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HAIIIOHAJIbHUM BCTYII

Leit crangapt € Toroxxuuii mepexinan EN 1993-1-11:2006 Eurocode 3 - Design of steel
structures - Part 1-11: Design structures with tension components (€spokozx 3. [IpoektyBaHHs
craneBux KOHCTpyKIii. Yactuna 1-11. IIpoekTyBaHHS KOHCTPYKIIiH 3 PO3TATHYTHMHU CIEMCHTAMH).

EN 1993-1-11:2006 miaroroBieno Texniuaum komiterom CEN/TC 250, cexperapiaTom
skoro kepye BSI.

Jlo HaIIOHAILHOTO CTaHIAPTY JOTYUYEHO aHTJIOMOBHHH TEKCT.

Ha Teputopii VYkpaiHu sk HalioHadbHUW CTaHAApT i€ JiBa KOJOHKA TEKCTY
JACTY-H b EN 1993-1-11:2006 «€Bpoxon 3. [IpoekTyBaHHs cTajgeBUX KOHCTpyKiid. Yactuna 1-11.
[TpoekTyBaHHS KOHCTPYKIIiii 3 po3taruyrumu enxemernramu (EN 1993-1-11:2006, IDT)», BukiaaeHa
YKPaiHCbKOK MOBOIO.

Bianosigno mo JIBH A.1.1-1-2009 «Cucrema cranmapTu3saiiii Ta HOpMyBaHHS B OY/IiBHHUIITBI.
OCHOBHI TIOJOXKEHHS» el CTaHAapT BiTHOCUTHCS 10 Komiuiekcy B.1.2 «Cucrema HamiiHOCTI Ta
Oe3neky B OYIIBHUIITBIY.

CraHgapT MICTUTh BUMOTH, sIK1 BIAIIOBIJAalI0Th YHHHOMY 3aKOHO/IaBCTBY.

HayxoBo-TexHiuHa opraHizaiis, BiONoOBilajdbHa 3a Ied craHgapT, — ToOBapuCTBO 3
OOMEKEHOI0  BIAMOBIIATBHICTIO «YKpPATHCHKUH 1HCTUTYT CTaJeBUX KOHCTPYyKHid iM. B.M.
[IuMaHOBCHKOTOY.

Jlo cTanmapTy BHECEHO TaKi pelaKIliitHi 3MiHU:

- CJIOBa «IIe MDKHAPOJHUM CTaHIApT» 3aMIHEHO Ha el CTaHIapT»;

- CTPYKTYpHI eJeMeHTH craHmapTy: «OOkmamuHky», «llepeamoBy», «HamioHanbHUN BCTYI,
«Bu3HaueHHs MOHATH» 0(OPMIIEHO 3TiAHO 3 BUMOTaMH HalllOHAJIBbHOI CTaHAapTU3aii YKpainu;

- 3 «llepemmoBu n0 1993-1-11» y neil «HamioHANBHUI BCTYI» B3STE Te, MO Oe3MOCEepeTHBO
CTOCYETBCSI LIbOT'O CTaHIAPTY;

Komnii MC, HenpuilHATHX K HALlIOHAJIBHI CTaHIApTH, Ha sKi € mocwiaHas B EN 1993-1-11:2006,
MokHa oTpuMatu B ['otoBHOMY ¢oHi HOpMaTUBHUX H0KyMeHTIB JAIT «YkpH/IHLI».

Opranizaiisi, BiAMOBIIaJIbHA 3a e JOKYMEHT, — TOBapHCTBO 3 OOMEXKEHOIO BiIMOBITATHHICTIO
«YKpalHCbKHH IHCTUTYT CTaeBUX KOHCTpYKLiK iM. B.M. [lluMaHOBCHEKOT0»

[Tpu po3poOieHHI LBOro CTaHIAPTY B YKPAaiHOMOBHHUI TEKCT peAAKIIMHUX 3MiH, MOPIBHSHO 3
OpUTIHAJIOM, HE BHECEHO.
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BCTYII

Hanuii €Bponeiicbkuii Ctanmapt EN 1993-1-11,
«E€pokon 3. IIpoekTyBaHHS  MeETaJeBUX
KoHCcTpykuid. Yactuna. 1-11 IlpoextyBanHS
KOHCTPYKIIA 3 PpO3TATHYTUMH €JIEeMEHTaMU»,

I ATOTOBIECHUN TexHluHUM KowmiteToM
CEN/TC 250 «bynmiBenbHi  €BpOKOAM»,
Cekperapiar  sikoro  minrpumyerscsi  BSI.

CEN/TC 250 BixmoBimanbHuii 3a BCi Oy/iBeNbHi
€BpOKOIH.

Hanomy €BponericbkoMy CTangapTy HaJa€ThCs
craryc  HamionampHoro Cranpmapry — micis
nmyOmikarmii 1IEHTUYHOTO TEKCTY abo
MiATBEp/UKCHHST He mi3Hime kBiTH 2007p.
Cynepeuuthb HanionansHomy Crangapty
BigKiMKaHi He mizHime Oepesns 2010p. danuit
€BpokoJ yacTkoBo 3aMinoe ENV 1993-2.

v BIJIIOBITHOCTI bi (o) CEN-CENELEC

MixHapoaHUX paBul, Opranizaumii
Hamionansaux IIOJIOXKEHb Crangapris
HACTYIIHUX  KpaiH TOBHUHHI  3a0e3meuuTH

BUKOHAHHS JIAaHOTO €BPOIEHCHKOTO CTaHIAPTY:
ABctpisi, benbrisa, BenukoOputanis, ['epmanis,
I'peuis, [lauis, Ectonis, Ipmamnmis, Icmanmis,
Itamis, Icnamis, Kinp, JlatBia, Jlutea,
JlroxcemOypr, Manwta, Hinepmanau, Hopseris,
[Tonbma, Ilopryramis, Pymunia, CroBaxkis,
CrnoBenist, YropmwmnHa, Oinmstamis, Opaniis,
Yecwka Pecniy0mika, LBeitnapis, [lIBemis ta iH.

Hauionaasnuii Jlonarox g0
EN 1993-1-11

€Bponeicbkuil CTaHAAapT MICTUTH MO3HAYEHHS
Ta OKpeMi aJbTepHATUBHI METOJM, /Ul SKUX Ha
HAI[lOHAJILHOMY pIBHI TMOBUHHI OyTH BKa3aHi
3Ha4YeHHs abo BiAmoBiaHU#M BUOIp. s 1bOTO Y
BIJIMOBIIHY HAIIOHAIBHY pEJaKI0 JaHOTO
HOPMAaTHBHOTO JOKYMEHTY BKJIIOYAIOTh
HalllOHAJTBHI JIOAATKHW 3 TIapaMeTpamu, 110
YCTAQHOBJICHI HA HALlIOHAJBHOMY piBHI, SKUH
pPOOUTH MOXIJIMBHM PO3PAaXyHOK KOHCTPYKIIIH
OyziBenb 1 IH)KEHEPHUX CIOPYA, 0 OYAYIOThCS
B KOHKpETHIH KpaiHi.

Vi

Foreword

This European Standard EN 1993-1-11,
Eurocode 3: Design of steel structures:
Part 1-11 Design of structures with tension
components, has been prepared by Technical
Committee  CEN/TC250 «  Structural
Eurocodes », the Secretariat of which is held
by BSI. CEN/TC250 is responsible for all
Structural Eurocodes.

This European Standard shall be given the
status of a National Standard, either by
publication of an identical text or by
endorsement, at the latest by April 2007 and
conflicting National Standards shall be
withdrawn at latest by March 2010.

This Eurocode partially supersedes ENV
1993-2.

According to the CEN-CENELEC Internal
Regulations,  the  National  Standard
Organizations of the following countries are
bound to implement this European Standard:
Austria, Belgium, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Iceland, Ireland, Italy,
Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden,
Switzerland and United Kingdom.

National Annex for EN 1993-1-11

This standard gives alternative procedures,
values and recommendations with notes
indicating where national choices may have
to be made. The National Standard
implementing EN 1993-1-11 should have a
National Annex containing all Nationally
Determined Parameters to be used for the
design of tension components to be
constructed in the relevant country.
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HarionansHuii BUOIp JOMYCKAETHCS B TAKUX National choice is allowed in EN 1993-1-11

MYHKTaxX TaHOTO HOPMATHBHOTO JJOKYMEHTY: through:
- 23.6(); - 2.3.6(1);
- 236 (2); - 236 (2);
- 2.4.1(L); - 241
- 3.1(0); - 3.1(1);
- 4.4(2); - 4.4(2);
- 45 (4); - 45 (%),
- 52(3); - 5.2@3);
- 5.3(2); - 5.3(2);
- 6.2(2); - 6.2(2);
- 6.3.2(2); - 6.3.2(2);
- 6.34(1); - 6.34(1);
- 64.1(1)P; - 64.1(1)P;
- 1.2(2); - 1.2(2);
- A45.1(0); - A45.1(1);
- A452(); - A4.5.2(1);
- B(6). - B(6).

VIl
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HALIIOHANTbHW CTAHOAPT YKPAIHU

€BPOKO/ 3. IPOEKTYBAHHS CTAJIEBUX KOHCTPYKHIﬁ
YACTHUHA 1-11. MIPOEKTYBAHHSA KOHCTPYKIIUA 3
PO3TATHYTUMU EJIEMEHTAMMU

EBPOKO/I 3. TIPOEKTUPOBAHUE CTAJIbHBIX KOHCTRYKHHPI
YACTD 1-11. ITIPOEKTUPOBAHUE KOHCTPYKIUU C
PACTATUBAEMbIMU 3JIEMEHTAMUA

EUROCODE 3. DESIGN OF STEEL STRUCTURES - PART 1-11: DESIGN OF
STRUCTURES WITH TENSION COMPONENTS

1 3ATAJIBHI TOJIOKEHHSA
1.1 Cdepa 3acTocyBanus

(1) B manomMy HOpPMAaTHBHOMY JOKYMEHTI HajaHi
OCHOBHI  IpaBHJa NPOEKTYBAHHS ~ HECYUMX
KOHCTPYKILIH 31  CTaJ€BUMU  PO3TATHYTUMU
eJeMEHTaMH, K1 3T1IHO 13 CIIocoOOM IX 3’€IHaHHA
3  KOHCTPYKIIE  JAlOThb  MOXJIMBICTh  iX
peryioBaHHs Ta 3aMiHu (Tabmuit 1.1).

[pumitka. Bhacmiok BuUMOT /10 PO3TATHYTHX
€JIEMEHTIB MI0JI0 iX TOYHOI YCTAaHOBKH 1 3aMiHH, BOHH
(i ememeHTH), SIK TIPAaBHJIO, SBJISAIOTH COOOKO paHile
BUI'OTOBJICHI ~ BUPOOM, SKI  JIOCTABJSIOTHCS  Ha
OymiBeNbHUH MalJaHYMK Yy TOTOBOMY BWIJISMI 1
YCTAHOBJIOIOTBCS B KOHCTPYKUii. EnmemenTtH, mo He
PETYNIOIOTBCSI 1 HE MOXYTh OyTH 3aMiHEHUMH,
HATNPUKIIAJ], BaHTH BUCSIYUX MOCTIB a0O MOCTIB i3
30BHIIIHIM  MOMNEpPEeIHIM  HAampyKeHHAM, HE €
MpeMETOM PO3MISAY B JaHii YacTUHI TEXHIYHOTO
CTaHIApTy, W0 HE  BHUKIIOYAE  MOJIIUBICTh
3aCTOCYBaHHS HOPM JaHOTO HOPMAaTUBHOT'O IOKYMEHTY
1 B IMX BUIIAIKAX.

(2) [Jlanuii HOpMATUBHUN JOKYMEHT TaKOX
MICTUTh B co0l mpaBWwia s PO3POOKHU

Yunuuii Bix

1 GENERAL
1.1 Scope

(1) prEN1993-1-11 gives design rules for
structures with tension components made of
steel, which, due to their connections with
the structure, are adjustable and replaceable
see Table 1.1.

NOTE: Due to the requirement of adjustability
and replaceability such tension components are
generally prefabricated products delivered to
site and installed into the structure. Tension
components that are not adjustable or
replaceable, e.g. air spun cables of suspension
bridges, or for externally post-tensioned bridges,
are outside the scope of this part. However, rules
of this standard may be applicable.

(2) This standard also gives rules for
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TeXHIYHUX BHUMOT TIOJO0 30IpHUX PO3TIATHYTUX
€JIEMEHTIB, [UI1 OIIHKM IXHBOI  O€3IIeKH,
eKCIUTyaTaIliiHo1 HaAIHHOCTI Ta TOBMOBIYHOCTI.

Ta6auus 1.1 - [pynu po3TSATHYTUX €JIEMEHTIB
Table 1.1 - Groups of tension components

determining the technical requirements for
prefabricated tension components for
assessing their safety, serviceability and
durability.

I'pyna TI'oroBHUIT PO3TATHYTHH eJIeMeHT KoHcTpykTHBHMIT eleMeHT
Group | Main tension element Component
A CHCTEMH 13 PO3TATYBAJIbHUX CTpI/I)KHiB, nonepeaHbLO
CTpUXEHb (IPYTOK) o
Hanpy>XE€HUH CTPHIKEHD
rod (bar) . .
tension rod (bar) system, prestressing bar
KPYTJIUH IpiT KaHaT CIipaJbHO-)KMYTOBHH
B circular wire spiral strand rope
KPYTJIHH OpIiT Ta CKpY4eHUH apiT KaHaT 3aKPUTOTO CIUICTIHHSA
circular and Z-wires fully locked coil rope
Kpyriui Ta Z-noxiOHuit apit KaHar i3 )KMYTiB
circular wire and stranded wire strand rope
KMYT 13 apanensaux apotis (PWS)
C KpyTITHii JIpiT parallel wire strand (PWS)
circular wire KMYT i3 napajieJbHUX JPOTiB
bundle of parallel wires
JKMYT 13 CEMH NapalielIbHUX JIPOTIB . .
o JKMYT 13 NapaJicJIbHUX KMYTIB
(TmonepeIHBO HANPYKEHUH)
: . bundle of parallel strands
seven wire (prestressing) strand

[pumitka 1: Bupobu rpymum A MawTh CyIUIBHHN
MoTnepeyHnuii mepepi3z Kpyrioi GopMHu Ta MOEAHAHI 3
KIHIIEBUMH KPIIUICHHAMH, CHOPSKEHUMH Pi3b00F0.
3BUYAHO BOHH BUKOPUCTOBYIOTHCS IS

— B’sA3ed  KOPCTKOCTI B  MOKPIBJIIX,
OTOPOJKEHHSX, CUCTEMAaxX MPOTOHIB;

— BIATSDKOK €IIEMEHTIB IMOKPIBIIi, MIOHIB;
— CHCTEM HaTIry Jisi MeTano-JepeB’stHuX (depm,
CTaJIeBUX KOHCTPYKIIIH Ta IPOCTOPOBUX CHCTEM.

CTIHOBUX

Mpumitka 2: Bupobu rtpynu B ckianmarorbes i3
JpOTiB, MO 3aKpimieHi B MydTax abo MaroTh iHII
KIHIIEBI KpIIUICHHS Ta BHUTOTOBJISIOTHCS TOJIOBHUM
YUHOM JiamMeTpaMu Bix SmMMm g0 160 MM, uB.
EN 12385-2.

CripaJIbHO-XMYTOBI KaHAaTH BUKOPHUCTOBYIOTHCS
TFOJIOBHUM YHHOM J{JIS:

— BIATSDKOK aHTEH, IUMOBHUX TPYyO, IIIOIJI Ta MOCTIB;

— HECy4YMX 1 KOHTYPHHX BaHT JIETKUX BHCSYHX
KOHCTPYKLIii;

— MiBICOK 200 BiATSHKOK BUCSYNX MOCTIB;

— CTa0UTi3yrouMX BaHT B BAHTOBHX MeEpexkax,

JIEpeB’THUX Ta CTaJeBHUX (epMax;
— IOPY4YHiB OaJIKOHIB, OTOPOJIKEHbh MOCTIB Ta iH.

Kanatu 3aKpUTOTro CILJICTIHHS BHUT'OTOBIISIOTHCS

2

NOTE 1: Group A products in general have a
single solid round cross section connected to end
terminations by threads. They are mainly used as

— bracings for roofs, walls, girders

— stays for roof elements, pylons
— tensioning systems for steel-wooden truss and
steel structures, space frames

NOTE 2: Group B products are composed of
wires which are anchored in sockets or other end
terminations and are fabricated primarily in the
diameter range of 5 mm to 160 mm, see EN
12385-2.

Spiral strand ropes are mainly used as

— stay cables for aerials, smoke stacks, masts and
bridges

— carrying cables and edge cables for light weight
structures

— hangers or suspenders for suspension bridges

— stabilizing cables for cable nets and wood and
steel trusses

— hand-rail cables for banisters, balconies, bridge
rails and guardrails

Fully locked coil ropes are fabricated in the



miamerpamu  Bim  20MmM  mo 180 MM Ta
BUKOPHCTOBYIOTHCS y BUIJISIL:

— BIATSKOK HECYYHMX BaHT Ta IiJBICOK JJII MOCTOBHX
CHIOPY/L;

— HeCydYMxX Ta CTallTi3ylounx BaHT B BAHTOBUX
dhepmax;

— KOHCTPYKTHBHUX BaHT B BAaHTOBUX MEPEKax;

— BIATSDKOK IMJIOHIB, IIOIJI, CHCTEM.

KoncTpykuiiiHi kaHaTH i3 >KMYTiB BUKOPHUCTOBYIOTHCS
TOJIOBHUM YHHOM JIJISL:

— BIATSDKOK IIIOTJI 1 aHTEH;

— MIBICOK B BUCSYMX MOCTaX;

— nemriiepiB/mONEepeYHNX B’A31B  MOMIDK BIITSDKKAMM;
— KOHCTPYKTUBHUX BaHT JJIsl 0O0JIOHOK 13 TKAHWHY;

— OTOPOJIKYIOUMX BaHT JIJISl IOPYYHIB OAKOHIB, MOCTIB
Ta OTOPOJIXKCHb.

Hpumitka 3: Bupobu rpymu
IHAMBITyalbHOTO Ta  3arajbHOTO
BiJIMTOBITHOTO 3aXHUCTY.

[lyukn mapanenbHUX JpPOTIB  BUKOPHCTOBYIOTHCS
TOJIOBHUM YWHOM SIK BIATSDKKH, HECY4l BAHTH BHCSIHX
MOCTIB Ta 30BHIIIHIX HATSATHYTHX BaHT.

[lyukn mapasenbHUX JKMYTIB BHUKOPHCTOBYIOTHCS
TOJIOBHAM YHHOM [JId BIOTSKOK KOMOIHOBAaHUX Ta
CTaJICBHX MOCTIB.

C motpebyroTh
3aKpIIUICHHS 1

(3) Kinnesi Mydty, 1m0 po3risganThcs B AaHil
qyacTuHi, 1y Bupo6iB rpymu B 1 C, MoxxyTh Oyt
TaKHX THIIIB:

— MeTaJieBl Ta nojiiedipHi MypTH,

muB. EN 13411-4;

— My(]TH 13 IEMEHTHOIO 3aJIUBKOIO;

— MeTalleBl HAKOHEYHHUKH Ta METaJIeBl 3’ €JHyBaul,
mmB. EN 13411-3;

— 00THUCKHI MY(TH 1 T'iIb3H;

— 3@KUMHU ISl TpOTOBUX KaHatiB 13 U-moniOHuM
oontom, EN 13411-5;

— KJIMHKM JJIs1 3aKpilUIeHHs MY4KiB, cgepHuuHi
TOJIOBKM XOJIOAHOT (OPMOBKM JJisi JAPOTIB Ta
rafiky A7 CTPUXKHIB.

Mpumitka: Tepminosoris qus. Jonatok C.

1.2 HopMaTHBHi mOCHJIAaHHSA

(1) Hanwuii eBponeiicbkuii CTaHAAPT MICTUTh
JaTOBaHI Ta HEJlaTOBaH1 MOCUJIAHHA Ha
MOJIOKEHHS 3 1HIIMX myOikanisx. Lli HopmaTuBHi
MTOCUJIAHHS HaBEJIEH1 y BIATIOBIAHUX MiCIISIX
TEKCTY, a myOuikanii HaBeeH1 Hkde. J{is
JTATOBAHUX MOCUJIaHb HACTYITHI 1X MOMpaBKHu ad0
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diameter range of 20 mm to 180 mm and are
mainly used as

— stay cables, suspension cables and hangers for
bridge construction

— suspension cables and stabilizing cables in
cable trusses

— edge cables for cable nets

— stay cables for pylons, masts, aerials

Structural strand ropes are mainly used as

— stay cables for masts, aerials

— hangers for suspension bridges

— damper / spacer tie cables between stay cables
— edge cables for fabric membranes

— rail cables for banister, balcony, bridge and
guide rails.

NOTE 3: Group C products need individual or
collective anchoring and appropriate protection.

Bundles of parallel wires are mainly used as
stay cables, main cables for suspension
bridges and external tendons.

Bundles of parallel strands are mainly used as
stay cables for composite and steel bridges.

(4) The types of termination dealt with in
this part for Group B and C products are

— metal and resin sockets, see EN 13411-4

— sockets with cement grout

— ferrules and ferrule securing,

see EN 13411-3

— swaged sockets and swaged fitting

— U-bolt wire rope grips, see EN 13411-5

— anchoring for bundles with wedges, cold
formed button heads for wires and nuts for
bars

NOTE: For terminology see Annex C.
1.2 Normative references

(1) This European Standard incorporates
dated and undated reference to other
publications. These normative references
are cited at the appropriate places in the text
and the publications are listed hereafter. For
dated references, subsequent amendments
or revisions to any of these publications

3
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nepersn Oyab-IKuX 3 [UX MyOJTiKaIii
3aCTOCOBYIOTH JI0 I[LOTO €BPOTIEHCHKOTO
HOPMAaTHUBHOTO JOKYMEHTY IPU BHECEHHI B HHOTO
nonpaBok. [l HeraToBaHUX MOCHIIAHB
3aCTOCOBYIOTh OCTAaHHE BUJAHHS MyOJTiKallii, Ha
SIKY TTOCHJIAIOTHCS.

EN 10138. Ilomepennbo HampyxXeHi CTalieBi
CJIEMEHTH

YactuHa 1. 3aragbHi BUMOTH

Yacruna 2. Ipit

Yactuna 3. XKmytu

Yacruna 4. [Ipytku

EN 10244. CraneBuii apiT 1 JpOTOBI BUPOOH.
[TokpHTTS 13 KOJIBOPOBUX METaJIB Ha CTAJICBOMY
JpOTIi

Yacrtuna 1. 3aranbpHi BAMOTH

Yacrtuna 2. [TokpuTTS 13 HIUHKY 1 ITHKOBHX
CILIaBiB

Yacrtuna 3. ANOMiHi€BI TOKPUTTS

EN 10264. CraneBuii apiT i JpOoTOBI BHUPOOH.
CraneBuii IpiT 419 KaHATIB

Yactuna 1. 3aranbpHi BUMOTH

YactuHa 2. X0NOIHOTITHYTUN HEJErOBaHUN JPIT
JUTSL KQHATIB 3arajlbHOTO KOPUCTYBAHHS

Yactuna 3. XoOJIOZHOTATHYTHMH  HEJIErOBaHWI
CTaJleBUH JIpIT XOJOJHOrO (OpMYBaHHS IS
BUKOPUCTaHHS B BHpO0Oax, MIO TMpaIOl0Th B
YMOBaX BUCOKUX PO3TIATYIOUUX 3YCHIIb

Yactuna 4. Hepxasitounii cTaneBuii apit

EN 12385. CraneBi 1poToBi kKaHaTH — Oe3meKa.
YactuHa 1. 3arajgbHi BUMOTH
Yactuna 2. BwuszHaueHHS,
Kyacugikaris

Yactuna 3. Indopmanis 1m0 BHUKOPUCTaHHIO 1
eKcIuTyaTarii

Yactuna 4. Kanatu i3 >KMyTiB 17151 BUKOPUCTAHHS
Ha MIIHOMHUX poO0Tax 3araJibHOr0 MPU3HAYCHHS
Yactuna 10. Kanatu cmipanbHOTO CIUIETIHHS IS
KOHCTPYKIIIHHOTO ~ 3aCTOCYBaHHS  3arajlbHOTO
MIPU3HAYCHHS.

ITO3HAYCHHA Ta

EN 13411. KinueBuku sl CTaleBUX JIPOTOBUX
KaHaTiB — Oe3meka.

Yactuna 3. 3axumu (My(TH) 1 1X KpiTJICHHS.
Yactuna 4. Merasesi 1 moriMepHi THi3Aa

Yactuna 5. U-mtomiOH1 60ITOBI 3aKUMHU IS
JIPOTOBUX KaHATIB

apply to this European Standard only when
incorporated in it by amendment or revision.
For undated references the latest edition of
the publication referred to applies.

EN 10138 Prestressing steels

Part 1 General requirements
Part 2 Wires

Part 3 Strands

Part 4 Bars

EN 10244 Steel wire and wire products —
Non-ferrous metallic coatings on steel wire
Part 1 General requirements

Part 2 Zinc and zinc alloy coatings

Part 3 Aluminium coatings

EN 10264 Steel wire and wire products —
Steel wire for ropes

Part 1 General requirements

Part 2 Cold drawn non-alloyed steel wire
for ropes for general applications

Part 3 Cold drawn and cold profiled non
alloyed steel wire for high tensile
applications

Part 4 Stainless steel wires

EN 12385 Steel wire ropes — safety

Part 1 General requirements

Part 2 Definitions, designation and
classification

Part 3 Information for use and maintenance
Part 4 Stranded ropes for general lifting
applications

Part 10 Spiral ropes for general structural
applications

EN 13411 Terminations for steel wire ropes
— safety

Part 3 Ferrules and ferrule-securing

Part 4 Metal and resin socketing

Part 5 U-bolt wire rope grips



1.3 Tepminu i BUBHAUYEHHSI

(1) B nmaHoMy HOpPMAaTHUBHOMY JOKYMEHTI
BUKOPUCTOBYIOTh Taki TEpPMiHH 13 BiANOBIIHUMHU
BU3HAYCHHSIMU:

1.3.1 xmyT

eNeMEHT KaHaTy, CKIaJeHWHd 3 IydKa JpOoTiB
BiANOBiAHOI (opMu Ta po3MipiB, fAKiI CIIIETEHI
CHipalbHO B TOMYy JK a00 NpPOTHUICKHOMY
HamnpsMax, B OJUH a00 JEKibKa IapiB HABKOJO
CTPHIKHEBOI CEPLICBHHU

1.3.2 xauar i3 :KMyTiB

My4YOK 13 KIJIBKOX JKMYTIB, CIJIETEHUX CITipajIbHO
B 0JMH a00 JIeKiJbKa IIapiB HABKOJIO CEPIIEBUHU
(ogHOMIApOBOTO KaHaTy) ab0 MEHTpPY (L0 YMHUTH
omp  pO3KpydyBaHHIO), abo  mapajelnbHO
3aKPHUTOTO KaHATY

1.3.3 kanart cnipajgbHHui

My40K 13 IIOHAWMEHIIE ABOX IIapiB JPOTIB,
CIUIETEHUX CITIPAJIBHO HABKOJIO IIEHTPAILHOTO
IPOTY

1.3.4 xaHart cnipaJibHO-)KMYTOBHIi

CHipanbHUN KaHAT, M0 MICTUTh B CcOO1 JwHIe
KpYTJIU IpiT

1.3.5 kaHaT 3aKpHUTOro CIJIeTiHHSA

CHIpaJIbHUN KaHaT 3aKpUTOro CIUICTIHHS 13
30BHIIIHIM IapoM Z-1oAI0HOTOo ApOTY

1.3.6 koedinient 3anoBHenns f

BiJTHOIICHHS CyMH HOMIHAJIBHUX  TLIOL]
MONIEPEUYHNX TIEPEpi3iB METAIeBOi YAaCTHHHU BCIX
IpoTiB B KaHaTi 4 1 nepudepryuHoi Mol KaHaTy
Ay, onepkaHOi BUXO/ISYM 13 HOTO HOMIHAJIBHOTO
niametpy d

1.3.7 xoediuieHT ypaxyBaHHsI BTPaT Bil
ciuterinus K

Koe(irieHT ocmabieHHs] KOHCTPYKII KaHaTy, 10
BKJIFOYEHUH B Koe(illieHT BIUTMBY Ha po3pus K
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1.3 Terms and definitions

(1) For the purpose of this European
Standard the following terms and definitions

apply.

1.3.1 strand
an element of rope normally consisting of
an assembly of wires of appropriate shape
and dimensions laid helically in the same or

opposite direction in one or more layers
around a centre

1.3.2 strand rope

an assembly of several strands laid helically
in one or more layers around a core (single
layer rope) or centre

(rotation-resistant or parallel-closed rope)

1.3.3 spiral rope
an assembly of a minimum of two layers of
wires laid helically over a central wire

1.3.4 spiral strand rope

spiral rope comprising only round wires

1.3.5 fully locked coil rope

spiral rope having an outer layer of fully
locked Z-shaped wires

1.3.6 fill factor f

the ratio of the sum of the nominal
metallic cross-sectional areas of all the
wires in a rope (A) and the circumscribed
area (Ay) of the rope based on its nominal
diameter (d)

1.3.7 spinning loss factor k

reduction factor for rope construction
included in the breaking force factor K
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1.3.8 koedinienT BmiMBY Ha po3pus K

EMITIPUYHUN KOE(QIII€HT, MO0 BHKOPUCTOBYETHCS

1.3.8 breaking force factor (K)

an empirical factor used in the determination

OpM  BU3HAYCHHI MIHIMAJIBHOTO  PO3PUBHOIO of minimum breaking force of a rope and
3yCHIUIS KaHaTa 1 OTPUMYEThCS 13 TaKoi obtained as follows:
3aJIeKHOCTI:
A
K= 2Lk (1.1)
ne f — xoedilieHT 3aIOBHEHHS KaHATY; where f s the fill factor for the rope
k — koebdimieHT ypaxyBaHHS BTparT BiX k is the spinning loss factor
CIUICTIHHSA

Mpumitrka: koedimieaTn K 11 kaHaTiB HaWOiIbII
MOIIMPEHUX MapoK HaBeACHI Yy BIAMOBIMHIN YacTHHI

EN 12385.
1.3.9 minimanbHe 3ycuJuis po3puBy Fmin

MiHIMaJIbHE 3YCHJUIS PO3PHBY, SKE BU3HAYAETHCS
TaKUM YHHOM:

Fmin=

ne d — miametp KaHary;
K — xoe(ilieHT BIJIMBY Ha PO3PUB,;
Rr — mapka kanary, H/Mm?

1.3.10 mapka kanarty Rr
piBeHb  BUMOT [0

MO3HAYAETHCS YUCIIOM
(manmpuxman, 1770 H/vm?, 1960 H/mm?)

3yCWIIISL  PO3pUBY, SK€

Mpumitka: Mapkn kaHaTy He  00OB’SI3KOBO
BIJIMTOBITat0OTh MapKaM MIIIHOCTI Ha PO3TAT JPOTIB Y
KaHari.

1.3.11 nuroma Bara w:

Bnacna Bara kaHaTy, BUpaxoBaHa Ha OCHOBI
TUTOIII MOMEPEYHOro Mepepizy MeTajaeBoi YaCTUHU
Am 1 JIOBXUHHU KaHaTy, 3 ypaXyBaHHSM T'yCTUHU
CTaJIl 1 CUCTEMHU aHTUKOPO31HHOTO 3aXHUCTY

1.3.12 Banra:

TOJIOBHUU KOHCTPYKTHUBHHI PO3TATHYTUX

6

NOTE: K-factors for the more common rope
classes and constructions are given in the
appropriate part of EN12385.

1.3.9 minimum breaking force (Fmin)

minimum breaking force which should be
obtained as follows:

_d*RK (1.2)
1000

where d is the diameter of the rope in mm
K is the breaking force factor
Ry is the rope grade in N/mm?

1.3.10 rope grade (Ry)

a level of requirement of breaking
force which is designated by a number
(e.g. 1770 [N/mm?], 1960 [N/mm3])

NOTE: Rope grades do not necessarily

correspond to the tensile strength grades of the
wires in the rope.

1.3.11 unit weight (w)
the self weight of rope based on the
metallic cross-section (Am) and the unit
length taking account of the densities of
steel and the corrosion protection system

1.3.12 cable

main tension component in a structure (e.g.



€JeMEHTIB, (HampuKIald, BIATSHKKA BaHTOBOTO
MOCTY), II0 MOXe OyTH CKIAQJACHUH 13 KaHary,
KMYTIB 200 MY4YKiB IMapajeabHUX JIPOTIB.

1.4 llo3zHayeHHs

(1) B nanomy HOpMaTUBHOMY JOKYMEHTI MOXYTh
OyTH BHMKOpHCTaHi MMO3HaueHHs, HaBeaeHi B 1.6
EN 1993-1-1 ta 1.6 EN 1993-1-9.

(2) lonaTkoBi MO3HAaYEHHST HABEJCHI MO MICIIIO iX
MEPUIOTrO 3aCTOCYBAHHS B TEKCTI.

MpumiTka: onHi i Ti caMi MO3HAYEHHS MOXKYTh MaTh
Ppi3HI 3HaYEHHS.

2 OCHOBMU INPOEKTYBAHHASA
2.1 3arajibHi 0JI0KEeHH S

(1) MpoexTyBaHHS KOHCTPYKIIiH 13 pPO3TATHYTHMH
eNIeMEHTAaMH TIOBHHHO  3/IMICHIOBAaTHCh  3TiJHO
3arajgbHUX HOpM, HaBegeHux B EN 1990.

(2) IIpu npoexkTyBaHHI  TaKOXX  IOBHHHI
BUKOPUCTOBYBATHUCH JI0/IATKOBI MOJIOXKEHHS L1010
pPO3TATHYTHX €JIEMEHTIB, HaBeJCHI B JIaHOMY
HOpPMaTUBHOMY JIOKYMEHTI.

(3) [ns xapakTepUCTUKU MiJBUIICHOT HAIIITHOCTI
€JIEMEHTIB MOXKeE Oyt BUKOPHCTaHA
Kiacudikais o CTYIIEHIO BILJIUBY
HABKOJIMIITHBOTO CEPENIOBHINA, sKa HaBelIeHa Y
Tabm. 2.1.
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a stay cable bridge) which may consist of
a rope, strand or bundles of parallel wires or
strands

1.4 SYMBOLS

1) For this standard the symbols given in
1.6 of EN 1993-1-1 and 1.6 of EN 1993-1-9

apply.

(2) Additional symbols aredefined where
they first occur.

NOTE: Symbols may have various meanings.

2 BASIS OF DESIGN

2.1 General

(1)P  The design of structures with tension
components shall be in accordance with the
general rules given in EN 1990.

(2)The supplementary provisions for tension
components given in this standard should
also be applied.

(3)For improved durability the following
exposure classes may be applied:

Tabauus 2.1 - Knacu, 1110 BpaxoBYyIOTh HETaTHBHI BIJTUBH

Table 2.1 - Exposure classes

Hist kopo3ii
Corrosion action

BrnuiuB BTOMJIEHOCTI 0e3 30BHINIHLOT0 BILIUBY . R
Fatigue action not exposed 13 SOBHILITAIM BILIFBOM
exposed externally
externally
0€3 CYTTEBOTO BIUIMBY BTOMJICHOCTI kinacl KJac 2
no significant fatigue action class 1 class 2
MepeBakHa J1is1 OCHOBOI BTOMJICHOCTI Kiac 3 kiac 4
mainly axial fatigue action class 3 class 4
Zist 0CLOBOI 1 0OKOBOT BTOMJIEHOCTI

axial and lateral fatigue actions Kiac 5
(wind & rain) class 5
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(4) 3’eqHaHHs PO3TATHYTUX CIICMEHTIB 13
KOHCTPYKIII€I0 TIOBUHHO OYTH TaKHM, 1100
3a0€e3MeYnTH 1X 3aMiHY 1 pETyJIFOBaHHS.

2.2 Bumoru

(1) Ilpu mpoekTyBaHHI PO3TATHYTHUX CICMEHTIB
HEOOX1/THO PO3IJIsIAaTH TaKi TPAaHWYHI CTAaHH:

- ULS (rpanuyni ctanu mo Oesrerli): OCbOBI
HABaHTAXXCHHS, 10 TPUKIAIAIOTHCS, HE MOXKYTh
NEPEeBUIIYBAaTH  PO3PaxXyHKOBOTO  3HAYEHHS
HECYYOl 3JJaTHOCTI IPU PO3TATY, AMUB. PO3ILI 6;

- SLS (rpaHuuHi cTaHW TO MPHIATHOCTI 0
HOpMAaJbHOI eKCIUTyaTallii): piBHI HampyXeHb 1
nedopMmamii B €IEMEHTI HE  MOXYTh
MIEPEBUIIIYBaTH IPAHUYHUX 3HAYCHb,

TIUB. pO31Ii 7.

[pumitka: 3 wmeroro 3abe3medyeHHs MOTPiIOHOT
JOBIOBIYHOCTI ~ MEpPEBIPKM Ha  eKCIUTyaTalliiHy
HaJIMHICTD MOXYTh MaTH OiJbIII BUCOKHIA TPHUOPITET
Haj nepeBipkamu Ha ULS.

- BromieHicTe: [iama3oHU HANPYKEHb BiJ
KOJIMBaHb, CIHPHYMHEHUX OCHOBOIO CHJIOID Ta
BiOpalli€ro BiJ BITPY Ta CHITY, HE MOXYTb
MIEPEBUIYBATH TPAHNYHUX 3HAYCHb.

[pumiTka: BHacHmigok TpyAHOIIIB MOAETIOBAHHS
30yDKEHOTO0  CTaHy  pO3TATYBAaHOTO  €JIEMEHTY
nepeBipk 1o SLS moBuHHI OyTH mpoBeseHi
JIOJTATKOBO 0 TIEPEBIPOK HA BTOMJICHICTb.

(2) Ans 3amobiraHHs MOMJIMBOTO 3MEHIICHHS
HalpyXeHHsI PO3TATHYTUX €JeMEHTIB (TOOTO
CTaHy, KOJIM BEJIMYMHA HANPYKEHHS JI0OCITae B
HUX 3HAa4eHb MEHIIUX HYJsI, M0 BHUKJIHUKAE

BTpaTy CTIMKOCTI, BTOMJIEHICTh abo
VIIKOJKEHHSI KOHCTPYKTHBHHX €JEMEHTIB), a
TaKOXX  IHIIMX  THUIIB  KOHCTPYKTUBHHUX

€JIEMEHTIB, PO3TATHYTI €JIEMEHTH MOXYTh OyTH
MOMEpeTHhO  HABaHTAKEHI  LUIAXOM  iX
nedhopMyBaHHS  BIJ  NPHUKIAJACHUX  3YCHIIb
MIOTIEPEHBOTO HATATHEHHS.

B Takux BHIagkax MOCTiiiHE HABAHTAXKCHHS, SIKE
CKJIQJIA€ThCS 13 JiK rpaBiTamiiaux cmi «G» i
MONEPEIHbOTO  HATATHEHHS «P»,  MOBHHHO
PO3IIISIIATHCH AK CyMapHe MocTiifHe
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(4) Connections of tension components to the
structure should be replaceable and adjustable.

2.2 REQUIREMENTS

1) The following limit states shall be
considered in designing tension components:

ULS: Applied axial loads shall not exceed the
design tension resistance, see section 6.

SLS: Stress and strain levels in the
component shall not exceed the limiting
values, see section 7.

NOTE: For durability reasons, serviceability
checks may govern over ULS-verifications.

Fatigue: Stress ranges from axial load
fluctuations and wind and rain induced
oscillations shall not exceed the limiting
values, see sections 0 and 0.

NOTE: Due to the difficulties in modelling the
excitation characteristics of tension elements,
SLS checks should be carried out in addition to
fatigue checks.

(2) To prevent the likely de-tension of a
tension component (i.e. the stress reaching
below zero and causing uncontrolled stability
or fatigue or damages to structural or non
structural parts) and for certain types of
structures, the tension components are
preloaded by deformations imposed on the
structure (prestressing).

In such cases permanent actions, which should
consist of actions from gravity loads “G”and
prestress “P”,should be considered as a single
permanent action “G+P” to which the relevant



HaBaHTakeHHI «G+P», no sgxoro HeoOXigHO
3aCTOCYBaTH YACTKOBI KOEQIIieHTH Oe3neKu
«Gj», TUB po3aii 5.

Hpumitka: g iHIAX MaTepialliB 1 METOIIB
OymiBHUIITBA MOXYTh OyTH 3acTOCOBaHI 1HII
BUMOTH JUIsI KOMOIHAaI HaBaHTaXeHb «G» 1 «P»,

(3) Bymp-siki mpHCTOCYBaHHS 0 PO3TITHYTHX
€JIEMEHTIB 3aBOJCHKOTO BHUTOTOBJICHHS (HAmp.,
Cijyta Ta 3aXMMH) TOBHWHHI NPOEKTYBATHCh 13
ypaxyBaHHSM TPaHUYHOTO CTaHy Mo Oe3memi 1
TPAaHUYHOTO  CTaHy TI0  eKCIUTyaTamiiHii
HaAIHHOCTI, BUKOPHCTOBYIOUU pO3pUBHE
3ycuuisi abo ycTalieHy MIIHICTh KaHaTiB Ha
CHJIOBE  HABAaHTAXEHHSA, JWB. po3din  ©.
Bromiienicts- qus. EN 1993-1-9.

MpumiTka: Jlis BTOMIEHOCTI HAa KaHATH 3aJIEKUTh
BiJ paaiyca cimma abo miomn 3akpimieHHs (o0
MiHIMaJILHOTO pajiyca — IuB. puc. 6.1).

2.3 BiiiuBu

2.3.1 BaacHa Bara po3TSITHYTHX
eJICMEHTIB

(1) HopmartuBHe 3HA4YEHHS BEJIMYMHH, IIO
XapaKTepu3ye  BIAaCHy  Bary  PO3TATHYTHX
€JIEMEHTIB 1 MPHUCTOCYBaHb /10 HUX, BU3HAYEHY 3
ypaxyBaHHSIM IUIOIIl TONEPEeYHOro mepepizy 1
YaCTUHHU Marepiany, KpiM BHUIIQJKIB, KOJM Takl
JaHi TpHUBEICHI Yy  BIANOBIAHUX  YacTHHAX
EN 12385.

(2) s croipanbHHUX JKMYTIB, )KMYTIB  3aKPUTOTO
CIUIETIHHS 200 KOHCTPYKLIMHUX IPOTOBUX KaHATIB
HOMiHaJIbHA BJIacHa Bara gk Moke OyTu BU3HAYCHa
TaKUM YHHOM:
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partial factors «Gi» should be

see section 5

applied,

NOTE: For other materials and methods of
construction other rules for the combination of
“G” and “P” may apply.

(3) Any attachments to prefabricated tension
components, such as saddles or clamps,
should be designed for ultimate limit states
and serviceability limit states using the
breaking strength or proof strength of cables
as actions, see section 6. For fatigue see EN
1993-1-9.

NOTE: Fatigue action on the ropes is governed by
the radius in the saddle or anchorage area (see
Figure 6.1 for minimum radius).

2.3 ACTIONS

2.3.1 Selfweight of tension components

(1)The characteristic value of the self weight
of tension components and their attachments
should be determined from the cross-sectional
area and the density of the materials unless
data are given in the relevant parts of EN
12385.

(2) For spiral stands, locked coil strands or
structural or structural wire ropes the
nominal self weight g, may be calculated as
follows:

k=W An, 2.1)

ne Am— IUIOIIA MONEPEYHOro Mepepizy METaIeBUX
eJleMeHTiB, MM%; W — IUTOMA Bara 3 ypaxyBaHHSM
T'YCTHHH CTaJjll 1 CHCTEM aHTHUKOPO31HHOTO
3axucty (tabmums 2.2), H/vve,

(3) AmMmorke OyTH BU3HAuUEHA 110 HOpPMYJT

Am

where A, s the cross-section in mm? of the
metallic components

w [N/(mm?3)] is the unit weight taking into
account the density of steel including the
corrosion protection system, see Table 2.2

(3) A, may be determined from

rd?

T h (2.2)
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ne d — 30BHIIIHIN JiaMeTp KaHaTy abo

KMYTa 13 ypaxyBaHHS aHTUKOPO31HHOTO MMOKPUTT,

MM;

f — koedimieHT 3anIOBHEHHS, AMB. TaOIUIO 2.2.

where d

Tadoawmus 2.2- [Tutoma Bara W i koediieHT 3aroBHeHHS f
Table 2.2- Unit weight w and fill-factors f

is the external diameter of rope or
strand in mm, including any sheathing for
corrosion protection
f is the fill-factor, see Table 2.2

Koeginient 3anoBHenns f
Fill factor f
JIpit Jpir e fel::ma+ Kinbkicrs mapis Muroma
cepueuna+ 1 | ceppepuna+2 6P 2 ApOTY HABKO.I0 Bara WX
wap i3 . UIbIIE ~X cepuesnan Number of 107
Tum kanary i Hapy 13 wapis i3 wire layers around 3
Z-nopiouoro |7 _noniguoro 7 . Yers: H/mm
or -ToftioHoro core wire
oy Apoty apory :
Core Core Core unit
wires + wires + wires + >2 weight
- -7
1 layer 2 layer layer 1 2 36| >6 wx 10
Z - wires Z - wires Z - wires N/mm?
1| Kanaru cipansHi
KMYTOBI 0,77 1 0,76 | 0,75 | 0,73 830
Spiral strand ropes
2 | KaHatH 3aKpHTOrO
CIUTCTIHHSA 830
Fully locked coil 0,81 0,84 0,88
ropes
3 Kanatn xMyTOBI i3
KPYIJIOro APOTY
Circular wire 0,56 930
strand ropes

(4) Inst xaHaTiB, CKJIAICHUX 13 MapalieIbHUX JPOTIB
a0o mapajeNpHUX JKMYTIB, IUIOLIA MOINEPEYHOTO
nepepisy MeTaJeBOi YaCTMHHM BHM3HAYAETHCS IIO

bopmyi

(4) For parallel wire ropes or parallel strand
ropes the metallic cross-section

Am = nam, (23)
Ie N — KUIBKICTh OKPEMHX IpOTiB abo >KMYTiB where n is the number of identical wires or
KaHarty; strands of which the rope is made
am — TIUIOUIl TOMEpeyHUuX mepepiziB (1o a, Is the cross-section of a wire

BH3HAa4YeHI Mo 1iX pgiamerpy) abo xkmyta (i3
BIJIMOBITHOTO CTAaHAAPTY).

(5) Hns postsiraytux enemenTiB rpynu C BiacHy
Bary BH3HAYaIOTh IO Basi OKpEMHX CTaJIEBUX
IpoTiB abo >KMYTIB Ta Ba3l 3aXMCHOTO Marepiairy
(HAPE, BockyiT. mm.).
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(derived from its diameter) or a (prestressing)
strand (derived from the appropriate standard)

5) For group C tension components the self
weight should be determined from the steel
weight of the individual wires or strands and
the weight of the protective material (HDPE,
wax etc.)



2.3.2 Nis BiTPY

(1) Bitposi aii, 110 MOBHHHI MPUHMATHCH J0 yBarw,
BKITIOYAIOTh:

— CTaTU4YHI Jii BITPOBOTO MOTOKY,

muB. EN 1991-1-4, Bxirouaroun MpOTUHH 1 KYTH
MOBOPOTY, SIKi BHKJIMKAIOTh 3THHAJIbHI MOMEHTH
O11s1 KIHIIEBUX KPIIJICHb KaHATiB;

— aepoaWHaAMi4YHI Ta iHOI 30ypeHHs, IO
BHUKJIMKAIOTh MOXJIMBI KOJIMBAaHHS KAaHATIB, IHB.
po3min 8.

2.3.3 HaBaHTaXeHHH Bia oxxeeaui
(00J1e1eHiHHSA)

(1) HaBanTaxkennst Bix oxenenuii auB. JJogarok B
EN 1993-3-1.

2.3.4 Tenuosi aii

(1) TeruoBi aii, siki HEOOXiAHO MPUIMATH IO YBard,

MOBWHHI  BKIIOYaTH edekr Big mil  pi3HUIL
Temmeparyp ~ MDK ~ KaHaTaMd 1 IHIIUMH
KOHCTPYKIIISIMH.

(2) Jns xanariB, 0 migmagarTh i 30BHILIHI Mii,
Il Big Ppi3HUII TeMmepaTyp TaKoX ITOBUHHI
Opatucs no yearu, aus. EN 1991-1-5.

2.3.5 TlonepenHe HATSKIHHS

(1) TlomepenHe HaTSDKIHHS BaHT IMOBHHHO OyTH
TaKuM, 100 MICHs MPUKIAJEHHS BCIX MOCTIMHHUX
HaBaHTAXEHb  KOHCTPYKIIS HaOyBana MOTPIOHI
reoOMeTpuYHi 0o0pHcH 1 HEOOXIJHUH PpO3MOALT
HaInpyXeHb B HUX.

(2) TloBunHi Oyru 3aByacHO mepeadayeHi
MIPUIIAILITYBaHHS JUISt MOTIEPETHHOTO
HATSDKIHHS 1 HOro perysiaioBaHHS, a HOpPMaTHBHI
3HAYEeHHs MONEPEAHbOTO HATSKIHHS TMOBUHHI OyTH
3aJaHUMH TaKUMH, K1 HEOOXIIHI IS JOCSITHEHHS
NoTpiOHOrO reoMerpuyHoro obpucy 3rigHo (1),
MIPUIHSATOTO B TPaHWUYHOMY  CTaHi, 110
PO3TIISIIAETHCS.

(3) Sxmo perymroBaHHS HATSDKIHHA BaHT He
nepeadavyaeThCsi, TO IpU MPOEKTYBaHHI KOHCTPYKIIIT
MOBUHHI OyTH BpaxoBaHI TUIbKM [i0Yi 30BHIIIHI
HaBaHTAKEHHSI.

mp. ICTY-H b EN 1993-1-11:201X
2.3.2 Wind actions

(1) The wind effects to be taken into account
should include:

— the static effects of wind drag on the cables,
see EN 1991-1-4, including deflections and
bending effects near the ends of the cable,

— aerodynamic and other excitation causing
possible oscillation of the cables, see section 8.

2.3.3 lce loads

(1) For ice
EN 1993-3-1.

loading see Annex B to

2.3.4 Thermal actions

(1) The thermal actions to be taken into
account should include the effects of
differential temperatures between the cables
and the structure.

(2) For cables exposed externally the
actions from differential temperature should be
taken into account, see EN 1991-1-5.

2.3.5 Prestressing

(1) The preloads in cables should be such
that, when all the permanent actions are
applied, the structure adopts the required
geometric profile and stress distribution.

(2) Facilities for prestressing and adjusting
the cables should be provided and the
characteristic value of the preload should be
taken as that required to achieve the required
profile in (1) at the Ilimit state under
consideration.

(3) If adjustment of the cables is not
intended to be carried out the effects of the
variation of preloads should be considered in
the design of the structure.

11
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2.3.6 3amiHa Ta BTpaTa po3TATrHYTHX
eJIeMeHTIB

(1) 3amina He MEHII HIXXK OHOTO PO3TATHYTOI'O
eIeMEHTa MOBUHHA OyTH TNpPUHHATA 10 YBaru IpH
MPOCKTYBaHHI SIK TEPEXiAHUI CTaH KOHCTPYKIIIi.

Mpumirka: HamionansHuii JlonaTok Moxke BHU3HAYaTH
MepexifHi ~ YMOBH  HAaBaHTAXCHHA 1  YaCTKOBI
KoeirieHTH Oe3MeKH IS iX 3aMiHH.

(2) MoxnuBa HecroziBaHa BTpaTa Oyab-sSKOTO i3
PO3TATHYTHX €JIE€MEHTIB MOBUHHA OyTH NpUIHSATA
710 YBar" SIK BUITAJKOBHIA CTaH KOHCTPYKIIii.

HpumiTtka 1: HarmionansHuit Homatok Moxe
BU3HAYATH, JI¢ TaKWi BHUIAJKOBUI CTaH KOHCTPYKIIil
MOKE 3 ’SBUTHCh , a TaKOX BKIIOYAaTH BHUMOIH ILOJO
3a0e3neyeHHs O€3MeKH Ta YMOBHM HABaHTAXKEHHS VIS
PO3TATHYTUX CJICMEHTIB.

Mpumitka 2: [lpu BiACYTHOCTI TMEBHUX MOCIHIKEHb
JUHAMIYHUX BIUIMBIB HECIIOMIBAHOTO BUJIYYCHHS MOXKE

2.3.6 Replacement and loss of tension
components

(1) The replacement of at least one tension
component should be taken into account in
the design as a transient design situation.

NOTE: The National Annex may define the
transient loading conditions and partial factors for
replacement.

(2)  Where required a sudden loss of any one
tension component should be taken into
account in the design as an accidental design
situation.

NOTE 1: The National Annex may define where
such an accidental design situation should apply
and also give the protection requirements and
loading conditions, e.g. for hangers of bridges.

NOTE 2: In the absence of a rigorous analysis the
dynamic effect of a sudden removal may

OyTH mepenOaueHuil IE HEOOX1IHOTO 3amacy MIIlHOCTI conservatively be allowed for by using the
[UIIXOM BUKOPHCTaHHS e(peKTy moaaTkoBoi ii Eq: additional action effect E:

Ed=k Ed2-Ea, (2.4)
e k=1,5; where k =1,5
Edai — i Ha KOHCTPYKIiI0O 0€3 BHIydEHHS Eq represents the design effects with all cables
31IICOBAHOTO CIICMCHTA, intact;
Eds2 — nis Ha KOHCTPYKIIIO TIPH BHIIYYCHHI Eq,  represents the design effects with the

BIIMIOBIAHOTO €JIEMEHTA.

2.3.7 HaBaHTaXeHHS BiJl BTOMJICHOCTI

(1) HaBaHTakeHHS Bil BTOMJICHOCTI — JIMB.

EN 1991.

2.4 Po3paxyHKoBi cuTyanii Ta 4acTKOBI
KoedinieHTH 0e3nmexun

2.4.1 Tlepexinni po3paxyHkoBi curyauii
OyaiBHMIITBA

(1) Ha mepiox OymiBHHITBA YaCTKOBHH KOE(IIiEHT
Oe3meku s TMOCTIMHUX HaBaHTAXXEHb MOXE OyTu
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relevant cable removed.

2.3.7 Fatigue loads

(1) For fatigue loads see EN 1991.

2.4 DESIGN SITUATIONS AND PARTIAL
FACTORS

2.4.1 Transient design situation during the
construction phase

1) For the construction phase the partial
factor for permanent loads may be amended to



3MIHCHHH BIAMOBITHO 10 KOHKPETHHX CTaHIB

KOHCTPYKIIIi 1 MO/ieNell TpaHMYHHUX CTaHiB.

Ipumirka: B Hamionansaomy JlomaTky Moxke OyTH
BKazaHWi  koedimieHT  Oe3meku  JUIA  TEPIOAY
OyniBHUIITBA. PexoMeHIOBaHI 3HAUCHHS YG,i:

ve =110 — ngns KopoTKowyacHOro mnepiogy (Kilbka
TOAMH), JUIsl YCTaHOBKM MEpPUIOrO JKMYTY @pH
TEXHOJIOT11 YCTAaHOBOK OKMYT 3a XKMYTOM»;

v6=1,20 — a1 yCTaHOBOK iHIIMX KXMYTiB;

vc=1,00 — nn1s HaBaHTaXkeHb 0€3 YCKIIQHEHb.

2.4.2 MocTiitni cutyanii Ha npoTna3i
eKkcnJjyarauii

(1) Jns mepeBipok Ha ULS, SLS ta BrOomieHicth
4acTKOB1 Koe(ilieHTH Oe3neKku MOXKYTh OyTH
OOTPYHTOBaHUMHU:

— CKJIaJHOILAMH YMOB JOCIIiI’KCHB;

— 3ax0JlaMH IO BUKIIIOYEHHIO 3THHAIOYMX JiH.

IpumiTka: Bignoinui 3HAa4YeHHS )v HaBeleHI B
po3maidi 6.
3 MATEPIAJI

3.1 Minmnicri craJeii i qporiB

(1) HopmatusHi 3nauenns fy i fy koHCTpyKUiiiHOT
craui Ta fo2 a6o fo1 Ta fu s qpoty mpuiimaroTh MO
BIJIMIOBITHUM TEXHIYHUM CrelH(DiKaIlisIM.

Mpumirka 1: s crani — qus. EN 1993-1 ta
EN 1993-1-4.

Mpumirka 2: ng gpoty - qus. EN 10264 gactuna 1 —
yacTuHa 4.

Mpumitka 3: s kanaris — quB. EN 12385, yactuna 4
Ta gactuHa 10.

Mpumirka 4: [lnsa xinnesux Myt —
mmB. EN 13411-3.

Hpumirka 5: [{is xxmytiB — qus. EN 10138-3.

Hpumirka 6: Hamionansuuit  [lomatoxk  Moxke
BCTaHOBJIIOBaTH MaKCHUMaibHi 3HauyeHHA fy i3 ymoB

np. ACTY-H b EN 1993-1-11:201X

suit the particular design situation and limit state
model

NOTE: The National Annex may define the partial
factor yg; for the construction phase. Recommended
values vyg; are:

Yo = 1,10for a short time period (only a few hours)
for the installation of first strand in strand by
strand installations

Yo =1,20 for the installation of other strands

Ye = 1,00 for favourable effects.

2.4.2 Persistent situations during service

1) For ULS, SLS and fatigue verifications
partial factors ym may be based on

— the severity of the conditions used for proving
tests

— the measures employed to suppress bending
effects.

NOTE: Appropriate values for
section 6.

yy are given in

3 MATERIAL

3.1 STRENGTH OF STEELS AND WIRES

1) The characteristic values f, and f, for
structural steel and fy, or fo; and f, for wires

should be taken from the relevant technical
specifications.

NOTE 1: For steel see EN1993-1-1 and
EN1993-1-4.

NOTE 2: For wires see EN 10264, Part 1 to Part 4.
NOTE 3: For ropes see EN 12385, Part 4 and
Part 10.

NOTE 4: For terminations see
EN 13411-3.

NOTE 5: For strands see
EN 10138-3.

NOTE 6: The National Annex may give a
maximum value for f, for durability reasons. The

13
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JIOBTOBIYHOCTI.
3HavYeHHSs, 0 PEKOMEHIYIOThCS:
IUIsL CTaJIeBOTO JPOTY:
— KpYyIJIOTO mepepi3y: HoOMiHallbHa MILTHICTh Ha PO3TSAT —
1770 H/mm?;
— Z — mopmibHOTO Tepepily: HOMiHaJbHA MIIHICTh Ha
postar — 1570 H/mm?;
— JUI HEepIKaBilOYOTO CTaJeBOTO JIPOTY KPYTJIOTO
nepepizy HOMiHaJbHA MIIHICTH Ha PO3TST —

1450 H/mm2.

3.2 Moayab Npy:KHOCTI

3.2.1 Po3TArHYTI eJleMeHTH Ipynu A

(1) Monynes TpyXKHOCTI Ansi  PO3TATHYTUX
exementie E= 210000 H/mm?, must cucrem,
BUTOTOBJICHHX 13 HEpXkKaBitounx craneit — aus. EN

1993-1-4.
3.2.2 Po3taArnyTi eiemenTu rpynu B

(1) Monaynp mHpyXKHOCTI JUISI  PO3TATHYTUX
CJIEMEHTIB Tpynu B BU3HAa4YaeTbcs HAa OCHOBI
pe3yNbTaTiB BUIIPOOYBaHb.

Mpumitka 1: Moayns npy>KHOCTI 3aJIe)KHUTh BiJ| piBHA
HaTpYXXEeHHsI 1 BiJi TOro, 4Yd Oyia BaHTa MOIEPEIHHO
PO3TATHYTOK, Ta IUKIIYHOTO HAaBaHTaXEHHSA 1
PO3BaHTAKEHHS.

Mpumitka 2: XKopcTKicTh NpH HATSHKIHHI BaHTH JUIS
po3TsArHyTHX eneMeHTiB rpyn B 1 C  Bu3HauaeThcs
T00yTKOM MOJYJISl IPY>KHOCTI Ha TUIONLY IOTEPEYHOro
nepepizy MEeTajaeBoi YaCTUHHU KaHaTy Am.

(2) Ciunuit MOAYJb BUKOPHUCTOBYIOTh
SIK MOJYJIb TPY>KHOCT1 AJI1 CTPYKTYPHOTO aHAJI3y
pPO3paxyHKOBHX CHUTyallli Ha  MPOTA31 BCHOTO
TEPMiHY CITYXOU. Brnachue 3HAYEHHS
YCTAaHOBJIIOIOTb 3 YpaXyBaHHSAM THUILY BaHTH Ta 1l
miamMeTpy 1 BH3HAUawTh MO  pe3ylabTaTam
JIOCTaTHBOI KIJIBKOCTI LMKIIB HaBaHTaKeHb ( HE
menme Hix 5) Bin Fiy 1 Fgp g Toro, mo6
3a0e3MeUnTH OJIepKaHHS JOCTOBIPHUX 3HAYCHB, JIC
Fint 1 Fgyp -BIAMOBIAHO MiHIMaJbHI 1 MAKCUMAaJIbHI
CWIH, IO JiI0Th Ha BAHTY B YMOBaX KOHKPETHUX
MOCTIHHUX Ta 3MIHHUX HABaHTa)KEHb.

MaJIol

(3) Hns 3paskiB, MO BUIPOOYIOTHCH,
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following values are recommended:

steel wires

— round wires: nominal tensile strength: 1770 N/mm?
— Z — wires: nominal tensile strength: 1570 N/mm?

— stainless steel wires: round wires: nominal tensile
strength: 1450 N/mm?

3.2 MODULUS OF ELASTICITY

3.2.1 Group A tension components

(1)  The modulus of elasticity for Group A
tension components may be taken as E =
210000 N/mmz; for systems made of stainless
steels see EN 1993-1-4.

3.2.2 Group B tension components

(1) The modulus of elasticity for Group B tension
components should be derived from tests.

NOTE 1: The modulus of elasticity is dependant on
the stress level and whether the cable has been
prestretched and cyclically loaded and unloaded.

NOTE 2: The tension stiffness of the cable for
tension components of Group B and C may be
determined by multiplying the modulus of elasticity
by the metallic cross section A,..

(@) The secant modulus should be used as
the modulus of elasticity for structural analysis
for persistent design situations during service.
Characteristic values should be obtained for
each cable type and diameter and should be
determined after a sufficient number of (at least
5) load cycles between Fi; and Fg, to ensure
stable values are obtained, where Fi; and Fg,
are the minimum and maximum cable forces
respectively under the characteristic permanent
and variable actions.

(3) For short test samples (sample length <



JIOBXHHHM 3pa3ka (MEHIIEe HiK JIeCATHKpaTHA
JOBKMHA  CIUICTIHHS)  OJEp)KaHe  3HAuYeHHS
MOB3y4yOoCTi Oyle MEHIe, HDK I BaHT BEJIHKOI
ITIOBYKHHH.

Mpumirka 1: Ipu BigcyTHOCTI OB TOYHUX 3HAYCHD
BIUIMB, 1110 BKa3aHUH BHILE, MTPUAMAETHCS 10 YBark MpH
pi3aHHI 110 JOBKHHI MUITXOM J0JaTKOBOTO CKOPOYCHHS
Ha 0,15 Mm/M.

Mpumirka 2: Tlpm  BiACYTHOCTI  pE3yJIbTaTiB
BHIIPOOYBaHb  HOMIHAJIbHE  3HAYEHHS  MOZYIA
MPYKHOCTI JJI1 BUKOPUCTAHHS y MEPIIOMY HaOJIMKCHHI
HaBeneHl B Ta0i.uul 3.1. buien gokiagHille — QUB.

EN 10138.

np. ACTY-H b EN 1993-1-11:201X

10 x lay length) the value of creep obtained
will be smaller than for long cables.

NOTE 1: In the absence of more accurate values
this effect may be taken into account for cutting to
length by applying an additional shortening of 0,15
mm/m.

NOTE 2: When test results are not available,
nominal values of moduli of elasticity for use as first
estimates are given in Table 3.1. For further
information see  EN 10138.

Ta6auusa 3.1- Moxyns npyxHOCTI EQ, BiNIOBITHUI 10 3MIHHUX HaBaHTaXEHb Q
Table 3.1- Modulus of elasticity E, corresponding to variable loads Q

EQ [kH/mm?]
[KN/mm?]
BI/ICOKOMina CTaJIb LISl PO3TATHYTHX eJieMeHTiB Hep:xapirouunii
High strength tension component CraneBuii apir cTanel_am“l apir
steel wires stainless
steel wires
ChipasibHi KaHaTH 13 XXMYTIB
1 Spiral strand ropes 15010 13010
Kanatu 3aKpHTOrO CIUICTIHHS
2 Fully locked coil ropes 16010 B
HpotoBi xanatu i3 xkmyTtiB CWR
3 Strand wire ropes with CWR 10010 90£10
JporoBi kanatH i3 xxmyTiB CF B
4 Strand wire ropes with CF 80+10
Ily4ok mapajaebHUX IPOTIB
S Bundle of parallel wires 20515 B
Ily4ok mapanenbHUX KMYTIB B
6 Bundle of parallel strands 19515

Hpumitka 3: HowminambHi  3HaYeHHS  MOMYJISA
npyxxHocti E s KaHATiB  3aKPUTOTO  CIUIETIHHS
HaBezieni B Tabmumi 3.1. Lli po3paxyHKOBI 3Ha4YeHHS
3aCTOCOBYIOTBCS TPH LMKIIYHOMY HaBaHTaXEHI B
miamaszoni 30% - 40% Big oO4YMCIEHOI MIIHOCTI Ha
po3puB Fy.

Ipumitka 4: Kamatm rpymm B 6e3 momepenHnoro
HaNpY>XEHHS1 BUSBIIIOTH SIK MPYXKHi, TaK 1 3aJIMIIKOBI
nedopmManii mpu cTaTMYHOMY HaBaHTakeHHi. Taki
KaHAaTH PEKOMEHJYEThCS TIJIABaTH IONEPEIHBOMY
po3tary mepen abo michas X YCTaHOBKH LUISIXOM
OUKITIYHOIO  HaBaHTaXEHHA A0  MaKCHMAJbHOI
BenmunHU 0,456 oyk. ns po3pizaHHsa Ha piBHI BiIpi3KH
TaKi KaHATH TOMEPEHHO PO3TATYIOTh 13 TOYHICTIO, IO
MPUITYCKAETbCS OOJaJHAHHAM Uil PETYJIOBaHHS, B

NOTE 3: The nominal values of the modulus of
elasticity E for fully locked coil ropes are given in
Figure 3.1. These estimated values apply to cyclic
loading range between 30 % and 40 % of the
calculated breaking strength Fyk.

NOTE 4: Non pre-stretched Group B cables exhibit
both elastic and permanent deformations when
subjected to static loading. It is recommended that
such cables are pre-stretched before or after
installation by cyclic loading up to a maximum of
0,450yk. For cutting to length such cables should be
pre-stretched with a precision related to the facilities
for in-situ adjustment.
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yMoOBax OymiBEIHHOTO MaiTaHINKa.

Hpumirka 5: [Ing pucynka 3.1 3acTOCOBYIOTH Taki NOTE 5: For Figure 3.1 the following assumptions

JOTYIICHHS: apply:

- JIOBXHHA CIUIETIHHSA NpuiiMaeTbcs Oinpmie 10 x - the lay length is greater than 10 x the diameter

JiaMeTpiB; - the minimum value of stress is 100
- MiHIMalbHE 3HAYeHHS HAMPYXXEHOCTI CKIaaae N/mm?
100H/mm?. The minimum value of stress is the lower bound of
JliniiiHe 3HAYeHHA HANPYXEHOCTI IMPUHMAETHCS the elastic range.

PIBHUM HIDKHIN MEXIi Jliara3oHa Mpy»KHOCTI.

1,8 x108
N/mm?
17x10°0 e }EQ
16x10°  fmeel |-
_:—- --:.—_
1 15x10° T =) e b En
#'f f#
E 14x108 r‘,—-:_.-_,-"
#l-
1,3 x105 -"'g -t
"
1,2 x108
1,1 x108
1,0x10°
GG-P
—&?2 _ _, 05 06 07 08 09 1,0
Tgp 40,

OG+p — Halpy>KeHHs TpU MOCTIHHMUX

HOPMATHBHUX JIisIX;

0p — MakcuMasbHE HANpYXEHHS MNpU 3MIHHHUX
HOPMAaTUBHUX JisIX;

Eo — wMomyms nmpykHocTi  ams cTanux
PO3paxyHKOBHX CTaHIB KOHCTPYKLIN Ha MpoTs3i
TEPMIHY CIIyKOu;

Egep — MOJYJIb TIPYXKHOCTI 7Sl BIATIOBITHUX
PO3paxyHKIB MEPEXiTHUX pO3PaXyHKOBHUX CTaHIB;
Ea — Momyns mpyskHOCTI U1 PO3Pi3KH HA MipHi
MO JTOBXKHHI BiJIPi3KH;

Op — Hampy)XeHHS Ui PO3pi3KM Ha MipHI 1O
JIOBXKUHI BIJIPI3KH.

--------------------- 2PAHUYHe 3HAYEHHS

limiting value
cepe()He 3HAYEHHA
mean value
Og+p  Stress under characteristic permanent
actions

0 maximum stress under characteristic
variable actions

Eo modulus of elasticity for persistent design
situations during service

Ec+p modulus of elasticity for an appropriate
analysis for transient design situations during
construction phase up to permanent load G+P
E, modulus of elasticity for cutting to length

o, stress for cutting to length

Pucynok 3.1 - Moayne npyxHocTi E 17151 kaHaTiB 3aKpUTOro CIUIETIHHS 0€3 MONepeIHbOr0 PO3TATY
Figure 3.1 - Modulus of elasticity E for non pre-stretched fully locked coil ropes for bridges
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3.2.3 Po3tsarnyri ejjementu rpynu C

(1) Monayne nOpyXHOCTI JUIsl  PO3TATHYTHX
€JICMEHTIB rpynu C  mpuiiMaeTscs 1O
EN 10138 a6o tabymmi 3.1

3.3 TemnepatypHuii koediunieHT JiHiliHOTO
PO3LIMPEHHS

(1) Temneparypumii  KoedilieHT  JIHIHHOTO
PO3LIKMPEHHS TPUUMAETHCS:

- JUTsI CTajJeBOro JPOTY

or =12 x10° °C*

- JUTsl HEP>KaBilOYOTo APOTY (3.1)

or =16 x10° °C*

3.4 Po3pi3ka Ha MipHi 1o 10B:XKMHI BiIpi3ku
PO3TATHYTHX esieMeHTIB rpynu B

(1)  Kwmyrtu MOXYTb OyTH 3aMapKOBaHI TUIbKH
JUIS pi3aHHA Ha 33JaHy JTOBXKHUHY 1 TUIBKH JIJIs
pi3aHH [0 MPHUIKCAHIN Mepepi3anbHii CHITL.

2) Jliist TO9HOT po3pi3KK Ha 3aaHy JOBXKUHY
MOBUHHI OyTH ypaxoBaHi Taki JaHi:

— BUMIpsHI 3HAYEHHS MOJOBXKEHHS BiJl Op i Ogyp
MICJIA MAKJIIYHOTO HaBaHTAXKEHHS 3T11HO

3.2.2 (2);

— PI3HMIISI MIXK TEMIIEPaTypPOI0 KOHCTPYKIIIT
(3Buyaitno 10 °C) i Temnepatyporo
HaBKOJIMIIIHBOT'O CEPEAOBHIINA MPU PO3PI3IIl HA
3a/laHy JOBXKHHY;

— JIOBro4YacHa MoB3y4iCTh BaHTH Mij
HaBaHTAXCHHSIM;

— JIOJATKOBE ITOJIOBKCHHSI €JIEMEHTY ITiCIIsI
YCTAaHOBKH 32)KMMIB Ha HUX;

— nedopMaliist micJIsl MePIIOTr0 HaBAHTAXKEHHS.

Mpumitka: [ToB3ydicTh BaHTH 1 ycajka KOHyca Oyze
MIPOJIOBXKYBATUCH TICIISl YCTAHOBKH, OTKE OLIBII BUCOKI
HaBaHTAXXEHHS MOXJIMBO OyAyTb NOTPiOHI mijg wyac
MOHTaXy, 1100 30ajaHcyBaTH IOB3YYiCTh KaHarta i
TBEPJiHHS 3aJUBOYHOTO KOHYCY IICISI OXOJIOJIKCHHS
PO3MJIABICHOTO MeTaly i MPUKIAJEHHS [TOYaTKOBOTO
HaBaHTAXCHHSI.

np. ACTY-H b EN 1993-1-11:201X

3.2.3 Group C tension components

(1) The modulus of elasticity for Group C
tension components may be taken from EN
10138 or Table 3.1.

3.3 COEFFICIENT OF THERMAL
EXPANSION

(1) The coefficient of thermal expansion should
be taken as

for steel wires

ar =12 x10°® per °C

for stainless steel wires (3.1)
ar =16 x10°® per °C

3.4 CUTTING TO LENGTH OF GROUP
B TENSION COMPONENTS

(1)  Strands may only be marked to length
only for cutting at a prescribed cutting load.

(2) For exact cutting to length the following
data should be considered:

- measured values of the elongation between
oA and oG.p after cyclic loading according to
3.2.2(2)

- difference between the design temperature

(normally 10 °C) and the ambient temperature
when cutting to length

- long term cable creep under loads

- additional elongation of cable after
installation of cable clamps
- deformation after first loading.

NOTE: Cable creep and cone setting will continue
after installation, therefore higher loads may be
required during erection to account for cable creep
and setting of the pouring cone after cooling of
molten metal and after the initial load is applied.
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3.5 MipHi mo 10BkuHi Biapi3ku Ta 10MyCKH
NPH BUTOTOBJICHHI

(1) PosmivyaHHs MOBHOT JOBKUHH KaHATY 1 BCIX
BUMIPSIHUX TOYOK JIJIsI KPITUICHHS C1JIeJT Ta 3a)KUMIB
BHUKOHYETHCS 1] ICBHUM TOTIEPETHIM HATSHKIHHSIM.

Ipumitka: HanecenHs 101aTKOBUX KOHTPOJbHUX
MITOK JIO3BOJISIE  3OIACHIOBATH  OLIBII  Mi3HI
MEPEeBIPKU TOYHOCTI JOBXKUHU TICHIS YCTaHOBKH
YaCTUH Ha MicCLE.

(2) Homycku mpu BUTOTOBJCHHI IOBUHHI OyTH
NPUAHATHMHU TICIS TONEPEIHBOTO PO3TATHEHHS i
[UKJTIYHOTO HABAaHTAXXCHHS Ta PO3BAHTaKCHHSI.

(3) Sxmo KOHCTPYKIIT YyTIHBI 10 BiIXHIEHb Bij
HOMIHAQJIBHHAX TCOMETPHYHUX BEJIMYHH
(Hampukiaa, BHACHIJOK MOB3YyYOCTi) HEOOXiTHO
nepen0adnTH HAJTAITYBAHHS IS PETYIIOBAHHS.

3.6 KoediuienT Teprs

(1) KoeoimmienT TepTss MK KaHaTaMH 3aKpUTOTO
CIUIETIHHS 1 CTAJICBUM YJIAIITYBaHHAM (32KUMaMH,
cimmamu, ¢iTiHTaMH) BH3HAYA€THCS HA OCHOBI
pe3yNbTaTiB BUIIPOOYBaHb.

Hpumirka: Cumn Teprs MOXYTh OYyTH 3HIDKEHI
LUISIXOM 3MEHIIEHHS TiaMeTpa, SIKIIO 3YCHJUIL PO3TATY
301IBIIYETHCS.

(2) KoedimienT TepTs ajisl iHIIUX TUIIB KaHATiB
TaKOXX BH3HAYAETHCSl HA OCHOBI BUIIPOOYBaHb, TUB.
JOJATOK A.

4 TOBI'OBIYHICTbBb APOTIB,
KAHATIB TA ) KMYTIB

4.1 3arajapHi BUMOIH

(1) Ana po3rsarHytux enemeHTiB rpyn B 1 C 3
Kinacamu gii 2, 4 1 5, 3rigao Tabnwmii 2.1, cucrema
3aXUCTY BiJ KOpO3ii MOBUHHA OyTH TaKOIO:

1 okpemi IpOTH NMOBHMHHI OYTH 3aXHMIIEHHUMH BiJ

KOpO3ii;

2 BHYTpilIHI IIapu KaHaTy TOBMHHI OyTH
3axXHIIEHIMH BiJl TPOHUKHEHHS BOJIOTH;
3 30BHIIHIA IMap KaHaTy TOBUHEH MaTH

AHTUKOPO31MHUHN 3aXHCT.
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3.5 LENGTHS AND FABRICATION
TOLERANCES

(1)The total length of the cable and all me-
asuring points for the attachment of saddles and
clamps should be marked under a defined preload.

NOTE: The provisions of additional control
markings allow for later checks of the exact length
after parts have been installed.

(2) The fabrication tolerances should be
taken into account after pre-stretching and
cyclic loading and unloading.

(3) When structures are sensitive to
deviations from nominal geometrical values
(e.g. by creep), facilities for adjustments should
be provided.

3.6 FRICTION COEFFICIENTS

(1) The friction coefficient between fully
locked coil cables and steel attachments
(clamps,  saddles, fittings) should be
determined from tests.

NOTE: The friction forces may be reduced by
reduction of the diameter if tension is increased.

(2)  The friction coefficient for other types of
cables should also be determined from tests, see
Annex A.

4 DURABILITY OF WIRES, ROPES AND
STRANDS

4.1 GENERAL

(1) For Group B and C tension components
with exposure classes 2, 4 and 5 according to
Table 2.1 the corrosion protection system
should be as follows:

1. Individual wires should be protected
against corrosion;

2. The rope interior should be protected to
stop the ingress of moisture;

3. The outer surface should be protected



(2) Postsaruyri enementu rpynu C, sSiK BU3HAUCHO
B Ta0InI 1.1, [MOBHHHI MaTu Ba
B332€MOIIOB’ SI3aHUX mapu AHTUKOPO31HHOTO
3axucTy abo OyTH i3 BHYTpIIIHIM HAalOBHIOBaYEM
MOMDK JIBOMa CHCTEMaMH.

(3) B miciax ycTaHOBKH 3aXUMIB a00 3aKpiIuicHb
HEOOXiTHO BXKMBATH JIOJATKOBI 3aco0u 110JI0
AHTUKOPO3IMHOTO  3aXWCTy JJs  3amoOiraHHs
MIPOHUKHEHHS BOJIOTH.

4) TpancnopryBaHHs, CKJIaJyBaHHs Ta
00CIIyroByBaHHs — IUB. 101aTOK B.

4.2 AHTHKOPO3iiiHMIi 3aXUCT OKPeMHUX
JAPOTIB

(1) Koxuwmii craneBuii IpiT y CKJIaai pO3TATHYTUX
enieMeHTiB Tpyn B 1 C noBUHEH MaTH NOKPUTTS Ha
OCHOBI ITMHKOBOTO CILIABY.

(2) B po3TarHyTHX eleMeHTax rpymnu B mokpur-
TS Ha OCHOBI IIMHKY a00 Ha OCHOBI LIMHKOBOTO
CIUIaBy JJISi JPOTIB KPYIJIOTO Tepepi3y MOBHHHO
Oyt BukoHaHo 3rifHo 3 EN 10246-2, xnac A. [{ns
IpoTiB  (irypHOro mepepidy Take MOKPUTTS
MmOBUHHO Bigmosigatu BuMmoram EN 10264-3,
Kiac A.

Mpumitka 1. Z- noniOHui B mepepisi ApIT 3BHYAHHO
Mae OifbII TOBCTE TalbBaHIYHE IMOKPUTTA 13
pospaxyrky 300 r1/M? BpaxoByIOUH MOKIMBICTH
3MEHIIICHHSI TOBIIMHU TIOKPHUTTS HA TOCTPHX KyTax.

Ipumitka 2 : AHTUKOPO3iIHHUIA 3aXHUCT IPOTY 13
LIMHKOBOTO cIu1aBy ZN9SA1S € Oinbmn HagitHuM, HiXK
3aXUCT i3 MUHKY 0 HaKoBoi ToBmHA. Cra Zn 95 A
15 MOKe BUKOPUCTOBYETHCS JJIsl IOKPUTTS KPYTJIOTO 1
Z-niofiibHOTO B TIepepi3i APOTY SIK OCHOBHUIA 0 Ba3i
KOMITOHCHT.

(3) AHTHKOPO3iHHUIA 3aXHCT IPOTIB €IEMEHTIB, 10
po3TATYIOThCs TpynH C 3MIHCHIOETHCS BIATIOBITHO
1o EN 10138.
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against corrosion.

(2)  Group C tension components as defined
in Table 1.1 should have two layers of
corrosion protection systems with an interface
or inner filler between the two systems.

(3) At clamps and anchorages additional
corrosion protection should be applied to
prevent water penetration.

(4)  For transport, storage and handling, see
Annex B.

4.2 CORROSION PROTECTION OF
INDIVIDUAL WIRES

(1) Each steel wire within group B and C
tension components should be coated with
either zinc or zinc alloy compound.

(2) For group B tension components zinc
or zinc alloy coating for round wires should be
in accordance with EN 10264-2, class A. For
shaped wires coating should comply with EN
10264-3, class A.

NOTE 1: Generally Z-shaped wires are
galvanized with a thicker coating thickness of up to
300g/m2 to allow for a reduction in thickness on
sharp corners.

NOTE 2: Wires coated with a Zn95AlI5 alloy have
a much improved corrosion protection than
galvanizing with zinc of the same coating thickness.
Round and Z-shaped wires can be coated with a
Zn95AI5 basis weight.

3) For Group C tension components,
coating of wires should comply with EN 10138.
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4.3 3axucT Bi KOpo3ii BHYTPillIHLOT YaCTHHHU
PO3TATHYTHX eJIeMeHTiB, rpynu B

1) Bei  BHyTpimHI  KaHaTHI  MyCTOTH
3alOBHIOIOTHCS ~ AKTUBHMM  a00  MACHBHUM
HAINOBHIOBAaYeM, IO MPOTHAIE€ BOJO31, BUCOKIH
TeMreparypi abo BiOpartii.

Hpumitka 1 : Jlo kiacy akTHBHHX HAIlOBHIOBAdiB
BITHOCHTBCSL IOJIiypeTaHOBE MAaclio 3 MiJACTHIBHUM
mapoM i3 Gpapou 3 HMHKOBUM MHIIOM.

Mpumirka 2 : Sk macUBHUI BHYTPIIIHIN HAITOBHIOBAY
MOKE BHKOPHCTOBYBATUCH MEPMAHEHTHUH €IacTHYHO-
IUIACTUYHHUHA Bick a0o0 BYINIEBOXHWUN ToOdiMep i3
AIFOMiIHIEBHM HAIIOBHIOBAYaM.

Mpumitka 3 : BHyTpimiHe 3amoBHEHHS, BUKOHAHE Mij
9ac BHUTOTOBJIICHHS PO3TATHYTOI'O €JIEMEHTY, MOXe
BUIABIIOBATHCh TIPH WOTO HAaBaHTAXKEHHI, TOMY 3
4acoM  HEOOXiHO  mepeadauyuTH  IHII  3aXOAH
AHTHKOPO3iITHOTO 3aXHCTYy.

Mpumitka 4: BHyTpimHe 3aroBHEHHsI MOBHHHO OYTH
migiOpaHUM TakuM YUHOM, MO0 YHUKHYTH OYAb-IKOi
HECYMICHOCTI 3 IHIIMMH 3aXO0JaMH aHTHUKOPO3iHHOTO
3aXHUCTY, 1110 3aCTOCOBYIOTHCS U1l JAHOTO KaHATY.

4.4 AHTMKOPO3iliHUI 32aXMCT 30BHIIIHBOT
YACTUHHU PO3TATHYTHX eJIEMEHTIB
rpynu B

(1) IMicns 3aBepiieHHs: OyIiBHUIITBA TPUIMAIOTHCS
JIOJIAaTKOB1 3aXOJM MIOJ0 3aXHUCTy BiJ KOpo3ii i3
METOI0 KOMIIEHCAllli MOKJIMBOIO IOIMIKOPKEHHS
MPOTHKOPO31HHOTO 3aXUCTY Ta YTPATH IIHHKY.

IpumirTka: Takum 3aXUCTOM MOXeE Oyt
TIOJIIETHUIICHOBA 130JIALlisT YK 30araueHa MUHKOM Qapoa.
MiHimManbHa TOBIIMHA TONIETHIICHY IIOBHHHA OyTH
PIBHOIO 30BHIIIHBOMY JiaMeTpPy KaHaTy, MOALJICHOMY
Ha 15, ane He MeHIIA HIXK 3 MM.

Cucrema 3axWcTy Ha OCHOBI (apOM TOBHHHA, SIK
MiHIMYM, BKITFO4Yal04H B cede:

— JIBa TPYHTYBIBHUX INApU MOJiypeTaHy TOBIIMHOO
50 MKM 13 IIMHKOBUM ITHJIOM;

— JIBa 3aBepLIAJIbHUX IIApH IOJIiypeTaHy TOBIIMHOIO
125 MKM 13 CITFOI0F0, 110 MICTHUTH B COOI 3a1i30.
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4.3 CORROSIONPROTECTION OF
THE INTERIOR OF GROUP B
TENSION COMPONENTS

(1)  All interior voids within cables should
be filled with an active or passive inner filling
that should not be displaced by water, heat or
vibration.

NOTE 1: Active fillers are polyurethane-oil based
with zinc dust paint.

NOTE 2: Passive inner fillers can be permanent
elastic-plastic wax or aluminium flake in
hydrocarbon resin.

NOTE 3: The inner filling applied during the
manufacture of the tension components can
extrude when the component is loaded (bleeding),
so that other corrosion protection measures should
be timed accordingly.

NOTE 4: The inner filling should be selected to
avoid any incompatibility with the other corrosion
protection measures being applied to the cable.

4.4 CORROSIONPROTECTION OF
THE EXTERIOR OF GROUP B
TENSION COMPONENTS

(1)  After construction additional corrosion
protection measures should be applied to
compensate for any damage incurred and for
the loss of zinc.

NOTE: This protection may consist of
polyethylene sheathing or zinc rich paint. The
minimum thickness of polyethylene should be equal
to the outer rope diameter divided by 15 and should
not be less than 3 mm.

The paint system should comprise a minimum of:

— 2 x50 p m polyurethane with zinc dust prime
coats;

— 2 x 125 pm polyurethane with iron mica finishing
coats.



(2) Kanmatu i3 Hep»kaBiro4oro ApoOTy 1 KiHIIEBI
MydTH i3 HepxkaBitodoi craji 0e3 J0JaTKOBOTO
3aXHUCTY BiJ KOPO3ii MarOTh BiJMOBIJATH IMEBHOMY
KJIaCcy KOpO3iiHOi CTIHKOCTI.

Hpumitka 1. Harmionaneauii  JlomaTtok  Moxe
YCTAHOBJIIOBATH KIJIACH KOPO31MHOi CTIMKOCTI JUid
HepKaBitovol CTaIi.

Mpumirka 2: [Ipit 3 nokputTsaM i3 ciwiaBy Zn95A15
3a0e3redye B iACHTHYHMX yMOBaX B 3 pas3dW Kpairy
OTIPHICTh KOPO3ii, HIK TMOKPHUTTA i3 OLIBITMM BMiCTOM
JIUIIE OHOTO LIUHKY.

4.5 3axuct Big KOpO3ii pO3TATHYTHX
eaeMenTiB rpynu C

1) Po3Tsarayri enementu rpynu C 3BUYAHO
3aMHUKalOTh B 3aXHMCHY OOOJIOHKY i3 cTaneBoi abo
TMOJIIETUIICHOBOT TPYOKH, sIKa 3a/J10BOJIbHSIE BUMO31
BIIMIOBIAHAX  CTAaHJApPTIB, a MPOCTIp  Mixk
BHYTPIIIHBOI TIOBEPXHEIO 3aITOBHIOIOTH CYMIIIIITIO
3 QHTHKOPO3IMHUMH BJIACTUBOCTSAMHU a00 PIAKUM
[IEMEHTHUM PO3YHHOM.

2 Sk anpTepHaTHBA MOKE OYTH BUKOPHCTAaHA
TOJIIETUIICHOBA 000JI0HKa, chopMoBaHa
OesnmocepelHbO Ha KaHaTi, ab0 eMOKCHIHE
MTOKPUTTSI, HAHECEHE MOBEPX OKPEMHUX JKMYTIB abo
KaHaTiB.

(3) OO00/IOHKH, 1110 BUKOPUCTOBYIOTHCSA IS
3aXUCTy  KaHaTiB, MalTb OyTH  BUKOHaHI
HENPOHUKHEHHMH B MICHAX 3’€IHaHb iX 13
KIHIIEBUMH TSI KPIMJIEHHS 10 KOHCTpYyKuii. Micis
KpIIJIEeHb MOBUHHI OyTHM 3KOHCTPYMOBAaHHMMH Tak,
106 He 3°SBIISIMCA Ha HUX PO3PUBU Yy BUMAJKAX,
KOJIM 000JIOHKA MIJUISTae J1ii 3yCUib po3TATY.

4) [Tycrotn MaroTh OyTH  3allOBHEHUMH
CYUITbHUMHU BOJOHENPOXiIHUM MaTepiajioMm, 0
HE YMHUTh WIKI/UIMBUX JiH Ha poO3TIAryBaHi
€JIIEMEHTH, SK albTEepPHATHBA, KaHATH MalTh OYyTH
3aXUIIEHUMH MUIBIXOM IUPKYIIAIIT M 000JT0HKOIO
CYXOT0 MOBITPA.

Hpumirka 1: CyuminbHi BOAOHENPOXigHI MaTepiaiu
OyBaroTb M’SKMMH HAamoOBHIOBayaMH (Macia, Bick a0o

M’sKuid  mojiMep)  abo  TBepAuMH  (ILIEMEHT).
[MpunatHicTh HAIOBHIOBAYiB MTOBHHHA Oyt
BCTaHOBJIIEHAa  LUIIXOM  BunpoOyBanb.  [lepemik
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(2) Cables with stainless steel wires and
stainless steel terminations without
additional corrosion protection should comply
with the relevant corrosion resistance class.

NOTE 1: The National Annex may specify the
corrosion resistance classes for stainless steel.

NOTE 2: Zn95Al5-coated wires provide up to 3
times better resistance compared with heavy zinc
coated wires under identical conditions.

4.5 CORROSIONPROTECTION OF
GROUP C TENSION COMPONENTS

(1) Group C tension components should
normally be sheathed wusing steel or
polyethylene tube complying to relevant
standards with the space between the inside of
the sheath and the cable filled with a suitable
corrosion protection compound or cement
grout.

(2)  Alternatively polyethylene sheathing
extruded directly or epoxy coating over the
individual strands or cables may be used.

(3)  The sheaths used for the cables should
be made impermeable at the connections to
the anchorages. The joints should be designed
so that they do not break, when the sheath is
subjected to tension.

(4)  Voids should be filled with continuous
hydrophobic materials with no detrimental
effects on the tension  components.
Alternatively, the cable may be protected by
circulation of the dry air within the sheath.

NOTE 1: Continuous hydrophobic materials are
soft fillers, such as grease, wax or soft resin, or
hard fillers, such as cement. The suitability of the
fillers should be proved by tests. The choice of the
acceptable fillers may be specified in the National
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MIPUAHATHX HAIOBHIOBAYiB MOKEe OYyTH BKa3zaHUU Y
Hamionansaomy JlomaTtky.

Mpumirka 2 : 3axuct Big Kopo3ii Hecydynx BaHT
BHCAYMX MOCTIB TIOTpeOye CIeMialbHOTO TMiAXOMy.
[Ticast oOTHCHEHHSA KaHATYy HECY4Oi BaHTH IO MEBHOTO
MOTIEPEYHOT0 Iepepidy WOro MIUIBHO 00epTarTh i3
HATSDKIHHSIM M SIKUM IPOTOM 3 TaJIbBaHIYHUM
MOKPHTTSM, II0 HAKJIAJa€Thesl HA MIap 3aXHCHOI IacTH,
JOCTaTHIA [l TOBHOTO 3alOBHEHHS IYyCTOT MiXK
IpoTaMu 30BHILIHBOTO mapy KaHaTy Ta
oOMoTyBanbpHOTO ApoTy. Ilichs BHoaneHHS HaUIWIIKIB
MacTH 3 30BHIIIHBOI CTOPOHH OOMOTYBAJIBHOTO APOTY
MOKpHUTa rajJbBaHIYHIM LUHKOM MOBEPXHS
3agumaeTses 1 GapOyeThest. OcoOIMBOTO BiTHOMICHHS
MOTPEOYIOTH MICIIS KPIIJIeHh BAaHT BUCSYHUX MOCTIB, Jie
OoOMOTYBaJIbHUI JIPIT BiACYTHIH. Po3moBcromkeHUM
CrIoco00OM 3aXHUCTyY € CYIIiHHS HABKOJIO JKMYTIB KaHATY.

4.6 3axucT Bix Kopo3ii B Micusix 3’€IHAHD

(1)  ToBunwi Oytu  TpuWHHATI  3aX0AH
3aCTepeXeHHs U1 Toro, 100  3amobiratu
TIOTIaIAHHIO JIOMOBOI BOJM, IO 30ira€ 1o KaHarty, B
3aKMMH, CiJ1a 1 MicIisl aHKepyBaHHSI.

2 Micus  KpiluleHb BaHT [0 KOHCTPYKIIi
MaroTh OyTH 3arepMeTHU30BaHI.

5 PO3PAXYHOK BYJIBEJIbHUX
KOHCTPYKIIN

5.1 3arajbHi moJ0KeHH

(1) Po3paxyHOK BHUKOHYETbCS [0 TIPAaHUYHHM
CTaHaM JUIsl TAKMX PO3PAaXyHKOBUX CHUTYaIlii:

1 nepexinHa (a3a OyaiBHUIITBA;
2 TpuBaii YMOBU  €KCILTyaTarlii
3aBeplIeHHsI Oy 1IBHUIITBA.

micnus

5.2 Ilepexinna ¢a3za OyaiBHHITBA

1) IIportec  OynmiBHUIITBA, MO0  BKJIIOYAE
BUT'OTOBJICHHS, MIONIEPETHE HATSKIHHS 1
TEOMETPUYHY  CXeMY  CIOpYAH,  HEOOXIiTHO

MJaHyBaTH TaKUM YWHOM, II00 3a0e3MmeunTH
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Annex.

NOTE 2: Corrosion protection of main
cables of suspension bridges requires a special
approach. After compacting the main cable into the
required cross-sectional area the cable is closely
wrapped with tensioned galvanized soft wire laid in
a suitable paste sufficient to fill completely the
voids Dbetween the outer cable wires and the
wrapping wire. After removal of the surplus paste
from outside of the wrapping wire the zinc-coated
surface is cleaned and painted. Special treatment is
required for suspension bridge cable anchorages
where the wrapping wire is  removed.
Dehumidification of the air around the wires is a
common method of protection.

4.6 CORROSION PROTECTION AT
CONNECTIONS

(1) Provision should be made to prevent
rainwater running down the cable from
entering the clamps, saddles and anchorages.

(2) Cable structure connections should be
sealed.

5 STRUCTURAL ANALY

5.1 GENERAL

(1) The analysis shall be carried out for the
limit states considered for the following design
conditions:

1. the transient construction phase

2. the persistent service conditions after
completion of construction.

5.2 TRANSIENT CONSTRUCTION
PHASE

(1) The construction process including
forming cables, pre-stressing and the
geometry of the structure should be planned
such that the following conditions are attained:



JIOCSITHEHHS TAKMX CTaHIB:

- FTEOMETPHUYHA CXeMa CIIOPY/IH, 110 BUMAra€eThCs;

- PO3MOAUICHHS TMOCTIHHO MIIOYHMX 3YCHJIb TaKUM
YUHOM, M[00 BOHU 3aJ0BOJIBHSJIM BHMOTaM
eKCIUTyaTaIliiHol HaJiHOCTI 1 OE3MeKu s BCiX
IPaHUYHUX PO3PAXYHKOBUX CUTYAalliil KOHCTPYKIIi.

(2) [Jns  KOHTpOJIIO  BIAMOBIAHOCTI  3ax0jam,
3MIACHIOBAHMM Ha TMPOTSA3i BCHOIO  MPOIECY
OymiBHUIITBA (TOOTO BUMIPIOBAHHSM 30BHIIIHIX
pO3MipiB, CXHIJIIB, AedOpMalliif, 4acTOT 1 CHJI BiJ
Oyab-SKHX MOXIMBUX [iif), BCl PO3paxyHKH
MOBMHHI  3JIMCHIOBATUCh 3  ypaxyBaHHIM
MOCTIHHUX HaBaHTaXeHb, jAedopMalliii Ta IHIIKX
T,

(3) Tam, ne rpaHMuHI CTaHW 1O Oe€3melll ITiJ 4Jac
MOTICPEAHHOTO HATSOKIHHS KOHTPOJTFOIOTHCS
nudepeHIiHOBaHUMH TisIMHU TPaBITAIIHHUX CHJT
“G” 1 momepenHbOro HATSOKIHHA “P”, wacTkoBuMit
Koe(ilieHT OE3MeKH YFi, 110 BUKOPUCTOBYETHCS IS
P; moBuHeH OyTW BH3HAYCHWH Ui JIAHOTO
KOHKPETHOT'O CTaHy.

[pumitka : Y HamionansaoMy JlomaTky MOXYTh OyTH
BKazaHi yp,, (pekomenayerncs ypi=1,00).

5.3 MocrTiiini po3paxyHKoBi cTaHn
KOHCTPYKUIH mig yac ekcniyaraumii

(1) Jns Oynp-sikoi po3paxyHKOBOI CUTYyallii B
mporeci  ekcruryaramii moctiai mii G Bim cui
TSOKIHHS 1 TONEepeIHe  HaBaHTaXeHHsS  abo
nornepeaHe HaTsSKIHHA P MoBHUHHI OyTH 00’ €THaHH1
B mocTiiiHy airo G + P, gka BiamoBigae mocTiitHii
30BHIIIHIN T€OMETpIi CIIOpPYIH.

(2) HAna mnepeBipkd TIpaHUYHUX CTaHIB, SKi
3a0e3neuyoTh yMOBHM eKkcIutyatarii, mis G+P

MOBUHHA OyTM  BKJIOYEHA B  BIJANOBIIHY
KOMOIHAIlIl0O  HaBaHTaXeHb. [  mepeBipku
rpanngHoro crany EQU a6o STR  (mus.

EN 1990) mnocritini nii G+P mnoBunHI OyTH
MMOMHOXEHI Ha YacTKOBHM Koe(illieHT Oe3mexu
G sup » AKIIO BIUIMB TOCTIMHOT Jii 1 3MIHHMX [iiA
BHSIBJISIETHCSL HECTIPUSATIMBUM. SIKIIO TOCTiHI il
G+P BUABIAIOTBCS CHPHUSATIMBUMU, TO BOHHU
MOBUHHI OyTM TOMHOXEHI Ha  YacTKOBH
KOoe(ilieHT OE3MEKH Vg jnf.

np. ACTY-H b EN 1993-1-11:201X

- the required geometric form

- a permanent stress distribution that satisfies
the serviceability and ultimate limit state
conditions for all design situations.

(2) For compliance with control measures
throughout the entire construction process
(e.g. measurements of shape, gradients,
deformations, frequencies or forces) all
calculations should be carried out using
characteristic values of permanent loads,
imposed deformations and any imposed
actions.

(3) Where ultimate limit states during pre-
stressing are controlled by the differential
effects of gravity loads “G” and prestress “P”,
the partial factor vy, to be applied to “P” should

be defined for that situation.

NOTE: The National Annex may define vy,, the
value of y, = 1,00 is recommended.

5.3 PERSISTENT DESIGN SITUATION
DURING SERVICE

(1) For any persistent design situation
during the service the permanent actions “G”
from gravity and preloads or prestressing “P”
should be combined in a single permanent
action “G + P” corresponding to the permanent
shape of the structure.

(2) For the  verification of  the
serviceability limit states the action “G + P”
should be included in the relevant
combination of action. For the verification of
the ultimate limit state EQU or STR (see EN
1990) the permanent actions “G + P” should
be multiplied by the partial factor yg s, When
the effects of permanent action and of variable
actions are adverse. If the permanent actions
“G + P” are favourable they should be
multiplied by the partial factor yg .
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Hpumitka : B HarmionanmsHoMy JlomaTky MOXYTh
MPUBOJUTHCS BKA3iBKM HAa Te , B SKHX BHIIQJKax 3a
Mexero obnacti BukopuctanHs EN 1993 moxke Oytu
3aCTOCOBAaHWHM YaCTKOBUH KOE(IIIEHT OE3MEeKH yg IS

G+P.

(3) Sxmo B mporeci eKCIUTyaTamil HeNiHiiHI
nedeKTH  BHACHIIOK  aedopMariiii  eIeMeHTIB
BUABIATHCA 3HAYHHUMH, TO Il BIUIMBA MOBHHHI
OyTH BpaxOBaHi MPU poO3paxyHKax, TUB. 5.4.

5.4 HeniniliHi BILIMBY IPH YpaxXyBaHHI
nedopmanii

5.4.1 3arajabHi H0J10KeHHA

(1) IIpu po3paxyHKY KOHCTPYKIIiii TOBUHHI OyTH
ypaxoBaHi BILTUBHU AedopMalliil BiJ JaHIIOTOBUX
e(eKTiB, a TAKOK YKOPOUCHHS 1 IMOTOBXKEHHS
BHACJT1I0K MTOB3YUYOCTi.

5.4.2 Jlanumiorosi epexTn

(1) JIanmtorosi eeKTH MOXKYTH IPHIMATHUCS 10
yBar" NUISIXOM BUKOPHCTaHHS Moayis Et st
KOXHOI'O KaHaTy abo HOTro CErMEHTY

Ei=

ne E — Moxynb mpyKHOCTI kKaHaty, H/mm?;
W — TUTOMA Bara, 0 IpUiMaeThes 0 TaOIHII
2.2, Hmm®;
{ — n1oBXKUWHA KaHATY;
0 — Hanpy>XeHHs B BaHTI, H/mMm?, st craHiB,

BKa3aHUX B 5.3, NpuiMaeThCs pIBHUM OG+P-

5.4.3 Bniius aedopmaniii Ha KOHCTPYKIiO

(1) B po3paxyHkax i3 epekramu Ipyroro mopsiaky
(ypaxyBaHHS nedopmariiHoi reomerpii
KOHCTPYKIii) BIUIUB  3MIHHMX  HaBaHTaXCHb
MOBHHEH BPaxOBYBAaTH ITOYATKOBY Ie(POpPMOBaHY
reoMeTpuuHy (GopMy KOHCTPYKLIi BiJ MOCTIHHOTO
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NOTE: The National Annex may give guidance
where outside the scope of EN 1993 the partial
factor yg to “G+ P” may be used.

3) When nonlinear action effects from
deformations are significant during service
these effects should be taken into account,
see 5.4.

5.4 NON-LINEAR EFFECTS FROM
DEFORMATIONS

5.4.1 General

(1) The effects of deformations from
catenary effects and the shortening and
lengthening of the components including the
effects due to creep should be taken into
account.

5.4.2 Catenary effects

(1) Catenary effects may be taken into
account by using the effective modulus E; to
each cable or its segment:

E (5.1)
w? | 2E
1+ 124
E is the modulus of elasticity of the cable in

N/mm’

w is the unit weight according to Table 2.2 in
N/mm3

£ 1is the horizontal span of the cable
mm

c s the stress in the cable in N/mm’. For
situations according to 5.3 itis og,p .

in

5.4.3 Effects of deformations on the
structure

Q) For the an order analysis the action
effects due to variable loads should take into
account the initial geometrical form of the
structure due to the permanent loading “G + P”
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HaBaHTAXXCHHS U1 JaHoi Temmeparypu To. for a given temperature T,,.

(2) Hns po3paxyHKiB 13 edeKTamMH JIpyroro 2
MOPSAIKY TpH  OMLIHII  TPaHWYHUX  CTaHIB
eKCIUTyaTariiHoi HaJIMHOCTI Ii BIUIMBH ITOBHHHI
BU3HAYATUCS 3 BHUKOPUCTAHHSIM XapaKTEPHOTO
CIIOJTyYeHHS HaBaHTaXXeHb. Llel BIMB Moxxe OyTh
BUKOPUCTAaHUU JUIA TIEPEBIPKH TPAaHUYHHUX CTaHIB
o Oe3menti 3riguo 7.2.

For the 2nd order analysis at
serviceability limit state the action effects
should be determined using the characteristic
load combination. These action effects may
also be wused for wultimate limit state
verifications according to 7.2.

(3) B pospaxymkax i3 edexramn Apyroro mopaaky —(3) For 2" order analysis for the non-linear

UL OUIHKM  HEJIHIMHOL TOBEIIHKH KOHCTPYKIUL — hehayiour of structures (over-linear structural
(neninifita peaxiis KOHCTPYKUID) IPU BUSHAYCHHI  ragnonse) at the ultimate limit state the required
rpaHuqHOi  MiuHocTi  moTpibma  mocTiHA  permanent geometrical form of the structure at

TeoMETpHHa opMa KOHCTPYKLIT MPH TO4ATKOBIH the reference temperature TQ should  be
remneparyplt T,  MOBMHHA - MPUAMATHCA B ompnined with the stresses due to “yg (G

OiHari “ G + . :
KOMDIHatbIx HaBaHTfmeHL . 7e ' + P)”. Design values of the variable
P)”. Po3paxyHKOBI 3HaYCHHS 3MIHHHX BHJII/IBIB‘Y actions Y o Qu VY le ,Q, may be applied
Q Qu *V ¥ 2Q 2 MOXyTH mpuiimatHCs i3 together with the appropriate assumptions for
BiMIOBI/IHUMH  JIONlyCKAMH HA HEJOCKOHAIICTH the imperfection of the structure.

KOHCTPYKLII.

Ipumirka : [{nsg BU3Ha4eHHS ) OuB. 5.3 (2). NOTE: For yg see 5.3(2).
6 TPAHUYHI CTAHU 11O BE3IIEII 6 ULTIMATE LIMIT STATES
6.1 Cucremu i3 pO3TATHYTUMH CTPHKHAMHU 6.1 TENSION ROD SYSTEMS

(1) Cucremu i3 poO3TATHYTMMH CTPHXHAMH (1)  Tension rod systems should be
MOBHHHI  OyTW po3paxoBaHi 13 ypaxyBaHHAM  designed for the ultimate limit state according
IrpaHUYHUX  CTaHIB 1o  0Oe3memi  3TiIHO to EN 1993-1-1 or EN 1993-1-4
EN 1993-1-4 B 3anexHOCTI Bij MapoK CTaJ'Ii, 110 depending on the type of steel used.
BUKOPHUCTOBYETHCS.

6.2 IlonepeaHbO HANPY:KEHi CTPUIKHI Ta 6.2 PRE-STRESSING BARS AND
ckJ1aioBi esjeMeHTH cucremu rpyn B i C GROUP B AND C COMPONENTS
(1) P Imst rpaHU9YHOTO CTaHy MO MIITHOCTI MOBUHHA (1) P For the ultimate limit state it shall be
BHUKOHYBATHCh YMOBa verified that
Fed
<1, (6.1)
Frd
ne Fed — po3paxyHKoBe 3HAU€HHS OCHOBHOTO where Fgq is the design value of the axial
3YCHILIS, IIO i€ HA KAHATH; rope force
Frd — po3paxyHKOBHI1 OMIp PO3TATYBAHHIO. Frqis the design value of the tension resistance.
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(2) PoszpaxyHkoBHWil oOmmip poO3TATYBaHHIO FRrd
npuiiMaeThes o popmyoti:

Fra= min{

ne Fuk — HOpMaTuBHE 3HAYCHHS PO3PHUBHOTO
3YCHJIUIS,;

Fk — HOpMaTHBHE 3HaYCHHS TPAaHUYHOTO 3yCHILIIS
PO3TATHYTOTO €JIEMEHTa, 3TiIHO Tabmuii 6.1

YR — YACTKOBHM KOE(IIIEHT OC3IMEKH.

(2) The design value of the tension
resistance Fg4 should be taken as follows:

Lk, T} 6.2)

15vz” ¥a

where Fu is the characteristic value of the
breaking strength,

Fk is the characteristic value of the proof
strength of the tension component as given in
Table 6.1;

yr IS the partial factor.

Tabauus 6.1-/{omycTumMuii omip po3TATHYTOTO eIeMEHTa

Table 6.1- Proof strength of tension components

I'pyna Bignosignuii crangapr Jomycrummii omip Fk
Group Relevant standard Proof strength Fk
A EN 10138-1 Fo,1k *)
B EN 10264 Fo,2k
Cc EN 10138-1 Fo,1k

*)  For prestressing bars see EN 1993-1-1 and EN 1993-1-4

*) Jlnst nonepeHbo Hanpyxenux cranis auB.EN 1993-1-1 i EN 1993-1-4

Mpumirka 1: Fy BiAnoBigae HOpMaTHBHOMY 3HAYCHHIO
MaKCHMaJIbHOI MIITHOCTI Ha PO3TAT.

Ipumirka 2: [lepesipka FxrapanTye, 1o e eneMeHT
3aJIMINAETHCS THYYKUM, KOJNH BIUIMBH JOCSATHYTH iX
PO3PaxyHKOBOTO 3HAYEHHS. Hus €JIEMEHTIB
(HampuKiIal, KaHaTH 3aKPUTOTO CILICTIHHS), e Fr > Fu
/1,5, us mepeBipka He mOTpiOHA.

Mpumitka 3 : Tlo pesynpTaram BUNPOOYBaHb MpH

JIOCTaBIIl BKa3y€eThCH, 110 eKCIIepUMEHTATbHI
HOKa3HUKA Fuk. 1 Fye 3a10BOJIBHAIOTE BUMO3I:

- Foke> Fuiy

- Fre > Fr

Jus. EN 12385, yactuna 1.

Mpumirka 4 : YactkoBuii koedimieHT Oe3MeKH YR
Moyke OyTH Bkazanui y HarionaneHomy Jlogatky.
Moro 3HaYCHHS 3aJIeXKHUTh Bijl TOTO, PUAMAIOTHCS a00
Hi 3aX0[M 10 KIHIIEBHMKIB BaHT, 11100 3MEHIIUTH
3TUHAJIBHI €JIEMEHTH BiJl iX CKpy4YeHHsI, JuB. 7.1.
3HaueHHs YR B Ta0MIll 6.2 MalOTh PEKOMEHIAIIHHHI
xapakrep.
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NOTE 1: F, corresponds to the characteristic
value of the ultimate tensile strength.

NOTE 2: The check against F, ensures that the
component will remain elastic when the actions
attain their

design value. For components (e.g. fully locked coil
ropes) where Fi> Fyu /1,5 this check is not required.

NOTE 3: By tests on delivery it is
demonstrated that the experimental values F .
and F,, satisfy the requirement

- Fuke > Fury

- Fre > Fp

see EN 12385, Part 1.

NOTE 4: The partial factor yr may be specified
in the National Annex. The value is dependent on
whether or not measures are applied at the rope
ends to reduce bending moments from cable
rotations, see 7.1(4). The values for y; in Table
6.2 are recommended.
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Taoauus 6.2 - 3Ha4eHHS YR, 10 PEKOMEHIYIOTHCS
Table 6.2 - Recommended yr, values

3axoau 1010 3rMHAJILHUX MOMEHTIB B MicUSIX 3aKpillsIeHHs
Measures to minimize bending stresses at the anchorage TR
Taxk
Yes 0.90
Hi
No 1,00
(3) Hnsa momepenHbO HAMPYXKEHUX CTaHIB 1 (3) For prestressing bars and group C
pO3TATHYTUX eneMeHTiB rpynu C HOpMaTHBHE tension components the characteristic value of
3HAYEHHS MIIHOCTI Ha PO3PUB BU3HAUAETHCS MO the breaking strength should be determined
dopmyi from:
Fuk = Am tuk (6.3)
ne Am IUIOIIA TOIEPEYHOro Tepepily MeTaaeBol where An is the metallic cross-section, see
yacTUHHU, TuB. 2.3.1; 2.3.1;
fuic - HOPMaTHBHE 3HAYCHHS MIIHOCTI Ha PO3pUB fucis the characteristic value of the tensile
CTPHIKHIB IpOTY abo TIONCPEAHBO HAMPYKCHHX strength of bars, wires or (prestressing)
JKMYTIB, 3T1JTHO BIAMOBIAHOMY CTaHAAPTY. strands according to the relevant standard.
(4) Anst po3TATHYTHX eleMeHTiB rpynu B Fuk (4) For group B tension components F
BU3HAYAETHCS TAKMM YHHOM should be calculated as:
Fuk = Fmin ke ’ (64)
ne ke — koedilieHT BTpat, MpUBEICHUN B TaOIHILI k. is the loss factor given in Table
6.3 JUIsl IEIKMX TUIIB KiHIEBUX 3KUMIB (MydT); where F.,, is determined according to EN
Fmin — Bu3HauaeThed 3rigqao EN 12385-2: 12385-2 as:
Kd'r,
F:'."_:'n = 1000 ° KH; (65)
ne K — miHiManpHUi KoedilmieHT BIUIMBaHHS Ha where K is the minimum breaking force
pO3pHB, TNpHHMAOYU 0 YyBard BTPaTH NpHU factor taking account of the spinning loss;
3KpY4yBaHHI;
d — HOMiHABHUH TiaMeTp KaHATy, MM; d is the nominal diameter of the rope in mm;
Rr — mapka kaHaty, H/Mm?, R, is the rope grade in N/mn’.
Ipumitka: k, d, Rr Bkasani 1151 BCix KaHartis 3riqHO NOTE: K, d, R, are specified for all ropes in the
3 EN 12385-2. EN 12385-2.

27



np. ACTY-H b EN 1993-1-11:201X

Tab6auus 6.3 - Koeoirient Brpar Ke
Table 6.3 - Loss factors k,

Tun 3a:KuMy Koediuient Brpar K,
Type of termination Loss factor k,
KanatHwuii 3aMOK, YIIITbHEHUH METAIIOM 10
Metal filled socket '
KanatHuii 3aMOK, yIIUIBHEHUH HOTIMEPOM/EMaIITIO
oo 1,0
Resin filled socket
Ietns i3 00THCHEHOO MY(TOO 09
Ferrule-secured eye '
[lItamnoBaHuii 3aMOK 09
Swaged socket '
U — monioHuit 601T/XOMYT 0.8%)
U-bolt grip '

*) For U-bolt grip a reduction of preload is possible.

*) It U — moziGHOTO 60ITa — XOMYyTa MOXK/IMBE 3HAYEHHS [TOMEPEIHBOT0 HATSDKIHHS

6.3 CinJia
6.3.1 'eomeTpuuHi yMOBH

(1) Ha pucynky 6.1, a takox B (2) 1 (3)
NpUBEJCHI ~ TEOMETPUYHI  BUMOTH,  KOJH
HaNpYy>KCHHSIMHA BHACIIOK KPHBHU3HU JPOTY B
PO3paxyHKy MOXKHA 3HEXTYBAaTH

1 — xanar;
2 — cimo;
L — noBkuHa KMyTa/KaHaTy MDK JBOMa

TEOPETUYHHMH TAHTEHINIAbHUMHA JOTHUYHUMHU
ToukamMu 71 TpU HaWOUIBI HECTIPUSTINBOMY
XapakTepHOMY CTOJyYeHHI HABaHTAKEHb 1
JIQHITFOTOBUX BIUIHBIB.

al2 — nonaTkoBa nyra o0OXBaTy;

d’- mmpuHa KoHTAKTY.

6.3 SADDLES

6.3.1 Geometrical conditions

(1)  Where the saddle proportions meet the
requirements given in Figure 6.1, (2) and (3),
stresses due to curvature of wires may be
neglected in the design.

1 strand/rope

2 saddle

Lo length of strand/rope between the two
theoretical tangent points T1 under the most
unfavourable characteristic combination of
loads and the catenary effects

AL, additional length of wrap

d’ is the contact width.

PucyHnok 6.1 - Yxiananas kaHaTy 10 CLITy
Figure 6.1- Bedding of a strand/rope over a saddle
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Mpumirka: Bigmosigaicts BuMoram (1) mpHBOAMTE 110 NOTE: Compliance with the requirements in (1)

SHIYKEHHS OITOPY Ha PO3PHUB XKMYTa i KaHATY He OijIbIe above will result in the breaking resistance of the

3%. strand and rope being reduced by not more than 3
%.

(2) Paniyc cima moBuHeH OyTH HE MEHIIUM, HiXK (2 The radius r1 of the saddle should not be

Oinbma 3 nBox BenuuuH: 30d ado r1 > 4000; less than the greater of 30d or r, > 4009,
. where

ne @ — AiameTp apory; @ is the diameter of wire;

d — niamerp KaHary. d s the diameter of the cable;

(3) Buauenus ri, moxke Oytu 3menmreHo xo 20d, 3) The value of r; may be reduced to 20d
JKIIO OCHOBAa KaHaTy He MeHmie HiK Ha 60 %  when the bedding of the rope on at least 60%
miametpy mokpurta MinEEM  Metagom  abo  Of the diameter is coated with soft metal or zinc
[IUHKOBMM HAIMJICHHSIM TOBIIHHOKO 1 MM. spray with a minimum thickness of 1 mm.

(4) Menmi pagiycu MOKYTh OyTH BUKOpucTaHi st (4) Smaller radii may be used for spiral
CHipaJbHUX KaHATiB, SIKIIO II€ IMiATBEPUKYETHCS ropes where justified by tests.
BUIIPOOYBAHHSIMH.

Mpumitka : Touku cimma 7; i 7> moBuHHI OyTH NOTE: The locations of T, and T, should be

BM3HAUYCHI I BIANOBIIHUX BHUIIAJIKIB HABAHTAXKEHHS, determined for the relevant load cases taking into
NpHUHMarody JI0 yBaru pyx oIop i BaHT. account the movements of bearings and cables.
6.3.2 IIpokoB3yBaHHsI BaHT B Ciljiax 6.3.2 Slipping of cables over saddles

(1) 11lo6 3amo6iraTu mpokos3yBanHio, HeoOxinme (1) ~ To prevent slippages the following

BUKOHAHHS TaKUX YMOB condition should be met:
Fea Ha
maxy— —— f<eyv———§ 6.6
U Fset— 5 (6.6)
ne Fest 1 Fewe — pospaxynkosi 3nadenHs  Where Fgy, and Fgy, are the design values of
MaKkCHMaJIbHOro 1 MiHiManeHOrO  3ycumis  the maximum and minimum force respectively
BIJIMIOB1/THO HAa KOXHI! CTOPOHI BaHTH; on either side of the cable;

1 — KOCGHIERT TEpTA M BAHTOIO i CLIUIOM; M is the coefficient of friction between cable and
saddle;

0. — KYT BaHTH, 1110 IPOXOJIUTh YEPE3 CITI0, pas; a is the angle in radians, of the cable passing
over the saddle;

YMf2 — YaCTKOBHUI Koe(iuieHT Oe3reku st omopy  py ¢ is the partial factor for friction.

TEPTIO.

IMpumitka: YactkoBuit KoedimieHT OE3MEKH Ym,fr MOXKE NOTE: The partial factor vy, may be given in the
Oytu BkazanuM B HanionansHomy Jlogatky. 3HaueHHs, National Annex. The value vy, = 1,65 s
1110 PEKOMEH TY€ThCS yme=1,65. recommended.

(2) Sxwo ymosa (1) He 3angoBombHsETBCS,  (2)  If (1) is not satisfied, clamps should be
29
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HEOoOX1IHO nepeadavynuTH 3KAMA TUTS
BUHUKHEHHS JTOJIATKOBOT paJialibHOT CHIIM 3a)KUMa
Fr, Takoi, 11100

k Fr,u
™, 12
Fed

{

Fedi-

<e

ne k — 3Buyaiino nopiBHioe 2,0 , SKIIO Ma€e MicIie
MOBHE TepTsd MK Ia3aMu/KaHaBKaMH cimia 1
3KUMOM, Ta Fr He mepeBuILye Omip BaHTH CHIIAM
3aKUMY, 11B.6.3.3, iHakmre K= 1;

YM,fr — YACTKOBUM KOe(ilieHT Oe3NeKH I Omopy
TepTs.

(3) Ilpm Bu3Hauenni Fr Bim moONEpenHBO
Hanpy>KeHUX OONTIB TOBHHHI OYTH pPO3IJISAHYTI
TaKi BIJIUBU:

a) TpUBAJIa TIOB3YUiCTh;

b) s3MeHIIeHHS miaMeTpy, SKIIO 30UIBIIYETHCS
HATSOKIHHS,

C) CTUCHCHHS BaHTH a00 OBaJILHICTD;

d) 3MeHIICHHS TONEPEIHHOI0 HABAHTAXKCHHS B
00JITaX XOMYTIB 30BHIIIHIMHA CHJIAMU;

€) Pi3HUIIS TEMIIEPATYpP.

6.3.3 IlonepeyHnii THCK

(1) Ilomepeunuit TUCK (ed BHACHIOK paaialibHOL
CUJIH 32)KUMY IIOBUHEH OYTH OOMEKEHUM JI0

Qed

provided to impart an additional radial

clamping force Fr such that

Mo
™, £2

1

(6.7)

where k is normally as 2,0 where there is full
friction developed between the saddle grooves
and the clamp and Fr does not exceed the
resistance of the cable to clamping forces, see
6.3.3, other k =1,0

g 1S the partial factor for friction resistance.

(3) In determining F, from preloaded bolts
the following effects should be considered:

a) long term creep;

b) reduction of diameter if tension is increased;
c) compaction/bedding down of cable or
ovalisation;

d) reduction of preload in clamp bolts by
external forces;

e) differential temperature.

6.3.3 Transverse pressure

(1) P The transverse pressure gg due to the
radial clamping force F, shall be limited to

<1, (6.8)
Ord
ae where
L
Ged= g1, !
Ta
06d<d'<d
(d' - nuB. puc. 6.1 B);
Gn, = B
e YuMped
TYT Ork — TpaHWUYHE 3HAUCHHS THUCKY B gre IS the limiting value of the transverse

MOTIEpEYHOMY TIepepisi, sike Mae OyTH BU3HAYCHUM
3TiTHO Pe3yJbTaTiB BUIIPOOYBAHb;
Yupeg — YACTKOBUH KOSPIIIEHT OE3MEKH.

Mpumitrka: [Ins po3paxyHKy Ord THCK Bimx Feg, He
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pressure which shall be determined from tests;
Yunsa 1S the partial factor.

NOTE: For calculating ggy the pressure from Fgy,



noTpedye po3risiay, 00 e Bxe npueeneHo B 6.3.1.

(2) IIpm BimcyTHOCTI JaHMX BUIPOOYBaHb
TpaHWYHI 3HAYEHHS THCKY B IOMEPEYHOMY
nepepizi grk IpUMUMarOTh 1o TabmuIl 6.4

Tadauus 6.4 — ['pannyHi 3HaYEHHS (Rk
Table 6.4 - Limiting values grxk

np. ACTY-H b EN 1993-1-11:201X

need not be considered as it is covered by the rules
in6.3.1.

(2) In the absence of tests the limiting
values of the transverse pressure ggy should be

obtained from Table 6.4.

Tun BaHTH

Ork [H/mm?]
Ork [N/mm?]

Type of cable

Cranesi mydru i cinna
Steel clamps and saddles

AMopru3aniiini 3axnmMu/mydTu Ta
cimia
Cushioned clamps and saddles

Kanar 3aKpUTOTO CILICTIHHS

Spiral strand rope

Fully locked coil rope 40 100
KanaT cmipansHO-
KMYTOBHH 25 60

IMpumitka 1: BuxkopucTaHHs TpaHUYHUX 3HAYEHb Rk
OpU YMped = 1,0 HOBUHHO MPUBECTU IO 3MEHILIECHHS HE
Oinpine Hixk Ha 3 % MIIHOCTI Ha PO3PUB BaHTH.

MpumiTka 2: 3aXUMH MOBHHHI MaTH 3aXMCHHUU Imap
M’SKOTO MeTaTy a0 HaIMJICHOTO IIMHKOBOTO ITOKPHUTTS
MIHIMaJIbHOI TOBIIMHHU 1MM.

6.3.4 IIpoexTyBaHHs ciges

(1) Cinna po3paxoBylOTh Ha 3yCHJUISI B BaHTI, SIKE
nopiBHIOE 100yTKy KoedimieHTy K Ha po3pHBHE
3ycusuts Fuk kaHaTiB.

IMpumitka: Koeodiuient k moxe OyTu BkazaHuM y
HarionansHoMy [losiaTKy; 3HaYEHHS, 1110
pekomenayethest, k=1,10.

6.4 3axumu
6.4.1 IlIpokoB3yBaHHS 32:KHUMiB

(1) P Skmo 3axumu mepenarTb IO370BKHE
3yCWJUII Ha BaHTHU, a MEXaHIYHI YacTHMHHU He
CKpiIJieHI pa3oM (puUCyHOK 6.2), MPOKOB3yBaHHS
3armo0iraeThcs MEPEeBipKOI0

(FEar + Fr) u

NOTE 1: The use of the limiting values gg, with
Ymped = 1,00 should lead to a reduction of not more
than 3 % of the breaking strength of the cable.

NOTE 2: Cushioned clamps should have a
layer of soft metal or sprayed zinc coating with
a minimum thickness of 1 mm.

6.3.4 Design of saddles

(1) Saddles should be designed for a cable
force of k times the characteristic breaking
strength F,, of the cables.

NOTE: The factor k may be specified in the
National Annex. The value of k=1,10is
recommended.

6.4 CLAMPS

6.4.1 Slipping of clamps

(1) P Where clamps transmit longitudinal
forces to a cable and the parts (see
Figure 6.2) are not mechanically keyed
together, slipping shall be prevented by
verifying

Fed <

e Fed - KOMIIOHCHT 30BHIIIHBOT'O

nyz

: (6.9)
where Feqdis the component of external design
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PO3PaxyHKOBOTO HABAaHTAXCHHS, MapaieIbHOTO
BaHTI,;

Fed1 — KOMIIOHEHT 30BHIIIHBOTO PO3PAXyHKOBOI'O
HABaHTAXCHHS, MEPICHIUKYISIPHO 10 HAMPSIMKY
BaHTH,

Fr — pamianpHa cuia 3axuMy, sSika MOXe OyTH
smenmesa 10 0;

M - koedimient Teprs;
YMf — 4ACTKOBHI Koe]illieHT Ge3MeKu Ui onopy
TEPTIO.

Mpumirka 1: YactkoBuil KoedilieHT Oe3MEKH pmf2
Moxke Oytm Bkazanuit y HamionampaoMy Jlomatkys;
3HAYEHHSI, 1[0 PEKOMEHAYEThCS, Ym,i2=1,65.

Hpumitka 2: F, moxe Oyt 30imbpI1eHa 200 3MEHIIIEHA
30BHIIIHIME ~ 3YCHJUIIMH  3TiJHO  XapakTepy  iX
NPUKIIAJACHHS 10 3)KUMY BaHTH.

6.4.2 IlonepeyHunii THCK

(1) Iomepeunuii TUCK y 3B’S3KY i3 THM, II0 MOXE
Oytu BxuTa Oinpiia 13 BenuuuHU Feq1 abo
Fea1+ Fr, moBuHEH 3a10BOILHSATH BUMOram 6.3.3.

6.4.3 IIpoexkTyBaHHS 32:KUMiB

(1) 3axumu Ta 3’€AHYBaJbHI  €JIEMEHTH
(Hampukiaa, TMIABICKM A0  HECYy4yoi  BaHTH)
pPO3PaxOBYIOTbCA Ha TEOPETHUYHO PO3paxOBaHE
3yCWIlIs, K€ JOPIBHIOE 100yTKY Koedimienta 1,15
Ha HOpPMaTHBHE 3HAYEHHS TPAaHUYHOIO 3ycHilis F
pO3paxoBaHUX JOMOMDKHUX €JIEMEHTIB  (JIUB.
PHUCYHOK 6.2).

Mpumitka: Fy He Mae pssMOTO 3B’S3KY 13 TPAHUYHUMH
cranamu (ULS). Tlpu BukopuctanHi Fy BHKOHYETBCS
PO3paxyHOK Ha BIUIMB MaKCHUMAaJbHOTO JOITyCTUMOTO
HaBaHTAXXCHHS.
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load parallel to the cable;

Fea1 Is the component of the external design
load perpendicular to the cable;

Fris the radial clamping force considered that
may be reduced by items in 0(3);

M is the coefficient of friction;
ym2 IS the partial factor for friction.

NOTE 1: The partial factor y,, ;, may be specified in
the National Annex. Ymg = 1,658
recommended.

NOTE 2: Fr may be increased or reduced by
external forces according to the manner in which
they are applied to the cable clamp.

6.4.2 Transverse pressure

1) The transverse pressure due to the
application of the greater of Fgq10r
Feq1+Fr should meet the requirents of 6.3.3.

6.4.3 Design of clamps

(1) Clamps and their fittings connecting
components such as hangers to a main cable
should be designed for a notional force equal
to 1,15 times the proof force F, of the
secondary components clamped, see Figure
6.2.

NOTE: Fk is not directly related to ULS. By the
use of F, capacity design is applied.
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1 — oTBip U1 MONIEPETHBO HATATHYTUX OONTIB;
2 — pagianbHa cuiia 3aKumMy Fr Bif
MOTNIEPETHHOTO HATSKIHHS OOJITIB.

1 hole for preloaded bolts
2 preload Fr from preloaded bolts

Pucynok 6.2 - 3axxum
Figure 6.2 - Clamp

7 TPAHAYHI CACTEMHU IO
3JIATHOCTI IO HOPMAJIBHOI
EKCILTYATAII

7.1 Kpwurepii 31aTHOCTI 10 HOPMAJIBHOL
eKCIuTyaTanil

(1) BpaxoByroTbcst Taki KpuTepii A0 HOPMaJIbHOL
eKCIUTyaTarlii:

1 nedopmariii abo BiOparii;

2 Ipy’XHI YMOBH PEKUMY POOOTH.

Mpumitka 1. OOmexenns no npedopmaiiisMm abo
BiOpalisiM TOB’si3aHi 13 HEOOXITHICTIO HOPMYBaHHS
JKOPCTKOCTI ~KOHCTPYKTHBHOI ~ CXeMH, pO3MIpiB i
MOTNIEPETHHOT0 HATSHKIHHS PO3TATHYTHX BHCOKOMIITHUX
€JIEMEHTIB, a TaKOX BEJIMYUHH OTIOPY HMPOKOB3YBAHHIO
KpIIJICHb.

Mpumitka 2: OOMexeHHS 1O 30€peXECHHIO MPYKHOT
po0OTH 1 JTOBrOBIYHOCTI OB’ sI3aH] 13 MAKCUMAaJIbHUMH 1
MiHIMAIBHUMH ~ 3yCWIIISIMH  (HAIIPY)KEHHSIMH)  JUIS
CIOJY4YeHb HaBaHTaXEHb, CYTTEBUX JUIS MPHAATHOCTI
JI0 HOPMAJIBHOT eKCILTyaTaIlii.

(2) HampyxeHHss BUTrMHY B 30HI KpIIUICHHS
MOXXYTh OyTH 3MEHIIIEHI BiAMOBIIHUMHU 33aX0JaMHU
(HampuKaA, HEONPEHOBUMM MIAKIAJAKAMH  JUIS
MOTIEPEYHOr0 HABAHTAXKEHHS ).

7 SERVICEABILITY LIMIT STATES

7.1 SERVICEABILITY CRITERIA

(1) The following serviceability criteria
should be considered.

1. Deformations or vibrations;

2. Elastic service conditions.

NOTE 1: Limits for deformations or vibrations
may result in a stiffness requirement governed by
the structural system, the dimensions and the
preloading of high strength tension components,
and by the slipping resistance of attachments.

NOTE 2: Limits to retain elastic behaviour and
durability are related to maximum and minimum
values of stresses for serviceability load
combinations.

(2) Bending stresses in the anchorage zone
may be reduced by suitable measures (e.g.
neoprene pads for transverse loading).
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7.2 I'paHu4Hi HANPYKEeHHS

(1) I'pannuHe HampyKeHHS MOXKe OyTH BKa3aHO
JUIS. pO3paxyHKOBUX KOMOIHAIli HaBaHTAKEHb 3
TaKUMHM LIJSIMU:

— YTpPUMaHHS HANPYyXEHb B MeXaxX MPYKHHUX
nedopmarii TUTS BIJIIIOBITHUAX CUTYyarlii
KOHCTPYKILIA Ha cTaaisx OymiBHUITBA 1 Mif Yac
eKCIUTyaTarii;

— oOmexenns naedopmamiii, o0 3amooirTH
MOJKJINBOMY HETaTHMBHOMY BIUTMBAaHHIO Ha 3aXOJIH
3aXHCTy BiJ KOpo3ii, TOOTO pO3TPiICKYBaHHIO
000JIOHOK, TBEPAIHHIO HAIIOBHIOBAYIB, PO3KPHUTTIO
CTHKIB 1 T. 1., @ TAKOXX ypaxyBaHHIO HETOYHOCTI B
pO3paxyHKax Ha YTOMIICHICTb;,

— mepeBipok Ha ULS (rpanmunux craHiB 1o
Oesrierni) Bijx JIIHIHHUX Ta HETIHIMHUX peakIid Ha
BILTUBH.

(2) 'pannuHi HaNPYKEHHS 3aJI€XKaTh BiJ] MIIIHOCTI
Ha PO3pHB

Ouk =

nuB. hopmymy (6.3).

Hpumitka 1: Hamionanpamii  JlomaTtox moxe
BKa3yBaTH 3HAYCHHS T'PaHUYHUX HANPYXKEHb feonst 1
fsuis . 3HaueHHS TPaHUYHUX HANpPYXKEHb, IO
PEKOMEHAYIOTBCSA, JUIA  CTamil OymiBHMITBA  feonst
HaBeZieHI B TaOmuii 7.1 Ta TpaHWYHHUX HaIpPYKEHb
JUTS yMOB eKkcrutyarariii fsi s — B Tabmurii 7.2.

IpumiTka 2: ['paHn4Hi HaNIPY>KEHHS BU3HAYAIOTH 110
dhopmyi

7.2 STRESS LIMITS

(1)  Limiting stress may be specified for the
characteristic load combination for the
following purposes:

— to keep stresses in the elastic range for
the relevant design situations  during
construction and in the service phase;

—  to limit strains such that corrosion control
measures are not affected, i.e. cracking of
sheaths, hard fillers, opening of joints etc., and
also to cater for uncertainty in the fatigue
design;

—  ULS verifications for linear and sub-linear
structural response to actions.

(2) Stress limits should be related to the
breaking strength as follows:
Fuk

Am

see equation (6.3)

(7.1)

NOTE 1: The National Annex may give values
for stress limits f,, and fgs Recommended

values for stress limits fconst are given in Table

7.1 for the construction phase and for stress limits
fs s In Table 7.2 for service conditions.

NOTE 2: The stress limits follow from

0,66 o uk

Feonst = 7 Uk =
1,50 yr e
npu
¥r¥r=1,0x1,10=1,10 — a1 KOPOTKOTPHBAIHX
CTaHiB;

¥&¥==1,0x1,20=1,20 — 111 JOBrOTPUBAIIMX CTAHIB.

Hpumirka 3: I'pannyni HanpyXeHHS BU3HAYAIOTH IO
dhopmyi

— , (7.2)

with

¥z ¥r=1,0x1,10=1,10 for short term situations
¥r¥r=1,0x1,20=1,20 for long term situations

NOTE 3: The stress limits follow from

F _ 0 uk _ 0,66 O uk
BT L50yrye T YRYE , (7.3)
ge ye¥r=0,9x1,48=133 - 3 ypaxyBaHHIM Y= ¥r=0,9x1,48=1,33

Hanpy>XeHb BiJ] BUTHHY;

¥r¥r=1,0x1,48=1,48 — 6e3 ypaxyBaHHs HanpyKeHb
BiJl BUTUHY.

ne yr=¥=1,50%1,48
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with bending stresses

¥=¥==1,0x1,48=1,48 without bending stresses
where

¥r=¥,=1,50¥1,48



Ipumitka 4 : ['pannyHe HAPYKSHHS
f515=0,457,,;, BUKOPUCTOBYIOTh JIJIsl BUIIPOOOBYBaHb,
TTUB. TOaTOK A.
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NOTE 4: The stress limit fg s = 0,45 o, is used for
testing, see Annex A.

Taoauus 7.1 - ['paHuyHi HaNpYy)KEHHS JUTS CTai1l OyaiBHUITBA feonst
Table 7.1 - Stress limits f,, for the construction phase

Cranist MOHTa:Ky
Stage of installation

fCOI’]St.

[Ipu ycTaHOBII EPIIAX €IEMEHTIB Ha MPOTA31 KUTBKOX TOINH
First tension components for only a few hours

0,60 o,

[Ticnst ycTaHOBKM IHIINX €JIEMEHTIB
After instalment of other tension components

0,55 6,

Tabauus 7.2 - ['panuuHi HaNIpy>KeHHS 7151 YMOB eKCIUTyaTarii

Table 7.2 - Stress limits fg ¢ for service conditions

Loading conditions

YMOBH HABAHTAKEHHS

fSLS

Po3paxyHOK BTOMJICHOCTI 3 ypaxyBaHHSM HAMpPYKCHb Bill BATHHY ™)
Fatigue design including bending stresses *)

0,50 o

PozpaxyHOK BTOMIICHOCTI 03 ypaxXyBaHHS HAIPYKCHb BiJl BUTHHY
Fatigue design without bending stresses

0,45 o

HanpyskxeHHs BUTHHY MOXKYTh OyTH 3MEHIIICHUMH JIOKAJIbHAMH 3aX0/1aMH , 1uB. 7.1(4)
*) Bending stresses may be reduced by detailing measures, see 7.1(4).

8. BIBPAIIII BAHT

8.1 3arajabHi BimomocTi

(1) Jnst BaHT, CXWIBHHMX O 3OBHIIIHIX BIUIUBIB
(Hampukaa, BIATSDKKH) MEpeBIPSAIOThCA Oynb-sKi
BiOpailii, [0 BUHHUKAIOTh BiA [ii BiTpy (mim dyac
OyaiBHUITBA a00 eKcIuTyartalli), a TakoX IX
BILJTUBAHHS Ha Oe3MeKy.

(2) AepomuHamiuHi BIUIMBH Ha BaHTH MOXYTb
OyTH 3amoIisHi:

a) momroBxamu  (Bim il
MOBITPSIHOTO TIOTOKY);

b) Bin BuxpoyrBopeHHs (Bin BuxpiB Kapmana B
MIOTOKAX MOBITPS 32 BAaHTOIO);

C) raJIonyBaHHSM (BiJ] CAMOIHIYKIIIT);

d) TOTOKOBMM rajonyBaHHSIM (TIPYXHO-TEKy4a
B3a€EMOJIIS CYCIJHIX BaHT);

€) B3a€MOJIisl BAHTHU 3 BITPOM Ta JOIIEM.

TypOYJAEHTHOCTI

IpumiTka : [anonmyBaHHS HEMOXJIHMBE ISl BaHTH 3

8 VIBRATIONS OF CABLES
8.1 GENERAL

(1) For cables exposed externally (e.g. stay
cables) any wind-induced vibrations during and
after erection and their impact on safety should
be checked.

(2)  Aerodynamic forces on the cable may be
caused by:

a) buffeting (from turbulence in the air flow)

b) vortex shedding (from von Karman vortexes
in the wake behind the cable)

c) galloping (self induction)

d) wake galloping (fluid-elastic interaction of
neighbouring cables)

e) interaction of wind, rain and cable

NOTE: Galloping is not possible on a cable
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KPYTOBHM TIONIEPEYHHM TIEpepi3oM y 3B’S3Ky i3
CHUMETPIETO.

e sBume Moke BUHHKHYTH MJIs1 BaHT, Yy SKHX
30BHIITHA (hopMa 3MIHWIACH 13-3a BUHMKHCHHS HAa HUX
mapiB Jp0qy abo mmwiry. BrumBh, $Ki BHKIHKaHI
MpPOTHHAMM, TIepepaxoBaHUMH B ILIL C), d), €), €
¢yHKLiEl0O pyxy BaHTH (OOOpOTHIH 3B’S30K) i
BUHHWKAIOTh BHACHIJIOK aepOIPYXHOi HECTaOlIbHOCTI,
sIKa TIPU3BOAMTH A0 BiOparlii 3 BENIHWKOI0 aMILTITYIOO,
IO MOYMHAETHCA MPH ACAKIH KPUTHYHIM MIBUAKOCTI
BiTpy. Y B3B’SA3Ky 3 THM, WO A HAJIIHHOTO
MIPOTHO3YBaHHS MeXaHI3M JHHAMIYHOTO 30yKEHHS He
MoOke OyTH 3MOZENHOBAaHMM 3 JOCTaTHBOIO TOYHICTIO,
MOBUHHI OyTH BXUTI 3aXxomud JJIs  OOMEKCHHS
HerrepeadaueHnX BiOpaIrii.

(3) BibOpaii BaHT MOXXYTh OYTH TaKo>K BHUKIIMKAaHi
IAHAMIYHUME CHJIAMH, IO JIFOTH Ha 1HIN YaCTHHU
KOHCTPYKUIi ( TOJIOBHY OaNKy, MiJIOH, TOIIO).

Hpumitka : Ile sBUIIE YacTO  HA3UBAKOTh
«mmapaMeTpudHuM  30y[KeHHSM» 1 BOHO €
BIJIMOBITaIbHUM 3a BiOpallii 3 BEJIMKOI aMILTITYJO00,
J€ BIAcHI 4YacTOTH BAaHT Ta BCI€I0 KOHCTPYKIIT
HaKJIQIAIOTHCS OJTHE Ha OJTHOTO.

8.2 3axoau moa0 ooMekeHb Bidpanii kaHaTiB

(1) Koncrpykuii, mo MiATPUMYIOTBCS BaHTAMH,
MOBUHHI 3HaXOAWTHUCh T MOHITOPHUHIOM Yy
3B’S3KY 3 BiOpalisiMHi, BUKIIMKAaHUMH HAIMIpHUMH
JOMIOBUMH 1  BITPOBMMHM  HaBaHTAXEHHSMU,
IUIAXOM  BI3yaJbHOTO oOMIAQy abo  1HIIUMHU
crocobamMu, SIKI  JO3BOJAIOTHL  OIJIbII  TOYHE
BU3HAYEHHS IX AaMIUIITYJ, PEeXUMIB poOOTH Ta
9acToT.

(2) Ilpm npoexTyBaHHI KOHCTPYKIHl  BaHT
HEOOX1THO mepen0auuT MOXKIUBICTh 301IbIICHHS
3aX0/iB KOHTPOJIO 3a BiOpami€r0 TiJ  4ac
OyIIBHUIITBA 1 MiCIIA HOTO 3aKiHYCHHS.

(3) Taki 3ax0a1 MOXKYTh BKIIIOUaTH B ceoe:

a) Moaudikallio MOBEpXHI BaHTH 3 MPUAAHHAM i
aepoAMHaMIuHOI popMU;

b) nemngipyroue obnamryBaHHs;

C) cTaOuTi3yro4l BaHTU (HAmpHKiIad, KpIMUJIbHI
KaHaTh 13  BIANOBIAHMMH 3’ €JHYBaIbHUMH
00JaIlITyBaHHIMH).
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with a circular cross-section for symmetry
reasons. This phenomenon may arise with cables
where apparent shapes have altered, due to
formation of layers of ice or dust. Forces due to c),
d) and e) are a function of the motion of the cable
(feedback) and are due to the ensuing aeroelastic
instability leading to vibrations of large
amplitudes starting at a critical wind speed. As
the mechanism of dynamic excitation cannot yet be
modelled with sufficient accuracy to make reliable
predictions, measures should be provided to limit
unforeseen vibrations.

(3) Cable vibrations may also be caused by
dynamic forces acting on other parts of the
structure (girder, pylon).

NOTE: This phenomenon is often referred to as
“parametric excitation” and is responsible for large
amplitude vibrations where the eigen-frequency of
the cable stays and the structure overlap.

8.2 MEASURES TO LIMIT
VIBRATIONS OF CABLES

(1)  Structures supported by cables should
be monitored for excessive wind and rain
induced vibrations either by visual inspection
or other methods that allow a more accurate
determination of their amplitudes, modes and
frequencies.

(20 In the design of a cable structure
provisions should be made for installing
vibration controlling measures during or after
erection.

(3) Such measures may include:

a) modification of cable surface (aerodynamic
shape);

b) damping devices;

c) stabilizing cables (e.g. tie-down cables with
appropriate connections).



8.3 Ouinka pu3ukiB

(1) Bibpamism BaHT mija [i€ro goiy i BiTpy Tpeba
3anmo0iraTi KOHCTPYKTHBHMMHU 3aXOJaMH; BOHH
MOJYTh BKJIFOUATH BHKOPHCTAHHS BaHT, TIOBEPXHIi
SKUX HaJaHa 3a/aHa (akrypa.

(2) HebGe3neka BiOparii 301IbIIy€eTHCS TIPU OLTBIITIIH
JOBKHHI BaHT-BIATSHKOK. KOPOTKI BaHTH-BIATSIKKH
(moBxuHOO MeHme Hik 70-80 M) 3BUYAlHO HE
3aBJAIOTh HISKOTO PHU3HKY 32 BHUKJIIOUCHHIM
BUIIAJIKY, KOJIM BHACTIJIOK HECTIMKOI KOHCTPYKIIii
(medpextHa ¢dopma Ta THYYKMA HACTHI) MOXKE
BUHUKHYTH TIapaMeTpU4HUN pe3oHanc. OTxe, s
KOPOTKHUX BaHT-BIATSDKOK AeMIdep He MOTPIOHUH.

(3) st BaHT-BiATSKOK BENHMKOI JOBXKHHU (>80 M)
HEoOXigHO,  mo0  KpUTHYHHH  KoedimieHT
3aTyxaHHs  nepeBuinyBaB  BenuuuHy — 0,5%.
Hemmdeprn MOXyTh OyTH BCTAHOBJICHI HAa BaHTaxX
KpaliHIX MpOTrOHIB, 1€ MaJOWMOBIpHI OyIb-sKi
BEIMKI 3MIMICHHS MICIb KPIMJICHHS, OCKUIBKH
JIOB’KHMHA IIPOTOHY HE € BEJIUKOIO.

(4) Pusuk mapamMeTpUYHOTO PE30HAHCY MOTPIOHO
OLIHIOBATH Ha CTalli NPOEKTYBAaHHS MLUIIXOM
JIETaTbHOTO  BHBUYCHHS  MOXJIMBUX  THIIIB
BWIYYEHHS KOHCTPYKLIi 1 BaHT-BIATSIKOK 3
ypaxyBaHHSIM Koe(]illieHTa KyTOBUX YacToT 1
3MILIEHb MICIb KPIIUIEHb JJIS1 KOKHOTO THITY.

(5) Llo6 yHMKHYTM HakjaJaHHS YacTOT, TOOTO
CTaHiB, KoiM yacToTa 30ymkeHHs {1 BaHTHU-
BIATSDKKH 3HAXOOUTHCS B Mexax 20 % Bix 4acTOTH
KOHCTPYKIIi ¢n abo 2 ¢wn, HEOOXIAHI creniaabHi
3axomu. [Ipu HeoOximHOCTI cTalini3yroul BaHTH
MOXXYTb OyTH BUKOPHCTaHI JUIl  3CyBaHHS
MOJYJIBHUX KYTOBUX YaCTOT BaHT-BIATSIKOK.

(6) Hns 3abesrneyeHHss O€3MeKW 1 3pYydHOCTI
KOpUCTYBadya aMIUIiTyAa BiOpalii moBHHHA OyTH
OOMEKEHOI0  IIUISIXOM  BHUKOPUCTAHHS — TaKOTO
KpUTEPiI0 peakilii, mo0 Mpu MOMIPHIA IBUIKOCTI
BiTpy (15 ™/cex) amrutityaa BiOpaiii BaHT He
nepesuinyBana L/500, ne L- noBxuHa KaHarty.
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8.3 ESTIMATION OF RISKS

(1) Vibration of cables due to rain and
wind should be prevented by design; this can
involve utilising cable stays with texturing.

(2) The risk of vibration increases with
cable stay length. Short cable stays (less than
about 70 m to 80 m) generally impose no risk,
except that in the case of a particularly unstable
structure (poorly shaped and flexible deck)
parametric resonance occurs. Dampers are
therefore not needed for short cable stays.

(3) For long cable stays with length greater
than 80 m provisions should be made for the
installation of dampers to ensure that the
critical damping ratio exceeds 0,5 %. Dampers
may be dispensed with on the back span cable
stays where it is unlikely to have any major
displacement of the anchorage as the span is
short.

(4)  The risk of parametric resonance should
be assessed at the design stage by means of a
detailed study of the buckling modes of the
structure and cable stays, considering the ratio
of angular frequencies and anchorage
displacement for each mode.

(5) Measures should be taken to avoid
overlapping of frequencies, i.e. situations
where the cable stay’s frequency of excitation
{1 is within 20 % of the structure’s frequency
wn Or 2 wy, If necessary, stability cables can be
used to offset the modal angular frequencies of
the cable stays.

(6) For wusers comfort and safety, the
amplitude of cable stay vibration should be
limited using a response criterion such that with
a moderate wind velocity of 15 m/s the
amplitude of cable stay vibration should not
exceed L/500, where L is the length of the
cable.
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9 BTOMUVIEHICTb

9.1 3arajabHi BizomocTi

(1) BromiroBaHa MillHICTh PO3TATYBaHUX
€JICMEHTIB JyIs KJIaciB BIUIMBIB 3, 4 1 5 moBUHHA
BU3HAYATUCH 3T1HO Tadaum 2.1 13
BUKOPHUCTaHHAM BTOMJIIOBAaHHMX BIUIMBIB 1o EN
1991 1 BignoBigHOT KaTeropii KOHCTPYKTUBHHUX
JETaJICH.

(2) BromiroBane pyiiHyBaHHS KAHATHHX CHCTEM
3BUYAHO 3MIMCHIOETHCS B MICLISIX KPITUICHHS CiAel
1 3akuMiB. EQeKkTUBHY KaTeropito AeTayien s
X MICIlb PCKOMEHTY€ThCSI BUSHAYATH I10
BUIIPOOYBAHHSM, B IKHX BiITBOPIOIOTHCS OyIb-sKi
3TUHAJIBHI BIUTUBY 200 MOTIEPEYHI HAPY>KEHHS,
MPaKTUYHO MOXIHBI. OlliHKa JaHUX BUIIPOOYBaHb
IMOBHUHHA 34icHIOBaTUCh 3riqao EN 1990,
nonatox 1.

9.2 ®joTaniiini 0cL0Bi HABAHTAKEHHSA

(1) TIpm BigCYTHOCTI JesIKMX BUIPOOYBaHb,
ormucanux B 9.1 (2), KpuBi BTOMJIFOBAHOI MIITHOCTI 1
KaTteropii neraneii MOXyTh OyTH oOJepkaHi i3
pucyska 9.1 1 Tabnuri 9.1 BignOBiTHO

-

log AGR/

A0

9 FATIGUE

9.1 GENERAL

(1) The fatigue endurance of tension
components in exposure classes 3, 4 or 5 to
Table 2.1 should be determined using the
fatigue actions from EN 1991 and the
appropriate category of structural detail.

(2) Fatigue failure of cable systems usually
occurs at anchorages, saddles or clamps.
The effective category of detail at these
locations should preferably be determined
from  tests  representing the  actual
configuration used and reproducing any
flexural effect or transverse stresses likely to
occur in practice. The test evaluation should be
carried out according to EN 1990 — Annex D.

9.2 FLUCTUATING AXIAL LOADS

(1) In the absence of the tests described in
9.1(2) above, fatigue strength curves and detail
categories may be obtained from Figure 9.1
and Table 9.1, respectively.

—~

log Nk

Pucynox 9.1- Kpusi BromiiroBaHOT MIIIHOCTI 1711 PO3TATHYTHX €J1€MEHTIB KOHCTPYKIIi{
Figure 9.1- Fatigue strength curves for tension components
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Tadoauus 9.1- KoHcTpykinii agetanei st BTOMIIOBaHOI MitHOCTI, 3rigHo EN 1993-1-9.
Table 9.1- Detail categories for fatigue strength according to EN 1993-1-9

I'pyna Po3TaArnyTi eneMenTn Kareropis neraneii
Groupp Tension components Detail category Acc [N/mm?]
A 1 TlonepeHbO HaTPysKeHi CTPHIKHI 105
Prestressing bars
KanaT 3akpuTOro CIIICTIHHS 3 METAIEBUM 200 MOJIMEPHIM
2 My(pTOBUM 3’€THAHHIM 150
Fully locked coil rope with metal or resin socketing
B CripanbHi )XMYTH 13 METaJIeBUM a00 MOJIIMEPHUM MYy()TOBUM
3 3’€THAHHIM 150
Spiral strands with metal or resin socketing
[Ty4oxk i3 mapanensHIX APOTOBHUX JKMYTIB i3 EMOKCHIHUM
4 MYy(TOBUM 3’€THAHHIM 160
Parallel wire strands with epoxy socketing
3B’s13Ka MapaieTbHUX JKMYTIB
5 160
¢ Bundle of parallel strands
3B’s13Ka MapajieabHUX JPOTiB
6 Bundle of parallel wires 160
Mpumirka Kareropiss nperaneit B Tabmumi 9.1 NOTE: The detail categories in Table 9.1 refer to

BIJIHOCHTBCS JI0 KJIACiB HECHPHUSATIMBHX BIUTUBIB 3 1 4
srigHo Tabmumi 2.1. JIns ochOBHX 1 TMONEepeYHHX
BTOMJIFOBAaHMX BIUIMBIB (KJIaC BIUIMBY 5 3TiHO TaOIuUIIi
2.1) HeoOXimHI JOJATKOBI 3aXUCHI 3aXOIW JJIs TOTO,
100 3BECTH 3TMHANBHI HANPY>KEHHS 10 MiHIMyMYy.

(2) xareropii nmeranei,
MIPH TAKKX yMOBaX:

a) BaHTH 3 My(dTaMu BIAMOBIIaIOTH OCHOBHUM
BUMOTaM J0JIaTKy A;

npuBeaeHi B (1), miiicHi

b) koHCTpykmii BaHT, cigen Ta 3aKUMIB
BIJIMOBIIAIOTH PO3ALTY 6;
C) 3HauHi aepoAMHAMIYHI KOJMBAaHHS BaHT

0oOMeXeH1, TUB. PO3iI §;
d) 3abe3meuyroTh BIAMOBIIHUI 3aXUCT BiJ KOPO3ii,
TTUB. PO3JLI 4.

(3) Ominka BromiieHocti quB. EN 1993-1-9.

exposure classes 3 and 4 according to Table 2.1.
For axial and lateral fatigue actions (exposure class
5 according to Table 2.1) additional protective
measures are required in order to minimise bending
stresses.

(2)  The categories given in (1) are only valid
when the following conditions apply:

a) cables with sockets comply with the basic
requirements in Annex A,

b) the design of cables, saddles and clamps
complies with 6;

c) large aerodynamic oscillations of cables are
prevented, see 8;

d) adequate protection against corrosion is
provided, see 4.

(3)For fatigue assessments see EN 1993-1-9.
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JOIATOK A
(TOBi1IKOBUIA)
BUMOI'H 10 BUPOBIB JIJIsA
PO3TATI'HYTHUX EJIEMEHTIB

A.1 Cdepa 3acTocyBaHHs

(1) B manomy JlomaTKy HaBeleHI BHUMOTH JI0
BUpPOOIB JUIsl PO3TATHYTHX €IIEMEHTIB Ta iX
KIHLIEBUX 3aKpiIUIeHb, SKi BUKOPUCTOBYIOTHCS B
OyIIBIIAX Ta THKEHEPHHUX CIIOPYAax

(2) Bumoru 6a3yroTbest Ha crenuivHUX acHeKTax
BUKOPUCTaHHA 30ipHUX PO3TATHYTHX €JIEMEHTIB 3
ypaxyBaHHSIM yMOB OTOUYYIOYOIO CEpeJOBHINA Ta
HABaHTAXXCHb.

(3) Hasegeni  HactynHi
PO3TATHYTHX €JICMEHTIB:

— I'pyma A: pO3TATHYTI CTPHMIKHEBI CHCTEMH,
OKpeMi CTPIIKHI;

— I'pyna C: nmyuku napajienbHUX IpOTIB, My4YKH
CTPMOKHIB, ITyYKH MapajeIbHUX KMYTIiB

rpynu  30ipHHX

A.2 OcHOBHI BUMOTH

(1) Po3TArHyTi eJeMeHTH TOBHHHI BiJIOBIIATH
TaKUM KPHUTEPIisM:

1 3a0e3nedyBaTy MILHICTh Ta THYYKICTh KaHATHOI
CUCTEMH 1 ii KIHIIEBUX 3aKPIIJICHb;

2 OyTU BUTPUBAIMMH JI0 J1ii KOTMBaHb BiJl OCHOBUX
HAaBaHTAXCHb, 3TUHAIHUX HANPYXCHb KYTOBHX
BIJIXHJIEHb, JIAHI[IOTOBUX BIUIMBIB BiJ BITPOBHUX
HaBaHTAXCHb Ta JePEKTaM MOHTAXKY;

3  iX TO3I0BXHS Ta 3TUHAJIBHA JKOPCTKICTbH
MOBUHHA 3a0e3MedyyBaTd  CTIWKICTb  BaHTOBOI
CUCTEMH (HampukIaz 3a JOIIOMOT' 010
rapaHTOBAHOT'O MOMEPEAHBOTO HATSKIHHA);

4 3a0e3meuyBaTM 3axXUCT BaHTH 1 Miclb ii
KpIIJIEHHS B1/1 KOPO3ii;

O CTIHKICTb 10 CTUpPaHHS B MICISIX KOHTaKTy
PYXOMHUX CTaJIEBUX JIE€TaJEH.
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ANNEX A
[informative]
PRODUCT REQUIREMENTS FOR
TENSION COMPONENTS

A.1 Scope

1) This annex gives the product
requirements for tension components and their
terminations to be used for buildings and civil
engineering works.

(2) The requirements are based on the
specific use of the prefabricated tension
component including environmental and
loading conditions.

(3) The following types of prefabricated
tension components are covered:

—  Group A: tension rod systems, bars;

—  Group C: bundle of parallel wires, bundle
of bars, bundle of parallel strands.

A.2 Basic requirements

(1)  Tension components should comply with
the following criteria:

1. strength and ductility of the cable system
and its terminations;

2.  fatigue resistance due to axial load
fluctuation,  bending  stresses,  angular
deviations caused by catenary effects, wind
forces and erection imperfections;

3. stable condition of axial and flexural
stiffness of the cable system (e.g. by guaranteed
pre-stretching);

4. protection of cable and anchorages against
corrosion;

5. resistance to fretting at any contact between
steel parts.



(2) KinmeBi Myt Ta Micusg  KpIIUICHHS
PO3TATHYTHX €JICMCHTIB MMOBUHHI oyt
3aMpOeKTOBaHI TAKUM YHMHOM, 11100:

1 Hecyua 3HaTHICTh PO3TATHYTOTO €JEMEHTa
J0CATANIaCh IO TOSBH OyAb-SKOi MJIACTUYHOI a0o

iHmoi  ocrarouHoi — gedopmariii B MiCIHX
aHKepyBaHHA ab00 Ha KOXHOMY HECY4OMY
€JIEMEHTI;

2 iX pO3paxyHKOBUM OIip YTOMJICHOCTI ITEPEBU-
IIyBaB MIIHICTh €JIEMEHTIB MIPU PO3paxyHKax Ha
BTOMJICHICTE;

3 Oynmu mepenbadeHi 3aco0M I peryJrOBaHHS
JIOBXXHHH €JIEMEeHTa, I[00 Oynu BUKOHAHI BHMOTH
10/10 MOTIePEAHBOTO HABaHTa)KCHHS
re€OMETPUYHUX JIOMYCKIB TOIIIO;

4 B Micugx 3akpimuieHHs Oyino mepenbadeHo
JIOCHTh pyXOMe€ 3’€QHaHHS I KOMIIEHCAaIil
HETOYHOCTEH IPU BUTOTOBJICH]I 1 MOHTAXY;

5 MaTH MOKJIMBICTh 3aMiHH PO3TATHYTHX €JIEMEH-
TiB TIPH MEPEHATSKIHHI.

(3) BumenaBeneni BuMOryu NoBUHHI 3a0e3meuyBa-
THCH TAKUM YUHOM:

— BIIMOBIIHUM TMII00pOM MaTepiaiiB sl JPOTiB
KMYTIB  CTalleBUX  €JIEMEHTIB 1  3aXHCHHX
MTOKPUTTIB;

— BUOOpPOM (GOpMHU KOHCTPYKIIIN 3 BpaxyBaHHSAM
HEOOX1AHUX MIIHOCTI, YKOPCTKOCTI, MJIACTUYHOCTI,
JIOBFOBIYHOCTI Ta HaJIHHOCTI MpPH BUIOTOBJIEHHI,
TPaHCIOPTYBaHHI, BI/[BAHTAXXEHHI Ta MOHTAXY;

— KOHTPOJEM SKOCTI TOYHOTO BHUKOHAHHS
KIHIIEBUX 3aKpIMICHb I 3a0e3MeUeHHs] TOYHOL
LEHTpalii pO3TATHYTOTO eleMeHTa B YMOBax
eKCIuTyaTarfii.

(4) BukonaHHsI BUIIIEHaBEIEHUX BUMOT HEOOX1THO
NEePEeBIPATH IIIAXOM  BUNPOOYBaHHS, SKE €
YaCTUHOIO  BIJIMOBIAHOI  CUCTEMH  KEpyBaHHS
AKICTIO.

A.3 Marepiann

(1) Bci mMatepianu, sIKi  BHKOPHCTOBYIOTHCS,

np. ACTY-H b EN 1993-1-11:201X

(2) Terminations and anchorages of the
tension components should be designed such
that:

1. the ultimate resistance of the tension
component would be reached before any
yielding or other permanent deformation of the
anchoring or any bearing elements would occur;

2. their fatigue resistance exceeds that of the
components;

3. facilities for adjustment of the component
length are provided to meet the requirements
for preload, geometrical tolerances etc.;

4. sufficient articulation is provided in the
anchorage to cater for manufacturing and
erection imperfections;

5. the tension components can be replaced.

(3) The above requirements should be met
by:

—  appropriate choice of materials for wires,
strands, steels and protective coatings;

— choice of the form of construction in
respect of strength, stiffness, ductility,
durability and robustness for manufacturing,
transport, handling and installation;

— quality control of accurate fitting of the
end termination to ensure the correct
alignment of tension component in service.

(4) The compliance of the above
requirements should be verified by testing as
part of an appropriate quality management
system.

A.3 Materials

(1)  All materials used should comply with
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IIOBUHHI 3aI0BOJILHATH BIIIIOBITHUM
€BPOMNEHCHKUM TEXHIYHUM CHeIH(iKaIlisM

(2) IlpupaTHicTh cUCTEMH 3aXUCTy Bia KOpo3ii, 3
BUKJIFOYEHHSIM  HAJIMHOCTI 3allOBHIOBAYiB Ta
3aXUCHUX MaTepiais, IIOBUHHA Oytu
MiITBEp/HKEHA BiIOBITHUMHU BUIPOOYBAHHIMHU.

IpumiTka: BunpoOyBaHHSI MOXYTh ITiITBEPANTH TaKe:
— 3aXHCT BiJl arPECUBHOTO CEPeIOBHUINA (XiMivHI
peareHTH, KOpO3ilfHE PO3TPiCKyBaHHS B pe3yJbTaTi
MepeHaTsKiHHA, YIbTpadioneToBoro
BHITPOMIHIOBaHHS);

— BOJIOHENPOHUKHICTH (THYUYKiCTh BaHTH i ii HaAidHICTh
MIpU 3THHI);

— IOBTOBiYHICTH (hapOu (TIpy HEOOXITHOCTI).

A.4 Bumoru 10 BUNIpoOyBaHb

A.4.1 3arajabHi M0JI0KEeHHA

(1) BunpoOyBaHHS JpOTIB, JXMYTIB, NPYTHKIB
PO3TATHYTHX  €JIEMEHTIB B  300pi  TOBWHHI
rapaHTyBatu iX poOOTy y BIiAMOBIIHOCTI 3
HEOOX1THUMHA BUMOTaMHU.

(2) Fre Ta Fuke (muB. 6.2) CiTi1 BU3HAYUTH B MEPiO
BUNIPOOYBaHHS Ha pO3TAr NHpU Aii CTAaTUYHOTO
HaBaHTAXKEHHs. 32 HEOOX1AHOCTI (HANPUKIAM, IJIs
po3pizy mo noBxkuHi (auB. 3. 4) 1 po3paxyHKy
OydiBeNbHUX KOHCTPYKIIM (AuB. po3aun 5)
BUNIPOOYBaHHS  TMOBHMHHI  OpPIEHTYBaTUCh  Ha
nepe0ayeHud  piBeHb HATSDKIHHA  BaHTH B
KOHCTPYKLIi JUIi BUMIPY BCIX HEOOXITHHX
napameTpis.

(3) Mns Bu3HaueHHs KpUBOI MIIHOCTI Bij
YTOMJICHOCTI, 3@ HEOOXIJTHICTIO, CIIiJ] MPOBECTU
JOCTaTHIO  KUIBKICTh ~ BUIPOOYyBaHb Ha IO
OCbOBOTO HABAHTAXKEHHS, SAKIIO Oy, =0,450,,
(mmB. 7.2(2) npu pizHuX 3HaueHHsX AF, TabGmuis
A4l

Ipumirka: BunpoOyBaHHS Ha BTOMIICHICTb CIiJ
BUKOHYBaTH TIpU KOHTPOJNI HaBaHTAXEHHS, a He
KOHTPOJII BUTOBXKECHHS.
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the relevant European technical specifications.

(2) The suitability of the corrosion
protection system including the durability of
fillers and protection materials should be
proved by appropriate testing.

NOTE: The testing may prove the following:
— protection against aggressive agents (chemicals,
stress corrosion cracking, UV);

— water tightness (flexibility and durability when
cable bends);
— durability of colour (if required).

A.4 Requirements for tests

A.4.1 General

(1) The following tests on wire, strands,
bars and complete tension components
should ensure that they perform as required.

(2) F. and Fu. (see 6.2) should be
determined in a static tension test. If required
(e.g. for cutting to length (see 3.4) and
structural analysis (see 5)) the test should
follow the predicted stress profile of the cable
in the structure for measuring all relevant
data.

(3) To determine the fatigue strength curve,
where required, a representative number of
axial tests should be carried out at oy, =
0,456, (see 7.2(2)) with different values of

AF, see Table A.4.1.

NOTE: The fatigue testing should be carried out
under load control and not under extension control.
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Taoauus A.4.1 - Bumoru 10 BUnpoOyBaHb Ha BTOMJICHICTb

Table A.4.1- Testing requirements for fatigue

Tun BUnpodyBaHb
Type of test

HaBaHTa:keHHS] IPH BTOMJIIOBAHHOCTI y

BUNIPOOYBaHHSAX 10 pyiiHamii
Fatigue loading before fracture test

BumnpoOyBaHHS Ha J1if0 OCBOBOTO

osup = 0,456uk
Ac BiamoBinHo AGC HaBefeHOMY B TaOm. 9. 1 nukimu

HaBaHTa)keHHA (kiacu 3 14) HaBaHTAXXCHb
axial test Ac according to Acc given in Table 9.
(class 3 and 4) Ao =0

n= 2><1O6 ki (cycles)

BurpobyBaHHS Ha [1if0 OCHOBOTO HABAHTA)KEHHS 1
BUTIPOOYBAaHHS Ha Iif0 3THHAIBHAX MOMEHTIB
(xmac 5)
axial and flexural test
(class 5)

osup = 0,45cuk
Ac BiamoBinHO AGC HaBeZeHOMY B TaOm. 9. 1 nukimu

HABAHTA>XCHb
Ac according to Acg given in Table 9.1

Ao =0 - 10 mini pamianu ( milli radians)

n= 2><106 ruksm (cycles)

(0 — 0,7 rpamycu (degrees))

(4) SIkuo pO3TATHYTHIl €NEMEHT 3HAXOUTHCS ITiJ
JI€0  HABAHTAKCHHS  BTOMJICHOCTI 1 OIIp
BTOMJICHOCTI TIepeBipA€ThCS BiAMOBIAHO 9.2(2), TO
CJIiJT BUKOHATH X04a 0 MO0 OJAHOMY BUIIPOOYBaHHIO
JUIS  KOXKHOTO  miamerpy  ememeHta.  Coin
nepeBipaTd, MO0 Npu BUMPOOYBAHHAX Ha [iIO
OChOBOI'0 HAaBAHTAXXEHHS, AKIIO Osyp = 0,451 Ac =
1, 25Ac; (muB. Tabn. 9.1) KiIBKICTH pO3ipBaHHUX
JpOTIB  Mmichs 2:10° 1wmKITiB HABAHTAXKEHHS HE
nepeBuiryBaio 2% BIJ 3arajJibHOiI KIJIBKOCTI
aportis. Ilin yac BunpoOyBaHb Ha BTOMIJICHICTb HE
MMOBUHHO OyTH HISIKOrO pyHHYBaHHS B aHKEPHOMY
Mmatepiasi  abo B Oyap-sIKOMY  €JIEMEHTI
aHkepyBaHHA. Hisike pyliHyBaHHS HE 10ITyCKA€ThCA
JUISL CTPHIKHIB.

(5) SIkuro pamiyc CKpyriieHHsS Ha BXOJi KaHATy B
cimio ckinagae Menme 30d (auB. MamoHOK 6.1), TO
HEOOX1THO MTPOBECTH BUIIPOOYBaHHS, SIK ONMCAHO B
(2) 1 (3), mpu upomMy Ao BHU3HAYAETHCA IIO
3aKpyTJIIEHOMY Pajiycy.

(6) Tlicast HaBaHTa)kKEHHS BTOMJIFOBAHOCTI 3pa3oK,
SAKUM BHUIIPOOOBYETHCS, CIIJ 3aBaHTAXUTH 10
pylHYBaHHS / 3J0My 1 BUTpUMAaTH MiHIMaJbHE
3yCWJUIE Ha PO3TSIr, IO JOPIBHIOE OLIBIIOTO
3 aBox: 92 % Bix QakTMYHOI MIIHOCTI Ha
po3TAr BaHTH a0o0 95 % BiA MiHIMAJIBHOIO ONOPY
Ha pO3TAT BaHTH. Hedopmarris pu
TaKOMy HaBaHTa)XCHH1 MOBHHHA OyTH HE MeEHIIe

(4) If the tension component is to be
subjected to fatigue loading and the fatigue
resistance is verified according to 9.2(2) at
least one test for each diameter of the
component should be undertaken. It should be
checked that in an axial test with osup = 0,45

ouk and Ac = 1,25 Aoc (See Table 9.1) the
number of broken Wires after 2:108 cycles is

less than 2% of the total. No failure should
occur in the anchorage material or in any
component of the anchorage during the fatigue
tests. No failure is acceptable for bars.

(5) If the round-out radius at the entrance
of the cable in the socket is less than 30d (see
Figure 6.1) the tests as described in (2) and (3)
should be undertaken with Ao being governed
by the round-out radius.

(6) After fatigue loading, the test specimen
should be loaded to fracture and should
develop a minimum tensile force equal to 92%
of the actual tensile strength of the cable or
95% of the minimum ultimate tensile strength
of the cable, whichever is greater. The strain
under this load should not be less than 1,5%.
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Hix 1,5%.

(7) BumpoOyBaHHsS  Ha  BTOMJICHICTH Y
BiamosigHocTi 3 EN 10138 nmoBuHHI mpoBOAUTHCS
Ha OKpEeMHX JKMyTaX, JpoTax abo0 CTPIIKHIX,
B3SATHUX 13 3pa3KiB JUIsl PO3TATYBAaHUX EIIEMCHTIB
KO>KHOT MapTii, iIka BUTOTOBJISETHCS.

A.4.2 OCHOBHI pPO3TATHYTI eJIeMeHTH
A.4.2.1 pit

(1) Hdpit, mOKpuTHH UHHKOM ab0 IIMHKOBUM
CILIaBOM MOBHHEH BUIIPOOYBATHCH Ha
cepTu(ikoBaHiil BUIpoOyBaNbHIil MallIKHi.

A.4.2.2 Kmyrn

(1) IloBuHHI TPOBOIUTUCH BUMPOOYBAHHSA Ha
BU3HAa4YCHHsA omopy Ha posrar, 0,1 % Bix
rapaHTOBAHOTO Omopy 1 Aedopmariii BUIOBKECHHS
y BiamosigHocti 3 EN 10138.

A.4.2.3 Ctpuxkni

(1) IloBuHHI mNPOBOJUTUCH BUIPOOYBAHHSA Ha
BU3Ha4YeHHs omnopy Ha postar, 0,1 %  Bix
rapaHTOBaHOIO omnopy 1 Aedopmariii BUJIOBKEHHS
y BiamoBigHocti 3 EN 10138.

A.4.3 ’KmyTH i kKaHaTH B 300pi

(1) Skmo BHUKOPUCTOBYIOTBCS pI3HI PpO3MIpH
OJTHOTO THUIMY >KMYTiB a0o0 KaHAaTiB, HEOOXIJHO
MPOBECTH, SAK MIHIMYM, TpU  XapaKTEPHUX
BUNIPOOyBaHHs. BaHTH BUIPOOOBYIOTHCS 3 yciMma
BCTAaHOBJICHUMH Ha HHUX 3aKpIIUICHHSAMHU  JUIS
nepefayi HaBAaHTAXKEHHS, 1 HABAHTA)XEHHS MpU
BUNIPOOYBAHHSIX MPUKJIAIECHI TAKUM K€ YHHOM, SIK 1
B peabHIl KOHCTPYKIIi.

A.4.4 KoediuieHr Teprs

(1) Sxumo xoedimieHT TepTs MK KMyTaMu i
ciimamu, 3aXkMMaMM, 1 TOLIO BHU3HAYAETHCA
BUNIPOOYBaHHSIM, TO  HEOOXIIHO  BpaxyBaTH
HACTYIIHE:!

- BIUIUB OCbOBHMX HaBaHTA’KEHb Ha Jl1aMeTp KMYTIB;
-II0B3Y4iCTh BHACJIIJIOK MONIEPEAHBOTO
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(7)  Fatigue tests in accordance with EN
10138 should be carried out on single strands,
wires or bars taken from samples of each
manufactured length of tension components.

A.4.2 Main tension elements

A.4.2.1 Wires

(1) Wires coated in zinc or zinc alloy should be
tested in an approved testing machine.

A.4.2.2 Strands

(1) Tests should be carried out for tensile
strength, 0,1% proof strength and elongation
according to EN 10138.

A.4.2.3 Bars

(1) Tests should be carried out for tensile
strength, 0,1% proof strength and elongation
according to EN 10138.

A.4.3 Strands and complete cables

(1) If different sizes of one type of strand or
ropes are used at least 3 representative tests
should be carried out. Cables should be tested
with all load-bearing components attached to
them and the test load should be applied in the
same way as in the structure.

A.4.4 Coefficient of friction

(1) If the coefficient of friction between the
strands and saddles, clamps etc. is determined
by testing the following should be taken into
account:

- the effects of axial loads on the diameter of
the strands;



MIONEPEYHOr0  HaBaHTAXEHHA  (Ha
3aMlOBHIOBAYA 1 IMHKOBOTO MOKPUTTS).

Marepian

(2) Hpu omiHmi pe3ynbTaTiB BUIPOOYBaHb CIiJ
BpaxoBYBaTH TOH (PaKT, MO0 TEPTS MOXKE BIUIMBATH
SIK IO3UTHBHO, TaK 1 HETaTHMBHO Ha B3acMOMli, fAKi
PO3TIIAIAIOTHCS.

A.4.5 3axucr Big Koposii

A.4.5.1 BoioHenpOHUKHICTH

(1) JloBroBi4HICTP BAHTOBOi CHCTEMH ITOBHHHA
MEPEeBIPATHCh 3  BUKOPHCTAHHAM  «IITYYHOTO
CTapiHHA», B SIKOMY INTY4YHO CTBOPEHI MOJeIi

[UKIIB  OChOBUX  HABaHTAXEHb, 3TUHY 1
TeMIIepaTypH.
BunpoOyBaHHST ~ TOBHHHI ~ NMPOBOJUTHCH IS

XapakTepHOl AUISHKH HIWKHBOTO KIiHIS BaHTU B
300pi, BKIIOYHO 3 AHKEPHUMH MPUCTPOSIMH,
BaHTOBOIO 3aXHCHOI TPYOKOIO i TOIIIO.

[pumitka: JleranpHuii ONMMC TakWX BHIPOOYBaHb
HajaeThes B Hamonanenomy Jlomatky.

A.4.5.2 AHTHKOpO3iiiHMI 3aXHCT

pumirka: JeranpHuii omwic  BHIIPOOYBaHb
(mampukian, BUNPOOYBaHHA Ha COJSHUN TyMaH)
HaznaeTbes B HanionansHoMy Jlomatky.
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- the creep due to transverse preloading (on
filler material and zinc coating).

(2) In the evaluation of the test results
account should be taken of the fact, that
friction can be either beneficial or adverse
depending on the effect being considered.

A.4.5 Corrosion protection

A.4.5.1 Waterproofing

(1) The durability of the cable system should
be verified using ‘“accelerated ageing” in
which the cycles of axial loads and bending
and temperatures can be simulated. The
test should be carried out for a
representative section of the complete lower
end of the cable including anchoring devices,
stay pipe etc.

NOTE: Details for tests may be given in the
National Annex.

A.4.5.2 Corrosion protection barriers

NOTE: Details for tests, e.g. salt fog tests, may be
given in the National Annex.
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JNOJATOK B
(TOB1IKOBHIA)

TPAHCIIOPTYBAHHAI,
CKIAIYBAHHSA 1 BAHTAZKHO-
PO3BAHTAXYBAJIBHI POBOTH

(1) CuipanpHi XKMYTH 1 KaHaTH 3aKpHUTOIO
CIUICTIHHS TOCTaBIIIOTbCS B OyxTax abo
HaMOTaHUMH Ha OapabaH.

(2) Has  Ttoro, mob  cTpUMath  APiT
30BHIIIHBOTO APy B CIUICTiHHI, MiHIMaJbHUHA
niamerp OapabaHa TOBUHEH OyTH HE MEHIIE
30-Tu  miameTpiB UIA  CHipajJbHO-)KMYTOBOTO
KaHaty 1 16-Tu pgiameTpiB — g KaHaty i3
KMYTIB.

Mpumitka: MiHiManbHUR JiamMeTp 3aleXHTh BiX
CTYICHS 3aXHCTY, TEpPMiHy 30€piraHHs i TeMreparypH.
Crmig Oyt oOepeXHMM TpW 3aKpydyBaHHI KaHATiB
mpu Temnepatypi Hwkde +5 °C.

(3) Sskmro BanTH 30epiraroThCsi B OyXTax, TO
KokHa OyXTa TIOBUHHAa MAaTH  BIAMOBITHY
BEHTWIALIIO (6€3 IPSIMOT0 KOHTAKTY 3 TPYHTOM),
100 MOTIepeANTH CTBOPSHHS O1IOr0 HATBOTY BiJl
KOHJIEHCaTy a00 BOJIOTH.

(4) TligBuiieHy 0OCpPEKHICTH CITiJi BUSBISTH B
MMOBOJKEHHI 3 BaHTamu. Ilig gac BCTaHOBJIECHHS
OyXTU MOTpIOEH CTiJ, KWW MOBEPTAETHCA, VIS
TOPU30HTAIILHOT PO3MOTKH BaHTH.

(5) 3aboponseTncs:

- BUJAJICHHS 3aXMCHOTO MOKPUTTS J0 YCTaHOBKHU
BaHT;

- 3TMH BaHTHU pajiycoM MeHme 30-Tu JIiameTpiB
BaHTH;

- IEpeTATYBaTH BaHTH Yepe3 TOCTpl KyTH;

- CKpy4YyBaTH 1 pO3KpY4YyBaTH BaHTH (HEOOX1JHO
CIIIZIKYBATH 32 MAPKYBAJIBHOIO JIHIEIO BAaHTH).

(6) Posrarayri CIEMEHTH 1ISATaI0Th
KOHTPOJIIO 1 OIJISIIY BIPOJOBK BCHOI'O TEPMIHY
eKCIuTyaTallii Ha MpeAMEeT BUSBJICHHS BiIXWUJICHb
BiJl IPOEKTHUX YMOB, KOPO3ii Ta MOIIKO/KEHb.

IpumiTka: HarioHanpHu#l  cTaHAapT MOXKeE
HaJaBaTH JOJIAaTKOBI PEKOMEHAalii, BKa3iBKH IIO
OTJISI/TY Ta KOHTPOITIO.
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ANNEX B
[informative]

TRANSPORT, STORAGE,
HANDLING

(1) Spiral strands and fully locked coil cables
are supplied in either coils or on reels.

(2) To keep the out cover wires in lay the
minimum diameter of the reel should not be
less than 30 times the rope diameter of fully
locked coil ropes, 24 times the rope diameter
of spiral strand ropes and 16 times the
diameter of strand ropes.

NOTE: The minimum diameter depends on the
protection system, storage time and temperature.
Caution should be taken when unreeling at
temperatures below 5°C.

(3) If cables are stored in coils each coil
should be properly ventilated (no direct
ground contact) to prevent any formation of
white blister which may be caused by
condensation or moisture.

(4) Cables should be handled with utmost care
during installation. Coils require a turntable
for horizontal unreeling.

(5) Cables should not:

- have their serving removed before they have
been installed;

- be bent through a radius smaller than 30 x
cable diameter;

- be pulled across sharp edges;

- be neither twisted or untwisted (observe cable
marking line).

(6) Tension components should be monitored
and inspected during working life for
deviations to design conditions, corrosion and
damage.

NOTE: The National Annex may give further
guidance on monitoring and inspections.



JNOJATOK C
(TOB1IKOBHIA)

CJIOBHUK TEPMIHIB

Mpumirka: qus. EN 12385, yactuna 2

C.1 BupoOu rpynu A
C.1 Products Group A

np. ACTY-H b EN 1993-1-11:201X

ANNEX C
[informative]

GLOSSARY

NOTE: See EN 12385, Part 2.

Cucrema 3 HATATHYTUMHA CTPUIKHAMMU

Tension rod system

il

C.2 BupoOu rpynu B
C.2 Products Group B

Kanaru cnipainbHo-kMyTOBI

Spiral strand rope

KonctpykTrBHa hopmyiia

Construction 1x19 1x37 1x61 1x91
Hiametp ds [mMm]
Diameter dg [mm] 3 1o (to) 14 6 10 (to) 36 20 no (to) 40 30 1o (to) 52
Kmyt
Strand 1 ! 1 !
KispKicTh IpOTIB Ha KMYT 19 37 61 01
Wire per strand
KinpKkicTb APOTIB B 30BHIIIHEOMY
rapi ’xmyra 12 18 24 30
Outer wire per strand
Howminanenuii koedimieHT muromnti
MOTIePEeYHOTO Tiepepizy Metary C 0,6 0,59 0,58 0,58
Nominal metallic area factor C
Koedinient BruiBy Ha po3pus F 0525 052 051 051

Breaking force factor K
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Kinenns Tamauui C.2
End of Table C.2

Kanarn i3 :kmyTiB
Strand rope

d d,
dS dS :

KoncTpykTrBHa opmyita ) i i i
Construction 6 x 19 -CF 6 x 19 - CWS 6 x 36WS - CF 6 x 36 WS- CWR
Hiantetp ds [wnv] 6 to 40 6 to 40 6 to 40 6 to 40
Diameter ds [mm]

KispKicTh KMYTIB

Strand ® 6 6 6
KimpkicTh IpoTiB HA )KMYT 18 18 36 36

Wire per strand

KisbKicTh APOTIB B 30BHILIHEOMY

mapy vy 12 12 14 14
HominanbHuit koedimieHT mIori

ToTIepeYHOTo Tepepizy Metamy C 0,357 0,414 0,393 0,455
Nominal metallic area factor C

KoedinienT BBy Ha po3pus F 0.307 0332 0.329 0355
Breaking force factor K ’ ' ’ '

KanaTu 3 N0BHICTIO 3aKPUTHM CILIETiHHAM
Fully locked coil rope

Konctpykuist
Construction

ApoTy

1 map Z-noaiGHoOTrO

1 layer Z-wires

1 mrapu Z-noni6HOTO

ApoTy

2 layer Z-wires

> 3 mapam Z-
oAiOHOTO IPOTY
> 3 layer Z-wires

Hiametp ds [mMm]

Diameter ds [mm] 20 o (to) 40 2510 (to) 50 40 no (to) 180
Honycrumi Bigxunenns s dg Tolerance for ds +5% +5% +5%
HowmiHanbHWMi Koeili€HT MO MOMIEPEYHOTO epepizy
merainy C 0,636 0,660 0,700
Nominal metallic area factor C
KoedimienT BrumBy Ha po3pusF 0,585 0,607 0,643

Breaking force factor K

Mpumirka: HamioHansHUH KOedilieHT IO MOTIEPEYHOT0 Mepepi3y MEeTajIeBoro APOTY i KoedillieHT BIUIMBY HA PO3PHB

npuiiMaroThes y BignosigHocTi 3 EN 12385-2.
NOTE: Nominal metallic area factor and breaking force factor acc. EN 12385-2.
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C.3 3’eqnyBauyi KiHIiB IPOTOBOIr0 KAaHATY
C.3 Wire rope end connectors

3’ennyBadi IPOTOBHMX KaHATIB — Iie KiHNeBi 3akpilieHHs MeTaseBi a00 mosriMepHi y BixnoBixHocTi 3

EN 13411-4
Wire rope end connectors - Metal or resin socketing acc. EN 13411-4
|
Binkpura onnHkoBana My(dTa I ==
Open spelter socket —— !
Ll

Huninapuuxa mydra
Cylindrical socket

Koniuna mydra 3
BHYTPIITHBOIO Pi3b00I0 1
PO3TATHYTUM CTPHKHEM
Conical socket with internal
thread and tension rod

Hurirgpuanaa mydra 3 S
BHYTPIITHBOIO Pi3b00I0 1

PO3TATHYTHUM CTPHIKHEM ] —
Cylindrical socket with =

external thread and nut —

Hurirgpuaaa mydra 3 5 call

30BHIIMIHBOIO i BHYTPIIIHBOO 1
pi3b00I0 i raiikoro | : ‘_3%'9 B —_—
Cylindrical socket with internal

and external thread and nut

Huningpuana mydra 3

30BHILIHBOKO Pi3bOOIO i ’= =ﬂ_h ———

PO3TATHYTHM CTEPIKHEM 1 ]}— T —E O
Cylindrical socket with internal
thread and tension rod

3enHyBaui APOTOBUX KAHATIB KiHLeBi, 00:KMMHI
Wire rope end connectors swaged

Binkpura 00xuMHa My(Ta
Open swaged socket )

3akpuTa 00kuMHA My(dTa
Closed swaged socket

O06xnMHa KiHITIBKA 3 pi3p00I0 g S —
Swaged fitting with thread ms e =1

Koy 3 axroMiHi€eBUM 00KUMHHM
000/10M y BiJIIIOBiTHOCTI 3 1
EN13411-3 =
Thimble with swaged aluminium

AL 40444 A
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U — moxiGuuii 00aT 3 1BOMA
raiikam JiJIsl 3aTHCKY KaHaTa y

BigmosigHocti 3 EN 13411-5
U-bolt grip acc. EN 13411-5

C.4 Bupoou rpynu C
C.4 Product Group C

HeizonboBaHi skMYTH, ;)KMYTH, IOKPHUTi €NOKCHAHOIO CM0JI010 200 MoJliecTepoM
Bare strands, PE- or epoxy-coated strands

.o AHKepyBaHHS 32 JOIIOMOT'OI0 KJIMHIB 1 3’€IHYBaJIbHOT
AHKepyBaHHS HaKOHEYHHKA (KiHIIIBKH BaHTH) wydi

Live end anchorage Live end anchorage

AHKepyBaHHS 32 JOTIOMOTOI0 KJIHMHIB 1 3’€IHYBAJILHOI My(TH 3 3aIpaBIICHHSAM PO3YHHOM — HEi130JIb0BaHI )KMYTH,

MTOKPUTI ToJTiecTepoM abo EMOKCHIHOI CMOJIOIO

Anchorage with wedges and postgrouted bond socket — bare strands, PE- or epoxy-coated strands
|

_7_ | |

AHKepyBaHHA 33 JOIOMOTOFO KITHUHIB 1 YIUTbHIOIOYUX TUIACTHH — MTOKPUTI TOJIIECTEPOM KMYTH
Anchorage with wedges and sealing plates — PE-coated strands

-
=
] LI
LT B
AHKepyBaHHSA 3a JIOIIOMOTOI0 KJIHMHIB 1 TPYOKH IOTIEpEeNHBO 3aIOBHEHOI PO3YMHOM — IOKPHTI ITOJTieCTEPOM
JKMYTH
Anchorage with wedges and pregrouted pipe — PE-coated strands

—1

AHKepyBaHHSA 3a JOIIOMOTOFO KITHHIB 1 IEpeXiTHOI TPYyOKH, 3aTIOBHEHOT BOCKOM, - TIOKPHTI TIOJTIECTEPOM KMYTH
Anchorage with wedges and wax filled transition pipe — PE-coated strands

Aporn
Wires

AHKepyBaHHS HAKOHEYHHKA (KiHIIBKH BaHTH) AHKepyBaHHS HAKOHCYHHKA (KiHI[IBKU BaHTH)
Live end anchorage Live end anchorage

AHKprBaHHH 3 ApOTOM 1 CKJIaJHUM KiHHeBI/IM KpiHJ'IeHHHM, 3aJIMTUM KOMIIAYHAOM
Anchorage with wires and compound filled socket
= L

|_U

AHKepyBaHHS APOTOM i JUCKOBUMH OTOJIOBKAMH 3 3aTMBKOIO €TIOKCHIHOIO CMOJIOO
Anchorage with wires and button heads filled with epoxy resin

U—F

CrpnxHi
Wires
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AHKepyBaHHS HAKOHEYHUKA (KiHI[IBKY BaHTH) AHKepyBaHHS HAKOHEUHUKA (KiHI[IBKH BaHTH)
Live end anchorage Live end anchorage

AHKepyBaHHSI OJUHAPHOTO CTPYXKHSA
Anchorage with single bar

| =

Kinenp Tadanui C.2

AHKepyBaHHH ):[eKiJ'ILKOX CTpI/I)KHiB 31 cTa’ueBor 000IMOIO 3 3alrpaBJICHHAM PO3YMHOM
Anchorage with multiple bars and steel sheathing, grouted

ESE=——— e eEm=———

ti.l 0e2e%a0s0 ] [ [EROOOOCH =| ‘|‘—L,5|
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JTOJJATOK HA
(1OB1AKOBHIA)

MEPEJIK HAIIOHAJILHUX CTAHJIAPTIB YKPATHU (ICTY),
JIEHTUYHUX MC, TOCUJIAHHS HA SIKI € B EN 1993-1-11

ITo3nauenHs Ta Ha3Ba CTyr[iHL Ilo3HauenHs Ta Ha3Ba HaHiOHaJIBHOFO CTaHOapTy
€BPOIIEHCHKOTO BiJIMTOBIAHOCTI VYkpaiau (ACTY)
CTaHJAPTY
EN 1990 Eurocode - Basis of IDT JOCTY-H B EN 1990:2008«€Bpoko. OCHOBU MPOSKTYBaHHS
structural design koucTpykii (EN 1990:2002, IDT)»
1 2 3

EN 12385 IDT
EN 12385, Part 4 and
Part 10
EN 12385-2
EN 13411-3 IDT
EN 13411-4 IDT
EN 13411-5 IDT
EN 10138 Prestressing steels IDT EN 10138. ITonepesHO HaNIPYyXKEHi CTAJIEBI €IIEMEHTH
Part 1 General requirements Yacruna 1. 3araibHi BEMOTA
Part 2 Wires Yacruna 2. Jlpit
Part 3 Strands Yactuna 3. Kmytu
Part4 Bars Yacrtuna 4. [IpyTku
EN 12385 Steel wire ropes — IDT EN 12385. Cranesi 1poToBi kaHatu — Oe3mneka.

safety

Part 1 General requirements
Part 2 Definitions,
designation and classification
Part 3 Information for use
and maintenance

Part 4 Stranded ropes for
general lifting applications
Part 10 Spiral ropes for
general structural applications

Yacrtura 1. 3araispHi BUMOTH

Yactuna 2. BuzHaueHHs1, TO3HAYEHHS Ta Kiacudikarris

Yacruna 3. [adopmariis Mo BUKOPUCTAHHIO 1 EKCIUTyaTarlii
Yacruna 4. Kanatu i3 ®MYTIB 7151 BAKOPHCTAHHS HA ITiTHOMHIIX
poboTax 3arajJbHOTO MPU3HAYCHHS

YactuHa 10. Kanmatm choipanbHOro  CIUICTIHHS — JUIS
KOHCTPYKIIHHOTO 3aCTOCYBaHHS 3aralbHOTO MIPH3HAYCHHS.
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1 2 3
EN 13411 Terminations for IDT EN 13411. KinueBuku misi CTaJeBUX JPOTOBUX KaHATIB —
steel wire ropes — safety Oesmeka.
Part 3 Ferrules and ferrule- Yactuna 3. 3axxumu (MydTH) 1 IX KpinsieHHs.
securing Yactuna 4. MeraJieBi i mOiMEpHi THi3a
Part 4 Metal and resin Yactuna 5. U-noniOHi 60NTOBI 325KUMH JUTS APOTOBUX KaHATIB
socketing
Part 5 U-bolt wire rope grips
EN 10264 Steel wire and IDT EN 10264. CraneBuit apit i apotosi Bupo6u. CraneBuii apit
wire products — Steel wire for JUISL KaHATIB
ropes Yactuna 1. 3arajapHi BAMOTH
Part 1 General requirements Yactuna 2. XOJIOTHOTATHYTHI HENETOBAHWH OPIT IUIA KaHATIB
Part 2 Cold drawn non- 3araJIbHOTO KOPUCTYBaHHSI
alloyed steel wire for ropes Yactuaa 3. XOJOMHOTATHYTHI HEJIECTOBAHWN CTaJCBHH IpIT
for general applications XOJIOMHOTO (OPMYBaHHS Ul BUKOPHUCTaHHS B BHpOOax, IO
Part 3 Cold drawn and cold MPALOITh B yMOBaX BUCOKHX PO3TATYIOUHX 3yCHIIb
profiled non alloyed steel Yacruna 4. Heprkasirouuii craneBuit apit
wire for
high tensile applications
Part 4 Stainless steel wires
EN 10244 Steel wire and IDT EN 10244. CraneBwmii apit i apotoBi BupoOu. Ilokputrs i3
wire products — Non-ferrous KOJIbOPOBHX METAJIB HAa CTAJI€BOMY JPOTI
metallic coatings on steel Yacruna 1. 3araabHi BHMOTH
wire Yacruna 2. [TokpUTTS i3 MUHKY 1| HHHKOBUX CILIABiB
Part 1 General requirements YacTtuHa 3. ANIOMiHIEBI TOKPHUTTSI
Part 2 Zinc and zinc alloy
coatings
Part 3 Aluminium coatings
EN 1991 IDT
EN 10264 IDT
EN 12385 IDT
EN 1993-1 IDT
EN 1993-1-1 IDT
EN 1993-1-4 IDT
EN 1993-1-9 IDT

53




np. ACTY-H b EN 1993-1-11:201X

Kox YKH/I : 91.010.30; 91.080.10; 93.040

KutouoBi cjioBa: BaHTH, BTOMIICHICTh, )KMYTH, KaHATH, TIOTIEPEIHE HAIPYKEHHS, IPYTH, PO3TATHYTI
€JIEMEHTH.

I'enepanbuuii qupexktop TOB «YkpiHcTanbkoH
iMm. B.M. IllumMaHOBCBEKOTO», /1.T.H., IPOQ. O. lllumanoBcbkuit

3aCTyITHUK TEHEPATBHOTO TUPEKTOPa,
I.T.H., Ipod. B. T'opnees

3aBiqyBay BIJUILUTY BLIIC, K.T.H., P. Xapuenko
C.H.C.(HayKOBHIA KEPIBHUK)

[TpoBinHMI BUKOHABEIH b. ®ypman
["ooBHMIA iHXKEHEP MTPOEKTY P. I'amxa
Imxenep 11 kaTeropii I. KpuBko
[mxenep 11 kareropii 1O. IlepmsikoBa
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