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Definitions

LPS
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Definitions
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Definitions

Farm 
building
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Secondary 
(power loss)
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failure)
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step 
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Definitions
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Electrical 
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(panic)

Fire alarm 
failure
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School
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Definitions

Structure
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data loss
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failure, 

computers
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Loss of 
communica
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Definitions

Structure

As above

Immobile 
people 
rescue

Prison

Nursing 
home

Hospital

Intensive 
care
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Definitions

Structure

As above

Loss of 
production

Unacceptable 
damage

Industry

Minor 
damage

Content 
dependent
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Definitions

Structure

Irreplaceable 
cultural 
heritage

Mosques

Churches

Museums

Archaeologi
cal sites
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Definitions

Structure

Service to 
public

Power

plants

Telecommu
nication
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Definitions

Biochemical 
labs and 
plants

Fire

Local/global 
environment

Nuclear

plant

Refinery

Firework 
factory

Plant 
malfunction
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Definitions

Structure

Fire

Surroundings

Munitions

works

Refinery
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Explosion
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Sources of damage, types of damage and types of loss depending 
on the point of strike
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Sources of damage, types of damage and types of loss depending 
on the point of strike

Flash to 
Structure

Plasma 
arc/Ohmic
heating/arc 

erosion

Fire/ 
explosion

Resistive/Indu
ctive 

coupling-> 
Overvoltage-
>Sparks->Fire

Resistive/ 
Inductive 

coupling-> 
Step/touch-
> Shock -> 

Injury

LEMP-> 
Internal 
System 
Failure

LEMP
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Sources of damage, types of damage and types of loss depending 
on the point of strike

Flash near 
Structure

LEMP

LEMP-> 
Internal 
System 
Failure
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Sources of damage, types of damage and types of loss depending 
on the point of strike

Flash to 
Connected 

Line

Lightning 
currents-> 

Spark

Fire/ 
explosion

Transmitted 
Currents-> 

Step/touch-
> Shock -> 

Injury

Transmitted 
overvoltage    
-> Internal 

System 
Failure

Overvoltages
-> Spark
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Sources of damage, types of damage and types of loss depending 
on the point of strike

Flash near 
Connected 

Line

Induced 
overvoltage

Transmitted

Transmitted 
induced

overvoltage    
-> Internal 

System 
Failure

Note:
• Only sparks carrying lightning current (total or partial) are regarded as able to trigger fire
• Lightning flashes, direct to or near the incoming pipelines, do not cause damages to the structure, provided 

that they are bonded to the equipotential bar of the structure
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Types of damage

Damage

Injury

D1

Physical

D2

LEMP caused 
Internal 
System 
Failure

D3
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Types of Loss

Damage

Human 
Life

L1
Cultural 
Heritage

L3

Economic

L4

Public 
service

L2
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Types of loss and corresponding risks resulting from different types 
of damage
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Fundamentals of risk analysis

• Risk is expressed as

Rx = Nx . Px . Lx

where

Nx is the number of dangerous events, i.e. the frequency of lightning strikes 
causing damage in the area under consideration (How many dangerous events 
occur each year?);

Px is the probability of damage (What is the probability that a dangerous event 
causes certain damage?);

Lx is the loss factor, i.e. the quantitative evaluation of damage (What are the 
effects, amount of loss, extent and consequences of a certain damage?).



Zulkurnain Abdul-Malek, Mar 2021 29

Types of Loss

Loss

Step/ 
touch -> 

Injury

Lt Physical 
damage

Lf

Internal 
System 
Failure

Lo
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Types of Loss

R

Damage 
probability

P

Loss

L

Hazardous 
events

N
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Types of Loss

N

Direct 
Strike to 
structure

ND Direct 
strike to 

Line

NL

Close 
strikes to 

Line

Nl

Close 
strikes to 
structure

NM
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Number of Hazardous Events
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Number of Hazardous Events
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Number of Hazardous Events
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Number of Hazardous Events
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Number of Hazardous Events
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Number of Hazardous Events
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Probabilities of damage
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Probabilities of damage
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Probabilities of damage
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Types of Loss

Reduction 
factors
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> Touch/ 

step
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Fire 
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r
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h

(eg hazard) 

Risk of 
fire

rf
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Types of damage

Risks from 
Strike to 
Structure

Electric 
shocks 

RA

Physical 
damage 

RB

Internal 
System 
Failure 

(surges)

RC
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Types of damage

Risks from 
Strikes to 
Near the 
Structure

Internal 
System 
Failure 

(surges)

RM
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Types of damage

Risks from 
Strike to 

Connected 
Line

Electric 
shocks 

RU

Physical 
damage 

RV

Internal 
System 
Failure 

(surges)

RW
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Types of damage

Risks from 
Strikes to 
Near the 

Connected 
Line

Internal 
System 
Failure 

(surges)

RZ
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Risks
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Risks from the view of Strikes

Risks

Damage 
probability

P

Indirect 
Strike to 
Structure

Direct 
Strike to 
Structure
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Risks from the view of Cause of damage

Risks

Damage 
probability

P
Fire, 

explosion, 
mechanical, 

chemical 
reactions

Electrical & 
Electronic 
systems 

failure due 
to surges

Contact & 
step-> Electric 

Shocks 
(human & 
animals)



2. Risk Management -
Need and economic 
justification for LPS
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Need for Lightning Protection

• The need in order to reduce the loss of social values L1, L2 and L3

• In order to evaluate whether or not LP of a structure is needed, a risk assessment in  
accordance with the procedures contained in IEC 62305-2 is made.

• The following risks shall be taken into account

– R1: risk of loss or permanent injury of human life

– R2: risk of loss of services to the public

– R3: risk of loss of cultural heritage

• Protection against lightning is needed if the risk R (R1 to R3) is higher than the 
tolerable level RT

R > RT



Zulkurnain Abdul-Malek, Mar 2021 51

• In this case, protection measures shall be adopted in order to reduce the risk R to 
tolerable level RT

R  RT

• If more than one type of loss could appear, the condition R  RT shall be satisfied for 
each type of loss (L1, L2 and L3)
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Typical values for the tolerable risk RT
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Protection Measures Selection
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Flow diagram for 
determining the need 
of protection and for 
selecting measures in 
case of types of loss L1 
to L3

Risk components:

RA human life (S1)
RB fire (S1)
RC overvoltage (S1)

RM overvoltage (S2)

RU human life (S3)
RV fire (S3)
RW overvoltage (S3)

RZ overvoltage (S4)



Economic Justification of Lightning Protection

• The type of loss L4, economic losses, is relevant for many buildings or structures. 

• Here it is no longer possible to work with a tolerable risk of damage RT. 

• One rather has to compare, whether the protective measures are justifiable from an 
economical point of view. 

• Not an absolute parameter, such as a specified tolerable risk of damage RT, is 
standard of comparison, but a relative one: 

• Different states of protection of the building or structure are compared and the 
optimal solution, i.e. the cost of damage as a result of lightning strikes remaining 
as low as possible, will be realised. 

• So several variants can and shall be examined.

• But for L1-L3 (public interest), R < RT, is always the first criterion.

55
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Economic Justification of Lightning Protection

• Besides the need for LP for the structure to be protected, it may be useful to 
evaluate the economic benefits of providing protection measures in order to reduce 
the economic loss L4.

• R4 allows for the evaluation of the cost of the economic loss with and without the 
adopted protection measures.

• LP is cost effective if the sum of the cost of residual loss in the presence of 
protection measures, CRL, and the cost of protection measures, CPM, is lower than 
the cost of total loss without protection measures, CL

CRL + CPM < CL
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Flow diagram for 
selecting protection 
measures in case of 
loss of economic value
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3. Risk Assessment
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Overview of risk components RX
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building



Zulkurnain Abdul-Malek, Mar 2021 75

Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Equivalent collection area AD for direct lightning strikes to an 
isolated structure
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Equivalent collection area AM, AL , AI for indirect lightning strikes to 
the structure
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building



Zulkurnain Abdul-Malek, Mar 2021 84

Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Shielding of structures by using natural components of the building
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Lightning and surge protection measures and their influences on the 
individual risk components
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Carry out a risk assessment exercise on the following 
hospital

Risk Assessment type: R1

Exercise
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Hospital and Detailed Parameters
GFD = 0.7 strikes/yr/km2
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Hospital and Detailed Parameters
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Hospital and Detailed Parameters
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Hospital and Detailed Parameters
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Hospital and Detailed Parameters
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Hospital and Detailed Parameters
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Hospital and Detailed Parameters
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Hospital and Detailed Parameters



Zulkurnain Abdul-Malek, Mar 2021 98

Hospital and Detailed Parameters
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Hospital and Detailed Parameters
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Hospital and Detailed Parameters
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Hospital and Detailed Parameters
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Suggested Protection Measures – Solution 1
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Suggested Protection Measures – Solution 1
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Suggested Protection Measures – Solution 1
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Change from Class II to I

Suggested Protection Measures – Solution 2


