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Air Terminal Placement: The Key to
An Effective Lightning Protection of
Structures

hen Benjamin Franklin invente d the lightning dgir terminal §.e. lightning rod)

in 1752, he gave man a means fo protect his home and workplace from the

devastafing eflects oflightning. When it was discoveredthat the dirferminal
neither prevented nor attracted lightning strokes, eady scienfists devised novel
methods for placing the gir terminds on the oof to protect the structures.

by Mr. Harmono Zainad
Abdin
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with the oonetruction of higher structunes
in lightning prone crecs in the ost 80 vear,
there hoes been sianificont proores: in the
dquest to impreve the profection of these
stuctures cooinet lightning. The qir termingl
phocerment on O stucture B onow recoonesd
de the most impodant chiteno in the desian
and congtruction of an effective conve nticnol
lightning pretectcn (LR eyetern.

A comect  poeticned i termination
wyatern oon result in almest 22 bypogees (e
Liahtning domooes to buildinoe) since i oon
imMer=pt ol or meet ahtning steokes while
an incemectl pesticned syetem oon render
part of or the entiie LP syitemn  ineffectine.
In the non-eonventenol P systemn, the air
temingl plocerment woe boged on emenecus
ceeurmpticns of khtning behovieur resulting in
multipe bypoeses to many tall buildinge in the
et 25 veom.

AIRTERMIMAL PLACEMENT METHODS
Sevem| gir termingl pocement methods howe
been develped since the 19th Cenfun cnd
these con Be found in present doy LP stondonds
(Figure 1. These hove enobled engineen
o desin air terminction systerne that anre
effective in intermepting khining stisles, They
are descrbed in the recoonised LR stondonds
e A51788, [ECEL305, NFRAFED.

The Pretecticn Angle Method (PAND wos
develzped by French scentist ooy Lussoc
(19th Centunsd. Inthe methoed, the elevoted air
temingl prevides o limited shieded zone near
it boge and it can be appled ethersingly orin
paire of 2 of more depending on the shiekding
dared reouired. t oon be applied on any ikt
sy, whetheron the around oron the oot
top. Acspecial verion of the methoed opplied in
conjunction with cuverbead shield wires (05050
con previce o wider protection zone.
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Erteh e ntet Jomes Clerll Moxwell (19th
Centund develsped The Mesh Method (WD e
ooz the problem of lightning striles to flot
herzentol cind wertiool surfoe=s. Inthis rmethcd,
the conducterwee ploced in Qnid form on the
exposed honzontal ond verticol sufoces of the
buiking. It wos wens unpopuldr with crchitects
ond  buiding owner dus te it neootive
cesthetics ond ooet Brues.

The Reling Sphers Method  (RSRD,
developed by Hungoricn scientet Professer
Tiber Herecth in the mid-20th Centuny, wes fimt
oppled in the Hunoonon LP stondoerd in the
1280, The RSW bter appecred in the westem
LP etoindeaindde (20, BE3SAE]  MFPAFED) O decode
oter The methed woe bosed on studies of
i htning inte o= pticn (e strikes) to hiohwelbooe
power treinemesicn lines and wes ater applied
to tall buildinge. In this method, an imoginone
sphere s poled over ond arcund the stroctuee
in erder to determine the lghtning shiekded
ones shoded crece) Alhouoh the methed
B opplcoblke to both simple ond ocomple:x
stuctures, t B net copoble of dentifyving the
mere vulnemble parts of the structure which
ore ot higher ek of lightning intercepticn.
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Figurre 1: The PAM gedtl, MV (pentre) and F5 M fig i)
{Snuroe : IECE2305)

The Colectien Surfocs Method (C5MD wos
developed by Moloysion enginesr Horono
Zaincl Abidin ond Robioh IEmhbim in 1928 (1)
[2). In thiz methed, the effective air temningl
plocement woe denved from the obeered
bvpowe Ecotion: on mcre than 100 buikings
in Mok ond Singopore. The aorthm fior
cdetermining the colecticn sufocs wos simiker



fo thot weed in the BW But inversed, hence the s of the
collecticn surfoce ot o paticukr pesiticn on the stroctues
determines it wulnembilty e the biooer the colection
surfose, the higherthe rek (Figune 20,
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The waldity of the methoed wos Bosed on the byposs
doto thot comesponded choeely with the O3 medel The
dentified high rek locoticns on the structures e 0 shown
in Figure 2
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Figewe 3 Hg 'k righ ightning inteme phion bocafons on strudues

THE C5M IN CURRENT LP STAND ARDS

The intreduction of the C5 in modem LP stonconce
suffe red on ey eetbock when it woes iejected by the SIRIW
wioking greup on ghtning pretecticon in 1998, Howewer,
it wiois oo pted by the Stondoinds Aostroilicn cndd the B
T8 woerking greups when their eepective stondondds wens
Uk meing eviien in 1999 and 2000 eepectively.

The bosic principle of the S5 (e the plocement of air
terminck of the high ek peaiticre) hos sinee been included
in the Austrolicn Standord A51 78802002 cnd the Inte rnoticnol
Stoincord ECA 20520048, In 2007, the [ECE2208 won cidlopied]
e the new Moloysion LP stondord, M3-IECEE3085 oz well ce
the news Briteh Stoinciond, BS-ENG2208.

In the |[EC stondond, the principle of the C5M B stated
e folows: “Ar terminoticn coempenents instolked on o
strusture shall be locoted ot comern, exposed points and
edioen (Eopecicl on the upper level of oy focoickes) in
oo rdonce with one of the folowing methook (e, PAN,
TR = RS 07.

ADVAMNCEMENTS TO THE CSM CONCEPT

After the T5W wos aooepted in the B stondomd, wome
wieestern LP expeds conducted futher resscnch o improase
it. In 2008, Josaf ond Mok Dudes (2] develsped o softwoins
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application that could deftermine the high risk locations
on d structure in 3-D. Alexander Kern [4) developed more
adwvanced software that could numerically determine the
lightning interception levels on the waricus high risk locations.
The sofftware suggested that air terminals peositioned at
building corners could intercept nedarly 2% of the lightning
strokes (Figure 4.

The Kern software also suggested that o single fall
air terminal placed in the centre of a flat roof could only
intercept about 0% of the lighthing strokes, This explained
the high number of bypasses abserved on tall sfructures
installed with the non-conventional LP systems in the country.
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Fgure 4: Dudas (left] and Kern (rght] software models as depicted in thelr
respective conference papears

COMMON ERRORS IN AIR TERMINAL PLACEMENT OF
CONVENTIONAL LP SYSTEMS

Astudy of conventional LP systems in Malaysia suggested that
more than $0% of aqir ferminal placements did not comply
with past or current standards (8], This resulted in a significant
number of bypasses on buildings that had been installed
with the conventional cir terminal. Misconceptions about
lightning and conwventional air terminal which seems to be
prevalent among Malaysians engineers have contributed to
the widespread emors in qir termination system design.

The first misconception is that lightning is affracted
to metalic objects and electromagnetic radiation (e.g.
from mobile phones). The second misconception is that
a ceonwvenfional air ferminal can aftract lightning. These
misconceptions must be eradicated from the minds of
engineers if they are to design effective LP systems.

MISCONCEPTIONS TAUGHT IN LOCAL EDUCATIONAL

INSTITUTIONS

The abowve misconceptions were inifially propagated by

non-conventiondal LP system wendors in order to mislead

and confuse engineers and the public about lightning
protection. Unforfunately, some university lecturers were also
found to be teaching these misconceptions to their students
and fo engineers while some even added new oneas. Two
local universities that had applied these misconceptions
were Universiti Teknologi Malaysia (UTWD and Universiti Putra
wWalaysia {UPK.

In the book "Kial daon Perlindungan®lé). several new
misconceptions were intfroduced by the author such as:

1. "Perlindungan vang diber oleh pengalir rod berdasarkan
prAnsio laitu setiop “ketua’ ferfapak yvang memasukl zon
perindungan konakan terfank kepada pengalr rodf
tersebut” (Translation: The protection provided by the rod
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conductor is based on the principle that every stepped
leader that enfers the conical protection zone will be
atftracted to the said rod conductor).

2. Zaman dahuls manusia memioing tempat perindung an
daripada kavy adalah untuk melindungl rumah dard
lerbakar dan rosak dissbabkan oleh panohan kilal.
Kini manusia elah menditkan rumah dan bangunan
dengan sokongan bahan best mengakibatkan ia
mudoh dipanaoh kilat don menyebabkan letih banyak
kerosakan® (Translation: In the past, mankind built shelters
out of wood so that their homes would not be burnt and
damaged by lightning strikes. Nowadays, mankind have
built their homes and buildings with the support of steel
components, Thus making them easy to be struck by
lightning and causing more damages).

3. "Kedudukan pengkdion udara mestiah 29 inci dan
bucu penjurs rumah (Translation: The placement of an
air terminal must be 24 inches from the ridge end of the
house).

In 2011, UPM applied the same misconceptions that were

popularised by the neon-conventional P wendors fwo

decades eatlier. In ifs website, the Centre of Excellence
on Lightning Protection (CELP) described the LP system as
follows: “When a downwdard (ightning) channel comes from

a cloud, the gir termination sends an upward channel (i.e.

streamer) much faster than the other parts of the building

thus the lightning is atfracted fo one of the rods {or o the
metallic mesh).... Thus, instead of repelling, o LP system
attracts a lightning channel.™

The impact of the above misconceptions could be seen
in most public and private buildings nationwide, where the
air terminals were not positioned at the high risk locations
as according to the LP standard i.e. ridge ends and corners

(Figures & & &),

Figure & ncorrectly positioned conventional alr terminal on & house

Figure 6: Incorectly positioned comentional sir terrminal on & achool
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NON-CONVENTIONAL AIR TERMINALS
Public awareness of the non-conventional air terminals had
been raised several times locally since 1993 through the
mass media, at a public forum (7) and in a technical journal
[8). Howewer, lack of action by the authoritfies to stop their
sale and use resulted in the widespread use of these non-
scientific and dangerous devices in the country.

MNon-conventional air terminals are categorised as either
lightning attractor devices e.g. Early Streamer Emission (ESE)
and Collection Volume (CWV) air terminals (Figure 73, lightning
eliminatorfrejection devices e.g. Charge Transfer System
(ZT3), Dissipation Array System (DAS) and Compound Air
Plasma Lightning Rejection system (CPLR) or lightning current
reduction devices e.g. Semiconductor Lightning Extender
(3LE) (Figure 2.

In 2007, a UTM lecturer and his colleagues invented
d non-conventional air tferminal known s the HAS system
(Figure 2), However, in order fo justify the project budget,
they claimed that it was a conwventional air ferminal but with
“attractive powers”,

Figure 8: Examples of lightning prevention and lightning reduction air terminals

- -

Figure 9 The conventional lightning air terminal with “attractive powers”
Imvented by LTI

Mare than ?8% of non-conventional air terminals used in
the country consists of lightning atfractor (i.e. ESE and CW) air
terminals which were usually placed at the centre of the roof,
One or more bypasses have been observed in mast tall or
large buildings that hawve been installed with one or mare of
these non-conventional air ferminals (Figures 10 & 113 Many
LP experts have published peer reviewed papers and books
on the failures of the ESE and CV air termingls in Malaysia
(21 (101 (111 (12). These experts regarded the observed
bypasses as indisputable evidence of the fallure of such air
terminals (13).
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Figure 10: A collbge buliding ingaled with the ESE and TV airterminals before
lghtning struck

Figure T1: The same college building displaying a bypass after Iightning struck
& cornerof the roof

SUMMARY

The application of the Malaysian-developed C3SM in the
Australian and IEC standards marked the end of two centuries
of western monopoly on building lightning protection which
began with the invention of the lightning rod.

A conventional LP system that is designed and installed
according to the IEC&2308 standard, can achieve a high
level of protection. An air termination system design that
fully complies with the standard can intercept up to 99% of
the lightning strokes, The application of the IEC standard in
LP design can lead to the reduction or even elimination of
bypasses on structures of all shapes and sizes. This increase
in safety factor can mean a hefty reduction in losses due
to lightning.

The use of the non-conwventional air terminals must
be discontinued immediately in order to minimise losses
in monetary tferms and human lives. Since the non-
conventional LP systems proved to be non-scientific and
dangerous to use, engineers must refrain from using them,
in accordance with the respective institutional codes of
conduct on public safety. B
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