.4 - Values of factors C , and ;, depending on
shielding, grounding and isolation conditions

unshielded internal systems, C, = 1 should be assumed.

External line type Connection at entrance Co o
Aerial line unshielded Undefined 1 1
Buried line unshielded Undefined 1 1
Multi grounded neutral power line None i 0,2
Shielded huried line (power or TLC) | Shield not bonded to the same bonding bar as equipment 1 0.3
Shielded aerial line {power or TLO) Shield not bonded to the same bonding bar as equipment 1 0,1
Shielded buried line{power or TLC) Shield bonded to the same bonding bar as equipment 1 0
Shielded aerial line {power or TLC) Shield bonded to the same bonding bar as equipment 1 0
Lightning protective cable or wiring | Shield bonded to the same bonding bar as equipment ¢ 0
in lightning protective cable ducts,
metallic conduit, or metallic tubes
(No external line} No connection to external lines {stand-alone systems} 0 0
Any type Isolating interface according to BS EN 62305-4 0 0

NOTE 4 In the evaluation of probability £, values of C, in Table NB.4 refer to shielded internal systems; for
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NOTE 5 For non-shielded internal systems;
— not connected to external lines {(stand-alone systems}, or
— connected to external lines through isolating interfaces, or

— connected to external lines consisting of lightning protective cable or systems with wiring in lightning protective
cable ducts, metallic conduit, or metallic tubes, bonded to the same bonding bar as equipment,

a coordinated SPD system according to BS EN 62305-4 is not necessary to reduce P, provided that the induced
voltage U, is not higher than the withstand voltage U,, of the internal system (U, < U,,}. For evaluation of induced
voltage U, see Annex A of BS EN 62305-4:2011.

NB.5 Probability Py, that a flash near a structure will cause failure of
internal systems

A grid-like LPS, screening, routing precautions, increased withstand voltage, isolating interfaces and
coordinated SPD systerns are suitable as protection measures to reduce £,

The probability P,, that a lightning flash near a structure will cause failure of internal systems depends
on the adopted SPM measures.

When a coordinated SPD system meeting the requirements of BS EN 62305-4 is not provided, the value
of Py, is equal to the value of Py,

When a coordinated SPD system according to BS EN 62305-4 is provided, the value of P, is given by:
Pm = Pspp x Pys (NB.3)

For internal systems with equipment not conforming to the resistibility or withstand voltage level given
in the relevant product standards, Py, = 1 should be assumed.

The values of Py are obtained from the product:

Puas = (Kgy x Koy x Kgz x Kgg)? (NB.4)

Ks, takesinto account the screening effectiveness of the structure, LPS or other shields at boundary
LPZ 0/1;

K, takesinto account the screening effectiveness of shields internal to the structure at boundary
LPZ X/Y (X>0, Y>1);

K¢ takes into account the characteristics of internal wiring (see Table NB.5);

K4 takes into account the impulse withstand voltage of the system to be protected.

NOTE 1 When equipment provided with isolating interfaces consisting of isolation transformers with earthed screen
between windings, or of fibre optic cables or optical couplers is used, Py = 0 should be assumed.

Inside an LPZ, at a safety distance from the boundary screen at least equal to the mesh width w,,
factors Kqy and K, for LPS or spatial grid-like shields may be evaluated as

Ksy = 0,12 x Wy, (NB.S5)

K52 — 0,12 X sz (NB.G)
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where w,,, (m) and w,,; (m) are the mesh widths of grid-like spatial shields, or of mesh type LPS
down-conductors or the spacing between the structure metal columns, or the spacing between a
reinforced concrete framework acting as a natural LPS.

For continuous metal shields with thicknesses not lower than 0,1 mm, Ks, = Kg, = 107

NOTE 2 Where a meshed bonding network is provided according to BS EN 62305-4, values of K, and K5, may be
halved.

Where the induction loop is running closely to the LPZ boundary screen conductors at a distance from
the shield shorter than the safety distance, the values of K, and K, will be higher. For instance, the
values of K, and K, should be doubled where the distance to the shield ranges from 0,1 w,, t0 0,2 w.

For a cascade of LPZs the resulting K, is the product of the relevant K, of each LPZ.

NOTE 3 The maximum value of K, and Kj;, is limited to 1.

Table NB.5 - Value of factor K¢; depending on internal wiring

Type of internal wiring Ky
Unshielded cable - no routing precaution in arder to avoid loops?® 1
Unshielded cable - routing precaution in order to avoid large loops® 0,2
Unshielded cable — routing precaution in order to avoid loops® 0,01
Shielded cables and cables running in metal conduits? 0,000 1

Loop conductors with different routing in large buildings {loop area in the order of 50 m?),

b Loop conductors routed in the same conduit or loop conductors with different routing in
small buildings (loop area in the order of 10 m?).

¢ Loop conductors routed in the same cable (loop area in the order of 0,5 m?).

4 Shields and the metal conduits bonded to an equipotential bonding bar at both ends and
equipment is connected to the same bonding bar.

The factor KS4 is evaluated as:

Keq = 11Uy (NB.7)
where;
U,, is the rated impulse withstand voltage of system to be protected, in kV.

NOTE 4 The maximum value of K., is limited to 1.

If there is equipment with different impulse withstand levels in an internal system, the factor K,
relevant to the lowest impulse withstand level should be selected.

NB.6 Probability P, that a flash to a line will cause injury to living beings by
electric shock

The values of probability £, of injury to living beings inside the structure due to touch voltage by a flash
to a line entering the structure depends on the characteristics of the line shield, the impulse withstand
voltage of internal systems connected to the line, the protection measures like physical restrictions
or warning notices and the isolating interfaces or SPD(s) provided for equipotential bonding at the
entrance of the line according to BS EN 62305-3.
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NOTE 1 A coordinated SPD system according to BS EN 62305-4 is not necessary to reduce P, in this case SPD{(s)
according to BS EN 62305-3 are sufficient.

The value of P is given by:

PU — F'TU X PiB X Pl.D X C._D (NB.B)

P;y depends on protection measures against touch voltages, such as physical restrictions or
warning notices. Values of Py are given in Table NB.6;

Pz depends on lightning equipotential bonding (EB) conforming to BS EN 62305-3 and on the
lightning protection level {LPL) for which its SPDs are designed. Values of P are given in
Table NB.7;

P» isthe probability of failure of internal systems due to a flash to the connected line depending
on the line characteristics. Values of P, are given in Table NB.8.

Cp isafactor depending onshielding, grounding and isolation conditions of the line. Values of C
are given in Table NB.4.

NOTE 2 When SPD(s) according to BS EN 62305-3 are provided for equipotential bonding at the entrance of the line,
earthing and bonding according to BS EN 62305-4 may improve protection.

Table NB.6 - Values of probability Py, that a flash to an entering line will
cause shock to living beings due to dangerous touch voltages

Protection measure Py
No protection measures 1
Warning notices 107
Electrical insulation 1072
Physical restrictions 4]

NOTE 3 If more than one provision has been taken, the value of £y is the product of the corresponding values.

Table NB.7 - Value of the probability Pg; as a function of LPL for which SPDs are designed

LPL SPD Pey
No SPD 1

- - 0,05
-IV* {(Note 4) 0,005

1] I 0,02
1* (Note 4) 0,002

| | 0,01
I* {Note 4) 0,001

NOTE 4 Smaller values of Py are possible where SPDs have lower voltage protection levels ({p) that further reduce
the risk of injury to living beings, physical damage and failure of internal systems. Such SPDs are always required to
ensure the protection and continuous operation of critical equipment. SPDs with low voltage protection levels also
take account of the additive inductive voltage drops along the connecting leads of SPDs.

Unless stated, the susceptibility level {of equipment) is assumed to be twice its peak operating voltage. In this respect,
installed SPDs with a voltage protection level greater than the susceptibility level but less than the impulse withstand
voltage U, (of equipment), equate to the standard value of Py whereas installed SPDs with a voltage protection level
less than the susceptibility level equate to the enhanced value {ie SPDs denoted by *).
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For example, in the case for a 230 V mains supply an SPD fitted at the service entrance (for lightning equipotential
bonding) should have a voltage protection level of no more than 1 600 V (4 kV withstand at the entrance of
the installation, 20 % margin and a factor of 2 for the worse case doubling voltage as per IEC 61643-12:
{{(4 kV x 0,8)/2 = 1 600 V} when tested in accordance with BS EN 61643 series. Downstream SPDs (those that are
located within another lightning protection zone} fitted as part of a coordinated set to ensure operation of critical
equipment should have a voltage protection level of no more than 600 V {(1,5 kV x 0,8)/2) when tested in accordance
with BS EN 61643 series (Class Il test).

NOTE 5 The LPL governs the choice of the appropriate structural Lightning Protection System (LPS) and Surge
Protection Measures (SPM), one option of which can include a set of coordinated SPDs. Typically, an LPS class Il would
require SPD II. If the indirect risk (R,) was still greater than the tolerable risk {f;} then SPD lI* should be chosen.

When a risk assessment indicates that a structural LPS is not required, service lines connected to the structure (S3) are
effectively protected against direct strikes when SPD II-IV or SPD IlI-IV* protection measures are applied.

Table NB.8 - Values of the probability P,;, depending on the resistance R; of the
cable screen and the impulse withstand voltage U, of the equipment

Line Routing, shielding and bonding conditions Withstand voltage U, in kV
type 1 15 2.5 a 6
Aerial or buried line, unshielded or shielded whose shield 1 1 1 1 1
Power |’ . .
Foven is not bonded to the same bonding bar as equipment
o Shielded aerial or buried S5Q/km < Rg < 20 Q2/km 1 1 0,95 0,9 08
whose shield bonded to
1Q7k R <5 Q/k 0,9 0,8 0.6 0,3 01
T‘el!ecom the same bonding bar as Ll m -
eS| equipment Rs < 1 Q/km 0,6 0.4 0,2 0,04 0,02

NOTES Insuburbanfurban areas, an LV power line uses typically unshielded buried cable whereas a telecommunication
line uses a buried shielded cable {(with a minimum of 20 conductors, a shield resistance of 5 Q/km, a copper wire
diameter of 0,6 mm}. In rural areas an LV power line uses an unshielded aerial cable whereas a telecommunication
line uses an aerial unshielded cable {copper wire diameter: 1 mm}. An HV buried power line uses typically a shielded
cable with a shield resistance in the order of 1Q/km to 5§ Q/km. National committees may improve this information in
arder to better meet national conditions of power and telecommunication lines.

NB.7 Probability P, that a flash to a line will cause physical damage

The values of probability P, of physical damage by a flash to a line entering the structure depend on
the characteristics of the line shield, the impulse withstand voltage of internal systems connected to
the line and the isolating interfaces or the SPDs provided for equipotential bonding at the entrance of
the line according to BS EN 62305-3,

NOTE A coordinated SPD system according to BS EN 62305-4 is not necessary to reduce Py; in this case, SPDs according
to BS EN 62305-3 are sufficient.

The value of P, is given by:
Py=Peg x Pip x Cip (NB.9)
where;

Pz depends on lightning equipotential bonding (EB) conforming to BS EN 62305-3 and on the
lightning protection level (LPL) for which its SPDs are designed. Values of Py are given in
Table NB.7;

Pp isthe probability of failure of internal systems due to a flash to the connected line depending
on the line characteristics. Values of P are given in Table NB.8;

Cp isafactor depending on shielding, grounding and isolation conditions of the line. Values of C
are given in Table NB.4.
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NB.8 Probability P, that a flash to a line will cause failure of internal systems

The values of probability P, that a flash to a line entering the structure will cause a failure of internal
systems depend on the characteristics of line shielding, the impulse withstand voltage of internal
systems connected to the line and the isolating interfaces or the coordinated SPD system installed.

The value of P, is given by:
Pw = Pspp x Pip x Cip (NB.10)
where;

Pypp depends on the coordinated SPD system conforming to BS EN 62305-4 and the lightning
protection level (LPL) for which its SPDs are designed. Values of P, are given in Table NB.3;

Pp isthe probability of failure of internal systems due to a flash to the connected line depending
on the line characteristics. Values of P, are given in Table NB.8;

Cp isafactor depending on shielding, grounding and isolation conditions of the line. Values of C g
are given in Table NB.4.

NB.9 Probability P, that a lightning flash near an incoming line will cause failure
of internal systems

The values of probability P; that a lightning flash near a line entering the structure will cause a failure
of internal systems depend on the characteristics of the line shield, the impulse withstand voltage of
the system connected to the line and the isolating interfaces or the coordinated SPD system provided.

The value of £, is given by:
Pz:PsprPuxcL' (NB.11)
where;

P.pp depends on the coordinated SPD system conforming to BS EN 62305-4 and the lightning
protection level (LPL) for which its SPDs are designed. Values of P, are given in Table NB.3;

P, isthe probability of failure of internal systems due to a flash near the connected line depending
on the line and equipment characteristics. Values of P, are given in Table NB.9;

C, isafactordepending on shielding, grounding and isolation conditions of the line. Values of (|,
are given in Table NB.4.

Table NB.9 - Values of the probability P, depending on the line type
and the impulse withstand voltage U,y of the equipment

Line type Withstand voltage Uy, in kV
1 1.5 25 4 [
Power lines 1 0,6 0,3 0,16 0.1
TLC lines 1 0,5 0,2 0,08 0,04

NOTE More precise evaluation of P, can be found in IEC/TR 62066:2002 for power lines!'? and in ITU-T
Recommendation K.46 '] for telecommunication (TLC) lines.
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Annex NC
(informative)

Assessment of amount of loss Ly

NC.1 General

The values of amount of loss Ly should be evaluated and fixed by the lightning protection designer
(or the owner of the structure). The typical mean values of loss Ly in a structure given in this annex are
merely values proposed by the IEC, Different values may be assigned by each national committee or
after detailed investigation.

Tables NC.2, NC.5 and NC.8 have been modified for clarity and to reflect the UK’ interpretation relative
to the assessment of amount of loss in a structure.

NOTE1 When the damage to a structure due to lightning may also involve surrounding structures or the environment
{e.g. chemical or radioactive emissions}, a more detailed evaluation of L, that takes into account this additional loss
should be performed.

NOTE 2 It is recommended that the formulas given in this annex be used as the primary source of values for Ly.

NOTE Z1 The typical mean values of loss L, proposed by the IEC are referred to temperate regions. For other regions
adjustment could be needed.

NC.2 Mean relative amount of loss per dangerous event

The loss Ly refers to the mean relative amount of a particular type of damage for one dangerous event
caused by a lightning flash, considering both its extent and effects.

The loss value Ly varies with the type of loss considered:

— L1 {Loss of human life, including permanent injury): the endangered number of persons (victims);
— L2 {Loss of public service): the number of users not served;
— L3 {Loss of cultural heritage): the endangered economic value of structure and content;

— L4 (Loss of economic values): the endangered economic value of animals, the structure (including its
activities), content and internal systems,

and, for each type of loss, with the type of damage (D1, D2 and D3) causing the loss.

The loss Ly should be determined for each zone of the structure into which it is divided.

NC.3 Loss of human life (L1)
The loss value L, for each zone can be determined according to Table NC.1, considering that;

— loss of human life is affected by the characteristics of the zone. These are taken into account by
increasing (h,) and decreasing (ry, r,, rg factors,

— the maximum value of loss in the zone shall be reduced by the ratio between the number of persons
in the zone (n,) versus the total number of persons (n,) in the whole structure,

— the time in hours per year for which the persons are present in the zone (t,), if it is lower than the
total 8 760 h of a year, will also reduce the loss.
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Table NC.1 - Type of loss L1: Loss values for each zone

Type of damage Typical loss Formula
D1 La=rxLlexn,/nxt, /8760 (NC.1)
D1 Ly=rox Lyxng fn x t, /8760 (NC.2)
D2 Lg=Ly=ryxrexh, xLexngingxt,/8760 (NC.3)
D3 Le=ty=by=ly=Lyxny/mxt, (8760 (NC.4)

is the typical mean percentage of persons injured by electric shock (D1) due to one dangerous
event (see Table NC.2);

is the typical mean percentage of persons injured by physical damage (D2} due to one
dangerous event (see Table NC.2);

is the typical mean percentage of persons injured by failure of internal systems (D3) due to
one dangerous event (see Table NC.2);

is a factor reducing the loss of human life depending on the type of soil or floor (see
Table NC.3);

is a factor reducing the loss due to physical damage depending on the provisions taken to
reduce the consequences of fire (see Table NC.4);

is a factor reducing the loss due to physical damage depending on the risk of fire or on the
risk of explosion of the structure (see Table NC.5);

is a factor increasing the loss due to physical damage when a special hazard is present
(see Table NC.6);

is the number of persons in the zone;
is the total number of persons in the structure;

is the time in hours per year for which the persons are present in the zone.

When a structure is treated as a single zone the ratio n,/n, should equate to a value of 1.

Where the value of t, is not known, the ratio t,/8 760 should equate to a value of 1.

Table NC.2 - Type of loss L1: Typical mean values of L, L; and L,

Type of damage Typical loss value Type of structure
D1
injuries L 0,01 All types
1,00 Hospital
1,00 Hotel

1,00 Large House
1,00 Block of flats
1,00 Oil refinery/chemical plant

1,00 Halls of residence

Le 1,00 |Prison

1,00 Police/ambulance station
1,00 Farm building

1,00 Nursing/children's home
0,75 Factory

0,75 Railway station

0,75 Airport building

D2
physical damage
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Type of damage Typical loss value Type of structure

0,67 Fuel/service station

0,67 Leisure centre

0,50 Shop/shopping centre

0,50 Cathedral

0,42 University

0,42 Museum

0,42 Commercial building/office block

0,42 Department store

0,42 Industrial warehouse
0,33 Civic building
0,33 Commercial centre

D2 0,33 Medical centre
physical damage Le 0,33 Telephone exchange
{continued) 0,33 Water treatment works

0,33 Power station
0,33 Substation
0,33 School

0,33 Gas Compound
0,21 Theatre

0,08 Church

0,04 Sports stadium
0,04 Base station
0,04 Wind farm

0,04 Ruins
0,33 Others
D3 0,1 Risk of explasion
failure of internal iy 0,001 [Intensive care unit and operation block of hospital
systems 0,33 | Other parts of hospital

NOTE 1 The above values of L are generic in nature; different specific values may be assigned, depending on the
individual merits of each structure.

NOTE 2 The values of L are based on the assumption that the structure is treated as a single zone and the total
numbers of persons in the structure are all in the zone. The time in hours (h) per year for which the persons are
present has been evaluated for each individual case.

For example: Total number of persons in the structure = 200 (n,)
Number of persons in the zone = 200 (n,)
Number of hours per day spent in the office: =10 h

Therefore t, = 10 h x 365 days =3 650 h

L = (n,/ ny) x (t,/8 760)
L e (200 / 200) x (3 650/8 760) = 0,42

NOTE 3 If further evaluation of L is required for a structure that is split into several zones, then the formula given
in Table NC.1 should be applied.

NOTE 4 In case of a structure with risk of explosion, the values for L; and L, may need a more detailed evaluation,
considering the type of structure, the risk of explosion, the zone concept of hazardous areas and the measures to
meet the risk.
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When the damage to a structure due to lightning involves surrounding structures or the environment
(e.g. chemical or radioactive emissions), additional loss {Lgc and L) should be taken into account to
evaluate the total loss (Lzr and Lyy)

Lyr=Lg+ Lo (NC.5)

where

L;e being the mean percentage of persons injured by physical damage outside the structure;

b being the time of presence of people in the dangerous place outside the structure.

NOTE 5 If values of t, is unknown, ¢,/8 760 = 1 should be assumed. ;¢ should be evaluated or based on the documents
of the authorities having jurisdiction.

Table NC.3 - Reduction factor r, as a function of the type of surface of soil or floor

Type of surface® Contact resistance e
k €22
Agricultural, concrete <1 102
Marble, ceramic 1-10 1077
Gravel, moquette, carpets 10-100 10
Asphalt, linoleum, wood > 100 10°°
2 Values measured between a 400 cm? electrode compressed with a uniform force of 500 N and a point of infinity.
b Alayer of insulating material, e.g. asphalt, of 5 cm thickness {or a layer of gravel 15 cm thick) generally reduces
the hazard to a tolerable level.

Table NC.4 - Reduction factor r, as a function of provisions taken to reduce the consequences of fire

Provisions i

No provisions 1

One of the following provisions: extinguishers; fixed manually operated extinguishing 0.5
installations; manual alarm installations; hydrants; fire compartments; escape routes

One of the following provisions: fixed automatically operated extinguishing installations; 0,2
automatic alarm installations®
)

Only if protected against overvoltages and other damages and if firemen can arrive in less than 10 min.

If more than one provision has been taken, the value of r, should be taken as the lowest of the
relevant values.

In structures with risk of explosion, r, = 1 for all cases.
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Table NC.5 - Reduction factor r; as a function of risk of fire or explosion of structure

Risk Amount of risk % Type of structure?®
Zones 0, 20 and solid 1 Petrochemical plant,
) explosive ammunition store,
Explosion Zones 1. 21 10 gas compound,
2 5 paper mill
Zones 2, 22 10°
High 107! Paper mill, industrial

warehouse with
flammable stock

Ordinary 107 Office, school,
Fire theatre, hotel,
museum, shop

Low 1073 Sports stadium,
railway station,
telephone exchange

Explosion or fire None 0
2 List of structures and Risk suggested are merely typical and not exhaustive.

NOTE 6 In case of a structure with risk of explosion, the value for r; may need a more detailed evaluation.

NOTE 7 Structures with a high risk of fire may be assumed to be structures made of combustible materials or
structures with roofs made of combustible materials or structures with a specific fire load larger than 800 MJ/im?2.

NOTE 8 Structures with an ordinary risk of fire may be assumed to be structures with a specific fire load between
800 M)/m? and 400 MJ/m?.

NOTE9 Structures with a low risk of fire may be assumed to be structures with a specific fire load less than 400 M)/m?,
or structures containing only a small amount of combustible material.

NOTE 10 Specific fire load is the ratio of the energy of the total amount of the combustible material in a structure
and the overall surface of the structure.

NOTE 11 For the purposes of this part of BS EN 62305, structures containing hazardous zones or containing solid
explosive materials should not be assumed to be structures with a risk of explosion if any one of the following
conditions is fulfilled:

a) the time of presence of explosive substances is lower than 0,1 hiyear;
b) the volume of explosive atmosphere is negligible according to EN 60079-10-15! and EN 60079-10-2¢;
¢) the zone cannot be hit directly by a flash and dangerous sparking in the zone is avoided.

NOTE 12 For hazardous zones enclosed within metallic shelters, condition ¢) is fulfilled when the shelter, as a natural
air-termination system, acts safely without puncture or hot-spot problems, and internal systems inside the shelter, if
any, are protected against overvoltages to avoid dangerous sparking.

Table NC.6 - Factor h, increasing the relative amount of loss in presence of a special hazard

Kind of special hazard h,
No special hazard 1
Low level of panic {e.g. a structure limited to two floors and the number of persons not 2
greater than 100}
Average level of panic {e.g. structures designed for cultural or sport events with a S
number of participants between 100 and 1 000 persons}
Difficulty of evacuation (e.q. structures with immobile persons, hospitals) 5
High level of panic (e.g. structures designed for cuitural or sport events with a number 10
of participants — greater than 1 000 persons)
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The loss value Ly for each zone can be determined according to Table NC.7, considering that;

— loss of public service is affected by the characteristics of the zone of the structure. These are taken
into account by decreasing (r, r;) factors,

— the maximum value of loss due to the damage in the zone must be reduced by the ratio between
the number of users served by the zone (n,} versus the total number of users (n,) served by the

whole structure.

Table NC.7 - Type of loss L2; Loss values for each zone

Type of damage Typical loss Formula
D2 [B—_'LV:rprfo.FXﬂz/nt (NC.7)
D3 Lesly=sly=sl;=tgxn, in {NC.8)

Ly is the typical mean percentage of users not served, resulting from physical damage (D2) due
to one dangerous event (see Table NC.8);

Lo is the typical mean percentage of users not served resulting from failure of internal systems
(D3) due to one dangerous event (see Table NC.8);

reduce the consequences of fire (see Table NC.4);

is a factor reducing the loss due to physical damage depending on the provisions taken to

re is a factor reducing the loss due to physical damage depending on the risk of fire

(see Table NC.S);

is the number of users served by the zone;

n, is the total number of users served by the structure.

Table NC.8 - Type of loss L2: Typical mean values of L and L,

Service provider

L

L

Gas, water, power, communications, government, health, financial,
manufacturing, retail, residential, leisure.

107!

107

NOTE All of the above institutions/industries are service providers to the public and need to be considered when
calculating R2 - Risk of unacceptable loss of service to the public.

NC.5 Loss of irreplaceable cultural heritage (L3)

The loss value Ly for each zone can be determined according to Table NC.9, considering that;

— loss of cultural heritage is affected by the characteristics of the zone. These are taken into account

by decreasing {ry, r,)} factors,

— the maximum value of loss due to the damage of the zone must be reduced by the ratio between
the value of the zone (c,) versus the total value (c,) of the whole structure (building and content).
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Table NC.9 - Type of loss L3: Loss values for each zone

Type of damage Typical loss value Formula

D2 Lg=Ly=rxaxigxc/q (NC.9}
physical damage

L isthe typical mean percentage of value of all goods damaged by physical damage (D2) due to
one dangerous event (see Table NC.10);

is a factor reducing the loss due to physical damage depending on the provisions taken to
reduce the consequences of fire (see Table NC.4);

r; is a factor reducing the loss due to physical damage depending on the risk of fire
(see Table NC.5);

¢, is the value of cuitural heritage in the zone;

< is the total value of building and content of the structure (sum over all zones).

Table NC.10 - Type of loss L3: Typical mean value of £

Type of damage Typical loss value Type of structure or zone
02 v .
physical damage Le 10 Museums, galleries

NC.6 Economic loss (L4)
The loss value Ly for each zone can be determined according to Table NC.11, considering that;

— loss of economic values is affected by the characteristics of the zone. These are taken into account
by decreasing (r,, . ry) factors;

— the maximum value of loss due to the damage of the zone must be reduced by the ratio between
the relevant value in the zone versus the total value (c,) of the whole structure (animals, building,
content and internal systems including their activities). The relevant value of the zone depends on
the type of damage:

D1 {injuries of animals due to shock): ¢, (value of animals only)
D2 {(physical damage): C, + Gy + ¢ + ¢ (value of all goods)
D3 (failures of internal systems): ¢, (value of internal systems and their activities only)

Table NC.11 - Type of loss L4: Loss values for each zone

Type of damage Typical lass Formula
D1 La=rixlixg /e (NC.10)
D1 Ly=t,xLrxc, /¢ {NC.11)
D2 Ly=ly=ryxrxlex(G+c,+C+c)lg (NC.12)
D3 Le=ly=lw={;=x¢ i {NC.13)
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is the typical mean percentage of economic value of all goods damaged by electric shock (D1)
due to one dangerous event (see Table NC.12);

is the typical mean percentage of economic value of all goods damaged by physical damage
(D2) due to one dangerous event (see Table NC.12);

is the typical mean percentage of economic value of all goods damaged by failure of internal
systems (D3) due to one dangerous event (see Table NC.12);

is a factor reducing the loss of animals depending on the type of soil or floor {see Table NC.3);

is a factor reducing the loss due to physical damage depending on the provisions taken to
reduce the consequences of fire (see Table NC.4);

is a factor reducing the loss due to physical damage depending on the risk of fire or on the
risk of explosion of the structure(see Table NC.5);

is the value of animals in the zone;

is the value of building relevant to the zone;

is the value of content in the zone;

is the value of internal systems including their activities in the zone;

is the total value of the structure (sum over all zones for animals, building, content and
internal systems including their activities).

Table NC.12 - Type of loss L4: Typical mean values of L, L; and L,

Type of damage Typical loss value Type of structure
injuries dg; to shock L 1072 | All types where only animals are present
1 Risk of explosion
D2 0,5 Hospital, industrial, museum, agricultural
physical damage i 0,2 Hotel, sghool, office, chun"ch‘ public
entertainment, commercial
107" | Others
107" |Risk of explasion
D3 102 |Hospital, industrial, office, hotel, commercial
failure of internal o 102 | Museum, agricultural, school, church, public
systems entertainment
107 | Others

In structures where there is a risk of explosion, the values for L and Ly may need more detailed evaluation,

where consideration of the type of structure, the risk explosion, the zone concept of hazardous areas and the
measures to meet the risk, etc. are addressed.

When there is damage to a structure due to lightning involving surrounding structures or the
environment (e.g. chemical or radioactive emissions), additional losses (L and L) should be taken
into account to evaluate the total loss (Lg and Lyy)

LBT = LB + LBE (NC.14)
LVT = LV + LVE
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where

Lee  being the typical mean percentage of economic value of all goods damaged by physical
damage outside the structure;

¢. s the total value of goods in dangerous place outside the structure,

NOTE 2 i should be evaluated or based on the documents of the authorities having jurisdiction.

The data related to the value ¢, of animals, the value ¢, of building, the value ¢_ of content and the
value ¢ of internal systems including their activities should be provided to the designer from the owner
of the structure.

If such data are not provided, the values in Table NC.Z1 and NC.Z2 are proposed to assess these data.

Table NC.Z1 - Values to assess the total value ¢,

Type of structure Reference values Total for ¢,
Low 300
o 1 Total reconstruction costs
non-industrial ‘ " Ordinary [ peélvo;ume 400
structures (not including loss of activities) {€/m°)
High 500
. . Total value of structure, including Low 199
industrial building, installations and content Ordinary ¢, per employee 300
structures including |  activitl {(k€/employee)
i
{including loss of activities) High 500
Table NC.Z2 - Portions to assess the total values c,, ¢, ¢, ¢,
Condition Portion for Portion for Portion for Portion for the Total for all goods
animals the building | the content | internal systems
¢, /¢ /¢ ¢ /¢ ¢ /¢ (G, +trc +c)ic
Without animals 0 75 % 10 % 15 % 100 %
With animals 10 % 70 % 5% 15 % 100 %

If the data from Tables NC.Z1 or NC.Z2 are used, the following steps should be performed:

a) Determine the total value ¢, in € for the whole structure from Table NC.Z1.

b) Determine the total values ¢,, ¢, ¢, and ¢, for the whole structure from Table NC.Z2.

¢) In case of more than one zone subdivide the total values of ¢,, ¢, ¢, and ¢, in fractional values valid
for each zone. The fractional factor could be;
— volume of the zone / total volume for non-industrial structures,
— employees in the zone / total number of employees for industrial structures.

NOTE Z1 The typical mean values of costs given in Table NC.Z1 and in Table NC.Z2 are merely values proposed by the

CENELEC. Different values may be assigned by each national committee or after detailed investigation.
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Annex NE
(informative)

Case study

NE.1 General

In Annex E case studies relevant to a country house, an office building, a hospital and an apartment
block are developed with the aim of showing;

— how to calculate the risk and determine the need for protection,

— the contribution of different risk components to the overall risk,

— the effect of different protection measures to mitigate the risk,

— the method of selection from among different protection solutions taking into account the cost-
effectiveness.

NOTE This annex presents hypothetical data for all cases. It is intended to provide information about risk evaluation
in order to illustrate the principles contained in this part of BS EN 62305. It is not intended to address the unique
aspects of the conditions that exist in all facilities or systems.

NE.2 Country house
As a first case study a country house (Figure NE.1) is considered.
Loss of human life (L1) and economic loss (L4) are relevant for this type of structure.

Itis required to evaluate the need for protection. This implies the need to determine only the risk R, for
loss of human life (L1) with the risk components R,, Ry, R, and Ry, (according to Table 2) and to compare
it with the tolerable risk Ry = 10 (according to Table NF.1). Suitable protection measures to mitigate
such risk will be selected.

Following the decision taken by the owner that an economic evaluation is not required, the risk R4 for
economic loss (L4} is not considered.

Telecom line (aerial)

= A
H=Bm AAATAAAY
1:3 7z H 2z - ] z
A4
CTITTI3 5333333 3533033333133 I IAII IR NI T I B I IS TSI TR RRRARRRARRINIII 1333033330333 33TF 033330390 3339033333030 F 3T IS I,
VW\W&V%
P i i Ry
et qteeoc AR AR A AAY]
2 Ly =1000m =l W=20m i L =1000m i
IEC 264210
Key
Z,: outside

Z,: rooms block

Figure NE.1 - Country house
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NE.2.1 Relevant data and characteristics

The country house is located in flat territory without any neighbouring structures. The lightning flash
density is Ng = 0,7 flashes per km? per year. Five persons live in the house. This is also the total number
of persons to be considered, because it is assumed that there is no person outside the house during
thunderstorm,

Data for the house and its surroundings are given in Table NE.1.

Data for the incoming lines and their internal systems connected to are given for the power line in
Table NE.2 and for the telecom line in Table NE.3,

Table NE.1 - Country house: Environment and structure characteristics

Input parameter Comment Symbol Value Reference
Ground flash density (1/km?/year) Ng 0,7
Structure dimensions (m) LW H 15, 20, 6
Location factor of structure Isolated structure Ch 1 Table A1
LPS None Pe 1 Table NB.2
Equipotential bonding None Pes 1 Table NB.7
External spatial shield None Ksy 1 Formula (NB.5)

Table NE.2 - Country house: Power line

Input parameter Comment Symbol Value Reference
Length (m)® L 1000
Installation factor Buried G 0,5 Table A.2
Line type factor LV line Cr 1 Table A3
Environmental factor Rural Ce 1 Table A.4
Shield of line Unshielded R - Table NB.8
Shielding, grounding, isolation — Co 1 Table NB.4
Cu 1
Adjacent structure None L, W), H, =
Location factor of structure None Coy -~ Table A1
Withstand voltage of internal system (kV) Uw 2.5
) Ka 0,4 Formula (NB.7)
2::::":& - P 1 Table NB.8
P, 0,3 Table NB.9
2 As the length L, of the line section is unknown, £, = 1000 m is assumed (Clause A.4 and Clause A.5).
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Table NE.3 - Country house: Telecom line (TLC)

Input parameter Comment Symbol Value Reference
Length {m)? N 1000 m
Installation factor Aerial G 1 Table A2
Line type factor Telecom line Gy 1 Table A3
Environmental factor Rural Ce 1 Table A.4
Shield of line Unshielded Ry - Table NB.8
Shielding, grounding, isolation None Co 1 Table NB.4
G 1
Adjacent structure None L, W, H -
Location factor of structure Isolated structure Cpy - Table A
Withstand voltage of internal system (kV) Uw 1.5
Resulting Ksa 0,67 Formula (NB.7)
paramaters Pio 1 Table NB.8
Py 0,5 Table NB.9
2 Asthe length £, of the line section is unknown, £, = 1 000 m is assumed (Clause A.4 and Clause A.5).

NE.2.2 Definition of zones in the country house
The following main zones may be defined:

— Z, (outside the building);
— Z, (inside the building).
For zone Z, it is assumed, that no people are outside the building. Therefore the risk of shock of

people R, = 0. Because R, is the only risk component outside the building, zone Z, can be disregarded
completely.

Inside the building only one zone Z, is defined taking into account that;

— both internal systems {(power and telecom) extend throughout the building,
— no spatial shields exist,
— the structure is a unique fireproof compartment,

— losses are assumed to be constant in all the building and to correspond to the typical mean values
of Table NC.1.

The resulting factors valid for zone Z, are reported in Table NE.4.
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Table NE.4 — Country house: Factors valid for zone Z, {inside the building)

Input parameter Comment Symbol Value Reference
Type of floor Linoleum i 10°% Table NC.3
Protection against shock None Pra 1 Table NB.1
(ftash to structure}
Protection against shock None Pyy 1 Table NB.6
(flash to line}
Risk of fire Low iy 103 Table NC.5
Fire protection None o 1 Tabie NC.4
Internal spatial shield None K, 1 Formula (NB.6)
Internal wiring Unshielded Ks3 0,2 Table NB.5
{loop conductors
Power in the same conduit)
Coordinated SPDs None Ppp i Table NB.3
Internal wiring Unshielded Kz 1 Tabie NB.5
Telecom (large loops >10 m?)
Coordinated SPDs None Pspp 1 Table NB.3
Special hazard: none h, 1 Table NC.6
D1: due to touch and . 102
step voltage
L1: Loss of human life . i
D2: due to physical Le 1 Table NC.2
damage
D3: due to failure of Ly -
internal systems
. n /g x t,/ 8760 = 5/5 x - 1
Factor for persons in zone 8760/ 8 760
La 107 Formula (NC.1)
. (i 107 Formula (NC.2)
Resulting parameters 5
Ly 10 Formula (NC.3)
Ly 103 Formula (NC.3)

NE.2.3 Calculation of relevant quantities

Calculations are given in Table NE.5 for the collection areas and in Table NE.6 for the expected number
of dangerous events.

Table NE.5 — Country house: Collection areas of structure and lines

Symbol Result Reference Formula
m? Formula
Structure Ao 2,58 x 103 (A.2) Ap=Lx W+2x (3 xH) x{L+ W) +mx(3xH)?
Au - (A.7) Not relevant
Power line A 4,00 x 10° (A.9) Ap=40xL,
A 4,00 x 10° (A1) Ap=4000x L,
Apyp 0 (A.2) No adjacent structure
Telecom line Aur 4,00 x 10° (A.9) Aa=40x 1,
Ay 4,00 x 10° A1) Ang=4000xi
Anr 0 (A.2} No adjacent structure
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Table NE.6 — Country house: Expected annual number of dangerous events

Symbol Result Reference
1/year Formula
Structure No 1,8 x 107 (A.4) Np = Ng x Ag x Cg x 107
N - (A.6) Not relevant
Power Line Noe 1,4 x 1072 (A.B) Nyp = Ng x Ayp x Cp x Cep x Crp x 106
N 1.4 (A.10) Nyp = Ng x A x Cyp x Cgpp % Crp x 1078
Now 0 (A.5) No adjacent structure
Telecom Ny 2,8 % 1072 (A.8) Nyr=Ng x Arx Qe % Cp % Crpx 10°°
Line N 2,8 (A.10) Nyr = Ng x Ay % G X Cerr X Coe x10°8
Noir 0 (A.S) No adjacent structure

NE.2.4 Risk R, - Determination of need of protection

The risk R, can be expressed according to Formula (1) by the following sum of components:

R‘ =RA+RB+RUIP+RVIP+RUH+RV"

Risk components are to be evaluated according to Table 6.

Involved components and total risk evaluation are given in Table NE.7.

Table NE.7 - Country house: Risk R, for the unprotected structure (values x 107%)

Symbol Z, Z, Structure
D1 Ra - ~0 ~Q
Injury Ry = Rup + Ru 0,00042 0,00042
D2 Rg 0,180S 0,1805
d":z:;;’e' Ry = Ryp + Rur a2 a2
Total - 4,381 Ry =4,381
Tolerable R, > Ry : Lightning protection is required Ry=1

Because R, = 4,381 x 10°° is higher than the tolerable value R; = 107, lightning protection for the
structure is required.

NE.2.5 Risk R, — Selection of protection measures
According to Table NE.7 the main contributions to the value of risk are given by;

— component Ry, (lightning flash to lines) of 96 %,

— component Ry (lightning flash to structure) of 4 %.

To reduce the risk R, to a tolerable value, the protective measures influencing the components Ry and
Rg should be considered. Suitable measures include;

a) installing SPDs of LPL IV at the line entrance (lightning equipotential bonding)} to protect both
power and telephone lines in the house. According to Table NB.7 this reduces the value of Py (due
to SPDs on connected lines) from 1 to 0,05 and the values of P, and P, by the same factor,

b} installing an LPS of class IV {including mandatory lightning equipotential bonding). According to
Tables NB.2 and NB.7 this reduces the value of Pg from 1 to 0,2 and the value of Pgg (due to SPDs on
connected lines) from 1 to 0,05 and finally the values of P, and P, by the same factor.
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Inserting these values into the formulas, new values of risk components are obtained, as shown in
Table NE.8.

Table NE.8 — Country house: Risk components relevant to risk R, for protected structure

Type of damage Symbol Result case a) Result case b)
x (107%) x (107%)
D1 Ra ~0 ~0
Injury due to shock Ry = Rup + Ry -0 -0
D2 Rg 0,181 0,036
Physical damage Ry 0,21 0,21
Total R, 0,391 0,246

The choice of solution is decided on economic and technical factors.

NE.3 Office building

As a second case study, an office building with an archive, offices and a computer centre is considered
{Figure NE.2).

Loss of human life (L1) and economic loss (L4) are relevant for this type of structure,

It is required to evaluate the need for protection. This implies the determination of only the risk R,
for loss of human life (L1) with the risk components R,, Rg, R, and Ry (according to Table 2) and to
compare it with the tolerable risk Ry = 107° (according to Table NF.1). Suitable protection measures will
be selected to reduce the risk to or below the tolerable risk.

Following the decision taken by the owner an economic evaluation is not requested; therefore the
risk R, for economic loss (L4} is not considered.

Power line (aerial) 25
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Zg: computer centre

Figure NE.2 - Office building
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NE.3.1 Relevant data and characteristics

The office building is located in flat territory without any neighbouring structures. The lightning flash
density is Ng = 0,7 flashes per km? per year.

Data for the building and its surroundings are given in Table NE.9.

Data for the incoming lines and their connected internal systems are given for the power line in
Table NE.10 and for the telecom line in Table NE.11.

Table NE.9 — Office building: Environment and structure characteristics

Input parameter Comment Symbol Value Reference
Ground ftash density (1/km?year) Ng 0,7
Structure dimensions {(m} LW H 20, 40, 25
Location factor of structure Isolated structure Co 1 Table A1
LPS None P 1 Table NB.2
Equipotential bonding None Peg 1 Table NB.7
External spatial shield None Ksy 1 Formula (NB.5)

Table NE.10 - Office building: Power line

Input parameter Comment Symbol Value Reference
Length (m} L 200
Installation factor Aerial q 1 Table A.2
Line type factor LV line G 1 Table A.3
Environmental factor Rural Ce 1 Table A4
Shield of line (€2/km) Unshielded R - Table NB.8
i N Co 1
Shielding, grounding, isolation None c, " Table NB.4
Adjacent structure None Ly, W, H, -
Location factor of adjacent structure None Co) = Table A1
Withstand voltage of internal system (kV) Uy 2,5
| Kga 0,4 Formula (NB.7)
g::::ggg 5 P 1 Table NB.8
Pu 0,3 Table NB.9
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Table NE.11 - Office building: Telecom line
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Input parameter Comment Symbol Value Reference
Length {m) L 1 000
Installation factor Buried G 0,5 Table A 2
Line type factor Telecom line G 1 Table A.3
Environmental factor Rural Ce 1 Table A4
Shield of line {Q/km) Unshielded R - Table NB.8
Shielding, grounding, isolation None (;LD : Table NB.4
u
Adjacent structure None L, W, H, -
Location factor of adjacent structure None Co) = Table A1
Withstand voltage of internal system (kV} Uy 15
) Ky 0,67 Formula (NB.7)
2::::::& - Peo 1 Table NB.8
Py 0,5 Table NB.9

NE.3.2 Definition of zones in the office building

The following zones are defined:

— Z, (entrance area outside);
— Z, (garden outside);

— Z; (archive);

— Z, (offices);

— Z; (computer centre);

taking into account that;

— the type of surface is different in the entrance area outside, the garden outside and inside the structure,

— the structure is divided into two separate fireproof compartments: the first is the archive (Z;) and
the second is the offices together with the computer centre (Z, and Zg),

— in all inner zones, Z,, Z, and Zg, internal systems connected to power as well as to telecom lines exist,

— no spatial shields exist.

In the different zones inside and outside the office building a total number of 200 persons shall be

considered.

The number of persons related to each zone is different. The distribution into the individual zones is
shown in Table NE.12. These values are used later to subdivide the total loss values into fractions for

each zone.
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Table NE.12 - Office building: Distribution of persons into zones

Zone Number of persons Time of presence
Z, (entrance outside) 4 8760
Z, {garden outside} 2 8 760
Z; (archive) 20 8 760
2, (offices) 160 8760
Zs (computer centre) 14 8 760
Total n, =200 -

Following the evaluation by the lightning protection designer, the typical mean values of relative
amount of loss per year relevant to risk R, (see Table NC.1) for the whole structure are:

— L;=102
— ;=107
— 1;=0,42

(outside the structure),
{inside the structure),

classified as “commercial building”.

These global values were reduced for each zone according to the number of people endangered in the
individual zone related to the total number of people considered.

The resulting characteristics of the zones Z, to Z; are given in the Tables NE.13 to NE.17.

Table NE.13 - Office building: Factors valid for zone Z, (entrance area outside)

lnput parameter Comment Symbol Value Reference
Ground surface Marble 7 1073 Table NC.3
Protection against shock None Pra 1 Table NB.1
Risk of fire None 1 0 Table NC.5
Fire protection None o 1 Table NC.4
Internal spatial shield None Ksy 1 Formula (NB.6)

Special hazard: None h, 1 Table NC.6
. D1: due to touch and step voltage iy 1072
L1: Loss of human life -
D2: due to physical damage ie - Table NC.2
D3: due to failure of internal systems Lo -
Factor for persons in zone [n,fn,xt,/8760=4/200x8760/8760 - 0,02
Table NE.14 - Office building: Factors valid for zone Z, (garden outside)

Input parameter Comment Symbol Value Reference
Ground surface Grass 7 1072 Table NC.3
Protection against shock Fence Pra 0 Table NB.1
Risk of fire None f 0 Table NC.5
Fire protection None oy 1 Table NC.4
Internal spatial shield None K, 1 Formula (NB.6)

Special hazard: None 5, 1 Table NC.6
. D1: due to touch and step voltage iy 1072
L1: Loss of human life -
D2: due to physical damage [ - Table NC.2
D3: due to failure of internal systems Ly -
Factor for persons in zone [n,/n,xt,/8760=2/200x8760/8760 - 0,01
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Table NE.15 - Office building: Factors valid for zone Z; (archive)

Input parameter Comment Symbol Value Reference
Type of floor Linoleum T 10°° Table NC.3
Protection against shock None Fra 1 Table NB.1
(fiash to structure)
Protection against shock None Py 1 Table NB.6
(flash to line}
Risk of fire High g 107! Table NC.S
Fire protection None o 1 Table NC.4
Internal spatial shield None Ks; 1 Formula (NB.6)
Internal wiring Unshielded Ks3 0,2 Table NB.S
Power (loop conductors in the same conduit)
Coordinated SPDs | None Psop 1 Table NB.3
T Internal wiring Unshielded (large loops >10m?} Ks3 1 Table NB.S
Coordinated SPDs | None Pspp 1 Table NB.3
Special hazard: low panic h, 2 Table NC.6
. D1 due to touch and step voltage Ly 1072
L1: Loss of human life -
D2: due to physical damage Le 0,42 Table NC.2
D3: due to failure of internal systems Lo -
Factor for endangered persons [n,/n, x t,/8 760 = 20/ 200 x 8 760/ 8 760 - 0,10
Table NE.16 - Office building: Factors valid for zone Z, (offices)
Input parameter Comment Symbol Value Reference
Type of floor Linoleum T 10°° Table NC.3
Protection against shock None Prs 1 Table NB.1
(ftash to structure)
Protection against shock None Pry 1 Table NB.6
(flash to line}
Risk of fire Low 7 1073 Table NC.S
Fire protection None o 1 Table NC.4
Internal spatial shield None Ky 1 Formula (NB.6)
Internal wiring Unshielded Ksy 0,2 Table NB.S
Power {loop conductors in the same conduit)
Coordinated SPDs | None Pspo 1 Table NB.3
Telecom Internal wiring Unshielded (large loops > 10 m?) Ksy 1 Table NB.S
Coordinated SPDs | None Pspo 1 Table NB.3
Special hazard: low panic h, 2 Table NC.6
. D1: due to touch and step voltage Ly 1072
L1: Loss of human life -
D2: due to physical damage iy 0,42 Table NC.2
D3: due to failure of internal systems iy -
Factor for persons in zone nfn xt,/8760=160/200x8760/8760 = 0,80
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Table NE.17 - Office building: Factors valid for zone Z; (computer centre)

Input parameter Comment Symbol Value Reference
Type of floor Linoleum n 1075 Table NC.3
Protection against shock None Pra 1 Table NB.1
(ftash to structure)
Protection against shock None Pra 1 Table NB.6
{flash to line}
Risk of fire Low [ 1073 Table NC.5
Fire protection None o 1 Table NC.4
Internal spatial shield None Ks; 1 Formula (NB.6)
Internal wiring Unshielded Kqy 0,2 Table NB.5
Power ({loop conductors in the same conduit)
Coordinated SPDs | None Pspo 1 Table NB.3
R Internal wiring Unshielded {large loops > 10 m?} Ksa 1 Table NB.5
Coordinated SPDs | None Pspo 1 Table NB.3
Special hazard: low panic h, 2 Table NC.6
L1: Loss of human life D1: due to touch and step voltage ir 107
D2: due to physical damage L 0,42 Table NC.2
D3: due to failure of internal systems Ly -
Factor for persons in zone n,/fnmxt,/8760=147200x 8 760/8 760 = 0,07

NE.3.3 Calculation of relevant quantities

Calculations are given in Table NE.18 for the collection areas and in Table NE.19 for the expected
number of dangerous events.

Table NE.18 - Office building: Collection areas of structure and lines

Symbol Result Reference Formula
m? Formula
Ay 2,75 x 10° (A.2) Ap=Lx W+ 2x(3xHY x (L + W)+ mx(3xH)?
Structure
An - (A.7) Not relevant
A 8,00 x 10 (A.9) Ap=40x 1L,
Power line Ayp 8,00 x 10° (A1) Not relevant
App 0 (A.2) No adjacent structure
A 4,00 x 10° (A.9) Ao =40 x L,
Telecom line Ay 4,00 x 10° (A1) Not relevant
Apin 0 (A2} No adjacent structure

Table NE.19 - Office building: Expected annual number of dangerous events

Symbol Result Reference Formula
1/year Formula
No 1,92 x 1072 (A.4) Np = Ng x Ag x Cp x107¢
Structure
Nu - (A.6) Not relevant
Nye 5,6 x 1077 (A.8) Nyp=Ngx Apex Cp x Cep x Crpx 108
Power line Np 0.56 (A.10} Not relevant
Noap 0 (A.5) No adjacent structure
Ny 1,4 x 1072 (A.8) Nur=Ngx Aur x Cur x Cep % Crrx 108
Telecom line N 1.4 {A.10} Not relevant
Noar 0 (A.5) No adjacent structure
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NE.3.4 Risk R, — Decision on need for protection

Values of the risk components for the unprotected structure are reported in Table NE.20,

Table NE.20 - Office building: Risk R, for the unprotected structure (values x 10°5)

Type of Symbol Z, Z, Z, Z, Zs Structure
damage
Di Ra ~ 0 o -0 -0 -0 -0
"t‘i)“s':;"‘(e Ry = Ryp + Ryt ] -0 ~0 ~0
D2 Rg 16,15 1,292 0,113 17,56
::Z:Sé Ry = Ryp + Ry 16,464 1,317 0115 17.8%
Total ~0 0 32,614 2,609 0,228 R, = 35,456
Tolerable R, > Ry: Lightning protection is required Rr=1

Because R, = 35,456 x 10°° is higher than the tolerable value R; = 107, lightning protection for the
structure is required.

NE.3.5 Risk R, — Selection of protection measures

The risk &, in the structure is mainly concentrated in zone Z; due to physical damages caused by
lightning striking the structure or the connected lines (components Rg = 49 % and R, = 50 % together
cover 99 % of the total risk) (see Table NE.20).

These dominant risk components can be reduced by;

— providing the whole building with an LPS conforming to BS EN 62305-3 reducing component Ry via
probability Pg. Lightning eqguipotential bonding at the entrance — a mandatory requirement of the
LPS — reduces also the components R, and R, via probability Pgg,

— providing zone Z, (archive) with protection measures against the consequences of fire (such as
extinguishers, automatic fire detection system etc.). This will reduce the components Ry and Ry, via
the reduction factor r,,

— providing lightning equipotential bonding conforming to BS EN 62305-3 at the entrance of the
building. This will reduce only the components R and Ry, via probability Pgg.

Combining different elements of these protective measures the following solutions could be adopted:

Solution a):
— protect the building with a Class Il LPS conforming to BS EN 62305-3, to reduce component Ry (Pg = 0,05);

— this LPS includes the mandatory lightning equipotential bonding at the entrance with SPDs designed
for LPL I1* {Pgg = 0,002) and reduces components R, and R,,.

Solution b):
— protect the building with a Class Il LPS conforming to BS EN 62305-3, to reduce component Ry (P = 0,1);

— this LPS includes the mandatory lightning equipotential bonding at the entrance with SPDs designed
for LPL II* (Pgg = 0,005) and reduces components R and Ry;

— use fire extinguishing (or detection) systems to reduce components R; and R,. Install a manual
system in the zone Z3 (archive) (rp =0,5).
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For both solutions, the risk values from Table NE.20 will change to the reduced values reported in

Table NE.21.

Table NE.21 - Office building: Risk R, for the protected structure (values x 107%)

Z, Z, Z; 24 Zs Total Tolerable Result
Solution a) ~0 0 0,841 0,067 0,006 R,=0,912 Ry =1 Ry <R;
Solution b) ~0 0 0,849 0,136 0012 | R,=0,997 Ry=1 Ry < Ry

Both solutions reduce the risk below the tolerable value. The solution to be adopted is subject to both
the best technical criteria and the most cost-effective solution.

NE.4 Hospital

As a more complex case, this study considers a standard hospital facility with a rooms block, an operating
block and an intensive care unit.

Loss of human life (L1) and economic loss (L4} are relevant for this type of facility. It is necessary to
evaluate the need for protection and the cost effectiveness of protection measures; these require the
evaluation of risks A, and R,.
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Figure NE.3 - Hospital

NE.A.1 Relevant data and characteristics

The hospital is located in flat territory without any neighbouring structures. The lightning flash density
is Ng = 0,7 flashes per km? per year.

Data for the building and its surroundings are given in Table NE.22.

Data for the incoming lines and their internal systems connected thereto are given for the power line
in Table NE.23 and for the telecom line in Table NE.24.
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Table NE.22 - Hospital:
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Environment and global structure characteristics

Input parameter Comment Symbol Value Reference
Ground flash density (1/km?/year) Ng 0,7
Structure dimensions (m) Lt W, H 50, 150, 10
Location factor of structure Isolated structure Cp 1 Table A1
LPS None Py 1 Table NB.2
Equipotential bonding None Peg 1 Table NB.7
External spatial shield None Ksy 1 Formula (NB.5S)
Table NE.23 - Hospital: Power line
Input parameter Comment Symbol Value Reference
Length (m} N 500
Installation factor Buried G 0,5 Table A.2
Line type factor HV power (with HV/LV G 0,2 Table A.3
transformer)
Environmental factor Suburban G 0,5 Table A.4
Shield of line (Q/km) Line shield bonded to the same Rs Rs<1 Table NB.8
bonding bar as equipment
Shielding, grounding, Line shield bonded to the same Co 1 Table NB.4
isolation bonding bar as equipment ., 0
Adjacent structure {m) None L, W, H, -
Location factor of adjacent [ None Co) - Table Al
structure
Withstand voltage of Uy 2,5
internal system (kV)
Kea 04 Formula (NB.7)
Resulting parameters Po 0,2 Table NB.8
Pu 0,3 Table NB.9
Table NE.24 - Hospital: Telecom line
Input parameter Comment Symbol Value Reference
Length (m) iy 300
Installation factor Buried G 0,5 Table A.2
Line type factor Telecom line G 1 Table A3
Environmental factor Suburban G 0,5 Table A4
Shield of line (€27km) Line shield bonded to the same R 1<R €S Table NB.8
bonding bar as equipment.
Shielding, grounding, isolation Line shield bonded to the same Co 1 Table NB.4
bonding bar as equipment. <, 0
Adjacent structure {m) Length, width, height L, W, H, 20, 30, 5
Location factor of adjacent Isolated structure (] 1 Table A1
structure
Withstand voltage of internal U 1,5
system (kV)
Ky 0,67 Formula (NB.7)
Resulting parameters Pin 0,8 Table NB.8
2y 0,5 Table NB.9
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NE.4.2 Definition of zones in the hospital

The following zones are defined:

— Z, (outside building);

— Z, {rooms block);

— Z; (operating block);

— 2, (intensive care unit);

taking into account the following:

— the type of surface is different outside the structure from that inside the structure;

— two separate fire proof compartments exist: the first is the rooms block (Z;) and the second is the
operating block together with the intensive care unit {(Z; and Z,);

— inall inner zones Z,, Z; and Z,, internal systems connected to power as well as to telecom lines exist;

— no spatial shields exist;

— the intensive care unit contains extensive sensitive electronic systems and a spatial shield may be
adopted as protection measure;

In the different zones inside and outside the hospital a total number of 1 000 persons shall be considered.

The number of persons, the times of presence and the economic values related to each zone are
different. The distribution into the individual zones and the total values are shown in Table NE.25.
These values are used later to subdivide the total loss values into fractions for each zone.

Table NE.25 - Hospital: Distribution of persons and of economic values into zones

Zone Number of | Time of Economic values in £ x 10°
[SLECIE [HLEEEIES Animals | Building | Content internal Total
{hiy) systems
C, N C, c, '
Z, (outside building) 10 8 760 - - - - -
Z, (rooms block) 950 8760 - 70 6 3,5 79,9
Z, (operating block} 35 8760 - 2 0.9 5.5 8.4
Z, (intensive care unit} S 8760 - 1 0.1 1,0 2,1
Total n,=1000 - 0 73 7 10 90,0

For risk R,, following the evaluation by the lightning protection designer, the basic loss values (typical
mean values of relative amount of loss per year) according to Table NC.2 and the increasing factor for
special hazards according to Table NC.6 are as follows:

— Ly=107?
— t;=107?
— =1
— h,=5
— L5=103

— ly=102

in zone Z, outside the structure;

in zones Z,, Z;, Z, inside the structure;

in zones Z,, Z;, Z, inside the structure;

in zones Z,, Z;, Z, inside the structure due to difficulty of evacuation;
in zone Z, (rooms block);

in zone Z; {operating block) and zone Z4 (intensive care unit).
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These basic loss values were reduced for each zone according to the Formulas (NC.1) to (NC.4) taking
into account the number of people endangered in the individual zone related to the total number of
people considered and the time when people are present.

For risk R, the basic loss values according to Table NC.12 are as follows:

— ;=0 no animals endangered,;
— Lg=05 in zones Z,, Z;, Z, inside the structure;
— Lo =10% inzones Z,, Z3, Z, inside the structure.

These basic loss values were reduced for each zone according to Formulas (NC.11) to (NC.13) taking
into account the value endangered in the individual zone related to the total value of the structure
(animals, building, content, internal systems and activities) considered. The value endangered in an
individual zone depends on the type of damage:

— D1 (injury by electric shock): value ¢, of animals only;
— D2 {physical damage): sum of all values ¢, + ¢, + ¢+ ¢

— D3 (failure of internal system):  value ¢, of internal systems and their activities only.

The resulting characteristics of the zones Z, to Z, are given in Tables NE.26 to NE.29.

Table NE.26 - Hospital: Factors valid for zone Z, (outside the building)

Input parameter Comment Symbol Value Reference
Ground surface Conarete 5 1072 Table NC.3
Protection against shock [ None Pra 1 Table NB.1
Risk of fire None i 0 Table NC.5
Fire protection None m 1 Table NC.4
Internal spatial shield None Ks; 1 Formula (NB.6)
L1: Loss of human life Special hazard: None h, 1 Table NC.5
D1: due to touch and step voltage L 1072
D2: due to physical damage Le 0 Table NC.2
D3: due to failure of internal systems Ly 0

Factor for persons in zone [n,/n, x t,/8760=10/1000 x 8 760 /8 760 - 0,01
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Table NE.27 - Hospital: Factors valid for zone Z, (rooms block)
Input parameter Comment Symbol Value Reference
Type of floor Linoleum n 1075 Table NC.3
Protection against shock None Pra 1 Table NB.1
(ftash to structure)
Protection against shock None Pra 1 Table NB.9
{flash to line}
Risk of fire Ordinary [ 107 Table NC.5
Fire protection None o 1 Table NC.4
Internal spatial shield None Ks; 1 Formula (NB.6)
Internal wiring Unshielded Kqy 0,2 Table NB.5
Power ({loop conductors in the same conduit)
Coordinated SPDs | None Psoo 1 Table NB.3
Internal wiring Unshielded Ksa 0,01 Table NB.5
Telecom (loop conductors in the same cable)
Coordinated SPDs | None Psop 1 Table NB.3
Special hazard: difficulty of evacuation h, 5 Table NC.6
. D1: due to touch and step voltage i 1072
L1: Loss of human life -
D2: due to physical damage L 1 Table NC.2
D3: due to failure of internal systems Lo 10~
Factor for persons in zone n,/ngxt,/8760=950/1000x8760/8 760 - 0,95
D2: due to physical damage L 0,5
) D2: Factor (¢, + q + ¢+ ¢}/ ¢, = 79,5/ 90 - 0,883
L4: Ecogomic loxs D3: due to failure of internal systems lo 107 TablenC)2
D3: Factor ¢,/ ¢, = 3,5/ 90 - 0,039
Table NE.28 - Hospital: Factors valid for zone Z; (operating block)
Input parameter Comment Symbol Value Reference
Type of floor Linoleum r 107 Table NC.3
Protection against shock None Pra 1 Table NB.1
(flash to structure)
Protection against shock None Pru 1 Table NB.9
(flash to line}
Risk of fire Low r¢ 1073 Table NC.5
Fire protection None s 1 Table NC.4
Internal spatial shield None K, 1 Formula (NB.6)
Internal wiring Unshielded Ky 0,2 Table NB.5
P‘I::"’]":' {loop conductors in the same conduit)
Coordinated SPDs | None Popoy 1 Table NB.3
Internal wiring Unshielded Ky 0,01 Table NB.5
Te:ie::m (loop conductors in the same cable)
Coordinated SPDs | None Psen 1 Tabie NB.3
Special hazard: difficulty of evacuation h, 5 Table NC.6
. D1: due to touch and step voltage iy 1072
L1: Loss of human life -
D2: due to physical damage L 1 Table NC.2
D3: due to failure of internal systems iy 107
Factor for persons in zone ninxt,/8760=35/1000x8760/8 760 - 0,035
D2: due to physical damage ie 0,5
) D2: Factor{c, + ¢, + .+ ¢}/ ¢, =8,4/90 - 0,093
IEEsChomilioss D3: due to failure of internal systems Lo 107 Table NC.12
D3: Factor ¢/ ¢, = 5,5/ 90 - 0,061
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Table NE.29 - Hospital: Factors valid for zone Z, (intensive care unit}

Input parameter Comment Symbol Value Reference
Type of floor Linoleum T 10°° Table NC.3
Protection against shock None Fra 1 Table NB.1
(fiash to structure)
Protection against shock None Py 1 Table NB.9
(flash to line}
Risk of fire Low g 1073 Table NC.S
Fire protection None o 1 Table NC.4
Internal spatial shield None Ks; 1 Formula (NB.6)
Internal wiring Unshielded Ks3 0,2 Table NB.S
Pl‘:’i‘:.":’ (loop conductors in the same conduit)
Coordinated SPDs | None Psop 1 Table NB.3
Internal wiring Unshielded Ks3 0,01 Table NB.S
Te:j’::m (loop conductors in the same cable)
Coordinated SPDs | None Pspo 1 Table NB.3
Special hazard: difficulty of evacuation h, S Table NC.6
. D1: due to touch and step voltage Ly 10°¢
L1: Loss of human life -
D2: due to physical damage L 1 Table NC.2
D3: due to failure of internal systems Lo 1072
Factor for persons in zone minxt,/8760=5/1000x8760/8 760 - 0,005
D2; due to physical damage ie 0,5
) D2: Factor (¢, + G+ .+ ¢} /¢, = 2,190 - 0,023
L4: Eononticloss D3: due to failure of internal systems iy 1072 JableNC.12
D3: Factor ¢, /¢, = 1,0/ 90 - 0,011

NE.4.3 Calculation of relevant quantities

Calculations are given in Table NE.30 for the collection areas and in Table NE.31 for the expected
number of dangerous events.

Table NE.30 - Hospital: Collection areas of structure and lines

Symbol Result Reference Formula
m? Formula
Structure Ay 2,23 x 10° (A.2) Ap=LxW+2x(3xH x{L+W)+mx(3xHY
A 9,85 x 10° A7) Ay =2 % 500 x (L + W) + n x 5007
Power line Aup 2,00 x 10° (A.9) Aup =40 x [,
Aup 2,00 x 10° (A1) Agp = 4000 x £,
A 0 {A.2) No adjacent structure
Telecom line A 1,20 x 10¢ (A.9) A e =40 x £,
Ay 1,20 x 106 (A1) Aup=4000x L,
Anr 2,81 x 10° (A.2) Apr =L x W +2x 3 x Hy x (L, + W+ i x (3 x H)
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Table NE.31 - Hospital: Expected annual number of dangerous events

Symbol Result Reference Formula
1/year Formula

E— No 1,56 x 10;2 (A.4) Ny = Mg x Apg x Co x 10

Ny 6,9 x 10 (A.6) Ny = Ng x Ay x 10°°

Ny 7,00 x 10~ (A.8) Nye=Ngx App x Cuo % Cep x Crax 10°
Power line Nyp 7,00 x 1072 (A10) Nyp = Ng x Ayp x Cp x Cegp x Crpp x 1076

Noye 0 (A.S) No adjacent structure

Nt 2,1 x 1073 (A.8) Nyr=Ng x Ay x Cpy x Coy x Crp x 107

Telecom line Nyv 2,1 x 107! (A0} Nir = Ng x Ay x Gy x Cep % Crp x 10°6
Nour 1,97 x 107 (A.5) Npyy = Ng % Ay X Coyp X Crp x 10°8

NE.4.4 Risk R, - Decision on need for protection

Values of the probabilities P, are given in Table NE.32 and the risk components for the unprotected
structure are reported in Table NE.33.

Table NE.32 - Hospital: Risk R, — Values of probability P for the unprotected structure

Type of Symbol Z, Z; Z3 Z, Reference Formula
damage Formula
D1 P 1 1
Injury due to Pup 0,2
shock PUIT 0,8
D2 Py 1
Physical Pyp 0,2
damage Py 0,8
Pe 1 (14) Pe=1-(1V—Pup) x {1 - Pepa}=
=1-(1-x{1-1)
3 [ 0,006 4 (15) Pa=1-(1-Pup) x (1 =Py =
. =1-(1-0,006 4) x {10,000 04)
Failure of
internal Pyyrp 0.2
systems Py 0,8
Pop 0
P.l‘l' 0

Table NE.33 - Hospital: Risk R, for the unprotected structure {values x 107%)

Type of Symbol r Z, N rA Structure
damage
D1 Ra 0,0016 0,000 1 -0 -0 0,0017
lrtt:)ug;ict:(e Ry = Ryup + Rum ~0 ~0 ~0 ~0
D2 Re 74,24 0,2735 0,0391 74,55
Physical Ry = Ryp + Ryr 16,115 0,594 0,0085 16,1778
damage
b3 Re 1,485 0,547 0,0782 21
Failure of R 0,4223 0,1556 0,0222 0,6001
internal | R, = Ryp + R 0,3222 0,1187 0,0170 0,4579
systems Ry = Ryp + Ry
Total 0,0016 92,58 1,154 0,1649 R1=93,9
Tolerable R, > Ry Lightning protection is required Rr=1

Because R, = 69,96 x 107 is higher than the tolerable value R; = 1073, lightning protection for the
structure is required.
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NE.4.5 Risk R, — Selection of protection measures

The risk R; is mainly influenced (see Table NE.33);

by physical damage in the zone Z, (components Rg = 61 % and R, = 13 % of the total risk},

by failures of internal systems in the zones Z, and Z; (components R. =~ 12 % respectively Rc = 5 %)
of the total risk.

These dominant risk components can be reduced by

providing the whole building with an LPS conforming to BS EN 62305-3 reducing component R via
probability Pyg. The mandatory-inciuded lightning equipotential bonding at the entrance reduces
also the components R, and R,, via probability Pgg,

providing zone Z, with protection measures against the consequences of fire (such as extinguishers,
automatic fire detection system, etc.). This will reduce the components Ry and Ry, via the reduction
factor r

p'

providing zones Z; and Z, with a coordinated SPD protection conforming to BS EN 62305-4 for the
internal power and telecom systems. This will reduce the components R, Ry, Ry via the probability
PSPD'

providing zones Z; and Z, with an adequate spatial grid-like shield conforming to BS EN 62305-4.
This will reduce the component Ry, via the probability Py,.

Combining different elements of these protective measures the following solutions could be adopted:

Solution a):

protect the building with a Class Il LPS (Pg = 0,05 including also Pgg = 0,02);

install coordinated SPD protection on internal power and telecom systems (Pspp = 0,02) in zones Z,,
23, 24,'

provide zone Z, with an automatic fire protection system (rp = 0,2 for zone Z, only),

provide zone Z; and Z, with a meshed shield with w,, = 0,5 m.

Using this solution, the risk values from Table NE.33 will change to the reduced values reported in
Table NE.34.

Table NE.34 - Hospital: Risk R, for the protected structure according to solution a) (values x 105)

Type of Symbol Z, Z, 2, rA Structure
damage
D1 Ra -0 -0 ~0 ~0 -0
Injury due _ - - = =
o s Ry = Ryp + Runr 0 0 0 0
D2 Ry 0,7472 0,0137 0,0020 0,7580
g:m‘;; Ry = Ryp + Ry 0,0644 0,0012 0,0002 00658
03 Re 0,0588 0,0217 0,0031 0,0836
Failure of R 0,0084 ~0 ~0 0,0084
internal | R = Ryp+ R 0,0064 0,0024 0,0003 0,0092
systems
¥ Ry = Ryp + Ry
Total ~0 0,8805 0,0389 0,0056 R, =0,9251
Tolerable R, < Ry Structure is protected for this type of loss Rr=1




- 123 - EN 62305-2:2012

Solution b):
— protect the building with a Class Il LPS (Pg = 0,05);

— install enhanced coordinated SPD protection on internal power and telecom systems (Pgg = 0,002,

— provide zone Z, with an automatic fire protection system {r, = 0,2 for zone Z, only).

Using this solution, the risk values from Table NE.33 will change to the reduced values reported in
Table NE.3S.

Table NE.35 - Hospital: Risk R, for the protected structure according to solution b) (values x 107)

Type of Symbol Z, Z, Z; 2, Structure
damage
D1 Ra ~0 ~0 ~0 ~0 ~0
Injury due - R - - = -
to shock Ro = Rum + Run g . 0 i
D2 Rg 0,7424 0,0137 0,0020 0,758
d":rﬁ;‘;"'e Ry = Ryp + Ryr 0,0064 -0 -0 0,0064
D3 Rc 0,0059 0,0022 0,0003 0,0084
Fai'u(e of RM 0,0008 0,0003 =0 0,0012
internal Ry = Ryye + Ryt 0,0006 0,0002 ~0 0,0009
systems R, = Rop + Ry
Total -0 0,7563 0,0165 0,0024 R, =0,7752
Tolerable R, < Ry Structure is protected for this type of loss Re=1

All solutions reduce the risk below the tolerable level. The solution to be adopted is subject to both the
best technical criteria and the most cost-effective solution.

NE.4.6 Risk R, — Cost benefit analysis

For the economic loss L4 the corresponding risk R, can be evaluated in the same way as before. All
parameters required for evaluating the risk components are given in Tables NE.22 through NE.29,
where the loss values £, for economic loss L4 only are valid. Therefore only the zones Z,, Z; and Z, are
relevant, whereas zone Z, is disregarded (It could be relevant only in case of loss of animals).

The economic values {(animals, building, internal systems and activities) were given above in Table
NE.25 for each zone and in total.

From the risk values R, or R', and from the total value of the structure ¢, = £ 90 x 10® (Table NE.25) the

annual cost of loss € = R, x ¢, for the unprotected and Cy = R’y x ¢, for the protected structure can be
calculated (see Formula (D.2) and (D.4)). The results are shown in Table NE.36.

Table NE.36 — Hospital: Cost of loss C (unprotected) and C, (protected)

Protection Risk R, Cost of loss
values x 10°° £
Z, Z, 2, 2, Structure G or Gy
Unprotected = 9,314 1,523 0,2829 11,12 10 007
Solution a) - 0,1052 0,046 0,0086 0,1598 144
Solution b) - 0.0727 0.0085 0.0018 0.0829 75
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The values assumed for interest, amortization and maintenance rates relevant to the protection

measures are given in Table NE.37.
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Table NE.37 — Hospital: Rates relevant to the protection measures

Rate Symbol Value
Interest 1] 0,02
Amortization a 0,02
Maintenance 0,01

A list of cost G for possible protection measures and the annual cost Cpy, of the protection measures
adopted in solution a), b) or ¢} are given in Table NE.38 {see Formula {D.5)).

Table NE.38 - Hospital: Cost G, and C,,, of protection measures (values in £)

Protection measure Cost Annual cost Copy = G {f + 3 + m)
EE Solution a) Solution b)

LPS class I 30 000 1500 1500
Automatic fire protection in zone Z, 50 000 2 500 2 500
Zones Z; and Z, shielding {w,, = 0,5 m) 50 000 2 500
Coordinated SPD set on power system (LPL 11} 20 000 1 000
Coordinated SPD set on power system (LPL I1*) 30 000 1500
Coordinated SPD set on TLC system (LPL 11} 10 000 500
Coordinated SPD set on TLC system (LPL |1*) 15 000 750

Total annual cost Cpy, 8 000 6 250

The annual saving of money Sy, can be evaluated by comparison of the annual cost of loss ¢, for the
unprotected structure with the sum of the residual annual cost of loss g, for the protected structure
and the annual cost of the protection measures Cp,,. The results for solution a), b) and ¢) are given in
Table NE.39. It should be noted that consequential loss is not taken into account.

Table NE.39 - Hospital: Annual saving of money (values in £)

Symbol Solution a) Solution b)
Loss for the unprotected structure G 10 007 10 007
Residual loss for the protected structure CaL 144 75
Annual cost of protection Com 8 000 6 250
Annual saving Sy = € — (Cy + Gopy) S 1863 3682

NE.5 Apartment block

This case study compares different solutions for lightning protection for an apartment block. The results
show that some solutions may not be not sufficient, however, several suitable solutions can be chosen
from different combinations of protection measures.

Only the risk R, for loss of human life (L1) with the risk components R,, Ry, R, and R, (according to
Table 2) will be determined and compared with the tolerable value R; = 107 (according to Table NF.1).
Economic evaluation is not required, therefore the risk R, for economic loss (L4} is not considered.
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Figure NE.4 - Apartment block

NE.5.1 Relevant data and characteristics

IEC 264510

The apartment block is located in flat territory without any neighboring structures. The lightning flash
density is N = 0,7 flashes per km? per year. 200 persons live in the block. This is also the total number
of persons to be considered, because outside the building no people are assumed to be present during

a thunderstorm.

Data for the block and its surroundings are given in Table NE.40.

Data for the incoming lines and their internal systems connected to are given for the power line in
Table NE.41 and for the telecom line in Table NE.42.

Table NE.40 - Apartment block: Environment and global structure characteristics

Input parameter Comment Symbol Value Reference
Ground flash density (1/km?/year) N 0,7
Structure dimensions {m) H = 20 or 40 {see Table NE.44) Lw 30, 20
Location factor of structure Isolated structure Co 1 Table A1
LPS Variable {see Table NE.44) Py - Table NB.2
Equipotential bonding None Peq 1 Table NB.7
External spatial shield None Ky, 1 Formula (NB.5)
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Table NE.41 - Apartment block: Power line
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Input parameter Comment Symbol Value Reference
Length {m) L 200
Installation factor Buried G 0,5 Table A 2
Line type factor LV line G 1 Table A.3
Environmental factor Suburban Ce 0,5 Table A4
Shield of line {Q/km) Unshielded R - Table NB.8
G 1
Shielding, grounding, isolation None CLD : Table NB.4
u
Adjacent structure (m) None L, W, H, -
Location factor of adjacent structure None Coy = Table A1
Withstand voltage of internal system (kV} Uy 2,5
) Ky 0,4 Formula (NB.7)
LT Peo 1 Table NB.3
parameters
Py 0,3 Table NB.9
Table NE.A2 - Apartment block: Telecom line
Input parameter Comment Symbol Value Reference
Length (m} N 100
Installation factor Buried G 0,5 Table A.2
Line type factor Telecom line G 1 Table A.3
Environmental factor Suburban Ce 0.5 Table A.4
Shield of line (©2/km}) Unshielded Rs - Table NB.8
G 1
Shielding, grounding, isclation None Cw . Table NB.4
u
Adjacent structure {(m) None L, W, H, -
Location factor of adjacent structure None Co, - Table A1
Withstand voltage of internal system (kV) Uw 1,5
Ksy 0,67 Formula (NB.7)
Resulting
parameters Plo 1 Table NB.8
Py 0.5 Table NB.9

NE.5.2 Definition of zones in the apartment block
The following zones may be defined:

— 2, (outside the building);
— Z, (inside the building).

For zone Z, it is assumed that no people are outside the building. Therefore the risk of shock to people
R, =0.Because R, is the only risk component outside the building, zone Z, can be disregarded completely.
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The zone Z, is defined taking into account the following:

— the structure is classified as a “civil building”;

— both internal systems {power and telecom}) exist in this zone;
— no spatial shields exist;

— the structure is a single fireproof compartment;

— losses are assumed to correspond to the typical mean values of Table NC.1.

The resulting factors valid for zone Z, are reported in Table NE.43.

Table NE.43 - Apartment block: Factors valid for zone Z, (inside the building)

Input parameter Comment Symbol Value Reference
Type of floor Wood 1, 10° Table NC.3
Protection against shock None Pra 1 Table NB.1
{flash to structure)
Protection against shock None Pry 1 Table NB.6
(flash to line}
Risk of fire Variable (see Table NE.44) I - Table NC.5
Fire protection Variable (see Table NE.44) o - Tabie NC.4
Internal spatial shield None Ksy 1 Formula (NB.6)
Internal wiring Unshielded Ks3 0,2 Table NB.5
Power {loop conductors in the same conduit)
Coordinated SPDs | None Psro 1 Table NB.3
Tel Internal wiring Unshielded {large loops > 10 m?) Ksy 1 Table NB.5
elecom
Coordinated SPDs | None Piro 1 Table NB.3
Special hazard: None h, 1 Table NC.6
L1: Loss of human life D1: due to touch and step voltage iy 107
- Table NC.2
D2: due to physical damage L 1
Factor for persons in zone n,/fn xt,/8760=200/200x8760/8 760 - 1

NE.5.3 Risk R, — Selection of protection measures

Risk R, values and the protection measures selected to reduce the risk to the tolerable level Ry = 107°
are given in Table NE.44, depending on the following parameters:

— height of the building H;
— reduction factor r¢ for the risk of fire;

— reduction factor r, reducing the consequences of fire;

— probability Py depending on the class of Ly adopted.
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Table NE.44 - Apartment block: Risk R, for the apartment block depending on protection measures

Height Risk of fire LPS Fire Risk R, Structure
H protection Values x 107° protected
o Type I Class Pg Type o Ry & Ry

Low 3,001 None 1 None 1 1,464 No
None 1 None 1 14,637 No
Ordinary 0,01 " 0,05 None 1 0,669 Yes
1 0 Manual 0,5 0,679 Yes
— None 1 None 1 146,37 No
High 01 | 0,02 Automatic 0,2 0,543 Yes
IE 0,01 None 1 1,464 No
= 01 Manual 0,5 0,732 Yes
None 1 None 1 4,259 No
Low 0,001 None 1 Automatic 0,2 0,852 Yes
I\ 0,2 None 1 0,82 Yes
40 None 1 None 1 42,59 No
Ordinary 0,0 ][] 0,1 Automatic 0,2 0,831 Yes
| 0,02 None 1 0,831 Yes
) None 1 None 1 425,87 No
High 0,1 -
1% 0,1 Automatic 0,2 0,852 Yes

NE.6 Heritage building — ancient church

As a fifth case study the need for protection for an ancient church (Figure NE.5) is evaluated. This
requires determination of the risk R, for loss of human life (L1) with the risk components R,;, Rg1, Ry
and Ry,, and R; with the risk components, Rg; and Ry;, (according to BS EN 6230S-2 Table 2) and to
compare them with the respective tolerable risks Ry, = 10 and R;; = 10 (according to Table NF.1).
Suitable protection measures to reduce the risks R, and R; below the respective tolerable levels, as
necessary, will be selected.

Weathervane ﬁ —a
Stair turret
Tower
€
(¥a)
72 i
Aerial power lines / // = i =
{1 -
Transformer].mi> Nave Chancel E
Faie e e e T B
Ground level Al 7 : 0
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Zones ! b |‘_’lm
Z1 Outside L=30m
Z2 Inside South Elevation East Elevation

Figure NE.5 - Ancient church



NE.6.1 Relevant data and characteristics

The church is located in hilly territory with a few neighbouring structures of much lesser height. The
lightning flash density is Ng = 1 flash per km? per year. The church is occupied for regular services on
a Sunday and occasional services, such as weddings and funerals. There are also many other activities
such as regular organ practice, bellringing practice, flower arranging and church cleaning and
occasional activities such as concerts. The church is open to visitors at weekends in the summer. There
are maintenance activities, Before and after weddings and funerals especially, people congregate
outside the church. There is a large tarmac area outside the main door; people congregate in this area.
Table NE.45 abbreviates the occupation assessment for people outside the church {within 3 m), zone 1,
and inside the church, zone 2, showing the method of a detailed assessment and the average number
of people during the time of occupation. Data for the church and its surroundings are given in Table
NE.46. Data for the incoming line and the internal systems connected to it are given for the power line
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in Table NE.47.
Table NE.45 - Church occupation
Activity Typical number of | Frequency | Duration of | Annual occupancy | Person
persons of activity activity ~ -~ hours ? hours
hours
1 2 3 4 S5=3x4 6=2x5
Main Sunday service 40 weekly 2,5 125 S 000
Weddings 60 6y 1.0 6 360
Christmas services 100 2y! 2,0 A 400
Bellringing practice 10 weekly 2,0 100 1000
Other activities not shown here 245 4 600
individually
Total inside 480 11 360
Average occupancy inside 11 360/480 = 23,7 480/8 760 = 0,05
Weddings 60 6y 0,75 4,5 270
Funerals 20 20 y! 0,75 15 300
Other 13,5 50
Total outside in Z, 33 620
Average occupancy outside in Z, 620/33 = 18,8 33/8 760 = 0,004
4 For ease of calculation a year is taken as 50 weeks
Table NE.46 — Environmental and whole structure characteristics
Parameter Comment Symbol Value Reference
Ground flash density {(1/km?/year) 1.0
Structure dimensions 1 LW H 30m, 10m, 14 m
Structure dimensions 2 tp, Hp 25m, 25m
Location factor of structure Fairly isolated 082 Table A1
structure
LPS None 1 Table NB.2
Equipotential bonding None 1 Table NB.7

4 Interpolation of Table A.1
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Table NE.47 - Power line characteristics

Input parameter Comment Symbol Value Reference
Length Section 1 - from church to transformer Lia 100 m
Section 2 - beyond transformer - unknown Lisz 1000 m
Installation factor Section 1 — Aerial Cs1 1 Table A.2
Section 2 - Aerial Cisn 1 Table A.2
Line type factor Section 1 —LV line Crsa 1 Table A.3
Section 2 - HV line with transformer Crso 0,2 Table A3
Environmental factor Rural Ce 1 Table A.4
Type of line Power line - Single phase 100 A. Co 1 Table NB.4
TN-C-S (PME) system.
Shield of line Unshielded {(Not relevant to R, and R;) Cy 0,2 Table NB.4
Adjacent structure None Ly, W, H, - Figure AS
Location factor of structure | None Coy = Table A1
Withstand of internal systerm Uw 2,5 kv

Shielding of internal cables

Mostly MICC (mineral insulated, copper clad)

Not applicable to R, and R,

Equipotential bonding SPDs | None Peg 1 Table NB.7
Protective value of internal | None P 1 Table NB.8
cables
NE.6.2 Definition of zones in the church
The following zones are defined:
— 2, (outside the building and within 3 m of the building and the ground),
— Z, (inside the building).
The parameters valid for zone Z, are given in Table NE.48 and for zone Z, in Table E.49.
Table NE.48 — Factors valid for zone Z, (outside the building)
Input parameter Comment Symbol Value Reference
Type of surface Asphalt in areas where people gather o 105 Table NC.3
Protection against shock nane Prazy 1 Table NB.6
(flash to structure}
D1: due to touch and step voltage Lzt 102 Table NC.2
L1: Loss of human life D2: due to physical damage Lr -
D3: due to failure of internal systems Loy =
Factor for endangered persons [n,/n, -, /8760 = 1887425 x33/8 760 - 1,67 x 10 | Table NC.1
L3: Loss of cultural heritage D2: due to physical damage Ley - Table NC.10
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Table NE.49 - Factors valid for zone Z, (inside the building)

Input parameter Comment Symbol Value Reference
Type of floor Mixture of brick tiles and wood 123 102 Table NC.3
Protection against shock none Praz 1 Table NB.1
{flash to structure)
Protection against shock none Pruzs 1 Table NB.6
(flash to line}
Risk of fire High — timber roof fy 10! Table NC.S
Fire protection Manual fire extinguishers but low [ 0.9 Table NC.4
occupation - interpolated value used
Special hazard: none h, 1 Table NC.6
. D1: due to touch and step voltage (Lo 10°?
L1: Loss of human life -
D2: due to physical damage Le 8 x10? Table NC.2
D3: due to failure of internal systems Loy -
Factor for endangered persons (n,,/n, t;,/8760=23,7/42,5x 480/8 760 - 0,030 Table NC.1
L3: Loss of cultural heritage D2: due to physical damage Ley 0,1 Table NC.10

NE.6.3 Calculation of relevant quantities

Calculations of the collection areas are given in Table NE.50 and of the expected number of dangerous
events in Table NE.51

Table NE.50 - Collection areas of structure and lines

Symbol Valt;e Reference Equation
m
Ag 1,77 x 107 (A.3) Ap' = (3 Hp)? o, if 3 Hp < Ly + 3-H; graphical
Structure determination may be preferable.

Ay - {A.7} Not relevant

Ay 4 x 103 (A.9) A =404,

A 4x10* (A.9) A, =40 L5,
Power Line At - {A.11} Not relevant

Az - A1) Not relevant

Ap, - {A.5) No adjacent structure

Table NE.51 - Expected annual number of dangerous events

Symbol Value Reference Equation
1/year
ND 0,0141 (A4) ND = NG AD CO10—6
Structure
N - (A.6) Not relevant
HL'.' 4 x 10'3 (A8) N|5| = NG'Al.Si'CISI'CE C-|5|'10’6
lez 8 x '0.3 (A.B) NLSZ - NG'Al.SZ‘CIQZ C£ C“2‘10—6
N, 1,2 % 102 = Ny =N + Nisy
Power Line Nysy - (A0} Not relevant
Ny, - {A.10} Not relevant
N - - N = N + N
Npy - (A.5) No adjacent structure
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NE.6.4 Summary of probabilities and losses

For the unprotected structure all probabilities are 1. For the protected structure most probabilities
remain at 1. For the protected structure, relevant probabilities are given in Table NE.55. Loss values,
which are applicable to calculations for both the unprotected and the protected structure, are
summarized in Table NE.52 below.

Table NE.52 - Summary table of loss values

Loss Value Equation Table
(g 3,1x 10° (NC.1)

t 2,2x10* NC.3

o R hast) NC.1
Ly 3,1 x10 (NC.2)
Lv1 2,2 x 10-4 (NC.3)

L 9,0x 10° NC.9

B3 x (NC.9) NC.9
f.va 9,0 x 10 3 (Nc-g)

NE.6.5 Risk Calculation - R,
Therisk R, can be expressed according to BS EN 62305-2 equation (1) by the following sum of components:
Ry=Raizi + Ratza + Rgy + Ryy + Ryy (NE.T)

The risk components and total risk evaluation are given in Table NE.53

Table NE.53 - Risk R, for the unprotected structure (values x 10°%)

Symbol Z, Z, Structure Reference Equation
D1 Ray 2,4x107 | 0,004 0,004 (NB.1), (NC.1} | Rayzn = NoPrazn Pe fizn-Lry Mo/ Ntz 8 760
Injury Ry, = 0,004 0,004 | (NB.8), (NC.2) |Ry, = Ny PryPesPro Cloezabrize Moni Ny tzyf8 760
D2 Rey - 0,311 0,31 (NC.3) Rar = N Pyt ry iy Lo i, 18 760
Physical Ry, . 0,264 0,264 | (NB.9), (NC.3} |Ry; = N Peg Pip Clofy hy Ley nigy/ny trf 8 760
damage
Total Ry 0,583
Tolerable Ryq 1.0 R, < Ry, : lightning protection is not required
NOTE Where a suffix ,, is shown then the particular value of parameter for either zone 1 or 2 should be used.

NE.6.6 Risk Calculation — R,
The risk Ry can be expressed according to BS EN 62305-2 equation (1) by the following sum of components:
Ry=Rg: + Ry (NE.2)

The risk components and total risk evaluation are given in Table NE.54



Table NE.54 - Risk R; for the unprotected structure (values x 10%)
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Symbol Value Reference Equation
02 Re3 1,27 (NC.9) Raa = No Pyl Trles
Physical R 1,08 NB.9), (NC9) |Ry; = N, PoyPrio-Coorurel
damage v3 . (NB.9), (NC.9) V3 L e PLo o fpfirle
Total Ry 2,35 -
Tolerable Ry3 1.0 R3 > Ry3 : Lightning protection is required

NE.6.7 Selection of protection measures

Both components of R; are just above the tolerable risk. Therefore an external lightning protection
system with equipotential bonding is required. The total risk R, is less than the tolerable risk, Ry,.
Application of measures to reduce R; below Ry; will also reduce R,. The parameters changed by the
protection measures are given in Table NE.55.

Table NE_55 - Parameter values with protection measures

Parameter Comment Symbol Value Reference
) . Outside - none Prazt 1 Table NB.1
Protective measures against shock -
Inside — none Prazz 1 Table NB.1
. . : R LPS Class IV Py 0,2 Table NB.2
LPS with equipotential bonding -
Bond with SPD Type 1 Peg 0,05 Table NB.7

Risks are re-calculated for the application of an external LPS to Class IV, including mandatory bonding
with an SPD as well as an LPS to neutral bond and are given in Table NE.56.

Table NE.56 - Risks with LPS Class IV

Risk Source of damage Symbol Value
51 N 0,004 x 10°°
Structure Rg 0,062 x 10°°
R, S3 Rua ~0

Lines Ryy 0,013 x 10°°
Total R, 0,080 x 10°°
S1 4

Structure Res 02610
Ry 53 -4

Lines Rvg 0,05 X '0
Total R, 0.31 x 10*

Both risks are less than the relevant tolerable risks by a considerable margin. The application of an
LPS Class IV including equipotential bonding with direct connection of the LPS and the incoming
earth/neutral line at the main earthing terminal of the supply and a single phase SPD Typel between
line and neutral at the main switchboard is considered the appropriate, most economical solution to
the protection of the church.
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NE.7 Bank computer centre
NE.7.1 General

In this case the example of the Office building (NE.3) will be studied further in order to illustrate the
calculations for loss of public service (L2).

The risk of loss of human iife (R} has already been determined for the structure as detailed in example
(NE.3). The following calculations are based on the premise that protection solution a) of example NE.3
has been applied in order to reduce the risk of loss of human life (R,) to a tolerable level.

The office building is to be operated as a Banking computer centre. This example requires the
determination of the risk R, only (comprising the risk components Ry, Ry, Rea Ry Rwy and Ry,
according to Table 2) and to compare it with the UK tolerable risk Ry, = 107 (according to Table NF.1).
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IEC 264310

Figure NE.6 — Bank computer centre - Zone 5

NE.7.2 Relevant data and characteristics

The bank computer centre is located in flat territory without any neighbouring structures. The lightning
flash density is N = 0,7 fiashes per km? per year.

Data for the building and its surroundings are given in Table NE.57.

Data for the incoming lines and their connected internal systems are given for the power line in Table
NE.S8 and for the telecom line in Table NE.59.

Table NE.57 - Environmental and whole structure characteristics

Input parameter Comment Symbol Value Reference
Ground flash density (1/km?fyear) Ng 0,7
Structure dimensions (m}) LW H 20, 40, 25
Location factor of structure Isolated structure [ 1 Table A1
LPS Class It Pe 0,05 Table NB.2
Equipotential bonding Level II* Pegip and Pegy 0,002 Table NB.7
External spatial shield None Ksy 1 Equation {NB.5)




Table NE.58 - Power line characteristics
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Input parameter Comment Symbol Value Reference

Length {m) Lip 200
Installation factor Aerial Cpe 1 Table A2
Line type factor LV line Gp 1 Table A.3
Enwvironmental factor Rural Cep 1 Table A.4
Shield of line (€2/km) Unshielded Ryp - Table NB.8

N . , . Ciom 1
Shielding, grounding, isolation None c - Table NB.4

P
Adjacent structure None Ly Wy, Hyp -
Location factor of adjacent structure None Coyp - Table A
Withstand voltage of internal system (kV) Uwp 2,5
Reciprocal of impulse withstand voltage Ksap 0,4 Equation (NB.7)
Probability of failure of internal systems Resulting Plow 1 Table NB.8
due to a flash to the line parameters
Probability of failure of internal systems Pup 03 Table NB.9
due to a flash near the line
Table NE.59 - Telecom line characteristics
Input parameter Comment Symbol Value Reference

Length {m} Lo 1000
Installation factor Buried Cr 0,5 Table A.2
Line type factor Telecom line Gn 1 Table A.3
Environmental factor Rural Cenr 1 Table A4
Shield of line ({Ykm) Unshielded Ren - Table NB.8

. i Cion 1
Shielding, grounding, isolation None E i Table NB.4

LT
Adjacent structure None Lig. Wi, Hyr -
Location factor of adjacent structure None Cour - Table A1
Withstand voltage of internal system (kV) U 1,5
Reciprocal of impulse withstand voltage Kearr 0,67 Equation {NB.7)
Probability of failure of internal systems Resulting Pom 1 Table NB.8
due to a flash to the line
parameters

Probability of failure of internal systems Pur 0,5 Table NB.9
due to a flash near the line

NE.7.3 Definition of zones in the bank computer centre

With reference to example NE.3 the following zones are defined:

Z, (entrance area outside);
Z, (garden outside);

Z; (archive);

2, (offices);

Zs (computer centre);

For the purposes of this example it has been assumed that the critical business systems that ensure the
continuity of service are provided by the computer centre (Z) of example NE.3.
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Therefore, for the determination of the risk R, the structure will be treated as a single zone with the
parameters of that zone based on the computer centre (Z).

The typical mean values of relative amount of loss per year relevant to risk R, for the whole structure
are the values in Table NC.8:

— L =107
-_ Loz = 10-2

The characteristics of zone Zs are given in Table NE.60.

Table NE.60 -Bank computer centre: factors for whole structure

Input parameter Comment Symbol Value Reference
Risk of fire Low r 10°2 Table NC.5
Fire protection None o 1 Table NC.4
Internal spatial shield None Ks, 1 Equation (NB.6)
Internal wiring Unshielded Ksap 0,2 Table NB.S
Power {loop conductors in the same conduit}
Coordinated SPDs | None P 1 Table NB.3
Telecom Internal wiring Unshielded (large loops > 10 m?) Ksar 1 Table NB.S
Coordinated 5PDs | None Pepor 1 Table NB.3
L2: Loss of service to the public D2: due to pITysical d.‘amage Le; 10" Table NC.8
D3: due to failure of internal systems Loy 102 Table NC.8
Factor for number of users Not applicable - -
served by the zone

NE.7.4 Calculation of relevant quantities

Calculations are given in Table NE.61 for the collection areas and in Table NE.62 for the expected
number of dangerous events. Probability values are given in Table NE.63

Table NE.61 - Bank computer centre: Collection areas of structure and lines

Symbol Vauzne Reference Equation
m
- Ay 2,75 x 10° Equation (A.2) |Ap=LW+2x (3 x HIL + W) + 1 (3 x HY
Au 8,45 x 10° Equation (A.7) |Ap =2 x 500 x (L + W) + = x 5002
Aue 8,00 x 10? Equation (A.9) |Ae=40x1
Power line A 8,00 x 10° Equation (A.11) A, =4000 x £,
Apyp 0 Equation (A.2) |No adjacent structure
An 4,00 x 10* Equation (A.9) |A;=40x i
Telecom line Ay 4,00 x 10° Equation (A.11) |A,;=4000x L
Ay 0 Equation (A.2) |No adjacent structure
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Table NE.62 — Bank computer centre: Expected annual number of dangerous events

Symbol Value Reference Equation
1/year
Structure No 1,925 x 102 | Equation (A4} | Ny =Ng Ay (5107
Ny 5.915x 107" | Equation (A6} | ANy = Ng Ay 10°
Power Nyp 560 x 107 | Equation (A.8) |Nye = Ng-AupCpCepCrp 108
line Nyp 5,60 x 107 | Equation (A10) |Nyp = Ng-Aue Cyp-Cew Crp-10°
Now 0 Equation {(A.5) [No adjacent structure
Telecom Ny 1,40 x 102 | Equation (A.8) | Nyr= NgAyrCurCer-Crp 1078
line Nyr 1,40 Equation (A.10) | Nyr = Ng-Ayr-Cyr Cerr-Crry 106
Nowr 0 Equation (A.5} | No adjacent structure

Table NE.63 - Bank computer centre: Risk R, — Values of probability

Symbol Value Reference Equation
D2 P 0,05 Table NB.2
Physical Pup 0,002 | Tables NB.7, NB.8, | Pvie = PeseProw Clowe
damage Py 0,002 Clause NB.4 Pyn = Pearr'PlonClon
P( ' Eqn. (14) P( = ‘ - (1 e P(/P)‘(l = Pq'r’ =1- (' = PspD’p‘ch’P)‘(l = Pspon‘clor[)
Tables NB.3, NB.4 [=1-(1-1x1)(1-1x1)}=1
Pms’p 0,0064 Eqns. (NB4), PMSIP = (ng,p‘Ksyp‘K§3fp'KSmp)2 = (1 x 1 x 0,2 x 0.4)2
03 Puss | 0444 (NB(.'gf '(5&'3.7) Pasiy = (Ksyr Koy KsanKsanh = (1 x 1 x 1 x 0,667
Failure of Pry 0,448 Eqn. (15), Pra=1=~(1 = Pupd (1 = Py = 1= (1 = Popp Pasip) (1 = PspprPrasar)
internal Table NB.3 =1-(1-0,0064) (1 - 0,444)
systems Puwie 1 Tables N8.3, N8.8 | Pwe = PseorePLow Clorm
Pt 1 Clause NB.4 Pourr = PsporPiomCone
Pup 0.3 Tables NB.3, NB.9, | Pze = FseorPuw Cum
Pt 0,5 and NB.4 Panr = PseprPun Cunr

Table NE.64 Summary table of loss values

Loss Value Reference Equation

fics: 10° Lgy=rytple; = 1x 103 x 102 = 10°
(s 10?2 Loy =Lgy =107

e 105 NC7and |bv =rpfele=1x10% x 102=107
(] 102 NC.8 Lyp=Loy =102

Lws 1072 Lyz =Ly =102

O 1072 Lyy=Lgy =102

NE.7.5 Risk calculation R,
Therisk R, can be expressed according to BS EN62305-2 equation (2) by the following sum of components:
Rz = RBZ + Rcz + RMZ + RVZ + RVZ + RZZ (NE.3)

The risk components and total risk evaluation are given in Table NE.65.
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Table NE.65 - Bank computer centre: Risk R, with R, protection only (values x 107%)

Symbol Value Equation
- RBZ 0,00096 an = ND Ps'rp o+ LFZ
Physical damage Ry 0,000011 | Ry = NypPearp PLoe Com o felen
Ryarr 0,000028 | Ryzrr = NyrPesr Peorr Coom fp felez
Rcz 1,923 RCZ = ND'P(.LOZ
Rz 26,51 Ry = Ny Puylo;
. 2 Rwzre 056 |Ruze = NupPsope Clom Lo
Failure of electrical and
electronic equipment Rwar 14 Ryzr = NurPseor Contog
RZZIP 16,63 Rzer = NllP‘PSPDrP‘PLVP'CwP"-oz
Rzar 69,3 Rzar = N Psppr P Curl oz
Total risk R, 116,33 - i , L. A
- R, > Ry, : Additional lightning protection is required
Tolerable risk Rez 1

NE.7.6 Risk R2 - Selection of protection measures

The risk R, is mainly influenced (see Table NE.65) by failures of internal systems in the structure.
Component risks R; and R, contributing 74 % and 23 % (respectively) to the total risk.

These dominant risk components can be reduced by;

— providing all internal systems connected to the incoming power and telecom lines with coordinated
SPD protection conforming to BS EN 62305-4. This will reduce the components R, Ry, Ry via the
probability Ppp,

The following solution could be adopted in conjunction with protection provided by solution (a) of the
office example in NE.3:

— install enhanced type coordinated SPD protection on all internal systems connected to the incoming
power and telecom lines (Pgop = 0,002} in zone Z;

Using this solution, the probability values from Table NE.63 will change to the reduced values reported
in Table NE.66. Risk values from Table NE.65 will change to the reduced values reported in Table NE.67.
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Table NE.66 — Bank computer centre: Risk R, - Values of
probability P changed by addition of R, protection

Symbol Value Reference Equation
Pe 3,996 x 10 Eqn. {14) Pe=1-{1-Pep)(1=Per) =
Tables NB.3, NB.4 [ 1= (1 = Pepp o Coomt (1 = Pepoyr Coom) =
1-(1-0,002 x 1}{1-0,002 x 1) = 3,996 x 103
Puswe 0,0064 Eqns. (NB.4), Puse = (sz‘KszW'Kszm'KsNP)z
{NB.5), - no change
Pusrt 0.444 NB.6). (NB.7) 1Py = (Ksur-KsarKeanKsan)?
~ no change
03 Paa 8,889 x 10 Eqn. (15), Pa=1-(1=Pup() - Pyn) =
Fa"ure Of Tab'e NB.3 1 - (1 - PS?D/P‘PMSIP) (' - PSPDIT'PMS/‘) =
tarel 1= (1-0,002 x 0,0064) (1 - 0,002 x 0,444) =
-5 - -4
. 1-(1-1,28 x 10°}(1 - 0,00088) = 8,889 x 10
PWIP 0,002 Tables NB.3, NB.8 PWIP = PSPDIP Pl_[”p'clm = 0,002 x1x1= 0,002
P 0,002 Clause NBA  [p o Piom-Ciom = 0,002 x 1 x 1 = 0,002
Pup 0,0006 | Tables NB.3, NB.9, [P, = Psppye-Pye-Cue = 0,002 x 0,3 x 1 = 0,0006
Pon 0,001 and NB.4 Pare = PeoorPurrCurs = 0,002 x 0,5 x 1 = 0,001

Table NE.67 - Bank computer centre: Risk R, for the protected structure (values x 107%)

The re-calculated risks as shown in Table NE.67
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Symbol Value Equation
- R, 0,00096 | Rg; = Np Pyryrpl; as above

Physi(a' damage RVZIP 0,00001 12 Rvm = NUP‘PEB/P'PIDIP‘CLDIP"QT"L"Z as above
Ry 0,000028 | Ryyr = Ny PegrProm Clorr fpfrLe; as above
Ry 0,007684 |R.y = Np Pelgy = 1,925 x 1072 x 3,996 x 107 x 1072
Rz 0,05336 Rupy = Ny PrarLon = 0,5915 x 8,889 x 107 x 1072

. D3 . RWZIP 0,001 12 sz'ap = NUP'PSPD/P'CI.DIP'LOZ = 5‘60 x 10 3 x 0,002 x 1 x 10 2
Failure of electrical and 5 3
ele(tfoni( equipment me 0,0028 RWZ/T - NUT'PSPDIT'CI.DIT‘LOZ = 1,4 x 10 x 0,002 x 1 x ]0
am 0,03326 RZZIP = NW’PSPDIP'PLUP'CUIP'LOZ = 5‘60 x 10' x 0.002 x 0,3 x 1 x ‘02
RZZII' 0,'386 RZZ/T = N“'r PSPM‘PLW'CUIT'LOZ = 1,40 x 0,002 x 0.5 x1x 10 2
Total risk R, 0.238 . . _
- R, < Ry, : The lightning protection measures are adequate.
Tolerable risk Ry, 1

The addition of enhanced type coordinated SPD protection on all internal systems (connected to the
incoming power and telecom lines) to the protection provided by the Type 1 SPDs of solution (a) in
example NE.3 is adequate to provide the required protection. In practice it may be cheaper to provide
a combined enhanced Type 1 and Type 2 SPD unit on both the incoming power and telecoms lines.
Because of the size of the building it will be necessary to provide Type 2 SPDs not only at the entrance
of the power and telecoms services but at positions where equipment is more than 10 m from the
service entrances and from subsequent downstream SPDs.
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Annex NF
(informative)

Values determined at National level where permitted

NF.1 General

Certain values in BS EN 62305-2 can be determined at National level. This permission is given in places
where the values proposed by the IEC are representative or illustrative, The UK committee (GEL/81) has
reviewed the sections of the standard where this national determination is permitted and has provided
appropriate interpretation.

NF.2 UK interpretations

NF.2.1 Table 4 modified

Sub clause 5.3 of BS EN 62305-2 states that it is the responsibility of the authority having jurisdiction to
identify the value of tolerable risk. The values provided in Table 4 are representative. The UK committee
therefore recommends the values in Table NF.1 for use in the UK.

Table NF.1 - Typical values of tolerable risk R;

Type of Loss RT {(y'")
Loss of human life or permanent injury 10°°
Loss of service to the public 107
Loss of cultural heritage 10

NOTE 1 in principle, for loss of economic value (L4}, the route to be followed is the cost/benefit comparison given in
Annex D, If the data for this analysis are not available the representative value of tolerable risk Ry = 10> may be used.

Table NF.2 - Relationship between thunderstorm days per year
and lightning flashes per square kilometre per year

Thunderstorm days Flashes per square kilometre per year
per year Mean Limits
5 0.2 0,1t005
10 0,5 0,15to 1
20 1.1 0,3to3
30 1,9 06to5
40 2,8 08t08
50 3,7 1,2t0 10
60 4,7 1,8t0 12
80 6,9 3t0 17
100 9,2 410 20
NOTE The data for this table has been extracted from information in Conference
Internationale des Grands Reseaux Electriques (CIGRE), Lightning Parameters for
Engineering Application |...)
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NOTE 1 This lightning density map was campiled by E.A. Technology Ltd. from data accumulated over 10 years

NOTE 2 A linear interpolation should be used to determine the value of the lightning flash density, Ny, for a
location between two contour lines.

Figure NF.1 - Lightning flash density to ground () per square kilometre per year for the British Isles
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NOTE This map is based on information from the World Meteorological Organization records for 1955.

Figure NF.2 - Map showing thunderstorm days per year throughout the world
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