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Introduction

IEC standards are based on
scientifically proven theories and experimentation,
taking into account the international expertise in the matter.

IEC 62305 lays down requirements for
1) the design and installation of LPS for structures and buildings,
2) the protection against lightning of services entering the buildings and
3) the protection of electrical and electronics systems.

IEC 62305-1

IEC 62305-2

IEC 62305-3

IEC 62305-4

IEC 62305-5

IECTC 81 : LIGHTNING PROTECTION

Part 1: General Principles
1-1 Protection against lightning

1-2 Test parameters simulating the effects of lightning on LPS components

Part 2 : Risk management
2-1 Risk assessment method
2-2 Risk components for structures

2-3 Risk components for services

Part 3: Physical damage and life hazard
3-1 Lightning protection system (LPS) = external + internal
3-2 Protection measures against injuries of living beings due to touch and step voltages

3-3 Design, installation, maintenance and inspection of LPS

Part 4 : Electrical and electronic systems within structures

4-1 Protection against LEMP : general principles

4-2 Earthing and bonding; magnetic shielding and line routing
4-3 SPD system

4-4 Management of an LPM system

Part 5: Services : cancelled out (Lannion, June 2006)
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IECTC 81 : LIGHTNING PROTECTION

Part 1: General Principles

1-1 Protection against lightning
1-2 Test parameters simulating the effects of lightning on LPS components

Part 2 : Risk management

Part 3: Physical damage and life hazard

Part 4 : Electrical and electronic systems within structures




SCOPE

Protection against lightning of

- structures including their installations and contents
as well as persons

- services connected to a structure

Outside:
- railway systems;
- vehicles, ships, aircraft, offshore installations;
- underground high pressure pipelines;
- pipe, power and telecommunication lines
not connected to a structure

Electrogeometric Model
(EGM)
Striking distance

100 150 I [KA]

Electrogeometric model
applied to a vertical rod

4 Lightning Protection Levels
LPL (LI 11,1V) with 4 types of
relevant protection measures for
the design of LPS are introduced

rotected volumes

Level

R(m)

20

30

45

60




Table 2
Rolling sphere radius, mesh size and protection angle

corresponding to the type of LPS

Table 3 -

Maximum values of lightning parameters according to LPL

Protection method First short stroke LPL
Type of LPS | Rolling sphere radius R | Mesh size M | Protection angle Current parameters | Symbol Unit ! I I v
m m a’ Peak current | KA 200 150 100
| 20 5x5 See fi Short stroke charge Qshort C 100 75 50
m 20 10 x 10 e; l'gure Specific energy WIR kI 10.000 5.625 2500
elow i
m 45 15 x 15 Time parameters T1/Tp us / us 10/ 350
Subsequent short stroke LPL
v 60 20 x 20 .
Current parameters Symbol Unit | 1l 1 v
Peak current | kA 50 37,5 25
o
800‘( ) NOTE 1 - Not applicable beyond the values marked Average steepness di/dt KA/uS 200 150 100
A with e. Only rolling sphere X
70 _\\ and mesh methods apply in these cases imeparametels VA Hs/us 02514100
60 1t Long stroke LPL
50 Current parameters Symbol Unit | 1 1 v
20 [Type of LPS NOTE 2 - his the height of air-termination above Congjstiokelchargs Qiong c 200 150 100
the area to be protected. Time parameter Tlong s 0,5
30
20 1l ~ | W Flash LPL
Current parameters Symbol Unit | 1] 1Ll v
10 NOTE 3 - The angle will not change Flash charge Qfiash C 300 225 150
for values of h below 2 m
02 10 20 30 40 50 60
h (m)
Table 4

Minimum values of lightning parameters and
related rolling sphere radius corresponding to LPL

Interception criteria LPL ° %E’ F@@A B
Symbol | Unit | 1l 1] v
Minimum peak current 1 KA 3 5 10 16 no Slgnlflcant dlffe rence
Rolling sphere radius R | m | 20 | 30 | 4 | eo in the attractive distance !
Table 5 * Elifagtors, re rs...

Probabilities for the limits of the lightning current parameters

fancy devices !

Probability LPL
that lightning current parameters are | I m Y,
smaller than the maxima defined in table 3 0,99 0,98 0,97 0,97

greater than the minima defined in table 4 0,99 0,97 0,91 0,84




IEC TC81

encourages scientific and technical progress;

the introduction of other devices in our standard is too early
since, at the time being, these systems do not have scientifically
and practically proven efficiency.

CIGRE 33.01.03

there is neither significant theoretical analysis nor substantial field data
which support conclusive improvement in interception efficiency of

non conventional lightning air terminals (ESE) with respect to the
conventional ones (metallic air terminations).

ICLP

See cautionary message on the ICLP site.

Part 2

Risk management

IEC TC 81 : LIGHTNING PROTECTION

IEC 62305-1 Part 1: General Principles

IEC 62305-2 Part 2 : Risk management
2-1 Risk assessment method
2-2 Risk components for structures
2-3 Risk components for services

IEC 62305-3 Part 3: Physical damage and life hazard

IEC 62305-4 Part 4 : Electrical and electronic systems within structures

SCOPE

Risk assessment for a structure or for a service
due to lightning flashes to earth

To provide a procedure to evaluate this 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.




Table 1 - Damages and losses at different points of strike of lightning

Structure Service
i i Type of Type of Type of Type of
Point of strike damage loss damage loss
5 D1 L1, L4** ) ,
Structure AN st D2 L1, L2 L3 L4 o tg t’i
e D3 L1, L2, L4 R ’
Ground near PN 52 D3 L1* L2, L4
a structure m
o D1 L1, Lax* D2 L2, L4
Incoming line S3 D2 L1,L2,L3 L4 D3 L2, L4
D3 L1* L2, L4 ’
Ground near 5% 1
Al l];l:,é S4 D3 L1* L2, L4 D3 L2, L4
Source of damages Type of damages

S1. Direct strike to the structure

S2. Strike to ground near the structure

S3. Direct strike to the incoming line

S4. Strike to ground near the incoming line

Type of losses

L1. Loss of human life

L2. Loss of services to the public
L3. Loss of cultural heritage

L4. Losses of economic value

D1. Injury to living beings

D2. Physical damage (fire, explosion, mechanical destruction,
chemical release due to mechanical and thermal effects)

D3. Failure of electrical and electronic systems (overvoltages)

*In the case of hospitals and structures with risk of explosion or other
structures with electronic systems which could endanger human life.
** Only in properties where animals may be lost.

Assessment of the average number of flashes to a structure

Np =Ng A4 Cq107°

] N

lightning relative

ground location
flash collection

density area (m?)

Table A.2 - Location factor C,

Relative location Cq
Object surrounded by other higher objects or trees 0.25
Object surrounded by other objects or trees (same h) 0.5
Isolated object: no other objects in the vicinity 1
Isolated object on a hilltop or a knoll 2

1.25
Ng =0.04 Tq  km2year?

Ny = 0.1 kmZyear? on the oceans

Ny= 8tol km-2year! in Brazil, Florida,
Indonesia and Australia,
Central- and South-Africa.




M bmE =N DO

Ry= N Py Ly
number of consequent
dangerous events loss

X=AB,..

probability
of damage

for each type of loss L, to L,
corresponding to a relevant risk (R, to R,)
which is the sum of different risk components Ry

LIGHTNING
1
DIRECT INDIRECT
l |
Point of Earth nearby el ieel by External
. Structure the external . .
strike the structure B . installations
installations
R, Ry Rs=R,+R,

Physical damage|

Overvoltages

R=Ry+R,

Figure 1 Types of loss resulting from different types of damage

Type of Risk 1 Risk 2 Risk 3 Risk 4
risk
;’ype o Loss of Loss of service Loss of cultural Loss of
amage | human life to the public heritage economic value
Source of
damage
Injury Failure Failure Injury Failure
of living || Fire |- of internal Fire | | of internal Fire of living || Fire || of internal
beings systems systems beings systems

[Re] [re] [=]

Component (2
of risk

(1) Only for hospitals and structures with risk of explosion
(2) Only for structures with electronic systems
(3) Only for properties of agricultural value (loss of animals)




Typical values of tolerable risk R, Figure 3 - Procedure for selection of protection measures in a structure

| Identify the structure to be protected |

Type of damage RT

| Identify the types of loss relevant to the structure

1

-5 For each type of loss identify and calculate the risk components
10 Ra R Re, Ry, Ry Ry, RyiRz

Loss of human life

Loss of service to the public 10'3 Structure

protected

-3

Loss of cultural heritage 10

Calculate new
values of risk

R, (economic value)

components
Protection measures convenientif ~ Cg, + Cpp < C.
Install other
with Cg. = residual loss when protection measures Install an adequate | Install adequate protection
type of LPS LPMS measures
Cpp = cost of protection measures l l
C, =cost of total loss without protection measures LPMS = LEMP protection measures system

sment Cal

File Options Library Help

Stiucture's Electiic Service Lines: Types of Loss:

Length of stucture (m: o | Power Line: Type 1 - Loss of Human Life:

Wit of structus (m} 20 ajj> Tpe ol sanvcelabesuctre [Guicaoale  v] Specil hazards to lfe: [Evacuaton difouties ]
. _ fesiilesipee ] 40 qjje Type of extemal cable: [ Life loss due ta fire; [Commercil, schocke. =]

IEC TC81 Working Group 9 - Risk Assessment Software Task Force %] R s ] o A Preserce of WY /Ly tarstomer— [No Traiomer =] Lbe s dustooveralaces: ot 7]
*Measured from the ground

Collection area [m2), 55.233 m2 Other Overhead Services: Type 2 - Loss of Essential Public Services:

—— - Number of conductive services: 0 4| Services lost due to fire: No service exist -
ructure’s 3

Type of extemal cable: | Services oot due to overvaitages: [N service et -
Risk of physcaldamage (nc fieh [y~

Shucture scresning effectiveness: lm Other Underground Services: Type 3 - Loss of Cultural Heritage:
Intenal wiing ype Unsciezned— *] | | Number of conductive serices: o Cubualhertage ostdue 0 re; Mo hetage vabe
o ) Type of extemal cable: |—_,.
IEC TCB1 Chairman: Christian Bouquegneau - Bel Lecsaed Type 4 - Economic Loss:
IEC TCB1 Secretary: wvanni Lo Piparo - taly :

IEC TC31 WG9 Convenor: Carlo Mazzetti - Italy Localion facter Isolated structure v Specialhazards to eeanemics:  [o special hazards
| ' Environmertal factor: Urban - 3 Ecanamic lass due to fire: Commercial property ™
Mumber thunderdaps 30 days/pear Class of LPS: e = Ecanamic loss due to overvolage:| Chyrch, prison, public site
tinnual giound flash densily [30 Teshes M2 | Fre matecion provisins. [omsmm ] Stepitouch polentl lossfeotot. [[yestockingde  v]
View isckerauric map View Map Surge protection: [Hopotecion v Tolerable sk of econamic o[ 1,000 =

The IEC lightning risk assessment caloulatar is

r Calculated Risks: intended to assist in the analysis of various

Tolerable Risk Direct Strike Indirect Strike Calculated criteria to determine the risk of loss due to
1] Risk [Rd] Risk [Ril Risk [R] lightring. Itis not possible to cover each special
ife: design element that may render a structure
Loss af Human Life: |1,[I[IE-[I§ = IE,EUE-UE & ILWE'M = |2.31E-[I4 leEgUr less susceptib\gtu lightring damage. In
Loss of Public Services: IW = IW a ,W _ IW special cases, personal and sconomic factors
= = = = may be very important and should be

Loss of Cultural Hertage:  [1.00E-03 => [0.00E+00 + [0.00Es00 = [o.0E:00 consicered i addiion to the assessment

B obtained by use of tis tool. Itis intendad that
Economic Loss: 1,00E-03 =>  [2.49E-04 +

7.76E-04 = |1.02E-03 this tool be used in conjunction with the witten

Caleulations | standard IECE2305-2




Part 3

Physical Damage and Life Hazard
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IEC TC 81 : LIGHTNING PROTECTION

Part 1: General Principles

Part 2: Risk management

Part 3: Physical damage and life hazard

3-1 Lightning protection system (LPS) = external + internal

3-2 Protection measures against injuries of living beings due to touch and step voltages
3-3 Design, installation, maintenance and inspection of LPS

Part 4 : Electrical and electronic systems within structures

SCOPE

Requirements for protection of a structure
against physical damage by means of an LPS and
for protection against injury to living beings

due to touch and step voltages in the vicinity

of a lightning protection system

1) Design, installation, inspection and maintenance
of an LPS for structures of any height.

2) Establishment of measures for protection against injury
to living beings due to touch and step voltages.

Physical damage to structures and life hazard

Against physical damage :

- external + internal LPS.

Aqgainst injuries of living beings due to touch and step voltages :

- physical restrictions + warning notices ;
- insulation of exposed conductive parts ;

- increase of the surface soil resistivity.




External LPS

1) Interception of direct strikes :

- air-termination system

2) Conduction of the lightning current safely towards earth :

- down-conductor system

3) Dispersion of the current into the earth :

- effective earth-termination system

Properly designed air termination system :
any combination of rods, catenary wires
and meshed conductors.

Great care to exposed points, corners and edges (upper parts!)

3 methods used :

- RSM (EG model ; always !)
- Protection angle method (limited : height !)

- Mesh method (plane surfaces)

External and internal LPS
Dangerous sparking !

Equipotential bonding + separation distance
| Ke
bonding conductors or SPD S > ki |
between internal system and LPS km

k. <«—— table10
k <— table 11
k «— table 12

s depends on the LPL !

I(m) = distance to the nearest equipotential bonding point

M ®

Table 10 — Isolation of external LPS — Values of coefficient k;

Class of LPS

K

0.08

0.06

1, 1V 0.04 -
Table 11 — Isolation of external LPS — Values of coefficient k.
Number n of K,
down-conductors
1 1
2 1..05
4,>4 1..1n
Table 12 — |solation of External LPS — Values of coefficient k,,
Material K
Air 1
Concrete, bricks 0.5 m




Lightning protection system design for a cantilevered part of a structure

LPS—_, |

>25m

d>25+s

Earth termination system (R<<!)
R <10 Q (low frequency)

Type A arrangement :

horizontal or vertical earth electrodes connected to each down conductor

length > I, (horizontal)
0.5 I, (vertical or inclined) -

Type B arrangement :

ring conductor external to the structure in contact with the soil
(or foundation earth electrode)

mean radius of the area rx1;

If r< |, add horizontal or vertical (or inclined) electrodes of length
I, (horizontal) and I, (vertical) connected to the ring earth electrode such as

l[=1-r and l,=05(;-r)

Figure 2
Minimum length |, of each earth electrode
according to the type of LPS

I, (m
100

90
80

] / Type
70 1

60 - /
50 1 d Type Il
40
30 | ///
20
10 /

= Types I
0 ‘ ! oIV

0 500 1000 1500 2000 2500 3000
p(Qm)

NOTE Types Il and IV are independent of soil resistivity.

Part 4

Electrical and electronic systems

within structures




IEC TC 81 : LIGHTNING PROTECTION

IEC 62305-1 Part 1: General Principles

SCOPE

IEC 62305-2 Part 2 : Risk assessment

Design, installation, inspection, maintenance and testing of a
LEMP protection measures system (LPM) for electrical and
IEC62305-3  Part3: Physical damage and life hazard electronic systems within a structure, able to reduce the risk of
permanent failures due to lightning electromagnetic impulses.

IEC 62305-4 Part 4 : Electrical and electronic systems within structures
4-1 Protection against LEMP : general principles OutSlde
4-2 Earthing and bonding; magnetic shielding and line routing
4-3 SPD system

- protection against electromagnetic interference due to lightning ;

- detailed design of the electrical and electronic systems themselves.

4-4 Management of an LPM system

: Lightning Protection Zones (LPZ)
Protection measures _ _
Determined by protection measures such as

to reduce failure of electrical and electronic systems LPS, shielding wires, magnetic shields and SPDs

For structures : —LPZ 0, : Exposed to direct lightning strikes.
Full lightning current and exposed to full lightning EM field.

LEMP protection measures system (LPM) consisting of the Internal systems may be subjected to full or partial lightning surge current.

following measures to be used alone or in combination :

- earthing and bonding measures ; ) . . . :
— LPZ 0y : Protected against direct lightning strikes.

- magnetic shielding ; Partial lightning or induced current and exposed to full lightning EM field.
- line routing ;
- coordinated SPD protection. —LPZ1: Protected against direct lightning strikes.
Surge current is limited by current sharing and by SPDs at the boundary.
For services Spatial shielding may attenuate the lightning EM field (damped EM field).

- SPDs at different locations . . .
| he | h of the i he li S -LPZ 2, ..., n:as LPZ1, surge current is further limited by current sharing
along the length of the line and at the line termination ; and by additional SPDs at the boundary.

- magnetic shields of cables. Additional spatial shielding may be used to further attenuate the
lightning EM field.




General principle for the division into different LPZ

Electrical
power line

Boundary
of
LPZ 2

Boundary

Equipment

O Bonding of incoming services

directly or by suitable SPD Telecommunication

location line

This figure shows an example for dividing a structure into inner LPZs.
All metal services entering the structure are bonded via bonding bars at the boundary of LPZ 1.

In addition, the metal services entering LPZ 2 (e.g. computer room) are bonded via bonding bars at the boundary of LPZ 2.

IEC 62305-3

a b w N P

Figure 2
LPZ
defined

by an
PS

SPD
0,1 LPZ1 2
R
SA

LPZQ
RN

®/ SPD
0,01

"o

Structure S; Flash to structure

Air-termination system S, Flash near to the structure

Down-conductor system Ss  Flash to service entering the structure
Earth-termination system S, Flash near a service connected to the structure
Incoming services R Rolling sphere radius

s Separation distance against dangerous sparking

O Lightning equipotential bonding (SPD)

LPZ 0a  Direct flash, full lightning current
LPZ 0s  No direct flash, partial lightning or induced current
LPZ 1 No direct flash, partial lightning or induced current
Protected volume inside LPZ 1 must respect separation distance s

AW NP

(4]

Sy

Figure 3 P20,
LPZ

defined by
protection
measures o1
against s,
LEMP <§§ EIN
(1IEC 62305-4)

Structure (Shield of LPZ 1) S; Flash to structure
Air-termination system S, Flash near to the structure @
Down-conductor system S; Flash to a service connected to the structure
Earth-termination system S, Flash near a service connected to the
structure
Room (Shield of LPZ 2) R Rolling sphere radius
Services connected to the ds Safety distance against too high magnetic field
structure

@) Lightning equipotential bonding by means of SPDs

LPZ 0, Direct flash, full lightning current, full magnetic field
LPZ 0g No direct flash, partial lightning or induced current, full magnetic field

LPZ 1 Nodirect flash, limited lightning or induced current, damped magnetic field

LPZ 2 No direct flash, induced currents, further damped magnetic field

Protected volumes inside LPZ 1 and LPZ 2 must respect safety distances ds

Protection
to reduce the failure of internal systems (1)

Protection against LEMP to reduce the risk of failure of internal systems
shall limit :

- overvoltages due to lightning flashes to the structure resulting from
resistive and inductive coupling ;

- overvoltages due to lightning flashes near the structure resulting from
inductive coupling ;

- overvoltages transmitted by lines connected to the structure due to
flashes to or near the lines ;

- magnetic field directly coupling with internal systems.




Protection
to reduce the failure of internal systems (2)

System to be protected inside a LPZ 1 or higher :
- magnetic shields to attenuate the inducing magnetic field
- suitable routing of wiring to reduce the induction loop

Bonding at the boundaries of LPZ for metal parts and systems
crossing the boundaries (bonding conductors + SPDs)

Coordinated SPD protection
(overvoltages < rated impulse withstand voltage)

Basic protection measures in an LPM

1) earthing and bonding :

earth-termination system + bonding network

Ex.: each conductive service incoming to the structure shall be bonded directly
or via suitable SPD at the entrance point.

2) magnetic shielding and line routing :

- grid-like spatial shielding ;
- shielding of internal lines (shielded cables, cable ducts...) ;
- shielding of external lines entering the structure ;

- line routing of internal lines
(avoiding induction loops and reducing internal surges).

3) surge protective device system (SPD system) :

limiting both external and internal surges
(coordinated set of SPDs).

CONCLUSION

IECTC8L (+CLC TC 81X)

STANDARD TO BE IMPROVED
during the maintenance period (2006-2010)

NATIONAL COMMITTEES
should avoid to promote fancy devices
which do not comply with it.




