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HAIIIOHAJIbHUM BCTYII

Leit crannapt € ToToxkHuM nepekinanom [SO 12494:2001 Atmospheric icing of
structures (ISO 12494:2001 OOwmep3anHs OyaiBeTbHUX KOHCTPYKIH BHACIIIOK

aTMOC(EpPHOTO BIUIMBY).

ISO 12494 migrorosieno Texuiunmm komitetoM ISO/TC 98 «OcHoBH
MPOEKTYBaHHS KOHCTpYKIii» («Bases for design of structures»), Iliazkomiter SC 3
«HaBantaxkennsi, 3ycwuis Ta iHmi BrummBu» («Loads, forces and other actionsy),

cekperapiaToMm sikoro kepye JISC.
Jlo HaIlOHAJTBLHOTO CTAHAAPTY JOIYYEHO AHTJIOMOBHHI TEKCT.

Ha Tepurtopii Ykpainu fK Hal[lOHAJIbHMM CTaHIApT i€ JiBa KOJOHKA TEKCTY
JNCTY b ISO 12494:201X «OOmep3anHs OyIiBeNbHUX KOHCTPYKIIM BHACIIIOK

atmoceproro BuiuBy (ISO 12494:2001, IDT)y», BuknagaeHa ykpaiHChbKOIO MOBOIO.

Bignosinno no JIBH A.1.1-1-93 «Cuctema crangapTuzailii Ta HOPMYBaHHSI B
OyniBuunTBi. OCHOBHI TIOJIOKEHHS» 1€ CTaHAAPT BIMHOCUTHCA 0 KOMIUICKCY
HOpMaTUBHUX JOKyMeHTIB B.1.2. «Cucrtema 3a0e3neueHHs HaJIIHHOCTI Ta Oe3neKku
OyliBeIbHUX 00’ €KTIBY.

CrangapT MICTUTh BUMOTH, SIK1 BIIIOBIJAI0Th YUHHOMY 3aKOHOJIaBCTBY Y KpaiHH.

TexHlyHUNA KOMITET, BIAMOBITAABHUNA 3a 1el cradmapt, — TK 301
«MetanooyniBauntBoy / [1K-1 «IIpoekTyBanHs MeTaieBUX KOHCTPYKITII».

Jlo cTangapTy BHECEHO TaKi peJaKIliiiHi 3MI1HH:

- CJIOBA «1I€W MI>KHAPOJHUM CTaHIapT» 3aMIHEHO Ha «LEU CTaHIapT»;

- CTPYKTYpHI €JIEeMEHTH CTaHAapTy: «OOKITaIUHKY», «IlepenmoBy»,
«HarionansHuii Betymy, «3mict» Ta «bibmiorpadiuni gani» ohopMiIeHO 3TiIHO 3
BHMOTaMH HaIllOHAJIBHOI CTaHapTh3aIlli YKpainu;

-y craHnapTti HaBejeH1 «HalioHanbHI MOSICHEHHSY, K1 BUJIUICH] B TEKCT1 PaMKOIO;

- 3 «llepeamoBu 1o ISO 12494» y wneit «HauioHanbHUIl BCTYID» B3SITE€ T€, IO

0e3nocepelHbO CTOCY€ETHCS 1[bOTO CTAaHAAPTY;
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BWIIYYEHO CTPYKTYpHHMM elleMeHT CBporneucekoro crangapry «llepenmosay,
OCKUJIbKHM BiH HE MICTUTH €JIEMEHTIB TEXHIYHOT'O 3MICTY CTaHAAPTY;

MO3HAKW OJIMHUIL BUMIPIOBaHHS BIAMOB1Nat0Th cepii ctangapTie JACTY 3651-97
«MeTtpooris. OquHui GiI3UIHUX BEITUIHHY,

HalllOHAJIbHUH JOBIJKOBHH J10/IaTOK HaBEJIEHO SIK HACTAHOBY JJIsI KOPUCTYBAYiB.

VI



HAIIIOHAJIBHUM CTAHJAPT
YKPAIHUA
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INTERNATIONAL STANDARD

OBMEP3AHHS BY IIBEJIbHAX
KOHCTPYKIIN BHACJIIAOK
ATMOC®DEPHOTI'O BILVIUBY

OBJIEJEHEHUE CTPOUTEJIb-
HBIX KOHCTPYKIIUHA B
PE3YJbTATE ATMOC®EPHOI'O
BO3JIENCTBUSA

ATMOSPHERIC ICING OF
STRUCTURES

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

Atmospheric icing of structures

ISO 12494:2001

Yuauuii Big

BCTYII
Ilern crapmapT oOmNUCy€ BIUIMBH
00JIe/IeHIHHS 1 MOXKe OyTH 3aCTOCOBaHUI
JUISL  TPOCKTYBaHHS  JEAKUX  THIIB
OyIBEIbHUX KOHCTPYKIIIH.
Bin  wMmae

ISO 2394,

BUKOPHUCTOBYBATHUCS
pazoM 3 a Takox 13
BianmoBigHuMHU ctanaaptamu CEN.

[leit craHmapt y OEIKHX aCHEKTax

BIIPI3HSAETHCS BiJ 1HIIUX CTaHAAPTIB,

OCKUIBKA TEMA € Majo OOCIIKEeHa 1

nocTymHol  iH(opMallii  HeJO0CTaTHHO.
OTxe, cTaHgapT  MICTUTh  OUIbIIE
MMOSCHEHb, HDK 3a3BH4Yaii, a TaKoX

JIOJIATKOBI OMHCH Ta peKoMeHaaIlii B
OJIaTKax.
[TpoexTyBanbHUKH MOXYTh

BHUSBHUTH, 1110 BOHH BOJIOIIIOTH ITOBHIIIOO

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

1



iHpOpMalli€l0 3 JEIKUX TeM, HIK IIe
HAaBOJIUTh JaHuM crangaprt. Lle Moxke
Oyt  chpaBeJIMBUM, OCOOJMBO B
MaiOyTHboMy. OJIHaK BOHU TIOBHHHI
OyTH ayxe 0O0a4YHUMHU y TOMY, 100 HE
BUKOPUCTOBYBATH II€H CTaHMAPT JIAIIE
YaCTKOBO, aJie TUILKH IIIJIKOM.

OcHoOBHa MeTa IILOTO CTAHAAPTY —
CIIOHYKaTH IPOCKTYBATbHHKIB 70

MIpKYBaHb 1010 MO>KJIUBOT'O
oOnefeHIHHsT OyAiBeNbHOI KOHCTPYKIIIT
Ta J0 MOAAJBIIUX JIii 3 IILOTO MPUBOTY.

B mipy Toro, sk y HalOIMX41l POKH
3’ SABIASITUMETHCS  OUIbIIE JaHUX MPO
npupoay arMmochepHoro oOJIeAeHIHHS,
norpeba B OHOBJIEHHI LOIO CTaHAAPTY
cTaBaTMME OUIBII  aKTyaJbHOIO, HIXK
3a3BUYaN.

HacranoBu HaBOASTBCA y BUIIISAIL
[TpumiTKH michs TEKCTY, 10 SIKOTO BOHU
CTOCYIOTbCSl. BOHM BIAPI3HSIOTHCS Bij
OCHOBHOTO TEKCTY po3mipoM mpudry. i
HACTaHOBH MICTSTh IIHHY 1H(OpMaIliio,
sKa  MOXe

OyTH  KOPHUCHOIO IS

OPAaKTUYHOTO  TMPOEKTYBaHHA 1  sKa
IPE3EHTYE PE3YyJIbTaTH, SIKI, MOXKIIMBO, HE
€ JIOCTaTHbO JOCTOBIPHMMHM B MeE¥Kax
IBOTO CTAHAAPTYy, aj€ MOXKYThb CTaTH
OaraTtbox

KOpPUCHUMHU B BUITaAKax,

JIONIOKK B MalWOyTHbOMY HE 3’ SIBUTBCS

npICTY b ISO 12494:201X
topics than those available from this
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 purpose of this
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 updating 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.



ORI TOCTOBIpHA 1H(OPMAITLiS.

Tomy pazno IPOIIOHYEMO

IMPOCKTYBAJIbHUKAM KOPUCTYBATHUCA
oOMMH HACTaHOBaMHM 34 YMOBH, IO

YCBIIOMJIIOIOYM ~ HaMmipu 00  iX

3aCTOCYBaHHS, BOHH OyIyThb TaKOX

iHQOpMOBaHI MPO Pe3ylabTaTH HOBUX

JOCJIII)KEHb Ta/a00 BUMIPIOBaHb.

1 COEPA 3ACTOCYBAHHA
1.1 3arajbHi M0JI0KEeHHSA
B JTAHOMY CTaHIapTi

pO3TISAIAIOTECS  3arajbHl  MPUHITUIIN
BU3HAYEHHS OKEJIECIHOIO HABAHTAKECHHS
Ha KOHCTPYKIIli, TUIH SKUX HaBEJICHO
B 1.2.

SAxmo neit uu iHmME cragaapt abo
pEeKOMeHaIlll HE OXOIUIIE SKi-HEOYIb
KOHCTPYKIIii, TPOEKTYBAIILHUKU MOXYTh
CKOPHCTATHCS KOHIIEIII€I0 IIOT'O
cragaapty. llpm 1BOMYy KOpHCTyBa4
MOBUHEH 3aBXIN yBAaXXHO CTaBUTHUCS IO
3aCTOCOBHOCTI

o010 CTaHIapTy

(pexomenpanii) g0 Ti€el YW 1HIIOL
KOHCTPYKIIi.

[IpakTuHe 3acTOCyBaHHS JdaHUX
IILOTO CTAHJAPTY IPYHTYETHCSA HA TIEBHUX
3HAHHSAX MapaMeTpiB MaljgaHyuKa, Ha
SKOMY

3HAXOUTHCS KOHCTPYKIIiS.

Hampukmnan, HeoOXiqHO 3HATHU CTYIIHB

npICTY b ISO 12494:201X

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 is based upon
certain knowledge of the site of the
to have

structure. It is necessary

information about the degree of «normal»

3



«HOpManbHOTO»  00neAeHiHHA  (TOOTO

JHOAOBI  KJacHM) TOTO YM  1HIIOTO
Maljmanuuka. Ha xanp, g Oaratbox
paiioHiB Taka iHpopMaIlis BIJACYTHS.

AJle HaBITh y TaKUX CUTYaIlIIX Iei
CTaHAAPT MOXXE BHSIBUTUCS KOPHUCHUM,
TOMY IO MICIIEBI MeTeocnyx0u abo
1HIITAN

KBaI1(p1KOBAHUIM nepcoHan

3MOKYTb  NPAaBUJIBHO  pO3paxyBaTH

JbOJIOBUM Kjac. BukopuctanHs Takoi
OL[IHKA MpPU MPOEKTYBAHHI CHPUSITUME
KOHCTPYKIIi1

[T IBUILICHHIO 0Oe3IeKu

HOpiBHHHO 3 BUIIAAKAMH, KOJIKN ITPOCKTOM

HE TMepeAdadyeHo  KOJHOIO  BIUIMBY
o0neIeHIHHS.

¥YBara! HajgsBuuaiilHo BaXJIIMBO
BUKOHYBATH MPOECKTYBAHHS 3
ypaxyBaHHSIM HaBiTh  MiHIMaJbHOTO
00J1eIeHIHH, 3aMICTh Horo
HIJIKOBUTOr0 irHOPYBaHHSI; 3r0JOM

IIATaHHS NPaBWIbHOI YU HENPaBUWIbHOI
OI[IHKA MOJXKJIUBOTO OOJeAeHIHH Oy/e
B)K€ HE TaKuM BaXKIMUBUM. 30KpeMma,
MOJIMBE 3HaUHE MTOCUJICHHS BITPOBOI il
BHACIIJIOK PO3IIUPEHHS 30HU BIUIMBY 1
30UIBIICHHS KOe(]illi€EHTa OIOopYy.
1.2 Bukopucranus

Len CTaHaapT MOXKE
BUKOPHUCTOBYBATHUCS

JJIA  BHU3HAYCHHIA

Macl  OXEJIEIHOr0 Ta  BITPOBOTO

npICTY b ISO 12494:201X

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



HAaBAaHTAKCHHS Ha obneneHimi
KOHCTPYKIIIT TAKMX THITIB:

— IIOTJIN;

— Oamrw;

— QHTEHU Ta aHTCHH1 KOHCTPYKIIii;

— BaHTH, BIATSHKKW, BIATOKHI KaHATH
TOILIO;

— KaHaTHI JOpory (IiJIBICHI 1I0pPOrH);

- KOHCTPYKIII1 T1IPCHKOJIMKHUX
M AHOMHHKIB;

— OyaiBal abo iX 4YacTUHHU, SIKI MOXYTb
3a3HATH O0JICJICHIHHS;

— OQamtd I8 cHEllaJIbHUX  THUIIIB
KOHCTPYKIIIM, TakuX SK JHIT 3B 53Ky,

BITpsiHI TypOIHH TOIIO.

AtMmocdepHe oOJeieHIHHS
NOBITPSHUX  JIHIA  eJleKTpomnepenay
PO3IIISIAETHCA CTaHJapTamMu IEC

(MixxHapoaHa eeKTPOTEXHIYHA KOMICIs).

Len CTaHAapT [IOBUHEH

BUKOpHUCTOBYBaTHUCS pa3oMm 13 [SO 2394.

IIpumirka. TyT HaBeneHO AEsIKiI THIOBI
KOHCTPYKIIii, aie MOMJIMBHM € PO3TIS TaKOK
iIHmMX TuniB. [IpoeKTyBaNbHUKKM  MOBUHHI
BU3HAYUTH TUIH KOHCTPYKIIIH, SIKI BUSBISIIOTH
CXWJIBHICTH Ji(o) HernepeadauyyBaHOTO

001eIeHIHHS, Ta JIATH BiAIOBIIHUM YHHOM.

Takox, B OKpeMHX BHMOaJKax 3
ypaxyBaHHSIM 0KEJIETHOTO

HAaBAHTAXCHHSI ITOBUHHI IIPOCKTYBATHUCA

npICTY b ISO 12494:201X

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
overhead lines 1is covered by IEC
(International Electrotechnical

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

5



JMIIE JEesKI YACTUHU KOHCTPYKIIH, SKILO

BOHU €  HaAWOUIBII  ypa3jJuBHUMHU
€JIEMEHTAMHU, a HE BCSI KOHCTPYKIIISL.
HapiTe Km0 TOBITPsAHI  JIiHIT
eJIEKTpoIiepeiau HallexkaTh 10 cepu mii
CTaHJIapTIB IEC, 3a OaxaHHIM
MPOCKTYBAIBHUKNA MOXYTh BHUKOPHCTO-
BYBaTH e CTaHIAPT JJIs MIPOCKTYBaHHS
HIOrJ  MiJ TOBITPsAHI JIHIT (SIKI  HE

posrisaatothes cranaaptamu [EC).

2 HOPMATHBHI ITIOCUJIAHHA
Hactynni HOpMaTuBHI JTOKYMEHTH
MICTSITh ~ TIOJOXKEHHS,  SIKl,  4Yepe3
MOCWJIAHHS Y 1IbOMY TEKCTi, CTAaHOBJISTH
MOJIOKEHHST JTaHOTO  cTaHmaprty. Jlms
JTATOBAaHUX MOCUJIaHb HACTYTHI TIOMPABKU
a0o0 pemakmii mUX MyOmiKamii - He
3aCTOCOBYIOThCA. OTHAK, CTOPOHH YTOJIH,
0 yKIagaeTbcss Ha 0a3l  1mbOro

CTaHAapTy, MaKOTh JTOCITIAUTH

MOXJIMBICTb ~ 3aCTOCYBAaHHSI ~ OCTaHHIX

penakiiii  HOPMAaTUBHUX JIOKYMEHTIB,

3a3HAa4YCHUX HHMKYC. I[J'IH HCOaTOBAaHUX
IIOCHJIaHb

34CTOCOBY€TBCA OCTaHHAA

peI[aKHiﬂ 3da3HAYCHOTO HOPMATHBHOTO

JOKYMEHTa  (BKJIIOYAIOYM  TOIMPABKH).
Unenn ISO Tta IEC BemyTh peectpu

ITIOTOYHHUX YHMHHHUX CTaHI[apTiB.

npICTY b ISO 12494:201X

to unforeseen ice than is 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
normative

which,

The following
documents contain provisions
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.



ISO 2394:1998 3aranpHi
MPUHIUIKI HAAIHHOCTI KOHCTPYKITIH;
ISO 4354:1997 Bitposi

HaBaHTAXEHHS Ha KOHCTPYKIIIi.

3 TEPMIHU TA BHU3HAYEHHASA
MNOHATDb

v LOMY CTaHAapTI
BUKOPHUCTOBYIOTBCS TEPMIHU Ta
BHU3HAYEHHSI, BCTAHOBJICHI HIKYE.
3.1 BigKkIa/1eHHA
IOpOLEC YTBOPEHHS JbOJY Ha IOBEPXHI
00'ekTa, B pe3yabTaTi 4Oro KOHCTPYKIIii
3a3HAIOTh 00JIEEHIHHS PI3HOIO TUITY
3.2 koediuieHT onopy
aepoauHaMIyHUN  KoedilieHT 00'eKTa,
BUKOPUCTOBYETBCS  JUISL  PO3PAXYHKY
BITPOBOTO HABAHTAXKEHHSI B HAMNPIMKY
BITpY
3.3 o:xxesiean
YUCTHUH JI1JT BUCOKOI I'yCTHHH
3.4 oxesieiHe HABAHTAKECHHS
BIUTUB  OXKEJIEAHOTO BIAKJIAJCHHS Ha
KOHCTPYKI[IIO y BUIJISII HaBaHTAKCHHS

BiJI BJAaCHOI MacH JIbOJy 1 BITPOBOTO

HaBaHTaXCHHS Ha obJeeH1Ty
KOHCTPYKIIIIO

3.5 abonoBui kiaac IC

kinacudikamis 3a  XapaKTepUCTUUYHUM

3HAYCHHAM OXCIJICIHOTO HaBAaHTAXKXCHHA,

npACTY b ISO 12494:201X
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 is expected to occur within a mean

7



cepenHin 3a1aHui nepioj
IOBTOPOBAHOCTI SKOI'O Ha
KOHTPOJbHOMY  30IpHUKY  JIbOAY B

MEBHOMY MicCIll CTaHOBUTH 50 pOKiB

3.6 BHYTpilIHbOXMAapHe 00J1e/IeHiHHS
00JIeICHIHHS, BUKJIMKAHE
MEPEOXOJIOKEHHSIM ~ Kparelib BOJU B
xmapi ado TymaHi

3.7 o01e1eHIHHA BHACTIAOK omaaiB
o0JNeICHIHHS, TPUUYUHAMH SIKOTO MOXYTh
OyTu:

a) KpHKaHUM 1011 a00 MpsKa, 91

b) CKyITueHHsI MOKPOTO CHITY

3.8 nepiox MOBTOPIOBAHOCTI

CepelHs KUIbKICTh POKIB, IPOTITOM SIKUX
BIJIOYBAETHCS

OOHC CTaTUCTUYHC

IMCPCBUIICHHA 3a3HAYCHOI'O ABHILA

IIpumirka. Tpusanuit nepiof
MOBTOPIOBAHOCTI 03HAYA€ HU3bKY IHTEHCHBHICTh
TpaHcrpecii (To0To sBUIIE BiAOYBA€ETHCS PINIKO),
a KOpPOTKOYACHHH TEepioJl TMOBTOPIOBAHOCTI
O03HA4Ya€ BHUCOKY IHTEHCUBHICTh TpaHCrpecii

(ToOTO siBHIIIE BITOYBAETHCS YACTO).
3.9 namopo3b
OuUM T, 10 MICTUTh PO3YHMHEHE

HOBITPS

npICTY b ISO 12494:201X

return period of 50 years on a reference
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 is 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 IIO3HAKHA

C. — Koedimient omopy o0meaeHIIOro

1
00'exTa, 1

C,; — Koedimient omopy ms BEIUMKHX

00'exTiB (mupuna > 0,3 m), 1

C, — Koeopiuienr omnopy o00'ekra,
BUIBHOTO BIJI 1b01Y, |

D — ]JliameTp KpmKaHOTO HApocTy ado
3arajbHa MUPUHA 00'€KTa, BKIFOYAIOYH
OKeTeb, MM

F,, — Birpose HaBaHTaxxeHHs, H/Mm

H — Bucota Haj moBepxHEr0 3eMJll, M

k — KoedimieHT A TMHAMIYHOTO THCKY
B1J1 BITpOBOI ii, 1

K, —Koedpiuient Bucotu cnopyau, 1

L — JloBXuHA KpPHXXAHOIO HapOCTYy,
BUMIpsSIHA 3 HABITPSIHOTO OOKY, MM

m — Maca oxenelHUX BIJIKIAJCHb Ha
METp JIOBXKUHU, KI/M

m,, — Maca 1p01y Ha BEIMKHX 00'€KTax,

KT
T — Ilepiog MOBTOPIOBAHOCTI, PIK

t — ToBIIMHA CTIHKHM OKENEC1, MM

t, — Temmneparypa nositps, °C

W — llupuna oO'exta (BKJIIOUYAIOYU
OKeJieb), TEePIEHANKYISIPHA HANPIMKY
BITpY, MM

a — KyT Haxuny MK HanpsIMKOM BITpY 1

IT03JIOBXKHBOIO BICCIO 00'€KTIB, °©

npICTY b ISO 12494:201X
4 SYMBOLS

C, Drag coefficient of an iced object, 1

C,; Drag coefficient for large objects
(width > 0,3 m), 1

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

T Return period, year
t Ice thickness, mm

t, Air temperature, °C

W Width of object (excluding ice)

perpendicular to wind direction, mm

a Angle of incidence between wind

direction and the objects longitudinal



7 — 'yctuna nsoxy, Ki/M

¢ — Kyt BImMBYy BITpY y BepTUKaIbHIN
IUIOIIMHI, °©

7 — KoedimienT cyminpHOCTI:

TJIOIA BIAKPUTOI JIISHKH

3arajibHa IUIOIa JUISHKKM B MEXKax
30BHINTHIX TPAHUITh

1

7' — 30inblleHe 3HAYEHHS T, BUKJIMKAHE
00JIeICHIHHSM, JJISl PO3PaXyHKIB, 1

@ — Koedinient kombinyBanns, 1

S BIIVIMBU OBJIE/IEHIHHS
5.1 3araJjbHi MOJI0KEeHHA

BrumBu  oOneneHiHHS — 1€

MIJBUINCH] BEPTUKAIbHI HAaBAaHTAKCHHS

Ha  OOJIENEHLTy  KOHCTPYKILIIO 1

MIJBUIIIEHUN OMIp BITPY B pe3yibTaTi
30UIBIIICHHS TUIOIII TTOBEPXHI, IO 3a3HAE

BITPOBOro  BIUIMBY. (OCTaHHE  MOXe

MMpU3BCCTHU 10 BiTpOBI/IX HaBaHTAa>XCHb

OLIIBIINX, HIK O€3 00J1eICHIHHS.

Hpumitka. Y mganomy  posmini

300paXeHO  MeXaHi3M  Ail  O0XEeJEeIHOTO
HAaBaHTAKEHHS Ha KOHCTpyKiroo. [le momomorke
MPOEKTyBaJIbHUKAM Kpalle 3pO3yMITH JlaHe
SIBHIIIE 1 TO3BOJIUTH IM BUKOPUCTOBYBATH JaHHIA
CTaHJApT HaBITh y BHUMAJKaxX, HE 3a3HAUYCHHUX

TYT.

npICTY b ISO 12494:201X
axis, °
7 Density of ice, kg/m’
€ Angle of wind incidence in a vertical
plane °
7 Solidity ratio:
exposed panel area

total panel area within outside boundaries

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

@ Factor of combination, 1

5 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.

10



5.2 CraTn4Hi okeJjieHI HABAHTAKEeHHSA

Pi3ni THUIIH KOHCTPYKIIIH
BUSIBJISIFOTh Outblly  4H MEHIILY
YyTIOUBICTH 70  JAil  OXKEJIEeTHOTO

HaBAaHTa)XECHHS, HUKYE HABEJIEHO KUIbKa
IPUKIA/IIB:

a) Hararayri crameBi Tpocu,
KaHaTH, BIATSDKKH TOIIO, 3a3BUYAll Jyxe
YyTIWBl  J10

OXCICOHOI'O BIIJIMBY,

BIIMOBIAHO, 1€ MOXE TMPHU3BECTH JI0
3HAYHOTO MiJABUIICHHS CHJI HATATY B IUX
CICMCHTAaX.

b) Tonki rparyacti KOHCTPYKIIIi,
30KpeMa, IIOMIH 3 BIATSHKKAMU, YyTJIMBI
JI0 TABUIIEHUX CHJI OCHOBOT'O CTHCKY ITiJT
BIUIMBOM OXKCJICAHUX BIJKIAACHb Ha
KOHCTPYKIIi.

c) AHTEHU Ta aHTEHH1 KOHCTPYKIIi1
JIETKO MiIJIaI0ThCS IEPEBAHTAXKEHHIO TT1]T
BIKJIaJCHHS,

BIIJIMBOM OXCICOHOI'O

JKIIO BIH He OyB mnependadeHuil npu

pPO3paxyHKax. 30Kpema, HEBEJIUKI
KpIMWIbHI ~ Ae€Tali HE  BUTPUMYIOTh
1 ABUIIIEHOT'O HaBaHTaXKCHHSA B1J

JI0JIaBaHHS 1HIIMX BIUIMBIB, TOMY IO JIiJT

3MaTHUN MOJABOITH HOpMaJbHE

HABaHTAKEHHSI.
d) «lIpoBucanns npomy» Ha

HEKOHCTPYKUIMHUX  €JIEMEHTax  MOXe

BUSIBUTHCS PYHHIBHUM.

npICTY b ISO 12494:201X

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.

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 not been foreseen. In
particular, small fastening details are
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

11



HekoHCTpyKLIMHI  €1€MEHTH, Takl sK
aHTEeHU 1 Kabemnl, MOXYTh MiJAaBaTUCS
BIUIMBY HECIOJIBAHUX HABAHTaXEHb BiJ
o0JNeIeHIHHS, TOMY IO JIiJ] TPOBUCAE HA
UX eJeMeHTax a00 3IIMCHIOE Ha HHX
IIeBHUM THUCK. Takui

BIINITMB MOXKC

BUSIBUTHCS ~ 3HAYHO  BHIIUM,  HIXK
3BUYAMHE 0XKEJICHE HaBAaHTAKEHHS.

e) HaBanTa)kxeHHs BiJ OXKeJEIHHUX
BIIKJIaZICHh MOJKE JIETKO MPHU3BECTH 10
nedopmarrii abo MOIIKO[KEHHS
€JIEMEHTIB 000JIOHOK (OOIIMBKU TOIIIO).
SAkiio i1 He CKUHYTH JI0 TOTO, SIK HOTO
HAaBaHTAXKCHHS CTaHE 3aHAATO BEIUKHUM,
BiH MOXE BHKJIMKATH TOIIKO/KCHHS
KOHCTPYKIIIH.
5.3 Hdis BiTpy Ha  oOaexeHiai
KOHCTPYKUIil

Taki KOHCTPYKIT SK IIOTJIHA 1
OaIiTH,

pa3oM 13  HATATHYTUMU

CTaJICBUMH KaHaTaMu, BaHTaMu,

BIATSDKKAMHU  TOIO, € UYTJIUBUMHU [0
HJBUILEHOTO ONOPY BITPY, BUKIMKAHOTO
00JIEIEHIHHAM.

Hito  BiTpy Ha  oOiemeHii
KOHCTPYKILIi MOYKHa pO3paxoByBaTHU 3a
TaKUMHM 5K NPUHLMIIAMH, SK 1 JII0 Ha
KOHCTPYKIIii, BUTbHI BiJ Jboay. OmHaK i
PO3MIpU KOHCTPYKLIMHHUX €JIEMEHTIB, 1 iX

Koe(dimieHTH

OIopy MOXYTb

npICTY b ISO 12494:201X

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.

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.

12



3MIHIOBATHCS. TOMY TOJIOBHOIO METOIO

IbOTO  CTaHAApPTy €  BCTAHOBJICHHS
HAJIC)KHUX 3HAYCHD:
—  po3MIpiB 1 Barm  OXKCJICITHHUX

BIJIKJIaJICHbD,
— ¢hopMH 0XKEJICTHOTO BiIKJIAICHHS 1
—  KoeIIEHTIB OIMOPY  OXKEJIEIHOIO
BIJIKJIaJICHHS.
5.4 JlunamiuHi aii

BaxxnuBuMm pakTopom, 1110 BIUTHMBAE

Ha JUHAMIYHY TOBEAIHKY KOHCTPYKIIii, €

i BJACHI 4YacTOTH. 3a3BHYal BJIACHI
YacTOTH KOHCTPYKIIi1 3HAYHO
3HIDKYIOTBCSI B~ YMOBaXx  BaXKKOTO

obnenenHinus. Lle Mae BaxuBe 3HAYCHHS
npu MPOBEICHHI1 JOCITIKEHb

JUHAMIYHUX XapPaKTEPUCTHK, OCKUIbKU

HU3bKI  YacTOTH €, SK  IPaBWIO,
KPUTUIHUMU.

Kpim ILOT 0, TIOCIIIKEHHSA
TUHAMIYHUX napamMeTpiB MOXeE

3HAJIOOMTHCS 1 y BHUINAAKY 3MIHCHHS
dbopmMu MoTepeyHOro nepepizy BHACHIIOK
OKeJeHOTO BimkiaaeHHa. Hampuxman,
dbopma

nepepizy 0XKeJEeIHOr0 HApOCTy Ha BaHTI

CKCOCHTpHUYHA IMOIICPCYHOI'O

a0o BIATSDKIIL MOXE BUKJIMKATH

acpoAMHaMIYHy  HECTaOUIbHICTh, IO
npu3Bene J0 BWHUKHEGHHS CHJIBHUX
KOJMBaHb (HAMpPUKIIAJ, TajlolyBaHHs).

npICTY b ISO 12494:201X

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

— 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 is 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

aerodynamic  instability

resulting in heavy oscillations (e.g.
galloping). Also, fully iced mast or tower
sections can introduce vortex shedding,
wind vibrations.

resulting in  cross

Shedding of ice from a structure can

13



KpiM 1poro, moBHICTIO 0OMEp371 CEKIIii
morJa  4¥  OamT MOXKYTh BHUKJIHUKATH
BUXOPOYTBOPEHHsI, 10 NPHU3BEAE 10

HOTIEPEUHUX BITPOBUX KOJIMBaHb.
OcunaHHsl JbOJy 3 KOHCTPYKIIII 37aTHE
BUKJIMKATH CEPHUO3HI JUHAMIYHI BIUIUBH 1
HAMpPY>KEHHS B KOHCTPYKIIIT B 3aJIEKHOCTI
Bl THUINY KOHCTPYKIIi, KUIBKOCTI 1
BJIACTUBOCTEN nbOAy. Takl JguHAMIYHI
BIUIUBH MalOTh OyTH JOCITIHKEHI, SIKIIO
Ta YU IHIIA KOHCTPYKI[S BHUSABUTHCS
YyTIWBOIO JI0 HHUX. BpaxoByBaTHCs

[IOBMHHI TAaKO)X 3HA4Hl JUHAMIYHI
BiOpamii (muB. po3ain 10) BHacaigok
MaJiHHS JIBOJY 3 CHJIBHO OOJIEACHIIUX
BIATSKOK IIOTJIN.

IIpumirka. JlaHe sBUILE BXXE MPHU3BEIO
J10 TIOBHOTO PyHHYBaHHS Ay»€ BUCOKHUX IO 13

BIATSKKaAMU.

5.5 Ilomkoa:KeHHSI BHACTIAOK NMaXiHHA

JbOIY
Sxmo  KOHCTpyKuist — oOmep3na

JHOJ0OM, TO PAHO YW III3HO JIiJ TOYHE 3

Hei magaTd, TIOBHICTIO abo (110

TPaIUIAE€THCS HAMYACTIIIE) YaCTHHAMM.
JlocBin TmoKazye, 110 MaaiHHS

NOYMHAETHCA  3a3BHU4Yad  3a

JTHOITY
HiBUIIECHHS TeMIepaTypu. Sk mpaBuio,
Oo)KeJedHe BIAKIAJACHHS HE BIATAE€ Bl

KOHCTPYKIIii, a BIJKOJIOETHCS 1 BiJNagae

npICTY b ISO 12494:201X

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
is sensitive to those actions. For a guyed
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
during

occurs increasing

typically

temperatures. Normally, accreted ice
does not melt from the structure, but

breaks because of small deflections,

14



yJIaMKaM{d M BIUTMBOM HEBEITUKHX
nepeMillieHb, BIOparlii TOIIo.
Mma e

YHUKHYTH IOy

OPAaKTUYHO HEMOXJIUBO, TOMY JaHe
SBUILE Ma€ BPAXOBYBATUCA Ha CTafil
NPOEKTyBaHHS 1 BUOOpY MaljaHUMKa Mif
KOHCTPYKITIO.

Jling, mo majgae 3 BEJIMKOI BHCOTH,
MOX€ IOUIKOAUTH KOHCTPYKILIMHI I
HEKOHCTPYKIIiHHI  (aHTeHH 1  T.1.)

€JIEeMEHTH  KOHCTpyKWii.  OuiHo04u
PHU3HK iX TOIIKOKEHHS, OCOOJIUBY yBary
NOTPIOHO MNPUAIATH (PAKTOPy BHUCOTH
NaJlHHS JIbOAY, OCKUIBKM W10 Oliblie
BHCOTa, TO OLIbIIE AWMHAMIYHI CHIM Bl

magae.  Jlna

J04y, IO 3aXUCTY

KOHCTPYKIIIH BiJ MOIIKOMKEHHS a00 JIs

MIHIMI13aI1 TaKuX [MOIIKO/KEHD
BUKOPUCTOBYIOTHCS OTOPOKYBaJIbHI
KOHCTPYKIIi.

Ipumitka. J[uB. Takox 5.2 d) ctocoBHO

«TpOBUCAHHSI JhOMy» 1 po3min 10 mpo
He30aJaHCOBAaHE OXKEJIEAHE HABAHTAXXEHHS Ha
BIITSDKKH, a TakoK po3aun 11 momo mamiHHS

JTHOY 3 KOHCTPYKIIIH.

npICTY b ISO 12494:201X

vibrations, etc. and falls off in fragments.

It 1s extremely difficult to avoid
such falling ice, so this should be
considered during design and when

choosing the site for the structure.

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 is 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.
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6 ATMOC®EPHE OBJIEJEHIHHSI.

TEOPETUYHI OCHOBH

6.1 3aranbHi MoJI0KEeHHS
[TonsTTs «armocdepHe

00JIe/ICHIHHS» BKJIIOYAE BC1 MPOIECH, i

gac  SKHUX

Kparuii BOJH, 110

nepeMiniyroTecsi B atmocdepi  abo
najalTh Ha 3E€MJII0 Y BUIJISIAl JOILY,
CHIr'y a00 MOKpOro CHITy, MOYMHAIOTh
3aMep3aTd 1 MpUIUNAaTH 0 Oy.b-SKOTO

00'eKTa Ha BIAKPUTOMY TOBITPI.

VY nanomy po3nisi po3rIsSAalOThCs

MIpOIIeCH oOmep3aHHs 1 TUITH
00JIe/ICHIHHSI. Binbm JIeTaIbHUI
TEOPETUYHUW  OMHUC IUX  MPOIIECIB

HaBoauThes B qoaatkax C i D.
Ipumitka. Ha BimMiHy Big Takux
METEOpOJIOTIYHUX MapaMeTpiB, K TeMIIeparypa,
omaju, BiTep 1 IIIMOWHA CHITY, HAsABHI JIaHil MO0
00JieIeHIHHS € BKpail 0OMEKEeHUMHU.

[Iupoke pi3HOMAHITTS MIiCIIEBHX
tonorpadiyHUX 1 KIIMaTUYHUX JaHUX, a
TaKOXK iHbopMarris CTOCOBHO
00JIeICHIHHS YCKJIaHIOIOTh HOPMYBaHHS
HACIIAKIB 00JIe A€ HIHHS.

Bce mne BuMarae mnpoBeneHHA
BIIMOBIAHUX JOCIIDKEHh Ha MICIICBOMY
(HallOHAJIbHOMY)  pIBHI, H Taki
JOCIIJIKEHHSI TIOBHHHI TPYHTYBaTHUCA Ha

IMMOJOKCHHAX NObOIro CTAHIAPTY (,Z[I/IB.

npICTY b ISO 12494:201X
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.

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 Ilocal
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

16



nonatok B). YV TepmiHOBOMY mHOpsSAKy
HEOOX1THO TPHUCTYNUTH O TOPIBHSIHHS
310paHuX JaHUX Ta OOMIHY JOCBIJIOM,
OCKIJTBKM 11€ CHPHUSITUME IT1ABUIICHHIO
AKOCTI 3HaHb y Iid cdepi Ta
HAKOMMMYEHHI0 HeoOximHoi iHdopmartii 3
METOO

Mo JaJibImoro ACTAJIBHOI'O

pO3p0o0IIeHHS CTaHJIapTy 1010
0o0JIeICHIHHSL BHACIIJIOK aTMOC(EpPHOTO
BILIUBY.
HeoOximgno  310patu  jeranbHy
iH(pOpMaIliI0 CTOCOBHO TMEPIOAUYHOCTI
00JIeICHIHHS, HOT'0 IHTEHCHUBHOCTI TOIIIO.
3 €0 METOIO MO>KHA
BUKOPHCTOBYBATH TaKi METOIH:
— A: 30upaHHs JaHUX HASBHOTO JOCBIY.
- B: MOJIEJIFOBAHHS IpOoIIeCiB
0’KEJICIOYyTBOPEHHSI HAa OCHOB1 BIJOMHUX
METEOPOJIOTTYHUX JTAHUX.
— C: OararopiuHi mpsiMi BUMIPIOBaHHS
napameTpiB OXKeJeIi.
[lounHaTth HOCIHIJUKEHHS Ciala 3a
JOTIOMOTOI0 METOJy A, OCKUIBKM BiH

JI03BOJIIE IIBHAKO 310paTh HEOoOXimgH1

nani. Ilpm 1OMY  JOCHIKYBaTHCS
MOBUHHI PI3HI THUNOU KOHCTPYKIIH Yy
pPI3HHX  MICHEBOCTSX, 1100 310patu

JIOCTaTHBO IIMPOKUM CHEKTP AAHUX IMPO

NepiIoANYHICTh Ta 1HTEHCUBHICTD

obneneninnsa. Jns 1mporo moTpiOHO

npICTY b ISO 12494:201X

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.

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
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IPOBECTH OINUTYBaHHs KBaJll(piKOBAHOTO
HEepCOoHaly, MOB'I3aHOTO0 TUM YU IHUIUM

YUHOM 13 LI€I0 MpoOsIeMOr0 (HanpuKiIai,

TEJICKOMYHIKaIllifHI ~ Ta  €HEPreTU4Hi
KOMIaHii, = METEOpOJIOTIYHI  CIIyKOu
tomo). Came 3 [OaHOro  METOAY

PEKOMEHIYEThCSI TOUMHATH JOCIIKEHHS
3 METOI0 OTPUMAaHHS Pe3yJIbTaTiB MPIMUX
BHUMIpIOBaHb B pamkax merony C.

Jlns metony B 3a3Buuail moTpiOH1
JnoaTtkoBa iH(GopMalis abo neperyMoBU
CTOCOBHO TIapaMeTpiB.

[TpuHIMATH MOJICITFOBAHHS
0’KeJIeI0y TBOPECHHS HaBEICHO B

nogatrkax C1D.

s METOly C MMOBUHHI
BUKOPUCTOBYBATHUCS CTaHapTHI
BUMIPIOBAJIbHI PUCTPOL B

penpe3eHTaTUBHUX  yMoBax abo Ha

JiI0YnX OyAiBETbHUX MalTaHINKaX.
BaxxnmBoro yMOBOIO € TIPOBEICHHS

BHUMIPIOBaHb 3a CTaHJAPTHOIO

MCTOJUKOIO, OIITHUC SIKO1L HaAaBOJUTLCA B

nonarky B.

BuwmiproBanus OBUHHI
IIPOBOIUTHUCS IPOTATOM JOCUTD
TPUBAJIOTO nepiogy  4acy, 100

HAKOIMYHTH JIOCTOBIpHY 0a3y MaHUX IS

MOJAJIBIIOTO aHamizy. [Tepion

BI/IMipIOBaHB MOXC CTAaHOBUTH, 3aJICIKHO

npICTY b ISO 12494:201X

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
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 is 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.

18



B1JI YMOB, B1Jl KUIbKOX POKIB JI0 JIE€CSTKIB
POKIB.

[Ipu 11bOMY HE BHKIIOYAIOTHCS 1
KOPOTKOYacHI cepii BUMIpIOBaHb, SKi
MOXXYTh BHBYATHCS OKpeMO a0o0 CIJIbHO
3 pe3ynbTaTaMmu TPUBATIUX
METEOPOJIOTIYHUX CIIOCTEPEKEHb, 5K Yy
CTaTUYHOMY, TaK 1 B (I3MUHOMY (Kpalle)
IUIaHl, y TO€AHAHHI 3 TEOPETUYHUMU
MOJIEIISIMH.

6.2 Tunu o0;1e1eHiHHS
6.2.1 3araJbHi N0J10KEHHA

ATmocdepHe oOJieIeHIHHS
TPaIUIIAHO KIACU(PIKYIOTh BiAMOBIAHO
10 JIBOX Pi3HHUX pOIIECiB
O’KeJIeIOYTBOPCHHS:

a) oOJIe/ICHIHHS BHACIIIIOK OIIa/IiB;

b) BHYTpIIITHbOXMapaHe
00JIeICHIHHSI.

[Ipu 1mpomy kimacudikaiis MoXe
TPYHTYBaTHCS W Ha IHIIUX IMapamMeTrpax,
nuB. Ta0m. 11 2.

®i3u4H1 BIACTUBOCTI 1 30BHIIIHIN
BUTJISITT OXKeEJIEAl PIZHATHCS 3aJIEKHO BIJT
METECOPOJIOTIYHUX  yMOB  MiJ  dYac

OXKCIICAOYTBOPCHH:.

Kpim xapakTtepucTuk, 3a3Ha4eHUX

y Taba. 1, g omnucy BIaCTHUBOCTEH

OXCICOHOI'O BiI[KJIaI[eHHH MOXYTb

npICTY b ISO 12494:201X

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.

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

compressive  strength
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BUKOPHUCTOBYBATHUCA

1HIIIT

napameTpH,

Taki K MIIHICTh Ha CTUCK (IUIMHHICTH 1

pyHHYBaHHS:), MILIHICTh Ha 3CYB TOLIO.

MakcuMalnbHa Maca OKeJleIHUX

BIIKJIa€Hb

3AJICKUTD

Bl KUIBKOX

¢dakTopiB, HAWNBAKIMBIIIMMH 3 SIKUX €

BOJIOTICTh, TEMIIEpaTypa 1 TPHUBAJIICTh

0KCIICAOYTBOPCHHA.

OCHOBHUMH TE€pEeAyMOBAMM IS

CYTTEBOI'O

o0'ekta 1

00JIeIEHIHHA

€ po3Mipu

HOro opieHTalis BIJIHOCHO

HampsMKy BiTpy. binbm nerampHO 11€

MIATAHHS PO3TIIAIA€THCS B PO3ILIL 7.
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crushing), shear strength, etc., may be
used to describe the nature of accreted
ice.

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

A main  preconditions  for
significant ice accretion are the
dimensions of the object exposed and its
orientation to the direction of the icing
wind. This is explained in more detail in

clause 7.

Tadaumusa 1 — Tunosi xapakTepUCTHKX 00JICICHIHHS BHACTIIOK
aTMOC(EpHOro BILIUBY
Table 1 — Typical properties of accreted atmospheric ice
Tun I'ycTuna, Apresiqa i Kkoresis 3araJLHUH 30BHIIIHIH BUTJIAN
o0JieneHIHHS Kr/m’ Adhesion and General appearance
Type of ice | Density kg/m’ cohesion Kouaip ®opma
Colour Shape
Oxenenp 900 CUJIbHA IIPO30pUI PIBHOMIpHO po3nojineHa/
Glaze strong transparent | OypyJIbKH
evenly distributed/icicles
Moxpuii cHIT Bix 300 mo cnabka (yTBopeHHs) | Olmmid PIBHOMIPHO pO3MO/IijaeHa/
Wet snow 600 weak (forming) white €KCLIEHTPUYHA
300 to 600 CUJIbHA evenly
(3amep3aHHS) distributed/eccentric
strong (frozen)
TBepna Bix 600 10 CUJIbHA HEMpPO30pUii | eKCLIEHTPUYHA, 3
aMopo3b 900 strong (TemHmMIN) HaBITPSHOTO OOKY
Hard rime 600 to 900 opaque eccentric, pointing
windward
M'saka Bix 200 mo BiJI CJIA0KOT 10 Ol EKCIICHTPUYHA, 3
amMopo3b 600 cepenHbOol white HaBITPSIHOTO OOKY
Soft rime 200 to 600 low to medium eccentric, pointing
windward

20



Ipumitka 1. Ha npaxrtumi, mapu

OKEJIEJHUX  BIIKIAJE€Hb  MOXYTb  TaKOX
dbopmyBaTHCs 3 PI3HUX THIMIB OXejedi (IuB.
Tabn. 1), ogHAK, 3 TOYKH 30py MPOEKTYBaHHS,
JeTali3alis THITB OXeleli He MoTpioHa. Y
TabJI. 2 HAaBEIEHO 3arajbHUIl OIS OCHOBHUX
METEOPOJIOTIYHUX MapaMeTpiB, SKi yNPaBISIOTh
0’KEJIeZI0y TBOPEHHSIM.

XMapa abo0 TyMaH CKJIQJaeTbcs 3
JIpiOHMX Kparmelb BOIW a00 KPHUCTATIB JIHOITY.
Hagith siKIo Temmeparypa mnepeOyBae HIKYE

TOYKU 3aMEp3aHHS BOJH, Kparli BOJU MOXYTb

npICTY b ISO 12494:201X

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

3aJuIIaTuCd B PIAKOMY  CTaHi.

3ITKHEHHI

HaINpsIMKy

3 00'ekTaMmHu,

MOBITPSHOTO

Onnak 1pu
pO3TaIllOBAaHUMHU B

HOTOKY,

ol

NIePEOXO0JI0/PKEH] KparlIi oipa3y 3aMep3atoTh.

impact with objects in the airflow.

super-cooled droplets freeze immediately on

Tabauus 2 — MereoposoriyHi napameTpu, 0 YIPABISIIOTh aTMOCHEPHUM
00JIeIeHIHHAM
Table 2 — Meteorological parameters controlling atmospheric ice accretion
. . . 3Buuaiina
Temmneparypa HIBuakicTh Po3mip BmicT Boau B TOHBALICTE
Tun odJeeHiHHSA noeirps, BiTpY, M/C Kpamii noeirpi P .
. . . onajis
Type of ice Air temperature Wind speed, Droplet Water .
o . .. | Typical storm
C m/s size content in air .
duration
O0JieeHiHHSA BHACTIIOK aTMOC(epHUX onajiB
Precipitation icing
Oxenenp
(kprxaHuit Koy .
Oyab-sika BEJIMKA cepeaHin TOJIMHU
a00 Mpsika) -10<z, <0 ya pell it
: . any large medium hours
Glaze (freezing rain
or drizzle)
Mokxkpuii cHir Oynab-siKa IUIACTIBI | JIy’K€ BUCOKHM TOJUHU
O0<z,<+3 :
Wet snow any flakes very high hours
ByTpiminsoxmapane 00Jie1eHiHHS
In-cloud icing
Oxenenp JuB. puc. 1 IuB. puc. 1 cepenHd BUCOKHH TOUHU
Glaze see Figure 1 see Figure 1 medium high hours
TBepna mamopo3b IuB. puc. 1 IuB. puc. 1 cepenHs Cepe/Hii ITHI
Hard rime see Figure 1 see Figure 1 medium medium days
M’sika maMopo3b nuB. puc. 1 nuB. puc. 1 Majia HU3bKUH THI
Soft rime see Figure 1 see Figure 1 small low days
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IIpumirka 2. SIKio noTik Kpameiab BOAU
B HampsMKy 00'ekTa mepeOyBa€e B CTaHI HIDKYE
TEMIEepaTypu 3aMep3aHHs, KOXHa Kparuisd
3aMep3a€ /10 TOro, K HACTYIHA Kparuis BCTUTHE
BIIACTH HA T€ CaMme MICIE; Y IIbOMY BHIIAQAKY
HapICT OXKeJIe 1 HA3UBAETHCS CYXHUM.

[Ipu 306idbIIEHHI MOTOKY BOJIM HapicT
OKeJIeJll CTae BOJIOTUM, OCKUIBKM Kparuli He
MalOTh JOCTaTHbO 4Yacy s 3aMep3aHHs 0
3ITKHEHHS 3 HACTYITHUMH KpPAIUIIMHU.

3aranioM, cyxe oOJIeIeHIHHS PU3BOANUTH
70 YTBOPEHHA pI3HUX THIIB NaMopo3i (3
yMicTOM Oynb0amIoK IMOBITPs), TOMAI SK BOJOTE
00JIeICHIHHS 3aBXKIU PU3BOIUTH 10 YTBOPEHHS
o’xeneni (TBep1oi Ta mpo30poi).

Ha puc. 1 nHaBemeHo mapamerpu, sKi

YOPaBIsAOTh YTBOPEHHSM OCHOBHMX THIIIB
oXKeJenl.
I'yctuHa 7BOMY, 1O  YTBOPIOETHCH,

3MIHIOETHCS B IIMPOKOMY Jliana3oHi: BiJi HU3bKO1

(M'ska TamMoOpo3b), BKIIOYAIOYU  CEPEIHIO

(TBepaa maMopo3b), 10 BUCOKOI (0KEIENb).

npICTY b ISO 12494:201X
NOTE 2 When the flux of water droplets

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

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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25 \ \
., o 20 Teepna NaMoposk y Creneds
EE — Hard rime Glaze
i =]
£ 1 B M'Aka namMopoze ™~ \
o O
E @ Soft rime \
32 0 \
35 _
0 | | | | | | | | | | | | | | |
-20 -15 -10 -5 0
TemnepaTypa NoeiTpA
Air temperature, °C
Ipumirka. 3i 30UIBIICHHAM BMICTY NOTE The curves shift to the left with

piakoi BomM 1 3MEHIIEHHSIM pO3Mipy 00'exTa

B11I0yBA€THCS 3MIIICHHS KPUBUX BJIIBO.

Pucynok 1
MOBITPS
Figure 1

6.2.2 Oxesnienb

Oxenenp — 1e TUND KPHXKAHOTO
MOKPUBY,  SIKHA  yTBOPIOETHCS 3
aTMOC()epHHUX OIAJaIB 1 Ma€ HaUBHUIILY
TYCTHUHY. Osxenenp YTBOPIOETHCS
BHACIIJIOK KPWKAHOTO JIONy YU MPSAKHU

a00 BHYTPIITHBOXMAPHOTO OO0JIEACHIHHS

1, K TpaBWIO, TNPHU3BOAUTH IO
PIBHOMIpPHO PO3MOIIEHOTO
00JNeIeHIHHS.

Oxenenp  MOXE  IPU3BOAUTH

TaKOX JI0 YTBOPEHHS OypyJIbOK; Y LIOMY

BUMAJAKYy JIiJT MOXE€ MaTd JIOBOJI

acUMeTpuuHy hopmy.

increasing liquid water content and with

decreasing object size.

— Tum obneaeHiHHS K (YHKIIS MBUIKOCTI BITPY 1 TEeMIIepaTypu

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

6.2.2 Glaze

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

accretion.

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

can be rather asymmetric.
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YTBOpEeHHS OKeJeAl MOXKIWBE Ha
OyIIb-IKUX 00'€KTax, KOJM CHIT abo 01|

BUIAJAIOTh [PU TEMIEPATypl HIKYE

TOYKH 3aMCP3aHHA.

Ipumirka. Kpmwxanuii nom abo mpsika
YTBOPIOIOTbCA TOAI, KOJMU TEIUIe TMOBITPS Ha
BHCOTI PO3IUIABIISIE KPUCTATH CHITY 1 YTBOPIOE
JIOIIIOB1 Kparuli, SK1 MOTIM MagaloTh, TPOXOISIH
yepe3 MepeoxoI0KeHUH ap MoBIiTps MOOIU3y
noBepxHi 3emui. Taki TeMmmepaTypHi 3MiHU
MOXYTh MaTH MiCle TMOpAx 13 TEIIUMU
¢dbpoHTamMHu ab0 B JOJIMHAX, JAE XOJOIHE MOBITPS
MOX€E BHUSBHUTHUCS 3aMKHEHUM HMXKYE BEPXHiX,
OB TETTUX, IIAPIB MOBITPSI.

[ToBepxHeBa Temmneparypa 0OJ€ACHIHHA
nepeOyBae mopsi i3 TOYKOIO 3aMep3aHHs, 1 TOMY
piAKa BojJa MiJ BIUTUBOM BITPY 1 rpaBiTaliifHOi
CHJIM MOK€ OOTiKaTu 00'€eKT 3 pi3HHUX OOKIB 1
3aMep3aTu 3 MiABITPSHOTO OOKY.

IBuaKicTh HapOCTaHHS oXenenl
3aJICKUTH BiJl TaKKX (DAKTOPIB:

— IHTEHCUBHICTh aTMOC(EPHUX OMA/IIB;
— IBUAKICTH BITPY;
— TemrepaTypa HOoBITpsl.
6.2.3 Moxpwuii cHir
Moxkpuil CHII MOX€ NPHJIUIATU 10

NMOBEpXHI 00'ekTa 3aBASKH HAsSBHOCTI
BUIBHOI BOJIU B YacCTKOBO pPO3Tajux

Kpuctanax cHiry. ToMmy HanumaHHs
MOKPOT'O CHITY BiAOYBAa€ThCS TOI1, KOJU
TEeMITepaTypa MOBITPS TPOXH BUIIE TOUKU
3aMep3aHHs.

Akio micisi HaJdUNaHHS MOKPOTO

npICTY b ISO 12494:201X

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 is able to adhere to the
surface of an object because of the
occurrence of free water in the partly
melted snow crystals. Wet snow
accretion therefore occurs when the air
temperature is just above the freezing
point.

If decreasing temperature follows
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CHITY TemImeparypa 3HU3UTBCS, CHID

3amep3ne. IllinpHicTE 1 cuna aaresii
MOXYTh 3MIHIOBATUCS B 3aJI€KHOCTI BiJ
Oaratb0X (hakTOpiB, B TOMY YHUCIHI,
YACTKH TaJIOi BOJIY 1 HIBUJIKOCTI BITPY.
6.2.4 Ilamopo3b

I[Tamopo3p — 1e  HaWOLIbII

NOIIUPEHUN THUIl BHYTPIIITHBOXMAPHOTO

OoONeeHIHHSA, YacTo 3  YTBOPEHHSIM
HapOCTIB KpUJIBbYATOT dbopmu 3
HaBITPSAHOI  CTOPOHM  HA  JIHIAHUX

o0'ekTax, IO HE 3a3HAIOTH OOEpTaHHS,
TOOTO Ha 00'€KTax, SIKI HE O0EPTAIOThCS
HAaBKOJIO  TO3JOBXHBOI  OCl  4epe3
EKCLIEHTPUYHE OXKEJIeTHE HaBaHTAXKCHHSI.

[lin yac cuiabHOTO OOJIEICHIHHS
HEBEJIMKUX JTHIAHUX 00'eKTIB
MOMNEePEeYHU Tepepi3 HapOCTy MaMOpo3i
Mae Maike TPHUKYTHY (Qopmy, BepxHiit
KYT SIKOi CIIPSIMOBAHHM Y HaBITPSIHUI OiK,
asie 31 30UIBIIEHHAM IIMPUHU (J1aMeTpa)
00'exTa aMopo3eBi BIJIKJIQICHHS
MOYMHAIOTh 3MIHIOBAaTU CBOIO (opmy
(muB. pozain 7).

PiBHOMIpHO po3moAiieHHt 1Iap
JbOJy MOKE TaKOX YTBOPIOBAaTHCS B
npotect BHYTPIILIHBOXMapPHOT'O
oOnefeHiHHsA, KONMu O00'ekT € (Maiike)
TOPU30HTAIFHOIO  «CTPYHOIO»  (Mae

npsMONiHINHY (opmy), 1m0 obepTaeThes
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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 is the most common type of
in-cloud icing and often forms vanes on
the windward side of linear, non-rotatable
objects, i.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 is 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.

Evenly distributed ice can also be
formed by in-cloud icing when the object
is 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
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HaBKOJIO CBO€T ocl. JIi, 1110 HaKOITMYUBCS
3 HABITPSIHOTO OOKY «CTPYHH», 3MYIIYE ii
obepTatucsl MpU JTOCATHEHHI JOCTaTHHOI
Macu nokpuBy. lleli mnpoumec Moxe

TPUBATH OO THUX Hip, JOKHU TPHUBATHUMC

oOMep3anHs. B pe3ynprari  1BOTO
HABKOJIO «CTPYyHHU» YTBOPIOETHCS
KpHWKaHUN ITOKPUB O1IbILI-MEH T

TIHAPUYHOT POpMH.

IIpumirka. BmicT piakoi Boau B MOBITPi
npu Temreparypi Hrkue npudiusno -20 °C crae
HACTIJIbKU HE3HAYHUM, 10
BHYTPIIITHLOXMAPHOTO OOJICJICHIHHS TPAKTUIHO
HE BiAOyBa€eTHCH.

Haii6inbm CUJIbHE oOMep3aHHs
aMoOpO33[0 BIIOYBAETHCSI Y BITKPUTHX TOpax
(Ha y30epexoki a0 y BHYTPIITHBOMATEPUKOBIH
4acTHHi) a00 TaMm, Jie TIPChKi JOJIMHU 3MYIIYIOTh
BOJIOTE TOBITPSI MPOXOJIUTH Yepe3 NepeBaii, Jie
BOHO B MOJAJIBIIIOMY MiJHIMAETHCA 1 MPOXOAUTH
nepeBajy 31 30UTbIIEHOIO MIBUKICTIO.

[IIBuakicTh ~ HapoCTaHHS  MaMopo3i
3aleXKUTh y 0araThOX BHIMAAKaX BIJ TaKUX
daxTopis:

— po3mipu 00'eKTa, 0 MiITAETHCI 0OMEP3aHHIO;
— IIBUJIKICTH BITPY;

— BMICT PiJIKOi BOJH B TIOBITPI;

— PO3MOLI Kpareib 3a pO3MipaMu;

— TeMIIepaTypa MmoBITpSI.

6.2.5 Inuri TunM 00J1€1IeHIHHS

bumii 1HIM, OPOIYKT MPSAMOIO
nepexoy MmapiB BOJU B Jij, YTBOPIOETHCS

3a3BUYall 3a HU3bKUX TeMmIiiepaTyp. biauit
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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;
— 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
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1HI Ma€ HU3bKY MIUIBHICTH 1 MILHICTh 1
TOMY HE CTBOPIOE ICTOTHUX HaBaHTAXEHb
Ha KOHCTPYKIIIi.
6.3 Tonorpagiuni BiimBu

Perionanbha 1 MiciieBa Tonorpadis
BEPTUKAIBHUX  IOTOKIB

3MIHIOE  PYyX

HOBiTpHHI/IX mMac, BIINIMBArO4u1 Ha

1HTEHCUBHICTD oIaJiB XMapHO1
CTPYKTYpH 1, BIONOBIJHO, Ha YMOBH
o0yie1eHIHHA.

Bnoius MICIICBOCTI Ha

BHYTpIIIHbOXMApHE OOJIC/ICHIHHS 1 Ha
oOMep3aHHs B pe3ysbTaTi aTMOC(hEepHUX
omajiB BUABIAE cebe Mo-pizHOMY. Sk
MOKe

paBUJIo, Tonorpadis

BUKOPHUCTOBYBAaTUCSA SIK OCHOBA  JUJISt
BU3HAUYEHHI 30H 00JIeICHIHHA.

Haiiuacrimre JIETaJILHOTO OITUCY
noTpeOyIOTh TaKl MapaMeTpu:

—  BigcTaHb  Big  y30epexxksa (3
HaBITPSHOTO/MIABITPSIHOTO OOKY);

— BHCOTA HAJl PIBHEM MODSI;

— wMicueBa Tomorpadis  (pIBHUHH,
JIOJTUHHN ),

— TIPChKI CXWJIM, TIOBEpHEHI B OiK
MOPCBKOTO  KJiMary (B  HaBITpSHY

CTOpPOHY);
— BUCOKI MICIICBOCTI, 3arOPOIKEHI O1IBII

BHUCOKHUMU I'OpaMu;
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frost is 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 is
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);
sides

— mountain facing maritime

climates (to windward);

— high level areas sheltered by higher

mountains;
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— BHUCOKI TOpHM, pO3TallOBaHI Ha

MICIICBOCTSIX BUCOKOTO PiBHS.
HaticunpHime oOneneHiHHS 4acTo
BiIOYBAEThCS B TIPCHKUX palOHAxX, [

MOXYTb CHOCTepiFaTI/ICﬂ OAHOYAaCHO

BHYTpPIIIHBOXMApHE  OOJIEAEHIHHA 1

oOMep3aHHs i BIUIMBOM aTMOC(hEepHUX

onmamiB. Ilpu 1bOMY OCTaHHIA THUI

oOnefeHIHHs 3a3BUYall  BIIOYBAEThCS

BHaCJ'IiI[OK HaJIMIIaHHS MOKPOT'O CHiFy.

Ipumitka. Komm BiTep ame 3 mops,
rOpH CHPSMOBYIOTH BOJIOTE TMOBITps Bropy. Lle
NPU3BOJUTE [0 KOHJEHCAIli BOASHOI mapu i
BUTIQJIIHHS Kpareilb Ha HaBITPSHY CTOPOHY Tip
yepe3  OXOJOKEHHS  MIJHATOrO  JIOTOpH,
BOJIOTOT'O MOBITPSL.

[3 miaBiTpsiHOTO OOKY Tip MOBITPS XMap
OIyCKA€ThCS 1 BiOYBA€ETHCSI BUIIAPOBYBAHHS
Kpameiab BOAW (UM  KPHUCTANIB  JBOAY), B
pe3yJIbTaTi 40ro XMapu po34HHSAIOTHCS.

VY Tripcbkif MICHEBOCTI KpyTHH CXWI
50 M Moxe

CKell BHUCOTOI0 MPHOIU3HO

IMPU3BECTU a0 1CTOTHOTO 3HHUKXCHHA

BHYTPIIITHHOXMapPHOTO o0neieHIHHSA 3
HiABITPSIHOrO OOKY CKei.

JlomaTkoBe mMigHIMAHHS TOBITPS OLIBII
BUCOKHMMH TOpaMH, PO3TAIIOBAaHUMHU Jail Bif
y30epexcoKsi, BHUKIMKAE HOBY KOHACHCAIlIO 1
yTBopeHHs1 xmap. [Ipore B maHoMy BUNAAKY
BMICT PiIKOT BOJM B TOBITPi B)KE 3HU3UBCS ITiJ|
gac MPOXO/DKEHHS XMap uepe3 MpHOepexHi

ropu. ToMy B ropax, po3TamoBaHUX Jalli Bij

y30epexcksi, oOJeleHIHHs BiAOYyBAEThCS MEHII

npICTY b ISO 12494:201X

— 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
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.
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1IHTEHCUBHO.
VY nonwHax, e XOJIOAHE TOBITPS MOXKE

MOTpanunTu B «IMAacCTKY», IHTEHCHBHE

oOJIeIeHIHHS BHACIIZOK aTMOC(HEPHUX OIMajiB
BiIOYBa€ThCSl HAWYaCTIIIe HA JIHI JIOJIMHU, a HE

Ha HAaBKOJIMIIHIX CXUJIaX.

6.4 3MiHu o00JieleHiHHSI 3a BHCOTOIO
Ha/l MOBEPXHEI0 3eMJIi

[HTEHCHUBHICTh 0XEJIEI0YTBOPECHHS
Ha  KOHCTPYKIISIX  MOXE  ICTOTHO
3MIHIOBAaTHCS B 3aJICKHOCT1 BIJI BHCOTH
KOHCTPYKIIIi HaJ pIiBHEM 3eMJIl, OJHaK
MpPOCTOI MOJEN PO3MOAUTY OXKEJIETHUX
BIOKJIQZIEHh [0  BHUCOTI M€  HE
PO3p00JICHO.

V nedaxux BHIAAKax, OJM3BKO 0
MOBEPXHI 3eMiTi 00JIeACHIHHSI MOXe OyTH
BIJICYTHE, OJHAK Ha OUIbII BHCOKHUX

PIBHSIX MICIIEBOCTI O’KeJIeJIHE

HaBaHTAXXCHHA MOKC 6YTI/I CYTTEBUM 1

HaBIaKH.

SAxmo CUJIbHE o0J1eIeHIHHS
BBAYKAETHCS MO>KJTUBUM, CcIijzt
IIPOJIOBKHUTH METEOPOJIOrTYH1

CIIOCTCPCIKCHHA 3a JaHUM MaﬁHaHQHKOM.

IMpumitka. Ha puc. 2 mnokasaHo
CTaHJApPTHUA KOEPII[IEHT-MHOKHUK [ Mac
JbOAY Ha OUTBII BHCOKMX PIBHSX HaJ 3E€MIICIO
(He Hax piBHeM Mopsi). [lanuii koedilieHT Moxe
3aCTOCOBYBATUCS ISl BCIX THITIB OOJICJICHIHHSA,

SKILO BIZACYTHI JaHi IJIs1 KOHKPETHOIT MiCIIEBOCTI,

IpoTe HaCHpaBI[i CI/ITyaI_IiH MOXC BHUABHUTUCA

npICTY b ISO 12494:201X

In wvalleys, 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.

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.
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Habarato CKJIAIHINION, HK Il 300pakeHO Ha
puc. 2.
EdexT BUCOTHM MOXKHA TaKOX BUPA3UTH

3a JOIIOMOI'O0 BH3HAYCHHA JIbOJOBUX KJIaciB

npICTY b ISO 12494:201X

The height effect can be expressed also

by specifying different ice classes for different

JUISE  PI3HUX PIBHIB BHCOKOI KOHCTPYKIIii, levels of a high structure, e.g. mast, towers, ski-
HaIlpUKJIaJ], IIOTJH, OamTH, TIPCHKOIMKHUX lifts, etc.
[T IHOMHHUKIB TOLIO.
g 250
.
I
oo
Es 200 — =
_—
i o L1
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,
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/|
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. . . 0IH
Hpumirka. Koediuient ucoru, K, = e’

PucyHnok 2

KoediyeHT BHCOTH
Helgnt tactor, K,

NOTE Height factor: K, = """

— Tumnosi 3MiHK Mac JbOY 31 3MIHOIO BUCOTH HaJ pIBHEM 3eMJI1

Figure 2 — Typical variation of ice masses with the height above terrain

7 OBJIEJEHIHHSI KOHCTPYKIIHA
7.1 3aranbHi M0JI0OKeHHS

Y nanomy po3nisii po3riIsAaloThCs
TIPHHIIATTA

MCTOAUKH BU3HAYCHHA

napameTpiB Jii OXkesell Ha KOHCTPYKIITII.

Jlyist Toro mo0 BU3HAYUTU CTYITIHD

BIUIUBY  OKeJedi, HeOoOXiAHO 3HaTH

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 is necessary to have accreted ice

dimensions and masses to be able to
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PO3MIpH 1 Macy OXKEJIEIHUX BIJIKJIA/ICHb.

Ha  ocHOBI  MeTeoposOriyHHUX
napaMeTpiB, (GI3UYHUX  BIACTUBOCTEH
oXeleml W TpuBajocTi  OOJeaeHIHHS
BU3HAYAIOThCS po3MipH 1 Bara
OXENIEAHUX BIAKIAJACHH HA JaHOMY
00'€eKTI.

®dopma oOMep3aHHS 3aJeKUTh, Y

nepury 4Yepry, BIJ KUIBKOCTI 1 THITY

KPMKAHOTO HApOCTy, a TaKoX BIJ

po3Mipy, popmu i opieHTalli 00'€KTa.

Tunu  oOleneHIHHS, 3a3Ha4yeHl

HUKYE, PO3PIZHSAIOTHCS SIK «OXKEJIEIb)»
(G) 1 «mtamopo3b» (R). Mokpuii cHir ciif
O3S AaTH SIK TaMOPO3b.

IIpumitka. B omHmx 1 TUX caMux

METEOpPOJIOTIYHMX  YMOBaXx  IHTEHCUBHICTh
00JIEIEHIHHS MOXKE 3MIHIOBATHUCS 3aJIEKHO BIiJ
po3MmipiB, ¢opmu i opieHTalii 00'€KTa BiITHOCHO
BITpY.

HaiicunpHimne o0JeieHiHHSA
BiIOyBaeThcsi Ha O0'€KTax, PpO3TAILIOBAHUX Y
IUIOIMHI, TEPHEHIUKYJSAPHIA 10 HAMpPSIMKY
BITPYy, a TaKOXX Ha 00'€KTax 3 HEBEIUKUMU
po3MipaMu monepeyHoro nepepizy. Hampuknan,
OUTbII 1HTEHCUBHE OOJENCHIHHA BiI0YBAa€THCA
Ha TOHKOMY JpOTi, a He Ha ToBcToMy. OmHak
npu TPUBAJIOMY obmep3aHH1 po3Mipu
KPUKaHOTO HApocTy Ha 00o0x o0'ekTax OyayTh
Mail>)Ke OJTHAKOBHMMU.

ToMy Taki 00'€KTH, SIK BaHTH, HIOTJIOBI
BIITSIKKH, eJIEMEHTHU

aHTEH,  IpaTdacti

npICTY b ISO 12494:201X

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 «glaze» (G) and «rime»

(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,
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
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KOHCTPYKIIIi TOIIO, MOXKYTb ITi/IIaBaTHCS OUIbII

IHTEHCUBHOMY  OOJICJIEHIHHIO, HIK 00'€KTH
BEJIMKUX PO3MipiB a00 KOHCTPYKIi CYIIIBHOTO
TUILY.

3 mi€i K NPUYMHU Ha 00'€KTaxX BEIUKUX
po3MipiB oOneAcHIHHA Oyae KOHIICHTPYBATHCS
0 Kpasix, TOCTPUX OKpaiKax TOIIO.

lo  cTOoCyeThCS  «OAHOPO3MIPHUX»
00'exTiB (HampuWKIam, [IpiT), PO3TAIIOBAHUX
napa’jesnbHO 10 HalpsSMKY BITPY, TO BOHU Maifke

He OyAyTh mianaBaTrcs oOMep3aHHIo.

7.2 JIboaoBi KJIacu

o6

KUIBKICTh OXEJIEAHUX BIAKJIAACHb Ha

BUPA3UTHU OUIKyBaHYy

MIEBHOMY MaIaHYUKY, BBOJUTHCS
TepMiH «Iboa0Bui kiacy (IC).

JIbomoBHM Knac — 1Le Iapamerp,
SAKUHA

ITIOBUHCH BHUKOPUCTOBYBATHUCA

INPOCKTYBAJIbHUKAMHW  IJIsI BU3HAYCHHA

BIpOT1AHOTO CTyTEHS 00JIeIEHIHHS
KOHKPETHOIO ManIaHYMKa.

[Hdopmaliro  mOA0  JTHOJOBUX
KJIaciB, 3a SIKUMH BU3HAYAETHCS CTYITIHb
00JIeICHIHHS  TIEBHOTO  MalJaH4MKa,
MOXYTh HQJaTH METCOpPOJIOrd. IHImmMMU
CJIOBaMH, JbOJOBUH  KJac  IOKa3ye
CTYMiHb MOKJIUBOTO OKEJICIOYTBOPEHHS,
10 TTOBUHHO BPaxOBYBaTHUCS MPU BHOOPI
BIJIMOBIJTHUX PO3MIPHUX NApAMETPIB.

Y nmpoMmy po3miai  JaHi 1010

JbOA0BHX KJIaciB BHUKOPHUCTOBYIOTBCA K

npICTY b ISO 12494:201X

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-dimensionaly  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) is introduced.

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

Meteorologists may  provide
information about the IC, and for a
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
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peKoMeHAallli, Ha MIJCTaBl SAKUX MOXHa

BU3HAYUTH  BIUIUB  OXEIEAi  IpH
npoekTyBaHHl. I{i  npomOBI  Kjacu
OXOILTIOKOTh MO>KJTMBI BapiaHTH

00JIeICHIHHS HE IS BCIX MalJaHYMKIB, a
J1s1 O1TBIIOCTI 3 HUX (J1b010B1 Kitacu G6 1
R10 B Tabn. 3 1 4 ciijg BUKOPUCTOBYBATH

JIIs CKCTpEMAJIbHUX BI/IHaI[KiB

00JIeICHIHHS).

Ipumirka. /{11 orpumanus indopmarii
po MEBHUHM MaiilaHYMK B yMOBAax BiJICYTHOCTI
AQHAJIOTIYHUX JIaHUX CIIOCTEPEKEHb IOTPIOHO
MPOBOJIUTH BHUMIPIOBaHHS Ta/a00 BUBYCHHS
MoJesei 00JIeqeHIHHA.

JIbomOBI KJIacCM MOKYTb 3MIHIOBATUCS B
Me)Kax KOPOTKMX BiJICTAHEH Ha MEBHIN MiJISHII.
BumiproBanHs ~ cllii TPOBOAUTH  TaMm, i€
OUIKY€ThCSl HAWOLIBII IHTEHCUBHE OOJIEACHIHHSA,
abo Ha

3a3Ha4E€HOMY OyaiBeTbHOMY

MalIaH4YMKY; MB. 10JaTOK B.
7.3 Bu3zHa4yeHHs Jb0OA0BOI0 KJacy, IC
JIpomoBi xiacu IC Bu3HaAyarOTHCA
32 XapaKTEpUCTHUYHOK  BEIMYHMHOIO
o0neeHIHHS Ha KOHTPOJIBHOMY
KojekTopi mpu  S50-piyHOMY Tepiofi
MOBTOPIOBAHOCTI.
I{eit KOHTPONBHUN KOJEKTOP SIBIISE
coboro 1mmmiHAp giametpom 30 MM i1
0,5 ™M, mo

JOBXXKHMHOK HC MCHIIC

po3ramoBanuii Ha BucoTi 10 M Han

MTOBEPXHEIO 3emui 1 MOBUIBHO
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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

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.

33



00epTaEThCS HABKOJIO CBO€Ei OCi; MIWB.
noaatok B, B.3.

JILOI0BI KJ1ach MOYKHA BU3HAYNUTH:
Ta/abo

— 32 METeOpOJIOTIYHUMHU

TonorpaiyHUMU  JaHUMH  pa3oM 13

BUKOPUCTAHHAM MOJeNl OOJeAeHIHHS,
abo
— 3a Macomw

(Barorw)  OXKEICTHUX

BIJIKJIa/ICHb Ha MeTp JIOBKUHU
KOHCTPYKIIii, BUMIPSIHOT HA MalIJaHYHKY.

Ile o3Hauae, MmO 3a HAIBHOCTI
OJIHOTO 3 3a3HAauYeHUX BHIE HAOOPIB
JAHUX  MOXXHAa  HAJICKHUM  YUHOM
BU3HAYUTU JILOJOBUH KJIac JIJIsi IEBHOTO
MalJaH4uKa.

JILOOOBI KJIach BU3HAYAIOTHCS SK
JUIS  OXKeJedal, Tak 1 11 TaMopo3si,
OCKIJIbKH ix XapaKTEPUCTUKHU
BiIp13HsAtOTECA. Kitac ICG npusHaueHuit
IUISL OcKeJIeqHUX BigknaneHb, a ICR - mus
MaMOPO3EBUX (MOKpuit CHIT
pO3MIISIAAETBCA B JAHOMY BHUIAIKY SIK
aMopo3b).

Maca  nbomy

PO3PaxOBY€EThCS
3aB/IM SIK TIOIIA TTOMIEPEYHOT0 Mepepizy
KPUKAHOTO HApOCTy (3a MeXaMu IUIONI

NONEPEYHOT O o0'ekTa

nepepizy

BCEpEANHI  JhOAY), IIOMHOXKEHA Ha

TYCTHUHY JIbOJLY, ILIO Hapic.
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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 1is for glaze deposits and ICR
for rime deposits (wet snow is here

treated as rime).

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

1ce.
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7.4 Oxesienb

7.4.1 3araJjbHi M0JI0KEHHS
Knacu ICG Bu3HauaroThcsa SIK

NI€BHA TOBIIIUHA JIbOJy HA KOHTPOJIbHOMY

30ipHUKY JhOAYy. Y Tabi. 3 HaBeIeHO

3HAYEHHS TOBIIMHU 1 MAacu O0KEJICTHOTO

BIJIKJIAJICHHS I KOXXHOTO JIbOJIOBOTO

kiacy ICG. Ha puc. 3 mokazana Moaenb

BIPOT1THOIO OOMEP3aHHS OXKENEAIO.

Taoaunusa 3
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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.

— JIromosi knacu s oxenenl (ICG)

(ryctuHa 1601y = 900 Kr/M°)
Table3 — Ice classes for glaze (ICG) (density of ice = 900 kg/m’)

ToBHIMHA CTIHKH
oxkeJseni, ¢, MM
Ice thickness, 1, mm

JIbogoBuii kiaac (IC)
Ice class (IC)

Maca o:keJieTHUX BiIKJIaleHb, 1, KI/M
Masses for glaze, m, kg/m

HiameTp nuainapa, 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 7,9 15,8 38,5
G5 50 8,5 11,3 21,2 49,5
G6 BukopucToByeThes y BUNIAIKy €KCTPEMaIbHOTO O0JI€ICHIHHS

To be used for extreme ice accretions

74.2 Owxegenp Ha  IpaT4acTHX

KOHCTPYKIISIX
3Ha4YeHHS MacH 1 PO3MIpPIB 3T1JIHO 3

puc. 3 1 Tabm. 3  MOXKYThb

BUKOPUCTOBYBAaTUCA K  Takl, 0e3

ypaxyBaHHSI  HaXJIbOCTYBaHHs  IIapiB

JBOAY B TOYKax IIEPETUHY

KOHCTPYKIIIHHUX €JICMEHTIB. 3a

HEOOXI1JTHOCTI, BPaxOBYIOTHCS JOIMYCKH

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
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HA I1HTEHCUBHE YTBOPCHHS OypYIIbOK.
3okpema, 1e crocyerbes kiacy ICG3 i
BHUIIIC, 3@ SIKUMHU BITPOBI Ta OXKeJEAH1 Ail
MOXYTb

CIIPUYUHHUTHU HaBaHTaXCHHA

OUIBIII, HIXK 3a3HAYEHO TYT.

— o —

PucyHnok 3
Figure 3

3a3HadeHa TOBIIIHA h1140)1 0%
3aCTOCOBY€ETBCSI TaKOX JJISI TMOXUIIUX
Tosmmnua

CJICMEHTIB. BUMIPIOETHCS

NEPHEHAUKYJIAPHO  IO3J0BXKHIA  OCl
CTPYDKHS 1 3aBXKIU € OJHAKOBOIO B YCIX
HamnpsiMax HaBKOJIO CTPHOKH:/00'eKTa.
7.5 Illamopo3b
7.5.1 3araJibHi 10J10KEHHA

Kmacu ICR Bu3HauaroTbcs K
IeBHA Maca JIbOAY Ha KOHTPOJIbHOMY
30ipHUKY JbOay. Hamenmeni  HuKue
TAOJIML TOKa3ylOTh BIJHOIICHHS MIXK
Barm 1

3HAYEHHSIMH po3MipamMu

IaMOPO3EBOT0 BIJIKJIaICHHS B
3aJIeXKHOCTI Bl (pOpMHU 1 po3MIpy 00'€KTa,

a TAKOXK I'YCTHUHH JIbOOY.

- ——
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applies especially to ICG3 and greater,

and may result in greater wind action and

ice load than stated here.

22

f

— Mogenb 0OMep3aHHS 0KETIESITI0
— Ice accretion model for glaze

The specified ice thickness is valid
also for sloping elements. The thickness
1s measured perpendicular to the length
axis of the bar and is always the same in

all directions around the bar/object.

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,
depending on and

object shapes

dimensions and on ice density.
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SAxmo He 00yMOBIEHO 1HIIE,
BBAXKAETHCS, 110 HA TPODUIAX MIHUPUHOIO
a0 300 MM BCS NaMOpoO3b YTBOPIOE
HApoCTH  Kpwibdaroi dopmu  (AuB.
puc. 4).

VY Tabn. 4 npeacTaBieHI 3HAYCHHS
MacH BIAKJIAJCHb 1 pO3MIPH 1T KOKHOTO

ar0A0BOro Kiacy namopo3si (ICR).

npICTY b ISO 12494:201X

Unless otherwise specified, all
rime shall be considered vane-shaped
(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.

Tadoauusa 4 — Jlbonosi kinacu 11t namopo3i (ICR)

Table4 - Ice classes for rime (ICR)

HiameTp maMmopo3eBOro Biak/JageHHs (MM) AJsi
JIbonoBuii Maca oxejieTHUX 00'exTiB AiameTpom 30 Mm
. Rime diameter (mm) for object diameter of 30 mm
kiaac (IC) BiIKJIaJieHb, 71 , KI/M ; 3
Ice class (IC) Ice mass, m, kg/m T'yeruna namoposi (Km? )
> 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
R5 5,0 149 117 100 89
R6 8,9 197 154 131 116
R7 16,0 262 204 173 153
RS 28,0 346 269 228 201
R9 50,0 462 358 303 268
R10 BUKOpPUCTOBYETHCS y BUNIAAKY €KCTPEMAIBHOTO O0JIeIeHIHHS
To be used for extreme ice accretions
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Tunm A Tun B
Type A Type B

Tun D
Type D

Tun E Tun F
Type E Type F

ITo3naku: Key
1 — HanpsAMOK BIiTPY 1 Wind direction
Pucynoxk 4 — Moguens oOMep3aHHs MaMoOpO3310
Figure 4 — Ice accretion model for rime
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Mopenb [IaMOpPO3EBOTO
obmep3aHHs Ha puc. 4 0Oa3yeTbcsa Ha
nonepeaHii yMOBi, 110 301pHUK JBOAY €
TakuM, 110 HE O0OepTaeThCs 1 Maixke
TOPU30HTAIBHUM.

3arazomMm, xiacu ICR 1 miuipHICTB
aMopo31 BU3HAYAIOTh MAaCy OKEJIEeTHUX
BIJIKJIa/ICHb Ha npodiIsx. [11(§)
CTOCYETBHCSL PO3MIpPIB OOMEp3aHHS, TO
BOHU MIUIATal0Th PO3PaXyHKY.
7.5.2 IHamopo3b Ha OKpeMHUX
eJleMeHTax
7.5.2.1 3arajibHi M0JIO2KEHHHA

[adopmarrisi, aHajoriyHa TaHUM,
3a3HAYEHHMM Yy  HABEICHUX  HUXKYE
Ta0IUISAX, HEOOX1HA HJi1 MPAKTUYHOTO
BUKOPHUCTaHHA I1[bOTO CTaHAapTy. SKiio
Bu3HaueHo kiac ICR, MoxyTe OyTu
pO3paxoBaHi BIJIITOBITHI po3Mipu
KpHKaHOTO Hapocty. L1 po3mipu MOXKYTh
HE3HAYHO 3MIHIOBATHCS B 3aJIE)KHOCT] B1J
BUKOPHUCTOBYBAHOTO  THUITy  MPOQiII0
(cTasieBoro).
7.5.2.2 ToHKiI KOHCTPYKIilHI eJileMeHTH
00'exTa mupuHow0 < 300 MM

Mogpeni o6neaeHinHs Ha puc. 41 5

300pakyloTh  IPOTHO30BaHI

dbopmu

MaMOpPO3€BUX  BIIKJIAJIEHb 13 METOI0

NOJIANILLIOrO CKJIaJAaHHs PIBHSHb.

npICTY b ISO 12494:201X

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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50

[To3naku:
1 — HanmpsSIMOK BITPY

npICTY b ISO 12494:201X

Po3mipu B MM
Dimensions in millimetres

150

oo

W o= 3

Key
1 Wind direction

Pucynok 5 — Mojens oOMep3aHHs MaMOpO3310 AJis BEJIUKUX 00'€KTIB
Figure 5 — Ice accretion model for rime, large objects

Sxmo € OuTblI TOYHA 1H(pOpPMAIlis,

OTpMMaHa, HAaNpUKIAJ, B pe3yJbTaTi

MIpsAMHUX BI/IMipIOBaHL, ITOBHMHHA

BUKOPHUCTOBYBATHCsS caMmMe BOHA. ko

takoi iH(QopMaiii Hemae, TO I

pO3paxyHKy HaBaHTAXEHb 1 BIUIUBIB

MOBUHHI BHUKOPUCTOBYBATUCSA HACTYIHI

TaOJIUII.

Ipumitka 1. Ha puc. 4 mnokaszaHo
PO3paxyHKOBY MOJIETIb OOMEp3aHHS MaMOpO33I0
CTpwkHIB po3mipom a0 300 mm. Mogens
NOKa3ye, M0 00JeIeHIHHS BiIOYBa€EThCA MPOTU
HAINpSIMKY

BITpY (3 HaBITpAHOI

CTOPOHU
00'exTa).

3amTpuxoBaHa obmacte W (mmpuHa
YA/ 4

oe3

o0'ekta) abo MOKa3y€e  IOYaTKOBE

o0yeIeHIHHS Oyab-SKOr0  301IbIICHHS

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

of object) or YW shows the first ice accretion

without any increase in object width. The
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mmpuHu  o0'ekTa. BimMmiTka 8¢  mokasye
HaNpsIMOK MOAAJBIIOr0 OOMep3aHHs, ne !
(TOBIIMHA CTIHKH OXeNedi) — 1€ MPHpICT,
BUMIPSHUN TEPIEHAUKYISIPHO 10 HAIPSIMKY
BITpY.

Obneneninnst Ha mnpodimsx E 1 F
NOYMHAETHCSI  0e3  30UIbIIEHHS  PO3MIpiB
MOTIEPEUHUX TIEPEPi3iB.

L — e 30UbIIIEHHS TOYaTKOBOT IIIMPUHA
npoduiB, 1 TOMYy BOHO JOJA€Tbcsi A0 W
(mupunHa ol'ekta 0e3 JbOMAY) AN PO3pPaxXyHKY
BITPOBOT'O HaBaHTAXKCHHS.

B Ttabnm. 5-7 3a3HaueHo po3mipu
KPMJKQHOTO HApOCTy KpuibdaToi (GopMHu Jis
TUNIOBUX TpodiniB Ta (GopM MmonepeyHoro
mepepisy; BCi 1L po3MipH po3paxoBaHi Ha
rycruay spoxy 500 kr/m°. SIKmo HeoOximHi
3HAYCHHs (HANMpUKIAI, PO3MIPIB 1 TYCTHHH)
HEMOXJIMBO 3HAMTH B TaOMMIEIX, iX MOTpiOHO
po3paxyBaTH 3a JIOIOMOTOK0  pIiBHSHBb 13
nojaTtka A.

HaBith skmo 3HaueHHs B Tabm. 57
3AI0ThCSI  Mai’ke OJHAKOBUMH, BBA)KAETHCS
TOLUTEHUM PO3JUIMTH 1X Ha JBa OCHOBHI THITH
MOTIEPEYHHX TIepEPi3iB 3 OIIIALY TAKOX i Ha Te,
0 Maii0yTHI BHUMIPIOBaHHS MOXXYTh BHSBHTH

11e OUTBII BIIMIHHOCTI.
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indication 8¢ shows the way further accretion
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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Taoaunsa 5

Table 5

— Po3mipu KpuKaHOTO HAPOCTY KPUIIbUATOT (POPMH HA CTPUKHSX,

npICTY b ISO 12494:201X

tanu A 1 B (JlificH1 TUIBKY 711 BHYTPIITHBOXMAPHOTO O0JICICHIHHS;
3
ryctuna apoay = 500 kr/m”)

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

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

®opma npodisiio cTpukHiB: THIM A i B
Cross sectional shape of bars: Types A and B

IMupuna 00'ekTa, MM
Object width, mm 10 30 100 300

Maca oxeJieTHMX Po3mipy KpH:KaHOr0 HapoOCTy KPWIBYaATOI hopmMu, MM
IC BiAKJIag€eHb, 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 1300
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
R5 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
R8 28,0 514 137 478 |146 |372 | 181 |217 |317
R9 50,0 694 182 | 656 | 190 |543 223 |344 |349
R10 | BukopucTOBY€ETHCS Y BUMAIKY €KCTPEMAIBHOTO OOJICCHIHHS

To be used for extreme ice accretions
Tabauus 6 — Po3mipu KprKaHOTO HAPOCTY KPUIIbYATOl (POPMU HA CTPUIKHSAX,
tunu C 1 D (iiicH1 TiIbKY JU1sl BHYTPIIIHBOXMAPHOTO 00JIEICHIHHS;
rycTHHa 160y = 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 npodinio crprxHiB: THnu Ci D
Cross sectional shape of bars: Types C and D

Mupuna 06'ekTa, MM
Object width, mm 10 30 100 300

Maca oxesegHMX Po3mipn KpH:KaHOr0 HApOCTY KPHIbYATOI hopmu, MM
IC BiKJIa/IeHb, 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 1300
RS 5,0 209 |6l 179 |71 111 | 115 42 | 300
R6 8,9 284 | 80 253 190 173 | 131 76 ]300
R7 16,0 387 105 355 | 115 [265 | 154 136 | 300
RS 28,0 517 138 484 | 147 [387 | 184 224 | 318
R9 50,0 696 | 183 663 |192 |560 | 227 361 | 353
R10 | BuxkopucToBy€eThCs Y BUMAIKY €KCTPEMAIBHOTO OOJIEICHIHHS

To be used for extreme ice accretions
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[IpumiTka 2. Oo6neneHinus

MWIHIpUYHOT (QopMHu  OilicHE TIMbKHA s
TOHKHUX €JEMEHTIB 13 HHU3BKOI KOPCTKICTIO
I0JI0 KPYYEHHS, HaxXWI SKUX CTaHOBUTH HE
Oinbie 45° BITHOCHO TOPU30HTANBLHOT TIOIIUHA
(HampuKIaa, BaHTH, CTalleBi TPOCH TOIIO). Y
TaKUX BHITAJIKAX PO3MIPH KPHMIKAHOTO HApPOCTY
MOXHa pO3paxyBaTH 3a MacoOl OXKEJIECIHOTO

BIIKJIQJICHHA BIAMOBIIHOTO JHOJOBOTO Kiacy

ICR (auB. Tabm. 4).
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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).

Ta6auns 7 — Po3mipu KpmKaHOTO HAPOCTY KPUIIBYATOT (POPMH HA CTPIIKHSX,
tuny E 1 F (JlilicHl TUTbKY 711 BHYTPIIIHHOXMAPHOTO
06IeNeHIH S, TyCTHHA JIboay = 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 npodiaio crpukHiB: Tunu E i F
Cross-sectional shape of bars: Types E and F

IIupuna 00'ekTa, MM
Object width, mm 10 30 100 300

Maca oxesieAHHX Po3mipyn KpH:KaHOT0 HAPOCTY KPHJIbYATOI (popMH, MM

IC BigKJIageHD Ice vane dimensions, mm
m , KI/M L D L D L D L D

Ice mass, m , kg/m
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€ETbCS y BUMAIKY €KCTPEMAIbHOTO 00JIeICHIHHS

To be used for extreme ice accretions

3HaueHHs, HaBEJIEHI B TaOIMII,
MOXYTh 3MIHIOBATHUCS BIJMOBIAHO JI0

3HaY€Hb I1HIIMX PO3MIPIB MpopuUIO 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 JIbOJy; WIOJO 3aCTOCYBaHHS
PIBHSIHb IMB. IOAATOK A.
7.5.2.3 Okxpemi ejnemeHTH 00'€KTIB
mmpuHow () > 300 mm

Komu po3MipH npodiaro
30LIBIIYIOTBCSA 1 HOCTYIOBO 3MIHIOIOThH
dbopMy 10 IHIIMX THITIB TOMEPEUHUX
nepepiziB, JOUIIBHO BHUKOPUCTOBYBATH
IHOIy  MOJENb  OOJIENEHIHHS;  IpHU
30UIBIICHH] PO3MIpIB 00'€KTa KprKaHUN

HapICT 3MIHUTHCS 32 Barorw i Gopmoro.

Tomy s  BenuKuUX  00'€KTIB
HEOOX11HO 3MIHUTH MOJIEJTb
00JIeICHIHHS, o0 MaKCHUMAaJILHO

HAOJIM3UTHUCS 0 IPUPOTHOT CUTYAIII].
Ha puc. 5 nmokazana po3paxyHKoBa

MOJCIh  [TAMOPO3EBOTO  OOJIEACHIHHS

BEJIMKUX 00'ekTiB, po3mipu (W) saxux
cranoBisaTh Bl 300 MM 1o 5 M. B
Tabn. 8 Ta 9 HaBeneHI 3HAYEHHS MAacH 1

PO3MIpIB sl BETUKUX 00'€KTIB.

Ipumitka. YV  Mexax  KOXHOIO
aronoBoro kimacy ICR goexwuna (L) KprkaHOTO
HapocTy Kpuibdaroi dopmu mnst W =300 mm
(3rigHO 3 puC. 5 1 6) WATPUMYETbCS Ha
MOCTIHHOMY pIBHI 7Sl BCIX 3HAY€Hb HIMPUHU
o0'ekTa, a Maca NOCTYNOBO 30UTBLIYETHCS 31
30UIBIIEHHSIM ITUPUHU 00'ekTa. DOpMa BETMKUX
00'eKTIB BIANOBiZa€ THUMAM, 300paKCHUM Ha

puc. 4.
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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 1s expedient, and when object
dimensions increase, the ice accretion

will change in amount and shape.

It is 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 W =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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[Ipodini mpu W >300 MM i HerpaTyacTi

KOHCTPYKIli, Taki sk OeToHHI  Oamru,

obnuioBaHHA a00  IHINI  KOHCTPYKINi 3
KOe(IllIEHTOM CYIIBHOCTI, 10 HaOIMKa€eThCs
ab6o nopiBHioe 1,0, MOBWUHHI pO3TASAATHCA Y
BIIMOBITHOCTI 71O  pEeKOMEHJAI  JTaHOTO
po3aiy, i B IbOMY BHIAAKy aisi W BepXHBOL
MEXI1 HE ICHYE.

3MiHa Mozeil o0JieeHIHHA IId 00'€EKTIB
BEJIMKUX

po3MipiB MPU3BOJIUTH hi (o)

IPOMOPLIHHOTO 3HMKEHHS BITPOBOTO
HABaHTA)XCHHS B CTaHi OOJIEACHIHHS TIOPIBHIHO
3 HaBaHTKCHHSM 0e3 00JIe/ICHIHHS, Ha BIIMIHY
BiJl MOJIEITi 17l HEBENTUKUX 00'€KTiB, IPHU I[OMY
Oyne crocTepiraTucs He3HadyHe 301TbIIECHHS
MacH OXKEJICAHHMX BIJKJIAJCHb, TOOTO 3HAUCHHS
Macu Ternep OyAayTh TMEPEBHUIINYBATH BiJIMOBIIHI
3HAYEHHS, BU3HAYCHI 3T1/IHO 3 JIbOJOBUM KIIACOM
ICR.

Ha puc. 5 noxaszana 3acrocoBaHa
MOJIEJIb 00JIeAeHIHHS U1t 00'eKkTiB 3 W
oubiie 300 wmM. 3HadYeHHS  Macu
OKEJIEIHUX  BIJIKJIAJeHb 30UILIIMINCS,
aje He B TIH Mipi, AK JJI HEBEJIUKUX
00'€KTIB.

Jlist HalOIbIn OMMpeHnx Gopm
BENUKUX O0'eKkTiB y Tabm. 8 (mIocki
o0'ektn) 1 Tabm. 9 (ol'ektm Kpyrioi
dbopmu) HaBEIGHO PO3MIPU 1 3HAYCHHS
Macu KpH)KaHHUX HapoCTiB JUisl 0O'€KTiB
mupruHoro 300 mm, 500 mm, 1000 mm,

3000 MM 1 5000 mMm.
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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 cToCyeThCS MEHUIMX PO3MIpIB,

3
rycTuHa JboAy 3anuinaerbes 500 kr/m”, a

1HIII1

3HAYEHHS [TOBWUHHI

no0upaTucs

BIJIMOBIAHO 70 Ha 1HIIOI TYCTHHH Ta/abo

IHIIHUX

PO3MIpiB;

CTOCOBHO

BUKOPUCTaHHS PIBHAHb JIUB. JOJATOK A.

Ta6auusa 8 — Po3mipu 1 Maca KpHKaHOTO HAPOCTY AJI BEJIMKUX IJIOCKUX 00'€KTIB
(Jli¥icH1 TIIBKY 1J11 BHYTPIIIHHOXMAPHOTO O0JIEACHIHHS; TYCTUHA

oy = 500 Kr/nm’)
Table 8 — Accreted ice dimensions and masses for large, flat objects
(Valid only for in-cloud icing; density of ice = 500 kg/m”)
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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.

®opma npodisio 06’€KkTa: BeJTHKI, IVIOCKI 00’ €KTH
Cross-sectional shape of object: Large, flat objects

HIupuna 00'exra, MM

Object width, mm 300 500 1000 3000 | 5000

Maca oxeieTHMX JoB:xxkuHa L (MM) i Maca m (KI/M) KPHIKAHOTO HAPOCTY

IC BiIKJIa/leHb Ice length, L (mm), and mass, m (kg/m)
m, Kr/M L, Bci po3m.

Ice mass, m, kg/m L, all dim. " " " " "
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 9,2 19,9 62,3 105
R6 8,9 76 8,9 16,5 353 111 186
R7 16,0 136 16,0 29,6 63,5 199 335
RS 28,0 224 28,0 504 106 330 554
R9 50,0 361 50,0 86,1 176 537 898
R10 BUKOpHCTOBYETBCS Y BUIIAJIKY €KCTPEMAILHOTO O0JIC/ICHIHHS

To be used for extreme ice accretions

see annex A for
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Tadmuusa 9 — Po3wmipu 1 Maca KpHKaHOTO HAPOCTY IS BEJIMKUX 00'€KTIB KPYIJIOi
dbopmu (JlificH1 TUTBKYU 151 BHYTPIITHEOXMAPHOTO 00JICICHIHHS;
rycTHHa 1601y = 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”)

dopma npodisio 06’€kTa: BeJUKi, OKPYIJi 00’ €KTH
Cross-sectional shape of object: Large, rounded objects

HInpuna 00'exkTa, MM
Object width, mm 300 500 1000 3000 5000
Maca oxesieTHMX JoB:xuna L (Mm) i Maca m (Kr/M) KPH:KAHOTO HAPOCTY
IC BiIKJIa/IeHb Ice length, L (mm), and mass, m (kg/m)
m, Kr/M L, Bci po3Mm.
Ice mass, m, kg/m L, all dim. " " " " "
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 52 11,1 34,9 58,7
R5 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 28,0 217 28,0 49,7 104 321 538
R9 50,0 344 50,0 84,4 171 515 859
R10 BukopucToBy€eThCS y BUTIAKY €KCTPEMAIILHOTO 00JIeICHIHHS
To be used for extreme ice accretions
7.6 Ilamopo3p Ha  rpar4yacTmx 7.6 Rime on lattice structures
KOHCTPYKILisIX

7.6.1 3arajabHi M0J10KeHHS
K0 KOHCTPYKIIi BUTOTOBJIEHI 3
MDK  co0oro

TOHKHMX,  IOB'S3aHUX

CJIEMEHTIB (Hanpukia, rpaTydacrti
IIOTJIM), KpUTa MOXE HApOCTaTH HAa HUX

OJIHOYACHO, KpHKaH1

YTBOPIOIOYHU
HapOCTH OUIBII MAacHBHI, HIX I11e OyJs0 O
MOXJIMBO Ha CYIIIbHOMY TIpodii.
bazoBuM mapameTpom 0xKeaeaHOTro
HABAHTAXKEHHSA, W10 BHUKOPUCTOBYETHCS

JUISl PO3PaxyHKIB, € KUIBKICTb OXKEJIEeIHUX

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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BiI[KJ'IaI[GHB Ha OKpEMHUX  CIICMCHTAX

(CTpXHIX) KOHCTPYKINi. Taka KUIbKICTh
MOXK€ BUPAKATUCS SIK JIbOAOBHU KJIac
ICR, ockinbku BIH BH3HA4Ya€ 1 Macy
a0ody, 1 po3mip mnpoduiro pasom i3
JTBOJIOM.

XapakTepucTuka JIbOJOBOTO KJIacy
ICR Moxe BKJIIOYATH MapamMeTpH «BCIET
3aMICTh

o0neAeHI0l  KOHCTPYKIIi»

napametrpiB  ICR  skoroce okpemoro

€JIEMEHTa, 1 B I[bOMY BHUIIQJKy oOMep3ia

KOHCTPYKITis oyne pO3rasiaaTrCs

moaioHo [0 oOiexmeHisTol  OETOHHOL

OamTw.

Axmo 3a 6a30By XapaKTEPHUCTHKY
IIPUUMAETHCST TIEBHUU JIbOJOBUM KJjlac
ICR, ne pno03Boisie BU3HAYUTU Macy
O’KeJICTHUX BiAKJIaaeHb Ha mpoditi Oyb-

SIKOTO po3paxyBaTd  BCl

po3Mipy 1
PO3MIpH KPUKAHOTO HAPOCTY Ha Mpodisi
3a JIONOMOTO0 Tabauipb abo pIBHSIHB 13

nonarka A.

Ipumirka. Ilicns Toro, $K IbOAOBI
kiaacu ICR Oyne BusHaueHo 3a Ttabnuiero 4,
OTpUMaHy 1H(pOpPMAIlIO0 CIIiJI BUKOPHUCTOBYBATH
pasoM i3 maHumu Taba. 5—7 Il BU3HAYCHHS
Macu Ta pPO3MIpiB KPIKaHUX HApOCTIB s
IHIIKX (HOPMAaJIbHKUX) TUIIB MPODIIIO.

SAx  npaBwio, TependavaeThCs, IO
KpYOKaHUW HapicT OyJie MaTu KpuibyaTy GopMmy;

T'yCTHUHA JIbOAY IMTOBHUHHA BU3HAYATUCA 3a Tabm. 1.

npICTY b ISO 12494:201X

(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 is 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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Jlns Bucokux JnbojgoBux kiaciB ICR
po3Mipu KpWXKaHUX HapocTiB (Tabn. 5-7)
MOXXYyTh YTBOPIOBAaTH 3Ha4yHI 3a poO3MipaMu
HaXJIbOCTYBaHHS IIAPiB OXEJEAHUX BIAKIAJCHb
y TOYKaxX MEPETHHY KOHCTPYKIIIHHUX €JIEMEHTIB
yepe3 CyTTEBY TOBIIMHY CTIHKH Oxeneni. Maca
JBOYy MOKe OyTH 3MEHIIIeHa, BPaXOBYIOUH TaKi
(moBxuHa

HaxXJIbOCTYBaHH OXKCJICIHOI'O

BiOKIIameHHs eJIeMeHTa KOpOTIIIa, HIK
KOHCTPYKITIHA JOBXHHA IILOTO eJeMeHTa). Sk
Oyno 3a3HaueHO BuIlle, OOJENCHIHHA MOXKe
MEPETBOPUTHCS HA CYLUITBLHY CTPYKTYPY.

Tomy,

PO3paxoByOUH 3arajibHe

OKelIeTHE HABAHTAKCHHS HAa KOHCTPYKIIIO
TAKOro THUIMY, AYyXE BaKJIUBO 3HATH MEXaHI3M
00JIe ICHIHHS.

3arajgpHa Maca OXKENEIHUX BiAKIaIeHb
(BmacHa Bara JIbOJly) TOBHUHHA BU3HAUYATHUCA SIK
cyMa MacH JIbOAy Ha METpP JAOBXHUHH, JIe TUTOMY
Macy Ha MeTp HeOOXiAHO B3STH 3 TaOnuib (a0
po3paxyBaTH 3a JIOOMOrOIO JojaTka A).
MoskHa 3p0OUTH TIOTIPAaBKH HA HAXJIbOCTYBAHHS
KpW)KaHUX  HApPOCTIB Yy

TOYKAX MEpPeTHUHY

KOHCTPYKLIWHUX €IEMEHTIB.
7.6.2

HanpsiMoxk  yTBOpeHHs  Ha

KOHCTPYKIiI  KPHMKAHMUX  HAPOCTIB
KPUIb4aTol (hpopMuU
OnTuManeHOK 11 BU3HAYEHHS

OXCIJICAHOI'O HABAHTAXCHHA € chyauiﬂ,

KOJIM  HampsMOK  BITpY  HIJ  4ac
oOsie/IeHIHHsT  BioMHM. Y  Takomy
BUIMAJKY KpWXKaHl HapoCTH OynyTh

YTBOPIOBATUCS BIJMOBIIHO JIO I[HOTO

npICTY b ISO 12494:201X

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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BIJIOMOT0, (pIKCOBAHOI'O HAINPSIMKY BITpY,
HE3JICKHO BIJI HANPSIMKY BITPOBOI ii,
3aCTOCOBAHOTO npu PO3paxyHKy
KOHCTPYKIIi 6€3 00JIe/IeHIHHS.

Onnak Takoi cuTyallli MoXe 1 He
OyTd, 1 TOHII BITPOBl HAaBAHTAXKEHHS
HNOBHHHI PO3paxoByBaTHCS, BUXOASUU 3
HAOUIbII HECHOPUSTIUBUX YMOB. Y
IbOMY BHUIAJKy pO3TallyBaHHA Ha

KOHCTPYKIIiT KpHIYKaHUX HapOCTIB
KpWJIb4aToi (GOpPMU CIIiJI PO3TISIATH TaK,
HIOM HampsSMOK  OEJIEAHO-BITPOBOTO
HABAHTAXKEHHA € MEPIEeHIUKYISIPHUM 10

HaIPSIMKY SIKAM

BITpY,
BUKOPUCTOBYBABCA  UJII  PO3PAXYHKY
KOHCTPYKIIii 0e3 obneneHiHHsA. OCKITbKU
6arato KOHCTPYKITIA noTpedyIoTh
JOCIIIJIKEHHSI 32 KIJIbKOMa HaIpsMKaMu
BITPY, AaHy IPOLELYpPY CI1J BUKOHYBaTH
JUISL KOYKHOT'O 3 HAIIPSIMKIB.

OckiIbKH

pi3Hi nonepeyHi

nepepi3su  KOHCTPYKUIi MarTh  pi3HI
po3MipH (HampUKIIaJ, IUpUHA POQIIIO),
SKIIO JUBUTHUCS 3 PI3HUX HANPSAMKIB Y
TOPU3OHTANBHIN IUIONTUHI, TO BiJIOBIIHO
OyIyTh  3MIHIOBATUCSI 1  PO3MIpH
KpYKAHUX HApOCTiB. TOMy NJisi KOKHOTO
HAMPSIMKY BITPY MOBHUHHI BHUKOHYBATHCS
HOBI PO3PAaXyHKH KUIBKOCTI OXEJIETHUX

BIAKJIA/ICHbD.

npICTY b ISO 12494:201X

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
is that the ice vanes should be placed on
the structure as if the icing wind direction
is 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
should be

directions, this procedure

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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IIpumiTtka. MoxHa BUKOPHUCTOBYBATH

OLTBII  TIPOCTUH  METON  PO3paxyHKy («i3
3amacom»): BU3HA4YTe HAMpPsIMOK OOJEACHIHHA,
BITpPOBE

SIKUH CIIpUYUHSAE MaKCHUMAaJIbHEC

HABAHTAKCHHS Ha KOHCTPYKIIIO.
BuxopucroByliTe  gaHe — OXKEJIEAHO-BITPOBE
HABaHTa)XCHHS IS OJIHIET 1 Ti€ei caMoi cuTyarii
JUISL BCIX JIOCHIJKYBaHUX HANpPSIMKIB BITpY.
7.6.3 OOaeneHiHHS eJIeMeHTIB, 110
MalTh HAXWJI Yy HANPSIMKY BITpPY

ITo3moBxHs BICH KPH>KaHOTO
HApOCTy KpuibuaToi (OpMH ITOBHHHA
3aBXKIU 3HAXOIUTHUCS B

TOPU3OHTAJIbBHOMY HOJ'IO)KGHHi, 3aBIsIKH

YoMy BCl pO3MIpU HapoCcTy OynyTh
BHUMIPIOBaTUCS B TOPU3OHTANbHIN
TUTOIIUHI.

Ockinbku Haxuia y OIK BITPY
BHUMIPIOETHCS B TOPU30HTAJIbHIN
wionHl (auB. puc. 6), Maca JbOIY
B3J/IOBXK OCl €JIEMEHTa CTAaHOBUTh mSin« ,
1€ M BU3HAYAETHCA 3a TAOIULSMHU.

st TOTO, 100 3aBX]IU
OTPUMYBATH 3HAYEHHS JUIsI OOJIEJCHIHHS
HA TOPU3OHTAJBHUX  EJIEMEeHTaxXx 13
MO3JJ0BXXHBOIO BICCIO B HANPSIMKY BITpY,
KYT O HE TIOBUHEH PO3IJISIAATUCS MEHIIIE
10°, mo BiAMOBIZa€ 3MiHI HaANPSIMKY
BITpY (y Bcix muoniuHax) + 10° mig yac

o0JieIeHIHHS.

npICTY b ISO 12494:201X
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 1s msina, where m 1s found
from the tables.

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

1ce accretion.
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IIpumirka. Ile o3Hauae, Mo Ha CTPUKHI,
TEOPETUYHO  PpO3TAIIOBAHOMY M  dac
oOJieIeHIHHS TapajelibHO 0 HANpPSMKY BITpY,
YTBOPEHHSI KPM)KAHOTO HApOCTy BiAOyIeThCs
mig kyrom mamiHas  10°, BHACHIIOK dYOrO
TOBIIMHA JIbOAY ckiamatume L sin 10°, me L —
e JIOBXMHA KPHXKAaHOTO HApOCTy KpUJIbyYaToi
dopmu, B3sTa 3 TabNULi. Maca 1p01y, BUMIpsHA
B3JIOBXK CTPHIXKHS, cKiane m sin 10°, ne m Takox

Oepetrbcst 3 Tabmuib (a00 PO3PAXOBYETHCS 3a

JOTIOMOTOIO PIBHSIHB 13 1oAaTKa A).

npICTY b ISO 12494:201X
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
sin 10°, where L is the ice vane length from the
tables. The ice masses measured along the bar
length will be m sin 10° as well, where m is

found from the tables (or calculated based on the

equations in annex A).

Ilo3uaxm:
1 — HampsM BITPY
2 — Maca Ip04y, M, Had OUHULIIO IOBKUHU

Pucynok 6 —

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

Po3paxyHku A5t HOXWINX €eMEHTIB (KPYTJIUi CTPUKEHb

MOKa3aHUil y TOPU30HTAJIbHIN MIJIOLIMHI)

Figure 6 —
horizontal plane)

Calculations for inclined members (round bar shown in
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8 BITPOBI JIIi HA OBJIEJIEHILII
KOHCTPYKIII
8.1 3aranbHi moJI0KeHHS
BitpoBi  aii, 4k  mpaBuio,
pO3paxoOBYIOTbCS 3@  CTaHJIAPTHUMU
metomukamu (auB. ISO 4355). Ilpote
3rIIHO 3 LHUM CTaHAApTOM pPO3MIpH 1
Koe(DilieHTH

Omopy 3  OXEJIEIHHUMU

BIJIKJIQJICHHSIMH 3MIHIOIOTHCS TOPIBHSHO

3 CUTYAIII€r0 «6e3 OKeTIeTHUX
BIJIKJIAIEHDY.
Jus  Toro, mo0  3pobutu

PO3PaxXyHOK BITPOBUX HABAHTAKEHb IS

KOHCTPYKIIIi B OO0JeACHIJIOMY CTaHi,
noTpiOH1 3HA4YEeHHS KoedillieHTa Omopy

C, i o0neneHINoi KOHCTPyKUil. Y

3HAUYEHHA C

1

OUIBIIIOCTI  BMIIAJKIB

BIJIPI3HSIOTHCS BiJl 3HAUCHBb KOC]IiIli€EHTIB
omopy C, 14 KOHCTpyKWii 0e3
obneneninHd. IIpu npomy 3HaueHHs C,

MOXYTh OYTH IMIEBHOIO MIPOIO TIOB'sA3aH1 31

3HAa4YCHHAMMH CO ) 1o MOJKHa

34CTOCOBYBATH JId OTPMMAHHS 3HAYCHb

C..

1
Maibke nas Oynb-skoi dopmu 1
po3MIpy MOXXHA 3HaWTH 1H(pOpMAIIO
CTOCOBHO 3HaueHb C,, IO, pa3oM i3

JJAHUMH IIOJO0 TOBEPXHEBOIO CTAaHY

npICTY b ISO 12494:201X

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 ice 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, values however,

can to some extent be connected to the

C, values, which can be made use of in

stipulating C; values.

For almost any shape and

dimension it is possible to find
information about C, values and this,

combined with the knowledge of the
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amopo3si, BUKOPUCTOBYETHCS JUTS
po3paxyHKy 3HadeHb C,, HaBeJEHHUX
HIDKYE.

Bei 3mayenns C,  NOBHHHI
BUKOPUCTOBYBATHUCS K po3Mipu

oOnemeH1aoro o0’ekra, sIKl € OlIBIIMMH
3a po3mipu 00’ ekTa 6€3 Thoy.

Koedimient omopy 3aBxmu €

HampsIMKy  BITpY,

NEPHEHANKYJIIPHOTO IUIOMIMHI, Yy SKIi

TIHACHUM TS

3HAXOJWTHCS TIO3JOBXKHS BICH 00'€KTa
(mpodinro). [HII KyTH MAiHAS 111 TaHOT
TTOBUHHI

IIJTOIIIMHN KOpUT'yBaTHuCA,

HalpuKIaa, 3a JOIMOMOTOI PIBHSHB,
HaBeJeHUX y 8.3.
8.2 Oxpemi ejiemeHTH
8.2.1 3arajibHi N0J10:KeHHS

Taki  eaeMEHTH  3a3BHYall €
npodinsiMu  pizHUX GOpPM 1 PO3MIPIB

MOTNEPEYHOTO Ichyroui

nepepizy.

CTaHIapTHU HaBOIATH 3Ha4YCHHA CO

(mepreHIuKyIspHO JOBKHHI, 0e3

00JIeICHIHHS ) TS BCIX THITIB
3aCTOCOBYBaHUX MPOQIIIB.

Koeoimient Oropy TUTS
00JIEICHUIONO €JIEMEHTA 3aJIEKUTh BIJ
Ty npoduno, Horo 3HaueHHd C,,
JbOJIOBOTO KJIaCy, THUIY OOJIEEHIHHS,

NIMPUHA €JIEMEHTa 1 HamNpsSMKy BITPY

npICTY b ISO 12494:201X

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

elements are normally

profiles of different cross-sectional
shapes and sizes. Existing standards give

C, values (perpendicular to length,

without ice) for all types of profiles used.

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
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BiJTHOCHO OC1 KPMYKaHOTO HapOCTYy.

8.2.2 KoegiuieHTH onopy A/ oxkesneni

s o0e1eHUTUX €JIEMEHTIB
BaXKJTBO BUKOPUCTOBYBATH
OOTpyHTOBaHI 3HaueHHsS KoedilieHTa

OTIOPY; 3a3BUYail BOHH BIAPI3HAIOTHCS BiJ
3HaYEHb I TUX CaMHUX €JIEMEHTIB Oe3
00JIeICHIHHSI.

3nayenHs B Tabn. 10—15 oOpawi,
BUXOJSTYM 3 THUIOBHUX MPUPOIHHUX (POPM

KpMKAHUX  HApOCTIB 1  3BUYAHHUX

BHKOPHCTOBYBAHUX 3Ha4YCHb JJIA

nepepiziB NpubIU3HO TaKuX caMuX (hopm
1 pO3MipiB, 5K 1 00JI€eIeH1Il eTeMEHTH.
SIKIII0 € MOKJIMBICTD 3HAWTH OUIBII

JOCTOBIpHI ~ 3HA4Ye€HHS, 1€ MOTpiOHO

3pobutn. OmHak, SKIO0 116 HEMOXKJIHBO,

CHiJT BUKOPHCTOBYBAaTH  KOE(IIIEHTH,

HaBEJICHI HIDKYE.

IIpumiTtka. BBaxaerbcs, Mo oxemneni

BIIKJIQJICHHS ~ PO3MOJUISIOTECS  PIBHOMIPHUM
mapoM Mo Bciii moBepxHi o0'ekta (muB. 7.4).
Taka Mozens OONECHIHHS TparHe BUPIBHATH
MIOTIEPEYHHI Tepepi3 eIeMeHTa, 3a0e3Medyrun
TAM camMuM Oigbll a00 MEHII pPiBHOMIpHY
OcHoBHUH

dbopmy. edexT

KoedillieHTa ONopy MOJIATAE B MPHUITYLICHH], 10

3aCTOCYBaHHS

3HayeHHsd C; OynyTh 30UIbLIyBaTHCS — JUIS

dopmu i

3MEHIIYBaTHCA Ha TMOINEpPeYyHUuX IMepepizax 3

NOTIEPEYHUX  Tepepi3iB  Kpyrioi
OKpaiikaMHi y TOpIBHSHHI 31 3HAa4eHHSIMH Oe3

o0JIeICHIHHSA; TPU 1IbOMY IO BUILE JIbOJOBUI

npICTY b ISO 12494:201X

accretion.
8.2.2 Drag coefficients for glaze

It is important to use reasonable
values for drag coefficient on iced
members, and they normally will differ

from values 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
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.
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kiac (IC), To cuibHiIIE BUSBISETHCS MW e(eKT.
KinneBe 3nauenns C; mpu3HayeHe s
HaWBUIIIOTO SIKUH

apogoBoro  kmacy IC,

CTaHOBHUTH ONu3bko 1,4 Big OYIKyBaHOTO st

NOTIEPEYHOTo  Tepepidy Kpyrioi Qopmu 3
HIOPCTKOIO MIOBEPXHEIO.
Tabn. 10 MicTUTP pEKOMEHAOBaHI

3HaueHHs1 C;j ans pizHuX 3Ha4eHb Cp 1 1A BCIiX
npogoBux kiacis ICG. Ciig 3a3Ha4nTH, IO IS
BHCOKMX JpomoBux KiaciB ICG MOXIIHBeE
YTBOPEHHSI OypYJIbOK, IO MOXE TPU3BECTH [0
30inbmieHHs 3HadeHb C;. Llg moxmens Moke
3aCTOCOBYBATHCS JIO CJICMCHTIB, IIMPUHA SKUX
0e3 00sIeIeHIHHS CTaHOBUTH MpUOIH3HO 0,3 M.
Benuki  cyminpHi  00'eKTH  MeHIIe
HiAIal0Thesl 00NeAeHIHHID. TOoMy BBa)XaeTbes,
mo e(deKkT oxeneal MOXKHa ITHOPYBAaTH s

€JIEMEHTIB, IIUPHUHA SIKUX CKJIATa€e 5 M 1 OlIbIIIe.

npICTY b ISO 12494:201X

The final Cj 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 Cy 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.

Taobauusa 10 — Koedinientu C, 11 oxkenenl Ha CTPUKHAX
Table 10 — C, coefficients for glaze on bars
ToBuuHA KoedinienTn C; 1y1s oxkesieli Ha CTPHIKHAX
N CTiHKH C; coefficients for glaze on bars
JIvompoBuii kiaac (IC) . P .
Ice class (IC) ozkcesIeNi, MM KoedinienTn on(.)py 563.05J'lell.eHlHHﬂ, G
Ice thickness, Drag coefficients without ice, Cy
mm 0,50 | 0,75 1,00 1,25 1,50 1,75 | 2,00
Gl 10 0,68 0,88 1,08 1,28 1,48 1,68 1,88
G2 20 0,86 1,01 1,16 | 1,31 1,46 | 1,61 1,76
G3 30 1,04 1,14 1,24 1,34 1,44 1,54 1,64
G4 40 1,22 1,27 1,32 1,37 | 1,42 1,47 | 1,52
G5 50 1,40 1,40 [140 [1,40 [140 [1,40 |1,40
G6 BuKopuCTOBYETHCS Yy BUNIAAKY €KCTPEMAIBHOTO 00JIeIEHIHHS
To be used for extreme ice accretions
Taki 3HaueHHst C; peKOMEHY€EThCS The following C, values are

BUKOPHCTOBYBATH TUTS 00'eKTIB

mpuHoto Big 0,3 M g0 5,0 M; BoHH Oyu

recommended used for object width

between 0,3 m and 5,0 m, and have been
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pO3paxoBaHi 3a JIOMIOMOTOIO JIHIWHO1
THTEPIOJISITT 3a HaWBaKJIUBIIIIUMH
napaMeTpaMu: TOBIIMHA CTIHKHU OXeJe/l,
3HaueHHa C, 1 IIMpHUHA CIEMEHTA.

Jls

IIPUITYCTHUTH,

00'ekTiB >5,0 M MOXHaA
0  3HAaYeHHSA C
nopiBHIOIOTE C, (6€3 00JsieIeHIHH).

VYV T1ab6a. 11—15 HaBeneHo 3HaYEHHSI

C, [ BenuKUX O0'€KTIB 1 JBbOAOBUX

kinaciB OCG1-GS5.

npICTY b ISO 12494:201X

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-GS.

Taobauusa 11 — Koeodiuientu C, qna oxeneni, ICG1, Ha Benukux 00'ekrax
Table 11 - C, coefficients for glaze, ICG1, large objects
KoediunienTn C; nas oxesieqi Ha BeJTUKUX 00'€KTaX
C; coefficients for glaze, large objects
IIupuna 00'exra, M A :
. . KoediunienTn onopy 6e3 odaeneninns, C,
Object width, m ) ] )
Drag coefficients without ice, C
0,50 0,75 1,00 1,25 1,50 1,75 2,00
<0,3 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
Tabauusa 12 — Koeodiuientu C, qna oxeneni, ICG2, Ha Benukux 00'ekrax
Table 12 — C, coefficients for glaze, ICG2, large objects
KoediunienTn C; nas oxesieqii Ha BeJTUKUX 00'€KTAX
C; coefficients for glaze, large objects
HIupuna 00'exra, M A :
. . KoediunienTn onopy 6e3 odeneninns, C,
Object width, m . . .
Drag coefficients without ice, C
0,50 0,75 1,00 1,25 1,50 1,75 2,00
<0,3 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
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Taobauusa 13 — Koediunientn C, qna oxenent, ICG3, Ha Benukux 00'ekrax
Table 13 — C, coefficients for glaze, ICG3, large objects

KoedinienTn C; nis oxesiei Ha BeJIUKUX 00'€KTAX
C; coefficients for glaze, large objects
IIupuna 06'ekta, M K . . 6 6 . C
Object width, m oedimienTn on?py e3‘0 neu.emmm, 0
Drag coefficients without ice, C
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
>5,0 0,50 0,75 1,00 1,25 1,50 1,75 2,00
Taobauusa 14 — Koediunientu C, qna oxenent, ICG4, Ha Benukux 00'ekrax

Table 14 — C, coefficients for glaze, ICG4, large objects

KoedinienTn C; nas1 oxesiei Ha BeJTUKUX 00'€eKTAX
C; coefficients for glaze, large objects
IIupuna 06'ekra, M K N 6 G . C
Object width, m oedimienTn on?py e3.0 neu?mm{ﬂ, 0
Drag coefficients without ice, C
0,50 0,75 1,00 1,25 1,50 1,75 2,00
<0,3 1,22 1,27 1,32 1,37 1,42 1,47 1,52
1,0 1,11 1,19 1,27 1,35 1,43 1,51 1,59
2,0 0,96 1,08 1,20 1,33 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 1,25 1,50 1,75 2,00
Taobauusa 15 — Koediunientu C, qa oxenent, ICGS, Ha Benukux 00'ekrax

Table 15 — C, coefficients for glaze, ICGS, large objects

KoedinienTn C; nas oxesiei Ha BeJTUKUX 00'€eKTAX
. C; coefficients for glaze, large objects
IIupuna 06'exkra, M K T . .
. . oedinienT omopy 0e3 odJeneninns, C
Object width, m K . )
Drag coefficients without ice, C

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

<0,3 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 1,35 1,44 1,53 1,62

3,0 0,88 1,03 1,17 1,31 1,46 1,60 1,74

>5,0 0,50 0,75 1,00 1,25 1,50 1,75 2,00

58



8.2.3 Koedimientn  omopy  aas

o0Mep3aHHS MaMOpPO3310

st o0JeIeHUTUX €JIEMEHTIB
BaXKJTBO BUKOPUCTOBYBATH
OOTpYHTOBaH1 3HA4YCHHS KOE(]IIlI€HTIB

OTIoOpy, SIKi 3a3BUYail BiJIPI3HSIOTHCSA BiJ
3HaYEHb I TUX CaMHUX €JIEMEHTIB Oe3
00JNeIeHIHHS.

HaBeneni Hmkye 3HaueHHA Oynu
oOpaHi, BUXOJSYH 3 THIIOBUX MPUPOJTHUX

o01eIeH1HHSI 1 3a3BUYAl

hopm

BHKOPHCTOBYBAHUX 3Ha4YCHb JJIA

nepepiziB NpubIU3HO TaKuX caMuX GHopm
1 pO3MipiB, 5K 1 00JI€eIeH1II1 eTeMEHTH.
SIKIIIO € MOYKJIMBICTH 3HAWTH OLIBII

JOCTOBIpHI ~ 3HA4YeHHS, 1€ MOTPiOHO

3pobutn. OpHaK SKIIO 1€ HEMOXKJIHUBO,

CHiJi BUKOPHCTOBYBAaTH  KOE(IIIEHTH,

HaBEJICH1 HUXKYE.

Ipumitka 1. Onuc 3amaHoi Mmopemi
o0OMep3aHHs TaMOpO3310 HaBeJIEHO B 7.6.

Sk 1 mpu oOMep3aHHI OXKEIEeA0, TaK 1
BHACJII0K 00MEep3aHHs TaMOPO3310 PI3HUIISI MiXK
KoedilieHTaMu onopy Uit TpodisiB 3 pi3sHUMHU
dopMaMu  TMOMEpEYHOro  Tepepidy  CcTae
MIHIMaJIbHOIO.

Jns HaiBumux aromoBux kiaciB ICR
OYIKY€THCS, IO TOHKI €JeMeHTH OyayTh MaTu
omHakoBl 3HaueHHa (C; HeE3aJIeXKHO  BIX
MOYaTKOBUX (opM MpodiiB.

3naueHHssM  C sl TIEBHOTO  HE

obneneniioro mnomnepeuHoro mnepepizy € (.
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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 values below 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 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 Cy. In ICR9 the C; value is
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Bpaxaerbcsa, mo 3rigao 3 ICR9 3mauenns C
nopiBHIOE 1,6 /TSl BCIX 3HaYEHb MTUPUHM 00'€KTa
(6e3 ob6neneninns) 1o 300 Mm.

Bci mactymui 3HadenHs C; mificHI s
HATIPSIMKY

BITpY, o

KPM)KAaHOTO  HApOCTy KpUJIb4aTol

MEePIICHIUKYIISIPHOTO
dbopmu 1
IT03/I0BKHBOT OCl eJIEMEHTA.

Hns neomoBux kiaciB ICR Bix R1 go R9
3HAYE€HHS  BU3HAYAIOTHCS

3a JOIIOMOI'OXO

JHIKHOT ~ IHTEpPHOJAII 3  ypaxyBaHHSAM
BaYUIMBHX MapaMeTpiB.
VY Tabn. 16 HaBeneHO PEKOMEHIOBaHI

3HaueHHs C; nns pi3HuUX 3HayeHb Cp Ta AA
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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 C, and for slender

TOHKHX €JICMEHTIB. objects.
Tabauusa 16 — Koedinientu C, 1y naMopo31 Ha CTPHKHSAX
Table 16 — C, coefficients for rime on bars
KoedinienTn C; n1js1 naMmopo3i Ha CTPHKHAX
JInogoBuii Mac.a OMETCAHIX C; coefficients for rime on bars
BiAK/Ia/€Hb, - .
kJjac (IC) KoediuienTn onopy 6e3 odJeneninns, C,
m, KT/M k i )
IC Ice mass, m, kg/m Drag coefficient without ice, C)
> 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 0,94 1,13 1,33 1,52 1,72 1,91
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 BUKOpHUCTOBYETBCS Y BUTIAJIKY €KCTPEMAITLHOTO OOJICICHIHHS
To be used for extreme ice accretions

Mpumitka 2. fAx 1 g1 oOmep3aHHS

OXCEICaAaro, BBaXXa€ThCA,

10 MOJIETh
MaMOpO3€BOT0 OOMEp3aHHA € MIHCHOK s
enemeHTiB mmpuHoio a0 0,3 M. g enemeHTIB

OLTBIIOT IMPUHKA KOE(DIIIEHTH OMOPY B MEHIIIN

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
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Mipi 3ajexarh BiJl OOJEACHIHHS, 1 HOTO eeKT 5,0 m.

JU1si 00'€KTIB 3 MHMPUHOIO TOHAM 5,0 M MOKHA

ITHOPYBATH.

V Tabn. 17-25 HaBeneHO 3HaYEHHSA Tables 17 to 25 show C, values for

C, I BeNMKHX O0'€KTIB i JBOMOBHX [arge objects and ICR1 to ICRY.

kiaciB Big ICR1 go ICRO.

Tadnnusa 17 — Koediuientu C; gt namoposi, ICG1, Ha Benukux 00'ekTax
Table 17 — C. coefficients for rime, ICR1, large objects
KoeginienTn C; o1 namopo3si Ha BeJIMKUX 00'€KTaX
IIIupuHa 00'ekTa, C; coefficients for rime, large objects
Object width, KoediuienTn onopy 6e3 odseneninns, C,

m Drag coefficient without ice, Cy

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 1,27 1,51 1,74 1,97
2,5 0,57 0,80 1,04 1,27 1,51 1,74 1,98
3,0 0,55 0,79 1,03 1,27 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

Taobauusa 18 — Koedinientn C, g namoposi, ICG2, Ha Benukux o0'ekTax
Table 18 — C, coefficients for rime, ICR2, large objects
KoediuienTu C; 1151 n1aMopo3i HA BEJIMKHUX 00'€KTAX
IupuHa 00'ekTa, C; coefficients for rime, large objects
Object width, KoedinienTn onopy 0e3 odseneninns, C,

m Drag coefficient without ice, C

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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Taoauusa 19 — Koeodiuientu C, pg namoposi, ICG3, Ha Benukux o0'ekTax
Table 19 — C. coefficients for rime, ICR3, large objects
KoediuienTu C; 1j1s1 namopo3i Ha BeJTMKHX 00'€KTax
, C; coefficients for rime, large objects
IIIupuHa 00'ekTa,
Object width, KoediunienTn onopy 6e3 odseneninns, C,
m Drag coefficient without ice, Cy
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 1,27 1,51 1,74 1,97
>5,0 0,50 0,75 1,00 1,25 1,50 1,75 2,00
Tabauusa 20 — Koediunientu C, g namoposi, ICG4, Ha Benukux o0'ekTax
Table 20 — C, coefficients for rime, ICR4, large objects

KoedinienTn C; 1y namopo3i Ha BeJTMKHX 00'€KTax

C; coefficients for rime, large objects

HIunpuna 00'exra,

Object width, KoediunienTn onopy 6e3 odaeneninns, C,

m Drag coefficient without ice, Cy
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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Tabmuus 21 — Koediuientn C, g namoposi, ICGS, Ha Bemkux 00'ekTax
Table 21 - C, coefficients for rime, ICRS, large objects
KoediuienTu C; 1j1s1 namopo3i Ha BeJTMKHX 00'€KTax
, C; coefficients for rime, large objects
IIIupuHa 00'ekTa,
Object width, KoediunienTn onopy 6e3 odseneninns, C,
m Drag coefficient without ice, C
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 1,21 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
Taobauusa 22 — Koeodiuientu C, g namoposi, ICG6, Ha Benukux o0'ekTax
Table 22 — C. coefficients for rime, ICR6, large objects

KoeginienTn C; 11 namopo3si Ha BeJIMKUX 00'€KTaxX

C; coefficients for rime, large objects

IIupuna 00'exra,

Object width, KoediuienTn onopy 6e3 odseneninns, C,

m Drag coefficient without ice, Cy

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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Tabauusa 23 — Koeodiuientu C, g namoposi, ICG7, Ha Benukux o0'ekTax
Table 23 — C. coefficients for rime, ICR7, large objects
KoediuienTu C; 1j1s1 namopo3i Ha BeJTMKHX 00'€KTax
, C; coefficients for rime, large objects
IIIupuHa 00'ekTa,
Object width, KoediunienTn onopy 6e3 odseneninns, C,
m Drag coefficient without ice, Cy
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 1,23 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
Taobauusa 24 — Koedinientu C, g namoposi, ICG8, Ha Benukux o0'ekTax
Table 24 — C, coefficients for rime, ICRS, large objects

KoedinienTn C; 1y namopo3i Ha BeJTMKHX 00'€KTax

C; coefficients for rime, large objects

HIunpuna 00'exra,

Object width, KoediunienTn onopy 6e3 odaeneninns, C,

m Drag coefficient without ice, Cy
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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Taoauusa 25 — Koeodiuientu C, g namoposi, ICGY, Ha Benukux o0'ekTax
Table 25 - C. coefficients for rime, ICR9, large objects
KoediuienTu C; 1j1s1 namopo3i Ha BeJTMKHX 00'€KTax
C; coefficients for rime, large objects
IIIupuHa 00'ekTa,
Object width, KoediunienTn onopy 6e3 odseneninns, C,

m Drag coefficient without ice, Cy

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 1,32 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 1,11 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 naainus

Koediientu omopy 3anexarh BiJ
HANPSAMKY BITpPY, HEPIEHINKYISIPHOTO JI0
MO3/I0BXHBOI OC1 €JIeMEeHTa 1 10 MUPUHU
(o0eeH17I0T0) eIeMeHTa.

SIKIIO KyT MK HampsMKOM BITpY 1
IUIOIIMHOIO, Yy  SIKIH  3HaXOJUThCS
MO3J0BXXHS BICh €JIEMEHTA, BIJIPI3HIETHCS
Binm 90°, 3HaueHHs cuin BITPY Fy(0)
MOXYTh OYTH 3MEHIIICHI.

MpumiTka. Fy, — e cuia BITpY, IO i€
Ha EJIEMEHT NMEePHEHANKYJSIPHO. SKIIO eleMeHT

pO3TAalIOBaHUH  MiJ] TOXWIMM KyTOM JIO
HanpsIMKY BITpY, cuJja JIii BITpY Ha eil eleMeHT
3MiHIO€ThCS. Ha puc. 7 mokaszani pi3Hi, 3a3BHYai

BUKOPHCTOBYBaH1 KOMIIOHEHTH:

8.3 Angle of incidence

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 Fy(f) 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) = F,, (90°) sin” 0
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ae 6 — KyT majiHHSA, BUMIPSIHUN Y
IJIOMIMHI HANPSIMKY BITPY 1 MO3A0BXHBOT
0Cl eJIEMEHTA.

Fy(0) nie nepneHauKkyJIspHO [0
MMO3I0BKHKOI  0ocl  00'ekra. Tomy
KOMITOHEHTOM CWJIH BITPYy, IO i€ Ha

00'€KT y HAIPSMKY BIiTPY, € Fyy(90°)sin’6.

F, (50°)

>

\8 - 900
ITo3naku:

1 — HanmpsAMOK BITpY.

Pucynok 7 -
Figure7 -

8.4 I'paTvacri KoHCTPYKUii

Ak IIpaBuUJIO, BITpOBE
HABAaHTAKECHHS Ha rpardacry
KOHCTPYKII1IO BU3HAYAETHCS K

HaBaHTaKEHHA Oe3 oOnencHiHHA. Tomy
pO3paxyHKOBa MOJENb Il BITPOBOTO
HABAaHTAKCHHS HE € YAaCTHHOK I[bOTO
CTaHAapTy; BOHA MOBUHHA
BUKOPHCTOBYBATHCSI B TOMY JK BHUTJIAI,

K 1 JJIs1 HOpMAJIbHUX YMOB.
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where 6 is the angle of incidence

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
wind direction 1is

object in the
F,(90°)sin’0.

1 _

F. (90°) sin’g

£, (8)

W

= F,(90°) sinZg

Key
1 Wind direction.

Cunn, 1110 O1I0Th Ha HOXWJIMH €JIEMEHT
Forces on an inclined member

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 is not
part of this International Standard, but

should be the same as normally used.
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[TapameTpamu, siKi BiAPI3HSIOTHCS

Bl mapameTpiB 0e3 o0O0Je[eHIHHS, €

po3MipH, koe(ilieHTH  omopy 1
pesyiapTaTd  iX 3MiHeHHI. Tomy B
HOPMaJTbHUX yMOBax HEO0OX1THO
BUKOPHCTOBYBaTH MOJEIb  BITPOBOTO

HABAaHTAXKEHHSA, SKa BKJIIOYAaE  JaHl
napaMeTpH.

KouncTpykuiliHi po3Mipu MOBUHHI
301JIbIITYBaTUCS 31 30UTBIIICHHSM

TOBIIMHU  OXEJICTHOTO  BiJKJIaJICHHS,
SKIIO JUBUTUCA 3 OOKY HAIPSIMKY BITpY;

pU [IbOMY KOE(IIEHTH ONOpPYy MOBUHHI

3MIHIOBATHCS Tak, II00 BiJNOBIAaTH
00JIEIEHTUM eJIEMEHTaM. Monens
BITPOBOTO HaBaHTAKEHHS 4acTo

0a3yeTbcsi Ha TIEBHUX  PO3paxyHKax

Koe(ilieHTa CYIIJIBHOCTI; B  I[bOMY

BUMAAKY UM KOEQIIIEHTOM € Mapamerp,
SKUH 3aJICKUTH B1Jl pO3MIpPIB KOHCTPYKIIIT

B CTaH1 O00JICICHIHHS.

IIpumirka. BiTpoBe HaBaHTa)K€HHS Ha

rpaT4yacTy KOHCTPYKIIIIO € (byHKIEO
KoedillieHTa CyIiIbHOCTI 7.

SKI0  KOHCTPYKINiMHA MIUpHWHA, Je
HasBHA CHCTEMa B's3eil a0o0 OOJamHAHHS IS
TEXHIYHOTO OOCITYyTrOBYBaHHS TOIIO, 3MIHIOETHCS
M0 BHUCOTI, 3HAUEHHS T MOXKHA PO3paxyBaTu AJis
pi3HUX PIBHIB KOHCTPYKILii, aJie 3aBX/IU TUIbKH 3
OOKy HampsIMKYy BITpY.

IJIONII, IO

Jlo  TiHBOBOI 3a3HA€E

npICTY b ISO 12494:201X

The only differences compared to
values without ice are the values of:
dimensions, drag coefficients and the
results of these changes. Normally it
therefore is 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
is often based on some kind of solidity
ratio calculations and, in that case, this
ratio is the parameter influenced by the
structural dimensions in 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, r may be calculated for different levels of
the structure, but always as seen from the wind

direction.

The exposed shadow area should include
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OJKEJIEJTHOTO BIUTUBY, CJIiJ BKIIOYATH HABITPSHY
YaCTUHY KOHCTPYKIi, a TaKoX BHYTPIIIHI
YaCTMHM KOHCTpyKuii (cxomu, mnidtu, Tpocu
TOIIIO).

’

Po3paxoBane 3HaueHHA T=71  Mae
BUKOPHUCTOBYBAaTHUCS Ha 3arajibHiil TUIONI 3
001eIeHIHHAM IS BU3HAYEHHS TIHHOBOI IUIOILI],
110 3a3HA€ 0’KEJIETHOTO BIUIMBY  Ta
3aCTOCOBYETHCS JUUII BHW3HAYCHHS BITPOBOTO
HAaBAaHTA)XCHHS, TICJIS IbOTO  PO3PaXyHKH
MOYYTb MPOBOAUTHUCS (IOJI0 TUIONII, SIKa 3a3Ha€
OXEJIEIHOTO BIUIMBY) SK JUIs IUiomii  0Oe3

o0neneHIHHS.

3miHa 3HadyeHHs1 C nopiBHAHO 3 Cy
MOXE BpPAaXOBYBAaTHCS 3a JIOIIOMOI'OIO
koedimienra Ci/Cy s TOi YW 1HIIOT

IUIONTI; TIPU I[bOMY BBAXKAETHCSH, IO

HapoCTHu H&MOpO?:i 6y,HYTB YTBOPIOBATUCA
NEPIEHIUKYJISIPHO 10 HAMPSIMKY BITPY.

JInsg  Hu3bKHMX JbOAOBHX KjaaciB  IC
(ctocoBHO Barm sk oxenenHux G, Tak 1
MaMoOpo3eBUX  BiIKJIameHb R)  rparuacra
KOHCTPYKIISI MOX€E PpO3IJISIIaTUCS SK CyMa
onHOpo3MipHUX  o0'ektiB.  Takumit  camuit
NPHUHIAIT MOXXE BHUKOPHUCTOBYBATHCS 1 TIpU
po3paxyHKax BITpOBOi [ii; B I[bOMY BHIAAKY
CIiI JOTPUMYBATHUCSA TPAaBWI, MO CTOCYIOTHCS
HEOOJIeICHITI0I KOHCTPYKIIi, BUKOPUCTOBYIOUU
KOe(IIiEHTH Omopy 1 pO3MIpH  KPIDKAHUX
HapoOCTIB JIsi OOJIEJICHIINX €JIEMEHTIB 3T1THO 3
IIUM CTaHJAPTOM.

OpnHak g OUIBII BUCOKHMX JIBOJOBHUX
kiaciB IC (ocobmmBo st mamopo3i R), 3rigHo 3

SKUMHU CITOCTEPIraeThcs 30UTBIICHHS KITBKOCTI
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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
C/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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OKeNeIHUX BIAKIaAEHD, IJIOIA, sKa MiI1A€ThCs

BITPOBOMY BIUIMBY, CYTTE€BO 301IBIIYETHCS.
SIkmo mpomoBuit kiac ICR mgocuTh BHCOKUN
NOPIBHSAHO 3 KOHCTPYKUIHHMMH pPO3MipamH,
OKeJIeIHI BiAKIAIeHHS OyIyThb 30UTBIIYBaTHCS
OJIHOYACHO, yYTBOPIOIOYH CYIUIbHY OOJeACHITY
KOHCTPYKIIIO.

Ha uactuHax rparyacTux KOHCTPYKIIiH,
pO3TalllOBaHUX 3 MIJIBITPSHOrO OOKY, KpHXKaHi
HapOCTH MOXYTb OYTH MEHIIUMHU.

SKmo He 3a3HaveHO iHIIe, MiABITPSHI
YaCTUHU KOHCTPYKLII MOXYTh MaTH JIbOJIOBHM
kiac ICR na onuH piBeHb HUX4E, HIX Kiac ICR,
BU3HAYCHUHN JJII KOHCTPYKINI (3 HaABITPSHOTO
00KY).

SAxmo Taki edeKkTH BKIIOYEHO B
pO3paxyHKH, TO CJIiJi BUKOPUCTOBYBaHI MOJEINI
PO3paxyHKY BITPOBHX HaBaHTa)XEHb,
po3po0biieHi O1TBII IeTaTbHO.

[Ipu upomy =i apogoBuit knac ICR1, Hi
kiacu  ICG

JIbOJIOB1 3MEHIIIEHHIO HE

H1IATaI0Th.

9 KOMBIHOBAHUI
OKEJIEJTHUX I
HABAHTAXXEHb

BIIJIUB
BITPOBUX

9.1 3arajbHi MOJI0KEHHS

OxenenHi  HaBaHTAXEHHS, IO
pPO3IIIAIAIOTECS Y IOMY CTaHIApTi, €
XapaKTePUCTHUYHUMHA  3HAYEHHSAMH 1
BU3HAYAIOTHCSA SK BIUIUBA 3 TIEPIOJIOM
noBToproBaHocTi 50 pokiB abo HMOBIp-

HICTIO opiuHOTO nepesuieHHs 0,02.
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the ICR is 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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Ile o3Hauae, 10  OXKeEJIETHE

HABAHTAXCHHS MOXe
BUKOPUCTOBYBAaTUCSA pPa3oM 3 I1HUIIMMU

3MIHHMMH HaBaHTA)KCHHIMH B paMKax

CTaHAApTHOT CUCTEMU YaCTKOBUX
Koe(DirmieHTiB JUTSt KOMOIHOBaHUX
HABaHTA)KEHb.

Bcei OCHOBHI BILUIMBU €

XapaKTEPUCTHYHUMHU 3HAYCHHIMU.

[TpuHuMnu 3aCTOCYBaHHs
YaCTKOBUX KOE(IIE€HTIB, HABAHTAXKEHb 1
ix KOMO1HAI#

ISO 2394:1998, po3ainu 1, 6.2 Ta 9.

HaBOIOATHC B

9.2 Kom0iHOBaHi HABaHTaKEeHHS
v bOMY CTaHAapTi

PO3TIISAI0THCS J1BA BUIU KOMOITHOBAHOTO

O’KEeJIETHO-BITPOBOTO HABAHTAXKEHHS.

B onHoMy BuMaaky mO€IHAHHS
HABAaHTAKEHb BIUIMB BITPY 3 HU3BKOIO
WMOBIPHICTIO TIEPEBUIIEHHS 3a3BUYal
KOMOIHYETBCSI 3 OKEJIEAHUM BIUIMBOM 13
BHUCOKOIO WMOBIPHICTIO TICPECBUIIICHHSI.

B iH1momy Bumaaky npu noeaHaHH1
HAaBAaHTAXXE€Hb  BHUCOKY  HMOBIPHICTh
MIEPEBUIIICHHST Ma€ BITPOBA JIisl, a HU3BKY
WMOBIPHICTh TEPEBUIICHHS — OXKeJIeTHE
HaBAHTAKEHHSI.

JIropoBuii knac IC Takox BriMBae
Ha KOMOIHOBaH1 HaBaHTAXKCHHS, OCKIJIBKH
BITPOBI

BBaYKA€THCS, 1 (0) BHCOKI
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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

ice accretion (i.e. high ICs) is more likely
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HaBaHTAXEHHA y  OUIbINIA  Mipi

XapaKTepHI IS CHUJIBHOTO OOJIeIeHIHHS
(ToOTO 111 BHUCOKHX JIBOJOBHUX KJIaciB
IC), mix mma Hm3pkux IC. Opnak 1mpu
oOMep3aHHI OXKEJeJI0 BUCOKI BITPOBI
HABAaHTAKEHHS TPAIUISIOTHCS PIAKO 10

TOTO, SIK JIi/I 3HOBY PO3TaHe.

IIpumiTtka. Ha miacraBi 3a3HadYeHHX

NPUITYIICHb chOpMyITOBAHO HACTYTIHI
pexkoMeHpaamii a7 KOMOIHOBaHHMX OXKEJEeIHO-

BITPOBMX HaBaHTaKEHb (AUB. TA0I. 26).
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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.

Ta6auusa 26 — I[IpuHIUNU KOMOIHYBaHHS BITPOBUX i 1
0XKEJICTHUX HABAHTAXXCHb
Table 26 — Principles for combination of wind actions and ice loads
BiTposa nist O:xkesieHi HABAHTAKEHHSA
. . Wind action Ice loads
Kombinaris Maca oxkeJieTHUX
Combination Tuck BiTpy T (pokwn) . T (pokn)
Wind pressure | 7 (years) BUIKITALEHD T (years)
Ice mass
1 k'(]5() 50 (pice ‘m 3
II @W k‘qso 3 m 50

Bitep 1 oxenenp sBIASIOTH CO0O0KO
3MIHHI XapaKTepUCTUYH1 BETUINHU 1.

Qice 1 @ BUKOPUCTOBYIOTHCS IS
3MIHM JIif 1 HaBaHTXKEHHS 3 TEPIOIOM
noBToproBaHocTi Big 50 g0 3 poOKiB.
KoeditieHT @i, BUKOPUCTOBYETHCS st
CKOpPOYEHHS 50-piuHOTO nepioay
MOBTOPIOBAHOCTI OKeJeal J0 3-pidyHOro
BUXOMISYNA 3

nepiogy, TMpU LBOMY,

MOBCSKJIEHHOTO  JIOCBiAy,  pPEKOMEH-

yE€ThCS 3HaUeHHs, Om3bke 10 0,3.

Wind and ice are variable
characteristic actions.

¢ice 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.
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3Ha4YCHHS ¢w MOKXHA B3IATH 3

BIIMOBIAHUX CTaHJAPTIB, IO PO3TJIsa-
I0Th BITPOBI HABAHTAXKEHHSI 1 BIUIMBHU.

3HavYeHHs koedirieHTa k

npejcTaBiieHi B Ta0u. 27.

Ipumirka. KoediuieHT ¢, HEOOX1THO
B3SITH 3 HAIIOHAJBHUX CTaHAAPTIB 3 METOIO
MOKJIMBOTO ~ 3HW)KCHHSI  BITpOBOi  Aii  mpu
OJIHOYACHOMY BIUIMBI 3MIHHMX HaBaHTAKCHb.
Koedimienr & cmigx BHKOpPHCTOBYBaTH JUIS
3HIDKEHHS

TUCKY 3BaXKarouu Ha

BITDY,
3MCHIICHHA fIMOBipHOCTi OIHOYACHOI'0 BIJIMBY
BiTpOBOFO HaBaHTAXCHHA B yMOBaX CUJIBHOT'O

oOJieIeHIHHA 3 TepiofoM TOBTOPIOBAHOCTI
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@y shall be taken from relevant

wind codes.

Factor &£ 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 k should be used to decrease wind
pressure because of reduced probability for
simultaneous 50 years wind action combined

with heavy icing condition.

50 poxis.
Ta6auusa 27 — KoediwieHT 17151 3HUKEHHS TUCKY BITPY
Table 27 — Factor for reduction of wind pressure
ICG k ICR k
G1 0,40 R1 0,40
G2 0,45 R2 0,45
G3 0,50 R3 0,50
G4 0,55 R4 0,55
G5 0,60 RS 0,60
R6 0,70
R7 0,80
RS 0,90
R9 1,00

Hwmxye HaBeeHO OCHOBHI i, IO
3aCTOCOBYIOTHCS Pa30M i3 KOMOIHOBaHUM

BILJIUBOM BITPY 1 OXKeEJeIi:

Basic actions used together with
combinations of wind and ice action shall

be the following:
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— BIlaCHa Bara KOHCTpYKIii (0e3
00JIeICHIHH);
— BiTpoBa  Jii Ha  OOJIeACHLLY
KOHCTPYKIIiO;
— g OKeJedl Ha KOHCTPYKIi [maca
(BmacHa Bara) oxenei|.

YacTkoBi

Koe(illieHTH  MOXKHA

B3SITH 3 BIJIOBITHUX HOPM 1 CTaHAAPTIB.

10 HE3BAJIAHCOBAHE
OXEJIEJHE HABAHTAKEHHS
HA BIATAXKKNA

AcUMETpUIHUI abo
He30aTaHCOBAaHWN BIUIMB OXeJeAl Ha
KOHCTPYKITIH1

KOHCTPYKIIIT abo

CIICMCHTHU MOXCE IMPHU3BECTHU a0

BUHUKHEHHSI CHUTyalid, sKki He Oynu
PO3IIISHYTI y TOTIEPEIHIX PO3/IiJiax.

Y 8.4 po3rasHyTO HOPMAJbHY
CUTyaIlito, B fAKIA MABITpSHA CTOPOHA
KOHCTPYKI[IT Ma€e MEHII  OxXeledaHl
BiJIKJIQJICHHS, HI’K HABITPSIHA CTOPOHA.

OCKIUIBKH 1151 CUTYaIlisi MOXKE MaTu
CEepHO3HI HACTIJIKH, BOHA BHUMArae Jo
cebe OUThIIT MWIBHOT yBary.

Jlana cwutyaiiss XapakTtepHa IS

TaKMX KOHCTPYKIIA, SK MIOTIH 3
BIATSDKKAMH, B SIKHX J€sIKl KaHaTHI
BIITSKKHA MOXKYTh 3a3HaBaTH

HeOe3neyHoro o0JieIeHIHHS, TOl K 1HIII
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— self-weight of structure (without ice);

— wind action on iced structure;

— 1ice 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
is known often to cause problems are
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
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BIATSDKKA  MAlOTh MEHII  OXKeJeIH1

HaBaHTA)KCHHS YU HE MalOTh iX B3arail.

Ile MOXKE MOSICHIOBATHCS abo

HEpPIBHOMIpHUM  oOMep3aHHsIM,  abo

NaJ{IHHSIM JIOJTY.
3 mi€i TpUYMHM YIS [OTI 13

BIATSKKaAMU MOXKYTh 3HAIO0UTHCS

JTOJATKOB1 JTIOCJI1JDKEHHS, 30KpeMa,

ACUMCTPUYIHHUX OXCICOHUX

HaBaHTa>XCHb, 1o BIINIMBAIOTH Ha

BIATSDKKH 1, MOXKJIMBO, HA CaMl IIOTJIH.

Ipumitka. AcumerpuyHi  OXeJenHi
HABAaHTA)XCHHS MOXYTh BHHHKATH 3 PI3HHX
npuurH. Hikde HaBeIeHO TUIIOBI CHTYaIlii, sIKi
CIPUYHMHSIOTh ACHUMETPUYHI HABAHTAXKCHHS 1
noTpeOyIOTh JOJATKOBOTO BUBYCHHS:

— Kpwxkani HapocTH TNOYMHAIOTH NaAaTH 3
BIATSDKOK. Lle Moske mpu3BecTH 10 TOTO, IO JIiI,
najialoyll 3 BEPXHIX BIATSKOK, BAApSIE TIO
KPM)KaHUX HApOCTaX Ha HIDKHIX BIATSDKKAX, IO
CIPUYMHSE TAMIHHSA JBOIY 3 JEsKUX abo BCiX
BIITSDKOK B OJJTHOMY HampsiMKy. Cam 1o co0i 1ieit
mpolec BUKIWKAE TI€BHI JWHAMIYHI CHIIH,
3a3HaveHI B 5.3, aye cUTyalis Michs TaJiHHA
JTBOy  YTPUMYETHCS

MPOTATOM  TPUBAJIOIO

mepiony dYacy, 1 II¢ €  TPUKIAJIOM
ACMETPUYHOTO  OXEJICHOTO HABAaHTAKCHHS,
mo BuMmarae BuBueHHA. OnHa a00 BCl BIATSIKKHA
B OJHOMY HANPSMKY MOXYTh OyTH BUILHUMH
BiJI OKelle[ll, B TOW 4ac K iHII MOXYTh OyTH
[IOBHICTIO O0JIEICHIJINMU.

— Ha gesxux mMaiimaHynkax OOJIEAEHIHHSI MOXKE

BITHOCHTHCS JI0 Pi3HHX JIboJ0BHX KiaciB IC Ha

npICTY b ISO 12494:201X

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.

— On certain sites, ice accretion can be of

different ICs in different heights above terrain.
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pi3HIli BHcCOTI Haj moBepxHEK 3emii. Taka
cutyaris (auB. 6.4) MOXKE MPU3BECTH O TOTO,
IO OJKEJICJHE HABAaHTAXXKEHHS Ha BEPXHIX
BIATSDKKAX OyZe ICTOTHO BIAPI3HATHCS BiJl
OXKEJIETHOTO ~ HAaBaHTAKEHHS  HAa  HIDKHIX
BigTsDKKax. Lle, B cBOIO 4epry, Moke MpH3BECTH
JI0 TOTO, IO Pi3HI TPYINHU BIATHKOK OYIyTh MaTH
pi3HY JKOPCTKICTh. Taki BHIIQJAKH BHUMAararoTh
OUTBII PETEITHHOTO TOCITIIKEHHS.

— Ha peskux malijaHuMKax MepeBakae NMEBHUMN
HanpsMm oOseneHiHHsA. Lle Moke mpu3BecTH 10
o0JeIeHIHHS

TOTO, 110 IHTEHCHBHICTD

KOHCTPYKIIH 3 HaBiTpsHOro OOKy Oyne
BIJIPI3HATHUCS BiJl IHTEHCUBHOCTI OOJICJICHIHHSA 3
miABITpstHOrO 60Ky. ToOTO B pi3HHX HampsMKax
CTYIiHb OOMEp3aHHs BIATSHKOK Oyze pi3HUM, 10
CIPUYMHUTH  BUHMKHEHHS  ACHMETPHYHOTO
O’KEJIETHOTO HAaBaHTAXEHHS, fKE BIUIMBAE Ha
KOHCTPYKITIIO BCl€l MIOTIM. 30Kpema, IIe
CTOCYETHCSI, HAMIPHUKIIAJl, PaJl0aHTeH a00 1HIINX
BEJIMKMX AHTEH, PO3TAIIOBAHUX y HABITPSIHOMY
HampsiMKy a0o B OJIM3bKOMY 1O HBOTO, SIKI
MOXKYTb 3HAUHOIO MIPOIO CIIPUSTH BUHUKHEHHIO

ACUMCTPHUYIHOI'O HABAHTAXXCHHA Ha KOHCTI)YKI_Iﬁ.

11 TMNPAKTHYHI MIPKYBAHHA
o0 MAJAKOYOTI'O JbOAY
SKmo  KOHCTpyKWisA, 3  fAKOi

MOXJINBEC HaI[iHHﬂ JbOAYy, 3HaAXOJAUTbLCA

nopyd 13 PyXOM  TI'POMAJICBKOTrO
TPAHCIIOPTY, OyIiBIsIMU TOMLIO,
HEOOX1THO BpPaxOBYBaTH PHU3HK
YIIKO/DKEHb, [0  MOXYTb  OyTH
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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
of damage from the impact of falling ice

should be taken into account.
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BUKJIMKaHI nagaro4mm JIbOJOM.

Ko  KOHCTPYKUIS — MOCUJIeHa
BIATSDKKAMH 1 JILOJOBUH KJIaC BU3HAYEHO
sk R4, G2 a6o Bume (quB. po3aia 7), To
npoxia abo Mpoiza Oe3rnmocepeHbO i
JIpOTamMH BIATSDKOK (TOOTO yNaImiTyBaHHS
JOpir, TIIIOXIHUX JOPDKOK 1 T. 1.)
MOBUHHO OyTH 3a00pOHEHO.

Jlin, mo mnamae, MOXKe 3aBIaTH
TpaBMU MEPCOHAITY 1 BUKJIMKATH CEPHO3HI1
MOIIKO/PKEHHSI 00'€KTIB, pPO3TAIlIOBAaHUX
yHU3y. Jlo HHUX BIIHOCSATHCA HE TUIBKHU
HIDKHI YaCTMHU caMOi KOHCTPYKIIii, ane i
iHII1 00'€KTH, po3TamoBani mopyd. Tomy
PU3MK TaJiHHS JIbOAY 3aBXKIHU MOBUHEH
BpPaxOBYBATHCS IPH IUIAHYBaHHI 1 BUOOPI1
MalJIaH4YMKIB TIiJT BHUCOKI KOHCTPYKIIii
a00 1HII OO0'€KTH, IO PO3MINIYIOTHCS
HOpST 13 TAKUMU KOHCTPYKILISIMH. 3 €10
METOIO Kparie 3a BCE
IPOKOHCYJIbTYBaTUCS 3 (haxiBUsIMU abo
MeTeopojioraMu.  SKmo K Takoi
MOXJIMBOCTI HEMa€, B SKOCTI Opi€HTHpa

MO>KHAa BUKOPHCTOBYBATH Ta0. 28.
Ipumitka. Indopmarnis npo AUISHKA

OyIiBeNpHOTO  MaWJaH4YMKa, SKi ~ MOXYTh
nifgaBaTiCd BIUIMBY IaJ@l040oro JbOJy, €
JIOCUTh 0OMEXeHO010. Bimomo nuiie, 1mo CTymiHb
TAaKOTO BIUIUBY B 3HAUYHIN Mipi 3aJeXUTh Bij
CTPYKTYPH JbOIY, IIBUAKOCTI 1 HATIPSIMKY BITpY,

BIJI SIKOTO 3aJIC)KUTh HAPSIM MaIiHHS JIbOTY.
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If a structure is guyed and the IC is
R4, G2 or higher (see clause 7), there
should not be public admittance to the
areas located directly under the guy

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

Falling ice can cause personal
injury 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 be

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
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.
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Konmu ynamox nbOmy BiJIpUBA€THCA Bill
KOHCTPYKIlii, HWOTO TPAEKTOPiS BHU3HAYAETHCS
CWJIOI0 TSOKIHHS 1 aepoJUHAMIYHMM OTIOPOM.
TouHy TpaekTOpit0 MagiHHA MepeadavYnTu
JIOBOJII BA)KKO, OCKUTBKH yJIAMKH JIbOJY MAroTh
pi3HI po3Mmipu, TyctuHy 1 ¢opmy. HanGimbim
3arajibHe TPABWIJIO 3BOJAUTHCS 10 HACTYIHOTO:
110 BUILE MBUIKICTH BITPY 1 IO MEHIIE pO3MipH
yJIaMKH JIbOJy, TO OUIBIIOI € BiJICTaHb MIiX

KOHCTPYKITI€IO 1 TOYKOIO yAapy 00 3eMITIO.
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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.

Taoauusa 28 — PexkoMeHI0BaHI MaKCUMAaNTbHI BIJICTaH1 JJIS TaIal090TO JTHOTY
Table 28 — Recommended maximum distance for falling ice

JbsogoBuii kiaac (I1C)
IC

MakcumaJjibHa BiICTAHb J1JIM AJa0490I0 JbOAY
Maximum distance for falling ice

RO—-R3 GO0-GI1

3a3BHuAil HE BPAXOBYETHCS"
normally not considered ¥

R4-R6 G2-G3

2/3 BUCOTH KOHCTPYKIIi{
2/3 of structure height

R7-R8 G4-G5

JOPIBHIOE BUCOTI KOHCTPYKIIIi
Equal to structure height

R9 —RI10

B 1% OlnblIIe BUCOTH KOHCTPYKIIIT
174 times structure height

falling ice.

) Hasitb u1st 16010BHX KiaciB R2, R3 i G1 CKYITYEHHS JIbOJy MOKE€ CTAHOBUTHU HEOE3MEKY
JUTSL JIFOJICH, 10 MPOXOASTh MOPYyd 13 KOHCTPYKLi€0. SIKIIO iCHye PU3UK MaAiHHS JHOIY,
TaKl 30HHU CJIIJI Ha IE€SIKUI yac 3aKpuBaTH.

“ 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
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JOJATOK A (JIOBIIKOBUN) -
PIBHSIHHSI, BUKOPUCTOBYBAHI
Y JAHOMY CTAHJIAPTI

IIpumiTka. B uboMmy  JlomaTky

HaBOJATHCS BCl PIBHSHHSA A0 pUC. 1 Tabm., 3a
JIOTIOMOTOI0  SIKWX MOJKHA pO3paxyBaTH BCi

3HAYCHHSI, 1[0 HE YBIMIILIN 10 TaOIHIIb.
A.1 PiBHSIHHS 10 PUCYHKIB
Pucynok 1:
¥y — BHJIKICTH BITPY [M/c];
x — Temneparypa nositps [°C].
a) Po3momisn Mixk OXKeJeaIio Ta TBEPAOO
aMopO3310:
y=(=x+1,75"
b) Posmomin MiX TBEpIOH 1 M'SIKOIO
aMopo33I0:
y=[(-x)-0,3+1,1]"*
PucyHnox 2:
x — koedimient Bucotu [1/1]; H — Bucota
HaJ| TTOBEPXHEIO 3eMJTi [M]
X = e0,0LH
A.2 PiBHAHHA 10 TA0JHIDL
Tabauus 3:
m — Maca OXKEJICHOTO BIJKJIaJCHHS Ha
METp JOBXKUHU [KI/M];
¢t — TOBIIIMHA CTIHKHU OXKeJIeIl [MM];

d — giaMeTp uuiiHapa [MMm];
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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:
v 1s the wind speed [m/s];
x is 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 is the height factor [1/1]; H is the height
above terrain [m]

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

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

t is the glaze thickness [mm];

d is the cylinder diameter [mm];
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F — FYCTHHA JIbOLY [KI/M’]. r is the glaze density [kg/m’].

HaunionajbHe MOsICHEHHSI:

BignoBimno g0 posauty 4 1bOro
CTaHZAPTY IS TYCTUHH JbOXY [KI/M]
BCTAHOBJICHO MO3HAKY y. ToMy Mmo3HaKy
¥ y JaHOMy IIyHKTI CIJiJl BBa)KaTH

3a3Ha4YCHOIO IIOMHJIKOBO.

m=n-y-t(d+t)x10° [kr/m] ([kg/m]) (A4)
Taoaunga 4: Table 4:
D — giameTp mamMopo3eBOTO BiIKJIaICHHS D is the rime diameter [mm]
[MMm]
6 b
D=(’”'4X10 +d2J [Mm] ([mm]) (A.5)
y-z
Taoauusa 5: Table 5:
JuB. pucyHok 4 See Figure 4.
6
st (For) £< V. 1 =M% 1] ([mm]) (A.6)
2 y-w
w w
Hns (For) L>7: L:7+8-t [MM] ([mm]), Ta (A.7)
1 m %
t=§ —10W+(68W2+—x8,149x107} [MM] ([mm]) (A.8)
e
Taoauusa 6: Table 6:
SIk Tabmuig 5, ane: As Table 5, but:
1 m %
=5 —9W+[49W2 +—><8,149><107j [MM] ([mm]) (A.9)
Y
Taoauusa 7: Table 7:

PiBHsiHHS o Tabnuii 7 rpyHTyiotbess Ha  Equations for Table 7 have been based
nonepedHomy mnepepisi tumy F, ockinbku ~ upon type F cross section, because this
e Ja€ HaWOUIbIY AOBXKHUHY IJis JaHOT gives the biggest length for a given mass.

MacH.
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L=0 [mm] ([mm]) mus (for) m SWT-yx10‘6 [kr/Mm] ([kg/m])

s (For) L<

W m-4x10’
2 [ 4

s (For) L >%: L :%+8-t [MM] ([mm]), Ta

-2 Pa] ([mm))
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(A.10)

(A.11)

(A.12)

b
t=0,0398{7,07W+[17,68W2+ﬂx5,027><107J }[MM] ([mm)]) (A.13)
/4

Taoauns 8:

L — JOoBXHMHA KPHXKAHOTO HApPOCTYy JIA
o0'exta > 300 MM 1 TumiB C 1 D, Tabmuis
6.

m — Maca OKeJICJTHOTO BIJKIaICHHS IS
npo10Boro Kiacy ICR;

m,, —Maca 0>KeJIe[IHOTO BIJIKJIaJEHHS AJs

W>300 mm.

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

L — BuBomutbcs 3 piBHIHHA (A.6) 1
3aCTOCOBYETHCSI Pa3oM 13  HAJIC)KHUM
3HAYEHHSIM }.

Taboauus 9:

L — [oBXWHA KPMIXKaHOI'O HApOCTy MJIsA
o0'ekta > 300 MM 1 Tumy A (tabmurs 5).
m — Maca OXKEJEeIHOIO BIIKIAJACHHS IS
abos10Boro Kiacy ICR

m,, —Maca 0>KeJIEAHOIO BIIKIAJACHHS IS

W > 300MMm

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

Taoauusa 10:

X — 3HadeHHsa JabojoBoro kinacy ICG,

Table 8:
L is the ice vane length for object with

> 300 mm and type C and D, Table 6.

m 1s the ice mass for ICRs;

my, 18 the ice mass for W > 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

my, 18 the 1ce mass for > 300 mm

(A.15)
Table 10:

X is the value of ICG, e.g. ICGX
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Hanpukian, [CGX

q:co—(%}x [1/1]

Taoauni 11-15:
Co,3 =C, 13 Tabaumi 10 gnsg W < 0,3m

C;—C
q:co,s—( = °j-(W—0,3) [1/1]
Cos — 3HauenmHs gt W=0,3
BUKOPUCTOBYETbCS  JUIsl  BIATIOBIJHOTO

aroaoBoro kiacy IC.
Taoaunsa 16:
X — 3nHaueHHs JbojgoBoro kimacy ICR,

Hanpukiaa, [CRX

c;co—(%j.x [1/1]

1

Ta6auumi 17 — 25:
C,; =C, 13 Tabmni 16 nna W<0,3 m

C0,3 B Co

C = C0,3 _(

Co; — 3HawemHs gt W=0,3
BUKOPUCTOBYETHCSI  JJI1  BIJMIOBITHOTO

apos0Boro kiacy IC.

j-(W—O,?a) [1/1]
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(A.16)

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

(A.17)

Co 3 1s the value for W=0,3 m and shall be
taken for the appropriate IC.

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

(A.18)

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

(A.19)

Co 3 1s the value for W=0,3 m and shall be
taken for the appropriate IC.
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JTOJATOK B (JIOBIJIKOBUI) -
CTAHIAPTHI BUMIPIOBAHHASA
I OXKEJIEII
B.1 Beryn
Jlis mpoeKTHUX poOIT MOTpiOHI
XapaKTePUCTUKHU KIIMAaTUYHUX BIUIMBIB.
v bOMY CTaHAapTI
pPO3MIIANAIOTECSA Jii OOJICNCHIHHS, OJHAK
o0JieeHIHHA HAa JaHUH MOMEHT HE
BXOJIUTh 10 MEPENIKY METEOPOJOTTYHUX
TaHuX 1

MOCJIYr, IO  HAaJarThCs

HanionansHum METEOPOJIOrTYHIUM
iHcturytom (HMI) abGo BcecBiTHbOIO
MeTeopoJioridyHoro opranizamicro (BMO).

Buxogsauu 3

ObOro, BaXJIHUBO

y3rOJUTA CHUIbHY ©0a3y i 300py
iHdopMalii 1moa0 OOJIENCHIHHS, sSKa
Morja O  BHUKOPHCTOBYBATHCS  IPHU
MPOEKTYBaHHI I OIIHKH MOJIMBOTO
O’KEJICTHOTO BILIHBY.

Y npanomy Jlomatky HaBOISTHCA
peKOMEeHJalli, 10  YMOXJIHUBIIOIOThH
po3nodatu 30upaHHs Takux naHux. [Ipwm
bOMY METOJMKa 30UpaHHS  MOXE
KOPUTYBaTHUCS 3TiMHO 3 JocBimom. Jlms
30upaHHs 1 OOpOOJSIHHS HEOOXITHUX
JaHUX, MOXKJIMBO, Oyjie MOTpiOHA IEeBHA
KOOPAUHAIIIS, 110 MOXKE 31IHCHIOBATHUCS Y

cripnparni 3 HMI ra BMO. Jlo cniBnparti
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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 is 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
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
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CHif 3amydatd ¥ 1HII  3alliKaBJIeH1
CTOPOHU (HAMPHUKIIAJ, CHEPTEeTUKIB).
BropoBamkeHHsT  peKOMEHAOBaHOT

METOJUKU  30MpaHHA JaHUX  MOXKE
3ITKHYTUCS 3 TEBHUMU MPAKTUYHUMU
TPyAHOLIAMH,  aje  3ampOolOHOBAHUU
METOJI TIOBMHEH OyTH peasi30BaHUi
SIKOMOTa MOBHIIIIE.

S0 11€ BUSIBUTHCSI HEMOYKIIUBHIM,
HEOOXIJTHO  PO3TJSHYTH  MOJKJIUBICTh
3aCTOCYBaHHS 1HIIMX METOJIB 30MpaHHs

JTaHUX.

[Ipu 3acTocyBaHH1 1HIIUX METOJIB
pe3yibTaTH, OTPUMaHi 3a iX JOMOMOTOIO,
MOBUHHI OyTH aJanToBaHi [0 METO.Y,
OTIHC SIKOTO HABOJAMTHCS HIDKUE.

B.2 3araabHi mos10KeHHs

OOneneHIHHS 3aJ€KUTh HE TUIBKU
BiJI napameTpiB HABKOJIMIIIHHOTO
CEpelloBHUIlA, alleé 1 BiJI XapaKTEPUCTUK
caMoro 00J1eICH1I0TO 00'eKTa,
HaAMPUKIIAI;

— po3Mipy (aiameTpa, IUPUHH TOIIO);

— ¢opmu (TIOCKA, 3 TOCTPUMH KpasMU,
HWTIHApUYHA, chepruyHa TOIIO);

- IHYYKOCTI (PKOPCTKHIA/THYUKHIA
€JIEMEHT IMPHU 3TUHAHHI/KPYYEHH1 TOIIIO);
— Opl€HTalli 00 HANPAMKY BITPY (KYT

MaJIiHHA ),
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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:

— 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);
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a TAKOK MEBHOIO MIPOIO B1J]

— CTPyKTypu TmoBepxH1 (modapOoBaHa,
cTajeBa, 0€TOHHA TOIIIO);

— wmartepiaiy (IepeBo, CTallb, IIACTHK
TOLIO).

ToMmy BHMIpIOBaHHS IapaMeTpiB
oOJe/ICHIHHSI TIOBMHHI TPOBOJMUTHUCS 3
ypaxyBaHHSM HAasBHOTO OOJIaJHAHHS,
IpOLETyp, PO3TAITyBAaHHS KOHCTPYKIIii
Ha MaiJIaHYUKYy 1 T. 1.

3riIHO 3 IPOEKTOM pPO3TAILIyBaHHS
oytH

KOHCTPYKITIH MMOBUHHO

nependayeHe TakuM, 100 BOHO B
HaMEHIIHA MIpl CHPHUSIO MOXKIUBOMY
nporecy o0JIeACHIHHS.

Ilo crocyeTbcs BUMIPIOBAIBHHUX
OPUCTPOiB, TO, MPUHANMHI, YaCTHUHA 3
HUX TIOBUHHA BHUKOHYBaTH KOHTPOJbHI
¢yHKIii, TOOTO TPOBOAUTH CTaHIAPTHI
BUMIPIOBaHHS 00JIC/ICHIHHS.

[H1m1 IPUCTPOL MOXYTb
BUKOPUCTOBYBATUCS JUIsI BCTAHOBJICHHS
3B'SI3KY M1XK «CTaHJIAPTHUM
oOMep3aHHAM» Ta  HAWBaXJIMBIITUMU
KOHCTPYKIIIHHUMU  TIapaMeTpamu,  SK
3a3HaueHo BUIIE (po3Mip, ¢popma TOIIO).
BumiproBanHs y TakoMy pO3IITUPEHOMY
00cs131 TTIOBMHHI MPOBOJUTHUCS TUIBKU Ha
CIeLIAJIbHUX MaiJlaHuyuKax, a 310paHi

JaH1 MTOBUHHI oOpobnaTucs 1
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and to some extent
— surface structure (paint, steel, concrete,
etc.);

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

Measurements of 1ice 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
and the most

accretions” important

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.
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BUKOPUCTOBYBATHUCS pazom 13
pe3yJlibTaTaMu CTaHIapTHUX
BHUMIPIOBaHb.

Jost JIOCIIKEHD MOYKHA

BUKOPHUCTOBYBATU CTOBMH (OAIITH), SIKIIIO
BOHU BIJNOBIJAIOTh LUIAM 1 mOTpedam
BHUBYEHHA. 3a HEOOXIZHOCTI, MOKHA
3MOHTYBAaTH TAaKOX IHIII €JIEMEHTH, Kl
OyIlyTh MiAJiaBaTUCAd OOJEACHIHHIO, SIK
HAMpUKJIaJ, KaHATH MaJjoro JiaMerpa
(< 30 mm), mpodini, Hecyyl MOBEpXHI
TOLLO.

[TepioguyHICTh CIIOCTEPEIKEHb MO-
e OyTH aZloTITOBaHa JI0 MICIIEBUX YMOB.

Ha wmalinanuukax, ne mepemda-
Ya€ThCAd TaHEHHS a0o0 MaaiHHS JIbOIY
4yepe3 KOPOTKUM MPOMIKOK dYacy TMICHs
oOMep3aHHs, CIOCTEPEKEHHS MOBUHHI
MPOBOJUTHUCS IO TOTO, SIK 1€ CTAHEThCS
(uepe3 kinmbka ToauH a00 JIHIB IMCII
00JIeICHIHHS).

VY cTaOuUIbHO XOJIOJIHUX MICIEBOC-
TAX (BUCOKOTIp'S TOIIO) TaKi CIOCTepe-
KEHHS MOXYTh TPOBOAMWTHCS pa3 Ha
THXACHb 200 Ha MICSIIb.

3a oguH ce30H (3UMy) HEOOXIJTHO
3apeecTpyBaTH MPUHANMHI OJIHE MAaKCH-
MaJbHE 3HaYeHHS.

}[KHIO IMPOBOAHUTBHCA aBTOMATHUYHA

peecTpaiis pe3yabTaTiB, BAXKIUBUMU €
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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).

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 is important, when automatic

recordings are performed, also to do
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TaKOX BI3yaJbHI CIIOCTEPEXKEHHS MiJ 4ac
Ta/abo0 micisi 0OMep3aHHs, OCKUIBKH came
Taki JOCIIDKCHHS MOXYTh  HaJaTH
MaKCUMyM 1H(opMallii Mpo KOMIUIEKCHI
HABaHTAXKEHHS.

SIKIIIO OCHACTUTU IOCIIIHWN Mau-
JAHYUK CHUCTEMOIO JIMCTaHIIMHOI PEeCT-
pauii JaHuX, TO, OTPUMABIIM 1HPOpPMA-
[if0 TMpo oOMep3aHHs Oe3MOCEPETHbO,
MO>KHA CBO€YACHO BiJBIJaTH MaillaHuHK.

B.3 PexoMeH/10BaHi BUMipIOBAHHA

B.3.1 CrangapTHi KOHTPOJIbHI
BUMIPIOBaHHA

3aranpHa KOHCTPYKLs
CTaHAApTHOIO BHUMIPIOBaJIbHOTO

MPUCTPOIO BUTIISAAAE HACTYITHUM YUHOM:
a) Humuap  miametpom 30 MM
BCTAHOBIIIOETHCS y BEPTUKAJIbHE
NOJIOXKEHHS! 1 IMOBUIBHO IOBEPTAETHCS
HaBKOJIO oOcCl. MiHIMaJbHa JIOB)XHWHA
MUIiHApa TOBMHHA cTaHOBUTH 0,5 M, a
SIKIIO OYIKYETbCSI CHJIbHE OOJICICHIHHS,
JIOB)KHMHA IMOBUHHA JOPIBHIOBATH 1 M.

b) LwiiHAp BCTaHOBIIOETHCS HA BUCOTI
npubnau3ao 10 M Hag piBHEM MOBEpPXHi

semmi.

"V sumoBmii mepion  HE06XigHO BpaxoBYBaTH
MakCUMalibHy  TiuOuHy  cuiry. [lwimiamp — kpaime

BCTaHOBJIFOBAaTH HA JUISHIN, OYMIICHIH Bix cHIiry. 3
NPaKTUYHOI TOYKH 30Dy, MAOIYCKAETHCS BCTAHOBJIICHHS
Horo Ha pi3HIH BHUCOTI HaJ MOBEPXHEI0 3eMJIi 32 YMOBH,
10 pe3yNbTaTh BiANOBIAATUMYTH OTPUMAaHUM Ha BHCOTI
10 metpiB.
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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 is
placed with the axis vertical and slowly
rotating around the axis. The cylinder
length should be a minimum of 0,5 m,
but if heavy ice accretion is expected,

length should be 1 m.

b) The cylinder is placed 10 m above

terrain’.

! 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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¢) Sk MiHIMYM, IPOBOJUTHCS pEECTpALis
MacH OXeJIeTHUX BIJKJIaJCHb.
B.3.2 THuii cnocrepekeHHs

Akmo € mpakTHYHA MOJXKIIUBICTb,

CIIOCTEPEKEHHST ~ TMOBUHHI  BKJIIOYATH
TaK0X HACTYyIIHE:

a) 3aranpHl rabapuTH  KPUIKAHOTO
HapoCTy, TOOTO JiaMeTp abo
MakCHUMaJlbHl 1 MiHIMaJbHI PO3MIpU
MOTIEPEYHOTO nepepizy. Posmipu
O)KeJeTHUX BIJIKJIaJ€Hb MOXYTb

3MIHIOBATHCS B3J0BX OCI IIUNHAPA, 1 118
HEO0OX1THO PEeECTPYBaTH.

b) Ecki3u ¢opm momepedHux nepepisib i
pe3ynbTaTH 3a3HAYCHUX BUIIE
BHUMIPIOBaHb.

¢) Tum obneneninns (quB. Tabim. 2 1 2.3).

HanionaabHe NosICHeHHS

v TAHOMY CTaHAapTI THUIIH
o0JieIeHIHHA 3a3HaueHo B Ta0i. 1 1 2.
Tomy HaBemeHe TYT TOCWJIAHHS Ha

TabJ. 2.3 ¢l BBAXKaTHU IIOMUJIKOBUM.

d) Hampsimok BiTpy mij] yac o0eIeHIHHS.

e) 3abip nmpoO nbOAYy JJIsi BU3HAYCHHS
T'YCTUHH.
f) dortorpadii (3aranpHuIl BUTIAL 1

3110MKa KPYITHUM IIJIAHOM).
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c¢) 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; i.e.
diameter or max. and min. measurements
section. There

of cross might be

variations along the length of the

cylinder, which also should be registered.

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

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).
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B.3.3 Busenenus pe3yJbTaTiB
BUMIPIOBaHb

Cepii BuUMIpIOBaHb MalOTh OyTH
JOCHUTD TPUBAIUMU 3 METOIO

dbopMyBaHHsS JIOCTOBIpHOI 0a3u JaHUX
JUTSL  aHAl3y eKCTPEMaJIbHUX 3HAYCHb.
3a5e)KHO BiJl YMOB, TPUBATICTh MEPIOIy
MIPOBEICHHS BUMIpPIOBaHb MOXKE
CTAHOBUTH BiJ KIJIBKOX POKIB JO KUIBKOX
TeKa/.

[Ipu 11IbOMy CyTTEBO TOMTOMOXKYTH i
OUIBII KOPOTKiI cepii BUMIPIOBaHb, SKi
MOXYTh CTaTHYHO a00 (Pi3uuHO (Kparie)
CHIBBIAHOCHTBCS 3 METEOPOJOTTYHUMU
JAHUMU OUIBII TPUBAIUX BUMIPIOBaHb Y
MIOETHAHHI 3 TEOPECTUIHUMH MO/IEIISIMHU.

Pesynbratu BUMIPIOBaHb y
BIIMOBIAHOCTI 10 Bu3HaueHux y 3.1 1 3.2
NOBUHHI OyTHM BHpaXEHI HACTYyIHUM
YUHOM:

a) JIpomoBuii kmac (IC) caim 3a3Hadatu
BINOBIIHO 10 Ta0nwmii 4 abo 5.
b) CepenHiii

pO3Mip (mamertp)

KPHMXKAHOTO HApPOCTY, BHUMIPSHOTO Y
BEPTUKAIIbHOI MpoekIlii: miametp L abo D
(m).

c) Cepemus ryctuHa npomay: y (Kr/m3).
(HeoOxigHO TOMOBHUTHCS TIPO METOAM
BHUMIPIOBaHb).

SK1110 104aTKOBO 0 HMWIIHAPA, 10
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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
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: y (kg/m’).
(Measuring method should be discussed.)

If, in addition to the rotating
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o0epTaeThcs, BUKOHYIOTbCS 1HII1

BUMIPIOBaHHS, TakKi SK BHMIPIOBaHHS

BITPY 3  JIOKJIIQJHOK  PEECTPALIEID
HaBaHTAXEHHS [peakmii y  BcCiX
HanpsiMKax, BEPTUKAIBHOMY Ta

NONEPEeYHOMY (TOPU30OHTAIBHOMY)], TO
MOXJIMBO, 10 Koedimient omopy Cp
MOXkHa OyJie BHU3HAUUTHU 3a JIOMIOMOTOKO

BIJIIOBIJTHUX PO3PaXyHKIB.

Ile — xopucHa iHQpopmarris,
OCKIJTbKM ~ 3amlpOIOHOBaHI  3HAYCHHS
koedimienta Cp  XapaKTepU3YIOThCS
IIEBHOIO  HETOYHICTIO 1, MOJKJIHUBO,

noTpeOyIOTh BIJNOBIIHOIO KOPUT'YBaHHS
(30Kpema, IIe CTOCY€TbCS PE3yJIbTaTiB

MOJIbOBUX BUMIPIOBAHb).

Tomy PEKOMEHIYETHCS
MIPOJIOBXKUTH BUMIPIOBaHHS, 1100
OTpUMAaTH JOJAATKOBY HEOOX1IHY
1H(DOopMaIrito.

B.3.4 JlomaTtkoBi  MeTeopoOJIOTiYHI
BUMIPIOBaHHA

VY MiCIIEBOCTSIX, JIe¢ METEOPOJIOTTYH1
CIIOCTEPEKEHHS HE TPOBOIATHCA abo
MPOBOJATECA B OOMEXKEHHUX o0cArax,
CTaHJapTHI

KOHTPOJIbHI  BHUMIpIOBaHHS

IMIOBUHHI JIOIIOBHIOBATHCS
METEOPOJIOTIYHUMH JIAHHMHU.
Sk MIHIMYM, HEOOX1IHO

JAOKYMCHTYBATH IIOKAa3aHHA TCMIICPpATYpPU
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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 is very useful, because the

proposed values of Cp are rather
uncertain and might need adjustments,

especially from field measurements.

Therefore it is 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
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1 BOJIOTOCTI, a TaKOX IIBUJKOCTI 1
HaIpsSIMKy BITPY (CTaHyTh y HAroji mif
4yac po3paxyHKY BIUIUBIB).

CremiasibHOI  yBaru 3aciIiyroBY€
NUTaHHS 3a0€3MEYeHHs] SIKOCT1 JIaHUX.
OO0JieIeHIHHS BUMIPIOBAJIbHUX IPUIIAJIIB
1/ab0 iX 3aXHCHHUX €KpaHIB MOXe
MPU3BECTH JI0 CIIOTBOPEHHS PE3yNbTATIB
BUMIPIOBaHb 1 /IO  TOILIKOJ>KEHHS
TATYUKIB.

B.4 BumiproBanHs Ha iHIIMX 00'€KTAX

Y 1upoMy cTaHIapTi 30HH, IO
M 11aF0THCS 00JIeICHIHHIO,
KIacU(DiKyIOThCS 3a MEBHUMH
«ibogoBuMU Kiacammy. Lo Buiie Homep
KJacy, TO CWIbHIIIMM  OYIKYETbCS
o0JneIeHIHHS.

3rigHo 3 Tabi. 4 1 5 1b0I0BUH KJ1ac
MIEBHOTO

Maiilaguynka a00  JUISHKHA

MOXXHAa BHU3HAYUTH 3a pe3yJbTaTaMu
CTaHJAPTHUX KOHTPOJIHHUX BUMIPIOBAHb.
TaOIUIIAX

B 1HmIWMX 3HAYEHHSI

00JIeICHIHHSA, BHMBEICHI  3rigHO 31

CTaHJAAPTHUMH KOHTPOJbHUMHU
BUMIPIOBAHHSIMH, [EePEBEICHO B

3Ha4YeHHS OOJIEAeHIHHS JUIA  1HIIHX
00'€KTIB TaKOro 3 JbOJOBOTO KIacy.
Takuii mepepaxyHOK 3IIHCHIOETHCS, B
HasIBHOTO

OCHOBHOMY, Ha MIJCTaBi

JOCBIJly, 110 CBIIYUTH MPO KOPHUCHICTh
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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
exposed for ice accretion are defined as
having a certain “ice class”. 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
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3alKCiB 3HAYECHb OOJICICHIHHSA HA 1HIIUX

00'exTax, PO3TaIIOBaHUX nooJn3y
KOHTPOJILHOTO KOJICKTOpA TBOITY
(mamiagp O 30 Mm).

HeoOxiaH0 TaKOX IIPOBECTHU

CIIOCTEPEKEHHSI 3a OOJICICHIHHIM Ha

icHytounx o0'ektax. Jlo Takux 00'eKTiB

MOXXHAa BIJIHECTH KOHCTPYKIII aHTEH,
NOBITPSAHUX  JIHIA  eJeKTporepeady,
(byHIKYJIEpIiB TOIIIO.

Opnak, 100 OTpUMaTH MakKCUMyM

JAHUX  BIJ ~ TaKUX  CIIOCTEPEKEHb,
oTpuMaHy iHpOpMaIliI0 MarOTh 00pOOUTH
METEOPOJIOTrH, SIKI IPOBOJATH KOHTPOJIbHI
BUMIPIOBaHHS.
B.S BianoBigajbHiCTH
BumiproBanus aTMOC(hEpHOTO
o0JieeHIHHA HE BXOATH OO0 1040l
CTaHIAPTHOI Iporpamu
METEOPOJIOTIYHUX CIIOCTEPEIKEHb, TOMY
3aIlikaBjeH1

CTOpPOHM  (HaNpUKIa,

BJIACHUKH CHEPTreTUIHUX i
TeJEKOMYHIKaIlITHUX KOMITaH1i) MOBUHHI
B3STU Ha ce0e BIAMNOBIJAIBHICTh 3a
OpraHizamito  BIANOBIZHUX  [poOrpam
300py HEOOXITHUX JaHUX.

30kpema, CUCTEMaTUYHI1
CIIOCTEPEIKEHHS 3a o0JIeIeHIHHAM

MOXYTb IIPOBOJAUTHUCS i qac

NepPIOANYHUX OIJISAIB 1  TEXHIYHOTO
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very useful.

Also observations of accreted ice
on already existing objects in icing
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.5 Responsibility

Measurements of atmospheric ice

included in 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
observations of ice should be performed
in connection with regular inspection and

maintenance of existing structures.
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0o0CITyTOByBaHHS ~ KOHCTPYKIIIHA, IO
nepeOyBaroTh B €KCILTyaTallii.

[Tpu bOMY HaI[lOHAJIbHI1
METEOPOJIOTIYHI THCTUTYTH HAIOJETINBO
3aMpONIYIOThCS

PO3IITUTA  CHUIBHY

BIIMOBIAAIBHICTG 32  30UpaHHs  Ta
aHai3yBaHHA JlaHUX. MeTeoponoriyHi
IHCTUTYTH MOBHMHHI CBOEYACHO HAJaBaTH
CBOIM KJTl€HTaM/3aMOBHUKAM yci
3apeecTpoBaHi JaHlI B SIKOCTI 0a30BOTO
Mmatepiany. HeoOXinHO 3a3HaYUTH, IO
HAI[IOHAJIBHI METEOPOJIOTIUHI IHCTUTYTH
3a3BUYail BIJAMOBIJAIOTh 3a IIJATOTOBKY
KJIIMaTHIHOT

BCl€T HEOOX1aHOT

iH(dopmarllii, BHKOPUCTOBYBAaHOI ISt
pO3pOOJICHHST  HAI[IOHAIBHUX HOPM 1
CTaHJApTIB, IO HalmexaTb 10 cdepu
BIIIIOBIAJIbHOCT] HAIIOHAJIBHUX CIILIIOK

1HXKEHEPIB.
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National

should be

However, the
Meteorological Institutions
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 (JOBIIKOBUN) -
TEOPETUYHE MOJIEJIOBAHHS
OBJIEAEHIHHA
C.1 OcHoBH

JIxepesnoM mpUpoOIHOTO JHOIY, 110
YTBOPIOETHCSI HA KOHCTPYKIIISAX, MOXKYTh
OyTH XMapHi Kparuli, J0IIOBI Kparuli, CHIT
a00 BOJITHA Tapa.

Y wmexax gaHoi kiacuikamii

TEPMIH  «XMapHi  Kparui»  BKIIOYa€e
KpaIUIMHA B XMapax (auB. Jxepeno [15]
y  bibmiorpadii), 3a3Havaroum, 110

KOHJIEHCAIlil  BOJsHOI mapu  (iH1H)
3a3BUYail € HE3HAYHOI TMOPIBHSIHO 3
TUIIOBUM 00JIeICHIHHSM, SIKe
BiIOYBA€EThCS B Ppe3yJbTaTl 3ITKHCHHS
Kparneib piJIkoi BOJIM 1 YaCTUHOK CHITY.
TakuM 4YHHOM, ICTOTHI JBOJOBI
HABAHTAXKEHHS YTBOPIOIOTHCS 32 PaXyHOK
3IIITOBXYBaHHS YAaCTHMHOK Yy TOBITPl 3
o0'ektoM. Ili yacTuHKM MOXYyTh OyTH
piakuMH  (3a3BUYal  MIEPEOXO0JIOIHKEHH-
MH), TBEPAMMH UM Yy BHUIVISIAI CyMILIl
BOAM 1 CHIry. Y Oyab-sSKOMYy BUIAIKY
IHTEHCHUBHICTh O0JIC/ICHIHHS Ha OJUHUIIIO
ol 00'€KTa 3aJeKHUTh BiJl IMIUIBHOCTI
MOTOKY JaHuX dYacTUHOK. II[imbHICTH
MOTOKY F — 1€ pe3yJibTaT MacOBOTO

HAKOITMYEHHS YaCTUHOK W 1 HIBUIKOCTI V
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ANNEX C (INFORMATIVE) -
THEORETICAL MODELLING OF
ICING
C.1 Fundamentals

The source of natural ice that forms
cloud

on structures may be either

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] in
Bibliography) that condensation of water
vapour (hoarfrost) is usually negligible
compared to typical growth rates of ice
due to impingement 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, F, is 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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YJACTHHOK BITHOCHO 00'€KTa.
BinnosiaHo, 1IHTEHCUBHICTD
00JIeICHIHHS BUBOJUTHCSA 3 PIBHSHHS:

m

d

t

=10 w- A-v

e
A — 1mola MONEepeYyHOro mepepizy

o0'ekta (3 ypaxyBaHHSIM HaIPSMKY

BEKTOpA IIBUAKOCTI YACTUHKH V);

N, — e(heKTUBHICTDH 31TKHCHHS,
N, — €PEKTUBHICTh MPUIUIAHHS;

#; — €(PEKTUBHICTh B1IKJIAJCHHS.
[ToripaBkoBi Koe(ILIEHTH 11, 17, 1 774

MPEACTABIAIOTh, PI3HI  MPOIECH, IO
MOXYTh 3MEHIIUTU d,/d; B paMKax HOro
MakCHUMajJbHOTO 3HaueHHa wAv. 1l

MOTIPaBKOBI1 KoeilieHTH MOXKYTh
BapitoBarucs Bix 0 g0 1.
Koedirmient n peACTaBIIsie

€(EeKTUBHICTh  3ITKHEHHS  YaCTHHOK,
TOOTO BIJHOLIEHHS IIUIBHOCTI MOTOKY
YaCTUHOK, IO  3IMTOBXYIOTHCI 3
00'€eKTOM, 10 MaKCHMAaJbHOI IIIJIBHOCTI
e(heKTUBHOCTI

ITOTOKY. 3HaueHHS

3ITKHEHHS /| TPUBEICHO 3 OJWHHUIIL,
OCKUIBKM HEBEJIMKI YAaCTUHKU IParHyTh
CIIyBaTH 3a MOBITPSIHUMHU HOTOKAMH 1
MOXYTb BIIXUJIITUCS BIJI CBO€1
TpaekTOpii B HANpPAMKY A0 O0'€eKTa, SIK

nokaszano Ha puc. C.1.
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Consequently, the rate of icing is

obtained from the equation.

(C.1)

where

A is the cross-sectional area of the object
(with respect to the direction of the
particle velocity vector v);

1, is the collision efficiency;

1, 1s the sticking efficiency;

115 1s the accretion efficiency.

The correction factors 771, #, and 75,
represent different processes that may
reduce d,/d, from its maximum value
wAv. These correction factors vary

between 0 and 1.

Factor 5 represents the efficiency
of a collision of the particles, i.e. is the
ratio of the flux density of the particles
that hit the object to the maximum flux
density. The collision efficiency 7, 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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Ilo3naku:

1 - BenMKi Kparii;
2 - MaJi Kparuti;

3 — noBiTps

Pucynok C.1

Figure C.1

Koedimient N MIPEJCTABIISIE
e(peKTUBHICTh KOHLIEHTpAlii YacToK, fKi
CTUKAIOThCS 3 00'€KTOM, TOOTO 7, — IIe
B1JIHOILIICHHS HI1IbHOCTI MOTOKY
YACTUHOK, SKI NMPHUIUIAIOTh 10 00'€KTa,
JIO LIIJIBHOCTI YaCTHHOK, SIK1 CTHKAIOTHCS
3 o0'ektomM. 3HaueHHs €(QEKTUBHOCTI

IIPpUINIIaHHA 7, TPUBCACHC 3 OI[I/IHI/II_Ii,

KOJM  YaCTUHKM  BIJCKAKyIOTh  BIJ
MTOBEPXHI. YacTUHKHI BBAKaIOTHCS
NPUITUILIUMU, KOJIU BOHU
HAKOMMYYIOThCA  OesmepepBHO  abo

3HaXOOATbCA Ha HOBerHi JOCTaTHBO

yacy s TOro, mo0 BIUIMBaTH Ha
IHTEHCUBHICTh OOJICJICHIHHS, HAMPUKIIA],

3a paxyHOK TEIJIOO0OMIHY 3 TOBEPXHEIO.

Key

1 Large droplet
2 Small droplet
3 Air

— TpaekTopii kpanesab y HOBITPSHOMY IOTOII HABKOJIO
UTIHIPUIHOTO 00'€KTa
— Air streamlines droplet trajectories around a cylindrical object

Factor 7, represents the efficiency
of collection of those particles that hit the
object, i.e. 7, 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
1y 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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Koeopiuient  #3  mpexacrapisie
¢()eKTUBHICTh BIAKJIAACHHSA, TOOTO 773 —
1€ BIJHOLIEHHS MIBUJAKOCTI OOMEp3aHHs
70 TIUIBHOCTI TOTOKY 4YaCTHUHOK, SKi
MPUIKIAIOTh 10 MOBEPXHI.
IHTEeHCHUBHICTD BIJAKJIaJE€HHSA N3

TIPUBOJUTHCS 3 OAWHUII, KOJM TETUIOBHUI

IMOTIK BIA  OXEJIE€OHUX  BIAKJIAIEHD
HE3HAYHUW 1 HE MOXKE BUKJIUKATH
3aMOPOKYBaHHS BCIX MPUITUILTNX

YACTHHOK Ta IX CIIOJIYYEeHHS 13 KPHKaHUM
HapoCTOM. Y TaKOMy BHIMAJKy 4YacTHHA
MacCOBOTO MOTOKY YAaCTUHOK BTPAYAETHCS
3 moBepxHi Boau. CxemMaTHMyHO Taka
cuTtyarlist 300paxkena Ha puc. C.3.

VY curyauii, noka3zaniii Ha puc. C.3
(773 < 1)9 Ha

BIJIKJIQICHHS 3HaXOAUTHCA PIAKUM 11ap, a

MOBEPXHI  OXKEJIEITHOTO
3aMep3aHHsl BinOyBaeThcs mig HuM. lle
SIBUIIIE HA3UBAETHCS «BOJIOTHH MPUPICT,
a yTBOPEHUH MPHU 1IbOMY JIi1 HA3UBAETHCS
«oXeneapy. Ko piAKUi map BiACYTHIN

1 HeMae 3MHMBaHHS YaCTUHOK 3 HOBGpXHi

(73=1), Takuii Tpouec Ha3UBAETHCS
«CYXUH TIPUPICTY.
CxemaTuyHO s CUTYyaLis

npeactaBieHa Ha puc. C.2. YTBOopeHUl
TIPU 1IBOMY JI1JT HA3UBAETHCS «ITAMOPO3bY.
Cnix 3a3HAYUTH TaKOXK, IO I1HOAI B
TaKuu

JiTepaTypli  BUKOPHUCTOBYETHCS
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Factor 75 represents the efficiency

of accretion, i.e. 73 is the ratio of the rate
of icing to the flux density of the particles
that stick to a surface. The accretion
efficiency #; 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 is lost from the surface water by

run-off. The situation is schematically

shown in Figure C.3.

When the situation in Figure C.3
develops (753 < 1) there is 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 (y;=1) the process is
called “dry growth™.

This situation 1s schematically
shown in Figure C.2. The ice resulting
called
Finally, it should be noted that the term

from dry growth is «rimey.

«collection efficiency» for #; and the
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TEpPMiH, AK «e(PEeKTUBHICTH

HAKOMMMYEHHS» 11 #; 1 TEpMIH
«3acturaroda Gppaxuis» s 73.
He3Baxatoun Ha 3acTOCyBaHHS
TaKuX TEPMIHIB, SIK «OOJICIeHIHHD» 1
d,/d,

OXKCIICAHC BiI[KJ'IaI[eHHSI MOJXXC SABJIITH

«IHTEHCUBHICTb  OOJIEIEHIHHSI
c00010 cyMilll JIbOJY Ta piakoi Boau. Lle
MOSICHIOETECS HACTYITHUM YHHOM: KOJIU
Ha TOBEPXHI OXEJIEAHOrO BIIKIAICHHS
yTBOpIOEThCs pinka ruiiBka (puc. C.3),
JiA, 10 HApOCTa€, 3aBXIU OXOIUIIOE
CIIOYATKy 3HAYHY KUIBKICTh PIIKOT BOIU
[18]. HayiumaHHs MOKpOTO CHITY TaKOX
CIOPUYMHSIE BIJIKJIAJIEHHSA, IO MICTITh
pinky Boay. Ilpm 1mpomy piaka Bona
nposBiisie cebe BKpal piAKo, TOMY IO
BIIKJIa€HHSA 3a3BUYal [MIOBHICTIO

3aMep3aroTh BIApa3y MICIAsS NPUIMHEHHS

oItajiB.

npICTY b ISO 12494:201X

term «freezing fraction» for #; are

sometimes used in the literature.

One should note that, although we
speak of «icing» and «icing rate» d,/d,,
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
initially entraps a considerable amount of
liquid water [18]. Accretion of wet snow
also results in a deposit that includes
liquid water. Liquid water i1s seldom
detected, because the deposits usually
completely freeze soon after the icing

storm 1s over.
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ITo3naku:
1 — mamopo3b
2 — XOJIO/THE TTOBITPsI

3 — noBiTps
4 —min
5 — kparmi

6 — HAIPSIMOK BITPY

Pucynoxk C.2
Figure C.2

Ilo3Haku:

1 —mig

2 — BOJsAHA ILTIBKA

3 — X0J0/THE TIOBITPSA

4 —min

5 — pinka Boaa

6 — BOJIa, 10 CTIKa€ 3 MOBEPXHI
7 — xparuii

8 — HaNpsIMOK BITPY

Pucynok C.3

npICTY b ISO 12494:201X

Key

1 Rime

2 Cold air

3 Air

4 Ice

5 Droplets

6 Wind direction

OO6Mep3aHHs TaMOPO3310 («CYXHUM MPUPICTY)
Growth of rime ice («dry growthy)

Key

1 Ice

2 Water film

3 Cold air

4 Ice

5 Liquid water

6 Runoff water
7 Droplets

8 Wind direction

OOmep3aHHs 0XKeNe 0 («BOJIOTUI TPUPICTY)

Figure C.3 — Growth of glaze ice («wet growthy)
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C.2 IHTeHCUBHICTH 00J1eIeHIHHS
C.2.1 3araibHi MOJI0KEeHHS

PiBusuns (C.1) BusiBiasie nesiki
0a30B1 MPOOJIEMH OIIHKH OXKEJICTHUX
HaBaHTaXeHb Ha KOHCTPYKIii. Croyarky
HEOOXIJTHO BU3HAYUTU TPHU KOEPILIEHTH
N1, 2 1 13, SIKI MOXKYTb BapitoBaTucs Bij 0
mo 1.

Kpim 1poro, mnorpiOHO 3HaTU

MacoBy KOHLEHTpAILll0 YacTUHOK ¥y
MOBITPI W, IIBUIKICTh YaCTUHOK V 1
TJIOIIY MOTMEPEUHOro nepepizy od'ekra A.
Busnauenns atMmochepHux mapaMeTpiB €
po0JIeMOI0 3/1e01IBIIOTO MPAKTUYHORO, a
HE TEOPETHYHO, 1 TOMYy MU He OyJaeMo
pO3IIIAAaTH 11 B LIbOMY JOJIATKY.

Mo:xHa

JIMIIIE 3a3HauyuTH, 10

MacoBa KOHIIGHTpaIlis w — 1 He
3BUYAHUM BHUMIPIOBAaHUW mapameTp, 1
HOro oOIliHKa TMoOB'A3aHa 3 IICBHUMH
npobnemamu. IlIBuakicTe v — 1me cyma

BEKTOPIB IIBHUJIKOCTI BITPY 1 KIHIEBOT

IIBUJKOCTI  YaCTMHOK  (Ka  4acTo
HEeB1JOMa).

B HACTyIHUX 1po3auIax
PO3IIIIATUMYTBCS TEOPETHYHI 3aco0u

BU3HAYCHHSI KOSDIIIEHTIB 71, /2, /3 Ta A.
C.2.2 E¢pekTUBHICTD 3iTKHEHHS

Komu kpamns mnepemimaerbes 3
HOBITPSIHUM

IOTOKOM Yy  HampsMKy

o0'ekTa, 110 3a3Ha€ OOJEAEHIHHSA, il

npICTY b ISO 12494:201X
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, #,, 7, and #;
that all may vary between 0 and 1, must
be determined. In addition, the mass
concentration of particles in air, w, the
particle velocity, 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 is not a
routinely measured parameter and its
estimation is 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 7, 7., #3 and A
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 BU3HAYAIOTh CHJIH

aepPOJIMHAMIYHOTO OIOPY Ta IHEpIis.
Akiio 1HepuiiiHI CUJIM HEBEIWKi, TO/l
JOMIHYBaTUME OMip, 1 Kparmi OyayTh
MPOCTO  TEpPEeMINIyBaTUCS B  IOTOI
noBitps (puc. C.1). OCKIIBKM MNOTOKH
MOBITPS OTMHATUMYTh 00'€KT, pa3oMm i3
HUMU OyJIyThb OTMHATH OO'€KT 1 Kparuil.
Tomy (bakTraHa IHTEHCUBHICTb
31ITKHEHHS OyJle MEHIIIOI0, HIXK IIUIbHICTh
notoky. IIflo crocyerbcs  BenuKHX
Kpareiib, TO JUIsl HHUX, 3 I1HIIOrO OOKY,
OyJle MOMIHyBaTH cuja 1HEpIi, 1 Kparun

OyIlyTh 3ITKHEHHSI 3

MparHyTd  J10
00'€eKTOM, HE BIOXWISIOYHUCH BiJ HBOIO
(puc. C.1).

Bignocna BemmumHa iHepmii Ta

o BIUIMBAIOThL Ha Kpanni,

omopy,

3aJIeKUTh BlJ iX pO3MIpIB, IIBUAKOCTI

MOBITPSHOTO  TMOTOKY 1 PO3MIpPIB
obneneninoro  obO'exkra.  SAkmo 1
rnapameTpu B1JIOMI, e(eKTUBHICTH

3ITKHEHHSI 7; MOXXe OyTH BHBEJEHa
TEOPETUYHO 3a JOIOMOTOI YHCIOBOTO
METO/Ia PO3B'A3yBaHHS PIBHSHb CTOCOBHO
NEepEeMIIICHHS] Kparellb y TMOBITPIHOMY
notoii. Jlanuii migxig O0yB po3poOiieHuit
B 1946 pomi [9] 1 BkiIIOYaE YHUCIOBE
pllIeHHs

MOBITPSHOTO  MOTOKY 1

TpaeKTOpid Kpanenb. TpaekTopii MOBUHHI

npICTY b ISO 12494:201X

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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BU3HAYATHCS JUI  KUIBKOX  PO3MIpIB
YAaCTUHOK 1 TIOJIOKEHb 3ITKHEHHS 3
METOTO BUBC/ICHHSI 3HAYCHHSI
eheKTUBHOCTI  3ITKHEHHS  77;.  Taki

PO3paxXyHKHU € CKIIaIHUMU 1 BUMararoTh

Oarato BuTpaT. Ha macrs, ICHYIOTbH
MO>KJIMBOCTI CIPOCTUTU PO3PAXYHOK #
JUTS IPAKTHYHOTO 3aCTOCYBaHHS.
[To-mepirie, AKMIO TPUITYCKAETHCS,
o O00'€KT, SIKMM 3a3Hac OOJIeIeHIHHS,
Mae IWIHAPUYHY (opMy, TO IiCHYyeE
AQHATITUYHUANA PO3B'SI30K ISl TIOBITPSIHOTO
MIOTOKY HaBKOJIO 00'€KkTa, i €()eKTUBHICTh
3ITKHEHHSI MOKE€ OyTH TapameTpu30BaHa
3a JIOMOMOTOI  JBOX  0Oe3pOo3MipHHX
napaMeTpiB:
K =p,d’/9uD Ta (and)
p=Re’ /K
3 yucsioM PeitHonbpaca kpanens Ha
OCHOBI JJOBLJIbHOI IIBUJIKOCTI TOTOKY V:
Re=pdv/pu
ne
d — miaMeTp Kparuii;
D — niameTp mIHApa;
Py, — IIUIBHICTD BOJIK;
1 — abcomtoTHA B’ S3KICTh MOBITPS;
p, — TYCTHHA NOBITPA.
Po3pobiieno

HACTYITHAU

EMITIPUYHUA METO TIJATOHKH IS JaHUX

npICTY b ISO 12494:201X

overall collision efficiency #;,. These
calculations are complicated and
computationally costly. Fortunately, there
means to

are several simplify the

calculation of #x; for practical

applications.

Firstly, if it is 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)
(C.3)
with the droplet Reynolds number
based on the free stream velocity v:
(C.4)
where
d is the droplet diameter;
D is the cylinder diameter;
p,, 1s the water density;
u is the absolute viscosity of air;
p, 1s the air density.
The following empirical fit to the

numerically calculated data has been
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YUCJIOBOTO PO3paxyHKy [5]:

n = A—0,028—C(B—0,045 4)

IS

np/ICTY B ISO 12494:201X
developed [5]:
(C.5)

where

A=1,066K "' exp(~1,103K ****)

B=3,641K " exp(~1,497K )

C'=0,00637($—100)""

[To-gpyre, mnokazano [6], 110
BHCOKA TOYHICTb, OJJMHOYHHI MapameTp 1
cepenHiii 00’eMHHMI  pPO3MIp  Kparuii
(MVD) MOXyTb BHKOPUCTOBYBaTHUCS B
po3paxyHkax [k d B piBHsaHHAX (C.2) 1
(C.4)] 6e3 HEOOXIAHOCTI PO3PAXYHKY #;
OKpeMO I KOKHOI Kareropii po3mipy
Kparuii.
EdexTuBHicTh 3ITKHEHHS N
3HAYHOK MIpPOI0 3aJICKHUTh BT PO3MIPY
YaCTUHKHA, 1 JUIS JIOCUTh BEJIHKOTO
CEpPEeIMHHOI0 JlaMeTpa O00CsSTY MOXHa

IMPaKTHUIHO BHUKOPUCTOBYBATH

m=1,
SKIIO KOHCTPYKLIS HE € HaA3BUYailHO
BeIMKOI. ToMy po3paxyHOK 7, TOBUHEH
IPOBOJUTHUCS TUIBKH, KOJIM XMapH1 Kpari
CIIPUYUHSIOThH oOneeHIHHS. [Tpu
BUMAAIHHI aTMOoc(hepHUX omnaAiB (oI,
CHIT) e(eKTUBHICTD 31ITKHEHHS
BUSIBJISIETHCS OJIM3BKOIO 1O OJAMHHIIL.
C.2.3 E¢pexTuBHiCTh NPUIMIIAHHA
Komun nepeoxosomxeHa Kparis

BOIN CTHUKAETBCA 3 IIOBCPXHCHO JIBOLY,

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
n = 1 in practical applications, unless the
structure 1s extremely large. Therefore, 7,
usually needs to be calculated only when
cloud droplets cause icing. In
precipitation (both rain and snow) the

collision efficiency is close to one.

C.2.3 Sticking efficiency
When a super-cooled water drop

hits an ice surface it rapidly freezes and
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BOHA IIBHUJKO 3aMe€p3a€ 1 HE BCTUTAE
BiJIcKOUMTH Big moBepxHi (puc. C.2).
Skimo Ha TOBEpPXHI € PILAKUA 1Iap,
Kparwisi PO3TIKAEThCA 1O TOBEPXHI 1
3HOBY-TaKd HE BiAOMBA€TbCs B Hel
(puc. C.3). B xoml 1mux mpouECIB
MOXXJIMBE YTBOPEHHS Kpameib, 10 B

pe3ysbTrari  JIpoOJIeHHS  CTIKalTh 13
noBepxHi. [Ipore ix BigHOCHMI 00'eM, y
OLJIBIIIOCT] BMITAAKIB, HACTUIBKH MaJuH,
0 X BIUTMB Ha OOMEp3aHHS MPAKTHIHO
He 3HayHWil. BiamoBigHO, NPUHHATO
BBa)KaTH, IO Kparwil piKoi BOJAM, SIK
NpaBUJIO, HE  BIJUITOBXYIOTHCS  BIJ
MOBEPXHi, TOOTO JUIsI BOJSHHUX Kpareilb
Ny = 1.

[Ilo crocyeTbcs YAaCTHMHOK CHITY,
TO BOHH

B1JICKaKyIOTh JIOCUTH

epextuBHO. [l TOBHICTIO TBEPAUX
YaCTUHOK (CyXWil CHIT) €(eKTUBHICTh
OPWININAHHS 7], MPAKTUYHO AOpPiBHIOE 0,
OJIHAK SIKILIO HA TOBEPXHI YaCTUHOK CHITY
3HAXOJIUTBCS  PIAKUN

map, BOHH

OPWINNATh Habararo eQeKTUBHILIE.
[Ipyn HeBeNMKIM MIBHAKOCTI 31TKHEHHS 1
3a CHPUSATIMBUX YMOB TeMIIepaTypu 1
BOJIOTOCTI 3HAYEHHS #; € OJMU3bKUM J10
3Ha4Y€Hb MOKPOT'O CHITY.

VY nanuit yac He ICHy€ Teopii 1010
e(eKTHUBHOCTI

HaJIUIIaHHA MOKPOTO

npICTY b ISO 12494:201X
does not bounce (Figure C.2). If there is 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 is

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, 7,, 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, #, is close to the unity for wet

SNow.

Presently there is no theory for the

sticking efficiency of wet snow. The
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cHiry. HasBHI MeTo/iu anpokcumalliii #, €
EMITIPUYHUMH PIBHSHHSAMH Ha OCHOBI
Ja00paTOPHOTO MOJCIIIOBAHHS Ta JESIKUX
MOJIbOBUX  crnocTepexeHb.  Ilepmoro
HAWKpal[ow amnpoKCUMAIIE I 7, €,
MOJIHBO, [1]:

n,=1/v,

JIe MBHUJKICTB BITPY V BUPAKAETHCA
B MeTpax 3a CeKyHmy; komn v<1 mc’,
n=1.

BosoricTs 1 TemnepaTypa moBITps
TaKOX BIUIMBAIOTh HA 7j,, ajlé Ha JaHUU
MOMEHT HEMa€ JOCTaTHhO JaHUX, MI00
MPUMHATH X 10 yBaru.

I[Ipu  upomy, OJIHAK, ciig
3a3HAYUTH, MO #,; >0 TUIBKK B TOMY
BUIIAJIKY, SIKIIO TIOBEPXHS YaCTHHOK
CHITYy € MOKpPOK, TakK IO IS CHITY
n, =0, Komu Temmeparypa 3a MOKPUM
TEPMOMETPOM CTaHOBUTH Huxue 0 °C
[20].

C.2.4 IHTEHCUBHICTD BiIKJIaJeHHSA

IIpun dbopmyBaHH1 CyXO0ro
NpUPOCTY T dYac oOOJeACHIHHS BCl
Kparil  BOAM, IO  CTUKAKOTHCS 3
MOBEPXHEI0, 3aMeP3at0Th 1 €PEKTUBHICTh
BiaknaaeHHs #3=1 (puc. C.2). B ymoBax
(dbopMyBaHHS BOJIOTOTO MIPUPOCTY T Yac
MIBUIKICTH

oOneeHiHHSA 3aMep3aHHs

3aJICKUTh  BIJI IIBHIKOCTI, 3 SKOIO

npICTY b ISO 12494:201X

available approximation methods of 7,

are empirical equations based on
laboratory simulations and some field
observations. The best first

approximation for 7, is probably [1]:

(C.6)

where the wind speed v is in metres

-1
per second; whenv<1ms ", #, = 1.

Air temperature and humidity also
affect 7, but here are presently not

enough data to take them into account.

However, it should be noted that
n,>0 only when the snow particle
surface is wet, so that for snow, 7, =0
when the wet-bulb temperature is below

0 °C [20].

C.2.4 Accretion efficiency

In dry growth icing, all impinging
water droplets freeze and the accretion
efficiency, #7;=1 (Figure C.2). In wet
growth icing, the freezing rate is
controlled by the rate at which the latent
heat released in the freezing process can
be transferred away from the freezing

surface. The portion of the impinging
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JaTeHTHa TEIJIOTa B MPOLIEC] 3aMep3aHHs
MOXE BIJBOJAUTHUCS BIJ TOBEPXHI, IO
obmep3sae. [Ipu boMy yacTrHa BOJH, sKa
HE MOJXKE 3aMEp3HYTH IIPU OOMEKEHOMY
TEINIOOOMIHI, CTIKAa€ MiJ JIEI0 CHIU
TsOK1HHS a00 onopy moBiTps (puc. C.3).
JIJisi BOJIOTOTO TIPUPOCTY OXKENei
Oajranc Ha

TEIUTOBUM MOBEPXHI

oOMep3aHHs MOKHA MPEACTABUTH SIK:

Qf+QV =0 +0,+0,+0;

ne

QJ; — JlaTeHTHa  TeIoTa,  WIO
BUBUIBHSAETHCS TI1]] 4ac 3aMep3aHHs;

Q, — aepoAMHaMi4HE  HarpiBaHHsI
MOBITPS;

(. — BUTOKM (PI3UYHOIO TEIUIA B OBITPS;
Qe B
BUITAPOBYBAHHS;
O -

HarpiBaHHI

BUTOKH TCILJIa HiI[ BIITITMBOM

BIATIK (MIPUIUIMB) TeIJIa TpHU
(OXOJIOJIKEHH1) BOAH, IO
CTHKAETHCS 3 MTOBEPXHEIO, 110
TEMIIEPATypH 3aMEP3aHHS;

Qs B

BUIIPOMIHIOBaHHS.

BTpaTH TEIUIOTH Ha
UsieHn pIiBHSHHS TEIUIOBOTO OanaHcy
(C.7) MOXyTh OyTH TTapaMeTpU30BaHI 3a
JOTIOMOT 010 METEOPOIOTTYHUX 1

CTPYKTYPHUX 3MIHHUX.

Temuio, 3BUIbHEHE MPU 3aMEp3aHHI,

npICTY b ISO 12494:201X

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
QOr 1s the latent heat released during
freezing;

O, is the frictional heating of air;

Q. 1s the loss of sensible heat to air;

Q. 1s the heat loss due to evaporation,;

O, is the heat loss (gain) in warming
(cooling) impinging water to the freezing

temperature;

Qs 1s the heat loss due to radiation.

The terms of the heat balance equation
(C.7) can be parameterized using the

meteorological and structural variables.

The heat released in freezing is
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IIEpEeHACThCS 3 PO3MEXYBAIBHOI
MIOBEPXHI «JI1JI-BOJIa» Yepe3 PIAKY BOAY B
NOBITPS; BIAMOBIAHO, Y€pe3 PIAKY IUIIBKY
IpaJlieHT

YTBOPIOETHCS BiJl'€MHUU

TEMIIEPaTypPH. Takunit THUIL
NEPEOXOIOKEHHS cripusie  Mopdosorii
JEHAPUTHOI KpHCTali3allii, B pe3yJbTarTi
YOro NeBHAa YaCTHMHA BOJU 3AJIULIAETHCS
BCEpE/IUHI KprkaHO1 MaTpuill. OCKUIbKU
HE3aMep3ia BOJAA MOXE BUIABUTHCS
3aXOIUICHOI 0e3 BUIUICHHS OYyab-SIKOTO

JATEeHTHOTO TeIula, 4ieH (; y PIBHSAHHI
(C.3) nopiBHIOE:
Or =(1=A)m,FL,

ne
A—piaka (pakiis BiIKIaICHHS;
F — miapHICTh TTIOTOKY BOAM JI0 MOBEPXHI
(F=mmn, wv).

Jlns Bu3HaueHHsS piakoi (pakmii 4
pobwmcs 1 TeopetmuHi  [18], 1

eKcrepuMeHTanbHl [7] cipobu. Y gaHux

JOCITIDKCHHSAX TepeadavyacThcs, Mo A

3aJIMIIAETHCS, IIIBUIILIE 3a BCE,
HEUTPAIBHUM JIO yMOB HapOCTaHHS
apony 1 mo A=0,26 — 1e mepma

NPUIHATHA alpOKCUMAITiS.
Kinetnune HarpiBaHHs HOBITPS Oy
€ BIJTHOCHO HEBEJIMKOI BEJIMYMHOIO, aje

OCKIJIbKM BOHA JIETKO IMapaMeTPU3YEThCS

npICTY b ISO 12494:201X

transferred from the ice-water interface
through the liquid water into the air, and
consequently there 1is a negative
temperature gradient through the liquid
film. This kind of super-cooling results in
dendritic growth morphology, and

consequently some liquid water is
trapped within the spray ice matrix. Since
the unfrozen water can be entrapped
without releasing any latent heat, the term

Or in equation (C.3) is

(C.8)
where
/A 1s the liquid fraction of the accretion;
F is the flux density of water to surface
(F=mn, wv).

Attempts to determine the liquid
fraction, A, have been made both
theoretically [18] and experimentally [7].
These studies suggest that A1 is rather
insensitive to the growth conditions, and

that the value of A=0,26 is a reasonable

first approximation.
The kinetic heating of air, Q,, is
relatively small term, but since it is easily

parameterized by
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3a JOIIOMOTOIO:
2
0, =hn?/(2C,)
TO BOHA BKJIFOYAETHCS, K IMPABHUIIO,
Kinetnune

JO0  TCILJIOBOI'O 6aJ'Ichy.

HarpiBaHHS Kpareib BUJIAETHCS
HECYTTEBUM 1 JI0 YBaru He MPUINMAETHCS.
B nanomy Bumanky /4 — 1e KoeimieHT
KOHBEKTUBHOTO  TEIUIOOOMIHY, 7 —
KOe(IIIEHT BITHOBICHHS JUISI TEIJIOTH
BHyTpiliHbOro  Teptsas  (r=0,79  nmus
LUIIHIPA), V — HWIBHUIKICTb BITPY, a C, —
NUTOMA TEIIOEMHICTH MOBITPSI.

KonBekTuBHUI TEIJI000MIH
MO>KHA MPEJCTaBUTH SIK:

Qc=ht, ~t,)

ne t, — 1€ TeMmieparypa MOBEpXHi
obneneninus (=0 °C mnpu BoOJOTOMY
npupocTi), a ¢, — 1Le TeMmieparypa
HOBITPSL.

Bumnapna Terionepenaya

apaMeTpU3y€eThCS SIK:

0, =heL,(e,~e,)/(C,p)

ne

¢ — KOe(]IieHT MOJEKYJISIPHOI Macu
CyXOro TOBITpS 1 BOJAAHOI Mapu
(e=0,622);

Le — JIATCHTHC TCIIJIO BUIIAPOBYBAHH,

e, — TUCK HAaCH4YE€HOI BOASAHOI Mapu Ha

MOBEPXHI BIAKJIAJCHHS,

npICTY b ISO 12494:201X

(C.9)

it is usually included in the heat
balance. Kinetic heating of the droplets is
insignificant and is ignored. Here / is the
convective heat transfer coefficient, r is
the recovery factor for viscous heating
(=0,79 for a cylinder), v is the wind

speed and C, is the specific heat of air.

The convective heat transfer is

(C.10)

where fs is the temperature of the
icing surface (¢£,=0 °C in wet growth) and

t, 1s the air temperature.

The evaporative heat transfer is
parameterized as

(C.11)

where
¢ 1s the ratio of the molecular masses of

dry air and water vapour (e=0,622);

L. 1s the latent heat of vaporization;
es 1s the saturation water vapour pressure

over the accretion surface;
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e, — THCK HAaBKOJHIIHBOI Mapu B
MOBITPSTHOMY TOTOII];
p — TUCK TIOBITpA.

B nmanomy Bumaaky e; — 1ue

nocriitHa (617 Ila), a e, — ne dyHkimis

TeMIIepaTypd 1 BIIHOCHOI BOJIOTOCTI

HAaBKOJIMIIHBOTO  MOBITPA.  3a3BUYail
BBQ)KAETHCSA, IO BIAHOCHA BOJIOTICTH Yy
xmapi cranoButh 100 %.

Bemmunna (@ — wme pesynbTrar
pI3HUILIl TeMIepaTyp MK TOBEPXHEIO
o0'ekTa, 110 3a3Hae OOJIeACHIHHS, 1

KpaluraMH, 10 CTUKAOTBCA 3 HCHO.
0 =rGC,(t,-1,)

IS

C,, — IMTOMA TEIUIOEMHICTh BOJH;

Iy, -—

TeMIlepaTypa Kpameib Mpu

31TKHEHHI.

MoxHa OpUIYCTUTH, MO IS

XMapHHUX Kparnesb ti=ty; Take

IMPpUIIYIICHHA ITIOBHMHHO CTOCYBATHUCHA

TaKOXK MESPCOXOJIOHKCHUX KpalicJjib

Jouty.

Btpatu Temna Ha JOBrOXBUJIBOBE
BUIIPOMIHIOBaHHS MOXHa
napaMeTpHu3yBaTH fK:

O =oalt,—1,),
ne o — ue mnoctiiHa CredaHa-

Bombimana (5,67x10° Wm™?K™), a a —
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e, 1s the ambient vapour pressure in the
air stream;

p 1s the air pressure.

Here e, is 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
Cy, 1s the specific heat of water;
tq 1s the temperature of the droplets at
impact.

For cloud droplets #:=t, may be
assumed, and this assumption must
usually be made also for supercooled

raindrops.

The heat loss due to long-wave

radiation may be parameterized as

(C.13)

Where o 1s the Stefan-Boltzmann

constant (5,67x10° Wm?K™) and a is
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NOCTIiiHA JiHeapu3auii BUIIPOMIHIOBAHHS
(8,1x10’K*). 'V  namomy piBHsHHI

BPaxOBY€E€TbHCA TUIBKH JOBT'OXBHUJIBOBEC

BUIIPOMIHIOBaHHS 1 JIOITyCKA€ThCS
3arajibHa BUIIPOMIHIOBaJbHA 3JIaTHICTh
SIK JUIs1 IOBEPXH1 OOJICICHIHHS, TaK 1 s
HaBKOJIUIIIHHOTO CEPEIOBUIIIA.

B pesynbraTti

(C.8)~(C.13) v

napameTpu3anii
PIBHSIHB PIBHSIHHI

terioBoro Oamancy (C.7) 1 pimeHHs
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radiation linearization constant
(8,1x10’K%). This equation takes into
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

dpaxuii BIJIKJIaJICHHS OTPUMY€EMO
HACTYTHE PIBHSIHHS:
h eL rv
B Fa-ar | T,
(1-4) f pP
Jloci, omHak, HiI4Oro He OyJo

CKa3aHO NP0 BHU3HAYEHHS Koe]illeHTa
KOHBEKTUBHOTO  TEIJIOOOOMIHY /4 B
piBasiHHI (C.14). € cTaHmapTHI METOIU
OIIIHKM SK MICIEBUX, TaK 1 3araJbHUX
3HaUYCeHb I A Ha Tiagkux o0'ekTax
pi3HUX po3MipiB 1 QopM. binbuicte
Mojeneld OOJIeIEHIHHS JTOTYCKae, 1o
Koe(illieHTH Terutonepeaayl MIIHAPIB
JTOCUTh J00pe TpeACTaBIsIOTh 00'€KTH
obneneHinusa. HaBiTh fAKIIO TOmMycKaTH
Taky  mpocty  ¢dopmy,  mpoOiema
YCKJIAJHIOETBCSA IIOPCTKICTIO TMOBEPXHI
abony. EdexT moBepxHEBOi MIOPCTKOCTI
TEOPETUYHO BHBYCHO Yy BCIX ACTAIIAX
[17], i Teopis

aHa MOKE

2C,

Cw(ts _td) + O-a(ts _ta)

(C.14)
(-AL, F(1-A)L,

So far nothing has been said about
determining the convective heat transfer
coefficient /4 in equation (C.14). There
are standard methods to estimate both
local and overall values for 2 on smooth
objects with various sizes and shapes. In
most icing models it has been assumed
that the heat transfer coefficients of
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.

109



BUKOPUCTOBYBATUCS SK YAaCTHHA MOJETI
o0yieIeHIHHA.

Matouu ouiHky 4, piBasHHs (C.14)
MOJKE BUKOPHCTOBYBATHCS IS
BU3HAYEHHSA 1HTEHCUBHOCT] BIIKJIAJIECHHS
73 1 BUBEJICHHS PIBHSHHS 1HTEHCUBHOCTI
obneneninus (C.1). He3Baxatoun Ha Te,
mo piBusaHHsA  (C.14) 3anucaHe B
3HAUYEHHSX IIUIBHOCTI BOJSHOTO IMOTOKY
F, BoHO niiicHE TakoX 1 B MICIIEBOMY
BIJIHOIIIGHH] JUIsl MOBEpPXHI 00'€KTa, IO
3a3Ha€ O0JIeACHIHHS. Y IIbOMY BUIMAIKY F
NpEACTaBIsA€ TMPSIMUNA MACOBUH IOTIK
IUTIOC PELUPKYISIIAHA BoAa 3 1HIIUX
noBepxHi.  Toi

CEKTOPIB cepenHs

TeMIeparypa TIOTOKy HETTO Oyne
BIJIPI3HATHCS BiJ TEMIIEpaTypu Kparieib.
Jist Toro, 1100 CIpOrHO3yBaTH HE TUIbKU
3arajabHy Macy 0’KEJIeTHOTO
BIJIKJIaJIeHHsA, ane 1 #oro Qopmy Ta
BEPTUKAIBHUNM PO3MOJLI, 1[I aCMeKTH

BU3HA4YCHHA MiCI_ICBOFO TCIIIIOBOI'O

OaJlaHCy BKJIIOUEHI JI0 JNESKUX MOJCICH
(auB.,
bibmorpadii [11]1 [31]).

o0JieNeHIHHSA HalpuKiIaa, y

C.3 YucaoBe MOJeJTIOBAHHS

PimienHsa npo0seMu 1HTEHCHUBHOCTI
00JIeIEHIHHA aHAJITUYHUM CIIOCOOOM 3a
(C.14) €

JOTIOMOT'OK0  PIBHSIHHS

HEOLILHUM, OCKUJIBKH BOHO
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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 F 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]).

C.3 Numerical modelling

Solving the icing rate analytically
using equation (C.14) is not practical,
for the

because empirical equations

dependence of saturation water vapour
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nepe0oayae BUKOPUCTAHHS E€MIIIPUUYHUX
PIBHSIHb 3aJIC)KHOCTI THCKY HACH4YEHOI
BOJIIHOI Mapy 1 MUTOMOI TEIUIOTH BIiJ

TEMIIepaTypy, a TaKoX

Ipoueaypy
BU3HAUYeHHA /. UMCII0B1 MeTOAM ITOBHUHHI
BUKOPUCTOBYBAaTHUCSI IIE€ M TOMY, IO
00JICICHIHHS € TIPOIIECOM, 3aJICKHUM Bij
yacy, 1 3MIHM pO3MIpPIB OXKEJIETHHUX
BiJIKJIaJICHb BIUTMBAIOTHh HA /I KOEQIIIEHT
tertooominy 4 B piBHsiHHI (C.1). Bee 1ie
yCKJIaJIHIOE Tipoliec oOneneHiHHs. Ha
puc. C.4 npeacTaBlIeHO CXEeMaTHUYHE

306pa}KeHH}I JACAKHUX B3a€MO3B'SI3KIB

naHoro mnpornecy. CydacHi KOMIT'HOTEpU
BUBII

320€3Ieuy0Th HaJIHHU]

pe3yJbTariB  mijg  4yac pobotu 31

CKJIIAMHUMHA MOJEIISIMA  OOJIEAECHIHHA.

[Ipobiema 0KEJIEJHOTO

dbopmu
BIOKIIQACHHS, 1[0 3MIHIOETBCS 13 YaCOM,
3a3BUYail BUPINITYETHCS TAKUM CIIOCOOOM:
OKeJIeJH1

IIpOCTO BBaXa€ThCA, 1o

BIIKJIaJE€HHA MAaloTh HUAJHIPUYHY

reomeTpito. OpHak mnpoOiemMa MOXKe
YCKJIQAHUTHUCS YTBOPEHHSM OYpYJIBbOK.
OxpemMa MoAeINb, IO IMITYE€ YTBOPEHHS
OypyJIbOK [19], MOXeE
BUKOPUCTOBYBATUCS TIPU MOJCITIOBaHHI
oONeICHIHHS Tl BIUIMBOM KPHYKAHOTO
JOIIy.

Tak y [21] #Opononyerbes
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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

changes in the dimensions

accretion affect 4 the heat transfer
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

rain 1s modelled.

Such a comprehensive model for
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KOMILIEKCHA MOJEJb IMITALll]l OXKEJIEeIHUX
HAaBaHTAXEHb, CIPUUYMHEHUX KPUKAHUM
JTOIIIEM.
YucioBi  mopeii  oOJIeACHIHHS,
3QJIEKHI BiJ] 4Yacy, BHUMaramThb TaKOX
MOJICITIOBAHHSI ~ TYCTUHH  OXKEJICTHUX
BiAKIaaeHb. Lle MOSICHIOETHCS THM, IO
1HTEHCUBHICTD 0o0JieIeHIHHSA TS
HACTYITHOI YacOBOI CTajlli 3aJICKHUTh BIJ
po3mipiB o0'ekta 4 B piBHsaHHI (C.1), s

YyOoro HEOOXIJHO 3HAaTH B3a€MO3B'SI30K

MK 3MOIEJIbOBAaHUM O’KeJeTHUM
HaBaHTaXKEHHSAM 1 po3mMipamMu
o0neaeHUInX KOHCTPYKLIH. s

aMOpPO3€BOT0 OOMEp3aHHA UIUTHHICTh

MOXC MOACITIOBATHUCA YHUCJIOBUM

METOJIOM 32  JOMOMOTOK  OKpeMoi
oamicrnunoi mogmeni [30]. YV Oumbmocti
BUTAJIKIB [JI1 BU3HAYCHHS TYCTUHH p
naMopo3i (CyXuil TpHUpICT) HA MIIIHIPI
MOXKE

BUKOPHUCTOBYBATHUCA  HACTYIIHC,

HaWOLIbII BIAMOBIAHE piBHIHHSA [23]:

p=0,378+0,425(log R)—0,082 3(log R)’

Tyt R — ne mapamerp Makkiina
[12]:
R=—(v,d

171)/2t5
ne
Vo — UIBUAKICTb 3ITKHEHHS Kpalleb,

BHUXOJSYU 3 CEPEIHBOI BEIIMUUHHU 00’ €My
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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 4 in equation (C.1) and the
relationship between the modelled ice
load and dimensions of the iced
structures 1is, 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:

(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 d,,;
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Kpari dyy,;

t, — TeMmiepaTypa MOBEPXHI 0KEJIeTHOTO

BIJIKJIaJICHHS.
PiBHSAHHS 11 pO3paxyHKY v,

MOXXHa  B3ITH 3  Jpkepena  [5].

Temneparypa  HOBEpXHI  f;  MOXeE

BHU3HaA4YaTUCA YHUCJIOBHM MCTOJOM 13

pIBHSIHHSI TemioBoro Oanancy. OmHak y

OUIBIIOCTI BUIIAJIKIB aTMochepHoi
namopo3i, TemImepaTypa IOBITpsS IpH
o0neaeHIHH1 MOXe MpUOJINU3HO

JIOPIBHIOBATH £,.
Jlns oxeneni (BOJIOTHI TMPHUPICT)
HEBEJIHKI

S3HAYCHHA TYCTHHHW MAaArOTh

Bapiamii, BHXOIJYH 3 YOr0 MOXKHA

AOITYCTHUTH, J11(0) I_[i 3HAa4YCHHA

ckinagaTumyTh 0,9 r/em’.
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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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— Hiamerp xparuti -
HIIJ'ILH.ICTI) OXKEIENHOTO | o >l EdexTuBHICTH
Bi/IKJIaICHHS Droplet diameter HaKOINYCHHS Kparelb
Density of accreting ice j——— — | Droplet collection
A efficiency
— A
[IBuakicTe BITPY —| —
Wind speed
Temneparypa nosiTps
Air temperature
y Yy _
T . Oxenenne
eMHePa;I})’(I:a IIOBEPXHI Saranbuuit giaverp [ — —|— |1 HaBaHTaXCHHS]
~ o » 00’€eKTa III0C
. - i [ - Ice load
Temperature of ice OHCIHCAHE BULCIAACHIT
surface Total diameter of object }— — T
plus ice deposit Y VY
IHTEeHCHBHICTD
o0eneHIHHSA
Icing intencity
Bwicr pinkoi Boau B y.v ' A
HOBiTpi 3amep3aroua (paxiris
L p] magarounx kpameinb
Air liquid water content > BOAH
Fraction of impinging
water drops that freeze
Pucynok C.4 — B3zaemo3alexHICTh pi3HUX (DAKTOPIB MpoIiecy 00JeIeHIHHS,
CIIPUYMHCHOI'O KpaIlJIIMHU BOAU
Figure C.4 — Interdependence of various factors of the icing process caused
by water droplets
HIibHICTH MOKPOTO CHITY Wet snow density increases with
1 JIBUTIY €ThCS 3 M1 IBULIIEHHSIM increasing wind speed, but quantitative

IIBUJIKOCT1 BITPY; MPH I[bOMY KiJIbKiCHA
OL[IHKAa LIUIBHOCTI CHITY 3aJIMIIAETHCS
JIOHWHI HeBiJoMOl0. Buxonsuu 3 maHmx
[8],

ITOJIBOBHUX CIIOCTCPECIKCHD

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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AOITYCKA€TbCA BUKOPUCTAHHA IMOCTIHHOTO

3HAYECHHS 04 /e’ OnuHak B
CKCTpEMaJIbHUX BHITQJIKAX HAJIUITAHHS
MOKpPOTO CHITY TIUIbHICTh (TYCTHHA)
MOKE BHUSBHUTHUCS BHUIIOIO, SK IPABUIIO,

6au3bko 0,7 em™ [3].

HanionaanbHe mosicCHeHHSA :

BignoBimno g0 posauty 4 1bOro
CTaHAAPTYy Uil TYCTHHH JIBOJLY
3a3HaYC€HO  OJMHUIIl  BUMIPIOBAHHS

[kr/m’]. ToMy HaBeieHy y JaHOMY
nyukti Bemmamnay 0,7 cm™ i3 [3] ciixn

posymitu sik 0,7 r/cm’.

B  pesynbraTi = cucremaruzaiii
HABEJICHUX  BUIIE OIIIHOK TYCTHUHU
OKEeJeTHUX BIJIKJIaJICHb MOXKHA

pO3pOOUTH YHKCIOBY MOJENIb IMiTalli
o0JieieHIHHA 00'€KTa B 3aJIE)KHOCTI Bl
gacy. C(CxemarmuHuii omuc  MOAENi
obiiesieHiHHS HaBeaeHo Ha puc. C.5.
PeanbHa KOHCTpYKIIis, HATPUKIIA,
1oria,  3a3BUYaid  CKJIAJA€ThCI 3
HEBEIIMKNX KOHCTPYKIIMHUX €JIEMEHTIB
pi3HUX po3MmipiB. ToMy [uIsi CHpOIIEHHS
IPOIECY MOJICIIOBAHHS TaKy CKJIaJHy
KOHCTPYKIIIIO MOXKHAa PO3JUINTH  Ha
KUIbKa TpYNl HEBEIUKUX E€JEMEHTIB 1
po3paxyBaTu OKelielHE HaBaHTAKEHHS
OKpEeMO JIJIsl KOXKHOTO €JIEMEHTa, a MOTIM

CKJIAaCTHM BCl OTPUMAaHI PE3yNbTaTH IS
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appears, however, that in severe cases of
wet snow accretion the density may be

higher, typically around 0,7 cm™ [3].

When the above-mentioned
estimates of the density of accretions are
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
is 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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BUBCJICHHS  3arajbHOr0  OKEJICIHOTO
HaBaHTa)KCHHSL.
C.4 O6roBopennst

Teopis obneneHIHHA KOHCTPYKITIN

B)XC OTpHUMaJIa YaCTKOBC HiI[TBCpI[}KCHHH

[7], [13], [23], [24]. Ilpore e
3anumIaeTecss  Oarato  HeE3'ICOBaHMX
NUTaHb, Kl  NOTPeOylTh  OUIbLI

PETENBHOIO PO3IJIAY 1 IEPEBIPKHU.

OcHoBHa HEBU3HAYCHICTb
BUSBIISIETBCSL TOJ1, KOJM €(QEKTUBHICTh
3ITKHEHHS ] Ma€ JIy’Ke€ HU3bKE 3HAUEHHS
(11<0,1). Y upomy Bunaaky teopis C.2.1
HAMaraeTbCsl TMOSICHUTH HAATO HU3bKI
3Ha4YeHHSA #; [26] TUM, MO IIHOPCTKIi
€JIEMEHTH MOBEPXHI MAiI0Th, SIK OKpeMi
KOJIEKTOPH.

Komu #, wmae HeBenuke

3HAUYEHHs, OOJIICHIHHS TaKOX Mae
HEBEJIMKY 1HTEHCUBHICTH [/JMB. PIBHSIHHS
(C.1)], 3aBusxu yomy naHa mpoOiema He
NEPEIIKO/KAE OLIHLI PO3PAXYHKOBUX
OKeJeHUX HaBaHTaxeHb. OFHAK KOJHU
KOHCTPYKIliSl  (Hampukiaa, TOBHICTIO
oOJnefeH1a niorjia) Mae BEIUKI PO3MIpU
(4 B piBuanaHi C.1), o0neaeHIHHS MOXeE
B1IOyBaTHCS 1HTCHCUBHO, HaBITh IIPU
HU3bKHUX 3HAYCHHSIX 7).

ToOTo ormiHKka oOMep3aHHS ITyKe
BEIUKHUX OO0'€KTIB, 30KpeMa, B YyMOBax

HEBEJIMKOI I[IBUJKOCTI BITPY, BHUMAarae
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C.4 Discussion

The theory of ice accretion on
structures has partly been well verified
[7], [13], [23], [24]. However, there
remain several uncertain areas which
require  more  development  and
verification.

A major uncertainty is involved
when the collision efficiency # is very
small (#,<0,1). In such a case the theory
in C.2.1 tends to predict too small values
of #; [26] mainly because the roughness
elements of the surface act as individual
collectors. When #, 1s 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 7.

Estimates of icing for very large
objects, particularly at low wind speeds,

should, therefore, be made with caution.
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0COOJIMBO]1 yBardy.

VIIOoCKOHAJIEHHS METOIB OIIHKHU
JAHUX napameTpiB € TOCUTh
npoOJIeMaTUYHUM, OCKUIBKM B YMOBax
HU3bKWX 3HAYEHb BEJIUYHMHA 7| HACTUIbKU
YyTiuMBa JO 3MIH pO3MIpIB Kpareib
(MVD), wmo ii

TOYHC BH3HAYCHHIA

BUABJIACTBCSA HEMOXKIIMBUM qyepes3

noXUOKH BUMIproBaHHSI MVD.
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There 1s not much hope of
improving the estimation methods in this
respect, because at low values #; is 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.

/ BxinHi mapamerpu

/ Input parameters

EdexTHBHICT HAKONNYECHHS

Collection efficiency

KoedimieHT KOHBEKTHBHOTO . .
. TenmnoBuii OanaHc moBEpXHi
TEII000MiHY e CHIHHS
> > obnene
Convective heat transfer .
. Heat balance of the icing surface
coefficient

IHTEHCHBHICTE 00JIEIEHHIHHS,
BHUXO/IS4YH 3 IHTEHCUBHOCTI
HaKOIMUYEHHS

Icing intensity based on the
collection efficiency

y

O>Kenez[He HaBaHTaXXCHHA

Kputnuni
YMOBH

Critical
conditions

IHTEeHCHBHICTD 00JICIEHHIHHS,
BUXOJISIUH 3 TEIUIOBOTO OaiaHCcy

Boutori

Icing intensity based on the
heat balance

y

IMonpaska Ha pUXIiCTh

Ice load

y

Sponginess correction

LLinpHICT OKeIEeTHUX
BiIKIIaIcHb

Density of the accreting ice

JiameTp oxxeneqHHUX BiIKIaIeHb

Ice deposit diameter

Hacrynauii uacoBuii iHTepBan

Next time-step

Hactynuuit gacoBuit iHTEepBan

Next time-step

Pucynok C.5 — CmopomieHa 610K-cxeMa 9UCIOBOi MOEII 00JIe/IeHIHHS

Figure C.5 -

Simplified block diagram of a numerical icing model
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Orminka e(eKTUBHOCTI MPUITUIAHHS
/2 MOKPHX CHDKHHOK XapaKTEPHU3YEThCS
HUHI TI€BHOI HETOYHICTIO. PiBHAHHS
(C.6) ciix po3ryisiAaTH TUIBKU SIK HEpIITy
alpoOKCHUMAIlil0, JOMOKH HEe OyayTh
pO3po0JIeH] CKIAAHIIIT METOAM OLIHKU
n>. Tlpu po3riisl BEIUKUX Kpamnesib BOJIU
(momry) BBa)ka€eTbCs, IO JESIKI Kparun
MOXYTb BIJCKaKyBaTH BiJ moBepxHi [10];
SKIIO 1€ TakK, TO #,=1 MOXXE MPU3BECTHU
J10 HEBEJIIMKUX MTOXHUOOK.

[HTEHCHUBHICTD BIAKJIAACHHS 73 €,
SK  TpaBWIO,  HAWOLIBII  TOYHUM
napamerpoM y piBHaHHI (C.1). Tomy
TEOpEeTUYHA OIlIHKA YTBOPEHHS OXKeJeIl
(BoJtoruii IPUPICT) BIJIPI3HSIETHCS
BIJIHOCHOIO HAJIIMHICTIO 32 yMOBH, IO
JaHa MOJIeJIb Ma€ TpaBWUIbHI BXIiAHI

3HayeHHs. OpfHak, SKIIO  YacTUHA
O’KE€JIeIHOTO HAaBAHTAXXEHHs CIPUYMHEHA
OypyJIbKamH, MO/ICITIOBAHHS [21]
NOTPIOHO BUKOHYBAaTH 3 BUKOPHCTAHHSIM
OKpeMOi MOjiesli yTBOPEHHSI OypyJIbOK
[13], [19]. ¥V Takomy pa3i 3arajibHe
HABaHTAKEHHA OyJlie AyXK€ YyTJIIMBUM JI0
TeMIlepaTypH MOBITPSL.

s Teopis Oa3yerbcs TOJIOBHUM
YUHOM Ha MPUITYIIEHHI, 10 00'€KT Mae

HWIIHAPUYHY (popMy, XOua HacHpaB/il 1e
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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 #; is
generally the most accurate factor in
equation (C.1). Therefore, theoretical
estimation of glaze formation (wet
growth) is 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
sensitive to the air

load is very

temperature.

The theory in this clause is mostly
based on the assumption that the shape of

the icing object is cylindrical. In the field,
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MoOxke OyTH He Tak. AJle HaBITh SKILO

KOHCTPYKI[IHHI ~ €JIEMEHTH BHUSBIISITHCS
UWIHAPUYHUMU, IXHS (opMa 3MIHUTHCS
3 HapoCTaHHsAM Jiboay. Lle mpusBeme a0
noxuoOoK y MojentoBanHi. [Ipu oMy €
MiJICTaBA BBaXKaTH, IO 1€ HE TOJOBHA
npobiemMa po3paxyHKy HaBaHTaXEHb BiJ
namopo3i [16], [23], SKmO TUIbKU
BIIXWJICHHS BiJ NUJIIHAPUIHOT GOpMH HE
€ KpUTHYHUM. MeToau NpOrHo3yBaHHS

OKeJICTHUX BIJIKJIQIEHb

bopmu
po3pobieHo (nuB., Hanpukian, [11], [29],
[31]), ane iX 3aCTOCYBaHHS OOMEKYEThCS
TAM, MO Koe(DimieHTn #y, 7, 1 3 §y
piBasiHHI (C.1) MOKM HE amanToBaHi s
cknagHimmx ¢opm. Ilpu mnpomy Ttpeba
3a3HAYUTH, MO0 (QopMa BiJIKJIAJICHHS Ma€
BAXXJIMBE 3HAYEHHS Yy BIJIHOUICHHI [0
OTopy BITPY 1 MiAiiiManbHO1 cUu. 3 M€l
OPUYUHM 711 aePOIUHAMIYHHUX MPOQLTIB
pO3p00JIEHO creliaibHI YUCIOBl MOJIeN1

(nuB., Hanpukian, [4], [27]).

Mopenorun 00JIeIEHIHHS
CKJIaJIHUX KOHCTPYKIIIH, NOTPiIOHO
3a3HAYUTH, 0  JEsIKI eJIEMEHTH

KOHCTPYKIIIT MOXKYTh OyTH 3axHIIEHI Bij

OOJeMCHIHHSA IHIIMMHU CIICMCHTAMH, a

JesKi  OKpeMi  €JIEMEHTH  MOXYTh

MiJJaBaTUCSl  CIUJIBHOMY OOMEpP3aHHIO.
Taka

npobiemMa Mae  pO3MISAATHCS
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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
is 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 7y, 7,
and 73 in equation (C.1) can be predicted
for more complex shapes. The shape of
the accretion is, 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

object. These kind of aspects must be
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OKpEMO JUIsl KOXHOI KOHCTPYKIIi 3a
JIOIIOMOT' OO IpiOHOMACIITAOHUX
EKCIIEPUMEHTIB [25].

[Ilo crocyeTrbcss  TEOPETUYHMX

MOJIEJIEN 00JIeICHIHHS, a came
pPO3paxXyHKy OKEJIETHUX HABAHTAKCHb,
TO JUIS HHX TOJIOBHOI TPOOJIEMOIO €
BIIIIOBIIHICTH BXIIHUX JTaHUX.

Cepenniit 00’eMHHIA po3Mip Kparuii
(MVD) 1 Bmict piakoi Boau (LWC), ski
HE BUMIiPIOIOTHCS CTaHJAAPTHUMH
METOJaMU, HE € CYTTEBUMH  JUIS
obmep3anHs oxenenaro [14], aine MarTh
KPUTUYHE 3HAYCHHS ISl TTaMOPO3EBOTO
oOmep3aHHS. s oOJieIeHIHHS

BHACIIJIOK aTMOC(EepHHUX OMa/iiB
BAXJIMBAMH € IHTEHCHUBHICTH ONAIIB 1
TOYHA TeMreparypa MOBITPSL.
Excrpanonsiiss nux Ta IHIIMX BXI1JHUX
napameTpiB Ha KOHCTPYKIIIi,
po3TanioBaHi Ha JajeKiid BIJICTaHl, BKpan
CKJaJHa.

Tomy IIEPCIEKTUBU

TEOPETUYHOTO MOJICJTIOBaHHS B
MaiiOyTHbOMY 3aJieXaTh BiJ MpPOrpecy B

naHii cdepi.

npICTY b ISO 12494:201X

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

precipitation, on the other hand,
precipitation intensity and accurate air
temperature are important. Extrapolation
of these and other required input
parameters to the often remote sites of the
structures of interest is extremely
difficult. The future usefulness of the
theoretical modelling of icing essentially

depends on progress in this area.
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JOJATOK D (JJOBIIKOBUN) -
KIIMATHUYHA OIIIHKA
JbOJOBUX KJIACIB 3A
METEOPOJIOIT'TYHUMMU JTAHUMMU
D.1 Beryn

BigknmageHHs 7nboay 1 CHIry Ha
JIHIAX ~ eJeKTporepenay, TeJeBI31IMHUX
BEXaX 1 TEJIEKOMYHIKalIMHUX CUCTEMAX €
OJIHUM 13 HAWBaXJIUBIIIMX IapaMeTpiB
MPOCKTYBaHHS B PETiOHAX 13 XOJOJHHUM
BUMIPIOBaHHS

KiiMatoM. Pesynbratu

OXKEJIEHUX BIAKIAJACHb Yy Oaratbox
pailoHax MpeACTaBJIEH] B IPOCTOPOBOMY 1
4aCOBOMY BITHOIIIEHH] y HAJITO
0oOMEXXeHMX o0csarax, IjIsd TOro Io0 ix
Oy

MOYKHA BUKOPHUCTOBYBAaTU IIpHU

OL[IHIII  PO3PAaXyHKOBUX  OKEJIETHUX
HAaBaHTaX€Hb. PO3paxyHKH KIIIMATHYHUX
OKEJIETHUX

HaBaHTAa>XCHb MOKHa

MIPOBOJIUTH TAKOXK Ha M1JICTaB1
METEOPOJIOTTYHUX JIaHUX, OTPUMAHUX BIJ
METEOCTaHIiil. Y  JaHoMy J0JaTKy

pO3TISJAIOTECS  METOAM  KJIIMaTUYHOI
OIIIHKK JILOJOBUX KJIACIB HA IIJCTaBl
METEOpPOJIOTIYHUX  JaHUX  CTOCOBHO
oOMep3aHHs TaMOpPO3310, OXKEJIEAI0 1
HaJumaHHsI Mokporo cHiry. IlepeBara
KJIIMATOJIOTTYHUX JAHUX TMOJISATa€ B TOMY,

oo BOHH CHCTEMaTH30BaHI IIPOTATOM
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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 1is that they are
available for long periods and with
relatively good spatial coverage. The
disadvantage is, 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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TPUBAJIOrO0 MeEplojly dYacy 1 MaroTh
BIJIHOCHO XOPOIIIE MPOCTOPOBE MOKPUTTSI.
Henonikom €  moraHa  KOpeJsLis
napameTpiB oOJeJCHIHHSA 13 3BUYAHUMU
METEOPOIOTTYHUMU JTAaHUMU; TUTSt
BUpIIIEHHsT 1i€i mpobremMu mWOTPiOHI
JI0JTaTKOBI CIIOCTEPEIKEHHS abo
BUKOPHCTAHHS MoJeJe  oO0JeeHIHHS
(muB. moxgatok C).
D.2 Jani

[onii BHYTPIILIHBOXMAPHOTO
00JIeIeHIHHA MOYKHA BH3HAYaTH TUIBKU
3a JaHUMHU BUCOTH HUKHBOT MEXI XMap.
PerenbHi crnocTepekeHHS 32 HIKHBOIO
MEXKEI0 XMapHOCTI BEJIyThCA B
aeporopTax, aje HeMa€ TapaHTii, 1o Taki
CIIOCTEPEKEHHS € YacCTHUHOW poOOTH
IHIIUX METEOPOJIOTIYHUX CTaHIId. Tomy
I aHaJ13yBaHHS Kpaile
BUKOPHCTOBYBATHU 1H(DOopMaIrio
METEOCTaHIII aepOTOPTIB.

AHanizyBaHHs

JTAaHUX MOXe€

31HCHIOBATUCS 3a JIOIIOMOT' OO

KOMIT'IOTEpa,  OpoTe I aHajii3zy

0o0JIeIeHIHHA BHACIIIOK OIagiB 1 Id

HaJIUIAaHHS MOKpOT'O CHITY
BUKOPUCTOBYIOTBCS ~ BHUXIJHI ~ apKylIl
CIIOCTEPEXEHb, A  AKUX  MOXKeE
3HaJ00UTHCS HEaBTOMAaTHU30BaHUI
KOHTPOJIb.
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D.2 Data

In-cloud icing events can be
determined only by information on the
height of the cloud base. The cloud base
is 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.
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I[le nDosACHIOETBCA  TUM, IO
TPUBATICTh OMNAJIB YacTO KOPOTIIa 3a
nepiof CIOCTEPEXKEHHS 3a KUIbKICTIO
omamiB. ToyHWil yac ToOYaTKy 1
3aKIHYEHHS TMOJIl MOKHAa BHU3HAYHUTH 3a
MO3HAYKaMH Ha apKyIax CIOCTEPEKEHb,
y dopmi

CUHONTUYHMX (aimiB. SKmio AaHi Opo

SIKIIO BOHM [IOJaHl HeE

KUIBKICTh ~ ONAJIB  BIJCYTHI, MOXHa
BUKOPUCTOBYBAaTH HOPMH KIIMAaTUYHUX
YMOB JIJISI iX BUSHAYCHHSI.

D.3 Metoau

D.3.1 Onaam 3 yTBOPpEHHAM O3Keseai

Omnanu 3 yTBOPEHHSAM  OXeJedl
MOXHa BUOpaTH 3 METEOJaHMX 3a
JIOTIOMOT' 00 TaKUX KPUTEPIiB:

— KpWKaHUW 7011 ado TEepeoxoJIoKeHa
MpsiKa, 3a3Ha4eHl B METEO3BEICHH1, 200

— goii ado mpsika i t, < 0 °C,

ne t, — TeMIeparypa 3a MOKPHUM
TEPMOMETPOM.

Sk 3a3HaueHO BHUILE, TPUBATICTH
noAii, 1HTEHCHBHICTh OIIQJliB, CEPEIaHS
TeMIlepaTypa MOBITPS 1 MBUAKICTb BITPY
MOXXYTh OyTH PO3paxoBaHi Ha MiACTaBi

JaHUX mypHamB MCTCOCIIOCTCPCIKCHD.

JloximagHuii  aHaji3 BHUMAaraeThCs
TITbKHA y BHITAJIKAX CHUIIBHOTO KPHIKAHOTO

goury.  Taki  jmaHi  BUOMpaIOThCH,
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This is because the duration of
precipitation is often shorter than the
interval

observation 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 ¢,, is the wet bulb temperature.

As mentioned above, the duration

of the event, and the resulting

precipitation intensity and mean air
temperature and wind speed for the event,
might have to be determined manually
from the observation logbooks.

A detailed analysis needs to be
made only on significant cases of

freezing rain. These can be selected on
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BUXOSAYU 3 3apeecTPOBAHOL
IHTEHCUBHOCTI 1 TpHBajocTi omaaiB. Jlo
BOXKJIMBUX  JUJII  aHai3y  BUMAJKIB,
HaIpUKIJIaJ, MOXKHAa BIJHECTH CHIIBHUHN
KPWKaHUM IO BIPOJOBXK Oiiabine 30
XBWIMH a00 JIeTKUM KproKaHuM Ol
npoTArom Oubie 60 XBUIJIHH.

OskesleHe  HaBaHTAXKCHHST  JUIA
KO>KHO1 3HAYHOI IMOJ1i MOXKHA BUBECTH 3a
JIOIIOMOT' OO MOAU(DIKOBAHOT Bepcii
Mojenl obOneneHiHHa MakkoHneHa [16],
[21]  (nwuB.

KontponbHuii  00'€KT,

Takok  gomatok  C).
BU3HAYCHUN Yy
noaatky B,  BHUKOPHUCTOBYEThCS — SIK
BUX1JHUHN 00'€KT 00JIC/IEHIHHS.
D.3.2 BuyTrpimHsoxmMapHe
00JieIeHIHHA

3a BU3HAYCHHSM,
BHYTPIIIHbOXMapHE OOJIEACHIHHSA MOXe
BIIOYTHCS] B TOMY BHIIAJIKY, KOJIM BUCOTA
HIDKHBOI MeX1 Xmap H, 3HaXoauTbCs
HUKYE BUCOTH PO3TIISAyBaHOI TOUKU H.

BianosigHo, B aHa31 BUKOPUCTOBYETHCS
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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 is

KpUTEPIiil:
Hy < H,
Ta and
t,<0°C

1€ t, — TeMIepaTypa MoBITpsI.

Buxogaun 3 PO3MOILTY

where ¢, 1s the air temperature.

Based on the distribution of the
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CIIOCTEPEKYBAHOT BETUINHY Hy, BITHOCHO
H; noii BHYTPIITHbOXMAPHOTO
00JieZIeHIHHSI MOKYTh OyTH BHU3HAuY€HI Ha
PI3HUX PIBHSAX i.

YucnoBi Moneil OOJIEAEHIHHS HE
BUKOPUCTOBYIOTHCS TUTST
BHYTPIIIHBOXMAPHOTO  OOJICCHIHHSI B
paMKax  JaHOrO  METONy, OCKUIbKHU
PO3MIpHHMI PO3MOALT Kpameiab 1 BMICT
HEOoOX11H1 VIS

piakoi BOJIH,

MOACIIOBAHHsA, HC BI/IMipIOIOTBCSI Ha

METEOPOJIOTIYHUX  CTaHINSAX. 3aMiCTh
1[bOT'0, KUIbKICTh BIJKJIQJCHHS MamMopo3i
M; (y KulorpamMax Ha METp KBaJpaTHHUM
OPOEKIIIHHOT  30HW) Uil  BUOAAKY
oOneneHiHHs (a00 1 OJHOTO 1HTEpBaILY
JAHUX CIIOCTEPEKEHHS ) MOYKHA
po3paxyBaTd 3a JOMOMOTOI0 IMPOCTOTO

EeMIIIPUYHOIrO PIBHIHHA [2].
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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,

ne
Vv — cepelHs LIBUJIKICTh BITPY HAa BUCOTI
10 M, y MeTpax B CEKYHIY;

T, — TPUBAIICTh BHYTPIIIHBOXMAPHUX
YMOB y Toulli H;, y ToquHax.

Buseneni TaKUM cnocobom
3HAYEHHS MOXYTbh OyTH TpaHc(hOpMOBaHi
B KUIOrpaMu Ha MeTp, Ans 4oro M;
nOTpiOHO

IIOMHOKHNTH Ha I[iaMeTp

KOHTPOJILHOTO 00'exTa, ToO6TO Ha 0,03.

where

v is the mean wind speed at 10 m height,
in metres per second;

1, 1S the duration of in-cloud conditions at
H,, in hours.

The values thus derived can be
transformed into kilograms per metre by
multiplying M; by the diameter of the
reference object; i.e. by 0,03.
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CymapHe oxeneaHe BIJIKIIaJICHHS
3a Micillb MOXKHA poO3paxyBaTH st
Jekuibkox piBHIB H;. ITpu npomy MoxkHa
BU3HAYUTH

TaKOX pIBHI, Ha SKHUX

BiI[6YBa€TLCH INCPCBUIICHHA  IICBHOI'O

3HaueHHA M. 3okpema, MaKCHUMaJbH1

HaBaHTAXXEHHSA 3 OnHIET mnomli A
KOXHOT'O POKY a00 MICSALSl BUBHAYAIOTHCS
3 ypaxyBaHHSM TOTO, IO OJHA OIS
00JIe/ICHIHHST 3aKIH4Y€TbCsl  (CyMapHUIN
pPO3paxyHOK BETWYMHU M TIOUYMHAETHCS
3HOBY 3 HYJs), KOJH BHKOHYIOTHCS
YMOBHM CIIOCTEPEXKEHHS, 3a IKux t, > 0 °C.
[nmumMu  cnoBamm, 1BI abo JEKIJIbKa
MOCJIIJOBHUX IIOJIM, IO BIJIOBIJAIOTH
yMOBaM KPHUTEPil0, PO3TIIAIAIOTHCS SIK
OJIHA TIOMis, SKIIO MK HUMH BiACYTHS
MO3UTHBHA TEMIIEpaTypa MOBITPS.

Jlanuii aHami3 3aCTOCOBY€ETbCS AJIA
piBHIB, Onu3pkmx 10 3emumi. Ll »k nmaHi
MOXXYTh  BHKOPHUCTOBYBAaTHUCA 1  JUIS

BHCOKO1 IIOTJIH, aje MEXaHI13M
pPO3paxyHKy IpH IIbOMY Oyje 3MiHEHUH,
TOMY IO JUIsl KOXHOro piBHsA H; Oyne
MIBUIKICTH

BUKOPUCTOBYBATUCS  1HIIA

MO’KHa 3pO6I/ITI/I 3a

BiTpy vi. lle
JIOTIOMOTOI0 allPOKCUMAIIi1 B1AMOBIAHOTO
npodiiro BITPY.

MOo>JIMB1 BEpPTUKAJIbHI TPaJi€HTH

TEMIIEpaTypyu MOBITPSA 1 BMICTY PIAKOI
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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 #,> 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.

The possible vertical gradients of

air temperature and liquid water content
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BOAM B XMapl HE MOXYTb 3a3BHYail

BpaxoByBaTUCs B aHami3l  4epe3
BIJICYTHICTh TAHUX 3a AMU
MOKa3HUKaMd B  THUIOBUX  YMOBax

BHYTPIITHbOXMAPHOTO 00JICICHIHHS.
D.3.3 Mokpuii cHir

ITonii BumagiHHA MOKpPOTO CHITY
(Jiuiie Ha PiBHI 3€MJll) BUOUPAIOTHCS 3
JaHUX 32  JIOMOMOTOI  HACTYITHOTO
KPUTEPIIO:
— CIIOCTEPITra€ThCs CHIromaj 4u Hje CHIr
13 JIOIIEM, Ta
—ty>0°C.

AHaJOTIYHO 70 MEePEOXOTOKECHUX

OoIlajiB, HEaBTOMATH30BaHMI aHaI3 13

BUKOPHCTAaHHSM peeECTpaIiftHIX
KypHaliB  TOTpPIOEH  TaKoX ISt
BU3HAYCHHS IHTEHCUBHOCTI Ta

TPUBAJIOCTI IUX NOAINA. Buxoasun 3 nux

JAHUX, PO3pPaxOBY€ETHCS KUTBKICTh

KyYMYJSITUBHUX ~ ONaAiB Yy  BUIJISIL
MOKpPOTO CHITY.

3a 7aHUMHU KOXKHOI METEOCTaHIl] B
pe3yJibTari

aHaHiSyBaHHH BUBOIUTHCA

cepeaHEe 1 MaKCHUMallbHE  3HAYCHHS
KUIBKOCTI MOKPOT'O CHITY Y BHPaKCHHI
€KBIBaJICHTHOI TOBIIMHM I1apy Boau (200
B KUIOTpaMax Ha METp KBaJpaTHH) Ha
TOPU3OHTAJIbHIA TOBEpXHI. B pamkax

OI[IHKM PHU3UKIB 1€ 3HAYHOK MIipOIO
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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

—ty>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 is calculated from

these.

The analysis gives, for each
weather station, the mean and maximum
wet snow amounts in terms of equivalent
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
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BIJINOBIJA€ HABAHTAXXEHHIO B1JI MOKPOTO

CHIry, Hampukian, Ha aporax [20]. I B

IbOMY  BUIIQAKy  JlaHi  3HAYCHHS
MIOMHOXYIOTbCSI Ha miamMeTp
KOHTPOJIBHOTO  00'€KTa 3  METOH

NpUBEJACHHS X J0 Bard Ha OJMHHIIIO
JIOBXKMHHU KOHTPOJIBHOTO 00'€KTA.
D.4 3acTrocyBanus

JIbomoBUIT Kj1ac BU3HAYAETHCS IS
MICIICBOCTEH, e pO3TalloBaHi
MeTeoCTaHIli, 1 g BUCOT H; Hax

MOBEPXHEID  3eMJil 32  JIONOMOTOO

CTaTUCTUYHOI'O aHaJIi?»y, HaIIpUKJIAaa,

3MOJICThOBAHNX PIYHUX MaKCUMAaIbHUX
[MOIIHA. ITotim

JILOJIOBUM KJ1ac

pPO3TJISiAyBAHOI MICHEBOCTI ISl PI3HUX

pIBHIB HaJ MOBEPXHEIO 3eMIIi
BU3HAYAETHCS 3a JOTIOMOT 010
€KCTPanoJIsLIi. [Ipukian TaKoro
PO3paxyHKy HaBECHO B

616morpadiunoMy mxepeni [28].
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multiplied by the diameter of the
reference object to make them correspond
to a weight per unit length of the

reference object.

D.4 Application

The ice class is 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
extrapolation. An

example of the

procedure is given in ref. [28].
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JTOJATOK E (JIOBIIKOBUI) -

PEKOMEH AL o010
3ACTOCYBAHHS IbOI'O
CTAHJAPTY

E.1 Beryn

Mera 0BOro aojJaTKa IIOJISITac B

TOMYy, 1100 TMOJErmuTd PO3yMIHHSA
KOPHUCTYBa4€M JJaHOTO CTaHAAPTY.

OcCkUIbKM 1I€ CTaHAapT HOBOIO
TUITy 1 OCHOBY HOIO 3MICTY CKJIaJar0Th
BKa31BKHU 1 peKOMEHAIlll, KOPUCTYBAYERI,
MOXJIMBO, OyJle Ba)XXKO YSBUTH COOI1
3arajJlbHAM BUIJISIA MOTO CTPYKTYPH.

Mu cnoomiBaeMocs, IO  IEH
JI0J1aTOK JOTIOMOXKE, a TaKOXK
CIIOHYKaTHUME 3arajom J0 BUKOPUCTaHHS
JAHOTO «IHCTPYMEHTAa MPOEKTYBaHHS 3
ypaxyBaHHsAM (akTopa OOJICICHIHHS.
3acTocyBaHHS IOTO CTaHAAPTY Mae€
TaKOXX CIOHYKaTHU METEOpOJIOTIB 110

30MpaHHs  JOKJIamHOi 1/abo  sAKiCHOI

iH(dopMallii, HeoOX1AHOT ISl BUKOHAHHSI

BHUMOT 1[bOTO CTaHAAPTY.

Y  MailOyTHbOMY, «HACTaHOBH
MOXKHA Oyne MOCTYTIOBO
«TpaHc@opMyBaTU» B «HOPMATHBHHMA

TEKCT» 13 HACTYIMHUM TIEPETBOPEHHSM,
MIPOTATOM OUIBII TPUBAJIOTO MEPioAy, y
THITHIX

CTaHJApPT, AaHAJOTIYHUN  J0

npICTY b ISO 12494:201X

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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BUKOPUCTOBYBAaHUX CTaHIAPTIB  IIOJO
BIUIMBIB Ha KOHCTPYKIIIi.

3anam'siTaiTe 10 HUTATY:

«Bxkpan BAXKJIUBO pu
MPOCKTYBaHHI  XO04U  SKOKCh  MIpOO

BpaxoByBatH (pakTop OOJEACHIHHS, HiXK

MOBHICTIO ITHOPYBATU HOTO.
bnok-cxema METOAUKHU

pO3paxyHKy HaBezeHa Ha puc. E.1.

E.2 BusHaueHHs JIb00BOI0 KJIACY IJIsI

OyaiBeJIbHOIr0 MaliIaHYHUKA

JIboOBHM KJIaC BUPAXKAETHCH SIK
ICGx (oxenenr) abo ICRx (mamopo3ss),
JIe X — 1I€ YUCIIO.

JIJisi BUBHAYEHHS JIbOJOBOTO KJIacy
BUKOPHUCTOBYIOTHCSI TPU METOJU a00 TpHU
KOMOiHaIIii 3 HUX.

— Merton A: 30upaHHs JaHUX HasSBHOTO
JIOCBIJTY.

— Meroa B: MoxentoBauus o0ieneHIHHS

MCTCOPOJIOraMHu.
— Meron C: baratopiyHi  mpsmi
BUMIPIOBaHHS.

IIpumiTtka. VY 0Oaratbox BHUIAJIKaX
HAJIEXKUTh BUKOPHUCTOBYBAaTH KOMOiHAIll 13

3a3HAYCHUX BUILE METOIB. Mereopoioram, y

AKUX BXKE € CTaHIll CIOCTEPEKECHHS 3a

00eICHIHHIM, PEKOMEHTYEThCS
BUKOPUCTOBYBaTH JIaHI METOIU 1 SKOMOTa
MIBU/IIE TOBIJOMIISITH TPO PE3YJIbTAaTH CBOIX

BHUMIPIOBaHb OXEJIEJHUX BIAKIAIEHb 3TITHO 3
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Remember this quote:

«It is 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 is expressed as ICGx
(glaze) or ICRx (rime), where x is a
number.
methods or

There are three

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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nomatkoM B. Skmo 1 pekomeHparis Oyxe

BUKOHYBATHCS, TO MPOTATOM HAHOIMKUNX POKIB

MOXKHa Oyne otpumaTu 0OaraTo KOPHCHOI
iHpopMartii.

[apopmariss mpo  obrmeaeHIHHS
BUKOPUCTOBYETbCA  JUIsl ~ BU3HAYCHHS

apon0Bux kiaciB (IC).

a) Sxmo #merbcss mpo oOMep3aHHs
OXKeJeIIl0, BUKOPHCTOBYHTE naHi 3
Tab. 3.

b) Sxmo dmereecs Tpo  oOMep3aHHs

aMopo3310, BUKOPUCTOBYWTE JlaHl 3
TabI1. 4.
IIpumirka. Sxuro MOTPiOHO

BUKOPHCTOBYBAaTH PIBHSHHS IS BHU3HAYCHHS
TYCTHHHM JIbOJy, HE 3a3HaU€HE B TaOJ. 4, TaKuM

piBHSHHSM € (A.S).

Ha ObOMY BHU3HAYCHHA JIBOAOBHUX

kimaciB ICGx 1 ICRx BBaxkaerncsd

3aBEPILICHUM.
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years.

The information from 1ce

collection as mentioned above is used to
find the ICs.
a) If ice accretion is glaze: use the

information in Table 3.

b) If ice accretion is 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.5).

Now the ICGx or the ICRx have

been found.
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BM3Halll/lTl/l ICGX a60 lCRX MeTO)l A Qﬁmnnuuq NTAaHUX HAIBHOIQ HOCBI,Hy
Find ICGx or ICRx Method A: Collecting existing experience

Mertoa B: MoaentoBaHHs 00J1€JEHiHHSI METEOPOJIOraMu
Method B: Icing modelling by meteorologists

SIkio oxenenb
If glaze

Bukopucrobyii Buxopucrosyii
Tabm. 3 Tabm. 4
Use Table 3 Use Table 4

ICGx 3HANEHO ICGx 3naiigeHo \
ICGx found ICGx found J

KII[O TaMOPO3b
If rime

//

Meton C: baratopiusi npsiMi BUMiproBaHHS
Method C: Direct measurements for many years

Po3mipu npodisro ado BenuKoro

X Posmipu Bennkoro 06’exra
00’exTa

Large object dimension

Po3mipu npodisto
Profile dimension

Y Y

Profile of large object dimension

BukopucTosyii Bukopucrosyii Bukopucrosyii
puc. 3 puc. 4 i tabmn. 5-7 puc. 5 i taba. 8-9
Use Figure 3 Use Figure 4 and Use Figure 5 and
¢ Table 5 to 7 Table 8 to 9
Y y
Po3paxoBana Bara Jb01y Ha MeTp i po3mipu o0JieaeHiHHSA
Ice weights per metre and ice dimensions are calculated

v

Busznauutu koediuieHTH onopy
Find drag coefficients

Slkio oxenenb
If glaze

K110 namMmopo3b
If rime

Buxopucroyii Bukopucroyii
Tabu. 10 mis Tabu. 16 mis O0’eaHaTH BiTPOBE Ta 0KeJIeHe
CTPYIKHIB 1 TabI. CTPIKHIB 1 TabII. HABAHTAXKEHHS VISl BUSHAYCHHS
11-15 nns BenMKux 17-25 nns BenuKux PO3MipiB KOHCTPYKIii
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
* * PozpaxyBaru BiTpoBe Ta
Cxopurysati koedilieH onpy A NOXWINX €IEMEHTIB Ha KyT MafiHH OJKeJIEIHE HABAHTA)KEHHS
Adjust drag coefficient on sloping elements for angle of incidence Calculate wind action and
ice load
Pucynok E.1 — bilok-cxeMa METOOUKHN PO3PAXyHKY
Figure E.1 — Flowchart of calculation procedure
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E.3 BushHauenus o00JeIeHIiHHS HAa

BiAnoBiAHUX npodiasx

EJ3.1 KoHcTrpykuii 3  oxkpeMux
eJleMeHTiB  (Hampukiaa, TIpaTyacTi
KOHCTPYKIIi1)

HeoOximgno Bu3Hauutu TUN(K) 1
po3Mipu npodiis, o0
BUKOPUCTOBYIOTBCS B THX YW IHIIHX
IpaTyacTUX KOHCTPYKIIAX. MOKIHUBO,

CIIOYaTKy MoTpiOHO BU3HAYUTHU
npuOJIU3HI pO3MIpPH, a MOTIM YTOYHUTH iX
y mporeci  mpoektyBaHHs.  [licis
3'siCyBaHHS JaHUX CTOCOBHO mMpodiIiB
HEOOX1JTHO BU3HAYUTHU po3Mipu
O’KeJIeJTHUX BIJKJIa/ICHb 1 BIIACHY Bary.
a) OO6mMmep3anHs OXKEJIETIO:
BukopucroByiite ICGx Ta iHdpopMmailio
puc. 3.  PiBHsAHHAM, sKe = Mae
BUKOPUCTOBYBATUCS U1  BH3HAUYCHHS
po3MipiB, He 3a3HayeHUX y Tabn. 3, €
piBHsiHHS (A.4). IIpu upoMy HEOOXiJAHO
BU3HAYMUTH 30BHILIHI PO3MIPU 1 BJIACHY
Bary OXeJIeIHUX BIJKJIAJCHb.

30BHIIIHIA  PO3MIp  OXEJIEAHOIO
BIJIKJIQICHHS — I1€ po3Mip npodimro + 2.

Ipumitka. Sk npaBuiio, MOAEIb MOXE
BUKOPUCTOBYBATHUCSA 1 JJsI BEJIMKHX PO3MIpiB
(miametp a6o mupunHa nonan 300 mm). I'yctuny
JHOY MOXHA 3MIHUTH, ajie 3a3BHYaidl 1€ HE

pPOOUTHCS.
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E.3 Find ice accretion on types of
profiles in question
E.3.1 built of

Structures single

members (e.g. lattice structures)

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 1ce must be found.

Outside 1ced dimension 1s 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.
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b) OOmep3anHs IaMOPO33I0:

BUKOPHUCTOBYHTE NaHi puc. 4 1 Tadn. 5-7.

PiBHSHHSAMU, K1 IMOBUHHI

BHKOPHUCTOBYBATHUCA  OJIs1  BHU3HAYCHHA

pO3MIpiB 1 TYCTHHHM, HE 3a3HAYCHHUX Y
Tabn. 5—7, € piBasaHES (A.6)—(A.13).
IIpumirka. BBaxaerncs, 10
BIJIKJIQJICHHS [TAMOPO31 3aBXKIU Ma€ KPHIbYaTy
dbopMy 3 MO3I0BXKHBOIO BICCIO, CIIPSIMOBAHOIO B
HaBITpsHUM Oik. Po3mipu Takoro BiAkiIaaeHHS
JUIS OMYKJIMX MOBEpXOHb (TN A 1 B), miockux
nosepxoHb (tun C 1 D) Ta yBIrHyTHX OBEPXOHb
(tum E 1 F) He MaroTh 3HAYHUX PO301KHOCTEH.
HalO1bIIe

Jns  KIIBKOCTI  BIOKIIaJICHHS

3HAUEHHS MAIOTh PO3MipHU TPOQLIIO.

E.3.2 Po3mipu HerpaT4acTux

KOHCTPYKUii 200 BeJIMKOro npogisto

Sxkmo  mumpuHa  HErpaT4yacTHUx

KOHCTPYKIIIH a00 mpoduIo MepeBUILye

300 MM, BHUKOPHUCTOBYETHCS MOJEIb

oOMep3aHHs TaMopOo3310, AUB. PUC. 5.
a) OOMep3aHHS OXKEJICIII0: UB. BUIIIC.

b) OOmep3anHs aMopo3310:

BUKOPUCTOBYITE NaHi puc. 5 1 Tabi. 8 Ta

Tabn. 9. PiBHAHHSIMM, $KI TOBHHHI

BUKOPHUCTOBYBATHUCA  OJIs1  BU3HAYCHHA

Maci 1 IMUIBHOCTI BIAKJIaJ€Hb, HE

3a3HaYeHUX y TaOu. 8 1 9, € pIBHIHHSA
(A.14)i (A.15).

Ipumitka. Oynkuiero ICRx e muie
JIOBXKHMHA  KPUXKaHOTO

HapoCTy KpWIb4aToi
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b) If ice accretion is rime: use the
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
information 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
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dbopmu, a He po3mipu ob'exta. [Ipu mpomy mMaca

OXKeJIe THUX BIZIKJIAZIEHD 3MIHIOETHCS 3
po3Mipamu 00'ekTa. O0'eKT Mae Mailke OKpyriy
a00 TwIoCKy dopmy.

Tenep 3’sicoBaHO BCi HEOOXiAHI
JaHl A pO3paxyHKy BIacHOi Baru M
BITPOBOIO HABAHTAXEHHSI.

E.4 BusnaueHHss koe@iumieHTIiB omopy

IS BiAMOBITHUX 00J1e1eHIInX
eJIEMEHTIB
a) OOmep3anHs 0XKEeJIeITI0:

BukopucroByiite ICGx ta nani Tab6mn. 10
JUISl CTPUOKHIB, @ TakoxX Tabn. 11-15 mus
BeMUKUX 00'ekTiB (mmpuHa >300 MMm).
PiBHgHHSIMHU, K1 MaroTh
BUKOPUCTOBYBATUCS Ui  BU3HAYCHHS
po3MipiB 1 Koe(ilieHTiB omopy 0e3

00JIe/IcHIHHS, HE 3a3HAYEHUX Yy TaOJIHII

10, € piBagHHa (A.16), a TaKox
piBHsiHHS (A.17) nns taba. 11-15.
b) OO6mMep3anHs IaMOpPO3310:

BukopuctoByiite ICGx 1 nmani Tabn. 16
JUISl CTPUOKHIB, @ TakoX Tabn. 17-25 nns

BenuKkux 00'ekTiB (mmmpuHa >300 Mm).

HanionajabHe MosiICHeHHA
Bignosigno no E.2 uporo cranmapty
JIbogoBuit KJ1ac TS

ICRx.

naMopo3i
BUPAXAETbLCS K Tomy
no3HaueHHss [CGx B maHOMy pedeHHi

BBaXaTH ITIOMHUJIKOBHM.
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dimension. Instead ice mass varies with object

dimension. Object shape is nearly round or flat.

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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PiBHsSHHSMU, SIK1 MalThb

BHKOPHUCTOBYBATHUCA  IJIs1  BHU3HAYCHHA

po3MipiB 1 Koe(ilieHTIiB omopy 0e3

oOnefieHIHHS, HE 3a3HAYCHHUX y Tabi. 16,
€ piBHsHHS (A.18) 1 piBHaHHSA (A.19) ns
tabm. 17-25.

Ipumirka. Koedimientn omnopy s

00JIe IEHITHX €JIEMEHTIB [IOBUHHI

BUKOPHUCTOBYBATUCS TUTS po3MipiB 13
okeJieTHUM BinkiaaeHHsaM. Koedimientu omnopy
MOBUHHI BUKOPHUCTOBYBATHCS MTEPIICHAUKYIISIPHO

IUIOIINHI, Ha SKIH 3HAXOOUTHCS ITO340BXKHS BICh

KPHKaHOTO HApOCTY KpUiIbuaToi (popmH.

E.S KopuryBanus koediuieHTiB onopy
JJISE KyTa MaJiHHS

Jlngs  moxmwimx — eleMeHTiB  abo

CTPHKHIB BITPOBE HABAHTAKEHHS

JT03BOJISIETHCS] 3MEHIITUTH:
— BITPOBY [II}0 HA MOXMJI1 €JIEMEHTU MOXKE

OyTH 3HMIKEHO, SIK [TI0Ka3aHO Ha puc. 7.

Ipumitka.  BirpoBi  aii  mpsmo

MPOMOPITIAHI, HANPUKIAA, 10 KOe(IllieHTIB
omnopy. Tomy 3MeHIIEHHS KOEQIIIE€HTIB OMOpYy
OPU3BOJUTH 1O 3HIDKEHHS BITPOBUX i
Mon1BO, HaMKpalmuM CIOCOOOM pO3paxyHKY
JAHUX

napameTpiB € BUKOPUCTAHHS

KOMI'FOTEPHUX MPOrpam.
E.6 Po3paxyHok BITpOBOI 1ii Ha
00J1eIeHLTy KOHCTPYKUIiI0

Tenep y po3mopsypKeHHI € BCA
iH(popMallis, HeOOXiIHA AJIA PO3PAXYHKY

BITPOBUX BIUIMBIB:
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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.5 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.

E.6 Calculation of wind action on the
iced structure
Now all information for calculating

wind actions on the structure is available.
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a) Sk npaBuiio, BITPOBE HaBaHTAKECHHS
pO3paxoByIOTh TakK, HIOM O0OJICHCHIHHS
HEMae€, ajge BUKOPUCTOBYIOTh MPHU IIBOMY
po3Mipu Ta KOEQIIEHTH OmNopy s
obneneHuMx eneMmeHTiB. HalmpocTimmit
CIoci0 po3paxyHKy — II€ BpaxyBaHHS
BCIX OKEJIEJHHMX BIIKIAJEHb KPHJIbUATOT
dopm,

NEPHEHANKYJISIPHO 10 HAIPSIMKY BITPY.

PO3TaIIOBaHUX

b) Opnak paHui METOA MOXE JaTh
pEe3yIbTaTH 3 BEIMKUM «3aMacoMy; SKIIO
BIJIOMO HamNpsIMOK OOJIEJIEHIHHS, 103BO-
JSIETHCS. BUKOPUCTOBYBATH 110 1HpOpMa-
IO 1 HaOpsIMOK «HaMEp3aHHsS» BIJKJIA-
JIEHb KpUIhYaTOi (JOPMHU, HE3AICIKHO BIJT

HaIpsIMKY Y  1bOMYBHUIIAJKY

BITpY.
HEOOX1THO JOCIIINTH HAmNpsIMOK BITpY,
NEPHEHAUKYJIIPHUNA HAIMPSMKY OXeJe]l-
HOT'O BIAKJIAJEHHS KPWJIbYATOI POPMH.

Ipumitka. IcHye ©Oararo  pi3HHX

MoJieJiell  pO3paxyHKy BITpOBUX [JiH, 110
BIUTMBAIOTh HA KOHCTPYKIO. Y 0aratbox
KpaiHaX € BIJIaCHI, CTaHJAPTHU30BaHI METOIHU
TaKOTro PO3paxyHKY;

BUKOPUCTAHHSA

JIOITYCKA€ThCS

TaKuX METO/IB. Opnak,

HE3aJIEKHO  BiJl 3aCTOCOBYBAaHHMX  METOJIIB

pPO3paxyHKy, pO3MipH eJIeMEeHTa

[IOBUHHI

OKpEMOro
BUKOPUCTOBYBaTHCA  SIK  BXIJTHI
napaMmeTpH, oo X MOXKHa OyJI0 aJanTyBaTH JI0
yMOB 0OJIe/IeHIHHs. SIKIIO CcTaHIapTHa MOJECIb
HeOoOX1IHO

HE  [JI03BOJIAE  3pOOUTH  IIE,

3aCTOCOBYBATH O1NIBII I€TATI30BaH1 MOJEII.
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a) Calculate wind action in principle as if
there were no ice, but wuse iced
dimensions and drag coefficients for iced
members. The easy way to calculate is to
consider all ice vanes situated
perpendicular to the wind direction

investigated.

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
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.
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E.7 Po3paxyHok 07KeJIeTHOI 0
HABAHTAKEHHS Ha o0J1e1eHiTy
KOHCTPYKILiIO

Tenep HasgBHOIO € Bcsa 1HDOpPMAaIis,

HEOOX1HA JJI1 PO3PaxyHKY OKeJeTHUX
HAaBaHTAXEHb Ha KOHCTPYKIIIi.
Po3paxyHOK OeleTHOr0 HaBaHTAKEHHS

(101aTKOBOI  BJIACHOI  Baru  JIbOJY)

OpOBEAITh K 3arajJilbHy CyMy Mac

OXKCIICAHUX Bi,IIKJIaIIeHI), BU3HAYCHHX K

Maca Ha MCTpP AOBXHWHU CIICMCHTA.

IIpumiTka. J[lomyckaeTbCsi 3MEHILEHHS Baru
OKEJICTHUX BiJIKJIaJICHb B TOUYKaX
HAaXJIbOCTYBaHHS HAa CTHKaxX eJleMeHTiB. Jlis
IpaTyacTUX KOHCTPYKIIH ISl KIIBKICTH JBOTY
MOYK€E BHSIBUTUCS 3HAUHOIO.

E.8 Kom0inauisi BiTpoBHX i 0:kesIeTHUX
HaBaHTaKeHb

Po3paxyHku He CHiJi TOpPOBOJUTH SK

KOMOIHYyBaHHS BITPOBOi Jii B MOBHOMY

00cs3i 3 [IOBHUM OXKEJIETHUM
HABAHTAKCHHSM.
KomGinyBaTu MOKHa BITPOBE

HaBaHTaxeHHd 3 S50-piuHUM Mepio oM

IOBTOPIOBAHOCTI 17} OJKEJIeTHE

HAaBaHTAXEHHA 3 3-piYHHM [EPiOJIOM

MOBTOPIOBAHOCTI Ta HABMAKH.

[pumitka. Y Tabn. 26 HaBEACHO MOXIIHUBI
koMOiHamii, a B Tabm. 27 — 3MEHIIEHHS
BITPOBOTO HABAHTAXKEHHS SIK (DYHKINT JTHOTOBUX

krnaciB (IC).
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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.

NOTE See Table 26 for combinations and Table
27 for reduction of wind action as a function of

ICs.
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