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CharacteristicsofLightningSurgeslnducedin

Telecom unicationCenterinTroplCalArea
TetsuyaIromlnaga,AssocIaleMelTlbe′;/EEC,NobtJOKuwabara.̂4e〝lbe〝,IEEE,JunKl̀tO,

AnnuarRanllI,MeIltbel;leer,A Hallm,andHusseHIAhm'ld

ノ仙IrLJCI-TllccllamCtcrisLicsorHghlnMg一川(hJCed5urge与ln
teleeon一murLieationequlPmCnldueloadirec‖lghtnlllgStrikeata
telt!eommunicationecntcrbulldlr)gOrlowershouldbcinvt-stigzLted
tonlalnlalnthercliabililyoradyallCedfctecommurlicallOnSyS-
tenlS.)nparticular,inycst一gatjorlSintroplealareasareJrllPOrtant
beCaLJSetheseareasharemanythurlderstorlTldays･Weobseryed
)ightnlngSurgesinducedinatclecor11Jllul1icationbuildingln
KualaLunlPuT',Malaysla.TrlereSullsSTIOIYthatthepeakva一ue
oeCurre.lCeFrequencyandlVaVCrOrnlSOrdireclstrikelightni-tg
surgeswerealmoSIthesameasthoselnatenlPera-earea･The
peakcurrerltrelatlOnShIPSbetweenthecablesinthebLJildingand
lhelowerlegsilldlcaleastrongeorrelalionbelWeenthecurrent
allllelowerlegs,Waveguide,powerllne,alldouteraJldInner
collduclorsorthecoaxialcablcs･TIoIVeYer,thepeakvaluecorrela-
1lOIISbehveerlthelolVer)egtlurrenlsal1dintcrlacec;lbtevolt･lgeS
､､rcrenotstrong.BasedollHleOb5erVaHonresuHs,lVeObtalrted
tht･corlChl)on†aCtOrSbehvccrlthepeakvaluc王tHhcobscrvatJ-on
pOiltlaIldthe一owerlcgs,ilrlllealculale(ltllePe:IkvalllCiJHhc
illtPrtilLLCeLlbksasaruncllOnOrtllc"umberor日日lrldcrstormllays･

IlllIe-rrerlllS-Llghtl)Log,mCiISuremeHt,SLlrgC,-elccomnNIlictl一
一ioncquLPmulI

l lNTRODUCTION

ln lelecomnlunicatl0nS technology

1ヽ hasledtothedevelopmentorhlgh-speedandconlPLex

LelccomnlunlCat10nSystemsManysuchsystemsareinsLaHed

lntCLccommulllCal10nCenLcrbul】dll唱SandthelrrCIiabllltylS

becomLngmoreandmorem1POrtanLHowever,thcscsystems

havelowerresIStlbllllylollghlmngsurgesthanoldersysterrls,

bccauscthehlgh-speedandlow-vol(agedevICeSusedHIthem

aree'lSllydalllagedbyasurge,andthesystems'lrCCOTlnCCled

loeachotherlnCOmpllCatCdWaysandh{lVCmanylntnlSIOn

routestわrllght11ll唱 SurgeSlllCrCrOre,teChnologlcsshouldbc

deve一opedtoImprovelhcICSISLIbllltyOhdcconlmunECallOn

systemstod=-eclstrlkcsonbulldlngS_

SystcmsForproLecL)ngaga)nstdlreCtStrlkcshavebeenstud)ed

andproLect10nmCLhodshavebccnpubJIShcdbyhlernatlOnal

EIcclrotechnlCalCo111mlSS)On (lEC)【日 and lnterllatJOnal
TeLccommun)cat10n U)110n-TcleconlmunlCaLlon Standardはa-

tlonSector(lTUIT)t211nordertodevelopllghtnlngprOtCC110n

ManuSCrIPlreeeIVed)l】1yI8,2002.rcvISedOctotx･r23.2002
TTomlnllgaandJKatoa-ewiththeEnergyandl:nvtronmenlSyslemSLab-

om10ry.NrpponTekgraphilndTelephollCCorpora110nTokyoISO･8585.Japan
(C-ma川LOm･nagatelSuyaqEZhbnLICOJP)
NKuwabaratsWILl=heKyushulnstILuleOrTeChno】ogy.Kllakyl■Shu-sh1804-

8550Japtlll
AR8mrrandAHallmtLTeWILhR&L),TclckomMtllaysla.4340OUPMScr-

dtlng,M･lli)ySru
ll∧hmLt(lLSWllhlh亡Umvt･･rsLllrekl-OIoglMal.lySlaJohor､M.ll.IySl.I
D】gllal0b)L･CtldenLlrrerl0日09rlEMC2002808068
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FIB2 ConElgtJriltIOnOrilleleconl･11LL.-lC'･IL

OnStatlOIlflOrllghtnlngPrOlecl10nWereCamedout)nlcm

pcratcヱIrCilS,butlclccommunlCLIL)onsequlpmenllsuseda‖ove

rtheWor ld,SoprotccLIOnmClhodsTorteaecommunlCat】OnSyste

mslnSLallcdlnlroplcalareasshouldalsobclnVeSllgalcdbec乙luSe

SLJCh.lretlShavemanylhundcrsLonllSThe)lghln】ng-surgechar

aCterIStICSappeaTln只attheSubscrlbertlneendlnalroplca】

are.1havebeenTePOTled【10】However,d.reclstrike).ghln.ng-s
urgecharaclcトlStlCSInducedLnaLclccommun)cat】oncenLeHn

alroplCalarcヱ1havel10tbeenreportedThesearenecessary)∩Orderlodevelo

paprotectlOnSystemrOrtelecolmluJllCanOnSCqulPrnCnH

nSlaJIcdlnalroplcalareaThlspaperdescnbestheI)ghln
lng-surgechaTaCtCnSllcsllトducedlnaLclcconlmUn】CaL)Onbuld

inglnalroplcalareaWescllectedillclecommumcaLtonslalLOnWl

thaLOWCr,andobscrvcdllghtmng-surgestr)kcstothetower

WecomparedtheresultsWllhsurgesobscrvcdlnalCmPCratCa

reiI,al-dalsocolllParCdthelightnlngSurgesaPpCarlnglnt

hebulIdlngW)thdataatlhcLowerWclnVeStlgatedthecorr

eLaLIOnraCLorsbcLweenlightn)ngsurgesaHhelowerandthe
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TABLEIL
S-lLiCげIĈllONSOr;ML;̂SURJiMENTSysTEM(2)

Ughtnir嶋detector 4ltV/r
n

SLJrgemeTnOry

4MS/S
8b

it160rLg4 Mcasurementsystenl=三JT.｣三Fag

5 Conr!gLJratrOllOrlllLTLlSUrCnlCntSySlem(2)usuaHywa】l
edTorlhcpower-onlElggCrrlOmtllCdclcctorHlorderlolC

ducebaucI.yCOnSumPltonWhenthetrlggCrZlrrNedfromthed

etector,theystanedLooperatellleSUTgememOTycollVerLcdlhC

E)ghtnlngSurgeloadlgllalslgnalandstoredlLlnastat

JCrandomaccessnleITIOlY(SRAM)cardARogowsklcoll(dlam
eLel4m)wasusedlomeasurethellghtn】ng-surgecurTCnlalthe

LowerlegsThespecJfiCi1日onsaresumnlaTIZCdlnTiLbleL,'Jnd
unITILcrllalVICWOrLhcsystemlSShownlnFLg4Theseco

ndnleLlSurCmenLsystem(ShownlnFlg51wasusedtomeasurethe1)ghtnlng-SulgCWaVef10rmSlnthebulld】ngThe DigjtaJmemo

ry frequOTW raJl卵 40Hz-5MHz10rlS-SOOmsmemOTySLZe 64

kwvdfrequerq rang8 DC-30MHzOptk8lbola心nsystelT1 nsOt
ime LessllⅦ∩50nsLeSsthan100mhputhpedance 1MQ但5pF

frequerNNran(】e 10日エー10MHzfTeCUenCVran(】e 10ーくHz.1MHz

DC-30MHzspec)fic'llIOnSLLSCdfortheobservaLlol1S

areSummanZedlnTablellAd]gltalnlemOryW】Lh{lSamP]Ingrate

from500msloIOnsandrecordlengthFor64kHowoldspercha

luCIwasusedThlSWasCOnlroHedbyapersotlalco11叩uLer

(PC),whlChwasremolclyconIroHedfromJapanvlatheldecomlllun
lCal)onneLwolkNoISCICuHransfolmCrSWereusedForlSOlal10nrrO

nltheacnl抑1Sport n̂opL]CattTlbersysteJllWasusedloIs

olateobserv{ltIOnI)01ntS.lndthelocat10nOf-thedlgl(a)mem

oryAcurrcnlp10be(PcasonCT488)andRogowsklcollwcrcI

JSedlolllCaSurethesurgecurrentone'lChw】reorone'l

ChpalrOflntCrrlICeCablesARogowsklCO)1LSaklndoFcur

rcntprobeandItsrrCquCnCyTCSPOIISelSalmostn.ltfzom l

0krlzLo1MHz,WhIChlStherTequenCyrangeWheICthellla-l11Lghtnlng-Su

rgeenergycomponentlSAhlgh-1mpedaIICeVOltageprobe,who

semputlIllPedancelS

moreLhanlMOandparallelc叩aCltanCelSlessthan25pF,was
usedandthefrequencyresponsewasal1110Slnat什omdclo3

0MHzC Ob3ellJ

alLO11CoJldLILOltSLlghtnlngsurgeswe.eobservedto)nves

tlgatetheroHowlngcharacterlSLlcsl)peakv;IlLleOCC
urrenCeFrequencyor=ghtnlngSurgeCuトrclllallhelo

wer,2)rclatLOnShlpsbetwccnLhcpeakvaluesorlhcdlrCCIsl

rlkellghLlngCunCnLatthetowerilndthelntruS10n

POlnLSOFlllebMId】Ilg,3)rdatEOnShlPSbetween

LhcpeakvaluesorthedlreCtSLnkellghLnlng-SurgeCurrent

atthetowerandthelnterraCecableclldcot一口ecledtoeqtl

lPmenlontheSallleロoor,4)re)alIOnShlPSbcLwccnLhcpeakval

uesorlhedlreCtStrlkellghLnlng-surgecurrentaHhetowera

ndthelllterraCCcableendconncctcdtocqLllPmCnLonotherf

looISFlg6ShowsLhcobservaLlollPOlntSOnLhctowerThepur-

poseorthlSObscrvaL10nWastOmeasurethelIghtnmg-surgecur-ren

tcausedbyadlreCIslrlketolhetowerUsually,thecurrentl

SmeasuredaHhcllghtntngtod,.lndpEaccdattheloporLhclower
Howcvcl,lllSdlfTICu]HOSetthemeasurementequlplTICnttherebecauseorllleLower'sheLghlMoEeOVer,SOllleltgh



Flg6 0bservat10nFX)-nlSaH

0W erLe

g#･二∃Leg#2∋LAgH3二∋Leg糾二∋Fl出7 Co

nrlguratlOnOrkogo､vsLLICOllsIVhcrcII.S】,Jl｡S2,JLS3.and
lDMlaretheWilVCrOnllSaLeachmcasurcmcnlpOlntThlStower

hastour)e告s.so､VeusedfTouTRogo､vsk)colls-ThclrCOnn

gUmtlOnSareSho､vnlnF唱S3and7ThetotalsurgecuTTCntlnthelo

､vcrlegsIV'lSlhcstm10rlhoselneachLowerlcg.therelbrc.､
､′ccoIMeCledtheflourRogoWSklco)lsinseriesTheWavc

flOnllSOrlLSト /LS2.and/Jぷ WerCmcasurcdus】ng111eaSurCnlCnls

ystem(1)andllleWaVe†onT10rll)入1t､VaSmeasureduslngme

asurementsystem(2)TllCarrowslnFIg61ndlCatCthecurrclltdlrCC=onwhent

hemCllSuredvaluewごISPOSltlVeFlg8showstheobservatlOnP

OlnlslnLhcbulldlng.TheenlTYpolnlsorlhcwavcguldc(

DMl)alldpowerI)ne(I)M2)WerenlCaSurCdLO mVCSLlgatCthellltluSI

OnOrl】ghLnlngsLJJgCSIIllothebulldlngAtDM I,rivcwavcgLLJ

descurrenlsweremeこISLJredwlthaRogoWsklCOlluslnganOPLICa1isolall0nSySIcnlamongthe

-+

DM2+ ctlrrentProbedu･ectlOnFIJ;8 0bscrvatl0nPOmlSln

bulldlng8rn

cc.axはlcabb(a) (b)

(C

)FIG9 ConrlgLJrllll0nSOrarHflCLallrLLerr;lCLLCables57

waveguldcsaLthelntruSIOnPOlnlTTlePower-llnCmLruSIOnpolntWasalsomeasuredwLLhaRogowSklCol)lV)lhanopいcal

lSOlat10nSystem Wealsomeasured

thebondlngllne(DM3),whlchconnectedlothewaveguldesWemc'lSLLTedtheinterfTacecableconnect)ngequlPmenlOnthe

samemoorwLthequLPmentOnanothernooT.ThreeaddiL)OnallntC

rraCCCableswereInstalledol1Lhcsecondandthlrdmoors(Fl
g 9)fortestPUTT)OSeSlnLcrracecablea)lvasmstaHcdonthe

lhlrdロoor,andInterfacecablcs#2and#3col1neCledbe-tweentheLhirdatldsecondmoorsJnterfacecable#lwllSa

loopwlrC4×8mandlemnnatCdbyLkH(DM3)AhlghllmPCd.111ccpro
bewILhallOPtlCatlSOIat10nSystem WasusedForLhc mca-sur

elllCnlsThtsmeasuredthelnduccdvoltageaHhccilblcendcoll

neCLlngequIPmentOnthesamemoorlnlerhCeCab】cFF2W'lSacoax
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WAVEFORMr}ARAMETERSOFOBSERVtIDSuRGES∧TTowl三R

0 250 500

11me(ps)

(b)

FIGLO L唱hlnmg-SurgeWaVefonIlSal)Pe.lrlngillthetower

aLeachfloorBolhclldsofthlSCablewereLermlnaLcdby50

0,whlChLSthecharaclcrlSt】CImpedanceofLlhecab一ellmea-

suredthectlrrCIILandvohageInducedatthecableend,DM4

andDM5TheopltcaalSOlatl0nSystemwasusedlomcasLHC

thevoltageandacurrentprobewasusedtomeasurethecu卜
lcnlJntcJraCeCable#3wasawtrcwhoseLhlrd-noorelldwas

connecteddlrCCllytogrotlndandsccolld-ロoorcndwascon一

･leCtCdlogroundLhTOughaI-MOresISt.lnCeatPOlnlDM6A

hlgh-1mPCdanccprobewILhanopllCallSO】alIOnSyStelllWasused

rormeasurementJtmeasuredthevoJLilgePOtentlaldlfrerellCe

betweennoorsMeasu･cmenlsystem(2)wasusedforobserva-
1lonsalDMトDM6

1日 OBSERV∧110NRESULTS

A D/I.e･CIS//Il･eLIghI"I"g-Su/geWEJVe/OHHand//50cclme〝Ce
FlequL,〝CV

LlghnlTlgSLJrgeSwereObservedrlOmDecember1998LoDe-

cember1999Twenty-IwowaverornlSWereObscrvcdllHowcr

leg,LS】Examp]esorlhew.lVC†ormsaICShownlJIFlg10_The

currelltSaHhclowerlegswerenegatlVeThlSmeanslhalthe
curren=loWcdrronlgroundtothealltCnnaLowerasshownln

F唱60ntheotherhand,thecurrentaHhesuppollmgrackwas

posltlVeThlSmeansthatthecurrenHlowcdFromthegroLmdto
thecloudsthroughthelower

Thepeakvaluc,rronHlme,andLlmeLohalrvalueortheob-

servedsurgearesummanzcdlnTableLITOnlytwowaveflOnTIS

Wcrcobservedatthesupportlngrack,andnow(lVerOrLTlWasOb-

servedattheLower)adder(LS2)ThlSCausedLhcLrlggCr)cvcIs

orLS2andLS3-obelOOA,wh.ChwasloolargeLOmeaSurelhe

currentaHhesepolnLsa一thoughlhctrlggertCVelwas)/101halor
thelevelLltLhcLSIpolnlThercLTorc,wethinklh(lllhccLlrrent.ll

the一egswasalmosHhetotalcILrrenLorthedlrCCIstllkeTheav-

eragevaILJeOrlhepeLlkvalLJe,therronLtlme,andtheLlmelohaJfL

v･llueatLhclowerlegswere32kA,10Ills,and66IIS,reSPeC-

ttvetyTllCSCValues､veleC一oselothoseobservedlnaleI-叩erale
arc.i(30kA,6/LS,and75I,･S)【3]86%orLheobservcddaLah.ld

PositJOnDate&time Peal(vaJu8(kA) Fro∩ttimEI仙S) llmetohalQヽlue(

LB)LS1 4

6.75-29 5.5 59_75
-75 1,25 125.5
-25 28_5 60_

75-49 16_2
5 80.75-62 9.75 54.5

-26 7.75 56.25
-ll 2_5 17.6
8 2.5 10

-25 5 75
-31 ll.75 46

_75-29 7 59
_75-25 6

56.25-52 19_25 95_4
-34 17_25 70.7

5-23
12_75 66-38 18r25 83

-40 14_25 84.5
-24 4.5 44.25
4 13.5

ー7115_25147

-243
1
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TIme(l尽)

(b)

SurgeculTentWaVerOrmSaPPCanngat(a)waveguldc(b)andFX)Wer

agrccswlLlldataro√alcmpcralearea,butlhcobscrvcddatade-

vltllCdnronltheso】JdtlneWhcIIthepeakvaluewastessthan

]0kA ThlsmaybebecaLJSeLhclrlggCrlevetorLhcobscrvaLIOn

cqulPmCnlwassITlall,sowcel】m-natcdlhlSdataドronthesere-

suhs,wccanconcludethatthecunlulatlVCOCCurrCnCCrrCquCnCy

ordlrCCtStrlkcl)ghLnlng-SurgeCurrentlnaLropICalareaagrees

wc‖wllhthatlnatenlPCr'ltearea

8 LJg/II"L'llg-Su･苫gCurl'elT/DTSlrlblLIJOnL7lI"/nJSJO,∫Po".TS
0/I/tL,8LLl/dlng

Thcllghttng-surgecurrentatthewavegu)de(DMIlnFlg4)

and powerllne(DM2)Wereobserved TherelatLOnShips

b帥VeelHheWaveromlSalDMl,DM2,andlhelowerkgs
Wcrcldentlficdfromlhcobserva110nllme.Weoblalned44and

51waveromlS,reSPCCllVClyExamplesorlhcsearcshownln

FIB 12ThesurgeswcrcgcncraledbyasurgecLJTTCllt;LLthe

to､vcrlegs,asshownlnl丁lg 10 ThcscflguICSlndlcatethe

slmltarWaVelbrmsobscrvcdaLthewaveguldeandpowertltlC

lnthlSbulkllng

TherclaLIOIIShlPSbclweenthepeakvalLICSalthebulldmgln-

LruSIOnPOLntS(lndLhctowcrlegsareshownlnFIB13Thcsolld

tllleSlnthesefiguresarerccLLrSIVellnesTherclanonshlPSare
almostllnear,andthecorrclatlOnfactorlSmorelhan06Thls

nleanSthatthepeakvaluesorLllCCurrentdohaveacorreLal10n

ThesenlgureSShowthatthepeakvalueaHhewavcguldewas

0031日11eSthataHhetowerlcgs,fiveoutOf157､vavcguldcswcrc

nleaSurCd.soth】scorTeSPOndsLO034timesro√al一Lhc､vaveg-

uldcs.andtllePCakvalueaHhepowerllnC Was00421LmeSthat

.1日hetowerlegs

C_LIgJlI〃,′甘 -Sz"苫eVoITaB,eAppea′luglI//I･e//tlelftICeCab/e
EltE/

Flg 14showsancx̀lmPIcorlhcwavcrorm obscrvcdat

HterrllCCCable#L,whIChconnectedeqtllPl11C11tOnlhcs'lme

moorThecableconfTlguratlOnlSShownlnFJgS8別-d9(il)The

rcl'ltl0nShlPSbclWecnlhcobservedwaveformsandthe一ower
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FIEl6Surgc･vollage"averomlSaPrk-arln生aLlnterraCeCOaXlaLぐabkon
another
moor

DLJghI,JIngSLIrgeAppearL,tgal
h
Ller/(leeCableE〝EJ

ConlteCIIltgTOEqElLPllteJlIOILAl10lheI'nOOI

Flg16Showsancxamplcorlhcvoltage､vavcrormObscrvcd

.ll)nler
LTacecab一e#2,w
hlChconnectedloequIPmeJltOllanother
noo=vllhcoaxlalcabJeThecableconfiguratlonlSShownln
Ftgs8and9(b)TherciatlonshlPSbetweenLhcobservedwavc-
roJnl.lndthetowerlegcurrentwavefomw;LSldenLlnlCd
Fromthe

observ之山ontlmeandlildcnt)fledWaveronllSWereOblalned

ThesulgeWasgener'ltCdbythewaveromlSattheLower一egs

showninFlg10ThecurrentwavefTonlla=lleOuterconductor

orlhecoaxlalcablewassimllartothatflo√lnLcrracecable#l

lnFlgL4Th lSmeansLhilLthecoupllngWLIS111alnlycapaclllVe

andlnducL)VccoupllngThewavelomlSOrtheirHICrandouter

conductorsorthecoaxlalcabJeweredlfrerenlThlSmLghtbc

causedbythelransflerlmPCd'lnCeOrtheoutercollducLor.W
hlch

hasafrequencydependencel13].
ThcrelatlollShJPSbeLWecnpeakvaluesこItlnterf!.leeCable#2

andthetowerlegsaresho､vnlnFig17ThcsolldlJneSare

lhclndlcatcdrecursl＼′CCquatl0nS_
ThecorrelaLlonr'lCtOrOr‖1e

currcnlshownlnFlgI7(ll)lSmorethan0.
9
,sogoo
dcorrelat10n

ẀtsobLtllnedThepc'lkvaluealtheouterconduclororcablc
#2was0O Ot61日11eSlhalalthelowerlcgsAl1dthecol~relal】oll
racto rofthevo 】LageshownLnFIB l7(b)witsmore

than08,SogoodcorrelallonwasoblalnCdThepeakvillu
eaHhcInnerconducLororcablc#2wiLS0000079tlmeSthata=hcLO､VCTlegs

+

(く
)tU
QLJrn
〇
一qe9
1e
FXeO
U

0

50TowerlegcLrr8rt(kA)tJl0 20

40 60 80TowerIB9 CUrTent(kA)

(b)FlgE7 RchllOnSbet､vccnlntCrrn亡Ceabl亡〝2an

dtowerkgs005005Soop､1人とC#〇一q883t)JJO1∪一

巨0 250 SOOTime(ps)I:1gL等noor Surge-volはge W

.lVerOmlSaPl籾TlngatlnteTraCeCableon▲lnOLherlTlg )8Sh

owsancxamplcortheobservedwavcfTomltlp-pcaTtng .llmLer
f:tlCeCablc#3,whlChcorlnCCtCdLocqulPmCntonanother

moorThecableconLlguratlonlSShownlnFlgS8tlnd9(C)
Therelatl0nSh】psbcllVeentheobserycdwavcrom1andthetower

legcurrcnlwaveflOrm Was)den(1fiedn~om theobservall0nl)

meand171denLltledwavefonllSWCrCObLaLned.ThesurgeWasge

neratedbytheWaveflOm SaHheLower一egsshownll-Flg 10ThefrOnLLlmeandtLmClohalrvaLucorLhe

WavelomlinFlg L8wereshonerthanthoseorthcIVaVClorTnln

Fig.10andthevoltageappearedwhenthecurrentaHhetower

lcgschLlngedThlSmeansthatthecoupl]ngbetweenlhccurrentallhctowerlegsandvoILLlgCatlnlCrraCeCab一e#3wasm'llnJy

capacltlVCandlnducllVeCOUP)lng-Therelat】onshlpsbcLwcenpeak

va一uesallTltCrねcecable#3alldthelowerlegsareshownlnF唱 19
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(kA)FEEI9 RclatLOIlbeLwccnvoltagea=nlerrnCC

Cablc#3ilndLOWCTIcgcLITTentmalnl

ycapacILIVe･lndlnductlVCCOuPIJngAhhoughthecorre-1ataotlWasWeak,Flg.】9showsthatthepe.lkvaluea
tcab一e#3hadatrend00009ll

meSthalalthetowertcgsE IMaILOJtJitlJ)Sβeハl7eell/rllhLCedSzLrgeCul.J'eltlalL

dL.g/Tr,TE,tgCtLrl･en/Therel.ltlOnShtpsbetweenthepc.lkva

lueamongthetowerlegsandtheobservallOnPOEntS(Obtalned

rromFtgslO,13,15,17,andl9)aresummarlZedlnFIg20Thcdoltcd】

JnCttldIcilLesthaHhccoupllngmlghLbeconduct)ve,whlChlSuSIJa

lwhenthewaveronllattheobservat10nPOlntlSSlmllar

lothataLtheLowerlcgsasshown)nFTgSIOand12Th

econductlVeCOuP]1ngWlIhsc)r-1nduclanCelSrePrCSClltedbyanmd
ucLorandlHseSItmaledwhentheh.onl川11e

andllmetOhaLrva】ucElrClollgCrLhiLnlhoscaHhctowerl

egs,asshownlnFlg lOThelllductlVCandc'1-pacILIVeCOUPllngtSrCPrCSCnledby.1CaPaCltOlandtransflOrlller

ThlSISeShmated

whentherron=lmCandtlmelohalrvalucZlreshorterthanlhoscatLhclowerlcgs,asshown
lnFIB LOCab一esHIand#3were

lSOblcdfromlhcground,asshownm FIE9ThlS]SWhythecoupHngwasmal

nlycapaclt】VeandlndLJCt】VCcotlPIlngln

lhcscc･lb)csLV OccuRRJiNCEPROBABILlTYOr

LJGHTNlNGSuRGEATINTERFACECABl_E)IlStnl

POrlanHoobta]ntheoccurrenceprob呈lblJllyorlhellghtlngSurgeC

urrCntalldvohagccauscdbydLreCIStrlkesFromour]llVeStlgi
)Llon,㌧veobLaHledtherelal10nShIPSbctwccnthed]-rectslll

kecurrentandmtcrraccc･lbkshownlnFIB20 Here,wecalcu]atelhcoccurrencep

IOb'lbllllyorthepeakvalueOurmvesllgal】onalsolndlC;llcs

Lllaldataobserve(=naLen1-peralezollelSaPPl】cablelrWeCO

nSlderwllhthenumberorthutl-derstonlldayslntheareaAccordl

ngLolhcscobscrvattons,thecumulalIVeOCCurrenCeOrthepea

kvalueForadlleCIslrlkelSglVenbyl121 (1)where/Ptsthe
pe･1kv'llLJCOrLhcdlrcclstrlkelnk̂Thenumbcrord"cclstHkcsperunTt






