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HEPEJIMOBA

1 BHECEHO: ToBapucTBO 3 00OMEKEHOK BiAMOBIAAIBHICTIO « YKPAiHCHKHANA 1HCTHTYT
crajieBuX KOHCTpyKIiii iMmeHi B.M. Illumanoscbkoro» TK 301 «MeTtanoOyniBHUIITBOY /
[TK-1 «IIpoekTyBaHHsI METAICBUX KOHCTPYKII1i»

[TEPEKJIAJZI I HAVYKOBO-TEXHIYHE PEJAI'YBAHHA: B. Aapianos, B.
Aptiomienko, B. I'agpuiioBa, A. I'ninka, B. I'opaees, 1.1.H., O. Kopayn (HaykoBuii
kepiBHUK), O. llnmanoBCHKUIA, 1.T.H.

2 HAJJAHO UMHHOCTI: naka3 MiHicTepcTBa PEriOHAIBHOTO PO3BUTKY, Oy NIBHHUIITBA
Ta KUTJIIOBO-KOMYHAJILHOTO FOCIOAAPCTBA YKPAiHU Bij « » 20
Ne

3 Harionanenuii cranaapt Bianosigae [SO 12494:2001 Atmospheric icing of structures
(ObneneHiHHs Oy IIBENBHUX KOHCTPYKI1HA BHACHIIOK aTMOC(EPHOTO BILJTUBY ).

CrymniHb BIAMOBIAHOCTI — ineHTHYHMNA (IDT)
[lepexnan 3 aHTIACHKOT (en)

Ieii cranpapt Buaano 3 1030y CEN

4 YBEJAEHO BIIEPIIE

IIpaBo BaacHoCTI HA Heil HALIOHAJBLHUI CTAHAAPT HAJICKUTD AepPKaBi.
3a00poHSIETHCS MOBHICTIO YU YACTKOBO BHAABATH, BIITBOPIOBATH 3 METOI0 PO3MOBCIOAKEHHH i
PO3MOBCIOIXKYBATH fIK O(illiliHe BUAAHHSA el HAIOHAJILHUI CTAHAAPT 200 HOro YacTUHY Ha
Oyab-sIKUX Hocisix iHopmaiii 6e3 103801y MiHicTepcTBAa PerioHAILHOIO PO3BUTKY,
OyAIBHHIITBA TA )KUTJI0BO-KOMYHAJIBHOI0 rocnogapcTsa YKpaiHu.

Minperion Ykpainu, 201X

Odiniitanii BUAaBELb HOPMATUBHUX JOKYMEHTIB Y Tajy3i OyaiBHULTBA i
IPOMHCIIOBOCTI OyAiBeNbHUX MaTepiaiiB MiHperioHy YKpaiHu
JepxaBHe MiANPHEMCTBO «YKpapx0yainpopm»
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HAIIIOHAJILHAM BCTYII

Lle# cranpapt € ToroxHuM nepeknaaom [SO 12494:2001 «Atmospheric icing of
structuresy (OOneneHiHHS OyIIBETBHUX KOHCTPYKI BHACHIAOK aTMOC(HEPHOrO

BILJIUBY ).

ISO 12494:2001 miaroroenaeHo TexHiynuMm komiteTtoM [SO/TC 98 «OcHoBu
NPOEKTYBaHHST KOHCTPyKuUiH» («Bases for design of structuresy), Ilinkomiter SC 3
«HapanTaxxenns, cum Ta 1Hm aii» («Loads, forces and other actionsy), cekperapiarom

saxoro kepye JISC.
J10 HAIIOHATFHOTO CTAHAAPTY AOTYUYEHO AHTJIOMOBHHIA TEKCT.

Ha Tteputopii YkpaiHu sk HallOHAJIBHWA CTaHIApPT i€ JiBa KOJIOHKA TEKCTY
JCTY B ISO 12494:201X «OOnencHiHHsS OyNIBEIbHUX KOHCTPYKILM BHACIIIOK

atMocepHoro BrmuBy (ISO 12494:2001, IDT)», BuKknaaeHa yKpaiHCbKOK MOBOIO.

Bignoigno mo JABH A.1.1-1-93 «Cucrtema cranaaptu3anii Ta HOPMYBaHHS B
OyaiBHULTBI. OCHOBHI TMOJIO)KCHHSI» I CTaHAAPT BIJHOCHTHCS [0 KOMILIEKCY
HOpMaTUBHUX JOKYMEHTIB B.1.2 «Cucrema 3a0e3neyeHHs HAaIHHOCTI Ta Oe3neku
OyJIBETLHUX 00’ EKTIBY.

Cranaapt MICTHTh BUMOTH, SIK1 BIATIOBIJAIOTh YAHHOMY 3aKOHOJABCTBY YKpaiHM.

TexHlUHMIA KOMITET, BIANOBIAAAbHMNA 3a 1ed crangapr, — TK 301
«MetanoOyaiBHULTBOY, [IK-1 «IIpoekTyBaHHS METAIEBUX KOHCTPYKIIIY.

Jlo craHmapTy BHECEHO TaKi peAaKIliiHI 3M1HU:

- ClOBAa «IEd MDKHAPOOHWI CTaHAapT» 3aMIHEHO Ha «UEH CTaHmapT»y y

BIAMOBIIHUX BIJIMIHKAX;

- CTPYKTYpHI EJIIEMEHTH CTaHJAPTY. «OOKITaINHKAY, «[TepenmoBay,

«Hanionanbauii BCTym», «3Mmict» Ta «bidmiorpadiuni gaH1» o(opMieHi 3rigHO 3

BUMOTaMH HAL[IOHAJBHOI CTaHAapTH3alli YKpainu;

-y cTaHAapTi HaBeeHI «HaroHanbH1 OSICHEHHSY, K1 BUIJIEH] B TEKCTI PAMKOIO;
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- TO3HAKW OJMHUIL BUMIPIOBAHHS BIAMOBIAAOTH cepii ctanaaptie JICTY 3651-97

«Metponoris. OnuHul GI3UYHUX BETUUYHAH .

[lepenik Mi>KHapOJHUX CTaHAAPTIB, MOCWIAHHA Ha siki € B ISO 12494:2001 Ta
BIJIMOBIJTHAX HAI[IOHAJIbHUX CTaHAApPTIB YKpaiHW (3a iX HAsBHOCTi), HABEJIEHO B
nonarky HA.

Komii MDKHaApOgHMX Ta perioHalbHUX CTAaHAApTIB, HA SKI € MOCHJIAHHS
B ISO 12494:2001, 1 sxi He NpUHATI B YKpaiHl SK HalOHAIbHI CTAaHJAPTH, MOXKHA

orpumarH B ['onoBHOMY ponal HopmatuBHEX AO0KyMeHTIB 1T « YxkpH/IHL».
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HHEPEIMOBA

ISO (MixnaponHa opraHizauis 13
CTaHJapTH3allii) — BCECBITHS (enepanis
OpraHiB cTaHaapTu3auii (OpraHiB-4JICHIB
ISO).

MDKHApOJAHHUX CTAaHAAPTIB BUKOHYIOTH

PobGoty 3 M1ITOTOBKH
3a3Buyail TexHiuHi komitetu [SO. Koxken
OpraH-4JICH, 3alliKaBJICHUH y raity3i, AJs
AKOi TEXHIYHUH KOMITET OYB CTBOPEHUH,
Mae TMpaBo OyTH NPEACTABICHAM Y
OMY KOMITETI. MixkHapoaHi
Oprasizaiii, ypsaoBl 1 HEYPSOOBI, SKi
B3aeMoAitoTe 3 ISO, Takox OepyTh

ydacte y podoti. ISO TicHO chiBmpartoe

3  MIUDKHAPOJHOK  €JIEKTPOTEXHIYHOK)
komicietro  (IEC) 3 ycix nurasb
CTaHAapTH3allii B ramysi
€IEKTPOTEXHIKH.

MixHapoaHi CTaHIApTH

PO3POOJISIFOTECS BIJMOBITHO JIO TPaBUI,

BuknmaneHnx y JwupexktuBax ISO/IEC,

Yacruna 3.

[TpoexTn MDKHAPOIHHUX
CTaHAAPTIB, NPUHHATHX TEXHIYHUMH
KOMITETAMH, PO3CHIIAIOTECI  OpraHam-
4JI€HaM Ha TOJIOCYBAHHSI.

OnyOnikyBaHHS iX SK MI>KHAPOJHUX

CTaHJapTIB BAMArae YXBAJICHHS
nioHaiimeHuie 75 % OpraHiB-4JeHIB, sKi

OEpyTh Yy4acThb y rOJIOCYBaHHI.

FOREWORD

ISO (the International
Organization for Standardization) is a
worldwide  federation of national
standards bodies (ISO member bodies).
The work of preparing International
Standards is normally carried out through
ISO technical committees. Each member
body interested in a subject for which a
technical committee has been established
has the right to be represented on that
committee. International organizations,
governmental and non-governmental, in
liaison with ISO, also take part in the
work. ISO collaborates closely with the
International Electrotechnical
Commission (IEC) on all matters of
electrotechnical standardization.

International Standards are drafted
in accordance with the rules given in the
ISO/IEC Directives, Part 3.

Draft International  Standards
adopted by the technical committees are
circulated to the member bodies for
voting. Publication as an International
Standard requires approval by at least
75 % of the member bodies casting a

vote.
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3BEpPTAEMO yBary Ha Te, M0 JEsKI
€IEMEHTH [bOTO CTAHAAPTY MOXKYTh
OyTH mpeaMeToM mareHTHuX mpas. [SO
HE MOBMHHA HECTH BIAMNOBIJAJBHICTH 34
iaeHTUIKAIl0  OyIb-IKOTO 4YH  BCIX

TAKHX IMAaTCHTHUX IIPaB.

Cranmaptr ISO 12494  Oys
po3poOnicHuit  TeXHIYHUM  KOMITETOM
ISO/TC 98, Ocnosni  6umocu 00
NpPOEKmyGaHHs. KOHCMPYKYIil,

IMTigkomitetom SC 3, Hasanmasicenns,
CUIU MA THUL] BNIUBU.

Jomatku Bigm A g0 E 1mworo
TIMBKA IS

CTAaHJAPTy  HABECHO

1HpopMatii.

Attention 1s drawn to the
possibility that some of the elements of
this International Standard may be the
subject of patent rights. ISO shall not be
held responsible for identifying any or all
such patent rights.

International Standard 1SO 12494
was prepared by Technical Committee
180/TC 98, Bases for design of
structures, Subcommittee SC 3, Loads,

forces and other actions.

Annexes A to E of this
International Standard are for

information only.

VIl
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HAIIOHAJILHUN CTAHJIAPT
YKPATHUI

INTERNATIONAL STANDARD

OBMEP3AHHS BY AIBEJIBHUX
KOHCTPYKIIN BHACJIIAOK
ATMOC®EPHOI'O BILIUBY

ATMOSPHERIC ICING OF
STRUCTURES

First edition 2001-08-15.
ICS 91.080.01
English version

Atmospheric icing of structures

ISO 12494:2001

Yuuunii Bix

BCTYII
Lle#i  crammapr  omucye  aii
00neeHIHHS 1 MOKE OyTH 3aCTOCOBAHMIA
IJIs  TPOCKTYBAHHS  JIESKUX  THUMIB
OyAIBEIBHUX KOHCTPYKIIIH.
Bin  wmae

ISO 2394,

BUKOPUCTOBYBATHUCS
paoMm 3 a Takoxk 13
BIIMOBIIHUMU cTaHaapTaMmu CEN.

Lle#t cranpapT y OESKUX acneKrax
BIJIPI3HSETHCS Bl 1HIOUX CTaHJAPTIB,
OCKUIBKM T€Ma € Majo AOCHIiKeHa 1
HEIOCTATHLO.

JOOCTYMHOI  1HpopManii

Omke, cTaHAapT  MICTUTh  OiyibIe

MOSCHEHb, HIK 3a3BUYaii, a TaKOX
JOJATKOBl ONWCH Ta PEKOMEHAAlli B
JoAaTKaX.
[TpoekTyBaIbHUKH MOXKYTh
BHUSIBUTH, 1110 BOHU BOJIOIFOTH OBHIIIOIO

1HpOpMALIED 3 JEIKAX TEM, HIK 1€

2001

INTRODUCTION
This International Standard
describes ice actions and can be used in

the design of certain types of structures.

It should be used in conjunction
with ISO 2394, and also in conjunction
with relevant CEN standards.

This International Standard differs
in some aspects from other International
Standards, because the topic is poorly
known and available information is
inadequate. Therefore, it contains more
explanations than wusual, as well as
supplementary descriptions and
recommendations in the annexes.

Designers might find that they
have better information on some specific

topics than those available from this
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HABOAUTh JaHWil craHpapr. lle Moxke

OyTH  COPaBEAJIMBUM, OCOOJIMBO B
MaiOyTHOMY. OJIHaK BOHU TMOBHHHI
OyTH noyke 00auHUMHU y TOMY, OO HE
BUKOPUCTOBYBATH 1€l CTaHAAPT JIMALIE
YACTKOBO, aJI€ TUILKU IILTKOM.

OCHOBHA M€Ta IBOTO CTAHAAPTY —
CIIOHYKATH MPOCKTYBAJIbHUKIB 70

MIPKYBaHb 1010 MO>KITUBOTO
BIJIKJIAJICHHS JIbOJY Ha OYJIBEJIbHOI
KOHCTPYKIli Ta A0 MNOAAIBIIMX Id 3
bOTO MPUBOY.

B wmipy TOro, K y HalOImK4i pOKu
3’SABISITUMETLCS ~ OUTbIIE  JAaHUX  MPO
npupoay armMocepHoro oOJIeACHIHHS,
notpeba B OHOBJICHHI LbOTO CTaHAAPTY
CTaBaTUME OLIbII AKTYaIbHOK, HIXK
3a3BUYAN.

HactanoBu HaBOIATHCS y BUIVISAL
[IpUMITKM MiCIsE TEKCTY, SIKOTO BOHHU
CTOCYIOTbCSl. BOHM BIAPIZHSIOTHCS Bl
OCHOBHOTO TEKCTY po3mipom mpudrty. Li
HACTAaHOBH MICTATh WLIHHY 1H(OpMAILiIO,
dKa  MOXE

OyTH  KOPHCHOKO  JUIsi

OPAKTUYHOTO  MPOCKTYBaHHA 1  sKa
NPE3EHTYE PE3YIBTATH, SIKI, MOKITUBO, HE
€ JOCTaTHbO JOCTOBIPHUMH B MEXKax
IBOr0 CTaHAAPTY, ajl€ MOXKYTh CTaTH
OaraTbox

KOPpUCHUMH B BUITaAKAX,

JOMOKKM B MailOyTHROMY HE 3’ SIBUTHCS

International Standard. This may be true,
especially in the future. They should,
however, be very careful not to use only
parts of this International Standard partly,
but only as a whole.

The main of this

purpose
International Standard is to encourage
designers to think about the possibility of
ice accretions on a structure and to act

thereafter.

As more information about the
nature of atmospheric icing becomes
available during the coming years, the
need for wupdating this International
Standard is expected to be more urgent
than usual.

Guidance is given as a NOTE, after
the text for which it is a supplement. It is
distinguished from the text by being in
smaller typeface. This guidance includes
some information and values which
might be useful during practical design
work, and which represents results that
are not certain enough for this
International Standard, but may be useful
in many cases until better information

becomes available in the future.
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OUThII TOCTOBIpHA 1H(OPMALIIS.

Tomy MPOIIOHYEMO
NPOEKTYBAJIbLHAKAM KOPHCTYBaTUCS
OUMH HACTAaHOBAMM 32 YMOBH, IO
moao  Ix

YCBIAOMJIKOKOUM  HaMipu

3aCTOCYBAaHHS, BOHM OyayTh TaKOX

1HQOPMOBaHI MpPO Ppe3yJIbTaTH HOBUX

JOOCHIKEHD Ta/ad0 BUMIPIOBAHb.

1 COEPA 3ACTOCYBAHHA
1.1 3araabHi HoJ10KeHHS
B JAHOMY CTaHJapPTI

PO3IJISIAAOTECS  3arajlbHl  TPUHLUIA
BU3HAYCHHS OXKEJIETHOTO HABAHTAXKECHHS
HA KOHCTPYKIii, TUMU SKUX HABEJCHO
B 1.2.

Skuio el um 1HmMA cranaapt ado
PEKOMEHJAIsl HE OXOIUIKE SKI-HEOY b
KOHCTPYKIIii, MPOCKTYBaJLHUKA MOXKYTh
CKOPUCTATUCS  KOHICMIIE  [bOTO
crangapty. Ilpy 1poMy KOpUCTYBau
MOBUHEH 3aBXKAU YBWKHO CTABUTHUCS O
JOLITEHOCTI 3aCTOCYBaHHS 1[bOTO
cTaHAapTy (peKoMeHpaalli) moao Tiei uu
THII01 KOHCTPYKITI.

[TpakTUuHE 3aCTOCYBaHHS JAHUX
bOTO CTAHJIAPTY IPYHTYETHCS HA MEBHUX
3HAHHSAX MapaMeTpiB MalgaHuyuKa, Ha
SAKOMY

3HAXOAWUTBCS  KOHCTPYKIISL.

Hampuknan, HeoOXiqHO 3HATH CTYMIHBb

Designers are therefore welcome to
use information from the guidance notes,
but they should be aware of the intention
of the use and also forthcoming results of

new investigations and/or measurements.

1 SCOPE
1.1 General
This International Standard

describes the general principles of
determining ice load on structures of the

types listed in 1.2.

In cases where a certain structure is
not directly covered by this or another
standard or recommendation, designers
may use the intentions of this
International Standard. However, the user
should always consider carefully the
applicability of the standard
(recommendation) to the structure in
question.

The practical use of all data in this
International Standard 1s based upon
certain knowledge of the site of the
to have

structure. It 1s necessary

information about the degree of «normal»

3
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«HOPMaJIbHOTO»  00neAcHIHHS  (TOOTO

JbOJIOBI  KJacW) TOrO0 YW  IHIIOTO
maigaHunka. Ha »kanp, ans Oaratbox
paiioH1B Taka 1H(popMaLis BiICyTHSI.

AJle HaBITh y TAKUX CUTYyaLIX LEH
CTAaHIAPT MOXKE BHUSIBUTUCS KOPUCHUM,
TOMY WOI0 MICIEBl MeTeocny0u abo
THIIMA

KBaJT1(PIKOBAHMIH NEPCOHAI

3MOKYTh  NPAaBWJIBHO  PO3paxyBaTH

JBOAOBUN Kjac. BUKoOpHUCTaHHsA Takoi
OLIHKM TpPUA MPOCKTYBAHHI CHPUATHME
Oe3neku

M IBUIICHHIO KOHCTPYKITIi

HOpiBHHHO 3 BUIIAAKAMH, KOJIM ITPOCKTOM

HE TepeadadyeHo  SKOAHOTO  BIUTUBY
00JICICHIHHS.

VYBara! Ham3puualiHO BaKJIMBO
BUKOHYBaTH MPOCKTYBaHHS 3
ypaxyBaHHSM HaBITh  MiHIMAJBLHOIO
00/1e1eHIHHS, 3aMICTh Horo
HIJIKOBUTOI0  irHOPYBAHHA, 3T0JIOM

NUTAHHS OPAaBWILHOI YU HENPABUJILHOI
OLIIHKA MOJKJIMBOTO OOJIEACHIHHS Oye
BXK€ HE TAKUM BOKIHUBUM. 30KpEMA,
MO>KJIMBE 3HAYHE TIOCHUJIEHHS BITPOBOI Aii
BHACJIIJIOK PO3MIMPEHHS 30HU BIUIMBY 1
30UTBIIEHHS KOE(PILIEHTA OMOPY.

1.2 Buxopucranus

Liew CTaHIApT MOXKE
BUKOPUCTOBYBATUCS  JUISi BU3HAYCHHS
Macl  OXKEJIEMHOTO Ta  BITPOBOTO

icing amounts (= ice classes) for the site
in question. For many areas, however, no
information is available.
Even in  such cases this
International Standard can be useful,
because local meteorologists or other
experienced persons should be able to, on
the safe side, estimate a proper ice class.
Using such an estimate in the structural
design will result in a much safer
structure, than designing without any

considerations for problems due to ice.

CAUTION It is extremely
important to design for some ice instead
of no ice, and then the question of
whether the amount of ice was correct is
of less importance. In particular, the
increased

action of wind can be

considerably due to both increased
exposed area and increased drag

coefficient.

1.2 Application
This International Standard is
intended for use in determining ice mass

and wind load on the iced structure for
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HABaHTA>KCHHS Ha oOneneHil
KOHCTPYKI1i TAKUX THUIIIB:

— LIOTJIH,

— OamTy;

— QHTEHU Ta AHTECHH1 KOHCTPYKIIi,

— BaHTH, BIATSHKKH, BIATSOKHI KaHATU
TOILIO;

— KaHaTHI IOpOry (IMiABICHI JOPOTH);

— KOHCTPYKIIIi TIPCHKOJIMIKHUX
M JAOMHUKIB,

— OyniBimi ab0 iX YacTUHU, SIKI MOXYThb
3a3HaTH 00JICICHIHHS,

—OamTh A9 COEWIAJIbHUX — THIIB
KOHCTPYKI[IH, TakWx SK JIHII 3B 53Ky,

BITPsiH1 TYPOIHM TOLIO.

AtMocdepHe 00NEeACHIHHS
MOBITPAHUX  JIIHIA  eJeKkTponepenay
PO3MIIAAETHCS CTaH1apTaMu IEC

(Mi>kHapoHa €NEKTPOTEXHIYHA KOMICIS).

Lleit CTaHIapT [TOBUHEH

BUKOPHCTOBYBATHCS pazoMm 13 [ISO 2394,

Ipumirka. TyT HaBeneHO nesiki TUIOBI
KOHCTPYKIII, ajleé MOXJIHUBUM € PO3TJIIII TaKOXK
iHmmx tumB. 1IpoeKTyBanbHUKM  TTOBHHHI
BU3HAYUTH TUIMHU KOHCTPYKIIH, SIKI BHSIBJISIFOTH
CXHJTbHICTh hi (o) HenependavyBaHOTro

00JIeIeHIHHS, Ta MiSITU BiAMOBIJHUM YUHOM.
TaKO)K, B OKpPCMHX BHIIAAKax 3
ypaxyBaHHSAM 0KEJICTHOTO

HaBaHTAKCHHS TOBHHHI IIPOCKTYBATUCA

the following types of structure:

— masts;
— towers;
— antennas and antenna structures;

— cables, stays, guy ropes, etc.;

— rope ways (cable railways);

— structures for ski-lifts;

— buildings or parts of them exposed to
potential icing;
— towers for special types of construction
such as transmission lines, wind turbines,
etc.
Atmospheric icing on electrical
covered by IEC
Electrotechnical

overhead lines 1is
(International
Commission) standards.
This International Standard is
intended to be used in conjunction

with ISO 2394.
NOTE Some typical types of structure

are mentioned, but other types might be
considered also. Designers should think in terms
of which type of structure is sensitive to

unforeseen ice, and act thereafter.

Also, in many cases only parts of
structures should be designed for ice

loads, because they are more vulnerable
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JIMILIE EAKl YACTHHH KOHCTPYKIIH, SKIIO

BOHM €  HaOubll  ypa3nuBUMHU
€JIEMECHTAMHU, 4 HE BCS KOHCTPYKIIIS.
Hapith KO mMOBITPsiHI  JIiHII
€JIEKTpOINepeaay Hajexkarb 10 chepu mii
CTaHAapTIB IEC, 3a  OaxaHHSIM
NPOEKTYBAIBHUKN MOKYTh BHKOPHCTO-
BYBAaTH LICH CTaHAAPT A TPOEKTYBAHHS
HIONJT  MiJ TOBITPsAH1 JiHIT (Kl HeE

po3rsaaroThes cranaapramu [EC).

2 HOPMATHUBHI IOCUJIAHHSA
HactynHi HOpMaTHBHI JOKYMEHTH
MICTSTh  TOJIOKEHHS,  SIKI,  4e€pe3
NOCHJIAHHS Y LbOMY TEKCTI, CTAHOBJISITh
NOJIO)KEHHST  IaHOTO  cTaHaapry. [ns
JATOBAHUX MOCUJIAHD HACTYITHI MOMPABKH
abo pemakumii 1ux nyOmikamii - He
3aCTOCOBYHOThCA. OHAK, CTOPOHU YTOJIH,
o0  YKJIaJaeTbCcss Ha 0asi  IbOro

CTaHJapTy, MAKOTh JOCIIUTH

MO>KJIMBICTb ~ 3aCTOCYBaHHS ~ OCTAHHIX

pEAaKIii  HOPMATUBHUX JOKYMEHTIB,
3a3HAYCHUX HIDKYe. /[ HemaTtoBaHMX
NOCHJIaHb ~ 3aCTOCOBYETBCS  OCTaHHS
pElaKiiss 3a3HAYEHOTO HOPMATUBHOTO
JOKYMEHTa (BKJIFOYAKOUM  TOMPABKH).
Unenn [SO Ta IEC Benyre peectpu

MNOTOYHHUX YHHHUX CTaHI[apTiB.

to unforeseen ice than 1s the whole

structure.

Even if electrical overhead lines
are covered by IEC standards, designers
may use this International Standard for
the mast structures to overhead lines
(which are not covered by IEC standards)
if they so wish.

2 NORMATIVE REFERENCES

The following normative
documents contain provisions which,
through reference in this text, constitute
provisions of this International Standard.
For dated references, subsequent
amendments to, or revisions of, any of

these publications do not

apply.
However, parties to agreements based on
this International Standard are
encouraged to investigate the possibility
of applying the most recent editions of
the normative documents indicated
below. For undated references, the latest
edition of the normative document
referred to applies. Members of ISO and
IEC maintain registers of currently valid

International Standards.
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ISO 2394:1998 3arajbHi
MPUHITMIN HAAIHHOCTI KOHCTPYKITIA;
ISO 4354:1997 BitpoBi aii Ha

KOHCTPYKIII.

3 TEPMIHU TA BHU3HAYEHHSA
IHHOHATDH

Y LBOMY CTaHAapTi
BUKOPUCTOBYIOTHCS TEPMIHU Ta
BU3HAYCHHS, BCTAHOBJICHI HHXKYE.
3.1 BiaKIaACHHA
MPOLEC YTBOPEHHS JIbOJIY Ha IMOBEPXHI
00'exTa, B Pe3yabTaTl 40ro KOHCTPYKIIi
3a3HAIOTh OOJIEICHIHHS PI3HOTO THITY
3.2 koe(iumieHT omopy
acpoAMHaMIuYHMI  Koe(imieHT 00'ekTa,
BUKOPUCTOBYETBCS  JUISi  PO3PAXYHKY
BITPOBOTO HABAHTAXKCHHS B HAMPIMKY
BITPY
3.3 oxxkenenn
YUCTHH JIiJT BACOKOI TYCTUHU
3.4 nis1 oxkeneni
HACJIIJIOK Aii OXKEJIEAHOTO BIAKIIAJCHHS
Ha KOHCTPYKIIIO y BUTJISIIL
HABAHTAKEHHS B1J BJIACHOI Baru JIbOIy 1
Jii BITPY Ha 0OJIEICH1TY KOHCTPYKIIIFO
3.5 avonoBuii kaac IC
KnacuQikamis 3a XapaKTEPUCTUYHUM
3HAUEHHSM OKEJICIHOTO HABAHTAKEHHS,
3aJaHnI

CepeaHiii nepioj

ISO 2394:1998, General principles
on reliability for structures;

ISO 4354:1997, Wind actions on

structures.
3 TERMS AND DEFINITIONS

For the purposes of this
International Standard, the following

terms and definitions apply.

3.1 accretion

process of building up ice on the surface
of an object, resulting in the different
types of icing on structures

3.2 drag coefficient

shape factor for an object to be used for
the calculation of wind forces in the

along-wind direction

3.3 glaze

clear, high-density ice

3.4 ice action

effect of accreted ice on a structure, both
as gravity load (= self-weight of ice) and

as wind action on the iced structure

3.5ice class IC
classification of the characteristic ice load
that 1s expected to occur within a mean

return period of 50 years on a reference

7


arymarenko
Прямоугольник


NOBTOPIOBAHOCTI SAKOTO Ha

KOHTPOJIBHOMY  30IpHHMKY  JbOLY B
NEBHOMY MICI CTAaHOBUTH 50 POKIB

3.6 BHyTpilIHLOXMapHE 00/1¢/ICHIHHA
OONEeACHIHHS, BHKJIMKAHE  BHACIIJAOK
HAMEP3aHHs TEPEOXOJIOIKEHUX Kparemnb
BOJIM, HAIBHUX Y XMapl ado TymaH1

3.7 o0JieieHiHHS BHACJIIIOK ONIAAIB
OONEICHIHHS, MPUYMHAMH SKOTO MOXYTh
OyTH:

a) TbOIAHUE ao11 a00 MpsiKa, Yn

b) CKymueHHsS MOKPOTO CHITY

3.8 mepioa MOBTOPIOBAHOCTI

CepeHs KUIBKICTh POKIB, MPOTATOM SIKAX
BII0YBAETHCS OJIHE CTATUCTUYHE
NEPEBUILEHHS 3a3HAYEHOTO SIBUILA

nepion

Hpumirka. Tpusanui

MOBTOPIOBAHOCTI O3HAYa€ HU3bKY IHTEHCHUBHICTh
TpaHcrpecii (TobTo siBUIIE BiAOYBAETHCS PIIKO),
a KOPOTKOUaCHHWH Tepio MOBTOPKOBAHOCTI
O3Hayae BHUCOKY I1HTEHCHBHICTb TpPaHCIpeCii

(ToOTO sIBHIIE BIAOYBAETHCS YACTO).

3.9 mamopo3p

OUMiA Jija, MO MICTUTh PO3YMHEHE
NOBITPS

4 ITIO3HAKIN

C, — KoedimieHT omopy O0OIEACHIIOrO0
o0'ekta, 1

Co3 — KOEDIIIEHT OIOPY JUIA BEIHKHX

00'exTiB (mmpuHa Oinbiie Hix 0,3 M), 1

ice collector situated in a particular

location

3.6 in-cloud icing
icing due to super-cooled water droplets

in a cloud or fog

3.7 precipitation icing

icing due to either

a) freezing rain or drizzle, or

b) accumulation of wet snow

3.8 return period

average number of years in which a
stated action statistically 1is exceeded

once

NOTE A long return period means low
transgression intensity (occurring rarely) and a
short return period means high transgression

intensity (occurring often).

3.9 rime

white ice with in-trapped air

4 SYMBOLS

C. Drag coefficient of an iced object, 1

(o, Drag coefficient for large objects

(width > 0,3 m), 1
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C, — KxoedimieHT omopy 00'€kTa,
BUJIBHOTO BiJl 01y, 1

D — JiaMeTp KpWKaHOro HapocTty ado
3arajibHa [HUpPUHA 00'€KTa, BKJIIOYAOYU
OKENEIb, MM

F,, — BiTpoBe HaBaHTAKCHHS, H/M

H — BUCOTa Ha/l MOBEPXHEIO 3€MJTI, M

k — xoe(IieHT Ui TUHAMIYHOTO THCKY
BIJI BITpOBOT mii, 1

K, — xoepinient Bucotu cnopyam, 1

L — JOBXMHA KPWXKAHOTO HAapoCTy,
BUMIpSIHA 3 HABITPSIHOTO OOKY, MM

m — Maca OXEJIEOAHUX BIAKJIAJCHb HA
METP JOBXKUHU, KI/M

m, — Maca JIbOJly Ha BEIUKUX 00'€KTax,

KT
1" — mepio NOBTOPKOBAHOCTI, POKIB

[ — TOBILMHA CTIHKH OXKEJICA1, MM

! — Temneparypa nosirps, °C

W — mmupuHa o00'ekTa (BKIIOYAKOYH
OKEJIe/b), MEPIECHANKYJIIPHA HANPIMKY
BITPY, MM

o — KyT HaXWjy MK HAaPSIMKOM BITpY 1

MO3J0BKHBOIO BICCIO 00'€KTIB, ©

¥ — TYCTHHA JbOJY, KI/M’
€ — KYT BIUIMBY BITPY Y BEPTHKAIBHIH

MJIOIIHHI, ©

C, Drag coefficient of an object without
ice, 1
D Diameter of accreted ice or total width

of object including ice, mm

F, Wind force, N/'m

H Height above terrain, m

k Factor for velocity pressure from wind
action, 1

K, Height factor, 1

L. Length of ice vane measured in
windward direction, mm

m Mass of accreted ice per meter unit
length, kg/m

m,, Ice mass for ice on large objects, kg

1" Return period, year
¢ Ice thickness, mm

1, Air temperature, °C

W Width of object (excluding ice)

perpendicular to wind direction, mm

o Angle of incidence between wind
direction and the objects longitudinal
axis, °

y Density of ice, kg/m’

6 Angle of wind incidence in a vertical

plane ©
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7 — Koe(iLieHT CyUinbHOCTI, 1:

TJIOMA BIAKPHUTOI JUJISTHKH
3arajibHa IIoIna JUISTHKY B MeKaxX
30BHIMIHIX I'PAHUIb

7' — 30iNbIICHE 3HAYCHHS 7, BUKJIMKAHE
OOJNeIEHIHHAM, ISl PO3PaxXyHKIB, 1

¢ — xoe(ilieHT noeaHaHHs, 1

S BIUVINBU OBJIEAEHIHHA
5.1 3ara/ibHi MOJIO:KeHHS

3arajbHi BIUIMBH OOJIEACHIHHS —
e N1JBULICHI BEPTHKAJIBHI
HABAHTAKCHHS Ha o0neaeH Ty
KOHCTPYKIIIO 1 MIABUIICHANA OMIpP BITPY B
pe3yJIbTaTi 30UTBIIECHHS TUIONII MOBEPXHI,

10 3a3HA€ BITPOBOTO BIUIMBY. OCTaHHE

MOXKE MIPU3BECTH 110 BITPOBHX
HaBaHT@&KEHb  OUIBIIAX, HDK  0e3
00JICICHIHHS.

Hpumitka. YV ganomy po3mii 300paxkeHo
MEXaHI3M [l OXKEJISMHOTO HABAHTAXKEHHS Ha
KOHCTpPYKIIit0. 1e mormoMoske mpoekTyBajbHUKAM
Kpaiie 3pO3yMITH JaHe SIBUINE 1 JIO3BOJHTH
BHUKOPUCTOBYBAaTH JaHWH CTaHAApPT HAaBITb

BUIA/IKAX, TYT HE PO3IVIAHYTHX

5.2 CtaTrnyuHi okejieIHI HABAHTAKECHHSA

Pi3n1 TUTA KOHCTPYKLIH
BUSBIISIIOTh  OUIBIIYy YW MEHIIY
YyTJIIMBICTE A0  Ali  OXKEJNEIHOro

HAaBAHTA’>KCHHA, HHUXKYC HABCIACHO KIJIbKa

NPUKIIAIIB!

7 Solidity ratio, 1:

exposed panel area

total panel area within outside boundaries

7' Increased value of 7 caused by icing
to be used in calculations, 1

¢ Factor of combination, 1

S EFFECTS OF ICING
5.1 General

The general effects of icing are the
increased vertical loads on the iced
structure and increased wind drag caused
by the increased wind-exposed area. The
latter can lead to more severe wind loads

than without icing.

NOTE This clause describes the way the
ice loads act on a structure, and this should
enable designers to understand the background
and to use this International Standard, even in

cases which are not mentioned here.

5.2 Static ice loads

Different types of structure are
more or less sensitive to varying aspects
action, and

concerning  ice some

examples on this are as follows.
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a) HararayTti cranesBl Tpocw,
KaHaTH, BIATSHKKW TOWIO, 3a3BUYAi AyxKe
YYTIUBI A0 J1i OKEIEAl, BIAMOBIIHO, 1€
MOKE

IIPU3BCCTH 0 3HAYHOTO

OIABUIICHHS CHJ  HATIry B LUX
€JICMEHTAaX.

b) Tonki rparyacti KOHCTPYKIi,
30KpeMa, IOMIH 3 BIATSHKKAMM, YyTIUBI
J10 T ABUILIEHUAX CHJI OCbOBOTO CTHCKY M1J
BIUIMBOM  O)KETIEAHUX BIAKIQJACHb Ha
KOHCTPYKIII.

C) AHTECHH Ta aHTEHH1 KOHCTPYKII{
JIETKO MiJAKThCS NEPEBAHTAKEHHIO MM1]T
BlKIaICHHS,

BIIJIMBOM OXKCJICIHOI'O

SKII0 BOHO He Oyyio mependavyeHe npu

PO3paxyHKax. 3okpema, HEBEJTUKI
KpPIMWIBHI ~ A€Tall HE  BUTPUMYKOTh
M IBUIIEHOTO HaBaAHTAKCHHS BIJI

JOJIaBaHHS 1HIIMX I, TOMy WO JIiJ

3/IaTHAM MOABOITH HOPMAJIbHE

HAaBaAHTA>KCHHA.

d) «lIpoBucanHs nbOMY» Ha

HEKOHCTPYKIIAHUX  €JIEMEHTAaX  MOXKE
BUSIBUTHUCS PYWHIBHUM.
HekoHCTpyKIliiHI  €1€MEHTH, Takl SK

aHTCHU 1 Kalell, MOXyThb MiAAABaTHCS
BIIJIMBY HECMOJIBAHUX HABAHTAKCHb BIJ
OOJNeICHIHHS, TOMY LIO JIiJ TPOBUCAE HA
WX €JEMEHTax abo0 3AIACHIOE HAa HUX

neBHUIT THUCK. Taka i OXKeledol MOXKE

a) Tensioned steel ropes, cables
and guys, etc, are generally very
sensitive to ice action, consequently

tension forces in such elements can

increase  considerably in an iced
condition.
b) Slender |lattice structures,

especially guyed masts, are sensitive to
the increased axial compression forces

from accreted ice on the structure.

¢) Antennas and antenna structures
can easily be overloaded by accreted ice,
if this has

particular, small fastening details are

not been foreseen. In

weak when increased load is added on
top of other actions, because the ice may

easily double the normal load.

d) «Sagging of ice» on non-
structural elements can be harmful. Non-
structural elements such as antennas and
cables, may be exposed to unexpected ice
load because the ice sags downwards and
covers or presses on the elements. The
ice action on these elements can then be
substantially greater than the ice load

normally accreted on them.
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BUSIBUTUCS  3HAYHO  BHUIIOK,  HIK
3BUYAMHE OXKEJIeIHE HAaBAHTAKCHHSI.

¢) HaBaHTaxxeHHsS BiJl OXKEJIEAHMX
BIJIKJIAJICHb MOJKE JIETKO MPU3BECTU JI0
nedopmairii ado MOIIKOPKEHHS
€JIEMEHTIB 000JIOHOK (OOLIMBKH TOMIO).
SIKIo N He CKMHYTH J0 TOTO, K HOro
HABAaHTA)KCHHSI CTaHE 3aHAATO BEJIMKHUM,
BiH MOXX€ BUKIMKATH TOUIKOIKECHHS
KOHCTPYKIIH.
5.3 Jlim BiTpy Ha  o0JaexeHuIi
KOHCTPYKIIT

Taki KOHCTPYKIi SIK IIOTTH 1
oamTw,

pa3oM 13 HATATHYTHUMH

CTAJIEBUMU KaHaTamH, BAHTaMU,
BIATSOKKAMHU TOLIO, € YYTIMBAMH [0
MIJBUIIEHOTO ACPOJAUHAMIYHOIO OMOPY,
BUKIIMKAHOTO OOJICICHIHHSIM.

Jlito  BiTpy  Ha  oOneaeHLl
KOHCTPYKI[li MO>KHa PO3paxOByBaTH 3a
TAKUMH K TPUHLOWIAMHU, SIK 1 JIH0 Ha
KOHCTPYKI1i, BUIBHI BiA Japoay. OaHak i
PO3MIpY KOHCTPYKLIMHHAX €JIEMEHTIB, 1 iX
Koe(ilieHTH

Ornopy MOXKYTh

3MIHIOBATUCS. TOMY TOJIOBHOK) METOK)

bOr0  CTAHJAAPTy €  BCTAHOBJICHHS
HAJIC)KHUX 3HAYCHb;
— PO3MIpIB 1 Baru 05KEJIC THUX

B1JIKJIA/ICHbD,

— (hOpMH O3KENICTHOTO BIJIKJIAICHHS 1

e) The load of accreted ice can
easily deform or damage envelope
elements (claddings, etc.), and damage
also might occur if the ice has not fallen

off before forces have grown too great.

5.3 Wind action on iced structures

Structures such as masts and
towers, together with tensioned steel
ropes, cables, mast guys, etc., are
sensitive to increased wind drag caused

by icing.

Wind action on iced structures may
be calculated based on the same
principles as the action on the ice-free
structure. However, both the dimensions
of the structural members and their drag
coefficients are subject to changes.
Therefore, the main purpose of this
International Standard is to specify
proper values for:

— dimensions and weight of accreted ice,

— shapes of accreted ice, and

12
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— KOS(ILIEHTIB  OMOPY  OKEJIEAHOTO
BIJIKJTQJCHHSI.
5.4 lunamiuHi aii

Baxxnueum (akTopom, o BILTMBAE

HAa AWHAMIYHY MOBEAIHKY KOHCTPYKIi, €

il BJacHl YacTOTH. 3a3BHYaii BJIACHI
4acTOTH KOHCTPYKITIT 3HAYHO
BHWKYIOTBCST B YMOBAaX  BaKKOTO

obOnencHiHHA. Lle Mae BaXIMBE 3HAUCHHS
npu MPOBE/ICHHI1 JOCITIIKEHD

JUHAMIYHUX XAPAKTEPUCTHK, OCKIJIBKA

HU3bKI  YacTOTH €, SK  MPaBUIO,
KPUTUYHUMHU.

Kpim LBOTO, JOOCHIIKEHHS
JTUHAMIYHIX napameTpiB MOJKE

3HAMOOUTUCA 1 y BHUMNAAKY 3MIHCHHS
(opMU MOMEPEYHOTO NMEPEPI3Y BHACTIAOK
OXKEJIEAHOTO BlAKIAAcHHA. Hanpuknan,
EKCLUEHTpUYHA  opma

nepepizy OKENEAHOr0 HAPOCTY Ha BaHTI

IoncpeYHOro

a00 BIATSOKII MOKE BUKJINKATH

aCpOJMHAMIYHY  HECTAOUIBHICTh, IO
OpU3BEAC 1O BHUHUKHCHHS CHJIBHUX
KOJMBaHb (HANPUKIAJ, TaTOMyBaHHS).

KpiM 11b0r0, MOBHICTIO OOMEP3M1 CEKITli
morn  4u  OamT MOXKYTh  BHUKJIMKATH
BUXOPOYTBOPEHHS, MI0 TPU3BEAE JIO
KOJIMBaHb, TMONEPEUYHNX HAMPIMKY BITpY.
OcunaHHs JbOAY 3 KOHCTPYKIli 37aTHE

BUKIIMKATU CEPHO3H1 AMHAMIYHI BIUIABH 1

— drag coefficients of accreted ice.

5.4 Dynamic effects

A significant factor influencing the
dynamic behaviour of a structure is its
natural frequencies. Normally the natural
frequencies of a structure are decreased
considerably if the structure is heavily
iced. This 1s important in connection with
dynamic investigations because the lower

frequencies normally are the critical ones.

In addition, the change in cross-
sectional shape due to the accreted ice
may require dynamic investigations to be
made. For example, the eccentric cross-
sectional shape of ice on a cable or guy
can  cause

acrodynamic  instability

resulting in heavy oscillations (e.g.
galloping). Also, fully iced mast or tower
sections can introduce vortex shedding,
resulting in cross wind vibrations.
Shedding of ice from a structure can
cause severe dynamic effects and stresses
in the structure, depending on the type of
structure and the amount and properties
of the ice. Such dynamic effects should
be investigated if the structure in question

1s sensitive to those actions. For a guyed

13
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HANpPy>KeHHs B KOHCTPYKILIT B 3aJ1€5KHOCTI
BIl TWIy KOHCTPYKIIi, KIUJIBKOCTI 1
BJIACTHBOCTEH JbOAY. Takl JAWHaMIYH1
BIJIMBH MarOTh OYTH JOCTIDKEHI, SKIIO
Ta YW 1HIIA KOHCTPYKLIST BHUSIBUTHCS
YyTJIIMBOK J0 HUX. BpaxoByBaTucs

MMOBMHHI TaKOX 3HA4YHI JWHAMIYHI
BiOpaiii (auB. po3ain 10) BHacHIAOK
NaJIHHS JbOAY 3 CHUJIBHO OOJEACHUTUX
BIATSOKOK IIIOTJIN.

Ipumitka. [laHe siBUIE BXKe MPU3BEIO
710 TIOBHOT'O PyHHYBAaHHS Iy’K€ BUCOKHX IO 13

BIATSDKKAMU.

5.5 Iomko/:KeHHsI BHACTIIOK MAIHHS

JbOAY
Skmo  KOHCTpykuis — oOmep3na

JHOJIOM, TO PaHO YM MI3HO JIiJ MOYHE 3

Hei Mmazartd, TOBHICTHO abo (1o

TPAIUIETHCS HAMYACTIIIC) YACTUHAMM.
JlocBiq TmoKazye, IO MaJlHHS

MOYNHAECTHCS 3a3BUYait 3a

JTBOTY
MiBUIICHHS TeMrepaTypu. SIk mpaBuio,
oKelleqHe BIAKJIAJEHHS HE BIATAEC BIJX
KOHCTPYKIIi, a BIAKOJIOETHCS 1 BIANAAAE
yllaMKaMHM TiJ BIUIMBOM HEBEIHMKHX
nepeMIIeHb, BiOpallii Tolo.

MaJaiHaA

YHHAKHYTH IOy

MPAKTUYHO HEMOXJIMBO, TOMY JaHE
SBUIIC Ma€ BpPaxOBYBaTHUCI Ha CTajli

NPOEKTYBaHHS 1 BUOOPY MaijaHUMKa Mij

mast, the shedding of ice from heavily
iced guys may introduce severe dynamic
vibrations and should be considered; see

clause 10.

NOTE This phenomenon has caused

total collapses of very tall, guyed masts.

5.5 Damage caused by falling ice

When a structure is iced, this ice
will sooner or later fall from the
structure. The shedding of ice can be total
or (most often) partial.

Experience shows that ice shedding
typically

temperatures.

occurs during increasing

Normally, accreted ice
does not melt from the structure, but
breaks

vibrations, etc. and falls off in fragments.

because of small deflections,

It is extremely difficult to avoid
such falling ice, so this should be
considered during design and when

choosing the site for the structure.
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KOHCTPYKIIHO.

Jlig, mo magae 3 BENWKOI BHCOTH,
MOKE€ TOIIKOAMTH KOHCTPYKUIHHI i
HEKOHCTPYKIIHAHI ~ (aHTEHW 1 T.1.)

€IIEMECHTH  KOHCTPYKHii.  OLIHIOOYH
PHM3MK iX NOIIKOKEHHS, 0COOJIMBY yBary
NOTPIOHO NPUAUIATA (PAKTOPYy BHCOTH
NaAiHHS JIbOAY, OCKUIBKH 4YuM OUIbLIE
BHCOTA, TUM OLUIBIII AAHAMIYHI CHIN BIJI

nagae. s

AbOJY, IO 3aXUCTY

KOHCTPYKIIA BiJl MOIIKO/HKEHHS a00 [Ist

MIiHIMI3a1i TaKUX MOMIKOKEHD
BUKOPUCTOBYIOTHCS OropOKYBAJTbHI
KOHCTPYKIII.

Mpumirka. Jlus. Takox 5.2 d) cTocoBHO

«TpOBHCaHHA Jboay» 1 posmin 10 mpo

He30aaHCOBaHE O)KeJIeIHE HABAHTAXXEHHS Ha
BIATSOKKH, a TakoX po3min 11 momo mamiHHS

JIBOJTY 3 KOHCTPYKIIIH.

6 ATMOC®EPHE OBJIEJ/IEHIHHSI.

TEOPETUYHI OCHOBHA

6.1 3ara;bHi MOJIO:KCHHS
[TonsarTs «arMocdepHe

0OJIEACHIHHS BKJIKOYAE BC1 MPOLIECH, T

qac  SIKUX

Kpami  BOOW,  LIO

NEPEMIIYOTECST B atMocdept  ado
NajJaroTh Ha 3EMJII0 Y BHIJISAL JIOILY,
CHIry a0 MOKpOro CHIry, MOYMHAKOTH

3aMep3aTH 1 NpWIUNaTu 10 Oyab-SKOTO

Damage can occur to structural or
non-structural elements (antennas, etc.)
when ice from higher parts fall and hit
lower elements in the structure. The
height of falling ice is an important factor
when evaluating risks of damage,
because a greater height means greater
dynamic forces from the ice. A method of
avoiding or reducing damage from falling

ice 1s the use of shielding structures.

NOTE See also 5.2 d) about «sagging of
ice» and clause 10 about unbalanced ice on
guys, and clause 11 on considerations on ice

falling from a structure.

6 FUNDAMENTALS OF
ATMOSPHERIC ICING
6.1 General

The  expression  «atmospheric
icing» comprises all processes where
drifting or falling water droplets, rain,
drizzle or wet snow in the atmosphere

freeze or stick to any object exposed to

the weather.
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00'eKTa Ha BIAKPATOMY TOBITPI.

Y nAaHOMy pO3IiIl O3S AAKOTHCS
Opoliecd BIAKIAACHHS JbOAY 1 THUIU
JNEeTATbHUI

00JIeICHIHHS. Binbn

TEOPETUYHUIA  OMHUC 1UX  MPOIECIB
HaBoHUThHCA B nomatkax C 1 D.

Hpumirka. Ha BiaMiHy Big Takux

METEOPOJIOTIUHUX NapaMeTpiB, SIK TEMIIEPaTypa,
omajy, BiTep 1 TIMOWHA CHITY, HasIBHI AaHl MO0
BIAKJIaZIeHb JIbOAY € BKpai OOMEKEHUMH.
[[lupoke PI3HOMAHITTS MICLIEBHX
TonorpadiuHux 1 KIIMATHYHUX JAHWX, &
TAaKOK

1HpopMmarii CTOCOBHO

BIIKIIAICHHS ~ JIbOAY  YCKIIATHIOKOTh
HOPMYBAHHSI BIUIMBIB HABAHTAXXEHb BIJ
0ONeICHIHHS.
Bce 1e Bumarae poBeIEHHA
BIJINOBITHUX JIOCTIDKEHb HAa MICIEBOMY
(HalOHAJTEHOMY ) PiBHI, 17} TaKl
JOCITIPKEHHS. TOBMHHI TPYHTYBaTHCS Ha
NOJIOKEHHSAX LbOr0  CTaHmapry (amB..
nogatok B). YV TepMiHOBOMY MOPSAKY
HEOOXIIHO TMPHUCTYMUTA 10 TOPIBHSIHHS
310paHUX JaHUX Ta OOMIHY JOCBIIOM,
OCKIIBKM L€ CHOPHUITAME ITiIBUILEHHIO
SKOCTI 3HaHb y Liil cpepi Ta HAKOMMMYCHHEO
HeoOX1iHOT  1H(opMmamii 3 METOR
NOJAJTBIIOT0  ACTATBHOTO  PO3POOICHHS
CTaHJAPTy MOA0 OOJIEACHIHHS BHACHIIOK

atMOC(EPHOTO BILIUBY.

The accretion processes and
resulting types of ice are described in this
clause. The more theoretical explanation
of the processes is given in annexes C

and D.
NOTE Unlike other meteorological

parameters such as temperature, precipitation,
wind and snow depths, there is generally very

limited data available about ice accretions.

The wide wvariety of local
topography, climate and icing conditions
make it difficult to standardize actions

from ice accretions.

Therefore local (national) work has
to be done, and such work should be
based upon this International Standard
(see annex B). It is urgent to be able to
undertake comparisons between collected
data and to exchange experiences,
because this will be a way to improve
knowledge and data necessary for a
International

future  comprehensive

Standard for atmospheric icing.
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HeoOxigHo  3i0pat  AeTanbHy
1H(pOpMAaLIF0 CTOCOBHO NEPIOAUYHOCTI
00NeAeHIHHS, HOr0 IHTEHCUBHOCTI TOIIIO.
3 LIE0 METOIO MO>KHA
BUKOPUCTOBYBATH TaKi METOIU:
— A: 30MpaHHs TaHUX HASIBHOTO JOCBIY.
— B: MoaenroBaHHs IPOLECIB
O’KEJIEAOYTBOPEHHS HA OCHOBI BIJIOMHUX
METEOPOJIOTIYHUX JAHHX.
—C: OararopiuHi MpsiMi BUMIPIOBAHHS
NapaMeTpiB OKENEII.
[TounHaTty AOCHIKEHHS CIIJ 34
JIOTIOMOTOK0  METOAY A, OCKUIbKM BIH

J03BOJISIE  IIBUAKO 310paTh HEOOX1AHI

gaHi. Ilpy  ©boMy  JOCTIIKYyBaTHCS
NOBHHHI PI3HI THUNOM KOHCTPYKLIH Y
pPI3HMX  MICHEBOCTAX, MO0 310patu

JIOCTaTHbO IIMPOKHUM CHEKTP JAHUX MPO
NEPIONYHICTh Ta IHTEHCUBHICTh

obneneHiHHsa. Jns  mporo  moTpiOHO
POBECTU OINMUTYBAHHS KBaTl()IKOBAHOTO
NEePCOHANTY, MOB'SA3aHOT0 THUM YU THIIUM
YUHOM 13 1€ MPOOJEMOI0, HAMPUKIA,
TEJICKOMYHIKALIHI T4  CHEPreTHYH1
KOMIMAaH11, METEOPOJIOTTYHI CIYOH TOLIO.
CaMe 3 JaHOro METONY PEKOMEHIYETHCS
JOCIIUKEHHS 3

MNOYMHATH MCTOIO

OTPUMAaHHSI pe3yabTaTIB NPSAMUX
BUMIPIOBAaHb B pamkax meroay C.

Jlis metony B 3a3Buvail notpiOHi

Detailed information about icing

frequency, intensity, etc. should be
collected.

The following methods may do
this.
— A: collecting existing experiences.
— B: icing modelling based on known

meteorological data.

— C: direct measurements of ice for many
years.

Method A is a good starting one,
because it makes it possible to obtain
quickly information of considerable
value. However, it will be necessary to
have different types of structures
established on proper areas, to be able to
collect sufficiently broad information on
ice frequencies and intensities. Therefore
experienced people in those fields should
be consulted, e.g. telecommunication and
power transmission companies,
meteorological services and the like with
in-service experience. The method can be
recommended as the first thing to do,

while awaiting results from Method C.

Method B usually demands some
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nonarkoBa iH(opmaiis abo nepeayMoBU
CTOCOBHO MapaMeTpiB.

[TpuHumnmu MOJICIIIOBAHHS
O’KEJIETIOYTBOPEHHS HABEJICHO B
noparkax C1iD.

s METOTY C MOBUHHI
BUKOPUCTOBYBATHUCS CTaHAapTHI
BUMIPIOBAJIbH1 MIPUCTPOI B
penpe3eHTaTUBHUX  yMoBax a0o0 Ha
Jirounx Oy A1BEIbHUX MaiiIaHunKaX.

BaxnmBoro yMOBOK € MPOBEACHHS
BUMIPIOBAHb 3a CTaHAAPTHOIO

MCTOAUKOHK, OIINC KO HABOJWTHLCI B

nonarky B.

BumiproBanHs NOBUHHI
OPOBOJIUTUCS OpOTSIrOM JOCUTh
TPUBAJIOTO  WEpiogy  4Yacy, 100

HAKOMWYUTHU TOCTOBIpHY 0a3y AAHWUX JUIs

MOAAJTBIIOTO aHa3y. ITepion
BUMIPIOBAaHb MOE CTAHOBUTH, 3aJIEKHO
BIJl YMOB, BiJl KUIBKOX POKIB J0 JACCATKIB
POKIB.

[Ipn ©bOMY HE BHKIIOYAKOTHCSA 1
KOPOTKOYACHI cepli BHMIPIOBAaHb, SIK1
MOKYyTh BUBUYATHCS OKPEMO a00 CHIJIBHO
3 pe3yabTaTaMu TPUBATIMX
METEOPOJIOTIYHUX CIIOCTEPEKEHD, 5K Y
CTATHYHOMY, TaK 1 B (P13MUHOMY (Kpalle)
IUIAHI, Yy TO€AHAHHI 3 TEOPETUYHUMHU

MOJOCJIAMHU.

additional information or assumptions
about the parameters.

The principles of icing modelling
are presented in annexes C and D.

For Method C standardized
measuring devices must be operating in
the areas representative of the planned

site or at the actual construction site.

It is important that measurements
follow standardized procedure, and such

a procedure 1s described in annex B.

Measurements should be taken for
a sufficient long period to form a reliable
basis for extreme value analysis. The
length of the period could be from a few
years to several decades, depending on

the conditions.

However, shorter series can be of
valuable help and can also be connected
to longer records of meteorological data,
either statistically or (better) physically,

in combination with theoretical models.

18


arymarenko
Прямоугольник


6.2 Tunu o0/1eICHIHHS
6.2.1 3arajabHi NOJI0OKEHHSA

AtMocdepHe 00NEeACHIHHS
TPaIUMUIAHO KIACH(IKYIOTh BIANOBIIHO
110 JBOX Pi3HUX IPOLECIB
OKEJIETOYTBOPEHHS:

a) 0OJICICHIHHS BHACITIIOK ONadiB;

b) BHYTPINTHBOXMAPHE OOJICICHIHHSI.

[Ipn wpomy Kimacuikamis MoxKe
IPYHTYBATUCS i Ha THIIMX NapaMmeTpax,
B, Ta0mmmi 11 2.

®d1314HI BIACTUBOCTI 1 30BHILIHINA
BUTJIST O>KETIEAl BIAPI3HSIOTHCS 3aJI€KHO
B/l METEOPOJIOTIYHUX YMOB I 4Yac

OXKCJICAOYTBOPCHHAL.

KpiM xapakTepucTHK, 3a3HAYECHHUX
y T1abmumi 1, s Onmucy BIACTHMBOCTEH
BIJIKJIQICHHS

OXKEJIETHOTO MOKYThb

BUKOPHCTOBYBATHCS IHIOI MMAPaMETPH,
TakKi sIK MIIHICTb HA CTUCK (TEKy4iCTh 1
KPUXKICTB ), MIHICTb Ha 3CYB TOLLO.

MakcuMalibHa Maca OKeJIeIHUX
BIAKITAJACHD  3&ICKUTh B KUIBKOX
(akToOpiB, HAWBAKIMBINIMMHU 3 SIKUX €
BOJIOTICTh, TEMIEpPATypa 1 TPUBAJICTh
BIJIKJIQJICHHS JIbOJTY.

OCHOBHMMH MEPEIYMOBAMH IS
CYTTEBOTO BIIKIIAJCHHS JbOIY € PO3MIPH

o0'ekta 1 HOro Opi€HTaliss BIAHOCHO

6.2 Icing types
6.2.1 General

Atmospheric icing is traditionally
classified according to two different

formation processes:

a) precipitation icing;

b) in-cloud icing.

However, a classification may be
based on other parameters, see Tables 1
and 2.

The physical properties and the
appearance of the accreted ice will vary
widely according to the wvariation in
meteorological conditions during the ice
growth.

Besides the properties mentioned
in Table 1, other parameters, such as
(yield and

crushing), shear strength, etc., may be

compressive  strength
used to describe the nature of accreted
ice.

The maximum amount of accreted
ice will depend on several factors, the
most  important  being  humudity,
temperature and the duration of the ice
accretion.

A main  preconditions  for
significant ice accretion are the

dimensions of the object exposed and its
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HaMpPsMKY BITDY, 1o cnpusie  orientation to the direction of the icing
oboneneninHo.  bubmr  geranmpHo  1me  wind. This is explained in more detail in
NUTAHHS PO3TIIAAAETHCS B PO3ALIL 7. clause 7.

Ta0omumss 1 — TunoBi XxapaKTEPUCTUKHU OOJIEACHIHHS BHACTIA0K

aTMOC(EPHOIO BIUIUBY

Table 1 — Typical properties of accreted atmospheric ice
Tun I'ycTuna, Ajaresis i Koresisi 3arajabHui 30BHIIIHIA BUTJISIT
o0JiefeHiHHS Kr/m’ Adhesion and General appearance
Type of ice | Density kg/m? cohesion Ko.nip dopma
Colour Shape
Oxenenp 900 CUJIbHA MIPO30PHI PIBHOMIpPHO po3momijieHa/
Glaze strong transparent | OypyJbKu
evenly distributed/icicles
Moxkpuii cair | Big 300 no 600 | cnabka (yrBopeHHst) | Oinmid PIBHOMIPHO po3moziieHa/
Wet snow 300 to 600 weak (forming) white eKCLICHTPHYHA
CHJIbHA evenly
(3amep3aHHs) distributed/eccentric
strong (frozen)
3epHucTa Big 600 o 900 | cuipHa HEMPO30pUH | eKCLEHTPUYHA, 3
amopo3b 600 to 900 strong (TemHwUiN) HaBITPSHOTO OOKY
Hard rime opaque eccentric, pointing
windward
Kpucramiuna | Big 200 mo 600 | Bix cnabkoi 1o Olmuit €KCLIEHTPUYHA, 3
amopo3b 200 to 600 cepeaHboi white HaBITPSTHOTO OOKY
Soft rime low to medium eccentric, pointing
windward

Hpumirka 1. Ha npaktumi, mapwu

OKENIETHUX  BIOKJANEHb  MOXYTbh  TaKOX
dopMyBaTUCST 3 PI3HUX THUIIB OXeJenl (IuB.
tabmumo 1), omgHaK, 3  TOYKH  30py
MPOEKTYBAHHS, AETAi3allisl TUIIB OXeNedl He
notpibHa. YV Tabnuii 2 HaBeNEeHO 3arajbHUi
OISl OCHOBHUX METEOPOJIOTIYHUX MapaMeTpis,
SIKI KOHTPOJTIOIOTD BiKJIAICHHS JbOAY.

XMmapa abo TyMaH CKIQNaeTbCs 3
OpiOHUX Kpamenb BOAU a00 KPHUCTANIB JIbOAY.
HagiTe sikmo Temmnepatypa mnepeOyBae HUK4YE
TOYKH 3aMep3aHHS BOIH, KParul BOJU MOXYTb

3amuImaTucss B pigkoMmy cradi. OpHak mpu

NOTE 1 In practice, accretions formed
of layers of different types of ice (mentioned in
Table 1) can also occur, but from an engineering
point of view the types of ice do not need to be
described in more detail. Table 2 gives a
schematic outline of the major meteorological

parameters controlling ice accretion.

A cloud or fog consists of small water
droplets or ice crystals. Even if the temperature
is below the freezing point of water, the water
droplets may remain in the water state. Such

super-cooled droplets freeze immediately on
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3ITKHEHHI 3 00'€eKTaMH, pO3TAIOBAHUMU B impact with objects in the airflow.
HanpsIMKY MOBITPSIHOTO MOTOKY, 1
MEePEOXOJIOMKEH! Kparutl OApasy 3aMep3aroTh.
Tabmuns 2 — MereoposioriuHi NapaMeTPH, [0 KOHTPOTFOKOTH OKENEl BIAKIAACHHS
Table 2 — Meteorological parameters controlling atmospheric ice accretion
Temmneparypa HIBuakicTe Po3mip Bwmicr Boau B 3Bnqap.ma
Tun obeqeHiHAA noBiTps, BIiTpY, M/C Kpamti noBiTpi TpHBATICTE
Type of ice Air temperature Wind speed, Droplet Water onaas
°C m/s size content in air Typical §torm
duration

O0sieneHiHHA BHACTII0K aTMOC()epHHX onaaiB
Precipitation icing
Oxxenenp
Sézoﬁgiﬁz)ﬂom ~10<t, <0 Oynb-aKa BEJIMKA cepe;[Hiﬁ FOIUHU

. . any large medium hours
Glaze (freezing rain
or drizzle)
Moxkpuii CHIT 0 Oynb-aKa IJIACTIBIN | Ty’K€ BUCOKHUIA FOIUHU

<t <+3 :

Wet snow “ any flakes very high hours
Byrpimnboxmapane o00/1e1eHiHHA
In-cloud icing
Oxenenp auB. puc. | IuB. puc. 1 cepenHs BUCOKHI1 TOAVHU
Glaze see Figure 1 see Figure 1 medium high hours
3epHHUCTA muB. puc. 1 muB. puc. 1 cepenHs cepenHii IHI
amMopo3b see Figure 1 see Figure 1 medium medium days
Hard rime
Kpucraniuna B, puc. 1 B, puc. 1 Maja HU3LKHI =1
amMopo3b see Figure 1 see Figure 1 small low days
Soft rime

Hpumirka 2. JKmo NoTiK Kpanenb BOAU

NOTE 2 When the flux of water droplets

B HanpsAMKy o0'ekta mepeOyBae B CTaHI HUXKUE

TEMIEPaTypyu  3aMep3aHHs, KOXXKHA  Kparis
3aMep3ae 10 TOro, sIK HACTYIHA KParuis BCTUTHE
BIACTH HA T€ CaMe MiCIle; Y LbOMY BHIIQJKY
HApICT OXKeJell Ha3UBAETHCS CYXUM.

IIpn 301yMbIIEHHI TOTOKY BOXM HapicT
OJKeJlell CTa€ BOJIOTUM, OCKIJIBKM Kparul He
MalTh JOCTaTHBO 4Yacy MJIsl 3aMep3aHHs [0
3ITKHEHHS 3 HACTYITHUMH KPaIUISIMH.

3aranom, cyxe oOneneHIHHS PU3BOAUTD

IO VTBOPEHHS PI3HUX THIIB maMopo3i (3

towards the object is less than the freezing rate,
each droplet freezes before the next droplet
impinges on the same spot, and the ice growth is

said to be dry.

When the water flux increases, the ice
growth will tend to be wet, because the droplets
do not have the necessary time to freeze, before
the next one impinges.

In general, dry icing results in different

types of rime (containing air bubbles), while wet
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yMICTOM OyJpOaliok MOBITps), TOAl K BOJIOTe
oOJieIeHIHHS 3aBXKAH MTPU3BOIUTD IO YTBOPEHHS
oskeneni (TBepaoi Ta mpo30poi).

Ha pucynky 1 HaBeneHo mapamerpH, siki

VOPAaBIISIOTh  YTBOPEHHSIM  OCHOBHHMX  THIIB
OJKenenl.
I'yctuHa gpogy, 1O  YTBOPKOETHCA,

3MIHIOETBCS B ITUPOKOMY Tiama3oHi: BiJ] HU3bKOI
(KpuCTaNiYHA NTaMOPO3b), BKIIOUAIOYH CEPEIHIO

(3epHHCTA TAMOPO3Bb), 10 BUCOKOI (OXKeIeNb).

icing always forms glaze (solid and clear).

Figure 1 gives an indication of the
parameters controlling the major types of ice
formation.

The density of accreted ice varies widely
from low (soft rime) over medium (hard rime) to

high (glaze).
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Air temperature, °C

Hpumirka. 31 30UIBMIEHHAM BMICTY

piIKOi BOAW 1 3MEHIIEHHSM pPoO3Mipy o0'ekTa

Bi10yBa€THCSI 3MIIIEHHS KPUBUX BT BO.

Pucynox 1
NOBITPS
Figure 1

6.2.2 Oxenenp
Oxenenp — 1e THO OOJIENCHIHHSA

Bil arMOC(EepHUX OMaaIB SKWH Mae

HaNBHILY I'YCTHHY. Oxenenp
YTBOPIOETBCS  BHACHIOK  JIBOASIHOTO
JIOLIY 17| MPSIKH abo

BHYTPIITHBOXMAPHOTO OOJIEACHIHHSA 1, K

NPABWIIO, MPU3BOAUTH A0 PIBHOMIPHO

NOTE The curves shift to the left with

increasing liquid water content and with

decreasing object size.

— Twun oOneneHiHHA K QYHKIIS BUAAKOCTI BITPY 1 TEMIEPATYPH

— Type of accreted ice as a function of wind speed and air temperature

6.2.2 Glaze

Glaze 1s the type of precipitation
ice having the highest density. Glaze i1s
caused by freezing rain, freezing drizzle
or wet in-cloud icing, and normally
causes smooth evenly distributed ice

accretion.
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PO3MOJIEHUX BIIKIAACHb.

Oxenenp  MOXKE  MPU3BOJUTH

TaKOK 10 YTBOPEHHS OYPYJIbOK; Y LIbOMY
BUMAAKY (opMa MOke OYTH MEPEBAKHO
aCUMETPUYHOIO.

YTBOPEHHSI OKENell MOXKIMBE Ha
OyJb-KuX 00'€KTax, KOJIW CHIM abo J0u]

BUMAJAKOTh MPU TEMIEPATYPl HHIKYE

TOYKH 3aMEp3aHHSI.

Hpumirka. Jlbonsuuii nom abo Mpsika
YTBOPIOKOTBCA TOAI, KOJU TeIUle TOBITPS Ha
BUCOTI PO3ILIABIISE KPUCTAIH CHITY 1 YTBOPIOE
JOIIOBI KpParyIi, siKi MOTIM Mafal0Th, TPOXOASUU
4yepe3 MepeoxXONIOKeHHH map MOBITPs MOOIH3yY
noBepxHi 3emui. Taki TeMmmeparypHi 3MiHH
MOXYTb MaTH MiCIe TOpsii 13 TEIUIUMHU
¢bponTamu abo B AOJMHAX, 1€ XOJOAHE MOBITPS
MOYK€ BHSIBUTHUCS 3aMKHEHHM HIKYE BEPXHIX,
OLITBII TETUTHX, IIApiB MOBITPS.

[ToBepxHeBa Temmeparypa OOJENeHIHHS
nepeOyBae Mopsiy i3 TOYKOK 3aMep3aHHs, 1 TOMY
pioKa BOAA MiJ BIUIMBOM BITPY 1 rpaBiTaiiitHOL
clu MOke 00TikaTh O0'eKT 3 pi3HHMX OOKIB i
3aMep3aTH 3 MiABITPSHOTO OOKY.

IIsuakicts BIAKJIAaHHS oxeneni
3aJIe)KUTh BiJI TAKUX (PAKTOPIB:

— IHT€HCHBHICTb aTMOC(EPHHIX OMaiB,
— IIBUAKICTB BITPY,
— TEMIIEpaTypa MoBITPSI.
6.2.3 Moxpwuii cHir
Moxpuii CHIr MOX€E MPUIIANATH 10

MOBEPXHI 00'€KTa 3aBJAJKH HASBHOCTI

BIJIBHOI BOJM B YaCTKOBO PO3TaJIUX

Glaze may result also in formation
of icicles; in this case the resulting shape

can be rather asymmetric.

Glaze can be accreted on objects
anywhere when rain or drizzle occurs at

temperatures below freezing point.

NOTE Freezing rain or drizzle occurs
when warm air aloft melts snow crystals and
forms rain drops, which afterwards fall through
a freezing air layer near the ground. Such
temperature inversions can occur in connection
with warm fronts, or in valleys where cold air

may be trapped below warmer air aloft.

The surface temperature of accreting ice
is near freezing point, and therefore liquid water,
due to wind and gravity, can flow around the

object and freeze also on the leeward side.

The accretion rate for glaze mainly varies
with the following:
— rate of precipitation;
— wind speed,
— air temperature.
6.2.3 Wet snow
Wet snow 1s able to adhere to the

surface of an object because of the

occurrence of free water in the partly
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KpucTajiax CcHiry. ToMmy HaaunaHHs
MOKPOIO CHITY BIAOYBA€THCS TOMAl, KOJIH
TEMIEPATYPA MOBITPSI TPOXH BULIEC TOUKH
3aMEep3aHHs.

SIKIo micns HAJIMIAHHS MOKPOTO
CHITy TeMImeparypa 3HU3HUTBCS, CHID

3amep3ne. [llinpHicTE 1 cuma  aaresii
MOXKYTh 3MIHIOBATUCS B 3aJI€KHOCTI BIJ
OaratbOox (pakTOpiB, B TOMY YHMCIHI,
YACTKM TaJI0i BOJM 1 IBUAKOCTI BITPY.
6.2.4 Ilamopo3b

[Tamopo3p — e  HalWOLIbII

NOLIMPEHUA TUN BHYTPIIHBOXMAPHOTO

OONENEHIHH, 4YacTO0 3 YTBOPEHHSM
HApoCTIB  Kpwib4actoi  gopmMu 3
HABITPAHOI  CTOPOHM  HA  JIHIHHUX

o0'exTax, 110 HE 3a3HAKOTh OOCPTaHHA,
TOOTO Ha 00'eKTax, Kl HE OOEPTAOTHCS
HABKOJIO  MO3JOBXHBOI  OCl  4epe3
EKCIICHTPUYHE OXKETIEIHE HABAHTAXKECHHSI.

[Tix wac cuaBHOrO OONEACHIHHS
HEBEJIMKUX JHIAHUAX 00'eKTIB
NOMEPEYHU Tepepi3 HApPOCTy MaMopo3i
Mae Maike TPUKYTHY (POpMy, BEpxHIA
KyT SIKOT CIPSIMOBaHWH y HaBITPsiHUH OIK,
ajic 31 30UIBIICHHSM UPHUHU (dlamMeTpa)
o0'ekta MaMOPO3€EBI BIJIKJTQJICHHSI
NOYMHAKOTh 3MIHIOBATH CBOK  (hopMmy

(muB. po3aun 7).

melted snow crystals. Wet snow
accretion therefore occurs when the air
temperature 1s just above the freezing
point.

If decreasing temperature follows
wet snow accretion, the snow will freeze.
The density and adhesive strength vary
widely with, among other things, the
fraction of melted water and the wind
speed.

6.2.4 Rime

Rime 1s the most common type of
in-cloud icing and often forms vanes on
the windward side of linear, non-rotatable
objects, 1.e. objects which will not rotate
around the longitudinal axis due to

eccentrical loading by ice.

During significant icing on small,
linear objects, the cross section of the
rime vane 1s nearby triangular with the
top angle pointing windward but, as the
width (diameter) of the object increases,
the ice vane changes its form, see

clause 7.
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PiBHOMIpHO po3moAaineHuit  map
JbOy MOKE YTBOPIOBATUCA TaKOXK B

npouect BHYTPILTHBOXMAPHOTO

oOneneHIHHsA, KoM OO0'€eKT € (Maixe)

TOPUBOHTAJILHOID  «CTPYHOK»  (Mae

OpsMONiHIiHY (popmy), o obepTaeThCs
HaBKOJIO CBO€T oci. JIi, Mo HaKOMUYUBCS
3 HaBITPSHOTO OOKY «CTPYHH», 3MYIIYE i
o0epTartucst MpH JOCITHEHHI JOCTaTHBOT

Macu TmokpuBy. Llel mporec Moxke

TPUBATU A0 TUX TIp, JOKA TPUBATUME
BIJIKJIAJICHHS JIbOAy. B pe3ynbrari 1s0ro

HABKOJIO «CTPYHU» YTBOPHOETHCS

KPYOKaHU | MTOKPUB OUThLI-MEHIII

LWTIHAPHYHOT POpPMH.

Hpumirka. BMmicT pigkoi Bogu B mOBITpi
npu TeMmmeparypl Hwkde npubmmsHo —20 °C
cTae HACTIJIbKU HE3HAUYHUM, 110
BHYTPILTHBOXMAPHOTO OOJIEICHIHHSI MPAKTUYHO
He BiIOYBAETHCA.

Haiibimpim CUJIbHE oOneneHiHHs
MamMopo33i0 BiOYBAEThCS V BIAKPUTHX TOpax
(Ha y3b6epexcki ab0 y BHYTPIITHBOMATEPHUKOBI I
9yacTHHI) a0 TaM, /1€ TiPChKi AOIMHU 3MYLIYIOTh
BOJIOTE TOBITPSI MPOXOIUTH 4Yepe3 NepeBau, e
BOHO B TIOAAJIBIIOMY ITiTHIMA€ETHCS 1 IPOXOAUTH
nepeBaiu 31 301JIbIICHOI0 IIBUIKICTIO.

[IIBuAKiCT,  BIOKJAQAAHHS  TaMOpPO3i
3aeXkuTh y OaraThbOX BHUMAAKAX BIJ TaKUX
¢axTopis:

— po3Mipu 00'eKTa, O MAAAETHCS OOMEP3aHHIO;

— IIBUAKICTB BITPY,

Evenly distributed ice can also be
formed by in-cloud icing when the object
1s a (nearly) horizontal «string» (linear
shape) which is rotatable around its axis.
The accreted ice on the windward side of
the «string» will force it to rotate when
the weight of ice is sufficient. This
mechanism may continue as long as the
ice accretion is going on. It results in an
ice accretion more or less cylindrical

around the string.

NOTE The liquid water content of the
air becomes so small at temperatures below
about —20 °C that practically no in-cloud icing

OCCurs.

The most severe rime icing occurs on
freely exposed mountains (coastal or inland), or
where mountain valleys force moist air through
passes, and consequently both lifts the air and

increases the wind speed over the pass.

The accretion rate for rime mainly varies

with the following:

— dimensions of the object exposed,

— wind speed,
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— BMICT P1IKOI BOAU B TOBITPI,
— PO3MOALI Kpareib 32 PO3Mipamuy,;

— TEMIIEpaTypa MoBITPSI.
6.2.5 Inui Tunm 00JieICHIHHS
bumii 1HIA, OPOAYKT MpPAMOTO
NEPEXOY MapiB BOJM B JIiJI, YTBOPIOETHCS
3a3BMYAil 32 HU3BKKUX TeMIieparyp. bimui
1HIA Ma€ HU3bKY WIUIBHICTh 1 MIIHICTb 1
TOMY HE CTBOPIOE ICTOTHUX HABAHTAKEHD
HA KOHCTPYKIIi.
6.3 Tonorpagiyni BiuiuBH
PerionaneHa 1 micuesa Tonorpadis
3MIHIOE PyX BEPTUKAJIBHUX TOTOKIB

HOBiTpHHI/IX Mac, BIIJIMBAKOYH Ha

IHTE€HCUBHICTE OIaJIiB XMAPHOI1
CTPYKTYpPH 1, BIAMOBIAHO, HA YMOBH
00JICICHIHHS.

Bnup MICIIEBOCTI Ha

BHYTPILIHBOXMAPHE OOJECACHIHHA 1 Ha
OOJEICHIHHS B PE3YJIbTATI aTMOCPEPHUX
OmajiiB BUABISAE ceOe MO-pi3HOMY. SIK
MOKE

MPaBuIIo, Tornorpadis

BUKOPHCTOBYBATHCS K OCHOBa IS
BU3HAYECHHS 30H 0o0JieNCHIHHSA.

Haifuacrime JETATBHOTO OTUCy
noTpeOyIOTh TaKi NapaMeTpH:

— BIJICTaHb BiJl y30EPEHOKs (3
HABITPSIHOTO/ M ABITPSHOTO OOKY);

— BUCOTA HAJ PIBHEM MOPS;

— MiCIIeBa

Tororpadis (p1BHUHW,

— liquid water content in the air;
— drop size distribution;
— air temperature.
6.2.5 Other types of ice

Hoar frost, which is due to direct
phase transition from water vapour into
ice, 1s common at low temperatures. Hoar
frost 1s of low density and strength, and
normally does not result in significant
load on structures.
6.3 Topographic influences

Regional and local topography
modifies the vertical motions of the air
masses and hence also the cloud
structures precipitation intensity and, by
these, the icing conditions.

The influence of terrain 1is
generally different for in-cloud icing than
for precipitation icing. In general,
topography may be the basis for defining
icing zones. Most often a detailed

description is necessary concerning the

following:
—distance  from the coast (to
windward/leeward);

— elevation above sea level;

— local topography (plains, valleys);
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JIOJTUHY );

—TIPChKI  CXWJIHM, TOBEPHEHI B OIK
MOPCBKOrO  KiiMary (B HAaBITPSHY
CTOPOHY);

— BUCOKI MICIEBOCTI, 3arOPOJIXKEH] OLThIIT
BUCOKHMHU FOPaAMH,

—BHCOKI  TOpPH,  pO3TalllOBaHl  Ha

MICIIEBOCTSIX BUCOKOTO PIBHSI.
HaiicunbHimie oOA€aeHIHHS YacTo
BIIOYBAETBCS B TIPCBKMX padOHAX, A€

MOXYTh  CIOCTEpIraTucsi  OJHOYACHO

BHYTPILIHBOXMApPHE  OOJICACHIHHS 1

OOJNEeIEHIHHS M1 BIJIMBOM aTMOC(EPHUX

omanie. Ilpym 1wpoOMy oOcCTaHHIA THI

oOneneHiHHA  3a3BHYail  B1AOYBAEThCS

BHACJIIJIOK HAJIMITAHHS MOKPOTO CHITY.

Hpumirka. Komu BiTep nme 3 mops,
ropy CHPSIMOBYIOTH BOJIOT€ IMOBITPsl Bropy. Lle
NPU3BOAUTL A0 KOHJIEHCAIli BOASHOI Mapw i
BUTIAJIIHHS Kpareib Ha HaBITPSIHY CTOPOHY Tip
yepe3  OXOJNOMKEHHS  MAHATOTO  JOTOPH,
BOJIOT'OT'O TIOBITPSL.

I3 mipBiTpstHOrO OOKYy Tip MOBITPS XMap
OINyCKA€eTbCsl 1 BIAOYBAETHCS BUIMAPOBYBAHHS
Bomu  (4d

Kpariesnb JBOIY), B

KPHCTANIB
PE3yJIBTATI HOTO XMAPH PO3UUHSIOTHCS.

Y ripchkiifi MICHEBOCTI KPYTHH CXHI
CKeJli  BHCOTOIO

npubmuzHo  S0M  Moke

MPU3BECTU a0 1CTOTHOTO 3HUKCHHA

BHYTPILIHBOXMaPHOTO o0JeneHiHHs 3
HiABITPSTHOTO OOKY CKel.

JlonaTtkoBe mMigHIMAHHS TMOBITPs OB

—mountain  sides facing maritime

climates (to windward);

— high level areas sheltered by higher
mountains;

— high mountains situated on high level
areas.

The most severe icing often occurs
in mountain areas, where conditions can
result in a combination of in-cloud and
precipitation icing, where precipitation
icing will normally be of the wet snow

type.

NOTE When the wind is blowing from
the sea, the mountains force the moist air
upwards. This leads to condensation of water
vapour and droplet growth on the windward side
of the mountains due to cooling of the lifted,
moist air.

On the leeward side of the mountains, the
cloudy air will descend and the water droplets
(or ice crystals) will evaporate, resulting in
dissolution of the clouds.

In a mountain area, a local face of a cliff
only about 50-m height can give a significant
reduction of in-cloud icing on the leeward

vicinity of the cliff.

Additional lifting of the air by higher
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BUCOKMUMH TOpaMH, pPO3TAIIOBAHUMH Oail BiJ
y30epexcKs, BHUKJIMKAE HOBY KOHACHCAINIO 1
yTBOpeHHs1 xmap. [Ipore B MaHOMY BUNAAKY
BMICT PIAKOi BOIU B TOBITPI BIKE 3HU3UBCS ]
Yac NPOXOKEHHA XMap dYepe3 NpuOepeskHi
ropu. ToMy B ropax, po3TallOBaHUX Haji BiJ
y30epexcksi, oOJeneHIHHA BiAOYBAEThCS MEHII
IHTEHCUBHO.

Y nonuHax, Ae XOJIOJHE TOBITPS MOXE
MOTPATTUTH B «IaCTKyY, IHTEHCUBHE
oOJeZIeHIHHSI BHACHIIOK aTMOC(EPHUX ONajiB
BiOyBa€eThCSl HaiyacTiie Ha JHI JOJUHH, a He
HA HABKOJIULIHIX CXHJIAX.

6.4 3MiHM 00/IeJeHiHHSI 32 BHCOTOIO
HA/l MOBEPXHEI0 3eMJTi
[HTEHCHUBHICTD 0>KENEA0YTBOPEHHS

HA  KOHCTPYKIIIX  MOXE  ICTOTHO
3MIHIOBATHUCS B 3QJICKHOCTI BIJI BUCOTH
KOHCTPYKI[li HaJa PIBHEM 3€MJIl, OJHAK
MPOCTOI MOJEN PO3MOAUTY OKEJICTHUX
BiAKJIAJACHL MO  BHCOTI 1€  HE
PO3POOIICHO.

V nesaxux BHMajakKax, OJM3BKO 10
NOBEPXH1 3eMJTI OOJIENCHIHHS MOKE OyTH
BIJICYTHE, OJHAK Ha OUIbII BUCOKHX

PIBHSIX MICLIEBOCTI OKETICHE
HABAHTA)KCHHST MOKE OYyTHM CYTTEBHM 1
HABIAKH.

SIKIIo 1ICHY€ MOKITUBICTD CHJIBHOTO
OJKEJICAHOTO BIAKIAACHHS, CJIJ Haaaml
BUKOHYBAaTH METEOPOJIOTTYHI

CIIOCTEPEKEHHA 34 JAHUM MaiIaHYAKOM.

mountains, situated further inland, will cause
new condensation and formation of clouds. But
in this case, the passing of the coastal mountains
has already reduced the liquid water content into
the air. Therefore the resulting icing at inland
heights usually is less severe than the icing at

the coastal heights.

In valleys, where cold air can be
«trapped», severe icing due to precipitation is
more frequent in the valley bottoms than on the

surrounding hillsides.

6.4 Variation with height above terrain

Ice mass on a structure may vary
strongly with height of the element above
terrain, but so far a simple model for the
distribution of ice with height has not

been found.

In some cases, ice may not be
observed close to ground level, but at
higher levels the ice load can be
significant, and also the reverse situation

may be found.
If heavy ice accretions appear

probable, further meteorological studies

on the particular site are recommended.
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IIpumirka. Ha pucynky 2 mnokazaHo
CTaHIAPTHUHA KOe(DIIEHT-MHOKHUK JIJIT  Mac
JpOAY Ha OINbII BHCOKHX PIBHSX Haj 3EMIICIO
(ne Hazg piBHeM Mopsi). [larwmii koediLlieHT MOXKe
3aCTOCOBYBATUCS I BCIX THUIIB OOJIEACHIHHS,
SIKIIO BIJICYTHI AaH1 AJI1 KOHKPETHOI MiCLIEBOCTI,
MPOTe HACHpPaBAl CHUTYyAIlisl MOXE BHUSBUTHUCS
HabaraTto CKJIAAHIIIOW, HIXK He 300pa)XeHO Ha
puc. 2.

Edext BHCOTM MOXHA TakOX BHUPAa3UTH
3a JOMOMOTOK) BU3HAYEHHS JIbONOBHX KJacCiB
KOHCTPYKIII,

I PI3HUX PIBHIB  BHUCOKOI

HANPUKJIAA, WIODI, OamT, TipChbKOJHKHUX

MIAAOMHUKIB TOIIO.

NOTE Figure 2 shows a typical
multiplying factor for ice masses at higher levels
above terrain (not above sea level). The factor
may be applied for all types of ice, if site-
specific data are not available, but reality may in
some cases be more complicated than Figure 2

shows.

The height effect can be expressed also
by specifying different ice classes for different
levels of a high structure, e.g. mast, towers, ski-

lifts, etc.
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Ipumirka. Koedinient sucoru, K, = e~

NOTE Height factor: K, = **"

Pucynox 2 — TwunoBi 3MiHH Mac JIbOAY 31 3MIHOKO BUCOTH HAJ PIBHEM 3€MIII
Figure 2 — Typical variation of ice masses with the height above terrain
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7 OBJIEJEHIHHSA KOHCTPYKIIIN
7.1 3ara/ibHi MOJIOKCHHS

Y nAaHOMy pO3IiIl O3S AAKOTHCS
TPUHIIATIN

MCTOAUKHU BU3HAUYCHHA

napaMeTpiB - oxeneal 1 iX il Ha
KOHCTPYKIII.

JUts TOro mo0 BU3HAYMTH CTYIiHb
JUi oKeNenl, HEOOXITHO 3HATH PO3MIPH 1

Macy O>KENIEAHUX BIIAKJIAIEHb.

Ha  oOCHOBI  METEOPOJOTTYHHX
napameTpiB, (PIBMYHUX  BIACTUBOCTEH
oXejaenl W TpuBajgocTi  OOJNICACHIHHS
BA3HAYAOTHCS po3Mipu 1 Bara
OKEJICIHUX  BIAKIAJACHb HA JAHOMY
00'€KTI.

dopma OONEACHIHHS 3AICKUTh, Y
Nepmy 4Yepry, BiA KUIBKOCTI 1 THITY

KPHKAQHOTO  HApPOCTy, a TakOoX BIJ

po3mipy, popmu i opieHTarlli 00'ekTa.

Tunm  oOneneHIHHS, 3a3HAYCHI

HWKYE, PO3PIZHAIOTHCS SK «OXKEIEIbY
(G) 1 «mamopo3b» (R). Mokpuii cHIr ciif

BIIHECTH JIO TOr0 K TUOy, WO ¥

naMopPO3b.

Hpumirka. B ogHux 1 TUX camux

METEOpOJIOTIYHUX ~ YMOBAax  IHTEHCHBHICTb
BIAKJIAEHHST MOXE 3MIHIOBATUCS 3aJIEXKHO BiN
po3mipiB, popmu 1 opieHTawii 00'ekTa BiJHOCHO
BITpY.

HaiicunbHime

BIIKJIQICHHS.  JIbOJY

BinOyBaeThCsl Ha 00'€KTax, PpO3TAIIOBAHUX VY

7 ICING ON STRUCTURES
7.1 General

This clause contains principles of
the procedure for  determining
characteristic ice actions and their effects
on structures.

It 1s necessary to have accreted ice
dimensions and masses to be able to
determine ice actions.

The meteorological parameters,
together with the physical properties of
ice and icing duration, determine the size

and weight of accreted ice on a given

object.

Shapes of the accreted ice are
primarily controlled by the amount and
type of ice accreted and the size, shape
and orientation of the exposed object.

Icing types specified below are
separated into «glazey (G) and «rimey

(R). Wet snow should be treated as rime.

NOTE Under the same meteorological
conditions, the ice accretion rate will vary with
the dimensions, shape and orientation of the

exposed object to the wind.

The most severe ice accretion will occur

on an object which is placed in a plane,
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IUIOIIMHI, NEepPHNeHAUKYJSApHIN [0 HamnpsMKy
BITPY, @ TakoXX Ha 00'ekTax 3 HEBEIUKUMH
po3Mipamu monepedHoro nepepizy. Hanpuknan,
OLIbII 1HTEHCUBHE OOJIEMEHIHHS BiOYBAETHCS
Ha TOHKOMY ApOTi, a He Ha ToBcTOMY. OmHaK
npu  TPUBAJIOMY oOMep3aHH1 po3Mipu
KPHKAHOTO HApOCTy Ha o0ox ob'exktax OymyTh
Mai>ke OJHAKOBUMM.

Tomy Taki 00'€ekTH, SIK BaHTH, HIOTJIOBI
BIITSKKH, €JIEMEeHTH  aHTEH, IpaT4acTi
KOHCTPYKII1 TOIIO, MOXYTh TiAAaBATUCS O1IbII
IHTEHCUBHOMY BIJKJIQICHHIO JIbOAY, Hi3K 00'€KTH
BEJIMKUX PO3MIpiB a00 KOHCTPYKINi CyHIJIbHOTO
THUITY.

3 i€l K NPUYMHHA HA O0'€KTaX BEIMKUX
po3MipiB obneneHiHHSA Oyne KOHLIEHTPYBATHCS
IO KpPasiX, FOCTPUX OKpamKax TOLIO.

IIfo crocyerscsi  KOOHOPO3MIPHHX)
00'eKTIB apiT),

napajiebHO 10 HAMPSIMKY BITPY, TO BOHH Maiike

(Hampukam, PO3TalIOBaHUX

He OyayTh migaaBaTucs OOMepP3aHHIO.

7.2 JIboIOBI KJIacH

1106

KUIBKICTE OJKEJIEAHUX BIJKJIAACHL Ha

BUPA3UTH OYIKyBaHy

NEBHOMY  MaiJaHuMKy,  BBOJUTHCS
TepMIH «J1boA0BHH Kinacy (IC).

JIbomoBuii Kmac — 1e mapamerp,
SKM  TIOBUHEH  BHUKOPHCTOBYBATHUCS
NPOCKTYyBaJIbHUKAMHU  JUIsl  BU3HAUCHHS
BIPOT1IHOTO CTyTIEHS JILOJOBUAX
BiJIKJIaZICHb KOHKPETHOTO MaljaH4MKa.

[Hpopmariro

moao JbOJOBHUX

KJIAClB, 3a SIKUMH BHU3HAYAETHCS CTYIIHb

perpendicular to the wind direction, and with
small cross-sectional dimensions. For example,
ice accretes more rapidly on a thin wire than on
a thick one. However, if the icing duration is
long enough, the accreted ice dimensions of the

two objects will be almost similar.

Therefore specific objects such as cables,
mast guys, antenna elements, lattice structures
and the like can be exposed to much higher ice
accretion rates than objects of greater diameter

and of a solid structural type.

For the same reasons, on bigger objects
the accreted ice normally will be concentrated
on rims, sharp edges, etc.

There will be almost no ice accreted on a

«one-dimensional» object (e.g. a wire)

orientated parallel to the wind direction.

7.2 Ice classes
To be able to express the expected
amount of accreted ice at a certain site,

the term «ice class» (IC) 1s introduced.

IC 1s the parameter to be used by
designers to determine how severe the ice
accretion 1s expected to be at a particular
site.

Meteorologists  may  provide

information about the IC, and for a
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OOJICICHIHHS  TEBHOTO  MalgaHuuKa,
MOKYyTh HAQJATH METECOPOJIOTH. [HIIMMH
CIIOBaMH, JIbOJOBMH  KJIac  MOKa3zye
CTYIIHb MO>KJIMBOTO O3KENEA0YTBOPEHHS,
110 TOBMHHO BPaxOBYBATHUCA MPU BUOOPI
BIJINOBIIHAX PO3MIPHUX NApPaMETPIB.

Y npoMy po3auni  JAaHl MO0
JBOJIOBUX KJIACIB BUKOPHUCTOBYIOTBCS SIK

peKOMEHAAIlli, HA MIJACTaBl SKUX MOKHA

BA3HAYUTH IO OKenenl npu
npoektyBanHl. Lli  7mbomOBI  Kiacu
OXOIUTIOOTH MO>KJTUBI BaplaHTH

00JICICHIHHS HE U1 BCIX MaliJaHUMKIB, a
JUTs OUTBIIOCTI 3 HUX (J1b010B1 Kacu G6 1
R10 B Tabmn. 3 1 4 cnijg BUKOPUCTOBYBATH
AJIsL CKCTPCMAJIbHUX BI/IHa,Z[KiB JbOAOBHUX
BIJIKJIQJICHB ).

Hpumirka. s orpumanss iHpopmarii
npo MEBHUH MalJaHUYMK B YMOBaxX BiIACYTHOCTI
aHAJIOTIYHUX JAHUX CIOCTEPEXEeHb MOTPIOHO
NPOBOAUTH BUMIPIOBAHHS Ta/ab0 BUBYEHHS
Mozpenel obeneHi HHS.

JIbomOBI KJIaCH MOXKYTh 3MIHIOBATHUCS B
MeKaxX KOPOTKHX BiJICTaHEH Ha MEeBHIH IiJISHLI.
BumiproBaHHs ~Clig  TPOBOOUTH  TaM, Je
OUIKYETHCS] HAMOLIbII 1HTEHCUBHE BIIKJIACHHS,
abo Ha

3a3HaYEHOMY OyniBebHOMY

MalaH4YMKy, IUB. 1OOATOK B.
7.3 BuzHa4eHHs1 JIb0A0BOI0 KJacy, IC
JIbonoBi kiacu IC BU3HAYAIOTHCH

34  XapPaKTEPUCTHUYHOK)  BEJIMYMHOKO

certain site, icing severity is defined by a
certain ice class, which in general terms
tells how much ice can be expected as

defined for dimensioning purposes.

Data for ice classes in this clause
are used as recommendations, based on
which all ice actions may be determined
for engineering use. These ice classes
cover the possible variation of accreted
ice for most sites, but not all sites (ref. IC
G6 and R10 in Tables 3 and 4 should be

used for extreme ice accretions).

NOTE Measurements and/or model
studies are necessary to obtain the information
needed for a specific site, unless experience can

supply the same information.

The ice class may vary within rather
short distances in a specific area. Measuring
should be carried out where ice accretion is
expected to be most severe, or at the precise

building site; see annex B.

7.3 Definition of ice class, IC
ICs are defined by a characteristic

value, the 50 years return period of the
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JBOJIOBUX BIAKIAJEHb HA KOHTPOJBbHOMY
KoJekTopl mpu  50-piuHOMY  mepioal
NOBTOPIOBAHOCTI.

Lleil KOHTPOJBHUNA KOJIEKTOP SIBIISE

coboro mmmHAp Agiamerpom 30 MM i

JIOBKUHOK He MeHme O05wm, 1o
po3TamioBaHuii Ha BucoTi 10M Hajg
MTOBEPXHEID 3emuti 1 MOBIJIEHO

00epTaEThCS HABKOJIO CBO€Ei OCI; JMB.
noaarok B, B.3.

.HBOI[OBi KJI1acu MOKHA BU3HAYHNUTH.

—3a METEOPOJIOTTYHUMHI Ta/ado
TonorpaiuHuMu  JTaHUMU  Pa3oM i3
BUKOPUCTAHHSIM MOJCNI  BIJIKJIaJaHHS,
abo

—3a Macow  (Barow)  OXEJEIHHUX
BIIKIAACHb  HA  METP  JOBXKHHH

KOHCTPYKI1i, BAMIPSHOI Ha Maii TaHYMKY.

Lle o3Hauae, 1m0 3a HAIBHOCTI
OJTHOTO 3 3a3HAYCHUX BHUIIE HAOOPIB
JAHUX  MOXXHA  HAJICKHUM  YHHOM
BU3HAUMTH JIbOJIOBHI KJIac Uil IEBHOTO
MaiJaHYHKa.

JIbOOB1 KJIACH BH3HAYAKOTHCS  SIK
JUTSL O>KENE, TaK 1 Ul HaMOPO31, OCKLIBKA
iX XapakTEPUCTHUKW BIAPI3HAOTECS. Kitac
ICG npusHaueHWi UL OXKEJECTHUX
BiAKIaneHp, a ICR — mig mamoposeBux
(MOKpHMIA CHII BITHOCUTBCS B JTAHOMY

BUMAJIKY JIO TOTO X TUIY, IO i MamMOpo3b).

ice accretion on the reference collector.

This reference collector is a 30 mm
diameter cylinder of a length not less than
0,5 m, placed 10 m above terrain and
slowly rotating around its own axis; see

annex B, B.3.

ICs can be determined based upon
—meteorological and/or topographical
data together with use of an ice accretion

model, or

—ice masses (weight) per metre structural

length, measured on site.

This means that a proper IC can be
stipulated for certain sites, if one of the
above-mentioned sets of information is

available.

ICs are defined for both glaze and
rime, because the characteristics for these
differ. ICG 1s for glaze deposits and ICR
for rime deposits (wet snow 1is here

treated as rime).
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Maca 7b0ay  PO3PaxOBYETHCS
3aBKIM SIK MJI0IIIA MOMEPEYHOTO MEepepizy
KPHYKaHOTO HApOCTY (3a MEKaMu TUIOIII

NOMEPEYHOT O o0'exTa

nepepizy

Jb0/ly), TIOMHOKCHa Ha

BCEPENNHI
T'YCTHHY JIBOJY, 1110 Hapic.
7.4 Oxenenp
7.4.1 3arajabHi NOJI0OKEHHSA

Knacu [ICG BH3HAUaKOTBCA  SIK
NIEBHA TOBIIMHA JIbOAY HA KOHTPOJIBHOMY
301pHUKY JIbOY. Y TaONuIll 3 HABEACHO
3HAUEHHS TOBIIWHHU 1 Mach OKEJECIHOTO

BiI[KJ'IaI[eHHH JJIA  KOXXHOTO JbOJOBOIO

knacy ICG. Ha pucyHky 3 mnokasaHa

The mass of ice 1is always
calculated as the cross-sectional area of
accreted ice (outside the cross-sectional
arca of the object inside the ice),
multiplied by the density of the accreted
ice.
7.4 Glaze
7.4.1 General

ICGs are defined as a certain ice
thickness on the reference ice collector.
Table 3 shows the ice thickness and mass
for each ice class for glaze, ICG, while
Figure 3 shows the stipulated accretion

model for glaze.

MOJIETb BIpOT'1IHOTO BIJIKJIQ/IAHH S
OJKEJEI.
Taomumsa 3 — JlbonoBi kimacu 1uist oxeneni (ICG)

(ryctuna aboay = 900 kr/m?®)
Table 3 — Ice classes for glaze (ICG) (density of ice = 900 kg/m?)

ToBIIHMHA CTIHKH
oxXeJieni, /, MM
Ice thickness, /, mm

JIvonosuii knac (IC)
Ice class (IC)

Maca o:keJieAHHX BiaKJIaAeHb, /1, KI/M
Masses for glaze, m, kg/m

HiameTtp uuaiHapa, MM
Cylinder diameter, mm

10 30 100 300
Gl 10 0,6 1,1 3,1 8,8
G2 20 1,7 2.8 6,8 18,1
G3 30 34 5.1 11,0 28.0
G4 40 5.7 79 15,8 38.5
G5 50 8,5 11,3 21,2 495
Go6 BuKOpPUCTOBYETBCS y BUMIAAKY €KCTPEMAIbHUX BIIKJIAIEHb

To be used for extreme ice accretions
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7.42 Owxesenr Ha  rpar4acTux
KOHCTPYKIIsSIX

3HAUEHHS MaCH 1 pO3MIPIB 3riAHO 3
Tabm. 3

puc. 3 1 MOXKYTh

BUKOPUCTOBYBaTUCS 0€3 3MIH  MpH
HEBpPaxXyBaHHI HAaXJbOCTYBaHHS IIAPIB

b0y B TOUKaX NEPETUHY

KOHCTPYKIIHHUX €JICMEHTIB. 3a
HEOOX1IHOCTI, BPaXOBYKOTHCS JOMYCKH
HA 1HTEHCUBHE YTBOPECHHS OypyJbOK.
3okpeMa, 1e crocyerhes kiacy ICG3 1
BUIIIE, 32 SKUMU BITPOBI Ta OXKEJAETHI Aii
MOXKYTh

CIIPUYMHHUTH HaBaAHTA>KCHHA

OUTbLI, HI’K 3a3HAYEHO TYT.

7.4.2 Glaze on lattice structures

The masses and dimensions from
Figure 3 and Table 3 may be used
directly, and it is not normally necessary
to consider adjustments because of icing
overlaps at member intersections. If
experience says so, allowance for severe
formation of icicles may be made. This
applies especially to ICG3 and greater,
and may result in greater wind action and

ice load than stated here.

A
f 4 t

Pucynox 3 — Mogenb BIIKIaACHb OXKENEAl

Figure 3 — Ice accretion model for glaze
3a3HaucHa TOBILAHA JIBOTY The specified ice thickness is valid
3aCTOCOBYEThCS Takok it noxunux  also for sloping elements. The thickness
eneMeHTiB.  ToBumHa  BuMIproeThest  1s measured perpendicular to the length
NEPNCHANKYJIIPHO  MO3A0BXKHIA  OC1 axis of the bar and is always the same in

CTPWKHS 1 3aBXIM € OJHAKOBOK) B YCIX

HanpsMax HaBKOJIO CTPHXKHS/00'€KTa.

all directions around the bar/object.
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7.5 Ilamopo3sb
7.5.1 3araabpHi MOJIOKEHHSA
Knacu

IICBHA Maca JibOAy Ha KOHTPOJIBHOMY

ICR BU3HA4arOTBCA K

30IpHUKY JIbOJy. HaBeneHi  Hubkue
TaOMMIl TMOKA3yKOTh BIJAHOIICHHS MIDXK
3HAUEHHSIMU  Bark 1 po3MipaMu
MaMOPO3€BOTO BIJIKJIQJICHHS B
3aJIeSKHOCTI BiJ (POPMHU 1 po3Mipy 00'€KTa,
a TAKOXK TYCTHHH JIbOJY.

Skmo He O0oOyMOBJIEHO 1HLIE,
BB@XXAETHCS, M0 HA TPOPUISIX MMUPUHOKO
a0 300 MM BCA MaMOpPO3b YTBOPKOE
HApOCTH  Kpwjbyactoi ¢Gopmu  (IuUB.
PHCYHOK 4).

VY Tabnui 4 nmpeacTaBieH! 3HaYECHHS
Macu BIJIKJIAACHb 1 PO3MIPH AJsl KO>KHOTO

160710800 Kiacy namoposi (ICR).

7.5 Rime
7.5.1 General

ICRs are defined as a certain ice
mass on the reference ice collector. The
tables below show the connection
between ice masses and ice dimensions,
shapes and

depending on object

dimensions and on ice density.

specified, all

rime shall be considered vane-shaped

Unless otherwise

(see Figure 4) on profiles up to a width of
300 mm.

Table 4 shows the ice mass and
dimensions for each ice class for rime,

ICR.

Taomuns 4 — Jlbomoi kiacu st namopo3si (ICR)

Table 4 - Ice classes for rime (ICR)

HiameTp mamMopo3eBoro BiakiaageHHs (MM) AJIA
JIbonoBmii Maca o:xxeneaHux 06'excris piameTpom 30 Mm
. Rime diameter (mm) for object diameter of 30 mm
kiac (IC) BiKJIAeHB, /17, KI/M : 3
Ice class (IC) Ice mass, m , kg/m T'ycruma namoposi (<r/v)
’ Density of rime (kg/m’)
300 500 700 900
R1 0,5 55 47 43 40
R2 0,9 69 56 50 47
R3 1,6 88 71 62 56
R4 2,8 113 90 77 70
RS 5,0 149 117 100 89
R6 8,9 197 154 131 116
R7 16,0 262 204 173 153
RS8 28,0 346 269 228 201
R9 50,0 462 358 303 268
R10 BHKOPHCTOBY€ETECS Y BUMAAKY €KCTPEMAIBHUX BIAKIAAEHb
To be used for extreme ice accretions
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e

Tun B
Type B

Tun D
Type D

Tun E

Tun F

Ilo3naku:
1 — HanpsAMOK BITPY

Key
1 Wind direction
Pucynok 4 — Mogenb BIIKIAACHHS TAMOPO3i
Figure 4 — Ice accretion model for rime
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Mogenb MaMoOPO3EBOr0
oOneeHIHHS HA PUCYHKY 4 0a3yeTbes Ha
NOTEPEAHIA YMOBI, IO 301pHUK JILOIY €
TakKUM, 010 HE O0OEpPTAEThCA 1 Maike
TOPU3OHTAIBHAM.

3aramoM, knacu ICR 1 IIIBHICTH
NamMopo31 BH3HAYAKOTh MACy OKEJIEAHHUX
BIJIKJIQ/ICHb Ha  OpoduIsX. o
CTOCYETHCS PO3MIPIB  OOJECACHIHHS, TO
BOHU M1JUISTAI0Th PO3PAXYHKY.
7.5.2 Ilamopo3b HA OKpeMHX
eJIeMEeHTax
7.5.2.1 3arajibHi MOJI0:KEHHS

Indopmarrisi, aHagoriyHa JaHHUM,
3a3HAYCHUM y  HABEACHHUX  HIKYE
TaONMISX, HEOOXIHA JUISl MPAKTHYHOTO
BUKOPHCTAHHS LBOTO CTaHAAPTY. SIKIIO
Bu3HaueHo knac ICR, MoxyTe OyTn
pO3paxoBaHi BIJINOB1AHI po3mipu
KPH>KaHOTO HApocTy. L1 po3Mipu MOXKYTh
HE3HAYHO 3MIHIOBATHCS B 3AJIEKHOCTI BIJI
BUKOPUCTOBYBAHOTO  TUIy  TPOQUIIO
(cTasieBoro).
7.5.2.2 ToOHKI KOHCTPYKUIIiHI eJIEeMEHTH

00'ekTa mupuHO < 300 Mmm

Mogpemi 0OJIe ICHIHHS Ha
pucynkax 4 15  300paxkyrOTh
MPOrHo30BaHi  (OpPMH  MAMOPO3EBUX
BIIKJIAJICHb 13 METOIO MOJAJTBIIOTO

ckiagaHHs (GOPMYII.

The model for rime in Figure 4 is
based on the precondition that the ice
collector 1s non-rotatable and nearly

horizontal.

In general, ICRs and density of ice
define ice masses accreted on profiles,
but the iced dimensions have to be

calculated.

7.5.2 Rime on single members

7.5.2.1 General

Information similar to those shown
in the following tables is necessary for
the practical use of this standard. As soon
as the ICR has been found, the
corresponding ice vane dimensions can
be calculated. Ice vane dimensions will
slightly change with the type of (steel)

section used.

7.5.2.2 Slender structural members
with object width <300 mm

The icing models in Figures 4 and
5 explain how the ice deposits are
presumed to be shaped and consequently

how the equations are constructed.
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150

Ilo3naku:
1 — HampsIMOK BITPY

Po3smipu B MM
Dimensions in millimetres

150

Key
1 Wind direction

Pucynox 5 — Mogenb BiIKIIagaHHs MaMOPO31 Il BEIMKKAX 00'€KTIB
Figure 5 — Ice accretion model for rime, large objects

Skmo € Ounbl TovHa 1H(GOpMAaLis,
OTpUMaHa, HaNpHUKIAA, B PE3yibTari

OPSIMHUX BHAMIPIOBaHb, ITOBMHHA

BUKOPUCTOBYBATUCS CaMe€ BOHA. Ko

Takoi 1H(opMmamii HeMae, TO s

PO3PAaXyHKY HABAHTAKCHb 1 /I TOBUHHI

BUKOPHCTOBYBATHCS HACTYITHI TAOJMILI.
Ipumirka 1. Ha pucynky 4 300paxkeHo
PO3paxyHKOBY MOJAENb BIIKJIAJAEHb MaMOpPO3i
CTpHkHIB po3MmipoM 1o 300 mm. Mogenb
MOKa3ye, IO BIAKJIAACHHS BiAOYBAETHCS MPOTH

HAampsIMKY BITPY (3 HaBITPSHOI CTOPOHHU
o0'exTa).

3amTpuxoBaHa obmacte W (mmmpuHa

If better information from, for
example, measurements are available,
this should be used. If this is not the case,
the following tables should be used for

calculation of loads and actions.

NOTE 1 Figure 4 shows the stipulated
accretion model for rime on bars of dimension
up to 300 mm. The model shows that ice
accretion is built up against the wind direction

(on the windward side of the object).

The shaded area indicated as W (width

ob'ekta) abo UW

BiOKJIaAeHHs Oe€3

mUpuHA  00'eKTa.

Oyap-sikoro  301JbIIeHHS

Bigmitka 8¢

MOKasye IIO4YaTKOBEC

MOKa3ye

of object) or ¥, W shows the first ice accretion

without any increase in object width. The

indication 8¢ shows the way further accretion
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HANPSIMOK TOJANBIIOTO BIIKJIANEHHS, A€ !
(TOBIIMHA CTIHKM OXeJjeni) — Le TPHUpICT,
BUMIPSIHUH TEPNEHAUKYJISAPHO OO HANPSMKY
BITpY.

Binknanenns nbony Ha mpodiisx E 1 F
NOYMHAETbCA ~ Oe3  30iJbIeHHS  po3MipiB
MIOTIEPEYHUX TIepepi3iB.

L — e 301bIIeHHS] TOYATKOBOI ITUPHHU
npodiniB, i TOMy BOHO JOHma€ETbca 10 W
(mupuHa ob'ekta 6€3 JBLOMY) AN PO3PAXYHKY
BITPOBOTO HABAHTAXKEHHSI.

B Tabmuusx 5-7 3a3HaueHo po3Mipu
KPIDKAHOTO HApoCTy Kpuibyactoi (opMu aus
TUNOBUX TpodiniB Ta (GOPM MOMEPEUHOrO
mepepisy, BCl Il pPO3MIpH pO3paxoBaHl Ha
ryctuny apoxmy 500 xr/m’. Sxmo HeobximHi
3HaYeHHs (HAMPHKJIAA, PO3MIpIB 1 TYCTHUHH)
HEMOKJIMBO 3HAUTH B TaOJHIIX, iX HOTPIOHO
po3paxyBaTh 3a JOMOMOrow  ¢dopmyn 13
nonaTtka A.

HasiTh sx1o 3HaueHHst B TaOIALSX 5—7
3MAIOTBCSI Maike OIHAKOBUMH, BBAKAETHCS
JOUJILHUM PO3ALIUTH iX Ha JBA OCHOBHI THIIU
MOTIEPEYHUX TIePePi3iB 3 OIIIAAY TaKOXK 1 Ha Te,

IO MaiOyTHI BUMIPIOBAHHS MOXYTb BHSIBUTH

e OlipL BiIMIHHOCTI.

occurs, where ¢ (thickness of ice) is the increase

measured perpendicular to the wind direction.

Ice accretion on profile shapes E and F
starts without increasing the dimensions of the
Cross sections.

The measure L is the increase of the
original profiles exposed width and is therefore
added to W (without ice) for wind load
calculations.

Tables 5 to 7 show ice vane dimensions
for typical profile dimensions and cross-
sectional shapes, all calculated for an ice density
of 500 kg/m?. If values required cannot be found
in the tables, they should be calculated by using
the equations in annex A, e.g. dimensions and

densities not given in the tables.

Even if the values in Tables 5 to 7 appear
to be almost alike, it has been found to be
rational to separate between the few major types
of cross sections, also because the future might

show increased difference.
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Tabauusi S — Po3Mipu KPUXKAHOTO HAPOCTY KPUIBYACTOT (POPMU HA CTPHIKHSIX,

Table 5 — Ice dimensions for vane shaped accreted ice on bars, types A and B

Tani A 1 B (iHCH1 TUTBKY 11 BHYTPIIIHBOXMAPHOTO OOJNEACHIHHS,
rycrina jioay = 500 kr/m?)

(Valid only for in-cloud icing; density of ice = 500 kg/m?)

@opma npodio crpuxuie: Tunu A i B
Cross sectional shape of bars: Types A and B

Ilupuna 06'exkTa, MM
Object width, mm 10 30 100 300

Maca o:xenegHux Po3mipu kpu:kaHoro Hapocty Kpuib4aToi popmu, MM
IC BiAKIaAenn, M, KI/M Ice vane dimensions, mm

Ice mass, m, kg/m L D L D L D L D
R1 0,5 54 22 34 35 13 100 4 300
R2 0,9 78 28 54 40 23 100 8 300
R3 1,6 109 36 82 47 41 100 | 14 300
R4 2.8 150 46 120 | 56 67 104 | 24 300
RS 5,0 207 60 174 | 70 106 | 114 |42 300
R6 8,9 282 79 247 | 88 165 [129 |76 300
R7 16,0 384 105 |[348 [ 113 | 253 151 136 | 300
RS 28,0 514 137 (478 |[146 |[372 |[181 |217 |317
R9 50,0 694 182 [ 656 | 190 |543 |223 |344 | 349
R10 | BHKOpHCTOBY€TBHCS y BUMAAKY €KCTPEMATBHOTO BIAKJIAIEHHS

To be used for extreme ice accretions
Tadauusi 6 — Po3Mipu KPUYKAHOTO HAPOCTY KPUIBYACTOT (POPMU HA CTPHIKHSIX,
iy C 1 D (iicH1 TUIBKY 11 BHYTPIIIHBOXMAPHOTO OOJNEACHIHHS,
rycrina jioay = 500 kr/m?)
Table 6 — Ice dimensions for vane shaped accreted ice on bars, types C and D

(Valid only for in-cloud icing. Density of ice = 500 kg/m?)

®opma npodimo crpukHiB: THnu Ci D
Cross sectional shape of bars: Types C and D

IlupuHa 06'exkTa, MM
Object width, mm

10

30 100

300

Maca o:xxeneaHux Po3mipu KpH:KAHOT0 HAPOCTY KPHILYATOT (pOPMH, MM
IC BiAKIaAenn, M, KI/M Ice vane dimensions, mm

Ice mass, m , kg/m L D L D L D L D
R1 0,5 56 23 36 35 13 100 4 1300
R2 0,9 80 29 57 40 23 100 8 |300
R3 1,6 111 |37 86 48 41 100 14 ]300
R4 2,8 152 | 47 124 | 57 68 105 24 ]300
RS 5,0 209 |61 179 | 71 111 | 115 42 1300
R6 8,9 284 | 80 253 |90 173 | 131 76 | 300
R7 16,0 387 [ 105 [355 [115 [265 | 154 136 | 300
RS8 28,0 517 | 138 | 484 | 147 |[387 | 184 224 | 318
R9 50,0 696 | 183 [663 |[192 |560 |227 361 | 353
R10 | BHKOpHCTOBY€TBHCS y BUMAAKY €KCTPEMATBHOTO BIAKJIAIEHHS

To be used for extreme ice accretions

41


arymarenko
Прямоугольник


pumirka 2. O6neneninus

WIHAPUYHOI  (OPMH  NIACHE TIIBKH IS
TOHKHUX €JIEMEHTIB 13 HHU3bKOK KOPCTKICTIO
OO KPYYEHHs, HaXWJ SIKHX CTAaHOBUTb HeE
OlnpIne 45° BITHOCHO FOPU30OHTANIBHOI MJIOIIMHU
(HampuKJaA, BaHTH, CTaJleBl TPOCH TOWIO). Y
TAaKUX BUIAIKAX PO3MIPH KPHXKAHOTO HAPOCTY
MOXKHa pO3paxyBaTH 3a MAacOK OXKEJIECTHOTO

BIIKJIQICHHST BIAMOBITHOTO JIBOJOBOIO KJacy

ICR (guB. Tabnuio 4).

NOTE 2 Cylindrical accreted ice is only
valid for slender elements of low torsional
stiffness and sloping not more than about 45° to
a horizontal plane (e.g. cables, steel ropes, etc.).
In such cases ice dimensions may be calculated

from ice masses, defined as ICRs (see Table 4).

Ta6auusi 7 — Po3MipH KPUXKAHOTO HAPOCTY KPUIBYACTOT (POPMU HA CTPHIKHSIX,
tani E 1 F (aiiicHi TiabKK 1J1 BHYTPIITHBOXMAPHOTO
oOneneHinus; ryctuaa 01y = 500 kr/m®)

Table 7 — Ice dimensions for vane-shaped accreted ice on bars, types E and F
(Valid only for in-cloud icing; density of ice = 500 kg/m?)

®opma npodino crpuwkHi: Tunu E i F
Cross-sectional shape of bars: Types E and F

IMupuna 06'exkra, MM
Object width, mm 10 30 100 300

Maca oxeneanux Po3mipu kprKkaHOro HAPOCTY KPUJIBYATOI (popmMuU, MM

IC Bi[lKJIaZl/eHb Ice vane dimensions, mm
m, Kr/m

Ice mass, m , kg/m L D L D L D L D
R1 0,5 55 23 29 34 0 100 0 300
R2 0,9 79 29 51 39 0 100 0 300
R3 1,6 111 36 81 47 9 100 0 300
R4 2,8 152 47 121 57 39 100 0 300
R5 5,0 209 61 177 70 87 109 0 300
R6 8.9 284 80 251 89 154 | 126 0 300
R7 16,0 387 105 353 115 250 | 150 40 ]300
RS 28,0 517 138 483 147 376 | 181 142 | 300
R9 50,0 696 183 662 192 551 | 225 294 | 336
R10 | BUKOPHUCTOBY€EThCS y BUMAKY €KCTPEMALHOTO BIAKJIAICHHS

To be used for extreme ice accretions

3HaueHHS, HABEJACHI B TaOMMII,
MOKYyTh 3MIHIOBATHCS BIANOBIAHO [0

3HAUEHb IHIIMX PO3MIPIB NPOPUIO 1

The values in the tables shall be
changed in accordance with other profile

dimensions and densities of ice; see
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TYCTUHU JIbOAY, IHIOJAO 3aCTOCYBaHHS
(dbopMyJ TUB. 1OATOK A.
7.5.2.3 Okpemi ejeMeHTH 00'€KTIB
mupuHo (/) 6inbme 300 mm

Komu po3Mipu npodiro
30IBIIYIOTECA 1 TMOCTYNOBO 3MIHIOKOTH
dbopMy 0 IHIIMX THUIIB MOMEPEYHUX
nepepi3iB, MOLUIBHO BHUKOPUCTOBYBATH
IHIly ~ MOJAENb  BIAKIAJACHHS,  MpH
3017IBIICHH] PO3MIPIB 00'€KTa KpH>KaHWM

HAPICT 3MIHUTHCS 34 Baroro 1 (GOpMOI0.

Tomy janga  BenMKUX  00'€KTIB
HEOOX1THO 3MIHUTH MOJIEITh
BIAKJIAICHHS, 1100 MaKCHUMAaJIbHO

HAOJM3UTHUCS O TPUPOJHOT CUTYaIli.

Ha  pucynky 5 [TOKa3aHa

pPO3paxyHKOBa MOJIeJIh MAaMOPO3EBOTO

BIIKIIQZCHHS BEIMKUAX OO0'€KTIB, PO3MIPH
(W) saxkux craHoBiaste Big 300 M
a0 5m. B Tabmuusgx 8 Ta 9 HaBeneHi
3HAUEHHS MAacH 1 PO3MIPIB JJsl BEJIMKHX

00'€KTIB.

Hpumitka. Y  Mexax  KOXHOIO
naponoBoro kiacy ICR nosxkuna (1) kpukaHOTO
HapocTty  Kpwipdactoi  Gopmu g W
pieHoro 300 MM (3rigHO 3 pUCYHKaMu 5 1 6)
MiITPUMY€ETHCS HA MOCTIHHOMY piBHI Ui BCIX
3HaYeHb IMUPUHU OO'€KTa, a Maca MOCTYIIOBO
301bIIy€eTHCS 31 301BIIEHHSIM IMUPUHU 00'EKTA.
@opma BemuKHX O0'€KTIB BIATIOBIAE THUIIAM,

300pakeHUM Ha PHCYHKY 4.

annex A for equations used.

7.5.2.3 Single members with object
width (/7 )> 300 mm

When profile dimensions increase
and gradually change shape towards other
types of cross sections, another accretion
model is expedient, and when object
dimensions increase, the ice accretion

will change in amount and shape.

It 1s therefore necessary regarding
large objects to change the accretion
model in order to come as close to nature
as possible.

Figure 5 shows the stipulated
accretion model for rime on big objects,
which have been defined as dimensions
(W) above 300 mm up to 5 m. Tables 8

and 9 show dimensions and masses for

large objects.

NOTE Within each ICR the length (L) of
the ice vane for /' =300 mm (in accordance
with Figures 5 and 6) is kept constant for all
object widths, but the ice mass is gradually
increased with increasing object width. The
shape of large objects follows the types in
Figure 4.
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IIpodint mpu W Oinpme 300 mm i
HerpaTrdacti KOHCTPYKILii, Taki 5K OeTOHHI
Oamrty, oOnuiroBaHHS a0o 1HIN KOHCTPYKII 3
KOe(piLIEHTOM CYHIJIBHOCTI, IO HAOJMKAETHCS
abo nopiBHroe 1,0, MOBUHHI PO3TISIIATUCT Y
BIAMOBIAHOCTI A0  PEKOMEHAALii  JTaHOro
po3ainy, 1 B I[bOMY BUTAAKY it W BepxHBOI
MEXI HE ICHYE.

3miHa Mozeni oOJeneHiHHsA Ui 00'€KTIB
BEJTUKUX

pO3MipiB MPU3BOJUTH 10

MPOMOPLI HHOTO 3HUKEHHS BITPOBOTO
HABAHTAXXCHHS B CTaHl OOJIeICHIHHS TOPIBHSIHO
3 HaBaHTAXEHHsIM Oe3 OOJIeIeHIHHS, Ha BIIMIHY
BiA MOJIEN JIJIsI HEBEJTMKUX O0'€KTIB, IPU LIbOMY
Oyne crmocrepiraTucs He3HayHe 301IbIICHHS
Macu OKeJIeOHUX BiJKJaaeHb, TOOTO 3HAYEHHS

Macu Tenep OyAyTh NEpPEBUINYBATHU BiAIOBIIHI

3HAYEHHS, BHM3HA4Y€HI 3TIAHO 3 JIbOJOBUM
kiacoM ICR.
Ha  pucynky 5 [TOKa3aHa

3aCTOCOBaHA MOJENb OOJEACHIHHSA st
00'extiB 3 ¥ Outbiie 300 MM. 3HAYCHHS
Macu 05KEJIC THUX BIJIKJIQJIEHb
30UTBIIMIINCS, ajieé HE B TIM MIp1, SK AJs
HEBEJIMKKUX 00'€KTIB.

Jlis Haiibinmem nmomupeHux (popm
BENMKUX 00'ekTiB y Tabmumi 8 (MIocKi
00'exktn) 1 Tabmuui 9 (00'ekTM Kpyrnoi
(OpMH) HABEJAEHO PO3MIPH 1 3HAYCHHS
Macu KpW)KaHWX HApOCTIB AJisg 00'€KTIB

mpuHO0 300 mm, 500 mMm, 1000 mwm,
3000 MM 1 5000 MMm.

Profiles with /¥ >300 mm and non-
lattice structures, such as concrete towers,
claddings or other structures with solidity ratio
near to or equal to 1,0, should be handled in
accordance with this clause, and there is no

upper limit for W .

The change of icing model will for larger
object dimensions result in proportionally less
wind load with ice compared to that without ice,
than the model for smaller dimensions, but with
a slight increase in ice masses, so masses will
now be greater than those according to the ICR

definitions.

Figure 5 shows the used icing
model for objects with W  greater
than 300 mm. Ice masses are increased
but not at the same rate as for smaller

objects.

For the most common object
shapes of large dimensions, Tables 8 (flat
objects) and 9 (circular-shaped objects)
show ice dimensions and masses for
object widths 300 mm, 500 mm, 1 000

mm, 3 000 mm and 5 000 mm.
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[Ilo cTocy€eThCss MEHIIMX PO3MIpIB,

I'YCTHHA JILOY 3ammmmacthes 500 kr/m®, a

IHOI1 3HAYCHHS TOBHHHI MiAOWpaTUCs

BIJIMOBITHO O IHINOI TYCTHHU Ta/ado

THIITAX

PO3MIpIB;

CTOCOBHO

BUKOPHUCTAaHHS (POPMYN IUB. IOAATOK A.

Tadauusi 8 — Po3mipu 1 Maca KpU>KaHOTO HAPOCTY AJIsE BEIMKUX MJIOCKUX 00'€KTIB

As for smaller dimensions, ice

density is 500 kg/m? and all values shall

be adjusted for other densities and/or

other dimensions,

equations used.

(M1ACHI TUIBKY A7l BHYTPIIIHBOXMAPHOTO OOJIEIEHIHHS, TYCTHHA
nsoy = 500 kr/m?)
Table 8 — Accreted ice dimensions and masses for large, flat objects
(Valid only for in-cloud icing; density of ice = 500 kg/m?)

dopma npoduiio 00’ €KTA: BETHKI, IJIOCKI 00’ €KTH
Cross-sectional shape of object: Large, flat objects

IMupuna 06'exkta, MM

Object width, mm 300 500 1000 3000 | 5000

Maca o:xxeneaHux JoB:xkuHa L (MM) i Maca m (KI/M) KPH:KAHOTO HAPOCTY

IC BiAKJIaAeHb Ice length, I (mm), and mass, m (kg/m)
m, Kr/™M L, BCi po3m.

Ice mass, m, kg/m L, all dim. m m " " "
R1 0,5 4 0,5 0,9 2,0 6,2 10,5
R2 0,9 8 0,9 1,7 3,6 11,2 18,9
R3 1,6 14 1,6 3,0 6,4 19,9 | 335
R4 2,8 24 2,8 5,2 11,1 34,9 58,7
RS 5,0 42 5,0 9,2 19,9 62,3 105
R6 8,9 76 8,9 16,5 35,3 111 186
R7 16,0 136 16,0 29,6 63,5 199 335
RS 28,0 224 28,0 50,4 106 330 554
R9 50,0 361 50,0 86,1 176 537 898
R10 BUKOPHCTOBYETBCS Y BUNAAKY €KCTPEMAIBHOTO BiIKIIAIEHHS

To be used for extreme ice accretions

see annex A for
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Tadauusi 9 — Po3mipu 1 Maca KpH>KaHOTO HAPOCTY ISl BENMMKUX 00'€KTIB KPYToi
(opmu (A1KACHI TUIBKM 7151 BHYTPIIIHBOXMAPHOTO OOJICACHIHHS,
rycrina jioay = 500 kr/m?)

Table 9 — Accreted ice dimensions and masses for large, rounded objects
(Valid only for in-cloud icing; density of ice = 500 kg/m?)

®opma npodisiro 00’ €KTa: BEJTHKI, OKPYIJIi 00’ €KTH
Cross-sectional shape of object: Large, rounded objects

IMupuna 06'exkTa, MM
Object width, mm 300 500 1000 3000 5000

Maca o:xxeeaHux JoB:xkuHa . (MM) i Maca m (KI/M) KPH:KAHOTO HAPOCTY

IC BiAKJIaAeHb Ice length, /. (mm), and mass, m (kg/m)
m, Kr/™M L, BCi po3m.

Ice mass, m, kg/m L, all dim. m m " i "
R1 0,5 4 0,5 0,9 2.0 6,2 10,5
R2 0,9 8 0,9 1,7 3,6 11,2 18,9
R3 1,6 14 1,6 3,0 6,4 19,9 33,5
R4 2,8 24 2.8 5,2 11,1 34,9 58,7
RS 5,0 42 5,0 92 19,9 62,3 105
R6 8,9 76 8,9 16,5 35,3 111 186
R7 16,0 136 16,0 29,6 63,5 199 335
R8 28,0 217 28,0 497 104 321 538
R9 50,0 344 50,0 84,4 171 515 859
R10 BUKOPHCTOBYETBCS Y BUNAAKY €KCTPEMAIBHOTO BiIKIIAIEHHS

To be used for extreme ice accretions
7.6  llamopo3b Ha  rpaTr4acrux 7.6 Rime on lattice structures

KOHCTPYKIIsSIX
7.6.1 3araibHi M0JI05KEHHA

SIKIO KOHCTPYKI[li BUTOTOBJIEHI 3
MDK 000K

TOHKMX,  MOB'SI3aHHUX

€JIEMCHTIB (HampuKiam, rparyacri
HIOTJIN), KpUra MO>KE€ HapOCTaTH Ha HUX
OJIHOYACHO, YTBOPIOKOYH KpH>KaH1
HApOCTH OUTbII MACWBHI, HIXK Le OyJsio O
MO>KJIMBO HA CYLITbHOMY TTPpOo(dii.
bazoBuM napameTpoM OXKEIEAHOTO
HABAHTA)XCHHS, 10 BHKOPUCTOBYETHCS

JUTSl PO3PAXYHKIB, € KUIBKICTh OKEJICTHUX

7.6.1 General

In the case of structures built of
interconnected, slender elements (such as
lattice masts), the ice vanes can grow
together and result in much larger ice
formations than is possible for the solid,

unperforated profile.

The basic specification of ice loads
for calculations is normally specification

of an amount of ice on single members
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BIAKIIAJACHb HAa OKPEMHMX €JIEMEHTax
(CTPMKHAX) KOHCTPYKIIi. Taka KUIBKICTb
MOJKE€ BUP@KATUCA SK JIBOJAOBUU Kilac
ICR, oOcCKUIbKM BIH BH3HA4a€ 1 Macy
JbOTY, 1 PO3Mip mNpoduo pa3oMm i3
JTBOJOM.

XapakTepuCTHKA JIOJOBOTO KJacy
ICR MoOke BKJIIOYATH MApaMETPU «BCIET
3aMiICTh

00NeneH10i  KOHCTPYKLIi»

napameTpiB  ICR  skoroch oKpemoro

€JIEMEHTA, 1 B IIbOMY BHUMAJKy oOMep3ia

KOHCTPYKIs

Oyne PO3TJIsIaTUCS

nmoaiOHo a0 00JjeneHuyioi OETOHHOI

OamTH.

Skuio 3a 0a30By XapakTEPUCTHKY
MIPUAMAETBCST TEBHUN JIBOJOBHM  KJjlac
ICR, ue no3BONSIE BU3HAYUTH MAacCy
O’KEJIETHUX BIJAKIJIAAEHb HA podim Oyab-

SIKOTO po3paxyBaTH  BCl

po3mipy 1
PO3MIPU KPHXKAHOTO HAPOCTY Ha mpodii
3a A0NOMOrorw tabmuub adbo Qopmyn 13
nojarka A.

Hpumirka. Ilicns Ttoro, sk JNbOAOBI
kiaacu ICR Oyne Bu3HaueHO 3a Talmuuero 4,
OTpUMaHy 1H(pOpPMAIIO CJiJT BUKOPUCTOBYBATH
pa3oMm 13 maHuMU TaOaunb S—7 sl BUSHAYEHHS
Macl Ta pO3MIPIB KPWKAHUX HAPOCTIB IS
{HIIMX (HOPMAJIbHUX ) TUIIB TPOP1ITIO.

Sk mpaBuIo, mependavacThCs, MO KPHKAHUIA
HapicT Oyze MaTu Kpuibdary (popMy; TYCTHHA JIbOIY

[IOBUHHA BU3HAYATUCS 3a Ta0MLErO 1.

(bars) of the structure. The amount of ice
can now be expressed as an ICR, because
ICR defines both the ice mass and the

profile dimension with ice.

A specification of ICR could
include «a total iced structure» instead of
a specific member ICR, and in this case
the iced structure will appear like an iced

concrete tower.

If the basic specification is just a
certain ICR, the ice mass on any profile
dimension 1s defined and all ice
dimensions on any profile dimension can
be found by using the tables or the

equations in annex A.

NOTE When ICRs have been found
from Table 4, this information should be used in
connection with Tables 5 to 7 for determining
ice dimensions and masses for other (normal)

types of profile.

In principle, accreted ice is assumed to
be vane-shaped, and the density must have been

determined, see Table 1.
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Hns Bucokmx nbomoBux knaciB ICR
pO3MipH KpWXKaHUX HapocTiB (tabmumi 5—7)
MOXKYTh YTBOPIOBATH 3HA4HI 3a pPO3MipamMu
HAXJIbOCTYBAHHS IIAPIB OXKEJIEAHUX BIAKJIAICHb
y TOYKaX MEPEeTUHY KOHCTPYKLIHHUX €JIEMEHTIB
4yepe3 CyTTEBY TOBIIMHY CTIHKH Oxeneai. Maca
JBOIYy MOke OyTH 3MEHIIeHA, BPaxOBYIOUH TaKi
(moBxuHA

HaXJIbOCTYBaHHHA OQXKEJICIHOI'O

BIAKJIAZCHHS  €JeMeHTa  KOpOTIa,  HIX
KOHCTPYKILI{Ha JTOBJKMHA L[BOTO eJieMeHTa). Ak
Oyj0 3a3HayeHO BUINe, OOJENEHIHHS MOKe
NEPETBOPHUTHUCS HA CYLIIBHY CTPYKTYPY.

Tomy,

PO3paxoBYOUH 3arajipHe

OXKeJiefHe HaBAaHTAKEHHS HAa KOHCTPYKLIIO
TAKOrO THITy, AYXK€ BAKJIMBO 3HATH MeEXaHi3M
oOneneHiHHsI.

3aranbHa Maca OXENEeIHUX BIAKJIAACHDb
(BnacHa Bara JbONy) MOBHHHA BH3HAYATHCS SIK
CyMa MacH JIbOAy Ha METp JAOBKUHH, 1€ TUTOMY
Macy Ha MeTp HeOOXi1AHO B3ATH 3 Tabmuip (abo
po3paxyBaTh 3a JOMOMOIOK Jojatka A).
MoskHa 3poOUTH MOMpPaBKH HAa HAXJIbOCTYBaHHSI
KPIDKAHUX ~ HApOCTiB Y

TOYKax NEPETUHY

KOHCTPYKLIHHUX €JIEMEHTIB.
7.6.2

HanpssMOK  yTBOpeHHs  Ha

KOHCTPYKUIIT KPH)KAHHUX  HAPOCTIB
KPHWJIbYaTOi (popMH
OnTuManpHOK JUIsl  BU3HAYEHHS

OKCJICAHOT'O HABAHTAKCHHA € CI/ITyaI_IiH,

KOJMM  HAmpsAMOK  BITPY M  4ac
oOneneHiHHA  BlAOMHUA. Y Takomy
BUMAJAKY KpW>KaHI HApocTh OyayTh

YTBOPIOBATUCS  BIAMOBIAHO [0 LBOTO

For high ICRs, icing dimensions (Tables
5 to 7) can develop considerable icing overlaps
at intersections of structural members, because
of the ice thickness. Ice masses may be reduced
to take into account overlaps (the iced length of
a member is shorter than the structural length of
the same member). As mentioned above, it is
also possible that icing will grow into a solid

structure.

It is therefore important to be aware of
the icing mechanisms when estimating the total

ice load on such a type of structure.

The total ice mass (self-weight of ice)
should be found as the sum of ice masses per
metre unit length, where the specific mass per
metre is taken from the tables (or calculated
from annex A). Adjustments for overlapping of
ice at intersections of structural members may

be made.

7.6.2 Direction of ice vanes on the
structure

The  optimum  situation  for
determining ice load is when information
about the icing wind direction is known.
For such a case the ice vanes accrete in
fixed wind direction

this known,

regardless of the wind directions used for
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BIIOMOTO, (PIKCOBAHOTO HAMPSMKY BITPY,
HE3aJIE)KHO BIJI HAMPsIMKY BITPOBOI [ii,
3aCTOCOBAHOI0 npu PO3paxyHKy
KOHCTPYKI1i 03 00NeICHIHHS.

OpHak Takoi cHTyalli MOXe 1 He
OyTH, 1 TOIl BITPOBI HABAHTAXKCHHS
NOBHHHI PO3PaXOBYBATHCS, BUXOASYM 3
HAlOUTbII  HECTPUSATIIMBUX YMOB. Y
IbOMY BHUIAAKy PpO3TAllyBaHHS Ha

KOHCTPYKI{ KPYOKaHUX HapOCTIB
KpwiibyacToi (OpMHU  CHiA  PO3MIISLIaTH
TaKk, HIOK

HaIpAMOK OKCIICOHO-

BITPOBOT'Q HABAHTAKCHHS €
NEPIEHANKYJISPHUM JI0 HAPSIMKY BITpY,
KW BUKOPUCTOBYBABCS JJISl PO3PAXYHKY
KOHCTPYKIi 0e3 o0neacHiHHSA. OCKUTbKI
Oararo KOHCTPYKILIH noTpedyoTh
JOCHIDKEHHS. 32 KUIbKOMa HamnpsMKamu
BITPY, JAHy MPOLEAYPY C11 BUKOHYBATH
JUTSL KOKHOTO 3 HAITPSIMKIB.

Ockinbku

pi3H1 NONEPEYHi

NEPEPI3M  KOHCTPYKILIi MaroTh  Pi3H1
PO3MIpH (HaNpUKJIaA, ITUPUHA TPOPLTIO),
SKIIO JWBUTHCS 3 PI3HUX HANpPSIMKIB Y
TOPU30HTAJIBHIHA TJIOMIKHI, TO BIAMOBITHO
OyAayTb  3MIHIOBAaTUCS 1  pPO3MIpH
KPWKaHUX HApOCTiB. TOMY JUIsl KOSKHOTO
HANpsSMKY BITPY NMOBWHHI BUKOHYBATHCS
HOBI PO3PaxXyHKH KIJTBKOCTI OXEJIEIHUX

BIIKJIQCHbD.

the design of the uniced structure.

This situation, however, might not
occur, and in those cases the calculation
of wind forces shall be determined under
the most unfavourable assumption. This
1s that the ice vanes should be placed on
the structure as if the icing wind direction
1s perpendicular on the direction of the
wind used for the design of the uniced
structure. Because many structures need
to be investigated for several wind
directions,

this procedure should be

carried out for each wind direction.

Because many structural cross
sections have different dimensions (e.g.
profile width) when seen from different
directions in the horizontal plane, the ice
vanes' dimensions will change as well.
Therefore new calculations of amounts of
ice must be carried out for each wind

direction.
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IpumiTtka. MokHa BUKOPHUCTOBYBATH

OlmpIl  mpOCTHH  METOA  pO3paxyHKy («i3
3armacom»). HEOOXIAHO BH3HAYUTH HANpPSIMOK
oONeneHiH s, SKUH CHPUYMHSE MaKCUMAaJlbHE
BITPOBE HABAHTAXXEHHS Ha KOHCTpyKuito. Cuifg
BUKOPUCTOBYBATH  JIaHE  OXKEJIEIHO-BITPOBE
HABAHTAKEHHS JUIsl OMHIET 1 Tiel camoi cuTyarii
IUIS1 BCIX JOCHIPKYBaHHUX HAIpPSIMKIB BITPY.

7.6.3 OOneneHiHHsI eJIEeMEHTIB, 10
MAKTh HAXWI Y HATIPSIMKY BiTpy
[To3nOBXKHA ~ BICH  KPWIKAHOTO
HApOCTy KpWJIbYacToi (OpMU TOBHHHA
3aBKIU 3HAXOJIUTHUCS B

TOPU30HTATIBHOMY TOJIOXKEHH1, 3aBJISIKH

YoMy BCl poO3MIpH Hapocty OyayTh
BUMIPIOBATHUCS B TOPU3OHTAIbHIA
TUTOLIMHI.

Ockinbkn Haxuil y OlK  BITPY
BUMIPIOETHCS B TOPU3OHTAIbHIA
IJIOLIMHI (JIUB. PUCYHOK O), Maca JbOIy
B3JI0OBJK OC1 €JICMEHTA CTAHOBUTL mSIn¢ ,
JI€ M BHU3HAYAETHCS 3a TAOIULISIMM.

s TOTO, 1100 3aBXKIH
OTPUMYBATH 3HAYEHHS ISl OOJICACHIHHS
HA TOPHU3OHTAIBHHUX  €JIEMEHTaxX 13
NO3J0BXKHBOK) BICCIO B HANPSMKY BITPY,
KyT O HE TMOBUHEH PO3MJISIIATUCS MEHLIE
HDK 10°, 10 BIAMOBIAAE 3MIH1 HAMPIMKY
BITPY (y BCiX miomuHax) + 10° mig yac

BIIKIQACHHS.

NOTE A more simple («on the safe
side») calculation may be used: Find the icing
direction which produces the greatest wind
action on the structure in question. Use this wind
action and ice load for the same situation for all

wind directions to be investigated.

7.6.3 Icing on members inclined to the
wind direction

The length axis of ice vanes shall
always be horizontal, so all dimensions of

ice are measured in the horizontal plane.

The inclination to the wind is
measured in the horizontal plane, see
Figure 6, so ice mass along the axis of a
member is msina, where m is found
from the tables.

In order always to obtain some ice
also on horizontal members with length
axis in the wind direction, the angle a
shall not be considered smaller than 10°
corresponding to a change of wind
direction (in all planes) of + 10° during

ice accretion.
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M pumitka. Lle o3Havae, Mo HA CTPUKHI,
TEOPETUYHO  pO3TAIIOBAHOMY M  dHac
oOJeZIeHIHHSI TapalieIbHO 0 HAIpPSIMKY BITPY,
YTBOPEHHSI KPUKAHOTO HAPOCTY BiNOYIEThCsS

mia kyrom mnaniaas  10°, BHACHIZOK 4OTO

2
TOBIIMHA JbOAY ckiamatume /.-sinl0°, ne L —
I[e JOBKMHA KPHMXKAHOTO HApPOCTYy KPHIJIbYACTOL

¢dopmu, B3siTa 3 TaOIMLI. Maca Jpoay, BUMIpPSIHA

B3MIOBXK CTPYDKHA, ckjame m-sinl0°, nme m

TaKOX Oeperbest 3 TabIUIb (abo
pPO3paxoBYETBbCA 32 JOMOMOroK  (GopMmys 13

nonatka A).

NOTE This means that a bar
theoretically situated parallel to the icing wind
direction will at least get ice from an angle of

incidence of 10°, resulting in ice thickness of
L-sin10°, where L is the ice vane length from
the tables. The ice masses measured along the
bar length will be m-sin10° as well, where m is
found from the tables (or calculated based on the

equations in annex A).

Ilo3Haku:
1 — HampsiM BITPY
2 — Maca JbOay, M, Ha ONUHHULIKO TOBXKUHU

Key
1 Wind direction
2 Ice mass, m, per unit length

PucyHoxk 6 — Po3paxyHkM i MOXWIUX €IEMEHTIB (KPYIJIHid CTPUKEHD
NOKA3aHWH Y TOPU3OHTAJIBbHIN TUIOIIMHI )
Figure 6 — Calculations for inclined members (round bar shown in

horizontal plane)
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8 BITPOBI JIi HA OBJIEJEHLII
KOHCTPYKIII
8.1 3aranbHi no10KeHHS
BitpoBi  mii, sk  mpaBumio,
PO3PaxoBYIOTECS 3@  CTAHAAPTHUMH
meroaukamu (auB. [SO 4355). Tlpore,
3riJHO 3 LMM CTAHJAPTOM PO3MIpH 1
HasBHOCTI

Koe(ilieHTH ~ Omopy  3a

OXKEJIEMHUX  BIAKIAACHL 3MIHIOIOTHCA
MOPIBHSIHO 3 CUTYAIIE0 «0€3 0KEICTHUX

BIAKJIQJCHDY.

HaunionajabHe NOsICHeHHS :
BiTpoBI HaBaHTaOKEHHS BU3HAYAKOTHCS
3riiHo 3 [SO 4354, ToMy MOCUIIaHHS Ha
4355

crangapr  ISO «OcHOBH

MPOCKTYBaHHS KOHCTPYKLIHA.
Bu3HayeHHs CHITrOBUX HABAHTAKEHB HA

TOKPIBJID CJTiJI BBAYKATH MIOMUJIKOBHM.

Jus  Toro, moO  3po0utH

PO3paxyHOK BITPOBUX T JUTS
KOHCTPYKIlli B OOJEAEHIOMY CTaHi,
noTPiOHI 3HAYECHHS KOE(IIIEHTa OMOpy
C, nna oOneneHunoi KOHCTpykKuwli. Y

3gayeHas (),

1

OUTLIIIOCT]  BHUMAAKIB

BIJIPI3HSIOTHCS B1Jl 3HAYECHb KOC(DILIEHTIB

omopy (, s KOHCTpyKuii 0e3
obneneninnd. Ilpn upomy 3HadeHHs C

MO>KyTh OyTH MIEBHOIO MIPOKO MOB'sA3aH1 31

8 WIND ACTIONS ON
STRUCTURES
8.1 General

ICED

Wind actions are in principle
calculated in accordance with standard
procedures for wind-load calculations
(see ISO 4355). However, dimensions
and drag coefficients with 1ce are
changed compared to «without ice» in
accordance  with  this International

Standard.

To be able to calculate wind

actions for a structure in an iced

condition, values of the drag coefficient

for the iced structure, C, are necessary. In
most cases C, values are different from

the drag coefficients for the uniced

structure, C,. The C wvalues however,

can to some extent be connected to the

C, values, which can be made use of in

stipulating C, values.
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3HAYECHHAMU C,, 110 MO>KHA
3aCTOCOBYBATH ISt BU3HAYECHHS
3Ha4eHb C,.

Maiixe g Oyap-sakoi gopmu 1
pPO3MIpY MOXKHA 3HAWTW 1H(QOPMALIIO
CTOCOBHO 3HaueHb (,, 1O, pa3oM i3

JaHWUMH [IOJI0 TMOBEPXHEBOTO CTaHY

namopo3i, BUKOPUCTOBYETHCS JUTS

C., HaBeJIeHUX

1

pPO3paxyHKy 3HA4YCHb

HIDKYE.
Bei 3nauenHs €, TOBHMHHI
BUKOPUCTOBYBATUCS AK po3mipu

00JICACHITIOTO 00°€KTa, AKI € OlILIIUMH
3a po3Mipu 00’ €kTa O€3 JTHOY.
Koedimient

OMOPY  3aBXKIN €

JCHIM JUTS HaMpPsMKY

BITDY,
NEPICHANKYJISPHOTO TUIOIIMHI, y SKIi
3HAXOIUTHCA TO3/M0BXKHS BICh 00'€KTa
(mpodiro). [HII KyTH maxiHHS JUTs TAHOT
NOBUHHI

IJIOIIHWHUA KOpUI'YBaTHCA,

HapuKIaa, 3a JONOMOToN  (Gopmyll,
HaBEJICHUX Y 8.3.

8.2 Okpemi esiemeHTH

8.2.1 3araabHi NoJI0KEeHHA

3a3Buyal €

Taki  eneMeHTH

npopinsMu  pizHUX  GopM 1 PO3MIpIB

MONEPEYHOTO nepepizy. IcHyroul
CTaHJAPTH HABOJATH 3Ha4YeHHs ()
(MepNEHANKYISPHO JOBKHWHI, 0e3

For almost any shape and

dimension 1t is possible to find

information about C, values and this,

combined with the knowledge of the
surface condition of rime, has been used

to stipulate the C, values given below.

All C, values shall be used on the

iced dimensions, which are greater than

without ice.

The drag coefficient is always
valid for wind direction perpendicular to
the plane containing the length axis of the
object (profile). Other angles of incidence
to this plane should be adjusted for, for
example by using the equations given in
8.3.

8.2 Single members

8.2.1 General
Such

of different

elements are normally

profiles cross-sectional
shapes and sizes. Existing standards give

C, values (perpendicular to length,

without ice) for all types of profiles used.

53


arymarenko
Прямоугольник


00JICACHIHHS ) JUTSI BCIX THUIIIB
3aCTOCOBYBaHUX MPOQ1ITIB.
Koedimient Onopy JUTS

00JIENCHUIOTO €eJIeMEHTa 3aJIEKUTh BIJI
iy npodunro, #oro 3HadeHHs C,,
JBOJIOBOTO KJaCy, THUMY OOJEICHIHHS,
HIMPUHU €JIEMEHTA 1 HANpsSMKy BITPY
BIJTHOCHO OC1 KpUKaHOTO HApOCTYy.

8.2.2 KoedinienTn onopy s oxesieni

Jlng  oOneAeHIIUX  €JICMEHTIB
BaYKJIUBO BUKOPHCTOBYBATH
OOrPpYHTOBaH1 3HAYCHHS  KoepilieHTa

OMOPY; 3a3BUYAN BOHU BIAPIZHSIOTHCS B1J
3HAUYCHb JUIS THUX CaMUX €JIEMEHTIB Oe¢3
00JICICHIHHS.

10—15

3HaueHHA B TaOJULAX

oOpaHi, BUXOASYM 3 TUMOBUX MPUPOTHUX

(opm

3BUYANHUX BHUKOPHUCTOBYBAHUX 3HAYCHbL

KPYKaHUX BIJIKJIaJICHb 1

JUIsl TIEPEPI3IB MPUOJIU3HO TAKMX CaAMUX

dopm 1

CIICMCHTH.

po3MIpiB, SK 1 OOJEAEHITI

SIKIIO € MOYKITUBICTE 3HANTH OLTBIT

JOCTOBIPHI ~ 3HQUEHHs, L€ MNOTPIOHO

3poOut. OnmHAK, SKIIO 1€ HEMOXKIIUBO,

ClIiI BUKOPHUCTOBYBATH  KOE(ILIEHTH,

HaBeJIEH]1 HIDKYE.
Ipumirka. BBaxkaeTbcs, Mo OKenemHl
PIBHOMIPHUM

BIAKJIQICHHS  PO3MOIJISIFOTHCS

mapoM Mo Bcii moBepxHi ob'ekta (muB. 7.4).

The drag coefficient of an iced
member depends on the type of profile,

its C, value, the ice class, the type of ice,

the width of the member and the wind
direction compared to the axis of ice
accretion.
8.2.2 Drag coefficients for glaze

It 1s important to use reasonable
values for drag coefficient on iced
members, and they normally will differ
from wvalues for the same members

without ice.

The values in Tables 10 to 15 have
been chosen based on typical natural
shapes of ice accretions and normally
used values for sections of approximately
same shapes and dimensions as the iced

members.

It might be possible to find more
reliable values, and if so this should be
done. However, if this is not possible, the

coefficients below should be used.

NOTE Glaze is considered to be
deposited as a uniform layer of ice on the whole

surface of an object, see 7.4. This accretion
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Taka Mopmenb BiAKJIAaAEHb IparHe BUPIBHATU
MOTIEPEYHUN Mepepi3 eleMeHTa, 3a0e3Mmeuyryun
TUM caMuM Oijgbin ab0 MEHII pPiBHOMIPHY

OcHoBHUHT  edekT

dopmy.

koe(imieHTa OMOpPy IMOJIATae B MPUITYIIEHHI, 110

3aCTOCYBaHHS

3HadeHHst C, OynyTe 30inbmiyBaTHCs AT

bopmu 1

3MEHIIYBaTHCA Ha TMOMEPEYHHX TMepepizax 3

MOMIEPEYHUX  Tepepi3iB  KPyrJioi
OKpalikaMH y TIOpIBHSHHI 31 3HAa4eHHsSMH 0Oe3
oOJefieHIHHS, PU [[BOMY YHM BHILE JHOAOBUH
knac (IC), TUM CUJBHIIIUM BUSBISIETHCS LEH

edexT.

Kinnese 3nHauenns (', mpusHaueHe IJis

HaiiBumoro siponoBoro kmacy IC 1 cTaHOBHUTH
6mu3pko 1,4 Big O4iKyBaHOTO ISl TIOMIEPEYHOTO
bopmu 3

nepepizy  Kpyrioi

MOBEPXHEIO.

LIOPCTKOIO

Tabmuss 10 MICTUTH  pEKOMEHIOBaHI

3HadeHHst C, aust pi3HUX 3HadeHb (o 1 Ui BCIX

nponoBux kjaciB ICG. Chig 3a3HaYUTH, IO IS
BUCOKMX JbomoBux kiaciB ICG  mMoxiuse
yTBOpPEHHsST OYypYJIbOK, IO MOXKE MPU3BECTU IO

30upineHHst 3HaueHb (. Ila momenp Moxe

3aCTOCOBYBATUCS 1O €JEMEHTIB, LIMPUHA SKUX
6e3 obneneHiHHS CTAHOBUTD NMPUOIN3HO 0,3 M.
Benuki  cyuinpHi  00'ekTM  MeHIe
MAATBCSA BIOKJIAACHHAM. TOMYy BBa)KaeThCs,
mo edexkr oxeleni MOKHA ITHOPYBATH ISt

€JIEMEHTIB, IIMPUHA SIKUX CKJIajae 5 M 1 OijbIre.

model tends to smooth out the differences in the
cross section of the member, leading towards a
more or less uniform shape. The main effect
concerning drag coefficients is that C, values
are expected to increase on circular cross
sections and to decrease on edged cross sections
compared to values without ice, and the effect is

stronger the higher is the IC.

The final C, value is for the highest IC

estimated to be about 1,4 as for a circular cross

section with a rough surface.

Table 10 contains recommended values
of C, for different values of Co and for all ICGs.
It should be noted that at high ICGs icicles can
occur and can cause increased C, values. This

model may be assumed for members up to a

width without ice of about 0,3 m.

Large, solid objects are less influenced
by ice accretion. It is therefore considered that
the effect of glaze may be neglected on members

with a width of 5 m and above.
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Tabmuus 10 — Koediuientu C, Ui 0KENEAl HA CTPHIKHAX

Table 10 — (. coefficients for glaze on bars
ToBmuHa Koediuientn C, nJs o:xeJieii HA CTPHIKHSIX
Jbonosuii kaac (IC) CTiHl.(I/I C : .coefficients for glaze on lfars
Ice class (IC) O0REJIENL, MM KoediuieaTn onopy 6e3 od6eneninns, C;
Ice thickness, Drag coefficients without ice, Co
mm 050 | 0,75 | 1,00 | 1,25 | 1,50 | 1,75 | 2,00
Gl 10 068 |08% |108 [128 |[148 |1.68 |1,88
G2 20 08 |1,01 |1,16 |131 |146 |161 |1,76
G3 30 1,04 | 114 124 [134 | 144 |1,54 |1,64
G4 40 122 127 [132 [137 142 |1,47 [152
G5 50 1,40 | 1,40 |1,40 |1,40 | 1,40 |1,40 | 1,40
Go6 BuKOPHCTOBYETBCS Y BUNAAKY €KCTPEMAIBHOTO BIKIIAIEHHS
To be used for extreme ice accretions
Taxi 3Ha4eHHss C, PEKOMEHIYETHCS The following C, values are

BUKOPUCTOBYBATH JUTS 00'€KTIB
mmpuHoro Bijx 0,3 M 10 5,0 M; BoHM OyJu
pO3paxoBaHl 3a JIONOMOTOK JIHIAHOT
THTEPIOJISIIIT 3a  HaAWBKIMUBIIINMHA
napamMeTpaMK: TOBIIMHA CTIHKUA OXKEJE],

3HaueHHs C, 1 IIMPUHA €JIEMEHTA.

Jis 00'eKTIB IIMPUHOK OlyibLIe
HOK 5,0 M MOXHA MNPUNOYCTUTH, IO

3HaueHHs C, popiBHIOIOTE C, (0e3

BIJIKJTAZICHHS ).
Y  rtabmaugx  11-15 HaBeneHo
3HaueHHs C, AN BENUKUX OO0'€KTIB 1

nronoBux kiacis ICG1-GS.

recommended used for object width
between 0,3 m and 5,0 m, and have been
calculated using linear interpolation on

the  important  parameters:  glaze

thickness, C, values and member width.

For object width >5,0 m, C, values
can be assumed equal to C, (without ice

accretion).

Tables 11 to 15 show C, values for
large objects and ICG1-GS5.
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Tabnuus 11 — Koedinientu C, s oxeneni, ICG1, na Bemmkux 00'ekrax
Table 11 - C, coefficients for glaze, ICG1, large objects

Koediuientn C, pns oxeJieni Ha BeJTHKHX 00'€KTAX

C. coefficients for glaze, large objects

IMupuna 06'exra, M
Object width, m KoediuienTu onopy 6e3 od1eaeninns, C,

Drag coefficients without ice, Co

0,50 0,75 1,00 1,25 1,50 1,75 2.00

<03 0,68 0,88 1,08 1,28 1,48 1,68 1,88

1,0 0,65 0,86 1,07 1,28 1,48 1,69 1,90

2.0 0,61 0,83 1,05 1,27 1,49 1,71 1,92

3.0 0,58 0,81 1,03 1,26 1,49 1,72 1,95

>5.0 0,50 0,75 1,00 1,25 1,50 1,75 2.00
Tabnuns 12 — Koedinientu C, s oxxeneni, [CG2, Ha Benukux 00'exTax

Table 12 — (., coefficients for glaze, ICG2, large objects

Koedinientn C, ps oxeJieni Ha BeJTHKHX 00'€KTAaX

Ilnpuna o6'exra, M C. coefficients for glaze, large objects

Object width, m KoediuieaTu onopy 6e3 o61eneninns, C
Drag coefficients without ice, Co

0,50 0,75 1,00 1,25 1,50 1,75 2.00
<03 0,86 1,01 1,16 1,31 1,46 1,61 1,76

1,0 0,81 0,97 1,14 1,30 1,47 1,63 1,80

2.0 0,73 0,92 1,10 1,29 1,47 1,66 1,85

3.0 0,65 0,86 1,07 1,28 1,48 1,69 1,90

>5.0 0,50 0,75 1,00 1,25 1,50 1,75 2.00
Tadmuusa 13 — Koedinientn C, g oxenenl, ICG3, Ha Benukux 00'ekTax

Table 13 — (., coefficients for glaze, ICG3, large objects

Koediuientn C, pns oxeJieni Ha BeJTHKHX 00'€KTAX
Ilnpuna o6'exra, M C. coefficients for glaze, large objects
Object width, m KoediuienTu onopy 6e3 od1eaeninns, C,
Drag coefficients without ice, Co

0,50 0,75 1,00 1,25 1,50 1,75 2,00

<0,3 1,04 1,14 1,24 1,34 1,44 1,54 1,64

1,0 0,96 1,08 1,20 1,33 1,45 1,57 1,69

2,0 0,84 1,00 1,15 1,31 1,46 1,62 1,77

3,0 0,73 0,92 1,10 1,29 1,47 1,66 1,85

25,0 0,50 0,75 1,00 1,25 1,50 1,75 2,00
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Tabnuus 14 — Koedinientu C, s oxxeneni, ICG4, na Benukux 00'exrax

Table 14 — (., coefficients for glaze, ICG4, large objects
Koediuientn C, pns oxeJieni Ha BeJTHKHX 00'€KTAX
Ilnpuna o6'exra, M C. coefficients for glaze, large objects
Object width, m KoediuienTu onopy 6e3 od1eaeninns, C,
Drag coefficients without ice, Co
0,50 0,75 1,00 125 1,50 1,75 2.00
<03 1,22 127 1,32 1,37 1,42 1,47 1,52
1,0 1,11 1,19 127 135 1,43 1,51 1,59
2.0 0,96 1,08 1,20 133 1,45 1,57 1,69
3.0 0,81 0,97 1,14 1,30 1,47 1,63 1,80
>5.0 0,50 0,75 1,00 125 1,50 1,75 2.00
Tabnuus 15 — Koepinientu C, s oxxeneni, ICGS, Ha Benukux 00'exTax
Table 15 — (., coefficients for glaze, ICGS, large objects
Koediuientn C, pns oxeJieni Ha BeJTHKHX 00'€KTAX
Ilnpuna o6'exra, M C. coefficients for glaze, large objects
Object width, m KoediuienTu onopy 6e3 od1eaeninns, C,
Drag coefficients without ice, Co
0,50 0,75 1,00 125 1,50 1,75 2.00
<03 1,40 1,40 1,40 1,40 1,40 1,40 1,40
1,0 1,27 1,30 1,34 1,38 1,41 1,45 1,49
2.0 1,07 1,16 1,26 135 1,44 1,53 1,62
3.0 0,88 1,03 1,17 131 1,46 1,60 1,74
>5.0 0,50 0,75 1,00 125 1,50 1,75 2.00

8.2.3 KoediunieHTn onopy st naMmopo3i

Jlng  oOneAeHIIUX  €JICMEHTIB
BaKJIHBO BUKOPHCTOBYBATH
OOrPpYHTOBaH1 3HAYCHHS KOE(IIIEHTIB

OMopy, [KI 3a3BUYail BIIPIZHIIOTHCS Bl
3HAUCHb JJIS THUX CaMUX €JIEMEHTIB Oe3
00JICICHIHHS.

Hapeneni Hubkde 3HAUYCHHS Oyiu
oOpaHi1, BUXOASYM 3 TUMIOBUX MPUPOTHUX
dopm

BUKOPUCTOBYBAHUX

BIJIKJTQICHHS 1 3a3BHUYal

3HAYCHb JUTS

8.2.3 Drag coefficients for rime

It is important to use reasonable
values for drag coefficients on iced
members, and they normally will differ
from wvalues for the same members
without ice.

The wvalues below have been
chosen based on typical natural shapes of
ice accretions and normally used values
for sections

of approximately same

58


arymarenko
Прямоугольник


nepepiziB NPUOIU3HO TaKUX caMux (popm
1 pO3MIpIB, 5K 1 00JEEHI EIEMEHTH.
SIKIIO € MOYKITUBICTE 3HANTH OLTBIT

JOCTOBIPHI ~ 3HQUEHHs, L€ MNOTPIOHO

3poOut. OAHAK SKIIO LE HEMOMKIUBO,

ClIiI BUKOPHUCTOBYBATH  KOE(DIiLlI€HTH,

HABEJICHI HUXKYE,

Hpumirtka 1. Onmc 3amaHoi Mopjeni
BIKJIaICHb TAMOPO31 HABEACHO B 7.6.
BiIKJIaI€HHSI

Ax 1 gas oxkeneni,

namMopo3i 3MEHINYIOTh PI3HULIFO MiK
koedinienTaMu onopy s npodisiB 3 pI3HUMHU
(bopmMamMu MOTIEPEIHOTO TIEPePizy.

Jns HaiiBummux npogoBux kiaciB ICR
OYIKY€ThCS, IO TOHKI €NeMEHTH OyAdyTh MaTu
HE3AJIEKHO  BIJX

ogHakoBl 3HadeHHs C

no4yaTkoBUX (HopM npodiis.

3naueHnsiMm (' Oy TEBHOTO  He
obnenenijoro mnomnepeuHoro mnepepizy € Co.
Beaxaetbes, mo 3rigHo 3 ICRY 3nauenns C,
nopiBHIOE 1,6 st BCIX 3HaUeHb IIUPUHU 00'eKTa
(0e3 obneneninns) 1o 300 Mm.

Bcei nactynHi 3HauenHa C, AiiicHi s
BITpY,

KPIDKAHOTO HAPOCTY KpHWJIbYacToi opMmu i

HATIPSIMKY MEPIEHAUKYISAPHOTO 10
[MO3MIOBXKHBLOI OCl eJIEMEHTA.

s meomoBux kiaciB ICR Big R1 mo R9
3HAYEHHS

BH3Ha4YarOTbCA 3a JOIIOMOTI'OIO

JMHIHHOI  iHTepmomAwmii 3  ypaxyBaHHSM
BKJIUBUX MTapaMeTPiB.
Y Tabmuni 16 HaBeneHO PEKOMEHAOBaHI

3HadeHHss C, musa pisHux 3HadeHp (o Ta OIS

TOHKUX €JIEMEHTIB.

shapes and dimensions as the iced
members.

It might be possible to find more
reliable values, and if so this should be
done. However, if this is not possible, the

coefficients below should be used.

NOTE 1 The assumed model for
accretion of rime is described in 7.6.

As for glaze, rime accretion also

diminishes the differences of drag coefficients

for profiles with different cross-sectional shapes.

For the most severe ICRs all slender

members are expected to have the same C,

values, no matter what initial profile shapes.

The C value for the particular cross

section without ice is Co. In ICR9 the C, value

is estimated to be 1,6 for all object widths

(without ice) up to 300 mm.

All the following C, values are valid for

a wind direction perpendicular to the ice vane

and the length axis of and the member.

For ICRs between R1 and R9, C values
shall be found by linear interpolation with

respect to the important parameters.

Table 16 shows recommended values of

C, for different values of Co and for slender

objects.
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Taonuus 16 — Koedinientu C, aas naMopo3l Ha CTPHKHAX

Table 16 — C, coefficients for rime on bars
Koedinientn C, a5 naMmopo3i HA CTPHIKHSIX
JInonoBuii Mac.a OMETCAHHX C, coefficients for rime on bars
BiK/1a/1eHb,
kaac (IC) m, Kr/m KoediuienTn onopy 6e3 odseneninns, C,
IC Ice mass, m, kg/m Drag coefficient without ice, Co
0,50 | 0,75 1,00 1,25 1,50 1,75 | 2,00
R1 0,5 0,62 | 0,84 1,07 1,29 1,51 1,73 1,96
R2 0,9 0,74 | 094 1,13 1,33 1,52 1,72 191
R3 1,6 0,87 1,03 1,20 1,37 1,53 1,70 1,87
R4 2.8 0,99 1,13 1,27 1,41 1,54 1,68 1,82
R5 5,0 1,11 1,22 1,33 1,44 1,56 1,67 1,78
R6 8,9 1,23 1,32 1,40 1,48 1,57 1,65 1,73
R7 16,0 1,36 1,41 1,47 1,52 1,58 1,63 1,69
RS 28,0 1,48 1,51 1,53 1,56 1,59 1,62 1,64
R9 50,0 1,60 1,60 1,60 1,60 1,60 1,60 1,60
R10 BukopUCTOBYETHCS Y BUMTAAKY €KCTPEMATBHOTO BiIKJIAICHHS
To be used for extreme ice accretions

Hpumirka 2. fAx 1 g oxeneni,

BBAXKAETBCS, IO MOJAETb M TAMOpo3i €
TIHCHOK ISl €JIEMEHTIB IupuHOK 10 0,3 M.
Jns eneMeHTIB OibIIOi IMHUPUHU KOe(ilieHTH
Ormopy B MEHIIH  Mipi  3almexatb  Bif
BIAKJIANEeHHsA, 1 #Woro edekt nisi o0'€kTiB 3
HMIMPUHOO MOHAA 5,0 M MOKHA ITHOPYBATH.

Y tabmugx  17-25 HaBeaeHO

3HaueHHd C, I BEIUMKUX OO'€KTIB 1

nroaoBux kiaacis Bijg ICR1 go ICRO.

NOTE 2 As for glaze, the model for
rime is assumed valid up to a member width of
0,3 m. For wider members the drag coefficients
are less influenced by ice accretion, and the
effect may be neglected for object widths above

5,0 m.

Tables 17 to 25 show C, values for
large objects and ICR1 to ICRO.
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Tabnuusa 17 — Koepimientu C, ans namoposi, ICG1, Ha Benukux 00'ekTax
Table 17 — C, coefficients for rime, ICR1, large objects

Koedinientn C, a1 namopo3i Ha BeIHKHX 00'€KkTax
HIupuna 00'exra, C. coefficients for rime, large objects
Object width, KoediuienTun onopy 6e3 o6.1eneninns, C,

m Drag coefficient without ice, Co

0,50 0,75 1,00 1.25 1,50 1,75 2.00
0,3 0,62 0,84 1,07 1,29 1,51 1,73 1,96
0.5 0,62 0,84 1,06 1,29 1,51 1,73 1,96
1.0 0,60 0,83 1,06 1,28 1,51 1,74 1,96
1.5 0,59 0,82 1,05 1,28 1,51 1,74 1,97
2.0 0,58 0,81 1,04 127 1,51 1,74 1,97
2.5 0,57 0,80 1,04 127 1,51 1,74 1,98
3.0 0,55 0,79 1,03 127 1,50 1,74 1,98
4.0 0,53 0,77 1,01 1,26 1,50 1,75 1,99
>5.0 0,50 0,75 1,00 1,25 1,50 1,75 2,00

Tadauusa 18 — Koediuiertn C, g namoposi, ICR2, Ha Benmkux 00'exkTax

Table 18 — (. coefficients for rime, ICR2, large objects

Koedinientn C, a1 namopo3i Ha BeIHKHX 00'€KkTax
HIupuna 00'exra, C. coefficients for rime, large objects
Object width, KoediuienTn onopy 6e3 o6.1eneninns, C,

m Drag coefficient without ice, Co

0,50 0,75 1,00 1,25 1,50 1,75 2,00
<0,3 0,74 0,94 1,13 1,33 1,52 1,72 1,91
0,5 0,73 0,93 1,13 1,32 1,52 1,72 1,91
1,0 0,71 0,91 1,11 1,32 1,52 1,72 1,92
1,5 0,68 0,89 1,10 1,31 1,52 1,73 1,93
2.0 0,66 0,87 1,09 1,30 1,51 1,73 1,94
2.5 0,63 0,85 1,07 1,29 1,51 1,73 1,95
3,0 0,60 0,83 1,06 1,28 1,51 1,74 1,96
4.0 0,55 0,79 1,03 1,27 1,50 1,74 1,98
>5,0 0,50 0,75 1,00 1,25 1,50 1,75 2,00
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Tabnuusa 19 — Koepinientu C, nis namoposl, ICR3, Ha Benukux 00'exTax
Table 19 — C, coefficients for rime, ICR3, large objects

Koedinientn C, a1 namopo3i Ha BeIHKHX 00'€KkTax
Ilupuna 06'exra, C. coefficients for rime, large objects
Object width, KoediuienTu onopy 6e3 o61eneninns, C,

m Drag coefficient without ice, Co

0,50 0,75 1,00 1.25 1,50 1,75 2.00
0.3 0,87 1,03 1,20 1,37 1,53 1,70 1,87
0.5 0.85 1,02 1,19 1,36 1,53 1,70 1,87
1.0 0,81 0,99 1,17 1,35 1,53 1,71 1,89
1.5 0,77 0,96 1,15 1,34 1,52 1,71 1,90
2.0 0,73 0,93 1,13 1,32 1,52 1,72 1,91
2.5 0,70 0,90 1,11 1,31 1,52 1,72 1,93
3.0 0,66 0,87 1,09 1,30 1,51 1,73 1,94
4.0 0,58 0,81 1,04 127 1,51 1,74 1,97
>5.0 0,50 0,75 1,00 1,25 1,50 1,75 2,00

Tadauusa 20 — Koediuiertn C, g namoposi, ICR4, Ha Benmkux 00'exkTax

Table 20 — C coefficients for rime, ICR4, large objects

Koedinientn C, a1 namopo3i Ha BeIHKHX 00'€KkTax
Ilnpuna o6'excra, C. coefficients for rime, large objects
Object width, KoediuienTu onopy 6e3 o61eneninns, C,

m Drag coefficient without ice, Co

0,50 0,75 1,00 1,25 1,50 1,75 2,00
<0,3 0,99 1,13 1,27 1,41 1,54 1,68 1,82
0,5 0,97 1,11 1,26 1,40 1,54 1,69 1,83
1,0 0,92 1,07 1,23 1,38 1,54 1,69 1,85
1,5 0,86 1,03 1,20 1,37 1,53 1,70 1,87
2.0 0,81 0,99 1,17 1,35 1,53 1,71 1,89
2.5 0,76 0,95 1,14 1,33 1,52 1,71 1,91
3,0 0,71 0,91 1,11 1,32 1,52 1,72 1,92
4.0 0,60 0,83 1,06 1,28 1,51 1,74 1,96
>5,0 0,50 0,75 1,00 1,25 1,50 1,75 2,00
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Tabmuusa 21 — Koedinientu C, nus namoposl, ICRS, na Benukux 00'exTax
Table 21 - C, coefficients for rime, ICRS, large objects

Koedinientn C, a1 namopo3i Ha BeIHKHX 00'€KkTax
Ilupuna 06'exra, C. coefficients for rime, large objects
Object width, KoediuienTu onopy 6e3 odieneninns, C

m Drag coefficient without ice, Co

0,50 0,75 1,00 1,25 1,50 1,75 2.00
0.3 1,11 1,22 1,33 1,44 1,56 1,67 1,78
0.5 1,09 1,20 1,32 1,44 1,55 1,67 1,79
1,0 1,02 1,15 1,28 1,42 1,55 1,68 1,81
1.5 0,96 1,10 1,25 1,39 1,54 1,69 1.83
2.0 0,89 1,05 121 1,37 1,54 1,70 1,86
2.5 0,83 1,00 1,18 1,35 1,53 1,71 1,88
3.0 0,76 0,95 1,14 1,33 1,52 1,71 1,91
4.0 0,63 0,85 1,07 1,29 1,51 1,73 1,95
>5.0 0,50 0,75 1,00 1,25 1,50 1,75 2.00

Tadauusa 22 — Koediuiertn C, g namoposi, ICR6, Ha Bennkux 00'exTax

Table 22 — (., coefficients for rime, ICRO6, large objects

Koedinientn C, a1 namopo3i Ha BeIHKHX 00'€KkTax
Ilnpuna o6'excra, C. coefficients for rime, large objects
Object width, KoediuienTu onopy 6e3 odieneninns, C

m Drag coefficient without ice, Co

0,50 0,75 1,00 1,25 1,50 1,75 2,00
<0,3 1,23 1,32 1,40 1,48 1,57 1,65 1,73
0,5 1,20 1,29 1,38 1,47 1,56 1,65 1,74
1,0 1,12 1,23 1,34 1,45 1,56 1,66 1,77
1,5 1,05 1,17 1,30 1,42 1,55 1,68 1,80
2.0 0,97 1,11 1,26 1,40 1,54 1,69 1,83
2.5 0,89 1,05 1,21 1,37 1,54 1,70 1,86
3,0 0,81 0,99 1,17 1,35 1,53 1,71 1,89
4.0 0,66 0,87 1,09 1,30 1,51 1,73 1,94
>5,0 0,50 0,75 1,00 1,25 1,50 1,75 2,00
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Tabnuus 23 — Koedinientu C, nis namoposl, ICR7, na Benukux 00'exTax
Table 23 — (., coefficients for rime, ICR7, large objects

Koedinientn C, a1 namopo3i Ha BeIHKHX 00'€KkTax
Ilupuna 06'exra, C. coefficients for rime, large objects
Object width, KoediuienTu onopy 6e3 odieneninns, C

m Drag coefficient without ice, Co

0,50 0,75 1,00 1,25 1,50 1,75 2.00
0.3 1,36 1,41 1,47 1,52 1,58 1,63 1,69
0.5 1,32 1,38 1,45 1,51 1,57 1,64 1,70
1,0 123 1,31 1,40 1,48 1,57 1,65 1,74
1.5 1,14 1,24 1,35 1,45 1,56 1,66 1,77
2.0 1,05 1,17 1,30 1,42 1,55 1,68 1,80
2.5 0,96 1,10 1,25 1,39 1,54 1,69 1,83
3.0 0.86 1,03 1,20 1,37 1,53 1,70 1,87
4.0 0,68 0,89 1,10 1,31 1,52 1,73 1,93
>5.0 0,50 0,75 1,00 1,25 1,50 1,75 2.00

Tabnuus 24 — Koedinientu C, nas namoposl, ICRS, Ha Benukux 00'exTax

Table 24 — (., coefficients for rime, ICRS, large objects

Koedinientn C, a1 namopo3i Ha BeIHKHX 00'€KkTax
Ilupuna 06'exra, C. coefficients for rime, large objects
Object width, KoediuienTu onopy 6e3 o61eneninns, C,

m Drag coefficient without ice, Co

0,50 0,75 1,00 1,25 1,50 1,75 2,00
<0,3 1,48 1,51 1,53 1,56 1,59 1,62 1,64
0,5 1,44 1,47 1,51 1,55 1,59 1,62 1,66
1,0 1,33 1,39 1,45 1,51 1,58 1,64 1,70
1,5 1,23 1,31 1,40 1,48 1,57 1,65 1,74
2.0 1,12 1,23 1,34 1,45 1,56 1,66 1,77
2.5 1,02 1,15 1,28 1,42 1,55 1,68 1,81
3,0 0,92 1,07 1,23 1,38 1,54 1,69 1,85
4.0 0,71 0,91 1,11 1,32 1,52 1,72 1,92
>5,0 0,50 0,75 1,00 1,25 1,50 1,75 2,00
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Tabnuusa 25 — Koedinientu C, nis namoposl, ICR9, Ha Benukux 00'exTax

Table 25 - (., coefficients for rime, ICR9Y, large objects
Koedinientn C, a1 namopo3i Ha BeIHKHX 00'€KkTax
Ilupuna 06'exra, C. coefficients for rime, large objects
Object width, KoediuienTu onopy 6e3 o61eneninns, C,
m Drag coefficient without ice, Co
0,50 0,75 1,00 1.25 1,50 1,75 2.00
0.3 1,60 1,60 1,60 1,60 1,60 1,60 1,60
0.5 1,55 1,56 1,57 1,59 1,60 1,61 1,62
1,0 1,44 1,47 1,51 1,55 1,59 1,62 1,66
1.5 132 1,38 1,45 1,51 1,57 1,64 1,70
2.0 1,20 1,29 1,38 1,47 1,56 1,65 1,74
2.5 1,09 1,20 1,32 1,44 1,55 1,67 1,79
3.0 0,97 111 1,26 1,40 1,54 1,69 1.83
4.0 0,73 0,93 1,13 1,32 1,52 1,72 1,91
>5.0 0,50 0,75 1,00 1,25 1,50 1,75 2.00
8.3 Kyt naginus 8.3 Angle of incidence

KoedimienTn onopy 3aiexars Bin
HANPSAMKY BITPY, NEPIEHAUKYJISIPHOTO 10
NO3J0BXHBOI OCl €IEMEHTA 1 A0 MIUPUHU
(00JIeICHITIOT0) €JIEMEHTA.

SIKIo KyT MK HAmPsIMKOM BITPY 1
IUIOMIMHOK, Y  SKIH  3HAXOJUThCS
NO30BXKHS BICh €JIEMEHTA, BIIPI3HAETHCS
BiA 90°, 3HauYeHHA cuUM BITPY F:u(0)
MO>KyTh OyTH 3MEHILICHI.

Mpumirka. F,, — ue cuna BITPY, IO Ji€
Ha CJICMCHT NECPHCHAUKYIISAPHO. ﬂKH_[O CJIEMECHT

pO3TalIOBaHWHA TiJ TMOXWJIMM KyTOM IO
HANpsIMKY BITPY, CHJIA [ii BITPY Ha LI €IeMEHT
3MiHIO€ThCS. Ha pucyHky 7 mokasaHi pi3Hi,

3a3BUYall BUKOPUCTOBYBaHI KOMITOHEHTH:

Drag coefficients refer to a wind
direction perpendicular to the length axis
of the member and to the width of the
(iced) member.

If the angle between the wind
direction and the plane containing the
length axis of the member differs
from 90°, the wind forces /,(6) may be

reduced.

NOTE F, is wind force perpendicular on
a member. If the member is situated at a sloping
angle to the wind direction, the wind forces on
this member change. Figure 7 shows the

different components usually needed:

Fy (0) = I, (90°) sin?

ae 0 — KyT maJiHHs, BUMIPSHUHA Yy

where 6 is the angle of incidence
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TUIOLIMHI HANPSAMKY BITPY 1 MO3A0BXKHBOT
0CI €JIEMEHTA.

Fw(6) nie nepneHauKyaspHO A0
no3A0BXKHBOI  ocl  o0'ekra.  Tomy
KOMIIOHEHTOM CHJIM BITPY, L0 JI€ Ha

00'€KT y HAMPAMKY BITPY, € £,(90°)sin®6.

F, (90°)
—

\8 — g D [+]
Ilo3Haku:

1 — HanpsAMOK BITPY.

Pucynok 7 —

measured in the plane of wind direction
and the member’s length axis.

F(0) 1s acting perpendicular to the
length axis of the object. Therefore, the
component of the wind force on the
object in the wind direction is

F,(90°)sin’6.

£, (90°) sin’p

£, (8 = F, 190°) sin?g

Key
1 Wind direction.

Cunn, mo Jif0Th Ha TOXUJIAN €JIEMEHT

Figure 7 — Forces on an inclined member

8.4 T'paruacrti KoHCTpYKUIT

Sk MPaBuIIO, BITPOBE
HABaHTA>KCHHS Ha rparyacty
KOHCTPYKIIFO BU3HAYAETHCS K

HABAHTAKECHHS 0€3 00neaeHIHHA. Tomy
PO3PaxXyHKOBA MOJIENb JUIsl BITPOBOIO
HABaHTAXCHHS HE € YaCTUHOI IbOTO
CTaHJapTy; BOHA MOBMHHA
BUKOPHCTOBYBATHCS B TOMY >K BUTJISI,

K 1 AJIs1 HOPMaJIbHUX YMOB.

8.4 Lattice structures

Wind load on an iced lattice
structure shall in principle be found as if
there were no ice. Therefore the
calculating model for wind load 1s not
part of this International Standard, but

should be the same as normally used.
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[TapameTpamu, sK1 BiAPIZHSIOTHCS

Bil TapaMeTpiB 0e3 OONEACHIHHA, €

po3mipu,  KoedimieHTH  omopy 1
pesyibratd  iX  3MiHM.  Tomy B
HOPMAJIbHAX YMOBAax HEOOX1THO
BUKOPHCTOBYBaTH  MOJEIb  BITPOBOIO

HABAHTXKCHHS, sKa BKJIIOYaE  JaHi
napameTpu.

KoHcTpykuiiiHi  po3Mipu MOBHHHI
30UTbIITYBATUCS 31 30UTBIIEHHSIM

TOBIUMHW  OXEJIEAHOTO  BIAKJIAQICHHS,
SKIIO AWBHATUCS 3 OOKY HaNpsIMKy BITpY;
IpU bOMY KOE(IIIEHTH ONMOPY MOBHHHI

3MIHIOBAaTHCSl Tak, MO0 BiAMOBIIATH

oOneneHiIMM  eleMeHTaMm.  Mojenb
BITPOBOI'Q HABAHTAKECHH S 4acTo
0a3yeTbCsl HA TMEBHHUX PO3pPaxyHKax

Koe(ilieHTa  CYHUIBHOCTI, B  I[OMY

BUIAJKY UM KOE(ILIEHTOM € Mapamerp,
KW 3aJ1€KUTh B1Jl PO3MIPIB KOHCTPYKIIi

B CTaH1 OOJICICHIHHSI.
Ipumirka. BiTpoBe HaBaHTa)kKeHHS Ha

IpaT4yacry KOHCTPYKLIO € byHKLiEO
Koe(imieHTa CyliIbHOCTI T.

SAKmo KOHCTpYKUiHHA LIMpPUHA, A€
HasBHA cHcTeMa B'sizeil abo obnamHaHHA 1uis
TEXHIYHOTO OOCIYrOBYBAaHHS TOIIO, 3MiHIOETHCS
10 BUCOTI, 3HAYEHHSI T MOJKHA PO3pPaxyBaTH IS
PI3HHX PIBHIB KOHCTPYKII, ajie 3aBKAH TIJIbKH 3

OOKy HampsIMKY BITpY.

The only differences compared to
values without ice are the values of:
dimensions, drag coefficients and the
results of these changes. Normally it
therefore 1s necessary to use a wind load

model which include these parameters.

Structural dimensions shall be
increased with the thickness of ice as
seen from the direction of the wind, and
drag coefficients shall be changed to fit
the iced elements. The wind load model
1s often based on some kind of solidity
ratio calculations and, in that case, this
ratio is the parameter influenced by the
structural dimensions 1n the iced

condition.

NOTE Wind load on a lattice structure is

a function of the solidity ratio, 7.

If the structural width, the bracing
system or service equipment, etc. vary along
height, 7 may be calculated for different levels of
the structure, but always as seen from the wind

direction.
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Jlo TiHBOBOI  IIONN, IO 3a3HAE
O’KEJIETHOTO BIUTUBY, CJIi/I BKJIFOYATH HABITPSIHY
YaCTUHY KOHCTPYKLii, & TaKOXX BHYTPIIIHI
YaCTUHU KOHCTPyKUii (cxomm, m$TH, TpocH
TOIIO).

’

PospaxoBane 3HayeHHA T =7  Mae€
BUKOPUCTOBYBATUCS Ha 3arajbHiii Iuiomi 3
00JIeIeHIHHSM /ISl BUSHAYEHHS TIHbOBOI IIJIOLL,
0  3a3Ha€  OXEJNENHOr0  BIUIMBY  Ta
3aCTOCOBYETBCSl JJISI BH3HA4YEHHsS Ali  BITPY;
MiCJIS [bOTO PO3PAXyYHKH MOXKYTh MPOBOAUTHUCS
(momo o, SKa 3a3Ha€ OXKEJETHOTO BILIHBY)
SIK JIJIs1 TLTOIII Oe3 00Jie IeHI HHSI.

3miHa 3HaueHHs C mopiBHIHO 3 (o
MOKE€ BpaxOBYBaTHCS 34 JOMOMOTOK)
koe(imienta C/Coy g TOi YW IHIION

IJIONIl, TpPH I[bOMY BBAXKAETHCS, IO

HAPOCTH MaMOPo3i OyAyTh YTBOPKOBATHCS
NEPINECHINKYIISIPHO 10 HAMTPSIMKY BITPY.

Jns  HuM3bKMX JbOAOBUX KjaciB  IC
(crocoBHO Barm sik oxkenemHux G, Tak i
mamMopo3eBuUX  BiakiageHb R)  rparuacra
KOHCTPYKILIS MOXE pO3IJSIaTUCS SIK  CyMa
omHOpo3MipHUX  o0'ektiB.  Takmii  camuit
OPUHIAIT  MOKE€ BHKOPUCTOBYBATHUCS 1 TIPHU
po3paxyHKax BITPOBOi [ii, B ILbOMY BHUIAIKy
CJiJ NOTPUMYBATHCS MPABUJ, IO CTOCYIOTBHCS
HeoONlene 1101  KOHCTPYKLii, BUKOPHUCTOBYIOUH
Koe(piieHTH oOmopy 1 pPO3MIPH  KPIDKAHUX
HApOCTIB Jisi OOJIENEHIINX €JIEMEHTIB 3TiJHO 3
LIUM CTaHJAPTOM.

OpHak myist OlbIN BUCOKHX JIBOJOBUX
knaciB IC (ocobmuso mist mamoposi R), 3rigHo 3

SKAMU CIIOCTEPITa€ThCs 301IbIIEHHS KIJIBKOCTI

The exposed shadow area should include
the windward part of the structure as well as the
inside middle of the structure (ladders, elevators,

cables, etc.).

The calculated value of 7 = 7" should be
used on the total panel area with ice to find the
exposed shadow area, used for calculations of
wind action, and then calculations can be
executed (concerning exposed area) as for

without ice.

The change of C value compared to
Co may be taken care of by using a factor
Ci/Cy on the area in question, and rime
vanes are supposed to be perpendicular to

the wind direction.

For low ICs (both Gs and Rs) a lattice
structure could be treated as a sum of one-
dimensional objects concerning the weight of
ice. The same principle could be used
concerning wind action calculations, in which
case the rules for an ice-free structure should be
followed, just using drag coefficients and ice

dimensions for iced members in accordance with

this International Standard.

However, for higher ICs (especially R),
where amount of accreted ice is increasing, the

exposed wind area is substantially higher and if
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OXeJIeHUX BIOKIaAeHb, IIOIIA, KA ITiaacThC

BITPOBOMY BIUTUBY, CYTTEBO 30LJIBIIYETHCS.
Sxmo nvomosuii knac ICR gocute BHCOKMI
NOPIBHSIHO 3 KOHCTPYKIIHHUMH PO3Mipamu,
O’KeNemHl BIAKJIAACHHS OyayTh 3011bIIyBaTHCS
OITHOYACHO, YTBOPIOIOYH CYIIbHY OONeneHITy
KOHCTPYKIUIO.

Ha dvactmHax rparyacTux KOHCTPYKLIH,
PO3TAlIOBaHUX 3 MiABITPSHOrO OOKy, KpHIKaHi
HApOCTH MOXXYTh OyTH MEHIIMMH.

Ao He 3a3HaueHO 1HIUe, TABITPSIHI
YaCTUHU KOHCTPYKLII MOXXYTb MaTH JIbOJOBHUH
knac ICR Ha oxguH piBeHb Hinkde, Hixk kiac ICR,
BU3HAUYEHUI JUI1 KOHCTPYKLII (3 HaBITPSIHOTO
O0Ky).

Axmo Taki epeKTH BKIYEHO B
PO3paxyHKH, TO CJiJI BUKOPUCTOBYBAHI MOJEII
PO3paxyHKy BITPOBUX HABaHTAXKEHb,
po3pobiieHi O1TbII ETaNBHO.

IIpu ubomy Hi geomosuii knac ICR1, wi
knacu  ICG

JIOIOBI 3MEHLUEHHK)  HE

i JJISITAKO T,

9 KOMBIHAIISL OXKEJIEJHUX
HABAHTAKEHbD I BITPOBUX JIH
9.1 3ara/ibHi NOJIO:KCHHS

OkenemHi  HaBaHT@KCHHS, IO
PO3IJISIIAKOTECS Y 1bOMY  CTaHAAPTI, €
XAPAKTEPUCTUIHUMU 3HAYCHHSIMU 1
BU3HAUAKOTBCS  SIK Al 3 MEpiojioM
NOBTOPrOBaHOCTI 50 pokiB a0 HMOBIPHICTIO
BUHMKHEHHS 3a TEPEBULICHHS 3a Oyib-

KU pik piBHOKO 0,02.

the ICR 1s high enough compared to the
structural dimensions, ice deposits will grow

together and result in a solid, iced structure.

For lattice structures, the leeward parts of

the structure can have reduced ice accretion.

If nothing else is specified, the leeward
parts of the structure may have an ICR which is
one level lower than the specified ICR for the

(windward) structure.

If such effects are included in the

calculations, more advanced wind load

calculation models are needed.

However, ICR1 cannot be reduced, and

neither can ICGs.

9 COMBINATION OF ICE LOADS
AND WIND ACTIONS
9.1 General

Ice loads, described here, are
characteristic loads and are estimated as
actions with a return period of 50 years or

an annual exceedence probability of 0,02.
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[le o3Hauae, MmO  OXKEICOHE

HABAHTAKECHHS MOXKE
BUKOPHCTOBYBATHCS PAa30M 3 IHIOUMH

3MIHHUMH HAaBaHTAKCHHIMH B paMKax

CTaHIapTHOI CUCTEMU JaCTKOBHUX
Koe(ilieHTIB JUTSt KOMOIHOBaHHX
HABAHTAKEHb.

Bci OCHOBH1 i €

XapaKTEPUCTHUYHUMU 3HAYECHHIMM.

[TpuHIMIHN 3aCTOCYBaHHSA
YACTKOBHX KOC(]ILIEHTIB, HABAHTAKEHB 1
ix KOMOIHAII

B [SO 2394:1998, po3aimm 1, 6.2 Ta 9.

HaBOAATHCA

9.2 KomOiHOBaHI HABAHTAKEHHS

[ToBuHHI po3rnsaartucs 1Ba BUAW
KOMOIHOBaHOTO 0’KEJIEHO-BITPOBOTO
HABAHTA>KCHHSI.

B onmHOMYy BHMMAanKy mO€IHAHHS
HABAHTA)XCHb [is1 BITPY 3 HHU3BKOK
AMOBIPHICTIO TIEPEBHILEHHS  3a3BHYAl
KOMOIHYEThCS 3 0>KEJICTHAM
HABAHTAKEHHSM 13 BUCOKOO
HAMOBIPHICTIO MEPEBUILICHHS.

B iHIIoMy BHMaaKy npy MO€IHAHHL
HABAaHTA)KCHb  BHCOKY  HMMOBIPHICTh
NEPEBUILEHHS MAa€ BITPOBA [Iis,  HU3bKY
HAMOBIPHICTh MEPEBUIICHHS — OXEIICTHE
HABAHTA>KCHHSI.

JIvonoBuii kiac IC TakoXx BIUIMBAE

Ha KOMOIHAIIF0 HABAHTAXXEHb, OCKIJIbKU

This means that ice load can be
used together with other variable loads
within the normal partial coefficient

system for combined loads.

All basic actions are characteristic
values.

Principles for the use of partial
coefficient, loads and their combinations
are given in ISO 2394:1998, clauses 1,
6.2 and 9.

9.2 Combined loads
Two combined load cases of wind

and ice must be considered.

In one load case, the wind action
with a low exceedence probability is
normally combined with an ice load of

high exceedence probability.

In the other load case, the wind
action has a high exceedence probability

and the ice load has a low one.

Also the IC has some influence on

the combined load case, because heavy
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BBLKAETHCS, IO  BHUCOKI  BITPOBI

HABaHTAXCHHA y  Oublmid  Mipi

XAPAKTEPH1 Ui CHJILHOTO BIJIKJIQJCHHS

(ToOTO Uil  BHCOKMX  JIbOJIOBHX

knaciB [C), vk s Hu3pkux [C. OmHak
VIS OKeNeAl Takl BIAKIAACHHS PIIKO
CYIPOBO/LKYIOTECS. BACOKUMH BITPOBUMH
HABAHTAKCHHSAMH A0 N0 TOrO0, SK JIIJ

3HOBY PO3TaHE.

Hpumirka. Ha migcrasl 3a3HaueHUX

MPUIYLIEHb chOpMyJILOBAHO HACTYITHI
pexkoMeHmaii sl KOMOIHOBAHUX OKEJIETHO-

BITPOBHX HaBaHTaKEHb (IUB. TabuUIrO 26).

ice accretion (i.€. high ICs) 1s more likely
to be followed by high wind speeds than
low ICs. For glaze, however, such
accretions are seldom followed by high
wind speeds before the ice is melted

again.

NOTE This leads to the
recommendations for combination of actions

from wind and ice given in Table 26.

Ta0omuns 26 — [IpuHIMNN KOMOTHYBAHHS BITPOBUX JIIH 1
OXKCIICAHNX HABAHTAKCHDb
Table 26 — Principles for combination of wind actions and ice loads
BiTposa nist O:xejtenHl HABAHTAKEHHS
. . Wind action Ice loads
Kombinanin Maca oxeJieTHHX
Combination Tuck BiTpy T (pokmn) . T (pokn)
Wind pressure | 7' (years) BUIKTANICHE T (years)
Ice mass
I kqso 50 T 3
1 b ks 3 m 50

Bitep 1 oxkenenp SBISIFOTE COO0KO
3MIHH1 XapaKTEPUCTUYHI BEJIMYMHHA T,

¢, 1 @, BHKOPUCTOBYIOTHCS ISl

3MIHU J1d 1 HABAHTAKEHHS 3 S50-pi4HOTO
nepiogy NOBTOPIOBAHOCTI 10
3-piuHOrO. Koeinient P,
BUKOPHCTOBY€EThCA AJIsI CKOPOYEHHs 50-
PIYHOTO

nepiogy  MOBTOPHOBAHOCTI

Wind and ice are wvariable
characteristic actions.

¢, and ¢, are used to change
actions and load from 50-year to 3-year
occurrence. The factor ¢ is used to
reduce 50-year ice to 3-year ice, and from
to day’s experience a value close to 0,3

could be recommended. ¢ shall be taken
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oXeyenl 10 3-pi4HOro mepioay, MpH

ObOMY, BHXOIAYHM 3 IOBCAKIACHHOI'O

JOCBIAY, PEKOMEHAYETHCS  3HAYECHHS,

Ommspke 10 0,3. 3Ha4YeHHs ¢, MOXKHA

B35ITU 3 BUAMOBIIHUX CTAHAAPTIB, IO
PO3IJISA0Th BITPOBI HABAHTAKEHHS 1
BILJIUBH.

3HA4YCHHSA KoepiieHTa k

MPEACTaBIICHI B Ta0MI 27.
Hpumirka. Koediuient ¢ HeoOxinHO

B3ATH 3 HALIOHAJBHUX CTAHOAPTIB 3 METOH
MOXUIMBOTO  3HIDKEHHsS  BITPOBOI  Oil  TpHU
OITHOYACHOMY BIUTHBI 3MiHHUX nii. KoedimieHT
k cnig BUKOPUCTOBYBATH [UJIsl 3HIDKEHHS THCKY
BITPY, 3BAKAIOYM HA 3MEHINEHHS HMOBIPHOCTI
OJHOYACHOTO BIUIMBY BITPOBOTO HABAHTAKEHHS
B YMOBax CHJIBHOTO OOJEZEHIHHA 3 MepiofioM

NOBTOPIOBAHOCTI 50 POKiB.

from relevant wind codes.

Factor k& has values as shown in
Table 27.
NOTE The factor ¢

, should be taken
from national codes for the possible decrease of
wind action for simultaneous variable actions.
The factor £ should be used to decrease wind
pressure because of reduced probability for

simultaneous 50 years wind action combined

with heavy icing condition.

Taoauust 27 — KoediwieHT 119 3HHKEHHS TUCKY BITPY
Table 27 — Factor for reduction of wind pressure
ICG k ICR k
Gl 0,40 R1 0,40
G2 0,45 R2 0,45
G3 0,50 R3 0,50
G4 0,55 R4 0,55
GS 0,60 RS 0,60
R6 0,70
R7 0,80
RS 0,90
R9 1,00
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Hwxde HaBeeHO OCHOBHI i, IO
3aCTOCOBYIOTHCA pazom 13
KOMOTHOBAHHUMH JISIMHU BITPY 1 OKEJE:
—BJacHa  Bara  KOHCTpykiii  (0e3
00JICICHIHHS ),
— BITpPOBa Tist Ha o0neneHiny
KOHCTPYKIIKO,

— i OKEJEAl Ha KOHCTPYKIK (Maca,
TOOTO BjaCHA Bara, OXeye/Il).
YactkoBi

KOE(ILIEHTH  MOKHA

B3SITH 3 BIATIOBITHUX HOPM 1 CTAHAAPTIB.

10 HE3BAJIAHCOBAHE
OXEJIEJHE  HABAHTAXXEHHS
HA BIATSIKKHA

AcUMETpUYHUI abo
He30alaHCOBaHUN BIUIMB  OXKeJedl Ha
KOHCTPYKI{ abo

KOHCTPYKIIHHI

€IEMECHTH  MOXE  NPU3BECTH IO
BUHUKHCHHS CUTyalid, sKki He Oynu
PO3IJISIHYTI Y TONEPEIHIX PO3ALIAX.

Y 84 pO3rnsHyTO HOPMAabHY
CUTyalilo, B SIKii MiABITpPSHA CTOPOHA
KOHCTPYKI[li Ma€ MEHII  OXKEIEaH1
BIJIKJIQJICHHSI, HI’)K HABITPSIHA CTOPOHA.

OCKINIbKH L5l CUTYaLlisl MOXE MaTH
CEpiO3H1 HACTIJAKK, BOHA BHUMAarae Jo
ceOe OUIBII MUJIbHOT yBarH.

Jlana cuTyanis XxapakTtepHa IS
TaKuX

KOHCTPYKI[IH, SK UOMM 3

Basic actions used together with
combinations of wind and ice action shall
be the following:

— self-weight of structure (without ice);

— wind action on iced structure;

— 1ce action on structure [mass (self-
weight) of ice].
Partial coefficients are to be taken

from relevant codes and standards.

10 UNBALANCED ICE LOAD ON
GUYS

Asymmetric or unbalanced ice on
structures or structural elements may
result in situations which are not covered

by the previous clauses.

In 84 the normal situation is
mentioned, where the leeward side of a
structure has reduced 1ice deposits
compared to the windward part.

However, this effect may be much
more predominant and therefore in such
cases may need closer attention.

Typical structures where this effect

1s known often to cause problems are
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BIATSDKKAMH, B SAKAX JedKl KaHaTHI

BIJITSDKKH MOKYTh 3a3HaBaTH
HeOE3MEYHOro 00NCACHIHHS, TO/1 SK 1HIII
BIATSOKKM  MAalOTh  MEHII  OYKeJIEIHI
HABAHTAXKCHHS Y HE MAaroTh IX B3araji.
Lle MOXKE MOSICHIOBATUCS ado
HEPIBHOMIPDHUM  BIAKJIAACHHSIM,  abo
MaJIHHSAM JIbOTY.

3 mi€i NOpuYUHU IS WIONT 13

BIATSOKKAMHA MOXYTh 3HAT00UTHCS
JTIOJIATKOBI JIOCITPKEHHS, 30KpeEMa,
ACUMETPUYHHX OXKEJISTHUX

HAaBaAHTA>KCHBb, 1o BILUTMBAKOTH Ha

BIATSOKKH 1, MOSKITMBO, HA caMi IIOTJIH.

Hpumirka. AcuMeTpuuHI  OXeJleaHl
HABAHTAKEHHS MOXYTb BHHHUKATH 3 PI3HUX
npuunH. Hikye HaBeneHO THUIMOBI CUTYyalli, sKi
CIPUYUHSIOTh ACUMETPUYHI HABAHTAXKEHHS 1
noTpeOyIOTh JOAATKOBOTO BUBYEHHS:

— Kpuxkani HapoCTH TMOYHMHAOTH TamaTH 3
BIATSDKOK. Lle Moe mpu3BecTH 10 TOTO, IO Jif,
MaJaloud 3 BEPXHIX BIATSIKOK, BAAPSIE IO
KPIDKAHUX HAPOCTaxX Ha HIKHIX BIATSKKAX, IO
CIPUYMHSE TAAIHHS JIbOAY 3 AEAKHX abo BCIX
BIATSKOK B OMHOMY HamnpsiMky. Cam mo coOi uei
MpoLeC BUKIUKAE TEBHI JIUHAMIYHI CHJIH,
3a3HaueHl B 5.3, aje CUTyalisl MiCHs TMaziHHS
JBONY  YTPUMYETHCS

MPOTSIOM  TPHUBAJOro

mepiogy 4Wacy, 1 1e €  TMPUKIAIOM
ACUMETPUYHOTO OJKEJISHOTO HABAHTAXKEHHS,
wo BumMarae suBueHHsA. OnHa abo BCl BIATSKKU

B OJHOMY HAaIpPsSMKY MOXYTb OYyTH BUIbBHUMH

guyed masts where some of the guy ropes
may be heavily iced, while the other guys
have less or no ice. This can be due to the

accretion of ice or due to shedding of ice.

Therefore guyed masts might need
additional investigation for load cases
with asymmetric ice load on guys and

perhaps also on the mast structure itself.

NOTE There are different ways that
asymmetrical ice load may occur, and typical
situations which result in asymmetric load cases

and should be investigated, are following.

— Accreted ice on guys start falling off. This
may result in situations where ice from upper
guys hit lower guys and by this cause ice on
(one or all) guys in the same direction to fall off.
The event itself causes dynamic forces,
mentioned in 5.3, but the situation after the fall
can remain for a long time and is an example of
an asymmetrical ice load case to be investigated.

In one direction one or all guys may be without

ice, while the rest may be fully iced.
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BiJl OXKeJieZl, B TOM 4ac sIK 1HIII MOXYTb OyTH
TIOBHICTIO OOJIEZICHIJTMH.

— Ha pesxux MalimaHumkax BIOKJIAJEHHS MOXKE
BIAHOCUTHUCS 10 Pi3HHUX JboaoBHX KiaciB IC Ha
pi3HII BHCOTI Haj TOBEpXHEr 3emil. Taka
curyauis (auB. 6.4) MOXe NMPHU3BECTH AO TOTO,
IO OJKEeJIEAHE HABAHTAKEHHS HAa BEPXHIX
BIATSKKAX Oyne ICTOTHO BIAPIZHATHCS BiJ
OKEJIETHOTO  HABAHTAXKEHHS  HA  HIDKHIX
BIATSDKKAX. Lle, B CBOKO 4epry, MOXe MPU3BECTH
70 TOTO, LIO Pi3HI TPYNH BIATKOK OyIyTh MaTH
pi3HYy KOpcTkicTh. Taki BHUMAagKU BHUMArarOTh
OLITBII PETENTBHOTO AOCI IPKEHHSI.

— Ha peskux MalijaH4uKax rnepeBakac NMEBHUU
HanpsiM obneneHiHHs. Lle Moke mpusBecTH 10
TOro, IO I1HTEHCUBHICTb BIOKJIAOECHHS IS
KOHCTPYKIIIH 3 HaBiTpssHOro OOKy Oyzae
BIZPI3HSATHUCS BiJ IHTEHCHBHOCTI BIAKJIAaIEHHS 3
niBiTpsiHOrO O0Ky. TOOTO B PI3HUX HANMpPSMKax
CTyHiHb OOJIACHIHHS BIATSDKOK OyAe pi3HHM,
IO CIPUYUHUTHL BUHUKHEHHS ACHMETPUYHOTO
O’KEJIETHOTO HABAHTA)KCHHS, SKE BIUIMBAE HA
KOHCTPYKIIIO BCiei Ioram. 30Kpema, Le
CTOCY€TBbCS, HATIPUKIIAJ, padioaHnTeH abo 1HIIMX
BEJINKUX AHTEH, PO3TAILOBAHUX y HABITPSHOMY
HanpsiMKy abo B OJNM3BKOMY 1O HBOTO, SIKi
MOXYTb 3HAYHOIO MipOIO CIIPHUATH BHHUKHEHHIO

ACHMETPUYHOTrO HABAHTAKEHHS Ha KOHCTPYKLI.

11 BPAXYBAHHS ITAJIAIOUOI'O
JbOAY
SIKIO0  KOHCTpyKIs, 3  sKOi
MOKJIMBE MAIIHHS JIBOAY, 3HAXOIUTHCS
nopyu 13

PYXOM  TPOMAJICHKOIO

— On certain sites, ice accretion can be of
different ICs in different heights above terrain.
This has been mentioned in 6.4, and may result
in a situation where the ice load on upper guys
are essentially different from the ice load on
lower guys. This can cause variations in the
stiffness of the different sets of guys. Such cases

may also need closer investigation.

— On some sites a prevailing icing direction is
very common. This may result in different ice
accretions on the windward side of the structures
(heavy icing) compared to the leeward side. This
can cause different ice accretions on guys in
different directions, but also result in
asymmetrical ice load on the mast structure
itself. Especially if for example radio-link
antennas or other large antennas are placed in or
near to the windward direction, they can give
quite a contribution to asymmetrical load on the

structures.

11 FALLING ICE
CONSIDERATIONS

When a structure from which ice
shedding may be expected is to be placed

near public traffic, buildings, etc., the risk
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TPAHCIOPTY, OyaiBAsIMU TOLLO,
HEOOX1THO BpaxoBYyBaTH PH3UK
VIIKOUKEHb, [0  MOXYyTb  OyTH
BUKITMKAHI NMAJA0YUM JIbOJIOM.

SIKIO  KOHCTPYKWIIsE — MOCHJICHA

BIATSOKKAMH 1 JILOJAOBUM KJ1ac BU3HAYEHO
gk R4, G2 abo Buuie (auB. po3aut 7), TO
npoxij ado mpoizn O0e3moCcepeaHbO i
APOTaMH BIATSDKOK (TOOTO yJaluTyBaHHS
JIOpIT, TIIIOXITHUX JOPDKOK 1 T. 1.)
NOBUHHO OYTH 3200 POHEHO.

Jlin, mo mamae, MOXXE 3aBJaTH
TPaBMH MEPCOHATY 1 BUKITUKATH CEPHO3H1
NOIIKOKEHHSI 00'€KTIB, PO3TAlIOBAHUX
yHM3y. Jl0o HHUX BIJHOCATHCS HE TUIBKH
HUKHI YaCTUHU CaMOi KOHCTPYKIIIi, aje i
1HII1 00'€KTH, po3TaloBaHi mopyy. Tomy
PH3UK TaAiHHS JIBOAY 3aBXKAH MOBUHEH
BpPaxOBYBAaTHCs NIPH TUIAHYBaHH1 1 BUOOP1
MalJaHYMKIB M1 BHCOKI KOHCTPYKIII{
abo 1HII OO'€KTH, W0 PO3MILIYIOTHCS
NOPAJ 13 TAKUMH KOHCTPYKLISIMH. 3 L€
METOHO Kpartie 3a BCE
NPOKOHCYJIbTYBaTHCA 3 (haxiBusMu abo
METEOpoJIoraMu.  fAKImo K  Takoi

MO>KJIMBOCTI HEMA€, B SIKOCTI OplEHTHpA

MO>KHA BUKOPHCTOBYBATH TAOJIHILIO 28.
Hpumirka. Iapopmaniss mpo HUISHKA

OyniBenmbHOrO  MalpaH4yMKa, SKI  MOXYThb

HiI[I[aBaTI/ICﬂ BIUIMBY TMMaAar040ro JboHdy, €

of damage from the impact of falling ice

should be taken into account.

If a structure 1s guyed and the IC is
R4, G2 or higher (see clause 7), there
should not be public admittance to the
arecas located directly under the guy

wires, €.g. roads, pathways and the like.

Falling ice can cause personal
mjury and excessive damage to objects
below. This includes not only the lower
parts of the tall structure itself, but also
other facilities nearby. Thus, when
planning sites for tall structures or other
facilities near such structures, the risk of
considered.

falling ice must Dbe

Consulting an icing expert or a
meteorologist is the best way to do this.
However, if this cannot be done due to
lack of data, for example, Table 28 may

be used as a guideline.

NOTE There is very little information
about the area of a site which can be hit by

shedding ice. It depends strongly on the
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IOCUTh 0OMeskeHO0. Binomo nuie, 110 cTymiHb
TAKOTO BIUIMBY B 3HAUYHIA Mipl 3aJ€XUTH BiA
CTPYKTYPH JIbOAY, IIBUAKOCTI 1 HAMPSIMKY BITPY,
BiJ SIKOTO 3aJI€XKUTh HATIPSIM Mai HHSI JIbOAY.
Komn ynamMox np0Omy BiIpHUBAETBCS BIX
KOHCTPYKIII, HOro TPAeKTOpisl BH3HAYAETHCS
CHJIOK0 TSDKIHHA 1 aepOAMHAMIYHHUM OIOPOM.
ToyHy TpaekTOpir0o MaAiHHSA TependavyuTH
JOBOJII Ba)KKO, OCKUIBKH YJAMKH JBHOAY MAarOTh
pi3HI po3Mmipu, ryctuHy 1 (opmy. Haiibimbim
3arajibHe TPABWJIO 3BOIUTBCS IO HACTYITHOTO:
IO BHINE IIBUAKICTH BITPY 1 IIO MEHIIIE PO3MipH
yJIaMKH JIbOIY, TO OIJBIIOI € BiCTaHb MIXK

KOHCTPYKINER 1 TOYKOKO yAapy 00 3eMITIO.

structure of the ice in question and the actual
wind speeds occurring during shedding events,
and the actual wind direction decides the
direction of the falling ice.

When a piece of ice is released from a
structure, gravity and wind drag determine its
trajectory. Exact trajectories are difficult to
predict because ice pieces are of different sizes,
densities and shapes. Generally, the higher the
wind speed and the smaller the ice dimensions,
the longer is the distance between the structure

and the impact location on the ground.

Ta0omums 28 — PekoMeH10BaHI MaKCHUMaJIbH1 BIJICTaH1 JJIs MAaJar040T0 JIbOTY
Table 28 — Recommended maximum distance for falling ice
JIbonosuii kaac (IC) MakcumaJjibHa BiACTaHb AJIS1 IAAA10490T0 JIbOAY
1C Maximum distance for falling ice
RO-R3 GO-GI 3a3BMYail He BPaXOBYEThCAY
normally not considered ¥
_ 2/3 BUCOTHU KOHCTPYKIIi
R4-R6  G2-G3 2/3 of structure height
_ B IOPIBHIOE BUCOTI KOHCTPYKIIT
R7-R8  G4-G5 Equal to structure height
RO —R10 B 1Y% OisbIIe BUCOTH KOHCTPYKII|
1% times structure height

Taki 30HU CJIIJ Ha JESIKUI 9ac 3aKPUBATH.

falling ice.

9 HapiThb 115 bomoBuX Kaacis R2, R3 i G1 ckymdeHHs IOy MOXKe CTAHOBUTH HeOe3MeKy
IUTS JIFOJIEH, IO MPOXOMAATH MOPYY 13 KOHCTPYKIEr. SKIO iCHYye pH3UK MamiHHS JIbOAY,

Y Even in IC R2, R3 and G1, some ice on the structure can be a risk for people moving
about near the structure. The area should then be closed in the rare events of risk due to

77


arymarenko
Прямоугольник


JTOJATOK A (JOBIJKOBHIM) -
®OPMYJI, BUKOPUCTOBYBAHI
Y TIAHOMY CTAHJIAPTI

IIpumitka. B

LBOMY Honatky

HAaBOASTbCA BCl  (oOpMynm [0 PHUCYHKIB 1

Ta6J'II/ILIb, 3a JOIIOMOI'OIO SAKHUX MOJKHa

pO3paxyBaTy BCl 3HAYECHHS, IO HE YBIMILIN 1O
TaOJHLIb.
A.1 ®opmy.iu 10 PHCYHKIB
Pucynok 1:
¥y — WIBUAKICTH BITPY [M/C];
x — Temrneparypa nositps [°CJ.
a) Posmomin MDK  OXeNnenmlo  Ta
3€PHUCTOIO MAMOPO33H0:
y=(—x+1,75)">
b) Posmomin MK ~ 3€pHUCTOKO 1
KPUCTAJIIYHOKO MAMOPO33H0:
y=[(-x)-0,3+1L1]"*
Pucynoxk 2:
x — koegiuient Bucotu [1/1]; H — Bucota
HaJl MOBEPXHEIO 3eMJTI [M]
x=e""""
A.2 ®opmyiiu 10 TA0ANID
TaOnuus 3:
m — Maca OXEJICAHOrO BIAKIAACHHS Ha
METP JOBKUHU [KI/M];

{ — TOBIIMHA CTIHKU OXKeNeAl [MM];

d — maMeTp nuIiHapa [MM];

ANNEX A (INFORMATIVE) -
EQUATIONS USED IN THIS

INTERNATIONAL STANDARD

NOTE This annex lists all wused

equations for figures and tables, so it is possible

to calculate all values not shown in the tables.

A.1 Equations connected to figures
Figure 1:
y 1s the wind speed [m/s];
x 1s the air temperature [°C].
a) Separation between glaze and hard
rime:

(A.1)

b) Separation between hard and soft rime:

(A.2)
Figure 2:
x 1s the height factor [1/1]; H 1s the height
above terrain [m]

(A.3)
A.2 Equations connected to tables
Table 3:

m 1s the glaze mass [kg/m];

t 1s the glaze thickness [mm];

d 1s the cylinder diameter [mm];
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¥ — TYCTUHA K0y [Kr/MY]. r is the glaze density [kg/m?].

HauionajibHe MOSICHeHHS:

BignoeigHo a0 po3auty 4 1bOTO
CTaHAApTy, Ul [YCTHHH JILOAY [Kr/M°]
BCTAHOBJIEHO  NO3HakKy y. Tomy
NO3HAKy # y JaHOMY TMYHKTI CIIiJ

BBa’KAaTH 3a3HAYUYCHOK ITOMHIIKOBO.

m=gx-y-1(d+1)x10° [kr/m] ([kg/m]) (A.4)
TaOnuus 4: Table 4:
D — niaMeTp mamoposi, [MM] D is the rime diameter [mm]
m-4x10° %
D:[ +d2j [MM] ([mm]) (A.S5)
v
Ta0auus S: Table S:
JluB. pucyHok 4 See Figure 4.
Jinst (For) L< . p =A% ) (fmm)) (A.6)
2 T-v-W
/4 /4
s (For) L>?: L:?+8-t [MM] ([mm]), Ta (A.7)

t;—2{10W+(68W2 +ﬂx8,149x107jz} [MM] ([mm])(A.8)

v
Taoauus 6: Table 6:
Tak six Tabnuud 5, ajne: As Table 5, but:
t%{9W+[49W2 +ﬂx8,149x107jz} [MM] ([mm]) (A.9)
v
Taoauus 7: Table 7:

®opmynu g0 Tabmuni 7 rpyHTyroThest HA  Equations for Table 7 have been based
NOMEPEYHOMY TIEPEPI3i TUMY [, OCKUIBKM ~ upon type [ cross section, because this

1€ Ja€ HAWOUIbLIY MOBXWHY IS JAHOT gives the biggest length for a given mass.
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MacH.

2

(A.10)

L=0 [mm] ([mm]) wis (for) m < WT 10 [kr/m] ([kg/m])

3
Js (For) Ls%: = Ax1o

w w

Js (For) L>?: L:E+8-t [MM] ([mm]), Ta

2
=0, 0398{7, O7W+(17, s + 2L xs, 027x107j } [MM] ([mm])

4

Taoauus 8:

[, — NOBXXWHA KPW)KAaHOTO HApPOCTy A
o0'exta Oumbmie HiK 300 MM 1 TumiB C
ta D, Tabnug 6.

m — Maca OKEJIEAHOTO BIAKIAACHHS JUIs
160108010 Kitacy ICR;

m,, —Maca O)KeJIETHOI0 BIAKIIQJACHHS s

W ounbiie Hivk 300 MM,

m,, =m+(W -300)-L-yx10~° [kr/m] ([kg/m])

L. — BuBomuThCa 3 Qopmynu (A.6) i
3aCTOCOBYETHCS  Pa3OM 13  HAJICKHUM
3HAUEHHSM ¥ .

Ta0auus 9:

[, — HOBXXWHA KPW)KaHOTO HApPOCTy UJId
o0'exta Oinpmie HK 300 MM 1 THy A
(Tabmung 5).

m — Maca OKEJECIHOrO BIAKIAACHHS AJIst
10108010 Kiacy ICR

m,, —Maca OKEJICHOTO BIIKIIAJCHHS IS

W oubiie Hixk 300MM

m,, =m+(W -300)-L-yx10~° [kr/m] ([kg/m])

- [wn] (fmm)

(A.11)

(A.12)

1

(A.13)

Table 8:
L 1s the ice vane length for object with
> 300 mm and type C and D, Table 6.

m 1s the ice mass for ICRs;

m,, 1s the ice mass for /¥ > 300 mm.

(A.14)

L must be found from equation (A.6) and

used together with the correct value of y .

Table 9:
L 1s the ice vane length for an object
width > 300 mm and type A (Table 5).

m 1s the ice mass for ICRs

m,, 1S the 1ce mass for /7 > 300 mm

(A.15)
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Taomuusa 10:
X — 3HaueHHsa JbojmoBOro kiacy ICG,

Hanpuknan, ICGX

C,—1,4
5

C :co—[ j.x [1/1]

Taomaumi 11-15:

Cos =C, i3 Tabmumi 10 uig W < 0,3 M

1

4,7

Cys — 3HaueHHs i W pisaoro 0,3 M,
BUKOPHCTOBY€ETBCA  JJI1  BIATNOBIIHOTO
a010BOTO Kiacy IC.

TaOnuus 16:

X — 3HaueHHs nawopoBoro kimacy ICR,

Hanpuknan, ICRX

C,-1,6
9

C :co—[ j.x [1/1]

Taomaumi 17 — 25:

C,; =C, 13 Tabmani 16 nns /¥ e Olnbine

HDK 0,3 M

C :coﬁ—(%j-(w—o,s) [1/1]

Cos — 3HadeHHs s WV pinoro 0,3 M,
BUKOPHCTOBY€ETbCA  JJI1  BIATMOBIIHOTO

a010BOTO Kiacy IC.

c :coj_[ﬁj-(w—o,s) [1/1]

Table 10:
X1s the value of ICG, e.g. ICGX

(A.16)

Tables 11 to 15:
C,; = C, from Table 10 for W < 0,3 m

(A.17)

Co3 1s the value for /#=0,3 m and shall be
taken for the appropriate IC.

Table 16:
X1s the value of ICR, e.g. ICRX

(A.18)

Tables 17 to 25:
Co3= C; from Table 16 for W <0,3m

(A.19)

Co 3 1s the value for #/=0,3 m and shall be
taken for the appropriate IC.
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JOJATOK B (JIOBIJIKOBUH) -
CTAHJAPTHI BUMIPIOBAHHA
JII OKEJIEOL
B.1 Beryn
JUts  mpoekTHUX poOIT mOTpiOHI
XAPAKTEPUCTHKYU KJIIMATUYHUX BIUIMBIB.
Y LBOMY CTaHAapTi

PO3IIIANAOTECS M1 OXKENedl, OJHAK
OOJICICHIHHS HA JaHWi MOMEHT HE
BXOJIUTh JI0 MEPENIKY METEOPOJOTTYHHUX
JaHuX 1

IIOCIJIYT, mo HaaaroTbCA

Hamonaneaum METEOPOJIOTITYHUM
iHcTuTyTOM (HMI) abo BcecBiTHROO

METEOPOJIOTTYHOK opraHizaiieto (BMO).

HaunionajabHe NOsICHeHHS :

Cnij 3ayBaXKUTH, 1110 HA METEOCTAHIIISIX
YKkpainu IHCTPYMEHTAJIBH1
CIIOCTEPEXKEHHST  3a  OOJICACHIHHSAM
JPOTIB mpoBajaThes (auB. m. 2.2.1.7
PJ1 52.04.107-86 «HacraBnenue
TUAPOMETEOPOJIOTMYECCKUM CTAHIIUSIM U

nocramy, Buil. 1).

Buxoasum 3 1ObpOro, BaKIMBO
Y3rOJUTH COUIbHY ©Oazy s 300py
iHpopMalli 1OAO0 BIAKIAACHHS, sKa
Morjja O  BUKOPUCTOBYBATHCS  MpH
MPOCKTYBAHH1 JJisi OLIIHKA MOKJIMBOI i
OJKEJEI.

Y JaHOMy J0AAarKy HaBOIAATHCS

ANNEX B (INFORMATIVE) -
STANDARD MEASUREMENTS FOR
ICE ACTIONS
B.1 Introduction

Engineering work needs
specification of the climatic actions.

This International Standard deals
with ice actions, but ice accretions are not
today included in meteorological data and
services provided by the National
Meteorological Institute (NMI) or the
World

(WMO).

Meteorological ~ Organization

Because of this, it 1s important to
agree on a common basis for the
collection of information about ice
accretions to be used for engineering

estimation of ice actions.

This annex gives recommendations
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peKoMeHaaIlli, mo poOJsiTh MOMXIUBUM
po3noyary 30upaHHsl Takux gaHux. [lpu
bOMY  METOJMKA 30UpaHHS  MOXKE
KOPUTYBATHUCS 3TIIHO 3 JOCBIAOM. [lyisi
30upaHHsd 1 OOPOOJSIHHS HEOOXITHHUX
JAHUX, MOXJIMBO, OyjJe moTpiOHA MEBHA
KOOPJWHAILIS, 0 MOKE 3/IIHCHIOBATUCS Y
cnisnpai 3 HMI ta BMO. [lo cmiBnpairi
CIA 3alyyaTd W 1HOI  3allIKaBJIECHI
CTOPOHM (HANPHUKJIAA, EHEPTrETHKIB).
BripoBamkeHHsT  pEKOMEHI0BAHO1

METOIMKA 30MpaHHS  JAHUX  MOXKE
3ITKHYTACA 3 TMEBHHUMHM NPAKTUYHUMHU
TPYAHOIIAMM,  aj€  3ampONOHOBAHWH
METOJl TIOBHHEH OyTH peani30BaHMii
SKOMOTa TIOBHIILIE.

SIKIIo 1e BUSABUTHCS HEMOKITMBHUM,
HEOOX1IHO  PO3IJISIHYTH  MOSKJIMBICTB
3aCTOCYBAHHS 1HIIMX METOMIB 30MpPaHHs

JTAHUX.

[Tpu 3acTOCYBaHHI 1HIIMX METOMIB
pE3yAbTaTH, OTPUMAaHI1 32 iX JOMOMOrOI0,
MOBUHHI OyTW ajanToOBaHl 10 METO.Y,
OIUC SIKOTO HABOJUTHCS HIXKYE.

B.2 3arajabHi noJioxeHHst

BigkmaneHHs boAy 3aneKuTh HE
TUIBKM BIJ MAapamMeTPIiB HABKOJMUIIHBOTO
CEPEIOBHINA, A€ 1 Bi XAPaKTEPHCTHK
00JIEICHITTOTO

caMoro 00'ekTa,

which makes it possible to start the

collection of data. However, the
procedure may be subject to adjustments,
as experience tell us to do so. Some
coordination of this and of work on the
collected data might be necessary, and
could be carried out in cooperation with
NMI and WMO. Collaboration with other
interested parties (e.g. electrical utilities)
should be encouraged.

There are practical difficulties in
the implementation of the recommended
collection of data, but the proposed
method for doing so should be adopted as
far as possible.

Because of these  practical
difficulties, other methods for collecting
data are also of interest, if the proposed
method cannot be carried out to a full
extent.

If other collecting methods are
used, the results from these should be

calibrated to the method described below.

B.2 General considerations

Ice accretions are not only a
function of environmental parameters,
but are also dependent on the properties

of the accreting object itself, for example:
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HANPUKIIAT;

— PO3MIpY (JIIaMETP, IIIMPUHA TOIIO);
— ¢opMu (IJIOCKA, 3 TOCTPUMH KpasMH,
HWIIHIPUYHA, CPepUYHA TOLIO);

— FHYYKOCTI (’KOPCTKHIA/THYUKHIA
€JIEMEHT MPYU 3TMHAHHI/KPYUYEHHI TOIIIO ),
— OpleHTalli MOA0 HANPAMKY BITPY (KYT
MaJIHHS);

a TaKOK MEBHOK MIPOKO B1JT
— CTpyKTypu TioBepxH1 (modapOoBana,
cTajieBa, O€TOHHA TOWIO),

— Mmarepiany  (AepeBo, CTajb, IUIACTHK
TOMIO).

ToMy BHUMIPIOBAHHS MapaMETpiB
BIJIKJTAJICHHS JBOY MMOBUHHI
OPOBOAMTUCS 3 YPaxXyBaHHSM HAasBHOTO
oOnagHaHHs, TPOLEAYP, PO3TALIYBAHHS
KOHCTPYKI1/A HA MaiTaHYMKYy 1 T. 1.

3riTHO 3 MPOEKTOM PO3TALIYBaHHS
NOBUHHO

KOHCTPYKIA Oyt

nepeadayeHe TakuMm, 100 BOHO B
HallMEHINIA MIpl COPHUSIO0 MOMJIMBOMY
MPOLIECY BIKIIAICHHS.

[Ilo crTocyeThCcsl BUMIPHOBAIBHHUX
OPUCTPOiB, TO, MPUHANMHI, YacTUHA 3
HUX TOBMHHA BUKOHYBAaTH KOHTPOJIbHI
¢yHKLii, TOOTO NPOBOAWTH CTAHIAPTHI
BUMIPIOBAHHS BiJIKJIAJCHHS.

THm

HPUCTPOI MOXYTh

BUKOPUCTOBYBATHUCA JIA BCTAHOBJICHHA

— size (diameter, width, etc.);
—shape (flat, sharp edges, cylindrical,
spherical, etc.);
— flexibility (rigid/flexible member in
bending/torsion, etc.);
— orientation relative to wind direction
(angel of incidence);

and to some extent
— surface structure (paint, steel, concrete,
etc.);

— material (wood, steel, plastics, etc.).

Measurements of ice accretions

therefore have to be specified with

respect to devices, procedures,
arrangements on site, etc.
The arrangements should be

designed in a way that causes the lowest
possible influence on the accretion

process itself.

At least one part of measuring
devices should always be the standard
device, standard

reference giving

measurements of ice accretion.

Other parts of the arrangement may

give the connections between «standard
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3B'S3KY MK «CTaHJAPTHUMHU

BIAKJIIQIEHHSAMA» Ta HaAWBaKIMBIIIUMUA
KOHCTPYKUIAHUMHU — MapaMeTpaMu,  SK
3a3Ha4eHO BULIE (PO3MIpP, opMa TOWIO).
BuMiproBaHHs y TakoMy pO3LMIMPEHOMY
00Cs131 MMOBUHHI TMPOBOAMTHUCS TLIbKM Ha

CHELlAIbHUX MaiaHuuKax, a 3i0paHi

JaHi NOBUHHI o0pobuATrCs 1
BUKOPHCTOBYBATHCS pazom 13
pe3ynbTaramu CTaHJAPTHUX
BUMIPIOBAHb.

s JIOCJI1KEHb MO>KHA

BUKOPHCTOBYBATH CTOBIM (0AIITH), SKIIO
BOHW BIAMOBIAIOTH I[UISIM 1 moTpedOam
BUBYCHHS. 3a HEOOXIgHOCTI, MO’KHA
3MOHTYBAaTH TaKOX I1HII €JIEMEHTH, SIK1
OyayTh miAAaBaTUCs OOJEACHIHHIO, SIK
HANpPUKIIAJ, KaHAaTd Majoro JAiaMmerpa
(MeHmn Hik 30 mwm), mpodul, Hecydi
NOBEPXH1 TOLIO.

[lepiomnuHICTB CIIOCTEPEKEHD
MOke OyTH ajmantoBaHa A0 MICIEBHAX
YMOB.

Ha MalJaHYHUKaX, Jie
nepeadavacThCsi TAHEHHS a00 MaaiHHS
JbOJYy 4EPE3 KOPOTKHI MPOMDKOK Yacy
MiCAs  BIAKIAJAEHHS,  CIOCTEPEKCHHS
MOBUHHI TPOBOJUTUCS A0 TOrO, SIK 1€
CTAHEThCA (Yepe3 KulbKa rojiuH ado JIHIB

nicyst OOJEACHIHHS).

accretionsy and the most 1mportant

structural parameters as exemplified
above (size, shape, etc.). These extended
measurements should only be executed
on special selected sites, and collected
data should be worked up and used
generally together with the standard

measurements.

The poles (towers) could be used

for such investigations when found
appropriate or necessary, for instance
installation of other ice-collecting parts,
such as ropes of smaller diameter (than

30 mm), profile, planes, etc.

Frequency of observations may be

adjusted to the local conditions.

On sites where melting or shedding
are likely to occur shortly after the
accretion period, observations should be
carried out before this happens (within

hours or a few days after icing).
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Y cTablIbHO XOJIOTHUAX
MICHEBOCTSIX (BUCOKOTIP'ss TOWIO) Taki
CHOCTEPEIKEHHS MOXKYTh MPOBOJUTHCS
pa3 Ha THK/ICHb a00 Ha MICSILb.

3a 0MH Ce30H (3MMy) HEOOXITHO
3apeecTpyBaTh npUHaiMHI OJIHE
MAaKCHMaJIbHE 3HAUCHHSI.

SIKIIO MPOBOAMTHCS aBTOMAaTHYHA
peecTpallisi Pe3yJibTariB, BAKIUBUMH €
TAKOX BI3yaJlbH1 CIIOCTEPEIKEHHS MiJl Yac
Ta/ad0 MICIS BIAKIAACHHS, OCKLUIbKH
came Takl JOCHIIKEHHS MOXKYTh HaJIaTH

MAakCUMyM 1HQOpMaIii Mpo KOMIUIEKCHI

HABAHTAKCHHSI.

SIKIIO  OCHACTUTH  JOCIIAHUI
MalJaHUYMK CHCTEMOK  JUCTAHLINHOI
peectpaili  AaHWX, TO, OTPUMABIIN
1H(pOopMAaIlito po 00 ICHIHHS
0€3MocepeIHb0,  MOXHA  CBOE€YACHO

BIJIBIOATH MaiiTaH9uK.

B.3 PexoMeH10BaHi BUMipIOBAHHA

B.3.1 CranpaprHi KOHTPOJIbHI
BUMIPIOBAHHS

3aranpHa KOHCTPYKIIsI
CTaHAAPTHOIO BHAMIPIOBAJTLHOTO

IPUCTPOIO BUTTIAAAC HACTYITHUM YHMHOM:

a) Humiuap J1aMETPOM 30 MM

BCTAHOBITFOETHCS y BEPTUKAJIBHE
NOJIO)KEHHST 1 TMOBUIBHO OOEPTAETHCS

HABKOJIO Oci. MiHIMaJibHA JIOBKHHA

In stable, cold areas (high
mountains, etc.) weekly or even monthly

observations may be sufficient.

At least the maximum value for

one season (winter) should be recorded.

It 1s important, when automatic
recordings are performed, also to do
manual observations during and/or after
the accretion period, because only these
types of observation can give maximum

information on such complex load

situations.
Also recordings with remote
readings make it possible to get

immediate information about an icing
situation and the site may be visited in

due time.

B.3 Recommended measurements
B.3.1 Standard reference
measurements

The overall design of the standard
measurement device should be in
principle as follows.
a) A cylinder with a diameter of 30 mm 1s
placed with the axis vertical and slowly
rotating around the axis. The cylinder

length should be a minimum of 0,5 m,

86


arymarenko
Прямоугольник


HUIIHAPAa NOBMHHA cTaHOBUTH 0,5 M, a
SKIIO OYIKYETHCS CUJIBHE BIJIKJIQJICHHS,
JIOBKMHA MOBUHHA TOPIBHIOBATH 1 M.

b) [{uaiHap BCTAHOBIIOETHCS HA BUCOTI
npubnu3Ho 10 M Hajg piBHEM MOBEPXHI
semi!.

¢) SIk MIHIMYM, TPOBOJMTHCS PEECTPALLis
MacH OKEJICTHUX B1AK/Ia/CHb.

B.3.2 Inwi cmocrepeskeHHs

SIKII0 € MmpakTU4YHAa MOYIIUBICTD,

CHOCTEPEKEHHS ~ MOBUHHI  BKIIFOYATH
TAKOX HACTYIHE:

a) 3aranpHl rabapuTH  KPHUXKAHOTO
HapOCTY, TOOTO JiameTp abo
MAakCHMaJbHI 1 MIHIMaIbHI PO3MIpH
MONEPEYHOTO nepepisy. Po3mipu
OKETIEHUX BIJIKJTAJICHb MOKYThb

3MIHIOBATUCS B3JI0OBXK OCI LIWJIIHJpPA, 1 1E
HEOOX1JTHO PEECTPYBATH.

b) Eckizu ¢popm nonepeyHux nepepisis i
pe3yabTaTH

3a3HAUYCHHUX BHUIIIEC

BUMIPIOBAHb.

DV  sumoBHH Tepion  HEOOXiTHO — BPAaxOBYBATH
MAKCHMATBHY  TmuOmHy  cHiry. LlwmiHap — xpame
BCTAHOBJIOBATH HA MJULTHIN, OYHMINCHIA Big CHITY. 3
MPAKTHYIHOI TOYKH 30Dy, JOMYCKAETHCS BCTAHOBICHHS
HOTO Ha PI3HIN BHCOTI HAJ MOBEPXHEI0 3€MIIl 32 YMOBH,
O pe3ylIbTaTH BIANOBIZATHMYTh OTPHMAHHM  HA
BHCOTI 10 MeTpiB.

but if heavy ice accretion is expected,

length should be 1 m.

b) The cylinder is placed 10 m above

terrain®.

¢) Recordings of ice mass are done as a

minimum.
B.3.2 Other observations
When  practical,  observations

should also include the following.

a) Overall dimensions of accreted ice; 1.€.
diameter or max. and min. measurements
There
length of the

of cross section. might be

variations along the

cylinder, which also should be registered.

b) Sketches with shape or cross section
combined with the above-mentioned

measurements.

D Consideration should be given to the maximum snow
depth during the winter. The cylinder should preferably be
placed in an area where snow is blown away. For practical
reasons, different erection heights above terrain are
accepted, as long as the results correspond to those for 10-
m height.
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c¢) Tun oOneneHiHHs (muB. Tabmuml 2
12.3).

Haniona/ibHe MOSICHeHHS

Y JAHOMY CTaHAapTi TUTA
oOneneHiHHsa 3a3HavyeHo B T1adm. 1 1 2.
ToMy HaBeneHe TYT TMOCWJIAHHS Ha

tabmn. 2.3 ¢l BBAKATH IMTOMUJIKOBUM.

d) HanpsMoxk BiTpy miJX 4ac BiAKIAACHHSI.

¢) 3abip nmpoO JbOaY I BU3HAYCHHS
T'YCTHHM.

f) ®ortorpagii (3aranbHuMii BUrISA 1
3MOMKA KPYHHUM IJITAHOM ).

B.3.3 Busenenns pe3yJIbTaTiB
BHMIPIOBaHb

Cepii BUMIPIOBaHb MarOTh OyTH
JIOCUTh TPUBAIAMHA 3 METOIO
(opMyBaHHS JOCTOBIpHOI Oa3u JaHUX
JUISL  aHAJII3y E€KCTPEMAJIbHUX 3HAYEHb.
3aneXHO Bil YMOB, TPUBAIICTh MEPIOTY
NPOBCIACHHS BHAMIPIOBAaHb MOKE
CTAHOBUTH B1J KUIBKOX POKIB 0 KIJIBKOX
JECATUIITD.

[Tpu pOMY CYTTEBO JOMOMOXKYTh 1
OUTbII KOPOTKI cepii BUMIPIOBaHb, SKi
MOKYTh CTaTUYHO a00 (HI3MYHO (Kpalle)
CHIBBIJHOCHUTBCS 3 METEOPOJOTIYHUMHU
JaHUMHA OUTbLI TPUBAJIMX BHMIPIOBAHb Y
NO€THAHHI 3 TEOPETUYHUMH MOJEIISIMH.

Pesynbraru BHMIPIOBAHb

c¢) Type of ice (see Table 2 and 2.3).

d) Wind direction during the accretion
period.

e) Collection of ice samples for
determination of density.

f) Photographs (overall views and close-
ups).

B.3.3 Output of measurements

The length of the measurement
series should be sufficiently long to form
a reliable basis for extreme value
analysis. This length could be from a few
years to several decades depending on the

conditions.

However, shorter series can be of
valuable help and can also be connected
to longer records of meteorological data,
either statistically or (better) physically in

combination with theoretical models.

The result of measurements in
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BIAOOBIAHO A0 Bw3Havenr 3.1 1 3.2

NOBHHHI OyTH BHPaXEHI HACTYITHUM
YHHOM:
a) Jlbomosuii kmac (IC) cmia 3a3HayvaTu

BIAMOBIIHO A0 Tadmuii 4 abo 5.

HaunionajibHe NOSICHEHHS

Y nmaHoMmy CTaHaapTi JbOJOBI KJlacH
3a3Ha4eHO0 B Taobm. 3 1 4. Tomy
HaBEJICHE TYT MOCWJIAHHS Ha TalOm. 5

CJ'IiI[ BBa’KAaTHU MOMUJIKOBHUM.

b)  Cepemniii  po3mip  (miamerp)

KPM)KAHOTO HAPOCTYy, BUMIPSHOTO Ha
BEPTUKAIBHIA mpoekuii: miamerp abo L
ado D (m).
¢) Cepenns ryctuna nsony. ¥ (xr/m?).
(HeoOxigHO OOMOBHTHCS TPO METOAM
BHUMIPIOBAHB ).

SIK1110 TOAATKOBO 0 HUJIHAPA, L0
THIT

o0epTaeThCs, BUKOHYIOTBCS

BUMIPIOBAHHS, TaKi $K BUMIPIOBAHHS

BITPY 3  JCTAIBHOK  PEECTPALIEID
HAaBaHTaXCHHA  (peakmii y  BCIX
HanpsMKax, BEPTUKATILHOMY Ta

NOMEPEYHOMY  (TOPU30OHTAILHOMY)), TO
MOXJIMBO, 1O KoedimieHT onopy Cp
MOKHa OyJ€ BHU3HAUUTH 3a JOMOMOTOK)

BIJIMOBIJTHUX PO3PAXYHKIB.

I[le - kopucHa iHpopmanis,
OCKUIbKM  3alpPOMOHOBAHI  3HAYCHHS
koepimienTa Cp  XapakTEPU3YHOThCS

accordance with definitions 3.1 and 3.2

should be expressed as follows.

a) The ice class (IC) should be stated in

accordance with Table 4 or 5.

b) The average dimension (diameter) of
ice measured on a vertical projection:

diameter or L or D (m).

¢) The average density of ice: ¥ (kg/m?),
(Measuring method should be discussed.)

If, mm addition to the rotating
cylinder, other measurements have been
done such as wind measurements and
detailed load recordings [reactions in all
directions, vertical and transverse
(horizontal)], it might be possible to
estimate the drag coefficient, Cp by

calculations.

This 1s very useful, because the

proposed values of (p are rather

uncertain and might need adjustments,
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MIEBHOI0O  HETOYHICTIO 1, MOJKIIMBO,
noTpeOyIOTh BIMOBIAHOTO KOPUTYBaHHS
(30KpeMa, 1€ CTOCYEThCS PE3YJIbTaTIB

NOJIbOBUX BUMIPIOBAHB ).

Tomy PEKOMEHIYETHCS
MIPOJOBKUTH BUMIPIOBAHHS, 100
OTpUMaTH JOJIaTKOBY HEOOX1IHY
1H(pOpMaLO.

B.3.4 JloparkoBi  MeTeopoOJIOTIYHI
BUMIPIOBAHHS

VY MICHEBOCTSAX, 1€ METEOPOJIOTIYHI
CIOCTEPEIKEHHS HE MPOBOAATHCS  a00
MPOBOJATECS B  OOMEKEHHUX 00csrax,
CTaHIapTHI

KOHTPOJIbHI ~ BUMIPIOBAHHSI

NOBHHHI JOTIOBHIOBATUCS
METEOPOJIOTITYHUMU JaHUMHU.

Sk MIHIMYM, HEOOX1AHO
JOKYMEHTYBAaTH MOKA3aHHs TEMIIEPaTypu
1 BOJIOTOCTi, aJic TaKOK IIBHUIKOCTI 1
HANpSAMKY BITPY, sIKI OyyThb KOPUCHUMU
17 9ac PO3paxyHKy Mii.

CremiaibHOi  yBaru  3aciiyroBye€
NUTaHHS 3a0€3MEeUeHHsT SIKOCTI JAHMX.
OOneacHIHHS BUMIPIOBAJIbHUX TPUJIa/IiB
1/a00 X 3axXMCHMX €KpaHIB MOXKE
NPU3BECTH 10 CIIOTBOPEHHS PE3YJIBTATIB
BUMIPDIOBaHb 1  JO  MOUIKO/UKCHHS
JATYHKIB,

B.4 BumiproBaHHsi Ha IHIIHX 00'€KTax

Y 1poMy cTaHaapTi 30HH, WO

especially from field measurements.

Therefore it 1s recommended that
further measurements are performed in
such a way that the above-mentioned
additional information can be found.
B.3.4 Additional meteorological
measurements

In areas with only a few or no
some

meteorological ~ observations,

meteorological recordings are
recommended in connection with the

standard reference measurements.

Temperature and humidity should
be recorded as minimum, but also wind

speed and direction are very useful

information, especially regarding
calculation of actions.
However, special arrangements

must be made to ensure the quality of
data. Ice accretions on instruments and/or
instrument shields can lead to both
misreading of parameters as well as

destruction of sensors.

B.4 Measurements on other objects

In this International Standard, areas
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MJIAI0THCS BIJIKJIAJICHHSM,

KJTacU(PIKyIOThCS 3a NEBHUMH

«JILOJOBUMH Kitacamuy. 11{o Bule Homep

KJacy, TO CWIBHILIMM  OYIKYEThCS
0ONeICHIHHS.
3rizHo 3 tabmamsmua 4 1 5

JIbOJIOBHUH KJIaC MEBHOIO MakaHYMKa abo

I[iJ'IHHKI/I MOKHa BU3HAYUTH 3a

pe3ynbTaramu CTaHJAapTHHUX

KOHTPOJIbHAX BUMIPIOBAHb.

HaunionajibHe NOSICHEHHS

Y nmaHoMmy CTaHaapTi JbOJOBI KJlacH
3a3Ha4eHO0 B Taobm. 3 1 4. Tomy
HaBEJICHE TYT MOCWIAHHS Ha TaOd. 5

CJ'IiI[ BBa’KAaTHU MOMUJIKOBHUM.

B iHmmx TaOmuigx 3HAYCHHS
OONEACHIHHSA, BHBEJCHI  3TigHO 31
CTaHaPTHUMHU KOHTPOJBHUMH
BUMIPIOBAHHSMH, MEPEBEIEHO B

3HAQUCHHSI  OOJICICHIHHS  JUIS  1HIIMX
O0'€KTIB TaKOTO 3K JILOJOBOTO KIIACy.
Takuii nepepaxyHOK 3I1HCHIOETBCS, B
OCHOBHOMY, Ha MIACTaBl  HAsBHOIO
JOCBIy, IO CBIIYUTH NPO KOPUCHICTH

3aiCIB 3HAYEHL OOJICACHIHHSA HA THIINX

0o0'eKkTax,  pO3TAIOBAHMX  NOOIM3Y
KOHTPOJIBHOTO KOJIEKTOPA ABOSY
(ummuap giamerpoM 30 MM).

HeoOxigHO ~ Takok  MPOBECTH

CIOCTEPEXKEHHST 3a OOJICCHIHHIM Ha

exposed for ice accretion are defined as
having a certain «ice classy. The higher
the number, the more accreted ice must

be expected.

In accordance with Tables 4 and 5,
the specific ice class of a certain site or
area can be found by using results from

the standard reference measurements.

In other tables accreted ice from
standard reference measurements are
converted into accreted ice on other
objects for the same ice class. This
conversion should be done mainly by
means of experience, which means that
recordings of accreted ice on other
objects, placed together with the standard
ice collector (@ 30 mm cylinder), are

very useful.

Also observations of accreted ice

on already existing objects in icing

91


arymarenko
Прямоугольник


icHyrounx o0'ektax. J[o Takux 0O0'€KTiB
MOKHA BIJIHECTH KOHCTPYKIIi aHTEH,

MOBITPSHUX  JIIHIA  eJeKTponepeaady,
KaHATHUX JOPIT TOLIO.

OpHak, 100 OTPUMATH MAKCUMYM
JAaHUX Bl  TakMX  CIOCTEPEIKEHD,
OoTpuMaHy 1H(pOPMaIlII0 MalOTh 0OPOOUTH
METEOPOJIOTH, SIKI MPOBOJATH KOHTPOJIBbHI
BUMIPIOBAHHSI.

B.5 BianoBigajibHICTH

BumiproBanHs arMOC(EPHOTO
OONENEHIHHS HE BXOIATH 10 JIHOYOi
CTaHJAPTHOI IporpaMmu
METEOPOJIOTIYHUX CMOCTEPEKEHD, TOMY
3alliKaBJIcHI

CTOPOHM  (HANpHKIAL,

BJIACHUKH CHEPreTUYHUX 1
TEJICKOMYHIKAIHHUX KOMIMaH1il) MOBUHH1

B3ATH Ha cebe BIANOBIAAILHICTL 34

OpraHizamito  BIAMOBIAHMX  MpOrpam
300py HEOOXITHUX TAHUX.
HaunionajabHe NOsICHeHHS :
Cnipg  3ayBaxuTH, MO B YKpaiHl
BUMIPIOBaHHS arMoc(epHOro
OONENCHIHHS ~ BXOIATH A0 JIKOYOT
CTaHJAPTHOI nporpamu

METEOPOJIOTIYHUX CIOCTEPEKEHD (IMB. 1.
2.2.1.7 P 52.04.107-86 «HacrapneHue
THPOMETEOPOJIOTHYECKAM  CTAHLUSM 1

nocram», But. 1).

3okpema, CUCTEMATUYHI1

regions should be done. Such objects
could typically be antenna structures,
structures for overhead transmission
lines, skilifts, etc.

However, to get maximum values
of such observations, the same
meteorologists who operate the standard
reference measurements should work up
all data.

B.S Responsibility

Measurements of atmospheric ice

included 1in the

are  not existing

meteorological  standard  observation
programmes, so the involved owners (e.g.
utilities and

electric power

telecommunication companies, etc.),
should themselves take the responsibility
of performing the necessary data

recording programmes.

In particular, systematic
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CIIOCTEPEKEHHS 3a 00JIeACHIHHAM

MOXKYTh MPOBOJIUTUCS i qac
NEPIOIMYHUX  OMISIAIB 1 TEXHIYHOIO
OOCIIyrOByBaHHS ~ KOHCTPYKIIHA, MO

nepeOyBarOTh B €KCILTyaTaiii.

[Ipm LBOMY HaI[lOHAJIbH1
METEOPOJIOTTIYH] 1HCTUTYTH HAMOJIETTIMBO
3aMpoIIyOThCS

PO3AIIMTH  CHIJIBHY

BIJIMOBIIABHICT, 32  30MpaHHS  Ta
aHAJTI3YBaHHA JaHUX. MeTeoposorivHi
IHCTUTYTH MOBHUHHI CBOE€YACHO HAJaBaTH
CBOIM KJTIEHTaM/3aMOBHUKAM yci
3apeecTPoBaHl AaHl B SIKOCTI 0a30BOro
Mmarepiany. HeoOXimHO 3a3HA4YMTH, IO
HAI[IOHAJIbHI METEOPOJIOTiUHI 1HCTHTYTH
3a3BMYail BIANOBIAAOTH 32 MIATOTOBKY
KJIIMATHYHOT

BCl€i HEOOX1HO1

iHpopMmalli, BUKOPHCTOBYBAHOI  JUIs
PO3POOJICHHST  HAI[IOHAJIbBHUX HOPM 1
CTaHAApPTIB, IO HajexkaTh 10 cdepu
BIINOBITAJIBHOCTI HAIOHATBHUX CHLUIOK

THKCHEPIB.

observations of ice should be performed
in connection with regular inspection and

maintenance of existing structures.

However, the National
Meteorological Institutions should be
strongly encouraged to take over
themselves the overall responsibility for
collecting and analysing these data. In
due time, the Meteorological Institutions
should be able to present all recorded
data as background material for their
clients/customers. The NMI is usually
responsible for drawing up the necessary
climatic information used for the national
codes and standards, which typically are
worked out by a national society of

engineers.
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JTOJATOK C (JIOBIJIKOBUM) -
TEOPETUYHE MOJEJIFOBAHHA
OBJIEJJEHIHHA
C.1 OcHoBH

JIKepernoM MpUpPOAHOTO JBOIY, IO
YTBOPIOETHCS HA KOHCTPYKIISIX, MOXKYTh
OyTH XMapHI1 Kparuti, TOIIOBI Kparuii, CHIT
a0o BOJsTHA Tapa.

Y wmexax gaHoi  kiacuikarii

TEPMIH  «XMapHI  Kpami»  BKIJIIOYAE
KpaliiHA B XMapax (IuB. okepeno [15]
y biGmiorpagii), 3a3Havaroum, 1O

KOHJIEHCAIlls  BOAsSHOI  mapu  (1HIH)
3a3BMYAil € HE3HAYHOK TMOPIBHSHO 3
TUIIOBUM OOJICICHIHHSM, SIKE
BIIOYBAETBCS B PE3YJIbTATlI 3ITKHEHHS
Kpanesb piAKoi BOAM 1 YaCTHHOK CHITY.
TakuM dYMHOM, ICTOTHI JIHOJOBI1
HABAHTAKCHHS YTBOPIOKOTHCS 32 PAXYHOK
3IIITOBXYBAHHS YaCTUHOK Y TMOBITPI 3
o0'ektoM. [li YacTHHKM MOXYTb OyTH
PIAKUMH (3a3BHyait
NEPEOXONIOHKEHAMHU ), TBEPAMMH YU Y
BUMJISII CyMIIIl BOAM 1 CHIrY. Y OyJib-
AKOMY BUITAJIKY IHTEHCHBHICTb
OOJeICHIHHS HAa OAMHULIIO TIOII 00'€KTa
3QIEKUTh BIJl IIIJIBHOCTI MOTOKY AaHHUX
yacTUHOK. [I[ibHICTE MOTOKY F — 1E

pe3yiibTaT HAKOINHWYCHHA 4YaCTHHOK 3

ANNEX C (INFORMATIVE) -
THEORETICAL MODELLING OF
ICING

C.1 Fundamentals

The source of natural ice that forms
on structures may be either cloud
droplets, rain drops, snow or water
vapour.

In this classification the term
«cloud droplets» includes droplets in
clouds that are locally observed as can be
shown (see reference [15] 1in
Bibliography) that condensation of water
vapour (hoarfrost) is usually negligible
compared to typical growth rates of ice
due to i1mpingement of liquid water
droplets and snow particles.

Thus significant ice loads form due
to particles in the air colliding with the
object. These particles can be liquid
(usually super-cooled), solid or a mixture
of water and ice. In any case, the
maximum rate of icing per unit projection
area of the object is determined by the
flux density of these particles. The flux
density, I, 1s a product of the mass
concentration of the particles, w, and the

velocity, v, of the particles with respect to

the object.
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MaCOBOIO KOHIEHTPAIIIE W 1 TIBUJKOCTI
v JaCTUHOK BIJTHOCHO 00'€KTA.
Bianosigno, IHTEHCUBHICTD

0OJeICHIHHS BUBOAUTHCA 3 POPMYJIIH:

2_’;12771772773'1"/"4"’
ae
A — TUIOmAa TOMEPEYHOro Mepepi3y
o0'ekTa (3 YypaxyBaHHSM HaNpPIMKY

BEKTOPA IIBUKOCTI YACTHHKH V),

N1 — eEKTUBHICTh 3ITKHCHHS,
#, — €(DEKTUBHICTH TPUJIATIAHHS,
3 — €(DEKTUBHICTb B1JIKJIaICHHSI.
[TonpaBouHi KoedilieHTH #1, 7, 1
#; TPEACTABISAIOTH PI3HI MPOLECH, IO
MOXXYTh 3MCHIIUTHA 3HAYCHHS dm/dt B
paMKax HOro MakCHMMaJbHOTO 3HAYEHHS,
o JA0piBHIOE w-A-v. LI mompaBouH1
KOe(ILIEHTH MOXKYTh BapitoBaTucs Bix 0
no 1.
Koeditient n MPECTABIISIE

€(DEKTUBHICTh  3ITKHEHHS  YaCTUHOK,
TOOTO BIJHOIIEHHS UIUIBHOCTI MOTOKY
YaCTUHOK, 1[0  3IMITOBXYKOThCA 3
00'€eKTOM, 10 MaKCHUMAaJIbHOI NIIJIBHOCTI
3HaYEHHS

MOTOKY. e(PEKTUBHOCTI

3ITKHCHHS /i TPHUBEACHO 3 OJIMHUIIL,
OCKUIbKM HEBEIWKI YACTUHKW TPArHyTh

CJIIIyBaTH 3a MOBITPSHUMM MOTOKAMHM 1

Consequently, the rate of icing is

obtained from the equation.
(C.1)

where

A 1s the cross-sectional area of the object
(with respect to the direction of the
particle velocity vector v);

11 is the collision efficiency;

1, 1s the sticking efficiency;

15 1s the accretion efficiency.

The correction factors #1, #, and #;,
represent different processes that may
reduce dm/dt from its maximum value
w-A-v. These correction factors vary

between O and 1.

Factor » represents the efficiency
of a collision of the particles, 1.e. 1s the
ratio of the flux density of the particles
that hit the object to the maximum flux
density. The collision efficiency 71 is
reduced from one, because small particles
tend to follow the air streamlines and
may be deflected from their path towards

the object, as shown in Figure C.1.
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MOXYTh BIIXWIATHCS BIJI CBO€]
TPAEeKTOPii B HAMpsAMKY A0 00'€kTa, SIK

MmoKa3aHo Ha pucyHky C.1.

ITo3naku:

1 — BenwKi1 Kpari;
2 — MaJji Kparuii;

3 — moBiTps

Pucynok C.1

Figure C.1

Koedimienr  #,  npeacrarisie
€(PEKTUBHICTh KOHLICHTpALli 4acTOK, sKi
CTUKAKOThCSA 3 00'€KTOM, TOOTO 72 — 1€
BITHOIIIEHHS [ITBHOCTI MTOTOKY
YACTUHOK, SKI MPWJIUINAKTh 0 00'€KTa,
JIO IIIILHOCTI YaCTUHOK, K1 CTHMKAIOThCS
3 00'ekToM. 3Ha4YeHHS €(PEKTHBHOCTI

NPWIKIAHHS #, MPUBEACHE 3 OJUHUII,

KOJMM  YaCTUHKM  BIJCKaKyKOTh  BIJ
MOBEPXHI. YacTMHKH ~ BBAXKAKOTHCS
NPUTUTUIAMH, KOJIH BOHU
HAKOMUUYKOThC ~ Oe3mepepBHO a0

3HaxXoJ4AThCA Ha HOBerHi JOCTATHBO

Key

1 Large droplet
2 Small droplet
3 Air

— TpaexTopii kpanenb y MOBITPSHOMY MOTOLI HABKOJIO
HUAITHAPAYHOTO 00'€KTa
— Air streamlines droplet trajectories around a cylindrical object

Factor #, represents the efficiency
of collection of those particles that hit the
object, 1.e. ny is the ratio of the flux
density of the particles that stick to the
object to the flux density of the particles
that hit the object. The sticking efficiency
2 1s reduced from one when the particles
bounce from the surface. The particles
are considered to stick when they are
permanently collected, or their residence
time on the surface is sufficient to affect
the icing rate due for example to

exchange of heat with the surface.
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yacy g TOro, uio0 BIJIMBAaTH Ha
THTEHCUBHICTh OOJIEJICHIHHS, HAPUKJIA/,
3a paxyHOK TEIJTOOOMIHY 3 MTOBEPXHEIO.
Koegimient 3 MIPECTABIISIE
€(DEKTUBHICTh BIJKJIAJCHHS, TOOTO #3 —
1I¢ BIAHOIICHHS IIBUAKOCT1 0OJCACHIHHS
0 IOUIBHOCTI TMOTOKY YAaCTHHOK, SIKi
MPWIKATIAKOTH 110 MOBEPXHI.
[HTEeHCUBHICTE BIJIKJIAJIEHHSI 3

MPUBOJUTHCS 3 OJMHHUII, KOJIA TEIJIOBUI

MOTIK  BIA  OKEJIEOHUX  BIAKIAJCHD
HE3HAYHUM 1 HE MOXKE BHKJIUKATHA
3aMOPOKyBaHHS BCIX MPWIATIITAX

YAaCTUHOK Ta iX CHOJYYEHHS 13 KPUKAaHUM
HApOCTOM. Y TaKOMYy BMIAJKy 4acTWHA
MacOBOTO MOTOKY YACTMHOK BTPAyYaeThCs
3 moBepxHi Boau. CXEMAaTUYHO Taka
cuTyailis 300paxeHa Ha pucyHky C.3.

Y  BUOAAKY,
C3 (<),

NOKAa3aHOMY  Ha
PUCYHKY Ha TMOBEPXHI
OKEJIEAHOTO BIAKIAACHHS 3HAXOAWUTHCS
PiAKMIA map, a 3amep3aHHs BIAOYBaEThCS
nig HuM. lle sBHINE HA3WBAETHCS
«BOJIOTMI TPUPICT», a YTBOPEHHHA MpH
OBOMY JIIJi HA3MBAETHCA  «OXKETIEABY.
Skmo piakui 1wap BIACYTHIA 1 HeEMae

3MHMBAHHS YaCTHHOK 3 TOBEpXHi (#3=1),

TaKAW TIPOLEC HA3UBAETBCA  «CYXUU
IpUpICT».
CxemaTuuHO g cuTyauis

Factor #; represents the efficiency
of accretion, i.e. #3 is the ratio of the rate
of icing to the flux density of the particles
that stick to a surface. The accretion
efficiency 73 from one when the heat flux
from the accretions too small to cause
sufficient freezing to incorporate all
sticking particles into the accretion. In
such a case part of the mass flux of the
particles 1s lost from the surface water by
run-off. The situation 1s schematically

shown in Figure C.3.

When the situation in Figure C.3
develops (3 < 1) there 1s a liquid layer on
the surface of the accretion and freezing
takes place beneath this layer. This is
called “wet growth”. The ice resulting
from this process is customarily called
«glaze». When there is no liquid layer
and no run-off (;3=1) the process is

called «dry growthy.

This situation 1s schematically
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npeacraBneHa Ha o pucynky  C.2.
YTBOpEHUI MpH LBOMY JIiJI HA3UBAETHCS
«maMopo3by. CliJl 3a3HAUYMTH TAKOXK, IO
1HOJl B JITEPATypi BHKOPUCTOBYETHCS
TaKUi

TEPMIH, SK  «E(EKTHBHICTb

HAKOMWYEHHS» A #1 1  TEPMIH
«3acturaroya QGpaxiis» s #3.
Hespakaroun Ha 3acTOCYBaHHSA
TaKUX TEPMIHIB, SK «OOJICNICHIHHD» 1
«IHTEHCUBHICTL OOneneHiHusy dm/dl,
OKEJIEAHE BIJIKJIAJICHHS MOKE SIBJISITH
co0010 cymill Jiboy Ta piakoi Boau. Lle
MOSICHIOETHCSI HACTYITHUM YHHOM: KOJIU
HA TOBEPXHI OKEJNEAHOIO BIAKIAJACHHS
YTBOPIOETBCS PiKa IUIIBKA (PUCYHOK
C.3), ni7, o HApPOCTAE, 3aB¥KIN OXOTUTHE
CMOYaTKy 3HAYHY KUIbKICTh PIJKOi BOIM
[18]. HamumaHHs MOKPOro CHITYy TaKOX
COPUYMHSE BIAKIAQJACHHS, [0 MICTITh
pinky Boxay. Ilpm mpoMy pigka Boja
NposBIsie ceOe BKpail piako, TOMY IO
BIJIKJIQICHHSI 3a3Buyai MOBHICTIO
3aMep3ar0Th BIIpa3y MICHs NPUITMHECHHS

OmaiB.

shown in Figure C.2. The ice resulting
from dry growth 1is called «rime».
Finally, it should be noted that the term
«collection efficiency» for #; and the
term «freezing fraction» for 3 are

sometimes used in the literature.

One should note that, although we
speak of «icing» and «icing rate» dm/dl,
the accretion that forms may be a mixture
of ice and liquid water. In fact, when a
liquid film forms at the accretion surface
(Figure C.3), the growing ice always
itially entraps a considerable amount of
liquid water [18]. Accretion of wet snow
also results in a deposit that includes
liquid water. Liquid water is seldom
detected, because the deposits usually
completely freeze soon after the icing

storm is over.
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[TozHaku: Key
1 — namopo3p 1 Rime
2 — XOJIOAHE MOBITPsI 2 Cold air
3 — moBiTps 3 Air
4 — min 4 Ice
5 — kpami 5 Droplets
6 — HanPsIMOK BITPY 6 Wind direction
Pucynok C.2 — OOneneHIHHS NaMOpPO33k0 («CYXHil MPUPICTY)

Figure C.2 — Growth of rime ice («dry growthy)
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[TozHaku: Key
1 —mig 1 Ice
2 — BOASAHA IUTiBKA 2 Water film
3 — XOJNIOIHE TIOBITPS 3 Cold air
4 — g 4 Ice
5 — pinka Boma 5 Liquid water
6 — BOZIa, IO CTIKA€E 3 MOBEPXHI 6 Runoff water
7 — xparut 7 Droplets
8 — HampsIMOK BITPY 8 Wind direction
Pucynok C.3 — OOneacHIHHS 0XKENEeAII0 («BOJIOTHI MPUPICTY)

Figure C.3 — Growth of glaze ice («wet growthy)
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C.2 InTeHcuBHICTH 00JIeICHIHHS
C.2.1 3arajibHi noJI0KEeHHSI

®opmymu  (C.1) BusBIISIE J€sKi
0a30Bl TPOOJIEMH OIIHKH  OXKEJICTHUX
HABAaHTa)XCHb HA KOHCTPYKIii. CnoyaTky
HEOOX1IHO BU3HAYMTH TPU KOE(DILIEHTH
N1, W2 1 173, K1 MOXKYTh BapitoBatucs Bi 0
no 1. Kpim wnporo, moTrpiOHO 3HaATH
MAacOBY KOHLEHTPALIl0 YaCTHHOK Y
NOBITPI W, WIBUAKICTH YAaCTHHOK V 1
IOy NOTIEPEYHOTO mepepizy o0'ekra 4.
BusHaueHHs atMOCEepHUX MapaMeTPIiB €
npoOIIEMOO 3AE0UTBIIOTO MPAKTUYHOKO, a
HE TCOPETUYHOIO, 1 TOMY MM HE OYyJIEMO
PpO3TIIAAATH 1i B IbOMY JOHATKY.

MoskHa JMIIe 3a3HauMTH, 10
MacoBa KOHIICHTpaliss w — 1€ He
3BUYAWHWH BHUMIPIOBAHWN MapameTp, 1
HOro OlIHKa TOB'sI3aHA 3 TICBHUMH
npobnemamu. [IBUAKICTE v — 1€ cyma

BEKTOPIB IIBHJIKOCTI BITPY 1 KIHUEBOI

HIBUJKOCTI  YAaCTUHOK,  SIKA  4acTo
HEBIOMA.
B HACTYITHUX N1apo3iIax

PO3IIIAIATUMYTHCSI TEOPETHYHI CHOCOOH
BU3HAYCHHS KOE(ILIEHTIB #1, 2, 3 Ta A.
C.2.2 E¢QeKTUBHICTH 3ITKHEHHS

Komm kpamist nepeminiaerbecst 3
NOBITPSHAM

MOTOKOM Y  HalpsMKY

o0'exkTa, IO 3a3Hac OOJICACHIHHSA, Ti

C.2 Rate of icing
C.2.1 General

Equation (C.1) reveals some of the
basic problems of estimating ice loads on
structures. Three factors, #i, #, and #3
that all may vary between O and 1, must
be determined. In addition, the mass
concentration of particles in air, w, the
particle wvelocity, v, and the cross-
sectional area of the object, 4, must be
known. Determination of the atmospheric
parameters is more a practical problem

than a theoretical one, and we will not

discuss it in this annex.

It may be noted here, however, that
the mass concentration w 1s not a
routinely measured parameter and its
estimation 1s a difficult problem of its
own, and that the velocity v is a vector
sum of the wind speed and the, often
unknown, terminal velocity of the
particles.

In the following, theoretical means
to determine the factors 71, 72, #3 and 4
are discussed.
C.2.2 Collision efficiency

When a droplet moves within the
air stream toward the icing object, the

forces of aerodynamic drag and inertia
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TPAEKTOPIIO BHA3HAYAKOTh CUJIH

AcpPOAMHAMIYHOTO OMOpY Ta IHEPIs.
SIKIIo 1HEpHiiiHI CWJIM HEBEIMKI, TOJI
JOMIHYBaTUME OIip, 1 Kpamn OyayThk
MpPOCTO  MEPEMINTYBATHCS B MOTOII
C.1).

NOTOKA TOBITPSI OTMHATHMYTh OO'€EKT,

MOBITPST ~ (PUCYHOK OcKuTbKN
pa3oM 13 HUMHU OyayTh OTMHATH OO'€KT 1
kpamn. Tomy (akTMyHa IHTEHCUBHICTH
3ITKHEHHSI OYJI€ MEHILIO, HIK ILIbHICTh
notoky. IIlo  crocyeTecs  BENHMKUX
Kpamneiab, TO i HUX, 3 IHIIOro OOKYy,
Oyae AOMIHYBaTH Cuja 1HEPLIi, 1 Kpamii

OyyTh 3ITKHEHHS 3

NparHyTd  J10
00'€eKTOM, HE BIAXWISIOUNCH BiJ HHOTO
(pucynok C.1).

BigHocHa BennunHa 1HEpuUli Ta
BILUIMBAIOTh

onopy, IO Ha Kpari,

3QIEKUTh BIJ iX PO3MIPIB, IMIBUAKOCTI

NOBITPSHOTO ~ TOTOKY 1 PO3MIpIB
obneneninoro  o0'exkta.  Sxmo  mi
napameTpu BIJIOMI, €(DEKTUBHICTH

3ITKHEHHS #; MOKe OyTH BHBEICHA
TEOPETUYHO 32 JOMOMOIOK YHCIOBOIO
METOAA

PO3B'sI3yBaHHS PIBHOCTEH

CTOCOBHO TMEPEMILICHHS Kpameiab Y
NOBITPsHOMY ToTowl. JaHuii migxia OyB
po3pobisieHnid B 1946 poui [9] 1 BKItOUae
YHCJIOBE PILICHHS MOBITPSHOIO MOTOKY 1

TPAEKTOPIii Kpanesyb. TpackTopii HOBUHHI

determine its trajectory. If inertial forces
are small, then drag will dominate and
the droplets will closely follow the
streamlines of air (Figure C.1). Since air
must go around the object, the droplets
will in this case also tend to do so. The
actual impingement rate will then be
smaller than the flux density of the spray.
For large droplets, on the other hand,
inertia will dominate and the droplets will
tend to hit the object, without being
deflected (Figure C.1).

The relative magnitude of the
inertia and drag on the droplets depends
on the droplet size, the velocity of the air
stream and the dimensions of the icing
object. When these are known, the

collision  efficiency, #; can be
theoretically determined by numerically
solving the equations of droplet motion in
the airflow. This approach, pioneered in
1946 [9], involves numerical solution of
the airflow and of the droplet trajectories.
The trajectories must be determined for a
number of particle sizes and impact

positions in order to finally derive the
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BU3HAUATUCS Uil  KUIbKOX  PO3MIPIB

YAaCTHHOK 1 TMOJOKEHb 3ITKHEHHS 3

MCTOIO BUBCACHHA 3HAQUYCHHA

€(EKTUBHOCTI  3ITKHCHHS  #;.  Taki
PO3paxyHKH € CKIQJHMMH 1 BUMAararoTh
Oararo Tpyjao3arpar. Ha macrs, iCHyI0Th
MO>KJIMBOCTI CHPOCTUTH PO3PAXYHOK #
JUTS. TPAKTUYHOTO 3aCTOCYBAHHSI.
[To-mepie, SKIIO MPUMYCKAETHCH,
o o00'ekT, sSKkuil 3a3Hae OOJCACHIHHS,
Ma€ [WIHAPUYHY (OpMy, TO ICHYE
AQHATITUYHHUIA PO3B'A30K JJIsl MOBITPSHOTO
NOTOKY HABKOJIO 00'€KTa, i €(PEKTHBHICTB
3ITKHEHHSI MOKE OyTH MapamMeTpr30BaHa
3a JOMOMOrOK  JBOX  O€3pO3MIPHHX
KOE(ILIEHTIB:
K=p,d*/9uD
Ta
¢=Re*/K
3 yncnoM PeifHonbaca kpamens Ha
OCHOBI JOBUTbHOT IIBUKOCTI MOTOKY V:
Re=pdv/u
ae
d — niaMeTp Kparuii,
D — miameTp UMIIHIpA,
p,, — TYCTHUHA BOJIH;
¢ — abCONIOTHA B’ S3KICTh OBITPS,
P — TYCTHHA TOBITPSL.

Po3pobneno HACTYITHU A

overall collision efficiency #;. These
calculations are complicated and
computationally costly. Fortunately, there
simplify the

are several means to

calculation of #  for practical

applications.

Firstly, if it 1s assumed that the
icing object is cylindrical, there exists an
analytical solution for the airflow around
the object, and the collision efficiency
two-

can be  parameterized by

dimensionless parameters:

(C.2)
and
(C.3)
with the droplet Reynolds number
based on the free stream velocity v:
(C.4)
where
d 1s the droplet diameter;
D 1s the cylinder diameter;
p,, 1s the water density;

 1s the absolute viscosity of air;

P, 1s the air density.
The following empirical fit to the
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EMITIPUYHUI METOM MIATOHKH JJIsl TAHUX

YUCJIOBOTO PO3PAXYHKY [5]:

= A—-0,028—C(B-0,0454)

Ac

numerically calculated data has been
developed [5]:
(C.5)

where

A=1,066K "' exp(~1,103K ")

B=3,641K™* exp(~1,497K***)

C= 0,00637(¢ - 100)

[To-mpyre, mnokazano [6], IO
BHUCOKA TOYHICTh, OAMHOYHHIA MapameTp i
cepenHiii  o0’eMHMIi  po3Mip  Kparui
(MVD) MOXyTb BUKOPHUCTOBYBATHCS B
po3paxyHkax [k d B ¢opmynax (C.2) 1
(C.4)] 6e3 HEOOXIAHOCTI PO3PAXYHKY #i
OKpEMO Il KOXKHOI Kareropii po3mipy
Kparui.
EdexkTuBHICTE  3ITKHEHHS — #1
3HAYHOK MIPOKO 3aJICKUTh BlA PO3MIPY
YACTHHKHM, 1 JJs JOCHTh BEIUKOTO
CEPEaHBOr0 00’€MHOTO PO3MIPY Kparuti
MOKHA MPAKTHYHO BHUKOPHCTOBYBATH

m =1, HAKIO KOHCTPYKLIS HE €

HaJ3BUYaiHO BEJINKOIO. Tomy

PO3PAaxXyHOK #; TOBHHEH MPOBOAUTHUCS
TUIBKA ~ TOJI, KOIH

XMapHi  Kpari

COPUYMHSAIOTH 00N ICHIHHS. [Tpn
BUMAJIHHI aTMOC(EpHUX OMaaiB (IOLL,
CHIT) €()EKTUBHICTb 3ITKHCHHs OnU3bKa

JI0 OJTUHUIIL.

0,381

Secondly, it has been shown [6]
that with a good accuracy, a single
parameter, the median volume diameter
(MVD) can be used in the calculations
[as d in equations (C.2) and (C.4)]
without having to calculate #; separately

for each droplet size category.

The collision efficiency #; depends
strongly on the particle size, and for
sufficiently large MVD one can put
m = 1 in practical applications, unless the
structure is extremely large. Therefore, 1,
usually needs to be calculated only when
cloud droplets cause icing. In
precipitation (both rain and snow) the

collision efficiency is close to one.
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C.2.3 E¢pexkTuBHICTb NPUIHNIAHHS
Konmu nmnepeoxonmomkena Kparis
BOJM CTUKAETHCS 3 TOBEPXHEH JIBOAY,
BOHA WIBUJKO 3aMep3a€ 1 HE BCTHUrae
BIJICKOUMTH B1J] MOBEPxH1 (pucyHok C.2).
SIkio Ha TOBEpXHI € piAKWil 1wap,
Kparisi PO3TIKAETbCS MO TMOBEPXHI 1
3HOBY-TAKM HE BIJIOMBAETHCI BIJ HEi
(pucynok C.3). B xomi mux mOpouecis
MOKJIMBE YTBOPEHHS Kpamneib, 00 B
pe3ysbrari  ApOOJICHHS  CTIKAlOTh 13
noeepxHi. [Ipore ix BigHOCHMIA 00'eM, y
OLIBIIOCTI BHMMOAJKIB, HACTUILKM MAJIMA,
110 iX BIUIMB HA OOJICACHIHHS MPAKTUYHO
HE 3HAauyHWi. BIianoBiAHO, TPUAHATO
BBLKATH, IO Kpaml piakoi BOAM, SK
NpaBujO, HE  BUAMITOBXYKOThCS  BIJ

MOBEPXHI, TOOTO JUTS BOJISTHAX
Kparesns 7, = 1.

IIlo cTOCy€eThCS YACTMHOK CHITY,
TO BOHU

BIJICKAKYOTh JOCUTh

edekTrBHO. Il TOBHICTIO TBEPAUX
YACTHHOK (CyxWil CHIT) €(EeKTHBHICT
OPUJIUNAHHS #; MPAKTUYHO AOPiBHIOE O,
OJIHAK SKILO Ha MOBEPXHI YACTUHOK CHITY
3HAXOMUTHCA  PIAKUN

miap,  BOHHU

OpUIUNatoTe  Hadarato  e(PEeKTHBHILLIE.
[Ipyn HEBENMKIA MIBUAKOCTI 3ITKHEHHS 1
3a CHOPUATIMBUAX YMOB TEMIIEpaTypu 1

BOJIOTOCTI 3HAYEHHS #, € OJIM3bKUM JI0

C.2.3 Sticking efficiency

When a super-cooled water drop
hits an ice surface it rapidly freezes and
does not bounce (Figure C.2). If there 1s a
liquid layer on the surface the droplet
spreads on the surface and again there is
no bouncing (Figure C.3). Small droplets
that leave the surface can be created in
these processes due to splintering. Their
relative volume is, however, mostly so
small that their effect on icing 1s
insignificant. Therefore, liquid water
droplets can generally be considered not

to bounce, i.e. for water droplets 7, = 1.

Snow particles, however, bounce
very effectively. For completely solid
particles (dry snow) the sticking
efficiency, #,, is basically 0, but when
there is a liquid layer on the surface of
the snow particles, they stick more
effectively. At small impact speeds and
favourable temperature and humidity
conditions, #; 1s close to the unity for wet

SNOW.
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3HAYEHb MOKPOTO CHITY.

VY naHuii 4ac He ICHy€ Teopii Moa0
e(PEKTUBHOCTI ~ HAJIWIAHHS  MOKpPOTO
cHiry. HasiBHI MeToaM anpokcumartii #, €
EMOIpUYHUMHU  (POpPMyJIaMH HA OCHOBI
Ja00paTOPHOTO MOJICTIOBAHHS Ta JCSKUX
MONbOBUX  coocTepexkeHb.  [lepmioro
HaWKpalow ampoKCUMAIIIE Ul #y €,
MOXJIUBO, [1]:

n,=1/v,

JI€ BUJKICTb BITPY V BUPAKAETHCS
B METpPax 3a CEKyHAy, SKIIO V MCHIIE
HIX 1 m/c, 17, nopintoe 1.

Bonoricte 1 Temneparypa noBiTps
TAKOXX BIUIMBAKOTh HA 72, ajJle HA JAHWU
MOMEHT HEMA€ JOCTaTHBO JAHWX, MI00
[IPUAHSATH 1X 10 YBary.

[Ilpp  1tbOoMy,  OJaHAK,  CHiA
3a3HAYUTH, IO #» OUTbIIE HIK O TUIBKU B
TOMY  BHIAJKy, SKOIO  TMOBEPXHs
YACTHHOK CHITY € MOKPOK), TaK IO ISt
CHITY #> JOpIBHIOE 0, KON Temreparypa
32 MOKPUM TEPMOMETPOM CTaHOBHTH
Hwxkue 0 °C [20].

C.2.4 IHTEeHCHUBHICTH BiAKJIaAeHHS

[Ipm (opmyBaHHi CyXO0ro
OPUPOCTY T Yac OOJEACHIHHS BCl
Kpamil  BOAM, IO CTUKAKOTHCS 3
MOBEPXHEI0, 3aMEP3at0Th 1 €PEKTUBHICTh

BiAknaacHHa #3=1 (pucynoxk C.2). B

Presently there 1s no theory for the
sticking efficiency of wet snow. The
available approximation methods of #;
are empirical equations based on
laboratory simulations and some field
observations. The best first

approximation for #, is probably [1]:

(C.6)
where the wind speed v is in metres

per second; when v < 1 ms™, 1, = 1.

Air temperature and humidity also
affect 7, but here are presently not

enough data to take them into account.

However, i1t should be noted that
n2>0 only when the snow particle
surface 1s wet, so that for snow, n, =0
when the wet-bulb
below 0 °C [20].

temperature  1s

C.2.4 Accretion efficiency

In dry growth icing, all impinging
water droplets freeze and the accretion
efficiency, #s=1 (Figure C.2). In wet
growth

icing, the freezing rate is

controlled by the rate at which the latent
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yMOBax (POpMyBaHHsI BOJIOTOrO MPUPOCTY

mpa dac  oOJieACHIHHSA, IIBHAKICTH
3aMEp3aHHS 3AJICKUTh Bl IIBHIKOCTI, 3
SKOK JIATGHTHA TEMJI0Ta B MPONEC]
MOKE

3aMEp3aHHs BIIBOAUTHCS  BIJ

oOmep3atouoi moBepxHi. llpu npomy
YacTUHA BOJM, KA HE MOXKE 3aMEpP3HYTH
npu OOMEXKEHOMY TEMI0OOMIHI, CTiKae
i JIE0 CWIH TSOKIHHS a0o  onopy
noBiTps (pucyHok C.3).

JIsis BOJIOTOTO MPUPOCTY OXKENEIi
OamaHc  Ha

TEII0BUI NOBEPXHI1

OOJIEICHIHHS MOKHA NIPEACTABUTH SIK:

O +0,=0.+0,+0,+0,

ae

Q, - JareHTHa  TEIWIoTa, IO
BUBUIBHSETHCS M1J] 4aC 3aMEP3aHHS;

(, — acpoaMHAMIYHE  HarpiBaHH:I
NOBITPA,

O, — BUTOKH (i3UYHOTO TEIIA B
HOBITPS,

(), — BHUTOKM TeIUa MiJ BIUIMBOM
BUIIAPOBYBAHHS;

(O, — BIITIK (NPUIUIMB) TEIUIA IPH
HarpiBaHHi (OXOJIOMKEHH1) BOIM, 11O
CTUKAETHCS 3 MIOBEPXHEIO, 10

TEMIEpaTypu 3aMep3aHHS;
o -

BUITPOMIHFOBAHHSI.

BTparu TCILIOTH Ha

heat released in the freezing process can
be transferred away from the freezing
surface. The portion of the impinging
water that cannot be frozen by the limited
heat transfer, runs off the surface due to

gravity or wind drag (Figure C.3).

The heat balance on the icing
surface can, for wet growth icing, be
written as:

(C.7)

where

O, is the latent heat released during

freezing;

Q, 1s the frictional heating of air;

O, 1s the loss of sensible heat to air;

O, 1s the heat loss due to evaporation;

O, is the heat loss (gain) in warming

(cooling) impinging water to the freezing

temperature;

O, 1s the heat loss due to radiation.
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Unenn  GopMyaum  TEMIOBOIO
Oanancy (C.7) MOXKYTh OoyTn
napaMeTpU30BaHi 3a JOMOMOT OO
METEOPOJIOTTYHUX 1 CTPYKTYPHUX
3MIHHUX.

Temnuio, 3BUIBHEHE NIPU 3aMEP3aHH,
MePEIAEThCA 3 PO3MEKYBAIIBHOI
NOBEPXHI «JTIA-BOJIA» YE€PE3 PIAKY BOAY B
NOBITPSL, BIAMOBIIHO, YEPE3 PILAKY TUTIBKY
BiJI'€MHHUIA

YTBOPIOETHCS IPAIEHT

TEMIIEPATYPH. Takuit THTL
NEPEOXONIOKEHHS  cpusie  Mopdosorii
JACHAPUTHOI KpuCTam3alili, B pe3yibTari
YOro MEBHA YaCTHHA BOJM 3aJMIIAETHCS
BCEPEANHI KprkaHOi Marpuill. OCKUTbKH
HE3aMep3ia BOJA MOXKE  BUSBUTHCS
3aXOMJICHOK 0€3 BUALIECHHS Oyb-SKOro

JIATEHTHOrO TeIia, WieH O, y (opmyii

(C.3) nopiBHIOE:
Q, ==L,

ae

/A— piaKa ppakiiis BiAKIaACHHS;

F — IABHICTh TOTOKY BOAM A0 MOBEPXHI
(£ =mmn,w).

Jlis Bu3HaueHHs piakoi (paxumii A
poOunucss 1 teoperwuHi  [18], 1
€KCIICPUMEHTAJIbHI [7] cipobu. Y naHux
JOCIIDKEHHSIX  Tepen0avyacTbes, 1O A

3AJIUINAECTHCA, MBUAIIC 3a BCC,

The terms of the heat balance
equation (C.7) can be parameterized
using the meteorological and structural

variables.

The heat released in freezing is
transferred from the ice-water interface
through the liquid water into the air, and
consequently there 1s a negative
temperature gradient through the liquid
film. This kind of super-cooling results in
dendritic  growth  morphology, and

consequently some liquid water 1s
trapped within the spray ice matrix. Since
the unfrozen water can be entrapped
without releasing any latent heat, the term

Q, in equation (C.3) is

(C.8)

where

A 1s the liquid fraction of the accretion;
F1s the flux density of water to surface
(F=mi wv).

Attempts to determine the liquid
fraction, 4, have been made both
theoretically [18] and experimentally [7].
These studies suggest that 4 1s rather

insensitive to the growth conditions, and
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HEWUTPAIBHUM 10 YMOB

mo /=026 —

HAPOCTaHHS
aboay 1 e nepiia
NPUAHATHA alPOKCAMALLIS.

Kinetnune HarpiBanus noBitpst O,
€ BIJHOCHO HEBEIMKOK BEIMYMHON, aJie

OCKUIbKM BOHA JIETKO MApPaMETPU3YETHCS

3a JI0MOMOT010:
2
0,=hr’[(2C,),
TO BOHA BKJIIOYAETHCS, SIK TIPABUIIO,
a0 TemioBoro OanaHcy. KiHeTnuHe

HArpiBaHHs Kpamenb HECYTTEBE 1 [0

yBarm HeE mnpuiiMaeThcs. B naHomy
BUMIAAKY /4  — 1me  Koe(imieHT
KOHBEKTHBHOTO  TEIJIOOOMIHY, F» —

KOC(ILIEHT BIJHOBJICHHS JUISl TEIUJIOTH

BHyTpimiHbOrO  Teptsa  (r=0,79  ans
LWIIHAPA), v — IBUAKICTE BiTpY, a C), —
MUTOMA TEIIOEMHICTh TOBITPSI.

KonBekTuBHMI TEMI000MIH
MO>KHA TIPEICTABUTH SIK:

0, =hit,~1,)

1€ t, — ue TeMmeparypa NOBEPXHI
oboneneninnsa (4,=0 °C mpu BOJIOrOMY
OpUpPOCTI), a I, — 1€ Temreparypa
MOBITPSL.

Bumnapua TeIIonepeada

NapamMeTPU3YETHCA SIK:
O, =hel (e, ~e)/(C,p)

Ac

that the value of 4=0,26 is a reasonable

first approximation.

The kinetic heating of air, (), is
relatively small term, but since it is easily

parameterized by

(C.9)

it 1s usually included in the heat
balance. Kinetic heating of the droplets is
insignificant and 1s ignored. Here # is the
convective heat transfer coefficient, 7 is
the recovery factor for viscous heating
(r=0,79 for a cylinder), v 1s the wind

speed and C,, is the specific heat of air.

The convective heat transfer is

(C.10)

where ts 1s the temperature of the
icing surface (7,0 °C in wet growth) and

t, 1s the air temperature.

The evaporative heat transfer is
parameterized as

(C.11)

where
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¢ — KOC(]IIEHT MOJIEKYISPHOI Mach
CyXOro TOBITpA 1 BOAAHOI Mapu
(£=0,622);

L, — NaTeHTHE TEIJIO BUNIAPOBYBAHHSI,
¢, — TUCK Hacu4eHol BOAAHOI Mapu Ha
MOBEPXHI BIIKJIAICHHS,

e, — THCK HaBKOJHUIIHLOI

napu B
NOBITPSHOMY MOTOLIL,
p — TUCK TIOBITPSL.

B nanomy BuNajnky es — Le crajia

(617 Ila), a e, — wune QyHKUid
TEMIIEpATypd 1 BIJAHOCHOI BOJIOIOCTI
HABKOJIMIIHLOTO  MOBITps.  3a3Buyait

BBAKAETHCS, 10 BIAHOCHA BOJIOTICTH Y
xmapi craHoBUTh 100 %.

Bemwunna (O — 1ne pesyabrar
PI3HUIl TEMIEpPaTyp MIDK TOBEPXHEIO
o0'ekTa, W0 3a3Hae OOJCACHIHHA, 1

KPAIUTIMU, 110 CTUKAKOTHCS 3 HETO.
O =FC,(,-1,)
JIe
C,, — MATOMA TEIJIOEMHICTh BOJIH;
[, — TEMIICpaTypa Kpamneib npu
31TKHEHHI.
MoxHa TOpPUNYCTUTH, IO IS

XMapHUX Kpanenb lila; TaKe

IpUIYINCHHA IMOBHUHHO CTOCYyBAaTHUCA

TaKOXK NEPCOXOJIOMPKCHUX Kpalcijib

JIomLy.

¢ 18 the ratio of the molecular masses of

dry air and water vapour (& =0,622);

L. 1s the latent heat of vaporization;
e, 1s the saturation water vapour pressure

over the accretion surface;

e, 1s the ambient vapour pressure in the
air stream,;

p 1s the air pressure.

Here e, 1s a constant (617 Pa) and
e, 1s a function of the temperature and
relative humidity of ambient air. It is
usually assumed that relative humidity is
100 % in a cloud.

The term (; is caused by the

temperature  difference between the
impinging spray droplets and the surface
of the icing object.

(C.12)

where
C\ 1s the specific heat of water;
ts 1s the temperature of the droplets at
impact.

For cloud droplets #;/~f, may be
assumed, and this assumption must
usually be made also for supercooled

raindrops.
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Brpatn Temnma Ha JOBrOXBHIIBOBE
BUITPOMIHIOBAHHS MOYKHA

NapamMeTpPU3yBaTH SIK:

Q,=oa(t,~1,),

ne o — 1ne crama Credana-
Boneumana — (5,67x10°%  Br/(M*KY)),
a a —  craja  JiiHeapu3auii

sunpoMintoBanns (8,1x107K3). V nawiii

dbopmyi BPaXOBYEThCS TIJIbKH
JOBFOXBUJILOBE  BUIPOMIHIOBAHHS 1
JOIMYCKAEThCS 3arajbHa

BUIIPOMIHIOBAJIbHA 3JATHICTh K IS
NOBEpXHI  OONEACHIHHA, TaK 1 IS
HABKOJIMIITHBOTO CEPEAOBULIA.

B pesynbrari
dopmyn  (C.8)—(C.13) 'y  dopmym

TerioBoro Oamancy (C.7) 1 BU3HAQUYCHHs

napaMmeTpusanii

dpaxiii BIJIKJIQJICHH I

HACTYMHY popmyny:

B h
F(l-2)L,

OTPUMYEMO

el
773 (ts_ta)+ . (es_ea)
C,p

p

Hoci,

CKa3aHO NPO BU3HAYEHHS Koe(ilieHTa

OJIHAaK, HIYoro He OyIo

KOHBEKTHBHOTO  TEIJIOOOMIHY /1 B
dopmyni (C.14). € craHmapTHI METOAM
OIIHKKA SK MICIEBHUX, TaK 1 3arajJibHUX
3HAQUYCHb IS A Ha TJIAAKUX O00'€KTax
pi3HuX po3mipiB 1 Qopm. biemicTe

MoAeNieH OOJICIEHIHHS JTONYCKae, 10

ry

The heat loss due to long-wave

radiation may be parameterized as

(C.13)

Where o is the Stefan-Boltzmann
constant (5,67x10% Wm?K™*) and « is
linearization constant

(8,1x107K?). This equation takes into

radiation

account only long-wave radiation and
assumes emissivities of unity for both the

icing surface and the environment.

Using the parameterizations of
equations (C.8) to (C.13) in the heat
balance equation (C.7) and solving the
accretion fraction, results in the following
equation

2

2C,

" ((jfft} ; Lti) ; gz(i 4_)2 (C.14)

So far nothing has been said about
determining the convective heat transfer
coefficient /# in equation (C.14). There
are standard methods to estimate both
local and overall values for # on smooth
objects with various sizes and shapes. In
most icing models it has been assumed

that the heat transfer coefficients of
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KOE(IUIEHTH TEIUIonepeaadl [HIIHPIB
JOCUTh J00pEe MPEACTaBIsAIOTh 00'€KTH
oOneneHiHHsA. HaBiTh sKIIO AonmycKaTH
Taky npocty ¢opmy, npodiaema aenio
YCKIAJHIOETHCA IOPCTKICTIO TOBEPXHI
ab0ay. EdexT nmoBepXHEBOi MIOPCTKOCTI
TEOPETUYHO BHBUYEHO y BCIX
netansx [17], 1 pgaHa Teopis  MOXKE
BUKOPHCTOBYBATHCS K YaCTHMHA MOJENI
0ONeICHIHHS.

Maroun ouinky A, popmyna (C.14)
MOKE BUKOPUCTOBYBATHUCS VTS
BH3HAYEHHS IHTEHCHBHOCTI BIJKJIAQICHHS
/3 1 BUBEAEHHS (POPMYJIM IHTCHCHUBHOCTI
oboneneninns (C.1). He3paxkatouu Ha Te,
(C.14)

[IJTLHOCTI

mo  ¢opmyna 3anvcaHa B

3HAYEHHSX BOJISIHOTO
MOTOKY /¥, BOHa [ifCHA TakoX 1 B
MICLEBOMY BIJHOLIEHHI JUIs MOBEPXHI
00'ekTa, MmO 3a3Hac oOJeAcHIHHA. Y
IbOMY BUMAAKYy [ MpeAcTaBisie MPAMU
MAacCOBHMI MOTIK IJIKOC PEUUPKYIIsALiiiHA
BOJA 3 IHIIMX CEKTOPIB MOBepxHi. Tomi
CepeoHs TeMIeparypa MOTOKY HETTO
OyAe BIAPI3HATHCA BIJ TEMIEPaTypH
Kpaneinb. Jljig Toro, mo6 CnporHo3yBaTu
HE TUIBKH 3arajbHy Macy OKEJIEeIHOrO
BIIKJIQJICHHS, ajie 1 #oro Qopmy Ta
BCPTUKAJIGHUMA PO3MOMALI, I1 aCIEeKTH

BU3HAYECHHS MICIIEBOTO TETLUTIOBOTO

cylinders represent the icing objects well
enough. Even assuming this simple
shape, roughness of the ice surface makes
the problem rather complicated. The
effect of roughness of the surface on has
been studied theoretically in detail [17],
and this theory can be used as a part of an

icing model.

With an estimate of 4, equation
(C.14) can now be used in determining
the accretion efficiency #3, and thereby
the rate of icing equation (C.1). It should
be noted that although equation (C.14)
has been written in terms of the spray
water flux density F, it is basically valid
also locally on the surface of an icing
object. In that case /- represents the direct
mass flux plus the run-back water from
the other sectors of the surface. Then,
also the mean temperature of the net flux
will be different from the temperature of
the droplets. In order to predict not only
the overall mass of the accretion, but also
its shape and vertical distribution, these
aspects of formulation the local heat
balance have been included in some of
the recent icing models (see, for example,
refs. [11] and [31]).
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OaJlaHCy BKJIIOYEHI J0 JACIKAX MOJEICH
oOnencHIHHS  (1MB.,

BiGmiorpadii [11]1 [31]).

HalpuKIan, y

C.3 YucaoBe MoaeII0BaHHS

PimeHHst mpoGneMu 1HTEHCHBHOCTI
OOJICICHIHHS AaHAIITUYHUM CIIOCOOOM 3a
(C.14) ¢

BOHO

J0MOMOrorw  (opMyJin

HEIOLLILHUM, OCKLUIbKH
nepeadayac BUKOPUCTAHHS E€MITPUYHHUX
PIBHOCTEH 3aJIEKHOCTI TUCKY HACHYCHOI
BOASHOT Tapv 1 MUTOMOI TEMJIOTH BIJ

TEMIIEPATYPU, a TaKOXK

HPOUEAYPY
BU3HAYCHHS /. YUCIIOBI METOJM MOBUHHI
BUKOPHUCTOBYBATHCS € H TOMY, IO
OOJIEICHIHHS € MPOLIECOM 3aJICKHUM B1JT
yacy, 1 3MIHM PO3MIPIB  OXEJIECIHUX
BIJIKJIQJICHb /1 BIUIMBAIOTh HA KOC(IIIEHT
temioo0miny 4 B popmyni (C.1). Bee ne
YCKJIAJHIOE Tponec oOneneHiHHg. Ha
PUCYHOKY C4 MIPEACTABIICHO

CXEMaTUYHE 300pakeHHs TESIKNX
B3a€MO3B's13KIB JAHOTO mpouecy. CydyacHi
KOMO'IOTEPH  3a0€3MeUyrOTh  HaIlHHMIA
BUBIJl pE3yJIbTaTiB MiAg Yac PodoTH 31
O0JIEICHIHHS.

CKIIaJHUMH  MOAC/IAMH

[TpoGnema O’KENETHOTO

dopmu
BIAKJIAJCHHS, 10 3MIHIOETBCS 13 4acoM,
3a3BMYAil BUPILIYETHCS TAKAM CHOCOOOM:
BBKAECTHCA, IO OXKEJICAHI BIIKIAACHHS

MarTh HWIHAPUYHY reoMeTpiro. OmHak

C.3 Numerical modelling

Solving the icing rate analytically
using equation (C.14) 1s not practical,
because empirical equations for the
dependence of saturation water vapour
pressure, and specific heats on
temperature, as well as the procedure in
determining /4 are involved. Numerical
methods must be used also because icing
1s a time-dependent process, and the
of the

heat transfer

changes 1in the dimensions
accretion affect £ the
coefficient 4 in equation (C.1) and, as
examples. All this makes the process of
icing a rather complicated one. A
schematic presentation of the many
relationships involved is shown in Figure
C.4. Modern computers provide means to
readily obtain results of the complex
icing models. The problem of accretion
shape changing with time is usually
avoided by assuming that the ice deposit
maintains its cylindrical geometry. The
growth of icicles may complicate the
problem. A separate model that simulates
icicle growth [19] may be included in the

simulations when icing due to freezing
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npobiiema MOKE YCKJIQTHUTUCS
YTBOPEHHSIM OYypyJiboK. OKpemMa MOJEb,
o0 1MITYye YTBOPEHHs Oypyabok [19],
MOKE BUKOPUCTOBYBATUCS npu
MOJICIIFOBAHH1 OOJIEICHIHHS 1T BILIMBOM
JLOJISIHOTO JIOIITY.

Tak 'y [21] n*ponoHyeTbes
KOMITJIEKCHA MOJICITb IMITALlll OKENCTHUX
HABAHTAKEHb, CHPUYMHEHUX JIbOASHUM
JOLIEM.

UucnaoBi wmopaenal  oOJIeACHIHHS,
3aJICKHI  BIJT 4Yacy, BHMAararTh TaKOXK
MOJICJIIOBAHHS ~ TYCTHHM  OXKEIICAHMX
BiAKIaACHb. Lle MOSCHIOETHCA THM, IO
IHTCHCUBHICTD 00JIe ACHIHHS JUISE
HACTYMHOI 4acoOBOi CTaAll 3aJICKUTh BIJ
po3mipiB o0'exkta A B popmyni (C.1), ans

YOro HEOOXIJHO 3HATH B3aEMO3B'SI30K

MDK 3MOJEIIBOBAHUM OKENECTHUM
HABAHTAKEHHSM 1 po3mipaMu
o0neneH1mx KOHCTPYKIIH. Jlst

MaMOPO3ECBOro OOJICACHIHHS UIIBHICTh

MOQOIKC MOJCTHOBATUCA YUCJIOBUM

METOJOM 32  JIONOMOIOK  OKpPEeMOi
oamictuunoi mozaem [30]. ¥V Ouibmocti
BUMAJKIB JUIsl BU3HAYCHHS TYCTHHH p
namMopo3il (Cyxui MpUpicT) HA LWIIHIPI
MOKE

BHUKOPUCTOBYBATHUCA  HACTYIIHA,

HaHOLIBLI BIAMOBIIHA popmyna [23]:

rain 1s modelled.

Such a comprehensive model for
simulations of ice loads due to freezing

rain has been proposed [21].

Time-dependent numerical models
of icing also require modelling of the
density of the accreted ice. This is
because the icing rate for the next time-
step depends on the dimensions of the
object A4 in equation (C.1) and the
relationship between the modelled ice
load and dimensions of the iced
structures 1s, therefore, required. For rime
ice, the density may be simulated
numerically by a separate ballistic model
[30]. For most applications the following
best-fit equation [23] may be used for the
density p of rime ice (dry growth) on a

cylinder:
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p=0,378+0,425(log R) — 0,082 3(log R)*

Tyr R —11e
Makxkmina [12]:
R=-(vd )/2t,

Koe(iieHT

JIe
V, — IIBHJKICTh 3ITKHCHHS Kparesb,
BUXOJSYA 3  CEPECAHbOI  BEIMUYMHU
PO3MIPY Kparl dy;
t; — TeMIlepaTypa MOBEPXHI OXKEJIETHOTO
BIIKJIAICHHSL.

dopmyna s PO3PAXYHKY W,
MOKHA

B3ATH 3  JKepena  [5].

Temneparypa  MOBEpPXHI Iy  MOXKE
BU3HAUATUCS YUCIOBUM METOJIOM 13

dbopmynu Temnooro Oanancy. OaHaK y

OUTbIOCTI  BUOAAKIB  arMocepHoi
namopo3i, TeMmrmeparypa NOBITPS MpPU
o0neneHIHH1 MOKE npUOIU3HO

JIOPIBHIOBATH 1.

Jlis  oxenenl (BOJIOTMH MPUPICT)

3HAQUYCHHS TYCTUHU MAarTh HEBEJMKI
Bapiaiii, BHXOASYA 3 UYOr0 MOKHA
JIOMYCTUTH, 110 jnil 3HAYEHHSI

cknanatumyTh 0.9 r/cm?.

(C.15)

Here, R 1S Macklin’s
parameter [12]:

(C.16)

where
v, 1s the droplet impact speed based on

the median volume droplet size diy,;

t, 1s the surface temperature of the
accretion.

Equations to calculate v, can be
found in ref. [5]. The surface temperature
t, must be solved numerically from the
heat balance equation. However, in most
rime the air

cases of atmospheric

temperature can approximate icing f,.

For glaze ice (wet growth) the
density variations are small and the value

of 0,9 g cm™ may be assumed.
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Jiamerp kparmri -
E(exTuBHICTH

HAKOMAYICHHA KPAnecjb

IiMBHICTD 05KETICTHOTO ¢
BIIKJIAICHHS

Droplet diameter

Density of accreting ice j——— — ]  Droplet collection
A efficiency
— A
ITBuAKICTS BITPY — |[—| /]
Wind speed
Temmepatypa noBiTps
Air temperature
y yv |
T . Osxenenne
CMIICPaTypa MOBCPXHL SaransHuit iaverp [ — —|— |1 wnaBamraxkeuns
TBOAY L ,
i~ 00’ €KTa ILTIOC load
i [ — Ice loa
Temperature of ice | oeneanc siakaseHis
surface Total diameter of object }— — T
plus ice deposit Y vVy
[HTCHCHBHICTD
00JICACHIHH
Icing intencity
Bwicr pinkoi Boau B Yy .y ' L)
TOBiTpi 3aMepiaroua (ppakmia
L p] magaroumx Kpaneib
Air liquid water content > BoH
Fraction of impinging
water drops that freeze
Pucynok C.4 — Bzaemo3anexHiCTh pi3HUX (PAKTOPIB Mpolecy OONeICHIHHS,
CIIPUYMHCHOI'O KpallJIsIMU BOAH
Figure C.4 - Interdependence of various factors of the icing process caused
by water droplets
[linbHICTH MOKpPOTO CHITY Wet snow density increases with
M1JBUIIY €ThCS 3 T1IBALIEHH SIM increasing wind speed, but quantitative

HIBUAKOCTI BITPY;, NPHA LBbOMY KUIBKICHA
OLIHKA IIUIBHOCTI CHITY 3aJIAIIAETHCS
JOHWH1 HEBIIOMOK. Buxoasum 3 maHuX
[8],

MMOJIBOBHUX CIIOCTCPCIKCHDL

estimation of the density of snow is
uncertain at present. Therefore, it is
reasonable to assume a constant value of

0,4g cm? based on field data [8]. It
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AO0IIYCKAE€ThbCA BUKOPUCTAHHA MOCTIHHOTO

3HAYEHHS 0,4 t/em?. Onnax B
CKCTPEMAJIbHUX BHUMAAKaX HaJMMaHHS
MOKpPOTO CHITY IIUIBHICTh (TYCTHHA)
MOKE€ BHUSBUTHCS BHIIOK, SIK MPABUIIO,

omaseko 0,7 em [3].

Haniona/ibHe MOSICHeHHS

BignoeigHo a0 po3zauty 4 1mboro
CTaHAAPTY Uil TYCTHUHH JIBOAY )
3a3HAYECHO  OJWMHHULI  BUMIPIOBAHHS

[kr/M®]. ToMy HaBeaeHy y JaHOMY
nyHkTi Benmuudy 0,7 cm™ i3 [3] cnin

posymith sk 0,7 r/cm?.

B pesyabrari  cucremaru3aitii
HABEJICHUX  BUUIIE OIIHOK T[yCTUHHU
OXKeJIeTHUX BIJIKJIaJACHD MO>KHA

PO3POOUTH YHUCJIOBY MOJIEAb  IMITAIlll
oOneneHiHHA 00'€KTa B 3AJICKHOCTI BiA
gacy. (CxemarmuHuii omuc  MoAenl
00neIeHIHHS HABEACHO Ha pUCyHKyY C.5.

PeanbHa KOHCTPYKIIS, HAMPUKIIAL,
Iorj1a,  3a3BHYal CKJIAIAEThCI 3
HEBEIIMKUX KOHCTPYKUIHHUX €JIEMEHTIB
pi3HUX po3MipiB. Tomy ajisi COPOLICHHS
NPOLECY MOJCIIOBAHHS TaKy CKIAIHY
KOHCTPYKIIFO MO>KHa PO3JIUIMTA Ha
KUJIbKA TPyl HEBEIUKUX €JEMEHTIB 1
pPO3paxyBaTh OXKEJICTHE HABAHTAXKCHHS
OKPEMO IJIsl KO’KHOTO €JIEMEHTA, a MOTIM

CKJIACTH BCl OTPHMAHI PE3yJbTaTH ISl

appears, however, that in severe cases of
wet snow accretion the density may be

higher, typically around 0,7 cm™ [3].

When the

estimates of the density of accretions are

above-mentioned

included in the system, a numerical
model can be developed to simulate the
time-dependent icing of an object. A
schematic description of an icing model
1s shown in Figure C.5.

A real structure, such as a mast,
usually consists of small structural
members of different size. Modelling of
icing of such a complex structure may be
done by breaking the structure into an
ensemble of smaller elements, calculating
the ice load separately for each element
and finally summing up the results to get

the total ice load.
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BUBEJCHHS  3aralbHOTO  OKEJIEJHOTO
HABAHTAKECHHS.
C.4 O0roBopeHnst

Teopiss 00nencHIHHS KOHCTPYKILIA

B)XC OTpuMaJia 4aCTKOBC HiI[TBepIDKeHHH

[71, [13], [23], [24]. [Ilpore wme
3aIMmaeTbess  0arato  HeE3'sICOBAHMX
nuTaHb, AKl  NOTPeOyrOTh  OuTbII

PETENBHOrO PO3IISAY 1 HEPEBIPKH.

OcHOBHa HEBHU3HAYEHICTh
BUSIBJISIETBCSL TOJI, KOJMM €(EKTUBHICTh
3ITKHEHHS 7 MA€ Jy>K€ HU3bKE 3HAUYCHHS
(11<0,1). Y ubomy Bumnaaky teopis C.2.1
HAMAraeTbCs MOSICHUTH HAATO HU3bKI
3HAQUYCHHS #; [26] TUM, IO WIOPCTKI
€JICMECHTH TMOBEPXHI [IIOTh, SIK OKpEMi
KOJICKTOPH.

Komu 7, wmae Hesenmke

3HAUCHHS, OOJCJACHIHHS TaKOXK Mae
HEBEJIMKY THTEHCUBHICTH (JIUB. (opmyiy
(C.1)), 3aBasiku 4yoMy JaHa mpoOriema He
NEPEIIKO/KAE  OLIHI  PO3PAXYHKOBUX
OKEJIEHUX HABaHTaKEHb. OAHAK KOIH
KOHCTPYKII  (HANpWKIaa, MOBHICTHO
oOneneH1Ia NIOMIa) MAa€ BEJIHMKI PO3MIPH
(4 B ¢popmym C.1), oOneAcHIHHI MOXe
BIIOYBAaTUCS 1HTCHCHBHO, HABITh MPH
HU3bKNX 3HAYCHHSX 7]1.

ToOTo olliHKAa OOJICACHIHHS Ty)KE
BEIMKUX OO'€KTIB, 30KpPEMa, B YMOBax

HEBEIMKOI IIBHUIKOCTI BITPY, BHMAarae

C.4 Discussion

The theory of ice accretion on
structures has partly been well verified
[7]1, [13], [23], [24]. However, there
remain several uncertain areas which
require  more  development  and
verification.

A major uncertainty 1s involved
when the collision efficiency # 1s very
small (#;<0,1). In such a case the theory
in C.2.1 tends to predict too small values
of #1 [26] mainly because the roughness
elements of the surface act as individual
collectors. When #; is small, the icing is
also very small [see equation (C.1)], so
that this problem does not generally
hamper the estimation of design ice
loads. However, when the size (4 in
equation C.1) of the structure is large
(e.g. fully iced mast), the growth rate of

the total ice load may be substantial even

at low #1.

Estimates of icing for very large
objects, particularly at low wind speeds,

should, therefore, be made with caution.
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0cOo0JIMBOT yBaru.

YIOCKOHAJICHHS METOIB OLIHKH
JTAHUX napaMmeTpiB € JOCUTH
npoOJIEMaTUYHUM, OCKIJIbBKM B yMOBAax
HU3bKMX 3HAYCHb BEJIMUMHA #1 HACTIIIbKA
YyTJIMBA [0 3MIH PO3MIPIB Kpamenib
(MVD),

TOYHC BHU3HAUYCHHA

mo ii

BUABJIACTHCA HEMOKIIMBUM qcpe3

NoXUOKHK BUMIprOBaHHS MVD.

There 1s not much hope of
improving the estimation methods in this
respect, because at low values #; 1s so
sensitive to changes in the droplet size
(MVD) that its accurate determination is
impossible due to errors in measuring or

otherwise estimating the MVD.

/ Bximmi mapamerpu

[

Input parameters

v

EdexTuBHICTS HAKOTIMYEHHS
¢
Collection efficiency
v v
Koedinienr KOHB.GKTHBHOFO TermtoBwuit GanaHc MOBEPXHL
TEITOOOMIHY LI ICHIHHS
Bt > ove <
Convective 1.1e.at transfer Heat balance of the icing surface
coefficient
IHTEeHCUBHICTD 06IIEICHHIHHS, ) . .
. . Kpurruni IHTEHCHBHICTEL 00T IEHHIHHS,
BUXOILITH 3 ITICHICHBHOCTL MOBH B i | BUXO/1514H 3 TEIUI0BOrO GalaHcy
HAKOITUYEHHS y 07011
Teing intensity based on the Cnt.lgal Icing intensity based on the
. - conditions heat balance
collection efficiency
Orkene/THE HABaHTAKEHHS TonpaBka Ha PUXITICTH
< |—
Ice load Sponginess correction
IIiTBHICT OKETTETHITX ; -
IE—— JliameTp oKeneHUX B1/IKIIa/IeHb
JKIIaL )
Density of the accreting ice fce deposit diameter
Hacrymmmit yacoBwii iHTEpBaT Hactymmwit yacoBuii inTepBat
Next time-step Next time-step
Pucynok C.5 — CnpomieHa 0JI0K-CXeMa YUCIOBOI MOAEI OOIEICHIHHS

Figure C.5 -

Simplified block diagram of a numerical icing model
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Oninka e(heKTHBHOCTI TPUAIUTAHHS

2  MOKPUX  CHDKMHOK  ChOTOJHI
XapaKTEPU3Y€EThCA MEBHOK HETOUHICTHO.
®dopmyny (C.6) caij po3risaaTdH TUTbKH
K TMEpIIy aMpOKCUMAIII0, IOMOKH HE
OyJIyTh PO3POOJICHI CKJIAIHINI METOAM
OUIHKK 7. [lpm po3rnsal  BETMKHX
Kpaneiab BOAW (J0IMy) BBAXKAETHCS, IO
JESKI Kparjil MOKYTh BIJICKaKyBaTH BIJ
noBepxHi [10]; sxkuoo ne tak, 1o #=1
MOXKE€  OPHU3BECTH 10  HEBEIIMKHX
NOXUOOK.

[HTEHCUBHICTDh BIJIKIIAJICHHS #3 €,
SK  MOpaBWIO,  HAWOUTBII ~ TOYHUM
koepinieaToM y ¢opmym (C.1). Tomy
TEOPETUYHA OIIHKA YTBOPEHHS OXKEJIEl
(Bonoruit IPHPICT) BIJIPI3HAETHCS
BIIHOCHOK HAJIWHICTIO 3a YMOBH, IO
JaHa MOJCIb Ma€ MpaBWIbHI BXIJHI
3HaueHHs. OnHaK, KO  YacTHHA
O’KEJIETHOTO HABAHTAKCHHS COPHUYMHEHA
OypyJbKamu, MOJICITFOBAHHS [21]
NOTPIOHO BUKOHYBATH 3 BUKOPUCTAHHSM
OKpeMOi MOJEII YTBOPEHHs OypyJIbOK
[13], [19]. ¥V Takomy pa3l 3arajibHe
HABAHTAKCHHS OyAe OYXKE YyTIUBUM JIO
TEMIEPATYPU MOBITPSL.

Lls Teopis Oa3yeTbCs TOJOBHUM

YMHOM HA MPUNYIIEHHI, M0 O0'€KT Mae

Estimation of the  sticking

efficiency 7, of wet snowflakes is
presently quite inaccurate. Equation (C.6)
should be seen only as a first
approximation until more sophisticated
methods to estimate #, have been
developed. For large water drops (rain)
there remains a possibility that some
drops may bounce [10], and, if so, #=1

may lead to small errors.

The accretion efficiency #3 1is
generally the most accurate factor in
equation (C.1). Therefore, theoretical
estimation of glaze formation (wet
growth) 1s relatively reliable, providing
that the model has the correct input.
However, if icicles contribute to the ice
load, a separate model of icicle growth
[13], [19] needs to be incorporated in the
modelling [21]. In such a case the total
the air

load 1s very sensitive to

temperature.

The theory in this clause is mostly

based on the assumption that the shape of
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HUTHAPUYHY (PopMy, XOUa HACTpaB/l 1€
MOke OyTH HE TakK. AJI€ HaBITh SKIIO
KOHCTPYKI[IAHI ~ €JIEMEHTH  BUSBIISTHCS
LWIHAPHYHUMY, iXHS (PopMa 3MIHUTBCS
3 HapocTaHHsM Jboay. Lle mpussene mo
noxXuOOK y MOJENOBaHHI. [Ipu npomy €
MiJCTaBU BBaKATH, IO I1I¢ HE TOJIOBHA
npo0iiemMa po3paxyHKy HABAHTAXEHb BIJ
namopo3i  [16], [23], 4KOI0 TUIbKK
BIJIXWJICHHS Bl HMJIHAPUYHOT (JOPMHU HE
€ KpPUTHYHUM. MeTOoaM MNpPOrHO3YBaHHS
dopmu

po3pobIieHo (AMB., Hanpuknan, [11], [29],

OKEJICTHUAX BIJIKJIQJIEHb
[31]), ane ix 3acTocyBaHHS OOMEXKYEThCS
TUM, IO KOePIleHTH #, #2 1 13 ¥y
dopmyni (C.1) NOKM HE amanToBaHl IS
cknagHimmx ¢opm. Ilpu mpomy Ttpeba
3a3HAa4UTH, O (opMa BIJIKIAJCHHS M€
BOXJIMBE 3HAYEHHS Yy BIJHOIICHHI [0
Onopy BITPY 1 migiiiManbHOi CWIIH. 3 M€l
OPUYMHU JJI Aa€POJMHAMIYHUX MPOQIITIB
PO3POOJICHO CheliajibHl YMCIIOBI MOJEN1

(nuB., Hantpuknan, [4], [27]).

Monentorouu 00neIEHIHHS
CKIaJIHUX  KOHCTPYKIIiii, noTpiOHO
3a3HAYATH, WO  J€AKl  €JIEMEHTH

KOHCTPYKI1i MOXYTb OyTH 3aXWLICHI BIJ

BiAKNAJcHh IHIIAMH CJIEMEHTAMH, a

JESKI  OKpEMl  €JIEMEHTH  MOXYTh

MIJJaBaTUCS  CHUIBHOMY OOMEP3aHHIO.

the icing object is cylindrical. In the field,
the structural members may not be
cylindrical, and even if they are the ice
accreted on them will change their shape.
This causes errors in the modelling.
There are indications, however, that this
1s not a major problem in predicting rime
ice loads [16], [23], unless the deviation
from the cylindrical shape is extreme.
Methods to predict the shape of ice
accretion have been developed (see, for
example, refs. [11], [29], [31]) but they
are of limited use until the factors #i, #2
and #3 in equation (C.1) can be predicted
for more complex shapes. The shape of
the accretion 1s, however, important
regarding the wind drag and lift. For this
reason, specific numerical models have
been developed for airfoils (see, for
example, refs. [4], [27]).

When modelling icing of complex
structures, some components of the
structure may be sheltered from ice
accretion by other components. Also,
different parts of the structure may
completely freeze together, where after

they should be modelled as a single
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Taka mnpoOnmema Mae  PO3MIIAIATHCS
OKpPEMO Il KOKHOT KOHCTPYKILIi 3a
JOTIOMOTOFO ApiOHOMAaCIITaOHUX
€KCIIEPUMEHTIB [25].

I[Ilo croCcyeTeCs  TEOPETHYHMX

MOICICH 00JIC/ICHIHHS, a came
PO3paxyHKy OKENEAHUX HABAHTAKEHb,
TO Il HUX TOJOBHOK MPOOJIEMOI €
BIINOBITHICTE BXIJHUX JaHUX.

Cepenniii 00’eMHUE Po3Mip Kparui
(MVD) 1 Bmict piakoi Bogu (LWC), ski
HE BUMIPIOIOTHCS CTaHJIapTHUMH
METOJaMu, HE € CYTTEBUMH IS
oOnencHIHHS oxeneamto [14], ane MarTh
KPUTHYHE 3HAYCHHS IS MaMOpPO3EBOTO
00JICICHIHHS. s 00JIe ACHIHHS

BHACJI1I0K atMoc(hepHrX OIaJIiB
BOKINBUMH € IHTEHCHUBHICTL OHAMIB 1
TOYHA TEMIIEpaTypa HOBITPSL.
Excrpamonsifis nmMx Ta 1HOIMX BXIJIHHUX
napaMmeTpiB Ha KOHCTPYKIIi,
PO3TalIOBaHI Ha JAJeKId BIACTaHI, BKpaii
CKJIa/IHA.

Tomy MIEPCIIEKTUBA

TEOPETUYHOTO MOJICITFOBAHH I B
MaliOyTHBOMY 3aJi€XKaTh Bl MPOTPECY B

naHii cdepi.

object. These kind of aspects must be
considered individually for each structure
and can be studied by small-scale
experiments [25].

As to the use of theoretical icing
models in predicting design ice loads, the

major problem is the input requirement.

The median volume droplet size
(MVD) and liquid water content (LWC),
which are not routinely measured, are
insignificant when considering freezing
precipitation icing [14], but critically
affect rime icing. In  freezing

hand,

precipitation intensity and accurate air

precipitation, on the other
temperature are important. Extrapolation

of these and other required input
parameters to the often remote sites of the
structures of interest 1s

difficult. The future usefulness of the

extremely

theoretical modelling of icing essentially

depends on progress in this area.
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JOJATOK D (JOBIJKOBHM) -
KIIIMATHYHA OIIHKA
JIbOJ0OBUX KJIACIB 3A
METEOPOJOI'TYHUMU JAHUMU
D.1 Beryn

BigkmaneHHs npoay 1 CHICy Ha
JTHISX ~ €NEKTpornepenay, TeNeBI3IMHUX
BEXAX 1 TEJIEKOMYHIKAIIIHHUX CUCTEMAX €
OJIHUM 13 HAWBAKJIMBIMIMX [MAPAMETPIB
MPOCKTYBAHHSI B PETIOHAX 13 XOJIOJHUM
KJIIMaTOM.

Pesynprarn  BUMIPHOBaHHS

OKEJICMHUX  BIOKIQACHb Yy Oararbox
paifoHax MpeAcTaBIEH] B TPOCTOPOBOMY 1
4aCOBOMY BIJTHOIIEHHI y HaATO
oOMeKeHNX o00csArax, Jjis TOro moo ix
MOKHa OyJI0 BUKOPHCTOBYBAaTH NpPH

OIIIHIII  PO3PAaXYHKOBUX  OXKEJICTHUX
HABAHTAKEHb. PO3paxyHKH KIIIMATHYHUX
OKEJIEHUX

HAaBAHTA’KCHb MO’KHa

NPOBOJUTH  TaKOXX  Ha  MIJACTaBl
METEOPOJIOTTYHUX JAHUX, OTPUMAHUX B1J
METEOCTaHIIA. Y  JaHOMYy  J0JAaTKy

PO3IJIAJAOTECS  METOAM  KIIIMATHYHOT
OIIHKKA JhOJOBHUX KJIACIB Ha MIJCTaBI
METEOPOJIOTIYHUX ~ JAHWUX  CTOCOBHO
OOJICICHIHHS TaMOPO3310, OXKENEUII0 1
HaJMMaHHsS MOKporo cHiry. Ilepesara
KJIIMATOJIOTTYHUX JAHUX MOJISITAaE B TOMY,

mo BOHHU CHCTEMaTH30BaHI1 IIpoOTAromM

ANNEX D (INFORMATIVE) -
CLIMATIC ESTIMATION OF ICE
CLASSES BASED ON WEATHER
DATA
D.1 Introduction

Accretion of ice and snow on
power lines, TV-towers and
telecommunication systems is a major
design factor in cold regions. Measured
ice accretion data for many areas have
too poor spatial and temporal
representation to be used in estimating
design ice loads. Climatic ice load
estimates can also be prepared based on
meteorological data from  weather

stations. Methods to make climatic
estimates of ice classes based on weather
data for rime ice, ice due to freezing
precipitation, and wet snow are described
here. The advantage of using
climatological data 1s that they are
available for long periods and with
relatively good spatial coverage. The
disadvantage 1is, of course, that the
correlation between the icing phenomena
and routinely measured weather data may
be low and needs to be quantified by ice
observations or by icing models (see

annex C).
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TPUBAJIOTO TNEPIOAY Yacy 1 MaroTh
BITHOCHO XOPOLIE TPOCTOPOBE MOKPUTTSL.
Henonmikom €  moraHa — kopemnsis
napameTpiB OOJIEICHIHHS 13 3BUYAHUMU
METEOPOJIOTTYHUMH JaHVMH, ISt
BUpIIICHHS Mi€i mnpodremMu MNOTPIOHI
JI0JIaTKOBI CHOCTEPEKEHHS ado
BUKOPDHCTAHHA MOJCHEH  OOJeaeHIHHS
(muB. nomarok C).
D.2 Jani

[Tomi BHYTPIITHBOXMAPHOTO
OONEIEHIHHS MOYKHA BHM3HAYATH TUIbKH
3a JAHWUMH BUCOTH HHMKHBOI MEXI XMap.
PerenbH1 CHOCTEPEKEHHS 32 HHUYKHBOKO
MEXCK) ~ XMApHOCTI  BEIyThCA B
acpornoprax, ajge HEMAE rapaHTii, MO Taki
CHOCTEPEKEHHS € YaCTHHOK PpoOOTH
IHIIAX METEOPONOriYHuX cTaHuid. Tomy
JUIS aHal3y Kpalle BHUKOPUCTOBYBATH

1H(pOPMAIIF0 METEOCTAHI1H acPONOPTIB.

AHaniz JTaHNX MOXKE
3IIUCHIOBATUCS 3a JIOTIOMOT OO
KOMIO'IOTEpPA,  MPOT€ AN aHANI3y

OoOJIEIEHIHHA BHACJIIIOK OMaaiB 1 IJId

HaJUIaHHS MOKPOTO CHITY
BUKOPHCTOBYIOTBCS ~ BUXIJHI  apKyLIl
CIOCTEPEKEHb,  JUIL  SKHUX  MOXE
3HaJ00UTHCS HEABTOMATH30BAHUM
KOHTPOJIb.

[le  MOACHIETBCS  THUM, 1O

D.2 Data

In-cloud icing events can be
determined only by information on the
height of the cloud base. The cloud base
1s observed very carefully for aviation
purposes at airports, but not necessarily
so at other synoptic weather stations.
Therefore, data from airport weather
stations should preferably be used in the

analysis.

The data can be analysed by a
computer, except for the cases of freezing
precipitation and wet snow for which
original observation sheets might need to

be manually checked.

This 1s because the duration of
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TPUBAIICTh OMAJIB YacTO KOpOTIIA 3a
NEPIOJT CIOCTEPEKECHHS 3a  KUIbKICTIO
omagiB. TouHmd vac modYarky 1
3aKIHYCHHS MOMAIl MO’KHA BH3HAUWTH 32
NO3HAYKaMM HA ApKyIIaX CIOCTEPEKEHD,
BOHM TMOAaHI He y (opmi

cuHONTHYHUX (ailmiB. SKimo aaHi mpo

SAKINO

KUIBKICTh ~ ONAJIB  BIJCYTHI, MOKHA

BUKOPUCTOBYBAaTH HOPMHU KJIIMaTHUHUX

YMOB JJIsl 1X BU3HAYCHHSI.

D.3 Meroan

D.3.1 Onaau 3 yTBOpEHHSIM OsKeyeai
Onagu 3 yTBOPECHHSM  OXENEl

MOKHa BHOpaTH 3 METEOJaHMX 3a

JOMOMOTOK0 TAKMX KPUTEPIiB:

— JbOAsHUE aou; a0 MEPEeOX0JI0IKEHA

MPSIKa, 3a3HAYCHI B METEO3BEICHH], a00

— nouy ado Mpsika 1 £, menuie Hixk 0 °C,

ae f, — TEMIeparypa 3a MOKpPHUM

TEPMOMETPOM.

HauionajibHe MOSICHeHHS:

3riH0 3 YCTAJCHOK TNPAKTHKOK B
VYkpaini JUTS BUMIPIOBAHHSI
TEMIEPATYPA BHKOPUCTOBYIOTh JaH1

CYXOTO TEPMOMETPaA.

Sk 3a3HAueHO BUILIC, TPUBATICTH
MoJii, IHTCHCHBHICTh OMAaJIB, CEPEAHS
TEMIEPATYPA MOBITPS 1 WIBUAKICTH BITPY
MOXXyTh OyTH pPO3paxoBaHl HA MiACTaBI

JAHKX 5KyPHAJIIB METEOCIIOCTEPEKEHD.

precipitation is often shorter than the

observation interval for precipitation

amount. The accurate time of the
beginning and end of the event can be
determined from markings on the
observation sheets, if they are not in the
synoptic data files. If precipitation
amounts are not available the present
weather code may be used in estimating
them.
D.3 Methods
D.3.1 Freezing precipitation

Freezing precipitation events may
be selected from the data by using the
following occurrence criteria:
— freezing rain or freezing drizzle
reported, or
—rain or drizzle and ¢, < 0 °C,

where t,, s the wet bulb temperature.

As mentioned above, the duration
of the

precipitation intensity and mean air

event, and the resulting

temperature and wind speed for the event,

might have to be determined manually
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JletanbHuii  aHali3 BUMAaraeThCs
TUIBKK Y BUNAAKAX CHUJIBHOTO JIbOASHOIO
gomry. Taki  pmaHi  BUOMpArOThCA,
BUXOJSYU 3 3apeecTpoBaHOl
IHTEHCHBHOCTI 1 TpuBajocTi omafaiB. [lo
BOKJIMBUX IS aHAI3y  BHUMAJKIB,
HANpPUKIIAJ, MOKHA BIJHECTH CHJIbHMIA
JBOJSHUN Aonl BOPOAOBXK Ouibme 30
XBUJMH a00 JIETKWHA JHOASHUI  JOII
npoTsArom Outbie 60 XBUJIKH.

OxenenHe  HABaHTAKEHHS s
KO>KHOT 3HAQUHOI MOo/11i MO’KHA BUBECTH 3a
JOMOMOrOK0  MOIU(IKOBaHOI  Bepcii
Mozem oOneaeHiHHS MakkoHeHa [16],
[21]  (muB.

KoHTponibHMiA  00'€KT,

Takok  gogatok ().
BU3HAYCHUNA Y
J0JaTky B, BHKOPUCTOBYETBCS — sK
BUX1HHNA 00'€KT 0OJIEACHIHHSL.
D.3.2 BuyTtpiluaboxmapne
00JieIeHiHHS

3a BU3HAYCHHSIM,
BHYTPILTHBOXMApHE OOJICACHIHHS MOXKE
BIIOYTUCS B TOMY BUNAJKY, KOJIM BHCOTA
HIWKHBOI MEX1 Xmap /H, 3HAXOAWUTHCS
HW)KYE BUCOTH PO3IJIAYBAHOI TOYKHU .
BianoBiaHO, B aHai31 BUKOPUCTOBYETHCS

KPUTEPIH:

from the observation logbooks.

A detailed analysis needs to be
made only on significant cases of
freezing rain. These can be selected on
the basis of reported quantitative
precipitation intensity and duration. For
example, events, where freezing rain last
more than 30 min, and where light

freezing rain last more than 60 min can

be considered significant in the analysis.

The ice load can be derived for
each significant event by a modified
version of the Makkonen icing model
[16], [21] (see also annex C). The
reference object defined in annex B is

used as the initial icing object.

D.3.2 In-cloud icing

In-cloud icing, by definition, can
only occur when the height of the cloud
base H, is lower than the height of the
location of interest H,. Accordingly, the

criterion used in the analysis 1s

H, <H,

Ta

and
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t,<0°C

1€ ¢, — TeMrneparypa noBiTps.

Buxoasuu 3 PO3NOLTY
CHOCTEPEKYBAHOI BEMUYMHHU /1) BITHOCHO
H, noii BHYTPIITHBOXMAPHOTO
0OJNeIEHIHHS MOXYTh OyTH BH3HAYCHI Ha
PI3HUX PIBHSX /.

YucnoBl mopaeni OONEACHIHHA HE
BUKOPHCTOBYIOTBCS VTS
BHYTPIITHBOXMAPHOTO  OOJICACHIHHS B
paMKax JaHOr0  METOAY, OCKUIBKH
PO3MIPHMI PO3MOJLT Kpamejib 1 BMICT
HeOoOX1IH1 JUTS

piakoi BOJM,

MOJC/IFOBAHHA, HC BI/IMipIOIOTBCH Ha

METEOPOJIOTIYHUX ~ CTAHIAX.  3aMiCTh
OO, KUIBKICTh BIJKIAACHb MaMOpPO3l
M; (y KuiorpaMax Ha METP KBaJpaTHUN
OPOEKUIHHOT  30HM)  JUIS  BHITAJKY
oOneneHiHHsA (200 AJIE OJHOTO THTEPBATY
JTAHUX CIOCTEPEIKECHHS ) MO’KHA
po3paxyBaTd 3a JIONOMOIOK MPOCTOi

eMmipuyHoi popmynu [2].

where ¢, is the air temperature.

Based on the distribution of the
observed H, in relation to H; the in-cloud
icing events can be determined at various

levels i.

Numerical icing models are not
used for in-cloud icing in this method,
because droplet size distributions and
liquid water contents, required by the
models, are not measured at the weather
stations. Instead, the amount of accreted
rime M, (in kilograms per square metre of
the projection area) for an icing event (or
for one observation interval of the data)
may be calculated by a simple empirical

equation [2].

M =011,

1€

V — CEpelHsl IIBUIKICTh BITPY HA BHCOTI
10 M, y MeTpax B CEKYHLY;

T, — TPHUBAJIICTh BHYTPIIIHBOXMAPHUX
YMOB y TOYL /;, y TOJWHAX.

Coco0oM

BuBeneni TaKUM

where

v 1s the mean wind speed at 10 m height,
n metres per second;

7; 1s the duration of in-cloud conditions at
H., in hours.

The wvalues thus derived can be
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3HAUEHHS MOKyTh OyTH TpaHC(hOpMOBaH1
B KUIOTpaMW Ha METp, AN 4oro M,
NOTPIOHO  MOMHOKMTH  HA  JIaMETP
KOHTPOJILHOTO 00'ekTa, ToOTO Ha 0,03.
CymapHe OXeNnenHe BIIKIaACHHS
3a MiCSlb MOKHAa pO3paxyBaTH AJist
JEKITbKOX PiBHIB H;. IIpu oMy MOXHa
BU3HAYUTH

TAKOK PIBHI, Ha SKHX

BIIOYBAETBCS  MEPEBHUILEHHS MEBHOTO

3HauUeHHs M. 30KpeMa, MaKCHUMAaJIbHI

HaBaHTKEHHS 3 OJHIci mnomli g
KOKHOTO POKY a00 MICSAIlsl BA3HAYAIOTHCS
3 ypaxyBaHHSM TOro, IO OJHA MOJIis
OONENEHIHHSL 3aKIHUY€ThCS  (CyMapHHiA
PO3PAXyYHOK BEIMYMHUA M MOYUHAETHCS
3HOBY 3 HYJs), KOJU BHKOHYIOThCS

YMOBH  CHOCTECPEKEHHS, 3a  SIKHX
t, 0inpmie Hik 0 °C. IHmMMuM cjaoBamu,
JIB1 200 JeKiIbKa MOCTIIOBHUX MOIIH, 110
BIJIMTOBIJIAI0Th yMOBaM KPUTEPIIO,
PO3IIISIAOTHCS SIK OJHA MO, SKIIO MIXK
HUMU BIJICYTHS MO3WUTHBHA TeMIEpaTrypa
MOBITPSL.

Jlanuii aHaji3 3aCTOCOBYETHCS IS
piBHIB, Onu3bkux 10 3emjl. L1 »x gaHi
MOXXYTh  BHKOPUCTOBYBaTuCi 1  JUIsi

BHCOKO1 LIOIJIN, ajne MEXaHI13M
PO3paxyHKy MpW LbOMY OyJae 3MIHCHUH,
TOMY 10 JUIsi KOXXHOTO piBHA H; Oyne

BUKOPHCTOBYBATHCS  1HIIA IIBUAKICTH

transformed into kilograms per metre by
multiplying M; by the diameter of the
reference object; 1.e. by 0,03.

Monthly cumulative ice accretion
may then be calculated for several levels
H,. Also levels at which a certain value
for M is exceeded can be determined. In
particular maximum loads from one event
for each year or month are determined
considering that one icing event ends
(cumulative calculation of M starts again
from zero) when an observation is met
for which 7, >0 °C. In other words, two
or more consecutive events that meet the
criterion are considered as one, if the air
temperature has not been positive in

between.

The above analysis applies close to
the ground. For tall mast, the same data
may be used, but the calculation is
modified in such a way that a different
wind speed v; is used for each level H,.
This can be done by an approximation of

the appropriate wind profile.

127


arymarenko
Прямоугольник


MO>XKHA 3poOMTH  3a

BiTpy V. lle
JIOTIOMOTOK0  aMPOKCHUMAIIIT BiJIIOBITHOTO
npodiIto BITPY.

MOo>knMBI BEPTHKAIBHI TPANI€EHTH
TEMIEPATYPA TMOBITPS 1 BMICTY PIIKOi

BOJAM B XMapl HE MOXYyTh 3a3BHYai

BpaxOBYBaTHCS B  aHali3l  4epe3
BIJICYTHICTh JTAHUX 3a MAMHA
MOKa3HUKaMH B  TUNOBUX  YMOBax

BHYTPIITHBOXMAPHOTO OOJICICHIHHS.
D.3.3 Moxpuii cHir

[Tonii BHMAIIHHS MOKPOTO CHITY
(e Ha PiBHI 3€MJi1) BUOMPAKOTHCS 3
JAaHUX 32  JIOMOMOrOK  HACTYITHOIO
KPUTEPIIO:
— CIOCTEPITraEThCS CHIrOMaa 4d HWAE CHIT
13 JO1IIIeM, Ta
— t» Ob1Ie Hixk O °C,

AHAJIOTIYHO A0 MEPEOXOIOKEHUX

OomajiB, HEABTOMATWU30BAaHWI aHami3 13

BUKOPUCTAHHSIM peecTpaniiHux
KYpHaJIIB ~ MOTPIOEH  TaKOXK AN
BU3HAYCHHA IHTEHCUBHOCTI Ta

TPUBAJIOCTI IUX NOAIA. Buxonasum 3 nmx

JAHUX, PO3PaxoOBYETHCS KIUJTBKICTh

KyMYJIITUBHUX  ONAAiB Yy  BUIJISAAL

MOKPOTIO CHITY.

Jlng  KOKHOi  MeTeocTaHuli 3a

pe3ysibTaTaMH  aHa/li3y  BUBOAMTHCS

CEPEMHE 1 MaKCUMaJbHE 3HAYCHHS

The possible vertical gradients of
air temperature and liquid water content
within the cloud cannot usually be taken
into account in the analysis due to lack of
data on these factors under typical in-

cloud icing conditions.

D.3.3 Wet snow

Wet snow cases (ground level
only) are selected from the data by using
the criterion [20]:

— snowfall or sleet is observed, and

—t,>0°C

Similarly to freezing precipitation,
manual analysis using the log-book is
required to find the intensity and duration
of these events. The cumulative wet snow
precipitation amount 1s calculated from

these.

The analysis gives, for each
weather station, the mean and maximum

wet snow amounts in terms of equivalent
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KUTBKOCTI MOKPOTO CHITY Yy BHPaXEHHI
€KBIBJICHTHOI TOBIIMHM Iapy Boau (ado
B KUIOIpaMax Ha METP KBAJpaTHWil) Ha
TOPU3OHTAJIBHIN MOBEpXHI. B  pamkax
OIIIHKA PHU3UKIB 1€ 3HAYHOK MIPOKO
BIJIMOBIJIA€ HABAHTAKEHHIO BIJI MOKPOTO

CHITY, Hampukjiaa, Ha aportax [20]. 1 B

ObOMY  BUNAAKy  JaHI  3HAYEHHS
MTOMHOKYOTBCS Ha JiaMmeTp
KOHTPOJIBHOTO  00'€KTa 3 METOK)

NPUBEACHHS iX A0 Bard Ha OJUHMIIKO
JIOBKHHHM KOHTPOJIBHOTO 00'€KTA.
D.4 3acrocyBanus

JILOJIOBMM KJIAC BHU3HAYAETHCS IS
MICIIEBOCTEH, Ie pO3TalllOBaHi
METEOCTaHIlli, 1 yii BHCOT H; Han

IMOBCPXHCIO 3eMJIl 3a JOIIOMOI'O1O

CTaTUCTUYHOIO  aHali3y, HalpuKJaj,

3MOJICILOBAHUX PIYHUX MAKCHUMAaJIbHUX
IToTim JILOJIOBUIA

MO/, KJ1ac

PO3IJIYBAHOT MICHEBOCTI JUIsl PI3HUX

PiBHIB Hal NOBEPXHEHO 3eMJTl
BU3HAYAETHCS 3a J0NOMOTOO
€KCTPAITOJISILII]. [Tpuknan TaKoro
PO3paxyHKy HABE/ICHO B

6i10morpadiunomy mxepen [28].

water thickness (or in kilograms per
square metre) on a horizontal surface.
This largely corresponds to wet snow
loads on for example wires [20] in terms
of risk evaluation. Again the values are
of the

reference object to make them correspond

multiplied by the diameter
to a weight per unit length of the

reference object.

D.4 Application

The ice class 1s determined for the
locations of the weather stations and
heights H; above terrain by statistical
analysis of for example the simulated
annual maximum events. Then the ice
class of the location of interest at various
heights above terrain is determined by
of the

extrapolation. An example

procedure 1s given in ref. [28].
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JOJATOK E (JIOBIJIKOBUH) -

PEKOMEHJAIII 1101 (0]
3ACTOCYBAHHS bOI'0
CTAHJIAPTY

E.1 Beryn

Mera nporo mojarka moJisIrac B

TOMY, 1100 TMOJICTIIMTA  PO3YMIHHS
KOPUCTYBAa4YeM JJAHOTO CTaHAAPTY.
OCKITbKM [I€  CTaHAapT HOBOTO
TUNY 1 OCHOBY HOro 3MiCTy CKJIaJarOTh
BKa31BKM 1 PpEKOMEHAallli, KOPUCTYBAYEBl,
MOJIMBO, OyJe BaXKO YSIBUTH CO01
3arajbHUMN BATTIAT HOTO CTPYKTYPH.

CnopmiBaemMocsd, MmO MeH T0JaTOK

JOMOMOYXKE, A TaKOX CIIOHYKaTUME
3arajioM A0 BUKOPHUCTaHHS  JAHOTO
«IHCTpYMEHTA MPOCKTYBaHHS 3
ypaxyBaHHSIM 00JIEACHIHHS.

3acTOCyBaHHs I[bOTO CTaHJIAPTY Mae
TAKOK CIIOHYKarTh METEOPOJIOTIB  JIO

30upaHHs  JOKJIQAHOI 1/a00  SKICHOi

tH(popmarri, HeoOXiTHOT JUIsl BUKOHAHHS

BHUMOT I[bOTO CTaHIAPTY.

Y  MaiiOyTHBOMY, «HACTaHOBW»
MO>KHA Oyne NOCTYMOBO
«TpancopmyBaTu» B «HOPMATUBHUI

TEKCT» 13 HACTYIHUM TNEPETBOPEHHSM,
OpOTATOM OUTbII TPUBAIOTO MEPIOAY, Y
THIIMX

CTaHJIAPT, AHAJIOTIYHUI 110

ANNEX E (INFORMATIVE) — HINTS
ON USING THIS INTERNATIONAL
STANDARD

E.1 Introduction

This annex has the intention to
make this International Standard more
easily understood by the user.

As it is a quite new type of
standard, and most of the content is
guidance and recommendations, it might
be difficult to get the general view of the
whole structure.

It 1s hoped that this annex will help
and, by doing so, will give incentive to a
common and general use of this «tool of
design for ice». This general use is also a
necessity to urge meteorologists to gain
more and/or better information on the
specific topics that this International

Standard needs.

In the future it should be possible

to slowly «upgrade» data from
«guidance» to «normative text» and in
this way in the long term achieve a
standard, very much alike all other

standards for actions on structures.
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BUKOPUCTOBYBAHMX CTAHJAPTIB  LIOJO
BIIJIMBIB HA KOHCTPYKIIIi.

3anam'aTaiTe 1o IUTarty:

«Bkpait BAKJITUBO pu
OPOEKTYBAHHI  XO04Y  SKOKCh  MIPOK)

BpaxoByBaTH (akTop OOJEACHIHHS, HIXK

NOBHICTIO ITHOPYBAaTH HOTO».
biok-cxema METOAUKH

pO3paxyHKy HaBe/ieHa Ha puc. E. 1.

E.2 Bu3Ha4ueHHS JIb0I0BOT0 KJIACY ISt

OyAiBEJILHOTO MaliJaHYIHKA

JIboOBUMIT KiTac BHPAXKAETHCS SIK
ICGx (oxkenens) ado ICRx (mamopo3s),
1€ X — 1€ YHCTIO.

JIns BU3HAYEHHS JIbOJOBOIO KJacy
BUKOPHCTOBYIOTBCSI TPH METOAU a0 TpH
KOMOIHAIIi 3 HUX.

— Mertoa A: 30upaHHs JTaHUX HASBHOTO
JOCBIAY.

— Metoa B: MoxaenmtoBanHsg 00eICHIHHS

MCTCOPOJIOraMH.
—Meron  C:  bararopiuni  npsmi
BUMIPIOBAHHSI.

Hpumirka. VY Oaratbox BUMAAKaX
HAJIC)KUTh BHKOPHCTOBYBAaTH KOMOIHamii 13

3a3HAUYEHNX BUIE MeTodiB. Mereoponoram, y

SKUX B)KE€ € CTaHMli CIOCTepeKEHHS 3a

o0JeIeHI HHSM, PEKOMEHAYETHCS
BUKOPUCTOBYBATH JaHI METOAM 1 sKOMOTa
IIBHJIIE TOBIAOMIIATH TPO PE3YJIbTATH CBOIX

BUMIPIOBaHb O)KEJIEOHUX BIIKJIAJEHb 3TIHO 3

Remember this quote:

«It 1s extremely important to

design for some ice instead of no ice.»

See Figure E.1 for a flowchart of
the calculation procedure.
E.2 Find ice class(es) for the building
site

Ice class 1s expressed as ICGx
(glaze) or ICRx (rime), where x is a
number.
three

There are methods or

combinations of these to achieve this.

—Method A:  Collecting  existing
experience.

—Method B: Icing modelling by
meteorologists.

— Method C: Direct measurements for

many years.

NOTE In many cases it is appropriate to
use combinations of the methods mentioned
above. Meteorologists who already have ice-
collecting stations in service are requested to, as
soon as possible, use the method for reporting
about their measurements of ice accretion as
proposed in annex B. If this is done, there will

be a lot of useful information available in a few
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nonatrkom B. fkmo g pexomenpamisi Oyne

BUKOHYBATHCS, TO MPOTATOM HAHOIIIKINX POKIB

MoxkHa Oyae orpumaru 0Oarato KOPHUCHOI
iH(popMari.

[npopmanis mnpo  oOneneHIHHS
BUKOPUCTOBYETLCA JIIs BU3HAYCHHA

avoa0Bux kiacis (IC).

a) SKkmo WAeThCSs TPO  BIAKIAACHHS
OKEJell, BUKOPHCTOBYWTE  daHi 3
Tabmuui 3.
b) Skmo #HaeTbcs NpPO  BIAKIAACHHS
namMopo3l, BHUKOPHCTOBYWTE nmaHl 3
Tabmuui 4.

Ipumirka. ko notpibHO

BUKOPUCTOBYBAaTH (OpMyNy 1JIsi BU3HAUEHHS
I'YCTUHU JIbOAY, HE 3a3HadeHy B Tabmuii 4,
Takoro hopmyoro € (A.S).

Ha IHbOMY BH3HAQYCHHA JIbOAOBHX

kmacie  ICGx 1 ICRx BBaxkacerhcs

3aBEPIICHUM.

years.

The  information from  ice
collection as mentioned above is used to
find the 1Cs.

a) If ice accretion i1s glaze: use the

information in Table 3.

b) If ice accretion 1s rime: use the

information in Table 4.

NOTE The equation to be used for
density of ice not mentioned in Table 4 is

equation (A.S).

Now the ICGx or the ICRx have

been found.
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Busnaunti ICGx ado ICRx Meron A: 30upaHHS JaHUX HASBHOTO JOCBIIY
Find ICGx or ICRx Method A: Collecting existing experience

Meron B: MozentorarHs 00Ie/ICHIHHI METEOPOJIOTAMA
Method B: Ieing modelling by meteorologists

KITIO OKETe/b
If glaze

Buxopucronyit Buxopucrosyit
Tab1. 3 TalIl. 4
Use Table 3 Use Table 4
ICGX 3HANICHO
ICGx found

Meron C: BaraTopiuai IpsMi BUMIPIOBaHHS
Method C: Direct measurements for many years

ICGx 3Haiizeno
ICGx found J

Posmipu mpodinro abo BETUKOTO
00’exTa
Profile of large object dimension

Posmipu Benmukoro 06’ ekta
Large object dimension

Poswmipn mpodiiro
Profile dimension

' v v

BukopucToBy i Buxopucrosyit BukopucTony#
puc. 3 puc. 4 i Tadm. 5-7 puc. 51 tabmr 8-9
Use Figure 3 Use Figure 4 and Use Figure 5 and
¢ Table 5to 7 Table 8to 9
v v
Po3paxoBana Bara b0y Ha MeTp i po3mMipu o0/rexeHiHHS
Ice weights per metre and ice dimensions are calculated

v

Busnauuru koedinienTu onopy
Find drag coefficients

KITIO OKeTe/b
If glaze

Buxopucrony i Buxopucronyit
Tadn. 10 misa Tabi. 16 s 06’eqHaTH BiTpOBe Ta 0:kelleTHE
CTPHKHIB 1 TalII. CTPIDKHIB 1 TabIL. HABAHTAKCHHH VI BI3HACHHS
11-15 juia Benmukux 17-25 juis BEnMuKux po3MipiB KOHCTpPYKILiii
00’ €KTIB 00’ €eKTIB Combine wind action and ice load for
Use Table 10 for Use Table 16 for dimensioning structure
bars and Table 11 to bars and Table 17 to
15 for large objects 25 for large objects T
y Y PospaxyBatu BITpOBe Ta
CxopuryBaTu KoeillieH OIIpy JUIs TOXAINX SIEMEHTIB Ha KYT T8 IIHHS O’KeJe/THE HaBaHTaKCHHS
Adjust drag coefficient on sloping elements for angle of incidence Calculate wind action and
ice load
Pucynok E.1 — biok-cxemMa METOIMKH PO3PaxXyHKY
Figure E.1 — Flowchart of calculation procedure
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E.3 Busz"Hauennss o00/ieaeHIHHS Ha

BiAOBIAHUX NPOdIAX

E.3.1 KoHcTpykuii 3  OKpemMHux
eJIeMEeHTIB  (Hampukiajx, TIparvacrti
KOHCTPYKIIi)

HeoOxiqHO BH3HAUWTH TUMN(H) 1
pPO3Mipu npodimis, 110
BUKOPUCTOBYIOTBCSI B THX UM 1HIIMX
IparyacTuX KOHCTPYKIIAX. MOXKIHMBO,

CIIOYATKY noTpIOHO BA3HAYUTH
npUOIM3HI PO3MIPH,  MOTIM YTOYHUTH iX
y mnpoueci  npoektyBanHs.  [licis
3'sCyBaHHA JAHUX CTOCOBHO NpoQiiIiB
HEOOX1THO BA3HAYUTH pPO3Mipu
O’KEJIEAHUX BIIKJIAJIEHD 1 BJIACHY Bary.
a) OskenenHi  BIAKJIAACHHS:  CJIJ
BukopucroByBati [CGx Ta iHpopmaiio
Ha pucyHKy 3. DOpmyJiorw, sKa Mae
BUKOPHCTOBYBATHCS sl  BHU3HAUEHHS
PO3MIPIB, HE 3a3HAYCHHUX Yy TaOmuil 3, €
dopmyna (A.4). Ilpu oMy HEOOX1THO
BU3HAYWTH 30BHIIIHI PO3MIPU 1 BJIACHY
Bary OKEJIECJIHUX BIAKIIAEHb.

30BHILIHIA  PO3MIP  OKEJIEAHOTO
BIJIKJIQJICHHS — 1I€ po3Mip npodito + 2f.

Hpumitka. Sk npasuio, Mozeb MOXE BU-
KOPUCTOBYBAaTUCS 1 JUTSl BEJIMKUX PO3MIpIB (iaMerp
abo mmpmHa noHan 300 mm). I'yctmHy spomy

MO’KHA 3MIHHTH, aJie 3a3BUYaii Lie He pOOUTHCS.

b) BigkmageHHs ~— maMmoposl.  CIJ

E.3 Find ice accretion on types of
profiles in question
E.3.1

members (e.g. lattice structures)

Structures built of single

Type(s) and dimension of profiles
used in a lattice structure in question
must be found. It might be necessary to
guess dimensions first and correct them
later in the design process. When profiles
are stated, ice accretion dimensions and

self-weight must be found.

a) If ice accretion is glaze: use the ICGx
and the information in Figure 3. The
equation to be used for dimensions not
mentioned in Table 3 is equation (A.4).
Both outside dimension and self-weight

of ice must be found.

Outside 1iced dimension is the

profile dimension + 2¢.

NOTE In principle, the model may be
used for big dimensions too (diameter or width
greater than 300 mm). Density of ice may be

changed, but normally should not be.

b) If ice accretion i1s rime: use the
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BUKOPDHCTOBYBaTH JaHI pUCYHKa 4 1
Tabmmup 5—7. @opMmynamu, sKi MOBHHHI

BUKOPUCTOBYBATHUCA  IJI4  BHU3HAYCHHIA

PO3MIpPIB 1 TYCTMHHW, HE 3a3HAYCHHUX Y
Tabmusx 5—7, € popmynn (A.6)—(A.13).
Hpumirka. BBaxaeTncs, 1o
BIAKJIAZICHHSI MAaMOpPO31 3aBXKAM MAaE KPUIbYATy
(dbopMy 3 TIO3IOBKHBOK) BICCHO, CHPSMOBAHOK B
HaBITpstHUE Oik. Po3mipu Takoro BiAKJIageHHS
IUI OMYKJIMX TOBEpXOHb (THm A 1 B), mumockux
nosepxoHb (Tum C 1 D) Ta yBIrHyTHX MOBEPXOHb
(tun E 1 F) He MaroTh 3HAYHHUX PO301’KHOCTEH.
JI1st KITBKOCTI BiJKJIaJeHb HaHO1/IbIlle 3HAYEHHS
MarOTh PO3MipH MPOIITFO.
E.J3.2

Po3mipu HerpaT4acTux

KOHCTPYKILiil a00 BeJiMKoro npogiiro
SIKmo  mMprHa  HErparyacTux
KOHCTPYKIIH a00 mpoduiro MepeBUIILye
300 MM, BHKOPUCTOBYETHCS MOJIENb
BIJIKJIa/IaHHSI TaMOPO31, IUB. PUCYHOK 5.
a) OkeneiH1 BIAKIAJCHHS: TUB. BUIIIE.
b) BigkmageHHs ~— maMmoposl.  CIJ
BUKOPHCTOBYBaTH JaHI pPHUCYHKa 5 1
Tabmmup 8 Ta 9. dopmynamu, sKi
NOBHHHI BUKOPHCTOBYBATHCS VTS

BU3HAYECHHS MacH 1 [ILJTLHOCTI

BIJIKJIQJICHb, HE 3a3HAYCHUX Yy TAOIHIIIX &
19, € opmynu (A.14) 1 (A.15).

Hpumirka. @yskuiero ICRx e nume
JOBXKHMHA KPHUXKAHOTO HAPOCTy KPHJIbYACTOI
dopmu, a He po3mipu ob'ekra. [Ipu ubomy maca
3MIHIOETBCS 3

OJKENIEIHUX BlOKJIAAE€Hb

information in Figure 4 and Tables 5 to 7.
The equations to be used for dimensions
and density not mentioned in Tables 5 to

7 are equations (A.6) to (A.13).

NOTE Rime ice is always presumed to
be of vane shape with the length axis pointing
windwards. The ice vane dimensions for convex
surfaces (type A and B), flat surfaces (type C
and D) and concave surfaces (type E and F) do
not differ very much. Profile dimensions are

most important for the amount of ice accretion.

E.3.2 Non-lattice structures or large
profile dimensions

In the case of non-lattice structure
or profile dimensions larger than 300 mm
width, use the ice accretion model for
rime changes, see Figure 5.
a) If ice accretion is glaze: see above.
b) If ice accretion is rime: use the infor-
mation in Figure 5 and Tables 8 and 9.
The equations to be used for ice masses
and density not been mentioned in Tables

8 and 9 are equations (A.14) and (A.15).

NOTE The length of an ice vane is now
a function of ICRx only and not object
dimension. Instead ice mass varies with object

dimension. Object shape is nearly round or flat.
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po3mipaMu o0'ekta. O0'eKT Mae Malixke OKpyIJy
abo utocky opmy.

Tenep 3’scoBaHO BCl1 HEOOXIIHI
JaHl JUIsl PO3PaxyHKYy BJacHOi Barw i
BITPOBOI'O HABAHTAKCHHSI.
E.4 BusHaueHHsi Koe(imi€eHTIB Omopy
IS BIAMOBITHUX o0J1eAeHIINX
€JICMEHTIB
a) OskenenHi  BIAKJIAACHHS:  CJIJ
BukopucroByBatd ICGx Ta naHi TaOiauil
10 JUTS CTPUKHIB, a TAKOK
Tabmuib 11-15 mus Beaukux 00'€KTIB
(mupuHa Outbwe Hixk 300 Mm).
dopMyamu, K1 MAKOTh
BUKOPUCTOBYBATUCS  JUISi BU3HAYCHHS
po3mipiB 1 KkoedimieHTiB omopy 0e3
OONeNeHIHHs,  HE  3a3HAYECHUX Y
tabmmui 10, € popmynn (A.16), a Takox
dbopmynu (A.17) s Tabmmis 11-15.
b) BigkmageHHs ~— maMmoposl.  CIJ
BUKOPHUCTOBYBATH 1CGx 1 JTaHi
Tabmuui 16 sl CTPWXKHIB, a TaKOXK
Tabnuib 17-25 nanas BenMUMKUX 0O'€KTIB

(mupuHa Outbwe Hixk 300 Mm).

Haniona/ibHe MOSICHeHHS
Bignoeiano no E.2 mporo cranmgapty
JITbOOBUU KJ1ac TS

ICRx.

naMmopo3i
[MO3HAYAETBCA  SIK Tomy

no3HayeHHd [CGx y nmaHoMy pedeHH1

CJ'IiI[ BBa’KAaTHU MOMUJIKOBHUM.

Now all the necessary data for the
calculation of self-weight and wind
action have been found.

E.4 Find drag coefficients for iced

members in question

a) If ice accretion is glaze: use the ICGx
and the information in Table 10 for bars
and Tables 11 to 15 for large objects
(width > 300 mm). The equations to be
used for dimensions and drag coefficients
without ice not mentioned in Table 10 are
equation (A.16) and in Tables 11 to 15
equation (A.17).

b) If ice accretion is rime: use the ICGx
and the information in Table 16 for bars
and Tables 17 to 25 for large objects
(width >300 mm).
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dopMyamu, K1 MAKOTh

BUKOPUCTOBYBATHUCA  IJI4  BHU3HAYCHHIA

po3mipiB 1 KkoedimieHTiB omopy 0e3

OONeNeHIHHs,  HE  3a3HAYECHUX Y

tabmuii 16, € dopmymun (A.18) 1

dopmymu (A.19) ansg Tabmune 17-25.
Hpumirka. Koedimientn omopy ans

MOBUHHI

o0eneHinux €JIEMEHTIB

BUKOPHCTOBYBATHCS ISt pO3MipiB 13
okenenHuM BiakiIaneHHsM. Koedimientu omopy
MOBUHHI BUKOPUCTOBYBATHUCS MEPIICHINKYJIIPHO

IJIOIIMHI, Ha SIKIH 3HAXOMUTHCS MTO3I0OBKHS BiCh

KPYIKAHOTO HAPOCTY KPUIIBYACTOI (POPMH.

E.S KopuryBanHsi KoeQiUi€HTIB ONOPYy

JJIS1 KyTa NaJiHHS
Jlng  moxwnMx — elneMeHTiB  ado

CTPYKHIB BITPOBE HABAHTAKCHHS
JO3BOJISIETHCS 3MEHIIATH:

— BITPOBY [IIFO HA MOXUJI1 €JIEMEHTH MOKE

OyTM 3HIJKEHO, SK TIOKa3aHO Ha
PUCYHKY 7.

Hpumirka.  Bitpoi  gii  mpsimo
MPOMOPLINHI, HAMPUKJIAL, 10 KOe]pilleHTIB

ormopy. Tomy 3MeHIIeHHs KOe(]iLieHTIB OMOpy

NPU3BOAUTL 1O 3HIDKEHHS BITPOBUX  [IiH.

MOoKJIMBO, HAMKpaIuM CIIOCOOOM PO3PaxyHKY
napameTpiB €

JaHUX BUKOPUCTAHHA

KOMITFOTEPHUX TTPOTPaM.

The equation to be used for dimensions
and drag coefficients without ice not
mentioned in Table 16 is equation (A.18)
and for Tables 17 to 25 equation (A.19).

NOTE Drag coefficients for iced
members should be used on the iced dimensions.
Drag coefficients are intended to be used
perpendicular to the plane in which the ice vane

length axis is situated.

E.S Adjustment of drag coefficients for
angle of incidence

In the case of sloping elements or
bars, it is allowed to reduce wind load on
these elements:
— wind action on a sloping element may

be reduced as shown on Figure 7.

NOTE Wind actions are directly
proportional to for example drag coefficients.
Therefore reducing drag coefficients results in a
decrease of wind actions. It might be a proper
way to calculate the effect when using for

example computer programs.

137


arymarenko
Прямоугольник


E.6 Po3paxyHok BiTpoBOi aii Ha
00JIeICHLITY KOHCTPYKIIIO

Tenep y pO3NOPSIKEHHI € BCA
tHpopMmalisa, HeoOXIaHA I PO3PAXYHKY
BITPOBHX BIJIMBIB:
a) Sk mpaBuJI0, BITPOBE HABAHTAKCHHS
PO3PaxXOBYKOTh Tak, HIOM OOJEACHIHHS
HEMAE, aJieé BUKOPUCTOBYIOTh NPH LIbOMY
pO3MIpH Ta KOE(PIIEHTH ONOpy JUIst
obneneHinmMx eneMmeHtiB. HalmpocTtinmii
cnoci0 po3paxyHKy — 1€ BpPaxyBaHHs
BCIX OKEJICTHUX BIIKIAACHb KPHIIbYACTOl
(opmm,

NEPINECHINKYIISIPHO 10 HAMTPSIMKY BITPY.

PO3TAIIOBAHHUX

b) OnHak pgaHWii METOA MOXKE JaTh
PE3YABTATH 3 BEJIMKUM «3aIIacoMy; SKIIO
BIJOMO HampsIMOK OOJICACHIHHS, J03BO-
JSIEThCSI BUKOPUCTOBYBATH L0 1H(OpMa-
IO 1 HAMPsIMOK «HAMEP3aHHs» BiJKJa-
J€Hb KPWJIbYACTOi (POPMH, HE3ATEKHO
BiJl HAmNpsMKy BITPy. Y LIbOMY BHIAAKY
HEOOXITHO JOCIIIUTH HAMPSIMOK BITPY,
NEePHEHANKYISIPHUMA HaANpsMKY

OXKEJICAHOTO BIJKIAJECHHS KpPWUJIbYacTol

(dopmu.
Hpumirka. IcHye Oarato  pi3HHX
Mozeneli  po3paxyHKy BITPOBHUX miif, IO

BIUIMBAIOTh HAa KOHCTPyKWit0. Y Oararbox
KpaiHaX € BJACHI, CTAaHAAPTH30BaHI METOIU
TaKOTrO PO3paxyHKY;

BUKOPUCTAHHA

JIOTYyCKAEThCS

TaKMX  METOJIIB. Onnak,

E.6 Calculation of wind action on the
iced structure
Now all information for calculating

wind actions on the structure is available.

a) Calculate wind action in principle as if
there were no ice, but use iced
dimensions and drag coefficients for iced
members. The easy way to calculate 1s to
consider all ice wvanes situated
perpendicular to the wind direction

ivestigated.

b) However, this method might give
results much «on the safe side», and if
icing direction is known, it is allowed to
use this information and «freeze» vane
direction independently of the wind
direction to be investigated. If doing so
however, the wind direction
perpendicular to the ice vane direction

must be investigated.

NOTE There are many different models
for calculating wind actions on a structure. Most
countries have their own standardized way to do
this, and such models may be used. However, no
matter which model is used, it is necessary that

the dimensions of a single member are used as
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HE3aJIe)KHO B  3aCTOCOBYBAHMX  METOIB
pPO3paxyHKy, pO3MIPH OKPEMOrO eJleMEHTa
NOBUHHI ~ BHKOPHCTOBYBaTHCS  SIK  BXIJHI

napamerp, mo0 ix MokHa OyJIO amanTyBaTH 10
YMOB BIJKJIQIEHHS. SKIIO CTaHIapTHA MOIENb
HEeOOXiHO

HE  JO3BOJIIE  3podUTH  IIg,

3aCTOCOBYBATH OLJIBII 1€TaTI30BaHI MOIEI.

E.7 Po3paxyHok 0KEeJIeTHOTO
HABAHTAKCHHS HA o0Js1eAeHITY
KOHCTPYKILIIO

Tenep HasBHOK € BCA 1HQOpMAaNis,

HEOOXITHA JJI PO3PaXyHKY OKEJICTHUX
HaBaHTa)KCHb HA KOHCTPYKITii.
Po3paxyHOK OKeNeqHOro HaBaHTAKCHHS

BJIACHOI1

(1onaTKOBO1 Baru  JIbO1Y)

MPOBEMITh SK 3arajibHy CyMy Mac
OKEJIEAHUX BIJKJIAJICHb, BU3HAYEHUX SIK
Maca Ha METP JOBXHHH €JIEMEHTA.

Ipumirka. J[lonyckaeTbcsi 3MEHIUIEHHS Baru

OXKECJICAHUX BiI[KJ'IaI[eHb B TOYKaxX HAMYCKYy Ha

CTHUKax €JIEMEHTIB. Hns IPaT4aCTUX
KOHCTPYKILIH L KUIBKICTD  JIBOAY  MOXKE
BUSIBUTHCSI 3HAYHOIO.

E.8 Kom0inamis BiTpoBOi mii i

03KeJICTHOTO HABAHTAKCHHS
Po3paxyHkn He cCig TPOBOAWTH  SIK
KOMOIHYBaHHS BITPOBOi [11i B MOBHOMY
00cs31 3 NOBHUM OKENECTHUM
HABAHTA)KCHHSIM.

KomGinyBarn mMoxkHa BITPOBY nit0 3 50-

pPIYHAM TEPIOAOM TMOBTOPIOBAHOCTI i

input parameters in order to allow these to be
adjusted for ice accretion. If the standard model
does not allow this, a more detailed model

should be used.

E.7 Calculation of ice load of the iced

structure

Also all information for calculating ice

loads of the structure is available.

Calculate the ice load (the additional self-
weight of ice) as the total sum of ice
masses found as mass per metre times the

length of the member.

NOTE Reduction of ice weight from overlaps in
joints of members is allowed. In a lattice
structure this can amount to a considerable

amount of ice.

E.8 Combination of wind action and
ice load

Calculation should not be carried out by
combining the full wind action with the

full ice load.

Combine the reduced 50-year wind action

with the 3-year ice load and the opposite.
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OKEJICHE HABAHTAXKEHHS 3 3-pIYHUM

MEPIOIOM MOBTOPIOBAHOCTI T HABIMAKH.

Hpumirka. V T1abaumi 26 HaBeIEHO MOMKIIMBI NOTE See Table 26 for combinations and Table
koMOiHawii, a B Tabmumi 27 — 3MEHIIEHHS 27 for reduction of wind action as a function of
BITPOBOTO HABAHTAXEHHS SIK (QYHKIII JIbOMOBUX ICs.

knacis (IC).
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HEPEJIIK MIZKHAPO/JHUX CTAHAAPTIB,
HOCIWIAHHS HA SIKI € B ISO 12494:2001, TA BIAITIOBITHUX
HAINOHAJIBHUX CTAHIAPTIB YKPAIHM (3a ix HAsABHOCTI)

Taoanoa HA.1

Ilo3snauenns Ta Ha3Ba
MI’KHapPOAHOTO CTAaHAAPTY

CrymniHb
BIAIIOBI THOCTI

[To3HaueHHs Ta HAa3Ba HAIlOHAJILHOTO CTAHOAAPTY
Ykpainu (JICTY), sixuii Binnosigae
MI’)KHAPOAHOMY CTaHIAPTY

ISO 2394:1998 General
principles on reliability for
structures

IS0 4354:1997 Wind actions on
structures

ISO 4355:2013 Bases for
design of structures —
Determination of snow loads on
roofs
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