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HALIOHANBbHUA BCTYN

Llen ctaHgapT € TotoxxHum nepeknagoM EN 1992-1-1:2004 Eurocode 2: Design of concrete structures —
Part 1-1: General rules and rules for buildinds (€spokoa 2: NpoekTyBaHHSA 3ani306€TOHHMX KOHCTPYKLIA —
YacTtumHa 1-1: 3aranbHi npasuna i npasuna Ans cnopya) 3 TexHiyHot nonpaskoto EN 1992-1-1:2004/AC:2008.

EN 1992-1-1:2004 nigrotoBneHo TexHiyHnM komiteTom CEN/TC 250, cekpeTapiatom sikoro kepye BSI.

[o HauioHanbHOro ctaHgapTy 4OMYyYEHO aHITfTIOMOBHMI TEKCT.

Ha tepuTopii YkpaiHu sk HauioHanbHWUiA cTaHaapT gie niea konoHka Tekcty ACTY-H b EN 1992-1-1:2010
€Bpokoa 2: NpoekTyBaHHA 3amni300eTOHHMX KOHCTPYKUiA. — YacTuHa 1-1: 3aranbHi npasuna i npasvna
ana cnopya (EN 1992-1-1:2004, IDT), BuknageHa yKpaiHCbKOO MOBOLO.

BignosigHo go JBH A.1.1-1-2009 "Cuctema ctaHgapTm3aadii Ta HopmyBaHHA B OyaiBHMLTBI. OCHOBHI
NOMOXeHHA" Lilen cTaHaapT BigHOCUTBLCA 00 KomMnnekcy B.2.6 "KoHcTpykuii 6yamHkis i cnopya”.

CtaHgapT MiCTUTb BUMOTK, SIKi BigNoBigalnTb YAHHOMY 3aKOHOL4aBCTBY.

HaykoBo-TexHi4YHa opraHisauisi, BignosigansHa 3a uen ctangapt, — O HOIBK.

[o cTtaHgapTy BHeCeHO Taki pefakuinHi 3MiHW:

— crnoBa "uen MibkHapodHuM cTaHgapT" 3amiHeHO Ha "uen ctaHgapT';

— CTPYKTYpHi enemMeHTn ctaHgapty — "O6knaguHky", "Mepegmosy", "HauioHaneHuin BcTyn", "BusHa-
YeHHs NOHATL" — OPOPMIIEHO 3riAHO 3 BUMOraMu HauioHanbHOI cTaHgapTusaLil Ykpainu,;

— HauioHanbHW OOBIOKOBMI A0AATOK HABEAEHO AK HAaCTaHOBY ANSA KOPUCTYBauiB.

Mepenik HauioHanbHMx ctaHgapTiB Ykpaiim (ACTY), igeHTnyHnx MC, nocunaHHa Ha sKi € B
EN 1992-1-1:2004, HaBegeHo B gogatky HA.

Konii MC, He NnpurHATKX SK HauioHanbHi cCTaHgapTy, Ha ki € nocunanHa EN 1992-1-1:2004, moxxHa
oTpumaTu B [0noBHOMY (POHAI HOpMaTUBHUX gokymeHTiB 1 "YkpHOHLL".

TexHiyHa nonpaBka EN 1992-1-1:2004/AC:2008 pmo EN 1992-1-1:2004 nogaHa B KiHLUi
OCTY-H B EN 1992-1-1:2010.
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BCTYN

Oannn gokymeHT (EN 1992-1-1:2004), €Bpokog 2:
MpoekTyBaHHSA  3amni300eTOHHUX  KOHCTPYKLIN:
YactuHa 1-1 3aranbHi npasBuna i HopMmu Ans
Oygaisenb 6yB nigrotoBrneHun TexHiyHnm Komite-
Tom CEN/TC 250 "ByaisensHi €Bpokoaun”, cekpe-
Tapiat sKoro nigTpumyetbcs BSI (BputaHcbkum
iHcTuTyTOM cTangapTie). CEN/TC 250 Bignosi-
AanbHui 3a BCi "byaiBensHi €8pokoan”.

Llen €sponencbknii ctaHgapT NOBMHEH HabyTh
cTaTycy HauioHanbHOro cTaHAapTy LWAsiXom ny6-
nikauii iZeHTUYHOro TeKCTy abo yXBareHHsAM He
nisHiwe 4epBHa 2005 p., a HauioHanbHi cTaH-
[apTn, SiKi MaloTb 3 HUM PO3BIKHOCTI, MOBWUHHI
OyTK BigMiHeHI He ni3Hiwe 6epesHsa 2010 p.

Oannn  pokymeHT 3amiHioe EVN  1992-1-1,
1992-1-3, 1992-1-4, 1992-1-5, 1992-1-6 i 1992-3.

BignosigHo oo BHyTpiwHix npasun CEN/CENE-
LEC 3anpoBaanth uen €Bponencbknin ctaHaapT
3000B'A3y0TbCA HaLioHanbHI opraHisauii 3i cTaH-
JapTmsauii HacTynHuX KpaiH: ABCTpii, benbril,
Kinpy, Yecbkoi pecnybniku, OaHii, EcToHil, DiH-
nangii, ®paxuii, Himeuwunuu, Mpedii, YropwuHu,
Icnangii, lpnaHaii, Itanii, JlaTeii, JltokcemOypry,
Manbtn, Hinepnangis, Hopserii, MonbLwi, MopTy-
ranii, Cnosa4yynHn, CnoBeHii, Icnanii, LBedui’,
LLiBenuapii Ta Benukoi bputaHii.

Vi

FOREWORD

This European Standard EN 1992, Eurocode 2:
Design of concrete structures: General rules and
rules for buildings, has been prepared by Techni-
cal Committee CEN/TC250 "Structural Euroco-
des", 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
June 2005, and conflicting National Standards
shall be withdrawn at latest by March 2010.

This Eurocode supersedes ENV1992-1-1, 1992-1-3,
1992-1-4, 1992-1-5, 1992-1-6 and 1992-3.

According to the CEN-CENELEC Internal Regu-
lations, the National Standard Organisations of
the following countries are bound to implement
these European Standard: Austria, Belgium, Cyp-
rus, Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary,lceland, Ire-
land, Italy, Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland, Portugal, Slovakia,
Slovenia, Spain, Sweden, Switzerland and United
Kingdom.
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OCHOBM NPOIrPAMM €BPOKO[LIB

B 1975 poui Kowmicis €Bponencbkoi chinbHOTH
NpUHANA pilleHHsa Woao nnaHy gim y cdepi
OyaiBHMUTBa Ha nigcTaei ctatTi 95 yrogn. MeTtoto
nnaHy Aii 6yno yCyHEHHs1 TeXHIYHUX nepeLuKos
01191 TOPriBfi Ta Y3rogXKeHHS TEXHIYHMX YMOB.

Y mexax uboro nnady gin Komicia novyana snpo-
BaJ)KyBaTU CUCTEMY Y3rOPKEHUX TEXHIYHMX Npa-
BWI OJ18 NPOEKTyBaHHA OydiBenb Ta crnopya, Wo
Ha nepLUOMy eTani Manu cTaTi anbTepHaTUBO
YNHHUM HOpMaM [epXXaB-ufieHiB, a 3peLuToro
Manu 3amiHuUTK ix.

[MpoTtarom n'aTHaguAaTh pokie Komicia 3a gonomo-
roto MNocTinHOro KoMiTeTy, 4O CKnaay AKOro BXO-
ONNn NpefCcTaBHUKU AepXKaB-YrneHis, po3pobns-
na nporpamy €BpoKofiB, pe3ynbTaToM 4YOro cTa-
na ny6nikaisi nepLoro NOKOiHHS EBPOMNENCHKMX
HopMm Yy 80-Xx pokax.

Y 1989 poui Kowmicia Ta gepxxasu-unexm EU (€B-
ponencbkoi cninbHoTK) Ta EFTA (€Bponencebkoi
acouiauii BinbHOI TOpriei) Ha nigcTasi yro,u,w1 Mi>K
Kowmicieto Ta CEN (€BponencbkumM KOMITETOM 3i
CTaHgapTm3auii) BMpilunnn nepegaTtu nigroToBky
Ta nybnikauito €spokogis o CEN 3a gonomoroto
cepii maHgaTiB, wWwob y manbyTHbOMy HagaTtu
€BpokogamMm cTaTycy €BpOMenCbKOro CtaHaapTy
(EN). Ue daktnyHo nos'asye €spokoamn 3 noso-
XeHHaMN anpektne Paan Ta/abo piweHb Komicii

' Yropa mix Komicieto €BpONEncLKOI CNinbHOTU Ta E€BpPo-
nencbkum KomiteToM ctanHgapTusadii (CEN) wopgo po-
60TV Hap €BpokodaMu CTOCOBHO MPOEKTyBaHHSA Oy-
aisenb i uuBinbHux cnopyz (BC/CEN/03/89).

BACKGROUND TO THE EUROCODE
PROGRAMME

In 1975, the Commission of the European Com-
munity decided on an action programme in the
field of construction, based on article 95 of the
Treaty. The objective of the programme was the
elimination of technical obstacles to trade and the
harmonisation of technical specifications.

Within this action programme, the Commission
took the initiative to establish a set of harmonised
technical rules for the design of construction works
which, in a first stage, would serve as an alter-
native to the national rules in force in the Member
States and, ultimately, would replace them.

For fifteen years, the Commission, with the help of
a Steering Committee with Representatives of
Member States, conducted the development of
the Eurocodes programme, which led to the first
generation of European codes in the 1980s.

In 1989, the Commission and the Member States
of the EU and EFTA decided, on the basis of an
agreement1 between the Commission and CEN,
to transfer the preparation and the publication of
the Eurocodes to CEN through a series of
Mandates, in order to provide them with a future
status of European Standard (EN). This links de
facto the Eurocodes with the provisions of all the
Council's Directives and/or Commission's Deci-
sions dealing with European standards (e.g. the

T Agreement between the Commission of the European
Communities and the European Committee for Stan-
dardisation (CEN) concerning the work on EURO-
CODES for the design of building and civil engineering
works (BC/CEN/03/89).
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CTOCOBHO €BPOMENCbKMX CTaHAapTiB (Hanpuknaa,
anpektmea Pagn 89/106/EEC wopo 6yaiBenbHmMx
Bnpobie — CPD — ta aupektnsu Pagn 93/37/EEC,
92/50/EEC i 89/440/EEC woOo rpomMaacbkmx
NPOEKTIB Ta KOMYHarbHUX MOCAYr i PiBHOLIHHNX
avpektue EFTA, wo 3anovatkoBaHi 3 MeTolo CTa-
HOBIEHHSI BHYTPILLHBOIO PUHKY).

Mporpama BygisenbHNX €BPOKOAIB BKIOYAE Ha-
CTYMHi CTaHAapTK, Lo 3aranom CKnagalTbCs 3
OEKiNbKOX YaCTUH:

EN 1990 €Bpokoa: OCHOBM NPOEKTYBaAHHSA KOHCT-
pyKUin

EN 1991 €spokog 1: [ii Ha KOHCTpyKLUii

EN 1992 €spokopg 2: lNpoekTtyBaHHs 3anizobe-
TOHHUX KOHCTPYKLIR

EN 1993 €pokoa 3: lNpoekTyBaHHA CTanesBux
KOHCTPYKLIN

EN 1994 €spokop 4: NpoekTyBaHHA cTanesani-
300EeTOHHUX KOHCTPYKLIN

EN 1995 €Bpokoa 5: NpoekTyBaHHA AepeB'aHUX
KOHCTPYKLN

EN 1996 €spokog 6: [NpoekTyBaHHA Kam'aHMX
KOHCTPYKLIN

EN 1997 €Bpokop 7: [eoTexHi4YHe NPOeKTyBaHHS
EN 1998 €spokop, 8: lNpoekTyBaHHS CENCMOCTIN-
Knx cnopyz

EN 1999 €pokopa 9: NpoekTyBaHHS antoMiHiEBUX
KOHCTPYKLN

€Bpokoan BM3HaAYaloThb BigNoBiganbHICTb po3no-
pSOYMX OpraHiB AepKaB-ySieHiB Ta 3axXuLLaroTb iX
npaBo BM3HAYaTU BEMNYMHMU, LLIO CTOCYHOTLCS M-
TaHb peryntoBaHHs 6e3nekn Ha HauioHansHoMY
PiBHI, SIKLLO Ui BENIMYMHM BiOpPi3HAOTLCA ANS BCiX
Oep>KaB-yNeHiB.

Council Directive 89/106/EEC on construction pro-
ducts — CPD — and Council Directives 93/37/EEC,
92/50/EEC and 89/440/EEC on public works and
services and equivalent EFTA Directives initiated
in pursuit of setting up the internal market)

The Structural Eurocode programme comprises
the following standards generally consisting of a
number of Parts:

EN 1990 Eurocode 0: Basis of Structural Design

EN 1991 Eurocode 1: Actions on structures

EN 1992 Eurocode 2: Design of concrete struc-
tures

EN 1993 Eurocode 3: Design of steel structures

EN 1994 Eurocode 4: Design of composite steel
and concrete structures

EN 1995 Eurocode 5: Design of timber structures

EN 1996 Eurocode 6: Design of masonry struc-
tures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures for
earthquake resistance

EN 1999 Eurocode 9: Design of aluminium struc-
tures

Eurocode standards recognise the responsibility
of regulatory authorities in each Member State
and have safeguarded their right to determine
values related to regulatory safety matters at
national level where these continue to vary from
State to State.
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CTATYC TA COEPA 3ACTOCYBAHHA
€BPOKOLIB

OepxaBu-unenn EU ta EFTA Bu3HatoTh, Wo €B8-

pOKOAMN € OCHOBOMOSOXHUMW OOKYMEHTaMKN ANs

Takux Linen:

— §K 3acid 3abesnedeHHs1 BignosigHoCTI Oyai-
BEMb Ta Crnopyn OCHOBHUM BMMOraM AMPEKTU-
B Pagn 89/106/EEC, 30kpema OCHOBHI BU-
Mo3i Ne1 "MexaHiyHui onip Ta CTinkicTe" Ta
OCHOBHIV BUMO3i Ne2 "TokexkHa beaneka";

— 4K OCHOBa AN1A YKnagaHHA yrof Ha OyAiBenbHi
poboTn Ta CynyTHI iHXXUHIPUHIOBI NOCAYrK;

— AKOCHOBa AN pO3pOBeHHS Y3roaXeHnxX Tex-
HiYHMX yMOB Ha bypaisenbHi Bupobu (ENs Ta
ETASs).

Ockinbkn €Bpokoamn 6e3nocepeqHLO CTOCYOTLCA
ByAaisenbHUX cnopy, BOHW MatoTb NPSIMUN 3B'S-
30K 3 TNYMayHUMK [OKYMEHTamu?, Lo nocuna-
t0TbCcs Ha cTaTTio 12 CPD, xou4a Bigpi3HAIOTLCSA
BiJ rapMOHi30BaHUX CTaHaapTiB Ha BUpo6uS. Ta-
KMM YMHOM, TEXHIYHI acnekTu, Wo BUHMKAOTb Npu
3acTocyBaHHi €BpokofiB, MatoTb OyTK BignNoBia-
HO pO3rnsHyTi TexHidHuMKn komiTeTamm CEN
Ta/abo pobounmu rpynamm EOTA, Wwo po3pobns-
I0Tb CTaHOapTW Ha OyaiBenbHi BUpoOKW, ons fo-
CSITHEHHS MOBHOI BI4MOBIAHOCTI TEXHIYHMX YMOB
€Bpokogam.

2 BignosigHo go Ct.3.3 CPD ocHoBHi Bumoru (ERs) no-
BUHHI OYyTW HagaHi B KOHKPETHIN hopMi y TIyMayHmUX
AOKYMEHTax Ans CTBOPEHHS HeoOXigHUX B3aEMO3-
B'AI3KIB Mi>k OCHOBHMMM BMMOraMu Ta MaHgaTamu Ha
rapmoHizauito ENs i ETAGS/ETAS;

3 BignosigHo o cr. 12 CPD TnymadHi OOKYMEHTU no-
BUHHI:

a) HagaBaTu KOHKPETHY hopMy OCHOBHWM BUMOTram, rap-
MOHi3Y04M TEPMIHOSOTII0, TEXHIYHI OCHOBM Ta 3a3Hava-
TV knacu abo piBHi 4ns KOXHOT BUMOTK, Ae HeobXiaHo;

b) BkadyBaTu meToau kopensuii uux knacis abo piBHiB Bu1-
MOT i3 TEXHIYHUMW YMOBaMU, Hanpuknaz, MeToam pos-
paxyHKiB i NepeBipkM, TEXHIYHI NpaBuna ans po3pob-
NeHHS NPOEeKTIB TOLLO;

C) cnyryBatu B SKOCTi J)Kepena ANnd 3anpoBaXXeHHs rap-
MOHI30BaHNX CTaHOApPTIB i HOPM ANA €BPONENCHKNX
TEeXHIYHUX yXBaneHb.

€Bpokoan haKkTUYHO BiAirpaoTb CXOXY porb y coepi
ER 1 iyvactkoBo ER 2.

STATUS AND FIELD OF APPLICATION
OF EUROCODES

The Member States of the EU and EFTA recog-
nise that Eurocodes serve as reference docu-
ments for the following purposes:

— as ameans to prove compliance of building and
civil engineering works with the essential requi-
rements of Council Directive 89/106/EEC, par-
ticularly Essential Requirement Ne1 — Mecha-
nical resistance and stability — and Essential
Requirement Ne2 — Safety in case of fire;

— as a basis for specifying contracts for const-
ruction works and related engineering ser-
vices;

— as a framework for drawing up harmonised
technical specifications for construction pro-
ducts (ENs and ETAs)

The Eurocodes, as far as they concern the const-
ruction works themselves, have a direct relation-
ship with the Interpretative Documents? referred
to in Article 12 of the CPD, although they are of a
different nature from harmonised product stan-
dards®. Therefore, technical aspects arising from
the Eurocodes work need to be adequately con-
sidered by CEN Technical Committees and/or
EOTA Working Groups working on product stan-
dards with a view to achieving full compatibility of
these technical specifications with the Euro-
codes.

According to Art. 3.3 of the CPD, the essential require-
ments (ERs) shall be given concrete form in interpre-
tative documents for the creation of the necessary links
between the essential requirements and the mandates
for harmonised ENs and ETAGS/ETAs.

3 According to Art. 12 of the CPD the interpretative docu-
ments shall:

a) give concrete form to the essential requirements by
harmonising the terminology and the technical bases
and indicating classes or levels for each requirement
where necessary;

b) indicate methods of correlating these classes or levels
of requirement with the technical specifications, e.g.
methods of calculation and of proof, technical rules for
project design, etc.;

c) serve as a reference for the establishment of harmo-
nised standards and guidelines for European technical
approvals.

The Eurocodes, de facto, play a similar role in the field
of the ER 1 and a part of ER 2.
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€BpoKOAM BCTAHOBMIOWTL 3arasnbHi  NpaBunia
NPOEKTYBaHHA ANSA MOBCSAKAEHHOIO 3aCTOCYBaH-
HS 9K NS NPOeKTyBaHHsA byaiBens B LinoMy, Tak i
X CKNagoBUX YacTWH, 9K TpaguUiHMX, TakK i HO-
BUX. Y BUNagKax HETUNoBOl POPMMU KOHCTPYKLi
abo yMOB MPOEKTYBaHHS, LLO KOHKPETHO HEe po3-
rmagarTbes, HeobxigHa gopaTkoBa ekcnepTHa
OLliHKa.

HALUIOHAINbHI CTAHOAPTW,
LLO BMPOBAXKYIOTb €BPOKOOU

HauioHanbHi cTaHgapTv, WO BAPOBALXYHOTb
€Bpokoan, MICTATb MOBHWUA TeKCT E€Bpokoay
(BkntOYHO 3 yciMa gogaTtkamu), WO BUAAHWNA
CEN, sikun Moxke [OOMNOBHIOBATM HaLiOHaNbHUI
TUTYNbHUI apKyLl Ta HauioHanbHWUI BCTYN Ha No-
YyaTKy, a TaKoX HaLioHanbHU 004aTOK B KiHL.

HauioHanbHWn [OoAaToK MOXe MICTUTK iHdop-

MaLlito NiMLle CTOCOBHO TUX NapaMeTpiB, LLIO 3anu-

LeHi BigKpuTMMK B €Bpokogax Ans HauioHanb-

HOro BMGOpY, Tak 3BaHi HaUiOHANbHO BU3HAYEHI

napameTpu, Ta 3aCTOCOBYHTbCSA AOJ1 NMPOEKTY-

BaHHA Ta OyAiBHMLTBA Y KOHKPETHIN KpaiHi, a

came:

— 3HauyeHHsa Ta/abo knacw, siki B €Bpokoai aa-
I0TbCSA Ha BMOIp;

— 3HaueHHs, Ans SKkux y €BpoKodi AaHo nuvue
NMO3HAYEHHS,;

— 0cobnunBocCTi JaHoi KpaiHu (reorpadpivni, kni-
MaTW4YHi TOLLO), Hanpuknag, KapTa CHIiroBoro
NOKPUBY;

— MeToAuKa, Ans sKoi B €Bpokoai 4aHOo anbTep-
HaTUBHI METOOUKN.

Moxke TakoX MICTUTU:

— PpilWeHHA Woao 3acToCyBaHHS OOBIAKOBUX 0O-
JaTkiB;

— MnoCunaHHA Ha [OAaTKoBY HE Ccynepeuynusy
iHbopmaLito, Lo JonomMarae KOpUCTyBayeBi
3aCTOCOBYBaTU EBPOKOA.

The Eurocode standards provide common struc-
tural design rules for everyday use for the design
of whole structures and component products of
both a traditional and an innovative nature. Unu-
sual forms of construction or design conditions
are not specifically covered and additional expert
consideration will be required by the designer in
such cases.

NATIONAL STANDARDS IMPLEMENTING
EUROCODES

The National Standards implementing Eurocodes
will comprise the full text of the Eurocode (inclu-
ding any annexes), as published by CEN, which
may be preceded by a National title page and
National foreword, and may be followed by a
National annex.

The National annex may only contain information
on those parameters which are left open in the
Eurocode for national choice, known as National-
ly Determined Parameters, to be used for the
design of buildings and civil engineering works to
be constructed in the country concerned, i.e.:

— values and/or classes where alternatives are
given in the Eurocode,

— values to be used where a symbol only is given
in the Eurocode,

— country specific data (geographical, climatic,
etc.), e.g. snow map,

— the procedure to be used where alternative
procedures are given in the Eurocode.

It may contain:

— decisions on the application of informative
annexes,

— references to non-contradictory complemen-
tary information to assist the user to apply the
Eurocode.
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3B'A3KN MK €EBPOKOOAMU TA TAPMOHI-
30BAHUMU TEXHIMHUMWX YMOBAMU
(ENs and ETAs) AJ11 BUPOBIB

HeobOXxigHO y3roouT rapMOHI30BaHi  TEXHIYHi
ymoBwu Ans 6yaisenbHux BUpOOIB Ta TEXHIYHI HOP-
MU ansd cnopy/:l“. Kpim TOro, noeHa iHpopmaLis,
wo cynposompxye CE MapkyBaHHA OydiBenbHUX
BMpOOIB, Oe € mnocunaHHs Ha €Bpokoau, Mae
YiTKO 3a3HauvaTu, SKi HauioHanbHO BU3Ha4eHi na-
pameTpu Oynu BpaxoBaHi.

AOOOATKOBA IHOOPMALIA
CTOCOBHO EN 1992-1-1

EN 1992-1-1 onucye oCHOBHI npasuna i BUMOru
oo 6eanekun, ekcnnyaTauitHoT NpuaaTHOCTI Ta
OOBrOBIYHOCTI 3aNi300€TOHHUX KOHCTPYKLLiA Crinb-
HO 3 KOHKPETHMMW MONOXEHHAMU Ans byaisens.
BoHn 6a3yoTbCsa Ha KOHLEeNLUii F[paHUYHOro cTaHy B
NnoeaHaHHi 3 MeTogoM KoedilieHTIB HaaiNHOCTI.

[nsa npoekTyBaHHA HOBUX crniopya nepenbadveHo
BeanocepenHe 3actocyBaHHa EN 1992-1-1 cnink-
HO 3 iHWKMK YacTuHamm EN 1992, €spokogamu
EN 1990, 19911997 i 1998.

EN 1992-1-1 Takox € 6a30BMM OOKYMEHTOM AJ1S
iHWnx CEN TC (TexHi4YHMX KOMITETIB) B TUTAHHAX
OyaiBenbHNX KOHCTPYKLIN.

EN 1992-1-1 np13Ha4deHi Ans 3acTOCyBaHHS:

— KOMiTeTaMm 3 po3pobrieHHA HOPM ANsA NPOeK-
TYBaHHA crnopyp i CynyTHix BUpobis, BUNpoby-
BaHb Ta OMPEKTUB;

— KnieHTamu (Hanpuknag, ana opMyntoBaHHS
iXHiX 0CcOBNMBMX BMMOr LWOOO PiBHIB Hagin-
HOCTi Ta AOBrOBIYHOCTI) ;

— MNPOEKTyBasribHMKaMM Ta KOHCTPYKTOpamu;

— [epXaBHUMMW OpraHamm.

Ynucnosi BENUYUHU KOemilieHTiB HagiHOCTI Ta
iHWKWX napameTpiB HafiMHOCTI, WO pekoMeHAay-
IOTbCA B IKOCTi 6a30BUX BENUYMH, AKi 3abe3nevy-
I0Tb NPUNHATHWUI PiBEHb HAaAINHOCTI, NPU3HAYeHi
BMXOOAYM 3 YMOBW 3aCTOCYBaHHS Bi4MOBIAHOro
PiBHSA BMKOHAHHSA Ta yNpaBIiHHS SKICTHO.

Mpw 3acTocyBanHi EN 1992-1-1 y sikocTi 6a3oBoro
OOKYMEHTA iHLIMMMK TeXHIYHUMK koMiTeTamu/CEN
MOBUHHI NPUAMATUCh Taki caMi BEMUUYNHN.

4 Owue. c1. 3.3 Tact. 12 CPD, aTakox 4.2,4.3.1,4.3.2 Ta
5.2 ID Ne1

LINKS BETWEEN EUROCODES AND
HARMONISED TECHNICAL SPECIFICATIONS
(ENs and ETAs) FOR PRODUCTS

There is a need for consistency between the har-
monised technical specifications for construction
products and the technical rules for works®.
Furthermore, all the information accompanying
the CE Marking of the construction products
which refer to Eurocodes should clearly mention
which Nationally Determined Parameters have
been taken into account.

ADDITIONAL INFORMATION
SPECIFIC TO EN 1992-1-1

EN 1992-1-1 describes the principles and requi-
rements for safety, serviceability and durability of
concrete structures, together with specific provi-
sions for buildings. It is based on the limit state
concept used in conjunction with a partial factor
method.

For the design of new structures, EN 1992-1-1 is
intended to be used, for direct application, toge-
ther with other parts of EN 1992, Eurocodes
EN 1990,1991, 1997 and 1998.

EN 1992-1-1 also serves as a reference docu-
ment for other CEN TCs concerning structural
matters.

EN 1992-1-1 is intended for use by:

— committees drafting other standards for
structural design and related product, testing
and execution standards;

— clients (e.g. for the formulation of their specific
requirements on reliability levels and durabi-
lity);

— designers and constructors ;

— relevant authorities.

Numerical values for partial factors and other
reliability parameters are recommended as basic
values that provide an acceptable level of relia-
bility. They have been selected assuming that an
appropriate level of workmanship and of quality
management applies.

When EN 1992-1-1 is used as a base document
by other CEN/TCs the same values need to be
taken

4 See Art.3.3 and Art.12 of the CPD, as well as 4.2, 4.3.1,
4.3.2 and 5.2 of ID Ne1.
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HALUIOHANBHUA OOOATOK 0 EN 1992-1-1

Llen ctaHgapt Hagae BENUYMHN 3 MPUMITKaMu, B
SKUX BUNagkax MOXNMBUIA BUOIp HaUioOHaNbHUX
anbTepHaTmB.

TakuM YMHOM, HaLlioHanbHUK CTaHdapT, Wo 3a-
npoBamkye EN 1992-1-1, noBuHeH maTu Hauio-
HanbHUM 0OOATOK, WO MICTUTb BCi HaLliOHANbHO
BU3HAYEHi NapaMeTpu (XapakTepUCTUKN), AKi BU-
KOPUCTOBYIOTLCA AN NPOEKTYBaHHA byaiBens Ta
UMBINbHUX crnopyd, wo 6yayTe 3BeeHi y Bigno-
BiZHIM KpaiHi.

HaujoHanbHun Bubip nossonsetsca B EN 1992-1-1
yepes HACTYMHI NOJTOXEHHS:

2.3.3(3) 5.10.3(2)
2.4.2.1(1) 5.10.8(2)
2.4.2.2(1) 5.10.8(3)
2.4.2.2(2) 5.10.9 (1)P
2.4.2.2(3) 6.2.2(1)
2.4.2.3(1) 6.2.2(6)
2.4.2.4(1) 6.2.3(2)
2.4.2.4(2) 6.2.3(3)
2.4.2.5(2) 6.2.4(4)
3.1.2 (2)P 6.2.4(6)
3.1.2(4) 6.4.3(6)
3.1.6 (1)P 6.4.4(1)
3.1.6 (2)P 6.4.5(3)
3.2.2 (3)P 6.4.5(4)
3.2.7(2) 6.5.2(2)
3.3.4 (5) 6.5.4 (4)
3.3.6(7) 6.5.4(6)
4.41.2(3) 6.8.4(1)
4.4.1.2(5) 6.8.4(5)
4.4.1.2(6) 6.8.6(1)
4.4.1.2(7) 6.8.6(2)
4.4.1.2(8) 6.8.7(1)
4.4.1.2(13) 7.2(2)
4.4.1.3(1)P 7.2(3)
4.4.1.3(3) 7.2(5)
4.4.1.3(4) 7.3.1(5)
5.1.3(1)P 7.3.2(4)
5.2(5) 7.3.4(3)
5.5(4) 7.4.2(2)

NATIONAL ANNEX FOR EN 1992-1-1

This standard gives values with notes indicating
where national choices may have to be made.

Therefore the National Standard implementing
EN 1992-1-1 should have a National annex
containing all Nationally Determined Parameters
to be used for the design of buildings and civil
engineering works to be constructed in the
relevant country.

National choice is allowed in EN 1992-1-1 through
the following clauses:

9.8.1(3)
9.8.2.1(1)
9.8.3(1)
9.8.3 (2)
9.8.4(1)
9.8.5 (3)
9.10.2.2(2
9.10.2.3(3
9.10.2.3(4
9.10.2.4(2
11.3.5 (1)P
11.3.5 (2)P
11.3.7(
11.6.1(
(
(

)
)
)
)

)
)
1
1
11.6.1(2
11.6.2(1
11.6.4.1

1

12.3.1(
12.6.3(2

)
)
)
)
(1)
)
)
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5.10.1(6)

5.10.2.1 (1)P

5.10.2.1(2)
5.10.2.2(4)
5.10.2.2(5)
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1 3ArAJlbHI NOJNTOXEHHA

1.1 Cchepa 3acTocyBaHHA
1.1.1 Cehepa 3acmocyeaHHs1 €Eepokody 2

(1)P €Bpokog, 2 3aCTOCOBYETbHCS AMS NPOEKTY-
BaHHSA OyaiBernb i rpoMafCcbKMX cnopyg i3 3suyan-
HUX | NoNepeaHbO HanpyXeHux 3anisobeToHHnX
KOHCTpPYKUi. BiH BignoBigae 0CHOBHUM NOSTOXEH-
HSM | BUMOram Liofo 6e3neku i ekcnnyaTtauifiHoi
npuaaTHOCTI Cnopyd, OCHOBM NPOEKTYBaHHS i ne-
peBipku sknx HagaHo y EN 1990 "OcHosu npoek-
TYBaHHSI KOHCTPYKLin".

(2)P €Bpokoa 2 posrnsgae BUMOMU TinbKn CTO-
COBHO Hecy4ol 30aTHOCTI Ta CTINKOCTI, npuaat-
HOCTIi 40 ekcnyaTauii, AOBroBiYHOCTI i MOXEXHOI
6e3nekn KOMOIHOBaHMX KOHCTPYKLUIR. [HWi BUMO-
r, Hanpwvknag, Woao Tenno- abo 3Bykoionsuii,
He po3rnaaatoThbes.

(3)P €Bpokopg 2 npmMsHadeHn Ang 3acToCyBaHHS
y MOEAHAHHI 3:

EN 1990: OcHoBM NpOEKTYBaHHSA KOHCTPYKLN
EN 1991: [ii Ha KOHCTpyKU,ii

hENs: BbygiBenbHi BMpoOU, WO BigHOCATLCA OO0
OETOHHUX KOHCTPYKLiN

ENV 13670: BukoHaHHS GETOHHNX KOHCTPYKLin
EN 1997: l'eoTexHi4YHe NpoeKTyBaHHS

EN 1998: lNpoekTyBaHHS CENCMOCTIKUX KOHCT-
PYKUin, KON 3ani306eTOHHI KOHCTPYKLiT 3BOAATb-
Csl' Y CeNCMIYHNX perioHax.

(4)P €Bpokopg 2 cknagaeTbes i3 HACTYMHUX Yac-
TUH:

YactuHa 1.1: 3aranbHi HOpMM i npaBuna Ans
OygniBenb

YactuHa 1.2: lMpoTunoxexxHe NpPOeKTyBaHHSA
KOHCTPYKLIN

YactnHa 2: MocTu i3 3BMYanHOro i nonepegHsLo
Hanpy>KeHoro 3anisaobeToHy

YactmHa 3: BogosaxucHi cnopyav i pesepByapu.

1.1.2 Copepa 3acmocysaHHss yacmuHu 1-1 €e-
pokody 2

(1)P Y yactuHi 1-1 €Bpokony 2 HaBedeHO 3a-
ranbHi OCHOBM 41151 MPOEKTYBaHHS HEAPMOBaHWX,
i3 3BUYAMHMM i NoNepeaHbo HaMpy>KeHUM apMy-
BaHHAM 3ani306eTOHHUX KOHCTPYKLLI Ha BaXKKUX i
Nerkux 3anoBHIOBaYax Ta KOHKPETHI HOpMU Ans
Oygaisenb.

1 GENERAL

1.1 Scope
1.1.1 Scope of Eurocode 2

(1)P Eurocode 2 applies to the design of buildings
and civil engineering works in plain, reinforced
and prestressed concrete. It complies with the
principles and requirements for the safety and
serviceability of structures, the basis of their
design and verification that are given in EN 1990:
Basis of structural design.

(2)P Eurocode 2 is only concerned with the
requirements for resistance, serviceability, dura-
bility and fire resistance of concrete structures.
Other requirements, e.g. concerning thermal or
sound insulation, are not considered.

(3)P Eurocode 2 is intended to be used in conjun-
ction with:

EN 1990: Basis of structural design
EN 1991: Actions on structures

hEN's: Construction products relevant for conc-
rete structures

ENV 13670: Execution of concrete structures
EN 1997: Geotechnical design

EN 1998: Design of structures for earthquake
resistance, when concrete structures are built
iseismic regions.

(4)P Eurocode 2 is subdivided into the following
parts:

Part 1.1: General rules and rules for buildings

Part 1.2: Structural fire design

Part 2: Reinforced and prestressed concrete
bridges

Part 3: Liquid retaining and containing structures
1.1.2 Scope of Part 1-1 of Eurocode 2

(1)P Part 1-1 of Eurocode 2 gives a general basis
for the design of structures in plain, reinforced and
prestressed concrete made with normal and light
weight aggregates together with specific rules for
buildings.
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(2) Y yactuHi 1-1 poarnagarTbCa HACTYMNHI Nn-
TaHHS:

Po3apgin 1: 3aranbHi NonoxeHHs

Poagin 2: OcHOBKM NpOeKTyBaHHSA

Po3gin 3: MaTtepianu

Po3gin 4: [1oBroeiyHiCTb Ta 3aXMCHUN LWIap apMa-
Typu

Po3agin 5: Po3paxyHOK KOHCTPYKLiN

Po3agin 6: paHn4Hi cTaHn 3a HECYYOI0 34aTHICTIO
i CTiMKiCTIO

Po3gin 7: paHuyHi cTaHn 3a npuaaTHICTIO OO0
ekcnnyarauii

Poagin 8: KoHcTpytoBaHHA 3BMYanHOro i none-
peaHbO HanpyXeHoro apMyBaHHSA. 3aranbHi no-
NOXEHHS

Po3gin 9: KoHCTpytoBaHHA enemeHTIiB i 0cobnuBi
BUMOTIU

Poagin 10: dogaTtkoBi BUMoru oo 36ipHMX 3ani3o-
OETOHHUX €NEMEHTIB i KOHCTPYKLiN.

Po3agin 11: 3anisobeToHHI KOHCTPYKLIT Ha nerkux
3anoBHoBa4ax

Poagin 12: HeapmoBaHi i nerkoapmoBaHi 6€TOHHi
KOHCTPYKUi

(3)P Y posginax 1i2 HagatoTbcst 4O4ATKOBI NOS0-
XeHHs1 go HagaHux y EN 1990 "OcHoBu npoekTy-
BaHHSI KOHCTPYKLiA".

(4)P YactmnHa 1-1 He NOWMPIOETLCS Ha:

— 3acToCyBaHHs rmagkoi apmartypu;

— BOFHETPUBKICT;

— 0cobnuBi MUTaHHA cneuianbHUX TUNiB Oyai-
Benb (BUCOTHI Byaisni);

— 0COoONMBI NUTaHHS cneuianbHUX TUMIB LUUBINb-
HUX crnopyn (Biagyku, MOCTK, ambu, pe3epBy-
apwu nig TMckom, npubepexHi nnatgopmm abo
BOZ03aXMCHi cnopyau);

— [OpiBHO3epHUCTI Ta MNiIHOBETOHHI cknagoBi, a
TaKOX BUrOTOBIEHI 3 HAABAXKMX 3aMoOBHIOBa-
yiB abo i3 3acTocyBaHHAM cTanesux npodinis
(EBpokog 4 onsa kombGiHOBaHMX cTanebeToH-
HUX KOHCTPYKL,iNA).

1.2 HopmaTtuBHI nocunaHHA

(1)P Hwxk4ye HaBegeHO HOPMATUBHI LOKYMEHTMH,
WO MICTSITb MOSIOXKEHHS, Ha SKi € NOoCUMNaHHA Y
TEKCTI, | TaKNM YMHOM BOHW € MOJIOXKEHHAMM LibO-
ro eBpONEencLKOro ctaHaapTy. Ons gxepen, Tep-
MiH il SKMX CKiIHYMBCS, AoaaTtkn abo HOBI pegakuii
He HaBogaTbcs. OgHak, CTOPOHM 3a 3roAoto, Lo

(2)P The following subjects are dealt with in
Part 1-1.

Section 1: General

Section 2: Basis of design

Section 3: Materials

Section 4: Durability and cover to reinforcement

Section 5: Structural analysis
Section 6: Ultimate limit states

Section 7: Serviceability limit states

Section 8: Detailing of reinforcement and prest-
ressing tendons — General

Section 9: Detailing of members and particular
rules

Section 10: Additional rules for precast concrete
elements and structures

Section 11: Lightweight aggregate concrete
structures

Section 12: Plain and lightly reinforced concrete
structures

(3)P Sections 1 and 2 provide additional clauses
to those given in EN 1990 "Basis of structural
design".

(4)P This Part 1-1 does not cover:

— the use of plain reinforcement

— resistance to fire;

— particular aspects of special types of building
(such as tall buildings);

— particular aspects of special types of civil
engineering works (such as viaducts, bridges,
dams, pressure vessels, offshore platforms or
liquid-retaining structures);

— no-fines concrete and aerated concrete com-
ponents, and those made with heavy aggre-
gate or containing structural steel sections
(see Eurocode 4 for composite steel-concrete
structures).

1.2 Normative references

(1)P The following normative documents contain
provisions which, through references in this text,
constitutive provisions of this European standard.
For dated references, subsequent amendments
to or revisions of any of these publications do not
apply. However, parties to agreements based on
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0a3yeTbCcAa Ha LIbOMYy €BPOMENCbKOMY CTaHAapTi,
320XO4YHOTbCSA 40 BMBYEHHSI MOXMMBOCTI 3aCTO-
CyBaHHSl OCTaHHIX pefakuii HWKYeHaBegdeHUX
HOpPMaTMBHMX [OOKYMEHTIB. [ns HegaToBaHMX
Jxepen HeobXigHO 3aCTOCOBYBATU OCTaHHIO pe-
JaKLito BUaaHHS.

1.2.1 OcHOBHIi HOpMamueHi nocusnaHHs

EN 1990: OcHoBM NpOEKTYBaHHA KOHCTPYKLN
EN 1991-1-5: [Iii Ha koHCTpYKUii: TemnepaTtypHi il
EN 1991-1-6: [ii Ha cnopyawn: Oii npn 3BeaeHHi

1.2.2 IHwi HopmamueHi nocunaHHs
EN 1997: l'eoTexHiYHe NpoeKTyBaHHS

EN 197-1: LlemeHT: Cknag, TEXHiIYHi BUMOIW i Kpn-
Tepil BignoBigHOCTI AN 3BUY4aNHUX LLEMEHTIB

EN 206-1: beToH: TexHi4Hi BUMOrn, XxapakTepuc-
TUKW, BUTOTOBMNEHHS i NiATBEPAKEHHS

EN 12390: BunpobyBaHHsA 3aTBEpAiINOro 6eToHy
EN 10080: ApmaTypa gns apmyBaHHsi 6eTOHyY

EN 10138: ApmaTypa angd nonepegHboro Hanpy-
XKEHHSI

EN ISO 17760: JonycTumi meToan 3BaproBaHHS
apmaTtypu

ENV 13670: BurotoBneHHs 3anisao6eTOHHUX KO-
HCTPYKLN

EN 13791: BunpobyBaHHsA 6eTOHY

EN ISO 15630: Apmatypa Ans 3Bu4anHoro Ta no-
nepenHbO HaMpyXXeHoro apmyBaHHs 6eToHy. Me-
TOAM BMNPOBYBaHHSA

1.3 NepeaymoBu

(1)P Ha pogaTok oo 3aranbHux nepegymoB, npu-

nHatmx y EN 1990, BBaxkaeTbes LWO:

— KOHCTPYKLUii MPOEKTYTbCA NnepcoHarnoM Bia-
noBigHoT kBanidgikauii Ta gocsiay;

— 3abe3nevyeTbcsa BiAMNOBIAHWA HaArnsag i KOHT-
ponb SIKOCTi Ha dhabpukax, nignpuemcTeax i
ManaaHuuKy;

— OyaiBHMUTBO 34iMCHIOE NEePCOHar, Lo Mae He-
obxigHi HaBWKKM i gocBIA;

— KOHCTPYKLiNHI MaTepianu Ta BUpobu 3acToco-
BYHOTbCSA TaK, SIK BUSHAYEHO Y LiIbOMYy €BpOKOAI
abo y BignoBigHMX cneuudikaliax Ha maTe-
pianu i Bubopwu;

— 0Oyne 3abesnevyeHo BIAMOBIAHWA Harnsg 3a
ekcnnyaradieto cnopyau;
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this European standard are encouraged to inves-
tigate the possibility of applying the most recent
editions of the normative documents indicated
below. For undated references the latest edition
of the normative document referred to applies.

1.2.1 General reference standards

EN 1990: Basis of structural design

EN 1991-1-5: Actions on structures: Thermal actions
EN 1991-1-6: Actions on structures: Actions du-
ring execution

1.2.2 Other reference standards

EN1997: Geotechnical design

EN 197-1: Cement: Composition, specification
and conformity criteria for common cements

EN 206-1: Concrete: Specification, performance,
production and conformity

EN 12390: Testing hardened concrete

EN 10080: Steel for the reinforcement of concrete

EN 10138: Prestressing steels

EN ISO 17760: Permitted welding process for
reinforcement

ENV 13670: Execution of concrete structures

EN 13791: Testing concrete

EN ISO 15630: Steel for the reinforcement and
prestressing of concrete: Test methods

1.3 Assumptions

(1)P In addition to the general assumptions of EN

1990 the following assumptions apply:

— Structures are designed by appropriately qua-
lified and experienced personnel.

— Adequate supervision and quality control is
provided in factories, in plants, and on site.

— Construction is carried out by personnel ha-
ving the appropriate skill and experience.

— The construction materials and products are
used as specified in this Eurocode or in the
relevant material or product specifications.

— The structure will be adequately maintained.
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— cnopypaa 0yae ekcnnyaTyBaTUCh 3MiHO 3 NpK-
3HaAYEHHSIM 3a MPOEKTOM,;

— BMMOIM CTOCOBHO BMKOHaHHS Ta kBaniduikauil
BignosigatoTb HaBegeHnm y ENV 13670.

1.4 BigMiHHOCTiI Mi>)K OCHOBHMMM NONOXeHHAMU
Ta NpaBuiiaMyn 3aCTOCYBaHHA

(1)P 3actocoByoTbes npaBuna, HagaHi'y EN 1990.

1.5 BusHauyeHHs
1.5.1 3a2asnibHi Nos10XeHHs

(1)P 3acTocoBylOTbCA TEPMIHU | BU3HAYEHHS Ha-
BeaeHi y EN 1990.

1.5.2 [JoOamkoei mepmiHu i 8U3Ha4YE€HHST MOHSIMb,
W0 3acmocoe8yromscsi y UboMy cmaHoapmi

1.5.2.1 36ipHi KOHCTpPYKUiT

36ipHi KOHCTPYKLIT XapaKTepHi TUM, LLLO KOHCTPYK-
TMBHI €MTEMEHTN BUrOTOBMSIOTLCS HE Y MPOEKTHO-
My NONOXEHHI y cnopyadi. EnemeHTu 3'egHytoTbca
MiXX coboto ansa 3abesneyeHHs HeobXiAHOI Ko-
HCTPYKLIMHOI LiNiCHOCTI

1.5.2.2 HeapmoOBaHi i ManoapMoBaHi 6eTOHHi
enemMeHTU

KOHCTpyKLiiHIi 6eTOHHI enemeHTn 6e3 apmyBaH-
HA (HeapMoBaHuM 6eToH) abo 3 MeHWNM apMy-
BaHHAM HiXK MiHiManbHa KinbKiCTb, BU3Ha4yeHa Yy
po3aaini 9

1.5.2.3 apmaTypHi ny4ku ons HaTaryBaHHs
Ha 6eTOH 6e3 34yensieHHA Ta 30BHilUHbLOro
HaTAryBaHHA

ApMaTypHi Ny4YkM Ona enemeHTis, WO MaloTb He3a-
MOBHEHI KaHanM ONs HanpyXeHHs Ha OeToH 0e3
34YeneHHs, i 30BHILLHI MO BiAHOLLIEHHIO 0 OETOHHO-
ro nepepizy apmatypHi nyyku (ski MOXyTb OMOHO-
nivyBaTncb GETOHOM MiCMs MONepeaHLOro Hamnpy-
XKEHHs1 ab0 MOXXyTb MaTu 3axMCHY ODOSOHKY)

1.5.2.4 nonepeaHe Hanpy>XeHHA

[Mpouec nonepeOHbLOro HanpyXeHHs nonsrae y
npuknagaHHi cun 4o 6eToHy KOHCTPYKUIi vyepes
Hanpy>XeHi BiQHOCHO GETOHHOro enemeHTa nyd-
Kn. TepMmiH "nonepegHe HanpyXeHHs" BUKOPUCTO-
BYETbCS 5K 3arafnibHe NOHATTS 4115 BCiX NOCTIMHUX
Jin npoLiecy nonepeaHbOro HanpyXeHHs, AKi BUK-
NWKaKTb BHYTPILWHI 3ycunng y nonepevHux ne-
pepisax i gedopMaLii y KOHCTPYKLUIT. IHLi NOHATTS
nonepeaHboro HanpyXeHHs He po3rnaaatoTbes y
LbOMY CTaHAapTi

— The structure will be used in accordance with
the design brief.

— The requirements for execution and workman-
ship given in ENV 13670 are complied with.

1.4 Distinction between principles and
application rules

(1)P The rules given in EN 1990 apply.

1.5 Definitions

1.5.1 General

(1)P The terms and definitions given in EN 1990
apply.

1.5.2 Additional terms and definitions used in
this Standard

1.5.2.1 precast structures

Precast structures are characterised by structural
elements manufactured elsewhere than in the
final position in the structure. In the structure,
elements are connected to ensure the required
structural integrity.

1.5.2.2 plain or lightly reinforced concrete
members

Structural concrete members having no reinforce-
ment (plain concrete) or less reinforcement than
the minimum amounts defined in Section 9.

1.5.2.3 unbonded and external tendons

Unbonded tendons for post-tensioned members
having ducts which are permanently ungrouted,
and tendons external to the concrete cross-sec-
tion (which may be encased in concrete after
stressing, or have a protective membrane).

1.5.2.4 prestress

The process of prestressing consists in applying
forces to the concrete structure by stressing ten-
dons relative to the concrete member. "Prestress"
is used globally to name all the permanent effects
of the prestressing process, which comprise
internal forces in the sections and deformations of
the structure. Other means of prestressing are not
considered in this standard.
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1.6 MNo3Hakun

Y paHoMy cTaHOapTi 3aCTOCOBYKOTbCS HACTYMHI
CMMBONU:

MpumiTka. BukopuctaHi nos3HavyeHHs 6asyloTbca Ha
ISO 3898:1987

JlamuHcbki enuki nimepu

A — ABapinHui BnNnvB

A —lnowa nonepe4Horo nepepisy

A, — lNnowa nonepe4Horo nepepisy 6eToHy

Ap — lNnowa nonepeaHbLO HaNpPyXeHoro nyyka abo
ny4kiB

A, —lnoula nonepeyHoro nepepisy apmarypu
Ag min — MiHiManbHa nnotla nonepeyHoro nepe-
pidy apmatypu

A, — noua nonepey4Horo nepepisy nonepeyHol
apmatypu

D — [iameTp onpaBku

Dgy— CTyniHb YLIKOOXKEHHS Bif, yTOMIIEHOCTI

E — PesynbTar sBnnusy

E. E, (28) — TaHreHuianbHUN MoAyb NPYXXHOCTI

3BMYaHOrO BETOHY MpW HanpyxXeHHsx o, = 0y
MOMEHT yvacy t 28 aib

E

C,
E. 4—PospaxyHkoBe 3Ha4eHHs MOAyns NPYHOC-

Ti 6eTOHY

off— PAKTUYHMI MOAYITb MPYXHOCTI GETOHY

E, , — Ci4Huit Moaynb Npy>XHOCTi 6ETOHY

Ec(t) — TaHreHuianbHU MOAOYMNb NPYXHOCTI 3BU-
YanHoro 6eToHy Npu HanpyxeHHAX 6, = 0y BiLi t

E,, — PoapaxyHKoBe 3Ha4eHHsi MoAynsi NPYXHOCTI
nonepeaHb0 Hanpy>xeHol cTani

E — Po3paxyHkoBe 3Ha4eHHA MoAyns MPYXHOCTI
apmMartypHoi ctani

El — 3ruHanbHa XopCTKiCTb

EQU - CtaTtnyHa piBHoBara

F - Bnnus

F,— PospaxyHKoBe 3Ha4eHHsi BBy

F — XapaktepucTnyHe 3Ha4eHHs BBy

G — XapaKTep1cTyHe 3Ha4eHHs1 MOCTINHOrO BrNBY
| — MoMeHT iHepuii nnoLi nepepizy 6eToHy

L — [oBxuHa

M, — 3ruHansHuin MOMEHT

Mg, — PospaxyHKkoBe 3Ha4Y€HHSi 30BHilLHLOIO
NPWKNaaeHoro 3rHanbHOro MOMEHTY
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1.6 Symbols

For the purposes of this standard, the following
symbols apply.
Note: The notation used is based on ISO 3898:1987

Latin upper case letters

A — Accidental action

A — Cross sectional area

A, — Cross sectional area of concrete

A, — Area of a prestressing tendon or tendons

A — Cross sectional area of reinforcement

Ag min — Minimum cross sectional area of reinfor-
cement

Ag,, — Cross sectional area of shear reinforcement

D — Diameter of mandrel
Dg, — Fatigue damage factor
E — Effect of action

E., E; 28)— Tangent modulus of elasticity of nor-
mal weight concrete at a stress of 6, =0 and at 28
days

E,

¢.eff — Effective modulus of elasticity of concrete

E. 4 — Design value of modulus of elasticity of
concrete

E. , — Secant modulus of elasticity of concrete

Et — Tangent modulus of elasticity of normal
weight concrete at a stress of 6, =0 and attime t

E,, — Design value of modulus of elasticity of pres-
tressing steel

E, — Design value of modulus of elasticity of rein-
forcing steel

El — Bending stiffness

EQU - Static equilibrium

F — Action

F,— Design value of an action

F, — Characteristic value of an action

G, — Characteristic permanent action

| — Second moment of area of concrete section
L — Length

M, — Bending moment

Mg, — Design value of the applied internal ben-
ding moment
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N — OcboBa cuna

Ngy — Po3paxyHKoBe 3Ha4€HHs 30BHILLHLOI NPU-
KnageHoi oCcboBOi cunu (po3Ttary abo CTUCKy)

P — Cuna nonepeaHbOro Hanpy><eHHs

Py — MNMouaTtkoBa cuna Ha KiHui ny4yka y MOMEHT
npuyKnagaHHs nonepeaHboro HanpyXeHHs

Q) — XapaKkTepyCTU4HE 3HaYeHHs1 3MIHHOTO BMIMBY

Qfyt — XapakTepucTMyHe 3Ha4YeHHs! HaBaHTaXeH-
HA YTOMIEHOCTI

N — OcboBa cuna

R - Onip

S — BHyTpIiLWHI cunu i MOMeHTH

S — CTtatnyHUin MOMEHT NNoLLi

SLS — 'paHnyHWIA CTaH 3a NpUAATHICTIO OO0 eKen-
nyaTtauiji

T — KpyTHUI MOMEHT

Tey — PospaxyHkoBe 3Ha4YeHHs MpuKnageHoro
KPYTHOrO MOMEHTY

ULS — I'paHn4HMI CTaH 3a HECYYOro 34aTHICTHO i
CTINKICTIO
V — lNonepeyHa cuna

Ve, — Po3paxyHkoBe 3Ha4eHHs NpuKnageHol no-
nepeyHoi cnnm

JlamuHcbki mani nimepu

a — BigcTtaHb

a — NeomeTpuyHi gaHi

Aa — BigXuneHHsi reoMeTpuyHMUX daHux

b — BaranbHa WMpuMHa MOMEPEYHOro nepepisy
abo hakTnyHa WwunpmHa nonuykn B T- abo M-no-
OibHMX bankax

b,, — WupuHa cTiHkn T-, |- abo M-noaibHnx 6anok
d — [iameTp, BUCOTa

d — Poboya BrcoTa nonepeyHoro nepepisy

dy — HanbinbLumnin HomiHanbHWIA PO3Mip 3anoBHto-
Bava

e — EkcuenTpucuter

f, — MiuHicTb 6€TOHY Ha CTUCK

f.4—Po3paxyHKoBe 3Ha4eHHs MiLIHOCTi 6ETOHY Ha
CTUCK

foi — XapakTepuctuyHa uuniHapuyHa MiLHICTb Ha

cTuck 6eToHy vy Biui 28 ai6
fom — CepeaHe 3HauyeHHs LUMiHOPUYHOT MiLIHOCTI
OeTOoHY Ha CTUCK

N — Axial force

Ng,— Design value of the applied axial force (ten-
sion or compression)

P — Prestressing force

P, — Initial force at the active end of the tendon
immediately after stressing

Qy — Characteristic variable action
Qy,: — Characteristic fatigue load

N — Axial force

R — Resistance

S — Internal forces and moments
S — First moment of area

SLS — Serviceability limit state

T — Torsional moment

Tey — Design value of the applied torsional mo-
ment

ULS — Ultimate limit state

V — Shear force
Vg4 — Design value of the applied shear force

Latin lower case letters

a — Distance

a — Geometrical data

Aa — Deviation for geometrical data

b — Overall width of a cross-section, or actual
flange width ina T or L beam

b, — Width of the web on T, | or L beams

d — Diameter, Depth

d — Effective depth of a cross-section

dy — Largest nominal maximum aggregate size

e — Eccentricity
f.— Compressive strength of concrete

f.4 — Design value of concrete compressive
strength

f., — Characteristic compressive cylinder strength

of concrete at 28 days

f.m — Mean value of concrete cylinder compres-

sive strength
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T — XapaKkTepucTnyHa MiLHiCTb 6ETOHY Ha 0CbOo-

BUI pO3TAr

fotm — CepeaHe 3Ha4YeHHA MILHOCTI GeToHy Ha

OCbOBWUIN PO3TAr

f, — MIiLHICTb Ha pO3TSr nonepeHbO HanpyxXeHoi
apmaTtypu

fpk — XapakTepucTuyHa MilLHICTb Ha po3Tar none-
peaHbO HanpyXeHoi apmaTtypu

fp 01— 0,1% ymoBHa rpaHuLs TeKy4OCTi nonepea-
HbO Hanpy»XeHoi apMmaTtypu

fp 0 1k — XapakrepuctuyHa 0,1% ymoBHa rpaHuLs

TEKy4OCTi monepeaHbO HanpyXeHoi cTani

fo.ox — Xapaktepuctuura 0,2% ymoBHa rpaHuus
TEeKy4oCTi apmatypu

fy — MiyHicTb apmatypu Ha po3Tar
fy.— XapakTepucTiHa MiLHICTb apMaTypy Ha po3Tar
fy— MiyHicTb apmaTypu Ha rpaHuLi TEKYHOCTi

fyd— Po3spaxyHkoBa MiLHICTb apMaTypu Ha rpaHu-

Ui TEKYYOCTi
fy — XapaktepuctmyHa MilHiCTb apMaTtypu Ha

rpaHnLi TeKy4ocCTi

fywq — PO3paxyHkoBa MiLHICTb nonepeyHoi apma-

TYPW Ha rpaHunLLi TEKYYOCTi

h — Bucora

h — 3aranbHa BUcoTa nepepisy

i — Pagiyc iHepuil

k — KoediuieHT, cTana Benn4ynHa
I (I abo L) — JoexuHa, nponit

m — Maca

r— Pagiyc

1/r — KpuBnsHa npu neBHoMy nepepisi
t— ToBLIKMHA

t — KOHKpeTHMIn MOMEHT Yacy

fo — Bik G€TOHY B MOMEHT NpuKnagaHHa HaBaHTa-
KEHHS

u — MepumeTp GeToHHOrO Nepepidy nnoLeto A,

u, v, w — KOMNOHEeHTU nepemilleHb TOUKK
X — BigcTtaHb 4o HenTpanbHOI oci nepepisy
X, ¥, Z — KoopanHatu

Z — [neye BHYTPILLHIX 3ycurb
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f.i — Characteristic axial tensile strength of conc-

rete
f

ctm
rete

— Mean value of axial tensile strength of conc-

fp — Mean value of axial tensile strength of conc-
rete

fpk — Tensile strength of prestressing steel

f

50,1 — 0,1% proof-stress of prestressing steel

f, 0.1k — Characteristic 0,1% proof-stress of prest-

ressing steel

fo. 2k — Characteristic 0,2% proof-stress of reinfor-
cement

fy— Tensile strength of reinforcement
fy.— Characteristic tensile strength of reinforcement
f, — Yield strength of reinforcement

f,q — Design yield strength of reinforcement

f,x— Characteristic yield strength of reinforcement

f,wq — Design yield of shear reinforcement

h — Height

h — Overall depth of a cross-section

i — Radius of gyration

k — Coefficient, Factor

I (orlorL)—Length, Span

m — Mass

r — Radius

1/r — Curvature at a particular section
t — Thickness

t — Time being considered

to — The age of concrete at the time of loading

u — Perimeter of concrete cross-section, having
area A,

u, v, w— Components of the displacement of a point
x — Neutral axis depth

X, ¥, Z— Coordinates

z — Lever arm of internal forces
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Ipeubki mani nimepu

o — KyT; MHOXHUMK

B — KyT; MHOXHUK; KoeilieHT

vy — KoegilieHT HaginHocTi

74 — KoeilieHT HaainHoCTi Ana aBapiiHUX BNu-
BiB A

Yc — KoediuieHT HagiHocTi Ana 6eToHy

v¢ — KoediuieHT HaginHocTi Ana snnmeis F

Y ot — KoediuieHT HaaiHoCTi Ans BNNMBIB yTOM-
NeHOCTI

Yo fat — KoediuieHT HaginHoCcTi Ana BU3HaYeHHA
BTOMIEHOCTi 6ETOHY

Y6 — KoeilieHT HaginHOCTI Ana NOCTINHMX BNK-
BiB G

Y — KoeilieHT HaainHoCTI Ana BNacT1BOCTI Ma-
Tepiany 3 ypaxyBaHHsIM HEBU3HAYEHOCTEN Camol
BNacTMBOCTI MaTepiany, BigXuneHb y reoMetpil
Ta BUKOPWUCTAHOI pO3paxyHKOBOI Moaeni

vp— KoediuieHT HaginHoCTi Ans Aii, NoB'a3aHnx 3
nonepeaHiM HanpyxeHHam P

Yq — KoediuieHT HagiiHOCTi Ans 3MiHHUX i Q
15 — KoeilieHT HaainHoCTi Ana apMaTypHoi i no-
nepegHbO HanpyxeHoi ctani

Vs fat — KoediluieHT HadiHOCTI Ana apmaTypHor i
nonepeaHbo HanpyXeHoi ctani npu Aii HaBaHTa-
KEHHS YyTOMJTEHOCTI

vs— KoediuieHT HaginHocTi ans ain 6e3 ypaxysaH-
HS1 HEBM3HA4YeHoCcTen moaeni

Vg — KoediuieHT HagilnHOCTI onst NOCTIMHUX A
6e3 ypaxyBaHHS1 HEBU3HAYeHOCTEN Moaeni

Ym — KoeilieHT HaainHoCTI Ana BNacT1BOCTI Ma-

Tepiany 3 ypaxyBaHHAM HEBU3HAYEHOCTEN TifbKM
BNacTMBOCTI MaTepiany

8 — lMNMokasHuK 36inbLUeHHs / nepepo3noainy

¢ — MNokasHuK 3MeHLUeHHs / koedilieHT nepepos-
noginy

g, — BigHocHa nedopmalia ctucky 6etoHy

g1 — BioHocHa pedopmallisi ctucky 6eToHy npm
MaKCUMarnbHUX HanpyXeHHsIX f,

g5, — BioHocHa rpaHnyHa aedopmallis cTucky 6e-
TOHY

g, — BioHocHa pedopmalia apmaTypHoi abo no-
nepeaHbO HaMpy>KeHoi cTani Npy MakcumarbHO-
MY HaBaHTaXeHHi

Greek lower case letters

o — Angle ; ratio

B — Angle ; ratio; coefficient
y — Partial factor

v, — Partial factor for accidental actions A

vc — Partial factor for concrete
v¢ — Partial factor for actions, F

Ve rat — Partial factor for fatigue actions
V¢ rat — Partial factor for fatigue of concrete
v — Partial factor for permanent actions, G

v — Partial factor for a material property, taking
account of uncertainties in the material property
itself, in geometric deviation and in the design
model used

vp — Partial factor for actions associated with
prestressing, P

Yq — Partial factor for variable actions, Q

vs — Partial factor for reinforcing or prestressing
steel

vs,fat — Partial factor for reinforcing or prestressing
steel under fatigue loading

v — Partial factor for actions without taking acco-
unt of model uncertainties

vg — Partial factor for permanent actions without
taking account of model uncertainties

Ym — Partial factors for a material property, taking
account only of uncertainties in the material pro-

perty
8 — Increment/redistribution ratio

¢ — Reduction factor/distribution coefficient

g, — Compressive strain in the concrete

gs1 — Compressive strain in the concrete at the
peak stress f,

o, — Ultimate compressive strain in the concrete

g, — Strain of reinforcement or prestressing steel
at maximum load
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gy — XapakTepuctuyHa BigHOCHa aedopmallis
apmatypHoi abo nonepegHbO HanpyXeHoi cTani
Npy MakCMMarbHOMY HaBaHTaXXEHHi

0 — Kyt
A — HyukicTb

u — KoediuieHT TepTa Mix nydkamu Ta ix kaHana-
MU

v — KoediuieHT lNyaccoHa

v — KoediuieHT 3HWKEHHS MiLHOCTI 6eToHy 3
TpilLMHaMu Npwn 3CyBi

& — CniBBiQHOLIEHHA MILHOCTI 34enfieHHst norne-
peaHbOo HaNpY)XeHOI | 3BUYanHOI apMaTypHOI cTani

p — 'ycTvHa 6eToHy B abBCONMOTHO CyXOMY CTaHi,
3
Kr/m

P1000 — BenuumHa BTpar Bia penakcadii (y %) ye-
pe3 1000 roa nicnst nonepegHbOro HanpPY>XeHHs i
npu cepegHin Temnepatypi 20 °C

p,— KoedilieHT apmyBaHHS AN NMo340BXHbOT ap-
MaTypu

p,, — KoediuieHT apmyBaHHs Ans nonepeyHoi ap-
MaTypu

6, — HanpyxeHHs cTucky y 6eToHi

Ogp — HanpyxeHHsi cTucky y ©eToHi Big ocboBOro
HaBaHTaXXeHHA abo nonepeaHbOro Hanpy>KeHHs

o, — HanpyxeHHs cTucky y 6€TOHI Npu rpaHnyHInN
Aedopmallii CTUCKY €,
T — KpyTHi Hanpy>keHHSA 3pi3y

¢ — OiameTp apmaTypHOro cTpumxHs abo kaHany
4519 nonepeAHbOro Hamnpy>XeHHs

¢,, — ExBiBaneHTHWI aiameTp apmMaTypHOro CTPWX-
Hs1 ab0 Ny4Yka apMaTypHUX CTPUXKHIB

¢(t,ty) — KoedilieHT NoB3y4oCTi, Lo BU3HAYaE NnoBs-
3y4iCTb 3a NPOMDKOK 4acy Mix t i fy BigHOCHO
NpyXHux gedopmadini Ha 28 ooy

@(o,ty) — lNoBHE 3HauYeHHs koedilieHTa MoB3y-
YocCTi

v — KoedilieHTu, Lo BU3HaAYaOTh XapaKTepHi Be-
TIMYMHN 3MIHHUX Oin:

Yo — ANs KOMGiHaLiT BeNn4nH
V4 — ANs NOBTOPHOBAHNX BENNYMH

Yo — ANA YMOBHO MOCTIHUX BEMUYNH
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g x — Characteristic strain of reinforcement or
prestressing steel at maximum load

6 — Angle
A — Slenderness ratio

u— Coefficient of friction between the tendons and
their ducts

v — Poisson's ratio

v — Strength reduction factor for concrete cracked
in shear

¢ — Ratio of bond strength of prestressing and
reinforcing steel

p — Oven-dry density of concrete in kg/m®

P1000 — Value of relaxation loss (in %), at 1000
hours after tensioning and at a mean temperature
of 20 °C

p, — Reinforcement ratio for longitudinal reinfor-
cement

p,, — Reinforcement ratio for shear reinforcement

o, — Compressive stress in the concrete

o — Compressive stress in the concrete from
axial load or prestressing

o, — Compressive stress in the concrete at the
ultimate compressive strain ¢,

1t — Torsional shear stress

¢ — Diameter of a reinforcing bar or of a prest-
ressing duct

¢, — Equivalent diameter of a bundle of reinforcing
bars

¢(t,ty) — Creep coefficient, defining creep between
times t and f,, related to elastic deformation at 28
days

¢(o,ty) — Final value of creep coefficient

y — Factors defining representative values of va-
riable actions:

yq — for combination values
vy — for frequent values

vy, — for quasi-permanent values
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2 OCHOBW NPOEKTYBAHHA

2.1 Bumoru
2.1.1 OcHoeHi sumoz2u

(1)P MpoekTyBaHHA 3ani3a06eTOHHNX KOHCTPYKLi
NOBWHHO 3AiMICHIOBATUCh BiAMOBIAHO OO0 3aranb-
HUX NOSIOXeHb, BcTaHoBneHnx y EN 1990.

(2)P DopaTtkoBi NOMOXEHHS, HAaBeAeHi Yy LbOoMy
po3aini Ans 3anizo6eToOHHMX KOHCTPYKLiN, TakoX
NOBMHHI 3aCTOCOBYBaTUCD.

(3)P BBaxaeTtbcs, WO AN 3anisobeToOHHUX KO-

HCTPYKLIA NOBWHHI 3240BOSIbHATUCL OCHOBHI BU-

moru po3giny 2 EN 1990, siki 3acTOCOBYOTbCS Y

NoeaHaHHi 3 HAaCTYMNMHUM:

— MPOEKTYBaHHS 3a rpaHU4YHMMK CTaHaMu y no-
€0HaHHi 3 MEeToAOM KoedilieHTiB HagiMHOCTI
BianosigHo Ao EN 1990;

— BnnuBamu 3rigHo 3 EN 1991;

— cnonyvyeHHamMu BnnmBiB 3rigHo 3 4o EN 1990;

— OMOpOM, JOBIOBIYHICTIO i MpMAATHICTIO OO eKc-

nnyatauii 3rigHo 3 UMM CTaHZapTOM.
Mpumitka. Bumorn cTocoBHO BOrHETPUBKOCTI (po3ain 5
EN 1990 i EN 1992-1-2) moxyTb BMMaraTv GinbLumx
PO3MipiB €rneMeHTiB MOpPIBHAHO 3 HEeobXiOgHOK KO-
HCTPYKLINHOK HeCy4ol 34aTHICTI0O 3a HOpManbHOI
TemnepaTypum.

2.1.2 YnpaeniHHs1 HadiliHicmto

(1) MNpaBuna ynpaBniHHA HagiMHICTIO HAgaHo Yy
poaaini 2 EN 1990.

(2) BBaxaeTbCs, WO MPOEKTYBAHHSA i3 3acToCy-
BaHHAM KoedilieHTiB HagiMHOCTI, WO HaBedeHi y
ubomy €spokogi (ame. 2.4), i koedilieHTIB Hagin-
HOCTI, HagaHux y gogatkax EN 1990, sabeaneuye
KOHCTPYKLUiO, WO BiAHOCUTLCS OO0 Kracy Hagin-
HocTi RC2.

MpumiTtka. JetanbHiwe ame. gogatkn Bi C EN 1990.

2.1.3 [lpoekmHuli cmpok ciyx6u, doezoeiy-
Hicmb i ynpaesiiHHS sikicmio

(1) MNpaBuna Ans NPOEKTHOro CTPOKY Cry»0Ow,
[JOBrOBIYHOCTI Ta ynpaBniHHA AKICTIO HaBedeHi y
po3gini 2 EN 1990.

2.2 MpuHUMNY NPOEKTYBaHHA 3a rpaHUYHUMU
cTaHamu

(1) MpaBuna gnga NpPoekTyBaHHs 3a rPaHNYHUMU
cTaHaMmu HaBegeHi y po3gini 3 EN 1990.

2 BASIS OF DESIGN

2.1 Requirements
2.1.1 Basic requirements

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

(2)P The supplementary provisions for concrete
structures given in this section shall also be ap-
plied.

(3) The basic requirements of EN 1990 Section 2
are deemed to be satisfied for concrete structures
when the following are applied together:

— limit state design in conjunction with the partial
factor method in accordance with EN 1990;

— actions in accordance with EN 1991,

— combination of actions in accordance with
EN 1990 and

— resistances, durability and serviceability in
accordance with this Standard.

Note: Requirements for fire resistance (see EN 1990

Section 5 and EN 1992-1-2) may dictate a greater size

of member than that required for structural resistance

at normal temperature.

2.1.2 Reliability management
(1) The rules for reliability management are given
in EN 1990 Section 2.

(2) A design using the partial factors given in this
Eurocode (see 2.4) and the partial factors given in
the EN 1990 annexes is considered to lead to a
structure associated with reliability Class RC2.

Note: For further information see EN 1990 Annexes B
and C.

2.1.3 Design working life, durability and quali-
ty management

(1) The rules for design working life, durability and
quality management are given in EN 1990 Sec-
tion 2.

2.2 Principles of limit state design

(1) The rules for limit state design are given in
EN 1990 Section 3.
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2.3 OCHOBHI 3MiHHi

2.3.1 HasaHmaxeHHs1 ma ensiueu HasKosuw-
HbO20 cepedosuuwia

2.3.1.1 3azaribHi NOMOXeHHs

(1) Bnnuew, L0 3aCTOCOBYHOTLCA MNP NPOEKTYBaHHI,
MoXkHa 6paTtu 3 BignosigHnx YactuH EN 1991.
MpuwmiTtka 1. BignosigHi yactuHmn EN 1991, aki 3acto-
COBYIOTbCSI NPY NPOEKTYBaHHI, BKIMIOYal0Th!

EN 1991-1.1 N'yctuHa, BNacHa Bara i npuknageHi Ha-
BaHTaXeHHs

EN 1991-1.2 [lii npn noxexi

EN 1991-1.3 CHiroBi HaBaHTaXeHHS

EN 1991-1.4 BiTpoBi HaBaHTa)XeHHS

EN 1991-1.5 TemnepaTtypHi gii

EN 1991-1.6 Lii nig yac 3BeaeHHs

EN 1991-1.7 ABapiiiHi gii, BUknukaHi ygapamm i Buby-
Xamu

EN 1991-2 HaBaHTa)xeHHs BiJ TpaHCNopTy Ha MoCcTax
EN 1991-3 [lii Big kpaHiB Ta iHWNX MexaHi3miB

EN 1991-4 [lii B cunocax Ta pesepByapax

MpumiTtka 2. Bnnveu, xapakTepHi 4nsi 4boro craHaap-
Ty, HagalTbCA Y BiAMOBIAHNX po3Ainax.

Mpuwmitka 3. Bnnueu Big TUCKY rpyHTY Ta BOAM MOXHa
nNpuiHaTK 3a EN 1997.

Mpumitka 4. SAKWO BpaxoBYETbCA Pi3HULSA Nepemi-
LLIeHb, TO MOX€E BUKOPWUCTOBYBATWUCh BiAMOBIAHUM YK-
HOM BM3Ha4YeHa NPOrHo3Ha BeNM4YnHa NepemilleHb.
Mpumitka 5. |HWi BnAvBK, y pasi HeobxigHOCTI, MO-
XyTb BM3HA4YaTUCb NPOEKTHUMW yMOBaMW AN KOHK-
peTHoro ob'ekTa.

2.3.1.2 TemnepamypHi ennusu

(1) TemnepaTypHi BNAMBU MNOBWHHI BpaxoByBa-
TUCb MNPV NepeBipLUi FPaHWYHUX CTaHIB 3a Mpu-
OaTHICTIO 40 ekcnnyaTauii.

(2) TemnepatypHi BnMBM HeObXigHO aHanidyBa-
TV ONs TPaHNYHNX CTaHIB 3@ MILHICTIO i CTINKICTIO
TiNbKK ONs BUNagKiB, KONIM BOHM MaloTb 3HAYHUN
BMAMB (Hanpuknag, yMOBM YTOMEHOCTI, Npw ne-
peBipLi CTINKOCTI, Ae BTOPWUHHI BESIMYMHU € BaX-
NNBUMM, TOLLO). B iHWKMX BUNagkax BOHN MOXYTb
He BpaxoByBaTUCb 3@ YMOBM 3abe3neyvyeHHs He-
00XigHOT Hecy4oi 30aTHOCTI 3a MAACTUYHICTIO Ta
rPaHN4yHMM MOBOPOTOM MNepepisy.

(3) Mpun BpaxyBaHHI TemnepaTypHUX BAMMBIB X
NoTpiGHO po3rnagaTt ik 3MiHHiI Aii | npuknagaT 3
BiANOBIgHMM KoeddilieHTOM HagiMHOCTI | kKoedi-
LiEHTOM \y.

MpuwmiTka. KoediuieHT y BM3HAYaeTbCsa 3rigHO 3 Big-
nosiaHum gopaTtkom EN 1990 i EN 1991-1-5.
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2.3 Basic variables

2.3.1 Actions and environmental influences

2.3.1.1 General
(1) Actions to be used in design may be obtained
from the relevant parts of EN 1991.

Note 1: The relevant parts of EN 1991 for use in design
include:

EN 1991-1.1 Densities, self-weight and imposed loads

EN 1991-1.2 Fire actions

EN 1991-1.3 Snow loads

EN 1991-1.4 Wind loads

EN 1991-1.5 Thermal actions

EN 1991-1.6 Actions during execution

EN 1991-1.7 Accidental actions due to impact and ex-
plosions

EN 1991-2 Traffic loads on bridges
EN 1991-3 Actions induced by cranes and other machinery
EN 1991-4 Actions in silos and tanks

Note 2: Actions specific to this Standard are given in
the relevant sections.

Note 3: Actions from earth and water pressure may be
obtained from EN 1997.

Note 4: When differential movements are taken into
account, appropriate estimate values of predicted mo-
vements may be used.

Note 5: Other actions, when relevant, may be defined
in the design specification for a particular project.

2.3.1.2 Thermal effects

(1) Thermal effects should be taken into account
when checking serviceability limit states.

(2) Thermal effects should be considered for ulti-
mate limit states only where they are significant
(e.g. fatigue conditions, in the verification of sta-
bility where second order effects are of importan-
ce, etc). In other cases they need not be con-
sidered, provided that the ductility and rotation
capacity of the elements are sufficient.

(3) Where thermal effects are taken into account
they should be considered as variable actions and
applied with a partial factor and y factor.

Note: The vy factor is defined in the relevant annex of
EN 1990 and EN 1991-1-5.
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2.3.1.3 HepisHoMmipHi ociOaHHsi/nepemilieHHsI

(1) HepiBHOMIpHI ocigaHHsa/nepemMilleHHs cnopy-
OW, BUKIMKaHI NpocaZkamMu I'pyHTIB, MOBUHHI KBa-
nicdbikyBaTUCh AK MOCTINHWIA BNMB Gy AKUN Y
TaKill AKOCTi BKIMHOYAETBCS Y CMOMYyYEeHHS BNIUBIB.
Ak npasuno, Gy, BUpaXaeTbca NEBHOK CyKyn-
HICTIO 3HauyeHb, WO BignosigalTb pisHMUSAM (Y
NOPIBHSIHHI 3i BCTAHOBSIEHMM MOYATKOBUM piB-
HeM) ocigaHb/NepeMilleHb MK OKpeMumun yH-
AameHTaMu abo ix YacTuHaMu dg; (i 03Ha4ae
HOMEpP KOHKpPeTHOro oyHaameHTy abo 1oro vac-
TUHK).

Mpumitka. Mpy BpaxyBaHHI HepiBHOMIpHMX OcCidaHb
MOXYTb BUKOPUCTOBYBaTUCb BiJJ,I'IOBi,D,HVIM YMHOM 06-
YUYCIeHI NPOrHo3HI 3Ha4YeHHA oCiAaHb.

(2) BnnvBwm HepiBHOMIpHMX OCifaHb NOBUHHI Bpa-
XOBYBaTUCb, SIK MpaBusio, Npu nepesipLi 3a rpa-
HUYHMMW CTaHamKn 3a NpuaaTHICTIO 4O eKkcrnnya-
Tauii.

(3) Ang rpaHMYHMX CTaHIB 3a HECYYOIO 30aTHICTIO
i CTIVKICTIO BOHW MOBWHHI BPaxoBYBaTUCh TiflbKMU,
SKWO BOHW € CYTTEBMMW (Hanpuknag, ymoBWM
YTOMIEHOCTi, NPy nepesipui CTINKOCTI, Ae BTO-
PWHHI BEMUYMHU € BaXXNMBUMMU, TOLLO). B iHWKMX
BMNagKax BOHM MOXYyTb HE BpaxoByBaTUCb 3a
yMOBW 3abe3nevyeHHs HeobXxigHOT Hecy4oi 3gaT-
HOCTI 3a NAACTUYHICTIO Ta rpaHNYHMM NOBOPOTOM
nepepiay.

(4) Mpun BpaxyBaHHI HEPIBHOMIPHMX OCidaHb Mo-
BMHEH 3aCTOCOBYBATUCb KOEQIUIEHT HaAiNHOCTI
Ons BNAMBIB OCigaHb.

Mpuwmitka. KoediuieHT HagiHOCTI anga BNnuvBIB OCi-

[JaHb BU3HAYaeTbCA 3rigHO 3 BiAMOBIAHUM [OOATKOM
EN 1990.

2.3.1.4 onepedHe HanpyXeHHs1

(1)P Y ubomy €Bpokoai po3rnsgaeTbcs none-
penHe Hanpy)XeHHs A58 Ny4yKiB, BUTOTOBMEHMX i3
BMCOKOMILHOI CTani (OpoTu, KaHaTu, CTPVXHI).

(2) My4ykn MOXYTb OMOHOSIYYBaTUCb OETOHOM.
BoHKM MOXyTb Hanpy>KyBaTUCb Ha onopw i 6eTOHyY-
BaTuCb abo HampyxXyBaTuUCb Ha GeTOH i oMo-
HonivyBaTUCb abo 3anuwiaTucb 6e3 34enneHHs 3
B6eToHOM.

(3) My4km TakoxX MOXYTb PO3MilLlyBaTUCb 30BHi
KOHCTPYKLUii 3 KOHTAKTOM Y NEBHUX TOYKax 4epes
NPUCTPOT AN BIAXUNEHHS | 3aaHKepyBaHHS.

(4) MNMonoXeHHs1 CTOCOBHO MOMNEPEAHbOro Hanpy-
XeHHs1 HagatoTbesa y 5.10.

2.3.1.3 Differential settlements / movements

(1) Differential settlements/movements of the
structure due to soil subsidence should be
classified as a permanent action, Gg; which is
introduced as such in combinations of actions. In
general, Gy, is represented by a set of values
corresponding to differences (compared to a
reference level) of settlements/movements bet-
ween individual foundations or part of foundati-
ons, dg; (i denotes the number of the individual
foundation or part of foundation).

Note: Where differential settlements are taken into
account, appropriate estimate values of predicted set-
tlements may be used.

(2) The effects of differential settlements should
generally be taken into account for the verification
for serviceability limit states.

(3) For ultimate limit states they should be consi-
dered only where they are significant (e.g. fatigue
conditions, in the verification of stability where
second order effects are of importance, etc). In
other cases for ultimate limit states they need not
be considered, provided that the ductility and
rotation capacity of the elements are sufficient.

(4) Where differential settlements are taken into
account a partial safety factor for settlement
effects should be applied.

Note: The value of the partial safety factor for settle-

ment effects is defined in the relevant annex of
EN1990.

2.3.1.4 Prestress

(1)P The prestress considered in this Eurocode is
applied by tendons made of high-strength steel
(wires, strands or bars).

(2) Tendons may be embedded in the concrete.
They may be pre-tensioned and bonded or post-
tensioned and bonded or unbonded.

(3) Tendons may also be external to the structure
with points of contact occurring at deviators and
anchorages.

(4) Provisions concerning prestress are found in
5.10.
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2.3.2 Xapakmepucmuku Mmamepiasie i aupobie
2.3.2.1 3azaribHi NONI0XeHHs

(1) MpaBnna CTOCOBHO XapaKTepuUCTUK MaTtepia-
niB i BMpob6iB HagatoTbea y po3aini 4 EN 1990.

(2) MpaBuna ctocoBHO 6eTOHY, apmaTypu i cTani
ONs nonepeaHboro HarnpyXeHHs HagawTbCsl Y
po3aini 3 abo y BignNoBigHMX creuundikauiax Ha
BUPOOMU.

2.3.2.2 YcaOka i nos3ydicmb

(1) Ycagka i noB3yuicTb BETOHY € XxapakTepucTuka-
MU, LLIO 3anexaTb Bif Yacy. Ix BNnusu, sik npasumno,
MOBWHHI BPaxoBYBaTWUCb AN NEPEBIPKM MPaHNYHUX
CTaHiB 3a NpuAaTHICTIO 40 eKkcryaTauji.

(2) Onsa rpaHnyHUX CTaHIB 3a HECYYOIO 34aTHICTIO
i CTIKICTIO BNIMBWU yCaKW i MOB3YYOCTi MOBUHHI
BPaxoBYBaTUCb TifMlbKN Yy pasi, AKLLO BOHWN € CyT-
TEBUMMW, HanNpuknag, npu nepesipui rpaHn4YHoOro
CTaHy 3a CTIMKICTIO, KOS BNSIMBU BTOPUHHUX Be-
NMIMYMHN € BaxXnueumun. Ons iHWKWX BMNagkiB Ui
BMMMBM MOXYTb HE BpaxoByBaTWUCb ANSA rpaHny-
HWX CTaHIiB 3a HECy4oto 34aTHICTIO 3a yMOBU 3a-
6e3neyeHHs HeobXiaHOI Hecy4oi 3O0aTHOCTI 3a
NAACTUYHICTIO Ta FPaHWYHUM MOBOPOTOM nepe-
pisy.

(3) Mpw ypaxyBaHHi MOB3Yy4OCTi il po3paxyHKOBUIA
BMNSIMB NOBUHEH OLiHIOBATMUCb A5 KBA3inOCTiNHO-
ro CnoslyyYeHHs BMMMBIB He3anexHo Big pospa-
XYHKOBOro BUNaAKy, WO po3rnagaeTbCcs, Hanpuk-
nag, AoBroTpusasnuim, KOpOTKOTPMBaNMin Y1 aBa-
PiIHNIA.

MpumiTtka. Y GinblocTi BUNagkis BNAMBKM NOB3Yy4OCTi

MOXYTb OLiHIOBATUCb NPW NOCTIMHUX HABAHTAXEHHSAX |
cepefHivi BEeNUYMHI NonepeaHbOoro Hamnpy>KXeHHs.

2.3.3 fJechopmauii 6emory

(1)P Hacnigkn gedopmallii, cnpyymHeHoi Temne-

paTypoto, NOB3YYiCTIO | yCaZKow, NOBUHHI Bpaxo-

BYBaTUCb MpU PO3pPaxyHKY.

(2) Bnnve umx gin, S5k npaBunno, BpaxoByeETbCS Ye-

pe3 OOTpMMaHHS NpaBuIl 3acCTOCYBaHHSA OaHOro

CTaHgapTy. TakoX HeobXxigHO AOTpUMyBaTUCh

HaCTYMHMX NpaBuUI:

— MiHiMidyBaTK fgedopmaduii i yTBOPEHHS Tpi-
LWH, CIPUYMHEHNX NOYATKOBMMU NEPEMILLLEH-
HAMW, NOB3YUICTHO | yCaKoto, LLNsIXOM nigbopy
cknagy GeTOHHOI CyMiLi;

— MiHiMidyBaT oOMeEXeHHs1 gedopmMadin wrns-
XOoM o6nagHaHHs onop i 3'eaHaHb;
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2.3.2 Material and product properties
2.3.2.1 General

(1) The rules for material and product properties
are given in EN 1990 Section 4.

(2) Provisions for concrete, reinforcement and
prestressing steel are given in Section 3 or the
relevant Product Standard.

2.3.2.2 Shrinkage and creep

(1) Shrinkage and creep are time-dependent pro-
perties of concrete. Their effects should generally
be taken into account for the verification of
serviceability limit states.

(2) The effects of shrinkage and creep should be
considered at ultimate limit states only where their
effects are significant, for example in the veri-
fication of ultimate limit states of stability where
second order effects are of importance. In other
cases these effects need not be considered for
ultimate limit states, provided that ductility and
rotation capacity of the elements are sufficient.

(3) When creep is taken into account its design
effects should be evaluated under the quasi-per-
manent combination of actions irrespective of the
design situation considered i.e. persistent, tran-
sient or accidental.

Note: In most cases the effects of creep may be
evaluated under permanent loads and the mean value
of prestress.

2.3.3 Deformations of concrete

(1)P The consequences of deformation due to
temperature, creep and shrinkage shall be con-
sidered in design.

(2) The influence of these effects is normally

accommodated by complying with the application

rules of this Standard. Consideration should also

be given to:

— minimising deformation and cracking due to
early-age movement, creep and shrinkage
through the composition of the concrete mix;

— minimising restraints to deformation by the
provision of bearings or joints;
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— 3a HasiBHOCTI obmexeHb 3abesnedvyBaTtu Bpa-
XyBaHHS iX BMAVBY MPU NPOEKTYBaHHI.

(3) Onsa koHCTpyKUi Byaisenb BNAMBKU Temnepa-
TYypW i ycagkum MOXHa He BpaxoByBaTu Y 3aranb-
HOMY pO3paxyHKy 3a YMOBW, O 3'€QHAHHS
3[iMCHIOKTLCS Ha NEBHIM MiHIMabHO 4OMYCTUMIN
BIACTaHI )y, s1ka 3a6€3ne4ye po3noain KiHueBmx
nedopmadin.

Mpumitka. BenuunHa djyne BCTAHOBMIOETLCA HaLjio-
HanbHUMW gogaTkamMu. PeKOMeHAOBaHOIO € BelilMvYnHa
30 M. nsa 36ipHMX 3ani306eTOHHMX KOHCTPYKLN LS Be-
nMyMHa Moxe OyTu BinbLUOK HiK ONS MOHOMITHMX,
OCKiNbKM ycagka i NToB3y4iCTb YaCTKOBO NPOSIBUMMUCH A0
3Be/IeHHS.

2.3.4 F'eomempud4Hi 0aHi
2.3.4.1 3azasbHi NOMOXKEHHS

(1) MpaBuna gns reoMeTpUYHMX JaHUX HaBe4EeHO
y po3agini 4 EN 1990.

2.3.4.2 [Jodamkosi sumoau 0 6ypoHabusHux
nanb

(1)P HeBwusHa4veHOCTI, NoB'A3aHi 3 NONepeyYHnM
nepepisom 6ypoHabuBHMX Nanb i TexHonorii be-
TOHYBaHHS, MOBVHHI ByT! B Mexax AOoMmyCTUMMX
ONS NPOEKTY.

(2) Y pasi BigCyTHOCTI iHWNX MNOMOXEHb Yy NPOeK-
THUX po3paxyHKax OypoHabuBHMX Narnk, ynawTo-
BaHWX i3 BUNy4YEHHAM 00caaHuX TpyO, npuiimato-
TbCS HACTYMHI 1X giameTpu:

— AKWO d,,, <400 MM, d =d,,,,, — 20 Mm;
— akwo 400<d,,,, <1000 mm, d =0,95d

nom nom
— AKWO d,,,, > 1000 mm, d = d,,,,,, — 50 MM
Tyt d

nom
hom — HOMiHarnbHWIM giameTp nani.

2.4 MepeBipka 3a gonomMoror metoay
KoedpilieHTiB HaginHocTi

2.4.1 3azasibHi NOJ10KeHHS

(1) MpaBuna gna metoay koedilieHTiB HagilHOC-
Ti HaBeaeHo y po3aini 6 EN 1990.

2.4.2 Po3paxyHKo8i eesiu4uHu

2.4.2.1 KoegpiuieHm HaditiHocmi dr1s1 ennugy ycaoku

(1) Y pasi HeoOxigHOCTi BpaxyBaHHS BMIMBY
ycagku npu nepesipLi rpaHUYHOro ctaHy Heob-
XiIHO 3aCTOCOBYBaTU KOE(ILIEHT HAAINHOCTI ygyy.
MpumiTka. BenvunHa ysy N8 BUKOPUCTAHHA Y KOH-

KPETHIN KpaiHi BCTAHOBMIOETLCS HaLioOHaNbHUM goaaT-
koM. PekomeHgoBaHo BenuymHow € 1,0.

— if restraints are present, ensuring that their
influence is taken into account in design.

(3) In building structures, temperature and shrin-
kage effects may be omitted in global analysis
provided joints are incorporated at every distance

djpint to accommodate resulting deformations.

Note: The value of djs is subject to a National Annex.
The recommended value is 30 m. For precast concrete
structures the value may be larger than that for cast
in-situ structures, since part of the creep and shrinkage
takes place before erection.

2.3.4 Geometric data
2.3.4.1 General

(1) The rules for geometric data are given in
EN 1990 Section 4.

2.3.4.2 Supplementary requirements for cast in
place piles

(1)P Uncertainties related to the cross-section of
cast in place piles and concreting procedures
shall be allowed for in design.

(2) In the absence of other provisions the dia-
meter used in design calculations, of cast in place
piles without permanent casing should be taken
as:
if dom
— if400 <d,,p
if d,,pm > 1000 mm, d = d

nom
Where d

nom

<400 mm, d =d,,,, — 20 mm

<1000 mm, d=0,95d

nom
—50 mm

is the nominal diameter of the pile.

2.4 Verification by the partial factor method

2.4.1 General

(1) The rules for the partial factor method are gi-
ven in EN 1990 Section 6.

2.4.2 Design values
2.4.2.1 Partial factor for shrinkage action

(1) Where consideration of shrinkage actions is
required for ultimate limit state a partial factor ygy
should be used.

Note: The value of ysy for use in a Country may be
found in its National Annex. The recommended value is
1,0.
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2.4.2.2 KoegpiuieHm HadidHocmi 0nsi nonepeod-
Hb020 Harpy>XeHHs

(1) MonepepHe HanpyXeHHs Yy OinblOCTI BU-
nagkie nepeabavyaetbes AK CIPUATIIMBURA BMAWB i
npv nepesipLi rpaHUYHOro ctaHy HeobXxigHO 3a-
CTOCOBYBaTU KOEILIEHT HAAIHOCTI Yp 4, PO3-
paxyHKOBa BeNU4MHa nonepenHboro HanpyxeH-
HA Moxe 6asyBaTMCb Ha CepeaHbOMY 3HAYEHHi
3ycunnga nonepeaHboro HanpyxeHHst (posgin 4
EN 1990).

MpumiTka. BenuunHa ypray 415 BUKOPUCTAHHS Y KOH-
KPETHIN KpaiHi BCTAHOBMIOETLCS HaLliOHaNbHUM goaaT-
KOM. PekoMeHOOBaHOK BENWYMHOIO ANS OOBroTpu-
Banux i KOPOTKOTPUBANUX PO3PaxyHKOBUX BUMAAKIB €
1,0. Lle 3HayeHHs1 TakoX MOXe BUKOPUCTOBYBATUCH
npwv nepeBipLi yTOMIIEHOCTI.

(2) Mpw nepeBipLi rPaHNYHOrO CTaHy 3a CTINKICTIO
npyv 30BHILIHLOMY MOMNEPEAHBbOMY HarMpPY>KEHHI,
KOMW 3pOCTaHHS BENTMYMHU NOnepeaHbOoro Hanpy-
XEHHs MOXe OyTn HecnpuaTnMBOK i€, He-
OOXiAHO 3aCTOCOBYBATU Yp nfay-

Mpumitka. BenuunHa yp ey 405 BUKOPUCTAHHA MU
nepesipLi rPaHWYHOro CTaHy 3a CTIMKICTIO Y KOHKPETHIN
KpaiHi BCTAHOBMIOETLCS HaUioHanbHMM gogaTkom. Pe-
KOMEHOBAaHOI BENIMYMHOK MpU 3aranbHOMY po3pa-
XYHKY € 1,3.

(3) MNpwv nepes.ipLi MicueBMX BNMMBIB TaKoX BUKO-
PUCTOBYETLCA Yp ;nfay-

Mpumitka. BennunHa vp ypry ONA BUKOPUCTaHHSA NpuY
nepesipLi MiCLeBMX BNINBIB Y KOHKPETHIN KpaiHi BCTa-
HOBMIOETBCS HaLioOHaNbHUM gogaTtkoM. PekomeHgoBa-
Ho BenuumHoto € 1,2. MicueBi BNMBKU 3aaHkepyBaH-
Hs1 NoNepeaHbO HaMpPYXXeHUX MyYKiB Ha ynopw po3rns-
naetbeay 8.10.2.

2.4.2.3 KoedgbiuieHm HadiliHocmi Onsi HagaHma-
JKEeHb ymomreHocmi

(1) Ona HaBaHTaxeHb YTOMMEHOCTI 3aCTOCOBY-
€TbCA KOEMILIEHT HAAINHOCTI V£ .

MpumiTka. BenuunHa yg g ANA 3aCTOCYBaHHSA Y KOH-
KPETHIN KpaiHi BCTAHOBMIOETLCS HaLliOHaNbHUM goaaT-
koM. PekomeHgoBaHo BenuymHotw € 1,0.

2.4.2.4 KoeagbiuieHmu HaditiHocmi 0risi Mamepiasie

(1) Mpwn nepeBipLi rpaHUYHNX CTaHIB HEOOXIAHO
3aCTOCOBYBaTU KoedilieHTN HadimHOCTI Ang Ma-
Tepianie yg i yg.

Mpumitka. BenuunHu yc i ys ANA BUKOPUCTAHHS Y KOH-
KPETHI KpaiHi BCTAHOBMIOKTLCA HauioHaNbHUM [O-
JaTkoMm. PekomeHOOBaHi BenUYMHU AN [OBroTpu-
Banux i KOPOTKOTPMBANMX Ta aBapiiHMUX PO3pPaxyHKO-
BMX BUNagkiB HaBedeHi y Tabnuui 2.1N. Li 3HayeHHs
He BMKOPWCTOBYKOTLCHA MpK NepesipLi BOrHECTINKOCTI,
Ans sKoi HeobxigHo nocunaTnch Ha EN 1992-1-2.
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2.4.2.2 Partial factors for prestress

(1) Prestress in most situations is intended to be
favourable and for the ultimate limit state verifi-
cation the value of yp ¢, should be used. The de-
sign value of prestress may be based on the
mean value of the prestressing force (see
EN 1990 Section 4).

Note: The value of yps, for use in a Country may be
found in its National Annex. The recommended value
for persistent and transient design situations is 1,0.
This value may also be used for fatigue verification.

(2) In the verification of the limit state for stability
with external prestress, where an increase of the
value of prestress can be unfavourable yp ,pfa,
should be used.

Note: The value of yp sy in the stability limit state for
use in a Country may be found in its National Annex.
The recommended value for global analysis is 1,3.

(3) In the verification of local effects yp s, should
also be used.

Note: The value of yp sy for local effects for use in a
Country may be found in its National Annex. The
recommended value is 1,2. The local effects of the
anchorage of pre-tensioned tendons are considered in
8.10.2.

2.4.2.3 Partial factor for fatigue loads
(1) The partial factor for fatigue loads is £ f,-

Note: The value of yg¢ for use in a Country may be
found in its National Annex. The recommended value is
1,0.

2.4.2.4 Partial factors for materials

(1) Partial factors for materials for ultimate limit
states y; and yg should be used.

Note: The values of y¢ and ys for use in a Country may
be found in its National Annex. The recommended
values for 'persistent & transient' and ‘'accidental,
design situations are given in Table 2.1N. These are
not valid for fire design for which reference should be
made to EN 1992-1-2.
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[na nepeBipkM YTOMMNEHOCTI pPEKOMEHOYHTbCS
koediLieHT! HaAINHOCTI Y fat | Vs fap HABEAEHI Y
Tabnuui 2.1N, ana QoBroTpmMBanux po3paxyHKo-
BUX BUNaAKiB.

For fatigue verification the partial factors for
persistent design situations given in Table 2.1N
are recommended for the values of yqr,y and

YS, fat

Ta6nuua 2.1N — KoediuieHT HaginHOCTI Ana maTepianiB Npy rpaHUYHMUX CTaHax

Table 2.1N

— Partial factors for materials for ultimate limit states

Po3paxyHkoBi Bunagku
Design situations

Yc ONs 6eToHy
yc for concrete

Ys ONs nonepeaHbo
HanpyXeHoi ctani
vs for prestressing steel

Ys 4Na apmaTtypHoi ctani
vs for reinforcing steel

[oBroTprBanui i KOPOTKOTPMBANUN

Persistent & Transient 1.5 1,15 1,15
ABapinHnii
Accidental 1,2 1,0 1,0

MpumiTka. BenuumHu yc i ys ANA NepeBipkn 3a rpaHny-
HUM CTaHOM CTOCOBHO MpUAATHOCTI A0 ekcnnyaTauii,
LLIO BUKOPUCTOBYIOTLCS Y KOHKPETHIN KpaiHi, BCTaHOB-
MNKTLCA HauioHanbHMM gogaTtkoM. [Ana po3paxyHKo-
BUX BUMAOKIB, LLIO HE OXOMSEHi KOHKPETHUMM MOSOo-
XXEHHSAMMU Liboro €8pokoay, PEKOMEH0BaHO BENNYK-
Hoto € 1,0.

(2) 3HaueHHs KoediLieHTIB HadiMHOCTI And ma-
Tepianie nNpu nepeBipuUi Ha rpaHWYHUI CTaH 3a
npuaaTHICTIO OO eKkcnryaTauii MOBUHHI NpuiiMa-
TUCb TakKMMW, WO OOPIBHIOTbL BKa3aHWM Y KOH-
KPETHMX MOMOXEHHSIX LibOro €BpoKoay.

(3) MoxyTb 3aCTOCOBYBATUCH MEHLLI 3HA4YEHHS Y
i Vg, AKWIO NiATBEPAKEHO 3AiICHEHHSA 3aX0/iB, WO
3HWXKYIOTb HEBU3HAYEHICTb NPU BM3HAYEHHi Ono-
py.

MpumiTtka. [HopMauis HaBegeHa y AOBIAKOBOMY [O-
natky A.

2.4.2.5 Koegpiyienmu HaditiHocmi dnsi mamepia-
nie pyHOameHmie

(1) Po3paxyHKOBi 3HA4YE€HHSA XapakTepuUCTUK Mill-
HOCTi TI'pYHTY MOBMHHI BM3Ha4yaTUCb 3rigHO 3
EN 1997.

(2) MNpw BU3Ha4YeHHI po3paxyHKoBoOro onopy dypo-
HabWBHMX Nanb, LLO BUrOTOBIAKTLCA 3 BUAANEH-
HAM o6cagHux Tpyb, KoedilieHT HagiHoCTI Ans
6eToHy Y, HaBefeHun y 2.4.2.4(1), HeobxiaHO
MHOXWTW Ha KOoeiLlieHT K.

MpumiTka. BenuumHa kr 4ns BUKOPUCTAHHA Y KOHKPET-

Hil KpaiHi BCTAHOBIHETHCA HaLiOHaNbHUM OOAATKOM.
PekomeHgoBaHoto BennyunHotw € 1,1.

Note: The values of yc and ys in the serviceability limit
state for use in a Country may be found in its National
Annex. The recommended value for situations not
covered by particular clauses of this Eurocode is 1,0.

(2) The values for partial factors for materials for
serviceability limit state verification should be
taken as those given in the particular clauses of
this Eurocode.

(3) Lower values of y, and yg may be used if
justified by measures reducing the uncertainty in
the calculated resistance.

Note: Information is given in Informative Annex A.

2.4.2.5 Partial factors for materials for founda-
tions

(1) Design values of strength properties of the

ground should be calculated in accordance with
EN 1997.

(2) The partial factor for concrete yo given in
2.4.2.4 (1) should be multiplied by a factor k; for
calculation of design resistance of cast in place
piles without permanent casing.

Note: The value of k¢for use in a Country may be found
in its National Annex. The recommended value is 1,1.
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2.4.3 Cnony4yeHHs ennusie

(1) 3aranbHi nmapameTpu CMOMyYeHHs BMMBIB
ONS TPaHMYHUX CTaHIiB 3a HEeCy4ok 34aTHICTIO i
CTINKICTIO Ta 3a NpMAaTHICTIO 40 eKkcnnyaTadii Ha-
BeAeHi y po3aini 6 EN 1990.

MpuwmiTtka 1. JeTanbHi BUpa3un gns komoGiHaLii BnnveiB
HaBefeHo Yy HopMaTuBHux gogaTkax go EN 1990, Ha-
npuknag, y gogatky A1 — ona 6ygisens, y A2 — ans
MOCTIB TOLLO, 3 BigMNOBIAHNMWN PEKOMEHOOBAHNMM 3HA-
YEeHHSMM ONnsa KoedilieHTiB HaginHOCTI i XxapakTepuc-
TWUYHMX 3HAYeHb BMMMBIB, HaA4AHMX Y NPUMITKaX.

Mpumitka 2. CrnonyyeHHs BMMMBIB AN NepeBipKu
YTOMIEHOCTI HagaHi y 6.8.3.

(2) Mo BCiI KOHCTPYKLiT HEOOXiQHO MpuKnagaTh
MeHLUY abo BinbLUy po3paxyHKOBY BENUYMHY (3a-
TNIEXHO Bif, TOro, AK€ 3HAYEeHHs i€ HeCnpUATIn-
BO) KOXHOI MOCTiNHOT Aii (Hanpuknag, BnacHa
Bara KOHCTpPYKUii).

Mpumitka. MoxyTb icCHyBaTK OesKi BUHATKA 3 LbOro
npasuna (Hanpuknag, npuv nepesipui CTaTUYHOI
piBHoBarn ame. po3gin 6 EN 1990). Y Takmx Bunagkax
MOXe 3aCTOCOBYBaTUCb IHLWWIA Habip koedilieHTiB
HagiHocTi (Habip A). OauH i3 Npuknaais, WO Moxe 3a-
CTOCOByBaTUCh Ans OyaiBenb, HaBedeHo y aoaatky A1
EN 1990.

2.4 4 NMepeesipka cmamuyHoi piesHoga2u — EQU
(1) BupaxeHHs HaginHOCTI Npuy NepeBipLi cTaTny-
HOI piBHOBaru TakoXx 3aCTOCOBYETbCS 44 po3pa-
XYHKOBMX BUNagkKiB MNepeBipkM piBHOBAru, Takmx
SIK aHKepHi NpucTpoi abo nepeBipkM Ha Nignom
ornop Hepo3pi3HUX Banok.

MpumiTtka. IHdopmauis HaBeaeHa y pogatky A EN 1990.

2.5 NpoeKTyBaHHSA 3 BUKOPUCTaHHAM BUMPO-
6yBaHb

(1) TpoekTyBaHHA KOHCTPYKLIA abo eneMeHTiB
MOXe CynpOoBOAXKYBaTUCh BUNPOOYBaHHSMM.

MpuwmiTtka. IHpopmauia HaBegeHa y po3aini 5 i gogat-
ky D EN 1990.

2.6 JopaTKOBi BUMOrU Ansi OCHOB

(1)P Y Bunagkax, Konu xapaktep B3aemogil
"ocHOBa-crnopyaa" 3Ha4yHO BMNAUBA€E Ha pesyrib-
TaT BNAMBIB Y cnopyai, HeobxigHO BpaxoByBaTu
BNACTUBOCTI FPYHTY i BNNMB B3aemopil 3rigHo 3
EN 1997-1.

(2) Axkwo moxnmei HepiBHOMIPHI OcigaHHsA, ix
BMMB Ha pe3ynbTaT HaBaHTaXeHb Ha KOHCTPYK-
Liit0 MOBUHEH NEPEBIPATUCE.

24

2.4.3 Combinations of actions

(1) The general formats for combinations of
actions for the ultimate and serviceability limit
states are given in EN 1990, Section 6.

Note 1: Detailed expressions for combinations of acti-
ons are given in the normative annexes of EN 1990, i.e.
Annex A1 for buildings, A2 for bridges, etc. with
relevant recommended values for partial factors and
representative values of actions given in the notes.

Note 2: Combination of actions for fatigue verification
is given in 6.8.3.

(2) For each permanent action either the lower or
the upper design value (whichever gives the more
unfavourable effect) should be applied throughout
the structure (e.g. self-weight in a structure).

Note: There may be some exceptions to this rule (e.qg.
in the verification of static equilibrium, see EN 1990
Section 6). In such cases a different set of partial
factors (Set A) may be used. An example valid for
buildings is given in Annex A1 of EN 1990.

2.4 4 Verification of static equilibrium — EQU

(1) The reliability format for the verification of
static equilibrium also applies to design situations
of EQU, such as holding down devices or the
verification of the uplift of bearings for continuous
beams.

Note: Information is given in Annex A of EN 1990.

2.5 Design assisted by testing

(1) The design of structures or structural elements
may be assisted by testing.

Note: Information is given in Section 5 and Annex D of
EN 1990.

2.6 Supplementary requirements for
foundations

(1)P Where ground-structure interaction has
significant influence on the action effects in the
structure, the properties of the soil and the effects
of the interaction shall be taken into account in
accordance with EN 1997-1.

(2) Where significant differential settlements are

likely their influence on the action effects in the
structure should be checked.
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Mpumitka 1. [Jns mogentoBaHHsS B3aemogii "ocHoBa-
crnopyaa" MoXHa BMKOPUCTOBYBaTW godartok G.

Mpumitka 2. [Ins GinbLWOCTi pO3paxyHKIB KOHCTPYKLi
€ MPUNHATHUM CNPOLLEHUA MeTo[d, O He BpaxoBye
BMAMBKU gedopmadin OCHOBM.

(3) BeToHHI yHAaMEHTU MOBUHHI KOHCTPYIOBa-
Tuck 3rigHo 3 EN 1997-1.

(4) Y BignoBigHUX BUNagkax po3paxyHoK NOBMHEH
OXOMMBaTU BNIMBU TaKUX ABULL, SIK NPOCiAaHHS,
NigHIMaHHA, 3amMep3aHHs, PO3TOMIEHHSA, eposito
TOLLO.

2.7 Bumoru go enemeHTiB KpinneHHA
(1) Micuesi i KOHCTPYKTVBHI BNNNBK €NeMeHTIB
KpinfeHHsA NOBUHHI aHani3yBaTuCb.

MpumiTka. BuMmoru 4o NpoekTyBaHHS eneMeHTIB Kpin-
NEHHs1 HaBOAATLCS Y TEXHIYHUX ymoBax "lpoekTyBaH-
HS1 eNeMEHTIB KPinneHHs anst BAKOPUCTaHHSA y 6eToHI"
(po3pobnisieTbest). Lli TexHivHi ymoBm ByayTe oxonsto-
BaTW HaCTYMNHi BUAWN €feMeHTIB:

enemMeHTH, Lo 3aMOHOMIYYThCS:

— aHKepw 3 rofloBKamu,

— U-nogibHi cTpuxHi,

Ta sIKi BCTAHOBMIOOTLCA Micns 6eTOHYBaHHSA:
— arobeni,

— Bpi3aHi aHkepw,

— pi3bboBi aHkepw,

— 3aMOHONMIYEHI aHKepw,

— 3auemneHi atobeni,

— 3allemrieHi Bpi3aHi aHkepw.

Bu1koHaHHS KpinseHb NOBUHHO BignosigaTy BUMO-

ram ctaHgapty CEN abo 3atBepaxyBaTUCb Ye-
pe3 eBponencbke TEXHIYHE yXBareHHs.

TexHiuHi ymoBu "lpoeKkTyBaHHA enemMeHTIB Kpin-
NEeHHs AN BUKOPUCTaHHS Yy BeToHI" BKNoYaloTb
MicueBy nepefady HaBaHTaXEHHS Y KOHCTPYKLIT.
[Mpy NpoekTyBaHHI KOHCTPYKLii NOBUHHI BPaxoBy-
BaTUCb HaBaHTaXXeHHS | 404aTKOBI BUMOIM1, HaBe-
OeHi y gogaTtky A.

Note 1: Annex G may be used to model the soil-struc-
ture interaction.

Note 2: Simple methods ignoring the effects of ground
deformation are normally appropriate for the majority of
structural designs.

(3) Concrete foundations should be sized in ac-
cordance with EN 1997-1.
(4) Where relevant, the design should include the

effects of phenomena such as subsidence, hea-
ve, freezing, thawing, erosion, etc.

2.7 Requirements for fastenings
(1) The local and structural effects of fasteners
should be considered.

Note: The requirements for the design of fastenings
are given in the Technical Specification 'Design of
Fastenings for Use in Concrete' (under development).
This Technical Specification will cover the design of the
following types of fasteners:

cast-in fasteners such as:

— headed anchors,

— channel bars,

and post-installed fasteners such as:
— expansion anchors,

— undercut anchors,

— concrete screws,

— bonded anchors,

— bonded expansion anchors and

— bonded undercut anchors.

The performance of fasteners should comply with

the requirements of a CEN Standard or should be
demonstrated by a European Technical Approval.

The Technical Specification 'Design of Faste-
nings' for Use in Concrete' includes the local
transmission of loads into the structure.

In the design of the structure the loads and addi-
tional design requirements given in Annex A of
that Technical Specification should be taken into
account.
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3 MATEPIAJIIN

3.1 BetoH
3.1.1 3azasnibHi NONOXEeHHS

(1)P Hwxye HaBeeHi OCHOBHI MONOXEHHS i npa-
BMNa ANsi 3BUY4ANHOTIO i BUCOKOMILIHOTO 6ETOHY.

(2) MpaBuna gna 6eToHy Ha Nerknx 3arnoBHIOBa-
Yax HaBefeHo y poaaini 11.

3.1.2 MiyHicmb

(1)P MiyHicTb 6eTOHY Ha CTUCK NO3HAYaeTbCs Ye-
pes Krnacu MiLHOCTI GETOHY, siki NOB'A3aHi 3 xapak-
TEPUCTUYHOI 5% LMNIHAPUYHOO MiLHICTIO fy abo
KyOKOBOIO MILHICTIO iy ¢ pe 3TIAHO 3 EN 206-1.

(2)P Knacu miyHOCTi y AaHUX HOpMaXx I'PyHTYOTb-
Csl Ha XapakTepuCTUYHIN 5% unniHOPUYHIN Mil-
HOCTI f,, BU3HAYeHi Ha 28 foby 3 Makcumarb-

HUM 3Ha4YeHHAaM C ...

Mpumitka. BenuumHa Ciay, WO 3aCTOCOBYETLCS Y KOH-
KPETHI KpaiHi, BCTAHOBMIOETLCA HaLiOHANbHUM [O-
paTtkoMm. PekomeHgoBaHuUM € 3Ha4YeHHs C90/105.
(3) XapaKTepuCTUYHi 3Ha4eHHs MiLHOCTI f i Bia-
MOBIAHI MeXaHiyHi XapakTepUCTUKU, SKi HEODXiaHi
ONS MPOEKTYBaHHS, HaBeaeHo y Tabnuui 3.1.

(4) Y neBHWX BMNagkax (Hanpuknag, nonepeagHe
Harnpy>XeHHs1) OOUiNbHO BM3HA4YaTU MIiLHICTb Oe-
TOHY Ha cTuck go abo nicnsa 28 i Ha ocHOBI BUM-
pobyBaHHA 3paskiB, L0 30epiranncb B yMOBaXx,
BiAMiHHMX Big BM3Ha4eHMx y EN 12390.

AKLo MiLHICTb 6eTOHY BU3HaYaeTbes Y BiLj { > 28
Ai6, 3HaYeHHS o | Oy, BUM3HaAYeHi y 3.1.6(1)P i
3.1.6(2)P, HeobXigHO 3HWXKYBaTN MHOXEHHSAM Ha
KOeiLiEHT K;.

MpumiTka. BennunHa k;, WO 3aCTOCOBYETHCS Y KOH-

KPETHIN KpaiHi, BCTAHOBMIOETLCA HaLiOHANbHUM [O-
paTtkoMm. PekomeHgoBaHMM € 3HadYeHHs 0,85.

(5) Moxe BuHUKaTM nNoTpeba y BU3HAYEHHI MiL-
HOCTi 6eTOHY Ha CTUCK f(f) B MOMEHT Yacy t Ha
OeKinbKox cTagisx (Hanpuknag, po3nanybka, ne-
pefada nonepegHbOro Hanpy>XeHHs), e

f(f) = f,,.(t) — 8 MMa ans 3 < t < 28 Ai6,

Ci
fo(t) = fy anat> 28 ni6

Binbll TOYHI 3HA4YeHHs1 NOBMHHI GadyBaTUCb Ha
BMNpobyBaHHAX, ocobnueo ana t < 3 gobwu.

(6) MiuHicTb 6eTOHY Ha CTUCK Y BiLi t 3anexuTb
BiJ TVNY LeMEeHTy, TeMnepaTtypu i yMOB ornsay.
Mpu cepepHin Temnepatypi 20 °C i gornagy 3ria-
Ho 3 EN 12390 miyHicTb 6€TOHY Ha CTUCK npwu
pisHOMy BiLi f,,,(f) MOXe obuncnoBaTUCL 3a BU-
pasamu (3.1)i (3.2):
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3 MATERIALS

3.1 Concrete
3.1.1 General

(1)P The following clauses give principles and
rules for normal and high strength concrete.

(2) Rules for lightweight aggregate concrete are
given in Section 11.

3.1.2 Strength

(1)P The compressive strength of concrete is deno-
ted by concrete strength classes which relate to the
characteristic (5%) cylinder strength £, or the cube
strength £ c,pe, IN @ccordance with EN 206-1.

(2)P The strength classes in this code are based
on the characteristic cylinder strength £, deter-

mined at 28 days with a maximum value of C, .

Note: The value of Cnax for use in a Country may be
found in its National Annex. The recommended value is
C90/105.

(3) The characteristic strengths for £, and the cor-
responding mechanical characteristics necessary
for design, are given in Table 3.1.

(4) In certain situations (e.g. prestressing) it may
be appropriate to assess the compressive
strength for concrete before or after 28 days, on
the basis of test specimens stored under other
conditions than prescribed in EN 12390.

If the concrete strength is determined at an age t >
28 days the values a. ., and o, defined in 3.1.6
(1)P and 3.1.6 (2)P should be reduced by a
factor k;.

Note: The value of k; for use in a Country may be found
in its National Annex. The recommended value is 0,85.

(5) It may be required to specify the concrete
compressive strength, f,(f) at time t for a number
of stages (e.g. demoulding, transfer of prestress),
where

f(f) = ,,.(t) — 8 MPa for 3 < t < 28 days

Ci
fo(t) = f, for t > 28 days

More precise values should be based on tests
especially for t < 3 days.

(6) The compressive strength of concrete at an
age t depends on the type of cement, temperature
and curing conditions. For a mean temperature of
20°C and curing in accordance with EN 12390 the
compressive strength of concrete at various ages
f.m(t) may be estimated (3.1) i (3.2):
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fcm (t) = Bcc (t)fcm (3-1 )
npu at
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Bec (t) :exp{s\:]_(tj J ) (3.2)
ae where
f.m(t) — cepenHs MilHICTb GETOHY Ha CTUCK Y Billi ¢ f.m(t) — is the mean concrete compressive

Ri6;
f.m— CepeaHs MiLHICTb 68 TOHY Ha CTUCK Y BiLli 28
[i6 3rigHo 3 Tabnvueto 3.1;

Bcc(t) — KoediLieHT, Lo 3anexuTb Bif Biky 6ETOHY f;

t — Bik 6eToHy, fib;
S — Koeili€eHT, Lo 3anexnTb Big TUMNY LeMeHTY:

= 0,20 gna uemeHTy knacis miuHocti CEM
425R, CEM 52,5 N i CEM 52,5 R (knac R)
= 0,25 pna uemeHTy knacie miuHocti CEM
32,5R, CEM 42,5 N (knac N)
= 0,38 gna uemeHTy knacie miuHocti CEM
32,5 N(knac S)

MpumiTka. exp{ } o3Hauae Te came, wo i e').

Axwo 6eToH He Bignosigae cneuundikauii 3a Miu-
HICTIO Ha CTUCK Y BiLi 28 Ai0, TO HeAOLUINBHO BUKO-
puctoByBaTu Bupasm (3.1) i (3.2).

Lle nonoxeHHsa He Mae 3BOPOTHOI cunu ans nig-
TBEPO)KEHHS HEBIAMOBIAHOCTI MOYaTKOBOI Mili-
HOCTIi Yyepe3 ni3Hiwe 3pOCTaHHA MiLHOCTI.

Y Bunagkax 3acTocyBaHHs TennoBoi 06po6ku
ave. 10.3.1.1(3).

(7)P MiuHicTb 6€TOHY Ha PO3TAr IPYHTYETLCS Ha
HanBINbLUMX HanpPyXXeHHsIX, SKi 4ocaranTbes npu
30CepesKeHOMY HaBaHTaXeHHI po3Tary. MiLHICTb
Ha po3TAr nNpu 3ruHi HeOOXiOgHO BU3HayaTy 3a
3.1.8(1).

(8) Y pasi BU3HAYEHHST MILHOCTi Ha po3TAr Yepes
MiL|HICTb Ha PO3TSr NPU PO3KOMtoBaHHi fy; o, BiAMNO-
BiAHE 3HA4YeHHA OCbOBOI MILHOCTI Ha po3Tar f
MOXe NpurMaTUCh SK:

fct
(9) Po3BUTOK MILUHOCTI Ha pPO3THAr i3 Yacom noB.-
HICTIO 3anexuTb Big gornagy i yMoB TBEPAiHHS, a
TaKoX PO3MIPIB KOHCTPYKLUINHUX enemMeHTiB. Y
SIKOCTi NepLIOro HabNMXKEeHHA MOXHa NpUnycTu-
TV, WO MILHICTb Ha po3TAr f,(f) NOPIBHIOE:

fctm t) = (Bcc (t))a 'fctm )

strength at an age of t days;

f.m»—is the mean compressive strength at 28 days
according to Table 3.1;

Bcc(t) — is a coefficient which depends on the age
of the concrete t;

tis the age of the concrete in days;

s — is a coefficient which depends on the type of
cement:
= 0,20 for cement of strength Classes CEM
42,5R,CEM52,5N and CEM 52,5R (Class R)
= 0,25 for cement of strength Classes CEM
32,5R, CEM 42,5 N (Class N)
= 0,38 for cement of strength Classes CEM
32,5N (Class S)

Note: exp{ } has the same meaning as e'’.

Where the concrete does not conform with the spe-
cification for compressive strength at 28 days the use
of Expressions (3.1) and (3.2) is not appropriate.

This clause should not be used retrospectively to
justify a non conforming reference strength by a
later increase of the strength.

For situations where heat curing is applied to the
member see 10.3.1.1 (3).

(7)P The tensile strength refers to the highest
stress reached under concentric tensile loading.
For the flexural tensile strength reference should
be made to 3.1.8 (1).

(8) Where the tensile strength is determined as
the splitting tensile strength, 7 ., an approximate

t,sp
value of the axial tensile strength, f; may be
taken as:
=0, sp - (3.3)

(9) The development of tensile strength with time
is strongly influenced by curing and drying condi-
tions as well as by the dimensions of the structural
members. As a first approximation it may be assu-
med that the tensile strength 7, (f) is equal to:

(3.4)
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Ae B.(f) BusHavaeTbca 3a Bpasom (3.2), a
a=1anat<28

o = 2/3 ana t > 28. Benuunhu f,, HaBeaeHo y
Tabnuui 3.1.

MpumiTka. AKLLO PO3BUTOK MILLHOCTI Ha PO3TAr BaXnu-
BUI, PEKOMEHOYETbCA BPaxOBYBATW MPU BUKOHAHHI

BMNpobOyBaHb BNAMB YMOB Ta PO3MIpPIB KOHCTPYKTUB-
HUX €NEMEHTIB.

3.1.3 MpyxHa deghopmauisi

(1) MpyxxHi aedbopmaliii 6eToHY B 3Ha4HIN Mipi 3a-
nexartb Big Moro cknagy (o0cobnvMBO 3amnoBHIO-
BauiB). BenuumHu, Wwo HagaoTbCsa Y LLbOMY CTaH-
JapTi, NOBMHHI po3rnsgaTnch 9K iHOUKaTUBHI AN
3aranbHOro 3actocyBaHHA. OgHaK, BOHU MOXYTb
KOHKpeTU3yBaTUCb, SKLWO nependayaeTbcs, Lo
KOHCTpyKUis Oyae 4yTnmMBOK OO0 BiAXWUNEHb Bif
UMX 3aranbHUX 3HAYEHb.

(2) Moaynb npyxHoCTi OETOHY 3anexuTb Big MO-
OyniB NPYXHOCTi Koro cknagosux. BignosigHi
3Ha4eHHA Moy ns Npy>KHOCTi E,,,, BeNn4nHa ciy-
Hoi MiX 6, =01i0,4 f,,, Ana 6eToHy Ha KBapLOBMX
3anoBHIOBavax, HaBegeHo y Tabnuui 3.1. inga 3a-
MOBHIOBAUIB i3 BamHsKY i NiLlaHUKa 3HAYEeHHSA He-
obxigHo 3HWxyBaTu BignoeigHo Ha 10% i 30%.
[na 3anoBHIOBadiB i3 GasanbTy 3HAYEHHS He-
0bxigHo 30inbwyBaTtn Ha 20%.

MpumiTtka. HauioHanbHi 4ogaTKM KOXHOI KpaiHW Mo-
XyTb BKasyBaTu LOAATKOBY iHOpMaLito, ka He cyne-
peynThb.

28

where B () follows from Expression (3.2) and
o=1fort<28

a = 2/3 for t > 28. The values for f,, are given in
Table 3.1.

Note: Where the development of the tensile strength
with time is important it is recommended that tests are

carried out taking into account the exposure conditions
and the dimensions of the structural member.

3.1.3 Elastic deformation

(1) The elastic deformations of concrete largely
depend on its composition (especially the aggre-
gates). The values given in this Standard should
be regarded as indicative for general applications.
However, they should be specifically assessed if
the structure is likely to be sensitive to deviations
from these general values.

(2) The modulus of elasticity of a concrete is
controlled by the moduli of elasticity of its com-
ponents. Approximate values for the modulus of
elasticity E,,, secant value between ¢, = 0 and
0.4 f,,, for concretes with quartzite aggregates,
are given in Table 3.1. For limestone and sand-
stone aggregates the value should be reduced by
10% and 30% respectively. For basalt aggregates
the value should be increased by 20%.

Note: A Country's National Annex may refer to non-
contradictory complementary information.
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(3) 3miHYy MOayns NPY>KHOCTI 3 YaCOM MOXKHa BU3-
HauUUTU Yepes 3aneXHiCTb:

(3) Variation of the modulus of elasticity with time
can be estimated by:

Ecm(t) = (fcm(t) / fcm)0’3Ecm’ (3.5)

ne E;,(t) i () — 3HaveHHa y BiLi t Aib6, a E,, i
f.— 3HaYeHHs, BU3HaYeHi y Bili 28 0i6. Bsaemo-
3B'A30K MiX f,(f) i f,,, BUNNMBae 3 Bupasy (3.1).

(4) KoegoiuieHT MNMyaccoHa moxe npuimatick 0,2 ans
6eToHy 6e3 TpiwuH i 0 Ansg 6eTOHyY 3 TpiLMHAMN.

(5) Y pasi BigCyTHOCTI GinbLU TOYHUX OaAHUX KOe-
QiLiEHT NiHINHOIO TEMMOBOro PO3LUNPEHHS MOXE
npuitmaTrics 10-10° K1,

3.1.4 Noe3yyicmsb i ycadka

(1)P lMoB3yuicTb i ycagka ©eTOHY 3anexuTb Bif
BOMOroCTi HaBKOMULLHBOIO cepeaoBuLla, po3Mi-
piB enemeHTa i cknagy 6eToHy. Ha noB3yuicTb Ta-
KOX BNAMBae CTyMiHb 3pinocTi 6€TOHY B MOMEHT
npvKnagaHHs HaBaHTaXEHHS | BOHa 3anexuTb
BiJ, TPMBANOCTi Ta BENIUYNHN HABAHTAXKEHHS.

(2) KoediuieHT noB3y4ocTi ¢(t, fy) nos'asaHuii 3
E., TaHreHuianbHUM moaynem, Lo MoXe npun-
maTuck sk 1,05 Eg,,. Akuo Hema notpebu y Bu-
COKill TOYHOCTI, TO 3Ha4YeHHS 3 pUcyHka 3.1 MOXHa
npunmaTn 9K KoediuieHT MOB3y4OCTi 3a YMOBM,
LLIO HanpyXXeHHs1 CTUCKY y BETOHI He nepeBuLLY-
toTb 0,45 £, (ty) y BiLi ty, O € BikoM 6€TOHY y MO-
MEHT HaBaHTaXeHHS.

MpuwmiTka. [na getanbHiwoi iHdpopmauii BKITHYHO 3
PO3BUTKOM MOB3YYOCTi Y Yaci AMB. JoAaTokK B.

(3) Aedpopmayist MOB3y4OCTi BETOHY & (0, ty) ANs
t = oo NPV NOCTINHNX HAMNPY>KEHHSAX CTUCKY G, NPU-
KnageHux fo 6eToHy y Bili fy, npeacTasneHa Bu-
pasom:

8cc(oo’ 2‘0) =
(4) AKwo HanpyXeHHsi CTUCKY BETOHY Y Billi ty ne-
pesuLLytoTb BenuuuHy 0,45 £, (f,), TO NoB3yyicTb
Tpeba po3rnagaTtn sk HemiHinHy. Taki BUCOKi Ha-
NPY>XEHHS MOXYTb BUHUKATW Y pe3ynbTarTi none-
peaHbOro HanpyxeHHsi, Hanpuknag, y 36ipHux
erieMeHTax Ha piBHi NpuKNagaHHA HanpyxeHb. Y
Takux BuMMNaAKax HeniHinHWMN koediluieHT NoB3y-
YOCTi MOXXHa BM3HA4yaTu Tak:

where E_,,(t) and f,,,(t) are the values at an age of
tdays and E_,,, and f_,, are the values determined
at an age of 28 days. The relation between £, (f)
and f,,, follows from Expression (3.1).

(4) Poisson's ratio may be taken equal to 0,2 for
uncracked concrete and 0O for cracked concrete.

(5) Unless more accurate information is available,
the linear coefficient of thermal expansion may be
taken equal to 10-10% K.

3.1.4 Creep and shrinkage

(1)P Creep and shrinkage of the concrete depend
on the ambient humidity, the dimensions of the
element and the composition of the concrete. Cre-
ep is also influenced by the maturity of the concre-
te when the load is first applied and depends on
the duration and magnitude of the loading.

(2) The creep coefficient ¢(t, t;) is related to E,
the tangent modulus, which may be taken as 1,05
E.,- Where great accuracy is not required, the
value found from Figure 3.1 may be considered
as the creep coefficient, provided that the concre-
te is not subjected to a compressive stress grea-
ter than 0,45 f,(f,) at an age t,, the age of
concrete at the time of loading.

Note: For further information, including the develop-
ment of creep with time, Annex B may be used.

(3) The creep deformation of concrete ¢,(, t;) at
time t = oo for a constant compressive stress o,
applied at the concrete age t0 is given by:

o(oto)-(oc 1 Eg). (3.6)

(4) When the compressive stress of concrete at
an age t, exceeds the value 0,45 f,(f;) then creep
non-linearity should be considered. Such a high
stress can occur as a result of pretensioning, e.g.
in precast concrete members at tendon level. In
such cases the non-linear notional creep coeffi-
cient should be obtained as follows:

ok to) = p(, to)exp(1.5(k, —0.45)), (3.7)

ne
¢y, ty) — YMOBHO HEMiHINHWIA KoediLieHT NnoBay-
Y4OCTi, WO 3amMiHsAE ¢(oo, y);
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where

¢y, ty) is the non-linear notional creep coeffi-
cient, which replaces (o, ty);
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a — YMOBM BHYTpIiWHbOro cepegosuia RH = 50%
a —inside conditions RH = 50%

MpumiTka. Toyka nepeTuHy Mix niHigamn 4 i 5 noBMHHa
Takox Oyt Buwe Toukm 1. [Ans t, > 100 Oyae kopekTHO
@ npuHATK ty = 100 (i BUKOPUCTOBYBATU TaHreHujianbHy

@ \ niHito)

Note: Intersection point between lines 4 and 5 can also

S be above point 1. For t, > 100 it is sufficiently accurate
2 to assume f, = 100 (and use the tangent line)
to
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b — ymoBwM 30BHiWHbOrO cepegoBuwa RH = 80%
b — outside conditions RH = 80%

PucyHok 3.1 — MeToa B13HayeHHs KoedilieHTa noB3y4oCTi ¢(wo, tg)
Ans 6eTOoHY 3a HOpMarnbHUX YMOB HaBKOMNULLHBLOrO CepefoBuLLa

Figure 3.1 — Method for determining the creep coefficient ¢(w, fp)
for concrete under normal environmental conditions
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ks, — cniBBiOHOWEHHS "HanpyXeHHSA-MiLHICTb"
o /fm(ty), A€ G, — HaNpPyXeHHs CTUCKY, a f,,,(t;) —
cepeaHst MiLHICTb 6ETOHY Ha CTUCK Y MOMEHT Ha-

BaHTaXXEHH4.

(5) 3HayeHHs, HaBeaeHi Ha pucyHky 3.1, AiNCHI B
JianasoHi TemnepaTyp HaBKOMULLHBOIO cepeno-
Buwa Mix -40 °C go +40 °C i cepeaHboto BigHOC-
Hoto BonoricTio Mk RH = 40% po RH = 100%.
BuKOpUCTOBYIOTBLCSA HACTYMHI 3HAYEHHS CUMBOJTIB:

@(o, fy) — KIHLEBWI KOEWILiEHT NOB3Y4OCTi;
ty — Bik 6€TOHY Npu HaBaHTaXeHHi, Aib;

ho — ymoBHuiA poamip = 2A Ju, ne A, — nnoua ne-
pepidy 6eToHy, a u — NepumeTp TiEl YaCTUHN, FKa
Nig4aeTbCa BUCYLLYBAHHIO:

S —knac S 3rigHo 3 3.1.2(6),

N —knac N srigHo 3 3.1.2(6),

R — knac R 3rigHo 3 3.1.2(6).

(6) MoBHa gecbopmalisi ycagkm cknagaetbcs 3
OBOX KOMMOHEHT: gedopMalii ycagkm npu BUCK-
XaHHi Ta gedopmalii BHYTpilWHbOI ycaaku. He-
dopmaLig ycagku npu BUCUXaHHI pO3BUBAETHCH
MOBIfbHILLIE, OCKINTbKM BOHA 3aneXxuTb Big Mirpadii
Boan y GeToHi, wo TBepaie. Jedopmalia BHyT-
PiLLHBOI YCaakn pOo3BUBAETLCA Y MPOLEC TBEpP-
OiHHA ©6eToHy: oTxe Oinblia 4YacTnHa po3BuU-
BaeTbCA y NepLui AHi nicna yknagku. BHyTpilHS
ycajka NiHINHO 3anexuTb BiA MiLHOCTI 6ETOHy.
Okpemo HeobXxigHO po3rnsgaTn BUMMAAOK, KOMv
HOBMI BETOH yKNnagaeTbCsi MOBEPX 3aTBEPAINOro
6eToHy. TakMM YMHOM, 3HAYEeHHS 3ararnbHoi ae-
hopmalii ycagkm €4 BU3HAYaOTLCA, SAK:

k. is the stress-strength ratio o /f,,,(t;), where o,
is the compressive stress and f,,(t,) is the mean
concrete compressive strength at the time of
loading.

(5) The values given in Figure 3.1 are valid for
ambient temperatures between -40 °C and +40 °C
and a mean relative humidity between RH = 40%
and RH=100%. The following symbols are used:

¢(oo, ty) is the final creep coefficient;

ty is the age of the concrete at time of loading in
days;

hy is the notional size = 2A/u, where A, is the
concrete cross-sectional area and u is the perime-
ter of that part which is exposed to drying:

Sis Class S, according to 3.1.2 (6),
N is Class N, according to 3.1.2 (6),
Ris Class R, according to 3.1.2 (6).

(6) The total shrinkage strain is composed of two
components, the drying shrinkage strain and the
autogenous shrinkage strain. The drying shrinka-
ge strain develops slowly, since it is a function of
the migration of the water through the hardened
concrete. The autogenous shrinkage strain deve-
lops during hardening of the concrete: the major
part therefore develops in the early days after
casting. Autogenous shrinkage is a linear function
of the concrete strength. It should be considered
specifically when new concrete is cast against
hardened concrete. Hence the values of the total
shrinkage strain ¢4 follow from

€cs =8€cd t&ca (3.8)

ne
€cs — 3aranbHa gedopmMaldisa ycaaku;

o9 — AedopMaLlis ycaaku Npy BUCUXaHHI;

€05 — AedOpMaLif BHYTPILLHBLOT ycaaKku.

KiHueBe 3HaveHHsA gedopmadil ycagkm npu Bucu-
XaHHi €4,00 OOPIBHIOE K, €.y . Eqqo | MOXE OyTU
npuHATe 3a Tabnuueto 3.2 (odvikyBaHe cepepgHe
3Ha4eHHs 3 koediLlieHTom BapiaLii 6nm3bko 30%).

Mpuwmitka. Popmyna ans e.40 HaBegeHa y gogatky B.
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where

g IS the total shrinkage strain;

€oq IS the drying shrinkage strain;

€04 IS the autogenous shrinkage strain.

The final value of the drying shrinkage strain g,
is equal to Ky,&.4 - €c40 May be taken from Tab-
le 3.2 (expected mean values, with a coefficient of
variation of about 30%).

Note: The formula for g4 is given in Annex B.
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Tabnuusa 3.2 — HomiHanbHi 3Ha4eHHA HEOOMEXKEHOT yCaaKn NPU BUCKXaHHI €40, %0’ ansa 6eToHy

Ha uemeHTi CEM knacy N

Table 3.2 — Nominal unrestrained drying shrinkage values &4, %o’ for concrete with cement

CEM Class N

BigHocHa BoMoricThb, 000
forlfek,cuve (M) Relative Humidity, %0
(MPa)

20 40 60 80 90 100
20/25 0,62 0,58 0,49 0,30 0,17 0,00
40/50 0,48 0,46 0,38 0,24 0,13 0,00
60/75 0,38 0,36 0,30 0,19 0,10 0,00
80/95 0,30 0,28 0,24 0,15 0,08 0,00
90/105 0,27 0,25 0,21 0,13 0,07 0,00

Po3aButok gedopmalii ycagkm npn BUCUXaHHI BU-
nnmBeae 3:

cg () = Bas (bts) kp “€cd,o0

ne

k, — KoeWilieHT, WO 3anexuTb Bif YMOBHOIO
po3Mmipy hg 3rigHo 3 Tabnuueto 3.3.

Tabnuusa 3.3 — 3HayeHHsA k, 3a BUpa3om (3.9)

Table 3.3 — Values for kj, in Expression (3.9)

The development of the drying shrinkage strain in
time follows from:

(3.9)
where

ky, is a coefficient depending on the notional size
hy according to Table 3.3

ho kn
100 1,0
200 0,85
300 0,75
>500 0,70

(t—ts)

(3.10)

Bas (t= ts ) =

e
t— Bik 6ETOHY B MOMEHT Yacy, L0 pOo3rnsagaeTbCs;

ty — Bik GeToHy (Ai6) npu novaTky ycaaku BUCK-
XaHH$ (abo HabyxaHHs1). Ak NnpaBuno, Le Yac 3a-
BEPLLEHHS Jornsaay;

hy — yMOBHWI pO3Mip, MM, MOMNEPEYHOro nepepisy
=2A; u,

ae

A, — nrota nonepe4yHoro nepepisy 6eToHy;

U — nepumeTp TiEl YaCTUHKU nepepisy, ska nigaa-
€TbCS BUCYLLYBaAHHIO.

[edopmauii BHYTPiLLHBOT yCaaku BUNANBaOTh 3:

€ca(l) =Bas(t) -€ca(®),

(t-t;)+004nS

where

tis the age of the concrete at the moment consi-
dered, in days;

ty is the age of the concrete (days) at the begin-
ning of drying shrinkage (or swelling). Normally
this is at the end of curing;

hy is the notional size (mm) of the cross-section
= 2A; u,

where

A. is the concrete cross-sectional area

u is the perimeter of that part of the cross section
which is exposed to drying.

The autogenous shrinkage strain follows from:
(3.11)
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ae where
€ca(®) =25 (o —10)10_6 , (3.12)
a and
Bas(f) =1 —exp(—0,2t0’5) , (3.13)
ae ty pobax. where tis given in days.

3.1.5 3anexHicmb "HanpyxeHHsi-Oe¢hopmayii”
0151 HeniHilHUX PO3paxyHKie KOHCMPYKUil

(1) 3anexHicTb MiX G, i €, NOKasaHa Ha PUCYH-
Ky 3.2 (HanpyXeHHs1 CTUCKY Ta gedopmallisi cKo-
POYEHHSA MOKa3aHi y abConTHUX BeNUYMHAaXx)
AN KOPOTKOTPMBArioro OCbOBOr0 HaBaHTaXEH-
HS, LLIO OMUCYETLCH BUPA3OM:

¢

3.1.5 Stress-strain relation for non-linear
structural analysis

(1) The relation between o, and €, shown in Figu-
re 3.2 (compressive stress and shortening strain
shown as absolute values) for short term uniaxial
loading is described by the Expression:

2
kn-n (3.14)

fon 1+(k-2m°

ne
n=¢; lecy;

€o1 — AepopmaLlii Npu MakcMmarbHUX HanpyKeH-
HAX 3rigHo 3 Tabnuueto 3.1;

k=1,05E,x|ec1| /o (,, — 3riOHO 3 TAGMMLEIO 3.1).

Bupas (3.14) cnpasegnueun npu 0 < [/ < e
Ae €.,1 — HOMiHanbHi rpaHn4YHi Aedopmaliii.

cu1|’

(2) MoxnmBe BMKOPUCTaAHHSA iHLIOI 3aneXHOCTi
"Hanpy>xxeHHA-AedopMalii”, AKWO BOHa Hanex-
HUM YMHOM NpeacTaBnsie xapakrtep poboTn 6eTo-
HY, SKUIN PO3rNagaeTbCs.

= |

fem

0,4 far

where
n=¢; lecy;

€41 is the strain at peak stress according to Tab-
le 3.1;

k=1,05E,,,x|e| I, (f,,,—according to Table 3.1).
Expression (3.14) is valid for 0 < [ | < |e,4| where
o1 18 the nominal ultimate strain.

(2) Other idealised stress-strain relations may be
applied, if they adequately represent the beha-
viour of the concrete considered.

Ea Ean 8°

PucyHok 3.2 — CxemaTnyHe 300paXkeHHs 3anexHoCTi "HanpyxeHHsi-aedopmadii™ Ans po3paxyHkis
KOHCTPYyKUin (BenuuuHa 0,4f.,, ANa BU3HayveH- Ha Egy, € HabnukeHoro)
Figure 3.2 — Schematic representation of the stress-strain relation for structural analysis
(the use 0,4f;, for the definition of E,, is approximate).
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3.1.6 Po3paxyHkoea MiyHicmb Ha CMUCK i pO3-
mse

(1)P BenuunHa po3paxyHKOBOro ornopy Ha CTUCK
BM3HaAYaeTbCs, AK:

3.1.6 Design compressive and tensile
strengths

(1)P The value of the design compressive strength
is defined as

feg =0ccfor Ive (3.15)

ne

Yo — KoediuieHT HaginHocTi ans 6eToHy, AuB.
2.4.2.4;

Oe — KOEWILIEHT, L0 BPaxoBYE BMIMB Ha Mill-
HIiCTb NPW CTUCKY TPMBANoOCTi BNSIMBIB Ta HeECNPU-
ATNNBKX BNUBIB, LLO BUKMMKAHI CNOCOBOM NpuK-
nagaHHs HaBaHTaXXeHHs.

MpumiTka. BennunHa o, WO 3aCTOCOBYETLCHA Y KOH-
KpEeTHUX KpaiHax, MoBMHHA BCTaHOBIOBATUACh Y HaLio-
HanbHoMy gogaTtky B mexax 0,8...1,0. PekomeHngoBa-
HUM € 3Ha4veHHsa 1,0.

(2)P BenuunHa po3paxyHKOBOro onopy Ha po3Tar
f.iq BU3HAYAETLCA, AK:

where

Yc is the partial safety factor for concrete, see
2424, and

o is the coefficient taking account of long term
effects on the compressive strength and of unfa-
vourable effects resulting from the way the load is
applied.

Note: The value of o, for use in a Country should lie
between 0,8 and 1,0 and may be found in its National
Annex. The recommended value is 1,0.

(2)P The value of the design tensile strength £, is
defined as

fotd = ctfetk 0,05 / Ve (3.16)

ne

Yo — KoediuieHT HaginHocTi ans 6eToHy, AuB.
2.4.2.4;

O.o¢— KOBILLIEHT, LLIO BPaxOBYE BMIUB Ha MiLIHICTb
npwu po3TAry TpMBanocTi BNANBIB Ta HECNPUATAN-
BUX BMNUBIB, LLIO BUKNMKAHI cnocobom npukna-
JaHHS HaBaHTaXKEeHHS.

MpumiTtka. BennumHa oy, WO 3aCTOCOBYETLCS Y KOHKPET-

HMX KpaiHax, MOBMHHA BCTAHOBIOBATUCh Y HaLlioHambHO-
My gogatky. PekomeHgoBaHum € 3HaveHHs 1,0.

3.1.7 3anexHicmb "HanpyxeHHsi-Oe¢hopmauii”
Os1s1 po3paxyHKy nornepeqyHuUx nepepisie
(1) Onga po3paxyHKy nonepeyvHux nepepisis Moxe
BMKOPUCTOBYBATUCb HACTyMHa 3anexHictb "Ha-
npyxeHHs-gedopmadii”, ans. pucyHok 3.3 (ge-
dopmaLii CTUCKY noKasaHi NO3UTUBHUMN):

where

Yc is the partial safety factor for concrete, see
2.4.2.4, and

o is a coefficient taking account of long term
effects on the tensile strength and of unfavourable
effects, resulting from the way the load is applied.

Note: The value of o for use in a Country may be found
in its National Annex. The recommended value is 1,0.

3.1.7 Stress-strain relations for the design of
cross-sections

(1) For the design of cross-sections, the following

stress-strain relationship may be used, see Figu-
re 3.3 (compressive strain shown positive):

n
6o =l 1—(1—5"} ans (for)0 <e, <ggo, (3.17)
c2
oo =g ANA (for)ego < e, <egyo, (3.18)

ne
n — eKcrnoHeHTa 3rigHo 3 Tabnuueto 3.1;

€co — AepopmalLlii Npn AOCArHEHHI MakcumarbsHo-
ro onopy 3rigHo 3 Tabnuueto 3.1;

&cyp — MPAHNYHI Aecpopmalii 3rigHo 3 Tabnnuero 3.1.

where
n is the exponent according to Table 3.1;

€ IS the strain at reaching the maximum strength
according to Table 3.1;

o2 I8 the ultimate strain according to Table 3.1.
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PucyHok 3.3 — NapaboniyHo-npsiMokyTHa giarpama ans 6eToHy npu CTUCKY
Figure 3.3 — Parabola-rectangle diagram for concrete under compression

(2) MoxnuBe 3acToCyBaHHS iHLUIMX CMPOLLEHUX
Jiarpam 3anexHocTi "HanpyxeHHs-gedopmadii”,
SIKLLIO BOHW € eKBiBaneHTHMMM abo BinbLU KOHcep-
BaTMBHUMM HiXX Bu3HadeHa y (1), Hanpuknag,
OBOnMiHiMHA, nokasaHa Ha pucyHky 3.4 (Hanpy-
YKEHHS1 CTUCKY Ta Aedopmalisi CKOPpOYEHHS noka-
3aHi y abcomnTHMX BEMMYMHAX), i3 BENUYMHAMM

€c3 T €3, 3MAHO 3 TAbnMueto 3.1.

Jc

A
fck 4

fea

(2) Other simplified stress-strain relationships
may be used if equivalent to or more conservative
than the one defined in (1), for instance bi-linear
according to Figure 3.4 (compressive stress and
shortening strain shown as absolute values) with
values of g3 and g3 according to Table 3.1.

0 81:3

-

i

1

i

|

i

i

|

i

1

i

i

i

i

—
gcu'.! 8°

PucyHok 3.4 — [1BoniHiniHa 3anexHicTb "HanpyXeHHs-gedopmadil”
Figure 3.4 — Bi-linear stress-strain relation
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(3) MoxHa ponyckaTu MPSMOKYTHUI XapakTep
po3noainy HanpyxeHb (9K NokasaHO Ha PUCYH-
Ky 3.5). KoedilieHT A, WO BM3HA4YaE PaKTUYHY
BUCOTY CTUCHYTOI 30HU, i KOeilieHT 1, Lo BU3-
Havae pakTUYHY MILHICTb, NPUAMAIOTLCA TakK:

(3) A rectangular stress distribution (as given in
Figure 3.5) may be assumed. The factor A, defi-
ning the effective height of the compression zone
and the factor n, defining the effective strength,
follow from:

A =0,8 npu (at) f, <50 Mla (MPa), (3.19)
A =08 —(fck ~50) /400 npw (at) 50 < fy, < 90 MMa (MPa) (3.20)
i and
n=1,0npwu (at) fy, <50 MlMa (MPa), (3.21)
n=10 —(fck —50)/200 npu (at) 50 < fy, < 90 MIMa (MPa) . (3.22)

MpumiTtka. AKLWO LUMPUHA CTUCHYTOT 30HN 3MEHLLYETb-
€Ay HanpsiMi HaMbBiNbL CTUCHYTOrO BOJIOKHA, TO 3Ha-
YeHHs1 nf,y HeobxigHo 3meHwyBaTy Ha 10%.

Note: If the width of the compression zone decreases
in the direction of the extreme compression fibre, the
value nf;y should be reduced by 10%.

n fea
[
Fe

Fs

PucyHok 3.5 — lNpsaMOKYTHUI XapakTep po3noainy HanpyxeHb
Figure 3.5 — Rectangular stress distribution

3.1.8 MiyHnicmb Ha po3msie npu 32uHi

(1) CepefgHs MiLHICTb Ha pO3TAr Npw 3ruHi 3ani3o-
OETOHHUX €ENeMEHTIB 3anexuTb Big cepenHboil
MiLLHOCTi Ha OCbOBUI PO3TAT i BUCOTU NOMNEPEYHO-
ro nepepisy. MoxHa BMKOPMCTOBYBATK HACTYMHY
3anexHicTb:

3.1.8 Flexural tensile strength

(1) The mean flexural tensile strength of reinfor-
ced concrete members depends on the mean
axial tensile strength and the depth of the cross-
section. The following relationship may be used:

Fotm,g =max{(1,6 —h 11000) foymifopm } (3.23)

ne
h — 3aranbHa BMCOTa nepepisy enemMeHTa, MMm;

fotm — CEPeOHs MILHICTb Ha OCbOBWUI PO3TAr 3a
Tabnuuetro 3.1.

BigHoweHHs, HaBeaeHe y (3.23), Takox 3acToCo-

BYETbCS AN BEMUYNH XapaKTepUCTUYHOIO ornopy
OCbOBOMY PO3TSry.

where
h is the total member depth in mm;

fum is the mean axial tensile strength following
from Table 3.1.

The relation given in Expression (3.23) also ap-
plies for the characteristic tensile strength values.

37


arymarenko
Прямоугольник


3.1.9 bemoH npu mpugicHOMy cmuckKy

(1) O6TUCHEHHA BETOHY BUKIMKAE OEAKY 3MiHY
aKTUYHOT 3anexHoCTi "HanpyXeHHs-gedopma-
Lii": gocsaraeTbCcs BMLLIA MILHICTb | BULL KPUTUYHI
Aedopmadii. IHWi OCHOBHI XapaKTepuCcTUKM Ma-
Tepiany MOXyTb NPUAMaTUCb AOS11 PO3pPaxyHKy
6e3 3MiH.

(2) 3a BiacyTHOCTI BinbLL TOYHMX JaHUX MOXE BU-
KOPUCTOBYBATUCL 3anexHiCTb "HanpyXeHHsA-Ae-
dopmalii”, nokasaHa Ha pucyHky 3.6 (oedopma-
Lii CTMCKY MOKa3aHi no3anTuBHMMUK), Npu 30inb-
LUEHHi XapaKTepUCTUYHOI MiLLHOCTI Ta Aedopma-
L 3rigHo 3:

ko = Fok (1,000 +5,00 5 / fyy ) ANA (for) o 5 < 0,05F
ka,C = Ck(1’125 +2,5062 /fck)ﬂ,ﬂﬂ (for)Gz < 0,0Ska ,

3.1.9 Confined concrete

(1) Confinement of concrete results in a modi-
fication of the effective stress-strain relationship:
higher strength and higher critical strains are
achieved. The other basic material characteristics
may be considered as unaffected for design.

(2) In the absence of more precise data, the
stress-strain relation shown in Figure 3.6 (comp-
ressive strain shown positive) may be used, with
increased characteristic strength and strains
according to:

(3.24)
(3.25)
2
€c2c =802(fck,c /fck) ) (3.26)
€cuze =€cu2 +0,20 2 [Ty, (3.27)

ne

62(=03) — aKTU4Hi NonepeyHi HanpyxeHHs
CTUCKY B 3aralibHuUX koopauHaTax, BUKIMKaHi 06-
TUCHEHHAM, a g, | £,,» — 3MAHO 3 Tabnumueto 3.1.
OOGTUNCHEHHS MOXXHa CTBOPUTYM BigNoBiAHMMU 3a-
MKHYTMMUK ab0 nepexpecHMMHn B'A3aMK, SKi 4OCH-
ratoTb MAacTUYHOrO CTaHy BHACIMiOOK monepeu-
HOro PO3LUMPEHHS BETOHY.

where

cy(=03) is the effective lateral compressive
stress at the ULS due to confinement and ¢, and
ggyo follow from Table 3.1. Confinement can be
generated by adequately closed links or cross-
ties, which reach the plastic condition due to late-
ral extension of the concrete.

o1 = fd&c Oc I
- -b— --------- :ka,C
R
%fw.c
- unconfined
o2 os( = o) B
&" &2:: &n;lz,c &

PucyHok 3.6 — 3anexHicTb "HanpyxeHHsa-gecdopmauii” ana o6TucHeHoro 6eToHy

Figure 3.6 — Stress-strain relationship for confined concrete

38


arymarenko
Прямоугольник


3.2 ApmatypHa cTanb
3.2.1 3azasibHi NO/10)XeHHS

(1)P Hwxye HaBeeHi OCHOBHI MOMOXEHHS | npa-
BUNa gns apmatypu y oopMi CTPUXKHIB, MPYTKIB
rnagkoro Kpyrrioro npokaTy, 3BapHUX CiTOK Ta
peLUiT4acTUX KOHCTPYKUIN. He po3noBCOaXKYOTb-
CSl Ha CTPWXKHI i3 crieuianbHUM NOKPUTTSAM.

(2)P Bumoru oo xapaktepucTvk apmaTtypm 3acto-
COBYHOTbCS SIK 40 MaTtepiany, nomiweHoro y 6e-
TOH, WO TyxaBie. Akwo poboui npouecn Ha
MangaH4nKy MOXYTb BMIMHYTU Ha MEBHI Xapak-
TEPUCTUKM apMaTypy, TO Li XapaKTepUCTUKM He-
00XxigHO NepeBipnTK NiCNs TakMX NPOLECIB.

(3)P AKwO BUKOPUCTOBYIOTBCA iHLI apmaTypHi
ctani, He y BignosigHocTi 3 EN 10080, To xapak-
TEPUCTUKM MOBUHHI MepesipATUCbL Ha BigNOBIa-
HicTb 3rigHo 3 3.2.2...3.2.6 i gpogaTkom C.

(4)P ToTpiOHi xapakTepucTnkm apMaTypHUX cta-
ne MOBWHHI NepeBIPATUCH BUNPOOYBaHHAMMN
3rigHo 3 metoaukoro EN 10080.

Mpuwmitka. EN 10080 posrnsgae onip Ha rpaHuLi Teky-
4ocCTi Re, SKUI MOB'A3aHUMA 3 MaKCUManbHUM | MiHi-
MarnbHUM XapakTePUCTUHHUMU 3HAYEHHAMMU, Lo Ba3y-
I0TbCH Ha OOBroTpmBanin nepesipLi piBHSA AKOCTi BU-
pOOHULTBA. XapaKTePUCTUYHI HaMpPYXeHHS TEKy4oCTi
fyx Ga3ylOTbCA TiNbKM Ha AaHWX apMaTypu, sika BUKO-
PUCTOBYETBLCS Y KOHKPETHI KOHCTPYKLUii. Hemae npsi-
MO 3aneXHOCTi MiX f, | XxapakTepucTuiHnm Re. OgHak,
MEeTOAM BU3HAYEHHS | MepeBipKM ONOpY Ha rpaHuLi Te-
KyyocTi, HaBegeHi y EN 10080, 3abe3neuytoTb Hanex-
HWI KOHTPOIb AN ofepXaHHs f.

(5) MpaBuna BMKOPUCTaHHSA, MOB'A3aHi 3 peLuiT-
Yactumu koHcTpykuismmn (EN 10080 ans Bu3Ha-
YeHHS1), 3aCTOCOBYHTbLCA TifbKM AN PELUITOK,
BUIFOTOBIIEHMX i3 CTPWKHIB nepiognyHoro npodoi-
nto. PewliTyacTi KOHCTPYKLUIT, BUTOTOBMEHI 3 IHLLMX
TUMIB apmaTypu, MOXYTb HaBOOUTUCb Yy BIAMO-
BiJHMX €BPOMENCHKNX YXBaNEHHSX.

3.2.2 Xapakmepucmuku

(1)P Xapaktep poboTu apmaTypHOi cTani BU3Ha-

YaeTbCs HACTYMHUMU XapaKTepPUCTUKaMU:

— MIiLHICTb Ha rpaHuLi Teky4ocTi £, abo fy 5;

— MakcmmarsnbHa akTU4Ha MILHICTb Ha rpaHuLi
TEKY4OCTi £, may;

— MiUHICTb Ha po3TAr fj

— MNacTUYHICTb & i f; [T

— THYYKIiCTb;

— BNacTMBOCTI 34enneHHs (fr y aoaatky C);

— po3Mipu nepepisy i 4oNyCKu;

— MIilUHICTb Ha BTOMY;

3.2 Reinforcing steel
3.2.1 General

(1)P The following clauses give principles and
rules for reinforcement which is in the form of
bars, de-coiled rods, welded fabric and lattice
girders. They do not apply to specially coated
bars.

(2)P The requirements for the properties of the
reinforcement are for the material as placed in the
hardened concrete. If site operations can affect
the properties of the reinforcement, then those
properties shall be verified after such operations.

(3)P Where other steels are used, which are not in
accordance with EN10080, the properties shall be
verified to be in accordance with 3.2.2 t0 3.2.6 and
Annex C.

(4)P The required properties of reinforcing steels
shall be verified using the testing procedures in
accordance with EN 10080.

Note: EN 10080 refers to a yield strength R., which
relates to the characteristic, minimum and maximum
values based on the long-term quality level of
production. In contrast f, is the characteristic yield
stress based on only that reinforcement used in a
particular structure. There is no direct relationship
between f, and the characteristic R,. However the
methods of evaluation and verification of yield strength
given in EN 10080 provide a sufficient check for
obtaining fy.

(5) The application rules relating to lattice girders
(see EN 10080 for definition) apply only to those
made with ribbed bars. Lattice girders made with
other types of reinforcement may be given in an
appropriate European Technical Approval.

3.2.2 Properties

(1)P The behaviour of reinforcing steel is speci-
fied by the following properties:

— vield strength (f,, or f; 5);

— maximum actual yield strength f, ....;
— tensile strength f;;

— ductility g and f; /T ;;

— bendability;

— bond characteristics (fz See Annex C);
— section sizes and tolerances;

— fatigue strength;
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— 3BaploBaHiCTb;
— MILHICTb Ha 3CyB Ta MiLHICTb 3BaptOBaHHA 4SS
3BaPHUX CITOK i peLLiT4acTUX KOHCTPYKLIN.

(2)P Lien €Bpokoa 3aCTOCOBYETLCA AN apMaTy-
pu nepiogMyHoro npodpino Ta 3BapHOBaHOI,
BKMIOYHO 3 ciTkamu. [Jo3BONeHi meToan 3Bapto-
BaHHA HaBedeHi y Tabnumui 3.4

Mpumitka 1. Xapaktepuctuknm apmaTypu, HeobXigHi

[ns 3aCTOCYBaHHS 3 LM EBPOKOAOM, HaBeeHO Yy 40-
natky C.

MpumiTka 2. XapakTepucTukn i npaBuna BUKOPUCTaH-
HS CTPUKHIB NepiognMyHoro npodinto y 36ipHMx 3aniso-
OeToHHMX BUpobGax MOXHaA 3HaANTW Yy BIAMNOBIGHWX
cTaHgapTax Ha B1pobu.

(3)P lNpaBmna 3acTocyBaHHSA Mpy PO3PaxyHKy i
KOHCTpPYOBaHHI y LbOMY €BpokoAi cnpaBeanusi
05191 BU3HAYeHOoro Aianas3oHy MILHOCTI Ha rpaHuLi
Tekyyocti f, = 400...600 Ma.

Mpumitka BepxHs mexa fy y LbOMy AianasoHi Ans Bu-
KOPUCTaHHA Yy KOHKPETHIM KpaiHi MOXe BM3Ha4yaTuCb
HaujioHanbH1M JOAATKOM.

(4)P XapakTepuCTuK/M NOBEPXHI CTPUXKHIB Mepio-
AN4HOro Npodinto NOBUHHI ByTK Takumu, Wob 3a-
6e3neunTn HeobxigHe 34enneHHs1 3 GETOHOM.

(5) HeobxigHe 34yenneHHa moxe 3abesnedvyBa-
TUCb Yepes3 AOTPMMaHHA HeOoOXigHOT NoLLi npo-
eKuii npodinto fg.

Mpumitka. MiHiManbHi 3Ha4YeHHs BiOHOCHOI MIOLLi
npodinto fr HaBeaeHo y goaatky C.

(6)P ApmaTypa noBvHHa MaTu HeOOXiOgHy rHyu-
KiCTb, W06 JOTpMMYyBaTUCA MiHIManbHUX giaMeT-
piB OTBOpIB, BU3Ha4eHux y Tabnuui 8.1, i 3ginc-
HIOBATW BUNPAMITEHHS.

MpumiTKa. BUMOrM CTOCOBHO THYTTS Ta BUMNPSMIIEHHS
HaBefeHi y gogatky C.

3.2.3 MiyHicmb

(1)P MiuHicTb Ha rpaHuui TekyyoctTi £, (abo 0,2%
YMOBHa rpaHuus TeKyqocTi fy o) i MiLHICTE Ha
po3TAr fy BU3HA4alOTLCA BiANOBIAHO AK XapaKTre-
PUCTUYHE 3HaYEHHS HaBaHTaXEeHHHA TEKYYOCTi i K
XapaKkTepucTU4HE MaKkCUMaribHe HaBaHTaXKEHHS
npu 6e3nocepegHbOMY OCbOBOMY PO3TArY, KOXHE
pO3A4iNeHo Ha HOMiHanbHY MMOLLY NOMepevyHoro
nepepiay.
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— weldability;
— shear and weld strength for welded fabric and
lattice girders.

(2)P This Eurocode applies to ribbed and weldab-
le reinforcement, including fabric. The permitted
welding methods are given in Table 3.4.

Note 1: The properties of reinforcement required for
use with this Eurocode are given in Annex C.

Note 2: The properties and rules for the use of
indented bars with precast concrete products may be
found in the relevant product standard.

(3)P The application rules for design and detailing
in this Eurocode are valid for a specified yield
strength range, f, = 400 to 600 MPa.

Note: The upper limit of f, within this range for use
within a Country may be found in its National Annex.

(4)P The surface characteristics of ribbed bars
shall be such to ensure adequate bond with the
concrete.

(5) Adequate bond may be assumed by complian-
ce with the specification of projected rib area, fz.

Note: Minimum values of the relative rib area, fr, are
given in the Annex C.

(6)P The reinforcement shall have adequate ben-
dability to allow the use of the minimum mandrel
diameters specified in Table 8.1 and to allow
rebending to be carried out.

Note: For bend and rebend requirements see
Annex C.

3.2.3 Strength

(1)P The yield strength f, (or the 0,2% proof
stress, fy,,) and the tensile strength f, are
defined respectively as the characteristic value of
the yield load, and the characteristic maximum
load in direct axial tension, each divided by the
nominal cross sectional area.
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3.2.4 Xapakmepucmuku nnacmu4yHocmi

(1)P Apmatypa noBvHHa MaTu HeoOXxigHy nnac-
TUYHICTb, BiANOBIOAHO BiAHOLIEHHA MILHOCTI Ha
pO3TSIr 10 HanpyxxeHb TekyyocTi (f; /), Ta BUAoB-
XXEHHS NPV MakcumarnbHOMY 3YCUIi €.

(2) Ha pucyHky 3.7 nokasaHo giarpamy "Hanpy-
KeHHs-gedopmavi’™ ona 3BMYanHol rapayekata-
HOT Ta XONOAHOTArHYTOI cTani.

MNpumitka. 3Havenns (f; /)« i e Ana knacis A, Bi C Ha-
BedeHo y goaatky C.

o |

=h
n

o

f {----

Yo

a — rapsiyekaTtaHa ctanb
a — hot rolled steel

3.2.4 Ductility characteristics

(1)P The reinforcement shall have adequate
ductility as defined by the ratio of tensile strength
to the yield stress, (f; /), and the elongation at
maximum force, g .

(2) Figure 3.7 shows stress-strain curves for
typical hot rolled and cold worked steel.

Note: Values of (f; /f,) and ¢, for Class A, B and C are
given in Annex C.

o |

fi = kfox

foax

| A

L

!
0.2%, _|"— &k

b — xonogHoTArHyTa crtanb
b — cold worked steel

PucyHok 3.7 — [liarpama "HanpyxxeHHA-gedopmalii" Ansg 3Bu4aniHoi apmaTypHoT cTani
(abcontoTHI BENMYMHM NOKa3aHo ANs HanpyXeHb i AedopmMallin po3Tsry)
Figure 3.7 — Stress-strain diagrams of typical reinforcing steel
(absolute values are shown for tensile stress and strain)

3.2.5 3eaprosaHHs

(1)P TNpouecyn 3BaproBaHHSA apMaTypHUX CTPUXK-
HiB MOBMHHI BignoBigaTn Bumoram Tadbnuui 3.4, a
3BaptoBaHicTb Bignoeigatn EN 10080.

(2)P Bci Bnan 3BaptoBaHHA apMaTypHUX CTPUKHIB
MOBWHHI BMKOHyBaTuCh 3rigHo 3 EN ISO 17760.

(3)P MiuHicTb 3BapHuX 3'eAHaHb BOOBX OOBXWUHMU
3aaHKepyBaHHS 3BapHMX CITOK NOBUHHA ByTK OoC-
TaTHLOO 4115 CNPUAHSTTSA PO3PaxyHKOBUX 3YCUIb.

(4) MiuHicTb 3BapHMX 3'€QHaHb 3BapHMX CITOK MO-
e BBaXXaTUCb JOCTaTHLO, AKLLO KOXHE 3BapHe
3'eQHaHHA MOXe crpurMaTh NoMnepeyHi 3ycmnns
He MeHLe 25% cunu, ekBiBaneHTHOT (PakTUYHNM
XapaKkTepUCTUYHUM Hanpy>XeHHsIM TeKy4ocCTi Bif
HOMiHanbHOI NAowi nepepisy. Lia cuna noBmHHa
OISTM Ha NMoLWi TOHLWOro ApPOTy Yy pasi pisHuX
diameTpiB.

3.2.5 Welding

(1)P Welding processes for reinforcing bars shall
be in accordance with Table 3.4 and the welda-
bility shall be in accordance with EN10080.

(2)P All welding of reinforcing bars shall be car-
ried out in accordance with EN 1ISO 17760.

(3)P The strength of the welded joints along the
anchorage length of welded fabric shall be suffi-
cient to resist the design forces.

(4) The strength of the welded joints of welded
fabric may be assumed to be adequate if each
welded joint can withstand a shearing force not
less than 25% of a force equivalent to the spe-
cified characteristic yield stress times the nominal
cross sectional area. This force should be based
on the area of the thicker wire if the two are
different.
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Tabnuusa 3.4 — [lonycTuMi BUOM 3BaptOBaHHSA i NpMKnagn 3actoCcyBaHHs

Table 3.4

— Permitted welding processes and examples of application

Buag HaBaHTaXeHHs
Loading case

MeToa 3BaptoBaHHS
Welding method

CTPWXHI Mpn cTuCKy?
Bars in compression?

CTpWkHi py poaTsiry’
Bars in tension’

MepeBaxHoO cTaTU4He
(auB. 6.8.1(2))
Predominantly static
(see 6.8.1 (2))

CT1ukoBe HannaBreHHsIM
flash-welding

3'edHaHHA B CTUK
butt joint

py4He fyrose metare-
BUM ereKTpoaoM i pyyHe
AyroBe enekTpoaom 3
NMOKPUTTSIM

manual metal arc welding
and metal arc welding
with filling electrode

3'eAHaHHA B CTUK Mpu ¢ > 20 MM, HaKnagkamu,
BHanyck, xpecTtonogibHe 3'e/:|,HaHH;|3, 3'edHaHHA
3 iHWMMW cTaneBUMK enemeHTaMmm

butt joint with ¢ > 20 mm, splice, lap, cruciform
joints®, joint with other steel members

PYYHe [yroBe eneKTpo-
nom?
metal arc active welding?

Hakragkamu, BHamnyck, XxpecrtonogioHe 3'eqHaH-
HS®, 3'€QHAHHS 3 IHLWWMU CTaneBUMU eNeMeH-
Tamu

splice, lap, cruciform3joints & joint with other
steel members

3'eHaHHA B CTUK Npu
- ¢ >20Mm
butt joint with ¢ > 20 mm

TepTam
friction welding

3'eHaHHA B CTUK, 3'€AHAHHSA 3 iIHLUMMMK CTansMu
butt joint, joint with other steels

KOHTaKTHE TOYKOBE
resistance spot welding

3'efHaHHs BHanyck®, xpectonogibHe 3'eaHaHHs>"
lap joint®, cruciform joint* *

(aus. 6.8.1(2))

Not predominantly
static (see 6.8.1 (2))

MepeBaXxHO He cTaTU4He

CTUKOBE HarmaBfeHHAM
flash-welding

3'eHaHHA B CTUK
butt joint

py4YHe oyroe meTane-
BUM €NEKTPOLOM
manual metal arc
welding

3'eHaHHA B CTUK Npw
6> 14Mm
butt joint with ¢ > 14 mm

pY4He AyroBe enekTpo-
[I0M 3 MOKPUTTSIM
metal arc active welding®

3'eHaHHA B CTUK Npu
- 0> 14Mm
butt joint with ¢ > 14 mm

KOHTaKTHe TOYKOBE
resistance spot welding

3'eAHaHHSA BHaI'IyCK4, XpecTonoaibHe 3'€ﬂHaHHF|2’4
lap joint®, cruciform joint**

Mpuwmitka 1. MoxXyTb 3BaptoBaTUCh TiNbKN CTPVXKHI
3 NPUBNN3HO PiIBHUMK AiaMeTpamum.

MpumiTka 2. [lonycTMMe ChiBBi4HOLEHHS Pi3HMX
JdiameTpiB CcTpuxHiB > 0,57.

Mpuwmitka 3. [ns Hecyunx 3'egHaHb ¢ < 16 mm.
Mpumitka 4. [lns Hecyunx 3'egHaHb ¢ < 28 mm.

Note 1: Only bars with approximately the same
nominal diameter may be welded together.

Note 2: Permitted ratio of mixed diameter bars > 0,57.

Note 3: For bearing joints ¢ < 16 mm.
Note 4: For bearing joints ¢ <28 mm.
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3.2.6 Bmoma

(1)P Y pasi HeoOXigHOCTI, Nepesipka MiLHOCTI Ha
BTOMY 3AincHioeTbes 3rigHo 3 EN 10080.
MpumiTtka. IHpopmaLia HagaeTbea y gogaTky C.
3.2.7 Po3paxyHKoOBi nepeaymoBu

(1) Po3paxyHok noBWHEH Ga3dyBaTUCb Ha HOMiHa-
NbHIV NAOLWi nepepisy apMaTtypu, a po3paxyHKoBI
3HAYEeHHHA BU3HAYalTbCA 3 XapaKTepUCTUYHMX,
HaBegeHux y 3.2.2.

(2) Onsa 3BnyaniHOro po3paxyHky MoXHa NpUnHs-
TW OAHY 3 HacTyMnHWX nepegymoB (pUCyHOK 3.8):
a) MOXWUMy BEPXHIO Tifiky 3 rpaHu4How aedop-
MaLie €,y | MakCUManbHUMKN HanpyXeHHAMK
Kfylys Mpv &y, Ae k = (f ] f,)k;

b) ropusoHTanbHy BepxHHo rinky 6e3 HeobXiaHOCTI
nepeBipk1 rpaHN4YHoOI gedopmadiii.

Mpumitka 1. BenuuuHa ¢,y ANA KOHKPETHOI KpaiHu

MO)Xe BCTaHOBJIOBATUCb HaLiOHanNbHUM [OAaTKOM.
PekomeHpoBaHuM € 3Ha4eHHs 0,9¢ .

Mpuwmitka 2. Benuunna (f;/ f,)k HaBegeHa y nopgatky C.
(3) CepenHe 3HAYEHHS TYCTUHM MOXXHA NPUAHATH
7850 kr/m3.

(4) PospaxyHkoBe 3Ha4YeHHS MOAyNns NpPYXHOCTI
E moxHa npuinHati 200 Ma.

3.2.6 Fatigue

(1)P Where fatigue strength is required it shall be
verified in accordance with EN 10080.

Note: Information is given in Annex C.

3.2.7 Design assumptions

(1) Design should be based on the nominal
cross-section area of the reinforcement and the
design values derived from the characteristic
values given in 3.2.2.

(2) For normal design, either of the following
assumptions may be made (see Figure 3.8):

a) an inclined top branch with a strain limit of ¢,
and a maximum stress of kf,,/vs at g, where
k=(f;/ )k

b) a horizontal top branch without the need to
check the strain limit.

Note 1: The value of ¢,4 for use in a Country may be
found in its National Annex. The recommended value is
0,98uk.

Note 2: The value of (f;/ f,)k is given in Annex C.

(3) The mean value of density may be assumed to
be 7850 kg/m3.

(4) The design value of the modulus of elasticity,
E, may be assumed to be 200 GPa.

)
A
kfyk“"“'"““"“" _'_'"-'"""""'":::__:_-:_-:-:kf,k
N I e L
o : i k = (flf,)
fyd:f)"‘/?gd _____ | 1 E gl
E ! ! IneanizoBana
! ! Idealised
E E i Po3paxyHkoBa
i . . Design
= ? _—
' ! £
f;rd/Es gud Suk

PucyHok 3.8 — |geanisoBaHa i po3paxyHkoBa fgiarpamu "HanpyXeHHs-gedopmadii”
0N apmMaTypHOI cTani (Mpu po3Tary i CTUCKY)
Figure 3.8 — Idealised and design stress-strain diagrams for reinforcing steel
(for tension and compression)
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3.3 NMonepeaHLO HanpyxeHa apMmaTtypa
3.3.1 3acanbHi Non10KeHHS

(1)P Le nonoxeHHs1 3aCTOCOBYETLCA ANA APOTiB,
CTPWXHIB Ta KaHaTiB, SIKi BMKOPWUCTOBYIOTLCSH Y
SKOCTi monepeaHbO HaNpPYXXeHUX Ny4yKiB y 3arni3o-
BETOHHMX KOHCTPYKLLiSIX.

(2)P MNonepeaHbo HanpyxeHa apmMaTtypa NoBWH-
Ha MaTU NPUAHATHO HU3bKWUW PiBEHb YYTIIMBOCTI
00 KOpo3il y CTaHi HanpyXeHHs.

(3) MoxHa BBaxaTu, LLIO piBEHb YyTNMBOCTI 40 KO-
PO3il Yy CTaHi Hanpy>XeHHS MPUAHATHO HU3bKUM,
AKLLO HanpyxeHa apmartypa BignoBifae KpuTe-
pisiv, Bu3Ha4eHuM y EN 10138, abo HagaHvm vy Bia-
noBiaHOMY €BpPONENCHKOMY TEXHIYHOMY YXBarieHHi.

(4) Bumorn oo xapakTepmucTuk HanpyxeHoi apma-
TYypW Taki, siK i 4O mMaTepianiB, KiHLEBUM CTaHOM
SIKUX € BCTAHOBIMNEHHS Y KOHCTPYKLit0. AKLWO crno-
cobu BUpOOHMUTBA, BMNPOOYBaHb i MepeBipku
BiNOBIQHOCTI HanpyXeHoi apmaTypu 34iACHI0-
toTbea 3rigHo 3 EN 10138 abo 3 HaBegeHuMn y
Bi4NOBIAHMX €BPONENCLKUX TEXHIYHUX yXBaneH-
HSX, TO MOXHa BBaXkaTu, LLIO BUMOIM JaHoro €.-
poKoAy 3a40BOJSIbHSATLCS.

(5)P Onsa apmaTypHuMX cTaneu, wo BignoBsigawTb
Lubomy €Bpokoay, MiLHICTb Ha po3Tdr 0,1% ymoB-
HOT rpaHuLi TeKy4OCTi i BUOOBXEHHST NpU MaKcu-
ManbHOMY HaBaHTaXeHHi BU3HA4YalTbCA Xapak-
TEPUCTUYHUMN BENNYMHAMMU; Ui BESTUYMHM NO3Ha-
4atoTbCA BIAMOBIAHO fiy, foo 4 1 €y

Mpumitka. EN 10138 rpyHTYeTbCA Ha XapakTepucTuy-
HUX, MiHIManbHUX | MakcUManbHUX 3HAYEHHSX, AKi 6a-
3yl0TbCA Ha [OBrotTpuBanin nepesipui PiBHA SAKOCTi
BMPOOHMUTBA. XapaKTepUCTUYHI HamMpyXeHHS Teky-
YOCTi Ta MILHICTb Ha PO3TAr fyo 1k | fox HABNakK, 6asy-
I0TbCS TiMbKM Ha AaHMX HanpyxXeHol apmartypu, sika
HeobOXiAHa Yy KOHKPETHIN KOHCTPYKLii. Hemae npsamoi
3aneXHOCTi MiXX ABOMa CyKynHOCTAMM BenuudmH. Oa-
Hak, xapakTepucTuyHi 3HayeHHsa 0,1% ymoBHOro 3y-
CUNNS  TeKYYoCTi Fpo1k, PO3AINEHOro Ha nroLly
nonepeyvHoro nepepidy S,, HaBegeHi y EN 10138, y
Noea- HaHHI 3 MeTogaMu BU3HAYEHHS | NepeBipku 3a-
6e3nevyoTb HaNeXHU KOHTPOMb NPU OTPUMAaHHI 3Ha-
YeHHS oo, 1k

(6) AKwo BUKOPUCTOBYIOTbCA apMaTypHi cTani,
Lo He BMu3HayeHi 3rigHo 3 EN 10138, xapakTepuc-
TMKN MOXYTb HagaBaTuUCb Y BignosigHoMy €Bpo-
NencbKoOMY TEXHIYHOMY YXBaJSieHHI.

(7)P KoxHnn Bupi6 NoBUHEH BYyTK YiTKO ioeHTU-
dikoBaHMM BIAMNOBIOHO A0 cucTeMU Knacudikauii
y 3.3.2 (2)P.
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3.3 Prestressing steel
3.3.1 General

(1)P This clause applies to wires, bars and
strands used as prestressing tendons in concrete
structures.

(2)P Prestressing tendons shall have an accep-
tably low level of susceptibility to stress corrosion.

(3) The level of susceptibility to stress corrosion
may be assumed to be acceptably low if the
prestressing tendons comply with the criteria
specified in EN 10138 or given in an appropriate
European Technical Approval.

(4) The requirements for the properties of the
prestressing tendons are for the materials as pla-
ced in their final position in the structure. Where
the methods of production, testing and attestation
of conformity for prestressing tendons are in ac-
cordance with EN 10138 or given in an appro-
priate European Technical Approval it may be
assumed that the requirements of this Eurocode
are met.

(5)P For steels complying with this Eurocode, ten-
sile strength, 0,1% proof stress, and elongation at
maximum load are specified in terms of charac-
teristic values; these values are designated res-
pectively £, foo 14 and g

Note: EN 10138 refers to the characteristic, minimum
and maximum values based on the long-term quality
level of production. In contrast fo 1« and fy are the
characteristic proof stress and tensile strength based
on only that prestressing steel required for the struc-
ture. There is no direct relationship between the two
sets of values. However the characteristic values for
0,1% proof force, Fpo 1« divided by the cross-section
area, S, given in EN 10138 together with the methods
for evaluation and verification provide a sufficient
check for obtaining the value of fyg 1.

(6) Where other steels are used, which are not in
accordance with EN 10138, the properties may be
given in an appropriate European Technical
Approval.

(7)P Each product shall be clearly identifiable with
respect to the classification system in 3.3.2 (2)P.
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(8)P HanpyxeHa apmaTypa NOBUHHA Kracudiky-
BaTUCb 3a piBHEM penakcadii 3rigHo 3 3.2.2 (4)P
abo HaBedeHMM Y BigNoBigHOMY €BpONecbKoMy
TEXHIYHOMY YXBarneHHi.

(9)P KoxHa noctaBka noBMHHa CynpoBOAXYBa-
TUCb CepTMdiKaToM, WO MICTUTb BCi AaHi, Heob-
XigHi ans igeHTmdikadii arigHo 3 (i)...(iv) y 3.3.2
(2)P Ta gmopatkoBy iHcopMaLito y pasi Heobxia-
HOCTI.

(10)P He ponyckaeTbCca 3BaptoBaHHSI OPOTIB i
CTpwxHiB. OKpeMi OpOoTW KaHaTiB MOXYTb BKIO-
YaTun 3BaptOBaHHS Y LLAXOBOMY NOPSAKY, BUKOHA-
He [0 XOMNOAHOro BOMOYIHHS.

(11)P Onsa HanpyxeHux nyykiB y OyxTax nicns
pPO3MOTYBaHHS NO [OBXWHI ApoTy abo kaHaty
MaKCUManbHUIA BUMMH MNOBMHEH BignoBigaTu
EN 10138, aKwyo iHWe He BKa3aHo Y BiAnoBigHO-
My €BPONENCHKOMY TEXHIYHOMY YXBareHHi.

3.3.2 Xapakmepucmuku

(1)P XapaKTepucTuku HanpyxeHoi ctani HaBefe-
Ho y EN 10138, yactnHu 2-4 abo €BponencbLkomy
TEXHIYHOMY YXBarneHHi.

(2)P HanpyxeHa apmaTtypa (OpoTW, KaHaTu i
CTPW>KHI) MOBUHHI KBanicikyBaTUCh 3a:

(i) migHicTio, Bkasytoun BenuunHy 0,1% ymoBHOT
rpaHnLi TekyqocTi fyg 4y, BEMUYMHY BiAHOLIEHHS
MILHOCTIi Ha pO3TAr 40 YMOBHOI FpaHuLi TEKYYOCTi
fok /To0,1k T@ BUOOBXEHHS MpU MaKkcuManbHOMY
HaBaHTaXeHHI g ;

(ii) knacom, BKasylouM xapaktep penakcawii;

(iii) poamipowm;

(iv) xapakTepucTukammn noBepxHi.

(3)P dakTnyHa Maca HanpyxeHoi apmaTypu He
MOBMHHA BiAPI3HATUCH Bi4 HOMiHANbHOI BinbLL

Hi>X rpaHu4Ho-gonyctuma B EN 10138 abo Bkasa-
Ha y €BPONENCcLKOMY TEXHIYHOMY YXBaneHHi.

(4)P Y paHomy €Bpokofi BU3Ha4eHo Tpu Knacu 3a

penakcavu,i€to:

— Knac 1: gpit abo kaHaT — i3 3BU4aniHOIO penak-
cauieto;

— Knac 2: gpit abo kaHaT — i3 HM3bKOK penak-
caLlieto;

— Knac 3: rapsvyekaTaHi abo 00pobneHi CTpMXHI.

Mpuwmitka. Knac 1 He oxonntoetbes EN 10138.

(8)P The prestressing tendons shall be classified
for relaxation purposes according to 3.3.2 (4)P or
given in an appropriate European Technical Ap-
proval.

(9)P Each consignment shall be accompanied by
a certificate containing all the information neces-
sary for its identification with regard to (i) — (iv) in
3.3.2 (2)P and additional information where ne-
cessary.

(10)P There shall be no welds in wires and bars.
Individual wires of strands may contain staggered
welds made only before cold drawing.

(11)P For coiled prestressing tendons, after un-
coiling a length of wire or strand the maximum
bow height shall comply with EN 10138 unless
given in an appropriate European Technical Ap-
proval.

3.3.2 Properties

(1)P The properties of prestressing steel are
given in EN 10138, Parts 2 to 4 or European
Technical Approval.

(2)P The prestressing tendons (wires, strands
and bars) shall be classified according to:

(i) Strength, denoting the value of the 0,1% proof
stress 4 4 and the value of the ratio of tensile
strength to proof strength £, /74 1, and elongation
at maximum load ¢ ;

(i) Class, indicating the relaxation behaviour;
(iii) Size;

(iv) Surface characteristics.

(

3)P The actual mass of the prestressing tendons
shall not differ from the nominal mass by more
than the limits specified in EN 10138 or given in
an appropriate European Technical Approval.
(4)P In this Eurocode, three classes of relaxation
are defined:

— Class 1: wire or strand — ordinary relaxation;

— Class 2: wire or strand — low relaxation;

— Class 3: hot rolled and processed bars.
Note: Class 1 is not covered by EN 10138.
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(5) OBuncneHHs BTpaT Big penakcadii Hanpyxe-
HOI cTani npu NPOeKTyBaHHi MOBWUHHI I'PYHTYBa-
TWUCb Ha p4qq0. BTPATAX Bif penakcauii (y %) nicns
1000 rog Big HaTAryBaHHA 3a cepedHbol TeMne-
patypu 20 °C (EN 10138 gnga BM3Ha4eHHS i30-
TepMiYHMX BMNPOoOyBaHb Ha penakcaLito).
Mpumitka. BennynHa p1goo BUPaXaeTbCs NPOLLEHTHUM
BIAHOLWWEHHAM NOYaTKOBUX HaMNpyXeHb | BUSHA4YaETbCA
3a noyaTkoBMM HanpyxeHHam 0,7f,, ae f, — dakTnyHa
MILHICTb Ha pO3T4Ar 3pas3ka HanpyxxeHoi apmaTtypu. ns
MPOEKTHNX OBYMCINEHb BUKOPUCTOBYETLCS XapakTe-
PUCTUYHA MILHICTb Ha PO3TAr fy, | Lie BpaxoBaHo Yy
HUXYeHaBedeHNX BUpasax.

(6) 3HaueHHs p4ggp MOXe npuimMaTuchk 8% aAna
knacy 1; 2,5% pnsa knacy 2 i 4% gns knacy 3 abo
npunmMaTUCL 3a cepTudikaTom.

(7) Btpatn Ha penakcauito MOXHa NPUAHATK 3a
cepTudpikatom BupobHMKa abo obumcnoBaTu y
NPOLEHTHOMY BiAHOLUEHHI 3MiHW HanpyXeHb Bif
NnoYyaTKoOBMX MOMEPEAHiX HanpyXeHb i BM3Hava-
TUCb 3aCTOCYBaHHSAM OOHOrO 3 HUXYEHaBEeAEHNX
BMpagsiB. Bupasn (3.28) i (3.29) 3acTocoByoTbCA
BiANOBIOHO AnA ApoTiB abo kaHaTiB npu 3BU4amn-
HOMY Hanpy>eHHi (Ha ynopu) i Ny4kiB 3 HU3bKOIO
penakcakdieto, B Ton Yac sk Bupas (3.30) — ans ra-
psidekaTaHux i 06poBNeHNX CTPUXKHIB.

(5) The design calculations for the losses due to
relaxation of the prestressing steel should be
based on the value of pyqog, the relaxation loss
(in %) at 1000 hours after tensioning and at a
mean temperature of 20 °C (see EN 10138 for the
definition of the isothermal relaxation test).

Note: The value of p4ggo is expressed as a percentage
ratio of the initial stress and is obtained for an initial
stress equal to 0,7f,, where f, is the actual tensile
strength of the prestressing steel samples. For design
calculations, the characteristic tensile strength f is
used and this has been taken into account in the
following expressions.

(6) The values for pygg9 can be either assumed
equal to 8% for Class 1, 2,5% for Class 2, and 4%
for Class 3, or taken from the certificate.

(7) The relaxation loss may be obtained from the
manufacturers test certificates or defined as the
percentage ratio of the variation of the prestres-
sing stress over the initial prestressing stress,
should be determined by applying one of the Ex-
pressions below. Expressions (3.28) and (3.29)
apply for wires or strands for ordinary prestres-
sing and low relaxation tendons respectively,
whereas Expression (3.30) applies for hot rolled
and processed bars.

A 0,75(+u)
Knac 1 (Class 1) —P" — 5,39p100096’7“[tj 107°, (3.28)
G pi 1000
A 0,75(‘Fp,)
Knac 2 (Class 2) —P" = 0,66 1500€ * 1“(tj 107°, (3.29)
O pi 1000
A 0,75(+u)
Knac 3 (Class 3) — 2" =1,98p100068”(tj 1072, (3.30)
O pi 1000
ae where
Ac,,, — abcomnioTHe 3HaYeHHs1 BTpaT Bif penak- Ao, is absolute value of the relaxation losses of

cauii nonepeaHbOro Hamnpy>XeHHS;

G,,; — NPV HaNpYy>eHHi Ha ynopu c,; — abcontoTHa
BENUYMHA MOYaTKOBMX MOMEepeaHiX HamnpyXeHb
AvB. Takox 5.10.3 (2));

- NP1 HanpyxeHHi Ha GEeTOH o,; — MaKkCUMarbHi
HanpyXeHHsA Po3TAry, WO NpUKNageHi 4o nyyka,
MiHyC MUTTEBI BTpaTK, AKi BiabyBatoTbCs NpoTH-
rom npouecy HanpyxeHHs, ans. 5.10.4 (1) (i);

Opi = Opmo (

t — yac nicna HanpyXeHHs, rog;

1 =0 p; / fpk , e fpk — XapaKTEPUCTUYHE 3HAYEH-
HS MILHOCTi Ha pO3TAr HanNpyXeHoi apMaTtypu;
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the prestress;

c,,; For post-tensioning ; is the absolute value of
the initial prestress o,; = o, (see also 5.10.3
(2));

For pre-tensioning o, is the maximum tensile
stress applied to the tendon minus the immediate
losses occurred during the stressing process see
5.10.4 (1) (i);

tis the time after tensioning (in hours);

n =0 p; I fpk, where f, is the characteristic value
of the tensile strength of the prestressing steel;
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P1000 — BEMMUMHA BTpaT Bia penakcauii (%), ve-
pe3 1000 roa nicna HaTaryBaHHA 3a cepenHbol
Temnepatypu 20 °C.

MpumiTka. AKWO BTpaTK Big penakcauii o004ncrnoTb-
Cs1 ANs pi3HMX YacoBMX iHTepBanise (ctagin) abo Heob-
xigHa Oinblla TOYHICTb, HeobXigHO KOpUCTyBaTWUChb
popatkom D.

(8) BenuunHn (kiHueBuMx) AoBroTpuBanux eTpar
BiJ, penakcauii MmoxHa obuymcnioBaTh ans vacy f,
wo popieHioe 500 000 rog (To6TO OnM3bLKO 57
pokiB).

(9) Btpatu Big penakcauii gyxe 4yTnmei 4O TEM-
nepatypwu ctani. AKLWOo 3aCTOCOBYETLCS TenoBa
obpobka (Hanpwuknaz, napow), BUKOPUCTOBYETb-
cs 10.3.2.2. Akwo Taka Temnepartypa nepeBuLLye
50 °C, To BTpaTu Big penakcadii HeobxigHo ne-
peBipATy.

3.3.3 MiyHicmb

(1)P BenuuuHy HanpyxeHb 0,1% yMOBHOI rpa-
HULi TeKy4docCTi fpo,1k i BW3HAYEHY BEJIUYUHY
MILHOCTI Ha po3Tar fpk BM3Ha4aloTb BignoBigHo,
SK XxapakTepuctnyHe 3HadeHHs 0,1% gakTnyHoro
HaBaHTaXXEHHS Ta MaKCUMarbHe XapakTepucTny-
He 3Ha4YeHHs1 OCbOBOro HaBaHTaXXEHHS, po3aaine-
HUX Ha HOMiHamNbHY MOLLY MOMepeyHoro nepe-

pi3y, SIK NoKa3aHo Ha PUCYHKy 3.9.

7

P1000 is the value of relaxation loss (in %), at 1000
hours after tensioning and at a mean temperature
of 20 °C.

Note: Where the relaxation losses are calculated for

different time intervals (stages) and greater accuracy is
required, reference should be made to Annex D.

(8) The long term (final) values of the relaxation
losses may be estimated for a time t equal to
500 000 hours (i.e. around 57 years).

(9) Relaxation losses are very sensitive to the
temperature of the steel. Where heat treatment is
applied (e.g. by steam), 10.3.2.2 applies. Other-
wise where this temperature is greater than 50 °C
the relaxation losses should be verified.

3.3.3 Strength

(1)P The 0,1% proof stress f,, 4, and the specified
value of the tensile strength f, are defined as the
characteristic value of the 0,1% proof load and the
characteristic maximum load in axial tension
respectively, divided by the nominal cross sectio-
nal area as shown in Figure 3.9.

01% | .

g iy i |

PucyHok 3.9 — Npacpik 3anexHocTi "HanpyxeHHs-aedopMadii” ansa 3BMyanHoi
HanpyxeHoi apMaTypu (aGCONOTHI 3HAYEHHS NoKa3aHi Anst Hanpy)XeHb CTUCKY i po3Tsry)
Figure 3.9 — Stress-strain diagram for typical prestressing steel
(absolute values are shown for tensile stress and strain)
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3.3.4 Xapakmepucmuku nnacmu4Hocmi

(1)P HanpyxeHa apmaTypa noBMHHa MaTn HEOO-
XigHy nnacTu4HicTb 3rigHo 3 EN 10138.

(2) MoxHa BBaxaTwu, Lo HeobxigHa NnacTUYHICTb
npyv BUOOBXEHHI 3abe3neyyeTbes, AKWO Hanpy-
XeHa apmaTtypa gocsirae HeobXiaHOI BenUYUHU
BMAOBXEHHS MPU MaKCUMarnbHOMY HaBaHTaXXeH-
Hi, BkKazaHomy B EN 10138.

(3) Akwio HanpyXeHa apmaTypa 3a40BOSIbHSIE BU-
morn EN ISO 15630 cTOCOBHO rHYYKOCTi, TO MOX-
Ha BBaxaTu, WO BOHA Mae HeobOXxigHy nnac-
TUYHICTb NPW 3rWHI.

(4) Tpadik 3anexHoCTi "HanpyxeHHa-gedopma-
Lii" 4nsa HanpyxeHoi apmaTypu, WO I'PYHTYETbCA
Ha JaHuX BUPOOHMLUTBA, NOBUHEH PO3pOobNATMCH
BMPOOHUKOM i HagaBaTUChb Yy AKOCTI AodaTtka go
ceptudikaTa, WO CynpoOBOOXKYE KOXHY MOCTaBKY
(amB. 3.3.1 (9)P).

(5) MoxxHa BBaxkaTw, L0 HEObXigHA NNACTMUYHICTb
HanpyxeHoi apmaTtypu npu po3tary 3abesne-
YYETbCS, SIKLLO BUKOHYETbCS yMOBa: fy /g 142 k.

MpumiTka. BenuumHa k ons KOHKPETHOI KpaiHW MoXe

BCTaAHOBMNIOBATUCL Y HalioHanbHOMY Aogatky. Peko-
MeHOoBaHUM 3Ha4YeHHsAM € 1,1.

3.3.5 Bmoma

(1)P HanpyxeHa apmaTypa MOBUHHA MaTtu He-
00XigHY MILHICTb Ha BTOMY.

(2)P OianasoH HampyxeHb yTOMMU AN Hanpyxe-
HOi apmaTypu noBuHeH Bignosigatn EN 10138
abo HagaHoMy BiOMNOBIAHMM €BPOMNENCLKUM TeX-
HIYHMM YXBaneHHAM.

3.3.6 PospaxyHkoei nepedymoesu

(1)P KOHCTPYKTUBHUI PO3pPaxyHOK BUKOHYETbCS
Ha OCHOBI HOMiHaNbHOI MSIOLLi NOMNepeYHoro ne-
pepisy Hanpy>XeHol cTani Ta XapakTepuUCTUYHUX

3HaueHb fr 14 fo Ta €4y

(2) PospaxyHkoBe 3Ha4YeHHS MOAYNSA MPYXHOCTI
Ep Moxe npuimatucek 205 [Tla gns gpotiB Ta
CTPWIXKHIB. Y 3anexHOocCTi Big MpoLeciB BUrOTOB-
NeHHs akTUYHUI diana3oH 3Ha4YeHb MOXe CTa-
HoBuTM 195...210 IMla. CepTudikatn Ha KOXHY
NOCTaBKY MOBMWHHI MiCTUTK BigNoBigHE 3HAYEHHS.

(3) PospaxyHkoBe 3Ha4YeHHA MOAynst MNPYXHOCTI
Ep Moxxe npurmatmch 195 Ma gns kaHarTis. Y 3a-
NEeXHOCTI Bif, NPOLECIB BUrOTOBIIEHHA haKTn4-
HUA [jana3oH 3HaA4YeHb MOXe CTaHOBUTU
185...205 Ma. CepTudpikat Ha KOXKHY NOCTaBKY
NOBUWHHI MICTUTW BiANOBIAHE 3HAYEHHS.
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3.3.4 Ductility characteristics

(1)P The prestressing tendons shall have ade-
quate ductility, as specified in EN 10138.

(2) Adequate ductility in elongation may be
assumed if the prestressing tendons obtain the
specified value of the elongation at maximum load
given in EN 10138.

(3) Adequate ductility in bending may be assumed
if the prestressing tendons satisfy the require-
ments for bendability of EN ISO 15630.

(4) Stress-strain diagrams for the prestressing
tendons, based on production data, shall be
prepared and made available by the producer as
an annex to the certificate accompanying the
consignment (see 3.3.1 (9)P).

(5) Adequate ductility in tension may be assumed
for the prestressing tendons if £, /g 142 k.

Note: The value of k for use in a Country may be found
in its National Annex. The recommended value is 1,1.

3.3.5 Fatigue

(1)P Prestressing tendons shall have adequate
fatigue strength.

(2)P The fatigue stress range for prestressing
tendons shall be in accordance with EN 10138 or
given in an appropriate European Technical Ap-
proval.

3.3.6 Design assumptions

(1)P Structural analysis is performed on the basis
of the nominal cross-section area of the prestres-
sing steel and the characteristic values f,q 1, fy
and g.

(2) The design value for the modulus of elasticity,
E, may be assumed equal to 205 GPa for wires
and bars. The actual value can range from 195 to
210 GPa, depending on the manufacturing pro-
cess. Certificates accompanying the consign-
ment should give the appropriate value.

(3) The design value for the modulus of elasticity,
E, may be assumed equal to 195 GPa for strand.
The actual value can range from 185 GPa to 205
GPa, depending on the manufacturing process.
Certificates accompanying the consignment
should give the appropriate value.
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(4) CepenHsa ryctTuHa Hanpy>xeHoi apmaTypu 4ns
pPO3paxyHKy MOXe NpUuAMaTuCh 7850kr/Mm3.

(5) HaBepeHi BuLLEe 3HAYEHHSA BBAXKAKOTHCSA LiNCHN-
MK y gianasoHi Temnepatyp -40 °C...+100 °C gnsa
HanpyXeHoi cTani y 3aBepLUEHi KOHCTPYKLIi.

(6) PospaxyHKoBe 3Ha4YEeHHA HanpyXeHb apMaTy-
pu foy NPUAMAETLCS 5K frg 4 Iys (PUCYHOK 3.10).
(7) Onsa po3paxyHKy nonepeyvyHoro nepepisy Moxe
npurMaTUCb OfHAa 3 HACTYMHUX NepesymoB (pu-
cyHok 3.10):

— roxuna rinka 3 rpaHM4YHOK AedopMaLlielo & .
PospaxyHOK Takox MOXxe I'pyHTyBaTUCh Ha doak-
TUYHIN 3anexHOoCTi "HanpyXeHHs-aedopmadii.
Ko BigOMa Taka 3aneXxHiCTb, TO Hanpy>KeHHs
3a MEexXer NponopLioHanbHOCTI 3MEHLLYHOTLCS
aHaroriyHo 3 pucyHkom 3.10, abo

— Tropu3oHTanbHa BepXxHs rinka 6e3 obmMexeHHs
aedopmadin.

Mpumitka. BennuvHa g, NS KOHKPETHOIT KpaiHW MOxe

BCTaHOB/HOBATUCbL Y HaLI,iOHaJ'IbHOMy aonartky. Peko-

MeHOoBaHUM 3HadeHHAM € 0,9¢,. Akuwo Hema GinbLu

TOYHUX 3HAYEHb, PEKOMEHOYETLCA MPUAMAaTK 49 = 0,02,
a fp0,1k/ fpk = 0,9

(4) The mean density of prestressing tendons for
the purposes of design may normally be taken as
7850 kg/m?3.

(5) The values given above may be assumed to
be valid within a temperature range between
-40 °C and +100 °C for the prestressing steel in
the finished structure.

(6) The design value for the steel stress, fpd, is
taken as fg 4 /vs (see Figure 3.10).

(7) For cross-section design, either of the following
assumptions may be made (see Figure 3.10):

— an inclined branch, with a strain limit ¢ ,. The
design may also be based on the actual
stress/strain relationship, if this is known, with
stress above the elastic limit reduced analo-
gously with Figure 3.10, or

— a horizontal top branch without strain limit.

Note: The value of g, for use in a Country may be
found in its National Annis. The recommended value is
0,9¢u. If more accurate values are not known the re-
commended values are ¢,y = 0,02, and fy0 14/ fox = 0,9.

o
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PucyHok 3.10 — |geanizoBaHa Ta po3paxyHKOBa 3anexHicTb "HanpyxeHHs-gedopmad,ii”
ONS Hanpy)XeHoi cTani (noka3aHi abCoMTHI BENMMYMHN Hanpy>xeHb i AedopMalii po3Tary)
Figure 3.10 — Idealised and design stress-strain diagrams for prestressing steel
(absolute values are shown for tensile stress and strain)
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3.3.7 HanpyxeHa apmamypa 8 060/10HKax

(1)P HanpyxeHa apmatypa B 06050oHKax (Hanpuk-
nap, 3i 34enneHHAM apmaTtypu y kaHanax, 6es
34enneHHd TOLLO) MOBUHHA ByTK BIgNOBIAHUM Ymn-
HOM i MOCTINHO 3axuMLLEeHO0 Bif kopogii (auB. 4.3).

(2)P HanpyxeHa apmatypa B 060M0HKax NOBUHHA
Bi4NOBIAHO 3axuLWaTUCb Big BMMAMBY BOMHIO Mpu
noxexi (EN 1992-1-2).

3.4 MpucTpoi gnsa nonepeaHbLOro HanpPyXeHHSA
3.4.1 AHkepHi npucmpoi i My¢pbmu
3.4.1.1 3acasibHi NONOXeHHS

(1)P Bumorm 3.4.1 3aCTOCOBYHOTLCA 4O aHKEPHUX
NpuCTpoiB (aHKepiB) Ta MPUCTPOIB 3'eQHAHHS
(MydT), O BMKOPUCTOBYHTLCSA MPU HaMNpPy>KeHHi
KOHCTPYKUi Ha 6ETOH, AKLLO:

(i) aHKepu BMKOPUCTOBYIOTLCS AN nepegadi 3y-
CUINb Y Hanpy>XeHin apmatypi Ha 6ETOH Y 30Hi 3a-
aHKepyBaHHS;

(ii) MmydT BUKOPUCTOBYIOTBECS A5 3'€4HaHHA Mo
OOBXWHI OKpemoi apmaTtypu, Onsi YyTBOPEHHS
LiNbHUX MyYKiB.

(2)P AHkepHi i 3'egHyBanbHi NPUCTPOI ANst CUCTEM
nonepeaHbLOro Hanpy>XeHHs, Lo Po3rnsaaanTbes,
MOBMHHI BUKOHYBaTUCb 3rigHO 3 BiANOBIAHUM €B-
POMNENCHKUM TEXHIYHUM YXBaNEHHSAM.

(3)P KoHCTpytoBaHHSA 30H 3aaHKepyBaHHS MOBUH-
HO BUKOHYBaTuCb 3rigHo 3 5.10, 8.10.3 Ta 8.10.4.
3.4.1.2 MexaHi4Hi xapakmepucmuKu

3.4.1.2.1 3aaHkepyBaHHA HanNpyXeHoi apMaTypu
(1)P TMpuctpoi 3aaHkepyBaHHA Ta 3'egHyBarbHi
MydTU AN Hanpy>XeHOoi apMaTypy NOBUHHI MaTH

MiLHICTb, BUAOBXEHHS Ta BigNOBIAHI XapakTepuc-
TMKW BTOMM, LLO Bi4NOBIAa0Tb BUMOram npoekTy.

(2) MoxHa npunyckaTty, Wo Ui BUMOrM 3a40BOSTb-
HATLCA NpK 3abe3neyeHHi HaCTyMHUX YMOB:

(i) FeomeTpisa i xapakTepucTukn MaTepianis aH-
KepiB i MyT, BMKOHaHi 3rigHO 3 BignoBigHUM
€BpONenNCbkNM TEXHIYHMM YXBaneHHsM Ta ix ne-
pegyacHe pynHyBaHHS, BUKMOYEHO.

(i) PynHyBaHHS HanpyxeHoi apmaTtypu He Biaby-
BaETbCS B Mexax aHkepa abo mydu.

(iii) BuooBxxeHHs Mpu pyriHYyBaHHI NPpUCTPOIB CTa-
HOBUTb > 2%.
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3.3.7 Prestressing tendons in sheaths

(1)P Prestressing tendons in sheaths (e.g. bon-
ded tendons in ducts, unbonded tendons etc.)
shall be adequately and permanently protected
against corrosion (see 4.3).

(2)P Prestressing tendons in sheaths shall be
adequately protected against the effects of fire
(see EN 1992-1-2).

3.4 Prestressing devices
3.4.1 Anchorages and couplers
3.4.1.1 General

(1)P 3.4.1 applies to anchoring devices (ancho-
rages) and coupling devices (couplers) for appli-
cation in post-tensioned construction, where:

(i) anchorages are used to transmit the forces in
tendons to the concrete in the anchorage zone

(i) couplers are used to connect individual lengths
of tendon to make continuous tendons.

(2)P Anchorages and couplers for the prestres-
sing system considered shall be in accordance
with the relevant European Technical Approval.

(3)P Detailing of anchorage zones shall be in
accordance with 5.10, 8.10.3 and 8.10.4.

3.4.1.2 Mechanical properties
3.4.1.2.1 Anchored tendons

(1)P Prestressing tendon anchorage assemblies
and prestressing tendon coupler assemblies shall
have strength, elongation and fatigue characteris-
tics sufficient to meet the requirements of the
design.

(2) This may be assumed provided that:

(i) The geometry and material characteristics of
the anchorage and coupler components are in ac-
cordance with the appropriate European Techni-
cal Approval and that their premature failure is
precluded.

(i) Failure of the tendon is not induced by the
connection to the anchorage or coupler.

(iii) The elongation at failure of the assemblies
>2%.
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(iv) MpuncTpoi 3aaHKepyBaHHS HE PO3MILLYIOTbCA
Yy iHLIMX 30HaX 3 BUCOKMMU HaMNpPy>XEHHAMMU.

(V) XapakTepucTukn yTOMIEHOCTI CKNagoBuX aH-
KEepPHUX NpUCTPOIB i MydT BignoBigatoTb BUMOram
Bi4NOBIQHOrO €BPONENCHLKOro TEXHIYHOMO yXBa-
NeHHs.

3.4.1.2.2 AHKepHIi NpUCTpOT Ta 30HM 3aaHKepy-
BaHHSA

(1)P MiyHicTb aHKepHUX NPUCTPOIB | 30H NOBMHHA
OyTn QOCTaTHBLOK ANA nepejadi 3ycunb Big Ha-
npy>XeHoi apmaTypu Ha 6eTOH, a PopmMyBaHHS
TPILLVH Y 30Hi 3aaHKepyBaHHS HEe NOBUHHO MOrip-
wnTK poboTy aHkepa.

3.4.2 306HiwHsA nonepedHbLO HanpyxeHa ap-
mMamypa 6e3 34yensieHHs

3.4.2.1 3azarnbHi NonoxxeHHs1

(1)P 3o0BHIWHBOW, HampyxeHot Ha GeToH 6e3
34EMNMEeHHA BBaXaeTbCA apmaTtypa, Lo po3Mi-
LLYETLCA 32 MEXaMKn NMoYaTKOBOro 3anisobeToH-
HOro nepepisy i 3'€QHYETbCS 3 KOHCTPYKLIE
TiNbKN 32 OOMNOMOrOK aHKepHUX MNPUCTPOIB Ta
NPUCTPOIB ANSA BIOXUMEHHS.

(2)P Cuctema HanpyxeHHsi 3 HaTArom Ha 6eToH
05151 BUKOPUCTAHHS i3 30BHILLHIM apMyBaHHSAM MO-
BMHHA BigNOBiAaTV BMMOram BiamnoBigHOro €spo-
NenCbKOro TEXHIYHOrO yXBaneHHs.

(3) KoHcTpytoBaHHA apmaTypy MOBUHHO BUKOHY-
BaTWCb 3rigHO 3 npasunamu, Haganuvn y 8.10.

3.4.2.2 AHKepysaHHSs

(1) MiHimanbHWI pafiyc KpMBU3HU HanpyxXeHol
apmaTtypu y 30Hi aHKepyBaHHA apmaTypu 06es
34enneHHsa NOBMHEH BKa3yBaTWCb Y BiAMOBIgHO-
My €BPONENCLKOMY TEXHIYHOMY YXBaSIEHHI.

(iv) Tendon-anchorage assemblies are not loca-
ted in otherwise highly-stressed zones.

(v) Fatigue characteristics of the anchorage and
coupler components are in accordance with the
appropriate European Technical Approval.

3.41.2.2 Anchorage devices and anchorage
zones

(1)P The strength of the anchorage devices and
zones shall be sufficient for the transfer of the
tendon force to the concrete and the formation of
cracks in the anchorage zone shall not impair the
function of the anchorage.

3.4.2 External non-bonded tendons

3.4.2.1 General

(1)P An external non-bonded tendon is a tendon
situated outside the original concrete section and
is connected to the structure by anchorages and
deviators only.

(2)P The post-tensioning system for the use with
external tendons shall be in accordance with the
appropriate European Technical Approval.

(3) Reinforcement detailing should follow the
rules given in 8.10.

3.4.2.2 Anchorages

(1) The minimum radius of curvature of the tendon
in the anchorage zone for non- bonded tendons
should be given in the appropriate European
Technical Approval.
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4 NOBrOBIYHICTb TA 3AXUCHUN LLAP
Onsa APMATYPU

4.1 3aranbHi NONoOXeHHSA

(1)P OoBrogivyHa KOHCTPYKLisi NOBMHHA 3a40BOfb-
HSATW BMMOTM CTOCOBHO MPUAATHOCTI 4O eKcnya-
Tauii, Hecy4yol 34aTHOCTI Ta CTINKOCTI 4epe3
3abesnevyeHHs1 MPOEKTHOrO0 CTPOKY cnyxou 6e3
CYTTEBMX BTpAT CMOXMBYOI AKOCTi abo 3HaYHMX
HenepeabavyeHnx BUTpaT Ha yTpuMaHHs (3a-
ranbHi Bumorn Takox ame. EN 1990).

(2)P MoTpibHMI piBEHb 3aXUCTYy KOHCTPYKLUiT no-
BWUHEH BCTaHOBIOBATUCbL Yepel aHanis ii nepe-
nbayvyeHoro BUMKOPWUCTAHHS, MPOEKTHOTO CTPOKY
cnyx6u (EN 1990), nporpamu obcnyroByBaHHS
Ta gin.

(3)P lMoBWHHaA aHanisyBaTUCb MOXIMBA 3HAYU-
MiCcTb Ge3nocepenHix i onocepenkoBaHuUX BMn-
BiB, YMOB HaBKOSIMLUHBbOIrO cepeaoBuia (AuB.
4.2) i BUKNNUKAHUX HAMW BNIUBIB.

MpuwmiTtka. Mpuknagm oxonntooTb Aedopmalii, BUK-
NNKaHi NoB3yyicTio Ta ycaakoto (ams. 2.3.2).

(4) BaxucT cTaneBoi apMaTtypu Bif KOpoa3ii 3ane-
XWUTb Big rYCTUHK, SIKOCTi Ta TOBLUMHM 3aXMCHOro
wapy 6eToHy (auB. 4.4) i yTBOPEHHS TPILLMH (OUB.
7.3). 'ycTnHa Ta SKiCTb 3axXMCHOro LWapy [ocs-
raeTbCs KOHTPOSIEM MakCMMarnbHOro BOAOLEe-
MEHTHOIrO BIAHOLUEHHSA | MiHiManbHOI KifbKOCTI
uemeHty (EN 206-1) Ta Moxe 3anexatu Big
MiHiManbHOro Knacy MilHOCTi 6ETOHY.

Mpuwmitka. JeTtanbHiwy iHopmaLiio HaBegeHo y Oo-
patky E.

(5) AKWO MeTaneBi eNEMEHTU KPIMMEHHSA MOXYTb
nepeBipsaATMCb Ta 3aMiHIOBATUCb, BOHU MOXYTb
3aCTOCOBYBATUCh i3 3aXUCHUM MOKPUTTAM B YMO-
Bax NpsIMOro BMnMBY. B iHWKX BUNagkax BOHM Mo-
BWUHHI  BUFOTOBMSATUCb i3  KOPOS3iNHOCTINKOro
MaTepiany.

(6) HmxyeHaBeneHi y LbOMy po3aini BUMOru no-
BMHHI po3rnagaTUch Ans KOHKPETHUX BUMALKiB
(Hanpwuknag, TMMYacoBi abo MOHYMeHTarnbHi Cro-
pyawu, cnopyam, LWo 3a3HatoTb Aii ekcTpeManbHuX
abo ocobnuBMX BNAMBIB TOLLO).
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4 DURABILITY AND COVER TO
REINFORCEMENT

4.1 General

(1)P A durable structure shall meet the require-
ments of serviceability, strength and stability
throughout its design working life, without signifi-
cant loss of utility or excessive unforeseen main-
tenance (for general requirements see also
EN 1990).

(2)P The required protection of the structure shall
be established by considering its intended use,
design working life (see EN 1990), maintenance
programme and actions.

(3)P The possible significance of direct and indi-
rect actions, environmental conditions (see 4.2)
and consequential effects shall be considered.

Note: Examples include deformations due to creep
and shrinkage (see 2.3.2).

(4) Corrosion protection of steel reinforcement
depends on density, quality and thickness of
concrete cover (see 4.4) and cracking (see 7.3).
The cover density and quality is achieved by
controlling the maximum water/cement ratio and
minimum cement content (see EN 206-1) and
may be related to a minimum strength class of
concrete.

Note: Further information is given in Annex E.

(5) Where metal fastenings are inspectable and
replaceable, they may be used with protective
coatings in exposed situations. Otherwise, they
should be of corrosion resistant material.

(6) Further requirements to those given in this
Section should be considered for special situati-
ons (e.g. for structures of temporary or monu-
mental nature, structures subjected to extreme or
unusual actions etc.).
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4.2 YMOBM HaBKOJIMLUHBbOIO cepeaoBuULLa

(1)P IHWi BNnvBKM, AKMX 3a3HAE KOHCTPYKLIA Ha
000aToK 10 MEeXaHIYHNX, MOXYTb ByTY XiMiYHUMUK
abo QisnYHUMM.

(2) YMOBM HaBKOMMLLHBOIO CepenoBuLLa Kracu-
hikytOTbCS 3rigHO 3 Tabnuueto 4.1, WO rpyHTYETb-
cqa Ha EN 206-1.

(3) Ha pogaTtok oo HaBegeHux y Tabnumui 4.1 ymoB
NMOBWHHI po3rnsgatnck ocobnuei dopmu arpe-
CMBHOI abo HeNpSAMOI Aji, Wo BKMOYaKThb:

XiMiYHY KOpO3ito, LLIO BUHUKAE BHACITIQOK:

— ekcnnyartauii 6yaisens i cnopyn (36epiraHHs
piavH TOLWO);

— pO34uHiB kMcroT abo conen kucnot (EN 206-1,
ISO 9690);

— Xxnopwugis, Wwo mictatbcsa y 6etoHi (EN 206-1);

— NyXHUX peakuin 3anosHoBadiB (EN 206-1,
HaujioHanbHi cTaHaapTn);

di3MYHNIA arpeCcUBHUIA BMWB, O BUHUKAE BHAC-
nigok:

— 3MiH TemnepaTypu;

— abpasmBHOro ctupaHHs (4.4.1.2 (13));

— npoHukHeHHs Boan (EN 206-1).

Mpumitka. Cknag 6€TOHY BNNMBAaE SK Ha 3aX1CT apMa-
TYpU, TaK i Ha CTilKiCTb GETOHY MPOTU arpecuBHUX
BMnMBIB. Y gogatky E HaBegeHo knacu MiLHOCTI, peko-
MeHAO0BaHi AN KOHKPETHUX KnaciB BNANBY HABKOMULL-
Hboro cepeposuwa. Lle moxe npusoautn oo subopy
BULLMX KIACIB MIiLLHOCTi HiX Lie NoTpibHO 3a po3paxyH-
KOM KOHCTPYKLUIii. Y Takux BMnagkax 3HavyeHHs fey, NO-
BMHHO BignoBigaTtn GinbLuUii MiLHOCTI NpU Po3paxyHKy
MiHIManbHOro apMyBaHHS Ta KOHTPOSO LUMPUHU PO3-
KpUTTS TPiWmH (ouB. 7.3.2...7.3.4).

4.2 Environmental conditions

(1)P Exposure conditions are chemical and phy-
sical conditions to which the structure is exposed
in addition to the mechanical actions.

(2) Environmental conditions are classified accor-
ding to Table 4.1, based on EN 206-1.

(3) In addition to the conditions in Table 4.1, parti-
cular forms of aggressive or indirect action should
be considered including:

chemical attack, arising from e.g.:

— the use of the building or the structure (storage
of liquids, etc);

— solutions of acids or sulfate salts (EN 206-1,
ISO 9690);

— chlorides contained in the concrete (EN 206-1);

— alkali-aggregate reactions (EN 206-1, National
Standards);

physical attack, arising from e.g.:

— temperature change;
— abrasion (see 4.4.1.2 (13));
— water penetration (EN 206-1).

Note: The composition of the concrete affects both the
protection of the reinforcement and the resistance of
the concrete to attack. Annex E gives indicative
strength classes for the particular environmental expo-
sure classes. This may lead to the choice of higher
strength classes than required for the structural design.
In such cases the value of f, should be associated with
the higher strength in the calculation of minimum rein-
forcement and crack width control (see 7.3.2-7.3.4).
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Tabnuusa 4.1 — Knacu BnnuBy, NoB'A3aHi 3 yMOBaMu HaBKOMMLLHLOIO cepefosuLla, 3rigHo 3 EN 206-1

Table 4.1 — Exposure classes related to environmental conditions in accordance with EN 206-1
Mpuknaam micub Al knacis BNNMBY
Knac XapakTep HaBKOMMULUHBOTO CepeaoBULLa .
. . Informative examples where exposure
Class Description of the environment
classes may occur

1 BiacyTHin pu3nk kopo3sii Y1 HeraTUBHOro BNJSIMBY
1 No risk of corrosion or attack

X0

[nsa 6eToHy 6e3 apmaTtypu abo meTanesmnx
3aknagHuX: BCi BMIMBY 3@ BUHATKOM, KOSK
Ma€ MicLie 3aMOpPOXYBaHHS/BiATaBaHHSA, CTU-
paHHsA abo xiMmiyHa Kopoa3is

[nsa 6eToHy 3 apmaTypoto abo 3aknagHMMu:
Ayxe CcyXi yMOBU

For concrete without reinforcement or embed-
ded metal: all exposures except where there
is freeze/thaw, abrasion or chemical attack
For concrete with reinforcement or embedded
metal: very dry

beToH ycepeauHi byaiBenb 3 Ay>Ke HU3bKOK
BOMOriCTIO NOBITPA

Concrete inside buildings with very low air
humidity

2 Koposis, BUKnMkaHa kapOoHisauieto
2 Corrosion induced by carbonation

XC1

Cyxe abo nocTiiHO MOKpe
Dry or permanently wet

BeToH ycepeauHi 6yaiBenb 3 HU3bKOK BO-
NOTiCTIO NOBITPSA

BeToH NOCTINHO 3aHypeHun y Bogy
Concrete inside buildings with low air
humidity

Concrete permanently submerged in water

XC2

Mokpe, pigko cyxe
Wet, rarely dry

BeToHHI NoBepxHi Npy AOBroTpMBanoMy KOH-
TakTi 3 BOAO. binbLwicTe yHAaMeHTIB
Concrete surfaces subject to long-term water
contact. Many foundations

XC3

MomipHO Bosore
Moderate humidity

BeToH ycepeauHi 6yaisens 3 nomipHow abo
BMCOKOHK BOJIONICTHO NOBITPS

BeToH 330BHI ByaiBenb, 3axuLeHnn Big aTMo-
chepHoi Bonoru

Concrete inside buildings with moderate or
high air humidity

XC4

LinkniuHo mMokpe i cyxe
Cyclic wet and dry

BeTOHHI NOBEpPXHI, WO KOHTaKTYHOTb 3 BOAOHO i
He mignagatoTb nig gito knacy XC2

Concrete surfaces subject to water contact,
not within exposure class XC2

3 Kopozsisi, BuknukaHa xnopugamm
3 Corrosion induced by chlorides

XD1

[MomipHo Bonore
Moderate humidity

BeToHHI NoBepXHi, L0 3a3HalOTb BMNSIMBY Ha-
SIBHWUX Y MOBITPi Xriopuais

Concrete surfaces exposed to airborne
chlorides
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MpogoBxeHHs1 Tabn. 4.1

Mpuknagu micub Aii knacis BNnvBy

Knac XapaKTep HaBKOJTIMLLHbOIo cepenoBuila .
Class Description of the environment Informative examples where exposure
classes may occur
XD2 Mokpe, pigko cyxe MnaBanbHi bacenHn
Wet, rarely dry BeToHHiI BUpobw, Lo 3a3Hat0Tb BNIMBY Npo-
MUCMOBWX BOA, SIKi MICTATb Xnopuam
Swimming pools
Concrete components exposed to industrial
waters containing chlorides
XD3 LinkniuHo mokpe i cyxe YacTmHu MOoCTiB, WO 3a3HaoTb BAAMBY Gpu-
Cyclic wet and dry 30K BOAM 3 Xropugamu
[opoxHi NOKpUTTS
MnuTn aBTOMOBINbLHUX NAPKIHTiB
Parts of bridges exposed to spray containing
chlorides
Pavements
Car park slabs
4 Koposifi, BUKNUKaHa xnopugamMmm MopcbKoi Boau

4 Corrosion induced by chlorides from sea water

XS1 Y nosiTpi HasBHi coni 6e3 NpaAMoro KOHTakTy 3 | [NpubepexHi KOHCTPYKLUIT abo Ha BGepesi
MOPCbKOI BOAOH Structures near to or on the coast
Exposed to airborne salt but not in direct
contact with sea water

XS2 MocTinHO 3aHypeHi YacTHM MOpCLKMX cnopyn
Permanently submerged Parts of marine structures

XS3 30HK npunnueis, Np1OGOIO Ta BOASAHOrO Ny

Tidal, splash and spray zones

5 HeratuBHUI BNNMB 3aMOpPOXyBaHHSA/BiATaBaHHA
5 Freeze/Thaw Attack

XF1 lMomipHe HacuyeHHs Bogoto 6e3 gobaBok BepTukanbHi 6€TOHHI MOBEPXHI, LLIO 3a3Hal0Tb
npoTu oxeneguui BMAMBY OOLLY i MOPO3y
Moderate water saturation, without de-icing | Vertical concrete surfaces exposed to rain
agent and freezing
XF2 MomipHe HacKyeHHs Boaoto 3 AobaBkamu BepTukanbHi 6eTOHHI NOBEPXHI JOPOXKHIX
npoTuK oXxeneanui KOHCTPYKLU,iM, WO 3a3HatoTb BNAMBY MOPO3Y Ta
Moderate water saturation, with de-icing aepo3sonis 3 gobaBkamMu NPOTU oXxeneaunLi
agent Vertical concrete surfaces of road structures
exposed to freezing and airborne de-icing
agents
XF3 Bucoke HacuyeHHs1 Bogoto 6e3 4obaBok Npo- | Fopu3oHTanbHi GETOHHI NOBEPXHI, WO 3a3Ha-

TN oxeneauui
High water saturation, without de-icing agents

0T BMAMBY OOLLY i MOPO3Yy
Horizontal concrete surfaces exposed to rain
and freezing
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KiHeub Tabn. 4.1

Mpuknagu micub Aii knacis BNnvBy

Knac XapakTep HaBKOMULIHLOIO CepeaoBumLLA )
L . Informative examples where exposure
Class Description of the environment
classes may occur
XF4 Bucoke HacnyeHHs Bogoto 3 gobaBkamm npo- | [JopoxHi Ta MOCTOBI HACTUMN, LLIO 3a3HaK0Tb

TV oxeneguui abo mopcbka Bofa BMAMBY A06aBOK NPOTU oXeneauLi
High water saturation with de-icing agents or | beToHHI NOBepXHi, WO 3a3HaTb NPSIMOro
sea water BMMMBY MOPO3y Ta 6pU30K i3 fobaBkamm Npo-

TN oxeneauui

30HM Npnboto NpMbepexxHMX KOHCTPYKLIN, Lo
3a3HatoTb BMNMAMBY MOPO3Yy

Road and bridge decks exposed to de-icing
agents

Concrete surfaces exposed to direct spray
containing de-icing agents and freezing
Splash zone of marine structures exposed to
freezing

6 XimiyHa Kopo3is
6 Chemical attack

XA1 CnaboarpecviBHe xiMiuHe cepefoBuLLE 3rigHo | [PyHTU y NPUPOAHOMY CTaHi i PpyHTOBI Boam

3 EN 206-1, Tabnuuga 2 Natural soils and ground water

Slightly aggressive chemical environment

according to EN 206-1, Table 2
XA2 MomipHoarpecunBHe XimiyHe cepegoBuLLe

3rigHo 3 EN 206-1, Tabnuug 2

Moderately aggressive chemical environment

according to EN 206-1, Table 2
XA3 BucokoarpecuBHe xiMidyHe cepefoBuLLe

3rigHo 3 EN 206-1, Tabnuuga 2

Highly aggressive chemical environment

according to EN 206-1, Table 2
4.3 Bumoru no AOBroBi4YHOCTI 4.3 Requirements for durability
(1)P Ona gocarHeHHs HeoOXigHOro NPOeKTHOro (1)P In order to achieve the required design wor-
CTPOKY Cny>0M KOHCTPYKLii MOBMHHI BXWBATUCb king life of the structure, adequate measures shall
BiAMNOBIgHI 3ax0au OS5 3aXUCTY €NEeMEHTIB KOHCT- be taken to protect each structural element
PYKUIA Bi HEratMBHOrO BMfMBY HABKOMULLHBLOIO against the relevant environmental actions.
cepegoBuLia.
(2)P MNMuTaHHS JOBroBiYHOCTI MOBMHHI BpaxoByBa- (2)P The requirements for durability shall be inclu-
TMCb NPW BUKOHAHHI HAaCTYMHUX CTagii NpOekKTy: ded when considering the following:

Structural conception,
— BUMOIp KOHCTPYKTMBHOI CXEMWU, — Material selection,
— Bubip maTtepiany, — Construction details,
— KOHCTpYIOBaHH4, — Execution,
— 3Be[eHHs, — Quality Control,
— KOHTPOJb AKOCTI, — Inspection,
— rnepes.ipka, — Verifications,
— cneuianbHi 3axoau (Hanpuknag, BUKOPUCTaH- — Special measures (e.g. use of stainless steel,
HS1 Hep>kaBito4ol CTari, 3aXMCHI MOKPUTTS, Ka- coatings, cathodic protection).

TOOHWUIA 3aXUCT).
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4.4 MeToau nepeBipKu
4.4.1 3axucHuli wap 6emoHy
4.4.1.1 3azarbHi MofoXeHHs

(1)P 3axucHuii wap 6eToHy — Lie BiaACTaHb Bif, Mo-
BEPXHi apmaTypu 4o Hanbnuxk4oi noBepxHi 6eTo-
Hy (BKMOYaoun 3'eQHaHHSA, nonepeyHi apmaTypHi
CTPVIXHI | MpUNoBepxHeBe apMyBaHH4, 3a HasiB-
HOCTI).

(2)P HomiHanbHUM 3aXUCHUI LWap NOBUHEH BKa-
3yBaTuUCb Yy pobounx KpecneHHsax. BiH BusHa-
YaETbCA AK MiIHIManbHUN 3aXUCHUA Wap Cp,in
(amB. 4.4.1.2), nnoc AonycTUMi NPOEKTHI Bigxu-
NeHHsA Acy,, (ovB. 4.4.1.3):

4.4 Methods of verification
4.4.1 Concrete cover
4.4.1.1 General

(1)P The concrete cover is the distance between
the surface of the reinforcement closest to the
nearest concrete surface (including links and stir-
rups and surface reinforcement where relevant)
and the nearest concrete surface.

(2)P The nominal cover shall be specified on the
drawings. It is defined as a minimum cover, ¢,
(see 4.4.1.2), plus an allowance in design for
deviation, Acy,, (see 4.4.1.3):

Cnom = Cmin + ACqey - 4.1)

4.4.1.2 MiHimanbHut 3axucHuu wap, Cqyi,

(1)P MiHiManbHUi 3axmcHuii wap 6eToHy nosu-

HeH 3abe3nedvyBaTu:

— ©0e3neyHy nepenady 3ycurib 34enseHHs (pos-
ainn 7 8);

— 3axuCT apmaTypHOI cTani Big Koposii (4oBro-
BiYHICTb);

— HeobxigHy BorHeTpmBkicTb (auB. EN 1992-1-2).

(2)P HeobxigHo BnbupaTu GinblLuy 3 BENUYMH, Lo

3a40BOJIbHAE YMOBU CTOCOBHO 34enJieHHA i
BMNJiMBy ymoB HaBKOJIMLLUHbLOIO cepenosuila

4.4.1.2 Minimum cover, c,i,

(1)P Minimum concrete cover, ¢, shall be provi-

ded in order to ensure:

— the safe transmission of bond forces (see also
Sections 7 and 8);

— the protection of the steel against corrosion
(durability);

— anadequate fire resistance (see EN 1992-1-2).

(2)P The greater value for cmin satisfying the

requirements for both bond and environmental
conditions shall be used.

Cmin = max{cmin,b ;Cmin,dur T ACqur,y — ACqur,st — ACqur,add ; 10 MM} ; (4.2)
Ae where:
Crin, p — MIHIMaNbHWUI 3aXMCHWIA LWap 3a BUMOra- Crin, b — MiNimum cover due to bond requirement,

MU 34enneHHs, aue. 4.4.1.2 (3);

Crmin. dur — MIHIManbHWUIA 3aX1CHWUIA LLAp 3a BUMOra-
MUK YMOB cepegoBuLla, ame. 4.4.1.2 (5);

Cqur, v — BPAXyBaHHsi cknajoBoi Gesnekw, AvB.
4.4.1.2 (6)

Cyur st — 3MEHLLEHHS MiHIManbHOro wwapy npv 3a-
CTOCyBaHHi Hep>kaBitodoil ctani, ame. 4.4.1.2 (7);

Caur add — 3MEHLUEHHSI MiHIManbLHOro Lwapy npu
000aTKOBOMY 3axucTi, amB. 4.4.1.2 (8).

(3) Ana 6e3neyHoi nepedadi 3ycusb 34enneHHs
Ta 3abe3neyeHHa HeoOXigHOro yLlinbHEeHHA Oe-
TOHY MiHIManbHUA 3aXUCHUIA LIap NOBMHEH OYTK
HE MEHLUUM HiX Cpi, 5 (TAONUUA 4.2).

see 4.4.1.2 (3);

Crin, gur — MiNimum cover due to environmental
conditions, see 4.4.1.2 (5)

Caur, , — @dditive safety element, see 4.4.1.2 (6)

Cqurst — reduction of minimum cover for use of
stainless steel, see 4.4.1.2 (7);

Cqur.adg — reduction of minimum cover for use of
additional protection, see 4.4.1.2 (8)

(3) In order to transmit bond forces safely and to
ensure adequate compaction of the concrete, the
minimum cover should not be less than ¢
given in table 4.2.

min, b
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Tabnuusa 4.2 — Bumorn 4o MiHiManbHOro 3aXUCHOTO LWapy Cmin » AMNS 3a0e3Ne4eHHs 34enneHHs

Table 4.2 — Minimum cover, ¢min, » , requirements with regard to bond

Bumorn oo 3yenneHHs
Bond Requirement

PosTtaluyBaHHSA CTPUXHIB
Arrangement of bars

MiHiManbHWn 3aXUCHWIA Wap, Cmin, b*
Minimum cover Cmin, »

PosginbHe HiameTp CTpuxHS

Separated Diameter of bar

CnneteHe EkBiBaneHTHUI giameTp ¢, (8.9.1)
Bundled

Equivalent diameter ¢, (see 8.9.1)

" SKLLO HOMIHAMNBHUI MaKCUMAasbHUIA PO3MIp HaMOBHIOBAYA GiNbLLMIA Hix 32 MM, Crmin,p HEODOXIOHO 36iNbWNTN HA 5 M
If the nominal maximum aggregate size is greater than 32 mm, cyin, » Should be increased by 5 mm.

MpumiTka. BenuunHu Cminp 3@ HAABHOCTI KPYrNNX i
NPSIMOKYTHUX KaHanis, siki 3anOBHIOIOTLCS, ANS apMa-
TYPU HanNpyxeHoi Ha BETOH i Ha ynopu, MOXyTb BU3HA-
yaTUCb AN1S1 KOHKPETHOI KpaiHW HauioHanbHUM goaat-
koM. [1nsa kaHaniB Npu Hanpy>xeHHi apmaTtypu Ha 6eToH
PEKOMEHAYIOTECS BENUYNHN:

npu Kpyrnux KaHanax — giameTp

npy NPSMOKYTHOMY — BinblLue i3 3Ha4YeHb: MEHLUA CTO-
pOHa YK NonoBUHA BiNbLUOI.

Mpn po3amipi kpyrnoro abo NPSIMOKYTHOrO KaHany
GinbLwe Hix 80 MM Ui BUMOMM HEe 3aCTOCOBYIOTb.

Mpu Hanpy>xeHHi apmaTypu Ha ynopu pekoMeHayrTb-
Csl BENMUYUHN:

1,5 x piameTpa kaHaTa abo rmagkoro opoTy;
2,5 x piameTpa gpoTy nepiognyHoro npodinto.

(4) MiHiManbHWI 3aXMCHWIA WIap AN 30HM 3aaH-
KepyBaHHSI Hanpy>XeHoi apMaTypu MOBUHEH 3a-
6e3nevyyBaTMCb 3rigHO 3 BIAMOBIOHUM €BpoO-
NENCHKMM TEXHIYHUM YXBaneHHSAM.

(5) MiHimanbHi BENUYMHM 3aXMCHOrO Lapy Ans
3BMYaNHOI | nonepeaHbOo HaMNpyXXeHOoi apMaTypu y
3BMYANHOMY BaXKOMy O€TOHi 3 ypaxyBaHHAM
Knacis BnAvBYy CepeaoBMLla BCTaAHOBMIOOTHCS
HePEe3 Cryin, dur-

Mpuwmitka. Knacudikauiss KOHCTPYKUIA | BeNUYMHK
Crmin, qur MOXYTb BM3HA4YaTUCb AN1S KOHKPETHOI KpaiHu
HaLujioHanbHUM foAaTkoM. PekomeHayeTbesa npuiimaTm
Krnac KOHCTPYKLUii (MpOeKTHUI CTPOoK cnyxou 50 pokis)
S4 npu pekoMeHO0OBaHMX krnacax B6eToHy, HagaHux y
popatky E Ta pekomeHOoBaHMX BapiaHTax Knacis KO-
HCTPYKLiN, HaBegeHux y Tabnuui 4.3N. MiHimansHun
pPEeKOMEeHA0BaHNUI Knac KOHCTPYKLin — S1.
PekomeHA0BaHi BENWUYUHW Cyjiy - HABEAEHI Y Ta0-
nvuj 4.4N (ons 3BMYariHOI apmMaTypHoi ctani) i Tab-
nvui 4.5N (ans Hanpy>xeHoi apMmaTypHoi cTani).
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Note: The values of cninp for post-tensioned circular
and rectangular ducts for bonded tendons, and pre-
tensioned tendons for use in a Country may be found in
its National Annex. The recommended values for
post-tensioned ducts are:

circular ducts: diameter

rectangular ducts: greater of the smaller dimension or
half the greater dimension.

There is no requirement for more than 80 mm for either
circular or rectangular ducts.

The recommended values for pre-tensioned tendon:

1,5 x diameter of strand or plain wire;
2,5 x diameter of indented wire.

(4) For prestressing tendons, the minimum cover
of the anchorage should be provided in accor-
dance with the appropriate European Technical
Approval.

(5) The minimum cover values for reinforcement
and prestressing tendons in normal weight con-
crete taking account of the exposure classes and
the structural classes is given by ¢, qur-

Note: Structural classification and values of cnin, qur fOr
use in a Country may be found in its National Annex.
The recommended Structural Class (design working
life of 50 years) is S4 for the indicative concrete
strengths given in Annex E and the recommended
modifications to the structural class is given in Table
4.3N. The recommended minimum Structural Class
is S1.

The recommended values of ¢, 4, @re givenin
Table 4.4N (reinforcing steel) and Table 4.5N
(prestressing steel).
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Taobnuusa 4.3N — PekomeHaoBaHa knacudikauis KOHCTPYKLIN

Table 4.3N

— Recommended structural classification

Krnacu KoHCTpyKLUin
Structural Class

Kputepin

Knacv BnnmBy cepepoBuiLa 3rigHo 3 Tabnuueto 4.1

Exposure Class according to Table 4.1

Criterion

X0 ‘ XC1 ‘XCZ/XCB‘ XC4 ‘ XD1 ‘XDZ/XS1 XD3/XS2/XS3

MpoekTHun cTpok cnyx6m 100 pokis
Design Working Life of 100 years

306inblUeHHs knacy Ha 2
Increase class by 2

1)2)

Knac miyHocTi >C30/37

>C35/45 >C40/50 >C45/55

Strength Class "?

3MeHLeHHs knacy Ha 1
Reduce class by 1

EnemeHTn 3 reometpieto nnut (6y-
[OiBENbHI NPOLECU He BNIMBAOTh Ha
po3TallyBaHHs apmaTypw)

Member with slab geometry (position
of reinforcement not affected by
construction process)

3MeHLeHHs kracy Ha 1
Reduce class by 1

3abesneyeHo cneujianbHUI KOHTPOIb
SIKOCTi BUTOTOBMNEHHSA 6ETOHY

Special Quality Control of the concre-
te production ensured

3MeHLeHHs knacy Ha 1
Reduce class by 1

MpumiTkn go Tabnuui 4.3N

" BBakaeTbCs, WO ICHYE 3B'A30K MiX KITaCOM MiLHOCTI
i B/l BigHOLWEHHAM. [Ina AOCArHEHHS HM3bKOi BOOO-
NPOHUKHOCTI MOXe niabupaTuch cneujianbHa CyMill
(TN uemeHTy, 3Ha4YeHHs B/, opibHi 3anoBHOBaui).

2) "paHuMLI0 MOXHa 3HWXKYBaTK Ha 1 Knac MiLHOCTI, SK-
L0 Mae Micue BTAryBaHHsA NoBiTps BinbLu Hix 4%.

Notes to table 4.3N

") The strength class and w/c ratio are considered to
be related values. A special composition (type of ce-
ment, w/c value, fine fillers) with the intent to produce
low permeability may be considered.

2 The limit may be reduced by one strength class if air
entrainment of more than 4% is applied.

Tabnuus 4.4N — BenmunHu MiHIManbHOIO 3aXMCHOTO LWAPY Crin, dur 3@ BUMOTramMun JOBroBiYHOCTI ANs

3BUYanHOi apmaTtypHoi ctani, 3rigHo 3 EN 10080

Table 4.4N — Values of minimum cover, Cmin, aur, requirements with regard to durability for
reinforcement steel in accordance with EN 10080.
BrMorv HaBKONMLLIHBOrO cepefoBULLa A0 Cmin, gur, MM
Environmental Requirement for Cmin, gur (Mm)
N Knacu BnnuBy cepegoBsuLla 3rigHo 3 Tabnuueto 4.1
Knac koHCTpyKui Exposure Class according to Table 4.1
Structural Class
X0 XC1 XC2/XC3 XC4 XD1/XS1 XD2/XS2 XD3/XS3
S1 10 10 10 15 20 25 30
S2 10 10 15 20 25 30 35
S3 10 10 20 25 30 35 40
S4 10 15 25 30 35 40 45
S5 15 20 30 35 40 45 50
S6 20 25 35 40 45 50 55
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Tabnuusa 4.5N — BenvinHy MiHIManbHOro 3axXmCcHOro LWapy Cmin, qur 3@ BUMOramMmun JOBroBiYHOCTI

OS5 Hanpy>XeHoT apMaTypHOI cTani

Table 4.5N — Values of minimum cover, Cmin, qur, requirements with regard to durability for
prestressing steel
BvMOrv HaBKOMMLLIHBOrO cepefoBULLa A0 Cmin, dur, MM
Environmental Requirement for Cmin, gur (mm)
N Knacu Bnnuey cepegoBuLLa 3rigHo 3 Tabnuueto 4.1
Knac koHCTpyKui Exposure Class according to Table 4.1
Structural Class
X0 XC1 XC2/XC3 XC4 XD1/XS1 XD2/XS2 XD3/XS3
S1 10 15 20 25 30 35 40
S2 10 15 25 30 35 40 45
S3 10 20 30 35 40 45 50
S4 10 25 35 40 45 50 55
S5 15 30 40 45 50 55 60
S6 20 35 45 50 55 60 65

(6) 3axucHui wap HeobxigHO 36inbLlyBaTU Ha
AOJaTKOBY CknazfoBy 6eanekn Acy,, ”

Mpumitka. BenuunHa Acyy, , MOXe BM3Ha4aTUCh ANs
KOHKPETHOI KpaiHM HauioHanbHMM gogaTtkom. Peko-
MeHgoBaHa Benv4ymHa 0 M.

(7) Mpwn 3acTocyBaHHi HepxaBitovoi cTani abo
BXUTTS IHLLMX cnevjianbHUX 3aXoAaiB MiHiManbHUN
3aXMCHUIA LIAP MOXe 3MEHLUYBATUCh Ha ACy,, o Y
Takux BUNagkax HeoOXigHO BpaxoByBaTH BMNVBU
BCiX BIOMOBIAHUX XapakKTEpUCTMK MaTepianis,
BKIMHOYHO i3 34EMTEHHAM.

Mpumitka. BennunHa Acy,rst MOXe BU3HaAYaTUCh ANS
KOHKPETHOI KpaiHu HauioHanbHUM goaaTtkoM. PekomeH-
[JoBaHa BenmuynHa 6e3 oaTKOBOro BU3Ha4YeHHs 0 MM.
(8) Onsa GeToHy i3 gogaTkoBUMM 3axMCTOM (Ha-
npvknag, MOKPUTTAM), MiHIManbHUA 3aXUCHUIA
Lwap MoXe 3MeHLLYBaTUCh Ha ACy,, 4dq-
MpumiTka. BenuunHa Acqyr ags MOXe BU3Ha4aTUCh 415
KOHKPETHOI KpaiHW HauioHanbHUM oaaTkom. PekomeH-
[JoBaHa BennyvHa 6e3 4oaaTKoBOro BU3HadYeHHsi O MMm.
(9) Axkwo moHoniTHMM GEeTOH yKnagaeTbes Mo-
BEpX IHWWNX GETOHHMX eneMeHTIB (30ipHux abo
MOHOSITHUX), MiHIManNbHWUI 3aXUCHWUIA LWap 40 no-
BEPXHi KOHTaKTy MOX€e 3MeHLlyBaTUCb 0 Benu-
YMHK, AKka 3abe3nedye HeoOXigHe 34enneHHs
(ams. (3) BuLEe), 32 YMOBU:

— knac 6eToHy 3a MilHicTio He meHLwe C25/30,

— 4ac snnmBy 30BHILLHbOIO cepepnoBuLla Ha no-

BEPXHIO BEeTOHY KOopoTkMi (< 28 fib),
— TMNOBEPXHS LLIOPCTKA.
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(6) The concrete cover should be increased by
the additive safety element Ac,. ..

Note: The value of Acyy, , for use in a Country may be
found in its National Annex. The recommended value is
0 mm.

(7) Where stainless steel is used or where other
special measures have been taken, the minimum
cover may be reduced by Acy,, - For such situa-
tions the effects on all relevant material properties
should be considered, including bond.

Note: The value of Acgy, s for use in a Country may be
found in its National Annex. The recommended value,
without further specification, is 0 mm.

(8) For concrete with additional protection (e.g.
coating) the minimum cover may be reduced by

ACdur,add'

Note: The value of Acyyradq fOr use in a Country may be

found in its National Annex. The recommended value,

without further specification, is 0 mm.

(9) Where in-situ concrete is placed against other

concrete elements (precast or in-situ) the mini-

mum concrete cover of the reinforcement to the

interface may be reduced to a value correspon-

ding to the requirement for bond (see (3) above)

provided that:

— the strength class of concrete is at least
C25/30,

— the exposure time of the concrete surface to an
outdoor environment is short (< 28 days),

— the interface has been roughened.
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(10) insa He34yenneHoi HanpyxeHoi apmaTypu 3a-
XVUCHUI Wap NoBMHEH 3abesnevyBaTnCb 3rigHO 3
€BpONenNCbKUM TEXHIYHUM YXBaNEHHSIM.

(11) Ons HepiBHOI NoBepXxHi (Hanpvknag, BUCTYN-
Hi 3aNOBHIOBAYi) MiHIMANbHUI 3aXUCHWIA LLap He-
006XiaHO 36inblLUyBaTU LLIOHANMEHLLE Ha 5 MM.

(12) Konu nepenbayaetbcs MOXNMBICTb BNIIMBY
Ha GeToH XiMiYHOro arpecumBHOro cepenoBumLLa
abo 3amopoxyBaHHsi/BigTaBaHHA (knac XF i XA),
HeobXigHO npuainnTN ocobnuey yBary cknagy
beToHy (po3gin 6 EN 206-1). 3axucHun wap,
NPUAHATUI 3rigHO 3 4.4, SIK NpaBuo, OCTaTHIN Y
Takux BUNagkax.

(13) Mpwn cTupaHHi 6GeToHy ocobnuBy yBary He-
obxigHO mpuainuTM  nigbopy HanoBHKOBauIB
3rigHo 3 EN 206-1. 3a3Buyari peKoMeHOYyeTbCS
BUpILLYBaTW NUTaAHHA CTUPAHHS BETOHY LUNAXOM
30inbLUEeHH:A 3aXMCHOro Wapy (4oa4aTKoBUN Lap).
Y ubomy BMNagKy MiHIManbHUN 3aXWCHUIA LLap
Crmin HEODOXiAHO 36iNnblUyBaTV Ha k4 ANA Knacy Ha
ctupaHHsa XM1, k, ana XM2 i k3 ana XM3.
MpuwmiTtka. Knac ctupanHa XM1 o3Hayae nomipHe cTu-
paHHs, Hanpuknag, Ans eneMeHTiB Ha NPOMUCIIOBUX
MargaHuMKax i3 4acTo NpORKAXKaKYMM TPaHCNOPTOM
i3 HagyBHUMU WinHamu. Knac ctupaHHa XM2 o3Hadvae
iHTEHCMBHE CTUPAHHS, Hanpuknaza, Ans enemMeHTIiB Ha
NPOMMCOBUX MangaH4mMKax 3 4HacTo NPODKIKAYMMN
HaBaHTaXyBa4YamMu 3 LMHamu i3 UinbHOI rymun. Knac
ctnpanHHsa XM3 o3Havae ekcTpemMarnbHe CTUPaHHS, Ha-
npuknag, onsi efieMeHTIB Ha NPOMUCIIOBUX MangaHyn-
Kax i3 4acto MpoDK@Xal4YMMu HaBaHTaxyBadamu 3
LWMHaMM i3 kayyyky abo ctani abo ryCeHM4HOro TpaHc-
nopty. BenuunHu k4, ko i k3 MOXyTb BCTAHOBMIOBATUCh
01151 KOHKPETHOI KpaiHW y HalioHanbHOMY goaatky. Pe-
KOMEHAYIOTbCS 3HaYeHHs1 BignoBigHO 5 mm, 10 MM i
15 mm.

4.4.1.3 [Jonyck y npoekmi Ha 8i0XuUseHHs

(1)P Mpu BU3HaAYEHHI HOMIHANBHOrO 3aXMCHOrO
wapy C,om A0 MOro MiHiManbHOroO 3Ha4eHHs He-
obxigHO JodaTV [OOMycK Ha BIOXWUNEHHSA ACyq,.
HeoOxigHnii MiHIManbHWM 3axMCHWWA LWap He-
06xigHO 30iNbWKTN Ha abcontoTHe 3Ha4YEeHHS Ao-
NyCTMMOrO BiA'€MHOrO BiAXUMEHHS.

Mpumitka. BenuunHa Acge, MOXE BCTaHOBMIOBATUCH
011 KOHKPETHOI KpaiHW y HalioHanbHOMY goaatky. Pe-
KOomMeHOoBaHe 3HayeHHs — 10 M.

(2) Donyctumi BioxuneHHs gnst 6yaiBenb HagaHo
y ENV 13670-1. 3a3Bunyait, BOHW NPUNHATHI | ans
iHWKX TMniB cnopyA. Lli BennunHm HeobxigHo Bpa-
XOBYBaTU Mif Yac NPOEKTYBaHHA MPU BU3HAYEHHI
HOMIHaNbHOrO 3axMCHOro Lwapy. HomiHanbHa

(10) For unbonded tendons the cover should be
provided in accordance with the European Tech-
nical Approval.

(11) For uneven surfaces (e.g. exposed aggrega-
te) the minimum cover should be increased by at
least 5 mm.

(12) Where freeze/thaw or chemical attack on
concrete (Classes XF and XA) is expected spe-
cial attention should be given to the concrete
composition (see EN 206-1 Section 6). Cover in
accordance with 4.4 will normally be sufficient for
such situations.

(13) For concrete abrasion special attention
should be given on the aggregate according to
EN 206-1. Optionally concrete abrasion may be
allowed for by increasing the concrete cover
(sacrificial layer). In that case the minimum cover
Cmin Should be increased by k; for Abrasion Class
XM1, by k, for XM2 and by k5 for XM3.

Note: Abrasion Class XM1 means a moderate
abrasion like for members of industrial sites frequented
by vehicles with air tyres. Abrasion Class XM2 means a
heavy abrasion like for members of industrial sites
frequented by fork lifts with air or solid rubber tyres.
Abrasion Class XM3 means an extreme abrasion like
for members industrial sites frequented by fork lifts with
elastomer or steel tyres or track vehicles.

The values of ky, k; and k3 for use in a Country may be
found in its National Annex. The recommended values
are 5 mm, 10 mm and 15 mm.

4.4.1.3 Allowance in design for deviation

(1)P To calculate the nominal cover, ¢, an ad-
dition to the minimum cover shall be made in de-
sign to allow for the deviation (Ac,,). The
required minimum cover shall be increased by the
absolute value of the accepted negative devia-
tion.

Note: The value of Acge, for use in a Country may be

found in its National Annex. The recommended value is
10 mm.

(2) For Buildings, ENV 13670-1 gives the accep-
table deviation. This is normally also sufficient for
other types of structures. It should be considered
when choosing the value of nominal cover for
design. The nominal value of cover for design
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BENNYMHA 3aXUCHOrO Llapy NOBUHHA BUKOPUCTO-
BYBaTUCb NpuY po3paxyHKax i BkadyBaTUCh Y Kpec-
NIEHHAX, OKPiM BMNaAKiB, KOnuM OOrpyHTOBaHO
BUOGIp iHLWOT BENNYMHM 3aXMCHOTO LWapy (Hanpuk-
napg, MiHiManbHe 3Ha4YeHHs).

(3) B okpemunx Bnnagkax NpumnHATE BiOXWUIEHHS,
a, 3HaunTb, i ONYCK AC,, MOXE 3MEHLLYBaATUCh.
MpumiTKa. SMEHLUIEHHA ACge, ONA TAKUX BUNAAKIB MO-
e BCTaHOBOBATUCh AN KOHKPETHOI KpaiHM Y HaLio-

HanbHOMY OO4aTKYy. PeKOMeH,D,yPOTbCFI HaCTyﬂHi Benu-
YYHW:

— SKWO NPOLIEC BUFOTOBIIEHHS 34iMCHIOETLCSA 3a
cuctemoro  3abe3neyeHHa SAKOCTi, Yy  SKin
MOHITOPVHI BKITHOYA€E BUMipHOBaHHS 3aXUCHOTO
Lapy 6eTOoHy, TO AOMYCK AC 4, MOXE 3MEHLLY-
BaTUCb Yy MeXax:

10 MM > Ac g, = 5 MV

should be used in the calculations and stated on
the drawings, unless a value other than the
nominal cover is specified (e.g. minimum value).

(3) In certain situations, the accepted deviation
and hence allowance, Acg,,, may be reduced.

Note: The reduction in Acge, in such circumstances for
use in a Country may be found in its National Annex.
The recommended values are:

— where fabrication is subjected to a quality
assurance system, in which the monitoring
includes measurements of the concrete cover,
the allowance in design for deviation Ac,
may be reduced:

(4.3N)

10 mm > Acgy,, = 5 mm;

— SKWO AN MOHITOpUHry 3abesnevyetbcs 3a-
CTOCYBaHHSI BMMIpIOBaNbHUX Npunagis ayxe
BMCOKOI TOYHOCTI Ta Npu BUTOTOBIEHHI nepe-
BipPSIOTLCA BCi enemMeHTu (Hanpuknag, 306ipHi
€MNeMeHTH), MPOEKTHUI AONYCK AC 4., Ha BiOXV-
NEHHSA MOXe 3MEHLLYBaTUCh Y MeXax:

10 Mm > Acy,, = 0 MMm;

— where it can be assured that a very accurate
measurement device is used for monitoring
and non conforming members are rejected
(e.g. precast elements), the allowance in
design for deviation Ac,, may be reduced:

(4.3N)

10 mm > Acy,, = 0 mm;

(4) Mpu yknagaHHi 6eTOHY Ha HepiBHY NOBEPXHIO
MiHIManNbHUMN 3axMCHUI Wap Moxe 36inbLiyBa-
TUCb LUNSIXOM BCT@HOBMEHHS BinbLUOro npoekT-
HOro gonycky. 36inbLUeHHs1 MOBMHHO BignoBsigaTu
nepenagam BHacrigok HEPIBHOCTEW, arne MiHi-
ManbHUN 3aXUCHUIN LLap MOBUHEH OYyTW pPiBHUM,
LLloOHanMeHLle, k; MM Npu yknaaaHHi 6eToHy Ha
NigroToBeHy I'PYHTOBY OCHOBY (BKMoYaroumn be-
TOHHY MiArOTOBKY), i kK, MM — MpK yKnagaHHi 6eto-
Hy 6e3nocepeaHbO Ha rPyHT. 3axmucHun wap ans
apmaTypu npu Oyab-AKMX XapakTepucTUKax Mo-
BEPXHIi, TaKnX sk pudpneHe 03000neHHs abo BuC-
TYMHi 3anoBHIOBaYi, TaKOX MOBWHEH 30inbLuy-
BaTUCb 3 ypaxyBaHHAM HEPiBHOMIPHOCTI NOBEpPX-
Hi (4.4.1.2 (11)).

MpumiTtka. 3HayeHHs ki i ko MOXyTb BCTAHOBMNIOBATUCh
0N KOHKPETHOI KpaiHW y HalioHanbHOMY goaatky. Pe-
KOMeHAyTbecs BennynHn 40 mm Ta 75 MM BignosigHo.
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(4) For concrete cast against uneven surfaces,
the minimum cover should generally be increased
by allowing larger deviations in design. The in-
crease should comply with the difference caused
by the unevenness, but the minimum cover
should be at least k; mm for concrete cast against
prepared ground (including blinding) and k, mm
for concrete cast directly against soil. The cover to
the reinforcement for any surface feature, such as
ribbed finishes or exposed aggregate, should also
be increased to take account of the uneven
surface (see 4.4.1.2 (11)).

Note: The values of ki and k; for use in a Country may
be found in its National Annex. The recommended
values are 40 mm and 75 mm.
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5 KOHCTPYKTUBHWN PO3PAXYHOK

5.1 3aranbHi NONIOXeHHSA
5.1.1 3azanbHi sumoau

(1)P MeTot KOHCTPYKTUBHOIO pO3paxyHKy € BU3-
HaYeHHs1 pPo3noainy BHYTPILLIHIX CUM i MOMEHTIB
abo HanpyxeHb, gedopmalin i nepeMilleHb ang
BCi€i KOHCTpPYKLUii abo ii yacTMHu. 3a HeobxigHOC-
Ti, NOBUHEH BUKOHYBaTUCb 404AaTKOBUIN MiCLLEeBUI
pO3paxyHOK.

MpuwmiTtka. [nsa GinbLoCTi 3BUYanHMX BUNagkKis po3pa-
XyHOK Byaie BUKOPUCTOBYBaTUCH AN BUSHAYEHHS PO3-
noainy BHYTPILHIX Cu i MOMEHTIB, a KiHUeBa nepe-
Bipka abo feMOoHCTpaLis onopy nonepeyHnx nepepisis
I'PYHTYETbCA Ha Hacnigkax UMX BNNWBIB, O4HaK, ANd
NMeBHMX OCOBMMBMX €MEeMEHTIB MeToan pPo3paxyHKy
(Hanpuknag, MeTon CKIHYEHHNX eNEMEHTIB) AatoTb ne-
peBaXXHO HanpyXeHHs, gedopmadii i nepemilleHHs, a
He BHYTPILWHI cunn i MOMeHTU. [1nsa 3acTocyBaHHSA LnX
JaHuX | ofepXaHHs BIONOBIAHWMX pe3ynbTaTiB ne-
peBipku NOTPIGHO BUKOpPUCTATK creuianbHi MeToaw.
(2) MicueBi po3spaxyHkn HeobXifHi, konn ymoBa
npo MiHiNHMI po3nogin gedopmadin HEMNPUNHAT-
Ha, Hanpuknag:

— B OKOnuuAx onop,

— Y MiCUSX 30CepesKeHOro HaBaHTaXXeHHs,

— Yy By3nax 3'egHaHb KOJMOH i 6anok,

— Y 30Hax 3aaHKepyBaHHA,

— Y MiCU4X 3MiHM MONepeYHoro nepepisy.

(3) Mpu nnocko-napanenbHUX NONSAX HanpyXeHb
ONsi BUBHAYEHHS1 apMyBaHHSI MOX€e BUKOPUCTOBY-
BaTUCb CMPOLLEHMIA MeTOA,.

Mpumitka. CnpoLlleHnii MeToa HaBeaeHo y aoaaTky F.

(4)P Po3paxyHOK NOBUHEH BUKOHYBATUCh i3 BUKO-
pUcTaHHAM igeanisauii 9k reomeTpil, Tak i xapak-
Tepy poboTn KoHCTpyKLUil. BubpaHa igeanisauis
NMoBMHHA BIAMNOBIAATW XapakTepy 3ajadi, fka
PO3B'A3YETHLCS.

(5) Y po3paxyHKy NOBUHHI po3rnsgaTucbk reoMeT-

pisi i BNACTUBOCTI KOHCTPYKLii Ta xapakTep ii po-

©0TK Ha KOXHIN cTagii byaiBHMLTBA.

(6)P Y po3paxyHKy HeoDXxigHO BpaxoByBaTu BNANB

reomeTpii i BMacTUBOCTEN KOHCTPYKLIT Ha Xapak-

Tep il pobOTU Ha KOXHIN cTagii byaiBHMUTBA.

(7) BaranbHONpUHATOK igeanisalielo xapakre-

py po60TK, sika BUKOPUCTOBYETHLCS NPU pO3paxyH-

Ky, €:

— NIHIMHO-NPY>XHUI XapakTep poboTu (aus. 5.4);

— NIHINHO-NIPY>XHUI XapakTep poboTn 3 obmexe-
HUM nNepepo3noginom (ame. 5.5);

5 STRUCTURAL ANALYSIS

5.1 General
5.1.1 General requirements

(1)P The purpose of structural analysis is to
establish the distribution of either internal forces
and moments, or stresses, strains and displace-
ments, over the whole or part of a structure. Ad-
ditional local analysis shall be carried out where
necessary.

Note: In most normal cases analysis will be used to
establish the distribution of internal forces and mo-
ments, and the complete verification or demonstration
of resistance of cross sections is based on these action
effects; however, for certain particular elements, the
methods of analysis used (e.g. finite element analysis)
give stresses, strains and displacements rather than
internal forces and moments. Special methods are
required to use these results to obtain appropriate
verification.

(2) Local analyses may be necessary where the
assumption of linear strain distribution is not valid,
e.g.:

— in the vicinity of supports,

— local to concentrated loads,

— in beam-column intersections,

— in anchorage zones,

— at changes in cross section.

(3) For in-plane stress fields a simplified method
for determining reinforcement may be used.

Note: A simplified method is given in Annex F.

(4)P Analyses shall be carried out using ideali-
sations of both the geometry and the behaviour of
the structure. The idealisations selected shall be
appropriate to the problem being considered.

(5) The geometry and the properties of the struc-
ture and its behaviour at each stage of construc-
tion shall be considered in the design.

(6)P The effect of the geometry and properties of
the structure on its behaviour at each stage of
construction shall be considered in the design

(7) Common idealisations of the behaviour used
for analysis are:

— linear elastic behaviour (see 5.4);
— linear elastic behaviour with limited redistribu-
tion (see 5.5);
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— MNIAacTUYHWUI XapakTep poboTu (ams. 5.6), akuin
BKITHOYaE CTpUXKHEBY Moaens (auB. 5.6.4);
— HeniHinHMIA xapakTtep pobotu (auB. 5.7).

(8) Y byaiBnsAx BAMMBM NONEPEYHNX | OCbOBUX 3Y-
cunb Ha gedopmalito NiHIMHUX eNeMEHTIB i NnT
MOXYTb HE BpaxOBYyBaTUCb, AKLLO MOXHa nepea-
6aunTK, WO BOHN OyayTb CTAHOBUTU MEHLLIE HiXK
10% Big, 3ycunb, CNPUYMHEHNX 3TUHOM.

5.1.2 Oco6nuei sumozu 0ns pyHOameHmie

(1)P Akwo B3aemogisa "ocHoBa-cnopyna" cyTTeBo
BMMMBAaE Ha xapakTep Ain y cnopyai, To XxapakTe-
PUCTUKN I'PYHTIB | BNAMB B3aeMOAIT NOBMHHI Bpa-
xoByBaTtuch 3rigHo 3 EN 1997-1.

MpuwmiTtka. MNMoganblwa iHopmaLis CTOCOBHO po3pa-
XYHKY (OyHAaMeHTIB HernmboKoro 3aknagaHHs Haee-
neHa y pogatky G.

(2) MNpun npoekTtyBaHHi yHOAMEHTIB Ha npwu-
POLHIN OCHOBI Onsl NpPeAcTaBrieHHs B3aeMogil
"ocHOBa-crnopyaa" MoXyTb 3aCTOCOBYBaTMUCh Bif-
NoBigHI cnpoLeHi mogeni.

MpumiTka. 3asBuyai, AN OKPEMO PO3TaLUOBaHUX
dyHAaMEHTIB | NanboBMX POCTBEPKIB BNMBaMM1 B3ae-
Mogii "cnopyaa-ocHoBa" MOXHa 3HEXTyBaTW.

(3) Ans po3paxyHKy Hecy4oi 30aTHOCTI OKpPEMUX
nanb Npy BU3HAYEHHI BNAMBIB HEOOXiAHO Bpaxo-
ByBaTM B3aEMOfil0 MK MansiMm, pPOCTBEPKOM i
'PYHTOM OCHOBM.

(4) Axkwo nani po3TalloBaHO y AeKinbka psagis,
BNIMB Ha KOXHY Marnto HeobXigHO BM3HaYaTu Ye-
pes3 aHani3 B3aeMogii Mk HUMMU.

(5) Lito B3aemogito MoXxHa He BpaxoByBaTH, AKLLO
BiACTaHb Y YMCTOTi MiXX nanamu y aea i GinbLue
pasiB nepesuLLye aiameTp nani.

5.1.3 Bunadku HagaHMaeHb i crosly4eHb

(1)P (1)P TMpwn aHanisi cnonyyeHb HaBaHTaXeHb
(po3gmin 6 EN 1990), noBuHHI po3rnggaTuch Bia-
NnoBiAgHI BUNAgKN 3 METOK BU3HAYEHHS BCiX ne-
pepi3iB KOHCTPYKUii abo ii YacTuH, oe MOoXnvBe
BUHUKHEHHS KPUTUYHUX PO3PaxyHKOBUX YMOB.
MpumiTtka. AKLLIO Y KOHKPETHIN KpaiHi HEOOXiAHO BUKO-
PUCTOBYBATW CMPOLLEHHSI CTOCOBHO KiNIbKOCTI Ta Kna-
cudikauii HaBaHTaXXeHb, HAa4aETbCA NMOCUNAHHS Ha i
HauioHanbHun gogaTok. [Anga 6yaisenb pekoMeHayeTb-
CS1 HacTynHa cnpoLlleHa Krnacuaikalis HaBaHTaXeHb:
(@) 3HaKO3MiHHI MPONLOTU HECYTb PO3PaxyHKOBE 3MiHHE Ta
NOCTiNHEe HaBaHTaXeHHs (Yo Qk + y6'Gk + Pry), iHWI Npo-
NbOTU HECYTb TiNbKM PO3paxyHKOBE NOCTiiHe HaBaHTa-
XKeHHSA Y- Gy + Py, i
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— plastic behaviour (see 5.6), including strut and
tie models (see 5.6.4);
— non-linear behaviour (see 5.7).

(8) In buildings, the effects of shear and axial
forces on the deformations of linear elements and
slabs may be ignored where these are likely to be
less than 10% of those due to bending.

5.1.2 Special requirements for foundations

(1)P Where ground-structure interaction has
significant influence on the action effects in the
structure, the properties of the soil and the effects
of the interaction shall be taken into account in
accordance with EN 1997-1.

Note: For more information concerning the analysis of
shallow foundations see Annex G.

(2) For the design of spread foundations, appro-
priately simplified models for the description of the
soil-structure interaction may be used.

Note: For simple pad footings and pile caps the effects
of soil-structure interaction may usually be ignored.

(3) For the strength design of individual piles the
actions should be determined taking into account
the interaction between the piles, the pile cap and
the supporting soil.

(4) Where the piles are located in several rows,
the action on each pile should be evaluated by
considering the interaction between the piles.

(5) This interaction may be ignored when the clear
distance between the piles is greater than two
times the pile diameter.

5.1.3 Load cases and combinations

(1)P In considering the combinations of actions,
see EN 1990 Section 6, the relevant cases shall
be considered to enable the critical design con-
ditions to be established at all sections, within the
structure or part of the structure considered.
Note: Where a simplification in the number of load
arrangements for use in a Country is required, referen-
ce is made to its National Annex. The following simp-
lified load arrangements are recommended for
buildings:

(a) alternate spans carrying the design variable and
permanent load (yoQ« + veGk + Pm), other spans
carrying only the design permanent load ys- G, + Py, and


arymarenko
Прямоугольник


(b) 6yob-aKki ABa npunernux NporibOTU HECYTb po3pa-
XYHKOBE 3MiHHE Ta MOCTiiHE HaBaHTaXeHHs (yoQx +
Y6'Gk + Pyy). BCi iHLWI NpOnbOTU HECYTh TiNbKX pO3paxyH-
KOBe MOCTiNHe HaBaHTaXeHHs Ys Gk + Pp,.

5.1.4 Bnnueu O0py2020 nopsiOKy

(1)P Bnnuswu gpyroro nopsiaky (po3gin 1 EN 1990)
MOBUHHI BpaxoByBaTUCh, SIKLLO nepeadavaerbes,
LLIO BOHM MOXYTb CYTTEBO BMNIMHYTK Ha 3ararnbHy
CTINKICTb KOHCTPYKLi i HA JOCATHEHHSA rpaHNYHO-
ro CTaHy y KpUTUYHUX nepepisax.

(2) Bnnuem apyroro nopsifiky NoBMHHI BpaxoByBa-
TUCb 3rigHo 3 5.8.

(3) Onsa 6ypisens BNAvBamMu Apyroro NopsigKy Hu-
XYe MEeBHUX MPaHUYHUX 3HAYEHb MOXHA 3HEXTY-
Batu (ouB. 5.8.2 (6)).

5.2 NleoMeTpPUYHi HETOYHOCTI

(1)P Hecnpuatnuei BNAMBKM Bid MOXITMBUX BigXu-
neHb Yy reoMeTpii KOHCTPYKLUii Ta po3TallyBaHHI
HaBaHTaXXeHb MOBUHHI BpaxoByBaTUCb NpU po3-
paxyHKy enemMeHTIB i KOHCTPYKLLIN.

MpumiTka. BioxuneHHs y posmipax nonepeyvHmx nepe-
pi3iB, 3a3BU4an, BpaxoBYTbCA KoedilieHTaMu Hagin-
HOCTi 3a MaTepianamu. Ix gogaTkoBO He MOTPIGHO
BKINIOYATU Y KOHCTPYKTUBHUI po3paxyHok. MiHimanbs-
HUIA eKCLeHTPUCUTET ANA po3paxyHKy NonepeyHoro
nepepisy HaBegeHo y 6.1 (4).

(2)P HeTouHOCTi MOBWHHI BpaxoByBaTUCb AN
rPaHNYHMX CTaHIiB NpW AOBroTpmBanux i aBapin-
HUX pO3paxyHKOBUX BUMaLKax.

(3) HeTouHoCTi HEOOXIAHO BpaxoByBaTy A51s rpa-
HWUYHUX CTaHIB 3a NPUOATHICTIO 40 eKcnnyaTauil.

(4) HmxyeHaBeneHi NONOXeHHs1 3aCTOCOBYHOTHCS
AN LeHTpanbHO CTUCHYTUX eSfIEMEHTIB i KOHCT-
PYKUi Npy BEPTUKANbHOMY HaBaHTaXXeHHi nepe-
BaXHO Yy 6OyaiBnax. Yucnosi 3HayeHHsA BigHO-
CATbCA [0 3BMYAWHMX BiAXUNEHb Mpu 3BEAEHHI
(knac 1 3a ENV 13670). Npyn BUKOPUCTaHHI iHWNX
BiOXMINEHb (Hanpuknag, knac 2), 3HayeHHs no-
BWHHI YTOYHIOBATUCh BiAMOBIAHMM YMHOM.

(5) HeTo4HOCTI MOXYTb BUpaxXaTuUCb Yepes Haxun
04, BUPaXKEHWUI SAK:

04=
ae:
0y — 6a3oBe 3HaYeHHs;

o, — NOHVDKYIOYMIA KoeilieHT Ans [OBXMHM abo
BUCOTU: oL py :2/\/27;2/3 <op <7

(b) any two adjacent spans carrying the design variable
and permanent loads (yqo Qx + ye-Gk + Pm). All other spans
carrying only the design permanent load ye-Gx + Pp,.

5.1.4 Second order effects

(1)P Second order effects (see EN 1990 Section 1)
shall be taken into account where they are likely to
affect the overall stability of a structure significant-
ly and for the attainment of the ultimate limit state
at critical sections.

(2) Second order effects should be taken into
account according to 5.8.

(3) For buildings, second order effects below cer-
tain limits may be ignored (see 5.8.2 (6)).

5.2 Geometric imperfections

(1)P The unfavourable effects of possible devia-
tions in the geometry of the structure and the
position of loads shall be taken into account in the
analysis of members and structures.

Note: Deviations in cross section dimensions are nor-
mally taken into account in the material safety factors.
These should not be included in structural analysis. A
minimum eccentricity for cross section design is given
in 6.1 (4).

(2)P Imperfections shall be taken into account in
ultimate limit states in persistent and accidental
design situations.

(3) Imperfections need not be considered for
serviceability limit states.

(4) The following provisions apply for members
with axial compression and structures with verti-
cal load, mainly in buildings. Numerical values are
related to normal execution deviations (Class 1 in
ENV 13670). With the use of other deviations
(e.g. Class 2), values should be adjusted accor-

dingly.

(5) Imperfections may be represented by an incli-
nation, 04, given by:

000 ho (5.1)

where
0p — is the basic value:

oy, — is the reduction factor for length or height:
op =2/20;2/3<ay <1
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0O, — MOHWXKYHOUNIA KOEMILIEHT OIS KiNbKOCTI ene-
MEHTIB: o, = ,/0,5(1 +1/m);

1 — poBxuHa abo BucoTa, M, (aus. (4)

m — KinbKiCTb BEPTUKaNbHUX €NeMEHTIB, Lo dop-

MYIOTb CyMapHe 3Ha4YeHHSs!.

Mpumitka. BennunHa 6y 4Ns KOHKPETHOT KpaiHn Moxe

BCTAHOBINIOBATUCb Y HaLioHanbHOMYy gogatky. Peko-

MeHO0BaHO 3Ha4deHHs 1/200.

(6) Y Bupasi (5.1) 3HadyeHHA | i m 3anexaTb BiA

BMMMBY, LLO PO3rNAgaeTbCs, i ANs AKOro BUPI3HA-

FOTb TPM OCHOBHUX Kracu (pucyHok 5.1):

— BMIMB Ha OKpPeMUN erieMeHT: | = (pakTUYHIn
JOBXWHi enemeHTa, m = 1;

— BNUWB Ha cuctemy B'A3en: [ = BucoTi Byaisni,
m = KiNbKOCTi BepTUKaNbHUX €NEMEHTIB, Lo
nepenatoTb ropn3oHTarbHi 3yCunns Ha cucte-
My B'Ai3en;

— BB Ha OUCKN NEPEKPUTTIB Ta NOKPUTTIB, SAKi
PO3MNOAINsTb FTOPU3OHTarNbHI HABaHTaXEHHS:
I = BMCOTI NOBEPXY, M = KifbKOCTi BepTuKarb-
HUX enemeHTiB y noBepci (moBepxax), Lo
OopMYOTb CyMapHe 3HaYeHHsi ropuU3oHTaslb-
HOT CMIM Ha NEePEeKpPUTTS.

(7) Ana okpemux enemenTiB (gus. 5.8.1) BnnmBe
HEeTOYHOCTEN MOXe BpaxoByBaTWUCb ABOMa arb-
TepHaTVBHMMMK cnocobamu a) abo b):

a) — 5K NEBHUIA EKCLEeHTPUCUTET €, BMpa)KeHI/IIZ yepeas:

o, — is the reduction factor for number of mem-

bers: oy, =,/0,5(1+1/m);

I —is the length or height [m], see (4)

m — is the number of vertical members contribu-
ting to the total effect.
Note: The value of 6, for use in a Country may be found

in its National Annex. The recommended value is
1/200.

(6) In Expression (5.1), the definition of [ and m

depends on the effect considered, for which three main

cases can be distinguished (see also Figure 5.1):

— Effect on isolated member: [ = actual length of
member, m = 1;

— Effect on bracing system: I = height of building,
m = number of vertical members contributing
to the horizontal force on the bracing system;

— Effect on floor or roof diaphragms distributing
the horizontal loads: I = storey height, m =
number of vertical elements in the storey(s)
contributing to the total horizontal force on the
floor.

(7) For isolated members (see 5.8.1), the effect of
imperfections may be taken into account in two
alternative ways a) or b):

a) as an eccentricity, e;, given by

e; 29,'10/2, (52)

Ae ly — pakTnyHa nosxuHa, ame. 5.8.3.2.

[nsa cTiH | OKpeMmnx KOMOH, PO3KPINneHnx cucte-
MOIO B'sI3€l 3 METOIO CMPOLUEHHS, 3aBXAMN MOXe
BUKOpUcToByBaTtuch €; = [y/400, wo Bignosinae
o, =1.

b) — Ak nesHa nonepeyHa cuna H; postalosaHa
Tak, Wob BUKNMKATLN MakCcMMarnbHUA MOMEHT:

ONS He PO3KpINfeHoro B'a3dAMn enemeHTa (pucy-
Hok 5.1 a1):

where [ — is the effective length, see 5.8.3.2.

For walls and isolated columns in braced sys-
tems, e; = 1,/400 may always be used as a simp-
lification, corresponding to a, = 1.

b) as a transverse force, H,, in the position that
gives maximum moment:

for unbraced members (see Figure 5.1 a1):

H,' :9,-N; (538)

O pO3KpinneHoro B'a3amu enemeHTta (pucy-
Hok 5.1 a2):

H;
ne N — ocboBe HaBaHTa)KEHHS.
MpumiTtka. EkcueHTpucUTeT NigXoanTb Ans CTaTUYHO
BM3HAYEHMX eNeMeHTIB, ToAi SK NornepeyYyHe HaBaHTa-
KEHHS MOXe BWKOPWUCTOBYBaTWUCb SIK AN CTATUYHO
BU3HAYEHUX, TaK i HEBU3HA4YeHUX enemeHTiB. Cuna H;

MOXe PO3AINSATUCH Ha AeKinbKa ekBiBaneHTHUX norne-
pPEeYHMX BMINBIB.
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for braced members (see Figure 5.1 a2):

=20,N, (5.3b)

where N is the axial load.

Note: Eccentricity is suitable for statically determinate
members, whereas transverse load can be used for
both determinate and indeterminate members. The
force H; may be substituted by some other equivalent
transverse action.
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(8) ina cnopya BNMB Haxusy 6; MOXe BUpaxa- (8) For structures, the effect of the inclination ;

TUCb Yepes NonepeYHi CUnu, siki BpaxoByHTbCS Y may be represented by transverse forces, to be
pO3paxyHKy pa3oM 3 iHLIMMUK BMVBaMMU. included in the analysis together with other actions.
Bnnue Ha B'a3eBy cuctemy (pucyHok 5.1 b): Effect on bracing system, (see Figure 5.1 b):
H; :e,-(Nb—Na). (5.4)
Bnnve Ha anck nepekputTta (pucyHok 5.1 ¢1): Effect on floor diaphragm, (see Figure 5.1 ¢1):
H; =6,-(Nb +Na)/2. (5.5)
Bnnue Ha gnck NokpuTTS (pUCyHOK 5.1 ¢2): Effect on roof diaphragm, (see Figure 5.1 c2):
H =0,N, , (5.6)
ne N, i Ny — cknaposi cunu H; BAOBX OCi. where N, and N, are longitudinal forces contri-
buting to H,.
e
N N
Ho ¥ Y
o -1
I=h!2 < | 1=1
i
7777 — s -
al) Hepo3kpinneHun a2) poskpinneHui
Unbraced Braced

a — OKpeMi eNnieMeHTN 3 eKCLEHTPUCUTETOM OCbOBOI CUM ab0 rOpU30OHTasNIbHOK CUSIO
Isolated members with eccentric axial force or lateral force

/
; Y
IS
b) B'aseBa cuctema c1) anck nepekpuTTa C2) OWCK NOKpUTTH
Bracing system Floor diaphragm Roof diaphragm

PucyHok 5.1 — lNpuknaav BNnuBy reOMeTpUYHUX HETOYHOCTEN
Figure 5.1 — Examples of the effect of geometric imperfections

67


arymarenko
Прямоугольник


(9) nsa cTiH | OKPEMMX KONMOH, PO3KPINMEHNX CUC-
TEMOHK B'A3€l, Yy SKOCTi anbTepHaTMBHOIO Cnpo-
LLEHHST MOXe BMKOPWUCTOBYBATUCh EKCLIEHTPUCU-
TeT e; = Iy /400, AKni OXONOE HETOYHOCTI, NOB'A-
3aHi i3 BiOXMNEHHAMU, WO BUHUKAOTL NPU HOp-
MarnbHOMY 3BeAeHHi (amB. 5.2(4)).

5.3 laeanisauis cnopyau

5.3.1 KoncmpykmueHi modeni Onsi 3a2anbHO-
20 po3paxyHKy

(1)P EnemeHTn cnopyau knacudikytoTbCca LWNsA-
XOM po3rnsagy ix xapakrepy i QyHKLiOHYBaHHS SIK
Garnku, KONMoHW, NANTK, CTIHW, NaHeni, apkn, o6o-
NoHKN Towo. MpaBuna oxonnioTb PO3paxyHoK
UMX XapakTepHUX enemeHTiB Ta cnopyg, Lwo
CchopMOBaHi CyKyMnHIiCTHO TaKMUX EfIEMEHTIB.

(2) Ons 6yaiBenb 3acCTOCOBYIOTLCHA HUXYeHaBe-
AeHi nonoxerHs (3)...(7):

(3) Banka — ue enemeHT, y IKOro NPoniT He MeH-
e HXK Y 3 pa3u nepeBuLLye 3aranbHy BUCOTY ne-
pepidy. B iHWoOMy pasi BoHa NMOBMHHA po3rngaa-
TUCb SIK Banka-cTiHKa.

(4) Mnuta — ue enemeHT, y SKOro MiHiMansHUn
PO3Mip CTOPOHM HE MeHLLE HiX Yy 5 pasiB nepesu-
LUye 3aranbHy TOBLUUHY MAUTK.

(5) NnuTa, Ha 9Ky NnpuKNageHo nepeBaxHO PiBHO-

MipHO PO3MOAINEHi HABaHTAXEHHS, MOXe pPo3rns-

JatmMcb AK Taka, WO npautoe 3a 6GanoyHoro

CXEeMOI0, AKLLO:

— BOHa Mae ABi BinbHi (He obnepTi) Ta npakTny-
HO napanensHi rpaHi abo

— BOHa € LEHTpanbHOI YacTUHOK MPaKTUYHO
NPAMOKYTHOI MAnTK, 0BNepToi Mo YOTMPbOX
rpaHsax npu crniBBiAHOLLEHHi JOBLLIOro Nposbo-
Ty A0 KOpOTLIOro GinbLue 2.

(6) PebpucTi abo KeCOHHI NAUTK He NOTPIGHO po3-

rs4aTy SK AUCKPETHI enemeHTu ang notpeb pos-

paxyHKy, $Kwo 3abe3neyyeTbcs YyMoOBa, LWO
nonuusi abo BEpPXHsi YacTMHA KOHCTPYKLUIi Ta no-
nepeyHi pebpa mMarTb HeODOXiAHY XXOPCTKICTb Ha

KpyyeHHsi. Lle moxHa npuiiHATY 32 yMOBY, LLO:

— Kpok pebep He nepesuye 1500 mm,

— BucoTa pebep nig nonuuelo He NepeBuLLyE y
4 pasu ix WUpUHy,

— TOBLIMHA NONULi LIOHANMEHLUIEe CTaHOBUTb
1/10 BigcTaHi y unctoTi Mk pebpamu abo
50 mm, sike i3 3Ha4YeHb BinbLue,

— nonepeyHi pebpa nepepbaveHi i3 Kpokom y
4YUCTOTi, WO He nepeBULLye OBinblue HiK Yy
10 pasiB 3aranbHy TOBLUUHY NAUTU.
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(9) As a simplified alternative for walls and isola-
ted columns in braced systems, an eccentricity
e; = I /400 may be used to cover imperfections
related to normal execution deviations (see
5.2(4)).

5.3 Idealisation of the structure
5.3.1 Structural models for overall analysis

(1)P The elements of a structure are classified, by
consideration of their nature and function, as
beams, columns, slabs, walls, plates, arches,
shells etc. Rules are provided for the analysis of
the commoner of these elements and of structu-
res consisting of combinations of these elements.

(2) For buildings the following provisions (3) to (7)
are applicable:

(3) A beam is a member for which the span is not
less than 3 times the overall section depth. Other-
wise it should be considered as a deep beam.

(4) A slab is a member for which the minimum pa-
nel dimension is not less than 5 times the overall
slab thickness.

(5) A slab subjected to dominantly uniformly dist-
ributed loads may be considered to be one way
spanning if either:

— it possesses two free (unsupported) and
sensibly parallel edges, or

— it is the central part of a sensibly rectangular
slab supported on four edges with a ratio of the
longer to shorter span greater than 2.

(6) Ribbed or waffle slabs need not be treated as
discrete elements for the purposes of analysis,
provided that the flange or structural topping and
transverse ribs have sufficient torsional stiffness.
This may be assumed provided that:

— the rib spacing does not exceed 1500 mm,

— the depth of the rib below the flange does not
exceed 4 times its width,

— the depth of the flange is at least 1/10 of the

clear distance between ribs or 50 mm,

whichever is the greater,

transverse ribs are provided at a clear spacing

not exceeding 10 times the overall depth of the

slab.


arymarenko
Прямоугольник


MiHimanbHa ToBWMHA NAuTK 50 MM MoOXe ByTuh
3MeHLeHa 0o 40 MM, sKLWo Mk pebpamun posTa-
LLOBaHO cTani Mmoayni (ctana CTpykTypa).

(7) KonoHa — Le enemeHT, y SIKOro BUcoTa nepe-
pi3y He nepeBuLLye LUMPUHY BinbLue HixX Y 4 pasu,
BUCOTa efnieMeHTa WoHarnMeHLwe y 3 pasu BUCOTY
nepepisy. Y iHWoMy pasi, BOHa NOBUHHA PO3rns-
JaTucb SK CTiHa.

5.3.2 N'eomempuy4Hi 0aHi

5.3.2.1 Poboya wupuHa nonuyb (0r19 8cix gpa-
HUYHUX cmaHis)

(1)P Y TaBpoBux bankax pobo4a WmpuHa nonumLi,
Ha SKi1 MOXXHa JONYCTUTU PIBHOMIPHUI po3nogin
Hanpy>xeHb, 3anexuTb Bif PO3MIpiB CTiHKM i no-
nvui, BUAy HaBaHTaXeHHs, NpornbOTY, YMOB 00-
nMpaHHg Ta nonepeyHol apmatypu.

(2) Poboua wmpurHa nonuui NOBUHHA I'PYyHTYBa-
TUCb Ha BIACTaHi [y MK TOYKaMWU HyNbOBOro Mo-
MEHTY, SIKi MOXHa B3ATU 3 pUCYyHKa 5.2.
Mpumitka. JoBxuMHa KoHconi I3 noBMHHA OyTM MeH-
LLIOKO HiX MOMOBUHA NPUNErnoro nponeoTy, a ChiBBia-
HOLUEHHSA MpunernMx MnponboTiB MOBUHHO OyTu vy
Mexax mix 2/3 i 1,5.

The minimum flange thickness of 50 mm may be
reduced to 40 mm where permanent blocks are
incorporated between the ribs.

(7) A column is a member for which the section
depth does not exceed 4 times its width and the
height is at least 3 times the section depth. Other-
wise it should be considered as a wall.

5.3.2 Geometric data
5.3.2.1 Effective width of flanges (all limit states)

(1)P In T beams the effective flange width, over
which uniform conditions of stress can be assu-
med, depends on the web and flange dimensions,
the type of loading, the span, the support condi-
tions and the transverse reinforcement.

(2) The effective width of flange should be based
on the distance I, between points of zero moment,
which may be obtained from Figure 5.2.

Note: The length of the cantilever, I3, should be less

than half the adjacent span and the ratio of adjacent
spans should lie between 2/3 and 1,5.

P A
=085/ 0,1 (/, +12 =0,7k o =015 Fk+h
) S T ) A .
r T i

PucyHok 5.2 — BusHaueHHs Iy Anst po3paxyHKy poboyoi LMpmnHU nonuui
Figure 5.2 — Definition of Iy, for calculation of effective flange width

(3) Poboua wupuHa nonuui b ans TaBposoi abo
L — nopibHoT 6anku moxe BM3HaYaTUCh, SAK:

(3) The effective flange width b, fora T beamor L
beam may be derived as:

befr =Zbefrj +by <b, (5.7)
ae: where:
besr i =0,2b; +0,11g < 0,21y (5.7a)
i and
beff i < bj (5.7b)

(pucyHkm 5.2i 5.3).

(4) Ona KOHCTPYKTUBHOIO pO3paxyHKy, SKLIO He
BMMaraeTbCsl BUCOKOT TOYHOCTI, MOXXHA MPUMHATH
NOCTIMHY LUMPWHY BAOBX YCbOro nponboty. He-
00XigHO NPUINMAaTK 3HAYEHHS, sike NPUNHATHE A0
NPONbOTHOrO NOMNEPEYHOro Nepepiay.

(for the notations see Figures 5.2 above and 5.3
below).

(4) For structural analysis, where a great accura-
cy is not required, a constant width may be assu-
med over the whole span. The value applicable to
the span section should be adopted.
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PucyHok 5.3 — Xapaktepuctuku pobo4oi LUMPUHM Nonuui

Figure 5.3 — Effective flange width parameters

5.3.2.2 Pobouyuti nponim 6anok i nnum y 6ydiernisix

Mpumitka. HwxyeHaBedeHi MONMOXEHHS HadalTbCHA
nepeBaxHO AN po3paxyHKy enemeHTiB. Jeski i3 unx
CMpoLLEeHb, Y pasi iX MPUAATHOCTI, MOXYTb 3aCTOCOBY-
BaTUCb A1 PO3paxyHKy paMm.

(1) Pobounn nponit enemeHTa ly; NOBUHEH 06-
YMCcnoBaTUCh Tak:

leff =1, +aq+as,

ne:
1, — BiACTaHb Y YMCTOTI MK rpaHAMU Orop;

BENNYMHN a4 | @, Ha KOXHOMY 3 KiHL|iB NponboTy
MOXYTb BM3Ha4YaTUCb 3a BiAMOBIAHMMW 3HAYEH-
HAMW a; Ha PUCYHKY 5.4, e t — luinpuHa enemeHTa
obnupaHHs.

(2) HepoaspisHi nnutun i 6ankm MOXyTb, 3a3Buyan,
po3paxoByBaTUCh 3a YMOBMW, LLIO ONOpU He 3abes-
MeyytoTb HiSIKOro onopy noBopoTY.

(3) Akwo 6anka abo nnMTa € MOHOMITHOHO 3 Ti oMo-
pamMu, KPUTUYHWUIA PO3PaxyHKOBUA MOMEHT Ha
onopi NOBWHEH OOpPIBHIOBATU TOMY, LLUO Ai€ Ha
rpaHi onopu. Po3paxyHKOBUA MOMEHT i peakuis,
WO nepenaeTbCs Ha enemMeHT obnupaHHsa (Ha-
npuknag, KonoHy, CTiHy TOLLO), MOBWUHHI, SK npa-
BWMO, NPUAMATUCL siK BinbLue i3 npyxHoro abo
NnepeposnoAifieHOro 3Ha4YeHHs.

Mpumitka. MOMEHT Ha rpaHi onopu NOBUHEH BYTU He

MeHLMM Hix 0,65 Big MOMEHTY, LLO BUHUKAE NPU XO-
PCTKOMY 3aLleMIIEHHI.
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5.3.2.2 Effective span of beams and slabs in buil-
dings
Note: The following provisions are provided mainly for

member analysis. For frame analysis some of these
simplifications may be used where appropriate.

(1) The effective span, I, of a member should be
calculated as follows:

(5.8)
where

1, —is the clear distance between the faces of the
supports;

values for a; and a,, at each end of the span, may
be determined from the appropriate a; values in
Figure 5.4, where t is the width of the supporting
element as shown.

(2) Continuous slabs and beams may generally
be analysed on the assumption that the supports
provide no rotational restraint.

(3) Where a beam or slab is monolithic with its
supports, the critical design moment at the sup-
port should be taken as that at the face of the
support. The design moment and reaction trans-
ferred to the supporting element (e.g. column,
wall, etc.) should be generally taken as the
greater of the elastic or redistributed values.

Note: The moment at the face of the support should not
be less than 0,65 that of the full fixed end moment.
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T
a,= min{1/2h; 1/2t
L

//

a — po3pi3HNI eNeMeHT
Non-continuous members

AV

a;=min{1/2h; 1/2t}

'*-'i_ s

C — OMopw, LLIO PO3IMAAATLCA AK 3alleMIeHHSs

Supports considered fully restrained

— 77
a;=min{1/2h; 1/2t}

S * S
t

b — Hepo3pi3HUI enemeHT
Continuous members

d — 3abe3neyeHHs obnrpaHHs
Bearing provided

—

a.'= min {1/2h; 1.2t}

Iy

les

€ — KOHCOIb
Cantilever

PucyHok 5.4 — Po6o4unin NponiT lgg ANS Pi3HNUX YMOB 0BNMPaHHS
Figure 5.4 — Effective span I for different support conditions

(4) Axkwo 6anka abo NnNnTa € HEPO3PI3HOH | MOX-
Ha BBaxaTu, WO OMNOpW He pPO3KpIiNMeHi Big
Oyab-sIKOro NOBOPOTY (Hanpuknag, NoBepx CTiH),
TO BMKOPUCTOBYETbLCS HE3aMNEXHWI MeTo po3pa-
XYHKY, 3@ SKOr0 pO3paxyHKOBWUIA OMOPHWIA MO-
MEHT, 06YMCNeHNN ANS NPOMbOTY, WO OOPIBHIOE
BiACTaHi MiX LleHTpamMu onop, MoXe 3MeHLlyBa-
TWUCb Ha BENUYMHY AMg,,, BUSHa4YeHy 3a BUpasom:

(4) Regardless of the method of analysis used,
where a beam or slab is continuous over a sup-
port which may be considered to provide no
restraint to rotation (e.g. over walls), the design
support moment, calculated on the basis of a
span equal to the centre-to-centre distance bet-
ween supports, may be reduced by an amount

AME,4 as follows:
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AMgqy = Feg supt /8, (5.9)

ae:
FEq,sup — PO3paxyHKoBa onopHa peakLisi;
t — wnpwuHa onopwu (pucyHok 5.4 b)).

MpumiTtka. MNpu 3acTocyBaHHi OMNOPHUX NIALUNMHMKIB
3a t cnig npurMMaT WUpKUHY NigWnnHuKa.

5.4 JliHiNHO-NPY>XHUI pO3paxyHOK

(1) NiHiMHWUA po3paxyHOK €NeMEHTIB Ha OCHOBI
Teopil NPYXHOCTI MOXe 3acTocoByBaTUCb AnNs
rpaHMYHMUX CTaHiB 3a NpuaaTHICTIO OO eKkcnnya-
Tauil Ta 3a HECYYOI0 30aTHICTHO | CTIRKICTIO.

(2) Onga BM3Ha4YeHHS BMAMBY HaBaHTaXeHb NiHin-
HW PO3paxyHOK MOXe BUKOHYBaTKCb 38 YMOB:
(i) BiOCYTHOCTI TPILWUH y Nepepisax,

(i) niHinHOI 3anexHocTi "HanpyXeHHsi-gedop-
mMauii" Ta

(iii) cepeaHbOi BENMYMHM MOAYNS NPY>KHOCTI.

(3) Ona TemnepatypHoi aedopmadii, ocigaHHs i
BMMAMBY yCaakun Npu rpaHUYHOMY CTaHi 3a Hecy-
Yoo 3gaTHicTHo i cTinkicTio (ULS) moxHa npunma-
TU 3HWKEHY XOPCTKICTb, WO Bignosigae nepepisy
3 TpiLMHAMK, HEXTYIOUM KOPCTKICTIO HA pPO3TSr,
arne BpaxoByl4M BNAMB NOB3y4oCTi. [1pu rpaHny-
HOMY CTaHi 3a NpuAaaTHICTIO A0 ekcnnyaTauii
(SLS) HeobxigHO po3rnsigaT NOCTYNOBUN PO3BK-
TOK TPILLVH.

5.5 JliHinHO-NPY>XHUI PO3pPaxyHOK 3
obmexeHUM nepepo3noninom

(1)P Bnnue 6yab-sikoro nepeposnoaisly MOMEHTIB
Ha BCi acnekTn po3paxyHKy NOBMHEH BpaxoBYyBa-
TUC.

(2) NiHinHWMA po3paxyHOK 3 OOMEXEHUM Mnepepos-
MOAISIOM MOXe 3aCTOCOBYBATUCh ONA aHarnidy Ko-
HCTPYKTUBHUX eNeMEHTIB Npu nepesipLi rpaHnYHmX
CTaHiB 3a HeCy4oto 3aaTHicTto i cTinkicTio (ULS).

(3) MomeHTU, BM3Ha4eHi Npy MiHIRHO-NPY>XHOMY
po3paxyHKy Ha rpaHuyHi ctanu | rpynn, MOXyTb
nepepo3noinaTUCh 3a YMOBM, LUO Pe3ynbTylo-
YMM Nepeposnonin MoMeHTiB byae y piBHOBasi 3
npuKnageHNMmn HaBaHTaXKEeHHSMMU.

(4) Y Hepo3spisHMx BGankax i nnuTax, gki:
a) NepeBaXkHO 3a3HatoTb 3rUHY, i

b) matoTb CniBBIAHOLLIEHHSA NPUMErnMX NPONnbOTIB
y AianasoHi 0,5...2, nepepo3nodin 3ruHanbHUX
MOMEHTIB MOXe 3[ilicHloBaTUCh ©e3 geTtanbHoi
NnepeBipKM Ha rPaHNYHKIA KyT NOBOPOTY Nnepepisy
npuv 3abe3nevYeHHi HaCTyNHUX YMOB:
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where:
FEd,sup — is the design support reaction;
t—is the breadth of the support (see Figure 5.4 b)).

Note: Where support bearings are used t should be
taken as the bearing width.

5.4 Linear elastic analysis

(1) Linear analysis of elements based on the
theory of elasticity may be used for both the
serviceability and ultimate limit states.

(2) For the determination of the action effects,
linear analysis may be carried out assuming:

i) uncracked cross sections,
ii) linear stress-strain relationships and

iii) mean value of the modulus of elasticity.

(3) For thermal deformation, settlement and shrin-
kage effects at the ultimate limit state (ULS), a
reduced stiffness corresponding to the cracked
sections, neglecting tension stiffening but inclu-
ding the effects of creep, may be assumed. For
the serviceability limit state (SLS) a gradual evolu-
tion of cracking should be considered.

5.5 Linear elastic analysis with limited
redistribution

(1)P The influence of any redistribution of the
moments on all aspects of the design shall be
considered.

(2) Linear analysis with limited redistribution may
be applied to the analysis of structural members
for the verification of ULS.

(3) The moments at ULS calculated using a linear
elastic analysis may be redistributed, provided
that the resulting distribution of moments remains
in equilibrium with the applied loads.

(4) In continuous beams or slabs which:
a) are predominantly subject to flexure and

b) have the ratio of the lengths of adjacent spans
in the range of 0,5 to 2, redistribution of bending
moments may be carried out without explicit
check on the rotation capacity, provided that:
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d2kq+kox, ld fy <50MMa(MPa),
02 kg +kyx, /d fy >50MMa (MPa)

> kg — SIKLLIO BUKOPUCTOBYETLCA Knac apmaTypu B
i C (mogatok C);

> kg — SIKLLIO BUKOPUCTOBYETHCA Knac apmatypu A
(nopaTok C),

Je:

d — cniBBIOHOLIEHHS NepepOo3noaineHoro i npyx-
HOrO 3rMHarbHNUX MOMEHTIB;

X, — BMCOTa HENTpanbHOI OCi Y rpaHNYHOMY CTaHi
nicnga nepeposnoginy;

d — po6oya BucoTa nepepisy

Mpumitka. Benuuunu ky, ka, k3, Ka, ks i ks, BN KOHKpET-
HOT KpaiHW MOXYTb BCTAHOBOBATKCh Y HaLiOHaIbHO-
My fofaTtky. PekoMeHAOBaHUMM € HACTYMHi 3HAYEHHS:
ki =0,44; k; = 1,25(0,6 + 0,0014/ec,2); ks = 0,54; ks =
=1,25(0,6 + 0,0014/¢42); ks = 0,7 i ks = 0,8.

€cyp — MPaHNYHI Aecpopmalii 3rigHo 3 Tabnvuero 3.1.

(5) MNepeposnoain He MOXXHa 34iNCHIOBATH, AKLLO
He BM3HAYeHO 3 [4OCTATHbOK TOYHICTIO rpaHny-
HWI NOBOPOT nepepidy (Hanpuknag, CTUKU none-
peaHbO HarnpyXeHux pam).

(6) Mpwn po3paxyHKy KOSOH MPYXHi MOMEHTH, L0
JiloTb Big pam, NOBMHHI Npuknagatuce 6e3 6yab-
SIKOro nepeposnoainy.

5.6 Po3paxyHOK 3 ypaxyBaHHSIM NacTUYHUX
aedopmauin
5.6.1 3azasibHi NOI0XXEHHST

(1)P MeToa, WO rpyHTYETbCA Ha ypaxyBaHHi
nnactuyHnx gedopmMadin, NnoBMHEH BUKOPUCTO-
BYBaTUCb TiNbKN ONSA NEPEBIPKN FPaHUYHUX CTa-
HiB 3a MiLHicTo i cTinkicTio (ULS).

(2)P MnacTnyHiCTb y KPUTUYHUX Nepepi3ax no-
BMHHa BYyTW OOCTaTHLOK Ans Toro, Wwob nepe-
AbayeHn MexaHiam 3mir chopMyBaTUCh.

(3)P PospaxyHok 3 ypaxyBaHHS NnacTUYHMX Oe-
cdhopmaLlint NOBMHEH I'PYHTYBaTUCL abo Ha MeToAi
HWKHBOI Mexi (cTaTuyHoMy), abo Ha meToai Be-
PXHBOT MeXi (KIHEMaTUYHOMY).

MpumiTka. KepiBHMUTBO [0 HauUioHanbHOro gogartka
KOHKPETHOI KpaiHN MOXe MICTUTU 40AaTKOBY Hecyne-
peunuey iHopmauito.

(4) BnnuBamu nonepeaHbOro MpuKagaHHa Ha-
BaHTaXeHb, 3a3BU4Yan, MOXXHa 3HEXTyBaTu i BBa-
KaTu, LLLO IHTEHCUBHICTb Aii 3p0CTae MOHOTOHHO.

(5.10a)
(5.10b)

> ks —where Class B and Class C reinforcement is
used (see Annex C);

> kg — Where Class A reinforcement is used (see
Annex C),

where:

o is the ratio of the redistributed moment to the
elastic bending moment

x, is the depth of the neutral axis at the ultimate
limit state after redistribution

d is the effective depth of the section

Note: The values of ki, k, ks, ks, ks and ks for use in a
Country may be found in its National Annex. The
recommended value for k; is 0,44, for k, is 1,25(0,6 +
+0,0014/g.,), for k3 = 0,54, for ks = 1,25(0,6 + 0,0014/¢4,2),
for ks = 0,7 and ks = 0,8.

o2 — I8 the ultimate strain according to Table 3.1.

(5) Redistribution should not be carried out in
circumstances where the rotation capacity cannot
be defined with confidence (e.g. in the corners of
prestressed frames).

(6) For the design of columns the elastic moments
from frame action should be used without any
redistribution.

5.6 Plastic analysis

5.6.1 General

(1)P Methods based on plastic analysis shall only
be used for the check at ULS.

(2)P The ductility of the critical sections shall be
sufficient for the envisaged mechanism to be
formed.

(3)P The plastic analysis should be based either
on the lower bound (static) method or on the
upper bound (kinematic) method.

Note: A Country's National Annex Guidance may refer
to non-contradictory complementary information.

(4) The effects of previous applications of loading
may generally be ignored, and a monotonic in-
crease of the intensity of actions may be assu-
med.
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5.6.2 Po3spaxyHok 6asnok, pam i nium 3 ypaxy-
@aHHs niacmu4Hux deghopmauyiti

(1)P PospaxyHoOk 3 ypaxyBaHHS NAacTUYHUX ae-
dopmaLin Moxe BMKOPUCTOBYBATUCL ANl rpa-
HUYHMX CTaHiB 0e3 3ailcHeHHa GeanocepenHbOl
nepeBipkM FPaHMYHOTO MNOBOPOTY Mepepidy 3a
YMOBMW, LLIO BMKOHYETbCS BUMora 5.6.1 (2)P.

(2) MoxxHa BBaxkaTw, L0 HeobXigHa NNACTUYHICTb
3abe3neyvyeTbcda 6e3 AeTanbHOI NepeBipky, AKLLO
3a400BOJIbHAKTLCA HaCTyI'IHi BUMOTW:

() nnowa po3TarHyToi apmaTypu obmexeHa Tak,
Lo y byab-akomy nepepisi:

x,/d < 0,25 nna 6eToHy knacis miyHocTi <C50/60;
x,/d<0,15 ana 6eToHy knacis MiuHocTi <C55/67;

(i) 3acTocoByeTbCs apmaTypHa cTanb knacis B
abo C;

(iii) cniBBiQHOLWEHHS MOMEHTIB Ha MPOMIKHUX
onopax i y nponboTi MOBMHHO BYyTU B Mexax
0,5...2.

(3) KonoHu HeobXxigHO NepeBipATY Ha Aito Makcu-
MarnbHUX NNacTUYHUX MOMEHTIB, LLIO MOXYTb Me-
pegasatuCb Big4 npunernux enemedTis. [Ons
3'eAHaHb 3 6e36anovyHUM NepekpUTTAM Len Mo-
MEHT NMOBWHEH BKMOYaTUCh Y PO3paxyHOK Ha Npo-
OaBrloBaHHS.

(4) Mpwn BMKOHaHHI po3paxyHKy MAUT 3 ypaxyBaH-
HS NnacTuyHUX aedopmadi HeobXxigHO BpaxoBy-
BaTn Oyab-sKe HEPIBHOMIpHE apMyBaHHS, 3yCuri-
N1 34ENSIEHHS | NMOBOPOT HE3aKPiNfeHnX rpaHen.

(5) MeToa ypaxyBaHHs nnacTU4HMX gedopmadi
MO>XHa MOLUMPUTM Ha MAIUTU HECYLINbHOro nepe-
pi3y (pebpucTi, MOPOXHUCTI, KECOHHI NNNTK), AK-
WO 1X peakuid cxoxa i3 peakuielo cyuinbHOI
NANTK, 0COBITMBO CTOCOBHO BMNJSINBY KPYYEHHS.

5.6.3 NpaHuYHUl Kym nosopomy nepepisy

(1) CnpolleHa meToanka ans Hepo3pi3HMx 6anok
i obnepTnx y oOOHOMY HanpsiMKy MNAUT r'pyH-
TYETLCA Ha rpaHUYHOMY KyTi NOBOPOTY Nepepisis
Ganok/nnuT y 30Hax po3mipomM npubnusHo B 1,2
pasa GinbLuKnX Big BUCOTW Nepepisy. BBaxaeTbcs,
WO Y UMX 30HaxX BUHUKAKOTb NnactuyHi gedop-
Mauii (yTBOPIHOETbCA MMACTUYHUIN LWAPHIP) npu
BiAMOBIOHOMY CMoOSyYeHHi HaBaHTaeHb. Bea-
XaeTbCs, WO nepesipka 3a MnacTUYHUM KYyTOM
MOBOPOTY Y TFPaHUYHOMY CTaHi BUKOHYETbCH,
SKLWO nokasaHo, Lo Mpu BigMNOBIAHOMY CrOny-
YeHHi HaBaHTa)KeHb BU3HAYeHWI KyT MOBOPOTY O
MEHLUMIN abo JOpiBHIOE AOMYCTMMOMY MnacTuy-
HOMY KyTy MOBOPOTY (PUCYHOK 5.5).
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5.6.2 Plastic analysis for beams, frames and
slabs

(1)P Plastic analysis without any direct check of
rotation capacity may be used for the ultimate limit
state if the conditions of 5.6.1 (2)P are met.

(2) The required ductility may be deemed to be
satisfied without explicit verification if all the
following are fulfilled:

i) the area of tensile reinforcement is limited such
that, at any section:

x,/d < 0,25 for concrete strength classes <C50/60;
x,/d<0,15 for concrete strength classes <C55/67,
ii) reinforcing steel is either Class B or C;

iii) the ratio of the moments at intermediate sup-
ports to the moments in the span should be
between 0,5 and 2.

(3) Columns should be checked for the maximum
plastic moments which can be transmitted by
connecting members. For connections to flat
slabs this moment should be included in the
punching shear calculation.

(4) When plastic analysis of slabs is carried out
account should be taken of any non-uniform
reinforcement, corner tie down forces, and torsion
at free edges.

(5) Plastic methods may be extended to non-solid
slabs (ribbed, hollow, waffle slabs) if their respon-
se is similar to that of a solid slab, particularly with
regard to the torsional effects.

5.6.3 Rotation capacity

(1) The simplified procedure for continuous
beams and continuous one way spanning slabs is
based on the rotation capacity of beam/slab
zones over a length of approximately 1,2 times
the depth of section. It is assumed that these
zones undergo a plastic deformation (formation of
yield hinges) under the relevant combination of
actions. The verification of the plastic rotation in
the ultimate limit state is considered to be fulfilled,
if it is shown that under the relevant combination
of actions the calculated rotation, 6, is less than
or equal to the allowable plastic rotation (see
Figure 5.5).
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PucyHok 5.5 — lNnactuyHmi Kyt noBopoTy O 3anisobeTOHHOro nepepidy Hepo3pi3HMx Ganok
i 0bNepTnx B O4HOMY HaMPSAMKY MnT

Figure 5.5 — Plastic rotation 04 of reinforced concrete sections for continuous beams
and continuous one way spanning slabs.

(2) Y 30Hax nnacTUYHUX LWapHipiB X, /d He MOBWH-
HO nepeBuLlyBaTy BenuunHn 0,45 onga 6eToHiB
KnaciB MILHOCTI MeHLMX abo sKi OOPiBHIOHTb
C50/60, i 0,35 — gna 6eToHIB KraciB MiLHOCTI
Binbwmx abo wo gopisHTL C55/67.

(3) Kyt nosopoty 64 noBuHEeH BuU3Ha4aTUCb Ha
OCHOBI PO3paxyHKOBUX BENTMYNH HABAHTaXEHb Ta
XapakTepuCTUK mMmaTepianis i Ha OCHOBI cepeHix
BENUYMH NnonepeaHbOro HanpyXeHHs y BianoBia-
HUN MOMEHT Yacy.

(4) Onsa cnpolueHoi MeTOAMKM JONYCTUMWIA Nnac-
TUYMHUIA KyT MOBOPOTY MOXE BM3HAYaTUCHL LUMS-
XOM MHOXEHHS 6a30BOI BEMNYMHN JOMYCTUMOrO
MOBOPOTY 6, ; Ha KOPUTYIOUNI KOBDILIIEHT k;, SIkVA
3aneXuTb Bifg MTHYYKOCTi 3@ MOMEPEYHOI0 CUSIOH.

MpumiTka. BenuumHu 6,4 AN KOHKPETHOT KpaiHu Mo-
XKyTb BCTAHOBMOBATUCb Y HaLioHarbHOMY AoaaTky.
PekomeHpoBaHi BennunHu ansa ctanen knacis B i C
(ctanb knacy A He pekOMeHOYETbCS 3acTOCOBYBaTU
npy NNacTUYHOMY PO3PaxyHKy) i GETOHIB KnaciB HMX-
ynx abo C50/60 i C90/105 HaBeaeHo Ha pucyHKy 5.6N.
Benununnn anga 6etoHy knacis C55/67...C90/105
MOXYTb BW3Ha4YaTUCb BIAMNOBIOHOKW iHTEpnong-
uieto. 3HayYeHHs THY4YKOCTi Mpu Ail nonepeyHol
cunmn A = 3,0. [Ins iHWKWX 3Ha4YeHb FHYYKOCTI Big

rnonepeyHoi c1nm 6, ; HEOOXIAHO MHOXUTH Ha k; :

ky =013,

0e A — BiHOLLEHHS BiACTaHi MiXX TOYKaMW HybO-
BOro i MakCMManbHOro MOMEHTIB MNiCNs Nepepos-
nogainy Ta poboyoto BucoToto d.

[nsa cnpoLLeHHst A MoXe BU3Ha4YaTUCh NS y3roa-
XXEHNX PO3PaxyHKOBUX BEMWNYMH 3r1MHANbHOroO MO-
MEHTY Ta NonepeyvHoi CUnu:

h=Msg I (Vsg -d).

(2) In regions of yield hinges, x,/d shall not exce-
ed the value 0,45 for concrete strength classes
less than or equal to C50/60, and 0,35 for conc-
rete strength classes greater than or equal to
C55/67.

(3) The rotation 64 should be determined on the
basis of the design values for actions and mate-
rials and on the basis of mean values for prestres-
sing at the relevant time.

(4) In the simplified procedure, the allowable plas-
tic rotation may be determined by multiplying the
basic value of allowable rotation, 6, ,, by a cor-
rection factor k, that depends on the shear slen-
derness.

Note: Values of 6,4 for use in a Country may be found
in its National Annex. The recommended values for
steel Classes B and C (the use of Class A steel is not
recommended for plastic analysis) and concrete
strength classes less than or equal to C50/60 and
C90/105 are given in Figure 5.6N.

The values for concrete strength classes C 55/67
to C 90/105 may be interpolated accordingly. The
values apply for a shear slenderness A = 3,0. For
different values of shear slenderness 6, ; should
be multiplied by k;:

(5.11N)
where A is the ratio of the distance between point

of zero and maximum moment after redistribution
and effective depth, d.

As a simplification L may be calculated for the
concordant design values of the bending moment
and shear :

(5.12N)
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PucyHok 5.6N — Basosa BenuuvHa LOMNyCTUMOro KyTa NoBOpOTY 0p ¢ AN 3ani306eTOHHOTO nepepisy
npv apmartypi knacis B i C. BenvunHm 3aCTOoCOBYOTb NPW FHYYKOCTi Ha nonepeyny cuny A = 3,0

Figure 5.6N — Basic value of allowable rotation, 6, 4, of reinforced concrete sections for Class B and C
reinforcement. The values apply for a shear slenderness A = 3,0

5.6.4 Po3paxyHok i3 3acmocyeaHHsIM MoOe-
Jsieli cmucHymo-po3msicHymux esieMeHmie

(1) Mogeni CTUCHYTO-PO3TArHYTUX €NEMEHTIB MO-
XyTb BWKOPWUCTOBYBATUCb A7 PO3paxyHKy Ha
rPaHMYHi CTaHW 3@ HECYYOH0 3AaTHICTHO i CTINKICTIO
HEepPO3Pi3HNX OiNSHOK (Gankv i NAnTK 3 TpiLMHaMM
amB. 6.1...6.4) Ta Ansa po3paxyHKy 3a rpaHn4Hu-
mMu ctaHamm (ULS) i koHCTpytoBaHHA OUCKPETHUX
AOinsHok (ame. 6.5). 3a3Bryai, ANCKPETHI OiNsSHKK
MOLLMPIOKOTLCA Ha BiAcTaHb h (BUCOTY nepepisy
enemeHTa) Big po3puBHOCTI. Moaeni CTUCHyTO-
PO3TArHYTUX ENEMEHTIB TAKOX MOXYTb BUKOPUC-
TOBYBaTUCL A5 ENEMEHTIB, Y AKUX NPUAMAETLCS
NiHINHWIA PO3MOoAIN y Mexax nornepeyHoro nepe-
pi3y, Hanpukniag, nrocka gedgopmadid.

(2) NepeBipka Ha rpaHNYHi CTaHK 3a NPUAATHICTIO
0o ekcnnyatauii (SLS) Takox MoXe BUKOHYBa-
TUCb i3 3aCTOCYBaHHAM MoOAerien CTUCHYTO-pO3-
TATHYTUX eneMeHTiB, Hanpuknag, nepe.ipka
HanpyXeHb apmMaTypu i KOHTPOSb LUMPUHU pPO3-
KpUTTS TPILWMH, SKWO MigTBEPAXEHO BiOnoBia-
HICTb MOJerNen CTUCHYTO-PO3TATHYTUX ENEMEHTIB
(ocobnMBO po3TallyBaHHA i HaMpPsM BaXKIMBUX
CTUCHYTUX €MEMEHTIB, SiKi MOBMHHI BU3Ha4yaTUCb
3riAHO 3 NiHIMHO-NPYXXHOIO TEOPIED).
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5.6.4 Analysis with strut and tie models

(1) Strut and tie models may be used for design in
ULS of continuity regions (cracked state of beams
and slabs, see 6.1 — 6.4) and for the design in ULS
and detailing of discontinuity regions (see 6.5). In
general these extend up to a distance h (section
depth of member) from the discontinuity. Strut
and tie models may also be used for members
where a linear distribution within the cross section
is assumed, e.g. plane strain.

(2) Verifications in SLS may also be carried out
using strut-and-tie models, e.g. verification of steel
stresses and crack width control, if approximate
compatibility for strut-and-tie models is ensured
(in particular the position and direction of impor-
tant struts should be oriented according to linear
elasticity theory).
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(3) Mogeni CTUCHYTO-pO3TArHYTUX €JlEMEHTIB
CKNaarTbCs i3 CTUCHYTUX erleMeHTIB, Ak npea-
CTaBNATb MOMS HaMpyXeHb CTUCKY, PO3TArHy-
TUX eneMeHTIB, siki NpeACcTaBnsaiTb apMaTtypy Ta
BY3niB 3'€AHaHHS. 3ycnnng y enemeHTax CTUCHy-
TO-PO3TArHYTUX MOAenewn NOBUHHI BU3Ha4YaTUCh 3
OOTPMMaHHSAM piBHOBaru i3 nNpuknageHumMun Ha-
BaHTaXEHHSMU Yy rpaHU4HOMYy cTaHi. Po3mipu
€NeMEeHTIB CTUCHYTO-PO3TArHYTUX MoAerien no-
BMHHI BCTaHOBMOBATUCb 3riAHO 3 MpaBunamu,
HaBedeHnMU y 6.5.

(4) Po3TarHyTi enemMeHT! CTUCHYTO-PO3TATHYTUX
MOAENeN MOBUHHI 30iratnca 3a po3MilLeHHSAM i
HanpsIMKOM 3 BigNOBIQHOK apMaTypolo.

(5) MoxnuBi 3acobu po3pobkM NpuaaTHUX CTUC-
HYTO-PO3TArHYTUX MoOEeNen BKI4aloTb Yy3rog-
)KEHHS1 3 KOHTYpaMM i po3Mnoainom HanpyxeHb 3a
NiHINHO-NPY>XXHOI Teopieto abo 3a MeToaoM Npu-
KnagaHHsA HaBaHTaxeHHsi. Bci mogeni ctucHyTo-
PO3TArHYTUX ENEMEHTIB MOXYTb ONTUMI3yBaTUCh
3a JOMOMOrOK EHEPreETUYHMX KPUTEPIIB.

5.7 HeniHinHM® po3paxyHokK

(1) HeniHinHi meTOOM po3paxyHKy MOXYTb 3aCTO-
COBYBaTUCb Ansi 000X rpyn rpaHWYHUX CTaHiB
ULS i SLS 3a ymoBu, wwo 3abe3neyyetbcs piBHO-
Bara i CyMiCHiCTb, Ta 3a BiAnoBIiAHOro HeNiHiMHOro
Xapaktepy poboTu maTtepianie. Po3paxyHoOK Mo-
e 6yTu nepLuoro abo Apyroro NOPSAKY.

(2) Mpwn rpaHn4yHOMY CTaHi MOBWHHA NepeBips-
TUCb 34AaTHICTb MICLLEBOIrO NoNepeyYHoro nepepisy
cnpunmaTty byab-aki nepegdadeHi po3paxyHKoOM
Npy>xHi Aedpopmadii 3 BiANOBIAHMM ypaxyBaHHSM
HEBM3HAYEHOCTEN.

(3) Ansa KOHCTPYKLUIiN, WO 3a3HaloTb BMMMBY nepe-
Ba)XXHO CTATUYHUX HABaHTaXeHb, BMMMBOM none-
pefHix HaBaHTa)KeHb, 3a3BU4Yan, MOXHa 3HEXTY-
BaTW Ta Mpunyckatu, WO 3POCTaHHS iHTEHCUB-
HOCTi HaBaHTaXeHb BiAOYBAETHLCA MOHOTOHHO.
(4)P Mpw 3acTocyBaHHi HENIHIMHOIO PO3paxyHKy
BUKOPUCTOBYIOTbCS XapaKTepUCTUKM MaTepianis,
AKi BigobpaatoTb (aKTU4YHY XOPCTKICTb, ane
npu LbOMYy HeoOXigHO BpaxoByBaTW HEBU3HAYe-
HOCTi CTOCOBHO pyWHYyBaHHS. MOBUHHI 3acToco-
BYBaTUCb TifIbKM Taki METOOMKN PO3paxyHKy, siKi
cnpaBenvBi B Mexax BignosigHux caep.

(5) Anga rHyYKMX KOHCTPYKUIiW, Y SIKUX HE MOXHa
3HexXTyBaTu BNAMBaMu APYroro nopsifiky, MoOXe

3acTOCOBYBaTUCb MeTo[ pPO3paxyHKy, HaBegde-
HUR y 5.8.6.

(3) Strut-and-tie models consist of struts repre-
senting compressive stress fields, of ties repre-
senting the reinforcement, and of the connecting
nodes. The forces in the elements of a strut-and-
tie model should be determined by maintaining
the equilibrium with the applied loads in the ulti-
mate limit state. The elements of strut-and-tie mo-
dels should be dimensioned according to the
rules given in 6.5.

(4) The ties of a strut-and-tie model should coinci-
de in position and direction with the correspon-
ding reinforcement.

(5) Possible means for developing suitable strut-
and-tie models include the adoption of stress
trajectories and distributions from linear-elastic
theory or the load path method. All strut-and-tie
models may be optimised by energy criteria.

5.7 Non-linear analysis

(1) Non-linear methods of analysis may be used
for both ULS and SLS, provided that equilibrium
and compatibility are satisfied and an adequate
non-linear behaviour for materials is assumed.
The analysis may be first or second order.

(2) At the ultimate limit state, the ability of local
critical sections to withstand any inelastic defor-
mations implied by the analysis should be chec-
ked, taking appropriate account of uncertainties.

(3) For structures predominantly subjected to
static loads, the effects of previous applications of
loading may generally be ignored, and a mono-
tonic increase of the intensity of the actions may
be assumed.

(4)P The use of material characteristics which
represent the stiffness in a realistic way but take
account of the uncertainties of failure shall be
used when using non-linear analysis. Only those
design formats which are valid within the relevant
fields of application shall be used.

(5) For slender structures, in which second order
effects cannot be ignored, the design method
given in 5.8.6 may be used.
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5.8 Po3paxyHOK BNJUBIB Apyroro nopsigKy
npu 0CbOBOMY HaBaHTaXeHHi

5.8.1 Bu3sHayeHHs1

JleosicHuli 32uUH: OOHOYACHUA 3rMH BIAHOCHO
[JBOX FONMOBHUX OCEMN.

Pose'azaHi enemeHmu abo cucmemu: KOHCTPYK-
TMBHI €fleMeHTH i NigcncTemMu, siki Npu po3paxyH-
Ky i MpOEKTYBaHHi BBaXalOTbCA TakUMK, LLIO He
NiABULLYIOTb 3arasnibHOI FOPU30OHTaNbHOT CTINKOCTI
KOHCTPYKLUii.

B'azesi enemenmu abo cucmemu: KOHCTPYKTUBHI
erieMeHT i nigcuctemMu, ki Npy po3paxyHKy i npo-
€KTYBaHHi BBaXalTbCH TakMMmu, WO NigBULLYIOTb
3aranbHy ropu3oHTasnbHy CTiNKICTb KOHCTPYKLI.

Bmpama cmitikocmi: pynHyBaHHSA, CpUYnHEHEe
HecTabiNbHICTIO AKOro-Hebyab enemeHTa KOHCT-
PYKUii TiNbKM NpY CTUCKY i 3a BiACYTHOCTI none-
pPeYHOro HaBaHTaXEHHS.

MpumiTka. Yucta BTpaTa CTINMKOCTI, K BU3HAYEHO
BULLE, HE € BiAMNOBIAHUM rPaHUYHUM CTaHOM Yy pearb-
HIM KOHCTPYKUIlI BHacngok HadaBHOCTI HETOYHOCTEN |
nonepevyHMx HaBaHTaXXeHb, ane HoOMIHarbHe HaBaHTa-
XXEHHS Npwy BTPaTi CTINKOCTI MOXe BUKOPUCTOBYBATUCh
y SIKOCTi NEBHOTO NapameTpa B Aesikux MeTofax po3pa-
XYHKY ApYroro nopsigky (3a AeopMOoBaHO CXEMOHD).
KpumuuHa cuna: HaBaHTaXXeHHS, 3a SIKOro Bigody-
Ba€eTbCHA BTpaTa CTiNKOCTI; ANA CaMOCTiIVHUX ene-
MEHTIB BOHa € CMHOHIMOM EnepeBoi cunu.

PospaxyHkosa doexXuHa: AOBXMHA, L0 BUKOPUC-
TOBYETBHCH ANSA OUiHKM hopMM BTPATU CTIMKOCTI;
BOHa TaKOX MOXE BM3HaYaTUCb 9K npuBedeHa
OOBXWHa, TOOTO OOBXWHA LWapHipHO obnepToi
KOSIOHM 3 BEepTUKanbHO MNPUKNALEHO CUIOH,
Oyne matu nepepis i KpUTUUHY cuny, §K i peanb-
HUW eNeMEHT.

Brinusu nepwozo nopsidky: HacnigkM HaBaHTa-
XeHb, obuncneHi 6e3 BpaxyBaHHA BNMMBY Ae-
dopmaLin  KOHCTPYKUii, ane 3 ypaxyBaHHSM
reoMeTPUYHMX HETOYHOCTEN.

CamocmitiHi (okpemi) enemMeHmu:. enemeHTn, ki €
i30/1bOBaHMMK, abo enemMeHTU Yy KOHCTPYKLi, SKi
ONs Uinen po3paxyHKy MOXyTb pO3rnsgaTucb siK
i301bOBaHI; MPUKNaan OKPEMUX ENTEMEHTIB 3 Pi3HN-
MW yMOBaMuM obnmMpaHHs NokasaHi Ha puCyHKy 5.7.

HowmiHanbHul momeHm Opy2020 nopsidKy: MOMEHT
OpYroro nopsiiky BUKOPUCTOBYETLCHA Y MNEBHUX
MeTodax Po3paxyHKy, Lo AalTb 3aranbHuUi Mo-
MEHT, 3iCTaBHWUN i3 rPAHWYHUM OMOPOM Monepeuy-
Horo nepepisy (5.8.5 (2)).
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5.8 Analysis of second order effects with
axial load

5.8.1 Definitions

Biaxial bending: simultaneous bending about two
principal axes.

Braced members or systems: structural members
or subsystems, which in analysis and design are
assumed not to contribute to the overall horizontal
stability of a structure.

Bracing members or systems: structural mem-
bers or subsystems, which in analysis and design
are assumed to contribute to the overall horizontal
stability of a structure.

Buckling: failure due to instability of a member or
structure under perfectly axial compression and
without transverse load.

Note: "Pure buckling" as defined above is not a rele-
vant limit state in real structures, due to imperfections
and transverse loads, but a nominal buckling load can
be used as a parameter in some methods for second
order analysis.

Buckling load: the load at which buckling occurs;
for isolated elastic members it is synonymous
with the Euler load

Effective length: a length used to account for the
shape of the deflection curve; it can also be
defined as buckling length, i.e. the length of a
pin-ended column with constant normal force,
having the same cross section and buckling load
as the actual member.

First order effects: action effects calculated
without consideration of the effect of structural
deformations, but including geometric imperfec-
tions.

Isolated members: members that are isolated, or
members in a structure that for design purposes
may be treated as being isolated; examples of
isolated members with different boundary
conditions are shown in Figure 5.7.

Nominal second order moment: a second order
moment used in certain design methods, giving a
total moment compatible with the ultimate cross
section resistance (see 5.8.5 (2)).
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Brinusu Opyzoz2o nopsdky. AoAaTkoBi HACMiaKu
BMNMBIB, AKi CNpuYMHeHi gedopmadisiMy KOHCT-
PYKU,T.

5.8.2 3azasnibHi NOnoXXeHHs

(1)P Lli nonoxkeHHsA CTOCYOTbCA €NEeMEHTIB i KO-
HCTPYKLUIN, XapakTep poboTu SKMX CyTTEBO 3arne-
XWUTb Bi4 BNAUBIB APYroro nopsaky (Hanpuknag,
KOMNOHW, CTiHW, Nani, apku Ta 060noHkKKM). 3aranbHi
BMMMBW APYroro Nopsiaky MoXyTb NPOSBASTUCH Y
KOHCTPYKLUiSIX i3 THYYKOI B'A3€BOI0 CUCTEMOIO.

(2)P Akwo BpaxoBylOTbCA BMAAMBU OPYroro no-
pagky, ave. (6), To piBHOBara i onip NOBWUHHI Ne-
peBipATUCh Y AedopmoBaHoMy cTaHi. [ledopma-
Uil MOBUHHI BM3Ha4YaTUCb 3 ypaxyBaHHAM Bigno-
BiHOro BMAMBY TPILLMHOYTBOPEHHS, HEMiHINHNX
BNacTMBOCTEN MaTepianis i NOB3y4OCTi.
MpumiTtka. MNpy po3paxyHKy 3a yMOBW MiHIMHOIO Xa-
pakTepy poboTu mMatepiany Li BNAMBU MOXHa Bpaxo-
ByBaTU WWAXOM 3HMXEHHA XapaKTepUCTUK XXOPCTKOC-
Ti (amB. 5.8.7).

(3)P VY BignoBigHMx BMNagKkax po3paxyHoK nosu-
HEeH BpaxoByBaTW BMMB TFHYYKOCTI NpuURermnmx
ernemMeHTiB i yHOaMeHTIB (B3aemopis "ocHoBa-
crnopyaa").

(4)P Xapaktep pob0TU KOHCTPYKLLT MOBUHEH pO3-
rMS4aTUCh y HanpsiMKy, B SKOMy MOXe BigbyBa-
TMCb Oedopmalid, a B HeoOXxigHMX Bunagkax
NMOBUHEH BPaxoBYBaTUCh ABOBICHUM 3MMH.

(5)P HeBmn3HaueHoCTi y reomeTpii i po3TallyBaHHi
OCbOBWX HaBaHTa)KeHb NMOBWHHI BPaxoByBaTUCh Y
SIKOCTi 4OAAaTKOBMX BMNAMBIB NepLUOro nopsaky Ha
OCHOBi FreOMETPUYHUX HETOYHOCTEN (aMB. 5.2).

(6) BnnnBamu gpyroro nopsaky MoxHa 3HeEXTyBa-
TN, SIKWO BOHW CTaHOBMATb MeHLwe Hixk 10 %
Bi4NOBIAHMX BNNMBIB neplioro nopsaky. Cnpo-
LLeHi KpuTepii HaBedeHI ANA OKPEMUX eNIEMEHTIB
y 5.8.3.1, a ansa koHcTpykuin — y 5.8.3.3.

5.8.3 CnpouweHi kpumepii Ans ennueie dpyao-
20 nopsioKy

5.8.3.1 Kpumepii eHyqKocmi Orist OKpeMux erleMeHmia
(1) Ak anbTepHaTuBa 5.8.2 (6) BNNMBamMun 4pyroro
nopsaKy MOAHA 3HeXTyBaTW, SAKLIO THYYKICTb A
(BM3Ha4veHa y 5.8.3.2) € MEHLLO NEBHOT BENNYN-
HU (TPaHNYHOT) Ay,

Mpumitka. BenuunHa Ajm AN KOHKPETHOI KpaiHu

MOXe BCTaHOBMOBATUCL Y HaLioHaNbHOMY OOAATKY.
PekomeHO0BaHUMM € HACTYMHI BEMUYUHU:

Ajim =20-A-B-C/+n ,

Second order effects: additional action effects
caused by structural deformations

5.8.2 General

(1)P This clause deals with members and struc-
tures in which the structural behaviour is signi-
ficantly influenced by second order effects (e.g.
columns, walls, piles, arches and shells). Global
second order effects are likely to occur in struc-
tures with a flexible bracing system.

(2)P Where second order effects are taken into
account, see (6), equilibrium and resistance shall
be verified in the deformed state. Deformations
shall be calculated taking into account the
relevant effects of cracking, non-linear material
properties and creep.

Note. In an analysis assuming linear material proper-
ties, this can be taken into account by means of redu-
ced stiffness values, see 5.8.7.

(3)P Where relevant, analysis shall include the
effect of flexibility of adjacent members and foun-
dations (soil-structure interaction).

(4)P The structural behaviour shall be considered
in the direction in which deformations can occur,
and biaxial bending shall be taken into account
when necessary.

(5)P Uncertainties in geometry and position of
axial loads shall be taken into account as
additional first order effects based on geometric
imperfections, see 5.2.

(6) Second order effects may be ignored if they
are less than 10 % of the corresponding first order
effects. Simplified criteria are given for isolated
members in 5.8.3.1 and for structures in 5.8.3.3.

5.8.3 Simplified criteria for second order
effects

5.8.3.1 Slenderness criterion for isolated members

(1) As an alternative to 5.8.2 (6), second order
effects may be ignored if the slenderness A (as
defined in 5.8.3.2) is below a certain value Aj,,.

Note: The value of A, for use in a Country may be
found in its National Annex. The recommended value
follows from:

(5.13N)
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ne:
A=1/(1+02¢er ) (AKWO ¢gr HEBILOMUIA, MOXKE
BUkopuctoByBaTucb A = 0,7);

B =1+ 20 (9KWO ®» HeBigoMe, MOXe BUKOPUCTO-
ByBaTuchb B =1,1);

C =1,7 —r,, (aKWo r,, HEBIJOME, MOXe BUMKOPUC-
ToByBatuch C = 0,7);

(Pef— NpUBEAEHNN KoedilieHT nosay4yocTi (5.8.4);

o = AT,y | Acfog; KOBDILIEHT apMyBaHHS;

Ag — 3aranbHa nrotla nepepisy apmarypu,

n =Ngy | A:f.q; BiOHOCHaA OCbOBa cuna;

Im =Mpgq ! Myy; CNiBBIOHOLWEHHSI MOMEHTIB;

Mgy, Mg — MOMEHTM NepLIoro NopaaKy Ha KiHLsX,
Mog| > Mo

AKLO MOMEHTU Ha KiHuax My, i My, AatoTb po3Tar
3 ofHiei CTOPOHM, r,, HeobXigHO npuimaTn ao-
aaTtHim (Tobto C < 1,7), B iHWOMY pasi — Big'em-
Hum (TobTo C > 1,7).

I, HeobxigHo npumatn 1,0 (Tobto C=0,7) y Ha-

CTYMHUX BUNAAKaXx:

— [ONS PO3KpIiNfeHnx enemMeHTIB, Y SKUX MOMEH-
TV NepLUOro NopsiaKy BUHUKAKOTh Tinbkn abo
nepeBaXxHO Bif HETOYHOCTEN abo nonepeyvHo-
ro HaBaHTaXEHHS,;

— [ONS HEPO3KPINIEHMX eNeMeHTIB, K NpaBusio.

(2) Ons BunagkiB OBOBICHOrO 3rMHY KpuUTepin
FHYYKOCTi MOXXEe MepeBipATUCb OKPEMO AN KOX-
HOro HanpsiMKy. Y 3anexHocTi Big pesynbTaTy
Liel nepesipkn BNAUBW APYroro nopsaky (a) — mo-
XyTb He BpaxoByBaTUCb AN 060X HanpsMKIB;
(b) — NOBWMHHI BpaxoByBaTUCb Y OOHOMY Hanpsim-
Ky, abo (C) — MOBMWHHI BpaxoByBaTUCb y 0OOX
HanpsiMKax.

5.8.3.2 Hyykicmb i npusedeHa 008XUHA OKpe-
MUXx efileMeHmie

(1) MHy4YKiCTb NpX MNO3A0BXHLOMY 3rMHI BU3Ha-
YaeTbCA AK:

where:

A =1/(1+0,2 ¢gr ) (if p¢ris not known, A = 0,7 may
be used);

B =1+20 (if ® is not known, B = 1,1 may be
used);

C=17-r, (if r, is not known, C = 0,7 may be
used);

¢or— effective creep ratio; see 5.8.4;

o = Asfyq | Acfeq; mechanical reinforcement ratio;
A —is the total area of longitudinal reinforcement;
n =Ngy 1 Af.g; relative normal force;

I'm =Mgq ! Mgy; moment ratio;

My, My, — are the first order end moments,
Mo2| > Mo

If the end moments My, and M, give tension on
the same side, rm should be taken positive (i.e.
C <1,7), otherwise negative (i.e. C > 1,7).

In the following cases, r,,, should be taken as 1,0

(i.,e.C=0,7):

— for braced members in which the first order
moments arise only from or predominantly due
to imperfections or transverse loading

— for unbraced members in general.

(2) In cases with biaxial bending, the slenderness
criterion may be checked separately for each
direction. Depending on the outcome of this
check, second order effects (a) may be ignored in
both directions, (b) should be taken into account
in one direction, or (c) should be taken into ac-
count in both directions.

5.8.3.2 Slenderness and effective length of isola-
ted members

(1) The slenderness ratio is defined as follows:

A=Igli, (5.14)

ae:
lp — NpuBeaeHa aosxwuHa, ave. 5.8.3.2 (2)...(7)
i — pagiyc iHepuji 6eToHHOro nepepidy 6e3 TpiLLuH.

(2) Ona s3aranbHOro BM3HAYEHHs NPUBEAEHOI
OoBXnHM amB. 5.8.1. MNMpwrknaan npuBegeHoi AoB-
XUHU 015 OKPEeMUX eNleMEHTIB MOCTIMHOro norne-
peyYyHoro nepepisy HaBe4eHo Ha PUCYHKY 5.7.
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where:

lo — is the effective length, see 5.8.3.2 (2) to (7)

i —is the radius of gyration of the uncracked conc-
rete section

(2) For a general definition of the effective length,
see 5.8.1. Examples of effective length for isola-

ted members with constant cross section are
given in Figure 5.7.
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a)lb=/ b)lh=2/ c)kb=0,7/

d) b =

172 e)bb=1 f)12<lk<] g)h>2]

PucyHok 5.7 — lNpuknaawn pisHnx opm BTpaTK CTIMKOCTI Ta BiAMNOBIAHMX PO3paxXyHKOBUX JOBXWUH
OKPEMMX EefleMEHTIB
Figure 5.7 — Examples of different buckling modes and corresponding effective lengths
for isolated members

(3) AN CTUCHYTUX €NEMEHTIB CUMETPUYHNX paM
FHyYKicTb (ame. 5.8.3.1) nNoBWHHa nepesipATUCH
AnA PO3paxyHKOBOI JOBXWHMU [y, BU3HAYEHOI Tak:

PoakpinneHi enemeHTn (pucyHok 5.7 (f)):

(3) For compression members in regular frames,
the slenderness criterion (see 5.8.3.1) should be
checked with an effective length I, determined in
the following way:

Braced members (see Figure 5.7 (f)):

lp =0,51 || 1+ Ki |[q4_K2 .
0,45 +k4 0,45 + ko

HeposkpinneHi enemeHTn (pucyHok 5.7 (Q)):

(5.15)

Unbraced members (see Figure 5.7 (g)):

Kq-ko
Ig =1 1+10
0 max\/( k1+k2

ne:

k4 i ko — BiANOBIAHO BiAHOCHA KyTOBA »KOPCTKICTb
onopHux B'azen 1 2;

k :(OIM)-(EI/Z);
0 — NOBOPOT 3aKpinneHnx enemMeHTiB Bif 3ruHarb-
Horo momeHTy M, pucyHok 5.7 (f) i (9);

El — 3rmHanbHa >XOPCTKICTb CTUCHYTUX efleMeH-
TiB, AmB. 5.8.3.2 (4) i (5);

I — BUCOTa CTUCHYTOrO €fieMeHTa Yy YUCTOTi MiXK
3aKpINSIEHHSMMN KiHLiB

MpumiTtka. k = 0 — TeopeTryHa Mexxa abCOmTHO XKop-
CTKOro 3aKpinsieHHs Bi MOBOPOTY, a k = co BMpaxae
BiOCYTHICTb 3akpinneHHs B3arani. Ockinbkn abcontoT-
HO YKOPCTKE 3aKpinneHHs pigko 3yCcTpivaeTbCsl Ha npak-
TULi, peKOMeHAYETbCA MiHiManbHe 3HayveHHs 0,1 ans
ki i ko.

(5.16)

1+ K1 A1+ k2 ,
1+k1 1+k2

where:

k, i ky, — are the relative flexibilities of rotational
restraints at ends 1 and 2 respectively:

k :(G/M)-(El/l);

6 — is the rotation of restraining members for ben-
ding moment M, see also Figure 5.7 (f) and (g)

El—is the bending stiffness of compression mem-
ber, see also 5.8.3.2 (4) and (5)

I—is the clear height of compression member bet-
ween end restraints

Note: k = 0 is the theoretical limit for rigid rotational
restraint, and k = « represents the limit for no restraint
at all. Since fully rigid restraint is rare in practise, a
minimum value of 0,1 is recommended for k; and k.
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(4) Axwo nepenbayaeTbCA, O NPUNErNINA CTUCHY-
TUI enemMeHT (KOroHa) y By3ni BNMBae Ha NOBOPOT
npw BTpaTi CTinKocTi, To Elll npn BU3Ha4YeHHi Kk He-
06XiaHO 3aMiHUTK Ha [(EI / l)a + [(EI / l)b ] neai

b BigNOBIAHO NpeacTaBnATb CTUCHYTUIA ene-
MEHT (KOMOHY) BULLE i H/XKYe By3na.

(5) Mpwn BU3HAYEHHI PO3pPaxyHKOBOI AOBXWMHU
XKOPCTKICTb  3aKPIiNfeHnx erieMeHTiB MOBUHHa
BpaxoBYyBaTW BB HAsBHOCTi TPIiLLWH, SKLLIO He
NPOAEMOHCTPOBAHO, O BOHW MOXYTb He MaTu
TPILWKH y rpaHu4HoMy cTaHi (ULS).

(6) Kputepinn 5.8.3.1 anga BCiX iHWMX BUNaKiB,
oKpim (2) i (3), Hanpuknaa, enemeHTIB 3i 3MiHHOHO
BEpTUKAIbHOK cunok i/abo nonepevyHMMm ne-
pepi3oM, NOBUHHI NepeBipATUCHL 3a NpUBELEHOI
OOBXMWHOK, WO 0a3yeTbCA Ha KPUTWMYHIN MO3-
OOBXHIN cuni (oBymncneHin, Hanpuknag, 4Yncno-
BUM METOLOM):

(4) If an adjacent compression member (column)
in a node is likely to contribute to the rotation at
buckling, then El/l in the definition of k should be
replaced by [(EI 117), +[(El11), ] aand brepre-

senting the compression member (column) above
and below the node.

(5) In the definition of effective lengths, the
stiffness of restraining members should include
the effect of cracking, unless they can be shown
to be uncracked in ULS.

(6) For other cases than those in (2) and (3), e.g.
members with varying normal force and/or cross
section, the criterion in 5.8.3.1 should be checked
with an effective length based on the buckling
load (calculated e.g. by a numerical method):

lo=mJEl/Ng , (5.17)

ae:
El — pakTnyHa 3rmHanbHa >XOpPCTKICTb;

Ng — No300BXHE HaBaHTaXEHHs, BUPaXeHe Ye-
pes El,

(y Bupasi (5.14) i — NOBMHHO TaKoX BignoBigaTu
ubomy EJ).

(7) BnnmB 3akpinneHHs Big NONepeyYHnx CTiH Mo-
Ke BpaxoByBaTUChb NP OBYUCIIEHHI PO3paxyHKO-
BOI JOBXWHW CTiH KoediuieHToMm 3, HaBe4eHUM Y
12.6.5.1. Takum umHoMm, y Bmpasi (12.9) i Tabnuui
12.1 1,, 3aMiHIOETLCA Ha [y, BU3HAYEHY 3rigHO 3
5.8.3.2.

5.8.3.3 3aczarnbHi ennusu dpy2o20 nopsoKy y 6y-
diensix

(1) Ak anbTepHaTuBa 5.8.2 (6) 3aranbHMMK BAAN-
BaMu Apyroro nopsaky y OyaiBnax MoxHa 3HexTy-
BaTW, SKLLO

where:
El —is a representative bending stiffness
Ng—is buckling load expressed in terms of this EJ;

(in Expression (5.14), i should also correspond to
this El).

(7) The restraining effect of transverse walls may
be allowed for in the calculation of the effective

length of walls by the factor  givenin 12.6.5.1. In
Expression (12.9) and Table 12.1, [, is then
substituted by [, determined according to 5.8.3.2.

5.8.3.3 Global second order effects in buildings

(1) As an alternative to 5.8.2 (6), global second
order effects in buildings may be ignored if

2Ecdle (5.18)

FvEea <kq-

ae:

Fygq — CymapHe BepTukarbHe HaBaHTaXeHHs!
(Ha pO3KpinneHi enemMeHTN i enemMeHTn XOopCT-
KOCTi);

Ng — KiNbKIiCTb NOBEpXiB;

L — 3aranbHa Bucota 6yaisni BMLLE piBHA 3aLlem-
TNEHHS;
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ng +1,6 |2

where:

Fy gq — is the total vertical load (on braced and
bracing members);

ng — is the number of storeys;

L — is the total height of building above level of
moment restraint;
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E.y — po3paxyHKOBe 3Ha4YeHHS MOAyns MNpyx-
HocTi 6eToHy, auB. 5.8.6 (3);

I, — MomeHT iHepuil nepepidy (6eToHHOro 6e3

TPIiLLMH) enemeHTa(iB) >)KOPCTKOCTI.

MpumiTka. [Ina KOHKPETHOI KpaiHW 3HAYEHHS k1 MOXe

BCTaHOBJHOBATUCb Y HaLI,iOHaJ'IbHOMy [oaarTky. Peko-

MeHJoBaHo € BenuyuHa 0,31.

Bupas (5.18) gincHum Tinbkn y pasi, KO BUKOHY-

HOTbCS BCi HUXXYEeHaBeEeHi YMOBU:

— MOXNUBICTb BTPATU CTIMKOCTI BHacCNigoK 3a-
Kpy4yyBaHHSI HE € BM3HA4asibHO, TOOTO KOHCT-
PYKLUiSl € 4OCTaTHBEO CUMETPUYHOLO;

— 3aranbHi gedopMauii 3cyBy He3HauHi (9K y
cucTemMax XOpPCTKOCTI, WO B OCHOBHOMY CKna-
[alTbCs i3 CTIHOBUX Aiadparm 6e3 Benukumx
npopisiB);

— B'fI3€Bi eNIEMEHTUN XXOPCTKO 3aKpinneHi B oc-
HOBi, TOGTO NMOBOPOTU AYXE HE3HAYHI;

— JKOPCTKICTb B'SI3€BUX €IEMEHTIB € A4OCTAaTHLO
MOCTIHOIO MO BUCOTI;

— CyMapHe BepTUKanbHe HaBaHTaXXeHHsI 3p0oc-

Tae NpubnM3HO Ha OOHAKOBY BENUYMHY Ha Mo-

BEpPX.

(2) kq y Bupasi (5.18) moxe 3amiHOBaTUCL Ha Ko,
SKLWO Oyae nigTBepa)KEHO, WO B'A3€Bi €NeMEHTH
He MalTb TPILLMH Y FPAHUYHOMY CTaHi 3a Hecy-
YO0 30AaTHICTIO | CTIKICTIO .

Mpumitka 1. [Ina KOHKPETHOI KpaiHu 3Ha4YeHHSA ko MO-
)Ke BCTAHOBIMIOBATUCH Y HalioHanbHoOMy goaatky. Pe-
KOMeHaoBaHo € BenuynHa 0,62.

MpumiTka 2. Y Bunagkax, KoM CUCTEMA KOPCTKOCTI
3a3Hae 3Ha4yHUX 3aranbHux gedopmauin 3cyBy i/abo
NMOBOPOTIB Ha KiHLAX, AMB. 4ogaTok H (Lo TakoxX Hagae
OCHOBY ANS1 BULLIEHaBeEeHMX NpaBwun).

5.8.4 Moe3yyicmb

(1)P Bnnue noB3y4ocTi NOBUHEH BpaxoByBaTUCh
npv po3paxyHKy BAMAMBIB APYroro nopsiaky 3 obo-
B'I3KOBMM PO3rNSA0M SK 3aranbHUX YMOB 04O
nos3yyocTi (amB. 3.1.4), Tak i TPMBANOCTi Pi3HUX
HaBaHTaXeHb Y CMOMyYeHHi, WO po3rnsaaaeTbes.

(2) TpuBanicTb HaBaHTaXeHb MOXe BpaxoByBa-
TMCb CMPOLLEHO 3a AOMOMOroK PO3paxyHKOBOro
KoediLlieHTa NOB3Y4OCTi ¢, AKUA MPU 3aCTOCY-
BaHHi 3 pO3paxyHKOBUM HaBaHTaXXeHHsIM Jae€ fe-
cdopmalito NoB3y4yocTi (KpMBU3HY), LLO BiOMNOBI-
Jae KBasinoCTiIMHOMY HaBaHTaXXEHHIO:

E_.4 — is the design value of the modulus of elas-
ticity of concrete, see 5.8.6 (3);

I, — is the second moment of area (uncracked
concrete section) of bracing member(s).

Note: The value of k4 for use in a Country may be found
in its National Annex. The recommended value is 0,31.

Expression (5.18) is valid only if all the following

conditions are met:

— torsional instability is not governing, i.e. struc-
ture is reasonably symmetrical,

— (global shear deformations are negligible (as in
a bracing system mainly consisting of shear
walls without large openings);

— bracing members are rigidly fixed at the base,
i.e. rotations are negligible;

— the stiffness of bracing members is reasonably
constant along the height;

— the total vertical load increases by approxi-
mately the same amount per storey.

(2) k4 in Expression (5.18) may be replaced by k,
if it can be verified that bracing members are
uncracked in ultimate limit state.

Note 1: The value of k, for use in a Country may be
found in its National Annex. The recommended value is
0,62.

Note 2: For cases where the bracing system has sig-
nificant global shear deformations and/or end rotati-
ons, see Annex H (which also gives the background to
the above rules).

5.8.4 Creep

(1)P The effect of creep shall be taken into acco-
unt in second order analysis, with due conside-
ration of both the general conditions for creep
(see 3.1.4) and the duration of different loads in
the load combination considered.

(2) The duration of loads may be taken into ac-
count in a simplified way by means of an effective
creep ratio, .5, Which, used together with the de-
sign load, gives a creep deformation (curvature)
corresponding to the quasi-permanent load:

Pef = P(w0,t0) Mo, / Moeq » (5.19)

ne:
®(c0,¢0) — KOEILIEHT MOBHOI NOB3Yy4oCTi 3a 3.1.4;

where:
®(«0,t0) —is the final creep coefficient according to 3.1.4
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MOEqp — 3rMHaNbHUA MOMEHT MEepLLIOro NOpsSAKyY Y
KBa3inocTinHomy cnony4yeHi (SLS);

Moy — 3TVHaNbHU MOMEHT NEepPLLIOro NOPSAAKY Y
po3paxyHKoBOMY cronyyeHHi (ULS)

MpumitTka. MOXNMBO TakoX NPUAMATU Qer HA OCHOBI
3rMHanbHUX MOMeHTIB Mgq, Ta Mgy, ane y LboMy BU-
nagky HeobxigHO BMKOHYyBaTW iTepauii i nepeipaTh
CTIUKICTb  MpU KBa3IMNOCTIMHOMY HaBaHTa)XeHHI |
Per = 9(o0,10).

(3) Axwo Mygy/Moey 3MiHHE B enemeHTi abo
KOHCTPYKLUIii, TO koeqiuieHT mMoxe obuncnioBa-
TUCb ON5 nepepisy 3 MakcumanbHUM MOMEHTOM
abo MOXe BUKOPUCTOBYBATUCb CepefdHe penpe-
3eHTaTMBHE 3HAYEHHS.

(4) BnnvBoM NoB3y4OCTi MOXXHa 3HEXTYBATH, TOO-
TO MPUNYCTUTK, WO ¢ = 0, y pasi, AKWo 3ago-
BOMbHATLCA HACTYMHI TPY YMOBMU:

Mogqp — is the first order bending moment in
quasi-permanent load combination (SLS)

Mye4—is the first order bending moment in design
load combination (ULS)

Note: It is also possible to base ¢.r on total bending
moments Mgq, and Mg, but this requires iteration and a
verification of stability under quasi-permanent load
with @er = @(o0,10).

(3) If Mogqs/Moeq varies in a member or structure,
the ratio may be calculated for the section with
maximum moment, or a representative mean va-
lue may be used.

(4) The effect of creep may be ignored, i.e. ¢,=0
may be assumed, if the following three conditions
are met:

= P(e0,t0) S 2
-\ <75

Tyt MyEy — MOMEHT nepLuoro nopsaky, a h — u-
coTa nonepeyHoro nepepisy y BianoBigHOMY Ha-
npsimi.

MpumiTka. AKWO yMOBM CTOCOBHO MOXIMBOCTI HEXTY-
BaHHSA BNMBamu Apyroro nopsaky 3rigHo 3 5.8.2 (6)
ab60 5.8.3.3 nenBe 3agoBonbHAIOTLCA (6€3 3anacy), To
6yno 6 3aHagTO HEKOHCEPBATMBHO HEXTyBaTK i BNu-
BaMu ApYyroro nopsiaky, i MOB3YYiCTIO, SKLWO TiNbKu
TEeXHIYHUI koedilieHT apmyBaHHs (o, ame. 5.8.3.1 (1))
CTaHOBUTb WoHanmeHLe 0,25.

5.8.5 Memodu po3spaxyHKy

(1) MeToam po3paxyHKy OXOMNKTb 3aranbHUn
MeTOop, L0 I'PYHTYETbCH Ha HeMiHiMHOMY po3pa-
XYHKY ApYyroro nopsaky (aue. 5.8.6), i HacTynHMx
ABa CNpoLLeHnX MeToau:

(a) meToA, WO MPYHTYETLCA HA HOMIHAMBHIN XO-
PCTKOCTI, AnB. 5.8.7;

(b) meToA, WO I'PYHTYETLCA HA HOMIHANbHIN KpW-
BU3HI, amB. 5.8.8.

Mpumitka 1. Bubip cnpoweHoro metoay (a) abo (b)
01151 BUKOPUCTaHHSA Y KOHKPETHIM KpaiHi MOXe BKasyBa-
TUCb Y HaLioHanbHOMY JoaaTky.

MpumiTtka 2. Y geskux Bunagkax HoMiHanbHi MOMEHTH
OpYyroro nopsiaky, OTpMMaHi 3a CnpoLLeHnMy MeToaa-
Mu (a) abo (b), MOXyTb BYTU BINbLUMMUK HiXXK MOMEHTWN,
o BignoBigatTb BTpaTi CTinkocTi. Lle cBiguntb npo
Te, WO 3aranbHU MOMEHT Bi4noBigae onopy nonepey-
HOro nepepiay.
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Here Mg, — is the first order moment and h is the
cross section depth in the corresponding direc-
tion.

Note: If the conditions for neglecting second order
effects according to 5.8.2 (6) or 5.8.3.3 are only just
achieved, it may be too unconservative to neglect both
second order effects and creep, unless the mechanical
reinforcement ratio (o, see 5.8.3.1 (1)) is atleast 0,25.

5.8.5 Methods of analysis

(1) The methods of analysis include a general
method, based on non-linear second order ana-
lysis, see 5.8.6 and the following two simplified
methods:

(a) Method based on nominal stiffness, see 5.8.7

(b) Method based on nominal curvature, see 5.8.8

Note 1: The selection of Simplified Method (a) and (b)
to be used in a Country may be found in its National
Annex.

Note 2: Nominal second order moments provided by
the simplified methods (a) and (b) are sometimes
greater than those corresponding to instability. This is
to ensure that the total moment is compatible with the
cross section resistance.
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(2) MeTog (a) moxxe BMKOPUCTOBYBATUCH AK AN
OKpeMUX erieMeHTIB, TaK i AN KOHCTPyKLUil B
Linomy, SKLO BESTIMYNHN HOMIHANbHOI XKOPCTKOCTI
BM3HAYeHi BiANOBiAHMM YMHOM; aMB. 5.8.7.

(3) MeTog (b) B 0oCHOBHOMY MiAXOAWUTb O1151 OKpe-
MUX enemeHTiB; amB. 5.8.8. OagHak, 3a 06rpyHTO-
BaHMX YMOB CTOCOBHO PO3MOAiINY KPUBU3HU
MeToA, HaBeaeHu y 5.8.8, Takox Moxe 3acTOCo-
BYBaTUCb AN KOHCTPYKLiN.

5.8.6 3azanbHUl Memod

(1)P 3aranbHuin MeToq, I'PYHTYETLCA Ha HEMiHINn-
HOMY PO3paxyHKy BKMOYHO 3 reOMETPUYHOID He-
niHiMHicTIO, TOOTO BAAMBaMuM APYroro Mopsiaky.
3acTOCOBYHOTHCS 3ararbHi NpaBuna HemiHiInHoro
po3paxyHKy, HaBegeHi y 5.7.

(2)P HeobxigHo 3acTtocoByBaTu rpadiku "Hanpy-
XeHHs-gedopmadii" 6eToHy i ctani, aki npuaaTHi
ONa 3aranbHOro po3paxyHky. Bnnue noB3y4yocTi
NMOBUHEH BPaxoBYyBaTUCh.

(3) MoxxyTb BUKOPUCTOBYBATUCH 3aNEXHOCTi "Ha-
npyxeHHs-gedopmauii” ansa 6eToHy i cTani, Haga-
Hiy 3.1.5, Bupasu (3.14) i 3.2.3 (pucyHok 3.8). 3a
rpadikamu "HanpyxeHHsa-gedopmadii”, Wwo rpyH-
TYIOTbCH Ha PO3paxyHKOBUX BenuyuMHax, pospa-
XYHKOBE 3HAYeHHsi rPaHW4YHOro HaBaHTaXKEHHS
oTpUMyeTbCcA 6e3nocepenHbo i3 Po3paxyHKy. Y
Takomy pasi y Bupasi (3.14) Ta Anga BenuunHn K,
f.,, 3aMIHIOETbCS PO3PaxyHKOBOK MILHICTIO Ha

cm
cTUcK f y, @ E,,, 3aMiHIOETbCA Ha:

(2) Method (a) may be used for both isolated
members and whole structures, if nominal
stiffness values are estimated appropriately; see
5.8.7.

(3) Method (b) is mainly suitable for isolated
members; see 5.8.8. However, with realistic
assumptions concerning the distribution of curva-
ture, the method in 5.8.8 can also be used for
structures.

5.8.6 General method

(1)P The general method is based on non-linear
analysis, including geometric non-linearity i.e. se-
cond order effects. The general rules for non-
linear analysis given in 5.7 apply.

(2)P Stress-strain curves for concrete and steel
suitable for overall analysis shall be used. The
effect of creep shall be taken into account.

(3) Stress-strain relationships for concrete and
steel given in 3.1.5, Expression (3.14) and 3.2.3
(Figure 3.8) may be used. With stress-strain
diagrams based on design values, a design value
of the ultimate load is obtained directly from the
analysis. In Expression (3.14), and in the k —
value, f.,. is then substituted by the design comp-

»cm
ressive strength f; and E_,, is substituted by

Ecog =Ecm ! veE - (5.20)

Mpuwmitka. BennuuHa y.e AN BUKOPUCTAHHA Yy KOH-
KPETHIM KpaiHi MOXe BCTaHOBMOBATUCh Y HaluioHanb-
HoMy gopaTky. PekomeHayeTbes 3HaveHHa 1,2.

(4) 3a BigcyTHOCTI Ginbl TOYHMX MoAenen no-
B3Y4iCTb MOXe BPaxOBYBATUCH LLUIIXOM MHOXEH-
HA BCiX BenuuuH gedopMadin Ha rpadiky "Ha-
npyxeHHa-gedopmadii” 6eToHy BignNoBiAHO 00
5.8.6 (3) Ha koedilieHT (1 + @), A€ ¢ s— po3pa-
XYHKOBUWI koeillieHT NoB3y4ocTi 3rigHo 3 5.8.4.
(5) Moxe BpaxoByBaTUCb BMNSIMB OGTUCHEHHS NMpK
po3Tary.

Mpuwmitka. Len Bnnue 3aBxan CnpuaTnuBMA i Ans
CnpoLeHHA Oro MoXXHa He BpaxoByBaTu.

(6) 3asBuyan, ymoBM piBHOBAru i CyMiCHOCTI ae-
dopmaLinn 3a00BOSbHATLCA AN OinNbLIOCTi no-
nepeyvHux nepepisis. CnpoLLeHOW anbTepHaTu-
BOK € pO3rnsia TiNbKWU KPUTUYHOrO(MX) nepepi-
3y(iB) Ta yMOBU BiAMNOBIAHOT 3MiHN KPUBU3HU MiXK

Note: The value of y.e for use in a Country may be
found in its National Annex. The recommended value is
1,2.

(4) In the absence of more refined models, creep
may be taken into account by multiplying all strain
values in the concrete stress-strain diagram
according to 5.8.6 (3) with a factor (1 + ¢f), where
@, is the effective creep ratio according to 5.8.4.

(5) The favourable effect of tension stiffening may
be taken into account.

Note: This effect is favourable, and may always be
ignored, for simplicity.

(6) Normally, conditions of equilibrium and strain
compatibility are satisfied in a number of cross
sections. A simplified alternative is to consider
only the critical cross section(s), and to assume a
relevant variation of the curvature in between, e.g.
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HUMKM, Hanpuknag, nogibHoO MOMEHTY nepLuoro
nopsiaky abo CnpoLLEHO HWUM MNPUAHATHUM
crnocotbom.

5.8.7 Memod HoMiHanbHOI XxopcmkKocmi
5.8.7.1 3azanbHi MONOKEHHS

(1) Y pospaxyHKy 3a gecOopMOBaHOK CXEMOLD,
AKUA I'PYHTYETBCSH Ha XOPCTKOCTI, NOBMHHI BUKO-
pUCTOBYBATUCb HOMiHaIbHI BEMWYUHW 3rMHanb-
HOI )XOPCTKOCTIi 3 ypaxyBaHHSM BMNUBIB TPILLMHO-
YTBOPEHHS, HENIHINHOCTI MaTepiarny i NOB3y4oCTi
Ha 3aranbHuU xapaktep poboTu. Lle Takox cto-
CYETbCS NPUNErnMxX eneMeHTiB, L0 BPaxoBYOTb-
Csl MpU PO3paxyHKy, Hanpuknag, 6anku, naMtu
abo hyHoameHTW. Y BignoBigHMX BMNagkax no-
BMHHa BpPaxoBYyBaTUCb B3aemMofis "OCHOBa-Cro-
pyna“.

(2) CymapHi po3paxyHKOBi MOMEHTWN BUKOPUCTO-
BYIOTbCA A5 PO3paxyHKy nonepeyvHnx nepepisis
BigMOBIAHO A0 3rMHaNbHUX MOMEHTIB i OCbOBOI
cvnu 3rigHo 3 6.1, Ak nopiBHAHHS 3 5.8.6 (2).

5.8.7.2 HomiHarbHa »opcmkicmb

(1) Anst OUiHKM HOMIHANBHOT XXOPCTKOCTi FHYYKMX
CTUCHYTUX eNeMEeHTIB AOBINbHOIo Nepepisy Moxe
3aCcToCOBYBaTUCh HACTYMHUI NigXia:

similar to the first order moment or simplified in
another appropriate way.

5.8.7 Method based on nominal stiffness
5.8.7.1 General

(1) In a second order analysis based on stiffness,
nominal values of the flexural stiffness should be
used, taking into account the effects of cracking,
material non-linearity and creep on the overall
behaviour. This also applies to adjacent members
involved in the analysis, e.g. beams, slabs or
foundations. Where relevant, soil-structure inter-
action should be taken into account.

(2) The resulting design moment is used for the
design of cross sections with respect to bending
moment and axial force according to 6.1, as
compared with 5.8.6 (2).

5.8.7.2 Nominal stiffness

(1) The following model may be used to estimate
the nominal stiffness of slender compression
members with arbitrary cross section:

El =K E oyl +KsEgyls . (5.21)

ae:
E .4 — po3paxyHKoBe 3Ha4€HHS MOAYns NPY>XHOC-
Ti 6eToHy, auB. 5.8.6 (3);

|, — MOMeHT iHepLii nonepeyHoro nepepisy 6eto-
Hy;

E,y — po3paxyHKOBE 3Hau4eHHs MOAyns Mpyx-
HOCTi apmaTtypu, ams. 5.8.6 (3);

| — MOMEHT iHepLii nonepeYHoro nepepisy apma-
TYpM BiJHOCHO LieHTpa nepepidy GeTOoHY;

K, — KoeilieHT ypaxyBaHHs BMMBIB TPILLWH, MO-
B3y4O0CTi Towwo, auB. 5.8.7.2 (2) abo (3);

K, — KoeiLieHT ypaxyBaHHs BMMnBY apMyBaHHs,
avB. 5.8.7.2 (2) abo (3).

(2) 3a ymoBu, wo p > 0,002, y smpasi (5.21) mo-
XyTb 3aCTOCOBYBAaTUCb HACTYMHI 3HAYEHHST KOe-
diuieHTiB:

where:

E.y — is the design value of the modulus of
elasticity of concrete, see 5.8.6 (3)

I, — is the moment of inertia of concrete cross
section;

E,y — is the design value of the modulus of
elasticity of reinforcement, 5.8.6 (3);

I — is the second moment of area of reinfor-
cement, about the centre of area of the concrete;
K. — is a factor for effects of cracking, creep etc,
see 5.8.7.2 (2) or (3);

K, — is a factor for contribution of reinforcement,
see 5.8.7.2 (2) or (3).

(2) The following factors may be used in Expres-
sion (5.21), provided p > 0,002:

K, =1,
KC =k1k2 /(1+(pef), (522)

ne:
p — rEOMETPUYHMI NPOLIEHT apMyBaHHs, A /A,
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p is the geometric reinforcement ratio, Ag /A ;
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Ag — 3aranbHa nnowua nepepisy apmatypu;
A, — nnowia nepepisy 6eToHy;

(f— PO3PAXYHKOBMI KOEWILIIEHT MOB3Y4OCTi, ANB
5.8.4;

k1 — KoediuieHT, LLIo 3aneXuTb Bif Krnacy MilHOCTI
BeToHy (5.23);

ko — KOEWILEHT, L0 3aneXunTb Bif OCbOBOT CUIN
rHy4dkocTi (5.24).

A, is the total area of reinforcement;
A.is the area of concrete section;

@, is the effective creep ratio, see 5.8.4;

k, is a factor which depends on concrete strength
class, Expression (5.23);

k, is a factor which depends on axial force and
slenderness, Expression (5.24).

kqy = fe 120 MMNa/(MPa) , (5.23)
ky=n— <020, (5.24)
170
ae: where:

n — BinHocHa ocboBa cuna Ngy /(A fy);
A — FHy4KicTb, AnB. 5.8.3.

AKLLIO rHYYKICTb A He BU3HayeHa, To K, MOXe B/3-
Ha4aTucb AK:

n is the relative axial force Ng, /(A, f.4);
A is the slenderness ratio, see 5.8.3.

If the slenderness ratio A is not defined, k, may be
taken as

ko =n-0,30 <0,20. (5.25)

(3) Ak cnpouwleHa anbTepHaTMBa npu 3abeane-
YyeHHi ymosu p > 0,01 y Bupasi (5.21) MoXyTb BU-
KOPUCTOBYBATUCb HACTYMHI KOeiLiEHTH:

(3) As a simplified alternative, provided p > 0,01,
the following factors may be used in Expression
(5.21):

K,=0,
Ke =0,3/(1+0,505). (5.26)

MpumiTtka. CnpolleHa anbTepHaTnBa MOXE BUKOPUC-
TOBYBaATUCb Y AKOCTI nonepegHboro Kpoky, 3a AKUM
cnigye 6inbl To4YHe 064YMCneHHs 3rigHo 3 (2).

(4) Y cTaTU4HO HEBU3HAYEHUX KOHCTPYKLIAX He-
00XxigHO BpaxoByBaTW HECNPUATINBUIA BMNNB
TPILLWMHOYTBOPEHHSA Y NpUNernmx enemenTax. Ak
npasuno, supasmn (5.21)...(5.26) He 3acTocoBYy-
IOTbCA ON1A Takmx enemeHTiB. Moxe BpaxoByBa-
TUCb YaCTKOBE TPILLMHOYTBOPEHHS | OOTUCHEHHS
npw posTary, Hanpuknag, 3rigHo 3 7.4.3. OgHak,
OJ151 CMIPOLLEHHS MOXe [ONyCcKaTUCb NOBHE pO3-
TpickyBaHHA nepepidy. KOpCTKiCTb MOBUHHA
I'PYHTYBaTMCb Ha NPUBEAEHOMY MOAYIi GETOHY:

Note: The simplified alternative may be suitable as a
preliminary step, followed by a more accurate calcula-
tion according to (2).

(4) In statically indeterminate structures, unfa-
vourable effects of cracking in adjacent members
should be taken into account. Expressions
(5.21-5.26) are not generally applicable to such
members. Partial cracking and tension stiffening
may be taken into account e.g. according to 7.4.3.
However, as a simplification, fully cracked sec-
tions may be assumed. The stiffness should be
based on an effective concrete modulus:

Ecqgeft =Eca /(1 + (Pef) ; (5.27)

he:
E.y — pO3paxyHKOBE 3HA4YeHHs MOAyns Mpyx-
HOCTi 3rigHo 3 5.8.6 (3);

QPef — PO3PaxyHKOBUIA KOEWILIEHT MOB3Y4OCTi;
MOXe BMKOPMCTOBYBATUCb Ta CaMa BenuyuHa,
O i ANs KOJIOH.

where:

E.q is the design value of the modulus of elasticity
according to 5.8.6 (3)

9er is the effective creep ratio; same value as for
columns may be used
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5.8.7.3 KoegpiyieHm 3pocmaHHs MOMeHmMy

(1) CymapHuii po3paxyHKOBUIA MOMEHT, BKIOYa-
04N MOMEHT [pYroro nopsiaky, MoXe Bupaxa-
TUCb $IK MeBHe 30iMblUEHHA 3rMHanbHUX MO-
MEHTIB, BU3HAYEHUX NpW NiHINHOMY PO3paxyHKY,
TobTO:

Meg =Mogg |1+

ne:
Mogq — MOMEHT MepLIoro Mnopsaky; AMB. TakoxX
5.8.8.2 (2);

B — KoediuieHT, Wo 3anexuTb Big posnoginy mMo-
MEHTIB NepLloro i Apyroro nopsiaky, ame. 5.8.7.3
(2).(3);

Ngy — po3paxyHKoBa BenmymHa 0CbOBOro HaBaH-
TaXXEeHHS;

Ng — KpuTMYHe HaBaHTaXKeHHs, Lo Bignosidae
HOMiHanbHiI XXOPCTKOCTI.

(2) Onsa okpeMux enemMeHTiB Npu NOCTIHOMY Me-
pepisi i HaBaHTa)KeHHI MOXXHa AOMYyCTUTK, 3a3BU-
Yal, WO MOMEHT APYroro Mopsiaky Mae CUHY-
coiganbHui po3nogin. Takum YNHOM:

ne:
Co — KOEWILIEHT, LLIO 3anexuTb Bif po3noainy Mo-
MEHTY MepLLOoro nopsaKy (Hanpuknag, ¢, = 8 ana
MOCTINHOTO MOMEHTY MEepLLIOro Nopsaaky, ¢, = 9,6
ansa napa6onivyHoro i 12,0 4ns TpUKyTHOrO CMMET-
PUYHOrO PO3NoAiny ToLLo).

(3) 3a BigcyTHOCTI NonNepeYyHoro HaBaHTaXEHHS
€rNeMeHTIB MOMEHTU Ha KiHUAX My, i My, MOXYTb
3aMiHIOBaATUCb €KBIiBaneHTHUM MNOCTIMHUM MO-
MeHTOM M, 3rigHo 3 5.8.8.2 (2). 3a ymoBu noc-
TIAHOrO MOMEHTY MepLUoro MNOPSAKY MOBWUHEH
3aCTOCOBYBATUCh BiAMOBIAHWI KOEMILIIEHT ¢y = 8.
MpumiTka. 3HayeHHs C¢; = 8 TaKkoX 3aCTOCOBYETbCS
ONs1 eneMeHTIB i3 3rMHOM [BOsiKOI KpmBu3HW. Cnig
MaTW Ha yBasi, WO y AesSKuX BUNagKax, 3anexHo Bif
FHY4YKOCTI I OCbOBOIro 3ycuiid, MOMEeHTU Ha KIHUAX MO-
XyTb OyTM GiNbLIMMK HiXX BENUYMHA EKBiBaNEeHTHOro
MOMEHTY.

(4) Y pasi HeMOXNMBOCTI 3acTocyBaHHA 5.8.7.3
(2) abo (3) monyckaeTtbca cnpoweHHsa B = 1. Bu-
pa3 (5.28), TakKuM YMHOM, MOXe 3BOAUTUCH A0

Mgy
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5.8.7.3 Moment magnification factor

(1) The total design moment, including second
order moment, may be expressed as amag-
nification of the bending moments resulting from a
linear analysis, namely:

|

Myey4 is the first order moment; see also 5.8.8.2
(2);

B is a factor which depends on distribution of 1st
and 2nd order moments, see 5.8.7.3 (2)-(3);

B
(Ng / Ngg ) —1

where:

(5.28)

Ng, is the design value of axial load;

Njg is the buckling load based on nominal stiff-
ness.

(2) For isolated members with constant cross
section and axial load, the second order moment
may normally be assumed to have a sine-shaped
distribution. Then

—2 /¢y, (5.29)

where:

Cy is a coefficient which depends on the distri-
bution of first order moment (for instance, ¢, = 8
for a constant first order moment, ¢, = 9,6 for a
parabolic and 12,0 for a symmetric triangular
distribution etc.).

(3) For members without transverse load, diffe-
ring first order end moments My, and M,, may be
replaced by an equivalent constant first order
moment M, according to 5.8.8.2 (2). Consistent
with the assumption of a constant first order
moment, ¢, = 8 should be used.

Note: The value of ¢y = 8 also applies to members bent
in double curvature. It should be noted that in some
cases, depending on slenderness and axial force, the
end moments(s) can be greater than the magnified
equivalent moment

(4) Where 5.8.7.3 (2) or (3) is not applicable, § = 1
is normally a reasonable simplification. Expres-
sion (5.28) can then be reduced to:

Moed (5.30)
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MpumiTtka. 5.8.7.3 (4) TakoXX MOXe 3aCTOCOBYBaTUChb
ONS 3aranbHOro po3paxyHKy AesKUX TUMIB KOHCTPYK-
Lir, Hanpuknag, KOHCTPYKLIN, po3KpinneHux giadpar-
MaMM XOPCTKOCTI TOLLLO, KON OCHOBHUM Hachnigkom aii
€ 3rMHanbLHUN MOMEHT Y enemMeHTax giadparm XopcT-
KocTi. [Ins iHWMX TUNiB KOHCTPYKLUIM BinbLu 3aranbHui
niaxig HaesegeHo B H.2 popatka H.

5.8.8 Memo0d HoMiHanbHOI KpUBU3HU
5.8.8.1 3azarnbHi NonoxxeHHs1

(1) Len meToa npuaaTHUA, FONOBHUM YMHOM, 45
OKpPEMUX eNeMEHTIB i3 NMOCTINHOK NO340BXHBLOM
CUJIOKO | BUBHAYEHO PO3paxyHKOBO AOBXKMHO
lp (AmB. 5.8.3.2). Llen meTton Aa€ HOMiHaNbHUM
MOMEHT OpYyroro nopsgkKy Big MPOruHy, SKWA Y
CBOIO Yepry 3anexunTb Big po3paxyHKOBOI JOBXU-
HW i 064YMCrIEHOT MaKCUManbHOT KPUBU3HU (OMB.
5.8.5(3)).

(2) CymapHuin po3paxyHKOBUIN MOMEHT BUKOPUC-
TOBYETLCHA ANS pO3paxyHKy MOMNepeyHoro nepe-
pi3y 3a 3rMHaribHUM MOMEHTOM i OCbOBOK CUITOH)
3rigHo 3 6.1.

5.8.8.2 3auHarnbHi MOMeHmMu

(1) PospaxyHKkOBUI MOMEHT BU3HA4YaETbCH 3a
dopMynoto:

Note: 5.8.7.3 (4) is also applicable to the global
analysis of certain types of structures, e.g. structures
braced by shear walls and similar, where the principal
action effect is bending moment in bracing units. For
other types of structures, a more general approach is
given in Annex H, Clause H.2.

5.8.8 Method based on nominal curvature
5.8.8.1 General

(1) This method is primarily suitable for isolated
members with constant normal force and a
defined effective length I, (see also 5.8.3.2). The
method gives a nominal second order moment
based on a deflection, which in turn is based on
the effective length and an estimated maximum
curvature (see also 5.8.5(3)).

(2) The resulting design moment is used for the
design of cross sections with respect to bending
moment and axial force according to 6.1.

5.8.8.2 Bending moments
(1) The design moment is:

Meq =Mogg + M, , (5.31)

ne:
Moygy — MOMEHT MepLioro nopsaKy, BKMOYHO 3
BM/IMBOM HETOYHOCTEN, AMB. Takox 5.8.8.2 (2);

M, — HOMiHanbHWN MOMEHT [OpYroro nopsiaKy,
ame. 5.8.8.2 (3).

MakcumarnbsHe 3HaveHHA Mgy BU3Ha4aeTbcsa pos-
nodinom Myg, i M,; ocTaHHin MoXe npuiMaTuch y
Burnaai napabonu abo cuHycoigM Ha pobodin
JOBXWUHI

Mpumitka. [Ins cTaTU4HO HEBU3HAYEHUX EerNeMeHTIB
Moes BU3Ha4YaeTbCs ANs PakTUYHUX YMOB 3aKpinseH-
Hs1, konu My, Byae 3anexaTy Bi yMOB 3aKpinneHHs ve-
pe3 po3paxyHKOBY AOBXMHY, nopieH. 3 5.8.8.1 (1).

(2) 3miHHI MOoMmeHTU My, | My, MOXyTb 3aMiHiOBa-
TUCb €KBiBaNEHTHUM MNOCTINHAM MOMEHTOM Ha
KiHLi M,

Mge =0,6Mqy

Mg1 i Mg, NOBMHHI By T OQHOrO 3HaKa, AKLLO BOHM
OaloTb PO3TAr HA OAHIN CTOPOHI, B iHLLOMY pasi —
NPOTUNEXHMX 3Hakie. [lo Toro x, [Mo| > M.

(3) HomiHanbHuin MmoMeHT apyroro nopsaky M, y
Bupasi (5.31) BU3HavaeTbCs, FK:

where:

Myeq4 is the 1st order moment, including the effect
of imperfections, see also 5.8.8.2 (2)

M, is the nominal 2nd order moment, see 5.8.8.2
(3)

The maximum value of Mg, is given by the
distributions of Myzy and M,; the latter may be
taken as parabolic or sinusoidal over the effective
length.

Note: For statically indeterminate members, Mg, is
determined for the actual boundary conditions, whe-
reas M, will depend on boundary conditions via the
effective length, cf. 5.8.8.1 (1).

(2) Differing first order end moments My, and M,
may be replaced by an equivalent first order end
moment M,

+0, 4M01 > 0, 4M0,2 . (532)

My4 and My, should have the same sign if they
give tension on the same side, otherwise opposite
signs. Furthermore, [Mqy| > M.

(3) The nominal second order moment M, in
Expression (5.31) is
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M3 =Ngq -€2 ,

ae:
Ngy — PpO3paxyHKoBE 3HAYeHHs1 MO3[0BXHbOI
cvnu;

€, — NPOrvH = (l / r)lg /c;

1/r — xpuBM3Ha, ame. 5.8.8.3;
lp — pO3paxyHKoBa [0oBXWHa, AMB. 5.8.3.2;

C — KoediLlieHT, Lo 3anexuTb Big po3noainy Kpu-
BM3HW, auB. 5.8.8.2(4).

(4) Ansi nocTinHOro nonepeyHoro nepepisy, sk npa-
BMWIIO, BUKOPUCTOBYETHCS 3HaYeHHs ¢ = 10 (~ nz).

AKWO MOMEHT nepLloro Nopsaky NOCTINHUNA, He-
06XiAHO BUKOPUCTOBYBaTWN MEHLLE 3Ha4YeHHs ( Ha-
MMEHLIMM 3Ha4YeHHaAM € 8 BignoBigHO 0 MOCTin-
HOrO CyMapHOro MOMEHTY).

MpumiTka. Benuunta n Bignosigae cuHycoiganbHoMy
po3noainy KpmMeuaHu. [1na NOCTINHOI KpMBU3HWM Lie 3Ha-
YeHHs = 8. Cnia BpaxoByBaTH, L0 C 3aNeXuTb Bif, po3-
noAiny cymapHoi KpMBU3HU, ToAi 5K Co ¥ 5.8.7.3 (2) —
BiZl KPMBM3HMU, LLO BiANOBIAAE TiNbKM MOMEHTY NepLLO-
ro NMopsiaky.

5.8.8.3 KpususHa

(1) Ons enemeHTiB 3 NOCTIIHUM CUMETPUYHUM
nepepisom (BKHOYHO 3 apMyBaHHSAM) MOXe BUKO-
PUCTOBYBATUCb HACTYMHWUIA BUPa3:

1/r=K,

ae:
K, — nonpaBoYHWiN KOEWILLIEHT, O 3anexuTb Bif
OCbOBOrO HaBaHTaxeHHs, aue. 5.8.8.3 (3);

K(p — KoeilieHT, WO BpaxoBye NOB3YyYiCTb, AUB.
5.8.8.3 (4);

1/rg =€yq /(0,45d);

eyqg =fyq 1 Es;

d — po3paxyHkoBa B1COTa; AMB. Takox 5.8.8.3 (2).
(2) Axwo apmaTypa He CKOHLEHTpOBaHa Ha npo-
TUINEXHUX CTOPOHaX, a TiNMbKM Ti YacTuHa po3no-

JineHa napanenbHO NIOWWHI 3rvHy, d BU3Ha-
YyaeTbes SAK:

d=(h12)+ig

Ae is— pagiyc iHepuii 3aranbHoI NoLLi apmaTtypu.

(3) K, y Bupasi (5.34) HeobxigHO NpunmaTw, sik:

Kr =(nu _n)/(nu _nbal) <1,
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where:
Ng, is the design value of axial force

e, is the deflection = (l / r)lé /c;

1/r is the curvature, see 5.8.8.3;

Iy is the effective length, see 5.8.3.2;

c is a factor depending on the curvature distribu-
tion, see 5.8.8.2 (4).

(4) For constant cross section, ¢ = 10 (= Tcz) is

normally used. If the first order moment is cons-
tant, a lower value should be considered (8 is a
lower limit, corresponding to constant total mo-
ment).

Note: The value = corresponds to a sinusoidal curva-
ture distribution. The value for constant curvature is 8.
Note that ¢ depends on the distribution of the total
curvature, whereas ¢, in 5.8.7.3 (2) depends on the
curvature corresponding to the first order moment only.

5.8.8.3 Curvature

(1) For members with constant symmetrical cross
sections (incl. reinforcement), the following may
be used:

(5.34)

where:

K, is a correction factor depending on axial load,
see 5.8.8.3 (3)

K, is a factor for taking account of creep, see
5.8.8.3 (4);

1/rg =€yq /(0,45d);
‘Syd = fyd /ES;
d is the effective depth; see also 5.8.8.3 (2).

(2) If all reinforcement is not concentrated on
opposite sides, but part of it is distributed parallel
to the plane of bending, d is defined as

(5.35)

where i is the radius of gyration of the total
reinforcement area

(3) K, in Expression (5.34) should be taken as:
(5.36)
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ae:
n =Ngy [ ATy, BIQHOCHaA OCbOBa CcUNa;

NEg4— po3paxyHKOBe 3Ha4eHHsi OCbOBOI CUMK,

n, =1+o;

Npg — 3HAYEHHA N NPU MakcMmarnbHOMY onopi 3a
MOMEHTOM; MOXHa npurMmaTn 3HadyeHHs 0,4;

o= Asfyd I (Acteq );
A, — 3aranbHa nnoLa apMartypu;
A, — nfioLLa nonepeyHoro nepepisy 6eToHy.

(4) Bnnve noB3y4oCTi MOBUHEH BpaxoByBaTUCb
3a JONOMOrok KoedilieHTa K(p:

K

ae:

Qof — PO3pPaxyHKOBUM KoedilieHT MoB3y4oCTi,
avB. 5.8.4;

B=035+f, /200-A/150;
A — THY9KiCTb, AmB. 5.8.3.1
5.8.9 [JeoesicHuli 32uH

(1) 3aranbHun meTon, onucaHuin y 5.8.6, Takox
MO>Xe BUKOPUCTOBYBATUCL MPW ABOBICHOMY 3rMHI.
Mpwn 3acTocyBaHHi CNPOLLEHOr0 METOAY BUKOPUC-
TOBYIOTbCA HWKYeHaBeeHi nonoxeHHs. Ocob-
nVBY yBary cnig 3BepHyTW Ha BU3HAYeHHs nepe-
Pi3y 3 KPUTUYHUM CMOMYYEHHSIM MOMEHTIB BAOBX
enemeHTa.

(2) Y sikOoCTi NnepLuoro Kpoky Moxe BUKOHYBaTUCh
OKpEeMUI PO3paxyHOK st KOXHOrO rofIOBHOMO Ha-
npsiMmky 6e3 ypaxyBaHHS OBOBICHOrO 3ruHy. [e-
ekt HeobXigHO BpaxoByBaTW TiflbkW y Han-
PSMKY, e BOHU MalTb HECNPUSATNMBI BMIMBW.

(3) Hemae notpebu y noganbLuin nepesipLi, SKLLO
rHYYKICTb 3210BOSbHSE ABi HYXKYeHaBeAEeHi YMOBMU:
Ay lh, <2

Ta, AKLO BiQHOCHI EKCLUEHTPUCUTETH ey/h ie,/b
(prcyHOK 5.7) 3a00BONbHSATb OAHY 3 HACTYMHUX
YMOB:

® =1+B- g 21,

where:

n =Ngy [ ATy, relative axial force;

Ng, is the design value of axial force;

n, =1+o;

Ny is the value of n at maximum moment resis-
tance; the value 0,4 may be used;

o= Asfyd I Acteq );
A is the total area of reinforcement;
A. is the area of concrete cross section.

(4) The effect of creep should be taken into acco-
unt by the following factor K

(5.37)
where:

9. is the effective creep ratio, see 5.8.4;

B=035+f, /200-A/150;
A is the slenderness ratio, see 5.8.3.1
5.8.9 Biaxial bending

(1) The general method described in 5.8.6 may
also be used for biaxial bending. The following
provisions apply when simplified methods are
used. Special care should be taken to identify the
section along the member with the critical
combination of moments.

(2) Separate design in each principal direction,
disregarding biaxial bending, may be made as a
first step. Imperfections need to be taken into
account only in the direction where they will have
the most unfavourable effect.

(3) No further check is necessary if the slender-
ness ratios satisfy the following two conditions:

i (and) A, /1, <2 (5.38a)

and if the relative eccentricities e /hand e, /b (see
Figure 5.7) satisfy one the following conditions:

e,/ h e, lh
Y €9 <02 abo (or) 2—29 <02, (5.38b)
e, /beq eg ! eq

ae: where:

b, h — wnpwuHa i BUCOTa nepepiay;
beq :iy\@ i heg —i,\12 nns Beix exsiBaneH-

THUX NPSIMOKYTHUX NEPEPI3iB;

b, h are the width and depth of the section
beq :iy\@ and hgq =i,12 for an equivalent

rectangular section;
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xy, A, — THYYKOCTI Io/i BigHOCHO ocen y i z Bia-
MoBigHO;

iy, i, — pagiycu iHepuii BigHOCHO ocei y i z
BiANOBIOQHO;

e,= MEdy/ Ngy4, €KcLueHTpUCMTET BOOBX OCi Z,

e, = Mgy, | Ny, €KCLEHTPUCUTET BAOBX OCi V;

Mg, — PO3paxyHKOBWi A MOMEHT BiJHOCHO OCi y 3
ypaxyBaHHSM MOMEHTY IPYroro nopsiaky;
Mg, — PO3paxyHKOBMA MOMEHT BiJHOCHO OCi Z, 3
ypaxyBaHHAM MOMEHTY ApYroro nopsaky;

NEd — po3paxyHKoBa BeJIM4YMHA OCbOBOIo HaBaH-
TaXEeHHA.

xy, A, are the slenderness ratios Iy/i with respect
to y- and z-axis respectively

i, i, are the radii of gyration with respect to y- and
z-axis respectively;

e, = Mgy, | Ngg eccentricity along z-axis;

e, = Mgy, | Ngg eccentricity along y-axis;

Mg, is the design moment about y-axis, including
second order moment;

Mg, is the design moment about z-axis, including
second order moment;

Ng,is the design value of axial load in the respec-
tive load combination.

Iz

PucyHok 5.8 — BusHa4yeHHS eKCUeHTPUCUTETIB e, i e,
Figure 5.8 — Definition of eccentricities e, and e,

(4) Axwo ymoBu Bupasy (5.38) He 3a40BOMbHSA-
I0TbCS, TO ABOBICHUI 3rMH HeO0bXiAHO BpaxoByBa-
TM 3 BNAMBaMM LPYroro Mopsaky B KOXHOMY
HanpsIMKy (KpiM BMNagkiB, KONMM HUMKU MOXHa
3HexTyBaTtu 3rigHo 3 5.8.2 (6) abo 5.8.3). Y pasi
BiJCYTHOCTI TOYHOrO pPO3pPaxyHKy MonepeyHoro
nepepisy Ha Aito 4BOBICHOIO 3rMHY MOXHa 3acTo-
COBYBaTW HACTYMHUI CNPOLLEHUIN KPUTEPIN:

( =
MRz

ae:
MEdz,y — pO3paxyHKOBWUIA MOMEHT BIiOHOCHO BigMo-
BiQHOI OCi, BKIMFOYHO 3 MOMEHTOM [pYroro nopsakKy;

MRdz,y — rPaHUYHUIA MOMEHT Y Bi4NOBIAHOMY Ha-
NPSIMKY;
a8 — EKCMOHEeHTa;
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(4) If the condition of Expression (5.38) is not
fulfilled, biaxial bending should be taken into
account including the 2nd order effects in each
direction (unless they may be ignored according
to 5.8.2 (6) or 5.8.3). In the absence of an
accurate cross section design for biaxial bending,
the following simplified criterion may be used:

a
Meay J <1,0
MRay

where:

(5.39)

Meqz, is the design moment around the respec-
tive axis, including a 2nd order moment;

MRqz, is the moment resistance in the respective
direction;

a is the exponent;
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— [ONS Kpyrnux eninTu4HUX nepepisie: a = 2
— [ONd NpsMOKYTHUX Nepepisis:

— for circular and elliptical cross sections: a = 2
— for rectangular cross sections:

Neg/Ney 0,1

0,7 1,0

a= 1,0

1,5 2,0

— 3 NiHINHO IHTEPNONALIE NPOMIKHUX 3HAYEHD;
NEg4— po3paxyHKkoBa BenmMymMHa 0CbOBOI CUIW;

Ngg =Acfoq * As T, PO3PaxyHKoBUI onip nepepisy;

A, — 3aranbHa nnowa (6pyTTo) 6€TOHHOro ne-
pepisy;
Ag — Nrowa nosaoBXKHLOT apMaTypu.

5.9 CTiMKicTb rHy4YKknx 6anok i3 niaowmHn

(1)P Y HeobXxigHMX BMNagkax NoBUHHA BPaxoBy-
BaTUCb CTiMKICTb FHYy4KMX 6anok i3 nnowmHu, Ha-
npuknag, ans 36ipHux 6anok npu TpaHcnop-
TyBaHHIi i MOHTaxi, Ana 6anok 6e3 po3KpinneHHs
i3 NIIOWWHN Yy poBOYOMY CTaHi TOWo. Takox no-
BWHHI BpaxoByBaTUCb reOMETPUYHI HETOYHOCTI.
(2) Mpw nepeBipui 6anok y HeposKpinneHoMmy
CTaHi y SIKOCTi reOMeTpUYHUX HETOYHOCTEN He-
00xigHO gonyckaty NporvH i3 nnowwmnn /300, ge
[ = 3aranbHa goBXKMHa Banku. Akwo y poboyomy
CTaHi barnka po3KpintoeTbCS CMONYYEHUMU 3 HEHO
enemMeHTamu, To IX MOXXHa BpaxoByBaTH.

(3) BnnvBamu apyroro nopsigky y 3'€QHaHHSX i3
FHYYKICTIO 3 MIOLUMHN MOXHa 3HEXTYBaTK, AKLLO
BMKOHYIOTbCS HACTYMHI YMOBMU:

— [OBroTpvBani BUNagku:

— with linear interpolation for intermediate values;
Ng, is the design value of axial force;
Ngy = A, fog + Ag f

/g design axial resistance of
section;

S

A_ is the gross area of the concrete section;

A, is the area of longitudinal reinforcement.

5.9 Lateral instability of slender beams

(1)P Lateral instability of slender beams shall be
taken into account where necessary, e.g. for
precast beams during transport and erection, for
beams without sufficient lateral bracing in the
finished structure etc. Geometric imperfections
shall be taken into account.

(2) A lateral deflection of /300 should be assumed
as a geometric imperfection in the verification of
beams in unbraced conditions, with I = total length
of beam. In finished structures, bracing from
connected members may be taken into account

(3) Second order effects in connection with lateral
instability may be ignored if the following condi-
tions are fulfilled:

— persistent situations:

o o 50 i iand) mb<25: (5.40a)
b (hip)?3

— KOPOTKOTpMBani BUNaaKu: — transient situations:
o o 70 iand) mb<35, (5.40b)
b (hip)¥3

ne:

lpt — BiACTaHb MiX 3aKpinneHHsAMM Bif MOBOPOTY;
h — 3aranbHa BucoTa 6anku y LeHTpanbHii Yac-
TUHI [ ;

b — WwnprHa CTUCHYTOI NOnuLi.

(4) NMoBOpPOT, BUKMMKAHWUIA CTINKICTHO i3 MIOLMHM,

NOBMHEH BPaxoBYBaTUCb Yy PO3paxyHKy OMOPHUX
KOHCTPYKLUiN.

where:
Iot is the distance between torsional restraints;
h is the total depth of beam in central part of Iy, ;

b is the width of compression flange.

(4) Torsion associated with lateral instability sho-
uld be taken into account in the design of sup-
porting structures.
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5.10 NMonepeAHbLO HaNpyXXeHi efneMeHTH i
KOHCTPYKLil

5.10.1 3aczanbHi NonoxeHHs

(1)P Y paHux Hopmax po3rnsagaeTbes nonepeaHe
HarnpyXeHHs, sike NpuknageHe oo 6eToHy none-
peaHbO HarnpyXeHo apMaTypolo.

(2) BnnvBu nonepeaHbOro Hanpy>XeHHs1 MOXYTb
po3rnagaTUCh Sk BNAuB abo Sk onip, CNPUYNHEHI
nonepeaHbLol0 AedopmMadieto abo nonepeaHiMm
CTBOPEHHSAM KpUBM3HW. Hecy4ya 30aTHiCTb NOBUH-
Ha BU3Ha4aTuCb BiAMNOBIAHUM YYMHOM

(3) 3assuyait, nonepeaHe HanpyXeHHS BBOOUTLCA Y
CMOMyYeHHs1 HaBaHTaXeHb, BU3HadeHnx EN 1990,
SIK CKNagoBa MEBHOro BUMAAKy HaBaHTaXXEHHS i
MOro BNMvBM NOBUHHI BpaxoByBaTUCh NPUKNaaeHu -
MW BHYTPILLHIM MOMEHTOM i OCbOBOIO CUIOH0.

(4) Buxogsun 3 BuLLeHaBeaeHUX YMOB Y (3), BHe-
COK nonepenHbO Hanpy)XeHoi apmaTypu B onip
nepepisy NoBMHeEH obMeXyBaTKCh T 4O4ATKOBOK
MILHICTIO BULLE NnonepeaHboro HanpyxeHHs. Lo
BEMMYUHY MOXHA OBYUCNINTK, MPUNYCTMBLUN, L0
noyaTkoBa TOYKa 3aNEXHOCTI "HanpyXeHHsa-ae-
dopmavi’” ons nonepenHbLO HaNpPy>XeHol apMarTy-
pu 3MilleHa BHacNigoK BMMMBIB nonepeaHboro
Hanpy>XeHHS.

(5)P MoxnumBiCTb KPUXKOTO PyNHYBaHHS €reMeH-
Ta BHacrnigoK po3puBy HanpyxeHoi apMaTypwu no-
BMHHa OYyTW BUKITIOYEHA.

(6) Kpuxkoro pymHyBaHHSI MOXHa YHUKaTW 3a [0-
MOMOTO 04HOro abo KiflbKOX HACTYMHUX METOZIB.

MeTton A — 3abe3neyeHHs MiHiManbHOro apmy-
BaHHSA BignosigHo Ao 9.2.1.

MeTog B — 3acTocyBaHHA nonepeaHbOro Hanpy-
JKEHHS1 apMaTypu Ha yrnopu.

MeTog C — 3abe3neyeHHs nerkoro ocTyny Ao no-
nepeaHbLo HanpyXeHnx 3aniso0eTOHHNX ENEMEHTIB
ONSA NepeBIPKM | KOHTPOSIO CTaHy apmatypu He-
PYWHIBHMM MeTod4aMn abo CrOCTEPEXKEHHSIM.

MeToa D — 3abesnevyeHHs 00'eEKTUBHUX AaHUX, LLO
NiaTBEPAXYOTb HAAINHICTL HAMPY>KEHOT apMaTypw.

MeTog E — rapaHTyBaHHs TOro, LWO Y pasi pyrHy-
BaHHSA BHacnigoK 3pOCTaHHSA HaBaHTaXeHHs abo
3MEHLUEeHHA nonepeaHboro HanpyxeHH4d npu no-
BTOPIOBAHOMY CMOJSTyYEHHi BNAMBIB MatuMme Mic-
Lie YTBOPEHHSI TPILLMH [0 TOro, sk Oyae nepeBuLLeHo
rPaHNYHy Hecy4vy 34aTHICTb, 3 ypaxyBaHHAM re-
pepo3noainy MOMeEHTY BHACniAoK BNAMBY TPiLLn-
HOYTBOPEHHS.
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5.10 Prestressed members and structures

5.10.1 General

(1)P The prestress considered in this Standard is
that applied to the concrete by stressed tendons.

(2) The effects of prestressing may be considered
as an action or a resistance caused by prestrain
and precurvature. The bearing capacity should be
calculated accordingly.

(3) In general prestress is introduced in the action
combinations defined in EN 1990 as part of the
loading cases and its effects should be included in
the applied internal moment and axial force.

(4) Following the assumptions of (3) above, the
contribution of the prestressing tendons to the
resistance of the section should be limited to their
additional strength beyond prestressing. This
may be calculated assuming that the origin of the
stress/strain relationship of the tendons is disp-
laced by the effects of prestressing.

(5)P Brittle failure of the member caused by
failure of prestressing tendons shall be avoided.

(6) Brittle failure should be avoided by one or
more of the following methods:

Method A: Provide minimum reinforcement in
accordance with 9.2.1.

Method B: Provide pretensioned bonded tendons.

Method C: Provide easy access to prestressed
concrete members in order to check and control
the condition of tendons by non-destructive
methods or by monitoring.

Method D: Provide satisfactory evidence concer-
ning the reliability of the tendons.

Method E: Ensure that if failure were to occur due
to either an increase of load or a reduction of
prestress under the frequent combination of
actions, cracking would occur before the ultimate
capacity would be exceeded, taking account of
moment redistribution due to cracking effects.
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Mpuwmitka. Bnbip metony ANS BUKOPUCTAHHS Y KOH-
KPETHIM KpaiHi MOXe BCTaHOBMOBATUCh Y HaluioHanb-
HOMY fofaTKy.

5.10.2 3ycunns nonepedHbO20 HarNpPyXeHHs
npu HamsicyeaHHi

5.10.2.1 MakcumanbHa cuna HarnpyXeHHs

(1)P Cwuna, wo npuknagaetbcs OO apmaTypu
P hax (TOBTO, cuna, Wwo Ajie Ha KiHui npuknagaHHs
pO3TAryBaHHs), He MOBWHHA MEepeBMLLYBaATM Ha-
CTYMHOI BESTUYNHN:

Note: The selection of Methods to be used in a Country
may be found in its National Annex.

5.10.2 Prestressing force during tensioning

5.10.2.1 Maximum stressing force

(1)P The force applied to a tendon, P, (i.e. the
force at the active end during tensioning) shall not
exceed the following value:

Prax :Ap "0 p,max > (5.41)

ae:

A, — nroLia nepepiay HanpyxeHoi apmMaTypu;

Opmax — MaKCUMarbHi HanpyxeHHs, Lo npukna-
OEHi OO HanpyXeHoi apmatypu

where:
Ap is the cross-sectional area of the tendon

Opmax 1S the maximum stress applied to the

tendon

:min{k1-fpk;k2 'fp0,1k}'

Mpumitka. Benuuunu K, i k; 0N 3acTocyBaHHS Yy KOH-
KPETHIM KpaiHi MOXYTb BCTAHOBIIOBATUCb Yy HaLio-
HanbHOMy JofdaTky. PekomeHAylTbCA  HACTYMHI
3HayeHHs: ky = 0,81 k> =0,9.

(2) MNMepeHanpyxeHHA JONYCKAETLCS Y pasi, AKLLO0
OOMKpaT [03BOMSE BUMIPOBATU KiHLEBY BENUYU-
HY CUMW Hanpy>KeHHs1 3 TOYHICTI0 A0 £5%. Y Takmx
BUMaAKax MakcumaribHa cuna HanpyxeHHs P .,
MOXxe 306inblyBaTuCh 40 k3-fp0,1k (Hanpuknag,
AKLLO Mae Micue HenepeabadeHo BUCOKe TepTs
NpW NPOTSPKHOMY MO AOBXWHI HANPYXeHHI).
Mpumitka. BenuunHa k3 Onsi 3aCTOCYBaHHSA Yy KOH-

KpEeTHIi KpaiHi MOXKe BCTaHOBMIOBATUCh Y HaLioHanb-
HoMy pgopatky. PekomeHayeTbesa 3HaveHHs 0,95.

5.10.2.2 O6mexeHHS HanpyxeHb y 6eToHi

(1)P HeobxigHo 3anobiraTti MOXNMBOCTI po3Tpic-
KyBaHHSA ab0 pPO3KOSoBaHHs OETOHY Ha KiHLSIX
eNeMeHTIB, Hanpy>XeHWX Ha yrnopu i Ha 6eToH.

(2) HeobxigHO yHMKaTK MICLLEBOrO PO3TPICKYBaHHS
abo poskontoBaHHst 6eTOHY 6e3nocepeaHL0 3a aHKe-
pamu Npu HanNpy>}eHHi Ha 6EeTOH 3riaHO 3 BigMOBIAHMM
€BPONENCLKNM TEXHIMHUM YXBanEHHsIM.

(3) MiuHicTb 6ETOHY B MOMEHT NpuKIiagaHHs abo
nepegayi nonepenHbLOro HanpyXeHHs MOBMHHA
OyTM He MEHLIOK HiX MiHiManbHe 3Ha4YeHHs,
BCTaAHOBIEHe Y BiANOBiAHOMY EBpONencbkomy
TEXHIYHOMY YXBarleHHi.

(4) Akwo HanpyXeHHs B OKpeMin apmaTtypi npu-
KnagaeTbCcsi KpokaMu, HeobxigHa MilHicTb 6eTo-
Hy Moxe 6yTu 3HmwxeHa. MiHiManbHa MiLHICTb
fom(t) y MOMEHT yacy t noBMHHa cTaHoBUTK K, (%)

Note: The values of ky and k; for use in a Country may
be found in its National Annex. The recommended
values are k; = 0,8 and k, = 0,9

(2) Overstressing is permitted if the force in the
jack can be measured to an accuracy of £ 5 % of
the final value of the prestressing force. In such
cases the maximum prestressing force P, ,, may
be increased to ky-f, 14 (€.9. for the occurrence of
an unexpected high friction in long-line pretensio-
ning).

Note: The values of k3 for use in a Country may be

found in its National Annex. The recommended value is
0,95.

5.10.2.2 Limitation of concrete stress

(1)P Local concrete crushing or splitting at the
end of pre- and post-tensioned members shall be
avoided.

(2) Local concrete crushing or splitting behind
post-tensioning anchors should be avoided in
accordance with the relevant European Technical
Approval.

(3) The strength of concrete at application of or
transfer of prestress should not be less than the
minimum value defined in the relevant European
Technical Approval.

(4) If prestress in an individual tendon is applied in
steps, the required concrete strength may be
reduced. The minimum strength f,,,(f) at the time ¢
should be k, [%] of the required concrete
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Bif, HEOOXiQHOT MILHOCTI ANSA MOBHOMO HaMpPYXeH-
HS, HaBedeHOl Yy E€BPONENCbKOMY TEXHIYHOMY
yXBasneHHi. 3Ha4yeHHsa nonepeaHbLOro HanpyxeH-
HS AN NPOMIKKY MiXK MiHiManbHO i HeobXxigHo
MiLHICTIO 6ETOHY Ans NOBHOMO HaMpy>XeHHs Mo-
XYTb BM3Ha4atUCb iHTepnonauieto Mix ks (%) i
100% BENWYUHOK MOBHOIO HaMpPY>XeHHS.
MpumiTka. BennunHu ky i ks 4nsa 3aCToCyBaHHSA y KOH-
KPETHIM KpaiHi MOXyTb BCTAHOBIIOBATMUCb Yy HaLio-
HanbHOMY O0O4AaTKy. PeKOMeHLI,y}OTbCﬂ HaCTyI'IHi 3Ha-
yeHHs: ks =501 ko = 30.

(5) Hanpy>keHHs1 CTUCKY Y OETOHI KOHCTPYKLi BiA
CUNN NonepeaHbOoro Harnpy)XeHHsl Ta iHWKUX Ha-
BaHTaXeHb, SKi NpUKNageHi Nig Yac HaTaryBaHHs
abo nepepaBaHHs MOMNEPEAHbOr0 Hamnpy>XeHHs,
NOBMHHI 0OMeEXYBaTUChL BENMNYMHOLO:

strength for full prestressing given in the Euro-
pean Technical Approval. Between the minimum
strength and the required concrete strength for full
prestressing, the prestress may be interpolated
between k5 [%] and 100 % of the full prestressing.

Note: The values of k4 and k5 for use in a Country may
be found in its National Annex. The recommended
value for k; is 50 and for ks is 30.

(5) The concrete compressive stress in the struc-
ture resulting from the prestressing force and
other loads acting at the time of tensioning or
release of prestress, should be limited to:

G, < 0,6fy(t), (5.42)

ne f(f) — xapakTepucTuyHa MilHiCTb 6eTOHY Ha
CTUCK Y MOMEHT yacy f, Konu O HbOro npukna-
[aeTbCA cura nonepeaHbLoro HanpyKeHHs.

[na enemeHTiB, LLO HANPYXXYOTbCS Ha YyNopu, Ha-
NPY>XeHHA B MOMEHT nepejadi nonepeHbOro Ha-
MPYXeHHss MOXYTb 36inbluyBatuch Ha Kkgfy(f),
AKLWO MOXe ByTu niaTBepaXeHo BUNpPobyBaHHS-
MM abo MPaKTUKOM, L0 YTBOPEHHS MO340BXKHIX
TPILWH BUKITHOYAETHCS.

Mpumitka. BenununHa ks AnNs 3acTOCyBaHHSA Yy KOH-
KPETHIN KpaiHi MOXXe BCTaAHOBMOBATMCh Y HaLuioHanb-
HOMY gopaTky. PekomeHayeTbest 3HaveHHs: ks = 0,7.
AKLWO HanpyXeHHA CTUCKY CTano nepeBuLLyTb
0,45 (), noBMHHa BpaxoByBaTUCb HEMIHINHICTb
NOB3Y4YOCTi.

5.10.2.3 BumiprosaHHsi

(1)P Mpu HanpyXeHHi Ha OETOH cuna HanpyXeH-
HA | BigNOBigHE BUOOBXEHHSA apMaTypyu MOBUHHI
NnepeBipsATUCb BUMIPIOBAHHAMW | KOHTPOStOBa-
TUCb PaKTU4YHi BTPaTK BHACNIAOK TepTS.

5.10.3 3ycunnsi nonepeGHbLO20 HanpPyXeHHs!

(1)P Y gaHui momeHT vacy t i Ha BigcTaHi x (abo
OOBXUWHI Ayrn) Bif, Hanpy>eHoro KiHusa apmatypu
cepenHs cuna P, ; (X) LOPIBHIOE MaKCUMarbHii
cuni P .., MPVIKNageHii 4o HanpyXeHoro KiHus,
MiHYC MUTTEBI BTpaTK i BTpaTu, LLLO 3anexatb Bij
yacy (avB. Hx4Ye). ABConTHa BENNYMHa Bpaxo-
BY€E BCi BTpaTu.
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where f(t) is the characteristic compressive
strength of the concrete at time t when it is
subjected to the prestressing force.

For pretensioned elements the stress at the time
of transfer of prestress may be increased to
ke T (1), if it can be justified by tests or experience
that longitudinal cracking is prevented.

Note: The value of ks for use in a Country may be found
in its National Annex. The recommended value is 0,7.

If the compressive stress permanently exceeds
0,45 f,(f) the non-linearity of creep should be
taken into account.

5.10.2.3 Measurements

(1)P In post-tensioning the prestressing force and
the related elongation of the tendon shall be
checked by measurements and the actual losses
due to friction shall be controlled.

5.10.3 Prestress force

(1)P At a given time t and distance x (or arc
length) from the active end of the tendon the
mean prestress force P, ; (x) is equal to the
maximum force P, ,, imposed at the active end,
minus the immediate losses and the time depen-
dent losses (see below). Absolute values are
considered for all the losses.
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(2) BenuumMHy no4aTKOBOI CUIM HaMpyXeHHs
Ppo(x) (B MOMeHT vacy t = t;), npuknageHoi no
GeTOoHy 3pagdy Micra HaTAry i aHKkepyBaHHA (HaTa-
ryBaHHsa Ha 6eToH) abo nepeadi nonepegHbOro
HanpyXeHHa (HaTAryBaHHA Ha ynopu), oTpuMye-
MO BiOHIMaHHAM Bifi CUNN HaTAryBaHHA P ..
MUTTEBUX BTPaT AP; (X) i BOHa He NOBUHHA nepe-
BMLLYBATW HACTYMHOI BEMUYNHU:

(2) The value of the initial prestress force P,,q(x)
(attime t = t;) applied to the concrete immediately
after tensioning and anchoring (post-tensioning)
or after transfer of prestressing (pre-tensioning) is
obtained by subtracting from the force at tensio-
ning P, the immediate losses AP; (x) and sho-
uld not exceed the following value:

Frmo(x) :Ap 'Gme(X) : (5.43)

ae:
Spmo(X) — Hanpy>eHHs B apMaTypi Bigpasy nicns
HaTary abo nepegadi

where:

opmo(X) is the stress in the tendon immediately
after tensioning or transfer

:min{k7 'fpk;k8 'pr,'Ik}'

Mpumitka. BennunHu k7 i kg 4N 3aCTOCyBaHHSA Yy KOH-

KpeTHin KpaiHi MOXyTb BCTaAHOBMIOBATUCL Y HaLio-

HanbHOMY AofaTtky. PekomeHAylTbCs  3HAYeHHs:

k7 =0,751i kg = 0,85.

(3) MNpu BU3HaYEHHI MUTTEBUX BTPaT AP; (X) no-

BVMHHI BPaxoOBYBaTUCb HWXYEHaBEOEHI BMMMBU

BiNOBIAHO AN1A HANpPyXeHHsi Ha yrnopw i Ha 6eToH

(avB. 5.10.4 1 5.10.5):

— BTpaTW BHACNIAOK NPYXHOiI gedopmallii 6eTo-
HY APy,

— BTpaTM BHACMigOK KOPOTKOTpUBAnoi penak-
cauii AP,;

— BTpaTu BHacnigoK TepTa APM(X);

— BTpaTW BHACMiOOK KOB3aHHS B aHKEpyBaHHi
AP,

(4) CepenHe 3Ha4YeHHs CUnn HanpyxeHHs P, (X)
Yy MOMEHT 4acy t > f; NOBMHHO BU3HA4YaTUCb 3a-
NeXHO Bia MeToAy HanpyxeHHs. Ha gogartok oo
HaBeOeHuX y (3) MUTTEBUX BTPAT NOBMHHI Bpaxo-
BYBaTWCb 3anexHi Big Yacy BTpatu nonepegHbo-
ro HanpyxeHHst AP, (x) (avB. 5.10.6), sk Hac-
nigoK NoB3y4OCTi i ycaakm 6eToHy Ta AoBroTprBa-
na pernakcadis Hanpy>eHoi ctani, To6To

Note: The values of k; and kg for use in a Country may
be found in its National Annex. The recommended
value for k7 is 0,75 and for kg is 0,85

(3) When determining the immediate losses

AP; (x) the following immediate influences should

be considered for pre-tensioning and post-tensio-

ning where relevant (see 5.10.4 and 5.10.5):

— losses due to elastic deformation of concrete
AP,

— losses due to short term relaxation AP,;

— losses due to friction APu(x);
— losses due to anchorage slip AP,

(4) The mean value of the prestress force P, (x)
at the time t > t; should be determined with res-
pect to the prestressing method. In addition to the
immediate losses given in (3) the time dependent
losses of prestress AP, (X) (see 5.10.6) as a
result of creep and shrinkage of the concrete and
the long term relaxation of the prestressing steel
should be considered and

Pt (X) = Brno(X) = AR s r (X) -

5.10.4 Mummeesi empamu nonepedHbLO20 Ha-
APY)XeHHS1 Npu Hanpy»eHHi Ha yrnopu

(1) MoBwWHHI BpaxoByBaTUCh HACTYMHI BTpATK, K
MatoTb MiCLe Npu HaNpPY>XeHHi Ha ynopu:

(i) nig Yac npouecy HanpyXeHHsi: BTpaTu BHac-
nigok TepTa B Micusax nepernHis (Npu 3irHyTmx
ApoTax abo kKaHaTax) i BTpaTtu, WO BUHWUKAKOTb
NPV 3aKMWHIOBaHHI B KaHamax aHKepHuX npu-
CTpOIB.

5.10.4 Immediate losses of prestress for pre-
tensioning

(1) The following losses occurring during pre-ten-
sioning should be considered:

(i) during the stressing process: loss due to
friction at the bends (in the case of curved wires or
strands) and losses due to wedge draw-in of the
anchorage devices.
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(i) o nepepadi nonepegHbLOro Hamnpy>XeHHA Ha
GeToH: BTpaTy BHACMIAOK penakcauii po3TarHyToi
apmaTypu NpoTsromMm nepiogy, LWo NPpOXOAnUTb MK
HaTAryBaHHAM apmatypu i nonepeHiMm Hanpy-
XEHHAM BEeTOHY.

MpuwmiTka. Y Bunagky TennoBoi o6pobku BTpaTu BHaC-
NiJoK ycaaku i penakcauii BUOO3MIHIOKTLCA | MOBUHHI
OLiHIOBaTUCb BIAMOBIAHUM YWMHOM; NPSIMUN TENITOBUN
BMJIMB TaKOX NOBUHEH BpaxoByBaTUChb (,D,O,El,aTOK D).
(iii) npn nepenayi nonepegHLOrO HaMpyXeHHs1 Ha
GeToH: BTpaATWM BHACNIAOK NPYXHOI Aedopmadii
GEeTOHYy, SK pe3ynbTaT BMfMBY pO3TArHYTOI apMa-
Typu nicns il BUBINIbHEHHST i3 aHKEpPHUX Mpu-
CTpOIB.

5.10.5 Mummeei empamu nonepedHbLO20 Ha-
MPY)XeHHs1 Mpu Harnpy>eHHi Ha 6emoH

5.10.5.1 Bmpamu sHacnidok mummesgoi 0eghop-
Mmauii 6emoHy

(1) HeobxigHo BpaxoByBaTu BTpaTu 3ycumnns B
apmarypi, Wo BignosigatoTb gedopmalLiii 6GeToHy,
npv UbOMY Cnif, BpaxoByBaTh MOPSOOK, Y SKOMY
apmaTypa HanpyXyeTbcsl.

(2) BtpaTtn AP, MOXyTb NPUAMAaTUCh AK CepeaHi
BTPATU Y KOXXHOMY apMaTypPHOMY CTPWXKHI Tak:

(i) before the transfer of prestress to concrete:
loss due to relaxation of the pretensioning
tendons during the period which elapses between
the tensioning of the tendons and prestressing of
the concrete.

Note: In case of heat curing, losses due to shrinkage
and relaxation are modified and should be assessed
accordingly; direct thermal effect should also be
considered (see Annex D).

(iii) at the transfer of prestress to concrete: loss
due to elastic deformation of concrete as the
result of the action of pre-tensioned tendons when
they are released from the anchorages.

5.10.5 Immediate losses of prestress for post-
tensioning

5.10.5.1 Losses due to the instantaneous defor-
mation of concrete

(1) Account should be taken of the loss in tendon
force corresponding to the deformation of conc-
rete, taking account the order in which the ten-
dons are stressed.

(2) This loss, AP, may be assumed as a mean

loss in each tendon as follows:

APy =A, -E, -z{j'“c(t)} , (5.44)

ne:
Ac, (t) — 3MiHa HanpyXXeHHs y LieHTpi Barn apma-
TYpW, NPUKNAAEHOro B MOMEHT Yacy f;

J — KoeiuieHT, OOPIBHIOE:
(n—1)/2n, ge n — KiNbKICTb YCMILLHO HaNPY>XeHnX

iDEHTUYHUX CTPWXKHIB. [ns CAPOLUEHHA MOXe
npunmaTuchb gk 1/2.

1 — Ans 3MiH, BUKITMKAHNX NOCTINHUMM gissiMn, Npu-
KnageHuMu nicnsa nonepeaHboro Hanpy>XeHHs:.

5.10.5.2 Bmpamu sHacnidok mepmsi

(1) BTpaTun BHacnigok tepts AP, (x) y Hanpy>keHin
Ha 6eTOH apMaTypi MOXyTb BU3Ha4YaTUCb 3a op-
MYJTOHO:

u

ae:
6 — cyma KyTOBMX NepemilleHb Ha BigCTaHi x (He-
3anexHo Big Hanpsimy abo 3Haka);

K — KoediuieHT TepTsa MK apmaTtypoto i i KaHa-
nowm;
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Ecm (t)
where:

Ao, (f) is the variation of stress at the centre of
gravity of the tendons applied at time t;

j is a coefficient equal to:

(n = 1)2n where n is the number of identical
tendons successively prestressed. As an approxi-
mation j may be taken as 1/2.

1 for the variations due to permanent actions
applied after prestressing.

5.10.5.2 Losses due to friction

(1) The losses due to friction AP, (x), in post-ten-
sioned tendons may be estimated from:

AP, (X) = P (1 _eH (9”"‘)) , (5.45)

where:

0 is the sum of the angular displacements over a
distance x (irrespective of direction or sign);

u is the coefficient of friction between the tendon
and its duct;
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k — BMNagKkoBe KyToBe NepeMillleHHs Ans BHYT-
PiLLHBOT apMaTypu (Ha OOQUHWLIKO SOBXUHW);

X — BigCTaHb BAOBX apmaTypw Bif TOYKM, e cura
rnonepeaHLOro HanpyXeHHs AopiBHIoE Py, (cuna
Ha KiHUi (bakTMYHOI nepeadadi NPOTArom HaTsry).

BenuunHn p i k HaBoOATbCA Yy BiANOBIAHOMY
€BponencbkoMy TEXHIYHOMY yXBareHHi. 3Ha4eH-
HS | 3aNeXWTb Big XapaKTepUCTUK NOBEPXHI ap-
MaTypu i KaHany, Bif HasiBHOCTI ipXi, Bi& BUOOB-
XXEHHs1 apMaTtypu i Bi npodinto apmaTtypu.
3HadeHHs k Ons BMNAOKOBOrO KyTOBOrO nepe-
MiLLLeHHS 3aneXuTb Big AKOCTi BUMKOHAHHA, Bif-
CTaHi Mk onopamu apmatypu, Tuny kaHanis abo
3aCTOCOBAHOrO NOKPUTTA i Bif CTyneHs BibpyBaH-
Hs1 OETOHY MpK yKnagaHHi.

(2) 3a BigcyTHOCTI AaHKUX Y HaBegeHOMY EBpone-
CbKOMY TEXHIYHOMY yXBari€HHi NPy BUKOPUCTaHHI
BMpasy (5.45) MOXyTb MPUAMATUCh BEMUYNHU L,
HaBefeHi y Tabnuui 5.1.

(3) 3a BigcyTHOCTI faHUX y HaBedeHoOMY €Bpone-
NCbKOMY TEXHIYHOMY YXBarieHHi 3Ha4YeHHs Bunaga-
KOBMX KYyTOBUX MepeMillieHb AN BHYTPILIHbLOI
apmatypw, 3a3Buyan, 0yayTtb y iHTepsani 0,005
< k < 0,01 Ha meTp.

(4) Onsa 30BHILWHBOI apmaTypu BTpaTamu Hanpy-
XKEHHs1 BHACNigoK BUNAAKOBMUX NMOBOPOTIB MOXHA
3HEXTyBaTu.

k is an unintentional angular displacement for
internal tendons (per unit length);

x is the distance along the tendon from the point
where the prestressing force is equal to P the
force at the active end during tensioning)

max (

The values p and k are given in the relevant Euro-
pean Technical Approval. The value u depends
on the surface characteristics of the tendons and
the duct, on the presence of rust, on the elon-
gation of the tendon and on the tendon profile.

The value k for unintentional angular displace-
ment depends on the quality of workmanship, on
the distance between tendon supports, on the
type of duct or sheath employed, and on the
degree of vibration used in placing the concrete.
(2) In the absence of data given in a European
Technical Approval the values for u given in Table
5.1 may be assumed, when using Expression
(5.45).

(3) In the absence of data in a European Techni-
cal Approval, values for unintended regular dis-
placements for internal tendons will generally be
in the range 0,005 < k < 0,01 per metre.

(4) For external tendons, the losses of prestress
due to unintentional angles may be ignored.

Tabnuua 5.1 — KoedilieHTn TepTa p 418 30BHILWHLOT apMaTypy NpU HaMnpy>XeHHi Ha BETOH i

30BHILLIHBOI HE3YernneHol apMmaTypu

Table 5.1 — Coefficients of friction p of post-tensioned internal tendons and external unbonded
tendons
30BHILWHS He34venneHa apmatypa
BHyTpiLHSA External unbonded tendons
apmaTypa” CranesBi KaHa- HDPE kana- |Ctanesi kaHanu/| HDPE kaHanw/
Internal nu/He 3malleHi | nu/He 3maLLeHi 3MalLLeHi 3MaLLeHi
tendons” | Steel duct/ non |HDPE duct/ non Steel HDPE
lubricated lubricated duct/lubricated | duct/lubricated
XOOAHOTAMHYTMI AIT 0,17 0,25 0,14 0,18 0,12
Cold drawn wire ’ ’ ’ ’ ’
KaHaTtu
0,19 0,24 0,12 0,16 0,10

Strand
CTpwxHi nepiogu4Horo
npodinto 0,65 - - - -
Deformed bar
Mmagki Kpyri CTPYKHI 033
Smooth round bar ’
" apmaTypa, sika 3aiiMae 6Mn3bKo NOMOBWHM KaHany
for tendons which fill about half of the duct

Mpuwmitka. HDPE — MNonieTuneH BUCOKOT ryCTUHWN.

Note: HPDE — High density polyethylene
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5.10.5.3 Bmpamu e aHKepax 5.10.5.3 Losses at anchorage

(1) HeobxigHO BpaxoByBaTu BTpaTH, LLO MaKTb (1) Account should be taken of the losses due to
MicLue MpuW 3akNMHIOBaHHI Yy KaHanax aHKepHUX wedge draw-in of the anchorage devices, during
NPUCTPOIB NPOTArOM 3AINCHEHHS 3aaHKepyBaH- the operation of anchoring after tensioning, and
HA, nicnNA HaTAryBaHHS | BHacnigok gedopmadil due to the deformation of the anchorage itself.
CaMuX aHKepiB.

(2) BenuunHu 3aKnMHIOBaHHSA y KaHanax Hase- (2) Values of the wedge draw-in are given in the
OeHi y €BponencbKoMy TEXHIMHOMY yXBaJSiEHHI. European Technical Approval.

5.10.6 3anexHi eid yacy empamu nonepeod- 5.10.6 Time dependent losses of prestress for
HbO20 Harnpy)XeHHs Npu Hamsi2yeaHHi Ha yrno- pre- and post-tensioning

pu i Ha 6emoH

(1) 3anexHi Big Yacy BTpaTu MOXyTb BU3Ha4YaTUCb (1) The time dependent losses may be calculated by
LUMISIXOM pO3rnisgy ABOX 3HMXKEHb Hanpy’>KeHb: considering the following two reductions of stress:
(a) BHacnigok 3meHweHHs gedopmalii, BUKN- (a) due to the reduction of strain, caused by the
KaHoi edpopmallieto 6eTOHY, LLLO CIPUYMHEHA NOB- deformation of concrete due to creep and shrin-
3YJICTHO | ycaKoto, Bif MOCTIMHOMO HABaHTaXXEHHS; kage, under the permanent loads:

(b) 3MeHLLEHHSA HaNpy»XeHb Yy cTari BHACnNigoK pe- (b) the reduction of stress in the steel due to the
nakcavuii npu posT4ry. relaxation under tension.

Mpumitka. Penakcauia crtani 3anexuTb Big gedop- Note: The relaxation of steel depends on the concrete
mauii 6eToHy BHacmnigok NoB3y4ocCTi Ta ycaaku. 3a3su- deformation due to creep and shrinkage. This inter-
Yau, LS 3anexHiCTb MOXxe NpubIM3HO BpaxoByBaTUCh action can generally and approximately be taken into
KoecpiuieHToM 3HMKeHHs = 0,8. account by a reduction factor 0,8.

(2) CnpoLueHuin MeToa BU3HAYEHHS BTPaAT, LLO 3a- (2) A simplified method to evaluate time depen-
nexaTb Bif Yacy, Ha BigcTaHi X npu il NOCTiINHNX dent losses at location x under the permanent
HaBaHTaXeHb NpeacTaBreHnin BUPa3oM. loads is given by Expression (5.46).

E
ECSEp +O,8A0pr +E7p(p(t,to)‘Gc,Qp

AFisir =ApAG pcisir =Ap E, A, A 2cm , (5.46)
1+ = 1+I—ch [1+0.8¢(t to)]
cm C
oe: where:
AGp, c4g+r — QDCOMIOTHE 3HAYEHHSI 3MiHW Hanpy- Ao, o454 IS the absolute value of the variation of
XXEeHb y apmaTypi BHACnigok NoB3y4voCTi i ycagku stress in the tendons due to creep, shrinkage and
Ta penakcadii Ha BigcTaHi X y MOMEHT yacy f; relaxation at location x, at time f;
g,s — abcomnioTHa BenuumMHa oB4YMCreHoro 3Ha- g IS the estimated shrinkage strain according to
YeHHsa gedopmauii ycagku 3rigHo 3 3.1.4(6); 3.1.4(6) in absolute value
E, — moayne npyxHocrTi HanpyxeHoi apmarypu, E, is the modulus of elasticity for the prestressing
avB 3.3.6(2); steel, see 3.3.6(2);
E., — moaynb npyxHocTi 6eToHy (Tabnuus 3.1); E., is the modulus of elasticity for the concrete
(Table 3.1);

Ao, — abcontoTHa BENUYMHA 3MiHM HanpyXeHb B Aoy, is the absolute value of the variation of stress in the
apmaTypi Ha BiCTaHi X y MOMEHT Yacy {, BUKNuKa- tendons at location x, at time t, due to the rela-
Ha penakcauielo HanpyxeHoi apmatypu. BoHa xation of the prestressing steel. It is determined
BW3HA4aETbCA NP HAMPYXEHHSIX G, =G X forastress o, =6 (G +Fpo + ¢2Q)
X(G + Py + 02Q),
Ae:c (G +Fpo +92Q) — NOYATKOBI HANPYXXEHHS wherec , (G + Py + 92Q)is the initial stress in the
B apMartypi, BUKIMKaHI nonepeaHiM HanpyXeH- tendons due to initial prestress and quasi-perma-
HAM Ta KBa3iNnOCTIMHUMMU BNIMBaAMMU; nent actions.
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¢(t,ty) — KOediLieHT MOB3y4OCTi B MOMEHT Yacy t i
yac NpuKnagaHHa HaBaHTaXeHHs ty;

G p— HanpyxeHHs1 y 6eToHi, npunerriomy 40 ap-
MaTypu, BHacnigoK BAAMBY BracHOi Baru, none-
peaHbOro HanpyXeHHs Ta iHWKX BignoBigHMX
KBa3iNOCTIiHNX BNNUBIB. BenuunHa o, op MOXe
OyTK HacnigKkoMm 4acTKOBO BMACHOI Baru i moyar-
KOBOro HanpyXeHHsa abo Big MOBHOIO CMoyYeH-
HSi HaBaHTaxeHb 6 , (G + Ay + 92Q) 3anexHo Big
cTaaii OyaiBHMLUTBA, WO pO3rsagaeTbCs.

Ap — nnoLla BCi€l HampyXeHoi apmaTypu Ha

BigCTaHiI X;
A, — nnowia nepepisy 6eToHy;

|, — MOMeHT iHepLii nepepisy 6eToHy;

Zo,— BiJCTaHb MiX LIEHTPOM Baru nepepisy 6eto-
HY | apMaTypHUMMK CTPVKHAMMN.

HanpyxeHHsi CTUCKy i BignoBigHi gedopmalii, Ha-
BeeHi y Bupasi (5.46), NOBUHHI BUKOPUCTOBYBA-
TUCb 3 AOAATHIM 3HAKOM.

(3) Bupas (5.46) 3acTocoByeTbCA ANS 34YEnneHnx
apMaTypHuUX CTPWXKHIB NpWU BMKOPWUCTAHHI Benu-
YMH MICLeBUX HanpyxeHb Ta Of1S He3yenrneHol
apmaTypw, Npy BUKOPUCTaHHI CepeaHiX BENUYMH
HanpyxeHb. CepeaHi BENMYNHN NOBUHHI BU3Ha-
YaTUCb MK NPAMOSMIHINHUMUK AiNsHKaMn, obme-
KEHUMW igeanisoBaHUMKN TOYKaMKU BiArvHIB ONs
30BHILLHBbOI apmaTypy abo BAOBX NMOBHOI [OBXU-
HW NPY BHYTPILLHIA HanpyXXeHin apmaTypi.

5.10.7 YpaxyeaHHs nonepedHb020 HanpyxeH-
HS1 Yy po3paxyHKy

(1) Mpwn HanpyXeHHi i3 3aCTOCyBaHHSIM 30BHiLL-
HbOT apMaTypu MOXYTb BUHUKATX MOMEHTU OpY-
roro NopsiaKy.

(2) MomMeHTH, cnpu4MHeHi BNImMBamu Apyroro no-
PSAKY BiAd MONepeaHboro HampyXeHHs, MOXYTb
BMHMKATK TiNbKW Yy CTATUYHO HEBU3HAYEHUX KO-
HCTPYKLiSIX.

(3) Mpwu niHiNHOMY pO3paxyHKy BNANBK NEPLLOrO i
Opyroro NopsiAkis Big nonepeaHbOro HanpyXeHHs
NOBWHHI OyTW NpuKnNageHi 4o posrnagy byab-ako-
ro nepeposnoginy cun i MomeHTiB (ame. 5.5).

(4) MNpw po3paxyHKy y NacTUYHIN cTagii | HeNiHin-
HOMY BMMMBU APYroro NnopsaKy Big nonepegHboro
HanpyXeHHA MOXYTb pO3rnagaTuCh siK A0AATKOBI
NIacTUYHi MOBOPOTHU, SKi, TAKUM YMHOM, MOBUHHI
BpaxoByBaTMCb Npu NepesipLi Hecy4oi 30aTHOCTI
3a rpaHWYHMM MOBOPOTOM.

o(t,ty) is the creep coefficient at a time t and load
application at time t;

o qp IS the stress in the concrete adjacent to the
tendons, due to self-weight and initial prestress
and other quasi-permanent actions where rele-
vant. The value of o, op may be the effect of part
of self-weight and initial prestress or the effect of a
full quasi-permanent combination of action
6 p(G+Fpo +92Q), depending on the stage of
construction considered.

A, is the area of all the prestressing tendons at
the location x;

A, is the area of the concrete section;

I, is the second moment of area of the concrete
section;

z., is the distance between the centre of gravity of
the concrete section and the tendons.

Compressive stresses and the corresponding
strains given in Expression (5.46) should be used
with a positive sign.

(3) Expression (5.46) applies for bonded tendons
when local values of stresses are used and for
unbonded tendons when mean values of stresses
are used. The mean values should be calculated
between straight sections limited by the idealised
deviation points for external tendons or along the
entire length in case of internal tendons.

5.10.7 Consideration of prestress in analysis

(1) Second order moments can arise from pres-
tressing with external tendons.

(2) Moments from secondary effects of prestres-
sing arise only in statically indeterminate struc-
tures.

(3) For linear analysis both the primary and
secondary effects of prestressing should be
applied before any redistribution of forces and
moments is considered (see 5.5).

(4) In plastic and non-linear analysis the secon-
dary effect of prestress may be treated as
additional plastic rotations which should then be
included in the check of rotation capacity.
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(5) Micnsa 3anoBHEHHA PO3YMHOM KaHaniB npu no-
nepeaHbOMy HamnpyXeHHi apmaTtypu Ha OeToH
MOXXHa AOMYyCKaTN HasiBHICTb KOPCTKOrO 34enseH-
HA MK apMaTypoto i 6eToHoM. Ane 40 3anoBHEH-
Hs1 apmaTypy Crnif po3rnagaTtu, K He 34enseHy.

(6) 3oBHIiWHIO apmaTypy MOXHa po3rnsgaTn sk
NPAMONIHINHY MK BIOXMNAKYMMU MPUCTPOSIMUA.

5.10.8 Brinue nonepedHbO20 HarnpyXeHHsI Ha
e2paHUYyHuUll cmaH 3a Hecy4oro 30amHicmio i
cmitikicmio

(1) Y 3aranbHOMy BMMagKy pPoO3paxyHKOBE 3Ha-
YEHHS CUMNM MonepeaHbLOro Hanpy>KeHHS MOXHa
BU3HAUNTU K Py (X) = vp'Pp, ¢ (X) (AnB. 5.10.3(4)
ANS BU3HAYEHHS Py, (X)) 1 2.4.2.2. Ans vp.

(2) Ona HanpyXeHUX eneMeHTIB i3 MOCTINHO He-
34enneHo apMaTypoto, ik NpaBuo, Npu ob4mc-
NEHHi 3pOoCTaHHA HanpyxeHb Yy nonepeaHbo
Hanpy>XeHin apmaTypi HeobxigHO BpaxoByBaTh
Aedopmaduio BCboro ernemMeHTa. Y pasi BigcyT-
HOCTi TOYHMX OBYMCNEHb MOXHA NpUMAMaTK, Lo
3pOCTaHHSA HanpyXeHb Bif PiBHA hakTUYHKX Npwu
nonepeaHLOMY Hanpy>XeHHi 0 HanpyXeHb Y rpa-
HU4HOMY CTaHi CTaHOBUTb Ac), 1 s-

MpumiTtka. BennunmHa Acp yis ANA KOHKPETHOT KpaiHu
MOX€e BCTaHOBIIOBATUCb Y HaLUiOHanNbHOMY AOAATKy.
PekomeHayeTbes BenuunHa 100 MMa.

(3) Y pasi BU3HaYEHHs1 3pOCTaHHS Hanpy>eHb 3a
0edopmMoBaHO CXEMOK BCbOro efiemMeHTa no-
BWHHI 3aCTOCOBYBATUCb CepefHi BeSfIMYuHU Xa-
pakTepucTuk Matepianis. Po3paxyHkoBe 3HayeH-
HA 3DOCTaHHA HaNpYXeHb AG ),y = AG;Ysp MOBUHHO
BM3Ha4YaTUCH i3 3aCTOCYBaHHAM Bi4MNOBIAHUX KOe-
(ILIEHTIB HALIHOCTI Yzp gy | YAP jnr-

MpumiTka. BenuunHu yapsyp i YApinr ANA KOHKPETHOI
KpalHN MOXYTb BCTaHOBJIIOBATUCb Y HaUlOHalbHOMY
fonatky. [Anst yap sup | YAp inf PEKOMEHAYIOTHCS BENUYM-
HK1 1,2 Ta 0,8, BignosigHo. Mpwn 3acTocyBaHHI NiHIHOrO
po3paxyHKy nepepisy 6e3 TpilimH HeobxiaHO npuiMa-
TU HUXHIO MexXy Aedopmalin, a pekomeHO0BaHo Be-
NMYUHOIO AN 060X KOEMILIEHTIB Yap,sup | YARnr € 1,0.

5.10.9 Bnnue nonepedHb020 Hanpy)XeHHs1 Ha
epaHuUYHuUll cmaH 3a npudamHicmio 055 eKc-
nsyamauii i 2paHuY4HuUli cmaH 3a 8MOMOHO
(1)P Mpw po3spaxyHKy 3a NpuaaTHICTIO 40 eKchnya-
Tauii Ta BTOMOIO NMOBUHHIi BCTAHOBMOBATUCb 00-
MEXEHHS MOXIMBMX 3MiH NONEPEeAHbOro Hanpy-
XEeHHs. [N rpaHNYHOro CTaHy 3a NpuaaTHICTHo
00 ekcnnyaTtauil BM3HayaloTb ABi xapakrepuc-
TWUYHI BENUYMHU CUNWN NONepeaHbOro HanpyxXeH-
HS 3a BMpa3amu:
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(5) Rigid bond between steel and concrete may
be assumed after grouting of post-tensioned
tendons. However before grouting the tendons
should be considered as unbonded.

(6) External tendons may be assumed to be
straight between deviators.

5.10.8 Effects of prestressing at ultimate limit
state

(1) In general the design value of the prestressing
force may be determined by P (x) = yp'Pp, ; (X)
(see 5.10.3 (4) for the definition of P, (x)) and
2.4.2.2 foryp.

(2) For prestressed members with permanently
unbonded tendons, it is generally necessary to
take the deformation of the whole member into
account when calculating the increase of the
stress in the prestressing steel. If no detailed
calculation is made, it may be assumed that the
increase of the stress from the effective prestress
to the stress in the ultimate limit state is Ao, ; 5.

Note: The value of Ac,, y.s for use in a Country may be
found in its National Annex. The recommended value is
100 MPa.

(3) If the stress increase is calculated using the
deformation state of the whole member the mean
values of the material properties should be used.
The design value of the stress increase Ac,y =
= Ao,y ,p should be determined by applying partial
safety factors v,p 5, and yAp ;s respectively.

Note: The values of yspsyp and yApj,s for use in a
Country may be found in its National Annex. The
recommended values for yspsyp @and yApnr are 1,2 and
0,8 respectively. If linear analysis with uncracked
sections is applied, a lower limit of deformations may
be assumed and the recommended value for both
YAP,sup and W{Ap{mf is 1,0

5.10.9 Effects of prestressing at serviceability
limit state and limit state of fatigue

(1)P For serviceability and fatigue calculations
allowance shall be made for possible variations in
prestress. Two characteristic values of the
prestressing force at the serviceability limit state
are estimated from:
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P,sup = supPm,t (), (5.47)
F.int = rintPm,¢ (X) , (5.48)

ne:
Py sup — HalbinbLue xapakTepucTuiHe 3HaueHHs;
Py inf — HAMMEHLLIE XapPaKTEPUCTUYHE 3HAYEHHS.

MpumiTKa. BenuUuHn rgp i finr ANA KOHKPETHOT KpaiHu
MO>XYTb BCTAHOBIIHOBATKCb Y HaLiOHanNbHOMY J0O4aTKY.
PekomeHayt0TbCA HACTYMHI BEMUYNHN:

— Ona apMaTypu, HanpyXeHoi Ha ynopu abo 6e3 34en-
NeHHSA: rsyp = 1,051 rins = 0,95;

— O19 apMaTypu Hanpy>eHoi Ha 6ETOH i3 34enNeHHsIM:
rsup = 1,100 ripr = 0,90;

— NpW 34INCHEHHI Bi4NOBIOHNX BMMIpPIOBaHb (Hanpwuk-
napg, nonepeaHboro HaTaAry): ey = fine = 1,0.

5.11 Po3paxyHOK KOHCTPYKLiIMHMUX eJflIeMEeHTIB
3 AeAKUMU 0COGNIMBOCTAMU

(1)P Mnntn, wo obnmpatoTbCsa Ha KONMOHMK, Krnacu-
ikytoTbCS AK Nnocki (6e36anoyHi) nanTw.

(2)P HOiadparmm )opcCTKOCTi — Ue 3Bu4YanHi abo
3anisobeTOoHHiI CTiHK, siki 3abe3neYyoTb nonepey-
HY CTIRKICTb cnopyaw.

Mpumitka. MNoganblwa iHpopmaLis CTOCOBHO po3spa-
XYHKY NIOCKUX NAUT i Aiadpparm HaBefeHa y goaatky |.

where:
Py sup is the upper characteristic value;
P, it is the lower characteristic value.

Note: The values of rs,, and rir for use in a Country
may be found in its National Annex. The recommended
values are:

— for pre-tensioning or unbonded tendons: ry,, = 1,05
and rins = 0,95;
— for post-tensioning with bonded tendons: rg,, = 1,10
and riy =0,90;

— when appropriate measures (e.g. direct measure-
ments of pretensioning) are taken: rsyp = fins = 1,0.

5.11 Analysis for some particular structural
members

(1)P Slabs supported on columns are defined as
flat slabs.

(2)P Shear walls are plain or reinforced concrete
walls that contribute to lateral stability of the
structure.

Note: For information concerning the analysis of flat
slabs and shear walls see Annex I.
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6 TPAHWYHI CTAHM (ULS)

6.1 3rnH 3 ocboBOKO 260 6e3 0CLOBOI CUMU

(1)P Len posgin 3acTtocoByeTbCA AN LiNAHOK
0anok, NANT Ta CXOXMX EIIEMEHTIB, Ha SKUX He
BiOyBaeTbCs Mepeposnoainy, i Ha SKMX none-
PeyHi nepepian 3anuwarTbcs NpubnnaHo nnoc-
KMMW [0 i nicnsa HaBaHTa)keHHs. [inaHku 6anok T1a
iHLUIMX eneMeHTIB, Nepepi3n SKUX He 3anuLlatoTb-
CS1 MIOCKMMU, MOXYTb PO3PaxoByBaTUCh i KOHCT-
pytoBaTUCh 3rigHo 3 6.5.

(2)P Ons BU3Ha4YeHHA rpaHMYHOro onopy 3a Mo-

MEHTOM 3ani3obeToHHOro abo nonepegHbLO Ha-

Npy>XeHoro 3anisobeToHHOro nepepisy npumma-

I0TbCS HACTYMHI YMOBMU:

— MIOCKi Nepepi3n 3anvLarTbCs MIOCKUMU;

— pedbopmalii y 3uenneHin apmatypi abo none-
peaHbO HaMnpyXXeHi apMmaTypi 04HAKOBI 3 OTO-
4yyloUMM BETOHOM, K MpU POo3TAry, Tak i Npu
CTUICKY;

— MiUHiCTb BETOHY Ha PO3TAr HE BPAxXOBYETbCH;

— HanpyxeHHs1 y 6eTOHI Npu CTUCKY BUBOASATLCSA
Ha OCHOBI 3anexHocCTi "HanpyxeHHs-aedop-
mMauii", HagaHin y 3.1.7;

— HanpyXeHHs Yy 3BUMYaWHIn i nonepeaHbO Ha-
NPY>XeHin apmaTtypi BUMBOOATbCS Ha OCHOBI
po3paxyHkoBux Kpueux y 3.2 (pucyHok 3.8) i
3.3 (pucyHok 3.10);

— NPV BU3HAYEHHI HanNpyxeHb y nornepenHso Ha-
NPY>XEHii apmaTypi BpaxoBYHTbCS MOYaATKOBI
Jedopmadii uiei apmatypu.

(3)P Oedopmadii ctucky 6eToHy NOBUHHI 0OMe-

XXYBaTUCb BENUYMHAMU €, 800 &3 3aNEXHO Bif,

BUKOPUCTAHUX rpacdpikiB "HanpyxxeHHs-gedop-

mauii", gue. 3.1.7 i tTabnuuto 3.1. Oedopmaduii

3BUYaAMHOI i nonepeaHbO HanpyXeHoi apmMaTyp-

HOT cTani NOBMHHI 0BMEXYBaTUCh BENTUYMHOIO &y,

ave. 3.2.7 (2) i 3.3.6 (7) BignosigHo.

(4) Ona nonepedHMX NepepisiB i3 CUMETPUYHUM

apMyBaHHAM, HaBaHTaXeHWUX CTUCKarbHOK CU-

o, HeobXigHO NpUAMATU BENUYMHY MiHIManb-

HOro eKcueHTpucuTety e = h/30, ane He MeHLe

Hi>x 20 MM, oe h — BucoTa nepepisy.

(5) Y 30Hax nonepeyHux nepepisie, Ha Aki HaBaH-
TaxeHHs 6nu3bki o cumetpuydHoro (e/h < 0,1),
Taknx SK CTUCHYTI nonuui 6anok kopobyacTtoro
nepepisy, cepeHs BenvyunHa gedopmallii CTUCKy
Y UMX 30Hax nepepisy NoBUHHA 06MeEXyBaTUCh 3Ha-
YEHHSM £, (ab0 &3, AKLLIO 3aCTOCOBYETHLCA [BO-
NiHiNHa 3aneXHiCTb, MoKasaHa Ha pPUCYHKY 3.4).
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6 ULTIMATE LIMIT STATES (ULS)

6.1 Bending with or without axial force

(1)P This section applies to undisturbed regions
of beams, slabs and similar types of members for
which sections remain approximately plane be-
fore and after loading. The discontinuity regions of
beams and other members in which plane sec-
tions do not remain plane may be designed and
detailed according to 6.5.

(2)P When determining the ultimate moment re-
sistance of reinforced or prestressed concrete
cross-sections, the following assumptions are
made:

— plane sections remain plane;

— the strain in bonded reinforcement or bonded
prestressing tendons, whether in tension or in
compression, is the same as that in the sur-
rounding concrete;

— the tensile strength of the concrete is ignored;

— the stresses in the concrete in compression
are derived from the design stress/strain
relationship given in 3.1.7;

— the stresses in the reinforcing or prestressing
steel are derived from the design curves in 3.2
(Figure 3.8) and 3.3 (Figure 3.10);

— the initial strain in prestressing tendons is
taken into account when assessing the
stresses in the tendons.

(3)P The compressive strain in the concrete shall
be limited to ¢, or ¢,,;3, depending on the
stress-strain diagram used, see 3.1.7 and Tab-
le 3.1. The strains in the reinforcing steel and the
prestressing steel shall be limited to g, (where
applicable); see 3.2.7 (2) and 3.3.6 (7) respec-
tively.

(4) For cross-sections with symmetrical reinforce-
ment loaded by the compression force it is neces-
sary to assume the minimum eccentricity,
€y = h/30 but not less than 20 mm where h is the
depth of the section.

(5) In parts of cross-sections which are subjected
to approximately concentric loading (e/h < 0,1),
such as compression flanges of box girders, the
mean compressive strain in that part of the
section should be limited to g, (or g3 if the bili-
near relation of Figure 3.4 is used).
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(6) MoxnuBi gianasoHun posnoginy gedopmadin
nokasaHi Ha pUCYHKy 6.1.

(7) Ons nonepeAHbO HaMpyXeHUX eNeMeHTIB i3
Harnpy>XeHot apmMaTypoto 6e3 MOCTIHOro 34er-
neHHs gme. 5.10.8.

(8) Ons 30BHIWHLOT NONEpeaHbO HANPYXeHoi ap-
MaTypu gedopmadii y Hanpy>XeHi apmaTtypi Mix
ABOMa MOCMigOBHMMM TOYKaMM KOHTAKTy (aHke-
pamn abo BiAXUNAKYUMU NPUCTPOSIMKU) BBaXa-
IOTbCA MNOCTIMHMMW. TakuMm 4MHOM, gedbopmalii
Hanpy>xeHol apMaTypu JOPIBHIOKTb NOYaTKOBUM
aedopmauism, ski peanisytoTbCd 3pasy nicng 3a-
BEpLUEHHS npouecy HanpyXeHHs1, 36inbLieHoro
Ha BenuuunHy Aedpopmadii, BUKNUKaHoi gedop-
MaLi€eto KOHCTPYKLIT Y KOHTaKTHUX 30HaXx, Lo po3-
rnagatoTbesa. Aus. Takox 5.10.

(6) The possible range of strain distributions is
shown in Figure 6.1.

(7) For prestressed members with permanently
unbonded tendons see 5.10.8.

(8) For external prestressing tendons the strain in
the prestressing steel between two subsequent
contact points (anchors or deviation saddles) is
assumed to be constant. The strain in the pres-
tressing steel is then equal to the initial strain,
realised just after completion of the prestressing
operation, increased by the strain resulting from
the structural deformation between the contact
areas considered. See also 5.10.

(1- galza)h
(1- Gl ma) A

T = Ec
& &2 Ecu2

(5c3) (gcu3)

- rpaHuyHa gedopmadis apmaTypHoi cTani npu po3Tary

- reinforcing steel tension strain limit

- concrete compression strain limit

- rpaHuvHa gedopmauisa 6eToHy Npu LeHTpanbHOMY CTUCKY

- rpaHudHa gedopmadia 6eToHy Npu CTUCKY

- concrete pure compression strain limit

PucyHok 6.1 — Moxnusi po3noginu gedopmauii y rpaHM4HOMY CTaHi
Figure 6.1 — Possible strain distributions in the ultimate limit state
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6.2 3cyB
6.2.1 3azanbHa Memoduka nepesipku

(1)P Onsa nepeBipku onopy 3CyBY 3aCTOCOBYHOTb-
CSl HACTYMHI MO3HaKK:

VR4,c — PO3paxyHKOBa Hecy4a 3aaTHICTb Ha 3CyB
enemeHTa 6e3 NonepeyYHoro apMyBaHHs;

VRds — PO3paxyHKoBe 3HaYeHHsi MonepeyHol
CUnn, Ky MOXe CIPUAHATIX nonepeyvHa apMmartypa
Ha rpaHuLi TeKy4OoCTi;

VRdmax — PO3PaxyHKoBe 3HaYeHHsi Makcumarb-
HOT NonepeyHol Cunu, Ky Moxe CNpUNHATY ene-
MEHT, | ke OOMeXeHe pPyMHYBaHHSM YMOBHMX
CTUCHYTUX efleMeHTIB.

[ns enemMeHTiB i3 NOXMNMMK NosicaMy [0AAaTKOBO
3aCTOCOBYHOTLCS HACTYMHI BEMUYUHU (PUCYHOK 6.2):

Vcg — PO3PaxyHKOBE 3HAYEHHS KOMMOHEHTa Cu-
NN 3CYBY Y CTUCHYTIM 30HI Y BUNaaKy HasiBHOCTI
MOXWUMNX CTUCHYTUX NOSACIB.

Vs — PO3paxyHKOBE 3HAYEHHs1 KOMMOHEeHTa cunmu
3CyBY Y PO3TArHYTIN apmaTtypi y BMNagKy Hass-
HOCTi MOXWMNX PO3TArHYTMX NOACIB.

6.2 Shear
6.2.1 General verification procedure

(1)P For the verification of the shear resistance
the following symbols are defined:

Vrac — is the design shear resistance of the
member without shear reinforcement;

Vkas — is the design value of the shear force
which can be sustained by the yielding shear
reinforcement;

Vramax — IS the design value of the maximum
shear force which can be sustained by the
member, limited by crushing of the compression
struts.

In members with inclined chords the following
additional values are defined (see Figure 6.2):

V,.q —is the design value of the shear component
of the force in the compression area, in the case

of an inclined compression chord.

Vi — is the design value of the shear component
of the force in the tensile reinforcement, in the
case of an inclined tensile chord.

PucyHok 6.2 — KoMnoHeHT 3cyBy 1151 eflEMEHTIB i3 NOXMUnMMu nosicamm
Figure 6.2 — Shear component for members with inclined chords

(2) Hecyua 3gaTtHicTb Ha 3CyB enemeHTa 3 none-
pPEeYHMM apMyBaHHSM BM3HAYaETbCH, SK:

(2) The shear resistance of a member with shear
reinforcement is equal to:

Vrd =VRa,s +Vecad +Via - (6.1)

(3) Ha pinsiHkax enemeHta, ae Vg, < Vi, HEMA
noTpebu po3paxoByBaTy MonepeyHe apmyBaHHS.
Vg4 — PO3paxyHKOBE 3HAa4YEHHS MonepeyYHol cunu y
nepepisi BiA 30BHILUHLOrO HABaHTaXEHHS i Mone-
PEeAHbOro HaMpPYXeHHs (3i 34enneHHaMm abo 6e3).
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(3) Inregions of the member where Vgy< Vg, . no
calculated shear reinforcement is necessary. Vg,
is the design shear force in the section considered
resulting from external loading and prestressing
(bonded or unbonded).
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(4) Y Bunagky, Konv Ha OCHOBI pO3paxyHKy 3a no-
NMepeyYHod CUIOK He BUMAaraeTbCsl nonepevHa
apmatypa, MiHiManbHe nonepevyHe apMyBaHHS
BCe OHO NMOBWHHO BCTaHOBIOBATUCH BiANOBIAHO
no 9.2.2. MiHimanbHe nonepeyHe apMyBaHHS
MOXe He BCTAHOBMNIOBATUCL Y TaknxX erieMeHTax,
AK NAMTK (CyuinbHi, pebpucti abo NOPOXHUCTI),
e MOXMMBUIA Nepepo3noAain nonepeyHmx HaBaH-
TaxeHb. MiHiManbHe apMyBaHHSA TaKOX MOXe He
BCTAHOBMIOBATUCL Yy APYropsgHMX ernemMeHTax
(Hanpuknag, nepemuykax i3 NPOroHom < 2 M), BHe-
COK SIKMX Y 3araribHy Hecy4y 34aTHICTb i CTIKICTb
KOHCTPYKLUii HE3HAYHWIA.

(5) Ha pinsiHkax, ae Vigy > Vg, ¢, 3TiAHO 3 BUpa3om
(6.2) HeobxigHO BCTaHOBMOBATK BigNoOBigHE MNO-
nepeyvyHe apMyBaHHSA N5 BUKOHAHHSA YMOBW, LLO
Vg < Vgy (6.8).

(6) CymapHa po3paxyHkOoBa nonepevHa cuna i3
ypaxyBaHHsIM BHECKy nonuub Vg, — V.4 — Vi, He
MOBMHHA NepeByLLYyBaTN MakCUMarnbHO 4OMYyCTU-
MOTO 3Ha4€eHHs Vigy o (6.2.3), y Byab-sikomy ne-
pepisi enemeHTa.

(7) Mo3goBXHS pO3TArHyTa apmartypa NoBMHHa
OyTu 3gaTHa CNpUNHATY AOAATKOBE 3yCUINs po3-
TAry, cnpuynHeHe 3cyBoMm (6.2.3 (7)).

(8) Onsa enemeHTIB 3 NnepeBaXXHO PiBHOMIPHO PO3-
noAineHnM HaBaHTaXXEHHsIM He MOTPiOHO 3ainc-
HIOBaATU MEPEBIPKY 3a MOMEPEYHO CUITOK Ha
BifCTaHi, MeHLWin 3a d Big rpani onopu. byab-gka
nepenbadeHa nonepevyHa apmartypa MOBMHHA
npogoBxyBatTucbk Ao onopu. OkpiMm TOro, Heob-
XiAHO NepeBipsATM YMOBY, LLIO NonepeYvHa cuna Ha
onopi He nepeBuWye Viyay (AMB. 6.2.2 (6) i
6.2.3.

(9) AKWO HaBaHTaXXeHHs NpuKagaeTbcsa 6rm3b-
KO 1O HM3Y nepepisy, To 4oAaTKoBO A0 byab-sKo-
ro HeobXigHOro apmMyBaHHA ANA CNPUNHATTS
3ycunns 3cyBy HeobxigHO nepenbadatm poc-
TaTHE BepTMKarbHe apMyBaHHS ANA nepefadi
HaBaHTaXXEHHS HA BEPXHIO YACTMHY Nepepisy.

6.2.2 EnemeHmu, w0 He nompe6yroms po3pa-
XYHKOB8020 Iornepe4Ho20 apMy8aHHs

(1) PospaxyHkoBa BenuuMHa Hecy4oi 30aTHOCTI
Ha 3CcyB Vg, . BUSHAYAETLCSA, AK:

(4) When, on the basis of the design shear cal-
culation, no shear reinforcement is required, mini-
mum shear reinforcement should nevertheless be
provided according to 9.2.2. The minimum shear
reinforcement may be omitted in members such
as slabs (solid, ribbed or hollow core slabs) where
transverse redistribution of loads is possible.
Minimum reinforcement may also be omitted in
members of minor importance (e.g. lintels with
span < 2 m) which do not contribute significantly
to the overall resistance and stability of the
structure.

(5) In regions where Vg4 > Vg, according to
Expression (6.2), sufficient shear reinforcement
should be provided in order that Vg, < Vg, (see
Expression (6.8)).

(6) The sum of the design shear force and the
contributions of the flanges, Vg — Vg — Vi, sho-
uld not exceed the permitted maximum value
VRamax (S€€ 6.2.3), anywhere in the member.

(7) The longitudinal tension reinforcement should
be able to resist the additional tensile force cau-
sed by shear (see 6.2.3 (7)).

(8) For members subject to predominantly
uniformly distributed loading the design shear
force need not to be checked at a distance less
than d from the face of the support. Any shear
reinforcement required should continue to the
support. In addition it should be verified that the
shear at the support does not exceed Vigjmax
(see also 6.2.2 (6) and 6.2.3.

(9) Where a load is applied near the bottom of a
section, sufficient vertical reinforcement to carry
the load to the top of the section should be
provided in addition to any reinforcement required
to resist shear.

6.2.2 Members not requiring design shear
reinforcement

(1) The design value for the shear resistance
VRa ¢ IS given by:

13
VRd,C = [CRd,Ck (1 00p1fck) +k1GCp:|de (628)

npy MiHiMaribHOMY 3HaYeHHI

with a minimum of

VRd,c = (Vmin +k1ch)bwd ) (6.2b)
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ne:
o — B Mlla;
k =1+ @SZ,O,CJ—BMM;
d
p1:Aigo,02;
b,d

Ag — nnouia po3TArHyTol apMaTtypu, sika npoJoBs-
XYETbCA Ha BiAcTaHb > (/4 + d) 3a nepepis, WO
po3rnsgaeTbes (PUCYHOK 6.3);

b, —HanMmeHLua LW1pUHa rnonepeyHoro nepepisy y
PO3TArHYTIN 30Hi, MM;

ch = NEd / AC < 0,2 de, |V||_|a,

Ng4—0ocboBa cuna y nonepe4yHomMy nepepisi, BUK-
NKaHa HaBaHTaXXeHHAM abo nonepeaHim Hanpy-
xeHHAM B H (Ngy; > 0 mpu ctucky). Bnnusom
npuknageHux aedopmadin Ha Ng MoXHa 3HexTy-
BaTU;

A_— nriowa nonepeyHoro nepepisy 6eToHy, Mm?;

VRd,c —BH.

Mpuwmitka. Bennunhum Cry e, Vimin | K1, SIKi 32CTOCOBYHOTb-
CSl Yy KOHKpETHIN KpaiHi, MOXyTb BCTaAHOBMOBATUCb
HaLujioHanbHUM JogaTkoM. PekoMeHaoBaHMM € BEnu-
4nHn: Cryc = 0,18/yc; Vimin — BUpas (6.3N) i ky = 0,15.

Vinin = 0,035k ¥/2£ 12 .

/ /
| bd \I/Ed l bd | VEd

dﬂ 4593 459

“TAS; TAS;\

where:
f.k is in MPa;

k=1+ /22—032,0,dinmm;

Asl
=—_<002;
P1 b d

w
Ag is the area of the tensile reinforcement, which
extends > (/4 + d) beyond the section considered
(see Figure 6.3);

b, is the smallest width of the cross-section in the
tensile area [mm];

Ocp = Neg 1 A;<0,2f,4 [MPa];
Ng, is the axial force in the cross-section due to
loading or prestressing [in N] (Ngy; > 0 for comp-

ression). The influence of imposed deformations
on Ng may be ignored.

A_ is the area of concrete cross section [mm?];
VRac is [N].

Note: The values of Cgrgc, Vmin @and k4 for use in a
Country may be found in its National Annex. The re-

commended value for Cgq, is 0,18/y., that for vmin is
given by Expression (6.3N) and that for kq is 0,15.

(6.3N).
As! /
ol |
459" y d
e Vel |
lg Vea l 1.

— nepepis, Lo po3rnsaaeTbes
— section considered

PucyHok 6.3 — BusHaueHHs Ag y Bupasi (6.2 b)
Figure 6.3 — Definition of Ag/ in Expression (6.2 b)

(2) Onsa nonepedHbLO HaNpPy>XeHUX OgHOMPOSLOT-
HUX eneMeHTIB 6e3 nonepeyvHoi apmaTypu Hecy-
Yya 34aTHICTb Ha 3CyB 30H i3 TPiLMHaAMM NPU 3rnHI
MOXe obumcnoBaTUCh 3a BuMpasom (6.2a). Y 30-
Hax 6e3 TPILLMH NPK 3rMHI (Oe Hanpy>XeHHs po3Ts-
ry MpW 3rUHI MeHLLI HX foye 0 05/ 7). HECYYa 3paT-
HICTb Ha 3CyB MOBMHHA OOMEXYBaTUCh MILHICTIO
GeToHy Ha po3TdAr. Y TakuMx 30Hax Hecyya 3fat-
HICTb Ha 3CyB BM3HA4Ya€TbCH 32 BUPA3OM:
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(2) In prestressed single span members without
shear reinforcement, the shear resistance of the
regions cracked in bending may be calculated
using Expression (6.2a). In regions uncracked in
bending (where the flexural tensile stress is
smaller than fy (05 / v;) the shear resistance
should be limited by the tensile strength of the
concrete. In these regions the shear resistance is
given by:
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I-b 2
VRd,c = SW'\/(fctd) +a 1chfctd ) (6.4)

ae:
| — MOMeHT iHepuii nepepisy;

b, — WKMpMHa nonepeyHoro nepepisy no LEeHT-
panbHii OCi, OONYCKAETLCA HasIBHICTb KaHanis
BignoBigHO Ao BMpasis (6.16) i (6.17);

S — cTaTUYHUI MOMEHT Nepepidy BULLIE | BIGHOCHO
LleHTpanbHOoI oci;

g = lX/l,D

maTtypu;

» < 1,0 Ana nonepeaHLO HaTArHYTOI ap-

= 1,0 ons iHWKWX BUAIB HanNpyXeHHs;

I, — BiAcTaHb Bif nepepisy, Lo po3rnaaacTbes, 40
No4YaTKOBOI TOYKM AOBXWHM Nepeadi;

lptp — BENMYMHA BEPXHbOI MEXi JOBXWHU nepe-
Aadi Ang Hanpy>XeHoro enemMeHTa 3rigHo 3 Bupa-

30Mm (8.18);

O¢p — HaMPYXXEHHs1 CTUCKY OETOHY Ha LieHTparbHil
OCi Bifj OCbOBOro HaBaHTaXeHHs1 i/abo nonepepn-
HbOTO HanpyxeHHsl (o, = Ngy /A, B MMa, Ngy >0
npu CTUCKY).

[na nepepisiB 3MiHHOT LUMPUHW BAOBX BUCOTU
MakcuMMarnbHi FOfNIOBHI HANPYXeHHsT MOXYTb AiATH
He MO UeHTpanbHiM oci. Y Takmx Bunagkax Mmi-
HiManbHa BenvyuHa Hecy4oi 34aTHOCTI Ha 3CyB
MOBMHHA BU3HA4aTUCh Yepe3 obuncrneHHs Vi, .
MO Pi3HMX OCAX NOMEepPeYvHOro nepepiay.

(3) OBuMcneHHs Hecy4oi 30aTHOCTI Ha 3CyB 3ria-
HO 3 BMpa3oM (6.4) He BUMaraeTbCs ANd nepe-
pi3iB, sIKi Orvkde 4O OMOPU HiXK TOYKa NepeTUuHy
MPY>KHOI LeHTpanbHOI OcCi i moxunoi niHii Big
BHYTPILLHBOI rpaHi onopw nig kytom 45°.

(4) Ons 3aranbHOro BUNAAKy MNPUKMIagaHHSA 00
€eMEHTIB 3rMHanbHOr0 MOMEHTY i OCbOBOI CMMKU
npu NiaTBEPOXKEHHI, WO TPILWWHX BIACYTHI npw
3rMHI y rpaHNYHOMY CTaHi, amB. 12.6.3.

(5) Mpw po3paxyHKy NO300BXHLOI apMaTypu Ans
AiNAHOK i3 TpilwyHamMu npu 3ruHi entopy Mg,
MOTPiBHO 3MICTUTK Ha BiACTaHb a, = d y Hecrnpu-
ATNMBOMY HanpsamMKy (ams. 9.2.1.3 (2)).

(6) Ona enemeHTiB 3 HABaAHTaXXEHHAMMW, NPUKNa-
AeHVMM 3BepXy B Mexax BiactaHi 0,5d < a,, < 2d
Big rpaHi onopu (abo ueHTpa TOYkM 0BnNUpaHHSA
npy BUKOPUCTaHHI PyxOMOI Onopu), CKragoBy
LIbOr0 HaBaHTaXeHHs i nonepeyHy cuny Ve, Mox-
Ha NOMHOXUTU Ha B = a, /2d. Lle 3HWXeHHA

where
| is the second moment of area

b,, is the width of the cross-section at the centroi-
dal axis, allowing for the presence of ducts in ac-
cordance with Expressions (6.16) and (6.17);

S is the first moment of area above and about the
centroidal axis;

aq =1/l < 1,0 for pretensioned tendons;

= 1,0 for other types of prestressing;

I, is the distance of section considered from the
starting point of the transmission length;

Ioro the upper bound value of the transmission
length of the prestressing element according to
Expression (8.18);

ogp IS the concrete compressive stress at the
centroidal axis due to axial loading and/or prest-
ressing (cq, = Ngg /A, in MPa, Ngy > 0 in comp-
ression).

For cross-sections where the width varies over
the height, the maximum principal stress may
occur on an axis other than the centroidal axis. In
such a case the minimum value of the shear
resistance should be found by calculating Vg, ; at
various axes in the cross-section.

(3) The calculation of the shear resistance accor-
ding to Expression (6.4) is not required for cross-
sections that are nearer to the support than the
point which is the intersection of the elastic cent-
roidal axis and a line inclined from the inner edge
of the support at an angle of 45°.

(4) For the general case of members subjected to
a bending moment and an axial force, which can
be shown to be uncracked in flexure at the ULS,
reference is made to 12.6.3.

(5) For the design of the longitudinal reinforce-
ment, in the region cracked in flexure, the Mg, —
line should be shifted over a distance a, = din the
unfavourable direction (see 9.2.1.3 (2)).

(6) For members with loads applied on the upper
side within a distance 0,5d < a, < 2d from the edge
of a support (or centre of bearing where flexible
bearings are used), the contribution of this load to
the shear force Vg; may be multiplied by
B = a, /2d. This reduction may be applied for
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MOXe 3acTOCOBYBaTUChb NMpw nepesipui Vg, . 3a
BMpasom (6.2a). Takui nigxig npaBoMipHUA TiNb-
Kv y pasi 3abe3neyvyeHHsi NOBHOMO 3aaHKepyBaHHS
No30BXHbOT apmaTypu Ha onopax. [pu a, < 0,5d
HeobxigHO nNpuMmaTK 3HadveHHs a, = 0,5d.
MonepeyHa cuna Vg, obuncneHa 6es 3HKeHH:
yepes 3, BCe 04HO NOBMHHA 3aBXAW 3a40BOSbHS-
TV YMOBY:

checking Vg, . in Expression (6.2.a). This is only
valid provided that the longitudinal reinforcement
is fully anchored at the support. For a, < 0,5d the
value a, = 0,5d should be used.

The shear force Vg, calculated without reduction
by B, should however always satisfy the condition

Veqg £0,5b,0viy , (6.5)

ae v — koeilieHT 3HWKEHHSA MILUHOCTI 6ETOHY 3
TpilmMHaMm nNpu 3cCysi.

Mpuwmitka. BennumHa v 4ns 3actocyBaHHS Yy KOH-
KPEeTHIi KpalHi MOXe BCTaHOBHOBATMCb Halio-
HanbHMM gogaTkoMm. PekomeHOoBaHOW € Benu-
YMHa, BM3HAYEeHa 3a BMPa3oM:

v=06[1- fox
250

+

D=

a — 6arnka i3 6esnocepeaHiM 0OnMpaHHAM
beam with direct support

}(fok B MMa (in MPa)) .

where v is a strength reduction factor for concrete
cracked in shear.

Note: The value v for use in a Country may be fo-
und in its National Annex. The recommended va-
lue follows from:

(6.6N)

=

b — KoHCOMNb
corbel

PucyHok 6.4 — HaBaHTaxeHHs 6inst onop

Figure 6.4 — Loads near supports

(7) Banku 3 HaBaHTaXxxeHHAMM Bina onop i KOHCo-
nen MoXyTb pO3paxoByBaTUChb anbTEPHATUBHUM
MEeTOAO0M 3a AOMOMOro MoAernen CTUCHYTO-pO3-
TArHYTMX enemMeHTiB. [deTanbHilwe npo meTon
OuB. 6.5.

6.2.3 EnemeHmu, w0 nompebyroms nonepey-
HO20 apMye8aHHSs 3a po3paxyHKOM

(1) PospaxyHOK enemMeHTiB 3 nonepeyvyHoo apma-
TYpOLO I'PYHTYETbLCA Ha "dpepmoBin” mogeni (pucy-
HOK 6.5). paHn4Hi BennuuHM KyTa 6 MNOXWUMNX

CTVICHyTVIX yMOBHVIX elleMeHTIB CTiHKU HaBegeHo
y 6.2.3 (2).

110

(7) Beams with loads near to supports and cor-
bels may alternatively be designed with strut and
tie models. For this alternative, reference is made
to 6.5.

6.2.3 Members requiring design shear reinfor-
cement

(1) The design of members with shear reinforce-
ment is based on a truss model (Figure 6.5).

Limiting values for the angle 6 of the inclined
struts in the web are given in 6.2.3 (2).
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Ha pucyHKy 6.5 BUKOpMUCTAHO HACTYMHi MO3HaKK:

o — KyT Mi>X MornepeYHo0 apMaTypolo i Biccto 6arn-
Kn, NnepneHanKynapHoo 4O nonepeyvHoi cnnm (no-
3UTUBHUIN HanpsiM NoKa3aHo Ha PUCYHKY 6.5);

0 — KyT MiXX CTUCHYTUM BETOHHMM YMOBHUM ere-
MEHTOM i BicCto 6arnku, nepnenHaukynsipHoi 4o no-
nepeyHol cunu;

F;y— po3paxyHKoBa BenunymHa 3yCunns po3rary y
No340BXHIN apmaTypi;

F.qy — po3paxyHKoBa BenuyuMHa 3yCUrnsi CTUCKY
©eToHy B HanNpsAMKy NO340BXHbBOI OCi enemMeHTa;

b,,— MiHiMarnbHa W1pUHa MK PO3TATHYTAM | CTUC-
HYTUM NOosiCamu;

Z — nnedye BHYTPILIHbOI Napu Ons enemeHTa 3
MOCTIMHOK BMCOTOK MNepepidy, ske Bignosigae
3rMHaNbHOMY MOMEHTY B €NeMEHTI, WO po3rns-
naetbes. [py po3paxyHKy Ha 3cyB 3anizobeToH-
HUX erleMeHTiB 3a BIiACYTHOCTIi OCbOBOI CUIH,
3a3BMyan, MoXXHa NpuBAN3HO NPUIMaTN 3HAYEH-
Ha z = 0,9d.

Y enemeHTax 3 NOXUIO MonepeaHbo Hanpyxe-
HOK apMaTypoto HeobxigHo 3abeanevyBaTu, W06
MO3OOBXHS apmaTtypa y PO3TArHYyTOMY MOSCi
cnpuiiMana Mo3O0BXHE 3YCUNNs po3TAry BHac-
nigok 3cyBy, BU3Ha4yeHoro y (3).

In Figure 6.5 the following notations are shown:

a is the angle between shear reinforcement and
the beam axis perpendicular to the shear force
(measured positive as shown in Figure 6.5);

0 is the angle between the concrete compression
strut and the beam axis perpendicular to the
shear force;

F;, is the design value of the tensile force in the
longitudinal reinforcement;

F.q is the design value of the concrete compres-
sion force in the direction of the longitudinal

member axis.

b, is the minimum width between tension and
compression chords;

z is the inner lever arm, for a member with cons-
tant depth, corresponding to the bending moment
in the element under consideration. In the shear
analysis of reinforced concrete without axial for-
ce, the approximate value z = 0,9d may normally
be used.

In elements with inclined prestressing tendons,
longitudinal reinforcement at the tensile chord
should be provided to carry the longitudinal ten-
sile force due to shear defined in (3).

V(cot 8- coter)

pany

ch
-

:@, =

- CTHCHYTHIA
rnosic

- compression
chord

€JIeMEHT
- struts

b,,

- CTUCHYTHI YMOBHHHA

- PO3TATHYTHIH - rornepeyHa
eJleMEeHT IE’ apMatypa
- tensile chord - shear

reinforcement

b.,

PucyHok 6.5 — depmoBa moaenb i N03HaKM ANs1 €EeMEHTIB NoNepeyHoro apMyBaHHS
Figure 6.5 — Truss model and notation for shear reinforced members
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(2) BennunHa kyTta 6 noBMHHa 0OMeXyBaTUCh.

MpumiTtka. paHnyHi Benu4mHmM cot 6 Ans BUKOPUCTaH-
HSA Y KOHKPETHIN KpaiHi MOXYyTb BCTaHOBMIOBATUCH Yy
HauioHanbHoMy JopaTky. PekomeHgoBaHi rpaHuyHi
BENUYMHN HagaTbCH BUPa30oM.

1<cotf <25.

(3) Ans enemeHTIB 3 BEpTMKaNbHUM NONEPEYHNM
apMyBaHHAM Hecy4a 3[aTHICTb Ha 3cyB Vg, Npu-
NMaETLCH MEHLLOKO i3 BEMNMNYUH:

(2) The angle 6 should be limited.

Note: The limiting values of cot 0 for use in a Country
may be found in its National Annex. The recommended
limits are given in Expression (6.7N).

(6.7N)

(3) For members with vertical shear reinforce-
ment, the shear resistance, Vg, is the smaller
value of:

Vrass = 5% 7f ., cot (6.8)
S

MpumiTka. Akwo 3acTtocoByeTbcA BUpa3 (6.10), To Be-
N4y fg y BUpasi (6.8) notpibHoO 3meHwyBsaTtn 4o
0,8 fywa-

Note: If Expression (6.10) is used the value of fq
should be reduced to 0,8 f,, in Expression (6.8)

and

VRd, max = & cwbwZVifcq / (cOt +tanb), (6.9)

ae:
A, — Nrolia nonepeyHoro rnepepisy nonepeyHol
apmarypu;

S — KPOK MOMEePeYHNX CTPUXKHIB;

fywd — po3paxyHKoBa MiLHICTb nornepeyvHoi apma-

TYPW Ha rpaHunLLi TEKYYOCTi;
V1 — KoediLieHT 3MeHLUEeHHA MiLHOCTI 6eToHy 3
TpilimMHaMn nNpu 3cysi;

Oy, — KOEMILIEHT, WO BpaxoBye piBeHb Harpy-
XeHb Yy CTUCHYTOMY MOSCI.
Mpumitka 1. BenuunHm vq i oy ANA 3aCTOCYBAHHSA Y

KOHKPETHI KpaiHi MOXyTb BCTAHOBMIOBATMUCb HaLioO-
HanbHUM fodaTkoM. PEKoMeHA0BaHO BEMUYMHOLO V4
ev (aumB. (6.6N)).

MpumiTka 2. AKLWO po3paxyHKOBI HAMPYXXeHHS y norne-
PeYHi apmaTypi CTaHOBNATbL MeHLe Hixk 80% Big xa-
PaKTePUCTUYHUX HaMpPY>XeHb TeKY4OCTi f, TO V4 MOXHA
npunmMaTu Tak:

v4 = 0,6 npu (for) f,, < 60 MlMa (MPa) ,
vy =0,9 -1, /200 > 0,5 npu (for) f,, > 60 MIa (MPa) .

MpumiTka 3. PekomeHa0BaHO BENMHMHOI Oy, € HACTYMHA:
1 — ANst KOHCTPYKLUiN 6e3 nonepeaHbLOro Hanpy>KeHHst

(1+06p /foq ) npu (for) 0< o, < 0,25fy |
1,25 npwm (for) 0,25fy < o, < 0,5y ,
25(1=0gp I fog ) MpH (for) 0,5,y < 0.6p < 1,0%g
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where:

Ag, is the cross-sectional area of the shear rein-
forcement;

s is the spacing of the stirrups;

fywd is the design yield strength of the shear rein-

forcement;

v is a strength reduction factor for concrete crac-
ked in shear;

a., is a coefficient taking account of the state of
the stress in the compression chord.

Note 1: The value of v4 and o, for use in a Country

may be found in its National Annex. The recommended
value of v is v (see Expression (6.6N)).

Note 2: If the design stress of the shear reinforcement
is below 80% of the characteristic yield stress fy, v
may be taken as:

(6.10.aN)
(6.10.bN)

Note 3: The recommended value of o, is as follows:
1 for non-prestressed structures

(6.11.aN)
(6.11.bN)
(6.11.cN)
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ne:
Ogp — CepPenHe HampyXeHHst CTUCKY, BUKIUKaHe
pO3paxyHKOBOK OCbLOBOK CUJIOKD, MPUNHATE MO-
3UTMBHUM y 6eTOHi. BOHO NOBUHHO BU3HA4YaTUCh
LUNSAXOM OCepedHEHHS1 B Mexax GeToHHOro ne-
pepisy 3 ypaxyBaHHsIM apmaTypu. BenuunHy o,
He NOoTpiGHO 0BYMCAOBATU Ha BiACTaHi, MEHLUI
Hix 0,5d cot 0 Big rpaHi onopw.

Mpumitka 4. MakcnmanbHa npuBegeHa nrotla nepe-
pidy nonepeyHoi apmaTypu Asw,max Npu cot 6 = 1 npea-
CTaBfieHa BUpa3oMm:

Asw, max fywd

bys

(4) Ons enemeHTIB 3 MOXWUOKD NOMEPEYHO ap-
MaTypotlo 3a onip 3CyBYy NPUIAMAaETbCA MEHLUA i3
HaCTYMHWX BEMNUYMH

where:

o¢p IS the mean compressive stress, measured
positive, in the concrete due to the design axial
force. This should be obtained by averaging it
over the concrete section taking account of the
reinforcement. The value of o., need not be
calculated at a distance less than 0,5d cot 0 from
the edge of the support.

Note 4: The maximum effective cross-sectional area of
the shear reinforcement, Asw,max, for cot 8 = 1 is given
by:

< Vi - (6.12)

(4) For members with inclined shear reinforce-
ment, the shear resistance is the smaller value of

Vra.s = AS—szywd (cotb +cota )sina (6.13)
s
i and
VRd, max = % cwbw2V g / (cOtO +coto )/ (1 +cot? 6) : (6.14)

Mpumitka. MakcumarnbHa npvBedeHa nrowa nepe-
pi3y nonepeyHoi apmaTypu Agy max TPy cot 6 = 1 BU3Ha-
YaeTbCH 3 BUpasy:

Asw, maxfywd <

Note: The maximum effective shear reinforcement,
Aswmax for cot 6 = 1 follows from:

~OewVifed

b,s

(5) Ha pinaxkax, e BiacyTHI HeperynsapHocTi Vigy
(Hanpwvknag, npu piBHOPO3NOAINEHOMY HaBaHTa-
XKEHHi), nonepeyHa apmartypa 6yab-AKoro Kpoky
no JOBXWHiI [ =z (cot O + cot o) MOXxe BU3Ha4aTuCb
i3 BUKOPUCTAHHAM HaUMEHLLOro 3Ha4YeHHA Vg, y
Kpouli.

(6) Ao y CTiHUI 3HaxoAsATbLCA 3anoBHEHI KaHanu
AiameTpom ¢ > b, /8, onip 3cyBY Vg yax MOBUHEH
BM3HA4YaTUCb HA OCHOBi HOMiIHANbHOI TOBLUMHU
CTiHKM 32 BUpa3omMm:

_ (6.15)
sina

(5) In regions where there is no discontinuity of
Vey (e.g. for uniformly distributed loading) the

shear reinforcement in any length increment | = z

(cot © + cot o) may be calculated using the smal-

lest value of Vg, in the increment.

(6) Where the web contains grouted ducts with a
diameter ¢ > b, /8 the shear resistance Vg nax
should be calculated on the basis of a nominal
web thickness given by:

bw,nom =by —-0,5%¢ , (6.16)

Oe ¢ — 30BHILHIN OiameTp KaHany, a Xd BU3Ha-
YaeTbCA Ha HaNbINbLL HECNIPUSTIIMBOMY PiBHI.

[ns 3anoBHeHUX MeTanesunx KaHanis npu ¢ < b, /8,
b b

[na He3anoBHEHWX KaHarniB, 3anoBHEHMX nnac-
TUYMHUM MaTepianomMm, i He3dyenneHol Hanpy>XeHoTl
apmaTypy HOMiHanbHa TOBLUMHA CTiHKW BU3Ha-
YaEeTbCA 3a BMPA30OM:

w,nom ~ Mw-

where ¢ is the outer diameter of the duct and Z¢ is
determined for the most unfavourable level.

For grouted metal ducts with ¢ <b,, /8, b b

w,nom ~ Mw-

For non-grouted ducts, grouted plastic ducts and
unbonded tendons the nominal web thickness is:
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B nom =bw —1,226 . (6.17)

BenunuunHa 1,2 y Bupasi (6.17) BBegeHa ans Bpaxy-
BaHHS PO3KOMOBAHHSA CTUCHYTUX YMOBHMX OETOH-
HUX enemMeHTiB BHACNigOK MOMepeyvyHoro posTary.
Akwo 3abesnedeHo HeobxigHe nonepeyHe apmy-
BaHHS, L0 BENMYMHY MOXHa 3meHwmnTtn oo 1,0.

(7) OopatkoBy cuny po3tary AF;, y No3A0BXHin
apmMaTypi BHacnigoK 3cyBy Vg, MOXHa BU3HAYNTK
3a BUpa3oMm:

The value 1,2 in Expression (6.17) is introduced
to take account of splitting of the concrete struts
due to transverse tension. If adequate transverse
reinforcement is provided this value may be
reduced to 1,0.

(7) The additional tensile force, AF,,, in the longi-
tudinal reinforcement due to shear Vg; may be
calculated from:

AFy =0,5Vgq(coté —cota ). (6.18)

(Mgy [2) + AF;; noBUHHA NpUiMaTUCh He BinbLue
HK Mgy max/Z, € Mgy max — MakcMmanbsHuin Mo-
MEHT BAOBX barku.

(8) Ansa enemeHTIB 3 HABaHTaXXEHHAMUW, NPUKNa-
AeHVMM 3Bepxy B Mexax BiacTaHi 0,5d < a,, < 2d,
BHECOK LIbOr0 HaBaHTaXEHHS y nonepeyvHy cuny
Vgy MOXHa 3MeHWNTY Yepes B = a,, /2d.
MonepeyHa cuna Vg, obuncneHay Takuii cnocio,
NMOBUHHA 3aJ0BOSbHATU YMOBY:

(Mgy /2) + AF4 should be taken not greater than
Mgy max!Z Where Mgy ay is the maximum moment
along the beam.

(8) For members with loads applied on the upper
side within a distance 0,5d < a, < 2d the contri-
bution of this load to the shear force Vg, may be
reduced by = a, /2d.

The shear force Vg, calculated in this way, sho-
uld satisfy the condition

VEd < ASW 'nyd sina , (619)

oe Asw-fywd — onip nonepeYyHol apmaTypu, Lo ne-
pecikae noxuny nornepeyHy TPILUHY B 30HaX MiX
HaBaHTaXeHHAMU (pUCyHOK 6.6). BpaxoByeTbcsa
TiNbKM NonepeyHa apmMaTypa B LieHTparibHiln 30Hi,
ska fopisHioe 0,75 a,,. SHNXKEHHs Yepes B Moxe
3aCTOCOBYBaTUCh TiflbKM MpU pO3paxyHKy none-
peyHoi apmaTypu. Takuin nigxig npaBoOMipHUNA Y
pasi 3abe3ne4YeHHs NOBHOrO 3aaHKepyBaHHS NO3-
OOBXHbBOI apMaTypu Ha onopax.

where Ag,f,,q is the resistance of the shear
reinforcement crossing the inclined shear crack
between the loaded areas (see Figure 6.6). Only
the shear reinforcement within the central 0,75 a,,
should be taken into account. The reduction by 3
should only be applied for calculating the shear
reinforcement. It is only valid provided that the
longitudinal reinforcement is fully anchored at the
support.

0,75
i

av

PucyHok 6.6 — [NlonepeyHa apMaTypa Ha 3CyB y KOPOTKUX NpOrboTax npu 6e3nocepeqHin gii
Ha YMOBHWI CTUCHYTUIA eNeMeHT

Figure 6.6 — Shear reinforcement in short shear spans with direct strut action
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Mpun a, < 0,5d HeobxiaHO NMpuMaTK 3HaYEeHHA
a, =0,5d.

BenuunHa Vg, obuncrneHa 6e3 sHmKeHHs Yepes
[3, BCE O4HO NOBMHHA 3a0BOSbHATM YMOBY (6.5).

6.2.4 3cye mix cmiHkoro i nonuysimu T-rnodi6-
HuUX nepepisie

(1) Hecyua 3gaTHiCTb NoOnuMLUb Ha 3CyB MOXE BU3-
HayaTUCb LUMSIXOM BpaxyBaHHS MOMMWLi SIK cuc-
TEMU CTUCHYTMX YMOBHUX E€IIEMEHTIB, CMOSy4YEeHMX
i3 PO3TArHYTMMW Yy BUrNAAI PO3TArHYTOT apMaTtypu.
(2) MinimanbeHa KinbKicTb N0300BXHLOT apMaTypu
NoBMHHA BM3Ha4YaTUCb BignosigHo Ao 9.3.1.

(3) Mo3poBxHi HanpyxeHHs Bif 3cyBy Vg, Yy cno-
NyYeHHi MK OOHIE0 CTOPOHO NOMNLb i CTIHKO
BM3HAYaOTbCSA Yepes 3MiHy HOMiHanbHoi (No3go-
BXHbOI) CUSIM Y YaCTUHI nonuui, gka po3rns-
AaeTbCs, 3rigHO 3 BUPA3oM:

Fora, <0,5dthe value a,, = 0,5d should be used.

The value Vg, calculated without reduction by B,
should however always satisfy Expression (6.5).

6.2.4 Shear between web and flanges of T-sec-
tions

(1) The shear strength of the flange may be calcu-
lated by considering the flange as a system of
compressive struts combined with ties in the form
of tensile reinforcement.

(2) A minimum amount of longitudinal reinforce-
ment should be provided, as specified in 9.3.1.

(3) The longitudinal shear stress, Vg, at the junc-
tion between one side of a flange and the web is
determined by the change of the normal (longi-
tudinal) force in the part of the flange considered,
according to:

VEd = AFd /(hf AX) , (620)

ne:
hs— TOBWMHA NonuLi y Micli 3'eAHaHHS,
AX — OOBXMHA, WO pOo3rnsaaeTbCa (PUCYHOK 6.7);

AF 4 — 3MiHa HOMiHanbHOI CUMK y Nonuui Ha OoB-
XKUHI AX.

where:
h;is the thickness of flange at the junctions;

Ax s the length under consideration, see Figure 6.7;

AF,is the change of the normal force in the flange
over the length Ax.

- CTUCHYTHH YMOBHUH - MO3/IOBXHill CTPHIKEHD, 32aHKEPOBAHUI 332 MEXi

€JIEMEHT
- compressive struts

npoekiii Touku (auB. 6.2.4 (7))

- longitudinal bar anchored beyond this projected

point (see 6.2.4 (7))

PucyHok 6.7 — [No3Haky Anst CNonyYeHHs MiXK MOSNMLEO | CTIHKOHO

Figure 6.7 — Notations for the connection between flange and web
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MakcumanbHe 3Ha4YeHHs, sike MOXXHa OOMNYyCTUTU
Ons Ax, cknagae nosioBMHY BiCTaHi MK nepe-
pi3OM, A€ MOMEHT LOPIBHIOE HYIHO | Mepepi3om 3
MakCUManbHUM MOMEHTOM. Y pasi npuknagaHHs
30CepeKeHNX Cun AOBXMHA AX HE NOBMHHA ne-
peBuvLLYyBaTK BiACTaHi MiX 30CepeKeHUMU Ha-
BaHTaXXEHHSIMU.

(4) NonepeyHe apMyBaHHS Ha OMHULIIO JOBXUHN
Ag¢/SMOXHA BU3HAYNTU 38 HACTYMHUM BUPA3OM:

The maximum value that may be assumed for Ax
is half the distance between the section where the
moment is 0 and the section where the moment is
maximum. Where point loads are applied the
length Ax should not exceed the distance bet-
ween point loads.

(4) The transverse reinforcement per unit length
Ags /sy may be determined as follows:

(Astfya IS¢) = Vieg -hy | cot6y. (6.21)

[nsa 3anobiraHHA pyNHYBaHHIO CTUCHYTUX YMOB-
HUX enemMeHTiB BeTOHy y nonuui NoBMHHa 3a40-
BOMNbHATMCb HAcCTyMnHa yMoBa:

To prevent crushing of the compression struts in
the flange, the following condition should be satis-
fied:

Veg < Vg SinBf cosOr. (6.22)

Mpumitka. Jonyctumui giana3oH BenunyuH cot 6; anga
BMKOPWUCTAHHS Y KOHKPETHIN KpaiHi MOXe BKadyBaTUCb
y HauioHanbHOMY foAaTky. 3a BiACYTHOCTI BinbLu TOY-
HMX 06YMCNEHb PEKOMEHAYIOTLCS HACTYMHI BENMUYNHM:

1,0 < cotbf <20 npn CTUCHYTUX Nonumusax (45° >
> 07> 26,5°);

1,0 < cotbf <1,25 npu po3TArHYTUX MONULISX
(45° > 6,>38,6°).

(5) Y BMnagKy cknagHOro 3cyBy MK MOnuvUErO i
CTIHKOIO i NoMepeyYyHoOMy 3ruHi MnoLla apmMaTtypu
NoBMHHa ByTn GiNbLLOK HidX 3a BUpasom (6.21)
abo gopiBHIOBATM MOMOBUHI NoLwi 3a (6.21) nntoc
HeoOXigHa apmaTtypa Ans ClpUAHATTS nonepeyd-
HOrO 3rUHY.

(6) Y pasi, aKkwo Vgy; meHwa abo aopiBHIOE Kf .,
TO [JoJdaTKoBE apMyBaHHs, 6Ginblie HiK Ans
CMPUMHATTA 3rMHYy, He NoTpibHe.

MpumiTka. BenuunHa k ons BUKOPUCTAHHS Y KOHKPET-
Hin KpalHi MOXXe BKa3yBaTUCh Y HaLlioHanbHOMY Aofar-
Ky. PekomengoBaHoto BenunumHoto € 0,4.

(7) Mo3poBxHs po3TArHyTa apmartypa y nonuui
NMOBMHHA 3aaHKePOBYBATMCb 3@ MEXi CTUCHYTOro
YMOBHOIO €efieMeHTa Ha BenuuuMHy, HeobXigHy
Ona nepegadi 3ycunnsa Hasag Ha CTiHKy y ne-
pepisi, oe us apmaTtypa HeobxigHa (po3pi3 A-A Ha
PUCYHKY 6.7).

6.2.5 3cye Ha koHmakmi 6emoHy, yknadeHo-
My y pi3HUU 4Yac

(1) Ha gogaTok go Bumor 6.2.1-6.2.4, HanpyxeH-
HS 3CYBY Ha KOHTaKTi Mi>k DETOHOM, YKNageHnwm y
Pi3HUIA Yac, NOBUHHA TaKOX 3a40BOSbHATUCH Ha-
CTyMnHa ymoBa:

Note: The permitted range of the values for cot 6; for
use in a country may be found in its National Annex.
The recommended values in the absence of more
rigorous calculation are:

1,0 < cotbf < 2,0 for compression flanges (45° >
> 07> 26,5°);

1,0 < cot6f < 1,25 for tension flanges (45° > 6;>
> 38,6°).

(5) In the case of combined shear between the
flange and the web, and transverse bending, the
area of steel should be the greater than that given
by Expression (6.21) or half that given by Expres-

sion (6.21) plus that required for transverse
bending.

(6) If Vg4 is less than or equal to kf, no extra
reinforcement above that for flexure is required.

Note: The value of k for use in a Country may be found
in its National Annex. The recommended value is 0,4.

(7) Longitudinal tension reinforcement in the flan-
ge should be anchored beyond the strut required
to transmit the force back to the web at the section
where this reinforcement is required (See Section
(A-A) of Figure 6.7).

6.2.5 Shear at the interface between concrete
cast at different times

(1) In addition to the requirements of 6.2.1-6.2.4
the shear stress at the interface between concrete
cast at different times should also satisfy the
following:

Vedi < VRdi » (6.23)
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ae VEdi — PO3paxyHKoBa BeJIMYNHA HalNpy>XeHb
3CYBY Ha KOHTaKTI, Lo BUPaXaeTbCA, AK:

Vi is the design value of the shear stress in the
interface and is given by:

VEdi = BVEd /(Zbl) , (624)

ae:

p — BigHOWEHHSA NO340BXHBLOI apmaTtypu y ne-
pepisi HOBOro 6eTOHY i 3aranbHOro NO340BXHBOIrO
3ycunnsa y CTUCHYTIN abo po3TArHyTiN 30Hi, 06-
YUCIIEHMX AN Nepepisy, WO po3rnagaeTbes;
Vg, — nonepeyHe 3ycunns 3cyBy;

Z — nneve BHYTPIWHbLOI Napu cknageHoro nepe-
pi3y;

b; — WMpPUHa KOHTaKTy (PUCYHOK 6.8);

Vrgi— PO3paxyHKOBWI OMip 3CyBY Ha KOHTaKTI, LLIO
BU3HAYaETbCS, SK:

where:

p is the ratio of the longitudinal force in the new
concrete area and the total longitudinal force
either in the compression or tension zone, both
calculated for the section considered

Vg, is the transverse shear force
z is the lever arm of composite section

b; is the width of the interface (see Figure 6.8)

Vrqiis the design shear resistance at the interface
and is given by:

VRrdi = Cfotg +10, +pfyg(psina +cosa ) < 0,5vf 4 , (6.25)

ne:

C i u— KoediuieHTw, Wo 3anexaTb Bif LUOPCTKOCTi
noBepxHi (au.. (2));

f.tqg — BU3Ha4a€eTbCa 3rigHo 3 3.1.6 (2)P;

G,, — HanNpPy>XeHHsA Ha OAVHULIIO MOLL, BUKINUKaHe
MiHIManbHOIO 30BHILLHBLOK HOPMAaSibHOK CUIIOH
Ha KOHTaKTI, ika MOXe OisiTU O4HOYAaCHO i3 CUIO
3CyBY, AOLATHOK MPU CTUCKY, TAKUM YMHOM, LLO
c, < 0,6 f.4 a npu po3Tary — HeraT1BHO0. AKLLO
G,, — Hanpy>eHHs po3TaAry, To C fy NPUUMaETLCA
TakuM, L0 OOPIBHIOE HYIHO.

where:

¢ and p are factors which depend on the rough-
ness of the interface (see (2))

fiqis as defined in 3.1.6 (2)P

C

c, stress per unit area caused by the minimum
external normal force across the interface that
can act simultaneously with the shear force, posi-
tive for compression, such that ¢, < 0,6 f,, and
negative for tension. When , is tensile ¢ f;; sho-
uld be taken as 0.

p=As I A

Ag — nroua apmatypu, WO Mepecikae KOHTaKT,
BKITHOYHO 3i 3BMYAMHOIO NOMepeyHo0 apMaTypoto
(3a HasBHOCTI) Npu BiANOBIAHOMY 3aaHKepyBaHHI
3 060X CTOPIH KOHTaKTY;

SR N NN ORONONNON

U, u

LAY

As is the area of reinforcement crossing the
interface, including ordinary shear reinforcement
(if any), with adequate anchorage at both sides of
the interface;

OO

] 1

PucyHok 6.8 — lNpuknaan KoHTakTiB
Figure 6.8 — Examples of interfaces
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A, — nnouia 3'eqHaHHs;

0. — BU3HAYa€eTbCA 3a PUCYHKOM 6.9, | NoBMHHaA 06-
MeXyBaTuCb Aiana3oHoM 45° < o < 90°%;

Vv — KoeiLiEeHT 3HWKEHHS MiLHOCTI (AuB. 6.2.2(6)).

h.<10d

A, is the area of the joint;

o is defined in Figure 6.9, and should be limited by
45° < o < 90°;
v is a strength reduction factor (see 6.2.2 (6))

hi<10d V
<30° Ed
Al HOBMI1 OeTOH Bl - cTapuii 6eToH cl - 3aaHKEepYBaHHs
- new concrete - old concrete - anchorage

PucyHok 6.9 — TexHonoriyHmmn 3a3yopeHnin LWoB

Figure 6.9 — Indented construction joint

(2) Y pasi BigcyTHOCTI Ginblw AeTanbHOI iHOp-

Mauil Woao noBepxHi BOHa Moxe KBanidikysa-

TUCb SK OyXe rnagka, rnagka, wopctka abo

3a3y0peHa, Hanpuknag;

— OyXe rmagka — Le MOBEepPXHs Mpu yKnagaHHi
OGeToHy Ha cTaneBy, NnacTMkoBy abo cneLianb-
HO MiAroToBNEHyY AepeB'saHy onany6ky: ¢ = 0,25
au=0,5;

— rnagka — noBepxHsi, cdopMOBaHa KOB3HOM
onanybkoto abo BMAOABMOBAHHAM, a TaKoX
nicna Bibpauii 6e3 noganblwoi 06podKU:
c=035apu=0,5;

— LLUOPCTKA — MOBEPXHS 3 HEPIBHOCTAMMW, LLIOHAN-
MEHLINM nepenagom 3 MM i KpOkoM Onmn3bKo
40 MM, gka gocsaraeTtbes 3rpibaHHsM 3anoB-
HloBadiB abo iHLWMMK MeToAaMu, AKi HagaTb
noaibHoro xapaktepy nosepxHi: ¢ = 0,45 a
n=0,7;

— 3a3ybpeHa — noBepxHs i3 3ybusaMun BiANOBIAHO
00 BKasaHux Ha pucyHky 6.9: ¢=0,5au=0,9.

(3) Moxe BuKOpMCTOBYBaTUCb CTyMniHYacTe pos-
MiLLIEHHS1 NoNepeYHol apMaTypu, siKk NoKa3aHo Ha
pucyHky 6.10. Akwo 3'egHaHHS MK ABOMaA Pi3HU-
MU Lapamn GeToHy 3abe3nevyyeTbcs apMyBaH-
HAM (Gankm 3 kKapkacamu OepMOBOro TuMy),
BHECOK apMaTtypu y Vg, MOXe NMpUUMaTuCh K
pes3ynbTytoya 3yCuib Bif KOXHOI i3 giaroHanen
npu 3abe3neveHHi ymoBu, Lo 45° < o < 135°,
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(2) In the absence of more detailed information

surfaces may be classified as very smooth,

smooth, rough or indented, with the following

examples:

— Very smooth: a surface cast against steel,
plastic or specially prepared wooden moulds:

c=0,25and u=0,5;

— Smooth: a slipformed or extruded surface, or a
free surface left without further treatment after
vibration: ¢ = 0,35 and p = 0,6;

— Rough: a surface with at least 3 mm roughness
at about 40 mm spacing, achieved by raking,
exposing of aggregate or other methods giving
an equivalent behaviour: c=0,45and u=0,7;

Indented: a surface with indentations comply-
ing with Figure 6.9: c=0,5and n=0,9

(3) A stepped distribution of the transverse rein-
forcement may be used, as indicated in Figu-
re 6.10. Where the connection between the two
different concretes is ensured by reinforcement
(beams with lattice girders), the steel contribution
to Vg4 may be taken as the resultant of the forces
taken from each of the diagonals provided that
45° <a < 135°.
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(4) Onip NO340OBXHLOMY 3CYBY 3arOBHEHUX LLUBIB
MiX nAnTamy abo enemMeHTamm CTiH MoXe BU3Ha-
yaTuch 3rigHo 3 6.2.5 (1). OagHak, AKLWo y WBi Mo-
XyTb YTBOPHOBATUCb 3HAYHI TPILLUMHMK, TO C HEOD-
XiZAHO NpUAMaTK 3a HyIb ANA rMagKuX i LLOPCTKNX
weiB i 0,5 — ona 3a3yObpeHnx LWBIB (OUB. TaKoX
10.9.3(12)).

(5) Mpu BTOMI @b0 Aii AMHaMIYHNX HaBaHTaXeHb
BENMUMYMHK C y 6.2.5 (1) HEOBXiAHO 3MEHLNTU Y
ABa pasw.

(4) The longitudinal shear resistance of grouted
joints between slab or wall elements may be
calculated according to 6.2.5 (1). However in ca-
ses where the joint can be significantly cracked, ¢
should be taken as 0 for smooth and rough joints
and 0,5 for indented joints (see also 10.9.3 (12)).

(5) Under fatigue or dynamic loads, the values for
cin 6.2.5 (1) should be halved.

N R R

\\\tﬁ
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PucyHok 6.10 — Entopa 3cyBy, LLIO NOKa3ye HEOOXigHe apMyBaHHSA Ha KOHTAKTI
Figure 6.10 — Shear diagram representing the required interface reinforcement

6.3 KpyyeHHs
6.3.1 3aczanbHi NonoxeHHs

(1)P Akwo cTaTuyHa piBHOBara KOHCTPYKLT 3ane-
XWUTb BiO HECy4yol 30aTHOCTI Ha KpydeHHs ene-
MEHTIB KOHCTPYKLi, TO HeobxigHO BMKOHYBaTU
MOBHWI PO3PaxyHOK Ha KPYYEHHS, LLO OXOMME
rpaHunyHi ctanwm | i Il rpyn.

(2) AKWwo y cTaTUYHO HEBM3HAYEHIN KOHCTPYKLi
KPYYEHHSI BMHUKAE TifbKM K pe3yrnbTaT CyMic-
HOCTIi, a CTINKICTb KOHCTPYKLIT He 3anexutb Bif
Hecyu4ol 30aTHOCTI Ha KpydeHHs, TO, 3a3Bu4a,
Hema HeoOXiaHOCTI BpaxoByBaTW KPyYeHHS Mpu
nepesipLi rPaHMYHOro CTaHy 3a HeCcy4yow 3gat-
HIiCTIO i CTiIKICTIO. Y Takux Bunagkax HeobXigHO
nepenbavatn HaBegeHe y posginax 7.3 i 9.2
MiHiManbHe apMyBaHHS Yy BUMMS4i XOMYTIB i no-
3[0BXHIX CTPW>KHIB 415 3anobiraHHs HagMipHOMY
TPILLMHOYTBOPEHHIO.

(3) Onip nepepidy KPpyYEHHIO MOXHA BU3HAYUTU
Ha OCHOBI 3aMKHYTOr0 TOHKOCTIHHOMO nepepisy, y
sIKOMy piBHOBara 3abesnedyeTbCs 3aMKHEHUM
po3nogainom 3cyBy. CyLinbHi nepepian MoxHa Mo-
OentoBaTN eKBiBaNeHTHUMU TOHKOCTIHHUMW ne-
pepizamu. NonepeyHi nepepisn cknagHoi hopmu,

6.3 Torsion
6.3.1 General

(1)P Where the static equilibrium of a structure
depends on the torsional resistance of elements
of the structure, a full torsional design covering
both ultimate and serviceability limit states shall
be made.

(2) Where, in statically indeterminate structures,
torsion arises from consideration of compatibility
only, and the structure is not dependent on the
torsional resistance for its stability, then it will
normally be unnecessary to consider torsion at
the ultimate limit state. In such cases a minimum
reinforcement, given in Sections 7.3 and 9.2, in
the form of stirrups and longitudinal bars should
be provided in order to prevent excessive
cracking.

(3) The torsional resistance of a section may be
calculated on the basis of a thin-walled closed
section, in which equilibrium is satisfied by a clo-
sed shear flow. Solid sections may be modelled
by equivalent thin-walled sections. Complex sha-
pes, such as T-sections, may be divided into a
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Hanpuknag, T-nogibHi, MoXyTb pPo3ainNaTUCh Ha
JeKinbka CKnagoBMX MNepepisiB, KOXEH 3 SKUX
MOXXe MOEMNOBATUCL EKBIBANEHTHUM TOHKOCTIH-
HUM, a 3arafibHUIN ONip KPYYEHHIO NPUNMAaETbCS
SIK Cyma OrnopiB OKPEMUX ENTEMEHTIB.

(4) Posnogin Aito4mx KpyTHUX MOMEHTIB Yy OKpe-
MUX CKIafoBUX nepepisax NOBUHEH 3AiNCHIOBA-
TMCb NPOMOPLINHO TX KPYTHUM XXOPCTKOCTAM 6e3
TpiwmH. Ons HecyuinbHUX nepepisiB eksiBaneH-
THa TOBLUWHA CTIHKM He NOBMHHA NepeBuULLyBaTH
GaKTUYHOT TOBLLUHW.

(5) KoxkHum okpemuii CknagoBui nNepepia Moxe
pO3paxoByBaTUCh OKPEMO.
6.3.2 Memoduka po3paxyHKy

(1) HanpyxeHHs 3cyBy y CTiHUi nepepisy, Ha SKuii
Ji€ YNCTUIA KPYTHUIN MOMEHT, MOXe BU3HaYaTUCh
3a BMpasomMm:

Ttilefi =

3ycunns 3cyBy Vg, Y CTiHU / BHACNIAOK KpyYeH-
HS1 BU3Ha4yaeTbCs 3a BMPa3oM:

Vegi = Ttitef,iZi

ae:
Tey — NpVIKNageHe po3paxyHKOBe KPyYeHHs (pu-
CYHOK 6.11)

A, — nnotya, oxorsieHa oCbOBOI0 JiHIEI0 3'€AHa-
HUX CTIHOK, BKITHOMHO i3 MNMOLE BHYTPILLHBLOI
NOPOXXHUCTOT obnacrTi;

T4 j— HaNpY>XeHHs 3CyBY Y i-/ CTiHLi Bif KpYYeHHS;

zZ
S

series of sub-sections, each of which is modelled
as an equivalent thin-walled section, and the total
torsional resistance taken as the sum of the
capacities of the individual elements.

(4) The distribution of the acting torsional mo-
ments over the sub-sections should be in propor-
tion to their uncracked torsional stiffnesses. For
non-solid sections the equivalent wall thickness
should not exceed the actual wall thickness.

(5) Each sub-section may be designed separa-
tely.

6.3.2 Design procedure

(1) The shear stress in a wall of a section subject
to a pure torsional moment may be calculated
from:

Ted.

- (6.26)

The shear force Vg, ;in a wall j due to torsion is
given by:

(6.27)

where
Teyis the applied design torsion (see Figure 6.11)

A, is the area enclosed by the centre-lines of the
connecting walls, including inner hollow areas;

1;; is the torsional shear stress in wall /;

- OChOBA JTiHIA

- centre-line

- 30BHILLHA IpaHb
(haKTHUYHOTO TOTIEPEYHOTO
nepepizy nepumerpa u

- outer edge of effective
cross section,
circumference u

- 3aXMCHUIi Wap

- cover

PucyHok 6.11 — No3Haku i BU3HayYeHHs1, BUKOpUCTaHi y po3gini 6.3
Figure 6.11 — Notations and definitions used in Section 6.3

120


arymarenko
Прямоугольник


terj — NpuBeLEHa TOBLUMHA CTiHKW. BoHa moxe
npuimMaTtucb gk A/u, ane He MOXe NPUUMaTUCb
MEHLLOK HiK MOABOEHA BiACTAHb MK TFPaHHIO i
BiCCIO MO300BXHbOI apmatypu. [nsa NOpoXHUCTUX

nepepisiB PakTUYHOIO TOBLLMHOK € BEPXHS MEXa;

A — 3aranbHa nnowia nonepevyHoro nepepisy B
MeXax 30BHILLHbOrO NepumeTpa, BKMYHO i3 Ni1o-
LLIet0 BHYTPILLUHBbOT NOPOXHUCTOT 06nacTi;

U — 30BHILLHIA NepMMeTp NonepeYvHoro nepepiay;
Z;— [OBX1Ha BOKOBOT CTOPOHM /- CTIHKK, SIKa BU3-
Ha4yaeTbCH, 9K BiACTaHb MK TOYKaMU MEPETUHY
npunernux CTiH.

(2) BnnmBM Kpy4YeHHs i 3CyBY Ha MOPOXHUCTI i
CYUinbHi enemMeHTn MOXYTb HaknagaTucb y pasi
OZIHaKOBOI BEMMYUHWN HaxXuy XOMyTiB 0. 'paHnyHi
3HayeHHdA Ana 0, HagaHi y 6.2.3 (2), Takox y nos-
Hil Mipi 3aCTOCOBYIOTbCS ANS BUNagKy CrifibHOro
BMMMBY 3CYBY i KPYHEHHS.

MakcumanbHa Hecy4a 34aTHICTb enemeHTa npu
HaBaHTaXXeHHIi 3CYyBY | KDYYEHHSA BU3HAYaAETHLCS i3
6.3.2 (4).

(3) HeobxigHa nnowa nonepeyHoro nepepisy no-
300BXHbOI apMaTypu npu Kpy4eHHi XAy BU3Ha-
YaeTbCs 3a BMPa3oM:

ZASI fyd

Uk

ae:

Uy — nepumeTp nnowi A;

fyd — po3paxyHKoBa MiLHICTb NO340BXHbLOI apMa-
TYypU Ay,

0 — KyT Haxusly CTUCHYTUX YMOBHWUX €fleMEHTIB
(pncyHok 6.5).

Y CTUCHYTUX nosicax KifibKiCTb NO3J0BXHbOI ap-
MaTypy MOXHa 3MEHLLMTU NPONOPLINHO Aitoyomy
3YCUIIO CTUCKY. Y PO3TArHYTUX NOACaX KifbKiCTb
No340BXHbOI apMaTypu AN CAPUMHATTA KpyYeH-
HA MNOBMHHA [oAaBaTUCb A0 iHLWOI apMaTtypu.
Mo3goBxHA apmaTypa, K npaBuIo, MOBUHHA
PO3MNOAINATUCL Ha [OBXWHI CTOPOHU Z;, ane ans
Manux nepepisiB BOHa MOXe 30cepemXyBaTuCb
Ha KiHUSAX L€l JOBXUHM.

(4) MakcumanbHa po3paxyHKOBa Hecyya 3gaT-
HICTb enemMeHTa Ha Kpy4YeHHs i 3cyB 0bMeXyeTbCs
HeCy4ot 34aTHICTI0O CTUCHYTUX BETOHHUX YMOB-
HUX enemMeHTiB. [nsa Toro, wob He NepeBULLNTU
L0 Hecydy 3aaTHICTb, MOBMHHA 3a40BOMbHATUCH
HacTynHa ymMoBa:

tof;is the effective wall thickness. It may be taken
as Alu, but should not be taken as less than twice
the distance between edge and centre of the
longitudinal reinforcement. For hollow sections
the real thickness is an upper limit;

A is the total area of the cross-section within the
outer circumference, including inner hollow areas;

u is the outer circumference of the cross-section;

z; is the side length of wall i defined by the
distance between the intersection points with the
adjacent walls.

(2) The effects of torsion and shear for both hollow
and solid members may be superimposed,
assuming the same value for the strut inclination
0. The limits for 6 given in 6.2.3 (2) are also fully
applicable for the case of combined shear and
torsion.

The maximum bearing capacity of a member
loaded in shear and torsion follows from 6.3.2 (4).

(3) The required cross-sectional area of the longi-
tudinal reinforcement for torsion XAy may be
calculated from Expression (6.28):

_Ted gotp (6.28)

24
where
u, is the perimeter of the area A;

fyd is the design yield stress of the longitudinal

reinforcement Ag;

0 is the angle of compression struts (see Figu-
re6.5).

In compressive chords, the longitudinal reinfor-
cement may be reduced in proportion to the
available compressive force. In tensile chords the
longitudinal reinforcement for torsion should be
added to the other reinforcement. The longitu-
dinal reinforcement should generally be distribu-
ted over the length of side, z; but for smaller
sections it may be concentrated at the ends of this
length.

(4) The maximum resistance of a member subjec-
ted to torsion and shear is limited by the capacity
of the concrete struts. In order not to exceed this
resistance the following condition should be sa-
tisfied:
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Ted ! TRg,max +VEd / VRa,max < 1.0, (6.29)

ae:
Ty — PO3PaxyHKOBUI KPYTHUIA MOMEHT;
V4 — PO3paxyHKoBa rnonepeyHa cuna;

Tramax — PO3paxyHKOBa Hecyya 3OaTHiCTb 3a
KPYTHUM MOMEHTOM BIiMOBIAHO 0 BUPa3y:

where:
Tey is the design torsional moment;
Vg4 is the design transverse force;

Trd.max IS the design torsional resistance moment
according to:

TRd.max = 2va CWdeAktef,,- sinOcos0 , (6.30)

Ae v — otpumyemo 3 6.2.2 (6), a o, — i3 Bupasy
(6.9);

VRamax — MaKkcumanbHa po3paxyHkoBa Hecy4ya
3[aTHICTb enemeHTa 3rigHo 3 Bnpasom (6.9) abo
(6.14). Y cyuinbHMx nepepizax Ang BU3HAYEHHS
VRamax MOXE BpaxoByBaTUCb MOBHA LUMpWHA
CTiHKMW.

(5) Ona cyuineHUX nepepisis, 6nM3bknx 0o Nps-
MOKYTHMX, HEOOXiAHO nepenbavaTtu TifbKK MiHi-
ManbHe apmyBaHHA (guB. 9.2.1.1) npu 3abeane-
YeHi BUKOHaHHSI HacTYMHOI YMOBU:

where v follows from 6.2.2 (6) and o, from Exp-
ression (6.9);

VRd.max 1S the maximum design shear resistance
according to Expressions (6.9) or (6.14). In solid
cross sections the full width of the web may be
used to determine Vg max-

(5) For approximately rectangular solid sections
only minimum reinforcement is required (see
9.2.1.1) provided that the following condition is
satisfied:

Ted ! Trd,c +Ved / VRac <10, (6.31)

ae:

TRd,c — KPYTHUIN MOMEHT TPiLLIMHOYTBOPEHHS, LLO
MOXX€e BU3Ha4YaTUCb Yepes3 NPUNHATTA T;; = fyy ;
VRg,c — BU3Ha4aeTbCs i3 BUpasy (6.2).

6.3.3 ennaHauisi npu Kpy4eHHi

(1) Ang 3aMKHYTUX TOHKOCTIHHMX i CyLiNbHMX NO-
nepeyHnx nepepisie, 3asBuyan, gennaHauiero
NpW KPYYEHHI MOXHa 3HEXTYyBaTW.

(2) Ons BioKpUTUX TOHKOCTIHHUX €reMeHTIB He0b-
XiAHO BpaxoByBaTW AennaHauilo Npu KpyYeHHi.
Ona ayxe rHyykux nonepedHux nepepisis He-
00XigHO 34iicHI0BaTK po3paxyHoK Ha OCHOBI Oa-
JIOYHO-PELLITKOBUX MoAenen, a ans iHwWux Bu-
nagkiBs — Ha OCHOBI doepmoBOi Mogeni. Y BCix BU-
najkax po3paxyHok HeobxifHO BUKOHyBaTu 3rig-
HO 3 rnpaBunamMmu po3paxyHKy Npu 3ruHi i Nos-
OOBXHIN HOpMarbHi Cuni Ta Npu 3CyBi.
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where

TRy, IS the torsional cracking moment, which may
be determined by setting t;; = f.4;

Vgg,c follows from Expression (6.2).

6.3.3 Warping torsion

(1) For closed thin-walled sections and solid sec-
tions, warping torsion may normally be ignored.

(2) In open thin walled members it may be
necessary to consider warping torsion. For very
slender cross-sections the calculation should be
carried out on the basis of a beam-grid model and
for other cases on the basis of a truss model. In all
cases the design should be carried out according
to the design rules for bending and longitudinal
normal force, and for shear.
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6.4 lNMpogasntoBaHHA
6.4.1 3azasibHi NO/10)XeHHS

(1)P MpaBwuna Lporo po3ainy AOMOBHIOKTL HafaHi y
6.2 i cTOCYIOTLCA 3CYBY MPY NPOAABMIOBAHHI Y MIn-
Tax CyUiNibHOro nepepisy, KECOHHOro TUMY 3 LifbHK-
MW 30HaMKN Haj KoroHamu Ta pyHaAamMeHTax.

(2)P 3cyB npu npogaBntoBaHHi MOXe BUHUKATU
B, 30CEpeaXeHOro HaBaHTaXeHHs abo peaku,ii,
WO MpuvKnageHi Ha BiAHOCHO Marny MrfoLly, dka
Ha3MBaETLCA MIOLLEI0 HaBaHTaXEeHH:A A,y Nnn-
Tn abo byHOaMeHTy.

(3) BignosigHa po3paxyHkoBa MoAenb Ans nepe-
BipKM PYMHYBaHHS BiJ NpOAaBItOBaHHS 3a rpaHny-
HUM CTaHoM | rpynu nokasaHa Ha pUCyHky 6.12.

6.4 Punching
6.4.1 General

(1)P The rules in this Section complement those
given in 6.2 and cover punching shear in solid
slabs, waffle slabs with solid areas over columns,
and foundations.

(2)P Punching shear can result from a concent-
rated load or reaction acting on a relatively small
area, called the loaded area A, of a slab or a
foundation.

(3) An appropriate verification model for checking
punching failure at the ultimate limit state is
shown in Figure 6.12.

@ = arctan (1/2) -
= 26,6°

- bazoBwii

KOHTPOJIbHUIM nepepi3
- basic control section

a — nepepis
Section

- OCHOBHA KOHTPOJIbHA TUIOMIA A cont
- basic control area Agon

- OCHOBHHI1 KOHTPOJIBHUH NTepUMETP U,
- basic control perimeter, u,

- IUIOLLIA HaBaHTaKEeHHS A)paq
- loaded area, 4jpu

Feont - HACTYIHHUHA KOHTPOJILHUI NepUMETp
- further control perimeter

PucyHok 6.12 — Po3spaxyHkoBa Mofenb And nepesipku Ha 3pi3 Npu NpoAaBroBaHHi Y rpaHUYHOMY CTaHi
Figure 6.12 — Verification model for punching shear at the ultimate limit state
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(4) Onip 3pi3y HeOOXiaHO NepeBIPATN BOOBX rpaHi
KOTOHM i OCHOBHOTO KOHTPOMbHOrO nepvmMeTpa
uq. SKWo nonepeyHa apmartypa HeobxigHa, TO
MOTPIOHO BU3HAYUTU HACTYMHWIA NEPUMETP Ugt of »
Ae norepeyHe apMyBaHHs BXe He NoTpibHe.

(5) Npasuna, HagaHi y 6.4, B OCHOBHOMY cdhop-
MyrnbOBaHi Ans BUNaAKy PiBHOMIPHO posnofine-
HOro HaBaHTaXKeHHs. B okpemux Bunagkax, Takmx
AK nigowsa yHOAMEHTY, HaBaHTaXEHHA B Me-
ax KOHTPOSbHOro nepumMmeTpa Crpusie onopy
KOHCTPYKTMBHOI CUCTEMMU | MOXeE BigHIMaTUCh Npu
BM3HAYEHHI PO3PaxyHKOBOro Hamnpy>XeHHsi 3CyBY
npv NPOAaBIIOBaHHI.

6.4.2 Po3nodin HasaHmMa)xeHHsI i OCHOBHUU
KOHMpObHUU nepumemp

(1) OCHOBHUI KOHTPONBbHWUI NEPUMETP U4, K Npa-
BUSIO, MOXe NpuiMaTucb Ha Bigctadi 2,0d Big
NOLWi HaBaHTaXXeHHSA | NMOBWHEH KOHCTPYHOBa-
TUCb Tak, Wob Noro AoBXWHa Gyna MiHiManbHO
(pncyHokK 6.13).

Po6oua Bucota nnutn nepeabayaeTscst NOCTiN-
HOHO i ,5IK MpaBuUIo, NPUNMaETLCS:

deff

pe d, i d, - poboui BUCOTU apmaTypu y ABOX
B32EMHO NePNeHONKYNAPHMX HanpsiMKax.

_ dy, +d,

(4) The shear resistance should be checked at the
face of the column and at the basic control peri-
meter u,. If shear reinforcement is required a fur-
ther perimeter u,, ; .rShould be found where shear
reinforcement is no longer required.

(5) The rules given in 6.4 are principally formu-
lated for the case of uniformly distributed loading.
In special cases, such as footings, the load within
the control perimeter adds to the resistance of the
structural system, and may be subtracted when
determining the design punching shear stress.

6.4.2 Load distribution and basic control peri-
meter

(1) The basic control perimeter u; may normally
be taken to be at a distance 2,0d from the loaded
area and should be constructed so as to minimise
its length (see Figure 6.13).

The effective depth of the slab is assumed cons-
tant and may normally be taken as:

. (6.32)

where d, and d, are the effective depths of the
reinforcement in two orthogonal directions.

2 ———
2d U1 2d , N U
—l_’—-_--"/ \/
. NN / \
’ N | | 2d 7 \
’ \ ) 1 \
1 \ bzl 1 I ]
] ! ] ] 1 ]
\ ! ] 1 1 }
\ / 1 [ |
N 4 ! \ ’
\ /
\q-_.f’ 1

PucyHok 6.13 — TvnoBi OCHOBHi KOHTPOIbHI NEPUMETPU HaBKOSO MIOLL, HAaBAHTaXEHHS
Figure 6.13 — Typical basic control perimeters around loaded areas

(2) KoHTponbHi nepumeTpun Ha BiACTaHi MeHLe
HiXX 2d HeobXxigHO po3rnagaTn, AKWOo 30cepen-
XEHi cuni npoTuaie BUCOKMIA TUCK (Hanpuknag,
TUCK TPYHTY Ha nigoLwBy), abo BNIMBY HaBaHTa-
XEeHHs1, abo peakuis B Mexax BiacTaHi 2d Big
Kpato 30HM NMpuKnagaHHs CUnu.
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(2) Control perimeters at a distance less than 2d
should be considered where the concentrated
force is opposed by a high pressure (e.g. soil
pressure on a base), or by the effects of a load or
reaction within a distance 2d of the periphery of
area of application of the force.
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(3) Ons HaBaHTaxeHMX 30H NobGnM3y npopisis,
KO HaWKopoTLwa BiACTaHb MK MepuMeTpoMm
NOLLi HaBaHTaXeHHs | Kpaem nNpopisy He nepe-
BULLYE 6d, YacTUHA KOHTPONbHOro MepMMeTpa,
O MICTUTbCS MiXK ABOMa AOTUYHMMU, NpoBeae-
HUMM 0O KOHTYpPY Mpopi3y Big LeHTpa nnoLli Ha-
BaHTaXEHHS, BBaXXAETbCA HE MpaLtoyol (pu-
CYHOK 6.14).

A

L= 1,

I

(3) For loaded areas situated near openings, if the
shortest distance between the perimeter of the
loaded area and the edge of the opening does not
exceed 6d, that part of the control perimeter
contained between two tangents drawn to the
outline of the opening from the centre of the
loaded area is considered to be ineffective (see
Figure 6.14).

h>1l

Vihl)

-

- mpopi3
- opening

PucyHok 6.14 — KoHTponbHuI nepumeTp 6inst npopisy
Figure 6.14 — Control perimeter near an opening

(4) Onsa posTtawoBaHoi nobnuay kpato abo kyta
NSIOLWi HABAHTaXXEHHS KOHTPONbHMIA NEPUMETP MNO-
BMHEH MPUIAMAaTUCh 3MAHO 3 PUCYHKOM 6.15, sKLLO
BOHa Aae nepumeTp (3a BMHATKOM He obnepTtumx
KpaiB), MEHLUWI HiXX BU3HaYeHWI BuLLe 3a (1)1 (2).

(4) For a loaded area situated near an edge or a
corner, the control perimeter should be taken as
shown in Figure 6.15, if this gives a perimeter
(excluding the unsupported edges) smaller

7/ un

4

_______ N I
N | 2d
\
7 * %
/RN
I’l
______ .-Qfd P —

ho2d

o = = -

PucyHok 6.15 — OCHOBHi KOHTPOSbHI MEpPUMETPU AN MAOLL, HaBaHTaXeHHS Ha Kpato, nobnmay abo y KyTi

Figure 6.15 — Basic control perimeters for loaded areas close to or at edge or corner

(5) Anga nnowy, HaBaHTaXXeHHs1, po3TalloBaHMX No-
©nun3y kpato abo y KyTi, TOGTO Ha BiACTaHi MEeHLU
HiXX d, 3aBxOn HeobXxigHO nepegbadaty cne-
uianbHe apMyBaHHs rpaHi, ave. 9.3.1.4.

(6) KoHTponbHMIA Nepepi3 — Lie nepepis, Lo pos-
TallOBaHWM 3a KOHTPOSIbHUM NEPUMETPOM i Npo-
OOBXYETbCA Yepes3 poboyy ToBLMHY d. Ona nnut
MOCTIMHOI TOBLUMHW KOHTPOSNbHWUI MNepepi3 nep-
NEHONKYIAPHUIA 40 CePeANHHOT NIOLLNHN MANTMW.

(5) For loaded areas situated near an edge or
corner, i.e. at a distance smaller than d, special
edge reinforcement should always be provided,
see 9.3.1.4.

(6) The control section is that which follows the
control perimeter and extends over the effective
depth d. For slabs of constant depth, the control
section is perpendicular to the middle plane of the
slab. For slabs or footings of variable depth other
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Ona nnut i pyHoaMeHTiB 3MiHHOI TOBLUMHW, He
BPaxoBYHOUM CXOOAMHKN PyHOAMEHTY, 3a pobouy
TOBLLUMHY MOXHa NPUAMAaTK TOBLUMHY Ha nepu-
METPI MAOLLi HABaHTAXEHHS, SK MOKa3aHO Ha pu-
CYHKy 6.16.

than step footings, the effective depth may be
assumed to be the depth at the perimeter of the
loaded area as shown in Figure 6.16.

- IJI0IIA
HaBaHTaKEHHS

- loaded area

d 0 > arctan(1/2)

PucyHok 6.16 — ToBLUMHA KOHTPObHOro nepepisy pyHaaMeHTy 3MiHHOI TOBLUUHU
Figure 6.16 — Depth of control section in a footing with variable depth

(7) IHWi nepumeTpun uU; B MeXax i nosa mMexamu
OCHOBHOI KOHTPOSbHOI MAOLLi MOBMHHI MaTU Taky
camy PopMy, SK i KOHTPONbHUI NEPUMETP.

(8) Ana nnut 3 Kanitenamu, Ans AkuX Iy < 2hy, (pu-
CYHOK 6.17) nepeBipka HarnpyXeHb 3CyBy Mpu
npoaaBrtoBaHHi 3rigHo 3 6.4.3 HeobXxigHa TinbKu
1191 KOHTPOSBHOrO Nepepi3y 3a Mexamu Kanitersi.
BigctaHb 40 LbOro nepepisy Bif LEeHTpa Baru Ko-

(7) Further perimeters, u;, inside and outside the
basic control area should have the same shape
as the basic control perimeter.

(8) For slabs with circular column heads for which
;< 2hy (see Figure 6.17) a check of the punching
shear stresses according to 6.4.3 is only required
on the control section outside the column head.
The distance of this section from the centroid of

NOHW [, MOXE BU3HAYaTUCh, SK: the column r,,; may be taken as:
Foont =2d +1y +0,5¢, (6.33)
ae: where:

1, — BiACTaHb Bif rpaHi KOroHW [0 Kpato Kaniterni;

C — [iaMeTp Kpyrroi KONMOHMW.

1y is the distance from the column face to the edge
of the column head

c is the diameter of a circular column

I
—r L]
|
|
|

wl

hy

@ = arctan (1/2
=26,6°

- OCHOBHHH
KOHTPOJIbHUIH nepepi3
- basic control section

E = [JIOIAa HABAHTAMCHHA

Aload
- loaded area Ajoag

PucyHok 6.17 — [nuta Ha konoHi 3 kanitennto npu Iy < 2,0hy

Figure 6.17 — Slab with enlarged column head where Iy < 2,0hy
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[na NnpsMOKYTHUX KOMOH i3 MPSIMOKYTHUMMW Kani-
Tenamu npu Iy < 2,0hy, (prcyHok 6.17) i 3aranb-
HUX poamipax Iy ily (I4 = ¢4 + 2y, lh = Cy + 201, 14 <
l,) 3@ BEMUUUHY [, MOXKE MPUAMATUCL MEHLLE i3
3HaYeHb:

For a rectangular column with a rectangular head
with 1, < 2,0hy (see Figure 6.17) and overall
dimensions I; and I, (14 = ¢4 + 2ly4, Iy = Cy + 21,
l; <1,), the value r,,,; may be taken as the lesser
of:

reont =2d +0,56,/14 15 (6.34)
i and
reont =2d +0,691, . (6.35)

(9) Anga nnuT i3 36inbLEeHNMIN KaniTensamMm KOMoH
ly < 2hy (pucyHok 6.18) HeobxiaHO nepeBipAaTy
06u1aBa KOHTPOSbHUX Nepepian B Mexax Kaniteni
Ta 'y nnuTi.

(10) MonoxeHHs 6.4.2 i 6.4.3 TakoX 3aCTOCOBY-
I0TbCA AONS MNepeBipkM B Mexax Kaniteni npu
3amiHi d Ha dy 3rigHO 3 pucyHKom 6.18.

(11) Ansa kpyrnmx KOMOH BiACTaHi Big LleHTpa Baru
00 KOHTPOSbHUX NepepisiB Ha pucyHky 6.18 mo-
XyTb BU3HAYaATUCh, SIK:

(9) For slabs with enlarged column heads where
Iy < 2hy (see Figure 6.18) control sections both
within the head and in the slab should be
checked.

(10) The provisions of 6.4.2 and 6.4.3 also apply
for checks within the column head with d taken as
dy according to Figure 6.18.

(11) For circular columns the distances from the
centroid of the column to the control sections in
Figure 6.18 may be taken as:

Ieont.ext =14 +2d +0,5¢, (6.36)
Feont,int =2(d +hy ) +0,5¢ . (6.37)
I Feont.ext Teont ext I
Fcont int Feont,int

- OCHOBHi KOHTPOJIbHI
nepepizu AN Kpyraoi

h>2(d+ h,)

KOJIOHH
- basic control sections
for circular columns

- TUIOIIa HaBaHTaKEHHS
Aload
- loaded area Ajuuq

PucyHok 6.18 — Inuta npwu 36inbLUeHin Kaniteni Kononu Iy > 2(d + hy)
Figure 6.18 — Slab with enlarged column head where I > 2(d + hy)
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6.4.3 Po3paxyHOK Ha 3cye rpu rpodaesitoeaHHi
(1)P MeToauka po3paxyHKy Ha 3CyB npv npoaas-
NIOBaHHI I'PYHTYETLCS Ha NepeBipkax BAOBX rpaHi
KOMOHW Ta MO OCHOBHOMY KOHTPOSIbHOMY Mnepu-
MeTpy U4. AKWO nonepeyHe apMyBaHHSA Heob-
XigHe, TO NOTPIOHO BM3HAYMTU HACTYMHUIA Nepu-
METP Uyt of (PUCYHOK 6.22), Ha sikoMy noaarblue
nonepeyHe apMyBaHHSA He BUMAraeTbCsl. Y KOHT-
PONbHUX Nepepizax BU3HaA4YaTbCA HACTYMHI PO3-
paxyHKOBi HanpyxeHHs 3cyBy (Ml1a):

VRd,c — PO3paxyHKoBa BenuunHa ornopy Ha 3cys
npv npoaasrnoBaHHiI NuT 6e3 nonepeyvHoro ap-
MYBaHHS1 Ha 3CYB Y KOHTPOSIbHOMY nepepisi, Lo
pO3rNsa4aETbCs.

Vg cs — PO3PaxyHKoBa BennyHa ornopy Ha 3cyB
npu NPOAAaBMOBaHHI NAWUT 3 NOMNepedYHUM apmy-
BaHHS Ha 3CYB Y KOHTPOJIbHOMY Mepepisi, Lo pos-
rMS4aeTbCs.

ViRgmax — PO3paxyHKoBa BenuMunMHa Makcumarb-
HOro onopy Ha 3CyB NpW NPOAABMIOBAHHI Y KOH-
TPONbHOMY Mepepisi, WO po3rnNaaaeTbes.

(2) HeobxiaHoO BMKOHYBaTW HACTYMHI NepeBipKu:
(a) Mo nepumeTpy KONOHN abo NnepumMeTpy NIoLLi

HaBaHTaXXeHHS; MakCUMarsibHi Hanpy>XeHHs 3CyBY
npv NpoAaBoBaHHI He MOBUHHI NepeBULLYBaTU:

6.4.3 Punching shear calculation

(1)P The design procedure for punching shear is
based on checks at the face of the column and at
the basic control perimeter u,. If shear reinforce-
ment is required a further perimeter u,, s (see
figure 6.22) should be found where shear reinfor-
cement is no longer required. The following de-
sigh shear stresses (MPa) along the control
sections, are defined:

VRac is the design value of the punching shear
resistance of a slab without punching shear rein-
forcement along the control section considered.

VRa.cs IS the design value of the punching shear
resistance of a slab with punching shear reinfor-
cement along the control section considered.

Vka.max 1S the design value of the maximum pun-
ching shear resistance along the control section
considered.

(2) the following checks should be carried out:

(a) the column perimeter, or the perimeter of the
loaded area, the maximum punching shear stress
should not be exceeded:

VEd < VRd, max

(b) MNMonepeyHe apmyBaHHA Ha 3CyB He BuMa-
raeTbes, AKLO:

(b) Punching shear reinforcement is not neces-
sary if:

Ved < VRa,c

(c) Akwwo Vg, Binblue Hix BennynHa Vg, . Y KOHT-
pONbHOMY Nepepisi, Lo po3rnagaeTbes, TO none-
peyvHe apMyBaHHS Ha 3CyB MOBUHHO BU3HA4YaTUCh
3rigHo 3 6.4.5.

(3) Akwo onopHa peakLis Mae ekcueHTpucuTeT
BiIHOCHO KOHTPONbHOrO MNEpUMETPa, MaKcu-
MarnbHi HanpyXeHHs 3CyBY NOBWHHI BU3HAa4YaTUCh
3a BMpas3oMm:

Veq =B

ae:
d — cepefHsa poboya TOBLLMHA NANTK, SKY MOXHA
npunmatn sik (d, + d,)/2, pe:

dyi d,— BiAnoBiaHO po60oYi TOBLLUMHM KOHTPOSbHO-
ro nepepisy 3a Hanpsamkamu X i y;

U;— [OBXWNHa KOHTPOJ1IbHOIo nepuMeTpa, Lo po3-
MAfaeTbCA,
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(c) Where Vg, exceeds the value Vg, for the
control section considered, punching shear rein-
forcement should be provided according to 6.4.5.

(3) Where the support reaction is eccentric with
regard to the control perimeter, the maximum
shear stress should be taken as:

Ved (6.38)
U,'d

where

d is the mean effective depth of the slab, which
may be taken as (d, + d,)/2 where:

d,, d, is the effective depths in the y- and z-direc-
tions of the control section;

u; is the length of the control perimeter being
considered;
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B — BM3HavaeTbCH, SK: B is given by:
B=1+k—A\fEd % (6.39)
Ed 1
ae: where

Uy — [OBXWHA OCHOBHOMO KOHTPOMbHOTO Nepw-
mMeTpa;

k — koediuieHT, WO 3anexnTb Bif CniBBigHOLIEH-
HA CTOPIH Nepepi3y KOMOHU Cy i Cy, | € PYHKLEID
BiHOLUEHHS HEBPIBHOBA)KEHOTO MOMEHTY, L0
nepefaeTbcs HEpPiBHOMIPHUM 3CYBOM, 3rMHOM i
KpyyeHHaMm (Tabnuvug 6.1).

W, — Bsignosigae posnopainy 3cyBy, K Mokas3aHo
Ha PUCYHKY 6.19, i € QYHKLiEI0 OCHOBHOIO KOHT-
PONbHOro NEpUMETPa Uy4:

u4 is the length of the basic control perimeter

k is a coefficient dependent on the ratio between
the column dimensions ¢, and c,: its value is a
function of the proportions of the unbalanced
moment transmitted by uneven shear and by
bending and torsion (see Table 6.1).

W, corresponds to a distribution of shear as
illustrated in Figure 6.19 and is a function of the
basic control perimeter u,:

u
Wi = [felol (6.40)
0

ae:
dl — NpupiCT AOBXUHN NEPUMETPA;

e — BiacTaHb dl Bif OCi, BiAHOCHO AKOI i€ MOMEHT
MEd .

where:
dlis a length increment of the perimeter;

e is the distance of dI from the axis about which
the moment Mg .

Tabnuusa 6.1 — BenuunHu k Ans NpSMOKYTHOI MAOLLi HAaBaHTaXeHHS

Table 6.1 — Values of k for rectangular loaded areas
cile; <0,5 1,0 2,0 >3,0
k 0,45 0,60 0,70 0,80

C\ 2d

PucyHok 6.19 — Po3nogin 3cyBy Bi HEBPIBHOBaXXEHOr0 MOMEHTY Yy 3'€JHaHHi KOMOHW 3 NIIUTO
Figure 6.19 — Shear distribution due to an unbalanced moment at a slab-internal column connection
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[nsi KONOHW NPSIMOKYTHOTO MNepepisy:

&

Wi=—
2

ae:

Cq — PO3Mip Mepepi3y KOMOHW napanenbHO eK-
CLIEHTPUCUTETY HABaHTAXKEHHS;

C, — PO3Mip nepepisy KOMOHW NeprneHanKynsipHO
[0 EKCLEHTPUCUTETY HABaHTaXKEHHS.

[na BHYTPILWHIX KPYrnnX KOMOH 3 BU3HAYa€ETbCA
3a BMPa3oMm:

B=1+06n

ae D — giameTp Kpyrmoi KOnoHMU.
[na BHYTPILIHIX NPAMOKYTHUX KOSOH, SIKLWO Ha-

BaHTa)KeHHS eKCLIeHTpU4YHe 0o 06ox ocei, 3 Mo-
Xe NPUBMN3HO B13HAYaTNCb 3a BUPA3OM:

e

For a rectangular column:

+CCp +4c,d +16d 2 +2ndc (6.41)

where:

¢, is the column dimension parallel to the eccent-
ricity of the load;

C, is the column dimension perpendicular to the
eccentricity of the load.

For internal circular columns {3 follows from:

, (6.42)
D +4d

where D is the diameter of the circular column.
For an internal rectangular column where the
loading is eccentric to both axes, the following
approximate expression for § may be used:

e
B=1+18(
b

ae:

e, i e,— ekcueHTpucntetT Mg, /Vg BRoBx ocent y
i z BignoBigHo;

b, i b, — po3amipu KOHTpoINbHOro nepumeTpa (pu-
CYHOK 6.13).

MpumiTka. e, BUHMKAE BiJ, MOMEHTY BiJHOCHO OCi Z, a
€, Bl MOMEHTY BIAHOCHO OCl y.

(4) Onsa rpaHer KONOH y Micusix 3'egHaHH4, Oe ek-
CLEHTPUCUTET NEPNEeHAMKYNSPHUIA A0 rpaHi nnun-
TV (BMKIIMKAHUI MOMEHTOM BiJHOCHO OCi, napa-
NenbHOT 4O rpaHi NnuTK), CNpsiIMOBaHUM y cepe-
OVHY, | eKCueHTpUCcUTeT naparnenbHo rpaHi Big-
CYTHIN, 3ycuUnns npoaaBSitOBaHHA MOXe pO3rris-
0aTUCb PIBHOMIPHO PO3MOAINIEHNM BOOBX KOHT-
POSILHOTO NEpPUMETPa U4+, IK NOKa3aHo Ha PUCYH-
Ky 6.20 a).
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2 e 2
j +£by] , (6.43)

where:

e, and e, are the eccentricities Mg, /Vg, along y
and z axes respectively;

b, and b, is the dimensions of the control peri-
meter (see Figure 6.13).

Note: e, results from a moment about the z axis and e,
from a moment about the y axis.

(4) For edge column connections, where the
eccentricity perpendicular to the slab edge (resul-
ting from a moment about an axis parallel to the
slab edge) is toward the interior and there is no
eccentricity parallel to the edge, the punching
force may be considered to be uniformly distri-
buted along the control perimeter u,- as shown in
Figure 6.20 a).
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a) KpawHsi KornoHa
edge column

7
/ C 1_.51,50'
// l <0,5¢:
C1 [}
U g 2d
__\r
T 24
I
<1,5d
< 0,5¢;

b) kyToBa KonoHa
corner column

PucyHok 6.20 — 3MeHLLEeHN OCHOBHUI KOHTPOMBbHUIN NEPUMETP U1+

Figure 6.20 — Reduced basic control perimeter uq=

AKLWLO eKCLUEHTPUCUTET HasiBHUI Y 060X OpTOro-
HanbHUX HanpsiMKax, f MOXe BU3Ha4YaTuCh 3a [O-
NMOMOrOI HACTYMHOro BUPAasy:

u u
B= Tyk -1 €par
w

U ¢+

ne:

Uy — OCHOBHWI KOHTPOIbHUN MnepumeTp (pucy-
HOK 6.15);

U4+ — 3MEHLLEHNA OCHOBHWUN KOHTPOSbHUI Nnepu-
mMeTp (pucyHok 6.20 a));

€par — EKCLIEHTPUCUTET NapanensHo rpaHi naMtn
Biy MOMEHTY BiAHOCHO OCi, NepneHanKynapHoi 4o
rpaHi NnuTK;

k — BM3Ha4aeTbcs 3a Tabnuuero 6.1 i3 3amiHoto
BiIHOWWEHHSA ¢4/Cy Ha €4/2¢Cy;

W, — BM3Ha4aeTbCs Anst OCHOBHOIO KOHTPOIbHO-
ro nepvmetpa u, (pucyHok 6.13).

[nsa npsAMOKYTHUX KOJOH, SIK MOKa3aHO Ha PUCYH-
Ky 6.20 a):

c; 2
W1 =T+C1C2 +4C1d +8d +7'Cd02 .

Ao ekcueHTpUCUTET NepneHanKYnspHO A0
rpaHi NUTN CNpPAMOBaHWU He B CepeuHy, To 3a-
cTocoByeTbcs BMpa3 (6.39). MNpu Bu3HayeHHi W,
eKCLEeHTpUCUTET e NOBMHEH BigpaxoByBaTUCh Bif
LeHTpa Barv KOHTPOJSIbLHOro nepumMeTpa.

Where there are eccentricities in both orthogonal
directions, B may be determined using the follo-
wing expression:

(6.44)
1

where:
u4 is the basic control perimeter (see Figure 6.15);

u4« is the reduced basic control perimeter (see
Figure 6.20 a));

€par 1S the eccentricity parallel to the slab edge
resulting from a moment about an axis perpen-
dicular to the slab edge.

k may be determined from Table 6.1 with the ratio
c,/c, replaced by c¢4/2¢,;

W, is calculated for the basic control perimeter u,
(see Figure 6.13).

For a rectangular column as shown in Figu-
re 6.20 a):

(6.45)

If the eccentricity perpendicular to the slab edge is
not toward the interior, Expression (6.39) applies.
When calculating W, the eccentricity e should be
measured from the centroid of the control peri-
meter.
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(5) Ans 3'egHaHHA KyTOBOI KOMOHM, SKLLO €KCLIEHT-
PUCUTET CNPSIMOBaHWA Yy CEPEeaVHy NiuTW, NpUn-
Ma€eTbCS, LLIO 3yCUIns NPOAaBoBaHHSA PIBHOMIPHO
posnoaineHe BOOBX 3MEHLUEHOTO KOHTPOSIbHOMO
nepumeTpa Ui« SIK NokasaHo Ha pUCyHKy 6.20 b).
TakvM YHOM, 3Ha4YeHHs 3 JOPIBHIOE:

AKLO eKCLUEHTPUCUTET CNPSIMOBAHNIN HAa30BHI, TO
3acTocoByeTbCH BUpas (6.39).

(6) Ansa KOHCTPYKLUIN, Y AKMX CTIMKICTb i3 NOLWMHA
He 3anexuTb Bif )KOPCTKOCTI B3aEMOAIT MixX nnu-
Tamu i KONoHaMu, i KON Npunerni NponboOTUN He
Bipi3HAOTbCA Ginbl Hik HA 25%, MOXHa BUKO-
pucToByBaTW BignoBigHe NpnbM3He 3Ha4YeHHS 3.
MpumiTka. BenuunHu 3 4ns 3actocyBaHHS y KOHKPET-
Hil KpaiHi MOXyYTb BKa3yBaTWCb Y HaLiOHaNbHOMY [O-
JaTky. PekomMeHOoBaHi BenvYMHM HaBedeHo Ha pu-
CYHKY 6.21N.

(5) For corner column connections, where the
eccentricity is toward the interior of the slab, it is
assumed that the punching force is uniformly
distributed along the reduced control perimeter
uq«, as defined in Figure 6.20 b). The B — value
may then be considered as:

(6.46)

If the eccentricity is toward the exterior, Expres-
sion (6.39) applies.

(6) For structures where the lateral stability does
not depend on frame action between the slabs
and the columns, and where the adjacent spans
do not differ in length by more than 25%, approxi-
mate values for  may be used.

Note: Values of  for use in a Country may be found in

its National Annex. Recommended values are given in
Figure 6.21N.

- Cp€AHA KOJIOHa

- internal column
- KpaitHs KoJIOHa

- edge column

- KyTOBa KOJIOHA
-1 column

PucyHok 6.21N — PekomeHgoBaHi Benu4umHm 3

Figure 6.21N — Recommended values for 3

(7) Axwo 3ocepemkeHe HaBaHTAXEHHSA NpUKNa-
OeHe 6nM3bko 40 obnMpaHHs NIOCKOI NIMTK Ha
KOOHY, HEenpaBOMIPHO 3MEHLUYBaTu 3yCunns
3cyBy 3rigHo 3 6.2.2 (6) i 6.2.3 (8) BignosigHo.
(8) ycunnsa scysy Vg, Npv npoaasntoBaHHi PyH-
OAMEHTHOT NNNTU MOXXHA 3MEHLLYBaTW, 3BaXxato-
YK Ha CMPUATAMBY Lit0 TUCKY TPYHTY.

(9) BepTukanbHa cknagoBa Vg BiAL AiT noxunoi
nonepeaHb0o HanpyXXeHol apMatypu, sika nepeTu-
Hae KOHTPONbHWIA Nepepis, Y BiANOBIAHNX BUNaA-
Kax MOXXe BpaxOoBYyBaTUCb AK CMPUATIIMBA Lisi.
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(7) Where a concentrated load is applied close to
a flat slab column support the shear force reduc-
tion according to 6.2.2 (6) and 6.2.3 (8) respecti-
vely is not valid and should not be included.

(8) The punching shear force Vg, in a foundation
slab may be reduced due to the favourable action
of the soil pressure.

(9) The vertical component V,, resulting from
inclined prestressing tendons crossing the control
section may be taken into account as a favourable
action where relevant.
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6.4.4 Onip 3cysy npu npodaeJsiroeaHHi OCHO8
nium i KosoH 6e3 nonepeyHoz20 apMyeaHHs

(1) Onip 3cyBy npv npoaasntoBaHHI NAUTU NOBU-
HEeH OLiHIOBATUCb AN OCHOBHOrO KOHTPOMBHOMO
nepepiay 3rigHo 3 6.4.2. Po3paxyHKoBuI onip 3cy-
BY Npu npoasntoBaHHi, MlMa, BU3HavaeTbCs, SK:

13
VRa,c :CRd,ck(1OOP1ka) +K16¢p Z(Vmin+k10cp)1

ne:
oy MMa;

Ci

k:1+1/2dﬂ <20d, mm;

6.4.4 Punching shear resistance of slabs and
column bases without shear reinforcement

(1) The punching shear resistance of a slab sho-
uld be assessed for the basic control section ac-
cording to 6.4.2. The design punching shear
resistance [MPa] may be calculated as follows:

(6.47)

where:
fo in MPa;

Ci

k:1+1/2dﬂ <20d,in mm;

P1=+Py Pz <0,02;

Py | pj; BIOHOCATBCS [0 34enneHoi po3TsrHyToi
apmMartypu Bi4noBigHO y HanpsaMKax y i z. Bennuu-
HW py, | pj, MOBUHHI OBYNCIIIOBATUCH K CepefHi
BEMUYUHW 3 ypaxyBaHHSAM LUMPUHWU NAUTU, SKa
OOPIBHIOE LUMPUHI KONTOHWU niitoc 3d 3 KOXHOI CTO-
POHMU.

Py » P relate to the bonded tension steel in y- and
z-directions respectively. The values p;, and p,,
should be calculated as mean values taking into
account a slab width equal to the column width
plus 3d each side.

Sep =(ch +GCZ)/2,

ae:

chi G, — HOpPMarsbHi HanpyXeHHsa y 6eToHi Kpu-
TUYHOrO nepepidy B Hanpsmkax y i z (MlNa, go-
OaTHi Npyn CTUCKY):

Ngq,y

where

¢y | O, are the normal concrete stresses in the
critical section in y- and z-directions (MPa, positi-
ve if compression):

NEeg 7

Ocy = ,alando;, = ;

Asy

Negy, Ngg, — NO3AOBXHI CMN Y MOBHOMY Npo-
NbOTi BHYTPILUHIX KOMTOH Ta MNO3[40BXHS cuna ye-
pe3 KOHTPOSbHUI Mepepi3 Ansl KpawnHiX KOJIOH.
Cunu moxyTb 6yTK Bif HaBaHTaxeHHs abo none-
pPeaHbOro Hamnpy>XeHHs;

A, — nnowa 6eToHy BiANOBIAHO A0 BU3HAYEHHS
Ngg.

Mpumitka. Benuumun Crye, Vimin | kK1 ONSA BUKOpPUCTaH-
HS1 Y KOHKpETHI KpaiHi MOXyTb BKadyBaTUCb Y HaLio-
HanbHOMY OOOaTKy. PeKOMeH,EI,OBaHVIMVI € BeJIn4YnHU:
Crdac = 0,18/ye, Vmin — BM3HaAYaeTbCs 3a BUPa3OM
(6.3N), a ks = 0,1.

(2) Onip NnpogaentoBaHHIO OCHOBM KOJTOHW MOBK-
HEeH NepeBiIpPSATMUCb Ha KOHTPONIbHOMY NEPUMETPI B
Mexax 2d Big KOHTYPY KONOHW.

Ons 30CepeXeHOro HaBaHTaXeHHA pe3yribTyto-
4ya npuknageHa cuia CTaHOBUTb:

VEd,red

=Veqg —AVgq
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Ngg, Ngg . are the longitudinal forces across the
full bay for internal columns and the longitudinal
force across the control section for edge columns.
The force may be from a load or prestressing ac-
tion.

A, is the area of concrete according to the defi-
nition of Ng,.

Note: The values of Cgrgc, Vmin @nd kq for use in a
Country may be found in its National Annex. The
recommended value for Cgrqc = 0,18/yc, Vimin is given by
Expression (6.3N) and that for k4 is 0,1.

(2) The punching resistance of column bases
should be verified at control perimeters within 2d
from the periphery of the column.

For concentric loading the net applied force is

(6.48)
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ae:
V4 — NpyknajeHa nonepeyHa cuna;

AV, — pesynbTyloya, cnpsMoBaHa BBepX, cuna B
MeXaxX KOHTPOJSIbHOro nepumeTpa, Lo po3risd-
AaeTbcs, TOOTO NIANOMHUIA TUCK BiA FPYHTY MiHYC
BfiacHa Bara OCHOBMW.

Veqd =VEd reqd Ud ,
Vig = Cra,ck (100pfy )" x2d /a > Vi -2d /2,

ne:
a — BiAcTaHb Bi KOHTYPY KOMOHM 40 KOHTPOSIbHO-
ro nepumeTpa, Lo po3rnaaaeTbCs;

CRa,c — BU3Ha4aeTbes y (6.4.4(1);

Vnin — BU3Ha4aeTbea y (6.4.4(1);

k — Bu3Ha4vaeTbea y (6.4.4(1).

Mpu HaBaHTaXeHHi 3 eKCLIEHTPUCUTETOM:

where:
Vg, is the applied shear force;

AVg, is the net upward force within the control
perimeter considered i.e. upward pressure from
soil minus self weight of base.

(6.49)
(6.50)

where

a is the distance from the periphery of the column
to the control perimeter considered;

CRa,c is defined in 6.4.4(1);
Vinin 18 defined in 6.4.4(1);
k is defined in 6.4.4(1).
For eccentric loading

(6.51)

V =

Ed ud
ne k — Bu3HavaeTtbcsa y 6.4.3 (3) abo 6.4.3 (4)
BignosigHo, a W—Te came, wo i W,, ane ana ne-
pumMeTpa Uu.

6.4.5 Onip 3cyey npu npodaesiroeaHHi OCHO8
nsaum i KoJIoH i3 rnornepeyYyHoro apmMamyporo
(1) Axwo nonepevHa apmaTypa HeobxigHa, ii
pO3paxoByOTb 3riAHO 3@ BUPA3OM:

VRd,cs =0.75VRa,c +1,5(d /87 ) Asufywd,ef (1/ (u1d))sina ,

ne:

A, — nroLia ogHOro nepumMeTpa nonepeyHol ap-
MaTypW HaBKOJIO KOSIOHU, MM;

S,— pafianbHuii KPOK NepumeTpiB nonepeyHol ap-
MaTypu, MMm;

fywd,ef — PAKTNYHA PO3PaXyHKOBA MiLHICTL none-
peyvHoi apmaTypu Ha NpoAaBsoBaHHS, BiANOBIA-

HO O0 fywd!ef= 250 + 0,25d < fywd , MMa;

d — cepeaHe pobOUMX TOBLUMH Y OPTOrOHaNbHMX
HanpsiMKax, MM;

oL — KyT MK OnepeyYHOo0 apmMaTypoto i MOLWMHOK
NANTK.

£KLLO BCTAHOBMOETLCA OOAUH PAS BifirHyTUX BHU3
CTPWXHIB, TO BigHOWeEHHA d/s, y Bupasi (6.52)
Moxe 3apgaBaTtucek 0,67.

(2) BuMorn go KOHCTpYKOBaHHS nonepedvHoi ap-
MaTypu Ha NpoAaBritoBaHHA HaBegeHo y 9.4.3.
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Where k is defined in 6.4.3 (3) or 6.4.3 (4) as
appropriate and W is similar to W, but for peri-
meter u.

6.4.5 Punching shear resistance of slabs and
column bases with shear reinforcement

(1) Where shear reinforcement is required it sho-
uld be calculated in accordance with Expression
(6.52):

(6.52)

where:

Ag, is the area of one perimeter of shear reinfor-
cement around the column [mm?];

s, is the radial spacing of perimeters of shear
reinforcement [mm];

fowaer is the effective design strength of the
punching shear reinforcement, according to

fwaof = 250 +0,25d < f,,,., [MPal;

d is the mean of the effective depths in the ortho-
gonal directions [mm];

o is the angle between the shear reinforcement
and the plane of the slab.

If a single line of bent-down bars is provided, then
the ratio d/s, in Expression (6.52) may be given
the value 0,67.

(2) Detailing requirements for punching shear
reinforcement are given in 9.4.3.
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(3) Mopsia 3 konoHOo onip 3cyBy NP NpoAaBto-
BaHHi 0OMEXYTbCA MakCUManbHUM 3HAYEHHSM:

ae:
Uy — ONs cepefHbOoi KONOHK
Ug = AOBXWHA KOHTYPY KOSOHU, MM;
— ANSA KparHbOoT KONOHU
Ug = Cy +3d < Cy +2C1 MM;
— AN KYTOBOI KOJTOHU
Ug =3d < ¢y + Cy MM;
C4, C, — PO3MIipU KOMOHU, PUCYHOK 6.20;

V — amB. Bupas (6.5);

B —auB. 6.4.3(3), (4) i (5).

Mpumitka. BenuumHa Vrgmax ANS1 BAKOPUCTAHHS Y KOH-
KPEeTHI KpaiHi MOXe BKa3yBaTUCb Y HaLioHarbHOMY
popaTtky. PekomengoBaHot € BenuymHa 0,5 vig.

(4) KOHTPOIbHUI NEpUMETP U, (260 Ug 1 o PU-
CYHOK 6.22), npu sikoMy nornepedHa apmartypa He
BMMaraeTbCs, He0OXigHO BU3Ha4aTy 3a BUpa3oMm:

(3) Adjacent to the column the punching shear
resistance is limited to a maximum of:

< VRd,max ’ (6-53)

where:
uq — for an interior column
ug = length of column periphery [mm]
— for an edge column
Ug = Cy +3d < ¢y + 2¢4 [mm];
— for a corner column
Ug =3d < ¢y + ¢y [mm];
¢4, C, are the column dimensions as shown in
Figure 6.20;
V see Expression (6.5);

B see 6.4.3 (3), (4) and (5).

Note: The value of Vgymax for us in a Country may be
found in its National Annex. The recommended value is
0,5 vf.

(4) The control perimeter at which shear reinforce-
ment is not required, u,; (Or U, or S€€ Figure 6.22)
should be calculated from Expression (6.54):

Uout,ef = BVEd /(VRd,cd)- (6.54)

HamsigganeHiwmn nepumeTp nonepeyvHol apma-
TYpy NOBWHEH PO3MILLlyBaTUCb Ha BiACTaHi, He
BinbLLiii HX kd B Mexax Uy, (800 Uyyep PUCY-
HOK 6.22).

The outermost perimeter of shear reinforcement
should be placed at a distance not greater than kd
within u,, (Or Uy, o S€€ Figure 6.22).

- [lepumeTp uou

- Perimeter

- [lepumerp uoutef

- Perimeter ugy of

PucyHok 6.22 — KoHTpOsbHi NnepuMeTpu HaBKOSO cepeHiX KOMNoH
Figure 6.22 — Control perimeters at internal columns

MpumiTtka. BenuunHa k ons BUKOPUCTAHHSA Y KOHKpeT-
Hil KpaiHi MOXe BKa3dyBaTUCh Y HaLliOHanbHOMY AofdaT-
Ky. PekomeHpgoBaHoto € Benu4ynHa 1,5.

Note: The value of k for use in a Country may be found
in its National Annex. The recommended value is 1,5.
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(5) Akwo 3acTocoByOTbLCA cneuianbHi BUpobu y
SIKOCTi nonepeyHoi apMatypu, 1o Vi, . Heobxia-
HO BM3Ha4yaTW BMNPOOYBaHHAMM 3rigHO 3 BiAMo-
BiAHUM E€BPOMNENCHKUM TEXHIYHUM YXBaNEHHSM.
[ue. Takox 9.4.3.

6.5 Po3paxyHOK i3 BUKOPUCTAHHAM CTUCHYTO-
PO3TArHyTUX MoAenen

6.5.1 3azasnibHi NON0XEHHS

(1)P CTUCHYTO-pO3TArHYTI MOAENi MOXYTb 3aCTO-
COBYBaTUCb Y BUMagKax, KO iCHYE HENiHINHUI
posnoain gedopmadin (Hanpuknag, y 3oHax o6-
nupaHHs, Nobnmay 3ocepesKeHnxX HaBaHTaXeHb
abo NnocKoro HanpyXeHoro cTaHy), (ouB. Ta-
kox 5.6.4).

6.5.2 CmucHymi ymo8Hi enemeHmu

(1) PospaxyHkoBui onip GETOHHOIO CTUCHYTOrO
YMOBHOIO efieMeHTa Yy 30Hi 3 NonepevyHuMn Ha-
NPY>XEHHSMU CTUCKY abo 6e3 H1X MOXe BU3Ha4a-
TUCb 3a BUpasom (6.55) (pmcyHok 6.23).

—

O Rdmax

(5) Where proprietary products are used as shear
reinforcement, Vg, s should be determined by
testing in accordance with the relevant European
Technical Approval. See also 9.4.3.

6.5 Design with strut and tie models

6.5.1 General

(1)P Where a non-linear strain distribution exists
(e.g. supports, near concentrated loads or plain
stress) strut-and-tie models may be used (see
also 5.6.4).

6.5.2 Struts

(1) The design strength for a concrete strut in a
region with transverse compressive stress or no
transverse stress may be calculated from Expres-
sion (6.55) (see Figure 6.23).

- MOTEepeYHi HAMPYXEHHS CTHCKY ab0
0e3 nonepeyHUX HANpPYKeHb
- transverse compressive stress or
no transverse stress

PucyHok 6.23 — Po3paxyHkoBuiA onip 6ETOHHOIO CTUCHYTOrO YMOBHOTO efieMeHTa 6e3 nonepeyHoro posTsry
Figure 6.23 — Design strength of concrete struts without transverse tension

O Rd, max = led - (6.55)

3a HasBHOCTI 6araToO0CbOBOr0 CTUCKY B OKPEMMX
30HaxX MOXHa JonycKaTu BULLMIA PO3paxyHKOBUM
onip.

(2) PospaxyHkoBui onip GETOHHWX CTUCHYTUX
YMOBHUX €MeMEHTIB HEOOXiAHO 3MeHLlyBaTK 3a
HaABHOCTI TPILUWH Y CTUCHYTUX 30HaX, a SKLLO He
3aCTOCOBYIOTbCA Oinbll TOYHI NiAXo4u, MOXHa
BM3Ha4aTu 3a BMpa3om (6.56) (pncyHok 6.24).

AA A

It may be appropriate to assume a higher design
strength in regions where multi-axial compression
exists.

(2) The design strength for concrete struts should
be reduced in cracked compression zones and,
unless a more rigorous approach is used, may be
calculated from Expression (6.56) (see Figu-
re 6.24).

O Rd,max

> =——= {J

RAAAR

PucyHok 6.24 — Po3paxyHkoBuiA onip 6E€TOHHOrO CTUCHYTOrO YMOBHOIO efieMeHTa
3a HasiBHOCTI MONEpPEeYHOro po3Tsry

Figure 6.24 — Design strength of concrete struts with transverse tension
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O Rd,max = 0,6Vfcq - (6.56)

MpumiTka. BenvunHa v ons BUKOPUCTAHHSA Y KOHKPET-
Hil KpaiHi MOXe BKa3dyBaTUCh Y HaLliOHanbHOMY Aodat-
Ky. PekomeHaoBaHa BenunymnHa BU3HavaeTbes 3a hop-
MYI0H0:

v=1-fy /250

(3) Ona CTUCHYTUX YMOBHUX €NEeMEHTIB Mix 6e3-
nocepeaHbO HAaBaHTaXEHVMU 30HaMU, TaKUMU K
KoHconi abo KopoTKi 6ankn-cTiHkK, y 6.2.21 6.2.3
HaBOAATLCS anbTepHATUMBHI METOAM BUBHAYEHHS.

6.5.3 PoamsieHymi yMO8Hi enemeHmu

(1) PospaxyHkoBui onip NomnepeyvyHnx po3THArHy-
TUX YMOBHWUX €NIeMEHTIB i apMaTypn HeobXxigHo
obmexyBaTu BignosigHo 0o 3.2 i 3.3.

(2) ApmaTypa noBMHHA HaNEXHUM YMHOM 3aaH-
KepoBYBaTUChb y By3nax.

(3) ApmaTypa, LWo HeobxiaHa Anst CNPUNHATTSA 3y-
CUIb y 30CepepKeHO HaBaHTaXeHuX By3nax, Mo-
e po3noAinAaATUCh MO AOBXMHI (PUCYHOK 6.25 a) i
b)). Akwo apmaTypa B 30Hi By3na npoAoOBXKYETbCS
3a MeXi JOBXMHU eneMeHTa, Lo po3rnagacTbes,
TO apmaTypy HeobXigHO PO3NoaINATM Ha AOBXMW-
Hy, O€ TpaeKTopii CTUCKY 3arnHalTbCs (po3TAr-
HYTi | CTUCHYTi YMOBHI enemMeHTn). 3ycunnsg pos-
Tary T MOXHa oTpuMaTu:

. H
a) ONS 30H 3 YaCTKOBOK PO3PUBHICTIO (b < 2] ,
pucyHok 6.25 a:

T

. . H
b) Ansi 30H i3 NOBHOK PO3PMBHICTIO (b > 2), pu-

CYHOK 6.25 b:

_1b-a
4 b

Note: The value of v for use in a Country may be found
in its National Annex. The recommended value is given
by equation (6.57N):

(6.57N)

(3) For struts between directly loaded areas, such
as corbels or short deep beams, alternative calcu-
lation methods are given in 6.2.2 and 6.2.3.

6.5.3 Ties

(1) The design strength of transverse ties and
reinforcement should be limited in accordance
with 3.2 and 3.3.

(2) Reinforcement should be adequately ancho-
red in the nodes.

(3) Reinforcement required to resist the forces at
the concentrated nodes may be smeared over a
length (see Figure 6.25 a) and b)). When the
reinforcement in the node area extends over a
considerable length of an element, the reinforce-
ment should be distributed over the length where
the compression trajectories are curved (ties and
struts). The tensile force T may be obtained by:

a) for partial discontinuity regions (b < I;j see
Figure 6.25 a:

F, (6.58)

b) for full discontinuity regions (b > ’;jsee Figure

6.25 b:

T:1(1—0,78)F (6.59)
4 h
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h=HI2

- 30Ha 0e3 pO3pUBHOCTI
- Continuity region

IEI - 30Ha 3 PO3PHUBHICTIO
- Discontinuity region

bu= b ber= 0,5H +0,65a; a < h

a) YacTKoBa PO3PUBHICTb
Partial discontinuity

b) noBHa po3puBHICTb
Full discontinuity

PucyHok 6.25 — [NapameTpy Ans BU3HAYEHHS NONepeyHnX 3yCurb PO3TAry y CTUCHYTUX NONAX
i3 po3mMasaHol apmaTyporo

Figure 6.25 — Parameters for the determination of transverse tensile forces in a compression field
with smeared reinforcement

6.5.4 Bysnu

(1)P NpaBwnna gns By3niB Tako) 3aCTOCOBYOTbCS
[0 30H, [ile 30CepeXeHi cunn nepegaroTbCcs Ha
eneMeHT | He pO3paxoBYIOTbCS 3@ METOAOM CTUC-
HYTO-PO3TANHYTUX ENIEMEHTIB.

(2)P 3ycunns, Wwo BUHUKAKOTb Y BY3riax, MOBUHHI
OyTun BpiBHOBaxeHiI. [onepeyHi 3ycnnng posrary,
nepneHanKynsapHi 40 NAOWMHA By3rna, MOBUHHI
BpaxoByBaTUCh.

(3) Mpwn BU3Ha4YeHHI Hecy4Ol 34aTHOCTI BY3NiB i3
30Cepe>KEHNM HaBaHTaXEHHAM KPUTUYHUMU €
po3MipK i KOHCTpYtOBaHHS. Bysanu i3 3ocepexe-
HUM HaBaHTaXXeHHSM MOXYTb BUHWKaTW, HanpukK-
nag, npyv 30CepedXeHUX HaBaHTaXEeHHsIX, Ha
onopax, y 30Hax 3aaHKepyBaHHsSI 3 KOHLIEHTpa-
Lieto 3BMYaAWHOT i Hanpy>XeHol apmaTypu, npu
BirMHax apMaTypHUX CTPWXKHIB Ta y 3'€AHaHHAX i
KyTax efleMeHTiB.

(4) PospaxyHKOBI BENUYNHN HaMpyXeHb CTUCKY Y
BYy3/iax BU3HA4alTbCs Tak:

a) y CTUCHYTMX By3rax i3 He3aaHKepOBaHUMUK PO3-
TACHYTUMW YMOBHUMMW enleMeHTamMu (PUCYHOK 6.26)

6.5.4 Nodes

(1)P The rules for nodes also apply to regions
where concentrated forces are transferred in a
member and which are not designed by the strut-
and-tie method.

(2)P The forces acting at nodes shall be in equilib-
rium. Transverse tensile forces perpendicular to
an in-plane node shall be considered.

(3) The dimensioning and detailing of concentra-
ted nodes are critical in determining their load-
bearing resistance. Concentrated nodes may de-
velop, e.g. where point loads are applied, at sup-
ports, in anchorage zones with concentration of
reinforcement or prestressing tendons, at bends
in reinforcing bars, and at connections and cor-
ners of members.

(4) The design values for the compressive stres-
ses within nodes may be determined by:

a) in compression nodes where no ties are ancho-
red at the node (see Figure 6.26)

ORd,max =KVfeq » (6.60)

e Ry max — MaKkcumarbHi HanpyxeHHs, ski Mo-
XyTb NpUKNagaTncb Ha Mexax Byana. [nsa BusHa-
YeHHda v auB. 6.5.2 (2).
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where Ry nay is the maximum stress which can be
applied at the edges of the node. See 6.5.2 (2) for
definition of v.
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MpuwmiTka. BennuunHa k4 4ns BUKOPUCTAHHS Y KOHKPET- Note: The value of k4 for use in a Country may be found
Hil KpaiHi MOXe BKa3dyBaTUCh Y HaLliOHanbHOMY godat- in its National Annex. The recommended value is 1,0.

Ky. PekomengoBaHa BenuumHa 1,0.

ch.3

Fea T T Feair

Feat = Featr + Fean
LLJ

PucyHok 6.26 — CTucHyTMIN By30n 6€3 po3TArHyTUX YMOBHMX ENTEMEHTIB
Figure 6.26 — Compression node without ties

b) y cTucHyTO-po3TArHYyTUX By3nax i3 3abesne- b) in compression — tension nodes with anchored
YEHHsIM 3aaHKepyBaHHHA PO3TAMHYTUX YMOBHMX ties provided in one direction (see Figure 6.27),

€NeMeHTIB y 0gHOMY HanpsiMi (pUCyHOK 6.27)

ORd,max =K2Vfed (6.61)

A€ ORy max — MAKCUMYM Gy 1 | Gy ». NS BU3Ha- where 6y max IS the maximum of 65, 1 and oy 5.
See 6.5.2 (2) for definition of v.

4yeHHs v auB. 6.5.2(2).

/IMN

PucyHok 6.27 — CTUCHYTO-pO3TArHYTUI BY3011 i3 apMaTypoto y OAHOMY Hanpsimi
Figure 6.27 — Compression tension node with reinforcement provided in one direction
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Mpuwmitka. BennuuHa k, 0115 BUKOPUCTAHHS Y KOHKPET-
Hil KpaiHi MOXe BKa3dyBaTUCb Y HaLlioHanbHOMY Aodat-
Ky. PekomeHngoBaHa BenuumHa 0,85.

C) Y CTUCHYTO-pPO3TATHYTUX By3nax i3 3abeane-
YEeHHAM 3aaHKepyBaHHA PO3TArHYTUX YMOBHUX
enemMeHTiB BinbLU HiXX y ogHOMY Hanpsami (pucy-
HOK 6.28)

Note: The value of k;, for use in a Country may be found
in its National Annex. The recommended value is 0,85.

) in compression — tension nodes with anchored
ties provided in more than one direction (see
Figure 6.28),

O Rd,max = K3Vfca (6.62)

Fu2

PucyHok 6.28 — CTUCHYTO-pO3TArHYTMIA BY30JT i3 apMaTyporo y ABOX HanpsiMKax
Figure 6.28 — Compression tension node with reinforcement provided in two directions

Mpumitka. BenuunHa ks Anst BUKOPUCTaHHS Y KOHKPET-

Hil KpaiHi MOXe BKa3lyBaTUCh Y HaLlioHanbHOMY Aoaat-

Ky. PekomeHngoBaHa BenuumHa 0,75.

(5) 3a HwKyeHaBeOEHUX YMOB BEIMYUHU PO3-

paxyHKOBUX HaMpyXeHb CTUCKY Y 6.5.4 (4) MOXyTb

36inbLyBatnck Ao 10 %, SKLLO BUKOHYETHCSA Xo4a O

OfiHE MOMOXEHHS:

— [OMnyCcKaeTbCA TPUBICHNN CTUCK;

— BCi BY3MM MK YMOBHUMW CTUCHYTO-PO3TATHY-
TMMU enemeHTamu > 55°;

— HanpyxeHHs Ha onopax abo B Micusix 30ce-
peKeHOro HaBaHTaXXeHHS € PIBHOMIPHUMU, a
y By3riax HasiBHi XOMyTu;

— apmartypa po3smileHa baratbMa Lapamu;

— BY3IY HafiNHO YTPUMYKOTLCA YnallTyBaHHAM
onop abo TepTsaMm.

(6) Byanu, w0 3a3HalTb TPUBICHOrO CTUCKY, MO-

XyTb MEPEBIPATUCh 3rigHO 3 Bupasamu (3.24) i

(3.25) Np¥ 6 gy max = K4Vigg, SIKLLIO pO3MOAIN HaBaH-

TaXeHHS BiAOMWM ONs BCIX TPbOX HanpsAMKiB

CTUCHYTUX YMOBHUX €NEeMEHTIB.

Mpumitka. Bennuuna k4 0115 BUKOPUCTAHHS Y KOHKPET-

HIM KpalHl MOXe BKadyBaTUCb Yy HaLllOHalbHOMY o4aT-

Ky. PekomengoBaHa BenunymHa 3,0.
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Note: The value of k; for use in a Country may be found
in its National Annex. The recommended value is 0,75.

(5) Under the conditions listed below, the design
compressive stress values given in 6.5.4 (4) may
be increased by up to10 % where at least one of
the following applies:

— triaxial compression is assured;
— all angles between struts and ties are > 55°;

— the stresses applied at supports or at point
loads are uniform, and the node is confined by
stirrups;

— the reinforcement is arranged in multiple layers;

— the node is reliably confined by means of bea-
ring arrangement or friction.

(B) Triaxially compressed nodes may be checked
according to Expression (3.24) and (3.25) with

ORdmax = KqVfeg, if for all three directions of the
struts the distribution of load is known.

Note: The value of k4 for use in a Country may be found
in its National Annex. The recommended value is 3,0.
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(7) AHKepyBaHHA apmaTypu Yy CTUCHYTO-pO3TSAr-
HYTUX BY3Mnax NOYMHAETLCA 3 NOYaTKy By3na, Ha-
npuknag, Ans onopu aHkepyBaHHS NOYMHAETHLCS
Bif, BHYTPILLUHbLOI rpaHi (amB. pucyHok 6.27). [Jos-
XMHa aHKepyBaHHSA MOBWHHA MNpPOCTAraTUChL 3a
MOBHY AOBXWHY By3na. Y AesKux Bunagkax apma-
Typa TakoX MOXe 3aaHKepOoBYyBaTMCb Mo3a BY3-
nomMm. CTOCOBHO 3aaHKepyBaHHSI i 3arvHaHHS ap-
matypu amB. 8.4...8.6.

(8) CTuCHYTI y NNOWWMHI BY3nX MpWU CMOMNYYEHHI
TPbOX PO3TArHYTUX YMOBHUX EIEMEHTIB MOXYTb
nepesipsTCh BiANOBIOHO A0 pUCyHKa 6.26. Makcu-
MasibHi cepe/iHi rofoBHi HanpyeHHs y By3ni (G,
G1s Ocps Og3) MOBUHHI NEPEBIPATUCH 3riaHO 3 6.5.4
(4)a). 3asBmyar, MOXHa SOMNYCTUTN HAcTyMnHe:
ch,»] /81 = FCd,Z /82 = FCd,3 /83 nae y pesynb-
TaTiG ey 1=0c¢d,2 =0cd,3 =Ocd,0-

(9) Bysnu Ha 3ruHax apMaTtypu MOXYTb pO3paxo-
BYBaTUCb 3rigHO 3 pucyHkoMm 6.28. CepefHi Han-
PY>KEHHS Y PO3TArHYTUX YMOBHUX €fieMeHTax no-
BWHHI NepeBipsaTUCH BignoeigHo o 6.5.4 (5). Oia-
METP 3rMHy HeobXigHO NepeBipsaATH 3rigHo 3 8.4.

6.6 AHKepyBaHHSA i HanycKu

(1)P PospaxyHKoBi HanpyXeHHs1 34enneHHs o6-
MEXYITbCS BEIIMYMHOW, WO 3anexuTb Big xa-
paKTEPUCTUK MOBEPXHi apMaTtypu, MiLuHOCTi Oe-
TOHY Ha pO3TAr i Nokanisauii 0To4yto4oro 6eToHy.
Lle 3anexuTb Big 3aXMCHOrO LWapy, NonepevyHoro
apMyBaHHS i MONEPEYHOro TUCKY.

2) OoBxurHa, sika HeobXxigHa ANs po3BUTKY HEOb-
XiQHOrO 3yCUnns po3Tsry B aHKepyBaHHi abo Ha-
NyCTKY, BU3HA4Ya€eTbCA Ha OCHOBI MOCTIHMX Har-
PY>KeHb 34enneHHs.

(3) MpakTnyHi NpaBuna po3paxyHKy i KOHCTPYtoBaH-
Hs1 aHKepyBaHb i Hanyckie HaBefeHi y 8.4...8.8.

6.7 YacTKOBO HaBaHTa)XeHi 30HU

(1)P Ons 4yacTKOBO HaBaHTaXEHWX 30H MOBUHHI
BpaxoByBaTUCb MicLEeBe pPO3TPiCKyBaHHS (AMB.
HWXKYe) | monepeYHi 3ycmnnga posTtary (ame. 6.5).
(2) Mpwn piBHOMIPHO pO3MOAINEHOMY HaBaHTa-
XXEHHi Ha neBHy nrouy A, (pucyHok 6.29) 3oce-
penXeHe 3yCunssi Oonopy MoXHa BU3HAYUTU Tak:

(7) The anchorage of the reinforcement in comp-
ression-tension nodes starts at the beginning of
the node, e.g. in case of a support anchorage
starting at its inner face (see Figure 6.27). The
anchorage length should extend over the entire
node length. In certain cases, the reinforcement
may also be anchored behind the node. For
anchorage and bending of reinforcement, see 8.4
to 8.6.

(8) In-plane compression nodes at the junction of
three struts may be verified in accordance with
Figure 6.26. The maximum average principal no-
de stresses (6, 041, O, 03) Should be checked
in accordance with 6.5.4 (4)a). Normally the
following may be assumed:
Feg1/a@1=Fog2/az =Feq3/as
G¢d,1=9%¢d,2 =%c¢d,3 =C%cd,0-
(9) Nodes at reinforcement bends may be analy-
sed in accordance with Figure 6.28. The average
stresses in the struts should be checked in accor-

dance with 6.5.4 (5). The diameter of the mandrel
should be checked in accordance with 8.4.

resulting in

6.6 Anchorages and laps

(1)P The design bond stress is limited to a value
depending on the surface characteristics of the
reinforcement, the tensile strength of the concrete
and confinement of surrounding concrete. This
depends on cover, transverse reinforcement and
transverse pressure.

(2) The length necessary for developing the requi-
red tensile force in an anchorage or lap is calcu-
lated on the basis of a constant bond stress.

(3) Application rules for the design and detailing of
anchorages and laps are given in 8.4 to 8.8.

6.7 Partially loaded areas

(1)P For partially loaded areas, local crushing
(see below) and transverse tension forces (see
6.5) shall be considered.

(2) For a uniform distribution of load on an area
A (see Figure 6.29) the concentrated resistance
force may be determined as follows:

FRdu =7"c0 'fcd ‘\/Ac1 /ACO < 3’0'fcd 'ACO , (6.63)

ne:
Ao — NNOLLIA HAaBaHTaXEHHS;

where:
Ao is the loaded area;
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A1 — MakcumarbHa po3paxyHKoBa nrotia pos-

noginy nopiéHoi Ao Ay dopmu.

(3) PospaxyHkoBa nnotia po3snoainy A, fika He-

obxiaHa ans 3ycunb onopy Fry,, NOBMHHA 3a40-

BOMbHATW HACTYMHI YMOBMU:

— BMCOTa Ans po3nodiny HaBaHTaXeHb y Hanpsimi
NPWKNagaHHs HaBaHTaXXEHHs1 MOBMHHA 3ajo-
BOJbHATM YMOBW, NOKa3aHi Ha pUCyHKy 6.29;

— LEHTp po3paxyHKOBOI nnouli posnodiny Ag
NOBWHEH 3HAXo4UTUCb Ha OCi Aii, sika Npoxo-
AUTb Yepes LIEHTP MIOLLI HaBaHTaXeHHs A ),

— SKWO Yy nonepeyHomy nepepisi 6eToHy Aie
Ginbll HPK OodHa cuna CTUCKY, PO3paxyHKOBI
NOLLi pO3noAiny He NOBMHHI HaKnagaTuChb.

Aco

A1 is the maximum design distribution area with a
similar shape to A .

(3) The design distribution area A, required for
the resistance force Fgy, should correspond to
the following conditions:

— The height for the load distribution in the load
direction should correspond to the conditions
given in Figure 6.29;

— the centre of the design distribution area A,
should be on the line of action passing through
the centre of the load area A,

— If there is more than one compression force
acting on the concrete cross section, the de-
signed distribution areas should not overlap.

A - JTiHig gl
- line of action

h > (b2 - by) i/and

v
A\

b, = 3b

2 (d2 - di)

PucyHok 6.29 — PoapaxyHKOBWiA po3noain A8 YaCTKOBO HaBaHTaXXEHMX 30H
Figure 6.29 — Design distribution for partially loaded areas

BenuunHa Fry, NOBUHHA 3MEHLLYBaTUCh, SAKLLO
HaBaHTAXEHHS HEepiBHOMIPHO po3noAineHe Ha
nnowli Ay, abo 3a HasiBHOCTi BUCOKOI iHTEHCUB-
HOCTi 3yCuIib 3CyBY.

(4) Ona 3ycunb po3Tary HeobxigHo nepenbavaTtu
apMyBaHHS, sike 3anexnTb Bid BNIMBY Ail.
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The value of Fr,, should be reduced if the load is
not uniformly distributed on the area A or if high
shear forces exist.

(4) Reinforcement should be provided for the
tensile force due to the effect of the action.
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6.8 Broma
6.8.1 YmMoeu nepeegipku

(1)P Hecy4a 3gaTHiCTb KOHCTPYKLiT BTOMW MNOBWUH-
Ha nNepeBipATUCH Y creuianbHUX BUnagkax. Taka
nepeBipka MOBWHHA BMKOHYBATUCb OKPEMO AN
GeToHy i apmatypu.

(2) MNMepeBipka BTOMWX MOBWHHA BMKOHYBaTUCb A1
KOHCTPYKLIN i KOHCTPYKTUBHMX KOMMOHEHTIB, Ha SKi
Jjie perynsipHe UMKMNIYHE HaBaHTaXKEHHs1 (Hanpwik-
nap, KpaHoBi peyikv, MOCTU MpU iHTEHCUBHOMY Ha-
BaHTaXXEHHI Bi pyXy TPaHCMOPTY).

6.8.2 BHympiwHi 3ycunnsi i Hanpy)XeHHs1 O
nepeeipku emomu

(1)P BusHauyeHHs HanpyXeHb MOBUHHO I'PYyHTYBa-
TUCb Ha HasIBHOCTI TPILLMH Yy MonepeyHux nepe-
pisax Ta HEXTyBaHHi ONopom GeTOHy po3TAry, ane
npw 3abes3neyeHHi cymiCHOCTI gedopmallin.

(2)P lNoBnHeH BpaxoByBaTUCL BMMB PI3HOroO xa-
pakTepy poboTu 34enneHHs nonepeaHbO Hanpy-
XKEHOI | 3BU4anHoi apmaTypu, LWASXOM 36inbLUeH-
HA JianasoHy HanpyxXeHb Yy apMmaTypHin ctani,
BM3HAYEHI 32 YMOB MOBHOrO 34eMNneHHs Yepes
KoedilieHT 1, BU3HAYEHUN SK:

Ag +Ap

6.8 Fatigue
6.8.1 Verification conditions

(1)P The resistance of structures to fatigue shall
be verified in special cases. This verification shall
be performed separately for concrete and steel.

(2) A fatigue verification should be carried out for
structures and structural components which are
subjected to regular load cycles (e.g. crane-rails,
bridges exposed to high traffic loads).

6.8.2 Internal forces and stresses for fatigue
verification

(1)P The stress calculation shall be based on the
assumption of cracked cross sections neglecting
the tensile strength of concrete but satisfying
compatibility of strains.

(2)P The effect of different bond behaviour of
prestressing and reinforcing steel shall be taken
into account by increasing the stress range in the
reinforcing steel calculated under the assumption
of perfect bond by the factor, n, given by

(6.64)

n= )
As +A5J6(0s 10p)

ae:

Ag — nrowla apmaTypHoi cTani;

Ap — nnolla nonepegHbO HanpyXeHol apmartyp-
HOI cTani;

$s — HaNBINbLLIMIA aiameTp apmaTypHOi cTani;

¢p — piameTp abo ekBiBanNeHTHUI giaMeTp Hanpy-
XXeHOI apmaTtypHoi cTani;

¢p :1,61/Ap A58 NYYKIB;

¢p = 1,75 ¢ire DA OKPEMUX 7-APOTOBMUX KaHaTIB,
A€ yire — AiAMETP APOTY;

¢p = 1,20 ¢yyire ANS OKPEMIX 3-APOTOBUX KaHATIB,
A€ Oyjre — AlAMETP ApOTY;

& — CNiBBIAHOLIEHHA MK MILHICTIO 34YerseHHs Y
BGEeTOHI Hanpy>XeHNX My4yKiB i apMaTypu nepiogny-
Horo npodinto. 3Ha4yeHHs € NpegMeToOM BigNoBiAa-
HOro €BpPOMNENCHKOro TEXHIYHOMO yxBarneHHs. 3a
BiJCYTHOCTI YXBaIi€HHs1 MOXYTb BUKOPUCTOBYBa-
TMCb BENMYUHW, HadaHi y Tabnuui 6.2.

where:
A, is the area of reinforcing steel;
Ap is the area of prestressing tendon or tendons;

¢s is the largest diameter of reinforcement;

¢, is the diameter or equivalent diameter of prest-
ressing steel;

bp = 1,61/Ap for bundles;

¢p = 1,75 ¢, for single 7 wire strands where wire
is the ¢, diameter;

¢p = 1,20 ¢y for single 3 wire strands where wire
is the ¢, diameter;

¢ is the ratio of bond strength between bonded
tendons and ribbed steel in concrete. The value is
subject to the relevant European Technical Ap-
proval. In the absence of this the values given in
Table 6.2 may be used.
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Tabnuusa 6.2 — Noka3HMK BiHOLLEHHS] MILIHOCTi 34eneHHst & NyYkiB i cTani nepiognyHoro npodinto

Table 6.2 — Ratio of bond strength, &, between tendons and reinforcing steel

£
MonepeaHbO HanNpyXeHa cTarb 34enneHHsa Npu HaTAryBaHHi Ha 6eToH
Prestressing steel HaTarysaHHs Ha ynopu Bonded, post-tensioned
Pre-tensioned
< C50/60 > C70/85
[MMagki CTpWKHI | gpoTun He 3actocoByeTbCs
. : 0,3 0,15
smooth bars and wires Not applicable
Kanaru 0,6 05 0,25
strands
iT nepiogn4yHoro npodinto
Apit nepion poch 0,7 0,6 0,3
indented wires
TPWXKHI nepiogmnyHoro n in
CTp EPIOANHOTO NPOCinto 0,8 07 0,35
ribbed bars

Mpumitka. [nsa npomikHMUX 3HaveHb Mixx < C50/60 i > C70/85 moxe 3acToCOoBYBaTUCh iHTEPNOMsLs
Note: For intermediates between value < C50/60 and > C70/85 interpolation may be used.

(3) Mpw po3paxyHKy nonepevHoi apMaTypu Haxus
CTUCHYTUX YMOBHWX E€IIEMEHTIB 0f,; MOXe BU3Ha-
YaTUChb i3 BUKOPUCTAHHAM MOAENI CTUCHYTO-PO3-
TArHYTUX enemMeHTiB abo 3rigHO 3 BMPa3oMm.

(3) In the design of the shear reinforcement the
inclination of the compressive struts 6,,; may be
calculated using a strut and tie model or in accor-
dance with Expression (6.65).

tanBgy; =4/tand <1,0, (6.65)

ae:
0 — KyT Haxuny CTUCHYTUX YMOBHWX GETOHHMX ene-

MEHTIB A0 OCi 6anku, K1 NPUAMaeETbCS y po3pa-
XYHKY 3a rpaHudHumm ctaHamm ULS (ame. 6.2.3).

6.8.3 CrnonnyyeHHs1 HagaHMaXkeHb

(1)P Ons Bu3Ha4YeHHS piBHSA HaNpyXeHb HaBaHTa-
YKEHHS1 HeoOXiQHO PO3AiNATY HA HELMKIIYHI | LNK-
NiYHi, WO BUKNMKAKOTb YTOMIIEHICTb (MEBHA Kinb-
KiCTb NOBTOPHOBAHUX NMpUKIagaHb SKOrocb HaBaH-
TaXeHHS).

(2)P OcHoBHe cnonyyYeHHs HEeLMKITiYHUX HaBaH-
Ta)keHb Te came, WO | BU3BHaYeHHSI NOBTOPIOBaHO-
ro cnosnyyeHHsa ana Il rpynu rpaHUYHMX CTaHiB:

where:

0 is the angle of concrete compression struts to
the beam axis assumed in ULS design (see 6.2.3)

6.8.3 Combination of actions

(1)P For the calculation of the stress ranges the
action shall be divided into non-cycling and fati-
gue-inducing cyclic actions (a number of repeated
actions of load).

(2)P The basic combination of the non-cyclic load
is similar to the definition of the frequent combi-
nation for SLS:

Egq =E{Gk ;P 11Qu 1V 2i Qi }j =150 >1. (6.66)

Crony4eHHst HaBaHTaXeHb Y KPYrinX QyKKax { }
(Tak 3BaHEe OCHOBHE CMOJSTyYEHHS) MOXHA BUpa3un-
™ SIK:

The combination of actions in bracket { }, (called
the basic combination), may be expressed as:

D Gy P 4 Qu " D w0 Q- (6.67)

j=1

Mpumitka. Q1 i Qx; — HELMKNIYHI | HENOCTINHI HaBaH-
TaXKEHHS.

(3)P LukniyHi HaBaHTaKeHHSA MOBMHHI cnony4a-
TUCb i3 HECMIPUSATIIVIBUM OCHOBHUM CMOSNyYEHHSM:
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i>1
Note: Q1 and Q; are non-cyclic, non-permanent
actions.

(3)P The cyclic action shall be combined with the
unfavourable basic combination:
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Eq =E{{Gk ;P 11Qu 1 2i Qi }5 Qpar } J 2 151 >1. (6.68)

Cnony4eHHs HaBaHTaxXeHb Y Kpyrnnx ayxkax { }
(Tak 3BaHe OCHOBHE CMOJy4YEeHHSsI MIOC LMKIIYHE)
MOXXHa BUPa3nTK SK:

=1

ae:

Qf,¢ — BIANOBIAHE HABAHTAXXEHHA BTOMM (HanpuK-
naj, HaBaHTaXeHHS BiJ PyXOMOro TpaHCMopTy,
K Ue Bu3HadyeHo EN 1991, abo iHWwe umknivyHe
HaBaHTaXeHHS).

6.8.4 Memoduka nepeeipku 3eu4atliHoi i none-
PeOHBLO HanpyeHoi apMmamypu

(1) YwWwkKomkeHHs Big OKPEMOro HarmpyXeHHs
amMnniTyao Ac MOXe BU3HA4yaTUChb i3 3acTocy-
BaHHsAM BignosigHux rpacdikie S-N (pucyHok 6.30)
ONs 3BMYAKMHOI | monepenHbO HarnpyXeHol ap-
maTtypu. lNpuknageHe HaBaHTaXeHHA HeobXiaHo
MHOXUTN Ha KOEMILEHT Y . PiBEHb HanpyxeHb
Bifl peakLii, oTpumaHuii npu N* umknax Acpgy, , He-
0BXiAHO PO3AINUTY Ha KOEMDILIEHT BE3NEKN Yg £y -

A
log 40, b=k,

N*

The combination of actions in bracket { }, (called
the basic combination plus the cyclic action), can
be expressed as:

i>1

(Z Gk’j "+"P"+"\|/ 1‘ 1Qk’ 1||+|| Z\V 2’I Qk’l ||+|| Qfat ’ (669)

where:

Qy, is the relevant fatigue load (e.g. traffic load as
defined in EN 1991 or other cyclic load)

6.8.4 Verification procedure for reinforcing
and prestressing steel

(1) The damage of a single stress amplitude Ac
may be determined by using the corresponding
S-N curves (Figure 6.30) for reinforcing and
prestressing steel. The applied load should be
multiplied by vg ¢, The resisting stress range at
N* cycles Aok, , obtained should be divided by
the safety factor yg ry -

A | - rpanuLs TekydocTi apmMatypu
- reinforcement at yield

|
log N

PucyHok 6.30 — ®opma rpacpika HOpMaTUBHOrO ONOPY BTOMI
(S-N-kpuBi onsa 3BMYanHoOI i nonepeaHLO Hanpy>XeHol cTani)
Figure 6.30 — Shape of the characteristic fatigue strength curve
(S-N-curves for reinforcing and prestressing steel)

Mpumitka 1. BenWUYmHN ye gy ANS BUKOPUCTAHHSA Y KOH-
KPETHIl KpaiHi MOXYTb BKa3yBaTWUCb Y HaLiOHANTbHOMY
popaTtky. PekomengoBaHa BenunyunnHa 1,0.

Mpumitka 2. BennumHu xapaktepuctuk S-N-KprBux
3BUYaKNHOI | MonepeaHbO Hanpy>xeHoi apmMaTypu Ans
BMKOPUCTAHHS Y KOHKPETHIN KpaiHi MOXYyTb BKasyBa-
TUCb Y HauioHanbHOMY AoaaTtky. PekomeHOoBaHi Be-
NMYNHK HaBefeHi y Tabnuuax 6.3N i 6.4N, ski 3acToco-
BYIOTbCS A5 3BUYaHOI | TonepeaHbo HanpyXeHoi ap-
MaTypwu BignNoBIgHO.

Note 1: The values of ye for use in a Country may be
found in its National Annex. The recommended value is 1,0.

Note 2: The values of parameters for reinforcing steels
and prestressing steels S-N curves for use in a Country
may be found in its National Annex. The recommended
values are given in Table 6.3N and 6.4N which apply
for reinforcing and prestressing steel respectively.
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Tabnuusa 6.3N — Xapaktepuctukm S-N-KpMBUX 4518 3BMYaHOT apMaTypHOi cTani

Table 6.3N  — Parameters for S-N curves for reinforcing steel
EKCnoHeHTV HanpyxeHb Acgsk, MIMa
Twun apmyBaHHs N stress exponent npy N* ynknax
Type of reinforcement P p Acgsk [MPa]
! 2 at N* cycles
MpsiMi Ta 3irHyTi CTPUXHI 5
. 1 162,
Straight and bent bars " 0 S 9 62,5
3BapeHi CTpWXKHI Ta CiTKM i3 ApOTYy 7
Welded bars and wire fabrics 10 3 > 58,5
3 e,:_J,l-_|yBanb|-_|| npUCTpoI 107 3 5 35
Splicing devices

HAM Ha koediuieHT 3HmxkeHHs ¢ = 0,35 + 0,026 D/¢
ae: D — piameTp oTBOpPY
¢ — oiaMeTp CTPUXKHS

¢ =0,35+ 0,026 D/¢
where: D diameter of the mandrel
¢ bar diameter

MpumiTka. BenuumHun Acgs, BKasaHi gns npsamux CTpKHIB. [ns 3irHyTUX CTPYXKHIB BEMMYUHU OTPUMYIOTb MHOXEH-

Note: Values for Acgsk are those for straight bars. Values for bent bars should be obtained using a reduction factor

Tabnuusa 6.4N — Xapaktepuctukmn S-N-KprBux 4nsa nonepeaHbo Hanpy>KeHoi apmMaTypHOi cTani

Table 6.4N  — Parameters for S-N curves of prestressing steel
) . . EKCNOHEeHTM HanpyxeHb Acgsk, MlMa
S-N-kpuBi Ana HanpyXeHoi cTani, stress expon?rlﬂ npmcf\if LMKnax
LLIO 3aCTOCOBYETLCA A1 N* A MP
S-N curve of prestressing steel used for ki ks atGlTIS*k ([;ycleas],

Hanpy>XeHHs Ha yrnopw 106 5 9 185
pre-tensioning

HanpyXeHHs Ha 6eToH

post-tension ing

— OOWHOYHI KaHaTK Y NAacTUKOBUX KaHanax 109 5 9 185

— single strands in plastic ducts

— npsima abo kpuBoniHiHa apmartypa y

NNacTMKOBMX KaHanax

. : 108 5 10 150

— straight tendons or curved tendons in

plastic ducts

— KpMBOMiHIHa apMaTypa Yy CTanesmnx kaHanax 108 5 7 120

— curved tendons in steel ducts

— 3’egHyBarnbHi NPUCTPOI 106 5 5 80

— splicing devices

(2) Mpwn BGaraTbox UKUKNax i3 3MiHHOK aMnAiTya0H
YLIKOAXEHHSA MOXYTb [04AaBaTUCh i3 3aCTOCYBaH-
HAM npaBuna NanrpeHa-ManiHepa. OgHak, Koe-
(iuieHT ywkomxkeHb Dg, apmatypu Bif yTomu,
CAPUYMHEHOT BIONOBIAHNMW HaBaHTAXEHHAMM,
NMOBUHEH 3a00BOMbHATU HACTYMHY YMOBY:
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(2) For multiple cycles with variable amplitudes
the damage may be added by using the Palm-
gren-Miner Rule. Hence, the fatigue damage
factor D, of steel caused by the relevant fatigue
loads should satisfy the condition:
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Dey = ZM<1 (6.70)

i
ae:
n (Ac,- )— KiNbKiCTb NpUKNageHnx Lmknis npu gia-
Na3oHi HanpyxeHb Ac;
N(AG,- ) — CyMapHa KifibKiCTb MpUKNageHux LmkK-
niB Npu gianasoHi HanpyxeHb Ac; .
(3)P Akwio nonepenHbo HanpyxeHa abo 3BMyain-
Ha apmaTypa 3a3Hae€ [ii HaBaHTaXXeHb YTOMU, TO

BM3HAYEHI HanpyXeHHs1 He MOBWHHI NepeBuLLyBa-
TW PO3PaxyHKOBOI MILLHOCTi TEKYYOCTi cTani.

(4) MiyHicTb TeKkyyoCTi NOBWHHA MiATBEPAXYBa-
TUCb BUMNPOOYBAHHAMM Ha PO3TAr 3aCTOCOBAHOI
apmarypu.

(5) Axkwo npaBuna po3giny 6.8 3acTOCOBYOTLCSA
OS5 OLiIHKN 3anMLLIKOBOrO CTPOKY CRNYX0u icHyto-
4oi KOHCTpPYKLUii, abo Ana ouiHKKM HeobXigHOCTI
NiACUMEHHS, i KO NoYaBcs NPoLEeCc Koposii, To
AianasoH HarnpyXeHb MOXHa BU3Ha4aTu LUMASIXOM
3MEHLLIEHHSA eKCMOHEHTU HanpyXeHb K, Ansa npsa-
MUX i 3ITHYTUX CTPUKHIB.

MpumiTka. BennuuHa k, 0119 BUKOPUCTAHHS Y KOHKPET-
Hil KpaiHi MOXe BKa3dyBaTUCh Y HaLliOHanbHOMY AodaT-
Ky. PekomeHgoBaHa BenuuuHa 5.

(6)P PiBeHb HanpyxeHb 3BapeHNX CTPUKHIB HiKO-
nM He MOXe MnepeBuLlyBaTW PIBHA HanpyXeHb
A58 NPAMUX | 3iTHYTUX CTPUXKHIB.

6.8.5 lMepesipka i3 eukopucmaHHsIM diana3o-
Hy eKeieanieHMHuUX HanpyxeHb YWKOOXEHHS

(1) 3amicTb AeTanbHOI NepeBipkn Hecy4oi 3aaTt-
HOCTi 40 YLWKOOXeHb 3rigHo 3 6.8.4 y cTaHgapT-
HUX BUNagkax npu BiJOMOMY HaBaHTaXKEHHI
(3ani3HWYHI | AOPOXKHI MOCTM) NEPEBIPKY HA BTOMY
MO>Ha BUKOHYBaTU Tak:
— 4epes [Jiana3oHn ekBiBaneHTHUX HanpyXeHb
YLLKOAXXEHHS AN apMaTypu 3rigHo 3 6.8.5 (3);
— eKBiBaNneHTHUX HanpyXeHb YLIKOMKEHHS ANns
©eToHy 3rigHo 3 6.8.7.

(2) CyTb MmeTOaYy eKBiBaNEHTHUX HAMPY>KeHb YLU-
KOOP)KEHHA nonsrae y npefcraBneHHi haKkTUYHNX
ekcnnyartauiiHMX HaBaHTaXeHb Yepes KifbKiCTb
umknis N* okpemoro AianasoHy HanpyXeHb. Y
EN 1992-2 HapaoTbea BignosigHi moaeni HaBaH-
TaXeHb YTOMW i METOANKM BU3HAYEHHS diana3oHy
eKBIBANEHTHUX HanpPyXeHb ACg g4, ANA BEPXHIX
KOHCTPYKLi AOPOXKHIX i 3ani3HUYHMX MOCTIB.

N(As;)

where:

n(Ac;) is the applied number of cycles for a
stress range Ac;

N(Asc;) is the resisting number of cycles for a
stress range Ac; .

(3)P If prestressing or reinforcing steel is exposed
to fatigue loads, the calculated stresses shall not
exceed the design yield strength of the steel.

(4) The yield strength should be verified by tensile
tests for the steel used.

(5) When the rules of 6.8 are used to evaluate the
remaining life of existing structures, or to assess
the need for strengthening, once corrosion has
started the stress range may be determined by
reducing the stress exponent k, for straight and
bent bars.

Note: The value of k;, for use in a Country may be found
in its National Annex. The recommended values is 5.

(6)P The stress range of welded bars shall never
exceed the stress range of straight and bent bars.

6.8.5 Verification using damage equivalent
stress range

(1) Instead of an explicit verification of the dama-

ge strength according to 6.8.4 the fatigue verifica-

tion of standard cases with known loads (railway

and road bridges) may also be performed as fol-

lows:

— by damage equivalent stress ranges for steel
according to 6.8.5 (3);

— damage equivalent compression stresses for
concrete according to 6.8.7.

(2) The method of damage equivalent stress ran-
ge consists of representing the actual operational
loading by N* cycles of a single stress range.
EN 1992-2 gives relevant fatigue loading models
and procedures for the calculation of the equiva-
lent stress range Acg ¢, for superstructures of ro-
ad and railway bridges.
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(3) Ons 3BMYanHoOI i HAaNpPY>XeHoI apMaTypHOI cTani
Ta 3'egHyBanbHNX NPUCTPOIB MOXHA BBaXaTH, LLIO
HeoOXigHa MIUHICTE Ha BTOMY 3abe3nedvyeTbes,
SKLLIO 3a0BOSbHAETLCA YMOBA BMpa3sy:

YF fat 'AGS,equ(N *) <

ae:
Ac sk (N *) — pianasoH HanpyxeHb npu N* unk-
nax i BignosigHux S-N- KpMBKX, NOKa3aHWX Ha pu-
CYHKy 6.30.

MpuwmiTtka. [ue. Takox Tabnuui 6.3N s 6.4N.

AG 5 6qu(N *) — RianasoH eksiBaneHTHNX Hanpy-
XeHb YLUKOMXXEHHSA ANS Pi3HUX TUMIB apMyBaHHS i
npwu BpaxyBaHHi KiflbKOCTI LMKITIB HABaHTaXXEHHS
N*. [ins 6yAiBensHNX KOHCTPYKUIA AG g gqy (N *)
MOX€ CMpPOLLEHO NPUAMATUCh K AG 5 max;
AG g max — OianasoH MakcUManbHUX HanpyXeHb
npu Bi4NOBIAHMX CMOMYYEHHSIX HaBaHTaXeHb.

6.8.6 IHwi nepeeipku

(1) Ona He3BaptoBaHUX apMaTypHUX CTPUKHIB
npv po3TAry 4ONycKaeTbCst MpUnMaTy, Lo Heob-
XigHa MiUHICTb Ha BTOMY 3a0e3nevyeTbes, SKLWOo
Jiana3oH HanpyxeHb Mpu NOBTOPIOBAHOMY LIMK-
NiYHOMY HaBaHTa)XEHHi y CMOSTy4YEHHi 3 OCHOBHOHO
kombiHaLjieto cTaHOBUTbL Ac g < K.

Mpumitka. BennuunHa ky 4ns BUKOPUCTaHHS Y KOHKPET-
Hil KpaiHi MOXe BKa3dyBaTUCh Y HaLioHanbHOMY goaat-
Ky. PekomeHngoBaHa BenunumHa 70 MMMa.

[na 3saptoBaHnx apMaTypHUX CTPUXKHIB Npu pos-
TAry OOMNyCKaeTbCa MpunmaTh, LWo HeobxiaHa
MiLHICTb Ha BTOMY 3abe3nevyeTbes, SKWOo diana-
30H HanpyXeHb MNpu MOBTOPOBAHOMY HaBaHTa-
XKEHHi y CMonyYeHHi 3 OCHOBHOKW KOMOiHaLieto
CTaHoBUTb Acg < Ky.

Mpumitka. BennuunHa k, 0ns BUKOPUCTAHHS Y KOHKPET-
Hil KpaiHi MOXe BKa3dyBaTUCh Y HaLioHanbHOMY godat-
Ky. PekomeHgoBaHa BenunumnHa 35 MMMa.

(2) Ak cnpoweHHs BuweHaBeaeHoro (1) nepesip-
Ka MOXe BMKOHYBATUChb i3 BUKOPUCTAHHAM YacTo
MOBTOPKOBAHOMO CMOMYyYEHHS HaBaHTaXeHb. HAK-
L0 BOHa 3a10BOSbHAETLCH, TO Y nogarnbLumnx ne-
peBipkax HemMae HeobXigHOCTi.

(3) Axwo 3acTocoBYETLCA 3'€AHAHHS 3BapHOBaH-
HaM abo 3'egHyBanbHUMK MPUCTPOSIMU Y Mnore-
peaHbo HanpyXeHomy O6eToHi, To y 6GeToOHHOMY
nepepisi He [JOMycKaeTbCs pPoO3TAr Yy Mexax
200 MM Big nonepeaHbO HanpyxeHoi abo 3Bnyan-
HOT apmaTtypu npu NOBTOPHOBAHOMY CMOJSTyYEHHI
HaBaHTaXeHb, 3 ypaxyBaHHAM KoedilieHTa 3Hu-
XEHHS k3 AN CepeHbOro 3Ha4YeHHs CUMn Hanpy-
XeHHA P,
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(3) For reinforcing or prestressing steel and spli-
cing devices adequate fatigue resistance should
be assumed if the Expression (6.71) is satisfied:

Ac Rsk (N *)
1S fat ’

(6.71)

where:

Ac gsk (N *) is the stress range at N* cycles from
the appropriate S-N curves given in Figure 6.30.

Note: See also Tables 6.3N and 6.4N.

AG s equ(N™) is the damage equivalent stress
range for different types of reinforcement and
considering the number of loading cycles N*. For
building construction Ac g ¢4, (N *) may be ap-
proximated by Ac g max;

AG 5 max IS the maximum steel stress range under
the relevant load combinations

6.8.6 Other verifications

(1) Adequate fatigue resistance may be assumed
for unwelded reinforcing bars under tension, if the
stress range under frequent cyclic load combined
with the basic combination is Ac g < k4.

Note: The value of kq for use in a Country may be found
in its National Annex. The recommended value is
70 MPa.

For welded reinforcing bars under tension ade-
quate fatigue resistance may be assumed if the
stress range under frequent load combined with
the basic combination is Acg < ks.

Note: The value of k;, for use in a Country may be found
in its National Annex. The recommended value is
35 MPa.

(2) As a simplification to (1) above verification
may be carried out using the Frequent load com-
bination. If this is satisfied then no further checks
are necessary.

(3) Where welded joints or splicing devices are
used in prestressed concrete, no tension should
exist in the concrete section within 200 mm of the
prestressing tendons or reinforcing steel under
the frequent load combination together with a
reduction factor of k5 for the mean value of prest-
ressing force, P,
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MpuwmiTka. BennuunHa k3 05 BUKOPUCTAHHS Y KOHKPET-
Hil KpaiHi MOXe BKa3dyBaTUCh Y HaLliOHanbHOMY godat-
Ky. PekomengoBaHa BenuumHa 0,9.

6.8.7 Mepeeipka 6emoHy Ha cmuck abo 3cye

(1) Onip 6eToHY BTOMi MOXe BBaXaTWUCb JOCTaT-
HiM, SIKLLIO BUKOHYETLCS HacTynHa yMoBa:

Ecd,maxequ +O,43m <1,

ne:

R Ecd,min,equ

equ =

Ecd,max,equ =

Ecd,max,equ =

ne:

Rgqu — CMIBBIAHOLIEHHS HAMPYXXEHHS;
Ecd,min,equ -
CTUCKY;,

MiHIManbHUM piBEHb HanpyxeHb

Egmax.equ — MAKCUManbHWi piBeHb HanpyxeHb
CTUCKY;

fodfat — PO3paxyHkoBa MiLHICTb GETOHY BTOMI
3rigHo 3 (6.76);

Ocdmaxequ — HAVBULLI HaMpyXeHHs rpaHU4Hoi
amnnityam npu N yuknax;

Ocdminequ — HaVHWKUI HaNPYyXeHHs! rpaHNYHOI
amnnityam npu N yuknax.

Mpumitka. Bennuuna N (< 10° umkniB) onst BUkopuc-
Ta@HHA Yy KOHKPETHIN KpaiHi MOXe BKa3yBaTWUCb Y Ha-
uioHanbHoMy pJopaTky. PekomeHpoBaHa BenuuuHa
N=10° LMKRIB.

f
fea fat =K PBec (to)fcd[1 - ij ’

Je:

Bec(to) — KOEdIiLEHT MiLHOCTI 6ETOHY NpyM NepLlo-
My NpuUKNagaHHi HaBaHTaxeHHs (3.1.2(6));

fy — Yac no4aTKy LIMKMIYHOro HaBaHTaXeHHs Oe-
TOHY Yy OHAX.

Mpumitka. BenuumHa k1 Anst BUKOPUCTaHHS Y KOHKPET-
Hil KpaiHi MOXe BKa3yBaTUCh Y HaLliOHanbHOMY godat-
Ky. PekomeHgoBaHa BenunyuHa gna N = 108 UmKnis
ctaHoBuUTb 0,85.

G cd, min,equ

G cd,max,equ

Note: The value of k; for use in a Country may be found
in its National Annex. The recommended value is 0,9.

6.8.7 Verification of concrete under compres-
sion or shear

(1) A satisfactory fatigue resistance may be assu-
med for concrete under compression, if the follo-
wing condition is fulfilled:

(6.72)

where:

; (6.73)

Ecd, max,equ

: (6.74)
fcd [fat

: (6.75)
fcd,fat

where:

Requ
Ecgminequ 18 the minimum compressive stress
level,

is the stress ratio;

Ecomax.equ 18 the maximum compressive stress
level;

fea rat is the design fatigue strength of concrete
according to (6.76);

O¢d,max.equ IS the upper stress of the ultimate amp-
litude for N cycles;

Ocd,min,equ 1S the lower stress of the ultimate amp-
litude for N cycles.

Note: The value of N (< 10° cycles) for use in a Country
may be found in its National Annex. The recommended
value is N = 10° cycles.

6.76
250 ( )

where:

Bcc(ty) is a coefficient for concrete strength at first
load application (see 3.1.2 (6));

ty is the time of the start of the cyclic loading on
concrete in days.

Note: The value of k4 for use in a Country may be found
in its National Annex. The recommended value for
N = 10° cycles is 0,85.
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(2) NMepeBipka BTOMM A45151 6GETOHY NpuU CTUCKY BBa-
XKaeTbCs OOCTATHbOK, SAKLIO 3a40BOSIbHAETLCH
HacTynHa ymoBa:

(2) The fatigue verification for concrete under
compression may be assumed, if the following
condition is satisfied:

Temax - 0540,45°MN (6.77)

fcd,fat
< 0,9 npwu (for)
< 0,8 npwu (for)

ae:
O max — MaKCUMasibHi HanpyXeHHs CTUCKY Y (i6-

pi Np¥ NOBTOPIOBAHI KOMOIHaLii HaBaHTa)XeHHs
(cTnck BBaXxaeTbCs AodaTHIM);

O¢min — MiHIManbHi HaNPyXXeHHs CTUCKY Y Til e
ibpi, Ae Mae Micue 6, ax- TKWO G min — 3YCUIT-
N po3TArY, T0 G i HANEXUTL NpuimaTty = 0.

(3) Bupas (6.77) Takox 3aCTOCOBYETLCSA 4O CTUC-
HYTUX YMOBHUX €MEMEHTIB AN KOHCTPYKLIN, L0
nigaarTbes 3cyBy. Y LbOMY BUNaAKy MiLHICTb 6e-
TOHY foy ¢ MOBUHHA 3MEHLLYBATUCh KOedillieH-
TOM 3HWXEHHST MiLHOCTI (6.2.2 (6)).

(4) Anga enemeHTiB, WO 3a PO3PaxyHKOM He Mo-
TpeObytoTb NMonepeyHoi apMaTtypu y rpaHU4yHoOMy
CTaHi, MOXXHa BBaxaTu, WO OeTOH onupaeTbecs
BTOMi, CNPUYMHEHI BNAIMBOM 3CYBY, SIKLLO BUKO-
PUCTOBYETLCS HACTYMHE:

fcd,fat

. <50 MMa (MPa) ,
. > 50 MMa (MPa) ,

where:

G max 1S the maximum compressive stress at a
fibre under the frequent load combination (comp-
ression measured positive);

G¢min 1S the minimum compressive stress at the
same fibre where o, ,, occurs. If o, i, is a ten-
sile stress, then o, i, should be taken as 0.

(3) Expression (6.77) also applies to the compres-
sion struts of members subjected to shear. In this
case the concrete strength f; ., should be re-
duced by the strength reduction factor (see
6.2.2 (6)).

(4) For members not requiring design shear
reinforcement for the ultimate limit state it may be
assumed that the concrete resists fatigue due to
shear effects where the following apply:

Vg mi VEd,mi
— pgns _E4mn 5 g _ for _Ed:min o 4.
Ed,max Ed,max
M <05+0, 45M < 0.9 Ao (up to) C50/60 (6.78)
‘VRd,c‘ o ‘VRd,c‘ < 0,8 Ginblue Hix (greater than) C55/67
_ HHQM<O' — forM<O'
Ed,max VEd,max
Vv, VEd, mi
Veamar| _ 5 Veominl 679
‘VRd,C ‘ ‘VRd,C
ne: where:

VEg max — PO3PaxyHKoBa BenuyMHa Makcumarb-
HOT MPUKMaAeHOI CUM NpY NOBTOPOBAHOMY Cro-
NYYEHHI HaBaHTaXeHb;

Veg min — PO3paxyHKoBa BenuyMHa MiHiMarnbHoI
npuknageHol cuny nNpy NOBTOPHOBAHOMY CrOJy-
YeHHi HaBaHTaXeHb y nepepisi, 4e Mae Mmicue
VEd,max;

VRye — PO3paxyHKOBa BenuyuvHa ornopy 3cyBy
3rigHO 3 BMpasom (6.2a).
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VEd max IS the design value of the maximum ap-
plied shear force under frequent load combination

Vg min 1S the design value of the minimum applied
shear force under frequent load combination in
the cross-section where Vg, 4, OCCUrS;

VRac is the design value for shear-resistance
according to Expression (6.2.a).
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7 TPAHWYHI CTAHU 3A MPUOATHICTIO IO
EKCMNYATALIIT (SLS)

7.1 3aranbHi NONMoOXeHHsA

(1)P Ller po3ain oxonmntoe 3BU4anHi rpaHnyHi cta-
HW 3a NpUAaTHICTIO 4O ekcnnyaTtauil:

— 0OMeXeHHs1 HanpyxeHb (auB 7.2);

— KOHTPOfb TPILLMHOYTBOPEHHSA (AuB. 7.3);

— KOHTPOfb NPOrvHIB (AuB. 7.4).

IHWi rpaHu4YHi cTaHu (KOMMBaHHS) MOXYTb OyTu
BaXXNUBUMW ANSA OKPEMUX KOHCTPYKLIN, ane y
LbOMY CTaHAapTi He po3rnNAaaTbCs.

(2) MNpwn pospaxyHkax HanpyeHb i NPOrHiB BBa-
XaeTbCs, WO Yy MornepeyHnx nepepisax Hemae
TPIiLLMH Npun 3abe3neyveHHi yMOBW, LLO HanpyXeH-
HS PO3TATY NP 3rUHI HEe NEPEBULLYIOTH i o4 Be-
nuumnHa fy o MOXe npuiAmatuce fy,,, abo fy, 5 3a
YMOBMW, LLIO PO3PaxyHOK MiHIMarbHOIro apMyBaHHS
Ha pO3TAr TaKOX I'PYHTYETbCS Ha TOMY X 3Ha-
YeHHi. [Ons po3paxyHKy LMPUHU PO3KPUTTS
TPILLMH | KOPCTKOCTI Npu po3Tary HeoOXigHO BU-
KOPUCTOBYBATH .

7.2 ObMeXXeHHA piBHSA HanpyXeHb

(1)P Hanpy»xeHHs1 cTUCKy y 6€TOHi NOBUHHI 06Me-
XKyBaTUCb AN 3anobiraHHs NO3O0BXHIM TpiLLm-
HaM, MiKpOTpiWwmHaM abo BUCOKUM PiBHSAM NOB-
3YYOCTi, SIKLLO BOHWN MOXYTb HEraTUBHO BMASIMHYTH
Ha PYHKLIIOHYBaHHSA KOHCTPYKLT.

(2) NMo3[0BXHi TPILLMHM MOXYTb BUHUKATU, AKLLO
piBEHb HaNpPy>XeHb Mpu xapakTepucTU4HOMY Cro-
nyYeHHi HaBaHTaXKeHb NepPeEBULLYE KPUTUYHY Be-
nnumHy. Taki TpiLWMHM MOXYTb MPM3BOAMTM A0
3MEHLLEHHS A0BroBiYHOCTI. 3a BiACYTHOCTI iHLLNX
3axo0fiB, TakmMx K 30iNbLUEHHS 3aXMCHOTO Luapy
O51s apmaTypu y CTUCHYTIN 30Hi aBo BCTaHOBMEH-
HA MonepeyvHoi apMaTypu, MOXIMBO OOMEXNUTU
HanPY>XeHHs CTUCKY 10 BENUYUHW K4f,, y 30HaX i3
cepepoBuwem knacis snnmey XD, XF i XS (Ta6-
niua 4.1).

Mpumitka. BenuumHa k1 Anst BUKOPUCTaHHS Y KOHKPET-
Hil KpaiHi MOXe BKa3dyBaTUCh Y HaLliOHanbHOMY godat-
Ky. PekomengoBaHa BenuumHa kq = 0,6.

(3) AKkwo Hanpy>xeHHs1 y 6ETOHI Npu KBa3inocTil-
HUX HAaBaHTAXEHHAX MeLLi HiXK Ko, MOXHa Npun-
MaTu NiHINHKMIA XapakTep noeayyocTi. [pu nepe-
BULLEHHI HanpyXeHb Yy 6eToHi kyf, HeobxigHo
BpaxoByBaTW HENiHINHUN XapakTep MNOB3Y4OCTi
(ams. 3.1.4).

7 SERVICEABILITY LIMIT STATES (SLS)

7.1 General

(1)P This section covers the common serviceabi-
lity limit states. These are:

— stress limitation (see 7.2);

— crack control (see 7.3);

— deflection control (see 7.4).

Other limit states (such as vibration) may be of
importance in particular structures but are not
covered in this Standard.

(2) In the calculation of stresses and deflections,
cross-sections should be assumed to be uncrac-
ked provided that the flexural tensile stress does
not exceed f o4 The value of f; . may be taken
as foy, or fom p Provided that the calculation for
minimum tension reinforcement is also based on
the same value. For the purposes of calculating
crack widths and tension stiffening 7, should be
used.

7.2 Stress limitation

(1)P The compressive stress in the concrete shall
be limited in order to avoid longitudinal cracks,
micro-cracks or high levels of creep, where they
could result in unacceptable effects on the
function of the structure.

(2) Longitudinal cracks may occur if the stress
level under the characteristic combination of
loads exceeds a critical value. Such cracking may
lead to a reduction of durability. In the absence of
other measures, such as an increase in the cover
to reinforcement in the compressive zone or
confinement by transverse reinforcement, it may
be appropriate to limit the compressive stress to a
value k,f in areas exposed to environments of
exposure classes XD, XF and XS (see Table 4.1).

Note: The value of k4 for use in a Country may be found
in its National Annex. The recommended value is 0,6.

(3) If the stress in the concrete under the quasi-
permanent loads is less than kf,, linear creep
may be assumed. If the stress in concrete exce-
eds k,f,, non-linear creep should be considered
(see 3.1.4).
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Mpuwmitka. BennuuHa k, 0115 BUKOPUCTAHHS Y KOHKPET-
Hil KpaiHi MOXe BKa3dyBaTUCb Y HaLlioHanbHOMY Aodat-
Ky. PekomengoBaHa BenuumHa k, = 0,45.

(4)P HanpyxeHHs po3Tdary B apmaTypi MOBUHHI
obmexyBaTUCb Ans 3anobiraHHs HeNiHinHUM ge-
dopmalliam, HegonycTumMum TpilwmHam abo ae-
PopMyBaHHSIM.

(5) MoxHa BBaxaTu, LLO HEMPUNHATHOMY YTBO-
PEHHIO TpPiWMH abo OedopMyBaHHIO MOXHa 3a-
nooGirTv, SKLWO NpU XapakTepUCTUYHIN KOMBiHaLi
HaBaHTaXeHb Harnpy>XeHHs po3Tary B apmaTtypi
HE NepeBuLLYIOTb Kaf,,. AKLLIO HAaNpPyXeHHs crpu-
YMHeHI NpuknageHow aedopmadieto, To Hanpy-
XXEHHS PO3TAry He MOBUHHI NepesuLLyBaTh Kyf .
CepenHsa BenuuMHa HanpyXeHb Yy nonepeaHbo
Hanpy>xeHi apmaTypi He NoBMHHAa NepeBuLLyBa-
™ Ksfyy.

Mpumitka. Bennunuu ki, k4 i Ks ANst BUKOPUCTAHHA Y
KOHKPETHI KpalHi MOXYTb BKa3dyBaTUCb Yy HauioHarnb-
HoMy pdopaTky. PekomeHpytotbes Benuuunndn 0,8, 1 i
0,75 BignosigHo.

7.3 O6MeXeHHS PO3KPUTTA TPILKUH

7.3.1 3azanbHi nepedymosu

(1)P YTBOpPEHHS TPiLLMH NOBMHHO OOMEXYBaTUCh
[0 PiBHS, 3a SIKOro BOHW He BNNMBAaTUMYTb Ha Ha-
nexHe yHKUiOHYBaHHA abo0 OOBroBIYHICTb KO-
HCTPYKLIiT, 260 BOHM € MPUAHATHUMM.

(2) YTBOpEHHS TPILLUMH € HOpManbHUM AN 3ani-
300€TOHHMX KOHCTPYKLiWA, Ha SKi gie 3ruH, 3pis,
Kpy4eHHs1 abo po3Tar, BUKNMKaHi 6e3nocepenHim
HaBaHTaxeHHAM abo 3akpinneHHsaM, abo npukna-
JeHnMmn gecdopmauismu.

(3) TpiWMHM MOXYTb TaKOX BMHMKATU 3 iHLINX
MPUYMH, TakMX 9K NNacTuyHa ycagka abo 3HauHi
XiMiYHi peakuii y TyxaBitodoMy 6eTOHi. Taki
TPILLUHN MOXYTb BYTU HEMNPUNHATHO BENUKMMMU,
ane 3anobiraHHsa iM He € NpeaMeToM po3rnsagy
LbOro po3ainy.

(4) YTBOpPEHHS TPIiLMH MOXe JonyckaTtucb 6e3
Oyab-sIKOr0 KOHTPOSO iX LWMPUHK Npu 3abeane-
YEeHHi YMOBW, LLIO BOHW He BMfMBalOTb Ha (DYHK-
LliOHYBaHHS KOHCTPYKLUii.

(5) MoBuHHI BCTaHOBNIOBATUCL OOMEXEHHSA 06-
YMCINEHOT LUMPUHM PO3KPUTTS TPILLUH W, 3 YPa-
XyBaHHAM nepeabayvyeHoro (PyHKUiOHyBaHHS i
XapaKkTepy KOHCTPYKLi, a TakoX BUTpaT Ha obme-
XKEHHS TPILLMHOYTBOPEHHS.

MpumiTka. BennunHa Wimax 415 BUKOPUCTAHHS Y KOHK-
PeTHI KpaiHi MoXe BKasyBaTWUCb Y HaLiOHarbHOMY 40~
Aatky. PekomeHOoBaHi BenuuuHW ANs BigNOBIOHUX
KnaciB BNnvBY HaBedeHi y Tabnumui 7.1N.
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Note: The value of k;, for use in a Country may be found
in its National Annex. The recommended value is 0,45.

(4)P Tensile stresses in the reinforcement shall
be limited in order to avoid inelastic strain, unac-
ceptable cracking or deformation.

(5) Unacceptable cracking or deformation may be
assumed to be avoided if, under the characteristic
combination of loads, the tensile stress in the
reinforcement does not exceed kif,,.. Where the
stress is caused by an imposed deformation, the
tensile stress should not exceed k,f,. The mean
value of the stress in prestressing tendons should
not exceed Kkgf.

Note: The values of k3, k4 and ks for use in a Country
may be found in its National Annex. The recommended
values are 0,8, 1 and 0,75 respectively.

7.3 Crack control
7.3.1 General considerations

(1)P Cracking shall be limited to an extent that will
not impair the proper functioning or durability of
the structure or cause its appearance to be
unacceptable.

(2) Cracking is normal in reinforced concrete
structures subject to bending, shear, torsion or
tension resulting from either direct loading or
restraint or imposed deformations.

(3) Cracks may also arise from other causes such
as plastic shrinkage or expansive chemical
reactions within the hardened concrete. Such
cracks may be unacceptably large but their
avoidance and control lie outside the scope of this
Section.

(4) Cracks may be permitted to form without any
attempt to control their width, provided they do not
impair the functioning of the structure.

(5) A limiting calculated crack width, w,,,,, taking
into account the proposed function and nature of
the structure and the costs of limiting cracking,

should be established.

Note: The value of wnax for use in a Country may be
found in its National Annex. The recommended values
for relevant exposure classes are given in Table 7.1N.
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Taonuua 7.1N — PekomeHaoBaHi BENUYUHU Winax, MM

Table 7.1N

— Recommended values of Wiax (mm)

Knac snnuey

ApMOBaHi erneMeHTH i nonepeaHbo HanpyxeHi |[lonepefHLO HanpyxeHi enemMex-
enemeHTn 6e3 34ensieHHsa apmaTtypu
Reinforced members and prestressed

members with unbonded tendons

TW i3 34ENneHHaAM apMaTypu
Prestressed members with
bonded tendons

Exposure Class

KBasinocTinHe cnony4yeHHs HaBaHTaXXeHb

[MoBTOpIOBaHe CNony4YeHHs

Quasi-permanent load combination HaBaHTaXEHb
uasi-per inat Frequent load combination
X0, XC1 0,2
XC2, XC3, XC4 0,22
XD1, XD2, XS1, XS2, XS3 3MeHLLUEeHHSA HaBaHTaXXeHHsA
CTUCKY

Decompression

MOXe nocnabnoBaTUCh.

KBa3inocTilHOMY CMOfyYeHHi HaBaHTaXeHb

combination of loads.

MpumiTtka 1. Ons knacie Bnnvey X0, XC1 wmpurHa TPiLWH He BNMBAE Ha LOBrOBIYHICTb, @ iX 0OMeXXeHHs1 BCTAHOB-
NETLCA AN rapaHTyBaHHSA MPUAHATHOIO BUISAY. AKLWO YMOBM 30BHILLHBLOrO BUMMAAY BiACYTHI, TO Lie 0OOMEXeHHs

Note 1: For X0, XC1 exposure classes, crack width has no influence on durability and this limit is set to guarantee
acceptable appearance. In the absence of appearance conditions this limit may be relaxed.

anIMiTKa 2. Inqa umx knacis BMMBY A0OATKOBO NOBUHHO I'IepeBipﬂTMCb 3MeHLeHHA HaBaHTaXXeHHA CTUCKY npu

Note 2: For these exposure classes, in addition, decompression should be checked under the quasi-permanent

3a BigcyTHOCTI 0cobnmBmMx BMMOT (Hampuknag,
YKOPCTKOCTI BOAM) MOXHaA BBaXaTW, LLO OOMEXEH-
HA BU3HAYEHOI LUIMPUHN POSKPUTTHA TPILLMH W4y,
HaBegeHi y Tabnuui 7.1N, npu KBasinocTinHOMY
cronyyeHHi HaBaHTaxeHb Oyae, 3asBu4yan, goc-
TaTHIM Ang 3anisobeToHHUX enemMeHTiB y ByaiBnsax
CTOCOBHO 30BHILLHbOIO BUrMsSAY i 4OBroBiYHOCTI.

TPiLMHOYTBOPEHHSA MOXe 3Ha4yHO BMMMBaTU Ha
OOBIOBIYHICTb MOMEpPeaHbO HamnpyXeHux ene-
MeHTiB. 3a BIACYTHOCTI Oinbll TOYHWMX BUMOT,
MOXHa OOMycKaTu, L0 OOMEXEHHS BU3HAYEHO!
LUVPUHW PO3KPUTTA TPILLIMH W,p,,,, HABEOEHi y Tab-
nuui 7.1N, npu NoBTOPIOBAHOMY CMOSyYEeHHI Ha-
BaHTaXeHb Oyae, 3a3BuMyan, JocTaTHIM Ans 3a-
ni3o6eTOHHNX NoNepeaHbO HaNpyXeHNx enemMmeH-
TiB. [paHMYHe 3MEHLIEHHSI HaBaHTa)XeHHSA CTUCKY
HeoOXigHe, sIKLLO BCi YaCTMHM HaMpyXeHoi apMa-
Typu abo KaHaniB 3HaXOAATbCS Y CTUCHYTOMY Oe-
TOHI LLIOHAaNMeHLLEe Ha 25 MM.

(6) Ans enemeHTIB TiNbkn 3 HE34YEMMEHO HaNpy-
YKEHOI apMaTypOto 3aCTOCOBYHOTLCS Ti K BUMOT Y,
Wwo i Ansa 3anisobeToHHUX enemMeHTIB. OAnsa ene-
MEHTIB 3 KOMOIHOBaHOI 34ensIeHOo i He34venne-
HOK Hanpy>XeHOK apmaTypor 3aCTOCOBYHTLCS
BMMOTW ANs NonepeaHbo HanpyXeHX eNeMeHTiB
i3 34enneHHsIM HanpyXXeHol apmaTypu.

In the absence of specific requirements (e.g.
water-tightness), it may be assumed that limiting
the calculated crack widths to the values of w,,,
given in Table 7.1 N, under the quasi-permanent
combination of loads, will generally be satisfac-
tory for reinforced concrete members in buildings

with respect to appearance and durability.

The durability of prestressed members may be
more critically affected by cracking. In the absen-
ce of more detailed requirements, it may be
assumed that limiting the calculated crack widths
to the values of w,,,,, given in Table 7.1N, under
the frequent combination of loads, will generally
be satisfactory for prestressed concrete mem-
bers. The decompression limit requires that all
parts of the bonded tendons or duct lie at least
25 mm within concrete in compression.

(6) For members with only unbonded tendons, the
requirements for reinforced concrete elements
apply. For members with a combination of bonded
and unbonded tendons requirements for prest-
ressed concrete members with bonded tendons

apply.
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(7) Ona enemeHTiB, WO 3HAaXOAATbCH Yy cepeno-
BULLi 3 kKnacoMm Bnnuey XD3, MOXyTb 3HagoOUTUCH
crieujanbHi 3axoaun. Bubip 3axoaiB 3anexuTb Big
NPMPOLMN HASIBHUX arpeCUBHUX PEYOBUH.

(8) MNMpw BUKOPUCTAHHI CTUCHYTO-PO3TArHYTUX MO-
Jenen 3 opieHTauied CTUCHYTUX YMOBHUX erle-
MEHTIB BIiAMNOBIAHO 0O TPAEKTOPIA HanpyXeHb
CTUCKY y CTaHi 6e3 TPilunH MOXHa BMKOPUCTOBY-
BaTW 3yCUNNA y PO3TArHYTUX YMOBHUX €feMeH-
Tax Ons BM3HAYEHHS BIAMOBIOHWX HanpyXeHb
apmaTypy 3 MEeTOK OUIHKW LUMPUHU PO3KPUTTS
TpiWwwuH (ame. 5.6.4 (2)).

(9) lWLnpurHY po3KpUTTA TPILLMH MOXHA O0B4mMCchto-
BaTW 3rigHo 3 7.3.4. ANbTepHaTUBOIO € OOMEXKEH-
HS1 PO3MIipY CTPMKHSA abo KpOKy 3rigHo 3 7.3.3.

7.3.2 MinimanbHi nnowi apmamypu

(1)P Ons HeobXigHOro KOHTPOSIKO TPILLUMHOYTBO-
peHHs NOoTpiBbHO 3abe3neyyBaT MiHIManbHY Kinb-
KICTb 34ennieHoi apmatypu Onsa 3anobiraHHs
PO3KPUTTIO TPILLMH Y 30HaX, € OYiKyETbCHA PO3-
Tar. KinbkicTb apmatypy MOXHa BM3HAYUTU i3
YMOBW piBHOBaru Mix 3ycunnsmm postdary y be-
TOHi 6e3nocepeHbO Nepea YyTBOPEHHSM TPILLMH i
3ycunnaMm po3Tary B apMatypi Ha rpaHuLi Teky-
YOCTi ab0 HMXKYMX HAMPYXXEHHSAX, AKLWO HeobXia-
HO 0BMEXyBaTH LUMPUHY TPILLMH.

(2) Akwo BinbLL TOYHMMM PO3paxyHKaMu He Noka-
3aHO, L0 MEeHLLAa niiolla AoCTaTHs, TO MiHiMarb-
Hy NnoLly apmatypu oBUYUCIIOTL 3a HMKYEeHa-
Be4EHMM BMpa3oMm. Y npoduinboBaHMX nepepisax,
Takux gk T-nogibHi i kopobyacTi 6anku, MiHiManb-
He apMyBaHHS HeobOXiAHO BM3HaYaTW OIS OKpe-
MMWX YacTWH nepepisy (CTIHKK, nonudi).

(7) Special measures may be necessary for mem-
bers subjected to exposure class XD3. The choi-
ce of appropriate measures will depend upon the
nature of the aggressive agent involved.

(8) When using strut-and-tie models with the
struts oriented according to the compressive
stress trajectories in the uncracked state, it is
possible to use the forces in the ties to obtain the
corresponding steel stresses to estimate the
crack width (see 5.6.4 (2)).

(9) Crack widths may be calculated according to
7.3.4. A simplified alternative is to limit the bar
size or spacing according to 7.3.3.

7.3.2 Minimum reinforcement areas

(1)P If crack control is required, a minimum amo-
unt of bonded reinforcement is required to control
cracking in areas where tension is expected. The
amount may be estimated from equilibrium bet-
ween the tensile force in concrete just before
cracking and the tensile force in reinforcement at
yielding or at a lower stress if necessary to limit
the crack width.

(2) Unless a more rigorous calculation shows les-
ser areas to be adequate, the required minimum
areas of reinforcement may be calculated as
follows. In profiled cross sections like T-beams
and box girders, minimum reinforcement should
be determined for the individual parts of the
section (webs, flanges).

As min0s = KcKfet effAct (7.1)
ae: where:
Asmin — MiHiManbHa nnotla apmatypHoi cTtani y Asmin is the minimum area of reinforcing steel

PO3TArHYTIN 30Hi;

At — nnoua 6eToHy y po3TArHyTiN 30Hi. PosTar-
HyTa 30Ha — Lie YacTuHa nepepisy, sika 3a pospa-
XYHKOM MOBMHHAa 3a3HaBaTu po3Tary 6esnoce-
peaHbo nepesn YTBOPEHHAM NepLUOi TPILLMHY;

o, — abCconoTHE 3HAaYEHHS MakcMmarbHO Jonyc-
TUMUX HanpyXeHb y apMaTypi 3pasy nicns yTBo-
peHHs TpiwmHN. BoHM MOXYyTb [OpiBHIOBATU
onopy Teky4ocTi apmatypu f,,. OfHaK, Moxe 3Ha-
OOBUTUCH HXKYE 3HAYEHHS AN 3a40BOSNEHHS BU-
MOI CTOCOBHO OOMEXEHb LUMPUHU PO3KPUTTS
TPilWMH BIiAMOBIAHO OO MakCMManbHOro Po3mipy
CTpWHs1 abo kpoky (ams. 7.3.3 (2));
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within the tensile zone;

A.tis the area of concrete within tensile zone. The
tensile zone is that part of the section which is
calculated to be in tension just before formation of
the first crack;

o, is the absolute value of the maximum stress
permitted in the reinforcement immediately after
formation of the crack. This may be taken as the
yield strength of the reinforcement, fyk. A lower
value may, however, be needed to satisfy the
crack width limits according to the maximum bar
size or spacing (see 7.3.3 (2));
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f — cepeaHs BenuunHa MigyHocTi 6eToHy Ha
ct,eff

po3TAr, WO Mae MiCLle B MOMEHT Yacy, KOnn odi-
KyETbCS NosiBa TPILLMH:

fot off = Fotm @00 HUKYe, (Foyy, (1)), SKWO NnosiBa Tpi-
LLMH OYiKyETbCA paHile Hix yepes 28 fib;

k — koeilieHT, Lo BpaxoBye BNNUB HEPIBHOMIp-
HUX CaMOBPIBHOBaXXEHMNX HaMpyXeHb, O Cnpwu-
YMHATb 3MEHLUEHHS 3yCUINS Y 3'€QHaHHSAX;
= 1,0 ansa ctiHok npn h < 300 mm abo nonuub
npuv WNpUHi meHwe Hixx 300 mm;
= 0,65 gn4 cTiHok npu h > 800 mm abo nonuupb
npuv WnpuHi Binble Hix 800 mwm;
MPOMIXKHI 3HAYEHHA MOXYTb BW3HA4YaTUCb
iHTeprnonsuieto;
k. — KoediuieHT, WO BpaxoBye po3noin Hanpy-
XeHb y Mexax nepepizy 6esnocepenHbo nepeg
YTBOPEHHAM TPILLMH | 3MiHOIO nneva napu:
— Ans yucToro po3tary k. = 1,0
— [ONnS 3rMHYy abo CnonyyYeHHs 3rMHY i OCbOBUX
cun:
—  Ans NpsSIMOKYTHUX MepepisiB i CTIHOK kOpo6-
yacTux nepepisis Ta T-nogibHNX nepepisis:

fot off IS the mean value of the tensile strength of
the concrete effective at the time when the cracks
may first be expected to occur:

fot eff = Totm OF lower, (fey, (1)), if cracking is expec-
ted earlier than 28 days;

k is the coefficient which allows for the effect of
non-uniform self-equilibrating stresses, which
lead to a reduction of restraint forces;
= 1,0 for webs with h <300 mm or flanges with
widths less than 300 mm;
= 0,65 for webs with h > 800 mm or flanges
with widths greater than 800 mm;
intermediate values may be interpolated;

k. is a coefficient which takes account of the stress

distribution within the section immediately prior to

cracking and of the change of the lever arm:

— For pure tension k. = 1,0

— For bending or bending combined with axial
forces:

— For rectangular sections and webs of box
sections and T-sections:

(o)

ke =0,41- ¢ <1, (7.2)
¢ { Ka(h1h*)fo ofr }
— Ang nonuub Kopobyactux nepepisie Ta T-no- — For flanges of box sections and T-sections:

AiGHUX nepepisis:
ke :0,9L20,5, (7.3)
Acrfct,eff

ae: where

G, — Cepe/iHi HanpyXeHHs y 6eTOoHi, Lo AiloTb Ha
YaCcTUHY Nepepisy, SKUN Po3rnNagaeTbCs:

Ng4 — ocboBa cuna, npuknageHa y rpaHn4Homy
cTaHi Il rpynu 4o YacTuHKU nonepeYvHoro nepepisy,
AKUIA po3rnafaeTbes (cuna cTucky godatHa). Neggy
NMOBUHHa BU3Ha4yaTUCb 3 ypaxyBaHHAM XapakTte-
PUCTUYHUX BENUYMH CWUM MOMEepPeyHoro Hanpy-
XXEHHs1 i OCbOBUX CUI MpU BiANOBIAHOMY CMoOny-
YEHHi Oin;

h* h*=hnpnh<1,0wm;

h*=10mnpnh>1,0m.

ky — KOemiLi€eHT, L0 BPaxoBY€E BMIIMBU OCbOBMX
CWI Ha PO3MOAIN HaMNpy>XeHb:

ki =1,5, akwo Ng, — cuna CTUCKY;

N
% =pp

o, is the mean stress of the concrete acting on the
part of the section under consideration:

, (7.4)

Ng,4 is the axial force at the serviceability limit
state acting on the part of the cross-section under
consideration (compressive force positive). N
should be determined considering the characte-
ristic values of prestress and axial forces under
the relevant combination of actions

h* h*=hforh<1,0m;
h*=10mforh>1,0m.

k4 is a coefficient considering the effects of axial
forces on the stress distribution:

ki =1,5if Ng, is a compressive force;
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2h*

1 , AKWO Ngy— cuna posTary;

F., — abconioTHa BenuuMHa 3ycunns posTary y
nonuui 6esnocepeaiHbo Nepesl YTBOPEHHAM Tpi-
LMH, 0BYMOBNEHa MOMEHTOM TPILLMHOYTBOPEH-
Hs1, 0BuncneHum npu fo g

(3) MoxkHa gonyckaTtu, Lo 34ensieHa HanpyxeHa
apmartypa y po3TArHyTil 30Hi 3anobirae yTBopeH-
HIO TPiWKH Ha BiacTaHi < 150 MM Big LeHTpa Ha-
npyxeHoi apmatypu. Lle moxe BpaxoByBaTuCb
AobaBneHHsM uneHa & 4A, Ac, y niBy YacTuHy
Bupasy (7.1),

ae:

A’ — nnowa HanpyeHoi Ha ynopu abo Ha 6eToH

p
apMatypu B Mexax A; o5

Ac e — PaKkTMUHa nnoLla posTArHyToro beToHy,
LLIO OTOYyE 3BUYANHY abo HanpyxXeHy apmartypy,
Ha BUCOTI h;.p A€ h;of — MEHLWe i3 3HayeHb
2,5(h-d), (h-x)/3 abo h/2 (pucyHok 7.1)

&4 — NonpaBoOYHUI KOEMILIIEHT MILHOCTI 34enseH-
HS, KU BpaxoBYeE Pi3HULIO B diameTpax none-
peaHbO HanpyXeHoi i 3BMYanHol apmaTypu:

£ =

& — koediLieHT MILHOCTI 34enneHHs nonepeaHbLO
Harnpy>XeHoi i 3BMYaiHOi apmaTypw 3rigHo 3 Tab-
nuueto 6.2y 6.8.2;

$s — HaNBINbLIMIM AiaMeTp CTPUKHSA 3BMYANHOT ap-
mMaTypu;

¢, — EKBIBANEHTHUI fliameTp nonepeaHbo Hanpy-
XXeHoT apmaTypu 3rigHo 3 6.8.2.

Axkwo ana 3anobiraHHA TPILLMHOYTBOPEHHIO 3a-
CTOCOBYETbLCS TiflbKM HanpyxxeHa apmarypa, TO

£1=¢;

Ac,, — 3MiHa HanpyXeHHs1 y nonepefHL0 Harnpy-
XEHin apmaTypi Big CcTaHy HynboBoOi Aedopmadii
BGeTOoHY Ha TOMY X CaMOMYy PiBHiI.

(4) NMonepeaHbO HaMPYXXeHi eNffeMeHTH He noTpe-
OyloTb MiHIManbHOro apmyBaHHS Yy BuNagkax,
KOMM Npu XapakTepUCTUYHOMY CMOSTyYeHHi Ha-
BaHTaXeHb | XapaKTepUCTUYHIA BENWYMHI none-
pPeaHbOro HanpyxXeHHs 6eToH cTucHyTui, abo
abcorntoTHa BENMYMHA HanpyXXeHb po3Tsary y be-
TOHI MEHLLA HiX G .

MpumiTtka. BenuunHa ocip ANA BUKOPUCTAHHA Y KOH-
KPETHIN KpalHl MOXe BKa3yBaTUCb Yy HaLUlOHallbHOMY

fonaTky. PEKOMEeHOOBaHOW € BENUYMHA fy e, 3MIAHO 3
7.3.2 (2).
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k= Z:h if Ngy is a tensile force;

F., is the absolute value of the tensile force within
the flange immediately prior to cracking due to the
cracking moment calculated with f; s

(3) Bonded tendons in the tension zone may be
assumed to contribute to crack control within a
distance < 150 mm from the centre of the tendon.
This may be taken into account by adding the
term & A, "Ac , to the left hand side of Expression
(7.1),

where:

A, is the area of pre or post-tensioned tendons

within A; o

A off is the effective area of concrete in tension
surrounding the reinforcement or prestressing
tendons of depth, h; . Where h, ¢ is the lesser of
2,5(h-d), (h-x)/3 or h/2 (see Figure 7.1).

&, is the adjusted ratio of bond strength taking into
account the different diameters of prestressing
and reinforcing steel:

0s 7.5
. (7.5)

& ratio of bond strength of prestressing and rein-
forcing steel, according to Table 6.2 in 6.8.2;

¢ largest bar diameter of reinforcing steel;

¢, equivalent diameter of tendon according to
6.8.2.

If only prestressing steel is used to control crac-
king, &1 = &;

Ao, Stress variation in prestressing tendons from
the state of zero strain of the concrete at the same
level.

(4) In prestressed members no minimum reinfor-
cement is required in sections where, under the
characteristic combination of loads and the cha-
racteristic value of prestress, the concrete is
compressed or the absolute value of the tensile
stress in the concrete is below o ,.

Note: The value of o, for use in a Country may be
found in its National Annex. The recommended value is
feterr in @ccordance with 7.3.2 (2).
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C — PO3TATHYTUN efieMeHT
Member in tension

PucyHok 7.1 — ®akTnyHa po3TarHyTa 30Ha (TUNoBi BUNaaKu)

Figure 7.1 — Effective tension area (typical cases)

7.3.3 O6mexeHHs1 mpiuuHoymeopeHHs1 6e3
npsiMux po3paxyHkie

(1) Akwo Ha apmoBaHi 3BUYanHoOI0 abo Hanpyxe-
HO apMaTypoto 3anisobeToHHI NUTK y ByAiBNsSX
Ji€ 3rmH 6e3 3Ha4YHOro OCbOBOr0 PO3TArY, TO MOX-
Ha He nepegbadvaTty cneujianbHUX 3axodiB AN
0OMEXEHHST TPILLMHOYTBOPEHHS 3a YMOB, LLO 3a-
ranbHa ToBLWHaA He nepesuye 200 MM i 3acTo-
COBaHO MOJSIOXKEHHA 9.3.

(2) Ons cnpolleHHsa HaBedeHi y 7.3.4 npasuna
MOXHa npeacTaBuT y hopMi Tabnumui npn obme-
XKEHHi fgiameTpa CTpuKHSA abo KpoKy.

7.3.3 Control of cracking without direct calcu-
lation

(1) For reinforced or prestressed slabs in buil-
dings subjected to bending without significant
axial tension, specific measures to control crac-
king are not necessary where the overall depth
does not exceed 200 mm and the provisions of
9.3 have been applied.

(2) The rules given in 7.3.4 may be presented in a
tabular form by restricting the bar diameter or
spacing as a simplification.
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MpumiTka. Akwo 3abesnevyeHo MiHiManbHe apMyBaH-
HS, HaBedeHe y 7.3.2, TO ManoMMOBIPHO, LLO WKMpUHA
TPILLMH NEepEBULLUTL JOMYCTUMY Y pasi, KOnu:

— ANS TPILLMH, CNPUYMHEHNX NEPEBAXKHO 3aKPIiNNeHHsI-
MW, HaBeaeHi y Tabnuui 7.2N po3mipu CTPUXKHIB He ne-
PEBULLLYIOTBECS, SKLLO HanpyXeHHs apmaTypu € Benu-
YMHOIO, OTPUMAHOI 3pasy NiCNs YTBOPEHHS TPILLMH
(To670, 65y BUpa3i (7.1));

— ANS TPILLMH, CIPUYUHEHUX NEPEBAXHO HAaBaHTaXeH-
HSM, 3aCTOCOBYHOTbCS MOMoXeHHs Tabnuui 7.2N, abo
7.3N. HanpyxeHHs y cTani NOBUHHI BU3HA4YaTUCb Ha
OCHOBI Nepepisy 3 TpilmMHaMy Npu BigNOBIAHOMY CMo-
NyYeHHi HaBaHTaXeHb.

Ons 6eToHy, WO HaMpyXXyeTbCsA Ha ynopu, Ae 3ano-
GiraHHa TpilMHaM 3a6e3nevyeTbcsl NEpPeBaxXHO Ha-
NpYXeHok apmaTtypoto 3 6esnocepeHim 34enneHHsM,
Tabnumui 7.2N i 7.3N MOXyTb 3aCTOCOBYBaTUCb 3 Ha-
MPYXXEHHAMMU, L0 AOPIBHIOIOTL 3aranbHUM, MiHYC Mo-
nepegHi Hanpy>xeHHs. [ns 6eToHy, WO HanpyXXyeTbCs
nicnsi 3BeAeHHs, Ae 3anobiraHHs TpilwmHam 3abeane-
YYETLCS NEPEBAXHO 3BUYANHOK apMaTypoto, Tabnuui
MO>XYTb 3aCTOCOBYBATUCH i3 HAMPYXXeHHAMN Y Ui ap-
MaTypi, BU3HAYEHVMU 3 ypaxyBaHHSAM BMMMBY none-
PEAHBbOrO HaMpPYXXeHHs.

Note: Where the minimum reinforcement given by 7.3.2
is provided, crack widths are unlikely to be excessive if:

— for cracking caused dominantly by restraint, the bar
sizes given in Table 7.2N are not exceeded where the
steel stress is the value obtained immediately after
cracking (i.e. o5 in Expression (7.1)).

— for cracks caused mainly by loading, either the pro-
visions of Table 7.2N or the provisions of Table 7.3N
are complied with. The steel stress should be calcula-
ted on the basis of a cracked section under the relevant
combination of actions.

For pre-tensioned concrete, where crack control is
mainly provided by tendons with direct bond, Tab-
les 7.2N and 7.3N may be used with a stress equal to
the total stress minus prestress. For post-tensioned
concrete, where crack control is provided mainly by
ordinary reinforcement, the tables may be used with
the stress in this reinforcement calculated with the
effect of prestressing forces included.

Ta6nuua 7.2N — MakcumanbHWi giaMeTp CTPYKHSA ¢; Anst OBMEXEHHS TPILLMHOYTBOPEHHS'

Table 7.2N  — Maximum bar diameters ¢; for crack control’
5 MakcmanbHUIn po3mip CTPUKHSA, MM
HanpyxeHHsi B apgnaTypl , MNa Maximum bar size [mm]
Steel stress” [MPa]
wi = 0,4 mm (mm) wi = 0,3 mm (mm) wi = 0,2 Mmm (mm)
160 40 32 25
200 32 25 16
240 20 16 12
280 16 12 8
320 12 10 6
360 10 8 5
400 8 6 4
450 6 5 -

Mpumitka 1. 3HaveHHs y Tabnuui FPYHTYIOTBCSA 3@ HACTYNHUX YMOB: € = 25 MM; fyer = 2,9 MIMa; h = 0,5; (h-d) =
=0,1h; k1=0,8; k,=0,5; k.=0,4; k=1,0; kk=0,4; k'=1,0.

Note 1: The values in the table are based on the following assumptions: ¢ =25 mm; f,er= 2,9 MPa; h,=0,5; (h-d)=
=0,1h; k1=0,8; k2=0,5; k. =0,4; k=1,0; kk=0,4; k'=1,0.

MpumiTtka 2. MNpu BiANOBIGHOMY CMOSNYYeHHI HaBaHTaXeHb.

Note 2: Under the relevant combinations of actions

158


arymarenko
Прямоугольник


Tabnuusa 7.3N — MakcumarnbHWIA KPOK CTPUXKHIB ANst OOMEXEHHS TpiLLI,VIHoyTBOpeHHﬂ1

Table 7.3N  — Maximum bar spacing for crack control’
o MakcrmanbHUn po3mip CTPYXKHS, MM
HanpyxeHHsa B apmaTypi®, MlMa Maximum bar size [mm]
Steel stress? [MPa]
wi = 0,4 Mm (mm) wi = 0,3 Mm (mm) wi = 0,2 MM (mm)
160 300 300 200
200 300 250 150
240 250 200 100
280 200 150 50
320 150 100 —
360 100 50 —

! Mpumitkn gue. y Tabnuui 7.2N
' For Notes see table 7.2N

MakcumanbHUn giameTp CTPMXKHA HEOBXigHO KO-
puUryBaTi y HacTyMHMX BMnNagKkax:

NpW 3rMHi (KoMK YacTUHa Nepepisy CTUCHYTA):

bs :¢;(fct,eff /219)

Mpu po3Tary (piBHOMiIpPHUI OCbOBUIA PO3TST):

ds :d);(fct,eff /219)hcr /(8(h _d))’

ae:
ds — 3a4aHUN AiamMeTp CTPUKHS;

<|); — MakcumarnbHWUN giameTp CTPWKHSA 3a Tabnu-
ueto 7.2N;

h — 3aranbHa BUcoTa nepepiay;

h., — BACOTa pPO3TArHYTOI 30HM NiCMNA YTBOPEHHS
TPILWUH 3 ypaxyBaHHAM BenuYWMH CUM nonepen-
HbOrO Hampy>XeHHS i OCbOBUX CWI MPU KBasinoc-
TiINHOMY CMOMyYeHHi BMNMBIB;

d— hakTnyHa B1COTa A0 LieHTPpa Barn 30BHIiLLHbLO-
ro wapy apmatypu.

AKWwo Becb nepepiz po3TArHyTMr, To h-d € MiHi-
MarnbHOI BIACTaHHIO Bif LleHTpa Baru Lwapy ap-
mMaTypu OO rpaHi 6eToHy (BpaxOBYETbCA KOXHa
rpaHb NPU HECMMETPUYHIN apMaTypi).

(3) Barnku i3 3aransHoto Bucotoro 1000 MM i Binb-
LIe, KONMM OCHOBHA apmaTypa CKOHLIeHTpoBaHa
TiNbKWM Ha HEBEINUKIN YaCTUHIi MO BUCOTI, NOBUHHI
3abesneyyBaTUCh 404ATKOBMM NOBEPXHEBUM ap-
MyBaHHSM A5 3anobiraHHA TpilmMHaM Ha NULbo-
Bin noBepxHi Ganku. Lle apmyBaHHS MOBMHHO
PiBHOMIPHO PO3MOAINSATUCE MiXK PiBHEM PO3TATHYTOI

The maximum bar diameter should be modified
as follows:

Bending (at least part of section in compression):
kChCI’ .

2h-d) (7.6N)

Tension (uniform axial tension)

(7.7N)

where:
¢ is the adjusted maximum bar diameter;

<|); is the maximum bar size given in the Table
7.2N;
h is the overall depth of the section;

h., is the depth of the tensile zone immediately
prior to cracking, considering the characteristic
values of prestress and axial forces under the
quasi-permanent combination of actions;

d is the effective depth to the centroid of the outer
layer of reinforcement.

Where all the section is under tension h-d is the
minimum distance from the centroid of the layer of
reinforcement to the face of the concrete (consi-
der each face where the bar is not placed sym-
metrically).

(3) Beams with a total depth of 1000 mm or more,
where the main reinforcement is concentrated in
only a small proportion of the depth, should be
provided with additional skin reinforcement to
control cracking on the side faces of the beam.
This reinforcement should be evenly distributed
between the level of the tension steel and the
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apMatypu i HeMTparnbHOK BICCIO Ta pO3TallOBY-
BaTUCb MiX 3'egHaHHaAMU. Tnowa nepepisy no-
BEPXHEBOI apMaTypu MOBMHHA OyTW HE MEHLLIOH
Hi>XX BU3HayeHa 3a 7.3.2 (2), npuimatoum k= 0,5, a
o5 = f, Kpok i AiameTp HeoOXiAHUX CTPUXHIB
MO>XHa BM3Ha4nTH 3a 7.3.4 abo npu BiaNoOBiAHOMY
crnpoweHHi (gue. 7.3.3 (2)), npunyckatouu, Lo
YUCTUWN POITAr Ta HaMNpPYXXeHHA y apMaTypi 4opiB-
HIOE MOMOBUHI BU3HAYEHOro AN OCHOBHOI apma-

TYpU 3Ha4YEHHA.

(4) HeobxigHo 3BaxaTu, LLO iCHYe neBHa Hebes-

neka BUHUKHEHHS BENUKMX TPILLMH y nepepisi, Ae

Mae MicLe pi3ka 3MiHa HanpyXeHb, Hanpuknaa;

— npw 3miHax nepepisy;

— nobnuay 3ocepe>KeHNX HaBaHTaXeHb;

— Yy Micugx, e CTPWXHI 06puBaoTbLCS;

— Yy 30Hax BWCOKMUX HamMpyXeHb 34EmnEHHs,
0cob6nMBO Ha KiHUSX 3'€gHaHb BHamMycK.

Ha Taki micusa cnig 3BepHyTM ocobnuBy yBary,
Wwo6 MiHiMizyBaTU 3MiHY Hanpy»XeHb, HaCKiNbKu
ue moxnmeo. OAHak, BULLleHaBeAeHi NpaBuna 3a-
nobiraHHs yTBOPEHHIO TPILLMH, 3a3Bu4an, byayTb
poctatHiMn ansa 3abesnevyeHHsa KOHTPOM BKa-
3aHMX MiCLb 3@ YMOBM 3aCTOCYBaHHSI HABEAEHMWX Y
posainax 8 i 9 npaBun KOHCTPYOBAHHA apMyBaHHS.

(5) MoxHa BBaxaTtu, WO TPILINMHOYTBOPEHHS
BHacnigok BNNMBY AOTMYHMX HaBaHTaXeHb OOcC-
TaTHLO OBMEXYETLCH, KO BPaxoBaHi npasuna
KOHCTpYlOBaHHA, HapaHi y 9.2.2, 9.2.3, 9.3.2 i
9.4.4.3.

7.3.4 Po3paxyHOK WUpPUHU PO3KpumMmsi mpi-
WUuH

(1) WwupuHa TpilLMH W), MOXe BU3HaA4aTUCh 3a BU-
pasom:

neutral axis and should be located within the links.
The area of the skin reinforcement should not be
less than the amount obtained from 7.3.2 (2)
taking k as 0,5 and o as f, . The spacing and
size of suitable bars may be obtained from 7.3.4
or a suitable simplification (see 7.3.3 (2)) assu-
ming pure tension and a steel stress of half the
value assessed for the main tension reinforce-
ment.

(4) It should be noted that there are particular

risks of large cracks occurring in sections where

there are sudden changes of stress, e.g.

— at changes of section;

— near concentrated loads;

— positions where bars are curtailed;

— areas of high bond stress, particularly at the
ends of laps.

Care should be taken at such areas to minimise
the stress changes wherever possible. However,
the rules for crack control given above will nor-
mally ensure adequate control at these points
provided that the rules for detailing reinforcement
given in Sections 8 and 9 are applied.

(5) Cracking due to tangential action effects may
be assumed to be adequately controlled if the
detailing rules given in 9.2.2, 9.2.3, 9.3.2 and
9.4.4.3 are observed.

7.3.4 Calculation of crack widths

(1) The crack width, w,, may be calculated from
Expression (7.8):

Wy = Sr,max(gsm _Scm) . (7.8)
ae: where
S/ max — MaKCUMarbHUIN KPOK TPILLMH; Sy max IS the maximum crack spacing;

gsm — cepenHi dedpopmauii B apmatypi npm
BiQMNOBIAHOMY CNOMYYEHHI HaBaAHTaXEHb, BKIHOY-
HO 3 BNAMBOM NpUKNageHux gedopmadin 1a npu
BpaxyBaHHi BMMBY >XOPCTKOCTI NpWU po3TAry.
BpaxoByloTbCcs Tinbku gogaTkosi  gedopmaltit
po3TAry, Wo MarTb MicLe npu aedopmadii 6eto-
HY Ha TOMY X PiBHi BULLE HYIS;

&cm — CEPeaHs Aedopmallis 6eTOHY MiX TpiLLuHa-
MMW.

(2) &gy — €cm MOXE BM3HAYATUCh 3@ HACTYMHUM
B/Pa3oM:
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&sm IS the mean strain in the reinforcement under
the relevant combination of loads, including the
effect of imposed deformations and taking into
account the effects of tension stiffening. Only the
additional tensile strain beyond the state of zero
strain of the concrete at the same level is
considered;

gqm 1S the mean strain in the concrete between
cracks.

(2) ey — &y May be calculated from the expres-
sion:
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os —k¢

Pp,eff

fct,eff

(1 +Ocepp,eff)

€sm “€cm =

ae:

G — HaMpy>XeHHs y po3TArHyTiii apMaTypi npu ne-
pepisi 3 TpinHamn. [Ina enemeHTiB, HanpyXeHnx
Ha ynopu, g MOXHa 3aMiHUTV Ha 3MiHYy Hanpy-
XeHb Ac, y nonepeaHbo HanpyXeHin apmaTtypi
BiJ CTaHy HynboBOI AechopMaLii 6eToHy Ha ToMy
X PiBHi.

O, — BiAHOWeHHs Eg /E

Ppeff = (As +§$A;)) I Ac eff

ros .

Ap 1 A; off BUSHAYaIOTBCS 3a 7.3.2 (3);

&, — 3rioHo 3 Bupasom (7.5);

ki — KoeiLieHT, Lo 3aneXunTb Bid TPMBanNoCTi Ha-
BaHTaXXEHHS;

k; = 0,6 Ana KOPOTKOTPUBAIIOIO HABAHTaXEHHS,
k; = 0,4 nna NOBroTpMBarnoro HaBaHTaXKeHHs.

(3) Y Bunagkax, konu 34yenneHa apmartypa Ha
OO0CTaTHbO BNN3BKNX LIEHTPaXxX Y MeXax po3TArHy-
TOi 30HM (KPOK < 5(C + ¢/2), MakcMMarnbHUiA KiHLe-
BUIN KPOK TPILLWH MOXHa BM3HAYUTK 3a BMPA30M
(7.11), pucyHok 7.2.

Sr,max =k3C +KKoks /Pp,eff )

ae:

¢ — OiamMeTp CTpWXKHSA. FAKWO y nepepisi BUKO-
PUCTOBYOTLCS CTPUXKHI PI3HUX JiameTpiB, TO HEOO-
XiZHO BU3HAYNUTK EKBIBareHTHUIA OiaMeTp ¢eq. Ons
nepepisy 3i CTPMXXHAMM N4 AiaMeTpoMm ¢4 i N, AiameT-
POM ¢p MOXHa 3aCTOCOBYBaTN HACTYMHUN BUPa3:

¢eq

C — 3axuCHWIA Wwap GEeTOHY ANa NO3O0BXHbLOI ap-
MaTypu;
ki — KoedilieHT, L0 BpaxoBye XapaKTEPUCTUKM
34enneHHa apmaTypu:
= 0,8 ons CTPUXHIB i3 BUCOKUM 34ENSIEHHSM;
= 1,6 Ansa CTPWXKHIB i3 haKTMYHO rNagKkor no-
BEPXHEI (Hanpuknag, HanpyxeHi ny4ku);
k, — KoediuieHT, Lo BpaxoBye po3noin aedop-
MaLin:
= 0,5 onga 3runy;
= 1,05 ons yncrtoro po3T4ry.

2 2
_ n1¢1 +n2¢2
niq+nzdo

>062s

7.9
. E. (7.9)

where:

cs is the stress in the tension reinforcement
assuming a cracked section. For pretensioned
members, o, may be replaced by Ac, the stress
variation in prestressing tendons from the state of
zero strain of the concrete at the same level.

a, is the ratio Eg /E,

(7.10)

A, and A; i are as defined in 7.3.2 (3);
&, according to Expression (7.5);

k; is a factor dependent on the duration of the
load,;

k; = 0,6 for short term loading;

k; = 0,4 for long term loading.

(3) In situations where bonded reinforcement is
fixed at reasonably close centres within the ten-
sion zone (spacing < 5(c + ¢/2) the maximum final
crack spacing may be calculated from Expression
(7.11) (see Figure 7.2)

(7.11)
where:

¢ is the bar diameter. Where a mixture of bar
diameters is used in a section, an equivalent dia-
meter, ¢.,, should be used. For a section with n,

bars of diameter ¢, and n, bars of diameter ¢,, the
following expression should be used

(7.12)
c is the cover to the longitudinal reinforcement;

k, is a coefficient which takes account of the bond
properties of the bonded reinforcement:
= 0,8 for high bond bars
= 1,6 for bars with an effectively plain surface
(e.g. prestressing tendons)

k, is a coefficient which takes account of the dist-
ribution of strain:

= 0,5 for bending;

= 1,0 for pure tension.
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- HelTpasibHa BiCh

-<..> - Neutral axis

- TIOBEPXHS PO3TATHYTOrO

OeTony
- Concrete tension surface

- KPOK TpIlUKMH, PO3paxoBaHuii 3a
BupaszoMm (7.14)
- Crack spacing predicted by

Expression (7.14)

IEI - KPOK TpilllMH, pO3paxoBaHuii 3a
BupazoM (7.11)
- Crack spacing predicted by
Expression (7.11)

- (hakTMYHA IIMPHHA TPILlIMH
- Actual crack width

PucyHok 7.2 — LLIvpuHa TpilumMH w Ha NOBEPXHi OETOHY B 3aneXXHOCTI Bif, BiACTaHi MiXK CTPVDKHAMMN

Figure 7.2 — Crack width, w, at concrete surface relative to distance from bar

Y BUMNagKy po3Tary 3 eKCLeHTpucuTeToM abo ons
nokKanbHMX 30H HeobXigHO 3acTocoByBaTWU MpPO-
MDKHI 3HaYeHHs Ky, AKi MOXHa BMU3HAYMTK i3 Bia-
HOLUEHHS!:

For cases of eccentric tension or for local areas,
intermediate values of k, should be used which
may be calculated from the relation:

k2 2(81+82)/281, (713)

ne g4 — HanbinbLWwa, a &, — HanmeHLa gedopma-
Lig Ha Mexax nepepisy, SKUM pOo3rnsgaceTbes,
BU3HaAYeHi Ang nepepisy 3 TpilnHamu.

MpuwmiTka. Benuunnu ks i ky 4Nst BUKOPUCTAHHSA Y KOHK-
PETHI KpaiHi MOXYTb BKa3yBaTWUCb Y HaLiOHaNbHOMY
popatky. PekomeHgoBaHumu € Bennunim 3,4 t1a 0,425,
BiAMNoBiaHO.

AKWO KpOK 34ennieHoi apmaTypu NepeBULLYE
5(c + ¢/2) (pucyHok 7.2) abo AKLLo 34enneHa ap-
MaTypa Yy PO3TArHYTiN 30Hi BiACYTHHA, TO MOXHa
3HaANTN BEPXHIO MEXY LUMPUHN TPILLIMHM 3a YMOBH
MaKCUMarnbHOrO KPOKY TPILLMH:

Sr.max =
(4) AKWwo KyT MK BIiCCIO FONMOBHUX Hanpy>XeHb i

HanpsAMKOM apmaTypyu AN eNneMeHTiB, apMoBa-
HMX Yy [BOX OPTOroOHanbHUX HanpsiMax, € CyT-

where ¢, is the greater and ¢, is the lesser tensile
strain at the boundaries of the section considered,
assessed on the basis of a cracked section

Note: The values of k3 and k, for use in a Country may

be found in its National Annex. The recommended
values are 3,4 and 0,425 respectively.

Where the spacing of the bonded reinforcement
exceeds 5(c + ¢/2) (see Figure 7.2) or where there
is no bonded reinforcement within the tension
zone, an upper bound to the crack width may be
found by assuming a maximum crack spacing:

1,3(h-x), (7.14)

(4) Where the angle between the axes of principal
stress and the direction of the reinforcement, for
members reinforced in two orthogonal directions,
is significant (>15°), then the crack spacing s, .
may be calculated from the following expression:

7.15
sin® ( )

TEBUM (>15°), TO KPOK TPIWMH S, . MOXe
BU3HA4YaTMCb 3@ HaCTYMHVM BUPa3OM:
S =
r,max cos
Sr,max,y
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ae:
0 — KyT Mk apmMaTypOto B HanpsiMKy OCi y i Hanps-
MOM FONOBHUX HaMpYyXeHb PO3TAry;

St max,y Sr,max,z — KPOK TPILLWH, BUSHAYEHUN 3riAHO
7.3.4 (3) y HanpsAMKax y i z BignoBigHo.

(5) Ons cTiH, WO 3a3HalTb PaHHLOI TEPMIYHOI
ycagku, a nnoua nepepisy ropusoHTanbHoOI ap-
matypu A He Bianosigae sumoram 7.3.2 i AKLLO
HU3 CTiHM OOMEXEeHUN nonepeaHbO0 BUKOHAHOM
OCHOBOIO, TO MOXHa NPUNYCKaTH, LLO S, 4 AOPIB-
Htoe 1,3 BUCOTU CTiHW.

Mpumitka. [Npn BUKOpUCTaHHI CipoLleHnx MeTodiB 06-
YUCTIEHHS! LUMPUHM PO3KPUTTS TPILLMH BOHW MOBUHHI

IPYHTYBaTUCb Ha XapaKTepPUCTUKaX, HaBeEHUX Y LIbOMY
cTaHgapTi, abo obrpyHTOBYBaTMCL BUNPOBYBaHHAMM.

7.4 ObMeXXeHHS NPOruHiB

7.4.1 3azanbHi nepedymosu

(1)P Oedbopmauii enemeHTa abo KOHCTPYKLUii He
MOBMWHHI BNIIMBATN HECNIPUATIIMBO Ha IX HanexHe
PYHKLiOHYBaHHS | 30BHILUHIN BUTNAS,.

(2) HeobxigHo BCTaHOBNIOBATU BIiAMOBIOHI rpa-
HUYHI BENUYMHM MPOTUHIB 3 YpaxyBaHHAM Xapak-
Tepy KOHCTPYKLil, 03400MeHHs, neperopofok i
3aKpinneHb, a TakoX (PyHKUiOHaNbLHOro npusHa-
YEHHSI.

(3) OedopmaLii He NOBMHHI NepeBuLLYBaTK TUX,
AKI MOXYTb CNPUAHATY iHLLI 3aKpinneHi enemeH-
TN, TaKi KK NEPeropoakun, CKMiHHS, NULIOBAHHS,
KOoMmyHikauii abo 030o6neHHs. B okpemux Bunaga-
Kax obMeXeHHs HeoOXiaHi Ans 3abe3neYvyeHHs Ha-
nexHoro  yHKUiOHyBaHHA ob6nagHaHHa abo
anapaTtypu, WO obnmpatoTbCs Ha KOHCTPYKLtO,
abo gns 3anobiraHHsa gedopmadiam Big 3arton-
NEHHS NITOCKNX MOKpiBEnb.

MpumiTtka. [paHWYHiI NPOrvHN, HaBeaeHi Huxkye y (4) i
(5), B3aTi 3 ISO 4356 i, 3a3Bmyai, NOBUHHI 3abe3neyvy-
BaTU NPUNHATHI XapakTepucTuku ByaiBenb, Takmx siK
XnTtnosi 6yanHkn, odicu, rpomaackki dyaisni abo nia-
npuemctea. Cnig 3BepHyTH yBary, Lo A0NyCTUMI Npo-
MHW BIi4NOBIgAOTb KOHKPETHUM KOHCTPYKLUIAM, SKi
po3rnagarThes, i WO HemMae crneuianbHux Bumor. lo-
JanbLly iHopmaLito CTOCOBHO MPOTMHIB i TPaHUYHMUX
BENUYUH MOXHa oTpumaTn 3 ISO 4356.

where:

0 is the angle between the reinforcement in the y
direction and the direction of the principal tensile
stress;

Srmax,y Srmax,z are the crack spacings calculated
in the y and z directions respectively, according to
7.3.4 (3).

(5) For walls subjected to early thermal contrac-
tion where the horizontal steel area, Ag does not
fulfil the requirements of 7.3.2 and where the
bottom of the wall is restrained by a previously
cast base, s, ,,x may be assumed to be equal to
1,3 times the height of the wall.

Note: Where simplified methods of calculating crack

width are used they should be based on the properties
given in this Standard or substantiated by tests.

7.4 Deflection control
7.4.1 General considerations

(1)P The deformation of a member or structure
shall not be such that it adversely affects its
proper functioning or appearance.

(2) Appropriate limiting values of deflection taking
into account the nature of the structure, of the
finishes, partitions and fixings and upon the
function of the structure should be established.

(3) Deformations should not exceed those that
can be accommodated by other connected
elements such as partitions, glazing, cladding,
services or finishes. In some cases limitation may
be required to ensure the proper functioning of
machinery or apparatus supported by the
structure, or to avoid ponding on flat roofs.

Note: The limiting deflections given in (4) and (5) below
are derived from ISO 4356 and should generally result
in satisfactory performance of buildings such as
dwellings, offices, public buildings or factories. Care
should be taken to ensure that the limits are
appropriate for the particular structure considered and
that that there are no special requirements. Further
information on deflections and limiting values may be
obtained from ISO 4356.
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(4) 3oBHilWwHIV BMA Ta 3aranbHe BUKOPUCTAHHSA KO-
HCTPYKLIT MOXe noriplyBaTuCh, AKLLO BU3HaYe-
HUIA NporvH G6anku, NNuTK abo KoHconi Npu KBa-
3iMOCTIMHUX HaBaHTaXeHHAX nepesuwye 1/250
NponboTy. MNporMH 06YMCROETHCS BiAHOCHO OMOP.
[Ons komneHcauii neBHOI YacTMHM abo BCbOrO
NporMHy MOX€e 3acTOCOBYBaTuCb "OyaiBenbHWiA
nigom", ane 3BOPOTHIN BUIMMH, CHOpMOBaHUI
onany6koto, 3a3BMYal He NOBUHEH NepeBuLLyBa-
™™ 1/250 nponboTy.

(5) HeobxigHO obmexxyBaTh NPOrvHK, SIKi MOXYTb
CMPUYMHUTU NOLLKOKEHHS MPUMErnmx 4acTuH
KOHCTpPYKLUii. 3a3Bnyan, nicnsd 3aBepLUeHHs Byais-
HULTBA MPUAHATHUM € rpaHnYHuiA npormH 1/500
NPOJSIbOTY NP KBA3iNOCTINHNUX HAaBaHTaXEHHAX. Y
3anexHocCTi Big4 YyTNUBOCTI MpuURernMx YacTtuH
MOXYTb PO3rNs4aTMCh iHLWI AONYCTMMi 3HAYEHHS.

(6) NpaHMyHWMIA cTaH 3a gedopMaLlielo MoXe ne-

PEBIPATUCH Tak:

—  WNAXOM OBMEXeHHS CniBBiAHOLWEHHS NponiT/
BUCOTA, 3rigHo 3 7.4.2 abo

— MOPIBHAHHSIM MPOrMHY, BU3HAYEHOro 3rigHo 3
7.4.3 3 rpaHNYHO-A0MNYCTUMUM.

MpumiTka. PakTnyHi gedopmadii MOXyTb Bigpi3Hs-

TUCb Big 064ncneHnx, ocobnmeo Konu NpukKnageHi Mo-

MEHTW, OnM3bki 0O MOMEHTIB TPILLMHOYTBOPEHHS.

BigxuneHHsa 3anexatb Big gucnepcii xapakTepucTuk

mMaTepianis, YMOB HaBKOSMLIHbOIMO CepefoBuLLa,

NOCnigOBHOCTI HaBaHTaXEHHS!, 3aKPIiNEHHA Ha ono-

pax, 'PYHTOBUX YMOB TOLLO.

7.4.2 Bunadku, kosiu 064YUCJIEHHS MOXHa He
@UKOHyeamu

(1)P Ak npaBuno, Hemae HeobxigHOCTi 064mnchto-
BaTW MPOrMHW AeTarnbHO 3a MPOCTOK npoueay-
poto, Hanpuknag, OOMeXeHHs CniBBiQHOLUEHHS
nponit/sucota MoxHa ccopmyntoBaTn Tak, LLO
BOHO Oyae gocTaTHiIM ansa 3anobiraHHs Hegonyc-
TUMUM NPOrMHaM y HopMaribHUX ymoBax. binbLu
CcyBOpa nepesipka HeobxigHa Ansl eNleMEeHTIB, Lo
He Bi4NOBIAATb TakMM O0OMEXeHHsIM, abo Konm
rPaHWYHi NPOrMHU BIAPI3HATLCA Big TUX, WO ne-
penbayeHi y cnpoLleHnx meToaax.

(2) Akwo po3mipn 3anisobeTOHHUX Banok i MUT Y
OyniBnax MNpUMHATI Tak, WO BiAHOLUEHHSA Mpo-
NbOTIB 4O BMCOT BIiAMOBIgAKTb MPaAHUYHUM, TO
MOXHa BBaXKaTu, LLO X MPOrMHM He nepeBuLLy-
I0Tb AOMNYCTUMUX, BKasaHux y 7.4.1 (4) i (5). Npa-
HUYHE CMIBBIAHOLIEHHA MpONiIT/BUCOTA MOXHA
BU3Ha4YUTK 3a Bupa3amm (7.16.a) i (7.16.b) 3 Hac-
TYMHMM MHOXEHHAM Ha nonpaBoYHi KoedilieHTn
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(4) The appearance and general utility of the
structure could be impaired when the calculated
sag of a beam, slab or cantilever subjected to
quasi-permanent loads exceeds span/250. The
sag is assessed relative to the supports. Pre-
camber may be used to compensate for some or
all of the deflection but any upward deflection
incorporated in the formwork should not generally
exceed span/250.

(5) Deflections that could damage adjacent parts
of the structure should be limited. For the deflec-
tion after construction, span/500 is normally an
appropriate limit for quasi-permanent loads.
Other limits may be considered, depending on the
sensitivity of adjacent parts.

(6) The limit state of deformation may be checked

by either:

— by limiting the span/depth ratio, according to
7.4.2 or

— by comparing a calculated deflection, accor-
ding to 7.4.3, with a limit value.

Note: The actual deformations may differ from the

estimated values, particularly if the values of applied

moments are close to the cracking moment. The diffe-

rences will depend on the dispersion of the material

properties, on the environmental conditions, on the

load history, on the restraints at the supports, ground

conditions, etc.

7.4.2 Cases where calculations may be omit-
ted

(1)P Generally, itis not necessary to calculate the
deflections explicitly as simple rules, for example
limits to span/depth ratio may be formulated,
which will be adequate for avoiding deflection
problems in normal circumstances. More rigorous
checks are necessary for members which lie
outside such limits, or where deflection limits
other than those implicit in simplified methods are
appropriate.

(2) Provided that reinforced concrete beams or
slabs in buildings are dimensioned so that they
comply with the limits of span to depth ratio given
in this clause, their deflections may be considered
as not exceeding the limits set outin 7.4.1 (4) and
(5). The limiting span/depth ratio may be estima-
ted using Expressions (7.16.a) and (7.16.b) and
multiplying this by correction factors to allow for
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O51S1 BpaxyBaHHS TUNy apMaTypu Ta iHWNX 3MiH-
Hux. lpu BMBEOEHHI HUXYEHaBEOEHUX BUPasiB
"OyaiBenbHUIA Nigiom" Hisk He BpaxoByBaBCS.

3/2
;:K{11+1,5w/fck PO 132 /s (""-1} } AKWWO (if) p < po ,
p p

1 ' .
p0, +—fok P , akwo (if) p > pg ,
p—pg 12 \Po

1
— =K|11+1,5/f,
d { ck

ne:
I/d — rpaHMYHe BigHOLIEHHS NPONIT/BUCOTA;

K — koeqiLi€eHT, L0 BPaxOBYE Pi3Hi KOHCTPYKTUBHI
cucTemu;

P — AOBIOKOBWI NPOLIEHT apMyBaHHSA = ,/f 1 0_3;

p — HEOOXiOHWI NPOLEHT apMyBaHHS PO3TArHYTOl
apmatypu y cepevHi nponboTy AN CNPUAHATTS
MOMEHTY Bif PO3paxyHKOBUX HaBaHTaXeHb (Ha
onopi ANg KoHconewn);

p’ — HEOOXIOHUIA NPOUEHT apMyBaHHSI CTUCHYTOI
apMatypu y cepeauHi NposiboTy Afs CIPUNHATTS
MOMEHTY Bif PO3pPaxyHKOBMX HaBaHTa)KeHb (Ha
onopi Ans KoHconen);

fo—B Mlla.

Bupasun (7.16.a) i (7.16.b) 6ynn ogepxaHi 3a ymo-
BW, LLIO HAMpYy>XeHHHA B apmaTypi npuv BignoBigHO-
My pO3paxyHKOBOMY HaBaHTaeHHi 3a Il rpynoto
rPaHNYHMX CTaHIB y Nepepisi 3 TpilumHamn y cepe-
AuHi nponboTy 6ankn abo Ha onopi KOHconi CTa-
HoBuTb 310 MIlla (wo HabnwkeHo Bignosigae
f, = 500 Ml1a).

AKWO BpaxoByOTbCH iHLI PiBHI HanpyxeHb, TO
OoTpuMaHi 3a Bupasamu (7.16) 3HayeHHsa HeobXxia-
HO nomMHOXMUTN Ha 310/c . 3a3Bnyan, KoHcepBa-
TUBHO NPUAMatOTh, LLO:

the type of reinforcement used and other variab-
les. No allowance has been made for any pre-
camber in the derivation of these Expressions.

(7.16.a)

(7.16.b)

where:
I/d is the limit span/depth;

K is the factor to take into account the different
structural systems;

po is the reference reinforcement ratio = /f 1 073

p is the required tension reinforcement ratio at
mid-span to resist the moment due to the design
loads (at support for cantilevers);

p' is the required compression reinforcement ratio
at mid-span to resist the moment due to design
loads (at support for cantilevers);

f is in MPa units.

Expressions (7.16.a) and (7.16.b) have been
derived on the assumption that the steel stress,
under the appropriate design load at SLS at a
cracked section at the mid-span of a beam or slab
or at the support of a cantilever, is 310 MPa,
(corresponding roughly to f, = 500 MPa).

Where other stress levels are used, the values
obtained using Expression (7.16) should be multi-
plied by 310/c . It will normally be conservative to
assume that:

310/ 65 =500/ (fiAs req ! As,prov ) (7.17)

ae:

Gg — HarnpyXeHHs1 po3TAry apmatypu y cepeauHi
NponbOTYy (Ha Onopi KOHCOri) NPX PO3paxyHKOBO-
MY HaBaHTaXEHHi 3a rPaHUYHNUMK cTaHamm SLS;

As prov — PakTU4Ha nroua apmaTypHoi cTtani y
LbOMY Mnepepisi;

Ag req — HEOOXiAHa nnowa apmMartypHoi ctani 3a |
rpynowo rpaHNYHNX CTaHIB.

[ns nepepisie 3 nonuusaMn, SIKWO BigHOLUEHHS
LWMPVHW NONuLi 4O WnpuHK pebpa nepesuwye 3,
TO BenuyuHu 1 /d, Bu3Ha4veHi 3a Bupasamm (7.16),

HeobXxigHO NOMHOXKUTK Ha 0,8.

where:

os is the tensile steel stress at mid-span (at
support for cantilevers) under the design load at
SLS;

As prov is the area of steel provided at this section;

As req IS the area of steel required at this section

for ultimate limit state.

For flanged sections where the ratio of the flange
breadth to the rib breadth exceeds 3, the values of
1/d given by Expression (7.16) should be multipli-
ed by 0,8.
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[nsa 6anok i nanT, OKpiM NIIOCKMX NIIUT NPOfbOTOM
OinbLue HXK 7 M, i y SKMX NpU HagMIPHUX NPOrMHax
MOXYTb MOLLKOKYBaTUCb 0BNepTi neperopoaky,
BENUYNHK [ /d, BU3HaYeHi 3a Bupasamun (7.16), He-
006XiAHO NOMHOXMTU Ha 7/l (I, M, AMB. 5.3.2.2 (1)).

[nga nnocknx nauT, SKWo Ginblwnn Nponit nepe-
BULLYE 8,5 M, i Y AKMX NpY HAAMIPHUX NPOrMHax
MOXYTb MOLUKOAXYyBaTUCb 0ONepTi Nneperopoaku,
BeNMYnHM I/d, BU3HaYeHi 3a Bupasamm (7.16), He-
06XiaHO NOMHOXNTU Ha 8,5/ 4 (Iosr , M),
Mpumitka. BenuunHn K Ona BUKOPUCTAHHA Y KOH-
KPETHIl KpaiHi MOXYTb BKa3yBaTWCb Y HaLiOHANIbHOMY
popatky. PekomeHgoBaHi BenvunHu K HaBedeHo y
Tabnuui 7.4N. Ui BenuumHn ogepxxaHo 3a Bupasamu
(7.16) pna 3snyanHmnx sunagkis (C30, os = 310 Mra,
Pi3Hi KOHCTPYKTUBHI CMCTEMMW i MPOLIEHT apMyBaHHS
p=0,5%ip=1,5%), Wo TakoX BKa3aHi.

For beams and slabs, other than flat slabs, with
spans exceeding 7 m, which support partitions
liable to be damaged by excessive deflections, the
values of I/d given by Expression (7.16) should be
multiplied by 7/l (I.¢ in meters, see 5.3.2.2 (1)).

For flat slabs where the greater span exceeds
8,5 m, and which support partitions liable to be
damaged by excessive deflections, the values of
1/d given by Expression (7.16) should be multipli-
ed by 8,5/l ¢ (o5 in meters).

Note: Values of K for use in a Country may be found in
its National Annex. Recommended values of K are
given in Table 7.4N. Values obtained using Expression
(7.16) for common cases (C30, os = 310 MPa, differen
structural systems and reinforcement ratios p = 0,5 %
and p = 1,5 %) are also given.

Ta6nuua 7.4N — OcHoBHI NokasHWKM NPoniT/ dhakTnyHa BUCOTa Anst 3ani300ETOHHMX eNEMEHTIB

©e3 0CcboBOro CTUCKY

Table 7.4N
compression

— Basic ratios of span/effective depth for reinforced concrete members without axial

beToH npu BUCOKOMY beTtoH npu He3HavyHoMy
KoHcTpyKTMBHa cuctema K PiBHI HaMpyxeHb PiBHI Hanpy>XeHb
Structural System Concrete highly Concrete lightly
stressed p =1,5 % stressed p = 0,5 %
LLlapHipHO obnepTta 6anka; wapHipHo obnepTa B
ofHOMY abo OBOX HanpsMkax nnuta 10 14 20
Simply supported beam, one- or two-way spanning ’
simply supported slab
KpalHin nponit Hepo3pi3Hoi 6anku abo Hepo3pi3Hoi
B OOQHOMY HanpsiMKy nnuTtu, abo obnepToi B ABOX
HanpsaMKax i Hepo3pi3HOI BAOBX 4OBLLOI CTOPOHM 13 18 26
End span of continuous beam or one-way ’
continuous slab or two-way spanning slab
continuous over one long side
BHyTpiLWHi nponiT 6anku abo nnutu, obnepToi B
OLHOMY YM ABOX HanpsiMKax 15 20 30
Interior span of beam or one-way or two-way ’
spanning slab
MnnTtK, obnepTi Ha kONoHK, 6e3 Banok (NNocki
nepekpuTTS) (Ha OCHOBI AOBLUOrO NPOSbOTY) 19 17 o4
Slab supported on columns without beams (flat slab) ’
(based on longer span)
KOHcpnl 0.4 6 8
Cantilever
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MpopoBxeHHs Tabn. 7.4N

KoHcTpyKkTMBHa cuctema
Structural System

BeToH npwu Bucokomy | BeToH npu He3Ha4yHOMY
PiBHi HaMpyXeHb PiBHI HaNpyXeHb
Concrete highly Concrete lightly

stressed p = 1,5 % stressed p = 0,5 %

™, WO MOXINnBO BI/I6I/IpaTI/I TOHLLi eNemMeHTH.

thinner members are possible.

longer span should be taken.

Mpumitka 1. HaBeaeHi BeNMUMHU BU3HAYeHi, 3a3BUYall, IK KOHCEPBATMBHI | 004YMCNEHHSI MOXYTb YaCcTO NoKasyBa-

Note 1. The values given have been chosen to be generally conservative and calculation may frequently show that

MpumiTtka 2. na nnut, o6nepTrx y ABOX HaMpsIMKax, nepesipka NOBUHHA BUKOHYBATUCh HA OCHOBI KOPOTLLIOrO Npo-
neoTy. [Anst NOCKMX NNUT HEOOXiAHO BpaxoByBaTh AOBLUMIA NPOMbLOT.
Note 2. For 2-way spanning slabs, the check should be carried out on the basis of the shorter span. For flat slabs the

Mpumitka 3. NpaHUYHI 3HaYeHHH, HaBedeHi ANs NAOCKUX MAWT, BiAMOBIAATb MEHLU XOPCTKUM OBOMEXEHHSIM,
NopiBHSIHO 3 NporMHoM 1/250 NponboTy BiAHOCHO KOMNOH. NpakTuka nokasana, Lo LbOoro 4OCTaTHLO.

Note 3. The limits given for flat slabs correspond to a less severe limitation than a mid-span deflection of span/250
relative to the columns. Experience has shown this to be satisfactory.

BusHaueHi 3a Bupasamu (7.16) i Tabnuueto 7.4N
BenuumMHM Bynu ogepkaHi 3a pesynbTaTtamu na-
paMeTpUYHNX SOCIioKEeHb, BUKOHAHUX OS18 cepin
LWapHipHO 0bnepTux Banok abo nNnUT NPAMOKYT-
HOro nepepisy Npyv BUKOPUCTaHHI HaBEOEHOro Y
7.4.3 3aranbHoro nigxony. Poarnaganuch pisHi
Knacu MilLHOCTI GeTOHY npu XapakTepUCTUYHIN
MiyHocTi TekydocTi 500 MIMa. [insa 3agaHoi nnowwi
PO3TArHYTOI apMaTypu BU3HAYaBCs FPaHUYHUIA
MOMEHT 3a YMOBW, L0 KBa3inocTinHe HaBaHTa-
XeHHs ctaHoBuTb 50 % Big 3aranbHOro pospa-
XYHKOBOrO HaBaHTaxeHHs. OpepxkaHi rpaHuyHi
3HAYEHHA NPONIT/BMCOTA 3a40BOSIbHANU A0MYC-
TUMWUIA TPAHUYHUIA NPOTWH, BKaszaHun y 7.4.1 (5).

7.4.3 lNepeeipka npo2uHie po3paxyHKOM

(1)P Akwo BBaXKaeTbCs, LLO po3paxyHOK 000B'A3-
KOBWI, BU3HaAYeHHS gedopmaLliin NOBUHHO 34iNc-
HIOBATKCb 3a YMOB, SKi BiANOBiAaTb NPU3HaAYEH-
HIO NEPEBIPKM.

(2)P BubpaHuin metopn po3paxyHKy MOBUHEH Bifo-
Opaxatn hakTuuHMn Xxapaktep poboTU KOHCT-
pyKUii Npu BigNOBIAHMX BNAMBax 3 HEOOXigHOH
05151 JOCATHEHHSA MeTU po3paxyHKy TOYHICTHO.

(3) Bes TpiWMH MOXYTb BBaXaTUCb €NeMeHTW,
HaBaHTaXXEHHS Ha SKi HE OYiKYETbCS BULLIE PIBHS,
3a SKOro MOXNMBe NnepeBuLLLIEHHS MiLHOCTI 6eTo-
Hy Ha po3Tar 6yab-ae B enemeHTi. EnemeHnTn, B
SIKMX OYIKYIOTbCS TPILLMHW, ane BOHU HEe NOBHICTIO
po3TpickaHi, OyayTb npautoBat y MPOMIKHIN
cTagii 6e3 TpilLMH Ta NOBHICTIO pO3TpicKaHi, a Ang
ereMeHTIB, SKi NepeBaXHO MpPauoTb Ha 3MMH,
nepenbadeHHs BiONOBIAHOIO XapakTtepy poboTu
BUKOHYETbLCA 32 BMPA30M:

The values given by Expression (7.16) and Table
7.4N have been derived from results of a para-
metric study made for a series of beams or slabs
simply supported with rectangular cross section,
using the general approach given in 7.4.3. Diffe-
rent values of concrete strength class and a
500 MPa characteristic yield strength were consi-
dered. For a given area of tension reinforcement
the ultimate moment was calculated and the
quasi-permanent load was assumed as 50 % of
the corresponding total design load. The span/
depth limits obtained satisfy the limiting deflection
givenin 7.4.1 (5).

7.4.3 Checking deflections by calculation

(1)P Where a calculation is deemed necessary,
the deformations shall be calculated under load
conditions which are appropriate to the purpose of
the check.

(2)P The calculation method adopted shall repre-
sent the true behaviour of the structure under
relevant actions to an accuracy appropriate to the
objectives of the calculation.

(3) Members which are not expected to be loaded
above the level which would cause the tensile
strength of the concrete to be exceeded any-
where within the member should be considered to
be uncracked. Members which are expected to
crack, but may not be fully cracked, will behave in
a manner intermediate between the uncracked
and fully cracked conditions and, for members
subjected mainly to flexure, an adequate predic-
tion of behaviour is given by Expression (7.18):
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a=cop+(1-¢)ay,

ae:
o — gedpopmMadiiHa xapakTepucTtuka, sika po3rns-
AaeTbCs, Hanpuknag, gedopmadis, KpuBU3HA
abo noBopoT. (N5 CNPOLLEHHS], o TAKOX MOXHa
NPUUMaT 9K NPOrvH — AMB. (6) HKYeE);

oy, oy — napameTpu, obuucneHi ansa craHy 6es
TPIWWH Ta 3 TpilMHaMu BianoBIgHO;

C — koedilieHT po3noainy (BpaxoBye NiABULLEHHS
XKOPCTKOCTI y nepepisi npn po3Tdary), LWo BU3HA-
YaeTbCs 3a BMPa3oM:

@=1—B(

¢ = 0 ons nepepisy 6e3 TPILLWH;

 — KoediLlieHT, WO BpaxoBye BNANB TPUBANOCTI
HaBaHTaXeHHs1 abo NOBTOPIOBAHOINO HaBaHTa-
XXEHHs1 Ha cepeaHto gedopmalito:
=1,0 — Ansa ogHOro KOPOTKOTPUBANOro HaBaH-
TaXXEHHS;
= 0,5 — pnga nocTiHMX HaBaHTaXeHb abo ba-
raTbOX LMKMiB MOBTOPEHHSA HaBaHTaXXEHHS;

G — Hanpy>XeHHs1 y PO3TATHYTIN apmaTypi, BU3Ha-
YeHi Ha OCHOBI Nepepisy 3 TpiLLnHaAMK;

G, — HaMNpY>XEHHA y PO3TATHYTIN apMaTypi, BUSHaYEHi
Ha OCHOBI Nepepidy 3 TpiLLMHaAMK 32 YMOB HaBaHTa-
YeHb, L0 BUKITUKAKOTb MOSIBY NEPLLOT TPILLWHN.
MpumiTtka. o5 /cs MOXHa 3amiHUTV Ha M, /M on§a 3ruHy,
abo N, /N gns unctoro po3Tary, Ae My — MOMEHT TpiLm-
HOYTBOPEHHS, a N; — 3yCunns TPiLLMHOYTBOPEHHS.

(4) CnpuumHeHi HaBaHTaxXeHHaM gedbopmalii
MOXYTb BU3HA4YaTUCh i3 3aCTOCYBaHHAM MiLHOCTI
Ha po3TAr i hakTUYHOro MOAYNS NPYXHOCTI 6eTo-
Hy (avB. (5)).

Y T1abnuui 3.1 nokasaHo AianaszoHyW MOXIMBUX
3HayeHb MILHOCTI Ha po3Tar. Y 3araribHOMy BU-
nagky Hamkpawmin pesynbTaT nNpu ouiHLi Xapak-
Tepy poboTu [ae BUKOPUCTAHHA fy,. SAKwo
MOXHa MnokasaTtu, Lo 3yCUnnsa posTary BifACYTHI
(Hanpuknag, HanpyXeHHsi CMpPUYMHEHI YCaaKow
abo TemnepaTypHMMK BNAvMBamu), TO MOXIIMBO
3aCTOCOBYBATU MiLIHICTb HA PO3TAT NPW 3ruHi fiy, 4
(ams. 3.1.8).
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(7.18)
where:

a is the deformation parameter considered which
may be, for example, a strain, a curvature, or a
rotation. (As a simplification, o may also be taken
as a deflection — see (6) below);

ay;, oy are the values of the parameter calculated
for the uncracked and fully cracked conditions
respectively;

¢ is a distribution coefficient (allowing for tensio-
ning stiffening at a section) given by Expression
(7.19):

2
Ssr
Gs

¢ = 0 for uncracked sections;

(7.19)

B is a coefficient taking account of the influence of
the duration of the loading or of repeated loading
on the average strain:

= 1,0 for a single short-term loading;

= 0,5 for sustained loads or many cycles of
repeated loading;

o, is the stress in the tension reinforcement calcu-
lated on the basis of a cracked section;

osr is the stress in the tension reinforcement
calculated on the basis of a cracked section under
the loading conditions causing first cracking.
Note: o /cs may be replaced by M., /M for flexure or
Nq IN for pure tension, where M, is the cracking mo-
ment and N, is the cracking force.

(4) Deformations due to loading may be assessed
using the tensile strength and the effective mo-
dulus of elasticity of the concrete (see (5)).

Table 3.1 indicates the range of likely values for
tensile strength. In general, the best estimate of
the behaviour will be obtained if f,, is used.
Where it can be shown that there are no axial
tensile stresses (e.g. those caused by shrinkage
or thermal effects) the flexural tensile strength,
fotm, > (S€€ 3.1.8) may be used.
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(5) Ons HaBaHTaXeHb 3 TPUBAICTHO, O BUKN-
Kae NoB3ydiCTb, 3aranbHa gedopmaLlis BKITHOYHO
3 NOB3YYIiCTIO MOXe BM3HAYaTUCh i3 3aCTOCYBaH-
HAM (paKTMYHOro MOAY st NPY>KHOCTI 6€TOHY 3ria-
HO 3 BUPa3oM:

Ec,eff

he:
(p(oo,to) — KoediLieHT NoB3y4OCTi, WO BianoBigae
HaBaHTaXEHHIO i iHTepBany vacy (aus. 3.1.4).

(6) KpmBuK3Hy Big ycagku MOXHA OLIHUTU 3 BUKO-
pyCTaHHAM BMpasy:

rCS
ae:
1/r,s — KPMBU3HA, CNIPUYMHEHA YCAAKOL0;
gcs — Aedopmallis BinbHOI ycaakm (avs. 3.1.4);

S — cTaTMyYHUIn MOMEHT NAoLLi apmaTypu BigHOC-
HO LIeHTpa Baru nepepiay;

| — MOMEHT iHepUii nnoLi nepepiay;

Olg — BiIHOLIEHHA (PaKTUYHUX MOAYIIB;

_ Ecm
1+ (p(oo,l‘o) ,

(5) For loads with a duration causing creep, the
total deformation including creep may be calcu-
lated by using an effective modulus of elasticity
for concrete according to Expression (7.20):

(7.20)

where:

(p(oo,tO) is the creep coefficient relevant for the
load and time interval (see 3.1.4).

(6) Shrinkage curvatures may be assessed using
Expression (7.21):

S

i, S (7.21)

where:
1/r.s is the curvature due to shrinkage;
g IS the free shrinkage strain (see 3.1.4),

S is the first moment of area of the reinforcement
about the centroid of the section;

| is the second moment of area of the section;

a, is the effective modular ratio;

e =Eg 1 Egeff;

S i I NOBUHHI BU3Ha4aTuCb Ang yMOB 0e3 TPILLKH i
MOBHICTIO 3 TpilMHaAMK, MOBHA KPMBU3HA BU3Ha-
YaeTbcs 3a BUpa3om (7.18).

(7) Hanbinblw TOYHWMIA MeTon BU3HAYEHHS MpPO-
MMHIB Ja€e 3aCTOCyBaHHA Migxoay, HaBe4eHoro y
(3), akmin BasyeTbca Ha KOMMN'HOTEPHOMY po3pa-
XYHKY KPUBM3HU B 4YacTo BMOpaHWX nepepisax
BOOBX enemMeHTa i noganblioMy OBYMCIIEHHI
NPOrMHyY i3 3aCTOCYBaHHSM YMCENbHOIO iHTErpy-
BaHHSA. Y GinbLuoCTi Bunagkie 0yae NpUAHATHUM
obuncnoBaTK NPOrMHK ABidi 3@ yMOBM, LLIO BECb
ernemMeHT 6e3 TpiWWH i, HaBMmakuW, MOBHICTIO 3
TpiWwuWHaMmn, a noTiM BUKOHATK iHTepnonsuito i3
3acTocyBaHHAM BMpasy (7.18).

MpumiTtka. [Npy BUKOPUCTaHHI CNpoLLEHMX MeToaiB 06-
YNCNeHHA I'IpOI'l/IHiB BOHM MOBUHHI 633yBaTVICb Ha Xa-

paKkTepucTiKax, HaBefeHUX y LbOMy CTaHAapTi, Ta
0brpyHTOBYBaTNCh BUNPOOYBAHHSAMU.

S and [/ should be calculated for the uncracked
condition and the fully cracked condition, the final
curvature being assessed by use of Expression
(7.18).

(7) The most rigorous method of assessing
deflections using the method givenin (3) above is
to compute the curvatures at frequent sections
along the member and then -calculate the
deflection by numerical integration. In most cases
it will be acceptable to compute the deflection
twice, assuming the whole member to be in the
uncracked and fully cracked condition in turn, and
then interpolate using Expression (7.18).

Note: Where simplified methods of calculating deflec-
tions are used they should be based on the properties
given in this Standard and substantiated by tests.
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8 OCHOBHI NPABUJIA KOHCTPYIOBAHHA
3BMYAWHOI | NONEPEAHBO HAMPYXXEHOI
APMATYPU

8.1 3aranbHi NoONOXeHHA

(1)P HaBepgeHi y ubomy po3gini npasuna 3acTto-
COBYIOTbCS [ONs1 apMaTypy NepioguyHOro npo-
into, apMaTypHUX CITOK i nornepeaHbO Hanpy-
XXEHOI apMaTypu, Ha sIKy nepeBaxHo die cTaTny-

He HaBaHTa)keHHsA. BoHM MOXyTb 3acTocoByBa-

TUCb ONsi 3BMYanHUX GyaiBenb Ta mocTiB. lpa-

BUa MOXYTb 3aCTOCOBYBaTUCh ANS:

— eneMeHTIB, Ha K fiie AMHaMiYHe HaBaHTaXeH-
HS, BUKMMKaHE CEeMCcMiYHMMK BhnnMBamu abo
Bibpauieto Big obnagHaHHA, yaapHMM HaBaH-
TaXEHHAM, i

— A8 eneMeHTIiB, AKi MICTATb CTPWXHI i3 crne-
LianbHUM gpapbyBaHHAM, NOKPUTUX eNOoKCUa-
HOHK CMOJIOK YU OLIMHKOBAHMX.

[nsa cTpwxKHIB BENWKMX AiamMeTpiB 3aCTOCOBYHOTb-
cs1 4oaaTKoBi NpaBuna.

(2)P MoBWHHI 32A40BOMBHATUCH BUMOIM CTOCOBHO
MiHIManbHOI TOBLUMHM 3aXMCHOMO LWapy GeTOoHy
(avB. 4.4.1.2).

(3) Onsa 6eToHIB Ha Nerkux 3anoBHOBaYax y pos-
aini 11 HaBegeHo gogaTkoBi Npasumna.

(4) MpaBuna ona KOHCTPYKLUIN, Ha SKi Aie HaBaH-
Ta)XXeHHS1 YTOMMNEHOCTi, HaBeaeHo y 6.8.

8.2 Po3TawyBaHHA CTPUXKHIB

(1)P Po3MiLLEeHHS CTPUKHIB MOBMHHO BYTU TaKMM,
Wwob MoxHa Oyrno HanexHUM YMHOM YKNacTu i
yWinbHUTM ©eToH Aana HabyTTa HeobxigHoro
34enneHHs.

(2) BigctaHb y uncTOTI (ropu3oHTanbHa i BepTu-
KarnbHa) MK OKpeEMUMW napanenbHUMU CTPUKHSI-
MK abo ropmsoHTanbHUMKN pSAamMm napanenbHUX
CTPWXKHIB NMOBMHHA BYTU HE MEHLLOK HiPK Makcu-
ManbHWit fiaMeTp CTPUXHS Ky, (dy + k, MMm) abo 20
MM, e dg— MakcumMarnbHU po3Mmip 3anoBHOBaYa.

Mpuwmitka. Benuunnu ky i ko ANs BUKOPUCTAHHSA Y KOHK-
PeTHIN KpaiHi MOXYTb BKa3yBaTWUCb Y HaLiOHaNbHOMY
popatky. PekomeHgoBaHumu € Benmunim 115 mm Big-
noBiaHo.

(3) MpK pPO3MILLEHHI CTPWXKHIB Y Pi3HUX FOPU3OH-
TanbHUX pAgax CTPWXKHI Y KOXKHOMY psigy NOBUHHI
pPO3MiLLyBaTUCb BEPTUKANbHO OOUH HaZ OOHUM.
Mix yTBOpeHUMM B pe3ynbTaTti KOrOHKamMu
CTPWXKHIB MOBMHHO OYyTM OOCTaTHbO MPOCTOPY
ONS NPOXOMXXEHHSA BibpaTopiB Ta yLiNbHEHHSA Ge-
TOHY.
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8 DETAILING OF REINFORCEMENT AND
PRESTRESSING TENDONS — GENERAL

8.1 General

(1)P The rules given in this Section apply to ribbed
reinforcement, mesh and prestressing tendons
subjected predominantly to static loading. They
are applicable for normal buildings and bridges.
They may not be sufficient for:

— elements subjected to dynamic loading cau-
sed by seismic effects or machine vibration,
impact loading and

— to elements incorporating specially painted,
epoxy or zinc coated bars.

Additional rules are provided for large diameter
bars.

(2)P The requirements concerning minimum con-
crete cover shall be satisfied (see 4.4.1.2).

(3) For lightweight aggregate concrete, supple-
mentary rules are given in Section 11.

(4) Rules for structures subjected to fatigue loa-
ding are given in 6.8.

8.2 Spacing of bars

(1)P The spacing of bars shall be such that the
concrete can be placed and compacted satisfac-
torily for the development of adequate bond.

(2) The clear distance (horizontal and vertical)
between individual parallel bars or horizontal la-
yers of parallel bars should be not less than the
maximum of k4, bar diameter, (d, + k, mm) or
20 mm where dg is the maximum size of aggre-
gate.

Note: The value of k; and k; for use in a Country may
be found in its National Annex. The recommended
values are 1 and 5 mm respectively.

(3) Where bars are positioned in separate hori-
zontal layers, the bars in each layer should be
located vertically above each other. There should
be sufficient space between the resulting columns
of bars to allow access for vibrators and good
compaction of the concrete.
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(4) Mpw 3'egHaHHI BHANyCTOK [O3BONSAETLCS, LWOO
CTPWXKHI TOPKanncb O4nH OQHOMO Ha JOBXWHI Ha-
nycTtka (gus. 8.7).

8.3 OiameTp cepae4vHuKa ANA 3rMHY CTPUXKHIB

(1)P MiHimanbHWI giameTp 3rMHy CTPUXHIB NOBU-
HeH OyTn Takmm, WO6 yHUKATU Y CTPUKHAX
TPILLUH NpU THYTTi Ta pynHyBaHHSA GeTOHY Bcepe-
OVHI 3rMHY CTPUXKHS.

(2) Ona 3anobiraHHA YLIKOAXKEHHIO apmaTypu
JiaMeTp, Ha SIKOMY CTPWKHI 3irHyTi (diameTp cep-
AeYHu1Ka), MOBUHEH BYTN HE MEHLUMM HIX O min-
MpumiTka. BenuumHu ¢n, min 419 BUKOPUCTAHHS Y KOHK-
PETHIN KpaiHi MOXyTb BKa3yBaTWUCb Y HaLioHanbHOMY

popaTtky. PekomeHaoBaHi BenuymMHM HaBedeHo y 1ab-
nuui 8.1N.

(4) Lapped bars may be allowed to touch one
another within the lap length. See 8.7 for more
details.

8.3 Permissible mandrel diameters for bent bars

(1)P The minimum diameter to which a bar is bent
shall be such as to avoid bending cracks in the
bar, and to avoid failure of the concrete inside the
bend of the bar.

(2) In order to avoid damage to the reinforcement
the diameter to which the bar is bent (Mandrel
diameter) should not be less than ¢, .-

Note: The values of ¢y, min for use in a Country may be
found in its National Annex. The recommended values
are given in Table 8.1N.

Tabnuua 8.1N — MiHimanbHWI giaMeTp 3rnHYy CTPWKHIB A1 3anobiraHHs YLLKOMXKEHHIO apMaTypu

Table 8.1N  — Minimum mandrel diameter to avoid damage to reinforcement

a) 4nsa CTPWXKHIB | ApoTy
for bars and wire

LiameTp cTpuxKHS
Bar diameter

MiHiMmaneHun giameTp 3rvHy (cepaedHuka) Ans 3armHaHHs,

radykis i netens (pucyHok 8.1)
Minimum mandrel diameter for bends,
hooks and loops (see Figure 8.1)

¢ <16 mm

49

¢ > 16 mm

7%

b) Ansa 3BapeHoi 3irHyToOi apmaTypw i CITOK, 3irHyTUX NiCNSA 3BaptoBaHHSA
for welded bent reinforcement and mesh bent after welding

MiHiManbHWA giameTp 3rMHy cepaeyHmKa
Minimum mandrel diameter

. <

LT

o0

d>3¢ 5¢
d > 3¢ abo 3BaploBaHHA B MeXax 30HU 3rnHY

or welding within the curved zone
200

BMKOHYeTbCA 3rigHo 3 prEN ISO 17660, nogaTok B.

accordance with prEN ISO 17660 Annex B.

anIMiTKa. PO3Mip cepaeyHuKa and 3BaproBaHHA B ME€XaX 30HU 3rMHY MOXXHaA 3MEeHLUUTU 0 5¢, AKLLO 3BaprOBaHHA

Note: The mandrel size for welding within the curved zone may be reduced to 5¢ where the welding is carried out in

(3) OiameTp 3rvHy Ang 3anobiraHHA pynNHYBaHHKO

OEeTOHY He MOTPIOHO MEPEBIPATM 3@ HACTYMHUX

YMOB:

— HeoOXxigHa OOBXMHA 3aaHKepyBaHHS CTPUXKHS
He nepeBuLLye 5 nicnsa Mexi 3aruHy;

(3) The mandrel diameter need not be checked to

avoid concrete failure if the following conditions

exist:

— the anchorage of the bar does not require a
length more than 5¢ past the end of the bend;

171


arymarenko
Прямоугольник


— CTPWXEHb He pO3TalLOBaHWUI Ha rpaHi (noLwm-
HW 3rMHy GrM3bKo 40 NOBEPXHi 6eTOHY) i y ce-
peauvHi 3rnHy HasiBHUI NonepeYvyHnin CTPUKEHb
JiaMeTpoMm > ¢ y cepeaviHi 3ruHy;

— JiaMeTp 3rvHy LWOHaANMEHLL [OPIBHIOE PEKo-
MEHOOBaHUM BeNWYNHaM, HaBeaeHUM Yy Tab-
nunyi 8.1N.

B iHWwomy pasi ¢, i, He0OXiAHO 36inbwMTY BiA-
noBigHoO o BUpasy

— the bar is not positioned at the edge (plane of
bend close to concrete face) and there is a
cross bar with a diameter > ¢ inside the bend.

— the mandrel diameter is at least equal to the
recommended values given in Table 8.1N.

Otherwise the mandrel diameter, ¢, ..i,, should
be increased in accordance with Expression (8.1)

¢m,min ZFbt(1/ab)+1/(2¢)de , (81)

ae:
Fp¢— cuna posTary Bif rpaHNYHUX HaBaHTaXKeHb Y
CTPWXKHI @abo rpyni CTPUKHIB Y KOHTaKTi Ha noyar-
Ky 3ruHy;

ap — Ana JaHoro CTpYkHA (abo rpynu CTPUXKHIB y
KOHTaKTi) NONOBMHA BiACTaHi MK LeHTpamu
CTPWXHIB (ab0 rpyn CTPWXKHIB) NnepneHaAnKYNAapHO
00 NnowmHU 3ruHy. [nga ctpwkHsa abo rpynu
CTPWIKHIB, SIKi NpunsaratoTb 40 MOBEPXHi efleMeH-
Ta, a, HeobXiaHO MpPUIUMaTK AK CyMy 3axMCHOro
wapy i ¢/2.

Benuuuny f,, He cnig npunmaTty 6inbLUIoo HiX Ana
beToHy knacy C55/67.

8.4 AHKepyBaHHSA NO3[0BXHbLOI apMaTypum
8.4.1 3azanbHi NONOXEHHs

(1)P ApmatypHi CTpWxHi, ApoTK abo 3BapHi CiTKn
MOBWHHI 3aaHKepPOBYBaTUCh Tak, W06 cuna 34en-
neHHsa nepefasanacb Ha 6eToH 6e3neyvHo, yHU-
Kaloum No3[OoBXHiX TPiWMH abo po3TpicKyBaHHS.
Y pasi HeobxigHOCTi HeobXxigHO NepeadayYnTn No-
nepevHe apmyBaHHS.

(2) MeTogun 3aaHKepyBaHHsI MokasaHi Ha PUCYH-
Ky 8.1 (ouB. Takox 8.8 (3)).

(3) 3aruvHu i rakn He 3aCTOCOBYHOTb AN 3aaHKepy-
BaHHSA MPU CTUCKaHHI.

(4) PynHyBaHHIO GeTOHY BcepeauHi 3ruHiB He-
06XxigHo 3anobiraT BUKOHaHHsM BuMor 8.3 (3).
(5) MNpwn 3acTocyBaHHi MexaHiYHMX NPUCTPOIB BU-
MOIM CTOCOBHO BMNPOOYyBaHb NOBUHHI 3a40BOSb-
HATWM BignoBigHI cneuumdikauii Ha Bupobu abo
€Bponericbke TEXHIYHE yXBaneHHs.

(6) CTocoBHO nepenayi Ha 6GeTOH 3ycunnsa none-
peaHboro HanpyxeHHst ame. 8.10.
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where:

Fp¢is the tensile force from ultimate loads in a bar
or group of bars in contact at the start of a bend;

ay, for a given bar (or group of bars in contact) is
half of the centre-to-centre distance between bars
(or groups of bars) perpendicular to the plane of
the bend. For a bar or group of bars adjacent to
the face of the member, a, should be taken as the
cover plus ¢/2.

The value of £, should not be taken greater than
that for concrete class C55/67.

8.4 Anchorage of longitudinal reinforcement
8.4.1 General

(1)P Reinforcing bars, wires or welded mesh fab-
rics shall be so anchored that the bond forces are
safely transmitted to the concrete avoiding longi-
tudinal cracking or spalling. Transverse reinfor-
cement shall be provided if necessary.

(2) Methods of anchorage are shown in Figure 8.1
(see also 8.8 (3)).

(3) Bends and hooks do not contribute to comp-
ression anchorages.

(4) Concrete failure inside bends should be pre-
vented by complying with 8.3 (3).

(5) Where mechanical devices are used the test
requirements should be in accordance with the
relevant product standard or a European Techni-
cal Approval.

(6) For the transmission of prestressing forces to
the concrete, see 8.10.
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a — OCHOBHa [10BXWHa aHKepyBaHHS [,
ans 6yab-akoi opmMu BOOBX OCI
Basic tension anchorage length, I, ,
for any shape measured along the centreline

>

>5¢
a v
Toeq

90° < o < 150°

b — ekBiBaneHTHa JOBXMHA aHKepyBaHHS
ON1S1 CTaH4APTHOMO FHYTOrO CTPUXKHS
Equivalent anchorage lengthfor
standard bend

,— 2064 254

64
\r__'

215—0!8 o (

23—

I Ib.eq
C — eKBiBaneHTHa AOOBXWNHAa

aHKepyBaHHs Ans

CTaHOapTHOro raka

Equivalent anchorage length for
standard hook transverse bar

L he |

d — ekBiBaneHTHa AOBXKWHA
aHKepyBaHHA ans
CTaHgapTHOI neTni

Equivalent anchorage length
for standard loop

| Ibeq |
C — eKBiBaneHTHa JOBXMHa
aHKepyBaHHS Ans NpYBapeHoro
NonepeyYHOro CTPUXKHS

Equivalent anchorage length
for welded

PucyHok 8.1 — MeToan 3aaHkepyBaHHS ANS HENPAMONIHIMHUX CTPUXKHIB
Figure 8.1 — Methods of anchorage other than by a straight bar

8.4.2 'paHuUYHIi Hanpy>KeHHs1 34ers1IeHHs

(1)P MpaHWYHi HaNpy>XeHHSA 34enneHHsT MOBUHHI
OyTn gocTaTHIMKM Ans 3anobiraHHA pyNHYBaHHIO
34erneHHs.

(2) PospaxyHkoBe 3HAYEHHS MPaHUYHUX HampyXeHb
34enneHHs f,, Ana CTPYDKHIB NepioanyHoro npodinto
MOXe BM3HaYaTUCb 3@ HACTYMHMM BMPA30M:

8.4.2 Ultimate bond stress

(1)P The ultimate bond strength shall be sufficient
to prevent bond failure.

(2) The design value of the ultimate bond stress,
fyq, for ribbed bars may be taken as:

fon =225 Mofoty (8.2)

ne:
f.ig — PO3PaxXyHKOBE 3HAYEeHHS MILHOCTI 6eToHy
Ha po3Tar BignosigHo go 3.1.6 (2)P. Y 3B'asky 3
NiABULLEHOI KPUXKICTIO BETOHY BUCOKOT MiLJHOCTI
fotk, 0,05 TYT HEODXiAHO OGMEXYBATU IO BEMUUMHN
C60/75, AKLWO TiNbKM HE NIATBEPAXKEHO, WO Cce-
penHs MilHICTb 34enneHHs 3pocTae BuLe Liel
MeXi;

N1 — KOediLieHT, NOB'A3aHNI i3 AKICTIO 34ENNEHHS
i PO3MILLLEHHSIM CTPWXKHSA Nig Yac 6eTOoHyBaHHS
(pncyHok 8.2):

N4 = 1,0 — AKWwo ogepaHo XOpOoLLi YMOBMW, i

where:

f.4is the design value of concrete tensile strength
according to 3.1.6 (2)P. Due to the increasing
brittleness of higher strength concrete, f (s
should be limited here to the value for C60/75,
unless it can be verified that the average bond

strength increases above this limit;

n4 is a coefficient related to the quality of the bond
condition and the position of the bar during conc-
reting (see Figure 8.2):

n4 = 1,0 when 'good' conditions are obtained and
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n¢ = 0,7 — Ana Bcix iHWWX BUNAOKiB Ta AnA n¢ = 0,7 for all other cases and for bars in

CTPWXKHIB Y KOHCTPYKTUBHUX eNeMeHTax, 3Be- structural elements built with slip-forms, un-
OEHNX y KOB3HIN onanybui, AKWO TifbKM He no- less it can be shown that 'good' bond condi-
KasaHo, Lo MatTb MicLe XOpOoLUi YMOBU; tions exist

Mo — NOB'A3aHWI 3 laMETPOM CTPUKHSA: n, is related to the bar diameter:
no =1,0ana ¢ < 32 mm Ny = 1,0 for ¢ <32 mm
Ny = (132 —¢) Ana ¢ > 32 Mm Ny = (132 = ¢) for ¢ > 32 mm

i i

Ny
T—Da T 250 [ irg

a c — Hanpsam 6eToHyBaHHSA
45°< o < 90° h > 250 mm (mm) EI — Direction of concreting

A

i 300 I IS Nssi A

\ (/L
h|l < < = = |h
4
b c
h <250 mm (mm) h > 600 mm (mm)
a, b — xopoLi ymoBu 34ensieHHs C, d — He 3aWwTpmMxoBaHa 30Ha — XOPOLLiI YMOBW 34ENSEHHS,
01151 BCiX CTPUXKHIB 3alUTpMxoBaHa 30Ha — He4OCTaTHi YMOBU 34eneHHS
'‘good' bond conditions unhatched zone — 'good' bond conditions
for all bars hatched zone — 'poor' bond conditions

PucyHok 8.2 — XapaktepucTmka yMmoB 34enneHHs
Figure 8.2 — Description of bond conditions

8.4.3 OcHoeHa doe)kuHa 30HU aHKepy8aHHSs 8.4.3 Basic anchorage length

(1)P MNpw BU3HaYeHHI HEOBXIAHOT OOBXUHN 30HU (1)P The calculation of the required anchorage
aHKepyBaHHs1 He0bXigHO BpaxoByBaTU TUM apma- length shall take into consideration the type of
TYpW | XapakTePUCTUKN 3YENSIEHHSA CTPUXKHIB. steel and bond properties of the bars.

(2) HeobxigHa ocHOBHa AOBXMHA aHKepyBaHHS (2) The basic required anchorage length, Ip,rqd for
Ip,rqd ANIS1 3aaHKEPYBaHHS 3ycunns AGgy Y nps- anchoring the force Ao, in a straight bar assu-
MUX CTPUXKHAX Nepenbadvae nocTiiHe 34EneHHs, ming constant bond stress equal to f,, follows
AIKe [OPIBHIOE f,y, LLO BU3HAYaETLCA 3a popmy- from:

noto:

Ibrgd = (0 /4)(0sd /fod ) (8.3)
fe Gyy — PO3PaxXYHKOBI HAMPYXEHHs y CTPWKHI B where oy, is the design stress of the bar at the
MicLi, Big AKOro BU3HA4Ya€eTbCs aHKePyBaHHS. position from where the anchorage is measured

from.
Benuunhu £, HaBeneHo y 8.4.2. Values for f,; are given in 8.4.2.
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(3) Ansa rHyTMX CTPWKHIB OCHOBHA JOBXWHA aHKe-
PYBaHHS [, i po3paxyHKoBa [OBXWHA [,y MOBUHHI
BU3HAYaTUCb BOOBX OCbOBOI MiHil CTPWXHS (puUcy-
Hok 8.1a).

(4) Axwio napv OpOTIB/CTPWPKHIB YTBOPIOOTE 3Bap-
Hy CiTKy, AiameTp ¢ y Bupasi (8.3) HeobxigHO 3a-
MiHIOBaTW Ha eKBiBaneHTHUA AiaMeTp ¢, = ¢\/§.

8.4.4 Po3paxyHkoea doexuHa aHKepyeaHHs

(1) Po3paxyHKoBa [OBXWHA aHKepyBaHHSA I, AB-
nse coboto:

lpg =0 10t 20 30 40 5l rga 2 Ip, min

A€ o4 Oy O3 Oy i 05 — KOeILieHTH, HaBeaeH: y
Tabnuui 8.2:

o4 — BNVB POPMM CTPWXKHIB 38 YMOBM HeobXxia-
HOro 3aXUCHOro Lwapy (pucyHok 8.1);

oL, — BMIVB MiHIMarbHOro 3axX1cHoro Lapy 6eto-
Hy (pucyHok 8.3);

(3) For bent bars the basic anchorage length, I,
and the design length, 1, , should be measured
along the centre-line of the bar (see Figure 8.1a).

(4) Where pairs of wires/bars form welded fabrics
the diameter ¢, in Expression (8.3) should be rep-
laced by the equivalent diameter ¢, = ¢\E.

8.4.4 Design anchorage length

(1) The design anchorage length, 1,4, is:

(8.4)

where o4 o, a3 o and o5 are coefficients given in
Table 8.2:

a4 is for the effect of the form of the bars assu-
ming adequate cover (see Figure 8.1).

o, is for the effect of concrete minimum cover
(see Figure 8.3)

I 1 [}
c 5 | :
Sulla | Sl i
CJ__J"'B : c E'-'B | e
L) - e T
a — NPAMi CTPYKHI b — cTpwxHi 3 rakom abo 3ruHom C — CTPWXKHI 3 neTneto
Stright bars Bent or hooked bars Looped bars

¢y =min (a/2, ¢4, )

Cy=min (a/2, c¢,)

cg=cC

PucyHok 8.3 — BenvunHu cy ans 6anok i naut
Figure 8.3 — Values of ¢4 for beams and slabs

o3 — YTPUMYHOUUIA BMIMB Bif, NonepeYHoi apmary-
pwu;

o4 — BB ogHoro abo Ginbliue NpMBapeHux no-
nepeyHnx CTpuxHiB (¢; > 0,6¢) BAOBXK po3paxyH-
KOBOI JOBXMHWN aHKepyBaHHs [, ; (AVB Takox 8.6);
og — BMIMB MOMEPEYHOro TUCKY Ha MMOLMUHY

PO3TPiCKyBaHHA BAOBX PO3paxyHKOBOI AOBXWHU
aHKepyBaHHS.

HobyTok
The product
Ib,rqa — MPMIMAETLCA 3a BUPa3oMm (8.3);

lp min — MiHIMarnbHa JOBXWHA aHKePYBaHHS, SKLLO
He 3aCTOCOBYHOTLCS iHLi OOMEXEHHS:
— [Ansi aHKepyBaHHS Mpu po3Tary:

lp, min > Max{0,31y rqq;10¢; 100 MM/ mm}.,

— [ONs aHKepyBaHHS NpY CTUCKY:

(0(2(1 30 5) >0,7.

ay is for the effect of confinement by transverse
reinforcement;

ay is for the influence of one or more welded
transverse bars (¢; > 0,6¢) along the design
anchorage length /,; (see also 8.6);

as is for the effect of the pressure transverse to
the plane of splitting along the design anchorage
length

(8.5)

Ib,rqa 1S taken from Expression (8.3);

Ip, min IS the minimum anchorage length if no other
limitation is applied:
— for anchorages in tension:

(8.6)

— for anchorages in compression:
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lp, min > Max{0,61, rqq;10¢; 100 MM/ mm}

(2) Y sxocTi cnpolleHoi anbTepHatueu ao 8.4.4
(1) po3TArHyTi aHKepyBaHHS NeBHUX popm, Noka-
3aHMX Ha puUcyHKy 8.1, MOXYTb BUpaxaTucb ve-
pe3 eKBiBaneHTHY OOBXWHY 30HW aHKepyBaHHS

Ibeq -
npuUrUMaTUCh SK:

Ha pucyHky 8.1 I, o, BKasaHa i BOHa Moxe

— 04 lpeq ANS dopM, MoKaszaHUX Ha PUCYHKY
8.1b....8.1d (tabnvus 8.2 ons BenuyuH o.q);

— ay lprgg AN POPM, MOKA3AHWUX HA PUCYHKY
8.1e (BenununHu a, aue. y Tabnuui 8.2),

ae:

aq i oy — BU3HaYeHi B (1);

Ib,rqg — O04MCNIOETLCS 3a BUpasom (8.3).

(8.7)
(2) As a simplified alternative to 8.4.4 (1) the ten-
sion anchorage of certain shapes shown in Figure
8.1 may be provided as an equivalent anchorage
length, I, oq, I eq is defined in this figure and may
be taken as:

— 0yl oq for shapes shownin Figure 8.1b to 8.1d
(see Table 8.2 for values of a.¢);

— 0y lp rqq for shapes shown in Figure 8.1e (see
Table 8.2 for values of ay),

where
a4 and o, are defined in (1)
Ib,rqq is calculated from Expression (8.3).

Tabnuua 8.2 — BennunHmn koedilieHTIB o, o, a3, 04 | s

Table 8.2

— Values of a4, oy, as, os and as coefficients

ApmMaTypHUIA CTPUXKEHD

dakTop BANMBY Tun Reinforcement bar
. aHKepyBaHHA
Infuencing factor Type of anchorage npu posTAry Mpy CTUCKY
In tension In compression
dopma CTpuKHIB Mpsmve _ -
=10 =1,0
Shape of bars Straight * M
BiaomiHHe Big npsimoro o4 = 0,7, akwo ¢, > 3¢
(pucyHok 8.1 b, cid) y iHLWOMY BUNaaky o4 = 1,0
Other than straight (BENN4MHN C4 AMB. Ha puc.8.3) aq=1,0
(see Figure 8.1 b, c 1 =0,7if ¢y > 3¢ otherwise a4 = 1,0
and d) (see Fiqure 8.3 for values of c,)
3axucHuii wap 6eToHy Mpsamve oy =1,0-0,15 (cy— 0)/o
Concrete cover Straight >0,7 a,=1,0
<1,0
BigmiHHe Big npamoro oy =1,0-0,15 (c;— d)/d
(pncyHok 8.1 b, cid) >0,7
Other than straight <1,0 a, =1,0
(see Figure 8.1b, c (BenM4MHM ¢4 AvB. Ha prc.8.3)
and d) (see Fiqure 8.3 for values of c,)
HasiBHiCTb nonepeyHoi ap- | Bei Tnnu
MaTypu, He NpuBapeHoi All types _ _
[0 OCHOBHOI apmaTtypu “3 _>1 607 K e =10
Confinement by transver- - v
. <1,0
se reinforcement not wel-
ded to main reinforcement
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KiHeub Tabn. 8.2

HasBHicTb npmuBapeHoil Bci Tvnu, po3milleHHsA
nonepeyHoi apmaTtypu’ i pO3Mipy BU3HAYEHO
Confinement by welded _ | Ha pucyHky 8.1e o =07 0. =07
transverse reinforcement | All types, position and 4- 4=
size as specified in
Figure 8.1 e
HaseHicTb nonepeyHoro | Bci Tnnu oy = 1,0 - 0,04p
TUCKY All types > 0.7 _
Confinement by 7
transverse pressure <10

Je:

A= (zAst - ZAst,min) I As

YAst — NnoLla nonepeyHoro nepepizy nonepeyHoi ap-
MaTypu BLOOBX PO3PaxyHKOBOI AOBXMHW 30HW aHKe-
pYyBaHHS lyg;

YAstmin — NNOLLA NOMEPEYHOro nepepidy MiHiManbHoT
nonepeyHoi apmatypu 0,25A; anst 6anok i 0 — gns
nnuT;

As — nrowia ogHOro 3aaHKepOBaHOIo CTPWKHA Mpu
MaKkcumarbHOMY fiaMeTpi CTPUKHS;

K — BennYmnHM, nokasaHi Ha pucyHky 8.4

p — nonepeyvHun Tuck, MlMNa npu rpaHNYHOMY CTaHi
BOOBX Ipg.

where:

YAst — cross-sectional area of the transverse reinfor-
cement along the design anchorage length I,;

YAstmin — Cross-sectional area of the minimum trans-
verse reinforcement = 0,25 A for beams and 0 for
slabs;

As — area of a single anchored bar with maximum bar
diameter;

K — values shown in Figure 8.4;

p — transverse pressure [MPa] at ultimate limit state
alonq lpg.

’ Owue. Takox 8.6. MNpu 6eanocepeaHbLOMY 06MNMPaHHI I,y MOXE MPUAMATUCh MEHLLIOK HiX I min 3@ YMOBW, LLO €, LLO-
HaVMeHLL OAMH NOMNepPEeYHUI OpiT, MPMBAPEHUIN Y Mexax ornopu. AHKepyBaHHS MOBUHHO ByTU LWoHanmeHLwe 15 Mm

BiJ, rpaHi onopw.

" See also 8.6: For direct supports I,y may be taken less than I, min provided that there is at least one transverse wire
welded within the support. This should be at least 15 mm from the face of the support.

--,AS ¢l)ASt AS

¢t’ Ast As d’thst

K=0,1

K=0,05

K=0

PucyHok 8.4 — BenvunHu K gns 6anok i nnmt
Figure 8.4 — Values of K for beams and slabs
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8.5 AHKepyBaHHA 3'e4HaHb i nonepe4Hoil
apmatypm

(1) AHkepyBaHHs 3'egHaHb i nonepeyHoi apMaTy-
p¥ NOBWMHHO, SIK MPaBUII0, BUKOHYBATUCh LUMSIXOM
BiArMHIB i rakiB abo yepes npMBapeHy nonepeyHy
apmartypy. B cepeauHi 3aruHy abo raka noBuMHeH
nonagaTtn OAWH CTPUKEHb.

(2) AHKepyBaHHS MOBMHHO BIgNOBIgATW PUCYH-
Ky 8.5. 3BaptoBaHHA MOBMHHO BUKOHYBaTUCb Bia-
nosigHo go EN ISO 17660 i matn Hecy4y 3aaT-
HiCTb 3rigHo 3 8.6(2).

MpumiTka. [Ina BM3HAYEHHA KyTIiB 3arMHy AMB. pUCY-
Hok 8.1.

5¢, abo (but) 10¢, abo (but)
> 50 mm (mm) >70 mm (mm)

¢ .

a b

Mpumitka. [Ins ¢ i d 3axmucHUi wap nosrHeH 6yTn 3¢
abo 50 mm.

>10 MM (mm)

>0,7¢ P+

8.5 Anchorage of links and shear
reinforcement

(1) The anchorage of links and shear reinforce-
ment should normally be effected by means of
bends and hooks, or by welded transverse rein-
forcement. A bar should be provided inside a
hook or bend.

(2) The anchorage should comply with Figure 8.5.
Welding should be carried out in accordance with
EN ISO 17660 and have a welding capacity in
accordance with 8.6 (2).

Note: For definition of the bend angles see Figure 8.1.

>2¢
>20 mm (mm)
k) <50 MM (mm)

1
¥ ¢ TP 2144

>10 Mm (mm)

¢ é
c d

Note: For c and d the cover should not be less than
either 3¢ or 50 mm.

PucyHok 8.5 — AHKepyBaHHS 3'€aHaHb
Figure 8.5 — Anchorage of links

8.6 AHKepyBaHHA 3a AOMNOMOIroKo
npuBapeHux CTPUXKHIB

(1) Ha popatok go 8.4 i 8.5 aHkepyBaHHA MOXxe
BMKOHYBaTUCb MPUBAPHOBAHHAM  MOMNEPEYHUX
CTPWXHIB (pucyHok 8.6), wo obnupatotbes y Ge-
TOH. [NpuBaptoBaHHA 3'egHaHb MOBUHHO BUKOHY-
BaTMCb 3 BiAMOBIQHO SKICTHO.

tFwd

e |

8.6 Anchorage by welded bars

(1) Additional anchorage to that of 8.4 and 8.5
may be obtained by transverse welded bars (see
Figure 8.6) bearing on the concrete. The quality of
the welded joints should be shown to be ade-
quate.

I‘/

THLHTH

PucyHok 8.6 — MNprBapeHnin nonepeyvHnin CTpUKeHb Yy AKOCTi aHKEPHOro NpUCTPOID
Figure 8.6 — Welded transverse bar as anchoring device
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(2) Hecyuoto 3paTHIiCTIO 3aaHKepyBaHHS O4HOro
nonepeyHoro CTpuxH4A (giametp 14 Mm...32 Mm),
NpMBapeHoro 40 BHYTPILLHLOI CTOPOHN OCHOBHO-
IO CTPUXKHSA, € Fpyy. Gy Y BMPA3Si (8.9), i, Takum un-
HOM, MOXe 3MeHLLYyBaTUCb Yepes Fp. /A, ne Ag—
nnoLla nepepisy CTPUKHS.

Mpumitka. BenuumHa Fpyy ONS BUKOPUCTAHHSA Y KOH-
erTHII;I Kpa'I'Hi MOXe BKadyBaTUCb Yy HaLI,iOHaﬂbHOMy

[onarTky. PekomeHgoBaHa BennyMHa BU3HAYaEeTbCS 3a
BMpa3om:

Fotd =ltg®tStg

ane He GinbLue HiX Fy

(2) The anchorage capacity of one welded trans-
verse bar (diameter 14 mm — 32 mm), welded on
the inside of the main bar, is F,,. 644 in Expres-
sion (8.9) may then be reduced by F,;,/A; where
A, is the area of the bar.

Note: The value of Fbtd for use in a Country may be
found in its National Annex. The recommended value is
determined from:

(8.8N)

but not greater than F,4

ae:

F g — PO3paxyHKoBa MILHICTb 3BapHOrO LBa Ha

3CyB (BM3HaA4Ya€eTbCA AK MHOXHUK AN Ag fyd; Ha-

npviknag, 0,5 Ag fy , Ae Ag — nrowa nepepisy 3a-

aHKepoBaHOro CTpUXHsi, a f,; — pospaxyHkoBa

MiLl- HICTb Ha rpaHuLLi TEKy4OCTi);

liy — PO3paxyHKOBa JOBXWHA MOMNepeYHOro CTpuK-
1= 0,5 .

HA: ltd_ 1,16 ¢t(fyd/0td) Slt’

l; — DOBXMHA NOMEPEeYHOro CTPUXKHS, He BinbLua 3a

KPOK CTPUXKHIB, LLIO NOBUHHI 3aaHKePOBYBATUCh;

¢; — AiameTp NonepeyvHoro CTPUXHSA
Gq— HaNPY>XeHHs y 6eTOHI: 64y = (fy1q+ Oom)y < 3 oy
Gem — CTUCK y B6ETOHI nepneHanKynapHo Ao 06ox

CTPUXHIB (CepegHs BenuuuHa, pogatHa npu
CTUCKY);

y — yHKUis: ¥ = 0,015 + 0,14e(-0.18%):

X — (pyHKLUIAA, LLIO BpaxoBYye reomeTpito: X = 2(c/d;) +
+1;

C — 3aXUCHWI LWap GeTOHY NepneHANKYNsSpHO A0
000X CTPWXKHIB.

(3) Axkwo aBa ogHaAKOBI CTPWKHI MpuBapeHi Ha
NPOTUNEXHNX CTOPOHAX CTPUXKHS, LLO 3aaHKepo-
BYETbCS, HECYYa 34aTHICTb, BU3HayeHa 3a 8.6 (2),
MOXe 30iNnblUyBaTHCh Y ABa pa3u 3a yMOBM 3a6e3-
NeYeHHs 3axMCHOro LWapy Ans Hanbnux4yoro Ao
NOBEPXHi CTPWXKHA 3riAHO 3 BUMOramu po3sginy 4.

(4) Axwo aBa CTPWKHI NpMBapeHi 3 OOHIET CTOPOHM
3 MiHiMansH1UM KPOKOM 3¢, TO Hecyya 3OaTHICTb
NOBMHHA 30iNbLUYyBaTUCh Ha koedilieHT 1,41.

(5) Ons cTpuXkHiB HOMiHaNBbHWUM diameTpom 12 Mm
i MeHLLe Hecyya 30aTHICTb 3aaHKepyBaHHA Npwu-
BapeHoro rnornepeyHoro CTPUXHSA B OCHOBHOMY
3anexuTb Bif PO3paxyHKOBOI MiLHOCTi 3BapHOro
3'egHaHHA. BoHa mMoxe ob4yucnioBaTUCh 3a Hac-
TYMHUM BYPa30oM:

where:

F,q4is the design shear strength of weld (specified
as a factor times A, f 4; say 0.5 A f, g where A is
the cross-section of the anchored bar and f 4 is its

design yield strength)

liy is the design length of transverse bar I; =
= 1,16 ¢(fyq lo1)*° < Iy

l;is the length of transverse bar, but not more than
the spacing of bars to be anchored;

¢; is the diameter of transverse bar;

o;4is the concrete stress o, = (f g0 :m)Y <314
6.m IS the compression in the concrete perpendi-
cular to both bars (mean value, positive for comp-
ression)

y is a function: y = 0,015 + 0,14e(-0:18).

x is a function accounting for the geometry x =
=2(clyy) + 1,

cis the concrete cover perpendicular to both bars

(3) If two bars of the same size are welded on
opposite sides of the bar to be anchored, the
capacity calculated from 8.6 (2) may be doubled
provided that the cover to the outer bar is in
accordance with Section 4.

(4) If two bars are welded to the same side with a
minimum spacing of 3¢, the capacity should be
multiplied by a factor of 1,41.

(5) For nominal bar diameters of 12 mm and less,
the anchorage capacity of a welded cross bar is
mainly dependent on the design strength of the
welded joint. It may be calculated as follows:
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Fota =Fuwg <16Asfeq0t 16, (8.9)

ae:
F 4 — PO3paxyHKOBa MiLHICTb Ha 3CYB 3BapHOro
wea (ams. 8.6(2));

¢ — HOMIHanNbHWI diaMeTp NONepeyHOro CTPYKHA
d < 12 mm;

¢; — HOMiHarnbHWI AiamMeTp CTPWXKHSA, L0 3aaHKe-
POBYETLCA: ¢ < 12 MM.

AKLO 3aCTOCOBYIOTLCA ABa 3BapeHi CTPWIXKHI, Lo
nepecikalTbCA 3 MiHIManbHUM KPOKOM ¢; [OOB-
XMHa 30HM aHKepyBaHHsI, BU3Ha4yeHa 3a B1pa3oM
(8.9), noBMHHa 36inbLUYyBaTUCL Ha KoediLieHT 1,41.

8.7 Hanycku Ta MexaHiuHi 3'eqHaHHA
8.7.1 3azanbHi Non0XeHHS

(1)P 3ycnnns 3 04HOro CTPWXKHS Ha iHLWWIA nepe-

AalTbCs 3a JOMOMOrOH0:

— Hamnycky CTPWXHIB i3 3armHamu abo rakamu,
abo 0e3 Takux;

— 3BaplOBaHHAM;

— MEeXaHiYHUMU NPUCTPOAMU, LLIO 3abe3neyyoThb
nepefady HaBaHTaXEHHSA MPU PO3TAry-CTUCKY
abo TiNbKK NpU CTUCKY.

8.7.2 Hanycku

(1)P KoHcTpytoBaHHS HamyckiB MOBUHHO 34iACH!0-

BaTUCb Tak, W06 3abesnevyBaTu:

— nepepadvy 3ycurlb Bif OQHOrO CTPWXKHSA OO iH-
LLIOrO;

— BIOCYTHICTb pO3TpiCcKyBaHHA 6eTOHYy nobnuay
3'eJHaHb;

— BIACYTHICTb 3HAYHUX TPILLMH, WO BMANBAKOTb
Ha XapaKTepUCTUKU KOHCTPYKLIT.

(2) Hanycku:

— MK CTPUXKHAMM NOBUHHI, 3a3BK4Yaii, nepenoda-
YyaTuCb Y Pi3HUX Nepepi3ax i He po3milaTncs y
30Hax 3Ha4yHUX MOMeHTIB/cun (Hanpuknag,
NNacTUYHUX LIapHIpiB). BUHATKM HaBedeHo y
(4) HwxYe:

— y byaob-sikoMy nepepisi, K NpaBuio, NOBUHHI
pO3MiLLaTUCh CUMETPUYHO.

(3) PostalwuyBaHHSA CTPUMXKHIB 3 HanyCKOM MOBWH-

HO BinoBigaTN PUCYHKY 8.7:

— BIACTaHb Yy YACTOTi MiXK CTPUXKHAMM 3 Hamyc-
KoM noBumHHa OyTn He Oinblwe HiX 4¢ abo
50 MM, y iHWOMY pasi JOBXWHA HamnyckKy no-
BMHHAa 30iMblUyBaTUCh Ha BENUYMHY MepeBu-
LLIeHHS BiacTaHi 4¢ abo 50 MM y 4ncToTi;
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where:
F,q design shear strength of weld (see 8.6 (2));

¢, nominal diameter of transverse bar: ¢;< 12 mm;

¢; nominal diameter of bar to anchor: ¢;< 12 mm.

If two welded cross bars with a minimum spacing
of ¢; are used, the anchorage length given by
Expression (8.9) should be multiplied by a factor
of 1,41.

8.7 Laps and mechanical couplers
8.7.1 General

(1)P Forces are transmitted from one bar to ano-
ther by:
— lapping of bars, with or without bends or hooks;

— welding;
— mechanical devices assuring load transfer in
tension-compression or in compression only.

8.7.2 Laps

(1)P The detailing of laps between bars shall be

such that:

— the transmission of the forces from one bar to
the next is assured;

— spalling of the concrete in the neighbourhood
of the joints does not occur;

— large cracks which affect the performance of
the structure do not occur.

(2) Laps:

— between bars should normally be staggered
and not located in areas of high moments/
forces (e.g. plastic hinges). Exceptions are
given in (4) below;

— at any section should normally be arranged
symmetrically.

(3) The arrangement of lapped bars should

comply with Figure 8.7:

— the clear distance between lapped bars should
not be greater than 4¢ or 50 mm, otherwise the
lap length should be increased by a length
equal to the clear space where it exceeds 4¢ or
50 mm;
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— NO300BXHSA BiACTaHb MK ABOMA MpuniernMmu
MiCLIAMU HanycKy NoBMHHA ByTW He MeHLLE HixX
0,3 Bio AOBXWHKM HaMYCKY, [;

— Y BMNaAKy NpuUnsraHHsA HanyckiB BiACTaHb Yy
YUCTOTI MiXK MPUNErUMUN CTPUXHAMW NOBUHHA
OyTn He MeHLe Hix 2¢ abo 20 mMm.

(4) Axwo ymoBM BigNoBigaTb BULLEHABEOEHNM
y (3), AOMNyCKaeTbCs 3aCTOCOBYBATU CTPUXKHI 3 Ha-
nyckoMm Ao 100%, AKWO BCi CTPWXKHI pO3MiLLEHi
OLHMM LWapoM. HAKWO CTPWXHI po3TalloBaHi Y
AeKinbKa wapis, TO NPOLEHT HEOOXiOHO 3MEHLLN-
™ 0o 50%.

Bci cTUCHYTI CcTpwkHi Ta gonomixkHa apmatypa
(posnoginbHa) MOXyTb HamyckaTUCb Y OOHOMY
nepepisi.

— thelongitudinal distance between two adjacent
laps should not be less than 0,3 times the lap
length, Iy;

In case of adjacent laps, the clear distance
between adjacent bars should not be less than
2¢ or 20 mm.

(4) When the provisions comply with (3) above,
the permissible percentage of lapped bars in
tension may be 100% where the bars are all in
one layer. Where the bars are in several layers
the percentage should be reduced to 50%.

All bars in compression and secondary (distribu-
tion) reinforcement may be lapped in one section.

20,3/, /, <50 mm (mm)

FS — - S4(I)

-~ . . R
-r T )

>20
ES a >20 MM (mm) F
s : ; s
< ! - £

PucyHok 8.7 — Npunerni Hanycku

Figure 8.7 — Adjacent laps

8.7.3 [oexuHa Harycky

(1) PospaxyHkoBa AOBXWHA HaMyCKy BU3HAYaeTb-
CS 3a BUpPa3oMm:

8.7.3 Lap length
(1) The design lap length is:

lg =00 20 30 50 glp rga 2 Lo, min » (8.10)

ae:
Ip,rqg — BU3HAYaETLCS 3a BrpasoM (8.3);

where:

Ib,rqq is calculated from Expression (8.3)

lo,min > Max{0,30t glp rqq s 15; 200 MM/ mm} . (8.11)

Benuunnu oy, o, o3 i ol MOXHA NPUAHATK 3a Tab-
nuueto 8.2; ofHak, Anst 06uMCneHHs ag, ZAg nin
HeobxiaHo npuimath sk 1,0A¢(c44 /T ), Npn Ag =
NMOLLi OAHOIO CTPUXHS BHAaMYCK.

ag = (p4/25)%5, ane He nepesulye 1,5 i He MeHLU
HiX 1,0, e py — BIACOTOK apmMaTypu BHamnyck y
mexax 0,65 Iy Bia LeHTpa OOBXWMHWU HamycCKy, Lo
po3rnafaeTbea (pucyHok 8.8). BennumHu og Ha-
BeAeHi y Tabnuui 8.3.

Values of a4, ay, a3 and a; may be taken from
Table 8.2; however, for the calculation of as,
ZAgi min should be taken as 1,0Ag(cy /f,q) with
A, = area of one lapped bar.

ag = (p4/25)%° but not exceeding 1,5 nor less than
1,0, where p, is the percentage of reinforcement
lapped within 0,65 I, from the centre of the lap
length considered (see Figure 8.8). Values of o4
are given in Table 8.3.
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Ta6nuua 8.3 — BenuunHu koediuieHTa og

Table 8.3 — Values of the coefficient og

BiacoTok CTpUXKHIB yHaMyCK BiAHOCHO 3arasibHOi NIOLLi MONepeyYHoro nepepisy o o o o
Percentage of lapped bars relative to the total cross-section area <25% | 33% 50% | > 50%
Og 1 1,15 1,4 1,5

MpumiTtka. [NPOMiXHI 3HaYEHHS MOXYTb BU3HAYaATUCh IHTEPMNOMSALIEH0.
Note: Intermediate values may be determined by interpolation.

8.7.4 lNonepeyHa apmamypa y 30Hi HanycKy

o

8.7.4 Transverse reinforcement in the lap zone

"

| 0,65/, | 0,65/,

m] [©] 0] (=]

I
I
L}
'
|
I
|
I
I
"
I
1
I
|
|
1
|
!
I
1
I
|
|
|
|

[Tepepis, mo po3rasanacTbCcsa
Section considered

- Crpuwxens I | C |- Crpuwxkens 11 - Ctprokens 11 Crpuxens [V
Bar | . Bar II @ Bar I1I . Bar [V

Mpuknap. CtpwxHi Il i 11l — 32 mexxamu nepepisy, Wo po3rnagaetbes: % = 50, aog = 1,4
Example: Bars Il and lIl are outside the section being considered: % = 50 and o =1,4
PucyHok 8.8 — BiocoTok CTpVXHIB yHarnyck B OAHOMY nepepisi Hanycky
Figure 8.8 — Percentage of lapped bars in one lapped section

8.7.4.1 llonepeyHa apmamypa Ornsi po3msigHy-
mux cmpuxHie

(1) MonepeyHa apmatypa Yy 30Hi Hanycky He-
obxigHa Anst CNpUIAHATTS MONEpPeYHUX 3yCcusb
po3Tary.

(2) Axwo giameTp ¢ CTPUXKHIB, LLO HanycKatTbCs,
MeHLWNA HixX 20 MM, aB0 NPOLLEHT CTPWXKHIB BHa-
nyck y 6yab-skoMmy nepepisi MeHLe Hix 25%, To
Oyab-sike HasiBHE MonepeyHe apMyBaHHs abo
3'eQHaHH4, WO HeobXxigHe 3 iHWNX NPUYMH, MOXe
po3rnagaTUCh SIK 4OCTATHE AN CIPUNHATTSA Mo-
nepeyHnx 3ycunb po3Tary 6e3 noganbLUoro
0OrpyHTYBaHHS.
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8.7.4.1 Transverse reinforcement for bars in ten-
sion

(1) Transverse reinforcement is required in the lap
zone to resist transverse tension forces.

(2) Where the diameter, ¢, of the lapped bars is
less than 20 mm, or the percentage of lapped bars
in any section is less than 25%, then any
transverse reinforcement or links necessary for
other reasons may be assumed sufficient for the
transverse tensile forces without further justi-
fication.


arymarenko
Прямоугольник


(3) Axkwo piameTp CTPWXHIB yHanyck Oinbluni
abo gopiBHioe 20 MM, TO 3aranbHa nowa none-
peyYHoi apmaTtypu NMoBMHHA CTaHOBUTK A (Cyma
BCiX XOMYTiB, NapanenbHUX Wwapy B'si3aHOi apma-
TYpU1) HE MeHLe HiX nnowa Ag OQHOTO CTPUXKHSA
BHanycKk (XAg > 1,0 Ay). lNonepeyHnin cTpuxeHb
NMOBUHEH PO3MilLlyBaTUCL MEPNEHANKYNSPHO 00
HanpsIMKy apmaTypw, BHanyck i Mix Lieto apmaTty-
poto Ta NoBepxHeto B6eToHy.

AKLWO B 0AHOMY MicLji HanyckaeTbes Binblue Hix
50% apmaTtypu, i AKLLO BiACTaHb a MixX npunernu-
MU Hanyckamu B nepepisi B Mexax < 10¢ (pucy-
HOK 8.7), nonepeyHa apmaTtypa noeuHHa ob'ea-
HyBaTUCb 3'€4HaHHAM abo CcTpxHAMY U-nogiGHoi
dopmMn, 3aaHKepOBaHMMM Y Tifo nepepisy.

(4) NMonepe4yHe apMyBaHHS, L0 BCTAHOBIHETLCS
3rigHo 3 (3), NOBMHHO PO3MilllyBaTUCL BAOBX 30B-
HILLHbOrO KOHTYpPY MepepisiB Hanycky, sk nokasa-
HO Ha pucyHky 8.9a.

A, 12
/3

(3) Where the diameter, of the lapped bars is
greater than or equal to 20 mm, the transverse
reinforcement should have a total area, A (sum
of all legs parallel to the layer of the spliced
reinforcement) of not less than the area A, of one
lapped bar (XA > 1,0 Ag). The transverse bar
should be placed perpendicular to the direction of
the lapped reinforcement and between that and
the surface of the concrete.

If more than 50% of the reinforcement is lapped at
one point and the distance, a, between adjacent
laps at a section is < 10¢ (see Figure 8.7) trans-
verse reinforcement should be formed by links or
U bars anchored into the body of the section.

(4) The transverse reinforcement provided for (3)
above should be positioned at the outer sections
of the lap as shown in Figure 8.9(a).

JA_ 2
/3

— - l-: MM
; T e
M, 1]
a — PO3TArHYTI CTPWXKHI
bars in tension
2A, 12 A [2 <150 mm (mm)
r_ |l D4l %
AL
4| |lo/3 l/3| |44

b — cTUCHYTI CTpWXHI
bars in compression

PucyHok 8.9 — lNonepeyHe apMyBaHHA s 3'€4HaHb yHaMNycK
Figure 8.9 — Transverse reinforcement for lapped splices
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8.7.4.2 [lonepeyHa apmamypa 0715 MOCMIUHO
CMUCHYMUX CMPUXHI8

(1) Ha popatok Ao npaBun ANA PO3TArHYTUX
CTPWXHIB HEOOXi4HO BCTAHOBMOBATU OAMNH Mone-
peyYHuin CTpWXeHb Ha BifcTaHi d Ha30BHi y no-
B3JOBXHbOMY HanpsiMi Bid KiHUS Hanycky i B
mMexax 4¢ Big KiHUs HanycKy (pmcyHok 8.9b).

8.7.5 Hanycku Onsi 3eapHux cimok i3 dpomie
nepiodu4yHoz20 npodgpinto

8.7.5.1 Hanycku 0nsi ocHOBHOI apmamypu

(1) Hanyckn MOXyTb BMKOHYBATUCh LUMSIXOM Me-

pexigHoro apMyBaHHS YapyHoOK abo HallapyBaH-
HSM CiTOK (pncyHok 8.10).

8.7.4.2 Transverse reinforcement for bars perma-
nently in compression

(1) In addition to the rules for bars in tension one
bar of the transverse reinforcement should be
placed outside each end of the lap length and
within 4¢ of the ends of the lap length (Figu-
re 8.9b).

8.7.5 Laps for welded mesh fabrics made of
ribbed wires

8.7.5.1 Laps of the main reinforcement

(1) Laps may be made either by intermeshing or
by layering of the fabrics (Figure 8.10).

a — nepexigHe apMyBaHHSA (NO3J0BXHIN nepepis)
intermeshed fabric (longitudinal section)

b — HawapyBaHHSA CiTOK
layered fabric (longitudinal section)

PucyHok 8.10 — Hanyckun 3BapHuX CiTOK

Figure 8.10 — Lapping of welded fabric

(2) 3a HasBHOCTI HaBaHTaXXeHb YTOMIEHOCTi He-
0o0xigHO NpunMaTy nepexigHe apmyBaHHS.

(3) Mpwn nepexigHomy apMyBaHHI po3TallyBaHHSA
HanyckiB Ons CTPUXKHIB OCHOBHOI apMaTtypu no-
BWHHO Bignosigatn 8.7.2. byab-siki cnpusTnuBi
BMJIMBU NOMNEPEYHNX CTPUXKHIB HE MOBUHHI BPaxo-
ByBaTUCb; TOMY npuimaeTtbes og = 1,0.

(4) Anga po3milieHnx pagamm CiTOK HanyCck OCHOB-
HOI apMaTypu, gk NpaBuro, HeobxigHO po3Tallo-
BYBaTU Yy 30Hax, Ae OOYMCMEHiI HaMpyXeHHsA B
apmartypi 3a rpaHU4HMM CcTaHoM | rpynun He nepe-
BuLytoTb 80% po3paxyHKOBOI MiLJHOCTI.
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(2) Where fatigue loads occur, intermeshing sho-
uld be adopted

(3) For intermeshed fabric, the lapping arran-
gements for the main longitudinal bars should
conform with 8.7.2. Any favourable effects of the
transverse bars should be ignored: thus taking
as =1,0.

(4) For layered fabric, the laps of the main
reinforcement should generally be situated in
zones where the calculated stress in the
reinforcement at ultimate limit state is not more
than 80% of the design strength.
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(5) Akwo BuLesragaHa ymosa (4) He BUKOHYETb-
csl, TO (paKkTMYHa BMCOTa apMaTypu Ansi BU3Ha-
YeHHs1 ornopy npwu 3ruHi 3rigHo 3 6.1 noBWHHA
3acTOCOBYBaTUCb ANSA psdy, HAacTynHoro 3a Bia-
JarneHicTio Big po3TarHyTol rpaHi. ogaTkoso, y
pasi BUKOHAHHS MEPEBIPKN HA PO3KPUTTS TPILLUH
y nepepisax, Lo CrigyrTb 3a KiHLeM Hanycky, Ha-
BeAeHi y Tabnuusx 7.2 i 7.3 HanpyXeHHs B apMa-
Typi MOBMHHI 36inblyBaTUCh Ha 25% y 3B'A3Ky 3
HasABHICTIO PO3PUBHOCTI Ha KiHLAX HaMyCKiB.

(6) MpoLeHT OCHOBHOT apmMaTypu, sika MOXe Ha-
nyckatucb y Byab-KoMy nepepisi, NOBUHEH Bia-
noBigaTtn HaCTyrNMHOMY.

[na citok 3 nepexigHMM apMyBaHHSIM 3aCTOCOBY-
IOTbCS BEMNWYNHW, HaBedeHi y Tabnumui 8.3.

[na ciTok, po3TalloBaHux psgamu, 4OMyCTUMUNA
BiJCOTOK 3'€dAHaHHS OCHOBHOI apmaTtypu Hanyc-
KoM y Byab-sKOMy nepepisi 3anexuTb Big KOHK-
peTHOl nnoLli nornepeyHoro nepepisy 3BapHOI
CITKM npun 3abesnedeHHi (Ag /s)pmv, 0e s — Kpok
OpoTiB:

— 100%, sKWo (Ag /S)pr0y <
— 60%, AKWo (A /8),, > 1200 MMm2/m.
3'egHaHHsA npu 6araTbox psigax MOBUHHI PO3Mo-
AinATUCb WoHanmeHwe Yepes 1,3 Iy (I BU3Ha-
YyaeTbes 3a 8.7.3 ).

< 1200 Mm2/Mm;

prov

(7) DopaTkoBe nonepeyHe apmyBaHHA He 060-
B'A3KOBE Y 30Hi HaMyckKy.

8.7.5.2 Hanycku donomixHoi abo po3mnodinbHOI

apmamypu
(1) Bca ponomixHa apmaTtypa MOXe 3'egHyBa-
TUCb HaMyCKOM Y OQHOMY MiCLi.

MiHimarnbHi BENMMYUHN JOBXWHW Hamycky Iy HaBe-
OeHi y Tabnuui 8.4; OOBXWHA HanycKy OBOX AO-
MOMIXKHMX CTPWXKHIB NMOBWHHA nepekpuBaTtu ABa
CTPWXXHIi OCHOBHOI apmaTtypu.

(5) Where condition (4) above is not fulfilled, the
effective depth of the steel for the calculation of
bending resistance in accordance with 6.1 should
apply to the layer furthest from the tension face. In
addition, when carrying out a crack-verification
next to the end of the lap, the steel stress used in
Tables 7.2 and 7.3 should be increased by 25%
due to the discontinuity at the ends of the laps.

(6) The percentage of the main reinforcement,
which may be lapped in any one section, should
comply with the following:

For intermeshed fabric, the values given in Table
8.3 are applicable.

For layered fabric the permissible percentage of
the main reinforcement that may be spliced by
lapping in any section, depends on the specific
cross-section area of the welded fabric provided
(As /8)prov» Where s is the spacing of the wires:

— 100%, if (Ag /S)pro, < 1200 mm?/m;
— 60%, if (A /)0, > 1200 mm?/m.
The joints of the multiple layers should be stag-
gered by at least 1,3 Iy (/; is determined from

8.7.3).

(7) Additional transverse reinforcement is not ne-
cessary in the lapping zone.

prov

8.7.5.2 Laps of secondary or distribution reinfor-
cement

(1) All secondary reinforcement may be lapped at
the same location.

The minimum values of the lap length [, are given
in Table 8.4; the lap length of two secondary bars
should cover two main bars.

Ta6bnuusa 8.4 — HeobxigHa OoBXMHa HanycKy Ansi AOMNOMKHUX APOTIB CiTOK

Table 8.4

— Required lap lengths for secondary wires of fabrics

[HiameTp [ONOMIKHUX APOTIB, MM
Diameter of secondary wires (mm)

[oBxuHa Hanyckis
Lap lengths

> 150 MM; He MeHLIEe 1 KPOKY OPOTY Ha OOBXMWHI Hanycky

<6
¢ > 150 mm; at least 1 wire pitch within the lap length
6< <85 > 250 MM; LWOHaMeHLLEe 2 KPOKU ApOTYy
o > 250 mm; at least 2 wire pitches
85< ¢ <12 > 350 MM; LLOHaMEHLLE 2 KPOKM ApOTYy

> 350 mm; at least 2 wire pitches
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8.8 [lopaTkoBi npaBuna ans CTPMXKHIB
BeJIMKUX AiamMeTpiB

(1) Ons cTpwkHiB AiaMeTpom Binblue HXX e
HeobXxigHO O4OTPUMYBATUCh AOAATKOBMX NpaBwu,
HaBefeHnx y 8.4 8.7.

MpumiTtka. BennunHa ¢jage AN BUKOPUCTAHHA Y KOH-
KPeTHi KpaiHi MOXe BKa3yBaTUCb Yy HaLioHarbHOMY
ponaTtky. PekomeHnayeTbcs BenvynHa 32 MMm.

(2) Mpwn 3acTocyBaHHiI CTPUXKHIB TAaKOro BEMMKOrO
diameTpa OOMEXEHHST TPILMHOYTBOPEHHSA MOXe
pocsratucb abo BUKOPUCTaHHAM MOBEPXHEBOrO
apmyBaHHs (9.2.4), abo 4epes po3paxyHku (7.3.4).

(3) Mpw 3acToCyBaHHI CTPUXKHIB BENUKOrO AiaMeT-
pa 3ycunns po3TPIiCKyBaHHSA BULLi i HarenbHWi
edekT € BGinbwurm. Taki CTPWXKHI MOBUHHI 3aaH-
KepoByBaTUCb 3a JOMOMOrO MEXaHiYHUX Mpu-
CTPOIB. Y SKOCTi anbTepHaTMBM BOHU MOXYTb
3aaHKepoBYBaTMCb SIK MPsMi CTPWXKHI, ane npwu
LbOMY MOBUHHI 3abe3nedyBaTUCh 3'€QHaHHS, Lo
npawuoTb SK po3noAifibHa apmaTtypa.

(4) 3asBnyan, CTPUXKHI BENUKOro AiameTpa He no-
BUHHI 3'eqHyBaTUCb Hamyckom. BuHaTkOM € ne-
pepi3n 3 MiHiManbHMM po3mMipom 1,0 M, abo AKLL0
Hanpy>XeHHsA He nepeBunLyoTb 80% po3paxyHKo-
BOI rPaHNYHOT MiLLHOCTI.

(5) MonepeyHa apmatypa, Ha JOOATOK A0 apMmy-
BaHHS Ha 3CyB MOBUHHa 3abe3mnevyBaTUCh y 30HaxX
aHKepyBaHHs, [e BiACYTHi nonepeYHu CTUCK.
(6) MNpwn NPAMONIHINHIA JOBXWUHI 3aaHKepyBaHHS
(pncyHok 8.11 cTOCOBHO MO3HaYeHb) AogaTKoBa
apmaTypa BignoBiaHO 40 BuLe3asHaveHoro y (5)
NMOBUHHA OYTW HE MEHLLIOK HiX:

— Yy Hanpsimi, napanensHOMY PO3TArHyTIN rpaHi:

8.8 Additional rules for large diameter bars

(1) For bars with a diameter larger than ¢, the
following rules supplement those given in 8.4 and
8.7.

Note: The value of ¢age for use in a Country may be
found in its National Annex. The recommended value is
32 mm.

(2) When such large diameter bars are used,
crack control may be achieved either by using
surface reinforcement (see 9.2.4) or by calcula-
tion (see 7.3.4).

(3) Splitting forces are higher and dowel action is
greater with the use of large diameter bars. Such
bars should be anchored with mechanical
devices. As an alternative they may be anchored
as straight bars, but links should be provided as
confining reinforcement.

(4) Generally large diameter bars should not be
lapped. Exceptions include sections with a mini-
mum dimension 1,0 m or where the stress is not
greater than 80% of the design ultimate strength.

(5) Transverse reinforcement, additional to that for
shear, should be provided in the anchorage zones
where transverse compression is not present.

(6) For straight anchorage lengths (see Figu-
re 8.11 for the notation used) the additional rein-
forcement referred to in (5) above should not be
less than the following:

— in the direction parallel to the tension face:

Ag, =0,25An 1, (8.12)

— Yy HanpsiMi, NepneHauKynspHoOMy OO PO3TAr-
HYTOI rpaHi:

— in the direction perpendicular to the tension
face:

As, =0,25Asn, (8.13)

ae:
A, — nnotia nonepeyHoro nepepisy saaHkeposa-
HOrO CTPWXKHS;

ny — KiNbKiCTb pAAIB 3aaHKepPOBAHUX CTPWXKHIB Y
O[Hi TouLji enemMeHTa;

N, — KiNbKICTb CTPWXKHIB, 3aaHKepoBaHUX B OOHO-
My psiAi.

(7) ODopatkoBa nonepevHa apmaTtypa MOBMHHA
PiIBHOMIPDHO PO3MOAINATUCHL Y 30HI 3aaHKepyBaH-

Hs1, @ KPOK CTPWXXHIB HE MOBWHEH MEPEBULLYBATM
5 piameTpiB N0300BXHBOI apMaTypu.
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where:

A, is the cross sectional area of an anchored bar;

n, is the number of layers with bars anchored at
the same point in the member;

n, is the number of bars anchored in each layer.

(7) The additional transverse reinforcement sho-
uld be uniformly distributed in the anchorage zone
and the spacing of bars should not exceed 5 times
the diameter of the longitudinal reinforcement.
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2As 2 0,5As

| @
/

YA+ 2 0,25As

X
YA+ 2 0,5As

ZAs 2 0,5As

O 3aaHkepoBaHWUi CTPUMXEHD
Anchored bar

® Hepospi3Huii CTPUKEHD
Continuing bar

Mpuknag. Y Bunagky 3nieany =1, n, = 2, a'y BUNagKy cnpaea ny = 2, n, = 2
Example: In the left hand case ny = 1, n, = 2 and in the right hand case n1 =2, n, =2
PucyHok 8.11 — [lonaTkoBa apmaTypa y 3aaHKepyBaHHi 45151 CTPUMXKHIB BEMKOro AiameTpa
3a BiCYTHOCTi MONEPEYHOro CTUCKY

Figure 8.11 — Additional reinforcement in an anchorage for large diameter bars where there is
no transverse compression

(8) Ons BM3HAYEHHA NMOBEPXHEBOrO0 apMyBaHHSA
3actocoByeTbca 9.2.4, ane nnowia NoBepxHEBOI
apMmaTtypu He MNoBWHHaA OyTM MeHLwot Hix 0,01
At ext Y HANPSIMI, NepNeHANKYNSPHOMY A0 CTPX-
HiB Benukoro aiameTpa, i 0,02 A ., NapanensHo
LUM CTPUXKHSIM.

8.9 lNMyykn cTpuXKHIB
8.9.1 3azasibHi NO10)XEeHHs

(1) AKwo He obrpyHTOBAHO iHLWIE, TO NpaBuna 4nsg
OKPEMUX CTPUXKHIB 3aCTOCOBYIOTBCA TaKOX AnS
My4KiB CTPWKHIB. Y OOHOMY MyYKYy BCi CTPUXKHI MO-
BWHHI MaTW OAHAKOBI XapakTepucTukn (Tun i
knac). CTpWKHi pisHNX po3mipiB MOXYTb 00'€aHY-
BaTUCb y My4YOK 3a YMOBW, LIO BiAHOLUEHHS
JdiameTpiB He nepesuLlye 1,7.

(2) Y pospaxyHKy My4YoK 3aMiHETLCA YMOBHUM
CTPWKHEM Ti€ET XK NSIOLLi nepepisy i 3 TUM Xe LeH-
TPOM Baru, WO i y nyyka. ExBiBaneHTHWI giameTp
¢,, LbOr0 YMOBHOIO CTPWDKHS HACTYMHUN:

(8) For surface reinforcement, 9.2.4 applies, but
the area of surface reinforcement should not be
less than 0,01 A, ¢ in the direction perpendicular
to large diameter bars, and 0,02 A, parallel to
those bars.

8.9 Bundled bars
8.9.1 General

(1) Unless otherwise stated, the rules for individu-
al bars also apply for bundles of bars. In a bundle,
all the bars should be of the same characteristics
(type and grade). Bars of different sizes may be
bundled provided that the ratio of diameters does
not exceed 1.7.

(2) In design, the bundle is replaced by a notional
bar having the same sectional area and the same
centre of gravity as the bundle. The equivalent
diameter, ¢,, of this notional bar is such that:

dp =0 /np <55MmM/ (mm), (8.14)

ae:
Np — KiNbKICTb CTPWXKHIB Yy MNy4Ky, sika obme-
KYETbCS:

N, <4 — Ana BepTUKanbHUX CTPUXKHIB MPU CTUCKY |
AN CTPUXKHIB, 3'eQHaHUX B HaMycCK;

Np < 3 — ANs BCIX iHWWX BUMNaKiB.

(3) Anst BU3HA4YEHHSA KPOKY My4KiB 3aCTOCOBYIOTb-
cs HaBegeHi y 8.2 npasuna. EksiBaneHTHUN dia-
MeTp ¢,, MOBMHEH 3acTOCOBYBaTUCb, ane Bid-
CTaHb Y YACTOTI Mi>K MyYKamum NOBUHHA BUMIipIOBa-
TUCb Bifl 30BHILLUHBOIO KOHTYPY apMaTypHOro nyy-
kKa. 3axucHuii wap 6eTOoHYy MNOBUHEH BUMIpPIO-
BaTUCb Bi4 (PAKTUYHOIO 30BHILLUHLOrO KOHTYPY
ny4yka i 6yT1 He MEHLLE HiX ¢,,.

where:

n, is the number of bars in the bundle, which is
limited to:

n, <4 for vertical bars in compression and for bars
in a lapped joint,

n,, < 3for all other cases.

(3) For a bundle, the rules given in 8.2 for spacing
of bars apply. The equivalent diameter, ¢,, should
be used but the clear distance between bundles
should be measured from the actual external
contour of the bundle of bars. The concrete cover
should be measured from the actual external
contour of the bundles and should not be less
than ¢,,.
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(4) Mpwn TOpKaHHI OBOX CTPWXKHIB, O pO3TaLlo-
BaHi OAVH Haj ApYruM, i 3a XOpPOLUMX YMOB 34er-
JIEHHS TaKi CTPWXKHI HE MOBWUHHI pO3rnsaaTuch sk
My4oK.

8.9.2 AHKepyeaHHsI apMamypHUX ny4Kie

(1) My4kn cTpUxKHIB NpK PO3TAry MOXyTb 0bpisa-
TUCb Ha KiHLUEBMX i NPOMKHUX ornopax. [yykn 3
eKBiBaneHTHMM giamMetpoMm < 32 MM MOXyTb 06-
pizaTuch 6ina onop 6e3 HeobXiAHOCTI 3MilLEeHHS
CTPWXHIB BifHOCHO nepepisy. [y4kun 3 eksiBaneH-
THMM JiaMeTpoM > 32 MM, SKi aHKepyrTbCHa MNo-
6nn3y onop, HeobxigHO 3MillyBaTh y MO300BX-
HbOMY HanpsiMi, K NoKa3aHo Ha PUCYHKY 8.12.
(2) Axwo okpemi CTPUMXKHI aHKepyTLCA Npu Bia-
CTaHi 3milleHHst Ginblie Hix 1,3 1y g (8€ I g
I'PYHTYETbCA Ha [LiaMeTpi CTPWKHA), AiameTtp
CTPWDKHSA MOXE BUKOPUCTOBYBATUCH [N15 OLLIHKA [,
(av.. 8.12). lHWMMK cnoBamn, NOBUHEH BUKOPUC-
TOBYBATWCb €KBIBANEHTHUI AiaMeTp ny4ka ¢,

> >1,31,

(4) Where two touching bars are positioned one
above the other, and where the bond conditions
are good, such bars need not be treated as a
bundle.

8.9.2 Anchorage of bundles of bars

(1) Bundles of bars in tension may be curtailed
over end and intermediate supports. Bundles with
an equivalent diameter < 32 mm may be curtailed
near a support without the need for staggering bars.
Bundles with an equivalent diameter > 32 mm
which are anchored near a support should be
staggered in the longitudinal direction as shown in
Figure 8.12.

(2) Where individual bars are anchored with a
staggered distance greater than 1,3 I, ., (Where
I, rqq IS based on the bar diameter), the diameter
of the bar may be used in assessing /,; (see
Figure 8.12). Otherwise the equivalent diameter
of the bundle, ¢,,, should be used.

A

PucyHok 8.12 — AHkepyBaHHS 3MilLleHUX 3 iHTepBanaMy CTPUXKHIB Y MyYKy

Figure 8.12 — Anchorage of widely staggered bars in a bundle

(3) Mpw cTCKy 3aaHKepOBaHi CTPWXKHI Yy MyYKy He
NoTpibHO 3miwyBaTn. [na ny4ykiB 3 eksiBaneHT-
HUM JiameTpom > 32 MM NOBUHHI 3abe3nedvyBa-
TUCb LLIOHANMEHLLE YOTUPKU 3'€QHAHHS Ha KiHLSAX
nydyka, Wo malwTb giameTp > 12 mm. HactynHe
3'eAHaHHA NOBUHHO PO3TaLLIOBYBaTUCh 3pa3y Haf
KiHLLleM 0Bpi3aHOro CTPUXKHS.

8.9.3 Hanyck apmamypHuUX ny4kie

(1) OoBxmnHy HanycKky HeoOXiaHO BM3HavaTK 3rig-
HO 3 8.7.3 3 BUKOPUCTaHHAM ¢, (3 8.9.1 (2)), 5K
€KBiBaNIEHTHOrO AiaMeTpa CTPWXKHS.

(2) Onga ny4kis, LLO ckNagaloTbCs 3 ABOX CTPUXKHIB
eKBiBaneHTHUM giaMeTpoM < 32 MM, CTPVXHi Mo-
XyTb Hanyckatucb 6e3 3MillleHHS OKpeMmx
CTPUXHIB. Y LibOMY BUNaAKy Ans 064YUCreHHs [y
HeobXigHO BMKOPMCTOBYBATK PO3MIp eKBiBaneH-
THOTO CTPWKHS.

188

(3) For compression anchorages bundled bars
need not be staggered. For bundles with an
equivalent diameter > 32 mm, at least four links
having a diameter > 12 mm should be provided at
the ends of the bundle. A further link should be
provided just beyond the end of the curtailed bar.

8.9.3 Lapping bundles of bars

(1) The lap length should be calculated in accor-
dance with 8.7.3 using ¢, (from 8.9.1 (2)) as the
equivalent diameter of bar.

(2) For bundles which consist of two bars with an
equivalent diameter < 32 mm the bars may be
lapped without staggering individual bars. In this
case the equivalent bar size should be used to
calculate I,.
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(3) Ana ny4kiB, LLIO CKNagalTbCsa 3 ABOX CTPUXKHIB
eKkBiBaneHTHUM giametpom > 32 MM, abo TpbOx
CTPWXKHIB OKpPEMIi CTPWKHI NOBWUHHI 3MiLLyBaTUCh Y
MOAOBXHLOMY HanpsMi LWoHamMeHwe Ha 1,3 I,
AIK MOKa3aHo Ha pUCYHKy 8,13, ae Iy — Bu3Ha4YeHe
OIS OKPEMOrO CTPWXKHA. Y BKaszaHOMY BUMagKy
cTpwkeHb Ne 4 BUKOPUCTOBYETLCS Y SIKOCTI CTPUK-
HA BHanyck. HeobxigHo 3abesnevyBaTt ymoBy,
Wwo y 6yab-sskoMy nepepisi 3 HanyckoM He NoBUH-
HO OyTuK OinbLue HiXX YOTUPK CTPUXKHI.

(3) For bundles which consist of two bars with an
equivalent diameter > 32 mm or of three bars,
individual bars should be staggered in the
longitudinal direction by at least 1,3 I as shown in
Figure 8.13, where [, is based on a single bar. For
this case bar No. 4 is used as the lapping bar.
Care should be taken to ensure that there are not
more than four bars in any lap cross section.
Bundles of more than three bars should not be
lapped.

2 4

PucyHok 8.13 — 3'egHaHHs HanyckoM, L0 BKIOYAE YOTUPU CTPUXKHI MPpU po3TAry

Figure 8.13 — Lap joint in tension including a fourth bar

8.10 MonepeaHbLO HaNpyXeHi Ny4Kn

8.10.1 PosmauwyeaHHs1 Hanpy)XeHuUx ny4kie i
KaHarsie

8.10.1.1 3acarnbHi NonoXxXeHHs

(1)P Kpok kaHanis abo nonepeaHbO Hanpy>XeHuX
Ha ynopu Ny4kiB NOBUHEH ByTn Taknm, Wwo6 Haga-
BaTW MOXIUBICTb BUKOHYBATN HanNeXHUM YMHOM
YKNafaHHS Ta yLWinbHEHHS GEeTOHY i Wob aocartu
HeobXigHOro 34ensieHHs MiXk 6ETOHOM i MyYkamu.

8.10.1.2 [Tyy4Ku, wo HanpyxytombsCs Ha yropu

(1) MiHimanbHi ropmM3oHTanbHi i BepTUKanbHi Bia-
CTaHi Y YNCTOTi MiXXK OKpEMUMMU HaMPY>XeHUMU Ha
yrnopu nyykamu NoBWHHI BignoBigaTy nokasaHum
Ha pucyHKy 8.14. |Hwe po3TallyBaHHA gonycka-
€TbCS BUKOPUCTOBYBATU 3a YMOBM, LLO pe3ynbTa-
TV BUNPOOYyBaHb NOKa3ylTb 3af0BINbHUIA Xapak-
Tep poboTK y rpaHMYHOMY CTaHi BiHOCHO:

— GeTOHYy B 30Hi aHKepYBaHHS;

— PO3TPiCKyBaHHsSI GETOHY;

— 3aaHKepyBaHHsi nornepeaHLo HanpyXeHMX NyyKis;
— yKknagaHHsa 6eTOHY MK ny4dkamu.

Cnig TakoX BpaxoByBaTW NUTaHHA AOBrOBIYHOCTI
Ta 3arpo3un Koposii My4KiB Ha KiHUAX eNeMeHTIB.

(2) 3B'as3yBaHHA MyuykiB HE MOBUHHO 3A4iNCHIOBA-
TUCb Y 30Hi 3aaHKepyBaHHS, OKpiM BUNaaKiB, Konm
3a0e3nevyeTbCs HamnexHe yknagaHHA Ta yLinb-
HeHHs1 BETOHY, | MOXNMBE AOCATHEHHSI HEOOXia-
HOrO 34ensieHHs MiXk 6eTOHOM i apMaTypoto.

8.10 Prestressing tendons

8.10.1 Arrangement of prestressing tendons
and ducts

8.10.1.1 General

(1)P The spacing of ducts or of pre-tensioned ten-
dons shall be such as to ensure that placing and
compacting of the concrete can be carried out
satisfactorily and that sufficient bond can be attai-
ned between the concrete and the tendons.

8.10.1.2 Pre-tensioned tendons

(1) The minimum clear horizontal and vertical
spacing of individual pre-tensioned tendons should
be in accordance with that shown in Figure 8.14.
Other layouts may be used provided that test
results show satisfactory ultimate behaviour with
respect to:

the concrete in compression at the anchorage;
the spalling of concrete;

the anchorage of pre-tensioned tendons;

the placing of the concrete between the tendons.

Consideration should also be given to durability
and the danger of corrosion of the tendon at the
end of elements.

(2) Bundling of tendons should not occur in the
anchorage zones, unless placing and compacting
of the concrete can be carried out satisfactorily
and sufficient bond can be attained between the
concrete and the tendons.

189


arymarenko
Прямоугольник


9@

+
T

¥ >dq
2

¢

v IV

¥

udg'l‘s

> 24
> 20

¢ — AiameTp ny4yka, nornepeaHbO HaMpyXeHOro Ha yrnopu, a dy — MakcMarbHUA PO3Mip 3anoBHIOBa4a
¢ is the diameter of pre-tensioned tendon and dj is the maximum size of aggregate.

PucyHok 8.14 — MiHimarnbHa BiACTaHb Y YNCTOTI MiXK HanpyXeHUMM Ha ynopu nyykamm

Figure 8.14 — Minimum clear spacing between pre-tensioned tendons

8.10.1.3 Kananu gna HanpyXeHHsi Ha 6eToH

(1)P Kananu gns HanpykeHHs Ha 6eToH Heob-

XiQHO pO3TalLOBYBaTU | KOHCTPYOBATK Tak, LW06:

— MOXHa 6e3neyvHo yknagaTtn 6eToH 6e3 3arpo-
31 NOLUKOAXEHHS KaHanis.;

— 6eToH Mir cnpunmMaTi 3ycunns Big KaHanis y
MicUSAX TX CKPMBAEHHSA Mig Yac i nicns none-
peaHbOoro Hamnpy>KeHHs;

— PO3YMH MPU 3aMOBHEHHI OOHOrO KaHamy He
NPOHMKAaB Y iHLUi KaHanw.

(2) Kananu ans Hanpy>keHux Ha 6EeTOH eneMeHTIB
He Crif po3MiLLyBaTh NyyYkamu, 3a BUHATKOM BU-
najgky, Konv KaHanu y napi po3miLLytoTbCH OAWH
Hag OOHVM.

(3) MiHiManbHi BigCTaHi y YNCTOTI MiXK KaHanamu
MOBWHHI OyTK Yy BiANOBIAHOCTI 3 MOKa3aHUMU Ha
pucyHky 8.15.

=40 mm

8.10.1.3 Post-tension ducts

(1)P The ducts for post-tensioned tendons shall

be located and constructed so that:

— the concrete can be safely placed without da-
maging the ducts;

— the concrete can resist the forces from the
ducts in the curved parts during and after
stressing;

— no grout will leak into other ducts during grou-
ting process.

(2) Ducts for post-tensioned members, should not
normally be bundled except in the case of a pair of
ducts placed vertically one above the other.

(3) The minimum clear spacing between ducts
should be in accordance with that shown in Figu-
re 8.15.

>dy+5

2 50 mm (mm)

¥4,
2 ¢

__y=240Mm

. (mm)

¢ — AiameTp KaHany Ans HanpyxeHHs Ha 6eToH, a dg — MakcMarbHUIn PO3Mip 3anoBHIOBaYa
¢ is the diameter of post-tension duct and d, is the maximum size of aggregate.

PucyHok 8.15 — MiHimanbHa BifCTaHb y YACTOTI MiXK HAMpYy)XEHMMW Ha YNopu nyyYkamm

Figure 8.15 — Minimum clear spacing between ducts
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8.10.2 AHKepyesaHHsI ny4Kie apmamypu, Ha-
ApyXeHux Ha yriopu

8.10.2.1 3acaribHi NONOXeHHs

(1) Y 30Hax aHKepyBaHHS HaNpPyXeHoi Ha 6eToH
apmaTypu HeobXiAHO BpaxoByBaTW HACTYMHI xa-
pPaKTepPUCTUKM OOBXMHMN (pUCYHOK 8.16):

a) JOBXMHa 30HM Nepefadi lp,, Ha sIKin cuna none-
PeOHbOro HanpyXeHHa Py NOBHICTIO NepeaaeTb-
cs Ha 6eToH, amB 8.10.2.2 (2);

b) poBxnHa 30HU pO3CitOBaHHSA Zdisp, Ha SKin Ha-
Npy>XeHHs1 y GeTOHi NOCTYnoBO MiHIMHO PO3Cito-
t0TbCsA No 6eTOHHOMY nepepisy, ame. 8.10.2.2 (4);

C) AOBXWHA 30HW 3aaHKEPYBaHHS Iy, ;, Ha SIKIN 3y-
cunns de y apMaTypi MOBHICTIO CPUIMMaTbCA
3aaHKepyBaHHAM MNPU  OOCATHEHHI TPaHUYHOro
cTaHy, ame. 8.10.2.3 (4) i (5).

-
-
>

o fpl

8.10.2 Anchorage of pre-tensioned tendons

8.10.2.1 General

(1) In anchorage regions for pre-tensioned ten-
dons, the following length parameters should be
considered, see Figure 8.16:

a) Transmission length, lot» Over which the prest-
ressing force (Py) is fully transmitted to the conc-
rete; see 8.10.2.2 (2);

b) Dispersion length, 1, over which the concrete
stresses gradually disperse to a linear distribution
across the concrete section; see 8.10.2.2 (4);

¢) Anchorage length, Ippg» OVer which the tendon
force F,q in the ultimate limit state is fully ancho-
red in the concrete; see 8.10.2.3 (4) and (5).

L2 %) S

In Jopa

fdisp

JTiHinHWMI po3nogin HanpyXeHHs y nepepisi enemeHTa
Linear stress distribution in member cross-section

PucyHok 16 — [Nepenaya nonepeaHbOro HanpyXeHHs y Hanpy>XeHnX ernieMeHTax; XxapakTepuCTUKA JOBXMHU
Figure 8.16 — Transfer of prestress in pretensioned elements; length parameters

8.10.2.2 [Tepedaya nonepedHb020 HarnpyXeHHs
(1) Mpw BignNyckaHHi Hanpy>xeHoi apmaTypu Oo-
MycKaeTbCs, WO NonepeaHe HanpyXeHHs nepe-
OaeTbCsl Ha GETOH Yepes NOCTINHE HarnpyXeHHS
34enneHHs f,,;, Konu:

fopt = NpMleta, (t)

ne:

Np1 — KOEMILIEHT, Lo BpaxoBye TN apMaTtypH i
YMOBM 34ENNEHHs NpY BiANyCKaHHi;

Np1 = 2,7 — ons ApoTiB nepiognMyHoro npodinto;
Np1 = 3,2 — ana 3- i 7-4poTOBUX KaHaTiB;

n¢ = 1,0 npn xopowmnx ymoBax 34enneHHs (ams.
8.4.2);

8.10.2.2 Transfer of prestress

(1) At release of tendons, the prestress may be
assumed to be transferred to the concrete by a
constant bond stress f;,;, where:

(8.15)
where:

N1 is a coefficient that takes into account the type
of tendon and the bond situation at release;

Np1 = 2,7 for indented wires;
Npt = 3,2 for 3 and 7-wire strands;

n4 = 1,0 for good bond conditions (see 8.4.2);
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=0,7 ons iHWKX yMOB, OKpiM BUNaakKiB, konu 6inb-
LLe 3Ha4YeHHs1 06r'pyHTOBAHO BigNOBIAHO 4O YMOB
BUKOHAHHS;

fq:(f) — pO3paxyHKoBa BenuumHa MILHOCTI Ha

PO3TAr y MOMEHT BIANycKaHHA: fyy,(f) = oy X
x0,7F 4, () /v, (OMB. Takox 3.1.2 (8) 1 3.1.6 (2)P).
MpumiTtka. Bennunum nyq Ana TuniB nyykis, LLO Bigpis-
HSIIOTbCA Bif BULLE3A3HAYEHUNX, MOXYTb BUKOPUCTOBY-
BaTUCb BIOMNOBIAHO OO E€BPOMNENCLKOrO TEXHIYHOro
yXBaneHHs.

(2) OcHoBHa BenUYMHa OOBXUHM 30HW Nepeavi

Ipt BN3HA4Ya€TbCA:

= 0,7 otherwise, unless a higher value can be
justified with regard to special circumstances in
execution;

o (t) is the design tensile value of strength at
time of release: f,,(t) = o 0,74, (t) / v, (sSee

also 3.1.2 (8) and 3.1.6 (2)P).

Note: Values of n, for types of tendons other than
those given above may be used subject to a European
Technical Approval.

(2) The basic value of the transmission length, /;,
is given by:

lpt :a1a2¢6pm0/fbpt , (816)

ae:
o4 = 1,0 4ns NocTynoBOro BMBISIbHEHHS;

= 1,25 gna MOMEHTanbHOro BMUBINIbHEHHS;

o, = 0,25 ana apmartypu Kpyrrnoro nornepe4yHoro
nepepiay;

=0,19 gn4a 3-i 7-gpoTOBKX KaHaTiB,;

¢ — HOMiHaNbHUI giameTp apmaTypu;

Opmo — HanpyXeHHs B apmartypi Bigpasy nicns
BUBINbHEHHS.

(3) PospaxyHkoBa BenuuMHa OOBXWHWU 30HW ne-
pefadi NoBMHHA NPU3HAYaTUCh SK MEHLL CMPUSIT-
NMBa i3 ABOX 3Ha4eHb, Y 3anexHOoCTi Big po3pa-
XYHKOBOI cuTyauii:

where:
a4 = 1,0 for gradual release;
= 1,25 for sudden release;

a, = 0,25 for tendons with circular cross section;

= 0,19 for 3 and 7-wire strands
¢ is the nominal diameter of tendon;

o,mo IS the tendon stress just after release.
(3) The design value of the transmission length
should be taken as the less favourable of two
values, depending on the design situation:

lpt1=0,81p¢ (8.17)
abo or
Ipt2 :1,21p, . (8.18)

MpumiTtka. 3a3Bnyan, Ans nepesipk1 MicLLEEBUX HanNpy-
XXeHb Mpw BiAMYCKaHHI BUKOPUCTOBYETLCS MEHLLIE 3Ha-
YeHHs, a Ginblie — nNpu nepesipui 3a rpaHUYHUMM
cTaHamu | rpynu (3cyB, aHKepyBaHHs TOLLO).

(4) MoxHa BBaxaTu, WO 3a MeXaMy OOBXUHU
30HM PO3CilOBaHHS HanpyXeHHs1 y 6eToHi MatoTb
NiHinHWMK po3nogin (pucyHok 8.17):

Note: Normally the lower value is used for verifications
of local stresses at release, the higher value for ultima-
te limit states (shear, anchorage etc.).

(4) Concrete stresses may be assumed to have a
linear distribution outside the dispersion length,
see Figure 8.17:

Laisp =1/15t +d? . (8.19)

(5) AnbTepHaTMBHMI PO3NOAIN NONepeaHbLOro Ha-
NPY>KEHHA MOXNUBUIA NPW BiANOBIAHOMY MNigTBEP-
DPKEHHI Ta npu BIiANOBIOHUX 3MiHaX Yy OOBXMWHI
30HUM Nepeadi.
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(5) Alternative build-up of prestress may be assu-
med, if adequately justified and if the transmission
length is modified accordingly.


arymarenko
Прямоугольник


8.10.2.3 AHKepysaHHs 3ycurlb posmsiay rnpu epa-
HU4YHoMy cmadi | epynu

(1) AHKepyBaHHSA Hanpy>XeHUX Ny4dKiB apmaTypu
HeobOXigHO nepeBipsATM y nepepisax, Ae Hanpy-
XKEHHS po3TAry y 6eToHi NepeBuLLyoTh fiy o os-
3ycunnsa y nyvkax HeobxigHO BU3HayaTu ons ne-
pepisy 3 TpiliMHaMK, BpaxoByK4M BNNB 3CyBY
3rigHo 3 6.2.3 (6); ame. Takox 9.2.1.3. Akwo Ha-
NPYXXEHHS pO3TAry y 6€TOHI MEHLU HiX fy ¢ o5, TO
nepeBipka aHKepyBaHHS HE BUMaraeTbCsl.

(2) MiuHicTb 34enneHHs Mpu 3aaHKepyBaHHi Yy
rpaHM4YHOMY CTaHi | rpynu BU3Ha4YaeTbCA SK:

8.10.2.3 Anchorage of tensile force for the ultima-
te limit state

(1) The anchorage of tendons should be checked
in sections where the concrete tensile stress
exceeds f o o5- The tendon force should be cal-
culated for a cracked section, including the effect
of shear according to 6.2.3 (6); see also 9.2.1.3.
Where the concrete tensile stress is less than
fetk, 0,05, NO @nchorage check is necessary.

(2) The bond strength for anchorage in the ultima-
te limit state is:

lbpd = np2n1fctd ) (8.20)

ae:

Np2 — KOEILiEHT, Lo Bpaxye TVN nyykiB apMaTy-
pv i yMOBW 34ENMEHHS NPU 3aaHKepPYBaHHi;

Np2 = 1,4 ansa gpoTiB nepiogmMyHoro npodinto abo;
Np2 = 1,2 ona 7-4poTOBUX KaHaTIB;

N4 — BU3HavaeTbea Ak y 8.10.2.2 (1).

MpumiTka. BennunHu 1y, Ans TMNiB NyyKis, LLO BiApi3-
HATLCS Bif BULLE3a3HAYEHMX, MOXYTb BUKOPUCTOBY-
BaTMCb BIiOMNOBIAHO [0 EBPOMENCLKOro TEXHIYHOIo
yXBaneHHs.

(3) Y 3B'a3Ky i3 3poCTaHHAM KPUXKOCTI BETOHY 3
POCTOM Oro MILHOCTI, foy ¢ o5, Y AAHOMY BUMNAA-
Ky, HeobXxigHO obmexxyBaTu BenmunHoto C60/75,
SIKLLO TifbKM He 0BrpyHTOBaHO, L0 CepeaHs Mill-
HICTb 34ENEeHHs 3poCcTae BULLE LIET MeXi.

(4) 3aranbHa OOBXMHA 30HM aHKepyBaHHA AN
MY4KiB MPY HANPYXXEHHSIX G,y CTAHOBUT!

where:

Np2isa coefficient that takes into account the type
of tendon and the bond situation at anchorage;

Np2 = 1,4 for indented wires or;
Np2 =1,2 for 7-wire strands;
N4 is as defined in 8.10.2.2 (1).

Note: Values of n, for types of tendons other than tho-
se given above may be used subject to a European
Technical Approval.

(3) Due to increasing brittleness with higher
concrete strength, £, o 95, should here be limited
to the value for C60/75, unless it can be verified
that the average bond strength increases above
this limit.

(4) The total anchorage length for anchoring a
tendon with stress o, is:

lbpd =Ipt2 +a 20 (Gpd _Gpmoo)/fctd , (8.21)

ae:
loto = HanbinbLla po3paxyHKoBa Benu4MHa LOB-

XWHW 30HM nepegadi (ame. 8.10.2.2(3));
o, — BU3HavaeTbea Ak y 8.10.2.2(2);

O — HaNPYXXEHHS1 y Ny4Ky BIiANOBIAHO A0 3ycusl-
ng, onucaHoro y (1);

Sp

(5) HanpyxeHHs1 y nyykax y 30Hi 3aaHKepyBaHHS
nokasaHi Ha pMCyHKy 8.17.

m o — MONEePEeHE Hanpy>XeHHS Micnsi BCix BTpaT.

(6) Y BvnagKy 3millaHOro 3BM4amHOro Ta none-
peaHbO HaMpyXXeHOoro Ha ynopu apmyBaHHS HECY-
4y 30aTHICTb KOXXHOIO BMAY MOXHa CyMyBaTHu.

where:

loz is the upper design value of transmission

length, see 8.10.2.2 (3);
a,, as defined in 8.10.2.2 (2);

o,q IS the tendon stress corresponding to the for-
ce described in (1);

Opm « 1S the prestress after all losses.

(5) Tendon stresses in the anchorage zone are
illustrated in Figure 8.17.

(6) In case of combined ordinary and pre-tensio-
ned reinforcement, the anchorage capacities of
each may be summed.
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PucyHok 8.17 — HanpyeHHs y 30Hi 3aaHKepyBaHHS Hanpy>XeHuX Ha ynopu enemMeHTiB:
(1) npu BignyckaHHi NyykiB, (2) y rpaHnYHOMY CTaHi | rpynu
Figure 8.17 — Stresses in the anchorage zone of pre-tensioned members:
(1) at release of tendons, (2) at ultimate limit state

8.10.3 30HU aHKepyeaHHs1 Ons enemMeHmis,
w0 Hanpyxyrmbcsi Ha 6emoH

(1) MNpoekTyBaHHA 30H 3aaHKepyBaHHSA MOBWMHHO
34iMCHIOBaATUCh 3rigHO 3 NpaBmnamMm 3acTocyBaH-
HH, HaBedeHMMN HkYe, Ta 'y 6.5.3.

(2) MNpwn posrnagi BnnMBy nonepeaHbLOro Hanpy-
XKEHHS1 9K 30CepedKeHoi CMnn y 30Hi 3aaHKepy-
BaHHA po3paxyHKoBa BenunyuHa nonepeaHbLo
HanpyxeHoi apMaTypu noBMHHa ByTn y BiANOBIA-
HOCTi 3 2.4.2.2(3) i NOBUHHA BUKOPUCTOBYBATUCh
HaMMeHLLa XapaKTepUCTUYHA MILHICTb GETOHY.

(3) OnopHi HanpyXeHHs Nig aHKEPHUMW NnacTu-
HaMW MOBWHHI MepeBIPATUCE 3rigHO 3 BiANOBIA-
HUM €BPOMNENCLKUM TEXHIYHUM yXBaneHHAM.

(4) Bycunnsa po3sTary, siki CIpUYNHEHI 30Ccepexe-
HUMW cunamu, NOBUHHI BU3HAYaTUCb 3a AOMOMO-
rol CTUCHYTO-PO3TArHYTUX Mogernen abo yvepes
iHWi npuAHATHI Mogeni (amB. 6.5). KoHcTpyto-
BaHHS apmaTypu MOBUHHO 3AiNCHIOBATUCL 3a
YMOBMW, LLO 3yCUINIS B Hill OCAratoTb ii po3paxyH-
KOBOI MILHOCTI. AKLWO HanpyXeHHs y Uin apma-
Typi obmexeHi BenuunHoto 300 MMMa, To nepe-
BipKa Ha pOo3KpUTTA TPILLMH He 0DOB'A3KOBA.

(5) Y aKocTi cnpoLLeHHA MOXXHa JonycKaTw, Lo 3y-
CUnns nornepeaHboro HarpyXeHHA PO3CiloTbCH
nig KyTom po3noBclompkeHHs 2B (pucyHok 8.18),
MoYMHaKuM 3 KiHUSA aHKepHOro npucTpoto, ae B
MOXXHa npurmaTtn 2/3.
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8.10.3 Anchorage zones of post-tensioned
members

(1) The design of anchorage zones should be in
accordance with the application rules given in this
clause and those in 6.5.3.

(2) When considering the effects of the prestress
as a concentrated force on the anchorage zone,
the design value of the prestressing tendons sho-
uld be in accordance with 2.4.2.2 (3) and the lo-
wer characteristic tensile strength of the concrete
should be used.

(3) The bearing stress behind anchorage plates
should be checked in accordance with the rele-
vant European Technical Approval.

(4) Tensile forces due to concentrated forces sho-
uld be assessed by a strut and tie model, or other
appropriate representation (see 6.5). Reinforce-
ment should be detailed assuming that it acts at
its design strength. If the stress in this reinforce-
ment is limited to 300 MPa no check of crack-
widths is necessary.

(5) As a simplification the prestressing force may
be assumed to disperse at an angle of spread 23
(see Figure 8.18), starting at the end of the
anchorage device, where 3 may be assumed to
be arc tan 2/3.
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8.10.4 AHkepu i 3'€¢OHaHHSI Osisi nonepedHbLO
Hanpy)xeHoi apmamypu

(1)P AHKepHi NpUCTPOI, Lo 3aCTOCOBYOTLCSA AN
HaTAryBaHHs apmaTtypu Ha 6€TOH, MOBUHHI Bigno-
BiJaTV aHKepaMm, BU3HAYEHUM AN cucTem none-
PeAHbOro HaMpyXeHHs!, a JOBXWHA 30HM 3aaHKe-
pyBaHHSA ONS apMaTtypu, L0 HaTAryeTbcst Ha Ge-
TOH, MOBMHHA 3abe3nevyBaTn OOCATHEHHS MOB-
HOro po3paxyHKOBOro ornopy B apmaTtypi 3 ypa-
XyBaHHSAM fii 6yab-AKMX NOBTOPOBAHUX Ta LUBUA-
KOMSIMHHWX BMNIIMBIB.

8.10.4 Anchorages and couplers for prestres-
sing tendons

(1)P The anchorage devices used for post-ten-
sioned tendons shall be in accordance with those
specified for the prestressing system, and the
anchorage lengths in the case of pre-tensioned
tendons shall be such as to enable the full design
strength of the tendons to be developed, taking
account of any repeated, rapidly changing action
effects.

Mnax nonuui
Plan of flange

B =arctan(2/3) = 33.7°

HanpyxeHna apmarypa
Tendon

PucyHok 8.18 — PoscitoBaHHA nonepeHbOro Hanpy>XeHHsi

Figure 8.18 — Dispersion of prestress

(2)P Npwu 3acTocyBaHHI 3'€eAHyBanbHMUX NPUCTPOIB
BOHW NOBWHHI BignoBigaTn 3'eAHaHHAM, BU3HaYe-
HUM ONf1si CUCTEM MOMNEPEOHbOro Harnpy>XeHHs i
PO3MILLYyBaTMCh 3 ypaxyBaHHAM MOXMBUX Nepe-
WKOA i BNAMBY, WO MOXYTb CPUYUHUTY Li Npu-
CTPOi, Ha Hecyyy 3[0aTHICTb enemeHTa, Ta
MO>ITMBICTb BCTAHOBJIEHHS Y BiAMOBIAHUIA CNOCIO
000AaTKOBMX NPUCTPOIB, sIKi MOXYTb 3HAQ00OUTUCH
npw 3BeAEHHI.

(3) OBumncneHHs micueBmx BrnuBiB y GeTOHI Ta
norepeyHoi apmaTtypu NMOBUHHI BUKOHYBaTUCb Y
BignosigHocTi 3 6.5 8.10.3.

(4) 3asBuuan, 3'egHyBanbHi NPUCTPOI MOBUHHI
pO3TalLlOBYBaTMUCh 3a MeXaMu MPOMIXKHUX OMnop.
(5) HeobxigHO yHukaTKM po3miweHHs 50% i
Ginblwe 3'eAHaHb y OA4HOMY MOMNEpPEYHOMyY ne-
pepisi, oKpiM BMMaAKiB, KONW nokasaHo, Lo BU-
LA NPOLLEHT HE CNPUYMHUTDL 30iNbLUEHHST PU3MKY
6e3nekn KOHCTPYKLT.

(2)P Where couplers are used they shall be in
accordance with those specified for the prestres-
sing system and shall be so placed — taking
account of the interference caused by these
devices — that they do not affect the bearing
capacity of the member and that any temporary
anchorage which may be needed during const-
ruction can be introduced in a satisfactory
manner.

(3) Calculations for local effects in the concrete
and for the transverse reinforcement should be
made in accordance with 6.5 and 8.10.3.

(4) In general, couplers should be located away
from intermediate supports.

(5) The placing of couplers on 50% or more of the
tendons at one cross-section should be avoided
unless it can be shown that a higher percentage
will not cause more risk to the safety of the
structure.
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8.10.5 lMpucmpoi 0ns eiOxuseHHs1

(1)P MpucTpin gna BiOXUNEHHs NOBMHEH 3a0-

BOSbHATW HACTYMHi BUMOTH:

— crnpurMMaTty NO340BXHI i nmonepeyHi 3ycunns
Ha HbOrO BiJ HaMpyXXeHOol apmaTypu Ta nepe-
JaBaTu Ui 3yCunnsa Ha KOHCTPYKLto;

— rapaHTyBaTu, WO pagiyc KpUBU3HKU nonepesn-
HbO Hanpy>XeHol apMaTypu He BUKNu4e ii ne-
peHanpy>xeHHs1 ab0 MOLLKOAXEHHS.

(2)P Y 30Hax BigxuneHHs Tpyoku, aki popmMyoTb
0060noHKy KaHaniB, MOBMHHI CnpuimaTn pagianb-
HUWM TUCK | NO300BXHIN pyXx NonepeaHbo Hanpyxe-
HOi apmaTypu 6e3 MOLUKOAXKEHb | NOripLUeHHs X
HaNEeXHOro PyHKLIIOHYBaHHS.

(3)P Pagiyc KpuBM3HM Hanpy>XeHoi apmaTypu y
30Hi MPUCTPOIO ANSA BiOXMMEHHS NMOBUHEH BIAMNO-
Bigatn EN 10138 i BignoigHoMy €BponencbLKkomy
TEXHIYHOMY YXBaneHHHo.

(4) TpoeKTHI BiAXMNeHHs HanpyXeHoi apmaTypu
Ha KyT go 0,01 pagiyca MOXyTb BWKOHYBaTUCb
6e3 3acTocyBaHHA NpUCTPOIB. 3ycunns, Lo BU-
HWKalOTb NPW 3MiHI KyTa i3 3aCTOCYBaHHSAM Mpu-
CTPOIB BiANOBIAHO 00 €BPONENCLKOrO TEXHIYHOIO
yXBaneHHs, MOBMHHI BpaXOBYBATUCh Y MPOEKTHUX
po3paxyHKax.
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8.10.5 Deviators

(1)P A deviator shall satisfy the following require-

ments:

— withstand both longitudinal and transverse
forces that the tendon applies to it and transmit
these forces to the structure;

— ensure that the radius of curvature of the
prestressing tendon does not cause any
overstressing or damage to it.

(2)P In the deviation zones the tubes forming the
sheaths shall be able to sustain the radial
pressure and longitudinal movement of the
prestressing tendon, without damage and without
impairing its proper functioning.

(3)P The radius of curvature of the tendon in a
deviation zone shall be in accordance with
EN 10138 and appropriate European Technical
Approvals.

(4) Designed tendon deviations up to an angle of
0,01 radians may be permitted without using a
deviator. The forces developed by the change of
angle using a deviator in accordance with the
relevant European Technical Approval should be
taken into account in the design calculations.
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9 KOHCTPYIOBAHHSA ENNIEMEHTIB |
OCOBInBI MPABUINA

9.1 3aranbHi NONMOXeHHsA

(1)P Bumoru ctocoBHO 6e3nekn, npuaaTHOCTI 0
eKkcnnyartauii Ta HafiHOCTI 3a40BOSbHAITLCH
OOTPUMAHHAM HaBeAEeHMX Y LibOMY po3aini npa-
BWI, Ha 4O4ATOK A0 3aranbHUX NpaBun Yy iHWKNX
MicUsIX.

(2) KoHCTpytoBaHHA €neMeHTIB MOBUHHO CYMpo-
BOAKYBATUCb BiAMOBIAHUMWU NPUAHATHUMU PO3-
paxyHKOBUMMN MOAENAMMU.

(3) Ons nonepeaXeHHs KPUXKOro pynHYyBaHHS, He-
O0MYCTUMOrO PO3KPUTTS TPILLMH, @ TaKoX Crpuii-
HATTS 3YCUIb, LUO BUHMKAKOTb Y 3aKPINEHHsX,
BCTaHOBIIOIOTLCSA MiHIManbHi NIOLLi apmaTypu.
MpuwmiTtka. MNMpaBuna, HaBedeHi y UbOMy po3Aini, 3a-
CTOCOBYIOTBCSA MepeBaxHO Ao Oyaisenb i3 3anisobe-
TOHHUX KOHCTPYKLUIN.

9.2 banku
9.2.1 [To3doexHs1 apmamypa

9.2.1.1 MiHimanbHa ma makcumaribHa rniowi ap-
Mamypu

(1) Mnowa no3noBXHLOI PO3TArHYTOI apMaTypu
MOBUHHA MPUIUMATUCh HE MEHLLE HiXK Ag in.
Mpumitka 1. [nB. Takox 7.3 CTOCOBHO NSIOLL MO300BX-
HbOT PO3TArHYTOI apMaTypu AN 06MeXeHHsi yTBOpEH-

HS TPILLUH.

Mpumitka 2. [Ins 6anok BennunHa Asmin MOXe BCTa-
HOBNIOBATUCh Y HaUioHanbHOMY AgoaaTky. PekomeHao-
BaHO0 € BEMNYMHA, L0 BU3HAYa€ETLCS 3a POPMYIIOH:

As min =0,26f;jtmbtd,
yk

ne:
b;— 03Ha4ae cepeHIo LWMPVHY PO3TATHYTOI 30HW,
ansa T-nogibHmx 6anok i3 CTUCHYTUMKU NONULSMUA
NPy BU3HAYEHHi b; BpaxoBYETLCA TiNMbKM LUMPUHA
CTiHKK;

fotm — NOBMHHA BM3HA4YaTWCh BIiAHOCHO BiAMOBIA-
HOro Knacy MilHocTi 3rigHo 3 Tabnuueto 3.1.

Ak anbTepHaTuBa ONd OOMNOMDKHUX €MNeMEHTIB,
e J0MyCKaeTbCsA MEBHUM PUSNK KPUXKOTO PYNHY-
BaHHA, AS,min MOXe OopiBHIOBaTU 1,2 BENUYUHK
NMoLLi, BU3HaA4YeHOI Npu NepeBipLi 3a rpaHnYHNM
ctaHom ULS.

(2) Mepepian 3 MEHLWIMM apMyBaHHAM HiXX Ag i
MOBWHHI pO3rNsa4aTCh K HeapMOBaHi (po3ain 12).

ane He meHuwe Hix 0,0013b;d
but not less than 0,0013b;d '

9 DETAILING OF MEMBERS AND
PARTICULAR RULES

9.1 General

(1)P The requirements for safety, serviceability
and durability are satisfied by following the rules
given in this section in addition to the general
rules given elsewhere.

(2) The detailing of members should be consistent
with the design models adopted.

(3) Minimum areas of reinforcement are given in
order to prevent a brittle failure, wide cracks and
also to resist forces arising from restrained
actions.

Note: The rules given in this section are mainly appli-
cable to reinforced concrete buildings.

9.2 Beams
9.2.1 Longitudinal reinforcement

9.2.1.1 Minimum and maximum reinforcement
areas

(1) The area of longitudinal tension reinforcement
should not be taken as less than A ..
Note 1: See also 7.3 for area of longitudinal tension
reinforcement to control cracking.

Note 2: The value of Asmin for beams for use in a
Country may be found in its National Annex. The
recommended value is given in the following:

(9.1N)

where:

b; denotes the mean width of the tension zone; for
a T-beam with the flange in compression, only the
width of the web is taken into account in calcu-
lating the value of b;;

f.im should be determined with respect to the

relevant strength class according to Table 3.1.

Alternatively, for secondary elements, where so-
me risk of brittle failure may be accepted, Ag i
may be taken as 1,2 times the area required in
ULS verification.

(2) Sections containing less reinforcement than A i,
should be considered as unreinforced (see Section 12).
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(3) MNrowa nonepeyHoOro nepepisy po3TArHyToi Ta
CTMCHYTOI apMaTypu He NOBUHHA NepeBMLLYyBaTU
As max 3@ MEXamMu Hanycky.

MpumiTtka. [Ins 6anok BennynHa Ag max MOXXe BCTaHOB-
noBaTUCL y HauioHanbHOMY gogaTky. PekomeHngoBa-
Hoto € Benn4dumHa 0,04 A..

(4) Ons enemeHTiB, nonepeaHb0 Hamnpy>XeHUX
nyykamm 6e3 NocCTiNHOro 34enneHHs abo kaHaTa-
MM i3 30BHILLHIM po3TallyBaHHAM, HEOOXigHO ne-
peBipaTK, WOO6 rpaHM4Ha Hecy4va 34aTHICTb Ha
3rMH Oyna Ginblia HiXK  3rMHanbHUA  MOMEHT
TPiLLMHOYTBOPEHHS. Hecyya 3gaTHicTb, Lo nepe-
BULLYE MOMEHT TpiLMHOYTBOPEHHS B 1,15 pasa, €
OOCTaTHBOIO.

9.2.1.2 |Hwi acriekmu KOHCMpYyr8aHHs

(1) Y MOHORITHNX KOHCTPYKUISAX HaBiTb 3a YMOBU
LWAPHIpHMX Onop Npu po3paxyHKy nepepisn Hapg
ornopamu NOBMHHI pO3paxoByBaTUCh Ha 3rnHarb-
HUN MOMEHT, LLLO BUHUKAE BiJ 4aCTKOBOIoO 3aLleM-
NEeHHA, AKUA OOPIBHIOE B4 Bif MakcuMarbHOro
3rMHaNbHOrO MOMEHTY Y MPOSbOTi.

Mpuwmitka 1. [na 6anok BenuumHa 34 MOXxe BCTAHOB-

NOBaTUCb Y HauioHanbHOMY AoaaTtky. PekoMmeHaoBa-
Hoto € Benn4ynHa 0,15.

Mpumitka 2. BukoprcToBYETHCA MiHiManbHa nioLLa nos-
OOBXHbBOI apMaTypy Y nepepisi, Bu3HayeHa y 9.2.1.1 (1).
(2) Ha npomixxHnx onopax Hepo3pi3Hux 6anok 3a-
ranbHa nnoua po3TarHyToi apMatypu Ag y nepe-
pi3i 3 nonuvuerw MOBMHHA MOLWMPIOBATUCL Ha
po6ouy WwupuHy nonudi (ame. 5.3.2). YactuHa ap-
MaTypu MOXe 30CepeKyBaTUCh Ha LUMPUHI CTiH-
ku (pucyHok 9.1).

(3) The cross-sectional area of tension or comp-
ression reinforcement should not exceed A
outside lap locations.

S,max

Note: The value of Ag max for beams for use in a Country
may be found in its National Annex. The recommended
value is 0,04 A..

(4) For members prestressed with permanently
unbonded tendons or with external prestressing
cables, it should be verified that the ultimate ben-
ding capacity is larger than the flexural cracking
moment. A capacity of 1,15 times the cracking
moment is sufficient.

9.2.1.2 Other detailing arrangements

(1) In monolithic construction, even when simple
supports have been assumed in design, the
section at supports should be designed for a
bending moment arising from partial fixity of at
least B, of the maximum bending moment in the
span.

Note 1: The value of B4 for beams for use in a Country

may be found in its National Annex. The recommended
value is 0,15.

Note 2: The minimum area of longitudinal reinforce-
ment section defined in 9.2.1.1 (1) applies.

(2) At intermediate supports of continuous be-
ams, the total area of tension reinforcement A of
a flanged cross-section should be spread over the
effective width of flange (see 5.3.2). Part of it may
be concentrated over the web width (See Figu-
re 9.1).

hy

Qe _____ 9O

PucyHok 9.1 — PosTallyBaHHSA po3TArHyTOT apmaTypu y nepepisi 3 nonuuamm

Figure 9.1 — Placing of tension reinforcement in flanged cross-section
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(3) Byob-Aka no3goBXHA CTUCHYTa apmatypa
(miameTpoMm ¢), ika BpaxoByETbLCSA NPY BU3HAYEH-
Hi Hecy4ol 34aTHOCTI, MOBMHHA OXOMMOBATUCH
nonepeYyHoO apMaTypoto 3 KPOKOM He BinbLue Hix
15 ¢.

9.2.1.3 ObpusaHHsI 103008XHbLOI PO3MSs2HYMOI
apmamypu

(1) Ona cnpurAHATTA OrMHAKYOI 4il0YNX 3yCUIb
pO3TAry, BKMOYHO i3 BMSIMBOM MOXWUMNUX TPILLMH Y
CTiHKax i monuugax, y BCiX nepepisax HeobxigHo
3abe3neynTu BigNoOBiAHE apMyBaHHS.

(2) Ona enemeHTiB 3 MonepevHo apMaTyporo
HeoOXigHO BM3Ha4yaTWM JoOaTKoBE 3yCUIns pos-
TAary AF;, BianosigHo 0o 6.2.3 (7). Ans enemeHTis
6e3 nonepeyHoi apmatypu AF;, MOXHa BU3Ha4a-
T LWMASIXOM 3MilLeHHs entopy MOMEHTIB Ha
BiACTaHb &; = d 3rigHo 3 6.2.2 (5). Lle "npasuno
3MilLEeHHSa" MOXe TaKoX BUKOPUCTOBYBATUCH Y
SIKOCTi anbTepHaTMBU AN eIEMEHTIB 3 Nonepey-
HOK apMaTypoto, SKLLO:

(3) Any compression longitudinal reinforcement
(diameter ¢) which is included in the resistance
calculation should be held by transverse reinfor-
cement with spacing not greater than 15 ¢.

9.2.1.3 Curtailment of longitudinal tension reinfor-
cement

(1) Sufficient reinforcement should be provided at
all sections to resist the envelope of the acting
tensile force, including the effect of inclined
cracks in webs and flanges.

(2) For members with shear reinforcement the
additional tensile force, AF,;,, should be calculated
according to 6.2.3 (7). For members without shear
reinforcement AF,; may be estimated by shifting
the moment curve a distance a; = d according to
6.2.2 (5). This "shift rule" may also be used as an
alternative for members with shear reinforcement,
where:

a, = z(cote —cota)/2 (nosHaveHHs BU3HaYeHo y 6.2.3) (9.2)
(symbols defined in 6.2.3)

[opaTkoBe 3ycunnns po3Tary Noka3aHo Ha PUCYH-
Ky 9.2.

(3) MiLHICTb CTPWKHIB Y MEXax JOBXUHWN 30HW aH-
KepyBaHHSI MOXXe BPaxoBYBaTMUCb 3@ YMOBMU NiHin-
HOi 3MiHM 3ycunb (pucyHok 9.2). lMpu KoHcep-
BaTMBHOMY MiAXOAi Lier BHECOK MOXHa He Bpaxo-
ByBaTHU.

(4) [doBxmHa 30HM aHKepyBaHHS 3arHyToro
CTPWXHS, BHECOK SKOTO Y ONip 3CYBY BPaXOBY€ETb-
Ccsl, NOBUHHA BYTN HEe MEHLIO HiX 1,3 I, Y 30Hi
poatary i 0,7 I,y 30Hi cTCKy. BoHa BUMiproeTLCA
Bil TOYKM MepeTMHY OCeNn 3arHyToro CTPUXKHS Ta
No340BXHbOI apMaTypu.

The additional tensile force is illustrated in Figure
9.2.

(3) The resistance of bars within their anchorage
lengths may be taken into account, assuming a
linear variation of force, see Figure 9.2. As a con-
servative simplification this contribution may be
ignored.

(4) The anchorage length of a bent-up bar which
contributes to the resistance to shear should be
not less than 1,3 1,4 in the tension zone and 0,7 1,4
in the compression zone. It is measured from the
point of intersection of the axes of the bent-up bar
and the longitudinal reinforcement.
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&)

- Mgg/z + Ng - [iroue 3yCUIUIs po3TAry F.
A| - OruHaioua d : : .
- acting tesile force Fi

- Envelope of Mg4/z + Ngg

- 3yCHILISL ONIOPY pO3TATY FRrs
- resisting tensile force Fys

PucyHok 9.2 — InocTpauis obpisaHHst N0340BXHBOT apMaTypy 3 ypaxyBaHHSM BMAIMBY MNOXMITMX TPILLMH
i onopy apmaTtypu B Mexax JOBXWH 30H aHKepyBaHb
Figure 9.2 — lllustration of the curtailment of longitudinal reinforcement, taking into account the effect
of inclined cracks and the resistance of reinforcement within anchorage lengths

9.2.1.4 AHKepysaHHSs HUXHbOI apMmamypu Ha
KpaliHix orlopax

(1) Mnowa HWXHLOT apMaTypu, BCTAHOBMNEHOI Ha
ornopax, NpMMMaeTbCa Y PO3PaxyHKy 3 HesHau-
HUM 3aKpinneHHAM abo 6e3 3akpinneHHs KiHLiB, i
NOBMHHA CTAHOBUTY LLIOHaWMeHLUe 3, Big nnoLi
apmMatypu, BCTaHOBJIEHOI Y MPOMbOTi.

MpumiTtka. na 6anok BenuynHa B, MOXe BCTaHOBIIO-
BaTUCb Y HauioHanbHOMY AoAaTtky. PekomeHaoBaHow
€ BenuyumHa 0,25.

(2) 3ycmnns po3sTtary, siki NOBUHHI 3aaHKepoBYyBa-
TUCb, MOXHa BU3Ha4aTtu 3rigHo 3 6.2.3 (7) (ene-
MEHTW 3 NONEPEYHUM apMyBaHHAM) 3 ypaxyBaH-
HAM BHECKYy OCbOBOiI CUMM, 3a HasIBHOCTi, abo
BiANOBIQHO 4O NpaBusia 3MiLLEHHS:

9.2.1.4 Anchorage of bottom reinforcement at an
end supports

(1) The area of bottom reinforcement provided at
supports with little or no end fixity assumed in
design, should be at least 3, of the area of steel
provided in the span.

Note: The value of B3, for beams for use in a Country
may be found in its National Annex. The recommended
value is 0,25.

(2) The tensile force to be anchored may be
determined according to 6.2.3 (7) (members with
shear reinforcement) including the contribution of
the axial force if any, or according to the shift rule:

FE—‘VEd‘-a1/z+NEd , (93)

ne Ng, — ocboBa cuna, aky HeobxigHo aoaasatu
abo BigHimMaTK Big 3ycunns po3Tary; a; — AuB.
9.2.1.3 (2).

200

where Ng, is the axial force, to be added to or
subtracted from the tensile force; a, see 9.2.1.3

2).
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(3) DoBxunHa 30HK 3aaHKepyBaHHSA I, — 3rigHO 3
8.4.4, BumipsiHa Bif, NiHii KOHTaKTY Mi>X 6ankoto i
onopoto. [NonepeyHnin TUCK MoXe BpaxoByBaTUCh
npw 6e3nocepegHbOMY 00nNMpaHHi (pUCyHok 9.3).

Iba

a — besnocepefHe obNMpaHHS:
6anka obnupaeTbca Ha CTiHYy abo KONoHy
Direct support:

Beam supported by by wall or column

(3) The anchorage length is I, according to 8.4.4,
measured from the line of contact between beam
and support. Transverse pressure may be taken
into account for direct support. See Figure 9.3.

ha

e
Z

b

b — Henpsime oBnupaHHsA: 6anka nepecikaeTbcs
iHLLIO NigTPUMYOYO0 Bankot
Indirect support:
Beam intersecting another supporting beam

PucyHok 9.3 — AHkepyBaHHS1 HVXXHBOT apMaTypu Ha KparHix onopax
Figure 9.3 — Anchorage of bottom reinforcement at end supports

9.2.1.5 AHKepysaHHS HUXHbLOI apmamypu Ha
MPOMIKHUX oriopax

(1) 3acTocoByeTbCs nnolla apmaTypu Bianosia-
HO 00 9.2.1.4 (1).

(2) DoBxMHa 30HU 3aaHKkepyBaHHSA NOBUHHA ByTu
He MeHLUe Hix 10¢ (Nns NpAMUX CTPUXKHIB) 200 He
MEHLLE HiX giameTp cepaevHuka (4ns rakis i 3a-
MMHIB NpW AiaMeTpi CTPUXKHSA LWoHanMeHLwe 16 Mm
abo noaeiiHOMy JiameTpi cepaeyvHuka ans BCix
iHWKX BUNaakKiB) (pucyHok 9.4 a). Taki MiHiManbHi
3HAYEHHS, SIK NPaBuUIio, € AoCcTaTHIMK, ane BinbLu
AeTtanbHe BU3HAYeHHS MOXHA BUKOHATWU 3rigHO
36.6.

(3) HeobOxigHicTb apmaTypy AN CAPURHATTSA
MOXINMBUX MO3UTUBHUX MOMEHTIB (Hanpuknag,
npu ocigaHHi onop, BMOYyXy TOLLO) NOBUHHA BU3-
HavaTuCb Y OOKyMeHTauil 4o KoHTpakTy. Lia ap-
MaTypa MOBMHHA OyTWM HepO3pi3HO, Lo
OOCAraeTbCs LUMAXOM HamycKy CTPUXKHIB (pucy-
Hok 9.4 b abo c).

9.2.1.5 Anchorage of bottom reinforcement at
intermediate supports

(1) The area of reinforcement given in 9.2.1.4 (1)
applies.

(2) The anchorage length should not be less than
10¢ (for straight bars) or not less than the dia-
meter of the mandrel (for hooks and bends with
bar diameters at least equal to 16 mm) or twice
the diameter of the mandrel (in other cases) (see
Figure 9.4 (a)). These minimum values are nor-
mally valid but a more refined analysis may be
carried out in accordance with 6.6.

(3) The reinforcement required to resist possible
positive moments (e.g. settlement of the support,
explosion, etc.) should be specified in contract
documents. This reinforcement should be conti-
nuous which may be achieved by means of
lapped bars (see Figure 9.4 (b) or (c)).
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PucyHok 9.4 — 3aaHkepyBaHHS Ha MPOMDKHUX onopax
Figure 9.4 — Anchorage at intermediate supports

9.2.2 [lonepe4yHe apMy8aHHs

(1) MNMonepeyHa apmaTtypa noBuHHaA copMyBaTh
KyT oo Midk 45° i 90° 1O N0340BXHbBOT OCi KOHCTPYK-
TMBHOIO efleMEHTA.

(2) MonepeyHe apmMyBaHHS MOXe CKNaaaTuChb i3:

— 3'eQHaHb, O OXOMIOKTb NO340BXHI0 PO3TAr-
HYTY apMaTypy i CTUCHYTY 30HyY (pUcyHok 9.5);

— 3arHyTUX CTPWXHIB;

— CITOK, KapKaciB TOLLO, SIKi 3aMOHOSiYYTbCS
0e3 3'egHaHHA 3 NMO3O0BXHBLOK apmaTypolo,
ane HaneXHUM YMHOM 3aaHKepOBaHMX Y 30-
Hax CTUCKY i po3Tsry.

|
|
|

e oV

AnbTepHATHBHI
BHYTPIILIHI B'sA31

Inner link alternatives

9.2.2 Shear reinforcement

(1) The shear reinforcement should form an angle
a of between 45° and 90° to the longitudinal axis
of the structural element.

(2) The shear reinforcement may consist of a

combination of:

— links enclosing the longitudinal tension reinforce-
ment and the compression zone (see Figure 9.5);

— bent-up bars;

— cages, ladders, etc. which are cast in without
enclosing the longitudinal reinforcement but
are properly anchored in the compression and
tension zones.

3’eHyBaJIbHI KOHTYpPHI

B's131

Enclosing link

PucyHok 9.5 — lNpuknagn nonepeyHoro apmMyBaHHs
Figure 9.5 — Examples of shear reinforcement

(3) B'a3i NOBMHHI HaneXHUM YNHOM 3aaHKepOBY-
BaTuCb. 3'€dHaHHA HamyckoM Mo BepTukani
OnM3bko A0 MOBEPXHi CTiHKM [03BONSETLCA 3a
YMOBM, LLIO B'A3i HE BCTAHOBIIOIOTHCS 3a BUMMOra-
MU CMIPUAHATTS KPYYEHHSI.
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(3) Links should be effectively anchored. A lap
joint on the leg near the surface of the web is
permitted provided that the link is not required to
resist torsion.
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(4) A MiHiMym B3 Big HeoBXiaHoT nonepeyHoi apma-
TYpU NOBUHHO BCTAHOBIOBATUCH Y DOPMI B'A3eN.
MpumiTka. BennunHa B3 ANs KOHKPETHOI KpaiHW MoXe
BCTaHOBJHOBATUCb Y HaLI,iOHaJ'IbHOMy Aoaartky. Peko-
MeHOOBaHOK € BeNninHa 0,5.

(5) MpoueHT nonepeyHoro apmyBaHHA BU3Ha-
YaEeTbCA 3a BMPaA3oM:

Pw =Asw /(S

ae:
P, — MPOLEHT MONepeyHoro apmyBaHHs, p, He
MOBUHEH BYTV MEHLLUUM HiX P, min;

Ay, — NIoLLa NonepeyHoi apmMaTypu Ha AOBXVHI S;

S — KPOK nonepeyvHol apmaTypu y HanpsamKy nos-
JOBXHbOI OCi enemMeHTa;

b,, — WVpUHa CTiHKM ernemMeHTa;

o — KYT MiX NnonepeyvyHor apMaTtyporo i nosgo-
BXHbOH Biccto (auB. 9.2.2 (1)).

MpumiTtka. BenuumHa py, min ANS KOHKPETHOI KpaiHW Mo-
K€ BCTaHOBMNIOBATUCL Y HaujioHanbHOMY Aogatky. Pe-
KOMeHJOBaHa BeENMYNHa BU3HAYaETHLCS 3a BUPa3oM.

Pw,min = (0!08\/fc»k) / fyk

(6) MakcmanbHUA MO3O0BXHIA KPOK MiXK ene-
MEHTamMU, LLIO NpaLoTh Ha 3CYB, HE MOBUHEH Ne-
PEBULLYBATU S 5y

Mpumitka. BennumHa S;max 418 KOHKPETHOI KpaiHu Mo-

)Xe BCTaHOBMIOBATUCb Y HauioHanbHOMY gopaTky. Pe-
KOMeHJOBaHa BenuyrHa BU3HAYaETbCS 32 BUPA3OoM.

Si,max =

e o — Haxun nonepeyHoi apmaTypu 4O NOo34o-
BXHbOI OCi 6anku.

(7) MakcumanbHUI MO3OOBXHIA KPOK 3arHyTux
CTPUXHIB HE NOBUHEH NEPEBULLYBATU Sp yax-

Mpumitka. BenuumHa sy max 45719 KOHKPETHOT KpaiHn Mo-
e BCTaHOBMIOBATUCb Y HaLioHanbHOMy fojaTtky. Pe-
KOMeHJOoBaHa BenuyrHa BU3HAYaETLCS 3a BUPA3OM.

Sb,max = 0,6d (1+cota).

(8) NonepeyvHnn KPOK CTOSAKIB y MEBHIN KiNbKOCTI
nonepeyYHnx B's3en He MOBUHEH NnepeBuLLlyBaTh

St,maX'

Mpumitka. BennumHa S;max 4NS KOHKPETHOI KpaiHu Mo-
)€ BCTaHOBMIOBATUCb Y HauioHanbHOMYy gopaTky. Pe-
KOMeHOOBaHa BeENMYNHA BU3HAYaETLCS 3a BUPa3oM.

St,max = 0,75d < 600 Mmm (mm) .

0,75d (1+cota) ,

(4) At least 5 of the necessary shear reinforce-
ment should be in the form of links.

Note: The value of B; for use in a Country may be found
in its National Annex. The recommended value is 0,5.

(5) The ratio of shear reinforcement is given by
Expression (9.4):

by, -sina) (9.4)

where:
py is the shear reinforcement ratio p,, should not
be less than p,, yin;

Agy is the area of shear reinforcement within
length s;

s is the spacing of the shear reinforcement mea-
sured along the longitudinal axis of the member;

b, is the breadth of the web of the member;
a is the angle between shear reinforcement and
the longitudinal axis (see 9.2.2 (1))

Note: The value of p,, min for beams for use in a Country
may be found in its National Annex. The recommended
value is given Expression (9.5N)

(9.5N)

(6) The maximum longitudinal spacing between
shear assemblies should not exceed s, ;.

Note: The value of s;max for use in a Country may be
found in its National Annex. The recommended value is
given by Expression (9.6N)

(9.6N)
where a is the inclination of the shear reinforce-
ment to the longitudinal axis of the beam.

(7) The maximum longitudinal spacing of bent-up
bars should not exceed sy, -

Note: The value of s, max for use in a Country may be
found in its National Annex. The recommended value is
b,max given by Expression (9.7N)

(9.7N)

(8) The transverse spacing of the legs in a series
of shear links should not exceed s; 5.

Note: The value of s;max for use in a Country may be
found in its National Annex. The recommended value is
given by Expression (9.8N)

(9.8N)
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9.2.3 Apmamypa Ha Kpy4YeHHs

(1) XomMyTK Ha KPyHEHHSA NOBUHHI OYTN 3aMKHEHM-
MW Ta 3aaHKepoBaHVWMM 3a AOMOMOrOK HaMycKiB
abo rakiB (pucyHok 9.6), i MOBMHHI yTBOpIOBATHU
KyT 90° 3 BiCCHO KOHCTPYKTUBHOIO efieMeHTa.

9.2.3 Torsion reinforcement

(1) The torsion links should be closed and be
anchored by means of laps or hooked ends, see
Figure 9.6, and should form an angle of 90° with
the axis of the structural element.

[ o]

al a2 a3

a — pekomeHgoBaHi opmu
recommended shapes

b — popma He pekomeHayeTbCSA
not recommended shape

Mpumitka. Jpyrmin anbTepHaTUBHUI BapiaHT AN a2 (HUXHIN ecKi3) NOBMHEH MaTX MOBHUI HaMyCK BOOBX

BEPXHbOT rpaHi

Note: The second alternative for a2 (lower sketch) should have a full lap length along the top

PucyHok 9.6 — Npuknagn gopm XOMyTiB Ha KpyYeHHSs
Figure 9.6 — Examples of shapes for torsion links

(2) DotpumaHHsa nonoxeHb 9.2.2 (5) i (6) 3a3Bu-
yam € gocTtaTHiM ans 3abesneyeHHs MiHiManbHO
HeobXigHWMX B'A3el Ha KpyYeHHS.

(3) Mo30BXHi KPOK XOMYTIB Ha KPYYEHHS HE Mno-
BUHEH nepeBuwlyBatn u/8 (6.3.2, pucyHok 6.11)
abo Bumory 9.2.2 (6), abo MeHLWnn po3mip none-
peyHoro nepepisy 6anku.

(4) TMo3moBXHi CTPWXKHI MOBWHHI pPO3TalLLOBYBa-
TUCb TakK, W06 y KOXXHOMY KyTi ByB, K MiHIMyM,
OAWH CTPWXEHb, a iHWi PIBHOMIpPHO po3noains-
NINCb BOOBX BHYTPILUHBOrO KOHTYPY XOMYTIB 3
KPOKOM, Lo He nepeBuiLye 350 Mm.

9.2.4 [TogepxHese apMy8aHHS

(1) BcTaHOBREHHS NOBEPXHEBOI apMaTypu MOXe
3HagobuTMCh AN OOMEXEHHST PO3KPUTTS TPILLMH
abo pana 3abesnedeHHss HeoOXxigHoro onopy
PO3TPICKYBaHHIO 3aXMCHOrO Luapy GETOHY.
MpuwmiTka. NpaBnna KOHCTPYOBaHHS NOBEPXHEBOI ap-
MaTypu HaBegeHo B goaatky J.

9.2.5 OnocepedkoeaHi onopu

(1) Mpw o6nupaHHi 6anky Ha iHWYy 6anky, a He Ha
CTiHy abo KonoHy HeoOxigHO nepenbavatn Ta
po3paxoByBaTM apMyBaHHS [AONisi  CMPURHATTSA
B3aEMHOI peakLii. Take apMyBaHHA MNOBUMHHO
OyTn nogaTkoBMM A0 HeOOXigHOro Bif, iHLWMX Ha-
BaHTaxeHb. Lle mpaBuno 3actocoByeTbca AN
NnuT, WO He obnMpaloTbCs Ha Bepx H6anok.

204

(2) The provisions of 9.2.2 (5) and (6) are general-
ly sufficient to provide the minimum torsion links
required.

(3) The longitudinal spacing of the torsion links
should not exceed u/8 (see 6.3.2, Figure 6.11, for
the notation), or the requirementin 9.2.2 (6) or the
lesser dimension of the beam cross-section.

(4) The longitudinal bars should be so arranged
that there is at least one bar at each corner, the
others being distributed uniformly around the
inner periphery of the links, with a spacing not
greater than 350 mm.

9.2.4 Surface reinforcement

(1) It may be necessary to provide surface rein-
forcement either to control cracking or to ensure
adequate resistance to spalling of the cover.

Note: Detailing rules for surface reinforcement are
given in Informative Annex J.

9.2.5 Indirect supports

(1) Where a beam is supported by a beam instead
of a wall or column, reinforcement should be
provided and designed to resist the mutual
reaction. This reinforcement is in addition to that
required for other reasons. This rule also applies
to a slab not supported at the top of a beam.
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(2) OnopHa apmaTypa Mmix gsoma 6Gankamu no-
BMHHA BKMYaTK 3'€QHYBanbHy, WO OXOMME
OCHOBHY apMaTypy OrnopHoro enemMeHTa. [leski i3
3'eQHaHb MOXYTb NOLUMPIOBATUCHL 3@ MeXi 06'eMy
BGeToHy, SKuin € CninbHUM Ansa ABOox 6anok (pucy-
HOK 9.7).

(2) The supporting reinforcement between two
beams should consist of links surrounding the
principal reinforcement of the supporting mem-
ber. Some of these links may be distributed out-
side the volume of the concrete, which is common
to the two beams, (see Figure 9.7).

A 3

ornopHa 6aJjika BUCOTOIO A
supporting beam with height /4,

< hi/2

J-—-

§h1!3._\

Oaika, 1110 00nMpPaAEThCs, BUCOTOXO h2(h1= ha)
supported beam with height A(4,> h,)

PucyHok 9.7 — Po3milLeHHs onopHOi apmaTypu Y 30Hi NepeTuHy ABOX 6anok (Bng y niaHi)
Figure 9.7 — Placing of supporting reinforcement in the intersection zone of two beams (plan view)

9.3 CyuinbHi nnuTtn

(1) Lien po3ain 3acTocoByeTbLCA A0 NAUT, CyLinb-
HUX Yy OfJHOMY ab0 ABOX HanpaAMKaXx, y AKUX b i Iy
CTaHOBMSATb HEe MeHLUe HixX 5h (pucyHok 5.3.1).

9.3.1 ApmyeaHHs1 Ha 32UH
9.3.1.1 3azarnbHi Nono>xxeHHs1

(1) Y ronoBHUX HanpsiMkax 3aCTOCOBYHOTbCSA Mi-
HiManbHi Ta MakcUmarbHi NPOLEHTN apMyBaHHS
3rigHo 3 9.2.1.1 (1) i (3).

Mpumitka. Ha gogatok go npumitkn 2y 9.2.1.1 (1) gns
MAUT, Y SKUX PUBMK KPUXKOTO PYNHYBAHHS HE3HAYHWNA,
Asmin MOXHa Npunmati 1,2 Big nnowi apmatypu, Heob-
XiOHOI 3rigHO 3 NepeBipKoo 3a rpaHUYHKUM cTaHoM ULS.
(2) Y cyuinbHMx B ogHOMY Hanpsami nnutax go-
noMikHa nonepedHa apmatypa NoOBUHHA CTaHO-
BUTM He MeHLUe HixX 20% Big KinNbKOCTi OCHOBHOI
apmatypu. B onopHux 30Hax nonepevHa Ao
BEPXHIX OCHOBHUX CTPWXHIB apmaTypa He BUMa-
raeTbCsl, AKLLO BiACYTHI NonepeYHi 3armHanbHi Mo-
MEHTW.

(3) Kpok CTpwkKHIB HE MOBMHEH MepeBuLLlyBaTh

smax, slabs*

9.3 Solid slabs

(1) This section applies to one-way and two-way
solid slabs for which b and I ¢are not less than 5h
(see 5.3.1).

9.3.1 Flexural reinforcement
9.3.1.1 General

(1) For the minimum and the maximum steel
percentages in the main direction 9.2.1.1 (1) and
(3) apply.

Note: In addition to Note 2 of 9.2.1.1 (1), for slabs
where the risk of brittle failure is small, Asmin may be
taken as 1,2 times the area required in ULS verifica-
tion.

(2) Secondary transverse reinforcement of not
less than 20% of the principal reinforcement
should be provided in one way slabs. In areas
near supports transverse reinforcement to prin-
cipal top bars is not necessary where there is no
transverse bending moment.

(3) The spacing of bars should not exceed

smax, slabs*
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MpumiTka. BennumHa Smax siaps 4N9 KOHKPETHOT KpaiHu
MOXXe BCTaHOBMOBATUCh Y HaLioHanNbHOMY OOAAaTKy.
PekomMeHaYTbCSt HACTYMHI BENTUYMHN:

— Anga ocHoBHoi apmaTypu 3h < 400 mm, ge h — 3a-
ranbHa TOBLUMHA NAUTY;

— ansa gogatkoBoi apmatypu 3h <450 mm.

Y 30Hax 30cepeKeHMX HaBaHTaXeHb abo Makcumarnb-

HMX MOMEHTIB PEKOMEHIYOTLCA HACTYMHI BENUYMHN:

— Ons ocHoBHOI apmaTypu 2h < 250 mm;

— Anga gogatkoBoi apmaTypu, 3h <400 mm.

(4) Takox 3aCTOCOBYIOTbLCS NpasBuna, HaBeaeHi y
9.2.1.3(1)...(3),9.2.1.4(1)...(3) Ta9.2.1.5 (1)-(2),
ane npu a, = d.

9.3.1.2 ApmysaHHSs rniaum 8 oropHUX 30Hax

(1) Y wapHipHO 06nNepTMx NAuTax NosioBMHA BU3-
Ha4yeHoI Ans NPONbOTYy apmaTypu NMOBMHHA NPO-
OOBXyBaTUCb a)< 40 ONOpW i 3aaHKepoBYBaTUChH Y
Hin 3rigHo 3 8.4 4.

Mpumitka. OBpuBaHHA | 3aaHKepyBaHHA apmaTypu
BUKOHYETbLCA BignosiaHo 0o 9.2.1.3,9.2.1.4i19.2.1.5.

(2) 3a HasiBHOCTI YaCTKOBOrO 3aLLEeMIIEHHS] BOOBX
rpaHi NnMTK, ane He BpaxyBaHHi NOro y po3paxyH-
Ky BEPXHSi apMaTypa NoBMHHA pO3paxoByBaTUCh
Ha CNpUIAHATTSA WoHarmMmeHwe 25% makcumarnb-
HOrO MOMEHTY Y npunerrioMmy nposnboTi. Lis apma-
Typa NOBWHHa MPOOOBXYBaTUCL Ha BiACTaHb He
MeHwe HixX 0,2 Big BENMYUHWM MpUnernoro npo-
NbOTY, BUMIPAHOrO Bif rpaHi onopw. BoHa noBuH-
Ha OyTVM HEpPO3PMBHOK Ha MPOMIXKHUX Onopax i
3aaHKepoBYBaTUCb Ha KpaWnHix onopax. Ha kpau-
Hin onopi BeNUYMHY MOMEHTY, SKWN MNOBUHEH
CNpUNMAaTUCb, MOXXHa 3MeHLWnTn o 15% Big mak-
CMMarnbHOro y Npunernomy nponboTi.

9.3.1.3 ApmysaHHs y Kymax

(1) AKkwo koHcTpytoBaHHA onopu nepenbaveHo
Tak, WO nnuTa MOBWHHA 3akpinmBaTUCh Bif
nigHiMaHHA y KyTi, TO HeobxigHO 3abes3nedyBaTu
BignoBigHe apMyBaHHS.

9.3.1.4 ApmysaHHs 8inlbHUX epaHel

(1) Booex BinbHUX (6€3 06nNunpaHHsA) rpaHen nnu-
Ta, SK NPaBuIO, MOBMHHA MaTW NO3J0BXHE i MO-
nepeyHe apMyBaHHSl, B OCHOBHOMY PO3MilLleHe,

Note: The value of Smax siabs fOr use in a Country may be

found in its National Annex. The recommended value

is:

— for the principal reinforcement, 3h <400 mm, where
h is the total depth of the slab;

— for the secondary reinforcement, 3h <450 mm.

In areas with concentrated loads or areas of maximum

moment those provisions become respectively:

— for the principal reinforcement, 2h <250 mm

— for the secondary reinforcement, 3h <400 mm.

(4) The rules givenin 9.2.1.3 (1) to (3), 9.2.1.4 (1)
to (3) and 9.2.1.5 (1) to (2) also apply but with
a; =d.

9.3.1.2 Reinforcement in slabs near supports

(1) In simply supported slabs, half the calculated
span reinforcement should continue up to the
support and be anchored therein in accordance
with 8.4.4.

Note: Curtailment and anchorage of reinforcement may
be carried out accordingt09.2.1.3,9.2.1.4and 9.2.1.5.

(2) Where partial fixity occurs along an edge of a
slab, but is not taken into account in the analysis,
the top reinforcement should be capable of
resisting at least 25% of the maximum moment in
the adjacent span. This reinforcement should
extend at least 0,2 times the length of the adjacent
span, measured from the face of the support. It
should be continuous across internal supports
and anchored at end supports. At an end support
the moment to be resisted may be reduced to
15% of the maximum moment in the adjacent
span.

9.3.1.3 Corner reinforcement

(1) If the detailing arrangements at a support are
such that lifting of the slab at a corner is restrai-
ned, suitable reinforcement should be provided.

9.3.1.4 Reinforcement at the free edges

(1) Along a free (unsupported) edge, a slab sho-
uld normally contain longitudinal and transverse
reinforcement, generally arranged as shown in
Figure 9.8.

0

SIK MOKa3aHo Ha pUcyHky 9.8.
%]:TL

>2h !

PucyHok 9.8 — ApmyBaHHS rpaHi namMTu
Figure 9.8 — Edge reinforcement for a slab
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(2) 3BnyariHe apmyBaHHSA MAUT MOXe NpawuoBaTh
y AKOCTi apmaTypu rpaHen.

9.3.2 lonepeyHe apmMy8aHHs

(1) MnuTta, y skin nepegbadyaeTbca nonepeyHe
apMyBaHHS, NOBMHHA MaTU TOBLUMHY LLIOHAaNMEH-
we 200 mm.

(2) Mpn KOHCTpyKOBaHHI NonepeyvHoi apmaTypu
3aCTOCOBYETbCHA BM3HAYEHHS MiHIManbHOI Benu-
YMHW | NpoLeHTa apMyBaHHA 3a 9.2.2, AKLWO Hu-
»XYyeHaBefeHe He 3MIHIOE Lii MOMOXKEHHS.

(3) Y nnmTax, aKwo Vg | < 1/ 3 Vrg max (AMB. 6.2),
nonepevHa apmartypa MoOXe MOBHICTIO cknaja-
TUCb i3 3arHyTUX CTPWXKHIB abo BUpoGiB Ans none-
peyvyHoro apMyBaHHs (Kapkacis).

(4) MakcumanbHUN KPOK y MO3O0BXHbOMY Ha-
npsimMi 3'egHaHb OOVH 32 OAHUM CTaHOBUTL!

(2) The normal reinforcement provided for a slab
may act as edge reinforcement.

9.3.2 Shear reinforcement

(1) A slab in which shear reinforcement is provi-
ded should have a depth of at least 200 mm.

(2) In detailing the shear reinforcement, the
minimum value and definition of reinforcement
ratio in 9.2.2 apply, unless modified by the
following.

(3) In slabs, if Vey| <1/3 Vrg max (see 6.2), the
shear reinforcement may consist entirely of bent-
up bars or of shear reinforcement assemblies.

(4) The maximum longitudinal spacing of succes-
sive series of links is given by:

Smax =0,75d (1+cota ), (9.9)

e o — Haxun nonepeyHoi apmaTypu.

MakcumanbHUM KPOK Y MO340BXHLOMY Hanpsami
3arHyTUX CTPWXHIB CTaHOBUTb:

Smax =

(5) MakcumanbHUI KpOK nonepeyHol apmaTypu
He NoBMHeH nepesuLyBaTtn 1,5d.

9.4 MNnocki nnnTn
9.4.1 lMnuma 6insi cepedHix KOJIOH

(1) Po3mileHHs apMaTypu y namMTax nrockoi KOHCT-
PYKLii NOBMHHO BigobpaxkaTn xapaktep poboTu B
ymoBax ekcnnyaTauil. Ak npaeuno, ue npu3so-
ONTb 00 KOHLeHTpaLUil apMaTypu HaBKOSO KOJSIOH.

(2) bina cepefHix KOMOH, AKLO HE BUKOHYETLCS
TOYHa nepeBipka 3a rpaHMyYHNUMK ctaHamu 1l rpy-
nu, BepxHa apmartypa nnoueto 0,5 A; noBuHHa
pOo3TalloBYBaTUCb Ha LWMPWHI, fIKa [OOPiBHIOE
0,125 Big cymapHOI WMPWHU NAnTN abo CTOPOHM
KOMOHW. A; BMpa)kae NIoLly apMaTtypu, ska He-
obxigHa Ons CNpUMAHATTS MOBHOMO HEraTUBHOMO
MOMEHTY K CyMapHOro 3 ABOX MOSIOBMH MPOJibO-
Ty NAUT NO 06mAaBi CTOPOHWN KOMOHMW.

(3) bins cepedHix KOMOH HWXHIO apmatypy (> 2
CTPWXHi) HEOBXIAHO BCTAHOBIIOBATUN Y KOXXHOMY
OpPTOroHanbHOMY HanpsMKy i us apmartypa no-
BMHHa NPOXOOUTM Yepes KOMOHY.

where a is the inclination of the shear reinforce-
ment.

The maximum longitudinal spacing of bent-up
bars is given by:

d. (9.10)

(5) The maximum transverse spacing of shear
reinforcement should not exceed 1,5d.

9.4 Flat slabs
9.4.1 Slab at internal columns

(1) The arrangement of reinforcement in flat slab
construction should reflect the behaviour under
working conditions. In general this will result in a
concentration of reinforcement over the columns.

(2) A; internal columns, unless rigorous service-
ability calculations are carried out, top reinfor-
cement of area 0,5 A; should be placed in a width
equal to the sum of 0,125 times the panel width on
either side of the column. A, represents the area
of reinforcement required to resist the full
negative moment from the sum of the two half
panels each side of the column.

(3) Bottom reinforcement (> 2 bars) in each ortho-
gonal direction should be provided at internal
columns and this reinforcement should pass
through the column.
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9.4.2 [Mnuma 6insi kpalHix i Kymoeux KOJIOH
(1) ApmaTypa, nepneHgukynapHa A0 BiOKpUTOI
rpaHi, HeobxigHa Ans nepegadi arMHanNbHUX Mo-
MEHTIB BiZ NAINTU Ha KpanHI0 abo KyTOBY KOSOHY, i
MOBUHHA PO3MilLLlyBaTUCh B MeXax poboyoi Lwiu-
PVHU b, MOKa3aHOoI Ha pUCYHKY 9.9.

C:

1
\ ;

y

be=Cz+y

I I
| 1
| |
I I
T T
I |
| I
I I
re i

a — KpanHs KorioHa
Edge column

y Mmoxe bytn > ¢

y
y can be > c,

\

9.4.2 Slab at edge and corner columns

(1) Reinforcement perpendicular to a free edge
required to transmit bending moments from the
slab to an edge or corner column should b, placed
within the effective width be shown in Figure 9.9.

C:

I
I
G
Y| '

I

I

| I'paHb IJIMTH
: z Slab edge
|

be=z+y?2
I
|

b — kyTOBa KOnoOHa
Corner column

Z moxe ByTn > c,, a y moxe 6ytn > ¢

y
zcanbe >c,and y canbe > ¢,

y — BiiCTaHb Bif, rpaHi NnnuT1 Ao HanbinbLl BiaAaneHoi BHYTPILWHbLOI rpaHi KONoHM
y is the distance from the edge of the slab to the innermost face of the column

PucyHok 9.9 — Poboua wupwuHa bg MOCKOT NNty
Figure 9.9 — Effective width, b, of a flat slab

9.4.3 [llonepe4He apmMmyeaHHsi Ha 3cye npu
npodaesiroeaHHi

(1) Akwo HeobXiaHO BCTAHOBMOBATM MOMNEPEYHY
apmatypy Ha npopgasrntoBaHHA (ouB. 6.4), BOHa
NMOBUHHA PO3MilllyBaTUCb MiX MNMOLLED HaBaHTa-
XEHHSA/KONMOHN | kd BcepeuHi KOHTPOSbLHOro ne-
pyumeTpa, 3 AKOro nonepeyHa apMaTypa BXe He
BMMaraeTtbcs. ApmaTypa NoBMHHA BCTAHOBIIOBA-
TUCb LLIOHaNMeHLLe Mo ABOX NepuMmeTpax Yy BUr-
nagi BepTukanbHUX enemMeHTiB (XOMyTiB) (pu-
cyHok 9.10). Kpok 3'egHyBarnbHMUX XOMYTiB MiX ne-
pumeTpamMu He NoBuHeH nepesuLlysatn 0,75d.

Kpok xomyTiB No nepumeTpy He NOBUHEH NepeBu-
wysatn 1,5d y nepioMy KOHTPOSbHOMY nepwu-
MeTpi (2d Big nnowi HaBaHTaXeHHs) i 2d — ong
nepuMMeTpiB 3a MeXaMu NepLloro KOHTPOSIbHOro
nepuMMeTpa, sKLLO AONYCKAEThCS, Lo Ta YacTuHa
nepMMeTpa BHOCWUTb BKNag y Hecydy 3[aTHICTb
Ha 3CyB (pPUCYHOK 6.22).
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9.4.3 Punching shear reinforcement

(1) Where punching shear reinforcement is
required (see 6.4) it should be placed between the
loaded area/column and kd inside the control
perimeter at which shear reinforcement is no
longer required. It should be provided in at least
two perimeters of link legs (see Figure 9.10). The
spacing of the link leg perimeters should not
exceed 0,75d.

The spacing of link legs around a perimeter
should not exceed 1,5d within the first control
perimeter (2d from loaded area), and should not
exceed 2d for perimeters outside the first control
perimeter where that part of the perimeter is
assumed to contribute to the shear capacity (see
Figure 6.22).
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» e |
- 0,25d
| >0,3d = |
) \ ‘ / |
’L'
<0,75d
. 3O0BHILLHIA KOHTPONBHUI NEPUMETP HEOOXiQHOI none- A
. peyHoi apmaTypu F_«:O,Sd
Outer control perimeter requiring shear f—m—-

MepLunin KOHTPONBHUIN NEPUMETP, Ae NornepeyHa apmaTypa

E He BMMaraeTbcsa

First control perimeter not requiring shear reinforcement

a — KpOK 3'eHyBasibHNX XOMYTiB
Spacing of links

b — KpoK BigirHyTUX CTPUXHIB
Spacing of bent-up bars

PucyHok 9.10 — NonepeyHe apMyBaHHS Ha NpPoAaBtoBaHHS
Figure 9.10 — Punching shear reinforcement

[nsa BigirHyTMX BHU3 CTPWMXKHIB, SIK MOKa3aHO Ha
pucyHky 9.10 b, ognH nepumeTp 3'egHyBanbHUX
ereMeHTIB (XOMYTIB) MOXe BBaXXaTWUCb AOCTATHIM.
MpuwmiTtka. [ne.6.4.5 (4) WwWono BenuunHu K.

(2) Axkwo BMMaraeTbCca MonepeyHe apMyBaHHS,
TO nnotla xomyTiB (abo ix ekBiBaneHTt) A
BM3HAYaETLCA 3a BUPA3OM.

sw,min

Asw,min = (1,5-sina +cosa ) /(s -st) 20,08 /(o ) / i

ne:
o — KYT Mi>K MONepeYyHo0 apMaTypoto i OCHOBHO
apmaTypoto (Hanpuknag, ons BepTUKanbHUX XO-
MyTiB oo = 90°, a sin o = 1);

S,— KPOK XOMYTIB Y pajianbHOMy Hanpsmi;
S; — KPOK XOMYTIB Y TaHreHuianbHOMy Hanpsmi;

f

o« — Y Mlla.

Y po3paxyHKy MOXYTb BpaxoBYBaTUCb TiNbKW Ti
BepTMKaribHi KOMMNOHEHTW NonepeaHbO Harnpyxe-
HOT apmaTypwm, siki IpoxoaaTh Ha BiacTaHi 0,5d Big

KOJ1OHW.

For bent down bars as arranged in Figure 9.10 b)
one perimeter of link legs may be considered
sufficient.

Note: See 6.4.5 (4) for the value of k.

(2) Where shear reinforcement is required the
area of a link leg (or equivalent), Ay, mi, is given
by Expression (9.11)

(9.11)

where:

a is the angle between the shear reinforcement
and the main steel (i.e. for vertical links o = 90°
and sin a = 1);

s, is the spacing of shear links in the radial direc-
tion;

s; is the spacing of shear links in the tangential
direction;

f

ok Is in MPa.

The vertical component of only those prestressing

tendons passing within a distance of 0,5d of the
column may be included in the shear calculation.
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(3) BigirHyTi CTpuKHI, WO NpoxoaaTb Yepes nso-
LLly HaBaHTaXXeHHs abo Ha BigcTaHi, Wo He nepe-
Buwye 0,25d Big Ui€el nnowi, MOXyTb BUKOPUC-
TOBYBaTUCh SIK MONepeyHa apmaTypa Ha npoaas-
noBaHHs (pucyHok 9.10 b, 3Bepxy).

(4) BiactaHb M rpaHHiO KOMOHM abo KOHTYpOM
MNMOLLi HaBaHTaXXeHHs1 Ta HanbnNMXx4o nonepey-
HOK apMaTypolo, WO BPaxoOBYETLCH NMpu po3pa-
XYHKY, He MOBWMHHa nepeBullyBatn d/2. Lis Big-
CTaHb MOBUHHA BUMIPIOBATUCb Ha PiBHI PO3TArHY-
TOI apmatypu. Akwo nepenbavaeTbCa TinbKu
OAVH KOHTYP BiZirHYyTUX CTPUXKHIB, X HAXM MOX-
Ha 3meHLwyBaTtu go 30°.

9.5 KonoHu
9.5.1 3aczanbHi NosoxeHHs

(1) Lle nonoxeHHs BiGHOCUTbLCA 40 KOSOH, Y SIKUX
GinbLwK po3mip h He nepeBuLLye BinbLue HiX y 4
pasuv MeHLW po3Mmip b.

9.5.2 [Mo3doexxHe apMyeaHHs

(1) Mo3goBXHI CTPWXKHI NOBUHHI BYyTW AiameTpom
HE MEHLLE HIK O ppip-

Mpumitka. BennunHa ¢min ANSA KOHKPETHOT KpaiHW MO-
e BCTaHOBMNIOBATMCh Y HauioHanbHOMY goaatky. Pe-
KOMeHAYETbCA Benu4ymMHa 8 mm.

(2) BaranbHa KinbKiCTb MO300BXHBOI apmMaTypu
MOBUHHA BYTU HE MeHLLE HIXK Ag i
Mpumitka. BennunHa Agmin ONS KOHKPETHOI KpaiHu

MOXe BCTaHOBIIHOBATUCL Y HaLI,iOHaJ'IbHOMy OoaarTky.
PeKOMeH,D,yCTbCﬂ BU3HaA4YaTu BEINMYMNHY 3a BUpPa3oM

0,10N
As,min =—_—Fd
yd

ne:
f,¢ — TPaHMLs Teky4oCTi apMaTypu;

NEgy — po3paxyHKoBa 0CbOBa CUMa CTUCKY.

(3) MNMnowa nonepeyHoOro nepepidy NO340BXKHLOI
apmaTtypu He MoBMHHa nepesuLLyBaTu As,max.
Mpumitka: BenuumHa Agmax 419 KOHKPETHOI KpaiHu
MOX€e BCTaHOBIIOBATUCb Y HaLliOHanbHOMY AoAaTKy.
PekomeHgyeTbcsa BenuumHa 0,04 A, 3a Mexamun Ha-
MyCKiB, SKLLO TiNbKN HE NOKa3aHo, Lo LifiCHICTb 6eTo-
HY He MOpPYLUYETbCS, i L0 MOBHA MILHICTb JOCSraeTbCs
y rpaHu4Homy cTaHi | rpynu. Lia mexa noBuHHa nigsu-
wysaTtmcb o 0,08 A, B Hanyckax.

(4) Onsa KonoH noniroHanbHOro NonepeYHoro ne-
pepisy SK MiHIMyM OOUH CTPUXXEHb MOBUHEH PO3-
MiLLlyBaTUCb Y KOXXHOMY KyTi. KinbKicTb N030BX-
HiX CTPWXKHIB Yy KPYrMi KOMOHI MOBMHHA ByTu He
MEHLLE Hi>XX YOTUPMW.
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(3) Bent-up bars passing through the loaded area
or at a distance not exceeding 0,25d from this
area may be used as punching shear reinforce-
ment (see Figure 9.10 b), top).

(4) The distance between the face of a support, or
the circumference of a loaded area, and the
nearest shear reinforcement taken into account in
the design should not exceed d/2. This distance
should be taken at the level of the tensile
reinforcement. If only a single line of bent-up bars
is provided, their slope may be reduced to 30°.

9.5 Columns
9.5.1 General

(1) This clause deals with columns for which the
larger dimension h is not greater than 4 times the
smaller dimension b.

9.5.2 Longitudinal reinforcement

(1) Longitudinal bars should have a diameter of
not less than ¢,

Note: The value of ¢min for use in a Country may be
found in its National Annex. The recommended value is
8 mm.

(2) The total amount of longitudinal reinforcement
should not be less than Ag ..
Note: The value of Agmi, for use in a Country may be
found in its National Annex. The recommended value is

given by Expression (9.12N)

— FKa 3 Benn4iunH bGinbLua,
abo/but 0,002A; whichever is the greater

(9.12N)

where:

f,q is the design yield strength of the reinforce-

ment;
Ng, is the design axial compression force

(3) The area of longitudinal reinforcement should

not exceed Ag nax-

Note: The value of Agnax for use in a Country may be
found in its National Annex. The recommended value is
Asmax 0,04 A; outside lap locations unless it can be
shown that the integrity of concrete is not affected, and
that the full strength is achieved at ULS. This limit
should be increased to 0,08 A, at laps.

(4) For columns having a polygonal cross-section,
at least one bar should be placed at each corner.
The number of longitudinal bars in a circular
column should not be less than four.
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9.5.3 lNonepeyHe apmMy8aHHs

(1) OiameTp nonepeyvHoi apmaTypu (XoMyTiB, ne-
Tenb abo cnipanbHOi apMaTypu) NOBUHEH OyTK
He MeHLe Hixx 6 MM abo 4BepTb Big Makcumarb-
HOro JiameTpa MNO3J0BXHIX CTPUXHIB, 3anexHo
Bif, TOro, sika i3 Benu4umH Ginbwa. [JiameTp ApoTiB
3BapHUX CITOK OS5 MOMEPEeYHOro apMyBaHHs Mo-
BMHEH BYyTN HE MEHLLE HiX 5 MM.

(2) MNMonepeyHa apmaTypa NOBUHHA 3aaHKEPOBY-
BaTMCb BiANOBIAHUM YMHOM.

(3) Kpok nonepeyHoi apmMaTypu BAOBXK KONOHU HE

NOBMHEH NEPEBULLYBATU S tmax-

Mpumitka. BennunHa Sgjmax A9 KOHKPETHOI KpaiHu

MOX€e BCTAHOBIIIOBATUCb Y HaLUiOHaNbHOMY AOAATKy.

PekomeHayeTbCca HariMeHLWa BeNMYUHA i3 HacTyNHUX

TPbOX BiACTaHewn:

— 20-kpaTHWA MiHIManbHWUIA giaMeTp NO340BXHbOT
apmarypu;

— HaWMEHLUMI PO3MIp KONOHWU;

— 400 mm.

(4) MakcmanbHWIA KpoK, BU3Ha4YeHu 3a (3), He-
00XiaHO 3MeHLLYBaTK 3aCTOCYBaHHSM KoedilieH-
Ta 0,6:

(i) y nepepisax, po3TtalloBaHNX Ha BigcCTaHi, L0
OOpPiBHIOE OiNbLLIOMY pO3Mipy Mepepidy KOSOoHM,
BULLE abOo HMKYe Banku Yn NinTu;

(ii) 6ins 3'egHaHb HaMyCKOM, SIKLWIO Makcumarib-
HUW diamMmeTp NO3A0BXHIX CTPUKHIB BiNbLUNA HiXK
14 mm. HeobxigHO BCTaHOBMOBATM MiHIMYM Tpu
PiIBHOMIPHO PO3MILLEHNX CTPWXKHI.

(5) Akwo HanpaM NO3O0BXHIX CTPUXKHIB 3MiHt0-
€TbCA (Hanpuknag, npu 3MmiHi po3mipy KONOHW),
KPOK NnonepeyvHoi apmaTypu HeOOXigHO BU3HaYa-
TN 3 ypaxyBaHHsIM BOKOBUX 3yCuUnb, LLIO BUHUKA-
toTb. Lli BNuBM MOXHa He BpaxoByBaTu, SKLLO
3MiHa HanpsiMy MeHLla abo gopisHtoe 1/12.

(6) KoxxHUI NO3O0BXHIN CTPpUXKEHb abo Ny4oK, Lo
pO3TallOBaHWA y KyTi, MOBUHEH YTPMMyBaTUCb
nornepeyHoto apmatyporo. 2KogeH i3 CTPUXKHIB Y
MeXax CTUCHYTOI 30HM He MOBMHEH ByTu Aani Hix
150 MM BiZl CTPWIKHSA, KM 3aKPIiNITOETLCS.

9.5.3 Transverse reinforcement

(1) The diameter of the transverse reinforcement
(links, loops or helical spiral reinforcement) sho-
uld not be less than 6 mm or one quarter of the
maximum diameter of the longitudinal bars, whi-
chever is the greater. The diameter of the wires of
welded mesh fabric for transverse reinforcement
should not be less than 5 mm.

(2) The transverse reinforcement should be an-
chored adequately.

(3) The spacing of the transverse reinforcement
along the column should not exceed S;; fmax-
Note: The value of s max for use in a Country may be

found in its National Annex. The recommended value is
the least of the following three distances:

— 20 times the minimum diameter of the longitudinal
bars;

— the lesser dimension of the column;
— 400 mm.

(4) The maximum spacing required in (3) should
be reduced by a factor 0,6:

(i) in sections within a distance equal to the larger
dimension of the column cross-section above or
below a beam or slab;

(i) near lapped joints, if the maximum diameter of
the longitudinal bars is greater than 14 mm. A
minimum of 3 bars evenly placed in the lap length
is required.

(5) Where the direction of the longitudinal bars
changes, (e.g. at changes in column size), the
spacing of transverse reinforcement should be
calculated, taking account of the lateral forces
involved. These effects may be ignored if the
change of direction is less than or equal to 1in 12.
(6) Every longitudinal bar or bundle of bars placed
in a corner should be held by transverse reinfor-
cement. No bar within a compression zone should
be further than 150 mm from a restrained bar.
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9.6 CTiHM
9.6.1 3azasnibHi Nos10XXeHHsA

(1) Lle nonoxeHHsA noLuMploeTbCS Ha 3anizobe-
TOHHI CTiHM i3 CNiBBiOHOLLIEHHAM AOBXWUHN 40 TOB-
WwuHn 4 abo Binblue i B 9kMx apmaTtypa Bpaxo-
BYETbHCS NPU PO3paxyHKy 3a HECYYOHO 34aTHICTHO.
KinbKiCTb i HanexHe KOHCTPYtOBaHHS apmatypu
MOXHa OTpUMyBaTK 3a LOMOMOrOK "CTUCHYTO-
po3TarHyTmux" mogenen (ame. 6.5). [Ansa cTiH, Wwo
nepeBaxHO 3a3HatoTb 3rMHY i3 NIIOLMHK, 3aCTO-
COBYIOTbCS Npasuna, gk gnga naut (gus. 9.3).

9.6.2 BepmukasnbHe apMyeaHHs

(1) MNnowy BepTuKanbHOI apmaTypu HeobXxigHO
npusHavaTn Mix Ag ymin | A vmax-

Mpumitka 1. BenuunHa Agymin 4115 KOHKPETHOT KpaiHu
MOXe BCTaHOBIOBATUCL Y HalUioHarbHOMY OoAaTKy.

PekomeHayeTbea BenuumHa 0,002 A..

MpumiTka 2. BennunHa Ag ymax 45151 KOHKPETHOI KpaiHu
MOXe BCTaHOBOBATUCh Y HaLioHaNbHOMY OOAAaTKY.
PekomeHaoyeTtbcsa BenuumHa 0,04A; 3a mexamun Ha-
MyCKiB, SKLLO TiNbKN HE NOKa3aHo, Lo LifiCHICTb 6eTo-
HY He NOPYLUYETLCS, i O NOBHA MiLHICTb 4OCAraeTbCs
y rpaHnyHomy ctaHi ULS. Lia mexa moxe nogsotoBa-
TUCb ANs HanyckiB.

(2) Axwo miHiManbHa nnowa apmatypu Ag min €
KOHTPOSBbHOI NPW PO3paxyHKy, TO NOMOBUHA Liei
NOLLi NOBMHHA PO3MIiLLlyBaTUCh Ha KOXHIiM rpaHi.

(3) BiactaHb Mixk ABOMA NpUNernnMmmn BepTmkarnbs-
HAMW CTPWXHAMW HEe MNOBMHHA NepeBULLlyBaTH
GinbLue HiX Y 3 pasu TOBLLUMHY CTiHK abo 400 MM y
3arexHoCTi, fKa i3 BENMVYNH MeHLwa.

9.6.3 NopusoHmanbHe apmMy8aHHs

(1) M'opusoHTanbHa apmatypa, Lo NpoxXoauTb na-
panenbHO rpaHsaM CTiHM (i BiflbHUM rpaHsiM), no-
BWMHHA BCTAHOBMOBATUCL HA KOXHIM rpaHi. BoHa
MOBUHHA BYTU HE MEHLUE HXK Ag prin.

Mpumitka. BennunHa Agpmin 4519 KOHKPETHOI KpaiHu
MOX€e BCTaHOBIIOBATUCb Y HaLUiOHaNbHOMY AOAATKY.
PekomeHayeTbcsa BenuymnHa abo 25% Big BepTukanbs-
Hoi apmaTtypu, abo 0,001 A;, y 3anexHocTi, sika i3 Be-
NNYMH GinbLua.

(2) BigctaHb Mix gBOMa MpunernMMu ropusoH-
TanbHYMK CTPWXKHSIMW HE NMOBMHHa OyTn Ginblue
Hixx 400 MMm.
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9.6 Walls
9.6.1 General

(1) This clause refers to reinforced concrete walls
with a length to thickness ratio of 4 or more and in
which the reinforcement is taken into account in
the strength analysis. The amount and proper
detailing of reinforcement may be derived from a
strut-and-tie model (see 6.5). For walls subjected
predominantly to out-of-plane bending the rules
for slabs apply (see 9.3).

9.6.2 Vertical reinforcement

(1) The area of the vertical reinforcement should
lie between Ag i and Ag \max-
Note 1: The value of As ymin for use in a Country may be

found in its National Annex. The recommended value is
0,002 A..

Note 2: The value of Asmax for use in a Country may be
found in its National Annex. The recommended value is
0,04A; outside lap locations unless it can be shown
that the concrete integrity is not affected and that the
full strength is achieved at ULS. This limit may be
doubled at laps.

(2) Where the minimum area of reinforcement,
As vmin» Controls in design, half of this area should
be located at each face.

(3) The distance between two adjacent vertical
bars shall not exceed 3 times the wall thickness or
400 mm whichever is the lesser.

9.6.3 Horizontal reinforcement

(1) Horizontal reinforcement running parallel to
the faces of the wall (and to the free edges) sho-
uld be provided at each surface. It should not be
less than Ag pmin-
Note: The value of Aspmin for use in a Country may be
found in its National Annex. The recommended value is
either 25% of the vertical reinforcement or 0,001 A,
whichever is greater.

(2) The spacing between two adjacent horizontal
bars should not be greater than 400 mm.
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9.6.4 lNonepeyHe apmyeaHHs

(1) Y 6yab-sikih YacTuHi CTiHW, Ae 3aranbHa nno-
La BepTUKanbHOT apMaTypy Ha 4BOX FpaHsx ne-
pesuiye 0,02 A, HeobxiaHo nepeabavatu none-
peyvHy apmaTypy y BUrnagi XomyTiB BigNoBigHO 00
BUMOT Ans KonoH (ave. 9.5.3). binbwunn po3swmip,
wo 3ragyetbca y 9.5.3 (4) (i), He noTpibHO nNpuin-
MaTh BINbLLIMM HiX 4 TOBLLUWUHW CTiHW.

(2) Axwo ocHoBHa apmaTypa BCTaHOBIIHETHCSH
©nn3bKO 40 rpaHi CTiHK, NonepeyvHy apMmatypy Ta-
KO HeobxigHo nepenbayatu y BUrnsaai XoMyTiB y
KiNbKOCTI LOHaMeHLLe 4 Ha M2 NoLi CTiHW.
MpumiTtka. MNonepeyHy apmaTypy He MOTpibHO nepe-
nbayatu y pasi, SKLLO BUKOPUCTOBYHOTLCS 3BapHi CiTKM
i3 APOTY i CTPWMXKHIB giameTpom ¢ < 16 MM Ta 3axXMCHOMY
wapi 6eToHy BinbLU HixX 2¢.

9.7 Bankun-ctiHkun

(1) Banku-ctiHkn (ams. 5.3.1 (3)) HeobxigHo, 3a-
3BMYaK, apMyBaTV OPTOroOHarnbLHOK apMaTypHOIO
CITKOO BiNnsi KOXKHOI rpaHi Npu MiHIMYMi Ag ypmin-

Mpumitka. BenuumHa Aggpmin ANS KOHKPETHOI KpaiHu
MOXe BCTaHOBMOBATUCh Y HaLioOHanNbHOMY OOAAaTKY.
PekomeHayeTtbea BenuunHa 0,1%, ane He MeHLUe HixX
150 MM?/M Ha KOXHil rpaHi Ta B KOKHOMY HanpsiMi.

(2) BigctaHb mixk oBOMa NpUMEriInMm CTPYKHAMMU
CITKM HE MOBMHHA NEepPEBNLLYBaTN MEHLLIE 3HAYEHHS
i3 NOABINHOI TOBLUWHWM Banku-cTiHKK abo 300 Mm.

(3) ApmaTypa, Lo BignoBigae yMOBHOMY pO3TAr-
HYTOMY efieMeHTY Yy po3paxyHKOBiN mogeni, no-
BMHHA MOBHICTHO 3aaHKepOBYBATUCb A1 PiBHO-
Barn y By3ni (auB. 6.5.4), 3acTocyBaHHsIM 3aru-
HaHHS CTPUXHIB, BUKopUcTaHHAM U-noaidHux ne-
Tenb abo aHkepHMX MPUCTPOIB, OKPIM BUMNAAKIB,
Konu 3abes3nedyeTbCa HanexHa OOBXWHA Mk
BY3MOM Ta KiHLeM Barnku, sika 403BONsAE BUKOPUC-
TaTh JOBXWHY 30HW aHKePYBaHHS Iy .

9.8 dyHpamMeHTH

9.8.1 lNanboei pocmeepku

(1) BigcTaHb Big 30BHILWHBOI rpaHi Nani 4o rpadi
nanboOBOro POCTBEPKA MNOBMHHA OyTW Takoo, o6
3yCcunng po3TaAry yMOBHUX €rleMEeHTIB HanexHUm
YMHOM 3aaHKepoBYyBanucb y pocTBepky. Heob-
XiAHO BpaxoByBaTW OuiKyBaHe BiOXWIIEHHS Nanb
Ha MangaH4nKy.

(2) Y BignosigHWX BUNagkax apmaTypy nanboBOro
pocTBepka HeobXiAHO BM3HAYaTU i3 3aCToCyBaH-
HSIM MeTody CTMCHYTO-PO3TATHYTUX €NleMEHTIB
abo mMeTofiB 3rMHaNbHUX ENEMEHTIB.

9.6.4 Transverse reinforcement

(1) In any part of a wall where the total area of the
vertical reinforcement in the two faces exceeds
0,02 A, transverse reinforcement in the form of
links should be provided in accordance with the
requirements for columns (see 9.5.3). The large
dimension referred to in 9.5.3 (4) (i) need not be
taken greater than 4 x thickness of wall.

(2) Where the main reinforcement is placed nea-
rest to the wall faces, transverse reinforcement
should also be provided in the form of links with at
least of 4 per m? of wall area.

Note: Transverse reinforcement need not be provided
where welded wire mesh and bars of diameter
& <16 mm are used with concrete cover larger than 2¢.

9.7 Deep beams

(1) Deep beams (for definition see 5.3.1 (3)) sho-
uld normally be provided with an orthogonal rein-
forcement mesh near each face, with a minimum
of A
Note: The value of As,dbmin for use in a Country may
be found in its National Annex. The recommended

value is 0,1% but not less than 150 mm?m in each face
and each direction.

s,dbmin-

(2) The distance between two adjacent bars of the
mesh should not exceed the lesser of twice the
deep beam thickness or 300 mm.

(3) Reinforcement, corresponding to the ties con-
sidered in the design model, should be fully
anchored for equilibrium in the node, see 6.5.4, by
bending the bars, by using U-hoops or by ancho-
rage devices, unless a sufficient length is avai-
lable between the node and the end of the beam
permitting an anchorage length of 1, ;.

9.8 Foundations

9.8.1 Pile caps

(1) The distance from the outer edge of the pile to
the edge of the pile cap should be such that the tie
forces in the pile cap can be properly anchored.
The expected deviation of the pile on site should
be taken into account.

(2) Reinforcement in a pile cap should be calcula-
ted either by using strut-and-tie or flexural me-
thods as appropriate.
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(3) OcHoBHa po3TsarHyTa apmaTtypa, Lo Crnpumn-
Mae€ BMIVBU Bifi HABaHTaXXeHb, NMOBMHHA KOHLEH-
TPYBaTUCh Y HaMNpPy>XeHMX 30HaX MK OrosioBKamm
nanb. HeobxigHO [OTpMMyBaTMCb BMMOT LLOAO
MiHiManbHOro fAiametpa CTPUXHA @i SAKLLIO
nnoLla uiei apmatypu OOPIBHIOE MiHIManbHIn, To
PiIBHOMIPHO pO3No4ineHi CTPUXKHI BAOBX HUXKHBOI
rpaHi enemeHTa MOXHa He BCTaHOBMtoBaTW. Ta-
KOX MOXXHa He apMyBaTu BEPXHIi OiNAHKN efnleMeH-
Ta, SKWO HEeMae pU3MKYy BUHUKHEHHS PO3TAry y
LUMX YacTMHaX efniemMeHTa.

MpumiTka. BennunHa ¢min ANSA KOHKPETHOI KpaiHW MO-
Xe BCTaHOBIHOBATUCH Y HaLI,iOHaJ'IbHOMy 0oaartky. Pe-
KOMEeHOYETbCA BENMMYMNHA 8 MMm.

(4) Ona 3aaHkepyBaHHA PO3TArHYyTOI apmMatypu
MOXHa 3acToCOBYyBaTU MpuBapEHi MnonepeYHi
CTPWXHI. Y LbOMYy BUNaAKy MNOMepevHun CTpu-
XXEHb MOXe po3rnagaTuUcCh 9K YacTuHa nonepey-
HOI apmaTypu Yy 30Hi 3aaHKepyBaHHS apmaTyp-
HOrO CTPWKHSA, LLIO PO3rMsAacTbCA.

(5) OonyckaeTbCst NpUUMATH, WO CTUCK, CNPUYK-
HEeHWI OMOPHOMK peakuiel Big nani, po3noging-
€eTbCs nig kyTamu 45° Big rpadi nani (pucy-
Hok 9.11). Mpu po3paxyHKy JOBXMHU 30HW 3aaH-
KepyBaHHS Lie CTUCK MOXHa BpaxoByBaTMu.

(3) The main tensile reinforcement to resist the
action effects should be concentrated in the
stress zones between the tops of the piles. A
minimum bar diameter ¢,,,;, should be provided. If
the area of this reinforcement is at least equal to
the minimum reinforcement, evenly distributed
bars along the bottom surface of the member may
be omitted. Also the sides and the top surface of
the member may be unreinforced if there is no risk
of tension developing in these parts of the
member.

Note: The value of ¢min for use in a Country may be
found in its National Annex. The recommended value is
8 mm.

(4) Welded transverse bars may be used for the
anchorage of the tension reinforcement. In this
case the transverse bar may be considered to be
part of the transverse reinforcement in the ancho-
rage zone of the reinforcement bar considered.

(5) The compression caused by the support
reaction from the pile may be assumed to spread
at 45 degree angles from the edge of the pile (see
Figure 9.11). This compression may be taken into
account when calculating the anchorage length.

CTHUCHYTA 30Ha
compressed area

45
-

250 MM (mm)

PucyHok 9.11 — CTtucHyTa 30Ha, WO NigBULLYE HECYYY 34aTHICTb 3aaHKepyBaHHS

Figure 9.11 — Compressed area increasing the anchorage capacity

9.8.2 dyHOamMeHMu KOJIOH i cmiH
9.8.2.1 3acaribHi NonoXxeHHs

(1) OcHoBHa apmaTypa MOBMHHA 3aaHKEpPOBYBa-
TUCb 3rigHo 3 BuMmoramu 8.4 i 8.5. HeobxigHo 3a-
O6e3neyyBatM MiHIManNbHUIA diaMeTp CTPWXKHS,
Omin- ANA PyHOAMEHTIB MOXe 3aCTOCOBYBaTUCh
po3paxyHkoBa MoAerb, nokasaHa y 9.8.2.1.

MpumiTka. BennunHa ¢min ANSA KOHKPETHOI KpaiHW MO-
ke BCTaHOBMIOBATUCb Y HalioHanbHOMYy gogdaTky. Pe-
KOMeHOYETbCS BeNMUYMHa 8 MM.
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9.8.2 Column and wall footings
9.8.2.1 General

(1) The main reinforcement should be anchored in
accordance with the requirements of 8.4 and 8.5.
A minimum bar diameter ¢,,,;, should be provided.
In footings the design model shown in 9.8.2.1 may
be used.

Note: The value of ¢min for use in a Country may be
found in its National Annex. The recommended value is
8 mm.
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(2) OcHoBHa apmaTypa Kpyrnux ¢yHOAMEHTIB
MO>Ke OYTM OPTOroHarnbHO i 30cepeaKyBaTuCh Yy
cepeauHi dyHaameHTy Ha wupuHi 50% + 10%
diameTtpa pyHaameHTy (pucyHok 9.12). Y ubomy
BMNagKy HeapmMoBaHa YacTuHa efieMeHTa NoBuH-
Ha po3rnsaaTuch SIK 3BUYaiHuiA 6eTOH Ans uinen
NPOEKTYBaHHS.

(2) The main reinforcement of circular footings
may be orthogonal and concentrated in the mid-
dle of the footing for a width of 50% + 10% of the
diameter of the footing, see Figure 9.12. In this
case the unreinforced parts of the element should
be considered as plain concrete for design pur-
poses.

0,5 B

B

PucyHok 9.12 — OpToroHansHa apmatypa y KpyrinoMy oyHOaMeHTi Ha OCHOBI
Figure 9.12 — Orthogonal reinforcement in circular spread footing on sail

(3) AKWO HaBaHTaXXEHHS BMKIMKaOTb PO3TAr Y
BEPXHili rpaHi pyHaAaMeHTy, TO HeobXigHO nepe-
BipUTWN Pe3ynbTYoUi HANpPY>XeHHA po3TAry Ta ne-
penbaunt HeobxigHe apMyBaHHS.

9.8.2.2 AHKepysaHHSI cmpUKHI8

(1) Bycmnnga po3Ttary B apMaTtypi BUSHA4Ya€eTbCs 3
YMOB piBHOBarn 3 ypaxyBaHHAM MOXUIUX Tpi-
WKH (pycyHok 9.13). 3ycunna postary Fg Ha Bia-
CTaHi X MOBWHHO 3aaHKepoBYBaTUCb Yy GETOHI B
MeXax TaKkol X BiACTaHi X Bif, rpaHi doyHOaMeEHTY.

(2) Cvna posTary, gka noBMHHa 3aaHKepPOBYBa-
TUCb, BU3HAYAETLCA 3a BUPA30M:

Fs =R-zy 1z,

ne:
R — pesynbTyoya TUCKY FPYHTY B MeXaX BifCTaHi X;

Z, — 30BHILLHE nneye napu, T06To BiACTaHb MiX R
i BepTuKkanbHot cunoto Ngg;

Ng4— BEpTvKanbHa cuna, Wwo Bianosigae sarasnb-
HOMY TUCKY I'PYHTY MiX nepepizamun A i B;

Z;— nneye BHYTPILLHLOT Napu, TOBTO BiACTaHb MiX
apmarypoto i ropu3oHTanbHUM 3ycunnam F;

(3) If the action effects cause tension at the upper
surface of the footing, the resulting tensile
stresses should be checked and reinforced as
necessary.

9.8.2.2 Anchorage of bars

(1) The tensile force in the reinforcement is deter-
mined from equilibrium conditions, taking into acco-
unt the effect of inclined cracks, see Figure 9.13. The
tensile force F at a location x should be anchored
in the concrete within the same distance x from
the edge of the footing.

(2) The tensile force to be anchored is given by:

(9.13)

where:

R is the resultant of ground pressure within dis-
tance x;

Z, is the external lever arm, i.e. distance between
R and the vertical force Ng,;

Ng, is the vertical force corresponding to total
ground pressure between sections A and B;

z; is the internal lever arm, i.e. distance between
the reinforcement and the horizontal force F
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PucyHok 9.13 — Mogenb cunu po3Tary 3 ypaxyBaHHAM NOXUINX TPILLMH
Figure 9.13 — Model for tensile force with regard to inclined cracks

F.— 3ycunns cTucky, Lo BiAMNOBifae Makcumarb-

HOMY 3yCuUnnto posTary Fg ...

(3) Mnevi nap z, i z; MOXyTb BU3Ha4aTUCh BiAHOC-
HO HeObXiAHMX CTUCHYTUX 30H Ana Ng, i F, Biano-
BiAHO. [INs CNpOLUEHHs Z, MOXXHa BM3Ha4aTtu 3a
ymoBu e = 0,15b (pncyHok 9.13), a z; MoxHa npun-
matu 0,9d.

(4) MoxnmBa 30Ha 3aaHKepyBaHHS ANA NPAMUX
CTPWKHIB Ha pUCyHKY 9.13 nosHadeHa gk [,. AKLLo
LSt JOBXMHA He0CTaTHA ANs 3aaHKepyBaHHsA F,
CTPWXKHI MOXYTb 3arMHatucb Ansi 36inblLUeHHs
OOBXMHN abo 3abesnevyBaTNCh aHKEPHUMU NpU-
CTPOSIMM Ha KiHLSIX.

(5) Ons npamMux CTpHIB 6e3 aHkepyBaHHA Ha
KiHUSIX MiHiManbHe 3Ha4YeHHA X € HanbinbLw Kpu-
TUYHUM. [ns  COpOWEHHA MOXHa npuiamaTiu
Xmin = h/2. ANg iHWWX TUNIB 3aaHKepyBaHHA BULLLE
3HaAYEHHs X MOXe ByTU BinbLU KPUTUYHMM.

9.8.3 Po3nodinbHi gpyH0ameHmHi 6anku

(1) PoanoginbHi 6ankm MoxyTb 3aCTOCOBYBaTUCh
Ans 3anobiraHHA HaBaHTaXXEeHHI0 PyHOAMEHTIB 3
eKkcueHTpucuteToM. banku HeobxigHO pospaxo-
BYBaTW Ha CMPUMHATTS Pe3yNbTYHOUMX 3ruHasib-
HMX MOMEHTIB i nonepeyvHux cun. HeobxigHo
OOTPUMYBATUCL MiHiManbHO AOMYyCTUMOro Aia-
MeTpa CTPUXHA ¢, AN apmatypu, sika Cripui-
Mae 3rmHanbHi MOMEHTM.

MpumiTka. BennunHa ¢min ANSA KOHKPETHOI KpaiHW MO-

Xe BCTaHOBIHOBATUCH Y HaLl,iOHaJ'IbHOMy 0oaarTky. Pe-
KOMEeHOYETbCA BENMMYMNHA 8 MMm.
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F. is the compressive force corresponding to

maximum tensile force Fg ..

(3) Lever arms z, and z; may be determined with
regard to the necessary compression zones for
Ngy and F, respectively. As simplifications, z,
may be determined assuming e = 0,15b, see Fi-
gure 9.13 and z; may be taken as 0,9d.

(4) The available anchorage length for straight
bars is denoted I, in Figure 9.13. If this length is
not sufficient to anchor F,, bars may either be
bent up to increase the available length or be
provided with end anchorage devices.

(5) For straight bars without end anchorage the
minimum value of x is the most critical. As a
simplification x,;, = h/2 may be assumed. For
other types of anchorage, higher values of x may
be more critical.

9.8.3 Tie beams

(1) Tie beams may be used to eliminate the
eccentricity of loading of the foundations. The
beams should be designed to resist the resulting
bending moments and shear forces. A minimum
bar diameter ¢,,,;, for the reinforcement resisting
bending moments should be provided.

Note: The value of ¢min for use in a Country may be
found in its National Annex. The recommended value is
8 mm.
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(2) PosnopainbHi 6anku TakoX NOBMHHI po3paxo-
ByBaTUCb Ha MiHiMarbHe HaBaHTaXeHHs qq, LLO
A€ BHU3 , SIKLWO Aist 06nagHaHHs ANns yWinNbHEHHS
MOX€e BNAMBaTW Ha po3noginbHi 6anku.

MpumiTka. BennunHa g4 ANS KOHKPETHOI KpaiHn Moxe

BCT@HOBIIOBATUCh Y HauioHanbHOMY Aogdatky. Peko-
MeHayeTbea BenuynHa 10 kH/m.

9.8.4 ®yHOameHMU KOJIOH Ha CKeJIbHUX I'PyHmax

(1) MNoTpibHo 3abesnedvyBaTn BignosigHe none-
pevHe apMyBaHHSA OMS CPUMHATTA 3yCUilb PO3-
KOMoBaHHS Yy yHOAMeHTax, KO TUCK I'PYHTY Y
rpaHMYHOMY CTaHi nepesuLLye ¢,. Lia apmaTypa
MOXe PO3NoAiNATUCL PIBHOMIPHO Y HaMNPsMKY 3y-
CUIIa PO3KOMBaHHA Ha BUCOTY h (pUcyHOK 9.14).
HeobxigHO AoTpyMMyBaTUCb MiHIMANbHOMO Aia-
MeTpa CTPWKHA dppin-

MpumiTka. BenuumHm gz i dmin 4NS KOHKPETHOI KpaiHu
MOXYTb BCTAHOBIIOBATMCh Y HaLlioHanbHOMY AoAaTky.
PekomeHaytoTbeca BennuuHn: q; =5 Mla, a ¢pmin — 8 MM.

(2) 3ycunnsa poskontoBaHHA Fg MOXHa BU3Ha4aTu
3a HaBefeHo opmynok (pucyHok 9.14):

(2) Tie beams should also be designed for a mi-
nimum downward load of g, if the action of com-
paction machinery can cause effects to the tie
beams.

Note: The value of g4 for use in a Country may be found

in its National Annex. The recommended value is
10 kN/m.

9.8.4 Column footing on rock

(1) Adequate transverse reinforcement should be
provided to resist the splitting forces in the footing,
when the ground pressure in the ultimate states
exceeds @,. This reinforcement may be distribu-
ted uniformly in the direction of the splitting force
over the height h (see Figure 9.14). A minimum
bar diameter, ¢,,,;,, should be provided.

Note: The values of g, and of ¢min for use in a Country
may be found in its National Annex. The recommended
values of q, is 5 MPa and of ¢pin is 8 mm.

(2) The splitting force, Fg, may be calculated as
follows (see Figure 9.14) :

Fs =0,25(1-¢c/h)Ngg , (9.14)

ge h — meHwa 3 BenuuunH b i H.

where h is the lesser of b and H.
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a— cbyHoameHT 3 h> H b — pospis c—dyHgameHT 3 h < H
footing with h > H section footing with h < H

PucyHok 9.14 — ApmaTtypa anst 3ycunns po3kontoBaHHA A4S (PYHAAMEHTIB Ha CKENbHUX I'PyHTax

Figure 9.14 — Spilitting reinforcement in footing on rock
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9.8.5 bypoHabueHi nani

(1) HmwkyeHaBeeHi NONOXEHHS BiAHOCATLCA 00
apmMoBaHux 0ypoHabusHux nanb. [1na HeapmoBa-
HUX BypoHabnBHMX Nanb gMB po3gin 12.

(2) Ons 3abes3nedveHHs BiNbHOMO 3anOBHEHHA Ge-
TOHOM MNPOCTOPY HaBKOMNO apmaTypu, B nepLuy
Yyepry, BaXmnu1Bo, Wob apmatypa, apMaTypHi CITKK
Ta Oyab-gKi 3aknagHi BMpobu KOHCTpyroBanucb
Tak, Wo6 He CTBOPHOBaNMCb NepeLlkoau Ans
NpoTiKaHHs BETOHY.

(3) BypoHabusHi nani giameTpom, L0 He NepeBu-
wye h4, NOBUHHI 3abe3nevyBaTUCb MiHIMaNbHOLO

Nno340BXXHbOK apMaTyporo NMrioLero AS bpmin-

Mpumitka. Benuunum hq i Ag ppmin ANS KOHKPETHOT Kpai-
HW MOXYTb BCTaHOBIIIOBATMCb Y HaLUiOHanbHOMY AO-
natky. PekomeHaytoTbcs BenuuunnHu: hy = 600 mm, a
As ppmin HaBefeHo y Tabnuui 9.6N. Lis apmaTypa no-
BMHHA PO3MOAINATUCE BOOBX NepumeTpa nepepiay.

9.8.5 Bored piles

(1) The following clauses apply for reinforced
bored piles. For unreinforced bored piles see Sec-
tion 12.

(2) In order to allow the free flow of concrete aro-
und the reinforcement it is of primary importance
that reinforcement, reinforcement cages and any
attached inserts are detailed such that the flow of
concrete is not adversely affected.

(3) Bored piles with diameters not exceeding h;
should be provided with a minimum longitudinal

reinforcement area Ag o in-

Note: The values of hy and Ag ppmin for use in a Country
may be found in its National Annex. The recommended
value of hy is 600 mm and of As ppmin is given in Table
9.6N. This reinforcement should be distributed along
the periphery of the section.

Tabnuusa 9.6N — PekomeHaoBaHa MiHiManbHa nnoLia no3goBXHLOT apMaTypu Y MOHOMITHUX

OypoHabMBHUX Nansix

Table 9.6N  — Recommended minimum longitu- dinal reinforcement area in cast-in-place bored piles

[NonepeyHunit nepepis nani A;
Pile cross-section A,

MiHimanbHa nnolua no3goBXHLOT apMaTypu Ag ppmin
Minimal area of longitudinal reinforcement As omin

A, <0,5m? (m?)

As > 0,005-A,

0,5M? (m?) <A, < 1,0 M? (m?)

A > 0,25 cm? (cm?)

A, > 1,0 M%)/ (m?)

As >0,0025 A,

MiHiManbHWU giameTp NO340BXHIX CTPUXKHIB MOBK-
HEeH CTaHOBWUTU He MeHLle HiX 16 mm. [Mani no-
BMHHI MaTy LLIOHANMEHLLE 6 NO30BXHiX CTPWIKHIB.
BiactaHb y 4MCTOTi MK CTPUXHAMU He MOBWHHA
nepesulysaT 200 MM BOOBX nepumMeTpa nani.

(4) KoHcTpytoBaHHS MO300BXHbLOI i NONepeYvHol
apmaTypwu y 6ypoHabuBHux nansx ame. EN 1536.

9.9 30HM HenocCTINHOCTI y reoMeTpii abo
BNnAMBax

(1) D-30HMK, 3a3BM4al, MOBUHHI pO3paxoByBaTUCh
32 YMOBHUMW MOAENAMU CTUCHYTO-PO3TATHYTUX
ernemMeHTiB BignoBigHo 40 po3ainy 6.5 i KOHCTpyto-
BaTUCb 3rigHO 3 NpaBunaMu, HaBeaeHMU y pos-
aini 8.

Mpuwmitka. JogatkoBa iHpopmauia micTUTbCA y Oo-
natky J.

(2)P Apmatypa, wWo Bignosigae poO3TArHyTUM
YMOBHUM €efieMeHTaM, NOBMHHA MOBHICTIO 3aaH-
KepOBYBaTUCh Ha OOBXUHY [, 3riaHo 3 8.4.
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The minimum diameter for the longitudinal bars
should not be less than 16 mm. Piles should have
at least 6 longitudinal bars. The clear distance
between bars should not exceed 200 mm measu-
red along the periphery of the pile.

(4) For the detailing of longitudinal and transverse
reinforcement in bored piles, see EN 1536.

9.9 Regions with discontinuity in geometry
or action

(1) D-regions should normally be designed with
strut-and-tie models according to section 6.5 and
detailed according to the rules givenin Section 8.

Note: Further information is given in Annex J.

(2)P The reinforcement, corresponding to the ties,
shall be fully anchored by an anchorage of I,
according to 8.4.
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9.10 Cuctemu B'A3en
9.10.1 3azasibHi Noso)xeHHs

(1)P KoHcTpyKuii, W0 He po3paxoBykTbCA Ha
aBapilHi BNNuBW, NOBUHHI MaTK BigNOBIgHY cUC-
TeMy B'A3en, sika 3anobirae po3BuTKy NPOrpecyto-
4Oro pymHyBaHHA Yepe3 anbTepHaTUBHUIN PO3Mo-
[ain nicns micueBoro NOLKOMKEHHS. BBaXkaeTbc4,
IO Us BUMOra 3a40BOSIbHAETLCA AOTPUMAaHHAM
NPOCTMX HMXKXYEHaBEAEHNX NPaBuI.

(2) HeobxigHo 3abe3nevyBaTu HACTYMHI B'A3i:

a) KpanHi B'a3i;

b) cepenHi B'a3si;

C) ropM30HTarnbHi B's13i KONOHM abo CTiHWK;

d) 3a HeobXigHOCTI BepTUKanbHi B's13i, 0c06nMBO Y
naHenbHWX OyaiBnsX.

(3) Axwo ByaiBnga po3ninsaeTbcs TemnepaTypHU-
MU LLUBaMW Ha KOHCTPYKTUBHO He3anexHi 6rnoku,
KOXXHMIM B6OK MOBUHEH MaTW He3arnexHy cucTemy
B'A3eM.

(4) Mpwn po3paxyHKy B'si3e MOXHa BBaxaTu, L0
apmMartypa npautoe npu ii xapakTepuCTUYHIN Mil-
HOCTI i 3gaTHa cnpuimaT 3ycunnsg posTary, BU3-
HayeHi y HACTYMHUX MOSOXEHHSIX.

(5) ApmaTypa, L0 BCTAHOBIIOETLCS 3 iHLLOK METOH
Y KOIOHM, CTiHW, Banku i NepekpuTTs, MoXe BBaxa-
TUCb YacTKOBO abo MOBHICTIO TaKMMK B'SA3SMN.
9.10.2 [1id6ip e'azel

9.10.2.1 3azarbHi NofIoXeHHs

(1) B'asi npusHavaloTbCa K MiHiMansHe, a He sk
AofdaTKoBe apMyBaHHSA 4O HEOOXiAHOMO 3@ KOHCT-
PYKTUBHUM pO3paxyHKOM.

9.10.2.2 KpadlHi 8'a3i

(1) Y piBHi KO>XXHOrO NEPEKPUTTS | MOKPUTTS HEOO-
XigHO 3abe3nevyBaTv HanNeXHUM YMHOM HEepOo3-
PUWBHI KpalHi B'A3i B Mexax 1,2 M Big kpato. B'asb
MO>Ke BKIHOMaTW apmaTtypy, LLO BUKOPUCTOBYETb-
CSl SIK YaCTUHAa BHYTPILLHLOI B'A3I.

(2) KpaiiHs B'A3b NOBMHHA GyTW 30aTHOKO CNpUN-
MaTh 3yCUnns posTary:

Ftie,per
ae:
Fiie per — 3yCUNns y B'Ai (posTsr);
l; — HOBXWHA KPanHbLOro MporbOTY.

Mpumitka. BenuunHu g4 i g2 ANs KOHKPETHOT KpaiHW MO-
XKyTb BCTAHOBMOBATUCH Y HaLUioHanbLHOMYy goaaTky. Pe-
KOMeHAyTbCcsa BenuuuHu: g, = 10 kH/m, a g = 70 kH.

‘d1=qy,

9.10 Tying systems

9.10.1 General

(1)P Structures which are not designed to with-
stand accidental actions shall have a suitable
tying system, to prevent progressive collapse by
providing alternative load paths after local da-
mage. The following simple rules are deemed to
satisfy this requirement.

(2) The following ties should be provided:
a) peripheral ties;

b) internal ties;

¢) horizontal column or wall ties;

d) where required, vertical ties, particularly in pa-
nel buildings.

(3) Where a building is divided by expansion joints
into structurally independent sections, each sec-
tion should have an independent tying system.

(4) In the design of the ties the reinforcement may
be assumed to be acting at its characteristic
strength and capable of carrying tensile forces
defined in the following clauses.

(5) Reinforcement provided for other purposes in
columns, walls, beams and floors may be regar-
ded as providing part of or the whole of these ties.
9.10.2 Proportioning of ties

9.10.2.1 General

(1) Ties are intended as a minimum and not as an
additional reinforcement to that required by struc-
tural analysis.

9.10.2.2 Peripheral ties

(1) At each floor and roof level an effectively conti-
nuous peripheral tie within 1,2 m from the edge
should be provided. The tie may include reinforce-
ment used as part of the internal tie.

(2) The peripheral tie should be capable of resis-
ting a tensile force:

(9.15)

where:
Fiie per tie force (here: tension);
l; length of the end-span.

Note: Values of g4 and g, for use in a Country may be
found in its National Annex. The recommended value
of g4 is 10 kN/m and of g, is 70 kN.
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(3) Cnopyau 3 BHYTpILLUHIMMK KpasMu (Hanpuknag,
aTpiyMu, BHYTPILLHI ABOPY TOLLO) NOBMHHI 3a6e3-
neyvyBaTUCb KpavHiMK B'A35IMW TakUM e CMoCo-
OOM, SK i 30BHILLUHI Kpai, SIKi MOBWHHI MOBHICTIO
3aaHKEPOBYBATUCH.

9.10.2.3 BHympiwHi 8'a3i

(1) Li B'a3i noBuHHI ByTn y piBHI KOXHOro nepe-
KpUTTS | NOKPUTTS Y ABOX Hanpsimax npuonmMsHo
nig npsamMuMn Kytamu. BoHn noBuHHI 6yTn dak-
TUYHO HEPO3PMBHUMM MO BCi CBOTA OOBXMHI Ta
3aaHKepoBYBATMCb OO0 KPaWHiX B'A3eM Ha KOXHO-
MY KiHUi, 32 BUHATKOM NPOLOBXEHHSA Y AKOCTIi ro-
PU30OHTanbHMX B's13el 4O KONOH abo CTiH.

(2) BHyTpiLLHi B'A3i MOXYTb YaCTKOBO abo MOBHiC-
THO PO3MOAINSATUCH PIBHOMIPHO y Nnutax abo rpy-
nyBaTucb y Gankax, cTiHax abo iHWK1X BiaNoBIa-
HUX MicusaX. Y CTiHax BOHM NOBMHHI OyTn B Mexax
0,5 m Big Bepxy abo HM3Y NNUT NeEpPeKpUTTIB (pu-
CyHOK 9.15).

(3) Y KOXXHOMY HanpsiMi BHYTPILLHI B'AA3i MOBUHHI
CpUAMaTN PO3PaxyHKOBY BENUYUHY 3yCUNNs
po3TAry Fyg i (KH Ha METP AOBXUHM).

Mpumitka. BennunHa Figjny ONA KOHKPETHOI KpaiHu
MOXe BCTaHOBJITHOBATUCH Y HaLI,iOHaJ'IbHOMy noaartky.
PekomeHayeTbes BenuumHa 20 kH/m.

(4) Y nepekputTsix 6e3 CTSKOK, Ae B'A3i He Mo-
XKyTb PO3MOAINATUCL B HANpPsIMKY OOBXWHWU NPO-
NbOTY, MNOMEPEYHi B'A3i MOXyTb rpynyBaTUCb
BOOBX ocen 6anok. Y uboMy BUnagKy MiHiManbHe
3ycunng y HanpsiMi BHYTPILLHBOT OCi 6ankun cTaHo-
BUTb:

(3) Structures with internal edges (e.g. atriums,
courtyards, etc.) should have peripheral ties in the
same way as external edges which shall be fully
anchored.

9.10.2.3 Internal ties

(1) These ties should be at each floor and roof
level in two directions approximately at right ang-
les. They should be effectively continuous throu-
ghout their length and should be anchored to the
peripheral ties at each end, unless continuing as
horizontal ties to columns or walls.

(2) The internal ties may, in whole or in part, be
spread evenly in the slabs or may be grouped at
or in beams, walls or other appropriate positions.
In walls they should be within 0,5 m from the top or
bottom of floor slabs, see Figure 9.15.

(3) In each direction, internal ties should be ca-
pable of resisting a design value of tensile force
Fiig.int (in KN per metre width):

Note: Values of Fy i for use in a Country may be found
in its National Annex. The recommended value is
20 kN/m.

(4) In floors without screeds where ties cannot be
distributed across the span direction, the trans-
verse ties may be grouped along the beam lines.
In this case the minimum force on an internal
beam line is:

Fie =(I1+12)/2-q3 < q4, (9.16)

ne:
14, I, — AOBXWHW NPOMbLOTIB, M, NMUT NEPEKPUTTS
abo cTopoHu 6anku (pucyHok 9.15).

Mpumitka. BennunHu qs i g4 ANst KOHKPETHOI KpaiHWM MO-
XKyTb BCTAHOBMIOBATUCh Y HaLlioHanbHOMy aofaTky. Pe-
KOMeHAyHTbCs BenuumHn: gz = 20 kH/m, a q4 = 70 kH.
(5) BHyTpiLWHI B'A3i MOBMHHI 3'egHYyBaTUCH 3 Kpawn-
HiMK B'siI3aMKM Tak, Wob 3abesnevyBanacb nepe-
Aava 3ycurb.
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where:
14, I, —are the span lengths (in m) of the floor slabs
on either side of the beam (see Figure 9.15).

Note: Values of g3 and g4 for use in a Country may be
found in its National Annex. The recommended value
of g3 is 20 kN/m and of q4 is 70 kN.

(5) Internal ties should be connected to peripheral
ties such that the transfer of forces is assured.
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- KpaiiHs B’43b - cepe/Hi B 531
- peripheral tie - internal tie

- FOPU30HTAJIbHI B'SI31 KOJIOHK a00 CTIHU
- horizontal column or wall tie

C

PucyHok 9.15 — B'asi gnsa aBapinHux gin
Figure 9.15 — Ties for Accidental Actions

9.10.2.4 [opu3oHmarbHi 8's3i 00 KOroH i/fabo cmiH

(1) KpariHi konoHu i CTiHW NOBUHHI PO3B'A3yBa-
TUCb rOPU3OHTAsIbHO OO CNOPYAMU Y PiBHI KOXXHOMO
NepekpuTTS | MOKPUTTS.

(2) B'asi mOBUHHI crnipunmMaTty 3yCcunns posTary
ftie. fac HA METp bacapy. [ins konoH focTaTHE 3y-
cunnst Ao Fyg cop-

Mpumitka. BennunHun fig e | Fiie,cor ONA KOHKPETHOI
KpaiHM MOXYTb BCTAHOBMIOBATUCL Y HaLlioHaNbHOMY
aopatky. PekomeHayTbCa BEMUNYMHMN: fig fae = 20 KH/M,
a Fiie.cor = 150 kH.

(3) KyTOBi KOMOHM MOBUHHI PO3B'A3yBaTUCh Y ABOX
HanpsiMax. ¥ LbOMYy BUNagKy apmMmartypa, Lo 3a-
6e3nevyeTbCca ANs KparHix B'A3ei, MOXe BUKO-
PUCTOBYBaTUCb SIK TOPU3OHTarnbHa B'A3b.

9.10.2.5 BepmukaribHi 8's13i

(1) Y naHenbHWX ByaiBnsx BUMcoTo 5 i BinbLue
noBepxiB HEOOXiAHO 3abe3nevyBaTy BepTUKAbHI
B's13i y KONOHax i/abo cTiHax Ansg 0OMeXeHHs no-
LUKOZXEHb NepeKkpUTTA Y pasi aBapiiHOro pymHy-
BaHHSI pPO3TaLLOBAHOI HMXXYE KOMOHW abo CTiHW.
Lli B'A3i noBMHHI dhopmyBaTU YaCTMHY NPONbOTHOI
cUCcTeMU AN NepPeKpMBaHHSA YLLKOKEHOT 30HN.

(2) 3asBuyan, HepoO3pMBHI BepTUKarbHI B'A3i No-
BUHHI 3abe3ne4vyBaTUCh Big HAMHUXYOro 40 Haw-
BMLLOrO PiBHA, OyTWM 3gaTHUMK CclpurUMaTH
HaBaHTaXeHHS Bif MPOEKTHOI aeapii Ha nepe-
KpUTTSA Hag 3pyMHOBAHOK KOFIOHOK/CTIHOK. [HLUI

9.10.2.4 Horizontal ties to columns and/or walls

(1) Edge columns and walls should be tied hori-
zontally to the structure at each floor and roof
level.

(2) The ties should be capable of resisting a
tensile force fy, 1, per metre of the facade. For
columns the force need not exceed Fy .o

Note: Values of ftie,fac and Ftie,col for use in a Country

may be found in its National Annex. The recommended
value of fie fac iIs 20 KN/m and of Fijg cor is 150 kN.

(3) Corner columns should be tied in two direc-
tions. Steel provided for the peripheral tie may be
used as the horizontal tie in this case.

9.10.2.5 Vertical ties

(1) In panel buildings of 5 storeys or more, vertical
ties should be provided in columns and/or walls to
limit the damage of collapse of a floor in the case
of accidental loss of the column or wall below.
These ties should form part of a bridging system
to span over the damaged area.

(2) Normally, continuous vertical ties should be
provided from the lowest to the highest level,
capable of carrying the load in the accidental
design situation, acting on the floor above the
column/wall accidentally lost. Other solutions e.g.
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pilleHHs, HanpuWKaga, Ha ocHoBi poboTu giadppar-
MM i3 yLininux cTiH i/abo guckiB nepekpuTTiB, Mo-
XyTb 3acTOCOBYBaTWUCb, AKLWO MOXHa MiaTBEp-
ONTKN CTaTU4HY piBHOBAry i BignoeigHy agedopma-
TUBHICTb.

(3) Axkwo konoHa abo cTiHa obnupaeTbca Ha
CBOIW HAMHWKYIN BiOMITL HA €NTEMEHT, BiAMIHHUI
Big oyHAameHTy (Hanpuknag, 6anky abo nauty),
aBapinHy BTpaTy LbOro ernemMeHta HeobXxigaHo
BpaxoByBaTu NpW po3paxyHKy i 3abesnedyBatu
NPUNHATHUIA anbTepHaTMBHUI PO3NOAiST HaBaH-
TaXeHHS.

9.10.3 Hepo3spueHicmsb i 3aaHKepyeaHHs1 8 'i3el

(1)P B'asi y ABOX ropu3oHTanbH1UX HanpsamMkax rno-
BMHHI OYTU HaANeXHUM YMHOM HEPO3PUBHI Ta 3a-
aHKepoBaHi BOOBX nepumeTpa cnopyau.

(2) B'ssi MmoxyTb MoBHicTiO 3abes3neyyBaTuCb y
MOHONITHOMY 6eToHi abo 3'eaHaHHAMU 3BipHUX
ernemMeHTiB. SKWOo B'A3i po3puBatoTbCH Yy OfHIN
NIOWMHI, TO HeoOXigHO BpaxoByBaTW BMMBU
3rUHIB, WO BMHUKaOTb BHACMIOOK eKCLIeHTpUCK-
TeTiB.

(3) B'ai3i, 3a3Buyan, He NOBUHHI 3'€4HYBaTUChb Ha-
MYCKOM Yy BY3bKMX LLBaX MixX 306ipHMMU enemeHTa-
MK. Y Takux BUnagkax HeobxigHO 3acTocoByBaTH
MeXaHi4Hi aHkepu.

10 AOOATKOBI NMPABUNA AnA 36IPHUX
SANI3BOBETOHHUX ENNEMEHTIB |
KOHCTPYKLIN

10.1 3aranbHi NONoOXeHHsA

(1)P MpaBwuna uboro po3ainy 3acTtocoByOTbCA 40
Oygaieernb, 4acTkoBO ab0 MOBHICTIO BUKOHAHUX i3
30ipHNX eNeMeHTIB, | € 4OAATKOBUMM 40 NpaBuny
iHWKX po3ainax. [JogaTKoBi NMTaHHS, NOB'sA3aHi 3
KOHCTPYIOBaAHHSAM, BUIOTOBMIEHHSAM i MOHTaXeM,
po3rnsgarnTbCsl OKPEMUMU CTaHZapTamMu Ha BU-
pobu.

MpumiTka. 3aronoskn HymepytoTbesa undpoto 10, 3a
AKOK MAyHTb BIANOBIAHI HOMEPWU OCHOBHOIO po3alny.
3aronoBkM HUXKYOro PiBHA HYMepYTbCA NOCHIAOBHO,
6e3 B3aEMO3B'A3KY 3 MiA3aroyioBKamu nonepeaHix pos-
ainie.

10.1.1 CneuianbHi mepmiHu, eukopucmaHi y
po30ini

36ipHutlli enemMeHm: enemMeHT, BUrOTOBIIEHUI Ha
3aBogi abo iHWOMY 3axuLeHOMY Bif HecnpusaT-
NIMBUX MOroAHUX YMOB MiCLi, 3a MeXaMu Crno-

pyau.
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based on the diaphragm action of remaining wall
elements and/or on membrane action in floors,
may be used if equilibrium and sufficient deforma-
tion capacity can be verified.

(3) Where a column or wall is supported at its
lowest level by an element other than a founda-
tion (e.g. beam or flat slab) accidental loss of this
element should be considered in the design and a
suitable alternative load path should be provided.

9.10.3 Continuity and anchorage of ties

(1)P Ties in two horizontal directions shall be
effectively continuous and anchored at the peri-
meter of the structure.

(2) Ties may be provided wholly within the insitu
concrete topping or at connections of precast
members. Where ties are not continuous in one
plane, the bending effects resulting from the
eccentricities should be considered.

(3) Ties should not normally be lapped in narrow
joints between precast units. Mechanical ancho-
rage should be used in these cases.

10 ADDITIONAL RULES FOR PRECAST
CONCRETE ELEMENTS AND
STRUCTURES

10.1 General

(1)P The rules in this section apply to buildings
made partly or entirely of precast concrete ele-
ments, and are supplementary to the rules in
other sections. Additional matters related to detai-
ling, production and assembly are covered by
specific product standards.

Note: Headings are numbered 10 followed by the num-
ber of the corresponding main section. Headings of lo-
wer level are numbered consecutively, without con-
nection to sub-headings in previous sections.

10.1.1 Special terms used in this section

Precast element: element manufactured in a fac-
tory or a place other than the final position in the
structure, protected from adverse weather condi-
tions.
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36ipHutl eupi6: 30ipHMI enemeHT, BUroTOBIe-
HWIA 3rigAHO 3 KOHKpeTHUM cTaHaapTom CEN.

KomninekcHuii efileMeHm: eneMeHT, WO BKMo-
Yae MOHOMITHWI i 30GipHUI BETOH 3 apMaTypHUMMU
3'egHaHHAMKM abo 6e3 HuX.

Pebpucmi ma 3anosHeHi i3 6510Kie nepekpum-
ms: cknagatTbes i3 36ipHMX pebep (abo 6anok)
i3 3aMOBHEHHAM MiXXK HUMU, BUKOHaHUM i3 OOKiB,
NMOPOXHUCTUX KepaMivHUX 6rokiB abo iHLWMX Noc-
TiNHNX cbopM 3 03400NEHHSM Ha MangaH4YnKy abo
6e3 Hboro.

Hiaghpazmu: nnocki eneMeHTH, WO CnpunMaroTb
3yCUIns y CBOIN NAOLLMHI; MOXYTb CKnagaTUCh i3
OeKinbkox 3'egHaHuX Mk coboto 30ipHMX ene-
MEHTIB.

B'asesuli enemeHm: y KOHTEKCTi 36ipHMX KOHCT-
PYKUi Le po3TArHyTi eNeMeHTH, Wo € akTU4HO
HEepPO3pPi3HNMM i BCTAHOBIIEHMMU Ha NEPEKPUTTS,
CTiHy ab0 KOMOoHy.

I3onb0eaHull 36ipHUll eneMeHm: eNeMeHT, Ha
KU y BUNaAKy PyMHYBaHHA HE NepeaaeTbCs Ha-
BaHTaXXeHHS! KOAHUM BTOPUHHMM CMOCOOOM.

lMepexiOHuli cmaH: pns 30ipHUX KOHCTPYKLN

BKIOYaE

— BWIMaHHS i3 hopmu,

— TpaHCnopTyBaHHS Ha cknag,

— CcKnagyBaHHsi (0bGnuMpaHHs i yMOBM HaBaHTa-
XKEHHS),

— TpaHCcnopTyBaHHA Ha byamangaHyuk,

— po3BaHTaXeHHs (mignom),

— OyaiBHMUTBO (MOHTaX).

10.2 OcHOBM po3paxyHKY, OCHOBHi BUMOTIu1
(1)P Mpu po3paxyHKy i KOHCTPYOBaHHI 36ipHUX
3anisob0eTOHHNX eNeMEHTIB HaneXuTb OKPeMo
po3rnsaaTh HacTYMHi NMUTaHHS:

— nepexigHi ctann (gus. 10.1.1);

— 00nupaHHS; TMM4YacoBe i MOCTilHe;

— B'"A3i i 3'egHaHHA MiXK enemMeHTamu.

(2) Y BignoeigHnx BMnagkax HeobxigHO BpaxoBy-
BaTW AMHaMiYHi BNAMBKM y NepexigHux ctaHax. 3a
BiJCYTHOCTi TOYHOrO pO3paxyHKy CTaTW4Hi BMn-
BM MOXHa 306inblIMTK i3 3aCTOCYyBaHHSM Bigno-
BiOHOro koedilieHTa (OMB. TaKOX CTaHOApTK Ha
BMPOOU A51s oKpemMux TuniB 36ipHMX BUPOOIB).

(3) Ons 3abe3neyeHHsA MOXITMBOCTI JIErKOro MOH-
Taxy, NepeBipKM i 3aMiHN Yy HEOOXiOHUX BUNaakax
NOTPIGHO KOHCTPYHOBATU MEXaHi4YHi MPUCTPOI.

Precast product: precast element manufactured
in compliance with a specific CEN standard.

Composite element. element comprising in-situ
and precast concrete with or without reinforce-
ment connectors

Rib and block floor: consists of precast ribs (or
beams) with an infill between them, made of
blocks, hollow clay pots or other forms of perma-
nent shuttering, with or without an in-situ topping.

Diaphragm: plane member which is subjected to
in-plane forces; may consist of several precast
units connected together.

Tie: in the context of precast structures, aties is a
tensile member, effectively continuous, placed in
a floor, wall or column.

Isolated precast member. member for which, in
case of failure, no secondary means of load
transfer is available.

Transient situation in precast concrete const-
ruction includes

— demoulding,

— transport to the storage yard,

— storage (support and load conditions),

— transport to site,
— erection (hoisting),
— construction (assembly).

10.2 Basis of design, fundamental requirements

(1)P In design and detailing of precast concrete
elements and structures, the following shall be
considered specifically:

transient situations (see 10.1.1);

bearings; temporary and permanent;
connections and joints between elements.

(2) Where relevant, dynamic effects in transient
situations should be taken into account. In the
absence of an accurate analysis, static effects
may be multiplied by an appropriate factor (see
also product standards for specific types of pre-
cast products).

(3) Where required, mechanical devices should
be detailed in order to allow ease of assembly,
inspection and replacement.
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10.3 Martepianu
10.3.1 bemoH
10.3.1.1 Miyricms

(1) Ona 36ipHMx BMpOOGIB npu Ge3nepepBHOMY
npoueci BUPOOHMUTBA, 3AIMCHEHHI HaneXHoro
KOHTPOJIO SKOCTI BiANOBIAHO A0 TEXHIYHUX che-
undpikaLiv Ta BUNpoOyBaHHst 6ETOHY Ha PO3TAr K
anbTepHaTtmBy Tabnuui 3.1 MOXHa 3acTocoBY-
BaTW CTAaTUCTUYHWUI aHani3 pe3ynbTaTiB BUNpooy-
BaHb Y AKOCTi 6a3u ANng OUiHKM MiLHOCTI Ha po3Tr,
sika BUKOPMCTOBYETLCA NMPU NepesipLi rpaHUYHOro
CTaHy 3a NpMAATHICTIO 418 ekcnnyaTawii.

(2) MoxHa BuKOpUCTOBYBATU MPOMIXHI Knacu
MiLHOCTI B pamkax Tabnumui 3.1.

(3) Y pasi Tennosoi 06pobku 30ipHNX 3anizobe-
TOHHUX eMNeMEeHTIB MiLHICTb BEeTOHY Ha CTUCK Y
BiLi t 0o 28 a6, f,,,,(f) MoXe ouiHloBaTUChL 3a BUpa-
30M (3.4), y sikoMy BiK 6eTOHY { 3aMiHIOETbCSA Ha
Temnepatypy 6eTOHy 3a4aHOro BiKy, LLO BU3Ha-
YyeHa 3a Bupasom (B.10) gogatka B.

Mpumitka. KoediuieHT Bg(f) noBMHEH 0OMexyBaTUCh
3HayYeHHsaM 1.

[na BU3Ha4YeHHs BNAUBY TENSI0BOI 06po6KM MOX-
Ha BMKOPUCTOBYBaTU BUpa3:

fc (t) = fcmp

ae fcmp — cepefHs MiLHICTb Ha CTUCK nicng Tenso-
BOi 06pobku (TOGTO Npw BianyckaHHi nonepen-
HbOrO HarpyXeHHs), BU3Ha4yeHa 3a BunpobyBaH-
HsIMM 3paskiB y uac {, (t, < t), ski nigaanucs Takii
e obpobui, sk | 30ipHi eneMeHT!.

10.3.1.2 [Nos3yyicmeb i ycaOka

(1) Y pasi TennoBoi 06pobkM 30ipHMX 3anizobe-
TOHHUX ereMeHTIB JONYyCKaeTbCH OLiHI0BaTN Be-
Nn4mMHU gedopmadin NoB3y4oCTi 3rigHO 3 (PYHK-
uieto goapisaHH4; Bupa3s (B.10) gopatka B.

(2) Ons Bu3HayeHHsA aedopmallii NOB3y4OCTi BiK
6eToHy npu HaBaHTaxeHHi t, (Ai6) y Bupasi (B.5)
NOTPIOHO 3aMiHUTK eKBiBaANEHTHMM BiKOM GETOHY,
oTpumaHum 3a Bupasamu (B.9) i (B.10) nopatka B.

(3) Ons 30ipHMX eneMeHTIB, sKi niggaHi Tennosin
06pobui, MOXHa npunyckaTu, LWo:

a) pedpopmadii ycagku nig Yac Tennosoi o6pobku
€ He3Ha4yHuMW, i

b) BHyTpiWHIMK gedopmaliaMn ycaoku MOXHa
3HEXTyBaTMu.
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fom — fcmp

+'|og(28—-tp+1)

10.3 Materials
10.3.1 Concrete
10.3.1.1 Strength

(1) For precast products in continuous production,
subjected to an appropriate quality control system
according to the product standards, with the conc-
rete tensile strength tested, a statistical analysis
of test results may be used as a basis for the
evaluation of the tensile strength that is used for
serviceability limit states verifications, as an alter-
native to Table 3.1.

(2) Intermediate strength classes within Table 3.1
may be used.

(3) In the case of heat curing of precast concrete
elements, the compressive strength of concrete
at an age t before 28 days, f,,(t), may be estima-
ted from Expression (3.4) in which the concrete
age t is substituted by the temperature adjusted
concrete age obtained by Expression (B.10) of
Annex B.

Note: The coefficient B.(t) should be limited to 1.

For the effect of heat curing Expression (10.1)
may be used:

log(t—tp +1) (10.1)

where f.,, is the mean compressive strength
after the heat curing (i.e. at the release of the
prestress), measured by testing of samples at the
time ¢, (t, < ), that went through the same heat
treatment with the precast elements.

10.3.1.2 Creep and shrinkage

(1) In the case of a heat curing of the precast
concrete elements, it is permitted to estimate the
values of creep deformations according to the
maturity function, Expression (B.10) of Annex B.
(2) In order to calculate the creep deformations,
the age of concrete at loading £, (in days) in Exp-
ression (B.5) should be replaced by the equiva-
lent concrete age obtained by Expressions (B.9)
and (B.10) of Annex B.

(3) In precast elements subjected to heat curing it
may be assumed that:

a) the shrinkage strain is not significant during
heat curing and

b) autogenous shrinkage strain is negligible.
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10.3.2 lMonepedHLO HanpyxeHa apmamypa

10.3.2.2 TexHoroziyHi xapakmepucmuku rorie-
pPedHbO HanpyXeHoi apmamypu

(1)P Onsa enemeHTiB i3 HaNpy)XeHHsAM Ha yrnopu
HeoOXxigHO BpaxoByBaTuX BMMMB BTPAT Big penak-
cauii 3a nigBuLLLEHOT TeMnepaTypw nig vYac Tenso-
BOI 06pO6KM.

Mpumitka. Penakcauisi NpuUCKOPIOETLCS MpU 3acTOCy-
BaHHi TENNOBOI 00POOKM, KON OAHOYACHO NPOSIBMSAOThL-
ca TemnepaTypHi gedopmadii. B pesynbtaTti cTyniHb
penakcauii 3H/MKYETbCS Nig KiHeLb npouecy oopobku.
(2) Oo yvacy t nicnga HaTary B pyHKLUIT Yacy penak-
cauii, HaBegeHin y 3.3.2(7), HeoOxigHO gopatu
ekBiBaneHTHUI vac I, ANs BpaxyBaHHS BNNWBIB
TennoBoi 0OpokM Ha BTpaTU MOMNEpPedHbLOro Ha-
Npy>XeHHSA BHACNigok penakcadii apmatypu. EkBi-
BaNeHTHU Yac MOXHa BU3HAUYNTW 3a BUPA3OM:

1,147 ma20
1Lkl
T Tax —20

ae:
tog
T(At,) — TemnepaTtypa, °C, npoTsarom iHTepBany
yacy Af;,

Tmax — MakcumanbsHa Temnepatypa °C npoTsarom

TennoBoi 06pobKu.

— eKBiBaneHTHUI Yac, roa;

10.5 KOHCTPYKTUBHUI pO3paxyHOK
10.5.1 3azanbHi NO10XXEeHHS

(1)P Po3spaxyHOK NoBMHEH BpaxoByBaTH:

— XapakTep pobOTK KOHCTPYKTUBHUX €NEMEHTIB
Ha BCiX cTagisax OyaiBHMUTBa 3 BMKOPUCTaH-
HSIM BiAMOBIOHOI reomMeTpil i xapakTepucTuk Ha
KOXHi cTafii, a TakoX iX B3AaEMO/IH0 3 iHLUMMU
ernemMeHTamn (Hanpuknag, cninbHa poboTa i3
MOHOJTITHNM BETOHOM, iHLIMMW 30ipHUMK ene-
MEHTamm);

— 0cob6nMBOCTi pOOOTU KOHCTPYKTUBHOT CUCTEMM
nig BNIvMBoM xapaktepy poboTu 3'egHaHb MixK
ernemMeHTamm npu ocobnmeiv yasi O pakTuy-
HUX gedopmaduin i MiLLHOCTI 3'egHaHb;

— HEBM3HA4YeHOCTi, Ha dKi BMAMBaKOTb 3akpin-
NEeHHS Ta po3nogin 3ycusb MK efieMeHTamu, i
AKi BMHUKaOTb BHACMigOK HETOYHOCTEW reo-
METPUYHNX PO3MIPIB, MOHTaXy Ta 0GnNupaHb.

(2) Cnpuatnmei BNAMBM ropnsoHTanNbHUX peakLin,

BUKITMKAHMX TEPTAM Bif BMacHOI Barn enemeHTta

Ha ornopax, MOXYTb BPaxoBYBaTUCb TiflbkKN y He-

CENCMIYHMX 30HaX (3aCTOCOBYIOUM Y inf) | SIKLLO:

10.3.2 Prestressing steel

10.3.2.2 Technological properties of prestressing
steel

(1)P For pre-tensioned members, the effect on
the relaxation losses of increasing the tempera-
ture while curing the concrete, shall be conside-
red.

Note: The relaxation is accelerated during the appli-
cation of a thermal curing when a thermal strain is
introduced at the same time. Finally, the relaxation rate
is reduced at the end of the treatment.

(2) An equivalent time t,, should be added to the
time after tensioning t in the relaxation time func-
tions, given in 3.3.2(7), to cater for the effects of
the heat treatment on the prestress loss due to
the relaxation Expression (10.2):

(Tiat,) —20)At; (10.2)

where:

toq is the equivalent time (in hours);

T(at;) is the temperature (in °C) during the time
interval At;

Tmax is the maximum temperature (in °C) during

the heat treatment.

10.5 Structural analysis
10.5.1 General

(1)P The analysis shall account for:

— the behaviour of the structural units at all sta-
ges of construction using the appropriate
geometry and properties for 3ach stage, and
their interaction with other elements (e.g. com-
posite action with in-situ concrete, other pre-
cast units);

— the behaviour of the structural system influen-
ced by the behaviour of the connections bet-
ween elements, with particular regard to actual
deformations and strength of connections;

— the uncertainties influencing restraints and
force transmission between elements arising
from deviations in geometry and in the positio-
ning of units and bearings.

(2) Beneficial effects of horizontal restraint cau-
sed by friction due to the weight of any supported
element may only be used in non seismic zones
(using vg ine) @nd where:
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— TepTda He € BUKITHYHUM DaKTOPOM HagiHOCTI
Ona 3aranbHOI CTIMKOCTI KOHCTPYKLUIT;

— KOHCTPYKLisi Ornop BUKMOYAE MOXMMBICTb Ha-
KOMUYEeHHA OOHOCTOPOHHBLOIO KOB3aHHS ere-
MEHTIB, TaKOro sik HEepiBHOMIPHUI XapakTep
po6oTK Mpu NOBTOPHOBAHUX AisX (Hanpuknaga,
UUKMIYHMX TemMnepaTypHUX BNNBIB HA rpaHsx
KOHTaKTY LUapHipHO 06nepTux enemMeHTiB);

— BUKIIOYEHA MOXIMBICTb 3HAYHUX yOAPHUX Ha-
BaHTaXeHb.

(3) BnnivBu ropnsoHTanbHMX 3pyLLUEHb HA HECYYY
34aTHICTb KOHCTPYKLIi i UiNbHICTb 3'€gHaHb Mo-
BMHHI BpaxoBYyBaTUCb MPW PO3paxyHKy 3 ypaxy-
BaHHSIM HECY4YOi 34aTHOCTI KOHCTPYKUii Ta uinic-
HOCTI 3'eQHaHb.

10.5.2 Bmpamu nonepedHb020 HarnpyXeHHs

(1) Y Bunagky TennoBoi 06pobku 36ipHMX 3ani3o-
GETOHHMX eneMeHTIB, 3MEHLLEHHS HaTary y ap-
MaTypi Ta 0OMeXeHHS1 pOo3LUMPEHHSA BETOHY BIf
TemnepaTtypuv BUHMKaOTb 0COBNUBI TemnepaTyp-
Hi BTpaT AP,. Lli BTpatn MOXHa BU3Ha4aTu 3a
BMpPa3oM:

— the friction is not solely relied upon for overall
stability of the structure;

— the bearing arrangements preclude the possi-
bility of accumulation of irreversible sliding of
the elements, such as caused by uneven
behaviour under alternate actions (e.g. cyclic
thermal effects on the contact edges of simply
supported elements);

— the possibility of significant impact loading is
eliminated.

(3) The effects of horizontal movements should

be considered in design with respect to the resis-

tance of the structure and the integrity of the
connections.

10.5.2 Losses of prestress

(1) In the case of heat curing of precast concrete
elements, the lessening of the tension in the ten-
dons and the restrained dilatation of the concrete
due to the temperature, induce a specific thermal
loss AP,. This loss may be estimated by the Exp-
ression (10.3):

APy =0,5ApEpc ¢ (Tmax ~To ) » (10.3)

he:
Ap—nonepeyHunii nepepis Hanpy>xeHoi apmaTypu;
Ep — Moaynb NpyXHOCTi HanpyeHoi apMaTtypu;

0., — KOeiLieHT MiHINHOro TemnepaTypHOro pos-
LWMpeHHst 6eToHy (amB. 3.1.2; 3.1.3(5));

Trmax — To — Pi3HMUSA MK MakcUMarbHOLo i movar-
KOBOl TemnepaTtypamun 6eToHy nobnuay Hanpy-
XeHoi apmartypu, °C.

MpuwmiTka. Bygb-aki BTpaty nonepeaHboro HanpyXeH-
HA APy BiA BMOOBXEHHS apmaTypu Npu Tensosii 06-

pobui MOXHa He BpaxoByBaTW Yy pasi 3aCTOCyBaHHA
nonepeaHbOoi TEpMiYHOI 06pOoBKM apmaTypu.

10.9 OcobnuBi NnpaBuna AnA po3paxyHKy i
KOHCTpPYIOBaHHA

10.9.1 MomeHmu 3awemsneHHs1 y niaumax

(1) MomeHTH Bif 3aLLeMMAEHHSA MOXYTb CrpunMa-
TUCb BEPXHbOK apmMaTypolo, PO3MILLEHO Y
BEPXHIili YacTMHI abo BCTaBMEHOK Y BiAKPUTI MO-
POXHUHW eneMeHTIB. Y nepLioMy Bunagky ropm-
30HTanNbHUI 3CyB Yy 3'edHaHHi HeobxigHO nepe-
BipATYW 3rigHo 3 6.2.5. Y HacTynHOMy BUnagky ne-
pegayy 3ycurnb MK MOHOMITHUM 6eTOHOM i no-
POXHVMHAMKN efneMEHTIB HeOoOXigHO nepeBipsaTH
BignosigHO 00 6.2.5. [loBXnHa BepXHbLOT apMarty-
pv NOBUHHA NpuMMaTKCh BignoeigHo 0o 9.2.1.3.
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where:

Ap is the cross-section of tendons;

Ep is the elasticity modulus of tendons;

a, is the linear coefficient of thermal expansion for
concrete (see 3.1.2; 3.1.3(5));

Tmax — To is the difference between the maximum
and initial temperature in the concrete near the
tendons, in °C.

Note: Any loss of prestress, APy caused by elongation
due to heat curing may be ignored if preheating of the
tendons is applied.

10.9 Particular rules for design and detailing

10.9.1 Restraining moments in slabs

(1) Restraining moments may be resisted by top
reinforcement placed in the topping or in plugs in
open cores of hollow core units. In the former
case the horizontal shear in the connection

should be checked according to 6.2.5. In the latter

case the transfer of force between the in situ
concrete plug and the hollow core unit should be

verified according to 6.2.5. The length of the top

reinforcement should be in accordance with
9.2.1.3.
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(2) Bnnmeu HenepeabayeHoro 3allemMneHHs wap-
HipHO 0OMEepPTMX MMMT MNOBWHHI BPaxoOBYBATUCb
crneuianbHOK apMaTypoto i/abo KOHCTPYOBaHHSAM.

10.9.2 3'eOHaHHs1 cmiH i nepekpummie

(1) Ons enemeHTIB CTiH, BCTAHOBMEHMX Ha MAUTU
nepekpuTTsa, HeobxigHO nepenbavaTn apmyBaH-
HS 4N CNPUAHATTS MOXIMBUX EKCLEHTPUCUTETIB
i 30CepemKEHNX HaBaHTaXXEHb Ha KiHUi CTiHW.
CtocoBHo nnuT nepekputta ane. 10.9.1(2).

(2) Akwo BepTHKanbHe HaBaHTaxeHHs < 0,5h-f,,
ae h — ToBwmHa cTiHn (pucyHok 10.1), To 3abes-
neyyBaTM OKpPEME apMyBaHHSI HE BMMaraeTbCsl.
3a ymoBM apMyBaHHs 3rigHo 3 pucyHkom 10.1 ta
3abesnedveHHi giameTpa ¢ > 6 MM, a KPOKY He
Binbl HX MeHWe 3HayeHHs i3 h i 200 MM, Ha-
BaHTa)XeHHs MoxHa 36inbLuysat go 0,6h-f,,. Ans
BULLMX PIBHIB HABAHTa)KEHHS apMyBaHHS Cnif, BU3-
HadaTw 3rigHo 3 (1). OkpemMy nepeBipky HeobXxiaHO
BMKOHYBaTUN ON151 H/XYE pO3TaLloBaHOI CTiHU.

e

(2) Unintended restraining effects at the supports
of simply supported slabs should be considered
by special reinforcement and/or detailing.

10.9.2 Wall to floor connections

(1) In wall elements installed over floor slabs,
reinforcement should normally be provided for
possible eccentricities and concentrations of the
vertical load at the end of the wall. For floor
elements see 10.9.1 (2).

(2) No specific reinforcement is required provided
the vertical load per unit length is < 0,5h-f,, where
h is the wall thickness, see Figure 10.1. The load
may be increased to 0,6h-f_; with reinforcement
according to Figure 10.1, having diameter
¢ > 6 mm and spacing s not greater than the lesser
of h and 200 mm. For higher loads, reinforcement
should be designed according to (1). A separate
check should be made for the lower wall.

PucyHok 10.1 — lNprknaan apMyBaHHS CTiHM Haf, CTUKOM MK JBOMa NAUTaMU NepekpuTTs
Figure 10.1 — Example of reinforcement in a wall over a connection between two floor slabs

10.9.3 Cucmemu nepekpummis

(1)P KoHCTpyloBaHHA CUCTEM MEPEKpUTTIB Mo-
BMHHO Y3rog)yBaTuUCb 3 yMOBaMu y pO3paxyHKy
Ta npoekTyBaHHi. [MoBMHHI BpaxoByBaTuUCb Tex-
HiYHI cneumdikauii Ha BMpoou.

(2)P Akwo BpaxoByeTbCA pO3NoAin nonepeyHoro
HaBaHTaXXEHHSA MiX NpUNernMMn enemMmeHTamu, To
HeoOXxigHO 3abe3neyyBaTtu BiMNOBIAHE nonepey-
He apMyBaHHSI.

(3)P Moxnveuin BB 3aLlemMreHb 30ipHUX ene-
MEHTIB NMOBMHEH BPaxoByBaTUCh HaBITb Y BUMAA-
Ky, KON1 BOMYyCKaeTbCA LWAapHipHE 0BnmpaHHs npwm
pO3paxyHKy.

10.9.3 Floor systems

(1)P The detailing of floor systems shall be con-
sistent with assumptions in analysis and design.
Relevant product standards shall be considered.

(2)P Where transverse load distribution between
adjacent units has been taken into account,
appropriate shear connection shall be provided.

(3)P The effects of possible restraints of precast
units shall be considered, even if simple supports
have been assumed in design.
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(4) Mepepava 3ycunb 3cyBY Y 3'€QHAHHAX MOXeE
aocdaratucb pisHMMU cnocobammn. Tpu OCHOBHUX
TMNKM 3'egHaHb NokasaHo Ha pucyHKy 10.2.

(5) Posnoain nonepeyHnx HaBaHTaeHb NOBUHEH
DasyBaTuCb Ha po3paxyHKy abo B1MNpobyBaHHsIX
3 ypaxyBaHHSIM MOXIMBOI 1X 3MiHN MiX 36ipHUMM
enemeHTamn. CymapHi nonepeyHi 3ycunnga Mix
eremMeHTaMn nepekpuTTs MOBUHHI BpaxoByBa-
TUCb NPY PO3paxyHKy 3'€AHaHb i Npunernnx Yac-
TWUH eNeMeHTIB (Hanpuknaga, 3a Mexamu pebep i
CTIHOK).

[ns nepekpuTTiB 3 PIBHOMIPHO PO3NOA4INEHNM Ha-
BaHTaXeEHHAM, 3a BIiACYTHOCTI Oinbll TOYHOro
PO3paxyHKy, Lie MoNnepeyHe 3yCunss Ha OgUHNLLK0
OOBXUHN MOXe NpUuiMaTuchb SK:

Ved =9Eqd -

ne:
ey — PO3PaxyHKOBE 3HAYEHHSI 3MIHHOTO HaBaH-
TaxeHHs, kH/MZ;

be — WMPUHa elfieMeHTa.

(4) Shear transfer in connections may be achie-
ved in different ways. Three main types of con-
nections shown in Figure 10.2.

(5) Transverse distribution of loads should be
based on analysis or tests, taking into account
possible load variations between precast ele-
ments. The resulting shear force between floor
units should be considered in the design of
connections and adjacent parts of elements (e.g.
outside ribs or webs).

For floors with uniformly distributed load, and in
the absence of a more accurate analysis, this
shear force per unit length may be taken as:

be /3, (10.4)
where:
Qg4 is the design value of variable load (kN/m?);

b, is the width of the element.

a — 3abeToHoOBaHi abo
3anoBHEHI PO34YMHOM
concreted or grouted

b — 3BaptoBaHi abo Ha bonTax
(s Npuknag nokasaHo oavH
TWM 3BaptOBaHOro 3'eqHaHHS)
welded or bolted connections
(this shows one type of welded
connection as an example)

C — apMOBaHOK HabETOHKO
(BepTukanbHa apmatypa MOXe
3HagobuTnch Anga nepegadi
3CyBY Y rpaHu4Homy ctaHi ULS)
reinforced topping
(vertical reinforcement connectors
to topping may be required to
ensure shear transfer at ULS)

PucyHok 10.2 — lNpuknaau 3'egHaHb ons nepegadi 3cyBy
Figure 10.2 — Examples of connections for shear transfer

(6) Axwo nepenbavaeTbCs, WO 30ipHI NepekpuT-
TS YTBOPIOKOTb XOPCTKI AUCKM AN nepeaadi ropu-
30HTaNbHUX HaBaHTaXeHb Ha CUCTEMU B'A3eWN,
HeobXigHO BpaxoByBaTU HACTYMHE:

— [OMWCKM NOBUHHI BYTN YaCTMHO pearnbHOI KOHCT-
PYKTUBHOI MoAeni 3 ypaxyBaHHSAM CYyMiCHOCTI
pedopmallin i3 CUCTEMOIO B'A3EN;

— [Ons BCiX YaCTUH Cnopyaum, Ha ski nepefarTb-
Csl TOPU3OHTamnbHi HaBaHTaXEHHS!, MOBUHHI
BPaxoBYyBaTUCb BMNMNBU FOPU3OHTarNbHUX Ae-
dopmaLin;
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(6) Where precast floors are assumed to act as
diaphragms to transfer horizontal loads to bracing
units, the following should be considered:

— the diaphragm should form part of a realistic
structural model, taking into account the defor-
mation compatibility with bracing units;

— the effects of horizontal deformations should
be taken into account for all parts of the struc-
ture involved in the transfer of horizontal loads;
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— [OMUCKM NOBUHHI apMyBaTUCb AN CNPUAHATTS
3ycunb po3TaAry, ki nepenbayveHi KOHCTPYK-
TMBHOK MOAENTIO;

— TPV KOHCTPYIOBaHHI apMaTypu NOBUHHI Bpaxo-
BYBaTUCb KOHLIEHTpaLlii HanpyXeHb Ging npo-
pi3iB i y 3'eAHaHHAX.

(7) MonepeyHa apmaTypa ona nepegadi 3ycurnb

3CyBY Y 3'€4HaHHAX OUCKIB MOXe 30cepemXyBa-

TUCb BAOOBX OMOp, (POPMYHOYN YMOBHI PO3TATHYTI

ereMeHTH, LLO BiAnoBiAaTb KOHCTPYKTUBHIN MO-

geni. Lis apmatypa moxe po3TawoByBaTUCh Y Ha-

GeToHLUi 3a il HagBHOCTI.

(8) 36ipHi enemeHTN 3 HABETOHKO LLIOHANMEH-
we 40 MM MOXYTb PO3paxoByBaTUCh SK CKNaAeHi
erneMeHT 3a yMOBW, WO iX B3aemogis nepe-
BipeHa Ha 3cyB 3rigHo 3 6.2.5. 30ipHi enemeHTn
HeobXigHO NepeBipATH Ha BCiX cTagisx OyaiBHUL-
TBa, 00 i Nicnsa QOCArHEeHHS CNiflbHOro XapakTepy
po6oTu.

(9) NonepeyHa apmaTypa NP 3rMHAHHI Ta iHWKX
BM/MBax MOXe MOBHICTHO po3MilllyBaThCh y Habe-
TOHLUi. KOHCTpyOBaHHS NOBWHHO BiAMNOBIiAaTV MO-
Oerni KOHCTPYKUii, Hanpuknag, sKWO 3anpoeKTo-
BaHO OOMMpaHHA Mo KOHTYPY.

(10) CTiHkm abo pebpa y BigoKpeMeHnX efemMeH-
Tax Nt (TO6TO enemeHTax, WO He NepeaarTb
3CyB Yepes 3'eAHaHHSA) NOBUHHI 3abe3nevyBaTnch
nonepevyHnuM apMyBaHHSAM siK Oarnku.

(11) MepekpuTTa i3 30ipHMX Banok i 6rokie 6e3
HabeTOHKM MOXYTb PO3paxoByBaTUCb SIK MOHO-
NiTHI NAXTK, SKWO MOHOMITHI nonepeyHi pebpa
3abesnedyeHo 6es3nepepBHOD apmaTypolo, sika
NpoxoauTb Yepe3 306ipHi N03a0BXHI pebpa i3 Kpo-
KOM Sy 3rigHo 3 Tabnuueto 10.1.

(12) CepeaHi No300BXHI HAaNPy>XeHHs 3cyBy Vi,
LLIO Ait0Tb Y AMCKax NMiuT NepPeKpPUTTIB i3 3anoBHe-
HUMK 6GeToHOM abo PO3YMHOM 3'€QHAHHAMM, He-
06xigHO obmexyBaTtu 3HaveHHsMm 0,1 Mla gns
ayxe rnagkux nosepxoHb i 0,15 MlMa — anga rmaa-
KX i wopcTkmx. me. 6.2.5 ons BU3Ha4YeHHA xa-
pakTepy NOBEPXHI.

— the diaphragm should be reinforced for the
tensile forces assumed in the structural model

— stress concentrations at openings and con-
nections should be taken into account in the
detailing of reinforcement.

(7) Transverse reinforcement for shear transfer
across connections in the diaphragm may be
concentrated along supports, forming ties consis-
tent with the structural model. This reinforcement
may be placed in the topping, if it exists.

(8) Precast units with a topping of at least 40 mm
may be designed as composite members, if shear
in the interface is verified according to 6.2.5. The
precast unit should be checked at all stages of
construction, before and after composite action
has become effective.

(9) Transverse reinforcement for bending and
other action effects may lie entirely within the
topping. The detailing should be consistent with
the structural model, e.g. if two-way spanning is
assumed.

(10) Webs or ribs in isolated slab units (i.e. units
which are not connected for shear transfer)
should be provided with shear reinforcement as
for beams.

(11) Floors with precast ribs and blocks without
topping may be analysed as solid slabs, if the
insitu transverse ribs are provided with continu-
ous reinforcement through the precast longitu-
dinal ribs and at a spacing s; according to
Table 10.1.

(12) In diaphragm action between precast slab
elements with concreted or grouted connections,
the average longitudinal shear stress Vg;, should
be limited to 0,1 MPa for very smooth surfaces,
and to 0,15 MPa for smooth and rough surfaces.
See 6.2.5 for definition of surfaces.
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Tabnuua 10.1— MakcumanbHWn Kpok nonepeyHnx pedep sr npy po3paxyHKy NepekpuTTiB i3 pebpamu i
Brokamu 5k MOHOMITHUX; S; AOPIBHIOE KPOKY NMO3O0BXHIX pebep, I, — AOBXUHI (MponiT)
Nno3ao0BXHix pedep, h — TOBLUMHI pebpncToro NepekpuTTS

Table 10.1

— Maximum spacing of transverse ribs, St for the analysis of floors with ribs and block

as solid slabs. s; = spacing of longitudinal ribs, I, = length (span) of longitudinal ribs,

h = thickness of ribbed floor

Tun I'IpI/IKJ'IaJJ,.eHOI'O HaBaHT-a)KeHHﬂ s, Sl/_ /8 s, >lL /8
Type of imposed loading
K().pmch.le, CHIr He BI/IMaFaIGTbCFl sp <12h
Residential, snow Not required
IHwe sr <10h sy <8h
Other

10.9.4 3'eOHaHHs1 i obnupaHHs Onsi 36ipHUX
esileMeHmie

10.9.4.1 Mamepianu

(1)P MaTtepiann, WO BUKOPUCTOBYIOTbCA AN

3'eAHaHb, MOBUHHI OyTK:

— CcTabinbHVUMM | AOBrOBIMHUMW NPOTArOM MPOEKT-
HOro CTPOKY eKcnryaTauii KOHCTPYKLLT;

— XiMiYHO i (Pi3NYHO CyMiCHUMU;

— 3axuWEeHMMK Big HECNPUATIIMBUX XiMIYHUX i
di3nYHMX BNSIMBIB;

— BOTHETpPMBKMMMU, LWOO BigNoBiAaTN BOrHETPUB-
KOCTi KOHCTPYKLLT.

(2)P OnopHi noayLwKM NOBUHHI MaTun XapaKkTepuc-
TMKW MILHOCTI Ta AedopmaTMBHOCTI BigMNOBIgHO
[0 pPO3paxyHKOBUX NPUMYLLEHb.

(3)P MeTanesi kpinneHHst 06nMyKyBaHHA ANs BCIX
knacis BnnuBiB, okpim X0 ta XC1 (Tabnuus 4.1), i
SKi He 3axWLLEHi Bi 30BHILLUHLOrO cepenoBULLA,
MOBWHHI BUrOTOBIIATUCH i3 KOPO3INHOCTINKOro mMa-
Tepiany. 3a MOXIMBOCTI NEPEBIPOK AOMYCKAETHCS
BMKOPUCTOBYBATU 3aXMCHIi NMOKPUTTS.

(4)P Oo BrKOHaHHSA 3BaptoBaHHA HeOOXigHO ne-
peBipUTN JONYCTUMICTb Bignycky abo XxonogHoro
opMyBaHHS.

10.9.4.2 3azanbHi npasuna po3paxyHKy | KOHCm-
pyro8aHHs 3'€OHaHb

(1)P 3'egHaHHsa NOBMHHO cnpyAMaT BASMBU, SKi
BiOMNOBIAATbL PO3PaXyHKOBUM  MPUMNYLLEHHAM,
MaTn HeoOXigHy AedopmMaTuBHICTL Ta 3abesne-
4YyBaTK CTiiKy poBOTY KOHCTPYKLIT.

(2)P HeobxigHo 3anobiraTu ckomoBaHHK abo
BifLapyBaHHIO BETOHY Ha rpaHaX enemMeHTIB 40
KIHLLEBOrO MOHTaXy 3 ypaxyBaHHAM HaCTYMHUX
acnekTis:

— BiAHOCHUX NEpPEMILLEHb MiX enemMeHTamu;
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10.9.4 Connections and supports for precast
elements

10.9.4.1 Materials
(1)P Materials used for connections shall be:

— stable and durable for the design working life
of the structure;

— chemically and physically compatible;

— protected against adverse chemical and phy-
sical influences;

— fire resistant to match the fire resistance of the
structure.

(2)P Supporting pads shall have strength and
deformation properties in accordance with the
design assumptions.

(3)P Metal fastenings for claddings, other than in
environmental classes X0 and XC1 (Table 4.1)
and not protected against the environment, shall
be of corrosion resistant material. If inspection is
possible, coated material may also be used.

(4)P Before undertaking welding, annealing or
cold forming the suitability of the material shall be
verified.

10.9.4.2 General rules for design and detailing of
connections

(1)P Connections shall be able to resist action
effects consistent with design assumptions, to
accommodate the necessary deformations and
ensure robust behaviour of the structure.

(2)P Premature splitting or spalling of concrete at
the ends of elements shall be prevented, taking
into account:

— relative movements between elements;
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— BiOXWUINeHb;

— BWMOT CTOCOBHO MOHTaXY;
— MNPOCTOTU BUKOHAHHS;

— MpPOCTOTU NEepPEBIPKM.

(3) MepeBipka Hecy4yoi 30aTHOCTI | KOPCTKOCTI
3'eQHaHb MOXe I'PYHTYBaTUCb Ha PO3PaxyHKy 3
MOXITMBMM BUNPOOYBaHHAM (4Nsi NPOEKTYBaHHS
Ha 6a3i BunpobyBaHb ane. EN 1990, nogatok D).
HeobxigHO BpaxoByBaTN HETOYHOCTI BUKOHAHHSI.
Po3paxyHKOBi BefiM4nHW, BM3HAYEHi Ha OCHOBI
BMNpoOyBaHb, MOBUHHI BKMOYATU HECMPUATIIMBI
BIOXMINEHHS haKkTU4HMX YMOB poboTu Big yMOB
BMNPOOYBaHb.

10.9.4.3 3'c¢OHaHHA, w0 nepedaromb 3ycusns
cmucky

(1) Y CcTUCHYTUX 3'egHaHHAX 3yCUMNAMU 3CyBY
MO>XHa 3HEXTYBATU, SIKLLIO BOHU CTAHOBNATb MEH-
we 10% Big 3ycunns CTUCKY.

(2) Onga 3'egHaHb Ha BMPIBHIOBANbHMX Ta YyLUiMb-
HIOBasnibHMX MaTtepianax (po34ynH, 6eToH abo no-
nimepn) HeobXiAHO BUKIHOYATM MOXMMUBICTb Bia-
HOCHUX 3pYLUEeHb MK MOBEPXHSAMW, SKi 3'€dHy-
I0TbCH, Mig Yac TBEPAIHHA MaTepiany.

(3) 3'egHaHHs 6e3 BMpiBHIOBaNbHMX Ta YLUiNbHIO-
BanbHMX MaTepianiB (Ccyxe 3'egHaHHHA) NOBMHHO
BMKOPWUCTOBYBATUCb TifMlbKM Yy BUMNaZdKax, KOMu
MOXINBO AOCArTU HEODXiAHOT AKOCTi BUKOHAHHS.
CepefHi HanpyXeHHs1 Ha Onopi Mi>k MAOCKMMMU No-
BEPXHAMU He MoBUHHI nepesuwysatn 0,3 f,,.
Cyxi 3'egHaHH4, WO BKNOYaOTb KPUBI (BUMYKI)
MOBEPXHi, MOBMHHI pO3paxoByBaTUCh Npu 060B'A3-
KOBOMY BpaxyBaHHi reoMeTpii.

(4) HeobxigHo BpaxoByBaTK HaMpy»XeHHs1 po3Ts-
ry y npunernmx enemeHTax. BoHn MoxyTb BUHK-
KaTu BHacCnigOK 30CepeaXeHoro CTUCKY Bigno-
BioHO [0 pucyHka 10.3a, abo po3LMpeHHs M'aKo-
ro BUPIBHIOBANbHOro maTepiany BignoBiAHO [0
pucyHka 10.3b. ApmaTtypy y Bunagky a) MOXxHa
po3paxyBaTu i pO3MICTMUTK 3rigHo 3 6.5. Y Bunagky
b) apmatypy HeobxigHO poaTawyBaTu 6rm3bKo
00 MOBEPXOHb MPUIernnx enemMeHTiB.

(5) 3a BigcyTHOCTI BinbLL TOYHMX MOAENEN, apMa-
Typy y BUNagKy b) MoxHa Bu3Ha4aTv 3a BUPa3oMm:

— deviations;

— assembly requirements;
— ease of execution;

— ease of inspection.

(3) Verification of resistance and stiffness of
connections may be based on analysis, possibly
assisted by testing (for design assisted by testing,
see EN 1990, Annex D). Imperfections should be
taken into account. Design values based on tests
should allow for unfavourable deviations from
testing conditions.

10.9.4.3 Connections transmitting compressive
forces

(1) Shear forces may be ignored in compression
connections if they are less than 10% of the
compressive force.

(2) For connections with bedding materials like
mortar, concrete or polymers, relative movement
between the connected surfaces should be pre-
vented during hardening of the material.

(3) Connections without bedding material (dry
connections) should only be used where an ap-
propriate quality of workmanship can be achie-
ved. The average bearing stress between plane
surfaces should not exceed 0,3 f_;. Dry connec-
tions including curved (convex) surfaces should
be designed with due consideration of the geo-
metry.

(4) Transverse tensile stresses in adjacent ele-
ments should be considered. They may be due to
concentrated compression according to Figu-
re 10.3a, or to the expansion of soft padding
according to Figure 10.3b. Reinforcement in case
a) may be designed and located according to 6.5.
Reinforcement in case b) should be placed close
to the surfaces of the adjacent elements.

(5) In the absence of more accurate models, rein-
forcement in case b) may be calculated in accor-
dance with Expression (10.5):

As =025(t/h)Fey I,y , (10.5)
'S d 'yd

ae:
Ag — nrowa apmatypm 6ina KoxXHOT NOBEepPXHi;
{ — TOBLUMHA BMPIBHIOBAILHOIO LLAPY;

where:
A is the reinforcement area in each surface;
tis the thickness of padding;
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h — po3mip BMpiBHIOBaNbHOIO LWapy y Hanpsami ap-
maTtypu;
Fey— 3ycnnnsa cTUcky y 3'edHaHHI.

(6) MakcmmanbHy Hecydy 34aTHICTb CTUCHYTUX
3'eHaHb MOXHa BU3HA4YUTK 3rigHo 3 6.7 abo Ha
OCHOBI pO3paxyHKy, NepesipeHOMy BUNPOOYyBaH-
HAMKM (ONs NpoekTyBaHHA Ha 6asi BunpobyBaHb
ame. EN 1990).

a — 3ocepempxeHe obnmpaHHs
concentrated bearing

h is the dimension of padding in direction of
reinforcement;

Fg, is the compressive force in connection.

(6) The maximum capacity of compression con-
nections can be determined according to 6.7, or

can be based on analysis, possibly assisted by
testing (for design assisted testing, see EN 1990).

EERRERRR

b — po3wmpeHHa M'skoro npoLuapky
expansion of soft padding

PucyHok 10.3 — [lonepeyHi HanpyXeHHst po3TAry y CTUCHYTUX 3'€4HaHHAX
Figure 10.3 — Transverse tensile stresses at compression connections

10.9.4.4 3'eOHaHHs, Wo nepedaroms 3yCcursirisi 3cysy
(1) Mpwn nepegavi 3cyBy MO KOHTAKTY MiXX ABOMA
GETOHHMMM MOBEPXHAMU, Hanpuknag, 36ipHOro
ernemMeHTa i MOHOMITHOro 6eToHy, ame 6.2.5.

10.9.4.5 3'eOHaHHA, W0 rnepedaromb 32UHallbHi
MomMeHmu abo 3ycusnnsi posmsiay

(1)P ApmaTypa noBuHHa GyTW HEPO3PUBHOK B
MexXax 3'€AHaHHS | 3aaHKepoBYyBaTUCh Y Npuner-
nMX eneMeHTax.

(2) BeanepepBHICTb MOXe JOCAraTUCH LUMNAXOM:

— HamnycKy CTPUXHIB;

— 3aMOHOIiYyBaHHAM apMaTypu y MOPOXKHUHM;

— MepenyckoM apmaTypHUX neTenb;

— 3BaplOBaHHAM CTPWKHIB abo cTtaneBux nnac-
TUH;

— nonepeHiM HanpyXeHHsAM;

— MeXaHiYHMMKU NpUcTposiMu (rBUHTOBI abo 3a-
NMOBHEHI MydTH);

— 3'egHaHHsA 06TUCKOM (CTUCKanbHI MydTh).
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10.9.4.4 Connections transmitting shear forces

(1) For shear transfer in interfaces between two
concretes, e.g. a precast element and in situ
concrete, see 6.2.5.

10.9.4.5 Connections transmitting bending mo-
ments or tensile forces

(1)P Reinforcement shall be continuous across
the connection and anchored in the adjacent ele-
ments.

(2) Continuity may be obtained by, for example
— lapping of bars;

— grouting of reinforcement into holes;

— overlapping reinforcement loops;

— welding of bars or steel plates;

— prestressing;

— mechanical devices (threaded or filled slee-
ves);

— swaged connectors (compressed sleeves).


arymarenko
Прямоугольник


10.9.4.6 3'cOHaHHS 3 nidpi3Koro

(1) 3'egHaHHSA 3 Nigpi3KO MOXHa po3paxoByBaTH
i3 3aCTOCYBaHHSAM CTUCHYTO-PO3TATHYTUX MOAe-
newn 3srigHo 3 6.5. [1Bi anbTepHaTMBHI Mogeni Ta
apMyBaHHS nokasaHi Ha pucyHky 10.4. Lii aBi mo-
aeni MoXyTb KOMOiIHYBaTUCh.

MpumiTka. Ha pucyHKy nokasaHo TiflbkW OCHOBHI erne-
MEHTWN CTUCHYTO-PO3TArHYTOI MoAeni

9 _ _ — -
|
¢ ;‘ \\
N
/N
7 7
rd A 7’
'i/ I’

10.9.4.6 Half joints

(1) Half joints may be designed using strut-and-tie
models according to 6.5. Two alternative models
and reinforcements are indicated in Figure 10.4.
The two models may be combined.

Note: The figure shows only the main features of strut-
and-tie models.

PucyHok 10.4 — PekomeHfoBaHi MoAerni apMyBaHHS 3'edHaHb 3 Nigpiskoro
Figure 10.4 — Indicative models for reinforcement in half joints

10.9.4.7 3aaHKkepysaHHs apmamypu Ha oriopax

(1) ApmaTtypa B ONOpPHUX enieMeHTax i Tux, Lo 06-
NMparTbCs, MOBUHHA KOHCTPYHOBATUCh Tak, o6
3abe3neunTn aHKkepyBaHHS y BiAMNOBIAHOMY BY3i
3 ypaxyBaHHAM BigxuneHb. [Mpuknag nokasaHo
Ha pucyHky 10.5.

dakTnyHa JOBXMHA 0BNMpPaHHA a4 KOHTPOSIOETb-
ca 4depes BigctaHb d (pucyHok 10.5) Big rpaHi
BiQMOBIAHMX €NIeMEeHTIB, ae:

d; = ¢; + Aa; Npy ropn3oHTanbHMX NeTnsax abo iH-
LLIOMY 3aaHKepyBaHHI CTPUXHIB,;

d; = ¢; + Aa; + r; Npy BepTUKanbHOMY 3arMHaHHi
CTPWXHIB,

ae:

Cj — 3aXMCHWI wap GETOHY;

Aa; — BigxuneHns (ams. 10.9.5.2 (1);

r; — pagiyc 3ruHy.

Ans BusHaYeHHA Aa, i Aay amB. pucyHok 10.5 Ta
10.9.5.2 (1).

10.9.4.7 Anchorage of reinforcement at supports

(1) Reinforcement in supporting and supported
members should be detailed to ensure anchorage
in the respective node, allowing for deviations. An
example is shown in Figure 10.5.

The effective bearing length a1 is controlled by a
distance d (see Figure 10.5) from the edge of the
respective elements where:

d; = ¢; + Aa; with horizontal loops or otherwise end
anchored bars;

d; = ¢; + Aag; + r; with vertically bent bars,

where:

c;is concrete cover,;

Aa; is a deviation (see 10.9.5.2 (1);
r;is the bend radius.

See Figure 10.5 and 10.9.5.2 (1) for definitions of
Aa, or Aas.
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PucyHok 10.5 — [Npuknag KOHCTpytoBaHHA apmaTypu B onopi
Figure 10.5 — Example of detailing of reinforcement in support

10.9.5 Onopu
10.9.5.1 3azarnbHi nonoxxeHHs1

(1)P HanexHe @yHKLiOHyBaHHA OMOp MOBUMHHO
3abesneyyBaTNCb apMyBaHHAM MpUnernnx ene-
MEHTIB, OOMEXEHHAM HanpyXeHb B 06nmMpaHHi Ta
3axodamMu, L0 BPaxoBylOTb 3pyLUeHHs abo 3a-
KpPinmeHHS.

(2)P TMpwn obnupaHHAX, AKi He 0O3BONSATb KOB-
3aHHA abo noBopoT 6e3 3Ha4yHMX 3alleMileHb,
BMNSIMBU, CIPUYMHEHI NMOB3YYICTIO, yCaaKow, TeM-
nepaTypoto, BiOXUMEHHAMMU Bi4 OCi, BepTukani
TOWO, MOBMHHI BpaxoBYyBaTUCb Y PO3PaxyHKY
Npunernmx enemMeHTiB.

(3) Bninmeu dakTopis (2)P MoXyTb BUMaraTu no-
NepeyvyHoro apmyBaHHSA B OMOPHUX eneMeHTax i
TUX, WO obnupatoTbes, Ta/abo HepO3pi3He apMy-
BaHHS ONs 3B'A3yBaHHS €NIEMEHTIB Mk co0bolo.
BoHM TakoX MOXYTb BNAMBATU Ha PO3paxyHOK
OCHOBHOI apMaTypu y Takux enemMeHTax.

(4)P Onopu NOBUHHI pO3paxoByBaATUCh | KOHCTPYHO-
BaTUCb Tak, Wo6 3abe3nedvyBatu npaBusiibHE
BCTAHOBIIEHHS 3 ypaxyBaHHAM OOMYCKiB Npu BU-
FOTOBJIIEHHI | MOHTaXi.

(5)P HeobGxigHo BpaxoByBaTW MOXNWBI BMVBU
3aaHKepyBaHHS Npu NonepeaHbOMY HamnpyKeHHI.

10.9.5.2 Ornopu 0Onsi 3'eOHaHuUX (Hei30/1b08aHUX)
ereMeHmis

(1) HomiHanbHy JOBXUHY a LapHipHOT onopwu, no-
KasaHoi Ha pucyHky 10.6, MOXXHa BU3HAUYUTU SK:
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10.9.5 Bearings
10.9.5.1 General

(1)P The proper functioning of bearings shall be
ensured by reinforcement in adjacent members,
limitation of bearing stress and measures to
account for movement or restraint.

(2)P For bearings which do not permit sliding or
rotation without significant restraint, actions due
to creep, shrinkage, temperature, misalignment,
lack of plumb etc. shall be taken into account in
the design of adjacent members.

(3) The effects of (2)P may require transverse
reinforcement in supporting and supported mem-
bers, and/or continuity reinforcement for tying
elements together. They may also influence the
design of main reinforcement in such members.

(4)P Bearings shall be designed and detailed to
ensure correct positioning, taking into account
production and assembling deviations.

(5)P Possible effects of prestressing anchorages
and their recesses shall be taken into account.

10.9.5.2 Bearings for connected (non-isolated)
members

(1) The nominal length a of a simple bearing as
shown in Figure 10.6 may be calculated as:
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a=aq+apt+as +1/Aa§ +Aa§ ,

ae:

a4 — [OBXWHA HETTO OMOPW BiAHOCHO HaMpy>XeHb
Ha onopi, a; = Fg,/(b4fry), @ane He MeHLLIE HiXK MiHi-
MarnbHi BenninHu 3a Tabnuueto 10.2;

Fey— pO3paxyHKoBe 3Ha4YeHHS OMOpHOI peakLil;
b4 — wnpuHa HeTTo onopwu (pucyHok 10.6);

fry — PO3paxyHKOBE 3HaAYEHHsI MILIHOCTi ornopw,
avB. (2);

a, — Bi[CTaHb, IO BBaXaeTbCsA Hepobo4yol 3a

MeXXaMM 30BHILLHBbOMO KiHLA enemMeHTa, AKuii oo-
nupaetbea (pyucyHok 10.6 i Tabnuua 10.3);

az — LA X BiCTaHb /15 OMOPHOro enemeHTa (pu-
cyHok 10.6 i Tabnuuga 10.4);

-

a,+ Aa, a, a,+ Aa,

a

(10.6)

where:

a, is the net bearing length with regard to bearing
stress, a; = Fg4/(b4fry), but not less than mini-
mum values in Table 10.2;

Fg4is the design value of support reaction;

b, is the net bearing width, see Figure 10.6;

frqy is the design value of bearing strength, see
(2);

a, is the distance assumed ineffective beyond
outer end of supporting member, see Figure 10.6
and Table 10.3;

as is the similar distance for supported member,
see Figure 10.6 and Table 10.4;

PucyHok 10.6 — Npuknaau onop 3 no3Hakamu BEMUYUH
Figure 10.6 — Example of bearing with definitions

Aa, — [oNyCTUMI BiAXWUMEHHSA BiACTaHi MiX onop-
HUMK enemeHTamm (Tabnuuga 10.5);

Aaz — OONYCTUMI BiOXUINEHHS JOBXUHU enemMeH-
Ta, Wo obnupaeTtbes, Aas = 1,/2500, 1, — noBXWHa
enemMeHTa.

Taobnuua 10.2 — MiHimanbHe 3Ha4YeHHs a4, MM

Table 10.2 — Minimum value of a1 in mm

Aa, is an allowance for deviations for the distance
between supporting members, see Table 10.5;
Aas is an allowance for deviations for the length of

the supported member, Aa; = 1,/2500, I, is length
of member.

BinHocHi HanpyeHHs Ha onopi 6Ey /feg <015 015—04 >04
Relative bearing stress cEy /f.y ’ ’ ’ ,

L supon o oo | % ” -
Ribbed foors and purine o " ®
Concentated suppons (veame) 90 o b
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Tabnuusa 10.3 — BiactaHb a,, MM, LLIO BBaXKaeTbCA HEPOBOYOH0 Bif, 30BHILLHBLOMO KiHLSI ONMOPHOro
enemeHTa. Npn no3Ha4veHHi (-) HeobXxigHO 3acTOCOBYBATU BETOHHY NOAYLLKY

Table 10.3 - Distance a, (mm) assumed ineffective from outer end of supporting member.
Concrete padstone should be used in cases (-)
Martepian onopu Tun obnupaHHsA B
Support material Type support 6Eg /foy <0.15 0.15-04 > 04
JTIIHIVIHe 0 0 10
CTtanb line
Steel
30cepexeHe 5 10 15
concentrated
, niHiRe 5 10 15
3anisobeToH > C30 line
Reinforced concrete > C30
30cepexeHe 10 15 o5
concentrated
_ NIRIARE 10 15 25
3BuyaliHui GeToH Ta 3anisobetoH < C30 |line
Plain concrete and rein. concrete < C30
30cepexeHe 20 o5 35
concentrated
JTIIHIVIHe 10 15 )
Kam'siHa knagka line
Brickwork
30cepexeHe 20 o5 )
concentrated

Ta6nuua 10.4 — BigcrtaHb az, MM, LLO BBaXXaeTbCA HEPOOOYOHD 3a 30BHILLHIM KiHLIEM eNeMeHTa,

Lo obnmnpaeTbca

Table 10.4 — Distance a3 (mm) assumed ineffective beyond outer end of supported member
O6nupaHHs
Support
KoHcTpytoBaHHS apmatypu .
JliHinHe 3ocepepxeHe
Line Concentrated
Hepo3puBHi CTpuKHI 3a onopy (3aLlemneHi abo 6e3) 0 0
Continuous bars over support (restrained or not)
MpsaMi CTPWRKHI, TOPU3OHTAaNbHO 3arHyTi NeTni, 6riM3bko 15, ane He MeHLe HiX
[0 KiHUS eneMeHTa 5 3aXUCHWI LWap Ha KiHLUi
Straight bars, horizontal loops, close to end of member 15, but not less than end cover
My4kn abo npsAMi CTPWKHI BUBEAEHI Ha KiHLi enemMeHTa 5 15
Tendons or straight bars exposed at end of member
3axuvcHWI Wwap Ha KiHui +

ApmaTypa 3 BepTUKanbHO 3arHyTol NeTneto 15 pagiyc 3armMHaHHA

Vertical loop reinforcement

End cover + inner radius
of bending
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Tabnuusa 10.5 — [lonyck Aa, Ha BiOXUNEHHS BiACTaHi y YACTOTI MK rpaHsaMK onop, | = AOBXWHI NPOrboTy

Table 10.5
I = span length

— Allowance Aa, for deviations for the clear distance between the faces of the supports.

MaTtepian onopu
Support material

Aa,

Ctanb abo 36ipHuin 3anizobeToH
Steel or precast concrete

10 <1/1200 < 30 Mm (mm)

Kam'aHa knagka abo MOHONITHMIA OeToH
Brickwork or cast in-situ concrete

15<1/1200 +5 < 40 mm (mm)

(2) 3a BigcyTHOCTI iHLWMX cneuudikauii MOXHa BU-
KOPUCTOBYBATW HACTYMHi BENTMYMHM MiLHOCTi Onop:

frg =0, 4f,y nNpu 3'egHaHHi Hacyxo (avs. 10.9.4.3
(3) onst BU3HaYEeHb);

frg =Theq < 0,85,y OANS BCiX iHWMX BUNAJKIB,
ae:

f.y — HaNMeHLLa i3 POo3paxyHKOBOI Hecy4oi 3aart-
HOCTi OMOPHOro eNeMeHTa Ta efieMeHTa, Lo 06-
nNMpaeTbCs;

fheg — PO3pPaxyHKOBa MiLHICTb MaTepiany BUpiB-
HIOBAIbHOrO LUapy.

(3) Ao BMKOHYIOTLCA 3axoam Ans OTPUMaHHS
PiBHOMIDHOrO pO3MnoAiny OMOpPHOro TUCKY, Ha-
npuknag, PO34YMHOM, MiOKNAAKOK i3 HeornpeHy
abo CxOoXOoro marepiany, po3paxyHKOBY LUMPUHY
b, MOXHa NPUIUMaTK Takolo, LLO JOPIBHIOE daK-
TUYHIN WKPWHI 0BnmpaHHA. B iHwomy pasi, 3a
BiICYTHOCTI BirbLL TOYHOrO BU3HAYEHHS by HE Mo-
BMHHa nepesuysaTt 600 mm.

10.9.5.3 Onopu 0ns i3onbogaHuUx enemMeHmig

(1)P Onga isonboBaHMX enemMeHTiB HOMiHanbHa
OOBXWHA NOBUHHA ByTK BinbLlioto Ha 20 MM HiXX
Ons Hei30NbOBaHMX.

(2)P Axwo onopu gonyckatoTb NepeMilleHHs B
o0nupaHHAX, TO AOBXWHA O0OMMpaHHsA HETTO no-
BMHHA 36inbllyBaTUCb ANS MEPEKPUBAHHA ne-
peMileHb.

(3)P AKwo enemMeHT 3aKpinneHo iHLWMM YMHOM,
OKpIM SIK Ha piBHI OMNop, TO AOBXUHY OBMMpaHHs
HeTTO a; HeobxiaHo 36inbLlyBaTV ANA nepexkpu-
BaHHSA BMNAMBY MOXMMBOIO MOBOPOTY HAaBKOMO
3aKpinfeHHs.

(2) In the absence of other specifications, the follo-
wing values can be used for the bearing strength:

frg =0, 4f,4 for dry connections (see 10.9.4.3 (3)
for definition)

frg =Theq < 0,85f,4 for all other cases,
where:

f.4is the lower of the design strengths for suppor-
ted and supporting member;

fLeq 18 the design strength of bedding material.

(3) If measures are taken to obtain a uniform
distribution of the bearing pressure, e.g. with mor-
tar, neoprene or similar pads, the design bearing
width b; may be taken as the actual width of the
bearing. Otherwise, and in the absence of a more
accurate analysis, b, should not be greater than
to 600 mm.

10.9.5.3 Bearings for isolated members

(1)P The nominal length shall be 20 mm greater
than for non-isolated members.

(2)P If the bearing allows movements in the sup-
port, the net bearing length shall be increased to
cover possible movements.

(3)P If a member is tied other than at the level of
its bearing, the net bearing length a; shall be
increased to cover the effect of possible rotation
around the tie.
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10.9.6 dyHOameHmu cmakaHHO20 mury
10.9.6.1 3azaribHi NonoxeHHs

(1)P 3anizobeToHHi cTakaHW NOBMUHHI NepeaaBa-
TV BEPTUKanbHi BNANBW, 3rMHanNbHi MOMEHTH i ro-
PU30OHTanbHi 3CyBM Bif KOMOH Ha rpyHT. CTakaHu
MOBWHHI OyTW JOCTaTHIMKU ANs HAnNeXHOro 3anoB-
HeHHs1 6eToHOM 06'eMy nif | HABKOSO KOJTOHM.

10.9.6.2 CmakaHu 3i 3'eOHaHHSIM Ha WINOHKaxX

(1) MoxxHa BBaxaTu, LLO CTakaHu 3 yrawToBaHu-
MW HEPIBHUMW 3arnnbrneHHAMU abo LUNOHKaMMu
MpauooThb 3 KONTOHOKO SK OAHE Line.

(2) 3a HasBHOCTI BepTUKanNbHOro po3TAry BHacC-
nigok nepegadvi MOMeHTy HeobxigHO ocobnmeo
peTenbHO KOHCTPYBaTW Hamnyckn apMaTypu Ko-
NOH i (pbyHOaAMeHTIB 3i LINOHKaMX, BPaxoBYOUM
PO34ifeHHsT CTPUXKHIB 3 HanyckoM. [JOBXWHY Ha-
nycky 3rigHo 3 8.7 HeobxigHo 36inbLuyBaTh LLO-
HaMMeHLLe Ha BENUYMHY ropM3oHTanbHOI BiacTa-
Hi MiXK CTPVXKHSIMW Y KOSOHI | doyHAaMeHTi (pucy-
Hok 10.7 a). lNMoTpibHO nepepbavaTu BignosigHe
ropu3oHTanbHe apMmyBaHHA ANs 3'€QHaHHA Ha-
MyCKOM.

(3) PospaxyHok Ha 3cyB npv NpoAaBntoBaHHi He-
00XigHO BUKOHYBATU AK AN MOHOSITHUX 3'€AHaHb
KonoHa/pyHOaMeHT 3rigHo 3 6.4, gk nokasaHo Ha
pucyHky 10.7a npu 34iCHEHHI NepeBipkn Ha ne-
pefady 3CyBY MK KOJIOHOW i pyHOameHToM. B
iHLWOMY BMMNaZKy pO3paxyHOK Ha 3CyB Mpu Mpo-
AaBntoBaHHi HeOOXigHO BMKOHYBaTU 9K Ans cTa-
KaHiB 3 rnagkMMmn noBEPXHSIMN.

10.9.6.3 CmakaHu i3 2nadkumu noeepxHIMu

(1) OonyckaeTbes, WO CMnM | MOMEHTU nepeaa-

IOTbCA Bif KOSTOHM Ha PyHOAMEHT Yyepes 3ycunns

cTucky Fy, F, Ta F3 4yepes 6eTOH 3aMOHOIiYyBaH-

HA | BIONOBIAHI CUNK TepT4, K NOKasaHO Ha pu-

cyHky 10.7 b. Onsa uiei mogeni HeobxiaHoO, W06

1>1,2h.

(2) KoediuieHT TepTa He NOBUHEH MpUAMaTUCH

Ginble Hix p = 0,3.

(3) Ocobnuey yBary cnig, 3BEpHYTU Ha:

— KOHCTpYyHOBaHHSA apmatypu Ana F; y BEepXHin
YaCTUHI CTIHOK CTakaHa;

— nepepfady F; BOOBX GOKOBUX CTIHOK Ha (DyH-
OaMeHTH;

— aHKepyBaHHS OCHOBHOI apMaTypu Yy KOMNOHi Ta
CTiHKax cTakaHa;

— HecCy4y 34aTHICTb KOMOHW Ha 3CyB Yy Mexax
CcTakaHa;
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10.9.6 Pocket foundations
10.9.6.1 General

(1)P Concrete pockets shall be capable of trans-
ferring vertical actions, bending moments and
horizontal shears from columns to the soil. The
pocket shall be large enough to enable a good
concrete filling below and around the column.

10.9.6.2 Pockets with keyed surfaces

(1) Pockets expressly wrought with indentations
or keys may be considered to act monolithically
with the column.

(2) Where vertical tension due to moment transfer
occurs careful detailing of the overlap reinfor-
cement of the similarly wrought column and the
foundation is needed, allowing for the separation
of the lapped bars. The lap length according to 8.7
should be increased by at least the horizontal
distance between bars in the column and in the
foundation (see Figure 10.7 (a)) Adequate hori-
zontal reinforcement for the lapped splice should
be provided.

(3) The punching shear design should be as for
monolithic column/foundation connections accor-
ding to 6.4, as shown in Figure 10.7 (a), provided
the shear transfer between the column and fo-
oting is verified. Otherwise the punching shear
design should be as for pockets with smooth
surfaces.

10.9.6.3 Pockets with smooth surfaces

(1) The forces and the moment may be assumed
to be transferred from column to foundation by
compressive forces F;, F, and F5 through the
concrete filling and corresponding friction forces,
as shown in Figure 10.7 (b). This model requires
1>1,2h.

(2) The coefficient of friction should not be taken
greater than p = 0,3.

(3) Special attention should be paid to:

— detailing of reinforcement for F in top of poc-
ket walls;

— transfer of F, along the lateral walls to the
footing;

— anchorage of main reinforcement in the co-
lumn and pocket walls;

— shear resistance of column within the pocket;
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a — i3 3'egHyBanNbHUMU MOBEPXHSIMM HA LLUMOHKAX
with keyed joint surface

b — i3 rnagkMmmn noBepxHsaMU 3'egHaHHS
with smooth joint surface

PucyHok 10.7 — dyHgameHTn cTakaHHOro Tuny
Figure 10.7 — Pocket Foundations

— Oonip NpoAaBntoBaHHI0 NANTU OYHAAMEHTY Bif
Oii 3ycunb y KOMOHi, NpU pPO3paxyHKy SIKOro
OOUiNbHO BpaxoByBaTu (hakTop HassBHOCTI MO-
HOMITHOro OeTOHy, 3amOBHEHOro nig 30ipHUM
€MEMEHTOM Ha MangaHunKy.

10.9.7 Cucmema 8'sa3eli

(1) Ons nnAocKMx enemMeHTiB, HaBaHTaXeHux Yy
BNacHi NNOLWMHI, Hanpuknag, CTiHoBWUX Aiad-
parm abo AMCKiB NepeKkpuTTiB, HEOOXIAHY CMiNbHY
pob0oTy MOXHa 3a0e3neynTn LWNAXoM 3'eqHaHHS
KOHCTPYKLIiM MixX CcODOH CUCTEMOK KpawHiX
Ta/abo BHYTPILLHIX B'si3eN.

Lli > B'A3i MOXYyTb cnpunMaTt MOXNunBe nporpe-
cytode pynHyBaHHs BignosigHo o 9.10.

— punching resistance of the footing slab under
the column force, the calculation for which may
take into account the insitu structural concrete
placed under the precast element.

10.9.7 Tying systems

(1) For plate elements loaded in their own plane,
e.g. in walls and floor diaphragms, the necessary
interaction may be obtained by tying the structure
together with peripheral and/or internal ties.

The same ties may also act to prevent progres-
sive collapse according to 9.10

239


arymarenko
Прямоугольник


11 KOHCTPYKUIT 3 BETOHY HA NErKUX
3AMNOBHIOBAYAX

11.1 3aranbHi NoNoXeHHsA

(1) Y ubomy po3gini HagarTbCs Jo4aTKOBI BUMO-
rv Anst 6eToHy Ha nerkux 3anosHoBavax (LWAC).
Takox A4alTbCs MOCUaHHSA Ha MOSNTOXEHHS IHLLNX
po3ainis (1 go 10 i 12) uboro JoKymeHTa Ta go-
JaTkiB.

MpumiTka. 3aronoskn HymepyTbea undpoto 11, 3a
SKOK MOyTb BiOMNOBIAHI HOMEPW OCHOBHOIO PO3Ainy.
3aronoBKM HKYOro PiBHA HYMEPYHTbLCA NOCNILOBHO,
6e3 B3aeMo3B'A3Ky 3 nig3aronoBkamMu MNOMepeaHix
po3ainie. AKWO HaBOAATbCA anbTepHaTMBM AN BU-
pasiB, PUCYHKIB i Tabnunup 3 iHWNX po3ainis, Hymepauis
nocunaHb TakoX NovmHaeTbcd 3 11.

11.1.1 Cohepa 3acmocyeaHHs

(1)P Ak npaBuno, 3acTOCOBYIOTbCS BCi MOMNOXEH-
HA po3ginie Big 1 4o 10 Ta 12, SKWoO TiNbKn BOHU
He 3aMiHIOTbCS crneuianbHUMK MOJNTOXKEHHSMM,
HaBedeHVMU Yy LibOMY pO34ini. Ak npaBumio, Konu
y BMpa3ax BUKOPUCTOBYOTbLCS BENMUYMHU MillHOC-
Ti, BCTAHOBNEHi y Tabnuui 3.1, ui BENUYMHM 3a-
MIHIOIOTBCA  BigMOBIAHUMW  3HAYEHHAMMU  Ons
nerkoro 6eToHy, WO HaBeeHi y Tabnumui 11.3.1
LbOro po3ainy.

(2)P Po3gin 11 3acTtocoByeTbCcA 40 BCiX 6ETOHIB
3aMKHEHOI CTPYKTYpPM, BUFOTOBIIEHUX HA NErkux
3anoBHOBavax i3 NpUpoaHnx abo LUTYYHUX Ma-
Tepianis, OKpiM BUMNazKiB, KOMW NpakTuka HagiiHo
nigTBEPIKYE, O MOXNMBO GesnevHe 3acTocy-
BaHHS iHLWWX MOJTOXEHb.

(3) Llen po3ain He noLwmMpoeETLCA Ha Hi3ApoBaTUN
6eToH (niHoGeToH, ra3obeToH), ik aBTOKABHUN,
Tak i 3BMYAHOrO TBEPAIHHS, @ TaKkoX Ha GETOHU
Ha Nerknx 3anoBHIOBa4vax BIOKPUTOI CTPYKTYpU.

(4)P BeToH Ha nerkux 3anoBHIOBa4Yax Mae 3aMkK-
HEHy CTPYKTYpy i TyCTMHY He O0inble Hix
2200 Kr/M3, LLO cKnagaeTbecst abo BKMOYae Npo-
nopLito WTy4YHMX abo NPUPOOHUX NErKMX 3anoB-
HIOBaAYiB, TyCTUMHA paKUin AKX MeHLWa HixX
2000 kr/m3.

11.1.2 CneuianbHi cumeosnu

(1)P Onsa nerkoro GeTOHy 3aCTOCOBYHTbLCS Ha-
CTYMHI cneujiarnbHi CUMBONK:

LC — knacm miLHOCTI nerkoro 0eToHy, AK1M nepe-
aye nosHaka LC;

Mg — NepexigHMin KoewmilieHT ANA BU3HaAYeHHS
MOAYIS NPY>KHOCTI;
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11 LIGHTWEIGHT AGGREGATE CONCRETE
STRUCTURES

11.1 General

(1)P This section provides additional requirements
for lightweight aggregate concrete (LWAC). Refe-
rence is made to the other Sections (1 to 10 and
12) of this document and the Annexes.

Note: Headings are numbered 11 followed by the
number of the corresponding main section. Headings
of lower level are numbered consecutively, without
connection to sub-headings in previous sections. If
alternatives are given for Expressions, Figures or
Tables in the other sections, the original reference
numbers are also prefixed by 11.

11.1.1 Scope

(1)P All clauses of the Sections 1to 10 and 12 are
generally applicable, unless they are substituted
by special clauses given in this section. In
general, where strength values originating from
Table 3.1 are used in Expressions, those values
have to be replaced by the corresponding values
for lightweight concrete, given in this section in
Table 11.3.1.

(2)P Section 11 applies to all concretes with clo-
sed structure made with natural or artificial mine-
ral lightweight aggregates, unless reliable
experience indicates that provisions different from
those given can be adopted safely.

(3) This section does not apply to aerated conc-
rete either autoclaved or normally cured nor
lightweight aggregate concrete with an open
structure.

(4)P Lightweight aggregate concrete is concrete
having a closed structure and a density of not
more than 2200 kg/m? consisting of or containing
a proportion of artificial or natural lightweight
aggregates having a particle density of less than
2000 kg/m3.

11.1.2 Special symbols

1(P) The following symbols are used specially for
lightweight concrete:

LC the strength classes of lightweight aggregate
concrete are preceded by the symbol LC;

Mg is a conversion factor for calculating the mo-
dulus of elasticity;
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N4 — KOEMILIEHT ANns BMU3HAYEHHA MILHOCTI Ha
po3TSr;

Mo — KOEWMILIEHT ANS BU3HAYEeHHS NMoKa3HMKa nos-
3y4ocCTi;
N3 — KOeilieHT Ana BU3Ha4YeHHA ycaaku npu Bu-
CUXaHHI;

p — rYCTMHa Nerkoro 6€ToHy y BUCYLLEHOMY CTaHi
3
Kr/m>.

[na mexaHiYHUX XapaKTepuUCTUK 3aCTOCOBYHOTb-
Cs1 AOAATKOBI HWXKHI iHOEKCK /(nerkni).

11.2 OcHOBM NpoeKTyBaHHA

(1)P Posgin 2 nowwuptoeTbcs Ha nerkii 6eToH
6e3 moaudikaLin.

11.3 Martepianu
11.3.1 BemoH

(1)P Y EN 206-1 nerkuii 6€TOH KnacugikyeTbCs
BiOMOBIAHO OO TYCTUHW, K MOKas3aHo y Tabnu-
ui 11.1. JogaTkoBo B Tabnuui HagaHo BignoBigHy
ryCTUHY A5 apMOBaHOr0 i HEapMOBaHOro 6ETOHY
npu 3BUYAMHMX MPOLIEHTax apMyBaHHS, 9Ki MO-
XyTb BUKOPUCTOBYBaATUCh MPW NPOEKTYBaHHI Ans
ob4yncneHHs BnacHoi BarM abo npuknageHoro
NMOCTINHOIrO HaBaHTaXeHHSA. Y SAKOCTI anbTepHa-
TMBW TYCTMHY MOXHa BCTAHOBMIOBATU SIK 3afaHy
BENNYMHY.

(2) CknapoBy apmatypu y rycTuHi 6eToHy anb-
TEPHATMBHO TAKOX MOXHa BM3Ha4YaTu 004YUCTIEH-
HAM.

n4 is a coefficient for determining tensile strength
n, is a coefficient for determining creep coefficient

ns is a coefficient for determining drying shrin-
kage;

p is the oven-dry density of lightweight aggregate
concrete in kg/m3.

For the mechanical properties an additional sub-
script / (lightweight) is used.

11.2 Basis of design

1(P) Section 2 is valid for lightweight concrete
without modifications.

11.3 Materials
11.3.1 Concrete

(1)P In EN 206-1 lightweight aggregate is classi-
fied according to its density as shown in Tab-
le 11.1. In addition this table gives corresponding
densities for plain and reinforced concrete with
normal percentages of reinforcement which may
be used for design purposes in calculating self-
weight or imposed permanent loading. Alterna-
tively, the density may be specified as a target
value.

(2) Alternatively the contribution of the reinforce-
ment to the density may be determined by calcu-
lation.

Tabnuusa 11.1 — Knacu ryctuHum i BignosigHi po3paxyHkosi ryctuHn LWAC 3rigHo 3 EN 206-1

Table 11.1 — Density classes and corresponding design densities of LWAC according to EN 206-1
Knac ryctumy 1,0 1,2 1,4 1,6 1.8 2.0
Density class
3
Mycruna, kiim® 801-1000| 10011200 1201-1400| 1401-1600| 1601-1800| 1801-2000
Density (kg/m~)
| |HeapmoBanu beTon | 550 | 4250 | 1450 | 1650 | 1850 | 2050
ryCTVIHa, Kr/m Plain concrete
Density (kg/m® Y
Y (kg/m") | Apmosaruii Geton 1150 | 1350 1550 1750 1950 2150
Reinforced concrete

(3) MiuHicTb Ha po3Tar nerkoro 6eTOHy MOXHa
BU3HA4aTy LLNAXOM MHOXEHHS BENUYMH £,y Tab-
nunui 3.1 Ha KoeiLieHT:

n41=0,40+0,60p/2200.

ae p - BEpPXHE rpaHn4He 3Ha4YeHHA FyCTI/IHI/I ana
Bi4NoBIgHOro Knacy 3rigHo 3 Tabnumueto 11.1.

(3) The tensile strength of lightweight aggregate
concrete may be obtained by multiplying the f
values given in Table 3.1 by a coefficient:

(11.1)

where p is the upper limit of the density for the
relevant class in accordance with Table 11.1
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11.3.2 lpyxHa de¢hopmauisi

(1) OuiHOYHI cepefHi 3HAYEHHS CIYHOro Moayns
E;em Ana LWAC MoxHa oTpyMaTyi MHOXEHHSM
BennuuH y T1abnuui 3.1 gna 6eToHy 3BUYaNHOI
rYCTUHU Ha KoeiLlieHT:

ne =(p/2200)%

e p — T'yCTUHA Y BUCYLLEHOMY CTaHi 3rigHo 3 po3-
ainom 4 EN 206-1 (tabnuus 11.1).

Akwo HeoOxigHi Ginbll TOYHI AaHi, Hanpuknaa,
KONV NMPOTVHN MaloTb BaXNBe 3HaueHHsa E;..,
HeobXigHO BMKOHYBaTU BUNPOOYBaHHS ON1S1 BU3-
Ha4yeHHsA BeENUYMH BignosigHo ao ISO 6784.
MpumiTka. Y HauioHanbHMX gogaTkax KpaiH MOXYTb
OyTM nocunaHHs Ha AoAaTKoBy iHGOpMAaLio, WO He
cynepeydnTb HadaHin.

(2) KoediuieHT TemnepaTypHOro pO3LUNPEHHS
LWAC 3anexuTb rofioBHUM YMHOM Bif, TUMNY BUKO-
PUCTaHOro 3anoBHIOBaYa i 3MIHOETLCA Y LLMPOKO-
My [iana3oHi 3HaueHb Big 4-1078 go 14-1079/K.

[ns notpeb pospaxyHKy, kKonu TemnepaTypHe
PO3LUMPEHHSA HE Ma€E BaXNMBOrO 3HAYEHHS, Koe-
ilieHT TemnepaTypHOro pOo3LUMPEHHA MOXe
npuitmaTyick 8-1075/K.

PisHuus Mk koedilieHTaMu TemnepaTypHOro
PO3LUMPEHHA apMaTypu i ferkux 3anoBHIOBAYIB
GeToHy He noTpebye BpaxyBaHHA Mpu MPOEKTY-
BaHHi.

11.3.2 Elastic deformation

(1) An estimate of the mean values of the secant
modulus E,,,, for LWAC may be obtained by mul-
tiplying the values in Table 3.1, for normal density
concrete, by the following coefficient:

(11.2)

where p denotes the oven-dry density in accor-
dance with EN 206-1 Section 4 (see Table 11.1).

Where accurate data are needed, e.g. where
deflections are of great importance, tests should
be carried out in order to determine the E,,
values in accordance with ISO 6784.

Note: A Country's National Annex may refer to non-
contradictory complementary information.

(2) The coefficient of thermal expansion of LWAC
depends mainly on the type of aggregate used
and varies over a wide range between about
4-107% and 14-1078/K.

For design purposes where thermal expansion is
of no great importance, the coefficient of thermal
expansion may be taken as 8-10~%/K.

The differences between the coefficients of ther-
mal expansion of steel and lightweight aggregate
concrete need not be considered in design.

Tabnuua 11.3.1 — XapakrepucTmku Hanpy>xeHb i gedopmaLivi 4ns nerkoro 6eToHy

Table 11.3.1 — Stress and deformation characte- ristics for lightweight concrete
AHaniTnyHa
. . 3anexHicTb/
Knacu MILUHOCTI nerkoro 6€TOHy NOSICHEHHS
Strength classes for light weight concrete . .
Analytical relation/
explanation
fiek, MIa 12| 16| 20| 25| 30| 35| 40| 45| 50| 55| 60| 70| 80
(MPa)
fiok cube: Ma 13| 18| 22| 28| 33| 38| 44| 50| 55| 60| 66 | 77 | 88
(MPa)
Mpw (for) £ >
fiem MM 1421 25 | 28| 33| 38| 43| 48| 53| 58| 63| 68| 78| 88 |>20MMa(MPa)
(MPa) flcm = flck +8
MMa (MPa)
fictm» MIMa - . n¢ =0,40 +
(MPa) fotm = Totm 111 + 0,60 p/2200
f, , MlMNa _ ) 5 % — dpakuis
ICtk’(OlizsPa) fietk,0,05 = Totk,0,05 - M1 5 9 _ fractile
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KiHeub Tabn. 11.3.1

Knacu miuHocTi nerkoro 6eToHy
Strength classes for light weight concrete

AHanitnyHa
3anexHicTb/
NOSICHEHHSA
Analytical relation/
explanation

ficti,0,05 Ma

fictk,0,95 = fetk,0,95 * M1

95 % — cbpakuis

(MPa) 95 % — fractile
E,. , ITla _
I(cgpa) Eiem =Ecm -Me Ng= (p/2200)?

2101(%90)

Kfiom /(Elci ‘nE)
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11.3.3 Moe3yyicmsb i ycadka

(1) KoediuieHT noB3y4OCTi Nerkoro 6eToHy MOoXx-
Ha NpuMaT TakuM, Lo OOPIBHIOE BEMMYUNHI AN
3BMYAMHOrO BaXKOro OETOHY, MOMHOXEHIN Ha
koediLjieHT (p/2200)2.

Taknm YnHoM, ogepkaHi gedopmaldii NoB3y4ocTi
MOBUHHI MHOXWUTUCh Ha KOEWMILIIEHT M.

n, = 1,3 ansa fi, < LC16/18,
=1,0 ana f,, < LC20/22.

(2) MoBHI BENNUYUHK yCaaoK nerkoro 6eToHy y cy-
XOMY CTaHi MOXXHa OTPMMAaTU MHOXEHHAM BeNu-
YMH ANS 3BU4ariHoro 6eToHy 3a Tabnuueto 3.2 Ha

KoeqiLieHT n5:
n3 = 1,5 ansa f,, < LC16/18,
=1,2 ana f, < L.C20/22

(3) Bupasn (3.11), (3.12) i (3.13), aki Bu3HavatoTb
OaHi Woao BHYTPILWHBbOI ycaakn, AatoTb Makcu-
MarnbHi 3Ha4YeHHs Ans nerkmx 6eToHiB, KON BUK-
fnoYeHa MOXMMBICTb HaAXOOXKEHHS BOAM Bif
3anoBHIOBaYiB 4O MIKPOCTPYKTYpU. BukopuctaH-
HS1 3aMoOBHIOBAYIB Y BOAOHACMYEHOMY CTaHi abo
HaBiTb 4aCTKOBO HAaCM4YEHUX BOSO 3HAYHO 3MEH-
LY€E BESTMYUHN BHYTPILLHBOI YCaaKu.

11.3.3 Creep and shrinkage

(1) For lightweight aggregate concrete the creep
coefficient cp may be assumed equal to the value
of normal density concrete multiplied by a factor
(p/2200)2.

The creep strains so derived should be multiplied
by a factor, n,, given by
ny = 1,3 for £, < LC16/18,

= 1,0 for f,,, < LC20/22.
(2) The final drying shrinkage values for light-
weight concrete can be obtained by multiplying
the values for normal density concrete in Tab-
le 3.2 by a factor, 13, given by

ns = 1,5 for £, < LC16/18,

= 1,2 for f, < LC20/22.

(3) The Expressions (3.11), (3.12) and (3.13),
which provide information for autogenous shrin-
kage, give maximum values for lightweight aggre-
gate concretes, where no supply of water from the
aggregate to the drying microstructure is possib-
le. If water-saturated, or even partially saturated
lightweight aggregate is used, the autogenous
shrinkage values will be considerably reduced.
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11.3.4 3anexHocmi "HanpyxeHHs-Oeghopma-
yii" 0ns HeniHiliIHO20 KOHCMPYKMUBHO20 PO3-
paxyHKy

(1) Benuunnun €4 i g1, HaBEAEHI Ha PUCYHKY 3.2,
AnNs nerkoro 6eToHy cnif 3amiHUTU Ha €51 | €541,
HagaHi y Tabnuui 11.3.1.

11.3.5 Po3paxyHkoegi MiyHocmi Ha cmuck i po3-
msie

(1) BennyunHa po3paxyHKOBOI MiLLHOCTi Ha CTUCK
BM3HaAYaETbCA SK:

fica =%cehiek Ve

ne yc — KoediuieHT HapinHocTi ana GeToHy
(2.4.2.4), a o — KOEQILIEHT, L0 BU3HAYAETLCA
3rigHo 3 3.1.6 (1)P.

Mpumitka. BennunHa aye,, WO 3aCTOCOBYETHCS Y KOHK-
PETHUX KpaiHaX, MOBWHHA BCTAHOBMIOBATWCL Y Hauio-
HanbHOMY foaaTtky. PekomeHgoBaHoto € BenvydmHa 0,85.
(2)P BenuunHa po3paxyHKOBOro ornopy Ha po3Tsr
fotg BUBHAYAETHLCA AK:

ficta =sot I Totk Ive

ne yc — koediuieHT HaainHocTi Ana 6eToHy, AuB.
2.4.2.4, a oy — KOEWMILIEHT, IO BM3HAYAETLCA
3rigHo 3 3.1.6 (2)P.

MpumiTtka. BennunHa oy, LLIO 3aCTOCOBYETHCH Y KOHKPET-
HWX KpaiHax, NOBMHHA BCTAHOBIMIOBATVCH Y HaLOHANbHO-
My gogatky. PekomeHgoBaHum € 3HadveHHsi 0,85.

11.3.6 3asexxHocmi "HanpyxeHHs1-Oeghopmauii™
Onsi po3paxyHKy nornepeyYyHux nepepisie
(1) BenuunHu g, i €0, HaBeOEHI Ha PUCYHKY 3.3,

Ans nerkoro 6eToHy cnif 3amiHUTU Ha €)c | €540
HagaHi y Tabnuui 11.3.1.

(2) Benuunnu ¢ 3 i €3, HaBeaeHi Ha pUCyHKy 3.4,
AnNs nerkoro 6eToHy cnif 3amiHNTU Ha g/x3 1 €53,
HagaHi y Tabnuui 11.3.1.

11.3.7 BemoH npu mpugicHOMy cmuckKy

(1) 3a BigcyTHOCTI BinbLl TOYHMX AaHUX MOXHa
BMKOPUCTOBYBATU 3amMeXHiCTb, MOKa3aHy Ha pu-
CYHKy 3.6, 3i 36inblUeHHs M HOPMaTMBHUX 3Ha-
YeHb MiLHOCTI Ta Aedopmadi 3rigHo 3:

fiok,c =ﬁck(1’0+k52 /flck) .

Mpumitka. BennunHa K, L0 3aCTOCOBYETHCS Y KOHKPET-
HUX KpaiHaX, MOBMHHA BCTaHOBMIOBATUCH Y HaLlioHalb-
HOMY JofAaTKy. PEKOMEHOOBaHNMU € 3HAYEHHS:

1,1 — anga nerkoro 6eToHy 3 MiCKOM Y SIKOCTi Api6-
HOro 3arnoBHIOBAYa;

1,0 — onsa nerkmx 3anoBHOBaYiB (ApiOHOro i kpyn-
HOro) 6eToHy.
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11.3.4 Stress-strain relations for non-linear
structural analysis

(1) For lightweight aggregate concrete the values
gc1 and g, given in Figure 3.2 should be substi-
tuted by ¢4 and ;.4 given in Table 11.3.1.
11.3.5 Design compressive and tensile
strengths

(1)P The value of the design compressive strength
is defined as

(11.3.15)

where v is the partial safety factor for concrete,
see 2.4.2.4, and o, is a coefficient according to
3.1.6 (1)P.

Note: The value of oy for use in a Country may be
found in its National Annex. The recommended value is
0,85.

(2)P The value of the design tensile strength is
defined as

(11.3.16)

where v is the partial safety factor for concrete,
see 2.4.2.4 and o, is a coefficient according to
3.1.6 (2)P.

Note: The value of oy for use in a Country may be
found in its National Annex. The recommended value is
0,85.

11.3.6 Stress-strain relations for the design of
sections

(1) For lightweight aggregate concrete the values ¢,
and g, given in Figure 3.3 should be replaced with
the values of g, and g, given in Table 11.3.1.

(2) For lightweight aggregate concrete the values €3
and g3 given in Figure 3.4 should be replaced with
the values of g5 and g, 5, given in Table 11.3.1.
11.3.7 Confined concrete

(1) If more precise data are not available, the
stress-strain relation shown in Figure 3.6 may be

used, with increased characteristic strength and
strains according to:

(11.3.24)

Note: The value of k for use in a Country may be found
in its National Annex. The recommended value is:

1,1 for lightweight aggregate concrete with sand
as the fine aggregate;

1,0 for lightweight aggregate (both fine and coar-
se aggregate) concrete.
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2
€lc2c =8/02(flck,c /f/ck) .

€icu2e = Ereu2 +0,20 2 / figk

A€ €0¢ | €5, MPUAMAIOTLCA 3riAHO 3 Tabrmueto 11.3.1.

11.4 [10BroBiYHIiCTb i 3aXMCHUNX Wap AanA
apmaTtypu
11.4.1 Ymo8u HaskonuuwHb020 cepedosulya

(1) Ona nerkoro 6eTOHY MOXYTb 3aCTOCOBYBa-
TUCb Taki XX peKkoOMeHAO0BaHi Knacu BMNAuBY, BKa-
3aHi y Tabnuui 4.1, SK i AN 3BMYaNHOr0 BaXXKOro
GEeTOHYy.

11.4.2 3axucHuli wap 6emoHy i xapakmepuc-
muku 6emoHy

(1P Onsa nerkoro 6eTOHY MiHiManbHi BENUYMHA
3axMCHOro Lapy 6eToHy, HaBeaeHi y Tabnuui 4.2,
HeobxigHo 36inbLyBaTh Ha 5 MMm.

11.5 KOHCTPYKTUBHUI pO3paxyHOK
11.5.1 MpaHu4HUll nosopom nepepizy

MpumiTtka. [1na nerkoro 6€ToHy BENNYMHY Opjgst, SK MO-
KaszaHoO Ha pucyHky 5.6N, cnig NOMHOXWTM Ha Koe-

DILIEHT gicu2/ecu2.

11.6 MpaHUyYHi cTaHM 3a MiLHICTIO i CTilKiCTIO

11.6.1 EnemeHmu, w0 He nompebyrome pPo3-
paxyHKo8020 rioriepe4yHo20 apMyeaHHs

(1) PospaxyHkoBa BenuumMHa Hecy4oi 30aTHOCTI
Ha 3cyB ernemMmeHTa i3 nerkoro 6etoHy 6e3 none-
peuHoi apmaTtypu Vg, . BU3Ha4aeTbCa 3a:

173
ViRd,c = |:C1Rd,cn1k(1oop1f1ck) +k1ccp}bwd 2 (V1,min +k1ccp)bwd )

Ae m, — BU3HavaeTbca 3a Bupasom (11.1), fi, —
npunmaeTbest 3a Tabnuueto 11.3.1, a Ogp — Ce-
peaHi HanpyXeHHs CTUCKY, CNPUYMHEHI OCbOBO
CUNO0 Ta NonepeaHiM Hanpy>XeHHSIM.

Mpumitka. Bennunun Cirye, Vimin i k1, SIKi 3aCcTOCOBY-
IOTbCS Y KOHKPETHIW KpaiHi, MOXyTb BCTAHOBMIOBATUCH
HaLujioHanbH1M JogaTkoM. PekoMeHaoBaHMM € Benu-
UNHU: Cirge = 0,15/y¢; Vimin— 0,30 kK¥2 i i ky = 0,15.

(2) 3ycunns 3cyBy Vg, BU3HaueHi 63 3HKeHH: 3
(6.2.2(6)), 3aBxamM NOBMHHI 3a40BOSTbHATU YMOBY:

Veg < 0,5M1bydvfiey

ae:
N4 — NpumMaeTbea 3rigHo 3 11.6.1(1);
v, — npuiiMaeTbea 3rigHo 3 11.6.2(1).

(11.3.26)
(11.3.27)

where g, and g, follow from Table 11.3.1.

11.4 Durability and cover to reinforcement

11.4.1 Environmental conditions

(1) For lightweight aggregate concrete in Table
4.1 the same indicative exposure classes can be
used as for normal density concrete.

11.4.2 Concrete cover and properties of conc-
rete

(1)P For lightweight aggregate concrete the
values of minimum concrete cover given in Table
4.2 shall be increased by 5 mm.

11.5 Structural analysis
11.5.1 Rotational capacity

Note: For light weight concrete the value of 0pss @s
shown in Figure 5.6N, should be multiplied by a factor

&1cu2/€cu-

11.6 Ultimate limit states
11.6.1 Members not requiring design shear
reinforcement

(1) The design value of the shear resistance of a
lightweight concrete member without shear rein-
forcement Vg . follows from:

(11.6.2)

where n, is defined in Expression (11.1), fi is
taken from Table 11.3.1 and o, is the mean
compressive stress in the section due to axial
force and prestress.

Note: The values of Cryc, Vimin and kq for use in a
Country may be found in its National Annex. The re-

commended value for Cjrgc is 0,15/ye; for Vimin is
0,30 K £, and that k4 is 0,15.

(2) The shear force, Vg, calculated without re-
duction B (see 6.2.2 (6) should always satisfy the
condition:

(11.6.5)
where:

n4 is in accordance with 11.6.1 (1);
v is in accordance with 11.6.2 (1).
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Tabnuusa 11.6.1N — BenuumHu Vi, ANst HaBe4eHUX 3HayYeHb d i fg

Table 11.6.1N — Values of V), for given values of d and 7
Vimin, MMa/(MPa)
d, mm/(mm) fek, MIMa/(MPa)
20 30 40 50 60 70 80
200 0,36 0,44 0,50 0,56 0,61 0,65 0,70
400 0,29 0,35 0,39 0,44 0,48 0,52 0,55
600 0,25 0,31 0,35 0,39 0,42 0,46 0,49
800 0,40 0,28 0,32 0,36 0,39 0,42 0,45
> 1000 0,22 0,27 0,31 0,34 0,37 0,40 0,43

11.6.2 Enemenmu, wjo nompebyroms none-
PpeyYHoi apMamypu 3a Po3pPaxyHKOM

(1) KoedilieHT v4 — 3HUKEHHS MiLHOCTi YMOBHOTIO
GeTOHHOro enemeHTa 3 TpiLLMHaMM.

MpumiTtka. BennunHa v4 onNs 3aCTOCyBaHHS Y KOHKPETHIN
KpaiHi MOXe BCTaHOBMIOBATMUCb HaLjioHaNbHUM Jopat-
koM. PekoMeHaoBaHy BENMYMHY OTPMMAEMO 3 BUPa3y:

Vq= 0,5T'|1(1 _flcd /250) .

11.6.3 Kpy4yeHHs
11.6.3.1 MemoOduka po3paxyHKy

(1) Y Bupasi (6.30) gna nerkoro 6eToHy v Npun-
MaeTbCA TakuM, O [JOPIBHIOE V4 BiAMOBIAHO [0
11.6.2 (1).

11.6.4 lNMpodaenroeaHHs

11.6.4.1 Hecyya 30amHicmb Ha 3cy8 rpu rnpodas-
JIF08aHHI OCHO8 UM i KosioH 6e3 nornepeyHo2o
apMy8aHHs1

(1) PospaxyHkoBa Hecy4a 30aTHICTb Ha 3CyB Npu
NpogaBntoBaHHI HA OAMHULIKO NMOLi AN NAMTH 3
nerkoro 6eToHy BM3HAYaETLCA SIK:

13
Vird,c = Cira,cN1k(100p1fick )~ +k20cp > (M4 Vimin +k206p )

ne:
N4 — BM3Ha4aeTbcs 3a Bupasom (11.1);
Cirg.c—3rigHo 3 11.6.1 (1);

V) min — 3riaHo0 3 11.6.1 (1).

Mpumitka. BennuuHa k, 0115 BUKOPUCTAHHS Y KOHKPET-
Hil KpalHi MOXe BKa3yBaTUCh Y HaLUioHanbHOMY godat-
Ky. PekomengoBaHoto € Benu4inHa k, = 0,08.

(2) Hecy4ya 3patHicTb Ha npopaasnioBaHHA Vigy
OCHOBW KOJSIOHM 3 ferkoro 6eToHy BU3HaYaeTbCs
3a BMpa3oM:

13
Vird,c = Ctra,ck (100p4fiy )"~ -2d /a2 nyVymin-2d /a ,
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11.6.2 Members requiring design shear rein-
forcement

(1) The reduction factor for the crushing resis-
tance of the concrete struts is v;.

Note: The value of v4 for use in a Country may be found
in its National Annex. The recommended value follows
from:

(11.6.6N).
11.6.3 Torsion
11.6.3.1 Design procedure

(1) In Expression (6.30) for lightweight concrete v
is taken equal to v, according to 11.6.2 (1).

11.6.4 Punching

11.6.4.1 Punching shear resistance of slabs or
column bases without shear reinforcement

(1) The punching shear resistance per unit area of
a lightweight concrete slab follows from

(11.6.47)

where:

n4 is defined in Expression (11.1);
Cird,c se€ 11.6.1 (1);

V) min S€€ 11.6.1 (1).

Note: The value k; for use in a Country may be found in
its National Annex. The recommended value is 0,08

(2) The punching shear resistance, Vg, of light-
weight concrete column bases follows from

(11.6.50)
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ae:
N4 — BU3Ha4aeTbCcA 3a Bmpasom (11.1);
p1 = 0,005;

Cird,c —AvB. 11.6.1(1);
V) min — 8uB. 11.6.1(1).
11.6.4.2 Hecyya 30amHicmb Ha 3cye ripu ripoodas-

JIH08aHHI OCHO8 M/iUm i KOJsIOH 3 ronepeyHuUM ap-
My8aHHSIM

(1) Axkwo nonepeyvHa apmaTypa HeoOXxigHa, Hecy-
4y 30aTHICTb Ha 3CyB NpW NPOAaBMNOBaHHI BU3Ha-
YalTb K:

Vird.cs =0,7Virg ¢ +1,5[

Ae Vg — BU3Ha4aeTbea 3a Bupasom (11.6.47)
abo (11.6.50), 3anexHo Big BMNAgKy.

(2) Y npunernin 4o KONoHW 30Hi Hecy4a 3aaTHICTb
Ha 3CyB Mpuv npoaasnoBaHHi obmexeHa Makcu-
MarbHOK BEMUYNHOLD:

V,
Veg = ﬁ < Virg, max = 0.5Vfieq

0

e Vv NpuimaeTbcs K V4, L0 BM3HAYaETbCH Yy
11.6.2 (1).

11.6.5 Yacmkoeo HaeaHmaeHi 30HU

(1) Mpu piBHOMIpHO pO3NOAINEHOMY HaBaHTa-
XXEHHi Ha neBHy nnoly A, (prucyHok 6.29) 3oce-
peoXeHy peakLito onopy MOXHa BU3HAYUTU TakK:

e
Frau =Aco e *[Ac1! Aco]#® < 3,0-fieg 'Aco(p]-

11.6.6 Bmowma

(1) Ansa nepeBipkn Ha BTOMY efleMeHTIB, BUrOTOB-
neHnx 3 nerkoro 6eToHy, HeobXigHO BMKOHYBaTH
okpemui aHanis. OCHOBOK aHarnizy MoBUHHO
OyTn €Bponericbke TEXHIYHE YXBaNeHHS.

11.7 N'paHu4Hi cTaHM 3a NnpuaaTHICTIO OO0
ekcnnyarauii

(1)P OcHosHi cniBBigHOLWEHHSA 3ani306€TOHHOrO
eremMeHTa nponit/cpakTnyHa BMCOTa 3a BiACYT-
HOCTi OCbOBOro CTUCKY HaBedeHi y 7.4.2, onsg

LWAC HeobxigHO 3MeHLyBaTu 3acTOCyBaHHAM
0,15

KoediLieHTa Ng

d 1 .
j(jAswfywd,eff sSina

Sr

where:

n4 is defined in Expression (11.1);
p1 = 0,005;

Cird,c se€ 11.6.1 (1);

V) min S€€ 11.6.1 (1).

11.6.4.2 Punching shear resistance of slabs or
column bases with shear reinforcement

(1) Where shear reinforcement is required the
punching shear resistance is given by:

11.6.52
e ( )

where Vg, - is defined in Expression (11.6.47) or
(11.6.50) whichever is relevant.

(2) Adjacent to the column the punching shear
capacity is limited to a maximum of

(11.6.53)

where v is taken equal to v, defined in 11.6.2 (1).

11.6.5 Partially loaded areas

(1) For a uniform distribution of load on an area
A (see Figure 6.29) the concentrated resistance
force may be determined as follows:

(11.6.63)
2200

11.6.6 Fatigue

(1) For fatigue verification of elements made with
lightweight aggregated concrete special conside-
ration is required. Reference should be made to a
European Technical Approval.

11.7 Serviceability limit states

(1)P The basic ratios of span/effective depth for
reinforced concrete members without axial comp-
ression, given in 7.4.2, should be reduced by a

factor ng'15 when applied to LWAC.
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11.8 KoHcTpyroBaHHA apMaTypu — 3aranbHi
NOJIOXEHHSA

11.8.1 Jonycmumi padiycu eHymmsi cmpux-
Hie

(1) Ana nerkoro ©eToHy 3 MeTow 3anobiraHHs
PO3KONIOBaHHIO BETOHY Y MICLSIX 3rMHIB, rakiB Ta
neternb BENWYUHY MiHiManbHOro pagiyca 3ruHy
CTPWXHIB HeobxigHo 36inbwyBatn Ha 50% y
NopiBHSAHHI 3 HaBeaeHUMK y 8.4.4 Ansa 3BMYaNHO-
o BaXXKoro 6eToHy.

11.8.2 paHuUYHi Hanpy>XxeHHs 34erIeHHs

(1) PospaxyHkOBe 3HAY€HHS1 rPaHWYHUX Hanpy-
XXEHb 34eneHHs ANs1 CTPUXKHIB Yy Nerkomy 6eToHi
MOXe BM3Ha4YaTUCb 3a BMpasoMm (8.2) LNsaxom
MiACTaHOBKW BENUYUHW fiy 3aMiCTb £y, MPY 3Ha-
HeHHi fiorg = ficy0,05/Ye: SHAYEHHS ficy o o5 HaBE-
OeHiy Tabnuui 11.3.1.

11.9 KoHcTpyloBaHHA eneMeHTiB i ocobnuBi
npaBuna

(1) OiameTp cTpuxHiB, 3aaHkepoBaHux y LWAC,
3a3BuYan, He NOBMHEH repeBuLLlyBaTM 32 MM.
Myykn ctpwxkHiB y LWAC He noBuHHI BKNoYaTu
Oinbl HibX OBa 3 eKBiBaNeHTHUM AiamMeTpoMm He
GinbLie 45 mm.

11.10 JoaaTkoBi NnpaBuna gns 36ipHUX
eJlIeMeHTIB i KOHCTPYKLin

(1) Posgin 10 moxxHa 3acTocoByBaT 41151 NEFKOro
B6eToHy 6e3 3MiH.

11.11 KoHcTpyKLUii Ta enemMeHT! 3 HeapMOBaHOro
Ta ManoapmoBaHOro 6eToHy

(1) Po3gin 12 moxHa 3acTocoByBaTK Ars Nerkoro
6eToHy 6e3 3MiH.
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11.8 Detailing of reinforcement — general

11.8.1 Permissible mandrel diameters for bent
bars

(1) For lightweight aggregate concrete the mand-
rel sizes for normal density concrete givenin 8.4.4
to avoid splitting of the concrete at bends, hoops
and loops, should be increased by 50%.

11.8.2 Ultimate bond stress

(1) The design value of the ultimate bond stress
for bars in lightweight concrete may be calculated
using Expression 8.2, by substituting the value
fietg fOr foyg With fiopy = fiog 0.05/ve- The values for
fietk 0,05 @re found in Table 11.3.1.

11.9 Detailing of members and particular
rules

(1) The diameter of bars embedded in LWAC
should not normally exceed 32 mm. For LWAC
bundles of bars should not consist of more than
two bars and the equivalent diameter should not
exceed 45 mm.

11.10 Additional rules for precast concrete
elements and structures

(1) Section 10 may be applied to lightweight ag-
gregate concrete without modifications.

11.11 Plain and lightly reinforced concrete
structures

(1) Section 12 may be applied to lightweight
aggregate concrete without modifications.
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12 HEAPMOBAHI TA MAJTOAPMOBAHI
BETOHHI KOHCTPYKL]II

12.1 3aranbHi NonoXeHHsA

(1)P Y ubomy po3gini HagarTbCs 4oOaTKOBI Npa-

BMMNa Ans HeapMoBaHOro 6eToHy abo 3 apmary-

PO, MEHLLOK HiK MiHiManbHO HeoOxigHa Ans

3anizobeToHy.

MpumiTka. 3aronoskn HymepyloTbCa undporo 12, 3a

KO MOyTb BiOMOBIAHI HOMEPWU OCHOBHOMO PO3Ainy.

3aronoBKy HWKYOTO PiBHA HYMEPYOTLCS MOCMIA0BHO,

0e3 B3aeMO3B'A3Ky 3 Mig3aronoBKamy MonepeaHix
posgainis.

(2) Llen posgin 3acTOCOBYETLCA OO €NTEMEHTIB,

ONs SKUX BMAVMBOM [UMHaMIYHMX HaBaHTaXKeHb

MOXHa 3HexTyBaTu. Po3gin He 3acToCOBYETbCH

npy BAAMBax Bif AWHAMIYHOro obnagHaHHA Ta

pyxy TpaHcnopTty. MNpuknagamu Taknmx enemMeHTiB

MOXYTb CnyrysaTu:

— EerleMEHTH, WO NepeBaXKHO 3a3HatoTb BNIUBY,
CTUCKY, OKpiM nornepeaHbOoro Harnpy>KeHH, Ha-
npuknag, CTiHW, KOMOHW, apKW, CKMemniHHA Ta
TYHeni;

— CTpPIYKOBI Ta OKpeMi pyHOAaAMEHTH;

— nignipHi CTiHK;

— nani giameTtpom > 600 mMm Ta AKkwo Ngy /A, <
<0,3f.

(3) Ons enemeHTIB, BUrOTOBIIEHMX 3 JIErkoro de-
TOHY i3 3aMKHEHOI CTPYKTYpO BIiAMOBIAHO A0
po3ainy 11, abo ans 36ipHUX BETOHHUX eneMeH-
TiB Ta KOHCTPYKL,iM, O OXOMNMIOITLCHA MOMOXEH-
HAMW LUbOro cTaHgapTy, NpaBuia NpoeKTyBaHHS
HeobXxigHO MoandikyBaTK BiANOBIAHUM YMHOM.

(4) EnemeHTn 3 BaXKKoro 6eTOHy He BUKITHYaloTh
3aCTOCYBaHHSA MOMOXEHb CTOCOBHO HeobXigHOT
cTaneBoi apmaTypu Ans A0TPUMaHHS BUMOT Npu-
OaTHOCTI 00 ekcnnyaTauii i/abo JoBroeivyHOCTI, a
TaKOXX apMyBaHHS MEBHUX YaCTWH enemeHTiB. Lito
apMaTtypy MOXHa BpaxoByBaTW MNpwu nepesipui
nokasnbHUX rpaHn4HMX ctaie 3a | Ta Il rpynamu.

12 PLAIN AND LIGHTLY REINFORCED
CONCRETE STRUCTURES

12.1 General

(1)P This section provides additional rules for
plain concrete structures or where the reinforce-
ment provided is less than the minimum required
for reinforced concrete.

Note: Headings are numbered 12 followed by the num-
ber of the corresponding main section. Headings of

lower level are numbered consecutively, without refe-
rence to subheadings in previous sections.

(2) This section applies to members, for which the
effect of dynamic actions may be ignored. It does
not apply to the effects such as those from rota-
ting machines and traffic loads. Examples of such
members include:

— members mainly subjected to compression
other than that due to prestressing, e.g. walls,
columns, arches, vaults, and tunnels;

— strip and pad footings for foundations;

— retaining walls;

— piles whose diameter is > 600 mm and where
Ngy Az <0,3f.

(3) Where members are made with lightweight
aggregate concrete with closed structure accor-
ding to Section 11 or for precast concrete ele-
ments and structures covered by this Eurocode,
the design rules should be modified accordingly.

(4) Members using plain concrete do not preclude
the provision of steel reinforcement needed to
satisfy serviceability and/or durability require-
ments, nor reinforcement in certain parts of the
members. This reinforcement may be taken into
account for the verification of local ultimate limit
states as well as for the checks of the serviceabi-
lity limit states.
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12.3 Martepianu

12.3.1 BemoH: dodamkoei po3paxyHKoei ne-
pedymoesu

(1) BHacnigok HMXYMX XapakTepucTuk nogatnu-
BOCTi BAXKOrO BETOHY BEINYUNHU OLge oy | Oy oy HE-
06XiOHO MPUAMAaTU MEHLUMMU HIX o, | oy ANS
3anisobeToHy.

MpumiTka. BENUYMHWN 0iee pr | OLet pr SN BUKOPUCTAHHSA Y
KOHKpEeTHI KpaiHi MOXyTb BKa3yBaTWUCb Y HaLioHanb-
HOMY [OoOaTKy. PeKOMeH,EI,OBaHVIM 3Ha4YeHHAM [On4a
obox BenuyuH € 0,8.

(2) Y pasi BpaxyBaHHS HanpyXeHb po3TAry npwu
BM3HAYEHHI po3paxyHKoBOI MiLHocCTi (3.1.7) ene-
MEHTIB 3 BaXXKoro 6eToHy entopy "HanpyXeHHs-
aedopmaduii" MOXXHa NMPOAOBXUTM aX A0 po3pa-
XYHKOBOI MiLLHOCTi Ha po3T4r 3a JOMNOMOro BMpa-
3y (3.16) abo 3a NiHIHOI 3aneXHICTo.

12.3 Materials

12.3.1 Concrete: additional design assump-
tions

(1) Due to the less ductile properties of plain
concrete the values for o ,; and o, should be
taken to be less than o, and o for reinforced
concrete.

Note: The values of o and o p for use in a Country

may be found in its National Annex. The recommended
value for both is 0,8.

(2) When tensile stresses are considered for the
design resistance of plain concrete members, the
stress strain diagram (see 3.1.7) may be exten-
ded up to the tensile design strength using Ex-
pression (3.16) or a linear relationship.

fota = ctfotk,0,05 / Ve - (12.1)

(3) Akwo nokasaHo, WO MEeTOAM MEXaHIKM PYMHY-
BaHHs1 3a6e3neyyoTb HeobXigHUI piBeHb Geane-
KW, TO iX MOXXHa 3aCTOCOBYBaTHU.

12.5 KOHCTPYKTUBHUM PO3paxyHOK: rPaHUYHi
CTaHM 3a Hecy4olo 34aTHIiCTIO i CTiMKiCTIO

(1) Ockinbkn enemMeHT 3i 3BMYaRHOro 6eTOHY Ma-
I0Tb OBMEXeHy NoAaTNuMBICTb, TO ANdA HUX He 3a-
CTOCOBYETbLCS NiHINHNA PO3paxyHOK 3 Mepepos-
nodinom abo NNacTMYHUA PO3pPaxyHOK, HamnpuK-
naa, MeToau, Lo He BKNoYakoTb NOBHOI Nepesip-
Kn oedopMaTMBHOCTI, OKpiM BMMaAKiB, Konu nia-
TBEpAXXeHa MOXIMBICTb 3aCTOCYBaHHSA 3ragaHunx
MeToAiB.

(2) KOHCTpYKTMBHMI pOo3paxyHOK Moxe GasyBa-
TUCb Ha HEnMiHiVHIN abo NiHINHO-NNAaCTUYHIN Teo-
pii. Y BUNagKy HEMiHIMHOro po3paxyHKy (Hanpuk-
nag, MexaHiku pymHyBaHHs1) HeoBXigHO BUKOHATHU
nepesipky AedopMaTUBHOCTI.

12.6 N'paHU4Hi cTaHW 32 HeCcy4olo 34aTHICTIO i
CTiMKicTIO

12.6.1 Po3paxyHkoeuli onip 32uHy ma ocbosil
cuni

(1) Y BuMnagky CTiH, BUKOHAHUX 3 SOTPUMaHHAM
BiQMOBIAHMX MONOXEHb CTOCOBHO KOHCTPYHOBaH-
HA Ta gorngaay, HaBegeHumMu gedopmadisimn Big
TemnepaTtypu Ta ycagkm MOXHa 3HeXTyBaTu.

(2) 3anexHocTi "HanpyxeHHs-gedopmadii" He-
obxigHo npunmatun 3 3.1.7.
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(3) Fracture mechanic methods may be used
provided it can be shown that they lead to the
required level of safety.

12.5 Structural analysis: ultimate limit states

(1) Since plain concrete members have limited
ductility, linear analysis with redistribution or ap-
lastic approach to analysis, e.g. methods without
an explicit check of the deformation capacity,
should not be used unless their application can be
justified.

(2) Structural analysis may be based on the
non-linear or the linear elastic theory. In the case
of a non-linear analysis (e.g. fracture mechanics)
a check of the deformation capacity should be
carried out.

12.6 Ultimate limit states

12.6.1 Design resistance to bending and axial
force

(1) In the case of walls, subject to the provision of
adequate construction details and curing, the im-
posed deformations due to temperature or shrin-
kage may be ignored.

(2) The stress-strain relations for plain concrete
should be taken from 3.1.7.
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(3) Onip NpAMOKYTHOrO NONEpPeYHOro nepepiay Aii
0CboBOI cunn N, 3 EKCLEEHTPUCUTETOM € Y Ha-
npsMi h,, BU3Ha4a€eTbCA 3a BUPA3OM:

(3) The axial resistance, Ng,, of a rectangular
cross-section with a uniaxial eccentricity, e, in the
direction of h,, may be taken as:

Nrg =nfeg -b-hy -(1-2e1hy,), (12.2)

ae:
f.4 — PO3paxyHKoBa (pakTU4Ha MiLHICTb Ha CTUCK
(3.1.7(3);

b — 3aranbHa LWMprHa nonepeyvHoro nepepisy (pu-
CyHoK 12.1);

h,, — 3aranbHa BMCOTa NOMepe4YHoro nepepisy;

e — ekcueHTpucuTeT Ngy y Hanpavky h,.

MpumiTka. Mpu 3acTOoCyBaHHI CNPOLLEHNX MeTOAIB BO-
HW He NOBWHHI OYyTU MEHLU KOHCEPBAaTUBHNMM HiXK TOY-
HWUA MeTOoS, L0 BUKOPUCTOBYE 3aNEXHICTb "HanpyXeH-
HA gedopmauii”, HaBegeHy y 3.1.7.

)

v

td

where:

f.q4 is the design effective compressive strength

(see 3.1.7 (3);

b is the overall width of the cross-section (see
Figure 12.1);

h,, is the overall depth of the cross-section;

e is the eccentricity of Ng, in the direction h,,,.

Note: Where other simplified methods are used they
should not be less conservative than a rigorous met-
hod using a stress-strain relationship given in 3.1.7.

PucyHok 12.1 — YMOBHi N03HaKkun Ang NnocKux CTiH

Figure 12.1 — Notation for plain walls

12.6.2 Micueese pyliHygaHHs

(1)P 3a BigcyTHOCTI 3axoaiB i3 3anobiraHHsA pyi-
HyBaHHIO Bif, pO3TAry nonepevyHoro nepepisy He-
06XxigHO 0oOMexyBaTW MakCMMarnbHUA EKCLEHT-
pucuteT ocboBoi cunun Ngy y nepepisi ana 3ano-
BiraHHs1 YTBOPEHHIO BEMNMNKMUX TPILLMH.

12.6.3 3cys

(1) Y nnockux 6ETOHHMX eneMeHTax MOXHa Bpa-
XOBYBaTU MiLHICTb OETOHY Ha pPO3TAr y rpaHN4HO-
My CTaHi Ha 3CyB 3a YMOBU NiATBEpPAXKEHHS
po3paxyHkamu abo MpPaKTUKOK HEeMOXITMBOCTI
KPUXKOro pyrHyBaHHA Ta 3abesnedeHHss Bigno-
BiZIHOT MiLJHOCTiI.

12.6.2 Local failure

(1)P Unless measures to avoid local tensile failure
of the cross-section have been taken, the maxi-
mum eccentricity of the axial force Ng,in a cross-
section shall be limited to avoid large cracks.

12.6.3 Shear

(1) In plain concrete members account may be
taken of the concrete tensile strength in the
ultimate limit state for shear, provided that either
by calculations or by experience brittle failure can
be excluded and adequate resistance can be
ensured.
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(2) Ona nepepisy, y AKoMy Aie 3ycunns 3cyBy Vi i
HopMarnbHa cuna Ngy Ha CTUCHYTIK nnowli A,
abCconTHe 3HaYeHHS KOMMOHEHT pOo3paxyHKo-
BMX Hanpy>xeHb HEOBXiAHO BU3HaYaTH SK:

Gep =

Tep =K Veq 1 Acc -

Mpumitka. BenuunHa k ong 3acTocyBaHHS Y KOHKpeT-
HiM KpaiHi MOXXe BCTaHOBIHOBATUCH Y HaLiOHaNbHOMY
popaTtky. Pekomengyetbcsa BenuyunnHa 1,5.

Mpun uboMy HeobXiaHO NepeBiIpsATU YMOBY:

(2) For a section subject to a shear force Vg, and
a normal force Ng, acting over a compressive
area A, the absolute value of the components of

design stress should be taken as:
Neg 1A (12.3)

(12.4)

Note: the value of k for use in a Country may be found
in its National Annex. The recommended value is 1,5.

and the following should be checked:

Tep < fova

ne:

AKLLO (if)ccp <6clims fovd =

abo

KWo (if) o p > 06 im» fova =

Gclim = fed —

ae:
f.,g — PO3paxyHKoBa MiLUHICTb 6ETOHY Ha 3CYB i
CTUCK;

f.4— PO3paxyHKoBa MiLHICTb 6ETOHY Ha CTUCK;

f,

~tg — PO3paxyHKoBa MiLHICTb GETOHY Ha PO3THr.

(3) BeToHHUN enemMeHT MOxe BBaxaTucb 6e3s
TPILWMH Yy FPaHU4YHOMY CTaHi 3a Hecy4yor 3gat-
HICTIO i CTIRKICTIO, SIKLLO BiH NOBHICTIO CTUCHYTUMN,
abo SAKLLO rOfoBHiI HaMpPYyXeHHS po3TAry y 6EeTOHi
G. 3@ abCOMIOTHOI BENUYMHOK He MepeBuLLly-
0Tb oty

12.6.4 Kpy4yeHHs1

(1) EnemeHTn 3 TpilMHamu 3a3Bmyan He pospa-
XOBYIOTbCH Ha HECYYY 34aTHICTb 3@ KPYTHUMW MO-
MeHTaMW, SKLO TiNbKA BiANOBIAHUM YMHOM He
NiATBEPOKEHO iHLLE.

12.6.5 MpaHu4YHi cmaHu, cnpu4uHeHi deghop-
Mauiero KOHCMpyKUii (@mpama cmitikocmi)

12.6.5.1 [Hy4YKicmb KOMOH | cMiH

(1) MHy4YKiCTb KONTOHM a0 CTiHWM BU3HAYaETLCA SIK:
A

ne:

i — MiHIManbHW pagiyc iHepuii;

lp — NpvBeaeHa JOBXWHA eNieMeHTa, AKy MOXHa
npurumMmaTu sK:
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where:

f2

2 (12.5)

+0 cpletd

or

Gcp ~Oc,lim

. (12.6)

|

2
fita O cplotd ‘[

2, feta (fctd +fcd) ;

where:

(12.7)

f.,q is the concrete design strength in shear and
compression;

f.4is the concrete design strength in compression;
fq 18 concrete design strength in tension

(3) A concrete member may be considered to be
uncracked in the ultimate limit state if either it
remains completely under compression or if the
absolute value of the principal concrete tensile
stress o4 does not exceed f,.

12.6.4 Torsion

(1) Cracked members should not normally be
designed to resist torsional moments unless it can
be justified otherwise.

12.6.5 Ultimate limit states induced by struc-
tural deformation (buckling)

12.6.5.1 Slenderness of columns and walls
(1) The slenderness of a column or wall is given by

=g /i, (12.8)
where:
i is the minimum radius of gyration;

Iy is the effective length of the member which can
be assumed to be:
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lo =Blw

ae: where:

lW— BUCOTa efieMeHTa y YMCTOTI;

B — koeilieHT, Lo 3anexunTb Big yMOB 00nunpaH-

HA: tions:

— [ONs KOMOH, 3a3Bunyan, npunmaetbcs = 1;

— [ONS1 KOHCOJSbHMX KOMOH abo CTiH = 2;
— [ANs iHWWX CTiH 3HayeHHsa 3 HaBedeHi y Tab-
nmgi 12.1.

Tabnuua 12.1 — 3HaveHHs B AN Pi3HUX TPaHNYHNX YMOB

Table 12.1 — Values of 3 for different edge conditions

med;

1,, clear height of the member;

(12.9)

p coefficient which depends on the support condi-
— for columns B = 1 should in general be assu-

— for cantilever columns or walls § = 2;
— for other walls B-values are given in Table 12.1.

3aKpinneHHs i3 NAoLWwmnHN Eckia Bupas KoediuieHT
Lateral restraint Sketch Expression Factor B
; @ : B=1,0ans
: Bynb-akoro
B30oB3k ABOX rpaHei i L BiOHOLLIEHHS
Along two edges . : ® : Iy 1b
B =1,0 for any
L | ratio of 1, /b
® : Iy /b B
02 | 026
© ® @ b 04 | 059
3 T ) t B= 1 0,6 0,76
B3noBx TpbOX rpaHem 1 ]| » 2 0.8 0.85
Along three edges 1+ X
3b 1,0 | 0,90
1,5 0,95
2,0 0,97
5,0 1,00
® I, 1b B
/ Axkwo (if) b>1, 0.2 0,10
© @ © w B 1 0,4 0,20
e 2 06 | 0,30
- b + —
B30oBx 4OTMPbLOX rpaHen ( b j 0.8 0,40
Along four edges .
Axkwo (if) b <1, 1,0 0,50
g b 15 | 0,69
2,
2,0 0,80
5,0 0,96
@ — NAUTN NEPEKPUTTA — BigKpwvTa rpaHb © — nonepeyHa cTiHa
Floor slab Free edge Transverse wall
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Mpuwmitka. Oaxi Tabnuui 12.1 npuiiHATI 3@ yMOBM Big-
CYTHOCTI Yy CTiHi npopi3iB GinbL HiX 1/3 BUCOTU CTiHK I,
abo nnoueto, wo nepesuitye 1/10 nnowwi CTiHW. AKwWwo
y CTiHax, 3aKpinfieHMx BOOBX TpbOX abo 4OTMPbOX
CTOPiH, MPOPi3nM NepeBULLYOTb BKasaHi 0OMEXEHHS,
30HM MiX MnpopidamMy HeobXxigHO po3rnsgaTn sK 3a-

KpinneHi y nonepeyHoMy Hanpsmi Tifbkv BOOBX LBOX

CTOPiH Ta po3paxoByBaTH iX BiAMNOBIAHUM YNHOM.

(2) Axwo Ha Hecyuy 3aaTHICTb i3 NNOLLMHW BMMK-

BalOTb Na3un abo 3arnnbneHHs, To 3Ha4YeHHs 3 He-

00xigHO BiAMOBIAHO 30iNbLIyBaTK.

(3) NonepeyHy CTiHY MOXHa po3rnagaTu 9K gia-

dparmy, sKLO:

— 1l 3aranbHa TOBLUMHA CTAaHOBUTb HE MEHLUE
HiX 0,5 h,, e h, — 3aranbHa TOBLLMHA CTiHW,
sIKa PO3KPINSIETHLCS;

— BOHa Ma€ Ty X BUCOTY [, LLO i CTiHa, sika po3-
KpinmoeTbCes;

— 11 JOBXWHa [,; CTaHOBUTbL LLOHamMeHwe, [,/5,
ae 1, MNO3Ha4vae 4YUCTYy BUCOTY CTiHM, fKa
PO3KPINOETHCH;

— B MexXax JOBXWHU [, MornepeyHa CTiHa He mae
HiSIKMX NpOpI3iB.

(4) Y Bunagky, sIKWO CTiHa 3'egHaHa No OOBXWUHI

3HM3Y 0 BEPXY KOPCTKUM MPOTU 3rMHY CNOco6GoM

LUMSIXOM 3aMOHOSiYyBaHHSA 6ETOHOM Ta apMyBaH-

HAM | KONM 3'€QHaHHS MOBHICTIO CNpUAMae MoO-

MEHTW Ha rpaHsax, TO BENUYMHM [, HaBedeHi y

Tabnuui 12.1, moxxHa MHOXUTK Ha 0,85.

(5) MHyu4KicTb CTiH i3 3BU4ANHOrO MOHONITHOIO 6eTO-

Hy, 3a3BM4Yal, He NoBWHHA nepeBuLLyBaTh A = 86
(tTobTo Iy/h,, = 25).
12.6.5.2 CnpoweHuli memod po3paxyHKy CmiH
ma KOJI0H
(1) 3a BiacyTHOCTI BinbLL TOYHOrO Nigxony po3pa-
XYHKOBY HeCyYy 3[4aTHICTb Ha [il0 KPUTUYHOI MOo-
3[0BXHbLOT CUINW AN THYYKOT CTiHU 200 KOMOHM 3i
3BMYaNHOro 6eTOHY MOXHa B13Ha4aTu SK:

Ngrg =
ne:
Ngy — HECy4a 30aTHICTb 32 OCbOBOK CUMOHO;
b — 3aranbHa LWMprHa NonepeyHoro nepepisy;
h,, — 3aranbHa BMCOTa NOMNepeyHoro nepepisy;
@ — koeqiLi€eHT, L0 BPaxoBYyeE eKCLEHTPUCKTET, 3
ypaxyBaHHAM HeTOYHOCTEN i AedekTiB Ta BNv-
BiB MOB3YYOCTI.

[ns enemeHTiB i3 B'A3amMu koediuieHT @ MOXHa
npurumMmaTu sK:
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b-hy fy®

Note: The information in Table 12.1 assumes that the
wall has no openings with a height exceeding 1/3 of the
wall height I, or with an area exceeding 1/10 of the wall
area. In walls laterally restrained along 3 or 4 sides with
openings exceeding these limits, the parts between the
openings should be considered as laterally restrained
along 2 sides only and be designed accordingly.

(2) The B-values should be increased appropria-
tely if the transverse bearing capacity is affected
by chases or recesses.

(3) A transverse wall may be considered as a

bracing wall if:

— its total depth is not less than 0,5 h,,, where h,,
is the overall depth of the braced wall;

— it has the same height [, as the braced wall
under consideration;

— its length I, is at least equal to [,/5, where [,
denotes the clear height of the braced wall

— within the length 1, the transverse wall has no
openings.

(4) In the case of a wall connected along the top

and bottom in flexurally rigid manner by insitu

concrete and reinforcement, so that the edge

moments can be fully resisted, the values for 8

given in Table 12.1 may be factored by 0,85

(5) The slenderness of walls in plain concrete cast
insitu should generally not exceed A = 86 (i.e.
lo/h,, = 25).

12.6.5.2 Simplified design method for walls and
columns

(1) In absence of a more rigorous approach, the
design resistance in terms of axial force fora
slender wall or column in plain concrete may be
calculated as follows:

(12.10)

where:

Ngq is the axial resistance;

b is the overall width of the cross-section;
h,, is the overall depth of the cross-section;

® factor taking into account eccentricity, including
second order effects and normal effects of creep;
see below.

For braced members, the factor ® may be taken
as:
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®=(114-(1-2e4¢ [ hyy ) ) ~0.02:1g / hy < (1-2e4¢ [ hyy) ,

Je:

€t =€0 +6; ,

€ — eKCLIeHTPUCUTET MepLIOro NopsaaKy 3 ypaxy-
BaHHSM Y BiAMOBIAHWX BUNagkax BNAWBIB nepe-
KpUTTIB (Hanpuknag, MOXNUBi MOMEHTM Y 3akpin-
NEHHSX, WO nepefarTbCs Ha CTiHY Bid NnuT) Ta
rOpu30OHTanNbHUX Aild;

e, — 0OAaTKOBUI EKCLEEHTPUCUTET, L0 OXOMNIIE
BMNIMBU reOMETPUYHUX HETOYHOCTEN, AnB. 5.2.

(2) MoxnuBo 3acTOCOBYBATM iHLUi CNPOLLEHI Me-
TOAM 3a YMOBW, LLLO BOHN € HE MEHLU KOHCepBa-
TUBHUMMW Hi>XXK TOYHWIA MeToq, 3rigHo 3 5.8.

12.7 'paHuny4Hi cTaHM 3a npuaaTHicTio Ao
ekcnnyarauii

(1) Y pasi MOXNMBOCTI KOHCTPYKTUBHMX 3aLLEeMIeHb
HeOoOXiAHO BMKOHYBAaTWN NEPEBIPKY Hanpy>XeHb.

(2) Onsa 3abesnedeHHss BIgNOBIOHOMO PiBHSA €KC-
nnyaTtauinHoi npugaTtHocTi HeobxigHo nepenbda-
YaTWn HaCTYMHi 3axoau:

a) BiAHOCHO YTBOPEHHS TPILLUH:

— 0OMeXeHHs1 HanpyXeHb po3Tary y 6eToHi ao
NPUAHATHOTO PiBHS;

— 3abesneyeHHss [0OATKOBOI KOHCTPYKTMBHOI
apmaTtypu (noBepxHeBa apmatypa, cuTemu
B'A3el, 3a HeobXigHOCTI);

— 3abes3neyvyeHHsa 3'egHaHb;

— MWTaHHS TexHonorii 6eToHy (Hanpuknag, Bia-
nosigHun cknag 6eToHy, gornag);

— BWOBIp BiANOBIAHOT TEXHONOrIT OYyAIBHULTBA;

b) BigHOCHO 06MmexeHHs aecbopmallin:

— MiHiManeHun po3mip nepepisy (ame. 12.9);

— OOMEXeHHsI THYYKOCTi y BMNagKy CTUCHYTUX
erieMeHTiB.

(3) byab-sika apmaTypa, Wo nepeabayeHa y nnoc-
KX enemeHTax, 6e3 ypaxyBaHHS HECYy4Oi apmaTy-
pv NOBMHHA BigMNoBiAaTN NONOXEHHAM 4.4.1.

12.9 KoHCcTpyloBaHHSA eneMeHTIB i ocobnuBi
npaBuna

12.9.1 KoHcmpykmueHi ennemeHmu

(1) BaranbHa TOBLUMHA CTiHW h,, AN MOHOMITHUX
BGETOHHMX CTiH MOBUHHA BYTM HE MeHLL Hix 120 MM.

(2) 3a HasiBHOCTI NasiB i kaHaniB HEOOXiAHO BUKO-

HyBaTu NEePEBIPKN CTOCOBHO 3abe3neyeHHs Hecy-
yoi 34aTHOCTI Ta CTIMKOCTi enemMeHTa.

(12.11)
where:
(12.12)

g, is the first order eccentricity including, where
relevant, the effects of floors (e.g. possible clam-
ping moments transmitted to the wall from a slab)
and horizontal actions;

e; is the additional eccentricity covering the ef-
fects of geometrical imperfections, see 5.2.

(2) Other simplified methods may be used provi-
ded that they are not less conservative than a
rigorous method in accordance with 5.8.

12.7 Serviceability limit states

(1) Stresses should be checked where structural
restraint is expected to occur.

(2) The following measures to ensure adequate
serviceability should be considered:

a) with regard to crack formation:

— limitation of concrete tensile stresses to ac-
ceptable values;

— provision of subsidiary structural reinforce-
ment (surface reinforcement, tying system
where necessary);

— provision of joints;

— choice of concrete technology (e.g. appropria-
te concrete composition, curing);

— choice of appropriate method of construction.

b) with regard to limitation of deformations:

— a minimum section size (see 12.9 below);

— limitation of slenderness in the case of comp-
ression members.

(3) Any reinforcement provided in plain concrete
members, although not taken into account for
load bearing purposes, should comply with 4.4.1.

12.9 Detailing of members and particular
rules

12.9.1 Structural members

(1) The overall depth hw of a wall should not be
smaller than 120 mm for cast in-situ concrete walls.

(2) Where chases and recesses are included
checks should be carried out to assure the
adequate strength and stability of the member.
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12.9.2 KoHcmpykmueHi 3'eOHaHHs

(1) AKWO MOXNNBE BUHUKHEHHST HAnNpyXeHb po3-
TANYy y KOHCTPYKTMBHUX 3'€AHaHHAX, HeobXiaHO
nepenbadatun BiONOBIAHE apMyBaHHSA 4718 3amno-
BiraHHs1 PO3BUTKY TPILLMH.
12.9.3 Cmpiuykoei ma okpemi gpyHOameHmu
(1) 3a BigcyTHOCTI Oinbll TOYHOI iHGOpMaLii
CTPIYKOBI Ta OKpeMi dhyHAAMEHTU NPU OCbOBOMY
HaBaHTaXXEHHi MOXYTb PO3pPaxoBYyBaTUCh | KOHCT-
pYOBaTUCh K KOHCTPYKLIT i3 3BUYANHOIo BaXKKOro
©eToHy 3a YyMOBMU, LLO:

0,85-hg

a

ne:
hg — BucoTa dyHAaMeHTy;
a — NpoeKLUisa Big rpaHi KONOHN (pUcyHoK 12.2);

Ogq — PO3paxyHKOBa BeNuU4MHa TUCKY TPYHTY;
f.g — PO3paxyHKOBa BennYMHa MiLHOCTI 6eTOoHY
Ha po3TAr (B OANHMLAX cgd).

[na cnpolleHHs MOXHa 3acTocoByBaTW BiAHO-
WeHHs he /a > 2.

> (9ng /fctd) ,

12.9.2 Construction joints

(1) Where tensile stresses in the concrete occurin
construction joints are expected to occur, reinfor-
cement should be detailed to control cracking.

12.9.3 Strip and pad footings

(1) In the absence of more detailed data, axially
loaded strip and pad footings may be designed
and constructed as plain concrete provided that:

(12.13)

where:
hr is the foundation depth;

a is the projection from the column face (see
Figure 12.2);

o4q IS the design value of the ground pressure;

.4 is the design value of the concrete tensile
strength (in the same unit as o).

As a simplification the relation hg /a > 2 may be
used.

X

b

Lol

o

PucyHok 12.2 — HeapmoBaHui okpeMuii oyHAaMEHT; NO3HaKM

Figure 12.2 — Unreinforced pad footings; notations
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OOOATOK A
(iHcbopmaviiH1in)

YTOYHEHHA KOE®ILIEHTIB BE3IMNEKU
anda MATEPIANIB

A.1 3aranbHi NONoOXeHHs

(1) KoeiuieHT 6esnekn ona maTepianis, HaBe-
OeHi y 2.4.2.4, BignoBigaoTb reoMeTpu4HMM A4o-
nyckam knacy 1 3a ENV 13670-1 ta ctaHgapT-
HOMY piBHIO kBanidgikauii Ta KOHTPOMo (Hanpuk-
nag, knac koHTponto 2 3a ENV 13670-1).

(2) Y ubomy iHchopmaLiiHOMy JoAaTKy HagaloTb-
Csl pekoMeHaauil Woao 3HMKEHUX KoedilieHTiB
HaginHocTi. binblw geTtaneHi NpaBuna CTOCOBHO
METOAMK KOHTPOM MOXYTb HafjaBaTUCb y Tex-
HiYHMX crneumdikaLiax Ha 36ipHi enemMeHTu.
Mpuwmitka. JogaTkoBy iHpopMmaLito gus. y gogatky B
EN 1990.

A.2 MoHoniTHi 6€TOHHI KOHCTPYKLU,i

A.2.1 3HUKeHHS, w0 r'PYHMYOMbCSI Ha KOHM-
poJli sKocmi ma 3MeHuWeHHi eioxusneHb

(1) AKWO BMKOHAHHA MIATPUMYETHCA CUCTEMOHD
KOHTPOMO SIKOCTi, fKa rapaHTye, WO HecnpusT-
NMBI BiAXUSTEHHSA PO3MIPIB NONEPEYHOro Nepepisy
€ Y MeXax 3MeHLUeHUX AOMyCKiB, HaBeOeHuX Yy
Tabnuui A.1, koediuieHT 6e3neku anga apmatypu
MOXHa 3HU3WUTU [0 Y req-

Ta6bnuua A.1 — 3meHLeHi onycku

Table A.1 — Reduced deviations

ANNEX A
(informative)

MODIFICATION OF PARTIAL FACTORS
FOR MATERIALS

A.1 General

(1) The partial factors for materials given in 2.4.2.4
correspond to geometrical deviations of Class 1 in
ENV 13670-1 and normal level of workmanship
and inspection (e.g. Inspection Class 2 in
ENV 13670-1).

(2) Recommendations for reduced partial factors
for materials are given in this Informative Annex.
More detailed rules on control procedures may be
given in product standards for precast elements.

Note: For more information see Annex B of EN 1990.

A.2 In situ concrete structures

A.2.1 Reduction based on quality control and
reduced deviations

(1) If execution is subjected to a quality control
system, which ensures that unfavourable devia-
tions of cross-section dimensions are within the
reduced deviations given in Table A.1, the partial
safety factor for reinforcement may be reduced to

Ys, red1-

3MeHLLEeHi Jonyckn, MM
Reduced deviations (mm)

h a6o (or) b (Mm)/(mm)

Poawmipu nonepeyHoro
nepepisy + Ah, Ab (Mm)
Cross-section dimension (mm)

PosTaluyBaHHs apmatypu +Ac, MM
Position of reinforcement (mm)

<150 5 5
400 10 10
> 2500 30 20

of one metre (e/g/ slabs and walls).

Mpuwmitka 1. N5 NpOMiKHMX 3HAYE€Hb MOXHa 3aCTOCOBYBATM iHTEPMOMSALitO.
Note 1. Linear interpolation may be used for intermediate values.

MpumiTka 2. +Ac BiZHOCUTLCA 4O CEpeHbOro 3HaYEHHsI apMaTypPHUX CTPURKHIB ab0o HaNpYXXeHUX MyYKiB y nonepey-
HoMy nepepisi abo Ha JOBXWHI 0QHOro MeTpa (Hanpuknag, NanuTn abo CTiHn).

Note 2. +Ac refers to the mean value of reinforcing bars or prestressing tendons in the cross-section or over a width

Mpumitka. BenununHa ys req1 ANS 32CTOCYBaHHS Y KOHK-
PETHI KpaiHi MOXe BCTAHOBMOBATUCh Y HaLiOHANbHO-
My gogatky. PekomeHnayeTtbcsa BenmunHa 1,1.

Note: The value of ys 41 for use in a Country may be
found in its National Annex. The recommended value
is 1,1.
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(2) Y pasi BukoHaHHs ymoBu A.2.1 (1) Ta konu no-
KasaHo, WO koedilieHT BapiaLii MiLHOCTi 6ETOHY
He nepeBuwye 10 %, koediuieHT Oe3nekn ans
BEeTOHY MOXHA 3HU3NTU [0 Y, req1-

MpumiTka. BenuunHa ye req1 4519 3aCTOCYBAHHA Y KOHK-
PEeTHIN KpalHI MOXe BCTaHOBJTIOBATUCh Y HaLllIOHalbHO-
My gogatky. PekomeHayeTtbcs BenmunHa 1,4,

A.2.2 3HUXXeHHSs1, Wo r'pyHMyrmbcs Ha 8UKO-
pucmaHHi y po3paxyHKy 3MeHweHux abo
8UMIPSIHUX 2e0MempPuUYHUX POo3Mipie

(1) Axkwo BM3HAYEHHs PO3pPaxyHKOBOro OMOpy
I'PYHTYETLCA Ha KPUTUYHUX FEOMETPUYHUX PO3-
Mipax BKINIOYHO 3 DakTUYHOK BMCOTOK Nepepisy
(pncyHok A.1), KOTpPi OTPUMaAHI LLFISAXOM:

— 3MeHLUEeHHS Yepes gonycku, abo

— BWUMIPSIHI y 3aBepLUEHI KOHCTPYKLIT,
KoediuieHTn 6e3nekn MOXHa 3HWXKyBaTU [0

Ys, red2 T8 Vc, red2-

Mpumitka. BENUYUHN Y5 reap Ta Ve rede ONA 32CTOCYBAH-
HS Y KOHKPETHIN KpaiHi MOXYTb BCTaHOBMIOBATUCH Y
HaujioHanbHOMy gofaTky. PekomeHayoTbcs Benuum-

HU: Ys red2 = 1,051 Ye,red2 = 1,45

I b+ Ab |

h+ Ah

a — nonepeYvHnin nepepis
cross section

(2) Under the condition given in A.2.1 (1), and if
the coefficient of variation of the concrete strength
is shown not to exceed 10 %, the partial safety
factor for concrete may be reduced to y; 1o41-
Note: The value of y. eqifor use in a Country may be
found in its National Annex. The recommended value is
1,4.

A.2.2 Reduction based on using reduced or
measured geometrical data in design

(1) If the calculation of design resistance is based
on critical geometrical data, including effective
depth (see Figure A.1), which are either:

— reduced by deviations, or
— measured in the finished structure,
the partial safety factors may be reduced to y; ;o

and Yc,redZ'

Note: The values of y5 req2 and y¢ req2 fOr use in a Country
may be found in its National Annex. The recommended
value of ys reqz is 1,05 and of v req2 is 1,45.

++AC
* \

=5

b — po3aTallyBaHHs apmaTypu

Chom

(HecnpuaTnMBUIA HanpsMm ansa pobo4oi BUCOTK)

position of reinforcement
(unfavourable direction for effective depth)

PucyHok A.1 — [lonycku nonepeyHoro nepepisy
Figure A.1 — Cross-section deviations

(2) Y pasi BukoHaHHs ymosu A.2.2(1) Ta Konu no-
KasaHo, Lo koedilieHT Bapiauii MiLHOCTi 6eToHY
He nepesuwye 10%, koediuieHT 6e3nekn ons 6e-
TOHY MOXHa 3HWU3UTU [0 Y reqs3-

MpumiTka. BenuunHa ye req3 4519 3aCTOCYBaHHA Y KOHK-

PeTHI KpaiHi MOXe BCTaHOBMOBATUCh Y HaLliOHaIbHO-
My goaatky. PekomeHayetbca BenvynHa 1,35.
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(2) Under the conditions given in A.2.2 (1) and
provided that the coefficient of variation of the
concrete strength is shown not to exceed 10%, the
partial factor for concrete may be reduced to vy, ;o¢3-
Note: The value of v, 43 for use in a Country may be

found in its National Annex. The recommended value is
1,35.
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A.2.3 3HUXeHHS, W0 rPYHMyrombCs Ha OUiHUi
MiyHocmi 6emoHy y 3aeepuieHili KOHCMpYKUii

(1) Ons BenuumH MiLHOCTI GETOHY, OTPUMAHMX Ha
OCHOBI BMNPOOYyBaHb Yy 3aBEepLUEHi KOHCTPYKLi
abo enemeHTi (aue. EN 13791", EN 206-1 Ta Big-
MOBidHI CTaHAAPTW Ha BUPOOK), v, MOXHA 3HIKY-
BaTM 3aCTOCYBaHHAM NepexigHoro koediujieHTta 1.
MpumiTka. BennunHa n 4nsi 3acTOCyBaHHS Y KOHKPET-

Hi KpaiHi MOXe BCTaAHOBMOBATUCh Y HaLiOHANbHOMY
popaTtky. Pekomenayetbesa BenmynHa 0,85.

BenuunHa y,, 0O SAKOI 3aCTOCOBYETLCA LE 3HU-
XKEHHS, MoXe BXe OyTu 3HMKeHa 3rigHo 3 A.2.1
abo A.2.2. OpgHak, 3aranbHa BenuunHa Koedi-
LuieHTa 6e3nekn NOBMHHA NPUAMATUCb HE MEH-
LLIOK HIXK Yy roqa-

Mpumitka. BenuunHa y; reqs ANA 32CTOCYBAHHS Y KOHK-

PeTHI KpaiHi MOXXe BCTaHOBMOBATUCh Y HaLliOHaIbHO-
My gogatky. PekomeHayeTtbcsa BenvunHa 1,3.

A.3 36ipHi Bupo6m
A.3.1 3a2anbHi Nos10XXeHHs

(1) Ui nonoxeHHs 3acTOCOBYIOTLCA [0 3BipHUX
BMpPOGIB, sik BU3HA4YeHo y po3aini 10, y noegHaHHi
3 cuctemoro 3abesnedeHHst SKOCTi Ta BU3Haue-
HOM aTecTauielo BianoOBiQHOCTI.

Mpumitka. KoHTponb 3a BUpoBHULTBOM 36ipHMX BUPO-
6iB Ha puHKy EC cepTUdikyeTbCa opraHom peecTpauii
(aTecTauiiHun piBeHb 2+).

A.3.2 Koeghiyienmu HaditiHocmi Onsi mame-
pianie

(1) SHwxeHi KoedilieHTN HaginHOCTI Ana maTe-
pianiB Y¢ pereg T@ Yspered MOXKYTb 3acTOCOBYBa-
TUCb 3rigHO 3 NpasBunamu y A.2, aKWo ue nig-
TBEPOXKYETbCA BiONOBIAHUMY METOOUKAMU KOHT-
porsto.

(2) PekomeHaauiii CTOCOBHO HEOBXiQHOIO KOHTPO-
N0 3a BUPOOHULTBOM, SIKMIA LO3BOJISIE 3aCTOCY-
BaHHS 3HWXKEHUX KoedilieHTiB HaginHOCTI Ans
MaTepianis, HaABeAeHO y cCTaHAapTax Ha BMpPOOMW.
3aranbHi pekomeHaauii HaBegeHo y EN 13369.

A.4 36ipHi enemeHTH

(1) NpaBuna, HagaHi y A.2 4ns KOHCTPYKLiN i MO-
HOMITHOro OETOHY, TaKOX 3aCTOCOBYKTbLCA ANiS
30ipHNX BETOHHMX EeNeMEHTIB, SK BU3HAYEHO Yy
10.1.1.

TEN13791. OuiHka MiLHOCTi 6ETOHY Ha CTUCK Y KOHCTPYK-
Lisix abo KOHCTPYKTUBHUX eneMeHTax

A.2.3 Reduction based on assessment of con-
crete strength in finished structure

(1) For concrete strength values based on testing
in a finished structure or element, see EN 137917,
EN 206-1 and relevant product standards, y, may
be reduced by the conversion factor n.

Note: The value of n for use in a Country may be found
in its National Annex. The recommended value is 0,85.

The value of y, to which this reduction is applied
may already be reduced according to A.2.1 or
A.2.2. However, the resulting value of the partial
factor should not be taken less than vy, .-

Note: The value of v q for use in a Country may be
found in its National Annex. The recommended value is
1,3.

A.3 Precast products
A.3.1 General

(1) These provisions apply to precast products as
described in Section 10, linked to quality assu-
rance systems and given attestation of confor-
mity.

Note: Factory production control of CE-marked pre-
cast products is certified by notified body (Attestation
level 2+).

A.3.2 Partial factors for materials

(1) Reduced partial factors for materials, v, ycreq
and v poeq May be used in accordance with the
rules in A.2, if justified by adequate control pro-
cedures.

(2) Recommendations for factory production cont-
rol required to allow the use of reduced partial
factors for materials are given in product stan-
dards. General recommendations are given in
EN 13369.

A.4 Precast elements

(1) The rules given in A.2 for insitu concrete struc-
tures also apply to precast concrete elements as
defined in 10.1.1.

TEN 13791. Assessment of concrete compressive strength
in structures or in structural elements
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OOOATOK B
(iHcbopmaLinHKn)

OE®OPMALIT MOB3YYOCTI TA YCAOKU

B.1 OcHOBHI 3aneXHocTi AN BU3HAYeHHA
KoedilieHTa NOB3y4OCTi

(1) KoedpiuieHT nosay4ocTi ¢(t, t)) MOXHa BMU3Ha-
4YUTK 32 BUPA3OM:

o(tty) = 0o

ae:
¢ — HOMiHaNbHUIN KoediLieHT NoB3y4OCTi, AKUN
MOXHa BM3HaYUTUN 38 BUPA3OM:

®0 = 9rH ‘Bfem)-B(to)

QR — KOEWMILIIEHT, L0 BPaXOBYE BIIUB BiAHOCHOI
BOJIOrOCTi Ha HOMIHAINbHUM KoemilieHT noBa3y-
YyocCTi:

ANNEX B
(informative)

CREEP AND SHRINKAGE STRAIN

B.1 Basic equations for determining the
creep coefficient

(1) The creep coefficient ¢(t, t;) may be calculated
from:

Be(tto),

where:

(B.1)

@q is the notional creep coefficient and may be
estimated from:

(B.2)

gy is a factor to allow for the effect of relative
humidity on the notional creep:

1-RH /100 Ana fon <35 Mrlla

PrRH =
01-3hg
1-RH /100

OrH =|1T+——F—0|-a

RH — BigHOCHa BOJOrCTb HABKOJMULLUHBOIO cepe-
posuia, %;

B(f;,) — KOEMILIEHT, LLIO BPAXOBYE BMNIMB MiLIHOCTI
6eToHY Ha HOMiHanbHWI kKoediLiEHT NOB3Yy4YOCTi:

B(fcm) =

f.m — CEPEAHSA MILHICTb Ha cTUck 6eToHy, MMa, y
BiLli 28 fi0;

B(ty) — KoewiLieHT, Lo BpaxoBye BNNMB Biky 6eTo-
HY NPW HaBaHTaXXEHHiI Ha HOMiHanNbHWI KoediLli-
€HT MOB3Y4OCTi:

B(to) ) (0,1+

1
tg,zo)’

hy — HOMiHanNbLHWUK PO3MIp enemeHTa, MM, e
hg =

A, — nnotia nonepeyHoro nepepisy;
U — NepUMeTp eNeMEHTA, LLIO KOHTaKTy€e 3 aTMOC-
tepoio;
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%
u

(B.3a)
for f;, < 35 MPa

ansa o, > 35 MlMa

(B.3b)
for f,,, > 35 MPa ,

RH is the relative humidity of the ambient environ-
ment in %:;

B(f,,) is a factor to allow for the effect of concrete
strength on the notional creep coefficient:
16,8

Jom

f.m is the mean compressive strength of concrete
in MPa at the age of 28 days;

(B.4)

B(ty) is a factor to allow for the effect of concrete
age at loading on the notional creep coefficient:

(B.5)

h, is the notional size of the member in mm where:

: (B.6)

A, is the cross-sectional area;

u is the perimeter of the member in contact with
the atmosphere;
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B (t, ty) — KOEWILIEHT, L0 ONUCY€E PO3BUTOK MOB-
3y4OCTi y Yaci nicrisi HaBaHTaXXeHHS | MOXe BU3Ha-
4YaTUCb i3 3aCTOCYBaHHAM HaCTYMHOro BUpasy:

Bc(t,to)z{mg‘;:o_)}o@,

t — Bik 6€TOHY Ha MOTOYHUIN MOMEHT, Aib;

ty — Bik OETOHY y IeHb HaBaHTaXeHHs, /i,
t— ty—HenpyviBedeHa TPVBAasiCTb HaBaHTaXKEHHS, 1i6;

B — KoewiLieHT, Lo 3anexuTb Bif BiAHOCHOI BO-
norocti (RH, %) i HOMiHanNLHOro Po3Mipy ernemMeH-
Ta (hg, Mm). /loro MoxHa BU3HAUUTK 3:

By = 1,5[1+(0,012RH)18}h0 +250 <1500

i =1,5[1+(O,012RH)18}h0 +250-a.5 <1500-0 5

0OL4/9/3 — KOEILIIEHTM, LLIO BPax0oBYOTb BMNMB Mill-
HOCTi 6eTOHY:

0,7 0,2 0,5
o 1 = 375 , o 2 = 3i , o 3 = 375 ’
fcm fcm foTI

(2) Bnnue tuny uemeHty (guB. 3.1.2 (6)) Ha koe-
dhiLlieHT MOB3y40CTi 6ETOHY MOXe BpaxoByBaTUCh
LNAXoM MoaudikaLi Biky HaBaHTaXKeHHs fy y BU-
pasi (B.5) BignoBigHo 3 BMpa3om:

to =t 9

ne:
tOT. — NpuBeAEeHWI BiANOBIAHO A0 TemnepaTypu
BiK ©eToHy Npy HaBaHTaXeHHi, Aib, 3rigHo 3 BUpa-
3om (B.10);

0L — MOKa3HWK CTYMEHS, LLIO 3areXU Tb B TUNY LEMEHTY:
= -1 gnsa uemeHTy knacy S;
= 0 anga uemeHTy knacy N,
=1 anga uemeHTy knacy R.
(3) Bnnme 3HWXEHMX abo MiaBULLEHMX Temnepa-
Typ B Mmexax 0—80°C Ha go3piBaHHA BETOHY MOXe
BPaxoOBYBaTUCh LUMSAXOM YTOYHEHHS Biky GETOHY
3MiAHO 3 HACTYMHUM BUPa30M:

1,2
2+ tO,T

B (t, ty) is a coefficient to describe the develop-
ment of creep with time after loading and may be
estimated using the following Expression:

(B.7)

to)
t is the age of concrete in days at the moment
considered;

ty is the age of concrete at loading in days;
t—tyis the non-adjusted duration of loading in days;

By is a coefficient depending on the relative humi-
dity (RH in %) and the notional member size (h, in
mm). It may be estimated from:

ans fom < 35 (B.83)
.8a

for f;, <35,

ons fe, > 35 B.8b

for fom > 35, (B.80)

a3 are coefficients to consider the influence of
the concrete strength:

(B.8c)

(2) The effect of type of cement (see 3.1.2 (6)) on
the creep coefficient of concrete may be taken in-
to account by modifying the age of loading f; in
Expression (B.5) according to the following Ex-
pression:

a

+1| =205, (B.9)
where:
tore is the temperature adjusted age of concrete

at loading in days adjusted according to Expres-
sion (B.10);

o is a power which depends on type of cement:
= -1 for cement Class S;
= 0 for cement Class N;
= 1 for cement Class R.

(3) The effect of elevated or reduced temperatu-
res within the range 0—-80°C on the maturity of
concrete may be taken into account by adjusting
the concrete age according to the following Exp-
ression:
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n
tr. = e
i1

ne:
tr— Bik 6eTOHY, NpUBEAEHUI 1O TemnepaTypu, Ha
SAKUIN 3aMiHIOETbCA Y BIANOBIAHMX BMpa3ax;

T(At;) — TemnepaTypa, °C, npoTarom nepioay At;;

At; — KiNbKiCTb AHIB, KONN NepeBaxae Temnepary-
pa T.

CepepgHin koedilieHT BapiaLii BULLLE NPOrHO30Ba-
HMX [aHWUX CTOCOBHO MOB3YYOCTi 3MEHLUEeHUI
Bi4NOBIAHO A0 KomN'toTepHOT 6a3n gaHnx pesyrib-
TaTiB BUNpobyBaHb y nabopartopii, Skuin ctaHo-
BUTb 6nn3bko 20%.

Benuuunun o(t, fy), Wo HaBeaeHi BULLE, MOBUHHI
NoB'A3yBaTUCh 3 TaHreHuiarnbHUm mMoaynem E.. Y
pasi 4OCTaTHOCTI MEHLL TOMHUX PO3paxyHKiB Benu-
YWHW, HaBeaeHi Ha pUCYHKY 3.1y 3.1.4, MOXyTb Npuit-
MaTUCb Ans NoB3y4oCTi GeTOHyY Y BiLi 4o 70 pokiB..

B.2 OcHOBHiI 3anexHocTi Ana BU3Ha4YeHHSs
aedcopmauin ycagkum npu BUCUXaHHI

(1) OcHoBHa gedopmalisa ycagkm Npu BUCUXAHHI
€5 0 BU3HAYAETHLCA 3@ BUPA3OM:

~[4000/[273+T (at;)]-13,65]

At; (B.10)

where:

tris the temperature adjusted concrete age which
replaces t in the corresponding equations;

T(At;) is the temperature in °C during the time pe-
riod At;,

At; is the number of days where a temperature T
prevails.

The mean coefficient of variation of the above
predicted creep data, deduced from a computeri-
sed data bank of laboratory test results, is of the
order of 20%.

The values of o(t, fy) given above should be asso-
ciated with the tangent modulus E.. When a less
accurate estimate is considered satisfactory, the
values given in Figure 3.1 of 3.1.4 may be adop-
ted for creep of concrete at 70 years.

B.2 Basic equations for determining the
drying shrinkage strain

(1) The basic drying shrinkage strain ¢ is cal-
culated from

€cd.0 :0,85{(220 +110~ads1)-exp(—ad32 . fom ﬂ-m—f’ ‘BrH > (B.11)
fcmo
RH \°
=1,55(1- , B.12
BrH [RHO J (B.12)
ae: where:
fom — CEPEAHA MILHICTb Ha cTuck, MIMa; f.m is the mean compressive strength (MPa);
fomo = 10 MIMa; fomo = 10 MPa;

Olys1 — KOEWMILLIEHT, LLIO 3aneXuTb Big TUMYy LieMeH-
Ty (ame. 3.1.2 (6)):

= 3 Ang uemeHTy knacy S;

= 4 ansa uemeHTy knacy N;

= 6 Ang uemeHTy knacy R;
Olyso — KOEWILLIEHT, LLIO 3aneXuTb Big TUMY LieMeH-
Ty (am.. 3.1.2(6)):

= 0,13 ons uemeHTy Knacy S;

= 0,12 ona uemeHTy knacy N,

= 0,11 ong uemeHTy Knacy R;
RH — BigHOCHa BOJOrCTb HABKOSIULLUHBOIO cepe-
posuila, %;
RHy = 100%.

MpumiTka. exp{ } 3HaunTb Te came, wo i e'’.
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as1 1S @ coefficient which depends on the type of
cement (see 3.1.2 (6)):

= 3 for cement Class S;

= 4 for cement Class N;

= 6 for cement Class R;

a5 1S @ coefficient which depends on the type of
cement:

= 0,13 for cement Class S;

= 0,12 for cement Class N;

= 0,11 for cement Class R;

RH is the ambient relative humidity (%);

RH, = 100%.
Note: exp{ } has the same meaning as e'’.
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OOOATOK C
(oboB'azkoBMi)

XAPAKTEPUCTUKN APMATYPMU, LLIO
3ACTOCOBYIOTbCA 3 LUM €EBPOKOAOM

C.1 3aranbHi nonoXxeHHs

(1) Y Tabnuui C.1 HaBeaAeHO XapaKTepUCTMKKN ap-
MaTypW, LLIO 3aCTOCOBYIOTLCS 3 LM EBPOKOAOM.
XapakTepucTuku OiMCHi y Aiana3oHi TemnepaTyp
-40 °C...100 °C gnsa apmaTypu y 3aBepLUeHii
KOHCTPyKUji. Byab-ske TrHyTTa Ta 3BaprOBaHHSA
apmaTypu, LLO 34INCHIOETLCSA HA MangaH4uky B
noganbLUOMy, MOBUHHO OOMEXyBaTUCh Aianaso-
HOM TemnepaTyp, gonyctumum 3a EN 13670.

Tabnuusa C.1 — XapakTepucTukn apmatypu

Table C.1 — Properties of reinforcement

ANNEX C
(normative)

PROPERTIES OF REINFORCEMENT
SUITABLE FOR USE WITH THIS EUROCODE

C.1 General

(1) Table C.1 gives the properties of reinforce-
ment suitable for use with this Eurocode. The
properties are valid for temperatures between
-40 ° and 100 °C for the reinforcement in the fini-
shed structure. Any bending and welding of rein-
forcement carried out on site should be further
restricted to the temperature range as permitted
by EN 13670.

Bug Brnpoby
Product form

CTpuxHi Ta
po3MOTaHa KaTaHka
Bars and de-coiled

Bumora abo
BeNnuMYunHa Bapiauii, %
Requirement or

CiTku i3 gpoty
Wire Fabrics

rods quantile value (%)
Knac A c| A| B| C -
Class
XapakTepuctmyHa MiLHICTb TEKYYOCTI
fyk abo fo,zk, Mlla
Characteristic yield strength f or fo 2 400...600 5.0
(MPa)
MinimanbHe 3HaveHHs Kk = (f; /f,)« >1,15 >1,15
Minimum value 1,051 21,08 _y 35] 21,05/ 21,08 _ 35 10.0
XapaktepuctuyHa gedopmadis npu
MaKkcMManbHOMY 3yCcunni €., % 205|550 75| 25| 50| 375 100
Characteristic strain at maximum - - - - - - ’
force g, (%)

[MnacTn4HicTb
Bendability

BunpobyBaHHs Ha
3rMH/BUNPSIMIEHHS -
Bend/Rebend test

0.3A

(individual bar or
wire) (%)

MiuHicTb Ha 3cyB (A - nnowa aApoTy) MiHimym

Shear strength . . Minimum
(A —is area of wire)

MakcumanbHe Bigxu- | HomiHanbHMi

TNIeHHS Big HOMiHa- po3mip

INbHOT Macu CTPWKHS, MM

(okpemoro ctpwxkHa  |Nominal bar

abo gpoty), % size (mm) 5,0

Maximum deviation |[<8 +6,0

from nominal mass >8 +45
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MpumiTka. BennunHm piBHIB Hanpy>keHb yTOMU 3 BEPX-
HbOIO rpaHuLeto Bf, Ta MiHiManbHa BigHOCHa nnoLla
pebpa Ona KOHKPETHOI KpaiHW MOXe BCTaHOBIIOBa-
TUCb Y HauioHanbHOMY AdofaTtky. PekomeHOoBaHi Be-
nnyYnHW HaeegeHo y Tabnuui C.2N. Benvumna B ans
KOHKPETHOI KpaiHM MOXe BCTaHOBMOBATUCb Y HaLio-
HanbHoMy goaatky. PekomeHayeTtbcd BenuymHa 0,6.

Tabnuusa C.2N — XapaKkTepucTukm apmaTypu

Table C.2N — Properties of reinforcement

Note: The values for the fatigue stress range with an
upper limit of Bf,x and for the Minimum relative rib area
for use in a Country may be found in its National Annex.
The recommended values are given in Table C.2N.
The value of B for use in a Country may be found in its
National Annex. The recommended value is 0,6.

Bupg Bupoby
Product form

po3moTaHa kataHka| CiTku i3 ApoTy | BenuynHa Bapiauii, %
Bars and de-coiled

CtpwxHi Ta Bumora abo

Wire Fabrics Requirement or
rods quantile value (%)

Knac
Class

B| C|A| B|C -

PiBeHb HanpyxeHb yTomn, MMa (ans N > 2.10°
LMKNiB) NpY BEPXHIN rpaHnui By«

Fatigue stress range (MPa) (for N > 2-10° =150 =100 10.0
cycles) with an upper limit of Bf

3yenneHHs: HomiHanbHuin po3mip

MiHiMarbHa BigHOC- | CTPWXKHS, MM

Ha nnowia pebpa, Nominal bar size (mm) 50
fR,min 5—6 0,035 ’
Bond: Minimum 6,5...12 0,040

relative rib area, frmin |> 12 0,056

Broma. BuHaTkM ona npaBun CTOCOBHO BTOMW AN
KOHKPETHOI KpaiHM MOXYTb BCTAHOBIIOBATKCh Y HaL,io-
HanbHOMY fofaTtky. BuHATKM pekomeHaylTbcs ANng
BMNaKiB, KONV apmMaTypa nepeBaXHO CTaTUYHO Ha-
BaHTaxeHa, abo fKWo BMNPoOyBaHHAMYK MoOKasaHa
MOXITMBICTb BCTAHOBMEHHS BULLMX PIBHIB HanpyXeHb
yTomu Ta/abo KinbKOCTi LukniB. B ocTaHHBEOMY BUNaaKy
BENMUYMHM B Tabnumui 6.3 MOXyTb 3MiHIOBaTUCh BigMo-
BiAHO. 3ragaHi BUNpoOyBaHHSA NMOBWUHHI BUKOHYBATUCh
3rigHo 3 EN 10080.

34yenneHHs. FAKLIO MOXHa nokasaTtu, Wo HeobxigHa
MILHICTb 34EenneHHA OOCAraeTbCa Npu BenunymHax fr
MEHLUMX HiK BM3HAYEHO BULLE, BUMOTM OO0 BEJTMYUH
MOXYTb nocrnabnioBaTnck. [ns nigTBepaKEeHHS MOX-
TINBOCTI JOCArHEHHS HeoOXigHOT MILHOCTI 34enneHHs
HanpyXeHHs1 34ensIeHHs1 MOBMHHI 3a40BOMbHATM PEKO-
meHgosaHi Bupasn (C.1N) 1a (C.2N), sKwo 3actocoBy-
t0TbCst MeToAnkM BUNpobyBaHHA CEB/RILEM Ha 6ankax:

Tm 2 0,098(80-1,29),
T, 20,098(130-1,99),

ne:
¢ — HOMiHarNbHUN PO3MIP CTPUXKHS;

T, — CEPEOHE 3HAYEHHNA HamnpyXeHb 34ernreHHs,
Ma, npu koB3aHHi 0,01, 0,1 Ta 1mMMm;
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Fatigue: Exceptions to the fatigue rules for use in a
Country may be found in its National Annex. The
recommended exceptions are if the reinforcement is
for predominantly static loading or higher values of the
fatigue stress range and/or the number of cycles are
shown to apply by testing. In the latter case the values
in Table 6.3 may be modified accordingly. Such testing
should be in accordance with EN 10080.

Bond: Where it can be shown that sufficient bond
strength is achievable with fz values less than specified
above, the values may be relaxed. In order to ensure
that sufficient bond strength is achieved, the bond
stresses shall satisfy the recommended Expressions
(C.1N) and (C.2N) when tested using the CEB/RILEM
beam test:

(C.1N)
(C.2N)
where:

¢ is the nominal bar size (mm);

1,18 the mean value of bond stress (MPa) at 0,01,
0,1 and 1 mm slip;
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T, — HamMpy>XeHHs1 34enneHHA Mpu pynHyBaHHI
BHACIILOK KOB3aHHS.

(2) Bennuunn £, kieyy Tabnuui C.1 € xapakTe-
PUCTUYHUMWN 3HAYEHHAMMW. MakcumanbHUn npo-
LEeHT pe3ynbTaTiB BUNPOOyBaHb HMXYE Xapak-
TEPUCTUYHOMO 3HAYEHHSI HaBe4EeHO A1 KOXKHOMO
3 XapaKTEPUCTUYHMX 3HAYEHb Y NPaBill KOMOHL
Tabnuui C.1.

(3) EN 10080 He Hapae 3HaveHHs Bapiauii gns

XapaKTEPUCTUYHUX BENMYMH Ta OLHKY pe3ynb-

TaTiB BUNpobyBaHb ANs OKpeMunx BunpobysBanb-

HWUX 3paskKiB.

[na moxnmBoCTi cTanoi BiAMNOBIOHOCTI PiBHIO

siIkocTi 3a Tabnuueto C.1 HeobXxigHO 3acTocoBYBa-

TN HACTYMHi OOMEXEHHS:

— SIKLLO BCi OKpeMi pe3ynbTaty BUunpobyBaHb ne-
PEBULLYIOTH XapakTepPUCTUYHE 3HaYeHHs (abo
HWXKYI HDK XapakTepuCTUYHE 3HAYEHHS Y BU-
nagky MakcumarbHOI BENUYMHMU fyk abo k), To
BMNPOOOBYBaHUIM 3pa30k MOXKE BBaXXaTWCb Ta-
KuUM, WO BignoBigae BuMoram;

— OKpEeMi BENMYMHM MILLHOCTI Ha rpaHuui Teky-
YOCTi fy , ki &, MOBUHHI NepeBuLLyBaTN MiHi-
MaribHi 3Ha4YeHHS | ByTN MEHLUMMMN HiXX Makcu-
ManbHi BenuunHn. OKpiM Toro, cepefHe 3Ha-
YyeHHs M onst BUNnpoboByBaHMX 3pa3kiB NOBUH-
HO 3aJ0BOJIbHATU BUPA3:

1, is the bond stress at failure by slipping.

(2) The values of f ,, kand g f,, in Table C.1 are
characteristic values. The maximum % of test re-
sults falling below the characteristic value is given
for each of the characteristic values in the right

hand column of Table C.1.

(3) EN10080 does not specify the quantile value
for characteristic values, for the evaluation of test
results for individual test units.

In order to be deemed to comply with the long
term quality levels in Table C.1, the following
limits on test results should be applied:

— where all individual test results of a test unit
exceed the characteristic value, (or are below
the characteristic value in the case the maxi-
mum value of f, or k) the test unit may be
assumed to comply.

— theindividual values of yield strength f,, kand
g, Should be greater than the minimum values
and less than the maximum values. In addi-
tion, the mean value, M, of a test unit should

satisfy the equation:

M=>C, +a, (C.3)

ae:
C, — pOBroTpvBane xapakTepucTMyHe 3Ha4eHHS;

a — koedilieHT, WO 3anexuTb Bif XapakTepucTu-
K1, IKa po3rnagacTbed.

Mpumitka 1. BennyunHa a Ans KOHKPETHOT KpaiH1 MoXe
BCTAHOBINIOBATUCb Y HaLioHanbHOMYy dogatky. Peko-
MeHgoBaHi BenuuunHu: f, = 10MMMa, a ans ki eu — 0.
Mpumitka 2. MakcumanbHi Ta MiHiManbHi BENUYMHU
i K T €y ANS KOHKPETHOT KpaiHW MOXYTb BCTaHOBIIO-

BaTMCb Yy HaLioHanbHOMYy popatky. PekomeHgoBaHi
BENMYUHN HaBegeHo y Tabnuui C.3N.

where:
C, is the long term characteristic value;

a is a coefficient which depends on the parameter
considered.

Note 1: The value of a for use in a Country may be
found in its National Annex. The recommended value
for f,« is 10 MPa and for both k and g is 0.

Note 2: The minimum and maximum values of fy, k
and g, for use in a Country may be found in its National
Annex. The recommended values are given in Table
C.3N.

Taobnuusa C.3N — ABConoTHI rpanHnLi pesynbTaTie BUNpobyBaHb

Table C.3N — Absolute limits on test results

Poboya xapakrtepucTtumka
Performance characteristic

MiHimanbHe 3Ha4yeHHSA
Minimum value

MakcumanbHe 3Ha4YeHHs
Maximum value

MiLHiCTb Ha rpaHuULi TEeKy4oCTi fyk
Yield strength f,,

0,97 x MiHiMyM (minimum) C

v | 1,03 x makcumym (maximum) C,

k 0,98 x MiHiMym (minimum) C,

1,02 x makcumym (maximum) C,

VA

Euk 0,8 x MiHiMyM (minimum) C,,

He 3actocoByeTbCs
Not applicable
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C.2 MiuHicTb

(1)P MakcmanbHi akTuiHi HanpyxeHHs f, oo,
He NMOBWHHI NepeBuLLYyBaTH 1,3fyk.

C.3 MnacTnyHicTb

(1)P MnacTnyHicTb NOBMHHA MEpPEeBIPATUCHL BUM-
poByBaHHAMWU Ha 3rUH-BUMPSAMIIEHHST 3rigHO 3
EN 10080 ta EN ISO 15630-1. Y Bunagkax, konu
nepeBipka 34iACHIOETLCA TiNbKM 3 BUKOPUCTaH-
HSM BUNPOOYBaHb Ha BUNMPSAMIIEHHS, pO3Mip cep-
AeYHVKa MoBMHEH OyTVM He MEHLUUM HiK BCTa-
HOBMEHWUN Ang 3rnHy y Tabnuui 8.1 uboro €8po-
kogy. Onsa Toro, wob 3abeanevyBanacb nnac-
TWYHICTb, NiCNsi NEPLUOrO 3rMHY HE MOBUHHO BYTK
BUONMMX TPILLMH.
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C.2 Strength

(1)P The maximum actual yield stress f,

.max shall
not exceed 1,3f .

C.3 Bendability

(1)P Bendability shall be verified by the bend and
rebend tests in accordance with EN 10080 and
EN ISO 15630-1. In situations where verification
is carried out just using a rebend test the mandrel
size shall be no greater than that specified for
bending in Table 8.1 of this Eurocode. In order to
ensure bendability no cracking shall be visible
after the first bend.
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OOOATOKD
(iHcbopmaviiH1n)

YTOYHEHUW METO[ OBYUCINEHHA
BTPAT NMOMNEPEAHBbOIO HAMPYXEHHA
APMATYPU BHACNIAOK PENTAKCALIII

D.1 3aranbHi nonoxeHHA

(1) Y BsnagKy Bu3Ha4YeHHsA BTpaT Big penakcauii
ANS pisHUX NPOMIXKKIB Yacy (cTagin), Konu Hanpy-
XXEHHS B apmaTypi He € MOoCTinHUM, Hanpuknag,
BHACIiJOK MPYXXHOro CKOPOYEeHHS OEeTOoHy, He-
06XigHO 3acTOCOBYyBaTM METO[ €KBiBaneHTHOro
yacy.

(2) KoHuenuis meToay ekBiBaneHTHOro 4acy no-
KazaHa Ha pucyHKy D.1, konu y MOMeHT 4acy
Mae Micue muTTeBa gedopmadis nonepegHbo
Hanpy>xeHol apmaTypu, ge:

G p,j — HanpyXeHHsi po3Tsiry B apmartypi 6esnoce-

peaHbo nepes t;;

N
p.i

penHbo nicns t;

G . — HanpyXeHHsl po3TsAry B apMatypi 6esnoce-

c;M — Hanpy>XeHHsA po3TaAry B apMaTypi Ha no-
nepeaHin cragii t;

A — abcontoTHe 3Ha4YeHHs BTpaT Big pe-

+
o pr,i—1
nakcauii npoTarom nonepegHboi craaii;

Ac pri ~ abCconoTHe 3HaYeHHsa BTpaT Bif penak-

cauji Ha cTagii, Wo po3rnagacTbes.

Oinr

Op.i

Op.i

ANNEX D
(informative)

DETAILED CALCULATION METHOD
FOR PRESTRESSING STEEL
RELAXATION LOSSES

D.1 General

(1) In the case that the relaxation losses are
calculated for different time intervals (stages)
where the stress in the prestressing tendon is not
constant, for example due to the elastic shorte-
ning of the concrete, an equivalent time method
should be adopted.

(2) The concept of the equivalent time method is
presented in the Figure D.1, where at time ; there
is an instantaneous deformation of the prestres-
sing tendon, with:

G p,i Is the tensile stress in the tendon just before
t;

G; ; is the tensile stress in the tendon just after ¢;

ot
p,i-1

preceding stage;
A

is the tensile stress in the tendon at the

c;”._1 is the absolute value of the relaxation

loss during the preceding stage;

Ac pr.i is the absolute value of the relaxation loss

of the stage considered.

I

fi1

i = fi+ Al

PucyHok D.1 — MeTop ekBiBaneHTHOro 4acy

Figure D.1 — Equivalent time method
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i=1
(3) Hexawn ZAG pr,j — CyMa BCiX BTpaT BHACNiAoK
1

penakcauii Ha nonepegHii cragii, a f, BMU3Ha-
YaEeTbCS K eKBiBaNeHTHWUI Yac (y roguHax), He-
0OXigHW NS OTPUMAaHHSA LUX CyMapHUX BTpaT, i
KOTPWIA 3MIHIOETbCA 3a (DYHKLIAMU Yacy penak-
cauii y 3.3.2 (7) npy1 NO4YaTKOBOMY HarpyXeHHi,
sIKe JOPIBHIOE

i1
G;,i ;A"pr,j Ta npu (and with) p =

(4) Hanpuknag, anga knacy 2 nonepeaHbo Hanpy-
XXEHUX NyuKis t,, HaBedeHu y Bupasi (3.29), cta-
HOBWTb:

i-1
Ac . ; =0,66 %0 ‘e
; or,j P 1000 1000

(5) Micnsa po3B'A3aHHSA HABEAEHOrO BULLIE PiBHSH-
HA Ona t, U0 X (popMyny MOXHa 3actocyBaTtu
Ans obuncneHHsa BTpaT BHACNQOK penakcauii Ha
cTagii, Wo po3rnagaeTbes, Acspr, ; (AKwWo ekBsiBa-
NEeHTHUA Yac OoAdaeTbCA A0 iHTepBany yacy i,
LLIO po3rnggaeTbes ):

1000

i-1
(3) Let ;AGP,J be the sum of all the relaxation

losses of the preceding stages and t, is defined as
the equivalent time (in hours) necessary to obtain
this sum of relaxation losses that verifies the
relaxation time functions in 3.3.2 (7) with an initial
stress equal to

i—1
+
Gp’i ;Acp,,j
fpk

(4) For example, for a Class 2 prestressing ten-
don t,, given by Expression (3.29), becomes:

0,75(1—p) i—1
j {c;, +ZAcpr,j}1o-5. (D.1)
B

(5) After resolving the above equation for t, the
same formula can be applied in order to estimate
the relaxation loss of the stage considered, Acp,’,- ,
(where the equivalent time t, is added to the inter-
val of time considered):

0.75(+1) i1 i1

to + AL _

Ao prj =0,669100099’09”( . ] {G;,i +ZA(’pr,/}10 *-YAcp, . (D2)
1 1

(6) Takun camuin NPUHLAN 3aCTOCOBYETLCA AN
BCiX TPbOX KraciB monepeaHbO HanpyxXeHoi ap-
mMaTypw.
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(6) The same principle applies for all three clas-
ses of prestressing tendons
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OOOATOK E
(iHcbopmaviiH1in)

PEKOMEHOOBAHI KITACU MILIHOCTI
AnA ooBrosI4YHOCTI

E.1 3aranbHi nonoxeHHs

(1) Bubip HeobxigHOI [OBroBiYHOCTI 6eTOHY Ans
3axuUcTy apMaTtypu Bif KOpO3il Ta CTINKOCTi NpoTH
Koposii 6eToHy BuMarae nigbopy cknagy 6eToHy.
BHacnigok uboro 6eToH MOXe MaTu BULLY Mill-
HICTb Ha CTUCK HiXk HeObXigHa 3@ KOHCTPYKTUBHUM
po3paxyHKoM. 3B'A30K MiX Knacamu miLHocTi be-
TOHY Ta Knacamu BNAuBy cepegosuila (Tabnu-
us 4.1) Moxe BupaxaTncb Yepes pekoMeHAOBaHi
Kfiacu MiLHOCTI.

(2) Axwo BnbpaHmii Knac MiLHOCTI BULLLE HiX He-
00XiHWI 32 KOHCTPYKTMBHUM PO3paxyHKOM, 3Ha-
YeHHA f,, MOBMHHO BiOHOCUTWUCb [0 BULLOIO
Knacy MiLHOCTI NPy BU3HAY€HHI MiHIManbHOro ap-
MyBaHHs 3rigHo 3 7.3.2 i 9.1 Ta 3anobiraHHsA pos-
KPUTTHO TPILLMH 3rigHo 3 7.3.317.3.4.

MpumiTka. BennunHu pekoMeHOoBaHMX KNaciB Mil-
HOCTI ONA KOHKPETHOI KpaiHW MOXYyTb BCTaHOBIIOBA-
TUCb Y HauioHanbHOMY dogaTtky. PekomeHOoBaHi Be-
NMYMHU HaBedeHo y Tabnuui E.1N.

Tabnuua E.1N — PekomeHgoBaHi Knacu MiLHOCTI

Table E.IN - Indicative strength classes

ANNEX E
(informative)

INDICATIVE STRENGTH CLASSES
FOR DURABILITY

E.1 General

(1) The choice of adequately durable concrete for
corrosion protection of reinforcement and protec-
tion of concrete attack, requires consideration of
the composition of concrete. This may result in a
higher compressive strength of the concrete than
is required for structural design. The relationship
between concrete strength classes and exposure
classes (see Table 4.1) may be described by
indicative strength classes.

(2) When the chosen strength is higher than that
required for structural design the value of f,,
should be associated with the higher strength in
the calculation of minimum reinforcement accor-
ding to 7.3.2 and 9.1 and crack width control ac-
cording to 7.3.3 and 7.3.4.

Note: Values of indicative strength classes for use in a

Country may be found in its National Annex. The re-
commended values are given in Table E.1N.

Knacu BnnuBy BignosigHo 4o tabnuui 4.1
Exposure Classes according to Table 4.1

Kopozsisn
Corrosion

Koposiga cnpuynHeHa
kapOoHizaLieto
Carbonation-induced
corrosion

Koposiga cnpuyunHeHa Koposisa cnpuynHeHa xno-

xrnopugamu puaamu Bif, MOPCLKOI BOAM
Chlorid-induced Chloride-induced
corrosion corrosion from sea-water

XC1 XC2 | XC3| XC4

XD1 XD2 | XD3 X$81 XS2 XS3

PekomeHpoBaHui knac

MiLHOCTi C20/25| C25/30 C30/37 C30/37 C35/43| C30/37 C35/43
Indicative Strength Class
YwWwKomKeHHA 6eTOHY
Damage to Concrete
. . Bnnue Lo .
Pusauk BIOACYTHIN ArpeCI/IBHI/II/I XIMIYHUU BIMJ1UB
No risk 3aMEp3IAHHS/TaHEHHS Chemical Attack
Freeze/Thaw Attack
X0 XF1 XF2 XF3 XA1 XA2 XA3

PekomeHgoBaHui knac
MiLHOCTi C12/15 C30/37
Indicative Strength Class

C25/30 | C30/37 C30/37 C35/45
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OOOATOK F
(iHcbopmaLinH1in)

MONOXEHHA AN PO3TAMHYTOI
APMATYPU B YMOBAX NMJIOCKOI'O
HAMNPYXEHOIO CTAHY

F.1 3aranbHi nonoxeHHs

(1) Lien pogaTtok He MiICTUTb NOMNOXEHb ANSA CTUC-
HyTOI apMaTypwu.

(2) Po3tarHyTy apmaTtypy B €feMeHTi, Wo nepe-
OyBae nig gieto y NNoLLMHI OpTOroHanbHUX Hanpy-
KEHb Gryy, GEqy T TEqyy, MOXHA PO3paxyBaTh 3a
O0MOMOrot HaBegeHol Hk4e meToamku. Hanpy-
YKEHHS1 CTUCKY MOBUHHO MPUIAMaTNCh NO3UTUBHUM
np.m OEgx > Ofqy | HaMpsiMm apMaTypy MOBUHEH
36iraTmcs 3 ocamm x Ta y.

MiyHicTb Ha po3Tar, Wo 3abe3nevyeTbca apmary-
poto, HeObXiAHO BU3HAYATK SK:

ANNEX F
(informative)

TENSION REINFORCEMENT
EXPRESSIONS FOR IN-PLANE
STRESS CONDITIONS

F.1 General

(1) This annex does not include expressions for
compression reinforcement.

(2) The tension reinforcement in an element sub-
jectto in-plane orthogonal stresses sgg,, 64, and
Tedxy May be calculated using the procedure set
out below. Compressive stresses should be taken
as positive, with 64, > og4, and the direction of
reinforcement should coincide with the x and y
axes.

The tensile strengths provided by reinforcement
should be determined from:

frax =pPxfyg T@(@nd) fgy =pyfiq . (F.1)

Ae pyTa p, — reoMeTPUYHi NPOLEHTN apMyBaHHS
BOOBX OCen x Ta y BignoBsigHo.
(3) Y micusiX, Ae oggy | Opg, CTUCKaNbHI Hanpy-

KEHHS T@ 33 YMOBM Oy - Ofyy > , PO3paxyH-

2
1:dey
KoBa apmaTypa He Bumaraetbcs. OgHak, Makcu-
MarbHe Hanpy>XeHHs CTUCKY He MOBUHHO NepeBu-
wysatu f,, (AnB.3.1.6).

(4) Y micusix, fie 6gy, HaNpYXeHHsi po3Tsry abo
2
SEdw OEdy < TEqyy» PO3PAXYHKOBa apmaTtypa He-

obxigHa.

OnTumanbHa apmaTtypa, No3HayeHa BepxHiM iH-
OEKCOoM ', Ta BiANOBIAHI HanpyXeHHsA OETOHY BU3-
HayalTbCs BMpa3amu:

Onsi o ggx < [TEayy|

where p, and p,, are the geometric reinforcement
ratios, along the x and y axes respectively.
(3) In locations where cgy, and cgy, are both

compressive and 6y - 0ggy > 12 design rein-

Edxy’
forcement is not required. However the maximum
compressive stress should not exceed f; (See
3.1.6)
(4) In locations where gy, is tensile or cgg,,
2 . . .

<

SEdy < T Egxy reinforcement is required.

The optimum reinforcement, indicated by super-
script ’, and related concrete stress are determi-
ned by:

FOFGde < "EEde‘

frax = ‘TEdyx‘ ~OEdx »

ft,dy = ‘TEdyx‘ ~OEdy »

Seq = 2tEdy

Ans o gox > [tEdxy |

)

For O Edx > ‘Tdey‘

figx =0, (F.5)

, TEd.
gy =— > —GEdy » (F.6)

O Edx
2
T
Gcd =OEdx 1+[Gm(yj (F.7)
Edx
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HanpyxeHHs y 6eToHi 6., HeobxiaHO nepesipaTK
3 BMKOPUCTaHHAM peaniCTUYHUX Moaenen nepe-
pisiB 3 TpiwnHamu (ame. EN 1992-2), ane BOHW He
MOBWHHI, 3a3BnYaii, nepesuLLyBaTh v, (v MOXHa
oTpumaTtu 3 Bupasy (6.5).

Mpumitka. MiHimanbHa apmaTtypa BU3Ha4a€eTbCs, SKLLO
HanpamMm apmMartypu 3biraeTbcs 3 HanpsaMoOM TroJTIOBHUX
HanpyXeHb.

Ak anbTepHaTuMBa Ana 3aranbHOro BMNAagKy He-
00xigHy apMaTtypy Ta Hanpy>eHHs y 6eTOHi MoX-
Ha BU3Ha4aTy 3a BMpa3amu:

The concrete stress, o, should be checked with
a realistic model of cracked sections (see
EN 1992-2), but should not generally exceed vf,,
(v may be obtained from Expression (6.5).

Note: The minimum reinforcement is obtained if the
directions of reinforcement are identical to the direc-
tions of the principal stresses.

Alternatively, for the general case the necessary
reinforcement and the concrete stress may be

fax = [tEdy|cot® —o ggy | (F.8)

ftdy = "CEdy‘COte —GEdy , (Fg)
1

Gy =T cot + —— |, F.10

cd ‘ dey( Cotej ( )

e 6 — KyT MiXX rOSTOBHUMW Hanpy>XeHHSMWN CTUCKY
©eToHy Ta HanpsAMOM OCi X.

Mpumitka. 3HayeHHsa cot 6 HeobxigHO BMBUpaTK Tak,
Wo6 yHMKATWN BENUYNH CTUCKY fig.

[nsa 3anobiraHHs NosiBi HENPUNHATHUX TPILLMH 33
rPaHN4yHMM CTaHOM eKcrryaTauiiHOI NpuaaTHOC-
Ti Ta 3abe3neyeHHs HeobXxigHOI aedopmauinHoi
34aTHOCTI 3a | rpynoto rpaHUYHUX CTaHiB apmMaTy-
pa, Bu3HayeHa 3a Bupasamu (F.8) ta (F.9) onsa
KOXXHOrO HanpsiMy, He NMOBUHHA BABIYi NepeBuLLy-
BaTK abO CTAHOBUTM MEHLLIE HiXX NMOSIOBUHY apMa-
Typwu, BM3Ha4veHoi 3a Bupasamu (F.2) i (F.3) abo
(F.5)i (F.6).

Lli obmexxeHHs BUpaxaltTbCsl HACTYMHUM YUHOM:
Joliax < fiax < 2fge 1@ Yol < gy < 2.

(5) ApmaTypa noBMHHA NOBHICTIO 3aaHKepPOBYBa-
TUCb Ha BCiX BIAKPUTUX rpaHsx, Hanpuknag, U-no-
OiIOHMMN CTPWXKHAMM aB0 aHanoriYHUMM.

where 6 is the angle of the principal concrete
compressive stress to the x-axis.

Note: The value of cot 0 should be chosen to avoid
compression values of fy.

In order to avoid unacceptable cracks for the ser-
viceability limit state, and to ensure the required
deformation capacity for the ultimate limit state,
the reinforcement derived from Expressions (F.8)
and (F.9) for each direction should not be more
than twice and not less than half the reinforce-
ment determined by expressions (F2) and (F3) or
(F5) and (F6).

These limitations are expressed by 1/ f < figy <
< 2figy and )éftzjy = ftdy < 2fl"dy-

(5) The reinforcement should be fully anchored at
all free edges, e.g. by U-bars or similar.
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OOOATOK G
(iHcbopmaLinH1n)

B3AEMO/[IA CUCTEMU
"OCHOBA-CINOPYOA™

G.1 ®dyHAaMeHTU HernMboKoro 3aknagaHHs
G.1.1 3a2anibHi Nos10)XeHHs1

(1) HeobxigHO BpaxoByBaTW B33aEMOLI0 MiX
I'PYHTOM, PyHOAMEHTOM i BEPXHBOK CNOPYyAolHo.
Ak posnofin KOHTaKTHUX HarpyxeHb y dyHAa-
MEHTI, TaK i 3ycunns B KOfOHax 3anexaTb Bif
BiJHOCHMX OCiaHb.

(2) Ak npaBuno, 3agavy MoXHa po3B's3aTu LWNA-
XOM 3abe3neyeHHs cymicHOCTI gedopmauin Ta
Bi4NOBIAHMX peakLin IpyHTY i cnopyau.

(3) Xoua BuLLeHaBegeHa MeToaMKa € OBOIpyHTO-
BaHOW, OesKi HEBU3HAYEHOCTI Bce Lle MalTb
MicLe, Lo CrpUYMHEHO MOCIJOBHICTIO HaBaHTa-
XXEHHs Ta BNrMBamMm NOB3y4ocCTi. ToOMy B 3anex-
HOCTI Bif, CTyneHs igeanisauii MexaHiuHnx moge-
nen BU3HaYarKTbCs Pi3Hi PiBHI po3paxyHKIB.

(4) Axwo BepxHs cnopyda po3rnsgaeTbes HK
rHydka, TO HaBaHTaXeHHS, siki nepegarTbCH, He
3anexarb Bif ocigaHb TOMY, LLIO cnopyaa He Mae
JKOPCTKOCTI. ¥ LbOMY BMMNaAKy HaBaHTaXXEHHS He
€ HEBiAOMMMM | 3aga4va 3BOAMTLCA 00 BU3HAYEH-
HSA (pyHOAMEHTIB Ha OCHOBI, WO 0edOPMYETHLCS.

(5) Ao BepxHS cnopyAa po3rnsagaeTbes SK Xo-
pcTka, TO HEBiAOMi HaBaHTaXXeHHA Ha dyHaa-
MEHT MOXHa OoTpMmMaTU 3 YMOBW, LLO OCiAaHHS
NOBUHHI OyTV B OOHIN nnowwuHi. HeobxigHo ne-
PEBIPATU, O KOPCTKICTb 30epiraeTbcsi OO Ha-
CTaHHSA rpaHNYyHOro cTaHy 3a | rpynoto.

(6) HwkyeHaBeaeHa cnpolleHa cxema Mae MicLe,
AKLLIO (PyHOAAMEHTHY CUCTEMY MOXHa BBaXaTu XOo-
pCTKO0, b0 OCHOBA € [y>Ke XOPCTKOK. B 060x BY-
nagkax BiAHOCHWMW OCIOAHHAMW MOXHa 3Hex-
TyBaTU i He NOTPIGHO BpaxoByBaTV 3MiHW HABaHTa-
XXeHb Npu iX nepeadi Big BEpXHbOI crnopyau.

(7) Ans BU3Ha4YeHHS NpUBMNMN3HOT XOPCTKOCTI KO-
HCTPYKTUBHOI CUCTEMWN MOXHa BMKOHATWU po3pa-
XYHOK, MOPIBHIOIOYM CMifIbHY OPCTKICTb dhyHAa-
MEHTY, HECYUYMX eneMeHTIB BEPXHbOI Cnopyaun Ta
Jiadoparm XOPCTKOCTI 3 XOPCTKICTIO OCHOBU. LS
BigHOCHa xopcTkicTb KR Oyae BU3HaunTuCh y 3a-
NEXHOCTI Big TOro, sk HeoOXigHO po3rnsgaTu
dbyHAaMeHT abo KOHCTPYKTUBHY CUCTEMY — XKOPCT-
KuMy abo rHyykumun. [ns KOHCTPYKLUin Gyaisens
MOXXHa 3aCTOCOBYBaTW HACTYMHWI BUpa3:
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ANNEX G
(informative)

SOIL STRUCTURE
INTERACTION

G.1 shallow foundations
G.1.1 General

(1) The interaction between the ground, the
foundation and the superstructure should be
considered. The contact pressure distribution on
the foundations and the column forces are both
dependent on the relative settlements.

(2) In general the problem may be solved by ensu-
ring that the displacements and associated reac-
tions of the soil and the structure are compatible.

(3) Although the above general procedure is
adequate, many uncertainties still exist, due to the
load sequence and creep effects. For this reason
different levels of analysis, depending on the
degree of idealisation of the mechanical models,
are usually defined.

(4) If the superstructure is considered as flexible,
then the transmitted loads do not depend on the
relative settlements, because the structure has no
rigidity. In this case the loads are no longer
unknown, and the problem is reduced to the
analysis of a foundation on a deforming ground.

(5) If the superstructure is considered as rigid,
then the unknown foundation loads can be
obtained by the condition that settlements should
lie on a plane. It should be checked that this
rigidity exists until the ultimate limit state is
reached.

(6) A further simplifying scheme arises if the
foundation system can be assumed to be rigid or
the supporting ground is very stiff. In either case
the relative settlements may be ignored and no
modification of the loads transmitted from the
superstructure is required.

(7) To determine the approximate rigidity of the
structural system, an analysis may be made com-
paring the combined stiffness of the foundation,
superstructure framing members and shear walls,
with the stiffness of the ground. This relative stif-
fness KR will determine whether the foundation or
the structural system should be considered rigid
or flexible. The following expression may be used
for building structures:
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Ke = (El)s 1 (E1°). (G.1)

ae:
(El)s — npubnmnsHa BennymMHa 3rvHarnbHOI XXOpPCT-
KOCTi Ha OOMHMLIIO JOBXUHM OyaiBenbHOI cnopyau,
LLIO PO3rNSAAAETLCA, OTPMMaHa LUMSIXOM CyMyBaHHS
3MMHanNbHUX KOPCTKOCTEN (DYHOAMEHTY KOXHOro
HeCy4oro eriemeHTa i giadpparmm XopCcTKOCTi;

E — moaynb gedopmadin r'pyHTY OCHOBU;
[— goBXuHa PyHOAMEHTY.

BigHocHa »xopcTkicTb, Oinblia Hix 0,5, o3Havae,
LLIO KOHCTPYKLLiSl >kOpCTKa.

G.1.2 PieHi po3paxyHkKie

(1) Onsa noTpeb NpoeKTyBaHHs AOMYCKaTLCS Ha-
CTYMHI PiBHi pO3paxyHKiB.

PiBeHb 0. PiBeHb, Ha AKOMY [0MyCKaeTbLCA NPUIn-
MaTu NiHINHWUIA PO3MNOAiN KOHTAKTHOrO TUCKY.

lMoBWHHI BUKOHYBATWCh HACTYMNHI nonepeaHi ymoBy:

— KOHTaKTHUWN TUCK HE NEPEBMLLYE PO3PaxyHKO-
BUX BENMYMH Onsi 060X rpyn rpaHUYHMX cta-
HiB;

— anga Il rpynu rpaHUYHUX CTaHIB KOHCTPYKTUBHA
cucTemMa He 3a3Hae ocigaHb abo odikyBaHa
Pi3HNLSA OcifaHb € HE3HAYHOHD;

— Ansa | rpynn rpaHUYHUX CTaHiB KOHCTPYKTMBHA
cucTemMa Mae HeobXigHY NNACTUYHICTb, i, TaKUM
YMHOM, Pi3HMLA OCiAaHb HE BMIMHE Ha cnopyay.

PiBeHb 1. KOHTaKTHUN TUCK MOXHa BU3Ha4aTu 3
ypaxyBaHHAM BiAHOCHOT >XOPCTKOCTI pyHOaMEH-
Ty i PYHTY, a NOBHI AedpopmaLlii OLiHITLCA AN
nepesipKu, WO BOHM 3HAXOAATLCS B AOMYCTUMUX
Mexax.

lMoBWHHI BUKOHYBATWCh HACTYMNHI nornepeaHi yMoBW:

— iCHye OocTaTHA MpakTuka, sika NigTBEepOXKYE,
WO eKkcrnryaTauiiHa npuaaTHICTb BEPXHbLOI
crnopyau He nopywmnTbCs BHaAcnigok gedop-
MaLiii OCHOBU;

— NPpW rpaHNYHOMY CTaHi 3a HECYYO0 30aTHICTHO i
CTIRKICTIO KOHCTPYKTMBHA cMcTeMa Mae Bigno-
BiAHWI eNacTUYHNIN XapakTep poboTu.

PiBeHb 2. Ha ubomy piBHI npu 34iiCHEHHI poO3-
paxyHKy BpaxoBYETbCA BNNMB Aedopmadin Ha
BepxHt0 cnopyny. Cnopyga po3paxoBYyeTbCHA 3
npuknageHow gedopmadieto dyHaAaMeHTiB Ang
BU3HAYEHHSA KOPUryBaHb HaBaHTaXeEHb, LLO Npwu-
KnagawTbcs Ha (pyHAaMeHTU. AKLWLO KiHUEBI KO-
puryBaHHa € 3HayHummu (TobTto > |10| %), TO
HeobXigHO 34iiCHI0BAaTM PO3paxyHOK 3a piBHEM 3.

where:

(El)s is the approximate value of the flexural
rigidity per unit width of the building structure
under consideration, obtained by summing the
flexural rigidity of the foundation, of each framed
member and any shear wall;

E is the deformation modulus of the ground;
lis the length of the foundation.

Relative stiffnesses higher than 0,5 indicate rigid
structural systems

G.1.2 Levels of analysis

(1) For design purposes, the following levels of
analysis are permitted.

Level O: In this level, linear distribution of the con-
tact pressure may be assumed.

The following preconditions should be fulfilled:

— the contact pressure does not exceed the
design values for both the serviceability and
the ultimate limit states;

— at the serviceability limit state, the structural sys-
tem is not affected by settlements, or the expected
differential settlements are not significant;

— atthe ultimate limit state, the structural system has
sufficient plastic deformation capacity so that
differences in settlements do not affect the design.

Level 1: The contact pressure may be determined
taking into account the relative stiffness of the
foundation and the soil and the resulting deforma-
tions evaluated to check that they are within
acceptable limits.

The following preconditions should be fulfilled:

— sufficient experience exists to show that the
serviceability of the superstructure is not likely
to be affected by the soil deformation;

— atthe ultimate limit state, the structural system
has adequate ductile behaviour.

Level 2: At this level of analysis the influence of
ground deformations on the superstructure is
considered. The structure is analysed under the
imposed deformation of the foundation to deter-
mine the adjustments to the loads applied to the
foundations. If the resulting adjustments are signi-
ficant (i.e. > |10| %), then Level 3 analysis should
be adopted.
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PiBeHb 3. € MeTOAMKOLO, LLO MOBHICTIO BpaxoBye
B3aeMogito cnopyau, i oyHaaMeHTiB Ta OCHOBM.

G.2 NanboBi chyHaameHTH

(1) Akwo oronoBoK nani € XOPCTKMM, TO MOXHa
JonyckaTu NiHiNHY 3MiHY OcCigaHb A4S OKpeMmx
nanb, AKka 3anexunTb Big NOBOPOTY OrofioBka narni.
AKLLO NOBOPOT [OPIBHIOE HYIO, 200 HUM MOXHa
3HeXTyBaTW, TO MOXHa AonyckaTu, WO OcCigaHHS
BCiX Nanb ogHakoBe. 3 piBHAHb piBHOBArn MOXHa
BU3HAYUTWN HEBIAOMI HAaBaHTaXXEHHs Ha nanto Ta
ocigaHHsa rpynu (KyLia nanb).

(2) OgHak, Npu KOHCTPYKOBaHHI NanbLOBOro POCT-
BEpPKa Mae MicLie B3aEMOAIA He TifbKn MiXK oKpe-
MUMW Nansmu, ane TakoX MK pOCTBEPKOM Ta
nansmu, i Hema NPoCTOro NiaxoAy Ans po3B'sA3aH-
HS uiel 3apauvi.

(3) Peakuis Kywa nanb Ha ropnsoHTarnbHi HaBaH-
TaXeHHs, 3a3BU4Yall, OXOMNIIOE HEe TiNbKM Mnone-
PeYHY XOPCTKICTb OTOUYOYOro I'PYHTY i nanb, ane
TaKoX X OCbOBY >XOPCTKICTb (Hanpuknaa, 6okose
HaBaHTaXXEHHS Ha Kyl Nanb CNPUYNHSIE PO3TAr i
CTUCK Y KpanHixX nansx).

274

Level 3: This is a complete interactive procedure
taking into account the structure, its foundations
and the ground.

G.2 Piled foundations

(1) If the pile cap is rigid, a linear variation of the
settlements of the individual piles may be
assumed which depends on the rotation of the
pile cap. If this rotation is zero or may be ignored,
equal settlement of all piles may be assumed.
From equilibrium equations, the unknown pile
loads and the settlement of the group can be
calculated.

(2) However, when dealing with a piled raft,
interaction occurs not only between individual
piles but also between the raft and the piles, and
no simple approach to analyse this problem is
available.

(3) The response of a pile group to horizontal
loads generally involves not only the lateral
stiffness of the surrounding soil and of the piles,
but also their axial stiffness (e.g. lateral load on a
pile group causes tension and compression on
edge piles).
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OOOATOKH
(iHcbopmaviiH1n)

3ATAJbHI BNINABU APYIOro norAQKy
Y KOHCTPYKLUIAX

H.1 KpuTepii ana HexTyBaHHSA 3arafibHUMU
BMJMBaMU APYroro Nopsgky

H.1.1 3a2anbHi nos1oxeHHs1

(1) MonoxeHHs H.1 Hagae kpuTepii 4nsa cnopya, y
AKMX He BUKOHytTbcs ymoBu y 5.8.3.3 (1). Kpu-
Tepil r'pyHTYt0TECA Ha 5.8.2 (6) | BpaxoBytoTb 3a-
raneHi gecpopmallii 3rMHy Ta 3cyBy, sIK NOKa3aHo
Ha pucyHky H.1.

ANNEX H
(informative)

GLOBAL SECOND ORDER EFFECTS
IN STRUCTURES

H.1 Criteria for neglecting global second
order effects

H.1.1 General

(1) Clause H.1 gives criteria for structures where
the conditions in 5.8.3.3 (1) are not met. The crite-
ria are based on 5.8.2 (6) and take into account
global bending and shear deformations, as defi-
ned in Figure H.1.

PucyHok H.1 — BusHaueHHsa 3aranbHux gedopmadin 3ruHy Ta 3cysy (1/r iy BignoBigHo)
Ta BignoBigHi xopcTkocTi (E/ i S BianoBigHo)

Figure H.1 — Definition of global bending and shear deformations (1/r and y respectively)
and the corresponding stiffnesses (E/ and S respectively)

H.1.2 Cucmema e'sizeli 6e3 3Ha4HuUx deghop-
mauia
(1) OAnsa cuctemun B'asen 6e3 3HayYHUX aedopma-
uin (Hanpwvknag, giadparmm >xopcTKocTi 6e3 npo-
pi3iB) MOXXHa He BpaxoByBaTW 3ararnbHi BAAVBU
OpYroro nopsaky, sikLo:

Fv ed
ae:
Fy gy — 3aranbHe BepTuKanbHe HaBaHTaXEHHS

(Ha enemeHTH, WO PO3B'A3YOThCS | B'A3eBi ene-
MEHTW);

F\/ gg — HOMiHanbHe 3aranbHe KPUTUYHE HaBaH-
Ta)eHHs1 Npu 3aranbHOMY 3rvHi, AuB. (2).

H.1.2 Bracing system without significant she-
ar deformations

(1) For a bracing system without significant shear

deformations (e.g. shear walls without openings),
global second order effects may be ignored if:

<01-F/ps (H.1)

where:

Fygq is the total vertical load (on braced and
bracing members);

F\ ggis the nominal global buckling load for global
bending, see (2).

275


arymarenko
Прямоугольник


(2) HomiHanbHe 3aranbHe KpUTUYHE HaBaHTAXKEH-
Hs1 NP 3aranibHOMY 3rVHI MOXHa BU3HAYUTU SK:

F/ s =&SEI1L?

ne:
& — KoeilieHT, WO 3anexunTb Big KiNbKOCTi no-

BEPXiB, 3MiHN >XXOPCTKOCTEN, 0eOPMaTMUBHOCTI
OCHOBM Ta pO3NoAifly HaBaHTaXeHHS; AuB. (4)

YE| — cymapHa OpCTKiCTb Ha 3rvH B'A3eBUX ene-
MEHTIB Yy HanpsiMKy, L0 pO3rNaAaeTbes, BKIOYHO
3 MOXMMBUMW BNNMBaMu TPILUH; AnB. (3)

L — 3aranbHa BucoTa 6yaisni BMLLE piBHA 3aLleM-
NeHHs.

(3) 3a BigcyTHOCTI GinbLU TOYHOI OLHKW XOPCT-
KOCTi OJ151 OKPEMOTO efieMeHTa B'dA3i 3 TpilMHaMu
y nepepisi MOXXHa BMKOPUCTOBYBaTU BMPa3:

El ~0,4E 41, ,

ne:

E.y = Ecq Vo — PO3paxyHKOBa BEMUYNHA MOAYINS
npy>xHocTi 6eToHy, amB. 5.8.6 (3);

|, —MOMeHT iHepLiii nepepisy B'A3eBOro enemeHTa.
AKWwo nokasaHo, WO nepepi3 Moxe npauoBaTu
6e3 TPIiLWH y rpaHnYHOMY CTaHi | rpynu, KOHCTaH-
Ty 0,4 y BMpasi (H.3) moxHa 3amiHnTh Ha 0,8.

(4) Axkwo B'A3eBi enemMeHTM MakTb MOCTINHY
YKOPCTKICTb MO BUCOTI i 3aranbHe BepTuKalbHe Ha-
BaHTaXeHHS 36inbLIyeTbCA Ha OAHaKOBY Benn4u-
HY Ha KOXXHOMY NOBepCi, TO § MOXXHa BU3Ha4aTy sK:

(2) The nominal global buckling load for global
bending may be taken as

(H.2)

where:

¢ is a coefficient depending on number of storeys,
variation of stiffness, rigidity of base restraint and
load distribution; see (4)

YEl is the sum of bending stiffnesses of bracing
members in direction considered, including pos-
sible effects of cracking; see (3)

L is the total height of building above level of mo-
ment restraint.

(3) In the absence of a more accurate evaluation
of the stiffness, the following may be used for a
bracing member with cracked section:

(H.3)
where:

E.y = E.q/vce , design value of concrete modulus,
see 5.8.6 (3);

I, second moment of area of bracing member.
If the cross-section is shown to be uncracked in

the ultimate limit state, constant 0,4 in Expression
(H.3) may be replaced by 0,8.

(4) If bracing members have constant stiffness
along the height and the total vertical load in-
creases with the same amount per storey, then &
may be taken as

1

£=78.—"'S

‘ng +1,6 1+07 -k’

ae:

Ng — KiNbKiCTb NOBEpXiB;

k — BiHOCHA MPY>XHICTb MOMEHTY 3allleMIIeHHS;
auB. (5).

(5) BigHocHa MpyXHIiCTb 3alleMMeHHS B OCHOBI
BM3HAYaETLCH SK:

k=(0/M)-(EIIL),

ne:
6 — NOBOPOT Bif, 3rMHANBLHOrO MOMEHTY M,
El —opcTKicTb 3rigHo 3 (3);

L — 3aranbHa BUcoTa B'si3eBOro 6noka.

MpumiTka. MNpu k = 0, TOGTO KOPCTKE 3aLLEMIEHHS, BU-
pa3u (H.1) — (H.4) moxHa noegHyBaTtu 3 Bupasom (5.18),
Ae koediuieHt 0,31 otpumyemo 3 0,1-0,4-7.8 = 0,31.
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(H.4)

where:

ng is the number of storeys;

k is the relative flexibility of moment restraint; see
(5).

(5) The relative flexibility of moment restraint at
the base is defined as:

(H.5)
where:

0 is the rotation for bending moment M,

El is the stiffness according to (3);

L is the total height of bracing unit.

Note: For k = 0, i.e. rigid restraint, Expressions
(H.1) — (H.4) can be combined into Expression (5.18),
where the coefficient 0,31 follows from 0,1:0,4-7,8 ~ 0,31.
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H.1.3 B'a3esa cucmema i3 3Ha4yHUMuU deghop-
Mauisimu 3cyey

(1) 3aranbHVYMK BNMBaMK Apyroro nopsiaky MoxHa
3HEXTYBaTW, SIKLLIO BUKOHYETLCS HACTyrNHa ymMoBa:

Feq <01-F/5 =01

ne:
Fy g — 3arasnbHe KpUTUYHE HABaHTaXEHHS 3 ypa-
XYBaHHSIM 3aranbHOro 3ruHy i 3cyBy;

Fy gg — 3aranbHe KpUTUYHE HaBaHTaXeHHs Ons
4YUCTOro 3ruHy, ame. H.1.2(2);

Fy gs — 3ararnbHe KpUTUYHE HaBaHTaXKEHHs Ans
4mcToro 3cyBy, Fy gs = XS;

XS — 3aranbHa XOpCTKICTb Ha 3CyB (3ycunns Ha
KyT 3CyBY) B'A3eBoro 6roka (pucyHok H.1).
Mpumitka. 3aranbHa gedopmadis 3cyBy B'A3eBOro
6rnoka B OCHOBHOMY BM3HAYaETLCS MOKanbHUMU Je-
dopmauisamn 3ruHy (pucyHok H.1). OgHak, 3a BigcyT-
HOCTi BinbLl TOYHOrO PO3paxyHKy Ans S MoxHa Bpa-
XOBYBATU YTBOPEHHS TPILLIMH TaKUM ke CNocoboM, K i
ans El, gne. H.1.2 (3).

H.2 MeToau BM3Ha4YeHHA 3aranibHUX BMJUBIB
Apyroro nopsigky

(1) Lle nonoxkeHHs1 'pyHTYETbCA Ha AiHIMHOMY pO3-
paxyHKy BNAMBIB Opyroro nopsiaky 3rigHo 3 5.8.7.
Takum 4YvHOM, BMMMBK APYroro NOpsSaKy MOXYTb
BPaxoBYyBaTMUCb 4Yepe3 po3paxyHOK crnopyau Ha
30inbLueHi ropusoHTanbHi QIkTUBHI cumu Fy, g4

Fr Eq

ae:
Fii0eq — TOPU30HTaNbHa cuna nepLuioro nopsiaky
BiZ BITPY, HETOYHOCTEN TOLLO;

F\ gg—3aranbHe BepTUKarnbHe HaBaHTaXeHHs Ha
erneMeHTn B'A3ei Ta enemMeHTW, Lo pOo3Kpinns-
I0TbCA B'A3AMU;

F\ g — HOMiHarnbHe 3aranbHe KpUTUYHe HaBaHTa-
XEHHs, amB. (2).

(2) MNo3JOBXHE KPUTWMYHE HaBaHTaXeHHs Fy g
MOXHa BM3HadaTu BignoeigHo go H.1.3 (abo
H.1.2, akwo 3aranbHUMK gedopmauisiMmn 3cyBy
MOXHa 3HexTyBaTtuh). OagHak, y LibOMy BUNaaKy He-
006XiHO BUKOPUCTOBYBATM HOMiHAmbHI 3HAYEHHS
XopcTkocTen 3rigHo 3 5.8.7.2, BKMOYHO i3 BAAK-
BOM MOB3Y4OCTi.

FH oEd

=1_F\/,Ed/F\/,B’

H.1.3 Bracing system with significant global
shear deformations

(1) Global second order effects may be ignored if
the following condition is fulfilled:

Fv.gB
1+F/ps / FvBs

where:

(H.6)

F\ gis the global buckling load taking into account
global bending and shear;

F\ gg is the global buckling load for pure bending,
see H.1.2 (2);

Fy s is the global buckling load for pure shear,

%S is the total shear stiffness (force per shear
angle) of bracing units (see Figure H.1)

Note: The global shear deformation of a bracing unit is
normally governed mainly by local bending deforma-
tions (Figure H.1). Therefore, in the absence of a more
refined analysis, cracking may be taken into account
for Sin the same way as for E/, see H.1.2 (3).

H.2 Methods for calculation of global second
order effects

(1) This clause is based on linear second order
analysis according to 5.8.7. Global second order
effects may then be taken into account by analy-
sing the structure for fictitious, magnified horizon-
tal forces Fpy g4

(H.7)

where:
Fi0eq is the first order horizontal force due to
wind, imperfections etc.;

Fyeq is the total vertical load on bracing and
braced members;

Fy g is the nominal global buckling load, see (2).

(2) The buckling load F\, 5 may be determined
according to H.1.3 (or H.1.2 if global shear de-
formations are negligible). However, in this case
nominal stiffness values according to 5.8.7.2
should be used, including the effect of creep.
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(3) Y BMnagkax, Konu 3aranbHe No3[oBXHE Ha-
BaHTaXeHHA F\, g HE BM3HAYaE€TbCHA, MOXHa 3a-
CTOCOBYBaTK BMpa3:

Fr,0Ed

(3) In cases where the global buckling load F, g is
not defined, the following expression may be used
instead:

, (H.8)

FH Ed

ae:
Fii.1Eq — PIKTMBHaA ropn3oHTanebHa cuna, sika f4ae
O[lHaKOBI 3rMHanbHi MOMEHTU, SIK | BepTUKarnbHe
HaBaHTaxeHHst Ny g4, ke i€ Ha AedopMoBaHy
KOHCTPYKLUito 3 gecbopmalieto, BUKITMKAHO F,_,70,:-d
(nedopmadis neplioro nopsiaky), ob4McneHor
npyv HOMIHaINbHUX BENUYMHAX XXOPCTKOCTEN 3ria-
HO 3 5.8.7.2.

Mpumitka. Bupas (H.8) cynpoBOmXyeETbCA MOKPOKO-
BMM YMCENbHUM PO3paxyHKOM, e BNAvB BepTuKarb-
HOrO HaBaHTaXeHHs i NpupocTy Aedopmauin, Bupa-
KEHUIN 4Yepe3 eKBiBaneHTHi ropu3oHTarnbHi cunu, go-
JaETbCA Ha HacTymHux kpokax. [lpupocTtn 6yayTb
YyTBOPIOBATM FEeOMETPUYHY NPOrpecito Micrs neBHOI
KiNbKOCTIi KpokiB. [lonyckatouu, Lo Lie Mae MicLe HaBiTb
Ha nNepLUOMy KpoLi (Lo aHanoriyHo NpURHATTIO B =1y
5.8.7.3 (3)), cymy moxHa Bmpa3utu sk (H.8). Lia ymosa
BMMarae, o0 BENNYMHM XXOPCTKOCTEN, sKi BUpaXXatoTb
KiHLUeBY cTafito Aedopmadin, BUKOPUCTOBYBANMUCh Ha
BCiX Kpokax (cnig maTtu Ha yBasi, Lo Lie € Takox 6a3o-
BOIO YMOBOK HACTYMHOrO PO3paxyHKy Ha OCHOBI HO-
MiHanbHUX BEMWUYNH XOPCTKOCTEN).

B iHWKX BuNagkax, Hanpuknag, SKWo AOMyCcKaeTbes
poboTa nepepisiB 6e3 TPiLLMH Ha NepLIoOMYy Kpoui i 3
TpiLMHaMU, SKi NPOSBIAOTLCSA Ha HACTYMHUX KPOKaXx,
arne SKWO PpOo3Mnodinl ekBiBaNEHTHUX TOPU3OHTaNbHUX
CWM 3HAYHO 3MIHIOETBCS MiXK NepLUMMU Kpokamu, TO Y
po3paxyHoK crif BknoYaTy Binblue KPOKiB, MOKU YMO-
Ba CTOCOBHO reOMeTPUYHOI nporpecii He Byae BUKOHY-
BaTucb. Npuknag i3 6inbLue HiXX ABOMa KpokaMu HaBe-
OEHO HmKYe:

1-Fy 1ed4 | F,0Ed

where:

Fi 1g4 fictitious horizontal force, giving the same
bending moments as vertical load N, g, acting on
the deformed structure, with deformation caused
by Fy oeq (first order deformation), and calculated
with nominal stiffness values according to 5.8.7.2

Note: Expression (H.8) follows from a step-by-step
numerical calculation, where the effect of vertical load
and deformation increments, expressed as equivalent
horizontal forces, are added in consecutive steps. The
increments will form a geometric series after a few
steps. Assuming that this occurs even at the first step,
(which is analogous to assuming =1 in 5.8.7.3 (3)),
the sum can be expressed as in Expression (H.8). This
assumption requires that the stiffness values repre-
senting the final stage of deformations are used in all
steps (note that this is also the basic assumption be-
hind the analysis based on nominal stiffness values).

In other cases, e.g. if uncracked sections are assumed
in the first step and cracking is found to occur in later
steps, or if the distribution of equivalent horizontal
forces changes significantly between the first steps,
then more steps have to be included in the analysis,
until the assumption of a geometric series is met.
Example with two more steps than in Expression (H.8):

Frid = Fri,0ed +Fr, 180 +Fr,2e0 | (1 Fri,380 | Fr,2E0 ) -
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OOOATOK |
(iHcbopmaviiHnin)

PO3PAXYHOK MIIOCKUX MINT
| QIA®PAIM XXOPCTKOCTI

1.1 Mnocki nnntn
1.1.1 3a2anbHi Nnos10XeHHs

(1) Y ubomy po3aini po3rnagarTbCA NAOCKi MAUTU
NMOCTINHOT TOBLLIMHM 200 3 BKITIOYEHHAM KaniTenen
(MOTOBLUEHHAM Haf KOroHamM).

(2) Mnocki NAMTM NOBMHHI PpO3paxoByBaTUCh i3 3a-
CTOCYBaHHSIM NepeBipeHnX MeToaiB pPO3paxyHKy,
Takux 9K CITOK (y SKOMY NnuTa MOOentoeTbCH Ha-
OopoM OmucKpeTHMX 3'egHaHMX Mk coboto ene-
MEHTIB), CKIHYEHHUX €NeMEHTIB, KPUBOI PYWMHY-
BaHHs1 abo ekBiBaneHTHoi pamu. HeobxigHo Bu-
KOpMCTOBYBATM BiZNOBIAHI FEOMETPUYHI XapakTe-
PUCTUKN Ta MEXaHiYHi XapaKTepucTukm marte-
piani..

1.1.2 Po3paxyHok ekeigearieHmMHoi pamu

(1) KoHcTpykuito noTpibHO po3ainuTtn y nosgo-
BXHbOMY i NONepeyvyHoOMy HanpsmKax Ha pamu, siki
CKnagawTbCs 3 KOJMOH i NepepisiB niuT, WO Mic-
TATLCA MK OCbOBUMMMW NiHIAMW NpUNernmx vyapy-
HOK (30HamMu, OOMEXEHUMU YOTUpMa NpUnernu-
MUK onopamm). XKOpCTKICTb efleMeHTiB MOXHa 06-
4YUCINIMTKM 3a iX BpYTTO NonepevHMMn nepepisamu.
[na BepTUKanbHOro HaBaHTaXEHHSI XOPCTKICTb
MOXe I'PYHTYBaTUCb Ha MOBHIM LUMPUHI YapyHKM.
[nsa ropnsaoHTansHOro HaBaHTaXeHHs HeobXxigHO
BuKopucToByBaTn 40% Ui€i BENMYMHN ONd Bpaxy-
BaHHS NigBULLIEHOI FTHYYKOCTi BY3I1iB KOMOH/MAUT y
KOHCTPYKUiSX i3 MNOCKUMU NIIUTaMU Y NOPIBHAHHI
3 By3naMu KOrnoH/purenis. [1ns po3paxyHKy Yy KOX-
HOMY HanpsiMi NOBUHHO BUKOPUCTOBYBaTUCH NOB-
He HaBaHTaXKEHHS Ha YapyHKY.

(2) BaranbHi 3rMHanbHi MOMEHTK, OTpMMaHi 3a
pO3paxyHKOM, NOBUHHI PO3MOAINSATUCH NO LUMPUHI
nnutn. Mpu Npy>KHOMY pPO3paxyHKy MOMEHTU 3
Bil'EMHMMM 3HAYEHHSMW HamararTbCHA 30cepe-
OWTK B HanpsiMmi OCen KOJSIOH.

(3) HeobxigHo nepegbayaty po3nogin YapyHok Ha
cepenHi CTPiYKM Ta MK KONloHaMm (pucyHok 1.1), a
3rMHanNbHi MOMEHTM MOBWHHI BigMOBigaTM PO3-
noginy, HasegeHomy y Taénuui I.1.

ANNEX |
(informative)

ANALYSIS OF FLAT SLABS
AND SHEAR WALLS

.1 Flat Slabs
1.1.1 General

(1) For the purpose of this section flat slabs may
be of uniform thickness or they may incorporate
drops (thickenings over columns).

(2) Flat slabs should be analysed using a proven
method of analysis, such as grillage (in which the
plate is idealised as a set of interconnected dis-
crete members), finite element, yield line or equi-
valent frame. Appropriate geometric and material
properties should be employed.

1.1.2 Equivalent frame analysis

(1) The structure should be divided longitudinally
and transversely into frames consisting of co-
lumns and sections of slabs contained between
the centre lines of adjacent panels (area bounded
by four adjacent supports). The stiffness of mem-
bers may be calculated from their gross cross-
sections. For vertical loading the stiffness may be
based on the full width of the panels. For hori-
zontal loading 40% of this value should be used to
reflect the increased flexibility of the column/slab
joints in flat slab structures compared to that of
column/beam joints. Total load on the panel sho-
uld be used for the analysis in each direction.

(2) The total bending moments obtained from
analysis should be distributed across the width of
the slab. In elastic analysis negative moments
tend to concentrate towards the centre lines of the
columns.

(3) The panels should be assumed to be divided
into column and middle strips (see Figure I.1) and
the bending moments should be apportioned as
given in Table 1.1.
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PucyHok 1.1 — Po3nogin yapyHoK y Nnockux nnamTax

Figure 1.1 — Division of panels in flat slabs

Mpuwmitka. lNMpy 3acTocyBaHHI KaniTenen LMPUHO
> (1, /3) CTPiYKM MiXK KONIOHaMM MOXHAa NPUAMAaTN Taku-
MM, LLO 3a LUMPUHOIO AOPIBHIOKOTL Kanitensam. Y Takomy
BUNAAKY LUMPWHA CEPefHbOI CTPIYKM NMOBUHHA BU3Ha-
yaTuCb BiAMNOBIAHO.

Note: When drops of width > (1, /3) are used the column
strips may be taken to be the width of drops. The width
of middle strips should then be adjusted accordingly.

Tabnuusa 1.1 — CnpoLlleHnn po3noain 3rMHanbHoOro MOMEHTY A5151 NITOCKMX NAnT

Table 1.1

— Simplified apportionment of bending moment for a flat slab

Bia'emHi momMeHTH
Negative moments

[JopaTHi MOMeHTH
Positive moments

CTtpiyka Mixx KOnoHamMmu

60% — 80%

50% — 70%

Column Strip

CepegHs cTpiyka
Middle Strip

40% — 20%

50% — 30%

CTpiYKOt0, NOBUHHI 3aBXaun ctaHoBUTN 100%.

add up to 100%.

MpumiTka. 3araneHi Big'eMHi Ta 4OAATHI MOMEHTM, LLO MOBUHHI CMPUAMATUCh MK KONIOHaAMW Ta CepeaHbOo

Note: Total negative and positive moments to be resisted by the column and middle strips together should always

(4) Axwo WwwmprHa CTPIYKM MK KOMoHaMu Bigpis-
HseTbesA Bia 0,51, SIK NoKasaHo Ha pUCyHKy 1.1, Ta B1G-
paHa Tako, L0 AOPIBHIOE KaniTemni, TO LUMPUHY
cepeHbOI CTPiYKM HEODXIAHO BU3HAYaTH BigMoBiaHo.

(5) 3a BUHATKOM BUMNAAKIB HAssBHOCTI KOHTYPHUX
Ganok, ki HaneXHWM YMHOM po3paxoBaHi Ha
3CyB, MOMEHTMH, LLIO NepeaarTbes Ha KparHi abo
KyTOBIi KOMOHM, MOBUHHI OOMeXyBaTUCb MOMEH-
TOM A5 NPSIMOKYTHOrO nepepisy, Wo AOPIBHIOE
0,17b,-d?f,, (pucyHOK 9.9 ANs BU3HAYEHHS b).
[opaTHin MOMEHT y KpaiHbOMY MpPONbOTi NMOBU-
HEH BM3Ha4aTUCb BiANOBIgHO.
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(4) Where the width of the column strip is different
from 0,51, shown in Figure 1.1 (e.g.) and made
equal to width of drop the width of middle strip
should be adjusted accordingly.

(5) Unless there are perimeter beams, which are
adequately designed for torsion, moments trans-
ferred to edge or corner columns should be limi-
ted to the moment of resistance of a rectangular
section equal to 0,17b,-d?f,, (see Figure 9.9 for
the definition of b,). The positive moment in the
end span should be adjusted accordingly.
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1.1.3 HepeaynsipHe po3mauwlyeaHHsI KOJIOH

(1) Y BuMnagkax, Konu BHaCcNigoK HeperynsapHoro
po3TallyBaHHSA KOMOH MNNUTY HE MOXHa pauio-
HanbHO po3paxyBaTu i3 3aCTOCyBaHHSAM eKBiBa-
NEHTHOI pamu, MOXHa BUKOPMCTOBYBaTU MeETOL
CiTOK abo iHLWIi NpyxHi meToan. Y TakoMmy pasi, 3a-
3BuYan, byage AoCTaTHIM HACTYMHUIA CMPOLLEHNI
nigxig;:

i) po3paxyHOK MAWTU Ha MOBHE HaBaHTaXeHHS
YqQk + Y5 Gy Ha BCi NnponboTy;

i) MOMEHTM y npPONbOTi Ta KOMOHAax MNOBWHHI
30inbLUyBaTUCL AN MOXIMBOCTI  BpaxyBaHHs
BMUBIB CXEM HaBaHTaXeHb. LIboro MoxHa gocsr-
TU LUASIXOM HaBaHTaXEHHS KPUTUYHOIO NporboTy
(@bo nponboTiB) YQx *+ vcGy @ pewTn naut
716G FIKWIO MOXNMBA 3HAYHa 3MiHa MOCTINHOMO
HaBaHTaXXEHHSA MK NPONbOTaMu, y g NMOBUHEH Npu-
nMaTtuch 3a 1 Ang HEHaBaHTaXXEHUX MPOSbOTIB;

iii) BNAMBM LBbOro KOHKPETHOTO HaBaHTaXXeHHS
MOXYTb 3aCTOCOBYBaTUCb AN iHLLUMX KPUTUHHUX
NPONbOTIB Ta OMNOP CXOXMM CNOCOBOM.

(2) MNoBunHHI 3acToCOBYBaAaTUCH OOMEXEHHS LLOAO0
nepegayvi MOMEHTIB Ha KpawHi KOMOHW, HadaHi y
5.11.2.

1.2 Oiacdbparmu xxopcTKOCTi

(1) iadbparmm KOpCTKOCTi — Lie CTiHM i3 3BMYan-
Horo 6eToHy abo 3ani3obeToHy, ki 3abe3nevy-
I0Tb MONepeYHy CTiMKICTb cnopyau.

(2) NMonepeyHe HaBaHTaXeHHS, sike CNpUAMacTb-
Cs1 KOXKHOHO AiadhparMoto cnopyam, HeobxigHo oT-
pyMyBaTK i3 3aranbHOro Po3paxyHKy cnopyam 3
ypaxyBaHHAM MpuKNageHux HaBaHTaXeHb, eKc-
LEeHTPUCUTETIB HaBaHTaXeHb BiJHOCHO LEeHTpa
3CyBY CMOpyau Ta B3aeMOAIl M CTiHamMW pi3HOI
KOHCTPYKLUi.

(3) HeobBxigHO npoaHanisysaT BNAMBY HECUMETPUY-
HOro BITPOBOrO HaBaHTaxeHHs (gvs. EN 1991-1-4).

(4) CninbHi BNAMBM OCbOBOr0 HaBaHTAXXEHHSI Ta
3CyBY TaKOX MOBMHHI BpaxoBYBaTUCh.

(5) Ha pogaTok Oo iHWuX KpuTepiiB ekcnnyaTa-
LiMHOT NpnAaTHOCTI Y UMX HopMax BrnvB 60KOBO-
ro KofiMBaHH4 Aiapparm Ha MeLlKaHLUiB cnopyau
TexX NoBMHeH BpaxoByBaTuch (aus. EN 1990).

(6) Axwo 6yaisna He nepesullye 25 noBepxis,
KON PO3MiLLeHHS Y NNnaHi CTiH B OCHOBHOMY CWU-
METPUYHE Ta Yy CTiHax BiACYTHI nNpopi3n, WO Mo-
XyTb CRAPUYUHUTK 3aranbHi gedopmalii 3cyBy,
nonepeyHe HaBaHTa)KeHHA Ha diaparmy MoXXHa
oTpMMaTK 3a BMPa3oM:

1.1.3 Irregular column layout

(1) Where, due to the irregular layout of columns,
a flat slab can not be sensibly analysed using the
equivalent frame method, a grillage or other
elastic method may be used. In such a case the
following simplified approach will normally be
sufficient:

i) analyse the slab with the full load, yoQy + v5Gy
on all bays;

ii) the midspan and column moments should then
be increased to allow for the effects of pattern
loads. This may be achieved by loading a critical
bay (or bays) with yoQy + G, and the rest of the
slab with y5G,. Where there may be significant
variation in the permanent load between bays, v5
should be taken as 1 for the unloaded bays;

iii) the effects of this particular loading may then
be applied to other critical bays and supports in a
similar way.
(2) The restrictions with regard to the transfer of
moments to edge columns given in 5.11.2 should
be applied.

.2 Shear Walls

(1) Shear walls are plain or reinforced concrete
walls which contribute to the lateral stability of the
structure.

(2) Lateral load resisted by each shear wall in a
structure should be obtained from a global analy-
sis of the structure, taking into account the applied
loads, the eccentricities of the loads with respect
to the shear centre of the structure and the inter-
action between the different structural walls.

(3) The effects of asymmetry of wind loading sho-
uld be considered (see EN 1991-1-4).

(4) The combined effects of axial loading and
shear should be taken into account.

(5) In addition to other serviceability criteria in this
code, the effect of sway of shear walls on the oc-
cupants of the structure should also be conside-
red, (see EN 1990).

(6) In the case of building structures not exce-
eding 25 storeys, where the plan layout of the
walls is reasonably symmetrical, and the walls do
not have openings causing significant global
shear deformations, the lateral load resisted by a
shear wall may be obtained as follows:
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_P(El),  (Pe)ya(El),

TOX(EN T Y (ENy?

ne:

P, — nonepeyHe HaBaHTaKEHHs Ha CTiHY n;
(El),, — »OpCTKiCTb CTiHK 1,

P — npuknageHe HaBaHTaXXeHHS;

€ — eKCLLeHTPUCUTET cunu P BiQHOCHO LieHTpa Xo-
pcTkocTen (pucyHok 1.3);

¥, — BiCTaHb CTiHX N Bif LIEHTPa >XOPCTKOCTEN.

(7) Axkwo enemeHTH 3i 3HaYHUMK AedopmaLlismm
3CyBY i 0€3 HUX 3'€eQHaHi CUCTEMOLO B'sI3eit, TO NpU
po3paxyHKy HeobxigHO BpaxoByBaTu Aedopma-
Lit0 3CyBY i 3ruHy.

P

— el

where:

P, is the lateral load on wall n;
(El), is the stiffness of wall n;
P is the applied load;

e is the eccentricity of P with respect to the cent-
roid of the stiffnesses (see Figure 1.3);

¥, is the distance of wall n from the centroid of
stiffnesses.

(7) If members with and without significant shear
deformations are combined in the bracing sys-
tem, the analysis should take into account both
shear and flexural deformation.

\ LleHTp Baru rpynu giacpparm
Centroid of shear wall group

PucyHok 1.3 — EKCLeHTpUCUTET HaBaHTaXXEHHS BiQHOCHO LieHTpa Baru giacdparm

Figure 1.3 — Eccentricity of load from centroid of shear walls
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OOOATOK J
(iHcbopmaviiH1)

NMPABUITA KOHCTPYHOBAHHA
AnA KOHKPETHUX BUNAOKIB

J.1 MNoBepxHeBe apmyBaHHA

(1) NoBepxHeBe apMyBaHHA A51S ONopy po3Tpic-

KyBaHHIO HeOOXigHO 3acTOCOBYBaTW Yy BUNAAKY,

KONnv OCHOBHa apmaTtypa BUrOTOBMEHa i3:

— CTpWXHIB giameTpom GinbLue Hix 32 MM abo

— MNYYKiB CTPWXKHIB 3 eKBiBaneHTHMM AdiameTpom
GinbLe Hix 32 mm (ouB. 8.8).

MNoBepxHeBe apMyBaHHsI MOBUHHO CKNagaTUCh i3
CITOK 3 gpoTy abo CTpWXHIB Manoro giamerpa,
pPO3MiLLEHMX 38 XOMyTaMu, SK MOKasaHo Ha pu-
CYHKy J.1.

ANNEX J
(informative)

DETAILING RULES FOR
PARTICULAR SITUATIONS

J.1 Surface reinforcement

(1) Surface reinforcement to resist spalling should

be used where the main reinforcement is made up

of:

— bars with diameter greater than 32 mm or

— bundled bars with equivalent diameter greater
than 32 mm (see 8.8).

The surface reinforcement should consist of wire
mesh or small diameter bars, and be placed out-
side the links as indicated in Figure J.1.

Assurl' 2 0,01 Acl.ext

T I
I

fﬁ) X :

Actex |
I

- :

(d- x)< !

600MM (mm) :

|

I

As,surf: l
I

]

J |_i5150 MM (mm)

—o s <150 MM (mm)

X — BUCOTa HENTParnbHOI OCi NpY rpaHUYHOMY cTaHi | rpynu
the depth of the neutral axis at ULS

PucyHok J.1 — lNMpuknag noBepxHEBOro apMyBaHHS

Figure J.1 — Example of surface reinforcement

(2) Mnowa nosepxHeBoi apmatypu Ag g, r MOBUH-
Ha ByTW He MEHLLIOI HiX Ag ¢ min Y ABOX Hanpsi-
Max napaneribHo i NnepneHAnKynspHO 4O pOo3T4Ar-
HyTOI apMaTypu y Ganui.

Mpumitka. BenuuuHa As surf min 4151 KOHKPETHOI KpaiHu
MO)ke BCTaHOBIIOBATUCb Y HaLiOHanbHOMY AoAaTKy.
PekomeHgoBaHoto € BenuumHa 0,01 Agtext, A€ Actext —
nnoLa po3TarHyToro 6eToHy 330BHi Bif XOMYTIB (pUcy-
Hok J.1).

(3) Akwo 3axmcHun wap apmatypu BinbLUMIA HiX
70 MM, NS NigBULLEHOIT AOBroBiYHOCTI HEOOXiaHO
3aCTOCOBYBaTM CXOXe MOBEPXHEBE apMyBaHHS
nnoweto 0,005 A oy Y KOXKHOMY Hanpsimi.

(4) MiHiManbHWUIA 3aXUCHWIA Wap, HeobXiaHWI aAns
NoBepPXHEBOI apMaTtypu, HasegeHo y 4.4.1.2.

(2) The area of surface reinforcement Ag g+ sho-
uld be not less than A g, min in the two directions
parallel and orthogonal to the tension reinfor-
cement in the beam.

Note: The value of A surmin fOr use in a Country may be
found in its National Annex. The recommended value is
0,01 Actext, Where Agex is the area of the tensile conc-
rete external to the links (see Figure J.1).

(3) Where the cover to reinforcement is greater
than 70 mm, for enhanced durability similar surfa-
ce reinforcement should be used, with an area of
0,005 A ot in €ach direction.

(4) The minimum cover needed for the surface
reinforcement is given in 4.4.1.2.
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(5) Mo3noBXHi CTPMXKHI NOBEPXHEBOI apMaTypu
MOXYTb BpaxOBYBaTUCb Y SAKOCTI MO3L0OBXHbLOI
apmaTypu, WO Mpautoe Ha 3rMH, a MonepeyHi
CTPWXHI SIK nonepevHa apmartypa 3a yMOBW, L0
BOHM BiANOBIAaTb BUMOram CTOCOBHO po3TaLly-
BaHHA Ta aHKepyBaHHSA TakuxX TUMiB apMaTypu.

J.2 Kytn pam
J.2.1 3acanbHi nonoxeHHs

(1) MiuHicTe 6ETOHY Gry yax MOBUHHA BU3HAYa-
TUCb BignoBigHoO 40 6.5.2 (CTUCHYTI 30HM 3 none-
peyHoo apmaTtypoto abo 6e3 Hefb).

J.2.2 Kymu pam i3 3aMKHymumu MoMeHmamu

(1) Axwo BMCOTH NepepisiB KOMOH | 6anok 6rnmabki
(2/3 < hylhy < 3/2) (pucyHok J.2a) nepesipka
3'egHaHHA apmaTypu abo JOBXMHM 30HW 3aaHKe-
pyBaHHS B Mexax By3na KOrnoHu 3 6arnkoto He Bu-
MaraeTbCsl 3a YMOBW, WO BCS pO3TArHyTa apma-
Typa 6anku 3irHyTa BOOBX KyTa.

(2) PucyHok J.2b nokasye CTUCHYTO-PO3TATHYTY
YMOBHY Mozenb npu hy/hy < 2/3 ons obmexxeHoro
OianasoHny tane.

Mpumitka. BennunHm obmexeHHs tan® onsa KoHKpeT-
HOT KpaiHW MOXYTb BCTAHOBIIOBATUCh Y HaLliOHaIbHO-
My gogaTky. PekomeHOoBaHOW ANs HWXKHBbOT MeXi €
Benu4ynHa 0,4, a ons BepxHbOi Mexi 1.

(3) DoBxunHa 30HK aHKepyBaHHs I, MOBUHHA BU3-
Havatucb Ans sycunnsa AF, = Fyio — Fiyq.

(4) HeobxigHo 3abeanevyBaTn apmatypy Ans
CNPUIAHATTS MOMEPEeYHUX 3ycunb po3Tsry, nep-
NeHOUKYNAPHMX 4O MAOLMHK By3na.
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(5) The longitudinal bars of the surface reinfor-
cement may be taken into account as longitudinal
bending reinforcement and the transverse bars as
shear reinforcement provided that they meet the
requirements for the arrangement and anchorage
of these types of reinforcement.

J.2 Frame corners
J.2.1 General

(1) The concrete strength gy max Should be de-
termined with respect to 6.5.2 (compression zo-
nes with or without transverse reinforcement).

J.2.2 Frame corners with closing moments

(1) For approximately equal depths of column and
beam (2/3 < h,/hy < 3/2) (see Figure J.2 (a)) no
check of link reinforcement or anchorage lengths
within the beam column joint is required, provided
that all the tension reinforcement of the beam is
bent around the corner.

(2) Figure J.2 (b) shows a strut and tie model for
hy/hy < 2/3 for a limited range of tan®.

Note: The values of the limits of tan6 for use in a Count-
ry may be found in its National Annex. The recommen-
ded value of the lower limit is 0,4 and the recommen-
ded value of the upper limit is 1.

(3) The anchorage length I,, should be determi-
ned for the force AFy; = Fypp — Fyg4-

(4) Reinforcement should be provided for trans-

verse tensile forces perpendicular to an in-plane
node.
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a — Npubnun3HO piBHI BUCOTW NepepisiB Ganku i KONOHU
almost equal depth of beam and column

i Fun - Fvvy
i Fa= Fa | 4
iy! i > ha :
AFME , Fes Fuz = Fun ! H
! L i
------ | -— 5

: Fean - -

Fea

b — 3HayHa pi3HUUA y BUCOTax nepepisiB 6anku i KONOHU
very different depth of beam and column

PucyHok J.2 — KyT pamu i3 3aMKHYTUM MOMeHTOM. Mogens i apmyBaHHS
Figure J.2 — Frame Corner with closing moment. Model and reinforcement

J.2.3 Kymu pam 3 eidkpumumu MOMeHmamu

(1) Onst npMGnM3HO PiBHMX BUCOT NepepisiB Komno-
HK | Bankm MOXHa 3aCTOCOBYBaTU CTUCHYTO-PO3-
TArHYTI yMOBHI Mofeni, HaBedeHi Ha pucyHky J.3a
i J.4a. Apmatypy HeobxigHO 3abesnedvyBaTu y
BUrNA4i 4BOX neTenb B 30HI By3na abo sk aea
U-nogibHmx CTpWKHi 3 HamyckomM B KOMOGiHaLUii 3
NOXUMMW XOMYTaMU, SIK MOKA3aHO Ha PUCYHKY
J.3b Ta c i Ha pucyHky J.4b Ta c.

J.2.3 Frame corners with opening moments

(1) For approximately equal depths of column and
beam the strut and tie models given in Figures J.3
(a) and J.4 (a) may be used. Reinforcement sho-
uld be provided as a loop in the corner region or
as two overlapping U bars in combination with
inclined links as shown in Figures J.3 (b) and (c)
and Figures J.4 (b) and (c).
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a — CTUCHYTO-PO3TArHyTa Moaenb
strut and tie model

PucyHok J.3 — KyT pamu 3 nOMipHUM BigKpuTUm
MoOMeHTOM (Hanpwuknag, Ag /bh < 2%)

(2) Mpw BENWKMX BIOKPUTUX MOMEHTaX HEODXIQHO
nepenbavat giaroHanbHi CTPWXHI | XOMYTH, LLO
3anobiraoTb PO3KOSTOBAHHLO, SIK MOKa3aHO Ha pu-
CYHKy J.4.

b c

b and ¢ — KOHCTpytlOBaHHSA apmatypu
detailing of reinforcement

Figure J.3 — Frame corner with moderate ope-
ning moment (e.g. Ag /bh < 2%)

(2) For large opening moments a diagonal bar and
links to prevent splitting should be considered as
shown in Figure J.4.

<

P

a — CTUCHYTO-PO3TArHyTa Moaenb
strut and tie model

b c

b and ¢ — kOHCTpytOBaHHSA apmaTypu
detailing of reinforcement

PucyHok J.4 — KyT pamu i3 3Ha4HMM BigKpUTUM MOMEHTOM (Hanpuknag, Ag /bh > 2%)
Figure J.4 — Frame corner with large opening moment (e.g. Ag /bh > 2%)
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J.3 KoHconi

(1) KoHcori (a, < z;) MOXHa po3paxoByBaTh 3 Bu-
KOPUCTaHHSIM CTUCHYTO-PO3TArHYTUX MOAenew,
SIK onmcaHo y 6.5 (pucyHok J.5). Haxun ctucHyToro
enemeHTa HeobxigHoO oomexyBsaTu: 1,0 <tan6<2,5.

J.3 Corbels

(1) Corbels (a, < zy) may be designed using strut-
and-tie models as described in 6.5 (see Figure
J.5). The inclination of the strut is limited by 1,0 <
<tanb < 2,5.

PucyHok J.5 — CTUCHYTO-po3TArHyTa Mogenb KOHCOni

Figure J.5 — Corbel strut-and-tie model

(2) Akwo a, < 0,5 h,, HeobxiaHo 3abesneunTy 3a-
MKHYTi FOpM30HTanbHi abo moxmmni XomyTu nno-
weto nepepisy Ag i = Ky Ag main AOAATKOBO [0
OCHOBHOI pO3TArHyTOI apmaTtypu (pUCyHOK J.6a).
MpumiTka. BenuunHa ky 4ns KOHKPETHOT KpaiHU MoXe
BCTAHOBINIOBATUCL Y HaLioHanbHOMYy dogatky. Peko-
MeHAoBaHow € BenunynHa 0,25.

(3) Akwo a, > 0,5 hyi Fgy> Vgy o (AMB. 6.2.2), He-
006xiaHO 3abe3neydnT 3aMKHYTI BepTUKanbHi XO-
MyTN Ag i 2 Ko Fgq /f, 4 AOOATKOBO [0 OCHOBHOI
pO3TArHYTOI apMaTypu (pUCyHOK J.6b).

MpumiTtka. BenuunHa ko onst KOHKPETHOI KpaiHU MOXe

BCTaHOBMIOBATUCL Y HallioHanbHOMY AogdaTky. Peko-
MeHZoBaHo € BenuuuHa 0,5.

(4) OcHoBHa po3TSArHyTa apMaTypa noBuHHa 3a-
aHKepoBYBaTUCb Ha 000X KiHUAX. BoHa noBrHHa
3aaHKepoBYBaTMUCb Y OMOPHOMY €efleMeHTi Ha
OarnbHin rpaHi, a OBXWHY 30HU 3aaHKepyBaHHS
HeobXigHO BIAMIPATU Big po3TallyBaHHSA BepTu-
KanbHOI apMaTypu Ha GnvxkHin rpadi. ApmaTypa
NMOBUHHA 3aaHKEPOBYBATUCh Y KOHCOMI, a JOBXM-
HY 30HU 3aaHKepyBaHHA HEOOXIAHO BIAMIPSTH Bif
BHYTPILUHBOI rpaHi nnacTuHW gns nepefadi Ha-
BaHTaXXEHHS.

(2) If a, < 0,5 h, closed horizontal or inclined links
with Ag ok = K1 Ag main Should be provided in ad-
dition to the main tension reinforcement (see
Figure J.6 (a)).

Note: The value of k; for use in a Country may be found
in its National Annex. The recommended value is 0,25.

() If ag > 0,5 h; and Fg,; > Vg, (see 6.2.2),
closed vertical links Ag | = ky Fgg4 /f,4 should be
provided in addition to the main tension reinforce-
ment (see Figure J.6 (b)).

Note: The value of k;, for use in a Country may be found
in its National Annex. The recommended value is 0,5.

(4) The main tension reinforcement should be
anchored at both ends. It should be anchored in
the supporting element on the far face and the
anchorage length should be measured from the
location of the vertical reinforcement in the near
face. The reinforcement should be anchored in
the corbel and the anchorage length should be
measured from the inner face of the loading plate.
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(5) Akwo icHytoTb cneujianbHi BUMOTM CTOCOBHO
OOMEXEeHHS TPILLMH, edpeKTMBHO 3aCTOCOBYBaTH
noxuni xomytn U-nogibHoi doopmu.

:;As_lnk 2 Aa_rrk‘lll

Asink = K1 As.main
aHKepHi npucTpoi abo netni
anchorage devices or loops

a — apmyBaHH4A npu a. < 0,5 h,
reinforcement for a; < 0,5 h,

(5) If there are special requirements for crack limi-
tation, inclined stirrups at the re-entrant opening
will be effective.

XOMYTH

links

b — apmyBaHHs npu ac > 0,5 hg
reinforcement for a, > 0,5 h.

PucyHok J.6 — KoHCTpytoBaHHA kKOHcOni

Figure J.6 — Corbel detailing

288


arymarenko
Прямоугольник


OOOATOK HA

(noBigkoBun)

MEPENIK HAUIOHATIbHUX CTAHOAPTIB YKPAIHU (OCTY),
IBEHTUYHUX MC, MOCUNAHHA HA 5Kl € B EN 1992-1-1:2004

[Mo3Ha4eHHA CryniHb [MosHaveHHA Ta Ha3Ba HauioHaNbLHOro
€BPOMNENCHKOro cTaHaapTy BigNOBIAHOCTI ctaHgapTy Ykpainu (4CTY)
EN 1990:2002 €Bpokoa; OCTY-H B B.1.2-13:2008 Cuctema HaginHocTi Ta 6e3ne-
OcHoBM NpPoOEKTyBaHHS KOH- IDT Kn y 6yaiBHnuTBi. HactaHoBa. OCHOBM NpPOEKTYBaHHS
CTPYKLIN koHcTpyKuin (EN 1990:2002, IDT)
EN 1997 €spokop 7: AOCTY-H B EN 1997-1:2010 NeoTexHi4YHe NpOeKTyBaHHS
"eoTexHiyHe NpPoeKTyBaHHSA IDT (npoekTyBaHHS OCHOB). 3aranbHi npasuna
(EN 1997-1:2004, IDT)
EN 10080 ApmaTtypa ans AOCTY ENV 10080:2005 Ctanb ans apMmyBaHHSA OeTOHY.
apMyBaHHsi 6ETOHY 3BaptoBaHa pudneHa apmartypHa ctanb B-500. TexHiyHi
IDT YMOBM Ha MOCTa4YaHHA NpyTKiB, MOTKIB i 3BapHOI CiTK/
(ENV 10080:1995, IDT) (3amiHOETLCA Ha
AOCTY EN 10080:2009 3 2012-01-01)
EN 197-1 LlemeHT. Cknag, OCTY b EN 197-1:2008 LlemeHT. YactnHa 1. Cknag,
TEXHIYHi BUMOTK | KpuTepii DT TEeXHiYHi yMOBU Ta KpuTepii BignosigHoCTI Ans 3sBmnyan-

BignoBigHOCTI Ans 3BMYan-
HUX LLEMEHTIB

Hux uemeHTiB (EN 197-1:2000, IDT)
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HauioHanbHun gopgaTtok go EN 1992-1-1
CropiHka 6. 3amiHumu:

"6.8.6 (2)"

Ha

"6.8.6 (3)".

CTopiHka 6. 3amiHumu:

"J.1(3)"

Ha

"J.1(2)"

1 3ATrAlNbHI MONOXEHHA

Y 1.2.2, [HWi HopMaTMBHI NOCUNaHHA. 3amiHUMu:
"EN ISO 17760: JonycTumi MeToam 3BaptoBaHHS
apmartypun"

Ha

"EN ISO 17660 3BaptoBaHHA — 3BaptoBaHHA ap-
MaTypHoi ctani"

3 MATEPIAJIM

Y 1abnuui 3.1, 9-i1 pag, ocTaHHSA KonoHka. 3a-
MiHUMU:

National annex for EN 1992-1-1
Page 6 — replace:

"6.8.6 (2)"

with the following:

"6.8.6 (3)".

Page 6 — replace:

"J.1(3)"

with the following:

"J.1(2)".

1 GENERAL
Under 1.2.2, Other reference standards, replace:

"EN ISO 17760: Permitted welding process for
reinforcement”

with the following:

"EN ISO 17660 (all parts): Welding — Welding of
reinforcing steel"

3 MATERIALS
In Table 3.1, 9th row, last column replace:

"ec1( ) =070 < 28"

Ha

with the following:

"ec1( ) = 0.7 o < 28"

Y 3.1.4 (4). BamiHumu:

In 3.1.4 (4) replace:

"o (o))"

Ha

with the following:

"Onj (OO! t )"

Y 3.1.4 (4). BamiHumu:

"k, — CRiBBIOHOLUIEHHA "HanpyXeHHA-MiLlHICTb'

o fom(to)- .
Ha
k., — cniBBigHOLWEHHS "HaNpyXeHHA-MILHICTb

o, Ify(ty), O€ o, — HanpyeHHa CTUCKY, a fy(t)) —
XapaKkTepucTMyHa MiLHICTb OETOHy..."

Y 3.2.4 (2). BamiHumu y npumimui:
"3HaveHHs (f; /f))i..."

Ha

"3HaveHHs k = (f; /f ), i..."

Y 3.2.5 (2P). SamiHumu y npumimuj
"...3ENISO 17760."

Ha
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In 3.1.4 (4) replace:

"k is the stress-strength ratio o, /7, (ty)..."

with the following:

"k is the stress-strength ratio o /f ,(t,), where o,
is the compressive stress and f,(t) is the charac-
teristic concrete..."

In 3.2.4 (2) replace in the Note:
"Values of (f; /f ), and..."

with the following:

"Values of k = (f;/f ), and..."

In 3.2.5 (2)P replace:

"...with EN ISO 17760."

with the following:
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"...3ENISO 17660."
Y 3.2.7 (2). BamiHumu y nidnyHKmi a):

Vs
Ha

Ts -
Ha pucyHky 3.8. 3amiHumu:

Vs
Ha

Vs

Y 3.3.2 (9). 3amiHumu:
"...BukopuctoByetbed 10.3.2.2."
Ha

"...BukopuctoByetbea 10.3.2.1.".
Ha pucyHky 3.10. 3amiHumu:

Vs
Ha

Ts -

4 [OBrOBIYHICTb TA 3AXUCHUW LLAP
onda APMATYPU

Y 4.4.1.3 (4). BamiHumu:

"MiHIManbHWIA 3aXUCHUI Wwap".

Ha

"HOMiHanNbHWI 3aXUCHWUIA Wap".

5 KOHCTPYKTUBHWI PO3PAXYHOK

Y 5.1.1 3araneHi Bumorn. Budanumu nidnyHKkm
(5) i nepeHymepysamu HacmyrHi nidnyHKmMu:

"(6)P" Ha "(5)P,".
"(7)" Ha "(6) i".
"(8)" Ha "(T7)".

Y 5.2 (5). BamiHumu:

"l — poBxunHa abo Bucota [Mm], (am.. (4)".

7
8

Ha

"l — poBxunHa abo Bucota [m], (ams. (6)".

"...with EN ISO 17660."
In 3.2.7 (2) replace in point a):

Ts
with the following:

Ts -
In Figure 3.8 replace:

Ts
with the following:

s

In 3.3.2 (9) replace
"...10.3.2.2 applies."
with the following:
"...10.3.2.1 applies.".
In Figure 3.10 replace:

Ts
with the following:

Ts -

4 DURABILITY AND COVER TO
REINFORCEMENT

In4.4.1.3 (4) replace:

"minimum cover".

with the following:

"nominal cover".

5 STRUCTURAL ANALYSIS

Under 5.1.1 General requirements delete Clause
(5) and renumber the subsequent clauses as
follows:

"(6)P" into "(5)P,".

"(7)" info "(6) and".

"(8)" into "(7)".

In 5.2 (5) replace:

"l'is the length or height [m], see (4)".
with the following:

"lis the length or height [m], see (6)".
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Biokopuaysamu pucyHok 5.1 a2) HacmyrHUM YUHOM:

a2) po3KpinneHni

Y 5.6.3 (2). BamiHumu:

"Y 30Hax NNacTUYHKUX LIApPHIpiB, X, /d He NOBWH-
Ho..."

Ha

"Y 30Hax NnacTu4HKX LWapHipis, x,, /d He cnia..."
Y 5.8.6 (3). 3amiHumu:

"... HapaHi y 3.1.5, Bupa3au (3.14) i 3.2.3 (pucyHok 3.8)."

Ha
"...HapaHiy 3.1.5, Bupaau (3.14)i 3.2.7 (pucyHok 3.8)."

Y 5.8.6 (3). 3amiHumu e supasi (5.20) ma 8 ripu-
mimuj:

Y 5.8.7.1 (2). 3amiHumu:

"...9IK NOpPiBHAHHSA 3 5.8.6 (2)."
Ha

"...9K NopiBHAHHS 3 5.8.5 (1).".
Y nyHkTi 5.8.7.3 (1). SamiHumu:

"...MOMEHTIB, BU3HAYEHMX NPU MiHINHOMY pO3pa-
XYHKy, TO6TO:"

Ha

"...MOMEHTIB, BU3HAYEHUX NPU MiHINHOMY po3pa-
XYHKY nepLuoro nopsgky, TobTo:".

Y 5.8.8.1 (1). BamiHumu:
"...(amB. Takox 5.8.5 (4))"
Ha
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7_;9,74'_

Correct Figure 5.1 a2) as follows:

N

"%_7

dﬁ I=ly

b}

a2) Braced

In 5.6.3 (2) replace:
"In regions of yield hinges, x,, /d shall not..."

with the following:
"In regions of yield hinges, x, /d should not..."
In 5.8.6 (3) replace:

"...given in 3.1.5 Expression (3.14) and 3.2.3 (Fi-
gure 3.8) ..."

with the following:

"...given in 3.1.5 Expression (3.14) and 3.2.7 (Fi-
gure 3.8) ..."

In 5.8.6 (3) replace in Expression (5.20) and in the
Note:

In 5.8.7.1 (2) replace:

"...as compared with 5.8.6 (2)."
with the following:

"...as compared with 5.8.5 (1).".
In 5.8.7.3 (1) replace:

"...moments resulting from a linear analysis, na-
mely:"

with the following:

"...moments resulting from a first order analysis,
namely:".

In 5.8.8.1(1) replace:
"...(see also 5.8.5 (4))"
with the following:
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"...(amB. Takox 5.8.5 (3))"
Y 5.8.8.2 (2). BamiHumu:

"3MiHHI MOMeHTU nepLuoro nopaaky My, i My, mo-
XKyTb ..."

Ha

"[Ns enemMeHTIB 6€3 NpuknageHux Mix ix KiHusiMu
HaBaHTaXXeHb 3MiHHI MOMEHTM NMEPLUOro NOpPSAKY
Mg i My MOXYTb ...

Y 5.8.9 (3). 3amiHumu:

"...Ta, AKWO BIOHOCHI eKCLeHTpUcuTeTn e, /h i
e, /b (anB. pucyHok 5.7) 3a40BONbHAKTH..."

Ha

"...Ta, SIKLWO BiOHOCHI €KCLLEHTPUCUTETHU ey, /heq i
€, beq (AVB. pyCyHOK 5.8) 3a00BOMbLHSAOTL. ..".

Y 5.10.2.1 (2). SamiHumu:

"...MaKkcumarnbHa cuna HarnpyxeHHs P, Moxe
30inbLyBaTUCh 40 k3-fp071k (Hanpuknag, sKkwo..."

Ha
"...MaKkcumarnbHa cuna HanpyxeHHa P, Moxe
36inbLUyBaTUCh 0 k3-fp0‘1 K 'Ap (Hanpuknag, sKwo..."
Y 5.10.4 (1). BamiHumu y npumimui:

"...(ovB. gogatok D)"

Ha

"...(amB. 10.3.2.1 Ta gpogatok D)".

Y 5.10.5.2 (4). 3amiHumu y npumimuj:

"HPDE"

Ha

"HDPE"

Y 5.10.6 (2). Y supasi (5.46) 3amiHumu:

"

Ha

"

Y 5.10.6 (2). SamiHumu:

"Ep — MOAyIb NPYXHOCTI HanpyXeHoi apmaTypu,
anmB 3.3.3(9)"

Ha

"Ep — MOAyIb NMPYXHOCTI HanpyXeHoi apmaTypu,
ave 3.3.6 (2)"

6 MPAHWYHI CTAHM (ULS)

Y 6.1 (5). BamiHumu:

"...cumeTpudHoro (e/h < 0,1), Takux..."
Ha

"...cumeTpuyHoro (e4/h < 0,1), Takux..."

"...(see also 5.8.5 (3))"
In 5.8.8.2 (2) replace:

"Differing first order end moments My, and My,
may be..."

with the following:

"For members without loads applied between
their ends, differing first order end moments M,
and My, may..."

In 5.8.9 (3) replace:

"...and if the relative eccentricities e, /h and e, /b
(see Figure 5.7) satisfy..."

with the following:

"...and if the relative eccentricities e, /h,, and
e, /beq (see Figure 5.8) satisfy...".

In 5.10.2.1 (2) replace:

"...the maximum prestressing force P, ,, may be
increased to ks-fyg 44 (e.g. for..."

with the following:

"...the maximum prestressing force P, ,, may be

increased to k3-fg 44 A, (€.9. for..."
In 5.10.4 (1) replace in the Note:
"...(see Annex D)"

with the following:

"...(see 10.3.2.1 and Annex D)".

In 5.10.5.2 (4) replace in the Note:
"HPDE"

with the following:

"HDPE"

In 5.10.6 (2) in Expression (5.46) replace:
"

with the following:

"

In 5.10.6 (2) replace:

"E, is the modulus of elasticity for the prestressing
steel, see 3.3.3 (9)"

with the following:

"E, is the modulus of elasticity for the prestressing
steel, see 3.3.6 (2)"

6 ULTIMATE LIMIT STATES (ULS)

In 6.1 (5) replace:

"...concentric loading (e/h < 0,1), such..."
with the following:

"...concentric loading (e, /h < 0,1), such..."
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Y 6.2.1 (5). BamiHumu:
"...(amB. Bupas (6.8)) ".
Ha

"...(auB. Bupas3 (6.1)) ".
Y 6.2.2 (1). 3amiHumu:

"Ng4 — OCbOBa... Npu CTUCKY). Bnnmeom npukna-
AeHux aedopmadii Ha Ng MoXHa 3HexTyeaTn".

Ha

"Ngy—OCbOBa...Npu CTUCKY. Bnnnesom npuknage-
HUX aedopmadin Ha Ngy MOXHa 3HexTyBaTmn".

Y 6.2.3 (1). BamiHumu:

"...MO3A0BXHE 3yCUNIIS PO3TAry BHACMIQOK 3CyBY,
BU3HayeHoro y (3)."

Ha

"...MO3A0BXHE 3yCUNIIS PO3TAry BHACMIQOK 3CyBY,
BM3Ha4veHoro y (7) ".

Y 6.2.3 (5). BamiHumu:

"...(Hanpuknag, npu pPiBHOMIPHO PO3MOAiNeHoOMy
HaBaHTaXeHHi), nonepeyHa apmaTtypa byab-sKo-
ro KpoKy no JoBxuHi I = z(cotd + cota), moxe ..."

Ha

"...(Hanpuknag, npu piBHOPO3MNoAiNneHoOMy HaBaH-
TaXKeHHi), monepeyHa apmatypa 6yab-sIKOro Kpo-
Ky no goBXuHi | = z(cotB), moxe ..."

Y 6.2.3 (6). 3amiHumu:
"AKLLO y CTiHLi 3HaX0A4ATbCS 3anoBHEHi kaHanu..."
Ha

"AKLLO Y CTiHUI 3HaxoaATbCs 3anoBHEHI MeTanesi
kaHanu..."

Y 6.2.3 (8). SamiHumu:

"BenunuunHa Vg4 obuncneHa 6e3 3HMKeHHs Yepes
[3, BCe 0QHO NOBMHHA 3a40BOMBbHATN YMOBY (6.5)".

Ha

" BenununHa Vg, obuncneHa 6e3 sHmKeHHs Yepes
[, BCE O4HO NOBMHHA 3a4,0BOSIbLHATM YMOBY (6.9)".

BamiHumu Ha3gy nyHKkmy 6.2.4

"6.2.4 3cyB MiX CTiHKOW i nonkamu "T"-nogibHumx
nepepisis"

Ha

"6.2.4 3cyB MiX CTiHKOM i nonuuamm”

Y 6.2.5 (2). BamiHumu:

"...Hanpuvknag;
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In 6.2.1 (5) replace:
"...(see Expression (6.8)) ".
with the following:

"...(see Expression (6.1)) ".
In 6.2.2 (1) replace:

"Ng4 is the axial... for compression). The influ-
ence of imposed deformations on Ng may be ig-
nored".

with the following:

"Ng4 is the axial... for compression). The influ-
ence of imposed deformations on Ng, may be
ignored".

In 6.2.3 (1) replace:

"...the longitudinal tensile force due to shear
defined in (3)."

with the following:

"...the longitudinal tensile force due to shear
defined in (7)".

In 6.2.3 (5) replace:

"...(e.g. for uniformly distributed loading) the
shear reinforcement in any length increment | =
= z(cot6 + cota) may be..."

with the following:

"...(e.g. for uniformly distributed loading) the
shear reinforcement in any length increment [ =
= z(cot0) may be..."

In 6.2.3 (6) replace:

"Where the web contains grouted ducts..."

with the following:

"Where the web contains grouted metal ducts..."

In 6.2.3 (8) replace:

"The value Vg, calculated without reduction by j,
should however always satisfy Expression (6.5)".

with the following:

"The value Vg, calculated without reduction by f,
should however always satisfy Expression (6.9)".

Replace the title of paragraph 6.2.4

"6.2.4 Shear between web and flanges of T-sec-
tions".

with the following:

"6.2.4 Shear between web and flanges".

In 6.2.5 (2) replace:

"...following examples:
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— [yxe rnagka — Le NoBepxHSa Npu yKnagaHHi
OeToHy Ha cTanbHy, nnactukoBy abo cne-
UianbHO MigroToBreHy AepeB'sHy onanyoky:
c=0,25,ip=05

— [rnapka — noBepxHi copmoBaHi "koB3ako4o"
onany6koto abo BUOABMNIOBAHHSIM, @ TaKOX MNicns
BiOpauii, 6e3 noganbLoi 06pobku: ¢ = 0,35, i
u=0,6

— LLOPCTKa — NMOBEPXHS 3 HEPIBHOCTAMMU, LLIOHAN-
MEHLUMM nepenagom 3 MM i KpOKOM Bn3bKo
40 mm, dka gocsraeTbcs 3rpibaHHSM 3anoB-
HoBayiB abo iHWMMKN MeToAaMu, siKi HagalTb
noaibHu xapaktep noeepxHi: ¢ = 0,45, 1 =0,7"

Ha

...Hanpuknaga:

— [yxe rnagka — Lie NoBepxHSa Npu yKnagaHHi
OeToHy Ha cTaneBy, nnacTukoBy abo cne-
LianbHO nigroToBneHy gepe.'sHy onanybky:
c=0,025000,10i n=0,5

— [nagka — noBepxHi copMOBaHi "KOB3HOK"
onanybkoo abo BMAABMIOBAHHAM, a TaKoX
nicna Bibpauii, 6e3 noganbwoi 006pobku:
c¢=0,20, 1 =0,6

— LopcTka — NoBEPXHS 3 HEPIBHOCTSAMU, LLIOHAW-
MEHLINM nepenagom 3 MM i KpOKOM Onmn3bko
40 MM, sika pgocsaraetbes 3rpibaHHAM 3anoB-
HioBadiB abo iHWMMN MeTodaMu, siKi HagalTb
nodibHoro xapakTtepy noeepxHi: ¢ = 0,40,
p=0,7"

Y nyHkTi 6.3.2 (4). SamiHumu:

"ne v — otpumyemo 3 6.2.2 (6), a o, — i3 Bupasy
(6.9)"

Ha

"ne v — otpumyemo 3 6.2.2 (6), a o, — i3 BUpasy
(6.9)"

— Very smooth: a surface cast against steel,
plastic or specially prepared wooden moulds:
c=0,25andn=0,5

— Smooth: a slipformed or extruded surface, or a
free surface left without further treatment after
vibration: ¢ = 0,35 and n = 0,6

— Rough: a surface with at least 3 mm roughness
at about 40 mm spacing, achieved by raking,
exposing of aggregate or other methods giving
an equivalent behaviour: ¢ = 0,45, u =0,7"

with the following:

...following examples:

— Very smooth: a surface cast against steel,
plastic or specially prepared wooden moulds:
c=0,025t0 0,10 and n=10,5

— Smooth: a slipformed or extruded surface, or a
free surface left without further treatment after
vibration: ¢ = 0,20 and n = 0,6

— Rough: a surface with at least 3 mm roughness
at about 40 mm spacing, achieved by raking,
exposing of aggregate or other methods giving
an equivalent behaviour: ¢ = 0,40, p =0,7".

In 6.3.2 (4) replace:

"where v follows from 6.2.2 (6) and o, from Exp-
ression (6.9) "

with the following:

"where v follows from 6.2.2 (6) and a.,, from Exp-
ression (6.9) "
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Y nyHkTi 6.4.2 (11). Bunpasumu pucyHok 6.18:

Tcont,ext

-

In 6.4.2 (11) correct Figure 6.18 as follows:

Feontext

rcont,int rcunt,l'nl

d 67~ o
Jr f dH \‘\“'«
hy a - )

T, LN d
hy

- OCHOBHI KOHTPOJIBHI

nepepisu A KpyTiaoi

KOJIOHH
\ - basic control sections
I, >2hy for circular columns

E - IU10IIa HABAHTAKEHHA

A load
- loaded area A

PucyHok 6.18 — INnuta npw 36inbLUeHIn KaniTeni KonoHu Iy > 2(d + hy)"
Figure 6.18 — Slab with enlarged column head where Iy > 2(d + hy)"

Y 6.4.3 (2). BamiHumu:

Ved < VRdmax
Ha

"Ved < VR max'
i

"VEg < VRac'

Ha

"Ved < VRac'

Y 6.4.3 (3). BamiHumu pieHsHHS (6.40):
ty

Wi = |[le|ar
0

Ha
ty

W = [fe|ar
0

Y 6.4.3 (3). licns pieHAHHS (6.42) 3amMiHUMU:
"ne D — piameTp Kpyrnoi KonoHn"

Ha

"ne D — giameTp Kpyrnoi KOfoHW, € — eKCLLEHTPUCK-
TEeT NPUKINafeHoro HaBaHTaxkeHHs e = Mg, /Vgy".
Y 6.4.3 (4). Nicns pieHsHHS (6.45) 3amiHUMU:

"...eKCUEeHTpUCUTET € NOBMHEH BigpaxoByBaTUCh
BiZl LEHTpa Baru KOHTPOJbHOro NnepumeTpa.”

Ha

"...BigCcTaHb e noBunHHa B6yTW BUMipsiHa Big LEHT-
panbHOT OCi KOHTPOMNBLHOro NepumeTpa.”.
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In 6.4.3 (2) replace:

"VEd < VRamax
with the following:

"Veg < VRamax'

and

"Veg < VRac'

with the following:

"Veg < Ry

In 6.4.3 (3) replace Equation (6.40):

ty
Wi = [fe|ar
0
with the following:
u.
W, - [l
0

In 6.4.3 (3) replace after Equation (6.42):
"where D is the diameter of the circular column"
with the following:

"where D is the diameter of the circular column e is
the eccentricity of the applied load e = Mg, /Vg,".

In 6.4.3 (4) replace after Equation (6.45):

"... the eccentricity e should be measured from
the centroid of the control perimeter."

with the following:

"... the distance e should be measured from the
centroid axis of the control perimeter.".
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Y 6.4.4 (2). Y pigHsAHHI (6.50) 3amiHumu:

p
Ha

P -
Y 6.5.4 (6). BamiHumu:

"...1 (3.25) NpU SRy max < K4Vfog, SKWLO pO3MOAIN
HaBaHTaXXEHHS BiJOMUIM ANS BCiX TPbOX HaNpsiM-
KiB..."

Ha

"...i (3.25) BEPXHBLOI MEXEK ORymax < KaVisy,
SKLO PO3MOAin HaBaHTaXXEeHHS BiAOMUI NSl BCiX
TPbOX HaMNPAMKIB...".

Y 6.5.4 (9). BamiHumu:
"..3ripH038.4."

Ha

"...3rigHo 3 8.3.".

Y 6.8.5 (3). Y eupasi (6.71) 3amiHumu:

" n
s fat
Ha

"'YS, fat" .
Y 6.8.6(1). 3amiHumu:

"[lNs1 3BaptOBaHNX apMaTypPHUX CTPWXKHIB ... Npu
MOBTOPIOBAHOMY HABAHTAXEHHi Y CMOMy4YeHHi 3
OCHOBHOHO..."

Ha

"[0ns 3BapoBaHUX apMaTypHUX CTPUXKHIB ... Npu
NMOBTOPIOBAHOMY LIMKMAIYHOMY HaBaHTaXXeHHi Yy
CMOMyY€eHHi 3 OCHOBHOLO...".

Y 6.8.6(2). SamiHumu:

"...nepeBipka MOXe BWKOHYBaTUCb i3 BUKOpUC-
TaHHAM 4acTO MOBTOPIOBAHOIO CMOJTyYEHHSA Ha-
BaHTaXeHb...".

Ha

"...nepeBipka MOXe BWKOHYBaTUCb i3 BUKOpWUC-
Ta@HHSM 4acTO MOBTOPKOBAHOINO CMOMyYEHHHA Ha-
BaHTaXeHb...".

7 TPAHWYHI CTAHU 3A NMPUOATHICTIO OO
EKCNNYATALII (SLS)

Y 7.2 (5). BamiHumu:

"...HENPUIHATHE YTBOPEHHS TPILLMH abo gedop-
MyBaHHs..."

Ha

"...NPOSIBNEHHS HENPUNHATHOIO YTBOPEHHS TPILLWH
abo gedopmyBaHHs...".

In 6.4.4 (2) replace in Equation (6.50):

p
with the following:

P -
In 6.5.4 (6) replace:

"...and (3.25) with 6gy max < K4V, if for all three
directions..."

with the following:

"...and (3.25) with an upper limit 6gy nax < KgVicy,
if for all three directions...".

In 6.5.4 (9) replace:

"...in accordance with 8.4."

with the following:

"...in accordance with 8.3."

In 6.8.5 (3) replace in Expression (6.71):

"’Ys, fat"
with the following:

"'Ysyfat"-
In 6.8.6 (1) replace:

"For welded reinforcing bars ...
load combined with the basic..."

under frequent

with the following:

"For welded reinforcing bars ... under frequent
cyclic load combined with the basic...".

In 6.8.6 (2) replace:

"...above verification may be carried out using the
Frequent load..."

with the following:

"...above verification may be carried out using the
frequent load...".

7 SERVICEABILITY LIMIT STATES (SLS)

In 7.2 (5) replace:
"Unacceptable cracking or deformation..."

with the following:

"For the appearance unacceptable cracking or
deformation...".
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Y 7.3.1 (5). BamiHumu:

"MoBUHHO BCTAHOBMIOBATUCL OOMEXEHHS 064MC-
NEHOT LUMPUHN PO3KPUTTA TPILLMNH, W, oy, 3 YPAXY-
BaHHAM..."

Ha

"loBMHHA BCTAHOBMNIOBATUCb BenNUYMHA OOMe-

KEHHSA W, OBYUCNEHOT LUMPUHW  PO3KPUTTSA

TPILLMH W) 3 ypaxyBaHHAM...".
Y 7.3.1(5). Y npumimui 1 mabnuui 7.1N 3amiHumu:

"...IX 0OBMexXeHHs BCTaHOBMIOETLCH AN rapaHTy-
BaHHS NPUNHATHOrO BUMMAAY. FAKLWO YMOBMK 30B-
HILLHBLOro BUIMSAY BiACYTHI..."

Ha

"...IX 0BMEeXeHHS BCTAHOBIMIOETLCA OIS rapaHTy-
BaHHSA, sIK IpaBuio, NPUAHATHOIO BUrNagy. AKLWo
YMOBM 30BHILLHBLOrO BUrNA4Y BiACYTH..."

Y 7.3.3(2). Y npumimui 1 mabnuyi 7.2N 3amiHumu:
"...h,=05;(h-d)=.."

Ha

"...h,=0,5h;(h-d) =.."

Y 7.3.3(2). Y npumimui 1 mabnuui 7.2N 3amiHUmu:
".k'=1,0"

Ha

"...ky=1,0"

Y 7.3.3 (3). Baminumu:

"...abo npwv BignoBigHOMY cnpoLueHHi (aus. 7.3.3
(2)), npunyckato4m YncTum posTsr..."

Ha

"...ab0 npu BiANOBIAHOMY CMPOLLEHHI, AOMyCKato-
4 YucTum postar..."

Y 7.3.3 (5). Baminumu:

"...MpaBufa KOHCTPYIOBaHHA, HagaHi y 9.2.2,
9.2.3,9.3.2i9.4.4.3."

Ha

"...MpaBuna KOHCTPYIOBaHHSA, HagaHi y 9.2.2,
9.2.3,9.3.2i9.4.3.".

Y 7.3.4 (3). BamiHumu pigHsAHHS (7.13):
'ky =(e1+e2)/2e4"

Ha

"ky = (81 +52) / (281)".

Y 7.4.2 (2). 3amiHumu:

"pg — AOBIOKOBUN
= Jf 1073

MPOLEHT  apMyBaHHS

Ha
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In 7.3.1 (5) replace:

"A limiting calculated crack width, w,,
into account..."

taking

ax’

with the following:

"A limiting value, w,,,,, for the calculated crack

width, w, taking into account...".

In 7.3.1 (5) in Note 1 of Table 7.1N replace:

"...this limit is set to guarantee acceptable appea-
rance. In the absence..."

with the following:

"...this limit is set to give generally acceptable
appearance. In the absence..."

In 7.3.3 (2) in Note 1 of Table 7.2N replace:
"...h,=05;(h-d)=.."

with the following:

"...h,=0,5h;(h-d) =.."

In 7.3.3 (2) in Note 1 of Table 7.2N replace:
".k'=1,0"

with the following:

"...ky=1,0"

In 7.3.3 (3) replace:

"...or a suitable simplification (see 7.3.3 (2)) assu-
ming pure tension..."

with the following:

"...or a suitable simplification assuming pure ten-
sion..."

In 7.3.3 (5) replace:

"...detailing rules given in 9.2.2, 9.2.3, 9.3.2 and
9.4.4.3 are observed".

with the following:

"...detailing rules given in 9.2.2, 9.2.3, 9.3.2 and
9.4.3 are observed.".

In 7.3.4 (3) replace Equation (7.13):

'ky =(e1+e2)/2e4"

with the following:

ko =(eq1+e2)/(281)"

In 7.4.2 (2) replace:

"pg is the reference reinforcement ratio
= Jf 1073

with the following:
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"po — [OOBIOKOBUN
=103 Jfyc".
Y 7.4.3 (5). Baminumu:

"¢(0, ty) — KOediLieHT NoB3y4OCTi, WO BiAnoBigae
HaBaHTaXeHHIo i iHTepBany 4acy (gus. 3.1.3) "

NPOLIEHT  apMyBaHHS

Ha

"¢(0, ty) — KOediLieHT NoB3y4OoCTi, WO BiAnosigae
HaBaHTaXeHHIO i iHTepBany vacy (aus. 3.1.4)".

8 OCHOBHI NPABUJIA KOHCTPYIOBAHHA
3BMYAMHOI | MONEPEAHLO HAMPYXXEHOI
APMATYPU

Y 8.3 (2). Y npumimyi mabnuui 8.1N 3amiHumu:
"...3rigHo 3 prEN ISO 17660, gogaTok B"

Ha

"...3rigpHo 3 EN ISO 17660 popaTtok B".

Y 8.4.1 (2). Bidkopueysamu pucyHok 8.1 a) Hac-
MYMHUM YUHOM:

"pp is the reference reinforcement ratio
=103 /f".
In 7.4.3 (5) replace:

"o(, ty) is the creep coefficient relevant for the
load and time interval (see 3.1.3) "

with the following:
"¢(0, ty) is the creep coefficient relevant for the
load and time interval (see 3.1.4)".

8 DETAILING OF REINFORCEMENT AND
PRESTRESSING TENDONS - GENERAL

In 8.3 (2) in the Note of Table 8.1N replace:
"...in accordance with prEN ISO 17660 Annex B"
with the following:

"...in accordance with EN ISO 17660 Annex B".
In 8.4.1 (2) correct figure 8.1 a) as follows:

4

1

a — OCHOBHa [J0BXWHa aHKkepyBaHHS Iy, Ans 6yab-Akoi hhopmMu BOOBX OCi
a — Basic tension anchorage length, I, for any shape measured along the centerline

Y 8.4.3 (3). BamiHumu:

.. OCHOBHa [0OBXWHa aHKepyBaHHA [, i po3spa-
XyHkoBa..."
Ha

. OCHOBHa HeobXxigHa [oBXMHA aHKepyBaHHS
H LU
Ip,rqd | PO3PAXyHKOBA. ..

Y 8.4.4 (1). Y pigHsAHHI (8.6) 3amiHUMU:
"Iy min > max{0,3lb’rqd; 104 ; 100 MM}"
Ha

"Ip,min = Max{0,31p rqq;106;100 MMm}".
Y 8.4.4 (1). Y pigHsAHHI (8.7) 3amiHUmu:
"I min > max{0,61b‘,qd; 104 ; 100 MM}"
Ha

"Ip,min = Max{0,61p rqq;106;100 MM}".

In 8.4.3 (3) replace:

"...the basic anchorage length, /,, and the de-
sign..."

with the following:

"...the basic required anchorage length, /;, ., and
the design...".

In 8.4.4 (1) in Equation (8.6) replace:
"Iy min > max{0,3lb,rqd; 104 ; 100 mm}"
with the following:

"Ip, min 2 Max{0,31 rqy; 109 ;100 mm}"
In 8.4.4 (1) in Equation (8.7) replace:
"lp, min > Max{0,61, ry; 109 ;100 mmj".
with the following:

"Ip,min = Max{0,61p rqq; 100 ;100 mm}".
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Y 8.6 (5). SamiHumu:

"FAKLL0 3aCTOCOBYIOTHCA ABa 3BapPEHi CTPUXKHI, LLIO
nepecikalTbCsA 3 MiHIManbHUM KPOKOM ¢, [JOBXU-
Ha 30HW aHKepyBaHHA BM3Ha4eHa 3a..."

Ha

"FAKLL0 3aCTOCOBYIOTHCA ABa 3BAPEHi CTPUXKHI, LLIO
rnepecikalTbCsA 3 MiHiManbHUM KPOKOM ¢;, Hecy4a
3[aTHICTb 3aHKepyBaHHS BU3Ha4eHa 3a..."

Y 8.7.3 (1). Y pigHsHHI (8.11) 3amiHumu:

"lo,min > Max{0,3ct glp rqq ; 15; 200 MM }"

Ha

"lo,min > Max{0,30 glp, rqq; 15¢; 200 Mm }"

Y 8.7.4.1 (3). 3amiHumu:

"AKLL0 AiaMeTp ¢ CTPUXKHIB Y HAMYCK GiNbLUWIA HiX,
abo pisHun 20 MM, TO 3aranbHa nnoLla nonepey-

HOT apmaTypu NoBMHHA CTaHOBUTU Ay (Cyma BCix
XOMYTIB ..."

Ha
"AKLWO giameTp ¢ CTPUKHIB y Hanyck 6inbLumin abo
popiBHoe 20 MM, TO 3aranbHa nowia nonepey-

HOI apmaTtypu MNoBMHHA CTaHOBUTM XA (cyma
BCiX XOMYTiB ...".

Y 8.8 (4). BamiHumu:
"...abo AKLO HanpyxeHHs He nepesuLLyoTb 80% ..."
Ha

"...abo0 AKLO0 HanpyXeHHs B apMaTypi He NepeBu-
wytoTb 80 % ...".

Y 8.9.2 (2). Bidkopueysamu pucyHok 8.12:

21 >1,3 "'b,rqd

| b,rqd| =

In 8.6 (5) replace:

"If two welded cross bars with a minimum spacing
of ¢; are used, the anchorage length given by..."

with the following:

"If two welded cross bars with a minimum spacing
of ¢, are used, the anchorage capacity given
by...".

In 8.7.3 (1) in Equation (8.11) replace:

"I, min > Max{0,30t glp rqq ; 15¢; 200 mm}"

with the following:

"lg,min > Max{0,30 glp, rqq; 15¢; 200 mm}"

In 8.7.4.1 (3) replace:

"Where the diameter, ¢, of the lapped bars is
greater than or equal to 20 mm, the transverse
reinforcement should have a total area, Ay (sum
of all legs..."

with the following:

"Where the diameter, ¢, of the lapped bars is
greater than or equal to 20 mm, the transverse
reinforcement should have a total area, A (sum
of all legs...".

In 8.8 (4) replace:
"...or where the stress is not greater than 80% .."
with the following:

"...or where the reinforcement stress is not
greater than 80 % ...".

In 8.9.2 (2) correct Figure 8.12 as follows:

A

PucyHok 8.12 — AHkepyBaHHS 3MilLleHUX 3 iHTepBanaMy CTPUXHIB Y My4Ky

Figure 8.12 — Anchorage of widely staggered bars in a bundle

Y 8.10.2.2 (1). 3amiHumu:
"f14(f) — PO3paxyHKOBa BeNM4MHa MiLHOCTI Ha PO3-

TAT Y MOMEHT BianyCKaHHSA: f,(f) = o 0,7 Fo (v,
(amB. Takox 3.1.2 (8) i 3.1.6 (2)P)"

Ha

"f,(t) — pO3paxyHKoBa Benmn4Ha MiLlHOCTi Ha po3-
TAT Y MOMEHT BianycKaHHs: fy(f) = o,y 0,7 Fo (v
(amB. Takox 3.1.2 (9) i 3.1.6 (2)P)".

302

In 8.10.2.2 (1) replace:

"f,(t) is the design tensile value of strength at
time of release; f4(f) = o 0,7 f,(1)v, (see also
3.1.2(8)and 3.1.6 (2)P)"

with the following:

"f.4(f) is the design tensile value of strength at

time of release; f,(f) = a 0,7f,,(D)/yc (see also
3.1.2(9) and 3.1.6 (2)P)".
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Y 8.10.2.2 (4). 3amiHumu:

"...OuB. pycyHok 8.17:"

Ha

"OuB. pucyHok 8.16:"

BamiHumu Ha3gy 3azornoeka 8.10.2.3
"AHKepyBaHHs1 3yCuUrb PO3TAry Npu rpaHN4yHoOMy
cTaHi I-i rpynun”

Ha

"AHKepyBaHHs1 apMaTypu Npu rpaHNYHOMY CTaHi |
rpynun"

Y 8.10.2.3 (1). SamiHumu:

"...BNNMB 3cyBY 3rigHo 3 6.2.3 (6); AnB. Takox..."

Ha
"BMnMB 3CyBY 3riaHo 3 6.2.3 (7); OuB. TakoxX...".

9 KOHCTPYIOBAHHA ENEMEHTIB |
OCOBJIBI MPABUIA

Y 9.2.1.4 (1). BamiHumu:

"Tnowa HWXHBLOI apmaTtypu, BCTAHOBMEHOI Ha
onopax, NPUNMaeTbCa y PO3pPaxyHKy 3 He3Hau-
HUM ..."

Ha

"MMnowa HWKHBOI apmaTypu, BCTAHOBMEHOI Ha
KpavHiX ornopax, NPUAMaETbCs Yy PO3PaxyHKy 3
He3HayHUM..."

Y 9.2.1.4 (2). 3amiHumu:

"3ycunnsa posTary, ski NOBUHHI 3aaHKeproBaTUCK,
MOXHa B13Ha4aT 3rigHo 3 6.2.3 (6) (enemeHTn ..."

Ha

"3ycunnga posTdary, siki NOBUHHI 3aaHKepoBYyBa-
TMCb, MOXHa BM3Ha4aTu 3rigHo 3 6.2.3 (7) (ene-
MeHTH ..."

Y 9.2.1.4 (2). BamiHumu pieHsiHHSA (9.3):
"FE —‘VEd‘-a1 /Z+NEd"

Ha

"FEd —‘VEd‘~a1 /Z+NEd".

Y 9.8.2.1 (1). BamiHumu:

"...MOX€ 3acCTOCOBYBaTUCb pPO3pPaxyHKoBa MO-
Oenb, nokasaHa y 9.8.2.1."

Ha

"...MOX€ 3acCTOCOBYBaTUCb pPO3pPaxyHKOBa MO-
Jenb, nokasaHa y 9.8.2.2.".

In 8.10.2.2 (4) replace:
"...see Figure 8.17:"

with the following:

"...see Figure 8.16:".
Replace the title of 8.10.2.3

"Anchorage of tensile force for the ultimate limit
state"

with the following:
"Anchorage of tendons for the ultimate limit state".

In 8.10.2.3(1) replace:

"...the effect of shear according to 6.2.3 (6); see
also..."

with the following:

"...the effect of shear according to 6.2.3 (7); see
also...".

9 DETAILING OF MEMBERS AND
PARTICULAR RULES

In9.2.1.4 (1) replace:

"The area of bottom reinforcement provided at
supports with little..."

with the following:

"The area of bottom reinforcement provided at
end supports with little...".

In 9.2.1.4 (2) replace:

"The tensile force to be anchored may be deter-
mined according to 6.2.3 (6) (members..."

with the following:

"The tensile force to be anchored may be deter-
mined according to 6.2.3 (7) (members...".

In 9.2.1.4 (2) replace Equation (9.3):
"FE —‘VEd‘-a1 /Z+NEd"

with the following:

"FEd —‘VEd‘-a1 /Z+NEd".

In9.8.2.1 (1) replace:

"...the design model shown in 9.8.2.1 may be
used."

with the following:

"...the design model shown in 9.8.2.2 may be
used.".
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Y 9.8.5 (3). Baminumu:

"BypoHabuBHI nani giametpom, WO He nepeBu-
Lye hy NOBMHHI 3abe3nevyBaTnCb MiHiMarnbHOO
MO370BXHBEOI apMaTypOLO NIOLet Ag omin--"
Ha

"BypoHabuBHi nani noBuWHHI 3abe3nevyyBaTuCb
MiHIManbHOIO MO3J0BXHbBOK apMaTyporo Mso-
Leto AS’bpmin BiAHOCHO MJIOLLi MOMEepPeYHoro ne-
pepisy nani A..

Mpumitka. BenuumHu A ppmin | BIANOBIAHI A; ANSA 3a-
CTOCYBaHHS Y KOHKPETHI KpaiHi MOXYTb BKa3yBaTUCb
y HauioHanbHoMy fofaTky. PekomeHaoBaHi BeNMYMHM
HaBegeHo y Tabnuui 9.6N. Lia apmaTypa noBrHHa pos-
noAinATUChL BOOBX NepumeTpa nepepisy.".

Y 9.10.2.2 (2). SamiHumu pigHsIHHS (9.15):
"Fie.per =1i *q1<q2"

Ha

"Ftie,per =l -q12 Q"

Y 9.10.2.2 (2). SamiHumu y npumimuj:

llq2
Ha
"QZH.

Y 9.10.2.3 (4). 3amiHumu pieHsIHHs (9.16):
"Frie =(11+12)/2:93 < q4"

Ha

"Fie =q3-(11+12)/22q4"

10 AOOATKOBI NMPABUNA ANnA 36IPHUX
3ANIBOBETOHHUX EJNIEMEHTIB |
KOHCTPYKLUIN

Y 10.3.1.1(3). 3aminumu:

"...f,n(t), MOXe ouiHOBaTMCL 3a BUpasom (3.3), ¥
saKkomy..."

Ha

"...f,(t), MOXe ouiHOBaTMCL 3a BUpasom (3.1), y
saKkomy...".

Y 10.3.2. lNonepedHbO HanpyxeHa apmartypa.
Bunpasumu Hymepauito 3a2ornoeka:

"10.3.2.2 TexHONOriYHi XapaKTepUCTMKM mnone-
peaHbO HanpyxeHoi apmartypu..."

Ha

"...10.3.2.1 TexHOnori4YHi xapakTepucTukn none-
peaHbO HanpyxeHoi apmartypu..."

¥ 10.5.2 (1). 3amiHumu:

"0 — KOeMILIEHT MiHINHOro TemnepaTypHOro pos-
LMpeHHs 6eTony (aus. 3.1.2)"
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In 9.8.5 (3) replace:

"Bored piles with diameters not exceeding h;
should be provided with a minimum longitudinal
reinforcement area Ag p;min."

with the following:

"Bored piles should be provided with a minimum
longitudinal reinforcement A related to pile
cross section A..

s,bpmin

NOTE The values of Aspemin and the associated A for
use in a country may be found in its national annex.
The recommended values are given in Table 9.6N.
This reinforcement should be distributed along the
periphery of the section.".

In 9.10.2.2 (2) replace Equation (9.15):
"Fie,per =1i *q1<q2"

with the following:

"Ftie,per =l -q12 Q"

In 9.10.2.2 (2) replace in the Note:

llq2
with the following:

llell.

In 9.10.2.3 (4) replace Equation (9.16):
"Fie =(11+12)/2-93 < q4"

with the following:

"Fie =q3-(11+12)/22q4"

10 ADDITIONAL RULES FOR PRECAST
CONCRETE ELEMENTS AND
STRUCTURES

In 10.3.1.1 (3) replace:

"...f.,(t), may be estimated from Expression (3.3)
in which..."

with the following:

"...f,,(t), may be estimated from Expression (3.1)
in which...".

Under 10.3.2 Prestressing Steel correct the num-
bering of heading:

"10.3.2.2 Technological properties of prestres-
sing steel"

with the following:

"10.3.2.1 Technological properties of prestres-
sing steel".

In 10.5.2 (1) replace:

"o is the linear coefficient of thermal expansion
for concrete (see 3.1.2)"
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Ha
"0 — KOeMILIEHT MiHINHOro TemnepaTypHOro pos-
wmnpeHHsa 6eTony (aus. 3.1.3 (5))".

Y 10.9.6.2 (2). BamiHumu:

"...JOBXMHY Hanycky, 3rigHo 3 8.6, HeobxigHo
36inbwysatu..."

Ha

"...JOBXMHY Hanycky 3rigHo 3 8.7 HeobXxigHo
30inbwysatu...".

11 KOHCTPYKUIi 3 BETOHY HA NEMKNX
3AMNOBHIOBAYAX

Y 11.3.1 (1P). 3amiHumu:
"Y EN 206-1 nerkun 6eToH knacudikyetbes ..."
Ha

"Y EN 206-1 6eToH Ha nerkux 3anoBHBa4vax
KnacugikyeTtbca...".

Y tabnuui 11.3.1, 12-1 paaok oCTaHHbOT KONOHKN.
SamiHumu:

"E tou2u| > Erc2l

Ha

"elou2| > Erc2|"

Y 11.3.5 (1)P. SamiHumu (y deox micusix):

Te

Ha

"1c" (Benuka byksa "C").

Y 11.3.5 (1)P. 3amiHumu:

"ne v, — KoeiljieHT HadiHOCTI Ana 6eToHy, AMB.
2414, a."

Ha

"ne vy — KoeilieHT HaainHocTi ans 6eToHy, avB.
2424, a...".

Y 11.3.5 (2P) 3amiHnTh (y ABOX Micusax):

Ye

Ha

"rc" (Benuka "C").

Y 11.5.1. 3amiHumu y npumimui:

"[inst nerkoro 6eTOHY BENUYMHY 6, sk MOKasa-
HO Ha pucyHKy 5.6N, cnif NOMHOXWUTM Ha Koe-
DILEHT €150, /€00y

Ha

"[insi nerkoro 6eToHy BENUUNHY 6, 4, ik NokasaHo
Ha pUCYHKy 5.6N, crnig NOMHOXUTU Ha KoedilieHT

slcu2/ Cou2- -

with the following:

"o is the linear coefficient of thermal expansion
for concrete (see 3.1.3 (5))".

In 10.9.6.2 (2) replace:

"...The lap length according to 8.6 should be inc-
reased..."

with the following:

"...The lap length according to 8.7 should be
increased...".

11 LIGHTWEIGHT AGGREGATE CONCRETE
STRUCTURES

In 11.3.1 (1P) replace:
"In EN 206-1 lightweight aggregate is classified..."
with the following:

"In EN 206-1 lightweight aggregate concrete is
classified...".

In Table 11.3.1, 12th row, last column replace:

"E tou2u| > Erc2l

with the following:

"elou2| > Ero2/"

In 11.3.5 (1)P replace (2 occurrences):

Ye
with the following:

Yo" (uppercase "C".)
In 11.3.5 (1)P replace:

"where v, is the partial safety factor for concrete,
see 2.4.1.4, and..."
with the following:

"where v is the partial safety factor for concrete,
see 2.4.2.4,and...".

In 11.3.5 (2P) replace (2 occurrences):

Ye

with the following:

"rc" (uppercase "C".)

In 11.5.1 replace in the Note:

"For light weight concrete the value of 0, as
shown in Figure 5.6N, should be multiplied by a

factor g;.0,/€cou-"
with the following:

"For light weight concrete the value of 6, 4 as
shown in Figure 5.6N, should be multiplied by a
factor g;50/ec 0"

305


arymarenko
Прямоугольник


Y 11.6.1 (1). BamiHumu supas (11.6.2):
"Vird,e = [-+]2 (Vimin +K10¢p ) byd"

Ha

"Vird,e =[-]2 (M1Vimin +k10¢p )byd".
Y 11.6.1 (1). 3amiHumu y npumimuyi:
"...0,15/, .."

Ha

"...0,18/y; ..." (Benka "C").

Y 11.6.1 (1). 3amiHumu y npumimui:
"oV min = 0,30 K¥2f, 12

Ha

"o Vymin = 0,028 K32 112",

Y 11.6.1 (1). BamiHumu y npumimui:
"..iue k;=0,15..."

Ha

"..iue ana k; =0,15...".

Y 11.6.1 (1). 3amiHumu 3azonoeok mabnuyi
11.6.1N:

"Tabnuus 11.6.1N: Benuuunun V, ., aAns faHux
3HadeHb di f "

Ha

"Tabnuus 11.6.1N: Benuuunun V, ., ans faHux
3HadeHb d i fiy".

Y 11.6.1 (1). 3amiHumu 3acornogok mabnuui
11.6.1N (2-0 psd):

n Ck (Mna)ll

Ha

"flck (Mna)ll.

Y 11.6.1 (1). 3amiHumu 3aconoeok mabnuyi
11.6.1N (6-0 psid 2-a KoroHKa):

"0.40"

Ha

"0.23".

Y 11.6.2 (1). BamiHumu supa3s (11.6.6N):
"v1=0,5n4(1-fieq /250)"

Ha

"v4 :0,5(1—1‘,0d /250)".

Y 11.6.4.1 (2). 3amiHumu:

P4
Ha

P
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In 11.6.1 (1) replace Equation (11.6.2):
"Vird,e = [-+]2 (Vimin +K10¢p ) byd"
with the following:

"Vird,e =[-+]2 (M1Vimin +Kk10¢p )byd".
In 11.6.1 (1) replace in the Note:
"...0,15/y, .."

with the following:

"...0,18/y; ..." (uppercase "C").

In 11.6.1 (1) replace in the Note:
"oV min = 0,30 K¥2f 12 "

with the following:

"o Vimin = 0,028 K32 112",

In 11.6.1 (1) replace in the Note:

"...and that k; is 0.15..."

with the following:

"...and that for k; is 0,15...".

In 11.6.1 (1) replace caption of Table 11.6.1N:

"Table 11.6.1N: Values of V., for given values
of dand f,"

with the following:

"Table 11.6.1N: Values of V., for given values
of dand f,".

In 11.6.1 (1) replace in Table 11.6.1N (2nd row):

n Ck (M Pa)ll
with the following:
llfICk (MPa)".

In 11.6.1 (1) replace in Table 11.6.1N (6th row
2nd column):

"0.40"

with the following:

"0.23".

In 11.6.2 (1) replace Equation (11.6.6N):
"vq= 0,5n1(1 —fieq /250)“

with the following:

"vq= 0,5(1 —ficd /250)".

In 11.6.4.1 (2) replace:

P4
with the following:

P
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Y 11.8.1 (1). BamiHumu:
"...y NOpiBHAHHI 3 HaBegeHumn y 8.4.4 onsa ..."

Ha

"...y NOPiBHAHHI 3 HaBegeHuMmn y 8.3 gnsa ...".

Y 11.8.2 (1). BamiHumu:
"... PU 3HaYEHHI fiyy = fioy 0.05 11"
Ha

"... pU 3HaYeHHI fieyy = fiop 0.05 e

12 HEAPMOBAHI TA MAJTOAPMOBAHI
BETOHHI KOHCTPYKLU]II

Y 12.3.1 (2). 3amiHumu y gupasi (12.1):
fotd = 0‘ctfctk,O,OS lye"

Ha

"Totd,pi = %ct,pifetk,0,05 1 vc"

Y 12.6.1 (3). SamiHumu y eupasi (12.2):
lldell

Ha

" cd,pl
Y 12.6.1 (3). 3amiHumu:

ae:

"nf,y — PpO3paxyHKoBa (akTU4Ha MIUHICTb Ha
CTUCK...;"

Ha
ne:

"Mfsy pl — PO3paxyHkoBa dakTMyHa MIUHICTb Ha
CTHUCK...;"

Y 12.6.3 (2). BamiHumu y supasi (12.7):

cd
Ha

"foapl (Y TPBOX MiCLSX).

Y 12.6.3 (2) i y Bupasax (12.5), (12.6), (12.7).
SamiHumu:

"fetd"

Ha

"Fota,pl (Y CEMM MiCLSIX).

Y 12.6.3 (3). 3amiHumu:

" "
ctd
Ha

ctd,pl -

In 11.8.1 (1) replace:

"...for normal density concrete given in 8.4.4 to
avoid..."

with the following:

"...for normal density concrete given in 8.3 to
avoid...".

In 11.8.2(1) replace:

" With fier = fiotw 0,05 /1"
with the following:

" With fierg = fienc0.05 e

12 PLAIN AND LIGHTLY REINFORCED
CONCRETE STRUCTURES

In 12.3.1 (2) replace in Equation (12.1):

"fotd = O‘ctfctk,O,OS lye"
with the following:

"Totd,pi = %ct,pifetk,0,05 / V"
In 12.6.1 (3) replace in Equation (12.2):

n dell
with the following:

" cd,pl
In 12.6.1 (3) replace:

"where:

nf.4 is the design effective compressive..."

with the following:
"where:

Nfeq pi is the design effective compressive...".

In 12.6.3 (2) and in Equation (12.7) replace:

cd
with the following:

"foapl" (3 OCCUIrences).

In 12.6.3 (2) and in Equations (12.5), (12.6),
(12.7), replace:

"fetd”

with the following:

"fotapi’ (7 OCCUIrENCES).

In 12.6.3 (3) replace:

" ctd"
with the following:

ctd,pl -
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¥ 12.6.5.2 (1). BamiHumu y supasi (12.10): In 12.6.5.2 (1) replace in Equation (12.10):

cd cd
Ha with the following:
" Cd,plll. " Cd,plll.

Y 12.6.5.2 (1) 3aminntu Bunpas (12.11): In 12.6.5.2 (1) replace Equation (12.11):
D= (1,14-(1—2etot /hw))—0,02-lo /h, < (1—Zetot /hw)
Ha with the following:
cD=1,14-(1—Zetot /hw)—0,02-10 /h, < (1—2etot /hw)
Y 12.9.3 (1) 3aminnTh Bupas (12.13): In 12.9.3 (1) replace Equation (12.13):

M > (gng /fctd)

a

Ha with the following:

0,85-h
TF > (3ng /fCtd)

Y 12.9.3 (1) 3amiHnTK:

n "
fctd
Ha

ctd,pl -

AJOOATOK A

YTOYHEHHA KOE®ILIEHTIB BE3MNEKU

ONnA MATEPIATNIB
Y A.2.1 (1). BamiHumu:
l'ys,red1 "
Ha

"Ys.req1” (BEMMKA BykBa "S").

Y A2.1 (1). Y npumimyi mabnuui A.1 3amiHumu:

¥s,red1
Ha

"Ys.req1” (BEMUKA OykBa "S").
YA21(2)iynpumitui. 3amiHumu:
Ve redt

Ha

"Yoreqr" (BENMKA OykBa "C").
YA22(1)iynpumitui. 3amiHumu:
"Ys,red2"

Ha

"Ys.req2” (BEMMKA OykBa "S").
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In 12.9.3 (1) replace:

"fctd"
with the following:

ctd,pl -

ANNEX A

MODIFICATION OF PARTIAL FACTORS

FOR MATERIALS
In A.2.1 (1) replace:

l'ys,red1 "
with the following:

"Ys.req1” (Upper case "S").

In A.2.1 (1) in the Note of Table A. 1 replace:

YVsred
with the following:

"Ys.req1” (Upper case "S").
In A.2.1 (2) and in the Note replace:

"Yc, red
with the following:

"Yoreqr" (Upper case "C").
In A.2.2 (1) and in the Note replace:

"Ys,red2"
with the following:

“’Ys‘redzu (upper Case IIS").
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YA22(1)iynpumitui. S3amiHumu:
"Yc,redZ"

Ha

"Yoredz (BENMKa byksa "C").

Y A22(2)iynpumitui. S3amiHumu:
"Yc,red3"

Ha

"Yoreqs' (BENMka byksa "C").
Y A.2.3 (1). SBamiHumu:

Te

Ha

"1c" (Benuka byksa "C").

Y A.2.3(1)iy npumitui. SBamiHumu:
"yc,red4"

Ha

"Yoreqs (BENMKA Byksa "C").

Y A.3.2 (1). BamiHumu:

" "
s, pcred
Ha

"'YS’pC’_ed"’ (Bej'll/]Ka 6yKBa llSll).
Y A.3.2 (1). BamiHumu:
“Yc,pcred"’

Ha

"yc,pcred", (BeJ'IVIKa 6yKBa llCll).
AJOOATOK C

XAPAKTEPUCTUKU APMATYPU, WO
3ACTOCOBYHOTbCA 3 LIUM €EBPOKOOM
Y C.1 (1) y tekcTi nicna Tabnuui C.2N. SamiHumu:

"...Hanpy>XeHHs 34enneHHs NOBWHHI 3a40BOIb-
HATU PEKOMEHOO0BaHI... ",

Ha

"...HaNpy>XeHHs 34enneHHs MOBWHHI 3a40BOIb-
HATU PEKOMEHOO0BaHI...".

Y C.1(3). 3amiHumu:

"...OKpeMi BENMYMHM MILHOCTI Ha rpaHuli Teky-
YOCTi fy - | &, MOBUHHI NepesuulyBaTy..."

Ha

"...OKpeMi BennYMHM MILHOCTI Ha rpaHuui Teky-
YOCTi fy,... i &, NOBUHHI NepesuLLyBaTH...".

In A.2.2 (1) and in the Note replace:

Yered2'
with the following:

"Yored2 (Upper case "C").
In A.2.2 (2) and in the Note replace:

"Yc,red3"

with the following:
"Ycreqs' (Upper case "C").
In A.2.3 (1) replace:

Ye

with the following:

"rc" (upper case "C").

In A.2.3 (1) and in the Note replace:

"yc,red4"
with the following:

"YC,red4" (upper case "C").
In A.3.2 (1) replace:

" "
s, pcred

with the following:

"Ys pered » (Upper case "S").
In A.3.2 (1) replace:

Ye,pered

with the following:
"Ye,pered » (Upper case "C").

ANNEX C

PROPERTIES OF REINFORCEMENT
SUITABLE FOR USE WITH THIS EUROCODE
In C. 1 (1) in the text after Table C.2N replace:

"...the bond stresses shall satisfy the recommen-
ded..."

with the following:

"...the bond stresses should satisfy the recom-
mended...".

In C. 1 (3) replace:

"—the individual values of yield strength f , and ¢
should be greater than..."

with the following:

"— the individual values of yield strength fy and g,
should be greater than...".
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Y C.1 (3) y Tabnumui C.3N 3-i psa, 1-a KonoHka.
SamiHumu:

"
Ha
"K".
Y C.3 (1P). SamiHumu:

"...BCTAHOBIMEHUA AN 3rMHaHHA y Tabnuui 8.1
uboro €spokoay..."

Ha

"...BCTAHOBMEHUN ANs 3rMHaHHA y Tabnuui 8.1N
uboro €spokoay...".

JOOATOK D

YTOYHEHUA METOQ OBYUCNEHHA BTPAT
NOMNEPEAHBLOIO HAMPYXEHHA
APMATYPU BHACHIQOK PEJNIAKCALII

Y D.1 (4). 3amiHumu:
"...HaBeageHun y Bupasi (3.31), ctaHOBUTBL:"
Ha

"...HaBegeHun y Bupasi (3.29), ctaHoBUTL:".
OOOATOK E

PEKOMEHOOBAHI KITACU MILIHOCTI
anAa 0oBroBI4YHOCTI

Y E.1(2). SamiHumu:

"...BM3HAYEHHI MiHiIManbHOro apMyBaHHs 3rigHo 3
7.3.219.1.1.1 Ta 3anobiraHH4..."

Ha

"...BM3HAYEHHI MiHiIManbHOro apMyBaHHs 3rigHo 3
7.3.219.2.1.1 Ta 3anobiraHHs...".

ANOOATOK |

PO3PAXYHOK MNOCKUX NMIMAUT
| QIA®PAIM XKXOPCTKOCTI

Y 1.1.3 (2). 3amiHumu:
"...Ha KpamnHi KonoHu, HagaHi y 5.11.2."

Ha
"...Ha KpanHi konoHu, HagaHi y 1.1.2 (5)."
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In C.1 (3) in Table C.3N 3rd row, 1st column
replace:

"
with the following:
"K".

In C.3 (1P) replace:

"...specified for bending in Table 8.1 of this
Eurocode."

with the following:

"...specified for bending in Table 8.1N of this
Eurocode.".

ANNEX D

DETAILED CALCULATION METHOD FOR
PRESTRESSING STEEL RELAXATION
LOSSES

In D. 1 (4) replace:
"...given by Expression (3.31), becomes:"
with the following:
"...given by Expression (3.29), becomes:".

ANNEX E

INDICATIVE STRENGTH CLASSES
FOR DURABILITY

In E.1 (2) replace:

"...calculation of minimum reinforcement accor-
ding to 7.3.2 and 9.1.1.1 and crack..."

with the following:

"...calculation of minimum reinforcement accor-
ding to 7.3.2 and 9.2.1.1 and crack...".

ANNEX |

ANALYSIS OF FLAT SLABS
AND SHEAR WALLS

In 1.1.3 (2) replace:

"...to edge of columns given in 5.11.2 should be
applied."

with the following:

"...to edge of columns given in I1.1.2 (5) should be
applied.".


arymarenko
Прямоугольник


OOOATOK J

NMPABWUJIA KOHCTPYHOBAHHSA ANA
OKPEMUX BUMNAOKIB

Y J.1(2) y npumitui. 3amiHumu:
"...(amB. pucyHok 9.7)."

Ha

"...(amB. pucyHok J.1).".

ANNEX J

DETAILING RULES FOR PARTICULAR
SITUATIONS

In J.1 (2) in the Note replace:
"...(see figure 9.7)."

with the following:

"...(see Figure J.1).".
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