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Khanit Techochalalai 2012: Risk Assessment of the Elevated Train Station Against
Lightning. Master of Engineering (Electrical Engineering), Major Field: Electrical
Engineering, Department of Electrical Engineering. Thesis Advisor:

Mr.Winai Plueksawan, Dr.Ing. 115 pages.

This thesis is a study of a risk assessment from the lightning to the elevated train
station to understand the structure of the elevated station, the runway and lightning protection
system, and to focus on the causes of a risk assessment in a reduction of damage causing the life
loss or permanent injury. As the structures and public services have been consequently
damaged, the elevated train station matters must be ensured that it is safe from harm in

examples happening in foreign countries.

The study is collected from a data of the Purple Line (Bang Yai-Bang Sue) in a
Consideration of the Engineering Institute of Thailand under His Majesty The King’s Patronage
Criteria (B.D.2553), Part 2 Risk Management. The necessary of protection and the Theory of
the international will be applied in all necessary documents from the structural contracts and the
summary of the elevated structure station and the elevated structure runway, and take a risk

assessment from case of not having and having lightning.

The study shows results so that the method of a risk assessment of the lightning to the
elevated train station and international case studies can be applied. The results of a calculation
in areas which do not have a lightning protection are 1. The risk from 2.987 x10™ at the elevated
structure station 2. The risk from 8.388 x 10™ at the elevated structure runway. The results of a
calculation in areas which have a lightning protection are 1. The risk from 5.976 x 10" at the
elevated structure station 2. The risk from 4.196 x 10” at the elevated structure runway. For
lightning protection case results which are less than the respective tolerable risk (10_5) in a risk
assessment, It shows that the elevated train station is sufficiently protected against lightning,

guarantee no loss of life or permanent injury.

Student’s signature Thesis Advisor’s signature
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8) N3AAAINKA (monitoring) (URMIA white paper, 2007:4)
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3) M5UsLNUANUTEN (risk assessment)
4) AFIANTANNIT O (treat the risks)
5) M3FhfeaIl tazMINUNIU (monitor and review)
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- risk assessment
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- risk response
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- monitoring and review
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Basic 69kv lo 750vDC Distribution Diagram
68ky Transformer sunaly 2k Switchaear Supgly 24k EMY Suoply

115 or 69/24KV P T
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ANA 11 HENTLUVEBA1Y 1U5LUY Signalling
fan: mssn llihuudanasumalszmeing 2554)
32U Interlocking System (IS)
mrhatlear ilisa Tl it fowdusunsielumsifusa uazaugu

131191 ¥B4 Trackside Equipment 1%U Point Machine 1130 Signal HANNMINIIUVDITS UL

Interlocking 13N laaanIni 12
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Train Signal Track circuit

M l; 1.
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"Occupied”

PN 12 1aad Simplified Railway-Specific Process
d‘ 9| J '
f3n: Mo Idhvuaaasunralszmelne (2554)
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¥ INPUTS
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durngudna1svuia 16 mm. 911 0.6 m.AnuLrdInudazinuFeudedsiunuadavae
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131: Contract Document for Mass Transit System Project in Bangkok (2552)
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131: Contract Document for Mass Transit System Project in Bangkok (2552)

37



38

7.2 szuvieanuihrimeluvsnasese IihuuuTaseadwenszau

4 [ {A g’; 1
sznov ldreginsaitlosiufe 1w Parapet 1azi1) Trackwork NAAAIBY
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protective earth protection o
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--------
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Earth wire

| <100 m
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\ AN
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131: Contract Document for Mass Transit System Project in Bangkok (2552)
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7.3 szvvtleanuihimeluaaiisa Iihwuyu Tassadwensyan
Y % ad . .
7.3.1 @Un3a1doan @S e (Surge Protection Device : SPD)
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O Loncand bnorvclireg
Daar 2 ot the
K E Aunkvn‘lLPI /Bﬂl'ﬂ'ﬂhi‘il

s boundary' of
mom / 1PZ NN, ared | F7

M 18 Mausia Tyumsdeaduusadunuanihm
1311 Lightning protection zones according to IEC 1312-1 (1995)

=1 ] Y [ Aad [ cs'
3Jﬂ1iLHJ\‘HJSZLﬂﬂ%@QQﬂﬂimﬂﬂiﬂulﬁiﬂ@WMﬁﬂngﬂﬁ‘VlﬂﬁfJ‘]J (MUNINN 19)

Lighining Cusast Smages Famacrbar b L ‘anle sl

Aamashar 1EC BNM-LAECEENIE-1 BECHNM-LABAHE-1 Br:-_q.‘

ECaNM-LAECH L) 1AM (W ms 1.2 . W ur 1.2 W us
NN s
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q' ] Y 4 [
HMNN 19 ﬂﬁ!mﬂﬂi%m‘ﬂ““@ﬂﬂqﬂﬂim‘ﬂﬂflﬂu!,ﬁ'iﬁ]@”liJﬁﬂHill%ﬂ”li‘ﬂﬂﬁ@‘U

flan: IEC 62305-1:2006-1, Protection against lightning — Part 1: General principles (1995)
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Y, v ad . . 1 g
7.3.2 9Un3ailoanui@sv (Surge Protection Device : SPD )aztiudlu 2 Uszinn e
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2. Surge Arrester fararutiamvedinaus sy Tl uau e luldnumnezih
[ o o [ BN ?zl; ] v 1
ﬂ'J’lllL?TﬂW’lﬂﬂUQﬂﬂimclu@’]ﬂ'ﬁ @1&!1’(1&\1@]@@]\3%3@%1’7@\38’]1& LPZO1 a\‘mngﬂw&]ﬁauﬁ}’gﬁl
ATLUEDUWAT 8 /20 ms HAZUIIAUDNWAT 1.2/ 50 ms
A Y 1% ad o Y] 1 (] = A Yo w 1 @ 19 Y a
fﬂﬁlﬁ@ﬂ@.ﬂﬂﬁmﬂ@ﬂﬂulﬁﬁfl]ﬁﬁ’i5'1JLLG]@$fﬂui]ﬂﬂ']ﬁlﬂ@ﬂblwfl]"lﬂﬂﬂnﬁ\‘iﬂullui‘ﬂlﬂu

MNMAUANWUINTT I

e, v ez o
oonarma | Bk |
eeeenen A 1Ky .

"_'_"-.-" -=-—-| -=-nl-| -'-...H|
= 13 1N - 1.
I -

q' ] [ 9 a [ Y4 .
HMNN 20 L!ﬁﬂ\iﬂTﬁLLU\iﬂi%Lﬂ‘V]Lﬁ\‘]ﬂu”h/\lV\I1Lﬂ1!@]13Jﬂ311]ﬁ3JWU‘ﬁV]TQﬂH'JH (Insulation

9
Coordination)TﬂEJﬂT]JﬂJJLLNﬂuLmaz‘ﬂ FLIANNTAANN (Installation Category)

flan: IEC 60664-1, Insulation coordination for equipment within low-voltage systems — Part 1:

Principles, requirements and tests (2007)
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#31: Wenzhou Tuoer Electric Co., Ltd (2010)
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$PD lims 12,5 KAy
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@ Swa

M 22 uaaelassaiednyaeMmen e Lightning current arrester

131: Naka Engineering Co., Ltd (2009)
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1. 5TUUADNIINDS
1.1 Intel Core' " 2 Duo processor T5900 (2.2 GHZ, 800 MHz FSB, 2 MB L2 cache)
1.2 Mobile intel Graphics Media Accelerator 4500MHD
1.3 4GB DDR2
1.4 14.0 Inch HD Acer CineCrystalTM LED LCD
1.5 320GB HDD
1.6 DVD-Super Multi DL
1.7 802.11a/b/g Draft-N WLAN
2. szulgiams
2.1 Microsoft Window XP (Service Pack 3)
3. Tlsunsuilga
3.1 Microsoft Office 2003 or 2007

4. wnensuuuneainensemssa Wdhaeduias @i Iva-uede)
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6. 111 T Aum

47



48

ad
IBNII

Wmmsdsedumanu@dssannnesgiumstesnuihmuesimnssuaniunma
v { a { an v a
UszinetIng Tuwszususigldus wa. 2553 M1ah 2 MIVIMITANMEFE TBMIAATUAWY
o & v o v A a
sufluvosmsilosnuTasmsihdoyannenmsdyaivesdalgnadeusnuamiisaluih
9 % a A % 1 Y3 A (= 9, v Y ] Aa
puuTassadnenseauuazuinuneenszay uildiunsain lutimsilesnuihm@uya

] [

1 = Ny 9 v 9 AAA 9 Y1 Y o
Nhigmsaadaszuuilosnuihi) uaznsainimstlesnuihmldinmsesauuuszuy

[

Y| o Y ] Y Y A a Y a A 9 491 ) dy
°1J’eNﬂuWWNWthmULWWﬂm%N) NITTUIIVOYALUDIAUAIY

9 o

- Yoyauaznuanbauzvesdlgnaiamensneinis)

v
o o o

- Yoyavosme Ifhmawssdumazszuumelunaeeg (neuene1ns)

- Yoyavosme Insavuauaz szuuMe luiaoeg (NeusneIA1g)

Y [
- UDyaLazUAnNbMUL (mMaluo1ns)

o [

- snuiuntmngluihazuesast) (Taamasly e nny. Ae 80 Jusdsil)

E]

(%

Y Y
MMIMUIUNVUVUADUAIY

¥ [
A A [

o Y ) d' 1 a dﬂ( d' 9 l d' ) a dy
winunsuthrinaazimnatu laemaouaz doyaaispoinniansa Al
- Havesusnaaoitise lWihuuulassadeenszau 1dluninn 24

- HAUDININNYNTLAUNIINENTEAVHN 1A 1UNINN 25



Ty e R
g, s A
D N N N R g

M 24 davessnaaoitise lWihuuulassadwenszau

131: Contract Document for Mass Transit System Project in Bangkok (2552)
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la: Contract Document for Mass Transit System Project in Bangkok (2552)
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nsdi liimstlesiu | nsailimsiloany
winiimes Toydnual
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asdalgnats

Ay =[ Ly xW, +6H, x (L, +W,)+7(3H )’ ]
asme lihmas

Ay = Vo x[L =3H,]
aslndaeldhas

A(p) =25 pxL,
avee InsauuIAy

A =6H,x(L, ~3H,)
aslndmeInsauuiny

A, =1000xL,
Wa LW, uaz H, {8 (m)
p ANNALmILInzaasan (Qm)

1
=

L, AnuznaasdelWinidsussinuazszuunialunsant (m)
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3)

4)

)

54



55

H, anugevesae fhmawseduazszuumeluiiaesy (m)
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asdalgnade

NDzNngijdXIO_(’ (6)
asmelihmad

NL(P) =N, x A(P) xCd(P) th(P) x107° (7)
aslndaelihias

Ni(P) =N, x A(P) th(P) xCe(P) x107° (8)
avee InsanuIAy

Ny = Ny X Ay X Cypry X107 ©)
aslndmeInsauuny

Ni(T) = Ng X A(T) xCe(T) x107° (10)
asdalgnaialndifes

NDa:Ng><Aﬂa><Cd/a><Ct><IO’6 (11)

de o N, anwmuniuvesnuilen (1/km? / year)
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MRT Purple line Project Bang Yui to Rat Burana Construction Specification
Bang Yei lo Bang Sue Section Building Services

SECTION 19.11 : GROUNDING AND LIGHTNING PROTECTION SYSTEM

1 General

11 General Requirement

1.1 Tha Contractor shall supply, install, connect, test and commission a complete system of
safely grounding and lightning protection in accordance with the Drawings and specified
herain.

112 All metal conduits, trunking and tray systems, supports, cabinets, metal parts of
switchgear, equipment cases, motor frames electrical fittings and fixed appliances liable to
become live in the event of insulation faiture, shall be effectively earthed by means of earth
continuity conductors of adequate size.

1.2 Standard and Reference

1.2.1 Tha grounding and lighining protection system shall comply with the following codes and
standards:

{1}y NFPAT78/1989 H Standard for the Instellation of Lightning Protaction
Systems

(2) NFPA 70/2002 H National Electrical Code {NEC)

3 TIS : Thai [ndustrial Standards

13 Submittals

1.3 The Contractor shall submit material liste or catalogue for approval belore purchasing.

1.3.2  The Gontractor shall submit the installation method and details for approva! befere
installation.

14 Warranty

1.4.1 All materials and installation shail be guaranteed by the Contractor at least two (2) years
after Taking-over.

Contract 22 Volume 7 Book 4 lofd 19.11 Grounding and

Chapter 19

Lightning Protection Sysiem
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MRT Purpiz iine Profect Bang Yaito Rat Barana ' Construetion Specification
Bang Yai to Bang Sue Section Building Services
2 Materials

21 Description

211 The malerial for grounding and lightning protection system shall consist of ground rods w/ pits,

22

2.2.1

ground conductors, test boxes, lightning down conductors, lightning conducters, air terminals
and accessories interconnected for the complete system.

The MS&E Contractor shall provide the Earth rat calculation at each Station and then the
Contractor shall provide and install the Earth mat system.

The MZE will provide and install the Earth bar inside all M&E S88 and TPS room, the
Confractor shall terminate the grounding cable at the S3S room ground bar and then wiring to
the Main LV Switchboard as indicate in the E&M Earthing Schematic diagram.

The stray current Earth mat calculation will be done and previded by the M&E Contractor,
including installation procedures. The civil Contractor shall provide and install the stray current
corraction mat for viaduct structure refer to the M&E Specification and requirements.

Component

Grounding System
{1) Al non-current carrying metallic parts of the system shall be grounded.

(2) The transformer star points shall terminate at a copper grounding conductor bar tocated
in the electrical room. The transformer grounding cables shall be cennested from this
bar to the transformer ground pit (M&E scope). Cables shall also ba connected from
this bar to the main switchboard (the Contractor's scope).

(3} Al grounding conductors within power cables shall be terminated at the switchboard
ground bar by means of lugged cable connections. The gland plates at which all
amoured cables(jf used) have been terminated shall be securely bonded to the ground
bar.

(4)  The main grounding system shail consist of 95 s¢. mm. or as indicated on the Drawings
single bared core copper cable installed in conduit embedded in concrete slab.

(5 Bafore passing through the Zerc-phase-sequence current fransformer, the neuiral wire
shall be grounded only to the grounding busbar of the main switchboard.

(8  The grounding conductor shall be stranded coppar wires of the size specified.

Contract 2: Volume 7 Book 4 2aofd 19.11 Grounding and

Ciapter 19

Lightning Protection System
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MRT Purple ling Froject Bang Yai to Rat Burana Consiruction Specification
Buang Yai fo Bang Sue Section Building Services

(8

{10)

Grounding clamps shall be used for securing the ground wires, to the grounding
electrodes. In addition, copper ground wire shall be bonded to the grounding electrode

by thermo-welding.

Sizes of grounding conductor for other equipment not stated in these Specifications
and not shown on the Drawings are tabulated in 1able below:

Table for Minimum Size of Equipment Grounding Conductors for Electrical
Equipmant

Rating or Setting of Automatic Size (Sq.mm.)
Over-current Device in Circuit Ahead
of Equipment, Not Exceeding (Amperes)
8- 16 1.5
20 - 25 ’ 4
a0 - €3 6
80 - 100 10
125 - 200 16
225 - 400 25
500 35
600 - BOO 50
1,000 70
1,200 - 1,250 8b
1,600 - 2,600 120
2,500 185
3,000 - 4,000 240
5,000 - 6,000 400

222 Lightning Protection System
(1}  Lightning protection shall be provided as indicated on the Drawings. The lightning down
corductor shall be terminated at its own ground rods. The down conductor, from the
conductor termination on roof to the ground rods shall be as straight as possible. The
down conductor shall not be made to match the contours of the structure if this entalils
sels and bends but shall be made to take a direct path to the el X t‘*"
()  The protection system shall consist of air terminals, coj ductors,
grounding and all necessary accessories.
(8)  Air terminal shall be copper clad steel, ¢ 16 mn: . il o the
relevant drawings.
Contract 2: Yolume 7 Book 4 Jofd 19,11 Grounding and

Chapter 19

Lightning Protection System
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MRT Purple line Project Bang Yai to Rat Burana Consiruction Specy
Bang Yaji to Bung Sue Section Building Services

(4) Down conductor and conductor shall be bare stranded copper or copper tape with the
minimum cross secfional area not less than 50 Sq.mm, or as specified on the
Drawings.

(5) The ground rod shall be copper clad steel as described above.

(6) The ground resistance shalt not be: greater than 5 chm.

3 Execution
3.1 Installation
3141 All equipment shall be installed on the location as indicated on the Drawings and conlorming

to the slandard as specified.
32 Testing and Commissioning
321 The ground resistance, measured by the earth taster equipment, shall be not more than 5

ohms.

END OF SECTION
L
<

., W’

Conftract 2: Volume 7 Book 4 ) dof 4 1511 Grounding and

Chapter 19 Lighiming Protection Sysfem
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4. Risk Management

4. Risk management

IEC 62305-2 provides a lightning risk management procedure
that provides a tolerable limit of risk, methods to calculate the
actual risk, and then evaluates the protection methods required
to reduce the actual risk to be equal or lower than the tolerable
risk. The main outcome from this risk assessment is to determine
if lightning protection is required and if so, to select the
appropriate lightning class. The lightning class determines the
minimum lightning protection level (LPL) that is used within the
lightning protection design.

Lightning protection can be installed even when the risk
management process may indicate that it is not required.
A greater level of protection than that required may also
be selected.

It should be noted that the IEC 62305-2 document is over
100 pages in length and is extremely comprehensive and
complex. A full manual analysis of all risks can take tens of
hours to complete. Therefore for most situations a reduced
analysis is conducted, preferably with an electronic tool.
For this purpose, the [EC standard comes with software,
and additional third-party software is also available.

For complex or high risk structures/situations, a more
detailed analysis should be considered using the full standard.
This would include, but is not limited to:

* Locations with hazardous or explosive materials

* Hospitals or other structures where failure of internal systems
may cause a life hazard

Note that with the national implementation of the BS EN
62305-2 Risk Management standard some minor adjustments
to the procedures and values has occurred to better reflect
the localized conditions and acceptable local tolerable risk.
Use the national standard appropriate to the country of
installation, or select a national standard where that country
experiences similar lightning risk (ground flash density/
thunderdays) and similar sacial/economic values.

Loss

L1 - loss of human life

‘ Risk to Structure

R, — Risk of loss of human life

4.1. Overview of risk analysis

It is beyond the scope of this document to describe the full
risk management requirements. Conceptually the risk analysis
follows the general process of:

1. Identifying the structure to be protected and its environment
2. Evaluating each loss type and associated risk (R, to R,)

3. Comparing R, to R, to the appropriate tolerable risk R; to
determine if protection is needed

4. Evaluating protection options so R, ta R; < R,

Note that separate R, figures exist for risk of losses R, to R,.
Lightning protection is required such that R,, R, & R, are all
equal or lower than the respective tolerable risk (R).

Lightning protection may also be justified upon the economic
risk R, and the respective economic benefit. A separate
procedure in IEC 62305-2 is followed for this analysis.

Each of the following risks are broken down into individual risk
components (sub categories), which are then evaluated with
regard to direct and indirect lightning effects upon the structure
and on the services. This requires the computation of the
number of dangerous events, which is related to the structure
size and lightning flash density.

The simplified analysis software considers:

Structure’s dimensions

Structure’s attributes

Environmental influences

Effect of services entering facility

Existing protection measures

The simplified software is IEC 62305-2 compliant, but is
conservative in nature. That is, worst case or conservative values
are assumed. In situations where multiple identical structures are
to be constructed, it may be appropriate to conduct a full risk
analysis in case a small economic saving can be obtained and
applied across the many structures.

| Risk to Services

L2 — loss of essential services

R,- Risk of loss of essential services

R’,~ Risk of loss of essential services

L3 - loss of cultural heritage

R,- Risk of loss of cultural heritage

L4 — economic loss

R,— Risk of economic loss

R’,— Risk of economic loss

Table 6. Risk assessment losses.

www.erica.com
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4. Risk Management (continued)

4.1.1. Sources of damage, type of damage,
type of loss and risk of loss

For those interested in a better understanding of the risk
management process, or a desire to manually calculate a
structure’s risk, the remaining sections of this chapter provide an
introduction to the topic. It should be helpful in understanding
the effect of selection of parameters in risk assessment tools
based on IEC 62305-1/2, and if a manual assessment is to be
undertaken, help introduce the concepts of the standards which
should be followed.

It is important to understand the sources of damage, types of
damage and types of losses as the procedure to assess the risk
evaluates various combinations considering structure, contents,
services and environment with the source and type of damage.

IEC 62305-1 introduces the concepts of sources of damage
(Figure 11) where:

* 51 —Lightning flash to the structure

s 52 —Lightning flash near the structure
e 53 —Lightning flash to the services

e S4 —Lightning flash near to the services

With the passible sources of damage due to lightning flash
defined, three possible types of damage are identified:

e D1 —Injury of living beings (humans and animals) due to
touch and step potential

* D2 — Physical damage (fire, explosion, mechanical destruction,
chemical release)

* D3 - Failure of internal electrical/electronic systems due to
lightning electromagnetic impulse

51
Lightning flash 4
to the structure

53
Lightning flash
to the service

54

With each type of damage, four types of losses are identified:

L1 - Loss of human life

L2 — Loss of essential service to the public

L3 — Loss of cultural heritage

L4 — Economic loss (structure and its contents, service and
loss of activity)

Care is required with the term “services”, as it is dependant
upon its context within the standard. This may refer to the
physical services connected to the building (water, power,

gas, fuel or data/telecommunications), or services provided to
the public (e.g. information services). The scope of services to
the public includes any type of supplier who, due to lightning
damage, can not provide their goods or "service” to the public.
For example a supermarket closed due to damage to cash
register/check-out systems, or a insurance company unable to
transact business due to phone or website failure.

Table 7 summarizes the types of damage and types of loss for
each of the four sources of damage [from IEC 62305-1 Table 3].
For each of the first three types of losses (L1, L2 & L3), the
procedure of IEC 62305-2 evaluates the risk of these respective
losses (R, R, & R;) and compares them to tolerable levels.

For Loss L4, the economic cost of the loss, with and without
lightning protection, is compared to the cost of the protection
measures.

Table 8 details the types of damages and losses associated with
a service, As the loss and calculation of the risk of loss is different
to that of the structure, the convention L'2 & L'4 are used to
differentiate these losses.

Lightning flash
near the service

WWW.erico.com



4. Risk Management (continued)

Source of damage ‘ Type of damage ‘ Type of loss

s1
Lightning flash to the structure

L1 - Loss of human life

D1 - Injury L4 - Economic loss ™

L1 - Loss of human life @
L2 - Loss of service

L3 - Loss of heritage
L4 — Economic loss

D2 — Physical damage

L1 - Loss of human life @
D3 — Failure of systems L2 - Loss of service
L4 — Economic loss

L1 - Loss of human life
D3 — Failure of systems L2 — Loss of service
L4 — Economic loss

S2
Lightning flash near the structure

S3 D1 - Iniu L1 - Loss of human life
Lightning flash to the services ury L4 — Economic loss

L1 - Loss of human life
L2 - Loss of service

L3 - Loss of heritage
L4 — Economic loss

D2 — Physical damage

L1 - Loss of human life @
D3 — Failure of systems L2 — Loss of service
L4 — Economic loss

L1 - Loss of human life @
D3 — Failure of systems L2 — Loss of service
L4 — Economic loss

s4
Lightning flash near to the services

Notes:
" Only for properties where animals may be lost
2 Only for structures with risk of explosion and for hospitals or other structures where failure of services or internal systems endangers human life

Table 7. Damages and losses in a structure for different sources.

Source of damage
(Point of strike)

Type of damage Type of loss

51 D2 — Physical damage
Lightning flash to the structure

D3 - Failure of systems

s3 D2 - Physical damage L'2 - Loss of service
L'4 — Economic loss

Lightning flash to the services D3 — Failure of systems

sS4

Lightning flash near to the services DR Fallie(Of systems

Table 8. Damages and losses in a structure for different sources.

WWW.erico.com 19 ER’:Dr



. Risk Management (continued)

4.1.2. Risk management procedure & evaluated to reduce the calculated risk to be equal or less
: than the tolerable risk
tolerable risk

The flow chart in Figure 12 shows the general procedure, while
Table 9 provides the tolerable risks as provided by IEC and BS
standards. The tolerable risk is expressed in the form of number
of events per year and is given in engineering units (e.g. 10%).
Table 9 also expresses these in the format of x in y events

(per year).

For each of the losses L1 to L3, the risk of each loss is determined
(R, 5 The risk of each loss is then compared to a tolerable risk:

¢ If the calculated risk is equal or less than the respective
tolerable risk (R;), then lightning protection is not required

* If the calculated risk is higher than the tolerable risk then
protection is required. Protective measures should be

{y')
Types of loss Ry
IEC 62305-2 BS EN 62305-2
. 10° 105

Lz i i 72 (risk of 1in 100,000) (risk of 1in 100,000)
Loss of service to the public Ue~ 103

p (risk of 1in 1,000) (risk of 1in 10,000)
Loss of cultural heritage L0 i

9 (risk of 1in 1,000) (risk of 1in 10,000)

Table 9. Tolerable risk R,.

Identify the structure to be protected

1

Identify the types of loss relevant to the structure to be protected R |

R, risk of loss of human life
R, risk of loss of services to the public
R risk of loss of cultural heritage

]

Identify the tolerable level of risk for each loss
RT

!

For each loss, identify and calculate the risk
R

12,2

NO Install further protective measures in order to reduce R, , ,

YES

Structure is sufficiently protected against this type of loss

Figure 12. Damages and loses in a structure for different sources.

Uk
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4. Risk Management (continued)

Risk Component | Source of damage | Type of damage ‘ Formula
R, S1 D1 Ry=Nyx P xL,
R, S1 D2 Ry =Ny x Py x L,
R. S1 D3 Re =Ny x P xLc
Ry S2 D3 Ry =N, XP, %L,
R, S3 D1 Ry=(N_+ Ny ) xPyxL,
R, s3 D2 Ry = (N, + Ny ) xP,xL,
R s3 D3 Ry = (N, + Ny ) x P, x L
R, s4 D3 Ry=(N, + N)xP,xL,

Table 10. Risk assessment losses.

4.1.3. Risk components

The risks R, , are calculated from the sum of the appropriate

risk components:
Risk of loss of human life:
R,=R,+R;+R™M+R M+R +R,+R/+R"
M Only applicable to structures with risk of explosion and
hospitals or other structures where failure of internal systems
immediately endangers human life.
Risk of loss of services to the public:
R,=Ry+R.+R,+R,+R, +R,;
Risk of loss of cultural heritage:
R, =R, +R,
Risk of loss of economic value:
R,=R®+R,+R +R,+RP+R,+R,+R,
2 Only for structures where animals may be lost.
Each of the components is abtained using further calculations,
sub-calculations and reference tables based on the general
equation:
Ry=Nx P x L,
Where

N, = number of dangerous events
per year

P, = probability of damage to structure

L, = amount of loss

The number of dangerous events per year is primarily based
upon the structure dimensions, length and type of service

and the ground flash density. The physical dimensicns of the
structure and service is used to calculate the effective lightning
capture area, and the ground flash density is used to determine
the probable number of events per year. Several graphical and
calculation methods are provided by the standard.

The probability of damage is obtained from the given tables in
the standard, with some simple calculations being required.

The amount of loss is also obtained from the given tables in
the standard with calculations being required.

Www.erica.com
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... In with the new

BS BB :159% Protuction of sinsctures against lightring
s bsian tha comerstons Tor qukdancs on deelgn End
Irstallation of lighining protecon sircs 1925, In
Saptambar 2008, howeest & rew fandard

B5 EM 52305 was Introduced For 3 finlts pancd, both
B% 6651 and the new BS EN 62305 standand ars o nun
In paralal, but ultimately ES S551 wil bswhhdrasn
ard BS EN 52305 will betoms the only recogrized
stardard. Thiswill bo oo Inbs Torcs by the ared of
August 2008

Thk new fandand reflects inreased wiaiific
undarstanding of lightning ard It eMects over the last
besardy yaars, and takes stock of tha growing Impad
of techrobogy ard slectronkc sysems on our dalky
acthAtles. Mon complex and exactng thanlis 118
pade predecesor, the 475 page BS BN S2305 &
structured a5 & serles with four parts, Sarting at
gurara principles, then sk managemeant, through o
damage to the Snedurs and damage to slectronkc
sy turre tharsin.

Eay to the new standard Is that &l condderations for
lighining protacton are driven by & comprahereha
ared complax rik ssssamant and that thl asesment
not cnly takes Inte aceount the tnucurs b be
protectad, but alse the sardkes to which the structurs
b connschad.

In sasance, stnetural lighining protecion @n no
longer ba coreldersd In Bolatdon, protecion agairet
randant cvarsoltages or alectrcal surgss an Intsigral
to the new standard.

Structure of BS EN 62305

Tha British Standard Europsan Norm ([BS EN)
b230E zarkas conslsts of four parts, all of which
nazd to b takan Imto coreldemton. These four
parts aras outlined balow:

Part 1: Ganaral principlas

BS EN 82305-1 (part 1) k an Inrodudion ©o the other
parts of the standand and essntialy dascribes how 1o
dasign & Lightming Frotection System (LPS] In
acordance whh tha accomparying parts of tha
standard.

Fart 11 Risk management

B5 EN 52305-2 fpart ) sk managemant approsch,
doss nok concanirats o much on the pursly prydeal
damage 1o a structure caused by a lightning dichange,
but miore on thae Aot loss of human [Ifs, oss of
serikoe o the public, ke of cultural herfage and
woonomic loss.,

WL se. com
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General
Principles
BS EN 62305-1

Risk
Management
BS5 EN 62305-2

Fart 3: Physical damaga to structures and
IIfa Fiazard

ES EM £2305-3 ipart 3 ralates dirsctly 1o tha major
part of BS S551. It diMars from BS 8651 In as much that
hds nev part hias four Oasses or protection ks of
Lightrirg Frofaction Systam (LPS), & opposed fo the
basiciwen (wrdinary and high-Ask) keesls In B3 5551,

Fart 4: Electrical and slectronlc systems
within structuras

ES EM £2305-9 part 4) oovars tha protection of
slacirical and alecironic setems houssd within

structurss. This part sssantlally amiodas what &nnax

C In ES 6551 comveyed, butwith a new zonal approad
rafarnad to & Ughtning Frotacion Zones (LFZs. H

prowidas Information for the dasign, Insialation, 15
mantananca and testing of 3 Lightnirg

Haciromagristlc Impulss (LEMF) protetion sysham for
slaciricalalactronic spstame within & structura.

BS EN E2305 - Introduction | Imtroduction



Tha follvaing tablke ghoes & broad outline as to tha key vananoss betewean the outgoing standard,

BS E£E1, and the new standard BS EN 62305,
B5 6551 standard
Decurnant strackurs

118 page dooumert, including 9 pages dewoted 1o
risk assmsment

Foouws on Protaction of Structunes ag2ins Lighinirg

Spsdific tablss ralating 1o choics ard dimersion of
ngh'lnng Protection S stem companaris and
conducion

fnnax B - guadance on application of B3 6651

Bnnex C - gensral advice (recommerdation) for
protection of slectranic equipment with separata risk
f-i52 210y

Dwfintion of rizk

Ritk [of deathfirjuny] level sat at 1 in 100,000

i1 x 10 based on comparablo exposuras
ismakirg, traffic accidanis, dra.lnan aic)

Protaction messunes

kash arangamant is promatad as the commenly
uss=d means of air mmmiration rebwork

2 kevzls of Lightring Protaction mash desore
Z0m x 10m; 10mix Smd

2 kvzls of doen conducdior spacing:
20m & 10m

Usz of bonds promotad 1o minimiss side flashing

10 chm oversl aarthin ramant, schioved b
10 % number of down m .

Raguiramant 1o bord al matalic sardcas, (gas, waier,

sleciricity etc) to main earth temminal dong with
stemal down condudor

Foling spham corospt on structuras ovar 20m tall:
20m sphara used cn highly fbmmabls comianty

slectranic nqu'F'mrtw hir buiding
&0m sphara al cther buildings

BS EM 62305 standard

47E page documant, nqparal:nd inka 4 parts, rn:l.r:lng
153 pages dewoted to sk assessmant (BS EM 62305620

Eroader focus on Protaction against Lighining incdludirg
the stnachore ard services connecied to the structuna

tables ralating 1o sizes ard types of cordudor

:I'd zarth Fnhl:l:rl:-l:lns eally

?'n:nng robaction M oomporsnks — gpadfica
ated to B5 BN 50164 testing regimas

ES EN 62305-3 Anrax E - exbarsive guidancs given on
ication of iretallation techniques complets with

ilkxstrations

E= EW £230E5-4 is devobed antirely to protection of

-|h-|:h1|:l| ard dadronic within ths struciura

part of standard] and is mplkemantad th
ng separate rek assessment (BS EW G23056-2)

2 primany risk leves dafined:

&, loss of human Iz 1 in 100,000 {1 x 109

&, loss of sarvice to the public 1 in 0,050 {1 x 104
&, losz of odvral hertaga 1in 10,030 (1 x 10+

Mesh arrangamant, iva angle methad, catzarary
wdunsis uss of ar finials, al fam part of or
all of air termination netarork

4 sras of mash defined acoording to siructoral class of
ighining Protaction Systam:

Clasrl  EmxEm Chzsll 10mx 10m
Clasz il 15m x 1Em Clazz n- 20m x 20m

4 kwvaks of down conduckor spacing dapandert on
sknuciural d.m-ufh hiri ggubam:
Clasz | rﬁ 1|]m

Cla=x 11 1Ern Clas I Z0m

Exfercive sacticnsfedplarations provided an
sgpapotarkial bonding

10 ahms casrall zarthi imrnrmnt achizwad sither
Typa & arargamant (reds] or Frpa B arangament
bgll

iramam 15 bord Al metalic servicas 1o main
sgpapobartial bonding bar. 'Liva’ slectrical canductors
a0 porar, data, tekeooms) bordad via Sunga
Frotedicn Devices (SPD0s]

4 simas of roling ooncapt dafired acoording 1o
sknuctural d.muf himing Protection Systam:

Class | ss I Z{im

Clasz (1l 4Ern Class I &lim
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BS EN 62305-2 Risk Management

BS EM 622052 & kay to the cormect
mplkmantaton of BS EN 622053 anid

B5 EM £2205-4. The assessmart and managemant
of risk Is now :Enlﬂl:untlj mare In depth and
axctenishia than the approac of BS GEL1.

ES EM 62305 spacHicaly deakwith making a sk
assassmant, tha remls of which defing the lessl of
Lighining Protection Sysmam (LFS) requirsd. '‘Whils
ES 6551 dawvoted @ pagas {induding flgune) 1o the
subfect of sk assesment, B5 EN 52305 cumantly
coralns some 153 pages.

Thia first sizge of tha rik assamment brbo identHy
wahlch of tha Tour types of k33 (2 Idertifisd In

ES 62 305-T) the sructune and Hs comtents can moor
Thia ubimais amof the rik sasssmmant §5 to quantiy
and It nemszany reducs tha ralevant prirmany dsks e

By sk of ke= of human Ifs

Rz orsk of koss of serdkata the public
Ry rsk of koss of culural her tege

Ry onsk of sz of ecoromicaalus

Faor sach ol tha fink thres primany ks, 2 tolarablks
rig (i) B sat. This data can b sourced In tabke NI
ol tha Mational &nnee of BS EM E2305-2.

Each pAmany dsk (&) s detarmingd through & kong
zaras of calodatdons & dalinad within tha fandard.
the actual rig & 2 1s kess than or equal o the
tolerable risk (9], than no protection measunas ars
readed. If the actual Ask (&) k& greater than 1tz
corresponding tolarabla nsk (v, than protecion
mesures must be Instigated The abows process i
rapaabed (using neve waluses that relats bo the chiossn
proteion meanirer) unill & b les than or equal 1o
115 corrasponding &p.

11 I this Iherathen process as shown in figurs 3 that
decldis tha dholca or Irdsed Lightring Protadion
Lirazd (LFL) of Lighining Proteciion Spmtem (LFS) and
Lighining Eledro-magnetc Impuks (LERF) Frodection
Misasuras Systam (LPMEL

Introsductaon | BS EN 82305 part 2

labistity g AITUU TS T b ratirtid

iienlify the Tepes of lags idlesam ta
Tha FFechard Us be preteced X,

7y righ o legs of hairan lite
i Fishl o log o sefwie Ve Tha priblic
iy Fehl od Inga o cultiasal b taje

1

For aith bzt b bo comiidered
urfy the towraths laval of ruk
s

f _

Fai® pbeich bas T B i bl el
Menty ard talidlais the i
defrpateeals ¢ thal sale wp ik v

Byt BBt Wy e B B Bt By

Structune i ndenuataly protected far
thia bypss o leas

Fiqum 1: Frocedurs for dedding ha rasd for protecicn
TS EM B2 Figum T}

StrikeRisk w5.0 risk management
software

An Inealuabls tool Tor those Ireaksed In underiakdrg
thia complax risk ssssament Caloulations requined by
ES EM GI305-Z, SirkaRbk w507 adlltabes tha

Az ssmandt of Ask of kas dus bo ghtrireg Arikes ard
transkent overeoHages cawed by lightning

Caulck & sany touea, with Tull reporting capabiiity,
StrikeRi® w5, 0 automates rik arsssment calculation
and dellssrs resdis In minutss, ratber than the hours
of days Hwaould take to do tha sama caliulations

by hand

Cordact Furss for mora dekalls about SrikaRkk wS 0,

e Tu s oo m
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