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HAIIIOHAJIBHUHM BCTYN

Ileii cranmapt € ToToxKHUM mepekynaaoM EN 1994-1-2:2005 Eurocode 4 - Design of
composite steel and concrete structures — Part 1-2: General rules — Structural fire design
(€spokon 4 — IlpoextyBaHHs crane3anizo0eTOHHUX KOHCTpyKUii — YactuHa 1-2: 3aranbHi
npaBmwyia — Po3paxyHOK Ha BOTHECTIMKICTh) 3 TEXHIYHOK mompaBkoro EN  1994-1-
2:2005/AC:2008.

EN 1994-1-2:2005 migrorosneno Texniunum komiterom CEN/TC 250, cekperapiatom
stkoro kepye BSL

J10 HaLliOHAJTBHOT'O CTAHAAPTY OJIyUYEHO aHTJIOMOBHHUN TEKCT.

Ha Teputopii VYkpaiEM sK HamlOHAJbHUA CTAHAAPT [i€ JiBa KOJIOHKA TEKCTY
JACTY-H B EN 1994-1-2:201X «€Bpokon 4 — IlpoekTyBaHHs cTajie3aniz00€TOHHUX
koHCTpykuid — Uactuna 1-2: 3araibHi MOnokeHHS — PO3PaxyHOK KOHCTPYKLiH Ha
BorHecTifkicTb (EN 1994-1-2:2005, IDT)», BuKIageHa yKPaiHCHKOK MOBOKO.

Bigmosimno mo JIBH A.1.1-1-2009 «CCHB. OcCHOBHI TONOXKEHHS» LEeH CTaHAapT
BIAHOCHUTBCS 10 KoMruiekey B.2.6 «KoncTpykmii OyauHKIB 1 criopyn».

CraHzmapt MiCTHTh BUMOTH, SIKi BiTIOBIAAIOTh YHMHHOMY 3aKOHOZIABCTBY Y KpaiHM.

TexHiuHUI KOMITET, IO BiANOBianbHuil 3a el crangapt — TK 304 «3axuct Oyxnisens Ta
CIopy».

HayxoBo-TexHiuHa oprasi3aliis, o BiAMOBIqanbHa 3a ueii craamapt — JIT HAIBK.

J1o 1IbOTO CTaHAAPTy BHECEHO TaKi pEeHaKIAHI 3MiHU:

- CTPYKTypHI ejeMeHTH craHmapty. «OOkmagmakay, «TuTynpHa  CTOpiHKa»,
«ITepenmoBa», «HauioHaneHuUt BeTym», «3MicT» Ta «bibmiorpadivni gani» — opopmieHo 3riIHO
3 BUMOTaMH HalllOHAJIbHOI cTaHAapTH3anii Y KpaiHu;

- Kparky 3aMiHEHO Ha KOMY SIK BKa31BHHUK JIECATKOBUX 3HAKIB.

Ilepenix naumionanpHux cTaHmaptiB Ykpainun (JCTYVY), inentmunnx MC, nocunaHHs
Ha siki € B EN 1994-1-2:2005, pa3oM 3 TeXHIYHOIO TIOMPABKOK HaBEAECHO B noAaTky HA.

Kormii eBpomeichbKIX CTaHOAPTIB, HEMPHUHHSATHX $K HALlOHAJIbHI CTAHOAPTH, HA SIKI €
nocwianHss B EN 1994-1-2:2005, moxxHa otpumatu B lomoBHOMY (OHII HOPMATHBHHX
nokymenTiB JAIT « VkpHIHLL».

Texuiuna nmonpaska EN 1994-1-2:2005/AC:2008 no EN 1994-1-2:2005 naBeneHa B KiHII
JACTY-HB EN 1994-1-2:201X micns Jonatky HA.
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Beryn

Lien €BPONEUChKUN CTaHAapT
EN 1994-1-2:2005 «EBpoKO 4:
[IpoekTyBaHHs cTane3aai300e TOHHIX

KOHCTpykIid: Yactuna 1-2: 3aranbhi
NOJIOXKEHHsT — PO3paxyHOK Ha BOTHECTIii-

KICTBY» MIATOTOBJIEHUH Texuiunum
komitetom CEN/TC 250 “ByaiBenbHi
€Bpokoan”, cekperapiar SIKOTO
yTpumyeThes BSI

CEN/TC 250 sBigmoBimanpHHWI 3a BCl
BynisenpHi €BpokOaN.

Lpomy CTaHIAPTy Oyne HA/TaHO
HAaLllOHAJIbHUM ~ CTaTtyc  OMyOJiKyBaHHSM
IIEHTUYHOTO TEKCTy ab0 YXBAaJCHHSIM HeE
mi3Hime Jjrororo 2006 p., a HamiOHAJbHI
CTaHIAPTH, L0 MAIOTh 3 HUM PO301’KHOCTI,
OynyTh BHMIy4YeHI He Ti3HIIEe OepesHs
2010 p.

e CTaHOapT 3aMiHIOE
ENV 1994-1-2:1994.

3rigHo 3 BHyTpimHIiMU noctaHoBamu CEN-
CENELEC weit cranmapt 3000B’s13aHi
BIPOBAIUTH HALIOHAIBHI OpraHizamii 3i
CTaHAapTH3alli Takux KpaiH: ABCTpIii,
Benbrii, Kinpy, Pecnybmiku Yexist, [laHii,
Ecronii, ®iansauaii, @panmii, Himeuunny,
I'pewii, VYropmuuu, Icmannmii, Ipianmii,
Irami, Jlarsii, Jluteu, JlrokcemOypry,
Manstu, Hinepnaunis, Hopeerii, [losbmi,
IMopryranii, CrnoBayunHy, Crnosewii,
Icmanii, IlIeemi, IIIseimapii Ta OO0 en-
Ha"oro KoposiscTaa.

V1

Foreword

This European Standard EN 1994-1-2:2005,
Eurocode 4: Design of composite steel and
concrete structures: Part 1-2: General rules
— Structural fire design, has been prepared
by Technical Committee CEN/TC250
«Structural Eurocodes», the Secretariat of
which is held by BSL

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 February
2006, and conflicting National Standards
shall be withdrawn at latest by March 2010.

This Eurocode
ENV 1994-1-2:1994.

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

supersedes
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HAIIOHAJILHUM CTAHJAPT YKPATHI

€BPOKO/I 4 - TPOEKTYBAHHS CTAJIE3AJIIBOBETOHHUX KOHCTPYKIIIA -
YacTuHa 1-2: 3aranbHi npasuia - Po3paxyHok KOHCTPYKLiHl HA BOrHeCTiHKiCTh

EBPOKO/I 4 - TPOEKTUPOBAHUE CTAJIEXKEJTE30BETOHHBIX KOHCTPYKIU -
Yactp 1-2: O6mue npasuia - Pacuer KOHCTPYKIHH HA OTHECTOHKOCTD

EUROCODE 4 - DESIGN OF COMPOSITE STEEL AND CONCRETE STRUCTURES -
Part 1-2: General rules - Structural fire design

OcHoBu nporpamu €Bpokoais

B 1975 poui Kowmicis €poneiicpkoi
CHUIBHOTH MPUHHSUIIA PIIIEHHS OO0 TUIAHY
ity chepi OynmiBHWITBA HA IMiJCTaBI
crarti 95 Yronu. Meroro mnany aiit OyJo
YCYHEHHS TEXHIYHUX TMEpPeIKOx IS
TOPTIBJI Ta Y3TOKEHHS TEXHIYHUX YMOB.

B mexax mporo many ni Kowicis movana
BIPOBA/KYBATH  CHCTEMY  y3TOMKEHHX
TEXHIYHUX TPaBHJ Ui TPOEKTYBaHHS
OymiBesb Ta CIIOPYA, IO HA MEPIIOMY eTartl
Malld CTaTH QJbTEPHATHUBOKD YHUHHUM
IepKaBHUM HOpMaMm JepKaB-WwICHIB, a
3PELITOI MaJIH 3aMiHUTH iX.

IIporsirom m'atHanusaTu pokiB Kowicis 3a
nornomororw  TlocTiifHOrO  KOMiTeTy, [0
CKJaZly sKOrO BXOOWIN MPEICTaBHUKU
HeprKaB-uJieHiB, po3polisiia  mporpamy
€BpOKOAIB, pE3yJbTATOM HYOro  Crana
nyOiKarfist MEePIIOTro MTOKOJTIHHS
€Bponelicbkux HOpM y 80-X pokax.

B 1989 poui Kowmicis ta nep:kaBH-4iieHH
EU (€pponeiicekoi cminbHotH) 1 EFTA
(E€Bpomneiicpkoi acowiarii BiIbHOI TOPTiBI),
Ha TiACTaBl erI[I/Il mixk Kowmiciero Ta CEN
(€BporelicbkuM KOMITETOM 3i
CTaHAapTH3alii), BUPIIIWIA  [EpeaTu
MiArOTOBKY Ta myOsikauito €BpoKoaiB A0
CEN 3a ponomorow cepii Mannaris,
mod y  MaiibyTHbOMY HAIaTH

' Vroma mix Kowmiciero €sponeiichkux CHiTbHOT i
€ppomeiicbkknM  komiteToM crapaaprm3anii (CEN)
moa0 poboTH HAK €BPOKOJAMH I MPOSKTYBAHHS
oyaisems Ta ciopya (BC/CEN/03/89).

Yuaanii Big 201 X-XX-XX
Background of the Eurocode programme

In 1975, the Commission of the European
Community 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 harmonization of technical
specifications.

Within  this action programme, the
Commission took the initiative to establish
a set of harmonized technical rules for the
design of construction works which, in a
first stage, would serve as an alternative 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
1980’s.

In 1989, the Commission and the Member
States of the EU and EFTA decided, on the
basis of an agreement' 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

! Agreement between the Commission of the

Europecan Communities and the FEuropean
Committee for Standardisation (CEN) concerning
the work on EUROCODES for the design of
building and civil engineering works
(BC/CEN/03/89).
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€Bpokonam cTatyc €BponencbKoro
crangapty (EN). Lle ¢aktuuno mnos'sizye
€Bpokoau 3 nonoxkeHHsaMu Jupexktus Panu
ta/ado  pimenr  Komicii  cTOCOBHO
€BpOMEHChKUX CTAaHAAPTIB  (HANPUKIAZ,
HupextuBa Pamu 89 / 106 / EEC mono
OynmiBenmpHuX Bupobie — CPO - Ta
Hupextusu Pagu 93/37/EEC, 92/50/EEC 1
89/440/EEC mono rpoMajachKuX MPOEKTIB
Ta KOMYHQJbHUX TMOCIYyT 1 pPIBHOLIHHHUX
Hupextus EFTA, mo 3amouatkoBani 3

METOIO CTaHOBJICHHS BHYTPIIIIHHOTO
PHHKY).
IIporpama OyaiBeTbHUX €BpOKONIB

BKJIFOYA€ TaKl CTAHIAPTH, IO B OCHOBHOMY
CKJIQHAIOTECS 3 AEKIJIBKOX YaCTHH:

EN 1990 €Bpokon: OcHOBU NPOEKTYBaHHSI
KOHCTPYKLIH

EN 1991 €poxop 1: Jlii Ha KOHCTPYKIi
EN 1992 €poxkon 2: IIpoexTyBaHHs
3aJ11300€TOHHUX KOHCTPYKLIH

EN 1993 €spoxkon 3: [IpoexTyBaHHs
CTaNIeBUX KOHCTPYKIIH

EN 1994 €spoxkon 4: IIpoexTyBaHHs
CTane3a1i300eTOHHUX KOHCTPYKIIIH

EN 1995 €poxkon 5: IIpoexTyBaHHs
IepeB'sSTHUX KOHCTPYKLIH

EN 1996 €spoxkon 6: IIpoexTyBaHHs
KaM'STHUX KOHCTPYKIUH

EN 1997 €Bpoxon 7: I'eorexniuHe
NPOEKTYBAHHS

EN 1998 €spoxkon 8: IIpoexTyBaHHs
CEHCMOCTIHKMX KOHCTPYKIIH

EN 1999 €poxkon 9: IIpoexTyBaHHs
AJTFOMiHI€BUX KOHCTPYKLIH

€BpOKONM BHU3HAYAIOTH BIAMOBINAIBHICTh
PO3MOPSIAYUX OPTaHIB JepKaB-4JIEHIB Ta
3aXHUINAKOTh X MPAaBO BU3HAUATH BEJINYHHH,
IO CTOCYKOTbCS TUTaHb PEryJIOBAHHS
Oe3rneku Ha HALlOHABHOMY PIBHI, SIKIIO IIi
BEJIMYMHHM BIIPI3HIIOTHCS IS BCIX JeprKaB-
YJICHIB.

Craryc Ta cdepa  3acToCyBaHHA
€Bpokoais

Hepxasu-unenn EU ta EFTA BU3HAIOTS,
10 €BPOKOIU CITY’KaThb OCHOBOIIOJIOKHUMH
JOKYMEHTaMU JUJIsI TAKUX L1JIEH:

- AK 3aco0u 3abe3mneueHHs BiAMOBITHOCTI
OyniBenb Ta cropya OCHOBHHUM
BHUMOTr'aM JupexkTusu Pamu

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 Decisions dealing
with European standards (e.g. the Council
Directive 89/106/EEC on construction
products - 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 O: Basis of structural
design

EN 1991, Eurocode 1: Actions on structures
EN 1992, Eurocode 2: Design of concrete
structures

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
structures

EN 1997, Eurocode 7: Geotechnical design
EN 1998, Eurocode 8: Design of structures
for earthquake resistance

EN 1999, Eurocode 9: Design of aluminium
structures

Eurocode  standards  recognize  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.

Status and field of application of
Eurocodes

The Member States of the EU and EFTA
recognize that Eurocodes serve as reference
documents for the following purposes:

— as a means to prove compliance of
building and civil engineering works with
the essential requirements of Council
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89/106/EEC, 30kpema ocHOBHi il BuUMO3i Nel
- MexaniuyHnii omip Ta CTIHKICTH - Ta
ocHOBHI# BuMO31 Ne2 - [ToxkexkHa Oe3nexa;

- SK OCHOBa MJIs YKJAJaHHS yroj Ha
OyniBenbHI pOOOTH Ta CyNMyTHI 1HXKEHEpPHI
NOCIYTH;

- sIK OCHOBA JUTsl PO3POOJIEHHS Y3TOIKEHIX
TEXHIYHUX YMOB Ha OyziBenbHI BuUpoOOU
(ENu ta ETAn).

Ockinbkn  €Bpokonu  Oe3mocepenHbo
CTOCYIOThCSl  OyniBeNnbHHX poOIT, BOHH
MarOTh MpPsMEe BIAHOIIEHHS 10 TiyMadyHHX
I[OKYMGHTiBZ, IO IMOCHJIAIOTHCS HA CTATTH)
12 CPD, =xoda BIOPI3HAIOTBHCS  BiA
rapMOHI30BAHHX CTAHAAPTIB Ha BHUPOGH’.
TakyM 4YHHOM, TEXHIYHI AaCHeKTH, IO
BUHHUKAIOTh NMPHU 3aCTOCYBaHHI €BPOKOIIB,
MalOTb OyTH  BIATIOBIZHO  PO3IJISIHYTI
Texuiuaumu komiteramu CEN  Ta/abo
pobounmu rpynamu EOTA, 110
pO3poOIIAOTh  CTAaHHAPTH Ha OyziBeJsbHI

BUPOOH, ISl JOCSTHEHHS  TOBHOI
BIAIIOBI THOCTI TEXHIYHUX YMOB
€Bpokogam.

€Bpokoau BCTAHOBJTIOIOTh 3arajbHi
MpaBWjia TMPOEKTyBAaHHS JJII  TOBCSK-
JIEHHOTO 3aCTOCYBaHHSI SIK haly &

NPOEKTyBaHHs OyiBeNb B LIJIOMY, Tak 1 iX
CKJIAIOBUX YAaCTHH, SIK TPATULIHHUX, TaK 1
HOBHUX. Y BHIQJKax HETHUIIOBOI (HopMuU
KOHCTPYKLII a00 yMOB NpPOEKTYBaHHs, IO
KOHKPETHO  HE  PO3TIBIIAOTHCS, €
HEOOXITHUM [OJATKOBAa E€KCIEepPTHA OLIHKA
IUIS IPOEKTYBAJIbHUKA.

Bimnosigao mo cr. 3.3 CPD ocuorui Bumoru (ERwu)
HaOyyTh 4iTkoi GOPMH y TIYMayHHX JOKYMEHTaX JUIs
CTBOpEHHS HeOOXiHMX 3B'I3KIB MUK OCHOBHHUMH
BUMOTaMM Ta MaHjaTaMd Ha TapMoHi3oBaHi ENu Ta
ETAGWETAm.

3 Bimmosimmo 1o ct. 12 CPD TIIyMauHi JOKYMEHTU MaroTh:

a) HajaTH YiTKy (OpMy OCHOBHHM BHMOTAM, y3TOJHBIIN
TEPMIHOJIOTIIO Ta TEXHIUHI 3acajiy, 1 BKazaBIH Kiach abo
PIBHI TSI KOKHOI BUMOTH, Jie T1e HeoOX1THO,

b) BKkazaT® MeTOM CITIBCTaBICHHS ITUX KIaciB abo PIBHIB
BUMOT' 3 TEXHIYHHUMH YMOBAaMH, HAIIPUKIIAJ, METOJaMU
PO3paxyHKy Ta IIEPEBIPKH, TEXHIYHUMHU IIPaBHIAMU
MIPOEKTYBaHHS TOITIO;

C) CIYryBald PpEKOMEHJAIEI0 U1 BIPOBAKEHHS
Y3TOJIKEHUX CTaH/IaPTiB Ta HACTAHOB JUIS €BPOIEHCHKOTO
TEXHIYHOTO YXBAJICHHSL.

€BpokoU GaKTIIHO BiIrParoTh MOoAIGHY polb Y cdepi ER
1 Ta yactunu ER 2.

Directive 89/106/EEC, particularly
Essential Requirement Nel — Mechanical
resistance and stability — and Essential
Requirement Ne2 — Safety in case of fire;

— as a basis for specifying contracts for
construction works and related engineering
services;

— as a framework for drawing up
harmonized technical specifications for
construction products (ENs and ETAs).

The Eurocodes, as far as they concern the
construction works themselves, have a
direct relationship with the Interpretative
Documents” referred to in Article 12 of the
CPD, although they are of a different nature
from harmonized product standards’.
Therefore, technical aspects arising from
the Eurocodes work need to be adequately
considered by CEN Technical Committees
and/or EOTA Working Groups working on
product standards with a view to achieving
full compatibility of these technical
specifications with the Eurocodes.

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

2 According to Art. 3.3 of the CPD, the essential
requirements (ERs) shall be given concrete form in
interpretative documents for the creation of the
necessary links between the essential requirements and
the mandates for harmonized ENs and ETAGs/ETAs.

3 According to Art. 12 of the CPD the interpretative
documents shall :

a) give concrete form to the essential requirements by
harmonizing 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 harmonized
standards and guidelines for FEuropean 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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HauioHanbHI cTaHaapTu, mo BHOPOBaA-
KyHTb €Bpoxoan

Hauionanbhi CTaHOApPTH, 111(6)
BITPOBA/IKYIOTh €BPOKOAH, MICTITH MOBHUN
TekcT €Bpokony (BKIIOYHO 3  ycima
nonatkamu), mo sunanuii CEN, sikuii Moske
IOMOBHIOBaTH HamioHambHUA TUTYJIBHHUHA
apkym Ta HamioHanpHuit BCTym Ha
NoYaTKy, a TakoxX HaroHanbHUH 1OaToK
B KIHIII.

HamionanpHmii  AOJATOK MOXE MICTUTH
iHpopMalif0  JHMIIE ~ CTOCOBHO  THX
nmapaMeTpiB, IO 3aJUIICH! BIAKPUTHUMU B
€BpoKONaX I HALIOHATBHOTO BHOODY,
Tak 3BaHi  HamioHanbHO — BHU3HaueHI
mapamMeTpH, Ta  3aCTOCOBYIOTbCA  JIS
NPOEeKTyBaHHS Ta OyAiBHMUTBA Y LiH
KpaiHi, a came:

- 3HaYeHHsA Ta/abo KyacH, siki B €BPOKOAI
JArOThCS Ha BUOIP;

- 3HaUeHHsI, UIA SKUX y €BPOKOAl IaHO
JIMILIE TO3HAYEHHS,

- ocobmuBi mani kpainum  (reorpadiusi,
KJIMAaTU4HI TOIIO), HANPUKIAA, KapTa
CHITOBOT'O TIOKPHBY;

- METOAMKA, Ay Kol B €BpOKOIl IaHO
aNbTEPHATHUBHI METOIUKH.

MOJKE TaKOXX MICTHTH:

- pILIEHHS MO0 3aCTOCYBAHHS JOBIIKOBUX
JOOATKIB;

- TIOCWJIAHHS HAa JOJATKOBY HE Cymeped-
JUBYy  iHpOpMALO, IO  JOMOMAarae
KOPHUCTYBA4€Bl 3aCTOCOBYBATH €BPOKOI.

3B’s130K MIK €Bpoxoaamu i
rapMOHI30BAHUMH TEXHIYHHMH YMOBAMH
(ENu i ETAwu) ans Bupo0is

HeoOximHo  y3roguTé  rapMOHI30BaHi
TEXHIYHI yMOBH 1Jis1 OyniBEeIbHUX BHUPOOIB
Ta TEXHIYHI HOPMH AJsi OyIiBEIBHUX POOIT
cnopyn4. Kpim Toro, moBHa iH(popMaris,
mo  cympoBomkye CE  mapkyBaHHA
OymaiBenbHUX BUPOOIB, € € MOCHJIAHHS HA
€BpOKONM, Ma€ YITKO 3a3HA4YaTH, sKi
HamionanpHO BH3HAueHI mapamerpu Oynu
BPaxOBaHi.

* Nus. cr.3.3 Ta cr.12 CPD, a takox 4.2, 4.3.1,
43.21a5.21D Nol.

National Standards

Eurocodes

implementing

The National Standards implementing
Eurocodes will comprise the full text of the
Eurocode (including any annexes), as
published by CEN, which may be preceded
by a National title page and WNational
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 Nationally Determined
Parameters, to be used for the design of
buildings and civil engineering works to be
constructed in the country concerned, 7.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, and

—  references to  non-contradictory
complementary information to assist the
user to apply the Eurocode.

Links between Eurocodes and
harmonized technical specifications (ENs
and ETAs) for products

There is a need for consistency between the
harmonized 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.
* see Art.3.3 and Art.12 of the CPD, as well as
clauses 4.2,4.3.1,43.2and 5.2 of ID Ne 1.
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MonaTkoBa CTOCOBHO

EN 1994-1-2

indgopmanuis

EN 1994-1-2 micTUTh TPUHLWIN, BUMOTHU
Ta TpaBWIa TNPOEKTyBaHHS OyniBenb Ta
CHOpYJ, IO 3a3HaJM BOTHEBOTO BILIUBY,
BPaXOBYIOUH TaKi aCIEKTH.

Bumoeu 6esznexu

EN 1994-1-2 npusHaueHi aisi 3aMOBHUKIB
(Hampukian, I BUKJAOEHHS  iX
O0COOJIMBUX BHMOT), TPOEKTYBAJIbHUKIB,
MPSAHUKIB ~ Ta  OpraHiB  JepKaBHOI
CaMOBPSITyBaHHSI.

OCHOBHOIO METOI0 3aXHCTy Bif TOXEXKi €
OOME)KEHHsI PU3UKY IS JIIOJUHH Ta TPYIH
moned, ix MaiHa Ta, y past motpedw,
HABKOJIMIITHBOTO CepefoBHIna ado MaiiHa,
o 0e3nocepenHbO 3a3HA€E BILUTUBY BOTHIO Y
pasi MOKexKi.

Hupexktua 89/106/EEC BCTaHOBJIIOE Taki
OCHOBHI ~ BHMOTH  JJs1  OOMEXKEHHs
MIOKEKHUX PH3HKIB!

“bynmiBmi Ta CHOpyad TPOEKTYIOTh 1
3BOASATH TakK, MO0 y pasl BUHUKHEHHS
TIOKEKI:

- 3a0e3medyBanacsi ~ Hecy4a  3JaTHICTb

KOHCTPYKTHUBHOI ~ CHUCTEMH  MPOTATOM
NIEBHOT'O IPOMIKKY Hacy,
- oOMekyBanocs BUHUKHEHHSI Ta

NOLITMPEHHSI BOTHIO 1 TUMY B OyiBIISIX;

- 0OMeXXyBaJIOCS] TOLUTUPEHHSI BOTHIO Ha
cycinai Oyaisi;

- MEIIKAHLI MOIJIM CaMOCTIHHO 3aJMLINTH
OymiBmi  abo  BpATYBAaTHUCS  1HLINMHU
crocobamu;

- BpaxoByBajacs  Oesmeka
PATYBAJIBHUX MIAPO3ALIIB”.
3rigHo 3 TaymauHum JlokymeHTtom Ne2
“TloxexHa Oesneka’” OCHOBHA BHMOTA
MO3Ke Oytu JOTpUMaHa PI3HUMH
MOYUIUBOCTSIMH ~ CTpaTerii  MOXKEXKHOI
Oe3mekH, IO MEePeBaXKATh Y IepiKaBax-
YJIeHaX, TaKUMH $IK CLEeHapii yYMOBHOI
no>keski (HOMiHaJIbHI MOXKexkl) abo cueHapii
peanbHOI (mapaMeTpuyIHOI) MOKEXKI,
BpPaxOBYIOUM TMACWUBHI Ta/ab0  aKTHBHI
3aXOJU BOTHE3AXHUCTY.

ITOXKEKHO-

> JUBHCH TyHKTH 2.2, 3.2(4) Ta 4.2.3.3 ID Ne2

Additional information specific to
EN 1994-1-2

EN 1994-1-2 describes the principles,
requirements and rules for the structural
design of buildings exposed to fire,
including the following aspects.

Safety requirements

EN 1994-1-2 is intended for clients (e.g. for
the formulation of their specific
requirements), designers, contractors and
public authorities.

The general objectives of fire protection are
to limit risks with respect to the individual
and society, neighbouring property, and
where required, environment or directly
exposed property, in the case of fire.

Construction Products Directive
89/106/EEC gives the following essential
requirement for the limitation of fire risks:
“The construction works must be designed
and build in such a way, that in the event of
an outbreak of fire

- the load bearing resistance of the
construction can be assumed for a specified
period of time;

- the generation and spread of fire and
smoke within the works are limited;

- the spread of fire to neighbouring
construction works is limited;

- the occupants can leave the works or can
be rescued by other means;

- the safety of rescue teams is taken into
consideration”.

According to the Interpretative Document
Ne2 "Safety in case of fire™" the essential
requirement may be observed by following
various possibilities for fire safety strategies
prevailing in the Member States like
conventional fire scenarios (nominal fires)
or "natural" (parametric) fire scenarios,
including passive and/or active fire
protection measures.

3
see clauses 2.2, 3.2(4) and 4.2.3.3 of ID Ne2
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Uactunn byniBenbHUX  €BPOKOAIB, IO
BCTAHOBJIIOIOTh MpPaBHUJIA JJISI PO3PAXyHKY
KOHCTPYKII I Ha BOTHECTIHKICTD,
CTOCYIOTBhCSI  OCOOJNIMBUX  MIOXOMIB 10
MIACUBHOTO BOTHE3aXHCTY 110710
NPOEKTYBAaHHS KOHCTPYKLIHA Ta OyIb-sIKUX
iX dYacTmH 1t HEOOXiAHOI  Hecydol
30AaTHOCTI Ta OOMEXEHHsS MOLINPEHHS
TMIOKEK1 STK BCTAHOBJICHO.

HeoOximui ¢yHkmii Ta piBHi podoTH
MOXYTb OyTH BU3HAUYEHI yepes
kyacu@ikamito BOTHECTIHKOCTI ISt
CTAHIAPTHOTO TEMIIEPATYPHOTO PEKUMY,
IO HaBEeIeHA B HALlIOHAJIBHUX HOpMax alo,
SKIIO L€ JO3BOJICHO HOPMaMH 3 TOXKEKHOI
Oe3nekn, yepe3 BUKOPUCTAHHS 1HXXEHEPHO-
TEXHIYHUX 3aXOMIB JJIsl OIIHKU MMACUBHOTO
Ta AKTUBHOTO MPOTHUIIOKEKHOTO 3aXHCTY.
JlonaTkoBi  BUMOTH, IO  CTOCYHOTBCS,

HAITPUKJIAL!
- MOXKJIUBOI'O YJallTyBaHHA Ta
eKCILIyaTaLlii CUCTeM PO3MPHUCKYBAHHS,

- yMOB 3aCeJIeHHs Oynimi abo

MPOTHUIIOKEKHOTO BIJCIKY;

- BUKOPUCTAHHST JTOMYCTUMUX 130JISILII HHUX
Ta 3aXMCHUX MaTepiaiiB, BKIOYAOUN IX
00CITyroByBaHHS,

HE pPO3MIAJAIOTBCS B I[BOMY JOKYMEHTI,
OCKLJIBKY 1l BAMOTH € MPEIMETOM PO3TIISIAY
KOMITETEHTHUX OpTaHi3awii.

3HAa4YeHHST YaCTKOBHX KOe(]ILI€HTIB Ta
IHIMUX MOKA3HUKIB HAMIMHOCTI BKa3aHl SIK
PEKOMEHIOBaH1 3HAYEHHH, 110
3a0e3MeuyoTh NPURHATHUR piBEHB
HanifiHoCTI. BoHM Oynum BuOpaHi 3a yMOBH,
II0 3aCTOCOBYETHCS BINMOBIIHUN pIBEHb
kBayi(pikaii 1 ynmpasiiHHS SKICTIO.

Memoouxu po3paxynky

[ToBHa aHAMTHYHA METOOUKA PO3PAXyHKY
Ha BOTHECTIMKICTH Ma€ BpPaxOBYBaTH
pobOTYy  KOHCTPYKTHUBHOI  CHUCTEMH 32
MiIBULIEHUX  TEMIEpaTyp,  MOKJIHMBHH
BIUIUB TeIJIa Ta CHOPUSTIINBI BIUIMBU
AKTUBHHUX CHUCTEM BOTHE3aXHUCTy, & TaKOX
HEBU3HAYEHOCTI, IO IIOB’SI3aHI 3 LIUMHU
TpbOMa BJIACTUBOCTSIMH, Ta
BIATIOBI AJTbHICTH KOHCTPYKTHBHOI
cUCTeMH (HACII KU PyHHYBaHHS).

The fire parts of Structural Eurocodes deal
with specific aspects of passive fire
protection in terms of designing structures
and parts thereof for adequate load bearing
resistance and for limiting fire spread as
relevant.

Required functions and levels of
performance can be specified either in
terms of nominal (standard) fire resistance
rating, generally given in national
regulations or, where allowed national fire
regulations, by referring to fire safety
engineering for assessing passive and active
measures.

Supplementary requirements concerning,
for example

- the possible installation and maintenance
of sprinkler systems;

- conditions on occupancy of building or
fire compartment;

- the use of approved insulation and coating
materials, including their maintenance,

are not given in this document, because
they are subject to specification by the
competent authority.

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

Design procedures

A full analytical procedure for structural
fire design would take into account the
behaviour of the structural system at
elevated temperatures, the potential heat
exposure and the beneficial effects of active
fire protection systems, together with the
uncertainties associated with these three
features and the importance of the structure
(consequences of failure).
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Ha paHuii 4ac MOXJIMBO 3aCTOCOBYBATH
METOUKY JJIsi BCTAHOB-JIEHHS [IHCHOI
poOOTH KOHCTPYKIIi, IO BKJIIOYAE NEAKI —
SKIIO HE BCI — 3 IUX MapaMmerpiB, Ta
JOBECTH, IO KOHCTPYK-THBHA CHCTEMa abo
il YaCTUHY BIATBOPIOBATUME HiHiCHY PoOOTY
npu peanbHiil noxkexi y OynuHky. OnHak,
AKIIO  METOAMKAa  IPYHTYETbCS  Ha
HOMIHAJIbHOMY (cranmapTHOMY)
TEMIIEPaTypPHOMY pexumi, TO
kiaacudikamis, mo nependavae BU3HAUEHI
MEK1 BOTHECTIHKOCTI, BPaxoOBYy€
(mpubaM3HO) BUINEBKA3aHI BJIACTUBOCTI Ta
HEBH3HAUEHOCTI.

3acrocyBaHHs 1€l 4acThHU 1-2 mMOKa3aHO
HIDKYe. PO3PI3HSIIOTH BU3HAYSHNUH MIAXIA Ta
MAXig, 100 3aCHOBaHWKM Ha  poOoTi
KOHCTPYKIIII. Busnauenunii XIS
BUKOPUCTOBYE HOMIHAJIBHUH TeMIeparyp-
HUI PEeXUM Ui BIATBOPEHHS TEIUIOBUX
BrunBiB. [iaxiz, mo 3acHoBaHUH Ha PoOOTI
KOHCTPYKIII, BHUKOPHUCTOBYIOUH TEXHIKY
MOXKEXKHOI ~ OE3MeKH, 3BEePTAETBCS 10
TEIUIOBUX BIUIMBIB, IO IPYHTYIOTBCS Ha
(bi3UMYHMX Ta XIMIYHHUX apaMeTpax.

Jins  TpoeKTyBaHHS ~ 3TIAHO 3 UM
CTaHAAPTOM BUKOPUCTOBYIOTh EN 1991-1-2,
IO BHU3HAYa€ TEIUIOBI Ta MEXaHIYHI
HABAaHTAKEHHS 1 BILUTUBU HA Oy BIIIO.

3acobu npoekmyeanus

Oxpim CTPOIIEHUX PO3paxyHKOBHX
mozenedi, EN 1994-1-2 Hamae mnpoekTHi
pimeHHst y ¢opMi TaOIUUHUX NaHUX (HA
OCHOBI  BUMNPOOYyBaHb ab00  YTOYHEHUX
PO3PaxXyHKOBUX MOJENeH), sKI MOXKYThb
OyTM BUKOPHUCTaHI y BH3HAYEHHX MEXKax
TIOCTOBIPHOCTI.

OdikyeTbes, O 3aCO0N MPOEKTYBAHHS, SIK1
IPYHTYIOTBCS Ha PO3PAXYHKOBUX MOMAEISX,
mo BkazaHi B EN 1994-1-2, Oynyth
po3pobiieHi YIOBHO-BAKEHUMU
CTOPOHHIMH OpTaHI3aLlisIMH.

OcHoBuuil Texkct EN 1994-1-2 pasom 3
JOOBIAKOBUMH  nomatkamu  A-I  MicTUTh
OLITBIIICTD TOJIOBHUX MPUHIINIIB Ta PABUIL,
IO HEeOOXimHI ISl PO3PaXyHKY CTaJIEBUX
KOHCTPYKLIH Ha BOTHECTIHKICTb.

At the present time it is possible to
undertake a procedure for determining
adequate performance which incorporates
some, if not all, of these parameters and to
demonstrate that the structure, or its
components, will give adequate
performance in a real building fire.
However where the procedure is based on a
nominal (standard) fire, the classification
system, which calls for specific periods of
fire resistance, takes into account (though
not  explicitly), the features and
uncertainties described above.

Application of this Part 1-2 is illustrated
below. The prescriptive approach and the
performance-based approach are identified.
The prescriptive approach uses nominal
fires to generate thermal actions. The
performance-based approach, using fire
safety engineering, refers to thermal actions
based on physical and chemical parameters.

For design according to this part, EN 1991-
1-2 is required for the determination of
thermal and mechanical actions to the
structure.

Design aids

Apart from simple calculation models,
EN 1994-1-2 gives design solutions in
terms of tabulated data (based on tests or
advanced calculation models) which may
be used within the specified limits of
validity.

It is expected, that design aids based on the
calculation models given in EN 1994-1-2,
will be prepared by interested external
organizations.

The main text of EN 1994-1-2 together with
informative Annexes includes most of the
principal concepts and rules necessary for
structural fire design of composite steel and
concrete structures.
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Hamionaabuuii nogarox 10 EN 1994-1-2

Ileti craHmapT Hajae aJbTEPHATHBHI
METOAMKH, 3HAUEHHsS Ta PEeKOMeHarli aJis
KJIaclB 3 MPHUMITKAMH, IO BKa3yIOTh €
HeoOXiTHO 3pOOUTH HaIlOHANBHUI BHOIP.
TakuM 4YWHOM, HalIOHAJIBHUN CTAaHOAPT,
mo BripoBamkye EN 1994-1-2, mae mictutu
HauioHanbHuI OOOATOK, SIKMH BKJIOYaB OU
BCl HalllOHAJIBHO BU3HAYECHI MapaMeTpH, IO
BUKOPUCTOBYIOTbCS ~ JJII  NPOEKTYBAHHS
CTaIeBUX KOHCTPYKUIH y  BIAMOBIAHINA
KpaiHi.
Hamionanpamit  Bubip  NO3BOJICHO B
EN 1994-1-2 y Takux nyHKTax:

- 1.1(16)
2.1.3(2)
23(1)P
23(2)P
24.203)
3.3.2(9)
4.1(1)P
43.5.1(10)

National Annex for EN 1994-1-2

This standard gives alternative procedures,
values and recommendations for classes
with notes indicating where national
choices may have to be made. Therefore the
National Standard implementing
EN 1994-1-2 should have a National annex
containing all Nationally Determined
Parameters to be used for the design of steel
structures to be constructed in the relevant
country.

National choice is allowed in EN 1994-1-2
through paragraphs:
- 1.1(16)
2.13(2)
2.3(1)P
2.3(2)P
2.42(3)
3.3.2(9)
4.1(1)P
4.3.5.1(10)
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[TnaH 3xiHCHEHHS MPOEKTY
Design Procedures

Bmsnaueni mpasuia (Termmosi BIMBY 3TiIHO 3 [TpaBuma, mo 6a3y0ThCs Ha poOOTI KOHCTPYKITiL
HOMIiHATEHHM TCMIICPATYPHEM PEKIMOM) (®Di3maHO OOTPYHTOBAHI TCIIOBI BILUTHBH)
Prescriptive Rules Performance-Based Code

(Thermal Actions given by Nominal Fire)
I

(Physically based Thermal Actions)
I

Bubip mpoctoi a00 YTOUHCHOT MOACII PO3BUTKY TOMKEKI
Selection of Simple or Advanced Fire Development

Models
AHaTI3 YaCTHHU AmHami3 |
. KOHCTPYKTHBHO1 KOHCTPYK-
AHami3 KOHCTPYKIIii Py eTpY
Analysis Of a Member CUCTCMHU THBHO1 CHCTCMH
Analysis of Part of Analysis of
the Structure Entire Structure
Amnami3 YacTHHH Amnanis
Amnamis KOHCTPYKTHBHOI KOHCTPYKTHB-
KOHCTPYKIIii CHCTEMH HOI CHCTEMH
Analysis of a Analysis of Analysis of
Member Part of the Entire
Structure Structure
Busznauenns Busznauenns
BusnaueHus BusnaueHHS . . .
. . . . Bubip MEXaHIYHHX MEXaHIYHHX .
MCXAHIYHHUX BILJIHBIB MCXAHIYHHX BIIJINBIB . . . BI/I61p
MCXAHIYHHX BILJIUBIB TAa BILJIUBIB TAa .
Ta I’paHI/I‘{HI/IX yMOB Ta I’paHI/I‘{HI/IX yMOB . MCXAHIYHHX
. . . . BILJINBIB I’paHI/I‘{HI/IX yMOB I’paHI/I‘{HI/IX yMOB .
Determination of Determination of . L L BILTHBIB
. . . . Selection of Determination of Determination of .
Mechanical Actions Mechanical Actions . . . Selection of
Mechanical Mechanical Mechanical .
and Boundary and Boundary . : ; Mechanical
. .. Actions Actions and Actions and -
conditions conditions Actions
Boundary Boundary
conditions conditions

Tabmrdmi gaHi
Tabulated Data
Simple Calculation Models

CrpoieHi MOJIEi PO3paxyHKY

YTOUHCHI MOEI PO3PAXyHKY
Advanced Calculation Models
CrpoieHi MOJIEi PO3paxyHKY
(SIKIIO iCHY€)
Simple Calculation Models
(if available)

YTOUHCHI MOEI PO3PAXyHKY
Advanced Calculation Models
YTOUHCHI MOEI PO3PAXyHKY
Advanced Calculation Models

CrpoieHi MOJIEi PO3paxyHKY
(3a HASIBHOCT1)
Simple Calculation Models
(if available)

YTOUHCHI MOEI PO3PAXyHKY
Advanced Calculation Models
YTOUHCHI MOEI PO3PAXyHKY
Advanced Calculation Models

YTOUHCHI MOEI PO3PAXyHKY
Advanced Calculation Models

Pucynoxk 0.1: BapiaHTi METOIMK pPO3PaXyHKY

Figure 0.1: Alternative design procedures
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Po3zain 1 3aranepHi BUMOr"
1.1 Cdepa 3acrocyBanHst

(1) Lle#t craHmapT TOIIMPIOETBCS HA
MPOEKTYBAHHS cTase3ai300e TOHHUX
KOHCTPYKUIH y pa3i BUHUKHEHHsI aBapiiHOi
curyaii BOTHEBOTO BIUIUBY Ta
NPU3HAYEHUH [JIsl BUKOPUCTAHHS Pa3oM 3
EN 1994-1-1 ta EN 1991-1-2. lLle#t
CTaHIApT JHIIE BU3HAYA€E BIAMIHHOCTI abo
JOTIOBHEHHSI  INONO  TPOEKTYBaHHS 34
HOPMAaJIbHUX TEMIIEPATYP.

(2) Leli craHmapT CTOCY€TbCS JIUIIE
MAaCUBHUX METOIB BOTHE3aXUCTY. AKTHBHI
METOAH HE PO3TIISAAIOTHCS.

(3) Leit CTaHAapT CTOCYETBCS
CTaNIe3alI300€TOHHUX ~ KOHCTPYKIH, 10
MarOTh BUKOHYBAaTH TeBHI (yHKUIi y pasi
BIUIMBY TTOXKEXKI, TaKi SIK:

- 3anoliraHHA TEepeNyacHOMY pYHHY-
BAHHIO KOHCTPYKUIi (Hecyda QyHKIs);

- OOMEXeHHs  TOMMPEHHS  MOXKeXl
(moym’s1, rapsidl ra3u, HaJUIUIIKOBE TEIUIO)
3a MEXl BU3HAYEHHMX MAUISTHOK (OTrOpOIKY-
BaJIbHA (PYHKLIiS).

(4) Le#i cranmapT BU3HAYA€E MPUHIIWIIA Ta
npaBuiIa 3aCTOCYBaHHs (nuBHCH
EN  1991-1-2) nmns  mpoOeKTyBaHHS
KOHCTPYKIIN 31 BCTAHOBJICHUMU BUMOTaMHU
110710 3a0e3nevyeHHs BUIIE3TraAaHNX
¢byHKUii Ta piBHIB pOOOTH.

(5) Le#i craHmapT TOIIMPIOETBCS HA
KOHCTPYyKLii abo iX yacTuHH, 0 nepedysa-
I0Th y c(epl 3acTOCYyBaHHS Ta pPO3pPaxOBaHi
srizHo 3 EN  1994-1-1. Opnak He
MOLTUPIOEThCS HAa CKJIAAeHI KOHCTPYKLII,
[0 BKJIOYAIOTh MOMEPEIHBO HAMpPyKeHi
OETOHHI eJeMEHTH.

(6) [Jns Bcix momepedyHUX —IepepisiB
CKJIAICHNX KOHCTPYKLIH 3’€MHaHHS cTai
Ta OETOHy, IO MPALIOIOTh HA MO3JOBXKHIN
3CyB, MarOTh Bianosigatu EN 1994-1-1 abo
nepeBipsaTHCs BUNPOOYBAHHAMH (IUBHUCH
4.3.4.1.5 Ta nonatoxk I).
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Section 1 General
1.1 Scope

(1) This Part 1-2 of EN 1994 deals with the
design of composite steel and concrete
structures for the accidental situation of fire
exposure and is intended to be used in
conjunction with EN 1994-1-1 and
EN 1991-1-2. This Part 1-2 only identifies
differences from, or supplements to, normal
temperature design.

(2) This Part 1-2 of EN 1994 deals only
with passive methods of fire protection.
Active methods are not covered.

(3) This Part 1-2 of EN 1994 applies to
composite steel and concrete structures that
are required to fulfil certain functions when
exposed to fire, in terms of’

- avoiding premature collapse of the
structure (load bearing function);

- limiting fire spread (flame, hot gases,
excessive heat) beyond designated areas
(separating function).

(4) This Part 1-2 of EN 1994 gives
principles and application rules (see
EN 1991-1-2) for designing structures for
specified requirements in respect of the
aforementioned functions and the levels of
performance.

(5) This Part 1-2 of EN 1994 applies to
structures, or parts of structures, that are
within the scope of EN 1994-1-1 and are
designed accordingly. However, no rules
are given for composite elements which
include prestressed concrete parts.

(6) For all composite cross-sections
longitudinal shear connection between steel
and concrete should be in accordance with
EN 1994-1-1 or be verified by tests (see
also 4.3.4.1.5 and Annex I).
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(7) Ilpuknanu TUNOBUX OETOHHUX IUTUT 3 (7) Typical examples of concrete slabs with
npodiIbOBAHUMH CTAJIEBUMHU JIUCTAMH, 3 profiled steel sheets with or without
apMaTypHUMH CTPWXKHAMH abo 0e3 Hux reinforcing bars are given in Figure 1.1.
HaBENEHO Ha pUCYHKY 1.1.

TpaneneBunamii mpodiis
Trapezoidal profile

[Ipodinb 31 BXiTHUMHU KyTaMH
Re-entrant profile

ITnockuii npodinb

Flat profile Z 5:
Pucynok 1.1 Tunosi npukianu GETOHHIX ILTHT Figure 1.1 Typical examples of concrete
3 Ipo(1TbOBAHUMH CTAJIEBUMH JIUCTAMH, 3 slabs with profiled steel sheets with or
apMaTypHUMH CTPIDKHAMH a00 Oe3 HUX without reinforcing bars
(8) TumoBi mnpukiaan CKIAASHUX OajJoK (8) Typical examples of composite beams
HaBeJeHO Ha pucyHkax 1.2-1.5. BixmosiaHi are given in Figures 1.2 to 1.5. The
KOHCTPYKTHUBHI BUMOTH HaJlaHi B PO3I1JI 5. corresponding constructional detailing is

covered in section 5.

il 3

ti—
TToscueHusa Key
1 — CTpmwKHEBI aHKSPH 1 — Shear connectors
2 — beronna mmTa ado mwiuTa 3 mpo(iaTbOBaHEM 2 — Flat concrete slab or composite slab with profiled

CTAJIEBHM JIHCTOM steel sheeting
3 — BaxummeHi a00 He3aXUIICHI PO Qi 3 — Profiles with or without protection
Pucynok 1.2: banka 3i cranesoro npodimo 6e3  Figure 1.2: Composite beam comprising steel
OEeTOHHOTO OONULIFOBAHHS beam with no concrete encasement
— 1

""v
_‘h

TosacHeHHs Key
1 — JIOBLTbHHIH CICMCHT 1 — Optional
2 — XoMyTH, IPHKpiIUIeH] 10 cTiHku npogimo 3Baproro 2 — Stirrups welded to web of profile
3 — ApmarypHHUH CTPIKCHb 3 — Reinforcing bar
Pucynok 1.3: Cranesa 6ajika 3 4aCTKOBUM Figure 1.3: Steel beam with partial concrete
OEeTOHHUM OOJIHUIIFOBAHHIM encasement
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TosacueHHs Key
1 — ApMarypHHH CTPIKCHB 1 — Reinforcing bar
Pucynok 1.4: Cranesa 6anka, 4aCTKOBO Figure 1.4: Steel beam partially encased in slab

BMOHTOBAHA B IIJIUTY

T T

[ I

TosacueHHs Key
1 — ApMarypHHH CTPIKCHB 1 — Reinforcing bar
2 — CTpmKHEB1 aHKEpH 2 — Shear connectors
Pucynok 1.5: Banka, o MiCTUTb CTajieBUN Figure 1.5: Composite beam comprising steel
npodisb 3 YACTKOBIM OETOHHUM beam with partial concrete encasement
OOJIMLIFOBAHHSIM
(9) TumoBi mHpuUKJIaAM CKJIAIEHUX KOJIOH (9) Typical examples of composite columns
HaBeleHO Ha pucyHkax 1.6 - 1.8 are given in Figures 1.6 to 1.8. The
BiamoBigHI KOHCTPYKTUBHI BUMOTH HaJaHi corresponding constructional detailing is
B po3aii 5. covered in section 5.

TosacueHHs Key
1 — CrpmxHEB1 aHKEpH, IPUBAPEHI 10 CTiHKH cTaneBoro 1 — Shear connectors welded to web of profile
mpo (i

Pucynok 1.6: Cranesi npodini  Pucynok 1.7: YacTkoBo Pucynok 1.8: TpybobetoHHi
B OeTOHHIH 000HMI o0nHMupbOBaHi cTanesi npodiyi  mepepizu

Figure 1.6: Concrete encased  Figure 1.7: Partially encased ~ Figure 1.8: Concrete filled
profiles profiles profiles
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(10)  Jnst  KOJNOH  MOXYTb  TaKOX
BUKOPHUCTOBYBATHCS TIOMEPEUHi Mepepisu
iHmoi ¢opmu, Hampukian, Kpyrii o abo
BOCBMUKYTHI. ApPMaTypHI CTPHXKHI MOXKHA
3aMiHUTH CTaJIeBUMH TPOPLIAMU TaMm, A€
1e moTpiOHO.

(11) BorsecTifiKiCTh KOHCTPYKLIH Takoro
THIY MOJKE IT1IBUIIYBATUCh 3aCTOCYBaHHSIM
BOTHE3aXHCHUX MaTepiaiB.

IMprvitka. [TpuHIMIH Ta MpaBHIA PO3PAXYHKY, MO
HaBeAcHI B 4.2, 43 Ta 5, CTOCYIOTBCS CTaNCBHX
MOBEPXOHb, IO  OE3MOCEPEIHBO  3a3HANOTH
BOTHEBOTO BIUIUBY, 0€3 OyIb-SIKHX BOTHE3AXHCHHX
MAaTepiaiiB, KPiM YiTKO BH3HAYCHUX 1HIIHNX CIIOCOOIB
BOTHE3AXHUCTY.

(12)P Meroau, mo HaBeneHi B LiH
HACTaHOBI, 3aCTOCOBYIOTBCS bl b
KOHCTPYKLIHHUX crajeil mapok S235,
S275, S355, S420 Ta S460 3rigHO 3
EN 10025, EN 10210-1 Ta EN 10219-1.

(13) Jnst mpopiibOBaHUX CTaJIEBUX JIMCTIB
3pobJeHo TocwiaHHS Ha po3ainm 3.5
EN 1994-1-1.

(14)  ApwmarypHi CTPHIKHI MaroTh
ianosinatu sBumoram EN 10080.

(15) 3Buuaiinuii O€TOH, SIK BH3HAYEHO Y
EN 1994-1-1, moxHa 3aCTOCOBYBaTHUCS AJIsI
NPOEKTYBAHHS BOTHECTIHKMX KOHCTPYKLIN
KOMOIHOBaHOTO Tepepidy. 3acTOCyBaHHS
Jerkoro  OETOHy  JOMyCKAaeTbCs  UIs
CKJIAZICHUX TLIHT.

(16) 1Ila HacraHoBa HE CTOCYETHCSA
MPOEKTYBAaHHS KOMOIHOBAHUX KOHCTPYKIIIH
3 OeTOHIB KJacy 3a MIIHICTIO HUXKYe
C20/25 i LC20/22 Ta Bume C50/60 i
LC50/55.

IMprviTka. BimoMocTi mpo K1acH OCTOHY 3 MIITHOCTI
pue 3a C50/60 naxo B po3aim 6 EN 1992-1-2.

(17) dna matepiaiiB, IO HE BBIAILIN 10
miei HacraHoBw, ciil BUKOPHUCTOBYBATH
nocuyands Ha BiAnoBigHI CEN cranmaptu
Ha TPOAYKLiI0 abo €BPOMENChKI TEXHIYHI
yxBajnenns (ETA).

(10) Different shapes, like circular or
octagonal cross-sections may also be used
for  columns. Where appropriate,
reinforcing bars may be replaced by steel
sections.

(11) The fire resistance of these types of
constructions may be increased by applying
fire protection materials.

NOTE: The design principles and rules given in 4.2,
4.3 and 5 refer to steel surfaces directly exposed to
the fire, which arec free of any fire protection
material, unless explicitly specified otherwise.

(12)P The methods given in this Part 1-2 of
EN 1994 are applicable to structural steel
grades S235, S275, S355, S420 and S460 of
EN 10025, EN 10210-1 and EN 10219-1.

(13) For profiled steel sheeting, reference is
made to section 3.5 of EN 1994-1-1.

(14) Reinforcing bars should be in
accordance with EN 10080.

(15) Normal weight concrete, as defined in
EN 1994-1-1, is applicable to the fire
design of composite structures. The use of
lightweight concrete 1is permitted for
composite slabs.

(16) This part of EN 1994 does not cover
the design of composite structures with
concrete strength classes lower than C20/25
and LC20/22 and higher than C50/60 and
LC50/55.

NOTE: Information on Concrete Strength Classes
higher than C50/60 is given in section 6 of EN 1992-
1-2. The use of these concrete strength classes may
be specified in the National Annex.

(17) For materials not included herein,
reference should be made to relevant CEN
product standards or European Technical
Approval (ETA).
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1.2 HopmaTuBHI MOCHJIAHHS

(1)P Lle#t craHmapT MICTUTh OAaTOBaHI Ta
HEAaTOBaHI TOCHJIAHHS, TIOJNIOKEHHS 3
iHmmx — nyOmikamiid. LI HOpMaTHBHI
MOCHJIAHHS [HUTYIOTBCS B HEOOXITHUX
MICISIX y TEKCTi, a myOmikauii mepenideHi
Hkde. [l maToBaHMX IMOCUJIaHb, IM3HIII
3MIHU  Oyap-sikoi 3 mux — myOmikamin
3aCTOCOBYIOTBCSI IO CTaHAAPTY TOMI, KOJH
BOHU  BHOCSTBCS ~ 4epe3  3MiHy [0
nyOmikamii. JIis HemaToBaHUX TIOCHUJIAHb
MPOIMOHYETHCST 1O BUKOPUCTAHHS OCTAHHE

BUIAHHS nyOJiKarii (BKJIFOYHO 3
TOTIOBHEHHSIMH ).
EN 1365-1 BurnpobyBaHHs Ha

BOTHECTIHKICTb ~ HECYYHUX  €JIEeMEHTIB -
UYacruna 1: Ctian

EN 1365-2 BurnpobyBaHHs Ha
BOTHECTIHKICTb ~ HECYYHUX  €JEMEHTIB -
Yactuna 2: Ilepekpurts Ta NOKPUTTSA

EN 1365-3 BurnpobyBaHHs Ha
BOTHECTIHKICTb ~ HECYYHUX  €JEMEHTIB -
Yactuna 3: banku

EN 1365-4 BunpobyBanHs Ha
BOTHECTIHKICTb ~ HECY4YHUX  €JEeMEHTIB -
Yactuna 4: Kononu

EN  10025-1Tapsiuekatani  Bupodu 3
KOHCTpyKUiHOi cram — YacrmHa 1:
3aranbHi TEXHIYHI YMOBH ITOCTAYaHHS

EN 10025-2 Tapsuexatani BuUpoOU 3
KOHCTpyKUiHOi cram — YacrmHa 2:
TexHiuHI YMOBU MOCTa4aHHS HEJErOBaHOI
KOHCTPYKTHUBHOI CTaJl

EN 10025-3 Tapsuekarani BupoOu 3
KOHCTpYKLIHHOI cram — YactuHa 3:
TexniuHi YMOBHU MocTayaHHs
HOPMAJTi30BaHOI/HOPMaJTI30BAHOI TPOKATHOI
OpiOHO3EpPHHUCTOI  CTaji, MO MiANAETHCS
3BapPIOBAHHIO

EN 10025-4 Tapsuexkarani BupoOu 3
KOHCTpYKLIHHOI cram — YactuHa 4:
TexHiuHl yMOBH MOCTa4aHHs TepPMO-
MEXaHIYHOi TPOKATHOI  APIOHO3EPHUCTOI
CTaJIl, IO MiATAETHCS 3BAPIOBAHHIO
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1.2 Normative references

(1)P This European Standard incorporates
by dated or undated reference, provisions
from other publications. These normative
references are cited at the appropriate
places in the text and the publications are
listed hereafter. For dated references,
subsequent amendments to or revisions of
any of these publications apply to this
European Standard only when incorporated
in it by amendment or revision. For undated
references the latest edition of the
publication referred to applies (including
amendments).

EN 1365 -1 Fire resistance tests for
loadbearing elements — Part 1: Walls

EN 1365 -2 Fire resistance tests for
loadbearing elements — Part 2: Floors and
roofs

EN 1365 -3 Fire resistance tests for
loadbearing elements — Part 3: Beams

EN 1365 -4 Fire resistance tests for
loadbearing elements — Part 4: Columns

EN 10025-1 Hot-rolled products of
structural steels - Part 1: General technical
delivery conditions

EN 10025-2 Hot-rolled products of
structural steels - Part 2: Technical delivery
conditions for non-alloy structural steels

EN 10025-3 Hot-rolled products of
structural steels - Part 3: Technical delivery
conditions for normalized/normalized rolled
weldable fine grain structural steels

EN 10025-4 Hot-rolled products of
structural steels - Part 4: Technical delivery
conditions for thermomechanical rolled
weldable fine grain structural steels
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EN 10025-5 I'apsiuexarani Bupobu 3
KOHCTPYKLIHHOI cTan — YacTuHa 5:
TexHiuHI YMOBH MMOCTA4aHHS
KOHCTPYKLIHHOI CTaJl 3 MOKPALIEHOK
CTIMKICTIO 10 aTMOc(hepHOi Kopo3ii

EN 10025 — 6 I'apsiuexaTani BUpodu 3
KOHCTPYKLIHHOI cTan — YacTuHa 5:
TexHiuHI YMOBH MOCTaYaHHS TIOCKHX
BUPOOIB 3 KOHCTPYKUIHHOI CTal 3 BUCOKOIO
TPAHMLICIO TEKYYOCTI MPH YMOBI IOMipPHOTO
raciHHs

EN 10080 Cranb niist apMmyBaHHs O€TOHY -
ApmaTypHa CTaib, IO M ANAETHCS
3BapIOBAHHIO 3arajibHi MOJOKEHHS

EN 10210-1 KoHcTpyKLiiiHi mycToTii
nepepi3u rapssuoi 00poOKH 3 HEJIErOBaHOI
IpiOHO3EPHUCTOI KOHCTPYKIIHHOI CTas —
Yactuna 1: TexHIYHI yMOBH OCTaYaHHS

EN 10219-1 KoHcTpyKLiiiHi mycTOTI
nepepi3u XOJ0HOi 0OpOOKH 3 HEJIErOBaHOI
IpiOHO3EPHUCTOI KOHCTPYKLIHHOI CTay —
Yactuna 1: TexHIYHI yMOBH OCTaYaHHS

ENV 13381-1 Metoau BunpoOyBaHHS ISt
BU3HAYEHOTO ITiABUIIEHHS BOTHECTIHKOCTI
€JIEMEHTIB KOHCTPYKLii — YacTura 1:
3axuCHI TOPU3OHTANIbHI €KPaHU

ENV 13381-2 Metoau BunpoOyBaHHs ISt
BHU3HAYEHOTO ITiABUIIEHHS BOTHECTIHKOCTI
€JIEMEHTIB KOHCTPYKLii — YacTiHa 2:
3axuCHI BEPTUKAJIbHI €KPaHH

ENV 13381-3 Meroau BunpoOyBaHHs AJst
BU3HAYEHOTO Il IBUIIEHHS] BOTHECTIMKOCTI
€JIEMEHTIB KOHCTpYKUii — YacTuHa 3:
3axucHe OKPUTTS] OETOHHUX €JIEMEHTIB

ENV 13381-4 Meronu BunpoOyBaHHs st
BU3HAYEHOTO Il IBUIIEHHS] BOTHECTIMKOCTI
€JIEMEeHTIB KOHCTpYKUii — YacTuHa 4:
3axuCHE TIOKPUTTS CTAJIEBUX €JIEMEHTIB

ENV 13381-5 Meronu BunpoOyBaHHs st
BHU3HAYEHOTO I ABUIIEHHS BOTHECTIHKOCTI
€JIEMEHTIB KOHCTPYKUii — YacTuHa S:
3axuCHE MOKPUTTS €IEMEHTIB
KOMOIHOBAHOTO Tiepepi3y 3 OeTOHy Ta
npodiTbOBAHUX JIUCTIB

EN 10025-5 Hot-rolled products of
structural steels - Part 5: Technical delivery
conditions for structural steels with
improved atmospheric corrosion resistance

EN 10025-6 Hot-rolled products of
structural steels - Part 6: Technical delivery
conditions for flat products of high yield
strength structural steels in the quenched
and tempered condition

EN 10080 Steel for the reinforcement of
concrete - Weldable reinforcing steel
General

EN 10210-1 Hot finished structural hollow
sections of non-alloy and fine grain
structural steels — Part 1 : Technical
delivery conditions

EN 10219-1 Cold formed welded structural
hollow sections of non-alloy and fine grain

structural steels — Part 1: Technical delivery
conditions

ENV 13381-1 Test methods for
determining the contribution to the fire
resistance of structural members — Part 1:
Horizontal protective membranes

ENV 13381-2 Test methods for
determining the contribution to the fire
resistance of structural members — Part 2:
Vertical protective membranes

ENV 13381-3 Test methods for
determining the contribution to the fire
resistance of structural members — Part 3:
Applied protection to concrete members

ENV 13381-4 Test methods for
determining the contribution to the fire
resistance of structural members — Part 4:
Applied protection to steel members

ENV 13381-5 Test methods for determining
the contribution to the fire resistance of
structural members — Part 5: Applied
protection to concrete/profiled sheet
composite members
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ENV 13381-6 Meronu BunpoOyBaHHS st
BHU3HAYEHOTO ITiABUIIEHHS BOTHECTIHKOCTI
€JIEMEHTIB KOHCTPYKLUii — YacTnHa 6:
3axUCHE MOKPUTTS KOJIOH 3 MyCTOTLINX
JIUCTIB, 10 3aIIOBHEHI OETOHOM

EN 1990 €Bpoxon: OcHOBHU NPOEKTYBaHHSI
KOHCTPYKLIH

EN 1991-1-1 €Bpokon 1: Brimusu Ha
koHCTpyKIii — YactuHa 1.1: 3araibHi BIUTUBU
—I'ycTuna, BacHa Bara Ta mpuUKJIaeHe
HABAHTAKCHHS

EN 1991-1-2 €Bpokon 1: Bimusu Ha
kOHCTpyKIii — YactuHa 1.2: 3araibHi BIUTUBU
— BruiBu Ha KOHCTPYKLIi , IO 3a3HAIOTH
BIUIUBY BOTHIO

EN 1991-1-3 €Bpokon 1: Bimusu Ha
koHCTpyKIii — YactuHa 1.3: 3araibHi BIUTUBU
— BrunBu Ha koHCTpYKLii — CHITOBI
HABAHTAKCHHS

EN 1991-1-4 €Bpokon 1: Brimusu Ha
koHCTpyKIii — YactuHa 1.4: 3araibHi BIUTUBU
— BrunBu Ha koHCTpYKLii — BiTposi
HABAHTAKCHHS

EN 1992-1-1 €Bpokoa 2: IIpoexkTyBaHHs
O6eToHHUX KOHCTpyKUiil — Yactuna 1.1:
3aranpHI paBUIIa Ta MpaBwIIa st OyaiBesb

EN 1992-1-2 €Bpokog 2: IIpoexkTyBaHHs
O6eToHHUX KOHCTpYKUii — Yactuna 1.2:
BornecriiikicTp

EN 1993-1-1 €Bpokoga 3: IIpoextyBaHHs
CTaJIeBUX KOHCTPYKLil — Yactuna 1.1:
3aranpHI paBuIIa Ta MpaBuia It OyiBesb

EN 1993-1-2 €Bpokona 3: IIpoextyBaHHs
CTaJIeBUX KOHCTPYKLiH — YactuHa 1.2:
BornecTiiikicTb

EN 1993-1-5 €Bpokona 3: IIpoexktyBaHHs
CTaJIeBUX KOHCTPYKLiH — YactuHa 1.5:
KoHcTpykuiiiHi e1eMeHTH 3 METaJIOMPOKATY

EN 1994-1-1 €Bpoxkon 4: IIpoextyBaHHs
craje3anizo0eTOHHUX KOHCTPYKLIH -
UYactuna 1.1: 3aranbHi mpaBuia Ta npaBuia
it OyiBesTb
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ENYV 13381-6 Test methods for
determining the contribution to the fire
resistance of structural members — Part 6:
Applied protection to concrete filled hollow
sheet columns

EN 1990 Eurocode: Basis of structural
design

EN 1991 -1-1 Eurocode 1 : Actions on
Structures — Part 1.1: General Actions -
Densities, selfweight and imposed loads

EN 1991-1-2 Eurocode 1: Actions on
Structures — Part 1.2: General Actions -
Actions on structures exposed to fire

EN 1991 -1-3 Eurocode 1 : Actions on
Structures — Part 1.3: General Actions -
Actions on structures - Snow loads

EN 1991 -1-4 Eurocode 1 : Actions on
Structures — Part 1.4: General Actions -
Actions on structures - Wind loads

EN 1992-1-1 Eurocode 2: Design of
concrete structures - Part 1.1: General rules
and rules for buildings

EN 1992-1-2 Eurocode 2: Design of
concrete structures - Part 1.2: Structural fire
design

EN 1993-1-1 Eurocode 3: Design of steel
structures - Part 1.1: General rules and rules
for buildings

EN 1993-1-2 Eurocode 3: Design of steel
structures - Part 1.2: Structural fire design

EN 1993-1-5 Eurocode 3: Design of steel
structures - Part 1.5: Plated structural
elements

EN 1994-1-1 Eurocode 4: Design of
composite steel and concrete structures -
Part 1.1: General rules and rules for
buildings
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1.3 Ilepeaymosn

(1)P BuxopucraHo mnepenyMOBH, IO
Haseneri B EN 1990 ta EN 1991-1-2.

1.4 Bigminnicre mik [lpunomnamu ta
IIpaBuiamu 3aCTOCYBAHHA

(1) 3acToCOBYIOTH MpaBuUIIA, O HABEJCHI B
1.4 EN 1990.

1.5 BusHaueHHs

(1)P 3acTtocoByrOTh mpaBuja, MO HABENCHI
B nyHkTax 1.5 EN 1990 ta EN 1991-1-2.

(2)P 3acToCOBYIOTH TEPMiHH, IO HaBENEHI
B UacTtuni 1-2 EN 1994 B TakoMy 3HAYeHHI

1.5.1 CuoeuianbHi TepMiHH CTOCOBHO
NMPOEKTYBAHHS 3arajiom

1.5.1.1

BIACTAHDb 10 OCi

Bigcrans Bim  Ha#OmMKYOi  OETOHHOI
MIOBEPXHI JI0 OCI apMaTypHOT'O CTPHIKHS

1.5.1.2

yacTuHa OyaisJi

Oxpema vactuHa OymiBN 3 BiAMOBIIHUMHU
OTOpaMu Ta TPAHUYHUMHU YMOBAMU

1.5.1.3

3axMIeHi eJIeMeHTH

Enementu, mist sKuX 3ampoBaKeHl 3aX0U
IOJI0 3MEHILIEHHS MPUPOCTY TEMIIEPaTypu
MPOTSITOM TMOKEX1

1.5.1.4

PaMHO-B’s13eBHIl KapKac

Kapkac, omip SKOro TrOpU30OHTAJIbLHUM
HAaBAHTAXKEHHSIM 3a0€3I€1yEThCS] CUCTEMOIO
B’s131B, SIKA € JOCTaTHBO JXOPCTKOM, 00
NPUITYCTUTH, I[I0 BOHA CHpHUIMae BCI
FOpI/ISOHTaJ'IbHi HaBAHTAXCHHS.

1.3 Assumptions

(1)P  Assumptions of EN 1990 and
EN 1991-1-2 apply.

1.4 Distinction between principles and
application rules

(1) The rules given in EN 1990 clause 1.4
apply.

1.5 Definitions

(1)P The rules given in clauses 1.5 of
EN 1990 and EN 1991-1-2 apply.

(2)P The following terms are used in
Part 1-2 of EN 1994 with the following
meanings:

1.5.1 Special terms relating to design in
general

1.5.11

axis distance

distance between the axis of the reinforcing
bar and the nearest edge of concrete

1.5.1.2

part of structure

isolated part of an entire structure with
appropriate  support and  boundary
conditions

1.5.1.3

protected members

members for which measures are taken to
reduce the temperature rise in the member
due to fire

1.5.14

braced frame

a frame which has a sway resistance
supplied by a bracing system which is
sufficiently stiff for it to be acceptably
accurate to assume that all horizontal loads
are resisted by the bracing system
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1.5.2  Tepminuu, mo CTOCYIOThCS
BJIACTHBOCTEll MaTepiaJjiiB Ta BUPoOiB

1.5.2.1

Yac NOpyIeHHs 3aXUCTy

TpuBamicte  3axWCcTy  BiA  NPSIMOTO
BOTHEBOTO BIUIHBY, Yac, KOJM BOIHE3aXHCHI
nokputrtst abo 1HmI 3aco0u  3aXHCTY
CKJIIEHOTO  €JIEMEHTY MOCIaOIIOI0ThCS,
IHIl €JIEMEHTH, W0 BHUPIBHSHI 3 TUM
CKJIAICHUM eJIEMEHTOM, PYHHYIOThCS abo
MOPYINY€ETbCST  CHIBBICHICTh 13 1HIDUMU
KOHCTPYKLISIMH yepes HAJUJTHIIKOBY
nehopMallio CKIAASHOTO eIeMEHTY

1.5.2.2

BOTHE3aXHCHHH MaTepia

bynp-sxmit marepian abo  CHONyYEHHS
MmarepiaiiB, IIO  3aCTOCOBAaHUHM I
M1 ABUIIEHHS. KOHCTPYKLIi BOTHECTIHKOCTI

1.5.3 Tepminu, mo CTOCYIOTHCS AHATI3Y
TemJIonepeHocy

1.5.3.1

KoedilieHT MonepevyHOro nepepiszy

Jlisl CTajeBoro €J1eMEHTY CITiBBIIHOIIEHHS
IUIOIII TIOBEPXHi, LIO 3a3HA€ BIUIMBY, Ta
00’eMy cTami;, JUId 3aXHIIEHOTO E€JIEMEHTY
CHIBBIIHOIIEHHS  IUIOLIl  BHYTPILIHBOI
NOBEPXHI  OONUIOBaHHSA, IO  3a3HAE
BILUIUBY, Ta 00’ €My cTaji

1.5.4 Tepminu, Mo CTOCYIOTHCS AHAJI3Y
MexaHiuHol poboTHn

1.5.4.1

KPHUTHYHA TeMIepaTypa KOHCTPYKIUIHHOT
cTamdi

Temmepatypa, 3a $KkOoi B e€JeMeHTI 3
KOHCTPYKIIHHOT cTani OUIKYETBCS
pyHHYBaHHS, IPU PIBHOMIPHOMY PO3MOZLIT
TeMIepaTypu Ay 33J4aHOTO  PIBHS
HABAHTAXXCHHS

1.5.4.2

KPUTHYHA TEMIEPATYPA apMATypH
Temneparypa apmarypu, 3a $SKOi B
€JIEMEHTI OYIKYy€ThCS BUHHUKHEHHSI
NOLTKOMKEHHS,  [UIsI  33JaHOTO  PIiBHSA
HABAHTAXXCHHS
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1.5.2 Terms relating to material and
products properties

1.5.2.1

failure time of protection

duration of protection against direct fire
exposure; that is the time when the fire
protective claddings or other protection fall
off the composite member, or other
elements aligned with that composite
member fail due to collapse, or the
alignment with other elements is terminated
due to excessive deformation of the
composite member

1.5.2.2

fire protection material

any material or combination of materials
applied to a structural member for the
purpose of increasing its fire resistance

1.5.3 Terms relating to heat transfer
analysis

1.5.3.1

section factor

for a steel member, the ratio between the
exposed surface area and the volume of
steel; for an enclosed member, the ratio
between the internal surface area of the
exposed encasement and the volume of
steel

1.5.4 Terms relating to mechanical
behaviour analysis

1.5.4.1
critical temperature of structural steel

for a given load level, the temperature at
which failure is expected to occur in a
structural steel element for a uniform
temperature distribution

1.5.4.2

critical temperature of reinforcement

the temperature of the reinforcement at
which failure in the element is expected to
occur at a given load level
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1.5.4.3
polouuii nonepeyHuii nepepis
[Tonepeunuii  mepepi3  eneMeHty Ui

pPO3paxyHKy Ha  BOTHECTIMKICTb, IO
BUKOPUCTOBYETBCSI Yy pasl 3aCTOCYBaHHS
METOAy poOOYOro MOMEePeyHOro mepepisy.
Woro OTpUMyIOTb IIISIXOM  BUTY4YeHHs
YAaCTHH MOMEPEYHOTO Mepepisy, MILHICTh Ta
JKOPCTKICTh SIKUX AOPIBHIOIOTH HYITO

1.5.4.4

MAKCHMAJIbHHIA PiBeHb HANIPY:KEeHb
PiBensn HaIPy>KeHb IS 3a4aHOI
TEMIeparypyu, Ha  SKOMy  Jiarpama
“Hanpy>keHHs-gedopmarii” cran
NepexXoAuTh y  CTalil0  IUIACTHYHHUX

nedopmarriit

1.6 IlozHauenus

(1)P ¥V upoMy craHmapTi BUKOPUCTaHI Taxi
MO3HAYECHHS

Benuxi riamuncwski aimepu:

1.5.4.3

effective cross section

cross section of the member in structural
fire design used in the effective cross
section method. It is obtained by removing
parts of the cross section with assumed zero
strength and stiffness

1.5.44

maximum stress level

for a given temperature, the stress level at
which the stress-strain relationship of steel
is truncated to provide a yield plateau

1.6 Symbols

(1)P For the purpose of this Part 1-2 of
EN 1994, the following symbols apply

Latin upper case letters

A cross-sectional area or concrete
volume of the member per metre of
member length;

Aa,po  cross-sectional area of the steel
profile at the temperature 6,

Aqe  cross-sectional area of the concrete
at the temperature 0;

Ay cross-sectional area of a steel
flange;

A, A; elemental area of the cross section

A oA TMOMNepPEeYHOoro mepepizy abo
00’eM OETOHY eJeMeHTa Ha METp HOro
TOBXKHHH,

A,p TIIOmA MONePEeYHOro nepepisy
CTaJieBOro Npodijro 3a TeMreparypu 0;

A.p Tuoma  OETOHHOTO  MONEPEYHOro
nepepisy 3a TeMmeparypu &,

Ar IUIOLIA MOMEPEYHOro Mepepi3y CTaneBol
TIOJIHIIL

A;, A; enemeHTapHa MJOIIA  IOMNEPEYHOrO
nepepizy 3a Ttemmeparypu 6, & abo
IUIOINA TOBEPXHI, IO 3a3HAE BILUIMBY
BOTHIO, 1-i YaCTUHHU  CTaJIeBOTO
MOTMEPEUHOro Mmepepidy Ha OJUHHLIO
TOBXKHHH,

A /L, xoediuient popmu pedpa;

A;/V; xoebiuient nepepisy [m'] i-i uacTunn
CTaJeBOr0  TOMEPEYHOro  mepepizy
(He3axUILEeHNH eeMeHT);

A IoIa Oe3nocepenHbO HarpiToi
MOBEPXHI €JIEMEHTY Ha OJJUHHULIIO
TOBXKHHH,

Ap/V koedpiLieHT TOMEepPeuHOro  mepepizy
KOHCTPYKLIT;

A4,;  moma BHYTPIIIHBOI MOBEPXHI
BOTHE3aXHUCHOTO Martepiajy Ha
ONWHULIO JAOBXKHUHH  j-i  YacTHHH

CTaJICBOT'O CJICMCHTY,

with a temperature 0; or 6, or the
exposed surface area of the part 1 of

the steel cross-section per unit
length;

A /L, the rib geometry factor;

A;/V; section factor [m™'] of the part 1 of

the steel cross-section (non-

protected member);

A directly heated surface area of
member per unit length;

A,V section factor of structural member;

A,;  area of the inner surface of the fire

protection material per unit length of
the part 1 of the steel member;
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Eaﬂ, o

Ec, sec,0

Ec()ﬁ

Ecor

20

xoedirieHT mepepizy [M'] i-i yacTHHE
CTaJeBOr0  MOMEPEYHOro  mepepisy
(3 3aXHUCTOM 1O KOHTYPY)

IJIOIIA TIOMEPEYHOro mepepidy pedep
JKOPCTKOCTI,

KOe(piLIEHT MOMEePEYHOro Tepepizy
pebep JKOPCTKOCTI,

oL MOMEePEUHOr0 nepepisy
apMaTypHUX CTPHKHIB 3a

Temneparypu 0;

KPUTEpIH LTI CHOCTI;

a6o E 60,... emeMeHT, 10 BiAIOBIgac
KpPUTEPIIO ListicHOCTI mpoTsirom 30 abo
60... XBWIMH 3a  CTaHJApPTHUM
TEMIIEPATyPHUM PEXKHMOM,
XApaKTEPUCTHYHE 3HAYEHHS MOIYJIS
NPY’KHOCTI KOHCTPYKIUMHOI cTam IJIst
20°C,

XApaKTEPUCTHYHE 3HAYEHHS MOIYJIS
NPY’KHOCTI  pO(iIbOBaHOI  CTaNEBOI
TTOJIHLIL;

XApaKTEPUCTHYHE 3HAYCHHS HaXUITy
JMHIHHOI MPYXHOI IUISTHKU iarpaMu
“HampykeHHs-nedopMarii’ crajg 3a
M1 ABUIICHUX TEMITEPaTyp;
NOYAaTKOBUH  (HOTHYHMIA)  MOXYJIb
mlarpamMu  “HampykeHHs-nedopmarii”
CTaJIeBOrO MPOQUII0 3a MiABHIIEHOI
Temneparypu 0 Ta Harpy>KeHHs G; g,
XapaKTEPUCTHYHE 3HAYEHHS Cepen-
HBOrO (CIYHOTrO) MONYJIsl TPYKHOCTI
OeToHy B YMOBaX MOXKEXi, BU3HAYCHE
;[Kfc,g/ Ecu, 05

XapaKTEPUCTHYHE 3HAYEHHS JOTHY-
HOTO MOZYJSI MPYKHOCTI Ha MOYATKY

KOOpAWHAT CIIi BB THOIIEHHSI
“HampykeHHsI-nedopMalili’ OeToHy 3a
I IBUIEHUX TeMIIEpaTyp Ta

KOPOTKOYAaCHOI'O HABAHTAYKCHHS

MOYATKOBUN  (JOTUYHUI)  MOIYJIb
NPYKHOCTI CIIi BBl THOIICHHS
“Hanpy>keHHs-aedopmarii” hil &

OeToHy 3a MiBUIIEHOI TeMIepaTypu O
Ta HATMPY>KEHHS O; 4,

PO3pPaxyHKOBUH  HaBaHTaXKyBaJbHUH
e(eKT 32 HOpMaJIBbHOI TeMIIepaTypH;
PO3pPaxyHKOBUH  HaBaHTaXKyBaJbHUH

eexT i vac moxkexi, MpUHHATHIA
HE3aJICXKHUM BiJ 4acy,

A,;/V section factor [m™] of the part 1 of

Eaﬂ, o

Ec, sec,0

Ec()ﬁ

Ecor

the steel cross-section (with contour
protection);,
cross-sectional area of the stiffeners;

section factor of stiffeners;

cross-sectional area of the rein-
forcing bars at the temperature 6,

integrity criterion;

or E 60,... a member complying with
the integrity criterion for 30, or 60...
minutes in standard fire exposure;

characteristic value for the modulus
of elasticity of structural steel at
20°C,

characteristic value for the modulus
of elasticity of a profile steel flange;

characteristic value for the slope of
the linear elastic range of the stress-
strain relationship of structural steel
at elevated temperatures;

tangent modulus of the stress-strain
relationship of the steel profile at
elevated temperature 0 and for stress
16,

characteristic value for the secant
modulus of concrete in the fire
situation, given by f.» divided by
Ecu,b

characteristic value for the tangent
modulus at the origin of the stress-
strain relationship for concrete at
elevated temperatures and for short
term loading

tangent modulus of the stress-strain
relationship of the concrete at
elevated temperature 0 and for stress

Cio

design effect of actions for normal
temperature design;

design effect of actions in the fire
situation, supposed to be time
independent;
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Eﬁ,d,t

(E]) ficz

(E])ﬁeﬂ

(E]) sz

(E]) fieff.z

(E])ﬁ,w,z

Esor

Gy

HC

PO3pPaxyHKOBUI HaBaHTAXyBaJIbHUHN
e(eKT, BKIIIOYAIOYH HEMPsIMI BIUTHBU
MOKEXKI Ta HABAHTAXKEHHS M Yac
MOKEXKI B MOMEHT 4acy t;

3TMHAJbHA JKOPCTKICTH MTIJ  4ac
NoKeXki (BIIHOCHO LIEHTPaJIbHOI OCl
Z  KOMOIHOBAaHOTO  TIOMEPEYHOrO
nepepisy);

pO3paxyHKOBa 3TUHAJIbHA
JKOPCTKICTD T/ Yac MOXKEXKi;
3TUHAJIBHA KOPCTKICTh JBOX TOJHIIh
CTaJIeBOTrO MPOdLII0 i Yac MOKexKl
(BLAHOCHO  HeHTpanbHOI oOcCi 7
CKJIaZIEHOTO TIONIEPEYHOTO Mepepizy);
3THHAJbHA KOPCTKICTh apMaTypHUX
CTPHIKHIB MiJ] 9ac TOXKeX1 (BITHOCHO
LEHTPaJbHOI OCi Z KOMOIHOBAaHOTO
MIOTIEPEYHOTO Tepepizy);
pO3paxyHKOBa 3THHAJIbHA
JKOPCTKICTb (BIAHOCHO OCl Z) mix
4ac MOKeXKi;

3THMHQJIbHA  KOPCTKICTD  CTIHKH
CTaJIeBOTO MPOQUITIO MMiJT Yac MOMKEK]

(BIAHOCHO  LIEHTpaJIbHOI OCl Z
KOMOIHOBaHOT'O MOTIEPEYHOTO
nepepisy);
XapaKTePUCTUUHE 3HAYSHHS] MOIYJISI
NPY>KHOCTI;
MOIYyJIb TPYKHOCTI  apMaTypHHUX
CTPHIKHIB;

XAPaKTEPUCTHYHE 3HAUYCHHS HaXUITy
JHITHOI MPYKHOI MiJSTHKY Jliarpamu

“HanpyxeHHs-nedopmanii”  apma-
TypHOI  CTaml  3a  MIABUIICHUX
TEMITEPATyp;

NOYAaTKOBUH (MOTUYHMH) MOAYJIb
CIIi BBl JHOIIEHHS “Hamnpy XeHHsI-
nedopmauii” apmatypHoi cram 3a
MiABUIIEHOI Temmeparypu O Ta
HATpYXXeHHl (; g,

CTHCKaJIbHE 3YCHJIISI B CTaJI€BOMY

npodin;
NOBHE CTHUCKaJbHE 3yCHJUIA Y
KOMOIHOBaHOMY  mepepi3l s

BUMANKY Mii MPOJBOTHOro abo
OTOPHOTO 3TUHAJIBHIX MOMEHTIB;
CTHCKaJIbHE 3YCHJUIA B TUINTI;
XapaKTEPUCTHYHE 3HAUEHHS MOCTIiM-
HOT'O HABAHTAKCHHS,
BYTJIEBOJTHEBUI TeMIepaTypHU
PE’KUM BOIHEBOTO BILTUBY;

design effect of actions, including
indirect fire actions and loads in the
fire situation, at time t;

Eﬁ,d,t

(El)s .- flexural  stiffness in the fire
situation (related to the central axis
Z of the composite cross-section),

(E1)s o eftective flexural stiffness in the fire
situation;

(E1)s ;- flexural stiffness of the two flanges
of the steel profile in the fire
situation (related to the central axis
Z of the composite cross-section),

(El)s s -flexural stiffness of the reinforcing
bars in the fire situation (related to
the central axis Z of the composite
cross-section),

(E1)s of;- effective flexural stiffness (for
bending around axis z) in the fire
situation;

(ED)s, - flexural stiffness of the web of the
steel profile in the fire situation
(related to the central axis Z of the
composite cross-section);

E; characteristic value of the modulus
of elasticity;
E; modulus of elasticity of the

reinforcing bars;

E;p  characteristic value for the slope of
the linear elastic range of the stress-
strain relationship of reinforcing
steel at elevated temperatures;

E;qs tangent modulus of the stress-strain
relationship of the reinforcing steel
at elevated temperature 6 and for
stress o,

I, compressive force in the steel
profile;

F',F total compressive force in the
composite section in case of sagging
or hogging bending moments;

I, compression force in the slab;

Gy characteristic value of a permanent

action;
HC  hydrocarbon fire exposure curve;
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130

MG Rra

N, equ
N, fier

Nz', cr,z

N pira

Nj Rra

Npiraz

Ny sa

Nra
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KpUTEpiit TEIUIO130JIF0 BAJIbHOI
30aTHOCTI,
MOMEHT  1Hepmii 3MeHINeHOl  i-i

YACTHHHU MOTIEPEYHOTO TIepepi3y npu
3rUHAHHI  BIOHOCHO cjlaOkoi  abo
CUJIBHOI OCI ITi [T 4aC MOKENKI,

abo I 60,... enemeHT, IO BiAIOBigac
KPUTEPIIO0 TEIJIOI30JIF0BAIbHOI  311aT-
HOcTi mipoTsiroM 30 abo 60... XBUITUH

32 CTaHJApTHUM  TEMIEpaTypHUM
PEXKUMOM,
HOMiHaJIbHA JNOBXHHA KOJIOHH

BiZITIOBi THOT'O TIOBEPXY;
rpaHNYHA AOBXKHHA KOJIOHH THIIOBOTO
MOBEPXY;

rpaHuvHa IOBXHWHA KOJIOHU
BEPXHBOTO MTOBEPXY,
3rUHAJIbLHUN MOMEHT;
PO3pPaxyHKOBE  3HAYEHHA  HECY4Ol

3IaTHOCTI MPOJBOTHOTO Ta OMOPHOTO
nepepi3iB MPH 3THHI M T 9ac TOKEXKI,
pO3paxyHKOBAa  HeCyda  3JIaTHICThb
nepepi3y mpu 3rUHI i 4ac MOKEXkKi B
MOMEHT 4acy t;

KIJIBKICTh CTPWIKHEBHX aHKEpiB Ha
ONUHUIII0 KPUTHYHOI HOBKHUHU ado
MO3/IOB)KHS CHIIA,

PIBHOZITHA TTO3/IOBKHS CHJIA,

Mpy:KHa KPUTHUYHA CHia (KpUTUIHA
Eiineposa cuia) mij 9ac moKexi;
Mpy:KHa KPUTHUYHA CHia (KpUTUIHA
Eiineposa cuna) BIZHOCHO ocl Z Tij
4ac MOKeXKi;

pPO3paxyHKOBE 3HAUEHHs IUIACTHY-
HOrO OMNOpYy WLiJIOrO Mepepizy MpH
MO3JA0BKHBOMY ~ CTHCKY TiJ  4Yac
TTOXKEKI

PO3pPaxyHKOBE  3HAYEHHA  HECy4ol
3aTHOCTI TEpepi3y eNEeMEHTy Mpu
MO3/I0BXKHbOMY CTHCKY (pO3paxyH-
KOBa KPUTHYHA MO3IOBXKHS CHJIA) TIiA
9ac MOKEXK1

PO3pPaxyHKOBE  3HAYEHHA  HECy4ol
31aTHOCTI Mepepi3y eJIEMEHTY NpU
MO30BKHBOMY CTHUCKY [UJISl 3THUHY
BITHOCHO OCI Z TIiJ] 4acC MOXKeXKi;
pPO3paxyHKOBE 3HAU€HHS IO3MI0OBIK-
HbOI CHJIM M1 JT Yac MOKEXKi;
TpaHUYHA  TIO3JIOBXKHS
HOPMAaJILHOI TEMIIEPATYPH;
HOpPMaJIbHE 3YCHIJLISL Y apMaTypl IpH

3ruHi (4; - fiy);

cHJia 3a

130

Mgra';
My ra

My 1 ra
N

N. equ

N, fi,cr

Nﬁ, cr,z

N pira

Nj Rra

Npiraz

Ny sa

Nra

thermal insulation criterion;

second moment of area, of the
partially reduced part 1 of the cross-
section for bending around the weak
or strong axis in the fire situation;

or / 60,... a member complying with
the thermal insulation criterion for
30, or 60... minutes in standard fire
exposure;

system length of a column in the
relevant storey;

buckling length of a column in an
internal storey;

buckling length of a column in the
top storey;

bending moment;

design value of the sagging or
hogging moment resistance in the
fire situation;

design moment resistance in the fire
situation at time £,

number of shear connectors in one
critical length or axial load;

equivalent axial load;

elastic critical load (= Euler
buckling load) in the fire situation;
elastic critical load (= Euler

buckling load) around the axis Z in
the fire situation;

design value of the plastic resistance
to axial compression of the total
cross-section in the fire situation;

design value of the resistance of a
member in axial compression (=
design axial buckling load) and in
the fire situation;

design value of the resistance of a
member in axial compression, for
bending around the axis Z, in the
fire situation;

design value of the axial load in the
fire situation;

axial buckling load at normal
temperature;
normal force in the hogging

reinforcement (4; - fi,);
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P ra

Ok

R 30

Ry a.
Ry ra

T
v

Viptra

Visa

Vi

X

Xha

X

X o

pPO3paxyHKOBUII  Omp Ha  3CYB
CTPHIKHEBOTO aHKepa 3 TOJIOBKOIO,
MPUKPITUIEHOTO ABTOMAaTUYHUM
3BapIOBAHHIM

pPO3paxyHKOBUII  Omp Ha  3CYB
CTPHJKHEBOTO  aHKepa Mix  d4ac
MOKEXKI

XapaKTEPUCTHIHE 3HAYCHHS

T'OJIOBHOT'O 3MIHHOTO BIUIHBY 1
KpUTEPii HECYUOi 31aTHOCTI

ado R 60, R 90, R 120, R 180,
R 240... enemenT, 10 BIAIOBigAac

KPUTEPIFO Hecydoi 31aTHOCTI
npotsirom 30, 60, 90, 120, 180 abo
240 XBWIMH 3a CTaHJAPTHUM
TEMIIEPATYPHUM PEKIMOM
PO3paxyHKOBUMN omip hil &
NPOEKTYBAaHHS 32  HOPMAJbHOL
TeMIepaTypu

pPO3paxyHKOBUH  Omip Mg  dbac

MOKEXKI B MOMEHT Hacy t
PO3paxXyHKOBUH oOmip pyHHYBaHHS
i /T 9ac TIOXKEXKI

3yCUJLISA PO3TATY

00’eM  eneMeHTy Ha  OIUHULIO
JOBXXHWHAU
PO3paxyHKOBE 3HAYEHHS

IUTACTHYHOTO OIOPYy 3CYBY MiJ Hac
TIOKEXK1

PO3paxyHKOBE 3HAYEHHS MTOTIEPEUHOI
CHUTH TI1 T 9ac TIOXKEXKI

o0’eM i-i YaCTMHHM TONEPEUYHOTrO
nepepizy crajgeBoro npodiyio Ha
OWHULIIO JOBKWHU [M3/M]

Bich X (TOpU30OHTAIbHA)
PO3pPaxyHKOBI 3HAYCHHS] MEXaHIYHUX
(MimHicT  Ta  IeOPMATHUBHICTB)
BJIACTUBOCTEH Marepiany y pasi
TIOKEXK1

XapakTepucTuuHe ado HOMiIHAJIbHE
3HaYeHHsS MiHOCTI abo  gedop-
MAaTHBHOCTI TpPH TPOEKTYBaHHI 3a
HOPMAaJBbHOI TEMIIEPATYPU

3HAYeHHsI BJIACTUBOCTI MaTepiajy B
yMOBaxX TIOXKEXi, LI0 3arajiom
3aJIe)KHUTH BT HOTO TEMIIepaTypu
Bich Y (BepTUKaJIbHA)

LIEHTpajbHa BiCb (xoJoHM)
KOMOIHOBaHOT'O MOTNIEPEUHOTO
nepepizy

P ra

Ok

R 30

Ry

Ry a.
Ry ra

T
v

Viptra

Visa

Vi

X

Xha

X

Xio

design shear resistance of a headed
stud automatically welded

design shear resistance in the fire
situation of a shear connector

characteristic value of the leading
variable action 1

load bearing criterion

or R 60, R90, R120, R180, R240...
a member complying with the load
bearing criterion for 30, 60, 90, 120,
180 or 240 minutes in standard fire
exposure

design  resistance for normal
temperature design

design resistance in the fire
situation, at time t

design crushing resistance in the fire
situation

tensile force

volume of the member per unit
length

design value of the shear plastic
resistance in the fire situation

design value of the shear force in the
fire situation

volume of the part 1 of the steel
cross section per unit length [m’/m]

X (horizontal) axis

design  values of mechanical
(strength and deformation) material
properties in the fire situation

characteristic or nominal value of a
strength or deformation property for
normal temperature design

value of a material property in the
fire situation, generally dependant
on the material temperature

Y (vertical) axis

Z (column) central axis of the
composite cross-section
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Mani namuncoxi nimepu:

Ay

b
by

b;

be i

bcﬁ min

Ca
Ce

€
€
er

Eyw
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TOBIIMHA 3BAPHOTO LIBa (3’ €IHAHHS
CTaJIeBOI CTIHKH 3 XOMyTaMH)
IIMPUHA CTAJIEBOTO Mepepi3y
IIUPUHA HIKHBOI MOJIULI CTaJIEBOTO
nepepiszy

IIMPUHA BEPXHBOI IMOJIUIl CTaJIEBOTO
nepepiszy

BHUCOTa TEpepidy KOJIOHH, B3SITOI B

Oeronny oboiimy, abo mmpuHa
OeToOHy YacTKOBO  OOJHMIIbOBAHUX
cTayieBux 0ajoK

3MCHIICHHA HIHUPUHHA 6eTOHHOFO

OOJIUIFOBAHHSA M TIIOJUISIMA IIif
4ac MOXKEXKI

MiHIMaJbHE 3HA4YE€HHS 3MEHIIEHHSA
MIUPUHA  OETOHHOTO OOJIMIFOBAHHS
MioK MOJHULISIMU MiJ] 4ac MOXKEXK1

poboua mupuHa OETOHHOI TUTUTH
3MEHIIEHHS  IOUPUHH  BEPXHBOI
TIOJTULI TIT Yac MOXKEK]

MUTOMA TETUIOEMHICTh

ab0 KpHBa NMO3IOBKHBOTO 3THHY,

abo 3axucHUi map OeTOHy BiJ rpaHi
OeToHy [0 TpaHI KOHCTPYKIUIHOL
cran

MUTOMA TETUIOEMHICTD CTaJl

MUTOMAa TEIUIOEMHICTb 3BHYAWHOIO
OeTony

MUTOMa TEIUIOEMHICTh BOTHE3aXHC-
HOT'O MaTtepiay

niamerp TpyOoOeTOHHOI KoJioHH abo
TiaMeTp CTPUKHEBOTO aHKepa, 110
NPUBAPEHUH OO CTIHKH CTaJeBOTO
npodiro

TOBIIIMHA BOTHE3aXUCHOTO MaTepiany

TOBIIHUHA MPOKATHOTO abo
MyCTOTLIOTO MPOodiro

TOBINMHA HU>KHBOI HO.]'II/ILIi CTAJICBOTO

npodiro

TOBIIUHA BEPXHBOI TIOJTHILI
CTaJIeBOro TPOodiro

TOBIIMHA TIOJTULI CTaJIeBOTO
npodiro

TOBIIMHA CTIHKH CTAJIEBOTO MPOop1IIE0

TEMIIEPATyPHUN PEKUM 30BHIITHBOI
OKEX1

Latin lower case letters

Ay

b
by

b;

bes

bcﬁ min

Ca
Ce

€]
€2
ey

Eyw

throat thickness of weld (connection
between steel web and stirrups)
width of the steel section

width of the bottom flange of the
steel section

width of the upper flange of the steel
section

depth of the composite column
made of a totally encased section,
or width of concrete partially
encased steel beams

width reduction of the encased
concrete between the flanges in the
fire situation

minimum value of the width
reduction of the encased concrete
between the flanges in the fire
situation

effective width of the concrete slab
width reduction of upper flange in
the fire situation

specific heat,

or buckling curve,

or concrete cover from edge of
concrete to border of structural steel

specific heat of steel

specific heat of normal weight
concrete

specific heat of the fire protection
material

diameter of the composite column
made of concrete filled hollow
section, or diameter of the studs
welded to the web of the steel
profile

thickness of the fire protection
material

thickness of profile or hollow
section

thickness of the bottom flange of the
steel profile

thickness of the upper flange of the
steel profile

thickness of the flange of the steel
profile

thickness of the web of the steel
profile

external fire exposure curve
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fay, 0

fay, Ger

Japos
fsp,@

fau, 4

JSay

Je

Je

Jfeo

fc,Hn

fc,HV

Jrd

S

Jror Jsy

fsy, 0

Sy

MaKCHUMaJIbHUH PIBEHb HANPYKECHHS

abo  mificHa  MeXa  TEeKydocCTi
KOHCTPYKILIHHOI  cTam Mg — bac
TIOKEIK1

MIIHICTb ~ CTali 32  KPUTHYHOI
TeMreparypu 6.,

Mexa pONOpLiHHOCTI
KOHCTPYKLIHHOI a0o  apmarypHOi
CTaJIl MiJ] Yac MOXKexKl

Mexa MIITHOCTI Ha pO3TSIr

KOHCTpYKLIHHOI crtam abo cram
CTPH)KHEBUX  aHKepIiB M  4ac
MIOKEK1, 3 YPaxXyBaHHSIM 3MIL[HEHHS
XapakTepucTuyHe ado HOMiHaJIbHE

3HAUEHHs rpaHMLi TEKy4OCT]
KOHCTPYKLIHHOI crani 3a
temnepatypu 20 °C

XapaKTEPUCTHIHE 3HAYCHHS

WIHAPWYHOI MIITHOCTI OETOHy Ha
cruck uepe3 28 nib 3a temmeparypu
20°C

XapaKTePUCTUYHA MIIHICTh OETOHHOL
J-1 yactunu 3a Temnepatypu 20 °C
XapaKTEPUCTHIHE 3HAYCHHS
WIHAPWYHOI MIITHOCTI OETOHy Ha
CTHCK Mg  4ac TMOXexXl  3a
temneparypu &, °C

3aJIMIIKOBA MILHICT O€TOHYy Ha
CTHCK, HarpiToro A0 MaKCHMAaJIbHOI
TeMIeparypu (3 7 mapis)

3aJIMIIKOBA MILHICT O€TOHYy Ha
CTHCK, HarpiToro A0 MaKCHMAaJIbHOI
TeMIepaTypu

pO3paxyHKOBa XapaKTEePUCTHKA
MILHOCTI TIiJT 4ac MOKexl
XapaKTEPUCTUYHE 3HAYEHHS MIITHOCTI

Martepiajy

XapakTepucTuyHe ado HOMiHaJIbHE
3HAUEHHs MEK1 TEKy4OCT]
apMaTypHOTO CTPHIKHS 3a
temnepatypu 20 °C

MaKCHUMaJIbHUH PIBEHb HANPYKECHHS
abo  mificHa  MeXa  TEeKydocCTi
apMaTypHOTO CTPWXKHS A 4ac
TIOKEIK1

HOMIHaJIbHA MeXa TeKydocTi f,
eneMeHTapHoi  tiomi  A4;, O

npuiiHsITa 31 3HAKOM “rumoc” y
CTHCHYTIH 30HI BIZHOCHO IJIACTUYHOI
HelTpampHOI oci abo 31 3HaKOM
“MiHyC” y 30HI PO3TATY

fay, 0

fay, Ber

fap, 6)‘
fspﬁ

fau, a

Jay

Je

Jej

Jfeo

fc, On

fc, By

Jrd

S

S Joy

fsy, 0

Sy

maximum stress level or effective
yield strength of structural steel in
the fire situation

strength of steel at critical
temperature Oqr

proportional limit of structural or
reinforcing steel in the fire situation

ultimate tensile strength of structural
steel or steel for stud connectors in
the fire situation, allowing for strain-
hardening

characteristic or nominal value for
the yield strength of structural steel
at 20°C

characteristic ~ value  of  the
compressive cylinder strength of
concrete at 28 days and at 20°C

characteristic strength of concrete
part j at 20°C
characteristic
compressive cylinder
concrete in the fire
temperature 6°C
residual compressive strength of
concrete heated to a maximum
temperature (with n layers)

residual compressive strength of
concrete heated to a maximum
temperature

design strength property in the fire
situation

characteristic value of the material
strength

characteristic or nominal value for
the yield strength of a reinforcing
bar at 20°C

value for the
strength of
situation at

maximum stress level or effective
yield strength of reinforcing steel in
the fire situation

nominal yield strength f, for the
elemental area A; taken as positive
on the compression side of the
plastic neutral axis and negative on
the tension side
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h;
h;

h;3

kro
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BHCOTA CTAJIEBOTO IEpepi3y

BUCOTa OETOHHOI YaCTHHU ITUIUTH Haj
HACTUJIOM

BUCOTAa OETOHHOI YAaCTUHU IUINTH B
Me’KaxX HACTHITY

TOBIIWHA CTSDKKH, PO3TAIIOBAHOI Ha
NoBepxHI OeTOHY

BUCOTA TMepepidy KOJIOHHW, B3SITOI B

Oeronny  oboiimy, abo  Bucora
OETOHHOI ITUTH

poboua BUCOTA TUTUTH

3MEHIIIeHHS BUCOTH  OETOHHOTO

OOJIUIFOBAHHS MiK TIOJIULSIMU MiJ 4ac
TIOKEIK1

pPO3paxyHKOBE 3HAYEHHS CYMapHOTO
TEIUIOBOI'O TIOTOKY Ha OUHUIIIO TIOLT
pPO3paxyHKOBE 3HAYEHHS CYMapHOTO
TEIUIOBOI'O TIOTOKY Ha OUHULIEO TUTOLT
TP KOHBEKIIii

pPO3paxyHKOBE 3HAYEHHsS CYMapHOTO
TEIUIOBOI'O TIOTOKY Ha OUHULIEO TUTOLT
NPU BUMPOMI HIOBaHHI1

BUCOTa CTUCHYTOI 30HU

BHCOTA CTUCHYTOI 30HH (3 7 11apiB)

BHCOTA CTPHKHEBOTO aHKepa,
NPUBAPEHOTO 10 CTIHKH CTaJI€BOTO
npodiro

BHCOTA CTIHKH CTaJIeBOTO MPOQiro
KOe(pilllEHT 3MEHIIEHHS  MIIHOCTI
OeTOHy Ha CTHCK, WIO BH3HAYae

MIIHICTD 3a MiABUINEHOI TeMIepaTypu
Joo

KoediLeEHT 3MEHIIEHHS MOy JIst
NPY’KHOCTI KOHCTPYKUIHHOI CcTail, 1o
BU3HAYAE VXU JHHIAHOI HPY>KHOI
OUTSTHKY 3 TABUINEHOI TeMIepaTypu
Ea,H

KoediLieHT 3MEHIIEHHS MEK1
TEKY4YOCTI KOHCTPYKLIHHOI cTaii, IIo
BU3HAYA€  MAKCHUMaJbHHHA  PIBEHb
HANPYKEHHS 32 i IBULIEHO]
TEMIEPATYPH [y, o

KoediLeEHT 3MEHIIEHHS MEK1

TEKy4YOCTI KOHCTPYKULIHHOI cTam abo
apMaTypHUX CTPHKHIB, IO BHU3HAYAE
MEKy MPOMOPLIHHOCTI 3a IMiABUINEHOI
TEMIEPATYPH [, 0 200 fy 0

h;
h;

h;3

kE, 0

depth or height of the steel section
height of the concrete part of a
composite slab above the decking
height of the concrete part of a
composite slab within the decking
thickness of the screed situated on
top of the concrete

depth of the composite column
made of a totally encased section, or
thickness of the concrete slab
effective thickness of a composite
slab

height reduction of the encased
concrete between the flanges in the
fire situation

design value of the net heat flux per
unit area

design value of the net heat flux per
unit area by convection

design value of the net heat flux per
unit area by radiation

thickness of the compressive zone
thickness of the compressive zone
(with n layers)

height of the stud welded on the web
of the steel profile

height of the web of the steel profile
reduction factor for the compressive
strength of concrete giving the
strength at elevated temperature f, o

reduction factor for the elastic
modulus of structural steel giving
the slope of the linear elastic range
at elevated temperature £ ¢

reduction factor for the yield
strength of structural steel giving the
maximum stress level at elevated
temperature f,,,¢

reduction factor for the yield
strength of structural steel or
reinforcing  bars  giving  the
proportional limit at elevated
temperature f,,0 Or fi0
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ko

Iy, I, I

lg

Ss

Ifd

Zﬁ,requ

l;

U up

Zjy Zj

KOe(iLIEHT 3MEHIIICHHS MEXI
TEKy4OCTI KOHCTPYKLIHHOI CTaJI,
1o 3aaae aepopMariiine
3MIIIHEHHSI P1BHS HAIIPYKEHHS 32
i IBULIIEHO TEMIEPATYPH [y, 0
KOE(IIIEHT 3MEHIIEHHS MIITHOCTI
abo pedopmartuBOHCTI Mg dac
MOXKEXKI, SKHHA  3aJIEKUTh  Bif
TEMIepaTypy Marepiany

IOBXKHHA 200 rpaHUYHA JOBXKHHA
XapakTepHI pO3MIPH  CTAJEBOTO
npodiTro 31 BXITHIMH KyTaMHu abo
Tpaneuei aabHOro mpodiro
JOBXKMHA 3’ €IHAHHS MiJK CTAJIEBUM
npodinem Ta OeTOHHUM
OOJIULIFOBAHHSM

rpaHUYHAa JOBJKMHA KOJIOHU TiJ
9ac MOXKEXKI

IOBJKHHA HEPYXOMOI OIOpHU
(po3paxyHOK OMOpy
po3naBioBaHHs pedep

JKOPCTKOCTI )
TpI/IBaJ'Ii CTb BOTHEBOT'O BIIJIMBY
PO3paxyHKOBE 3HAYCHHS

CTaHOAPTHOI MeKI BOTHECTIHKOCTI
€JIEMEHTY ITiJ] Yac MOXKexKl
HeoOxiaHa (MiHIMaTbHA)
CTaHIApTHA Meka BOTHECTIHKOCTI
TI/T 9ac MOXKeKi

MexKa BOTHECTIHKOCTI, 10
CTOCY€TBCS TETUIO130JISIii

CepeHE reOMeTPUYHE 3HAYCHHS
BlACTaHel 00 OCl #; Ta >
(xomOiHOBaHUI mepepi3 3
YaCTKOBUM OOJIUIIIOBAHHSIM
CTaJIEBOTO MPOP1ITIO)

HAHKOPOTINA BiACTaHb BiA LIEHTPY
apMaTypHOTO CTPYKHS hi (o)
BHYTPILIHBOI CTaJeBOI MOIULI abo
10 HaOmKk4oi rpaHi OeToHy
BiJICTaHb BiJ MJIACTUYHOI
HeUTpampHOI OCl 70  LEHTPY
eneMeHTapHOI ol A; abo 4;

Benuxi epeyvki nimepu:

Al
AUl

At
A6,

TEeMIIepaTypHe BUIOBKECHHS
€JIEMEHTY

BITHOCHE TeMIIepaTypHe
BUJIOBKCHHS

MPOMIKOK Hacy

NPUPICT  TEMIIEpPaTypu  CTAJEBOI
OaJKy BIPOJIOBIK MPOMIKKY Hacy At

ko

UNPNE

lha

Z(ﬁ, requ

1;

U up

Zi, Z;

reduction factor for the yield
strength of structural steel giving the
strain hardening stress level at
elevated temperature 7,0

reduction factor for a strength or
deformation property dependent on
the material temperature in the fire
situation

length or buckling length

specific dimensions of the re-entrant
steel sheet profile or the trapezoidal
steel profile

length (connection between steel
profile and the encased concrete)

buckling length of the column in the
fire situation

length of the rigid support
(calculation of the crushing
resistance of stiffeners)

duration of fire exposure

design value of standard fire
resistance of a member in the fire
situation

required standard fire resistance in
the fire situation

the fire resistance with respect to
thermal insulation

geometrical average of the axis
distances u; and u, (composite
section with partially encased steel
profile)

shortest distance from the centre of
the reinforcement bar to the inner
steel flange or to the nearest edge of
concrete

distance from the plastic neutral axis

to the centroid of the elemental area
Ai or 4 i

Greek letters upper case letters

Al
Al

At
40,

temperature induced elongation of a
member
related thermal elongation

time interval

increase of temperature of a steel
beam during the time interval 4
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46,

o

NiBUIIEHHS TEMIeEparypu rasy
BIIPOZIOBXK MPOMIXKKY Hacy Az, °C
koedinienT popmu abo Buny

Mani epeyvki nimepu:

(04
22

slab

YG

Wiy

Wifi.a

Yaviine

Vi, s

Wi, v

Yo

Ea,0
Eae, 6

Eay, 0

gap, 4

Eau, 0

&

&0

28

KyT CTIHKH

KOe(iIl€EHT KOHBEKLIHHOTO TEIIo-
oOMiHY

KOe(iLIEHT, 111(6) BPaxoBY€E

MPUNYILIEHHs MPSIMOKYTHOI €MIOpH
HANPY>KEHHS TMPH NPOEKTyBaHHI
IIJIUT

KoediLeEHT HAiHHOCTI TUTSE
MOCTIHHOTO BIUTUBY G

KoediLeEHT HAiHHOCTI TUTSE
BJIACTUBOCTI MaTepiajly TMiJ dYac
MOKEXKI

KoediLeEHT HAiHHOCTI TUTSE

MII[HOCTI KOHCTPYKLIMHOI CTal i
9ac MOXKEXKI

KoediLeEHT HAiHHOCTI TUTSE
MIITHOCTI O€TOHY i/ 4ac MOKEXi
KoediLeEHT HAiHHOCTI TUTSE
MIIIHOCTI apMaTypHHUX CTPUKHIB
i Yac MOXkKexKi

KOe(piLEHT HAMIMHOCTI AJIT OMOPY
HAa 3CyB CTPIDKHEBUX AaHKEPIB IMiA
9ac MOXKEXKI

KoediLeEHT HAiHHOCTI TUTSE
3MIHHOTO BILTUBY (O

KOe(piLEHT HAMIMHOCTI AJIT OMOPY
Ha 3CYB CTPIKHEBHX AaHKEpiB 3a
HOPMAaJILHOI TEMIIEPATYPU
eKCLICHTPUCUTET

nedopmarris

NO3JI0BXKHS Jiepopmaltiisi CTaneBoro
poiIIF0 KOJIOHU

nedopmartis mia 9ac moxKexKi
KpUTH4Ha fedopmamiss Tia  Hac
MOKEXKI

lacTHYHa nedopmamis Mg yac
MOKEXKI

nedopmarris Ha MEK1
MPONOPLIHHOCTI T[T 4ac MOXKEXKI
rpaHudHa Aedopmaris s Meski
TeKy4ocTi (TUIMHHOCTI) TmiJ dYac
MOKEXKI

MO3AOBXKHS  Aedopmarisi OeToHy
KOJIOHH
nedopmarris
MOKEXKI

OeroHy mig dac

40,

D

increase in the gas temperature [°C]
during the time interval Ar
configuration or view factor

Greek letters lower case letters

(44
Qe

Oslab

VG

Vi fi

YMfia

VM fic

VM fis

YMfiv

70

Vv

&Eq,0
Eae,b

Eay,0

Eap,6

Eau,f

angle of the web
convective heat transfer coefficient

coefficient taking into account the
assumption of the rectangular stress
block when designing slabs

partial factor for permanent action Gy

partial factor for a material property
in the fire situation

partial factor for the strength of
structural steel in the fire situation

partial factor for the strength of
concrete in the fire situation

partial factor for the strength of
reinforcing bars in the fire situation

partial factor for the shear resistance
of stud connectors in the fire
situation

partial factor for variable action Oy

partial factor for the shear resistance
of stud connectors at normal
temperature

eccentricity

strain

axial strain of the steel profile of the
column

strain in the fire situation

ultimate strain in the fire situation

yield strain in the fire situation

strain at the proportional limit in the
fire situation

limiting strain for yield strength in
the fire situation

axial strain of the concrete of the
column
concrete strain in the fire situation
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Ece, 0

Ece, Omax

Ecu, 0

Ecu, Omax

&

Em

s

T

iz

MakcUMajibHa JnedopMalis OeToHy
i Yac MmoxKesKi

MakcUMajibHa JnedopMalis OeToHy
1T 9ac MOXKeKl 328 MAKCHMAaJTbHOI

TeMIepaTrypu

nedopmariiss OETOHy, IO BIATOBIAE
Jeo

nedopmarris OeTony 3a

MaKCHUMaJIbHOI TEMITEpaTypH OETOHY
KOe(iILIEHT MOTTMHAHHS
BUIIPOMIHIOBAHHS BOTHIO

Koe(iLi€eHT BUIPOMIHIOBAHHS
OOJTUIIFOBAJIPHOTO MaTepialy
NO3MOBXKHS Aedopmalisi apMaTypu
KOJIOHH

TiaMeTp CTPUKHS

TiamMeTp XOMyTa

TiaMeTp 3a0KPYyTJIeHHsS apMaTypH Ha
KyTax XOMYTiB

pIBEHb HABaHTAXXCHHS
EN 1994-1-1
KoepilleHT 3MeHIneHHs Fy,
BU3HAYEHH: [15 4

pIBeHb  HABAHTAKEHHS
TIOKEIK1

TeMIeparypa
TeMIeparypa KOHCTPYKLIHHOI cTai
TEeMIepaTrypa CTajli B MOMEHT Hacy t,
II0 BBAXKAETBCS  ONHAKOBOK Y
KOXKHIM YaCTHHI CTaJIeBOrO Mepepizy
TeMrieparypa OeToHy

KPUTHYHA TEMITEPATypa KOHCTPYKIIi

3rigHO 3
IS

mag  4ac

TeMIIEpaTypa eIeMEeHTaPHOI IO A,
rpaHUYHA TEMIIepaTypa
MaKCHMaJbHa TEMIIepaTypa
TeMreparypa pedpa KOpCTKOCTI
TeMIeparypa IOAAaTKOBOTO
apMyBaHHS B pedpi

TeMIeparypa apMaTypHoi craji
TEeMIIepaTypa rasy B MOMEHT 4acy f
TeMIeparypa CTPH)KHEBUX aHKEPIB
TeMIepaTypa CTIHKH
TEIUIONPOBITHICTh CTaJl
TEIUIOTIPOBIIHICTh OETOHY

TEIUIOTIPOBITHICTh ~ BOTHE3aXHUCHOTO
Martepiajy

BITHOCHA THYYKICTh

BITHOCHA THYYKICTb pebep

JKOPCTKOCTI i JT 9acC TOKEXKI

Ece,0

Ece,Omax

Ecu,0

Ecu,0max

&f
Em

i

Nt

a,t

cr

maximum concrete strain in the fire
situation

maximum concrete strain in the fire
situation at the maximum
temperature

concrete strain corresponding to £ ¢

concrete strain at the maximum
concrete temperature

emissivity coefficient of the fire
emissivity coefficient related to the
surface material of the member

axial deformation of the reinforcing
steel of the column

diameter of a bar

diameter of a stirrup

diameter of a longitudinal reinforce-
ment at the corner of the stirrups
load level according to EN 1994-1-1

reduction factor applied to £, in
order to obtain F; 4
load level for fire design

temperature

temperature of structural steel

steel temperature at time t assumed
to be uniform in each part of the
steel crosssection

temperature of concrete

critical temperature of a structural
member

temperature in the elemental area Ai
limiting temperature

maximum temperature

the temperature of a stiffener

the temperature of additional
reinforcement in the rib
temperature of reinforcing steel
gas temperature at time t
temperature of stud connectors
temperature in the web

thermal conductivity of steel
thermal conductivity of concrete
thermal conductivity of the fire
protection material

relative slenderness

relative slenderness of stiffeners in
the fire situation

29


arymarenko
Прямоугольник


Pa
Pe
Pe NC
Pe.LC
Pr

GS; 4

a0

@0

@50

Az

Wo.1

W1

W21

W

30

Koe(iLieHT 3MEHIIEHHS IS
HECTIPUSATIIBOTO [IOCTIHHOTO
BIUUBY (7

I'yCTHHA CTaJl

ryctuHa OeToHy

I'yCTHHA 3BUYAHOT0 OETOHY
I'yCTHHA JIETKOTro O€TOHY

I'yCTHHA BOTHE3aXHCHOTO
MaTepialy

HATIPY KEHHS

HaTNPy’KeHHsI B CTajieBoMy mpodii
i1 9ac MOXKEXKI

HANPY>KEHHS B CTUCHYTOMY O€TOHI
i1 9ac MOXKEXKI

HANPY>XEHHs B apMaTypl Mg dbac
TIOKEXK1

Koe(iLieHT 3MEHIIEHHS IS
CTaJIeBOrO MPOQLIIO, IO 3aJIEKHUTh
BiJ edexTy TeMIIepaTypHUX
HaTPy>KEeHb ITi]] 9aC MOKEeXKI
Koe(iLieHT 3MEHIIEHHS IS
OeToHy, IO 3aJEeKUTh BiO epeKTy
TEMIEPATYPHUX HANPY)KEHb  MiJ
9ac MOKEXK1

Koe(iLieHT 3MEHIIEHHS IS
apMaTypHUX CTPHIKHIB, 110
3aJIeKUTh BiA edexTy

TEMIEPATYPHUX HANPY)KEHb  MiJ
4ac noKexi

KOe(]IIIeHT  3MEHLICHHs abo
NOTIPaBOYHUHN KOeDiLieHT
KOe(]IIIeHT  3MEHLICHHs abo
NOMpPaBOYHUN  KoedimieHT (s
3THHY BIZHOCHO OCl Z)

KOe(IIIEHT  CHOJY4eHHS Ui
XapaKTEPUCTHYHOTO abo
PIAKICHOTO  3HAYEHHS  3MIHHOTO
BIUIUBY

KOe(IIIEHT  CHOJY4eHHS Ui
XapaKTEePUCTHYHOrO  ado  4acTo
MIOBTOPIOBAHOTO 3HAYCHHS
3MIHHOTO BILTUBY

KOe(IIIEHT  CHOJY4eHHS Ui
KBa31MOCTIHHOTO 3HAYEHHs
3MIHHOTO BILTUBY

KOe(IIIEHT  CHOJY4eHHS Ui

3MIHHOTO BIUIMBY Il 9aC TOXKEXKI,
HABEACHUI paHilie K Y11 ado Yy

Pa
Pe
Pec,NC
PeLC
Pr

Ca, a

Cc, a

Cs, a

®ap

2]

@56

Xz

Yol

Vi1

Yo 1

reduction factor for unfavourable
permanent action Gy

density of steel

density of concrete

density of normal weight concrete
density of lightweight concrete
density of the fire protection
material

stress

stress of the steel profile in the fire
situation

stress of concrete under compression
in the fire situation

stress of reinforcing steel in the fire
situation

reduction coefficient for the steel
profile depending on the eftect of
thermal stresses in the fire situation

reduction coefficient for the
concrete depending on the effect of
thermal stresses in the fire situation

reduction coefficient for reinforcing
bars depending on the effect of
thermal stresses in the fire situation

reduction or correction coefficient
and factor

reduction or correction coefficient
and factor (for bending around axis z)

combination factor for the
characteristic or rare value of a
variable action

combination factor for the frequent
value of a variable action

combination factor for the quasi-
permanent value of a variable action

combination factor for a variable
action in the fire situation, given
either by v, ; or 2 ;.


arymarenko
Прямоугольник


Po3ain 2 OcHoBM NpoeKTYBAHHA
2.1 Bumorun
2.1.1 OcHoBHI BUMOTH

()P Sxmo HeoOximHO  3a0e3meuuTH
MEXaHIYHUH Omip T 4Yac TOXKEXl,
crane3anizo0eTOHHI KOHCTPYKLIi MAaroTh
OyTH 3aIpOEKTOBAHI T4 BUTOTOBJICHI TAKHM
gyuHOM, MO0 30epiraTu Hecydy (QyHKLIO
MPOTSTOM BiITIOBi THOTO BOTHEBOT'O
BILIUBY.

(2)P Axmo HeoOXimHO PO3ALIUTH OYAHHOK
HA TPOTHIIOXKEXKHI BIJCIKH, KOHCTPYKLII,
mo (QOpMyIOTh MeXl MPOTHIIOKEKHUX
BIZICIKIB, Pa30M 31 3 €JHAHHSMH, MalOTh
OyTH 3aIpOEKTOBAHI T4 BUTOTOBJICHI TAKHM

YUHOM, 111(616) 30epiratu CBOIO
OTOPOIKYBAJIBHY  (PYHKLIIO — TPOTATOM
BIIIOBI THOTO BOTHEBOT'O BILJIUBY.

3a3HaueHe Mae 3a0e3meuyBaTHCs, KOJU
HEOOX1IHO, 100!

- He Bim0yBajacs BTpaTa LiJIICHOCTI,

- He Bi0yBajiacs BTpaTa TEIJIOi30II0BAIIb-
HOI 3aTHOCTI.

IMpumitka 1. Jmeuce BusHavenHs B m. 1.5.1.8 Ta
1.5.1.9 EN 1991-1-2.

IMpumitka 2. [ma mwidar KPUTCPill  TCILIOBOTO
BHIIPOMIHFOBAHHS € HCCYTTEBHM.

(3)P Kpurepiii nedopmauii mae Oytu
3aCTOCOBAaHMM, KO 3aco0m 3axucty abo
KpUTEpil pPO3PaxXyHKy OrOPOIKYBATbHUX
€JIEMEHTIB BHUMAararTh BpaxyBaHHs
nedopmarii Hecy4oi KOHCTPYKIII.

(4) Hedopmarii Hecydux KOHCTPYKIINA He
BPaXOBYIOTHCS, SKINO:

- e(ekTuBHICTH 3aco0iB 3axucrty Oyna
OLliHeHa BignosigHo 1o 3.3.4 Ta

- OrOpOMKYBaJbHI  €IEMEHTH  MAakoTh
BIAMOBIMATH BHUMOraM 34 HOMIHAJILHUM
BOTHEBUM BILTUBOM.

2.1.2 HomiHaJLHUI BOTHEBHIl BILTUB
()P  3a craHmapTHUM TEMIEpaTypHUM
PEKUMOM KOHCTPYKIi MArOTh BIATIOBINATH
kpurepisim R, E Ta I Takum gynHOM:

- TUIBKH  OrOpPOUKYBAJIbHI:  LUJICHICTD
(xputepii E) Ta, skmo HeoOXigHO,
TEIUIOI30JIF0BAJIbHA 30aTHICTh (KpuTepiii I);

Section 2 Basis of design
2.1 Requirements
2.1.1 Basic requirements

(1)P Where mechanical resistance in the
case of fire is required, composite steel and
concrete structures shall be designed and
constructed in such a way that they
maintain their load bearing function during
the relevant fire exposure.

(2)P Where compartmentation is required,
the elements forming the boundaries of the
fire compartment, including joints, shall be
designed and constructed in such a way that
they maintain their separating function
during the relevant fire exposure. This shall
ensure, where relevant, that:

- integrity failure does not occur;
- insulation failure does not occur.

NOTE 1: See for definition EN1991-1-2, chapters
1.51.8and 1.5.1.9

NOTE 2: In case of a composite slab, the thermal
radiation criterion is not relevant.

(3)P Deformation criterion shall be applied
where the means of protection, or the
design criterion for separating members,
require consideration of the deformation of
the load bearing structure.

(4) Consideration of the deformation of the
load bearing structure is not necessary in
the following cases, as relevant:

- the efficiency of the means of protection
has been evaluated according to 3.3.4 and

- the separating elements have to fulfill
requirements according to a nominal fire
exposure.

2.1.2 Nominal fire exposure

(1)P For the standard fire exposure,
members shall comply with criteria R, E
and I as follows:

- separating only: integrity (criterion E) and,
when requested, insulation (criterion I);
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- TIBKM  HECywl: Hecyda 3[aTHICTb
(xpurepiii R);

- OrOpOIKYBaJbHI Ta Hecydi: kpurepii R,
E Ta, sixino HeobxigHo, 1.

(2) Kpurepiit “R” 3abesmedeHo, SKIIO
Hecyda 34aTHICTb 30epeskeHa MpOTAroM
BOTHEBOT'O BIUTMBY HEOOX1THOI TPHBAJIOCTI.

(3) Kpurepiti “I” 3abesnedeHo, SKIIO
CepeAHE IiABUILEHHS TeMIIePaTypH 1O BCIH
HeoOirpiBaHIil  MOBepXHI  OOMEXKYETHCS
3HadeHHsiM 140 K, a wmakcumanbHe
NiABUIIEHHA TeMmeparypu B Oynb-sKii
TOYNl Li€i TIOBEPXHI HE TEPEBHIIYE
3HavyeHHs 180 K.

(4) Jnsa  TemmepaTypHOro  peXHUMY
30BHILIHBOI MOXKEXKI CIJI 3aCTOCOBYBATH Ti
K caMml KpHUTepii, a TOCHJIaHHS Ha LeH
PEKUM MarOTh No3Ha4daTucs Oyksamu "ef".

[Mpumitka. Aus. 1.5.3.5 Ta po3ain 3.2.2 EN 1991-1-2.

(5) Hdus  TemmepaTypHOro  pexXUMy
BYTJIEBOIHEBOI MOYKEXK] clif
3aCTOCOBYBAaTH Ti JK caMi KpuTepii, a
NOCWJIAHHS Ha el pPeKUM I03HAYaTH
oyxBamu “HC”.

IMpmvitka. [Jws. m. 1.53.11 Tta posmim 3.2.3
EN 1991-1-2.

2.1.3 IlapameTpu4YHHH BOTHEBHI BILTUB
(1) Hecyua 3matHicTh 3a0e3rnedeHa, SKIIO
pyHHYBaHHS He JAOIMYCTUME MpPOTIrOM
MOBHOI TPHUBAJIOCTI TMOXKEXI, BKJIOYAIOUU
dbazy 3aTyXaHHS, abo MPOTSATOM
HEOOX1THOTO TIPOMIKKY Hacy.

(2)  OropomxyBaibHa  37aTHICTB, 3
ypaxyBaHHIM TETLI0130JTF0 BAJTbHOI
30aTHOCTI, 3a0e3nedeHa, SIKIIO:

- B MOMEHT 4Yacy  MaKCHMAaJIbHOI
TeMITepaTypu Ta3y CEepeaHE TiABUINCHHS
TeMIlepaTypu 1O BClii  HeoOirpiBaHin
noBepxHi oOMexyeTbest 3HaUeHHAM 140 K,
a MakCHUMaJIbHE TiJBUINEHHS TeMIIepaTypu
B Oynb-Akili TOULl Ill€i TIOBEpXHI HE
nepesuulye 3HadeHHs 180 K;
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- load bearing only: mechanical resistance
(criterion R);

- separating and load bearing: criteria R, E
and, when requested, L.

(2) Criterion “R” is assumed to be satisfied
where the load bearing function is
maintained during the required time of fire
exposure.

(3) Criterion “I” may be assumed to be
satisfied where the average temperature rise
over the whole of the non-exposed surface
is limited to 140 K, and the maximum
temperature rise at any point of that surface
does not exceed 180 K.

(4) With the external fire exposure curve
the same criteria should apply, however the
reference to this specific curve should be
identified by the letters "ef ".

NOTE: See EN1991-1-2, chapters 1.5.3.5 and 3.2.2.

(5) With the hydrocarbon fire exposure
curve the same criteria should apply,
however the reference to this specific curve
should be identified by the letters "HC".

NOTE: See EN 1991-1-2, chapters 1.5.3.11 and 3.2.3.

2.1.3 Parametric fire exposure

(1) The load-bearing function is ensured
when collapse is prevented during the
complete duration of the fire including the
decay phase or during a required period of
time.

(2) The separating function with respect to
insulation is ensured when

- at the time of the maximum gas
temperature, the average temperature rise
over the whole of the nonexposed surface is
limited to 140 K, and the maximum
temperature rise at any point of that surface
does not exceed 180 K,
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- mporsaroM (asu  3aTyXaHHS TOXKEXI
CepeNHeE MiABUILEHHS TEMIIEPATypH 10 BCIH
HeoOIrpiBaHiii moBepxHI Oyne oOMeEXeHO
3HAUYEHHAM AB;, a MaKCHUMaJbHe
MiBUIIEHHS TeMIepatypu B Oynb-skid
TOULl TIOBEPXHI HE MEPEeBULIYBATHME
3HaueHHs AD,.

[Tpumitka. 3navenns A6; Ta AO, 11 BUKOPHCTAHHS
V TEBHiH KpaiHi MokHA 3HaWTH y HamioHamsHOMY
Honarky. PexomeHmoBawni 3HaueHH 4 6; = 200 K Ta
46,=240 K.

2.2 Bnausu
(1)P Temnosi Ta MexaHIYHI BIUIUBH CJiJ
npuiivaty Bianosiaao 1o EN 1991-1-2.

(2) HomatkoBo mo 3.1(6) EN 1991-1-2
CTyIiHb HYOPHOTH MOBEPXHI CTAJEBOrO Ta
OETOHHOTO  €JIeMeHTa MaE€ CTaHOBHUTHU
&, =0,7.

2.3 Po3paxyHKoBi 3HAYEHHS
BJIACTHBOCTEH MaTepiajiB

(1)P Po3paxyHKOBI 3HA4€HHS MeEXaHIYHUX
(MiLHICTB Ta neopMaTUBHICTB)
BJIACTUBOCTEH marepiany Xha
BU3HAYAIOTHCS] TAKUM YHHOM:

Xia = ko Xe /Nup,

ne Xp - xapakrtepuctuuHe  ado
HOMiHAJbHE  3HAYE€HHS  MIIHOCTI  YH
neopmatuBHOCTI (B misiomy f; abo Fy) s
PO3paxyHKy 3a HOPMAJBHOI TEeMIIepaTypu
3rigHo 3 EN 1994-1-1;

ko - xoe(illeHT 3MEHIIEHHS MIIHOCTI
abo npmedopmaruBHOCTI (Xpo /Xp), mO
3aNIe)KUTh  BIA TEMIIEPaTypu Marepiany
BIIMOBIAHO 10 3.2;

Yinfi - Koe(iLieHT HaAiTHOCTI

BIZMOBIAHOI BJIACTUBOCTI MaTtepiajgy TiA
4ac MOXKexKi.
IMpumitka 1. Jms MexaHiYHUX BIACTHBOCTEH CTam
Ta 6eTOHy PEKOMCHOOBAHUMHA SHAYCHHAMH
koedilieHTy HATIHHOCTI M Yac MOKEHKI € Vyfia =
LO; % s = LO; 244 pic = 1.0; 354 v = 1.0, Skmo
HEOOXiTHO 3pOOUTH 3MIHH, BOHM MOXYThb OyTH
BU3HAUCHI Y BiAmosinHnX Hamionamsaux JlomaTkax
EN 1992-1-2 ta EN 1993-1-2.

IMpumitka 2. SIKm0 pPEKOMEHIOBAHI 3HAYCHHSA
3MIHCHO, TaOIM4HI JaHI MOXKYTh IOTpeOyBaTH
MEPEryay.

- during the decay phase of the fire, the
average temperature rise over the whole of
the non-exposed surface should be limited
to AB;, and the maximum temperature rise
at any point of that surface should not
exceed AO,.

NOTE: The values of A8, and A8, for use in a
Country may be found in its National Annex. The
recommended values are A6, = 200 K and
AD, =240 K.

2.2 Actions
(1)P The thermal and mechanical actions
shall be taken from EN 1991-1-2.

(2) In addition to 3.1(6) of EN 1991-1-2,
the emissivity coefficient for steel and
concrete related to the surface of the
member should be g, =0,7.

2.3 Design values of material properties

(1)P Design values of mechanical (strength
and deformation) material properties Xj 4
are defined as follows:

2.1
where:

X, is the characteristic or nominal value
of a strength or deformation property
(generally f; or £;) for normal temperature
design according to EN 1994-1-1;

kg1s the reduction factor for a strength or
deformation property (Xio /Xi), dependent
on the material temperature, see 3.2,

¥mys 15 the partial factor for the relevant
material property, for the fire situation.

NOTE 1. For mechanical properties of steel and
concrete, the recommended values of the partial
factor for the fire situation are yi 4. = LO; yups =
LO; s = L0; yass = 1,0. Where modifications are
required, these may be defined in the relevant
National Annexes of EN 1992-1-2 and EN 1993-1-2.

NOTE 2: If the recommended values are modified,
tabulated data may need to be adapted.
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(2)P  Po3paxyHKOBI  3HAuU€HHS  TEIUIO-
¢iznuHuxX BlIacTHBOCTEH Marepiany Xjg
BU3HAYAIOTHCS] TAKUM YHHOM:

- AKIO 30UIbLICHHS XapaKTePUCTUKU
CTIPUSITIIUBE JJIs O€3MeKH:

Xia = Xio/ Ve s

- AKIO 30UIbIIEHHS XapaKTePUCTHKH
HECTIPUATIIUBE JIs1 O€3TMEeKHU:

Xid = Y fi Xk 6,

ne Xj o — 3HaYeHHsI BJIACTUBOCTI Marepiany
M Yac TMOXKeXKl, IO 3aleKHTh Bif
TEeMIIepaTypyu Marepiany BiAMOBIIHO A0
33;

Yirsi - Koe(iLieHT HaAiTHOCTI
BIZIMOBITHOI BJIACTUBOCTI MaTepiay Mifa
Y4ac MOKENKI.

IMpumitka 1. Jnmg Temno(i3uuHUX BIACTHBOCTCH
crali Ta OCTOHY PCKOMCHAOBAHC  3HAYCHHSA
Koe(imieHTY HAAIMHOCTI M Yac MOXKexkl 4,4 = 1,0.

IMpumitka 2. SIKmMO pPEeKOMEHIOBAHI 3HAYCHHS
3MIHEHO, TAONW4YHI [JaHi MOXYTh IOTPeOyBaTH

Heperyuiay.

(3) PospaxyHKOBE 3HAYE€HHS MIITHOCTI
0eToHy Ha CTUCK Mae OyTH NPUHHATO SK
1,0f./%45c, TEPII  HI)K  BUKOHYETHCS
000B’I3KOBE 3HIDKEHHS MIITHOCTI
BHACJIIZIOK TEMIEpaTypH, Ta BIAMOBIIHO A0
322

2.4 Mertoau nepeBipku

2.4.1 3aranbHi MoJ10’KeHHsI

(1)P Mogenb KOHCTPYKTHBHOI CUCTEMH, IO
NPUHHATA TSI IPOSKTYBAHHS 3T1/THO 3 L€
HACTAHOBOIO, Ma€ BIOOpa’kaTH O4YiKyBaHY
pobOTY KOHCTPYKIIi M Yac MOXKEXI.

(2)P Bona mae Oytm mepeBipeHa s

B1IOBI AHOI TPUBAJIOCTI BOTHEBOT'O
BILTHBY [:

Eﬁ,d,t < Rﬁ,d,t;

ne Efar - PO3PaxyHKOBUIA

HABaHTAXYBalIb-HUM  epexT 1mig dvac
MOXKEXK], BKIIOYAOYH €(PEeKTH TerIoBUX
posmupers Ta Aedopmailiii, BU3HAUYECHUI
BigmoBigHo A0 EN 1991-1-2;

Riq4: — BIANOBIAHUI PpO3paxyHKOBHI
OTIIp MiJ] Yac MOXKEXK.
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(2)P Design values of thermal material
properties Xj s are defined as follows:

- if an increase of the property is favourable
for safety;

(2.2a)
- if an increase of the property is
unfavourable for safety.

(2.2b)
where:

X o1s the value of a material property
in the fire situation, generally dependent on
the material temperature, see 3.3;

7. 18 the partial factor for the relevant
material property, for the fire situation.

NOTE 1: For thermal properties of steel and
concrete, the recommended value of the partial
factor for the fire situation is 7y, = 1,0; where
modifications are required, these may be defined in
the relevant National Annexes of EN 1992-1-2 and
EN 1993-1-2.

NOTE 2: If the recommended values are modified,
tabulated data may need to be adapted.

(3) The design value of the compressive
concrete strength should be taken as 1,0 f.
divided by 7.4 before applying the
required strength reduction due to
temperature and given in 3.2.2.

2.4 Verification methods

2.4.1 General

(1)P The model of the structural system
adopted for design to this Part 1-2 of
EN 1994 shall reflect the expected
performance of the structure in fire.

(2)P 1t shall be verified for the relevant
duration of fire exposure t :

(2.3)
where:

Ejs 40 1s the design effect of actions for
the fire situation, determined in accordance
with EN 1991-1-2, including the effects of
thermal expansions and deformations;

Rsq: 1s the corresponding design
resistance in the fire situation.
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(3) Po3paxyHOK KOHCTPYKWIH TmiJ dYac
MOKEXKl CJIJI BHUKOHYBAaTH BIATOBIAHO OO
5.1.4(2) EN 1990.

[Mpumitka. Jng TEpEeBIpKH BHMOT HOPMOBAHOL
BOTHECTIMKOCTI ~ JOCTAaTHBRO  3AIHCHHUTH  aHAMI3
OKpEeMO1 KOHCTPYKIIIi.

(4) Axmo mnpaBuiga 3aCTOCYBAaHHS, IO
HaBeJEH] B Iiii HACTAHOBI, MIMCHI JIUIIE OIS
CTaHIAPTHOTO TEMIIEPATYPHOTO PEKUMY,
1€ BKa3aHO Y BIATOBIAHUX PO3ALIax.

(5) Tabmuyni nmaHi, MO HABEAEHI B PO3Iil
42, 0a3ylOTbCd  Ha  CTaHOAPTHOMY
TEMIEPATYPHOMY PEKHMI.

(6)P Sk  anpTepHaTHBA  PO3PAXYHKY
KOHCTPYKIIII BU3HAYEHHS BOTHECTIHKOCTI
Moke  OasyBaTHChb Ha  pe3yJbTarax
BOTHEBUX BUNIPOOYBaHb abo Ha
pe3yibpraTax  BOTHEBHX  BHIPOOYBaHb
pa3oM 3 po3paxyHKaMHu BIAMOBIAHO MO
pozainy 5.2 EN 1990.

2.4.2 AHaJi3 KOHCTPYKIIT

(1) HasanraxyBanbHUH  epekT  CIif
BU3HAYaTU 111 4dacy ! = 0, 3aCTOCOBYIOUU
KOe(piLIEHTH CIONYYEHHS o, Ta Y
BianosiaHO 10 4.3.1(2) EN 1991-1-2.

(2) Sk CIPOLIEHHS 10 (D)
HAaBaHTAXyBaJIbHUN edekT Fj4, MOXKHA
BU3HAYUTH 3 PO3PAXYHKY KOHCTPYKINI 3a
HOPMAaJIbHOI TEMIIEPATYPH, & CaMe!
Eyar=Eya =m0,
ne F; — pO3paxyHKOBE 3HAYEHHS
BIAMOBIAHOI cwi abo MOMEHTy, IO
BU3HAUYEHE 3 PO3PaxXyHKYy 32 HOPMAJbHOI
TeMIIEPATypH IJiI OCHOBHOTO CIOJYYEHHS
HaBaHTa)keHb 3r11HO 3 EN 1990;

15 — Koe(ilieHT 3MEHIIEHHS 3HAYeHHs
E;

(3) KoediuienT 3MeHIEHHS 75 IS
cnioiaydeHHs1 HaBaHTaxeHHs (6.10) y EN
1990 ciin BU3Ha4aTH 38 GOPMYJIOKO:

_ G, + l//ﬁQk,l
My

(3) The structural analysis for the fire
situation should be carried out according to
5.1.4(2) of EN 1990.

NOTE: For verifying standard fire resistance
requirement, a member analysis is sufficient.

(4) Where application rules given in this
Part 1-2 are valid only for the standard
temperature-time curve, this is identified in
the relevant clauses.

(5) Tabulated data given in 4.2 are based on
the standard temperature-time curve.

(6)P As an alternative to design by
calculation, fire design may be based on the
results of fire tests, or on fire tests in
combination with calculations, see EN 1990
clause 5.2.

2.4.2 Member analysis

(1) The effect of actions should be
determined for time ¢ = O using
combination factors y;; or v, according
t0 4.3.1(2) of EN 1991-1-2.

(2) As a simplification to (1), the effect of
actions Fjs4; may be obtained from a
structural analysis for normal temperature
design as:

(2.4)

where:

E; is  the design value of the
corresponding force or moment for normal
temperature design, for a fundamental
combination of actions (see EN 1990)

14 1s the reduction factor of £

(3) The reduction factor nfi for load
combination (6.10) in EN 1990 should be
taken as:

(2.5)

750, + 7Q,1Qk,1
abo mis criony4eHb HaBaHTaeHHs (6.10a)
ta (6.10b) y EN 1990, sik MeHIIIe 3HAaYeHHS
3 IBOX TaKHX BUPA3iB:

or for load combinations (6.10a) and (6.10b)
in EN 1990 as the smaller value given by the
two following expressions:
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G, + l//ﬁQk,l

s

G, + l//ﬁQk,l

760y + 7Q,1‘//0,1Qk,1 ,

Ny =
g $r6G; +7Q,1Qk,1 ,

ne (Or; — XapakTepUCTHYHE 3HAYEHHS
T'OJIOBHOT'O 3MiHHOTO BILIUBY 1

Gr — XapakTepUCTUYHE  3HAYCHHS
MOCTIHHOTO BILUIUBY

¥ — KoedillleHT HamIHHOCTI  AJs

OCTIMHUX BILIUBIB

Y01 — Koe(imieHT HamiHHOCTI A
3MIHHOTO BIUIUBY |
& — xoedimieHT HamiHOCTI IS

HECTIPHUSITIUBOTO MOCTIHHOTO BILTUBY (7%

W — Koe(DiLieHT CHOMy4YeHHS s
XapaKTEPUCTUYHOTO 3HAYEHHS 3MIHHOTO
BILIUBY

Ws — KOeQILIEHT CHONY4YeHHS s
BUMAJKY TOXEXI, TaHWH K Y ; (TpUBaje

3HaueHHs1) abo  yp;  (KBasimocrtiiiHe
3Ha4yeHHs1) 3riaHo 3 4.3.1(2) EN 1991-1-2.

IMpumitka 1. Tlpmkmany 3MiEd  Koe(iL€EHTIB
3HIDKEHHA  7); 3aJCKHO BiX  CIBBIIHOIICHHS
HaBaHTaOXCHHA (/G Ana  PI3HAX  3HAYCHD
KOC(ILi€EHTY CIOIMYYEHHI 4 = Y/ ; BIANOBITHO 1O
BHUpasy (2.6), HaBeACHO HA PUCYHKY 2.1 3 Takumu
mpunymeHwIMu: ¥ = 1,35 Ta y, = 1,5. PiBHaHHA
(2.7) Ta (2.8) maroTh ICIIO 3aBHILICHI 3HAYUCHHS.

IMpumitka 2. Sk coOpomeHHS MOXe OyTH
BHKOPHCTAHO PEKOMEHIOBAHE 3HAUCHHA 7J; = 0,65,
OKpiM TPHUKIAACHUX HABAHTAKCHb A KATCrOpii

(2.5a)

(2.5b)

where:

O 1s the characteristic value of the
leading variable action 1

G, is the characteristic value of a
permanent action

¥ 1s the partial factor for permanent
actions

vo.1 1s the partial factor for variable
action 1

& is a reduction factor for unfavourable
permanent action Gk

wy.; combination factor for
characteristic value of a variable action

w; 18 the combination factor for fire
situation, given either by y;,; (frequent
value) or w,; (quasipermanent value)
according to 4.3.1(2) of EN 1991-1-2.

the

NOTE 1: An example of the variation of the
reduction factor 7 versus the load ratio Oy ,/G; for
different values of the combination factorys = v,
according to expression (2.5), is shown in Figure 2.1
with the following assumptions: y; = 1,35 and
7, = 1,5. Partial factors are specified in the relevant
National Annexes of EN 1990. Equations (2.5a) and
(2.5b) give slightly higher values.

NOTE 2: As a simplification the recommended
value of 77, = 0,65 may be used, except for imposed
loads according to load category E as given in
EN 1991-1-1 (arecas susceptible to accumulation of

HaBaHTaXkeHHS E, sk BcTtaHoBieHo B EN 1991-1-1 goods, including access arcas), where the
(IWIOIM, NPHIATHI IS HAKONMYEHHS BAHTAXKIB, recommended value is 0,7.
BKJIFOYAFOYH  JOCTYMHI  JULTHKH), OO  SKHX
PEKOMEHIOBAHUM 3HAYEHHM € 0,7.
08
ne
07 e
: ]
N vy, = 08
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Pucynok 2.1: 3miHa Koedii€HTIB 3HUKESHHS
7 3aJ1€KHO Bif ciBBiAHOLIEHHS Or//Gy
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Qp1/Gy
Figure 2.1: Variation of the reduction factor
1z with the load ratio Oy, /Gy
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(4) Cnin posrimsimatu  jmme  edexTu
TemneparypHux  apedopmamifi, 1mo €
HACNAKOM  TEMIIEPaTypHUX  TPadl€HTIB
yepe3  momepedyHudl  mepepis.  Brums
MOLTUPEHHSI TEMIIEPATyPHU B3JIOBXK €IEMEHTY
MOJKHA HE BPaXOBYBATH.

(5) I'pannuHi yMOBM Ha OmMOpax Ta KiHIIX
€JIEMEHTY BBAXKAKOTh HE3MIHHUMU MPOTATOM
TIOKEKI.

(6) TabnmuHi naHi, cripomieHi ado yTO4HEeHi
PO3paxyHKOBI MOJeNi, IO HaBeneHi B 4.2,
4.3 Ta 4.4 BIONOBIAHO, € MPUUHATHUMU JJISI
NIEPEBIPKU €JIEMEHTIB B YMOBaX MOXKEXKI.

2.4.3 AHaJi3 4YACTMHM KOHCTPYKTHBHOY
CHCTEeMH

(1) HapantaxyBampHUI  epekT  Mae
BU3HAYATUCS IS qacy =0 3
BUKOPUCTAHHSAM KOE(DILIEHTIB CIOMYYEHHS
wi; Ta Yp; BiamoeimHO 10 4.3.1(2)
EN 1991-1-2.

(2) Sx  anprepHaTHMBAa  3arajJbHOMY
PO3paxyHKy KOHCTPYKIIH M 4ac MOXKekKi B
MOMEHT wacy f = O omopHi peakuii,
BHYTPILIHI 3yCHJUII Ta MOMEHTH Ha MEXI
YaCTUHH KOHCTPYKTHBHOI CHCTEMH MOXKHA
OTPUMATH 32 PO3PAXYHKOM KOHCTPYKIIH 32
HOPMAJIbHUX TEMIIEpaTyp, SK HABEOEHO B
242

(3) YactnHa KOHCTPYKTHBHOI CHUCTEMH IS
pPO3paxyHKy Mae OyTH BU3HAa4Y€HA HAa OCHOBI
MOYUIMBUX TEMIIEPATYPHHUX PO3LIMPEHb abo
nedopmariii, mod i B3aeMomis 3 IHIIUMU
YaCTUHAMH KOHCTPYKTHBHOI CHCTEMH MOTJIa
OyTH BUpaXX€Ha HE3AJCKHUMHU BIJ YaCy
yMOBaMH  CIUPAaHHS Ta  TPAaHUYHUMH
YMOBaMH i J] 4ac TTOXKEXKI.

(4)P B mexax YacTMHH KOHCTPYKTHBHOI
CHCTEMH JJISl PO3PAXyHKY CIIiJI BPaXxOBYBaTH
XapakTepHUH BUA pPyHHYBaHHA MiJI dYac
MOXKEXKi, BJIACTHBOCTI  MaTepianay, IO
3aNekaTh BiJl TEMIIEPATypH, Ta JKOPCTKICTh
€JIEMEHTa, BILUIMBU TEMIEePaTypPHHUX
posmmpeHr Ta aedopmaiiii  (BIIMBH
APYTOro MOPSIAKY i 9acC TIOXKEXK1).

(4) Only the effects of thermal deformations
resulting from thermal gradients across the
cross-section need be considered. The
effects of axial or in-plain thermal
expansions may be neglected.

(5) The boundary conditions at supports and
ends of member may be assumed to remain
unchanged throughout the fire exposure.

(6) Tabulated data, simplified or advanced
calculation models given in 4.2, 4.3 and 4.4
respectively are suitable for verifying
members under fire conditions.

2.4.3 Analysis of part of the structure

(1) The effect of actions should be
determined for time 7 = 0 using combination
factors y;; or y,; according to 4.3.1(2) of
EN 1991-1-2.

(2) As an alternative to carrying out a
structural analysis for the fire situation at
time t=0, the reactions at supports and
internal forces and moments at boundaries
of part of the structure may be obtained from
a structural analysis for normal temperature
as givenin 2.4.2.

(3) The part of the structure to be analysed
should be specified on the basis of the
potential thermal expansions and
deformations such, that their interaction with
other parts of the structure can be
approximated by time-independent support
and boundary conditions during fire
exposure.

(4)P Within the part of the structure to be
analysed, the relevant failure mode in fire
exposure, the temperature-dependent
material properties and member stiffness,
effects of thermal expansions and
deformations (indirect fire actions) shall be
taken into account.
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(5) I'paHn4HI YMOBHU Ha OMOpPAax Ta 3yCHILIS
HAa MEXI YaCTHHHU KOHCTPYKTHUBHOI CHCTEMH
BBaYKAIOTHCS HE3Mi HHUMH MPOTSITOM
TIOXKEXK.

2.4.4 3aranbHuil aHAJI3 KOHCTPYKTHBHOI
CHCTEMH

(1P 3aranpHui PO3paxyHOK
KOHCTPYKTHUBHOI CHCTEMH T 4YacC IMOXKEKl
Cliy  BPaxOBYBaTH  XapakTEPHUH  BUA
PYHHYBaHHS MiJ 4YacC TMOKEXi, BIACTHBOCTI
Marepiany, o 3aJeXaTb BiJ TEMIEpPaTypH,
Ta  JKOPCTKICTb  €JIEMEHTa, BILUIMBU
TeMITePaTypPHUX PO3LIUPEHb Ta Aedopmariii
(HEeTIPSIMUIA BIUTMB MOKEXKI ).
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(5) The boundary conditions at supports and
forces and moments at boundaries of part of
the structure, may be assumed to remain
unchanged throughout the fire exposure.

2.4.4 Global structural analysis

(1)P When a global structural analysis for
the fire situation is carried out, the relevant
failure mode in fire exposure, the
temperature-dependent material properties
and member stiffness as well as the effects
of thermal expansions and deformations
(indirect fire actions) shall be taken into
account.
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Po3ain 3 BaactuBocri marepiaJis
3.1 3aranbHi MoJ10KeHHA

(1)P Ilin wac moskexi Ciif BpPaxOBYBAaTH
BJIACTHBOCTI MaTepiajly, IO 3aJeXaTh BiJ
TeMIepaTypu.

(2) TermoiznyHi Ta MEXaHIYHI BJIACTUBOCTI
cram i OeToHy MarwThb BH3HAYaTHUCS 3
HACTYTTHUX PO3JIIJIB.

(3)P BrnactuBocti MaTepianiB, 10 HaBEAEHI
B 3.2, OyayTh NPUHHATI K XapaKTePHUCTUIHI
3Ha4YeHHs BiANOBiAHO 10 2.3(1)P.

(4) MexaHiuHi  BJACTHUBOCTI  OETOHY,
HEHAIpPYKEHOI Ta MONEPENHbO HAIPY KEHOI
apMaTypu 3a HOPMaJbHOI TeMIepaTypu
(20 °C) cnim npuiiMaTH BIAMOBIAHO IO
EN 1992-1-1.

(5) MexaniuHl BIACTHBOCTI CTajml 32
temneparypu 20 °C cmig npuiiMatu
BigmoBimHo g0 EN  1993-1-1 pmus
MPOEKTYBaHHsI 32 HOPMAJIbHOI TEMIIEPATyPH.

3.2 MexaHi4uHI BJIACTHBOCTI

3.2.1 Miunictb Ta Aedopmaniiini
BJIACTHBOCTI KOHCTPYKUiiHOY cTai

(1) Ans pexxumiB HarpiBanHs Bix 2 K/xB 1o
50 K/xB wminHicTh Ta aedopmamiitai
BJIACTUBOCTI ~ KOHCTPYKLIHHOI cram 3a
T IBUIIEHUX TEeMIeparyp MaroTh
BU3HAYATUCS 3 JlarpamMu “Hampy>KeHHs-
nedopmarii”, o HaBeneHa Ha pUCYHKY 3.1.

[Mpumitka. [ mpasun 1iei Hactanosm mpwitHATO,
[0 PE;KUMH HATPIBAHHS 3HIDKYIOTHCH Y BU3HAYCHUX
MEXKax.

(2) CriBBi THOIIEHHS “Harnpy>KeHHs-
nedopmariii”’, mo HaBeAeHI Ha PUCYHKY 3.1
ta B Tabmumi 3.1, BU3HAYAKOTBCS TPHOMA
napameTpamu:

- YXWII TiHIHHOI Ipy»XHOI cTamii £, g;

- Me)Ka PONOPUIHHOCTI [

- MakCHMaJbHUH  CTymiHb  (piBEHB)
HANpy>KeHHs1 a00 OiificHa IpaHULs TeKy4OCTi

fay, e

Section 3 Material properties
3.1 General

()P In fire conditions the temperature
dependent properties shall be taken into
account.

(2) The thermal and mechanical properties
of steel and concrete should be determined
from the following clauses.

(3)P The values of material properties given
in 3.2 shall be treated as characteristic
values, see 2.3(1)P.

(4) The mechanical properties of concrete,
reinforcing and prestressing steel at normal
temperature (20°C) should be taken as those
given in EN 1992-1-1 for normal
temperature design.

(5) The mechanical properties of steel
at 20 °C should be taken as those given in
EN 1993-1-1 for normal temperature design.

3.2 Mechanical properties

3.2.1 Strength and deformation properties
of structural steel

(1) For heating rates between 2 and
50 K/min, the strength and deformation
properties of structural steel at elevated
temperatures should be obtained from the
stress-strain relationship given in Figure 3.1.

NOTE: For the rules of this standard, it is assumed
that the heating rates fall within the specified limits.

(2) The stress-strain relationships given in
Figure 3.1 and Table 3.1 are defined by
three parameters:

- the slope of the linear elastic range £, 4,

- the proportional limit 1, 4,

- the maximum stress level or effective yield
strength £, 6.
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Hanpvy:xenus

k Stress Cag |
fay, B , ! I,ri.'fl .
Kpusuzna “‘
f _ Ellipse
ap.6—~ I Il WV,
E a,o = tan O{’e Hedopmarris
IOL B \“ Strain & a6
'|‘ Caue “ae b
Capo Cayo=002

Pucynok 3.1: Marematu4na Moaenb
CHIBBiAHOIICHB “‘HANpPYy KeHHs-aedopmarii”
JUTSE KOHCTPYKIIMHOI CTaT 3a T ABUIIEHUX

Figure 3.1: Mathematical model for stress-
strain relationships of structural steel at
elevated temperatures

TeMIepaTyp
Tabmuus 3.1: CrHiBBIZHOWIEHHA PI3HUX Table 3.1: Relation between the wvarious
nmapamMeTpiB  MaTeMaTUYHOI Moneini  Ha parameters of the mathematical model of
pucyHKy 3.1 Figure 3.1.
Cranii .
Hanpyxenuns ITouatkoBuil MOIYJIb
nehopMyBaHHS
X Stress Tangent modulus
Strain range
I - npykHa E,o€.0 Eao
I/ elastic
8igap 0
II — xpuBOMiHI THMIH b 2
nepexis (fupo =0+ 5\/ a”—(&,5—8ap)
11 it elliptical
/ t;anSILi P Aac az = (gay,e B gap,e)(gay,e _gapﬂ +C/Ea,9) b(gay 6 Ea 5)
ap.0 = 2 2 : :
& < €ay0 b* = E,, (5ay,e _5ap,9)c +c a\/a2 - (aayﬂ —&.4 )2
2
2 (fay,e _fap,e)
Ea,@ (gay,ﬁ - Sap,ﬁ) - 2(fay<9 - fap,@)
III — nnactuuna
II1 / plastic
ay.0 <e fay, ¢ 0
€ 5 €au,0
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(3) V rtabmuui 3.2 HaBedeHi koedimieHTH
3MEHLICHHS kg 3a MiABUILEHUX TEMIEPaTyp
cram 6, sxi Tpeba 3aCTOCOBYBAaTHU st
BIAMOBIAHOTO 3HaueHHs F, abo f,, mod
BU3HAUUTH  mapamerpu 3 (2). ua
NPOMI’KHUX 3HA4YeHb TEMIEPaTypU MOXKe
3aCTOCOBYBATHUCS JI HIf{HA 1HTEPIIOJISLIISL.

(4) Ax anprepHaTMBA I TEMIIEPATyp
Hiwkde 400 °C, npiarpamMu “HampyskeHHs-
nedopmariii”’, Bu3Ha4deHi B (2), MOJOBXKEHI
3aBOSKH  MOXJIMBOCTI  JedopMariifHOro
3MIL[HEHHsI 3TIAHO 3 Tabjuuero 3.2, 3a
YMOBH, L0 MICIIeBa BTpara CTIHKOCTI He
JOMYyCKAETbCA, a BIAHOWEHHA fo,0 /fay
0OMeXKyIOThCs 3HaUeHHsM 1,25,

IMprvitka. MOKIHBICTS Ae()OPMALIHHOTO 3MiITHCHHS
JOKJIAJTHO OTIMCAHO B IOJATKY A.

(5) Bt nedopmarii HHOro 3MiIHEHHST CJTi T
BPaXxOBYBATH, SIKIIO aHail3 Oa3yeTbcs Ha
YTOYHEHHUX PO3PAXYHKOBUX MOMEJSX 3TiTHO
3 4.4. Ile MOXJIMBO JIMIIE, SIKIIO IOBEACHO,
IO JIOKaJbHI TOINKOIKEHHST (HAMPUKJIAL,
MiCIleBa BTpaTa CTIHKOCTI, pyHHYBaHHS NPU
3CyBl, CKOJIIOBaHHs O€TOHy Ta 1H.) He
BUHUKAIOTh uepe3 30UTbIIeHHS ehOpMaliii.

IMpuMiTka. 3HAYCHHA &, 9 TA £, ¢ IO BH3HAYAIOThH
MEXl JIISHOK MAKCHMAJThbHOTO HAIPY’KCHHSI Ta
HU3XITHUX JUTHOK 3TIAHO 3 PUCYHKY 3.1, MOXKyTh
OyTH OTPHUMAaHI 3 AOBIAKOBOTO JOJATKY A.

(6) DopMyJIFOBaHHS CIiBBITHOIIEHb
“HanpyxeHHs-nedopmanii” Oynu BUBeneHI
3a pe3ysibTaTaMH BUIPOOYBaHb HAa PO3TIT.
Ili cHiBBIZHOUIEHHA  MOXYTb  TaKOX
3aCTOCOBYBATHUCS AJIS CTaJIl IIPU CTHCKY.

(7)  3naueHHs  Tabmumui 32 npns
CHIBBIAHOIIEHb ‘‘HAINpy>KeHHs-nedopmanii’
KOHCTPYKII HHOI crani MOXKYTb
BUKOPHCTOBYBATHCh SIK  JIOCUTb  TOYHI
HaOJIMKEHHSI Y BUITAJKy TEIJIOBUX BIUIHBIB
BignosimHO 1m0 3.3 EN 1991-1-2 (moneni
pearbHOi  TOXKEXkKi), OCOONHMBO,  SIKIIO
PO3TTISIAAETBCSA  HU3XIIHA  TEMIEpaTypHa
IJISTHKA.

(3) Table 3.2 gives for elevated steel
temperatures 0,, the reduction factors 4y to
be applied to the appropriate value £, or f,,
in order to determine the parameters in (2).
For intermediate values of the temperature,
linear interpolation may be used.

(4) Alternatively for temperatures below
400°C, the stress-strain  relationships
specified in (2) are extended by the strain
hardening option given in Table 3.2,
provided local instability is prevented and
the ratio fu., ¢/fo 1s limited to 1,25.

NOTE: The strain-hardening option is detailed in
informative Annex A.

(5) The effect of strain hardening should
only be accounted for if the analysis is based
on advanced calculation models according
to 4.4. This is only allowed if it is proven
that local failures (i.e. local buckling, shear
failure, concrete spalling, etc) do not occur
because of increased strains.

NOTE: Values for €au,0 and €ae,0 defining the range
of the maximum stress branches and decreasing
branches according to Figure 3.1, may be taken from
informative Annex A.

(6) The formulation of stress-strain
relationships has been derived from tensile
tests. These relationships may also be
applied for steel in compression.

(7) In case of thermal actions according to
3.3 of EN 1991-1-2 (natural fire models),
particularly when considering the decreasing
temperature branch, the values specified in
Table 3.2 for the stress-strain relationships
of structural steel may be used as a
sufficiently precise approximation.
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Tabmuusa 3.2: KoedimieHTn 3MeHLIeHHs kg

Table 3.2: Reduction factors kg for stress-

ISt CIIi BBIAHOII€Hb “Hanpy>KeHHs- strain relationships of structural steel at
nedopMariii’ KOHCTPYKIIHHOI crajgi 3a elevated temperatures
I ABHIIEHUX TEMIIEPATYP
TemnepaTypa cTani &, cE"C] P E,, P Swo p - Jowo P S s
Steel Temperature 6, [°C] E6 E P f 0 £ 0.6 fa
20 1,00 1,00 1,00 125
100 1,00 1,00 1,00 125
200 0,90 0,807 1,00 125
300 0,80 0,613 1,00 125
400 0,70 0,420 1,00
500 0,60 0,360 0,78
600 031 0,180 0,47
700 0,13 0,075 0,23
800 0,09 0,050 0,11
900 0,0675 0,0375 0,06
1000 0,0450 0,0250 0,04
1100 0,0225 0,0125 0,02
1200 0 0 0
3.2.2 MiuHicTh Ta aedopmanirini 3.2.2 Strength and deformation properties

BJIACTHBOCTI 0eTOHY

(1) Ansa peskumip HarpiBanss Big 2 K/xB mo
50 K/xB 3HAYEHHS MIIHOCTI Ta
negopMaTUBHOCTI OETOHY 3a IMiABUIICHUX
TEMIEpaTyp MAalwTh OyTH OTpUMaHi 31
CIIi BBITHOIIEHHS “HampyXeHHs-
nedopmariii”, o HaBeeHe Ha PUCYHKY 3.2.

Hpumitka., g npasun mwiei HactaHOBH TmpHHHATO,
IO PEKUMH HATPIBAHHA SHIDKYIOTBCA ¥ BH3HAYCHHUX
MCKAX.

(2)p MiuHicTb Ta nedopmarniiini
BJIACTUBOCTI  OJHOBICHO  HAIpPY>KEHOTO
0eTOHy 3a MiABUINEHUX TEMIIEPAaTyp MAaKOTh
Oyt BU3HAYEHI 31 CIIiBBIAHOIIEHD
“HanpyxenHs-nedopmarii” B EN 1992-1-2
Ta K MOKA3aHO HA PUCYHKY 3.2.

(3) CriBBiTHOLIEHHS “Hamnpy KeHHsI-
nedopmariii” Ha PUCYHKY 3.2 BH3HAYAETHCS
IBOMA TTapaMeTpaMu:

- MILIHICTb Ha CTUCK [, g,

- nedopMaLis &, g, MO BIATOBIAAE [, .
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of concrete

(1) For heating rates between 2 and
50 K/min, the strength and deformation
properties of concrete at elevated
temperatures should be obtained from the
stress-strain relationship given in Figure 3.2.

NOTE: For the rules of this standard, it is assumed
that the heating rates fall within the specified limits.

(2)P  The strength and deformation
properties of uniaxially stressed concrete at
elevated temperatures shall be obtained from
the stress-strain relationships in
EN 1992-1-2 and as presented in Figure 3.2.

(3) The stress-strain relationships given in
Figure 3.2 are defined by two parameters:

- the compressive strength £ 4;

- the strain gcu,0, corresponding to 7 .
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(4) YV Tabmumi 3.3 HaBedeHI 3HAYSHHS
koeiieHTy B3HIWKEHHS k.o I8 f. 3a
MABUIIEHOI TeMmrieparypu OeToHy &, mod
BU3HAYUTH f; o Ta Aeopmamiio &g s
NPOMI’KHUX 3HAYeHb TEMIIEPATYPH MOXKHA
3aCTOCYBATH JIIHIHHY 1HTEPIOJISLIIO.

[Tpumitka. Yepe3 BUKOPHUCTAHHS PI3HHX CIHOCO0IB
BUNPOOYBaHHA 3pa3KiB &, IOKA3y€ BEIUKHH
PO3KUI 3HAYCHB, AKHH MPEACTABICHO B Tadmmmi B.1
Joaarky B. PexkoMEHIOBaHI 3HAYCHHA &, IO
BH3HAYAIOTh MIama30H HHU3XITHOI TIASHKH, MOSKHA
OTpHUMATH 3 A0AATKy B.

(5) 3a HeoOximHOCTI, Ui JIerKoro OeToHy
(JIb) 3HaueHHs &0 CH BH3HAYATH 3
BUNIPOOYBaHb.

(6) Ilapamerpu, O BU3HAYEHI B TaOMULU
3.3, crocyloThCcA BCIX BHAIB O€TOHY 3
CIUIIKATHUM  3amoBHIOBadeM. 11 cami
napamMeTpu MOXYTb 3aCTOCOBYBATHCH ISt
O0eToHIB 3 KapOOHATHUM 3aIlOBHIOBAYEM.
Tounimry iHpOpMaNil0o MOXKHA OTPUMATH 3
tabmumi 3.1 EN 1992-1-2.

(7) MaremaTnuHa MOIEJb CITiBBIJHOLICHD
“HampykeHHs-nedopManii’  OeToHy  Ha
pucyky 3.2 wmae OyTH 3MiHeHa UIA
TEIUIOBUX BIUIMBIB BIAMOBIAHO 10 3.3
EN 1991-1-2 (momeni peanbHOi IOXKEX1),
0CcOOJIMBO, SIKIIO PO3TIISAAETBCS HHU3XITHA
TEMIepaTypHa AiJISTHKA.

IMpmvitka. Ockinbku 6¢TOH, MO OyB OXOJIOIKCHHH
MCII HArpiBAHHA, HE BITHOBIIOE CBOI0 TICPBHHHY
MIOHICTP HA CTHCK, PCKOMCHIALIA JOBIIKOBOTO
Joaatky C moke OyTH BHKOPHCTAHA B YTOYHCHIH
PO3paxyHKOBIH MOACITI 3TiTHO 3 4.4,

(8) TpamuwiitHO, MIIHICTE OETOHY Ha PO3TST
MOXe OyTH NMPHUHHATA TAKOO, L0 JOPIBHIOE
HYJIIO.

(9) SAxmo y nepesipkax, IO MPOBOAATHCS 3
BUKOPUCTAHHSAM YTOYHEHOI PO3paxyHKOBOI
MOJIEJI, BPAXOBYEThCS MIIHICTh HA PO3TSIT,
TO ii 3Ha4Y€HHs HE MOBUHHO IEPEBUINYBATU
3HaueHHs 3 3.2.2.2 EN 1992-1-2.

(10) [{nst BUmagKky po3tary B OETOHI MarOTh
OyTH pO3TJSTHYTI MOAEN 3 HH3XITHOK
T1JISTHKOFO miarpaMu “Harnpy>KeHHs-
nedopmarii”, K MOKa3aHO Ha PUCYHKY 3.2.

(4) Table 3.3 gives for elevated concrete
temperatures &, the reduction factor 4. ¢ to
be applied to f. in order to determine £ g and
the strain &, ¢ For intermediate values of
the temperature, linear interpolation may be
used.

NOTE: Due to various ways of testing specimens,
&..,0 Shows considerable scatter, which is represented
in Table B.1 of informative Annex B. Recommended
values for ece,0 defining the range of the descending
branch may be taken from Annex B.

(5) For lightweight concrete (LC) the values
of &0 1f needed, should be obtained from
tests.

(6) The parameters specified in Table 3.3
hold for all qualities of concrete with
siliceous  aggregates. For  calcareous
concrete qualities the same parameters may
be used. This is normally conservative. If
more precise information is needed,
reference should be made to Table 3.1 of
EN 1992-1-2.

(7) In case of thermal actions according to
3.3 of EN 1991-1-2 (natural fire models),
particularly when considering the decreasing
temperature branch, the mathematical model
for stress-strain relationships of concrete
specified in Figure 3.2 should be modified.

NOTE: As concrete, which has cooled down after
having been heated, does not recover its initial
compressive strength, the proposal of informative
Annex C may be used in an advanced calculation
model according to 4.4.

(8) Conservatively the tensile strength of
concrete may be assumed to be zero.

(9) If tensile strength is taken into account in
verifications carried out with an advanced
calculation model, it should not exceed the
values based on 3.2.2.2 of EN 1992-1-2.

(10) In case of tension in concrete, models
with a descending stress-strain branch
should be considered as presented in
Figure 3.2.
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For numerical purposes a descending branch should be adopted

Pucynox 3.2: MaremMaTnuHa ~ MOAENb Figure 3.2: Mathematical model for stress-
CHIBBIAHOIIEHb ‘‘HAINpPYy>KeHHs-AedopmMarii” strain relationships of concrete under
OeToHy TpHU CTUCKY 34 MiJBUIICHUX compression at elevated temperatures.
TEMIIepaTyp
Tabmuus 3.3: 3HaueHHS [BOX TOJIOBHUX Table 3.3: Values for the two main
napamMeTpiB  giarpaMu  “Hampy>KEHHs- parameters of the stress-strain relationships
nedopmanii”’ 3puuaiinoro Oerony (3b) Ta of normal weight concrete (NC) and
nerkoro Oerony (JIB) 3a mimBUINEHHX lightweight concrete (LC) at elevated
TeMIIepaTyp temperatures.
Temniepatypa 6erony &,, [°C] k,,= 101, €107
Concrete Temperature 6, [°C] 35 7B 3b
NC LC NC

20 1 1 2.5

100 1 1 4,0

200 0,95 1 55

300 0,85 1 7.0

400 0,75 0,88 10,0

500 0,60 0,76 15,0

600 0,45 0,64 25,0

700 0,30 0,52 25.0

800 0,15 0,40 25,0

900 0,08 0,28 25.0

1000 0,04 0,16 25.0

1100 0,01 0,04 25,0

1200 0 0 -
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3.2.3 Apmarypa

(1) Minnicte Ta nedopmaniiiHi BIaCTUBOCTI
apMaTypHUX  CTajed 3a  IMiJBUIICHUX
TEMIepaTyp MOXYTb OyTH BHU3HAUEHI 3a
MaTEeMaTHIHOIO MOZIEJLIIO, 0
npezncrasieHa B 3.2.1 mid KOHCTPYKUIHHOI
cTai.

(2) Ansa rapsuexaTaHoi apMaTypHOi CTaui
MOXYTb BUKOPUCTOBYBATHUCh TPU OCHOBHI
napaMeTpu, MO HaBeAeHI B Tabmumi 3.2,
KpIM 3HaueHHs Kk,p sKe HE TOBHUHHO
nepesuiysaty 1,1.

(3) Tpu ocHOBHI mapameTpu A
xojogHoxedopmoBanoi apMarypHoi craii
HaBeleHo B Tabmuui 3.4 (muB. Tabmuio 3.2a
EN 1992-1-2).

IMprmvitka. TlomepeaHrO HAMpY’KCHA apMaTypa v
CTaNe3aMi300CTOHHUX KOHCTPYKIIAX 3a3BHYall HE
BHKOPUCTOBY €THCA.

(4) ns TemnoBUX BIUIMBIB BIIMOBIAHO JIO
33 EN 1991-1-2 (mogmeni peanpHOI
MOJKEXKi), OCOOJNIMBO, KON PO3TIISINAETHCS
HU3X1THa TEMIIEpaTypHa IiIsTHKA, 3HAUEHHS,
mo HaBemeni B Tabmum 3.2 s
CHIBBIAHOIIEHb ‘‘HAINpy>KeHHs-nedopmanii’
KOHCTPYKII HHOI crani MOXKYTb
BUKOPUCTOBYBATUCh  JUIsl  rapsideKaTaHol
apMaTypHOI CTaji sIK JOCUTb TOYHI.

Tabmuus 3.4 — KoediuienTn 3HMWKEHHS kg

3.2.3 Reinforcing steels

(1) The strength and deformation properties
of reinforcing steels at elevated temperatures
may be obtained by the same mathematical
model as that presented in 3.2.1 for
structural steel.

(2) For hot rolled reinforcing steel the three
main parameters given in Table 3.2 may be
used, except that the value of # ,0 k& should
not be greater than 1,1.

(3) The three main parameters for cold
worked reinforcing steel are given in Table
3.4 (see also Table 3.2a of EN 1992-1-2).

NOTE: Prestressing steels will normally not be used in
composite structures.

(4) In case of thermal actions according to
3.3 of EN 1991-1-2 (natural fire models),
particularly when considering the decreasing
temperature branch, the values specified in
Table 3.2 for the stress-strain relationships
of structural steel, may be used as a
sufficiently precise approximation for hot
rolled reinforcing steel.

Table 3.4: Reduction factors kg for stress-

IS CITiBBiAHOIIEHD “HATIPY KEHHSI- str‘ain ‘relationships of cold worked

nedopmari” xonoaHonepOpMOBAHOI reinforcing steel

apMaTypHOI cTaji

Temnepatypa crani &, [°C] b - E, P Soo P S

Steel Temperature 6, [°C] BT R PO 7 vo = f
sy sy

20 1,00 1,00 1,00
100 1,00 0.96 1,00
200 0.87 0.92 1,00
300 0.72 0.81 1,00
400 0,56 0,63 0,94
500 0,40 0,44 0.67
600 0,24 0,26 0,40
700 0.08 0.08 0.12
800 0,06 0,06 0.11
900 0,05 0,05 0,08
1000 0,03 0,03 0.05
1100 0,02 0,02 0.03
1200 0 0 0
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3.3 Tenyodizn4Hi BIACTHBOCTI

3.3.1 Koncrpykuiiina  Ta
cTAb

apMaTypHa

(1) TemneparypHe BunoBxkeHHs cram Al / /,
IO AificHe IJIs1 BCIX BUAIB KOHCTPYKLIHHOI
Ta apMaTypHOI CTaJ, MOXKe OyTH BU3HAYEHO
TaKUM YHHOM:
A1=-2,416-107+1,2-10°-0,+0,4-10°-0,

st 20 °C < 0,< 750 °C,
AVI=11-107

s 750 °C < 6,< 860 °C,
Al1=-6,2-107+2-107-6,
s 860 °C < 6,< 1200 °C,

ne [ — NOBJKWHA CTAJIEeBOTO €JIEMEHTY 32
temneparypu 20 °C;
Al — TeMriepaTypHe BUOBKEHHS
CTaJIEBOTO €JIEMEHTY;
6, — TemmiepaTypa CcTai.

(2) 3anexHiCT TEMIIEPATYPHOTO BUAOBKEHHS

B TEMIIEPATypU NOKA3aHO HA PUCYHKY 3.3.

(3) B cnpomeHnx po3paxyHKOBUX MOAEISIX
(muB. 4.3) 3aneKHICTH TEMIEPATYPHOTO
BUJIOBXKECHHS BiJl TEMIIEPATypPH CTajll MOXeE
BBAXKATUCS JIHIHHOK. B nbomy BuMaaky
BUJIOBXKEHHS CTaJll Ma€ BU3HAYATHCA 3.

AVI=14-10°(0,-20),

(4) Ilutoma TETIOEMHICTB CTall C,, HiHCHA

IUIA  BCIX  BHUAIB  KOHCTPYKLIHHOI  Ta
apMaTypHOI CTaJi, MOKE BU3HAYATHUCS 3

Ca=425+7,73-107-0,-1,69-10°-0,

+2,22:10° 6., M/ (xrK)

s 20 °C <6, <600 °C,

0,-738
s 600 °C < 6, <735 °C,

B 17820 .
Ca=345+ [00_73]] , Hx/(xr-K)

st 735 °C < 60, <900 °C,
€,=650, Ix/(xr-K)
s 900 °C < 6, <1200 °C,

ca666-[ 13002 ] T/ (xr-K)

ne 6, — TeMreparypa cTa.
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3.3 Thermal properties

3.3.1 Structural and reinforcing steels

(1) The thermal elongation of steel Al / [/
valid for all structural and reinforcing steel
qualities, may be determined from the
following:

(3.1a)
for 20 °C < 6,< 750 °C,

(3.1b)
for 750 °C < 0,< 860 °C,

(3.1¢)

for 860 °C < 6,<1200°C,

where:

/is the length at 20°C of the steel member
Al 1s the temperature induced elongation of
the steel member

6, 1s the steel temperature.

(2) The variation of the thermal elongation
with temperature is illustrated in Figure 3.3.

(3) In simple calculation models (see 4.3)
the relationship between thermal elongation
and steel temperature may be considered to
be linear. In this case the elongation of steel
should be determined from:

(3.1d)

(4) The specific heat of steel a c valid for all
structural and reinforcing steel qualities may
be determined from the following:

[J/kgK] (3.2a)
for 20 °C <0, <600 °C,
[J/kgK] (3.2b)

for 600 °C < 6,<735°C,

[J/kgK] (3.2¢)
for 735 °C < 6,<900 °C,

[J/kgK] (3.2d)
for 900 °C < 6,< 1200 °C,

where:
6, 1s the steel temperature.
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(5) 3anexxHICTP TUTOMOI TEIIOEMHOCTI BiJ
TeMIIepaTypH MOKA3aHO HA PUCYHKY 3.4.

(6) B cnpomeHnx po3paxyHKOBUX MOAEISIX
(muB. 4.3) mUTOMAa TEIUIOEMHICTb MOXKE
BBAXKATUCST HE3AJICXKHOI BIJl TeMIepaTypu
cram. B upbomy Bumanky tpeba Opatu Take

CepeqHe 3HAUEHHS:
¢, = 600, Lx/(xr-K),

(7) IluToMa TEMIOMPOBIAHICTD CTAM Ag, IO
HificHa Ay BCIX BUAIB KOHCTPYKLIMHOI Ta
apMaTypHOi cTaii, Moxke OyTH BU3HAa4YEHA

TAKUM YHMHOM:
}a=54-3,33:10%6,,, Br/(M'K)

st 20 °C < 6, <800 °C,
4e=27,3, BT/(M'K)
s 800 °C < 6, <1200 °C,
ne 6, — TemmnepaTtypa cTali.

(8) 3anexxHicTP MUTOMOI TETLIOMPOBIAHOCTI
B TEMIepaTypy NOKAa3aHO Ha PUCYHKY 3.5.

(9) B cnpomeHnx po3paxyHKOBUX MOAEISIX
(muB. 4.3) mUTOMA TEIIONPOBIAHICTD MOXKE
BBAXKATUCST HE3AJICXKHOI BIJl TeMIepaTypu
cram. B upbomy Bumanky tpeba Opatu Take
CepeqHe 3HAUEHHS:

Aa=43, Bt/(M'K),

(5) The variation of the specific heat with
temperature is illustrated in Figure 3 4.

(6) In simple calculation models (see 4.3)
the specific heat may be considered to be
independent of the steel temperature. In this
case the following average value should be
taken:

[J/kgK] (3.2¢)

(7) The thermal conductivity of steel a
A valid for all structural and reinforcing steel
qualities may be determined from the

following:

[W/mK] (3.3a)
for 20°C <6, <800°C

[W/mK] (3.3b)

for 800°C < 6, <1200°C

where 6, is the steel temperature.

(8) The variation of the thermal conductivity
with temperature is illustrated in Figure 3.5.

(9) In simple calculation models (see 4.3)
the thermal conductivity may be considered
to be independent of the steel temperature.
In this case the following average value
should be taken:

[W/mK] (3.3¢)
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3.3.2 3Buualinui 0eToH

(1)  Tewmneparypue  BumosxkeHHs AUl
3BHUANHOTO OETOHY Ta OETOHY Ha CHJIIKaTHUX
3aIIOBHIOBAYaX MOXKE€ BH3HAUATHCA TaKUM
YHHOM:

A=-1,8-107+9-10%0.+2,3-10""-6,

s 20 °C <9, <700 °C,
AlI=14-107
st 700 °C <6, < 1200 °C,

ne / — noBxkuHAa OETOHHOTO EJeMEHTY 3a
temnepatypu 20 °C;
Al — BUAOBKEHHST OETOHHOTO €JIEMEHTY,
CIIPUYHHEHE TeMITePaTyPOIO;
6. — Temmeparypa OETOHY.

[Tpumitka. Jna  Oerony 3 kapOOHATHHM
3aMOBHIOBAYUCM TOCHIAHHA 3podmero Ha 3.3.1(1)
EN 1992-1-2.

(2) 3anexxHiCTh TEMIEPATYPHOTO BHIOBXKEHHS
36 ta JIb Big TemmepaTypu TMOKa3aHO Ha
PHUCYHKY 3.6.

(3) Y cmpomeHux po3paxyHKOBUX MOAEISIX
(muB. 4.3) 3aNEXHICTD MK TeMIEpaTypHUM
BUIOBKEHHSIM Ta TEMIEPaTypor OeToHy
MOJK€ BBAXKATHUCS JIHIAHOK. B  1poMy
BUNIAIKy  BHUIOBXKEHHS  O€TOHy  Mae
BU3HAYATHUCS:

AVI= 18-10°(8, - 20),

(4) IlutomMa TETIOEMHICTh €, 3BUYAaWHOTO

JKOPCTKOTO, CHIIIKaTHOro abo kapOOHATHOTO

0eToHY MO)Ke BU3HAYATUCS TAKUM YHHOM:
c.=900, ITx/(xr-K)

st 20 °C < 0,< 100 °C,
ce=900+(0,-100), Tx/(xrK)
st 100 °C < 6, <200 °C,
ce=1000+(0,-200)/2, Ix/(xr-K)
s 200 °C < 6,< 400 °C,
c.=1100, JTx/(xr K)

st 400 °C < 6, < 1200 °C,

ne 6. — temmeparypa Oetony, °C.

3.3.2 Normal weight concrete

(1) The thermal elongation A /// of normal
weight concrete and concrete with siliceous
aggregates, may be determined from the
following:

(3.4a2)

for 20°C < ¢0 <700°C
(3.4b)
for 700°C < ¢ < 1200°C

where:

/ is the length at 20°C of the concrete
member

A [ is the temperature induced elongation of
the concrete member

6. 1s the concrete temperature.

NOTE: For calcarcous concrete, reference is made to
3.3.1(1) of EN1992-1-2.

(2) The variation of the thermal elongation
with temperature is illustrated in Figure 3.6.

(3) In simple calculation models (see 4.3)
the relationship between thermal elongation
and concrete temperature may be considered
to be linear. In this case the elongation of
concrete should be determined from:

(3.4¢)

(4) The specific heat cc of normal weight
dry, siliceous or calcareous concrete may be
determined from:

[J/kg K] (3.5a)
for 20°C < ¢6 < 100°C

[J/kg K] (3.5b)
for 100°C < ¢6 <200°C

[J/kg K] (3.5¢)
for 200°C < ¢6 <400°C

[J/kg K] (3.5d)

for 400°C < ¢0 < 1200°C

where 6. is the concrete temperature [°C].
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[TpumiTka. 3MiHA ¢, SIK (DYHKIII TEMIIEPATYPH MOKE
TPUOIM3HO JOPIBHIOBATH:

Co6=890+56,2(0,/100)-3,4(6.. /100)°,

(5) 3amexHiCTP  TEMJIOEMHOCTI  BIX
TemMneparypy, BiamoBigHo g0 (3.20),
MOKa3aHO Ha PUCYHKY 3.7.

(6) V cnpoimeHux po3paxyHKOBUX MOIEISX
(muB. 4.3) mUTOMAa TEIUIOEMHICTb MOXKE
BBAXKATUCST HE3AJICXKHOIO BIJl TEMIIEpPaTypu
Oerony. B oMy BHUmanky ciin npuiimMatu
TaKe 3HAUEHHS:

c.=1000, x/(xr-K)

(7) BmicT Bosoru y OeToHi ciia nmpuiMatu
TaKUM, IO JAOPIBHIOE YPIBHOBAXKEHOMY
BMICTy BOJIOTH. SIKIMO Wi J[aHi BIACYTHI,
BMICT BOJIOTM HE€ TOBHHEH NEpPEBHUIIYBAaTH
4% Baru OeToHy.
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NOTE: The variation of ¢ ¢ as a function of the
temperature may be approximated by:

(3.5¢)

(5) The variation of the specific heat with
temperature according to (3.5¢) is illustrated
in Figure 3.7.

(6) In simple calculation models (see 4.3)
the specific heat may be considered to be
independent of the concrete temperature. In
this case the following value should be
taken:

[J/kg K] (3.5)

(7) The moisture content of concrete should
be taken equal to the equilibrium moisture
content. If these data are not available,
moisture content should not exceed 4 % of
the concrete weight.
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(8) Sxmo BMICT BOJIOTH HE BPaxOBAaHO Ha
pPiBHI TEIUIOBOro OayiaHCy, pIBHSHHS, IO
HaBeZeHl B (4) ISl TEMJIOEMHOCTI MOXYTb
OyTH JOTIOBHEHI eKCTpeMaJIbHUM
3HAYEHHSIM, 10 BU3HAYAKOTHCS 3
pucyaky 3.7 B inTepBami mixk 100 °C Ta
20*0 °C, sik, Hanpukyaz, st 115 °C:

¢. =2020 nnsa Bmicty Bosoru 3% BiO Baru
6erony, [Ix/(kr-K),

cc*:5600 s BMicTy Bostiorn 10% Big Baru
6erony, [Ix/(kr-K),

OcranHiii BapiaHT MOXKe PO3TJISIAATUCS IS

MyCTOTHUX  Mepepi3iB, IO  3arlOBHEHI
O6eToHOM.
(9) TemmonpoBimHICTE A, 3BUYAHHOTO

0eTOHy MOXK€ BH3HAUATHCA MIK HIDKHBOIO
Ta BEPXHBOI MeKaMH, BU3HaueHUMH B (10).

IMpumitka 1. 3HAYCHHSA TCMIOMPOBITHOCTI MOXKYThH
OyTH BCTAHOBJCHI B Jiama3oHi, INO0 BH3HAYAETHCA
HIDKHBOKO TA BEPXHBOK) ME)KAMHL.

IMpumitka 2. BepxHf Mexa BH3HAYCHA 3

BHIIPOOYBAaHb CTancOCTOHHUX KOMOIHOBAHUX
CIICMCHTIB KOHCTPYKIIiH. PexomeHayeTbes
BHKOPHCTAHHS BEPXHbOI TPAHMUIIL.

(10) BepxHst Mexa TETUIOMPOBIAHOCTI A,
3BUYAITHOTO OeTony (3b) MOJKe
BU3HAYATUCS:
%e=2-0,2451(8/100)+0,0107(8./100)>, Br/(m-K),

s 20 °C < 0, <1200 °C,
ne 6, - temneparypa 0eToHy.

Huxus Mexa
3BUYANHOIO

BU3HAYATHUCA.
he=1,36-0,136(0, /100)+0,0057(0./100)%, Br/(m-K),

s 20 °C < 0, <1200 °C,

TEIUIOTPOBITHOCTI A,
OeTony (3b) MOJKe

ne 6, — Temnepatypa OeToHy.

(11) 3anexHICTh TEIUIONPOBIIHOCTI  BiA
TEeMIIepaTypH MOKA3aHO HA PUCYHKY 3.8.

(12) B criporieHnx po3paxyHKOBHX MOAEIISIX
(nuB.  43)  TEIUIOMPOBIIHICTE  MOXKeE
BBAXKATUCS HE3QJICKHOIO BIJl TEMIIEPaTypu
Oerony. B Takomy pasi Tpeba Opatu Take
3HAYCHHS:

Ae=1,60, Bt/(Mm'K),
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(8) Where the moisture content is not
considered on the level of the heat balance,
the equations given in (4) for the specific
heat may be completed by a peak value,
shown in Figure 3.7, situated between
100°C and 200°C such as at 115°C:

. =2020 for a moisture content of 3%
of concrete weight and [J/kg K] (3.52)
. =5600 for a moisture content of 10%
of concrete weight. [J/kg K] (3.5h)
The last situation may occur for hollow
sections filled with concrete.

(9) The thermal conductivity A, of normal
weight concrete may be determined between
the lower and upper limits given in (10).

NOTE 1: The value of thermal conductivity may be
set by the National Annex within the range defined
by the lower and upper limits.

NOTE 2: The upper limit has been derived from tests
of steel-concrete composite structural elements. The
use of the upper limit is recommended.

(10) The upper limit of thermal conductivity
A. of normal weight concrete may be
determined from:

[W/mK] (3.6a)
for 20°C < 6c < 1200°C

where 6c¢ is the concrete temperature.

The lower limit of thermal conductivity A.
of normal weight concrete may be

determined from:
[W/mK] (3.6b)

for 20°C < 0¢ < 1200°C

where 6, is the concrete temperature.

(11) The wvariation of the thermal
conductivity with temperature is illustrated
in Figure 3.8.

(12) In simple calculation models (see 4.3)
the thermal conductivity may be considered
to be independent of the concrete
temperature. In this case the following value
should be taken:

[W/mK] (3.6¢)
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3.3.3 Jlerxkui 0eToH

(1) TemmneparypHe BHAOBXKEHHS JIETKOTO
0eTOoHy MO’Ke BU3HAYATHUCS 328 (POPMYJIIOH:
AVI=8-10°(8, - 20),

ne / — MOBKWHA €NIEMEHTY 3 JIETKOro OeToHy
3a HOPMAJIbHOI TEMIIEPATYPHU;
Al — BUNOBXKEHHS €JEMEHTY 3 JIETKOTro
0eToHy, CIPUYMHEHE TEMITEPATYPOIO;
6. — Temmnieparypa jerkoro 6erony, °C.

(2) TerOEMHICTB €, JETKOTO OETOHY MOXKe
BBOKATHCS HE3aJICKHOK BIJl TeMIlepaTypu
OeTony:

c.=840, Ix/(xr-K),

(3) TemnonpoimHiCT A, JIErKOro OeTOHY
MOK€ BU3HAYATUCA TAKUM YHNHOM:

Ae=1,0-(0,. /1600), B1/(m-K)
st 20 °C <6, < 800 °C,
4.=0,5, Bt/(Mm'K),

st 800 °C < 4,

2

(4) 3anexxHICTH TEMIIEPATYPHOT'O BUIOBXKEHHS,
TEIUIOEMHOCTI  Ta  TEIJIOMPOBIIHOCTI  BIX
TeMIIepaTypHU MOKAa3aHO HA pUCYHKaX 3.6 - 3.8.

(5) BwmicT Bosoru y OeToHi cnia nmpuiMatu
TAKUM, IO JAOPIBHIOE yPIBHOBAXKEHOMY
BMICTy Bojiorn. SKimo mi JdaHi BiACYTHI,
BMICT BOJIOTHM HE€ TOBHMHEH MEpPEBHUIIYBAaTH
5% Baru GeToHy.

3.3.4 Borue3axucHi MaTepiaau

(1)P  BmactuBOCTI Ta  XapaKTePUCTHKH
BOTHE3aXUCHUX MaTepialiB  MarTbh OyTH
oLiHeHl 3 BUKOPUCTAHHSM  METOIUK
BUMPOOyBaHb, 1m0 HaBeaeHi y ENV 13381-1,
ENV 13381-2, ENV 13381-4, ENV 13381-5
ta ENV 13381-6.

34 TIycruna

()P T'yctmaa cram p, BBAXKAETHCA
HE3aJIE’KHOKO Big il  Temmeparypu.
HeobxiaHo mpuiiMaTu Take 3HAYCHHS

Pa=7850 Kr/M’.

3.3.3 Lightweight concrete

(1) The thermal elongation 4 //I of light-
weight concrete may be determined from:
(3.7)

where:

[ is the length at room temperature of the
lightweight concrete member

Al 1s the temperature induced elongation of
the lightweight concrete member
6. is the lightweight
temperature [°C].

concrete

(2) The specific heat c. of lightweight
concrete may be considered to be

independent of the concrete temperature:
[J/kg K] (3.8)

(3) The thermal conductivity A, of
lightweight concrete may be determined
from the following:

[W/mK] (3.92)
for 20°C < 0¢ < 800°C
[W/mK] (3.9b)

for 4, > 800°C

(4) The variation with temperature of the
thermal elongation, the specific heat and the
thermal conductivity are illustrated in
Figures 3.6, 3.7 and 3.8.

(5) The moisture content of concrete should
be taken equal to the equilibrium moisture
content. If these data are not available, the
moisture content should not exceed 5 % of
the concrete weight.

3.3.4 Fire protection materials

(1)P The properties and performance of fire
protection materials shall be assessed using
the test procedures given in ENV 13381-1,
ENV 13381-2, ENV 13381-4, ENV 13381-5
and ENV 13381-6.

3.4 Density

(1)P The density of steel p, shall be
considered to be independent of the steel
temperature. The following value shall be
taken:
[kg/m3] (3.10)
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(2) Ilpu cTaTUUHUX HAaBAHTAXKEHHSX T'yCTHHA
0eTOHY O, BBRXKAETHCS HE3AJIEKHOIO B1J HOrO
TEMIEpaTypH. Hns PO3paxyHKy
TeMIepaTypHoOi peaxuii 3aleXHICTb O, B
TEMIEepaTypu MOXe BHU3HAYATHUCS 3TITHO 3
3.3.2(3) EN 1992-1-2.

IMpmvitka. 3MiHA P, 3aICKHO BiI TEMIICPATYPH MOKES
BH3HAYATHCA.

Peo = 2354-23,47(0./100),

(3) Just HeapMOBaHOTO 3BHUYAHHOTO OETOHY
(3b) MoskHA pUIMATH TaKe 3HAYCHHS:
De.35 = 2300, /™’

(4)P  3HavyeHHs TYCTMHH HEapMOBAHOTO
nerkoro Oetony (JIB), mo Bu3Ha4YeHe B Wik
HACTaHOBI JUIsI PO3PaXyHKY BOTHECTIHKOCTI,
Mae niepeOyBaTH B TAKUX MEXKaxX:

Peiis = 1600...2000, kr/m’,
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(2) For static loads, the density of
concretepc may be considered to be
independent of the concrete temperature. For
calculation of the thermal response, the
variation of pc in function of the
temperature may be considered according to
3.3.2(3) of EN1992-1-2.

NOTE: The variation of p. in function of the
temperature may be approximated by
(3.11)

(3) For unreinforced normal weight concrete
(NC) the following value may be taken:
[kg/m3] (3.12a)

(4)P The density of unreinforced lightweight
concrete (LC), considered in this Part 1-2 of
EN 1994 for structural fire design, shall be
in the range of:

[kg/m3] (3.12b)
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Po3ain 4 MeTroauxku po3paxyHKy
4.1 Beryn

(1)P Ouinka poboTH KOHCTPYKLil Mia dYac
noxkexxi Mae OasyBaTHcs Ha BHUMOTax
posminy 5 “KoHcTpyroBaHHS” Ta OnHIN 13
TaKUX PEKOMEH/TOBaHHUX METOIHK
NPOEKTYBAHHS:

- THIIOBI NPOEKTHI PILIEHHS, TaK 3BaHi
TaOMU4YHI  faHi, 11 KOHKPETHHUX THIIIB
KOHCTPYKLI

- CHpONICHI PO3PAaXyHKOBI MOMENi st
KOHKPETHHX THITIB KOHCTPYKLIH;

- YTOYHEHl PO3PaxyHKOBI Mopeml Iuis
BIATBOPEHHSI POOOTH LJIOI KOHCTPYKTHUBHOL
cucremu (Oymismi) (muB. 2.4.4), yacTuH
KOHCTPYKTUBHOI cuctemu (nuB. 2.4.3) abo
OKpeMoi KOHCTpyKUii (nuB. 2.4.2).

[TpumiTka. PimmeHHS mMOA0 BUKOPHCTAHHS Y TOYHCHUX
PO3PaxXyHKOBHX MOJCICH I KOXKHOI KPaiHH MOKHA
3HaliTn y HamionameaoMy JlomaTky.

(2)P 3actocyBaHHS TaONWYHUX JAHUX Ta
CIPOLICHUX  PO3PAXyHKOBUX  MoOpeJel
OOMEKY€TbCSI OKPEMHUMH KOHCTPYKIISIMH,
0  pO3MNIANAIOTBCA  SIK Taki, IO
Oe3nocepenHbo 3a3HAIOTH BOTHEBOTO
BILUIMBY IO BCiH AOBKUHI. TeruioBuil BITUB
NPUNAHATHH BIANOBIAHO 1O CTaHIAPTHOTO
TEMIIEPaTypPHOTO pexxumy, a
PO3TOBCIOJKEHHS TEMIIEPATypU TPHHHATO
o BCIH TOBXKHUHI KOHCTPYKLII.
Ekcrpanonsiisi 32 MexXaMu — €KCIepHu-
MEHTAJIbHUX JJAHUX HE JO3BOJIETHCS.

(3) Tabmuuni pmaHi Ta  CIPOLIEH]
PO3paxyHKOBI MOJAEN MAalTh HaJIaBaTH
TPamuLiifHI  pe3yJbTaTH, TMOPIBHAHO 3
BIAMIOBI THUMU BUIMTPOOYBAHHAMHU abo
YTOYHEHUMH PO3PaXyHKOBUMHU MOIEIISIMHU.

(4)P 3acrocyBaHHS YTOYHEHHMX PO3pPaxyH-
KOBUX  MOIeNeld  CTOCyeTbCsl  peakuii
KOHCTPYKIIH, macucteM  abo  IijIMX
KOHCTPYKTHUBHHUX cucTeM (OyniBenb) Ha Mi0
BOTHIO Ta Ja€ 3MOry, SKIIO MOTPiOHO,
OLIIHUTHU B3a€MOIIFO YaCTUH
KOHCTPYKTHBHOI CUCTEMH, SIKI
Oe3mocepennHbO 3a3HAOTh a00 HE 3a3HAIOTH
BOTHEBOT'O BILJIHBY.

Section 4 Design procedures
4.1 Introduction

(1)P The assessment of structural behaviour
in a fire design situation shall be based on
the requirements of section 5, Constructional
details, and on one of the following
permitted design procedures:

- recognized design solutions called
tabulated data for specific types of structural
members;

- simple calculation models for specific
types of structural members;

- advanced calculation models for
simulating the behaviour of the global
structure (see 2.4.4), of parts of the structure
(see 2.4.3) or only of a structural member
(see 2.4.2).

NOTE: The decision on the use of advanced
calculation models in any Country may be found in
the National Annex.

(2)P Application of tabulated data and
simple calculation models is confined to
individual structural members, considered as
directly exposed to fire over their full length.
Thermal action is taken in accordance with
standard fire exposure, and the same
temperature distribution is assumed to exist
along the length of the structural members.
Extrapolation outside the range of
experimental evidence is not allowed.

(3) Tabulated data and simple calculation
models should give conservative results
compared to relevant tests or advanced
calculation models.

(4)P Application of advanced calculation
models deals with the response to fire of
structural members, subassemblies or
complete structures and allows — where
appropriate — the assessment of the
interaction between parts of the structure
which are directly exposed to fire and those
which are not exposed.
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(5)P B yTouHeHHX pPO3pPaxyHKOBUX MOAEISIX
1HXEeHepHI MPUHLIUIN MaroTh
3aCTOCOBYBATHUCS MTPAKTHUYHUM CITOCOOOM 10
KOHKPETHHUX 3a7a4.

(6)P Axmo Tabmuuni gani abo CHOPOINEHi
PO3paxyHKOBI MoOfeni He MOXYThb OyTu
3aCTOCOBaHI, HEOOXITHO KOPUCTYBATHCS
Oynb-KUM MeTOAOM, IIo Oa3yeTbcs Ha
YTOYHEHIH po3paxyHKOBiH moneni abo Ha
pe3yibraTax BUIPOOyBaHb.

(7)P PiBHI HaBaHTa)XEHHS BHM3HAYAIOTHCS

CIHIBBITHOILIEHHSIM BIIIOBI THOTO
PO3PaxyHKOBOTO HABaHTAXyBaJbHOTO
e(eKTy BIUIUBIB Ta pO3PaXyHKOBOTO OMOPY:
L
n=-%<10;
Rd
pIBEHb  HABAaHTAKEHHA  BIAMOBIAHO 1O
EN 1994-1-1,
ne Ly - PO3paxyHKOBUMN
HAaBaHTAKyBaJIbHUH edexT st

MIPOEKTYBAHHS 32 HOPMAJIBbHOI TEMIEPaTypH
Ta

R; — po3paxyHKOBUH  omip 1A
MPOEKTYBAHHS 38 HOPMAJIbHOI TEMIIEpaTypH;
77 _ Eﬁ,d,t
- 77
Rd

pIBE€Hb HABAHTAKEHHS U1 PO3PAXYHKY
Ha BOTHECTIHKICTb,

ne [Fg4r — PpPO3paxyHKOBUN HaBaHTa-
KyBaJbHMN e€(QeKT TiJ dYac TOXKEeXKl B
MOMEHT 4Yacy /.

(8)P Hns 3araJibHOrO aHa3y
KOHCTPYKTHUBHUX CUCTEM (bynisenn)
MEXaHIuHl BIUIMBH TpeOa TOEOHYBATH,
BUKOPUCTOBYIOUH aBapiiiHE CIOJYYeHHH,
nane B 4.3 EN 1991-1-2.

(9P na Oynp-sKOro THIY PO3PaXyHKY
KOHCTPYKIIH, BiANOBIAHO 10 2.4.2, 2.4.3 Ta
2.4.4, BrpaTa Hecy4oi 3natHocTi "R" Hacrae,
AKIIO PO3paxyHKoBuil omip Rgg, M 4ac
TIOKEKI 3MEHILIUBCS 10 piBHS
PO3PaxyHKOBOTO HABaHTAXyBaJbHOTO
eexTy mia yac moxexi £ 4.

(10) Ans pospaxynkoBoi moaeni “Tabmuuni

naHi” posminy 4.2 R;q; MOXHA 0OUHCIHTH
K Ry g0 =158,
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(5)P In advanced calculation models,
engineering principles shall be applied in a
realistic manner to specific applications.

(6)P Where no tabulated data or simple
calculation models are applicable, it is
necessary to use either a method based on an
advanced calculation model or a method
based on test results.

(7)P Load levels are defined by the ratio
between the relevant design effect of actions
and the design resistance:

(4.1)
load level referring to EN 1994-1-1,

where:

L, is the design effect of actions for normal
temperature design and

R; 1s the design resistance for normal
temperature design;

load level for fire design,

where:

Ej 4. 1s the design effect of actions in the fire
situation, at time t.

(8)P For a global structural analysis (entire
structures) the mechanical actions shall be
combined using the accidental combination
given in 4.3 of EN 1991-1-2.

(9)P For any type of structural analysis
according to 242, 243 and 2.4.4, load
bearing failure "R" is reached, when the
design resistance in the fire situation Rpq;
has decreased to the level of the design
effect of actions in the fire situation £5 4.

(10) For the design model "Tabulated data"
of 42, R;s may be calculated by

Rﬁ,d,z = Uﬁ,sz .
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(11) CmporeHi po3paxyHKOBI Mopjenm s
IMT Ta OamoK MOXYyTh OasyBaTuCs Ha
BIIOMHX  pO3MOALIAX  TEeMIIePaTypu
MOTIEPEYHOMY nepepisi 3TiAHO 3
migpo3niioMm 4.3 Ta  BIACTHBOCTIX
MaTepiaiB 3r1IHO 3 PO3IIIOM 3.

(12) Hecyda 3maTHICTD  TIOMEPEUYHUX
nepepi3iB  MIUT Ta OajoK, B  SKHUX
PO3TMOBCIOJKEHHSI TEMIIEPaTypH BU3HAUEHO
HAJIC)KHUMH Metopamu abo BUIIpoOyBaH-
HSIMH, MOJKe Oyt obuucieHo
Oe3mocepennHbO 3 BHKOPHCTAHHSM BJIACTH-
BOCTEU MaTepiaily 3riJHO 3 pO3ALIOM 3, 3a
YMOBH, MO BTpara CTidkocTi abo 1HImi
epeKTH, MO MNepeayrTb pPYyHHYBaHHIO,
HEIOMYCTUMI.

(13) Hna Oanku, mo 3’e€mHaHa 3 IUTUTORO,
omip MO37IOBJKHBOMY 3CYBY, KU
3a0e3MeueHO MONEPEeYHO apMaTypOI0, Mae
BU3HA4yaTucs 3a 6.6.6 EN 1994-1-1. B
TakoMy pa3i pobora  mpodinbOBAHOTO
CTaJIEBOTO HACTHIJIy HE BPAaXOBYETHCS, SKIIO
fioro Temmneparypa nepesuinye 350°C.
3HaueHHs pPO3PAaXyHKOBOI MIUPUHU bgr 3a
MiIBUIIEHUX TEMIIEPaTyp MOXKHA MPUAMATH
BianmoBinHo 10 5.4.1.2 EN 1994-1-1.

(14) IlpaBuno (13) BHKOHYETBCS, SIKIIO
BIACTaHb 1O OCl TMONEPEeYHOi apMaTypu
BIAIMOBI A€ 3HAYEHHSM KOJIOHKU 3 TaOmuIi
5.8 EN 1992-1-2.

(15) V wifi HacTaHOBI KOJIOHH, IIO 3a3HAKOTH
BOTHEBOT'O BILIUBY, BBAXKAIOTHCS
PIBHOMIPHO HArpiTUMH 3 YCIX CTOpIH
MIOTIEPEYHOTO Mepepi3y, ToAl K Oaiku, 1o
HiITPUMYIOTb  TEPEKPUTTS, BBAXKAIOTHCS
HArpiTUMH JIUIIE 3 TPHOX CTOPIH 3HHU3Y.

(16) [ns Gajnok, MO KPIIJISTHCS IO TUIHT 3
MeTaJleBUM MPO(HACTUIIOM, HPUNMAETHCS
TPBOXCTOPOHHIM BOTHEBUH BILIUB, SKIIO
moHalimeHme 85 % BepxXHbOI CTOPOHHU
MetaneBoro  npodumo  Ge3mocepenHbo
3aKPUTO METAJIEBUM JIICTOM.

(11) The simple calculation models for slabs
and beams may be based on known
temperature distributions through the cross-
section, as given in 4.3 and on material
properties, as given in section 3.

(12) For slabs and beams where temperature
distributions are determined by other
appropriate methods or by tests, the
resistance of the cross-sections may be
calculated directly using the material
properties given in section 3, provided
instability or other premature failure effects
are prevented.

(13) For a beam connected to a slab, the
resistance to longitudinal shear provided by
transverse  reinforcement  should  be
determined from 6.6.6, of EN 1994-1-1. In
this case the contribution of the profiled
steel sheeting should be ignored when its
temperature exceeds 350°C. The effective
width b, at elevated temperatures may be
taken as the value in 5.4.1.2 of EN 1994-1-1.

(14) Rule (13) holds if the axis distance of
these transverse reinforcements satisfies
column 3 in Table 5.8 of EN 1992-1-2.

(15) In this document, columns subjected to
fire conditions are assumed to be equally
heated all around their cross-section,
whereas beams supporting a floor are
supposed to be heated only from the three
lower sides.

(16) For beams connected to slabs with
profiled steel sheets a three side fire
exposure may be assumed, when at least
85 % of the upper side of the steel profile is
directly covered by the steel sheet.
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4.2 Ta6auuni Jani
4.2.1 Cdepa 3acTocyBaHHs

(1) Lli mpaBmyia CTOCYIOTBCS PO3PAXYHKY
KOHCTPYKILIH 3rigHo 3 242 BoHu e
NACHUMH  JUIIE  JUII  CTaHJApTHOTO
TEMIIEPATYPHOTO PEKUMY.

(2) Mani, o HaBeIeHI HIDKYE, 3aJIeKaTh B

piBHA HaBaHTAXEHHS 7J;; 3rigHO 3 4.1.7,
419T1a4.1.10.

(3) PospaxyHkoBUl  HaBaHTaXKyBaJIbHUN
edeKkT miag Yac MOXKEXKi, IO BBAKAETHCS
HE3AJIeKHUM B 4Yacy, MOXe MPUHMAaTHCh
K F5 g, BINMOBITHO 10 2.4.2.2.

(4)P Cnin nepeBipaTy yMOBY F4 g < Rj 4.

(5) Ana pammx tabmuup 4.1-4.7 niHiliHA
IHTepIOJISAIIST  TO3BOJISIETBCS AT BCIX
(bi3UYHNUX apaMeTpiB.

[Tpumitka. Sxmo
Kmacu(pikamii HEMOMKIHBO, UC MO3HAYAETHCI
TaOTUIIAX.

3aCTOCYBAHHS TIHCHOT
[T
-y

4.2.2 bajaxu 3i crajgesux npodiis 3
YACTKOBHM 0€TOHHHM 00/ IMIIOBAHHSM

(1) Banku, moO CKIAAAIOTHCS 31 CTAEBOTO
npodiiro 3  YaCTKOBUM  OETOHHUM
oOmuiroBanHsaM, (pucyHok 1.5) MoxHa
kjmacudikyBaTH  3aJ€KHO B  PIBHS
HABAHTAXEHHS 75, WHUPUHU Oanku b Ta
BITHOIIIEHHSI TUIONI JOIaTKOBOTO
apMyBaHHA A, 10 IJIOLII HIDKHBOI MOULI Ay
sIK 3a3Ha4eHo B Tabmui 4.1.

(2) 3navenHs, mo HaBeneHi B Tabmumi 4.1, €
TiACHUMH JJIs BUTBHO OTIEPTHUX OaJIoK.

(3) Ilpu BusHaueHHi Ry Ta Rsq; = 15d% 3a
noromororo Tabmumi 4.1 cmipx BpaxyBaTH
TaKl yMOBH:

- TOBIIWHA CTIHKH e, He mnepesBumye 1/15
IIUPHUHH b;

- TOBIIMHA HWXKHBOI TMOJNULI e He
MIEPEBUINY€ BABIYI TOBIIUHU CTIHKH €y,

- TOBIIMHA OETOHHOI IUIMTH A, CTAaHOBUTD
moHaiiMentne 120 mm;
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4.2 Tabulated data
4.2.1 Scope of application

(1) The following rules refer to member
analysis according to 2.4.2. They are only
valid for the standard fire exposure.

(2) The data given hereafter depend on the
load level 75, following (7)P, (9)P and (10)
of 4.1.

(3) The design effect of actions in the fire
situation, assumed to be time-independent,
may be taken as Fj, according to (2) of
242

(4)P It shall be verified that /5 4, < Rj 4.

(5) For the tabulated data given in the Tables
4.1 to 4.7, linear interpolation is permitted
for all physical parameters.

NOTE: When at present classification is impossible,
this is marked by "-" in the tables.

4.2.2 Composite beam comprising steel
beam with partial concrete encasement

(1) Composite beams comprising a steel
beam with partial concrete encasement
(Figure 1.5) may be classified in function of
the load level 77, the beam width b and the
additional reinforcement A, related to the
area of bottom flange A as given in
Table 4.1.

(2) The values given in Table 4.1 are valid
for simply supported beams.

(3) When determining Ry and Rj 4, = 175,484
in connection with Table 4.1, the following
conditions should be observed:

- the thickness of the web ew does not
exceed 1/15 of the width b;

- the thickness of the bottom flange ef does
not exceed twice the thickness of the
web e,,;

- the thickness of the concrete slab hc is at
least 120 mm;
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- BIOHOIIEHHS  IJIOWII  JOJATKOBOrO
apMyBaHHS JO 3arajbHOi IO MIX
noymuisiMu Ay/(Ag + Ag) He mepeBuye S %;
- 3HaueHHs1 K; obumcmoeTbest 3riqao 3 EN
1994-1-1 3a ymoBH, 1I0:
poboua mupuHa TUIMTH hgr  He
NepeBulye 5 M,
IOHATKOBE apMyBaHHS A HE
BPaXOBYETHCS.

(4) 3nauenns;, HaBeneni B Tabmumi 4.1, €
TNIACHUMH 11T KOHCTPYKIIAHOI CTai MapKu
S355. AK10 BUKOPUCTOBYETHCS 1HIIA MapKa
KOHCTPYKII HHOI cTaui, MiHIMaJIbHI
3HQYEHHS JIOAATKOBOTO AapMyBaHHS, IO
HaBeneHi B Tabmum 4.1, wmarote Oytu
MOMHOXKEHI Ha  BIOHOIUIEHHS  TPaHUIN
TEKy4YOCTI CTaJll Iiei MapKu 1O TPaHULl
TEKy4OCTi cTaj Mapku S355.

(5) 3navenHs, mo HaBeneHi B Tabmumi 4.1, €
nificaumu g craim mapkm SS500, 1o
BUKOPHUCTOBYETHCS TUIST JIOOATKOBOTO
apMyBaHHS A;.

(6) 3HaueHHs1, IO HaBeAEH! B TAOIHMLAX 4.1
Ta 4.2, € nificHuMu Ut 0aNoK, 3’ €IHAHUX 3
MJIOCKUMHU 3aJ11300€TOHHUMH TIJIUTaAMH.

(7) 3HauenHs1, WO HaBeAEH! B TaOIMLAX 4.1
Ta 4.2, MOXHa 3aCTOCOBYBAaTH JJIsi OajioK,
NpUENHAHUX [0 IUIMT TMEPeKPUTTS 3
npodiIbOBAaHUM HaCTUJIOM, SIKLIO
moHalimeHme 85 % BepxXHbOI CTOPOHHU
craneBoro npodimo 6e3mocepeHbO BKPUTO
METaJeBUM JHCTOM. SKIIO 11 yMOBa He
BUKOHY€ETHCH, noBepx  Oajok  ciif
BUKOPUCTOBYBATH marepial, 110
3aCTOCOBAHMIA JISl 3aTIOBHEHHSI TOPOKHUH.

(8) Marepian, mO 3aCTOCOBAHHUH st
3aMOBHEHHsST ~ TOPOXKHUH,  Mae  OyTH
MPUIATHUM JUJIs BOTHE3aXHCTy CTaji (IuB.
ENV 13381-4 ta/abo ENV 13381-5).

9) HonaTtkose apMyBaHHs Mae
PO3TaIIOBYBAaTUCh SIKOMOTa OJIDKYe 10
HIDKHBOI TOJIULY, BPaxOBYIOYH BIJCTaHI A0
oceil uj Ta u; 3a Tabmuuero 4.2.

- the additional reinforcement area related to
the total area between the flange Ay/(Act+As)
does not exceed 5 %;
- the value of d R is calculated on the basis
of EN 1994-1-1 provided that:
the effective slab width A7 does not
exceed 5 m,
the additional reinforcement A4; is not
taken into account.

(4) The values given in Table 4.1 are valid
for the structural steel grade S355. If another
structural steel grade is used, the minimum
values for the additional reinforcement
given in Table 4.1 should be factored by the
ratio of the yield point of this other steel
grade to the yield point of grade S355.

(5) The values given in Table 4.1 are valid
for the steel grade S500 used for the
additional reinforcement A4..

(6) The values given in Tables 4.1 and 4.2
are valid for beams connected to flat
reinforced concrete slabs.

(7) The values given in Tables 4.1 and 4.2
may be used for beams connected to
composite floors with profiled steel sheets,
if at least 85 % of the upper side of the steel
profile is directly covered by the steel sheet.
If not, void fillers have to be used on top of
the beams.

(8) The material used for void fillers should
be suitable for fire protection of steel (see
ENV 13381-4 and/or ENV 13381-5).

(9) Additional reinforcement has to be
placed as close as possible to the bottom
flange taking into account the axis distances
u; Ta u, of Table 4.2.
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Tabmuus 4.1 - MiHiManbHI  PO3MIpH
MOTEPEYHOro Mepepizy b Ta BiIHOIIEHHS
TUIONI MiHIMaJbHOTO JOIaTKOBOTO

apMyBaHHs O Moml mojumi AyAr ms
0anoK, IO MICTATH CTaleBU mpodinp 13
YACTKOBHM OETOHHUM OOJTUITFOBAHHSIM

Table 4.1: Minimum  cross-sectional
dimensions b and minimum additional
reinforcement in relation to the area of
flange AJ/A; for composite beams
comprising steel beams with partial concrete
encasement.

YMOBH 3aCTOCYBAHHS|

Hopmosana Meka BOTHCCTIHKOCTI

bett .. : . . .
- S e Condition for application: Standard Fire Resistance
K wanra
Acit slab:
i |h h, > 120 MM
As 2_74 / berr <5 M
At =Ex er iu’ I CTaJ'Ie]tBI/II/{ neptei:pm.
ewt g et e o5 | R0 | R | R0 | RI20 | RISO
\ b ele, <2
IJIOIMA A0AATKOBOL
apMaTtypu/3arajabHa IIOMA MiK ITO THITMH
additional reinforcement area, related to total arca between
the flanges: AJ/(A, + A;) <5%
1 MiHiMaxbHI pO3MIpH IIEPEpPi3y 11 PiBHI HABAHTAKCHHS
Minimum cross-sectional dimensions for load level
M6 <0.3
MiHiMaTbHA b (MM) Ta BiTHOINCHHS ILTOII JOAATKOBOL
apMarypu A, 1o mionm moaui A, / Ag
min b [mm] and additional reinforcement A, in relation to
the arca of flange A,/ A
I.1 | h>0,9xMinb 70/0,0 100/0,0 | 170/0,0 | 200/0,0 | 260/0,0
1.2 [ h>1,5xMmiab 60/0,0 100/0,0 | 150/0,0 | 180/0,0 | 240/0,0
13 [ h>20xminb 60/0,0 100/0,0 | 150/0,0 | 180/0,0 | 240/0,0
2 MiHiMaxbHI pO3MIpH IIEPEpPi3y 11 PiBHI HABAHTAKCHHS
Minimum cross-sectional dimensions for load level
Na: < 0.5
MiHiMaTbHA b (MM) Ta BiTHOINCHHS ILTOII JOAATKOBOL
apMarypu A, 1o mionm momui A, / Ag
min b [mm] and additional reinforcement A in relation to
the area of flange A / A
21 | h>0,9xMiHb 80/0,0 170/0,0 | 250/0.4 | 270/0,5 -
22 | h>15xmMiHb 80/0,0 150/0,0 | 200/0,2 | 240/0,3 | 300/0,5
23 | h>2,0xmiab 70/0,0 120/0,0 | 180/0,2 | 220/0,3 | 280/0,3
24 | h>30xmiab 60/0,0 100/0,0 | 170/0,2 | 200/0,3 | 250/0,3
3 MiHiMaxbHI pO3MIpH IIEPEpPi3y 11 PiBHI HABAHTAKCHHS
Minimum cross-sectional dimensions for load level
M6 <0.7
MiHiMaTbHA b (MM) Ta BiTHOINCHHS ILTOII JOAATKOBOL
apMarypu A, 10 mionm momuri A, / Ag
min b [mm] and additional reinforcement A, in relation to
the arca of flange A,/ A
31 [ h>0,9xminb 80/0,0 270/0.4 | 300/0,6 - -
32 | h>15xmMinb 80/0,0 240/0,3 | 270/0.4 | 300/0,6 -
33 | h>20xminb 70/0,0 190/0,3 | 210/0.4 | 270/0,5 | 320/1,0
34 | h>3,0xmiub 70/0,0 170/0,2 | 190/0.4 | 270/0,5 | 300/0,8
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Tabmuus 4.2: MigiMalibHa BiACTaHb 10 OC1

Table 4.2: Minimum axis distance for

JOJIATKOBOI apMaTypu Oaiok additional reinforcement of composite
beams.
IMupuna MinimManeHa HopmoBana Meka BOTHECTIHKOCTI
% / mpo (i b MM Bi;[CTaH.B bi (o) qci, MM Standard Fire Resistance
/ % Pmﬁl[fnmdth b Dils\gﬂé eA[XI‘ilSm] R60 R90O | RI20 | RISO
§\\§§§ 170 E; 14050 16200 : :
o w | e
\\\\§\ . 250 u 60 75 90 120
Sl 1 U 35 50 60 60
b u 40 50 70 90
2300 " 25 45 60 60
[Tpumitka. *) Lle 3HaueHHS Ma€ OyTH mepeBipeHe 3rimHo 3 4.4.1.2 EN 1992-1-1.
NOTE: *) This value has to be checked according to 4.4.1.2 of EN 1992-1-1.

(10) SAxmo GeToHHE OONUIIOBAHHS CTAJIEBOL
0anKy BUKOHYE JIMIIE 130JALIHHY (PYyHKLIIO,
BorHecTifikicTb Big R30 no R180 mosxe Oytu
3a0e3redeHa 3aXMCHUM IIapoM OETOHYy ¢
CTaJIEeBOTO TMepepi3y 3a Tadaunero 4.3.

[Mpumirka. g R30 6eToH Mae yxiIamaTucs TITbKH
MIXK TIOJTHIISIMA CTAJICBOTO TICPEPIBY.

Tabmmus 4.3: MiHiMaJdbHUN 3aXUCHUN Imap
OeTOHY CTaleBOro mepepidy, IO BHKOHYE
BOTHE3aXUCHY (PYHKLIO

(10) If the concrete encasing the steel beam
has only an insulation function, the fire
resistance R30 to R180 may be fulfilled for
a concrete cover ¢ of the steel section
according to Table 4.3.

NOTE: For R30, concrete need only be placed
between the flanges of the steel section.

Table 4.3: Minimum concrete cover for a
steel section with concrete acting as fire

protection

ITmmra

Slab
[

NNWAN A
THHTTT’R c
N L L

Beron ama i3omamii

-

AP

Hopmosana Meka BOTHECTIHKOCTI

Standard Fire Resistance

Concrete for Insulation R30

R60 R90 R120 R180

3axucHui map OETOHY, C, MM 0

25 30 40 50

(11) Axmo OeToHHe OONMMIIOBAHHS BUKOHYE
JWIe 130JLIMHY (QYHKIIIO, apMarypHY
CITKy CIiJ yKJanatu 3rigHo 3 5.1.6, okpim
R30.

4.2.3 Kosoun
4.2.3.1 3araanHi noJ10KeHHA

(1) 3navyeHHs po3paxyHKOBHX Tabmuub 4.4,
4.6 Ta 4.7 € gificHUMU 1JI1 PAMHO-B’ SI3€BUX
KapKacis.

(2) PiBHI HaBaHTaXeHHs 7]5, Y TAOIULAX 4.6
ta 4.7 Bu3HaueHi 3a 4.1.7, mpumyckar4u
ornopu KOJIOHU IIApHI PHUMH ISt
oOuncieHHss R; 3a yMOBH, IO MOBOPOTH

(11) Where concrete encasing has only an
insulation function, fabric reinforcement
should be placed according to 5.1(6), except

for R30.

4.2.3 Composite columns

4.2.3.1 General

(1) The design Tables 4.4, 4.6 and 4.7 are

valid for braced frames.

(2) Load levels 77, in Tables 4.6 and 4.7 are

defined by 4.1(7)P assuming pin-ended
the

supports of the column for
calculation of R; provided that both
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000X KIHI[IB KOJOHU OOMeXeHi mmij 4ac
nokexi. lle, sk TpaBwiIoO, BUMANOK Ha
MPaKTUIl, IO BIANOBINAE PUCYHKaM 5.3 —
5.6, KO MNOPUINYCTUTH, IO  JIMLIE
pPO3TJISIAYBaHUN  PIBEHb  HABAHTAKCHHS
MIANAAE i1 YMOBH MOXKEXKI.

(3) Ilpu 3acrocyBanni Tabmunp 4.6 Ta 4.7,

R; wmae 0OasyBatucs Ha TIOJBOEHOMY
3HAYEHH] rpaHUYHOL JOBXKHHH,
3aCTOCOBaHI i npu PO3paxyHKy
BOTHECTIMKOCTI.

(4) Tabmum 4.4 — 4.7 miical sk I
LHEHTPAJbHO- TaK 1 Ui TO3aLEeHTPOBO
CTUCHEHMX KOJOH. Ilpu BuU3HaueHHI Ry Mae
Oytu BPaxOBaHUH €KCLIEHTPUCUTET
NPUKJIAIEHHS] HABAHTAKEHHSI.

(5) Hani, mo HaeeneHi B Tabmumsix 4.4-4.7,
MIMCHI [JI1 KOJIOH, MAaKCHMajbHa IOBXKUHA
akux y 30 pasip Ounblna 3a MiHIMaJIbHUR
PO3MIp TIOTIEPEHHOTO TIepepi3y.

4.2.3.2 KoJjonu 3i cranesux mnpodinis,
B3SITHX Y 0eTOHHY 000iiMy

(1) Kononn 31 craneBux npogifiBs, B3ATUX Y
OeronHy 00oiMy, MOXHa KiacH(piKyBaTH
3aJIeXKHO BiA po3mipy by abo hg, 3axucHoro
mrapy OeTOHy ¢ Ta MiHIMAJBHOI BIJICTaHI U
70 OCl apMaTypPHHUX CTPHIKHIB, SIK HaBEIEHO
IS OBOX QJbTEPHATUBHHUX pIMIEHb Y
Tabmui 4.4.

(2) Axwmo 3actocoByerbest 4.1.10, Bci piBHI

HABAHTAKEHHS M5:  MOXyTb  OyTH
BUKOPHCTaHI.
(3) ApMyBaHHs Mae CKJIaaTuCs

IOHalMeHIIe 3 4 CTPIKHIB AiameTpoMm 12
MM. Jlas  Bcix  BUMAAKax — MiHIMaJdbHHUIR
BIJICOTOK TIO3/IOBXKHBOTO apPMyBaHHS MAa€e
Bianosigatu Bumoram EN 1994-1-1.

(4) MakcuMaIbHUH BiICOTOK TTO3I0BXKHBOTO
apMyBaHHS Ma€ BIAMOBIAATH  BUMOTaM
EN 1994-1-1. [JIna  xomytiB  Tpeba
nocusatucs Ha EN 1992-1-1.
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column ends are rotationally restrained in
the fire situation. This is generally the case
in practice according to Figures 5.3 to 5.6
when assuming that only the level under
consideration is submitted to fire conditions.

(3) When using Tables 4.6 and 4.7, Rz has to
be based on twice the buckling length used
in the fire design situation.

(4) Tables 4.4 to 4.7 are valid both for
concentric axial or eccentric loads applied to
columns. When determining R the design
resistance for normal temperature design,
the eccentricity of the load should be
considered.

(5) The tabulated data given in Tables 4.4 to
4.7 are valid for columns with a maximum
length of 30 times the minimum external
dimension of the cross-section chosen.

4.2.3.2 Composite columns made of totally
encased steel sections

(1) Composite columns made of totally
encased steel sections may be classified as a
function of the depth bc or hc, the concrete
cover ¢ of the steel section and the minimum
axis distance us of the reinforcing bars as
given by the two alternative solutions in
Table 4.4.

(2) All load levels fi ,t 1 may be used when
applying (10) of 4.1.

(3) The reinforcement should consist of a
minimum of 4 bars with a diameter of
12 mm. In all cases the minimum percentage
of longitudinal reinforcing bars should fulfil
the requirements of EN 1994-1-1.

(4) The maximum  percentage of
longitudinal reinforcing bars should fulfil
the requirements of EN  1994-1-1.
For stirrups it should be referred to
EN 1992-1-1.
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Tabmus  4.4: MiHiManbHI  pO3MipH
MOMIEPEYHOTO  Mepepildy,  MiHIMaJbHHUN
3aXUCHUH map OETOHY CTaJeBOro Mepepizy
Ta MiHIMaJIbHA BIJICTaHb 10 OCl apMaTypPHUX
CTPHIKHIB JJISL KOJIOH 31 CTaJIeBUX MPOiiB,
B3ATHX y OETOHHY 000HMY

Table 4.4: Minimum  cross-sectional
dimensions, minimum concrete cover of the
steel section and minimum axis distance of
the reinforcing bars, of composite columns
made of totally encased steel sections.

Hopmosana Meka BOTHCCTIHKOCTI
Standard Fire Resistance

R30

R60 R90 R120 R180 R240

1.1 | imiManeHi po3mipu h, Ta b, MM

Minimum dimensions h, and b, [mm]
1.2 | miHiMATBHHH 3aXHCHHUH TIap OCTOHY
CTaJIEBOTO TIEPEPI3Y, ¢, MM

minimum concrete cover of steel section ¢
[mm]

1.3 | MiHiMaNbHA BIACTAHb 10 OCI APMATYPHUX
CTPIKHIB U, MM

minimum axis distance of reinforcing bars
us [mm]

abo /or

2.1 | MiniManbHi po3Mipu h, Ta b,, MM
Minimum dimensions h, and b, [mm]
2.2 | miHIMATHHHH 3aXHCHHUH TIap OCTOHY
CTaJIEBOTO TIEPEPI3Y, ¢, MM

minimum concrete cover of steel section ¢
[mm]

2.3 | MiHIMaNbHA BIACTAHb 10 OCI APMATYPHUX
CTPHKHIB Uy, MM

minimum axis distance of reinforcing bars
U, [mm]

150

40

20%

180 220 300 350 400

50 50 75 75 75

30 30 40 50 50

200 250 350 400 -

40 40 50 60 -

20% 20% 30 40 -

[Mpumitka. *) Lle 3HaueHHs Mae Oyt nepesipeHe 3rigHo 3 4.4.1.2 EN 1992-1-1.
NOTE: *) These values have to be checked according to 4.4.1.2 of EN 1992-1-1.

(5) SAxmmo 6eToHHE OONMULIIOBAHHS CTAJIEBOTO
nepepisy  BHKOHy€  JIMIIE  130JIALIHHY
$yHKLIIO, NpU pO3PaXyHKYy KOJOHU 3a
HOPMAaJIbHOI TEMIIepaTypH, BOTHECTIHKICTb
Big R30 no R180 moxe Oyrtu 3abe3meueHa
3aXMCHUM MIapoM OETOHy ¢ CTaJeBOro
niepepi3y 3riaHo 3 Tabmunero 4.5.

IMprvitra, o R30 6eTOH Ma€ YKIATATHCS TITBKA
MIXK TIOJTHIISIMA CTAJICBOTO TICPEPIBY.

(5) If the concrete encasing the steel section
has only an insulation function, when
designing the column for normal
temperature design, the fire resistance R30
to R180 may be fulfilled for a concrete
cover ¢ of the steel section according to
Table 4.5.

NOTE: For R30, concrete need only be placed
between the flanges of the steel section.
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Tabmuus 4.5: MiHiManbHUNA 3aXUCHUNA IHap
OeTOHy CTalleBOro mepepidy, KU BHKOHYE
BOTHE3aXUCHY (DYHKINIO

Table 4.5: Minimum concrete cover for a
steel section with concrete acting as fire
protection

Beron 1y 130
Concrete for Insulation

Hopmosana Meka BOTHCCTIHKOCTI
Standard Fire Resistance

R30

R60 R90 R120 R180

3axucHui map OETOHY, C, MM
Concrete cover ¢ [mm]

25 30 40 50

(6) Sxmo OeToHHE OONULIIOBAHHS BUKOHYE
avme  130JsAUifHy  QYHKIIO, apMaTypHY
CITKY ciin ykiamgatu 3rigHo 3 5.1(6), okpim
R30.

4.2.3.3 Kosioun 3i cranesux mnpogiiis 3
YACTKOBHM 0€TOHHHM 00/ IMIIOBAHHSM

(1) Komonm 31 crameBux mnpodimiB 3
YACTKOBUM  OCTOHHHM  OOJIUIFOBAHHSM
MOKHA KJacu(iKyBaTH 3aJIeXKHO BiJ PIBHS
HABaHTAXXEHHA 71J;;, po3Mmipy b abo A,
MIHIMAJbHOI BIACTaHI O OCI apMaTypHUX
CTPHIKHIB %, Ta BITHOIIEHHS MIJK TOBIIHHOIO
CTIHKH e, Ta TOBIIMHOK TOJIULb € 32
Tabnuuero 4.6.

(2) Jna BusHadeHHa Ry 1a Ryq, = 15Ra 3
BUKOPUCTaHHAM Tabmuii 4.6  BIACOTOK
apmyBaHHs Ay/(A.+A,) Buie 6 % abo Hipkue
1 % He BpaxoBYy€eTHCH.

(3) Tabmuus 4.6 moxxe OyTH BHUKOPHUCTaHA

IUIE  KOHCTPYKIiHHOI cram mapku S235,
S275 Ta S355.
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(6) Where concrete encasing has only an
insulation function, fabric reinforcement
should be placed according to 5.1(6), except
for R30.

4.2.3.3 Composite columns made of
partially encased steel sections

(1) Composite columns made of partially
encased steel sections may be classified in
function of the load level 7, the depth b or
h, the minimum axis distance of the
reinforcing bars us and the ratio between the
web thickness ew and the flange thickness ef
as given in Table 4.6.

(2) When determining Rd and R4, = 75Ra
in connection with Table 4.6, reinforcement
ratios Ay(A.+As) higher than 6 % or lower
than 1 %, should not be taken into account.

(3) Table 4.6 may be used for the structural
steel grades S 235, S 275 and S 355.
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Tabmuus  4.6:  MiHIManbHI  pO3MipHU
MOTEPEYHOr0 nepepizy, MiHIMaJIbHA
BIZICTaHb A0 OCl apMaTypHHUX CTPH)KHIB Ta
MiHIMaJIbHI BIZICOTKH apMyBaHHS Uil KOJIOH
31 crameBux nOpoduTiB 3  YACTKOBHM
OETOHHUM OOJIUIFOBAHHSIM

Table 4.6 Minimum  cross-sectional
dimensions, minimum axis distance and
minimum reinforcement ratios of composite
columns made of partially encased steel
sections.

/

/ / /
ew 4

L

b

-_— -

HopwmoBaHa mMeka BOTHECTIHKOCTI
Standard Fire Resistance

R30 R60 R90 R120

MiHiMaabHE CIIBBIIHOIIEHHS TOBIIMHN CTIHKH T IOJIMII
Minimum ratio of web to flange thickness
ew/Cr

0,5 0,5 0,5 0,5

MiHiMaxbHI pO3MIpH IIEPEpPi3y 11 PiBHI HABAHTAKCHHS
Minimum cross-sectional dimensions for load level
Me: < 0,28
MiHIMaTBHI po3Mipu h ta b, MM
minimum dimensions h and b [mm]

1.1

1.2
minimum axis distance of reinforcing bars u;, [mm]
MiHIMAJIGHAH BIACOTOK apMyBaHHSI

minimum ratio of reinforcement
AJAAA,). %

13

MiHIMaTbHA BIACTaHb IO OCI ApMATYPHUX CTPIDKHIB Uy, MM

160 200 300 400

50 50 70

MiHiMaxbHI pO3MIpH IIEPEpPi3y 11 PiBHI HABAHTAKCHHS
Minimum cross-sectional dimensions for load level
Ma: < 0,47
MiHiManbHI po3Mipu h ta b, MM
minimum dimensions h and b [mm]

2.1

2.2
minimum axis distance of reinforcing bars u, [mm]
MiHIMAJIGHAH BIACOTOK apMyBaHHSI

minimum ratio of reinforcement
AJAAA,). %

23

MiHIMAJbHA BIACTAHb 10 OCI APMATYPHUX CTPIDKHIB U, (MM)

160 300 400

50 70

MiHiMaxbHI pO3MIpH IIEPEpPi3y 11 PiBHI HABAHTAKCHHS
Minimum cross-sectional dimensions for load level
N < 0,66
MiHiManbHI po3Mipu h ta b, MM
minimum dimensions h and b [mm]

3.1

32
minimum axis distance of reinforcing bars us [mmy]
MiHIMAJIGHAH BIACOTOK apMyBaHHSI

minimum ratio of reinforcement
AJ(ATA), %o

33

MiHIMaTbHA BIACTaHb IO OCI ApMATYPHUX CTPIDKHIB Uy, MM

160 400

40 70

INpuviTka. 3HaucHHA PIBHA HABAHTAKCHHA 775, Oy JIH 3aCTOCOBAHI 14 MPABHI POSKTYBAaHHA KOJOH B EN 1994-1-1.
NOTE: The values of the load level 75, have been adapted to the design rules for composite columns in EN 1994-1-1.
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4.2.3.4 Tpy060o06eTOHHI KOJIOHH

(1)  TpyboberoHHi  KOJOHH  MOJKHA
kjmacudikyBaTH  3aJ€KHO B  PIBHS
HABAHTAXKEHHS 7J5,, PO3MIPY MHOIEPEUHOrO
nepepidy b, h abo d, BimcoTky apmyBaHHs
Ay(A.+Ay) Ta MiHIMaNIBHOI BIACTaHI A0 OCI
apMaTypPHHX CTPYIKHIB U, 3a TaOnuuero 4.7.

[MpumiTka. Sk ampTepHATHBA IO I[BOTO METOAY
MO’KHA BHKOPHCTOBYBATH IIPABHJA PO3PAXYHKY, IO
HaBeAcHi B 5.3.2 abo 5.3.3 EN 1992-1-2, sximo
cTanesa TpyOa He BPaXOBYETHCH.

(2) Ona susHaueHHs Ry 1a Rpq = 15d 3
BUKOPUCTAHHAM TaOmuLi 4.7 3aCTOCOBYIOTH
Takl MpaBwJIA;

- HE3aJIeKHO BII MapKu CTaim TpyowH
BPaXOBY€ETbCS HOMiHAJbHA MeXa TEKY4OCTI
235 H/mm?;

- TOBIIMHA CTIHKH € TPYOH NMPUIAMAETHCS
He OlybIlle MaKCUMAJIbHOTO 3Ha4eHHs 1/25 b
abo 1/25 d;

- BIICOTOK apMyBaHHs Bume 3 % He
PO3TISIIAIOTE;,

- MIOHICT OETOHY MPUAMAETHCS K IS
NPOEKTYBAHHS 32 HOPMAJIbHOI TEMITEPATYPH.

(3) 3nauenns, HaBemeni B Tabmumi 4.7,

mivicHi  gos cram mapku - S500, 1o
3aCTOCOBYETBCS JIST apMaTypu As.
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4.2.3.4 Composite columns made of
concrete filled hollow sections

(1) Composite columns made of concrete
filled hollow sections may be classified as a
function of the load level 75, the cross-
section size b, h or d, the ratio of
reinforcement Ay,/(A.+Ay) and the minimum
axis distance of the reinforcing bars us
according to Table 4.7.

NOTE: Alternatively to this method, the design rules
given in 5.3.2 or 5.3.3 of EN1992-1-2 may be used,
when neglecting the steel tube.

(2) When calculating Ry and Ry 4, = 75
in connection with Table 4.7, following
rules apply:

- irrespective of the steel grade of the
hollow sections, a nominal yield point of
235 N/mm? is taken into account;

- the wall thickness e of the hollow
section 1s considered up to a maximum of
1/25 of b or d;

- reinforcement ratios Ay(A.+A,) higher
than 3 % are not taken into account and

- the concrete strength is considered as
for normal temperature design.

(3) The values given in Table 4.7 are valid
for the steel grade S 500 used for the
reinforcement A;.
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Tabmus  4.7:  MiHiManbHI  pO3MipH Table 4.7 Minimum  cross-sectional

MOTEPEYHOr0 nepepizy, MiHIMaJIbHA dimensions, minimum reinforcement ratios
BICTAHbL MO OCI Ta MiHIMAJbHUI BiICOTOK and minimum axis distance of the
apMyBaHHS TPyOOOETOHHUX KOJIOH reinforcing bars of composite columns made

of concrete filled hollow sections

%2

Hopmosana Meka BOTHCCTIHKOCTI
Standard Fire Resistance

|
7 é
Ty

o

craneBuii nepepis (b/e)>25 or (d/e)=25
steel section R30 R60 R90 R120 | RI180

1 MiniMaibHI pO3MipH mepepiszy I PiBHSI HABAHTAKCHHS
Minimum cross-sectional dimensions for load level

N < 0.28

L1 | minimansri posmipa h ta b a6o miriManbHEI giameTp d, MM 160 200 220 260 400
minimum dimensions h and b or minimum diameter d [mm]
1.2 | miniManbHMIT BiTCOTOK apMyBaHHA A/(A+A,), % 0 L5 3,0 6,0 6,0
minimum ratio of reinforcement
L3 | minimMaibHa BiZCTaHb 10 OCI APMATYPHEX CTPHIKHIB U, MM - 30 40 50 60
minimum axis distance of reinforcing bars u, [mm]

2 MiniMaibHI pO3MipH mepepiszy I PiBHSI HABAHTAKCHHS
Minimum cross-sectional dimensions for load level

Ny < 0,47

2.1 | minimambHi po3mipu hTa b a6o miHiManeaui giametp d, MM 260 260 400 450 500
minimum dimensions h and b or minimum diameter d [mm]
2.2 | miniMambHuI BiZCOTOK apMyBaHHs A/(AFA,), % 0 3,0 6,0 6,0 6,0
minimum ratio of reinforcement
2.3 | miHiMamBbHA BiACTAHB 0 OCi APMATYPHUX CTPIGKHIB U, MM - 30 40 50 60
minimum axis distance of reinforcing bars u, [mm]

3 MiniMaibHI pO3MipH mepepiszy I PiBHSI HABAHTAKCHHS
Minimum cross-sectional dimensions for load level

Nee < 0,66

3.1 | minimansHi po3mipu h Ta b a6o miHiManbHui giametp d, MM 260 450 550 - -
minimum dimensions h and b or minimum diameter d [mm]
3.2 | mimiMambHMI BiACOTOK apMyBaHHA A/(A+A,), %o 3,0 6,0 6,0 - -
minimum ratio of reinforcement
3.3 | miHIMATBHA BIACTAHB 0 OCI APMATYPHHEX CTPHIKHIB Uy, MM 25 30 40 - -
minimum axis distance of reinforcing bars u, [mm]
[TpumiTka. 3HAYCHHS PIBHA HABAHTAKCHHS 77;, OYIIM a1AaNTOBAHI JO MPABHJI IMPOEKTYBAHHS KOJOH 3rigHO 3 EN 1994-1-1.
NOTE: The values of the load level 7;;, have been adapted to the design rules for composite columns in EN 1994-1-1.
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4.3 CnpoeHi po3paxyHkoBi moaei

4.3.1 3araabHi npaBuJia AJs IUITUT Ta
d0asnok

(1) i mpaBmja CTOCYIOTBCS PO3PAXyHKY
KOHCTPYKILIH 3rigHo 3 242 BoHu e
NACHUMH  JUIIE  JUII  CTaHJApTHOTO
TEMIIEPATYPHOTO PEKUMY.

(2) CoinbHi mpaBmja s TUIAT Ta Oasok
HaBeneHI Hukue. J[omaTkoBO mpaBuia s
miuT HaseneHl B 4.3.2 ta 4.3.3, a qas Oanok
-B434.

(3)P Po3paxyHkoBa MiLIHICTh Ha 3THH OaJIOK 3
pobouum mepepizom kimacy 1 abo 2
pigmosinHo 1o EN 1993-1-1 Ta muur mae
BU3HAYATUCS 32 TEOPIE0  TJIACTUYHUX
nedopMariii.

(4) IlnacTuuHa HEWTpajbHA BICH ILUTUT a0o
Oanok Moxxe OyTH BH3HAYEHA 3:

- Sy 2 £
ZAiky,H,i[y) +06SlabZAjkcﬁ)j L 1=,
i=1 V. ‘A y

M, fi,a M, fi,c
o€ Ohigp — KOe(IIIEHT, IO BPaXOBYE
MPUTTY IEHHST NPSIMOKY THOT emIpu
HATpYyK€Hb ~ MPH  PO3PAXYHKY  TUIHT,

Aglah — 0, 85.

fyi — HOMIHAJIbHA MeKa TEKY4OCTi f, A
eJeMeHTapHOI Iomi cTam A; B3siTa 3i
3HAKOM “IUTFOC” Ha CTHCHYTIH CTOPOHI
BITHOCHO IJIACTHYHOI HEUTPAJIBHOI OCI Ta 3i
3HAKOM “MIHYC~ Ha PO3TSTHYTiH CTOPOHI,

fe; — PO3paxyHKOBA MIIHICTb €JIEeMEHTap-
HOl momi Oerorny A, mpu 20 °C. s
OeTOHYy pO3TST HE BPAXOBYETHCS,

ky0; a00 kg, mpuiiMaroTh 3a TabJHUIEIO
3.2 a0 3.3.

(5) PospaxyHkoBa Hecy4a  3MaTHICThb
nepepisy npu  3ruHi  Mp,ps MOXe
BU3HAYATHUCH 3!

d Sy Y Se
Mﬁ,t,Rd = ZAiZikyﬂ,i(/ + g ZAijkcﬂ,j . >
i-1

M, fi i=1 M, fi,c

ne z, z; — BIACTaHb BIA TUIACTHUYHOL
HEHTpPambHOI OCl A0 IEHTPY eIeMEHTapHOI
rtorni A; ado A4;.

(6) HAns Hepo3pi3HUX IUIUT Ta OaJoK
3acTOCOBYIOTh mnpasujia EN 1992-1-2 Ta
EN 1994-1-1, mo6 3a0e3neunTn HEOOXIIHY
KPYTHIIbHY 3IaTHICTb.
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4.3 Simple Calculation Models

4.3.1 General rules for composite slabs
and composite beams

(1) The following rules refer to member
analysis according to 2.4.2. They are only
valid for the standard fire exposure.

(2) Rules that are common to composite
slabs and composite beams are given
hereafter. In addition, rules for slabs are
given in 4.3.2 and 4.3.3 and for composite
beams are given in 4.3 4.

(3)P For composite beams in which the
effective section is Class 1 or Class 2 (see
EN 1993-1-1), and for composite slabs, the
design bending resistance shall be
determined by plastic theory.

(4) The plastic neutral axis of a composite
slab or composite beam may be determined
from:

(4.2)
where:

b 18 the coefficient taking into account
the assumption of the rectangular stress
block when designing slabs, aslab= 0,53.

/i 1s the nominal yield strength y f for the
elemental steel area 7 A , taken as positive on
the compression side of the plastic neutral
axis and negative on the tension side;

Jc;1s the design strength for the elemental
concrete area j A at 20°C. For concrete parts
tension is ignored;

ky q; or k. g; are as defined in Table 3.2 or
Table 3.3.

(5) The design moment resistance AMj;rq
may be determined from:

4.3)
where:
z;, z; is the distance from the plastic
neutral axis to the centroid of the elemental
area A4; or 4;.

(6) For continuous composite slabs and
beams, the rules of EN 1992-1-2 and
EN 1994-1-1 apply in order to guarantee the
required rotation capacity.
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4.3.2 He3axumeni njutH (0e3 3aXHMCHOT0
MOKPUTTH)

(1) Tumomi mnpuknamu OETOHHHX IUIHT 3
npodiIbOBAHUMH CTAJICBUMHU JIICTAMH, 3
apMyBaHHAIM abo 0e3 HbOrO HaBEACHO Ha
pucyHky 1.1.

(2) ILi nmpaBuia 3aCTOCOBYIOTBCS — AJISI
PO3paxyHKy HOPMOBAHOI BOTHECTIHKOCTI $IK
BUIBHO OOMEpTHX Tak 1 HEPO3PIZHHUX
OeTOHHMX  TUIUT 3  NPOdITLOBAHUMHU
CTaJIeBIMU JINCTAMH Ta apMYBaHHSM, SIK
BKA3aHO  HIJKYE,  SKIO  HAarpiBaHHS
3MIACHIOETBCS  3HM3Y 32  CTaHNAPTHUM

TEMIIEPATyPHUM PEKUMOM.

(3) Lleii meTonm 3aCTOCOBYETBCS JIALIE IS
Oe3mocepennHbO HArpiTOro MpodiIbOBAHOTO
CTaJIeBOrO HaCTHUIT, HE3axXUILIEHOrO
130JISILII€10, Ta TIUT O€3 130JIAL1 MiXK IIJIHTOR
Ta IITYKaTypKOw (pucyHKH 4.1 Ta 4.2).

[Tpumitka. MeTox Ans BH3HAYCHHA PO3PaxyHKOBOI
TOBILWHMU /1., HABeJCHO B D.4 noxatky D.
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4.3.2 Unprotected composite slabs

(1) Typical examples of concrete slabs with
profiled steel sheets with or without
reinforcing bars are given in Figure 1.1.

(2) The following rules apply to the
calculation of the standard fire resistance of
both simply supported and continuous
concrete slabs with profiled steel sheets and
reinforcement, as described below when
heated from below according to the standard
temperature-time curve.

(3) This method is only applicable to
directly heated steel sheets not protected by
any insulation and to composite slabs with
no insulation between the composite slab
and the screed (see Figures 4.1 and 4.2).

NOTE: A method is given in D.4 of Annex D for the
calculation of the effective thickness /2.

113
h| ]

hz |

PucyHnok 4.1: Ilo3nauenns nis Tpaneueinanb-

HUX JIUCTIB
Figure 4.1: Symbols for trapezoidal sheeting

(49) vV  HwKYEHaBENEHHWX  IPaBHJIAX
MOYUIMBUH BIUTHB MO30BXKHBOTO CTHCKY Ha
BOTHECTIHKICTb HE BPAXOBYETHCS.

(5) Ansa pospaxysky 3a EN 1994-1-1 mexa
BOTHECTIHKOCTI OeTOHHUX TUTAT 3
npodiIbOBAHUMH CTAJICBUMHU JIICTAMH, 3
JIOJaTKOBUM apMyBaHHSIM a0o 0e3 HbOro,
CTaHOBUTb He MeHine 30 XBWUIIWUH, SKIIO
OLIHIOETBCSI 32  KPUTEPIEM  HECyd4ol
3matHocti "R" BiamoBimHo mo 2.1.2(1)P.
Po3paxyHOK 1Sl  TIEpPEeBIPKU  KPHUTEPIO
TeIUIOI30JIF0BaNIbHOI  31aTHOCTI "I" nHUBHCH
HUKYE.

(6) Ans mmut cmip 3abe3meynTd KpUTepin
miicHocti "E".

-—screed
-~— concrete
* =—steel sheet
CTSDKKA
OeToH
npodiTbOBaHMIA
CTaJIEBUI HACTUJI
Pucynok 4.2: Ilo3HayeHHsT 1Jisi JIUCTIB 31
BXITHIMH KyTaMH
Figure 4.2: Symbols for re-entrant sheeting

(4) The possible effect on the fire resistance
of axial restraint is not taken into account in
the subsequent rules.

(5) For a design complying with
EN 1994-1-1, the fire resistance of
composite concrete slabs with profiled steel
sheets, with or without additional
reinforcement, is at least 30 minutes, when
assessed under the load bearing criterion "R"
according to (1)P of 2.1.2. For means to
verify whether the thermal insulation
criterion "I" is fulfilled, see hereafter.

(6) For composite slabs the integrity
criterion "E" is assumed to be satisfied.
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[Mpumirka 1. ¥ D.1 nomarky D HaBeneno merox mit
PO3paxyHKy BOTHCCTIHKOCTI 3a KpUTCpieM
TEIUIOI30/I0BANBHOI 3aaTHOCTI "1".

IMpmvitka 2. Y D.2 ta D.3 agomarky D HaBeacHo
MCTOZ U PO3PAXYHKY BOTHCCTIHKOCTI 32 KPHTCPIEM
Hecywoi 3matHocTi "R" 3amexHO Bim HECydoi
3JATHOCTI MPOJBOTHOTO T4 OMOPHOTO TEPEpi3iB IpH
3THHI.

(7) MoxHa BHUKOPHCTOBYBATH  JIETKHI
6eron, Bu3HavueHuil y 3.3.3 Tta 3.4.

4.3.3 3axumeni mauTH (i3 3aXMCHHUM

NOKPHUTTSIM)

(1) TIlimBuimeHHS BOTHECTIMKOCTI TIUIUTH
MOXKE Oyt TOCSITHYTO 3aBISIKI
BUKOPHUCTAHHIO 3aXUCHOI CHUCTEMH,

3aCTOCOBAHOI IO TOHKOJIUCTOBOI CTal, 100
3HU3UTHU TEIJIONEPEHOC Ha TIJIUTY.

(2) EdexTuBHICTP 3aXHUCHOI  CHCTEMH,
3aCTOCOBAHOI AJIs TUIMTH Mae OyTH OLliHEHa
BIATIOBIAHO JI0:

-ENV 13381-1 nnst miABICHUX CTENb

- ENV 13381-5 nnst 3axucHUX MaTepialisb.

(3) Kputepiii Temnoi3oMoBaIbHOI 3MaTHOCTI
"I["  BM3HAYAETBHCI IIISIXOM  BHBEIEHHS
€KBIBaJIEHTHOI TOBLIMHU OETOHHOI 3aXMCHOI
CHCTEMHU 13 PO3PAXyHKOBOI TOBLIMHHU /g
BignosinHo 10 ENV 13381-5.

(4) Kpurepiii nHecyuwoi 3matHocti "R"
BUKOHYETBCS, IOKU TeMIepaTypa CTajeBoOro
mucta Ty He nepesuinye 350 °C mig yac
HarpiBaHHA  3HH3Y 32  CTaHAAPTHHUM
TEMIIEPATYPHUM PEKHUMOM.

MpumiTka. BorHecTiMKICTh 3aXHINCHHX IUIMT 32
KpurepieM Hecyuoi 3zmatHocti "R", craHoBuTH
moHnaimene 30 xB (auB. 4.3.2(5)).

4.3.4 Baaku
4.3.4.1 PoGoTa KoHCTPYKLiT
4.3.4.1.1 3arajabHi moJ10:KReHHS

(1)P banku maroth OyTH nepeBipeHi Ha:

- ONip KPUTHYHHUX MEPEpPi3iB BiAMOBITHO 110
6.1.1(P) EN 1994-1-1 Ha 3ruH (4.3.4.1.2),

- monepeuny cuiy (4.3.4.1.3);

- OImip MO3OBKHBOMY 3CYyBY (4.3.4.1.5).
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NOTE 1: In D.1 of Annex D a method is given for
the calculation of the fire resistance with respect to
the criterion of thermal insulation “T”.

NOTE 2: In D.2 and D.3 of Annex D a method is
given for the calculation of the fire resistance with
respect to the criterion of mechanical resistance “R”
and in relation to the sagging and hogging moment
resistances.

(7) Lightweight concrete defined in 3.3.3
and 3.4 may be used.

4.3.3 Protected composite slabs

(1) An improvement of the fire resistance of
the composite slab may be obtained by using
a protection system applied to the steel sheet
in order to decrease the heat transfer to the
composite slab.

(2) The performance of the protection
system used for a composite slab should be
assessed according to:

- ENV 13381-1 for suspended ceilings

- ENV 13381-5 for protection materials.

(3) The thermal insulation criterion "I" is
assessed by deducing from the effective
thickness /4.7 the equivalent concrete
thickness of the protection system (see ENV
13381-5).

(4) The load bearing criterion "R" is fulfilled
as long as the temperature of the steel sheet
of the composite slab is lower or equal to
350°C, when heated from below by the
standard fire.

NOTE: The fire resistance, with regard to the load
bearing criterion “R”, of protected composite slabs is
at least 30° (see 4.3.2(5)).

4.3.4 Composite beams
4.3.4.1 Structural Behaviour
4.3.4.1.1 General

(1)P Composite beams shall be checked for:
- resistance of critical cross-sections in
accordance with 6.1.1(P) of EN 1994-1-1 to
bending (4.3.4.1.2);

- vertical shear (4.3.4.1.3);

- resistance to longitudinal shear (4.3.4.1.5).
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[TpumiTka. BxaziBku mIomo0 KPUTHYHHX TEpPEpisiB
HaeeaeHO B 6.1.1(4) EN 1994-1-1.

(2) SKmo eKCHepUMEHTATBbHO [IOBENEHO
(muB. EN 1365-3) cminbHy poOoTy miauTu
NEePEeKpUTTs. Ta cTrajeBoi Oainku mix dYac
MOKeKi, TO OaJK|, IO 3a 3BUYaiHUX YMOB
BBAXKAIOTHCS HE KOMOIHOBAHHUMH, MOXYTb
BBAXXATUCSI KOMOIHOBAaHUMH B  yMOBax
TIOKEKI.

(3) Posmomin Temmeparypu mo mepepisy
MOK€ ~ BU3HAYaTUCs 3  BUNPOOYBaHb,
YTOYHEHUX PO3PaXyHKOBHUX Mopenei (4.4.2)
a0o 31 CIIPOLIEHNX PO3PAXYHKOBUX MOAEIEH
3rigHo 3 4.3.4.2.2 nmust Gaynok 31 CTajxeBHx
npodiniB 6e3 6eTOHHOTO OOTUIFOBAHHSI.

4.3.4.1.2 Hecyuya 3aaTHiCTH mnonepeyHHX
nepepisiB 0aJ10K Ha 3TUH

(1) Po3paxyHkoBa Hecy4a 34aTHICTb Ha 3TUH

MOYK€ BU3HAYATHUCS 32 TUIACTUYHOI TEOPI€E0

s Oynb-SKOTO KJacy mepepidy, OKpiM

Y4EeTBEPTOTO.

(2) Ans BimpHO omepTux OajJoOK crajeBa
MOJNULS NPU CTUCKY MOXKE PO3IIIsfaTUCH,
HE3aJIe)KHO BIJ KJacy, SIK Kjac 1, 3a yMOBH,
IO BOHA 3 €AHAaHA 3 OETOHHOK IUTUTOIO
aHKepaMH, PO3TAIIOBAHUMU 3TITHO 3 6.6.5.5
EN 1994-1-1.

(3) Hnsa craneBUX NONEPEYHHX Nepepi3iB
kyacy 4 nocunarucsa Ha 4.2.3.6 EN 1993-1-2.

4.3.4.1.3 Omip
nepepisis 6ajok

nomnepe4Hiu cuJi

(1)P Omip nonepeuniii cui ciif npuiAMaTu
SIK OTIp CTaJIeBOro Mepepil3y BiAMOBIAHO IO
4233(6) Ta 42.3.4(4) EN 1993-1-2 0Ge3
ypaxyBaHHs 3HA4eHHsS BHECKY OETOHHOI
YaCTHHH OaJIK¥, BU3HAYEHOI 3 BUPOOYBAHb.

IMpumitka. MeTox po3paxyHKY OMIOPY CTAJICBOTO
mpoimro momepeuHiit cmm  Haeeacno vy E4
moaarky E.

NOTE: Guidance on critical cross-sections is given in
6.1.1(4)P of EN1994-1-1.

(2) Where in the fire situation, test evidence
(see EN 1365 Part 3) of composite action
between the floor slab and the steel beam is
available, beams which for normal
conditions are assumed to be non-composite
may be assumed to be composite in fire
conditions.

(3) The temperature distribution over the
cross-section may be determined from test,
advanced calculation models (4.4.2) or for
composite beams comprising steel beams
with no concrete encasement, from the
simple calculation model of 4.3.4.2.2.

4.3.4.1.2 Bending resistance of cross-
sections of beams

(1) The design bending resistance may be
determined by plastic theory for any class of
cross sections except for class 4.

(2) For simply supported beams, the steel
flange in compression may be treated,
independent of its class, as class 1, provided
it is connected to the concrete slab by shear
connectors placed in accordance to 6.6.5.5
of EN1994-1-1.

(3) For class 4 steel cross-sections, refer to
42.3.6 of EN 1993-1-2.

4.3.4.1.3 Vertical shear resistance of
cross-sections of beams

(1)P The resistance to vertical shear shall be
taken as the resistance of the structural steel
section (see 4.2.3.3(6) and 4.2.3.4(4) of
EN 1993-1-2), unless the wvalue of a
contribution from the concrete part of the
beam has been established by tests.

NOTE: For the calculation of the vertical shear
resistance of the structural steel section, a method is
givenin E.4 of Annex E.
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(2) Ilepesipka BiNBHO oOmepTUX OaNoOK 31
CTIHKaMH, OONUIIbOBAHUMH O€TOHOM, IJIst
3BUYAIHOTO PO3PAaXYHKY HE OOOB’SI3KOBA,
BBAXKAETHCSA, IO CTIHKA Mae COPUHAMATH
MOTIEPEUHY CHITY.

4.3.4.1.4 CninbHuit
NMOMnepeYHol CHJIH

BIIJIUB 3runy Ta

(1) Jost wacTkoBO OOMUIIPOBAHUX OAJIOK IMij
TI€0 HEraTUBHOTO 3THHAJBHOTO MOMEHTY
CTiHKa OajiKu MOKe CIpPUAMATU MOTIePEUHy
CWJIy, HaBIThb SKINO LS CTIHKA HE CIPUSIE
OTIOPY MOMEHTY.

IMpmvitka 1. MeTox amsd YacTKOBO OONHIBOBAHUX
6amoK miJ €0 HETATHBHOTO 3THHAJILHOTO MOMEHTY
HaseneHuit y F.2.7 nomarky F.

[Tpumitka 2. Metoa amst 6anok 31 cranesux npodimis
6¢3 OeroHHOTO OOIMINOBAHHSA, HageacHuH y E.2 Ta
E.4 nomarky E.

4.3.4.1.5 Onip no3aoB:KHBOMY 3CYBY

(1)P TloBHuI1 pO3paxyHKOBHUI MO3IOBXKHIH
3CyB  Mae OyTH BHU3HA4YEHHI CHIOCOOOM,
CYMICHHUM 3 PO3pPaxyHKOBOKO MIIHICTIO Ha
3THH, BPaxOBYHOYH PI3HUIIO MK
HOPMAJBHOIKO  CHJIOKO B OeTOoHI  Ta
KOHCTPYKIIHHIA CTali MO BCIH KPUTHUYHIN
TIOBXKUHI.

(2) Tlpu po3paxyHKy YaCTKOBOTO 3’ €THAHHS
CTPIDKHEBUMH aHKEPaMH TMiJ Yac TOXKEXKi
CIiJT BPAxXOBYBATH 3MIHY  MO3JOBXKHIX
3CYBHHX CHJI 3QJI€XKHO BiJI HArPIBaHHSL.

(3) 3aranmbHuii pO3paxyHKOBUN TMO3MTOBXKHIH
3CyB O BCIH KPUTWYHIHA AOBXHHI B 00jacTi

mii TO3UTHBHOTO 3TMHAJBHOTO  MOMEHTY
OOUMCIIIOITE K MEHIIE 31  3HA4YeHb
CTHUCKAJIbHOL CUJIA B ILJIUTI

fC‘_]

F aslab Z ¢,0,j

a00 pO3TATYBAJBHOI CHJIM B CTAJICBOMY
npodi:

M. fic

Sy

7Mﬁa

F Z ».0.]

MEHIIIE 31 3HAYEHb.
[Mprmitka. MeTtoa a1 pPoO3paxyHKY MO3TO0BKHBOTO

3CYBY B 30HIi Jii HCTATHBHOTO 3THHAJIBHOTO MOMCHTY
y E.2 nomarky E.
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(2) For simply supported beams with webs
encased in concrete no check is required
provided for normal design the web was
assumed to resist all vertical shear.

4.3.4.1.4 Combined bending and vertical
shear

(1) For partially encased beams under
hogging bending, the web may resist the
vertical shear even if this web does not
contribute to the moment resistance.

NOTE 1: For partially encased beams under hogging
bending, a method is given in F.2(7) of Annex F.

NOTE 2: For composite beams comprising steel
beams with no concrete encasement, a method is
givenin E.2 and E.4 of Annex E.

4.3.4.1.5 Longitudinal Shear Resistance

(1)P The total design longitudinal shear shall
be determined in a manner consistent with
the design bending resistance, taking
account of the difference in the normal force
in concrete and in structural steel over a
critical length.

(2) In case of design by partial shear
connection in the fire situation, the variation
of longitudinal shear forces in function of
the heating should be considered.

(3) The total design longitudinal shear over
the critical length in the area of sagging
bending is calculated from the compression
force in the slab given by:

(4.4)

or by the tension force in the steel profile
given by:

(4.5)

whichever is smaller.

NOTE: For the calculation of the longitudinal shear
in the area of hogging bending, a method is given in
E.2 of Annex E.
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()P Insa pO3MOAINEHHS TMO30OBXKHBOTO
3CYyBy Mae TmependadaTucs — BiIMOBIIHE
NOTIEpeYHe apMyBaHHS  BIANOBIAHO 1O
6.6.6.2 EN 1994-1-1.

4.3.4.2 banku 3i cranesux mnpodiiis 0e3
0eTOHHOr0 00IULIIOBAHHS

4.3.4.2.1 3arajabHi NOJIOKEHHA

(1) OuiHky BOTHECTIWKOCTI
craneBux  npodimB  O6e3  OeToOHHOro
OONUIIIOBaHHS ~ BUKOHYIOTb [UIi  BIJIBHO
OMEPTHX EJIEMEHTIB Ta HEPO3PI3HUX OayoK
(pucyHok 1.2).

Oanku 31

4.3.4.2.2
nepepisy
Cmanesa baika

(1) Inst po3paxyHKy pO3MOALTY TEMIIEPaTypu
cTaneBoro mpodijro MOMepeyHuil mnepepis
MoOke OyTH pO3MIIJIEHO Ha OKpeMi YaCTUHU
BIZIMIOBITHO IO PUCYHKY 4.3.

Harpisanus NMONepPevYHoro

(4)P Adequate transverse reinforcement
shall be provided to distribute the
longitudinal shear according to 6.6.6.2 of
EN 1994-1-1.

4.3.4.2 Composite beams comprising steel
beams with no concrete encasement

4.3.4.2.1 General

(1) The following assessment of the fire
resistance of a composite beam comprising a
steel beam with no concrete encasement is
applicable to simply supported elements and
continuous beams (see Figure 1.2).

4.3.4.2.2 Heating of the cross-section

Steel beam

(1) When calculating the temperature
distribution of the steel section, the cross
section may be divided into various parts
according to Figure 4.3.

| beff
[

—
PucyHok 4.3: EneMeHTH NONEpPEeYHOro
nepepizy

(2) IlpuiinsaTo, MmO mepemaya Temia He
BiAOYBA€ETHCS HI MK OKPEMHUMH YaCTHHAMH
nepepisy, Hi MIXK BEPXHBOK TOJIHLECI0 Ta
OETOHHOIO ILTUTOIO.

(3) IigBummenns Temnepatypu 46, OKpeMHux
YaCTUH  HE3aXHINEHOI  CcTajeBoi  Oanku
npoTAroM  1HTepBally 4acy At  Moxe
BU3HAYATHUCS 32

A6

a,t :kshadow(lj(A jhnet AZ OC
’ N

ne Kspadow — TONPABOYHUE KoeQilieHT
edexTy TiHI 3riAHO 3 (quB (4);

C, — MATOMA TEIUIOEMHICTEL CTa 3TiIHO 3
3.3.1¢4), x/(xr-K);,

0, — TYCTHHA CTal 3rigHo 3 3.4.1, Kr/M,

A; — TUIOmA HEe3aXWIIeHOI MOBEPXHI
YACTHHU | CTAJIEBOTO MOMEPEYHOro, m%/m;

b

11

he

Flgure 4.3: Elements of a cross-section

(2) It is assumed that no heat transfer takes
place between these different parts nor

between the upper flange and the concrete
slab.

(3) The increase of temperature 46,, of the
various parts of an unprotected steel beam
during the time interval A4¢f may be
determined from:

[°C] (4.6)
where k.40 18 a correction factor for the
shadow effect (see(4));

¢, 1s the specific heat of steel in
accordance with (4) of 3.3.1 [J/kgK];

P, 18 the density of steel in accordance
with (1)P of 3.4 [kg/m’];

A; 1s the exposed surface area of the part i
of the steel cross-section per unit length
[m?*m];
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AyVi -  xoedillieHT  TOMEPEYHOro
mepepisy [M'] i-i €acTHHM CTameBOro
MOTIEPEYHOTO TIEpepizy,

Vi — o0’eM i-I YaCTUHU CTaJEBOro
MOTMEPEYHOro  Mepepidy Ha  OIUHUIIO
TOBXKUHHU, M /M;

hner — PO3PAXYHKOBE 3HAYEHHSI CYMapHOTO
TEIJIOBOTO TMOTOKY Ha OJWHHII IUIOLII
BianoBigHO 10 3.1 EN 1991-1-2;

2
hnet = hnet,c+ hnet,r B BT/M 5

]:l = (6, -Ogy), BT/MZ;

. 0. +273)"
Perr = 8,6 ,(5,67-107) @ ) , Br/m?,
—(0,,+273)"

Em SIK BU3HaUEHO y 2.2 (2);

& — Koe(iLlleHT NOTIMHAHHS BUIPOMIHIO-
BaHHS BOTHIO BignmosimHo 10 3.1 (6)
EN 1991-1-2;

6, — TeMIiepaTypa HaBKOJUIIIHBOTO ra3y B
MOMeHT 4acy t, °C;

6., — TemmiepaTypa cTaji B MOMEHT 4acy t
°C, BBaXa€TbCs OJHAKOBOI B KOXKHIH
YaCTHHI CTAJIEBOTO MONEPEUHOTO Mepepisy;

At — 1HTepBaJ Yacy, cex.

(4) Edexr TiH1l MOke OyTH BU3HAUYECHUH 3a:

K gy = 0.9 ¢ +ey +1/2:b +. [ +1/4- (8, ~b,)? ,
h,+b +1/2-b,+e¢ +e,—e

ne e;, by ey, hy, e, b, Ta posmipamu
MOMIEPEYHOr0  Tepepisy  BIANMOBIAHO 10
PUCYHKY 4.3.

[Tpumitka. BepxHe piBHAHHS, IO BH3HAYAE CPEKT
TiHI  (Kgudow), Ta HOTO 3acTOCyBaHHA 3a (3), €
anpoKCUMAIli€t0, mo Oa3yeTbcs HA PE3yJIbTAaTax
BEIIHKO1 KiTBKOCTI CHCTCMATHYHHX PO3PAXYHKIB;, A1
VTOYHCHHX  PO3PAXYHKOBHX MOJCTICH Ma€
3aCTOCOBYBATHCH ITPHHITMI KoeimieHTa GopMu.

(5) 3HaueHHst Af HEe MOBUHHO MEPEBUILYBATH
5 cexynn ms (3).

(6) IligBumenHst Temneparypu A6,, pi3HAX
YaCTUH CTajeBoi Oalku 3  130JIIOI0YUM
NOKPUTTSIM 32 1HTEepBaN Hacy Af MOXHA
OTPHUMATH 3:

Ald A,
a8, =|| 221 | 2o ( ! ](et—em)m
’ c,p. Vv, \1+w/3 ’

e i)
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A;/Vi 1s the section factor [m-1] of the part
i of the steel cross-section

Vi 1s the volume of the part 7 of the steel
cross section per unit length [m*/m]

Mt is the design value of the net heat
flux per unit area in accordance with 3.1 of
EN 1991-1-2

[W/m?]
[W/m?]
[W/m?]

&n as defined in 2.2 (2)

g 1s the emissivity of the fire according
t0 3.1 (6) of EN 1991-1-2

6 is the ambient gas temperature at time t
[°C]

O. 1s the steel temperature at time t [°C]
supposed to be uniform in each part of the
steel cross-section

At 1s the time interval [sec].

(4) The shadow effect may be determined
from:
4.7)

with e, b;, ey, h,, €5 b, and cross sectional
dimensions according to Figure 4.3.

NOTE: The above equation giving the shadow effect
(kshadow), and its use in (3), is an approximation,
based on the results of a large amount of systematic
calculations; for more refined calculation models, the
configuration factor concept as presented in 3.1 and
Annex G of EN1991-1-2 should be applied.

(5) The value of A t should not be taken as
more than 5 seconds for (3).

(6) The increase of temperature A46,, of
various parts of an insulated steel beam
during the time interval 47 may be obtained
from:

(4.8)
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c A .
3w:( pppjd{ p”jTa
C.P., 4

ae A, — TEIUIONPOBI THICTh
BOT'HE3aXHMCHOrO MaTepiaiy, sik BA3SHAYEHO B
3.3.4.1, Br/(mK);

d, — TOBIIMHA  BOTHE3aXHCHOTO
marepiainy, M;
A,; — muoma BHYTPIIIHBOI IOBEPXHI

BOTHE3aXHUCHOTO MaTepiajly Ha OJUHHIIO
TOBXKHHHM /-i YaCTHHHU CTAJIEBOTO EJIEMEHTY,
MM

Cp - IUTOMA TEIUIOEMHICTh
BOTHE3aXHUCHOTO MaTepiaiy siKk BU3HAUEHO B
3.3.4.1, Ix/(xrK),

P, — TYCTHHA BOTHE3aXHCHOI'O MaTepiany,
Kr/MC;

6, — TeMriepaTypa HaBKOJHIIHBOTO ra3y B
MOMEHT 4acy t, °C;

A6, — TWiOBUINEHHS — TeMIepaTrypu
HABKOJIMIIHBOTO Ta3y 3a IHTEpBall dacy
At, °C.

(7) bynp-ske Bi €MHe 3HAYEHHs
temneparypu A46,;, orpumane 3a (6), mae
OyTH 3aMiHEHO Ha HYJIb.

(8) 3HaueHHst Af HE MOBUHHO MEPEBUILYBATH
30 cex 3rinHO 3 4.3.4.2.2.6.

(9) Jlns He3axWIIEHHWX €JNEeMEHTIB Ta
€NEMEHTIB 13 3aXHUCTOM TI0  KOHTYpY,
koediLieHT nonepeuHoro nepepisy 4,/V; abo
Ap,/Vi Mae po3paxoByBaTHCS TAKUM YHHOM:
JUTSL HUOKHBOT TTOJIUL

A;/Viabo 4,1V, =2(b +e)/be,,

IUT BEPXHBOI TMOJHUIN, SIKIIO HIOHAHMEHIIe
85 % BepxHBOI MOJHII CTaJIeBOro mpodio
KOHTaKTYIOTb 3 OETOHHOK IUINTOK ado,
SIKIO OyIb-sKa TIOPOKHUHA MiXK BEPXHBOIO
MOJIMIEI0 Ta MPO(IILOBAHUM CTaJEBUM
HACTUJIOM 3arMoBHEHA HETOPHYHM
MaTepiajioM:

A;/Viabo 4,1V, = (b, +2e,)/ be,,

IUIE BEPXHBOI TMONHII Pa3oM 3 IUIUTOIO,
SIKINO MoHaliMeHIe 85 % BepXHBOI MONHULI
CTaJIEeBOTO npodiro KOHTaKTye 3
npodiIbOBAHUM CTAJIEBUM HACTUJIOM:
A;/Viabo A,; 1V, =2(b, +e,)/ be,,

where:

A, 1s the thermal conductivity of the fire
protection material as specified in (1)P of
3.3.4 [W/mK]

d, 1s the thickness of the fire protection
material [m]

Ap,; 1s the area of the inner surface of the
fire protection material per unit length of the

part i of the steel member [m%m]

¢, 1s the specific heat of the fire
protection material as specified in (1)P of
3.3.4 [J/kgK]

Py 1s the density of the fire protection
material [kg/m3]

6, is the ambient gas temperature at time t
[°C]

46, is the increase of the ambient gas
temperature [°C] during the time interval At.

(7) Any negative temperature increase a,f A9
obtained by (6) should be replaced by zero.

(8) The value of A 7 should not be taken as
more than 30 seconds for (6).

(9) For non protected members and
members with contour protection, the
section factor A4,/V; or A,/V; should be
calculated as follows:
for the lower flange:

(4.92)

for the upper flange, when at least 85% of
the upper flange of the steel profile is in
contact with the concrete slab or, when any
void formed between the upper flange and a
profiled steel deck is filled with non-
combustible material:

(4.9b)

for the upper flange when used with a
composite floor when less than 85% of the
upper flange of the steel profile is in contact
with the profiled steel deck:

(4.9¢)
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(10) Axmo Bucora Ganku h He mepesuInye
500 ™M, Temmeparypa CTIHKH Oanku
BU3HAYAEThCS K Taka, IO JOPIBHIOE
TEMIepaTypi HUKHbOI TTONULI .

(11) s enemeHTIB 13 3aXHUCHOIO
onanyOKoWw  TemrepaTypa MpUIMAaETbCs
NOCTIHOK MO BUCOTI Mpodio, sSKmo (6)
BUKOPHUCTOBYEThCS pasoM 3 4, /7,

e Ap — mIoIma BHYTPIIIHBOI MOBEPXHI
3axucHOi omanyOku crameBoi Oajku Ha
ONMHHULIO TOBXKHHH, M/M;

V — 00’eM HIJIOro MOMepPeyHOro nepepizy
CT3aJIeBo'1' 0alkd Ha OJWHMIIO TOBXKHHH,
M /M.

(12) Ak anprepHatuBa 10 (6), TEMIIEPATYPY
CTJIEBOTO Mepepizy Micys NPUHHIATOTrO 4acy
TPUBAJIOCTI  TOXEXKI  OTPUMYIOTH 13
PO3PaxXyHKOBHUX OJIOK-CXeM BIJMOBIAHO [0
Yactun 4 tTa S EN 13381.

(13) 3axucr craneBoi Oamku, MO MEXYE
3BepXy 3 OETOHHMM TEPEKPUTTSIM, MOXKe
Oytu 31HCHEHO 3a JIOTIOMOT 010
TOPH3OHTAIBHOTO  €KpaHy  3HU3y, a
Temneparypa Moxke Oytu oO4HCIeHa 3riaHO
34.2.53 EN 1993-1-2.

CucreMa ILIOCKHX O€TOHHHX ILIHT 200
OCTOHHHUX ILJIUT 31 CTAJEBHM HACTHJIOM

(14) i mpaBunma (15) Ta (16) MOXyTh
3aCTOCOBYBATUCS I TUIOCKUX OETOHHUX
T abo OETOHHMX IUINT 31 CTaJeBUM
HACTUJIOM 3 TpameneiganbHux abo 31
BX1IHUMH KyTaMH MpOQiiB.

(15) Posmomin mocTifiHOI TeMmnepaTrypu
MOYK€ MPHHMATHUCS 1O BCIH PO3PaxyHKOBIH
IIUPHHI /1,5 OETOHHOI MIIUTH.

[Mprvitka. MeToa A BU3HAYCHHA TCMIICPATYPH IO
TOBIIUHI OeTOHHOI IUIMTH HaBeaecHO B Tabmmmi D.5
mozarky D.

(16) Hns MEXaHIYHOTO aHa3y
MPUIMAETHCS, MO 3a TEMIEpaTypu OETOHY
Hrxde 250 °C sHMKeHHs HOro MiLHOCTI He
BPaXOBYETHCS.
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(10) If the beam depth h does not exceed
500 mm, the temperature of the web may be
taken as equal to that of the lower flange.

(11) For members with box-protection, a
uniform temperature may be assumed over
the height of the profile when using (6)
together with 4, /1

where:

Ap is the area of the inner surface of the
box protection per unit length of the steel
beam [m?/m]

J is the volume of the complete cross-
section of the steel beam per unit length
[m’/m].

(12) As an alternative to (6), temperatures in
a steel section after a given time of fire
duration may be obtained from design flow
charts determined in conformity with
EN 13381 Part 4 and Part 5.

(13) Protection of a steel beam bordered by
a concrete floor on top, may be achieved by
a horizontal screen below, and its
temperature development may be calculated
according to 4.2.5.3 of EN 1993-1-2.

Flat concrete or steel deck-concrete slab
system

(14) The following rules (15) to (16) may be
used for flat concrete slabs or for steel deck-
concrete slab systems with re-entrant or
trapezoidal steel sheets.

(15) A uniform temperature distribution may
be assumed over the effective width 4.4 of
the concrete slab.

NOTE: In order to determine temperatures over the
thickness of the concrete slab a method is given in the
Table D.5 of Annex D.

(16) For the mechanical analysis it may be
assumed, that for concrete temperatures
below 250°C, no strength reduction of
concrete is considered.
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4.3.4.2.3 PobGora koHCTpYKUii — MoOxelb
KPHTHYHOI TeMIIepaTypH

(1) IIpu 3acrocyBanHi wiei  Momeni

TeMIepaTypa CTaJIeBOT'O nepepisy
BBAXKAETBCS MTOCTIHHOKO.
(2) Merton 3aCTOCOBYETHCS ISt

CUMETPUYHHUX TMepepi3iB  MaKCHMAaJIbHOI
BHCOTOO h=500 MM Ta [JIs1 IUIUT TOBIUHOK
h. e Menme 120 MM, 3’€IHAHUX 3 BIJLHO
OmepTUMHU  OajKaMu, IMO 3a3HAKTh il
BHHSITKOBO JOJaTHUX 3rHHAJBHUX
MOMEHTIB.

(3) Kpuruuna temmneparypa &, moxe Oytu
BHU3HAYCHA 3aJIe)KHO BiJ piBHs
HAaBaHTA)KEHHs 775, KOMOIHOBAHOTO Nepepizy
Ta Big MIOHOCTI CTajgl 3a TiABHINEHUX
TEMIEPATYP  fay bor BiIMTOB1AHO pi (o)
3aJIeKHOCTI

st R30 0,910 = Japor ! Sy

y OyIb-sIKOMY 1HIIOMY BHIAAKY

L7, = fapoor! Sy

ne n;, =L;,, /R, ta E;,, =n,kE, srinHo
34.1(7)P ta 2.4.2(3).

(4) IligBUIIEHHS TEMIIEPATypPH Y CTAJIEBOMY
nepepizi Moke Bu3Hauatucs 3a 4.3.4.2.2(3)
abo 4.3.4.2.2(6), BUKOPUCTOBYIOUHU
koediLieHT nonepeuHoro nepepisy 4,/V; abo
A,/V; HIDKHBOI TIONHULI CTaJIEBOTO Mepepi3y.

4.3.4.2.4 PobGora KOHCTpPYKUiI — MoOxeab
OMOpY 3rHHAJIBHOMY MOMEHTY

(1) Sx anprepunatuBa no 4.3.4.23 omip
3THHAJIPHOMY MOMEHTY MOJK€ BHU3HAYATHCS
3a TEOPIEK IUIACTUYHOCTI 3 ypaxyBaHHIM
3MIHM  BJIACTUBOCTEH  Marepiany  Bif
temneparypu (nus. 4.3.1.2).

(2) Hecywya 3paTHICTP OIOPHOTO  Ta
MPOJILOTHOTO Tepepi3iB Ha 3TUH MOXe OyTH
pO3paxoBaHa, BPaXxOBYIOUM  KUJIBKICTb
3’€JHaHb, 1O MPALOIOTh Ha 3CYB.

[Tpumitka. MeTox po3paxyHKYy HECY4YOi 3AaTHOCTI
OTIOPHOTO Ta TPOJBOTHOTO TIEPEpi3iB HA 3THWH
HABEACHO B A0JaTKy E.

4.3.4.2.3 Structural behaviour - critical
temperature model

(1) In wusing the following critical
temperature model, the temperature of the
steel section is assumed to be uniform.

(2)P The method is applicable to symmetric
sections of a maximum depth h of 500 mm
and to a slab depth 4. not less than 120 mm,
used in connection with simply supported
beams exclusively subject to sagging
bending moments.

(3) The critical temperature 6., may be
determined from the load level 7, applied
to the composite section and from the
strength of steel at elevated temperatures
Jay,60r according to the relationship:

for R30 (4.10a)

in any other case
(4.10b)

where n,, =FE;, /R, 1a E,, =n,E,
according to (7)P of 4.1 and (3) of 2.4.2.

(4) The temperature rise in the steel section
may be determined from (3) or (6) of
43,4272 using the section factor 4,/V; or
A,/V; of the lower flange of the steel section.

4.3.4.2.4 Structural behaviour — bending
moment resistance model

(1) As an alternative to 4.3.4.2.3 the bending
moment resistance may be calculated by the
plastic theory, taking into account the
variation of material properties with
temperature (see 4.3.4.1.2).

(2) The sagging and hogging moment

resistances may be calculated taking into
account the degree of shear connection.

NOTE: For the calculation of sagging and hogging
moment resistances, a method is given in Annex E.
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4.3.4.2.5 IlepeBipka omopy CTpPH:KHEBHX
aHKepiB Ha 3CYB

(1) Po3paxyHkoBHIi OMip 3CYyBY CTPHIKHEBOTO
aHKepy MiJl 4Yac TMOKEXI Mae BH3HAYATHUCS
srigio 3 EN 1994-1-1, sx s cyuigpHHX
OETOHHUX IJIUT TaK 1 JJisi OETOHHUX IUTUT 3i
CTaJIEBUM HACTHJIOM, 3a BHHSITKOM BHIIAJKIB,
Konmu  Koe(iIieHT HamiWHOCTI %  CJiX
3aMIHMTH Ha i, 1 BHMKODUCTOBYBAaTH
MEHIIIE 3 TAKUX 3HUKCHUX 3HAYCHD'

Pyra =08k, - Py,

ne Pp; otpumanHo 3 piBHsSHHS ©6.18
EN 1994-1-1
Pﬁ,Rd = kc,@ Py ,

ne Prg orpumaHo 3 piBHSHHA 6.19
EN 1994-1-1 ta ne 3HaueHHs k, 9 Ta k.o
B3sTO 3 Tabmuui 3.2 Ta 3.3 BIAMIOBIAHO.

(2) TemnepaTypy CTpHIKHEBUX aHKEpiB &, Ta
Oerony 6. moxxHa mpuiiMati sk 80 % Ta
40 % BIANOBIAHO TEMIIEPATYPH BEPXHBOI
NoJHI GaNKH.

4.3.4.3 banku 3i craneBux mnpoginis 3
YACTKOBHUM 0€TOHHHM OOJIMI[IOBAHHSIM
4.3.4.3.1 3aranbHi N0J10KeHHsI

(1) Hecyua 3maTHiCTP Ha 3TUH YacCTKOBO
o0nuIpoBaHOI CTaneBoi Oajkh pasoMm 3
OETOHHOIO TUIUTOI0 MOXKE PO3PaXxOBYBATHCS
3a 43412 abo, $fK aJbTEPHATHUBA,
BUKOPHUCTOBYIOUH METO[, HaBEJEHUIT
HIDKYE.

(2) Ominaka BorHectiikocTi Oamku 31
CTaJIeBOro MpoQiJito 3 4aCTKOBUM OETOHHUM
OOJIULIFOBAHHSM (pucyHok 1.5)
3aCTOCOBYETBCS Uil BUIBHO oOmepTux ado
HEpO3PI3HUX  OajoK,  BKIIOYAKOYH X
KOHCOJIbHI YaCTHHH.

(3) LI npaBwima CTOCYIOTbCA — Oaliok,
HArPITHUX 3HU3Y 3a CTaHAAPTHUM
TEMIIEPATYPHUM PEKUMOM.

(4)P BruB Temmeparyp Ha BIaCTUBOCTI
Marepiany BpaxOBaHO ILISIXOM 3MEHIIEHHS
PO3MIpPIB CKJIAJOBHX YaCTHUH TMOMEPEYHOrO
nepepizy abo MHOXKEHHSIM XapaKTePUCTHK
MEXaHIYHUX BJIACTHBOCTEH MarepiaiiB Ha
KOe(ILi€HT 3HUKESHHSI.
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4.3.4.2.5 Verification of shear resistance
of stud connectors

(1) The design shear resistance in the fire
situation of a welded headed stud should be
determined both for solid and steel deck-
concrete slab systems in accordance with
EN 1994-1-1, except that the partial factor %,
should be replaced by 7.5 and the smaller
of the following reduced values is to be
used:
(4.11a)
with Pr; as obtained from equation 6.18
of EN 1994-1-1 or
(4.11b)
with Prs as obtained from equation 6.19
of EN 1994-1-1 and where values of %, ¢ and
k.o are taken from Tables 3.2 and 3.3
respectively.

(2) The temperature &, [°C] of the stud
connectors and &, [°C] of the concrete may
be taken as 80 % and 40 % respectively of
the temperature of the upper flange of the
beam.

4.3.4.3 Composite beams comprising steel
beams with partial concrete encasement
4.3.4.3.1 General

(1) The bending moment resistance of a
partially encased steel beam connected to a
concrete slab may be calculated using
43.4.1.2 or alternatively using the method
given hereafter.

(2) The following assessment of the fire
resistance of a composite beam, comprising
a steel beam with partial concrete
encasement according to Figure 1.5, is
applicable to simply supported or
continuous beams including cantilever parts.

(3) The following rules apply to composite
beams heated from below by the standard
temperature-time curve.

(4)P The effect of temperatures on material
characteristics is taken into account either by
reducing the dimensions of the parts
composing the cross section or by
multiplying the characteristic mechanical
properties of materials by a reduction factor.
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IMpumitka. Metoa  po3paxyHKy  Koe(imieHTy
3HMKEHHS HABEICHO B 10JaTKy F.

(5)P IlpuitHATO HE BPaxOBYBATH 3MEHIICHHS
OMOpy Ha 3CyB 3’€[HaHb, NPUBAPEHUX [0
BEPXHbOI TMONWILI, JOKA I 3 €THAHHS
3akpimuieH  OesmocepenHbo 0 pobodvoi
IIMPUHU AAHOI MTOJIULI .

[Tpumitka. MeTox BH3HAUCHHA POOOYOI MIMPUHH
HABEACHO B A0JATKy F.

(6) Lleit meTon moxe OyTHM BHUKOPHUCTAHUI
s kinacudikanii 0anok 3a HOPMOBAHUMH
Meskamu BorHectiiikocti R30, R60, R90,
R120 a6o R180.

(7) Le#i merom MOXXHAQ BUKOPHCTOBYBAaTH
s 3’€NHAHHS 3 IUIMTOK 31 CTaleBUMHU
npodiIbOBAaHUMH ~ JIUCTAMH,  SIKIIO B
TpareueinaaspbHoMy npogiai BUKOPHUCTAHO
mMarepianl Ui 3alOBHEHHS  MOPOXKHHUH
noeepx Oanok, sKmoO BHUOpaHi mpodin
OaraTopa3oBOro 3acTOCyBaHHS a00 SKINO
BUKOHY€EThCs ymoBa 4.1.16.

(8) 3HaueHHs TOBIMHM TUUTH h, (PHUCYHOK
44) Mae TmepeBHINYBATH  MiHIMaJIbHE
3HAY€HHsI TOBIIMHH IUTUTH, SIKE HABEIECHO B
tabauimi 4.8, Ilro Tabmuiro  MOKHA
BUKOPUCTOBYBATU [UII CUCTEM CYLIJIBHUX
TUTUT Ta TUTAT 31 CTAJIEBUMHU HACTHIIAMHU.

Tabmuus 4.8: MiHiMa/ibHa TOBLUMHA [JIUTH

NOTE: For the calculation of this reduction factor, a
method is given in Annex F.

(5)P It is assumed that there is no reduction
of the shear resistance of the connectors
welded to the upper flange, as long as these
connectors are fixed directly to the effective
width of that flange.

NOTE: For the evaluation of this effective width, a
method is given in F.1 of Annex F.

(6) This method may be used to classify
composite beams in the standard fire classes
R30, R60, R90, R120 or R180.

(7) This method may be used in connection
with a slab with profiled steel sheets, if for
trapezoidal profiles void fillers are used on
top of the beams, if re-entrant profiles are
chosen or if (16) of 4.1 is fulfilled.

(8) The slab thickness hc (see Figure 4.4)
should be greater than the minimum slab
thickness given in Table 4.8. This table may
be used for solid and steel deck-concrete
slab systems.

Table 4.8: Minimum slab thickness

Hopmosana Me)ka BOTHECTIHKOCTI
Standard Fire Resistance

MiniMaabHA TOBIUHA IJIHTH h,, MM
Minimum Slab Thickness h, [mm]

R30 60

R60 30

R90 100
R120 120
R180 150

4.3.4.3.2 PoboTa KoHCTpPYKUIil

(1) Hna  BigpHO  oOmeproi  Oanku
MaKCUMaJIbHUN 3TUHAJIBHUNA MOMEHT Y
NPOJILOTI, CIPUYHWHEHUN HABAHTAKEHHSIM,
Tpeba MOPIBHIOBATU 3 HECYYOK 3JATHICTIO
NPOJILOTHOTO ~ Tepepidy  NpW  3THHI,
po3paxoBaHoro 3rigHo 3 4.3.4.3.3.

(2) Ana po3paxyHKy HECy4oi 3OaTHOCTI
. . +

NPOJILOTHOIO NEpepi3y NpH 3TuHi My rs Mae

PO3rIsAaTUCS CXeMa Ha PUCYHKY 4.4.

4.3.4.3.2 Structural behaviour

(1) For a simply supported beam, the
maximum  sagging bending moment
produced by loads should be compared to
the sagging moment resistance which is
calculated according to 4.3.4.3.3.

(2) For the calculation of the sagging
moment resistance My, Figure 4.4 may be
considered.
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[TpumiTtka 10 pucysHky 4.4: A — Ilpuknax po3noaity
HATIPY>KCHHA B OCTOHI
b - Ilpukmag po3moziny HANPYXCHHI B
cram

Pucynok 4.4: EnemMeHTH NPONBOTHOTO
MIOTIEPEYHOr0 TePePi3y sl PO3PaxyHKY
HECYYOi 31aTHOCTI Ha 3TUH

(3)P Hecyua 3pmatHicTh Tpu 3ruHI OyIb-
SKOTO KPUTUYHOTO Tepepi3y B MPOJBOTI
HEepPO3pi3HOI OasKu Ta HeCy4a 3/1aTHICTh MPH
3THHI Ha KOKHI T oropi Mae
po3paxoByBaTuch 3rimHO 3 43433 Ta
43434

(4) Hns po3paxyHKy HECy4oi 3HaTHOCTI
OMOPHOTO Mepepisy npu 3ruHi Mpgrs Mae
PO3rIsAaTUCS PUCYHOK 4.5,

(5) Mns pospaxyHKy HeCy4oi 3HaTHOCTI,
BIMOBITHUX PI3HUM KJIacaM TIOXKEXKI, CJIiJ
3ampOBAIKyBaTH TaKl MeXaHIYHi
XapaKTePUCTHUKH:

- nmst npo(iro, TPaHULS TEKYHOCT! foy,
10 MOKJIMBOCTI 3HUKEHA,

- Ui apMaTypHUX CTPHKHIB, 3MEHIIEHA
IPaHHLA TEKY4OCTI foy 200 K, £y

- anst 6eTOHY, UWJIIHAPUYHA MIIHICTh HA
CTHUCK f,.
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NOTE to Figure 4.4: (A) Example of stress
distribution in concrete;
(B) Example of stress distribution in steel

Figure 4.4: Elements of a cross-section for
the calculation of the sagging moment
resistance

(3)P For a span of a continuous beam, the
sagging moment resistance in any critical
cross-section and the hogging moment
resistance on each support shall be
calculated according to 43433 and
43434

(4) For the calculation of the hogging
moment resistance M r; Figure 4.5 may be
considered.

(5) For the calculation of the moment
resistance corresponding to the different fire
classes, the  following  mechanical
characteristics may be adopted:

- for the profile, the yield point f
possibly reduced,;

- for the reinforcing bars, the reduced
yield point £, or &, f,;

- for the concrete, the compressive
cylinder strength f,.
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[Tpumitka no pucyHky 4.5: A — Ilpukman po3moaity NOTE to Figure 4.5: (A) Example of stress
HANpy>KECHHA B OCTOHI distribution in concrete;
b — IIpuknan po3moainy Hampy>KeHHA B (B) Example of stress distribution in
cram steel

Pucynok 4.5: EnemeHTH OOpHOro
MIOTIEPEYHOTO MePePi3y s PO3PaxyHKY
HECYYO0i 3IaTHOCTI HA 3TUH

(6)P Po3paxyHKOBI 3Ha4e€HHS MeEXaHIYHUX
XapakTepUCTHK, HasemeHi B 4.3.43.2.5,
BHU3HAYEHO 3 BUKOPUCTAHHSAM KOe(illi€HTIB
HaIIHHOCTI, MaHuX B 2.3.1.

(7) bankm, 1mO BBAKAKTHCI  BIUIBHO
o0nepTUMH 11 PO3PAXyHKY 32 HOPMAaJbHOL
TEMIIepaTypH, MOXYThb BBaYKATUCS
HEPO3PI3HUMH MiJ] dYac TOXKEXi, SKIIO
BUKOHYETBHCS ymoBa 5.4.1.5.

4.3.4.3.3 Hecyua 31aTHiCTb NPOJILOTHOIO
nepepisy Ha 3run My ry'

(1) IlIwpuna b, OeToHHOI mMIHMTH Mae

IOpIBHIOBATH  PO3PaxXyHKOBIH  INHpPHHI,
BUOpaHiii BIATIOBIAHO 10 5412
EN 1994-1-1.

(2) Ana po3paxyHKy HeCy4oi 3OaTHOCTI
MPOJBOTHOTO TEpepidy Ha 3THH  CliJ
BPaXxOBYBATH CTUCHYTY 30HY O€TOHY ILIHTH,
BEPXHIO MMOJIULO, CTIHKY Ta HIKHEO TTOJIHLIO
npodiIro, apMaTypHI CTPIDKHI. Binmosigae
NPaBUIIO Mae BU3HAYATH BILJIUB
TEMIepaTypyu Ui KOXKHOI 3 LMX YacTUH
norepevHoro nepepizy. Po3rsarayruii 6eToH
TUTATH Ta O€TOH MiX MOJIMLSIMHA MPOKATHOTO
npodiIr0 HE BPaXOBYETHCS (PUCYHOK 4.4).

Figure 4.5: Elements of a cross-section for
the calculation of the hogging moment
resistance

(6)P The design values of the mechanical
characteristics given in (5) are obtained by
applying the partial factors given in (1)P of
23.

(7) Beams, which are considered as simply
supported for normal temperature design,
may be considered as continuous in the fire
situation if (5) of 5.4.1 is fulfilled.

4.3.4.3.3 Sagging moment resistance
Mjri'

(1) The width eff b of the concrete slab
should be equal to the effective width
chosen according to 5.4.1.2 of EN 1994-1-1.

(2) In order to calculate the sagging moment
resistance, the concrete of the slab in
compression, the upper flange of the profile,
the web of the profile, the lower flange of
the profile and the reinforcing bars should
be considered. For each of these parts of the
cross section, a corresponding rule may
define the effect of the temperature. The
concrete in tension of the slab and the
concrete between the flanges of the profile
should be ignored (see Figure 4.4).
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(3) Ha ocHOBI He0oOXiTHMX YMOB PiBHOBaru
Ta Ha OCHOBI TEOpil IUIACTUYHOCTI MOXKHA
BU3HAYUTH HEWTPaJbHY MO3IOBXKHIO BiCh
Oanku Ta OOYMCIUTH HECy4dy 3[aTHICTb
IPOJILOTHOTO Mepepi3y Ha 3THH.

4.3.4.3.4 Hecyuya 3gaTHiCTH ONOPHOIro
nepepisy Ha 3ruH Mg rq

(1) Po3paxynkoBa mupuHa OETOHHOI TUTUTH
JOPIBHIOE TMOTPIHHOMY 3HAYEHHIO LIMPUHU
cranesoro mnpodumo (pucynok 4.5). Ils
pPO3paxyHKOBa INHUPHHA BHU3HAYAETHCA 3
ypaxyBaHHIM apMaTyPHHUX CTPIIKHIB.

(2) Ansa pos3paxyHKy HECy4oi 3HaTHOCTI
OTMOPHOTO  Mepepidy Ha  3THH  CJiJ
BPaxOBYyBaTH  apMaTypHI  CTPWXKHI Y
OETOHHIH TINTI, BEPXHIO MOJHLIO TPOQIIFO,
3a BUHITKOM, KOJIU BHKOHYETBCS YMOBA
434344, Ta O€TOH MK IOJIHLSIMH
npodimro.  BiamoBigHe  mpaBWiIo  Mae
BU3HAYATH BIUIMB TEMIIEPATYPU JJIST KOXKHOL
3 [OHUX YaCcTUH TIONEPEYHOro mepepisy.
PosTsrHyTa 30Ha O€TOHY IUIMTH, CTIHKa Ta
HIDKHS TIOJHLS PO 1ITI0 HE BPaXOBYIOTHCS.

[Tpumitka. MeToa po3paxyHKy CTIHKH Ha TIOTICPSHHY
cuiny HaseacHo B F.2 nogatky F.

(3) ApmatypHi CTPHXKHI MIK TOJHULSIMH
MOXYTb  TpaIlOBaTH HAa CTUCK Ta
BPaXxOBYBATHCS MPHU PO3PAXYHKY HECy4oi
3MATHOCTI OIMOPHOTO TMepepidy Ha 3THH 3a
YMOBH, IO TIONEPEYHE apMyBaHHS (XOMYTH)
BigmoBigae Bumoram EN 1992-1-1, mo0
oOMexyBaTu MO3/1OBXKHI 1 BUTHH
apMaTypHHUX CTPIJKHIB Ta 3a YMOBH, LIO
crajeBuil Mpodiiab Ta apMaTypHI CTPUXKHI €
HETepEepBHUMH Ha Omopi, ad0 BUKOHYETHCS
ymoBa 5.4.1.5.

(4) Y Bunanky BiJbHO OnepToi OaiKH 3TigHO
3 5.4.1.5 BepxHs NoMMLsA HE BPAXOBYETHCS,
SIKIIO BOHA PO3TATHYTA.

(5) Ha ocHOBi HEoOXigHMX YMOB PiBHOBaru
Ta Ha OCHOBI TEOpil IUIACTUYHOCTI MOXKHA
BU3HAYUTH HEWTpaIbHYy MO3OBXKHIO BIChH
Oanku Ta OOYMCIUTH HECy4dy 3[aTHICTb
OTIOPHOTO TIepepi3y Ha 3THH.
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(3) On the basis of the essential equilibrium
conditions and on the basis of the plastic
theory, the neutral bending axis may be
defined and the sagging moment resistance
may be calculated.

4.3.4.3.4 Hogging moment resistance
M ra

(1) The effective width of the concrete slab
is reduced to three times the width of the
steel profile (see Figure 4.5). This effective
width determines the reinforcing bars to be
taken into account.

(2) In order to calculate the hogging moment
resistance, the reinforcing bars in the
concrete slab, the upper flange of the profile
except when (4) is applicable, and the
concrete in compression between the flanges
of the profile should be considered. For each
of these parts of the cross-section a
corresponding rule may define the effect of
the temperature. The concrete in tension of
the slab, the web and the lower flange of the
profile should be ignored.

NOTE: For the design of the web, regarding vertical
shear, a method is given in F.2 of Annex F.

(3) The reinforcing bars situated between the
flanges may participate in compression and
be considered in the calculation of the
hogging moment resistance, provided the
corresponding stirrups fulfil the relevant
requirements given in EN 1992-1-1, in order
to restrain the reinforcing bars against local
buckling, and provided either both the steel
profile and the reinforcing bars are
continuous at the support or (5) of 5.4.1 is
applicable.

(4) In the case of a simply supported beam
according to (5) of 5.4.1, the upper flange
should not be taken into account if it is in
tension.

(5) On the basis of the essential equilibrium
conditions and on the basis of the plastic
theory, the neutral bending axis may be
defined and the hogging moment resistance
may be calculated.


arymarenko
Прямоугольник


(6)P TlpuHUMIM 3arajbHOrO IUTACTHYHOTO
PO3paxyHKy 3aCTOCOBYIOTBCS ISt
CTIOJyYEHHS] TO3UTHBHUX Ta HETaTUBHUX
MOMEHTIB, SKIO Ha OMOpax PO3BHBAIOTHCS
TUTACTHYHI IMApHIPH.

(7) banku, mo MicTsaTh crajesi npodinl 3
YaCTKOBUM  OETOHHMM  OOJIUIFOBAHHSIM
MOXYTb CHpPUHAMATH TIO3AOBXKHIH 3TUH 3
KPYYEHHSIM 11T 9ac TTOXKEXKI.

43.44 CraneBl OaJKH 3 YACTKOBHM
0CTOHHHM 00 THMLIOBAHHAM

(1) Sxmo wuacTtkoBO OONHMIBOBaHAa Oayka
niaTpuMye OETOHHY TUINTY O€3 CTPYIKHEBUX
aHKepiB, SIK TIOKa3aHO Ha pucyHka 1.3,
npaBuia, HasemeHi B 4.3.43, MOXyTb
3aCTOCOBYBATHCH 6e3 BpaxyBaHHs
MEXaHIYHOTO OTOpPY 3113006 TOHHOI TUTUTH.

4.3.5 Kosnioun
4.3.5.1 Po6oTa KoHCTPYKIIT

(1)P  CmpomeHi po3paxyHKOBI — Mozednl,
OMHUCaHl HUXYE, CIiJI 3aCTOCOBYBATH JIUIIE
JUTS1 KOJIOH PaMHO-B’ SI3€BOT'O KapKacy.

[Tpumitka. B ycix BUmaakax BiTHOCHA THYYKICTD I

HOPMAJBHOTO MPOEKTYBaHHA A < 2 — 3rimHo 3
6.7.3.1.1 EN 1994-1-1.

(2) YV crmpomeHux MOAeNnsx pPo3paxyHKOBE
3HAYEHHs HEeCy4ol 3JaTHOCTI KOJIOH IIpHU
MO3/10B)KHBOMY CTHCKY (xpuTH4HE
HABAHTAXXEHHS, IO CIPHYUHSE BTPATY
CTIMKOCTI) Mif Yac MOXKeXKl Mae BU3HAYATHCS
3a:

Nﬁ,Rd = ZNﬁ,pl,Rd )

ne y — Koe]ilieHT 3HIKeHHS AJIs1 KPUBOI
MO3/IOBXKHBOIO 3THHY ¢ 3rigHo 3 6.3.1
EN 1993-1-1, sikuii 3aJI€3KUTh Bif BIJHOCHOI
THY4KOCTi A ¢

Nipird — PO3PaXyHKOBE  3HAa4YEHHs
MJIACTUYHOTO onopy nepepizy
MIO3/I0BXKHBOMY CTHCKY ITiJ] 4aC MOXKEXKI.

(3) Ilomepeunwii mepepi3 KOJOHH MOXKeE
Oyt po3mijeHWii Ha Pi3HI  YaCTHHU.

[yl

CraneBuit mpodinb Mae TMO3HAKYy “a

2

apMaTypHI CTPYIKHI TTO3HAYAKOTh “S”, OETOH

[yl
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(6)P The principles of plastic global analysis
apply for the combination of sagging and
hogging moments if plastic hinges develop
at supports.

(7) Composite beams comprising steel
beams with partial concrete encasement may
be assumed not to fail through lateral
torsional buckling in the fire situation.

4.3.4.4 Steel beams with partial concrete
encasement

(1) If the partially encased beam supports a
concrete slab, without shear connection
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