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Lightning & Tall Structures:
Problems and Solutions

Tnehmmummghmmdmmmhmmmahwh
the word. It tharelore i no surprbe that wo cepeardence our shore of problams

anocioled with K.

Teday, there are fal siruchures and bullcings
admost svorywhom. There have boon many
cases of lighining sirokes byposing roof
Ighining pretecton systere on fall buldirgs
in Singapors, resuting In ddodgemeant and
paling of concrate, Bamplas of sama of thess
ond soluforny provided ond/or regquired o
provent such daomages will bo decubad.

Wo Wil oko discus the mechonlsms and
charactedstics of kiining sirkes 1o shruchores
Tor bath tha rmore common dowrward lighining
stiks ond the upward lighining shike msociated
wih very taol sfructurss, The requinement of
the Singopore LUghining Protection Code
585552010 1o address some of these spies will
cizo ba dkcusad.

Other it obwviows problems sepadenced
with tall siuchures and systems thot wil be
divcussad Includa;

igrifion of fianmmoble gasas frorm vent

sacia under thaundentorm conciticrs,

Phenomanon of “hdr standing on end” on

opan roofs of shy-bers.

Ancther  velty Impotdent consideration In
praveniing ghning redalsd problems I3 the
requirement o equipetentiol bondng. We
wil gl discus cose shudes riating to Ny
ic pasonnal in vardous operaions, aspacially
ground handing at akporks. and the solulions
1o reduce such nals.

SOME PROBLEMS AND SOLUTIONS

Profeciion of comern and sdges of roofy
and porapet wals of kol buSdings

In Singapore. them have been many cozes
of lighining thokes bypasdng reof lighining
profecton systerns on fall bulkdings, resuiting
in dsodgament and spaing of concrete,
This offact for tol structunes. whera the soss
of the buldng are sinuck. b wel nown. The
Ighining protection codes (IECA2305:2006 and

H JLRUTERS [T hee )

SSSR5:2010) aodrey: thia and requine the provisien
of side lighining Intercopting of termination
sysiams frem helghts of 80m and above.

The wvanerablty or eegrosmre of the oof anad
sdas of tall structures i seen with the application
of the roling sphere around the sinkchra. For
Lightning Pretacton Leval LPLY. the reling sphane
radyy, which represents the shidng distance of
the Ighining laader, s taken to be 45m. This ghves
abvoul H1% protection.

On the roof, the Khining protection codeas
recommend that reof lighning protection tapas
be couned glong the aouter adges of the roof
parimeter or the reof parapet walle, However. In
practice, dus to iastaning consiraints, such tapes
ars Inevitably localted with some racass dklonce
from the adges, typleally along the certedne of
the roof parapet walls, Hareln llet e wealmess,
whare Ighining attachment k frecquanty at
the comen and adges <f the concrete. in
preforence to the Ighining intercepting tape.
Whan this occurs, the lighining cument frequentty
flashes through the concrede to the rebar of
the conerate siruchure In s path fo ecrth. This
b followsd by dilcdgement of the concrete,
which I3 a hozard to parsons ot ground levsl of
the smichire.

A shandord procfical solufion has bean to
Instal afinlal red at the come s of roof paropst wal
to provide addifondl protective coverage df the
sharp comel. Dasplte this, there have baen cosas
wharaby lighining sl bypassad the protecthss
rod o srike the comer of the concrede reof or
the parcpat wall. As a resut. It k proposed thot
meta capping be provided ot the outer adges of
roof parapet wolls and flat reofs. For roof parapat
wiolls, thit can be In the form of meta coping
wrapping over the eposad top of the wal. The
metd capping or coping must e bendad 16 the
stasl rebars of the struchura bahind I

Case shudlas of some of such falumes wil be
therwm I the precarrdation.



NEED FOR BONDING OF LIGHTNING PROTECTION SYSTEM TO THE
BUILDING REBAR SYSTEM

-y

external ightring
— down conductor
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columi teboar

The woltags on a thickened lightnlng pretection alr ferminal spetem o
lhwstrated In the sketch cbhove b calculated as follows:

di
va=Ldt +Ir+IR
where: | = lighining stroke current (kA)

= rate of change of lightning currem (KA/us)

di

L = inductance of lightning downconductor
r = resistance of lightning downconductor
g = resistance of earth electrode system

di

va=Ldt +Iir+IR
where: | = lightning stroke current (kA )

:: = rate of change of lghtning current (kA/ps)

L = inductance of lightning downconductor
¢ = resistance of lightning downconductor
g = resistance of eanh electrode system

The voltage drop across the downconductor = vy - v

=L dl +Ir - (2)
Consider the cﬂsctl'n downconductor (25mm x 3mm standard Cu tape) of length =
145m from the Sﬂlh w 1™ storey levels.
Inductance of a 25mm x 3mm tape = 1.25pH/m

Towl L= 145m x | 2yHm= | 74pH
r=0.50

dl
Valuses of | and i are distributed statistically and their values are given in the Standards.
Case (a): Take 50% of occurrence or median values of Isgs, = J0KA,
di
ot 2= 25kA/ps
d

(va-vpl=Ldt+Ir=174x25+30x 0.5
= 4350 + 15=4365kV
= 4 4MV

Case (b): Take the more severe case of lightning stroke which is exceeded by 10% of

dl
occurrence of Tyge, = BOKA, — dp 1ome = 40kA/ps

dl
(va-vp)=Ldg+Ilr=174 x40+ B0 x 0.3
= 6960 + 40 = TO00KY

=TAOMY
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it b saeen that exmemely large voltage fss and differences ¢on GooLn
Az ming that the rebar and downconductor fape are forlufousy or othenwise
connecied at the Tst stomy level near ground), then tha voltage adlfference
batwaen the stickensd Ighning downconductor ana the embedded relar
behind the wdl/column of the bullding of the 50th storey con potenticly
risa to 4AMY and FO0MY for 50% and 10% probablity of occumance ighining
poramaton rapeciivaly.

Thi karge voitoge diference wil causs fikkshover o the embedded rebarwith
cormpacpiantial affects of goaling of concrete within s fiothover poth, (Nols: The
fioshover simength of ar for rod gops B appradmately 1000V m: the flashover
vollage through concrete ks much lower). After this fiashover, the lighining
aiermeonductor and the reber wil beth cony and comvaey the Ighining curent to
e earth slacirads systern. T prevent this frem occuring. the voethage differsnce
rmust be efminated. The k ochleved by bondng the lighining protection tapa
end dowmeonducton to the rabar.,

IGNITEON OF FLAMMARBIE GASES FROM VENT STACKSE UNDER
THUNDERSTORM CONDITIONS

lgnifion of flammable goses from vent stacka during thunderstormns B not
uncomimen. This i usudlly atifioutad to o direct lighining shike to the stack ot
the time of venling. In such a stuation, cleary. ignition of the gas k expected.
Soiutions hava offen been suggested and Implemeanted fo atfampt fo
CVRFCETY JICH OCCLITaNCEL

In an Investigation by the author, It wos decovered that severa vent fire
Incidences Invehvad meore than one vant shack thyplcally 4) In the faclily ot the
same Hime. The probabilty of direct lighining dilkes to four vent sacks ot or
around the same time, caudng ths occurence k indeed very remote to near
Imposible,

The occumence of the phenomeanaon b atiibuted o peint-dxcharge carena
curenis near metallc exhoust vent plipes causad by the high slecitc flald on
the top of the fall slender structure of tha vent stack under the Influence of o
charged thundercioud. The onsat and magnitude of point-dicharge corena
curanis In vent slacks are lieely 1o ba mone pronouncad dua 1o the presance
of the hot gases which wil cormribute o thermal lonksation < well, With a ready
smaam of corona cuments and oxygen In the ar. venting of the flommabls
pc=os can lead te ready kgnition. Such occumances ane claarty more frequent
than ignition caused by a direct ight 1o a vent stack. I alko sgplalns wiy fires
can ocour at saveral vent stocks at arcund the samse timea.,

A comn pudy of such g falure and postible schitions will b2 shewn in the
prasaration.

PHENOMENON OF “HAIR STANDING ON END™ ON OPEN ROCFS OF
SKY-BARS

H wo reporfed that during overcosr sides with mpendng thunderstormns,
cigtomen and staff of the raot bar of q high fse hotel bulding. experenced
sirong elecirostalic (E5) phenomancn with thelr hak sfanding on end. The roof
bar stanck af the top helipad kevel af an elevation level of 142m, Ughining
protectcn masts wiere installed of the 4 comen of the reof Dar level,

rwas reported that the effect of hdlr sranding on end wos mors pronouncad
near the ghining profection masts, At tirmes, a hikbdng seund could dso be
heard during overcast sikles conditions.

Invastigaticne confimn that the effect ks dus ta the high eleciric fleld causad
by a cherged overhedd thundercioud, This slectic flald of the roof level k
aphanced by the geometry of the fall sender bulidng. The slecinc flakd (B
at ar near the tdler lighining protection mast (L PVs) above the roof halpad
el B furthier enhancad by s disforting effect of the taller and sharper obaect,
The heod and halr of a peson on the oof wil ako have oppostte polotty

charges Inducad on it by the layar of negative charges (& at the base of the



thundercioud. This reans that the hedsd and har will Fave
posive changes (+Q) caused by Induchcn from the cloud,

Force Fduato anEfleid onachaigegkgven by F=qx
E. I Is this force that cousas tve halr to stand on end For the
sihuation on the 1cof bar. thie E flelds atf and nedar thie LPMs are
claarty graatest due to s anhancement. Consequentty, this
slectrostetic (ES) force F= o X E b grectest In i velnity,

This cime study and posnibla soluticra wil be shown In The

presantaticn

EQUIPOTENTIAL BONDING AND EARTHING FOR
REDUCTION OF DANGEROQUS VOLTAGE DIFFERENCES
Anvsitr very Imparfant condderation I the pravestion of
lighining related problams s the recuirement crequipotential
bondng and earthing.

In genem, dulng fum-around ot diport parking bays,
aicnafts ama not soldly earthed, apart frem the paiod of re-
fuging whan q stalic dischaige cable Iy cannached 1o an
aath receptacle at the flcor of the parking bay. Volloge rkes
and voltage differences can occur following direct lightning
ghikes to the aircraft and nearby sirikes In [y vicinity, Thate
have bsan cases relating to injury to pesonnel in varlows
opefetions sspacialy In ground honding In alrports. Such
Inkry cosos con be reduced with equipotential bondng
batwoan dl systerns which interface with the dircraft duldng
cirskds oparations and earthing of the porked aolrcrort,

This prablem and 3cme acutiony wil be shown In the

presaniaticn. B

FEATURE

Juke 2015




	Lightning & tall structures - problems and soluction_Page_1
	Lightning & tall structures - problems and soluction_Page_2
	Lightning & tall structures - problems and soluction_Page_3
	Lightning & tall structures - problems and soluction_Page_4

