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MDKHAPOLHA ENEKTPOTEXHIYHA
KOMICIA

BJINCKABKO3AXUCT -

YactuHa 3: ®i3anyHi pynHyBaHHA
oyaiBenb (cnopyn) Ta
Hebe3neKka Ans XUTTH

NMEPEAMOBA

1) MixHapoaHa EnektpoTexHiyHa Kowmicis, Hagani MEK

(IEC), € BCecBiTHbOW YCTaHOBOIO 3i cTaHgapTuaauii, Wwo
o6’egHye yci HauioHanbHi €neKTPOTEeXHiYHi KoMiTeTu
(HauioHanbHi KomiteTn IEC). MeToto gisnbHocTi IEC €
3abesnevyeHHs MiXXHapo4HOro cniBpobiTHMUTBA 3 YCix
nMTaHb, WO HamnexaTb A0 cTaHgapTtusauii y
eNeKTPOTexHiIYHin Ta enekTpoHHin ranysax. [Onsa
[OCSAITHEHHA LbOro Ta Ha AoAaToK A0 iHWOT AiAnNbHOCTI
IEC ny6nikye MixnapoaHi Ctangaptn, TexHiuyHi YMoBY,
TexHivHi 3BiTK, 3aranbHogocTynHi Cneuundikauii (PAS)
Ta MocibHukn (Hagani imeHoBaHi sk "My6nikauii IEC) ").
MigrotoBka uux ny6nikauin [OpyYaeTbCA TEXHIYHUM
KomiTeTam; 6yab-akun HauioHanbHun Komitet IEC,
3auikaBrneHui y BiaNoBigHIN TeMi, moxe B6paTu yyacTb y
nigroToByin poboTi. MixkHapoaHi, ypaaoBi Ta HeypsiAoBi
opraHisauii, wo cnisnpauttoTe 3 IEC, Takox 6epyTb
yyacTtb Yy uin nigrotoBui. IEC TicHo cniBnpaute 3
MixHapogHoto OpraHisauieto 3i Ctangaptusauii (1SO)
BigNOBiAHO [0 yMOB, OOYMOBMEHUX [OFOBOPOM MiX
OBOMa opraHisauisgmu.

OdiuinHi  piweHHa abo porosopu MEK (IEC ) 3
TEXHIYHUX MNUTaHb SABMAKTb COOOM, HAacCKiNbkM LUe €
MOXNMBUM, MIXHApPOAHUA KOHCEHCYC 3 BiANOBIAHMX
MUTaHb, OCKINMbKN KOXHUN TEeXHIYHUA KOMiTeT mMmae
npeacTaBHULTBO Bif YCiX 3auikaBneHux HauioHanbHMX
KomiteTiB IEC.

My6nikauii |IEC matTb ¢dopMy pekomeHpauin ans
MiXXHAapOAHOro  BUMKOPUCTAHHA | Yy UbOMY CeHCi
BM3HatoTbcs HauioHanbHumu Komitetamm IEC. Xoua
ons  3abe3neyeHHA  TOYHOCTI  TEXHIYHOro  3MicTy
ny6nikaui IEC 6ynu BxuTi BCi Mmoxnusi 3axogu, IEC He
MOXe BignosigatTm 3a Te, SAKMUM  YMHOM  BOHM
BUKOPUCTOBYIOTbCA, abo 3a Oyab-ake  HeBipHe
TNyMayeHHs KiHLeBUMU KOpUCTyBayYaMu.

4) 3 MeTOl CNpUSAHHA MIDKHaAPOAHIN yHidikauii cTaHAapTiB

HauioHanbHi KomiteTn IEC 3060B’A3yI0TbCA
3acTtocoByBaTu ny6nikauii MEK MakcumanbHO
MOXMNBOIO MIpPOK 3pO3YMINO y CBOIX HaLUiOHanbHUX Ta
perioHanbHUX BuUAaAHHAX. Byab-ika po36iXHICTL MiX
ny6nikauieto IEC Ta BignosigHUM HauioHanbHUM abo
perioHanbHUM BUAAHHAM, Mae OyTu YiTKO 3a3HayeHa y
OCTaHHbOMY.

5) IEC He Hapgae XoAoHWX MiATBEpAXeHb BiAMOBIAHOCTI

cBOiM cTaHgapTam. [locnyrum 3 oOuiHKM BiANOBIAHOCTI
ctaHpgaptam |EC Ta, y pJedkux ranyssx, npaso
MapkyBaTu BMpOOMU No3Ha4Ko BiANoOBiAHOCTI
ctaHgaptam |EC HapalTbCca He3anexHuMu opraHamu
cepTudikauii.

6) Yci kopuctyBa4i MaloTb rapaHTyBaTu, LO BOHM MaloTb

OCTaHHE BMAAHHA uiel nybnikauii.
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FOREWORD

1) The International Electrotechnical Commission (IEC) is

a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National
Committees). The object of IEC is to promote
international co-operation on all questions concerning
standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC
publishes International Standards, Technical
Specifications, Technical Reports, Publicly Available
Specifications (PAS) and Guides (hereafter referred to
as “IEC Publication(s)”). Their preparation is entrusted
to technical committees; any IEC National Committee
interested in the subject dealt with may participate in
this preparatory work. International, governmental and
nongovernmental organizations liaising with the IEC
also participate in this preparation. IEC collaborates
closely with the International Organization for
Standardization (ISO) in accordance with conditions
determined by agreement Dbetween the two
organizations.

2) The formal decisions or agreements of IEC on technical

matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since
each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for

international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts
are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held
responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC

National Committees undertake to apply IEC
Publications transparently to the maximum extent
possible in their national and regional publications. Any
divergence between any IEC Publication and the
corresponding national or regional publication shall be
clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity.

Independent certification bodies provide
conformityassessment services and, in some areas,
access to IEC marks of conformity. IEC is not
responsible for anyservices carried out by independent
certification bodies.

6) All users should ensure that they have the latest edition

of this publication.



7) XopgHa BignoBiganbHiCTb HE NOKNaAaeTbCa aHi Ha

IEC, aHi Ha ixHix kepiBHUKIB, CNiBPOGITHUKIB,
cny60BLiB YN areHTiB, BKITOYHO i3 OKpEMUMU
ekcneptamu Ta YrnieHamu ii TEXHIYHMX KOMITeTiB Ta
HauioHanbHux KomiteTiB IEC 3a 6yab-sike TinecHe
YLWKOAXEHHS, NOLWKOAXKEHHA MaHa abo iHwe
NOLWKOAXKEHHS Byab-aKOro xapakrtepy, sk npsime, Tak i
onocepeakoBaHe, Yn 3a BUTpPaTK (BKIOYaO4n cyaoBi
BUTPATU) Ta NnaTexi, AKi BUHMKaIOTb K HAcnigokK uiel
ny6nikauii, il BAKOPUCTAHHS, Y/ NMOCUMAHHS Ha L0
ny6nikauito IEC, abo 6yab-saKky iHwy nybnikauito IEC.

8) 3BepTaeTbcsA yBara Ha HopmaTuBHI nocunaHHs,

HaBeeHi y uboMy BUAaHHI. BukopuctaHHs sragaHux
ny6nikauin € HEOAMIHHO YMOBOI NPaBUIbHOIO
3acTocyBaHHSA uiei nybnikauii.

9) 3BepTaeTbcA yBara Ha Te, WO AesKi eneMeHTu uiei

ny6nikauii IEC MmoxyTb 6yTM npeaMeToM NaTeHTHUX
npa.. IEC He € 3060B’a3aHnM BU3Havyatu byab-akui
abo yci Taki Bunagku.

MixxHapogHun CtaHgapt IEC 62305-3 6yB
NiagrotToBneHunn TexHiyHum komitetom 81 MEK:
«bnnckaBkosaxmncTty»

Lle opyre BuaaHHA ckacoBye Ta 3aMiHOE
nepwe sBuaaHH«a, BugaHe y 2006 podui, Ta
SIBJISIE COO0 TEXHIYHMI nepernag.

Lle BuOaHHA MICTUTb Taki CYTTEBI TEXHIYHI
3MiHM MOPIBHAHO i3 MONepeaHbOo peaakuieto:

1) MiHimanbHa ToBLWMHa 6naxn abo
meTanesux Tpy6, ski nogaHo Tabnuui 3
AnNs cuctem nepexonneHHsa Bnuckasku,
po3rnagalTbCs SK Taki gaKki He 3gaTHi
3anobirtn npobnemi micueBoro
neperpiBaHHs.

Ctanb 3 ranbBaHiYHNUM NOMIAHEHHAM
BBe[EHO K MaTepiarn, npugaTHUn ans
LPS.

[egdki nnowi nonepeyvyHoro nepepisy Ang
nposigHukiB LPS 6yno 3nerka
MoaundikoBaHo.

2)

3)

4) 3apgnsa uinen cnony4veHHs, i3ontoBarnbHi
iCKpOBi NMPOMIXKM BUKOPUCTAHO AN
MeTaneBoro obnagHanHa ta SPD gnsa

BHYTPILLHIX cuCTEM.

5) [Ba metoan — cnpoweHui Ta getanbHUn -
HaBedeHO ANA OUiHOBaHHSA pPo3ainbHOI

BiACTaHi.

6) 3axoam 3axucTy Bifg 3arpo3n Ans XKutTs
YHacnNigoK ypaXeHHs eNeKTpPUYHUM
CTpyMOM nepenbavyeHo TakoX BCepeaunHi
Oygisni (cnopygai).

OnoBrneHi BigomocTi wono LPS y Bunagky
cnopya 3 pusnkom Bubyxy nogaHo y
Hopatky D (060B’a3k0BUN).

7)
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7) No liability shall attach to IEC or its directors,

employees, servants or agents including individual
experts and members of its technical committees and
IEC National Committees for any personal injury,
property damage or other damage of any nature
whatsoever, whether direct or indirect, or for costs
(including legal fees) and expenses arising out of the
publication, use of, or reliance upon, this IEC
Publication or any other IEC Publications.

8) Attention is drawn to the Normative references cited in
this publication. Use of the referenced publications is
indispensable for the correct application of this
publication.

9) Attention is drawn to the possibility that some of the
elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for
identifying any or all such patent rights.

International Standard IEC 62305-3 has been
prepared by IEC technical committee 81:
Lightning protection.

This second edition cancels and replaces the
first edition, published in 2006, and constitutes
a technical revision.

This edition includes the following significant
technical changes with respect to the previous
edition:

1) Minimum thicknesses of metal sheets or
metal pipes given in Table 3 for
air-termination systems are assumed as
not able to prevent hot-spot problems.

Steel with electro-deposited copper is
introduced as material suitable for LPS.

2)

Some cross-sectional areas of LPS
conductors were slightly modified.

3)

4) For bonding purposes, isolating spark
gaps are used for metal installations and

SPD for internal systems.

Two methods — simplified and detailed —
are provided for evaluation of separation
distance.

5)

Protection measures against injuries of
living beings due to electric shock are
considered also inside the structure.

6)

7) Improved information for LPS in the case
of structures with a risk of explosion are

given in Annex D (normative).
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TekcT ubOro ctaHaapTy MPYHTYETbCHA Ha Takux
[OKYMEeHTax:
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The text of this standard is based on the following
documents:

FDIS 3BiT npo
(ocTaTovHM NpoekT ronocyBaHHs
MiXXHapogHOro ctaHgapTy)
81/372/FDIS 81/382/RVD

[MoBHY iHbopMaLito NPO ronocyBaHHA WoOA0
3aTBEPAXEHHS LbOro ctaHgapTy MOXHa
3HaNTKU Yy 3BiTi NP0 roNoCyBaHH4,
3a3HayYeHoOMYy y BuLLEeHaBedeHIn Tabnuui.

Lito nyBnikauito 6yno nigrotoeBneHo, skomora
MOXHa 6inbw BignosigHo fo OupekTtus ISO /
IEC, YacTuHa 2.

Cnucok Bcix YacTuH ctaHgapty cepii IEC
62305, nig 3aranbHOO Ha3BO
BrnnckaBko3axumcT, MOXHa 3HANTKU Ha
Beb-canTi IEC.

KomiTeT nocTaHOBUB, WO 3MIiCT L€l
nyénikauii 3anMwnTbCs HE3MIHHUM A0
3aBepLUEHHS CTPOKY Ail, KU 3a3HAYEHO Ha
Beb-canTi MEK IEC Ha cTOpiHL,i
«http://webstore.iec.ch» y noni gatu, wo
CTOCY€ETbCHA KOHKpeTHOI nybnikauii. Ha uto
aaTy nybnikauito 6yae:

* NiATBEPAKEHO SK TaKy, WO NPOAOBXKYE
0iaTtu;

* cKacoBaHo;
* 3aMiHEHO OHOBJIEHUM BUAaHHAM, abo

* BUMpPAaBIEHO.

Y Cnony4eHux WTaTax, kepyloymcb BUMOramum ctaHgapTy
NFPA 780: «CTtaHgapT Ha BCTaHOBJIEHHS CUCTEM
onuckaskosaxucTty: 2008» [1] " NpakTUYHUM OOCBIAOM Yy
BMKOPWUCTaHHI rOpM3oHTanbHUX y3eMnioBadis, He
BUMaraeTbcs, abu MiHiManbHa 4OBXWHA rOPU3OHTaNbHUX
y3emnioBadiB 6yna BABiYi 6iNbLwoto, HiX BUMaraeTbcs

OnNs BepTUKanbHUX €NeKTpoaiB.
Y ®paHuii Ta MopTyranii:

- NPUPOAHI KOMMNOHEHTN HE MOXYTb 3aMiHATU coboto
KOMMOHEHTM GrNMCKaBKO3axncTy ane MoXyTb
BUKOPMCTOBYBATUCS ANS AOMNOBHEHHS/MOKpaLLEeHHS
LPS;

- piameTp antoMiHieBOi MOHOXUNKN Mae 6yTu 36inbLeHo
38 0o 10 mwm;

- HaraToxunbHi NpOBOAN HE MOXYTb
BUKOPUCTOBYBATUCH SIK AO3EMHIi NPOBIQHUKMU;

- AiaMeTp MOHOXUMbHUX KPYrNX NpoBigHMUKIB Mae 6yTu
36inbweHo 3 16 MM go 18 mMMm;

- TOBLWHY CYLiNbHOT CTPIYKMN 3 rapsayenoLnHKOBaHOT
cTani mae 6yTun 36inbweHo 3 2 MM 8o 3,5 mm.

FDIS Report on voting

81/372/FDIS 81/382/RVD

Full information on the voting for the
approval of this standard can be found in the
report on voting indicated in the above table.

This publication has been drafted, as closely
as possible, in accordance with the ISO/IEC
Directives, Part 2.

A list of all the parts in the IEC 62305 series,
under the general title Protection against
lightning, can be found on the IEC website.

The committee has decided that the contents
of this publication will remain unchanged
until the stability date indicated on the IEC
web site under "http://webstore.iec.ch" in the
data related to the specific publication. At
this date, the publication will be:

. reconfirmed,

. withdrawn,
* replaced by a revised edition, or
e amended.

In the United States, based on the requirements of
NFPA 780: Standard for the Installation of Lightning
Protection Systems:2008 [1] 1 and practical experience
in the use of horizontal earth electrodes, the minimum
length of horizontal earth electrodes is not required to
be twice that required for vertical electrodes.

In France and Portugal:

— natural components cannot substitute as lightning
protection components but may be used to
complete/enhance the LPS;

— aluminium solid round diameters should be increased
from 8 mm to 10 mm;

— stranded conductors cannot be used as
down-conductors;

— diameter of solid round conductors should be
increased from 16 mm to 18 mm;

— hot dip galvanized steel solid tape thickness should
be increased from 2 mm to 3,5 mm.
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Y Pocii BUKOpMCTaHHS TpaHCNOpPTHMX TpybonpoBoaiB Ta
pesepByapiB, fKki MiCTATb nerkosanmucti abo
BMOYyXoHeObe3neyHi pe4yoBUHU, Y PONi NPUPOLAHUX
nepexonntoBayviB abo NPpUPOAHNX A03EMHUX NPOBIAHMKIB
He [J03BONAETHCS Yy XKOAHOMY pasi.

In Russia the use of piping carrying and tanks
containing readily-combustible or explosive materials as
airtermination natural components or down-conductor
natural components are not allowed in any case.

Y AnoHii MiHiManbHi 3HAaYeHHA NMoLW, NONepeyYHoro
nepepisy aMeHLWYyTbCA 3:

In Japan the minimum values of the cross-section are
reduced from:
2

-16 MM fgo 14 mm2ans migi Ta 3 25 Mm200 22 mm2ans
CNONYYHUX NPOBIAHUKIB 3 antoMiHil0 Ansa 3’egHaHHS
Pi3HUX CMNOMYYHUX WWH Ta NPOBIAHUKIB, LLO
NPUEAHYIOTb WWHN O CUCTEMWU 3EMSHOIO
3aKiHYeHHS;

-6 MMZ,EI,O 5 MMZ,EI,J'IH migi, 10 MMZ,EI,O 8 MMZ,EI,J'IH
antoMiHito, 16 mm“ go 14 mm“ gnga cTtani, ans
CNOMNYYHUX MNPOBIAHUKIB, AKi NPUEAHYIOTb BHYTPILIHE
MeTaneBe obnagHaHHS 4O CMONYYHUX LUWH.

- 16 mm?2to 14 mm?for copper and 25 mmZ2to 22 mm
for aluminium, for bonding conductors
connectingdifferent bonding bars and conductors
connecting the bars to the earth-termination system,;

-6 mm?to 5 mm?for copper, 10 mm?to 8 mm? for
aluminium and 16 mm“ to 14 mm* for steel, for
bonding conductors connecting internal metal
installations to the bonding bars.

A bilingual version of this publication may
be issued at a later date.

BuaaHHa agBOMOBHOI Bepcii Uiei nybnikauii
MOXIMBE 3rooM.

BAXIIMBO - norotun " colour inside™
(konbopoBUN APYK BCepeauHi) Ha
TUTYNbHIN cTOPiHUI Wiel ny6nikauii
BKa3ye€ Ha Te, W0 BOHAa MiCTUTb
KONbOpOBi 300paXeHHs, AKi BaxaroTbCs
KOPMCHUMMU AN NpaBUNbHOro
pPO3yMiHHA ii 3micTy. TOoMy KOopucTyBaui

IMPORTANT - The 'colour inside' logo
on the cover page of this publication
indicates that it contains colours which
are considered to be useful for the
correct understanding of its contents.
Users should therefore print this
document using a colour printer.

MalTb PO3APYKYBaTU AOKYMEHT Ha
KONTbOPOBOMY MPUHTEPI.

1 References in square brackets refer to the bibliography.

MocvnaHHs B kBagpaTHUX AyxKax CTocyeTbes Gibniorpadii.
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BCTVYI

Lis yactuHa ctangapTty IEC 62305 cTocyeTbes
3axucTy y Ta HaBkono Oygieni (cnopyau) Big
i3NYHNX NOLUKOOXEHb Ta 3arpo3n Ans XUTTH
yHacnigok Ail Hanpyrm [[OTUKY | KpPOKOBOI
Hanpyru.

OCHOBHUM 1 HanedeKTUBHIiWUM 3acobom
3axucty OygiBenb  (cnopyA) Big isn4HuUX

NOLIKOOXEHb BBa)aeTbCH cuctema
onuckaskosaxucty (LPS). BoHna 3asBuvani
CKnagaeTbcs €K i3  30BHiWIHbLOI, Tak i 3

BHYTPILIHBLOT CUCTEM 3aXUCTY.
30BHiWHA LPS npusHaveHa ans

a) nepexonsieHHa cnanaxy OnuckaBku vy
oyaisnto (cnopyay) (3 cuUcTeMoto
fnuckaBkonpunmadia),

b) 6e3neyvHoro BigBegeHHA CTPyMy BnCKaBku y
3eMIno (3 BUKOPUCTAHHAM cuctemm
[03eMHUX NPOBIAHMKIB),

C) po3citoBaHHA CTpyMmy GnmckaBku y 3emni (3
BUKOPUCTAHHAM cuctemm 3eMIIsHOro
3aKiHYEeHHS).

BHyTpiwHsa LPS 3anobirae HebesnevyHomy
iCKpiHHIO BcepeauHi OyaiBenb (cnopypn), 3a
gornomorot abo ekBiMOTEHUINHMX CNOMYyYeHb,
abo po3ainbHoi BigcTaHi (a, oTXe,
€NEeKTPUYHOro i30/10BaHHA) MiX 30BHILLUHbOK
LPS (9k Bu3HayeHo y 3.2) Ta iHWMMMK
CTPYMOMPOBIAHUMWU efneMeHTamMu ycepeanHi
Oygisni (cnopyan).

OcHOBHi 3axoaM 3axucTy Big 3arpos3u pang
XUTTS  yHacnigok Aii Hanpyru [OoTuky Ta
KPOKOBOT Hanpyru € cCkepoBaHumMu Ha Ta, abu:

1) 3meHwWunTn HebedneyHe MPOTiIKAHHA CTPyMy
Kpi3b Tina i30Mt0BaHHAM BiOKPUTUX
€NeKTponpoBigHNX YacTuH Ta/abo
NigBULWEHHAM MNUTOMOro OMopy MOBEPXHI
FPYHTY,

2) 3MEHLUNTM MOXIUBICTb YPaXeHHs yHacnigok
AiT Hanpyru [OTUKY | KPOKOBOT Hanpyru
obMeXeHHAM aocTyny Ta/abo
3aCTOCyBaHHAM nonepenxysarbHUX
Hanucis.
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INTRODUCTION

This part of IEC 62305 deals with the
protection, in and around a structure, against
physical damage and injury to living beings due
to touch and step voltages.

The main and most effective measure for
protection of structures against physical
damage is considered to be the lightning
protection system (LPS). It usually consists of
both external and internal lightning protection
systems.

An external LPS is intended to

a) intercept a lightning flash to the structure
(with an air-termination system),

b) conduct the lightning current safely towards
earth (using a down-conductor system),

c) disperse the lightning current into the earth
(using an earth-termination system).

An internal LPS prevents dangerous sparking
within the structure using either equipotential
bonding or a separation distance (and hence
electrical insulation) between the external LPS
(as defined in 3.2) components and other
electrically conducting elements internal to the
structure.

Main protection measures against injury to
living beings due to touch and step voltages are
intended to:

1) reduce the dangerous current flowing
through bodies by insulating exposed
conductive parts, and/or by increasing the
surface soil resistivity,

2) reduce the occurrence of dangerous touch
and step voltages by physical restrictions
and/or warning notices.
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Tun i po3miweHHs LPS HanexuTb peTenbHo

PO3rMSHYTH Ha no4YyaTKoBOMY eTani
npoeKkTyBaHHs HoOBOI OyaiBni (cnopyawu), wo
O03BONUTb MaKkcumasnbHO ckopucTaTucs
nepesaramu, AKi Hapae BMKOPUCTAHHA

€neKTponpoBiAHMX YacTuH b6yaisni (cnopyagu).
TakuM YMHOM, NPOEKTYBAHHA Ta CNOPYOXXEHHS
06'egHaHOl cMCTEMU CTa€ NPOCTIWINM, 3aranbHi
ecTeTuYHi acnekTtn Gyaisni (cnopyan) MOXyTb
Oyt noninweHi, a edekTnBHictb LPS moxe
Oyt 36inbweHa 3a MiHiManbHUX BUTpaT i
3yCunb.

Joctyn po 3emni i HanexHe BUKOPUCTAHHSA
MeTanoKOHCTPYKUin dyHOaMeHTy 3 MeTow
OOCSATHEHHS eEeKTUBHOro 3eMnsHOro
3aKiHYEeHHA MOXe CTaTu HEeMOXIUBUM nicns
noyaTky OyaiBenbHMX PoOBGIT Ha ManWgaHuuky.
Takum 4YMHOM, nNUTOMUA oOMNip TPYHTY Ta
XapakTep 3eMfi HanexuTb pPO3rnsaHyTU y
HavnepLwin MOXnuBIW cTagii npoekTyBaHHs. Lis
iHpopMaLia € OCHOBOK [Ns MPOEKTYBaHHSA
CUCTEMU Yy3EMIIEHHS | MOXe BMNMBaTU Ha
npoekTyBaHHA doyHOaMeHTy byaisni (cnopyan).

PerynsapHi KOHCynbTauii MiX
npoekTyBanbHUKaMn i MOHTaxHuMKamu LPS,
apxitektopamu i OyaiBenbHMKaMu €

HeoOXigHMMW  OnNS  OOCATHEHHS
pes3ynbTaTy 3a MiHiManbHUX BUTPAT.

Kpaworo

Akwo ©BnuckaBkO3axMcT BMaWTOBYETbCA Ha
iCHYIOYIN Oygisni (cnopygai), HanexnTb
JoknacTu BCiX 3ycunb Jo Toro, abum BoOHa
BignoBidana npuHUMNamM UbOro cTaHaapTy.
Bubip Ttuny i posmiweHHs LPS wmae
BpaxoByBaTU 0COBNMBOCTI icHytu4oi ©Oyaisni
(cnopyaw).

62305-3 © IEC:2010(E)

The type and location of an LPS should be
carefully considered in the initial design of a
new structure, thereby enabling maximum
advantage to be taken of the electrically
conductive parts of the structure. By doing so,
design and construction of an integrated
installation is made easier, the overall aesthetic
aspects can be improved, and the
effectiveness of the LPS can be increased at
minimum cost and effort.

Access to the ground and the proper use of
foundation steelwork for the purpose of forming
an effective earth-termination may well be
impossible once construction work on a site
has commenced. Therefore, soil resistivity and
the nature of the earth should be considered at
the earliest possible stage of a project. This
information is fundamental to the design of an
earth-termination system and may influence
the foundation design work for the structure.

Regular consultation between LPS designers
and installers, architects and builders is
essential in order to achieve the best result at
minimum cost.

If lightning protection is to be added to an
existing structure, every effort should be made
to ensure that it conforms to the principles of
this standard. The design of the type and
location of an LPS should take into account the
features of the existing structure.
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BJINCKABKO3AXUCT -

YactuHa 3: Pi3MyHi pyuHyBaHHA
OyaniBenb (cnopya) Ta
HebGe3neKka AnA XUTTA

1 Cchepa 3acTocyBaHHA

s yvactuna crtanpgapty IEC 62305 wmicTuth
BMMOTM Wo[o 3axucty Oyaisni (cmopyaum) Big
@i3NYHMX NOLIKOOXKEHb 32 4OMNOMOrOK CUCTEMU
onuckaskosaxucty (LPS), a Takox Big
Hebe3nekn Ons XUTTS yHacnigok fii Hanpyru
OOTUKY i KpOKOBOi Hanpyru nobnusy LPS
(omBuce IEC 62305-1).

Llen ctaHagapT € NPUNHATHUM ANS:

a) NPOEeKTyBaHHSA, MOHTaxy, nepeBipkn i
TexHiyHoro obcnyroByBaHHa LPS pgns
Oygpisenb (cnopya) 6e3 obMeXeHHS iXHbOT
BUCOTH.

0) BXUTTA 3axofiB ANs 3aXUCTy Big 3arposu
0N XUTTHA yHacnigok aii Hanpyru 4oTuKy Ta
KPOKOBOT Hanpyru.

Mpumitka 1 Ocobnuei Bumorn go LPS y 6yaiBnsx
(cnopypax), ki cTaHOBNATb Hebe3neky ANs OOBKINNA
yHacnigok pusnky Bubyxy, nepebyBatoTb y cTagii po3rnsay.
[opatkoBy iHdopmauito nogaHo y pogatky D ansa
BUKOPUCTaHHA Y NPOMIXHUWIA nepioA.

Mpumitka 2 Lis yactvHa cTaHgapTy He npusHaveHa
onst 3abesnedeHHss 3axucTy Big 360iB eneKkTpUYHuX i
€MNeKTPOHHUX CUCTEeM HamnpyrM YHacnigok mnepeHanpyr.
CneuianbHi BMMOrM Ans Takux Bunagkis nogaHo y IEC
62305-4.

MpumiTka 3 Ocobnusi BUMOTU oo
6nunckaBko3daxucTy BiTpoTypbiH nogaHo y IEC 61400-24 [2].

2 HopmaTuBHI nocunaHHA

HuxyenopaHni [OBigKOBI OOKYMEHTM €
00OB’A3KOBMMW  ANS  3aCTOCYBaHHSA  LbOro
OOKYMEHTY. Ona  paTtoBaHUX nocunaHb
3aCTOCOBYIOTb JUWE 3a3HayeHe BUAAHHS

nocunanbHOro HaBefeHoro craHgapTy. Ans
HefaToBaHUX nocunaHb 3aCTOCOBYIOTb
OCTaHHE BMAAHHSA MOCMManbLHOro HaBegeHOoro
cTaHgapTy (3 ycima Moro amiHaMu BKIHOYHO).

IEC 60079-10-1:2008, BubyxoHebesneyHi
cepedosuwa - Yacmuna 10-1: Knacugikauis
30H - 30HU 3 8UBYXOHebe3neyHUMU 2a3amu

IEC 60079-10-2:2009, BubyxoHebesneyHi
cepedosuwia - YacmuHa 10-2: Knacugikayis
30H — 30HU 3 nieako3aliMucmum nNUAOM

IEC 6007-14:2007, BubyxoHebesneyHi
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PROTECTION AGAINST
LIGHTNING -

Part 3: Physical damage
to structures and life hazard

1 Scope

This part of IEC 62305 provides the
requirements for protection of a structure
against physical damage by means of a
lightning protection system (LPS), and for
protection against injury to living beings due to
touch and step voltages in the vicinity of an
LPS (see IEC 62305-1).

This standard is applicable to:

a) design, installation, inspection and
maintenance of an LPS for structures
without limitation of their height,

b) establishment of measures for protection
against injury to living beings due to touch
and step voltages.

NOTE 1 Specific requirements for an LPS in structures

dangerous to their surroundings due to the risk of explosion

are under consideration. Additional information is provided
in Annex D for use in the interim.

NOTE 2 This part of IEC 62305 is not intended to provide
protection against failures of electrical and electronic
systems due to overvoltages. Specific requirements for such
cases are provided in IEC 62305-4.

NOTE 3 Specific requirements for protection against
lightning of wind turbines are reported in IEC 61400-24 [2].

2 Normative references

The following referenced documents are
indispensable for the application of this
document. For dated references, only the
edition cited applies. For undated references,
the latest edition of the referenced document
(including any amendments) applies.

IEC 60079-10-1:2008, Explosive atmospheres
— Part 10-1: Classification of areas — Explosive
gas atmospheres

IEC 60079-10-2:2009, Explosive atmospheres
— Part 10-2: Classification of areas -
Combustible dust atmospheres

IEC 60079-14:2007, Explosive atmospheres —
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IEC 60079-10-2:2009, BubyxoHebe3srneyHi
cepedosuwa - HYacmuna 10-2: Knacugikauis
30H — 30HU 3 nneeko3aliMucmum nuUIOM

IEC 6007-14:2007, BubyxoHebesrneuHi
cepedosuwa - YHacmuHa 14: BukoHaHHS
eJIeKmMPUYHUX yCMaHOB8OK, 8ubip ma MOHmMax

IEC 61557-4, Enekmpobesneka y
HU3bKOBOJIbMHUX P03rodinbyux mepexax 0o 1
000 B 3miHHo20 cmpymy i 1 500 B nocmiltHo20
cmpymy - O6nadHaHHS 0nsa eunpobyeaHHs,
sumiptosaHHss ~abo  KOHMPO  3aXUCHUX
3axodis - YacmuHa 4: onip kona y3emneHHs ma
€eK8inomeHUyitHIi crnoy4YeHHs

IEC 61643-1, HusbkogosibmHi npucmpoi
3axucmy 8i0 nepeHanpye - YacmuHa 1:
lMpucmpoi  3axucmy 8i0 nepeHanpys, Wo
nioknodeHi 00  HU3bKOBOJbLMHUX cucmem
po3nodiny enekmpoeHepeii - Bumoeu ma
sunpobysaHHs

IEC 61643-21, Hu3bkogonbmHi npucmpoi
3axucmy &i0 nepeHanpyz - Yacmuna 21:
lMpucmpoi  3axucmy 8i0 nepeHanpys, Wo
nidknodeHi 00 Mepex merieKkoMyHikayil ma
cueHanizauyir - Bumoau ma mMemoou
surpobysaHsb

IEC 62305-1, bnuckasko3axucm - YacmuHa 1:
3azaribHi MoNoXeHHS.

IEC 62305-2, bnuckaskosaxucm - YacmuHa 2:
lNopsidkysaHHS puzukamu.

IEC 62305-4, bnuckasko3zaxucm - HYacmuHa 4:
Enekmpu4yHi  ma  ennekmpoHHi  cucmemu
ecepeduHi 6ydisenb (criopyd).

IEC 62561 (Bci 4actmHu) 2, KommnoHeHmu
cucmem 6nuckaskozaxucmy (LPSC).

IEC 62561-13, KomnoHeHmu cucmem
bnuckaskozaxucmy (LPSC) - YacmuHa 1:
Bumoeau 00 31y4HUKi8.

IEC 62561-33, KomnoHeHmu cucmem
bnuckaskozaxucmy (LPSC) - YacmuHa 3:
Bumozu 0o i3onosarnbHUX iCKpO8UX MPOMIXKIE.

ISO 3864-1, lpagiuHi cumeonu - KObOPU
besneku ma 3Haku b6esneku - YacmuHa 1:
lMpuHyunu npoekmygaHHs 3Hakie 6esneku Ha
poboyux micysx i y epomadcbKux 30Hax.

62305-3 © IEC:2010(E)

IEC 60079-10-2:2009, Explosive atmospheres
— Part 10-2: Classification of areas -
Combustible dust atmospheres

IEC 60079-14:2007, Explosive atmospheres —
Part 14: Electrical installations design,
selection and erection

IEC 61557-4, Electrical safety in low-voltage
distribution systems up to 1 000 V a.c. and 1
500 V d.c. — Equipment for testing, measuring
or monitoring of protective measures — Part 4:
Resistance  of earth connection  and
equipotential bonding

IEC 61643-1, Low-voltage surge protective
devices — Part 1: Surge protective devices
connected to low-voltage power distribution
systems — Requirements and tests

IEC 61643-21, Low-voltage surge protective
devices — Part 21: Surge protective devices
connected  to telecommunications  and
signalling networks - Performance
requirements and testing methods

IEC 62305-1, Protection against lightning —
Part 1: General principles

IEC 62305-2, Protection against lightning —
Part 2: Risk management

IEC 62305-4, Protection against lightning —
Part 4: Electrical and electronic systems within
structures

IEC 62561 (all parts) 2, Lightning protection
system components (LPSC)

IEC 62561-13, Lightning protection system
components (LPSC) — Part 1: Requirements for
connection components

IEC 62561-33, Lightning protection system
components (LPSC) — Part 3: Requirements for
isolating spark gaps

ISO 3864-1, Graphical symbols — Safety
colours and safety signs — Part 1: Design
principles for safety signs in workplaces and
public areas
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3 TepMiHU Ta BU3HAYEHHSA

[Ona noTpeb UbOro AOKYMEHTY 3aCTOCOBYOTLCS
TaKi TEpMiHM Ta BU3HAYEHHSA, AeAKi 3 AKX BXe
HaBoaunucsa y YacTtuHi 1, ane noBTOpOOTLCA B
LbomMy OOKYMEHTI ans 3PYYHOCTI
KOPUCTYBaHHS, a TaKOX Ti, LLO 3aCTOCOBYOThCS
B iHWwKX YyacTuHax IEC 62305.

31

cuctema 6nmMckaBKO3axmucTy

LPS

3aBeplleHa cucTeMa 3axucTy Big 6GrvckaBsku,
npusHavyeHa AN 3MEeHLWeHHs  i3NYHUX
nowkoaxeHb OyaiBens (cnopyn) Big cnanaxis
6nunckaBku y byaisnto (cnopyay).

MPUMITKA BoHa cknagaeTbCs i3 30BHILUHLOI | BHYTPILLUHLOT
3aXMCHMX CUCTEM.

3.2

30BHIiLLIHSA cucTeMa GNIMCKaBKO3axmucTty
yactuHa LPS, gaka cknagaetbca 3 cUCTEMMU
nepexonneHHs, cuctemm [103EeMHUX
NPOBIOHUKIB Ta CUCTEMM 3EMIAHOIO 3aKiHYEHHS

3.3

30BHiWHA LPS, isonboBaHa Big
3axuuwyyBaHoi byaieni (cnopyan)

LPS 3 cuctemoto nepexonsneHHs Ta CUCTEMO
0O3EMHUX MNPOBIAHUKIB, PO3MILLEHUX TaKuUMm
YMHOM, WO LWNAAX CTpyMy OnuckaBkM He Mae
KOHTaKTy i3 3axuLyBaHo Oyanisneto
(cnopygoto)

3.4

30BHiWHA LPS, He i3onboBaHa Big
3axuvwyBaHoi 6yaiBni (cnopyam)

LPS 3 cnuctemoto nepexonneHHs Ta CUCTEMO
0O03eMHUX MNPOBIAHMKIB, PO3MILLEHNX TaKuMm
YMHOM, LLO LWNAX CTPYMY BNIMCKaBKM MOXe MaTtu
KOHTaKT i3 3axulyBaHot Oyaisneto (cnopynoto)

3.5

BHYTPIilWHA cuctema GrIMCKaBKO3axUcCTy
yactuHa LPS, wo cknagaetbca 3 cuUctemmu
€KBIiMoOTEeHLiNHNX cnonyveHb
6nunckaBko3axmcTy Ta/abo eneKTpUYHoI
isonsayii 3oBHiWHbOT LPS

3.6

cucrtema nepexonsieHHs

YacTuMHa 30BHIiWHLOT LPS, y gkin BukopuctaHo
Taki MeTaneBi eNemMeHTHn, 5K CTPUXKHI, CiTkM abo
HaTATHEHI Tpocwu, npu3HayveHi ans
nepexonfieHHs cnanaxis 6nmnckaBku
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3 Terms and definitions

For the purposes of this document, the
following terms and definitions, some of which
have already been cited in Part 1 but are
repeated here for ease of reference, as well as
those given in other parts of IEC 62305, apply.

3.1

lightning protection system

LPS

complete system used to reduce physical
damage due to lightning flashes to a structure

NOTE It consists of both external and internal lightning protection
systems.

3.2

external lightning protection system

part of the LPS consisting of an air-termination
system, a down-conductor system and an
earth-termination system

3.3

external LPS isolated from the structure to
be protected

LPS with an air-termination system and
down-conductor system positioned in such a
way that the path of the lightning current has no
contact with the structure to be protected

NOTE In an isolated LPS, dangerous sparks between the LPS
and the structure are avoided.

3.4

external LPS not isolated from the structure
to be protected

LPS with an air-termination system and
down-conductor system positioned in such a
way that the path of the lightning current can be
in contact with the structure to be protected

3.5

internal lightning protection system

part of the LPS consisting of lightning
equipotential bonding and/or  electrical
insulation of external LPS

3.6

air-termination system

part of an external LPS using metallic elements
such as rods, mesh conductors or catenary
wires intended to intercept lightning flashes
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3.7

cucTtemMa fo3eMHUX NPOBIAHUKIB

yacTuHa 30BHiWHbLOT LPS, npusHayeHa ans
BioBe4EHHA CTpymMy ONnuMckaBkuM Big CUCTEMMU
NepexonfyieHHs 40  CUCTeEMU  3eMIISHOro
3aKiH4YeHHS

3.8

KinbueBUM NPOBIAHUK

NPOBIOHUK, SKMA YTBOPKE METMA0 HABKOMO
Ooyanisni  (cnopygu) i 3'eAHye  [O3EMHi
NPOBIAHUKM ANA pO3MNoAiny cTpyMy GrnuckaBku
MiXK HAMU

3.9

cucrtema 3eMnsiHOro 3akiH4eHHA

YacTuHa 30BHIWHbLOI LPS, aka npusHaveHa ans
BiABeOEHHs | pO3CiloBaHHA CTpymMy GriMckaBku y
3emni

3.10

eneKkTpoa y3eMIeHHs

yacTMHa abo CyKYMHICTb YacCTUH CUCTEMU
3eMIIAHOro  3aKkiH4YeHHs, ska 3abesnevye
NPAMUA  ENEKTPUYHUA KOHTaKT i3 3emnet i
po3cCitoe CTpyM ONuMcKaBKM y 3eMni

3.1
KinbLueBUN eneKkTpos y3eMJieHHA
enekTpon y3eMIeHHs, AKNIA yTBOpPIOE

3aMKHEHUWI KOHTYp HaBkono 6yaieni (cnopyau)
nig noBepxHet abo Ha NOBEPXHi 3eMIi

3.12

byHAAMEHTHUIN eNeKTPOoA Yy3eMNeHHs
eneKkTponpoBiAHa YacTWHa, 3aHypeHa y rpyHT
nig dyHaameHtom 6yamHKy, abo, nepeBaxHo,
BbynooBaHa o 6eToHy dyHOameHTy OyAWHKY,
3a3BuYan, y BUrnsgi 3aMKHEHOro KOHTypy

[IEC 60050-826:2004, 826-13-08] [3]

3.13

3BMYaMHUM onip 3emMmni

BiJHOLWEHHA aMnniTygHOro 3HaYeHHSA Hanpyru
Ha 3eMnAHOMY 3akKiHYeHHi Ao amnniTyaHoro
3Ha4YeHHs CTPpyMYy B y3emrtoBaui, ski, 3a3Buyan,
He 36iratoTbCsa y Yaci

3.14

Hanpyra Ha 3eMnsiHOMY 3aKiHYeHHi

pisHULA ereKTPUYHNX noTeHuianie MiX
CUCTEMOIO 3eMMsAHOro 3aKiHYeHHSA Ta

BigJarieHolo 3eMrelo

62305-3 © IEC:2010(E)

3.7

down-conductor system

part of an external LPS intended to conduct
lightning current between the air-termination
system and the earth-termination system

3.8

ring conductor

conductor forming a loop around the structure
and interconnecting the down-conductors for
distribution of lightning current among them

3.9

earth-termination system

part of an external LPS which is intended to
conduct and disperse lightning current into the
earth

3.10

earth electrode

part or a group of parts of the earth-termination
system which provides direct electrical contact
with the earth and disperses lightning current to
the earth

3.11

ring earth electrode

earth electrode forming a closed loop around
the structure below or on the surface of the
earth

3.12

foundation earth electrode

conductive part buried in the soil under a
building foundation or, preferably, embedded in
concrete of a building foundation, generally in
form of a closed loop

[IEC 60050-826:2004, 826-13-08] [3]

3.13

conventional earth impedance

ratio of the peak values of the earth-termination
voltage and the earth-termination current
which, in general, do not occur simultaneously

3.14
earth-termination voltage
potential difference between the

earth-termination system and the remote earth
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3.15

NPUPOAHNNA KOMNOHEHT LPS
CTPYMOMNPOBIAHNN €NeMEeHT, BCTaHOBMEHUN He
cneuianbHO Ansa 6NMCKaBKO3axUCTY, AKUIA MOXe
OyTn BMKOpMCTaHun Ha gogadvy go LPS a6o vy
OedKMX BMMNagKax MOXe BUKOHYBATU (PYHKLIO
ofHiel abo gekinbkox yactuH LPS

MPUMITKA lMpriknaay BUKOPUCTAHHS LIbOrO TEPMiHY BKITHOYAIOThb
y cebe:

- NpMpoAHUIA BriMckaBkonpumay;

- NPUPOSHUI AO3EMHUIA NPOBIAHUK;

- NPUPOOHUIA Y3eMIoBanbHUIA enekTpos.

3.16

CMOJTYYHUN KOMMOHEHT

yacTMHa LPS, sgka BUWKOPUCTOBYETbCA A5
3'edHaHHA nNpOBiIgHMUKIB MiX coboto abo 3
MeTaneBuM obnagHaHHAM

MPUMITKA Lle Takox Bkntoyae 3'€qHyBarbHi KOMMOHEHTU Ta
NoAoBXyBarbHi enemMeHTn

3.17

KPinUNbHUA KOMMNOHEHT

yactnHa LPS, ska BWKOPUCTOBYETbCA ANs
3akpinneHHs enemeHTiB LPS pgo 3axuwyBaHoi
oygisni (cnopyawu)

3.18

MeTaneBe obnaaHaHHA

BUCTYMHI MeTaneBi eneMeHTU y 3axullyBaHin
Oyanisni (cnopyai), 34aTHi cTBOptoBATU LUNAX
Onga cTpymy GnuckaBku, Taki gk Tpybu, cxoawm,
HanpsMHi NidTiB, KaHann BeHTUNALUIT, 0BirpiBy
Ta KOHOMUIOHYBaHHA MOBITPSA, cnonydeHa
cTanb Kapkacy 3anisobeToHy, MmeTanesi
KOHCTPYKLiNHI eneMeHTK

3.19

30BHilIHi eneKTponpoBiAHi eneMeHTU
BUCTYMHI MeTaneBi eNnemMeHTH, Wo BXOAATb A0
abo BuMxOaATb 3  3axuwyBaHoi  OyaiBni
(cmopygu), npumipom  Tpybu, enemeHTu
MeTaneBux TPOCiB, MeTaneBi KOpoobu i T. iH., SKi
MOXYTb HECTU YaCTUHY CTPyMYy BGnunckaBKm

3.20

eneKTpu4yHa cuctema

cuctema, sika ob’egHye y cobi KOMMNOHEHTU
HN3bKOBOJTbTHOIO ETEKTPOXMBIIEHHS

3.21
eJIeKTPOHHa cucrtema
cuctemMa, WO MIiCTUTb YYTNAUBI  €NEeKTPOHHI

KOMMOHEHTN, HAK OT anapaTtypa 3B'A3Ky,
komn'toTep, npucTpoi KepyBaHHs Ta
KOHTPOSbHO-BUMiptoBanbHi npucTpof,

pagiocnctemMy, yCTaHOBKM CUITOBOI €NEKTPOHIKK
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3.15

natural component of LPS

conductive component installed not specifically
for lightning protection which can be used in
addition to the LPS or in some cases could
provide the function of one or more parts of the
LPS

NOTE Examples of the use of this term include:

— natural air-termination;

— natural down-conductor;
— natural earth electrode.

3.16

connecting component

part of an LPS which is used for the connection
of conductors to each other or to metallic
installations

NOTE This also includes bridging component and expansion
piece.

3.17

fixing component

part of an LPS which is used to fix the elements
of the LPS to the structure to be protected

3.18

metal installations

extended metal items in the structure to be
protected which may form a path for lightning
current, such as pipework, staircases, elevator
guide rails, ventilation, heating and
airconditioning ducts, interconnected
reinforcing steel, structural metal parts

3.19

external conductive parts

extended metal items entering or leaving the
structure to be protected such as pipework,
metallic cable elements, metal ducts, etc.
which may carry a part of the lightning current

3.20

electrical system

system incorporating low-voltage power supply
components

3.21
electronic system

system incorporating sensitive electronic
components such as telecommunication
equipment, computer, control and

instrumentation systems, radio systems, power
electronic installations
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3.22

BHYTPIilIHi cuctemu

€NeKTPUYHI Ta eNeKTPOHHI CUCTEMWN BCepeauHi
Oyaisni (cnopyan)

3.23

€KBiNOTEeHLiNHi cnony4eHHs
6nuckaBKO3axucTy

EB

npueaHaHHs ao LPS OKpeMux

CTPYMOMPOBIAHUX YacTuH, 6e3anocepeaHbo abo
3a [OMNOMOrow  MPUCTPOIB  3axucty  BiA

nepeHanpyr, ans 3MEHLLUEHHS pi3HMLI
noTeHuianis, CNPUYNHEHNX CTPYyMOM
OnuckaBku

3.24

cnony4yHa WuHa
MeTarneBa LMHa, Ha AKill MeTaneBi KOHCTPYKLUIT,
30BHIllHI  CTPYMOMPOBIAHI  YaCTWHW,  TiHIl
XMBNEHHA Ta 3B'A3Ky Ta iHWIi kabeni MOXyTb
OyTun 3'egHaHi 3 LPS

3.25

3'eAHyBaNbHUM NPOBIAHUK

NPOBIAHUK, WO 3'€QHYE OKPEMi CTPYMOMPOBIigHI
YacTuHu 3 LPS

3.26

noegHaHa MiX co60K0 cTarnb PULLTYHKY
cTanesun PULLITYHOK 3anisaobeToHHOI
KOHCTpPYKL,il, AKNN MOXe BBaXkaTucs

E€JNEeKTPUYHO 6e3nepepBHMM

3.27

Hebe3neyHe iCKpPiHHA

eneKkTpu4yHa BUCHara, BUKMMKaHa OGMCKaBKoto,
AKa € MPUYUHOK DIBUYHMX MOLIKOAXEHb Y
3axuwlyBaHin 6ygisni (cnopygi)

3.28
6e3neyvyHa BiACTaHb
BiACTaHb MDX [BOMa CTPYMOMNpPOBIgHUMMU

enemMeHTammu, Ha AKin Hebe3neyHe iCKPiHHA MiX
HUMW He Moxe BigbyTucs

3.29

NPUCTPiN 3aXUCTy Bi iMNYNbCHUX
nepeHanpyr

SPD

NPUCTPIA, MpuU3HavYeHUn p[nsa  oOMeXeHHSs

nepexigHUX nepeHanpyr Ta ChrieckiB CTPyMiB;
MICTUTb NPUHAWMHI O4WUH HENIHINHUA eneMeHT

3.30

KOHTPOJIbHUMN 3NYYHUK

37IyYHMK, BRalWTOBaHWA  ANst  CMNPOLUEHHS
eneKkTpPUYHOro BUNpobyBaHHSA Ta BUMIipOBaAHHS
KOMMnoHeHTiB LPS

62305-3 © IEC:2010(E)

3.22

internal systems

electrical and electronic systems within a
structure

3.23

lightning equipotential bonding

EB

bonding to the LPS of separated conductive
parts, by direct connections or via surge
protective devices, to reduce potential
differences caused by lightning current

3.24

bonding bar

metal bar on which metal installations, external
conductive parts, electric power and
telecommunication lines and other cables can
be bonded to an LPS

3.25

bonding conductor

conductor connecting separated conductive
parts to LPS

3.26

interconnected reinforcing steel

steelwork within a concrete structure which is
considered electrically continuous

3.27

dangerous sparking

electrical discharge due to lightning which
causes physical damage in the structure to be
protected

3.28

separation distance

distance between two conductive parts at
which no dangerous sparking can occur

3.29

surge protective device

SPD

device intended to limit transient overvoltages
and divert surge currents; contains at least one
non linear component

3.30

test joint

joint designed to facilitate electrical testing and
measurement of LPS components
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3.31

knac LPS

HOMep, WO no3Havyae knacudikadito LPS
BigMOBIQHO [0 piBHA 6GnuckaBKO3axucTy, ANs
SIKOTO AIOr0 CTBOPEHO

3.32

NnpoeKkTyBanbHUK 6NMMCKaBKO3axXmucTy
daxiBeub, KOMNETEHTHUIA i KBanipikoBaHUN Y
npoekTyBaHHi LPS

3.33

MOHTaXHUK CUCTEMMU GIIMCKABKO3aXUCTY
ocoba, KomMneTeHTHa | kKBaniikoBaHa Yy
MoOHTaxi LPS

3.34

Ooynisni (cnopyaun) 3 pusamkomMm BUGyxy
Oyaieni (cnopyan), siki MictaTe TBepAi BUOYXOBI
MaTepianu abo HebGeaneyHi 30HM, BU3HAYEHI
3rigHo IEC 60079-10-1 Ta IEC 60079-10-2

3.35
i3onBanbHUNA iICKPOBUN NPOMIXKOK
ISG

KOMMOHEHT 3 ICKpOBMM MPOMDKKOM  Ons
i3ontoBaHHA CTPYMONPOBIgHNX cekuin
yCTaHOBKM

MPUMITKA Y pasi ygapy 6nuckaBku cekuii yCTaHOBKM
TUMYacOBO eneKkTPUYHO 3’eAHYITbCA HAK pesynbTar
peakuii Ha BuCHary.

3.36

isontoBanbHi iHTepdencu

NPUCTPOI, 34aTHi 3MEHLWWUTU CNIEecKn CTpyMmy
(9Ki 3aTeknu ranbBaHiYHUM LWIAAXOM) y MiHIifAX,
Aki BxogaTtb go LPZ

MPUMITKA 1 0o Hux BigHOCATbCHA i30MtOBanbHI
TpaHchopmaTopu 3 y3eMneHnm eKkpaHomMm MiX

obmMoTkamu, BiNbHI Big MeTany BONOKOHHO-OMNTUYHI
kabeni Ta izontoBanbHi ONTUYHI Napu.

NMPUMITKA 2 XapakTepuctukm enekTpUu4Hoi
MIiLHOCTI i30onauii ynx NPUCTPOIB € NPUARHATHUMU ANSA
BMKOPUCTaHHSA caMocCTinHO abo yepe3 SPD.

4 Cnctema 6nuckaBkosaxucty (LPS)

4.1 Knac LPS

XapakTepucTuku LPS BM3Ha4alTbCA
XapaktepucTmkamu 3axuLLyBaHoi Oyaisni
(cnopyaw) Ta BiAMoBigHMM piBHEM
OnunckaBKkO3axmUCTy.

YoTupwn knacu LPS (Big | go V), 9k nokasaHo y
Tabnuui 1, BM3HA4YeHO Yy UbOMY CTaHgapTi
BiANOBIAHO OO0 piBHIB 3axucTy Big Gnuckaskw,
BM3HayeHnx y IEC 62305-1.
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3.31

class of LPS

number denoting the classification of an LPS
according to the lightning protection level for
which it is designed

3.32

lightning protection designer

specialist competent and skilled in the design
of the LPS

3.33

lightning protection installer

person competent and skilled in the installation
of the LPS

3.34

structures with risk of explosion

structures containing solid explosives materials
or hazardous zones as determined in
accordance with IEC 60079-10-1 and IEC
60079-10-2

3.35

isolating spark gap

ISG

component with discharge distance for isolating
electrically conductive installation sections

NOTE In the event of a lightning strike, the installation
sections are temporarily connected conductively as the
result of response to the discharge.

3.36

isolating interfaces

devices which are capable of reducing
conducted surges on lines entering the LPZ

NOTE 1 These include isolation transformers with
earthed screen between windings, metal-free fibre optic
cables and opto-isolators.

NOTE 2 Insulation withstand characteristics of these
devices are suitable for this application intrinsically or
via SPD.

4 Lightning protection system (LPS)

4.1 Class of LPS

The characteristics of an LPS are determined
by the characteristics of the structure to be
protected and by the considered lightning
protection level.

Four classes of LPS (I to 1V), as shown in Table
1, are defined in this standard corresponding
to lightning protection levels defined in IEC
62305-1.
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Table 1 — Relation between lightning protection levels (LPL)
and class of LPS (see IEC 62305-1)
Ta6nuusa 1 — CniBBigHOWEHHA MiX piBHeM 6nuckaBko3saxucty (LPL)
Ta knacom LPS (auBuck IEC 62305-1)

Class of LPS
LPL Knac LPS
I I
I I
n 1
v v
KoxeH Knac LPS XapakTepusyeTtbes Each class of LPS is characterized by the

HaCTYNMHUM:

a) OaHumn, 3anexHumu Big knacy LPS:

- napameTpu 6nuckaBku (gueucek Tabnuui 3
Ta 4y |IEC 62305-1:2010);

- pagiyc cepu, WO KOTUTLCS, PO3MIp
KOMIipKW CiTKW, 3HAYEHHS 3aXMCHOrOo KyTa
(ouBuck 5.2.2);

- TUMOBI NepeBaxHi BiACTaHi Mix
003eMHMUMW NPOBigHMKaMK (OQUBUCH
5.3.3);

- po3ginbHa BigCcTaHb NPOTM HEGEe3NeyHoro
ickpiHHS (gmBuck 6.3);

- MiHiManbHa gOBXWHA B3eM0BaNbHUX
enekTpogaiB (aguBucb 5.4.2).

b) ®akTopamun, HesanexHumn Big knacy LPS:

- eKBIMOTEHUINHI CNoMyYeHHs
onuckaBkosaxucTty(ameuck 6.2);

- MiHiManbHa ToBLWMKHa 6naxn abo
MeTaneBux Tpyb y cucteMi nepexonsnieHHs
(omBuck 5.2.5);

- maTepianu LPS Ta yMOBU BUKOPUCTAHHSA

(amBucb 5.5.1)

MaTepian, KoHirypauii Ta MiHiManbHi

po3mipu 6runckaBkonpuinmMadis, 4O3EMHUX

NPOBIAHWUKIB Ta 3eMNSHOrO 3aKiHYeHHSs

(ovBuck 5.6);

- MiHiManbHi PO3MipKn CNONyYHNX
npoBigHukiB (AnBucek 6.2.2).

TexHi4YHi xapaKTepuUCTUKN KOXHOro knacy LPS
HaBegeHo y [logatky B IEC 62305-2:2010.

Knac HeobGxigHoi LPS mae 6yTtn obGpaHum Ha
OCHOBI OUiHKKN pu3ukiB (ansuck IEC 62305-2).

4.2 KoHcTpyKuia LPS

TexHi4YHO i eKOHOMIYHO ONTMMI30BaHUN NPOEKT
LPS € moxnuBum, ocobnmMBO sAKWoO  cragii
NpoeKTyBaHHA Ta MOHTaxy LPS
CKOOpPAMHOBAHO 3i CTafigaMu NPOEKTYBaHHA Ta
Cnopya)keHHs 3axuwyBaHoi 6yaisni (cnopyan).
3okpema, npoekTt OyaiBni (cnopygu) mae
BMKOPMUCTOBYBATU MeTanesi 4acTuHU OyAaieni
(cmopyam) gk yacTtuHm LPS.

following:

a) Data dependent upon the class of LPS:

— lightning parameters (see Tables 3 and 4
in IEC 62305-1:2010);

—rolling sphere radius, mesh size and
protection angle (see 5.2.2);

— typical preferred distances between
down-conductors (see 5.3.3);

— separation distance against dangerous
sparking (see 6.3);

— minimum length of earth electrodes (see
5.4.2).

b) Factors not dependent upon the class of
LPS:

— lightning equipotential bonding (see 6.2);

— minimum thickness of metal sheets or
metal pipes in air-termination
systems(see 5.2.5);

— LPS materials and conditions of use (see
5.5.1);

— material, configuration and minimum
dimensions for air-terminations,
down-conductors and earth-terminations
(see 5.6);

— minimum dimensions of connecting
conductors (see 6.2.2).

Performance of each class of LPS is given in
Annex B of IEC 62305-2:2010.

The class of required LPS shall be selected on
the basis of a risk assessment (see IEC
62305-2).

4.2 Design of the LPS

A technically and economically optimized
design of an LPS is possible, especially if the
steps in the design and construction of the LPS
are coordinated with the steps in the design
and construction of the structure to be
protected. In particular, the design of the
structure itself should utilize the metal parts of
the structure as parts of the LPS.
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BusHauyeHHa knacy Ta posmiweHHs LPS ans
icHytoumx 6ypiBenb (cmopyn) mae 6patu go
yBarn oOMeXeHHS, MNOB’A3aHi 3 iCHYH4OI
cuTyauieto.

lMpoekTHa gokymeHTauia LPS mae mictutn BClo
iHpopmauito, HeobxigHy ans 3abe3neveHHs
NpaBUbLHOIO i TMOBHOrO MOHTaxy. binbuw
JetanbHy iHopmauito ausucek y JoaaTky E.

LPS maloTb npoekTyBaTn Ta MOHTyBaTu fobpe
nigroToBneHi Ta BUCOKOKBasnigikoBaHi
crneuianictm 3 nMpPOEKTyBaHHA Ta MOHTaxy
cuctem BnuckaBkosaxmcTty (gmeuch E.4.2)

4.3 be3nepepBHICTb PULITYHKY Y
3anisob6eToHHUX byaiBnAx (cnopypax)

CraneBi MeTaneBi KOHCTPyKUii BcepeauHi
apMOBaHUuXx 3anisobeToOHHUX Oygisenb
po3rnsagatTbCs K KOHCTPYKLUIT 3 enekTPUYHOL
Oe3nepepBHICTIO 3a YMOBW, WO OCHOBHA
YaCTMHa BHYTPIWHIX 3'€eQHaHb BepTUKaANbHUX i
rOpU30oHTaNbHUX CTPUXKHIB € 3BapHUMKU 4n iX
HaginHO 3'eAHAaHO HAKMMOCb (HWKM YUHOM.
3nykun BEpTUKANbHUX  CTPUXKHIB MalTb
3BaptoBaTucH, CKpinnoBaTmcs abo
nepekpuBaTucs 3 HaBigKow nNpuHamMHi y 20
aiameTpiB, ckpinntoBaTmnca Ta 3B’sa3yBatmnca abo
HadiMHO 3'€eQHYBaATUCH IHWWM YMHOM (OUBUCH
PucyHok E.5). [Ona HoBux OyaiBenb (crnopyn)
3'¢lHAHHA MK apMOBaHMMW enemMeHTamu
MalTb  BM3HA4YaTM  NPOEKTyBallbHUK  abo
MOHTaXHUK  pas3om 3  OyaiBHMKOM  Ta
iH)XeHepoM-0yfiBENbHMKOM.

Ona OygaiBenb, y SKUX BUKOPUCTOBYHOTHCSH
apMoBaHui 3anizobeToH, (BKM4Yaw4dnm roToBi

apMoBaHi 3ani3obeToHHi 6roku Ta 6noku 3
nonepeaHbo HanpyXeHum PULLTYHKOM),
efekTpu4Ha Oe3nepepBHICTb CTPUXKHIB
PULLTYHKY BU3HAYaETbCS €eneKkTPUIHUM

BMMNPOOYBaAHHAM MiXX HaMBMLLOK 4YaCTUHOKW Ta
piBHEM 3eMni. 3aranbHWUn eNEKTPUYHUIA Orip He
mae nepesuwyBatn 0,2 Om, 6yayum BUMipSAHUM
3 BUKOPUCTAHHAM BigMOBIAHOrO LbOMY BUNagky
BunpobyBanbHoro obnagHaHHS. Akwo ue
3HaA4YeHHA € HeJoCsXXHUM, abo HepouinbHUM
abo BigCyTHI yMOBM ons Takoro BUnNpobyBaHHS,
cTanb PULITYHKY 3anizobeToHy He mMae
BUKOPUCTOBYBAaTUCA SK NMPUPOOHUN [O3EMHUN
NpoBigHUK, AK Le obroBoptoBanocb y 5.3.5. Y
LbOMY BUNagky peKkoMeHOy€eTbCA
BCTAHOBIMOBATH 30BHiLLHIN JO3EeMHUN
npoBigHuK. Y OyaiBnsx (cnopypax) 3 rotoBux
3anizo0eToOHHNX 6nokiB eneKkTpuYHa
Oe3nepepBHICTb CcTani PUWITYHKY Mae OyTu
BCTAHOBMEHA MK  OKPEMUMM  CYMDKHUMMU
rotToBUMM 3anizaobeToHHMMK Brokamu.
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The design of the class and location of the LPS
for existing structures shall take into account
the constraints of the existing situation.

The design documentation of an LPS shall
contain all the information necessary to ensure
correct and complete installation. For detailed
information, see Annex E.

The LPS should be designed and installed by
well-trained and expert LPS designers and
installers (see E.4.2)

4.3 Continuity of steelwork in reinforced
concrete structures

Steelwork within reinforced concrete structures
is considered to be electrically continuous
provided that the major part of interconnections
of vertical and horizontal bars are welded or
otherwise securely connected. Connections of
vertical bars shall be welded, clamped or
overlapped a minimum of 20 times their
diameters and bound or otherwise securely
connected (see Figure E.5). For new
structures, the connections between
reinforcement elements shall be specified by
the designer or installer, in cooperation with the
builder and the civil engineer.

For  structures  utilizing  steel-reinforced
concrete (including pre-cast, pre-stressed
reinforced units), the electrical continuity of the
reinforcing bars shall be determined by
electrical testing between the uppermost part
and ground level. The overall electrical
resistance should not be greater than 0,2 Q,
measured using test equipment suitable for this
purpose. If this value is not achieved, or it is not
practical to conduct such testing, the
reinforcing steel shall not be used as a natural
down-conductor as discussed in 5.3.5. In this
case it is recommended that an external
down-conductor system be installed. In the
case of structures of pre-cast reinforced
concrete, the electrical continuity of the
reinforcing steel shall be established between
individual adjacent pre-cast concrete units.
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Mpumitka 1 Ina oTpumaHHa goaaTkoBoi iHopmauii npo
Ge3nepepBHICTb PULITYHKY y 3ani306eTOHHUX
KOHCTPYKUisx amBucb JopaTok E.

Mpumitka 2 Y peskux  KpaiHax  BUKOPUCTaHHSA
3ani3obeToHy y AkocTi YacTuHm LPS He pno3BonseTbes.

Mpumitka 3 3ny4YHUKN ans 3abe3neyeHHs
6e3nepepBHOCTI pUWTYHKY  3anizobetoHy MawTb
BignoBigaTu manbyTHbomy cTaHpapTy IEC 62561-1.

5 30BHilWHA cucTeMa 6IMCKaBKO3axXUCTy

5.1 3aranbHi NONOXeHHs
5.1.1 3acTtocyBaHHA 30BHiWHLOI LPS

30BHiLIHA LPS npusHadeHa ansa
nepexonsieHHs nNpsMux ypapie OnuMckaBku y
oyanisnio (cnopyay), i3 ypapamu y dacag
OygiBni (cmopygu) BKMAKYHO, | BigBeAEHHS
CTpyMy OnuckaBkM BiA4 TOYKM YypaKeHHs [0
3emMni. 3oBHiWHA LPS Takox npusHayeHa ang
PO3MOPOLUEHHSA LbOro CTpymy y 3emni, 6e3
CNPUYMHEHHS TepMiyHoro abo MexaHiyHoro
NOLWKOOKEHHSI a0 Hebe3neyHoro iCKpiHHA, ake
MOXEe CMNPUYMHUTY Noxexy abo Bnbyxu.

5.1.2 Bubip 30BHiwHbLOI LPS

Y OinbwocTi Bunaakie 30BHiWHA LPS moxe
OyTn npuegHaHa [O 3axuulyBaHoi 6yaisni
(cnopyanm).

I30nboOBaHy 30BHiLLHIO LPS HanexuTb
posrnagaTtu, AKWO TepMivyHi Ta BMOYXOBI
edeKTn y Touli ypaxeHHs abo Ha npoBigHMKaX,
WO HecyTb CTpyM OnuMcKaBKM, MOXYTb
cTaHoBUTM Hebesneky ansa Gyaisni (cnopyawn)
abo pna i1 Bmicty (amBuck [opatok E).
TunoBumMn npuknagamu € Oyagisni (cnopyau) 3
3anMMuCTOl nokpiBneto, Oyaisni (cnopyan) 3
3aMMUCTUMM CTiHAMU Ta 30HaMW 3 PU3UKOM
BUOYXY i NOXexXi.

MPUMITKA BukopuctaHHSA i30N1b0BaHOT 30BHIiWHbOT LPS
Moxe OyTu cnywHum Tam, ne nepepbayaeTbcs, WO
3mMiHM 'y 6yaisni (cnopyai), ii BmicTi abo y ii
BMKOPUCTaAHHI noTpebyBaTumMyTb Moaundikayii LPS.
IsonboBaHa 30BHiIWHA LPS moxe Takox
po3rnagatucsd,  KOnM  YyTNUMBICTb  BMICTY
BMMNpaBAoBye ocnabneHHs BUNPOMIHIOBAHOIO
eneKkTpoMarHiTHoro nongd, noB'dA3aHoro 3
iMNynbCcoM CTpymy OnuckaBkM Yy [O3EMHOMY
NpoBiIgHUKY.

5.1.3 BukopuctaHHA NpUpoaHUX
KOMMOHEHTIB

MpupoaHi  KOMMNOHEHTH, BMIOTOBMEHi  3i
CTpyMOMpOBIiAHNX MaTepianiB, 4€ki NOCTINHO
MalTb 3HaxoguTuca y/Ha 6ygisni (cnopyai) Ta
He MalTb 3MiHIOBaTUCA (Hanpuknag, 3’ eqHaHun
MiXX CcO0OK pULITYHOK, MeTaneBui Kapkac
oyaieni (cnopyan) Towo), MOXYTb
BUKOPUCTOBYBATMCA K YacTuHu LPS.
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NOTE 1 For further information on the continuity of
steelwork in reinforced concrete structures, see Annex
E.

NOTE 2 In several countries, the use of reinforced
concrete as a part of the LPS is not allowed.

NOTE 3 Clamps to establish the continuity of steelwork
in reinforced concrete should comply with the future IEC
62561-1.

5 External lightning protection system

5.1 General
5.1.1 Application of an external LPS

The external LPS is intended to intercept direct
lightning flashes to the structure, including
flashes to the side of the structure, and conduct
the lightning current from the point of strike to
ground. The external LPS is also intended to
disperse this current into the earth without
causing thermal or mechanical damage, or
dangerous sparking which may trigger fire or
explosions.

5.1.2 Choice of external LPS

In most cases, the external LPS may be
attached to the structure to be protected.

An isolated external LPS should be considered
when the thermal and explosive effects at the
point of strike, or on the conductors carrying
the lightning current, may cause damage to the
structure or to the contents (see Annex E).
Typical examples include structures with
combustible covering, structures with
combustible walls and areas at risk of
explosion and fire.

NOTE The use of an isolated LPS may be convenient
where it is predicted that changes in the structure, its
contents or its use will require modifications to the LPS.

An isolated external LPS may also be
considered when the susceptibility of the
contents warrants the reduction of the radiated
electromagnetic field associated with the
lightning current pulse in the down-conductor.

5.1.3 Use of natural components

Natural components made of conductive
materials, which will always remain in/on the
structure and will not be modified (e.g.
interconnected  steel-reinforcement, metal
framework of the structure, etc.) may be used
as parts of an LPS.
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[HLWi NPUPOLHI KOMMOHEHTH MOXYTb
po3rnagaTtuca nuwe sik 4ONoBHeHHs ao LPS.

MPUMITKA Mo popaTtkoBy iHpopmauito anBucb JogaTtok
E.

5.2 Cuctemu nepexonsieHHA 6nuckaBKu
5.2.1 3aranbHi NoNoOXeHHA

BiporigHicTb NPOHWKHEHHHA CTPyMy OGnuckaBKu
0o bypnieni (cnopyamn) CcyTTEBO 3MEHLIYEThCA 3a
HasBHOCTI MPaBUMbHO CNPOEKTOBaHOT CUCTEMMU
OnuckaBkonpunmMmauis.

Cuctemu 6nuckaBkonpuiiMmayis MOXYTb
cknagatmcs 3 Oyab-gkoi  kombGiHauii  Takumx
eneMeHTIB:

a) CTpwxHi (3 OKpemo
LOrfiamMmn BKIOYHO);

b) HaTarHeHi Tpocu;

C) ciTyacTi NpOBIAHUKN.

po3TawioBaHnNMun

LLlo6 Bignoeigatu BMMoOram LbOro ctaHgapTy,
yCi TMnn cuctem GnuckaBKkoMnpurimMayiB makTb
OyTn po3miweHi 3rigHo 3 5.2.2, 52.3 Ta
Oopatkom A. Yci tunm ©BnuckaeBkonpumnmadis
MalTb MOBHICTIO BignosigaTu LboMy
cTaHgapTy.

Ona ycix Ttunie 6GnuckaBkonpummavia nuiie
peanbHi po3Mipu MeTaneBux cucTem
nepexonfyieHHs MalTb 3acTocOByBaTUCA ANSA
BU3HAYEHHS 3axuLeHoro ob’emy.

Okpemi CTpwXKHi GnuckaBkonpumnmMmadisa MarTb
OyTun 3’egHaHi Mix coboto Ha piBHI NokpiBni Ans
3abe3neyeHHs po3noainy cTpymy.

PapioakTnsHi
[03BONEHUMMU.

OnuckaBkonpummadi He €

5.2.2. Po3miweHHA nepexonsnoBaviB

KomnoHeHTH nepexonntoBadiB, BCTAHOBMNEHI Ha
Oyanisni (cnopygi), mMae OyTu po3milleHO Ha
KyTax, BUCTYMHUX TOYkax Ta pybax (ocobnueo
Ha HaMBULKNX PIiBHAX BCSKMX dacagis) vy
BiAMoBigHOCTI 3 ogHMM abo Kinbkoma 3 TaKkux
MeTOo/iB.

MpURHATHI MeToau, AaKi OyoyTb
3aCTOCOBYBATUCA AnA PO3MILLEHHS CUCTEMU
nepexonsyieHHs BKMKYalThb:

- MEeTOA 3axXWCHOro KyTa;
- MeToA cdepu, WO KOTUTBCS;
- MeTOo[ CiTKU.

MeTon cdepwn, WO KOTUTBCSHA, € MPUAHATHUM
Ons ycix Bunagkis.

MeTon 3axucHoro kyta € MPUAHATHUM [ONS
OyaouHKiB  npocToi dopMu, NpoTe iCHYTb
obmMexeHHa  BMCOTM  BrniMckaBkonpuiMauis,
3a3HaveHi y Tabnuui 2.
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Other natural components can only be
considered as being additional to an LPS.

NOTE For further information, see Annex E.

5.2 Air-termination systems
5.2.1 General

The probability of structure penetration by a
lightning current is considerably decreased by
the presence of a properly designed
air-termination system.

Air-termination systems can be composed of
any combination of the following elements:

a) rods (including free-standing masts);
b) catenary wires;
c) meshed conductors.

To conform to this standard, all types of
air-termination systems shall be positioned in
accordance with 5.2.2, 5.2.3 and Annex A. All
types of air terminals shall comply in full with
this standard.

For all types of air terminals only the real
physical dimensions of the metal
air-termination systems shall be used for the
determination of the volume protected.

The individual air-termination rods should be
connected together at roof level to ensure
current division.

Radioactive air terminals are not allowed.

5.2.2 Positioning

Air-termination components installed on a
structure shall be located at corners, exposed
points and edges (especially on the upper level
of any facades) in accordance with one or more
of the following methods.

Acceptable methods to be used in determining
the position of the air-termination system
include:

- the protection angle method;
- the rolling sphere method;
- the mesh method.

The rolling sphere method is suitable in all
cases.

The protection angle method is suitable for
simple-shaped buildings but it is subject to
limits of air-termination height indicated in
Table 2.
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MeTopn CiTkM € NPUNHATHOK (HOPMOKD 3aXMUCTY,
Konn MatoTb ByTK 3axuLleHi NIIOCKi MOBEPXHi.

3HayeHHs 3axXMcHOro kyTa, pagiyca cdepwu, wo
KOTUTbCS, Ta PO3MipY CiTKM ANSA KOXHOro Kracy
LPS HaBegeHo y Tabnuui 2 Ta Ha PucyHky 1.
[eTanbHi BiOMOCTiI Npo pO3MilLEHHSA CUCTEMMU
nepexonneHHs nogaHo y fogatky A.
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The mesh method is a suitable form of
protection where plane surfaces are to be
protected.

The values for the protection angle, rolling
sphere radius and mesh size for each class of
LPS are given in Table 2 and Figure 1. Detailed
information on the positioning of the air
termination system is given in Annex A.

Table 2 — Maximum values of rolling sphere radius, mesh
size and protection angle corresponding to the class of LPS
Tabnuusa 2 — MakcumMmanbHi 3Ha4YeHHA pagiycy cdepu, Wo KOTUTbLCA,
pO3Mipy KOMipKM CiTKM Ta 3aXUCHOro KyTa BignoBigHO Ao knacy LPS

Protection method / MeTop 3axucry
Class of LPS Rolling sphere radius r, m Mesh size W, m Protection angle, o°
Knac LPS Papiyc cdepu, wo P.O3Mip KOMIipKu 3axMCHUM KyT, o°
KOTUTBLCA I, M CiTkM w_, M

| 20 5x5

I 30 10 x 10 See Figure 1 below

m 45 15 x 15 Ousncb PucyHok 1 Hx4ye

v 60 20 x 20
80

RN

50

a(®)

Class of LPS
Knac LPS

w0 \\\\\\\\
e AN

30

20

10

MPUMITKA 1 He € npuaaTHUM HUXYE BEJUYUH,
nosHavyeHux e«. Jluwe meton cdepu, WO KOTUTbCHA, Ta
MeTOo[ CiTKM HanexXuTb 3aCTOCOBYBaTMW Yy LUX BUNagKax.

MPUMITKA 2 h e BucoTolw OnuckaBkonpuimMada Hapg
0a30B0O NMOWNHOW AiNAHKA, WO 3aXULAETbCA.

MPUMITKA 3 KyT € HeaMiHHUM Ana h Huxye 2 m.

h (m)

IEC 2646/10

NOTE 1 Not applicable beyond the values marked
with «. Only rolling sphere and mesh methods apply in
these cases.

NOTE 2 h is the height of air-termination above the
reference plane of the area to be protected.

NOTE 3 The angle will not change for values of h below
2 m.

Figure 1 — Protection angle corresponding to the class of LPS
PucyHok 1 — 3axucHum KyT BignoBigHo ao knacy LPS
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5.2.3 MNMepexonntoBayi Big cnanaxie
po cdacapiB Bucokux éyaisennb (cnopyn)

5.2.3.1 bypnisni (cnopyau), Hx4i 3a 60 m

[ocnigkeHHs nokasylTb, WO WNMOBIPHICTb
yOapiB HU3bKOT amnniTyaun y BepTuKanbHi GivHi
noBepxHi cnopyau, Hux4yoi 3a 60 wm, €
[OCTaTHbO HMU3bKOK, abu He GpaTu ix 4o yBaru.
[axu Ta ropmsoHTanbHi BUCTYNU MatTb OyTu
3axuuieHi BignoeigHO po knacy LPS, sakun
BM3HaA4YaeTbCs po3paxyHkom pusukie |EC
62305-2.

5.2.3.2 byaieni (cnopyaun) Bucotoro 60 m i
Ginbwe

Ha Oygienax (cnopygmax) Bucototo 60 ™ i
Oinbwe cnanaxu y O6iYHY MNOBEPXHK MOXYTb
TpannaTucs, ocobNMBO y TOYKU, KyTK Ta pyou
NOBEPXOHb.

MPUMITKA 1 3a3Buyan pusnMK Takux cnanaxis €
He3HaYHNM, TOMY WO HEBENWKNI BIACOTOK BCiX cnanaxis
y BUCOKI ByaiBni npunagae Ha ixHi Oi4Hi noBepxHi i, Kpim
TOro, iXHi mapameTpu 3HAYHO HWXYi, HiIX cnanaxis y
BepxiBky OyaiBenb (cmopya). Twum He MeHuwe,
eneKkTpuUYHe Ta eNnekTpoHHe ob6nagHaHHA Ha CTiHax 30BHi
o6ynisni  (cnopyau), Moxe OyTuU 3HULWEHO HaBIiTb

cnanaxamu 6nuckasku 3 HU3bKUMU nikoBUmM
3HaYeHHAMU CTPYyMY.
Cucrtemnu nepexonryieHHA MarTb 6yTVI

BCTAHOBMEHI ANSA 3axXMCTy BEPXHbOI YaCTUHMU
BUcCokux 6Oygisens (crnopya) (10610 TMMNOBO
Haneuwi 20% Big BucoTu Gyaisni (cnopyau),
HaCKiNbKK LS YacTuHa € BUWot 3a 60 m), Tay
Hin € BCTaHoOBNeHo obnagHaHHA (OMBUCH
HOopatok A).

MopanoK po3MilLEHHA CMCTEMU MEPEXONIEHHS
Ha UMX BepxHix 4vacTtuHax 6yaisni (cnopyawm)
Mae 3aJ0BONbHATN BUMOIM NpuHanmHi anga LPL
IV 3 Haronocom Ha poO3MilWleHHs MNpPUCTPOIB
nepexonfieHHs Ha KyTax, pybax Ta 3HauyHux
BUCTynax (ak oT  BankoHwu, ornsanoBi
MangaH4Ynknm n T. iH.).

Bumorn go nepexonneHHsa OGnuckaBok  Ans
OiYHUX CTiH BUCOKUX ByAaiBenb (CNOpyA) MOXYTb
OyTv 3ag0BONIEHI 3@ HASABHOCTI  30BHILUHIX
MeTaneBux MaTepianie, TakuMx siK MeTanese
obnuuoBaHHa abo meTaneBi HECHi CTiHW, 3a
YMOBW 1XHbOI BignoBigHOCTI BMMoram Tabnuui
3. Bumorn po nepexonfieHHss 6nunckaBok
MOXYTb TaKOX BKIo4aTn y cebe BUKOPUCTAHHS
30BHILLUHIX 003EeMHUX NpoBigHUKIB,
pO3TallOBaHUX Ha BepTUKANbHUX pybax
cnopyau, SKWo He nepepbadeHo NpUPOLHI
30BHIiLUHI MeTaneBi NPOBIAHUKN.
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5.2.3 Air-terminations against flashes to the
side of tall structures

5.2.3.1 Structures less than 60 m tall

Research indicates that the probability of low
amplitude strikes to the vertical side of a
structure of less than 60 m in height are low
enough that they need not be considered. Roof
sand horizontal protrusions shall be protected
in accordance with the class of LPS determined
by the risk calculations of IEC 62305-2.

5.2.3.2 Structures 60 m in height or more

On structures taller than 60 m, flashes to the
side may occur, especially to points, corners
and edges of surfaces.

NOTE 1 In general the risk due to these flashes is low
because only a few per cent of all flashes to tall
structures will be to the side and moreover their
parameters are significantly lower than those of flashes
to the top of structures. However, electrical and
electronic equipment on walls outside structures may be
destroyed even by lightning flashes with low current
peak values.

An air-termination system shall be installed to
protect the upper part of tall structures (i.e.
typically the topmost 20 % of the height of the
structure as far as this part exceeds 60 m in
height) and the equipment installed on it (see
Annex A).

The rules for positioning the air-termination
systems on these upper parts of a structure
shall meet at least the requirements for LPL IV
with emphasis on the location of air-termination
devices on corners, edges, and significant
protrusions (such as balconies, viewing
platforms, etc.).

The air-termination requirement for the side of
a tall structure may be satisfied by the
presence of external metallic materials such as
metal cladding or metallic curtain walls
provided they meet the minimum size
requirements of Table 3. The air-termination
requirement may also include the use of
external down-conductors located on the
vertical edges of the structure when not
provided by natural external metallic
conductors.
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BcTaHoBnEHI, abo HasBHi NPUPOLHI
onuckaBkonpuMadi, WO BiANOBiAaKTb UMM
BUMOTram, MOXYTb BUKOPUCTOBYBaTU

BCTAHOBIEHI [03eMHi npoBigHukn abo 6yTu
BiAMNOBIAHMM 4YMHOM 3’€eQHaAHi 3 NPUPOOHUMMU
003eMHUMKN MpPOBIiAHMKaAMKU, SK OT CcTaneBui
kapkac cnopyan abo meTan €enekTpuyHo
Oe3nepepBHOro 3anisobeToHy, SAKUN
BignoBsigae Bumoram 5.3.5.

MPAMITKA 2 BwukOpuCTaHHA MNPUAHATHUX MNPUPOOHUX

6nuckaBkonpuimayis Ta [003eMHUX npoBiAHUKIB
3a0X0YYy€EThCSH.

5.2.4. CnopyAaxeHHA

BnuckaeBkonpunmadi LPS, He i3onboBaHoi Big
3axuwyBaHoi 6yaisni (cnopyam), MOXyTb 6yTu
BCT@HOBIEHI HACTYMHUM YMHOM:

- AKWO [Aax BWKOHAHO 3 HEropr4yoro
maTepiany, 6nuckaBkonpuiMadi MOXyTb
OyTn po3TalloBaHi Ha NOBEPXHi NOKPIBi;

- AKWO Oax BUKOHAHO 3 Nerko3ammMmcToro
maTtepiany, To ocobnuBy yBary cnig
NpUAINATA BiACTaHi MiX MPOBiAHMKaAMMU
onuckaBkonpunMada i matepianom. Ons
JaxiB 3 conomu (o4yepeTy), Oe BiACYTHI
cTaneBi  CBOMOKM  AnNs  BKNaA4eHHS
oueperTy, BigcTaHb nNpuHamMHi y 0,15 m €
NPUAHATHOLO. Ong  iHWux roptoymx
MaTepianiB BigcTaHb, He MeHwa 3a 0,1
M, BBaXXa€eTbCSA AOCTATHLOI);

- Nerko3anmucTi  4acTUHU  3axuLlyBaHOi
Oygisni (cnopyam) He mawTb OyTn y
NPSIMOMY  KOHTaKTi 3 KOMMOHEHTaMWu
30BHiWHbOT LPS, a Ttakox 3HaxoguTucs
OesnocepenHbO Nig XXOAHOK MeTaneBolo
0OONOHKOK MOKpiBNi, sika MoOxe O6yTu
npobuta ygapom ©OnuckaBku (OUBMKCH
5.2.5).

YBary Takox HanexuTb npuainatn obonoHkam
3 MEHWWUM CTyneHem 3aI7IMaHHFI, TakMM SIK I'OHT.
MPUMITKA AKwWwo € WMOBIpPHICTb HaKONWYEHHA BOAMN Ha

nnockomy  gaxy, 6nuckaBkonpunimadi mae  6yTwm
BCTAHOBIIEHO HaA HaNBULUM MOXIUBUM PiBHEM BOAM.

5.2.5. MpupoaHi KOMMNOHEHTHU

Taki 4actuHm OyaiBni  (cnopygu) MawTb
po3rnsgatnca Ta MOXYTb BMKOPUCTOBYBaTUCS
AK NPUPOLHI KOMMOHEHTU nepexonsioBadis
onuckaBku Ta vyactuHu LPS y BignosigHocTi i3
5.1.3.

a) 6ngaxa, wo nokpuBae 6Gygisno (cnopyay),
sKa 3axMLAETbCH, 3a YMOBY LLO

- eNeKTpuYHy 6e3nepepBHICTb MiXX PIBHUMMU
yacTMHamu 3pobreHo HaginHo (MpUMipom
NIOTYBaHHAM TBEPAOHO nioTolo,
3BaplOBaHHAM, danbuBaHHAM,
3lWMBAHHAM, 3’€QHaHHAM camMopi3amu abo
wpybamn),
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The installed or  naturally occurring
air-terminations meeting these requirements
may utilize installed down-conductors or be
suitably interconnected with natural
down-conductors such as the steel frame of the
structure or the metal of electrically-continuous
reinforced concrete meeting the requirements
of 5.3.5.

NOTE 2 Use of suitable earth-termination and natural
down-conductors is encouraged.

5.2.4 Construction

Air-terminations of an LPS not isolated from the
structure to be protected may be installed as
follows:

- if the roof is made of non-combustible
material the air-termination conductors
may be positioned on the surface of the
roof;

- if the roof is made of readily-combustible
material, due care needs to be taken with
regard to the distance between the
air-termination conductors and the
material. For thatched roofs, where no
steel bars are used for mounting of the
reed, a distance of at least 0,15 m is
adequate. For other combustible
materials a distance not lower than 0,10
m is considered adequate;

- easily-combustible parts of the structure
to be protected shall not remain in direct
contact with the components of an
external LPS and shall not remain
directly under any metallic roofing
membrane that might be punctured by a
lightning flash (see 5.2.5).

Account shall also be taken of less combustible
membranes such as wooden sheets.
NOTE If it is likely that water may accumulate on a flat

roof, air-terminations should be installed above the
highest probable water level.

5.2.5 Natural components

The following parts of a structure should be
considered and may be used as natural
air-termination components and part of an LPS
in accordance with 5.1.3.

a) Metal sheets covering the structure to be
protected provided that

— the electrical continuity between the
various parts is made durable (e.g. by
means of brazing, welding, crimping,
seaming, screwing or bolting),
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- TOBLWMHA BNAXM € HEe MEHLUOo, HiX
3Ha4vyeHHsa t’, nogaHe y Tabnuui 3, akwo He

€ Baxnueumm  3anobirtu npoouTTIO
nokputTa  abo  3alMMaHHK  SKUXOCb
JIerko3ammMmncTunx MaTepianis, o

3HaxoAATbCA Nig HUM.

TOBLWWHA ONSAXN € HE MEHLLO, HiX
3Ha4vyeHHs f, nogaHe y Tabnuui 3, gkwo €
BaXXNMBMM 3anobirtu npobuTTo NOKPUTTS
abo 3anobirrm npobnemi  micueBoro
neperpiBaHH4.

MPUMITKA 1 3a HasfBHOCTI  pM3UKYy MicLeBOro
neperpiBaHHa abo BUHUKHEHHSI 3alilMaHHA, cnig
nepekoHaTucsa y TOMy, WO NiABULEHHA TemnepaTtypu
BHYTPIiWHbOT MOBEpXHi y Touyui ypaapy OnuckaBku He
CTaHOBUTbL Hebeaneku. Punsnkamu, nos'asaHummn 3
MicueBUM neperpiBaHHaM abo 3aliMaHHAM MOXHa
3HexXTyBaTu, sAKWo 6naxa nexutb BcepeaunHi LPZ 0B a6o
BULLIN.

- IX HE BKPMUTO i30N5ALINHUM MaTepianom.
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— the thickness of the metal sheet is not less
than the value t’ given in Table 3 if it is not
important to prevent puncture of the
sheeting or to consider ignition of any
readilycombustible materials underneath.

— the thickness of the metal sheet is not less
than the value t given in Table 3 if it is
necessary to take precautions against
puncture or to consider hot spot problems.

NOTE 1 Where hot spot or ignition problems may arise,
it should be verified that the temperature rise of the
inner surface at the point of strike does not constitute a
danger. Hot spot or ignition problems can be
disregarded when the metal sheets lies inside an LPZ 0B
or higher.

— they are not clad with insulating material.

Table 3 — Minimum thickness of metal sheets
or metal pipes in air-termination systems
Ta6nuusa 3 - MiHimanbHa ToBLWMWHa 6nsaxm
abo mMeTaneBuX TPyO y cuctemMax nepexonsieHHs 6yIMcKkaBKu

Class of LPS Material Thickness®t, mm Thicknessbbt‘ , mm
Knac LPS Marepian TOBLI.l,VIHaat, MM ToBwmuHa t° , mm
Lead _ 20
CsuHelpb ’
Steel (stainless,
galvanized)
Ctanb (HepxaBHa, 4 0.5
nouMHKOBaHa)
1 to IV Titanium 4 05
-1V TutaH ’
Copper
5 0,5
Miob
Aluminium 7 0.65
AnioMiHin ’
Zinc
- 0,7
LinHk
ot prevents puncture.
3anobirae AipsBNEHHH.
b t* only for metal sheets if it is not important to prevent puncture, hot spot or
ignition problems.
nvwe Ans 6naxu, SKWOo He € BaXIMBUM 3anobirty AipsiBNEHHI0, MiCLLEeBOMY neperpiBaHHIo
abo 3aliMaHHto.

b) MetaneBi enemeHTM KOHCTPyKLUii MOKPIiBMI
(dbepmu, 3'egHaHi Mix coboto enemeHTH
cTani puWTyHKY 3anizobeToHy Ta iH.) nig
HemeTanesnmu NOKpiBENbHUMMU
mMaTtepianamu, 3a yMOBMU, WO MOLUIKOOXKEHHS
LUMX HeEMeTaneBMX NOKPiBENbHMUX MaTepianiB
€ [OMYCKHUM.

b) Metal components of roof construction
(trusses, interconnected reinforcing steel,
etc.), underneath non-metallic roofing,
provided that damage to this non-metallic
roofing is acceptable.
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c) Metanesi getani, Taki 9K OeKoOp, NOPYYHi,
Tpybu, noOKpuTTA napaneTiB TowWwoO, 3
nornepeyHUM nepepizoM, He MEHLUUM, HiX
3as3Ha4yeHo [Ana CcTaHAapTHUX eneMeHTiB
6nuckaBkonpumnmMmadis.

d) MeTtaneBi Tpybu i pesepByapu Ha nokpisni,
3a MEeBHOCTi, WO iX BWUIOTOBMNEHO 3
maTepiany 3 TOBLIMHOI Ta MNONEpPeYHUM
nepepisom 3rigHo Tabnuui 6.

e) MeTaneBi Tpybu i pesepByapu, WO MICTATb
Nerko3anMucTi Ta BUOyxoHebeaneyHi
CyMilli, 3a yMOBM, WO X BUIFOTOBMEHO 3
MaTepiany TOBLUMHOK HE MeHLWe, HiX
BignNoOBiAHe 3Ha4YeHHs t, HaBegeHe y Tabnuui
3, | WO nigBuUWeEHHS  TemnepaTypu
BHYTPIWHbLOI MNOBEPXHi Yy Touui yAapy
onuckaBkMm He  CTaHOBUTb  Hebesneku
(nopaTkoBi BigomocTi guBucb y JogaTky D).

AKWo ymMOBM AnNst TOBLWWHW HE BUKOHYKOTbLCS,
Tpyou i pesepByapu mMakTb OYyTWU BKIOYEHI 40
Oygieni (cmopyau), WO 3axuwaeTbes.

TpybonpoBoau, WO NepPeHOCATb Nerko3anmucTi
i  BuOyxoHebesneyHi Ccymiwi He MOXYyTb
poarnagatucsa 9K MNPUPOLAHUMMN  KOMMOHEHT
OnuckaBkonpurmada, SKWO MNpoknagka vy
KpucoBux 3'egHaHHAX € HemeTaneBotw, abo
SAKLWO KPUCU HE CMNOMYyYeHO [HLWUM HamneXHum
YNHOM.

MPUMITKA 2 ToHKkMM wap 3axucHoi ¢apbu abo
acanbty (1 mm) a6o TMBX (0,5 mm) He mMoxe

po3rnsgaTtucsa Sk i3onmATop. OeTtanbHa iHdoOpmMauin
nogaetbca y E.5.3.4.1 Tay E.5.3.4.2.

5.3 CucteMn [o3eMHUX NPOBiAHUKIB
5.3.1 3aranbHi NoNoOXeHHA

Ona Toro, wo6 3MeHWWUTM KNMOBIPHICTb
NMOLWIKOOXKEHHS YHacnigoK MpOTiKaHHA CTpymy
6nuckaBkm B LPS, no3emHi npoBiaHUkn mawTb
OyTu po3TawloBaHi TakuM YNHOM, LLO Bif TOYKM
ypaxXeHHsa 00 3eMni:

a) ICHye Kinbka napanenbHUX WNSXiB
NPOXOOXKEHHS CTPYMY;

b) [OBXUHY WINAXY NPOXOLKEHHS CTPYMY
3BeZleHO A0 MiHIMyMY;

C) eKkBINOTEeHUinHi 3'egHaHHAa 3i
CTPYMONPOBIAHUMU YacTuHaMmu Byaisni
(cnopyau) BMKOHaAHO BigMNOBIAHO 40 BUMOT
6.2.

MPUMITKA 1 biyHe 3’eAHaHHA [O03€MHUX MPOBIAHMKIB
BBaXaeTbCs 3a AO6GPY NpakTUKy.
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c) Metal parts such as ornamentation, railings,
pipes, coverings of parapets, etc., with
cross-sections not less than that specified
for standard air-termination components.

d) Metal pipes and tanks on the roof, provided
that they are constructed of material with
thicknesses and cross-sections in
accordance with Table 6.

e) Metal pipes and tanks carrying
readily-combustible or explosive mixtures,
provided that they are constructed of
material with thickness not less than the
appropriate value of t given in Table 3 and
that the temperature rise of the inner
surface at the point of strike does not
constitute a danger (for detailed information,
see Annex D).

If the conditions for thickness are not fulfilled,
the pipes and tanks shall be included into the
structure to be protected.

Piping carrying readily-combustible or
explosive mixtures shall not be considered as
an air-termination natural component if the
gasket in the flange couplings is not metallic or
if the flange-sides are not otherwise properly
bonded.

NOTE 2 A thin coating of protective paint or about 1 mm
asphalt or 0,5 mm PVC is not regarded as an insulator.
Detailed information is given in E.5.3.4.1 and in
E.5.3.4.2.

5.3 Down-conductor systems
5.3.1 General

In order to reduce the probability of damage
due to lightning current flowing in the LPS, the
down-conductors shall be arranged in such a
way that from the point of strike to earth:

a) several parallel current paths exist;

b) the length of the current paths is kept to a
minimum;
c) equipotential bonding to conducting parts of

the structure is performed according to the
requirements of 6.2.

NOTE 1 Lateral connection of down-conductors is
considered to be good practice.
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[eomeTpia 4O3eMHUX NPOBIAHUKIB i KinbLeBUX
NpoOBIOHUKIB BMNNMBA€E Ha pPo3inbHY BiACTaHb
(auBuceb 6.3).

MPUMITKA 2 YcTaHOBNEHHS MakCMManbHO MOXIIMBOIO
yucna A03eMHUX NpoBiAHVKIB 3 OAHaKoOBUMMU
iHTepBanamu no nepumeTpy, 3'€AHAHUX KinbLeBUMU
npoBiAHWKaMKN, 3HUXYE WNMOBiIpHiCTb HebesneyHoro
iCKpiHHS | nonerwye 3axuMcT BHYTPIWHIX YyCTaHOBOK
(aveucb IEC  62305-4). Ls ymoBa BUKOHYETbCH Yy
cnopyaax 3 MeTaneBMM Kapkacom i B 3ani3sobeToHHMX
KOHCTPYKUisiX, Yy SAKMX B3aemonoB's3aHa cTaflb €
eneKkTpuyHo be3nepepBHOIO.

Tunosi 3HaAYEeHHs BigCTaHi MiXx
npoBigHMKamu HaBegeHo y Tabnuui 4.

O03eMHUMU

binbw pgeTtanbHa iHoOpMauia wWoano pPO3NOAiNeHHs
CTpyMy 6nuckaBkM MiXX [O3€MHUMU NpoOBigHUKAMU
HaBegdeHa y ogaTtky C.

5.3.2 No3uuioHyBaHHsA isonboBaHoi LPS
[Mo3sunuioHyBaHHSA Mae ByTuM HACTYNHUM:

a) Axwo ©6nuckaBkompurMad CcknagaeTbes 3i
CTPWXHIB Ha okpemux wornax (abo ogHin
worni), BUroToBneHuMx He 3 meTany abo
B3aEMOMNOB'A3aHOT cTani pULWTYHKY, Ang
KO>HOI Lornun noTpidbeH WwoHameHLwe oaunH
A03eMHUIN NpoBigHMK. Ons worn 3 metany
abo B3aeMomnoB'A3aHOi cTani pPULLTYHKY
000aTKOBi  [OO3EMHi MPOBIAHWKM He €
NOTPIOHUMMU.

MPUMITKA Y pesknx KkpaiHax BUKOPUCTaHHS
3ani3obeToHy y cknaai LPS He gonyckaeTbes

b) Akwo O6nuckaBkonpuiimay cknagaeTbcs 3
HaTArHeHux TpociB (abo ogHOro Tpocy), Ha
KOXHI/ OMOPHIA KOHCTPyKUii Mae ©6yTu
NPUHaNMHI OOUH [O3EMHUIN NPOBIgHUK.

Cc) Akwo OnuckaBkoNpuMay YTBOPKE  CiTKY
NPOBIAHUKIB, Ha KOXHOMY KiHLi HATATHEHOro
Tpocy Mae 6yTu NpMHaANMHI OgUH JO3EMHUNA
NPoBigHUK.

5.3.3 No3uuioHyBaHHA HeizonboBaHoi LPS

Onsa KoxHoi HeizonboBaHoli LPS yucno
0O03eMHMX MPOBIAHMKIB Mae cknagatu He
MEHLIe ABOX i BOHM MawTb OyTu po3nogineHi
nepumeTpom Oyaisni  (cnopyawn), Wo
3axMLLAETbCA, 3 ypaxyBaHHAM apXiTEKTYPHUX
Ta NPakTUYHUX OOMEXEHD.

PekomeHayeTbes, wobd MK  [A03EMHUMMU
npoBigHUKamu Oynu piBHI iHTepBanu no
nepumeTpy. TuNoBIi peKOMEHOO0BaHiI BEMUYMHMU
BiACTaHi MK  [O3€MHMMWU  MPOBIAHMKAMMU
HaBegeHo y Tabnuui 4.

MPUMITKA BenunynHa BigcTaHi MiX [O3eMHUMMK

npoBigHMKamMu B3aemMonoB'si3aHa 3 pO3A4inNbHOK
BiACTaHHIO, §Ky nogaHoy 6.3.
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The geometry of the down-conductors and of
the ring conductors affects the separation
distance (see 6.3).

NOTE 2 The installation of as many down-conductors as
possible, at equal spacing around the perimeter
interconnected by ring conductors, reduces the
probability of dangerous sparking and facilitates the
protection of internal installations (see IEC 62305-4).
This condition is fulfilled in metal framework structures
and in reinforced concrete structures in which the
interconnected steel is electrically continuous.

Typical values of the preferred distance between
down-conductors are given in Table 4.

More information on partitioning of the lightning current
amongst down-conductors is given in Annex C.

5.3.2 Positioning for an isolated LPS
The positioning shall be as follows:

a) If the air-termination consists of rods on
separate masts (or one mast) not made of
metal or interconnected reinforcing steel, at
least one down-conductor is needed for
each mast. No additional down-conductors
are required for masts made of metal or
interconnected reinforcing steel.

NOTE In several countries, the use of reinforced
concrete as a part of the LPS is not allowed.

b) If the air-termination consists of catenary
wires (or one wire), at least one
down-conductoris needed at each
supporting structure.

c) If the air-termination forms a network of
conductors, one down-conductor is needed
at least at each supporting wire end.

5.3.3 Positioning for a non-isolated LPS

For each non-isolated LPS the number of
down-conductors shall be not less than two and
should be distributed around the perimeter of
the structure to be protected, subject to
architectural and practical constraints.

An equal spacing of the down-conductors is
preferred around the perimeter. Typical
preferred values of the distance between
down-conductors are given in Table 4.

NOTE The value of the distance between
down-conductors is correlated with the separation
distance given in 6.3.



— 33 -

62305-3 © IEC:2010(E)

Table 4 — Typical preferred values of the distance between down-conductors
according to the class of LPS
Tabnuusa 4 - TunoBi peKkoMeHAOBaHi BEeNMUYUHU BigcTaHi MiXK 4O3eMHUMMU
npoBiAHMKamMu BignoBiaHO Ao knacy LPS

Class of LPS Typical distances, m
Knac LPS TunoBi BigcTaHi, m

I 10

Il 10

1 15

\% 20

[JosemMHun npoBigHNK Mae OyTn BCTAHOBNEHUN
Ha  KOXHOMYy  BigkpuTomy py6i  ©yaiBni
(cnopyaun), Ae ue MOXIBO.

5.3.4 CnopypnXxeHHA

[o3eMHi NpoBigHUKM MalTb OyTW BCTAHOBIEHI
TakMM YMHOM, LWOOWN, HACKINbKN Le NPaKTU4YHO
MOXMBO, BOHMU yTBOptOBanu npsime
NPOAOBXEHHS NpoBIgHUKIB
onuckaBkonpunmMmaudis.

[o3eMHi NpoBigHUKM MalTb OyTU BCTAHOBMEHI
npssiMo i BepTUKanbHO Tak, LWOOU BOHMU
3abes3nedyBany HaWKOPOTLIMA i NPAMUN LINAX
0o 3emni. Cnig yHMKaTu yTBOPEHHS NeTerb,
ane, SAKWO LUe HEeMOXIMBO, BiAcCTaHb S, ska
BUMIPIOETLCA Y NPO30pPi MiXK BOMA TOYKAMU Ha
NPOBIgHUKY, | AOBXWUHA, /, NPOBIAHMKA MiX LLUMMK
Toykamu (amBucb Puc. 2) mawTb Bignosigatu
6.3 .

A down-conductor should be installed at each
exposed corner of the structure, where this is
possible.

5.3.4 Construction

The down-conductors shall be installed so that,
as far as practicable, they form a direct
continuation of the air-termination conductors.

Down-conductors shall be installed straight and
vertical such that they provide the shortest and
most direct path to earth. The formation of
loops shall be avoided, but where this is not
possible, the distance s, measured across the
gap between two points on the conductor and
the length, /, of the conductor between those
points (see Figure 2) shall conform to 6.3.

1 A

I3

\/

I=lh+lh+13

IEC 2647/10

Figure 2 — Loop in a down-conductor
PucyHok 2 - [leTnsA y 4O03eMHOMY NPOBiOHUKY

[o3semHi NpoOBigHWMKK, HaBiITb SKWO X BKPUTO
i3onaAyUinHNUM MaTepianom, He MalTb
BCTAHOBIIOBATUCh Y PUHLUTOKax abo puHBax.

MPUMITKA Bnnue BONOrn y puHWTOKax Nnpnu3BoanTb A0
iHTEHCMBHOT KOPO3ii 4O3eMHOro NpoBigHMKA.

Down-conductors, even if covered in insulating
material, shall not be installed in gutters or
water spouts.

NOTE The effects of moisture in the gutters lead to
intensive corrosion of the down-conductor.
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PekomeHayeTbes, po3MillyBaTu 003eMHi
NPOBIOHUKM TaKMM YUHOM, LLOOW MK HUMMW i
Oyab-aKkumMmn nsepuma i BiKHaMu
3abesnedvyBanachb po3finbHa  BigcTaHb
BignoBigHO go 6.3.

[osemHi npoBigHukn LPS, He i3onboBaHOi Big
Oyaieni (cnopyam), WO 3axuWaeTbCcs, MOXHa
BCTaHOBIIOBATU TakKUM YMHOM:

- SAKWO CTiHY BMKOHAHO 3 HEropr4oro
MaTepiany, AO3EeMHi MPOBIOHUKA MOXYTb
OyTn poaTawoBaHi Ha noBepxHi abo vy
CTiHi;

- SIKWO CTiHY BMKOHAHO 3 N1erko3anmucToro
MaTepiany, AO3eMHi NPOBIOHUKA MOXYTb
OyTn po3TalloBaHi Ha NOBEPXHi CTiHKW, 3a
YyMOBMH, o nigBULLLEHHS IXHbOT
TemnepaTtypu nNpu MPOXOOXKEHHi CTpymy
OnunckaBkM He CTaHOBUTb Hebeaneku Angd
MaTepiany CTiHW;

- SKWO CTiHYy BMKOHAHO 3 N1€erko3anmMucTOoro
MaTepiany i nigBULEHHA TemnepaTtypu
[03EeMHUX NPOBIAHWKIB CTaHOBUTb
Hebeaneky, BOHU MatTb ar’
pO3TalloBaHi TakKMM YMHOM, W06 BiacTaHb
MiXX HAMUM i CTiHO 3aBxaun Gyna 6inboto
HiXX 0,1 M. MOHTaXHi KPOHLUTENHN MOXYTb
KOHTakKkTyBaTK 3i CTiHOO.

Akwo pgocTtaTHa  BiACTaHb  Big  [A403€MHOro
npoBigHWKa 40 3aMMUCTOro MaTepiany He Moxe
OyTv rapaHToBaHa, [MOMNEpPEeYHUNn nepepis
ctanesoro abo TepMiYHO eKBiBaneHTHOro
npoBigHukKa mae 6yTn He meHwe 100 MM

5.3.5 NMpupoaHi KOMNOHEHTH

Taki yactuHm Byaisni (cnopyan) MoxyTb OyTu
BMKOPUCTaHI K 4O3EMHIi NMPOBIgHUKK:

a) meTaneBi KOHCTPYyKLIi, 3a YMOBMU, L0,

- enekTpuyHa 6e3nepepBHICTb MiXX Pi3HUMMU
yacTMHaMW BUKOHaHAa HafinHO BignoBigHO
oo 5.5.3

- IXHi pO3MipK € He MeHLW MK 3a Ti, Wo
3as3HadveHi y Tabnuui 6 gna ctaHgapTHUX
[03eMHNX NPOBIOHMKIB.

Tpyb6onpoBoaw, Lo NepeHoCATb NIerko3anMucTi
i BuOyxoHebesneyHi cymiwi, He MOXyTb
po3rnagatvca  SK  NPUPOAHUA  KOMMOHEHT
[03EeMHOro MpoBiAHMKA, $SKWO npoknagka y
KpucoBmx 3'edHaHHAX € HemeTanesok, abo
AKLLO KPUCWU HE CMOJTYYEHO iHWUM HanexHuMm
YUHOM.

NMPUMITKA 1 MeTaneBi KOHCTpyKUii MOXyTb OyTwu
BKPUTI i30NALINHMM MaTepianom.
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It is recommended that the down-conductors be
positioned such that a separation distance in
accordance with 6.3 is provided between them
and any doors and windows.

Down-conductors of an LPS not isolated from
the structure to be protected may be installed
as follows:

— if the wall is made of non-combustible
material, the down-conductors may be
positioned on the surface or in the wall;

— if the wall is made of readily-combustible
material the down-conductors may be
positioned on the surface of the wall,
provided that their temperature rise due to
the passage of lightning current is not
dangerous for the material of the wall;

— if the wall is made of readily-combustible
material and the temperature rise of
down-conductors is dangerous, the
down-conductors shall be placed in such
a way that the distance between them and
the wall is always greater than 0,1 m.
Mounting brackets may be in contact with
the wall.

When the distance from down-conductor to a
combustible material cannot be assured, the
cross-section of the steel or thermal equivalent
conductor shall be not less than 100 mm®,

5.3.5 Natural components

The following parts of the structure may be
used as natural down-conductors:

a) the metal installations provided that

— the electrical continuity between the
various parts is made durable in
accordance with 5.5.3,

— their dimensions are at least equal to that
specified in Table 6 for standard
down-conductors.

Piping carrying readily-combustible or
explosive mixtures shall not be considered as a
down-conductor natural component if the
gasket in the flange couplings is not metallic or
if the flange-sides are not otherwise properly
bonded.

NOTE 1 Metal installations may be clad with insulating
material.
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b) meTan enekTpnyHo 6Ge3nepepBHOro
CTaneBoro kapkacy 3anisobeToHHOi
cnopyau;

MPUMITKA 2 Ona 36ipHoro 3anisobeToHy € BaXJMBUM

nepenbaynTn TOYKM B3AEMHOrO 3'€AHAHHS ereMeHTIB

puWTYyHKY. Takox Baxnueo, wob y 3anizobeToHi 6yno
nepenbayeHe cTpymMonpoBigHe 3'eQHAHHSA MiX TOYKaMu
npueaHaHHs. OKpeMi YacTUHWM HanexuTb NpueaHyBaTu

Ha micui nig Yyac MoHTaxy (auvBucb OJopaTtok E).

MPAMITKA 3 Y Bunagky BUKOPUCTaAHHA nonepefHbo
HanpyxeHoro 6eTOHy, cnig 3BepTaTu yBary Ha puU3UK
3anofisHHA HEMPUNHATHUX MeXaHiYHUX MOLWKOAXKEeHb
yHacnifok nNpoXoAXeHHs cTpymy 6nuckaBkm abo
nigKMnoYeHHs A0 cucTeMn BIMckaBKo3axucTy.

C) B3aEeMOMNoB'A3aHUN CTaneBuUn kapkac
cnopyau;

MPUMITKA 4 KinbueBi npoBigHUkM He noTpebytTbes,

AKWO MeTaneBW Kapkac cTaneBUX KOHCTpyKUin abo

B3aemMonoB's3aHa apmaTypHa cTtanb b6yaisni (cnopyawm)
BMKOPUCTOBYIOTHCHA K JO3EMHIi MPOBIAHUKN.

d) enemeHTM dacagy, NpodinbHi penkn Ta
MeTaneBi KOHCTPYKUil nig dacagamn, 3a
YMOBM, O

- IXHi po3mipu BignoBigatoTb BUMOram ans
[03eMHUX NPOBIAHMKIB (AUBUCL 5.6.2), i
o ToBlWMHaA 6nsaxu abo meTaneBux Tpy6
€ He MeHLWo HiXx 0,5 MM,

- IXHA eNeKTponpoBIgHICTb Y
BepTMKanbHOMY HanpsaMKy Bignosigae
BMMOram, 3asHavyeHnm y 5.5.3.

MPUMITKA 5 Ons oTpumaHHs popaTkoBoi iHpopmauii
oueucb Jopatok E.

5.3.6 KOHTpoOnbHi 3ny4YHUKK

Mpn nigknoveHHi B6nuckaBkonpurimadya Ha
KOXXHOMY [O3€MHOMY TMpOBiAHMKY Mae 6yTu
BCTAHOBMEHUN KOHTPONbHUN 3Ny4HUK  3a
BUHATKOM MPUPOOHUX LO3EMHUX MPOBIAHMUKIB Y
noegHaHHi i3 dyHOaMEHTHUMU
y3eMSoBanbHUMN €NekTpogamMu.

3 MEeTOK BMKOHAHHS BUMIipHOBaHb, 3JTy4HUK Mae
Big’edHYBaTUCS 32 JOMNOMOIOK IHCTPYMEHTY. Y
HOpManbHUX YMOBax ekcnnyaTauii BiH Mae
3anuwaTtucb 3’egHaHUM.

5.4 Cucrtema 3eMnsaHoro 3akiH4eHHs
5.4.1 3aranbHi NoNoXeHHA

Mig wac posrnagy nuTaHb po3CitoBaHHA CTPyMy
6nuckaBku (BUCOKOYACTOTHUI acnekT) y 3emni
Ta 3BeAeHHA [0 MiHIMyMy BUHWUKHEHHS
Oyab-aKnx NOTEHLiNHO Hebe3ne4yHnx
nepeHanpyr, BaXxnnBMMmn Kputepismu € dopma
i po3Mipy CUCTEMM 3EMMSAHOro 3akiHYeHHs. B
uinomy, pekoMeHOyeTbCS HU3bKUN onip
y3emneHHs (go 10 Q 3a BMMIpHOBaHHS Ha
HW3bKil YaCTOTi, AKLLIO MOXIMBO).
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b) the metal of the electrically-continuous
reinforced concrete framework of the
structure;

NOTE 2 With prefabricated reinforced concrete, it is

important to establish interconnection points between

the reinforcing elements. It is also important that
reinforced concrete contains a conductive connection
between the interconnection points. The individual parts

should be connected on-site during assembly (see
Annex E).

NOTE 3 In the case of pre-stressed concrete, attention
should be paid to the risk of causing unacceptable
mechanical consequences, due either to lightning
current or as a result of the connection to the lightning
protection system.

c) the interconnected steel framework of the
structure;

NOTE 4 Ring conductors are not necessary if the metal

framework of steel structures or the interconnected

reinforcing steel of the structure is wused as
down-conductors.

d) the facade elements, profile rails and
metallic sub-constructions of facades,
provided that

— their dimensions conform to the
requirements for down-conductors (see
5.6.2) and that for metal sheets or metal
pipes thicknesses shall be not less than
0,5 mm,

— their electrical continuity in a vertical
direction conforms to the requirements of
5.5.3.

NOTE 5 For more information, see Annex E.

5.3.6 Test joints

At the connection of the earth-termination, a
test joint should be fitted on each
down-conductor, except in the case of natural
down-conductors combined with foundation
earth electrodes.

For measuring purposes, the joint shall be
capable of being opened with the aid of a tool.
In normal use it shall remain closed.

5.4 Earth-termination system
5.4.1 General

When dealing with the dispersion of the
lightning current (high frequency behaviour)
into the ground, whilst minimizing any
potentially dangerous overvoltages, the shape
and dimensions of the earth-termination
system are the important criteria. In general, a
low earthing resistance (if possible lower than
10 Q when measured at low frequency) is
recommended.
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5.4.2 Cuctema po3MillleHHA Y3eMNEeHHA Y 5.4.2 Earthing arrangement in general
3aranbHUX ymMoBax conditions
Onsa cuctem 3eMINsHOro 3aKiHYeHHs For earth-termination systems, two basic types
3acCTOCOBYETbLCA nBa OCHOBHMX T™Mnu of earth electrode arrangements apply.
PO3MilLleHHSA y3eMIoBanbHUX enekTposis.
5.4.2.1 PoamiweHHa tun A 5.4.2.1 Type A arrangement
Takuin T™n pPO3MilLleHHS BKMtOYae This type of arrangement comprises horizontal
ropusoHTanbHi abo BepTUKanbHi y3emnoBaui, or vertical earth electrodes installed outside the
BCTaAHOBIEHI 30BHi cnopyau, WO 3axuWwaeTbes, structure to be protected connected to each
3'eHaHi 3 KOXXHUM [003EMHUM NPOBiIgHMKOM abo down-conductor or foundation earth electrodes
dyHOaMEeHTHI y3emnioBadi, AKi He yTBOPKKOTb not forming a closed loop.
3aMKHEHe Koro.
Ona cxemn Twn A 3aranbHa KinbKiCTb In type A arrangements, the total number of
y3eMnoBayiB Mae CTaHOBUTU HE MeHLLUe [BOX. earth electrodes shall be not less than two.
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NOTE Classes Il and IV are independent of soil resistivity.
NPUMITKA Knacw Il i IV € He3anexxHumu BiA MMTOMOTO OMopy IPyHTY.

Figure 3 — Minimum length /, of each earth electrode according to the class of LPS

PucyHok 3 - MiHimanbHa fOBXWHa [; KOXHOro y3eMmsioBanbHOro
enekrpoay BignoBigHo o knacy LPS

MinimanbHa [OBXWHa KOXHOro
Y3€eMITIOBaNbHOIO €feKTPoAY Y HWXHIA YacTUHI
KOXXHOr0 JO3€MHOro NpPOBiAHWKA CTAHOBUTD!

-4 ONs TOPU3OHTaNbHUX enekTpoais,
abo
-0,5/4 Anst BepTukanbHmx (abo noxmnux)

ernekTpoais

ae | 4 — MiHimanbHa OOBXWHa ropuM3oHTanbHUX
eneKkTpoaiB, nokasaHa Ha BiANOBIAHIN YacCTUHI
Pwuc. 3.

The minimum length of each earth electrode at
the base of each down-conductor is

-1 for horizontal electrodes, or
-0,5 /4

for vertical (or inclined) electrodes,

where /4 is the minimum length of horizontal
electrodes shown in the relevant part of Figure
3.
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Onsa  kombiHoBaHux  (BepTukanbHux  abo
rOpM3OHTanbHUX) eneKkTpoaiB HanexuTb
BpaxoByBaTKW 3araribHy IXHIO JOBXUHY.

MiHimanbHUMNK BENMUYNHaAMmn [OOBXWHM,
3a3HayeHuMn Ha Puc. 3, MoxHa 3HexTyBaTu 3a
YMOBU, WO ONip Yy KOMi Yy3eMMeHHs cuctemmu
3eMNSHOro 3akiH4eHHA € MeHwum Hixk 10 Q
(BUMipAHUI  Ha  4acToTi, BigMiHHIN  Big
NPOMUCIIOBOT 4acToTW Ta KpaTHMX 1M Ans
YHUKHEHHS 3aBaj).

MPUMITKA 1 Akwo Buwe3ragaHi BAMOTrM He MOXyTb ByTu
OOTpUMaHI, HanexnTb 3aCTOCOBYBATU po3MilleHHs Tun B.

MPUMITKA 2 3MeHLWEeHHSA onopy y3eMIEHHS LNSXOM
NOAOBXEHHS Y3eMItoBaYyiB € NPakTUYHO AOMNYCKHUM Ao 60
M. Y I'pyHTi 3 nuTomum onopom noHazg 3 000 Qm,
pO3MilLeHHA y3emmnoBanbHUX enektpoais Tun B abo
CyMiLli ANSA NOKpaLlleHHS Y3eMNeHHSA € PeKOMEHA0BaHUMMU.

MPUMITKA 3 ns oTpuMmaHHs foaaTkoBoi iHdopmauii
oueucb Jopatok E.

5.4.2.2 Po3miwieHHa Tun B

Llem Tun BKNoYae 30BHIWHIN  KinNbUeBWUK
NpoOBIgHUK CTOCOBHO cnopyawm, o
3axullaeTbes, KA KOHTaAKTye 3 ['PYHTOM

npuHanMmHi Ha 80% Wnoro 3aranbHOI AOBXMWHM,
abo yHOAMEHTHUN y3eMIoBanbHUNn
enekTpo, KU yTBOPKE 3aMKHeHe kono. Taki
y3eMJSoBarnbHi €MEKTPOAN MOXYTb TaKOX OyTu
NnoeaHaHi y CiTky.

MPAMITKA HesBaxawum Ha Te, wo 20% Moxe He
KOHTaKTyBaTu 3 r'PyHTOM, KinbLEeBWUA MPOBIAHWK 3aBX4un

Mae OyTuM MNOBHICTIO 3’eAHaHWIn MO BCi WOro 3aranbHin
LOBXWHI.

[Ona kinbueBOro ysemsnoBanbHOrO enekTpoay
(abo dPyHOAMEHTHOrO y3eMIoBanbHOro
ernekTpoay), cepefHii paaiyc r, nnowi, ska
OXOMMKETLCA  KiNbUEBUM  y3eMItoBanbHUM
€neKkTpoaom (abo dyHOAMEHTHUM
y3emntoBanbHUM €enekTpogoM) Mae OyTu He
MEHLLO, HiX 3Ha4YeHHs /y:

=14 (1)

ne /4 npepcrasneHo Ha Puc. 3 BignosigHo Ao
knacy LPS I, I, Il Ta IV.

Akwo HeobxigHe 3HaveHHA [; € Binbwum 3a
OOMYCKHe 3HAYeHHS fp, HaneXuTb BCTAHOBUTU
[00aTKOBI rOpM30oHTanbHi UM BepTuKanbHi (abo
noxuni) enekTpoau 3 iHOuBIiAyanbHUMU
AoBXuHamu [, (ropusoHTanbHun) i |,
(BepTMKanbHWN), WO BUPaxOBYyKTbCA  3a
TakKUMW PIBHAHHAMMU:

o= I-r, (2)

I, =(l,-1)/2 (3)

PekomeHayeTbcs, WOO KiNbKiCTb €NekTpoAiB
Oyna He MEHLO, HiIX KiNbKiCTb [03€MHUX
NPoBiAHWUKIB, 3@ MiHIManbHOT KiNbKOCTI — ABa.
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For combined (vertical or horizontal)
electrodes, the total length shall be considered.

The minimum lengths stated in Figure 3 may be
disregarded provided that an earthing
resistance of the earth-termination system less
than 10 Q (measured at a frequency different
from the power frequency and its multiple in
order to avoid interference) is achieved.

NOTE 1 When the above-mentioned requirements cannot
be met, a type B earth arrangement shall be used.

NOTE 2 Reduction of earthing resistance by the
extension of earth electrodes is practically convenient up
to 60 m. In soil with resistivity higher than 3 000 Wm, the
use of type B earth electrodes or earthing enhancing
compounds is recommended.

NOTE 3 For further information, refer to Annex E.

5.4.2.2 Type B arrangement

This type of arrangement comprises either a
ring conductor external to the structure to be
protected, in contact with the soil for at least 80
% of its total length, or a foundation earth
electrode forming a closed loop. Such earth
electrodes may also be meshed.

NOTE Although 20 % may not be in contact with the soil,
the ring conductor must always be completely connected
throughout its total length.

For the ring earth electrode (or foundation
earth electrode), the mean radius r, of the area
enclosed by the ring earth electrode (or
foundation earth electrode) shall be not less
than the value /4 :

le 2 11 M
where /4 is represented in Figure 3 according to
LPS class I, II, Ill and IV.

When the required value of /;is larger than the

convenient value of r,, additional horizontal or

vertical (or inclined) electrodes shall be added

with individual lengths /- (horizontal) and |/,
(vertical) given by the following equations:

I =l —ry )
and
l,=(,-r,)72 (3)

It is recommended that the number of
electrodes shall be not less than the number of
the down-conductors, with a minimum of two.
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[opaTkoBi enekTpoau makTb 6yTu 3'egHaHi i3
KinbLEeBUM Yy3eMIlloBalbHUM €nekTpoaoM Yy
ToYkax, Ae 3'eQHYITbCA A03EMHi NPOBIAHWKU
Ta, 3a MOXIJIMBOCTI, PiIBHOMIPHO.

5.4.3 BcTaHOBNEHHA y3eMITIOBallbHUX
enekrtpoaiB

PekomeHayeTbCA, o6 KinbLueBun
y3emntoBanbHUI enekTpos (pPO3MilleHHsA Tun
B) 6y 3akonaHui Ha rNMMbuHi He meHwe 0,5 m i
Ha BigcTaHi NpMbnnsHo 1 M BiA 30BHILLHIX CTiH.

Y3emntoBaydi (po3miweHHs Tun A) matoTb OyTu
BCT@HOBJEHI BEPXHIM Kpaem Ha rAnbuHI
LLOHaNMeHLe 0,5 M i po3noaineHi
MaKkCUManbHO pPiBHOMIPHO AN 3BEAEHHS A0
MiHIMYMy BMNMBY e€neKTPUYHOI B3aemogii y
3eMni.

MPUMITKA 1 Axkwo y3emniwoBanbHWi enekTpod Tun A
po3TaloBaHNn BCepeaunHi KOHTPONbHOT Kopobku, sAka, y
CBOIO 4Yepry, 3HaxoAuUTbCA Y NMOKPUTTI 3 BUCOKMM ONOPOM

abo npunernomy 6eToHi, ToAi Bumorow wopo 0,5 m
MOXHa 3HEexXTyBaTu.

Y3eMnoBa4di BCTAHOBIOOTbLCA TakUM YUHOM,
wobu 3abesnedyBanacb MOXIMBICTb iHCNEKLiT
nig Yac cnopyaXeHHs.

MubuHa 3akonyBaHHS | Tun y3emnioBadyiB
MarTb O6yTM Takumu, Wob MmiHimidyBaTn BNAnB
KOpo3ii, BUCUXaHHA Ta NpoMep3aHHs I'PYHTY i
TMM camum cTabinisyBatm npupoaHun onip
3emni. PekomeHayeTbes, Wob BepXHA YacTuHa
BepTUKarNbHOro Yy3eMIliloBalibHOro enekTpoay,
sika OOPIBHIOE TMUOUHI NpOMEpP3aHHS I'PYHTY, HE

po3rnaganacd AK D,iIO‘-Ia B ymMoBax
npomMep3aHHs.
MPUMITKA 2 OTxe, Ans KOXHOro BepTUKanbHOro

enektpoay Mae 6ytm pomaHo 0,5 M OO0 3HaAYeHHs
OOBXWHM /1, o6yncneHoi y 5.4.2.1 ta 5.4.2.2.

Onga ronoi ckeni po3mileHHs y3eMreHHsa Tun B
€ PEeKOMeHOO0BaHUM.

[Onsa cnopya 3 BENUKOK KiNbKICTIO eNeKTPOHHUX
cuctem abo 3 BMCOKAM PU3UKOM BUHUKHEHHS
noxexi, nmepeeBara HagaeTbCA pPO3TalLyBaHHIO
y3eMneHHs Tun B.
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The additional electrodes should be connected
to the ring earth electrode at points where the
down-conductors are connected and, for as
many as possible, equidistantly.

5.4.3 Installation of earth electrodes

The ring earth electrode (type B arrangement)
should preferably be buried at a depth of at
least 0,5 m and at a distance of about 1 m away
from the external walls.

The earth electrodes (type A arrangement)
shall be installed at a depth of upper end at
least 0,5 m and distributed as uniformly as
possible to minimize electrical coupling effects
in the earth.

NOTE 1 If the type A earth electrode is positioned within
an inspection housing which, in turn, is located in high
resistance paving or adjoining concrete, then the 0,5 m
requirement can be disregarded.

Earth electrodes shall be installed in such a
way as to allow inspection during construction.

The embedded depth and the type of earth
electrodes shall be such as to minimize the
effects of corrosion, soil drying and freezing
and thereby stabilize the conventional earth
resistance. It is recommended that the upper
part of a vertical earth electrode equal to the
depth of freezing soil should not be regarded as
being effective under frost conditions.

NOTE 2 Hence, for every vertical electrode, 0,5 m
should be added to the value of the length /1, calculated
in5.4.2.1 and 5.4.2.2.

For bare solid rock, a type B earthing
arrangement is recommended.

For structures with extensive electronic
systems or with high risk of fire, type B earthing
arrangement is preferable.
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5.4.4 MpupopaHi ysemnroBarnbHi enekrpoaun

Ak y3emsoBaui pEeEKOMEeHOYETbCS
BMKOPUCTOBYBATM  B3aEMOMNOB'A3aHy  cTanb
PULLTYHKY y 6eToOHHUX dyHOaMeHTax
BignoBigHO [0 5.6 abo iHWi BignosigHi
nig3emMHi MeTanesi KOHCTPYKLIT. 3a
BMKOPUCTAHHA MeTaneBoro pUWTYHKY y 6ETOHi
y SIKOCTi ysemnioBaya, ocobnuBy yBary cnig

NpuaiNAaTM  BHYTPIWHIM  3'€eQHaHHAM  Ans
3anobiraHHsa  MexaHiYHOMY  pPO3KOMKBAHHIO
GeToHy.

MPAMITKA 1 Y Bunagky nonepeaHbO HaMNpyXeHoro
6eToHy cnig BpaxoByBaTWM HacniAkM MNPOXOAXEHHS
CTpyMmiB 6nuckasku, AKi MOXYTb cTBOpOBATH
HEeNnpUNyCTUMI MeXaHiYHi Hanpy>XeHHs.

MPUMITKA 2 AKwo BUKOPUCTOBYETbCHA (PyHAAMEHTHUN
y3eMnoBanbHUN enekTpod, Yy MNepcrnekTUuBi MOXNIuBe
36inbWeHHA onopy y3eMmMeHHs.

MPUMITKA 3 binbw getanbHa iHdopmauia 3 uiei Temu
HaBegeHa y fopaTky E..

5.5. KomnoHeHTH
5.5.1. 3aranbHi NoNoXeHHA

KomnoHeHTn LPS  wmawTb  BUTpUMyBaTK
eneKTPOMarHiTHi BNAMBM CTpymy GrvckaBku i
nepeabavyBaHi BUMAgKOBI HamnpyXeHHss ©6e3
MOLUKOKEHb. Lle moxe O6yTm [OCArHYTO
WNAXoM BMOOPY KOMMOHEHTIB, sKi yCnilWHO
npovwnu  BuNpoOyBaHHA  BigMOBIAHO OO
mManbyTHbOI cepii IEC 62561.

KomnoHeHTn LPS matoTe OyTn BUroTOBREHI 3
MaTtepianis, nepeniyeHux y Tabnuui 5, abo 3
iHLLINX MaTepianis 3 PiBHO3HAYHMUMMU
MEeXaHiYHUMUN, EeNneKTPUYHUMKN Ta XiMiYHUMMU
(KOpO3iHUMK) XapaKTePUCTUKAMMU.

MPUMITKA KomnoHeHTW, BUIrOTOBMEHI 3 MaTepianis,

BiAMIHHMX Big MeTany, MOXyTb OyTu BUKOpWUCTaHi Ans
3aKpinneHHs.

62305-3 © IEC:2010(E)

5.4.4 Natural earth electrodes

Interconnected reinforcing steel in concrete
foundations in accordance with 5.6, or other
suitable underground metal structures, should
preferably be used as an earth electrode. When
the metallic reinforcement in concrete is used
as an earth electrode, special care shall be
exercised at the interconnections to prevent
mechanical splitting of the concrete.

NOTE 1 In the case of pre-stressed concrete,
consideration should be given to the consequences of
the passage of lightning discharge currents which may
produce unacceptable mechanical stresses.

NOTE 2 If a foundation earth electrode is used, a
long-term increase in earthing resistance is possible.

NOTE 3 More extensive information on this topic is
reported in Annex E.

5.5 Components
5.5.1 General

Components of LPS shall withstand the
electromagnetic effects of lightning current and
predictable accidental stresses without being
damaged. This can be achieved by choosing
components that have successfully been tested
in accordance with the future IEC 62561 series.

Components of an LPS shall be manufactured
from the materials listed in Table 5 or from
other materials with equivalent mechanical,
electrical and chemical (corrosion)
performance characteristics.

NOTE Components made of material other than metal
may be used for fixing.
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Table 5 — LPS materials and conditions of use?®
Ta6nuusa 5 - Matepianu LPS Ta ymoBu BUKopuctaHHsa?

® Galvanized steel in contact with
there may be salt in the ground water

considerations are required (see Annex E).

¢ Galvanized steel may be corroded in clay soil or moist soil.

[MoumnHkoBaHa cTanb MoXe nigaaBaTucs KOposii y rMUHUCTOMY abo BONOroMy r'pyHTi.

f Use of lead in the earth is often banned or restricted due to environmental concerns.

BrKOpUCTaHHSA CBMHLIO Y 3eMJTi 4acTo 3a6opoHeHO aGo 0GMeKeHO 3 MipKyBaHb 3aXMCTy JOBKINIs.

Use / BukopuctaHHs Corrosion / Koposisa
May be destroyed
Material Increased b by galvanic
Marepian In open air In earth In concrete Resistance h Y coupling with
. L X 36inblwyeTbcA o
MNpocTo HebGa Y 3emni Y G6eToHi TpuBKicTb Moxe 6yTu 3pynHo-
3a paxyHok
BaHo Yyepe3 ranbBa-
HiYHWW 3B'A30K 3
Solid Solid Sulphur
Solid ) OAHOXMITbHUM OAHOXMNBHUIA Good in many compounds
Copper OaHokMnBHWiA Stranded Stranded environments Cronyku cipki _
Migb Stranded BaratoxunbHun BaratoxunbHun LloGpa y 6aratbox Organic materials
BaratoxunbHumn As coating As coating cepefoBuLLax OpraH?qu
SAK NoKpUTTS SAK NoKpUTTS marepianu
. . Acceptable in air, in
Hot galvanized [Solid 5 Solid 5 concrete and in High chlorides
steel® & © OnOHOXUIbHUIA Solid OLHOXUITbHNI benign soil content Copper
FapauenounHKko- | siranded” OaxoxunbHuit Stranded” MpuitHaTHa y Bucokuit BvicT | Miae
BaHa cranb BaraToXunbHui BaraToxunbHuit® [nositpi,y 6eToni iy |xnopuais
006posiKiCHOMY I'PYHTI
Steel with
electrodeposi- Good in many Sulphur
ted copper Solid Solid Solid environments compounds
Cranb 3 ranbea- | OAHOXMUIbHNA OAHOXUNbHMIA OOHOXUNBHUIA Jlo6pa y 6aratbox Cronykw cipia
HIYHUM NOKPK- cepefoBuLLax
TT9M 3 Migi
Solid Solid Solid Good in many High chlorides
Stainless steel |OAHOXUNbHUA OaHOXUNbHUIA OaHOXUNBbHUIA environments content
HepxasHa cTanb| siranded Stranded Stranded HoGpa y baratbox Bucokuit mict
BaratoxunbHun BaratoxunbHun BaratoxuneHun |cepenosuLlax xnopuzais
Good in atmospheres
Solid containing low con-
L = X centrations of sulphur i
Aluminium OnHoxXUbHNIA Unsuitable Unsuitable and chioride P :(l)ll(jtlilgr?s Copper
AniomiHii Stranded Henpuaathuii HenpuaaTthuii lp ' Migb
BaratoxunbHumn flo6pa y armocdepi 3 |FOSHARA TIYTIE
HN3bKOI KOHLEHTpa-
Lieto Cipku i xnopuais
) ) Good in atmosphere
Solid ) Solid ) with high concentra- Copper
Lead f OaHoxMLHAA OAHOXMNbHAiA Unsuitable tion of sulphates Acid soils Miae
CauHeup As coating As coating Henpupathuia [No6pa y aTmocoepi 3 |Kucni rpyHTn Stainless steel
Ak nokpUTTS AK NokpuUTTS BMCOKOI KOHLeHTpa- HepxasHa cTanb
uieto cynbdaTis
#This table gives general guidance only. In special circumstances more careful corrosion immunity

Y uiv Tabnuui HaBegeHo nNuLe 3aranbHi pekoMmeHaadii. Y ocobnmeux Bunagkax Ginblu eTanbHO MatoTb ByTn po3rnsaHyTi
NUTaHHS LLOAO 3axUCTY Bif koposii (aveuck JopaTok E).

® Stranded conductors are more vulnerable to corrosion than solid conductors. Stranded conductors are also
vulnerable where they enter or exit earth/concrete positions. This is the reason why stranded galvanized steel is
not recommended in earth.

BaraTtoxunbHi NpoBiAHWKM € BINbLLOK MIPOK CXUITBHUMU A0 KOPO3ii HXX OQHOXWUIMLHI NPOBIAHWKM. BaraToXunbHi NPOBIAHWKN
TaKoX € BPa3nuBMMM y ToYKax Bxody abo Buxody 3 3eMni/6eToHy. Lle € npuynHoto Toro, YoMy He pekoMeHAyETbCS
BMKOPWUCTOBYBATWN GaraToXUIbHi MPOBIAHVKM 3 MOLIMHKOBAHOI cTani y 3emii.

9 Galvanized steel in concrete should not extend into the soil due to possible corrosion of the steel just outside
the concrete.

MounHkoBaHa cTanb y 6ETOHI He Mae BUXOAUTUN y I'PYHT Yepes MOXIMBY KOPO3ito cTarni y 6esnocepefHin 6rm3bKocTi Bif 6eToHy.

reinforcement steel in concrete should not be used in coastal areas where

MounHKoBaHa cTarnb, Lo KOHTaKTYE 3i CTaneBuUM PULLTYHOKOM y B6eTOHi, He Mae BUKOPUCTOBYBATUCh Y NpubepexxHnx parioHax,
e y 'pyHTOBMX Bogax MOXe MiCTUTUCH Cifnb
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5.5.2. 3akpinneHHA

BnuckaBkonpurmadi Ta AO03EMHI MPOBIAHUKK
MalTb OyTWM HafiHO 3akpinneHi Tak, wWob
enekTpoaMHaMiyHi abo BUNAAKOBI MeXaHi4Hi
cunn (Hanpuknag, Bibpauii, CMOB3aHHA CHiry,
TENIOBE PO3LNPEHHS i T. iH.) HE Npu3Benun Ao
NOLWKOOXXEHHS abo nocnabneHHA NpoBigHUKIB
(omBuce OogaTtok D po IEC 62305-1:2010).

MPUMITKA PekomeHaoBaHi BiACTaHi MiX KpinneHHAMU
HaBegeHo y Tabnuui E.1.

5.5.3. 3'eaHaHHA

Yncno 3'egHaHb y340BX MPOBiOHUKIB Mae OyTu
3BeJeHO 00 MiHimyMy. 3'egHaHHs MatoTb OyTn
BWMKOHaHi HadinHO, NpUMIpOM, IOTYBaHHSAM
TBEPAOH NTOH, 3BaplOBaHHAM,
danbuioBaHHAM,  3WIMBAHHAM,  3’€QHAHHAM
camopizamu abo wpybamu.

Onsa [OocarHeHHa  uwiel  MeTn  3'€eAHaHHS
PULITYHKY Yy 3ani3o0eTOHHUX KOHCTPYKLiAX
MalTb BignoBigaTu BMMOram, BUKNAAEHUM Y
4.3, a Takox BuMmoram ManbyTHboi cepii |IEC
62561-1.

5.6. MaTtepianu Ta po3mipu
5.6.1. MaTtepianu

Bubip maTepianiB i po3mipiB 34iMCHIOETBCH 3
ypaxyBaHHSM MOXINMBOCTI KOPO3ii cnopyau, LWo
3axuuiaeTbcs, abo LPS.

5.6.2. Po3wmipm

KoHirypauii i MiHiManbHi NnoLwi nonepeyHoro
nepepisy MpoBigHWKIB OrnMckaBkonpuimadis,
CTPWXHIB BrnnckaBkonpuimMadiB Ta [O3E€MHUX
NpoBigHUKIB HaBegeHo y Tabnuui 6 Ta BOHMU
MalTb BignoBigaT BMMOram ManbyTHbOI cepii
IEC 62561.

KoHdpirypauii i MiHIManbHi po3mipu
y3eMsioBadiB HaBegeHo y Tabnuui 7 Ta BOHMU
MalwTb BigNOBiAaTVM BMMOraMm mManbyTHbOI cepii
IEC 62561.

62305-3 © IEC:2010(E)

5.5.2 Fixing

Air-terminations and down-conductors shall be
firmly fixed so that the electrodynamic or
accidental mechanical forces (for instance
vibrations, slipping of slabs of snow, thermal
expansion, etc.) will not cause conductors to
break or loosen (see Annex D of I|EC
62305-1:2010).

NOTE Recommended distances between fixings are
reported in Table E.1.

5.5.3 Connections

The number of connections along the
conductors shall be kept to a minimum.
Connections shall be made secure by such
means as brazing, welding, clamping, crimping,
seaming, screwing or bolting.

To achieve this, connections of steelwork
within reinforced concrete structures shall
conform to 4.3 and shall comply with the
requirements and tests according to the future
IEC 62561-1.

5.6 Materials and dimensions
5.6.1 Materials

Material and its dimensions shall be chosen
bearing in mind the possibility of corrosion
either of the structure to be protected or of the
LPS.

5.6.2 Dimensions

Configurations and minimum cross-sectional
areas of air-termination conductors,
air-termination rods and down-conductors are
given in Table 6 and shall comply with the
requirements and tests according to the future
IEC 62561 series.

Configurations and minimum dimensions of
earth electrodes are given in Table 7 and shall
comply with the requirements and tests
according to the future IEC 62561 series.
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Table 6 — Material, configuration and minimum cross-sectional area of air-termination
conductors, air-termination rods, earth lead-in rods and down-conductors?
Tabnuus 6 - MaTepian, KoHdirypauis Ta MiHimanbHi po3mipy NPoBiAHMKIB NepexonnioBavis,

CTPWXKHIB NepexonnoBayiB, CTPUKHIB yBoAy A0 y3emiioBaya Ta 4O3€eMHUX NPOoBigHUKIB?

Material Configuration Cross-sectional area, mm?
Marepian KoHdpirypauis Mnowa nonepeyvyHoro nepepisy, Mm?

Copper Solid tape / CyuinbHun cTpiykoBuUn 50
Miae Solid round®/ MoHoxuna kpyrnuii° 50
Tin plated copper Stranded®/ BaratoxunbHuii 50
Nypxewa mine Solid round®/ MoHoxuna Kpyrnunii ° 176
o Solid tape / CyuinbHun cTpiykoBUn 70
ﬁ:jul(;r':/:ali;m Solid round / MoHoxwuna kpyrnvmn 50
Stranded / baratoxunbHunn 50
Solid tape / CyuinbHun cTpiykoBUn 50
Aluminium alloy Solid round / MoHoxwuna kpyrnumn 50
Aniomitiesni cnnae Stranded / BaraToxXunbHUi 50
Solid round®/ MoHoxuna Kpyrnnii ° 176

Copper coated aluminium alloy
O6MigHeHMI antoMiHieBUI cnnas Solid round / MoHoxwuna kpyrnumn 50
Solid tape / CyuinbHUI cTpivykoBUIA 50
Hot dipped galvanized steel Solid round / MoHoXxwuna Kpyrnumn 50
lapadenoumHkoBana cTanb Stranded / BaraToxunbHui 50
Solid round®/ MoHoxwuna kpyrnunii 176
Copper coated steel Solid round / MoHoxwuna kpyrnui 50
ObmiaHeHa cTans Solid tape / CyLinbHUI CTPIYKOBMWIA 50
Solid tape®/ CyuinbHuit cTpiukosuit® 50
Stainless steel Solid round®/ MoHoxuna |<pyrr||/||7|d 50
Hepxasra crane Stranded / baraToXxunbHUI 70
Solid round®/ MoHoxwuna Kpyrnuii ° 176

Mechanical and electrical characteristics as well as corrosion resistance properties shall meet the
requirements of the future IEC 62561 series.

MexaHiuHi Ta enekTpuyHi xapakTepUCTUKK, a TaKoX NPOTUKOPO3iHi BIACTMBOCTI MatoTb BiAMOBiAaTW BUMOram
ManbyTHbOI cepii IEC 62561.

50 mm? (8 mm diameter) may be reduced to 25 mm?in certain applications where mechanical strength is
not an essential requirement. Consideration should in this case, be given to reducing the spacing
between the fasteners.

50 mm2? (8 MM y fliameTpi) MOXXe ByTu 3MEHLLEHO [0 25 MM? y AesikMX 3aCTOCYBaHHSIX, KON MexXaHiuHa MiLHICTb He €
060B'A3KOBOI0 BUMOTOK. Y LibOMY BUMAAKY HANeXvTb NPUAGINUTK yBary 3MEeHLUEHHIO BiACTaHi MiX KpinneHHAMM.

Applicable for air-termination rods and earth lead-in rods. For air-termination rods where mechanical
stress such as wind loading is not critical, a 9,5 mm diameter, 1 m long rod may be used.

3acTocoBy€ETLCA AN CTPUXKHIB BriMckaBkonprimadie i CTPVXKHIB y3emntoBadiB. [ns cTpukHIB GnvckaskonpuiMadis,
e MexaHiYHe Hamnpy>XeHHs!, sIK OT BITPOBE OOTSXKEHHSI, HE € KPUTUYHUM, CTPUKEHb AiaMeTpoM 9,5 MM 1 M 3aBOOBXKKM
MOXe ByTv BUKOPUCTaHO.

If thermal and mechanical considerations are important then these values should be increased to 75
mm?

AKwo TennoBi Ta MexXaHiYHi XxapakTePUCTUKN € BaXKNMUBUMM, TOAI Li 3HAYEHHSA MatoTb 6yTn 36inblweHi go 75
MM2,
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Table 7 — Material, configuration and minimum dimensions of earth electrodes® °
Ta6nuusa 7 - MaTepian, koHdirypauisa Ta MmiHiManbHi po3mipu y3emnioBanbHUX enekTpogis? °

Dimensions / Po3mipu
Material Configuration Earth rod diameter, mm|Earth conductor Earth plate, mm
Matepian KoHdirypauis HiameTp mm?2 Ysemnroaan;:ua
y3emnioBanbHOro Mposia NacTUHA. MM
CTPVXKHSA, MM y3eMIeHHs1, MM? ’

Stranded / BaratoxunbHui 50

Copper Solid round / MoHoxwmna Kpyrnmmn 15 50

Mine Solid tape / CyuinbHuii cTPiUKOBMiA 50

Tin plated copper :

NygkeHa Migs Pipe / Tpyba 20
Solid plate / CyuinbHa nnacTtuHa 500 © 500
Lattice plate®/ PewityacTta nnactuHa 600 © 600
Solid round / MoHoXu1na Kpyrnuim 14 78
Pipe / Tpyba 25

Hot dipped Solid tape / CywinbHWil cTpiuKoBUii 90

galvanized steel

lapsuenoumHkoBaHa | Solid plate / CyuinsHa nnacTuHa 500 © 500

cTanb
Lattice plate®/ PewityacTta nnactuHa® 600 * 600
Profile / Mpodinb d
Stranded / BaratoxunbHui 70

Bare steel” : .

HenokpuTta cTant® Solid round / MoHoXuna kpyrnuin 78
Solid tape / CyuinbHumn cTpiykoBun 75

Copper coated Solid round / MoHoXuUna Kpyraui 14 50

steel

O6migHeHa ctanb | Solid tape / CyuinbHni cTpivkoBUin 90

Stainless steel Solid round / MoHoxuna Kpyrauit 15 78

HepxasHa cTans Solid tape / CyLinbHMil CTPIYKOBMUIA 100

a

Mechanical and electrical characteristics as well as corrosion resistance properties shall meet the requirements of
the future IEC 62561 series.

MexaHiyHi Ta enekTpuyHi XxapakTepUCTUKK, a TaKoX aHTUKOPO3iNHI BNaCTMBOCTI MatoTb BiAnosigaT Bumoram manbyTHboi cepii IEC
62561.

Shall be embedded in concrete for a minimum depth of 50 mm.
Mae 6yt 3aHypeHo y 6eTOH LioHaiMeHLe Ha 50 MMm.

Lattice plate constructed with a minimum total length of the conductor of 4,8 m.
Pewityacta nnacTtvHa cknagaeTbCs 3 NPOBIAHMKIB NPUHANMHI y 4,8 M 3aBOOBXKU.

Different profiles are permitted with a cross-section of 290 mm? and a minimum thickness of 3 mm, e.g. cross profile.

[onyckatoTbea pisHi npodini 3 nonepeyHnM nepepizom 290 MM? | TOBLLMHOK NPUHAWMHI 3 MM, HanpuKnaza, XpeCTOBUHHWI
npodine.

In case of a Type B arrangement foundation earthing system, the earth electrode shall be correctly connected at
least every 5 m with the reinforcement steel.

Y pasi 3acToCcyBaHHA PO3MilleHHSA cucTemun Tun B dpyHOamMeHTHOro ysemrioBaya, y3emmnioBanbHU enekTpos Mae
OyTun 3'eAHAHNIN HaNEeXHUM YNHOM NPUHaAWMHI WO KOXHI 5 M 3i cTannto puwTyHKy 3anisobeToHy.

In some countries the diameter may be reduced to 12,7 mm.
Y pesikux kpaiHax giametp Moxe 6yTv 3aMeHLweHui 4o 12,7 M.
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6 BHyTpilWHA cuctema 6nmMckaBKo3axmcTy
6.1 3aranbHi NONOXeHHA

BHyTpiwHa LPS mae 3anobiratm BMHUKHEHHIO
Hebe3neyHoro ickpiHHA y 6yaisni (cnopyai), wo
3axuuwaeTbcs, vepes3 CTpPyM OnNuCKaBku, LWO
npoTikae y 30BHiWHiIN LPS abo B iHWKxX
CTPYMOMPOBIAHUX YaCTMHAaX KOHCTPYKLIi.

Hebe3neyHe IiCKpiHHA MOXe BUWHMKATU MiX
30BHilWIHbOW LPS Ta iHWWMMKM KOMMNOHEHTamu,
TakKUMU SK:

- MeTaneBi KOHCTPYKLUIT,

- BHYTPpILWHi cuctemu,

- 30BHIiLLHiI CTPYMONPOBIAHI YaCTUHU Ta TiHiT,
npuegHaHi oo dyaieni (cnopyan).

MPUMITKA 1 IckpiHHSA, wo BinbyBaeTbca y Oyaisni
(cnopypi) 3 HebGesnekoiw BMOYXy, 3aBXAW CTaHOBUTb
HeGe3neky. Y UbOMYy BMNaAKy BMMaraeTbCsi BXUTTA
[0O0OAaTKOBUX 3aXWCHUX 3axofiB, ski 3HaxogAaTbCsA Ha
cTagii po3rnapy (aveuce fJopatok D).

MPAMITKA 2 CTtocoBHO 3axucTy Big nepeHanpyr
BHYTpiWHix cuctem agnsuce |[EC 62305-4.

Hebe3ne4yHoro iCKpiHHS MiX pi3HUMMK
YacTMHaAMM MOXHA YHUKHYTU 3@ OMOMOroH
TaKnx 3axopnis:

- EeKBIMOTEHLiNHI CnonyyYeHHs BigNOBIAHO [0
6.2, abo

- eneKTpuUYHa i3onsauia Mk YacTUHaMKU
BignosigHo Ao 6.3.

6.2 EkBiNOTEeHLiNHi cnony4YeHHs
6nuckaBKO3axumcTy

6.2.1 3aranbHi NONOXeHHSA

EkBinoTeHUiNHI CNONYyYeHHS
wnaxom 3'eaHaHHA LPS 3

JocaranTbcsa

- MeTaneBMMM KOHCTPYKLisIMU,
- BHYTPIWHIMK cuctemamum,

- 30BHILUHIMW CTPYMOMNPOBIAHUMW YacTUHAMMU
Ta niHiaMu, npueaHaHnmm go oyaisni
(cnopyam).

Akwo €KBIiMOTEeHLUiNHI
OnuckaBkO3axmcTy BCTAHOBMIEHO  CTOCOBHO
BHYTPILLHIX CUCTEM, YyacTuHa CTpyMmy
OnuckaBkM MoOXe 3aTikaTu [0 TakuX CUCTEM,
TOX Ui ABMLLA HanexuTs 6paTu go yearu.

CnoJly4eHH4A
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6 Internal lightning protection system
6.1 General

The internal LPS shall prevent the occurrence
of dangerous sparking within the structure to be
protected due to lightning current flowing in the
external LPS or in other conductive parts of the
structure.

Dangerous sparking may occur between the
external LPS and other components such as:

— metal installations;
— internal systems;

— external conductive parts and lines
connected to the structure.

NOTE 1 Sparking occurring within the structure with
danger of explosion is always dangerous. In this
caseadditional protective measures are required which
are under consideration (see Annex D).

NOTE 2 For protection against overvoltages of internal
systems, refer to IEC 62305-4.

Dangerous sparking between different parts
can be avoided by means of

— equipotential bonding in accordance with
6.2, or

— electrical insulation between the parts in
accordance with 6.3.

6.2 Lightning equipotential bonding

6.2.1 General

Equipotentialization is
interconnecting the LPS with

achieved by

— metal installations,
— internal systems,

— external conductive parts and lines
connected to the structure.

When lightning equipotential bonding is
established to internal systems, part of the
lightning current may flow into such systems
and this effect shall be taken into account.
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3acobamu 3'egHaHHA MOXYTb ByTu:

- CMNOSYYHi NPOBIAHMKK, AKLLO €NEKTPUYHa
6e3nepepBHicTb He 3abe3nevyeTbes
NPUPOAHUM 3'€AHAHHSAM;

- NPUCTPOI 3aXUCTY Bif iMMYNbCHUX
nepeHanpyr (SPDs), sKWo0 BUKOHATU npsiMe
3’¢HaHHS CMONYYHUMU NPOBIGHNKAMN HE €
MOXIUBUM;

- i3ontoBaneHi ickpoBi npomixku (ISGs), akwo
npsime 3’€HaHHS CMOJNTYYHUMMU
NPoBiIAHMKAMWN HE O03BONSETLCS.

Cnocib, y sikuin JocsAraeTbCs eKBiNOTEHUiNHe
cnonyyeHHs 6rMcKkaBKO3axuUCTY, € BaXMBUM i
Mae OyTm  po3rnsHyTe 3 onepaTopom
TenekoMyHikauiiHUX  Mepex, onepaTtopom
eneKkTpoeHepreTUYHUX Ta rasoBux cnyxb, a
TaKoX iHWMMK onepaTtopamu abo BigNoOBIgHUMHU
opraHamu, OCKiMbKM Y HUX MOXYTb iCHyBaTu
cynepeunusi BUMOTU.

SPD matoTb OyTv BCT@HOBIIEHI TakKMM YUHOM,
wo6b Oyna nepepbayvyeHa MOXMAUBICTb IXHbOI
nepeBipKn.

MPUMITKA 1 Konu BcTaHoBneHa LPS, moxyTtb 6yTu
nopyLweHi  MeTanoKOHCTPYKUWii, SAKi € 30BHIilWHIMK
CTOCOBHO 3axuwyBaHoi 6yaisni (cnopyau). Le cnig
BpaxoByBaTU 3a MNPOEKTyBaHHA Takux cuctem. Takox
MOXYTb 6yTW HEOBGXiAHUMU eKBINOTEHUINHI CNOoNyYeHHSs
6nuckaBKO3axMCTy ANA 30BHILIHIX METaNOKOHCTPYKLiN.

MPUMITKA 2 EkBinoTeHUinHi CNony4YeHHs
6rnuckaBko3axucTy mae oyTn o6'eaHaHo i
CKOOpAMHOBAHO 3 iHWKnMN eKBinoTeHUinHUMNn

cnonyyeHHsamun y 6ygisni (cnopyai).

6.2.2. ExkBinoTeHUiNHi cnony4yeHHA
6nuckaBKO3axucTy Ansa metaneBuXx
KOHCTpPYKLUin

Y BuNagky i30nboBaHOl 30BHiWHbOI LPS,
€KBINOTEeHLiNHI cnonyyeHHss 6NMCKaBKO3axnUCTy
30IMCHIOKTBLCA NKULLE Ha Mo3HauLli 'pyHTY.

Ons 30BHIiWHLOT LPS, gka He € i3onboBaHOI0,
€KBINOTEHLiNHI cnonyyeHHss 6NMCcKaBKO3axnUCTy
30INCHIOKTLCA Y TAKNX MiCLAX:

a) y dyHoameHTi abo nobnu3y mno3Hauku
rpyHTy. CrnonyyHi npoBigHWKM MawTb OyTu
nigKknoYeHi no CNony4Hoi LIMHN,
BMawToBaHOI Ta BCTaAHOBMEHOI TaKuMm
YMHOM, SAKMWA AJo3BondB Ow nerkum poctyn
Ona iHcnekTyBaHHA. CnonyyHa WuHa mae
OyTV nigknoyeHa [O CUCTEMM 3EMIISIHOIO
3aKiHYEHHS. Onsa BEJNKNX cnopyn
(3a3Buyan, noHag 20 M 3aBOOBXKM) MOXe
OyTn BMKOpUCTaAHa KinbueBa CNONy4YHa
wnuHa abo wmoxe OyTMm BCTaAHOBMEHO
OeKinbka CroNly4yHMX LWKH, 3@ YMOBM, LO
BOHW 3'€eHaHi Mi)X cobol0;

b) y micuax, e He BUWKOHaAHi BUMOrM LWOA0
isonqauii (aueucb 6.3).
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Interconnecting means can be

— bonding conductors, where the electrical
continuity is not provided by natural
bonding,

— surge protective devices (SPDs), where
direct connections with bonding conductors
are not feasible.

— isolating spark gaps (ISGs), where direct
connections with bonding conductors are not
allowed.

The manner in which lightning equipotential
bonding is achieved is important and shall be
discussed with the operator of the
telecommunication network, the electric power,
gas pipes operator, and other operators or
authorities concerned, as there may be
conflicting requirements.

SPDs shall be installed in such a way that they
can be inspected.

NOTE 1 When an LPS is installed, metalwork external to
the structure to be protected may be affected. This
should be considered when designing such systems.
Lightning equipotential bonding for external metalwork
may also be necessary.

NOTE 2 Lightning equipotential bonding should be
integrated and coordinated with other equipotential
bonding in the structure.

6.2.2 Lightning equipotential bonding for
metal installations

In the case of an isolated external LPS,
lightning equipotential bonding shall be
established at ground level only.

For an external LPS which is not isolated,
lightning equipotential bonding shall be
installed at the following locations:

a) in the basement or approximately at ground
level. Bonding conductors shall be
connected to a bonding bar constructed and
installed in such a way that it allows easy
access for inspection. The bonding bar shall
be connected to the earth-termination
system. For large structures (typically more
than 20 m in length), a ring bonding bar may
be used or more than one bonding bar can
be installed, provided that they are
interconnected;

b) where insulation requirements are not
fulfilled (see 6.3).
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ExBiNOTEHUiNHI cnony4yeHHa GNMckaBkoO3axmcTy
MalTb 6YyTU MakCcMManbHO NPAMUMU.

MPUMITKA Akwo eKBiNOTEHUiNHI CMoMyYeHHs
6ﬂVICKaBKOBaXI/ICTy BCTaHOBJI1IEHO CTOCOBHO
cTpymMonpoBigHMX 4acTuH OGyaisni (cnopyau), YacTuHa
cTpyMy OnuckaBkM MoOXe 3aTikaTu [o Takoi Oyaisni
(cnopyawm) i ue cnig 6patun go yBaru.

MiHiManbHi 3HaYeHHA nonepevyHoro nepepisy
NPOBIOHUKIB EKBIMOTEHLiINHMX CNOMYyYeHb, WO
3'€HYIOTb Pi3Hi CNOMYYHi WNHU W NPOBIAHUKIB,
Wo 3'€e4HYI0Tb LUMHM i3 CUCTEMOI 3EeMMAHOro
3aKiH4YeHHs, HaBegeHo y Tabnuui 8.

MiHiManbHi 3HayeHHA nonepevyHoro nepepisy
NPOBIOHUKIB EKBIMOTEHUINHMX CNOMYyYeHb, WO
3'€HYIOTb BHYTPIlIHI MeTanesi YCTaHOBKU 3i
CMONMyYHUMU WNHaAMKN, HaBegeHo y Tabnuui 9.

Lightning equipotential bonding connections
shall be made as direct and straight as
possible.

NOTE When lightning equipotential bonding is
established to conducting parts of the structure, part of

the lightning current may flow into the structure and this
effect should be taken into account.

The minimum values of the cross-section of the
bonding conductors connecting different
bonding bars and of the conductors connecting
the bars to the earth-termination system are
listed in Table 8.

The minimum values of the cross-section of the
bonding conductors connecting internal metal
installations to the bonding bars are listed in
Table 9.

Table 8 — Minimum dimensions of conductors connecting different bonding bars

or connecting bonding bars to the earth-termination system

Tabnuusa 8 - MiHimanbHi po3mipy NPOBiIAHUKIB, WO 3'€4HYIOTb Pi3Hi CMONYYHi WWHK
a6o Wo 3'€gHYIOTb CNOJYYHi LWWMHM i3 CUCTEMOIKD 3eMJISHOrO 3aKiH4eHHSA

Class of LPS Material Cross-section, mm?
Knac LPS Marepian MonepeyHui nepepis, Mm?
Copper / Migb 16
-1V Aluminium / AntomiHii 25
Steel / Ctansb 50

Table 9 — Minimum dimensions of conductors connecting

internal metal installations to the bonding bar

Tabnuusa 9 - MiHimanbHi po3mMipy NPoBiIAHUKIB, WO 3'€QHYOTb
BHYTPIlWHE MeTarneBe yCTaTKOBaHHA 3i CNOMYYHOO LUWHOKO

Class of LPS Material Cross-section, mm?
Knac LPS Marepian MonepeyHun nepepis, Mm?
Copper/ Migb 6
| to IV Aluminium / AntomiHin 10
Steel / Ctansb 16

AKWOo i30MAUINHI YaCTUHU BCTaBMNAKTbCA A0
Tpyb6 raso- abo BogoOMOCTayvYaHHsA, ycepenuHi
Oyaisni (cnopyawu), WO 3axulaeTbCsl, BOHU, 3a
NOrofXeHHAM 3 nocTavanbHUKOM BOAW i rasy,
MatTb B6yTu wyHTOBaHi ISG, cnpoekToBaHUMM
4nsa Takoi ekcnnyaTauii.

ISG matoTb 6yTK BUNpobyBaHi y BignoBigHOCTI 3
ManbyTHim ctangapTtom IEC 62561-3 i maTm
Taki XapakTepUCTUKK:

— limp =2 ke | pe ke | - cTpym GninckaBku, Wo
npoTikae y300BX BiAMNOBIAHOT YacTUHU
30BHiWHbLOT LPS (gnBuch Jogatok C);

— HOMiHanbHa iMnynbCcHa Hanpyra
cnpauboByBaHHSA Urwe HUXYA 3@ piBEHb
iMMYNbCHOT CTIMKOCTI i3onauii Mix
YyacTUHaMM.

If insulating pieces are inserted into gas lines
or water pipes, inside the structure to be
protected they shall, with the agreement of the
water and gas supplier, be bridged by ISGs
designed for such an operation.

ISGs shall be tested according to the future IEC
62561-3 and shall have the following
characteristics:

— lmp 2 ke | where k. | is the lightning current
flowing along the relevant part of the
externalLPS (see Annex C);

— rated impulse sparkover voltage Urne lOower
than the impulse withstand level of
insulation between parts.
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6.2.3 EkBinOTeHUIiNHI cnONyYeHHA
OnucKkaBKO3axucTy ANA 30BHIiLWHIX
CTPyMONpOBiAHUX YaCTUH

Ong  30BHIiWHIX CTPYMOMNPOBIOAHUX  YacTUH
€KBINOTEHLiMHI Cnony4YeHHs 6rIMCKaBKO3axXuUCTy
BCT@HOBIIOIOTLCA sKOMOra 6nvxkye [0 TOYKU
BxoAy Ao 6yaieni (cnopygu), WO 3axuLaeTbCs.

CnonyyHi npoBigHUKM makwTb OyTW 3gaTHUMU
BUTPUMYBATU YacTUHY IF cTPyMy BrnnckaBku, Lo
NpoTiKae HUMMU, £SKa OLIHIETbCA 3rigHO 3
DopaTtkom E po ctangapty IEC 62305-1:2010.

Akwo b6esnocepenHe 3’eHaHHS €
HENPUAHATHUM, HanexuTb BWKOPUCTOBYBATU
ISG 3 xapakTepucTukamu, 3asHa4YeHUMMU
HUX4Ye:

ISG matoTb 6yTH BUNpoOyBaHi y BiaNnoBigHOCTI 3
manbyTHim ctaHgaptom IEC 62561-3 i matu
Taki XxapakTepucTuKN:

— limp 2 ke l, g€ ke | — cTpym BGmnckaBku, Wo
npoTikae y300BX BiANOBIAHOT YacTUHU
30BHiWHbOT LPS (gnBuceh Jogatok C);

— HOMiHanbHa iMnynbcHa Hanpyra
cnpauboByBaHHA Urwe HMXKYA 3a piBEHDb
iMMYNbCHOT CTIMKOCTI i3onauii Mix
YyacTUHaMN.

MPAMITKA Akwo ekBinOTeHUiNHe Chofny4YeHHs €

HeobGxigHMM, a LPS HeobxigHol He €, 3emnsHe

3aKiHYeHHSs eNeKTpoyCTaHOBKMU HH MOXe oyTn

BMKOpUCTaHO 3 Luieto MeTow. Y |IEC 62305-2 nogaHo
BigoMOCTi npo ymoBHu, 3a skux LPS He € HeobxigHot0.

6.2.4 EKBiNOTEHUIiNHI cCNONyYeHHA
OnuckKkaBKO3axucTy AN BHYTPiWHIX cuctem

Bkpan BaXnuBeo, aou EeKBIMOTEHLiNHiI
cnonyvyeHHs 6nMcKkaBKO3axmMcTy BUMKOHYBarochb
BignoBigHO o 6.2.2 a) Ta 6.2.2 b).

Akwo kabeni BHYTPIWHIX CMCTEM €eKpaHOBaHi
abo MicTaATbCA y MeTaneBuMXx KaHanax, Moxe
OyTv gocTaTHbO NPUEQHATY NULLIE Ui eKpaHn Ta
kaHanu (gmeuce dopaTtok B).

MPUMITKA MpueaoHaHHA ekpaHiB Ta kKaHaniB Moxe
He Bukno4aTn 3601 4yepes nepeHanpyru obrnagHaHHS,

nigknioyeHoro Ao kabeniB. CTOCOBHO 3axucTy Takoro
obnagHaHHa ansuck IEC 62305-4.

Axkwo kabeni  BHYTPIWHIX cuUCTEM € aHi
€KpaHOBaHUMM aHi po3MilLleHUMN Y MeTaneBux
KaHanax, 1iX HanexuTb npuegHyBatm 3a
ponomoroto SPD. Y cuctemax TN, npoBigHMKK
PE i PEN matoTb 6yTu 3'egHaHi 3 LPS Hanpsmy
abo yepes SPD.

Cnony4yHi MNpoBiOHWKM MYyCATb MaTW TaKy X
camy 3[aTHICTb A0 BiABEOEHHS CTpyMy, SK
3a3HayeHo y 6.2.2 ansa ISG.
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6.2.3 Lightning equipotential bonding for
external conductive parts

For external conductive parts, lightning
equipotential bonding shall be established as
near as possible to the point of entry into the
structure to be protected.

Bonding conductors shall be capable of
withstanding the part /r of the lightning current
flowing through them evaluated in accordance
with Annex E of IEC 62305-1:2010.

If direct bonding is not acceptable, ISGs with
the following characteristics shall be used:

ISGs shall be tested according to the future IEC
62561-3 and shall have the following
characteristics:

— lmp 2 I where [r is the lightning current
flowing along the considered external
conductive part (see Annex E of IEC
62305-1:2010);

— the rated impulse sparkover voltage Urmr
lower than the impulse withstand level of
insulation between parts.

NOTE When equipotential bonding is required, but an
LPS is not required, the earth-termination of the low
voltage electrical installation can be used for this
purpose. |IEC 62305-2 provides information on the
conditions where an LPS is not required.

6.2.4 Lightning equipotential bonding for
internal systems

It is imperative that lightning equipotential
bonding is installed in accordance with 6.2.2 a)
and 6.2.2 b).

If cables of internal systems are screened or
located in metal conduits, it may be sufficient to
bond only these screens and conduits (see
Annex B).

NOTE Bonding of screens and conduits may not avoid
failure due to overvoltages of equipment connected to

the cables. For protection of such equipment refer to
IEC 62305-4.

If cables of internal systems are neither
screened nor located in metal conduits, they
shall be bonded via SPDs. In TN systems, PE
and PEN conductors shall be bonded to the
LPS directly or with an SPD.

Bonding conductors shall have the same
current withstand as indicated in 6.2.2 for ISGs.
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SPD matoTb Bignosigatn sumoram |IEC
61643-1i IEC 61643-21 i MycATb MaTu Taki
XapaKkTepUcTUKN:

- BunpobysaHi npu lim = ke I, ne ke I — cTpym
GnuckaBku, WO NPOTiKae y340BX BigNOBIAHOI
YacTMHM 30BHiWHBLOT LPS (gnBucek JoaaTtok
C);

- piBeHb 3axucty Ur € HWXYNM 3a piBEHb
iMOYNbCHOT CTIMKOCTI i3onauii Mix
YyacTUHaMM.

AKWwo  3axUCT  BHYTPIWHIX  CcUCTEM Big

nepeHanpyr € HeobxigHum, mae 6yTu

3acTocoBaHa koopamHoBaHa cuctema SPD, wo

BiAnoBigae BUMOram Posginy 7 IEC

62305-4:2010.

6.2.5 EKBiNOTEHUiNHi cnony4yeHHA
6nuckaBKo3axucTy AN NiHin, npMegHaHux
Ao oéyaieni (cnopyau), wo 3axmuwaeTbCcA

ExBinoTeHUinHi cnony4yeHHs 6IMcKkaBKO3axmcTy
ONa enekTPUYHUX i TeNeKoMYHIiKaLinHuX niHin
HanexuTb BUKOHyBaTu BignoBigHO o 6.2.3.

Yci npoBiAHWKM KOXHOT MiHil MawTb 0yTn
3'egHaHi Hanpsmy abo yepe3 SPD. lMpoBigHKKN
nig Hanpyrotw 3'€dHYITbCSA 3i  CMOJyYHOR
wuHoto nuwe 4vepes3 SPD. VY cuctemax TN,
npoBigHukn PE a6o PEN wmatTb 6yTtu
npuvegHaHi Hanpamy abo 4epes SPD po
CMNOSTYYHOT LWMHN.

Akwo niHii ekpaHoBaHo abo npoknageHo Yy
MeTaneBux KaHanax, Ui ekpaHu i KaHann maTb
OyTV npueaHaHi. EKBINOTEHUiHI cnonyyYeHHs
OnnMckaBKkO3axMCcTy AN  MPOBIAHMKIB He €
000B'I3KOBUM, 3@ yYMOBM, WO MONEPEYHUN
nepepia Sc uUMX ekpaHiB abo kaHamniB € He
MEHLWMM 3a MiHiManbHe 3Ha4YeHHa Scwmn,
obumncneHe 3rigHo JoaaTka B.

ExBinoTeHUinHi cnony4yeHHs 6InckaBKko3axmcTy
eKpaHiB kabeniB abo kaHaniB 34iNCHIOETbCS
no6nmu3dy wmicua ixHboro ysoay Qfo 6yaisni
(cnopyam).

Cnony4yHi nNpOBIAHUKM MawTb BUTPUMYBaATKU
TakMi CTpyM S$K 3a3HayeHo y 6.2.3 ang
npuctpoiB ISG.

SPD matoTb Bignosigatn sumoram IEC 61643-1
i IEC 61643-21 i nOBWMHHI MaTK Taki
XapaKTepUCTUKN:

- BunpobyBaHi 3a lm = Ir, ge Ir — cTPyMm
GnunckaBku, WO NpoTiKae niHiew (MBUCH
Hopatok E IEC 62305-1:2010);

- piBeHb 3axucTy Ur € HUXKYMM 328 piBEHDb
iMNYJbCHOT CTINKOCTI MiX YacTUHaMW.
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SPDs shall comply with IEC 61643-1 and IEC
61643-21 and shall have the following
characteristics:

— tested with /i, 2 ke | where k. | is the
lightning current flowing along the relevant
part of the external LPS (see Annex C);

— the protection level Ur lower than the
impulse withstand level of insulation
between parts.

If protection of internal systems against surges
is required, a coordinated SPD system
conforming to the requirements of Clause 7 of
IEC 62305-4:2010 shall be used.

6.2.5 Lightning equipotential bonding for
lines connected to the structure to be
protected

Lightning equipotential bonding for electrical
and telecommunication lines shall be installed
in accordance with 6.2.3.

All the conductors of each line should be
bonded directly or with an SPD. Live
conductors shall only be bonded to the bonding
bar via an SPD. In TN systems, PE or PEN
conductors shall be bonded directly or via an
SPD to the bonding bar.

If lines are screened or routed into metal
conduits, these screens and conduits shall be
bonded. Lightning equipotential bonding for
conductors is not necessary, provided that the
cross-section Sc of these screens or conduits is
not lower than the minimum value Scun
evaluated in accordance with Annex B.

Lightning equipotential bonding of the cable
screens or of the conduits shall be performed
near the point where they enter the structure.

Bonding conductors shall have the same
current withstand as indicated in 6.2.3 for ISGs.

SPDs shall comply with IEC 61643-1 and IEC
61643-21 and shall have the following
characteristics:

— tested with lim, = I where I is the lightning
current flowing along the lines (see Annex E
of IEC 62305-1:2010);

— the protection level Ur lower than the
impulse withstand level of insulation
between parts.
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Akwo 3axucT Big iMAyNbCHUX NepeHanpyr ans
BHYTPILWHIX cucTeM, NpuegHaHUX OO0 NiHin, aKi
BX0OAATb Ao Oyaisni (cnopyan) € HeobxigHum,
Mae OyTu 3aCTOCOBAHO KOOPAMHOBAHY CUCTEMY
SPD, ska Bignosigae Bumoram [llyHkTy 7 IEC
62305-4:2010.

MPAMITKA Akwo ekBinOTeHUiNHe Chofny4YeHHa €
HeobxigHum, a LPS HeobxigHOlO He €, 3eMnsiHe
3akiHYeHHa  enekTtpoyctaHoBku HH  moxe  6yTm

BMKOpUCTaHO 3 Luieto mMeTow. Y |IEC 62305-2 nopaHo
iHdopmauia npo ymoBu, 3a 9kux LPS He € HeobGxigHot0.

6.3 EnekTpu4He i3ontoBaHHA 30BHIWHbLOI
LPS

6.3.1. 3aranbHi NoNoXeHHA

EnektpuyHe i30NtoBaHHSA cuctemm
nepexonsieHHs abo  cucTteMm  O03EMHUX
NpoBigHUKIB BiO MeTaneBux YyacTuH

KOHCTPYKLUil, MeTaneBoro YycTaTKOBaHHA Ta
BHYTPIWHIX cucTeM MoOXe OyTu [OCArHyTO
LINAXOM CTBOPEHHSA po34inbHOI BigCTaHi, S MiX
yacTMHaMmW. 3aranbHe  piBHAHHA  Ans
pO3paxyHKy S Mae BUrnaa:

ae

ki 3anexutb Big obpaHoro knacy LPS
(amBnce Tabnuuto 10);

K 3anexuTb Big  enekTpoisonsuinHoro
maTepiany (aueucb Tabnuuyto 11);

ke 3anexuTe Big (4aCTKOBOro) CTpyMmy
onuckaeku, Lo NPOXOANTb
onuckaBkonpunMayem Ta [AO3EMHUM
npoBigHUKOM (gmBucb Tabnuut 12 Ta
HOopaTok C);

/ OOBXWHa y MeTpax y300BX
onuckaBkonpunmMmada i JO3EeMHOro
npoBigHWKa Bi4 TO4YKM, A€ po3AdinbHa
BiACTaHb po3rnagaeTtbces, ao
Hano6nux4yoi TOYKU cuctemmn
€KBIMOTEHLUINHMX cnonyvYeHb abo TOYKM
NpuMeOHaHHA [0 Y3eMIleHHs (AuBUCH
E.6.3 y JopaTtky E).

MPUMITKA [osxwuHoto | y3goBx 6GrnuckaBkonpumnmava

MOXHa 3HexTyBaTu Yy cnopypax 3 06e3nepepBHUM

MeTaneBum naxom, AKUN nie aK npupoaHumn
6nuckaBkonpuimay.
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If protection against surges of internal systems
connected to lines entering the structure is
required, a coordinated SPD system
conforming to the requirements of Clause 7 of
IEC 62305-4:2010 shall be used.

NOTE When equipotential bonding is required, but an
LPS is not required, the earth-termination of the low
voltage electrical installation can be used for this
purpose. |IEC 62305-2 provides information on the
conditions where an LPS is not required.

6.3 Electrical insulation of the external LPS

6.3.1 General

Electrical insulation between the
air-termination or the down-conductor and the
structural metal parts, the metal installations
and the internal systems can be achieved by
providing a separation distance, s, between the
parts. The general equation for the calculation
of s is given by:

x| (m) (4)
where
ki depends on the selected class of LPS
(see Table 10);
Km depends on the electrical insulation

material (see Table 11);

ke depends on the (partial) lightning
current flowing on the air-termination
and the down-conductor (see Table 12
and Annex C);

/ is the length, in metres, along the
air-termination and the down-conductor
from the point, where the separation
distance is to be considered, to the
nearest equipotential bonding point or
the earth termination (see E.6.3 of
Annex E).

NOTE The length / along the air-termination can be
disregarded in structures with continuous metal roof
acting as natural air-termination system.
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Table 10 - Isolation of external LPS — Values of coefficient k;
Ta6nuusa 10 - I3onoBaHHA 30BHIiWHBLOI LPS - 3HaueHHA KoediuieHTa ki

Class of LPS / Knac LPS k;
I 0,08
I 0,06
INand /i IV 0,04

Table 11 — Isolation of external LPS — Values of coefficient k,,
Ta6nuusa 11 - I3onoBaHHA 30BHiWHLOI LPS - 3HauyeHHs koedpiuieHTa Kn

Material / MaTepian

k

m

Air / MoBiTps

1

Concrete, bricks, wood / BeToH, uerna, gepeso

0,5

use the lower value for km.

should be provided by the manufacturer.

3HaYeHHs km MaloTb BYTU HagaHi BUPOGHUKOM.

NOTE 1 When there are several insulating materials in series, it is a good practice to

MPUMITKA 1 AKwo Kinbka isonsauiiHnx matepianis 3'€AHaHO NOCMiA0BHO, BUKOPUCTAHHSA
HaMEHLLOrO 3i 3Ha4yeHb km € JOBPOI0 NMPaKTUKOLO.

NOTE 2 In using other insulating materials, construction guidance and the value of k |

MPUMITKA 2 3a BUKOPUCTaHHS iHLUKX i30N5ALIMHUX MaTepianis, BKa3iBkM LLOAO BNALUTYBaHHA Ta

Y Bumagky kKonu  niHiT  abo  30BHiWHI
CTPYMOMPOBIAHI YacTuHU BXoAATb O Oyaieni
(cnmopyau), 3aBxau HanexuTb 3abesnedyBaTu
€KBINOTEHLiNHI cnony4yeHHs B6rMckaBKO3axucCTy
(wnaxom npsamoro 3'egHaHHs abo 3'egHaHHSA
yepesz SPD) y Touui ix yBogy po 6yaisni
(cnopyan).

Y cnopygax 3 mMeTaneBum abo 6esnepepBHO
3’eJHAaHMM KapkacoM 3anizobeToHy po3finbHa
BigCTaHb € 3aMBOIO.

KoediuieHT k. posnoginy cTpymy OGrnuckaBku
MiX onuckaBkonpunMmadyamm/go3eMHUMU
npoBigHUKaMM 3anexute Big knacy LPS,
3aranbHOro Yncna n, Big NOMOXEeHHS A03eMHUX
npoBigHUKIB, Big CNONYYHUX KinbLueBunx
NPOBIgHUKIB Ta Big TUNY CUCTEMMU 3E€MMAHOrO

3aKkiH4eHHs. HeobxigHa po3ginbHa BigcTaHb
3anexuTb Bif nagiHHs Hanpyru Ha
HaMKOpPOTLWOMY  WWNSAXY  Big  Touku, Ae
po3rnsgaeTbCss  po3finbHa  BiAcTaHb, A0

y3eMmoBanbHoro enektpoay abo Hanbnmxk4voi
TOYKM CUCTEMU EKBINOTEHLINHNX CNOMYyYeHb.

In the case of the lines or external conductive
parts entering the structure, it is always
necessary to ensure lightning equipotential
bonding (by direct connection or connection by
SPD) at their point of entry into the structure.

In structures with metallic or electrically
continuous connected reinforced concrete
framework a separation distance is not
required.

The coefficient k. of the lightning current
amongst the air-terminations/down-conductors
depends on the class of LPS, on the overall
number n, on the position of the
down-conductors, on the interconnecting ring
conductors and on the type of earth-termination
system. The necessary separation distance
depends on the voltage drop of the shortest
path from the point where the separation
distance is to be considered, to the ground
electrode or the nearest equipotential bonding
point.
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6.3.2 CnpoweHun nigxin

Y TunoBux  6ypiBnax  (cnopypgax) Agns
3actocyBaHHA PiBHaAHHA (4) MawTb 0OyTwn
PO3rnaHYTI Taki yMOBMU:

ke 3anexunTb Big (4aCTKOBOro) CTpymy
GnuckaBku, O NPOXOAUTb OO3EMHUMMU
nposigHukamn (aueBucb Tabnuuyto 12 i
Hopatok C);

/ BepTMKanbHa [OBXMHA Yy MeTpax
y340BX [03eMHOro npoBigHMKa, Big
TOYKM, pfJe wMae OyTu po3rnsgHyTo
po3ainbHy BigCTaHb, [0 Hambnux4oi
TOYKMU cucTeMu €eKBiNOTEeHUiNHNX
CMNOMYyYEHb.
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6.3.2 Simplified approach

In typical structures for the application of
Equation (4), the following conditions have to
be considered:

ke depends on the (partial) lightning
current flowing on the down-conductor
arrangement (see Table 12 and Annex
C);

/ is the vertical length, in metres, along
the down-conductor, from the point
where theseparation distance is to be
considered, to the nearest equipotential
bonding point.

Table 12 — Isolation of external LPS — Approximated values of coefficient k_
Tabnuua 12 - IzontoBaHHA 30BHiWHBLOI LPS - OpieHTOBHI 3Ha4yeHHA koedidieHTa k.

Number of down-conductors / Yucno nozeMHux NpoBiAHUKIB k
n c
1 (only in case of an isolated LPS)
(nuwe y Bunagky isonbosaHoi LPS) 1
2 0,66
3 and more / i 6inblwe 0,44

HaneXuTb NPUAHATK ke = 1 .

NOTE Values of Table 12 apply for all type B earthing arrangements and for type A
earthing arrangements, provided that the earth resistance of neighbouring earth
electrodes do not differ by more than a factor of 2. If the earth resistances of single earth
electrodes differ by more than a factor of 2, k= 1 is to be assumed.

MPUMITKA 3HaueHHs1, HaBeaeHi y Tabnuui 12, € npuiHATHUMU AN YCiX NPUCTPOIB Y3EMIEHHS 3a
CXEeMOI0 PO3MiLLieHHst TUN B, i 4ns npucTpoiB y3eMMeHHs 32 CXEMOK PO3MILLEHHS TUN A, 3a YMOBM,
LLIO OMOpPM CYCiAHIX Y3eMrtoBanbHNX eNekTpoaiB He Bigpi3HATbCA OAWH Big OAHOro BinbLue Hix
yABIYi. AKLLO ONopy OKPEMUX y3eMtoBarbHUX eNekTpoaiB Biapi3HATLCA GinbLue, HiXK yaBidi,

HeTtanbHiwy iHpopmauio Npo po3nogin cTpymy
6nuckaBkM MDK OO3E€MHUMMW  MPOBiIAHUKaAMU
nogaxo y fogatky C.

MPUMITKA CnpolweHun niaxia sassnyan npusBoanTb 40
pe3ynbTaTiB i3 3anacom 6e3neku.

6.3.3 JoknagHun nigxio

Y LPS 3 cityacToto
O6nuckaBkonpumadis  abo 3i  cnonyYHUMMK
KinbLueBUMMn npoBigHUKaMM,
6nuckaekonpumMadi abo [go3eMHi NPOBIOHUKK
MarTb pi3Hi BENUYUHU CTPYyMY, Lo
CNPSAMOBYETbHCS JOHMN3Y Y300BX HMX, YHACNigOK
posnofiny cTpymy. Y umx Bunagkax TOYHILIUN
pO3paxyHOK po34ifbHOro MPOMIXKY MOxe ByTu
BWKOHAHO 3@ TakUM CMNiBBiAHOLUIEHHAM:

CncTtemoto

s = :_")((kc,I )(/,I +k02 X/2+....

m

Further information on partitioning of the
lightning current amongst down-conductors is
given in Annex C.

NOTE The simplified approach usually leads to results
being on the safe side.

6.3.3 Detailed approach

In an LPS with a meshed air-termination
system or interconnected ring conductors, the
air-terminations or down-conductors have
different values of current flowing down their
lengths due to current division. In these cases
a more accurate evaluation of the separation
distance s may be performed by the following
relationship:

+ kcn x ln ) (5)
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Axkwo  6nuckaBkonpuimadi  abo  [O3eMHi
NPOBIAHUKN MalTb Pi3Hi 3HAYEHHA CTPyMYy, LWO
CNPSIMOBYETbLCS [OHU3Y Y3O0BX HUX 3aBOSIKU
3’eaAHyBanbHUM KinbLeBUM npoBigHUKaM,
3actocoByTbCcs PucyHkm C.4 ta C.5.

MNMPUMITKA 1 Llem nigxio 3actocoByeTbCca Ans

OUiHIOBAHHS PO34INbHOrO MNPOMIXKY Yy AyXe Benukux
cnopygax abo y cnopygax cknagHoi doopmu.

MPUMITKA 2 [Ona ob4yucneHHa koediuieHTiB kc Ans
OKpeMWX NPOBiIAHMKIB MOXe BYyTW BUKOPUCTAHO YUCNOBI
MepexeBi nporpamu.

7 O6cnyroByBaHHA Ta nepeBipka LPS
7.1 3aranbHi NONOXEHHA

EdektnBHicte b6yab-akoi LPS 3anexutb Big
Toro, sk ii Oyno BCTaHOBIEHO, $K BOHa
obcnyroByetbCs Ta 3a SKAMUM  MeToAaMu
nepesBipaeTbCS.

MepeBipka, BUNpobyBaHHA Ta 06CNYyroByBaHHS
HE MOXYyTb MPOBOAMTMCA B YMOBax rpo30BOi
Hebe3nekn.

MPUMITKA [etanbHy iHdopmauito wopo ornagy i
TexHiyHoro obcnyrosyBaHHa LPS noganoy E.7.

7.2 3acTocyBaHHs nepeBipok

MeToto nepeBipoKk € BCTAHOBJSIEHHSA TOrO, WO

a) LPS Bignosigae npoekTy, 9KMN I'PYHTYETLCH
Ha LbOMYy CTaHOapTi,

b) yci enemenHtn LPS € y pobpomy cTaHi i
34aTHi BUKOHYBATU CBOI NPOEKTHI PyHKUIT, i
L0 KOpO3is BiACYTHS,

C) yci HegaBHO AodaHi nocnyrn abo KOHCTPYKUii
BOynoBaHo go LPS.

7.3 NMopapok nepeBipokK

[MepeBipkn HanexuTb NPOBOAUTWU BIAMOBIOHO
0o 7.2 TaKMM YMHOM:

- Mig yac cnopyaxeHHsa oyaisni (cnopyam) 3
MeTO nepeBipkn BOyAOBaHUX €NEeKTPOAiB;

- nicng BctaHoBneHHsA LPS;

- NepiognyHo 3 iHTepBanamu, ski
BM3HA4YalOTbCA 3aeXHo Big xapakTepy
Oyaisni (cnopyau), Wo 3axuwaetscs, To6T0
Bi HAaAABHOCTI npobnem 3 Kopo3siel Ta Big
knacy LPS;

MPUMITKA [LOna oTpuMaHHa pJeTanbHoOi iHdopMmauii
aneucb E.7.

- Nicns BHECEHHS 3MiH Y/ peMOHTy, abo konu
Bigomo, Wwo 6yaisnsa (cnopyga) byna ypaxeHa
6nnckaBKolo.
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When the air-terminations or down-conductors
have different values of current flowing down
their lengths due to interconnecting ring
conductors, Figures C.4 and C.5 apply.

NOTE 1 This approach is suitable for evaluation of the
separation distance in very large structures or in
structures with complex shape.

NOTE 2 For the calculation of the coefficients, kc on the
individual conductors numerical network programs may
be used.

7 Maintenance and inspection of an LPS
7.1 General

The effectiveness of any LPS depends on its
installation, maintenance, and testing methods
used.

Inspections, testing and maintenance shall not
be conducted during threat of thunderstorms.

NOTE Detailed information on the inspection and
maintenance of LPS are provided in Clause E.7.

7.2 Application of inspections

The objective of the inspections is to ascertain
that

a) the LPS conforms to the design based on
this standard,

b) all components of the LPS are in good
condition and capable of performing their
designed functions, and that there is no
corrosion,

c) any recently added services or constructions
are incorporated into the LPS.

7.3 Order of inspections

Inspections should be made according to 7.2 as
follows:

— during the construction of the structure, in
order to check the embedded electrodes;

— after the installation of the LPS;

— periodically at such intervals as determined
with regard to the nature of the structure to
be protected, i.e. corrosion problems and
the class of LPS;

NOTE For detailed information see Clause E.7.

— after alterations or repairs, or when it is
known that the structure has been struck by
lightning.
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Mig yac nepioANYHMX NepeBipOK € NPAKTUYHO O
Ba>KMMBUM MEPEBIPUTUN HACTYMHE:

- 3HOLLUEHHS Ta KOPO3ist efleMEeHTIB
nepexonsoBadiB, NPOBiIAHUKIB i 3'eqHaHb;

- KOpO3ia y3eMntoBaNlbHHUX ENEeKTPOAIB;

- BEJIMYMHA OMNopy 3eMfli CUCTEMU 3EMIISTHOTO
3aKiH4YeHHS;

- CTaH 3'eQHaHb, eKBINOTEHUINHUX 3'€dHaHb Ta
€fIeMEHTIB KpinfieHHs.

7.4 TexHi4YHe o6cnyroByBaHHA

PerynapHa nepeBipka € OAHiel cepepj
rONOBHMX YMOB, HafiiHOro o6CcnyroByBaHHS
LPS. BnacHwuk ManHa Mae OyTK
noiH(popMOBaHUI NPO YCi BUABMEHI HeOoniku
Ta BOHW MaloTb ycyBaTucH 6e3 3BOnikaHb.

8 3axoau 3axucTy Big 3arpo3u Ans XKuUTTA
yHacnigok Aii Hanpyru A0TUKY Ta KPOKOBOI
Hanpyru

8.1 3axoamu 3axucTy Bia Hanpyru AOTUKY

3a neBHUX YMOB OnM3bKiCTb  [JO3EMHUX
npoBigHukiB LPS moxe 6yt HebeaneyHow Ans
XUTTSA, HaBiTb Akwo LPS 6yna cnpoekTtoBaHa i
CKOHCTpyMOBaHa BigMnoBiAHO A0 BULLe3ragaHux
BUMOT.

Hebe3neka 3HMXYETbCS 40 NPUNHATHOIO PiBHS
3a BUKOHAHHSA OOHI€l 3 TaKUX YMOB:

a) 3a HopMarnbHWX YMOB eKcnnyaTauii Hemae
niogen y wMexax 3 M Big [03EMHUX
NpoBiAHUKIB;

b) BMKOpuUcTOBYETHCSA cucTeMa npuHamMHi 3 10
[03eMHNX NPOBIAHMKIB 3rigHo 3 5.3.5;

C) KOHTaKTHMI ONip NOBEPXHEBOrO Wapy rpyHTy
y Mexax 3 M Biag A03eMHUX NPOBIiAHUKIB
CTaHOBUTb He MeHue, Hixk 100 kKOm.

MPUMITKA Lap isontoBanbHoro martepiany, npumipom,

accanbTy, 3aBToBWKM 5 cm (abo wap piHHA 15 cm

3aBTOBLIKM)  3a3Buyanm  3MeHwye Hebesneky Ao
NPUNHATHOTO PiBHSA.
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During the periodic inspection, it is particularly
important to check the following:

— deterioration and corrosion of air-termination
elements, conductors and connections;

— corrosion of earth electrodes;

— earthing resistance value for the
earth-termination system;

— condition of connections, equipotential
bonding and fixings.

7.4 Maintenance

Regular  inspections are among the
fundamental conditions for reliable
maintenance of an LPS. The property owner
shall be informed of all observed faults and
they shall be repaired without delay.

8 Protection measures against injury to
living beings due to touch and step voltages

8.1 Protection measures against touch
voltages

In certain conditions, the vicinity of the
down-conductors of an LPS, may be hazardous
to life even if the LPS has been designed and
constructed according to the above-mentioned
requirements.

The hazard is reduced to a tolerable level if one
of the following conditions is fulfilled:

a) under normal operation conditions there are
no persons within 3 m from the
down-conductors;

b) a system of at least 10 down-conductors
complying with 5.3.5 is employed;

c) the contact resistance of the surface layer of
the soil, within 3 m of the down-conductor, is
not less than 100 kQ.

NOTE A layer of insulating material, e.g. asphalt, of 5

cm thickness (or a layer of gravel 15 cm thick) generally
reduces the hazard to a tolerable level.
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Akwo xooHa 3 UMX YMOB He BUKOHYETbCH,
HanexuTb BXWTU 3axXWCHUX 3axodiB NpoTu
3arpo3n Ang XKUTTS YyHacnigok Al Hanpyru
AOTUKY, SK OT:

- i30M110BaHHSA BiAKPUTO NPOKMageHoro
[03eMHOro NpoBiAHUKa, ke 3abeanevye
iMOynbCcHy MiyHictb y 100 kB, 1,2/50 mkc,
NPUMIPpOM, NPUHANMHI, 3 MM 3LIUTOrO
nonieTunexy;

- (hismyHa HegocCTynHicTb Ta/abo
nonepegXxyBarnbHi HANMCK AN 3MEHLLEHHS
NMOBIPHOCTI JOTUKY 4O AO3EMHOro
nposigHuka.

3axoaum 3axucTty MalTb BignosigaTu
NPUAHATHUM cTaHgapTam (gus. ISO 3864-1).

8.2 3axoaun 3axucCTy Big KPOKOBOI Hanpyrum

3a neBHUX yMOB, OnM3bKICTb [J03EMHUX
NpOBiAHUKIB MoOXe OyTu HebeaneyHow Ans
XUTTA, HaBiTb Akwo LPS 6yna cnpoektoBaHa i
CKOHCTpyMOBaHa BigNOBIAHO A0 BuLie3ragaHux
BMMOT.

HebGe3neka 3HUXYETbLCA 4O NPUAHATHOIO PiBHS
3a BUKOHAHHSA OOHI€l 3 TaKUX YMOB:

a) 3a HopManbHMX YMOB eKcnnyaTauii Hemae
nwogen y wmMexax 3 M Big [O03eMHUX
NPOBIOHUKIB;

b) BukopmnctoByeTbca cuctema npuHammHi 3 10
[03eMHUX NPoBIAHMKIB 3rigHO 3 5.3.5;

C) KOHTaKTHUI ONip NOBEPXHEBOrO Wapy rpyHTy
y Mexax 3 M BiA O03eMHMX MPOBigHUKIB
CTaHOBUTb HE MeHLe, Hix 100 kKOm.

MPUMITKA Wap isontoBanbHOro matepiany, npumipom,

acanbTy, 5 cm 3aBToBWKM (abo wap piHHA 15 cm

3aBTOBLWKKN) 3a3Buyanm  3meHwye Hebesneky Ao
NMPUNHATHOrO PiBHA.

Akwo kogHa 3 UMX YMOB HE BUKOHYETbCS,
HanexmTb BXWUTU 3axMCHUX 3axodiB MpoTu
3arpo3y Ons XKUTTS yHacnigok Ail KpOKOBOi
Hanpyru, siK oT:

- BUPIBHIOBaHHSA noTeHUianis 3a 4ONOMOro
CiTKOBOT CUCTEMM 3EMNSAHOIO 3aKiHYEHHS;

- (bisnyHa HepoCTynHicTb Ta/abo
nonepegxyBarbHi HANUCK NS 3MEHLLEHHS
MMOBIPHOCTI AOCTyny 00 HeGe3ne4vyHoi 30Hn Y
Mexax 3 M Big 0O3eMHUX NPOBIAHUKIB.

3axoaum 3axucTy MalTb BignosigaTtun
NPUNHATHUM cTaHgapTam (gus. ISO 3864-1).
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If none of these conditions is fulfilled,
protection measures shall be adopted against
injury to living beings due to touch voltages as
follows:

— insulation of the exposed down-conductor is
provided giving a 100 kV, 1,2/50 ys impulse
withstand voltage, e.g. at least 3 mm
cross-linked polyethylene;

— physical restrictions and/or warning notices
to minimize the probability of
down-conductors being touched.

Protection measures shall conform to the
relevant standards (see ISO 3864-1).

8.2 Protection measures against step
voltages

In certain conditions, the vicinity of the
down-conductors may be hazardous to life
even if the LPS has been designed and
constructed according to the above-mentioned
rules.

The hazard is reduced to a tolerable level if one
of the following conditions is fulfilled:

a) under normal operation conditions there are
no persons within 3 m from the
down-conductors;

b) a system of at least 10 down-conductors
complying with 5.3.5 is employed;

c) the contact resistance of the surface layer of
the soil, within 3 m of the down-conductor, is
not less than 100 kQ.

NOTE A layer of insulating material, e.g. asphalt, of 5

cm thickness (or a layer of gravel 15 cm thick) generally
reduces the hazard to a tolerable level.

If none of these conditions is fulfilled,
protection measures shall be adopted against
injury to living beings due to step voltages as
follows:

- equipotentialization by means of a meshed
earth-termination system;

- physical restrictions and/or warning notices
to minimize the probability of access to the
dangerous area, within 3 m of the
down-conductor.

Protection measures shall conform to the
relevant standards (see ISO 3864-1).
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OdopaTtok A
(o6oB'A3koBMIA)

Po3milweHHA cuctemun
nepexonsioBadiB

A.1 Po3mileHHn cucrtemum
nepexonmneHHA 3a BUKOPUCTaAHHA
MeToAy 3aXUCHOro KyTta

A.1.1 3aranbHi NONOXEHHSA

Po3miweHHs cuctemm nepexonneHHd
BBaXaeTbCs  BignNoBigHUM, sgKwo Oyaisns
(cnopyga), WO  3axuvlWaeTbCs, MNOBHICTHO

3HAXoOMTbCA Yy Mexax 3axuuieHoro ob’emy,

AKUN 3abes3neyvyeTbes CUCTEMOIO
nepexornsieHHs.
Ons BM3HAYEHHS 3axuLieHoro o6’emy

HalneXuTb 6paT|/| 0o yBarm nuue peaani

Pi3nyHi po3mipu MeTaneBoi cuctemmu
nepexonneHHss 6rnckaBku.

A.1.2 O6G’em, wo 3axmLlaeTbCcA
BepPTUKaNbHUMU CTPUXKHAMM cuctemm
nepexonsfieHHs

O6’em, WO 3axulaeTbCss  BepTUKaNbHUM

CTPMXHAMM, NPUAMAETbCA TakuM, WO Mae
dOopMy NpsSIMOro KpyroBOro KOHyca, BepluuHa
SIKOro po3TalloBaHa Ha ocCi
6nuckaskonpunmada, 3 NOSIOBUHHUM KYTOM Mpu
BEPLWMWHi a, 3anexHo Big knacy LPS, Tta Ha
BUCOTi CUCTEMU MEPEXONIIEHHS, Ky NOAAHO Yy
Tabnuui 2. Tlpuknagu 3axuueHoro o6’emy
HaBepaeHi Ha Puc. A.1i A.2.

B
YMOBHiI NO3Ha4YeHHA
A BepxiBka CTpWXHsI GrimckaBkonpuiimaya
B 6asoBa nnowunHa
OoC paaiyc 3axuLLeHOoi 30HU
h1 BUCOTa CTPWXHA nepexonsioBavya Haa 6as3oBoio
NIOLWMHOK 30HU, SIKY HaneXuTb 3aXUCTUTu
a 3axucHUi KyT BignosiaHo go Tabnwuui 2

62305-3 © IEC:2010(E)

Annex A
(normative)

Positioning the air-termination
system

A.1 Positioning the air-termination
system when utilizing the protection
angle method

A.1.1 General

The position of the air-termination system is
considered to be adequate if the structure to be
protected is fully situated within the protected
volume provided by the air-termination system.

For the determination of the volume protected
only the real physical dimensions of the metal
air-termination systems shall be considered.

A.1.2 Volume protected by a vertical rod
air-termination system

The volume protected by a vertical rod is
assumed to have the shape of a right circular
cone with the vertex placed on the
air-termination axis, semi-apex angle a,
depending on the class of LPS, and on the
height of the air-termination system as given in
Table 2. Examples of the protected volume are
given in Figures A.1 and A.2.

=
IEC 2649/10

Key

A tip of an air-termination rod

B reference plane

oC radius of protected area

h1 height of an air-termination rod above the

reference plane of the area to be protected
a protection angle according to Table 2

Figure A.1 — Volume protected by a vertical air-termination rod

PucyHok A.1 - O6’eMm, WO 3aXULLAETLCSA BEPTUKANIbHUM CTPUXKHEBUM NepexonsioBavyem
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YMOBHI NO3Ha4YeHHA Key

h1 BUCOTa CTPUXHA nepexonnioBavya Hag 6a3oBoi h1 physical height of an air-termination rod

NTOWNHOK 30HU, AKY HaNeXunTb 3aXnUCTUTU

MPUMITKA Kyt 3axucTy ai Bianosinae BUCOTI
nepexonntosaya h, WO € BUCOTOI HaJ NOBEPXHE MOKpIBSi,
W0 3axuwaeTbCcs; KyT 3axucTty a2z BiANoBiAae BUCOTI
h2 = h1 + H, 3emns € 6a30B00 NMOLLNHOW; a1 NOB'A3aHUNA 3
h1 Ta a2 noB’saA3aHuin 3 hoe.

NOTE The protection angle ar corresponds to the
air-termination height hs, being the height above the roof
surface to be protected; the protection angle a2z corresponds
to the height h2 = hs + H the ground being the reference
plane; a1 is related to hr and az is related to he.

Figure A.2 — Volume protected by a vertical air-termination rod

PucyHok A.2 - O6’eMm, L0 3aXULLAETLCS BepTUKaNIbHUM CTPUXXHEBUM MepexonsioBayem

A.1.3 0O6G’em, WO 3axXULWAETLCA OPOTOBOIO
CUCTEeMOIO NepexonneHHs

Ob6’em, o 3axmulaeTbcs OpOoTOM,
BM3HAYaETbCS KOMMOHYBaHHAM 06’emy, SAKuUn
3axuLLaeTbCsa BipTyanbHUMW BepTUKANbHUMMU
CTPWMXKHAMM 3 BeplwnHaMmun Ha apoTi. MNpuknagu
3axuuieHoro o6’emy HaBegeHi Ha Puc. A.3.

MPUMITKA Ous. Puc. A y SKkoCTi knto4a.

A.1.3 Volume protected by a wire
air-termination system

The volume protected by a wire is defined by
the composition of the volume protected by
virtual vertical rods having vertexes on the
wire. Examples of the protected volume are
given in Figure A.3.

A

IEC 2651/10
NOTE See Figure A.1 for key.

Figure A.3 — Volume protected by a wire air-termination system

PucyHok A.3 - O6’em, L0 3aXULLAETLCA APOTOBOK CUCTEMOIO NMepexonseHHs
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A.1.4 OG’em, WO 3axuwWaeTbcA [poTamu,
06'eAHaHMMM Yy CiTKYy

O6’em, o 3axumuiaeTbcs apoTtamu,
ob6'egHaHMMM y CiTKY BM3HaA4Ya€ETbCH
kombiHauieo  3axuweHoro ob'emy, akun

BM3HAYaeTbCA OQMHAPHMMWN NPOBIAHUKAMMU, SKi
YTBOPIOIOTb CiTKY.

Mpuknagn o6’emy, WO 3axMWaeTbCss gpoTamu,
o6'eagHaHMmMK y CiTKy, HaBedeHi Ha Puc. A4 i
A.5.

62305-3 © IEC:2010(E)

A.1.4 Volume protected by wires combined
in a mesh

The volume protected by wires combined in a
mesh is defined by a combination of the
protected volume determined by the single
conductors forming the mesh.

Examples of the volume protected by wires
combined in a mesh is given in Figures A.4 and
A.5.

r, as determined by Table 2
r, ik IOro B1u3HayeHo y Tabnuui 2

h2

7/
X r2=hytan o

Air-termination
[MepexonntoBay \

————

T T N ——

IEC 2652/10

Figure A.4 — Volume protected by isolated wires combined in a mesh according
to the protection angle method and rolling sphere method

PucyHok A.4 - O6'eMm, WO 3aXMLLAETLCA i30JIbOBaAaHUMU APOTaMU, 06'€AHAHMUMM Y CiTKY,
BiAnoBiOAHO OO MeToAy 3aXUCHOrO KyTa i Metoay cepu, WO KOTUTLCA
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Wm as determined byTable 2
Wm K A0r0 BM3HayeHo y Tabnuui 2

IEC 2653/10

Figure A.5 — Volume protected by non-isolated wires combined in a mesh according
to the mesh method and the protection angle method

PucyHok A.5 - O6'eM, L0 3aXMLLIAETLCA Hei30NIbOBaHMMM ApoTaMu, 06'eAHaHUMM Y CiTKy BignoBigHO A0
MeToAy CiTK/ Ta MeToAy 3aXUCHOro KyTa

A.2 Po3milleHHSA cuctemMm
nepexonsieHHA 3a BUKOPUCTaHHSA
MeTtoay ccepu, WO KOTUTLCA

3acTtocoByluM  Uen  MeToh, pPO3MilLeHHS
cuctemmu NnepexonneHHs BBa)Xa€TbCH
BiANOBIAHMM, $KWO »>OAHa Touyka OypiBni
(cmopygm), WO 3axuWaeTbCs, He TOPKaeTbCSH
ctbepun pagiycom r, 3anexHo Big knacy LPS
(omB. Tabnuuto 2), WO KOTUTbLCHA HaBKOMO Ta
BepxiBkoto OyaiBni (cnopyaun) B yCiX MOXIMBUX
HanpsmMkax. Takum YMHOM, cdepa TOpPKaeTbCs
nuwe cuctemu nepexonnwoBadiB (aue. Pwuc.
A.6).

Ha ycix OygiBnax (cnopygax), BULMX HiX
pagiyc r cdepu, WO KOTUTbCS, MOXYTb
BigOyBatnuca cnanaxum p[Jo dacagy Oygieni
(cnopyoun). KoxHa 6iyHa Touka OypiBni
(cmopygu), <koi TopkaeTbca cdepa, Wo
KOTUTbCS, € MOXIUBOI Toukow yaapy. OgHak,
MMOBIipHICTb cnanaxiB y 6ik 6yaisni (cnopyawn),
3asBuYan, € HesHa4vyHot Ans 6yaisenb (cnopyn)
[o 60 M 3aBBULLKK.

A.2 Positioning of the air-termination
system utilizing the rolling sphere
method

Applying this method, the positioning of the
air-termination system is adequate if no point of
the structure to be protected comes into
contact with a sphere with radius, r, depending
on the class of LPS (see Table 2), rolling
around and on top of the structure in all
possible directions. In this way, the sphere only
touches the air-termination system (see Figure
A.6).

On all structures higher than the rolling sphere
radius r, flashes to the side of structure may
occur. Each lateral point of the structure
touched by the rolling sphere is a possible point
of strike. However, the probability for flashes to
the sides is generally negligible for structures
lower than 60 m.
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Ons  6inbw Bucokmx 6Gypisens (crnopya)
OCHOBHa YacTuHa ycix crnanaxis npunagatnme
Ha BepXiBKy, ropuM3oHTanbHi BUCTYMHi pybwu i
KyTu Oyaisni (cnopygw). Jlvwe Kinbka BiaCoOTKIB
yCix cnanaxie npunage Ha O6i4HYy NOBEPXHIO
Oyaisni (cnopyan).

Kpim Toro, gaHi cnoctepexeHb BKa3yTb Ha Te,
WO WMMOBIpPHICTE crnanaxiB y Oi4Hy MOBEPXHIO
3HAYHO 3MEHLIYETLCS 3 BMCOTOK TOYKM yaapy
Ha BUCOKUX ByaiBnax (cnopyaax), SKWO MipaTu
Big 3emni. Tomy cnig npuainutn yeary
BrawTyBaHHIO BivHOI cucTtemm
nepexonsitoBadiB Ha BEPXHiIN YaCTUHI BMCOKUX
Ooynisenb (cnopyn) (3a3sudan, BepxHi 20% Big
BucoTu b6ygieni (cnopyan)). Y ubomy BUNagky
MeTon chepu,Lwo KOTUTbCH, oyne
3aCTOCOBYBaTUCb NuWwe A0  PO3MilleHHS
CUCTEMWU MepexonmnioBaYviB BEpPXHbOI YaCTUHU

Oyaisni (cnopyan).

H<60m

I 000000000

I Air termination system
Cuctema nepexonnioBadvis

r_» Radius of rolling sphere

Papiyc cdepu, Wwo koTutbes

62305-3 © IEC:2010(E)

For taller structures, the major part of all
flashes will hit the top, horizontal leading edges
and corners of the structure. Only a few per
cent of all flashes will be to the side of the
structure.

Moreover, observation data show that the
probability of flashes to the sides decreases
rapidly as the height of the point of strike on tall
structures when measured from the ground.
Therefore consideration should be given to
install a lateral air-termination system on the
upper part of tall structures (typically the top 20
% of the height of the structure). In this case
the rolling sphere method will be applied only to
the positioning of the air-termination system of
the upper part of the structure.

H>60m
0,8 H

7

IEC 2654/10

NOTE The rolling sphere radius, r, should comply with the selected class of LPS (see Table 2).

MPUMITKA Pagiyc cdepwm, Wo koTuTbCS, 1, Mae Bignosigatu obpaHomy knacy LPS (aus. Tabnuuo 2).

Figure A.6 — Design of an air-termination system according to the rolling sphere method
PucyHok A.6 - KoHcTpyKUisa cucteMm nepexonnioBavis BignosigHo Ao meToay cdepu,Llo KOTUTLCA
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A.3 Po3miweHHs cuctemm
nepexonoBaYviB 3a BUKOPUCTAHHSA
MeToAy CiToK

Ons 3aXuUCTy MNOCKMX NOBEPXOHb
BUKOPUCTOBYETbLCA CiTKa, abu 3axuCTUTU YClo
MOBEPXHIO, 3a YMOBM BUKOHAHHS YCiX YMOB,
HaBedEHUX HMXKYe:

a) MNMpoBigHMKN NepexonneHHs po3TalloBaHi
- NiHiSMK Kpato NoKpiBni,
- Ha npwudinkax,

- NiHIIMW KOHUKY NOKPIBINIi, AKLWO Haxun
nokpieni nepesuwye 1/10.

MPUMITKA 1 MeToa cCiTok € npuaaTHum gns
rOpPU3OHTanNbHUX | NOXUNUX AaxiB, 6€3 KPUBU3HMU.

MPUMITKA 2 MeTop ciTOK € npupgaTHUM ANSA nNnackux
OiYHMX MNOBEPXOHb AN 3axucTty Big 6i4yHMX cnanaxis
6nuckaBku.

MPUMITKA 3 Akwo Haxun nokpieni nepesuwye 1/10,
3aMiCTb CiTKM MOXYTb BMKOPUCTOBYBaTUCb NapanenbHi
NPoOBiIAHWKM NepexonnioBaviB, 3a yMOBW, L0 BiACTaHb
MiX NpoBiAHUKAMW He nepeBullye HeOobOXiAHOT WHUpUHK
CiTKM.

b) Poamipu ciTkn nepexonntoBayiB He
nepeBuLLYIOTb BEMMYNH, NOJAHUX Y
Tabnuui 2.

c) Mepexa cuctemn nepexonnoBadvis
nobygoBaHa Takum YMHOM, LLO CTPyM
6nunckaBku 3aBxan 6yge npoxoanTu
NPMHaANMHiI ABOMa Pi3HUMU MeTaneBMMm
LWngxXamMn 4o CUCTEMMN 3EMIAHOTO
3aKiH4YEeHHS.

d) XXogHe meTaneBe ycTaTkoOBaHHA He
BUCTYyNae 3a mexi 06’emy, WO 3axmaeTbCs
cuctemMamMmn nepexonnoBadvis.

MPUMITKA 4 JopaTkoBa iHopMauis nogaHa y [logaTky

E.

e) MNMposigHunkn nepexonnioBayis NayThb,
HaCKIifIbKM L& MOXITMBO, HANKOPOTLLUM i
NPSMUM LUMIAXOM.
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A.3 Positioning of the air-termination
system utilizing the mesh method

For the purposes of protecting flat surfaces, a
mesh is considered to protect the whole
surface, dependent upon all of the following
conditions being fulfilled:

a) Air-termination conductors are positioned
— on roof edge lines,
— on roof overhangs,

— on roof ridge lines, if the slope of the roof
exceeds 1/10.

NOTE 1 The mesh method is suitable for horizontal and
inclined roofs with no curvature.

NOTE 2 The mesh method is suitable for flat lateral
surfaces to protect against side flashes.

NOTE 3 If the slope of the roof exceeds 1/10, parallel
air-termination conductors, instead of a mesh, may be
used provided the distance between the conductors is
not greater than the required mesh width.

b) The mesh dimensions of the air-termination
network are not greater than the values give
in Table 2.

c) The network of the air-termination system is
constructed in such a way that the lightning
current will always encounter at least two
distinct metal routes to earth-termination.

d) No metal installation protrudes outside the
volume  protected by  air-termination
systems.

NOTE 4 Further information can be found in Annex E.

e) The air-termination conductors follow, as far
as possible, the shortest and most direct
route.
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Odopatok B Annex B
(o6oB'A3koBMIA) (normative)
MiHimanbHUK Nnonepe4yHUn nepepis Minimum cross-section of the
BXigQHOro eKpaHy Kabento ans entering cable screen in order to
YHUKHEHHA HebGe3ne4yHoro iCKpiHHA avoid dangerous sparking
MepeHanpyrn Mk akTUBHUMW NPOBIgHUKAMU i The overvoltages between the active
€eKpaHoM kabento MOXYTb BUKNMKATU conductors and the screen of a cable may
HebeaneyHe iCKPiHHA 4epe3 CTpym Gnmnckaskw, cause dangerous sparking due to the lightning
AKUA Tedye ekpaHoM. [lepeHanpyru sanexaTtb current carried by the screen. The overvoltages
BiJ maTtepiany, po3mipy ekpaHy, a Takox Bij depend on the material, the dimensions of the
OOBXWHM | pO3MilLleHHs kabento. screen, and the length and positioning of the
cable.
MinimanbHa BenuuuHa Scuw (y MM?) nnoui The minimum value Scuw (in mm?) of the
nonepeyHoro nepepisy ekpaHy Ans yHUKHEHHS cross-sectional area of the screen to avoid
Hebe3neyHoro IiCKpiHHA BM3HA4YaeTbCcA 3a dangerous sparking is given by:
dhopmyrnoto:
Semin = Ug X po x L x 108) / Uy,  (mm?) (B.1)
ae where
I¢ CTPYM, Teue ekpaHoM, KA; I¢ is the current flowing on the screen, in
kA;
P €NeKTpPonpoBIAHICTb ekpaHy, QMm; Pe is the resistivity of the screen, in Qm;
Lc OOBXuHa kabent, M (gus. Tabnuuto Lc is the cable length, in m (see Table
B.1); B.1);
Uw iMOynbCHa BUTPMMYBaHa Hanpyra Uw is the impulse withstand voltage of the
€NeKTPUYHOI/eNeKTPOHHOI cnucTemm, electrical/electronic system fed by the
AKY XUBUTb Kabenb, KB. cable, in kV.

Table B.1 — Cable length to be considered according to the condition of the screen

Ta6nuua B.1 - [loBxunHa Kabento, sika 06MpaeTbCA BiANOBIAHO A0 CTaHY eKpaHy

Condition of the screen
CTaH ekpaHy

In contact with a soil with resistivity

K S p (Qm)
OHTaKTYE 3 'PYHTOM , MMTOMUIA ONip SIKOrO

L.<8xp

Insulated from the soil or in air

is the distance between the structure and the closest
earthing point of the screen

J - L
c
IsoneoBarwi Bia rpyHTy @60 y NoBITpi BiACTaHb Mix ByaiBneto (CropyAoto) i HANBNKYOK TOYKO
y3eMIeHHs1 ekpaHy
MPUMITKA Mae 0OyTu 3’'coBaHO, YW MOXeE BMHMUKATH NOTE It should be ascertained whether an

HENPUNHATHE NiABULLEHHA TemnepaTtypu iszonauii niHii
nig Yyac NPOXOoAXXEeHHs CTPyMy 6GNMCKaBKM Y3J0BX eKpaHy
niHii a6o npoBigHuWkiB NiHil. ns getanbHol iHpopmauii
aove. IEC 62305-4.

Mexi cTpyMy BU3HAYEHO AK:
— nns kabeniB 3 migHum ekpaHom Ir = 8 X Sc; and

— [ONs HeekpaHoBaHuMX kabeniB [F= 8 X n” S'c

ae
IF CTPYM Yy eKkpaHi, KA;
n’ 4MCNOo NPOBIAHUKIB;
Sc nonepeyvyHuit nepepia ekpaHy, Mm?;

S’c nonepeyYHnin nepepia KOXHOro NpoBigHMKa, MM?

unacceptable temperature rise for the insulation of the
line could occur when the lightning current flows along
the line shield or the line conductors. For detailed
information, see IEC 62305-4.

The limits of the current are given:
— for copper shielded cables, by Ir = 8 X Sc¢; and
— for unshielded cables, by IF=8 X n” S’c

where

Ie is the current on the screen, in kA;

n’ is the number of conductors;

Sc is the cross-section of the screen, in mm?;

S’c is the cross-section of each conductor, in mm?2.



62305-3 © IEC:2010(E)

Odonatok ¢
(oosigkoBun)

OuiHlOBaHHA po34inbHOI BigcTaHI

KoegiuieHT po3noaineHHs ke CTpymy
6nuckaBku nomik  GnunckaBkonpunMmadvamm
/0,03eMHUMUN MPOBIAHMKAMU 3aneXxuTb Big TUNy
CUCTEMU MepexonniBadiB, 3aranbHOro 4ucna
n, Big po3TallyBaHHSA [0O3eMHUX NPOBIOHUKIB,
BiJ CNONYYHUX KiNbLUEeBMX MNPOBIAHMKIB Ta BiA
TUNY CUCTEMU 3EMMAHOIO 3aKiHYEeHHS.

MPUMITKA 1 HeobxiaHa posfinbHa BiACTaHb 3anexuTb
Bif nafiHHA Hanpyru Ha HaWKOPOTWOMY LWRSaXy BiA
TOYKM, Oe po3rngaaaeTbCd pos3ginibHa BIACTaHb, A0

Hanbnmxyoi TOYKMN cucrtemu eKBIiNOTEHUINHNX
CNonyYeHb.

MPUMITKA 2 Incdopmauia y ubomy [JopaTky
3aCTOCOBYETbCSA ANA YCiX cxeM y3emneHHsa Tuny B i gnsa
CXeM y3eMIleHHs Tuny A, 3a yMOBM, LLO ONip pO3TiKaHHSA
CyCigHiX y3emnioBa4iB He Bigpi3HAeTbCcs bOinblwe Hix
yABiYi. AKWO onip po3TikaHHA OKpeMuX y3eMmniBadiB
BiApi3HA€ETbCA Binbl HixX yABiYi, npuiMaeTbCs, Wo kc =
1.

Konu nepexonntoBadi abo [o3eMHi NPOBIAHUKN
MalTb MNOCTIMHY  BENIMYUHY CTPyMy, LLO
NpPoOXoanTb B30BX npoBigHUKIB,
3actocoByTbCcs pucyHkn C.1, C.2 i C.3 (gus.
6.3.2. CnpoweHun nigxig).
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Annex C
(informative)

Evaluation of the separation
distance s

The partitioning coefficient k. of the lightning
current amongst the air-terminations
/down-conductors depends on the type of
air-termination system, on the overall number,
n, and on the position of the down-conductors
and on the interconnecting ring conductors,
and on the type of earth-termination system.

NOTE 1 The necessary separation distance depends on
the voltage drop of the shortest path from the point

where the separation distance is to be considered, to
the nearest equipotential bonding point.

NOTE 2 The information in this annex applies for all
type B earthing arrangements and for type A earthing
arrangements, provided that the earth resistance of
neighbouring earth electrodes do not differ by more than
a factor of 2. If the earth resistances of single earth
electrodes differ by more than a factor of 2, ke = 1 is to
be assumed.

When the air-terminations or down-conductors
have the constant value of current flowing over
the lengths of the conductors, Figures C.1, C.2
and C.3 apply (see 6.3.2. Simplified approach).

—_—
h
h+c -_— IEC 2655/10
¢ 2h+c

Figure C.1 — Values of coefficient k. in the case of a wire air-termination system

PucyHok C.1 — 3HauyeHHs KoediuieHTa kc 3a BUKOPUCTaHHSA APOTOBOI CUCTEMU NepexonntoBadyiB
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1 c
k,=—+0,1+0,2x3|—
2n h
YMOBHi NOo3Ha4YeHHA Key
n 3aranbHe YNCNO A03EeMHUX NPOBIAHUKIB n total number of down-conductors
c BiAiCTaHb BiJ OAHOrO 4O3E€MHOro NpoBiAHUKA A0 c distance of a down-conductor to the next
HacTynHOro 403eMHOro NpoBigHMKA down-conductor
h BiAcTaHb (abo Bucota) Mix KinbueBUMU h spacing (or height) between ring conductors

npoBigHMKaMu

MPUMITKA 1 PiBHAHHA Ans ke — ue HabGnuWXeHHs Ans
KyBiyHMXx 6ypiBenb (cnopya) i gna n = 4. BBaxaeTbcH,
O 3Ha4yeHHs h Ta ¢ 3HaxoAaAaTbCcsa y Mexax Big 3 go 20
M.

MPAMITKA 2 3a HasfsBHOCTI BHYTPIiWHIX [O3EeMHUX
NpoBiAHWKIB, iX Mae 6yTn BpaxoBaHO y 4yucni n.

NOTE 1 The equation for kec is an approximation for
cubic structures and for n 2 4. The values of h and c are
assumed to be in the range of 3 m to 20 m.

NOTE 2 If internal down-conductors exist, they should
be taken into account in the number n.

Figure C.2 — Values of coefficient k; in the case of multiple down-conductors system

PucyHok C.2 - 3HaueHHs KoedilieHTa k32 BUKOPUCTAHHA CUCTEMMU 3 KilbKOMa
[O03eMHMMM NpPOoBiAHUKaAMU
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0,33 | 0,50

>0

1,00

2,00

K, 0,57 | 0,60

0,66

0,75

K, 0,47 | 0,52

0,62

0,73

K, 0,44 | 0,50

0,62

0,73

K, 0,40 | 0,43

0,50

0,60

K, 0,35 | 0,39

0,47

0,59

k 0,31 0,35

0,45

0,58

c Distance from the nearest
down-conductor along the ridge

¢ BigcTaHb Big Hanbnux4yoro
[03eMHOro NpoBigHMKa Y340BX
KOHMKa

h Length of the down-conductor from
the ridge to the next equipotential
bonding point or to the
earth-termination system

h [OoBXuWHa [O3eMHOro NpoBigHMKa
Bif KOHMKa 40 HACTYMHOI TOYKMN
CUCTEMU €KBINOTEHUINHUX CMOMYyYeHb
abo 0O CUCTEMU 3EeMISIHOTO
3aKiHYEeHHS

The values of k¢, shown in the table,
refer to the down-conductors
represented by a thick line and a
strike point

3HauveHHs ke, WO HaBedeHi y Tabnuui,
CTOCYIOTbCA JO03EMHUX NPOBIAHUKIB,
nokasaHux TOBCTOH MiHi€0, | TOYKM

yhapy

The location of the down-conductor
(to be considered for k¢) is to be
compared with the figure
representative for that
down-conductor

Po3mileHHa o3eMHOro npoBigHuka
(KM po3rnagaeTbCs y CEHCi Ke)
HanexXuTb NOPIBHATU 3 PUCYHKOM,
XapakTepHUM And Lboro 403eMHOro
npoBigHMKa

The actual relation c/h is to be
determined. If this relation ranges
between two values in the columns,
ke may be found by interpolation

BusHavyaetbca dakTuyHe
cniBBigHoOWeEHHSN ¢/h. AKwo ue
CNiBBIAHOLWEHHA 3HAaX0AUTbCA Y
aianasoHi Mk ABOMa 3HAYEHHAMU Y
CTOBNUAX, Kc MOXHa 3HaWTW LWWNAXOM
iHTepnonauii

NOTE 1 Additional down-conductors
with more distance than illustrated in
the figures are of insignificant
influence.

MPUMITKA 1 JogaTkoBi 40O3€MHI
NpOBiAHUKM 3 BiACTaHHI0 GinbLoto,
HiX Ta, WO nokasaHa Ha pUCyHkKax,
MakTb HECYTTEBUI BNIUB.

NOTE 2 In case of interconnecting
ring-conductors below the ridge see
Figure C.4.

MPUMITKA 2 Y Bunagky
BUKOPUCTAHHSA CMONYYHUX KiNbLEBUX
NPOBIAHUKIB Nig KOHMKOM OWB. pUC.
C.4.

NOTE 3 The values are determined
by simple calculation of parallel
impedances following the formula of
Figure C.1.

MPUMITKA 3 3HauyeHHsA BU3HA4YeHO

NpPOCTUM pO3paxyHKOM napanenbHux
onopiB 3a popmynoto Ha Puc. C.1.

Figure C.3 (continued overleaf)
PucyHok C.3 (mpodoexeHHss Ha 360pomi)

IEC 2108/05
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K. 0,31 0,33 | 0,37 | 0,41
K. 0,28 | 0,33 | 0,37 | 0,41
K. 0,27 | 0,33 | 0,37 | 0,41
K. 0,23 | 0,25 | 0,30 | 0,35
K. 0,21 0,24 | 0,29 | 0,35
K. 0,20 | 0,23 | 0,29 | 0,35

IEC 2108/05

Figure C.3 — Values of coefficient k; in the case of a sloped roof

with air-termination on the ridge

PucyHok C.3 - 3HauyeHHs koedilieHTa k. y BUNagKy noxunoi nokpieni 3 6rimckaeskonpuimMmayem
Ha KOHUKY



k;
Exkcleb
k;
Ekaxle
k.
k_lx(kc2xlg+k03xh3+kc4xh4)
, C
ky=—4+0,1+0,2"3/—
n h,
Ko :F+0’1
1
kCS_F+O’O1
1
kc4—;
1
kcm:kc4__
n

total number of down-conductors
3ararnbHe YNCIOo JO03EMHUX NPOBIAHUKIB

BiCTaHb Mi>XX O3EMHUMW MPOBIgHUKAMMU

spacing (height) between ring conductors
BiACTaHb (BMCOTA) MiX KinbLEeBUMY NPOBiJHWKaAMU

total number of levels
3ararnbHe Y1crno piBHiB

distance to the nearest down-conductor
BifCTaHb 10 HANBNMXKYOro [O3EMHOro NPOBiAHMKA

height above the bonding point
BMCOTa Haf TOYKOI 3'€AHAHHSA

62305-3 © IEC:2010(E) — 66 —
> _ ki >
da—sa_k_kaxla db—sb
dczsc=_ixk03x/c deZSe
A2 §p= 0 (koy X Iy + Koy X hp) dy2 s,
— ¢ —>
hi $¥— ¢ —»| df @ _T_
E
da I
L]
' !
h2
Tr dy @ 5T
db
l I Iy,
v ® v
h3
5
de
L]
v
Iin 5ey .
Tr MOBHi NO3Ha4YeHHA
de n
L]
L. @ c spacing between down-conductors
h
hm
m
d
= IEC 2657/10

NOTE

If internal down-conductors exist, they should be taken into account in the number n.

MPUMITKA 2 3a HasiBHOCTi BHYTPILLHIX JO3eMHUX NPOBIAHWKIB, iX Mae ByTu BpaxoBaHO y Yuchi n.

Figure C.4 — Examples of calculation of the separation distance in the case of multiple
down-conductors with an interconnecting ring of the down-conductors at each level

PucyHok C.4 - Mpuknagun po3paxyHKy po3AinbHOi BiACTaHi 3a BUKOPUCTaHHSA KillbKOX
AO03eMHUX NPOBIAHUKIB 3i 3'eAHYBaNbHUM KiflbLEeM Ha KOXHOMY pPiBHi
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Number of
down-conductors
(e.g. acc. to LPS IlI)
n=24

1/n = 0,042

Yuncno noseMHux
NpoBigHUKIB

(Hanpuknag, BiANOBIAHO
po knacy LPS I1)
n=24

1/n = 0,042

Meshed air-termination
system (e.g. acc. to LPS

0,042

1

CityacTta cuctema
nepexonnoBayis
(Hanpuknag, BiANOBIAHO
o knacy LPS I11)

g

0,12 0,25

YMOBHi Nno3Ha4yeHHA
A, B, C To4kn ynopckyBaHHs
MPUMITKA 1 MNMpaBuna posranyXeHHsi CTPyMy:

a) Touka ynopckyBaHHS
CTpyM AiNUTbCHA Ha YMCIMEHHI MOXIMBI LUNAXU CTPyMy Yy
TouUi yNopcKyBaHHS no ciTyacTtoi cucteMmn
nepexonntoBavis.

b) MoganbLwi cnony4YeHHs (3NyYHMKN)
CTpym 3meHwWwyeTbess Ha 50% Ha 6yab-sikoMy HacTynHOMY
CMOJNYY€EHHI CiTKM MepexonsoBaviB.

c) [lozeMHun NpoBiAHUK
CTpym 3HOBY 3MeHLyeTbCA Ha 50%, ane Benu4ynHa ke He
Mae OyTu meHwoto 3a 1/n.
(n ... 3aranbHe YMCMNo A03EMHUX NPOBIAHUKIB)

MPUMITKA 2 3HayeHHs ke po3rnagatTbCs Big TOYKM
yaapy Ao npudinka. Wnax ysgoex npuyinka 4o 4O3eMHOMo
npoBigHWKa po3rnagaTn He mae noTpebu. 3HadYeHHs ke
Yy3[40BX A03EMHUX NPOBIAHWKIB 3anexaTb Bif 3Ha4YeHHS Kc
nepexonntoBayva, NPUESHAHOrO Ha MPUYINKY.

MPUMITKA 3 Ak nokasaHo BuLle, AKLWO Big TOYKM yaapy
00 MPUYINKY CITOK MEeHLWaE, BUKOPUCTOBYOTbLCH nuLLe
BiAMNOBiIAHI 3HAYEHHS ke, NOYMHAKOYWN Big TOYKK, A& Mae
OyTun po3rnsaHyTa BigCTaHb HAaBNMMXEHHS.

MPUMITKA 4 3a HasiBHOCTi BHYTPILLHIX 4O3EeMHUX
NpoBiAHWKIB, IX Mae 6yTu B3sATO 40 yBarn Ans BU3HAYEHHS
yucna n.

s = K; (kc1 xl1 + Kkeo xlp + ... + Kgn X/n)

Down-conductor

[03eMHWIN NPOBIQHNK

IEC 2658/10

Key
A, B, C injection points
NOTE 1 Rules for current partitioning:

a) Injection point
Current is divided by the number of possible current
paths at the injection point into the meshed
air-termination system.

b) Further junctions (joints)
Current is reduced by 50 % at any further joint of the
air-termination mesh.

c) Down-conductor
Current is again reduced by 50 %, but the value of ke must
not be less than 1/n.
(n ... total number of down-conductors)

NOTE 2 Values of kc have to be considered from the point
of strike to the edge of the roof. The path along the roof
edge to the down-conductor does not need to be
considered. The values of kc along the down-conductors
depend on the value of kc of the connected air-termination
at the edge of the roof.

NOTE 3 As shown above, if there are fewer meshes from
the point of strike to the edge of the roof, only the relevant
values of ke, beginning from the point where the proximity
distance is to be considered, have to be used.

NOTE 4 If internal down-conductors exist, they should be
taken into account in evaluating the number n.

Figure C.5 — Values of coefficient k_ in the case of a meshed air-termination system,
with a multiple down-conductors system

PucyHok C.5 3HaueHHs koedilieHTa k. 3a BUKOPUCTaHHA CiTYaCTOI CUCTEMU NepexonsioBaYis
3 KinlbkOMa A403eMHUMW NPOBiAHUKaMKU
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Odopatok D
(o6oB'A3kOBUN)

HopartkoBi BigomocTi agna LPS y
BUnNagKy oyaisenb (cnopypa) 3
pPU3MKOM BMOYXyYy

D.1 3aranbHi NnonoxeHHA

Llen npopaTok MicTUTb Ao4aTKOBI BIiAOMOCTI Ans
NPOEKTYBaHHSA, CMOPYOKEHHSA, MOAEpPHi3auii Ta
moaundikauii cuctem 3axucTy Big OGnuckasBku
ansa 6yaisens (cnopyn) 3 pM3MKoM BUOYXY.
MPUMITKA BigomocTi, siki MicTATbCSA Yy LbOMYy AoAaTKy
I'PYHTYIOTbCS Ha NPaKTUYHO NepeBipeHnx KoHdirypauiax
cucTeM 3axucty Big OnNuMcKaBKW, BCTAHOBMEHWX B
yMoBax, fe icHye HebGeaneka BUOYyxy. ABTOPUTETHUN
daxiBeub, HagineHu BiANOBIAHUMW MOBHOBAaXEHHSAMMU,
MOXe BUCYBaTK iHWi BUMOTK.

D.2 NlonaTKoBi TepMiHN Ta BU3HAYEHHSA

Ha popatok [o TepMiHIB Ta BU3Ha4YeHb,
NoAaHuUX y MyHKTi 3, TepMiHW Ta BU3HAYEHHS
IEC 60079-14:2007, a Takox Taki TepMiHK Ta
BM3HAYEHHA € 3aCTOCOBHMMW OO0 LbOro
aopaTtky.

D.2.1
TBepaAuni BUOYXOBUIN MaTepisn

TBepAa XimiyHa cnonyka, cymiw, abo npucTpin
3i 3gaTHicTIO BUOyXaTu y IKOCTi MOro OCHOBHOTO
abo 3aranbHOro nNpuaHavYeHHs

D.2.2
30Ha 0

micue, y skomy BuOyxoBa aTtmocdepa, WO
cknagaeTbes 3 cymiwi noBiTps Ta
nerkos3anMucTuUx pevyoBuH y opmi rasy, napu
abo TymaHy NpucyTHS NocTinHO abo BNpOOOBX
TpuBanux nepiogis abo 4acTto

[IEC 60050-426:2008, 426-03-03, 3miHeHuit]

D.2.3
30Ha 1

micue, y skomy BubyxoBa atmocdepa, LWo
cKkrnapaeTbcs 3 CyMiLLi nosiTps Ta
Nerko3anMmncTux pevyoBuH y opmi rasy, napm
abo TymaHy MOX€ BUHUKHYTU 32 HOpPMasbHOI
poboTu vac Big yacy

[IEC 60050-426:2008, 426-03-04, amiHeHnin] ™
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Annex D
(normative)

Additional information for LPS in the
case of structures with a risk of
explosion

D.1 General

This annex supplies additional requirements for
the design, construction, extension and
modification of lightning protection systems for
structures with a risk of explosion.

NOTE Information provided in this annex is based on
practically proven configurations of lightning protection
systems installed in applications where a danger of

explosion exists. The authority having jurisdiction may
give other requirements.

D.2 Additional terms and definitions

In addition to the terms and definitions of
Clause 3, the terms and definitions of IEC
60079- 14:2007, as well as the following terms
and definitions, are applicable to this annex.

D.2.1
solid explosive material

solid chemical compound, mixture, or device
with explosion as its primary or common
purpose

D.2.2
zone 0

place in which an explosive atmosphere
consisting of a mixture of air and flammable
substances in the form of gas, vapour or mist is
present continuously or for long periods or
frequently

[IEC 60050-426:2008, 426-03-03, modified] !

D.2.3
zone 1

place in which an explosive atmosphere
consisting of a mixture of air and flammable
substances in the form of gas, vapour or mist is
likely to occur in normal operation occasionally

[IEC 60050-426:2008, 426-03-04, modified]™
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D.2.4
30Ha 2

micue, y sikomy BubyxoBa atmocdepa, WO
cKknagaeTbes 3 CyMiLLi nosiTps Ta
nerkos3amMmUcTUX peyvyoBuH y opMmi rasy, napu
abo TymaHy He MOXe BUWHWUKHYTM 3a
HOpMarnbHOiI poboTK ane, AKWO0 BOHA BUMHUKHE,
To Oypne 30epiratuca nuwe  NpoTArom
KOpPOTKOro nepioay

MPUMITKA 1 Y ubomy BM3Ha4yeHHi cnoBo «36epiratuca»
o3Hayae niACyMKOBMI 4ac, npoTArom skoro 6yge
icHyBaTu nerkosavmucTta atmocdepa. LUe, gk npasuno,
cknagae y KiHUeBOMY MiACyMKy TpuUBamnicTb HaTikaHHSA 3
gopader  4yacy, HeobxigHoro Agnsa  po3cCiloBaHHS

3ammucToi atmocdepum nNo TOMY, HAK HaTiKaHHS
3ynuHMUnocs.

NMPUMITKA 2 BkasiBkM W000 4YacTOTU BUHUKHEHHSA Ta
TPMBANOCTi MOXYTb 6yTU B3ATi 3 HOPM, SIKi CTOCYHOTbCS
KOHKpeTHux ranysen abo goaaTkis.

[IEC 60050-426:2008, 426-03-05, 3amiHeHnii]™

D.2.5
30Ha 20

micue, y skoMy BubyxoBa atmocdepa y BUrMNAAI
XMapu 3aMUCTOro nNuiy y MOBITPIi MPUCYTHA
nocTinHo abo npoTdrom TpuBanoro 4acy, abo
yacTo

[IEC 60079-10-2:2009, 6.2, 3miHeHWI]

D.2.6
30Ha 21

Mmicue, y skomy Bubyxosa atmocdepa y BUrnsagi
XMapu 3auMuCcTOro nuny y MoBiTpi, MOXe
BUHUKHYTWU 3@ HOpManbHOT poboTu Yac Big yacy

[IEC 60079-10-2:2009, 6.2, 3mMiHeHMWN]

D.2.7
30Ha 22

micue, y skoMy BUGyxoBa atmocdepa y BUrNsAi
XMapu 3auMUCTOro nury y MoBIiTPi He MOXe
BUHUKHYTU Yy HOpMarnbHOMY pexumi poboTu,
ane {KWo BUHMKae, To byae 3bepiratucsa nuwe
NPOTAroM KOPOTKOro nepiogy

[IEC 60079-10-2:2009, 6.2, 3MiHEeHWH]
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D.2.4
zone 2

place in which an explosive atmosphere
consisting of a mixture of air and flammable
substances in the form of gas, vapour or mist is
not likely to occur in normal operation but, if it
does occur, will persist for a short period only

NOTE 1 In this definition, the word "persist" means the
total time for which the flammable atmosphere will exist.
This will normally comprise the total of the duration of
the release, plus the time taken for the flammable
atmosphere to disperse after the release has stopped.

NOTE 2 Indications of the frequency of the occurrence
and duration may be taken from codes relating to
specific industries or applications.

[IEC 60050-426:2008, 426-03-05, modified] !

D.2.5
zone 20

place in which an explosive atmosphere, in the
form of a cloud of combustible dust in air, is
present continuously, or for long periods, or
frequently

[IEC 60079-10-2:2009, 6.2, modified]

D.2.6
zone 21

place in which an explosive atmosphere in the
form of a cloud of combustible dust in air, is
likely to occur in normal operation occasionally

[IEC 60079-10-2:2009, 6.2, modified]

D.2.7
zone 22

place in which an explosive atmosphere in the
form of a cloud of combustible dust in air is not
likely to occur in normal operation but, if it does
occur, will persist for a short period only

[IEC 60079-10-2:2009, 6.2, modified]
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D.3 OcHoBHi BUMOTHM
D.3.1 3aranbHi NoNoXeHHA

Cuctema 3axucty Big OnuckaBkm mae 06yTu
CnpoeKToBaHa i BCTaHOBMNEHa TaKum YNHOM,
wob y pasi npamoro cnanaxy 6nuckaBku, He
BMHMKanNo edekTiB TOMJIEHHSA abo
PO3MOPOLLUEHHS, BUKMOYAYM TOYKY yaapy
6nuckaBKu.

MPUMITKA 1 HanexuTb Takox 3BaxaTW Ha MOXIUBICTb
ickpiHHS abo nolwkoaXeHHs y Touyui yaapy. Lie mae 6ytun
B3ATe OO  yBaru nigyac BU3HAYEHHSA Micus
po3TalyBaHHA MNpPUCTPOK nepexonnoBaya. [o3eMHi
nNpoBiAHWKM Mae ByTW BCTAHOBMEHO TakMM YMHOM, abwu
TemnepaTtypa camo3anMaHHs, xapakTepHa ans
Hebe3neyHoi 30HW, He Oyna nepeBuweHa Yy TUX
ob6cTaBMHax, Konm BUABNSAETbCS HEMOXITMBUM
npoknactu [JO3eMHi NpoBigHMKM no3a HebesnevyHow
30HOI0.

MPUMITKA 2 Bnnuey Ha enekTpuyHe obnagHaHHsa vyepes
yaap OnuUcKaBKM He MOXHa YHUKHYTU Yy OyOb-siKOMY
BUNagky.

D.3.2 Heo6xiaHi BigomMocTi

MpoekTyBanbHUK/MOHTaXHUK CUCTEMU 3aXUCTY
Big OnuckaBkm mae Oytm 3abeanevyeHun
KPECNEeHHsIMW  3axulLlyBaHOro nignpuemcTea
(nignpmemcTB) i3 3a3Ha4YeHHAM [LiNFHOK, Ha
AKNX BiabyBaTumeTbcs obpobka abo
3bepiraHHa  TBepauMx  BUOyxoHebe3neyHux
MaTepianis abo Hebe3neyHi OiNAHKK,
Mo3HaYyeHi HaneXHWM YMHOM BiAMNOBIOHO [0
IEC60079-10-1 Ta IEC 60079-10-2.

D.3.3 Y3emneHHs

Cuctema B-TVII'Iy ana  Cuctem 3eMIidHOoro

3aKiH4YeHHda, BignosBigHo go 5.4.2.2, €
nepeBaxHOo ans ycix cuctem
BnuckaBKko3axmucTy BUByxoHebe3neyHunx
cnopya.

MPUMITKA KoOHCTpYyKTVMB cnopyAu Moxe ABMSATU coboto
edeKkTUBHUI ekBiBaneHT KinbLeBOro nposigHWka Tuny B
(npumipom, MmeTaneBi NanuBHI TaHKK).

Onip 3emni cuctemum 3eMnaHOro 3akiHYEeHHS
OyaniBenb (cmopya), €Ki MicTaTb  TBepAi
BMbyxoBi mMaTepianu Ta BMOYXOBi Cymiwi, mae
OyTM sSKHaWMEHWMM 3 MOXIUBUX W He
nepesuwysaTtn 10 Om.

D.3.4 EKBinoTeHLiNHi cnony4yeHHs

3BUYanny cuctemy €KBINOTEeHLINnHNX
CNoNnyyeHb HanexuTb 3acTocoByBaTu Ang
CUCTEMU 3axuCTy Big BnuckaBku 3rigHo 6.2 Ta
ONs BCTAHOBMEHHs y BuOyxoHebe3neyHux
30Hax BignosigHo go IEC 60079-10-1 ta IEC
60079-10-2.
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D.3 Basic requirements
D.3.1 General

The lightning protection system shall be
designed and installed in such a manner that,
in case of a direct lightning flash, there are no
melting or spraying effects except at the
striking point.

NOTE 1 Sparks or damaging impact at the striking point
may also be experienced. This should be taken into
consideration in the determination of air-termination
device locations. Down-conductors should be installed
in such a way that the auto-ignition temperature given
by the source of the relative hazardous area are not
exceeded in those applications where it is not possible
to install down-conductors outside of the hazardous
area.

NOTE 2 Due to a lightning stroke, an impact on
electrical equipment cannot be avoided in every case.

D.3.2 Required information

The lightning protection system
installer/designer shall be provided with
drawings of the plant(s) to be protected, with
the areas in which solid explosive material will
be handled or stored or hazardous areas
according to IEC 60079-10-1 and IEC
60079-10-2 appropriately marked.

D.3.3 Earthing

A type B arrangement for the earth-termination
system, according to 5.4.2.2, is preferred for all
lightning protection systems for structures with
danger of explosion.

NOTE The construction of a structure may provide the
effective equivalent of the ring conductor of type B
arrangement (for example metallic storage tanks).

The earthing resistance of earth-termination
systems for structures containing solid
explosive materials and explosive mixtures
shall be as low as possible and not greater than
10 Q.

D.3.4 Equipotential bonding

Common equipotential bonding shall be
provided for the lightning protection system
according to 6.2 and for installations in
explosion endangered areas according to IEC
60079-10-1 and IEC 60079-10-2.
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D.4 Byaisni (cnopyau), Wo MicTATb
TBepAi BUOYyXOBi pe4OBUHMU

MpoekT 6GnuckaBko3axucty pgna  Oyaieenb
(cmopyn), wWwo mictaTb TBepai  BUOYXOBI
peyoBuMHK, Mae bpaTm [0 yBarm YyTnuBIiCTb
mMartepiany y Tin KoHdirypauii, y €kin BiH
BMKOPUCTOBYETbLCS abo 3b6epiraertbcs.
Hanpuknag, peski HevyTnuei cunki BUOYXOBI
pPEeYOBUHMN, MOXYTb He noTpebyBaTu XOOHOro
000aTKoOBOro  pos3rnsagy, Kpim - Toro,  wWo
MicTUTbCsa y ubomy [opatky. OgHak, iCHYHTb
neBHi  KOHdirypauii  4yTnmemx BUBYXOBUX
PEYOBUH, SAKIi MOXYTb OyTM 4yTnuBMMKU [0
WBUOKO3MIHHUX €NeKTpMyYHMXx nonie, Tta/abo
OMpPOMiHIOBaTUCh iMNYJTbCHUM
eneKkTpoMarHiTHMM nonem O6nuckaeku. Moxe
Oyt HeobXigHMM BCTaHOBMOBATW [04ATKOBI
BMMOTM WOA0 3’eAHaHb abo ekpaHyBaHHA AN
Taknx 3acToCyBaHb.

Ona Oyanisenb (cnopya), WO MiCTATb TBeEpAi
BMOYXOBI pEeYOBMHMU, pPEeKOMeHOYETbCS
BCTAHOBMNEHHS i30M1bOBAHOI 30BHiWIHBLOI LPS
(sx Bu3HaveHo y 5.1.2). byaisni (cnopyawn), wo
NMOBHICTIO 3HaAXo4ATbCA BCepeauHi mMeTaneBoil
0OONOHKM 3aBTOBLUKM He MeHLlle 5 MM 3i cTani
abo €KBiBaneHTHOro MaTepiany (ons
antoMiHIEBUX KOHCTPYKUIKN — 7 MM) MOXYTb
BBaXaTuUCs 3axuweHMmMn NnpupoaHoOi CUCTEMOLD
nepexonneHHs, 9k Bu3HayeHo y 5.2.5. [ns
Takux OyaiBenb (cnopys ) 3acTOCOBYHOTbLCS
BMMOTUM [0 Y3€MIEHHS, nogaHiy 5.4.
MPUMITKA Y Bunagkax, KOMU MOXYTb BUHUKHYTHU
npo6nemun, noe’sidaHi 3 MicueBuM neperpiBaHHamM abo
3anMMaHHAaM, HanexXxuTb nepecsigynTucAa, o
nigBULWEHHA TemnepaTypu BHYTPIiWHbOI MNOBEPXHi Yy
ToulUi yoapy He cCTaHOBUTbL HebGeaneku.

MpucTpoi 3axumcTy Big iMANYNbCHUX NepeHanpyr
(SPD) wmatTb Oyt nepepbaveHi y sKOCTI
yactuHm LPS pgna ycix wmicub, ge NpUCYTHI
BMOyxoBi pevyoBuHU. [e ue moxnueo, SPD
MatoTb OyTM po3TalloBaHi 3a MeXamu Tux
Micub, Oe& NpUCYTHI TBepAi BMOYXOBi peyoBuMHMU.
SPD, wo po3TalloBaHi ycepeauHi TuX Micub, e
NPUCYTHI BMOYyXOBI pPEYOBUHMU abo
BMOyxoHebe3neyHun  nun, MawTb  OyTu
BMOYX03axXMLLEHOrO TUMY.

D.5 byaisni (cnopyau), wo mMictaTtb
BMOyXoHebe3ney4yHi 30HuU

D.5.1 3aranbHi NONOXeHHA

3a MOXNMBOCTI, yCi YacTMHM 30BHIiWHBLOT LPS
(nepexonnioBayvi Ta [O3€MHi  NPOBIAHWKMK)
MaTb OyTM po3TawoBaHi Ha  BigCTaHi
LoHanmeHwe 1 m Big Hebe3ne4yHoT 30HU. Tawm,
O€ e HEMOXIMBO, MPOBIAHMKN, O NPOXOAATb
Kpiab ~ HebeaneyHy 30HYy, MawTb 0OyTu
nepeBaxHo HenepepBHMMM abo 3'egHAHHA Mae
OyTu BUKOHAHO 3rigHo 3 5.5.3.
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D.4 Structures containing solid
explosive material

The design of lightning protection for structures
containing solid explosive material shall take
into consideration the sensitivity of the material
in the configuration in which it is used or stored.
For instance, some insensitive bulk explosive
material may not require any additional
consideration other than those contained within
this annex. However, there are some
configurations of sensitive explosive materials
that may be sensitive to rapidly changing
electrical fields and/or radiated by lightning
impulsive electromagnetic field. It may be
necessary to establish additional bonding or
shielding requirements for such applications.

For structures containing solid explosive
materials, an isolated external LPS (as defined
in 5.1.2) is encouraged. Structures totally
contained within a metallic shell of at least 5
mm thickness steel or equivalent (7 mm for
aluminium structures) may be considered
protected by a natural air-termination system
as defined by 5.2.5. The earthing requirements
of 5.4 are applicable for such structures.

NOTE Where hot spot or ignition problems may arise, it
should be verified that the temperature rise of the inner
surface at the point of strike does not constitute a
danger.

Surge protective devices (SPDs) shall be
provided as part of the LPS for all locations
where explosive material is present. Where
practicable, SPDs shall be positioned outside
locations where solid explosive material is
present. SPDs positioned inside locations
where exposed explosives or explosive dust is
present shall be of explosion-proof type.

D.5 Structures containing hazardous
areas

D.5.1 General

All parts of the external LPS (air-termination
and down-conductors) shall be at least 1 m
away from a hazardous area, where possible.
Where this is not possible, conductors passing
within a hazardous zone should preferably be
continuous or connections shall be made in
accordance with 5.5.3.
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Hanexutb 3anobirtu BMUMNaAKoOBOMY
nocrnabneHHo 3'egHaHb y BUOyxoHebeaneyHnx
30Hax.

Ao Hebe3neyHa 30Ha 3HaxoamMTbCH
6e3nocepenHbO Nig 6nsxow, Ky Moxe OyTu
nponaneHo 6nuckaskot (auB. 5.2.5), mae 6yTun
BCTAHOBMEHO MNepexonnoBavi BiANOBIAHO A0
BUMOr 5.2.

D.5.1.1
nepeHanpyr

CTpuMmyBaHHA iMNynbCHUX

MpucTpoi 3axumcTy Big iMAOYNbCHUX NepeHanpyr
mMatTb OyTM posTawoBaHi no3a HebedneyHoto
30HOM, TaM, de ue € MNPakTUYHO MOXITUBUM.
MpucTpol 3axucTy BiA iIMNYNbCHUX NepeHanpyr,
LLIO po3TalloBaHi BcepeamnHi Hebe3neyHoi 30Hu,
MYyCATb MaTu AO3BiN Ans TuxX Hebea3neyHnx 30H,
y SIKUX TX BCTAHOBIEHO.

D.5.1.2 EKBinoTeHUiWHi 3’egHaHHA

Kpim 3’egHaHb BignoBigHO go Tabnuub 7 i 8,
Tpybonpogig, 3'e4HaHUN TaKNM YMHOM, LLO BiH €
€NeKTponpoBigHUM 3rigHO 3 5.3.5, Takox
MOXe B6yTu BUKOPUCTaHUN AK 3’€QHAHHS.

MeTtaneBi TpybonpoBoau, L0 NpPOXoasaTb Hapg
3emrel no3a TEXHOMNOrIYHMM YCTaTKOBaHHSAM,
MatTb OyTW y3eMmeHi NpMHaANMHI Wo KoxHi 30
meTpiB. ligknioyeHHa go TpybonpoBoaiB Mae
OyTM BUKOHAHE TakuMM uYuMHOM, WO6 nig 4ac
NPOXOKEHHS CTpymMy B6nunckaBku He
Binb6yBanochb iCKpPIHHS. MPUAHATHUMYN
NigKNYEHHAMUN 0o TpybonpoBogis €
npuBapeHi HakoHeyHukn abo wpybu, abo
Hapi3Hi OTBOPW Yy Kpucax Ans 3arBUHYyBaHHSA
wpy6. lMigkno4yeHHs 3a [OMOMOroK XOMYTIB
OOMYyCKaeTbCSA NuLle 3a YMOBU, WO, Y BUNagKy
NPOXOOXKEHHSA CTpyMy OnMCKaBKW, 3axuCT Bif
3aliMaHHa nigTBepAXeHo BUNpobyBaHHAMU i
BXWUTO 3axofiB Ana 3abeane4vyeHHA HaAiMHOCTI
3'eQHaHHS. 3'eQHaHHs MaTb OyTK
nepepbadeHi AnNa nNpuegHaHHS 3MYyYHUKIB i
y3eMmnoBanbHUX MNPOBIAHUKIB OO KOHTEWHepIB,
MeTaneBMX YacTUH KOHCTPYKUiT, ADKOK Ta
pesepsyapib.

EkBinoTeHUiNHi cnony4YeHHs GnNnMckaBKko3axmncTy
MK cucTemMow 3axucty Big 6nuckaBku Ta
iHLWNM ycTaTKOBaHHAM/OyaiBnamu
(cnopygamu)/obnagHaHHAM Mae
34iMCHIOBATUCS 3a Y3rOAKEHHAM 3 CUCTEMHUM
onepaTtopom. EKBINOTEHUINHI  cnonyyYeHHs
ONMCKkaBKO3axUCTy 3 BUKOPUCTAHHSM iCKPOBUX
NMPOMIXKIB HE MOXYTb BUKOHYyBaTuCb 6e3 3roam
CUCTEMHOro onepartopa. Taki NnpucTpoi MakTb
OyTn npugaTHUMKM AN cepenoBuLla, y Sskomy ix
BCTAHOBIEHO.
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Accidental loosening of connections in
hazardous areas shall be prevented.

Where a hazardous area is located directly
under a metal sheet that may be punctured by
lightning (see 5.2.5) air-termination shall be
provided in accordance with the requirements
of 5.2.

D.5.1.1 Surge suppression

Surge protective devices shall be positioned
outside the hazardous area where practicable.
Surge protective devices positioned inside the
hazardous area shall be approved for the
hazardous area in which they are installed.

D.5.1.2 Equipotential bonding

Beside connections according to Tables 7 and
8, piping, which is connected so that it is
electrically conductive according to 5.3.5 may
also be used as connections.

Above ground metal piping outside process
units shall be earthed at least every 30 m.
Connections to piping shall be of such a kind
that, in the instance of a lightning current
passage, there is no sparking. Suitable
connections to piping are welded-on lugs or
bolts or tap holes in the flanges for taking up
screws. Connections by means of clips are only
allowed if, in the instance of lightning currents,
ignition protection is proved by tests and
procedures are utilized to ensure the reliability
of the connection. Junctions shall be provided
for the joining of connection and earthing leads
to containers, metal construction parts, drums
and tanks.

Lightning equipotential bonding connections
between the lightning protection system and
other installations/structures/equipment will be
carried out with the agreement of the system
operator. Lightning equipotential bonding
connections utilizing spark gaps may not be
made without the agreement of the system
operator. Such devices shall be suitable for the
environment in which they are installed.
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D.5.2 byaiBni (cnopyau), Wo MiCTATbL 30HU 2
i 22

Bygisni (cnopyau), ge AiNAHKA BUM3HAYEHO SK
30HM 2 i 22, MOXyTb He noTtpebyBatu
A0[aTKOBMX 3aX0A4iB 3axXUCTYy.

[na 30BHIiWHIX cnopyd, BUKOHaHUX 3 meTany
(NpMMipoM, KOMOHKN, peakTopu, KOHTENHEPHU WO
MICTATb 30HM 2 | 22) TOBLWMHA i MaTepian saKkux
BignoBsigae BUMOram Tabnuui 3,
3aCTOCOBYETbLCS HACTYMHE:

- nepexonnioBadi Ta O3EMHI NPOBIOHUKN He €
NoTPiGHMUMU;

- crnopyan mae 6yTu ysemneHo BignoBiAHO A0
5.

D.5.3 byaiBni (cnopyau), wo MicTATb 30HMU 1
i 21
Ho 6ygisenb (cnopyn), Ae QiNSHKN BU3HAYEHO

AK 30HM 1 i 21, 3aCTOCOBYOTLCA BUMOrM Ans
30H 2 i 22 3 TAKUMWN OOMNOBHEHHAMMU:

- dKwo y TpybonpoBoaax € i3onAuinHi
BCTaBKW, onepaTop Mae BM3HAYNTK 3aXMUCHI
3axoan. Mpumipom, pynHIBHOrO iCKpPiHHSA
MOXHa YHUKHYTU LUIIXOM BUKOPUCTaHHS
BMOYX03axuLLEHMX, i300BANBbHUX iICKPOBUX
NPOMIXKiB;

- i3ontoBanbHi iCKPOBiI MPOMIXKM Ta i30NAUINHI
BCTaBkM Mae OyTu BCTaBneHO nosa
BUbyxoHebe3ne4yHumMn 3oHamu.

D.5.4 ByaiBni (cnopyam), wo MicTATb 30HM 0
i 20

Ho 6ypisenb (cnopyn), Ae QiNSHKN BU3HAYEHO
sk 30HM 0 i 20, 3acTocoBytoTbcs BuMorn D.5.3,
OOMOBHEHI pekomMeHAauissMu, HaBeOEHUMU Y
LbOMY MYHKTI, 3a BiANOBIAHUX YMOB.

[Jo 30BHIlIHIX O0O’€KTiB, WO MICTATb 30HMU,
BM3HayeHi sik 3oHM 0 i 20, 3acTOCOBYHOTbCS
BUMOrM OO0 30H 1, 2, 21 i 22 3 Takmmu
JOMOBHEHHAMMU:

- enekTpuyHe obnagHaHHA BCcepeauHi
pesepByapiB, WO MICTATb Nerko3anMncTi
piouHW, Mmae 6yTK NpuaaTHUM 4718 Takoro
3actocyBaHHA. Mae GyTu BXUTO 3axofis
woao 6nvMckaBko3axucTy BigNOBIAHO 40
TUNY KOHCTPYKUIT;

- Y 3aKkpuTuUX MeTaneBuX KOHTenHepax, 4Ki
MICTATb Y cObi OiNAHKN, BU3HAYeHi K 30HN O
i 20, TOBLMHA CTIiHKM Y MOXIUBUX TOUKaX
yoapy 6nuckaBKku Mae BignoBsigaTu
BenuynHam, HasegeHum y Tabnuui 3, 3a
YyMOBM, WO MiABUWEHHA TemnepaTypu
BHYTPILIHLOT MNOBEPXHi Yy Touui ydapy He
CTaHOBUTb Hebesnekn. 3a TOHLWIKMX CTiHOK
Mae OyTu BCTAHOBMEHO NepexonsioBayi.
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D.5.2 Structures containing zones 2 and 22

Structures where areas defined as zones 2 and
22 exist may not require supplemental
protection measures.

For outdoor facilities made of metal (e.g.
columns, reactors, containers with areas
containing zones 2 and 22) of thickness and
material meeting the requirements of Table 3,
the following applies:

— air-termination devices and down-conductors
are not required,;

— facilities shall be earthed according to
Clause 5.

D.5.3 Structures containing zones 1 and 21

For structures where areas defined as zones 1
and 21 exist, the requirements for zones 2 and
22 apply with the following additions:

— if there are insulation pieces in piping, the
operator shall determine the protective
measures. For instance, a disruptive
discharge can be avoided by the use of
explosionprotected, isolating spark gaps;

— the isolating spark gaps and the insulation
pieces shall be inserted outside the
hazardous areas.

D.5.4 Structures containing zones 0 and 20

For structures where areas defined as zones 0
and 20 exist, the requirements of D.5.3 apply,
supplemented by the recommendations given
in this clause as applicable.

For outdoor facilities with areas defined as
zones 0 and 20, the requirements for zones 1,
2, 21 and 22 apply with the following additions:

— electrical equipment inside tanks containing
flammable liquids shall be suitable for this
use. Measures for lightning protection shall
be taken according to the type of
construction;

— closed metal containers with areas defined as
zones 0 and 20 inside shall have a wall
thickness in accordance with Table 3 at the
possible lightning striking points provided
that the temperature rise of the inner surface
at the point of strike does not constitute a
danger. In the case of thinner walls,
air-termination devices shall be installed.
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D.5.5 CneuianbHi 3acTocyBaHHA

D.5.5.1 3anpaBHi cTaHuii

Ha 3anpaBHMX CTaHUiaX Ana  NerkoBux
aBTOMOGInNiB, kopabnis i T.iH. 3
BMbyxoHebe3neuyHnmm 30Hamu, MeTanesi

TpybonpoBoan mae 6yTu y3eMneHo BiANoBigHO
oo 5. Tpybonposoan mae 6yTtu 3'egHaHo 3i
CTaneBUMM KOHCTPYKUIiAMW i penkamu, SKLLO
Taki icHylTb (y pasi HeobxigHocTi 3a
A0MOMOrOH i30/1H0BaNIbHUX iICKPOBUX MPOMIXKIB,
OO03BONIEHUX AOnA Hebe3neyHux 30H, y SKUX
BOHM  BCTaHOBIOKOTLCHA), 3 ypaxXyBaHHAM
3ani3HUYHUX CTPYyMiB, MaHAPIBHUX CTPYMIB,
€NneKTPUYHOro ApeHaxy, CUCTEM 3 KaTOLHUM
3axXMCTOM Bif KOpOa3ii, Towo.

D.5.5.2 Pe3epByapwu

Heski TMMN KOHCTPYKLUiN, o
BUKOPUCTOBYIOTbCA AN 36epiraHHa pianH, SKi
MOXYTb YyTBOpIOBaTM 3aMUCTi BUnapwu, abo o
BUKOPUCTOBYBATUCS ans 30epiraHHs
3aMMUCTUX TrasiB, € 3a CBOIM XapaKTepom
CaM0O3axMCHUMM (micTaTbca NOBHICTIO
BCEpPEeANHI CyUiNbHUX MeTaneBux KOHTENHepIB,
O MakTb TOBLWHY HE MEHLWEe 5 MM Ans cTani
abo 7 MM pgnga  anomidilo, 6e3 ickpoBuX
NPOMIKKIB) i He BuMMarawTb [0OOAaTKOBOro
3axucty 3a  yMOBM, Wwo  nigaBULLEHHSA
TemnepaTtypu BHYTPIWHbOI MNOBEPXHi y Touui
yOoapy He CTaHOBUTb Hebeaneku.

AHanoriyHnm YNHOM, pesepByapu i
TpybonpoBoaun, sKi  BKPUTO TPYHTOM, He
noTpebylTb BCTAHOBMEHHS MepexonsoBaviB.
BumiptoBanbHi npunagn abo enektponpunaau,
WO BUKOPUCTOBYKTbCH BCEpeauHi  LUbOro
obrnagHaHHA MycsaTb MaTu [O3Bin ANs Takoro
3acTocyBaHHA. 3axoam 3 6GIMCKaABKO3axmcTy
BXWBaKTbCS BIAMNOBIAHO 0O TUNY KOHCTPYKUIT.

Ons pesepByapiB B pes3epByapHUx napkax
(Hanpuknag Ha HIM3 Ta pesepByapHUX
CXOBULIAX) [AOCTATHbO Y3EMJIEHHS KOXHOrO
pesepByapy nuwe B oAHinM Touui. PesepByapu
MatTb OyTn cnonyyeHi oguMH 3 ogHum. OKpim
cnonyk 3righo 3 Tabnuuyamn 8 i 9,
CNony4YHNKamum Takox MOXYTb Oytn
TpybonpoBoan, sKi 3’€AHAHO TaKUM YUHOM,
Wwobn BOHM BynM CTpyMOMpPOBIgHUMMK 3rigHO 3
5.3.5.

MPUMITKA Y pgeskux kpaiHax MOXYTb iCHyBaTW [0AaTKOBI
BMMOTH.

PesepByapn abo KOHTeWHepu, WO CTOATb
OKpemo, Mmae B6yTun y3eMrieHo BignosigHo ao 5,
3arexHo Big HaWbinbLWOro 3 ropuM3oHTanbHUX
BUMipiB (aiameTp abo OoOBXMHA) :

- 0o 20 m , 0gvH pas;

- noHag 20 m , ABivi.
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D.5.5 Specific applications
D.5.5.1 Filling stations

At filling stations for cars, ships, etc, with
hazardous areas, the metal piping shall be
earthed according to Clause 5. Piping shall be
connected with steel constructions and rails,
where existing (if necessary via isolating spark
gaps approved for the hazardous area in which
it is installed), to take into account railway
currents, stray currents, electrical train fuses,
cathodic-corrosion-protected systems and the
like.

D.5.5.2 Storage tanks

Certain types of structures used for the storage
of liquids that can produce flammable vapours
or used to store flammable gases are
essentially self-protecting (contained totally
within continuous metallic containers having a
thickness of not less than 5 mm of steel or 7
mm of aluminium, with no spark gaps) and
require no additional protection provided that
the temperature rise of the inner surface at the
point of strike does not constitute a danger.

Similarly, soil-covered tanks and piping do not
require the installation of air-termination
devices. Instrumentation or electrics used
inside this equipment shall be approved for this
service. Measures for lightning protection shall
be taken according to the type of construction.

The tanks in tank farms (for example refineries
and tank stores) the earthing of every tank at
one point only is sufficient. The tanks shall be
connected with each other. Besides
connections according to Tables 8 and 9,
piping which is connected so that it is
electrically conductive according to 5.3.5 may
also be used as connections.

NOTE In some countries additional requirements may exist.

Isolated tanks or containers shall be earthed
according to Clause 5, depending on the
greatest horizontal dimension ( diameter or
length):

- up to 20 m, once;
- over 20 m, twice.
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Y Bunagky pesepByapiB 3 nnaBaryMm [axom,
nrnaealymMn gax mae Oyt HaginHo 3'egHaHo 3

OCHOBHOMO 060noHKo pe3epByapa.
KOHCTpyKUia yWinbHeHb | 3’egHaHb Ta iXx
BiJHOCHE po3TallyBaHHS MalTb OyTH

peTernibHO NPoAYMaHi TakKUM YMHOM , W00 pusnk
3aMMaHHa MOXInMBOi BMOYXOBOiI Cymiwi Big
nignanbHOro iCKpiHHSA OyB 3BefeHu [Oo
HaMHMXYOro MOXIMBOrO piBHA. AKWoO Ha
pesepByapi 3 nraBaryMMm 4axOM BCTAHOBMEHO
ponukoBy  gpabuHy, THYYKUA  CMONYYHUN
npoBigHUK 35 MM 3aBLUIMPLIKMA Ta NPUHANMHI 3
MM 3aBTOBLUKM Mae OyTM BCTAHOBJIEHO Kpi3b
WwapHipn gpabuHn, MiXX gpabuHot Ta
BEpXiBKOW pes3epByapy, Mix aApabuHow i
nrnagalymMm gaxom. HAKwo pesepByap 3
nrnaBalyMm gaxom He obnagHaHO pPOSIMKOBOH
apabuHoto, ogmH abo OGinbwe (3anexHo BiA
po3MipiB pe3epByapy) THYYKMX CMOMNYYHUX
NpoBigHUKIB 35 MM 3aBLUNPLLKK Ta NPpUHANMHI 3
MM 3aBTOBLUKN, abo 1ioro ekBiBaneHT, mae 6yTu
BCTAHOBMEHO MiX MNnaBakwyMm gaxoMm Ta
obonoHkot pesepByapy. Cnony4Hi NpoBigHMKN
Mae 6yTM po3MilLEHO TakMM YMHOM, abu BOHM
He Morfnu yTBOpkBaTU neTnw, obepHeHy Ao
cepeauMHn. Ha pesepByapax 3 nnaBawyum
daxoMm Mae OyTu 3acTOCOBaHO YMCHMEHHI
y306iYHMKOBI CNOMYYHUKM MDK nraBaryum
AaxoM Ta OOONOHKOKW pes3epByapy 3 KPOKOM
6nu3bko 1,5 M HaBkpyrn nepudepii nokpisni.
Bubip maTtepiany rpyHTyeTbCsa Ha BMMOrax
oo npoaykTiB  Ta/abo ymMoB  JOBKinns.
AnbTepHaTuUBHI 3acobu 3abe3neyeHHs
NPUNHATHOTO E€NeKTPONpPOBIAHOIO 3'€AHaHHS
MK  nnaBakwyMm  gaxom Ta  O0OOJOHKOH
pesepByapa ans iMOYNbCHUX CTpyMiB,
noB'd3aHMX 3 BuUCHaramum OGrMCKaBUYHUMMU,
OOMyCKalTbCA NULle SIKWO BOHM NigTBEPOXKEHI
BMNPOOYBaAHHAMM i SKWO  BXUTO  YCiX
HeobXxigHMX  3axodiB  gna  3abesneveHHs
HadinHoro 3'egHaHHA.

D.5.5.3 Mepexa Tpyb6onpoBogiB

HapsemHi meTtaneBi TpybonpoBoau y Mexax
NPOMUCMNOBUX MangaHyuKiB, ane 3a Mexamu
TEXHOMOTiIYHUX yCTaHOBOK HanexnTb
npueaHYBaTM 40 CUCTEMM Y3EMIEHHS LLO KOXHi
30 M, abo ix mae ByTu y3emMneHOo NOBEpPXHEBUM
y3eMIoBanbHUM eneKkTpoaoMm abo
y3eMIoBanbHUM CTPWXXHEM. 130NAUiiHi onopu
Tpyb He cnig po3rnsagaTu.
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In the case of floating-roof tanks, the
floating-roof shall be effectively bonded to the
main tank shell. The design of the seals and
shunts and their relative locations needs to be
carefully considered so that the risk of any
ignition of a possible explosive mixture by
incendiary sparking is reduced to the lowest
level practicable. When a rolling ladder is fitted,
a flexible bonding conductor of 35 mm width
and minimum thickness of 3 mm shall be
applied across the ladder hinges, between the
ladder and the top of the tank and between the
ladder and the floating roof. When a rolling
ladder is not fitted to the floating-roof tank, one
or more, (depending on the size of the tank),
flexible bonding conductors of 35 mm width and
minimum thickness of 3 mm, or equivalent,
shall be applied between the tank shell and the
floating roof. The bonding conductors shall be
arranged so that they cannot form a re-entrant
loop. On floating roof tanks, multiple shunt
connections shall be provided between the
floating-roof and the tank shell at about 1,5 m
intervals around the roof periphery. Material
selection is decided by product and/or
environmental requirements. Alternative means
of providing an adequate conductive
connection between the floating roof and tank
shell for impulse currents associated with
lightning discharges are only allowed if proved
by tests and if procedures are utilized to ensure
the reliability of the connection.

D.5.5.3 Piping network

Above-ground metal piping network inside a
production facilities but outside the process
units should be connected every 30 m with the
earthing system, or should be earthed by a
surface earth electrode or an earth rod.
Isolating supports of the piping should not be
considered.
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D.6 TexHiyHe o6cnyroByBaHHsA Ta ornag
D.6.1 3aranbHi NnonoxeHHA

Yci BcTtaHoBneHi LPS, wo BMKOpMCTOBYOTbLCS
ans 3axucty byaisenb (cnopya) 3 Hebeanekot
BUOyxy, MalTb  MPOXoAuTH BignosigHe
obcnyroByBaHHa Ta ornag. Ans ornagy w
TexHiyHoro obcnyroByBaHHa LPS y OygiBnsx
(cnopygax) 3 Hebe3nekow BMOYXy
BCTAHOBMNIOTbLCA AOAATKOBIi BMMOIM OO TUX,
wo HaBegeHi y Posgini 7.

D.6.2 3aranbHi BUMoOru

[na BCTaHOBNEHMX CUCTEM 3axucTy Mae ByTu
po3pobneHunii nnax TEXHIYHOro
obcnyroByBaHHSA Ta ornsagy. 1o 3aBepLUeHHi
MOHTaxy LPS HanexuTb Hapgatm abo gopatu
OO0  icHyw4oro rpadpiky  BKasiBKM  W,040
TexHiyHoro o6cnyroByBaHHs LPS.

D.6.3 Keanidikauin

Jlnwe kBanidpikoBaHMn nepcoHan, wo Mae
HeobXigHY  MigroToBKy i  OOCBIA4, MOXxe
BUKOHYBaTU TeXHiYHe oOCryroByBaHHs, ornsg
Ta nepeBipky LPS Ha BubyxoHebesneuyHux
ob'ekTax.

Ornag BMmarae HasiBHOCTI nepcoHany, akun

a) Mae TexHiYHi 3HaHHS | pO3yMiHHSA
TEOpPEeTUYHUX Ta NPaKTUYHUX BUMOT i3
BCTaHOBMNeHHA LPS y BubyxoHebesneuHmx
30Hax i woao obnagHaHHA LPS Ta
yCTaTKOBaHHA,

b) po3ymie BuUMorn o BisyanbHUX i NOBHUX
nepesBipoK LWOoA40 BCTAHOBIIEHOIO
obnagHaHHA LPS Ta yctaTKkoBaHHS.

MPUMITKA BignoBigHa KOMNeTeHUis Ta HaBYaHHA MOXYTb

OyTV BM3HaYeHi y BiANOBIAHWX HaLUiOHaNbHUX Mporpamax 3
HaBYaHHS Ta OLiHIOBAHHS.

D.6.4 Bumoru go ornaay

ans TOro, wob nepekoHaTucs, wo
yCTaTKOBaAHHA NigTPUMYETbLCA Yy 3a40BiNIbHOMY
CTaHi Ans MWoro nojanblioro BUKOPWUCTaHHS,
MalTb NPOBOAUNTUCDH

a) perynsapHi nepiognyHi nepesipku Ta/abo

b) 6e3nepepBHE CNOCTEPEXKEHHS
kBanigikoBaHUM nepcoHarnom,

i, 3a HeobXigHOCTi, HanexuTb BUKOHyBaTu
TexHiYHe ob6cnyroByBaHHS.

Micns Oyab-siKoro peryntoBaHHA, TEXHIYHOro
o6CnyroByBaHHs, PEMOHTY, BUMPABMEHHS,
moaudikauii abo 3amiHn, obnagHaHHa abo
BioMoOBiAHI 4YacTuHM obnagHaHHA HanexXxuTb
nepesipunTn.
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D.6 Maintenance and inspection
D.6.1 General

All installed LPS used to protect structures with
risk of explosion shall be properly maintained
and inspected. Additional requirements to
those reported in Clause 7 are needed for the
inspection and maintenance of LPS in
structures with a risk of explosion.

D.6.2 General requirements

A maintenance and inspection plan shall be
developed for the installed protection systems.
Maintenance guidelines of the LPS shall be
provided or added to the existing schedule at
the completion of LPS installation.

D.6.3 Qualifications

Only qualified personnel having the necessary
training and expertise shall be permitted to
maintain, inspect and test the LPS system of
explosives facilities.

Inspection requires personnel who

a) have technical knowledge and
understanding of the theoretical and
practical requirements for installation in
hazardous areas and for LPS equipment
and installations,

b) understand the requirements of visual and
complete inspections as they relate to the
installed LPS equipment and installations.

NOTE Competencies and training may be identified in
relevant national training and assessment frameworks.

D.6.4 Inspection requirements

To ensure that the installations are maintained
in a satisfactory condition for continued use,
either

a) regular periodic inspections, and/or

b) continuous supervision by skilled personnel,

and, where necessary, maintenance shall be
carried out.

Following any adjustment, maintenance, repair,
reclamation, modification or replacement, the
equipment or relevant parts of equipment
concerned shall be inspected.
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D.6.4.1 PerynapHi nepioanyHi nepeBipku

MepcoHan, KNI 34iNcHIoE perynsipHi
nepiognyHi nepesipkn, mae OyTM [OCTATHLO
He3anexHum B BMMOT TexXHiYHOoro
obcnyroByBaHHs, Hanpuknag, o6 He

nepewkogXatn WNOMYy HajaBaTW [OOCTOBIpHI
3BiTW NPO pe3ynbTaTu NEPEBIPKU.

MPUMITKA Hemae Bumor wopao toro, abu uewn nepcoHan 6ys
YneHaMu 30BHIHBOT He3anexHoi opraHisauii.

D.6.4.2 KoHuenuisa 6e3nepepBHOro Harnaay
KBanicikoBaHUM nepcoHanom

MeToto nocTinHoro Harnagy € 3abesneynTtu
paHHE  BUSABMIEHHS  HecnpaBHOCTENW, WO
BMHUKaKOTb, Ta iX noganblie ycyHeHHda. Ons
Lboro BMKOPUCTOBYHTbHCSA iCHYytOui
kBanicikoBaHi kagpwu, sk npaulTb 6ing
yCTaTKOBaHHA nNig 4ac BUKOHAHHA CBOEI
3BMYanHoi poboTu (NpuMipom, nepcoHan, sk
BUKOHYE MOHTaxHi poboTu, 3MiHW, NepeBipku,

pob6oTn 3  TexHiYHoro  obcnyroByBaHHS,
nepeBipkM Ha HaABHICTb HeCcrnpaBHOCTEN,
npubnpaHHs, po6oTu 3 ynpasBniHHSA,
nigKNYEeHHSA Ta BiOKMIOYEHHS Knew,

ekcnnyaTtauinHi BUNnpobyBaHHSA, BUMipIOBaHHS)
i 9Ki BWKOPMCTOBYHTb CBOI HaBUYKM 4N
BUSIBIIEHHHA HecnpaBHOCTEN Ta 3MiH Ha paHHIN
cTagii.

Akwo [0 ycTaTKoBaHHA HaBigyeTbCcA Ha
perynsipHin OCHOBI, y xoAi 3BMYanHoOi poboTu,
KBanigikoBaHum nepcoHan, AKUN, Kpim
3aJ0BONIEHHS BMMOr a) i b) D.6.3, mae

a) o6i3HaHICTb LWO40 TEXHOMOTIYHMX Ta
€KOMOoTiYHNX HaCniaKiB MOriplWeHHsa CTaHy
cneuianbHoro obnagHaHHS B yCTaHOBLi,Ta

b) o6oB’A3kM Wo0Q0 BidyanbHoro ta/abo
MOBHOrO OrNs4y Y Mexax CBOro 3BM4anHoro
pobo4oro rpaciky, a Takox rpyHTOBHUX
nepesipok

TOAI € MOXnuBMM 06inTUca 6e3 perynapHux
nepiogMyHMx nepeBipok, a BUKOPUCTOBYBATU
yacty NPUCYTHICTb kBanigikoBaHoro

nepcoHany pgna  3abe3nevyeHHs  MNOTOYHOI
LinicHocTi obnagHaHHS.

BukopucTtaHHs NOCTINHOrO Harnsagy
KBanipikoBaHMM rnepcoHanoMm He 3Himae
BMMOMM  LWOAO MNOYaTKOBUX Ta  TUMOBUX

nepesipok.
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D.6.4.1 Regular periodic inspections

The personnel who carry out the regular
periodic inspections will need to be sufficiently
independent of the demands of the
maintenance activities, for example, so as not
to prejudice their ability to reliably report the
findings of the inspection.

NOTE It is not a requirement that such personnel are
members of an external independent organization.

D.6.4.2 Concept of continuous supervision
by skilled personnel

The objective of continuous supervision is to
enable the early detection of arising faults and
their subsequent repair. It makes use of
existing skilled personnel who are in
attendance at the installation in the course of
their normal work (e.g. erection work,
alterations, inspections, maintenance work,
checking for faults, cleaning work, control
operations, making terminal connections and
disconnections, functional tests,
measurements) and who use their skill to
detect faults and changes at an early stage.

Where an installation is visited on a regular
basis, in the normal course of work, by skilled
personnel who, in addition to satisfying the
requirements of a) and b) of D.6.3, are

a) aware of the process and the environmental
implications on the deterioration of the
specific equipment in the installation, and

b) required to carry out visual and/or complete
inspections as part of their normal work
schedule as well as detailed inspections

then it may be possible to dispense with regular
periodic inspection and utilize the frequent
presence of the skilled personnel to ensure the
on-going integrity of the equipment.

The use of continuous supervision by skilled
personnel does not remove the requirement for
initial and sample inspections.
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D.6.5 Bumoru oo enekTpmuyHUX
BUnNpoobyBaHb

Cuctema 3axucTty Big ©OnuckaBkm Mae OyTu
BUNPOOYBaHO €NeKTPUYHO

a) KOXHi 12 (+2) micaui, abo

b) TouHO NepenbaunTu BiANOBIAHUN iHTepBan
nepioanYHMX NepeBipoK € CKNagHUM
nutaHHaMm. CTyniHb NnepeBipkn Ta
nepioanYHICTb NpOBeAEeHHS nepeBipokK
BU3HAYaAETbCS 3 ypaxyBaHHAM TUnNy
obnagHaHHS, pekomMeHaauin
3aBoay-BMpOOHUKaA, SKLWLO Taki €, hakTopis,
LLIO BU3HAYalTb NOTipLIEHHS NOro CTaHy, i
pes3ynbTaTiB nonepegHix nepesipok.

AKwo cTyneHi Ta iHTepBanu nepeBipoK Bxe
BCTAHOBMNEHO ANd aHanoriyHoro obnagHaHHA,
nignpMemMcTB Ta yYMOB [OBKiNNsd, uen Aocsig
HanexwTb BUKOPUCTATM ONS  BU3HAYEHHS
cTpaTerii nepeBipok.

[HTepBanu MiX nepioguvyHUMU MepeBipKkamu,
WO MepeBuLLYOTb TPU POKU, MawTb 6yTu
3acHOBaHi Ha OUiHUi, fika BKMYae [OpPeYHy
iHpopmaLito.

TexHiyHe obcnyroByBaHHA Ta ornag LPS
MalTb 34iACHIOBATUCHA pa3oOM 3 TeXHIYHUM
obcnyroByBaHHAM Ta OMMsSA0OM  YCiX  iHWMX
enekTpu4HMX cuctem y HebesneyHux 3oHax i
MalTb OyTW BKMOYEHi A0 rpadiky TexHiYHOro
o6cnyroByBaHHs.

MpucTpor, Lo BUKOPUCTOBYIOTbLCA  Ans
BUNpobyBaHb, MakwTb BigNoOBigaTM BMMOram
IEC 61557-4.

Onip Ha nocCTiNHOMY CTpymi OyAab-AKoro
okpemoro o6'ekTa, 3'€4HAHOro 3 CUCTEMOIO
6rMCcKaBKO3axnCTy, HE MOBUHEH MepeBULLYyBaTU
0,2 Owm.

BunpobyBaHHSA MaloTb
BignoBigHO no IHCTPYKLUiN
BUNPOOYBanbHOrO yCTaTKOBAHHS.

D.6.6 MeTtoau
y3eMJIeHHA

npoBOAUTUCH
BMPOOHMKA

BUMiplOBaHHA onopy

Nlnwe Ti npunagu, gki po3pobreHo cneuianbHoO
ans BUMIipIOBaHHSA onopy y3eMNEHHS
OO03BOJIEHO BMKOPUCTOBYBATH 3 LIiEID METOH0.

BumiptoBanbHi npunagm MatoTb OyTn
HanexHum YMHOM HanawToBaHi Ta
BigkanibpoBaHi BIigNOBIAHO [0  IHCTPYKLIN
BUpOOHMKa.

3a MOXNMBOCTI, ANA BUMIpOBAHHA oOMopy
y3eMrneHHsa Ha BubyxoBux ob6'ektax Mae
BMKOPUCTOBYBaTUCS,  TPUTOYKOBUA  MeToA
BUMIPIOBaHHS OMNOPY Y3EMITEHHS.
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D.6.5 Electrical testing requirements

The lightning protection system shall be tested
electrically

a) every 12 (+ 2) months, or

b) to predict accurately an appropriate periodic
inspection interval is a complex issue. The
grade of inspection and the interval
between periodic inspections shall be
determined taking account of the type of
equipment, manufacturer's guidance, if any,
the factors governing its deterioration and
the results of previous inspections.

Where inspection grades and intervals have
been established for similar equipment, plants
and environments, this experience shall be
used in determining the inspection strategy.

Intervals between periodic  inspections
exceeding three years should be based on an
assessment including relevant information.

Maintenance and inspection of the LPS should
be carried out together with maintenance and
inspection of all other electrical installations in
hazardous areas and shall be incorporated into
the maintenance schedule.

Instruments used for testing shall be in
accordance with IEC 61557-4.

The DC resistance of any single object bonded
to the lightning protection system shall not
exceed 0,2 Q.

The test shall be conducted in accordance with
the appropriate test equipment manufacturer’s
instructions.

D.6.6 Earthing resistance test methods

Only those instruments designed specifically
for earth resistance testing shall be permitted
for use in this application.

Test instruments shall be properly maintained
and calibrated in accordance with
manufacturer’s instructions.

If possible, a three-point earth resistance test
method shall be used to measure the
resistance to earth for explosives facilities.
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D.6.7 3axucT Big nepeHanpyr

MpucTpoi 3axucTy Big rpo30BMX NepeHanpyr
(Ta ixHi 3acobu i30mOBaHHA, AKWO Taki €)
HanexmnTb NepeBipATM BIANOBIAHO 0 iHCTPYKUIi
BMpOGHMKa 3 iHTepBanamwu, wo He
nepesuwyoTb 12 micsuis, abo koxHoro pasy,
KON BUKOHYETLCHA erneKkTpuyHe BUNpobyBaHHS
LPS. SPD HanexuTb TakoX nepeBipaTv nicns
KOXXHOrFO nigo3ploBaHOro ypapy 6nvckaBku vy
Oyaisnio (cnopyay).

D.6.8 PeMOHT

lMepcoHan 3 TexHiYHOro o6cnyroByBaHHSA i
PEMOHTY Mae 3abeanevyBaTu, WOHO PEMOHT yCiX
HecrnpaBHOCTEN, BUSBNEHUX NiJ Yac NepeBipok,
BigbyBaBCs y NPUNHATHI TEPMiHN.

D.6.9 3BiTn i fOKyMeHTaLisA

Yci 03HaKku NOLLKOOXEHHS, 3anofisiHOro yaapom
6nuckaBkn y Oyapisnto (cnopyay) abo ii LPS,
MakTb OyTn HeranmHo 3agOKyMEHTOBAHO Ta Npo
HMX Ma€e ByTU NOBIQOMITEHO.

Ons koxHoro o6'ekTy MatoTb 36epiraTucs
apxiBHi 3anuncu wono TEXHIYHOro
obcnyroByBaHHA Ta MNEpeBipkM 3 MeTow
aHanisy TeHAeHUin.
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D.6.7 Surge protection

Lightning surge protection devices (and their
means of isolation, if provided) shall be
inspected in accordance with manufacturer’s
instruction at intervals not exceeding 12
months or whenever electrical testing of the
LPS is performed. SPDs shall also be
inspected after any suspected lightning strike
to the structure.

D.6.8 Repairs

Maintenance personnel shall ensure that
repairs of all discrepancies found during
inspections are made in an acceptable time
frame.

D.6.9 Records and documentation

Any indication of damage produced by a
lightning strike to a structure or its LPS shall be
immediately documented and reported.

Historical records of maintenance and
inspections shall be maintained for each facility
for the purpose of trend analysis.
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Oopatok E
(ooBigkoBun)

KepiBHi BKa3iBKU CTOCOBHO
NPOEeKTyBaHHA, MOHTaXy, TEXHIYHOro
o6cnyroByBaHHA Ta nepeBipku
cCUcTeM 3axucTy Big 6nmMckaBku

E.1 3aranbHi nonoxeHHA

Y ubomy [lofgaTky MICTATbCS KepiBHi BKa3iBKU
Loao disnyHoro NpoOeKTyBaHHAA Ta
CNOpPYAXEHHSA, TEXHIYHOro oOCnyroByBaHHs Ta
nepesipku LPS BianoBigHO g0 Uboro
cTaHdapTy.

Llen JooaTok HaneXxuTb BUKOPUCTOBYBATUCS Ta
BiH € YAHHUM NMLWE Pa3oM 3 IHWKMMN YaCTUHaAMM
LbOro cTaHgapTy.

HaBegeHo npuknagn 3axMCHUX  TEXHIYHUX
pileHb, SAKi 6yno cxBaneHo MiXXHapOAHUMMU
ekcnepTamu.

MPUMITKA TMNpuknagwn, Wo HaBefeHi y uboMmy Aofatky,
inlOCTPYyOTb OAWH MOXNWBUIA cnoci6 3abesnevyeHHs

3axXUCTy. MO)KyTb TaKOX 3acTocoByBaTUCb iHWi cnocobwu.

E.2 CTpyKTypa uboro goaatky

Y uboMy AopaTKy HOMEpPU OCHOBHUX MYHKTIB
BigobpaxalTb HOMepU MNYHKTIB OCHOBHOIO
OOKYyMeHTy. Lle nonerwye oOpieHTyBaHHS MixX
JBomMa YyacTUHaMMW. He 000B'A3KOBO
BigobpaxeHo yci NyHKTH.

3 uieto meToto, NyHKT E.3 He BUKOPUCTOBYETHLCA
y UbOMYy AoaaTky.

E.3 MNopoxHin

E.4 NpoekTyBaHHA cuctem
6nuckaBkosaxucty (LPS)

E.4.1 3aranbHi 3ayBaXXeHHs

3aans 3MeHWeHHs BuUTpaT, KOHCTpykuis LPS
Ans icHyto4oi 6yaisni (cnopyawn) 3aBxgu Mae
OyTM 3BaxeHa y TMOPIBHAHHI 3 iHWWMMK
3axogamu 3 GnuckaBKO3axucTy, AKi
3abe3neuyloTb TakuMn camuii piBEHb 3axXWUCTy
BiAMOBIAHO A0 UbOro ctaHgapty. Ons sBubopy
HanWbinbw  nNpuaaTHUX  3axOh4iB  3axuCTy,
3acTtocoByeTbca cTtaHgapT IEC 62305-2.

LPS npoekTylTbCSA i BCTAaHOBMOKTbLCA nuwe
npoeKkTyBanbHMKaMn i MOHTa)xxHkamu LPS.

MpoekTyBanbHWK i MOHTaxHWK LPS matoTb ByTun
30aTHUMU  OUIHUTU SK enekTpuUYHy, Tak i
MexaHiyHy Aii BucHarn 6nmckaBmM4yHOT Ta MalTb
3HaATW 3aranbHi NPUHUUNKU €NeKTPOMarHiTHoI
cymicHocTi (EMC).
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Annex E
(informative)

Guidelines for the design,
construction, maintenance and
inspection of lightning protection
systems

E.1 General

This annex provides guidance on the physical
design and construction, maintenance and
inspection of an LPS conforming to this
standard.

This annex should be used and is only valid
together with other parts of this standard.

Examples are given of protection techniques
which have the approval of international
experts.

NOTE The examples given in this annex illustrate one

possible method of achieving protection. Other methods
may be equally valid.

E.2 Structure of this annex

In this annex the main clause numbers mirror
the clause numbers of the main document. This
gives an easy reference between the two parts.
Not all clauses are necessarily mirrored.

To achieve this goal, Clause E.3 is not used in
this annex.

E.3 Vacant

E.4 Design of lightning protection
systems (LPS)

E.4.1 General remarks

The construction of an LPS for an existing
structure should always be weighed against
other measures of lightning protection
conforming to this standard which give the
same protection level for reduced costs. For
selection of the most suitable protection
measures, IEC 62305-2 applies.

The LPS should be designed and installed by
LPS designers and installers.

The designer and installer of an LPS should be
capable of assessing both the electrical and
mechanical effects of the lightning discharge
and be familiar with the general principles of
electromagnetic compatibility (EMC).
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Kpim Toro, NpOeKTyBanbHUK cuctemu
6nuckaBko3axmcty mae 6yTu 3gaTHUM OUIHUTK
KOPO3iHMIA BMNUB i NpUrAMaTun pilleHHs, Konu

HeobXigHOo 3BEPHYTUCS no eKcnepTHy
Aornomory.
lMpoekTyBanbHUKY | MOHTaXHWUKY CUCTEMMU

BNMCKaBKO3axXMUCTy HanNexuTb MaTu BigMnoBigHY
nigroToBKy 3 MPaBUMIbHOTO MPOEKTYBAHHS |
MOHTaXy KoMnoHeHTiB LPS BignosigHo pgo
BMMOTI LbOro cTaHgapTy i HauioHanbHUX HOPM,
wo perynwoTb  bOyaiBenbHi  pobotn i
cnopymxeHHsa byaisenb (cnopya).

DyHKUIT NpoeKTyBanbHMKa i MOHTaxHuka LPS
MOXe BWKOHyBaTu opgHa ocoba. [lockoHane
3HaHHA BiAMOBigHMX cTaHgapTiB Ta
KinbkapiyHin gocBig € HeoOXxigHMM, abu ctaTu
cneuianisoBaHuMm  npoekTyBanbHWUkoM  abo
MOHTa)XHUKOM.

lMnaHyBaHHSA, BMNPOBAAXEHHS i BUNPOOYyBaHHS
LPS Bknovae pag  TexHiYHUX ranysen Ta
BUCYBa€e BUMOIW 3 KoopAuHauii gin ycix cTopiH,
AKi  npuyeTHi go 6yaisni  (cnopyau), A4ng
OOCSArTHEHHs1 06paHoro piBHA 6G1MCcKaBKO3axXnCTy
3  MiHiManbHUMK BUTpaTamMu i MiHiManbHO
Moxnusumn 3ycunnamn. lNopsagkyBaHHA LPS
Mae 6yTu ehekTMBHUM, AKLLO 34iNICHEHO KPOKM,
nokasaHi Ha Puc. E.1. Benuke 3HayeHHs MaloTb
3axoan wopno 3abesneyeHHs SKOCTi; 30Kkpema
ans 6yaisenb (cnopya), WO MICTATb BENUKY
KiNbKICTb ~ €NeKTPMYHOrO Ta  EeJIeKTPOHHOro
obnagHaHHS.
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Furthermore, the lightning protection designer
should be capable of assessing corrosion
effects and judging when it is necessary to
seek expert assistance.

The lightning protection designer and installer
should be trained in the proper design and
installation of the LPS components in
accordance with the requirements of this
standard and the national rules regulating
construction work and the building of
structures.

The functions of an LPS designer and installer
may be performed by the same person. A
thorough knowledge of the relevant standards
and several years of experience is required to
become a specialized designer or installer.

Planning, implementation and testing of an LPS
encompasses a number of technical fields and
makes demands for coordination by all parties
involved with the structure to ensure the
achievement of the selected lightning
protection level with minimum cost and lowest
possible effort. The management of the LPS
should be efficient if the steps in Figure E.1 are
followed. Quality assurance measures are of
great importance; in particular for structures
including extensive electrical and electronic
installations.
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Characteristics of the structure to be protected
XapakTepucTuku 3axmilyBaHoi 6yaisni (cnopyam)

Risk assessment and determination of
required protection level
OuiHlOBaHHA pU3MKIB Ta BU3HAYEHHSA
HeoGXiaHOro piBHA 3axucTy

Selection of type of external LPS

BuGip Tuny 30oBHiWHLOI LPS

Type of materials
(corrosion problems)
(flammable surfaces)

Tun maTtepiany

(npobnemu kopoaii)

(roptoyi noBepxHi)

Sizing of lightning
protection components
BusHauyeHHs po3mipis
KOMMOHEHTIB CUCTEMU
GnuckaBKo3axucTy

Natural components
MpupoaHi KOMMNOHEHTH

!

Air-termination system

Cucrema nepexonneHHs

Horizontal roof-
conductors mesh system
FopusoHTanbHi npoBoAMU

CiTKOBOT cucTeMM Ha

Vertical Overhead

air-termination rods
BepTukanbHi CTPUXHI
nepexonneHHA 6nMckaBku

air-termination wires
MpoknapeHi yropi nposoaun
CUCTEeMM NepexonsieHHs!

Natural terminations
MpupoaHi KOMMNOHEHTH

nokpisni
I [ I |
Down-conductor system
Cucrtema [o03eMHUX NPOBIAHUKIB
[ [
Design of c led d
down-conductors onceale .or expose Number required Natural terminations
MpoekTyBaHHs Mpoknapeni npuxosano Heo6xigHe uncno MpupoaHi KOMMOHEHTH
. . a6o BigkpuTo
003eMHUX NPOBIAHUKIB

?

Earth-termination system
Cuctema 3eMNAHOro 3aKiH4eHHA

Tun B

Type B foundation electrode
dyHaaMeHTHI enekTpoaun

Type A or type B earth electrodes
Y3emnioBanbHi enekrpoaun
Tun A a6o Tun B

Natural terminations
MpupoaHi KOMMNOHEHTH

i

Internal LPS design
NMpoekTyBaHHsA BHYTpPiwWHbLOI LPS

Bonding and screening
Cnony4yeHHs Ta eKpaHyBaHHA

Proximities and cable routing
HabnuxeHHA Ta npoknageHHs
eneKTPonpoBiAHi

SPD

LPS design drawings and specifications
KpecneHHs Ta cneuudikaudii npoekty LPS

MPUMITKA Micus 3'egHaHHs, BigMideHi sk @ , BUMarawTb
noBHOT cniBnpaui 3 60Ky apxiTekTopa, iHXeHepa Ta
npoeKkTyBanbHWKa CUCTEMM 3aXUCTY Bif GnmMckaBku.

NOTE Interfaces @

IEC 2659/10

require the full cooperation of the

architect, engineer and lightning protection designer.

Figure E.1 — LPS design flow diagram
PucyHok E.1 - Cxema cTpyKTypHa npoekTyBaHHsi LPS
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3axogu woao 3abe3neyveHHs SAKOCTI
NpPOCTAratTbCs Bid CTaAdil NNaHyBaHHSA, Ha SKiN
MatoTb OyTuM 3aTBEpOXeHi YCi KpeclneHHs,
npoxoasaTb 4vepes cragito cnopygxeHHs LPS,
nig Yyac KOl HaneXxuTb NepeBipuTU YCi OCHOBHI
yactTuHu LPS, saki 6ygyTb HegoCsKHUMMK Ons
ornaay nicnsi 3aBepLeHHA MOHTaXHUX poobiT.
3axoaum wono 3abesneyveHHs SAKOCTI
NPOLOBXYITbCA Ha CcTagil NPUAHATTS, KoMK
BUKOHYIOTbCS OCTaTOYHI BuMiptoBaHHA LPS
pasom i3 3aBepLIEeHHAM po3pobneHHs
OCTaTo4yHOI AOKyMeHTauii 3 BunpobyBaHb i,
BPELWTi, NPOAOBXYTbCA MNPOTArOM YCbOro
TepmiHy cnyx6bwu LPS, i3 3a3HayeHHaAM
peTenbHUX NepiognyYHNX Nepesipok BiAMOBIAHO
00 nporpamMu TexHiYHOro ob6cnyroByBaHHS.

Akwo pgo  Oyaieni  (cnopygm) abo i
yCTaTKOBAHHA BHOCATbLCA 3MiHW, HaNeXuTb
BUKOHaTH nepeBipKy Ha npeameT
BCTAHOBMEHHA TOro, 4M W Hapgani icHyw4a
cuctema 6nmMckaBko3axuCcTy BignoBigae ubomy
cTaHgapTy. Akwo ©Oyae BCTAaHOBMNEHO, WO
3axMCT € HeJoCTaTHIM, moninweHHa mae OyTu
BMKOHaHO 6e3 3BOonikaHb.

PekomeHgyeTbcsa, wob matepianu, obcar i
pO3MipM CUCTEMW MepexonsiBaviB, CUCTEMU
O03EeMHUX TMPOBIAHMKIB, CUCTEMM 3EMIISTHOIO
3aKiHYEHHS, CMOMYYHUKIB, KOMMOHEHTIB i T. iH.
BignoBiganu uboMy cTaHaapTy.

E.4.2 KoHcTpytoBaHHA LPS
E.4.2.1 MNMopAapok npoeKkTyBaHHSA

Mepen Tvm, Ak 6yge po3novaTo BUKOHAHHSA
TexHopobouyoro NpPOEeKTY LPS,
NpPOEKTyBaNbHUKY CUCTEMM ONMCKaBKO3axXuUCTy
HanexuTb, SKWO Ue MNpUAHATHO, OTpuMaTh
3aranbHi BiJOMOCTI WOA0 (OYHKLIN, reHnnaHy,
KOHCTpYKUIT  Ta po3TalyBaHHA oygisni
(cnopyanm).

Tam, ge LPS we He obymoBneHa opraHom 3
NiyeH3yBaHHSA, CTPaxoBOK KOMMAHIEW  4u
NoKynuem, NpOeKTyBanbHUK cuctemmn
GNucKaBKO3axUCTy Mae BUPILUUTK, HaNexXuTb
4n Hi  3axucTutnm Oyaisnio  (cnopyay) 3a
gonomoroto  LPS, popepxytounm npouenypwu
OUiHIOBaHHSA pu3uky, nogaHoi y IEC 62305-2.

E.4.2.2 KoHcynbTyBaHHSA
E.4.2.2.1 3aranbHi BigomocrTi

Ha cTagiax npoekTyBaHHA Ta CNOPYOXKEHHS
HoBOI 6yaiBni (cnopyan) npoekTyBanbHUK LPS,
Ta MOHTaxHuk LPS Ta yci iHwi ocobwu,
BignoBiganbHi 3a 3BegeHHsa 6yaisni (cnopyaw)
abo 3a nopsgok BMKOpPUCTaHHS  Oyaisni
(cnopyaun) (npumipom, nokyneub, apXiTEKTop i
OyaniBenbHMK) MalTb BigbyBaTu perynsipHi
KOHCynbTauii.
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The quality assurance measures extend from
the planning stage, in which all drawings
should be approved, through the LPS
construction stage during which all essential
parts of the LPS inaccessible for inspection
after the construction works have been finished
should be checked. Quality assurance
measures continue through the acceptance
stage, when final measurements on the LPS
should be performed together with the
completion of the final test documentation and
finally through the entire lifetime of the LPS, by
specifying careful periodic inspections in
accordance with the maintenance programme.

Where modifications are made to a structure or
its installations, a check should be made to
determine whether the existing lightning
protection still conforms to this standard. If it is
found that the protection is inadequate,
improvements should be implemented without
delay.

It is recommended that the materials, extent
and dimensions of the air-termination system,
down-conductors, earth-termination system,
bonding, components, etc. should conform to
this standard.

E.4.2 Design of the LPS
E.4.2.1 Planning procedure

Before any detailed design work on the LPS is
commenced, the lightning protection designer
should, where reasonably practical, obtain
basic information regarding the function,
general design, construction and location of the
structure.

Where the LPS has not already been specified
by the licensing authority, insurer or purchaser,
the lightning protection designer should
determine whether or not to protect the
structure with an LPS by following the
procedures for risk assessment given in |IEC
62305-2.

E.4.2.2 Consultation
E.4.2.2.1 General information

In the design and construction stages of a new
structure, the LPS designer, LPS installer and
all other persons responsible for installations in
the structure or for regulations pertaining to the
use of the structure (e.g. purchaser, architect
and builder) should be in consultation regularly.
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CTpykTypHa cxema, nogaHa Ha PucyHky E.1,
CNpUSATUME  pauioHanbHOMY  MPOEKTYBaHHIO
LPS.

Ha cTagissix npoekTyBaHHA Ta CNOPYAXEHHS
LPS gns icHywo4oi Oygisni (cnopyan), MawTb
NpoOBOOMUTUCH  KOHCYNbTaUil, HacKinbkn ue
nNpakTU4HO MOXINBO, 3 ocobamu,
BignosigansHuMn 3a Oygisnwo (cnopygy), Ti
BUKOPUCTAHHA Ta nigBeneHi nocnyru.

KoHcynbTauii  mMoxe  6yTM  opraHisoBaHo
BflacHMKOM, OyAiBenbHUM MNigpsagvyMkom Oygisni
(cnopyau) abo TXHim 3aTBEPAXKEHUM

npegcrtaBHMkoM. [Onga  icHywouux  6yaiBenb
(cnopyn) npoekTtyBanbHMK LPS mae Hapatu
KPEeCneHHsl, sKi  MOHTaxHuk LPS moxe
moamndikyBaTu 3a NoTpedbu.

PesynbTaTomM perynsapHux KOHcynbTauid Mix
3auikaBrieHMMM CTOpOHaMu Mae oyTn
ecdektnBHa LPS 3a HaWMeHWoi MOXNuBOI
BapTocTi. [Mpumipom, kKOOpAMHYBaHHS pPoOGIT 3
npoekTyBaHHs LPS 3 6ygiBenbHuMn pobotamm
AyXe 4acTo MOXe YCYHYTM HeoOXigHicTb y
OEAKUX CMOJNyYHUX MNPOBIAHMKAX i 3MEHLWUTU
OOBXWUHY TUX, sIKi € HeobXxigHMMK. ButpaTtun Ha
CNOPYOKEHHA 4acTo IiCTOTHO 3MEHLWYHTbCA
3aBOAKM 3abe3nevyeHHl0  ChiflbHUX  LINAXIB
npoknageHHa Ans  pi3HOro  YCTaTKOBaHHS
BcepeauHi 6ygisni (cnopyan).

[MpoBeaeHHsA KOHCyNbTaui € BaXXNUBUM Ha YCix
eTanax cnopygxeHHsa Oygisni  (cnopyawu),
OCKiNMbKM  MOXYTb  3Hagobutucss 3miHM y
KOHCTPYKUii LPS yHacnigok 3miH y KOHCTPYKLUii
oyapisni (cnopyaun). KoHcynbTauii € Takox
HeobXigHMMKM aOna Toro, wob y3roauTu YCi
cXeMu  po3TawyBaHHA  obnagHaHHA — 4ong
nonerweHHs ornagy 4YactuH LPS, aki ctaHyTb
HeJOCTYNHUMU AN Bi3yanbHOro KOHTPOIO
nicna Toro, sk ©OyaiBna (cnopyaa) ©yae
3aBeplieHa. Y xofi unx KoOHcynbTaui mae 0ytu
BU3HA4YeHe po3TalyBaHHA YCiX 3'edHaHb MiX
npupogHUMu komnoHeHtamu ta LPS. 3assnyan

no opraHisauii Ta KoopAauHauii
KOHCYNbTaTUBHUX Hapag wono HOBUX
OyniBenbHMX NpoekKTiB 3anyvarTbc4

apxiTeKkTopu.
E.4.2.2.2 TonoBHi KOHCYNbTYIO4i CTOPOHM

[MpoekTyBanbHMK CUCTEMU BNUCKABKO3aXUCTy
Mae npoBOANTU BiAMoBigHi TEXHIYHI
KOHCynbTauii 3 yciMa CTOpoHaMu, 3anyyeHummn
OO0 TNpOeKkTyBaHHA Ta 3BedeHHsa Oyaieni
(cnopyau), 3 BnacHukom 6yaiBni (cnopyaw)
BKITHOYHO.

KOHKpeTHi 30HMU BignoBigarnbHOCTI ans
3aranbHOro KOMMrekcy pobiT 3i BCTAHOBMEHHS
LPS mae Gyt BM3HA4YeHO MPOEKTYyBaslbHUKOM
LPS cninbHO 3 apxiTekTopoMm, MigpsgHUMKOM 3
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The flow diagram given in Figure E.1 will
facilitate the rational design of an LPS.

In the design and construction stages of an
LPS for an existing structure, consultations
should be held as far as reasonably practical
with the persons responsible for the structure,
its use, installations and incoming services.

The consultations may have to be arranged
through the owner, the building contractor of
the structure or their appointed representative.
For existing structures, the LPS designer
should provide drawings which should be
modified by the LPS installer, where necessary.

Regular consultations between the involved
parties should result in an effective LPS at the
lowest possible cost. For example, the
coordination of LPS design work with
construction work will often do away with the
need for some bonding conductors and reduce
the length of those which are necessary.
Building costs are often reduced substantially
by the provision of common routes for various
installations within a structure.

Consultation is important throughout all stages
of the construction of a structure as
modifications to the LPS may be required due
to changes in the structure design.
Consultation is also necessary so that
arrangements can be agreed to facilitate
inspection of the parts of the LPS which will
become inaccessible for visual control after the
structure is completed. In these consultations,
the location of all connections between natural
components and the LPS should be
determined. Architects are normally available
to arrange and coordinate consultation
meetings for new building projects.

E.4.2.2.2 The principal consulting parties

The lightning protection designer should hold
relevant technical consultations with all parties
involved in the design and construction of the
structure, including the owner of the structure.

Particular areas of responsibility for the total
installation of the LPS should be defined by the
LPS designer in conjunction with the architect,
electrical contractor, building contractor, the



— 85 —

€eNeKTPOTexHikn, OyaiBenbHUM NigPSAHUKOM,
MOHTaxHukom LPS (moctavanbHukom LPS) i,
AKLLO AOPEYHO, 3 KOHCYNbTaHTOM-ICTOPUKOM Ta
BnacHukom ©Oyaieni  (cnopyau) abo 1oro
npeacTaBHUKOM.

OcobnuBe  3Ha4YeHHA  Ma€  pO3'ACHEHHS
060B’A3KIB ANA Pi3HUX CTOpPiH, 3anyvYeHux o
nopsiAKyBaHHA NPOEKTYBaHHA Ta MOHTaxy LPS.
Mpumipom, konu  rigpoisondauito  GyaiBni
(cnopyaun) npogipsBneHo KoMmnoHeHTamu LPS,
BCTaHOBNEHMMU Ha MOKpiBMi, abo cnony4YyHumMu
npoBigHMKaAMWN y3eMIOBANIbHUX €NeKTpoaiB,

noknageHux nig dyHgameHT 6yaisni (cnopyan).

E.4.2.2.2.1 ApxitekTop

3 apxiTektopom mae OyTW y3roaxeHo Taki
NYHKTU:

a) WnsXu NpoknageHHs ycix nposigHukis LPS;
b) maTepianu gna komnoHeHTiB LPS;

C) peTanbHi BiAOMOCTI WOA0 YCiX MeTaneBux
Tpy6, pUHB, Nopy4y4s i NOAIOHNX eNeMeHTIB;

d) peTtanbHi BigoMocTi Wwoao 6yab-sakoro

obnagHaHHs, npunagie, NPOMUCITIOBUX
YCTaHOBOK " T.iH., o nignarae
BCTAHOBJMIEHHIO Yy Mexax abo nopsg 3
Oyanisneto (cnopygoto), ae MoXe

3HagobMTUCA NepeMillleHHs yCTaTKOBaHHS
abo 3’egHaHHA 3 LPS 3 ornagy Ha po3ginbHy
BiACTaHb. [lpMknagamu ycCTaTKOBaHHA €
cucTeMm curHanisauii, cuctemm 6esneku,
BHYTPILIHI  TenekoMyHikauinHi  cuctemu,
cuctemn o06pobreHHs curHanie i gaHux,
Mepexi pagio i TenebayeHHs;

€) CTyniHb HaCU4YeHOCTi ycima nig3eMHUMun
CTPYMONPOBIAHMMKU MOCNyramu, siki MOXyTb
MaT¥ BNJMB Ha PO3MIlLEHHA  Mepexi
y3eMNeHHsa | aKi  MOXyTb  BuMaraTtu
po3MilieHHa Ha 6e3neyHin BiacTaHi Big LPS;

f) s3aranbHa nnowa, npugatHa AN Mepexi
3EeMJISTHOrO 3aKiHYEeHHS;

g) obc4ar pobiT i po3noain o6oB’a3kiB 3
nonepegHboro 3akpinneHHs LPS go 6yaisni
(cnopyam). Mpumipom, TUX, WO BANUBaKTb
Ha BOAOHEMNPOHUKHICTb CTPYKTYpH
(nepeBaxxHO MOKPIBMi) A T.iH.;

h) ctpymonposigHi maTepianu, wo oyayTb
BUKOpMUcTOBYBaTUCb y Oyaisni (cnopyai),
ocobnmBo Oyab-siKi HeNepepBHi MeTanesi
getani, aki MoxXyTb 3'egHyBaTuch 3 LPS,
NPUMIPOM CTiIKK1, CTanb PULLTYHKY i
MeTaneBi enemMeHTu, Wo BXoAaTb A0
Oyaieni (cnopyau), abo BuxoaaTe 3 Hel, abo
3HaxoaAaTbCHA BCEPeaUHi;

i) BisyanbHun Bnnus LPS;
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LPS installer (LPS supplier) and, where
relevant, a historical adviser and the owner or
owner’s representative.

The clarification of responsibility for the various
parties involved in the management of the
design and construction of the LPS is of
particular importance. An example might be
where the waterproofing of the structure is
punctured by roof-mounted LPS components or
by earth electrode connection conductors made
below the structure foundation.

E.4.2.2.2.1 Architect

Agreement should be reached with the
architect on the following items:

a) routing of all LPS conductors;
b) materials for LPS components;

c) details of all metal pipes, gutters, rails and
similar items;

d) details of any equipment, apparatus, plant
installations, etc. to be installed on, within or
near the structure which may require the
moving of installations or may require
bonding to the LPS because of the
separation distance. Examples of
installations are alarm systems, security
systems, internal telecommunication
systems, signal and data processing
systems, radio and TV circuits;

e) the extent of any buried conductive service
which could affect the positioning of the
earth termination network and be required to
be placed at a safe distance from the LPS;

f) the general area available for the
earth-termination network;

g) the extent of the work and the division of
responsibility for primary fixings of the LPS
to the structure. For example, those
affecting the water tightness of the fabric
(chiefly roofing), etc;

h) conductive materials to be used in the
structure, especially any continuous metal
which may have to be bonded to the LPS,
for example stanchions, reinforcing steel
and metal services either entering, leaving,
or within the structure;

i) the visual impact of the LPS;
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j) BnnuB LPS Ha «opar» (maTepian nokpiBni Ta
dacagis) 6yaisni (cnopygu);

k) posTalwyBaHHSA CNONYYHUX TOYOK
nigKntoYeHHs 00 cTani pUWTyHKY, 0cobnmBo
Tam, [e Kpidb HWUX NpPOXoasTb 3OBHIiLLHI
CTPYMONPOBIAHI 4acTuHu (Tpybu, ekpaHu
kabeniB 1 T. iH.);

I) npuegHaHHa LPS go LPS cycigHix 6yaunHkis.

E.4.2.2.2.2 KomyHanbHi cnopyau

MpuegHanHa po LPS nocnyr, wo BXxogsThb,
OesnocepegHbo abo, SAKWO LEe HEMOXIMBO,
yepes i3ontoBanbHi ickpoBi npomixxkn abo SPD
mae OyTm obroBopeHo 3 onepaTtopom abo 3
BiAMNOBIAHMMM yCTaHOBaMU, SAKLWO LWOAO LbOro
MOXYTb BUHUKHYTU CyrnepeYsnimBi BUMOTU.

E.4.2.2.2.3 TloxexHi cnyxbu Ta cnyxbu
6e3neku

3 noxexHoto cnyxbot Ta cnyxbow 6esneku
Mae OyTW y3rodXKeHo Taki NMyHKTU:

-  PO3MiLEHHS KOMMOHEHTIB CUCTEM
cuUrHanisauii Ta noXxexoraciHHs;

- WNAXW NpOKMageHHs, KOHCTPYKLUinHI
MaTepianu Ta yLWinbHEeHHSA KaHani.;

- MeToj 3axucTy, sikui byae
BMKOPUCTOBYBATKCS Y BUNAAKY, KOMK
Oygpiensa (cnopyaa) Mae 3anMUCTUI Jax.

E.4.2.2.2.4 MOHTaXHUKK
CUCTEM Ta 30BHIilIHiX aHTeH

€NeKTPOHHUX

3  MOHTaxHUKaMy enekTPOHHUX CUCTeM Ta
30BHIWHIX aHTeH Mae OyTu y3rogXeHo Taki
NYHKTU:

- i30M0BaHHS YU NpPUEHAHHA CTOSAKIB aHTEH
Ta CTPYMONPOBIAHUX eKpaHiB kabenis o
LPS;

- WSXM NPOKNafeHHst aHTeHHMX kabenis Ta
BHYTPILLIHbOI Mepexi;

- BCTAHOBJIEHHS MPUCTPOIB 3axMCTy Bif
iMNyNbCHMX NepeHanpyr.

E.4.2.2.2.5 BypiBenbHUK i MOHTaXHUK

3roau Wwoao Taknx NyHKTIB HANeXuTb JOCArTY 3
OyLiBENbHMKOM, MOHTaXHMKOM i ocobawmu,
BignoBiganbHMMM 32 CNOpygXXeHHs OyAaisni
(cnmopygm) Ta ii TEXHIYHE OCHAaLLEHHS:

a) popma , pO3MilLEHHSA Ta YMCNO NEPBUHHUX
3akpinneHo LPS, aki 6ypne 3abeanedveHo
OyaiBENbHUKOM;

b) yci 3akpinneHHs, nepegbayeHi
npoektyBanbHukom LPS (abo nigpagyvkom
LPS, abo noctayanbHukom LPS), wo mawTb
OyTn BCcTaHOBNEHI byaiBenbHUKOM;
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j) the impact of the LPS on the fabric of the
structure;

k) the location of the connection points to the
reinforcing steel, especially where they
penetrate external conductive parts (pipes,
cable shields, etc.);

[) the connection the LPS to the LPS of
adjacent buildings.

E.4.2.2.2.2 Public utilities

Bonding of incoming services to the LPS
directly or, if this is not possible, through
isolating spark gaps or SPD should be
discussed with the operator or authorities
concerned, as there may be conflicting
requirements.

E.4.2.2.2.3 Fire and safety authorities

Agreement should be reached with the fire and
safety authorities on the following items:

— the positioning of alarm and
fireextinguishing system components;

— routes, construction material and sealing of
ducts;

— the method of protection to be used in the
case of a structure with a flammable roof.

E.4.2.2.2.4 Electronic system and external
antenna installers

Agreement with the electronic system and
antenna installer should be reached on the
following items:

— the isolating or bonding of aerial supports
and conductive shields of cables to the
LPS;

— the routing of aerial cables and internal
network;

— installation of surge protective devices.

E.4.2.2.2.5 Builder and installer

Agreement on the following items should be
reached between the builder, installer, and
those responsible for construction of the
structure and its technical equipment:

a) the form, position and number of primary
fixings of the LPS to be provided by the
builder;

b) any fixings provided by the LPS designer (or
the LPS contractor or the LPS supplier) to be
installed by the builder;
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C) po3MileHHs npoBigHukiB LPS, saki 6yae
npoknageHo nig 6yaisnet (cnopyaow);

d) un MoxyTb BYyTU BUKOPUCTaHI KiCb
KOMMOHEHTN LPS NpoOTArom etany
OymiBHMUTBA, MPUMIPOM, MOCTiIMHA Mepexa
3eMnsHoOro 3aKiHYeHHs MOXe
BMKOPMCTOBYBATUCL NS Y3EMIIEHHS 3BOAIB,
niginmavie Ta iHWoro MeTalieBoro
obnagHaHHsa nig 4Yac 6yaiBenbHMX pobiT Ha
MangaH4yuky;

D

CTOCOBHO CTaneBUX KOHCTPYKUiN, 4yMcrno Ta
PO3MilLleHHS CTiNOoK i dpopma 3akpinneHHs,
aky 6Oygoe 3pobneHo AN MiAKIOYEHHS
3eMNAHOro 3aKiH4YeHHS Ta iHLLIKX
KomnoHeHTiB LPS;

f) U NnpuaaTHi MeTaneBi MOKPUTTS, AKLO BOHU
BUKOPUCTOBYIOTLCHA, Y SIKOCTi KOMMOHEHTIB
LPS;

g) cnocib 3abeaneyeHHs enekTpuyHoi
6e3nepepBHOCTI OKPEMUX HYACTUH MOKPUTTS |
cnocib iXHbOro nmigknt4veHHa go pewTun LPS
Tam, e MeTanesi MOKPUTTA € nNpuaaTHUMMK
OyTn KOMnoHeHTamu LPS;

h) xapakTep i po3TtawyBaHHA NOCNYr, WO
BXoA4ATb Ao 6yaisni (cnopyawn) Hag i nig
3eMIiel0, BKIKOYaluM KOHBEEPHI CUCTEMMU,
aHTeHn TenebayeHHa | pagio Ta ixHi
MeTaneBi onopu, MeTanesi guMmoxoau w
NPUCTPOT ANs MUTTS BIiKOH;

i) KoOpAMHaLis cCUCTEMWN 3EeMIMAHOro

3akiHyeHHs LPS ©ygisni  (cnopygu) 3i
CMNONYYEHHAM CUIOBUX | KOMYHIiKaUinHUX
nocnyr;

j) PO3MilLEeHHS 1 Ymcro narwToKiB,
MalWHHMX  3aniB  Ha piBHi  NokpiBni,
NPMMIPOM, MaLWMWHHUX NpUMilLeHb nidTiB,
MaLlWHHUX NPUMILLEHb CUCTEM BEHTUNAUIT,
onaneHHs Ta KOHAWUUIOHYBaHHS MOBITPS,
EMHOCTEN OnA BOAW Ta IHWMUX BUCTYMHUX
€NeMeHTIB;

k

~

KOHCTpPYKLUIii, Wwo 6yayTb BUKOPUCTOBYBATUCS
ONns NoKpiBenb Ta CTiH, ANA BU3HAYEHHS

NPUAHATHUX cnocobiB 3aKpinneHHs
npoBigHMKIB LPS, 30Kpema, 3agnsa
36epexeHHs repMeTUYHOCTI Oygisni
(cnopyan);

I) ctBOpeHHa oTBOpIB Yy Oyaieni (cnopyai) anga
BifIbHOr0 NPoONycKy A03eMHUX NPOBIAHUKIB
LPS;

m) 3abe3nevyeHHs 3My4YHUKIB 0O CTaneBux pam,
PULLTYHKY Ta iHLWUX CTPYMOMNPOBIAHUX
YyacTuH Byaieni (cnopyai);
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c) the position of LPS conductors to be placed
beneath the structure;

d) whether any components of the LPS are to
be used during the construction phase, for
example the permanent earth-termination
network could be used for earthing cranes,
hoists and other metallic items during
construction work on the site;

e) for steel-framed structures, the number and
position of stanchions and the form of fixing
to be made for the connection of
earth-terminations and other components of
the LPS;

f) whether metal coverings, where used, are
suitable as components of the LPS;

g) the method of ensuring the electrical
continuity of the individual parts of the
coverings and their method of connecting
them to the rest of the LPS where metal
coverings are suitable as components of the
LPS;

h) the nature and location of services entering
the structure above and below ground
including conveyor systems, television and
radio aerials and their metal supports, metal
flues and window cleaning gear;

i) coordination of the structure's LPS
earth-termination system with the bonding of
power and communication services;

j) the position and number of flag masts,
roof-level plant rooms, for example lift motor
rooms, ventilation, heating and
air-conditioning plant rooms, water tanks
and other salient features;

=
~

the construction to be employed for roofs
and walls in order to determine appropriate
methods of fixing LPS conductors,
specifically with a view to maintaining the
watertightness of the structure;

[) the provision of holes through the structure
to allow  free passage of LPS
down-conductors;

m) the provision of bonding connections to
steel frames, reinforcement bars and other
conductive parts of the structure;
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n) NepioanYHICTb BUKOHAHHS NepeBipokK
KOMMoHeHTIiB LPS, gki nicna cnopygxeHHs
CTaHyTb HEAOCTYMHUMU, MPUMIPOM CTPUXHIB
PULLTYHKY, 3anNUTuUX y BETOH;

0) Hanninwwun Bubip MmeTany Ans NPOBIAHWKIB 3
ypaxyBaHHAM KOpO3ii, 0cobnmMBo y ToOuYKax
KOHTaKTy Pi3HOPIAHMX MeTani.;

pP) OOCTYMNHICTb KOHTPOMNbHUX 3MYYHUKIB,
3abea3neyeHHs 3axucTy 3a [OMNOMOroto
HemeTaneBUX KOXYXiB BiJ MeXaHiYyHOro
NMOLWKOOXKEHHS abo Kpagikku, MPUCTPOIB
OnycKaHHA narwTokiB abo iHWNX pyxomMux
00'ekTiB, MOXIUBICTb nepioanyHmNX
nepeeipok, 0cobnmeo onNs oUMOXOAIB;

o]
=

NPUroTyBaHHSA KPECMEHb, L0 BKKYATh
BULEe3ragaHi BiAOMOCTI i B AKUX 3a3HauJeHi
MOMOXEHHSA YCiX MPOBIgHWKIB Ta OCHOBHUX
KOMMOHEHTIB,;

r) po3MmilleHHsa TO4YOK NpUELHAHHA [0 cTani
PULLITYHKY.

E.4.2.3 EnekTpu4Hi Ta MexaHiYHi BUMoru

E.4.2.3.1 MpoekTyBaHHA eJNeKTPUYHOI
YacTUHU
[MpoekTyBanbHUKY LPS Hanexutb ob6paTu

BnactuBy cuctemy LPS, abu oTtpumatu
HanemeKTUBHIWY KOHCTpyKuito. Lle o3Hauae
po3rnsan apxiTeKTypHOro piweHHs  6yaisni
(cmopygou) [4nsa  BU3HAYeHHs TOro, 4YM €
noTpibHoto i3onboBaHa abo HeizonboBaHa LPS,
abo HanexuTb BXUTU obuagBa TUNM 3axucTy Big
GrnuckaBku.

BaxaHo, abu BuUMipOBaHHA MMTOMOro omnopy
I'PYHTY BUWKOHYBanucb nepej 3aBeplleHHAM
npoekTyBaHHs LPS i mae Oyno B3aTO A0 yBaru
CEe30HHi KONMMBaHHA NMTOMOrO OMNOpy FPYHTY.

Mig yac 3aBepweHHss 6a30BOro NPOEKTYBaHHS
€NeKTPUYHOI YyacTuHU LPS, HanexnTb
PO3rnsHYTH 3acToCyBaHHS npmMaaTHUX
CTPYMONPOBIAHUX YacTuH Oyaisni (cnopyaun) y
AKOCTi NPUPOAHMX KOMNOHeHTIB LPS ansa Toro,
wobwn BOOCKOHaANMTK iXx abo BuKOpUCTaATU, SAK
OCHOBHi KOMMNOHeHTU LPS.

O6oB'a3koM npoekTyBanbHuka LPS € ouiHuTm
eNeKTpUYHi Ta isnyHi BNacTUBOCTI NPUPOSHNX
KoMnoHeHTiB LPS i 3abe3neuntn ixHio
BiANOBIAHICTb MiHIMAanNnbHUM BUMOram LbOTO
cTaHdapTy.

BukopucTaHHa MeTaneBOro PULLTYHKY, SiK OT
apmoBaHoro 6eToHy y poni nNpoBiAHUKIB
cucTemm GnuckaBKO3axuCTy, notpebye
peTenbHOro aHanidy ta 3HaHHS HauiOHanbHUX
OyniBenbHMX CTaHAapTiB, WO 3aCTOCOBYHTHCS
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n) the frequency of inspection of LPS
components which will become inaccessible,
for example steel reinforcing bars
encapsulated in concrete;

o) the most suitable choice of metal for the
conductors taking account of corrosion,
especially at the point of contact between
dissimilar metals;

p) accessibility of test joints, provision of
protection by non-metallic casings against
mechanical damage or pilferage, lowering of
flag masts or other movable objects,
facilities for periodic inspection especially
for chimneys;

q) the preparation of drawings incorporating the
above details and showing the positions of
all conductors and main components;

r) the location of the connection points to the
reinforcing steel.

E.4.2.3 Electrical and
requirements

E.4.2.3.1 Electrical design

mechanical

The LPS designer should select the
appropriate LPS to obtain the most efficient
construction. This means consideration of the
architectural design of the structure to
determine whether an isolated or non-isolated
LPS, or a combination of both types of lightning
protection, should be used.

Soil resistivity tests should be performed
preferably prior to finalizing the design of an
LPS and should take into consideration the
seasonal variations of soil resistivity.

During the completion of the basic electrical
design of the LPS, the use of suitable
conductive parts of the structure should be
considered as natural components of the LPS
to enhance or act as essential components of
the LPS.

It is the responsibility of the LPS designer to
evaluate the electrical and physical properties
of natural components of the LPS and to ensure
that they conform to the minimum requirements
of this standard.

The wuse of metal reinforcing, such as
steel-reinforced concrete, as lightning
protection conductors requires careful
consideration, and knowledge of the national
construction standards applicable to the
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po Oypisni  (cnopyau), €ka 3axullaeTbcs.
CtaneBun Kapkac  3ani3obeToHy  MOXe
BUKOPUCTOBYBATUCbL K NpoBigHMkn LPS abo
MOXE CNYXWUTU 3a CTPYMOMPOBIAHWUA 3aXUCHUN
Wwap 4N 3MEHLUEHHS efIeKTPOMAarHiTHUX nonis,
AKi  reHepylTbcsa OnuckaBkow y  OyaiBni
(cmopygi), konu cTpym 6GAMCKaBKM NpoxXoauTh
isonboBaHot LPS. Taka koHcTpykuis LPS
nomnerwye CTBOPEHHS 3axucTy, 3o0Kkpema Ans
cneuianbHux OygiBenb (cnopyd), AKi MIiCTATb
BEJINKY KinbKicTb eneKTPUYHOro Ta
€NeKTPOHHOro obnagHaHHs.

o J03EeMHUX npoBigHUKIB MarTb
3aCTOCOBYBaTUCb CYBOpPi TEXHiYHi ymMOBM AN
OOTPUMAHHS MiHiManbHUX BUMOT 4O NPUPOAHMUX
KOMMOHEHTIB, HaBeageHnx y 5.3.5.

E.4.2.3.2
4acTUHMU

MpoekTyBaHHA MeXaHiYHOoI

Mo 3aBeplleHHi MPOEKTYBaHHSA eNeKTPUYHOTI
YacTUHU NpOeKTyBarbHUK cuctemm
GNuckaBKO3axmMCTy Ma€e NMPOKOHCYNbTyBaTUCS 3
ocobamu, BignosiganbHUMKM 3a  Oypiento
(cnopyay), 3 NMTaHb NPOEKTYBAHHS MEXaHi4yHOi
YaCTUHM.

EcTeTnyHi MipKyBaHHS € ocobnueo
BaXNMUBMMU, €K TaKOX i NpaBunbHUA BUGIp
MaTtepianis gns obMeXXeHHs pu3nKy Kopoaii.

MiHimanbHi po3mipu KOMMOHEHTIB
6nuckaBko3axmucTty Ana pisHux 4vactuH LPS
HaBegeHo y Tabnuusax 3, 6, 7, 8 Ta 9.

MaTepianM, Lo BUKOPUCTOBYHOTbCA ansa
koMmnoHeHTiB LPS, nepepaxoBaHo y Tabnuui 5.
MPUMITKA PekomeHpauii wonao Bubopy iHWKnX
KOMMOHEHTIB, TaKuUX sIKk CTPWXHI # 3aTuckadi, MoxyTb ByTu
3pobneHi y manbyTHix cepisx IEC 62561. Lle possonutb
B3SiITU [0 yBaru MiABULLEHHS TemnepaTypu Ta MexaHiyHy
MiLHICTb TaKMX KOMMOHEHTIB.

Y pasi BigxuneHb Big po3mipiB Ta maTepianis,
3asHavyeHux y Tabnuuyax 5, 6 Ta 7,
NpOeKTyBanbHUK cuUCTeMU ONMCKaBKO3axXUCTY
abo MOHTa)XHUK Mae 3aBbaunTy, 3
BUKOPUCTAHHAM  €NeKTPUYHMX  napameTpiB
BUCHarn 6nmnckaBku, BU3HaAYEHNX A obpaHoro
knacy LPS, HaBegeHoro y Tabnuui 1,
nigBULEHHS TemnepaTtypu NpoBigHUKIB
O6nuckaBKko3axucTy 3a YMOB BWUCHarM Ta
pO3MipiB NPOBIAHMKIB, BiANOBIAHO.

Akwo HagMmipHe nigBULWEHHS TemnepaTypu
BUKNMKae CTypOOBaHICTb WOAO MNOBEPXHi, Ha
AKIn - mMalTb OyTM  3akpinneHi KOMMOHEHTU
(4yepe3 BUCOKY 3aWMuUCTiICTb abo  HU3bKy
TemnepaTtypy TONmMeHHdA), cnig Bubpatu
NPOBiIAHUKM 3 BiNbLIMM NONEPEYHUM Nepepi3om
abo po3rNAHYTM BXWUTTA iHWUX 3axoAis
Gesneku, npuMipom, BUKOPUCTAHHS
OUNCTaHLUINHNX onop abo BCTaBJIAHHSA
BOTHECTINKUX LIapiB.
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structure to be protected. The steel skeleton of
reinforced concrete may be used as LPS
conductors or may be used as a conductive
shielding layer to reduce the electromagnetic
fields generated by lightning in the structure as
the lightning currents are conducted through an
isolated LPS. This LPS design makes
protection easier, in particular for special
structures containing extensive electrical and
electronic installations.

A stringent construction specification for
down-conductors is required in order to meet
the minimum requirements for natural
components given in 5.3.5.

E.4.2.3.2 Mechanical design

The lightning protection designer should
consult with the persons responsible for the
structure on mechanical design matters
following the completion of the electrical
design.

Aesthetic considerations are particularly
important as well as the correct selection of
materials to limit the risk of corrosion.

The minimum size of lightning protection
components for the various parts of the LPS
are listed in Tables 3, 6, 7, 8 and 9.

The materials used for the LPS components
are listed in Table 5.

NOTE For selection of other components, such as rods and
clamps, reference may be made to the future IEC 62561
series. This will ensure that temperature rise and

mechanical strength of such components are taken into
account.

Where deviations are made from the
dimensions and materials specified in Tables 5,
6 and 7, using the lightning discharge electrical
parameters specified for the selected class of
LPS given in Table 1, the lightning protection
designer or installer should predict the
temperature rise of lightning conductors under
discharge conditions and dimension the
conductors accordingly.

When excessive temperature rise is a concern
for the surface on which the components are to
be attached (because it is flammable or has a
low melting point), either larger conductor
cross-sections should be specified or other
safety precautions should be considered, such
as the use of stand-off fittings or the insertion of
fire-resistant layers.
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MpoekTyBanbHuk LPS mae BU3HaunTuM yci 30HM, The LPS designer should identify all corrosion
e MOXe BUWHUKATU KOpo3id, Ta TOYHO problem areas and specify appropriate
BM3HaA4YNTK BIANOBIAHI 3aX04W. measures.
Bnnue koposii Ha LPS mMoxe OyTu 3meHLweHuni The corrosion effects on the LPS may be
WwnaxomMm 36inbweHHA po3mipy maTtepiany abo reduced either by increases in material size, by
3a [ONOMOro KOPO3IMHOCTINKUX €NeMEHTIB, using corrosion resistive components, or by
abo BXUTTAM iHLWMX 3ax0fiB 3axXUCTy. taking other corrosion protection measures.
MpoekTtyBanbHuK LPS i moHTaxHuk LPS mawTb The LPS designer and LPS installer should
TOYHO BM3HAYUTM KPINMEHHS Ta 3aTUCKK specify conductor fasteners and fixtures which
npoBigHUKIB, ski 6yayTb 34aTHI BUTpMMYyBaTu will withstand the electrodynamic forces of
enekTpogMHaMIYHI 3ycunns cTpymy OnuvckaBku lightning current in the conductors and also
y npoBigHMKax, a TaKoX [AO03BONATUMYTb allow for the expansion and contraction of
PO3LUNPEHHS i CTUCHEHHS NpoBiAHUKIB conductors due to the increase in temperature
nos'szaHe 3 MOXIUBUM NigBULLEHHSM that occurs.
TemnepaTtypwu.
Lle MOXe a7 OOCATHYTO LWNSAXOM This could be achieved by using components
BUKOPUCTAHHA KOMMOHEHTIB, BUNPOOYBaHUX tested according to the future IEC 62561
3rigHo 3 manbyTHiM cTaHgapTtom cepii IEC series.
62561.
E.4.2.3.3 byaiBnsa (cnopyaa) 3 KOHCONbLHOKO E.4.2.3.3 Structure with a cantilevered part
YacTUHOIO
Llo6 3MeHWnT NMOBIPHICTb TOrO, WO NIOAKHA, To reduce the probability of a person standing
sKka CTOITb MiJ KOHCOJIbHOK KOHCTpPYKUI€EHD, under a cantilevered construction from
CTaHe anbTepHaTUBHUM LWWMAAXOM ANA CTPyMy becoming an alternate path for lightning current
onuckasku, o npoxXoaunTb OO3EMHUM flowing in the down-conductor running on the
NPOBIOAHWUKOM, SIKMA NPOXOAUTb KOHCOJIbHOK cantilevered wall, the actual distance, d, in
CTiHOW, (pakTU4yHa BigCTaHb, d, Y MeTpax Mae metres should satisfy the following condition:
BignoBigaTy Takin ymoBi:

d>25+s (E.1)

[Oe s — posginbHa BigcTaHb Yy MeTpax,
ob4yucneHa 3rigHo 6.3.
BennunHa 2,5 — ue TunoBa BUCOTaA KiHYUKIB

nanbuie NOOUHU, KONMX BOHA MPOCTArae CBOK
pYyKy BepTukanbHo (auBe. Puc. E.2).

where s is the separation distance in metres
calculated in accordance with 6.3.

The value 2,5 is representative of the height at
the tips of a man's fingers when he stretches
his arm vertically (see Figure E.2).
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LPS
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YMOBHiI NO3Ha4YeHHA

d aKkTU4Ha BiAcTaHb > S
s pos3ginbHa BigcTaHb 3rigHo 6.3
I OOBXWHA ANS OUiHIOBAHHA PO3A4inbHOI BiACTaHi s

MPUMITKA BucoTa nioavHu 3 nigHATOW pykok GepeTbcs
2,5 M.

”

IEC 2660/10

Key

d actual distance >s

s separation distance according to 6.3

/ length for the evaluation of separation distance s

NOTE The height of the person with raised hand is taken to
be 2,5 m.

Figure E.2 — LPS design for a cantilevered part of a structure

PucyHok E.2 - KoHcTpykuisi LPS ans koHconbHOI YacTuHM 6yaiBni (cnopyan)

MeTni npoBigHuka, 9k nokasaHo Ha Pwuc. E.2,
MOXYTb CTBOPIOBATU BUCOKI IHOYKTUBHI NafiHHA
Hanpyrm, $Kki  MOXYyTb  Mpu3BOAMTU OO
NPOXOMXXEHHST BUCHarM OGAMCKaBKM  CTiHOW
Oygieni (cnopyan), WO TakMmM YMHOM CNPUYNHSE
NOLLUKOOXKEHHS.

Akwo ymoBM, 3a3HayveHi y 6.3, He
BUKOHYIOTbCS, Mae OyTu BXUTO 3axoAiB And
npsiMOro NpoBeAeHHs Kpi3b bygisnto (cnopyny)
y To4yKax BXoOy-BMXOAY nNeTenb NpoBiaHUKA
6nuckaBkm y obcTaBuMHax, nokasaHux Ha Puc.
E.2.

E.4.3 3anizo6eTOHHi KOHCTPYKLil
E.4.3.1 3aranbHi nonoXxeHHA

Mpomucrnosi 6yaisni (cnopygmn) 4acto MiCTATb Y
co0i 3ani3o0eTOoHHI KOHCTPYKLIiN, AKi
BUIOTOBNAKTLCS Ha OyaiBenbHoMy
MangaHuuky. Y 6GaraTtbox iHWWX BUNaAkax,
YacTuHU Oyaisni (cnopyam) MOXYTb
cknagatmca  3i 30ipHMX  3ani3obeTOoHHUX
KOHCTpyKLi abo cTaneBux geTtanemn.

Loops in a conductor as shown in Figure E.2
can produce high inductive voltage drops,
which can cause a lightning discharge to pass
through a structure wall thereby causing
damage.

If the conditions in 6.3 are not met,
arrangements should be made for direct routing
through the structure at the points of re-entrant
lightning conductor loops for those conditions
shown in Figure E.2.

E.4.3 Reinforced concrete structures
E.4.3.1 General

Industrial  structures frequently comprise
sections of reinforced concrete which are
produced on site. In many other cases, parts of
the structure may consist of prefabricated
concrete units or steel parts.
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CTtaneBuin  pUWITYHOK Yy  3ani3obeTOHHUX
KOHCTPYKLiAX 3rigHo 4.3 MoOXe
BUKOPUCTOBYBATUCb AK NPUPOOHUIA KOMMOHEHT
LPS.

Taki npupoaHi KOMNOHEHTN MatoTb BignosigaTu
BMMOram go:

- [O3EeMHUX MPOBIAHMKIB 3rigHO 3 5.3;
- Mepex 3eMIAHOro 3akiH4eHHs 3rigHo 3 5.4.

[JoTpumaHHA BMMOrM WOAO MaKCUManbHOMo
3aranbHoro onopy 0,2 Q MoxHa nepesipuUTH
LWIIAXOM BUMIPHOBAHHSA OMOPY MiX CUCTEMOH
nepexonsoBaviB i KOHTAKTHUMW 3aknagHUmMu
y3eMSIEHHST Ha PpiBHi 3eMnii 3a [ONOMOrot
npugaTHoOro BMNpoOGHOro obnagHaHHA,
30aTHOro BUKOHYBaTU BMMIpIOBaHHS 3a
YOTMPUMPOBIQHOK CXEeMOK (OBa CTPYMOBUX
NPOBIAHUKM | ABa MOTEHLUIAHI NPOBIAHMKN), SIK
nokasaHo Ha Puc. E.3. BenuuynHa
BUMIpIOBaNbLHOro CTpyMy, KM BBOOUTLCHA, Mae
cTaHoBUTM Gnu3bko 10 A.

MPUMITKA 1 HAkwo p[ocTyn [0 AINSHKM NPOBEAEHHS
BunpobyBaHb abo npoknageHHs BUNPOOHWX NPOBOAIB €
ycknagHeHuMu, Moxe OyTu 3acTocoBaHO cheuianbHU
CTpUMXXeHb BI4 BWUCOKONro A0 HU3bKOro piBHA 3 MeTOok
npoBefeHHs BUMNPOOyBaHb Yy KOXHIiA Touui. Y Takomy pasi

mMoxe ByTu oBGuMcrneHo 3aranbHWUIA OMip CMOMYYHWKIB NIOC
onip 4O3eMHOro NpoBiAHUKA.
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Steel reinforcement in reinforced concrete
structures conforming to 4.3 may be used as a
natural component of the LPS.

Such natural components must fulfil the
requirements of:

— down-conductors according to 5.3;
— earth-termination networks according to 5.4.

The requirement of a maximum overall
resistance of 0,2 Q can be checked by
measuring the resistance between the
air-termination system and a ground plate at
ground level using testing equipment suitable
for the application capable of measuring in a
four lead configuration (two measuring leads
and two sensing leads) as illustrated in Figure
E.3. The injected measuring current should be
in the order of about 10 A.

NOTE 1 When access to test areas or routing of test cables
are difficult, dedicated bar from high to low may be provided
in order to carry out testing at each point. The total
resistance of joints plus the resistance of down-conductor
can then be calculated.

IEC 2661/10

Figure E.3 — Measuring the overall electrical resistance

PucyHok E.3 - BumiptoBaHHSA 3arafribHOro eneKkTpuyHoro onopy
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Kpim Toro, cTpymonpoBigHuin  cTanesun
PUWTYHOK y OETOHi, 3a WOro npaBUIIbHOIO
BMKOPUCTaHHA, Mae dopMyBaTtu KniTKy And
€KBIMOTEHLUINHMX CMONyYeHb BHYTPiWHbOI LPS
3rigHo 6.2.

Kpim Toro, crtaneBui puwTyHOK OyaiBni
(cnopyaun), €9KWO BiH € ajeKBaTHUM, MOXe
NpaBuUTU 3a €eNeKTPOMArHeTHUA eKpaH, SAKUN
bepe yyacTb Yy 3axucTi €eneKkTpuU4yHoro Ta
eNeKTPOHHOro  ycTaTKOBaHHA  Big  3aBag,
CMPUYNHEHUX  E€NEeKTPOMAarHeTHUMM  nonsamMu
6nuckasku, srigHo IEC 62305-4.

Akwo puwTyHok 6eToHy Ta Oyab-aki  iHwWi
cTanesi KOHCTpyKUii  Oyaisni (cnopyaun)
3'eQqHaHO fAK i330BHi, TaKk i 3cepeaAnHn Tak, WO
enekTpuyHa O6e3nepepBHicTb Bianosinae 4.3.,
MoXe OyTu AOOCATHEHWN eMEeKTUBHUN 3axucT
BiA (Pi3MYHMX MOLKOOAXKEHD.

MepenbavaeTbes, WO CTPYM, SKUIA BBOOUTHLCS
ao CTPWXHIB PULLTYHKY, npoxogutume
YNCITEHHMUMMU napanenbHMMu Lwnsxamu.
IMNnegaHc OTPUMAHOT CiTKU, OTXe, € HU3bKUM i,
K Hacnigok, nagiHHa Hanpyrm Big CTpyMmy
OnuckaBkM € TakoX HM3bkuM. MarHeTHe none,
reHepoBaHe CTPyMOM Yy CiTUi cTaneBoro
PUWITYHKY, € cnabkmum 3aBOSIKM  HU3bKIN
WiNbHOCTI CTPYMYy Ta napanenbHOCTi LWnaXiB
NPOTIKAHHSA, AKMMMU TFEHEPYHTbCA NPOTUNEXHI
enekTpomMarHeTHi nonga. BignosigHo, 3aBagn y
npunernnx BHYTPILLHIX eneKkTPUYHUX
NPOBIAHUKAX 3MEHLLYIOTHCS.

MPUMITKA 2 Wopo 3axucTy Big enekTpoMarHeTHUX 3aBaf,
aneuck |[EC 62305-4 Ta IEC/TR 61000-5-21],

AKwo KiMHaTy MOBHICTIO OTOYEHO CTiHAMu 3
apMOBaHoro 3aniszobeToHy, eneKkTpuYHa
Oe3nepepBHIiCTb SKOro  Bignosigae 4.3,
MarHeTHe mnone Big CTpyMy OnuckaBku, SAKUIA
nNpoTikae  puUWITYHKOM, y  0GesnocepegHin
©6nn3bKocCTi Big CTiHM € crnabwum, HiX y KiMHaTi
Oyaisni (cnopyan), 9Ky 3axulieHo 3BUYaANHUMU
003eMHUMW NPOBiAHUKaMU. 3aBOsKM MEHLUM
Hanpyram, iHOyKOBaHUM Yy NeTnsax NpoBigHMKIB,
BCTAHOBJIEHMX BCepeauHi KimHaTKh, 3axucT Big
360iB BHYTpilWHIX cuctem mMoxe OyTu nerko
noninLeHo.

[Micna 3aBepleHHA eTany cnopygXeHHs cTae

npakTU4YHO HEMOXIMBUM BU3HAUYUTK
PO3MilLleHHS i KOHCTPYKLit0 cTaneBoro
PULLTYHKY. OTtxe, cxemy PO3MilLeHHs
cTanesoro PULLITYHKY ans uinen

bnuckaBkoszaxucty Mae Oytm ayxe pobpe
3agokymeHToBaHo. Lle moxHa  3pobuty,
BUKOPWUCTOBYIOYN  KpPECMeHHd, onucm  Ta
doTorpacdii, 3pobneHi nig Yac cCnoOpyaXKeHHS.
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Moreover, the conductive steel reinforcement
in concrete, when properly used, should form
the cage for potential equalization of the
internal LPS according to 6.2.

Furthermore, the steel reinforcement of the
structure, if adequate, may serve as an
electromagnetic shield, which assists in
protecting electrical and electronic equipment
from interference caused by lightning
electromagnetic fields according to IEC
62305-4.

If the reinforcement of the concrete and any
other steel constructions of a structure are
connected both externally and internally so that
the electrical continuity conforms to 4.3,
effective protection may be achieved against
physical damage.

The current injected into the reinforcing rods is
assumed to flow through a large number of
parallel paths. The impedance of the resulting
mesh is thus low and, as a consequence, the
voltage drop due to the lightning current is also
low. The magnetic field generated by the
current in the reinforcing steel mesh is weak
due to the low current density and the parallel
current paths generating opposing
electromagnetic fields. Interference with
neighbouring internal electrical conductors is
correspondingly reduced.

NOTE 2 For protection against electromagnetic interference,
see IEC 62305-4 and IEC/TR 61000-5-21°

When a room is totally enclosed by
steel-reinforced concrete walls whose electrical
continuity conforms to 4.3, the magnetic field
due to lightning current flowing through the
reinforcement in the vicinity of the walls is
lower than that in a room of a structure
protected with conventional down-conductors.
Owing to the Ilower induced voltages in
conductor loops installed inside the room,
protection against failures of internal systems
may be easily improved.

After the construction phase, it is nearly
impossible to determine the layout and
construction of the reinforcement steel.
Therefore, the layout of the reinforcement steel
for the purpose of lightning protection should
be very well documented. This can be done
utilizing drawings, descriptions and
photographs taken during the construction.
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E.4.3.2 BUKOpUCTaHHA PULLITYHKY Y GeTOHi

CnonyyHi NpoBigHMKN abo KOHTaKTHI 3aknagHi
y3eMreHHss mae OyTu BCTAHOBIEHO ANS TOro,

wob 3abe3neuynTn  HagiiHe  enekTpuyHe
3'eQHaHHA 3i cTaneBUM PULLTYHKOM.
CTpyMmonpoBigHi  pamn, KOTpi, nNpuMipom,

3akpinneHo po Oyaisni  (cnopyam), MOXyTb
BUKOPUCTOBYBATUCb $SK MPUPOAHI MPOBIgHUKM
LPS i sk Toukn npuegHaHHA ONs BHYTPIWHBOI
CUCTEMMW eKBINOTEHLiINHUX CNOMNYyYeHb.

MpakTU4YHUM NpUKNAagoOM € BUKOPUCTAHHSA
yHOAMEHTHUX aHkepiB abo TpumanbHUX
fanok mawwuH, anapartiB abo kopnyciB Ans
OOCATHEHHS1 €eKBiMOTEHUiMHUX cnonyyeHb. Ha
Puc. E.4 nokasaHO cxeMy pO3MilleHHSA
PULITYHKY i CRAONYYHUX LWWWH Y MPOMUCNOBIN
Oyaisni (cnopyai).
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E.4.3.2 Utilization of reinforcement in
concrete

Bonding conductors or grounding plates should
be furnished in order to provide reliable
electrical connection to the reinforcement steel.

Conductive frames that, for example, are
attached to the structure may be used as
natural LPS conductors and as connection
points for the internal equipotential bonding
system.

A practical example is the use of foundation
anchors or foundation rails of machines,
apparatus or housings, to achieve potential
equalization. Figure E.4 illustrates the
arrangement of the reinforcement and the
bonding bars in an industrial structure.
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YMOBHi NO3HayYeHHsA Key
1 enekTpoeHepreTu4yHe obnagHaHHA 1 electrical power equipment
2 ctanesa 6anka 2 steel girder
3 MeTanese NokpuTTsa dacagy 3 metal covering of the facade
4 3NYYHUK 4 bonding joint
5 enekTpuyHe abo enekTpoHHe obrnagHaHHSA 5 electrical or electronic equipment
6 cnosyyHa WwuHa 6 bonding bar
7 cTaneBui pULITYHOK Yy 6eTOHI (3 HaknageHumu 7 steel reinforcement in concrete (with

ciTyacTUMM NpoOBigHMKaMM) superimposed mesh conductors)
8 dyHOAMEHTHUIA B3eMITOBaNbHUI eNeKkTpos 8 foundation earth electrode
9 CNinbHWUI yBiA ANSA Pi3HUX nocnyr 9 common inlet for different services

Figure E.4 — Equipotential bonding in a structure with a steel reinforcement
PucyHok E.4 — EkBinoTeHUiNHi cnony4yeHHsA y 6yaiBni (cnopyai) 3i ctaneBMM pULLITYHKOM

Po3MmilweHHa cnony4yHmMx 3akiH4eHb Yy OyAaisni The location of bonding terminations in the
(cnopyai) HanmexuTb O0OyMOBWUTM Ha paHHIn structure should be specified at an early
cTafil BMKOHaHHA npoekTy LPS i HanexuTb planning stage in the design of the LPS and
[O0BecTu 4o Bigoma byaiBenbHOro nigpsagHuka. should be made known to the civil works

contractor.
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ByaisensHomy nigpsgyunky HanexuTb
NPOKOHCYNbTYBATUCH ANS BU3HAYEHHS TOTO, YK
OOMyCcKaeTbCs NpuUBapOBaHHA [0 CTPUXKHIB
PULITYHKY, Y4 € MOXMANBUM 3aTUCKaHHSA, abo un
NoTpibHO BCTAHOBMIOBATH 004aTKOBI
npoBigHukK. Bci HeobxigHi poboTu HamnexuTb
BMKOHATU | nepeBipuTKM nepeq 3anuMBaHHAM
6eToHy (TOo6TO npoektyBaTu LPS Hanexutb y
noeaHaHHi 3 NPOEeKTyBaHHAM Oyaieni
(cnopyaw)).

E.4.3.3 3BaproBaHHA abo 3aTUCKaHHA p[Ao
CTPUXHIB CTaNeBoOro puULITYHKY

BesnepepBHICTb CTPWMXKHIB PULLTYHKY Mae 6yTu
BU3HAYEeHO 3aTUCKaHHAM abo 3BaptoBaHHSAM.

MPUMITKA TMpugaTHuMmn € 3aTuckadi, Wo BiagnoBigawThb
ManbyTHboMy cTaHpaapTy cepii IEC 62561.

[MpuBapioBaHHA 0O  CTPUXHIB  PULLTYHKY
OO3BONSETECA NUWE 3a YMOBM OTPUMAaHHSA
3rogM Big npoekTyBanbHMKa OyAiBenbHMX
po6iT. CTpWMXHI pUWITYHKY Mae 6yTu 3BapeHo Ha

OOBXWHI WoHanmeHwe y 50 mm (gue. Puc. D.5).
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The building contractor should be consulted to
determine whether welding to the reinforcing
rods is permitted, whether clamping is possible
or whether additional conductors should be
installed. All necessary work should be
performed and inspected prior to pouring of the
concrete (i.e. planning of the LPS should be
carried out in conjunction with the design of the
structure).

E.4.3.3 Welding or clamping to the
steel-reinforcing rods

The continuity of the reinforcing rods should be
established by clamping or welding.

NOTE Clamps conforming to the future IEC 62561 series are
suitable.

Welding to the reinforcing rods is only
permitted if the civil works designer consents.
The reinforcing rods should be welded over a
length not less than 50 mm (see Figure E.5).
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50 mm min.

N

IEC 2663/10

Figure E.5a — Welded joints (suitable for lightning current and EMC purposes)

PucyHok E.5a — 3BapHi 3'egHaHHA (NpuAaaTHi Ans cTpymMy 6nuckaBku Ta notpe6 EMC)

e,

A\l
il

3

I

IEC 2664/10

Figure E.5b — Clamped joints to future IEC 62561 (suitable for lightning current and EMC purposes)

PucyHok E.5b — 3aTuckHi 3'eaHaHHA 3a manbyTHim IEC 62561 (npuaaTtHi ana ctpymy 6nuckaBku Ta notpe6 EMC)

IEC 2665/10
Figure E.5¢c — Bound joints (suitable for lightning current and EMC purposes)
PucyHok E.5c — B'sizaHi 3'egHaHHA (NpuaaTHi Ana cTtpymy 6nuckaBku Ta notpe6 EMC)
lo== o
IEC 2666/10

Figure E.5d — Lashed joints (suitable for EMC purposes only)

PucyHok E.5d — MiaB'a3aHi 3'eaHaHHA (npuaaTHi nuwe ansa notped EMC)

Figure E.5 — Typical methods of joining reinforcing rods in concrete (where permitted)

PucyHok E.5 - TunoBi cnoco6u 3'eaHaHHA CTPUXKHIB PULLTYHKY Y 6€TOHI (SIKLLO AO03BONIEHO)
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MpuegHaHHA OO  30BHIWHIX  KOMMOHEHTIB
cuctemn OGNMCKaBKO3aXMCTYy BUKOHYKOTbCHA 3a
OOMOMOroK CTPUXHSA PULLTYHKY, BUBEOEHOrO
Kpisb 6eToH y BM3HayeHoOMy Micui, abo 3a
OOMOMOroK  CMONy4HOro CTpwkHaA abo 3a
OO0MOMOroK KOHTaKTHOT 3aKknagHol y3eMIleHH4,
sika MPoOXoAuTb Kpi3b BETOH Ta ska npuBapeHa
abo NpUTUCHYTa 0O CTPUXKHIB PULLITYHKY.

Tam, ge 3’eaHaHHS MiXK CTPUXHAMU PULLTYHKY Y
OeTOHi Ta nNpPOBIOHMKOM  €KBINOTEHLiNHNX
CnonyyeHb BWKOHAHO MeETOAOM 3aTUCKaHHS,
3aBXxaun HanexuTb  3acTocoByBaTM  ABa
crnonyyHi npoBigHukM (abo oauH MpPoOBIOHMK 3
ABOMa 3aTuckadamum [0  Pi3HUX CTPUXKHIB
PUWITYHKY) 3 MeTow 0e3neku, OCKiNbKK
3’efHaHHs He MoXe OyTu nepeBipeHe nicns
3aTBEpPAiIHHA 6EeTOoHY. AKLWO NPOBIgHNK CUCTEMM
E€KBIMOTEHUINHUX  CMNOMyYeHb |  CTPUXKEHb
PULITYHKY € 3 pisHOpigHUX MeTanis, ToAi micue
3’€¢[HaHHS HaneXuTb MOBHICTIO repMeTn3yBaTn
KOMNayHOOM, KU 3aTpUMYy€E BOMOTY.

Ha pucyHky E.6 nokasaHi 3aTuckadi, sKi
3aCTOCOBYIOTbCA And  3'€AHaHHA CTPUXHIB
PULLITYHKY Ta OAHOXUINBbHUX nnackunx
NpPOBIgHUKIB.

Ha pucyHky E.7 getanbHO nokasaHo 3'€QHaHHSA
30BHILLIHBOT CUCTEMU 3i CTPUMXKHAMU PULLTYHKY.

Posmipy  cnony4yHux  npoBigHWKIB  MaloTb
BiANOBigATM TiM YacTuHI cTpymy BrinckaBku, sika
npoTikae TO4Ykow 3'egHaHHs (auB. Tabnuui 8 i
9).

— 08 —

The connection to outside components of the
lightning  protection system should be
established by a reinforcement rod brought out
through the concrete at a designated location
or by a connecting rod or ground plate passing
through the concrete which is welded or
clamped to the reinforcing rods.

Where joints between the reinforcing rods in
concrete and the bonding conductor are made
by means of clamping, two bonding conductors
(or one bonding conductor with two clamps to
different reinforcing bars) should always be
used for safety, since the joints cannot be
inspected after the concrete has set. If the
bonding conductor and reinforcing rod are
dissimilar metals, then the joint area should be
completely sealed with a moisture inhibiting
compound.

Figure E.6 shows clamps used for joints for
reinforcing rods and solid tape conductors.

Figure E.7 shows details for connection of an
external system to reinforcing rods.

The bonding conductors should be
dimensioned for the proportion of lightning
current flowing at the bonding point (see Tables
8 and 9).
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or

Figure E.6 — Example of clamps used as joints between reinforcing rods and conductors

PucyHok E.6 — Npuknap 3aTuckavis, L0 BUKOPUCTO

MiDK CTPMXKHAMMW PULLTYHKY | npoBigHUKaMun

BYHOTbCA OAnA 3'eQHaHHA
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Figure E.7a
PucyHok E.7a

IEC 2669/10

Figure E.7c
PucyHok E.7c

IEC 2671/10

YMOBHiI NO3Ha4YeHHA

N o o b~ W

8

NPOBIAHUK CUCTEMU EKBINOTEHLINHUX CNONYYeHb

ranka, npvBapeHa 40 CTaneBoro Cnony4yHoro
npoBigHUKa

CnonyYHui NpoBigHMK cTani*

MOHOMITHA CNofy4yHa To4ka 3 KONIbOPOBOro MeTany
6araToXuNbHUIA MiGHUIA CNONYYHUIA NPOBIAHUK
NPOTUKOPO3iNHUN 3axig

C-nopibHa ctanesa getanb (C-nofibHa MoHTaxHa
nnaHka)

3BaproBaHHA

* CnonyYHuUin NpoBigHMK CTani NnpuegHaHo y 6aratbox To4YKax

3a

AONoOMOroww  3BaproBaHHA abo I'IpMB'ﬂ3yBaHHﬂ oo

CTaneBuX CTPUXKHIB PULLITYHKY.

MPUMITKA KoHcTpykKuis, WO nokaszaHa Ha pucyHky E.7c, He
€ 3aranbHOMPUNHATMM PilLEHHSM 3 TOYKM 30pYy HamnexHoi
iH)XEHEepHOT NPaKkTUKK.

B
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Figure E.7d
PucyHok E.7d
IEC 2672/10

Key
1 bonding conductor
2 nut welded to steel bonding connector
3 steel-bonding connector*
4 cast in non ferrous bonding point
5 stranded copper bonding connector
6 corrosion protection measure
7 C-steel (C-shaped mounting bar)
8 welding

* The steel-bonding connector is connected at many points
by welding or clamping to the steel reinforcing bars.

NOTE Construction shown in Figure E.7c is not a generally
accepted solution in terms of good engineering practice.

Figure E.7 — Examples for connection points to the reinforcement
in a reinforced concrete wall

PucyHok E.7 - lpuknaan ToYoK Cnony4yeHHs1 3 pULLTYHKOM y 3ari300eTOHHIN CTiHi
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E.4.3.4 MaTepianu

HacTynHi MaTepianu, MOXYTb
BUKOPUCTOBYBATUCb SIK 4OAATKOBI MPOBIAHUKM,
BCTaHOBIEHI y G6eToH 3 MeTOo
6nuckaBko3axucTy: cTanb, M'ska  cTalb,

noumMHKOBaHa cTarnb, HEpXXaBHa cTarnb, Migb Ta
nomMmiaHeHa cTanb.

[MoBepiHka nouMHKOBAHOroO LWapy Ha crtani y
6eToHi € oyxe cknagHoto, ocobnmeo y 6eToHi 3
xnopugamu, UWHK CXUMbHUA [0 iHTEHCUBHOI
KOpo3ii y KOHTaKTi 3 PULLITYHKOM i MOXe, 3a
NEeBHWX YMOB, CMNPUYUHUTU MOLUKOKEHHS
feToHy. TOMy MNOUWHKOBAHY cTanb He cnig
BUKOPUCTOBYBATK Yy NpUOEpPEXHUX panoHax i B
pavoHax, e Yy IpyHTOBMX BoAax MoOxe OyTu
cinb. OCKiNbKM BUKOPUCTAHHSA MNOLUMHKOBAHOI
cTani y 6eToHi BMMarae ouiHlOBaHHA 6araTtbox
30BHiWWHIX akTopiB, uUen MaTepian wMae
BMKOPUCTOBYBATUCb fulle Micns peTenbHOoro
aHanizy. 3 ornagy Ha ui gaktopu, 3amicTb
MOLMHKOBAHOT cTani pekoMeHOyeTbCA
BUKOPWCTOBYBATM iHLWWI 3ragaHi maTtepianu.

3 METOK YHUKHEHHS MAYTaHUHU MiXK Pi3HUMU
TMNamn  cTaneBUx CTPWKHIB Yy  BeToHi,
pPEeKOMEeHOYETbCS  BUKOPWUCTOBYBATM  KPYIAi
cTaneBi CTPWXHi He MeHWwe 8 MM y AdiameTpi 3
rmagkot NOBEPXHEN sIK JOOATKOBI MPOBIgHUKM
Ha npoTuBary 3BMYAWHUM  CTPWXKHAM 3
pebpunCcTo NOBEPXHED.

E.4.3.5 Koposis

AKWwo Kpisb BETOHHY CTiHY NpPOXOAsATb cTanesi
CMOMyYHi MNPOBIAHWMKMA PULITYHKY, 0COGNUBY
yBary cnig 3eeptaTtu Ha 3abe3neyeHHs 3axucTy
BiO XiMiYHOT KOpO3ii.

HannpocTiwmm 3acobom 3axucTy Big KOposii €
HaHeCeHHs1  CUNiKOHOBOro  Kay4dyky  abo
BiTymHOro o03g06mnoBanbHOrO  MNOKPUTTSA Y
Oe3nocepeHinn 6MNM3bLKOCTI Bif TOYKM BUXOAY 3i
CTiHW, npumipom, 50 mm abo Ginble y cTiHi n 50
MM Ta Ginbwe nosa cTiHow (gmB. Puc E.7c).
MpoTe, uUe He BBaXaeTbCA HaNeXHUM
iHXXEeHepHUM piweHHsaM. Kpawmm pilleHHsaM €
BUKOPUCTAHHS 3MYYHUKIB, cneuvianbHO
po3pobneHnx Ansa uiei MeTn, 9K nokasaHo y
iHWNX npuknagax Ha Puc E.7.

AKLwo Kpisb 6ETOHHY CTiHY MpoXxoAATb MigHI Ta

NOMIgHEHI cTaneBi  CNOMyYHi  MPOBIAHUKK
PULITYHKY, PU3UK NOABM KOPO3il BIACYTHIN,
AKL,0 BUKOPUCTOBYETLCS OHOXUIBHUN
npoBigHWK, BiANOBigAHa  Ccrony4yHa  ToOu4Ka,

nokputTa 3 NMBX abo isonboBaHWMn NpoBig (auB.
Puc E.7b). Ina npoBigHKKIB 3 HEP>XaBHOT cTani,
3rigHo Tabnuub 6 i 7, y BXUTTI 3axogiB gns
3anobiraHHsa kOpo3ii HeMae NoTpedu.
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E.4.3.4 Materials

The following materials can be used as
additional conductors installed in concrete for
lightning protection purposes: steel, mild steel,
galvanized steel, stainless steel, copper and
copper coated steel.

The behaviour of a galvanized layer on steel in
concrete is very complicated, particularly in
concrete with chlorides, the zinc will corrode
quickly on contact with the reinforcement, and
can under certain conditions cause damage to
the concrete. Galvanized steel should therefore
not be used in coastal areas and where there
may be salt in the ground water. As the use of
galvanized steel in concrete requires
evaluation of many external factors this
material should be used only after careful
analysis. With this in mind the use of the other
mentioned materials is preferred over the use
of galvanized steel.

In order to avoid confusion between the
different types of steel rods in concrete, it is
recommended that round steel rods of at least
8 mm diameter with a smooth surface be used
as additional conductors in contrast to the
ordinary ribbed surface of the reinforcing rods.

E.4.3.5 Corrosion

Where steel reinforcement bonding conductors
are brought through a concrete wall, particular
attention should be paid to protection against
chemical corrosion.

The simplest corrosion protection measure is
the provision of a silicon rubber or bitumen
finish in the vicinity of the exit point from the
wall, e.g. 50 mm or more in the wall and 50 mm
or more outside the wall (see Figure E.7c).
However this is generally not regarded as a
good engineering solution. An improved
solution is to wuse connectors especially
developed for this purpose as shown in the
other examples of Figure E.7.

Where copper and copper coated steel bonding
conductors are brought through the concrete
wall, there is no corrosion risk if a solid
conductor, proprietary bonding point, PVC
covering or isolated wire is used (see Figure
E.7b). For stainless steel bonding conductors,
in accordance with Tables 6 and 7, no
corrosion prevention measures need to be
used.
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Y BUNagky Hag3BMYamHoO arpecmBHol
aTmocdepu, peKOMeHAYETbCS, Wob CrnonyyYHuin
NPOBIOHUK, HAKWA BWUCTynae 3i CTiHW, OyB
BUIOTOBIIEHMI 3 HEPXXABHOI cTani.

MPUMITKA TlouuHkoBaHa cTanb, WO BUXOAUTb 3a MexXi
6eToHy, i KOHTaKTye 3i cTaneBuMM pULITYHKOM Yy OeToHi,

MOXe, 3a NeBHUX OBCTaBUH, CMPUYMHATM MNOLUKOAXKEHHS
GeToHy.

3a BWKOPUCTAHHA MOHOMITHUX ramok abo
YaCTWH i3 M'AKOT cTani, IX HaNeXuTb 3aXUCTUTU
Big KOpO3ii 3a MexaMu CTiHW. [1na CTBOPEHHS
eNneKTPUYHOro  KOHTaKTy  Kpidb  3axucHe
NOKPUTTS rawmku, HanexuTb 3acTocoByBaTK
3ybyacTi NpyXuHHI wandwu (ans. Puc E.7a).

[Ona oTpumaHHA fofaTkoBOT iHGOpMaLil Wwoao
3axucTy Big kopoasii, aue. £E.5.6.2.2.2.

E.4.3.6 3’egHaHHA

[ocnigxeHHs BKasylTb Ha Te, WO 3'€4HaHHSA
nepeB'a3yBaHHAM € HenpuaaTHUM ans
npoBeAeHHSA CTpyMy OnuckaBku. ICHye pusuk
TOro, WO B'A3anbHWA APiT BUOYXHE i NOWKOANTb
©eToH. TMM He MeHLW, Ha OCHOBI NMonepeaHix
JocnigXeHb MOXHa NPpUNyCTUTU, WO NPUHANMHI
KOXXHa TpeTa [poToBa NepeB’si3ka YTBOPHOE
€eneKTPOoNnpoBiAHE CMONyYEeHHS, TaK WO Manxe
BCi  CTPWXKHI  PULITYHKY €  €eNeKTPUYHO
3'egHaHNMK MiXX  cobolo. BumiptoBaHHS,
BUKOHAHI Ha 3ani3obeTOHHUX KOHCTPYKUIsX,
nigTBEPOXYIOTh LLEN BUCHOBOK.

Omxe, pna 3’egHaHb CTpymMy OnuvckaBku
3BaplOBaHHS i 3aTUCKaAHHA € peKoMeH40BaHNMM
MeTogamu. 3'egHaHHs nMepeB'si3yBaHHAM €
npugaTHUMMU niuwe ans [oOaTKoOBUX
NpoOBIgHUKIB cucrtemm €KBIiMOTEHLiNHNX
cnonyyeHb Ta ang notped EMC.

[ligkno4YeHHsa 30BHiLLUHIX naHok ao
B3a€MOMNOB'sI3aHOro PULLTYHKY HaneXuTb
BUKOHYBaTM 3aTuckadyamm abo 3BaptoBaHHSM.

[JoBXMHaA 3BapHUX LWBIB MK CTPUXHAMMU
puwTyHKy (amB. Puc. E.5) y 6eToHi wmae
CTaHOBUTM He MeHwe 50 mm. CTpuxHi, Wwo
nepeTnHawTbCs, HanexXuTb 3irHyTM nepepq
3BapPlOBaHHSAM Tak, wob BOHU NLnm
napanenbHO NpuHanmMHi 70 Mm.

MPUMITKA Y Bunagkax, KOnNu AOMNYCKaeTbCA 3BaplOBaHHS,

NPUAHATHUM € $K 3BMYaWHe 3BaplOBaHHA, Tak i
eK30TepMivHe.

Akwo 3BapeHi CTpuxHi mae 6yTu 3anuTto
OeTOHOM, 3BaplOBaHHSA y TO4kax MNEepPeTUHy 3
OOBXMHOK 3BApPHOro LWBa YCbOro Yy Kinbka
MifniimeTpiB € HegocTaTHiM. [ig Yac 3anMBaHHS
OeTOHY Taki 3'eHaHHSA YacTo naMarTbCA.

Ha Pwucynky E.5 nokasaHo npaBunbHe
3BaploBaHHA  CMONYYHMX  MPOBIAHWKIB A0
CTPWMXKHIB PULLTYHKY Y 3ani300EeTOHHI.
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In the case of extremely aggressive
atmospheres, it is recommended that the
bonding conductor projecting from the wall be
made of stainless steel.

NOTE Galvanized steel outside the concrete in contact with

reinforcement steel in the concrete may, under certain
circumstances, cause damage to the concrete.

When cast-in type nuts or mild steel pieces are
used, these should be protected against
corrosion on the outside of the wall. Serrated
lock washers should be used to make electrical
contact through the protective finish of the nut
(see Figure E.7a).

For more information on corrosion protection,
see E.5.6.2.2.2.

E.4.3.6 Connections

Investigations show that lashed joints are not
suitable for lightning-current carrying
connections. There is a risk of the lashing wire
exploding and damaging the concrete.
However, on the basis of earlier investigations
it can be assumed that at least every third wire
lashing forms an electrically conductive link, so
that practically all the rods of the reinforcement
are electrically interconnected. Measurements
carried out on reinforced concrete structures
support this conclusion.

So for lightning-carrying connections welding
and clamping are the preferred methods.
Lashed joints as a connection are suitable for
additional conductors for equipotentialization
and for EMC purposes only.

Connections of external circuits to the
interconnected reinforcement should be
performed by means of clamps or by welding.

Welds between reinforcing bars (see Figure
E.5) within concrete should be at least 50 mm
long. Crossing rods should be bent to run for at
least 70 mm in parallel prior to welding.

NOTE Where welding is permitted, both conventional
welding and exothermic welding are acceptable.

When welded rods need to be cast into
concrete, it is not sufficient to weld at crossing
points with weld seam lengths of only a few
millimetres. Such joints frequently break when
the concrete is poured.

Figure E.5 shows correct welding of bonding
conductors to the reinforcing rods of the
reinforced concrete.
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AKWo NpuBaplOBaHHA [0 CTPUXKHIB PULLTYHKY
He JOMNYCKAaeTbCs, HANEXNTb BUKOPUCTOBYBATU
3aTuckaui abo 0o0aTKOBI cneuianbHoO
npuaHadeHi  nNpoBigHMKK. Taki  OOAAaTKOBI
NPOBIAHUKM MOXYTb BYTWU BUrOTOBMEHI 3i cTani,
HU3bKOBYrneueBoi cTani, NOUMHKOBAHOI cTani
abo wmigi. [opaTkoBi NPOBIOHUKM HaNeXuTb
npuegHaTM QOO 3HAYHOrO0 YuUcra CTPUXKHIB
PULITYHKY B’A3KamMu 4M 3aTuckadyamm, abwu
oTpumaTu nepeearu eKpaHyBanbHUX
MO>XIMBOCTEN CTaNeBOro pULLTYHKY.

E.4.3.7 lo3eMHi npoBigHUKKN

CTpwXHi pUWITYHKY y CcTiHax abo OeTOHHUX
KONMOHax i cTarneBi HEeCHi KOHCTPYKLUiT MOXYyTb
BMKOPUCTOBYBATUCb SK MNPUPOAHI  OO3EMHi
npoBigHUKM. Ha nokpiBni  mawTb  OyTu
nepenbaveHi TOYKMU npuegHaHHSA an4
nonerweHHs NigKNIYeHHS cucTemu
nepexonsioBaviB i, SAKWO 3ani3obeToHHUN
dyHOaAMEHT He BMKOPUCTOBYETbLCHA K €AuHe
3eMnsiHe 3akiH4YeHHSs, mae O6yTu nepeabayeHo

TOYKU npuegHaHHs, adun nonerwnTmn
npuegHaHHS ao cucTtemmn 3eMJIHOro
3aKiHYeHHS.

Konun €knncb nNeBHUA CTPUMXKEHb PULLTYHKY
npaBmTb 3a AO03EMHUA MPOBIOHWK, HANEXWUTb
3BepTaTtn ocobnuBy yBary Ha Tpacy [0 3eMni
ans 3abes3neyeHHs Toro, Wobu CTpuXeHb, SKNN
3HaxoguTbCcsa y Tik camin  nosuuii, 0OyB
BUKOPUCTAHWUIA Ha BCbOMY LUMASAXY AOHMW3Y, TUM
caMmum 3abes3neyvymBLUK besnocepenHio
enekTpu4Hy 6e3nepepBHiICTb.

Konu BepTukansbHa 6e3nepepBHiCTb NPUPOSHUX
[03eMHNX NMPOBIAHUKIB, SIKi YTBOPIOOTb NPSAMUN
WNAXy Big nokpiBni o 3emni, He mMoxe OyTu
rapaHTOBaHa, HanexXuTb BUKOPUCTOBYBATU
JoaaTkoBi cneuianbHi NpoBiAHUKN. Lli
[00aTKOBI NPOBIAHUKM MalTb BYTU MpuB’si3aHi
abo NpUTUCHYTI 4O CTani pULTYHKY.

Akwo € cymHiBM wWoao Haunpsmiwoi Tpacwu
[003EeMHOro  npoeigHMka  (NpumipoMm,  gns
iCHytouMx  OypiBenb), HanexuTb  AogaTu
CUCTEMY 30BHILLHIX 4O3EMHUX NPOBIAHUKIB.

Pucyvkn E.4 ta E.8 nokasywTb nogpobuui
KOHCTPYKLii NpMpoOAHMX KOMMNOHEeHTIB Y LPS ansa
3anizob6eToHHNX KOHCTPYKUiA. OuB. Takox Puc.
E.5.4.3.2 pgns BMKOPUCTAHHSA  CTPMWXHIB
3anizobeToHHNX eneMeHTiB y poni
y3eMJBaNbHUX enekTpoaiB pyHagaMeHTy
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Where welding to the reinforcing rods is not
permitted, clamps or additional dedicated
conductors should be used. These additional
conductors can be made of steel, mild steel,
galvanized steel or copper. The additional
conductors should be connected to a large
number of reinforcing rods by lashings or
clamps to take advantage of the shielding
possibilities of the reinforcement steel.

E.4.3.7 Down-conductors

The reinforcing rods of walls or concrete
columns and steel structural frames may be
used as natural down-conductors. A
termination joint should be provided on the roof
to facilitate the connection of the
air-termination system and, unless the
reinforced concrete foundation is being used as
the only earth-termination, termination joints
should be provided to facilitate the connection
with the earth-termination system.

When using a particular rod of the
reinforcement steel as the down-conductor,
care should be taken in the route to earth to
ensure that the rod that is located in the same
position will be used all the way down, thereby
providing direct electrical continuity.

When the vertical continuity of the natural
down-conductors, providing a straight path
from roof to ground cannot be guaranteed,
additional dedicated conductors should be
used. These additional conductors should be
lashed or clamped to the reinforcement steel.

Wherever there is doubt as to the most direct
route for the down-conductor (i.e. for existing
buildings) an external down-conductor system
should be added.

Figures E.4 and E.8 show construction details
of natural components in the LPS for reinforced
concrete structures. See also E.5.4.3.2 for the
use of the rods of reinforced concrete elements
as foundation earth electrodes.
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YMOBHiI NO3Ha4YeHHA

1 MeTanese NOKpPUTTA napaneTy NOKpiBni

2 3'eQHaHHA MiX pacagHUMU NANTaMM i
nepexonsnoBavYamu

3 rOpU3oHTanbHUI NPOBIAHNK NepexonnioBaya

4 MeTaneBe NOKPUTTHA cermeHTy dacagy

5 crnonyyHa WwuHa BHYTpiWwHboi LPS

6 3'eQHaHHA MiX bacagHUMMU NANTAMU | ONOPHOLO
pamoto

7 KOHTpOrSibHe 3'€AHaHHSA

8 cTaneBuin PULLTYHOK y BETOHi

9 KiNnbLeBUN y3emnoBanbHui enekTpoa tmn B

10 y3eMrioBanbHUin enekTpoa pyHaamMeHTy

Y HaBegeHOMY npuknagi MoXyTb BUKOPUCTOBYBAaTUChb Taki
po3amipna=5m b=5m c=1m.

MPUMITKA Wopno 3’egHaHb Mk nnutamu, aus. PucyHok
E.35.

10

An applicable example may utilize the following dimensions

!

§\\%§§s\m

IEC 2673/10

metallic covering of the roof parapet
joint between facade plates and air-termination

horizontal air-termination conductor
metallic facade segment covering
equipotentialization bar of the internal LPS

joint between facade plates and to supporting
frame

test joint

steel reinforcement in concrete
type B ring earth electrode
foundation earth electrode

a=5mb=5mc=1m.

NOTE For the joints between the plates, see Figure E.35.

Figure E.8a — Use of a metallic facade covering as a natural
down-conductor system on a structure of steel-reinforced concrete

PucyHok E.8a — BukopuctaHHA MmeTaneBoro nokputTa cgacagy sk cuctemun
NpUMpPOAHUX [O03eMHUX NPOBIAHUKIB Y 3ani3o6eToHHIn 6yaiBni (cnopyAi)
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YMOBHiI NO3Ha4YeHHA

1 BEpPTUKANbHUIN eNeMeHT kapkacy

2 KPiNneHHS A0 CTiHn

3 3MYYHUKK

4 ropu3oHTanbHUn eneMeHT Kapkacy
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IEC 2674/10

Key

1 vertical frame

2 wall fixing

3 connectors

4 horizontal frame

Figure E.8b — Connection of facade supports

PucyHok E.8b — 3’eqHaHHA HecHOT KOHCTPYKLUIi chacaagy

Figure E.8 — Use of metallic facade as natural down-conductor system
and connection of facade supports

PucyHok E.8 - BukopucrtaHHsi MeTaneBoro ¢gacagy ik cMucteMu NpUpoaHUX A03eMHUX NPOBiAHUKIB
i 3’eAHaHHA HeCHOI KOHCTPYKLii chacany

BHyTpiWwHi [o3eMHi NPOBIAHUKM B OKpeMux
KONMoHax Ta CTiHax Mae OyTu 3'egHaHO MixX
cob0to 3a 4OMNOMOrOH IXHiX CTaneBUX CTPUXKHIB
PULWTYHKY i ue Mae Bignosigaty ymoBam Ans
enekTpun4yHoi 6e3nepepBHOCTI 3rigHo 3 4.3.

CraneBi CTPWXHI PULITYHKY OKpeMux 36ipHUX
OETOHHUX €eNEeMEHTIB | CTPWXKHI  PULITYHKY
OETOHHUX KOMOH Ta GEeTOHHUX CTiH HanexuTb
CNONYYUTU 3i CTPUXKHAMM PULLTYHKY nignoru i
NnoOKpiBMni nNepeg 3anMBaHHAM nignorm Ta
nokpiBni.

Internal down-conductors in the individual
columns and the walls should be
interconnected by means of their steel
reinforcing rods and should conform to the
conditions for electrical continuity according to
4.3.

Steel reinforcing rods of individual
prefabricated concrete elements and the
reinforcing rods of concrete columns and
concrete walls should be connected to the
reinforcing rods of floors and roofs before the
floors and roofs are cast.
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BcepeauHi puwTyHKY yCcix enemMeHTiB cnopyau,
SKi 3anMBaloTbcsa y 6€TOH Ha micui, npumMipom,
CTiH, KOMOH, CXO0AiB i NiPTOBUX LWAXT, ICHYIOTb
NPOTsXKHi, 6€3nepepBHO €NeKTPUYHO 3’eaHaHi,
CTPYMOMPOBIAHI YacCcTUHU. HAKWO nepekpuTTs
BUTOTOBMIEHO 3 MOHOINITHOrO GETOHY, OO03EMHi
NPOBIOHUKM Yy OKPEeMUX KOroHax i CTiHax
HanexmTb  crnonyuYntn Mk  coboto  3a
OOMOMOroK  iIXHIX CTPWXKHIB PULITYHKY AONS
3abe3nevyeHHss piBHOMIPHOro po3noginy cTpymy
OnuckaBku. FAKLWO NepekpuTTs BUTOTOBIEHO 3i
36ipHUX 3ani3obeTOHHMX €eNieMeHTIiB, Taki
3'eAHaHHSA, 3a3BuYalt, € Hemoxnusumu. OgHak,
3a He3HayHMX [oJaTKOBMX BUTpaT, MOXHAa
nigrotyBaTu 3Ny4YHUKWU Ta 3aknajHi getani ons
3'eQHAHHA  CTPUXHIB  PULITYHKY  OKpeMuXx
36ipHNX OETOHHUX ENEeMEHTIB 3i CTPUXHAMU
PULITYHKY KOJIOH i CTiH nepea TuMm, S$K
NepeKkpuTTa CTaHyTb 3aKpUTUMU ANS BBEAEHHS
004AaTKOBUX CMOJTYYHUX CTPUKHIB.

306ipHi OEeTOoHHI enemMeHTH, o
BMKOPUCTOBYKTbLCA $IK MOYinHi ¢pacagu, He €
edpeKTUBHMMM Ans GnuckaBko3axucty Oyaieni
(cnopygu), ockinbkn y HUX He 3abesnevyeHo
CNONYyYHi 3'egHaHHA. AKWO BUCOKOEEKTUBHUI
3axucT Big 6nuckaBkn mae 6yTn 3abesneyeHunii
ona obnagHaHHA, BCTAHOBMEHOrO BCEpPeAUHi
Ooygisni (cnopygwn), npuMipom, odicHa byaisns
3 YUCIIEHHMM ob6nagHaHHAM 0OpoOKM JaHUX Ta
KOMM'IOTEPHUMU Mepexamn, HeobxigHo, wob
CTPWXKHI PULUTYHKY Takux eremeHTiB dacagy
Oynu 3'egHaHi Mk coboto | nmigknwyeHi [o
CTPWXKHIB PULLTYHKY HECHUX efnleMeHTiB OyaiBni
(cnopygu) Takum YMHoM, o6 cTpym GnunckaBkm
Mir NPOXOAUTU YCi€ 30BHILLIHLOK MOBEPXHEND
Oyaisni (cnopyawm) (amB. Puc. E.4).

Akwo y 30BHIWHIX cTiHax 6yaisni (cnopyawm)
BCTAHOBMEHO BiKHAa 3 CYLUiNIbHUM CTPIYKOBUM
CKIMiHHAM, BaxnuBo, Wo6 Oyno npURHATO
pPilUEHHS Wo[0 TOro, 4m 3'egHaHHA 30ipHMX
OETOHHUX €eneMeHTIB BULle | HuK4Ye BiKOH 3
CYUiINNIbHUM CTPIYKOBMM CKMiHHAM Mae ©OyTu
BWMKOHAHO 3a JOMOMOrOH iCHYKUYMX KOMOH, abo
iX Mmae OyTu 3'egHAHO MiXX cOBOK 3 MEHLWUMHU
iHTepBanamu, BigMNOBIOHO 40 KPOKY BiKOH.

Posnore noegHaHHA CTPYMONPOBIAHUX YaCTUH
30BHILLHIX CTiH MOKpalye erekTpoMmarHeTHe
€KpaHyBaHHA BHYTPILWHbOI YacTuHK Oyaieni
(cnopyam). PucyHok E.9 intocTpye nigknioveHHs
BIKOH 3 CyUINbHUM CTPIYKOBUM CKIiHHAM [0
MeTaneBoro NokpuTTsa dacaay.
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Extensive continuously conductive parts exist
within the reinforcing of all constructional
elements, which are cast with concrete on site,
for example, walls, columns, stairs and lift
shafts. If floors are constructed of site-cast
concrete, the down-conductors in the individual
columns and walls should be interconnected by
means of their reinforcing rods to ensure an
even distribution of the lightning current. If
floors are constructed of prefabricated concrete
elements, such connections are generally not
available. However, at little extra cost it is
generally possible to prepare joints and
terminations to connect the reinforcing rods of
the individual prefabricated concrete elements
to the reinforcing rods of the columns and walls
before the floors are cast by insertion of
additional connecting rods.

Prefabricated concrete elements used as
suspended facades are not effective for
lightning protection as bonding connections are
not provided. If highly effective lightning
protection is to be provided for equipment
installed within a structure, such as office
buildings with extensive
information-processing equipment and
computer networks, it is necessary for the
reinforcing rods of such facade elements to be
interconnected and connected to the
reinforcing rods of the load-bearing elements of
the structure in such a manner that the lightning
current can flow through the complete outer
surface of the structure (see Figure E.4).

If continuous strip windows are installed in the
outer walls of a structure, it is essential that a
decision be taken as to whether the connection
of the prefabricated concrete parts above and
below the continuous strip windows should be
made by means of the existing columns or
whether they should be interconnected at
smaller intervals corresponding to the window
pitch.

Extensive integration of conductive parts of the
outer walls improves the electromagnetic
shielding of the interior of the structure. Figure
E.9 shows the connection of continuous strip
windows to a metal facade covering.
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AN

YMOBHiI NO3Ha4YeHHA

1 CMONYYEHHS MiX cerMeHToM hacagHoi NAnTK i
MeTaneBol CMYrot BikHa

mMeTaneBa acafHa nnuTa
ropusoHTanbHa meTanesa cTpiyka

BepTukanbHa meTaneBa CTpiHKa

a A W N

BiKHO

IEC 2675/10
Key
1 joint between a facade plate segment
and the metallic strip window
2 metallic facade plate
3 horizontal metallic strip
4 vertical metallic strip
5 window

Figure E.9 — Connection of the continuous strip windows to a metal facade covering

PucyHok E.9 - [MigknioyeHHA BIKOH 3 CyUifIbHUM CTPiYKOBUM CKITiHHSIM
[0 MeTaneBoro nokputTsa ¢gacany

AKWo cTtaneBi KOHCTPYKUii BUMKOPUCTOBYHTbLCSA
SIK JO3EeMHi NPOBIAHMKKN, KOXXHa CTaneBa KoJfioHa
Mae 6yTu nigkntoyeHa 0O CTPUXKHIB cTaneBoro
pPUWTYHKY OETOHHOro dyHAaMeHTy Yy To4kax
npuegHaHHsA, Kk nokasaHo Ha Puc. E.7.

MPUMITKA Tlo popaTkoBi BiAOMOCTI WOAO0 BUKOPUCTAHHS

cTaneBoro PULLITYHKY OeTOHHUX CTiH ans
erneKkTpomMarHeTHoro ekpaHyBaHHs, aus. IEC 62305-4.

Y BuNagKy BenuKMX, HU3bKUX OypiBenb
(cnopyn), Takmx SK 3anu, nokpiens
NigTPUMYETLCA HE nue KOHCTPYKUI MM Ha
nepudepii 6yaieni, a n BHyTPIiLLHIMUW KONTOHaMMU.
CTtpymonpoBigHi KOMNOHM MarTb oyTK
nigknoveHi OO0 cUCTeMn nepexonsiBadvis y
BEPXHin YyacTUHI Ta no cucTemMm
€KBIMOTEHUINHMX  CNnoNyyYeHb Ha  nMianoasi,
YTBOPKOKYM TakUM UYMHOM BHYTPIiLLIHI A03EMHI
NpOBIOHUKN; ue 3aCTOCOBYETbCH ans
3anobiraHHs Hebe3neyHoMmy iCKpiHHIO
BCepenuHi oyaieni. 36inbLieHi
eneKkTpoMarHeTHi 3aBaau BigOyBatTbCS
no6nusy TaKnx BHYTPILLHIX [003eMHUX
NpoBigHUKIB.

If steel structures are used as
down-conductors, every steel column should
be connected to the steel reinforcing rods of the
concrete foundation by bonding points as
shown in Figure E.7.

NOTE For more information on the use of steel

reinforcement of structure walls for the purpose of
electromagnetic shielding, see IEC 62305-4.

In the case of large, low buildings such as halls,
the roof is supported not only at the building
circumference but also by internal columns.
Conductive columns should be connected to
the air-termination system at the top and to the
equipotential bonding system at the floor,
creating internal down-conductors; this to
prevent dangerous sparking inside the building.
Increased electromagnetic interference occurs
in the vicinity of such internal down-conductors.
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Y cTaneBuMX KOHCTPYKUIiSX Kapkacy 3a3Buyawn
BUKOPUCTOBYIOTLCA CTanesi depMmu nokpisni,
CKpinneHi wpyboBaHMmMM 3’egHaHHAMM. 3a
YyMOBMU, WO WPybu 3arBMHYEHO 3 3yCUNnsam,
HeoOXigHMM OnA  OOCATHEHHs  MeXaHiYyHol
MIiLHOCTI, yCi CKpinneHi cTanesi YaCTUHU MOXHa
BBaXXaTU €NIeKTPUYHO 3'egHaHMMKU MiXX coboto.
ToHkMn wap ¢apbu NPOHU3YETLCSA CTPYMOM
OnnckaBkM MNEpBIiCHOT BUCHarM, YTBOPHKOYM
TakMmM YNHOM CTPYMOMPOBIAHUN MICTOK.

EnekTpuyHe 3’egHaHHs MoXxe OyTu noninweHe
WIAXOM 3a4MLLEHHS MOoCafgKoOBMX MOBEPXOHb
ronisok wpy6, ravok Ta wanb. [lMoganbwe
noninweHHs MoXe OyTW [OOCATHYTO LUMASAXOM
HaHeCeHHs 3BapHOro wBa 3aBOBXKMN
npu6nusHo 50 MM nicna  3aBepLUEHHS
KOHCTPYKTMBHOIO By3na.

Ha icHywunx 6ygiBnsax  (cnopygax) 3
NPOTSXKHUMM  CTPYMOMNPOBIAHMMU  YacTUHaAMU
y/Ha 30BHiWHIX CTiHax mae 6yTu 3abeanedeHa
Oe3nepepBHICTb CTPYMONPOBIOHUX YAaCTUH ONs
BUKOPUCTAHHA 1X SK A03EMHUX MNPOBIOHMKIB.
Llem wmeTon TakoX peKOMeHAYETbCH, KOomnu
MalTb NigTPUMYBaTUCb BUCOKI BUMOIM [0
KYJNbTYPHUX acnekTiB apXiTeKTypHOro
NPOEKTYBaHHA, KpiM BUMOr [0 3axucTy Big
LEMP.

Hanexutb Takox nependaynmtu noegHaHi Mix
cobOl0 CTPUXHI CUCTEMM  €EKBINOTEHLiNHNX
cnonyyeHb. KoxeH  cCTpuxXeHb  cucTemu
€KBIMOTEHUINHUX  CNoNyYeHb mMae  6yTm
NigKNIOYEeHUA 0O CTPYMOMPOBIOHUX YacCTUH Yy
30BHIlLHIX CTiHax Ta y nignosi. Lle Bxe moxe
ar’ 3abes3neyeHo rOpU3OHTaNbHUMMU
CTPWXKHAMW PULLITYHKY Ha PiBHI 3eMni Ta piBHi
KO>XHOTO HaCTYMHOro NOBEpXY.

3a moxnumBocTi, y nianosi abo y cTiHi mae 6yTun
nepegbaveHo TOUKY NigK0YeHHS o
cTaneBoro puwTyHKy. lMigknoyeHHs mae ByTu
BMKOHAHO, LW OHaMMeHLWe, A0 TPbOX CTPUXHIB
PULLTYHKY.

E.4.3.8 EkBinoTeHUinHi cnony4yeHHA

Konu Ha pi3HMXx noBepxax 3 noTpebyeTtbcs
3HAYHE YUCNO CNOJMTYYHMX TOYOK 3'€AHAHHSA 3
PULITYHKOM Ta 3Ha4yHa yBara npuaingetbcs
OTPMMAaHHIO LWNAXiB MNPOXOOXKEHHS CTpymy 3
HU3bKOK  IHOYKTUBHICTIO 3 BUKOPUCTaHHAM
CTPWXKHIB  PUWITYHKY OETOHHUX CTiH A4ns
€KBiMOTEeHLiNHNX Cnony4yeHb i ansa
€KpaHyBaHHs BHYTPILWHBLOrO npocTtopy Oyaieni
(cnmopyaun), Ha OKpeMumx MnoBepxax Mae OyTu
BCTAHOBMEHO KifnbLeBi NPOBIAHWKM BCepeaunHi
abo 30BHi 6eToHy. Lli kinbueBi NpoBigHUKM Mae
OyTn 3'egHaHO MiX cobo 3a [OMNOMOrow
BEPTUKANbHUX CTPUXHIB 3 MNPOMIXKaMMU He
Oinbwe 10 ™.
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Steel skeleton constructions generally use
steel roof girders connected by means of bolted
joints. Provided the bolts are tightened with the
force required to achieve mechanical strength,
all bolted steel parts may be considered
electrically interconnected. The thin paint layer
is pierced by the lightning current on initial
discharge thus forming a conductive bridge.

The electrical connection may be improved by
baring the seating surface of the bolt heads,
bolt nuts and washers. A further improvement
can be achieved by provision of a welding seam
approximately 50 mm long after completion of
the structural assembly.

On existing structures with extensive
conductive parts in/on the outer walls, the
continuity of conductive parts should be
established for use as down-conductors. This
technique is also recommended when high
demands on the cultural aspects of
architectural design have to be maintained in
addition to the demands for protection against
LEMP.

Interconnected equipotentialization bars
should also be provided. Each
equipotentialization bar should be connected to
the conductive parts in the outer walls and in
the floor. This may already be provided by the
horizontal reinforcing bars at the ground level
and each subsequent floor level.

If possible, a connection point to the steel
reinforcement in the floor or in the wall should
be provided. The connection should be made to
at least three reinforcing rods.

E.4.3.8 Equipotentialization

When a large number of bonding connections
to the reinforcement is required at different
floors and a significant interest is given to
achieve current paths of low inductance
utilizing the reinforcing rods of the concrete
walls for potential equalization and for shielding
of the inner space of the structure,
ring-conductors should be installed within or
outside the concrete on the separate floors.
These ring conductors should be
interconnected by means of vertical rods at
intervals not greater than 10 m.
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Takomy po3TawyBaHHIO Mae HajaBaTUCb
nepesara 4epe3 noro 6inbwy HaZiNHICTB,
0COONMBO, KONKW BENWYMHA CTPYMY 3aBagu He €
BiAOMOI0.

Takox pekoMeHOYETbCA BUKOPUCTaHHA Mepexi
NPOBIAHWKIB, 3rpynoBaHUX Yy CiTKy. 3'eQHaHHSA
MarTb O6yTM 3gaTHUMW BUTPUMYBATU BESUKI
CTPyMU y pasi 30010 eHepronocTayvyaHHs.

Y Benukux 6ypiBnax (cnopygax) cnonydHa
WKWHa Jie AK KinbueBW MPOBIAHMK. Y Takomy
BUNAAKy TOYKM MNpUEOHAHHA [O CTaneBux
CTPWXHIB pULLTYHKY Mae 6yTn nepegbaveHo wo
koxHi 10 m. XopgHi cneuianbHi 3axogn (OKpim
nponucaHux ANs nigBanbHOro MNPUMILLEHHS Y
6.2.2 a) WwWo[o0 NiAKMIOYEHHS PULLITYHKY Oyaisni
(cnopyaun) po LPS, He € noTpiGHUMK.

E.4.3.9 dyHaaMeHT fIK 3eMJisiHe 3aKiHYeHHA

Y Benukux byaisens (cnopya) Ta NnpoOMUCrIOBUX
nianpuemcTs dyHOaMeHT €, 3as3Buyan,
apmoBaHuUM. CTPWXXHI PULLTYHKY (byHOaAMeEHTY,
yHOAMEHTHOI NNNTM Ta 30BHIWHIX CTiH Yy
panoHi HMX4Ye NOBEepXHi 'pyHTy Takux OyaiBenb
(cnopyA) yTBOpPHOTbL YyAOBUA DYHAAMEHTHUN
y3eMnioBanbHuUm enekTpoga, 3a YyMOBU
OOTpUMaHHS BumMor 5.4.

CTPpUXHI  PUWITYHKY yHOAMEHTY Ta CTiH,
3arnmbneHnx y TrpyHT, MOXyTb npaBuTu 3a
dDYyHAAMEHTHUI y3eMIoBarbHUN €NeKTPoa.

Llen meton 3abesneuvye nobpe ysemneHHs 3a
MiHiMmanbHux ButpaT. OkpiMm TOro, MetaneBa
obonoHka, WO cknagaeTbca 3i cTaneBoro
puwTyHKYy Oygisni  (cmopygu), B uinomy,
3abe3nedyye JoOpuii ONOpHUI MOTeHuian gns
cuctemu eneKkTponocTavyaHHs,
TenekoMyHikauilnHoro Ta €NeKTPOHHOro
obnagHaHHa 6yaisni (cnopyan).

KpiMm noegHaHHs CTPWXKHIB PULLTYHKY 3a
[0MoMOroto APOTAHUX B's13aHb,
pPEeKOMEeHOYETbCS BCTAHOBIIEHHS [04aTKOBOI
MeTaneBoi CiTKOBOI Mepexi anga 3abesneyeHHs
nobpux 3’egHaHb. Lia gogatkoBa mepexa mae
TakoXx OyTu npue'A3aHa 40 apMaTypHOi cTani.
BuBigHi NPOBIgHUKN ans NigKno4YeHHs
30BHILLHIX 0O3eMHUX NpoBigHUKIB abo
€NeMeHTIiB KOHCTPYKLIi, O BMKOPUCTOBYETHCS
K AO3eMHi NPOBIAHUKK, Ta AN NigKNOYEeHHS
00 3eMIISAHOro 3aKiHYeHHS, BCTaHOBEHOro
30BHi, HanexuTb BUBECTM 3a MeXi OeTOoHy vy
BiANOBIOHMX MicuaX.

Y  uinomy, PUWITYHOK  (PyHOAMEHTy €
CTPYMOMNPOBiIAHMM, 3@ BWHATKOM BWNaAKiB,
KonmMm MK pi3HUMM  YacTuHamu  Byaisni
(cnopyaw) iCHYIOTb NPOMIXKKM ans
3abe3neyeHHs pi3HMX LWBUOKOCTEN OCigaHHS.
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This arrangement should be given preference
due to its greater reliability, especially where
the magnitude of the interference current is
unknown.

A meshed-connection conductor network is
also recommended. Connections should be
designed to carry high currents in the event of
a fault in the energy supply.

In large structures, the equipotentialization bar
acts as a ring conductor. In such cases
connection points to the steel-reinforcing bars
should be made every 10 m. No special
measures other than those prescribed for the
basement in 6.2.2 a) for connection of the
structure reinforcement to the LPS are
necessary.

E.4.3.9 Foundation as earth-termination

For large structures and industrial plants the
foundation is normally reinforced. The
reinforcing rods of the foundation, foundation
slab and outer walls in the region below the soil
surface of such structures form an excellent
foundation earth electrode, provided the
requirements of 5.4 are satisfied.

The reinforcing rods of the foundation and the
buried walls can be used as foundation earth
electrode.

This method achieves good earthing at
minimum cost. In addition, the metal enclosure,
consisting of the steel reinforcement of the
structure, in general offers a good potential
reference for the electric power supply,
telecommunication and electronic installations
of the structure.

In addition to the interconnection of the
reinforcing rods by wire-lashing, the installation
of an additional meshed metal network to
ensure good joints is recommended. This
additional network should also be lashed to the
reinforcement steel. The terminal conductors
for connections of external down-conductors or
structure elements used as down-conductors
and for connection of the earth-termination
installed externally should be brought out of the
concrete at suitable points.

In general, the reinforcing of a foundation is
electrically conductive except in cases where
gaps are provided between different parts of
the structure to allow different settling rates.
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[MpoMiXKM MiX CTPyMONPOBIAHUMW YacTUHaAMMU
Oygisni (cnopyam) m™atwTb OyTn nepekpuTi
CNONyYHMMU NpPOBigHMKaAMK BigNOBIAHO A0
Tabnuui 6, 3a p[gonomorow 3aTUcKadiB Ta
3ny4yHukiB 3rigHo 5.5.

CTpUXHI pULITYHKY 6ETOHHUX KOMOH i CTiH, WO
CTOATb Ha  yHoamMeHTi, MawTb  b6yTu
nigKnoYeHi ao CTPUXKHIB PULLITYHKY
dyHOaAMEHTY | OO CTPYMOMNpPOBIAHMX YacCTuH
NOKpiBSi.

PucyHok E.10 nokasye KoHCTpykuito LPS
3anizobetoHHOT  OyaiBni  (cnopygu) Ans
OETOHHMX KOMOH, CTiH Ta noKpiBni  3i
CTPYMOMNPOBIAHMMU YaCTUHAMMN.
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Gaps between conductive structure parts
should be bridged by bonding conductors
conforming to Table 6 using clamps and joints
in accordance with 5.5.

Reinforcing rods of concrete columns and walls
standing on a foundation should be connected
to the reinforcing rods of the foundation and to
the conductive parts of the roof.

Figure E.10 shows the design of the LPS of a
reinforced concrete structure for concrete
columns, walls and a roof with conductive
parts.
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YMOBHiI NnoO3Ha4YeHHA

1 npoBigHUK LPS, Wwo npoxoante repMeTuyHuM
YTYNKOM

2 CTaneBu PULITYHOK Yy OETOHHI KOMOHi

3 cTaneBui pULITYHOK Y BETOHHUX CTiHaX

MPUMITKA CtaneBui puWTYHOK BHYTPIiWIHBLOI KOMOHW CTae
NPUPOAHUM  LO3EMHUM MPOBIAHWKOM, KONMW cTaneBun
PULITYHOK KONMOHM 3'egHaHuMii 3 GnuckaBkonpuimayem Ta
3eMNAHMM  3akiH4eHHam LPS. HAkwo 6ina  KonoHu
BCTAHOBJIEHO YYTINIMBE eNeKTPOHHe 0b6nafHaHHS, HanexuTb
BpaxoByBaTW efeKTpOMarHeTHi yMOBU No6n3y KONOHH .

IEC 2676/10
Key

1 LPS conductor passing a watertight bushing
2 steel reinforcement in a concrete column

3 steel reinforcement in concrete walls

NOTE The steel reinforcing of an internal column becomes a
natural internal down-conductor when the steel reinforcing
of the column is connected to the air-termination and the
earth-termination of the LPS. The electromagnetic
environment near the column should be considered when
sensitive electronic equipment is installed near the column.

Figure E.10 — Internal down-conductors in industrial structures

PucyHok E.10 - BHyTpiWwHi A403eMHi NPOBiAHMKM Y NpoMUCIOBUX OyAiBnsAx (cnopyaax)
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Konn npuBaptoBaHHA OO  PULWITYHKY  He
OOMyCKaeTbCA, Yy  KOMOHKax Mae  6yTu
BCTAHOBMNEHO [AodaTkoBi npoBigHukM abo
NigKIto4YeHHS mMae 3dincHoBaTUCS
BunpobyBaHumm 3nyyHukamu. Lli gogaTkosi
NPOBIAHUKM HaNexnTb B’13aTh abo npuTuckaTu
00 CTaneBoro puULITYHKY.

Mo 3aBEpLUEHHI CNOpYyOXXeHHS Oyaisni
(cnopyaun) Ta npuegHaHHIO YciX nocnyr Ao
CMOMYYHOI LWNHK, YacTO CTae HEMOXIMBUM (Ha
npakTuui) BUMIPATU oONip y3eMIeHHs, $K
cknagosol nporpammu TEXHIYHOro
obcnyroByBaHHs.

AKWo, 3a NEBHMX YMOB, HEMOXITMBO BUMIPSATH
onip dyHAAMEHTHOro ysemrnwoBaya BiQHOCHO
I'PYHTY, TOAI BCTAHOBJIEHHSA OAHOro abo KinbKoX
OMOPHUX Y3eMMIoBaNbHUX eneKkTpoaiB nopyy 3
Oygmisnet (cnopygoto) 3abesnevye MOXAUBUIA
Cnocib KOHTPOM 3MiH y cepeAoBULLI JOBKona
CUCTEMU y3EeMIJIEHHSA NMPOTArom 6araTboX PoKiB,
LWISAXOM BUKOHAHHS BUMIipIOBaHHSA MiX
y3eM/oBanbHUM eneKkTpoaoMm Ta
dyHOaMeHTHMM y3emntoBadeMm. lpoTe, gobpa
eKBinoTeHLUianisalis € ronoBHOW MepeBarot
yHOAMEHTHOro  y3emnwBava, TOX  Ofip
BiJHOCHO 3eMIli BUOAETbCA MEHLU BaXIMBUM.

E.4.3.10 NMopsaaok MOHTaxXy

Yci NpPOBigHUKNK i 3aTuckadi cuctemm
BnuckaBko3axmucTy Mae BCTaHOBOBATH
MOHTa)XHUK LPS.

Hanexutb y3rogutn MOHTaxHi pobotn 3
OygiBenbHMM  nigpsgyukom, wob  rpadik
OyniBenbHMx pobiT He OyB nopyLleHUn yepes
3aTpMMKy, MOB’A3aHy i3 BcTaHoBneHHs LPS
nepen 3anvBaHHAM OETOHY.

Mig 4vac OygiBHMUTBA MalTb BUKOHYBaTUCb
perynspHi BUMIpIOBaHHA, @ MOHTaxHuK LPS
Mae 3pificHloBaTM Harnag 3a OyAiBHULTBOM
(omB. 4.3).

E.4.3.11 36ipHi 3ani3o6eTOHHi YacTUHU

Akwo 36ipHi 3ani3aobeToHHi YacCTUHU
BUKOPUCTOBYIOTbLCA AnNs  OGnuckaBKO3axucTy,
TobTO, K [03EeMHi NpPOBIgHUKN, ans
eKkpaHyBaHHA abo 49Kk npoBigHUKM  Ans
€KBINOTEHLiIHNUX CMOJy4YeHb, 0O HUX Mae OyTu
[00aHO TOYKM NpueaHaHHs 3rigHo 3 Puc. E.7,
ONs  NONerweHHs noAdanblioro  3'eAHaHHS
PULITYHKY 30ipHUX YacTUH i3 PULLITYHKOM
Oyaisni (cnopyan).

PoamilleHHs i doopmMa TOYOK NpuUeLHaAHHA Mae
OyTy BU3HAYEHO Mig Yac NpoekTyBaHHSA 30ipHUX
3ani3aobeToHHMX YacTuH.
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When welding to reinforcing is not allowed,
additional conductors should be installed in the
columns, or the connections should be
implemented by means of tested joints. These
additional conductors should be lashed or
clamped to the reinforcing steel.

After completion of construction and
connecting all the services to the building via
an equipotential bonding bar, it will often be
impossible (in practice) to measure the
earthing resistance as part of the maintenance
programme.

If in certain conditions it is not possible to
measure the earthing resistance of the
foundation earth, the installation of one or more
reference earth electrodes close to the
structure provide a possible method of
monitoring the changes in the environment of
the earthing system over the vyears by
performing a circuit measurement between the
earth electrode and the foundation earthing
system. However, good equipotentialization is
the main advantage of the foundation earthing
system and the resistance to earth tends to be
less important.

E.4.3.10 Installation procedures

All lightning protection conductors and clamps
should be installed by the installer of the LPS.

Agreement should be reached with the civil
works contractor in sufficient time to ensure
that the time schedule for construction work is
not exceeded as a result of delay in installation
of the LPS before pouring the concrete.

During construction, measurements should be
taken regularly and an LPS installer should
supervise the construction (see 4.3).

E.4.3.11 Prefabricated reinforced concrete
parts

If prefabricated reinforced concrete parts are
used for lightning protection, e.g. as
down-conductors for shielding or as conductors
for potential equalization, connection points
according to Figure E.7 should be attached to
them to allow later interconnection of the
prefabricated reinforcement with the
reinforcement of the structure in a simple
manner.

The location and form of connection points
should be defined during the design of the
prefabricated reinforced concrete parts.
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ToukM NpuegHaHHSA mMae OyTu po3MilleHO Tak,
wob y 30ipHin 3ani3obeTOHHIN  YaCTUHI
0e3nepepBHU CTPUXKEHb PULLTYHKY MPOXOAUB
BiJ OAHIET CMNOMYYHOI TOYKM OO iHLWOI.

Konn posmiweHHss 6e3nepepBHUX CTPUXKHIB
PULLTYHKY Yy 30ipHUX 3ani300eTOHHMX YacTMHax
HE € MOXNUBUM 3i CTaHOAPTHUMU CTPUIKHSAMMU
PULITYHKY, OOAATKOBWM MPOBIOHMK Mae OyTu
BCTAHOBMEHO Ta MNpuB'A3aHO [0 ICHYHYOro
PULLTYHKY.

Y  uinomy, notpebyeTbca  oOAHa  ToOYka
NPMEOHaAHHA Ta CHOJMyYHUMWA MPOBIOHUK Y
KOXXHOMY KyTi NAuTu 36ipHOi 3ani3obeTOoHHOoI
YacTuHM, 9K NokasaHo Ha Puc. E.11.

E.4.3.12 KomneHcauinHi wBKn

Axwo 6GyaniBnsa  (cnopyga) cknagaeTbca 3
OEKINbKOX CEKLiN 3 KOMNeHcaUinHUMK WBamu, 3
ypaxyBaHHAM OcagXeHHs cekuin 6ygisni
(cmopygawm), i skwo y 6yaisni (cnopyai) mae 6yTu
BCTaHOBIEHE YMCITEHHE €eneKkTpoHHe
obnagHaHHSA, MiXK PULITYHKOM pPi3HUX CeKUin
Oyanisni (cnmopyam) Ha BCiX KOMMNeHcauinHux

wBax Mae ©OyTu BCTAHOBJIEHO CMOJSYYHi
NpoBigHUKN 3 NPOMIXXKamu, AKi He
nepeBuLLYOTb NOJIOBUHN BigcTaHi Mi>X

OO03EMHUMWU MNPOBIAHWMKAMM, 3a3HaAYEHUMU Y
Tabnuui 4.

AGKn 3abe3neynTn eKkBiNOTEHLIMHI CnonyyYyeHHs
He3Ha4yHoi  iHAYKTUMBHOCTI Ta  edeKTUBHe
eKpaHyBaHHs MNPOCTOpPYy BcepenuHi Oyaieni
(cnopyaun), KOMMEHCaUinHi BN MiXK CeKuisMmu
Oygisni (cnopygn) mae OyTn nepekputo 3
KOpOTKMMMK iHTepBanamu (Bia 1 M 4O MNONOBUHMU
BiACTaHi MiX OO3EMHMMM MNPOBIAHMKaMM)
THYYKMMU abo KOB3HUMU CNONYyYHNMM
npoBigHWKaMM 3anexHo Big HeobxigHoro
KoeiuieHTy ekpaHyBaHHSA, K MoKa3aHO Ha
Puc. E.11.
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The connection points should be located so
that in the prefabricated concrete part a
continuous reinforcing rod runs from one
bonding joint to the next.

When the arrangement of continuous
reinforcing rods in a prefabricated reinforced
concrete part is not possible with standard
reinforcing rods, an additional conductor
should be installed and lashed to the existing
reinforcement.

In general, one connection point and a bonding
conductor is required at each corner of a
plate-like prefabricated reinforced concrete
part as illustrated in Figure E.11.

E.4.3.12 Expansion joints

When the structure comprises a number of
sections with expansion joints, with allowance
for settling of the structure sections, and
extensive electronic equipment is to be
installed in the building, bonding conductors
should be provided between the reinforcement
of the various structural sections across the
expansion joints at intervals not exceeding one
half of the distance between the
down-conductors specified in Table 4.

In order to ensure low-impedance potential
equalization and effective shielding of the
space inside a structure, expansion joints
between sections of a structure should be
bridged at short intervals (between 1 m and one
half of the distance between down-conductors)
by flexible or sliding bonding conductors
depending on the required shielding factor, as
shown in Figure E.11.
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YMOBHiI NO3Ha4YeHHA Key
1 36ipHa 3aniso6eToHHa YacTuHa 1 reinforced precast concrete
2 CMONYYHi NPOBIAHUKM 2 bonding conductors

Figure E.11a — Installation of bonding conductors on plate-like prefabricated reinforced concrete
parts by means of bolted or welded conductor links

PucyHok E.11a — BctaHOBNEHHs CNONMyYHUX NPOBIAHMKIB Ha NUTaxX 36ipHMX 3ani306eTOHHMX YacTUH
MeToA0M LpYy6oBMX a60 3BapHUX CTPYMOMNPOBIAHUX 3’€QHaHb
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YMOBHi No3Ha4YeHHs Key
1 nas po3LWmnpeHHs 1 expansion slot
2 3BapHe 3'egHaHHA 2 welded joint
3 3arnubnexHHs 3 recess
4 THYYKWUA CMOMNYYHUIA MPOBIAHNK 4 flexible bonding conductor
A 3anizobeToHHa YyacTuHa 1 A reinforced concrete part 1
B 3anizobeToHHa YacTuHa 2 B reinforced concrete part 2

Figure E.11b — Construction of flexible bonds between two reinforced
concrete parts bridging an expansion slot on a structure

PucyHok E.11b — KoHCTpyKLisi THy4YKMUX 3'€eQHaHb MiX ABOMa 3ani306eTOHHMMU YacTUHaMM
AnNs nepeMyUKaHHA nasy po3wWupeHHA byaisni (cnopyam)

Figure E.11 - Installation of bonding conductors in reinforced concrete structures
and flexible bonds between two reinforced concrete parts

PucyHok E.11 - BcTaHOBNEHHsA CMOJy4YHUX NPOBiIQHUKIB Y 3ani306eTOHHUX KOHCTPYKLIifX
i THY4KMX NepeMnUYOoK MiX ABOMA 3ani306eTOHHMMM YacTUHaAMU
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E.5 30BHilWIHA cuctema
OnucKaBKO3axucTy

E.5.1 3aranbHi nonoxeHHA

Po3acTaBneHHs 30BHilWHIX NpoBigHUKiB LPS mae
dyHOaMeHTanbHe 3Ha4YeHHs Yy MpPOEeKTyBaHHiI
LPS i 3anexutb Big cdopmu Byaisni (cnopyan),
WO 3axuLlaeTbCcs, HEOOXiQHOro piBHS 3axucTy
Ta 3acCTOCOBYBAHOro reoMeTpuyHoOro metoay
NPOEKTYBaHHS. KoHcTpykuida cucTemm
nepexonsoBaviB 3a3BuYan BM3Ha4ae
KOHCTPYKLiO CUCTEMU [03EMHUX MPOBIOHUKIB,
cuctemmu 3eMIIHOro 3aKiHYeHHs Ta
KOHCTPYKLi0 BHYTPiWHbLOT LPS.

Axkwo y cycigHix  ©ygiBnax  (cnopypgax)
BcTaHoBneHa LPS, Taki LPS, sakwo ue
[o03BONeHo, MakTb OyTu nigkniodeHi go LPS
Oygisni (cnopyau), Wo po3rnsgaeTbes.

E.5.1.1 HeisonboBaHa LPS

Y OinbwocTi Bunagkis 30BHiWHIO LPS moxe
Oytv npuegHaHo po 6Gyaieni (cmopygu), wo
3axuuaeTbCs.

Y Bunagky, SKWO TEennoBMW BMANMB Yy ToYui
yoapy abo Ha npoBigHMKax, WO MPOBOAATb
cTpyMm OnuckaBku, MOXe MNpPU3BECTU [0
nowKogXeHHss O6yaieni (cnopyam) abo BMicTy
Oygieni (cnopyau), WO 3axuWaeTbes, BigCTaHb
MiX nposigHukamu LPS i 3anmuctmumu
MaTepianamu mae CTaHOBUTYU WoHaimeHwe 0,1
M.

MPUMITKA Tunosumu Bunagkamu €:
- Oyaisni (cnopyau) i3 3aMMUCTUM NOKPUTTAM,

- Bygieni (cnopyaw) i3 3aMMUCTUMU CTiHAMW.
E.5.1.2 IsonboBaHa LPS

IsonboBaHy 30BHILLHIO LPS HanexuTb
BUKOPUCTOBYBATU, SKLWO NPOXOAXKEHHSA CTPyMy
BnuckaBkm cnonyyeHnmMmu BHYTPILLIHIMN
CTPYMONPOBIAHUMMU YyacTuHaMm MOXe
NpM3BECTU A0 NOLWKOAXKEHHS Oyaieni (cnopyan)
abo ii BmicTy.

MPAMITKA 1 BukopucTaHHa isonboBaHoi LPS moxe

BBaXaTWUCb OOPEYHMM Yy BuUNagkax, konu nepenbavaerbcs,
Lo 3miHn y 6yaisni (cnopyAi) MoxyTb BUMaratu 3MiH y LPS.

LPS, 4gky 3'egHaHO 3i CTpyMOMNpOBIiAHMMMU
enemeHTamu 6ygieni (cnopyaun) i 3 cucTtemotro
€KBIMOTEHLUINHMX CNONyYeHb JulIe Ha PiBHiI
I'PYHTY, BM3HAYa€TbCHA $K i30/bOBaHa 3rigHoO
3.3.

CTtBopeHHa i3onboBaHoi LPS pocsaraetbcs
BCT@HOBMEHHAM CTPWXHIB MepexonsioBadiB
abo worn nopyy 3 Gyaienew (cnopyaoto), Wwo
3axuuiaeTbcs, abo 3a 4OMOMOro MoYvYensieHnx
TpoCiB MiX wornamum 3rigHoO  po3dinbHol
BiacTaHi 3a 6.3.
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E.5 External lightning protection
system

E.5.1 General

The positioning of external LPS conductors is
fundamental to the design of the LPS and
depends on the shape of the structure to be
protected, the level of protection required and
the geometric design method employed. The
air-termination  system design generally
dictates the design of the down-conductor
system, the earth-termination system and the
design of the internal LPS.

If adjoining buildings have an LPS, those LPS,
where permissible, should be connected to the
LPS of the building under consideration.

E.5.1.1 Non-isolated LPS

In most cases, the external LPS may be
attached to the structure to be protected.

When the thermal effects at the point of strike
or on conductors carrying the lightning current
may cause damage to the structure, or to the
content of the structure to be protected, the
spacing between LPS conductors and
combustible material should be at least 0,1 m.

NOTE Typical cases are
- structures with combustible coverings,

- structures with combustible walls.
E.5.1.2 Isolated LPS

An isolated external LPS should be used when
the flow of the lightning current into bonded
internal conductive parts may cause damage to
the structure or its contents.

NOTE 1 The use of an isolated LPS may be convenient
where it is predicted that changes in the structure may
require modifications to the LPS.

An LPS that is connected to conductive
structural elements and to the equipotential
bonding system only at ground level, is defined
as isolated according to 3.3.

An isolated LPS is achieved either by installing
air-termination rods or masts adjacent to the
structure to be protected or by suspending
overhead wires between the masts in
accordance with the separation distance of 6.3.
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IsonboBaHa LPS Takox BCTaAHOBMETbLCA Ha
OygmiBnsax (cnopypgax) 3 i30MALiNHNX
MaTtepianis, npumipom , uernu abo gepesa, ge
OOTPUMYETbCS pO3fdinbHa BiACTaHb, $SK LUe
BM3HayeHo y 6.3, i BiACYTHi 3'eQHaHHA 3i
CTPYMOMNPOBIAHUMMU YyacTuHamm oyaisni
(cnmopygun) Ta obnagHaHHAM, BCTAHOBIIEHUM Y
Hin, 3a BUHATKOM MigKMOYEeHb OO0 CUCTEMMU
3eMITAHOro 3aKiHYeHHS Ha PiBHI I'pyHTY.

CtpymonpoBigHe obnagHaHHSA BCepenuHi
Oyanisni (cnopyau) Ta enekTpu4Hi NpoBigHUKK
He O03BONAETLCA BCTAHOBMIOBATM Ha BigcTaHi
00 NPOBIOHUKIB MepexonneHHs Ta O03eMHUX
NPOBIOHUKIB MEHLUIN, HiX po3finbHa BigCTaHb,
BM3HavyeHa y 6.3. Yci manbyTHi BCTaHOBIEHHS
MalTb BignosigaTu BuMMOram AoO i30NbOBaHOI
LPS. 3 uumum BummMoramm BRacHuka OyAaieni
(cnopyau) mMae 03HaNOMUTWU MIAPAAYUK, AKUR
BignoBigae 3a MNPOEKTYBaHHSA i CNOPYOXKEHHS
LPS.

BnacHuk mae noBigoMnaTM npo Ui BUMOTK
ManbyTHIM nigpsgyunkam, AKi OyayTb
BUKOHYyBaTun poboTu B abo Ha Gyaisni (cnopyai).
Migpsguunk, sSkvi Bignoeigae 3a Taky poborTy,
Mae NoBiAOMMUTU BnacHuka Oyaieni (cnopyan),
SAKLLO NigPAOYMK HE MOXe BMKOHATWU Li BUMOTH.

Yci yactTuHm obnagHaHHsl, BCTAHOBJMIEHOTO Y
Oyaieni (cnopyai) 3 isonboBaHow LPS, matTb
OyTM  po3MmilleHi y Mexax 3axuLeHoro
npoctopy LPS Ta Bignosigatm Bumoram wopno
po3ginbHOi BiagcTaHi. [lpoBigHMkn LPS mae
OyTV BCTaAHOBMNEHO Ha i30fbOBAHMX TpuMadax
NPOBIOHWUKIB,  SKWO  NPOBIgHMKKM,  Oyayum
npukpinneHi 6esnocepedHbo A0 CTiHM GypaiBni
(cnopyaun), 3HaxoaAaTbCsa 3aHagTo 6nmM3bko Ao
CTPYMOMPOBIAHUX YacTWH, Tak, Wob BigcTaHb
MiX LPS i BHYTpiLWHIMK NPOBIAHMMY YaCTUHaAMMU
nepesBullyBana po3finbHy BiACTaHb, 9K LUe
BU3HayeHo y 6.3.

MPUMITKA 2 I3onboBaHi Tpumadi matoTb gopiBHoBaTH abo
6yTn poBlWe 3a po3finbHy BiAcTaHb, Gepyyn [o yBsaru
HaBKOMMULLHI 06CTaBUHN.

[MpnxoBaHi CTPYMOMNPOBIHI KpinneHHs
nokpieni, AKi He nigKknioyYeHo ao
€eKBiNOTEeHUiNHNX 3’eAHaHb, | fKi 3HaxogATbCcs
Bil CcUCTEMM MepexonmnwBadviB Onux4de, Hix
pos3finbHa BiACTaHb, ane 3Haxo4ATbCa Bif
€KBIMNOTEHUINHMX 3’€AHaHb Aarni, HiX po3ginbHa
BiACTaHb, HanNexuTb NpUegHATU OO0 CUCTEMMU
nepexonnBadiB i3onboBaHoi LPS. 3 uiei
npuyMHKM bygieni (cnopyam),Taki Sk Us, He cnig
po3rnagatm 9K i3onAuinHi, a g9k Oyaieni
(cmopyau) 3 MpUXoBaHMMMU CTPYMOMNPOBIAHMMMU
KpiNNeHHAMM NOKPiBMi, AKi He NigKn4eHo A0
eKBiNOTEeHUiNHNX 3’eQHaHb.
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An isolated LPS is also installed on structures
of isolating material, such as brickwork or
wood, where the separation distance, as
defined in 6.3, is maintained and no connection
is made to conductive parts of the structure nor
to equipment installed therein, with the
exception of connections to the
earth-termination system at ground level.

Conductive equipment within the structure and
electrical conductors should not be installed
with distances to the air-termination system
conductors and to the down-conductors shorter
than the separation distance defined in 6.3. All
future installations should conform to the
requirements of an isolated LPS. These
requirements should be made known to the
owner of the structure by the contractor
responsible for the design and construction of
the LPS.

The owner should inform future contractors
performing work in or on the building about
these requirements. The contractor responsible
for such work should inform the owner of the
structure if the contractor cannot meet these
requirements.

All parts of equipment installed in a structure
with an isolated LPS should be placed within
the protected space of the LPS and satisfy the
separation distance conditions. The LPS
conductors should be mounted on isolated
conductor fixtures, if conductor fixings attached
directly to the structure walls are too close to
conductive parts, so that the distance between
the LPS and the inner conductive parts exceed
the separation distance as defined in 6.3.

NOTE 2 Isolating fixtures should be equal to or longer than
the separation distance, taking also into account
environmental conditions.

Flush-mounted conductive roof fixtures which
are not connected to the equipotential bonding
and have a distance to the air-termination
system not in excess of the separation distance
but a distance to the equipotential bonding in
excess of the separation distance, should be
connected to the air-termination system of the
isolated LPS. For this reason structures such
as this should not be considered as isolating
but as a structure with flush-mounted
conductive roof fixtures which are not
connected to the equipotential bonding.



- 117 -

MpoekT LPS Ta npaBuna TexHikn 6e3nekun wono
pob6oTn nobnu3y KpinneHb MNOKpiBNi MakTb
Opatm po yeBarum ToW (oakT, WO Hanpyra Ha
TakMx KpinneHHAx Oyae 3poctatM [O piBHA
Hanpyru Ha cuUcCTeMi nepexonnoBadiB y pasi
yoapy 6nuckaBku.

IsonboBaHa LPS wmae BcTaHoBnwBaTUCb Ha
OygmiBnax (cnopypax) 3 NPOTSXKHUMU
B3a€MONoB'd3aHNMU CTPYMOMNPOBIAHNMMU
YyacTUHaMM, KoM NOTPIOHO 3anobirTy CTikaHHIO
CTpyMmy OnuckaBku cTiHamu 6yaisni (cnopyan)
Ta BCTAHOBJIEHMM BCepeanHi obnagHaHHAM.

Ha 6ypiBngax (cnopygax), Wo cknagawTbcs 3
Oe3nepepBHUX  MNOB’A3aHUX  MiX  coboto
CTPYMOMPOBIAHNX YacCTUH, TakuMxX sIK cTaneBa
KOHCTpyKLis abo 3ani3obeToH, y i30MbOBaHin
LPS mae poTpumyBaTuChb po3finbHa BigcTaHb
00 UuX CTPyMOMNPOBIgAHUX 4acTuH 6GyaiBni
(cnopyau). Ona 3abe3neyeHHs [OCTATHLOrO
PO3L4iNeHHsA, MOXe 3HagoOUTUCh KpPinmneHHSN
npoBigHukie LPS po ©Oyaieni (cnopyau) 3a
OOMOMOroK  i30NAUIMHOrO  TUNy  KpinneHb
NpoBigHUKIB.

Cnig 3a3Ha4YuTW, WO KOMOHWM Ta cTeni i3
3anizobeToHy 4acTO BUKOPUCTOBYKTbCA Y
uernsHux dygisnax (cnopypax).

E.5.1.3 HeGe3ne4yHe iCKpiHHSA

Hebe3neyHomy ickpiHHiO Mk LPS i meTanowm,
eNekKTPUYHUM i TeneKkoMyHikauinHum
yCTaTKOBAHHSM MOXHa 3anobirtu

- B i3onboBaHin LPS wnaxom isontoBaHHa abo
po3nineHHs 3rigHo 6.3,

-y HeizonboBaHin LPS wnaxom BnawTyBaHHS
€eKBINOTEHLiAHNX CNofyYeHsb, 3rigHo 6.2, abo
LWIIIAXOM i30Mt0BaHHsA abo po3aineHHs 3rigHo
6.3.

E.5.2 Cuctema nepexonneHHA 6nMcKaBKuU
E. 5.2.1 3aranbHi nonoxeHHA

Y uboMy cTaHAapTi He HaJaeTbCA KOOHUX
KpuTepiis Lwonao Bubopy cucrtemu
nepexonsoBavis, OCKiNnbKK y HbOMY
po3rnsagalTbCa CTPWIKHI, HaATArHeHi Tpocu Ta
CiTKOBI NPOBIAHWKMN, SIK PIBHO3HAYHI.

PoamiweHHs cucTemm nepexonneHHsa
onunckaBku Mae BianoBsigaTn BMMOram,
HaBegeHuM y Tabnuui 2.

E. 5.2.2 Po3cTtaBneHHs

[na npoekTyBaHHA CUCTEMU MepexonnoBayis
HanexXuTb BUKOPUCTOBYBATU HaBEAEHi HUXYe
MEeTOAM, He3anexHo OoAuH Big ogHoro abo vy
Oyaob-AKOMY MNOEAHAaHHI, 3a yMOBW, WO 30HU
3axXuUCTy, aki - 3abesnevyoTbes pi3HUMMU
YacTuHaMu cucTemm nepexonnoBadYiB
nepekpuBalwTb oOAHa OAHY i 3abesneuvyoTb
NoBHMW 3axucT Bygisni (cnopyawn) 3rigHo 5.2:
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The design of an LPS and the safety
instructions for work in the vicinity of a roof
fixture should take account of the fact that the
voltage on such fixtures will rise to that of the
air-termination system in the event of a
lightning strike.

An isolated LPS should be installed on
structures with extensive interlinked conductive
parts when it is desired to prevent lightning
current from flowing through structure walls
and internally installed equipment.

On structures consisting of continuously
interlinked conductive parts such as steel
construction or steel-reinforced concrete, the
isolated LPS should maintain the separation
distance to these conductive parts of the
structure. To achieve adequate separation,
LPS conductors may have to be fixed to the
structure by isolation type conductor fixtures.

It should be noted, that columns and ceilings of
reinforced concrete are often used in brick
structures.

E.5.1.3 Dangerous sparking

Dangerous sparking between an LPS and
metal, electrical and telecommunication
installations can be avoided

— in an isolated LPS by isolation or separation
according to 6.3,

— in a non-isolated LPS by equipotential
bonding, according to 6.2, or by isolation or
separation according to 6.3.

E.5.2 Air-termination systems
E.5.2.1 General

This standard does not provide any criteria for
the choice of the air-termination system
because it considers rods, stretched wires and
meshed conductors as equivalent.

The arrangement of an air-termination system
should be in accordance with the requirements
of Table 2.

E.5.2.2 Positioning

For the design of the air-termination system,
the following methods should be used,
independently or in any combination, providing
that the zones of protection afforded by
different parts of the air-termination overlap
and ensure that the structure is entirely
protected according to 5.2:
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- MeTo[ 3aXUCHOrOo KyTa;
- meToa cdepwu, WO KOTUTbCH;
- METOo[ CiTKMW.

Yci TP MeToan MOXYTb BUKOPUCTOBYBATUCA

ana  npoektyBaHHa LPS. Bwubip wmetoagy
3anexuTb Big  MNPaKTUYHOI  OUIHKM  MOro
npMaaTHOCTI Ta ypasnuBoCTi Oyaisni

(cnopyau), Wo 3axuwaeTbCs.

lMpoekTtyBanbHMk LPS moxe obupatm meton
po3cTaBfieHHs. TUM He MeHLW, matwTb Micue
Taki MipKyBaHHS:

- MeTo 3axUCHOro KyTa € npugaTtHuM Ans
npoctnx 6Gypisens (cnopyn) abo ans
HEeBeNnuMKMX YactuH Oinbwnx OygiBens
(cnopygn). Llem meTon € HenpupaTtHuMm gns
OyaiBenb (cnopyn) BuUwMX, HixX pagiyc
cdepu, Wo KOTUTLCH, 3rigHO 0BpaHoro piBHSA
3axucty LPS;

- MeToA cdepu, WO KOTUTLCSH, € NPULATHUM
anga éygisens (cnopyAa) cknagHoi opmu;

- MeTof CiTKM CNYXWUTb AN 3aranbHUX Uinen i

€ npugaTHMM, 30Kpema, [Ans  3axucTy
NMOCKMUX NMOBEPXOHb.
MeTon NPOEKTYyBaHHS cucTemm

nepexonsoBadiB i MeTogu nNpoekTyBaHHs LPS,
O BUKOPUCTOBYHTbCA ANS Pi3HUX YacTuH
Oyaisni (cnopyawm), HanexuTb 4iTKO
chopmyntoBaTu y NPOEKTHIM JOKYMeHTaLii.

E.5.2.2.1 MeTopf 3axucHoOro Kyrta

[MpoBigHMKM NepexonntoBaviB, CTPUXKHI, LLOINN i
TpocuM MawTb OyTM po3MmiuleHi Tak, wob yci
yacTuHM Byaisni (cnopyau), WO 3axuaeTbes,
Oynu BcepeauHi 06BIigHOT NOBEpXHi, ska
YTBOPKOETHLCS BUCTYMHUMMU TOo4YKaMu Ha
npoBiAHUKax nepexonnoBavis BiAHOCHO
OMOPHOI NMOWMHK Nig KYyTOM O OO BepTuKani B
yCiX HanpsiMKax.

3axucHUM KyT o Mae BignosigaTv BeNUYUHI,

HaBedeHin y Tabnuui 2, oe h — BucoTta
nepexonsnoBaya Hag NOBEPXHEIO, Lo
3axuLlaeTbes.

€anHa To4ka yTBoprE koHyc. Ha PucyHkax A.1
Ta A.2 nokasaHo, $K 3axulleHun npocTip
YTBOPHETHLCA pPi3HUMM npoBigHUKamm
nepexonntBavis y LPS.

BignoigHo po Tabnuui 2, 3axUMCHUA KyT O
BiOpi3HAETbCS ans Pi3HUX BUCOT
nepexonsoBaya Hapg NOBEPXHEIO, Lo
3axuwaeTtbca (ame. Puc A.3 ta E.12).
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— protection angle method;
—rolling sphere method;
— mesh method.

All three methods may be used for the design
of an LPS. The choice of the method depends
on a practical evaluation of its suitability and
the wvulnerability of the structure to be
protected.

The positioning method may be selected by the
LPS designer. However, the following
considerations may be valid:

— the protection angle method is suitable for
simple structures or for small parts of bigger
structures. This method is not suitable for
structures higher than the radius of the
rolling sphere relevant to the selected
protection level of the LPS;

— the rolling sphere method is suitable for
complex shaped structures;

— the mesh method is for general purposes and
it is particularly suitable for the protection of
plane surfaces.

The air-termination design method and LPS
design methods used for the various parts of
the structure should be explicitly stated in the
design documentation.

E.5.2.2.1 Protection angle method

Air-termination conductors, rods, masts and
wires should be positioned so that all parts of
the structure to be protected are inside the
envelope surface generated by projecting
points on the air-termination conductors to the
reference plane, at an angle a to the vertical in
all directions.

The protection angle a should conform to Table
2, with h being the height of the air-termination
above the surface to be protected.

A single point generates a cone. Figures A.1
and A.2 show how the protected space is
generated by the different air-termination
conductors in the LPS.

According to Table 2, the protection angle a is
different for different heights of air-termination
above the surface to be protected (see Figures
A.3 and E.12).
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IEC 2679/10
YMOBHi NO3Ha4YeHHA Key
H BucoTa 6yAUHKY HaZ OMOPHOI NITOLWMHOK 3eMIi H height of the building over the ground reference
plane

h1 di3nyHa BMCOTa CTPWXHS NepexonnioBaya h1 physical height of an air-termination rod
h2 h1 + H, W0 € BUCOTO CTPUXKHA nepexonntosaya h2 h1 + H, being the height of the air-termination rod

Haj 3emrneto over the ground
a1 3aXUCHWUW KyT, KU BiANOBigae BUCOTI a1 the protection angle corresponding to the

nepexonntosayva h = h1, BUCOTI, Aka BUMIPIOETLCSH air-termination height h= h1, being the height

BiZl MOBEPXHi MokpiBMi (onopHa nnowymHa) above the roof surface to be measured (reference

plane)

az 3aXUCHWW KyT, KWW BignoBsigae BucoTi h2 az the protection angle corresponds to the height h2

Figure E.12 — Protection angle method air-termination design
for different heights according to Table 2

PucyHok E.12 — lNMpoekTyBaHHA CUCTEMU NEPEXONSIeHHA MeTOAOM 3aXUCHOro KyTa
AN pisHMX BUCOT BignoBigHo Ao Ta6nuui 2

MeToa 3axXxMCHOro Kyta Mae reoMeTpUYHi Mexi i
He Moxe OyTu 3acTtocoBaHui, skwo H Ginbwe,
HDK pagiyc cdepu, WO KoOTUTbCH, Fr, SK
BU3Ha4yeHo y Tabnuui 2.

Ao cnopyaun Ha NokpiBni Mae 6yTn 3axuneHo
pasomM 3i CKynbATYPHUMKU NpuKpacamu, a ob’em
3axXUCTy CKyNMbATYPHUX MpUKpac 3HaxXoAUTbCSH
Hag pybom OyAWHKY, CKynbnTypHi MpuKpacu
Mae 6yTn po3milWeHo MixX cnopygot Ta pybom.
Akwo ue He €  MOXIMBUM, HanexuTb
3acTtocoByBaTu meTon cepu, WO KOTUTLCS.

KoHcTpykKuito cuctemm nepexonsoBavis,
CNpOEeKTOBaHy 3a MeTOLOM 3axMCHOro KyTa,
TakoX nokasaHo Ha PucyHkax E.13 Ta E.14 gnga
isonboBaHoi LPS i Ha PucyHkax E.15 Ta E.16
ansa HeizonboBaHoil LPS.

The protection angle method has geometrical
limits and cannot be applied if H is larger than
the rolling sphere radius, r, as defined in Table
2.

If structures on the roof are to be protected with
finials and the protection volume of the finials is
over the edge of the building, the finials should
be placed between the structure and the edge.
If this is not possible the rolling sphere method
should be applied.

The design of air-termination using the
protection angle air-termination design method
is also shown in Figures E.13 and E.14 for an
isolated LPS and in Figures E.15 and E.16 for a
nonisolated LPS.
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YMOBHiI NO3Ha4YeHHA

1
2
3.
4

MPUMITKA [OBa kpyru nokasyloTb 3axuLieHy 30Ha Ha 3eMii,

uiorna nepexonntoBaya
byaisnsa (cnopyga), Wo 3axulaeTbes
3eMns, WO € OMOPHOI MIOLUHOK

nepeTuH MiXX KOHIYHUMU 30HaMK
6rnunckaBKo3axumcTy

po3ainbHa BiAcTaHb 3rigHo 3 6.3

3axuCHW KyT BignoBigHo fo Tabnuui 2

Key
1
2
3
4

a

7

IEC 2680/10

air-termination mast
protected structure
ground being the reference plane

intersection between protection cones

separation distance according to 6.3

protection angle complying with Table 2

Figure E.13a — Projection on a vertical plane

PucyHok E.13a — lNpoekuia Ha BepTUKanbHY NAOWUHY
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NOTE The two circles denote the protected area on the

ground as the reference plane.

Figure E.13b — Projection on the horizontal reference plane

PucyHok E.13b - lNpoekuis Ha ropM3oHTanbLHy ONoOpHY NOLWUHY

Figure E.13 - Isolated external LPS using two isolated air-termination masts
designed according to the protection angle air-termination design method

PucyHok E.13 - I3onboBaHa 30BHilWHA LPS 3 aBOMa i3onboBaHMMM Wornamm
nepexonneHHs 6nnMckaBkKU, CNPOEKTOBaHa 3a METOAOM 3aXMCHOro KyTa
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Figure E.14a — Projection on a vertical plane
parallel to that containing two masts

Figure E.14b — Projection on a vertical plane
perpendicular to the plane containing the two masts

PucyHok E.14a - MNpoekuin Ha BepTUKanbHY NMOLUHY,
naparnernbHy A0 NIOWWHU, Ha AKi PO3MilleHOo ABi Wornum

PucyHok E.14b - lMpoekuii Ha BepTUKanbHy NMOLWWHY,
neprneHAVKYNAPHY A0 NIOLWMHMU, Ha AKIA PO3MilLieHO ABI Wornm
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Figure E.14c — Projection on the horizontal reference plane

PucyHok E.14c - MNpoekuia Ha ropu3oHTanbHy ONOPHY NIOWMUHY

YMOBHi NO3Ha4YeHHsA Key

1 uiorna nepexonntoBaya 1 air-termination mast

2 crnopyga, Lo 3axuwaeTbecs 2 protected structure

3 3axulieHa 30Ha Ha OMOPHIN NNOLWMNHI 3 protected area on the reference plane
4 ropu3oHTanbHWU TPOC NepexonneHHs GnuckaBku 4 horizontal wire air-termination

S17, Sz posginbHa BigcTaHb 3rigHo 3 6.3 S1, Sz separation distances according to 6.3

a 3axucHWi KyT BignosigHo Ao Tabnuui 2 a protection angle complying with Table 2

MPUMITKA cuctema nepexonseHHs,

CnpoeKkTtoBaHa 3a

NOTE The air-termination system is designed according to

METOAOM 3aXMCHOro KyTa. Ycsi crnopyAa Mae 3HaxoAuTUCh
BCepeAnHi 3axuiieHoro ob’emy.

the protection angle air-termination design method. The
whole structure should be inside the protected volume.

Figure E.14 - Isolated external LPS using two isolated air-termination masts,
interconnected by horizontal catenary wire

PucyHok E.14 - I3onboBaHa 30BHiWwWHA LPS 3 oBOMa i30n1bOBaHMMM WOrnaMu nepexonneHHs 6rincKkaBKy,
3'eAHaHUMU Mi>XXK COGOL0 FrOPU3OHTaNbHUM HaTATHEHUM TPOCOM
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&

Figure E.15a — Example using one air-termination rod

7

IEC 2685/10

PucyHok E.15a - Mpuknag 3 BAKOPUCTAHHAM OAHOrO CTPUXKHSA NepexonsieHHs1 61MckaBku

IEC 2686/10
Figure E.15b — Example using two air-termination rods

PucyHok E.15b - Mpuknag 3 BUKOPUCTaHHAAM ABOX CTPUXKHIB NepexonsieHHsi 6rmckaBku
YMOBHi NoO3Ha4YeHHA Key
1 CTPUXXEHb NepexonneHHs 6nmckaBku 1 air-termination rod
2 crnopyaa, Lo 3axuaeTbes 2 protected structure
3 NpUNHATa oNopHa NroLwnHa 3 assumed reference plane
a 3axMCHWU KyT BignosigHo ao Tabnuui 2 a protection angle complying with Table 2
MPUMITKA Yca cnopyaa Mae 3HaxoAuTUCh BcepeauHi NOTE The whole structure should be inside the protected
06’emy, L0 3aXULLAETLCA CTPUKHAMY NepeXOonoBaYis volumes of the air-termination rods.

Figure E.15 — Example of design of an air-termination
of a non-isolated LPS by air-termination rods

PucyHok E.15 - Npuknag KOHCTPYKUii cucTeMun nepexonsieHHsA 61MckaBKu
HeizonboBaHOi LPS cTpuXXHAMM nepexonneHHA 6nucKkaBKku
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Tk D

IEC 2687/10

Figure E.16a — Projection on a vertical plane containing the conductor

PucyHok E.16a - lpoekuia Ha BepTUKanbHY NMOLWWHY, Ha AKi 3HaX0AUTbLCA NPOBIAHUK

i 0

Figure E.16b — Projection on the vertical plane perpendicular to the plane containing the conductor

IEC 2688/10

PucyHok E.16b - lpoekuis Ha BepTUKanbHy NiowWuWHY, NnepneHauKynsipHy A0 NIIOWMHU, Ha AKi 3HaXO0AUTLCA NPOBIAHUK

YMOBHi NO3Ha4YeHHA Key

a 3axuCHW KyT BignoBigHo fo Tabnuui 2 a protection angle complying with Table 2

di BiACTaHb MiXX rOPU30OHTaNbHUM TPOCOM Ta d1 distance of horizontal wire from the roof
nokpisneto

MPUMITKA Yca cnopyga Mae 3HaxoguTUCb BCepenuvHi NOTE The whole structure should be inside the protected

3axuileHoro ob’emy. volume.

Figure E.16 — Example of design of an air-termination of a non isolated LPS
by a horizontal wire according to the protection angle air-termination design method

PucyHok E.16 - lpuknaa KOHCTPYKLUiT cucteMmn nepexonsieHHs HeizonboBaHoi LPS
3 rOpU30OHTasfIbHUM TPOCOM 3a NPOEKTYBaHHSA CUCTEMM NEepPEexXonsieHHA MeTOAOM 3aXUMCHOro KyTa
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AKWo NoBepxHs, Ha SKiM PO3MilLLeHO CUCTeMY
nepexonneHHs O6nuckaBKW, € MOXWUSOK, BiCb
KOHyca, SIKMA YTBOPIOE 3axuLLEeHy 30HYy, He
0060B'A3KOBO € CTpUXHEM MepexonsniBava,
ane, 3amicTb HbOro, nepneHAWKynsap Ao
NOBEpPXHi, Ha SAKIN PO3MIlEeHO CTpPUXKEHb
nepexonnioBaya; 3 BEpLIMHOK KOHYyCy, skKa

cniBnagae 3 BEPLUEYKOM CTPUXHSA
nepexonnoBada (aue. Puc. E.17).

\

\

/Il

Yy
D
YMOBHi NO3Ha4YeHHA
1 3axuLLeHnin o6’em
2 onopHa nnowuHa
3 CTPUXEHb NepexonfieHHs 6GnuckaBku
h BiQMOBIAHI BUCOTM NepexonneHHs bnuckasku

BignosigHo go Ta6nwuui 2
a 3aXUCHWW KyT

D, D’ MeXa 3axuLleHoi 30HU
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If the surface on which the air-termination
system is placed is inclined, the axis of the
cone which forms the protected zone is not
necessarily the air-termination rod, but is
instead the perpendicular to the surface on
which the air-termination rod is placed; with the
top of the cone being equal to the top of the
air-termination rod (see Figure E.17).

\D
o

IEC 2689/10

Key

1 protected volume

2 reference plane

3 air-termination rod

h relevant heights of air-termination according to
Table 2

a protection angle

D, D’ limit of the protected area

Figure E.17 — Protected volume of an air- termination rod
on a sloped surface using the protection angle design method

PucyHok E.17 — 3axuwieHuin 06'em CTpMXKHA NepexonsioBaya
Ha NOXunin NoBepxHi 3 BAKOPUCTAHHAM MeTOoAy 3aXMCHOro KyTa

E.5.2.2.2 MeTop chepu, WO KOTUTbLCSA

MeTton cdepu, WO KOTUTLCS, HaANEXUTb
BMKOPUCTOBYBATH ans BU3HAYEHHS
3axMLLEHOr0 MPOCTOPY YacTWH i 30H Oyaisni
(cnopyau), «konu Tabnuua 2  BuUKO4Yae
BUKOPUCTAHHS METOAY 3aXUCHOrOo KyTa.

3acTocoBytouM Len MeTod, PO3CTaBIIEHHSA
cucTtemu nepexonnoBadvis BBaXaeTbCs
AOCTaTHIM, SKWO >XOAHA TOYKa 3axWULLeHOoro
06’eMy He KOHTakKTye 3i cdpepoto pagiycom, r,
WO KOTUTbCS NO 3eMSli, HaBKOMO i noBepx
OygiBni  (cnopyau) B YyCiX  MOXNIUBUX
HanpsMkax. Takum 4MHOM, cdepa Mae
TopKaTucs nuwe TrpyHTy Ta/abo cuctemmu
nepexonnoBavis.

E.5.2.2.2 Rolling sphere method

The rolling sphere method should be used to
identify the protected space of parts and areas
of a structure when Table 2 excludes the use of
the protection angle method.

Applying this method, the positioning of an
air-termination system is adequate if no point of
the volume to be protected is in contact with a
sphere of radius, r, rolling on the ground,
around and on top of the structure in all
possible directions. Therefore, the sphere
should touch only the ground and/or the
air-termination system.
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Pagiyc r cipepu, Wwo KOTUTbCHA, 3anexuTb Bif
knacy LPS (gue. Tabnuuto 2). Pagiyc cdepwn,
Wo KOTUTbCHA, BignoBigae aMnmiTyaHoOMY
3HaYeHHO CTpymy 6nuckaBku, WO Bpaxae
Gyaisnio (cnopyay) r = 10 x 1°%° , oe |
BU3HAYaeTbCAa y KA.

Ha PwucyHky E.18 nokasaHo 3acToCyBaHHS
MeTody cdepu, WO KOTUTbLCHA, OO Pi3HUX
o6ynisenb (cnopyn). Cdepa pagiycom r
KOTUTbCS HaBKOMO | Hag Yyciewo Oygisneto
(cnopynoto), OOKM BOHA He AOCATHE MIOLWMHK
rpyHTy abo 6yab-sakoi ctanoi 6ygisni (cnopyan)
abo o006'ekTy, WO KOHTAKTye 3 MIIOWNHOK
'PYHTY, €Ka 3daTHa [Ai9TM 9K  NpOBigHMK
6nuckaBku. Toyka ygapy MOXe BUHMKATM Y
micusax, ge cdepa, WO KOTUTbCH, TOPKAETbCH
OyaiBni (cnopyau) iy Takux To4ykax €
HeOobOXiAHMM 3axXUCT 3a AOMOMOrOK MPOBiIAHUKA
nepexonnieHHs 6nvMckaBKku.

ONY
/,
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The radius r of the rolling sphere depends on
the class of LPS (see Table 2). The radius of
the rolling sphere is correlated with the peak
value of the current in the lightning that strikes
the structure: r = 10 x 1°*®  where [ is defined
as KA.

Figure E.18 shows the application of the rolling
sphere method to different structures. The
sphere of radius r is rolled around and over all
the structure until it meets the ground plane or
any permanent structure or object in contact
with the ground plane which is capable of
acting as a conductor of lightning. A striking
point could occur where the rolling sphere
touches the structure and at such points
protection by an air-termination conductor is
required.

%

N/

YMOBHiI NO3Ha4yeHHA

1 3alITPUXOBaHi 30HU NiAOATHCA NEPEXONIEHHI0
6nuckaBku i noTpebyoTb 3axXMCTy BiANOBIAHO A0
Tabnuui 2

2 worna Ha 6yaisni (cnopyai)

r pagiyc ciepu, WO KOTUTbCS, BIANOBIAHO A0
Tabnuui 2

NMPUMITKA 3axuct Big 60koBMX yaapiB BuUMaraeTbcs
BignoeigHo o 5.2.3 Ta A.2.

IEC 2690/10

Key

1 shaded areas are exposed to lightning interception
and need protection according Table 2

2 mast on the structure

r radius of rolling sphere according to Table 2

NOTE Protection against side flashes is required according
to 5.2.3 and A.2.

Figure E.18 — Design of an LPS air-termination conductor network
on a structure with complicated shape

PucyHok E.18 - [IpoekTyBaHHA MepeXi NpOBiAHMKIB NepexonyieHHs 61McKaBKu
Ha OyaiBni (cnopypai) cknagHoi hopmu
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Axkwo MeTo[, chepwu, o KOTUTbCH,
3aCTOCOBYETbLCA ao KpecrneHb oyaisni

(cnmopyam), Taky GygiBnio (cnopyfy) HanexuTb
po3rnsHyTn 3 ycix GokiB, abu nepekoHaTucs,
LLLO KOAHA YacTUHA He BUCTYNae y He3axuLLeHy
30HY — TOYKY, ika MOXe OyTu nponyLieHa, Ko
Ha kKkpecneHHsx OepyTbca QO yBarn nuwe
npoekuii cnepegy, 300Ky i 3aropu.

3axuleHnn npocTip, yTBOPEHUN MPOBiIgHUKOM
LPS — ue o6’em, y sknn He npoHukae cdepa,
WO KOTMUTbCH, KOMW BOHA KOHTAKTye 3
NpoBiIgHUKOM i TOpKaeTbca Oyaisni (cnopyan).

Ha PwucyHky E.19 nokasaHO 3axucTt, SKUn
3abe3nevyyeTbCs  CUCTEMOK  MEPEXONSIEHHS
onuckaBkn LPS 3rigHo 3 MeTogoMm CiTKu,
MeToAoM cdepu, WO KOTUTbLCHA, Ta METOLOM
3aXUCHOrO KyTa i3 y3ararbHEeHUM pPO3MilLleHHAM
eneMeHTIB nepexonneHHs 6ranckasku.

YMOBHiI NO3Ha4YeHHA

1 NPOBIAHUK NepexonneHHs GrnvckaBku
CTPUXEHb NepexonsieHHs 6nuckaBkn

PO3Mip KOMIpKMN CiTKU

[03EeMHUIN NPOBIAHUK

cuctema y3eMIieHHsi 3 KinbLeBMM NPOBiAHUKOM

BMCOTa NepexonsoBaya Hag piBHEM I'pyHTY

Q T O Hh 0N

3aXUCHUW KyT
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When the rolling sphere method is applied to
drawings of the structure, the structure should
be considered from all directions to ensure that
no part protrudes into an unprotected zone — a
point which might be overlooked if only front,
side and plan views on drawings are
considered.

The protected space generated by an LPS
conductor is the volume not penetrated by the
rolling sphere when it is in contact with the
conductor and applied to the structure.

Figure E.19 shows the protection afforded by
an LPS air-termination system according to the
mesh method, rolling sphere method and
protection angle method with a general
arrangement of air-termination elements.

IEC 2691/10

air-termination conductor
air-termination rod

mesh size

earthing system with ring conductor

1
2

3

4 down-conductor
5

h height of the air-terminal above ground level
a

protection angle

Figure E.19 — Design of an LPS air-termination according to the protection angle method,
mesh method and general arrangement of air-termination elements

PucyHok E.19 - NMpoekTyBaHHsA LPS 3 BUKOpUCTaHHAM MeToAy 3aXMCHOTIO KyTa,
MeToAy CiTKMU Ta y3araribHeHe pPOo3MilleHHA efleMeHTIiB CUCTeMUN NepexonneHHs GnuckaBKu
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Y BunagKy ABOX napanenbHUX ropu3oHTanbHUX In the case of two parallel horizontal LPS
NpoBigHUKIB cucTtemMmn nepexonnieHHs LPS, air-termination conductors placed above the
po3TalloBaHUX HaZ ropM3oHTaNbHOK OMOPHO horizontal reference plane in Figure E.20, the
nnowmHoto Ha Pwucynky E.20, rnubuHy penetration distance p of the rolling sphere
NPOHUKHEHHA p cdepun, WO KOTUTbCS, HUXKYEe below the level of the conductors in the space
piBHSA NPOBIAHWUKIB y npocTopi MiX between the conductors may be calculated:
npoBigHUKamm Moxe OyTm obuyucrneHo 3a
dopmynoto:

p=r—[r?—(d/2)?'2 (E.2)

MnbuHa NPOHUKHEHHSA p Ma€ BYTU MEHLLOK HiX
ht miHyc BucoTa 06'eKTiB, WO 3axuwarTbCs
(oBuUryH Ha PucyHky E.20).

The penetration distance p should be less than
ht: minus the height of objects to be protected
(the motor in Figure E.20).
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Z

YMOBHiI NO3Ha4YeHHA

1
2
3

> T

Q

ropu3oHTanbHi Tpocu
onopHa nnowmHa

npocTip, Wo 3axuliaeTbCcs ABOMA napanenbHUMu
ropu3oHTanbHUMKU Tpocamu abo gBoma
CTPWXKHAMM NepexonsioBadis

di3nyHa BUCOTa CTPUXKHIB NepexonnioBaYiB Hag
OMOPHOI0 NMOLLMHOK

rmMbuHa NPOHUKHEHHSI cdhepi, Lo KOTUTbCS
BUCOTa nepexonnoBaya BianoeiaHo fo Tabnuui 2
pagiyc cepu, WO KOTUTbCS

BiACTaHb MiX ABOMa napanenbHUMu
ropusoHTanbHUMmn Tpocamm abo geoma
CTPWXHAMU CUCTEMMU MEPEXONIEHHA BNnckaBku

MPUMITKA TmubuHa npoHUKHEHHS p cdepu, WO KOTUTbCSA
Mae 6yTn MeHLUO, HiX BUcoTa ht MiHyc Hanbinbwa BucoTa
06'exTiB, AKi nignAralTb 3axMcTy, ANS 3axuMcTy 06'ekTiB y
NPOCTOpPI MiXX NepexonnBayamu.

Key

> T

Q

> IEC 2692/10

horizontal wires
reference plane

space protected by two parallel air-termination
horizontal wires or two air-termination rods

physical height of the air-termination rods above
the reference plane

penetration distance of the rolling sphere
height of the air-termination according to Table 2
radius of the rolling sphere

distance separating two parallel air-terminal
horizontal wires or two air-terminal rods

NOTE The penetration distance p of the rolling sphere
should be less than ht minus the largest height of objectsto
be protected, in order to protect objects in the space
between the terminations.

Figure E.20 — Space protected by two parallel air-termination horizontal
wires or two air-termination rods ( r > ht)

PucyHok E.20 - MpocTip, wo 3axuwaeTbca ABOMa napaneflbHUMN FTOPU3OHTaNIbHUMM

Tpocamu a6o gBOMa CTPUXKHAMU CUCTEMM NepexonneHHA 6nuckaBku (r > ht)
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Mpuknag, nokasaHun Ha pucyHky E.20, Takox €
OiNCHUM Ons Tpbox abo 4YOTUPLOX CTPUXKHIB
CUCTEMU MepexonsieHHs 6nMckaBkn; NPUMIpoM,
YOTMPbLOX BepTUKaNbHUX CTPUXHIB,
BCT@HOBIEHMNX y KyTax KBagpaTa 3 NpuKnagHoto
BucoTtow h. Y ubomy Bunagky d Ha PUCYHKY
E.20 Bignosigae pgiaroHanam  kBagparta,
YTBOPEHOr0 YOTUPMA CTPUKHAMMU.

Toukn, y aki 6yne BoapATu Onuckaska, Moxe
OyTn BU3Ha4yeHO 3a 4ONOMOrol MeToay cdepu,
Wwo KoTuTbcsa. 3a gonomorot metony cdepw,
WO KOTUTbCH, MOXHa TakoX BU3HAYUTU
MMOBIPHICTb NOAIT yaapy y KOXHy TOuYKy 6yaisni
(cnopyam).

MeTop ciTku

Ona uinen 3axucty nNMNOCKUX MNOBEPXOHb,
BBaXa€TbCH, WO CiTKa 3axuLLae BCIO NOBEPXHIO,
3a BUKOHAHHS TaknxX YMOB.

a) Ak Bxe 3ragysanocsa y flogatky A,
NPOBIAHUKM CUCTEMU NEPEXONITEHHS
pPO3MillleHO Ha

- niHiax py6iB nokpisni,
- 3BUcax nokpieni,

- niHiax rpebeHs NokpiBni, SKWO HaxXWnN
nokpieni nepesuwye 1/10,

- BiYHUX noBepxHAX Oygieni (cnopygu),
BUCOTa AKuX nepesuye 60 M Ha piBHAX,
Buwmx Hix 80% Big Bucotn bygisni
(cnopyanm);

b) Po3mipu ciTkn mepexi cuctemu
nepexonyieHHs ONMCKaBKM HE NEPEBULLYIOTb
BENUYUH, NnodaHux y Tabnuui 2;

c) Mepexy cnctemm nepexonneHHs BnMckaBku
I'IO6yp,OBaHO TakKnm YNHOM, wo CTpym
OnuckaBkM 3aBXOU NPOXOAUTb MNPUHANMHI
OBOMa OoKpeMnMn MeTaneBunmMun Wnaxamm go
3eMni Ta XoOoHe MeTalneBe YCTaTKOBaHHA He
BMCTynae 3a Mexi o00’eMmy, 3axulieHoro
CUCTEMOLO nepexonneHHa 6J'IVICKaBKI/I;
MPUMITKA Binblwe 4ncno Ao3emMHUX NpoBIAHUKIB
npu3BoAUTb A0 3MEHLUEHHS po3AinbHOiI BigcTaHi Ta

3MeHLye enekTpomarHeTHe none BcepeauHi Oyaisni
(cnopyawn) (ams. 5.3).

d) MpoBigHMKM cucTemMn nepexonseHHa
fnuckaBkM NPOXoAATb, MO MOXIMBOCTI,
HaNKOPOTLIMUMU i NPAMUMMU LLNSIXaMU.

Mpuknaan HeizonboBaHux LPS, cnpoekToBaHmnx
32 MEeTOAOM CiTKM mnepexonrneHHs B6nuckasku,
nokasaHo Ha Pucynky E.21a pgna 6yaisni
(cnopyAu) 3 NNOCKOK MOKPIBIEH Ta Ha PUCYHKY
E.21b pgna Oygisni (cnopygu) 3 NOXuUrnow
nokpisneto. Ha PwucyHky E.21c nokasaHo
npuknag LPS wHa npomwucnosin  6ygisni
(cnopyai).
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The example shown in Figure E.20 is also valid
for three or four air-termination rods; for
example, four vertical rods placed at the
corners of a square with the same applied
height h. In this case, d in Figure E.20
corresponds to the diagonals of the square
formed by the four rods.

The points at which lightning will strike can be
determined using the rolling sphere method.
The rolling sphere method can also identify the
probability of occurrence of a strike to each
point of the building.

Mesh method

For the purpose of protecting flat surfaces, a
mesh is considered to protect the whole
surfaceif the following conditions are fulfilled.

a) As mentioned in Annex A, air-termination
conductors are positioned on

— roof edge lines,
— roof overhangs,

— roof ridge lines, if the roof slope exceeds
1/10,

— the lateral surfaces of the structure higher
than 60 m at levels higher than 80 % of
the height of the structure;

b) the mesh dimensions of the air-termination
network are not greater than the values
given in Table 2;

c) the network of the air-termination system is
accomplished in such a way that the
lightning current will always encounter at
least two distinct metallic routes to the earth
and no metal installation protrudes outside
the volume protected by air-termination
systems;

NOTE A larger number of down-conductors results in

reduction of the separation distance and reduces the
electromagnetic field within the building (see 5.3).

d) the air-termination conductors follow as far
as possible short and direct routes.

Examples of non-isolated LPS using the
air-termination mesh method design are shown
in Figure E.21a for a flat-roof structure and in
Figure E.21b for a sloped-roof structure. Figure
E.21c shows an example of an LPS on a
industrial building.
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Figure E.21a — LPS air-termination on a flat-roof structure

PucyHok E.21a — lNMepexonntoBayi LPS Ha OyaiBni (cnopyai) 3 nnockoto nokpieneto

IEC 2694/10

YMOBHi No3HaYeHHs Key

wm pPO3Mip KOMipKKM wm mesh size

MPUMITKA Posmip Komipku CciTkm Mae Bignosigatu

NOTE The mesh size should comply with Table 2.
Tabnuui 2.

Figure E.21b — LPS air-termination on a sloped-roof structure

PucyHok E.21b - MNepexonntoBayi LPS Ha 6yaiBni (cnopyai) 3 noxunoro nokpisnero
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62305-3 © IEC:2010(E)

A
»
':.:
*
*
*
*
*
()
= e
)
e
>
*
*
*
R
Yo, R
0,. W
v
0. . Y
., .
Iy R4
0,..‘0
IEC 2695/10
Key
A test joint

NOTE AIl dimensions should comply with the selected
protection level according to Tables 1 and 2.

Figure E.21c —LPS on a shed roof structure

PucyHok E.21c - LPS Ha 6yaiBni (cnopyai) 3 o4HOCXMUNOIO NOKpiBrielo

Figure E.21 — Three examples of design of non-isolated LPS air-termination
according to the mesh method air-termination design

PucyHok E.21 - Tpu npuknaau KOHCTPYKLii cucTeMu nepexonsieHHs1 HeizonboBaHoi LPS
BiANOBIAHO OO NPOEKTYBaHHA CUCTEMMU MEPEXONSIEHHA MeTOAOM CiTKU

E.5.2.3 Cuctema nepexonsieHHs Big GiuHux
yaapiB 6nmckaBkM Ha BMCOKUX OyAiBRsAx

(cnopynax)

Y 6ygiBnax (cnopygax) noHag 60 M 3aBBULLKK
BepxHi 20% 6i4yHOi noBepxHi Mae 6yTu
OCHalleHo nepexonnwoBavamu. [Ona  uiel
NOBEPXHi, WO nNignsarae 3axucTy, 3axucT Tiel
YacTUHU, siKa po3TawoBaHa Hmxk4ye 60 M,
MOXHa He BUKOHYBaTW.

MPUMITKA 1 Ons 6ygisens (cnopya) Biga 60 go 75 ™

3aBBULUKW, 30HA, WO MNiANArae 3axucty, He NpPOCTAraeTbCsl
Hux4e 60 m.

MPUMITKA 2 AKwWO Ha 30BHIWWHIA CTiHi y BEPXHi YacTuHi
OyaMHKY HasiBHi YyTnuBi enemMeHTn (NPUMipoM, enekTpoHHe
obnafgHaHHA), ix Mae OyTu 3axuweHo cneuianbHUMK
3acobamyn OnA nepexonneHHa 6nuckaBku, TakuMu o SK
ropu3oHTanbHi  HaKOHEYHWKM, CiTKOBI npoBigHMKM abo
piBHO3HauHe.

E.5.2.3 Air-terminations against flashes to
the side on tall structures

In structures higher than 60 m, the topmost
20% of lateral surfaces should be equipped
with air terminals. For the part of this surface to
be protected which is below 60 m the
protectioncan be omitted.

NOTE 1 For structures between 60 m and 75 m in height, the
area protected need not extend below 60 m.

NOTE 2 If sensitive parts (e.g. electronic equipment) are
present on the outside of the wall in the upper part of the
building, they should be protected by special air-termination
measures, such as horizontal finials, mesh conductors or
equivalent.
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E.5.2.4 KoHcTpyKUia
E.5.2.4.1 3aranbHi NONOXeHHA

MakcumaneHy pJonycTuMmy TemnepaTtypy Ans
npoBigHWKa He Oyde nepeBULLEHO, SKLWO
nonepevyHUn nepepis nNpoBigHMKa BignoBigae
OaHuM, HaBegeHum y Tabnuui 6.

MokpiBni abo CTiHW, BUrOTOBNEHI 3 3aMUCTUX
MaTepianis, Mae OyTu  3axuuieHo  Big
HebeaneyHoro BMAMBY CTPyMy ONMCKaBKM, LLO
HarpiBae NPOBIAHUKN LPS, LUIIAXOM
3acTtocyBaHHA ofgHoro abo Oinblwe 3 Takux
3axoniB:

- 3HWXKEHHSA TemnepaTypu NPOBIAHWUKIB
WnAXom 36inblWeHHs nonepeyHoro
nepepisy;

- 30inbleHHs BigCTaHi MiX nposigHUKamMu i
NOKPUTTAM NOKpiBni (AuB. Takox 5.2.4);

- BCTAHOBJIEHHS TEMJIO3aXWCHOTO LWapy Mix
npoBigHUKaMM Ta 3aMMUCTUM MaTepianom.

MPUMITKA [OocnigxeHHa nokasyloTb, WO € KOPUCHUM, abu
CTPWXHI NepexonioBaYviB Manu Tynuit BepLUeyoKk.

E.5.2.4.2 HeisonboBaHa cucrema
nepexonnrBaviB

MpoBigHMKM nepexonntoBayviB Ta JO3EMHi
NPOoBiAHUKM Mae ByTn 06'egHaHO NPOBIAHUKAMMU
Ha nosHayui nokpiBni Ansa 3abe3neyvyeHHs
OOCTaTHbOro pO3TiKaHHA CTPyMy LO3EMHUMMU
npoBigHNUKaMu.

MpoBigHMKM Ha nNoKpiBNsAX Ta 3'€4HaHHSA
CTPWXKHIB MepexonneHHs OnuckaBkM MOXYTb
NpUKpinnBaTUCL OO MNOKPiBMi 3a 4OMNOMOrow
AK CTPYMOMNPOBIAHUX, Tak i He
CTPYMOMPOBIAHNX pPO3MipoK Ta 3aTUcKauib.
MpoBiAHUKN MOXE TakoX OyTW pO3MilleHO Ha
NOBEPXHi CTiHW, SAKWO CTiHA BWUrOTOBNEHa 3
He3alMUCTOro maTtepiany.

PekomeHgoBaHi uUeHTpu cpikcauii ana uyux
npoBigHuUKIB npeacTasneHo y Tabnuui E.1.

- 132 -

E.5.2.4 Construction
E.5.2.4.1 General information

The maximum permissible temperature for a
conductor will not be exceeded if the cross
section of the conductor conforms to Table 6.

A roof or wall constructed from combustible
material should be protected from the
dangerous effect of lightning current heating
the LPS conductors by using one or more of the
following measures:

reducing the temperature of the conductors
by increasing the cross-section;

increasing the distance between the
conductors and the roof covering (see also
5.2.4);

inserting a heat-protective layer between the
conductors and the flammable material.

NOTE Research has shown that it is advantageous for
air-termination rods to have a blunt tip.

E.5.2.4.2 Non-isolated air-termination

Air-termination conductors and
down-conductors should be interconnected by
means of conductors at the roof level to provide
sufficient  current  distribution over the
down-conductors.

Conductors on roofs and the connections of
air-termination rods may be fixed to the roof
using both conductive or non-conductive
spacers and fixtures. The conductors may also
be positioned on the surface of a wall if the wall
is made of non-combustible material.

Recommended fixing centres for these
conductors are shown in Table E.1.
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Table E.1 - Suggested fixing centres
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Ta6nuusa E.1 - PekomeHaoBaHi LeHTpu dikcauii

Arrangement

Po3milweHHs

Fixing centres for tape,
stranded and soft drawn
round conductors, mm

LieHTpu chikcauii gna
CTPIYKOBUX, FHYYKMX i KPYrnmx
NpoBiAHUKIB 4BOPa30BOro
BOMO4iHHA, MM

Fixing centres for round
solid conductors , mm

LleHTpm cbikcauii ana kpyrnnx
OAHOXUINbHUX NPOBIAHUKIB,
MM

Horizontal conductors on horizontal surfaces

BepTtukanbHi nposigHukm Big 20 M i aani

1000 1000
["opu3oHTanbHi NPOBIAHMKM HA TOPU3OHTaNbHUX NOBEPXHSAX
Horizontal conductors on vertical surfaces

500 1000
"oOpun3oHTanbHi NPOBIGHVKM HA BEPTUKANbHUX MOBEPXHAX
Vertical conductors from the ground to 20 m

g 1000 1000

BepTukanbHi nposigHukun Big 3emni Ao 20 m
Vertical conductors from 20 m and thereafter

500 1000

NOTE 1

This table does not apply to built-in type fixings, which may require special considerations.

MPUMITKA 1 L Tabnumus He 3aCTOCOBYETHLCA A0 KpinneHb BOYAOBaHOro TUMy, siki MOXYTb BUMaraT Oo4ATKOBOIO Po3rnsiay.

NOTE 2 Assessment of environmental conditions (i.e. expected wind load) should be undertaken and fixing
centres different from those recommended may be found to be necessary.

MPUMITKA 2 MatoTb 6yTV BpaxoBaHi yMOBM AOBKINMSA (TOGTO oyvikyBaHe BiTpoBe OOTSHKEHHS) | MOXe 3HafobuTuch
BUKOPUCTAHHSA LIEHTPIB dikcauil, siki Bigpi3HAETbLCA B pEKOMEHO0BaHUX.

Ha HeBenukux ByanHkax i nogibHux cnopygax 3
rpebeHem  nokpiBMi, NPOBIAHWMK  MOKPIBMI
HanexuTb BCTAHOBMOBATU Ha rpebeHi. Akwo
Oygiensa (cnopyga) 3HaxoguTbCs MOBHICTHO Y
MeXax 3axuLieHoi 30HM, ska 3abe3nevyeTbes
NpoBiAHUKOM Ha rpebeHi nokpieni,
LWOHaNMeHWe ABa O03eMHUX MPOBIAHUKM Mae
OyTn npoknageHo pybamu cxuniB NOKpiBMi Ha
npoTunexHux Kytax byaisni (cnopyan).

PuHwTokn Ha pybBax nokpiBni  MOXyTb
BMKOPUCTOBYBATUCb $SIK NMPUPOAHI MPOBIAHUKK
3a yMOBMU, WO BOHU BignosigawTe 5.2.5.

Ha PwucyHkax E.22a, E.22b T1a E.22c
300paxkeHo npuknag po3MilleHHs NPOBIgHUKIB
Ha nMoKpiBRNi | [O03eMHUX MNpPOBiAHMKIB Ans
Oyaisni (cnopyaun) 3 NOXUOK MOKpiBMeto.

On small houses and similar structures with a
roof ridge, a roof conductor should be installed
on the roof ridge. If the structure is completely
within the protected area provided by the roof
ridge conductor, at least two down-conductors
should be routed over the gable edges at
opposite corners of the structure.

The gutters at the edge of the roof may be used
as natural conductors provided that they
conform to 5.2.5.

Figures E.22a, E.22b and E.22c depict an
example of the arrangement of the conductors
on a roof and down-conductors for a sloped
roof structure.
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IEC 2696/10
Figure E.22a —Installation of air-termination
conductor on the ridge of a sloped roof and a roof
down-conductor
PucyHok E.22a — BnawTtyBaHHA npoBiAHMKa nepexonneHHs
Ha rpeb6eHi Noxmunoro NOKpiBNi 1 4O3eMHOro NPoBigHMKa
nokpieni
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IEC 2698/10
Figure E.22c - Installation of a down-conductor with
connection to the gutter

PucyHok E.22c — BnawTtyBaHHsA [03eMHOro nposigHuKa 3
NpUEAHAHHAM [0 PUHLUTOKA

Mpuknagn npuaaTHUX po3MmipiB:
™

0,15 M (He ob6oB'A3KOBO)
™

sikoMora 6nvxk4ye 4o kpato
0,2m

0,3 ™

™

0,05 m

0,3 m

1,5 ™

0,5m

3axXUCHWUI KyT 3rigHo Tabnuui 2
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Figure E.22b - Installation of air-termination rod for
protection of chimney using the protection angle
air-termination design method
PucyHok E.22b — BnawtyBaHHAI CTPUXHA NepexonreHHs
AN 3aXMCTy AMMapsA 3a BUKOPUCTaHHA MPOEKTHOro MeToay
3aXMCHOro KyTa
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IEC 2699/10
Figure E.22d - Installation of a test joint in a
down-conductor and bonding to a drain-pipe

PucyHok E.22d — BnawTyBaHHA NepeBipOYHOro 3ry4yHuKa y
A03eMHOMY NPOBIAHUKY Ta NPUEAHAHHS 4O PUHBU

Examples of suitable dimensions:

Tm

0,15 m (not mandatory)

Tm

as close to the edge as possible
0,2m

0,3 m

Tm

0,056 m

0,3 m

1,5m

0,5m

protection angle according to Table 2

Q X T >Q O Q O T ®

Figure E.22 — Four examples of details of an LPS on a structure with sloped tiled roofs

PucyHok E.22 - Yotupu npuknagm po3miweHHs LPS Ha O6yaiBni (cnopyai)
3 MOXUIIOK YepennU4HOK NOKpiBMero
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Ha PucyHky E.23 nokasaHo npuknag LPS 3
NPUXOBaHUMK NPOBIAHNKAMMN.

62305-3 © IEC:2010(E)

Figure E.23 shows an example of an LPS with
concealed conductors.

Conductor,either strip,

rod or metallic gutter
— ) . .
MpoBiAHWK: NNackuin, KPyrmuin

abo meTaneBuin pUHLLTOK

Ridge conductor fixed below
tile level (see detail)

[MpoBiaHWMK Ha
rpebeHi,3akpinneHuin nig
yepenuueto (AMB. nogpodbuui)

e

Vertical air termination or

YMOBHi No3Ha4eHHA
- [MpuxoBaHu NPOBIAHUK

[ ] BepTukanbHui nepexonntoBay (ronumn
BepTuKanbHui cTpuxeHb 0,3 M 3aBBULLKK) 3
KopoTkum (<10 m) kpokom abo
6nuckaBkonpumManbHa nnacTuHa 3 KPOKoM <5 m

strike plate

BepTukanbHun
nepexonniosay abo
6nvckaBkonpuiManbHa
nnactuHa

Horizontal conductor

[opn3oHTanbHWIA NPOBIAHMK

Cross-section A

IEC 2700/10

Key
- Concealed conductor
[ ) Vertical air termination (0,3 m high bare vertical

rod) at short (<10 m) intervals or strike plates at
<5m intervals

Figure E.23 — Air-termination and visually concealed conductors
for buildings less than 20 m high, with sloping roofs

PucyHok E.23 - BninckaBkonpuimadi Ta BisyanbHO NpUxoBaHi NpoBiAHUKKN AnA OyAiBenb
3aBBULWWKK Jo 20 M, 3 NOXUIIOK NOKpiBNer

Y Bumagky posrux 6yaiBenb  (cnopya),
[oonaTkoBi NMPoBiAHMKK BignoBigHO oo Tabnuui
4 wmae OyTM npuegHaHO OO MNPOBIgHMUKIB
NepexonnieHHsi, BCTAHOBMNEHUX Ha rpebeHi
NoKpiBni.

Ha ©OyaiBnax 3 BeNUKMMM  NpuYinkamu,
NpoBiOAHUK Ha rpebeHi nokpiBni Mae 6yTu
nogoBxeHun po iBepy rpebeHa. Ha «kpato
POHTOHY MOKpPiBNI HaneXxuTb npuegHaTu

In the case of long structures, additional
conductors in accordance with Table 4 should
be connected to the air-termination conductors
mounted on the roof ridge.

On buildings with large roof overhangs, the
roof-ridge conductor should be extended to the
end of the ridge. On the gable edge of the roof
a conductor should be connected from the



62305-3 © IEC:2010(E)

NpoBIAHMK BiA NpoBigHMKA Ha rpebeHi nokpisni
00 [O3eMHOro npoBigHuKa.

Hackinbkn ue NnpakTUYHO MOXITMBO, NPOBIAHMKN
nepexonnoBaviB, CNOMAYyYHi NPOBIAHUKM Ta
0O3EeMHI NPOBIAHWKM HaNeXuTb MNpoKagaTtu
npsaMUMKU Wwnsxamum. Ha He cTpymonpoBigHMX
NOKPIiBNSAX, MNPOBIAHNK MOXe OyTU pO3MilLeHUNN
abo nig, abo, 6axaHo, Haag 4epenuueto.
Hes3Ba)atoum Ha Te, WO BCTAHOBIEHHS
npoBigHWKa nig 4epenuuer Mae nepesarn y
BUrNAAI CNPOLEHHS | MEHLLOMO PU3NKY KOPOa3iT,
Oyae kpalle, SIKWO iCHYHOTb npugaTHi meToau
KPiNfeHHs, BCTAHOBMEHHA  WOro  y340BX
noBepxHi yepenuui (TO6GTO 30BHi), TAKUM YUHOM
3MEHLUYKTBCA PU3KK MOLIKOOXKEHHS 4vepenuui
KON nNpoBigHWK 3a3Hae npamMoro yaapy
onuckaBku. BcTaHOBMEHHA nNpoBigHWMKA Hag
yepenuuew TakoX CMpOoLLye NOro nepeBipkKy.
PekomeHpgyeTbes, o NPOBIgHWNKM, AKi
po3miweHi nig yepenuuet, Oynn OCHaLeHi
KOPOTKUMWU BePTUKANbHUMW HaKOHEYHUKAMMU,
SAKi BMCTynawTb Hag PpiBHEM nMokpiBni i ki
poamilleHo He gani, Hixk 10 M oauH Big ogHoOro.
Takox Moxe OyTM 3acTocoBaHO BigMOBigHI
BUCYHEHi meTanesi nnactuHu (aus. Puc. E.23)
3a YMOBMU, LLO X PO3MIilLeHO He fani, HiX 5 m
OAHY Big ofHOI.

Ha 6ygiBngax (cnopygax) 3 NfIOCKOK MOKpPiBIet
NpoBiAHWMKM  Ha  nepumeTpi Mae  OyTtu
BCTAHOBMNEHO sKOMOra Onuxye A0 30BHILLHIX
pybiB nokpisni.

Akwo noBepxHs MOKPiBNI NepeBuLLye po3Mipu
CiTkM, nepeabaveHi Tabnuuew 2, HanexuTtb
BCTAHOBUTHU 0O0aTKOBI NPOBIAHMNKM
nepexonneHHs.

PucyHkn E.22a, E.22b T1a E.22Cc nokasywTb
npuknagn ocobnmMBOCTEN KOHCTPYKLiT KpinneHb
ONs NPOBIOHMKIB MepexonneHHs Ha MNoXunin
nokpieni ©ygisni (cnopyan). PucyHok E.24
nogae npuknag ocobnmMBOCTEl KOHCTPYKLUIi
KpinneHb Ha nnackin Nokpieni.

- 136 —

roof-ridge conductor to the down-conductor.

As far as is practicable, air-termination
conductors, connecting conductors and
down-conductors should be installed in a
straight route. On non-conducting roofs, the
conductor may be placed either under, or
preferably over, the roof tiles. Although
mounting it under the tiles has the advantage of
simplicity and less risk of corrosion, it is better,
where adequate fixing methods are available,
to install it along the top of the tiles (i.e.
externally) so reducing the risk of damage to
the tiles should the conductor receive a direct
flash. Installing the conductor above the tiles
also simplifies inspection. Conductors placed
below the tiles should preferably be provided
with short vertical finials which protrude above
roof level and are spaced not more than 10 m
apart. Appropriate exposed metal plates may
also be used (see Figure E.23) provided they
are spaced not more than 5 m apart.

On structures with flat roofs, the perimeter
conductors should be installed as close to the
outer edges of the roof as practicable.

When the roof surface exceeds the mesh size
stipulated in Table 2, additional air-termination
conductors should be installed.

Figures E.22a, E.22b and E.22¢c show
examples of the construction details of fixtures
for air-termination conductors on the sloped
roof of a structure. Figure E.24 provides an
example of construction details for fixtures on a
flat roof.
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Key

YMOBHi NO3Ha4YeHHA

500 mm to 1 000 mm, see Table E.1

roof parapet

joint

a

Big 500 mm go 1 000 mm, gue. Tabnuuto E.1

napaneTt nokpisni

3MYYHUK

flexible conductor

3
4

FHYYKUIA NPOBIOHUK

T- 3ny4vHuUK

T-joints

air-termination conductor fixture

KPINMEeHHA NpoBigHMKa NEPEXONMEHHs

LPS passing through a watertight bushing

steel girder

npoBefeHHa LPS BoOOHENPOHUKHUM yTyNKOM

ctanesa 6anka

joint

3NYYHUK

NMPUMITKA MeTanese
BUKOPUCTOBYETLCS

NOTE Metallic covering on the roof parapet is used as an

air-termination conductor and

napaneTty MoOkKpiBni

nepexonsieHHa

nokpuTTS
NpPOBIAHUK

is connected to the steel

€

nigkniyYeHnM o ctanesoi 6anku, sika BUKOPUCTOBYETbLCA AK

AK

girder used as a natural down-conductor of the LPS.

LPS.
Figure E.24 — Construction of an LPS using natural components

NPUPOAHWUIA JO3EMHUIN NPOBIAHUK

on the roof of the structure
PucyHok E.24 - KoHcTpykuisi LPS 3 BUKOpUCTaHHAM NPUPOAHMX KOMNOHEHTIB

(cnopyaw)
Figure E.25 shows the positioning of the

iBni

6yn

PucyHok E.25 nokasye po3MmilleHHS 30BHILUHbLOT

LPS

Ha NokKpiBni

LPS on a structure with a flat roof

made of isolating material such as wood or

3 MNOCKOI external
MaTepiany,

(cnopyai)

Oygisni

Ha

isonauinHoro

npumipom, gepeBa abo uernu. KpinneHHs Ha

NoKpiBni

3

nokKpiBrew

bricks. The roof fixtures are within the space to

be protected. On high structures,

ring

a

3HaXo4ATbCA Yy MeXaX 3aXuweHoro

connected to all down-conductors is installed
on the facade. The distances between these

ring conductors should comply with 5.3.1. Ring

npoctopy. Ha Bucokux 6yaiBnax (cnopypax)

Kinbue,

yCiX  O03eMHUX
BCTaAHOBMIOETbLCA Ha dacaji.

o

npuenHaHe

npoBigHUKIB,
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BigcTtaHi MiXX UMMM KinbLEeBUMU MPOBIAHMKaAMMU
MakTb BianosigaTn 5.3.1. Kinbuesi
NPOBIOHUKM HUX4Ye piBHA pajiycy cdepwu, Lo
KOTUTbCS, € HeObOXigHI SIK CMOMYYHi NPOBIgHUKN.
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conductors below the level of the rolling sphere
radius are needed as equipotentialization
conductors.

\

\
\

YMOBHI No3Ha4YeHHsA

CTpUXEHb NepexonntoBaya

ropu3oHTanbHU NPOBIAHUK NEPEXONMEeHHS

[03EeMHUI NPOBIAHNUK

T- 3ny4YHuK

XpecTonoAibHUN 3ny4YHMK

KOHTPONBHWUN 3nyuHuk

y3eMIieHHs 3a cxeMoto Tuny B, kinbuesui

y3eMnoBanbHUi enekTpoa

KinbLeBUI NPOBIAHUK CUCTEMU €KBINOTEHLINHNX

crnonyyeHb

nnocka NoKpiBns 3 NOKPiBENbHUMU KPiNMeHHAMMN

10 BUMNYCK ANSA NiAKMNIOYEHHA CMOMYYHOI LWWHU BHYTPILHbOT
LPS

11 BepTUKaNbHUA y3eMIioBanbHUN enekTpos

MPUMITKA 3acTocoByeTbCs KinbLEe CUCTEMU €eKBINOTEHLiAHUX

crnonyyeHb. BigctaHb MiX AO3eMHMMU NpoBiAHWKaMW BignoBigae

Bumoram Tabnuui 4.

NOoO g~ WN =

oo

IEC 2702/10

Key

air-termination rod

horizontal air-termination conductor
down-conductor

T-type joint

cross-type joint

TEST joint

B-type earthing arrangement, ring earth electrode

NOoO g~ wWwN =

8 equipotentialization ring conductor

flat roof with roof fixture

10 terminal for connecting the equipotentialization bar
of the internal LPS

11 vertical earth rod
NOTE An equipotentialization ring is applied. The distance between
the down-conductors complies with the requirements in Table 4.

Figure E.25 — Positioning of the external LPS on a structure made of isolating material
e.g. wood or bricks with a height up to 60 m with flat roof and with roof fixtures

PucyHok E.25 - Po3miweHHsA 30BHiWHBbOT LPS Ha cnopyai 3 isonAuinHoro marepiany, npumipom,
AepeBa a6o uernu, Ao 60 M 3aBBULLKM 3 NSIOCKOK MOKPiBMer i 3 NOKpiBeNbHUMU 3aTUCKa4YaMM
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MpoBigHukn Ta cTpwxkHi LPS wmae 6ytun
MeXaHiYHO 3aKpinfeHO TakKuM YNMHOM, abu BOHM
Oynu 3gaTHi BUTpUMaTu OBTAXEHHS, NOB’A3aHi
3 BiTpoM abo nOrogHMMM YMHHMKaMKM Ta
poboTamu, €Ki NpPOBOAATBCA Ha MNOBEPXHI
NoKpiBmi.

bnaxa, sKow, p[nNsa MexaHiYHoro 3axucTy,
HaKpMBalTbLCSA NapaneTn 30BHILLHIX CTiH, MOXe
BMKOPUCTOBYBATUCb AK NPUPOLHUIA KOMMOHEHT
CUCTEMW MepexonneHHsa 3rigHo 3 5.2.5, 3a
BiACYTHOCTI pU3nKy 3anMaHHs Big
pO3TONneHoro metany. IMoBipHicTb 3aiiMaHHA
3anexuTb Big Tuny maTepiany nig meTanesum
NOKPUTTAM. 3aMMUCTICTb BUKOPUCTOBYBAHOIO
MaTepiany Mae a7 nigTeepaxeHa
nigpsaHUKOM.

lgpoizonauito Ha meTaneBMx MNOKPIiBNSAX, a
TaKOX Ha MOKPiBMSAX 3 iHWKWX MaTepianis, MOXe
OyTn npobuto ygapom OnuckaBku. Y Takomy
BUNagky BoAa MoXe npoHUKaTH i
npocoyyBaTUCs 4Yepe3 TMOKPIiBM y TouLi,
BigaaneHin Big micua ygapy 6nuckasku. Ons
YCYHEHHS  Takoi  WMOBIPHOCTI  HanexmuTb
BCTAHOBUTU CUCTEMY NEpPEXONoBaYiB.

CeitTnosi 6aHi Ta knanaHu BigBeAeHHA AUMY i
Tenna, 3asBuyan, € 3akputumu. KoOHCTpykKuUidA
ans 3axucTy Takmx KnanaHiB mMae
obroBoptoBaTUCH 3 NOKynuem/BrIacHUKOM
Oygieni (cnopyawm) Ans BUPILLEHHS TOro, 4w
3axXMCT Mae 3acTOCOBYBaTUChb AMSA KnanaHiB y
BiAKPMTOMY, 3aKpuToMy abo B yCiX MPOMIXKHUX
NMOMNOXEHHSX.

[MokpiBenbHi MOKPUTTA 3i CTPYMOMNPOBIQHOI
bnaxu, ska He Bignosigae 5.2.5, mMoxyTb
BMKOPUCTOBYBATUCb K NMepexonsitoBadi, SKLWO
TOMNJMEHHS y Touli yaapy 6nnckaBkmn moxe 6yTun
NPUAHATHUM. HAKWO Ue He € MNPUAHATHUM,
CTPYMOMNPOBIAHE MOKPUTTS MNOKPiBMi HaNexuTb
3aXUCTUTKU CUCTEMOLO nepexonneHHs
poctaTtHboi BucoTtu (ame. Puc. E.20 Ta Pwuc.
E.26).
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LPS conductors and rods should be
mechanically secured so that they are capable
of withstanding stress due to wind or weather
and work carried out on the roof surface.

Metal covering provided for mechanical
protection of outer walls parapet capping may
be used as a natural component of the
air-termination, according to 5.2.5, if there is no
risk of fire ignition by melting metal. The
combustibility depends on the type of material
under the metal cladding. The combustibility of
the material employed should be confirmed by
the contractor.

The roof sealing arrangement on metallic roofs,
as with other types of roof, can be perforated by
a lightning flash. In such a case, water can
penetrate and leak through the roof at a point
far from the striking point. If this possibility is to
be avoided, an air-termination system should
be installed.

Light cupolas and smoke and heat outlet flaps
are normally closed. The design for the
protection of such flaps should be discussed
with the purchaser/owner of the building to
decide whether protection should be applicable
for the flaps in the open, closed and all
intermediate positions.

Roof coverings of conductive sheet which do
not conform to 5.2.5 may be used as
air-terminations where melting at the striking
point of lightning can be accepted. If this is not
acceptable, the conductive roof sheeting
should be protected by an air-termination
system of sufficient height (see Figure E.20
and Figure E.26).
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YMOBHi NoO3Ha4YeHHA
r pagiyc ccepu, Wwo KoTuTbes, Tabnuua 2
a NPOBIAHUKN NepexonoBaYis

MPUMITKA Cdepa, WO KOTUTbCA, He Mae TopKaTucs
Oyab-gk0i  4YacTMHM MeTaneBoi MOKpiBMi, 3i cToAYUMM
haneusammn BKMOYHO.

Key
r radius of the rolling sphere, Table 2
a air-termination conductors

NOTE The rolling sphere should not touch any part of the
metallic roof including the standing seams.

Figure E.26 — Construction of air-termination network on a roof with conductive
covering where puncturing of the covering is not acceptable

PucyHok E.26 - KoHcTpyKuisa Mepexi nepexonneHHA Ha NoKpiBni 3i
CTPYMONPOBIAHUM MOKPUTTAM, A€ NPOKONOBaHHA NOKPUTTA € HEMPUNHATHUM

[lo3BonawTbCA 9K He CTPYMOMNPOBIAHI, Tak i
CTPYMOMNpPOBIigHI onopwu.

3a BUKOpPUCTAHHS CTPYMOMPOBIAHUX OMop,
3'egHaHHSA 3 onsaxoto nokpiBni Mae
BUTPMMYBATW YacTKOBUIA CTPyM OBrnunckaBKu
(ouB. Puc. E.26).

Ha PwucynHky E.24 nokasaHo npuknag
NPMPOLHOro NepexonsiBaya 3 BUKOPUCTAHHAM
napanety nokpieni, AK nposigHuKa
nepexonsoBava Ha pybi AiNgHKM NOKpiBni.

[MprxoBaHi Ta BUCTYMHI eneMeHTU Ha NOBEPXHI
nokpiBri mae O6yTM 3axuLEeHO CTPMKHAMMU
nepexonntoBadiB. AOO CTOPOHHI MeTanesi
YaCTUHU HanexuTb npuegHaTtu o LPS, goku
BOHMU BignosigatoTb 5.2.5.

Non-conductive as well as conductive supports
are allowed.

When conductive supports are used, the
connection to the roof-sheet should withstand
partial lightning current (see Figure E.26).

Figure E.24 shows an example of natural
air-termination using a roof parapet as the
air-termination conductor at the edge of the
roof area.

Flush-mounted and protruding structures on
the roof surface should be protected by means
of air-termination rods. Alternatively,
extraneous metalwork should be bonded to the
LPS unless it conforms to 5.2.5.
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Ha PucyHky E.27 nokasaHo npuknag 3'€4HaHHS
nepexonnBadya 3 MPUPOOHMM  [A03EMHUM
NPoBiIAHNKOM Yy BGETOHi.

YMOBHiI NO3Ha4YeHHA

CTPUXEeHb nepexonnioBaya

ropuM3oHTanbHW NPOBIAHMK NepexonmBaya
[03eMHWUN NPOBIAHMK

T-3ny4YHUK

XpPecTonoAibHUN 3nyYHNK

npueaHaHHs 4O CTaneBUX CTPUXKHIB PULLTYHKY
(ovB. E.4.3.3 Ta E.4.3.6)

KOHTPOMbHUIA 3MyYHUK

o O B~ ON -

~

8 y3eMreHHs 3a cxemoto Tuny B, kinbuesni
y3eMmioBanbHUN enekTposa

9 nocka MoKpiBMs 3 NOKPIiBENbHUMU KpiNAeHHAMMN
10 T-3Ny4YHWK — CTINKUIA OO KOpO3ii

MPUMITKA CraneBui puwTyHok OypaiBni (cnopyau) mae
Bignosigatn 4.3. Yci poamipu LPS matoTb Bignosigatu
06paHOMYy PiBHIO 3aXMUCTY.
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Figure E.27 gives an example of the connection

of

the air-termination with the natural

down-conductors in concrete.

D oA W N -

~

9

10

IEC 2704/10

air-termination rod

horizontal air-termination conductor
down-conductor

T-type joint

cross type joint

connection to steel reinforcing rods (see E.4.3.3
and E.4.3.6)

test joint
type B earthing arrangement, ring earth electrode

flat roof with roof fixtures
T-type joint — corrosion resistant

NOTE The steel reinforcement of the structure should
comply with 4.3. All dimensions of the LPS should comply
with the selected protection level.

Figure E.27 — Construction of external LPS on a structure of steel-reinforced
concrete using the reinforcement of the outer walls as natural components

PucyHok E.27 - KoHcTpyKUis 30BHiWHLOI LPS Ha 3ani3o0eToHHi cnopyAi 3 BUKOPUCTaHHAM
PULWITYHKY 30BHILUHIX CTiH, IK NPUPOAHUX KOMMOHEHTIB
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E.5.2.4.21 BnuckaBko3saxuct
GaraTopiBHeBOro napkiHry

nokpiBni

Onsa 3axucTy Takoro Tumny CNopya MOXYTb
BMKOPUCTOBYBATUChL LUAMNKM MNepexonsioBavis.
i wankum MOXyTb npuegHyBaTUCbL [0
cTaneBoOro puTYHKY GeTOHHOT MokpiBni (AMB.
puc. E.28). Y Bunaaky nokpieenb, Ae 3'€4HaHHS
3 pPUWITYHKOM He MOXe OyTuM BMKOHaHO,
NPOBIAHUKM NOKPIiBMNi MOXYTb YKnagaTucb Yy
LWBW MK MAMTaAMU MPODKAXKOT YAaCTUHM, a Wanku
nepexonsoBavie Moxe O6yTu po3TalloBaHO Ha
By3anax cCiTku. LwupnHa cCciTkm He Mae
nepesullyBaTM BenUYMHY, WO Bignosigae
knacy 3axucTy, nogaHomy y Tabnuui 2. Y
LbOMY BUMNAAKY, NOOM | TPAHCNOPTHI 3acobu Ha
Ui gingaHui napkiHry He € 3axuleHumu Big
onunckaeku.
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E.5.2.4.21 Lightning
multi-storey car park roofs

protection for

For the protection of this type of structure,
air-termination studs may be used. These studs
can be connected to the reinforcement steel of
a concrete roof (see Figure E.28). In the case
of roofs where a connection to the
reinforcement cannot be made, the roof
conductors can be laid in the seams of the
carriageway slabs and air-termination studs
can be located at the mesh joints. The mesh
width shall not exceed the value corresponding
to the protection class given in Table 2. In this
case, the persons and vehicles on this parking
area are not protected against lightning.

o o
[

YMOBHi NO3Ha4YeHHA
1 Lanka nepexonntoBaya

2 cTaneBui NPOBIgHWK, MPUEAHAHUIA OO0 KiNbKOX
CTPWXXHIB CTaneBoro puLITYHKY

3 cTaneBui PULLTYHOK BeTOoHY

IEC 2705/10

Key

1 air-termination stud

2 steel conductor connecting to several bars of the
reinforcement steel

3 steel reinforcement to concrete

Figure E.28 — Example of an air-termination stud used on car park roofs

PucyHok E.28 - Mpuknapg wank1 nepexonsitoBaya, Wo BUKOPUCTOBYETLCS Ha NOKPIiBNSAX NapKiHriB

AKWO HaneXuTb 3aXUCTUTU BEPXHI0 AiNAHKY
napkiHry Big npsamux yaapiB OnuckaBku, mae
OyTW 3acTocOBaHO CTPMWXHI MNepexonntoBadiB
Ta/abo novenneHi Tpocu NepexonsoBavis.

If the topmost parking area is to be protected
against direct lightning strikes, air-termination
rods and/or overhead air-termination wires
should be employed.
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YMOBHiI NO3Ha4YeHHA

1 3aXUCHUM KOHYC

2 MeTaneBuin KOHCTPYKLUINHUI eneMeHT nokpisni

3 ropu3oHTanbHi TPOCK NepexonnoBaYis

4 cunoBa NiHig eneKkTponpoBigHi, Hankpawe, sk
yknageHa Jo CTPyMOMNpPOBIAHOrO ekpaHy

5 eneKkTpoycTaTkoBaHHsA

s po3ainbHa BiAcTaHb 3rigHo 6.3

a 3axucHu kyT, guB. Tabnuuio 2

MPUMITKA Bucota cCTpuxHSA nepexonfiBavya Mae
BignosigaTtu Tabnuui 2.

Ky
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M IEC 2706/10

Key

1 protection cone

2 metallic roof fixture

3 horizontal air-termination conductor

4 electric power installation line, preferably enclosed
in a conductive shield

5 electric equipment

s separation distance according to 6.3

a protection angle, see Table 2

NOTE The height of the air-termination rod should comply
with Table 2.

Figure E.29 — Air-termination rod used for protection of a metallic roof fixture with
electric power installations which are not bonded to the air-termination system

PucyHok E.29 - CtpuxeHb nepexonsioBaya, Wo BUKOPUCTOBYETLCS ANA 3aXUCTY
MeTarneBoOi KOHCTPYKLii Ha NOKPiBJi 3 eNeKTPUYHUM CUITOBUM YCTAaTKOBAHHAM,
sike He € CMoJZIy4eHUM 3 CUCTEMOI NepPexonsieHHsA

Y BUNagky BEPTUKANbHUX NpoBigHUKIB
HanexnTb GpaTn OO yBaru LiNsiHKY, sika MOXe
oyTK pocarHyTta PYKOH0. [oTpumaHHs
HeobXigHOI po3ainbHOT BigcTaHi Moxe OyTu
3abesneyeHo BCTaHOBMEHHAM Oap'epie abo
OropoaxyBanbHUX TPOCIB.

Ha Bxogax mae OyTu BCTAHOBIIEHO 3HAKW, SIKi
3BepTakTb YyBary Ha Hebesneky ypapis
GrnuckaBku nig Yac rpos.

Hanpyramu goTuKy i KpOKY MOXHa 3HEXTYBaTH,
SKLWO MOKPIBMO BKPWUTO LWapom acdanbTy
npuHammHi y 50 mMm 3aBToBLWKKM. Hanpyrotwo
OOTMKY MOXHA TakKoX 3HexTyBaTW, $KLWO
MOKPiBMO BWUIFOTOBIIEHO i3 3anisobeToHy 3
B3aEMONOB'AI3aHNMM CTANeBUMU CTPUKHAMWU 3
DOesnepepBHicTIO, AKa Bignoesigae 4.3.

In the case of vertical conductors, the area
which is possible to reach by hand should be
taken into account. The necessary separation
distance can be achieved either by provision of
barriers or by protective wiring.

Signs should be provided at the entrances
drawing attention to the danger of lightning
strikes during thunderstorms.

The touch and step voltages may be
disregarded if the roof is covered by a layer of
asphalt of at least 50 mm thickness.
Additionally, the step voltages may be
disregarded if the roof is constructed of
reinforced concrete with interconnected
reinforcement steel with continuity conforming
to 4.3.
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E.5.2.4.2.2 3ani3zo6eToHHi cnopyau, nnacki
NOKPiBNi AKUX He € 3aranbHOAOCTYNMHUMMU

Ha nnackin nokpiBni, €Ky 3akputo Ans
3aranbHOro BiABiAYBaHHSA, i $Ka BKIOYae B
cebe cucTeMy nNepexonsieHHs, MNpOBiIAHWKN
nepexonsioBadiB Mae OyTU BCTaAHOBMEHO $K
nokasaHo Ha PucyHky E.27. Onsa
€KBIMOTEHLINHOro KinbLeBOro npoBigHMKA Ha
NMOKpPIiBIli MOXe BUKOPUCTOBYBaTUCb MeTarese
NOKPUTTSA napaneTy MOKpPiBMi AK NokasaHO Ha
Puc. E.24 ta Puc. E.30.

e

RN

YMOBHiI NO3Ha4YeHHA

1 KOPOS3IECTINKNIA 3NYYHUK

2 FHYYKUIA NPOBIAHMK

3 MeTanese NOKpPUTTA napaneTy

MPUMITKA Ocobnuea yBara mae npuainaTuce

BignosigHomy gobopy maTepianis i LOOPOMY NPOEKTYBaHHIO
3MYYHUKIB Ta CMNOMYYHUX TMPOBIOHUKIB ANA  YHUKHEHHS
KOpOa3ii.
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E.5.2.4.2.2 Flat-roofed, steel-reinforced
concrete structures with roofs not
accessible to the public

On a flat roof not accessible to the public that
incorporates an  external air-termination
system,air-termination conductors should be
installed as shown in Figure E.27. For the
equipotentialring conductor on the roof, the
metal cladding on the roof parapet may be used
as shown in Figure E.24 and Figure E.30.

IEC 2707/10

Key

1 corrosion-resistant joint

2 flexible conductor

3 metallic covering of the parapet

NOTE Special attention should be paid to the proper
selection of materials and good design of joints and bridging
conductors to avoid corrosion.

Figure E.30 — Method of achieving electrical continuity on metallic parapet capping

PucyHok E.30 - MeToa focsAArHeHHA enekTpU4YHOI 6e3nepepBHOCTI MeTaneBoro NOKpUTTA napaneTy

Ha PucyHky E.27
BCT@HOBJMEHHA  CiTKOBMX
NoKpiBni.

nokasaHo MeTon
NpoBigHUKIB  Ha

Figure E.27 shows a method of installing
meshed conductors on a roof.
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AKWwo TMMYacoBe MexaHiYHe MOLWKOLXKEeHHS
BOAOHEMPOHMKHOIO LWapy Ha nokpieni 6yaiBni
(cnopyou) € NPURHATHUM, CiTKa NepPeXONnIeHHs,
LLIO MOKPMBAE MIOCKY MOBEPXHIO MOKPIiBAi, MOXe
OyTM 3aMiHeHa nNpPUMPOSHWMW MNPOBIAHMKAMM
nepexonnoBavis, o cknapatTbes 3i
CTaneBuX CTPUXKHIB PULLTYHKY y BeTOHi 3rigHo 3
5.2.4. lpUAHATHOW anbTepHaTUBOK € Te, WO
npoBigHUkM nepexonntoBadvie LPS moxe 6yTun
3akpinneHo 6e3nocepedHbO Ha OeTOHHIN
nokpiBni.

Y uinomy, yaap O6nuMcKaBKM Yy PULLTYHOK
OeToHHOT NOKpiBfi MOLKOONTb
BOAOHENPOHUKHUA Wwap. 3rogom gouloBa Boaa
MOXe CMPUYNHUTH Kopo3ito CTPUXKHIB
cTaneBoro PULLTYHKY, npu3BiBLLMK no
MOLWKOOXKEHHA. HAKWO 3HMXKEHHS MeXaHiYyHol

MiLHOCTI beToHy yepes Kopo3sito €
HEMPUWHATHMM, Mae OyTM  BCTAHOBIIEHO
CUCTEMY  MEepexonfieHHsl, Hauhkpawe, §K
3'eqHaHy 3i cTanesum PULLTYHKOM,

3anobiratoum npamomy ygapy OnuckaBku y
GeTOHHY MOKpIBNtO.

MeTaneBe nokputTs, nepeabayeHe Ans
MeXaHiyHoro 3axXuCTy 30BHILLUHIX CTiH
(obnamiskn napaneTy), MOXe oyTn

BUKOPUCTAHO 9K  NPUPOAHUMA  KOMMOHEHT
nepexonnwoBaya 3rigHo 5.2.5 3a ymoBu
BiJCYTHOCTI pU3NKy 3aiMaHHs Yepes TONMeHHs
meTany.

[MokpiBenbHi NOKPUTTA 3i CTPYMOMPOBIgHOT
6naxu, siki He BignosigaTe Tabnuui 3, MOXyTb
BUKOPUCTOBYBATUCH AK NPOBIAHUKN
nepexonsioBaviB, SKWO TOMMEHHS Y TOuLi
yoapy O6nuckaBknm Moxe OyTuU NPUAHATHUM.
AKwo  Hi, CTpyMOMpoBiAHE  MNOKpiBernbHEe
NOKPUTTS Mae OyTu 3axuWeHO CUCTEMOL
nepexonoBadiB OCTAaTHbLOI BUCOTK (guB. Puc.
E.20 ta E.26). Y uboMy BMMNagKy HanexuTb
3acTocyBaTu MeTo4 cepu, Wo KOTUTbeA. Abu
BOOBOMTBHUTM BMMOIU LbOrO MeToady, PO3Mip
CiTKM Mae 6yTU MEHLMM, a ONopu BULLUMU, HiX
Ti, $Ki BMKOPUCTOBYKTbCA ANA 3BUYANHOI
CiTKOBOT CUCTEMU NepexonsoBayviB.

3a BUMKOpPUCTaAHHA CTPYMOMPOBIgHUX oMop,
3'eQHaHHSA 3 onsaxoto NOKpiBIi mae
BUTPUMYBATU YACTKOBUIN CTPYM ONIMCKaBKU.

Ha PucyHky E.24 nokasaHo npwuknag
NPUPOLHOro NepexonsoBaya 3 BUKOPUCTAHHAM
napanety nokpisni, AK npoBigHUKa
nepexonnoBaya Ha pybi AiNsSHKW NOKpiBNi.
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When temporary mechanical damage of the
waterproof layer on the roof of a structure is
acceptable, the air-termination mesh covering
the flat area of the roof may be replaced with
natural air-termination conductors consisting of
steel reinforcement bars in concrete according
to 5.2.4. An acceptable alternative is that the
LPS air-termination conductors may be fixed
directly on the concrete roof.

In general, a lightning flash to the
reinforcement of a concrete roof will damage
the waterproof layer. Rainwater may then
cause corrosion of the steel-reinforcing rods
leading to damage. If reduction in the
mechanical strength of concrete due to the
corrosion is not permitted, an airtermination
system should be installed and preferably
bonded to the reinforcement steel, preventing
direct lightning flashes to the steel-reinforced
concrete.

Metal covering that is provided for mechanical
protection of outer walls (parapet capping) may
be used as a natural component of the
air-termination according to 5.2.5 if there is no
risk of fire ignition by melting metal.

Roof coverings of conductive sheets not
conforming to Table 3 may be used as
air-termination conductors where melting at the
point of lightning flashes can be tolerated. If
not, the conductive roof sheeting should be
protected by an air-termination system of
sufficient height (see Figures E.20 and E.26).
In this case, the rolling sphere method should
be applied. To conform to this method the mesh
size has to be smaller and the supports higher
than that for an ordinary mesh air-termination
system.

When conductive supports are used, the
connection to the roof-sheet should withstand
partial lightning current.

Figure E.24 shows an example of a natural
air-termination using a roof parapet as the
air-termination conductor at the edge of the
roof area.
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Akwo € npunyctumum, wob Tpannanocs
TUMYacoBe MOLWKOOAXeHHA dpacagy W nagiHHA
ynamkie go 100 mMm po3TpolieHoro GeToHy 3
Oyaieni (cnopyamn), NyHKT 5.2 003BONSE 3aMiHy
KiNbLEBOro NpoBigHWUKa Ha NOKpPIiBMi NPUPOAHUM
KinbLUeBUM MNPOBIAHUKOM, SIKMWA CKNadaeTbCs 3i
CTaneBoro pULTYHKY y 6ETOHi.

Tum He MeHW, MeTaneBi AeTani, dAKi He
BignoBigalTb BUMOram [0 nepexonnoBaudis,
3a3Ha4YeHunx y 5.2.5, MOXYTb
BMKOPUCTOBYBATUCS ANA NPUEOHAHHA Pi3HUX
YaCTUH, sKi NpoBOAATb CTpyM OnMCKaBKK, Yy
MexXax OiNsHKW NoKpiBni.

E.5.2.4.2.3 3abe3neyeHHsA [OCTaTHbOro
eKpaHyBaHHA oyaiBni (cnopyan)

B0BHiWHI CTiHM Ta nokpienga 6yaisni (cnopyan)
MOXYTb BUKOPUCTOBYBATUCH AK
eneKkTpoMarHiTHUn eKpaH ang  3axucty
obnagHaHHA eneKkTPOXMBNEHHA Ta 0O0poOku
AaHuX, WO 3HaxoauTbca y bByaisni (cnopyai)
(omB. Oopatok B po IEC 62305-2:2010 ta IEC
62305-4).

Ha Pwucynky E.27 HaBegeHO npuknag
3anisobeToHHOI cnopyauM 3 BUKOPUCTAHHAM
B3AaEMHO CMOJIyYEHUX CTaneBUX CTPUXHIB
PULITYHKY $SIK MPUPOOHUX MNPOBIOHUKIB Ta S$K
eneKkTpoMarHeTHOro ekpaHy 3aMKHEeHoro
npoctopy. Noapobuui gusuce y IEC 62305-4.

Y Mexax LiNFAHKM CUCTEMU MepPexXonsieHHs Ha
NOKpPiBMi, yYCi CTPYMONPOBIAHI YaCTUHN, Y SAKUX
xo4ya 6 oguH po3mip nepesBuwye 1 M, MakoTb
Oyt cnony4yeHi MixX cobow AnA YTBOPEHHS
ciTkn. CiTKOBUI eKpaH HanexuTb npuegHaT 0o
cUCTeMU nepexonntoBaviB Ha pyObi nokpieni, a
TaKoOX B iHWWUX TO4YKax Yy MexXax [LiNaHKu
nokpieni 3rigHo 3 6.2.

Ha PwucyHkax E.24 T1a E.30 nokasaHo
KOHCTPYKLUilO nepexonsnioBayiB  Ha OygiBnsax
(cnopypgax) 3i CTpyMOnpoBigHMMM KapkacaMmu 3
BUKOPUCTAHHAM napaneTty nokpiBni SK
npMpPOOHOro mnepexonsiBaya, a cTaneBoro
Kapkacy sk NpupogHUX 403eMHUX NPOBIOHUKIB.

Ha Pucynky E.30 HaBegmeHO npuknapj
3abe3neyeHHs enekTpuyHoi 6e3nepepBHOCTI
NPUPOLHUX KOMMNOHEHTIB y LPS.

3aBAsikM 3MEHLWEeHOMY pPO3Mipy CiTKM cTaneBux
KOHCTpPYKLUiW, NopiBHAHO 3 Tabnuueto 2, cTpym
onuckaBku po3noainseTbcs Ha Kinbka
napanenbHUX MPoBiQHWUKIB, WO NPU3BOAUTbL OO0
3MEHLUEHHA enekTpoMarHeTHoro iMnepaHcy, a

oTXe, 3rigHo 6.3, po3ginbHi BigcTaHi
3MeHWYTbCHA, Ta Bignagae notpeba vy
OOTPUMAaHHI po34inbHOI BigcTaHi MiX

ycTaTkoBaHHaM Ta LPS.
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When it is acceptable for temporary damage to
the facade to occur, and shattered parts of up
to 100 mm of broken concrete to fall down from
the structure, 5.2 permits the ring conductor on
the roof to be replaced by a natural ring
conductor consisting of steel reinforcement in
concrete.

Metal parts which do not satisfy the conditions
of air-terminations stipulated in 5.2.5 may,
however, be used to connect the different
lightning-current-carrying parts within the
domain of the roof area.

E.5.2.4.2.3 Provision of adequate structure
shielding

The outer walls and roof of a structure may be
used as an electromagnetic shield in order to
protect electrical and information-processing
equipment within the structure (see Annex B of
IEC 62305-2:2010 and IEC 62305-4).

Figure E.27 provides an example of a
steel-reinforced concrete structure using the
interconnected reinforcing steel as
down-conductors and as electromagnetic
shielding of the enclosed space. For more
details see IEC 62305-4.

Within the domain of the air-termination system
on the roof, all conductive parts with at least
one dimension larger than 1 m should be
interconnected to form a mesh. The meshed
shield should be connected to the
air-termination system at the roof edge and
also at other points within the roof area in
accordance with 6.2.

Figures E.24 and E.30 show the construction of
air-terminations on structures with conductive
skeletons using a roof parapet as a natural
air-termination and the steel skeleton as
natural down-conductors.

In Figure E.30 an example is given of how to
provide electrical continuity of natural
components in an LPS.

As a result of the reduced mesh size of steel
structures compared with Table 2, the lightning
current is distributed over several parallel
conductors, resulting in a low electromagnetic
impedance and consequently in accordance
with 6.3, the separation distances are reduced
and the necessary separation distances
between the installations and the LPS are not
required.
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Y OGinbwocTi 6yniBenb (cnopya) nokpiBna €
HaViMeLll €eKpaHOBAHOK YacCTMHOK CNopyawm.
Tomy ocobnuBy yBary HanexuTb MNPUAINUTH
NONIMNWEeHH  ePEeKTUBHOCTI €KpaHyBaHHSA
KOHCTPYKUiSMW MOKPiBMi.

AKWwo BIACYTHI CTPYMOMNPOBIAHI  ereMeHTH,
BOyOoOBaHi y MOKPIiBMO, €KpaHyBaHHA MOXHa
nokpawmnTM 3a paxyHOK 3MEHLUEeHHS BigcTaHi
MK NPOBIAHWKaMM Ha MOKpiBni.

E.5.2.4.2.4 3axucT npuxoBaHux abo
BUCTYNMHUX KOHCTPYKLINHNX €NIleMeHTiB
nokpiBni

CTpuxHi  nepexonnioBaviB  gns  3axucTty
MeTaneBUX KOHCTPYKUIMHUX eneMeHTIB, SKi
3MOHTOBAHO BpiBHIi 3 nokpienet, abo
BUCTYMHUX KOHCTPYKUIMHUX efleMeHTIB NOKpPiBi
MatoTb ByTU Takoi BUCOTH, LWOO enemMeHT, SKnn
nignsrae 3axucTy, 3HaAXO4MBCS MOBHICTHO Y
MeXax 30HW 3axucty cdepu, WO KOTUTbCH,
CTPUXHSA  nepexonnioBadya abo  MOBHICTO
BCepeaMHi KOHyca 3axMCHOro KyTa 3rigHo
Tabnuui 2. PosginbHa BiACTaHb MiX
CTPUXKHAMM nepexonstBadis Ta
KOHCTPYKUIMHUMWN enemMeHTamMun MnOoKpiBni mae
OyTn Takow, Wobun 3ag0BONBbHUTN BUMOrKM 6.3
LWOoA0 30NNKEHHS.

Ha PwucyHky E.29 nokasaHo npuknapg saxucty
KOHCTPYKUiAHOro enemMeHTy NoKpiBAi
CTPWXKHSMW NepexonsioBaYviB 3 BUKOPUCTAHHAM
NPOEKTHOro MeToAdy 3axXUCHoro kyta. BenndnHa
3aXMCHOro KyTa Mae€ BignoBigatun piBHIO
3axucty LPS, nepegbayeHomy y Tabnuui 2.

MeTaneBi HagOynoBWM MOKpPiBMi, He 3axuLLeHi
CTPWXHSAMW MepexonsioBadiB, He noTpedyrTb
000aTKOBOro 3axmUCTy, SKWO TXHi po3mipyn He
nepeBuLLYOTb YCiX 3 HACTYNMHUX 3HAY€eHb:

- BUcota Hag piBHeM nokpieni 0,3 m;
- cymapHa nnouwa enemeHTy nokpisni 1,0 m?;
- JOBXWHa erieMeHTy nokpisni 2,0 M.

MeTanesi KOHCTPYKLiMHI eneMeHTn  dKi
3MOHTOBAHO BpiBHi 3 MNOKpiBNew, Ta sKi He
BiANOBiAaOTb UMM BMMOram Ta BUMOram LoA0
pO3A4iNnbHOT BiACTaHi 3rigHo 3 6.3, HanexuTb
CMONy4YnTM 3 CUCTEMOK MNEepexonsnoBavis
NPUHANMHI OQHMUM CNONYYHUM NPOBIAHNKOM.

He cTtpymonpoBigHi HagbyaoBm NokpiBni, siKi He
3HaAXOOATbCSA Y MexXax 30HU 3aXUCTY CTPUXKHIB
nepexonsioBadiB, i AKi He BUCTynakTb NoHapg
0,5 M Hag noBepxHeK, YTBOPEHOK CUCTEMOIO
nepexonnoBayviB, He BMMarakTb 404ATKOBOro
3axXUCTy MPOBiAHMKaAMK NepexonsioBavis.

CTpyMONpOBiAHI eNeMeHTH, Taki SK eneKTpUYHI
apotn abo meTtanesi Tpybu, ki NnpocTsiraloTbCs
Bi NPUXOBaAHO 3MOHTOBAHMX KOHCTPYKLiNHUX
eneMeHTiB  MOKpiBni  gocepeauHn  Oygieni
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In most structures the roof is the least shielded
part of the structure. Therefore particular
attention should be paid to improve the
shielding efficiency of roof constructions.

When no conductive structural elements are
incorporated in the roof, shielding may be
improved by reducing the spacing of the roof
conductors.

E.5.2.4.2.4 Protection of flush-mounted or
protruding roof fixtures

Air-termination rods for the protection of metal,
flush-mounted roof fixtures or protruding roof
fixtures should be of such height that the fixture
to be protected lies fully within the rolling
sphere protection space of the air-termination
rod or is fully within the cone of the protection
angle in accordance with Table 2. The
separation distance between the
air-termination rods and the roof fixtures should
be such that the proximity condition stipulated
in 6.3 is satisfied.

Figure E.29 shows an example of roof fixture
protection by air-termination rods using the
protection angle air-termination design method.
The value of the protection angle shall be
consistent with the protection level of the LPS
stipulated in Table 2.

Metal roof fixtures, not protected by
air-termination rods, do not require additional
protection if their dimensions do not exceed all
of the following values:

— height above the roof level 0,3 m;
— the total area of the fixture 1,0 m?;
— the length of the fixture 2,0 m.

Metal flush mounted roof fixtures not fulfilling
these requirements and not being within the
requirements for the separation distance
according to 6.3 should be bonded to the
air-termination system with at least one
bonding conductor.

Non-conductive roof fixtures which are not
within the protected volume by air-termination
rods and which do not protrude by more than
0,5 m above the surface formed by the
airtermination system do not require additional
protection from air-termination conductors.

Conductive installations, such as electrical
conductors or metallic pipes, which lead from
flush-mounted roof fixtures into the interior of
the building, can conduct a considerable
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(cnopyau), MOXYTb NPOBOAUTU 3HAYHY HYACTUHY
cTpyMy 6nuckaBkm gocepeaunHu bygisni. Tam,
Oe ICHYKTb Taki CTpyMONpOBIOHI 3’€AQHaHHS,
BUCTYMHI €fIleMEHTU Ha MOBEPXHi MOKpPiBNi Mae
OyTVM 3axuLeHO CUCTEMOK MepexonsoBaviB.
AKWwo 3axuct 3a  OOMOMOrow  CUCTEMMU
nepexonsoBavis € HEMOXIUBUM abo
€KOHOMIYHO HeaoLifibHUM, Y CTPYMOMNPOBIgHNX

enemeHTax MOXe oyTK BCTAHOBIIEHO
i3onboBaHi YaCTUHMN, OOBXWHA SAKNX
LOHaNMeHLe yABiYi Oinbwa 3agaHoi

po34inbHOI BigcTaHi (npumipom, Tpybonposoam
CTUCHEHOrO MOBITPS).

[Oumapi 3 He cTpyMONpoBIAHOrO MaTepiany mae
OyTV 3axuLieHOo 3a JOMOMOrok CTPUXKHIB abo
Kineub nepexonnBavis, AKLLO BOHM
3HaxXoOATbCA MO3a 30HOK 3axuUCTy cucTemmu
nepexonnoBavis. CTpuxeHb MepexonsniBaya
Ha gumapi mae OyTu Takoi BUCOTH, WoOOK BecCb
anMap 3HaxXO4AUBCSHA Y 30Hi 3aXUCTY CTPUXKHS.

BnyyaHHa 6nuckaBkn y He CTPYMOMNPOBIAHWUN
AuMap € MOXINMBMM, KOMW AUMOXi4 He
3HaxoOuTbCsa Yy  30HI  3axucty cuctemu
nepexonsioBadiB, 4yepes Te, WO BHYTPILWHK
NMOBEPXHIO AMMaps BKPUTO Caxew, sKka €
CTPYyMOMNPOBIAHOW, Tak WO HaeiTb  3a
BiJCYTHOCTI Jolly, BOHa 3gaTHa npoBoaUTuU
CTPYM CTPUMEPHOT BUCHAru BENNKOT JOBXUHN.

Ha PucyHky E.22b nokasaHO KOHCTpPYKLitO

CTPUXHA  nepexonniwoBavya Ha Aumapi 3
isonauinHoi uernu.

E.5.2.4.2.5 3axuct KOHCTPYKLUiMHUX
eremMeHTIB nokpiBni, AKi MiCTATb

eNieKTPUYHe ycTaTKOBaHHA a6bo obnagHaHHA
Ansa obpo6ku iHdpopmauii

Yci HanbynoBu NoKpiBAi 3 He
cTpymMonpoBigHoro abo  CTpyMONpoBigHOro
MaTepiany, AKI MiCTATb ereKTpuydHe
ycTaTkoBaHHa Ta/abo obnagHaHHa  Ansa

06pobneHHs iHpopmauii, MaloTb 3HAXOAUTUCH
Yy 30Hi 3aXMCTy CUCTEMM NepexonoBayviB.

Mpsime Bny4vyaHHsa OGnuckaBkM y obnagHaHHS,
BCTAHOBMNEHE Yy 30Hi 3axXUCTy CUCTEMMU
nepexonsioBayis, € MarnonMoBIPHUM.

Mpsme BnyyaHHs 6nuckaBkn Yy HagdbyaoBy
NOKpPiBMi MOXe npu3BecTM He nuwe [o i
PYMHYBaHHA, @ W MOXe TaKoX CNPUYUHUTU
3HaYHi MOLUKOAKEHHS npueaHaHOro
€NeKTPUYHOro Ta eNeKTPOHHOro yCTaTKOBaHH4
He nuwe Yy HagbyaoBi nokpiBni, ane wn
BCepeauHi 6yaunHky.

Hap6ynosu nokpiBni Ha ctaneBux 6yaiBnsax
(cnopygax) matTb TaKOX 3HaXOOAWUTUCH Y 3O0Hi
3axXUCTy CUCTEMM MepexonnioBaviB. Y UbOMY
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portion of the lightning current into the interior
of the building. Where such conductive
connections exist, the protruding fixtures on the
roof surface should be protected by
air-termination systems. If protection by means
of an air-termination system is not possible or
cost-effective, isolated parts, with lengths
corresponding to at least twice the specified
separation distance, can be installed in the
conductive installations (e.g. compressed air

pipes).

Chimneys of non-conductive material should be
protected by means of air-termination rods or
air-termination rings when they are not within
the protection space of an air-termination
system. The air-termination rod on a chimney
should be of such height that the complete
chimney lies within the protection space of the
rod.

A lightning flash to a non-conductive chimney is
possible when the chimney is not situated
within  the  protection space of an
air-termination system, due to the fact that the
inner surface of the chimney is covered by a
soot deposit possessing a conductivity such
that, even in the absence of rain, it is capable
of conducting the current of a streamer
discharge of great length.

Figure E.22b shows the construction of an
air-termination rod on a chimney made of
isolating bricks.

E.5.2.4.2.5 Protection of roof fixtures
enclosing electrical or information-
processing equipment

All  roof fixtures of non-conductive or
conducting material, which contain electrical
and/or information-processing equipment,
should lie within the protection space of the
air-termination system.

A direct flash into equipment installed inside
the protection space of the air-termination
system is improbable.

A direct flash into the roof fixture would lead not
only to its destruction but would also cause
extended damage to the connected electrical
and electronic equipment not only in the roof
fixtures, but also inside the building.

Roof fixtures on steel structures should also lie
in the protection space of the air-termination
system. In this case protruding air-termination
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BUNagKy BUCTYMHI MPOBIOHWKX NepexonsitoBadis
HanexuTb CMONYYUTW He nuwe 3 CUCTEMOK
nepexonnoBayvie, a W 0e3nocepedHbO 3i
CTaneBOK KOHCTPYKLIE, SKWO Lie MOXIMBO.
3a cnomny4yeHHs 3i CTaneBOK KOHCTPYKLi€E
BOHM He KOH4Ye MawTb 3abe3nedvyBaTtu
po3A4iNnbHY BiACTaHb.

Bumorn go HagbynoB MOKpiBMi MakwTb TakoXx
3acTOCOBYBaTUCh no eneMeHTiIB,
BCTAHOBMNEHNX Ha BEPTUKANIbHUX MOBEPXHSAX, Y
AKi MOXe BOapuTu 6nuckaeka, TO6TO TUX, AKUX
MOXe TopKaTuUCb cdepa, WO KOTUTbCS.

PucyHkn E.29 Ta E.31 wMicTaTe npuknagu
KOHCTPYKLUIA CUCTEMU NEepexonsioBadiB, SKi

3axumuiaTb HagbynoBum nokpieni 3i
CTPYMOMNPOBIAHOTO Ta isondauinHoro
maTtepianis, AKi MICTATb enekTpuvHe
yCTaTKOBaHHS.

PucyHok E.31 € npuiaHATHUM nuwe 3a
HEMOXIMNBOCTI noTpuMaHH4A po3ainbHoi
BigCTaHi S.
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conductors should be bonded not only to the
air-termination system but also to the steel
structure directly, if possible. When bonded to
the structure they need not conform to the
separation distance.

The requirements for roof fixtures should also
apply to fixtures installed on vertical surfaces to
which a lightning strike is possible, i.e. which
can be touched by the rolling sphere.

Figure E.29 and Figure E.31 contain examples
of air-termination constructions which protect
the roof fixtures of conducting and isolating
material enclosing electrical installations.

Figure E.31 is only suitable if the separation
distance, s, cannot be maintained.
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YMOBHiI No3Ha4YeHHA

1 NpoBiAHUK NMepexonnoBaya

2 MeTanesa Kpulika

3 €KBINOTEHLiNHNIA NPOBIAHUK

4 ropu3oHTanbHUn NPOBIAHUK NepexonnoBaya
5 eneKkTpoycTaTKOBaHHSA

6 pPO3NOAiNbHUK enekTpoXueneHHs 3 SPD

7 [03eMHUIN NPOBIAHMUK

MPUMITKA 3akpuTe enekTpoyCcTaTKOBaHHSA CMOMy4aeTbCs 3
CMCTEMOIK  MNepexonsiBadiB  3rigHo 3 E.5.2.4.2.6
MeTaneBuM ekpaHoM kabernto, AKM € B 3MO3i BUTpUMyBaTH
3HAYHy YaCTUHYy CTpymy Gnuckasku

J\T 7]
- LA

IEC 2708/10

Key
1

air-termination conductor

metallic cover

bonding conductor

horizontal air-termination conductor
electric equipment

electric power junction box with SPD

N o o b~ 0N

down-conductor

NOTE The enclosed electric equipment is bonded to the
air-termination system complying with E.5.2.4.2.6, through
the metallic cable shield withstanding a substantial part of
the lightning current.

Figure E.31 — Metallic roof fixture protected against direct lightning interception,
connected to air-termination system

PucyHok E.31 — MetaneBa HapbyanoBa Ha NoKpiBsi, 3axullieHa Big NpssMOro Bry4YaHHsA
GnMCcKaBKM Ta cnosly4yeHa 3 CUCTeMOolo nepexonsoBaydiB

MPUMITKA Akwo MeTanesi KOHCTPYyKUii noTpebyoTb
[0[aTKOBOro 3axWCTy, Ha MNo3Hauli MNokpiBni moxe OyTn
BcTaHoBrneHo SPD Ha akTuBHMX kabensax, MigknioveHux Ao
HUX.

HeobxigHa po3ainbHa BiACTaHb Mae
OOTpMMyBaTUCb He nuwe y MoBiTpi, a W Ha
Wnaxy kpisb TBepann matepian (km = 0,5).

NOTE If the fixtures need extra protection, SPDs on the
active cables connected to it can be provided at rooflevel.

The required separation distance should be
maintained not only in air but also for the path
through solid material (km= 0,5).
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E.5.2.4.2.6 EnekTpoycTaTKoBaHHA, wo
BUXOAMTb 3a MeXi 3aXM1LLEeHOI 30HMU

AHTEHY Ha nokpisni 6ygisni (cnopygu) mae
OyTm 3axuweHo Big NpaAMMX  cnanaxis
OGrMCKaBKM LUMSIXOM BCTAHOBIMIEHHS aHTEHU Yy
BX€ 3axMLLeHOMY NpOoCTOpPi.

AHTeHOBa cuctema Mae GyTn BOyAOBaHOW [0
LPS (auB. Takox IEC 60728-11°).

Moxe OyTn BUKOpUCTaHa i30NboBaHa 30BHILUHS
LPS (gouB. Puc. E.32a) abo HeizonboBaHa
30BHiWwHA LPS (aus. Puc. E.32b)

Y oCTaHHbOMY BMNaAKy LOrfna aHTeHW Mae
OyTW cnonyyeHa 3 CUCTEMOI NepexonsoBadis.
Togpi YacTKOBI CTpyMu 6nuckaBok
po3rnsagaTMMyTbCsa K Taki, WO 3HaXo4siTbCs
ycepenuHi Oyaieni (cnopyan), Lo
3axuwaetbca. baxaHo, abu kabenb aHTeHu
BxoguMB no Oyaisni  (cnopyau)  cRinbHUM
BXiAHMM OTBOPOM And BCix nocnyr abo nopyud 3

royI0BHOO CMOJTY4YHOIO LIMHOH0 LPS.
CTtpymonpoBigHy 060MnOHKY kaben aHTeHu
HanexmnTb Cnony4ynTn 3 CUCTEMOIO

nepexonsitoBayiB Ha MNO3HauYLli MOKpiBni Ta 3
rOfMTOBHOK CMOMYYHO LUMHOM.

HapnbynoBu nokpieni, WO MICTATb €nekTpudHe
obnagHaHHs, | 4na AKX po3ainbHY BiACTaHb He
MoXxe OyTn 3abe3neyvyeHo, HaNeXnTb CNONYYNTY
3 CUCTEMOLO nepexonsntBadis Ta
CTPYMOMPOBIAHUMWN erieMeHTaMn MoKpiBNi 1
CTPYMOMNPOBIAHUM  €KpaHOM  eneKTPUYHOro
obnagHaHHs 3rigHo Tabnuui 9.

PucyHok E.31 € npuknagoMm CRNOMNyYeHHs
KOHCTPYKUIAHOIro enemMeHTy NoKpiBni, SKMN Mae
CTPYMOMPOBIAHI 4YaCTUHWU, OO €enNeKTPUYHOro
yCTaTKOBaHHA Ta 40 CUCTEMM NEPEXOoNnsoBayiB

oyaisni (cnopyan).
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E.5.2.4.2.6 Electrical installation protruding
from the space to be protected

Antenna on the roof of a structure should be
protected against direct lightning flashes by
installing the antenna in an already protected
volume.

The antenna system should be integrated into
the LPS ( see also IEC 60728-11").

An isolated external LPS (see Figure E.32a) or
a non-isolated external LPS (see Figure E.32b)
may be used.

In this latter case, the antenna mast should be
bonded to the air-termination system. Then
partial lightning currents will be treated as
being inside the structure to be protected. The
antenna cable should enter the structure
preferably at the common entrance for all
services or near the main LPS bonding bar. The
antenna cable conductive sheath should be
bonded to the air-termination system at roof
level and to the main bonding bar.

Roof fixtures housing electrical equipment for
which the separation distance cannot be
maintained, should be bonded to the
air-termination system and to the conductive
elements of the roof fixtures and the conductive
shield of its electrical equipment in accordance
with Table 9.

Figure E.31 is an example of the method of
bonding a roof fixture with conductive parts to
an electrical installation and the air-termination
of a structure.
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YMOBHiI NO3Ha4YeHHA
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MeTanesa uiorna
isonaTtop

CTpUXEHb NepexonnioBava

NpoBIAHUK NepexonsnioBava

CMNONyYHWI NPOBIAHMK

kabenb aHTeHun

KOHTPOMbHUI 3MYYHUK

crnonyyHa wuHa

dyHOAMEHTHUI y3eMNoBanbHUN enekTpos
3aXUCHWW KyT

po3ainbHa BiACTaHb

0OBXWHa NS OUiHIOBAHHA pO3A4inbHOT BigCTaHi

MDB - PL
PCB - PL

Key

~— n Q © 00N O b WON =

MDB
PCB

metallic mast

isolator

air-termination rod
air-termination conductor
bonding conductor
antenna cable

test joint

equipotential bonding bar
foundation earth electrode
protection angle
separation distance

length to be considered for separation distance
calculation

main distribution box
power connection box

Figure E.32a —TV antenna mast and antennas protected with isolated air-terminations planned
according to the protection angle method

PucyHok E.32a — 3axucT wornu tTeneBi3inHOI aHTeHU Ta camMOi aHTEeHM i30NIbOBaHMMM NepexonsBavyamu,
CMPOEeKTOBAaHUMM 32 METOAOM 3aXUCHOFO0 KyTa
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13

4

YMOBHiI NnO3Ha4YeHHA

1
2

10
11
12
13

MPUMITKA Ons HeBenukux Oyaisenb (cnopyd) moxe 6yTu

MeTanesa uworna

ropu3oHTanbHUIN NPOBIAHMK NepexonnoBaya Ha
KOHWKY MOKpiBfi

CMONYYEHHSI MiX NOKPiBENbHUM LO3EMHUM
NPOBIAHWMKOM 11 METaNeBO0 LOroK aHTEHN

kabenb aHTeHu

ronoBHa Crnony4yHa WnHa; meTanesuin ekpaH
aHTEHW NPUESHAHO 4O FONOBHOT CMOMYYHOI WWHU

KOHTPOMbHUI 31TYYHUK
Teneeisop

napaneribHe NpokKnageHHs kaben aHTeHn Ta
XUBUNbHOTO kabento

Kabenb XUBMNeHHS

cucTtema 3eMNAHOro 3aKiHYeHHs

ronoBHUI po3noainbHuk 3 SPD
dyHAAMEHTHUI y3eMNIoBaNbHUN enekTpos
npoBigHuk LPS

3aXUCHUW KyT

[OBXMWHA ANS OUiHIOBAHHA PO3A4inbHOI BigCcTaHi

[OCTaTHbO Nuwe ABa A403EeMHUX NPOBIAHUKKM 3rigHO 5.3.3.

G fﬁ./ﬁ%fm

10
11
12
13

IEC 2710/10

metallic mast

horizontal air-termination conductor on the ridge
of the roof

joint between the roof down-conductor and the
metallic antenna mast

antenna cable

the main bonding bar; metallic shield on the
antenna cable is connected to the bonding bar

test joint
TV

parallel routing of the antenna cable and the
electric power cable

electric power cable

earth-termination system

the main electric power distribution box with SPD
foundation earth electrode

LPS conductor

protection angle

length to be considered for separation distance
calculation

NOTE For small structures only two down-conductors may

be sufficient, according to 5.3.3.

Figure E.32b -TV antenna using the mast as an air-termination rod
PucyHok E.32b — TenesisiiiHa aHTeHa, worna sikoi NpaBUTbL 3a CTPMXXEHb NepexonsioBaya

Figure E.32 — Examples of lightning protection of a house with a TV antenna
PucyHok E.32 - NMpuknaau 6nmckaBko3axucTy 6yAUHKY 3 TeneBi3iMHOI aHTeHOolo
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E.5.2.4.2.7 3axuct
YacTUH Ha nokpiBni

CTPpyMOnNpoBiaHUX

CTpyMonpoBigHi enemeHTn, NpUMipoMm Ti, WO
MalTb HEeAOCTaTHK TOBLYWHY CTIHOK, i fKi He
34aTHi BMTpuMyBaTu ygap OnuckaBku, i WO
BCTAHOBEHI Ha  nokpiBNAX, a  TaKox
CTPYMOMNPOBIiAHI NOKpiBenbHi MaTtepiann abo
iHWI YacTMHW Ha OypiBngax (cnopyAax), sk He
BignoBigalTb BUMOram A0 NMPUPOLHUX CUCTEM
nepexonneHHs 3rigHo 5.2.5 n Tabnuui 3, Ta
Onsa fkux cnanax 6rnMckaBkM € HEMPUNHATHUM,
Mae oyTH 3axuLeHo 3a  OOMNoOMOrow
NpoBiAHWUKIB NepexonnoBadvis.

Onsa npoekTyBaHHA 3axucTy Big OnMckaBku
CTPYMOMNPOBIAHNX YacTuH Ha NoKpiBni
HaneXxuTb 3acTocoByBaTW MeTon cdepu, Lo
KoTuTbCs (amBe. Puc. E.33).

— 154 —

E.5.2.4.2.7 Protection of conductive parts on
the roof

Conductive items, such as those with
insufficient wall thickness, which cannot
withstand lightning strikes and which are
installed on roofs, and also conductive roof
coverings or other parts on structures which do
not meet the requirements for natural
air-termination systems according to 5.2.5 and
Table 3, and in which a lightning flash cannot
be tolerated, should be protected by
air-termination conductors.

For the design of the lightning protection for
conductive parts on the roof the rolling sphere
air-termination design method should be
applied (see Figure E.33).
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YMOBHiI NnO3Ha4YeHHA
copepa, Wo KOTUTbCSA

CTPWXEHb NepexonnioBaya

1

2

3 eneKkTpoycTaTKOBaHHSA
4 [03eMHUIN NPOBIAHUK
5

MeTaneBun pesepsyap

-

paaiyc cdpepu, Wwo KoTuTbes, AnMB. Tabnuuo 2

S po3gdinbHa BigcTaHb 3rigHo 6.3

IEC 2711/10

Key

1
2
3
4
5

rolling sphere
air-termination rod
electric equipment
down-conductor

metallic vessel

-

radius of the rolling sphere, see Table 2

s separation distance according to 6.3

Figure E.33 - Installation of lightning protection of metallic equipment
on a roof against a direct lightning flash

PucyHok E.33 - BnawTtyBaHHA 61MckaBKO3axucTy MeTaneBoro o6rnagHaHHA
Ha NOKpiBNi ANsA 3aXMUCTy Big NpAMOro cnanaxy 6nuckaBkm

PucyHok E.31 € npuknagom KOHCTPyKUii
cucTemMu nepexonnioBadiB, wWo 3abesnevye
3axXUCT  CTPYMOMPOBIOHOT  KOHCTPYKUil  Ha
nokpieni Big npsmMoro cnanaxy OGnuckaBku 3a
HEMOXUBOCTI OOTPMMaHHS po34inbHOI
BiACTaHi S.

Figure E.31 is an example of the design of an
air-termination system protecting a conductive
roof fixture against a direct lightning flash when
the separation distance, s, cannot be
maintained.
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E.5.2.4.2.8 3axuct
BKPUTUX 'PYHTOM

oyaiBenb (cnopyAa),

Ona 6ypisenb (cnopyn), 3arnnbneHux y wap
'PYHTY Ha nNOKpiBRi, Ta Yy 4dKux noau
nepebyBatoTb BpAOM-roam, MOXe
BMKOpUCTOBYBaTMUCb 3BM4YamHa LPS. Cuctema
nepexonfieHHss mae GyTu CiTKOBOro TMny n 6yTu
po3MilleHO noBepx TrpyHTy, abo mMoxe
BMKOPUCTOBYBATMUCb MEBHE YUCIIO CTPUXKHIB
nepexonnoBadiB, 3rigHo meTody cdepwu, LWo
KoTuTbCsl, abo MeTody 3axMCHOro KyTa,
3'egHaHMX 3arnnbneHo CiTKow. HAkwo ue
HEMOXNWBO, TOAI HanexuTb BU3HATK, LWO
3arnubneHa ciTkoBa cuUcTeMa MepexonneHHs

bes CTPWXHIB abo HaKOHEYHMKIB
3abesneyyBatume  3HWXKEHY  edEeKTUBHICTb
nepexonneHHs.

Ona Oygisenb (cnopyn) 3 WwapoMm IPyHTY Ha
nokpieni go 0,5 M 3aBTOBLIKW, e perynspHo
nepebyBaloTb nOAN, Mae BUMKOPUCTOBYBATUCh
CiTKOBa CMCTEMa MEePExXOonsfieHHa 3 pPo3MipoM
KOMIpOK 5 M x 5 M 3 meTow 3anobiraHHs
HebeaneyHnmMm  KpPOKOBUM  Hanpyram. [Ons
3axucTy nogen Ha 3emni Big nNpAMUX yaapis
OnnMckaBKM TaKOX MOXYTb OyTM HeobXxigHi

CTPWXHI  nepexonniBadviB  3rigHO  MmeToay
chepu, wo koTuTbca. Ll cTpuxkHi MOxHa
3aMiHUTK NpUPOOHUMMU KOMMOHEeHTaMu
nepexonsoBayiB, TakMMuU 9K NapkaHu, LLOrMu
OCBiTNMEeHHa i T. iH. Bwucota cucrtem

nepexonneHHs Mae ©Opatm Jo  yBaru
OOMNyLWeHHs 3pocTy noguHn y 2,5 M pasom 3
HeOobOXiAHMMK pOo3aiNnbHUMK BigCTaHAMKU (OUB.
Takox Puc. E.3).

AKWOo XoAHe i3 3a3HAYEHOro HE € MOXITUBUM,
HanexuTb NOBIAOMWUTW NOAEN NPO Te, WO nig
4yac rpo3y BOHW MOXYTb MOTpanuTu nig cnanax
onuckaBku.

Onga nig3emHux 6ygiBenb (cnopyd) 3 Wwapom
'PYHTY Ha nokpieni noHag 0,5 m 3aBTOBLUKM,
3anobikHi  3axoan 3HaxogATbcs Ha  cTagiil
posrnsady. [o  BMKOHaHHA  AocCnifgXeHb,
peKkoMeHO0BaHO BMKOPUCTOBYBATU Ti X 3axoaum,
wo n gnsa wapis rpyHTy go 0,5 M 3aBTOBLUKN.

Onsa nigzemHux 6yaisens (cnopypn), ki MicTATb
BMbGyxoBi MaTepianu, BMMaraeTbcs
BCTAHOBIEHHS JoaaTKoBOT LPS. Taka
popatkoBa LPS moxe 6yTu isonboBaHoto LPS
Hag Oyapisneto (cnopygoto). Cucrtemnu
Y3EMITEHHSA 3EMIAHOrO 3akiH4eHHst 060X LuX
3axoais 3axXucCTy MarTb oyTK
B32EMOMOB'A3aHNMMU.
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E.5.2.4.2.8 Protection of structures covered
by soil

For structures incorporating a layer of soil on
the roof and where people are not regularly
present, a normal LPS may be utilized. The
air-termination system should be a meshed
air-termination system on top of the soil, or a
number of air-termination rods, connected by a
buried mesh, conforming to the rolling sphere
or protection angle method. If this is not
possible, it should be recognized that a buried
meshed air-termination system without rods or
finials will offer a reduced interception
efficiency.

Structures with a roof layer of soil up to 0,5 m
where people are regularly present, will need a
meshed air-termination system with meshes of
5 m x 5 m to prevent dangerous step voltages.
To protect the people on the ground from direct
lightning flashes, air-termination rods
conforming to the rolling sphere method, may
also be necessary. These rods can be replaced
by natural air-termination components, such as
fences, lighting masts, etc. The height of the
air-termination systems shall take into account
people’s height allowance of 2,5 m along with
the necessary separation distances (see also
Figure E.3).

If nothing of the kind is available, people should
be made aware that during a thunderstorm they
may be exposed to a direct lightning flash.

For underground structures with a layer of soil
over 0,5 m, measures are under consideration.
As long as there is no research available, it is
advisable to use the same measures as for
layers of soil up to 0,5 m.

For underground  structures  containing
explosives materials, an additional LPS shall
be required. Such an additional LPS may be an
isolated LPS over the structure. The earthing
systems of both protection measures should be
interconnected.
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E.5.2.5 NMpupoaHi KOMNOHEHTH

Ha Oyagienax (cnopygax) 3  MJIOCKMMM
NnokpiBNAMW, MeTaneBe MNOKPUTTS mnapanerty
NOKpiBMi € TUNOBMM NPUPOLHUM KOMMOHEHTOM
Mepexi nepexonntoBaviB LPS. Take nokputTs
cknajaeTbcs 3 eKkcTpygoBaHuMx abo THyTux
yacTUH 3 anMiHilo, NMounHKoBaHoI cTani abo
Migi U-nogibHoi dopmun, ki 3axuwarTb
BEPXHIO MOBEPXHIO Mapanety noOKpiBni Big
BNAMBY  norogHuMx  ymoB. [ns  Takoro
3aCTOCYBaHHS Mae BUKOPUCTOBYBATUCH
MiHiManbHa ToBLMHA, HaBegeHa y Tabnuui 3.

[MpoBigHMKM NepexonntoBaviB, NPOBIOHUKN Ha
NoBEpPXHi NOKPiBNi Ta AO3EMHi NPOBIAHMKN Mae
OyTM cnonmyyeHoO 3 NOKPUTTAM napaneTty
NOKpiBni.

Ha ctukax Mix cekuigmu nokputTa napanety
Mae OyTum BCTaAHOBMNEHO  CTPYMOMPOBIgHI
CMONYYHUKN, SAKLWO MK HUMW Hemae Ao6por,
HadinHoi 6e3nepepBHOCTI.

PucyHok E.24 € npuknagoM KOHCTPYKUii
CUCTEMU NEepexonnoBayiB 3 BUKOPUCTaAHHAM
CTPYMOMNPOBIQHOrO MOKPUTTS napaneTty $K
NPMPOLHOro NpoBigHUKa cucTemu
nepexonntoBadvis LPS.

CTpymMonpoBigHi 4acTuMHM, Taki SK MeTanesi
nocyaunHun, cucteMun metanesmx TpybonpoBoais
Ta MOPYYHi, SKi BCTAHOBMEHiI Ha nokpieni abo
BUCTYNawTb Hag NOBEPXHE MOKPIiBMi, MOXYTb
posrnagatnuca  SK  NPUPOLHI  KOMMOHEHTU
cucTeMm nepexonnoBadviB 3a  ymMoBM, LWO
TOBLKMHA iXHiX CTiHOK Bianosigae Tabnuui 3.

Mocyanun w cuctemn TpybonpoBofiB, SKi
MIiCTATb ra3m 4mMm pianHM nNig BUCOKMM TUCKOM
abo 3amMucTi rasm Yum piguHU, HE MOXYTb
BMKOPUCTOBYBaATUCh SK NPUPOLHI
nepexonnoBavi. AKWO UbOr0O He MOXHa
YHUKHYTW, HanexuTb, Mig 4Yac npoeKkTyBaHHA
cuctemn Tpybonpoeopie, 6Gpatm [o  yearu
TEPMiYHy Ait0 CTpyMy GnmnckaBkum.

CTpyMoOnpoBigHi 4YacTMHWM Hag MOBEPXHEI
NOKpiBMi, 9K OT MeTaneBi MOCyAMHU, 4acTo €
3'eQHaHUMMU npUpoOSaHNM YMHOM 3
yCTaTKOBAHHAM, BCTAHOB/IEHUM  BCEpPeauHi
Oygisni (cnopyau). Abu 3anobirtu npoBeAeHHIo
NMOBHOrO CTpymy 6nuckaBku Oygnisneto
(cnopyaoto), HanexuTb 3abesneuntn pobpe
3'eQHaHHS MiX Takumm NPUPOSHUMHU
KOMMNOHEeHTaMu LPS Ta CiTKOM
nepexonsoBadvis.

PucyHok E.34 € npuknagom 3’edHaHHA
CTPYMOMPOBIAHNX €fIeMEHTIB  Ha nokpiBni
Oyaisni (cnopyan) 3 NPOBiAHUKaMM
nepexonsoBavis.
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E.5.2.5 Natural components

On structures with flat roofs, the metal covering
of a roof parapet represents a typical natural
component of an LPS air-termination network.
Such covering comprises extruded or bent
parts of aluminium, galvanized steel or copper
in U-form which protect the upper surface of the
roof parapet against the influence of weather.
The minimum thickness given in Table 3 shall
be applied for such an application.

The air-termination conductors, conductors on
the roof surface and the down-conductors
should be connected to the roof parapet
covering.

Conductive bridging should be provided at the
joints between sections of parapet covering
plates, unless there is good, reliable continuity
between them.

Figure E.24 is an example of an air-termination
construction using the conductive covering of
parapets as a natural air-termination conductor
of the LPS.

Conductive parts, such as metal tanks, metal
pipework and railings mounted on or extending
above a roof surface may be treated as natural
components of an air-termination system
provided their wall thickness conforms to Table
3.

Vessels and pipework, which contain gas or
liquids under high pressure or flammable gas or
liquids, should not be wused as natural
air-terminations. Where this cannot be avoided,
the heating effects of lightning current should
be taken into account when designing the
pipework.

Conductive parts above the roof surface such
as metal tanks are often naturally connected to
equipment installed within the structure. In
order to prevent conduction of the full lightning
current through the structure, it is necessary to
provide a good connection between such
natural components of the LPS and the
air-termination mesh.

Figure E.34 is an example which shows details
of the bonding of conductive roof fixtures to
air-termination conductors.
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2
1
3
4
I —
IEC 2712/10

YMOBHiI NO3Ha4YeHHA Key
1 TpMMad NpoBigHMKa nepexonnoBaya 1 air-termination conductor fixing
2 meTanesa Tpyba 2 metallic pipe
3 ropu3oHTanbHU NPOBIAHUK NepexonntoBaya 3 horizontal air-termination conductor
4 cTaneBun pULITYHOK y BETOHI 4 steel reinforcement within concrete

MPUMITKA 1 Ctanesa Tpyba mae Bignosigatm 5.2.5 i
Tabnuui 6, cnonyyYyHuin NpoBigHMK Mae BignosigaTn Tabnuui
6, a puwTyHOK Mae Bignosigatn 4.3. 3’eQHaHHA Ha NOKpPIBMi
MatTb O6yTW BOLOHENPOHUKHUMMU.

MPUMITKA 2 Y ubomy okpemoMy BUNagKy CMOMyYeHHs
3abe3neyvyeTbCcs 3 PULITYHKOM 3anizobeToHHoi Oyaisni
(cnopyau).

NOTE 1 The steel pipe should comply with 5.2.5 and Table
6, the bonding conductor should comply with Table 6 and the
reinforcement should comply with 4.3. The roof bonding
should be watertight.

NOTE 2 In this particular case bonding is provided to the
reinforcement of the reinforced concrete structure.

Figure E.34 — Connection of natural air-termination rod to air-termination conductor

PucyHok E.34 - Cnony4yeHHs NPUPOAHOro CTPUXKHSA nepexonsioBaya
3 NPOBiIAHUKOM nepexonsioBaya

CTpymonpoBigHi 4acTuHM Hag MOBEPXHEH
NoKpiBMi, K OT MeTanesi NOCYOWHW N CTanesi
CTPVMXKHI  pPUWITYHKY Yy OEeTOHi, HanexuTb

CMOoNy4YnTn 3 Mepexer nepexonmosaqu.

Axkwo npsMuin yaap 6nunckaBkm y
CTPYMOMPOBIAHY 4YacCTWMHY Ha nNOKpiBMi €
HENMPUNHATHUM, Taka CTPYMOMNPOBiAHA YacTuHa
Mae ByTu BCTAHOBMEHa Yy Mexax 30HU 3axuCTy
CUCTEeMM nepexonsioBadvis.

CTpyMonpoBigHi nokputTd Ha @acagax Ta
noAibHi 4o HMX YacTuHm Byaieni (cnopyawn), ae
PU3MK MNOXeXi € He3Ha4YyHUM, HanexuTb
posrnagaTtwu 3rigHo 5.2.5.

PucyHok E.35 nokasye npuknag BCTaHOBMEHHS
CTPYMONPOBIigHNX CNONYYHUKIB MiX
MeTanesumuM nautamu  acagy, wo €
NPUAHATHUM Yy TWUX BMNAgKax, KOAW MNAUTK
npaBndATb 3a NPUPOAHI O3EMHI NPOBIgHUKN.

[MokaszaHo ABa MeTOAWU: CMONYYEHHS THYYKOI
MeTaneBok CTPiYKOLO Ta CMNOMYyY€eHHS
camopizamu.

Conductive parts above the roof surface such
as metal tanks and steel reinforcing rods of
concrete should be connected to the
air-termination network.

When a direct lightning strike into the
conductive part on the roof is not acceptable,
the conductive part shall be installed inside the
protection space of an air-termination system.

Conductive coverings on facades and
equivalent parts of structures where the risk of
fire is negligible should be treated in
accordance with 5.2.5.

Figure E.35 shows an example of conductive
bridging between metal facade plates
acceptable in those applications where the
plates are to be used as  natural
down-conductors.

Two methods are presented: bridging by
flexible metal strapping and bridging by means
of self-threading screws.
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Figure E.35a — Flexible metal strapping bridging

PucyHok E.35a - Cnony4eHHs1 THy4Kol
MeTaneBol CTPIYKOIO

MPUMITKA  EnekTponpoBifHe CMOMyYeHHs  Nosinwye,
30kpema, 3axuct Big LEMP. JeTtanbHiwy iHdopmauito woao
3axucTy Bia LEMP moxHa 3HanTtu y IEC 62305-4.

62305-3 © IEC:2010(E)

—— IEC 2713/10

Figure E.35b — Self-tapping screw bridging

PucyHok E.35b - Cnony4yeHHs camopizamu

NOTE Electrically conducting bridging improves, in
particular, the protection against LEMP. More information
concerning protection against LEMP can be found in IEC
62305-4.

Figure E.35 — Construction of the bridging between the segments
of the metallic facade plates

PucyHok E.35 — KOHCTpyKLIifA cnofnyyYyeHb MiX cerMmeHTamMu metaneBux cpacagHux nnuT

E.5.2.6 IsonboBaHa
nepexonnrBaviB

cucrtema

Llornn nepexonntoBayviB no cyciactey 3
Oygisnamu (cnopygamu) abo 3 ycTaTKOBaHHSAM,
SKi NignaralTb 3aXMCTy, NpU3HadeHi ansa Toro,
wob miHimidyBaTn ygapu 6nuckasku y 6ygisni
(cnopyam) y mexax iXHbOT 30HM 3aXUCTY, KOMK
BCTAHOBIEHO i3onboBaHy LPS.

AKwo BCTAHOBNEHO MNoHag OJHy worny, ix
MOXHa cnony4ymTu Mix coboto 3a JOMOMOrot
NOBITPSAHUX  MNPOBIAHMKIB, a HabNMXeHHSN
ycTaTkoBaHHA o LPS mae Bignosigatn 6.3.

[MoBiTpSAHI cnonyyHi NPOBIAHWKM MiX LWOrnamm
PO3LIMPIOTE  3axXULWEHYy 30HY, a TaKoX
po3noAinaTb CTPyM BNMCKaBKM MiX KinbKkoma
wnaxamm Oo3eMHUX npoBigHukiB. [lagiHHs
Hanpyrn ysgoBx LPS Ta enekTpomarHeTHi
3aBagu y 3axuulyBaHiN 30HI €, TAKUM YUHOM,
HWKYMMU, HIX Yy BUNaAKy, KOMU MNOBITPSHI
NPOBIAHUKM BiACYTHI.

E.5.2.6 Isolated air-termination

Air-termination masts adjacent to structures or
equipment to be protected are intended to
minimize the possibility of lightning strikes to
structures within their zone of protection when
an isolated LPS is installed.

When more than one mast is installed, they
may be interconnected by means of overhead
conductors and the proximity of the
installations to the LPS should be in
accordance with 6.3.

Overhead conductor connections between the
masts extend the protected volume and also
distribute the lightning current between several
down-conductor paths. The voltage drop along
the LPS and the electromagnetic interference
in the space to be protected are therefore lower
than in the case when the overhead conductors
are not present.
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HanpyxeHicTb enekTpomMarHeTHoro nons y
OymiBni  (cnopygi)  3HUXYETbCA  3aBOSKMU
30inbleHHI0 BigCTaHi MiX YCTaTKOBaHHAM Yy
oyaisni (cnopygi) Ta LPS. I3onboBaHa LPS
MOXe Takox OyTu 3actocoBaHa Ao 6yaisBni
(cnopygu) i3 3anizobeToHy, WO [A03BONUTL
A0[aTKOBO noninwnTn eneKkTpoMarHeTHe
ekpaHyBaHHsA. OgHave, ANsA BUCOKUX byaiBenb
(cnopyAa) BCcTaHOBNEHHS i3onboBaHoi LPS He €
NpakTUYHUM.

IsonboBaHi  cuctemm  nepexonsnioBadiB 3
HaTArHEHUX MPOBOAIB Ha i30MALIMHMX onopax
MOXYTb OyTW npugaTtHUMK, AKWO Mae OyTu
3axmuweHo 3Ha4yHe YMcno BUCTYNMHUX eneMeHTIiB
Ha NOBEpXHi MOKpiBNi. I3onsuia onop mae 6yTu
[OCTaTHLOW ANA  Hanpyru, BupaxyBaHO! 3
pO34inbHOI BiACTaHi 3rigHo 6.3.

MPUMITKA YmoBu poBkinna (3abpyaHEHHSA) MOXyTb
3MEHLWNTN NPOBUBHY Hanpyry MoBiTPs; Le HanexuTb Gpatn
[0 yBaru, BM3Havaluyn HeobXiAHy po3AdinbHy BiACTaHb MiX
isonboBaHO CcUCTEMOIO nepexonnoBayie W Oyaisneto
(cnopypoto).

E.5.3 Cuctema A03eMHUX NPOBIAHUKIB
E. 5.3.1 3aranbHi NoNoXeHHs

Bubip uucna Ta po3MilleHHS [O03eMHUX
NPOBIgHUKIB Ma€ NPOBAAUTUCS i3 BpaxyBaHHAM
TOro akTy, Wo, 3a YMOBW pPO3NOAINEHHS
CTpyMy OnuckaBKkM  KiflbkOMa  403EMHUMU
npoBigHUKamn, puanMk 6GiYHOro IiCKpiHHA Ta
enekTpoMarHeTHUX 3aBaj BcepenuHi Oyaieni
(cnopyaun) 3meHwyeTbcd. 3Bigcu BUNNMBAE,
WO, HaCKiNbKM Le MOXMWBO, HanexuTb
po3milyBaTn AO3eMHi NPOBIAHUKN PIBHOMIPHO
nepumetpom  Oygisni  (cnmopygu) Ta 3
CUMETPUYHOIO KOHirypatuieto.

PosnogineHHs cTpymy noninwyeTbcs He nuwe
36iNblIEHHAM Yncna A03eMHUX MPOBIAHMKIB, a
N eKBINOTEHUIMHUMMN CNONYYHUMU KiNbUSMU.

[oseMHi NpoBIOHMKN HaneXuTb PO3MillyBaTK
siKHangani Bif BHYTPIiWHbO|T €NeKTPOoNnpoBiaHi M
MeTaneBux YacTUH, abwu YHUKHYTU
HEeOOXiAHOCTI eKBIMOTEHLINHOro Crosly4YeHHs 3
LPS.

HanexwnTtb 3ragaTu, Wo:

- [AO03EeMHi NPOBIiAHMKN MaloTb ByTn akomora
KopoTwumn (abu TpumaTun iHOYKTUBHICTb
SKOMOra MeHLLOH),

- TUNOBY BiACTaHb MiXX AO3EMHUMU
NpoBiAHUKaMM nokasaHo y Tabnuui 4,

- reoMeTpis A03eMHUX NPOBIAHUKIB Ta
€KBIMOTEHUINHMX CNOMYYHMX KiNneub MawTb
BMNMUB Ha BENUYNHY PO34iNbHOI BigcTaHi
(omB. 6.3),

- 160 —

The strength of the electromagnetic field in the
structure is reduced because of the greater
distance between the installations within the
structure and the LPS. An isolated LPS may
also be applied to a structure of reinforced
concrete, which will improve the
electromagnetic shielding even more.
However, for tall structures the construction of
an isolated LPS is not practical.

Isolating air-termination systems made of
stretched wires on isolating supports could be
suitable where a large number of extensive
protruding fixtures on the roof surface are to be
protected. The isolation of the supports should
be adequate for a voltage calculated from the
separation distance in accordance with 6.3.

NOTE Environmental conditions (pollution) can lower the
voltage breakdown of the air; this should be taken into

account when determining the required separation between
the isolated air-termination system and the structure.

E.5.3 Down-conductor systems
E.5.3.1 General

The choice of number and position of
down-conductors should take into account the
fact that, if the lightning current is shared in
several down-conductors, the risk of side flash
and electromagnetic disturbances inside the
structure is reduced. It follows that, as far as
possible, the down-conductors should be
uniformly placed along the perimeter of the
structure and with a symmetrical configuration.

The current sharing is improved not only by
increasing the number of down-conductors but
also by equipotential interconnecting rings.

Down-conductors should be placed as far as
possible away from internal circuits and
metallic parts in order to avoid the need for
equipotential bonding with the LPS.

It should be remembered that

— the down-conductors should be as short as
possible (to keep inductance as small as
possible),

— the typical distance between
down-conductors is shown in Table 4,

— the geometry of down-conductors and
equipotential interconnecting rings has an
influence on the value of the separation
distance (see 6.3),
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- Y KOHCOnbHMUX ByaiBnax (cnopynax)
pO34inbHYy BiACTaHb TAKOX HanexuTb
OUiHWUTW Ha NpeaMeT pu3unKy BiyHoro
cnanaxy y nogen (gue. E.4.2.4.2).

Akwo HEMOXITMBO pPO3MICTUTHN JO3EMHi
npoBigHWKN Ha cacagi abo 4vacTuHi dacagy
OyauHKY 4Yepe3 npakTu4Hi abo apxiTekTypHi
obMeXeHHs, O0O03eMHi NPOBIAHWMKK, SKi Manu
MiCTUTUCA Ha ToMmMy dacagi, HanexuTb
PO3MICTUTU SK  Oo4aTKOBi  KOMMEeHcauinHi
[O3eMHi  NpOBIAHMKM Ha iHWKWX dacagax.
BigctaHb MiX UMMM JO3EMHUMWU MPOBIAHMKAMMU
Mae 6yTW He MEHLIOW, HiXX TpeTuHa BigCTaHi y
Tabnuui 4.

Bapiauia kpoky foseMHux npoBigHukiB y + 20%
€ TNPUAHATHOI, [JOKM CepefHsa BigcTaHb
Bianosigae Tabnuui 4.

Y 3akpuTtux gsopax nepumeTpom noHag 30 m
HanexXuTb BCTAHOBUTM [A03E€MHi MNPOBIQHUKMN.
TWNOBI 3HAYEHHHA KPOKY LO3EMHUX NPOBIAHUKIB
nogaHo y Tabnuui 4.

E. 5.3.2 Yucno gozeMHuUx npoBigHUKIB Ans
isonboBaHoi LPS

[HopaTtkoBa iHGopMmaLida BigCYTHS.

E.5.3.3 Yucno pozeMHuUx npoBigHUKIB Ans
Hei3zonboBaHoi LPS

Ak 3asHadyeHo y 5.3.3, 4O3eMHUI MPOBIAHMK
Mae  OyTm BCTAHOBMIEHO  Ha  KOXHOMY
BiAKkpuTOMYy KyTi OyaiBni (cnopyaw), Oe ue €
MoxnueumMm. OfHak, BIOKPUTUN KYT MOXE He
BMMaraTtu BCTAHOBJIEHHS HA HbOMY [O0O3EMHOro
NpoOBigHWKA, SIKWO BiACTaHb Big LbOro Kyta Ao
Hanbénux4yoro J03EeMHOro npoBigHUKa
BignoBigae TakMm ymoBaMm:

- BigCTaHb 40 060X CYyMiXKHUX 4O3EMHUX
NpOBiIgHUKIB CTAHOBUTbL NOMOBUHY BigCTaHi
3rigHo 3 Tabnuuamun 4 abo € meHwoto; abo

- BiAgCTaHb 40 OAHOr0 CYyMiXXHOro 403€eMHOro
NpOBiAHWKA CTAHOBUTb OAHY YBEPTb
BiacTaHi 3rigHo 3 Tabnuusmun 4 abo meHwwe.

BHYTpiWHIMK KyTamMn MOXHa 3HEXTYBaTW.
E. 5.3.4 CnopyaxeHHs
E.5.3.4.1

3O0BHIlWIHI  O03EeMHi MPOBIAHWMKN  HaNexuTb
BCTAHOBMUTM MiXX CUCTEMOI MepexonsBadiB 1
CUCTEMOIO 3eMJISIHOro 3aKiH4YEeHHS. 3a
HasaABHOCTI MPUPOAHMX KOMMOHEHTIB, BOHMU
MOXYTb MPaBUTK 3a JO3EMHUI NPOBIAHUK.

3aranbHa iHdopmauin
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— in cantilevered structures the separation
distance should also be evaluated with
reference to the risk of side-flashing to
persons (see E.4.2.4.2).

If it is not possible to place down-conductors at
a side, or part of a side, of the building because
of practical or architectural constraints, the
down-conductors that ought to be on that side
should be placed as extra compensating
down-conductors at the other sides. The
distances between these down-conductors
should not be less than one-third of the
distances in Table 4.

A variation in spacing of the down-conductors
of +20 % is acceptable as long as the mean
spacing conforms to Table 4.

In closed courtyards with more than 30 m
perimeter, down-conductors have to be
installed. Typical values of the distance
between down-conductors are given in Table 4.

E.5.3.2 Number of down-conductors for
isolated LPS

No additional information.

E.5.3.3 Number of down-conductors for
non-isolated LPS

As stated in 5.3.3, a down-conductor should be
installed at each exposed corner of the
structure, where this is possible. However an
exposed corner  does not need a
down-conductor if the distance between this
exposed corner to the nearest
down-conductors complies with the following
conditions:

- the distance to both adjacent
down-conductors is half the distance
according to Tables 4 or smaller; or

- the distance to one adjacent
down-conductor is one-quarter of the
distance according to Tables 4 or smaller.

Inside corners can be disregarded.
E.5.3.4 Construction
E.5.3.4.1 General information

External down-conductors should be installed
between the air-termination system and the
earth-termination system. Wherever natural
components are available they can be used as
down-conductor.



62305-3 © IEC:2010(E)

Akwo posginbHa BigCTaHb MK [O03EMHUMU
NpoBigHUKAMW N BHYTPILWHIM YCTaTKOBaHHAM,
BMpaxyBaHa Ha OCHOBIi KpPOKY [J03eMHUX
npoBigHWUKIB, sikKMK Bignosigae Tabnuui 4, €
3aBENMKO, YUCNO [O03EMHUX MNPOBIOHUKIB
HanexuTb 30inbWNTM ans OTPUMaHHS
HeobXigHOT po3ainbHOI BigCcTaHi.

CucteMu nepexonsieHHsl, CUCTEMMU [O03EMHUX
NPOBIOHUKIB Ta CUCTEMM 3EMITAHOIO 3aKiHYEHHS
Mae OyTm y3rogxeHo Mix cobow ans
CTBOPEHHS HaMKOPOTLLUOrO MOXMMUBOIO LUMASAXY
NPOXOAXKEHHS CTPYMY BnincKaBKu.

BaxaHo, wWo6 pgosemHi npoBigHWKM ©Oyno
NPMEOHAHO [0 3MYyYHUKIB Mepexi CUcTemu
nepexonsnoBadiB Ta wWoO6 BOHM MNPOXOAUNN
BEPTUKANbHO [0 3MYYHUKIB MeEpexi CUCTEMMU
3eMIIAHOro 3aKiH4YeHHS.

AKLWO HEMOXNMBO BUKOHATK npsMe 3'egHaHHS
yepea BesuKi 3BUCU MOKPiBAi, TOWO, HANEeXuTb
3pobuTn cneuianbHe 3'€eAHaHHs 3 CUCTEMOLO
NepexonsfieHHs i 4O3eMHUMU MPOBIAHMKaAMUK Ta
He BEeCTU WOro NpUpPOSHUMMKU KOMMOHEHTaAMM,
TakMMU K PUHLITOKN N T. iH.

[lo3BonNseTbCA, SKWO Hanexutb 6paTtu Oo
yBarn ecTeTUYHWN BUTNS4, BUKOPUCTOBYBATMU
TOHKMI wap 3axucHoi ¢apbu abo MNBX gnsa
NOKPUTTS 30BHILLHIX A4O3EMHUX NPOBIAHUKIB.

PucyHok E.36 € npuknagom 30BHiWHbLOT LPS
ana 6yaieni (cnopygu) 3 pi3HMMU  PIBHSAMMU
nokpieni, a PucyHok E.25 € npuknagom
30BHiWHbOT LPS Ha 6ygieni (cnopyai) 60
MeTpiB 3aBBULLKW 3 MNIIOCKOK MOKpiBNew 1 3
KOHCTPYKLiSIMX Ha MOKpiBni.
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If the  separation distance between
down-conductors and the internal installations,
calculated on the basis of the down-conductor
spacing according to Table 4, is too large, the
number of down-conductors should be
increased to meet the required separation
distance.

Air-termination systems, down-conductor
systems and earth-termination systems should
be harmonized to produce the shortest possible
path for the lightning current.

Down-conductors  should preferably be
connected to junctions of the air-termination
system network and routed vertically to the
junctions of the earth-termination system
network.

If it is not possible to make a straight
connection because of large roof overhangs,
etc. the connection of the air-termination
system and the down-conductor should be a
dedicated one and not through natural
components like rain gutters, etc.

It is permitted, where aesthetic consideration
need to be taken into account, to use a thin
coating of protective paint or PVC covering
over the external down-conductors.

Figure E.36 is an example of an external LPS
for a structure with different levels of roof
construction and Figure E.25 is an example of
the external LPS design for a 60 m high
structure with a flat roof with roof fixtures.
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YMOBHI NO3Ha4YeHHA

1 ropu3oHTanbHUn NPOBIAHUK NepexonntoBaYva

2 [03EeMHUI NPOBIAHNK

3 T-3NyYHUK — CTINKUIN [0 KOPO3Sii

4 KOHTPOMbHUI 3NYYHUK

5 y3EeMITEHHS TUNY po3MilleHHs B, kinbueBuin
y3eMmioBanbHUi eNekTposa

6 T-3NyYHMK Ha KOHUKY NOKpiBMi

7 PO3Mip KOMIpKK CiTKM

MPUMITKA Kpok [o3eMHMX MpPOBIAHWKIB Mae BignosigaTtu
5.2, 5.3 n Tabnuui 4.
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IEC 2714/10
Key

1 horizontal air-termination conductor

2 down-conductor

3 T-type joint — corrosion resistant

4 test joint

5 type B earthing arrangement, ring earth electrode
6 T-type joint on the ridge of the roof

7 mesh size

NOTE The distance between the down-conductors should
comply with 5.2, 5.3 and Table 4.

Figure E.36 — Installation of external LPS on a structure of insulating material
with different roof levels

PucyHok E.36 - BnawTtyBaHHA 30BHiWHbLOI LPS Ha cnopygai 3 isonadinHoro matepiany
3 pi3HUMU PiBHAMU NOKpiBAi

Y Tux OyaiBnax (cnopygax), Ae BiACYTHI
Oe3nepepBHi CTPYMOMPOBiIQHI YACTUHU, CTPyM
OnuckaBkM  NpoxoguTb  nuwe  3BMYaNHOK
CUCTEMOK [03eMHuUX nposigHukiB LPS. 3 uiei
NPUYUHN reoMeTpia [O03eMHUX MNpPOBiIOHUKIB
BM3HA4Yae eNneKkTpoMarHeTHi Nons BCepeauHi
Oygieni (cnopyau) (auB. Puc. E.37).

In structures without extensive continuous
conductive parts, the lightning current only
flows through the ordinary down-conductor
system of the LPS. For this reason the
geometry of down-conductors determines the
electromagnetic fields within the interior of the
structure (see Figure E.37).
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Figure E. 37a
PucyHok E.37a
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Figure E. 37b

IEC 2715/10 PucyHok E.37b
IEC 2716/10
¢ ¢ o 8
_________________________ .._.
|2
A ! i
_________________________ 9
4 ® 4 8
$ Figure E. 37¢ $ Figure E. 37d
PucyHok E.37c IEC 2717/10 PucyHok E.37d IEC 2718/10
® ¢
4 9
Figure E. 37e
IEC 2719/10
PucyHok E.37e
YMOBHi MO3Ha4YeHHs Key
1 NPUPOAHI KOMNOHEHTU LPS, npumipom, pUHLLITOKM 1 natural components of the LPS, e.g. gutters
2 nposigHukn LPS 2 LPS conductors
3 KOHTPOSbHUI 3MYYHUK 3 test joint
4 3MNYYHUK 4 joint

MPUMITKA Kpok 403eMHMX NPOBiIAHWKIB Ta pO3Mip KOMipKu
CiTKN MalTb BignosigaTtn obpaHomy piBHIO
6rnmckaBko3axucTy 3rigHo Tabnvub 2 1 4.

NOTE The distance between the down-conductors and the
mesh size should comply with the selected lightning
protection level according to Tables 2 and 4.nd Table 4.

Figure E.37 — Five examples of geometry of LPS conductors

PucyHok E.37 - M'aTb npuknagiB reomeTpii npoBigHukiB LPS
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Konu yncno gosemMHnx NpoBigHuUKiB 30inbLUEHO,
po34inbHy BiACTaHb MOXe OyTu 3MEHLEeHOo
BiANOBIAHO A0 KoeiuieHTy ke (amB. 6.3).

3rigHo 5.3.3 Ha Oygieni (cnopygi) mae 6yTtun
LWOHaNMeHLIe ABa A03EMHUX MNPOBIOHUKN.
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When the number of down-conductors is
increased, the separation distance can be
reduced according to the coefficient kc (see
6.3).

According to 5.3.3, at least two
down-conductors should be used on a
structure.

—)

@

YMOBHiI Nno3Ha4YeHHA

1 eneKkTpoycTaTKOBaHHSA

2 eneKkTponpoBigHs

3 npoBigHukn LPS

4 ronoBHWI po3nogineHuk 3 SPD

5 KOHTPOSbHUI 3NYYHUK

6 cuctema 3eMNSAHOro 3akiHYeHHs

7 eneKkTpUYHUin cnnosuin kabenb

8 dyHOAMEHTHUIA y3eMNIoBanbHUN enekTpoa

s po3ainbHa BiAcTaHb 3rigHo 3 6.3

/ [OBXWHa NS OUiHIOBAHHA pO3A4inbHOT BiAgCTaHI S
MPUMITKA  Tpwuknag inloctpye  npobnemu, AKi

3anofilTbCcA  enekTpoeHepreTuyHomy  abo  iHWoMy
CTPYMOMPOBIAHOMY YCTATKOBAHHIO y MPOCTOPI Nifg NOKpiBreto
OyaNHKY.

IEC 2720/10

Key

1 electric equipment

electric conductors

LPS conductors

main electric power distribution box with SPD
test joint

earth-termination system

electric power cable

o N o g~ W N

foundation earth electrode

]

separation distance according to 6.3

/ length for the evaluation of the separation
distance s

NOTE The example illustrates the problems introduced by
electric power or other conductive installations in the roof
space of a building.

Figure E.38 — Construction of an LPS using only two down-conductors
and foundation earth electrodes

PucyHok E.38 - KoHcTpyKuis LPS 3 BUKopuctaHHAM nuwe ABOX AO3e€MHUX NPOBiIAHUKIB
Ta PyHAaAMEHTHUX y3eMmnioBanbHUX efeKkTpoAiB

Ona Benukux OyaiBenb (cnopyg), Takux €K
BUCOTHI  XWTNOBi  OyauMHKM i, 30Kpema,
NPOMUCIIOBI Ta  agMiHicTpaTuBHi  OyAieni
(cnopyam), siKi 4acTO NPOEKTYTbCA SK CcTanesi
Kapkacu abo cTaneBi Ta 3ani3obeTOHHi

For large structures, such as high-rise
apartment buildings and, in particular,
industrial and administrative structures, which
are often designed as steel skeletons or steel
and concrete skeleton structures, or which use
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KapKacHi KOHCTPYKLUIT, abo B AKNX
BUKOPUCTOBYETLCS 3anisobeToH,
CTPYMOMPOBIAHI KOMMOHEHTM Byaisni (cnopyawn)
Moxe OyTuM BMKOPUCTAHO Yy pPONi NPUPOAHUX
[03EeMHUX NPOBIOHMKIB.

MoBHMA komnnekcHuin onip LPS pna Takmx
OyaiBenb (cnopyA) € AOCUTb HU3bKUM, W BOHU
JalTb  Ayxe  eeKTMBHUA  3axucT  Bij
OnuckaBkM AN BHYTPILWHbOIO YCTaTKOBAHHS.
OcobnuBo  AoUiNbHUM € BUKOPUCTAHHSA
CTPYMOMPOBIAHUX MNOBEPXOHb CTiH Yy poni
[03eMHUX NPOBIgHUKIB. Takumm
CTPYMOMPOBIAHUMW NMOBEPXHAMU MOXYTb OyTU:
3ani3obeToHHi CTiHWM, dacagHi noBepxHi 3
onsaxm n dacagn 3i 36ipHUX 3ani306eTOHHUX
eneMeHTiB, AKWO TiNbKM BOHW CMNOSyYeHi Mix
coboto 3rigHo 3 5.3.5.

PucyHok E.4 nogae [OoOKnagHUM  onuc
HanexHoro BUMKOHaHHA LPS 3 BMKOpUCTaHHAM
npupoaHUX KOMMOHeHTIB LPS, Takmx sk
B3aeMonoB'si3aaHa cTanb.

BukopucTaHHA NpUPOOHMX KOMMOHEHTIB, LWO
MiCTATb  KOHCTPYKUiMHY  CcTanb, 3MEHLYe
nagiHHA Hanpyru Mixk CACTEMOI0 NepexonsieHHs
i cuCTeMOK  3eMMSAHOro  3akiH4YeHHs, Ta
enekTpoMarHeTHi 3aBaju, CIPUYNHEHI CTPYMOM
6nuckaBku BcepeauHi oyaisni (cnopyaw).

Akwo cuctemy nepexonneHHa CchnosflyyeHo 3i
CTPYMOMPOBIAHUMW  YaCcTMHAMW  KOMOH Y
Komnnekci Oygisni (cnopygu) Ta 3 cCUCTEMOLD
€KBIMOTEHLUINHMX CNONy4YeHb Ha PpPiBHi 3eMi,
YacTuHa CTpyMy OnmMcCKaBkM MPOXOAWUTb LUMU
BHYTPIiLLIHIMMK 003eMHMN nNpoBigHUKaMW.
MarHeTHe mnofie UbOro 4YacTKOBOrO CTpyMy
6nunckaBku BNnNMBae Ha npunerne obnagHaHHs i
Mae BpaxOByBaTWUCH Mi4 Yac NPOEKTYBaHHS
BHYTpiWHbOT LPS Ta enekrpuyHoro i
€NeKTPOHHOro ycTtaTkoBaHHA. BenuuuHa uwux
4YaCTKOBMX CTpPyMiB 3anexuTb Big po3Mmipis
Oyanisni (cnopyau) W Big 4Mcna KOMOH, 3a
NpUNyWeHHs, wo dopma xBuni  cTpymy
BigNoBigae hopmi xBUnNi CTpymy OnmMcKaBKu.

AKWOo cucTema nepexonsieHHs € i30/1bOBaHOo
BiJ, BHYTPIWHIX KOMOH, TOAi CTPyM He
NPOXOAUTMME KONIOHaMW y Komnnekcy o6ypisni
(cnopyau), €KWO Tinbku i3onduito He 0Oyae
npobuto. Akwo i3onduito 6yge npobuto y
HenepepnbayeHoMy Micli, 6inbWKIA YacTKOBUNA
CTPYM MOXe€ MPOXOAUTN MEBHOK KOMOHOK abo
rpynoto  konoH. KpyTusHa cTpymy Moxe
36inblWyBaTUCh 3aBASKN 3MEHLUEHHIO YSIBHOT
TpuBanocTi (POHTY XBUMi, CAPUYNUHEHOrO
npoouTTAM, n npunerne obnagHaHHs
HapaxkaeTbCs Ha Hebeaneky BinNbLIOK Mipoo,
Hi>XK ue Oyno 6 y BuNagky KOHTPONIbOBAHOMO
CnonyvyeHHs KonoH 3 cuctemorw LPS ©Oyaisni
(cnopyaw).
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steel-reinforced concrete, the conductive
structure components may be used as natural
down-conductors.

The total impedance of the LPS for such
structures is fairly low and they afford a very
efficient  lightning  protection for inner
installations. It is particularly advantageous to
use conductive wall surfaces as
down-conductors. Such  conductive  wall
surfaces might be: reinforced concrete walls,
metallic sheet facade surfaces and facades of
prefabricated concrete elements, provided they
are connected and interlinked according to
5.3.5.

Figure E.4 provides a detailed description of
the proper construction of an LPS using natural
LPS components such as interconnected steel.

Use of natural components containing
structural steel reduces the voltage drop
between the air-termination system and the
earth-termination system and the
electromagnetic interference caused by
lightning current within the structure.

If the air-termination system is connected to the
conductive parts of the columns within the
structure complex and to the equipotential
bonding at ground level, a portion of the
lightning current flows through these internal
down-conductors. The magnetic field of this
partial lightning current influences
neighbouring equipment and has to be
considered in the design of the internal LPS
and electrical and electronic installations. The
magnitude of these partial currents depends on
the dimensions of the structure and on the
number of columns, assuming the current
waveform follows the waveform of the lightning
current.

If the air-termination system is isolated from the
internal columns no current flows through the
columns within the structure complex, provided
the isolation does not break down. If the
isolation breaks down at an unpredicted point,
a larger partial current may flow through a
particular column or group of columns. The
current steepness may increase due to the
reduced virtual duration of the wave front
caused by the breakdown and the neighbouring
equipment is affected to a greater extent than it
would be in the case of controlled bonding of
columns to the LPS of the structure.



- 167 —

PucyHok E.10 € npuknagoMm BCTaHOBIIEHHS
BHYTPIWHIX A03eMHUX MNPOBIOHUKIB Yy BENUKIN
3ani3o6eToHHIN Gyaisni (cnopyai)
NPOMUCAIOBOrO MpU3HayvyeHHs. 3a nnaHyBaHHSA
BHYTPiWHbOT LPS HanexuTe BpaxoByBaTu
enekTpoMarHeTHe cepefoBulle nNopyy i3
BHYTPILIHIMWN KOJTOHaMU.

E.5.3.4.2 HeizonboBaHi 4O03eMHi NpOBIAHUKKU

Y 6ygiBnax (cnopygax) 3i 3Ha4YHWM YMCIIOM
CTPYMOMPOBIAHNX YACTUH Y 30BHILLHIX CTiHaX,
NpoBigHUKM  MepexonniBaviB W cuctemy
3eMITAHOr0 3aKiHYeHHSA HaneXxuTb CNoNyyYnuTn 3i
CTPYyMONpPOBigAHNMY yacTuHamMmm Oyaisni
(cnopyaun) y kinbkox Toukax. Lle gosBonutb
3MEHLWMNTK PO3aiNnbHYy BiACTaHb 3rigHO 6.3.

3aBOosgkn TakuMm 3'€QHAHHAM CTPYMOMNPOBIAHI
YacTuHu 6yaiBni (cnopyaun) BUKOPUCTOBYHOTLCH
SIK LO3EMHi NPOBIOHUKM, a TaKOX SIK CMOMYYHi
LUMHMN.

Y Benuknx nnockux OyaiBnax (MpomMucnosi
cnopyamu, BUCTABKOBI 3anu i T. iH.) 3 po3mipamu,
SKi BYETBEPO MEPEBULLYIOTb KPOK [03EeMHUX
NPOBIOHUKIB, HAaNeXnNTb BCTAHOBUTU OOOATKOBI
BHYTPIlWHI  0O3eMHi  npoBigHWKW, Oe ue
MOXIMBO, NPUONU3HO WO KOXHi 40 ™, abwu
3MEHLWMUTU pPO3AiNbHY BiACTaHb, KOMW CTPyM
OnuckaBku gonatume BeNVKi BigCTaHi NNIOCKO
nokpieneto.

Yci BHYTPIlIHI KONMOHW W YCi BHYTPILHI CTiHM
neperopoaok 3i CTPyMONPOBIAHUMW YacTUHaAMMU
HanexunTb CNonyymnTH 3 CUCTEMOLO
nepexonsitoBayviB Ta 3 CUCTEMOK 3EMIITHOIO
3aKiHYeHHs Yy npuaaTHUX Micusx.

PucyHok E.10 nokasye LPS Benukoi Oyaisni
(cmopygu) 3  BHYTPIWHIMKM  KONMOHaMK i3
3anizobetoHy. o6 yHUKHYTM Hebe3neyHoro
ICKPIHHS  MDK  pi3HMMU  CTPYMONPOBIOHUMMU
yacTuHamu Oygisni  (cnopyaw), PULLTYHOK
KOMOH CMNOoMy4YeHo 3 CUCTEMOLO
nepexonnoBayiB i CUCTEMOK Yy3eMneHHs. Ak
Hacnigok, YyacTuHa CTpymy GnuckaBkm
NANHYTUME BHYTPILLIHIMN [03eMHUMU
nposigHukamu. NpoTe, CTpyM po3nofinseTbecs
MiXX YNCNEHHUMMN AO03EMHMMMU MNPOBIOHUKAMM i
Mae npubnn3Ho Taky X (OpMy XBuMi, WO 1
CTpPyM imMnynbcy 6nuckaBkn. TuUM He MeHL,
KpyTu3Ha POHTY XBUMi 3MEHLWYETbCA. AKLWO
uMx 3’egHaHb He 3pobneHo 1 BigbyBaeTbcs
nepekpuTTa i3onauii, nuwe ognH abo aekinbka
3  UMX BHYTPIWHIX [J03eMHUX NpPOBIgHUKIB
MOXYTb HECTU CTPYM.

dopma xBuni cTpyMy nepekpuTTa idonsauii éyae
CYTTEBO KPYTIilWIOW 3a CTPYyM OGrMUCKaBKW, TOMY
Hanpyra, HaBedeHa Yy npunernux neTnsax
eneKkTponpoBiaHi byae 3Ha4yHO 36inbLUEHO0.

Ona Ttakmx 6yaiBenb (cnopya) € ocobnueo
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Figure E.10 is an example of the construction
of internal down-conductors in a large steel
reinforced concrete structure used for industrial
purposes. The electromagnetic environment
near to the inner columns shall be considered
when planning the internal LPS.

E.5.3.4.2 Non-isolated down-conductors

In structures with extensive conductive parts in
the outer walls, the air-termination conductors
and the earth-termination system should be
connected to the conductive parts of the
structure at a number of points. This will reduce
the separation distance according to 6.3.

As a result of these connections the conductive
parts of a structure are used as
down-conductors and also as equipotential
bonding bars.

In large, flat structures (typically industrial
structures, exhibition halls, etc.) with
dimensions over four times the spacing of the
down-conductors, extra internal
down-conductors should be provided, wherever
possible, approximately every 40 m to minimize
the separation distance when the lightning
current is flowing long distances over a flat
roof.

All internal columns and all internal partition
walls with conductive parts should be
connected with the air-termination system and
with the earth-termination system at suitable
points.

Figure E.10 shows the LPS of a large structure
with internal columns made of steel-reinforced
concrete. To avoid dangerous sparking
between different conductive parts of the
structure, the reinforcement of the columns is
connected to the air-termination system and to
the earth termination system. As a result, a
portion of the lightning current will flow through
these internal down-conductors. However, the
current is  divided among numerous
down-conductors and has approximately the
same waveform as the current in the lightning
stroke. The steepness of the wavefront,
however, is reduced. If these connections are
not made and a flashover occurs, only one or a
few of these internal down-conductors may
carry the current.

The waveform of the flashover current will be
considerably steeper than the lightning current,
so the voltage induced in neighbouring circuit
loops will be considerably increased.

For such structures, it is particularly important
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BaXIMNBUM, wob nepeg no4yaTKkom
npoekTyBaHHa OyaiBni  (cnopyam), MpoekT
Ooyanisni  (cnopygu) i npoekt LPS ©Oynu
Y3roaXeHi MiX coboto Tak, o6
CTPYMOMPOBiIgHI 4YacTuHu Oyaisni (cnopyawm)
Mornu BUKOPUCTOBYBATUCH ans
BnuckaBKkO3axmcTy. 3aBgsku nobpe
Yy3rogXXeHoMy  MpPOEeKTYBaHHI  [OCHAraeTbcs
CTBOPEHHS BucokoedektnsHoi  LPS  3a
MiHIManbHUX BUTpPAT.

BnvuckaBko3axucT npocTtopy Ta nwogen nig
HaBUCITMMWN BEPXHIMU MOBEPXaAMMU, TakMMU SK
KOHCOMbHUI  BULMA  MNOBepx, Mae OyTu
BMKOHaHO 3rigHo 4.2.4.2 n Puc. E.3.

BcTaHoBneHHsA [03EeMHUX NpoBigHUKIB
Oe3nocepeHbO Yy 30BHIWHBOMY TUHbKY He
PEKOMEHOYETbCS, OCKIMbKM TUHbK MOXe OyTu
MOLUKOAXKEHO yHacnigok TEennoBoro
po3LwmnpeHHs. Kpim Toro, TMHbK Moxe HabyBaTu
3abapBnNeHHs yHacnigokK XiMiYHMX peakuin.
IMoWKOAXEHHA TUHLKY € 0COBGNUBO MMOBIPHUM
3a NigBULLEHHS TemnepaTypu Ta NpuknageHHi
MEeXaHIYHUX CUM, WO BWHMKATb 4epes it
CTPyMy GnucKaBKMW; MPOBIOHUKN 3 MOKPUTTAM i3
MBX 3anobiratoTb 3abapBrneHH!0.

E.5.3.5 NMpupoaHi KOMNOHEHTH

BukopucTaHHs NPUPOLHNX [03EeMHUX
NPOBIOHUKIB ONS MaKCMMarbHOro 306inbLUeHHS
3aranbHOro 4yucna napanenbHUX MNPOBIAHWUKIB
CTPYMYy € peKOMeHAOBaHWM, OCKiNbkM Uue
MiHIMi3ye nafgiHHA Hanpyrm y cucTemax
[03eMHNX NPOoBiAHUKIB n 3MeHLWye
enekTpoMarHeTHi 3aBagu BcepeguHi oyaisni
(cnopygu). [lpoTe, HanexuTb 3abe3neuynTy,
wob Taki  go3eMHi  npoBigHMKM  Oynu
€NeKTPUYHO HEPO3PUBHMMU Y3[OOBX BCbOrO
Wngaxy MK CUCTEMOK MepexonniBavisa
CUCTEMOK 3EMISIHOTO 3aKiHYEHHS.

CTtaneBun puUWITYHOK Yy BETOHHMX CTiHax Mmae
BMKOPUCTOBYBaTUCb Yy  POMi  NPUMPOAHOro
KoMnoHeHTy LPS, gk ue nokasaHo Ha PucyHky
E.27.

CtaneBui puWTYHOK HOBOOYAoB Mae 6yTu
cneumndikoBaHo  3rigHo E.4.3. Axuwo
eneKTPpUYHy DOe3nepepBHiCTb NPUPOLHUX
OO03EeMHUX  MPOBIOHMKIB He  Moxe  OyTu
rapaHToBaHO, HanexXxuTb BCTAHOBUTU 3BUYaNHI
[03eMHi NPOBIgHUKN.

MeTaneBa puHBa, ska BignoBigae Bumoram 4o
NPUPOAHUX OO3EeMHUX TMPOBIgHMKIB 3rigHO 3
5.3.5, MOXxe npaBuUTK 3a 4O3EMHUI NPOBIAHUK.

PucyHkn E.22a, E.22b T1a E.22c nokasywTb

npuknaam  3akpinfieHHs  MpoBigHWKIB  Ha
NOKpiBni " [03EeMHUX NpOBIgHUKIB, 3
BiANOBIAHMMW  FEOMETPUYHUMU  pO3Mipamu
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that before commencing the design of the
structure, the structure’s design as well as the
design of the LPS should be harmonized so
that conductive parts of the structure can be
utilized for lightning protection. By means of
wellcoordinated design, a highly effective LPS
is achieved at minimum cost.

Lightning protection of space and persons
below an overhanging upper storey, such as a
cantilevered upper floor, should be designed
according to 4.2.4.2 and Figure E.3.

Direct installation of down-conductors within
the external plaster is not recommended since
the plaster may be damaged as a result of
thermal expansion. Moreover, the plaster may
be discoloured as a result of chemical reaction.
Damage to the plaster is particularly likely as a
result of temperature rise and mechanical
forces  exerted by  lightning current;
PVC-covered conductors prevent staining.

E.5.3.5 Natural components

The wuse of natural down-conductors to
maximize the total number of parallel current
conductors is recommended as this minimizes
the voltage drop in down-conductor systems
and reduces the electromagnetic interference
within the structure. However, it should be
ensured that such down-conductors are
electrically continuous along the entire path
between the air-termination system and the
earth-termination system.

The steel reinforcement in concrete walls
should be used as a natural component of the
LPS as illustrated in Figure E.27.

Steel reinforcement of newly erected structures
should be specified in accordance with E.4.3. If
electrical continuity of the natural
down-conductors cannot be guaranteed,
conventional down-conductors should be
installed.

A metallic rain-pipe which satisfies the
conditions  for natural down-conductors
according to 5.3.5 may be used as a
down-conductor.

Figures E.22a, E.22b and E.22c¢c show
examples of fixing the conductors on the roof
and the down-conductors including appropriate
geometrical dimensions, and Figures E.22c
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BKMIOYHO, a PucyHkn E.22¢ Ta E.22d nokasytoTb
cxeMy 3'egHaHb [J0O3eMHOro npoBigHMKa 3

MeTaneBot PUHBOIO, CTPYMONPOBIgAHUMMU
PUHLWTOKaAMM Ta MNPOBIQHWKOM  3€MISAHOro
3aKiHYeHHS.

CTpUXHI pULITYHKY CTiH a0 6E€TOHHMX KOMOH W
CTaneBi  KOHCTPYKUiMHI  Kapkacum  MOXYTb
npaBuTK 3a NPUPOAHI 4O3EMHI NPOBIgHUKMN.

MeTaneBun dacag abo dacagHe nokpUTTH
OyaiBni  (cnopyau) MoOXxe  npaBuTuM  3a
NPUPOAHUIA [O03EMHUN MPOBIAHMK 3rigHO 3
5.3.5.

PucyHok E.8 nokasye KOHCTPYKLUilO cuUcCTeEMMU
NPUPOLHUX 003eMHUX NPOBIAHUKIB 3
BMKOPUCTaAHHAM MeTaneBux enemeHTiB pacagy
M CTaneBoro pULITYHKY OETOHHUX CTiH, $K
€KBIMOTEHLINHOT OMOPHOT MNOLWWHN, A0 SKOI
NPUEOHYIOTLCA CMOMYYHI LWMWHN BHYTPILWHBOI
LPS.

Lli nigkntovyeHHA mae ByTn BUKOHAHO Yy BEPXHil
YyacTUHi obONAMIBKM CTiHM - OO0 CUCTEMMU
nepexonnoBaYviB Ta Yy HUXHIW 4YacTWHI - 00
CUCTEMW 3EMIISTHOIO 3aKiHYEHHSA 1 OO CTPUXKHIB
PUWTYHKY OGETOHHMX CTiH, HKWO ue €
MOXINBUM.

Posnogin ctpymy y Takux metanesux dacagax
BiAOyBaeTbCA Kpalle, HiX y 3anizobeToHHMX
cTiHax. ®acaaun 3 6nsaxXM MiCTATb OKpeMi naHeni,
3a3Bu4yan, 3 TpaneuienogibHMM nonepevyHum
nepepiszom Big 0,6 m go 1,0 M 3aBLINPLIKK 1 3
OOBXMHOW, sKa Bignosigae BUCOTI OyAieni
(cmopygu). Y Bunagky BUCOTHMX OyaiBenb
(cnopyn), AQoBxuHa naHeni He Bignosigae
Bucoti Oygmisni (cmopygu) y 3B'A3Kky 3
npobrnemamu TpaHCNOPTYBaHHA. Tofi yBecb
dacag cknagaetbca 3  [AEKiNbKOX CeKuin,
3aKkpinneHnx ogHa Hag O4HOH0.

Onsa mMeTaneBoro cbaca,u,y MaKkcnmMmaribHe
TennoBe pPo3WNPEHHA HaNeXuTb obuucnoBaTtn
AK pi3HVILI,PO OOBXWH, 4dKa YTBOPHETbLCA Ha

OCHOBI MakcumanbHoi Temnepatypu
MeTareBoro dacany nig COHSAYHUMMU
npomeHamm y +80 °C 1 MiHiManbHOI

Temnepatypu y-20 °C.

Pisnnuya temnepatyp y 100 °C Bignosigae
TennoBomMy po3wupeHHio 'y 0,24% pgns
antomiHito ny 0,11% ansa crtani.

TennoBe po3WMPEHHA NaHenen Nnpu3BoanTb 40
3MilLleHHs NaHenewn Woao HacTynHOT cekuii abo
TpMMmayiB.

MeTaneBi crnonyyeHHs, Taki, K NOKasaHoO Ha
Pucynky E.35, cnpustoTe  piBHOMipHOMY
po3noainy cTpymy y metaneBux dacagax, Ymm
3MEHLYTb BMNMIMB €MeKTPOMarHeTHOro nons
BCcepeauHi byaisni (cnopyan).
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and E.22d show the connections of the
down-conductor to the metallic rain-pipe, the
conductive gutters and the earth-termination
conductor.

The reinforcing rods of walls or concrete
columns and steel structural frames may be
used as natural down-conductors.

A metal facade or a facade covering on a
structure may be wused as a natural
down-conductor conforming to 5.3.5.

Figure E.8 shows construction of a natural
down-conductor system using metal facade
elements and steel reinforcing in the concrete
walls as the equipotentialization reference
plane to which the equipotentialization bars of
the internal LPS are connected.

Connections should be provided at the top of
the wallcovering, to the air-termination system
and at the bottom of the earth-termination
system and to the reinforcing rods of the
concrete walls, if applicable.

The distribution of current in such metal
facades is more consistent than in reinforced
concrete walls. Sheet metal facades comprise
individual panels generally of trapezoidal
cross-section with a width between 0,6 m and
1,0 m and a length corresponding to the height
of the structure. In the case of high-rise
structures, the panel length does not
correspond to the structure height due to
transport problems. The whole facade then
comprises a number of sections mounted one
above the other.

For a metal facade, the maximum thermal
expansion should be calculated as the
difference in length produced by a maximum
temperature of the metal facade in sunlight of
approximately +80 °C and a minimum
temperature of —20 °C.

The temperature difference of 100 °C
corresponds to a thermal expansion of 0,24 %
for aluminium and 0,11 % for steel.

Thermal expansion of the panels results in
movement of the panels with respect to the
next section or to the fixtures.

Metal connections, such as those depicted in
Figure E.35, encourage uniform current
distribution in metal facades and thus reduce
the influence of the electromagnetic field inside
the structure.
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MeTaneBuin acag CTBOPKE MakcumanbHe
efnieKkTpoMarHeTHe eKpaHyBaHHSA 3a YMOBM, LLO
NOro enekTpuYHo 3'€HaHO No ycCii nnotwyi.

Bucoka edeKTUBHICTb eneKkTpoMarHeTHOro
eKpaHyBaHHsa Oygieni (cnmopygu) pgocsiraeTbecs
3a YMOBM NOCTINHOMO CMNOJTyYEHHS, 3 4OCTATHLO
ManuMun iHTepBanamu, NpunernMx mMertaneBux
dacagis.

CumeTpis posnoginy ctpymy 6esnocepeaHbo
nos'sidaHa 3 YMCIOM 3'eHaHb.

3a HasBHOCTI CyBOpUX BWMMOI [O 34ATHOCTI
eKkpaHy ocnabnioBaTtu 3aBagu, Ta AKWO Y
dacagi € BikHAa 3 CyUiNbHUM CTPiYKOBUM
CKMiHHAM, Taki BiKHa HanexmTb CAOMy4ynTu 3a
JONOMOro npoBigHUKIB 3 HEeBeNnuKMMmn
iHTepBanamm Mix Humu. Lle wmoxe 6yTu
BMKOHAHO 3a AOMOMOrol MeTalieBUX BiKOHHUX
pam. CnonyyeHHs wMeTanesoro cacagy 3
BiKOHHMMM paMaMWn HaneXxuTb BCTAHOBMIOBATU
3 KOPOTKMMMW nNpOMiXKamu. 3as3Buyan, KOXEH
Kpa  crnonyYaeTbCd 3  FOPU3OHTANbHOM
aHkepHot  Gankoto BiIKOHHOI  pamu 3
NpoMiXKamu, siki He NepeBULLYOTb BigCTaHi Mix
BEPTUKaANbHUMN enemeHTamu KOHCTPYKUiT
BikHa. 3aBxXau cnig yHUKaTu 3rvHiB Ta obBofis
(ouB. Puc. E.9).

MeTtaneBi dacagu, wWo cknagawTbcsa 3
BiIHOCHO HEBEeNnuWKMX eneMeHTiB, S§Ki He
3'egHaHO MiX cobOK, HE MOXYyTb MpaBUTKU 3a
cucTemMy npupoaHUX [O03EeMHUX MPOBIAHMKIB
abo 3a enekTpoMarHeTHUIN eKpaH.

Binbwe BigomMocTen npo 3axucT
€NeKTPOyCTaTKOBaAHHA Ta  ENEKTPOHIKM Y
Oymisnsax (cnopynax) HaBegeHo y IEC 62305-4.

E.5.3.6 NepeBipo4HUM 3NyYHUK

[MepeBipoYHi 3NYYHUKN nonerwywTb
BMMIpPIOBAHHS OMOPY 3eMIli CACTEMU 3EMIIAHOTO
3aKiHYeHHS.

MepeBipo4yHi 3ny4yHukn BignoeigHo o 5.3.6
HanexuTb BCTAHOBMOBATM Ha  3'€dHaHHI
[03EMHUX MPOBIgHUKIB i3 CUCTEMOIO 3EMIISIHOIO
3aKiH4YeHHS. LLi 3NYYHUKN nonerwywTb
BM3HAYEHHS, LWWMASAXOM BUMIPOBAHHA, HAsiBHOCTI
[OCTaTHLOro 4ucrna cnoflydeHb 3 CUCTEMOIO
3eMNSHOro 3akiH4eHHsi. TakMM YMHOM, MOXKHa
nepeBipnTu HasiBHICTb HEPO3PUBHUX
CNonyyYeHb MK NEepeBipOYHMM 3MYYHUKOM W
cuctemoro nepexonnoBadie abo HaCTynHow
CcrnonyyHow wuHow. Ha Bucokmx OyaiBnsax
(cnopyaax), KinbLeBi NpPOBIgHUKMN
Ccrnony4yarTbCs 3 4O3EMHMMM NPOBIAHMKAMU, SAKi
MOXe ByTn BCTAHOBMNEHO Y CTiHi 1 BOHM MOXYTb
OyTM  HEeOoCSsHXKHMMM  ANs  Ornsgdy;  IXHE
iCHyBaHHA MoOXe OyTu nigTBepaXeHo nuwe
€NEeKTPUYHMMUN BUMIPIOBAHHSMMU.
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A metal facade produces maximum
electromagnetic shielding when it is electrically
interconnected over its whole area.

High electromagnetic shielding efficiency of a
structure is obtained when permanent bonding
of adjacent metal facades is carried out at
sufficiently small intervals.

Symmetry of current distribution relates directly
to the number of connections.

If stringent requirements with respect to shield
attenuation exist and continuous strip windows
are incorporated in such a facade, the
continuous strip windows should be bridged by
means of conductors at small intervals. This
may be done by means of metal window
frames. The metal facade should be connected
to the window frame at short intervals.
Generally, each ridge is connected to the
horizontal tie-beam of the window frame at
intervals not exceeding the spacing of the
vertical members of the window construction.
Bends and detours should always be avoided
(see Figure E.9).

Metal facades comprised of relatively small
elements which are not interconnected cannot
be used as a natural down-conductor system or
for electromagnetic shielding.

More information on the protection of electrical
installations and electronics in structures is
available in IEC 62305-4.

E.5.3.6 Test joint

Test joints facilitate measurements of the earth
resistance of earth-termination system.

Test joints conforming to 5.3.6, should be
installed in the connection of the
down-conductors to the earth-termination
system. These joints facilitate the
determination by measurement that an
adequate number of connections to the
earth-termination system still exist. It is thus
possible to validate the existence of continuous
connections between the test joint and the
air-termination system or the next bonding bar.
On tall structures, ring-conductors are
connected to the down-conductors, which may
be installed in the wall and invisible to the eye;
their existence may only be confirmed by
electric measurement.
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Ha PwucyHkax Big E.39a po E.39d nokasaHo
npuknagm nepesipoYHUX 3MYYHUKIB, SKI MoOXe
OyTM BCTaAHOBMEHO Ha BHYTPIiWHIA abo
30BHIWWHIN CTiHi Oyaieni  (cnopyau) abo vy
KOHTPOMbHIA Kopobui y 3emni nosa mexamu
oyaisni (cnopyau) (ame. Puc. E.39b). Onsa
3abea3neyeHHs BUMIipIOBaHHSA Ge3nepepBHOCTI,
Oedki NpOoBIAHMKM MOXYTb MaTU i30NSALINHI
0BONOHKN Y KPUTUYHUX OiNAHKaX.
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Figure E.39a through Figure E.39d show
examples of test joint designs, which may be
installed on the inner or outer wall of a structure
or in a test box in the earth outside the
structure (see Figure E.39b). To make the
continuity measurements possible, some
conductors may have to have isolating sheaths
on critical sections.
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Figure E.39a
PucyHok E.39a
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IEC 2723/10
Figure E.39¢c
PucyHok E.39¢
BapiaHT 1 — NepeBipo4YHU 3Ny4YHUK Ha CTiHI
1 [03EeMHUIA NPOBIAHMK

2 y3emnioBanbHui enekTpoa Tuny B, akuwo e
npuaaTHUM

3 y3eMnoBanbHWUi enekTpos Tuny A, SKLWO €
npuaaTHUM

dyHOAMEHTHUI y3eMItoBanbHUN enekTpos
Crnony4YeHHs 3 BHyTpiWHbow LPS
nepeBipOYHUI 3MYYHUK HaA CTiHi
KOPO3INHOCTINKUIA T-3NYYHUK Y FPYHTI
KOPO3INHOCTINKNIA 3NYYHUK Y IPYHTI

© o N o g

3MYYHUK MiX NPOBIAHMKOM GnMCKaBKO3axucTy Ta
CTaneBolo KOMOHOI0

BapiaHT 2 — NepeBipo4HUI 3NYYHUK Yy Niano3si

1 [03EeMHWIA NPOBIAHMK

2 y3eMnoBanbHuUii enekTpos Tuny A, AKLWoO €
npuaaTtHum

CcrnonyyHa WuHa BHYTpPiWHbOi LPS

KinbLEeBWUIA y3emntoBanbHUIN enekTpod tuny B
KinbLEeBWUIA y3emnioBanbHUIN enektpod tuny B
nepeBipoOYHUIA 3NYYHUK Y NiANosi
KOPO3INHOCTINKUIA T-3NYYHUK Y IPYHTI
KOPO3iNHOCTINKUIN 3MYYHUK Y F'PYHTI

3MYYHUK MK NPOBigHMKOM BnmMckaBKko3axucTy Ta
CTaneBolo KOMOHOI0

MPUMITKA 1 TMepeBipoYHUN 3MyYHUK, AKUA [AeTani3oBaHO Ha
pucyHky E.39d, HanexuTb BCTaHOBMOBATW Ha BHYTPILWHIA abo
30BHILLHIN cTiHi 6yaiBni (cnopyam) abo y KOHTPOnbHIK kopobui y
I'PyHTI 32 Mmexamu bygisni (cnopyam).

MPUMITKA 2 A6u 3pobutn BuUMiptoBaHHS onopy netni
MOXMUBUM, AEAKUM MNPOBiHWKAM HamnexXuTb MaTu i30NAUinHi
0BO0MOHKN Y3[0BX KPUTUYHUX OiNSHOK.
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IEC 2722/10

Figure E.39b
PucyHok E.39b
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Figure E.39d
PucyHok E.39d
Alternative 1 — Test joint on wall

1 down-conductor
2 type B earth electrode, if applicable

IEC 2724/10

3 type A earth electrode, if applicable

foundation earth electrode
bonding to the internal LPS

test joint on the wall
corrosion-resistant T-joint in soil
corrosion-resistant joint in soil

joint between lightning conductor and a steel
girder

© 0 N o g BN

Alternative 2 — Test joint in the floor
1 down-conductor
2 type A earth electrode, if applicable

bonding bar of the internal LPS
type B — Ring earth electrode
type B — Ring earth electrode
test joint in the floor
corrosion-resistant, T-joint in soil
corrosion-resistant joint in soil

joint between lightning conductor and a steel

girder

NOTE 1 The test joint detailed in Figure E.39d should be
installed on the inner or outer wall of a structure or in a test box
in the earth outside the structure.

© 0o N O O~ W

NOTE 2 To make the loop resistance measurements possible,
some of the connecting conductors should have isolating
sheaths along critical sections.

Figure E.39 — Four examples of connection of earth-termination to the LPS of structures
using natural down-conductors (girders) and detail of a test joint

PucyHok E.39 - YoTupu npuknaau niaknoyYeHHA 3eMNsaHOro 3akiHieHHs po LPS cnopyn
3 BUKOPUCTaAHHAM NPUPOAHUX [03EMHUX NPOBIAHUKIB (KOMOH)
Ta noapobuui nepeBipoOYHUX 3NMYYHUKIB
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Akwo ue mae ceHc (NpUMIpoOM, 3a NiOKNIOYEHHS
y3eMfeHHA OO0 CTaneBuX KOMOH 3a AONOMOro

CNony4YHUxX NpOoBiAHWUKIB), CMNONy4YeHHS
NPUPOSHNX [03EeMHUX NpoBigHMKIB 3
y3eMMoBaNbHUMN efekTpogamMu Moxe 0yTu
34iCHEHO i301TbOBaAHMMMU cermMeHTamu
NPOBIOHUKIB Ta NepeBipOYHMUX  3IYYHUKIB.

HanexuTe BCTaHOBWUTWU cCMeuisanbHi  OMOpPHi
y3eMSoBanbHi  enekTpoan, abwu nonerwuntn

KOHTPOJIb CUCTEMU 3EMIISTHOTO 3akiHYeHHs1 LPS.

E.5.4 Cucrtema 3eMnsiHOro 3akiH4eHHs
E. 5.4.1 3aranbHi NnonoXxeHHA

MpoektyBanbHuky LPS Ta MoOHTaxHuky LPS
HanexmnTb BMbpaTun BiAMoBigHi NN
y3eMSOBaNbHUX ENEeKTPOAIB Ta HanexuTtb
pO3MiCTUTKM iX Ha 6e3neyYHin BigcTaHi Big BXxoaiB
i BuxogiB Oyaisni (cnopyau) Ta BiA 30BHILLHIX
CTPYMOMPOBIAHNX YaCTUH Yy TI'PYHTI, TakMxX $K
kabeni, wmetaneBi kaHanmu i T. iH. Tomy
npoektyBanbHuky LPS Ta moHTaxHuky LPS
HanexuTb BXWTWU 3axofdiB And 3axucTty Big
Hebe3neYyHOoi KPOKOBOT Hanpyru No6nNu3y Mmepex
3eMITAHOr0 3aKiHYEeHHS, AKLWO X BCTAHOBMEHO Y

Micusx, JOCTynHuMx anga nogen (aus. Posgin 8).

PekomeHgoBaHa Benu4nHa 3aranbHOro onopy
y3emneHHs y 10 OmM €  gocTaTHbO
KOHcepBaTuBHOO And 6Oyaisenb (cnopya), vy
AKNX 3aCTOCOBYOTbCS besnocepeHi
eKBIMNOTeHUINnHIi cnonyvyeHHd. BennduHa onopy
Mae OyTM SIKHAMHMXKYOK Y KOXHOMY BUMNALKY,
ane ocobnueo y Bunagky byaisens (cnopya), 3
3arpo3ot Big BuOyxoBux pedoBuH. [lpoTe,
HaMBaXknNUBILLMM 3axXxO04OM € BllalWTyBaHHSA
€KBIMOTEHLUINHUX CNOMYyYeHb.

MnbuHa npoknageHHa W Tun y3emsioBadiB
MarTb O6yTuM Takumu, Wwob MmiHimidyBaTtn BNAuB
KOpOa3ii, BUCUXaHHS i 3aMep3aHHS I'PYHTY N TUM
camum cTabinisyBaTM ekBiBaneHTHWUA onip
3emni.

PekomeHayeTbcsd, wob6 nepwux niBmeTpa
BepTMKarNbHOro y3emroBada He posrnaganucs
K e(peKkTUBHIi B yMOBax Mopoa3y.

mMnboko 3akonaHi y3emmntoBadi MOXyTb OyTu
e(eKTMBHMM B 0COBNUBUX BMNaakax, Konu onip
I'PYHTY 3MEHLIYETLCA 3 FMUOMHOK i KON HUXKHI
wapun rpyHTY 3 HWU3bKUM MUTOMUM OMNOPOM
3andratloTb Ha rmubuHi Binbwin, HiX Ta, AKOT
3a3BuYan cAaralTb CTPUKHEBI €NeKTPOoaN.

Konwu MeTanesun PULLTYHOK B6eToHy
BUKOPUCTOBYETLCS AK y3emnoBanbHUN
enekTpoga, ocobnuBa  yBary HanexuTb

npuginatn  3'egHaHHaAM  ang  3anobiraHHsA
MeXaHiYHOMY pPO3KOMOBaHHIO BETOHY.

Akwo meTaneBuin pULLTYHOK BUKOPUCTOBYETHLCH
TakoX Y $AKOCTi 3axXWCHOI 3eMni, HanexuTtb
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If it makes sense (e.g. in the case of earthing
connections to steel columns via connecting
conductors), connections  from natural
down-conductors to earth-termination
electrodes may be provided with isolated
conductor segments and testing joints. Special
reference earth electrodes should be installed
to facilitate monitoring of the earth-termination
system of an LPS.

E.5.4 Earth-termination system
E.5.4.1 General

The LPS designer and the LPS installer should
select suitable types of earth electrodes and
should locate them at safe distances from
entrances and exits of a structure and from the
external conductive parts in the soil, such as
cables, metal ducts, etc. Hence the LPS
designer and the LPS installer should make
special provisions for protection against
dangerous step voltages in the vicinity of the
earth-termination networks if they are
installedin areas accessible to the public (see
Clause 8).

The recommended value of the overall earth
resistance of 10 Q is fairly conservative in the
case of structures in which direct equipotential
bonding is applied. The resistance value should
be as low as possible in every case but
especially in the case of structures endangered
by explosive material. Still the most important
measure is equipotential bonding.

The embedded depth and the type of the earth
electrodes should be such as to minimize the
effects of corrosion, soil drying and freezing
and thereby stabilize the equivalent earth
resistance.

It is recommended that the first half metre of a
vertical earth electrode should not be regarded
as being effective under frost conditions.

Deep-driven earth electrodes can be effective
in  special cases where soil resistivity
decreases with depth and where substrata of
low resistivity occur at depths greater than
those to which rod electrodes are normally
driven.

When the metallic reinforcement of concrete is
used as an earth electrode, special care should
be exercised at the interconnections to prevent
mechanical splitting of the concrete.

If the metal reinforcement is also used for the
protective earth, the most severe measure in
respect of thickness of the rods and the
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obpatn cyBopiwi 3axoAu WOAO TOBLMHU
CTPWXHIB | cnonyvYeHb. Y UbOMY BuNaaky
HaneXnTb PO3TTSIHYTU 3aCTOCYBaHHS CTPUXHIB
PUWITYHKY 306inbweHnx poamipie. [MoBcsikyac
HanexnTb 6yTn BU3HaHO notpeba y KOPOTKMNX
Ta npaAMUX 3'€egHaHHAX Ons y3eMJIeHHs
BnunckaBKkO3axmcTy.

MPUMITKA Y Bunagky nonepefHbO HamnpyxeHoro 6eToHy
HanexuTb BpaxoByBaTu HaCJ'Ii,EI,KVI NPOXOOXEHHA CTpyMmy

BUCHarn G6nuckaBku, SKKUA MOXe CMOBOAYBaTU HEMPUNHATHI
MeXxaHiyHi 3ycunns.

E.5.4.2 Tunn po3milleHHA y3eMnioBanbHUX
enekrTpogis

E.5.4.2.1 Po3miweHHAa Tuny A

Cuctema 3eMnsHOro 3akiHyeHHa Tuny A €
npuMaaTHOW ANA HU3bKMX cnopyd (npumipom,
Aans OyaouHKIB Ha OOHY pOAMHY), iCHYKOYMX
cnopyn abo LPS 3i cTpuxHamu abo
HaTArHeHMMn Tpocamu, abo Onsa i30NbOBaHOI
LPS.

Taka cuctema Bkto4vae y cebe ropusoHTanbHi
4M BepTMKanbHi y3eMnioBanbHi  enekTpoau,
3'eAHaHi 3 KOXKHUM JO3EMHUM NPOBiIAHUKOM.

3a HasBHOCTI KinbLEeBOro npoBigHUKa, SAKUNA

ob'egHye [O3eMHi  MpPOBIOHWKKW, | SAKWNA
KOHTaKTye 3 I'pyHTOM, PO3MiLLEHHS
y3eMJoBanbHMX enekTpogis BCE oaHo

Knacudgikyetbca gk Tun A, SAKWO KinbLeBUn
NPOBIAHUK € Yy KOHTaKTi 3 'PYHTOM MeHLe HiX
Ha 80 % Moro 4OBXWHMU.

Y posamiweHHi Tuny A MiHiManbHe 4ucro
y3eMSoBanbHUX eNeKTPOAIB Mae CTAHOBUTU MO
OOHOMY A5 KOXHOro J03eMHOro npoBigHuKa 1
WoHanMeHwWwe aea Ans LPS y uinomy.

E.5.4.2.2 Po3miweHHAa Tuny B

Cuctema 3eMngHOro 3akiH4eHHss Tuny B e
nepeBaXxKHO ans CiTKOBMX cucTem
nepexonntoBadie Ta ana LPS 3 «kinbkoma
003eMHUMMW NMPOBIgHMKaAMN.

Taka cuctema Bkntovae y cebe abo kinbuesumn
y3emnioBanbHUN  enekTpod 30BHi  byaisni
(cmopyau), SKMM € y KOHTaKTi 3 ['pyHTOM
npuHammMmHi Ha 80% Big Woro 3aranbHoOI
OOBXWHU, ab0 yHOAMEHTHUI y3eMITtoBanNbHUN
enekTpog.

Ona ronoi TBepgoi ckeni pekoMeHAYyeTbCs
nuwe cxema po3MilleHHSA y3eMneHHs Tuny B.

E .5.4.3 CnopyAaxeHHs
E .5.4.3.1 3aranbHi NoNoXeHHs

Cuctemu 3eMITAHOro 3aKiH4eHHA

BWKOHYBaTW Taki 3agaui:

MakTb

- npoBeaeHHAa CTpymy Onuckaeku Yy 3eMIo;
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respect of thickness of the rods and the
connection should be chosen. In this case,
larger sizes of reinforcement bars could be
considered. The need for short and straight
connections for the lightning protection
earthing should be recognized at all times.

NOTE In the case of pre-stressed concrete, consideration
should be given to the consequences of the passage of
lightning discharge currents, which may produce
unacceptable mechanical stresses.

E.5.4.2 Types of earth electrode
arrangements

E.5.4.2.1 Type A arrangement

The type A earth-termination system is suitable
for low structures (for example family houses),
existing structures or an LPS with rods or
stretched wires or for an isolated LPS.

This type of arrangement comprises horizontal
or vertical earth electrodes connected to each
down-conductor.

Where there is a ring conductor, which
interconnects the down-conductors, in contact
with the soil the earth electrode arrangement is
still classified as type A if the ring conductor is
in contact with the soil for less than 80 % of its
length.

In a type A arrangement the minimum number
of earth electrodes should be one for each
down-conductor and at least two for the whole
LPS.

E.5.4.2.2 Type B arrangement

The type B earth-termination system is
preferred for meshed air-termination systems
and for LPS with several down-conductors.

This type of arrangement comprises either a
ring earth electrode external to the structure, in
contact with the soil for at least 80 % of its total
length, or a foundation earth electrode.

For bare solid rock, only the type B earthing
arrangement is recommended.

E.5.4.3 Construction
E.5.4.3.1 General

Earth-termination systems should perform the
following tasks:

— conduction of the lightning current into the
earth;
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- €KBINOTEHLiNHIi CNONyYeHHA MK O3EMHUMMU
npoBigHUKamu;

- perynioBaHHA noTeHuianis nobnuay
CTPYMONpOBigHMX CTiH Byaisni (cnopyaw).

dyHOaMeHTHI  y3emrtoBanbHi - enektpogu Ta
KinbLeBi ysemniwoBanbHi enektpoan Tuny B
BignoBigalTb yciMm uum Bumoram. PapgianbHi
y3emntoBanbHi enektpoan Tuny A abo rmmbunHHi
BepTuKanbHi He BignoBigalTb UUM BUMMOram
CTOCOBHO  €KBIiMOTEHUiAHMUX  CMOJlyYeHb W
perynoBaHHSA NoTeHUianiB.

dyHaameHTn oynisenb (cnopyn) i3
B3aEMO3B'A3aHOr0  3asni3obeTOHy HanexuTb
BUKOPUCTOBYBATU SK dPyHOAMEHTHI
y3emntoBanbHi enektpoau. BoHuM nokasywTb
OyXe HU3bKUKA onip 3eMni Ta CTBOPHOTb
4yy[0oBe eKBiMOTEeHUiiHe cnony4vyeHHd. AKwo ue
HEMOXNMBO, HaBkono 6ygisni (cnopygun) mae

OyTM  BCTaAHOBNEHO CUCTEMY  3EMIISTHOro
3aKiHYeHHS, nepeBaxHo KinbLueBun
y3eMnoBanbHUn enekTpod Tuny B.

E.5.4.3.2 dyHAaMEHTHI y3eMrnoBanbHi
enekTpoam

dyHOaMEeHTHUN  y3eMMiBanbHUA  enekTpos,
Ak Bignosigae  5.4.4, Bknwvae y cebe
NPOBIgHUKW, BCTAHOBMNEHUX Yy yHOAMEHTI
Oygisni (cnopygu) nig 3emnet. [oBxuHa
OOLAaTKOBMX  y3eMIloBanbHUX  eNeKkTpoaiB
BU3HA4YaeTbCs 3a giarpamoto Ha PucyHky 3.

dyHOaMEHTHI y3eMInoBanbHi enekTpoau
BCTaHOBMEHOo y 6eToHi. IxHs nepesara nonsirae
y ToMmy, wo, sAkwo 6eToH mae BignoBigHy
CTPYKTYpPY n BKpvBae dyHAAMEHTHUN
y3eMSoBanbHUN enekTpo WwoHanmMmeHLwe Ha 50
MM, BOHU € I'PYHTOBHO 3axuLLEeHUMU Bif KOpO3il.
HanexuTe Takox nam'atatv, WO CTPUXKHI
pUWTYHKY Yy O6EeTOHi reHepywTb Taky X
BeNuYMHY ranbBaHiYHOro noTeHuiany gk i MigHi
npoBigHukn y rpyHTi. Lle 3abe3neuyye pobpe
iH)XeHepHe pilleHHa Yy NpOeKTyBaHHi CUCTEM
3eMIIAHOro 3akiH4eHHs1 ANns 3ani3o0eToHHUX
KOHCTpyKLUin (gmB. E.4.3).

MeTanu, AKi BUKOPUCTOBYIOTbCSA ans
y3eMoBanbHMUX enekTpogis, MatoTb
Bignosigatn MaTepianam, 3a3HavyeHuUMm Yy
Tabnuui 7, a TakoX 3aBXAW HanexuTb
BpaxoByBaTu XapaKkTepucTuKkn MeTany
CTOCOBHO KOpO3il y r'pyHTi. [eski pekomeHaauii
HaBegeHo y 5.6. 3a BigCYTHOCTI pekoMmeHaauin
ON9  KOHKPETHMX TuMiB [PYyHTIB, Mae O6yTu
3’dcoBaHO [[OCBIA LWOAO CUCTEM 3EMIISHOrO
3aKiHYEHHS Ha CYMIKHUX OinsiHKax, 3 I'PyHTOM,
AKUMA  Mae CXO0Xi XiMiYHi BnacTuBOCTi Ta
KOHCUCTEHU,i10. 3akonyroum TpaHwei
y3eMMoBanbHUX enekTpoais, HanexuTb
NUNbHyBaTU, abun 30M0BUIN NWUIM, TPYAKU BYTiNNs
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— equipotential bonding between the
down-conductors;

— potential control in the vicinity of conductive
building walls.

The foundation earth electrodes and the type B
ring-type earth electrodes meet all these
requirements. Type A radial earth electrodes or
deep-driven vertical earth electrodes do not
meet these requirements with respect to
equipotential bonding and potential control.

The structure foundations of interconnected
steel-reinforced concrete should be used as
foundation earth electrodes. They exhibit very
low earthing resistance and perform an
excellent equipotentialization reference. When
this is not possible, an earth-termination
system, preferably a type B ring earth
electrode, should be installed around the
structure.

E.5.4.3.2 Foundation earth electrodes

A foundation earth electrode, which conforms
to 5.4.4, comprises conductors, which
areinstalled in the foundation of the structure
below ground. The Ilength of additional
earthelectrodes should be determined using
the diagram in Figure 3.

Foundation earth electrodes are installed in
concrete. They have the advantage that, if
theconcrete is of adequate construction and
covers the foundation earth electrode by at
least 50 mm, they are reasonably protected
against corrosion. It should also be
remembered that reinforcing steel rods in
concrete generate the same magnitude of
galvanic potential as copper conductors in soil.
This offers a good engineering solution to the
design of earthtermination systems for
reinforced concrete structures (see E.4.3).

Metals used for earth electrodes should
conform to the materials listed in Table 7, and
the behaviour of the metal with respect to
corrosion in the soil should always be taken
into account. Some guidance is given in 5.6.
When guidance for particular soils is not
available, the experience with
earth-termination systems in neighbouring
plants, with soil exhibiting similar chemical
properties and consistency, should be
ascertained. When the trenches for earth
electrodes are refilled, care should be taken
that no fly ash, lumps of coal or building rubble
is in direct contact with the earth electrode.
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abo OyaiBenbHe CMITTA He Manu KOHTaKTy i3
y3eMIloBanbHUMMK eneKkTpogamu.

HopatkoBa npobnema noBcTae yepes
eneKkTPoXiMivyHy Kopoasito, CNpUYNHEHY
ranbBaHiYyHUMK cTpymamn. Ctanb y 6eToHi mae
npubnu3Ho  TakMi  camMuii  ranbBaHiYHWIA
noTeHuian y enekTpoximiyHoMy paay, Sk Migb y
I'PyHTi. TOMy, KONK cTanb y 6eTOHi 3’e4HaHO 3i
CTannw Yy TpyHTi, pywinHa ranbBaHiyHa
Hanpyra 6nm3pko 1 B cnpuynHAE NpOXOOKEHHS
KOpPO3iMHOro CTpymMy T[PYHTOM W BOMOIMM
OeTOHOM Ta po3knagae ctanb Yy I'pyHTI.

Y3emnioBarnbHi enekTpoan y TrpyHTIi MakoTb
BMKOPUCTOBYBATH NpoBigHUKNK 3 miai,
nomigHeHoi cTani abo 3 HepXKaBHOI cTani, SKLWO
ix 3'egHaHo 3i cTanmn y 6eToHi.

MepumeTtpom Oyaisni (cnopyaun), y CTPiYKOBOMY
dyHOAMEHTI, HAaNeXuTb NPoKNnacTn MmeTanesun
npoBigHuK, BignoBigHo go Tabnuui 7, abo

noumHkoBaHy wTaby i BuMBECTM Joropwu
3'eHyBanbHi NPOBIOHWKW, WO BeOyTb Y
BM3HA4YeHi  KiHUEeBi  TOYKM  MepeBipOYHUX
3MYYHUKIB AO3EMHUX NPOBIOHUKIB.

[MpoknageHHs CNpsIMOBaHUX aoropu
NpoBigHUKIB, 3’edHaHNX i3 OO3EeMHUMN

npoBigHUKaMn, Moxe OyTu 3Q4INCHEHO MypOM, Y
TUHbKY abo y cTiHi. CTaneBi cnony4Hi gpotwu,
BCTAHOBMEHI Yy CTiHi, Moxe OyTu nponyweHo
Kpi3b pybepong, AKUN 3a3Buyan
BUKOPUCTOBYETHCSA MK (PyHOAMEHTOM i MypOM.
MpokontoBaHHA ©ap’epy BOMOrM y UbOMY MiCLi
3a3BMYan He CTaHOBUTb Npobnemu.

lgpoizonauinHum wap, AKUN YyacTo
BCTaBMSAETbCS nig dyHOaMeHT Oyaisni
(cnopyou) abw  3MeHWUTM BOMOFICTb Y

nigBanbHMX MoBepxax, CTaHOBWUTb MOCTINHY
E€NeKTPUYHYy isonauito. Y3emntoBanbHUN
enekTpon BCTAHOBMETbLCA Mig pyHOAMEHTOM
y ©6eToHHin nmigrotoBui. [lpoekT cuctemn
3eMMSAHOro0 3akiHY4eHHS HaneXxuTb Y3roauTu i3
3a0y40BHUKOM.

3a BMCOKOro piBHSA 'PyHTOBUX BOA, PyHOAMEHT
OygmiBni (cnopyawn) HanexuTb i3ontoBaTu Big
nig3emMHMx BoA. Ha 30BHIWHIO MOBEPXHIO
PyHOAMEHTY HanexuTb HaHecTU YW inbHUI

BOAOHENPOHUKHUI wap, AKUN TaKkox
3abes3nevye enekTpuyHy idonsuitn. 3Bn4anHow
NpakTUKOo y CTBOpPEHHI Takoro

BOAOHEMNPOHUKHOTO YHAAMEHTY € 3anutu
ynuctuh wap 6O6eTtoHy 6nmsbko 10-15 cm
3aBTOBLUKWM Ha AHi KONaHi, Ha KM BKNageTbCcs
isonauia, a Toai Bxxe 6eTOHHUN byHOAMEHT.

dyHOaMEHTHUI y3eMnoBanbHUA enekTpos, Wwo
CKknajaeTbCs 3 Mepexi 3 po3MipoM KOMipKU He
Binbwe, Hix 10 M, HanexwTb BCTAHOBUTU Y
ynctomy wapi 6eToHy Ha AHI byHAaMeHTHOI
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A further problem arises from electrochemical
corrosion due to galvanic currents. Steel in
concrete has approximately the same galvanic
potential in the electrochemical series as
copper in soil. Therefore, when steel in
concrete is connected to steel in soil, a driving
galvanic voltage of approximately 1 V causes a
corrosion current to flow through the soil and
the wet concrete and dissolve steel in soil.

Earth electrodes in soil should use copper,
copper coated steel or stainless steel
conductors where these are connected to steel
in concrete.

At the perimeter of a structure, a metal
conductor, in accordance with Table 7, or a
galvanized steel strip, should be installed in the
strip foundation and be taken upwards with
connection leads to the designated terminal
points of the lightning down-conductor test
joints.

Upward routing of the conductors connected to
the down-conductors can be performed on the
brickwork, within the plaster or within the wall.
The steel connection leads installed within the
wall may penetrate the asphalt-saturated paper
normally used between the foundation and the
brick wall. Piercing of the humidity barrier at
this point generally presents no problem.

The water-insulating layer often inserted below
the structure foundation to reduce the humidity
in  basement floors provides consistent
electrical isolation. The earth electrode should
be installed under the foundation in the
sub-concrete. An agreement should be
obtained with the builder for the design of the
earth-termination system.

Where the groundwater level is high, the
foundation of the structure should be isolated
from subsoil water. A sealing waterproof layer
should be applied to the outer surface of the
foundation, which also provides electrical
isolation. The usual practice in establishing
such a waterproof foundation is to pour a clean
layer of concrete approximately 10 cm to 15 cm
in depth on the bottom of the foundation pit,
onto which the isolation, and later the concrete
foundation, is laid.

A foundation earth electrode consisting of a
network of mesh size not exceeding 10 m shall
be installed in the clean concrete layer at the
bottom of the foundation pit.
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KonaHi.

MpoBigHuk, BignoBigHO po Tabnuui 7, mae
3'elHyBaTU CiTKOBE 3eMmsHe 3aKiH4eHHda 3
PUWTYHKOM Yy  dyHOaMeHTi, KinbLeBMMU
y3eMMoBanbHUMN eNekTpogamMun N JO3EMHUMN

npoBigHUKamm 30BHi rigpoizonauinHoi
MeMbpaHun. HAKWO [O03BOJSIEHO, TEePMETUYHI
BOAOHEMPOHUKHI BMYCKM MOXe oyTun

3acTOCOBaHO ANsA NpoxoAy Kpi3b izondauito.

Akwo NPOHMKHEHHS npoBigHWKa Kpi3b
isonAuinHumn wap He JonycKaeTbcs
OydiBenbHMM NigpAOHUKOM, CMNOSMyYEeHHSA i3
3eMMSHMM 3aKiHYEHHSM HanexunTb BUKOHATK 3a
mMexamu 6yaisni (cnopyam).

PucyHok E.40 nokasye Tpu pisHUX npuknagu
TOro, §K BCTaHoBnwBaTW  PYHOAMEHTHI
y3eMnioBanbHi enektpoamn y 6yaisni (cnopyai) 3
BOOOHEMPOHUKHUM (PyHAAMEHTOM.
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A conductor in accordance with Table 7 shall
connect the meshed earth-termination with the
reinforcement in the foundation, the ring earth
electrodes, and the down-conductors external
to the damp-proof membrane. Where
permitted, pressure-waterproof bushings may
be used to penetrate the insulation.

When penetration of the conductor through the
isolation layer is not permitted by the building
contractor, connections should be made to the
earth-termination outside the structure.

Figure E.40 shows three different examples of
how to install foundation earth electrodes on a
structure with waterproofed foundations.
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IEC 2725/10
Figure E.40a - Isolated foundation with foundation
earth electrode in the non-reinforced concrete
layer below the bitumen insulation

PucyHok E.40a - I3onboBaHui hyHaamMeHT 3
dyHAaAMEHTHUM y3eMnoBanbHUM eNeKTPoaAoM Y
wapi 6eToHy 6e3 pUWTYHKY nig 6iTyMHOlO i3onsuieto
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Figure E.40b - Isolated foundation with
earth termination conductor partly passing
through the soil

PucyHok E.40b — I3onboBaHui hyHaameHT i3
NPOBiAHMKOM 3eMIISIHOTO 3aKiH4YeHHS,
AAIKUA YAaCTKOBO NPOXOAUTHL KPi3b FPYHT

IEC 2727/10

Figure E.40c — Connection from the foundation earth electrode
to the steel reinforcement passing through the damp proof membrane

PucyHok E.40c — Cnony4yeHHA (hyHAAMEHTHOro y3eMiiloBanbHOro efnekTpoay
3i cTaneBUM PULITYHKOM, sike NPOXOAUTb KPi3b BOAOHENPOHUKHY MeMOGpaHy

YMOBHi No3HaYyeHHs

[03eMHUN NPOBIAHUK

nepeBipoYHUIA 3NYYHUK

CMONyYHUI NPOBIAHMK A0 BHYTPiWHbLOI LPS
wap 6eToHy 6e3 pULTYHKY

cnonyyHui npoBigHuk LPS

dyHAAMEHTHUN y3eMIoBanbHUIN enekTpoa

~N O o B~ WDN -

BOJOHENPOHMKHA MeMbpaHa, HenpoMoKanbHui
isontoBanbHUN Wwap

8 CNONyYHWI NPOBIAHUK MiX CTaneBum pULLTYHKOM
Ta NepeBipoOYHUM 3MYYHUKOM

9 cTaneBuil PULLTYHOK y BETOHI

10 BOAOHENPOHMKHUIA BMYCK KPi3b rigpoi3ontoBanbHy
MeMbpaHy

MPUMITKA MoTpi6eH no3Bin Big 6yaiBenbHOro niapsgHuka.

Key

~N o b WwN -

9
10

NOTE Permission from

down-conductor

test joint

bonding conductor to the internal LPS
non-reinforced layer of concrete
connecting conductor of the LPS
foundation earth electrode

damp proof membrane, watertight insulating layer

connecting conductor between steel reinforcement

and the test joint
steel reinforcement in concrete

watertight bushing through the damp proof
membrane

necessary.

Figure E.40 — Construction of foundation earth ring for structures
of different foundation design

PucyHok E.40 - KoHcTpyKuis dhyHOaMeHTHOro KinbueBoro ysemrniroBayda ans éygisenb (cnopya)

3 Pi3HUMU KOHCTPYKLiAMU (pyHAAMEHTY

IEC 2726/10

the structure constructor
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TakoX mnokasaHo Kiflbka NPUAHATHUX pilleHb
LWoJOo CMOMNYYEHHSA 3EeMIISHOrO 3aKiHYeHHs 'y

OygmiBnax (cnopypax) 3 i3onboBaHUM
PyHOAMEHTOM.
Pucynkn E.40a T1a E.40b  nokasyioTb

CMOSyYEeHHSA, $Ki € 30BHIWHIMKM  BIOHOCHO
isonsauii, Takmum YNHOM isonsauyia He
nowkoaxyetbcs; PucyHok E.40c nokasye
BOLOHENPOHMKHUIM BNYCK Kpi3b i3ondAuito Ans
YHUKHEHHS NOpYyLEeHHSA LinicHoCTi
BOJIOrOHENPOHUKHOI MeMOBpaHu.

E.5.4.3.3 Tun A — PapianbHi Ta BepTUKanbHi
y3emMrnioBarnbHi enekrpoaun

PapianbHi y3emnioBarnbHi enekrpogn MawTb
OyTW MigKMIOYEHI OO0 HWXHIX KiHLIB [03€MHUX
NpoBiAHWKIB 3a OOMNOMOrOK  KOHTPOJIbHUX
3NYYHUKIB. PagianbHi y3eMIoBarbHi
enektpogn Moxe OyTM npuegHaHoO  3a
OOMNOMOroK  BepTUKalibHUX B3eMIBallbHUX
€neKkTpoaiB AKLWO Le € NPUAHATHUM.

KoxeH p[o3eMHUiA nNpoBigHUK Mae 0OyTwu
3abe3neyeHnin y3emnoBanbHUM enekTpogoM.

PucyHok E.41 nokasye npuknaau
y3eMnoBanbHUX enekTtpoais tuny A, ToAi fK
PucyHok E.41a nokasye, €K NpoOBigHUK
onuckaBkn, gkun Bignosigae Tabnuui 7,
3aHYpPHOETLCA Yy  [PYHT 3@  [OOMNOMOroH
cneuianbHMUX TArOBUX CTPUXHIB. Lia TexHonoriga
y3eMITeHHS Ma€ psa NPakTUYHUX nepesar Ta He
BMMarae BMKOPUCTaAHHSA 3aTUCKauiB i 3My4YHUKIB
y I'PYHTI. Moxuni abo BepTMKarnbHi
y3eMnoBanbHi enekTpoan y rpyHT, 3asBuyan,
3abuBatoThb.

62305-3 © IEC:2010(E)

Several solutions of an adequate connection of
the earth-termination on structures with
isolated foundation are also illustrated.

Figures E.40a and E.40b show connections
external to the insulation, so that the insulation
is not damaged; Figure E.40c shows a
watertight bushing through the insulation to
avoid compromising the integrity of the
damp-proof membrane.

E.5.4.3.3 Type A — Radial and vertical earth
electrodes

Radial earth electrodes should be connected to
the lower ends of the down-conductors by using
test joints. Radial earth electrodes may be
terminated by vertical earth electrodes if
appropriate.

Each down-conductor should be provided with
an earth electrode.

Figure E.41 shows examples of type A earth
electrodes where Figure E.41a shows how a
lightning conductor in accordance with Table 7
is pushed into the soil using special driving
rods. This earthing technique has several
practical advantages and avoids the use of
clamps and joints in the soil. Sloped or vertical
earth electrodes are generally hammered in.
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Key

YMOBHiI Nno3Ha4YeHHA

i short upper-most driving rod

BEPXHIN eJIeMEeHT TAroBOro CTpUxHA

earthing conductor

y3emnBanbHUM I'IpOBi,D,HI/IK

soil

I'PYHT

3

short driving rods

eNieMEeHTUN TAroBOro CTpuxHa

driving steel dart

TSIroBe cTanese BiCTps

NOTE 1 A continuous wire conductor is driven into the soil
by means of short driving rods. The electrical continuity of

MPUMITKA 1 Hepo3puBHUI NpOBIAHMK 3aHYPIOETHLCS Y I'PYHT
3a [OMOMOrol0 KOPOTKMX €eNeMeHTIB TSAroBOro CTPUXKHS.

the earth electrode conductor is of great advantage; using

EnekTpnyHa 6e3nepepBHiCTb y3emIioBarbHOro NpoBiaHMKa

this technique, no joints are introduced into the earth
electrode conductor. Short driving rod segments are also

easy to handle.

€ 3Ha4YHOK nepeBarok; 3a BUKOPUCTAHHA UbOro metoay, He

€QHaHb B y3eMIoBanbHUN NPOBIAHUK.

BHOCUTLCSH XOAHMUX 3'

KOpOTKi efnneMeHTN TAroBOro CTPUXHA € TakKoX MpPOCTUMU Yy

BUKOPUCTaHHI.

NOTE 2 The short upper-most driving rod may be removed.

N BEPXHIN €eNeMEHT TAroBOro CTpuUXxHaA

MPUMITKA 2 KopoTku

Moxe ByTW BuaaneHun.

NOTE 3 The uppermost part of the earthing conductor may

have an insulating jacket.

MPUMITKA 3 BepxHsa yacTuHa y3eMnoBanbHOro NpoBigHuKa

MOXe MaTu i3ontoBaribHy 0GOMOHKY.

Figure E.41a — Example of a type A earthing arrangement with a vertical conductor type electrode

PucyHok E.41a — lNMpuknaa po3MmilieHHA y3emMntoBaya Tuny A 3 eNieKTpoAoM TUNY BepTUKaNbHOro NpoBiaHMKa



62305-3 © IEC:2010(E)

- 181 —

IEC 2729/10

AN
wvwvvvvvvww

G
i o B — BEEe
s N s NI
G
N T N
N
i N R
R R MR, L
1 [T

e T e B
e
RS R

N
55

Key

YMOBHiI NnO3Ha4YeHHA

extensible earth rod

HapOIJ.l,yBaHI/IVI y3eMIBarbHUN CTPUXXEHDb

rod coupling

CNoNTy4HUK CTPUXHIB

I'PYHT

soil

3

conductor to rod clamp

NPOBIAHUK A0 3MYYHUKA CTPUNKHS

earthing conductor

y3emnoBanbHWUin NPOBIAHNK

Figure E.41b — Example of a type A earthing arrangement with a vertical rod type electrode

PucyHok E.41b - Mpuknag po3milleHHs y3emmnioBaya Tuny A 3 efieKTpoaoM TUNY BepTUKanbHOro CTPUXKHA

Figure E.41 — Two examples of vertical electrodes in type A earthing arrangement

PucyHok E.41 - [IBa npuknagm BepTUKanbHUX eNeKTPOAiB y po3MillleHHi y3emntoBaya Tuny A

of vertical
to ensure a

types

essential

There are also other

electrodes.

T™MNN BepTUKanbHUX

M iHWi
Baxxnusum

ICHYIOTb  TakoxX
enekTpoais.

is

It

3abe3neynTn

€

permanent conducting connection along the

€0HaHHA No Yycin

NOCTiHE CTpPyMOnpoBiaHe 3

whole length of the electrode during the service

life of theLPS.

JOBXUWHI enexkTpoay NpoTAromM TepMiHy crnyxou

LPS.

to

is advantageous

it

installation
measure the earthing resistance regularly. The

driving may be interrupted as soon as the

During

[lig 4ac BCTaAaHOBMNEHHS BaXNMBO perynapHo

3abuBaHHA

onip  y3eMINEHHS.

BUMiptoBaTH

3HUXXEHHA

MOXHa nepepBaTV MO MPUMNUHEHHI

stops decreasing.

resistance
Additional electrodes can then be installed in

more suitable locations.

earthing

onopy ysemneHHs. [looaTKoBi eNeKTpoan Moxe

Oyae 3rogom BCTAHOBMEHO Y Ginblu npugaTHUX

MicUsX.

The earth electrode should have sufficient
separation from existing cables and metal

MYCUTb MaTu

enekTpon

Y3emntoBanbHUN

[OCTaTHE BiAOKpEMIEHHS Bif iCHytoumMx kabenis

and due allowance should be

made for the earth electrode departing from its

intended

Ta mae 0OyTtu pipes in the earth

meTaneBux Tpyb y 3emni
3abesneyeHO JOCTATHIN AOMNYCK HA BiAXUNEHHS

n

driving. The

during

position

nig 4ac wnoro

y3eMJitioBalbHOro ernekrtpoay,

3abuBaHHS,

separation distance depends on the electrical

NMOJ1I0XEeHHA.

HaMiYeHoro

Big

impulse strength and resistivity of the soil and

the current in the electrode.

PosginbHa BigCTaHb 3aneXuTb Big MOTYXHOCTI

onopy

NMNTOMOTIO

iMnyrnbcy,

I'PYHTY Ta CTPYMY Y €neKkTpoai.

eneKkTPpUYHoro
3a

earth

vertical

In the type A arrangement,

BepTUKaIbHi

A

Tmny

PO3MilLLEHHS

electrodes are more cost-effective and give

y

y3eMnoBayi € eKOHOMIYHO edEeKTUBHILNMHU

more stable earthing resistances in most soils

than horizontal electrodes.

onip  y3eMeHHs

cTabinbHiWnn

[arTb
OinbLoOCTI

3

NOPIBHSAHO

I'PYHTIB

rOPU3OHTarNbHNUMKN enekTpoaamu.

Y

In some cases it may be necessary to install
the earth electrodes inside the structure, for

MOXe BUHUKATH

BUnNagkax

nesaknx

y3emnoBadis

HeOobOXigHICTb B YCTaAHOBIEHHI
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BcepeauHi 6ygisni (cnopyau), npumipom, y
nigsani abo y norpeoi.

MPUMITKA OcobnuBa yBara mae npuainsaTUCb yNpaBsrliHHIO
KPOKOBOIO HaMpyrow BXWUTTAM 3axo4iB 3 BUPIBHIOBAHHSA
noteHuianis 3rigHo Po3gainy 8.

Akwo icHye Hebesneka 36inblWeHHA onopy

no6nusy NOBEPXHi (npumipowm, yepes
BUCUXAHHS), yacTto oyBae HeobOXigHo
BUKOPUCTOBYBATM  FMMOUHHI  y3eMmoBarnkbHi

enekTpoau GinbLIOT AOBXUHM.

PapianbHi y3emntoBaui HanexumTb
BCTaHoBMOBaTN Ha rmMunbuHi 0,5 m abo rnubLe.
Mnbwunin  enekTpon rapaHTye, WO Yy TUX

KpaiHax, Ae npoTAroMm 3uMMuM  TpannsoTbCs
HU3bKi Temnepatypu, y3eMtoBanbHui
enekTpon He MICTUTbCA Yy Mep3rnoMy ['pyHTI
(Akun BUKA3YyE ayxe HU3bKY

enekTponpoBiAHicTb). [logaTKkoBOK nepesBarok
€ Te, WO rmMubwuni ysemnioBanbHUN enekTpoa
[ae 3MeHLWEeHHs pi3HuUi  noTeHuianiB Ha
NOBEPXHi 'PYHTY a, OTXe, HWXYi Hanpyrun Kpoky,
YMM 3MEHLIYETbCA Hebesneka ANs XuBuUX ictoT
Ha noBepxHi 3emni. BepTukanbHi enekTpoaun €
pekoMeHOOoBaHUMU ans OOCATHEHHS
CEe30HHO-CTabinbHOro onopy y3eMrieHHS.

3a BUKOPUCTaHHS PO3MILLEHHS Yy3EMIIEHHSA TUNY
A, HeobXxigHe eKkBiMOTEHLiHE CMOJTyYEeHHs AN
YCiX enekTpoAdiB [OoCAraeTtbCs 3a LOMNOMOroH
€KBINOTEHLIMHNUX CMOMYYHMUX MNPOBIAHMKIB Ta
CMOMYYHUX LUWH.

E.5.4.3.4 Tun B - KinbueBi y3emnioBanbHi
enekTpoam

Onga Oygisenb (cnopygn) y AKNX
BUKOPUCTOBYIOTLCA i30M4UiMHI MaTepianu, sk
oT uerna abo pgepeBo, 6e3 dyHAaMeHTy 3i
CTaneBuUM PULLTYHKOM, Mae OyTn BCTAHOBMEHO
3eMnsHe 3aKkiHYeHHA 3 po3MileHHsaMm Tuny B
3rigHo 5.4.2.2. AnbTepHaTUBHO MOXe
BUKOPUCTOBYBATUCb PO3MillleHHA Tuny A 3
BOyAOBaHMMM 3piBHIOBANbHUMM NPOBIAHMKAMMN.
Onsa Toro wob 3MeHWnNTn ekBiBaneHTHUI onip
3eMni, y3eMNneHHa Tuny posmiweHHs B moxe
a7 yOOCKOHareHe, 3a HeoOXigHOCTI,
[goaaBaHHAM BepTukanbHUX abo pagianbHUX
y3eMJoBanbHUX enekTpoaiB, WO BigNoBigalTb
Bumoram 5.4.2.2. PucyHok 3 nogae BuUMOru
WoA0 MiHiManbHOI AOBXWHW B3eMIIOBalIbHUX
enekTpogis.

Mposip Ta rmmbuHa y3eMIoBanbHOro
enektpogy Tuny B, Ak 3as3HayeHo y 5.4.3, €
onTUManbHUMKW B HOPManbHUX YMOBax I'PYHTY
Onsa 3axucTty ocib y 6e3nocepeHin 6nmM3bKOCTI
Big 6ygiBni (cnopyaun). Y kpaiHax 3 HU3bKUMMU
3MMOBUMM TemnepaTtypamMu Hamnexutb obpatu
BiANOBIAHY rmnouHy y3eMntoBanbHUX
enekTpoais.

- 182 —

example in a basement or cellar.

NOTE Special care should be taken to control step voltages
by taking equipotentialization measures according to Clause

If there is a danger of an increase in resistance
near to the surface (e.g. through drying out), it
is often necessary to employ deep-driven earth
electrodes of greater length.

Radial earth electrodes should be installed at a
depth of 0,5 m or deeper. A deeper electrode
ensures that in countries in which low
temperatures occur during the winter, the earth
electrode is not situated in frozen soil (which
exhibits extremely low conductivity). An
additional benefit is that deeper earth
electrodes give a reduction of the potential
differences at the earth surface and thus lower
step voltages reducing the danger to living
creatures on the earth surface. Vertical
electrodes are preferred to achieve a
seasonally-stable earthing resistance.

When the type A earthing arrangement is
provided, the necessary potential equalization
for all electrodes is achieved by means of
equipotential bonding conductors and bonding
bars .

E.5.4.3.4 Type B - Ring earth electrodes

For structures using isolating material such as
brickwork or wood with no steel-reinforced
foundation, a type B earth-termination should
be installed conforming to 5.4.2.2. Alternatively
a type A arrangement incorporating
equipotential bonding conductors may be used.
In order to reduce the equivalent earth
resistance, the type B earthing arrangement
may be improved, if necessary, by adding
vertical earth electrodes, or radial earth
electrodes conforming to 5.4.2.2. Figure 3
gives the requirements regarding the minimum
length of earth electrodes.

The clearance and depth for a type B earth
electrode, as mentioned in 5.4.3, are optimal in
normal soil conditions for the protection of
persons in the vicinity of the structure. In
countries with low winter temperatures, the
appropriate depth of earth electrodes should be
considered.
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Y3emniwoBaneHi enektpoanm Tuny B Takox
BUKOHYIOTb dYyHKUitO €KBIMOTEHLINHNX
cnofnyyeHb MK OO3eMHUMMU MPOBIAHMKAMU Ha
pPiBHi  I'PYHTY, OCKiIbKM  pi3Hi  OO3EMHi
NPOBIAHUKM AaloTb Pi3Hi NOTeHUianun y 3B’sA3Ky
3 HEepPiBHOMIpHUM posnoginom CTpyMiB
6nuckaBkM 4Yepe3 Bapiauii omopy 3emni Ta
Pi3HOT OOBXWHM LWNAXIB CTPYMY Y Hag3eMHUX
npoBigHukax. Pi3Hi noTeHuianun CNpPUYUHSAIOTb
NPOTiKAHHA 3PIBHAMNBHUX CTPYMIB KinbLEBUM
y3eMoBanbHUM €NeKTpoaoM i, TaKUM YMHOM,
MaKkcuManbHe 3pOCTaHHA noTeHuiany
3MEHLWYETbCSA, a CUCTEMMU €eKBINOTEHLiNnHNX
CnosnyvyeHb, MiAKMKYEHI OO0 HbOro BCepeauHi
Oygisni (cnopyau), 4OBOAATLCA 4O NpubAN3HO
04HaKOBOro noTteHuiany.

Konwn 6ygaieni (cnopyaun), Wwo HanexaTb Pi3HUM
BnacHukam, 6yaywTbca 6nmM3bko ofgHa go
oAHol, yacTo HEMOXINUBO BCTAHOBUTU
KiNnbLEeBUN y3eMIoBanbHUA enekTpos, skun 6u
MoBHiCTIO oToyyBaB Oyaisnto (cnopyay). Y
TakomMy BunNagky egeKkTUBHICTb cuctemmu
3eMMSAHOr0  3akiH4eHHS [Jewo 3HUXYETbCH,
OCKiNbKW Kinbue npoBigHMKa Aie, OO0 MNOBHOI
Mipu, Sk enektpod Tuny B, 4o noBHOI Mipwu, sK
dpyHOaMeHTHa 3emns W, A0 MOBHOI Mipu, $K
NpPOBIgHUK cucTemMu €KBiMOTEeHLiNHNX
CMnonyyeHb.

AKLWo 3HaAYHe YMcno ngen Yacto 36mnpaeTbes
Ha Aingdui, npunernin go Oyaisni (cnopyan),
Wo 3axumwaeTtbcd, TOAi Yy Takih AingaHui

HaneXxuTb 3abe3neunTun nopgaTtkoBe
perynoBaHHS noTeHuiarnis. Hanexntb
BCTAHOBUTU Oinbe KinbLeBUX
y3eMSloBanbHUX €NeKTPoaiB Ha BiAgCTaHAX
6nmsbko 3 M Big Mepworo i HacTymHoro

KinbueBux nposigHukiB. KinbueBi enektpoau
pani  Big ©6yaiBni  (cnmopygu) mae 6yTu
BCTAHOBMEHO rnuble Big MoBepxHi, ToO6TO Ti,
wo y 4 m Big 6ygisni (cnopyan) — Ha rnmbuHi 1
M, W Ti, wo y 7 m Big Oyaisni (cnopyaun) — Ha
rmmbuni 1,5 M, a Ti, WO 3HaxoAaTbCsa Ha
BigctaHi 10 m Big ©yaiBni (cnopygu) — Ha
mubuni 2 m. Ui «kinbueBi ysemnioBanbHi
eneKkTpoan HanexuTb CnoayuYnuTn 3 neplmm
KinbLeBMM  MPOBIAHMKOM  3a  AOMNOMOrOH
pagianbHUX NPOBIAHUKIB.

Akwo npunerny go éyaieni (cnopyaun) AiNsHKY
BKpUTO  wapoM acdanbTy 3  HU3bKOK
enekTponposigHicTio y 50 MM 3aBTOBLUKW, ANS
nogen, €Ki KOPUCTYHOTbCA LUielo  OiNAHKOM,
3abe3neyeHo JocTaTHIl 3axucT.

E.5.4.3.5 Y3emnioBanbHi enektpoaun y
CKensiCTOMY I'pYHTI

Mig Yac cnopyaxeHHs y 6€TOHHUIA byHOAMEHT
Mae oyTH BOyaoBaHoO dyHOAMEHTHUI
y3eMnoBanbHUin enekTpon. HagiTb fAKkwo vy

62305-3 © IEC:2010(E)

Type B earth electrodes also perform the
function of potential equalization between the
down-conductors at ground level, since the
various down-conductors give different
potentials due to the unequal distribution of
lightning currents due to variations in the earth
resistance and different lengths in the above
ground conductor current paths. The different
potentials result in a flow of equalizing currents
through the ring earth electrode, so that the
maximum rise in potential is reduced and the
equipotential bonding systems connected to it
within ~ the  structure are brought to
approximately the same potential.

Where structures belonging to different owners
are built closely to each other, it is often not
possible to install a ring earth electrode that will
fully surround the structure. In this case the
efficiency of the earth-termination system is
somewhat reduced, since the conductor ring
acts partly as a type B electrode, partly as a
foundation earth and partly as an equipotential
bonding conductor.

Where large numbers of people frequently
assemble in an area adjacent to the structure to
be protected, further potential control for such
areas should be provided. More ring earth
electrodes should be installed at distances of
approximately 3 m from the first and
subsequent ring conductors. Ring electrodes
further from the structure should be installed
more deeply below the surface i.e. those at4 m
from the structure at a depth of 1 m, those at 7
m from the structure at a depth of 1,5 m and
those at 10 m from the structure at a depth of 2
m. These ring earth electrodes should be
connected to the first ring conductor by means
of radial conductors.

When the area adjacent to the structure is
covered with a 50 mm thick slab of asphalt of
low conductivity, sufficient protection is
provided for people making use of the area.

E.5.4.3.5 Earth electrodes in rocky soil

During construction, a foundation earth
electrode should be built into the concrete
foundation. Even where a foundation earth
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ckenacTtomy I'PYHTI e(eKTUBHICTb
dyHOAMEHTHOro Y3eMioBanbHOro enekTpoay
3HWXeHa, BiH | Hapani Aie 9K CnonyyYyHun
NpPOBIgHUK cucTeMu €KBiMOTEeHLiNHNX
CMonyyeHb.

Ha nepeBipoyHMX  3ny4yHUKax  OOAATKOBI
y3eMtoBarnbHi enekTpoau HanexuTb
CMoNyYnMT 3 [O3EMHUMW MpOBiAHUKAMK Ta
dYyHAAMEHTHUMMU y3eMroBanbHUMN
enekTpogamu.

Konu dyHOaMEHTHUI enekTpon He
nepeabadeHo, 3amMiCTb  UbOro  HaneXxuTb
BMKOPUCTOBYBaTH PO3MilLleHHS T™Mny B

(KinbueBMN y3eMnoBanbHUN enekTpon). AKwo
y3eMSOBaNbHUN enekTpod He Moxe 0yTu
BCTAHOBMEHWA y TPYyHTI i noro mae 6yTu
3MOHTOBaHO Ha MOBepxHi, BiH mMae 06ytn
3axuLWEHNN Big MeXaHiYHUX NOLIKOAXEHb.

PapianbHi  y3emnioBanbHi  enekrpoau, LWo
nexatb Ha abo nobnu3y noBepxHi [IPyHTY,
MakwTb, [ANS MeXaHiYHoro 3axucrty, 0yTu
NOKPUTI KaMiHHSIM abo BMypoBaHi O GeTOoHYy.

Axwo  OymiBna  (cnopyda)  3HaxoAuTbCA
nobnu3y goporu, 3a MOXIMBOCTI, Nig AOPOrot
Mae ar’ BKNaaeHo KinbLeBUn
y3emnoBanbHum enektpon. OpHak, AKwo ue
BUSBUTBCA HEMOXIMBMM 3p0oOUTM Ha YCin
OOBXWHI He3axuleHOol AiNAHKW Joporu, Take
perynoBaHHS noteHuianis (3asBnyan
po3MmiweHHss Tun A) Hanexutb nepenbaynTtu
NPUHaMMHI NO6GNM3y 4O3EMHUX NPOBIAHUKIB.

Ona perynioBaHHO noTeHuianiB y nNeBHUX
ocobnuBmMx BuMNagkax, Mae OyTu npunHaTe
pilLEHHs WOoJO TOro, YW BCTaAHOBMOBATU
[oLaTKoBe YacTKOBe Kinble nobnunsy Bxoay A0
Oyaieni (cnopyaun), a 4uM WTYy4YHO 36inbwnNTK
NMMTOMUI ONip MOBEPXHEBOrOo Wapy rpyHTy.

E.5.4.3.6 Cucrtemu seMnsaHoro 3akiH4eHHsA Ha
BeNUKUX nnoLiax

[Mpomucnose nignpuemMcTBO 3a3BMYam MICTUTb
HU3KY MOB'AI3@aHUX 3 HUM CMNOPYZA, MiX SKUMMU
NpPOKNageHo BefiMke 4YUCrOo  CUMOBUX N
curHanbHux kabenis.

Cuctema  3eMnSHOTO  3aKiHYEHHS  TaKuXx
OyaiBenb (cnopyd) € BKpal BaxnuBow AnNs
3axucTy enekTpudHoi cuctemu. Cuctema
y3€eMIeHHs HWU3bKOI [HOYKTUBHOCTI 3MeHLye
Pi3HMLIO noteHuianis MiX OymiBnamu
(cnopypamu), a oTxe 3MeHLWYye 3aBagu, KOTPi
YMNOPCKYKTbCS 40 €NTEKTPUYHUX 3B’ SA3KIB.

Hunsbka iHOYKTUBHICTE 3emni  Moxe OyTu
pocsarHyta 3abesnedyeHHaAM Oyaisni (cnopyawm)
dyHAAMEHTHUMY y3eMnioBanbHUMN
enekTpogamu Ta 4OOATKOBUMW 3 PO3MILLEHHAM
Tuny B v Tuny A 3rigHo 5.4.
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electrode has a reduced earthing effect in rocky
soil, it still acts as an equipotential bonding
conductor.

At the test joints, additional earth electrodes
should be connected to the down-conductors
and foundation earth electrodes.

Where a foundation earth electrode is not
provided, a type B arrangement (a ring earth
electrode) should be used instead. If the earth
electrode cannot be installed in the soil and has
to be mounted on the surface, it should be
protected against mechanical damage.

Radial earth electrodes lying on or near the
earth surface should be covered by stones or
embedded in concrete for mechanical
protection.

When the structure is situated close to a road,
if possible, a ring earth electrode should be laid
beneath the road. However, where this is not
possible over the whole length of the exposed
road segment, such equipotential control
(typically a type A arrangement) should be
provided at least in the vicinity of the
down-conductors.

For potential control in certain special cases, a
decision should be made as to whether to
install a further partial ring in the vicinity of the
structure entrance, or to artificially increase the
resistivity of the surface layer of the soil.

E.5.4.3.6 Earth-termination systems in large
areas

An industrial plant typically comprises a
number of associated structures, between
which a large number of power and signal
cables are installed.

The earth-termination systems of such
structures are very important for the protection
of the electrical system. A low impedance earth
system reduces the potential difference
between the structures and so reduces the
interference injected into the electrical links.

A low earth impedance can be achieved by
providing the structure with foundation earth
electrodes and additional type B and type A
earth arrangements conforming to 5.4.
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B3aeMHi crnonyyeHHa MiX Yy3emnoBanbHUMU
enekTpogamm, dDYyHOAMEHTHUMMU
y3eMnoBanbHUMun enekTpogamu Ta
003EMHUMW MPOBIAHMKAMW HANEeXnTb BUKOHATU
Ha nepeBipOYHUX 3NyYHUKaX. Heski
NepeBipoOYHi  3MYYHUKM  HaNEXUTb  TaAKOX
npuMegHaT OO0 CMOJMYYHMX LWWUH BHYTPILHbLOI
LPS.

BHyTpiWwHi f03eMHi NpoBigHMKM ab0 BHYTPILUHI
KOHCTPYKLiMHI enemeHTn Bygisni (cnopyan), siKi
npaBnATb 3a AO3EMHI NPOBIAHUKW, HaNexuTb
NiAKNIOYNTY 40 Y3eMM0BaNbHOro enekTpoay ta
CTaneBoro pULWTYHKY MNignorn ANns YHUKHEHHS
Hanpyr Kpoky i [AOTMKY. HAKWO BHYTPILWHI
0O3eMHI NpOBIAHWKM 3HaXo4AaTbCA nopsg 3
KoMneHcauiiHuMn wBaMmu OeToHy, Ui LBMK
HanexunTb nepeMKHyTH CNoNnyYHMKamm
AKHanbnuxye [0 BHYTPIWHLOrO [A03EMHOrO
npoBiAHUKA.

HuxH 4acTuHy BIOKPUTO MPOKNageHoro
[03eMHOro MpoBigHWKA HanexuTb i3onoBaTu
Tpybkoto 3 T[IBX woHanmeHwe y 3 MM
3aBTOBLUKM, ab0 PiBHOLIHHOM i30MAUiE.

ABKM 3MeHWUTM IMOBIpHICTb nNpsAMOro yaapy
OnuckaBkM Yy nig3emHi  kabenbHi  Tpacw,
y3eMnoBanbHUA MNpPOBIAHWK, a Yy BuNaaky
Wwupoknx  kabenbHUX Tpac —  Aekinbka
y3eMIoBanbHMX NpoOBIgHUKIB, HanexuTb
BCTAHOBUTU Hapg KabenbHMMMK Tpacamu.

LLinAaxom B3aeEMHOro CrONyYeHHA 3emernb
Kinbkox ©OyaiBenb (cnopyAa) YTBOPKETHCSA
CiTkOBa CMUCTeMa Yy3eMIIeHHS SK NokasaHo Ha
Pucynky E.42.
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Interconnections between the earth electrodes,
the foundation earth electrodes and the
downconductors should be installed at the test
joints. Some of the test joints should also be
connected to the equipotential bars of the
internal LPS.

Internal down-conductors, or internal structural
parts used as down-conductors, should be
connected to an earth electrode and the
reinforcement steel of the floor to avoid step
and touch voltages. If internal down-conductors
are near expansion joints in the concrete, these
joints should be bridged as near to the internal
down-conductor as possible.

The lower part of an exposed down-conductor
should be insulated by PVC tubing with a
thickness of at least 3 mm or with equivalent
insulation.

In order to reduce the probability of direct
lightning flashes to cable routes in the ground,
an earthing conductor and, in the case of wider
cable routes, a number of earthing conductors
should be installed above the cable routes.

By interconnecting the earths of a number of
structures, a meshed earthing system is
obtained as shown in Figure E.42.
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IEC 2730/10
YMOBHiI NO3Ha4YeHHsA Key
1 OyOMHOK 3 CITKOBOK MEPEXEK PULLTYHKY 1 building with meshed network of the reinforcement
2 6alTa Ha TepuTopii NPOMMCNOBOroO NiANPUEMCTBA 2 tower inside the plant
3 OKpPEMO BCTaHOBIEHe yCTaTKOBAHHSA 3 stand-alone equipment
4 kabenbHi TpaHwei 4 cable trenches

MPUMITKA Ls cuctema 3abesnevye HU3bKWUIA MOBHUIA Onip
M OyaiBnsMu (cnopygamu) i Mae 3HayHi mepesaru oo
EMC. Po3mip kKomipok ciTku nopsag 3 6yguHkamu Ta iHWKUMHK
ob'ekTammn Moxe cknagaTtu npubnmsHo 20 m x 20 M. 3a
BigctaHe noHag 30 M, ix moxe OyTu 36inblweHo o
npn6an3Ho 40 m x 40 m.

NOTE This system gives a low impedance between
buildings and has significant EMC advantages. The size of
the meshes next to buildings and other objects may be in the
order of 20 m x 20 m. Beyond a 30 m distance they may be
enlarged to the order of 40 m x 40 m.

Figure E.42 — Meshed earth-termination system of a plant

PucyHok E.42 - CitkoBa cuctemMa 3eMIsiHOro 3aKiH4eHHsi MPOMMUCITIOBOro 06’ EKTY

PucyHok E.42 nokasye cxemy CiTKOBY Mepexy
y3eMIioBanbHUX enekTpoais, i3 kabenbHUMU
TpaHWesMn  BKMOYHO, MDK  MOB'A3aHUMMU
oyaniBnamn (cnopyaamu) 6yanHKiB, 3axuLLeHUX
Big 6nuckasku. Lle gacTb HU3bKUIA MOBHMIA onip
MiXX OyOWHKamMu Ta 3HAYHi NepeBarn y 3axucTi
Bin LEMP.

Figure E.42 shows the design of a meshed
earth electrode network, including cable
trenches, between associated structures of
lightning-protected buildings. This will give a
low impedance between buildings and has
significant LEMP protection advantages.
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E.5.5 KomnoHeHTH

[NopaTkoBa iHhbopmauia BigCyTHS.

MPUMITKA BigctaHi Mix kpinneHHaMy HaBegeHo y Tabnuui
E.1.

E.5.6 MaTepianu Ta po3mipu
E.5.6.1 MexaHi4yHa YacTUHa NPOEKTY

lMpoekTyBanbHUK cuctemu OGIMCKaABKO3aXUCTY,
Mo 3aBEepLUEHHi MNPOEKTYBaHHS eneKTPUYHOI
4YacTMHU, Ma€ NPOKOHCYNbTyBaTMCA 3 ocobamu,
BignoBiganbHMMKM 3a Gyaisnio (cnopyAay), Woao
NPOeKTyBaHHA MeXaHi4YHOI YacTuHN.

Ocobnueo BaXXMBUMMU € €CTEeTUYHI
MipKyBaHHS, 9K i npaBunbHUi BUbip maTtepianis
abu 3MEHLINTN PU3NK KOPO3ii.

MiHiManbHi poO3MipM KOMMOHEHTIB CUCTEMMU
OnunckaBkO3axmMcTy Ansd pisHUX 4vactmH LPS
nepepaxoBaHo y Tabnuusax 3, 6, 7, 8 n 9.

MaTtepiann, WO BUKOPUCTOBYKWTbCA  ONS
komnoHeHTiB LPS, nepepaxoBaHo y Tabnuui 5.
MPUMITKA BignoBigHMMMU € KOMMOHEHTWU, NPUMIPOM,

3aTuckadi Ta CTpPWXHI, BUGpaHi 3rigHo manbyTHboT cepii IEC
62561.

MpoektyBanbHuk LPS Ta MOHTaxHuk LPS
MalTb nepeBipsaTn OOUiNbHICTb
BUKOPUCTOBYBaHUX mMaTtepianis. Taka
nepeBipka MOXe BWKOHYBATUCb, MNPUMIPOM,
3anutamu A0 BMPOOGHMKa No cepTudikatn npo
BUNpobyBaHHSA Ta 3BiTU, AKi JEMOHCTPYIOThb, WO
MaTepianu  ycniwHO MNpPoOWWNU  nepesBipKy
SAKOCTI.

MpoektyBanbHuk LPS Ta MOHTaxHuk LPS

MalTb cneuundikysaTu Taki Tpumadi Ta
npuMTUCKa4di NPOBIAHWKIB, $Ki BUTPUMAlOTb
enekTpoguHamiyHi  3ycunng  Big  CTpyMmy
6nuckaBkM y  MpPOBiAHMKAX, a  Takox

003BONATUMYTb MNOAOBXEHHS Ta BKOPOYEHHS
NpoBigHUKIB yHacnigok BignoBigHOro
nigBULLEHHS TemnepaTypu.

3'eaHaHHa M naHensmu 3 6naxu matTb 6yTn
CYMiCHUMU 3 MaTepianom naHeni,
3abes3nedyyBaTi nNfowy MOBEPXHi KOHTakKTy
woHaimeHwe y 50 mMm? 11 BUTpUMyBaTW
enekTpoaMHaMiYHi 3ycunns cTtpymy OnmckaBku
Ta KOPO3iNHi 3arpo3un LOBKINNA.

Akwo HagmipHe nigBULWEHHS TemnepaTtypu
BUKNMMKAE 3aHEMOKOEHHSA LWOAO MOBEpPXHi, A0
AKOT OyayTb KPiNMUTUCA KOMMOHEHTU, OCKIfbKM

BOHa € 3anmuctoro abo Mae  HU3bKY
TemnepaTtypy TOMJIEHHs, HanexuTb abo
cneuundikysaTu NpPoBiAHNKN 3 6inbWwnm

nonepeyHMM nepepizom abo pO3rNAHYTU iHLWI
3axoan Gesnekn, HAK OT, BUKOPUCTAHHSA
OucTaHuinHOT apmMaTtypy W BCTaHOBMEHHS
BOTHECTIVKMUX LIapiB.
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E.5.5 Components
No additional information.

NOTE Distances between fixings are given in Table E.1.

E.5.6 Materials and dimensions
E.5.6.1 Mechanical design

The lightning protection designer shall consult
with the persons responsible for the structure,
on mechanical design matters following the
completion of the electrical design.

Aesthetic considerations are particularly
important as well as the correct selection of
materials to limit the risk of corrosion.

The minimum size of lightning protection
components for the various parts of the LPS
are listed in Tables 3, 6, 7, 8 and 9.

The materials used for the LPS components
are listed in Table 5.

NOTE Components such as clamps and rods selected in
accordance with the future IEC 62561 series are adequate.

The LPS designer and the LPS installer should
verify the fitness of purpose of the materials
used. This can be achieved, for example, by
requiring test certificates and reports from the
manufacturer, demonstrating that materials
have successfully passed quality tests.

The LPS designer and the LPS installer should
specify conductor fasteners and fixtures which
will withstand the electrodynamic forces of
lightning current in the conductors and also
allow for the expansion and contraction of
conductors due to the relevant temperature
rise.

Connections between sheet metal panels
should be compatible with the panel material,
represent a minimum contact surface area of
50 mm? and be capable of withstanding the
electrodynamic forces of a lightning current and
the corrosion threats of the environment.

When excessive temperature rise is a concern
for the surface to which the components are to
be attached because it is flammable or has a
low melting point, either larger conductor
cross-sections should be specified, or other
safety precautions should be considered, such
as the use of stand-off fittings and the insertion
of fire-resistant layers.
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MpoekTyBanbHuk LPS Mae BU3HaA4YnTK yCi 30HU
KOpO3inHMX npobrnem Ta o6yMOBUTM BiANOBIgHI
3axoau, Wo ix mae ByTun BXUTO.

Bnnue kopogsii Ha LPS moxe OyTu 3meHLwweHuni
36iNblIEHHAM po3Mipy MaTepiany,
BUKOPUCTaAHHAM CTINKUX no Koposii
KOMMOHEHTIB abo BXWUTTAM iHWKX 3axoniB
3axXUCTY Bi KOpoOa3il.

E.5.6.2 BwubGip martepianiB
E. 5.6.2.1 MaTepianu

Matepiann LPS Ta yMOBM BUKOPUCTAHHS
nepepaxoBaHo y Tabnuui 5.

Poamipn nposigHukis LPS, Bknwo4yHO i3
npoBigHMKaMn nepexonnBadie, LO3EMHUMU
npoBigHUKamMn W MPOBiAHWKAMU 3EeMMAHOro
3aKkiHYeHHs, Ans pisHUX maTepianis, SK OT Migb,
anwMiHin i ctane, nogaHo y Tabnuusax 6 ta 7.

PekomeHaooBaHi BenuynHun gna  Mmigi Ta
anoMiHilo  kpyr 50 MM®, FpyHTylOTbCS Ha
MeXaHiYHNX BMMOrax (npumipowm,
BMPIBHIOBAHHA  TPOCY, HATATHEHOro  Mix

onopamn Tak, abu BiH He npoBuMcaB pfo
NOKpiBni). AKWO He 3acTOCOBAHO MEeXaHiYHUX
obmexeHb, BeNuUYnMHM 3 BUHOCKM b) Tabnwuui 6
(Migb 28 MM? ) MOXYTb BUKOPUCTOBYBATUCH AK
MiHIManbHi BENUYNHN.

MiHimanbHi BENNYNHU TOBLLUHU onaxu,
MeTaneBux  Tpyo i pesepByapis, o
BUKOPUCTOBYKTLCA SK MNPUPOAHI KOMMOHEHTU
nepexonsoBavis, nepepaxoBaHo y Tabnuui 3,
a MiHiManbHi  po3mipy  OnNA  CNONYYHUX
npoBigHuKiB nogaHo y Tabnuuax 8 ta 9.

E.5.6.2.2 3axucTt Big Kopoasii

Cuctema LPS mae 6yapyBaTtucsa 3i CTilkux Ao
Koposii maTepianiB, sk OT Migb, artoMiHin,
HepxaBHa CcTafnb Ta MOUWHKOBaHa CTanb.
MaTepian cTpuXHiB nepexonmntoBayiB Ta TPOCiB
nepexonnioBayvyiB Mae OyTM eNeKkTPOXiMiYHO
CyMicCHUM 3  MaTepianom  3'egHyBanbHUX
efieMeHTIB N1 MOHTaXHUX erieMeHTiB Ta BiH
MyCUTb MaTW A00py KOPO3iiHYy CTIiNKiCTb [0
KOpOo3iHOoi atmMmocdepn abo BOSOrocTi.

Cnig  yHukaTM  3'egHaHb  MiX  pPi3HUMU
MaTepianamu; iHakwe iX HaneXxmTb 3axXUCTUTK.

MigHi petani HanexmnTb Hikonm He
BCTAHOB/OBATU Hag nouuHkoBaHumm abo
antoMiHiEBMMM geTansamMu, AKWO Ui getani He
MatTb 3aXUCTY Bif KOPOS3iT.

MigHi peTtani poHATb Haa3BMYaWHO ApPibHiI
YacCTUHKM, WO NPU3BOAUTb OO0 NOTOI  KOpPO3il
NMOLMHKOBAHUX AeTanen HaBiTb TaM, A€ MigHi
Ta MOUMHKOBaHI getani He MakTb MNPSMOro
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The LPS designer should identify all corrosion
problem areas and specify appropriate
measures to be taken.

The corrosion effects on the LPS may be
reduced either by increases in material size,
using corrosion-resistant components or by
taking other corrosion protection measures.

E.5.6.2 Selection of materials
E.5.6.2.1 Materials

LPS materials and conditions of use are listed
in Table 5.

Dimensions of LPS conductors, including
air-termination conductors, down-conductors
and earth-termination conductors, for different
materials such as copper, aluminium and steel
are given in Tables 6 and 7. The recommended
values for copper and aluminium of 50 mm?
round are based on the mechanical
requirements (e.g. keep the wires straight
between supports, so they don’t sag to the
roof). If mechanical constraints are of no
concern the values from footnote b) of Table 6
(copper 28 mm? ) may be used as minimum
values.

Minimum thickness of metal sheets, metal
pipes and containers used as natural
airtermination components are listed in Table
3, and minimum dimensions for bonding
conductors are given in Tables 8 and 9.

E.5.6.2.2 Protection against corrosion

The LPS should be constructed of
corrosion-resistant materials such as copper,
aluminium, stainless steel and galvanized
steel. The material of the air-termination rods
and air-termination wires should be
electrochemically compatible with the material
of the connection elements and the mounting
elements, and it should have a good corrosion
resistance to a corrosive atmosphere or
moisture.

Connections between different materials
should be avoided; otherwise they are to be
protected.

Copper parts should never be installed above
galvanized or aluminium parts unless those
parts are provided with protection against
corrosion.

Extremely fine particles are shed by copper
parts which result in severe corrosive damage
to galvanized parts even where the copper and
galvanized parts are not in direct contact.
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KOHTaKTY.

AnoMiHieBI NPOBIgHUKMN HaneXuTb He
3akpinntoBaTtn 6e3nocepegHbO A0 NOBaMHEHUX
noBepxoHb OyauHkiB, sk oOT OeToH Ha
BanHSAKOBIN XOPCTBI YM TUHbK, Ta HaNeXuTb
HIKONN HEe BUKOPUCTOBYBATU TX Y I'PYHTI.

E.5.6.2.2.1 MeTanu y rpyHTi Ta y noBiTpi

Koposis mMeTany BinbyBaTumeTbCs 3i
WBKUAKICTIO, 3anexHow Big Tuny wmeTtany i
Xapaktepy goBkinnga. daktopu OOBKiNNSA, 9K oT
BOMOriCTb, PO34YMHEHi coni (W0 yTBOPKTb
enekTponiT), CTyniHb aepadlii, TemnepaTypa Ta
CTYNiHb  PyXy €NeKTpPoniTy MNOeaHYyTbCS,
pobnaYM Ul yMOBY AyXe CKnagHoHo.

Ha popavy, w™micueBi ymoOBKM, 3 pi3HUMMU
NpPMPOaHUMM Ta NPOMUCITIOBUMM
3a0pyAHEHHAMU, MOXYTb CMPUYMHUTM 3HAYHI
3MiHM, WO CNOCTepIiralnTbCs Y Pi3HUX YacTuHax
CBiTYy. AOWM BUPILLNTM KOHKPETHI KOPO3ilHi
npobnemu, HacTinnnBeo pekoMeHayTbCs
KOHCynbTauii 3 haxiBusimu 3 KOpoaii.

EdekT KoHTaKTy MiX pi3HOpigHUMU MeTanamu,
y NO€AHaHHi 3 OOBKOMUWHIM abo 4acTKoBO
OOBKOMULLHIM, eneKTponiToM, NpusBoguTb OO
36inbweHHsa Kopo3ii Binbw aHOAHOro metany, i
00 3MEeHLWEeHHA Koposii 6inbWw  KaTogHOro
meTany.

Kopoasii 6inblw KaTogHOro MeTany He KoHYye
HanexuTb NOBHICT 3anobiratu. Enektponitom
Ona uiei peakuii MoxyTb OyTu rpyHTOBI BOAM,
'PYHT 3 OeskuM BMicToOM Bonoru, 6a HaBiTb
KOHAEeHcaT BOMOMM y HaseMHUx cnopyaax, ge
BiH YTPUMYETbLCS Y LWiNMHAaXx.

Poanori cucTtemmu y3eMMNEeHHs MOXYTb
nocTpaxgaTu Bi Pi3HUX YMOB I'PYHTY Ha Pi3HUX
ainsHkax. Lle moxe 36inbwutn npobnemwu,
noB’si3aHi 3 MNOsIBOK KOpO3il, | BuMmarae
ocobnuBoi yBaru.

AGK MiHiMizyBaTuK KOpo3ito y LPS:

- YHUKanTe BUKOPUCTaHHSA HEBIANOBIAHUX
MeTaniB y arpecMBHOMY cepeloBULLi;

- YHUKaWTe KOHTaKTyBaHHS Pi3HOPIAHUX
MeTarniB, enekTpoximiyHi abo ranbBaHiyHi
aKTUBHOCTI IKMX € CYTTEBO BigMIHHUMMY;

- BUKOPUCTOBYWTE BiANOBIAHUI nonepeyHnn
nepepi3 NpoBigHMKIB, CNONYYHMX WTab Ta
CTPYMOMPOBIAHUX KNeM 1 3aTUCKadiB Ansd
3abe3neyvyeHHst JOCTAaTHLOIO KOPO3iNHOro
TepMiHy cnyx6u B ymMoOBax ekcnnyartauii;

- BUKOPUCTOBYWTE BiAMNOBIAHI 3anOBHIOBauYi
abo izontoBanbHi MaTepianu y 3ny4Hukax
NPOBiIAHUKIB, SKi He 6yno npmBapeHo
KOHTaKTHMM LUBOM, abu Taknm YMHOM
YCYHYTW BOSOTY;
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Aluminium conductors should not be directly
attached to calcareous building surfaces such
as concrete limestone and plaster, and should
never be used in soil.

E.5.6.2.2.1 Metals in soil and air

Corrosion of metal will occur at a rate
depending on the type of metal and the nature
of its environment. Environmental factors such
as moisture, dissolved salts (thus forming an
electrolyte), degree of aeration, temperature
and extent of movement of electrolyte combine
to make this condition a very complex one.

In addition, local conditions, with different
natural or industrial contaminants, can cause
significant variations to be observed in different
parts of the world. To resolve particular
corrosion problems, consultation with corrosion
specialists is strongly recommended.

The effect of contact between dissimilar
metals, in association with a surrounding, or
partially surrounding, electrolyte, will lead to
increased corrosion of the more anodic metal,
and to decreased corrosion of the more
cathodic metal.

The corrosion of the more cathodic metal will
not necessarily be fully prevented. The
electrolyte for this reaction may be
groundwater, soil with some moisture content
or even moisture condensate in above-ground
structures where it is retained by crevices.

Extended earthing systems may suffer from
different ground conditions in different parts.
This can enhance the corrosion problems and
requires special attention.

In order to minimize corrosion in an LPS:

— avoid the use of unsuitable metals in an
aggressive environment;

— avoid contact of dissimilar metals, of
substantially differing electrochemical or
galvanic activity;

— use an adequate cross-section of
conductors, bonding straps and conducting
terminals and clamps to ensure sufficient
corrosion life for the conditions of service;

— provide appropriate filling or isolating
material in conductor joints which have not
been-welded conductor joints, so as to
exclude moisture;
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- 3abesneuvyiite 060M0HKOK abo NOKPUTTSAM — provide a sleeve or a coat or isolate metals

abo izontonTe metanu, YyTnuBi Jo
KOpPO3iHMX BUNapiB Yn piguH y micui
BCTAHOBIEHHS;

- BpaxoByWTe ranbBaHiYHWUA BAMUB iHLWINX -

MeTaneBux eneMeHTiB, 3 akumu byae
Crosfy4YeHo y3eMnioBasnbHUA enekTpos;

- YHUKanTe cxeM, e NpoAayKTU NPUPOAHOI -

Kopo3sil 3 kaTogHOro metany (Npumipom,
Migi), MOXyTb KOHTakTyBaTn 3 LPS i po3»
inaTtu 11, 9K OT MeTaneBa Mifb Ha aHOAHOMY
MeTani (npumipom, ctanb abo antoMiHin).

sensitive to corrosive fumes or fluids in the
location of the installation;

consider the galvanic effects of other metallic
items to which the earth electrode is to be
bonded;

avoid designs where natural corrosion
products from a cathodic metal (e.g.
copper) could contact and erode the LPS,
such as metallic copper on an anodic metal
(e.g. steel or aluminium).

AGn BignoBigaTu BULLEBMKIAgeHOMY, Taki To conform to the foregoing, the following
3anobixHi  3axoAum HaBegeHO Yy  SAKOCTI precautions are cited as specific examples:

KOHKPEeTHMX Npuknagis:

- MiHiManbHa ToBWMHaA abo AiameTp cTanbku -

Mae 6ytn 1,7 mm ans ctani, antomiHito, migi,
cnnaey miai abo cnnasiB
Hiken/xpomy/cTani;

- i3ontoBarnbHa npoknajgka € pekoMeH40BaHo -

Yy Micuax, A€ KOHTaKT MiX pi3HOpigHUMMK
MeTanamu, siki 6nmM3bko poaTawoBaHi (abo
TopKalTbCS OOVH ofHoro), MOXe
CNPUYNHUTU KOPO3ito, ane y TakoMy KOHTaKTi
HeMae HeoOXigHOCTI Yy  enekTpuMyHOoMYy
acnekTi;

- CcTanesi NPOBIAHMKMN, HE 3aXULLEHI IHWNM -

YMHOM, Mae GyTM NOLUHKOBAHO rapsymm
cnocobowm 3rigHo Bumor y Tabnuub 6 T1a 7;

- antoMiHieBi NPOBIAHMKN HANEXUTb He -

npoknagaTtn 6esnocepeaHbo y I'pyHTi abo
BCTaHOBNIOBATM y BETOHI UM NpUTYNSATU OO0
©eToHy 6e3 Toro, abu noro 6yno NOBHICTIO
BKPUTO CTIiMKOIO, WiNbHO NPUMAErnot
i3ontoBanbHO 060NOHKOI;

CMOMNYyYHKWKIB Migb/antoMiHin. Y Bunagkax,
KON YHUKHYTU IX HE € MOXINUBUM, TaKi
3'eQHaHHA MatoTb OyTM 3BapeHo abo
3abe3nevyeHO NPOMIXKHMM LLApPOM 3
MigHO-antoMiHieBOT Onaxu;

- Tpumadi abo mydTn onsa antoMiHieBUX -

NpoBiAHWKIB MaloTb 6YTW 3 0QHAKOBOro
MeTany Ta 3 4OCTaTHIM NonepeyYHnm
nepepisomMm Ansi YHUKHEHHS MOLWKOKEHb 3a
HEeCnpuATIMBUX NOrOAHUX YMOB;

- Migb € NnpMaaTHOK A0 BUKOPUCTAHHSA Y -

OinbLlOCTI 3acTOCyBaHb y3eMMOBaNbHUX
enekTpoaiB, 3@ BUHATKOM KMCMOTHUX,
amiayHo-kncHeBMx abo cipyacTMx ymoB.
OpHak, cnig nam'ataTtv Npo MOXMUBICTb
ranbBaHiYHOTO MOLIKOAXKEHHS YOPHUX
MeTaniB, 3 dkumMu ii cnonyyeHo. Lle moxe
BUMaraTu nopag gaxisus 3 KOpoasit,

3a MOXIUBOCTI HaNexuTb YHUKATU -

the minimum thickness or diameter of a
strand should be 1,7 mm for steel,
aluminium, copper, cuprous alloy or
nickel/chrome/steel alloys;

an isolating spacer is recommended where
contact between closely spaced (or
touching) dissimilar metals could cause
corrosion, but such contact is not
electrically necessary;

steel conductors not otherwise protected
should be hot-dipped galvanized in
accordance with the requirements of Tables
6 and 7;

aluminium conductors should not be buried
directly in the ground nor set in or attached
directly to concrete, unless they are
completely sleeved with a durable,
close-fitting isolating sleeve;

copper/aluminium joints should be avoided
wherever possible. In cases where they
cannot be avoided, the connections should
be welded or made employing an
intermediate layer of copper/aluminium
sheet;

fasteners or sleeves for aluminium
conductors should be of similar metal and
of adequate cross-section to avoid failure
by adverse weather conditions;

copper is suitable for use in most earth
electrode applications, except for acid,
oxygenated ammoniac or sulphurous
conditions. However, it should be
remembered that it will cause galvanic
damage to ferrous materials to which it is
bonded. This may require specialist
corrosion advice, particularly when a
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30KpemMa, KOJ1Ih BUKOPUCTOBYETLCA CXeMa
KaToAHOIo 3aXuUcCTy,

- Ons nokpiBenbHUX NPOBIAHUKIB Ta
[03eMHNX NPOBIAHMKIB, SKi NiggaloTbCs
BNSMBaM arpecmMBHMUX OUMOBUX rasis,
NUNbHY yBary HanexmTb NpUAINUTM Koposi,
NpPMMIipoM, BUKOPUCTOBYBATU
BucokonerosaHi ctani ( > 16,5% Cr > 2%
Mo, 0,2 % Ti, 0,12% - 0,22 % N);

- HepxXaBHa cTanb abo iHWi cnnaBu Hikentwo
MOXYTb BUKOPUCTOBYBATUCH AN TUX CaMUX
KOpO3inHMX BUMOr. [1poTe B aHaepobHUx
cepefosuLlax, K OT rMHa, BOHU b6yayTb
KopogyBaTu Malxe Tak caMo LUBUAKO, SAK
cTanb, OigHa Ha Byrneub;

- 3’eQHaHHsa MiX cTannt i migato ado
MigHUMKU crnnaBaMu y NOBITPi, AKLO BOHU He
€ 3BapHUMU, MatoTb 6yTn abo NOBHICTHO
nyopKeHUMn abo NOBHICTHO BKPUTUMMU
TPUBKMM BONOTrOCTINKUM NOKPUTTSAM;

- Migb Ta MigHi cnnaBu CXUnbHi 00
KOpPO3iMHOro po3TpicKyBaHHSA Nig
OBTSXKEHHAM y amiayHMX BuUnapax, Tomy Ui
mMaTtepianu He BapTO BMKOPUCTOBYBATK ANS
KPINMeHHs y uux cneundivHnx
3aCTOCYyBaHHSAX;

-y Mopcbkux/npnbepexHnx panoHax yci
3’e4HaHHS NPOBIAHUKIB MalOTb ByTH
3BapHUMKN abo AiNCHO NMOBHICTHO
repMeTUYHUMMU.

Cuctemu ysemneHHs 3 HepxaBHOiI cTani abo
Migi MOXYTb migknovaTucb 6e3nocepeHbo 40
CTaneBoro puULWTYHKY y BEeTOHi.

Y3emnioBaneHi enekTpognm 3 MNOLMHKOBAHOT
cTani y TrpyHTIi HanexuTb nigknwoyatn [o
CTaneBoOro pUWTYHKY y B6eTOoHi i3ontoBansHUMK
iCKpOBMMMW MPOMIXKKaMU, AKi 3gaTHi NpoBOAMTH
iCTOTHY 4acTuHy CcTpymy OnuckaBku (OuB.
Tabnuui 8 Ta 9 WOAO pPO3MIpiB CNONYYHUX
npoBigHukiB). [llpame 3'egHaHHA Yy TPyHTI
3Ha4yHo 36inbLUye pM3NK KOPO3ii. 3acToCOBYBaHI
i3ontoBarnbHi iCKpOBI NPOMIXKK MarTb
BignosigaTy ymoBamMm, WO 3a3HavyeHiy 6.2.

MPUMITKA 3asBuyant, npugaTHUMK € i30mtoBanbHi iCKpOBI
npomixku knacy N 3rigHo IEC 62561-3.

[MounHkoBaHy cTanb HanexuTb
BMKOPUCTOBYBaTU ans y3eMnioBanbHuX
eneKkTpoaiB y I'PyHTI NULIE SKLWO XOAHI cTanesi
getani, wWwo 3HaxoaaTbCcss y OEeToHi, He €
fe3nocepenHbO 3'€AHAHNMU i3 Y3EMITIOBAYEM Y
I'PYHTI.

Akwo y TrpyHTi npoknagalTbCA MeTanesi
TpyoWM, AKi CMONy4YeHo 3 cucTemotro
€eKBINOTEHLIMHNUX CroNny4YeHb Ta i3 CUCTEMOI
3eMITAHOro 3aKkiHYeHHs, TO MaTepian Tpyo, Tam,
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cathodic protection scheme is used,;

— for roof conductors and down-conductors
exposed to aggressive flue gases, particular
attention should be paid to corrosion e.g.
through the use of high-alloy steels (>16,5
% Cr, >2 % Mo, 0,2 % Ti, 0,12 % to 0,22 %
N);

— stainless steel or other nickel alloys may be
used for the same corrosion resistance
requirements. However, in anaerobic
conditions, such as clay, they will corrode
almost as quickly as mild steel;

— joints between steel and copper or copper
alloys in air, if not welded, should be either
fully tin plated or fully coated with a durable
moisture-resistant coating;

— copper and copper alloys are subject to
stress corrosion cracking in ammoniac
fumes and these materials should not be
used for fastenings in these specific
applications;

— in marine/coastal areas, all conductor joints
should be welded or effectively fully sealed.

Stainless steel or copper earthing systems can
be connected directly to the steel reinforcement
in concrete.

Galvanized steel earth electrodes in soil should
be connected to the steel reinforcement
inconcrete by isolating spark gaps capable of
conducting a substantial part of the lightning
current (see Tables 8 and 9 for the dimension
of  connecting conductors). A direct
connectionin the soil would significantly
increase the risk of corrosion. Isolating spark
gaps used should conform to 6.2.

NOTE Isolating spark gaps classified N according to future
IEC 62561-3 are usually suitable.

Galvanized steel should be used for earth
electrodes in soil only when no steel parts
incorporated in the concrete are directly
connected to the earth electrode in soil.

If metal pipes are put in soil and are connected
to the equipotential bonding system and to the
earth-termination system, the material of the
pipes, where these are not isolated, and
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e ix He i3onboBaHO, Mae ByTu TakMMm camum,
K i MaTepian npoBigHUKIB cuctemm
y3eMreHHs. Tpyou i3 3axucHum wapom capodu
abo acdanbTy po3rnagarTbCcHa,  SfAK  He
i30NbOBaHi. AKWO BUKOPUCTAHHA OOHAKOBOrO
mMaTepiany € HEMOXNUBUM, cuctemy
TpybonpoBogis HanexuTb BigOKpeEMUTH
isontoBanbHUMW BCTaBKaMW Big TUX AiINSHOK

06’eKTYy, SKi  CNofy4YeHO 3  CUCTEMOH
€KBIMOTEHUINHNX  Ccnony4veHb. |3ontoBanbHi
BCTABKM  HanexuTb  y3604nMTM  iCKPOBMMMU

npomMixkkamu. HanexuTb TaKoX BUKOHYBaTU
y30o4yBaHHA TakoX TaMm, Qe i305toBanbHi
BCTaBKW BCTAHOBMEHO ANS KaTOAHOro 3axucTty
TpybonpoBogis.

MpoBigHukM  3i  cBUHLEBUMU OOBOMOHKaMM
HaneXxunTb He BCTaHOBMNBaTU Ge3nocepenHbO
y  GeToH. MpoBigHukn  3i CBUHLEBUMMU
000NOHKaMN HaNeXuTb 3axXMCTUTK Bif KOpO3ii
NPOTMKOPO3iNHUMMU obropTkamum abo
TEPMO3CTYNHUMUN TpyOkamu. MNpoBiAHMKM MOXe
OyTun 3axuweHo nokputtsamm 3 MNBX a6o MNE.

CrtaneBi npoBigHUKM 3eMMSHOrO 3aKiH4YeHHS,
SKi BUXOAATb 3 6eToHy abo 3 rpyHTy, y Touui
BXOAY A0 MOBITPAHOro cepenoBulla HanexuTb
3axXUCTUTU Big Koposil Ha p[oBxXuHi 0,3 ™
NPOTUKOPOIINHNMMU obropTkamu abo
TEpPMO3CTYyNHUMU Tpybkamun. [na npoBigHUKIB 3
Mifi abo HepxaBHOT cTani Le € 3anBuM.

MaTepianu, WO BMKOPUCTOBYIOTbCA  ANS
CMOMYYHUKIB MK nNpoBigHUKAMW Yy T'PYHTI,
MYCATb MaTU TakKi X KOPO3iNHi XxapaKkTepucTunku,
K N MPOBIAHMKN 3EeMIIIHOrO  3aKiHYEHHS.
3'eQHaHHs 3a 4OMOMOrol 3aTUCKaYiB 3a3Buyan
HEe € NPUNYCTUMI, 3a BUHSATKOM BUNAAKIB, KOMK
ans Takmx 3'edHaHb 3abesnedvyeTbCA

eddeKTUBHMA  3axucT  Big  Koposii  nicng
BMKOHaHHS cnonydeHHs. [1o3MTUBHUI [OCBIg
6yno HakKonnyeHo 3 00 TUCKHMMU
CMONYYEHHAMM.

3BapHi WBN HaNeXuTb 3aXUCTUTK Bifg KOPO3il.

[MpakTu4HUI gocsig nokasye, Wo:

- aloMIiHil HIKONK He HaneXuTb
BUKOPUCTOBYBATYU SIK Y3eMtoBanbHUNA
enekTpoga,

- CTanesi NPOBIAHMKN 3i CBUHLEBOK
000NOHKO He NpuaaTHi ANA BUKOPUCTaHHS
SIK y3eMnioBarnbHi NPOBIAHWKY,

- MigHi NpoBIgHWKN 3i CBUHL,EBOK 0O0MOHKOK
HanexXuTb He BUKOPUCTOBYBATM aHi y
©eToHi, aHi y I'pyHTi 3 BUCOKMM BMICTOM
KanbLito.

E.5.6.2.2.2 MeTanu y 6eToHi

B6ynoByBaHHA cTani abo nounHKoBaHoi cTaniy
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the material of the conductors of the earth
system should be identical. Pipes with a
protective covering of paint or asphalt are
treated as if they are not isolated. When use of
the same material is not possible, the pipework
system should be isolated from the plant
sections connected to the equipotential
bonding system by means of isolated sections.
The isolated sections should be bridged by
means of spark gaps. Bridging by spark gaps
should also be performed where isolated
pieces are installed for cathodic protection of
pipework.

Conductors with lead sheaths should not be
directly installed in concrete. Conductors with
lead sheaths should be protected against
corrosion by provision of either anti-corrosion
bindings or by means of shrunk-on sleeving.
Conductors may be protected by a PVC or PE
covering.

Steel earth-termination conductors coming
from concrete or from soil at the entry point to
the air should be protected against corrosion
for a length of 0,3 m by means of anti-corrosion
wrappings or shrunk-on sleeving. For copper or
stainless steel conductors this is not
necessary.

The materials used for the joints between
conductors in the soil should have identical
corrosion  behaviour to that of the
earth-termination conductors. Connection by
clamping is not generally permissible except in
cases where such connections are provided
with effective corrosion protection after making
the joint. Good experience has been gained
with crimped joints.

Welded joints shall be protected against
corrosion.

Practical experience shows that

aluminium should never be used as an
earth electrode,

lead-sheathed steel conductors are not
suitable for use as earth conductors,

lead-sheathed copper conductors should
not be used in concrete nor in soil with a
high calcium content.

E.5.6.2.2.2 Metals in concrete
The embedding of steel or galvanized steel in
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©eToH Npu3BoAUTbL A0 cTabinisauii npupoaHoro
noteHuiany wMeTany 3aBAsku pPiBHOMipHOMY
nyxxHomy cepepgosuwy. o Toro x, 6eToH agae
PiBHOMIipHUWN, BIOQHOCHO BMCOKWUIA MUTOMUIA Onip
— 6nun3bko 200 Om m abo BuLLe.

OTXxe, CTPUXKHI PULITYHKY Yy OETOHi € 3Ha4HOo
CTIMKILLMMW [0 KOpO3ii, HiX KONMM BOHU €
BIOKPUTUMMU, HaBiTb SKLLO TX CNOMYYEHO 30BHi
00 6inbll KaTOAHUX enekTpogHUX MaTepianis.

BukopuctaHHa cTani  pUWITYHKY Yy  pori
[03eMHUX MNPOBIAHWKIB HE CTAHOBUTb 3HAYHUX
KOpO3iNHMX npobrnemM, 3a YMOBM, WO TOYKK
JOCTyny Ans nepexonnoBadviB € gobpe
iHKancynboBaHi, npuMipom, [OCTaTHbO
TOBCTUM LIAPOM €MOKCUOHOT WNnaanboBKM.

MouunHkoBaHi cTaneBi wTabu y poni
yHOAMEHTHUX Y3eMIIlOBaNbHUX €ENIEKTPOAIB
MOXe OyTu BCTaHOBMNEHO y 6GeTOH N cnofnyyYeHo
feanocepegHbO 3i  CTAanNeBUMU  CTPUXHAMM
puwTyHKY. Migb Ta HepxxaBHa cTanb y 6eToHi €
TakKoX NPUAHATHUMMU i iX MOXe ByTU cnomny4yeHo
3i cTanno pUITYHKY BeanocepenHbo.

3 ornagy Ha NpupogHMiA noTeHuian crtani vy
OeToHi, [OOAaTKOBI y3eMitoBasnbHi enekTpoau
nosa 6eToHOM Mae OyTu BUIOTOBMIEHO 3 Mifi
abo HepxxaBHOI cTani.

Y cTanegibpobeToHi, SAKWO HEMOXNIMBO
3abe3neunTn 3anmBaHHa 6eTOHY npuHanmHi 50
MM 3aBTOBLUKM HaZ  y3emJoBallbHUMMU
enekTpogamn, 4Ki  3HaxogATbcs y 6eToHi,
BUKOPUCTAHHS  CTaneBUX  Yy3eMIloBallbHUX
enekTpoaiB He [A03BONSETbCHA, OCKINbKM Y
npoueci 6ygiBHMUTBaA CTaneBuin enekTpon
MOXe OyTW BTUCHEHWA [OHU3Y, MNPUMIPOM,
3aCTOCOBYBAHUMW MalUMHaMW, W TOPKHYTUCSH
I'PYHTY. Y Takomy BMNAAKy cTanb HapaxaeTbCs
Ha noOBaXHWW KoposinHunm pusnk. Migb Ta
Hep)XXaBHa cTalb € NPUAHATHUMU MaTepianamm
ans y3eMMoBanbHUX enekTpoais y
cTanedibpobeTOoHi.

E.6 Cucrtema BHYTPilLHbOro 3axX1UcTy
Big ONMCKaBKMu

E.6.1 3aranbHi NnonoXxeHHA

Bumorm OO0  npoekTyBaHHA  BHYTPILIHbLOI
cuctemm GnuckaBkosaxucTy nogaHo y Posgini
6.

3oBHIiWHA cuctema 6GnuckaBkozaxucty Ta i
3B'I30K 3i CTPYMOMPOBIAHMMW YacTUHaAMKU Ta
obnagHaHHAM BcepeauHi 6yaisni (cnopyan)
BM3HayaTMMe, 3HAYHOK MipOt, HEOBXigHICTb Y
BHYTPILHIN cucTemi 6McKaBKO3axncCTy.

BaxnueBum € npoBefeHHS KOHCYNbTaLi 3 ycima
yCTaHoBaMu Ta 3auikaBneHUMU CTOpoHaMu
LWoA0 eKBiMOTEHLUINHUX CMOMYyYeHb.
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concrete causes a stabilization of the natural
potential of the metal, due to the uniformly
alkaline environment. In addition, the concrete
is of uniformly, relatively high resistivity — of the
order of 200 Qm or higher.

Consequently, the reinforcing bars in concrete
are considerably more resistant to corrosion
than when they are exposed, even if connected
externally to more cathodic-electrode
materials.

The use of reinforcing steel as
down-conductors does not pose any significant
corrosion problems provided the access points
for air-terminations are well encapsulated, e.g.
by epoxy resin putty of adequate thickness.

Galvanized steel strips as foundation earth
electrodes may be installed in concrete and
directly connected to the steel reinforcing rods.
Copper and stainless steel in concrete are also
accepted and may be connected to the
reinforcement steel directly.

Due to the natural potential of steel in concrete,
additional earth electrodes outside the
concrete should be made of copper or stainless
steel.

In steel fibre reinforced concrete, if it is not
possible to ensure the circumfusion of concrete
thickness at least 50 mm over casting earth
electrodes, the use of steel earth electrodes is
not permitted because during the building
process the steel electrode can be pressed
down, for instance by the machines used, and
touch the soil. In such a case, the steel faces a
serious corrosion risk. Copper and stainless
steel are suitable materials for earth electrodes
in steel fibre concrete.

E.6 Internal lightning protection system

E.6.1 General

The requirements for the design of the internal
lightning protection system are given in Clause
6.

The external lightning protection system and its
relationship to  conductive parts and
installations inside the structure will determine,
to a large extent, the need for an internal
lightning protection system.

Consultation with all authorities and parties
concerned with equipotential bonding is
essential.



62305-3 © IEC:2010(E)

MpoektyBanbHuk LPS Ta MOHTaxHuk LPS
MalTb 3BepTaTM yBary Ha TOW akT, LWo
3axogu, 3asHadveHi y nyHkTi E.6, € Aayxe
BaXNMBUMW AONS  [JOCATHEHHSA BiAMOBigHOro
3axucTy Bifg 6nnckaBku. [okyneub TakoX Mae
3HaTW Npo ue.

BHyTpiWwHin 6nnckaBko3axnct € OAHAKOBUM
Ona  yciX piBHIB  3axXUCTy, 3a BUHATKOM
po34inbHUX BigcTaHEN.

3axoau, wWo HeobxigHi Ans BHYTPIWHBLOrO
bnuckaBko3zaxucTty, Yy ©OaraTtbox BuNagkax
nepeBaxakwTb 3axo4AuM 3  EKBIMOTEHUiNHUX
cnonyyYyeHb ANS CUCTEM XUBJIEHHS 3MiHHOIO
CTPyMy, 3 Orfnsigy Ha 3HayHy BeNuYuHy Ta
CTPYMY Ta MOro CTPIMKIiCTb, WO MawTb Micue Y
pasi yaapy 6nvckaBku.

MPUMITKA Akwo posrnagaetbca 3axuct Big LEMP,
Hanexutb 6paTtun go yearm IEC 62305-4.

E.6.2 EkBinoTeHUiNHi cnonyy4yeHHs
o6nuckaBko3axucty (EB)

E. 6.2.1 3aranbHi nonoxeHHA

Y BunNagKky i30MboBaHOi 30BHiWHbOI LPS,
€KBIMOTEHLiNHI CNOMTyYeHHS BMaLTOBYHOTbHCS
nuiie Ha piBHI I'PyHTY.

Ona  npomucnoBmx  cnopyd  enekTpu4Ho
OesnepepBHi CTpyMONpPOBIgHI YacTuHK Oyaisni
(cmopyau) Ta nokpiBni MOXyTb, 3asBu4an,
BUKOPUCTOBYBATUCL AK MPUPOOHI KOMMOHEHTU
LPS 11 MOXyTb Takox BUKOPUCTOBYBATUCb ANSA
BUKOHaHHS €KBIMOTEHLiMHUX CMOMyYeHb.

He nwuwe ctpymonposigHi 4YactuHu 6yaisni
(cmopyaun) Ta ycTaTKOBaHHSA, BCTAHOBIEHE Y
Hin, HanexXuTb CNofyYyuTu 3  CUCTEMOHK
€KBIMOTEHLINHMX CNOMyYeHb, a W MNPOBIgHUKMK
CUCTEMU €eNeKTPOXUBMEHHS Ta KOMYHiKauinHe
obnagHaHHsa. [Ina ysemnioBanbHUX €NeKTPoAaiB
BCcepeauHi Oyaisni (cmopyau) ocobnusy yBary
HanexnTb NPUAINATA pPerynoBaHHO Hanpyru
KPOKY. BignosigHi 3axogu BKIIOYAOTh
NigKNYeHHsa cTani  pUWTYHKY O6eToHy [0
y3eMSoBanbHUX €ENeKkTPoAiB JiokanbHO abo
3abesneyeHHa norpeba abo nmigBamny CiTKOMW
BUPIBHIOBAHHA MoTeHUianis.

Ona 6yapisens (cnopyn) 3asBuwkK noHag 30 m
peKoMeHOYETbCA MOBTOPUTU  E€KBINOTEHLiNHI
cnonyvyeHHs Ha piBHi 20 M Ta yepes KOXHi 20 m
Hag HuM. Bwumorm woao BiOOKPEMIEHHS,
3a3Buyan, byae BUKOHaHO.

Lle osHavae, Wo, npuHaWMHi, Ha TUX PIBHAX
30BHIilIHI  A03€eMHi  MPOBIOHUKWA, BHYTPILIHI
[O3EeMHi NMPOBIgHWKN 1 MeTaneBi YaCTUHN Mae
Oytn 3'egHaHo. [lpoBigHMKM nig Hanpyrot
HanexuTb NpueaHaTu 3a gonomorot SPD.
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The LPS designer and LPS installer should
draw attention to the fact that the measures
given in Clause E.6 are very important in order
to achieve adequate lightning protection. The
purchaser should be notified accordingly.

The internal lightning protection is the same for
all protection levels except for the separation
distances.

The measures necessary for internal lightning
protection exceed the equipotentialization
measures for AC power systems in many cases
because of the high current rate and current
rise time occurring in the case of a lightning
strike.

NOTE If protection against LEMP is to be considered, IEC
62305-4 should be taken into account.

E.6.2 Lightning equipotential bonding (EB)

E.6.2.1 General

In the case of an isolated external LPS, the
equipotential bonding is established only at
ground level.

In the <case of industrial structures,
electrically-continuous conductive parts of the
structure and the roof may be generally used as
natural LPS components and may be used in
the performance of equipotential bonding.

It is not only the conductive parts of the
structure, and the equipment installed therein,
that should be connected to the equipotential
bonding but also the conductors of the power
supply system and the communication
equipment. For earth electrodes inside the
structure, special care should be taken to
control step voltages. Adequate measures
include connecting concrete reinforcement
steel to the earth electrodes locally or providing
an equipotentialization mesh in the cellar or
basement.

For buildings higher than 30 m, it is
recommended to repeat the equipotential
bonding at a level of 20 m and every 20 m
above that. The separation requirements will
generally be fulfilled.

This means that, at the very least, on those
levels the external down-conductors, the
internal down-conductors and metal parts
should be bonded. Live conductors should be
bonded via SPDs.
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E.6.2.1.1 Cnony4Hi npoBiAHUKMK

CnonyyHi npoBigHUKM MatTb OyTM 3g4aTHUMU
BUTPUMYBATK YacTUHY CTpyMy GnuckaBku, sika
NPOXOAUTbL HUMM.

MpoBigHWKM, SKi  cnonyvakTb  BHYTPIWHE
MeTaneBe ycTaTkoBaHHA y 6yaieni (cnopygi),
3a3BuMYall He nNpoBOAATb ICTOTHY YacCTUHY
CTpyMy 6nuckaBku. IxHi MiHiManbHi po3mipw
nogaHo y Tabnuui 9.

MpoBigHuKK, AKi crnony4yarTb 30BHiLLHI
CTpyMonpoBigHi 4actuHm 3 LPS, 3asBuyan
NPOBOAATL ICTOTHY YaCTUHY CTPYMY BrnCKaBKM.
IxHi MiHiManbHi posmipu nogaHo y Tabnuui 8.

E.6.2.1.2 MpucTpoi 3axucTy Big iMmNynbCHUX
nepeHanpyr

MpucTpoi 3axucTy Big iMNyNbCHUX NepeHanpyr
(SPD) wm™atwTe BUTpUMYBaTU MPOrHO30BaHy
YacTMHY CTpyMy OnucKaBKkM, WO MPOXoauUTb
HUMK, Oe3 nowkoaxeHb. SPD Takox MalwTb
OyTV 3gaTHMMM racuTu 3anULIKOBUIA CTPYM BiA
OXxepena >XMBMEHHA, SKWO X NiAKMIYeHO [0
NPOBIAHWUKIB €NEKTPOXMBIEHHS.

Bubip SPD mae 3giicHloBaTMCb 3rigHO BUMOT,
HaBedeHuUx y 6.2. AKWOo BMMaraetbCsl 3axucT
BHYTPiWHiIX cuctem Big LEMP, SPD wmatTb
Takox Bignosigatu IEC 62305-4.

E.6.2.2 EKBiNOTEHUiNHi cnosflyYyeHHA
BHYTPIiWHIX CTPYMONPOBiAHUX YaCTUH

EkBiNnOTEeHUiNHI CNONYyYeHHSA Mae OyTK
3abe3neyeHo TakMM YUHOM, LWOO BHYTPIiLWHI
CTPYMOMPOBIiAHI YyacTUHM, 30BHiLLHi
CTPYMOMPOBIAHI YacTUHU Ta enekTPUYHi ©
KOMYHiKaLinHi cuctemmu (npumipom,
Komn'toTepHi cuctemun i cuctemu 0OGesneku)
Mornu 6yTu 3'egHaHi KOPOTKMMM CMONYyYHUMMU
npoBigHuKamn. EKBINOTEHUINHI cnonyvyeHHsa y
BHYTPILWHIX Ta 30BHIWHIX CTPYMOMPOBIgHUX
YacTUHaXx, SKi He MalTb eNekTPUYHNX PYHKLIN,
34iicHOeTbCS 6e3nocepeaHbo. YCi enekTpuyHi
3'edHaHHA (CUIOBI Ta CUrHanbHi) HanexuTb
cnonyyaTtu 3a gonomorot SPD.

MeTaneBe obnagHaHHS, 9K OT BOASHI, rasosi,
noBiTpAHI Ta onantoBanbHi Tpybu, WwaxTu
nicris, onopu 34iMM 1" T.iH. MawTb OyTM

cnorny4yeHi mix coboto Ta 3 LPS Ha piBHi I'pyHTY.

ICKpiHHA  MOXe  BMHMKATU y MeTaneBux
enemeHTax, sKi He HanexaTtb Ao 6yaisni
(cnopyam), SKWO Ui enemMeHTU po3TalloBaHi
nobnusy gosemHux nposigHukis LPS. Y micusx,
e ue CTaHOBUTbL Hebe3neky, HanexunTb BXUTK
BiAMOBIOHMX  3axO4iB 3  EKBIMOTEHLiNHUX

cnonyyeHb 3rigHo 6.2, abu 3anobirTun icKpiHHIO.

Po3miweHHs cnonyyHoi wuHM 3006paxeHo Ha
Pucynky E.43.
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E.6.2.1.1 Bonding conductors

Bonding conductors should be able to
withstand the part of the lightning current
flowing through them.

Conductors bonding metal installations internal
to the structure normally do not carry a
significant part of the lightning current. Their
minimum dimensions are given in Table 9.

Conductors bonding external conductive parts
to the LPS usually carry a substantial part of
the lightning current.  Their minimum
dimensions are given in Table 8.

E.6.2.1.2 Surge protective devices

Surge protective devices (SPDs) should
withstand the prospective part of the lightning
current flowing through them without being
damaged. An SPD should also have the ability
to extinguish electrical power follow-on
currents from the power supply if they are
connected to the electrical power conductors.

The selection of an SPD shall be performed
according to 6.2. Where protection of internal
systems against LEMP is required, SPDs shall
also conform to IEC 62305-4.

E.6.2.2 Equipotential bonding of internal
conductive parts

Bonding should be provided and installed in
such a way that the internal conductive parts,
the external conductive parts and the electrical
power and communication systems (for
example computers and security systems) can
be bonded by short bonding conductors.
Internal and external conductive parts that
have no electrical function should be bonded
directly. All electrical connections (power and
signal) should be bonded by means of SPDs.

Metal installations, i.e. water, gas, heating and
air pipes, lift shafts, crane supports etc. shall
be bonded together and to the LPS at ground
level.

Sparking can occur in metal parts not belonging
to the structure if those parts are close to the
down-conductors of the LPS. Where this is
considered dangerous, adequate bonding
measures according to 6.2 should be used to
prevent sparking.

A bonding bar arrangement is shown in Figure
E.43.
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YMOBHiI NO3Ha4YeHHA

1 KUBMEHHA [0 cnoXxuBaya

2 npunag obniky

3 BBIAHUN NPUCTPiN ByANHKY

4 XUBMEHHA Bif Mepexi

5 ras

6 BoAa

7 cucTtema LieHTpanbHOro onaneHHs
8 eneKTPOHHI NpucTpoi

9 eKkpaH kabento aHTeHun

10 crnonyyHa wuHa

11 SPD

12 i3ontoBanbHUIN iICKPOBUIA PO3PAOHUK
M npunapg obniky

Key

1
2
3
4
5
6
7
8

11
12
M

IEC 2731/10

power to user

power meter

house connection box
power from utility

gas

water

central heating system
electronic appliances
screen of antenna cable
equipotential bonding bar
SPD

ISG

meter

Figure E.43 — Example of an equipotential bonding arrangement

PucyHok E.43 - NMpuknaa po3mileHHsA eKBiNOTeHLiMHOro cnosly4eHHs

CnonyyHi WWHM HanexuTb pO3MillyBaTu Tak,
abu ix 6yno cnonyyYyeHo 3 CUCTEMOIO 3EMIISAHOMO
rOpU3oHTanNbHUMM
KOPOTKMMM

3aKiHYEeHHA abo 3
KinbLUEeBNUMU
NpOBiAHUKaMMU.

npoBigHNKaMu

The bonding bars should be located so that
they are connected to the earth-termination
system or to the horizontal ring conductors with
short conductors.
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Cnony4yHa WwuMHa BCTAHOBIOETLCS MepeBa)KHO
Ha BHYTPIWHIA CTOPOHI 30BHIWHbLOI CTiHK
Onn3bko [0 piBHA 3emni, nopy4y 3 BBIigHUM
npuctpoem HH >xuBneHHa Ta i mae 0Oytwu
peTenbHO NPUEAHAHO 4O CUCTEMU Y3EMITEHHS,
BKITIOYHO i3 KiNbUEeBMM  y3eMIlloBanbHUM
enekTpogom, yHAaMEHTHUM y3eMIoBanbHUM
enekTpoaoM W NPUPOLHUM y3eMITtoBaNbHUM
eneKkTpoaoM, MPUMIpOM, i3 B3aEMO3B’si3@aHOrO
CTaneBOro PULLTYHKY, SKLWO Ue € NPUAHATHUM.

Y wwupokux OygiBnax (cnopygax) MOXHa
BMKOPUCTOBYBATW Kiflbka CMNOMYYHUX LINH 3a
YMOBM, WO BOHM OyAyTb B3a€EMO3B’A3aHUMMU.
Oyxe poBri 3’eQHaHHA MOXYTb YTBOpPHOBATU
BENuKi  neTni, npusBoasYM OO0  BEJIUKUX
iHOyKoBaHMX  CTpymiB Ta  Hanpyr. [Ans
MiHiMi3auii UMX SBULW, HaNeXuTb PO3rNASHYTU
3aCTOCYBaHHS CiTKOBOroO B3aEMHOrO
CMONyYeHHs UnX npueaHaHb, 6yaisni (cnopyan)
Ta cucTemm yseMmneHHs y BignosigHocTi 3 |IEC
62305-4.

Y 3anizobeTtoHHMx OyaiBnax (cnopygax), LWo
BignoBigatTb BUMOram 4.3, ans
€KBINOTEHLINHNX cnony4yeHb MOXe
BMKOPUCTOBYBATUCb CTaNeBUA  PULLITYHOK. Y
LbOMY BUNAAKY Yy CTiHAX HaneXunTb BCTAHOBUTU
[oOaTKOBY CiTKOBY Mepexy 3BapHux abo
WwpyboBMX CTPYMONPOBIOHNX KNEM, SKi OMMCaHO
y E.4.3, po dakux HanexuTb nNigKno4nTn
CMNONYYHI WWNHW NPpUBAPEHNUMU NPOBIAHNKAMMU.

MPUMITKA Y ubomy BMMagKy OOTPUMMaHHSA pPO34iNbHOT
BiACTaHi He € HeobXiaHMM.

MiHiManbHUM nonepeyHuin nepepis CnonyvYHUx
npoBigHWKIB HaBegeHo y Tabnuuax 8 ta 9. Yci
BHYTPILLIHI CTPYMOMPOBIAHI YaCTUHM 3HAYHUX
po3MipiB, Taki AK HanpsaMmHi nidTiB, 34inmnu,
MeTanesi nignorn, Tpybu Ta enekTpuyHe
obnagHaHHsA HanexnTb npvegHaTu ao
HanGNWXx4oi  cnomny4Hi LWKNHN KOPOTKUM
CNONYYHMM NPOBIAHMKOM Ha MO3HauUi 3eMIi Ta
Ha iHWKMX No3HayKax, SKWOo po3inbHy BigcTaHb
3rigHo 6.3 He Moxe OyTM JOTpUMAaHO.
CnonyyHi WWHM Ta iHWi 4YacTUHK 3'€gHaHHS
MalTb  BUTPUMYBATU  OYiKyBaHi  CTpyMmu
Onuckaeku.

Y Oygisnax (cnopyaax) i3 3anisobeToHHUMMU
CTiHaMM Nuwe He3HayHa YacTuHa 3aranbHOro
CTpyMy OnuckaBKM MNpOXOoAUTb CMOMYYHUMM
YacTUHaMMU.

PucyHkn E.44, E.45 T1a E.46 nokasyloTb
po3milleHHa cnony4yeHb y ByaiBnax (cnopygax)
3  YWCMEHHUMM TOYKamMu yBOAY 3OBHILUHIX
nocnyr.
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The bonding bar is preferably installed at the
inner side of an outer wall near ground level,
close to the main low-voltage power distribution
box and closely connected to the earth
termination system comprising the ring earth
electrode, the foundation earth electrode and
the natural earth electrode such as the
interconnected  reinforcing steel, where
applicable.

In extended buildings, several bonding bars
may be used provided that they are
interconnected. Very long connections can
form big loops leading to large induced currents
and voltages. To minimize these effects, a
meshed interconnection of those connections,
the structure and the earthing system
according to IEC 62305-4 should be
considered.

In reinforced concrete structures conforming to
4.3, the reinforcement may be used for
equipotential bonding. In this case, an
additional meshed network of welded or bolted
terminal joints, described in E.4.3, should be
installed in the walls, to which the bonding bars
should be connected via welded conductors.

NOTE In this case, keeping a separation distance is not
necessary.

The minimum cross-sections for a bonding
conductor or a bonding connector are given in
Tables 8 and 9. All internal conductive parts of
significant size, such as elevator rails, cranes,
metal floors, pipes and electrical services,
should be bonded to the nearest bonding bar by
a short bonding conductor at ground level and
at other levels if the separation distance
according to 6.3 cannot be maintained.
Bonding bars and other bonding parts should
withstand the prospective lightning currents.

In structures with reinforced walls only a minor
fraction of the total lightning current is expected
to flow through the bonding parts.

Figures E.44, E.45 and E.46 illustrate bonding
arrangements in structures with multiple-point
entries of external services.
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G 790
6
Ean
YMOBHi NO3Ha4YeHHsA Key
1 30BHILLHS NpOBigHa YacTuUHa, NPMMipoM, MeTanesa 1 external conductive part, e.g. metallic water pipe
Tpy6a BOOOroHy
eneKkTpuYHa XusunbHa abo kKoMyHikauiiHa niHis 2 electric power or communication line
3 cTaneBun pULITYHOK 30BHILIHbOI G€TOHHOT CTiHM 1 3 steel reinforcement of the outer concrete wall and
dyHOAaAMEHTY the foundation
4 KinbUeBW y3eMIoBanbHUN eNekTpos 4 ring earthing electrode
[0 [04aTKOBOro y3eMIoBanbHOro enekTpoay to an additional earthing electrode
crneuianbHUA 3NyYHUK CUCTEMU €KBIMOTEHLUINHNX 6 special bonding joint
crnony4eHb
7 3anisobeToHHa cTiHa, AUB. 3 YMOBHMX NO3Ha4YeHb 7 steel-reinforced concrete wall, see Key, 3
8 SPD 8 SPD
9 Ccrnony4Ha wuHa 9 bonding bar
NMPUMITKA CraneBun PULITYHOK Yy dyHOAMEHTI NOTE The steel reinforcement in the foundation is used as

BUKOPUCTOBYETbLCA AK NPUPOAHUI y3emMnBay.

a natural earth electrode.

Figure E.44 — Example of bonding arrangement in a structure with multiple point entries
of external conductive parts using a ring electrode for interconnection of bonding bars

PucyHok E.44 - Npuknap po3mileHHs cnony4yeHb y 6yaieni (cnopyai) 3
YUCNEeHHUMM TOYKaMM yBOAY 30BHIiWIHIX CTPYMONPOBIAHUX YaCTUH 3 BUKOPUCTAHHAM KinbLeBoro
enekTtpoay Ans 3'eAHaHHA CNOMYYHUX WUH
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cTaneBuin PULLTYHOK 30BHiLLIHbOT GETOHHOI CTiHM 1
dyHOaMEHTY

30BHILLHIN y3eMtoBanbHWUA €NeKTpoa
3MYYHUK CUCTEMU EKBINOTEHLINHUX CMOMyYeHb
BHYTPILLHIN KiNbLeBWI NPOBIAHUK

[0 30BHILIHBOT MPOBIAHOT YaCTUHU, MPUMIPOM,
Tpybu BOogoOroHy

KiNnbLEBUIA y3eMnoBanbHUIN enekTpos,
po3MilleHHsa Tuny B

SPD
crnonyyHa wuHa
eneKkTpu4Ha XunBunbHa abo KoMyHikauinHa niHisa

[0 [04aTKOBOro y3eMIoBanbHOro enektpoay,
po3MileHHsa Tuny A

Key
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steel reinforcement of the outer concrete wall and
foundation

other earthing electrode

bonding joint

internal ring conductor

to external conductive part, e.g. water pipe

ring earthing electrode, type B earthing
arrangement

SPD
bonding bar
electric power or communication line

to additional earthing electrode, type A earthing
arrangement

Figure E.45 — Example of bonding in the case of multiple point entries of external
conductive parts and an electric power or communication line using an internal ring
conductor for interconnection of the bonding bars

PucyHok E.45 - NMpuknaa po3milleHHs CNOMyYeHb 3a HAABHOCTi YNCNEHHUX TOYOK yBOAY

30BHILIHIX CTPYMOMNPOBIAHNX YaCTUH Ta €NIeKTPUYHOI XXNBUITbHOT 260 KOMYyHiKaLiMnHOT NiHii

3 BUKOPUCTAHHAM BHyTpiLIJHbOFO KinbueBoro HpOBi,D,HMKa
Ans 3'egHaHHA CNoNny4yHuUx WwuH
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YMOBHi No3HaYeHHs Key
1 eneKkTpuYHa XuBunbHa abo KoMyHikauiiHa niHis 1 electric power or communication line
2 30BHILUHIA TOPU3OHTANbHUN KiNbLEBUN NPOBIgHUK 2 external horizontal ring conductor (above ground)
(Hap 3emneto)
3 30BHILUHI CTPYMONPOBIZAHI YaCTUHM 3 external conductive part
4 3MYYHUK [03EMHOro NpoBigHMKa 4 down-conductor joint
5 cTaneBun PULITYHOK y CTiHi 5 steel reinforcement in the wall
6 3NYYHUK CUCTEMU EKBINOTEHLINHMUX CNONyYeHb 6 bonding joint to construction steel
KOHCTPYKUiNHOT cTani
7 crnonyyHa wuHa 7 bonding bar
8 SPD SPD

Figure E.46 — Example of bonding arrangement in a structure with multiple point entries
of external conductive parts entering the structure above ground level

PucyHok E.46 - Mpuknag po3milleHHA cnonyvyeHb y OyaiBni (cnopyai)
3 YACNIEHHMMMU TOYKaMM1 yBOAY 30BHILIHIX CTPYMONPOBIAHMX YaCTUH,
AKi BXoAATb Ao 6ypiBni (cnopyawn) Hag piBHEM FPYHTY

E.6.2.3 EkBinoTeHUiMHi cnony4eHHA
6NIMCKaBKO3axXMCTy 30BHILLHiX
CTPYMOMNPOBIAHUX YAaCTUH

HOopaTkoBa iHhopmauia BigCYTHS.

E.6.2.4 EkBinoTeHUiNHi cnony4yeHHA
6NMCcKaBKO3axXUCTy eNeKTPUYHUX Ta
eJIeKTPOHHMUX CUCTEM Yy 3axullyBaHin
oyaiBni (cnopyai)

Mopgpobuui Woao ekBiNOTEeHUIMHUX CnonyyYeHb
BnnckaBkO3axmMCcTy BHYTPILIHIX CUCTEM NOAAHO
y IEC 62305-4.

E.6.2.3 Lightning equipotential bonding for
external conductive parts

No additional information available.

E.6.2.4 Lightning equipotential bonding for
electrical and electronic systems within the
structure to be protected

Details for lightning equipotential bonding for
internal systems are given in IEC 62305-4.
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E.6.2.5 EkBinoTeHUiNHi cnony4yeHHA
30BHilUHiIX nocnyr

PekomeHayeTbCH, aou 30BHiLLHi
CTPYMOMPOBIAHI  YaCcTUHU Ta  eneKkTPUYHI
XUBUIMbHI Ta KOMYHiKaUiWHi MiHiT BXogunu Ao
Ooygmieni (cnopyau) nobnu3y no3Hayku 3emni
CYKYTMHO.

ExkBinoTeHUinHi CNONy4YeHHs HanexmnTb
BUKOHATU sKHanWbnwx4ye [o micus yBoay [0
Oyaisni (cnopyan). Y Bunagky xueneHus HH uye
€ b6eanocepefHbO 3a BBIAHUM MPUCTPOEM (3a
NOrOAXXEHHSM 3 MICLEBO EHEepreTUYyHow

KOMMaHie).

Cnonyy4Hy LWWHY Yy UbOMY CYKYMHOMY MicCLi
BXxoay HanexumTb npuegHaTun KOPOTKNMM
npoBigHWKaMM  [0O  CUCTEMU  3EMIISIHOTO

3aKiHYeHHs.

Akwo nocnyru, 49ki yBogaTtbca [o  6ygieni
(cmopyaun) € ekpaHOBaHWMMK MNiHIAMU, €KpaHu
HaneXxunTb NpUEAHATU OO CMONYYHOI LUMHMU.
MepeHanpyrn, AKi carawTb AKTUBHUX
NPOBIOHUKIB, € (DYHKLIE BEMNYMHN YACTKOBOIO
CTpymMy 6nmuckaBku y ekpaHi (TobGTo 3rigHO 3
HOopaTtkom B) 1 nonepeyHOro nepepisy ekpaHy.
HopaTtok E no IEC 62305-1:2010 Hapae meTonq
OLiHIOBaHHSA Uboro CTpyMmy. SPD €
HeobXiaHMMu, AKLWO NPOrHO30BaHi
nepeHanpyrn nNepeBuLLYOTb MPOEKTHI TEXHIYHI
XapaKkTepuUCTUKM MiHiT Ta npuegHaHnX ob’eKkTiB.

Akwo nocnyrn, €Aki yBogsatbcss o Oyaisni
(cnopyaun), He € eKpaHOBaHWUMM, YaCTKOBUN
CTPYM MIIMHYTUME aKTUBHMMM NpoOBigHUKaMu. Y
ubomy Bunagky SPD, 3paTHi BuTpumyBaTtu
CTPyM OnMCKaBKW, HaNeXuTb PO3MICTUTU Y
Mmicui ysogy. [lMposigHukn PE Ta PEN moxe
oyTK nigKkno4YeHo besnocepenHbO ao
CNOMYYHOT LLUNHMU.

AKWO  30BHIiWHI  CTPYMOMNPOBIAHI  YaCTUHMU,
E€NEeKTPUYHI Ta KOMYHiKauiHi niHii noTpibHO
yBecTu go Oygieni (cnopyan) y pisHUX micusax m
HeoOXi4HO BCTAHOBUTMU Kiflbka CMOMYYHUX LUKH,
CMONYYHi WWUHW HaNeXuTb NiAKNYNTU SKOMOra
6nmxye [0 cucTeMu y3eMmrieHHd, TobTo
KinbLEeBOro YysemmoBanbHOro enekTpoay, A0
PULLTYHKY oyaisni (cnopyan) n ao
dyHOAMEHTHOrO Yy3eMIoBanbHOro ernekTpoay
Oygisni (cnopyam), AKWO MOXMANBO.

Akwo  yseMneHHsa  po3MiwleHHa  Tuny A
BUKOPUCTOBYETLCA AK YacTuHa LPS, cnonyuyHi
WKWHN  HaneXxuTb npuegHaTM OO OKPEeMUX
y3eMoBanbHUX eneKkTpoAdiB Ta, Ha gogavy, ix
HanexXuTb CNONYYUTU MiXX COBOH BHYTPILLHIM
KinbLeBMM MpPOBIOHMKOM abo  BHYTPILHIM
NPOBIgHUKOM Y POPMi PO3IMKHEHOTrO KinbL4.

[na yBoAiB 30BHiLIHIX NOCAYr Hag MO3HAYKOoH
3eMIli CNONYYHi WWMHU HaneXxunTb NIAKIIYUTN 40
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E.6.2.5 Equipotential bonding of external
services

Preferably, the external conductive parts and
the electrical power and communication lines
should enter the structure near ground level at
a common location.

Equipotential bonding should be performed as
close as possible to the entry point into the
building. In the case of a low-voltage power
supply, this is immediately downstream of the
service entrance box (subject to approval of the
local power company).

The bonding bar at this common location of
entry should be connected with short bonding
conductors to the earth-termination system.

If the services entering the building are
shielded lines, the shields shall be connected
to the bonding bar. The overvoltage reaching
the active conductors is a function of the size of
the partial lightning current over the screen (i.e.
according to Annex B) and the cross-section of
the shield. Annex E of IEC 62305-1:2010
provides a method to estimate this current.
SPDs are necessary if the expected
overvoltages exceed the specification of the
line and connected objects.

If the services entering the building are not
shielded, the partial lightning current will flow
on the active conductors. In this case, SPDs
with lightning current capabilities should be
placed at the entry point. PE or PEN
conductors may be connected to the bonding
bar directly.

When the external conductive parts, the
electrical power and communication lines have
to enter the structure at different locations, and
therefore need several bonding bars to be
installed, the bonding bars should be
connected as closely as possible to the
earthtermination system, i.e. the ring earth
electrode, to the reinforcement of the structure
and to the foundation earth electrode of the
structure, if applicable.

When a type A earthing arrangement is utilized
as a part of the LPS, the bonding bars should
be connected to individual earth electrodes
and, in addition, they should be interconnected
by an internal ring conductor or an internal
conductor forming a partial ring.

For entries of external services above the earth
surface, the bonding bars should be connected
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npokKnageHoro 3cepenuHm abo 30BHi
30BHILLIHbOT CTiHM TOPU3OHTANbLHOTO KifNbLEBOrO
NPOBiAHUKA, CMOJSIy4eHOro 3  [LO3EMHUMMU
npoBigHUKamm LPS Ta 3 MeTaneBum
puUWTYHKOM ByaiBni (cnopyan), SKLWO MOXIMBO.

KinbLueBui NpOBIAHUK HANEXUTb NigKNIOYNTU 40
CTaneBoOro pPULITYHKY Ta iHWWUX MeTaneBux
enemMeHTiB OygiBni (cnopygu) 3 nNOCTiIHUM
KPpOKOM, €KW  Bignosigae BigcTaHi  Mix
O03eMHUMW MNPOBIAHMKAMMU, SK 3a3Ha4yeHo Yy
Tabnuui 4, TMNOBO KOXHi 5 M go 10 m.

Y 6yauHKax, NPUHLUUNOBO CNpPOEKTOBaHUX Ans
O[O, komyHikauinHMX 3aknagiB Ta iHWKX
cnopyn, WO BMMarawTb HU3bKOrO pPiBHSA
IHOYKUinHUX  edekKTiB LEMP, KinbLeBuUn
NPOBIAHUK HANEXUTb NIOKMYNTU 40 PULLTYHKY,
3a3Buyan, Wo KOXHi 5 meTpis.

[Ona  cnonyvyeHHs  30BHIiWHIX nmocnyr vy
3anizobetoHHnx OypiBnax (cnopydax), sKki
MICTATb BEMWKY KiNbKICTb KOMYHIKaLIiAHOIO 4K
Komn'toTepHoro obnagHaHHA, a TakoX [Ang
Ooynisenb (cnopyn) ne sumorn wopno EMC e
BinbLu NOBaXXHUMMU, HanexuTb
BMKOPUCTOBYBATU Y3E€MIIEHHA 3 YUCIEHHUMU
NPUEOHAHHSAMU OO0 MeTaneBOoro  PULLTYHKY
Oygisni (cnmopygu) abo iHWWX MeTaneBux
eneMeHTiB.

E.6.3 EnekTtpu4yHe i3ofil0oBaHHA 30BHilWHbLOI
LPS

E.6.3.1 3aranbHi NonoXxeHHA

Mix 30BHILUHBO LPS Ta ycima
CTPYMOMPOBIAHUMWN YaCTUHAMMU, CAOJNyYEHUMU
3 CUCTEMOI0 €EKBIMOTEHUIMHUX CroNnyYeHb yciel
OyaiBni  (cnopyau) Mae  nigTpumyBaTUCh
[ocTaTHA po3AdifibHa BiACTaHb BiANOBIAHO OO
6.3.

Po3ginbHy BigCTaHb MOXHa OUiHUTM  3a
cniBBigHoweHHAM (4), 9K Le nokasaHo y 6.3.

XapakTepHOK [OOBXWHOW, [, AN OLUiHOBaHHSA
po3finbHOi BigcTaHi s (gumeB. 6.3), mae 0OyTu
BiACTaHb Y3[0BX [03E€MHOro MNPOBIAHMKA MiX
HanWBNMXKYMM  CNOMYYEHHAM WOro 3 TOYKOH
CUCTEMU EKBINOTEHUiNHNX Ccnofy4yeHb abo 3
MepexXer Y3eMITIEHHS Ta TOYKOK 30MMXKEHHS.
[MpoBigHNKM NOKPiBNi Ta AO03EMHi MPOBIAHUKK
MalTb  MPOXOOUTU  sIKOMOra  MpAMILIMMMU
wnaxamu, abw popepxyBatun  HeobOXigHy
po34inbHy BigCTaHb Manoto.
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to a horizontal ring conductor inside or outside
the outer wall bonded to the down-conductors
of the LPS and to the metallic reinforcement of
the structure, if applicable.

The ring conductor should be connected to the
steel reinforcement, and other metallic
elements of the structure, at regular
subdivisions of the distance between the
down-conductors as stated in Table 4, typically
every 5 mto 10 m.

In buildings principally designed for computer
centres, communication buildings and other
structures requiring a low level of LEMP
induction effects, the ring conductor should be
connected to the reinforcement typically every
5 m.

For the bonding of external services in
reinforced concrete buildings which contain
large communication or computer installations,
and for structures where EMC demands are
severe, a ground plane with multiple
connections to the metallic reinforcement of the
structure or other metallic elements should be
used.

E.6.3 Electrical isolation of the external LPS

E.6.3.1 General

An adequate separation distance, determined
according to 6.3, should be maintained
between the external LPS and all conductive
parts connected to the equipotential bonding of
the structure.

The separation distance may be evaluated by
Equation (4) shown in 6.3.

The reference length, /, for the calculation of
the separation distance s (see 6.3), should be
the distance between the connection to the
nearest equipotential bonding point or earth
termination network and the point of proximity
along the down-conductor. The roof and
down-conductors should follow a route as
straight as possible to keep the necessary
separation distance low.
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JdoBxunHa Ta wWnax nposigHuka y Oyaisni
(cmopygi), Wwo npoxoauTh Big CMOMYYHOT LMHK
00 TO4YKM 306NMXKEeHHSs, 3a3BMYyal Mano BnNnvMBae
Ha po3finbHY BiACTaHb, ane 4gKWo Uuen
NPOBIOHNK HAONMXKAETLCA A0 NPOBIAHMKA, AKUM
NpPOXoAnTb CTpyM OnuckaBku, HeobxigHa
po3ainbHa BigCTaHb b6yge Huxk4vow. PucyHok
E.47 inmwocTtpye, gk y LPS BumiptoeTbes
XapakTepHa OOBXMWHa /, L0 BUKOPUCTOBYETHCA
ans obyncrieHHs po3ainbHOI BigcTaHi S 3rigHo
6.3.
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The length and the path of the conductor within
the building running from bonding bar to point
of proximity is generally of little influence on the
separation distance, but when this conductor
runs close to a lightning current-carrying
conductor the necessary separation distance
will be lower. Figure E.47 illustrates how the
critical length, I, used for calculation of the
separation distance, s, according to 6.3, is
measured on an LPS.

®/ =

1

T e e e e s e e e e e e

DT T DA T T T T T T DA T T T

ot

YMOBHi No3Ha4eHHs

mMeTaneBwui pagiatop/obirpisay
cTiHa 3 uernu abo fepesa
KoTen

cnonyyHa LWuHa

cucTema 3eMIsHOro 3akiH4eHHs

D oA W N -

CMOMYYEHHS 0 CUCTEMMU 3EMIISTHOTO 3aKiHYEHHS
abo [03eMHOro nNpoBiAHMKa

7 Hanripwnm sBnunagok

d (aKkTU4Ha OOBXUHA

/ OOBXWHA NS OUiHIOBAHHA po3ainbHOT BigCTaHi, S
MPUMITKA Bygisna cknagaeTbcs 3 i30MAUINHOI Lernu.

RS

IEC 2735/10

Key

1 metallic radiator/heater

2 wall of brickwork or wood

3 heater

4 equipotential bonding bar

5 earth-termination system

6 connection to the earth-termination system or to
the down-conductor

7 worst case

d actual distance

I length for evaluation of separation distance, s

NOTE The structure consists of insulating bricks.

Figure E.47 — Directions for calculations of the separation distance, s, for a worst case
lightning interception point at a distance, /, from the reference point according to 6.3

PucyHok E.47 — BkasiBKu Wo[0 064YMCIEHHS pO3AiNbHOI BigcTaHi, s, ANA Hauripworo
BUNaAKy TOYKU NepexonsieHHst 6rnuckaBKu Ha BiacTaHi, /,Big XxapakTepHOi TOYKM 3rigHo 6.3
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Y OygpiBnax (cnopygax), L€ KOHCTPYKLiNHI
eneMeHTn OyAWHKY BMKOPUCTOBYHOTbCSA  SIK
NPUPOAHi OO03eMHi NpOBIAHWUKW, NPUMIpOM,
CTaneBUn PULLITYHOK Yy OBETOHi, XapaKTepHOoK
TOYKOK Mae OyTu Toyka CMONyvYeHHs 3
NPUPOSHUM AO3EMHUM NPOBIgHNKOM.

Y OyaiBnax (cnopygax) 3  30BHilIHIMK
NOBEPXHAMU, AKi HE MICTATb CTPYMOMPOBIAHUX
eneMeHTiB, npumipom, OyaiBnax (cnopypax) 3
gepesa abo uernu, mae BMKOPUCTOBYBATUCb
HaWkopoTwWa 3aranbHa BiACTaHb  Yy300BX
npoeoAiB GnuckaBko3axucTty, /, Big HanbinbLw
HEeCnNpuUATNMBOT TOYKM ypapy OnuckaBkm [0
HaWbNMX4Yoro 3emnsiHoro 3akiH4eHHss abo
TOYKM, e CUCTEMY EKBIMOTEHLINHMX CNONYyYeHb
BHYTPILWHbOrO yCTATKOBAHHA MigKMO4YeHO [0
[03eMHOro npoBigHWKa abo cucTemm
3eMMSAHOr0  3aKiHYeHHs, ANna  ob4YucneHHs
po34inbHOT BigCTaHi, s, 3rigHo 3 6.3.

AKWO HEeMOXNMBO JOTpMMyBaTuM  BiACTaHi,
OinbWwoi 3a po3dinbHy BiACTaHb S MO YCik
JOBXWUHI iHXXeHepHOT CUCTEMMN, dKka
pO3rMs4acTbCA, HaneXuTb CAOMyYUTU U
cuctemy 3 LPS y Touui, wo <dkHangani
BiACTOITb  Big4  OMOPHOI  TOYKM  CUCTEMMU
€KBINOTEHLiMHNX cnony4veHb (auB. Puc. E.47).
Takum ynHoM, abo enekTpUYHi NPOBIAHMKN MaE
OyTn nepeknageHo BigMOBIAHO 4O BUMOT LWOAO
po3ainbHOT BigcTaHi  (auB. 6.3), abo ix
HanexuTb BKNacTuh OO0 CTPYyMOMPOBIAHOrO
eKkpaHy, cnonyyeHoro 3 LPS y Touui, wo
sAKHangani BiACTOITb Bi4  OMOPHOI  TOYKM
CUCTEMMW eKBINOTEHLINHNX CNONYyYeHb.

Ao cnonyyYeHHs iHXeHepHux cuctem 3 LPSy
OyanHkax o 30 M 3aBBULIKM BUKOHYETLCS Y
OMOPHIA To4ui Ta y sSKHanganblin Touui,
pos3finbHa BiACTaHb [AOTPUMYETbCS BOOBX
YCbOrO WAAXY iHXEHEePHUX CUCTEM.

Taki MOMEHTM 4acTo € KPUTUYHMMKU Ta
noTpebytoTb 0CO6NNBOI yBaru:

- Y Bunagky Ginbwux 6ygisens (cnopyn),
po3fdinbHa BigcTaHb MiX nposigHukamun LPS
Ta MmeTaneBuM obnagHaHHSAM 4acTo € Tako
BEenuKow, wWo 1 He €  MOXIUBUM
peanisyBaTu. Lle TarHe 3a coboto gopgaTtkose
cnonyyeHHa LPS pgo uboro metanesoro
obnagHaHHs. TakMM YMHOM, YacTUHA CTPYMy
OnuckaBkM NPOXOAUTb UMM MeTaneBuM
obnagHaHHAM OO0 CUCTEMWU  3EMIJISHOro
3akiH4YeHHs Oyaisni (cnopyam).

- EnektpomarHeTHi 3aBagu, L0 BUHMKAOTb Y
pesynbTarTi UMX  YaCTKOBUX  CTPYMIB,
HanexuTb 6paTu [0 yBarm po3MilleHHs
ycTaTtkoBaHHA y 6ypaiBni (cnopyai) Ta 3a
NpoeKTyBaHHSA eneKTpoOMarHeTHMX  30H
BcepeauHi 6yaisni (cnopyaun) BiANoBiAHO A0
IEC 62305-4.
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In structures where the building components
are used as natural down-conductors, for
example steel reinforcement in concrete, the
reference point should be the connection point
to the natural down-conductor.

Structures with outer surfaces that do not
contain conductive elements, such as
structures of wood or brickwork, should use the
shortest possible overall distance along the
lightning protection conductors / from the most
unfavourable lightning strike point to the
nearest earth termination or the point where the
equipotential bonding system of the internal
installation is connected to the down-conductor
or the earth-termination system, for calculation
of the separation distance, s, according to 6.3.

When it is not possible to maintain the distance
greater than the separation distance s along
the whole length of the considered installation,
bonding of the installation to the LPS should
also be performed at the furthest point from the
reference bonding point (see Figure E.47).
Therefore, the electrical conductors should
either be re-routed in accordance with the
requirements of the separation distance (see
6.3) or they should be enclosed in a conductive
shield bonded to the LPS at the furthest point
from the reference bonding point.

When bonding of installations to the LPS in
buildings lower than 30 m is performed at the
reference point and the furthest point, the
separation distance is fulfilled along the whole
path of the installation.

The following points are often critical and
require particular consideration:

— In the case of larger structures, the
separation distance between the LPS
conductors and the metal installations is
often so large that it cannot be implemented.
This involves additional bonding of the LPS
to these metal installations. Consequently, a
portion of the lightning current flows via
these metal installations to the
earth-termination system of the structure.

— Electromagnetic interference occurring as a
result of these partial currents should be
taken into account when planning the
structure installations and designing the
lightning protection electromagnetic zones
inside the structure according to IEC
62305-4.
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OpHak 3aBagu 6ygyTb CYTTEBO HWMXKYMMU Bif
TUX, SKi BUHMKAIOTb Bif €NEeKTPUYHOI iCKpW Y Lin
TOuUI.

Y Bunagky nokpisenb BigctaHb Mmix LPS Ta
eneKTPUYHUM yCTaTKOBaHHAM yacTto
BUABMAETLCA  KOPOTWOK  HiX  po3AinbHa
BigCTaHb, S, nNogaHa y 6.3. Y Takomy paasi,
HanexnTb crnpobyBaTu BcTaHoBuTM LPS abo
enekTPUYHUIN NPOBIAHUK Y IHLLIOMY MicCLi.

Hanexute oTpumaTtu 3rogy Big ocobu, ska
BiANOBigae 3a enekTpu4YHe yCcTaTKOBAHHSA, ANSA
nepeknageHHs enekTpUYHUX Mepex, SKi He
BignoBigatTb BMMOram LWOAO  PO3AINbHOI
BiACTaHi OO0 NpOBIOHUKIB nepexonnoBadiB Ha
OoyaiBnax (cnopygax).

AKLLO enekTpUYHe ycTaTKOBaHHA He Moxe ByTu
nepemilleHe, HaneXmnTb BUKOHATU CMNONYYEHHS
i3 30BHiWHbO LPS y BignosigHocTi 3 6.3.

Y pesikux OyguMHKax HEMOXMIUBO [OTpuMmaTu
HeoOXxigHOI po34inbHOT BiAgcTaHi. BHyTpiWHi
KOHCTPYKUiT MOXYTb 3aBaxaTtu
NPOEKTyBanbHUKY ab0 MOHTaXXHUKY NPaBUibHO
OLiHUTK cUTyaUit0 Ta BMKOHATWU CNOSTyYEHHS 3
NeBHUMMU MeTaneBumMmu YyacTuHamm Ta
eneKkTponpoBigHe. Mpo ue HanexuTb
NoBiAOMMATY BNacHMKa GyaAnHKY.

E.6.3.2 CnpoweHun nigxig

CnpouweHun nigxig 3rigHo 6.3.2 € MOXIUBUM,
SAKWO Hanmbinbwui BuMmip Oyaisni (cnopyaum) y
nnaxi (goexuHa abo wWupuHa) He nepeBuLLye
BUCOTY MoHag 4oTuMpu pasu.

E.6.4 3axuct Big BMNUMBY iHAYKOBaHUX
CTPYMIB Yy BHYTPIlWHiX cucTemax

CtpyMn y npoBigHMKax 30BHiwWHbOI LPS
MOXYTb iHOYKYBaTW HagMipHi nepeHanpyrm y
neTnsax NpPoBIAHMKIB BHYTPILIHIX CUCTEM 4Yepes
MarHiTHy B3aemogito. [lepeHanpyrm MOXyTb
CMPUYMHUTY 3007 BHYTPILLHIX CUCTEM.

Ockinbkn npakTU4HO BCi OYyAUHKM MIiCTATb
€NeKTPOHHE obrnagHaHHs, BMNIIB
eneKTpoMarHeTHOro  Mona  30BHIWHIX Ta
BHYTPILHIX [003€MHUX MNPOBIOHWUKIB HaNeXuTb
OpaTv [Jo yBarM 3a MnaHyBaHHA CUCTEMU
3axuCTy Big 6nunckaBku.

3axogu 3axucTy Big nepeHanpyr nogaHo y IEC
62305-4.

E.7 TexHiuHe oGcnyrosyBaHHA Ta ornag
LPS

E.7.1 OOGcsar ornagis

Ornag LPS wmae npoBogutu daxiBeub 3
OnuckaBko3axmucTy 3rigHo pekomeHaauin,
HaBedeHux y naparpadi E.7.

62305-3 © IEC:2010(E)

However, the interference will be significantly
lower than that caused by an electrical spark at
this point.

In the case of roofs, the distance between the
LPS and the electrical installations is often
found to be shorter than the separation
distance, s, given in 6.3. If this is the case, an
attempt should be made to install the LPS or
the electrical conductor at a different location.

An agreement should be reached with the
person responsible for the electrical installation
to perform a re-routing of electrical circuits
which do not conform to the separation
distance to the air-termination conductors on
structures.

When the electrical installation cannot be
re-routed, bonding to the external LPS should
be carried out in accordance with 6.3.

In some buildings it is not possible to maintain
the separation distances as required. Internal
constructions can prevent the designer or
installer from assessing situations and making
connections to certain metal parts and
electrical conductors. This should be
communicated to the owner of the building.

E.6.3.2 Simplified approach

The simplified approach according to 6.3.2 is
possible, if the widest horizontal elongation
ofthe structure (length or width) does not
exceed four times the height.

E.6.4 Protection against effects of induced
currents in internal systems

Currents in the conductors of the external LPS
may induce excessive over-voltages in the
conductor loops of the internal installations by
the effect of magnetic coupling. Overvoltages
may cause failures of internal systems.

Since practically all buildings contain electronic
equipment, the effect of the electromagnetic
field of the external and internal
down-conductors should be taken into account
in the planning of the lightning protection
system.

Protection measures against overvoltages are
given in IEC 62305-4.

E.7 Maintenance and inspection of the
LPS

E.7.1 Scope of inspections

Inspection of the LPS should be conducted by a
lightning protection specialist in accordance
with the recommendations of Clause E.7.

The inspector should be provided with the LPS
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IHcnekTopy mMae OyTuM HagaHO 3BiT NPO MPOEKT
LPS, wo mictutb HeoOXigHy [OKymeHTauito
wopo LPS, npumipom, kputepii NnpoekTyBaHHS,
OMUC  KOHCTPYKUiIT M TEXHiIYHI KpeCneHHs.
IHcnekTopy LPS Takox mae 6yt HagaHo 3BiTu
npo nonepefHi TexHiuyHi ob6cnyroByBaHHA Ta
ornagu LPS.

Yci LPS HanexuTb nepeBipATM Yy Takux
BUNagkax:

- nig yac moHTaxy LPS, ocobnueo nig yac
YCTaHOBMNEHHS KOMMOHEHTIB, o X
npuxoBaHo Yy OyaiBni (cnopygdi) Ta ki
CTaHyTb HEMPUCTYNMHUMU AN OrNs4y;

- NO 3aBepLUeHHi MOHTaxy LPS;

- perynsipHo BignosigHo go Tabnuui E.2.
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The inspector should be provided with the LPS
design report containing the necessary
documentation of the LPS such as design
criteria, design description and technical
drawings. The LPS inspector should also be
provided with previous LPS maintenance and
inspection reports.

All LPS should be inspected on the following
occasions:

— during installation of the LPS, especially
during installation of components which are
concealed in the structure and will become
inaccessible;

— after the completion of the LPS installation;
— on a regular basis according to Table E.2.

Table E.2 — Maximum period between inspections of an LPS

Tabnuus E.2 - MakcumanbHui iHTepBan Mix nepeBipkamu LPS

Protection level Visual inspection, year

PiBeHb 3axucty BisyanbHui ornsaga, pik

Complete inspection, year |[complete inspection, year

MoBHUM ornaa, pik

Critical situations®®,

KpuTnuni cutyauii®®,
MOBHUM ornag, pik

land / Ta ll 1

2 1

Illand / Ta IV 2

4 1

seasonal variations.

Lightning protection systems utilized in applications involving structures with a risk caused by explosive materials
should be visually inspected every 6 months. Electrical testing of the installation should be performed once a year.
An acceptable exception to the yearly test schedule would be to perform the tests on a 14 to 15 month cycle where
it is considered beneficial to conduct earth resistance testing over different times of the year to get an indication of

BisyanbHuit ornag cuctemmu OnnMcKaBKO3axucTy, WO BUKOPUCTOBYIOTbCA Yy OydiBnax (cnopyaax) 3 pu3vKOM,
CNpUYMHEHUM BUOYyxoHebe3neyHMMM maTtepianamu, Mae NpoBOAUTUCH WO 6 MicAuiB. EnekTpuyHi BUNpoOyBaHHS
yCTaTKOBaHHS MalTb BUKOHYBATWUChb OAMH pa3 Ha pik. MPUAHATHUM BUHSATKOM LLOAO piYHOro rpadiky BunpobyBaHb €
npoBefeHHs BunpobyBaHb Ha ocHoBi 14 - 15 MmicayHoOro uwkny, Ae BBaXaeTbCs AOUiINbHUM NPOBEAEHHS
BMNpobyBaHb OMOPY 3eMni Y Pi3Hi MOpU POKy ANA OTPUMAaHHSA MOKa3HUKIB CE30HHMX KONMBAaHb.

Critical situations could include structures containing sensitive internal systems, office blocks, commercial buildings
or places where a high number of people may be present.

KpuTuyHi cutyauii moxyTb BknoyaTu 6yaisni (cnopyau), Wwo MicTaTb y cobi YyTnvBi BHYTPiWHI cucTemMu, odicHi
6yaieni, koMmepuinHi 6yanHkm abo Micus, e moxe B6yTu NPUCYTHIM 3HAYHE YUCIO NLEN.

MepioanyHocTi ornsagie, HaBepdeHi y Tabnuui
E.2, HanexuTb 3acTocoByBaTu 3a BiACYTHOCTI
ocobnueunx BMMOT, BCTaHOBMNEHUX
BiAMNOBIAHMMM YNOBHOBAXXEHUMM OpraHamu.

MPUMITKA Axkwo pgepxaBHi opraHn abo ycTaHOBM

BMMaralTb  MPOBEAEHHA  perynspHux  BunpobyBaHb
enekTpU4HuX cuctem OGydieni (cnopyaun), peKoMeHAyeTbCs
OAHOYaCcHO BUKOHYBaTh nepesipky cuctemu

6rnvMckaBKO3axucTy Ha npeaMeT YHKUilOBaHHS 3axofiB
BHYTPIWHbOro 6nMCKaBKO3axUCTy, BKIOYa4M 3’€QHaHHA
CUCTEMUN eKBINOTEHLUINHMUX CMoMyvYeHb 3 EenekTPUYHUMU
cucTtemamu. AHanoriyHo, paHiwe BCTaHOBIeHe
ycTaTKOBaHHSA mae byTn nos’sisaHe 3 Knacom
6nuckaBkosaxucty abo  nepioguyHictb  BunpobyBaHb
HanexunTb B3ATU 3 MicLeBMX abo Byab-aKUX iHWNX TEXHIYHNX
YMOB Ha NpoBefeHHs BUNPOOyBaHb, Taknx sik HopmaTuBHa
OOKYMeHTauis Ha OyAiBHUUTBO, TEXHIYHI pernameHTw,
iHCTPYKLUii, 3akoHM 3 npomucnoBoi 6e3nekn Ta OXOPOHMU
npaui.

The inspection frequencies given in Table E.2
should apply where no specific requirements
are identified by the authority having
jurisdiction.

NOTE If national authorities or institutions require regular
tests of the electrical system of a structure, it is
recommended to test the lightning protection system with
regard to the functioning of the Internal lightning protection
measures including the lightning protection equipotential
bonding with electric systems at the same time. Older
installations analogously should be related to a lightning
protection class or the test intervals should be taken from
the local or any other test specifications such as
construction guide lines, technical regulations, instructions,
industrial safety and protection of labour laws.
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BisyanbHun ornag LPS HanexuTb BUKOHYBaTK
NPUHaAMMHI LLOPIYHO. Y Aeskux panoHax, ae
TpannawTbcA pi3ki 3MiHU norogmu Ta
eKcTpeMarnbHi NOroaHi YMOBMU,
pEeKOMEeHOYEThCS BUKOHYBaTH Bi3yanbHum
orngag CUCTEMM YacTiwe, HiXK 3a3HadyeHo Yy
Tabnuui E.2. HAkwo LPS € yvactuHow
cnnaHoBaHol nporpamm TEXHIYHOro
obcnyroByBaHHA KrieHTa, abo BuMmaraeTtbcs
cTpaxoBukamu Oygisni (cnopygu), Toadi Moxe
BMMaratucb  noBHe  BunNpobyBaHHA  LPS
LLLOPOKY.

IHTepBan wMix ornagamm  LPS  HanexuTb
BM3Ha4yaTu 3a TakMMu hakTopamu:

- knacudpikauia 6ygisni (cnopygn), Wwo
3axumaeTbCcs, 0COONMBO 3 ypaxyBaHHAM
HENPSMMUX HacnigKiB NOLKOLXKEHHS;

- knac LPS;

- MicueBe OOBKiNNs, NpUMipoM, 3a KOPO3iNnHOI
aTmMocdepu Ornsan HanexuTb NPOBOAUTH
yacrTiwe;

- MaTepiann oKpemMmnx KOMMoHeHTIB LPS;

- TUM NOBEPXHi, A0 AKOI KOMMOHEHTH LPS
NpPUEaHaHO;

- CTaH 'pyHTy Ta noB’si3aHa 3 UUM LUBUOKICTb
KOpoasii.

Ha gopayvy go BuwesasHayeHoro, ornag LPS
HaneXxnTb BUKOHYBATW Lopa3sy Konu 3pobrneHo
3Ha4Hi 3mMiHM abo pemMoHT y 6yaisni (cnopyai),
WO 3axuwaeTbcs, a TakoX nicna Oyab-Akoi
BiqomMoi BucHaru énuckaskm go LPS.

3aranbHy  nepeBipky Ta  BUNpPoOOyBaHHSA
HanexuTb NPOBOAMTU 3 NPOMIXKKOM Bi ABOX A0
4YOTUPLOX pokKiB. CUCTEMU, WO 3HaAXOOATbCS Y
KPUTUYHUX  yMOBax [JOBKiNNsg, nNpuMipom,
yactmHn LPS, wo nigpawTbCa  CUNbHUM
MEeXaHiYHUM HaMpY>XeHHsM, TakKi K THYuJKi
CMOMyYHi CMyrM y panoHax 3 CUITbHUMU
BiTpamun, SPD Ha TtpybonpoBoaax, BiAKpWUTI
3'egHaHHa KabeniB M T. iH., MalOTb MOBHICTIO
nepeBipsaTUCH LLLOPOKY.

Y GinbwocTi reorpadiyHMX panoHiB, 0cobnMBO
y panoHax, ONg AKUX € XapaKTepHUMU 3HauHi
Ce30HHI 3MiHM Temnepatypum Ta onajis,
HaneXxmnTb B3ATM A0 YyBarum OMip Y3eMIIeHHS
WNaXoM BUMIpIOBaHHSA npodinto  nMTOMOro
onopy 3a rMMbuHO y pi3Hi NOroaHi nepiogw.

HanexuTb yAOCKOHanNMT CUCTEMY Y3EeMIEHHS,
AKWO BUMIPSHI 3HAYEHHSA OMNopy BKasylTb Ha
OinbLWi 3MiHM onopy, HiX Ti, WO nepenbaveHi
npu NpOeKTyBaHHi; 0co6nMBO KOMW  omip
HEeYXWUITbHO 3pOCTae MiX nepesipkamu.
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The LPS should be visually inspected at least
annually. In some areas where severe weather
changes and extreme weather conditions
occur, it is advisable to visually inspect the
system more often than indicated in Table E.2.
Where the LPS forms part of the client’s
planned maintenance programme, or is a
requirement of the building insurers, the LPS
may be required to be fully tested annually.

The interval between the LPS inspections
should be determined by the following factors:

— classification of structure protected,
especially with regard to the consequential
effects of damage;

— class of LPS;

— local environment, for example a corrosive
atmosphere environment should have short
intervals between inspections;

— the materials of the individual LPS
components;

— the type of surface to which the LPS
components are attached,;

— the soil condition and associated corrosion
rates.

In addition to the above, an LPS should be
inspected whenever any significant alteration
or repairs are made to a protected structure
and also following any known lightning
discharge to the LPS.

A total inspection and test should be completed
every two to four years. Systems in critical
environmental conditions, for example parts of
the LPS exposed to severe mechanical
stresses such as flexible bonding straps in high
wind areas, SPDs on pipelines, outdoor
bonding of cables etc., should have a complete
inspection every year.

In most geographical areas, and especially in
areas which experience extreme seasonal
changes in temperature and rainfall, the
variation of the earthing resistance should be
taken into account by measuring the resistivity
depth profile in different weather periods.

An improvement of the earthing system should
be considered when the measured resistance
values show larger changes in the resistance
than anticipated in the design; especially when
the resistance increases steadily between
inspections.
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E.7.2 TMopspok ornaaise
E.7.2.1 Tpouenypa ornapgy

MeToto Lboro ornaay € 3abesneyeHHs Toro, Wwo
LPS BignoBigae uboMy cTaHgapTy B YCix
BiAHOLLUEHHSAX.

Ornsag Bknw4yae y cebe nepeBipKy TEXHIYHOI
OOKyMeHTauil, BidyanbHUI ornsana,
BMNpoOyBaHHA Ta BHECEHHA 3anucy Ao 3BiTy
npo ornsag.

E.7.2.2 TlepeBipka TexHiYHOI AOKYMeHTaUil

Hanexuntb nepeBipnTn uum TexHi4yHa
OOKYMeHTauisa € NOBHOM, YM BignoBigae Lbomy
CTaHgapTy Ta YM HaNeXHMM YMHOM BUMKOHAHO
YCTaHOBKY.

E.7.2.3 BisyanbHuun ornsapg

BisyanbHui ornsag BUKOHYETLCA ANS1 NepEeBipKM
TOro, Wo:

- TMpPOEKT BiANOBigae ubOMy cTaHOapTY;
- LPS 3HaxoguTbcs y nobpomy cTaHi;

- Hemae nocnabneHux 3’egHaHb i XO0OQHUX
BUNaAKOBMX PO3PUBIB Yy NpOBigHMKax Ta
3’egHaHHax LPS;

- KOAHAa 3 YaCTUH CUCTEMU HE € YParKEeHOI
KOpO3i€to, 0COBMMNBO Ha PiBHI I'PYHTY;

- yCi BUOMMI NpUeHaAHHA A0 3eMni € Winumm
(pyHKUiOHaNbHO y pobovoMy CTaHi);

- YCi BUOMMI NPOBIOHNKM Ta KOMMOHEHTU
CUCTEMM 3aKpiNeHO Ha MOHTaXHIN
NOBEpPXHi, @ KOMMOHEHTH, SKi 3abe3neyyloTb
MEXaHiYHUN 3aXUCT € Linummn
(dbyHKUiOHanbHO y poboyomy cTaHi) Ta
3HaxogATbCsa y NOoTpibHOMY Mmicui;

-y byaisni (cnopyai), Wo 3axmWwaeTbCs, He
Oyno xxogHuX oonoBHEHb abo 3MiH, AKi
MOXYTb BMMaraTu 4OAATKOBOro 3aXMUCTY;

- HeMa€ XXOOHUX BKa3iBOK Ha MOLLUKOOXKEHHS
LPS, SPD abo neperopsiHHsa 3anobiXXHUKIB,
Aki 3axuwatoTtb SPD;

- Ans ycix HoBuMX nocnyr abo AONOBHEHb, SAKi
Oyno BNawToOBaHO Yy BHYTPILLHbOMY
npocTopi 6ygieni (cnopyaun) 3 MOMEHTY
OCTaHHbLOT NepPeBIPKN, CTBOPEHO NPaBUIIbHI
€KBIMOTEHUINHI CMONMyYeHHs i Wo Ang umnx
HOBUX OOMOBHEHb 6ynu npoBeaeHi
BMNpobyBaHHA Ha 6Ge3nepepBHICTb;

- BcepeauHi 6yaieni (cnopyan) HasBHi
CNONYYHI NPOBIAHNKM Ta WO BOHU € Linnumu
(dbyHKUiOHanbHO y pobovyoMy cTaHi);

- po3A4inbHi BigcTaHi 4OTPUMYOTbCS;
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E.7.2 Order of inspections
E.7.2.1 Inspection procedure

The purpose of this inspection is to ensure that
the LPS conforms to this standard in all
respects.

The inspection includes checking technical
documentation, visual inspections, testing and
logging in an inspection report.

E.7.2.2 Checking of technical
documentation

Technical documentation should be checked
for completeness, conformity to this standard
and agreement with the plant as executed.

E.7.2.3 Visual inspections

Visual inspections should be made to ascertain
that

— the design conforms to this standard,
— the LPS is in good condition,

— there are no loose connections and no
accidental breaks in the LPS conductors
and joints,

— no part of the system has been weakened
by corrosion, especially at ground level,

— all visible earth connections are intact
(functionally operational),

— all visible conductors and system
components are fastened to the mounting
surfaces and components which provide
mechanical protection are intact
(functionally operational) and in the right
place,

— there have not been any additions or
alterations to the protected structure which
would require additional protection,

— there has been no indication of damage to
the LPS, to SPDs or any failures of fuses
which protect SPDs,

— correct equipotential bonding has been
established for any new services or
additions which have been made to the
interior of the structure since the last
inspection, and that continuity tests have
been performed for these new additions,

— bonding conductors and connections inside
the structure are present and intact
(functionally operational),

— separation distances are maintained,
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- CNONYYHi NPOBIOHNKKN, 3NYYHUKN,
€eKpaHyBarbHi NPUCTPOI, eNIeKTPONpoBigHS
Ta SPD nepeBipeHi n BuNpobyBaHi.

E.7.2.4 BunpoGyBaHHA

MepeBipka n BunpobyBaHHsa LPS Bknwouvae
BidyanbHMM Ornsi4 Ta Mae BUKOHYBaTUCh 3
TaKUMKN Qiamu:

- BUKOHaHHSA nepeBipok 6e3nepepBHOCTI,
ocobnuBo 6e3nepepBHOCTI TUX YacTuH LPS,
AKi He 6ynu NPUCTYNHUMU ANs NepeBipky nNig
yac Mo4YaTKOBOrO MOHTa)y Ta 3rogoM He €
NPUCTYNHUMW NS BidyanbHOro ornsaay;

- MpOBEOEHHS NepeBipoK onopy 3emni
CUCTEMU 3EMIISAHOTO 3aKiHYeHHA. Hanexuntb
BUKOHATU i3onboBaHi Ta  KombiHOBaHI
BMMIpPIOBaAHHA OMOpPY 3eMJli Ta NepeBipkn, a
pesynbtatm 3acdpikcyBatu |y  3BiTi npo
nepesipky LPS.

[MpumiTka 1 Bucoko4acToTHi abo iMNynbCHi BUMiplOBaHHSA
€ MOXINMNBUMU Ta ,EI,OLI,iJ'IbHMMVI ansa BU3HA4YeHHA
BUCOKOYACTOTHUX abo iMnyﬂbCHI/IX XapakTepucTuk
CUCTEMW 3EMNSAHOTO 3aKiH4eHHSA. Lli BUMiptoBaHHS MOXe
6yTI/I BWUKOHAHO Ha eTani MOHTaXy, a TakoXx nepio,qquo
nig 4ac ob6cnyroByBaHHS CUCTEMM Y3eMIeHHa Ans

nepeBipkM  BIONOBIAHOCTI  MiX CNpPOEKTOBaHOKW Ta
NoTPiGHOI CUCTEMOIO 3EMMASHOIO 3aKiHYEHHS.

a) Onip 3eMni KOXHOro nokKanbHOro
y3eMM0BanbHOro enNeKTpoay Ta, SKWo e
€ NPakTUYHO MOXNMBUM, onip 3eMni BCiel
CUCTEMU 3EeMIMSHOTO 3aKiHYEHHS.

KoxeH nokanbHUM y3emnoBanbHUin
eneKkTpon HanexuTb BMMiplOBaTVI
i3onboBaHO, 3a BiA'€AHAHOrO MOMOXEHHS
nepeBipquoro 3ITy4YHUKa MiX AO03EMHUM
I'IpOBip,HI/IKOM Ta y3emMmntoBanbHUM
enekTpoaom y (isonboBaHe
BUMIpIOBaHHS).

MPUMITKA 2 [Ona wMepex y3eMIleHHs, Wo
CKnapalTbCA  SK 3 BepTUKanNbHUX  CTPUXHIB
y3eMneHHs, Tak | 4vacTkoBoro abo noBHOro
KinbLeBoro y3emsoBanbHoro enekTpoay,
BiAKMNIOYEHHS Ta BUNpobyBaHHA MaloTb NPOBOAUTUCH
y KONoAs3i NnepeBipky y3eMneHHs. AKWOo Takui ornag
€ CKMagHUM ANS BMKOHAHHSA, HaneXwuTb BUKOHATU

TUNOBI BUNPOBYBaHHS LUNAXOM BUCOKOYACTOTHMX abo
iMNYNbCHUX BUMIipIOBaHb.

Akwo onip 3emMni CUCTEMM 3EMIISTHOTO
3akiHYeHHs B uUinomy nepeBuwye 10 Q,
HanexwTb  BUKOHATU  NEpeBipKy Ha
npegmMmeT  BCTAHOBIEHHSA  TOroO, Lo
enekTpop Bignosigae PUcyHky 3.

Y pasi cyTtteBoro 36inbweHHs abo
3MEHLUEHHS BENMMYNHN OMOPY Y3EMIIEHHS,

HanexXuTb npoBecTun JoOaTKoBI
OOCNIoXKEeHHS ANs BU3HAYEHHS MPUYMHMK
Takux 3MiH.

Ons  ysemnoBanbHUX  €NeKTpoAdiB Yy
CKenaAcTnx rpyHTax HanexuTb

— bonding conductors, joints, shielding
devices, cable routing and SPDs have been
checked and tested.

E.7.2.4 Testing

Inspection and testing of the LPS includes
visual inspections and should be completed by
the following actions:

— performing continuity tests, especially
continuity of those parts of the LPS which
were not visible for inspection during the
initial installation and are not subsequently
available for visual inspection;

— conducting earth resistance tests of the
earth-termination system. The following
isolated and combined earth measurements
and checks should be made and the results
recorded in an LPS inspection report.

NOTE 1 High-frequency or impulse measurements are
possible and useful to determine the high frequency or
impulse behaviour of the earth-termination system.
These measurements may be performed at the
installation stage as well as periodically for the
maintenance of the earthing system to check adequacy
between the designed earthing system and the need.

a) The resistance to earth of each local earth
electrode and where reasonably practical
the resistance to earth of the complete
earth-termination system.

Each local earth electrode should be
measured in isolation with the test joint
between the down-conductor and earth
electrode in the disconnected position
(isolated measurement).

NOTE 2 For earth networks incorporating both
vertical earth rods and a partial or full ring earth
electrode, disconnection and testing should be
performed at the earth inspection pit. If such
inspection is difficult to perform, routine test should
be completed by high frequency or impulse tests.

If the resistance to earth of the
earth-termination system as a whole
exceeds 10 Q, a check should be made to
ascertain that the electrode conforms to
Figure 3.

If there is a significant increase or
decrease in the value of the earth
resistance, additional investigations
should be made to determine the reason
for the change.

For earth electrodes in rocky soil, the
requirements of E.5.4.3.5 should be
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potpumysatn Bumor E.5.4.3.5. Bumora
womo 10 Q y uboMy BWMNAAKY He
3aCTOCOBYETbLCH.

b) PesynbTaTu BisyanbHOi nepeBipkn ycix
NPOBIAHWUKIB, CNOMYY€EHb Ta 3My4YHUKIB abo
TXHS BUMipsHa eneKkTpu4yHa
Oe3nepepBHiICTb.

AKWo cuctema 3eMIISTHOro 3akiHYeHHS He
Bignoeigae uum BuMoram, abo nepesipka
OOTPUMaHHS BUMOT € HEMOXIUNBOI Yepes bpak
iHbopMaLil, cucteMy 3eMIIGHOro 3aKiH4YeHHS
Mae OyTK yOOCKOHaneHo LAXOM
BCTAHOBMEHHSA [OOAATKOBMX Y3eMIToBallbHUX
enekTponie  abo  BCTaAHOBMEHHAM HOBOT
CUCTEMW 3EeMMSHOIO 3aKiHYEHHS.

MepeBipka Tux SPD, ski He MaloTh BidyanbHOro
iHOMKaTopa, Mae BUKOHYBATWUCb MEPEBAXHO 3
BUKOPUCTAHHAM obnagHaHHA abo
pekomeHaauin, HagaHUX BUPOOHUKOM.

E.7.2.5 NepeBipka AokymeHTauUil

[na nonerweHHa BMKOHAHHA nepeBipok LPS
Mae OyTu NiAroTOBMEHO IHCTPYKUIT 3 nepeBipKu
LPS. BoHM MawTb MICTUTM  [OCTATHbO
iHpopmauii gna Toro, abu iHcnekTop MiIr
3[ifcHIOBaTHU ornsaa Tak, o0 oyno
3al0KyMEHTOBAHO YCi BaXXNMBi ENEeMEHTU, K OT
MeTon MOHTaxy LPS, Tunm Ta cTaH
KomnoHeHTiB LPS, meToan BunpobGyBaHb W
BHECEHHS BIiANOBIAHMX 3anuCiB NpPO OTpMUMaHi
pe3ynbTaTy BUNpobyBaHb.

3BiT npo nepeBipky LPS mae wmictutm Taki
BiJOMOCTI:

- 3ararnbHWUN CTaH NPOBIAHWKIB
nepexonsitoBayiB Ta iHWWUX KOMNOHEHTIB
CUCTEMU MEPEXONIEHHS;

- 3aranbHUN piBEHb KOPO3il Ta CTaH 3axucTy
Big KOpO3ii;

- HafinHicTb KpinneHHs npoBigHukiB LPS Ta
KOMIMOHEHTIB;

- BMMIpPIOBaAHHS OMOpYy 3eMIli CUCTEMU
3eMMAHOro0 3aKiH4EeHHS;

- Oyab-siKi BiAXWITEHHS Big BUMOT LbOro
cTaHgapTy;

- [AOKYMEHTYBaHHS yCiX 3MiH Ta JONOBHEHb Y
LPS Ta 3miH y 6ygisni (cnopyai). Ha
0O0AaToK, HanexuTb NepeBipuTN KPecrneHHs
Ta onuc KOHCTpyKLUii LPS;

- pesynbTaTu NpoBeAeHUX BUNpoOyBaHb.
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followed. The 10 Q requirement is not
applicable in this case.

b) The results of a visual check of all
conductors, bonds and joints or their
measured electrical continuity.

If the earth-termination system does not
conform to these requirements, or checking the
requirements is not possible because of a lack
of information, the earth-termination system
should be improved by installing extra earth
electrodes or installing a new earth-termination
system.

SPDs without a visual indicator need to be
tested, preferably using the guidelines or
equipment provided by the manufacturer.

E.7.2.5 Documentation of inspection

LPS inspection guides should be prepared to
facilitate LPS inspections. They should contain
sufficient information to guide the inspector
through the inspection process so that all areas
of importance are documented such as the
method of LPS installation, the type and
condition of the LPS components, test methods
and the proper recording of the test data
obtained. The inspector should compile an LPS
inspection report, which should be kept
together with the LPS design report and the
previously compiled LPS maintenance and
inspection reports.

The LPS inspection report should contain the
following information:

— general conditions of air-termination
conductors, and other air-termination
components;

— general level of corrosion and the condition
of the corrosion protection;

— security of attachment of the LPS conductors
and components;

— earth resistance measurements of the
earth-termination system;

— any deviation from the requirements of this
standard;

— documentation of all changes and extension
of the LPS and any changes to the structure.
In addition, the LPS construction drawings
and the LPS design description should be
reviewed;

— the results of the tests performed.
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E.7.3 TexHi4yHe o6cnyroByBaHHA

TexHiyHe obGcnyroByBaHHa LPS HanexuTtb
BUKOHYBaTU PErynspHO s NEepeBipKU TOro,
Wwo i cTaH He noripwuecsa | BOHa NpogoOBXYye
BUMKOHYBaTM BUMOIM, 3rigHO sAkux 11 6yno
cnepwy cnpoektoBaHo. [Mpoektom LPS wmae
BM3Ha4aTucs HeoOXigHa nepioanYHicTb
TEXHIYHOro 0OCnyroByBaHHs Ta MNepeBipKu
3rigHo Tabnuui E.2.

Y nporpami TexHiyHoro ob6cnyrosyBaHHa LPS
Mae oyTn nepenbaveHo OesnepepBHe
OoHoBMeHHA LPS 3rigHO YMHHOT pegakuii uboro
cTaHgapTy.

E.7.3.1 3aranbHi 3ayBaxeHHs

KomnoHeHT LPS, 3a3Bu4an, 3a Kinbka pokiB
BTpa4yalTb CBOIO €(PEKTUBHICTb Yepes KOpO3ito,
NOLUKOOXKEHHS, noB'sa3aHi 3  NOrogHMMM
ymMoOBamu, MeXaHiyHi NOLIKOOXXEHHSA Ta
NOLIKOMAXKEHHS Bif yaapiB 6rnnckasku.

[Mporpamn nepesipok Ta TEeXHi4YHOro
ob6cnyroByBaHHS 3aTBEPAXYOTbCSA
YNOBHOBAXEHUM OpraHoM, NMpPOeKTyBanbHUKOM
abo MoHTaxHukoMm LPS, cninbHo 3 BrnacHuWkom
oygisni (cnopygn) abo npusHa4YeHUM HUM
npeacTaBHUKOM.

Onsa  npoBegeHHs  pobiT 3  TexHiYHOro
obcnyroByBaHHs Ta BUKOHaHHSA nepeBipok LPS
obuaBi nporpamu, 3 nepeBipkM Ta TEXHIYHOro
06CcnyroByBaHHs, HanexumTb KOOPAMHYBATH.

TexHiyHe obcnyroByBaHHA LPS € Baxnusum
HaBiTb $KWO MpoekTyBanbHukom LPS 6ynu
BXWUTi cneuianbHi 3anobixHi 3axoan Ans
3abe3nevyeHHs 3axuUcTy Big KOpoa3ii, a po3mipu
koMmnoHeHTiB LPS 6yno gobpaHo 3 ornsgy Ha
YaCTKOBY HE3axXWLEHICTb Bif MOLIKOAXEHb iX
OnuckaBkol Ta MNOrOAHUMW YUHHWUKAMWU, Ha
[04aTOK 40 BMMOT LbOro ctaHgapTy.

MexaHi4Hi Ta enekTpu4Hi xapaktepucTtmkmn LPS
MatoTb MOBHICTIO 36epiraTucb NPOTATOM yCbOro
TepmiHy cnyx6bwu LPS pgnsa Toro, abwu
BignosigaTv BUMOram LbOro ctaHaapTy wopao i
KOHCTPYKLI.

Moxe BUHUKHYTU HeobOXigHICTb BHECTU 3MiHU
0o LPS, akwo 6ynu BHeceHi 3MiHn go bypaisni
(cnopyaun) abo go ii obnagHaHHA, abo y paasi
3MiHM UiNbOBOro MNpu3HAYeHHsa Uiei Oyaisni
(cnopyan).

Akwo 3a pesynbTaTamm nepeBipkn
BCTAHOBMIETLCA HEOOXIOHICTb Yy BUKOHAHHI
PEMOHTY, Takui PEMOHT Mae BUKOHYBaTUCb
HeramHo i He BigknagaTUcb OO HACTYMHOro
LMKy TEXHIYHOro obcnyroByBaHHS.
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E.7.3 Maintenance

The LPS should be maintained regularly to
ensure that it does not deteriorate but
continues to fulfil the requirements to which it
was originally designed. The design of an LPS
should determine the necessary maintenance
and inspection cycle according to Table E.2.

The LPS maintenance programme should
ensure a continuous updating of the LPS to the
current issue of this standard.

E.7.3.1 General remarks

LPS components tend to lose their
effectiveness over the years because of
corrosion, weather-related damage,
mechanical damage and damage from lightning
strokes.

The inspection and maintenance programmes
should be specified by an authority, the LPS
designer or the LPS installer, in conjunction
with the owner of the structure or an appointed
representative.

To carry out maintenance work and to perform
inspections of an LPS the two programmes,
inspection and maintenance, should be
coordinated.

Maintenance of an LPS is important even
though the LPS designer has taken special
precautions to provide corrosion protection and
has dimensioned the LPS components
according to their particular exposure to
lightning damage and weather elements in
addition to the requirements of this standard.

The mechanical and electrical characteristics
of the LPS should be fully maintained
throughout the entire lifetime of the LPS in
order to conform to the design requirements of
this standard.

It may be necessary to modify the LPS if
modifications are carried out on the building or
its equipment or if the purpose for which the
building is utilized is altered.

If an inspection shows that repairs are
necessary, those repairs should be executed
without delay and not be postponed until the
next maintenance cycle.
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E.7.3.2 TlopAanok TexHi4HoOro
o6cnyroByBaHHSA

IOns Bcix LPS HanexuTb BU3HAYNTM Nporpamm 3
nepiognyHOro TeEXHIYHOro 06CnyroByBaHHsS.

MepiognyHicTb BMKOHaHHA 3axoniB 3
TEXHIYHOro 0O6cnyroByBaHHS 3anexuTb Big
HaCTYyNHOrO:

- [erpapgauis, noB’si3aHa 3 norogoto Ta
[OBKIiNNsaMm;

- He3axWULEeHICTb BiJ NOTOYHOro
NOLWKOOXKEHHSA BNUCKABKOIO;

- piBeHb 3axuUcTy, NnpuaHavyeHun bygisni
(cnopyai).

Mopsgok TexHiyHoro obcenyrosyBaHHa LPS
HanexuTb BCTAHOBUTU AONA KOXHOI OKpeMmoi
LPS T1a BiH mMae ctatm yacTuHOW 3aranbHOi
nporpaMmm TEexHIYHOro o6cnyroByBaHHA AnNs
Oyaisni (cnopyan).

Mporpama TexHiYHOro oOCnyroByBaHHs Mae
MICTUTU  Nepernik MOTOYHMX TMYHKTIB  Ans
BUKOPUCTAHHS MOT0 K KOHTPOJIbHOrO CMUCKY,
Tak Wwobu BM3HaA4YeHi npoueaypu 3 TEXHIYHOro
obcnyroByBaHHs BUKOHYBanucs perynsipHo, 3
TUM, WOON CTBOPUTU MOXIUBICTb MNOPIBHATH
HOBI pe3ynbTaTn 3 nonepeaHiMu.

I'Iporpama TeXHi4YHOoro 06CJ'IyI'0ByBaHHF| Mae
MIiCTUTK NMOJTIOXEeHHA ana 3abesneyeHHs
HaCTyMHOTO:

- nepeBipka ycix npoBigHukiB LPS Ta
KOMMOHEHTIB CUCTEMMU;

- repeBipKka enekTpu4yHoi 6e3nepepBHOCTI
ycTaTkoBaHHs LPS;

- BUMIpPIOBaHHS OMOpy 3eMIli CUCTeEMU
3eMNSAHOro 3aKiH4YeHHS;

- nepesBipka SPD;
- nNigTAryBaHHs TpMMadiB KOMMNOHEHTIB Ta
NPOBigHWUKIB;

- rnepeBipka Toro, wo edekTnBHicTb LPS He
3MeHLmMnacs nicns BHECEHHSA AOMNOBHEHb
abo 3miH y 6yaisnto (cnopyay) Ta ii
obnagHaHHS.
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E.7.3.2 Maintenance procedure

Periodic maintenance programmes should be
established for all LPS.

The frequency of maintenance procedures is
dependent on the following:

weather- and environment-related
degradation;

exposure to actual lightning damage;

protection level assigned to the structure.

LPS maintenance procedures should be
established for each particular LPS and should
become a part of the overall maintenance
programme for the structure.

A maintenance programme should contain a list
of routine items to serve as a checklist so that
definite maintenance procedures are followed
regularly in order to make it possible to
compare recent results with previous ones.

A maintenance programme should contain
provisions for the following:

— verification of all LPS conductors and system
components;

— verification of the electrical continuity of the
LPS installation;

— measurement of the resistance to earth of
the earth-termination system;

— verification of SPDs;
— re-fastening of components and conductors;

— verification to ensure the effectiveness of the
LPS has not been reduced after additions
to,or changes in, the structure and its
installations.
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E.7.3.3 EkcnnyartauiniHa goKymMmeHTauisa

Mae BecTUCb MNOBHE [OOKYMEHTYBaHHS YCiX
pobiT 3 TexHi4yHoro ob6cnyroByBaHHA i3
3a3Ha4YeHHAM KOpWUryBamnbHUX 3axoAdiB, SKUX
Oyno BxuTto abo ski € HeobxigHUMK.

BigomocTi Wwogo npoBeAeHOro TEeXHIYHOro
ob6crnyroByBaHHS MarTb CAYXUTK 3acobom ans
OUiHIOBAHHA KOMMOHeHTiB LPS Ta MoHTaxy
LPS.

3anucn wopo obcenyrosyBaHHa LPS matoth
CINY>XMTU OCHOBOK ANs nepernagy npouenyp 3
TeXHIYHOro oOcnyroByBaHHsl, a TakoXx pAns
OOMOBHEHHS nporpam 3 TeXHiYHOoro
obcnyroByBaHHs. BigomocTi wono
NnpoBeAEeHOro TexHiyHoro obenyrosyBaHHsa LPS
HanexuTb 36epiratn pasom 3 npoektom LPS Ta
3BiTamu npo nepesipky LPS.
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E.7.3.3 Maintenance documentation

Complete records should be kept of all
maintenance procedures and should include
corrective actions taken or required.

Maintenance procedure records should provide
a means of evaluating LPS components and
the LPS installation.

The LPS maintenance record should serve as a
basis for reviewing maintenance procedures as
well as for updating maintenance programmes.
The LPS maintenance records should be kept
together with the LPS design and the LPS
inspection reports.
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