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Abstrrct-Thtu ptpcr pre3eots rn rnalysis of the lightniog risk
ass€$mcnt of s building of huD.o lif. rnd culturEl hcritrge
vrlue rl the ChEtrcellery oflicc building at UiTM Shrh Al8m,
Sclengor. Ncw softwsrc hrd beeo dcvclopiug for risk rssasrment
crlculrlion. Thc mctbods for lightuling rLk r!!6smrnt duc to
lightning flishes to s structure brscd on thc Mahyrien Strndrrd
(MS) of lntcrnrtionsl Elcctrotcchtricrl Colnmission (lEC) 62301
2 by using thc Microsoft Exccl and dcvclop softw.rc. Thc res lt
obtsincd c8tr bc l rcfercnce for sefcty issuc of lightning strikc
protectiotr. Thc Clenccllcry oflicc buildirS it!.lf necd! extn
protectioos bccrla. thc risk of humrrr life vrhc wr. trot tolcrracd
with the st{rdrrd vrluc rftGr crlculrte lhc risk r$casmcnt u3ing
both mcthods.

Keyvords; Nsk Ats6smcl,'1 Ughrrrlry Prorcdlo,t slf/c,[ (LPS),
lnlqnational El.cfioled,nicd Commislon (IEC), Mqlqstan
Storrdat l (MS)

l. lMrRoDUcTloN

Lightning st'ike to the sructure will cause damage to the
sfuctwe its€lf, to its occupants and contents and including
failure of intemal systems. The damages and failures may also
extend to the surrounding ofthe structurc and even involve the
local enyironment. The lightning risk assessment and needed
for pmtection measures should be detcrmined using the risk
assessment methodolory in MS IEC 62305-2 of this guide or
by means of commercially available software wrinen
specifically for the purpose [2].

The protection ofa human life and heritage building should
be based on the basic principles and methodologies. Since
tightning strike can be a natuml risk that threatens buildings of
human loss and cultural heritage loss. An LPS helps protect
against physical damage to the structure, its contents and injury
of living beings. Regarding the LPS implementation, some of
the following principles were taken into account [2]:

The struc'tur€ itself such as the parameters of that
structure need to protect;

The intervenlion, which included the LPS installation,
was caried out in accordance with local operational
guidelines for the protection of human life and
cultural heritage;
As tfiere was no information rslated to any LPS in the
original building, the task of protecting it required a

complete analysis of technical, historical, and
architectural :

Persons in the structure or standing in the mnes up to
3 maers ftom the outside ofthe sEucture:
The envimnme affected by a damage to the
structure

Pan 2 of the new standard IEC 62305-2 [2] treats the risk
management of the protection against lighhing. The risk.
defined in this standard is the probable average annual loss in a
structure and in a sewice due to lighhing flashes. The lighhing
risk is depends on a lot ofparametem (at least 52, if we refer to
IEC 62305-2). The new software was cr€ated especially to
calculate the risk of loss ofhuman life and cultural heritage duo
to damage on structure as showed in Figure 5 and 6 was
establish by using the Matlab GUI software. The interface has

been clearly designed to show all parametes simultaneously
for more rmderstanding on calculating risk assessment of
lighbing protection system on a stsucture, as well as the
principal result of risk calculations, the collection areas, the
number of dangerous events experienced by the stsucture and
the suggestion what should their do after complaing the
calculation will be directly to the expert of the lightning
pmte.tion system by through the official email.

2. METHoDoLoGY

The decision to protect a structure or a service against
lightning, as well as the s€lection ofprotection measures shall
be performed according to IEC 62305-l []. The following
procedure shall be applied and the Figure I shows the
procedure for deciding the need ofprotection:

. ldentification of the object to be protected atrd its
characteristics;

o ldentifications ofall the types of loss in the object and

the relevant corresponding risk R (R1, Rz. R: and &);
. Evalualion ofrisk R for each type of loss;
. Evaluation of need of protection, by comparison of Rl,

R2, and R3 for a stsucture with the tolerable risk Rl as

shovm in Table l;
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Types of loss Rr (v-')
Loss ofhuman life or permanent inluries, R1 l0'
Loss ofservice to the public, R2 l0-l
Loss of cultuml heritage, Rl l0'l

I

ical values oftolerable risk

If R<Rr lightning protection is not necessary. lf R>Rr
protection measures shall be adopted in order to reduce R until
R5Rr for all risk considered.

NO

YES

Figure I : Proc.dure lor decidinS the nced of pmteclion

2.1 Commenls on lhe structure and air lerminalion system

The Chancellery offic€ building at UiTM Shah Alam,
Selangor had been selected because it is stand alone structure
on the hilltop and may have a risk of liglttning srike. The
parameter of the Chancellery building is 33 melers height, 33

meters width and 50 m€ters length and the layout as shorw in
Figure 2 and 3. The structure is considered as the rectangular
smrcmre. All the detail of Chancellery office building and air
termination system was shown in Table 3.

2.2 Power supply and communicqtion systems

The power and commnucation systems connections arc
underground based on observation and information fiom the
Fasility ofnce of UiTM Shah Alam. the following information
was succefull gather which is:

o The [nwer and telecommunication line is

underground. The length considered is 1000 m. The
building is surround€d by trees of the same height or

smaller (C6 = 0.5). There is a transformer for service
only (C. = l) and the soil resistivity, p is 500Om [2].o All the services are unshielded, PLD = l. Since the
LPS install at the structure is level IV [3], there is a
SurBe Protection Device (SPD) was install according
to LPS, PspD = 0.03 [2]_

o The lightring ground flash density, Ng = 0.1*T6,
where T6 averagely 20O thunderstorm day a yeal at
the Peninsular Malaysi4 so the value of Ng = 26
strike per kmz per year taltsl.

The power supply and incoming lines characteristics and
data was recorded in Table 3. There is are unknown
information that can be decide as assumption value based on
MS IEC 62305-2 [2] and the assumption was shovrn in Table
2.

Table 2: Fixed eter for calculation and software

Table 3: Parameter related to the Chancell buildi
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Identiry the structure to b€ protected

Identify the typos of loss releyant to the
structure or the service to be protected

For each type of loss:
. IdentiS the tolerable risk R,
r ldentiS and calculate all

relevant risk component Rx

R>R r

Structure or
servlce

protected for
this type of loss

lnstall adequate protection measues
suitable to reduce R

Prrameter Symbol
500Soil resistiYity (Om)

Service length line (m) L.
IShield at structure boundary Ks,

Ks, IShield intcmal to struclure

Va lucParameter Symbol

Structure characteristics
[-h 50Length of structure (m)

33Width of structure (m)
Hb 33Height of structure (m)

0.5CaLocation factor
PB 0.2LPS (level IV)

n1 r00
People present outside the
building

20Ngtt'Lighming flash density
Power line

1000L.length (m)
0Height (m) (underground) H.

c,transformer
C6 0.5Line location factor
C. 0Line environment factor

ILine shielding Pt-o

Kt, Ilntemal wiring precaution
Ks, IWithstand of intemal system

0.03Coordinated SPD protection Psro

Communication line
L" 1000length (m)
H.Height (m) (underground)
cd 0.5Line location factor

0C.Line environment factor
Pro ILine shielding

lntemal wiring precaution Ksr I

Ks,r IWithstand of intemal system
Pspo 0.03Coordinated SPD prolection

Td = 200 thundentorm day per year [4][5][6]

Table I :

Calculate
R:)RX

Value

1000

I

0
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FigEe 2: Chancellery UiTM, side view

Figure 3: Ch8lc.llcry UiTM, Ffit view

The Chancellery office building have an unconventional air
termination rods (non radioactive) ftom early streamer
emissior (ESE) t€chnolos/. There were installed on the roof,
as shown in Figure 4. ESE technologi claims to provide more
effectiveness however is not accepted worldwide by the
scientific community [7]. Cons€quently, for the prcsent
analysis, ESE air terminal effectiveness is considered the same
as that of a conventional one and the cost also can be reduced
by installing the LPS conventional only [8].

Figurc 4: ( hancellery Ui tM. LPS v'cw tliSt:)

will be done by using both method which by Micosoff Excel
and develop software. For the case under analysis which is
Chancellery oflice building R1 risk of loss of human life and
Rr risk of loss of cultural heritage are considered relevant. R?

risk of loss of service to the public and & risk of loss of
economic value is not considered relevant.

2.3.1 Calaiation of Rk* R 1 and Rj

R1: risk ofloss of human life using the following equation [2].

Rt = R^ + R8 + Ru(p-,.. ti*1+ Rvlp* 16; + Ru(t"l.* lic)
* Rvt,.too, ti*) ( I ).

R3: risk of loss ofcultural heritage using the following equation

l2l.

R3 = R6 + Rvoo,o ri*) + Rv(u."..o ri-) Q)

Where:

RA: component related to injury to living beings caused by
touch and step voltages in the zones up to 3 meters outside the
structure;
Rs: component relaled to physical damage caused by
dangerous sparting inside the structure triggering fire or
explosion, which may also endanger the environment,
Ru: component related to injury to living being caused by
touch voltage inside the structure due to lightning cu[€nt
injected in a line entcring the structure,
Rv: component related to injury to physical damage (f[e or
explosion triggered by dangerous sparting between extemal
installation and metallic parts generally at the enEance point of
the line into the structure) due to lighhing current t'ansmitted
through or along incoming services.

Rx=Nx'Px.Lx
Where:
Nx: the number ofdangerous events p€r annum (annex A) [2];o The number ofNx of dangemus events is affected by

lighuling ground flash density (Ng) and by the
physical characteristics of the object to be protecte4
its surroundings and the soil.

Px: the probability ofdamage to a structure (annex B) [2];o The probability of damage Px is affected by ths
characteristics of the object to be protected and the
prcteclion measures prcvided.

Lx: the consequent loss (annex C) [2];
o The consequent loss Lx is alTected by the use to

which object is assigned, the attendance 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.
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2.3 Risk Assessments

All the parameters are taken to calculate the lightning risk
assessment for a Chancellery oflice building. The calculation

The conribution of comp,onent Rc, Ru, Rw and Rz to Rr were
not considered, as the sEuctue has no risk ofexplosion.

The assessment of risk component formula for the structure is:

r:----..---:rlir--------r--
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Taking into account thal the type of surface outside and
inside the structure is different and that no spatial shields exist,
then the following main zone was decided to calculate the risk
assessment aa thc Chancellery office building at UiTM Shah
Alam, Selangor:

. Z! enfance area to buildingi
o Zz office;

Characterislics ofzl and Z2 are showed in Table 4 and 5

Table 4: Characteristics ofzone Z

Table 5: Chamcteristics ofzone

3. RESULT AND DISCUSSIoN

The result by using Microsoft Excel to calculate the
lighhing risk a:isessment was shown in Table 6 which is the
collection area of structure and Table 7 is the expected annual
number of dangerous event- The final result of lighming risk
assessment of R1 and & was shown in Table 8 for two main
zones a!; menlion.

Table 6: Collection area ofstructure and lines
Symbols Value
At (m) 4.89E+04

Arr**-r (m) 2.l0Er{4
Al-*-r (m) 5.59Er{5
Arr,.r*".r (m) 0.00E+00
Air,'r*r (m) I .008+06

Table 7: annual number of events

Table 8: Risk component Rr and Ri result

According to the Table 8, the value of R1 : l.llE{5 is
higher than the tolerable risk of loss of human life or
permanent injuries, R1 = I.OOE{s (year'r). Extra prctection
measures should be adopted in order to reduce the risk of loss
of human life or perman€nt injuries. To rrduce the risk to the
tolerable value the following protective measures could be
adopted:

. Pa:0.1 (level III LPS)

. Pspo ( 0.02 (due to SPD'S on incoming lines)
o Pe < current value ofPe

According to the Table 8 also, the value ofR3 = 1.28E46
is lower than the typical tolerable risk of loss of culnral
heritage, R1 = 1.00E-03 (yearr;. No need extra protection
measures.

The result by using the develop software was shown in
Figure 5 and 6. The risk ass€ssment software that had been
develop in ord€r to replac€ the analysis using Microsoft Excel
for better understanding, more easier and friendly used w8s
generally similar condition with the analysis calculation even
though the value of R1 = 1.448-M and & = l.2EE-04 is

I

Symbols Vrlue (l/year)
Na (m) 4.89E+{l

Nu-*-, (m) 2.01E-01
Nr-*r (m) 0.0081{0
Nu,.r*,, (m)
N,r"r*, (m) 0.00Er{0

Comm€nt Symbol Value
Soil surface B,pe Marble I .00E-03
Shock protection None PA I

Loss by touch and step
voltages Yes t 2.008-02
People potentially in
danger in the zone

Symbol of
component

Dsts
from
table

z2
offices

Structure

Rr Table
3 &4 9.7EE-06 9.788-06

RB
Table
3&s 9.78E-08

Ru O"*.ti*t
Table
3&5 2.',?68-09 2.16F.-09

Rv lporcr tix;
Table
3&5 6.90E-07 6.908-07

Ru oot"* Table
3 &5 t.96E-09 1.968-09

R Table
3&5 4.89E-07 J.89E-0?

Total Rl result
table

9.788-06 l.t I E-05

Total Rl result
table

0.008+00 1.28E-06 t.28ta-06

Ptrameler Comment Svmbol Value
Floor surface tlpe l,inoteum r.00t-r-05
Risk of llre Low rf r.008-03
Special hazard Low panic h.
Spatial shield None I

Yes

connect€d to
LV power

line
Internal telephone
system Yes

connected to
telecom line

Loss by touch and
step voltages Yes L 4.00E-o4
Loss by physical
damage Yes Ll 5.00E-M
People potentially
in danger in the
mne 30

0.00E{0

Parrmeter

5

zl
entrance

area

9.788-08

t.2EE-06

2

lntemal power
system
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different between the analysis by using the Microsoft Excel it
is because the develop software protect one zone only which is
the building itself compming the analysis was on two different
mne as mcntion previously. Thc action taken based on result
can be the same as the analysis action by installing the
adequate prctection measures or by changing the relevant data

on develop software. The best way is by asking the expert on
lightning risk assessment analysis by through the email given
in the software

E

IM

IE
0

0

0

r@
att

0
0

EEEE

CE EE
E

EE6

EEEE

fi.'*d.r-1
d-tFr-ddb.*

r

EE

P

EEE-ET

E@EIiIEE=EEE
EEE=EEEI
E!-I]I

EEEEL
EIEEEII
EEEI=L
CIsI

@@Etr
IE@EEC
@E
ilEI
@-E

hd

E
E

GIEE
E
E
EE

E
II

EI
E
II
E
E

EEIIlE@EEEIIiIIEEELEEE=[

Figure 5: Rcsuh ofloss ofhum& lifc or Fm&lenl irjuriG by using aisk assessmer solttrrl

Figura 6a Result of loss of cultursl helitate by using risk aa*ssmcnt softwsar
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Some imponant conclusions and recommendation for
protecting the building and the human life at sunounding the
building was adopted:
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The LPS which is unconventional LPS was not
effective and may produce dangerous fiom lightning
strike because it not comply with the IEC Strndard of
lightning protection.
A risk assessment showed the risk of loss of human
Iife is higher than the tolemble risk and the risk of
loss of cultural heritage is lower than the tolerable
risk of cultural heritage. For safety issue, it is possible
for the expert and professional of lightning protection
to reduce the tolerable risk of cultural heritag€ for
better safety for the structure.
The Surge Protection Device (PSD) and additional
protection must b€ install and upgrading the existing
PSD level based on IEC Standard in order to protect
the human life inside and outside the building due to
step and touch voltage surge effect from lighhing
strike.
On structure taller than 60 meters, flashes to the side
may occur, esp€cially to points, comers and edges of
surfaces. An air-termination system shall be installed
to protect the upp€r part oftall structue (i.e. typically
the topmost 20% of the height of the structur€) and
the equipment installed on it [3].

4. CONCLUSION

This paper present the characteristics lightning risk assessment
at the Chancellery office building in UiTM Shah Alam- Based
on tEC 62305 Malaysian Standard was shown that the essential
of this analysis in order to prctect the human life especially and
the building itself. The lighEling risk assessment of human life
and heritage for structure and their contents against lightning
becomes an important requirement in the conservation
framework. Essentially, the analysis of lightning risk
assessment must be compliance with IEC 62305 Malaysian
Standard. Useful new software had been created for the
purpos€ ofcalculate the lighming risk assessment ofa $ructure
with complete parameter for better result and undeBtanding
and also regarding to the IEC62305 Malaysian Standard tm.
The used of unconventional LPS should be thinking careftrlly
for the safety issue is proven.
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