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DEDICATION

It 1s He who shows you the lightning, as
a fear (for travellers) and as hope (for
those who wait for rainfall). And it is
He Who brings up or originates the clouds
(heavy with water). And thunder glorifies
and praises Him, and so do the angels
because Opin His Awe, He sends the
thunderbolts, and therewith He strikes
whom He wills, vyet they (disbelievers)
dispute about Allah. And He 1is Mighty in
strength and severe in punishment.

(Ar-Ra’d (The Thunder): verse 12-13, Holy

Quran)

Mamentous for hublby; Ushul, thanks for being naxcissistic,
FHannah, Favaz, Mak and Qbah, fer the uncenditionally and
continuously suppaot thuoughout this melancholic jowiney
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Down conductor is one of the pivotal parts of the Lightning Protection System. It plays
a key role in rerouting lightning captured by the air termination system to the earth
termination system. In Malaysia, the standard practice for lightning protection is
adapted from the International Electrotechnical Commission, which consists of the IEC
62305 series. For the enhancement and safe protection from lightning, external and
internal lightning protection is compulsory for each protected structure (building). A
straight down conductor, is ideally suited for the best-case scenario regarding reliability
and safety protection. One to aesthetical aspects, down conductor is undesirably bent in
most current buildings. However, only the primary bare type of a down conductor is
undergone such process, and bent at a certain degree which depending on the structure
itself.

Neither the Malaysian Standard, IEC, nor Institute of Electrical and Electronics
Engineers has ever specified the permitted bending degree of the down conductor.
Therefore, the purpose of this research is to evaluate the bending degree effect on down
conductors, by looking at electric field distribution around the bent area with the
presence of concrete wall and reinforcement bar.

The numerical analysis performed in this study referenced the implied (not formalised)
manufacturing down conductor specifications which use entirely copper materials for
the down conductor. The use of aluminum and galvanised iron types are also evaluated
in this study. Three conditions of angles of the down conductor; smaller than 90°
angles, 90° and wider than 90° angles are modelled with a minimum cross-sectional
area according to the standard for the worst-case scenario with the implementation of
the lightning protection system. Experimental work is further conducted to validate the
results from conducting the numerical analysis. This is to ensure accuracy and
completeness of the results. A thorough evaluation of the electric field is analysed in
correlation with the critical breakdown value.

In this study, it was determined that the bending down conductors had a significant
effect on electric field distribution at the bent (vertex) area with the interaction of



concrete wall and reinforcement bar. The smaller the angles of the bending down
conductor, the more this contributed to intensifying the electric field in the bent area,
especially at the inner part of the angle that was less than 90°. For the 90 ° angle, the
electric field distribution is considered lower compared with the smaller angle and for
the wider than 90° angles, it is less than the previous angles conditions. Therefore, that
critical bent would be the ones with smaller than 90°, i.e. 30°and  60°. Hence, it could
be concluded that, the optimum angle which is more than 90° is proposed for down
conductor installation of a protective structure. This is because the lower electric field
reduce the chances of arcing occurrences to the nearby human and structure. Thus, this
rule should be adapted as an important guideline for the contractors, and architects in
the building construction industry. This proved beneficial for designing the lightning
protection system to achieve best safety and protection.
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Pengalir turun adalah merupakan bahagian penting dalam Sistem Perlindungan Kilat.
lanya berperanan mengubah laluan arus kilat dari kawasan penamatan udara ke
kawasan penamatan bumi. Di Malaysia, amalan piawaian perlindungan kilat digubah
daripada International Electrotechnical Commission yang terdiri dari siri IEC 62305.
Bagi penambahbaikan dan kebolehpercayaan perlindungan daripada kilat, ia
mewajibkan perlindungan dalaman dan luaran untuk setiap struktur (bangunan) yang
dilindungi. Secara idealnya, pengalir turun yang lurus atau tanpa sudut lebih baik
digunakan untuk perlindungan. Berpunca dari aspek estetika, pengalir turun dipasang
secara tidak sengaja mengikut senibina sesebuah struktur, pada kebanyakan bangunan
ketika ini. Pengalir turun jenis yang terdedah terutamanya, seringkali melalui proses ini
dan di bengkokkan pada darjah tertentu untuk disesuaikan dengan bentuk struktur
tersebut.

Walau bagaimanapun amalan ini tidak terdapat dalam Standard Malaysia, IEC,
mahupun Institute of Electrical and Electronics Engineers tentang had sudut lenturan
untuk pengalir turun. Maka dengan itu, tujuan kajian ini adalah mengkaji kesan sudut
lentur pada pengalir turun dari segi medan elektrik pada kawasan bengkok dengan
kehadiran dinding konkrit dan bar tetulang.

Analisis berangka yang intensif dilaksanakan menyerupai contoh model sebenar yang
spesifikasinya diperoleh dari pengeluar-pengeluar yang menggunakan bahan tembaga
untuk pengalir turun. Penggunaan dari jenis aluminium dan besi bergalvani turut
dianalisis didalam kajian ini. Tiga keadaan sudut bengkokan pengalir turun; sudut kecil
kurang dari 90°, sudut 90° dan sudut besar daripada 90° telah dimodelkan dengan luas
keratan rentas yang minimum mengikut piawaian untuk keadaan paling kritikal dengan
mengaplikasikan system perlindungan kilat. Ujikaji telah dijalankan untuk
menentusahkan bahagian analisis berangka. Ini diperlukan untuk memastikan ketepatan



dan kesahihan keputusan yang diperolehi, terhadap medan elektrik yang telah dianalisis
berdasarkan perbandingan nilai kritikal.

Didalam kajian ini, telah didapati sudut melengkung di pengalir turun mempunyai
kesan yang penting terhadap taburan medan elektrik pada kawasan bengkok (mercu)
dengan interaksi terhadap dinding konkrit dan bar tetulang. Semakin kecil sesuatu
sudut pengalir turun, semakin menyumbang terhadap peningkatan medan elektrik pada
bahagian yang dilentur, terutamanya bahagian dalam lenturan. Untuk sudut 90°,
taburan medan elektrik dianggap rendah berbanding dengan sudut kecil dan untuk
sudut yang besar daripada 90°, ianya semakin kurang daripada kondisi sudut - sudut
sebelum ini. Dengan itu, sudut yang kritikal ialah sudut yang kecil daripada 90°;
seperti 30° dan 60°. Oleh itu, ianya boleh disimpulkan, sudut yang optimum iaitu lebih
daripada 90° di cadangkan pada pemasangan pengalir turun terhadap struktur yang
dilindungi. Ini kerana, medan elektrik yang rendah mengurangkan potensi terjadinya
percikan kepada manusia dan struktur yang berdekatan. Justeru, peraturan ini,
seharusnya diadaptasi sebagai panduan penting bagi kontraktor dan arkitek di dalam
bidang pembinaan bangunaan. Ini adalah terbukti bermanfaat dalam merekabentuk
sistem perlindungan kilat untuk mencapai keselamatan dan perlindungan yang terbaik.
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CHAPTER 1

INTRODUCTION

1.1 Background

Lightning protection is vital in Malaysia because the mean annual per day with
lightning are 309 days based data from Malaysian Meteorological Department [1]. This
is the reason why Malaysia has second highest lightning density in the world, where
Kuala Lumpur is reported to be the top five areas [2, 3].

In April 2014 there was a case that involved a lightning strike at the top floor of
Sekolah Kabangsaan Kangkar Tebrau, Johor Bharu that caused a fire and severely
damaged the school’s computer facilities, and buildings, resulting in a repair bill of
RM1 million, and affected 180 special needs students [4]. An inspection to the
damaged school, which was established in 1938, resulted a report that show it was not
equipped with a proper lightning protection system. Most of its building blocks were
equipped with rubber insulations on the roofs and that was the obvious cause of the fire
when struck by lightning [4]. This is one of examples of many more similar incidents
happened in Malaysia due to improper Lightning Protection System installed on
buildings.

The rise in the number of lightning incidents is associated with the increase in lightning
density as Malaysia located near the equator it is prone to extremely frequent lightning
occurrence throughout the year [5]. Ab Kadir et al. [6] stated that Malaysia's location
was a contributory factor to the high level of vertical updrafts which may produce more
moist air and cold fronts due to the abundance of the sun’s rays every day. The global
warnings along with climate change are the major factors that influence the extremity
of the lightning phenomenon [7]. This is because when the temperature rises, the
mercury level also rises and there is higher presence of moisture which contributes to
the formation of thunderstorm clouds [8].

1.2 Problem Statement

Practically, the installation of down conductor is undesirably bent due to aesthetic
value of the structure in the Lightning Protection System. According to the rules, there
were no guidelines stated neither MS IEC 62305 series, nor other established standards
for bending degree of down conductor and the permitted bending degree. Nevertheless,
MS IEC 62305-3 suggested, that the common structure, it must be more than two down
conductors with a safety distance in between to be cautioned and if practicable it is
placed at the unprotected corner [9]. Moreover, it only states that a straight and vertical
down conductor is advisable in order to provide the shortest distance to earth for
lightning current to be dispersed into earth [9]. Furthermore, there is limited scientific
evidence in journals pertaining to this particular matter. Therefore, there is no bent
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degree limitation when installing the down conductor. Figure 1.1 shows some of the
practical installation of down conductor which has been bent due to the structure of the
building.

- !
Down conductor was -

Down conductor was

/ bent

.Down conductor was bent, et

>

Figure 1.1: The practical installation of down conductor is bent due to the
structure of the building [10]

Another significant reason is for the bent down conductor, in terms of safety to the
protected structure and users. As based on the electric field, there are differences due to
the mutual inductance effect on the bending part of down conductor. Thus, the higher
electric field on the bent down conductor, there is a possibility of arcing into the
reinforcement bars along the concrete. Furthermore, there is the possibility of arcing to
the nearby external objects and humans from the bent down conductor besides the
magnetic force and skin effect that will detach the down conductor from the wall. An
example is recently, according to the Department of Public Works, Malaysia, report;
there was a case related to this bent conductor in which at Building of the Malaysian
Parliament, it was found to have a distinct burn mark on a nearby wall [11]. This
indicated a serious problem as this Malaysian Parliament building is an old building,
which used an external down conductor system that might not be able to function
properly by limiting the rise of potential at the point of strike, causing a burn mark and
damaging some part of the wall being protected.

Next, there is some scientific evidence of a study undertaken by Yusof [10] which only
investigated the bending part of down conductor itself. Thus, the research gaps are
addressed, namely, the need to consider and determine the bending effect in the case of
lightning protection of structures. Hence, the research does not considering on the
behaviour of widely used down conductors material under different down conductor
angles and as well as the critical values of breakdown and electric fields in the case of
down conductor installed on concrete buildings with the ground parameters. Therefore,
in this study, all these issues will be investigated including those effects; such as
variation of angles, type of materials and different ground parameters due to the
electric field propagation.



Therefore, based on these, since down conductors play a major role to divert the
lightning current safely to the earthing system during a lightning strike from air
termination rod, a thorough study is needed involving the optimum safety angle need to
be applied. Since most of the building contractors and architects prioritise the
exquisiteness, practical and design elements of the building instead of lightning safety,
so the LPS might not have been given adequate attention.

1.3 Objective
The objectives of this research are:

i To evaluate the effect of various bent angles of down conductor on electric
field distributions.

ii. To evaluate the conditions of concrete and air humidity effects on the critical
angle of down conductors.

iii. To consider the effects of ground parameters and grounding system on the
critical angles of down conductors.

iv. To assess the separation distance between the concrete and angle of down
conductors and the conductor material effects.

V. To recommend critical angles for optimum safety in the installation of down
conductors.

Since the IEC62305 has not provided, any specific guidelines regarding the bending
degree of down conductor, so the first objective here is to investigate the consequence
of varying angles when tested with high voltage and high current. This is important, as
a down conductor is a part of the Lightning Protection System (LPS), so only high
current and high voltage could resemble the real lightning phenomenon. The next
objective is to analyse the reactions for different concrete conditions (dry and wet) with
embedded rebar in different rates of air humidity (dry air and humid air), in conjunction
with a variety of angles. It is known that, the electromagnetic effect is due to the charge
density with respect to the angle variances and when there is the density of charge, a
temperature which is associated with the humid or dry air condition and dry or wet
concrete also will be affected as heat is a by product of charge density. Generally,
resistivity is higher with increasing temperature in conductors and is lowered with
increasing temperature in insulators [12]. The third and fourth objective are to
evaluated the effect of parameters; grounding parameters and grounding system,
separation distance and material type on the angles of down conductor. The last
objective is to evaluate the most appropriate bending degree of reliability in down
conductor installation, which is very important regarding optimal angle for the best
LPS protection.



14 Scope of work
The scope of work for this research are:

i The copper, aluminium and galvanised steel materials were focused with a
dimension of 25 mm x 2.5 mm which is the minimum dimension
recommended by MS IEC standard.

ii. The variations of angles were set on 30°, 60°, 90°, 120°, 150° and 180°.

iii. The evaluations were based on the standard wave shapes of 8/20 s,
0.25/100 ps and 10/350 ps of lightning impulse current and 1.2/50 ps of
lightning impulse voltage.

iv. The implemented LPS in the numerical analysis was according to the
Malaysian standard MS-IEC 62305 parameter as proposed.

V. The grounding parameter effects, separation distance, conditions of concrete
(dry and wet) and different air humidity rates (dry and wet) were focused in
relation to the angle variations.

15 Thesis Organisation

This thesis contains five chapters. Chapter 1 provides the background of the current
lightning issues, mainly focusing on the Malaysian scenario. Moreover, the main
objective, problem statement and scope of work are also explained in this chapter.

Chapter 2 focuses on the literature review involving the LPS, installation according to
recognised standards, and on current issues related to this research. This chapter
provides a detailed discussion of the LPS based on a standard for prudent protection
from lightning in structure as well as the relevant protected structure.

The methodology used in this research is given in Chapter 3, which includes numerical
analysis and observational study. The numerical analysis, likewise, known as the
simulation is the main method used, and this is validated by the experimental study.

Chapter 4 provides an overview of the detailed analysis of the results, evaluations and
validation of both methods. This is a critical part of the research which will support and
validate the entire research.

Finally, Chapter 5 concludes with the findings and makes recommendations for future
related research.
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