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HALIOHATNIbHUWX BCTYN

Llen ctangapT € TotoxHuM nepeknagom EN 1993-1-2:2005 Eurocode 3: Design of steel structures —
Part 1-2: General rules — Structural fire design (€spokog 3: NMpoekTyBaHHSA CTaneBuX KOHCTPYKLiA —
YactnHa 1-2: 3aranbHi NonoxeHHA — PoO3paxyHOK KOHCTPYKLIM Ha BOFHECTIMKICTb) 3 TEXHiYHO
nonpaekoto EN 1993-1-2: 2005/AC:2009.

EN 1993-1-2:2005 nigrotoBneHo TexHidyHum komitetom CEN/TC 250, cekpeTapiaToM sIkoro Kepye
BSI.

[o HauioHanbHOro ctaHgapTy 4OMYy4YEHO aHTfIOMOBHMI TEKCT.

Ha tepuTopii YkpaiHu sk HauioHanbHWIA cTaHaapT gie niea konoHka Tekcty ACTY-H b EN 1993-1-2:2010
€Bpokoa 3. lNpoeKTyBaHHs CTaneBMx KOHCTPYKUiA. YacTuHa 1-2. 3aranbHi NonoxeHHs. Po3paxyHok
KOHCTPYKUiM Ha BorHecTinkicTe (EN 1993-1-2:2005, IDT), BuknageHa yKpaiHCbKOK MOBOHO.

BignosigHo go BH A.1.1-1-2009 "Cuctema ctaHgapTm3aadii Ta HopmyBaHHA B OyaiBHMLTBI. OCHOBHI
MOMNOXeHHA" el cTaHAapT BigHOCUMTbLCA A0 Komnnekcy B.1.2 "Cuctema 3abesnevyeHHs HaginHOCTI Ta
Besnekn byaisenbHMx 06’ekTiB ".

CtaHgapT MiCTUTb BUMOTK, SKi BignoBigaTb YAHHOMY 3aKOHOLaBCTBY.

HaykoBo-TexHi4Ha opraHisauis, BignosiganbHa 3a uen ctaHgapt, — AN HOIBK.

[o uboro ctaHaapTy BHECEHO Taki peAakUinHi 3MiHu:

— crnoBa "Uen MbxHapoaHUW cTaHgapT" 3aMiHeHO Ha "uen ctaHgapT";

— CTPYKTYpPHi enemMeHTn ctaHgapty — "O6knaguHky"”, "Mepegmoy”, "HauioHaneHui BcTyn", "BusHa-
YEHHS1 MOHATL" — 0POPMINEHO 3rigHO 3 BMMOramMu HauioHanbHOI cTaHgapTu3adil Ykpainu;

— HauioHanbHUN OOBIOKOBUM 400ATOK HAaBeAEHO AK HACTaHOBY 1151 KOPUCTYBaYiB.

Mepenik HauioHanbHMX cTaHgapTiB Ykpaiiun (OCTY), igeHTMyHnx MC, nocunaHHa Ha ki € B
EN 1993-1-2:2005, HaBegeHo B gogatky HA.

Konii MC, He NpuAHATUX 5K HaLioHanbHIi cTaHAapTW, Ha aki € nocunanHa EN 1993-1-2:2004, moxHa
oTpumaTu B [0noBHOMY hOHAI HOpMaTUBHUX AokymeHTiB O "YkpHOHLL".

TexHiyHa nonpaBka EN 1993-1-2:2005/AC:2009 po EN 1993-1-2:2005 nogaHa B KiHUi
OCTY-H B EN 1993-1-2:2010 nicna gopgatka HA.
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BCTYN

Llen eBponencekunin ctaHgapT EN 1993, €Bpokopg
3: "lNpoekTyBaHHsA CTaneBux KOHCTPYKUinN" nigro-
TOBMeHun TexHiyHuMm komiTetom CEN/TC 250
"ByaiBenbHi €Bpokoaun", cekpeTtapiaTt Koro yTpu-
myeTbea BSI. CEN/TC 250 BignosiganbHuii 3a BCi
"ByaisensHi €Bpokoan”.

Libomy ctaHgapTy Oyae HagaHO HauioOHaNbHOro
cTaTycy onybnikyBaHHAM iOEHTUYHOIO TEKCTY
abo yxBaneHHaM He nisHiwe >xoBTHA 2005 p., a
HauioHamnbHi CTaHAapTH, WO MakTb 3 HUM pPO3-
GixkHOCTI, OyayTb BigMiHEHI He Mi3Hile OepesHs
2010 p.

Llen crangapt 3amiHoe ENV 1993-1-2.

3rigHo 3  BHyTpiwHiIMM noctaHoBamu CEN-
CENELEC uewn craHpapt 3000B’si3aHi BNpoBa-
OWTW HauioHanbHi opraHisadil 3i ctaHgapTusadil
Takux KpaiH: ABcTpii, Benbrii, Kinpy, Pecny6niku
Uexia, [Hanii, EcToHii, ®innangii, PpaHuii,
HimeuuunHn, INpeuil, YropwuHu, lcnangii, Ipnadair,
Itanii, INateii, Jluteu, JltokcemOBypry, ManbTty,
HigepnaHgis, Hopserii, [Monbuwi, [NopTyranii,
CnoBayvunHu, CnoseHii, lcnaHii, LWBeuii, LLsen-
uapii Ta O6’egHaHoro KoponiecTea.

\

FOREWORD

This European Standard EN 1993, Eurocode 3:
Design of steel structures, has been prepared by
Technical Committee CEN/TC250 "Structural
Eurocodes", the Secretariat of which is held by
BSI. CEN/TC250 is responsible for all Structural
Eurocodes.

This European Standard shall be given the status
of a National Standard, either by publication of an
identicaltext or by endorsement, at the latest by
October 2005, and conflicting National Standards
shall be withdrawn at latest by March 2010.

This Eurocode supersedes ENV 1993-1-2.

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



ACTY-H B EN 1993-1-2:2010

HALIOHANBbHUA CTAHOAPT YKPAIHU

€BPOKO[ 3. NPOEKTYBAHHS CTAJNIEBUX KOHCTPYKLIN
YactuHa 1-2. 3aranbHi nonoxeHHsA. Po3paxyHOK KOHCTPYKLi Ha BOFHECTINKICTb

EBPOKO[ 3. MPOEKTUPOBAHWME CTAJIbHbIX KOHCTPYKLIN
Yactb 1-2. O6wme nonoxeHns. PacyeT KOHCTPYKUUIN HA OFTHECTONKOCTb

EUROCODE 3: DESING OF STEEL STRUCTURES
Part 1-2: General rules. Structural fire desing

OCHOBMU NPOIrPAMM €BPOKO[IB

B 1975 poui Kowmicis €Bponencbkoi cninbHOTH
NPUAHANA pilleHHa Woao nnaHy gim y cdepi
OygaiBHuuTBa Ha migcTaei ctatTi 95 yrogn. MeTtoto
nnaHy Ain 6yno yCyHEHHSA TeXHIYHUX nepeLuKkos
ANA TOPriBni Ta y3rogXeHHs TEXHIYHUX YMOB.

Y wmexax upboro nnadHy Adin Kowmicia novana
BNPOBALKyBaATWU CUCTEMY Y3rOPKEHUX TEXHIYHNX
npaBwn Ons NPOeEKTYBaHHA OyaiBenb Ta cnopya,
WO Ha nepwlomy eTani Manu cTaTu arnbTepHa-
TMBOIO UYMHHUM AepXXaBHMM HOpMaM JepxaBs-
YrieHiB, a 3peLuTor Masu 3aMiHUTK iX.

MpoTsarom m'atHaguaTy pokiB Kowmicia 3a gono-
mMoroto [MocTiHOro KomiTeTy, 4O CKnagy $Koro
BXOAWITM NPeACTaBHUKN OepXKaB-4IeHiB, po3pob-
nana nporpamy €BpoKoAiB, pe3ynbTaTtoM 4oro
cTana nybrnikauis nepLloro NOKOMiHHS €Bponew-
CbKkunx Hopm y 80-x pokax.

Y 1989 poui Kowmicia Ta gepxasu-dnenHn EU
(€Bponenicbkoi cninbHOTH) | EFTA (E€Bponencs-
Kol acouiauii BinbHOT TOpriBni) Ha nigcrasi yro;:|,|/11
mixx Komicieto Ta CEN (€BponercbkumM KOMITETOM
3i cTaHgapTu3adii), BUpilmnm nepeaaTtu nigrotoBky
Ta nybnikauito €spokogis o CEN 3a gonomoroto

Yropa mix Komicieto €Bponencbkmx CninbHOT i €Bpo-
neviceknm komitetom crtaHgaptmsauii (CEN) wopno
poboTn Hag €Bpokogamu Ans NpoekTyBaHHSA Oyaisenb
Ta cnopyn (BC/CEN/03/89).

YuHHun Big 2013-07-01

BACKGROUND OF THE EUROCODE
PROGRAMME

In 1975, the Commission of the European Com-
munity decided on an action programme in the
field of construction, based on article 95 of the
Treaty. The objective of the programme was the
elimination of technical obstacles to trade and the
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 al-
ternative to the national rules in force in the Mem-
ber States and, ultimately, would replace them.

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

In 1989, the Commission and the Member States
of the EU and EFTA decided, on the basis of an
agreement’ between the Commission and CEN,
to transfer the preparation and the publication of
the Eurocodes to CEN through a series of Man-
dates, in order to provide them with a future status

! Agreement between the Commission of the European
Communities and the European Committee for Stand-
ardisation (CEN) concerning the work on EURO-
CODES for the design of building and civil engineering
works (BC/CEN/03/89).

BuaaHHsa odidinHe
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cepii mangaTiB, wWob y manbyTHbOMYy HagaTtu
€Bpokogam cratycy €Bponencbkoro ctaHaapTy
(EN). Lle daktnyHo nos’dA3ye €Bpokoam 3 noso-
XeHHsaMK anpektus Paan Ta/abo piweHb Komicii
CTOCOBHO €BPOMNENCLKNX CTaHAapTiB (Hanpuknag,
avpektnea Pagm 89 / 106 / EEC wopo 6yai-
BenbHMX BUpobieB — CPO — Ta amnpektusn Pagu
93/37/EEC, 92/50/EEC i 89/440/EEC wopo rpo-
MaACbKMX MPOEKTIB Ta KOMYyHasibHWX MOCAYr i
piBHOUiHHMX aupekTnB EFTA, wo 3anoyaTKoBaHi
3 METO CTaHOBIIEHHSI BHYTPILLHBOIrO PUHKY).

Mporpama 6yaiBenbHMX €BPOKOAIB BKMOYAE Taki
CTaHOapTW, WO B OCHOBHOMY CKNagarlTbCsa 3
[JEKINbKOX YaCTuH:

EN 1990 €Bpokoa: OCHOBM NPOEKTYBaHHSA KOH-
CTPYKLIN

EN 1991 €spokop 1: il Ha KoOHCTpyKLUii

EN 1992 €spokop 2: NpoekTyBaHHA 3anizobe-
TOHHUX KOHCTPYKLIN

EN 1993 €pokoa 3: lNpoekTyBaHHA CTanesBux
KOHCTPYKLIN

EN 1994 €Bpokoag 4: [lpoekTyBaHHs cTane-
3ani3o6eTOHHMX KOHCTPYKLLi

EN 1995 €spokopg 5: NpoekTyBaHHA AepeB’siHNX
KOHCTPYKLIN

EN 1996 €spokon 6: MpoekTyBaHHSA KaM’'SHUX
KOHCTPYKLIN

EN 1997 €spokog 7: [eoTexHiYHe NPOEKTYBaHHSA
EN 1998 €Bpokoa 8: lNpoekTyBaHHS cencMo-
CTINKMX KOHCTPYKLIN

EN 1999 €spokog 9: NpoekTyBaHHS antoMiHiEBUX
KOHCTPYKLIN

€BpoKoaM BM3HaAYaloThb BigNOBigANbHICTL pPO3Mo-
paaYMx opraHiB AepxaB-4YreHiB Ta 3axumaTb 1X
npaBo BM3Ha4YaTU BENUYUHMU, LLO CTOCYKTbCH
nUTaHb perynioBaHHA ©e3nekn Ha HauioHanb-
HOMY PiBHI, SIKLLO Lii BENMYMHM BigPI3HAIOTLCA AN
BCiX Aep’KaB-YrleHiB.

of European Standard (EN). This links de facto
the Eurocodes with the provisions of all the Coun-
cil'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 pub-
lic works and services and equivalent EFTA
Directives initiated in pursuit of setting up the in-
ternal market).

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

EN 1990 Eurocode 0: Basis of Structural Design

EN 1991 Eurocode 1: Actions on structures

EN 1992 Eurocode 2: Design of concrete struc-
tures

EN 1993 Eurocode 3: Design of steel structures

EN 1994 Eurocode 4: Design of composite steel
and concrete structures
EN 1995 Eurocode 5: Design of timber structures

EN 1996 Eurocode 6: Design of masonry struc-
tures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures for
earthquake resistance

EN 1999 Eurocode 9: Design of aluminium struc-
tures

Eurocode standards recognize the responsibility
of regulatory authorities in each Member State
and have safeguarded their right to determine val-
ues related to regulatory safety matters at na-
tional level where these continue to vary from
State to State.



CTATYC TA COEPA 3ACTOCYBAHHA
€BPOKOLIB

Hepxasn-uneun EU Tta EFTA BM3HaOTh, LWO
€BpoKOaM CrykaTb OCHOBOMOSTOXXHUMUW JOKYMEH-
TaMu Ansa Takux Uinen:

— K 3acobu 3abesneyveHHs BioNOBIAHOCTI Oyai-
BeNb Ta CMNopya OCHOBHMM BuMoram [unpek-
TvBn Pagn 89/106/EEC, 3o0kpema OCHOBHiIl
B1MOo3i Ne 1 "MexaHi4Hui onip Ta CTinKiCTb" Ta
OCHOBHI BUMO3i Ne 2 "[oxkexkHa beaneka";

— $K OCHOBa Ang yknagaHHsi yrog Ha byaiBenbHi
pobOoTU Ta CynyTHI iHXXEHepHi nocnyru;

— dK OCHOBa [Afi pO3pPOBMEHHS Y3roaXeHux
TEXHIYHMX YyMOB Ha OypaisenbHi BMpobu (ENs
Ta ETAS).

Ockinbkn €Bpokoam 6e3nocepeHbO CTOCYOThCS
OyniBenbHUX pobiT, BOHWM MaloTb NpsMe BigHO-
WeHHs 0o TnyMayHux ﬂ,OKyMeHTiBZ, o nocu-
natotbcs Ha ctaTTio 12 CPD, xo4a Bigpi3HATbCS
BiL rapMOHI30BaHUX CTaHOapTiB Ha BI/IpO6VI3.
TakuM YMHOM, TEXHIYHI acnekTu, WO BUHUKAOTb
npw 3acTocyBaHHi €BpokoaiB, MatoTb 6yTK Bigno-
BiOHO po3rngaHyTi TexHiyHummn komitetamm CEN
Ta/abo pobounmmm rpynamm EOTA, wo pos-
pobnatoTb CTaH4apPTU Ha ByAiBenbHI BUpobu, ons
[OCArHEHHS MOBHOI BIiAMOBIAHOCTI  TEXHIYHUX

ymMoB €Bpokoaam.

2 BignosigHo o ct. 3.3 CPD ocHoBHi Bumorn (ERSs)
HabyayTb YiTKOT hopMK y TIyMaYHUX AOKYMEHTax Ans
CTBOPEHHSA HEOOXiOHWX 3B'A3KIB MK OCHOBHUMM
BMMOraMu Ta MaHAaTtaMu Ha rapMoHizoBaHi ENs Ta
ETAGS/ETAs.

3 BignosigHo po ct. 12 CPO TnymauHi OOKyMEHTH
MatoTh:
a) HagaTu 4iTKky hOpMy OCHOBHMM BMMOraM, y3roame-
WM TEepMIHOMOrit0 Ta TEexHiYHi 3acagun, i BkasaBLUK
knacw abo piBHi Ans KOXKHOT BUMOTU, Ae Lie HeOOXIaHO;

b) BkasaT meToam 3icTaBneHHs LKX Knacis abo piBHIB
BMMOT 3 TEXHIYHUMU yMOBaMW, Hanpuknag, metogamm
po3paxyHKy Ta MepeBipku, TEXHIYHUMU MpaBunamm
NPOEKTYBaHHS TOLLO;

C) crnyryBaTu peKkoMeHZauie Ans BrnpOBaXeHHS
y3rof)KeHUX CTaHOapTiB Ta HacTaHOB ANsl €Bponen-
CbKOTO TEXHIYHOIO yXBaneHHs.

€Bpokoan hakTUYHO BigirpatoTb NOAIGHY ponb y coepi
ER 1 ta yactunm ER 2.
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STATUS AND FIELD OF APPLICATION
OF EUROCODES

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

— as a means to prove compliance of building
and civil engineering works with the essential
requirements of Council Directive 89/106/EEC,
particularly Essential Requirement N°1 — Me-
chanical resistance and stability — and Essen-
tial Requirement N°2 — Safety in case of fire;

— as a basis for specifying contracts for con-
struction works and related engineering ser-
vices;

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

The Eurocodes, as far as they concern the con-
struction works themselves, have a direct rela-
tionship 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 stan-
dards with a view to achieving full compatibility of
these technical specifications with the
Eurocodes.

2 According to Art. 3.3 of the CPD, the essential require-
ments (ERs) shall be given concrete form in interpreta-
tive 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 docu-
ments 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 lev-
els of requirement with the technical specifications, e.g.
methods of calculation and of proof, technical rules for
project design, etc.;
c) serve as a reference for the establishment of harmo-
nized standards and guidelines for European technical
approvals.
The Eurocodes, de facto, play a similar role in the field
of the ER 1 and a part of ER 2.
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€BpoKOAM BCTAHOBMIOWTL 3arasnbHi  NpaBunia
NPOEKTYBaHHA [Onsl MOBCAKOEHHOrO 3acTocy-
BaHHSA K Ans NMPOEeKTyBaHHs OyaiBenb B LinoMmy,
Tak i X CKNagoBUX YacTUH, K TPaguLiiHKX, Tak i
HOBMX. Y BUNagKkax HEeTUNoBol (POpMM KOHCT-
pyKUii abo yMOB MPOEKTYBaHHS, O KOHKPETHO
He po3rnsgarTbCs, € HeobxigHow AogaTkoBa
eKcrnepTHa OLiHKa 4S5 NPOEKTyBarbHMKa.

HALUIOHAIbHI CTAHOAPTW,
O BNPOBAOXYIKOTb €EBPOKOOU

HauioHanbHi cTaHgapT, WO BMNPOBaAXYTb
€Bpokoau, MICTATb MNOBHWUA TeKCT EBpokoay
(BkntOYHO 3 yciMa gogaTtkamu), WO BUAAHWN
CEN, sikunm mMoxke [OOMOBHIOBATM HaLiOHaNbHUI
TUTYNbHUIA apKylW Ta HauioHanbHUW BCTYN Ha
noyaTky, a TakoX HaLioOHaNbHUIN OAATOK B KiHLi.

HauioHanbHUM gogaTtok Moxe MiCTUTK iHdop-

MaLito Nue CTOCOBHO TMX NapaMeTpiB, L0

3anuLeHi BigkpuTumm B €Bpokogax Ans Hauio-

HanbHOro BuOOpY, Tak 3BaHi HaLioHanbHO

BM3HAYEHi NapameTpu, Ta 3aCTOCOBYHOTbCA ANs

NpoeKkTyBaHHA Ta OyaiBHMUTBA y Ui KpaiHi, a

came:

— 3HayeHHs Ta/abo knacu, ki B E€BpoKoAi
JalTbcsa Ha BMOIp;

— 3HauveHHs, Ansa skux y €Bpokodi AaHo nuwe
NO3HAYEeHHS;

— 0cobnuBi AaHi kpaiHu (reorpadoidHi, KniMaTuyHi
TOLW0), HAaNpUWKIag, kapTa CHIrOBOro NoKpuBY;

— METOAMKa, ANs SKoi B €BpOKOAi 4aHOo anbTep-
HaTMBHI METOOUKN.

Mo>ke TakoX MICTUTU:

— PpilIEHHA LWOAO0 3acToCyBaHHA [OBIOKOBMX
JopaTkiB;

— MNOCUNaHHA Ha [OAAaTKOBY HE cynepeudnuBy
iHpopMaLito, WO Jornomarae KOpUCTyBauyeBi
3aCTOCOBYBaTU €BPOKOA.

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

NATIONAL STANDARDS IMPLEMENTING
EUROCODES

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

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

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

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

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

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

It may contain

— decisions on the application of informative an-
nexes,

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



3B’A30K MK €EBPOKOOAMM |
FAPMOHI3OBAHUMW TEXHIYMHUMMW
YMOBAMMU (ENs | ETAs) AJ1A BUPOBIB

HeobOXxigHO y3roouT rapMOHI30BaHi  TEXHIYHi
ymMoOBM Ana OyaiBenbHUX BUMPOBIB Ta TEXHiYHI
HopMW Ans ByaiBenbHUX pobit crnopya®. Kpim
TOro, NoBHa iHopmaldis, wo cynposomkye CE
MapKyBaHHA OyaiBenbHux BMpobiB, e € nocu-
naHHs Ha €BPOKOAM, Mae YiTKO 3as3HayaTu, Ski
HauUioHanbHO BM3HAYeHi napameTpu Oynu Bpa-
XOBaHi.

OOOATKOBA IHOOPMALIA CTOCOBHO
EN 1993-1-2

EN 1993-1-2 MmicTuTb npuHUMNKW, BUMOrM Ta
npaBuia NpoekTyBaHHA OyaiBenb Ta cnopypn 3i
CcTaneBuX KOHCTPYKUiW, WO 3a3Hanu BOrHEeBOro
BMMBY, BPaxOBYHOUM TaKi acnekTu.

Bumoru 6e3neku

EN 1993-1-2 npusHayveHi gns 3amMOBHWKIB (Ha-
npuknag, ons BUKNageHHs ix ocobnmemnx BUMOr),
NPOeKTyBanbHUKIB, NiPAOHUKIB Ta opraHiB aep-
»XaBHOI Bnagu.

OCHOBHOK METOI 3axuUCTy Bif NOXeXi € obme-
KEHHS pU3NKY ONs AAuHW Ta rpynu naen, ix
ManHa Ta, y pasi noTpebu, HaBKONULLIHBOIO cepe-
nosuwa abo mariHa, Wwo 6e3nocepeHbO 3a3Hae
BMMBY BOTHIO Y pasi MoXexi.

HOupektnea 89/106/EEC BcTaHOBMNIOE Taki OCHOB-
Hi BUMOTIM AN OOMEXEHHS NOXEXHNX PUSUKIB:

"ByaiBni Ta cnopyan NPOEKTYIOTb i 3BOAATL Tak,
o0 y pasi BUHMKHEHHS MOXEXI:

— 3abesnedvyBanacs Hecyya 34aTHICTb KOHCTPYK-
TMBHOI CUCTEMU NPOTHArOM MEBHOMO MPOMIKKY
yacy;

— 00MexyBanocsi BUHUKHEHHSI Ta MOLUMPEHHS
BOTHIO | AMMYy B OyAiBnsix;

— 00MexyBanocs NOLMPEHHST BOTHIO Ha CYCiaHi
Oygaisni;

— MeLUKaHLUi MOrfM CaMOCTINHO 3anuMwntu By-
aieni abo BpaTyBaTUCS iHWKMK cnocobamu;

— BpaxoByBanacs 6e3neka noxexHo-paTyBarnb-
HUX nigpo3ginis".

IN

Owme. c1.3.3 Ta cT.12 CPD, a Takox 4.2, 4.3.1,4.3.2 Ta
521D Ne 1.
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LINKS BETWEEN EUROCODES AND
HARMONIZED TECHNICAL SPECIFICATIONS
(ENs AND ETAs) FOR PRODUCTS

There is a need for consistency between the har-
monized technical specifications for construction
products and the technical rules for works*. Fur-
thermore, all the information accompanying the
CE Marking of the construction products which re-
fer to Eurocodes should clearly mention which
Nationally Determined Parameters have been
taken into account.

ADDITIONAL INFORMATION SPECIFIC TO
EN 1993-1-2

EN 1993-1-2 describes the principles, require-
ments and rules for the structural design of steel
buildings exposed to fire, including the following
aspects.

Safety requirements

EN 1993-1-2 is intended for clients (e.g. for the
formulation of their specific requirements), de-
signers, contractors and relevant authorities.

The general objectives of fire protection are to
limit risks with respect to the individual and soci-
ety, 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 out-

break 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 consid-
eration".

IN

See Art.3.3 and Art.12 of the CPD, as well as clauses
4.2,43.1,43.2and 5.20of ID 1.
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3rigHo 3 TnymayHmum gokymeHTom Ne 2 "lMoxexHa
Ge3neka" ocHoBHa BUMOra Moxe 6yt goTpuma-
Ha PiI3HUMK MOXIMBOCTAMMU CTPaTErin MOXEXHOI
Be3neku, Lo NepeBaxatoTb Yy AepKaBax-4rneHax,
TakMMU siK cueHapii YMOBHOI NoXeXi (HOMiHanbHi
noxexi) abo cLeHapii peanbHoi (napameTpuyHOI)
MoXexi, BpaxoBylO4M MacuBHi Ta/abo aKTMBHI
3aX04M BOTHE3AXUCTY.

YactnHn GygiBenbHMX €BPOKOAIB, LLIO BCTAHOB-
TNIOI0Tb NpaBuna ans po3paxyHKy KOHCTPYKLUiA Ha
BOIHECTINKICTb, CTOCYHOTbCA 0COBNMBMX NiAXoaiB
[0 NacuBHOMO BOrHE3axXMUCTY WOAO NPOEKTYBaHHS
KOHCTPYKUiN Ta Oyab-AKuX iX YacTuH Ans Heoo-
XiAHOI Hecy4yoi 30aTHOCTI Ta OOMEXeHHSA noLuun-
PEHHS MOXEXi, K BCTAHOBIEHO.

MoxyTb Oyt BM3HaYeHi HeobXigHi dyHKuiT Ta
piBHi pobotn abo 4yepes knacucpikauio BorHe-
CTINKOCTI Angd CTaHOapTHOro TemnepaTypHOro
pexumy, Lo HaBeAeHa B HaLioHanbHUX HOpMax 3
noxexHoi 6e3neku, abo yepe3 BUKOPUCTAHHSA
iHXXEHEePHO-TEXHIYHNX 3aX04iB ANS OLiHKM NacuB-
HOro Ta aKTUBHOIO MPOTUMOXEXKHOIO 3aXMCTY.

[opaTkoBi BUMOIW, LLLO CTOCYOTbCS, HanpuKnaa;:

— MOXNMBOrO YynawTyBaHHS Ta ekcnnyaTauil
CUCTEM PO3MNPUCKYBaHHS;

— yMOB 3acerneHHsa Oygieni abo npoTunoXxex-
HOro BiACIKy;

— BWKOPUCTaHHS JONYCTUMUX i30MIALIMHUX Ta
3axMCHUX MaTepianis, BKNo4aroum ix obcny-
roBYBaHHS,

B LIbOMY AOKYMEHTi He pO3rnsaaatTbCH, OCKINbKM

Ui BUMOIM € NPeAMETOM PO3rnsifly KOMNETEHTHUX

opraHisadin.

3Ha4eHHs YacTKOBUX KOeiLieHTIB Ta iHLWKX Mno-

Ka3HWUKIB HaQiMHOCTI BKa3aHi 9K pekoMeHOOoBaHi

3HaYeHHS, Lo 3a6e3neyyoTb NPUAHATHUN pPiBEHb

HaginHocTi. BoHn Gynu BubpaHi 3a ymoBu, L0

3aCTOCOBYETbCS BiAMNOBIAHWI piBeHb kBanidgoikaLit

i ynpaBIiHHSA SKICTHO.

MeToauku po3paxyHKy

[MoBHa aHaniTM4Ha MeToAMKa pO3paxyHKy Ha
BOTHECTINKICTb Mae BpaxoByBaTu pobOTy KOHCT-
PYKTUBHOI CUCTEMM 3a NiABULLEHUX TeMmnepaTyp,
MOXITMBUIA BNAUB Tenna Ta CnpuaTnuei BMAAVBK
aKTMBHUX | MacUBHMX CUCTEM BOrHe3axucty, a
TaKoX HEBWU3HAYEHOCTI, WO MOB’A3aHi 3 uuMu
TpbOMa BIIACTMBOCTAMMW, Ta BiAMNOBIgANbHICTb
KOHCTPYKTUBHOI CMCTEMW (Hacnigkn pynHyBaHHS).
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According to the Interpretative Document N° 2
"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, in-
cluding passive and/or active fire protection mea-
sures.

The fire parts of Structural Eurocodes deal with
specific aspects of passive fire protection in terms
of designing structures and parts thereof for ade-
quate 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
fire regulations or by referring to fire safety engi-
neering for assessing passive and active mea-
sures.

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 au-
thority.

Numerical values for partial factors and other reli-
ability elements are given as recommended val-
ues that provide an acceptable level of reliability.
They have been selected assuming that an ap-
propriate 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 and passive fire protection systems, to-
gether with the uncertainties associated with
these three features and the importance of the
structure (consequences of failure).



Ha pgaHuin 4ac MOXMBO 3acTOCOBYBaTU METO-
OVKY AN BCTAHOBMEHHS AiNCHOI pobOTM KOHCT-
PYKUii, WO BKMOYaE AesKi (SKWO He BCi) 3 uux
napameTpiB, Ta [OBECTWU, WO KOHCTPYKTUBHA
cuctemMa abo ii YacTuHM BiATBOpHOBaTUME AINCHY
po6oTy Npu peanbHin noxexi y 0yanHky. OgHak,
SKLWO MeToAMKa I'PYHTYETbCA Ha HOMiHarbHOMY
(cTaHgapTHOMY) TemnepaTypHOMY pPeXumi, To
Knacudikauis, wo nepenbavae BM3HAYEHI MeEXi
BOrHECTINKOCTi, BpaxoBye (NpubNM3HO) BULLe-
BKa3aHi BfacTUBOCTI Ta HEBM3HAYEHOCTiI.

3acTocyBaHHA Uiel YacTUHU 1-2 MOKa3aHo Ha
puycyHKy 1. PO3pi3HAITbL BM3HA4YeHW nigxig Ta
nigxig, Wo 3acHoBaHWA Ha pPoOOOTI KOHCTPYKLU.
BusHaveHu nigxia BUMKOPUCTOBYE HOMIHANbHUM
TemnepaTypHU pexmnm Oris BiATBOPEHHSA Tenno-
BuXx BrnnmeiB. ligxig, Wo 3acHOBaHM Ha poOBOTI
KOHCTPYKLUi, BAKOPUCTOBYHOUM TEXHIKY MOXEXHOT
6e3neku, 3BepTaeTbCsa OO TEMMOBUX BNIUBIB, L0
I'PYHTYIOTBCA Ha (i3VYMHMX Ta XiMiYHMX napa-
MeTpax.

[na npoekTyBaHHS 3rigHO 3 UMM CTaHOapTOM
Bukopuctosytotb EN 1991-1-2, wo BusHavae
TENMNOBI Ta MEXaHIYHI HaBaHTaXXeHHS i BNIMBK Ha
Oygaiento.

3acobu npoeKTyBaHHA

AKWO CnpoLLeHnX po3paxyHKOBUX MOAENen He
iCHY€e, YacTuHM €BpOKOAIB, LLO BCTaHOBMIOKTb
npasuna ans po3paxyHKy KOHCTPYKLIN Ha BOrHe-
CTINKICTb, HagalOTb MNPOEKTHI PiLLEHHA Yy BUrNAAI
TabnuyHux AaHux (6asylTbcs Ha pesynbTartax
BMNpOoOyBaHb abo YTOYHEHMX PO3pPaxyHKOBUX
Momensx), siki MoXyTb OyTU BMKOPUCTaHI y BU-
3HaYeHMX MeXax JOCTOBIPHOCTI.

OuikyeTbc4, Wo 3acobn NPOEKTYBaHHSA, SKi I'PyH-
TYIOTbCHA Ha PO3PaxyHKOBUX MOOENSIX, LLIO BKa3aHi
B EN 1993-1-2, 6yayTb po3pobrieHi ynoBHOBXe-
HUMM CTOPOHHIMK OpraHisauisiMu.

OcHoBHui Tekct EN 1993-1-2 pasom 3 Hopma-
TUBHUMW JopaTkaMu MICTUTb OinbLUICTb FrOnoB-
HUX NPUHUMNIB Ta NpaBun, WO HeobXigHi ons
po3paxyHKy CTanieBMX KOHCTPYKLIN Ha BOrHeCTin-
KiCTb.

ACTY-H B EN 1993-1-2:2010

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

Application of this Part 1-2 is illustrated in
Figure 1. The prescriptive approach and the per-
formance-based approach are identified. The pre-
scriptive approach uses nominal fires to generate
thermal actions. The performance-based ap-
proach, 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 me-
chanical actions to the structure.

Design aids

Where simple calculation models are not avail-
able, the Eurocode fire parts give design solutions
in terms of tabulated data (based on tests or ad-
vanced calculation models), which may be used
within the specified limits of validity.

It is expected, that design aids based on the cal-
culation models given in EN 1993-1-2, will be pre-
pared by interested external organizations.

The main text of EN 1993-1-2 together with nor-
mative Annexes includes most of the principal
concepts and rules necessary for structural fire
design of steel structures.
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Tnan 3nifiCHCHHS MPOCKTY
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PucyHok 1.1 — MeTtoauka po3spaxyHky
Figure 1.1 — Design procedure




HALUIOHAINBbHUA OOOATOK [0 EN 1993-1-2

Ller crangapT Hagae anbTepHATUBHI METOOMKM,
3HaAYeHHs Ta pekoMeHaauii ons knacis 3 npu-
MiTKamu, O BKa3ylTb, A€ HEeoOXigHO 3pobuTu
HauioHanbHWM BMOGIp. TakuMm YMHOM, HauioOHanb-
HUA cTaHgapT, wo BnpoBagkye EN 1993-1-2,
Mae MiCTUTM HauioHanbHMin 4oaaTokK, SKUI BKITHO-
yaB OM BCi HauUiOHaNbHO BM3HA4YEHi NapameTpu,
LLO BMKOPUCTOBYHTbLCA AOS1 MPOEKTYBAHHA CTa-
NeBUX KOHCTPYKLIN Yy BiANOBIAHIN KpaiHi.
HauioHansHui Bubip gossoneHo B EN 1993-1-2y
Takux NyHKTax:

ACTY-H B EN 1993-1-2:2010

NATIONAL ANNEX FOR EN 1993-1-2

This standard gives alternative procedures, val-
ues and recommendations for classes with Note:s
indicating where national choices may have to be
made. Therefore the National Standard imple-
menting EN 1993-1-2 should have a National an-
nex 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 1993-1-2 through
paragraphs:

2.3 (1)

2.3 (2)

4.1 (2)

42.3.6 (1)

4.2.4 (2)
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1 3ArAlbHI BUMOI'A

1.1 Cchepa 3acTocyBaHHA
1.1.1 Cepepa 3acmocyeaHHsi EN 1993

(1) EN 1993 3actocoByloTb Ansi NPOEKTYBaHHS
3i cTtani KOHCTpyKUin Gyaisens Ta cnopya. Llen
OOKYMEHT BignoBsigae npuHuunam i BuMmoram 6e3s-
nekn Ta HOpMaribHOI ekcnryaTauii KOHCTPYKLIN,
OCHOBaM iX NPOEKTyBaHHS Ta NepPeBIPKU 3rigHO 3
EN 1990 "OcHoBn NpoeKkTyBaHHSA KOHCTPYKLIN".

(2) EN 1993 micTnTb BUMOrK fnvwle wWoao Mmiu-
HOCTIi, HOpMarnbHOI ekcnnyaTauii, AOBroBi4HOCTI
Ta BOrHEeCTINKOCTI CTaneBUX KOHCTPYKUiW. IHLi
BUMOTW, Hanpukrag, CTOCOBHO Tensio- Ta 3BYKO-
i3onsuii, He po3rnsaalTbCs.

(3) EN 1993 npusHayeHun Onsi BUKOPUCTAHHS

pasoMm ia:

— EN 1990 OcHoBM NpOEKTYBaHHS KOHCTPYKLiM

— EN 1991 [lii Ha KoHCTpYyKLiT

— hENSs BbygaisenbHi BUpobu aons craneBux KoH-
CTPYKLN

— EN 1090 BurotoBneHHsa cTaneBux KOHCTPYK-
Lin

— EN 1998 TlNpoekTyBaHHA CENCMOCTIKUX KOH-
CTPYKLUIN, SKWO cTaneBi KOHCTPYKLUiT BUKO-
pUCTOBYIOTL ANs OyAiBHMLTBA Y CEWCMIYHUX
parnoHax.

(4) EN 1993 cknagaeTbCs 3 LLECTN YaCTUH:

— EN 1993-1 lMpoekTyBaHHA CTaneBMX KOHCT-
pyKuin: 3aranbHi npasuna

— EN 1993-2 lMpoekTyBaHHA CTaneBuX KOHCT-
pykuin: Ctanesi MOCTH

— EN 1993-3 lMpoekTyBaHHA CTaneBMX KOHCT-
pykuin: Bexi, wornu Ta gumapi

— EN 1993-4 lMpoekTyBaHHA CTaneBuX KOHCT-
pykuin: Cunocu, pesepByapu Ta Tpybonposoam

— EN 1993-5 lMpoekTyBaHHA CTaneBuX KOHCT-
pykuin: MNani

— EN 1993-6 lMpoekTyBaHHA CTaneBMX KOHCT-
pyKLUin: ONOpHi KOHCTPYKLT KpaHiB

1.1.2 Cepepa 3acmocysaHHss EN 1993-1-2

(1) EN 1993-1-2 cTocytoTbCa NPOEKTyBaHHS CTa-

NeBUX KOHCTPYKLIN Y pasi NOXexi Ta NpusHayeHi

ans BuKopucTaHHA pasom i3 EN 1993-1-1 Ta

EN 1991-1-2. EN 1993-1-2 nuwie BM3Ha4ae Bia-

MiHHOCTI ab0 [JOMOBHEHHS A0 NPOEKTYBaHHSA 3a

HOpMarbHUX TeMnepaTyp.

(2) EN 1993-1-2 crocyloTbCa NnULLIE MACUBHUX

METOAIB BOrHe3axucTy.
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1 GENERAL

1.1 Scope
1.1.1 Scope of EN 1993

(1) EN 1993 applies to the design of buildings and
civil engineering works in steel. It complies with
the principles and requirements for the safety and
serviceability of structures, the basis of their de-
sign and verification that are given in EN 1990 —
Basis of structural design.

(2) EN 1993 is only concerned with requirements
for resistance, serviceability, durability and fire re-
sistance of steel structures. Other requirements,
e.g concerning thermal or sound insulation, are
not considered.

(3) EN 1993 is intended to be used in conjunction

with:

— EN 1990 "Basis of structural design”

— EN 1991 "Actions on structures"

— hEN's for construction products relevant for
steel structures

— EN 1090 "Execution of steel structures"

— EN 1998 "Design of structures for earthquake
resistance", where steel structures are built in
seismic regions

(4) EN 1993 is subdivided in six parts:

— EN 1993-1 Design of Steel Structures: Generic
rules.

— EN 1993-2 Design of Steel Structures: Steel
bridges.

— EN 1993-3 Design of Steel Structures: Tow-
ers, masts and chimneys.

— EN 1993-4 Design of Steel Structures: Silos,
tanks and pipelines.

— EN 1993-5 Design of Steel Structures: Piling.

— EN 1993-6 Design of Steel Structures: Crane
supporting structures.

1.1.2 Scope of EN 1993-1-2

(1) EN 1993-1-2 deals with the design of steel
structures for the accidental situation of fire expo-
sure and is intended to be used in conjunction
with EN 1993-1-1 and EN 1991-1-2. EN 1993-1-2
only identifies differences from, or supplements
to, normal temperature design.

(2) EN 1993-1-2 deals only with passive methods
of fire protection.



(3) EN 1993-1-2 3acTtocoBylTb Afs CTaneBux
KOHCTPYKUIN, SKki MatoTb 30epiratn Hecy4y 3aart-
HiCTb Mig BANMMBOM BOrHIO ANl 3anobiraHHa iX
nepegvyacHomy pymHyBaHHIO.

MpumiTtka. Lis yactnHa He MicTUTb npasBun ans oro-
POOKyBanbHUX KOHCTPYKLIN.

(4) EN 1993-1-2 BcTaHOBMOE NPUHLMNK Ta npa-
BUNa NPOEKTYBaHHA KOHCTPYKLIN Ans 0cobnmBux
BMMOT LLIOJO HECYYOI 30aTHOCTI Ta piBHIB poboTu.

(5) EN 1993-1-2 3acTocoBytoTh Ans 6yaisens abo
TX YaCTUH, sKi HanexaTb 40 chepyn 3aCTOCYBaHHSA
EN 1993-1 Ta 3anpoekToBaHi BignosigHo.

(6) MeTtoau, WO HaBedeHi B LbOMY CTaHOAPTI,
3aCTOCOBYIOTb ANA  KOHCTPYKUINHUX — cTanewn
mMapok S235, S275, S355, S420 ta S460 3rigHo 3
EN 10025 ta Bcix mapok 3rigHo 3 EN 10210-1 Ta
EN 10219-1.

(7) MeTtogu, WO HaBedeHi B LbOMY CTaHOAPTI,
3aCTOCOBYIOTb TAKOX OS5 CTaneBnX KOHCTPYKLIN
Ta NIMCTOBOro maTepiany XxonogHoro oopMyBaH-
Hsa 3rigHo 3 EN 1993-1-3.

(8) MeTtoam, WO HaBedeHi B LbOMY CTaHOAPTI,
3aCTOCOBYIOTb Ans1 Byab-aKkoi Mapku ctani, ans
AKOI HasiBHi BNACTMBOCTI 3a MiABULLEHUX TemMne-
paTyp, Wo 6a3yloTbCa Ha rapMOHiI30BaHNX €BPO-
NENCbKMX CTaHgapTax.

(9) MeTtoam, WO HaBedeHi B LbOMY CTaHOAPTI,
3aCTOCOBYHOTb TAKOX OS151 KOHCTPYKLiN Ta fIUCTO-
BOro Marepiany 3 Hepxasiloyol cTani 3rigHo 3
EN 1993-1-4.

Mpumitka. BorHecTilikicTb cTanes3anisobeToHHMX KOH-
cTpykui ame. y EN 1994-1-2.

1.2 HopmaTtuBHI nocunaHHA

(1) Uen craHmapT MicTMTb daToBaHi Ta Hepa-
TOBaHi MOCUNAHHA, NOSIOXKEHHSA 3 iHWMX ny6ni-
Kauin. Lli HopmaTnBHI nocunaHHA BKasaHi y Bia-
NoBIiOHMX MiCcLAX 3a TEeKCToM, a ix nepenik
HaBedeHO Hwx4ye. [ns gaTtoBaHMxX MocunaHb
Ni3HiLWi 3MiHWM Byab-AKOi 3 LMX nybnikauin 3acto-
COBYHOTbCS A0 CTaHAApTy TOAi, KOMM BOHU BHO-
CATbCA 4Yepe3 3MmiHy Ao nybnikauii. Ons Hepa-
TOBaHUX MOCWUNaHb MPOMOHYETLCA OO BMKOPUC-
TaHHS OCTaHHE BuMAAHHA nyOnikauii (BKMIOYHO 3
OOMOBHEHHAMM).

EN 10025 MNapsayekaTaHi BUpOOM 3 KOHCTPYKLiN-
HoI cTani

OCTY-H B EN 1993-1-2:2010

(3) EN 1993-1-2 applies to steel structures that
are required to fulfil this load bearing function if
exposed to fire, in terms of avoiding premature
collapse of the structure.

Note: This part does not include rules for separating
elements.

(4) EN 1993-1-2 gives principles and application
rules for designing structures for specified re-
quirements in respect of the load bearing function
and the levels of performance.

(5) EN 1993-1-2 applies to structures, or parts of
structures, that are within the scope of EN 1993-1
and are designed accordingly.

(6) The methods given are applicable to structural
steel grades S235, S275, S355, S420 and S460
of EN 10025 and all grades of EN 10210 and
EN 10219.

(7) The methods given are also applicable to
cold-formed steel members and sheeting within
the scope of EN 1993-1-3.

(8) The methods given are applicable to any steel
grade for which material properties at elevated
temperatures are available, based on harmonized
European standards.

(9) The methods given are also applicable stain-
less steel members and sheeting within the scope
of EN 1993-1-4.

Note: For the fire resistance of composite steel and
concrete structures, see EN 1994-1-2.

1.2 Normative references

(1) 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 revi-
sions of any of these publications apply to this
European Standard only when incorporated in it
by amendment or revision. For undated refer-
ences the latest edition of the publication referred
to applies (including amendments).

EN 10025 Hot rolled products of structural steels;
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EN 10155 KoHCTpyKUinHI cTani 3 nokpalieHoro
CTIMKICTIO OO aTMocdepHOl Koposil. TexHiyHi
YMOBM NoCTayaHHs

EN 10210 KoHCTpyKUinHi nycToTiNi nepepisu
rapsi4oi 06po0OkK 3 HeneroBaHoi ApiOHO3epPHUCTOI
KOHCTPYKLiMHOI cTani:

YactmHa 1: TexHiYHi ymoBM NocTavyaHHsA

EN 10219 KoHCTpyKLUiNHI NOPOXHUCTI nepepian
xonogHoi 06pobkn 3 HeneroBaHoi APiOHO3epHUC-
TOI KOHCTPYKUiNHOI cTani:

YacTtuHa 1: TexHiuHi yMoBU nocTtayaHHs

EN 1363 BorHecrinkicTb: OCHOBHI BUMOru

EN 13501 lNoxexHa knacudikauis 6yaiBenbHMX
BUpOGIiB Ta KOHCTPYKLN:
YactuHa 2: Knacudikauis 3a gaHumm Bunpoby-
BaHb Ha BOTHECTINKICTb

ENV 13381 BunpobyBaHHsi Ha BOrHECTIWKICTb
enemeHTiB OyaiBene:

YactnHa 1: MeTtoq BunpobyBaHHA ONs BU3Ha-
YEHHS1 BHECKY Y BOFHECTIMKICTb €fIEMEHTIB KOH-
CTPYKLIN: 3aXMCHUX FOPU30OHTarbHUX EKPaHiB;
YactnHa 2: MeTtoq BunpobyBaHHA ONs BU3Ha-
YEHHS1 BHECKY Y BOFHECTIMKICTb €JIEMEHTIB KOH-
CTPYKLIN: 3aXMCHUX BEPTMKASIbHUX €KPaHIB;
YactnHa 4: MeTton BunpobyBaHHA ONs BU3Ha-
YeHHS1 BHECKY Y BOTHECTINKICTb €NeMeHTIB KOHCT-
PYKLN: 3aXMCHOr0 NOKPUTTS CTaneBunx eNemMeHTIB
EN 1990 €Bpokoa: OCHOBM NPOEKTYBaHHA KOH-
CTPYKLUIN

EN 1991 €Bpokoa 1. HaBaHTaxeHHs i BNNMBY Ha
Oygaieni Ta cnopyaum:

YacTtuHa 1-2: HaBaHTaxeHHs i BnnvBK Ha Byaisni
Ta cnopyam nig Yac noxexi;

EN 1993 €pokoa 3. lNpoekTyBaHHA CTanesBux
KOHCTPYKL,iN:

YactmnHa 1-1: BaranbHi npasuna: 3aranbHi npa-
BMNa Ta npaswuna ang dyaisens;

YacTtuHa 1-3: 3aranbHi npasuna: [JogaTkosi npa-
BMMNa AN cTaneBuX efeMeHTiB Ta JIMCTOBOro
MaTepiany XornogHoro oopMyBaHHS;

YacTtuHa 1-4: 3aranbHi npasuna: [JogaTkosi npa-
BUNa Ans Hep>KaBitodol cTani;

YacTtuHa 1-8: 3aranbHi npasuna: MNpoekTyBaHHS
3’eHaHb

EN 1994 €spokop 4. NMpoekTyBaHHs cTanesani-
300€TOHHUX KOHCTPYKLiN:

YactmHa 1-2: 3aranbHi npasuna: Po3paxyHok Ha
BOMHECTINKICTb

ISO 1000 MixxHapogHa cuctema ogmHuLb, Sl.
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EN 10155 Structural steels with improved atmo-
spheric corrosion resistance — Technical delivery
conditions;

EN 10210 Hot finished structural hollow sections
of non-alloy and fine grain structural steels:

Part 1: Technical delivery conditions;

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

Part 1: Technical delivery conditions;

EN 1363 Fire resistance: General requirements;

EN 13501 Fire classification of construction prod-
ucts and building elements

Part 2: Classification using data from fire resis-
tance tests

ENV 13381 Fire tests on elements of building
construction:

Part 1: Test method for determining the contribu-
tion to the fire resistance of structural members:
by horizontal protective membranes;

Part 2: Test method for determining the contribu-
tion to the fire resistance of structural members:
by vertical protective membranes;

Part 4: Test method for determining the contribu-
tion to the fire resistance of structural members:
by applied protection to steel structural elements;

EN 1990 Eurocode: Basis of structural design

EN 1991 Eurocode 1. Actions on structures:

Part 1-2: Actions on structures exposed to fire;

EN 1993 Eurocode 3. Design of steel structures:

Part 1-1: General rules : General rules and rules
for buildings;

Part 1-3: General rules : Supplementary rules for
cold formed steel members and sheeting;

Part 1-4: General rules : Supplementary rules for
stainless steels;
Part 1-8: General Rules: Design of joints

EN 1994 Eurocode 4. Design of composite steel
and concrete structures:
Part 1-2: General rules : Structural fire design;

ISO 1000 Sl units.



1.3 MNepegymoBu

(1) JopatkoBo A0 3aranbHMX MNepeaymoB, LLO

HaBefeHi B EN 1990, 3acTocoBytoTh Taki:

— Oyab-AKi CMCTEMM NACUBHOTO 3axUCTY Big no-
XKeXi, L0 BpaxOBaHi NPy NPOeKTyBaHHI, MaloTb
NiATPMMYBATUCA Yy HANEXHOMY CTaHi.

1.4 BigMiHHiCcTb MiX NpMHUMNaMun
Ta nNpaBuilamMun 3aCTOCYyBaHHA

(1) 3acTtocoBytoTb NpaBuna, Lo HaBeaeHi B 1.4
EN 1990 ta B EN 1991-1-2.

1.5 TepmiHn Ta BU3Ha4YeHHA

(1) 3actocoByloTb NpaBuna, WO HasedeHi B 1.5
EN 1990.

(2) B EN 1993-1-2 BukopucCTaHi TepMiH1 Ta BU-
3HAYEHHS TaKoro 3MiCTy:

1.5.1 CneuyianbHi mepmiHuU cmoco8HO
npoekmyeaHHs1 3a2aJjiom

1.5.1.1 pamHO-B’si3eBMI KapKac

Kapkac moxe knacudikyBaTucs $K B'93eBUN,
SIKLLO MOro onip ropu3oHTaNbHUM HaBaHTaXeH-
HAM 3abe3neyvyeTbCcs CUCTEMOK B'A3€i, sika €
[OCTaTHbO XOPCTKOLO, W06 BOHAa crpuiiMana BCi
rOpM30HTasbHi HaBaHTaXXEHHS

1.5.1.2 yacTtuHa b6ygiBni
BigokpemneHa 4acTtuHa 6Gyaisni 3 BignoBigHUMK
onopamu Ta rpaHN4YHUMN YMOBaMMU

1.5.2 TepmiHu cmocoeHO menyiogux ensiugie

1.5.2.1 ctaHgapTHUIM TeMnepaTypHUN PeXUM
HomiHanbHuin pexum, BusHadeHnn y EN 13501-2
ONa BiOTBOPEHHS MOAENi MOBHICTIO PO3BUHEHOI
noxexi y Biaciky

1.5.3 TepmiHu cmocoeHO mamepiarnie
ma eupobie

1.5.3.1 ByrneueBa crtanb
Y ubOMy CTaHOapTi Mapku ctani BignoeigHO A0
1993-1-1, okpim HepxaBito4oi cTani

1.5.3.2 BorHesaxucHum martepian

Byab-akun matepian abo cnonyyeHHs martepia-
niB, 3acCTOCOBaHUN A0 KOHCTPYKUii Ana niasu-
LLLEeHHS T BOrHECTIMKOCTI

1.5.3.3 HepxaBiloya cTanb
Bci ctani BignosigHo go 1993-1-4

OCTY-H B EN 1993-1-2:2010

1.3 Assumptions

(1) In addition to the general assumptions of

EN 1990 the following assumption applies:

— Any passive fire protection systems taken into
account in the design should be adequately
maintained.

1.4 Distinction between principles and
application rules

(1) The rules given in clause 1.4 of EN1990 and
EN1991-1-2 apply.

1.5 Terms and definitions
(1) The rules in EN 1990 clause 1.5 apply.

(2) The following terms and definitions are used in
EN 1993-1-2 with the following meanings:

1.5.1 Special terms relating to design
in general

1.5.1.1 Braced frame

A frame may be classified as braced if its sway
resistance is supplied by a bracing system with a
response to in-plane horizontal loads which is suf-
ficiently stiff for it to be acceptably accurate to as-
sume that all horizontal loads are resisted by the
bracing system.

1.5.1.2 Part of structure

Isolated part of an entire structure with appropri-
ate support and boundary conditions.

1.5.2 Terms relating to thermal actions

1.5.2.1 Standard temperature-time curve

A nominal curve, defined in EN 13501-2 for repre-
senting a model of a fully developed fire in a com-
partment.

1.5.3 Terms relating to material and products

1.5.3.1 Carbon steel
In this standard: steel grades according to in
EN1993-1-1, except stainless steels.

1.5.3.2 Fire protection material

Any material or combination of materials applied
to a structural member for the purpose of in-
creasing its fire resistance.

1.5.3.3 Stainless steel

All steels referred to in EN 1993-1-4.
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1.5.4 TepmiHu cmocog8HoO aHanisy
mennonepedayvi

1.5.4.1 koedpiuieHT chopmm

KoediuieHT copmn Ons pagiauinHoi nepegadi
Tenna Big noBepxHi A Ao noBepxHi B Bu3Haua-
ETbCH SIK YacTKa PO3CisitHOT BUNPOMIHEHOT eHepril,
O BUAINSAETLCA 3 nNoBepxHi A Ta gocdarae no-
BepxHi B

1.5.4.2 koedbilieHT KOHBEKLIMHOIo TENSI00OMiHY
KoHBEKUiNHNA TennoBui MNOTIK OO KOHCTPYKU,
WO BIAHOCMTBLCA OO0 PI3HULI MK cepegHbor
TemnepaTypor HaBKOMULLHLOrO cepeaoBuLLa Ta
TeMnepaTyporo NOBEPXHi KOHCTPYKLUIT

1.5.4.3 cTyniHb YOpHOTKN
[opiBHIOE KOediuieHTy MOornMHaHHA MNOBEPXHI,
TOOTO CriBBIOHOLEHHST MiXK BUMPOMIHEHUM Ten-
1I0OM, LLIO MOrMMHYTE AaHO0 NOBEPXHED, Ta BUMPO-
MiHEHUM TensioM, WO MOrfMHYTE MOBEPXHEID
abContTHO YOpHOro Tina

1.5.4.4 nOrNMHYTUN TENNOBUN MOTIK
EHepriqa, WO SBHO MOrnnHyTa OAWHULEKD MIOLL
NOBEPXHi KOHCTPYKLiM 3a OOMHULKO Yacy

1.5.4.5 koedpiuieHT nonepeyHOro nepepisy
[na craneBoi KOHCTPYKUii — CRiBBiOHOLIEHHS
Mol NMOBEpXHi, WO 3a3Hae BNMBY, Ta 00’eMy
cTani; ons 3axuweHol KOHCTPYKUiT — cniBBigHO-
LWEHHS MMoLWi BHYTPIWHBOI NOBEpXHi obnuuto-
BaHHS, L0 3a3Hae BNAMBY, Ta o6’emy cTani.
1.5.4.6 3Ha4yeHHA KoedillieHTa NPAMOKYTHOro
nonepeyvyHoro nepepisy

CniBBigHOWEHHS NMOLW,i MOBEPXHi, WO 3a3Hae
BMMBY, YMOBHOIMO 0OMEXYBarlbHOro NpsiMOKYT-
HuKa Ta o0’emy ctani

1.5.5 TepmiHu cmocoe8HO aHarsni3ly mexaHi4YHOT
po6omu

1.5.5.1 KpuTYHa TemnepaTypa cTaneBoi KOH-
CTPYKUil

TemnepaTypa, 3a S9KOI OYIKYETbCA PYMHYBaHHS
CcTaneBOl KOHCTPYKLUIT Npu piBHOMIPHOMY pO3o-
Aini Temnepatypv 4ns 3agaHoro piBHA HaBaHTa-
YKEHHSI

1.5.5.2 po3paxyHKoBa rpaHuLsA TEKYYOCTi
PiBeHb Hanpy>KeHH4, Ans SKoro giarpama "Hanpy-
XeHHsA-gedopmavia” ctani nepexoauTb y cTagito
TEKY4OCTi 3a BU3HA4YeHOI TemnepaTypu
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1.5.4 Terms relating to heat transfer analysis

1.5.4.1 Configuration factor

The configuration factor for radiative heat transfer
from surface A to surface B is defined as the frac-
tion of diffusely radiated energy leaving surface A
that is incident on surface B.

1.5.4.2 Convective heat transfer coefficient
Convective heat flux to the member related to the
difference between the bulk temperature of gas
bordering the relevant surface of the member and
the temperature of that surface.

1.5.4.3 Emissivity

Equal to absorptivity of a surface, i.e. the ratio
between the radiative heat absorbed by a given
surface, and that of a black body surface.

1.5.4.4 Net heat flux
Energy per unit time and surface area definitely
absorbed by members.

1.5.4.5 Section factor

For a steel member, the ratio between the ex-
posed 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.

1.5.4.6 Box value of section factor

Ratio between the exposed surface area of a no-
tional bounding box to the section and the volume
of steel.

1.5.5 Terms relating to mechanical behaviour
analysis

1.5.5.1 Critical temperature of structural steel
element

For a given load level, the temperature at which
failure is expected to occur in a structural steel el-
ement for a uniform temperature distribution.

1.5.5.2 Effective yield strength

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



1.6 NMo3Haku

(1) Y EN 1993-1-2 BMKOpWCTaHi Taki NO3HAKMK:

Benuki namuHcbki iimepu

A

Efig

F, b,Rd
F, b,t,Rd

F v,Rd

F v,t,Rd
F w,Rd

F w,t,Rd

ereMeHTapHa nnotya nornepeyvyHoro
nepepisy 3a TemnepaTypu 6, ;

nnoLla noBepxHi KOHCTPYKLii Ha
OLMHULIO OOBXUHY;

KoediuieHT nepepidy He3axuLeHNX
cTaneBuX KOHCTPYKLIN;

KoedilieHT 3aXUCTY j-i MOBEPXHi
KOHCTPYKLU,i;

BiANOBigHA NrioLa BOrHe3axncHoro
MaTepiany Ha OAVHMWLIO OOBXWHM
KOHCTPYKLUIi, M2;

MoAyrb NPYXHOCTI cTani 4ns pospa-
XYHKY 32 HOpMarnbHOi TeMnepaTypu;
TaHreHC KyTa Haxuny niHinHOT NPYyXXHOI
OiNsHKW giarpamu "HanpyXeHHs-
nedopmauii" ctani 3a nigBuLLLEHNX
Temnepatyp 0,;

pO3paxyHKOBU HaBaHTaXXyBarbHUIA
edeKT y pasi NoXxexxi BU3Ha4veHn Big-
nosigHo oo EN 1991-1-2, BpaxoByto4un
edekTn TemnepaTypHUX BUOOBXKEHb Ta
Aedopmallin;

po3paxyHKoBa Hecyya 34aTHICTb
oonris;

po3paxyHKoBa Hecy4a 3aaTHiCTb 6onTiB
nig BNSIMBOM BOTHIO;

pO3paxyHKOBMI Onip Ha 3pi3 6bonTa Ha
NOLLNHY 3pi3y, BU3HAYEHWI 32 YMOBU,
LLIO NrioLMHa 3pi3y NPOXoAnUTb Yepes
pi3bby 6onTa;

po3paxyHkoBuii onip 6onTa, 3aBaHTa-
YKEHOro Ha 3pis;

pO3paxyHKOBWIA OMip Ha OANHULLIO
OOBXWHW KyTOBOrO 3BapHOro LUBA;
pO3paxyHKOBWIA OMip Ha OANHULIO
OOBXWHM KyTOBOro 3BapHOro LwBa nig
BMMVMBOM BOTHIO;

XapakTepuctnyHe 3Ha4YeHHA NOCTINHOIo
BMNNnBY;

pagialinH1un TenmnoBmin NOTIK 3 NPOPI3iB;

pagialinH1Un TennoBuin NOTIK Big
nonym’s;

OCTY-H B EN 1993-1-2:2010

1.6 Symbols

(1) For the purpose of EN 1993-1-2, the following

symbols apply:

Latin upper case letters

A an elemental area of the cross-section
with a temperature 0;;

A the surface area of a member per unit
length;

A, 1V the section factor for unprotected steel
members;

C; the protection coefficient of member
face i

A, the appropriate area of fire protection
material per unit length of the member
[m?];

E, the modulus of elasticity of steel for
normal temperature design;

E.o the slope of the linear elastic range for
steel at elevated temperature 6 ;

Efqg 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;

Fprg  the design bearing resistance of bolts;

Fptrg the design bearing resistance of bolts
in fire;

F,rq  thedesign shear resistance of a bolt per
shear plane calculated assuming that
the shear plane passes through the
threads of the bolt;

F,trq thefire design resistance of bolts loaded
in shear;

Fwre  the design resistance per unit length of
a fillet weld;

Fwtrg the design resistance per unit length of
a fillet weld in fire;

Gy the characteristic value of a permanent

action;
the radiative heat flux from an opening;
the radiative heat flux from a flame;
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z,i

M b,fi,t, Rd
M fi,t, Rd

My o,Rd

N b,fi,t, Rd

N Rd

Nfi o,Rd

N fi,t, Rd
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pagiauinHnin TennoBuiA NOTIK Big
nonym’st 4o i-i rpaHi KONoHw;
po3paxyHKoBa AOBXWMHA KOMOHM Ha
BiANoBigHOMY NoBepCi;

po3paxyHKoBa Hecy4a 34aTHICTb npu
No340BXHbOMY 3rMHIi B MOMEHT 4acy f;

po3paxyHKoBa Hecy4a 34aTHICTb Npu
3rMHI B MOMEHT Yacy

po3paxyHKoBa Hecyya 34aTHICTb nepe-
pi3y Npu 3r1Hi AN NOCTINHOT Temnepa-
TYpu 04, IKa JOPIBHIOE MOCTINHIN Tem-
nepartypi 6, B MOMEHT Yacy ty nore-
pevyHoOMy nepepisi, KU He 3a3Hae Ten-
NOBOrO BNAMBY BiA ONOP;

3rMHanbHUMN MOMEHT Y NNacTUYHOMY
LwapHipi My, r4 3araneHoro nepepisy Ans
NPOEKTYBaHHA 3@ HOpMarbHOI TeMmne-
paTypu; NPY>XHUIA 3ruHanbHUA MOMEHT
Mg rg BN NPOEKTYBaHHS 3@ HOpMarb-
HOT Temnepartypu;

po3paxyHKoBa Hecy4a 34aTHICTb KOH-
CTPYKLIT, WO NpaLtoe Ha CTUCK, Npu
No340BXHbOMY 3rMHi B MOMEHT 4acy f;

po3paxyHKoBa Hecy4a 3aTHICTb norne-
peyYHoro nepepisy sz, Rg 0N NPOEKTY-
BaHHSA 3a HOpPManbHOT TeMnepaTypu
BignosigHo oo EN 1993-1-1;
po3paxyHKoBa Hecyya 34aTHICTb KOH-
CTPYKLUIT, WO Npauke Ha po3Tar, Ang
MOCTIMHOT TemnepaTtypu 0,;
po3paxyHKkoBa Hecy4a 34aTHICTb KOHCT-
PYKLUii, LLO NpaLtoe Ha po3TAr, B MOMEHT
yacy t Ans HepiBHOMIPHOro po3nogainy
TemnepaTtypu Mo WNpuHI nepepiay;
rONOBHWUI 3MiIHHUI BMUB;

BiNOBiZlHa po3paxyHKOBa Hecy4a
34aTHICTb y pasi NoXexi;

3HaveHHs Ry 4, Ansi Yacy t = 0;
Temneparypa BOrHio, K;

Temnepatypa nonym’ss B npopisi, K;

Temnepatypa s3mka nonym’s, 813 K;

Temnepatypa nonym’s, K;

Temnepatypa nonym’s, K, Ha piBHi HU3y
©ankwu 3rigHo 3 gogaTkom B
EN 1991-1-2;

M b,fi,t, Rd
M fi,t, Rd

My o,Rd

N b,fi,t, Rd

N Rd

Nfi o,Rd

N fi,t, Rd

the radiative heat flux from a flame to
a column face i;

the system length of a column in the
relevant storey

the design buckling resistance moment
at time t;

the design moment resistance at time f;

the design moment resistance of the
cross-section for a uniform temperature
0, which is equal to the uniform tempe-
rature 0, at time t in a cross-section
which is not thermally influenced by the
supports;

the plastic moment resistance of the
gross cross-section M, g, for normal
temperature design; the elastic moment
resistance of the gross cross-section

Mg, gy for normal temperature design;

the design buckling resistance at time t
of a compression member;

the design resistance of the cross-
section N, gy for normal temperature
design, according to EN 1993-1-1.

the design resistance of a tension
member a uniform temperature 0 ,;

the design resistance at time t of a

tension member with a non-uniform
temperature distribution across the
cross-section;

the principal variable load;

the corresponding design resistance
in the fire situation;

the value of Ry ,  for time ¢ = 0;

the temperature of a fire [K];

the flame temperature at the opening
[KI;

the flame temperature at the flame tip
[813 K];

the flame temperature [K];

the flame temperature [K] from annex B
of EN 1991-1-2, level with the bottom of
a beam;



Tz, 2

Temnepatypa nonym’si, K, Ha piBHi Bepxy
©anku 3rigHo 3 goagaTkom B
EN 1991-1-2;

00’eM KOHCTPYKLUii HA OANHULIO
JOBXUHU;

po3paxyHKoBa Hecy4a 30aTHICTb Ha fito
rnonepeYyHoi CUNM B MOMEHT Yacy

po3paxyHKoBa HeCy4a 34aTHICTb 3ararb-
HOro nepepisy Ha Aito NonepeyHoi cmnm
O115 NPOEKTYBaHHS 3a HOPMarbHOT TEM-
nepatypw BignosigHo o EN 1993-1-1;

XapakTepPUCTUYHE 3HAYEHHS MILHOCTI
abo nedopmatmBHOCTI (3Ae6inbLuoro f,
abo E,) Ans po3paxyHKy 3a HOpMarbHOT
Temnepatypu 3rigHo 3 EN 1993-1-1

Mani namuHcbKi nimepu

a;
(o
Ca

Cp

KoediuieHT nornMHaHHa 4ns nonym’s;
nUTOMa TEMMNOEMHICTb;
nMTOMa TEMNMOEMHICTb cTani;

nMTOMa TENMNOEMHICTb BOrHE3aXMCHOro
mMatepiany, Lo He 3anexuTb Big Temne-
partypwu;

po3mMip nonepevHoro nepepisy i-i rpaxi
KOHCTPYKLUi;

TOBLLMHA BOrHE3axMCHOro matepiany;

TOBLLUMHA BOrHe3axMCHOro maTtepiany
(d¢= 0 oNs He3axmLLIEHNX KOHCTPYKLN);
rpaHMuUsa NponopLiNHOCTI Ans cTani 3a
niaBuLLIEHOT TemnepaTypu 0 4;

rpaHunusa TEKYYOCTi 3a TeMnepaTtypu

20 °C;

po3paxyHKoBa rpaHuLs TEKYYOCTi Ans
cTani 3a nigsuLleHol TemnepaTypu 6 4;
HOMiHanbHa rpaHnLsa TEKYYOCTI fy ans
enemMeHTapHoI nroLi A; , Wo npuiimMa-
€TbCS 3i 3HAaKOM MAOC AN1s CTUCHYTOI
YaCTUHW Nepepidy BiAHOCHO NIIACTUYHOI
HeWTpanbLHOI OCi Ta 3i 3HaKoM MiHyC Ans
PO3TArHYTOI YacTUHM Nepepisy;
rpPaHMyHa MilHICTb 3a MigBULLEHOI
TemnepaTtypu, L0 BPaxoBYyETbCS Npu
nedopmauinHoMy 3MiLHEHH;
pO3paxyHKOBE 3HAYEHHS NMOMMNHYTOro
TENMoBOro NOTOKY Ha OAMHULIO MAIOLL;

BMCOTa AA3MKa NOMyM’s BULLE HU3Y
6anku;

Tz, 2

OCTY-H B EN 1993-1-2:2010

the flame temperature [K] from annex B
of EN 1991-1-2, level with the top of
a beam;

the volume of a member per unit length;
the design shear resistance at time t;

the shear resistance of the gross
cross-section for normal temperature
design, according to EN 1993-1-1;

the characteristic value of a strength or
deformation property (generally f, or E,)
for normal temperature design to

EN 1993-1-1

Latin lower case letters

the absorptivity of flames;
the specific heat;
the specific heat of steel;

the temperature independent specific
heat of the fire protection material;

the cross-sectional dimension of
member face i;

the thickness of fire protection material;
the thickness of the fire protection mate-
rial (d; = O for unprotected members);
the proportional limit for steel at elevated
temperature 0,;

the yield strength at 20 °C;

the effective yield strength of steel at
elevated temperature 6 4;

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

the ultimate strength at elevated tempe-
rature, allowing for strain-hardening;

the design value of the net heat flux per
unit area;

the height of the top of the flame above
the bottom of the beam;

17
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kE,e,com

ksh

k y,0,com

v,

ky,e, max

k y,0,web
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nosHaka rpaHi kornonu (1), (2), (3) abo
(4);

KOoediUiEHT 3HMKEHHS, LLIO BU3HAYEHUI
Ana BignosigHoi TemnepaTypu 6onTa;
KoedilieHT 3HMXEeHHS 3 po3ainy 3 ons
TaHreHca Kyta Haxuny fiHilnHoI NPYXXHOI
AiNAHKV Ans Temneparypu ctanio,, Wwo
00CAraeTbCs B MOMEHT 4vacy
KoediLieHT 3HWXEeHHS 3 po3ainy 3 Ans
TaHreHcy Kyta Haxuny niHinHoT NPy>KHOI
OINSHKN O MakcMmanbHOI Temnepa-
TypW'y CTUCHYTIN 30Hi 0 4 ;o » LLLO AOCS-
raeTbCA B MOMEHT Yacy f;

nonpaeKoBui koedilieHT Ans edekTy
3aTiHEHHS;

BiJHOCHE 3Ha4YeHHs1 MiLHOCTi abo
aedopmaTUBHOCTI cTani 3a NigBULLIEHOI
Temnepatypu 0,;

KoeiLiEHT 3HMXEHHS MiLHOCTI abo
AedopmaTnBHOCTI (X o / X ), WO
3anexuTb Bid TeMnepaTtypu maTtepiany,
OvB. po3gin 3;

KoediLiEHT 3HUKEHHS MiLIHOCTI 3BapHUX
LWBIB;

KoediLieHT 3HMXEeHHS 3 po3ainy 3 ons
rpaHuLi Teky4ocCTi cTani 3a TemneparTy-
pn O ,, WO JOCAraeTbCA B MOMEHT Yacy {;
KoedilieHT 3HWXeHHs 3 po3ainy 3 ons
rpaHuLi Teky4oCTi cTani 3a MakcMmarnb-

HOT TemnepaTypu y CTUCHYTIN 30Hi 04.com>

Lo JOCAraeTbCA B MOMEHT Yacy f;

KOeIiLiEHT 3HMKEHHS FPaHULLi TEKYYOCTI
cTtani 3a TemnepaTypu 0; ;

KOeiLiEHT 3HMKEHHS rpaHunLLi TEKYYOCTI
cTarni 3a MakcMMarnbHOI TeMnepaTypu

Y CTUCHYTIN 30Hi 04 may, LLIO AOCATAETb-
CH B MOMEHT Yacy f;

KOeIiLieHT 3HMXEHHS rpaHunLL TEKYYOCTI
cTani 3a Temnepartypu 0 ,op , AMB. PO3-
ain 3;

KoedilieHT B3aemMog,l;

KoedilieHT B3aeMogii;

KoedilieHT B3aemMog,l;

KifTbKICTb MPOPI3iB Ha CTOPOHI m;
KifTbKICTb MPOPI3iB Ha CTOPOHI N;
JoBxwuHa 3a temnepatypu 20 °C;
BiiCTaHb Bif NPopi3y BUMipsiHa B3LOBX
oci nonym’si;

kE,e,com

ksh

k y,0,com

v,

ky,e, max

k y,0,web

the column face indicator (1), (2), (3)
or (4);

the reduction factor determined for the
appropriate bolt temperature;

the reduction factor from section 3 for
the slope of the linear elastic range at
the steel temperature 6, reached at
time t;

the reduction factor from section 3 for
the slope of the linear elastic range at
the maximum steel temperature in the
compression flange 0, .o, reached at
time ¢

correction factor for the shadow effect;

the relative value of a strength or
deformation property of steel at elevated
temperature 6 ,;

the reduction factor for a strength or
deformation property (X o / Xi),
dependent on the material temperature,
see section 3;

the strength reduction factor for welds;

the reduction factor from section 3 for
the yield strength of steel at the steel
temperature 0, reached at time

the reduction factor from section 3 for
the yield strength of steel at the maxi-
mum temperature in the compression
flange 0, com reached at time ¢;

the reduction factor for the yield strength
of steel at temperature 6; ;

the reduction factor for the yield strength
of steel at the maximum steel tempera-
ture 0, max reached at time ¢

the reduction factor for the yield strength
of steel at the steel temperature 6,4 ,
see section 3;

the interaction factor;
the interaction factor;
the interaction factor;
the number of openings on side m;
the number of openings on side n;

the length at 20 °C ; a distance from
an opening, measured along the flame
axis;



OOBXWHA 30HM NMO3O0BXHbLOIo 3rnMHy

KOJTOHU O5151 pO3paxyHKy Ha BOrHe-
CTINKICTb;

BiACTaHb Bi OCi KONOHM OO0 OCi CTiHM
NPOTUMOXEXHOrO BiACIKY;

TpuBarnicTb BOrHEBOrO BMNSIUBY;
LMpVHa npopisy;

BiACTaHb Bif NNACTUYHOT HENTPANbHOI
0OCi 10 LieHTpa eneMeHTapHoI NIoLLi A;;

Benuki epeubki nimepu

At
Al

AB gt

bri

bf

¢z

¢z,/
dz,m

¢zn

NPOMIXOK Yacy;

TENNOBE PO3LUNPEHHS;

NpupicT TeMnepaTypu HaBKOMULLHLOIO
cepefoBuLLa 3a NPOMIXKOK Yacy Af;
KoediuieHT bopmMu i-T MOBEPXHi KOHCT-
PYKUiT Ansa npopisy;

3aranbHUn KoedilieHT PopMM KOHCT-
PYKUiT Ansa pagiauinHoro Tennoobminy
3 Npopi3om;

3aranbHuUin kKoedilieHT (POPMU KOHCT-
pYKLUii onsa pagiauinHoro TennooomMiHy
3 nonym’sim;

KoedilieHT hopMm i-T MOBEPXHi KOHCT-
PYKUii ANa nonym’s;

3aranbHUn KoedilieHT opMM KOFNOHU
OIS HarpiBaHHSA Big NOSTyM’si CTOPOHM m;

3aranbHuUn KoeqiLiEHT POPMM KOJTOHU
ONs HarpiBaHHA Big Nonym’ss CTOPOHU N

Mani epeubki iimepu

(03

Bm

TG

TM2

Y M. fi

7Q,1

ef

KoeqiLlieHT KOHBEKLIMHOrO TENO0OMIHY;

KoedilieHT ekBiBarieHTHOrO piBHOMIp-
HOrO MOMEHTY;

KoedilieHT HagiNHOCTI ANs NOCTIMHOro
HaBaHTAXEHHS;

KoedilieHT HagiNHOCTI ANs HopMaribHOT
Temnepartypu;

KoedilieHT HaginHOCTI 4n4 BignoBigHOT
BNACTMBOCTI MaTepiany nig Yac noxexi;

KoedilieHT HagiMHOCTI ANs 3MiHHOIO
BnnmBy 1;

KoedilieHT BUNPOMIHIOBAHHS NONyM’st;
KoedilieHT BUMNPOMIHIOBaHHSA Npopiy;

KoedilieHT BUNPOMIHIOBAHHS NONyM’st;

I
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the buckling length of a column for the
fire design situation;

the horizontal distance from the
centreline of a column to a wall of
a fire compartment;

the time in fire exposure;
the width of an opening;

the distance from the plastic neutral axis
to the centroid of the elemental area A;;

Greek upper case letters

At
Al

AB gt

bri

br

b,

¢z,i
dz,m

¢z,n

the time interval;

the temperature induced expansion;
the increase of the ambient gas tempe-
rature during the time interval Af;

the configuration factor of member face
for an opening;

the overall configuration factor of the
member for radiative heat transfer from
an opening;

the overall configuration factor of

a member for radiative heat transfer
from a flame;

the configuration factor of member face i
for a flame;

the overall configuration factor of the
column for heat from flames on side m;

the overall configuration factor of the
column for heat from flames on side n

Greek lower case letters

(03

Bm

TG

TM2

Y M. fi

7Q,1

ef

the convective heat transfer coefficient;
the equivalent uniform moment factors;

the partial factor for permanent actions;
the partial factor at normal temperature;
the partial factor for the relevant material
property, for the fire situation;

the partial factor for variable action 1;
the emissivity of a flame;

the emissivity of an opening;
the emissivity of a flame;
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a,cr

O D D D
[\

gt

0 web

K4

K2

Pa

Xfi

ALT fi

X min,fi

Xz fi
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3aranbHUN KoedilieHT BUNPOMIiHIO-
BaHHSA MONyM’si Ha CTOPOHI 1m;

3aranbHUN KoedilieHT BUNPOMIHHO-
BaHHSI NOJTYM’si HA CTOPOHI 1;

KoediliEHT 3HUXKEHHS ON151 HECNPUATAN-
BOro MOCTINHOrO HaBaHTa)XeHHs G;

KoeiLieHT 3HWXEHHSI PO3paxyHKOBOrO
PiBHSA HABaHTaXKEHHSA Yy pasi NOXeXi;

Temneparypa;
Temnepartypa ctani, °C;
KpUTUYHa TemnepaTypa cTtarni;

TemnepaTtypa HaBKONMULIHLOTO cepeno-
BULLA B MOMEHT Yacy f;

cepefHs TeMneparypa CTiHKu1 nepepiay;
TemnepaTtypa enemMeHTapHol nnoLi A; ;

KoediLieHT NPUCTOCYBaHHS;
KoediLieHT NPMCTOCYBaHHA ANs HepiB-
HOMIpPHOro po3noainy TemnepaTypu no
LUMPVHI NONepeYHoro nepepisy;
KoediLieHT NpMUCTOCYBaHHA Ans
HepiBHOMIPHOro po3noainy Temne-
paTypv B300BX Oarnku;
TENnonpoBIaHICTb;

LWMprHa nonym’st 4ns i-ro Npopisy;
TENMNONPOBIAHICTb CUCTEMU BOrHe3a-
XUCTY;

po3paxyHKoBa TEMMONPOBIAHICTb BOrHe-
3axMCHOro martepiany;

CTYNiHb BUKOPUCTAHHSA B MOMEHT Yacy
t=0;

crana CtedaHa bonbumaHa,

5,67 x 1078 B1/m?K*;

ryctvHa crani;

rycTvHa BOrHe3axucHoro martepiany;

KoediliEHT 3HWKEHHS NS BTpaTU
CTINKOCTI Bifl 3rMHY AN po3paxyHKy

Ha BOTHECTINKICTb;

KoediLieHT 3HMXXEHHS 4Ns BTpaTH
CTINKOCTI BiZl KPYYEHHA AN pOo3paxyHKy
Ha BOTHECTINKICTb;

MiHIManbHe 3Ha4YeHHs f Tax 2 fi}

KoediliEHT 3HMKEHHS NS BTpaTU
CTINKOCTI Bif 3rMHy BiAHOCHO OCi Z
nig Yyac noxexi;

a,cr

O D D D
[\

gt

0 web

K4

K2

Pa

Xfi

ALT fi

X min,fi

Xz fi

the total emissivity of the flames on
side m;

the total emissivity of the flames on
side n;

a reduction factor for unfavourable
permanent actions G;

the reduction factor for design load level
in the fire situation;

the temperature;

the steel temperature [°C];

critical temperature of steel,;

the ambient gas temperature at time t;

the average temperature in the web of
the section;

the temperature in the elemental area
A
the adaptation factor;

an adaptation factor for non-uniform
temperature across the cross-section;

an adaptation factor for non-uniform
temperature along the beam;

the thermal conductivity;
the flame thickness for an opening i;

the thermal conductivity of the fire
protection system;

the effective thermal conductivity of the
fire protection material;

the degree of utilization at time t = 0;

the Stefan Boltzmann constant

[5,67 x 1078 W/m2K*];

the unit mass of steel;

the unit mass of the fire protection
material;

the reduction factor for flexural buckling
in the fire design situation;

the reduction factor for lateral-torsional
buckling in the fire design situation;

the minimum value of y , 5 and %, 5 ;
the reduction factor for flexural buckling
about the z-axis in the fire design situa-
tion;



Xy fi KoediLieHT 3HMXKEHHS 4Ns BTpaTH
CTINKOCTI Bifl 3rMHY BiAHOCHO OCi y
nig Yac Noxexi;

Vi KoediLieHT CronyYeHHs Ans 3MiHHUX
BMSIMBIB, LLO BU3HAYEHWUI AK 4 4

2 OCHOBW NPOEKTYBAHHA

2.1 Bumorn
2.1.1 OcHoeHi sumoz2u

(1) Axwo HeobxigHO 3abe3neyvnT MexaHiduHui
onip nig Yyac noxexi, ctanesi KOHCTPYKLUIT MaloTb
OyTM 3anpoeKkToBaHi Ta BWUrOTOBMEHI Tak, 06
3bepiratm Hecyyy 3gaTHITb NPOTArOM BigNOBIA-
HOro BOrHEeBOro BMMBY.

(2) Kputepin pgedopmadii mae 6yTn 3actocosa-
HWR, AKWO 3acobu 3axucty abo kpuTepii po3pa-
XYHKY OropopKyBarnbHUX KOHCTPYKLi BUMaratTb
BpaxyBaHHA gedopmalii HeCy4oi KOHCTPYKLi.
(3) Okpim (2), BpaxyBaHHs gedopmauii Hecy4oi
KOHCTPYKLii He € 060B’A3KOBMM Y TaKnX CUTYaLLisX:

— edeKTMBHICTb 3acobiB 3axucTy Byna ouiHeHa
BignosigHo 0o 3.4.3 Ta

— OropogyKyBarbHi KOHCTPYKLIT MatoTb BignoBi-
Jatn BMMoram 3rigHo 3 HOMiHarbHMM BOTHe-
BM BMNJ1INBOM.

2.1.2 HomiHanbHuUl eo2Hesul enniue

(1) 3a cTraHgapTHUM TemnepaTypHUM PEXUMOM
KOHCTPYKLUiI MaloTb BiAnoBigaTy kputepito R Tak:
— JMLle Hecydi: Hecy4a 3aaTHICTb (kputepin R).

(2) Kputepin R 3abesneyveHo, AKLLO Hecyya 3aaT-
HiCTb 30epexeHa NpoTSAroM BOrHEBOro BMIIMBY
HeoOXigHOT TPMBaNoCTi.

(3) Ons TeMnepaTypHOro pexunmy ByrrneBOaHEBOI
noXexi Cnif 3acTocoByBaTW Ti X cami KpuTepii, a
NnocunNaHHa Ha uen pexum nosHadvaTn BykBamu
IIHCIl-

2.1.3 lNapamempuyHul eo2Heegul &MU

(1) Hecy4a 3gaTHicTb 3abe3neyeHa, SKLLO pyrHY-
BaHHA He JOoMnycTUMe MNPOTSromM MNOBHOI TpuBa-
NOCTi NOXeXi, BKMoYaoun gpasy 3aTyxaHHs, abo
NPOTSAroM HeOBXiAHOro NPOMIXKKY Yacy.

OCTY-H B EN 1993-1-2:2010

Ly fi the reduction factor for flexural buckling
about the y-axis in the fire design situa-
tion;

W the combination factor for frequent

values, given either by y; 4 oryy 4.

2 BASIS OF DESIGN

2.1 Requirements
2.1.1 Basic requirements

(1) Where mechanical resistance in the case of
fire is required, steel structures should be de-
signed and constructed in such a way that they
maintain their load bearing function during the
relevant fire exposure.

(2) Deformation criteria should be applied where
the protection aims, or the design criteria for
separating elements, require consideration of the
deformation of the load bearing structure.

(3) Except from (2) consideration of the deforma-
tion 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 section 3.4.3;
and

— the separating elements have to fulfil require-
ments according to a nominal fire exposure.

2.1.2 Nominal fire exposure

(1) For the standard fire exposure, members

should comply with criteria R as follows:

— load bearing only: mechanical resistance (cri-
terion R).

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

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

2.1.3 Parametric fire exposure

(1) The load-bearing function is ensured if col-
lapse is prevented during the complete duration of
the fire including the decay phase or during a re-
quired period of time.
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2.2 BnnuBu

(1) Tennosi Ta mexaHiyHi BNAMBK chig npuriMaTtu
3a EN 1991-1-2.

(2) DopatkoBo oo EN 1991-1-2 cTyniHb YOpHOTK
crtanesol noBepxHi mae crtaHoButn 0,7 gns
ByrneweBoi ctani Ta 0,4 Anga Hepxas.itoyoi cTani
3rigHo 3 goaaTtkom C.

2.3 Po3paxyHKOBi 3Ha4eHHSA BfacTUBOCTEN
maTepianiB

(1) Po3paxyHKoBi 3Ha4eHHS MeXaHiYHMX (MiLHICTb

Ta gehopMaTUBHICTb) BACTUBOCTEN MaTepiany

X fi BU3HaYaloTh Tak:

2.2 Actions

(1) The thermal and mechanical actions should be
taken from EN 1991-1-2.

(2) In addition to EN 1991-1-2, the emissivity re-
lated to the steel surface should be equal to 0,7
for carbon steel and equal to 0,4 for stainless
steels according to annex C.

2.3 Design values of material properties

(1) Design values of mechanical (strength and de-
formation) material properties X, 5 are defined as
follows:

Xai =KeXk/Ymfi» (2.1)

ae:

X — XapaKTepuUCTU4HEe 3HaYeHHA MILHOCTI 4K

necopmatusHoCTi (3aebinbLuoro f, a6o E,) ans

po3paxyHKy 3a HOpMarbHOI TeMnepaTypu 3rigHo

3 EN 1993-1-1;

kg — KOemiLieHT 3MEeHLIeHHss MilHoCTi abo

aedopmaTUBHOCTI (Xk,e / X ), Wwo 3anexuTb Bif

Temnepatypu maTtepiany (po3ain 3);

YMm 5 — KOEmIUIEHT HadiHOCTI Ans BiAnoBigHOI

BNacTMBOCTI MaTtepiany nig 4ac noxexi.

Mpuwmitka. KoediuieHT HagiiHOCTI Ans MexaHivyHuX

BNacTMBOCTEN cTani y pasi noxexi HaBe4eHo B HaLio-

HanbHOMY [O04aTKy. PeKOMeHJJ,OBaHO BUKOPUCTOBY-

Batnyy = 1,0.

(2) PospaxyHkoBi 3Ha4eHHs TennodianyHmnx Bna-

CTUBOCTEN MaTepiany X, 5 BUSHa4aTb Tak:

— SKWO 306iNbLUEHHS XapaKTepUCTUKM CrpuUsaT-
nvee ana 6es3neku:

where:

X, is the characteristic value of a strength or de-
formation property (generally f, or E,) for normal
temperature design to EN 1993-1-1;

kg is the reduction factor for a strength or defor-
mation property (Xj o/ X)), dependent on the
material temperature, see section 3;

Ym s is the partial factor for the relevant material
property, for the fire situation.

Note: For the mechanical properties of steel, the par-

tial factor for the fire situation is given in the national
annex. The use of vy, ; = 1.0 is recommended.

(2) Design values of thermal material properties

X5 are defined as follows:

— if an increase of the property is favourable for
safety:

Xasi =X/ YMfis (2.2a)

—  AKWO 36iNbLUEHHS XapaKTEePUCTUKN HECMIPUAT-
nvee anga 6e3neku:

— if an increase of the property is unfavourable
for safety:

Xia =vmf Xk,00 (2.2b)

oe

Xk,e — 3Ha4yeHHsa BracTMBOCTI Martepiany Ans
pO3paxyHKy Ha BOTHECTINKICTb, LLO 3anexuTb Bif
Temnepatypu maTtepiany (po3ain 3);

Ym s — KOemiUieHT HafiHoCTi Ans BiAnoBigHOI
BNACTMBOCTI MaTepiany nig 4ac noxexi.
Mpumitka. KoediuieHT HagiHoCTi ana Tennodisny-
HWX BRacTMBOCTEW CTarni y pasi noxexi HaBedeHO B

HauioHanbHOMy AopaTtky. PekomeHaoBaHO BuKopuc-
ToByBatM )y 57 = 1,0.

22

where:

Xy o is the value of a material property in fire de-
sign, generally dependent on the material tem-
perature, see section 3;

Ym s is the partial factor for the relevant material
property, for the fire situation.

Note: For thermal properties of steel, the partial factor

for the fire situation see national annex. The use of
Ym, 7 = 1.0 is recommended.



2.4 MeToau nepeBipKu
2.4.1 3azasibHi MNOI0XKEeHHS

(1) Mogenb KOHCTPYKTUBHOI CUCTEMMU, LLLO NPUKA-
HATa A8 NPOEKTYBaHHSA 3rigHO 3 L€ YacTUHOK
1-2 EN 1993, mae BigobpaxaTtu odikyBaHy po-
BOTY KOHCTPYKLUi Nig Yac noxexi.

MpumiTtka. AKwo npasuna, Wwo HaBeAeHi y YacTuHi 1-2
EN 1993, gitoTb nuwe onsa ctangapTHOro Temneparyp-
HOro pexunmy, ue Bu3Ha4eHo y Bi,D,I'IOBi,Cl,HVIX NyHKTax.
(2) BoHa mae 6yTn nepeBipeHa ans BigNOBIAHOI
TpUBanocTi BOrHEBOro BNAuBY t:

OCTY-H B EN 1993-1-2:2010

2.4 Verification methods
2.4.1 General

(1) The model of the structural system adopted for
design to this Part 1-2 of EN1993 should reflect
the expected performance of the structure in fire.

Note: Where rules given in this Part 1-2 of EN1993 are
valid only for the standard fire exposure, this is identi-
fied in the relevant clauses.

(2) It should be verified that, during the relevant
duration of fire exposure

Efig <Rfigt (2.3)

ae

Ef; y— pO3paxyHKOBUI HaBaHTaXyBarbHUN ehekT
nig 4Yac noxexi, BU3HAYEHWA BIAMNOBIOHO [0
EN 1991-1-2 3 ypaxyBaHHSAM eekTiB Tennosmx
po3LwmnpeHb Ta gedopmadin;

Ry; o+ — BIANOBIAHWIA po3paxyHKoBWI onip nig Yac
NoXexi.

(3) Po3paxyHOK KOHCTPYKLiA Ha BOrHECTIMKICTb
cnig BuKoHyBaTK BignosigHo o 5.1.4 (2) EN 1990.
Mpumitka 1. [Ans po3paxyHKy KOHCTPYKLii avB. 2.4.2.
[Ona pospaxyHKy 4acTUHW KOHCTPYKTUBHOI CUCTEMM
omvB. 2.4.3.

[Ins 3aranbHOro po3paxyHKy KOHCTPYKTUBHOI CUCTEMU
ave. 2.4 4.

MpuwmiTtka 2. [1na nepesipky BUMOr HOPMOBAHOI BOTHE-
CTIMKOCTI OOCTaTHbO 34IMCHUTU aHani3a oKpeMoi
KOHCTPYKLi.

(4) Ak anbTepHaTMBa poO3paxyHKy KOHCTPYKLii
BU3HAYEHHSA BOIHECTINKOCTI Moxe 6asyBaTuch
Ha pesynbTaTax BOrHeBMx BMNpobyBaHb abo Ha
pesynbTatax BOrHeBMX BMMpoOyBaHb pasoM 3
po3paxyHKamMu.

2.4.2 Po3paxyHOK KOHCMPYKUii

(1) HaBaHTaxxyBanbHui edekT cnif Bu3Ha4atu
ana vacy t = 0, 3acTocoBykuM KoedilieHTU
cronyyeHHs v 4 abo vy, 4 BignosigHo Ao 4.3.1
EN 1991-1-2.

(2) Ax cnpoweHHa go (1) HaBaHTaxyBanbHUN
edekT E 5 MOXHA BUSHAYMTM 3 PO3PaxXyHKY KOH-
CTPYKLUIT 3@ HOpMmaribHOI TemMnepaTtypu, a came:

where:

Ejy; 4is the design effect of actions for the fire situa-
tion, determined in accordance with EN 1991-1-2,
including the effects of thermal expansions and
deformations;

Ry q¢ is the corresponding design resistance in
the fire situation.

(3) The structural analysis for the fire situation should

be carried out according to EN 1990 5.1.4 (2).

Note: 1: For member analysis, see 2.4.2;
For analysis of parts of the structure, see 2.4.3;

For global structural analysis, see 2.4.4.

Note: 2: For verifying standard fire resistance require-
ments, a member analysis is sufficient.

(4) 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.

2.4.2 Member analysis

(1) The effect of actions should be determined for
time t = 0 using combination factors 4 4 or vy, 4
according to EN 1991-1-2 clause 4.3.1.

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

Eqs =nf Eq, (2.4)

ae

E, — po3paxyHKoBe 3Ha4YeHHs BiANoBiAHOI CUMK
abo MOMEHTY, WO BM3HA4YeHe 3 pOo3paxyHKy 3a
HOpMarbHOI TemnepaTypu O5i1 OCHOBHOrO Cro-
nyyeHHs1 HaBaHTaxeHb 3rigHo 3 EN 1990;

where:

Eis the design value of the corresponding force
or moment for normal temperature design, for a fun-
damental combination of actions (see EN 1990);
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Nfi — KOEMILIEHT 3HWKEHHS pPo3paxyHKOBOro
PiBHA HaBaHTaXXEHHSA Yy pasi NOXexi.

(3) KoediuieHT 3HMKEHHA ng AN CMoNyYeHHs
HaBaHTaxeHHs (6.10) y EN 1990 cnig BusHavatu
3a oopMysoH:

Gk +wr Q1

s is the reduction factor for the design load level
for the fire situation.

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

(2.5)

Nfi

abo Ona cnonyyeHHs HaBaHTaxeHb (6.10a) Ta
(6.10b) y EN 1990, 9k MeHLUe 3Ha4YeHHs1 3 OBOX
Takux BUpasis:

Y6 Gk +7vQ,1Qk,1

or for load combination (6.10a) and (6.10b) in
EN 1990 as the smaller value given by the two
following expressions:

Gk +v g Qi 1
ng = ’ : (2.5a)
Y6 Gk +7Q,1V 0,1 Q. 1
Gk +vi Qg1
N . (2.5b)

e

Qg1 — XapaKTepucTUyHe 3HAYeHHsI rONOBHOMO
3MiHHOTO BMMBY;

Gy — XapakTepucTu4yHe 3Ha4eHHs MOCTIHOro
BMMMBY;

Ye — KoediuieHT HagiHOCTi AnA MNOCTIAHUX
BMJIMBIB;
YQ,1 — KOeqiuieHT HapiHoCTi Ans 3MiHHOro
BnnmBy 1;

Y — KOemiLeHT crionyyeHHs Ana 3MiHHUX Brnn-
BiB, LLIO BU3HAYEHUN Ky 4 4 860y, 4 (EN 1991-1-2);
& — koeilieHT 3HMKEHHA ANS HecnpuaATIMBUX
nocTinHMX BNNueis G.

Mpuwmitka 1. MNpuknag 3MiHN KOeILiEHTIB 3HMKEHHS
Mg 3anexHo Bi4 CMiBBIAHOWEHHS HaBaHTaXEHHS
Qx 1/ Gk ANSA pisHUX 3HaYeHb KoedilieHTa crnonyyeH-
HS  f; = /44 BiANOBIAHO A0 BUpasy (2.5) HaBeaeHo Ha
PUCYHKY 2.1 3 Takumm ymoBamu: yg = 1,35 Tayg = 1,5.
KoediuieHTn HagiHOCTi BM3Ha4deHi y BignNoBIgHUX
HauioHanbHux gogaTtkax EN 1990. PiBHaHHSA (2.5a) Ta
(2.5b) paroTb OeLlo 3aBULLEHI 3HAYEHHS.

MpumiTtka 2. Ak cnpoLeHHs Moxe ByTn BUKOPUCTaHO
pekoMmeHAoBaHe 3HadeHHs Ny = 0,65, okpiM npukna-
OEHVX HaBaHTaXeHb A5 KaTeropii HaBaHTaXeHHs E,
sk BctaHoBneHo B EN 1991-1-1 (nnowi, npyaatHi ans
HaKOMUYEHHA BaHTaXiB, BKMOYaOuM OOCTYMNHI LiNgH-
Kn), 4N 9KMX peKoMeHZ0oBaHUM 3Ha4YeHHsiM € 0,7.
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£v6C8k +YQ1Qk 1

where:

Qy 1 is characteristic value of the leading variable
action;

G is the characteristic value of a permanent ac-
tion;

v is the partial factor for permanent actions;

7q,11s the partial factor for variable action 1;

vy is the combination factor for values, given ei-
ther by w4 4 ory, 4, see EN1991-1-2;

& is a reduction factor for unfavourable perma-
nent actions G.

Note 1: An example of the variation of the reduction fac-
torny versus the load ratio Q, 1 / Gy for different values
of the combination factor yg =44 according to ex-
pression (2.5), is shown in figure 2.1 with the following
assumptions: yg = 1,35 and yq = 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
ng = 0,65 may be used, except for imposed load ac-
cording to load category E as given in EN 1991-1-1 (ar-
eas susceptible to accumulation of goods, including
access areas) where the recommended value is 0,7.
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PycyHOK 2.1— 3MiHa KOEmILIEHTIB 3HMKEHHS 17 3aMIEXHO Bif CMIBBIAHOWEHHS HaBaHTaXeHHA Q) ¢/ Gy
Figure 2.1 — Variation of the reduction factor n; with the load ratio Qy 1/ Gy

(4) Cnig posrnagatn nuwe egekTn TennoBux
aedopmauin, WO € Hacrigkom TennoBux rpa-
JIEHTIB MO LWIMPUWHI NonepeyHoro nepepisy. Bnnve
TENnnoBOro PO3LUMPEHHS B3AOBX Ta Y MNMOLUHI
KOHCTPYKL,ii MOXXHa He BpaxoByBaTH.

(5) MpaHn4Hi ymMOBM Ha onopax Ta KiHUAX KOH-
CTPYKUii MOXHa BBaXaTW He3MiHHUMMK nig 4ac
NoXexi.

(6) CnpoweHi abo yTOYHEHI pO3paxyHKOBi Mo-
geni, wo HaeedeHi B 4.2 ta 4.3 BignoBigHo, €
NPUAHATHAMK ONsi NEepPeBipKM KOHCTPYKLUiA B
YMOBaXx NoXexi.

2.4.3 Po3paxyHOK 4YacCmuHU KOHCMPYK-
mueHoi cucmemu

(1) 3acTocoByeTbes npasuno 2.4.2 (1).

(2) Ak anbTepHaTMBa 3aranbHOMY PO3paxyHKY
KOHCTPYKLUiM i 4Yac noxexi B MOMeHT yacy = 0
OMOPHI peakuii, BHYTPILWHI 3yCcunna Ta MOMEHTHU
Ha MeXi YaCTUHU KOHCTPYKTUBHOI CUCTEMWN MOX-
Ha OTpUMaTW 3a PO3PaxyHKOM KOHCTPYKLiA 3a
HOpMarbHUX TeMnepaTyp, K HaBeaeHo B 2.4.2.

(3) YacTnHa KOHCTPYKTMBHOI CUCTEMM A1 po3pa-
XYHKY Ma€ 0yTu BU3HaA4YeHa Ha OCHOBI MOXITUBUX
TEnnoBuX po3lwmpeHb abo aedopmadin, wob ii
B3aeMoAis 3 iHWWUMK YaCTUHAMWN KOHCTPYKTUBHOI
cuctemmn morna 6yTu BMpaxkeHa He3anexHuMu
Bi, Yacy ymMOBaMM CMMpaHHA Ta rpaHUYHUMU
yMOBaMM Mg Yac noxexi.

(4) Only the effects of thermal deformations
resulting from thermal gradients across the
cross-section need to 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 un-
changed throughout the fire exposure.

(6) Simplified or advanced calculation methods
given in clauses 4.2 and 4.3 respectively are suit-
able for verifying members under fire conditions.

2.4.3 Analysis of part of the structure

(1) 2.4.2 (1) applies.

(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 given in 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 in-
teraction with other parts of the structure can be
approximated by time-independent support and
boundary conditions during fire exposure.
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(4) Y mexax 4acTMHM KOHCTPYKTUBHOI CUCTEMU
ONS po3paxyHKy Crig BpaxoByBaTW XapaKTepHUii
BUA PYMHYBaHHS Nig 4ac MoXexi, BNacTUBOCTI
MaTepiany, WO 3anexartb Big Temnepartypu, Ta
XOPCTKICTb KOHCTPYKLUii, BNUBWU TEMMOBUX PO3-
WwrpeHb Ta gedopmalin (BNAUBWM Jpyroro no-
PAAKY Nig Yac noxexi).

(5) M'paHMyHi ymOBM Ha onopax Ta 3ycunns Ha
MeXi 4YaCTUHM KOHCTPYKTUBHOI CUCTEMMU BBa-
YKaTb HE3MIHHUMM MNig Yac NOXeXi.

2.4.4 3azanbHUl po3paxyHOK KOHCMPYK-
mueHoi cucmemu

(1) SAKwo BUKOHYETbCSA 3aranbHWUA PO3pPaxyHOK
KOHCTPYKTMBHOI CUCTEMM Mif Yac noxexi, cnig
BpaxoBYBaTW XapaKTepHUN B PyMHYBaHHA nig
yac noxexi, BNacTMBOCTI maTepiany, Wo 3ane-
XaTb Big TeMnepaTtypu, Ta XXOPCTKICTb KOHCTPYK-
Lil, BANMBKU TENMOBUX PO3LLMpeHb Ta gedopma-
uir (BNNMBM ApYroro NOpPsSAKY nig vyac noxexi).

3 BJIACTUBOCTI MATEPIAJIB

3.1 3aranbHi BUMoru

(1) 3HayveHHa BRacTMBOCTEM MaTepianis, LWO
HaBedeHi B LUbOMYy po3ini, cnig posrnsagaty gk
XapakTepUCTUYHI, OKpiM TUX, LLUO HaBedeHi SK
pO3paxyHKOBI.

(2) MexaHi4Hi BNacTMBOCTI cTasni 3a TemnepaTypu
20 °C npunmatoTb 3 EN 1993-1-1 ons pospaxyHky
3a HoOpMarsbHOI TeMnepaTypum.

3.2 MexaHi4Hi BnacTMBOCTiI ByrineueBunx
craneun

3.2.1 MiyHicmb ma de¢hopmauiliHi
eslacmueocmi
(1) Onsa wengkocTen HarpiBaHHA Big 2 K/xB o
50 K/xB MmiuHicTb Ta gedopmalliiHi BMacTUBOCTI
cTani 3a niaBueHnx TemnepaTyp BU3HayawTb 3
adiarpamu "HanpyxxeHHa-gedopmadii’, wo Hase-
JeHa Ha pucyHky 3.1.
Mpumitka. [ng npaBun LbOro ctaHgapTy NPURHATO,
LLO WBUAOKOCTI HArpiBaHHA 3HMXXYKOTbCA Y BUSHAYEHUX
MeXXax.
(2) CniBBigHOLWLEHHSA, WO HaBedEHEe Ha PUCYH-
Ky 3.1, BUKOPUCTOBYIOTb AJ151 BUSHAYEHHS OMnopy
Ha po3TAr, CTUCK, Ail0 MOMEHTY Ta nonepeydHol
cunu.
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(4) Within the part of the structure to be analyzed,
the relevant failure mode in fire exposure, the
temperature-dependent material properties and
member stiffness, effects of thermal expansions
and deformations (indirect fire actions) should be
taken into account.

(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) Where a global structural analysis for the fire
situation is carried out, the relevant failure mode
in fire exposure, the temperature-dependent ma-
terial properties and member stiffness, effects of
thermal deformations (indirect fire actions) should
be taken into account.

3 MATERIAL PROPERTIES

3.1 General

(1) Unless given as design values, the values of
material properties given in this section should be
treated as characteristic values.

(2) 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 of carbon steels

3.2.1 Strength and deformation properties

(1) For heating rates between 2 and 50 K/min, the
strength and deformation properties of steel at el-
evated 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 relationship given in figure 3.1 should be
used to determine the resistances to tension,
compression, moment or shear.
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Cragii pecopmyBaHHs HanpyxeHHs [MouyaTKOBMIM MOAYIb
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f, o — po3paxyHkoBa rpaHuus TekyyocTi (effective yield strength); f, ¢ — rpaHuus nponopuitHocTi (propor-
tional limit); E ; o — Haxun NiHiHOT NpyxHoT AinsHku (slope of the linear elastic range); ¢, ¢ — AedopmaLlisi Ha
rpaHuui nponopuinHocTi (strain at the proportional limit); €y ¢ — AehopMaLlisi Ha rpaHuLli TEKy4OCTi (yield strain);
&t p — rPaHnyYHa aecopmauis Ha rpaHuui Teky4vocTi (limiting strain for yield strength); g, ¢ — kpuT4Ha gedop-
Mauis (ultimate strain).

PucyHok 3.1 — [liarpama "HanpyxeHHsa-aedopmadia” ons ByrnewueBoi cTani 3a nigBuLLeHol
Temneparypu
Figure 3.1 — Stress-strain relationship for carbon steel at elevated temperatures
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(3) Tabnumus 3.1 BKasye KOeqiLiEHTN 3HMKEHHS

ana giarpamu "HanpyxeHHs-gedopmadii crtani

3a nigBuLEeHOl TemnepaTtypu, WO HaBedeHa Ha

pucyHky 3.1. Lli koedilieHTn 3HMKEHHS BU3Ha-

YarTb TakK:

— po3paxyHKOBa rpaHuUsa TeKy4yoCTi BiQHOCHO
rpaHuLi TekydocTi 3a TemnepaTypu 20 °C:

(3) Table 3.1 gives the reduction factors for the
stress-strain relationship for steel at elevated
temperatures given in figure 3.1. These reduction
factors are defined as follows:

— effective vyield strength, relative to yield
strength at 20 °C:

ky’e ny,G /f, )

— rpaHuusa MpPOMNOPLIMHOCTI BIOHOCHO rpaHuLi
Teky4yocTi 3a TemnepaTypu 20 °C:

— proportional limit, relative to yield strength at
20 °C:

kpo =fp0 !ty

— Haxun JiHINHOT NPYXHOI AiNAHKM BiOHOCHO
Haxuny 3a Temnepatypu 20 °C:

— slope of linear elastic range, relative to slope at
20 °C:

keo =Egp/Ej.

Mpumitka. 3MiHy UMX KOeiLiEHTIB 3HMKEHHSA 3anex-
HO Bif, TeMnepaTtypu 306paeHo Ha pUCYHKY 3.2.

Note: The variation of these reduction factors with tem-
perature is illustrated in figure 3.2.

Ta6nuua 3.1 — KoediuieHTn 3HmKeHHs ANg BYrfeLeBoi ctani 3a niagB1LEHOT TemnepaTypu

Table 3.1: Reduction factors for stress-strain relationship of carbon steel at elevated temperatures
KoedpiLlieHT 3HIkeHHs1 3a TemnepaTypy 6, BiAHOCHO 3HayeHHs f, abo E, ans 20 °C
Reduction factors at temperature 6, relative to the value of f, or E, at 20 °C
TeMHepaTypa Koe(_bi""ieHT 3;"'/')'(6”“” KoedilieHT 3HMKEeHHA KoedilieHT 3HMKEeHHA
cran (BiAHOCHO }{) Ana (BiAHOCHO f,) ANs rpaHnui | (BiAHOCHO E,) Anst Haxuny
Steel PO3PaXyHKOBOI rpaHNL NPONOPLINHOCTI RiHIHOT NPYXKHOT AiNAHKM
Temperature R dTeKYqO(;T' Reduction factor Reduction factor
04 lat © UC;'O? ac:c]cc)r , (relative to f,) for propor- |(relative to E,) for the slope
(re at'\;?etlz é/t)re?:g?h ective tional limit of the linear elastic range
Kpo=Fpo!f keo=Eso ! E
— p,0 p,o "y E.0 a,0 a
kyo="1olf,
20 °C 1,000 1,000 1,000
100 °C 1,000 1,000 1,000
200 °C 1,000 0,807 0,900
300 °C 1,000 0,613 0,800
400 °C 1,000 0,420 0,700
500 °C 0,780 0,360 0,600
600 °C 0,470 0,180 0,310
700 °C 0,230 0,075 0,130
800 °C 0,110 0,050 0,090
900 °C 0,060 0,0375 0,0675
1000 °C 0,040 0,0250 0,0450
1100 °C 0,020 0,0125 0,0225
1200 °C 0,000 0,0000 0,0000
MpumiTtka. [na NpoMikHUX 3HaYeHb TeMnepaTypu ctarni Moxe ByTy 3acTocoBaHa fiHilHa iHTepnonsuis.
Note: For intermediate values of the steel temperature, linear interpolation may be used.
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PucyHok 3.2 — KoediuieHTn 3HXKeHHs Ang Byrneuesoil cTani 3a niaBuLeHol TemnepaTypu
Figure 3.2 — Reduction factors for the stress-strain relationship of carbon steel at elevated
temperatures

(4) Ak anbTepHaTMBa ANA TemnepaTyp HWX4e
400 °C giarpama "HanpyxeHHsi-gedopmauii”, o
BM3Ha4eHa B (1), Moxe OyTM NogoBXeHa 3aBAsKM
MOXXITMBOCTI AedopMauiiHOro 3MilHEeHHs1 3rigHo
3 gogatkom A 3a ymMOBM, WO MicueBa BTpaTa
CTIMKOCTI KOHCTPYKLIiT HE CMPUYNHUTL Nepeayac-
HOMO PYNHYBaHHS.

3.2.2 'ycmuHa

(1) T'yctuHy ctani p,a BBaXatoTb He3anexHor
Big TemnepaTypwu ctani. [puinHATO Take 3HaYEeHHS:
pa = 7850 kr/m3.

3.3 MexaHi4Hi BacTUBOCTI HepXaBiloumnx
ctanen

(1) MexaHiyHi BNacTUBOCTI HepxaBitoyoi cTani

npurmatoTb 3 gogatka C.

(4) Alternatively, for temperatures below 400 °C,
the stress-strain relationship specified in (1) may
be extended by the strain-hardening option given
in annex A, provided local or member buckling
does not lead to premature collapse.

3.2.2 Unit mass

(1) The unit mass of steel p, may be considered
to be independent of the steel temperature. The
following value may be taken:

p, = 7850 kg/m?.

3.3 Mechanical properties of stainless steels

(1) The mechanical properties of stainless steel
may be taken from annex C.

29



ACTY-H B EN 1993-1-2:2010

3.4 TennodcisanyHi BNacTuBocTi 3.4 Thermal properties
3.4.1 Byaneuyeei cmani 3.4.1 Carbon steels
3.4.1.1 Tennose 8UO08XKEHHS 3.4.1.1 Thermal elongation
(1) BigHocHe TennoBe BMAOBXeHHs cTani Al /| (1) The relative thermal elongation of steel Al /1
BM3Ha4aloTb Tak: should be determined from the following:
- ana20°C<0, <750 °C: - for20°C <6, <750 °C:
Al/1=12x1050, +0,4x 10802 -2416x107; (3.1a)
- ana750°C <0, <860 °C: - for750 °C <6, <860 °C:
Al/1=11%x1072; (3.1b)
— ana 860 °C <6, <1200 °C: — for 860 °C <6, <1200 °C:
Al/1=2x107°6, -6,2x 1073, (3.1¢c)
ae: where:
I — poBxuHa 3a TemnepaTypu 20 °C; I is the length at 20 °C;
Al — TennoBe BUOOBXEHHS; Alis the temperature induced elongation;
0, — Temnepartypa ctani, °C. 0, is the steel temperature [°C].
MpumiTka. 3MiHy BiHOCHOrO TENMOBOr0 BUAOBXEHHS Note: The variation of the relative thermal elongation
3anexHo Big TemnepaTtypu 306pakeHo Ha pUCYHKy 3.3. with temperature is illustrated in figure 3.3.
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PucyHok 3.3 — BigHOCHe TennoBe BUOOBXEHHS BYrfeLeBol cTani 3anexHo Big Temnepatypu
Figure 3.3 — Relative thermal elongation of carbon steel as a function of the temperature
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3.4.1.2 [Tumoma mennoemMHicmeb 3.4.1.2 Specific heat
(1) Mutomy TennoemHicTb cTani ¢, BU3Ha4alTb (1) The specific heat of steel ¢, should be deter-
Tak: mined from the following:
- ana20°C <0, <600 °C: — for20°C <6, <600 °C:
c,=425+7,73x107"10, —1,69x 107302 +2,22x 10063 Ow/kr-K (J/kg K); (3.2a)
— Ana 600 °C <6, <735 °C: — for600 °C <6, <735 °C:
13002
c, =666+ ————— x/kr-K (J/kg K); 3.2b
a 7380, P K Wkg K) (3.2b)
- ana 735°C <60, <900 °C: — for735°C <6, <900 °C:
17820
c, =545+ ———— [IOx/kr-K (J/kg K); 3.2c
a o 731 - (J/kg K) (3.2)
— Ana 900 °C <6, <1200 °C: — for900 °C <6, <1200 °C:
¢, = 650 Ox/kr-K (J/kg K), (3.2d)
ae: where:
0, — Temneparypa ctarni, °C. 0, is the steel temperature, [°C].
MpumiTka. 3MiHY MMTOMOT TENMOEMHOCTI 3aNEXHO Bif Note: The variation of the specific heat with tempera-
TemnepaTypu 300paxkeHo Ha puUcyHKy 3.4. ture is illustrated in figure 3.4.
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PucyHok 3.4 — [uToMa TennoemMHiCTb BYrfeLeBoi cTani 3anexHo Big Temnepartypu
Figure 3.4 — Specific heat of carbon steel as a function of the temperature
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3.4.1.3 TennonposidHicmsb

(1) TennonposigHicTb cTani A, BU3HaAYaOTh Tak:

- ana20°C <6, <800 °C:

Ay =54-3,33x10720, Br/m-K (W/m K);

— ana 800 °C <6, <1200 °C:

Ay =27,3BT/M-K (W/m K),

e:

0, — Temnepartypa ctani, [°C].

MpumiTka. 3mMiHy TENNONPOBIAHOCTI 3aNeXHO Big TeM-
nepatypu 306paxeHo Ha PUCYHKY 3.5.

Tennonposianicts, Br/M-K
Themnal conductivity [ W/ mK]

3.4.1.3 Thermal conductivity

(1) The thermal conductivity of steel A ; should be
determined from the following:
— for20°C <6, <800 °C:

(3.3a)
— for 800 °C <6, <1200 °C:
(3.3b)

where:
0, is the steel temperature, [°C].

Note: The variation of the thermal conductivity with
temperature is illustrated in figure 3.5.
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PucyHok 3.5 — TennonpoBigHiCTb ByrfeLeBoi cTani 3anexHo Big Temnepartypu
Figure 3.5 — Thermal conductivity of carbon steel as a function of the temperature

3.4.2 Hepxaeiro4ya cmanb

(1) TennodisnyHi BRACTUBOCTI HepaBiloyoi
ctani npunmatroTb 3 gogatka C.

3.4.3 BozHe3saxucHi mamepianu

(1) BnactuBocTi Ta noBefdiHKa BOrHE3axXMCHUX
MaTepianis, O BUKOPUCTaHI N5t MPOEKTyBaHHS,
MatTb OYTM OUiIHEHi 3 BUKOPUCTAHHAM METOAUK
BunpobyBaHb, WO HaBegeHi B ENV 13381-1,
ENV 13381-2 abo ENV 13381-4 BignoBigHo.

Mpuwmitka. Lli cTtaHgaptv BknoyaloTb BUMOrY, LIO
BOrHE3axWUCHi MaTepiaJ‘II/I MarTb 3anvaTmnca 3denne-

HAMW Ta 3B’A3aHUMK 3 IX OCHOBOK MPOTArOM BiAMNO-
BiJHOro BOrHEBOrO BMJMBY.
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3.4.2 Stainless steels

(1) The thermal properties of stainless steels may
be taken from annex C.

3.4.3 Fire protection materials

(1) The properties and performance of fire protec-
tion materials used in design should have been
assessed using the test procedures given in
ENV 13381-1, ENV 13381-2 or ENV 13381-4 as
appropriate.

Note: These standards include a requirement that the
fire protection materials should remain coherent and

cohesive to their supports throughout the relevant fire
exposure.



4 PO3PAXYHOK HA BOMHECTIUKICTb
4.1 3aranbHi BUMOru

(1) Llen posain BcTaHOBMOE npasuna ans cra-
NEBUX KOHCTPYKLIN, SKi MOXYTb OYyTU:

— He3axuvLeHUMMU;

— i30MbOBaHNMUN BOrHE3aXNCHUM MaTepianom;
— 3axuLeHUMU TENNOBUMU eKpaHaMu.
Mpumitka. lNMpuknagamun iHWKWX MeTOAIB 3axucTty €
HamoBHEHHSA BOAOK abo 4acTKOBUWA 3axUCT CTiH Ta
NnepeKkpuTTIB.

(2) Ons Bu3HayeHHS BOrHECTIMKOCTI 3acTOCO-
BYIOTb Taki METOAN NMPOEKTYBAHHS:

— ClpOLLeHi po3paxyHKOBi Moaen;

— YTOYHEHi po3paxyHKOBi Moaeni;

— BUNpobyBaHHS.

MpumiTka. PiweHHS npo BUKOPUCTaAHHA YTOYHEHUX
pPO3paxyHKOBUX MoAenen B KpaiHi MOXHa 3HauTu y
HauioHanbHOMY AoaaTky.

(3) MpocTi po3paxyHKoBi Mogeni — Le CnpoLLEHi
MeTOOU MPOEKTYBAHHA ANA OKPEMUX KOHCTPYK-
Ui, WO IPYHTYIOTbCA Ha TpaguuinHUX npuny-
LLIEHHSX.

(4) YTO4HeHi po3paxyHKOBi Moeni — Lie Metoau
NPOEKTYBaHHS, B AKUX IHXEHepHi npuHUMnu 3a-
CTOCOBaHi peanicTuyHo 40 0cobnmBMX Npuknag-
HUX 3agau.

4.2 CnpolueHi po3paxyHKoOBi moaeni
4.2.1 3azanbHi sumozau

(1) Hecyya 3gaTHiCTb CcTaneBoOi KOHCTPYKLUiT Mae
3bepiraTnca Yepes NPOMIKOK Yacy t ons gaHoi
NoXexi:

OCTY-H B EN 1993-1-2:2010

4 STRUCTURAL FIRE DESIGN
4.1 General

(1) This section gives rules for steelwork that can
be either:

— unprotected;

— insulated by fire protection material;

— protected by heat screens.

Note: Examples of other protection methods are water
filling or partial protection in walls and floors.

(2) To determine the fire resistance the following
design methods are permitted:

— simplified calculation models;

— advanced calculation models;

— testing.

Note: The decision on use of advanced calculation
models in a Country may be found in its National An-
nex.

(3) Simple calculation models are simplified de-
sigh methods for individual members, which are
based on conservative assumptions.

(4) Advanced calculation models are design
methods in which engineering principles are ap-
plied in a realistic manner to specific applications.

4.2 Simple calculation models

4.2.1 General

(1) The load-bearing function of a steel member
should be assumed to be maintained after a time ¢
in a given fire if:

Efig <Rfigt (4.1)

ae:

Ef; y— po3paxyHKoBuiA HaBaHTaXyBarnbHUA ehekT
nig Yac noXexi, Wo BM3HAYEHU BiAMNOBIAHO A0
EN 1991-1-2;

Rj; 4.t — BIANOBIOHUI PO3paxyHKOBWIA OMip cTane-
BOI KOHCTPYKLUIT Ni Yac noxexi y MOMeHT yacy .

(2) PospaxyHkoBuit onip Ry 4; Y MOMEHT yacy ¢
BM3Ha4aloTb 3a YMOBM PiBHOMIPHOro po3noginy
TemnepaTtypu B nonepevyHomy nepepisi, 3MiHwo-
IOUM PO3PaxyHKOBUI OMip AN NPOEeKTyBaHHS 3a
HopmarnbHOI Temnepatypw 3rigHo 3 EN 1993-1-1;
Wwob BpaxyBaTu MexaHi4Hi BNacTMBOCTI cTani 3a
nigsuLieHnx TemnepaTtyp (avs. 4.2.3).

where:
Ej 4 is the design effect of actions for the fire de-
sign situation, according to EN 1991-1-2;

R4t is the corresponding design resistance of
the steel member, for the fire design situation, at
time t.

(2) The design resistance Ry, at time ¢ should
be determined, usually in the hypothesis of a uni-
form temperature in the cross-section, by modify-
ing the design resistance for normal temperature
design to EN 1993-1-1, to take account of the me-
chanical properties of steel at elevated tempera-
tures, see 4.2.3.
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Mpuwmitka. Y 4.2.3 Ry 4 3amiHoTb Ha Mg gy, Niitra
Ta iH. (okpemo abo pasom), a BiOMOBIAHI 3HAYEHHS
Mg gq . Nggq Ta iH. 3aMiHIOI0TE Ef 4 .

(3) AKWO BMKOPUCTOBYIOTb HEPIBHOMIPHUI PO3-
noain TemnepaTtypu, pPO3paxyHKOBUA onip 3a
HopmaribHOT TemnepaTypu 3rigHo 3 EN 1993-1-1
3MiHIOIOTb Ha OCHOBI LIbOro pPo3noAiny Temnepa-
Typum.

(4) Ak anbtepHatuBa (1) BMKOPUCTAHHIKO piB-
HOMIpDHOro po3noainy TemnepaTtypu MepesipKy
MOXHa BWKOHYBaTW B iHTepBani TemnepaTtypu
(amB. 4.2.3).

(5) PynHyBaHHs1 pobo4oro nepepisy B npopizax
Anga 3’edHaHb He po3rnagaeTbes 3a YMOBW, LWO
3'eHaHHSA € B KOXXHOMY NPOPI3i, OCKINbKM Temne-
paTypa cTani 3’egHaHb HWX4ya 4Yyepe3 HasiBHICTb
[0OaTKoBOro matepiany.

(6) BorHecrTinkicte 6GontoBoro abo 3BapHOro
3'eQHaHb BBaXalTb OCTATHLO, AKLLO BUKOHAHI
Taki yMOBU:

1. Tennosui onip (df /Af), BOrHesaxucTy 3’eq-
HaHHSA Mae OopiBHIOBaT abo nepesuLLyBaTh
MiHiManibHe 3HaYeHHs TEnmoBOro  OMnopy
(df /' Af)y, BOrHE3axucTy, LIO 3aCTOCOBaHWM
00 Oyab-aKoi 3i 3'eQHaHNX KOHCTPYKLiN;

TYT d; — TOBLUMHA BOrHE3axMCHOro maTepiany
(df = 0 oNs He3axmLLIEHNX KOHCTPYKLLN);

Af — pPO3paxyHKoBa TEMMOnNpoBiAHICTL BOrHe-
3axMCHOro maTepiany.

2. BukopuctaHHa 3'egHaHHS Mae OOpiBHIOBATU
abo OyTVM MEeHLIMM 3a MiHiManbHe 3HaYeHHs
BUKOPUCTaHHA Byab-sIKOro 3i 3’€4HaHNX KOHCT-
PYKLiN.

3. MiuHicTb 3’egHaHHA 3a TemnepaTypyu HaBKO-
NWLWHBOro cepefoByLLa Mae BignoBsigaTn pe-
KoMeHaauiam, wo HaeseaeHi B EN 1993-1.8.

(7) Ax anbTepHaTMBa MeToAy, WO HaBeOeHUN Y
4.2.1 (6), BOrHeCTINKICTb 3'€HaHHS MOXHa BW-
3HayaTu 3a MeToaoMm 3rigHo 3 gogaTtkom D.
MpumiTka. Ak CNPOLLEHHS MOPIBHAHHA PIiBHIB BUKO-
pUCTaHHA 3’€4HaHb Ta 3’€4HaHUX KOHCTPYKLiM MOXHa
34INCHIOBATK 3a KiIMHATHOI TemnepaTypu.

4.2.2 Knacudbikauiss nonepe4yHux nepepisie
(1) Onsa umx cnpoLeHnx npasun nonepeYHi nepe-
Pi3n MOXHa KnacugikyBaTu sK 4515 TPOEKTYBaHHS

3a HopMasnbHOI TemnepaTypu 3i 3HWKEHUM 3Ha-
YEHHAM € :

Note: In4.2.3 Ry 4 becomes My;; gy, Niit ra €1C (SEPa-
rately or in combination) and the corresponding values
of Mg g4, Ny gq €1C represent E 4 .

(3) If a non uniform temperature distribution is
used, the design resistance for normal tempera-
ture design to EN1993-1-1 is modified on the
base of this temperature distribution.

(4) Alternatively to (1), by using a uniform temper-
ature distribution, the verification may be carried
out in the temperature domain, see 4.2.4.

(5) Net-section failure at fastener holes need not
be considered, provided that there is a fastener in
each hole, because the steel temperature is lower
at joints due to the presence of additional mate-
rial.

(6) The fire resistance of a bolted or a welded joint
may be assumed to be sufficient provided that the
following conditions are satisfied:

1. The thermal resistance (df / L¢), of the joint’s
fire protection should be equal or greater than
the minimum value of thermal resistance
(df I'\¢)y of fire protection applied to any of
the jointed members;

Where: d;is the thickness of the fire protection
material (d; = 0 for unprotected members);

Af is the effective thermal conductivity of the
fire protection material.

2. The utilization of the joint should be equal or
less than the maximum value of utilization of
any of the connected members.

3. The resistance of the joint at ambient tempera-
ture should satisfy the recommendations given
in EN1993-1.8.

(7) As an alternative to the method given in 4.2.1
(B) the fire resistance of a joint may be determined
using the method given in Annex D.

Note: As a simplification the comparison of the level of
utilization within the joints and joined members may be
performed for room temperature.

4.2.2 Classification of cross-sections

(1) For the purpose of these simplified rules the
cross-sections may be classified as for normal
temperature design with a reduced value for ¢ as
given in (4.2).

£=0,85[235/f,]%°, (4.2)
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ae
fy— rpaHuusa TekydocTi 3a Temnepatypm 20 °C.
Mpuwmitka 1. Aue. EN 1993-1-1.

Mpumitka 2. KoediuieHT 3HmxeHHA 0,85 BpaxoBye
BMIMBMU Bif 3pOCTaHHA TeMnepaTypu.

4.2.3 Onip
4.2.3.1 KoHcmpykuii, Wo npayroroms Ha po3msie

(1) PospaxyHkoBy Hecy4y 3faTHicTb Ny g ry KOH-
CTPYKLIT Ha po3TAr 3 piBHOMIPHOIO TeMMepaTyporo
6, BM3Ha4aloTb 3 BUPA3Yy:

OCTY-H B EN 1993-1-2:2010

where:
f, is the yield strength at 20 °C.

Note 1: See EN1993-1-1.

Note 2: The reduction factor 0,85 considers influences
due to increasing temperature.

4.2.3 Resistance
4.2.3.1 Tension members

(1) The design resistance N; grq Of a tension
member with a uniform temperature 6, should be
determined from:

Nfi.ord =Ky,0 Nrd [Ym,0 / Ym, il (4.3)
ae where:
Ky o — KOEMILIEHT 3HWXEHHS rpaHuLi TekyyocTi k.o is the reduction factor for the yield strength of

cTani 3a Temnepartypu 0,, LIO AOCAraeTbcda B
MOMEHT yacy t (po3gin 3);

Ngr4 — PO3paxyHKoBa Hecy4a 34aTHICTb nonepey-
HOro nepepisy Np,’Rd OnNs NPOEKTYBaHHSA 3a HOp-
MarnbHol TemnepaTtypv BignosigHo Ao EN 1993-1-1.
(2) PospaxyHkoBy Hecyvy 3paTtHiCTb Njigpy B
MOMEHT Yacy t KOHCTPYKL,T, L0 npautoe Ha po3-
TAr, 3 HEPIBHOMIPHMM pO3MNoainioMm Temnepatypu
No LWMPWHI NONEpPEYHOoro nepepisy BM3Ha4aTb 3
BMUpasy:

steel at temperature 6 4, reached at time t see sec-
tion 3;

Ng, is the design resistance of the cross-section
Ny, rg for normal temperature design, according

p
to EN 1993-1-1.

(2) The design resistance Nz, at time ¢ of a
tension member with a non-uniform temperature
distribution across the cross-section may be de-
termined from:

n
Nitra = 2 AiKyoify Ymsis (4.4)
i1

ae,

A;— enemeHTapHa nrotia nonepe4Horo nepepisy
3a TemnepaTypu 6; ;

Ky 6, — KOBMDILIEHT 3HMKEHHS rPaHUL TEeKY4OCTi
cTani 3a Temnepatypu 0; (posgain 3);

0; — TemnepaTypa enemeHTapHoI nnoLi A; .

(3) PospaxyHkoBa Hecyya 3AaTHICTb Njipy B
MOMEHT Yacy t KOHCTPYKLT, L0 npautoe Ha pos-
TAr, 3 HEPIBHOMIPHMM pO3Mnoainiom Temnepatypu
MOXe CMpoLLEeHO [OpPIBHIOBATU pPO3paxyHKOBIN
Hecyuin 3aaTHOCTI Ny g ry KOHCTPYKLUIT, WO npa-
LIOE Ha pO3THr, 3 PiBHOMIPHMM PO3M04iNoM TeEM-
nepatypu ctarni 6, WO AOPIBHIOE MakCMMaribHin
Temneparypi cTani 0,4 yax B MOMEHT Yacy t.

4.2.3.2 KoHcmpyKuii, Wwo npayroroms Ha CMUCK,
3 rioriepe4yHUMU riepepizamu Knacy 1,
Knacy 2 abo knacy 3

(1) Po3paxyHKoBYy Hecy4y 30aTHICTb B MOMEHT
yacy t npu No3poBXHbOMY 3rvHi Nj g ry CTUC-
HYTOI KOHCTPYKUiT 3 MOMepeyHnm nepepiaom
knacy 1, knacy 2 abo knacy 3 3 piBHOMipHOM
TemnepaTtypoto 0, BU3Ha4aoTb 3 BUpa3y:

where:

A;is an elemental area of the cross-section with a
temperature 6; ;

ky e, is the reduction factor for the yield strength
of steel at temperature 6;, see section 3;

0, is the temperature in the elemental area A; .

(3) The design resistance Ny, g, at time t of a ten-
sion member with a non-uniform temperature dis-
tribution may conservatively be taken as equal to
the design resistance Ny g gy Of @ tension mem-
ber with a uniform steel temperature 6, equal to
the maximum steel temperature 6, 5 reached
at time t.

4.2.3.2 Compression members with Class 1,
Class 2 or Class 3 cross-sections

(1) The design buckling resistance N, ;rqy at
time t of a compression member with a Class 1,
Class 2 or Class 3 cross-section with a uniform
temperature 0, should be determined from:
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Np fitra = 1fAKy 0Ty [TM i (4.5)

ne:
%fi — KOEMILIEHT 3HWKEHHA ANs BTPATW CTINKOCTI
npw 3rvHi 4rs po3paxyHKy Ha BOTHECTIVKICTb;
ky,e — KOeqILIEHT 3HWXKEHHSA rpaHuLi TeKy4OCTi
cTani 3a Temnepatypu 0,, WO AOCAraeTbcs B
MOMEHT Yyacy f 3rigHo 3 po3ginom 3.

(2) 3HayeHHs x5 NpUUMaOTb K MeHLle 3i 3Ha-
YeHb )\ i TaY zf, WO BU3HAYAOTL 3 BUPaA3y:

xfi = )
[ 2 2
Qg + (Pe_ke

ne: gg :%[1+oc Lo +X§]Ta

o =0,65,235/, .

["Hy4KiCTb Xe 3a TemnepaTypu 6, BUM3HA4alOTb 3

where:

15 is the reduction factor for flexural buckling in
the fire design situation;

k.o is the reduction factor from section 3 for the
yield strength of steel at the steel temperature 0,
reached at time ¢ .

(2) The value of y ; should be taken as the lesser
of the values ofy,, ; andy , ; determined accord-
ing to:

(4.6)

with @ :%[1+a o +Xg]and

o =0,65,235/, .

The non-dimensional slenderness X for the tem-

BUpasy: perature 64, is given by:

= . 0,5

Lo =hg [ky'e/k,:—‘e] , 4.7)
oe: where:

ky g — KOEMILIEHT 3HVKEHHSI TPaHuLi TeKy4OCTi
cTani 3a Temnepatypu 0,, WO AOCAraeTbcs B
MOMEHT Yyacy t 3rigHo 3 po3ginom 3;

Ke ¢ — KOEWMILIEHT 3HWKEHHS TaHreHca KyTa Ha-
XWUNYy NiHIMHOT NPYXXHOT OiNgHKK 3a TemnepaTypu
cTanif,, Wo JOCAraeTbCs B MOMEHT Yacy t 3rigHo
3 posginom 3.

(3) doBxm1Ha 30HM NO3A0BXHLOIO 3rUHY I KONOHK
ON151 pO3paxyHKy Ha BOTHECTINKICTb Mae 3aranom
OyTn Bu3HayeHa HAK A5l NPOEKTYBaHHSA 3a Hop-
MansHoi TeMmnepatypu. OgHak, y paMHO-B’13eBO-
My Kapkaci JOBXWHA 30HM MNO300BXHbOIO 3rnHY I
KOMNMOHM MOXe OyTu BM3HayeHa, posrnsgaroum ii
SIK 3aKpiNmeHo B HanpsiMKy HenepepBHUX abo
HaniBHENEPEPBHUX B’A3€1 40 JOBXMH KOMOH Hapg,
NPOTUMNOXEXHMM BiACIKOM Ta Nig HMM 32 YMOBM,
O BOMHECTIVKICTb OropoaKyBaribHUX KOHCTPYK-
Uil MPOTMNOXEXHOIO BIACIKY HE MEHLUE BOrHe-
CTIMKOCTi KOJTOHMW.

(5) Anga pamHO-B’s1I3€BOro Kapkaca, e KOXeH no-
BEPX € NPOTUMOXEXHUM BiACIKOM 3 BigNOBIAHOK
BOFHECTINKICTIO, HA cepeAHbOMY NOBEPCI JOBXMN-
HY 30HM MO3A0BXHbLOrO 3rUHY I; HenepepsBHOI
KOJTOHWN MOXHa npunmaT 8K I, = 0,51, a Ha Bepx-
HboMy nosepci I = 0,7L, ne L — po3paxyHkoBa
OOBXMHA KOMOHW Ha BianosigHOMY nosepci (pu-
CyHOoK 4.1).
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k¢ is the reduction factor from section 3 for the
yield strength of steel at the steel temperature 0,
reached at time ¢;

KE ¢ is the reduction factor from section 3 for the
slope of the linear elastic range at the steel tem-
perature 6, reached at time t.

(3) The buckling length I; of a column for the fire
design situation should generally be determined
as for normal temperature design. However, in a
braced frame the buckling length I; of a column
length may be determined by considering it as
fixed in direction at continuous or semi-continu-
ous joints to the column lengths in the fire com-
partments above and below, provided that the fire
resistance of the building components that sepa-
rate these fire compartments is not less than the
fire resistance of the column.

(5) In the case of a braced frame in which each
storey comprises a separate fire compartment
with sufficient fire resistance, in an intermediate
storey the buckling length I; of a continuos column
may be taken as I; = 0,5L and in the top storey the
buckling length may be taken as I; =0,7L, where L
is the system length in the relevant storey, see
figure 4.1.
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PucyHok 4.1 — [10BXVHM 30H NO300BXHBbOIO 3r1MHY I KONTOH paMHO-B’SI3€BOro Kapkaca

Figure 4.1 — Buckling lengths I; of columns in braced frames

(6) Ana npoekTyBaHHA 32 HOMiHaNbHUM Temne-
paTypHUM pexXnMom po3paxyHKoBa Hecyya 3aaTt-
HICTb B MOMEHT 4acy t Npy NO340BXHBOMY 3rUHI
Np 5t Rg KOHCTPYKLUi, IO Mpauloe Ha cTuck, 3
HepiBHOMIpPHMM PO3MOAINOM TeMnepaTypu Moxe
OOpPIiBHIOBATU PO3PaxyHKOBIN HeCydil 34aTHOCTI
Mpn NO3A0BXHBOMY 3rUHI Np, £ g Ry KOHCTPYKLUII,
LLIO NMpaLoE Ha CTUCK, 3 PIBHOMIPHUM PO3MOAINToM
TemnepaTypu cTani 04, Wo AOPIBHIOE Makcumarb-
Hi TemnepaTypi cTani 0, max B MOMEHT Yacy .

4.2.3.3 barnku 3 nonepe4yHuMu repepizamu
knacy 1 abo knacy 2

(1) PospaxyHKOBY Hecydy 34aTHICTb MpU 3rUHI

Np fi o,Rg NONepeyHoro nepepisy knacy 1 abo

Knacy 2 3 piBHOMIpH/M pO3Mnoainiom TemnepaTtypu

0, BM3HAYaloTb 3 BUpPa3y:

My si.0.rd =Ky.0 [Ym,0/Ymi |MRa

ae:
Mgy — 3rMHanNbHW MOMEHT Y NnacTUYHOMY Liap-
Hipi Mpl,Rd 3aranbHOro nepepisy ans npoekTy-
BaHHA 3a HOpManbHOI TemnepaTypu 3rigHo 3
EN 1993-1-1 abo 3HWXEHUI 3rMHANbHUA MOMEHT
0115 NTPOEKTyBaHHS 3a HOpMaribHOI Temnepartypu,
LLIO BPaxOBYE BMNJIMBWU MNOMNEPEYHOI CUn 3rigHo 3
EN 1993-1-1;

(6) When designing using nominal fire exposure
the design resistance N, 5, g4 at time ¢ of a com-
pression member with a non-uniform temperature
distribution may be taken as equal to the design
resistance Ny 5 o rg Of @ compression member
with a uniform steel temperature 6, equal to the
maximum steel temperature 6, o« reached at
time t.

4.2.3.3 Beams with Class 1 or Class 2 cross-
sections

(1) The design moment resistance Ny, 7 ¢ 4 Of @
Class 1 or Class 2 cross-section with a uniform
temperature 0, should be determined from:

(4.8)

where:

Mg is the plastic moment resistance of the gross
cross-section M, p, for normal temperature de-
sign, according to EN 1993-1-1 or the reduced
moment resistance for normal temperature de-
sign, allowing for the effects of shear if necessary,
according to EN 1993-1-1;
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ky o — KOEQILIEHT 3HWKEHHS rpaHWLi TeKy4yocTi
cTani 3a Temneparypu 0, 3rigHo 3 po3ainom 3.

(2) PospaxyHkoBYy Hecydy 30aTHICTb MpU 3rUHI
Myt g B MOMEHT 4acy ¢ nonepeqHoro nepepisy
knacy 1 abo knacy 2 3 HepiBHOMIpHUM PO3Mo-
Jirnom Temneparypu no WUPUHI nepepisy BU3Ha-
YyaloTb 3 BUpaasy:

k¢ is the reduction factor for the yield strength of
steel at temperature 0,, see section 3.

(2) The design moment resistance My, g4 at time ¢
of a Class 1 or Class 2 cross-section with a
non-uniform temperature distribution across the
cross-section may be determined from:

n
Mg trd = D AiZi Ky i fyi [Ymsis (4.9)

i=1

ne:
Z;— BiACTaHb Bif NNacTU4HOI HeNTparnbHOI OCi 40
LileHTpa enemMeHTapHoi niotLli A;

fyy,- — HOMiHanbHa rpaHNLUsa TeKy4oCTi fy ans ene-
MEHTapHOT NIoLLi A; , WO NPUAMaETbLCA 3i 3HaKOM
NAC ANs CTUCHYTOI YacTUHU nepepisy BigHOCHO
NNacTUYHOI HeMTparbHOT OCi Ta 3i 3HaKOM MiHyC
OJ191 PO3TArHYTOl YacTMHU Nepepiay.

AjTak, g; BU3HaYeHI B 4.2.3.1 (2).

(3) Ak anbTepHaTUBY pO3paxyHKOBY HECy4y 3a4aT-
HICTb Npu 3rUHI My ¢ gy B MOMEHT Yacy t none-
peyHoro nepepisy knacy 1 abo knacy 2 3 HepiBHO-
MIpH/M pO3MNoAiriomM TemrepaTypyu Mo LUMPUHI
nepepisy BU3Ha4valoTb 3 BUpasy:

where:
z; is the distance from the plastic neutral axis to
the centroid of the elemental area A;

f,,iis the nominal yield strength f, for the elemen-
tal area A, taken as positive on the compression
side of the plastic neutral axis and negative on
the tension side;

Ajandk, o; are as defined in 4.2.3.1 (2).

(3) Alternatively, the design moment resistance
Mt rg @t time t of a Class 1 or Class 2 cross-
section in a member with a non-uniform tempera-
ture distribution, may be determined from:

Mt t Ra =My o [K1K2 (4.10)

ae:

My 9 Ry — PO3paxyHKoBa Hecy4ya 3AaTHICTb nepe-
pi3y npu 3rviHi Ans nocTinHOT TemnepaTtypu 64,
fIka [JOpiBHIOE TMOCTIHIN Temnepatypi 6, B
MOMEHT 4acy t y nonepeyHomy nepepisi, L0
He 3a3Hae TennoBoro BNMMBY Bif OMNop;

K{ — KOe®IiLlieHT NPUCTOCYBaHHA AN HEpPiBHO-
MipHOro po3snoginy Temnepatypy Mo LUMPUHI
nonepeyHoro nepepisy, ams. (7);

Ko — KOeMIiLiEHT NpUCTOCYBaHHA ANA HEpPiBHO-
MipHOro posnoginy TemnepaTypu B340BX Barnku,
auB. (8).

(4) Po3paxyHKoBY HeCy4y 34aTHICTb MpuW 3ruHi 3
Kpy4YeHHAM M), ;; gy B MOMEHT Yacy t ropusoH-
TanbHO HEOOMEXEHOI KOHCTPYKLiT 3 monepevyHnm
nepepisom knacy 1 abo knacy 2 BM3Ha4awTb 3
BMpasy:

Mp fit Rd =XLT fi

ne:

XLT i — KOE(ILIEHT 3HKEHHS AN BTpaTU CTiid-
KOCTi NPpU KpyYeHHi ANns po3paxyHKy Ha BOrHe-
CTiVKICTb;
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where:

Mg o rg is the design moment resistance of the
cross-section for a uniform temperature 6, which
is equal to the uniform temperature 64 at time tin
a cross-section which is not thermally influenced
by the support;

K¢ is an adaptation factor for non-uniform tem-
perature across the cross-section, see (7);

Ko IS an adaptation factor for non-uniform tem-
perature along the beam, see (8).

(4) The design lateral torsional buckling resis-
tance moment M, ;4 at time t of a laterally
unrestrained member with a Class 1 or Class 2
cross-section should be determined from:

,yky,e,comfy/YM,ﬁ= (4.11)

where:
xLT 5 IS the reduction factor for lateral-torsional
buckling in the fire design situation;



Ky.6,com — KOE(ILIEHT 3HWKEHHS 3 po3Ainy 3 Ans
rpaHuLi TEeKy4oCTi cTani 3a MakcumaribHOl TeM-
nepaTtypu y CTUCHYTIN 30Hi 04 com, WO HOCS-

racTbCs B MOMEHT yacy .
MpuwmiTtka. CnpolleHo 0, ¢, Mae OopiBHIOBATM piB-

HOMipHOMY po3rodiny Temnepatypu 0, .
(9) 3HaueHHs x ;T 5 BU3HAYaIOTb i3 TaKUX BU-
pasis:

OCTY-H B EN 1993-1-2:2010

ky.0,com is the reduction factor from section 3
for the vyield strength of steel at the maximum
temperature in the compression flange 0, com

reached at time t.
Note: Conservatively 0, .o, can be assumed to be

equal to the uniform temperature 0, .
(5) The value of y; 7 5 should be determined ac-
cording to the following equations:

1

ALT fi = —— > (4.12)
¢LT,0,c0m +\/[¢LT,9,com] ~[*e7 0.00m ]
ae where
1 = — 2
OLT 0,00m = > 1+a X7 6,com +(7‘LT,6,com) (4.13)
Ta and
o :0,65,/235/fy , (4.14)
= = 05
kLT,e,com =AT [ky,e,com /kE,e,com ] ) (4.15)
ae where:

KE 0.com — KOEWMILIEHT 3HWKEHHS 3 po3ainy 3 Ans
TaHreHca Kyta Haxuny RiHiNnHOI NPYXXHOT AiNsHKN
Ona  MakcumanbHOI TemnepaTtypy Yy CTUCHYTIN
30Hi 04 com» WO AOCATAETLCA B MOMEHT Yacy t.
(6) Po3paxyHkoBY Hecydy 34aTHICTb Ha [Aito Mo-
nepeyHol cunu Vy; gy B MOMEHT yacy t 3 none-
peyHMM nepepizom knacy 1 abo knacy 2
BM3Ha4aloTb 3 BUpasy:

KEe o.com is the reduction factor from section 3 for
the slope of the linear elastic range at the maxi-
mum steel temperature in the compression flange
04,com reached at time t.

(6) The design shear resistance Vj; gy at time ¢
of a Class 1 or Class 2 cross-section should be
determined from:

Vi tRd =Ky oweb VRa [Ym,0/Ymfi | (4.16)

ae

Vg — HECYy4a 34aTHICTb Ha fito MonepeYHol cunm
OCHOBHOIO MOMEPEYHOro nepepisy Ansa npoekTy-
BaHHS 3a HoOpMarbHOI TemnepaTtypu 3rigHO 3
EN 1993-1-1;

Oep — CEPEOHSA TEMMEPATypa CTIHKN Nepepisy;

Ky oweb — KOGMILIEHT 3HWXEHHS rpaHuLi Teky-
4ocTi cTani 3a Temnepatypu 0,5 (PO34iN 3).

(7) 3HayeHHA KoeddiljieHTa MNPUCTOCYBaHHSA K1

O HEepiBHOMIPHOrO po3noginy TemnepaTtypu

npuAMaoTb Tak:

— ans 6anku, Wo 3a3Hae BNIIUBY 3 YCiX CTOPIH,
Kq= 1,0,

— Ons He3axuLleHoi 6anku, Lo 3a3Hae BNAMBY 3
TPbOX CTOPIiH, 3i cTanes3anisobeToHHO abo
6eToHHOo nnuToto K4 = 0,7;

where:

Vry is the shear resistance of the gross
cross-section for normal temperature design,
according to EN 1993-1-1;

Owep is the average temperature in the web of the
section;

kyowep is the reduction factor for the vyield
strength of steel at the steel temperature 0,
see section 3.

(7) The value of the adaptation factor x4 for
non-uniform temperature distribution across a
cross-section should be taken as follows:

— for a beam exposed on all four sides k4 = 1,0;

— for an unprotected beam exposed on three
sides, with a composite or concrete slab on
side fou: k4 =0,70;
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— [Ona 3axuweHoi 6anku, Wo 3asHae BNAvBY 3
TPbOX CTOPiH, 3i cTanesanizobeToHHOK abo
6eToHHo nnuTo k4 = 0,85.

(8) OAnsa HepiBHOMIPHOro TemMnepaTypHOro po3no-
4iny B3aoBX 6ankyn koedilieHT NpUCToCyBaHHS
Ko NMPUIUMaloTh TakK:

— [Ans CTaTMYHO HeBM3HayeHoi 6anku k , = 0,85;

— [Ang BCIX iHWKXX BUNaakKiB ko, = 1,0.

4.2.3.4 barnku 3 nonepeyHUMU riepepizamu
Knacy 3

(1) PospaxyHkoBYy Hecy4y 34aTHICTb MpU 3rUHI
Myt g B MOMEHT 4acy t nonepe4Horo nepepisy
knacy 3 3 piBHOMIpHUM pO3Mnoainom TemnepaTypu
BM3Ha4aloTb 3 BMpasy:

— for an protected beam exposed on three sides,
with a composite or concrete slab on side four
Kq= 0,85

(8) For a non-uniform temperature distribution

along a beam the adaptation factor «, should be

taken as follows:

— at the supports of a statically indeterminate
beam k, = 0,85;

— in all other cases x5, = 1,0.

4.2.3.4 Beams with Class 3 cross-sections

(1) The design moment resistance My ; g4 at time ¢
of a Class 3 cross-section with a uniform tem-
perature should be determined from:

Miitra =ky,6 Mra [Ym,0/7mi ] (4.17)

ae:

Mgy — NPYXHWUIA 3rMHaNbHUA MOMEHT OCHOBHOTO
nonepe4Horo nepepisy M, py AN NPOEKTYBaHHS
3a HopmarbHoI Temnepatypu 3rigHo 3 EN 1993-1-1
ab0 3HMKEHUIN 3rMHAmNbHUIA MOMEHT L5 NPOEKTY-
BaHHsI 3a HOpMaribHOI TeMnepaTypu, L0 BPaxXOBYE
BMNMBM nonepeydHoil cunm 3rigHo 3 EN 1993-1-1;
ky ¢ — KOEMILIEHT 3HMXKEHHS rpaHuLi Teky4yocTi
cTani 3a Temneparypu 0, 3rigHo 3 po3zinom 3.
(2) PospaxyHKoBY Hecydy 30aTHICTb MpU 3rWHI
Myt g B MOMEHT 4acy ¢ nonepeqHoro nepepisy
knacy 3 3 HepiBHOMIpHUM pO3MoAifioM Temnepa-
Typu1 BU3HA4aOTb 3 BUpasy:

where:

Mg, is the elastic moment resistance of the gross
cross-section M, g, for normal temperature de-
sign, according to EN 1993-1-1 or the reduced
moment resistance allowing for the effects of
shear if necessary according to EN 1993-1-1;

ky .o is the reduction factor for the yield strength of
steel at the steel temperature 05, see section 3

(2) The design moment resistance My ; g4 at time ¢
of a Class 3 cross-section with a non-uniform tem-
perature distribution may be determined from:

Mt Rd =Ky, 0,max MRd [Ym,0/Ymil/k1%2 (4.18)

ae:

Mgy — NPYXXHWUN 3rMHaNbHUA MOMEHT OCHOBHOIO
nonepeyHoro nepepisy M, gy ANsi NPOEKTYyBaHHS
3a HopmanbHOi Temnepatypy abo 3HWXKEHUN
3rMHanNbHUA  MOMEHT, WO BPaxoBYE BMVBU
nonepeyHoi cunm 3rigHo 3 EN 1993-1-1;

Ky 6,max — KOGWMILIEHT 3HVKEHHS rpaHWLi Teky-
YocCTi cTani 3a MakcuMMmanbHOI TemnepaTypu Yy
CTUCHYTIlA 30Hi 04 may, LLIO AOCATAETLCA B MOMEHT
vacy t, guB. (3);

Kq — KOe®diLiEHT NPUCTOCYBaHHA AN HEpPiBHO-
MIpHOrO PO3MoAiny Temnepatypu MO LUMPWUHI
nonepeyHoro nepepisy, ams. 4.2.3.3 (7);

Ko — KOediLieHT MPpUCTOCYBaHHA AN HepiBHO-
MipHOro po3noginy TemnepaTypu B3A0OBX Oarnku,
ave. 4.2.3.3 (8).
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where:

Mg, is the elastic moment resistance of the gross
cross-section M, g, for normal temperature de-
sign or the reduced moment resistance allowing
for the effects of shear if necessary according
to EN 1993-1-1;

ky omax is the reduction factor for the vyield
strength of steel at the maximum steel tempera-
ture 0, max reached at time ¢, see 3;

K4 is an adaptation factor for non-uniform tem-
perature in a cross-section, see 4.2.3.3 (7);

Ko IS an adaptation factor for non-uniform tem-
perature along the beam, see 4.2.3.3 (8).



(3) PospaxyHkoBy Hecy4y 34aTHICTb NpK NO340B-
XKHbOMY 3rUHi M), 4 ¢ oy HEODMEXKEHOT 360Ky Ganku
B MOMEHT 4acy f 3 nonepeyHMm nepepiaom Knacy
3 BM3Ha4aloTb 3 BUpasy:

Mp sitrd =%LT i Wely Ky.0.com Ty [Ymfi

A€y LT f BU3Ha4eHo B 4.2.3.3 (5).

MpumiTka. CnpoLeHo 0, ¢, A0PIBHIOE MAKCUMATbHIN
Temnepatypi 04 max-

(4) PospaxyHkoBYy Hecydy 3gaTHICTb Ha Jiko
nonepeyvHorl cunn Vi, py B MOMEHT 4acy t Ans
nornepeyvyHoro nepepisy knacy 3 BU3Ha4aloTb 3
BMpasy:

Vi tRd =Ky omweb VRa [Ym,0/Ymfi |

ae,

Vg — HECYYa 30aTHICTb Ha At MonepeYHol cunm
OCHOBHOrO MOMEepPeYHOro nepepisy Ans NpoekTy-
BaHHS 3a HOpMarbHOI TemnepaTypu 3rigHO 3
EN 1993-1-1.

4.2.3.5 KoHcmpykuii, wo npauyroroms Ha CmMuckK
3i 32UHOM, 3 rlorepevyHUMU rnepepizamu
knacie 1, 2 abo 3
(1) PospaxyHkoBYy Hecy4y 34aTHICTb NpW NO340B-
)XHbOMY 3rVHi Rp 4y B MOMEHT 4acy f CTUCHYTO-
3irHYTOI KOHCTPYKLUiT NepeBipsAlTb BUKOHAHHAM
ymoB (4.21a) Ta (4.21b) ons KOHCTPYKUiT 3 no-
nepeyHnmM nepepizom knacy 1 abo knacy 2 abo
ymoB (4.21c) Ta (4.21d) anga KOHCTPYyKUii 3 none-
pevyHuM nepepi3om knacy 3.
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(3) The design buckling resistance moment
My, 5t rg @t time t of a laterally unrestrained beam
with a Class 3 cross-section should be deter-
mined from:

(4.19)

where: y, 7 f is as given in 4.2.3.3 (5).
Note: Conservatively 0, ;,, can be assumed to be
equal to the maximum temperature 0,4 nax-

(4) The design shear resistance Vj, g4 attime t of
a Class 3 cross-section should be determined
from:

(4.20)

where:

Vg is the shear resistance of the gross cross-
section for normal temperature design, according
to EN 1993-1-1.

4.2.3.5 Members with Class 1, 2 or 3 cross-
sections, subject to combined bending
and axial compression

(1) The design buckling resistance Ry; 4 at time ¢
of a member subject to combined bending and ax-
ial compression should be verified by satisfying
expressions (4.21a) and (4.21b) for a member
with a Class 1 or Class 2 cross-section, or expres-
sions (4.21c) and (4.21d) for a member with a
Class 3 cross-section.

Ng k, M, ¢ k, M, &
fi,Ed L Ky MyfiEd zTzfiEd (4.21a)
f, f f,
X min, fi Aky,e Wpl,y ky,e Wpl,z ky,e
Y M, fi YM,fi Y M, fi
N kit M, ¢ k, M, &
fi Ed LT My fiEd z Z»f',Ei <1, (4.21b)
TzfiAkyo—"— i Worykyo—2— Wpzkyo
Y M. fi Y M. fi Y M. fi
Nfi Ed ky My fiEd kz My fi £d <1 (4.21c)
f f, ~ '
X min, fi Aky,e Y Wel,y k Wel,z ky,e !
Y M. fi Y M fi Y M. fi
N kit M, ¢ k, M, 5
fi Ed LT My fiEd zTzfEd g (4.21d)
fy y fy
Xz fi Aky,e XLT fi Wel,y ky,e Wel,z ky,e
YM,fi M. fi Y M, fi
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ae: where:
X min,fi BU3Ha4YeHo y 4.2.3.2; Aminf IS as defined in 4.2.3.2;
Xzfi BU3HayeHoy 4.2.3.2; %z f is as defined in 4.2.3.2;
XLT fi BU3Ha4eHo y 4.2.3.3 (9). xLT i is as defined in 4.2.3.3 (5);
Ns:
K7 =1- Her f/,Edf <1,
Lz fi Aky,e Y

Y M. fi

ae where

Wt :0,1522,9 BM,LT -0,15<0,9

N+
ky =1-— "y TE o3,

y fy

M fi

Ly.fi AKy.o

ae where
My =(1’2BM,y —3)Xy,9 +O,44BM’y -0,29<0,8

uz N Eq

k, =1- <3,

fy

M, fi

Xzfi AKy.o

ae where

y = @Bz —5)hg e +0,44pBy , —0,29 < 0,87Ta (and) ko < 1,1.

Mpumitka. KoedilieHT eKkBiBaneHTHOro piBHOMIp- Note: For the equivalent uniform moment factors B,
HOro MOMEHTY 3y, BKa3aHi Ha pUCyHky 4.2. see figure 4.2.
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Entopa momeHTiB
Moment diagram

KoediuieHTn ekBiBaneHTHOro PiBHOMIPHOIO MOMEHTY
Equivalent uniform moment factor

Bm

KiHUEeBi MOMEHTHU
End moments

M RSy ¢ M

-1<w<1

Bur,y =1,8-0,7y

MomeHTH Big Aii NNockoro nonepe4vyHoro
HaBaHTaXeHHS
Moments due to in-plane lateral loads

¥

Mg
¥

e

Mq

Buma =1.3

Puma =1.4

MomeHTH Big, Aii NNocKoro nonepeyHoro
HaBaHTaXXEHHSI Ta KiHLUEBi MOMEHTH
Moments due to in-plane lateral loads plus
end moments

- ¥
M, AM
Mq k3

I
W}ﬁAM

Q
y
S
Mg f
y
AM
Mq T

M,
B =Bty +ﬁ(l3/w,o ~Buy)

Mq = \ maxM\ nvLLE Bi NOMEpPeYHOro HaBaHTaKEHHS
due to lateral load only

Ans entopy MOMEHTIB 6e3 3MiHK
|maxM | 3HaKy

for moment diagram without
AM change of sing
A58 entopy MOMEHTIB 3i 3MiHOH
3HaKy
for moment diagram with change
of sing

‘maxM‘+‘minM‘

PucyHok 4.2 — KoediuieHTn ekBiBarieHTHOrO piBHOMIPHOrO MOMEHTY
Figure 4.2 — Equivalent uniform moment factors
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4.2.3.6 KoHecmpyKuii 3 nornepedyHumMu riepepizamu
Kknacy 4

(1) Ons KOHCTPYKUIi 3 nonepevyHuMu nepepizamm
knacy 4, okpiM TuX, LLO NpaLoTb Ha PO3TSr,
MOXHa Jonyctutu, wo ymosa 4.2.1 (1) 3abes-
rneyeHa, AKWO B MOMEHT 4yacy t Temnepatypa
cTani 0, B ycix nornepeyHux nepepisax He nepe-
BULLYE O gt -

Mpumitka 1. [dopgatkoBa iHopMauis MicTUTbCA y
popartky E.

Mpumitka 2. Mexa 6. Moxe 6yt BubBpaHa Yy

HaLl,iOHaJ'IbHOMy [oaarTky. PeKOMeHJJ,OBaHe 3HA4YeHH4A
0t = 350 °C.

4.2.4 KpumuyHa memnepamypa

(1) Ak anbTepHaTnBa A0 4.2.3 NepeBipKy MOXHa
3pobutn B obnacTi TemnepaTypu.

(2) KputnyHa Temnepatypa 0,. Byrneuesoi
ctani 3rigHo 3 1.1.2 (6) y MOMeHT vacy f{ ons
HEepiBHOMIPHOro po3nofiny Temnepatypu B KOH-
CTPYKLUiT MOXe ByTu BM3HadeHa Ans Oyab-siKoro
CTYNeHs1 BUKOPUCTaHHSA g Y MOMEHT yacy t = 0,
OKpiM BWUMNAAKy, KOMM pPO3rnsigacTbCa KpuUTepiin
aedopmauii abo Tpeba BpaxoByBaTu sABMLLE
CTINKOCTI, 3@ hopmyroto:

Oacr = 39,19In[

fe g He meHwe 0,013.

MpuwmiTka. MNpuknagu sHaveHb 0, o AN 3HAYEHD L
Big 0,22 no 0,80 HaBegeHo B Tabnuui 4.1.

0,9674, 3833

4.2.3.6 Members with Class 4 cross-sections

(1) For members with class 4 cross-sections other
than tension members it may be assumed that
4.2.1(1) is satisfied if at time t the steel tempera-
ture 04 at all cross-sections is not more than 6 ;¢ .

Note 1: For further information see annex E.

Note 2: The limit 6., may be chosen in the National
Annex. The value 6., = 350 °C is recommended.

4.2.4 Critical temperature

(1) As an alternative to 4.2.3, verification may be
carried out in the temperature domain.

(2) Except when considering deformation criteria
or when stability phenomena have to be taken
into account, the critical temperature 6, .. of
carbon steel according to 1.1.2 (6) at time t for a
uniform temperature distribution in a member
may be determined for any degree of utilization
at time t = 0 using:

}482 , (4.22)
0

where g must not be taken less than 0,013.

Note: Examples for values of 0, , for values of g from
0,22 to 0,80 are given in table 4.1.

Tabnuusa 4.1 — KputniHa Temnepatypa 6, o, ANs 3Ha4YeHb CTYNEeHA BUKOPUCTaHHSA (1

Table 4.1: Critical temperature 0, ., for values of the utilization factor

Ho Oa,cr Ho Oa,cr Ho Oa,cr
0,22 711 0,42 612 0,62 549
0,24 698 0,44 605 0,64 543
0,26 685 0,46 598 0,66 537
0,28 674 0,48 591 0,68 531
0,30 664 0,50 585 0,70 526
0,32 654 0,52 578 0,72 520
0,34 645 0,54 572 0,74 514
0,36 636 0,56 566 0,76 508
0,38 628 0,58 560 0,78 502
0,40 620 0,60 554 0,80 496

MpumiTka. Y HauioHanbHOMY 0O4ATKY MOXHA 3HaNTU
CTaHOAPTHI 3HAaYEHHS KPUTUYHOI TemMnepaTypu.
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Note: The national annex may give default values for
critical temperatures.



(3) Ins KOHCTPYKLiM 3 NoNepeyYHnMM nepepisamm
knacy 1, 2 abo 3 Ta gns BCiX KOHCTPYKLUINA, L0
npauoTb Ha Po3TAr, CTYMiHb BUKOPUCTaHHSA L g
B MOMeHT 4Yacy f = 0 BU3Ha4atoTb 3 BMpasy:

OCTY-H B EN 1993-1-2:2010

(3) For members with Class 1, Class 2 or Class 3
cross-sections and for all tension members, the
degree of utilization ngy at time t = 0 may be
obtained from:

Ho=Efig /Rfigo0 (4.23)

ae
Rfi g0 — 3HayYeHHs Ry, B MOMeHT Yacy ¢ = 0 3
4.2.3; Ef 4 Ta Ry ¢ 3rigHO 3 4.2.1 (1).

(4) AnbTepHaTMBHO ANS KOHCTPYKLiW, WO npa-
LIOIOTb Ha po3Tar, Ta 6anok, Ans SKux no3gos-
XHi 3rMH 3 KPYYEHHSIM HE € MOXIMBMM BUAOM
PYWHYBaAHHS, 1 MOXHa CMPOLLEHO BU3HAYUTK 3
BUpasy:

Ho = Mf

ae:
Nfi — KoediLieHT 3HMKeHHSA 3rigHo 3 2.4.3 (3).

4.2.5 3pocmaHHs (po3sumok) memrnepamypu
cmani

4.2.5.1 He3axuweHi 6HympiwHi cmarnesi
KOHCMPpyKUir

(1) MpupicT Temnepatypu Ab,; ANA PO3paxyH-

KOBOro pPiBHOMIPHOrO po3noiny TemnepaTtypu B

nonepeyHoMy nepepisi HesaxuLeHoi cTanesBoil

KOHCTPYKLUII 32 MPOMDKOK Yacy At BU3Ha4YalTb 3

BMpasy:

Aea,t = ksh

ne:
Kgp, — NonpaBkoBuUii KoemiLlieHT edekTy 3aTiHeH-
HA, amB. (2);

A, |V — koedilieHT nepepisy He3axmLeHnx cTa-
NEeBUX KOHCTPYKLUIN, 1/m;

A,, — nnouia noBepxHi KOHCTPYKLT Ha OAVHULIIO
LOBXWHM, M2/M;

V — o6’eM KOHCTPYKLii Ha OOUHWULIO OOBXWHW,
M2/M;

C, — NUTOMa TENJIOEMHICTb CTani 3rigHo 3 po3-
ainom 3, x/kr-K;

hpet — PO3paxyHKoBe 3HaYeHHS MOrfMHYTOro
TENSI0BOro NOTOKY Ha OAMHULIO MIOLL, BT/M2;

At — npomiXok yacy, c;

pa — FYCTUHa cTani 3rigHo 3 po3sfainom 3, Kkr/m3.

where:
Ry g0 is the value of Ry 4, fortime t =0, from 4.2.3;
Eqqgand Ry 4 are as defined in 4.2.1(1).

(4) Alternatively for tension members, and for
beams where lateral-torsional buckling is not a
potential failure mode, uy may conservatively be
obtained from:

[ymi /Ym0l 5 (4.24)

where:
s is the reduction factor defined in 2.4.3(3).

4.2.5 Steel temperature development
4.2.5.1 Unprotected internal steelwork

(1) For an equivalent uniform temperature distri-
bution in the cross-section, the increase of tem-
perature Ab,; in an unprotected steel member
during a time interval At should be determined
from:

A |

Rt At (4.25)

a

where:

ks, is correction factor for the shadow effect, see

(2);

A 1V is the section factor for unprotected steel
members [1/m];

A,, is the surface area of the member per unit
length [m?/m];

V is the volume of the member per unit length
[m?2/m;

c, is the specific heat of steel, from section 3
[J/kgK];

hnet is the design value of the net heat flux per
unit area [W/m?];
At is the time interval [seconds];

P4 is the unit mass of steel, from section 3 [kg/m3].
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(2) MonpaBkoBuin KoediLiEHT edeKkTy 3aTiHEHHS
Ona ABOTaBPOBMX NepepisiB Big BNSIMBOM HOMi-
HanbHUX BOTHEBUX HaBaHTaXXeHb BU3HayaloTb 3
BMpasy:

ksh =0,9[An I Vlp [[Am IV],

ne A, | V]p — 3HaveHHs KoedilieHTa npsMOoKyT-
HOro NonNepeyYHoro nepepiay.

Ana pewtn BUNagkis 3HaueHHs Ky, BU3Ha4atoTh 3
BUpasy:

ksh:[Am/V]b/[Am/V]’

Mpuwmitka 1. [ns NoBHICTIO 06nMLbOBaHUX Nonepey-
HMX nepepisiB onyknoi dopmu (Hanpuknag, nNpsiMo-
KyTHUX ab0o Kpyrnmx NOPOXHUCTUX Nepepisis) nig aieto
noxexi edeKkT 3aTiHEHHA He Bigirpae poni i nonpas-
KOBUIN KOEMILEHT Ky, OOPIBHIOE OAMHULI.

Mpumitka 2. BigxuneHHs edekTy 3aTiHeHHs (TOGTO,
ksn = 1) Nnpn3BOANTbL A0 TPAAMLINHUX PilleHb.

(3) 3HaueHHs hnet,d BM3HaYaloTb 3rigHO 3

EN 1991-1-2, npunmatoun ¢ = 1,0 Ta g,, BiO-
noBigHO Ao 2.2 (2), Ae & Ta g, BU3HAYEHi B
EN 1991-1-2.

(4) 3HayeHHs1 Af npunmatoTb GinbLue 5 c.

(5) Y dopmyni (4.26) 3HayeHHA A, /V He mae
6yTV MeHLLe 3a 10 M.

Mpumitka. Jedaki popmynn ans Bu3Ha4YeHHS po3spa-
XYHKOBMX 3HayeHb KoediuieHTa nepepisy A,/ V ans
He3axMLLEeHNX CTaneBnx KOHCTPYKLIN HaBeaeHi B Tab-
i 4.2.

(2) For I-sections under nominal fire actions, the
correction factor for the shadow effect may be
determined from:

(4.26a)

where:
[An, /V]p is box value of the section factor.

In all other cases, the value of kg, should be taken
as:

(4.26b)

Note (1): For cross sections with a convex shape (e.qg.
rectangular or circular hollow sections) fully embedded
in fire, the shadow effect does not play role and conse-
quently the correction factor kg, equals unity.

Note (2): Ignoring the shadow effect (i.e.: kg, = 1),
leads to conservative solutions.

(3) The value hnet,d of should be obtained from

EN 1991-1-2 using ¢; = 1,0 and ¢, according
to 2.2(2), where gf, ¢, are as defined in
EN 1991-1-2.

(4) The value of At should not be taken as more
than 5 seconds.

(5) In expression (4.26) the value of the section
factor A,,, /V should not be taken as less than
10 m™".

Note: Some expressions for calculating design values

of the section factor A,/ V for unprotected steel mem-
bers are given in table 4.2.

Tabnuus 4.2 — KoediuieHT nepepisy A, / V Ons He3axuLLEHNX cTaneBnX KOHCTPYKLiN

Table 4.2 —

Section factor A, / V for unprotected steel members

BigkpuTuii nepepis, WO 3a3Hae BNMBY BOTHIO
3 YCiX CTOpiH:

Open section exposed to fire on all sides:

Am _ nepumeTp (perimeter)

V  nnowa nepepisy (cross - section area)

Tpy0a, Wwo 3a3Hae BNANBY BOrHIO 3 YCiX CTOPIH:
Tube exposed to fire on all sides:

A IV =1/t
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BigkpuTtuii nepepis, WO 3a3Ha€e BNNBY BOTHIO
3 TPbOX CTOPIH:

Am _ noBepxHsi, O 3a3Ha€ BOrHEBOro BNNBY
v nnotua nepepisy

Open section exposed to fire on three sides:
Am _ surface exposed to fire

'V cross - section area

v

MopoxxHUCTUIA Nepepi3 (abo 3BapeHni
KopobuacTuin nepepis 3 0gHaKOBOK TOBLUMHOK
CTiHKM), LLIO 3a3HaE BMMBY BOMHIO 3 YCiX CTOPIH:
Hollow section (or welded box section of uniform
thickness) exposed to fire on all sides:

Axkwo (If) t«b:Ay, IV =1/t

Monuusa aBOTaBPOBOro Nepepisy, LWo 3a3Hae
BMIIMBY BOTHIO 3 TPbOX CTOPIH:

I-section flange exposed to fire on three sides:
An IV =(b+2t)/btf)

Axwo (If) t« b: A, IV =11

3BapeHun kopobyacTuii nepepis, Wo 3a3Hae
BMMBY BOTHKO 3 YCiX CTOPIH:

Welded box section exposed to fire on all sides:
Am 2(b +h)

4 - nnotua nepepisy (cross - section area)
Axwo (If) t« b: A, IV =1/t

KyTuk, Wo 3a3Hae BNAMBY BOTHIO 3 YCiX CTOPIH:
Angle exposed to fire on all sides:

An IV =2/t
A
XK

D AEN

[BoTaBpoBuWIA Nepepis i3 kopobyacTm NigcuneH-
HAM, LLO 3a3Ha€ BMMBY BOTHIO 3 YCiX CTOPIH:
[-section with box reinforcement, exposed to fire
on all sides:
Am 2(b +h)

vV nnowa nepepisy (cross - section area)

[nocknin npokaT, Wo 3a3Hae BNAMBY BOTHIO 3 YCiX
CTOpIiH:

Flat bar exposed to fire on all sides:

An IV =2(b+t)/ (bf)

Axwo (If) t« b: A, IV =2/t

l

—D# Ersesse s e -—
b—

-

Mnocknn npokart, Wo 3a3Ha€e BMMAMBY BOTHIO 3
TPbOX CTOPIH:

Flat bar exposed to fire on three sides:

An IV =(b+2t)/ (bf)

Axwo (If) t« b: A, IV =1/t

47



ACTY-H B EN 1993-1-2:2010

4.2.5.2 BHympiwHs cmarneea KOHCMPYKUisi, Wo

8Kpuma eo2He3axucHUM Mamepiasom
(1) MpupicT TemnepaTtypun A0, ; 3a NPOMIKOK Yacy
At ans piBHOMIPHOro po3noginy Temnepatypu B
nonepeyHoMy nepepisi 3axmLLeHoT cTaneBol KOH-
CTPYKLUIT BU3Ha4atoTb 3 BUpasy:

hpApV(O0gs —04¢)

at —

(ane Ab,; 20, AKkwo ABy; >0)
ne:

o=

Ap IV — koedilieHT nepepidy cTanesux KOHCT-
PYKLUIR, L0 BKPUTI BOTHE3AXMCHUM MaTepianom;
Ap — BiANOBiIAHA Nnouia BOrHe3axMcHOro mare-
piany Ha OANHULIIO OOBXUHN KOHCTPYKLT, M2/M;
V — 006’eM KOHCTPYKLii HA OONHWULIO OOBXWHW,
m3/m;

C, — NUTOMa TENMOEMHICTb CTani, Lo 3anexuTb
BiJ TemnepaTypw, 3rigHo 3 posainom 3, Ix/kr-K;
C, — MNUTOMa TernnoeMHICTb BOrHE3axuCHOro
MaTepiany, WO He 3anexuTb Big TemnepaTtypu,
ox/kr -K;

d, — TOBLLMHa BOrHe3axucHoro matepiany, M;

At — iHTepBan vacy, c;

0,¢ — TEeMneparypa crasi B MOMeHT yacy t, °C;
Og¢ — Temnepatypa HaBKOMMLIHLOTO Cepeao-
BULLA B MOMEHT yacy t, °C;

ABg¢ — NMPUPICT TemnepaTypu HaBKOMMLLHBOTO
cepefoBuLLa 3a NpoMiXKokK vacy At, K;

xp — TennonpoBigHICTb CUCTEMU BOTHE3AXUCTY,
BT/m2;

pa — FyCTWHa cTani arigHo 3 poaainom 3, kr/m>;
pp — FYCTVHA BOrHe3ax1CcHOro Matepiany 3rigHo 3
poaainom 3, kr/m3.

(2) 3Ha4veHHs Cp Ap Ta pp BU3HAYAIOTH 3riAHO 3
po3aginom 3.

(3) 3HaueHHs At npunmatoTb He Binblie 30 c.

(4) Mnowy A, BOTHe3axucHoro matepiany 3ara-
oM MpUAMaloTb AK MAOWY NOro BHYTPILIHBOI
NOBEPXHi, a ANS NOPOXHUCTOro OBMMLIIOBaHHS i3
3a30pOM HaBKOJSIO CTareBOi KOHCTPYKLUiT MOXHa
NpUMUMaT Take X 3HaAYeHHS, 9K AN MOPOXHUC-
Toro obnuuoBaHHs 6e3 3a3opy.
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dpCapa(1+/3)

CpPp
CaPa

4.2.5.2 Internal steelwork insulated by fire
protection material

(1) For a uniform temperature distribution in a
cross-section, the temperature increase A0, ; of
an insulated steel member during a time interval
At should be obtained from:

At— (10 —1) A0 4, (4.27)

(but ABgt > 0if Aeg’t >0)
where:

dpA, 1V,

Ap 'V is the section factor for steel members in-
sulated by fire protection material;

Ap is the appropriate area of fire protection mate-
rial per unit length of the member [m?/m];

V is the volume of the member per unit length
[m3/m];

c, is the temperature dependant specific heat of
steel, from section 3 [J/kgK];

¢, is the temperature independent specific heat of
the fire protection material [J/kgK];

d, is the thickness of the fire protection material
[m];

At is the time interval [seconds];

0, is the steel temperature at time ¢ [°C];

0, is the ambient gas temperature at time ¢[*C];

A g4 is the increase of the ambient gas tempera-
ture during the time interval At [K];

A p is the thermal conductivity of the fire protection
system [W/mK];

p4 is the unit mass of steel, from section 3 [kg/m3];
pp is the unit mass of the fire protection material
[kg/m?3].

(2) The values of ¢, A , and p,, should be deter-
mined as specified in section 3.

(3) The value of At should not be taken as more
than 30 seconds.

(4) The area A, of the fire protection material
should generally be taken as the area of its
inner surface, but for hollow encasement with a
clearance around the steel member the same
value as for hollow encasement without a
clearance may be adopted.



MpumiTtka. Jeski po3paxyHKOBi 3Ha4eHHs KoedilieHTa
nepepisy A, /V Ans i3onboBaHUX CTanesuX KOHCT-
pYyKUin HaBegeHi y Tabnuui 4.3.

OCTY-H B EN 1993-1-2:2010

Note: Some design values of the section factor A, /' V
for insulated steel members are given in table 4.3.

Tabnuusa 4.3 — KoedilieHT nepepidy A, /V Ans ctanesnx KOHCTPYKUIN, LLO BKPUTI BOTHE3AXVUCHUM
mMarepianom

Table 4.3:

Section factor A, / V for steel members insulated by fire protection material

Ecki3 nepepisy
Sketch

Onunc
Description

KoediuieHT nepepisy
Section factor
Ap 1V)

30BHiILLHE 0ONMLOBAHHSA
PiBHOMIPHOI TOBLLMHN
Contour encasement of
uniform thickness

nepumeTp ctani

nroLla ctaneBoro nepepisy

steel perimeter
steel cross-section area

[NopoxHncTe obnuutoBaHHS
piBHOMipHOT ToBLMHM )
Hollow encasement of
uniform thickness

i

-
PP

2 (b +h)

nroLla ctaneBoro nepepisy

2 (b +h)
steel cross-section area

30BHiILLHE 06NMLIIOBAHHSA

PiIBHOMIPHOT TOBLUMHN, LLIO
3a3Hae BMNIIMBY BOTHIO

3 TPbOX CTOPIH

Contour encasement of
uniform thickness, exposed
to fire on three sides

nepumeTp ctani— b

nnoLla cranesoro nepepisy

steel perimeter — b
steel cross-section area

[MopoxHUCcTE 06nMLOBaHHSA
PiIBHOMIPHOT TOBLUMHN, LLO

T 3a3Hae BNNMBY BOTHIO
h 3 Tpbox cTopiH")

J_ Hollow encasement of
=

C

uniform thickness, exposed
to fire on three sides

2h+b

nnotlya cranesoro nepepisy

2h+b
steel cross-section area

—b—elb-c,

) Poamipu 3a3opiB ¢4 Ta ¢, He nepesuLLyoTb h / 4 .

The clearance dimensions ¢q and c, should not normally exceed h/ 4.

(5) Ona Bonormx BOrHe3axucHuWx MaTepianis
pO3paxyHOK MpUpoCTy TemnepaTtypu crani A6,
MOXHa 3MiHUTW, WOo6 BpaxyBaTh 3ani3HEHHS
npy 3pOCTaHHi TemnepaTypu cTani, JOKM BOHa
pocsardHe 100 °C. 3anisHeHHs BM3Ha4yalTb METO-
gowm 3rigHo 3 EN 13381-4.

(6) Ax anbTepHaTuBa Ao 4.2.5.2 (1) piBHOMIpHY
TemnepaTypy i30/1bOBaHOI CTaneBoi KOHCTPYKLUIT
nicns craHgapTHOro BOrHEBOro BMUBY BU3Ha-
YeHol TpuBanocTi MOXHa OTpuUmaTh, BUKO-
PUCTOBYHOUN PO3PaxyHKOBI BMOK-CXemun 3rigHo 3
EN 13381-4.

(5) For moist fire protection materials the calcula-
tion of the steel temperature increase A6, may
be modified to allow for a time delay in the rise of
the steel temperature when it reaches 100 °C.
This delay time should be determined by a
method conforming with ENV 13381-4.

(6) As an alternative to 4.2.5.2 (1), the uniform
temperature of an insulated steel member after a
given time duration of standard fire exposure may
be obtained using design flow charts derived in
conformity with ENV 13381-4.
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4.2.5.3 BHympiwHs cmanega KOHCmMpYyKUis y
rnycmomi, Wo 3axuuweHa mernnosumu
eKpaHamu

(1) YmoBw, WO HaBedeHi HMXYe, 3aCTOCOBYHOThb Y

HaCTYMHUX BUMNaaKax:

— cTanesi KOHCTPYKLUIT y NycToTi, WO Mae nepe-
KPUTTS Bropi Ta ropu3oHTanbHWIA TEnsioBui
eKpaH 3HM3Y, a TaKoX

— cTanesi KOHCTPYKLUIT y nycToTi, WO Mae Bep-
TMKanbHi TENoBi ekpaHn 3 060X CTOPIH,

AKLWO B 000X BMNagkax € 3a3op MiX TensioBUM

€KpaHOM Ta KOHCTPYKLiED. YMOBU HE BUKOHYOTb,

AKWO TennoBun ekpaH 6GesnocepefHbO OOTU-

KaeTbCA 40 KOHCTPYKLiI.

(2) PospaxyHok npupocTy TemnepaTypu crtani
AD, BHYTPILLHIX CTaneBnx KOHCTPYKLIN, LLIO 3aXu-
LLleHi TennoBUMM ekpaHamMmu, mae 6asyBaTucs Ha
MeToaax, Lo HaBeeHi B 4.2.5.1 abo 4.2.5.2 Bia-
NnoBigHO, NPUNHABLUM TemnepaTypy HaBKOMMLL-
HbOro cepepoBuLia Abgy; Takoto, LLO AOPIBHIOE
TemnepaTypi ra3oBoro cepefioBuLLa y nycToTi.

(3) BnactmuBocTi Ta pob0oTy TEMMOBUX EKPAHIB, L0
BUKOPUCTaHi Npy NPOEKTYBaHHi, Cnif BU3Ha4aTu
3a METOAMKO BUNPoOyBaHHs 3riaHo 3 EN 13381-1
abo EN 13381-2 BignosigHo.

(4) PosButok TemnepaTypu y NycTOTi, B SKiA
po3TalloBaHi cTanesi KOHCTPYKLii, BU3Ha4yalTb
3a JONOMOrok BUMiptoBaHb 3rigHo 3 EN 13381-1
abo EN 13381-2 BignosigHo.

4.2.5.4 308HiWwHi Memanesi KOHCMPYKU|i

(1) TemnepaTypy 30BHILLUHIX MeTaneBuUX KOHCT-

PYKUi BU3Ha4Yal0Tb, BPAaxOBYO4YM Take:

— pagiauinHun TennoBWW NOTIK Bi4 NPOTUMNO-
YKEXHOrO BIiACIKY;

— pajiauifHnin Ta KOHBEKLINHWIA TENOBI NOTOKK
BiJ, NoONym’s1, WO BUXOOUTb i3 NPOpI3iB;

— pajiaudiHi Ta KOHBEKLiMHI BTpaTu Tenna Big
CTaneBOi KOHCTPYKUIT [0 HaBKOSMLIHBOIo
cepeaoBumLa;

— po3Mipy Ta po3TallyBaHHsi ByaiBEeNbHUX KOH-
CTPYKLUIN.

(2) Tennosi ekpaHun MOXyTb ByTVW BCTaAHOBMEHI

3 ogHoro, ABox abo TpbOX CTOPiIH 30BHILUHBLOI

cTaneBoOi KOHCTPYKUii, wWo6 3axuctutn ii Big

pagiauinHoi nepegadi Tenna.

(3) TennoBi ekpaHn MatoThb:

— 0GesnocepenHbO KPINUTUCS 40 CTOPOHU cTane-
BOI KOHCTPYKLIi, gka noTpebye 3axucty abo
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4.2.5.3 Internal steelwork in a void that is
protected by heat screens

(1) The provisions given below apply to both of the

following cases:

— steel members in a void that have a floor on top
and by a horizontal heat screen below, and

— steel members in a void that have vertical heat
screens on both sides,

provided in both cases that there is a gap between

the heat screen and the member. They do not

apply if the heat screen is in direct contact with

the member.

(2) For internal steelwork protected by heat
screens, the calculation of the steel temperature
increase A6, should be based on the methods
given in 4.2.5.1 or 4.2.5.2 as appropriate, taking
the ambient gas temperature A8 ;; as equal to the
gas temperature in the void.

(3) The properties and performance of the heat
screens used in design should have been deter-
mined using a test procedure conforming with
ENV 13381-1 or ENV 13381-2 as appropriate.

(4) The temperature development in the void in
which the steel members are situated should be
determined from measurement according to
ENV 13381-1 or ENV 13381-2 as appropriate.

4.2.5.4 External steelwork

(1) The temperature of external steelwork should

be determined taking into account:

— the radiative heat flux from the fire compart-
ment;

— the radiative heat flux and the convective heat
flux from the flames emanating from openings;

— the radiative and convective heat loss from the
steelwork to the ambient atmosphere;

— the sizes and locations of the structural mem-
bers.

(2) Heat screens may be provided on one, two or
three sides of an external steel member in order to
protect it from radiative heat transfer.

(3) Heat screens should be either:
— directly attached to that side of the steel mem-
ber that it is intended to protect, or



— OyTn gocTtaTHbOro po3Mipy, LWO6 MNOBHICTHO
3axXUCTUTN CTOPOHY KOHCTPYKLUIT Big pagiauin-
HOro TENmnoBOro MOTOKY.

(4) TennoBi ekpaHu 3rigHO 3 4O4ATKOM B NOBUHHI

OyTn HeroptouMMmM Ta MaTW BOMHECTINKICTb He

meHwwe El 30 signosigHo go EN ISO 13501-2.

(5) TemnepaTypy B 30BHIlLHi/ CTaneBii KOHCT-
PYKUii, WO 3axuLieHa TenrIoBUMU ekpaHaMmu, BU-
3HavatoTb 3rigHo 3 4.2.5.4 (1), npumaroun, Lo
pagiauinHa nepegada Tenna 4o CTOPIH, SKi 3axu-
LLIeHi TeNnoBMMU ekpaHamu, He BiabyBaeTbCs.

(6) Po3paxyHkn MOXyTb BGadyBaTUCA Ha yMOBax
BPIBHOBaXXEHOro CTaHy, WO OTpuMaHi 3i ctauio-
HapHOro Tennosoro 6GanaHcy 3a [OOMOMOro
MeToAiB 3 gopartka B.

(7) Po3paxyHok 3rigHo 3 gogatkom B yactuum 1-2
EN 1993 mae 6a3yBaTtuca Ha mogeni 3 gogaTtka B
EN 1991-1-2, sxa onucye yMOBM NOXexi y BiACIKy
Ta nonym’si, WO BUXOAMTb i3 MPOPI3iB, HA SKUX
Mae 0asyBaTucsa po3paxyHOK papgiauiliHoro Ta
KOHBEKLIINHOro TEeNMOBUX NOTOKIB.

4.3 YTO4HeHi po3paxyHKoBi mogeni

4.3.1 3acanbHi sumoa2u

(1) YTOYHeEHi po3paxyHKOBi MeTOAM MatoTb 3abes-
nevyBatu peaniCTU4YHMIA PO3PaxyHOK KOHCTPYK-
Lin, Wo 3a3HaloTb BorHesoro snnuey. Metoau
MatoTb 6asdyBaTncs Ha PyHOAAMEHTanbHI di3ny-
Hin poboTi Tak, wob nprBecTn A0 BipHOro npu-
NyLLLEHHS O4iKyBaHOi poboTK BignoBigHOT YacTUHM
KOHCTPYKTUBHOT CUCTEMM Mif Yac NOXexi.

(2) Byob-aki BMOM MOXNMBUX pPYWHYBaHb, SKi
He po3rnsagace YyTOYHEHU po3paxyHKOBUA METOL
(BKrHOYatoUM MicLeBy BTpaTy CTIMKOCTI nNpu nos-
OOBXHbOMY 3rMHI Ta pymHyBaHHSA Big AOil none-
peYHOI cMnmn), MatTb BYTU YCyHEHI BigNoBIigHNMMN
3axofamu.

(3) YTOuHeHi po3paxyHkoBi Mogeni MicTATb

OKpeMi po3paxyHKOBI MoAenNi A5l BUSHAYEHHS:

— PO3BUTKY Ta PO3MOBCHAXKEHHSA TemnepaTypu
B KOHCTPYKLUiAX (Mogenb TemnepaTypHoi peak-
uii) Ta

YaCTUHK (MOoAeNlb MexaHi4yHoI peakuir).

(4) YTO4YHEHi po3paxyHKOBi MeToAu BUKOPUCTO-
BYHOTb pa3om 3 OyaAb-SKMM PEXUMOM HarpiBaHHs
3a YMOBW, L0 BiJOMi BlaCTUBOCTI MaTepianis gng
Bi4NOBIAHOI TeMnepaTypHOI cTaail.

OCTY-H B EN 1993-1-2:2010

— large enough to fully screen that side from the
expected radiative heat flux.

(4) Heat screens referred to in annex B should
be non-combustible and have a fire resistance of
at least El 30 according to EN I1ISO 13501-2.

(5) The temperature in external steelwork pro-
tected by heat screens should be determined as
required in 4.2.5.4(1), assuming that there is no
radiative heat transfer to those sides that are
protected by heat screens.

(6) Calculations may be based on steady state
conditions resulting from a stationary heat bal-
ance using the methods given in annex B.

(7) Design using annex B of this Part 1-2 of EN
1993 should be based on the model given in an-
nex B of EN 1991-1-2 describing the compart-
ment fire conditions and the flames emanating
from openings, on which the calculation of the
radiative and convective heat fluxes should be
based.

4.3 Advanced calculation models

4.3.1 General

(1) Advanced calculation methods should provide
a realistic analysis of structures exposed to fire.
They should be based on fundamental physical
behaviour in such a way as to lead to a reliable
approximation of the expected behaviour of the
relevant structural component under fire condi-
tions.

(2) Any potential failure modes not covered by the
advanced calculation method (including local
buckling and failure in shear) should be elimi-
nated by appropriate means.

(3) Advanced calculation methods should include

separate calculation models for the determination of:

— the development and distribution of the tem-
perature within structural members (thermal
response model);

— the mechanical behaviour of the structure or of
any part of it (mechanical response model).

(4) Advanced calculation methods may be used in
association with any heating curve, provided that
the material properties are known for the relevant
temperature range.
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(5) YTO4HEHI pOo3paxyHKOBi METOAN MOXHA BUKO-
pucToByBaTh ANs 6yab-9KOro TMny nonepevyHoro
nepepiay.

4.3.2 Tennoea peakuyisi

(1) YTOYHeHi po3paxyHKOBi MeToAM TennoBoil
peakuii maoTb 6asyBaTucsl Ha 3aranbHOBU3Ha-
HUX NPUHLMNax Ta nepegymMoBax Teopil nepeaadi
Tenna.

(2) Mogenb TennoBoi peakuii Mae BpaxoByBaTU:

— BignoBigHi Tennosi BNSMBU, WO BU3HAYEHi B
EN 1991-1-2 Ta

— 3MiHy TennodisnyHuX BIlAaCTUBOCTEN MaTe-
piany 3anexHo Big Temnepatypu (po3gin 3).

(3) Edpexktn HepiBHOMIpHOro TEMNMOBOro BNSIMBY
Ta nepegadi Tenna Ao cycigHix vactuH Oyaisni
MatoTb OyTK BpaxoBaHi, Ae e HeobxigHo.

(4) Bnnueom Gyab-siIKOro BMICTY Ta MOLUMPEHHS
BOIOrM BCepeauHi BOrHe3axuCHOro MaTtepiany
MOXHa 3HEeXTyBaTH.

4.3.3 MexaHiyHa peakyisi

(1) YTOuHeHi po3paxyHKOBI MoAeni MexaHidHOl
peakuii MatoTb 6a3yBaTnCs Ha 3aranbHOBU3HAHMX
npvHUMNax ta nepeaymoBax Teopii byaiBenbHol
MEXaHiKu, L0 BPaxoBYyOTb 3MiHM BRacTUBOCTEN
MaTepianis 3anexHo Big TemnepaTypu.

(2) Cnig BpaxoByBaTu edekTn TemnepaTypHUX
Jedopmauii Ta HanpyXeHb, WO BUHUKAKOTb
Yepes NigBULLEHHS Ta Nepenaan Temneparyp.

(3) Mogenb mexaHi4HOI peakLuii TakoX Mae Bpa-
XOBYyBaTU:

CMiNbHO MeXaHiYHi HaBaHTaxyBanbHi epekTu,
reoMeTpu4Hi gedekTn Ta TeNNoBi BMNANBY;

— MeXaHiYHi BNnacTMBOCTi MaTepianis, Wo 3ane-
XaTb Big Temnepatypu (po3ain 3);

— TeoMEeTPUYHO HeNiHIVHI edhekTy;

— eeKTn HeniHINHMX BNlacTMBOCTEN MaTepianis,
BKITHOYAOUN HECMpUATAMBI BNNUBWM HaBaHTa-
XKEHHS Ta pO3BaHTaXeHHS Ha XXOPCTKICTb KOH-
CTPYKLUIT.

(4) EdbexTn HecTauioHapHOT TeMnepaTypHOi NoB-

3y4OCTi He MoTpebylTb AeTanbHOro pos3rnsgy,

SKLO BMKOPUCTOBYIOTb Aiarpamu "HanpyXeHHs-

aedopmauii" 3rigHo 3 po3sainom 3.

(5) Oedopmauii y rpaHM4yHOMY CTaHi, LLO BU3-

HayeHi pPO3paxyHKOBMM METOAOM, OOMEXYThb,

o0 3a6e3neunTn CyMICHICTb YCiX YaCTUH KOHCT-

PYKTUBHOI CUCTEMM.
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(5) Advanced calculation methods may be used
with any type of cross-section.

4.3.2 Thermal response

(1) Advanced calculation methods for thermal
response should be based on the acknowledged
principles and assumptions of the theory of heat
transfer.

(2) The thermal response model should consider:

— the relevant thermal actions specified in EN
1991-1-2;

— the variation of the thermal properties of the
material with the temperature, see section 3.

(3) The effects of non-uniform thermal exposure
and of heat transfer to adjacent building compo-
nents may be included where appropriate.

(4) The influence of any moisture content and of
any migration of the moisture within the fire pro-
tection material may conservatively be neglected.

4.3.3 Mechanical response

(1) Advanced calculation methods for mechanical
response should be based on the acknowledged
principles and assumptions of the theory of struc-
tural mechanics, taking into account the changes
of mechanical properties with temperature.

(2) The effects of thermally induced strains and
stresses both due to temperature rise and due to
temperature differentials should be considered.

(3) The model for mechanical response should

also take account of:

— the combined effects of mechanical actions,
geometrical imperfections and thermal ac-
tions;

— the temperature dependent mechanical prop-
erties of the material, see section 3;

— geometrical non-linear effects;

— the effects of non-linear material properties, in-
cluding the unfavourable effects of loading and
unloading on the structural stiffness.

(4) Provided that the stress-strain relationships
given in section 3 are used, the effects of transient
thermal creep need not be given explicit con-
sideration.

(5) The deformations at ultimate limit state implied
by the calculation method should be limited to
ensure that compatibility is maintained between
all parts of the structure.



(6) MpoekTyBaHHA Mae BpaxoByBaTW rPaHUYHUI
CTaH, 3a MeXamu SKOro po3paxyHKoBi aedop-
Mauil KOHCTPYKTMBHOI CUCTEMMU CHAPUYUHAIOTb
PyMHYyBaHHS BHACiAOK BTpaTV BigNoBigHOT onopu
OLHIET 3 KOHCTPYKUN.

(7) Ons po3paxyHKy OKpeMuX BepTUKanbHUX
KOHCTPYKLin BUKOPUCTOBYIOTb CUHYCOIAHE noYvaT-
KOBE MOLUKOAXEHHSA 3 MaKCUManosHUM 3HAYEHHSIM
h/1000 nocepenuHi BUCOTH, AKLLO iHLUE HE BU3Ha-
4YeHOo BigNOBIAHMMM CTaHA4ApTaMm Ha NPOAYKLt.

4.3.4 3ameepOkeHHs1 yMOoYHEeHUX PO3paxyH-
Kosux modenel

(1) MNMepeBipka TOYHOCTiI pO3paxyHKOBUX MOAENEN
Mae OyTu 3piicHEHa Ha OCHOBI pe3ynbTaTiB
Bi4NOBIgHMX BMNPOGYBaHb.

(2) Pesynbtatn po3paxyHKiB MOXYTb CTOCyBa-
TUCA gedopMaLin, TemnepaTypu Ta Mexi BOorHe-
CTINKOCTI.

(3) M'paHW4Hi 3Ha4YeHHs MalTb OyTW nepesipeHi
3a JOMOMOroK aHanidy 4yTnmBocTi, Wwob nepe-
CBiguMTMCA, WO Cxema BignoBigae obrpyHToBa-
HUM iHXEHEPHO-TEXHIYHUM NPUHLUMNAM.

(4) paHWYHi 3Ha4YeHHs MOXYTb CTOCyBaTUCSH
rPaHNYHOT JOBXUHN, PO3MIPiB KOHCTPYKLN, PiBHSA
HaBaHTaXEHHS.
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(6) The design should take into account the ulti-
mate limit state beyond which the calculated de-
formations of the structure would cause failure
due to the loss of adequate support to one of the
members.

(7) For the analysis of isolated vertical members a
sinusoidal initial imperfection with a maximum
value of h/1000 at mid-height should be used,
when not specified by relevant product standards.

4.3.4 Validation of advanced calculation
models

(1) A verification of the accuracy of the calculation
models should be made on basis of relevant test
results.

(2) Calculation results may refer to temperatures,
deformations and fire resistance times.

(3) The critical parameters should be checked to
ensure that the model complies with sound engi-
neering principles, by means of a sensitivity anal-
ysis.

(4) Critical parameters may refer, for example to
the buckling length, the size of the elements, the
load level.
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OOOATOK A
(oboB’aA3koBUIA)

OE®OPMAUINHE 3MILUHEHHSA BYITMELEBOI
CTAII 3A NIABUWLEHUX TEMIEPATYP

(1) Ona tremnepatypn Hmxkde 400 °C anbTepHa-
TMBHA MOXIMBICTb AedopMaLuiiHOro 3MiLlHEHHS,
Lo BKa3aHa y 3.2, MOxe ByTu BUKOpUCTaHa Tak:

— ana 0,02< < 0,04:

ANNEX A
[normative]

STRAIN-HARDENING OF CARBON STEEL
AT ELEVATED TEMPERATURES

(1) For temperatures below 400 °C , the alterna-
tive strain-hardening option mentioned in 3.2 may
be used as follows:

— for 0,02< £< 0,04:

GCg =50(fu‘9 —fy,e)g +2fy’e —fu‘e , (A1a)

— nna 0,04 <e¢<0,15:

— for 0,04 <¢ <0,15:

SO (A.1b)

— ana 0,15<£<0,20:

— for0,15< £<0,20:

 =f,4[1-20(c -0,15)], (A.1c)

— panaeg >0,20:

— fore > 0,20:

6, =0,00, (A.1d)

pe f, g — rpaHnyHa MiLHiCTb 3a NigBULLEHOT TEM-
nepatypu, WO BpaxoBye AedopMaLlinHe 3Mmil-
HEHHSI.

MpumiTka. AnbTepHaTuBHa Jiarpama "Hanpy>KeHHs -
aedopmauia" anga crani, Wo BpaxoBye AedopmadinHe
3MiLUHEHHS, HaBefeHa Ha pUCYHKy A.1.

HanpyxeHHs o, ‘
Stress ;

f T I e R

S|

P.B ------

Ess =tana

where: f, o is the ultimate strength at elevated
temperature, allowing for strain-hardening.

Note: The alternative stress-strain relationship for
steel, allowing for strain hardening, is illustrated in
figure A.1.

> Hedopmaitis €

Epe Eye

€1 €ys Straine

PucyHok A.1 — AnbTepHaTvBHa fiarpama "HanpyxeHHs-gedopmadis” ons crani, Wo BpaxoBye
aedopmauiiie 3MiLHEeHHS
Figure A.1 — Alternative stress-strain relationship for steel allowing for strain-hardening
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(2) M'paHMyHy MiLHICTb 3a nigBMLLEHOT Temnepa- 2) The ultimate strength at elevated temperature,
Typwu, WO BpaxoBye AedopmaLiiHe 3MiLHEeHHS, allowing for strain hardening, should be deter-
BM3HA4aloTb Tak: mined as follows:
— ana6, <300 °C: — foro, <300 °C:
fuo :1,25fy19 , (A.2a)
— ana 300 °C <6, <400 °C: — for 300 °C <6, < 400 °C:
fuo = fy19 (2-0,00250,), (A.2b)
— ana6, =400 °C: — foro, =400 °C:
fu‘e ny,e . (AZC)
MpumiTka. 3miHa anbTepHaTMBHOI diarpamu "Hanpy- Note: The variation of the alternative stress-strain rela-
XeHHs-gedopmauis" ona crani 3anexHo Big Temne- tionship with temperature is illustrated in figure A.2.

paTypv HaBedeHa Ha pUcCyHky A.2.

Ga

T, 14

300°C

1.2 % 350°C \

L0 40Q°C \\
| s00°C

N \
A\
\

0.4
0.2
0.0
0.00 0.05 0,10 0.15 Q.20
Hedopmariis €,
Straimn 2,

PucyHok A.2 — AnbTepHaTyBHa diarpama "HanpyxeHHsa-gedopmadia” ans crani 3a nigsueHnx
Temneparyp, WO BpaxoBye AedopmaLlinHe 3MiLHEHHS
Figure A.2 — Alternative stress-strain relationships for steel at elevated temperatures, allowing
for strain hardeningg
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OOOATOK B
(oboB’aA3koBUIA)

NEPEOAYA TEMNA 0O 30BHIWHIX
CTAINEBUX KOHCTPYKUIA

B.1 3aranbHi nonoxeHHA
B.1.1 OcHoeHi sumoz2u

(1) B ubomy gogaTky gonyckatoTb, WO NPOTUMNO-
XKEXHUIM BiOCIK OOMEXeHOo nuile ogHWM MnoBep-
xoM. Bci BikHa abo iHLWIi cxoxi npopi3n y npoTu-
NOXEXHOMY BiACiKy NpuiAMatoTb NPAMOKYTHUMM.

(2) Temnepatypy noxexi y NPOTUMNOXEXHOMY
BiACiKy, pOo3Mipn Ta TemnepaTtypy nonym’s, Lo
BUXOAUTb 3 MpOpi3iB, a TakoX pagiauinHi Ta
KOHBEKLiMHI napameTpu BM3Ha4yawTb 3rigHO 3
pgopaTtkom B EN 1991-1-2.

(3) Cnia po3pi3HATY KOHCTPYKLLi, LLIO HE OXOMNMEHI
Nonym’siM, Ta KOHCTPYKLT, LLLO OXOMNSeHi Nonym’sim,
3anexHo Big X posTallyBaHHS LOAO MPopisiB y
CTiHax NPOTUMNOXEXHOTO BIACIKY.

(4) KoHCTpykuito, WO He oxonfieHa MNosyMm’sim,
po3rnsagarTb, Wob npuimaTt pagiauinHy nepe-
Jady Tenna Big ycix nNpopisiB y Tii CTOPOHI Npo-
TUMOXEXHOro BiACIKY Ta Bigd NONyMm’sl, WO BUXO-
OUTb 3 LMX nNpopisi..

(5) KoHcTpykuito, Wo oxonneHa nonym’siM, pos-
rMsagatoTb, Wob NpuiMaT KOHBEKLIMHY nepeaady
Tenna Big NnonyMm’s, a TakoxX pagiauiviHy nepegavy
Tenna Big nonym’a Ta nNpopisis NPOTUMNOXKEXKHOIO
BiACIiKYy, 3 SKMX BOHO BMXoanTb. PagiauinHoro ne-
pegadeto Tenna Bif iHWOro NonymM’s Ta Bif iHWNX
Npopi3iB MOXHa 3HEXTYBaTMU.

B.1.2 YmoeHi no3Haku po3mipie

(1) YMOBHI NO3HaKu reoMeTpUYHMX gaHuX 306pa-
XKeHi Ha pucyHky B.1.
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ANNEX B
[normative]

HEAT TRANSFER TO EXTERNAL
STEELWORK

B.1 General
B.1.1 Basis

(1) In this annex B, the fire compartment is
assumed to be confined to one storey only. All
windows or other similar openings in the fire com-
partment are assumed to be rectangular.

(2) The determination of the temperature of the
compartment fire, the dimensions and tempera-
tures of the flames projecting from the openings,
and the radiation and convection parameters
should be performed according to annex B of
EN 1991-1-2.

(3) A distinction should be made between mem-
bers not engulfed in flame and members engulfed
in flame, depending on their locations relative to
the openings in the walls of the fire compartment.

(4) A member that is not engulfed in flame should
be assumed to receive radiative heat transfer
from all the openings in that side of the fire com-
partment and from the flames projecting from all
these openings.

(5) A member that is engulfed in flame should be
assumed to receive convective heat transfer from
the engulfing flame, plus radiative heat transfer
from the engulfing flame and from the fire com-
partment opening from which it projects. The radi-
ative heat transfer from other flames and from
other openings may be neglected.

B.1.2 Conventions for dimensions

(1) The convention for geometrical data may be
taken from figure B.1.
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PucyHok B.1 — Po3mipn Ta NoBEPXHi KOHCTPYKLii
Figure B.1 — Member dimensions and faces
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B.1.3 Tennoesutl 6anaHc

(1) Onsa koHCTPYKLUT, WO He OXonfeHa nonym am,
cepefHl0 TemnepaTypy CTaneBOi KOHCTPYKLUIT
T, K BU3HaYatoTb i3 pilleHHsl Takoro TensoBoro
GanaHcy:

GTn‘}, +a Ty

ae

c — crana CtedaHa BonbumaHa, 56,7102,
kBT/M2 K4;

o — KOeqIUiEHT KOHBEKLINHOrO TennoobmiHy,
kBT/M2 K:

|, — papgiauinHMn Tennosun MOTIK Bif nonym’s,
kBT/M2;

lf — papgiauinHMn TennoBMI MNOTIK 3 MNPOpI3iB,
kBT/M2.

(2) KoediuieHT KOHBEKLINHOrO TEMmoobMiHY o
BM3HaYalTb 3rigHo 3 gogaTtkom B EN 1991-1-2
ansg ymoB "HeBMMYLLEHOI (MpMpogHOT) TArM no-
BiTps" abo "WTY4HOI (MPUMYCOBOI) Tsrn nosiTps"
Bi4NOBIAHO, BWKOPUCTOBYKOUYM PO3PaxXyHKOBUM
po3mip nepepisyd =(d1+d5)/2.

(3) Ona KOHCTPYKLUii, O oxonneHa nonym’sam,
cepefHl0 Temnepatypy CTaneBOi KOHCTPYKLUIT
T,, , K BU3Ha4aloTh i3 pilleHHs Takoro TennoBoro
GanaHcy:

GT,,‘}, +o Ty

ne

T,— Temnepatypa nonym’s, K;

|, — papgiauinHMn Tennosun MOTIK Bifg nonym's,

kBT/M2;

lf — papgialinHMn TennoBu NOTIK 3 MNPOpI3iB,

kBT/MZ.

(4) PapjauiiHiin Tennosui noTik /, Big nonym’sa

BM3HAYal0Tb 3aNeXHOo Bif CMTyaLii Ta TUNy KOHCT-

PYKUii Tak:

— KOJSIOHWU, WO HEe OXonsieHi nonym’sam, B.2;

— Garnku, Wwo He oxonneHi nonym’sim, B.3;

— KOJIOHW, LLIO OXOMnneHi nonym’sam, B.4;

— 0anku, Lo NMoBHICTIO abo 4YacTKOBO OXOMJIEHi
nonym’sim, B.5.

[HWi BMNaAgKM po3rnsgalTb aHarnoriyHo, BMKO-
PUCTOBYHOUMN HanexHi 3acobu obpobkn 3rigHO 3
B.2 -B.5.

(5) PagpiauinHmn Tennosun noTik /; 3 npopisis
BM3HA4aloTb 3 BUpaA3y:

B.1.3 Heat balance

(1) For a member not engulfed in flame, the aver-
age temperature of the steel member T,, [K]
should be determined from the solution of the fol-
lowing heat balance:

=21, +XI +293a , (B.1)
where:
o is the Stefan Boltzmann constant [56,7-10712
kKW/m?K4;
o is the convective heat transfer coefficient
[kW/m?2K];

I, is the radiative heat flux from a flame [kW/m?];

I; is the radiative heat flux from an opening
[kW/m?].

(2) The convective heat transfer coefficient a
should be obtained from annex B of EN 1991-1-2
for the "no forced draught’ or the “forced draught’
condition as appropriate, using an effective
cross-sectional dimensiond =(d4+d5y)/2.

(3) For a member engulfed in flame, the average
temperature of the steel member T, [K] should
be determined from the solution of the following
heat balance:

=21, + 2l +aT,, (B.2)

where:
T, is the flame temperature [K];
1, is the radiative heat flux from the flame [kW/m?];

I¢is the radiative heat flux from the corresponding

opening [kW/m?].

(4) The radiative heat flux /, from flames should

be determined according to the situation and type

of member as follows:

— Columns not engulfed in flame: see B.2;

— Beams not engulfed in flame: see B.3;

— Columns engulfed in flame: see B.4;

— Beams fully or partially engulfed in flame: see
B.5.

Other cases may be treated analogously, using
appropriate adaptations of the treatments given in
B.2 to B.5.

(5) The radiative heat flux /; from an opening
should be determined from:

lr =drer (1-a,)o T, (B.3)
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df — 3aranbHU KoedilieHT popMM KOHCTPYKLT
ONns pagiauinHoro Tennoo6MiHy 3 Npopi3omMm;

gf — KOeiLiEHT BUNPOMIHIOBaHHS Npopiy;

a, — KoeilieHT NornMHaHHa Ans nonym’s;

T; — Temnepatypa nonym’sa, K, 3rigHo 3 gopar-
kom B EN 1991-1-2.

(6) KoedpiuieHT BUNPOMIHIOBaHHSA NPopI3y &5 AOPiB-
HIo€e oanHULI 3rigHo 3 pogatkom B EN 1991-1-2.
(7) KoediuieHT nornuHaHHA Ansa nonym’ss a, Bu-
3HavatTb 3a cdopmynammn (B.2) — (B.5) Bigno-
BiQHO.

B.1.4 3azanbHi koegpiyieHmu ghopmu

(1) 3aranbHui koeilieHT POoPMU ¢ f KOHCTPYKLT
Ona  papgiauinHoro TennoobMmiHy 3 npopi3om
BM3HA4aloTb 3 BUpa3y:

(C197,1+Co 07 2)d1+(C3 073 +C4 0f 4)d2
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where:

¢ is the overall configuration factor of the mem-
ber for radiative heat transfer from that opening;
¢ is the emissivity of the opening;

a, is the absorptivity of the flames;

T;is the temperature of the fire [K] from annex B of
EN 1991-1-2.

(6) The emissivity ¢ of an opening should be
taken as unity, see annex B of EN 1991-1-2.

(7) The absorptivity a, of the flames should be
determined from (B.2) to (B.5) as appropriate.

B.1.4 Overall configuration factors

(1) The overall configuration factor ¢ of a mem-
ber for radiative heat transfer from an opening
should be determined from:

bf =

: (B.4)

(C1+C2)d1+(C3 +Cy)d,

ae

®f,; — KOEMILIEHT POPMU /i NOBEPXHI KOHCTPYKLT
ansa npopisy (aogatok G EN 1991-1-2);

d; — po3mip rnornepeyHoro nepepisy i-i NOBEPXHi
KOHCTPYKLUi;

C;—KoediLieHT 3axu1CTy i-1 MOBEPXHi KOHCTPYKLi:

— AN 3axuuieHoi nosepxHi: C; = 0;

— [And HesaxuweHoi nosepxHi: C; = 1.

(2) KoedilieHT popMu ¢ ; AN NOBEPXHi KOH-
CTPYKLiT, 3 IKOi MPOPI3 HE BUAHO, AOPIBHIOE HYIIO.

(3) KoediuieHT dopmu ¢, KOHCTPYKLUii Ana pa-
JiauiiHoro TennoobmiHy Big MNonym’ss BU3Ha-
YyaeTbcsa 3a hopmynoto:

(C1921+C209,2)d1+(C39,3+Ca0,4)d2

where:

¢r,; is the configuration factor of member face /
for that opening, see annex G of EN 1991-1-2;

d; is the cross-sectional dimension of member
face i;

C;is the protection coefficient of member face i as
follows:

— for a protected face: C; =0

— for an unprotected face: C; = 1.

(2) The configuration factor ¢ ¢ ; fora member face
from which the opening is not visible should be
taken as zero.

(3) The overall configuration factor ¢ , of a mem-
ber for radiative heat transfer from a flame should
be determined from:

b, =

: (B.5)

(C1+C2)d1+(C3+Cy)dy

ne

¢z — KOeiuieHT popMM i~ TOBEPXHI KOHCTPYKLT
ana nonywm’sa 3rigHo 3 gogatkom G EN 1991-1-2.
(4) KyToBUi kOEMILIEHT ¢ , ; MOBEPXOHb KOHCTPYK-
Ui ons pagiauiiHoro TennooObmiHy Big nonym's
6a3yeTbCA Ha eKBiBaNEHTHMX NPAMOKYTHUX PO3-
Mipax nonym’s. Po3mMipn Ta NonoxeHHsa eksiBa-
NEHTHMX NPSIMOKYTHUKIB, LLO BigobpakatoTb OpoH-
TanbHy NOBEPXHIO | BOKM NnonymMm’'st Ang uiei meTw,
NMOBWHHI BU3Ha4yaTUCb 3rigHo 3 B.2 onsa KornoH Ta
B.3 ansa 6anok. [na BCix iHWKWX BUNaakKiB HEoO-

where:
¢, is the configuration factor of member face i for
that flame, see annex G of EN 1991-1-2.

(4) The configuration factors ¢,; of individual
member faces for radiative heat transfer from
flames may be based on equivalent rectangular
flame dimensions. The dimensions and locations
of equivalent rectangles representing the front
and sides of a flame for this purpose should
be determined as given in B.2 for columns and
B.3 for beams. For all other purposes, the flame
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XiflHO BMKOPMCTOBYBATU PO3Mipy NONyM’s 3rigHo
3 pogaTtkom B EN 1991-1-2.

(5) KoediuieHT hopMu ¢, ; ANs NOBEPXHi KOHCT-
PYKLUIT, 3 IKOT MONYM’A HE BUAHO, AOPIBHIOE HYTIO.

(6) MNoBepxHA KOHCTPYKLiT MOXXe OyTh 3axuLleHa
TENMOBUMM €eKpaHamu BignosigHoO o 4.2.5.4.
lMoBepxHA KOHCTPYKLIT, 6e3nocepeHbL0o npunerna
00 CTiHM BIACIKY, pO3rnagacTbCs SK 3axulLieHa 3a
YMOBW, O B i YaCTWHI CTiHM Bi4CYTHI Npopi3n.
Bci iHWIi noBepxHi KOHCTPYKLUIl po3rnagarTb fK
He3axuLLEeHi.

B.2 KonoHa, wo He oxonrneHa nonym’am

B.2.1 PadiauitiHuii mennoobmiH

(1) Cnig po3pi3HATN KOMOHY, WO po3TalloBaHa
HaBMPOTK NMPOPI3Y, Ta KOMOHY, PO3TalLIOBaHY MiX
npopisamu.

MpumiTka. 306paxxeHHA HaBegeHO Ha pUCyHKy B.2.

(2) Akwo konoHa posTalloBaHa HaBMPOTW MPO-
pi3y, pagiauinHuii Tennosmin NoTik /, Big nonym’sa
BM3Ha4aloTb 3 BMpasy:

dimensions from annex B of EN 1991-1-2 should
be used.

(5) The configuration factor ¢,; for a member
face from which the flame is not visible should be
taken as zero.

(6) A member face may be protected by a heat
screen, see 4.2.5.4. A member face that is imme-
diately adjacent to the compartment wall may also
be treated as protected, provided that there are
no openings in that part of the wall. All other mem-
ber faces should be treated as unprotected.

B.2 Column not engulfed in flame

B.2.1 Radiative heat transfer

(1) A distinction should be made between a col-
umn located opposite an opening and a column
located between openings.

Note: lllustration are given in figure B.2.

(2) If the column is opposite an opening the radia-
tive heat flux /, from the flame should be deter-
mined from:

I, =b 8,075, (B.6)

ne

¢, — 3aranbHUn KoedilieHT dopMM KOMOHU AN
pagiauinHoro Tennoo®bmiHy 3 nonym’sam (aue.
B.1.4);

€, — KOoedilieHT BUNPOMiHIOBaHHS Nonym’s (AMB.
B.2.2);

T,— Temneparypa nonym’sa, K (ams. B.2.3).
MpumiTka. 306paxeHHs HaBedeHO Ha pUcyHKy B.3.

(3) Akwo konoHa po3TalloBaHa MiX npopisamu,
pajiauiHuiA Tennosun MoTik /, Bio nonym’st Ha
KOXHIW rpaHi BU3Ha4atoTb 3 BUpasy:

where:
¢ , is the overall configuration factor of the column
for heat from the flame, see B.1.4;

¢, is the emissivity of the flame, see B.2.2;

T, is the flame temperature [K] from B.2.3.
Note: lllustration are given in figure B.3.

(3) If the column is between openings the total ra-
diative heat flux /, from the flames on each side
should be determined from:

l; = (¢z,m €z.m +¢z,n gz,n)G Tz4 ) (B.7)

ne

¢ 2 m — 3aranbHuii KoeilieHT PopMU KOSOHU AN
HarpiBaHHs Big4 nonym’sa ctopoHn m (aue. B.1.4);
¢ z,n — 3aranbHUiA KoeqilieHT hopMKY KONOHU Ans
HarpiBaHHs Big nonym’a cTopoHu n (aue. B.1.4);

€z m — 3aranbHUN KoedilieHT BUNPOMiHIOBAHHS
nonym’st Ha CTOpoHi m (auB. B.2.2);

€z — 3aranbHUN KoeqilieHT BUNPOMIHIOBAHHS
nonym’st Ha CTOPOHiI n (ane. B.2.2).

Mpumitka. 306paxeHHs HaBedeHO Ha pUCyHKy B.4.
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where:

¢z m is the overall configuration factor of the col-
umn for heat from flames on side m, see B.1.4;
¢, is the overall configuration factor of the col-
umn for heat from flames on side n, see B.1.4;
€2 m I8 the total emissivity of the flames on side m,
see B.2.2;

&z is the total emissivity of the flames on side n,
see B.2.2.

Note: lllustration are given in figure B.4.
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a — ymoBa "HeBUMYLLEHOI (NPUPOAHOI) TArvM noBiTpa"
'No forced draught' condition
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PucyHok B.2 — PosTaluyBaHHS KONOHM
Figure B.2: Column positions
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a — "HeBuMyLLeHa (NnpupoaHa) Tara nosiTpsa"

'No forced draught’

b
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PucyHok B.3 — KonoHa, Wwo po3stalioBaHa HaBnpoTu nNpopisy
Figure B.3 — Column opposite opening
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a — "HeBuMyLLeHa (NnpupoaHa) Tsra nosiTpa"
'No forced draught'

z =
PiBHO3HA4YHUI
[epeaH1N
MPAMOKYTHHK
Konona s Equivalent
Cowrn — i side rectangle
po3pi3 U
section

Konona
Column

po3pi3
section

PiBHO3HAaYHMI
NepeaHIn
MIPAMOKYTHHK
Equivalent

side rectangle

IJ1aH
pan

H

1 — cTiHa BuWwe Ta h < 1,25w
wall above and h < 1,25w

PiBHO3HAYHMI
TepeaHii
MPAMOKYTHHK

™ Equivalent

side rectangle

i

|
PiBHOSHAUHMH . .
nepeIHin e
MPSIMOKYTHHK
Equivalent
side rectangle
i
|
|
TJIaH |
pan M |

2 — cTiHa Buwe Ta h > 1,25w abo cTiHa BuLLE BiACYTHSA
wall above and h > 1,25w or no wall above

b — "wTryyHa (npumycoBa) Tsra noBitpa”

'Forced draught'

PiBHO3HAYHHIA

nepeaHii
| " s NPAMOKYTHHK
L Equivalent
HIN | side rectangle
| Y I
S\ —
n PiBHO3HAYHMIA
nepenHin
MPSIMOKYTHHK
. Equivalent : — =
Komona | || ™. ~ siderectangle St
Column
r1a”
po3pis |
section

PucyHok B.4 — KonoHa, o po3TtalioBaHa Mix npopizamu
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B.2.2 KoeghiyieHm eunpomiHrogaHHs
nonym’s

(1) Axkwo konoHa posTalloBaHa HaBNPOTU MpPO-
pi3y, KoedilieHT BUNPOMIHIOBAHHA MONyM'a €,
BM3HaYaloTb 3 BUpasy A5 € 3rigHo 3 gogatkom B
EN 1991-1-2, BUKOPUCTOBYHOUM LUMPUHY MONYM’S
A Ha piBHi Bepxy npopisiB. Akwo pawok abo
OankoH Hag MNpopi3oM BIACYTHI, A BU3HA4alOTb
Tak:

— Ans yMOBM "HEBMMYLLEHOI (NPUPOAHOI) THArM

nosiTps"

A=2h/3,

— ona  ymoBwu
nosiTps"

"WTY4yHOI (NpUMYCOBOI) TAMM

A=x ane (but) A <hx/z,

he h, x Ta z HaBefeHi B goaatky B EN 1991-1-2.

(2) Axkwo konoHa po3TalloBaHa MiX npopisamu,
3aranbHi koedilieHT BUNPOMIHIOBAHHS NONyM’s
€z,m T €z 5 HA CTOPOHAX M Ta N BU3HAYalOTb 3
BuUpasy ons e 3rigHo 3 gogatkom B EN 1991-1-2,
BUKOPUCTOBYIOUYMN 3HAYEHHSI 3aranbHOl LUMPUHU
nonym’s A Tak:

— [Ons CTOPOHU M :

— O5nA CTOPOHU N

ae

m — KiNbKICTb NPOPI3iB HA CTOPOHI m;

N — KinbKiCTb NPOPI3iB Ha CTOPOHI N;

Aj — LWUMPWHA NonNyM’s AN j-ro npopisy.
(3) WnpuHy nonymMm’s &; BU3HAYalOTb Tak:

— Ans YMOBM "HEBMMYLLEHOI (MPUPOAHOI) THArM
nositps"

B.2.2 Flame emissivity

(1) If the column is opposite an opening, the flame
emissivity £, should be determined from the ex-
pression for & given in annex B of EN 1991-1-2,
using the flame thickness A at the level of the top
of the openings. Provided that there is no awning
or balcony above the opening A may be taken as
follows:

— for the "no forced draught’ condition:

(B8.a)

— for the “forced draught’ condition:

(B.8b)

where h, x and z are as given in annex B of
EN 1991-1-2.

(2) If the column is between two openings, the
total emissivities ¢, ,, and ¢, , of the flames on
sides m and n should be determined from the
expression for ¢ given in annex B of EN 1991-1-2
using a value for the total flame thickness A as
follows:

— forside m:

- (B.9a)
— for side n:

- (B.9b)
where:

m is the number of openings on side m;

n is the number of openings on side n;

A; is the flame thickness for opening i.

(3) The flame thickness A; should be taken as

follows:
— for the 'no forced draught' condition:

A =w;, (B.10a)
— Ong ymMoBM "WTYYHOI (NpUMYCOBOI) TArK — for the 'forced draught' condition:
nosiTps"
Ai =w; +0,4s, (B.10b)
ae where:

W; — LUMPVHA Npopiay;
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w; is the width of the opening;



S — BiACTaHb Bif OCi KOMOHM [O CTiHW MpOTK-
MOXEXHOrO BiACiKy (pmucyHok B.1).

B.2.3 Temnepamypa nonym’si

(1) Temnepatypy nonym’'s T, NpUnMatoTh K TEeM-
nepaTypy Ha WMOro oci, Wo BU3Ha4yeHa 3 BMpasy
ana T, srigHo 3 gopatkom B EN 1991-1-2 ona
YMOB "HEeBUMYLLUEHOI (NMPUPOAHOI) TArM nosiTpsa"
abo "WTy4HOoI (MprMycoBOi) TArK nNoBiTps" Bigno-
BiHO, Ha BiACTaHi [ B34OBX OCi NoNyMm’s, Tak:

— 4ns ymoBWM "HEBMMYLLEHOI (NPUPOAHOI) TArn
nositps":

I=h/2,

— Ans yMOBM "LWITY4HOI (MPUMMYCOBOI) TArM no-
BiTps":
ONS KONOHW, po3TalloBaHoi nepes npopi3om:

AN KOMOHM, po3TalloBaHOlI MK Mpopizamu,
[ — BiACTaHb B340BX OCi NONYyM’st 4O TOYKN Ha
ropu3oHTani s Bif CTiHM MNPOTUMNOXEXHOrO BiA-
Ciky. Akwo aawok abo 6ankoH Hag NpPopi3om
BiCYTHIi:

I=sX/x,

ae X Ta x Bu3HaveHi B gogatky B EN 1991-1-2.

B.2.4 KoegbiyieHm noanuHaHHs nonym’s

(1) Anga ymoBKM "HeBUMYLLEHOT (MPUPOLHOI) TAru
noBiTpsa" koedilieHT MNOrmuMHaHHa nonym’'ss a
OOPIBHIOE HYIHO.

z

(2) Ona ymoBKM "WTY4YHOT (NpUMYCOBOI) TArM Mo-
BITPA" KOeilieHT NormMHaHHA nonym’s a, Aopis-
HI0E KOoeiLieHTY BUMPOMIHIOBAHHSA ¢, BiANOBIA-
Horo nonym’'s, ave. B.2.2.

B.3 banka, He oxonJsieHa NosyM’aAMm

B.3.1 PadiauitiHuii mensnoobmiH

(1) B uboMy po3gini NPUAHATO, WO pPiBEHb HU3Y
Danku po3TalwoBaHO HE HMKYE PiBHSA BEPXY Mpo-
pi3iB NPOTUNOXEXKHOIO BiACIKY.

(2) Cnig pospisHaTu Ganku, WO po3TalloBaHi
napanenbHO 30BHILUHIN CTiHI NPOTUMNOXEXHOro
BiACiKy, Ta 6Ganku, WO po3TalloBaHi neprneHan-
KYyJNSAPHO 0 30BHILUHBbOI CTiHM MPOTUMOXEXHOro
BiACiKy (pncyHokK B.5).

OCTY-H B EN 1993-1-2:2010

s is the horizontal distance from the centreline of
the column to the wall of the fire compartment,
see figure B.1.

B.2.3 Flame temperature

(1) The flame temperature T, should be taken as
the temperature at the flame axis obtained from
the expression for T, given in annex B of EN
1991-1-2, for the 'no forced draught' condition or
the 'forced draught' condition as appropriate, at a
distance [ from the opening, measured along the
flame axis, as follows:

— for the 'no forced draught' condition:

(B.11a)

— for the 'forced draught' condition:

for a column opposite an opening:
(B.11b)

for a column between openings [ is the dis-
tance along the flame axis to a point at a hori-
zontal distance s from the wall of the fire
compartment. Provided that there is no awning
or balcony above the opening:

(B.11c)

where X and x are as given in annex B of
EN 1991-1-2.

B.2.4 Flame absorptivity

(1) For the 'no forced draught' condition, the flame
absorptivity a, should be taken as zero.

(2) For the 'forced draught' condition, the flame
absorptivity a, should be taken as equal to the
emissivity ¢, of the relevant flame, see B.2.2.

B.3 Beam not engulfed in flame

B.3.1 Radiative heat transfer

(1) Throughout B.3 it is assumed that the level of
the bottom of the beam is not below the level of
the top of the openings in the fire compartment.

(2) A distinction should be made between a beam
that is parallel to the external wall of the fire com-
partment and a beam that is perpendicular to
the external wall of the fire compartment, see
figure B.5.
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a — "HeBuMyLLeHa (NnpupoaHa) Tara nosiTpsa"
'No forced draught’ !
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(3) Axwo Ganka po3TawoBaHa napanenbHO 30B-
HILLHIA CTiHI MPOTUMNOXEXHOIO BiACIKY, CepeaHto
Temnepartypy ctanesoi KOHCTPYKLUii T,, BU3Hau4a-
I0Tb Yy TOuUi B3AOBX 6anku npsiMo Hag LLEHTPOM
npopidy. Y ubOMy Bunagky pagiauiiHun Tenso-
BUW NOTIK /, BiA nonym’a BU3Ha4aloTb 3 BMpasy:

OCTY-H B EN 1993-1-2:2010

(3) If the beam is parallel to the external wall of the
fire compartment, the average temperature of the
steel member T,, should be determined for a point
in the length of the beam directly above the centre
of the opening. For this case the radiative heat
flux /, from the flame should be determined from:

I, =4 8,075, (B.12)

ae

¢, — 3aranbHUN KoediLlieHT hopmMu ANA Nonym’s,
po3TalloBaHOro npsiMo nepen Gankow (AuWB.
B.1.4);

€, — KoedilieHT BUNPOMiHIOBaHHS NONym’s (AmMB.
B.3.2);

T,— Temneparypa nonym’sa, K (ams. B.3.3).

(4) Axwo 6anka po3TalloBaHa NepneHanKynsipHoO
00 30BHILUHBOI CTIHWU MPOTUMOXEXHOrO BIACIKY,
cepefHio TemnepaTypy 6anku BU3Ha4aroTb y psgi
TOYOK, LLUO pO3TalloBaHi B3OOBX Oanku 4vepes
100 mm. CepegHa TemnepaTtypa cTaneBoi KOHCT-
PYKUiT T, NOPIBHIOE MaKCMMarnbHOMY 3 LMX 3Ha-
YyeHb. Y LbOMY BUMAAKy pagiauiiHii TennoBui
noTik /, Bia nonym’s BU3Ha4aloTb 3 BUpasy:

where:
¢, is the overall configuration factor for the flame
directly opposite the beam, see B.1.4;

¢, is the flame emissivity, see B.3.2;

T, is the flame temperature from B.3.3 [K].

(4) If the beam is perpendicular to the external wall
of the fire compartment, the average temperature
in the beam should be determined at a series of
points every 100 mm along the length of the beam.
The average temperature of the steel member T,
should then be taken as the maximum of these
values. For this case the radiative heat flux /, from
the flames should be determined from:

I, = (¢z,m €z.m +¢z,n Sz,n)G Tz4: (B.13)

ne

b 2 m — 3aranbHU KoedilieHT popmum Banku Ans
HarpiBaHHs Big nonym’sa ctTopoHn m (aue. B.3.2);
¢z p — 3aranbHWii KoedilieHT dopmu Garnkn Ans
HarpiBaHHs Bi4 nonym’a CTopoHu n (aue. B.3.2);

€z m — 3aranbHUN KOeiLiEHT BUNPOMIHIOBaHHS
nonym’st Ha cTopoHi m (gue. B.3.3);

€z — 3aranbHUN KoeqilieHT BUMNPOMIHIOBAHHS
nonym’st Ha CTOpOHi n (ame. B.3.3);

T,— Temneparypa nonym’sa, K (ams. B.3.4).

B.3.2 Koeghiuyienm eunpomiHroeaHHs
nonym’s
(1) Axwo Ganka posTawoBaHa napanenbHO 30B-
HILLHIA CTiHI NPOTUNOXEXHOro BIACIKY Hang Mpo-
pi3om, KoedilieHT BUNPOMIHIOBAHHA NONyM's €,
BM3HaYaloTb 3 BUpasy € A4ns 3rigHo 3 gogatkom B
EN 1991-1-2, BMKOPUCTOBYIOUM 3HAYEHHA LUK-
PUHW Monym’st A Ha PiBHI Bepxy npopisiB. AKLWo
Jawok abo 6GankoH Hag Npopi3oM BIACYTHI, A
BM3Ha4aloTb TakK:
— Ans yMOBM "HEBUMYLLEHOI (NPUPOAHOI) TArM
nosiTps"

A=2h/3,

where:

¢ 2.m is the overall configuration factor of the beam
for heat from flames on side m, see B.3.2;

¢ 2 n is the overall configuration factor of the beam
for heat from flames on side n, see B.3.2;

£2,m IS the total emissivity of the flames on side m,
see B.3.3;

ez, Is the total emissivity of the flames on side n,
see B.3.3;

T, is the flame temperature [K], see B.3.4.

B.3.2 Flame emissivity

(1) If the beam is parallel to the external wall of the
fire compartment, above an opening, the flame
emissivity £, should be determined from the ex-
pression for & given in annex B of EN 1991-1-2,
using a value for the flame thickness A at the level
of the top of the openings. Provided that there is
no awning or balcony above the opening A may be
taken as follows:

— for the 'no forced draught' condition:

(B.14a)
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— 4N ymoBM "WITY4HOI (MpMMYCOBOI) TArM no-
BiTpsa"

A=x,ane (but)L <hx/z,

be h, xTa zHaBegeHi B gogaTtky B EN 1991-1-2.

(2) Axkwo 6anka posTawoBaHa NepneHanKynsapHoO
00 30BHIWHBOI CTiHM MPOTUMOXEXHOrO BiACIKY
MK IBOMa npopisamMmu, 3arasbHi koeilieHTn Bu-
MPOMIiHIOBaHHSA NONYM'Ai €, p, Ta €, , HA CTOPOHAX
m Ta n BU3HaA4yalTb 3 BUpasy Ans & 3rigHo 3
popaTtkom B EN 1991-1-2, BUKOPUCTOBYHOUN 3HA-
YEHHS LUMPUHM MONyM’a A Tak:

— ANs CTOPOHU M :

— AnA CTOPOHU N

ne

m — KinbKiCTb NPOPI3iB Ha CTOPOHI m;

N — KiNbKICTb NPOPI3iB HA CTOPOHI N;

Aj — LUMPUHA MoNyM’'a ANs j-ro npopisy.
(3) WwupuHy nonymMm’st &; BM3HAYalOTb Tak:

— [ONsS yMOBW "HEBMMYLLUEHOI (NPUPOAHOI) TArK
nosiTps"

— for the 'forced draught' condition:

(B.14b)

where h, x and z are as given in annex B of
EN 1991-1-2.

(2) If the beam is perpendicular to the external
wall of the fire compartment, between two open-
ings, the total emissivities ¢, ,, and ¢, , of the
flames on sides m and n should be determined
from the expression for ¢ given in annex B of
EN 1991-1-2 using a value for the flame thickness
) as follows:

— forside m:

i (B.15a)
— for side n:

- (B.15b)
where:

m is the number of openings on side m;

n is the number of openings on side n;

A; is the flame thickness for opening i.

(3) The flame thickness A; should be taken as
follows:

— for the 'no forced draught' condition:

Ai=w;, (B.16a)
— 4na ymoBM "WITY4YHOI (NpMMYCOBOI) TArM no- — for the 'forced draught' condition:
BiTpA"
A =w; +0,4s, (B.16b)
ae where:

W; — LUIMPUHA Npopi3y;

S — BiACTaHb Bi CTiHN NPOTUMOXEXHOrO BiACIKY
00 Touku Banku, ska po3rnsgactbesl (PUCYHOK
B.5).

B.3.3 Temnepamypa nonym’s

(1) Temnepatypy nonym's T, npuimaroTb SK
TemnepaTtypy Ha OcCi nonym’s, L0 BM3Ha4yeHa 3
Bupasy ana T, 3rigHo 3 goaatkom B EN 1991-1-2
Ons yMOB "HEBUMYLLEHOT (MPUPOAHOI) TArM no-
BiTpA" abo "WTy4HOI (MPMMYyCOBOI) TArM nosiTps"
BiANOBIAHO, Ha BiACTaHi | Bi4 Npopisdy, BUMIpSAHIn
B3[0BX OCi NONyMm’si, Tak:
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w; is the width of the opening;

s is the horizontal distance from the wall of the fire
compartment to the point under consideration on
the beam, see figure B.5.

B.3.3 Flame temperature

(1) The flame temperature T, should be taken
as the temperature at the flame axis obtained
from the expression for T, given in annex B of
EN 1991-1-2, for the 'no forced draught' or ‘forced
draught' condition as appropriate, at a distance [
from the opening, measured along the flame axis,
as follows:



— ONsS yMOBW "HeBMMYLLUEHOI (NPUPOOHOI) TArK
noBsiTpa":

I=h/2,

— Ong ymOBM "WITY4YHOI (MPMMYCOBOI) TArM no-
BiTpPA":
ana Ganku, Wo posTalloBaHa napanernbHO
30BHILLHIN CTiHI NPOTUMNOXEXHOro BIACIKY Hag
NpOpPi30oM:

ana 6anky, Wo posTawoBaHa nepneHauky-
NAPHO A0 30BHILUHBOT CTIHM NPOTUMNOXEXHOIO
BiZCiKy MiX npopi3amu | — BigCTaHb B340BX OCi
nonym’s 0 TOYKM Ha rOPU3OHTani S Bif CTiHU
NPOTUMNOXEXHOrO BIACIKY. AKWO Aawok abo
©ankoH Hag NPopi30OM BiACYTHI:

I=sX/x,

ae X Ta x Bu3HadeHi B gogatky B EN 1991-1-2.

B.3.4 KoegbiyieHm noanuHaHHs nonym’s

(1) Ons ymoBM "HeBUMYLLEHOT (NPUPOAHOI) TArM
noBiTPs" KoediuieHT MornmuMHaHHA nonym's a,
[OOPIBHIOE HYIHO.

(2) Ona ymoBM "WTy4yHOi (MPMMYyCOBOI) TAru
noBiTPA" KoemilieHT NOrMMHaHHA Nonym’s a, [o-
piBHIOE KOEMILEHTY BMNPOMIHIOBAHHS £, BiAMo-
BigHOro nonym’s (ame. B.3.2).

B.4 KonoHa, oxonneHa nonym’am
(1) Papiauiinnin TennosBui noTik /, Big nonym’'s
BM3HAYalOTb 3 BMpa3y:

(Iz1+172)d 1+ (3 +1;4)d>
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— for the 'no forced draught' condition:

(B.17a)

— for the 'forced draught' condition:

for a beam parallel to the external wall of the
fire compartment, above an opening:

(B.17b)

for a beam perpendicular to the external wall of
the fire compartment, between openings [ is
the distance along the flame axis to a pointat a
horizontal distance s from the wall of the fire
compartment. Provided that there is no awning
or balcony above the opening:

(B.17¢c)

where X and x are as given in annex B of
EN 1991-1-2.
B.3.4 Flame absorptivity

(1) For the 'no forced draught' condition, the flame
absorptivity a, should be taken as zero.

(2) For the “forced draught’ condition, the flame
absorptivity a, should be taken as equal to the
emissivity ¢, of the relevant flame, see B.3.2.

B.4 Column engulfed in flame

(1) The radiative heat flux /, from the flames
should be determined from:

;= 2 dy) : (B.18)
Tyt With
l,1=Cqegq0 TS
Lo =Coez20Ty;
l,3=Cae,30Ty;
ly4 =CaeyacTy,
ne where:

IZy,-— pagiauinHuin TennoBui NOTIK Big Nonym’s 4o
i-1 TpaHi KOSOHW;

€z — KOEMILIEHT BUMPOMIHIOBAHHS nonym's i-i
rpaHi KONoHwu;

i — no3Haka rpaHi konoxu 1, 2, 3 abo 4;

I, jis the radiative heat flux from the flame to col-
umn face i;

ez is the emissivity of the flames with respect
to face i of the column;

i is the column face indicator 1, 2, 3 or 4;
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C; — KoedilieHT 3axu1CTy i-i MOBEpPXHi KOHCTPYKLIiT
(avB. B.1.4);
T,— Temneparypa nonym’s, K;
T, — Temnepartypa nonym’'s B npopisi, K, 3rigHo 3
popaTtkom B EN 1991-1-2.
(2) KoediuieHT BMMPOMiHIOBaHHSA MONyM'sA € ;
ans rpaHen 1, 2, 3 Ta 4 KONOHN BM3HaA4aTb 3
BUpasy ¢ 3rigHo 3 gogatkom B EN 1991-1-2,
BUKOPUCTOBYIOUMN LUMPUHY NONYM'a A , O AOpiB-
HIOE PO3MIpPY A, IKUI BiAMNOBIAAE i~/ rpaHi KONOHK
Ha pucyHky B.6.
(3) Anga ymoBKM "HEeBMMYLLEHOI (MPUPOLHOI) TAru
noBiTPA" BUKOPUCTOBYIOTb 3HAYEHHA A; Ha PiBHI
BepXy npopisy (pucyHok B.6(a).
(4) Ona ymoBM "WTy4HOI (MPUMYCOBOI) THArMM
noBiTps", AKWO BiCb MONyM'd Ta BiCb KOMOHU
NepeTUHalTLCA HUXKYe pPiBHS BepxXy npopisy,
BMKOPUCTOBYIOTb 3HAYeHHs A; Ha piBHI nNpopisy
nepetnHy ocen (pucyHok B.6(b)(1). IHakwe Bu-
KOPUCTOBYIOTb 3HAYEHHS A; Ha PiBHI BEPXY Npo-
pidy (pucyHok B.6(b)(2), okpim Toro, konn i 4 < 0
Ha UbOMY pPiBHi, BUKOPUCTOBYIOTb 3HAYEHHS Ha
piBHi, Ae L4 =0.
(5) Temnepatypy nonym’s T, npuimaroTb SK
TemnepaTtypy Ha OCi monym’s, L0 BM3Ha4yeHa 3
Bupasy ana T, 3rigHo 3 gogaTtkom B EN 1991-1-2
Ans ymoB "HEBUMYLLEHOI (MPUPOAHOI) TArM no-
BiTps" abo "WTy4HOI (MpUMyCOBOI) Tsrn nosiTps"
Bi4NOBIAHO, Ha BiACTaHi [ Bi4 Npopi3dy, BUMIpSHIn
B3[40BX OCi Nonym’st:
— 4ng ymoBW "HeBMMYLLEHOI (NPUPOAHOI) TArn
nosiTpa":

I=h/2,

— Ang ymoBW "WTY4YHOI (NpMMYCOBOI) TArM no-
BiTPA" | — BiACTaHb B3[OBX OCi monym’'st Ao
PiBHSA, Oe BUMIpIOOTL A;. AKWO Aawok abo
©ankoH Hag NPOopPi30M BiACYTHi:

12(7\.3 +0,5d1)X/X,

anel<0,5hX/z
e h, X, x Ta z Bu3HaudeHi B goaaTky B
EN 1991-1-2.

(6) KoediuieHT mornMHaHHa nonym’s a, BU3Ha-
YyalTb 3 BMpasy:

ay

_€z1tEz2TEz3

C; is the protection coefficient of member face i,
see B.1.4;

T, is the flame temperature [K];

T, is the flame temperature at the opening [K]
from annex B of EN 1991-1-2.

(2) The emissivity of the flames e, ; for each of the
faces 1, 2, 3 and 4 of the column should be deter-
mined from the expression for ¢ given in annex B
of EN 1991-1-2, using a flame thickness A equal to
the dimension A; indicated in figure B.6 corre-
sponding to face i of the column.

(3) For the 'no forced draught' condition the values
of &; at the level of the top of the opening should
be used, see figure B.6(a).

(4) For the 'forced draught' condition, if the level of
the intersection of the flame axis and the column
centreline is below the level of the top of the open-
ing, the values of A; at the level of the intersection
should be used, see figure B.6(b)(1). Otherwise
the values of A; at the level of the top of the open-
ing should be used, see figure B.6(b)(2), except
that if L 4 < O at this level, the values at the level
where A 4 =0 should be used.

(5) The flame temperature T, should be taken as
the temperature at the flame axis obtained from
the expression for T, given in annex B of EN
1991-1-2 for the 'no forced draught’ or “forced
draught’ condition as appropriate, at a distance [
from the opening, measured along the flame axis,
as follows:

— for the 'no forced draught' condition:

(B.19a)

— for the 'forced draught' condition, I is the dis-
tance along the flame axis to the level where
A; is measured. Provided that there is no bal-
cony or awning above the opening:

(B.19b)

but!<0,5hX/z
where h, X, x and z are as given in annex B of
EN 1991-1-2.

(6) The absorptivity a, of the flames should be
determined from:

: (B.20)

A€ €z 1,8z Ta g, 3 — KOBDILIEHTN NOMMUHAHHS
nonym’a onsa rpaHen konoxun 1, 2 ta 3.
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wheree, 1,&, 2 ande, 3 are the emissivities of the
flame for column faces 1, 2, and 3.
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a — ymoBa "HeBUMYLLEHOI (NpUpoAHOI) TArv noBiTpsa"
'No forced draught' condition
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PucyHok B.6 — KonoHa, oxonneHa nonym’sim
Figure B.6 — Column engulfed in flame
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B.5 Banka, Lo noBHicTO abo YacTKkoBO
oxorsieHa nonymMm’ sim

B.5.1 PadiauitiHuii mensioobmiH

B.5.1.1 3azanbHi sumozu

(1) B uboMy po3gini NpuMHATO, WO PiBEHb HU3Y
Oankn po3TaloBaHO He HWXK4Ye PIiBHSA Bepxy
CYCIiHIX MpOopi3iB NPOTUMOXEXHOrO BiACIKY.

(2) Cnig pospisHaTu Ganku, WO po3TalloBaHi
napanenbHO 30BHILLUHIA CTiHi NPOTMMOXEXHOro
BiACiKy, Ta 6anku, WO po3TalloBaHi neprneHan-
KYyJNIAPHO 0 30BHILUHBbOI CTiHM MPOTUMOXEXHOro
BiACiKy (pncyHok B.7).

(3) Akwo Ganka posTalloBaHa napanensHO 30B-
HILUHIN CTiHIi NPOTUMOXEXHOTO BIACIKY, cepeaHto
TemnepaTypy cTanesol KOHCTPYKUii T, BU3Ha4a-
I0Tb Yy TOMUi B3AOBX Garnku npsiMo Hag LIEHTPOM
npopiay.

(4) Akwo H6anka po3TalloBaHa NepneHaNKynsipHO
00 30BHILLHBbOI CTiHN MPOTUMOXEXHOro BIACIKY,
cepefHo TemnepaTypy 6anku BUu3HavaroTb y psgi
TOYOK, LIO pO3TalloBaHi B3AOBX Oanku yepes
100 mm. CepegHa TemnepaTtypa CTaneBoi KOH-
CTPYKUiT T,, OOPIBHIOE MaKCUMarbHOMY 3 LMX
3Ha4eHb.

(5) PapjauiiHuin Tennosui noTik /, Big nonym’sa
BM3Ha4aloTb 3 BMpasy:

(I79+172)d1+ ;3 +174)d2

B.5 Beam fully or partially engulfed in flame

B.5.1 Radiative heat transfer

B.5.1.1 General

(1) Throughout B.5 it is assumed that the level of
the bottom of the beam is not below the level of
the top of the adjacent openings in the fire com-
partment.

(2) A distinction should be made between a beam
that is parallel to the external wall of the fire com-
partment and a beam that is perpendicular to
the external wall of the fire compartment, see
figure B.7.

(3) If the beam is parallel to the external wall of
the fire compartment, its average temperature T,
should be determined for a point in the length of
the beam directly above the centre of the opening.

(4) If the beam is perpendicular to the external
wall of the fire compartment, the value of the
average temperature should be determined at a
series of points every 100 mm along the length of
the beam. The maximum of these values should
then be adopted as the average temperature of
the steel member T,,.

(5) The radiative heat flux /, from the flame should
be determined from:

z

ne

I, ;— papiauinHnin TeNNOBUIM MOTIK Bif MONymM’a 40
i~ TpaHi KONoHW;

i — no3Haka rpaHi konoHu 1, 2, 3 abo 4.
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, (B.21)

2(dq1+dy)

where:

I,; is the radiative heat flux from the flame to
column face i;

i is the column face indicator 1, 2, 3 or 4.
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a — ymoBa "HeBUMYyLUEHOI (MpupoaHoi) Tarn nosiTpa”
'No forced draught' condition
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'Forced draught' condition
BepxHs nOBEpXHA NOIyM’s

Upper surface of flame
dy
S eh
A3 ‘Q
M
po3pi3 Monym’s 2 po:;}?n HOﬂyM’ﬁa
section Flame section Flame
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PucyHok B.7 — banka, oxonneHa nonym’sim
Figure B.7 — Beam engulfed in flame
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B.5.1.2 Ymosa "HesumyweHoI (mpupodHoi) msau
nosimpsi"

(1) Ona ymoBu "HeBUMYLLEHOT (NPUPOAHOI) TArm

noBIiTPs" pPO3Pi3HAIOTL BMMALKU, KONW BepluvHa

nonyMm’s BuLLEe piBHA Bepxy Oanku Ta Konu Bep-

LUMHA NOMYM’Sl HAXYeE LibOro pPiBHS.

(2) Axwo BepluMHa Nonym’st BULLE PIBHSA BEPXY
Garnkun, 3acToCoBYHOTb Taki hopmMynu:

IZ,'I = C1SZ’1GT4,
lz2=Co¢;20
I3 =Csez30(T) +T,,)/2,

lya =Catza0 (T +T1)12,

ae

l,; — xOedilieHT BUNPOMiHIOBaHHA Mnonym's i-i
rpaHi kononu (gue. B.5.2);

T,—Temnepatypa B npopisi, K, 3rigHo 3 fogaTtkom
B EN 1991-1-2;

T, 1 — Temnepatypa nonym’si, K, 3rigHo 3 fopat-
kom B EN 1991-1-2, piBeHb HM3Y Garnku;

Tz,2 — TemnepaTypa nonym’s, K, 3rigHo 3 po-
aatkom B EN 1991-1-2, piBeHb Bepxy b6anku.

(3) Onsa Ganku, WO po3TawoBaHa naparnesnbHO
30BHILLUHIA CTiHI NpoTUNoXexHoro Biaciky, C,
OOpPIBHIOE HyM, sKwo OGanka 6GeanocepefHbO
npunerna go CTiHu (pucyHok B.7).

(4) AKwo BepluMHaA NONYM’S HUXKYE PIBHSA Bepxy
©anku, 3acTOCOBYIOTb Taki hopmynu:

I;1=Cyez10 Ty,

lI;2=0,

B.5.1.2 'No forced draught' condition

(1) For the eno forced draughte condition, a dis-
tinction should be made between those cases
where the top of the flame is above the level of the
top of the beam and those where it is below this
level.

(2) If the top of the flame is above the level of the
top of the beam the following equations should be
applied:

(B.22a)

U (B.22b)

(B.22¢)

(B.22d)

where:
I, ;s the emissivity of the flame with respect to
face i of the beam, see B.5.2;

T, is the temperature at the opening [K] from
annex B of EN 1991-1-2;

T, 4 is the flame temperature [K] from annex B of
EN 1991-1-2, level with the bottom of the beam;

T, , is the flame temperature [K] from annex B of
EN 1991-1-2, level with the top of the beam.

(3) In the case of a beam parallel to the external
wall of the fire compartment C, may be taken as
zero if the beam is immediately adjacent to the
wall, see figure B.7.

(4) If the top of the flame is below the level of
the top of the beam the following equations
should be applied:

(B.23a)
(B.23b)
Iz3=(h; 1d2)C3e;30 (Tz41 + T;f) /2, (B.23c)
lya =(h; 1d2)Caeyao (T +T¢)/2 (B.23d)

e
T, — Temnepatypa s3vka nonym’a, 813 K;

h,— BucoTa A3vka Nonym’st BULLE HU3Yy Ganku.
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where:

T, is the flame temperature at the flame tip
[813 K];

h, is the height of the top of the flame above the
bottom of the beam.



B.5.1.3 Ymosa "wmy4Hoi (mpumycosoi) msiau
rnogimps1"

(1) Anga ymoBuM "WITY4HOT (MpMMYCOBOI) TArM no-

BiTpA" cepen 6Ganok, WO po3TawoBaHi napa-

NenbHO 30BHILLHIN CTiHI NPOTUMOXEXHOro BiACIKY,

PO3pPi3HAOTb CYMKHI Ta HE CYMIiXHI 3i CTIHOLO.

Mpumitka. 306paxeHHs1 HaBeAEHO Ha PUCYHKY B.7.

(2) Ona 6anku, Wo posTaloBaHa napanenbHO
CTiHi, ane He cymixHa 3 Heto abo Ganku, LWwo pos-
TalloBaHa nepneHAauKynsapHO A0 CTiHW, 3aCTOCO-
BYIOTb Taki (oopMynu:

I;1=Cyez10 Ty,

l;20=Cse;20
3 4 14

IZ,3 = C3 €23 G(TZ,'I +TZ,2)/2 ’

l;4 =C46,40 (Tz‘f1 +Tz‘f2) /2,

(3) Ona Ganku, Wo posTawoBaHa napanernsHo
CTiHi Ta CyMiXKHa 3 HElo, NMLIE HWKHSA Mnonuus
pO3rnsafaeTbCcs K OXonfeHa nonym’am, a oaHa 3i
CTOpiH Ta Bepx Ganku 3a3HalTb pagiauiiHoro
TennoobMmiHy 3 BEPXHbOK MOBEPXHEK MONyMm’s
(pncyHok B.7(b)(2). Takum 4ymHom:

I;1=Cez10 Ty,
lp=¢,5C T4
7,2 22028226 1,5

4 4
lz3=023C3 82730(7'2‘1 +TZ,2)/2 ;

I74 =0,

ne ¢ ; — koedillieHT chopmu i-i rpaHi Ganku ans
BEPXHbOI NOBEPXHi NonymM’a 3rigHo 3 gogatkom G
EN 1991-1-2.

B.5.2 KoegbiyieHm eunpomiHrogaHHs
nonym’s

(1) KoediuieHT BUNPOMiHIOBaHHS NONyM's € , ; A1sA
KOXXHOI 3 rpaHent 1, 2, 3 Ta 4 6anky BU3Ha4atoTb 3
BUpasy ¢ 3rigHo 3 gogatkom B EN 1991-1-2,
BUKOPUCTOBYHOUM LUMPUHY NONyM'a A , WO A0OpiB-
HIOE PO3MIPY A;, AKWIA BiANOBIAAE i-1 rpani 6anku
Ha pucyHky B.7.

B.5.3 KoegbiyieHm noanuHaHHs nonym’s

(1) KoediuieHT nornnHaHHA nonym’st a, BU3Ha-
4aloTb 3 BUpasy:

a, =1

4
Tz,2 ’
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B.5.1.3 'Forced draught' condition

(1) For the 'forced draught' condition, in the case
of beams parallel to the external wall of the fire
compartment a distinction should be made be-
tween those immediately adjacent to the wall and
those not immediately adjacent to it.

Note: lllustrations are given in figure B.7.

(2) For a beam parallel to the wall, but not imme-
diately adjacent to it, or for a beam perpendicular
to the wall the following equations should be ap-
plied:

(B.24a)

(B.24b)
(B.24c)

(B.24d)

(3) If the beam is parallel to the wall and immedi-
ately adjacent to it, only the bottom face should be
taken as engulfed in flame but one side and the
top should be taken as exposed to radiative heat
transfer from the upper surface of the flame, see
figure B.7(b)(2). Thus:

(B.25a)

(B.25b)

(B.25c)

(B.25d)

where ¢, ; is the configuration factor relative to
the upper surface of the flame, for face i of the
beam, from annex G of EN 1991-1-2.

B.5.2 Flame emissivity

(1) The emissivity of the flame ¢, ; for each of the
faces 1, 2, 3 and 4 of the beam should be deter-
mined from the expression for ¢ given in annex B
of EN 1991-1-2, using a flame thickness A equal
to the dimension ; indicated in figure B.7 corre-
sponding to face i of the beam.

B.5.3 Flame absorptivity

(1) The absorptivity of the flame a, should be de-
termined from:

—e 0¥ (B.26)
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OOOATOK C
(moBigkoBui)

HEP>XXABIIOYA CTAIb

C.1 3aranbHi BUmMoru

(1) B ubomy popatky HaBeOeHO Tennodui3nyHi
Ta MeXaHiyHi BMacTUBOCTI HepXXaBilounx cranemn
1.4301, 1.4401, 1.4571, 1.4003 Ta 1.4462.
Mpumitka. [Ang iHWKWX HepxaBitoumx cTtanemn 3rigHo 3
EN 1993-1-4 moxxHa NPUAHATM MEXaHi4Hi BNacTUBOCTI,
o HaBegdeHi B 3.2. TennodianyHi BMacTMBOCTI MOXHa
NPUAHATY 3rigHO 3 MM A0AaTKOM.

(2) BHayeHHs MexaHiYHMX BacTMBOCTEN, LLO
HaBedeHi B LbOMY [OAATKy, NPUAMAalOTb SK Xa-
pPaKTepPUCTUYHI.

(3) MexaHiyHi BnacTmBoCTi cTani 3a TemnepaTypu
20 °C npunmatoTb Taki, Lo HaBeaeHi B EN 1993-1-4
05151 po3paxyHKy 3a HopMarsbHOI TemnepaTypu.

C.2 MexaHi4yHi BnacTMBoCTi cTani

C.2.1 MiyHicmb ma dec¢hopmauitiHi
eslacmueocmi

(1) Onsa weungkocTen HarpiBaHHA Big 2 K/xB o

50 K/xB MiuHicTb Ta gedopMaLinHi BNacTUBOCTI

HepXKaBitovoi cTani 3a nigsuLLeHUx TemnepaTyp

BM3HaYaloTb 3 diarpamu "HanpyxeHHs-gedopma-

uii", wo HaBeaeHa Ha pucyHky C.1.

Mpuwmitka. [na npaBun uboro ctaHgapTy MPURHATO,

O pexunmun Hal’piBaHHﬂ SHMXYIKOTbCA Y BU3HAYEHUX

MeXax.

(2) Ut giarpamy BUKOPUCTOBYIOTb AfS BU3Ha-

YEHHS OMnopy Ha po3TAr, CTUCK, Ail MOMEHTY Ta

nonepeyYHoi Cunu.

(3) Tabnumua C.1 Bkasye koediliEHTN 3HWKEHHSA

BiAHOCHO BignoBigHoro 3aHavyeHHs ans 20 °C ans

adiarpamu "HanpyxeHHsa-gedopmauii”’ gekinbKox

HepXXaBitounx cTanen 3a nigBuLeHOl Temnepa-

Typu TakK:

— Haxun MiHIMHOI NPYXHOI TiNKM BiAHOCHO Ha-
xuny 3a Temnepatypu 20 °C:

ANNEX C
[informative]

STAINLESS STEEL

C.1 General

(1) The thermal and mechanical properties of
following stainless are given in this annex:
1.4301, 1.4401, 1.4571, 1.4003 and 1.4462.
Note: For other stainless steels according to
EN 1993-1-4 the mechanical properties given in 3.2
may be used. The thermal properties may be taken
from this annex.

(2) The values of material properties given in this
annex should be treated as characteristic.

(3) The mechanical properties of steel at 20 °C
should be taken as those given in EN 1993-1-4 for
normal temperature design.

C.2 Mechanical properties of steel
C.2.1 Strength and deformation properties

(1) For heating rates between 2 and 50 K/min, the
strength and deformation properties of stainless
steel at elevated temperatures should be ob-
tained from the stress-strain relationship given in
figure C.1.

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

(2) This relationship should be used to determine
the resistances to tension, compression, moment
or shear.

(3) Table C.1 gives reduction factors, relative to
the appropriate value at 20 °C, for the stress-
strain relationship of several stainless steels at
elevated temperatures as follows:

— slope of linear elastic range, relative to slope at
20 °C:

kE,O :Ea,e /Ea7

— YMOBHA rpaHuLs TEKYYOCTi BIGHOCHO rpaHuLi
TekyyocTi 3a Temnepatypu 20 °C:

— proof strength, relative to yield strength at
20 °C:

ko2p,0 =fo2p,0 /Ty,

— TpaHnLs MiLHOCTI Ha PO3PMB BiAHOCHO rpaHuLi
MiLHOCTI Ha po3puB 3a Temnepatypu 20 °C:

— tensile strength, relative to tensile strength at
20 °C:

Kuo =Tuo !ty
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(4) Ons BUKOPUCTaAHHA CNPOLLEHMX PO3pPaxyHKO- (4) For the use of simple calculation methods
BUX metogis Tabnuua C.1 BCcTaHOBMIOE nonpa- table C.1 gives the correction factor ko, o for the
BOYHMUIA KOEWMILIEHT Koo, o BU3HAYEHHS rpaHULi determination of the yield strength using:
TEKYYOCTi:

fy.0 =fo2p,0 +k2%0(fuo —fo2p.6) - (C.1)
(5) NS BMKOPUCTaAHHA YTOYHEHMX PO3pPaxyHKO- (5) For the use of advanced calculation methods
BUX MeToaiB Tabnuus C.2 BCTAaHOBNIOE A0AATKOBI table C.2 gives additional values for the stress-
3HaYeHHs Ans giarpamu "HanpyxeHHa-aedopma- strain relationship of several stainless steels at
Lii" OeKinbkoX HepXxaBiloumx cTanen 3a nigsu- elevated temperatures as follows:
LLleHOT TeMnepaTypu Tak:
— Haxun YMOBHOI rpaHuui TeKy4yocTi BiJHOCHO — slope at proof strength, relative to slope at

Haxuny 3a Temnepatypu 20 °C: 20 °C:

Keet,o =Ecto / Ea,

— TrpaHuvHa gecdopmadis: — ultimate strain:
Su,e.
C.2.2 'ycmuHa C.2.2 Unit mass
(1) M'yctuHy ctani p, BBaXatoTb HE3aANEXHO Bif (1) The unit mass of steel p, may be considered
Temnepatypu ctani. [pUNHATO Take 3HaYeHHS: to be independent of the steel temperature. The
following value may be taken:
pa = 7850 kr/m3. pa = 7850 kg/m?.
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Cranii HanpyxeHHs [MoyaTkOBMI MOOYIb
Tapii AeopMyBaHHs Stress Tangent modulus
Strain range 5 E
t
_E-e E(l+a-e® —a-b-€?)
€<¢gcp 1+3.¢P b2
: (1+a-€”)
d +(8u,9 —g)
€co<e<egyg f —e+(d/c)c? —(e, 4 —£)?
co<ESty 02,0 =@ +(d /N0 ~(eu ~2) o2 (eug o

I'IapaMeTpl/I €c.0 =f02p9/E89+0’002

Parameters ' T '

DyHKui Qe Eaogco —fozp,e _(-2c,0Eat0 /To2p,0)Ea0%c,0
Functions N

fo2p,6 82‘9 (Eao€c.0 /fo2p,0 —1fo2p,6

2 2 2
¢ =(eyp —8c,9)(8u,e —€c,0 J d“ =e(eyp—€co0)Ecto +€

ct,0

(fu0 _fO,Zp,6)2

e =
(Su,e _gc,e)Ect,e _Z(fu,e _f0,2p,e)
Hanpyxenss _ A
Stress c
fu. e
o EB[,B= tan a
fozpe
Ea‘a = tana
o
Lt
gc,e Eu,ﬁ Hedopmauis e

Strain

fu,0 — TPaHMLS MiLHOCTI Ha po3pwB is tensile strength; fy5 ), g — ymMoBHa rpaHnus TekyyocTi ans 0,2 % nnac-
T4HOI Aedpopmadii (is the proof strength at 0.2 % plastic strain); E, g — Haxun NiHIAHOT NPYXHOT rinkw (is the
slope of the linear elastic range); E ot ¢ —Haxun Ans yMOBHOT rpaHuui TekyyocTi (is the slope at proof strength);
€¢,p — NOBHa AebopmaLlis Ans yMOBHOI rpaHumui Teky4octTi (is the total strain at proof strength); ¢, ¢ — rpaHuyHa
aedopmadis (is the ultimate strain).

PucyHok C.1 — [Jiarpama "HanpyxeHHA-aedopmadii™ ansa Hepxkagitovoi cTani 3a nigBuLEeHOI
Temneparypu
Figure C.1 — Stress-strain relationship for stainless steel at elevated temperatures
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Tabnuusa C.1 — KoediuieHTn ansa Bu3Ha4veHHs gedopmMallii Ta >XOpPCTKOCTI 3a NiABULLIEHOT TeMnepaTypum

Table C.1: Factors for determination of strain and stiffness of stainless steel at elevated temperatures
KOBCILIEHT SHIKEHHS | K oedpitjienT Koeditjen | Koediientn Ans
Temneparypa (igrgﬁ;zﬁféﬁ;'ﬂ SHIDKEHHS! (BIHOCHO | SHIDKEHHS! (BIAHOCHO|  BUSHAUEHHS
: o f,) Anst yMOBHOI f,) Ans rpaHnui rpaHnLi Teky4ocTi
cra MPYKHOI TITKY rpaHuLi TekyyocTi | MiLHocTi Ha po3pus | Factor for determi-
Steel Reduction factor Reduction factor Reduction factor | nation of the yield
Tem%erature (relative to E,) forthe | rejative to f,) for |(relative to f,) for ten- strength
a slope of the linear proof strength sile strength £, o
elastic range k0,2p,6 = f0,2p,6 /fy ku,e = fu,e /1, ky(;
keo =Eap!Ea 2%,0
Mapka (Grade) 1.4301
20 1,00 1,00 1,00 0,26
100 0,96 0,82 0,87 0,24
200 0,92 0,68 0,77 0,19
300 0,88 0,64 0,73 0,19
400 0,84 0,60 0,72 0,19
500 0,80 0,54 0,67 0,19
600 0,76 0,49 0,58 0,22
700 0,71 0,40 0,43 0,26
800 0,63 0,27 0,27 0,35
900 0,45 0,14 0,15 0,38
1000 0,20 0,06 0,07 0,40
1100 0,10 0,03 0,03 0,40
1200 0,00 0,00 0,00 0,40
Mapka (Grade) 1.4401 / 1.4404
20 1,00 1,00 1,00 0,24
100 0,96 0,88 0,93 0,24
200 0,92 0,76 0,87 0,24
300 0,88 0,71 0,84 0,24
400 0,84 0,66 0,83 0,21
500 0,80 0,63 0,79 0,20
600 0,76 0,61 0,72 0,19
700 0,71 0,51 0,55 0,24
800 0,63 0,40 0,34 0,35
900 0,45 0,19 0,18 0,38
1000 0,20 0,10 0,09 0,40
1100 0,10 0,05 0,04 0,40
1200 0,00 0,00 0,00 0,40
Mapka (Grade) 1.4571
20 1,00 1,00 1,00 0,25
100 0,96 0,89 0,88 0,25
200 0,92 0,83 0,81 0,25
300 0,88 0,77 0,80 0,24
400 0,84 0,72 0,80 0,22
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Kineub Tabnuui C.1

KOBGILIEHT SHIKEHHS | koecpiyjenT Koedbiujen | KoediuienTn ans
(BIAHOCHO E,) ANA | 516 HHs (BIGHOCHO |3HWKEHHS (BIHOCHO| — BU3HAYEHHS
TemnepaTYPa Haxury fiHINHOI f,) ANs yMOBHoI f,) Ans rpaHuui rpaHunLi TeKy4oCTi
cran MPYKHOI TITKA rpaHuLi TekyyocTi | MiLHocTi Ha pospus | Factor for determi-
Steel Reduction factor Reduction factor Reduction factor | nation of the yield
Temperature | (relative to Eg) forthe | (rejative to f,) for (relative to f,) for ten- strength
Oa slope of the linear proof strength sile strength £,
elastic range Kozpo =foz2pe T, Kuo =Fuo /1, P VD’
keo =Eap/Eq 2%,0
500 0,80 0,69 0,77 0,21
600 0,76 0,66 0,71 0,21
700 0,71 0,59 0,57 0,25
800 0,63 0,50 0,38 0,35
900 0,45 0,28 0,22 0,38
1000 0,20 0,15 0,11 0,40
1100 0,10 0,075 0,055 0,40
1200 0,00 0,00 0,00 0,40
Mapka (Grade) 1.4003
20 1,00 1,00 1,00 0,37
100 0,96 1,00 0,94 0,37
200 0,92 1,00 0,88 0,37
300 0,88 0,98 0,86 0,37
400 0,84 0,91 0,83 0,42
500 0,80 0,80 0,81 0,40
600 0,76 0,45 0,42 0,45
700 0,71 0,19 0,21 0,46
800 0,63 0,13 0,12 0,47
900 0,45 0,10 0,11 0,47
1000 0,20 0,07 0,09 0,47
1100 0,10 0,035 0,045 0,47
1200 0,00 0,00 0,00 0,47
Mapka (Grade) 1.4462
20 1,00 1,00 1,00 0,35
100 0,96 0,91 0,93 0,35
200 0,92 0,80 0,85 0,32
300 0,88 0,75 0,83 0,30
400 0,84 0,72 0,82 0,28
500 0,80 0,65 0,71 0,30
600 0,76 0,56 0,57 0,33
700 0,71 0,37 0,38 0,40
800 0,63 0,26 0,29 0,41
900 0,45 0,10 0,12 0,45
1000 0,20 0,03 0,04 0,47
1100 0,10 0,015 0,02 0,47
1200 0,00 0,00 0,00 0,47
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Tabnuusa C.2 — KoedilieHT 3HMKEHHA Ta rpaHMdHa gedopmMallis Ansg BUKOPUCTAHHST YTOYHEHNX
pO3paxyHKOBUX METOAIB

Table C.2: Reduction factor and ultimate strain for the use of advanced calculation methods
Temnepa.Typa KoediLieHT 3HI'/I)I'(veHH1r'I (Bip,Hoc_:_HQ E,) MpaHnuHa necdopmas
cTani ONnA Haxuny NiHIMHOI NPYXHOI TINKK1 Ultimate strain
Steel Reduction factor (relative to E,) for the .
Temperature slope of the linear elastic range u,9
ea kEct,e = Ect,e /Ea -]
Mapka (Grade) 1.4301
20 0,11 0,40
100 0,05 0,40
200 0,02 0,40
300 0,02 0,40
400 0,02 0,40
500 0,02 0,40
600 0,02 0,35
700 0,02 0,30
800 0,02 0,20
900 0,02 0,20
1000 0,02 0,20
1100 0,02 0,20
1200 0,02 0,20
Mapka (Grade) 1.4401 / 1.4404
20 0,050 0,40
100 0,049 0,40
200 0,047 0,40
300 0,045 0,40
400 0,030 0,40
500 0,025 0,40
600 0,020 0,40
700 0,020 0,30
800 0,020 0,20
900 0,020 0,20
1000 0,020 0,20
1100 0,020 0,20
1200 0,020 0,20
Mapka (Grade) 1.4571

20 0,060 0,40
100 0,060 0,40
200 0,050 0,40
300 0,040 0,40
400 0,030 0,40
500 0,025 0,40
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Kineub Tabnuui C.2

TemnepaTtypa KoeiuieHT 3HMKEeHHS (BiAHOCHO E,) MpaHnuHa nechopmals
crani OJ19 HaXMy NiHIMHOT NPYXHOT TifkK Ultimate strain
Steel Reduction factor (relative to E,) for the c

Temperature slope of the linear elastic range u9

0a kEct,e = Ect,e Eq -
600 0,020 0,35
700 0,020 0,30
800 0,020 0,20
900 0,020 0,20
1000 0,020 0,20
1100 0,020 0,20
1200 0,020 0,20
Mapka (Grade) 1.4003
20 0,055 0,20
100 0,030 0,20
200 0,030 0,20
300 0,030 0,20
400 0,030 0,15
500 0,030 0,15
600 0,030 0,15
700 0,030 0,15
800 0,030 0,15
900 0,030 0,15
1000 0,030 0,15
1100 0,030 0,15
1200 0,030 0,15
Mapka (Grade) 1.4462

20 0,100 0,20
100 0,070 0,20
200 0,037 0,20
300 0,035 0,20
400 0,033 0,20
500 0,030 0,20
600 0,030 0,20
700 0,025 0,15
800 0,025 0,15
900 0,025 0,15
1000 0,025 0,15
1100 0,025 0,15
1200 0,025 0,15
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C.3 Tennocdi3an4Hi BNacTMBOCTiI

C.3.1 Tennoese sUOGOBKEHHS

(1) TennoBe BWOOBXEHHHA ayCTEHITHOI Hepxa-
BitoYOi cTani Al / I BU3Ha4aloTb Tak:

All1=(16+4,79x10720, -1,243x107°62)x (0, —20)107°,

ne

I — poBxwnHa 3a Temnepatypu 20 °C;
Al — TennoBe BUAOBXEHHS;

6, — Temneparypa ctani, °C.

Mpumitka. 3MiHy BiQHOCHOrO TEMNSIOBOr0 BUAOBXKEHHS
3anexHo Big TeMnepatypu 306paxkeHo Ha pucyHky C.2.

Bignocue pupomxenns Al /1 [-]
Elongation Al/l [-]

25 107

OCTY-H B EN 1993-1-2:2010

C.3 Thermal properties

C.3.1 Thermal elongation

(1) The thermal elongation of austenitic stainless
steel Al / Imay be determined from the following:

(C.21)

where:

lis the length at 20 °C;

Alis the temperature induced expansion;
0, is the steel temperature [°C].

Note: The variation of the thermal elongation with
temperature is illustrated in figure C.2.

sl

20 10>

15 107

e

10 107

5 107

0 *”/’//

0 200 400

600

1000 1200
Temneparypa, °C
Temperature [°C]

800

PucyHok C.2 — TennoBe BMAOBXEHHSA HEPXKaBilOYOi CTani 3anexHo Big Temnepartypu
Figure C.2 — Thermal elongation of stainless steel as a function of the temperature

C.3.2 NTumoma mennoeMHicmMb

(1) MnTOMYy TENNOEMHICTL HepXa.itoyoi cTani ¢,
BM3HaYaloTb TakK:

C, =450+0,280%x0, —2,91x107402 +1,34x1077 023, Dx/kr -K (J/kg K)

ne 6, — Temnepatypa crani, C.

Mpumitka. 3MiHy NMTOMOI TENNOEMHOCTI 3aMexHo BiJ
TemnepaTypu 306paxkeHo Ha pucyHky C.3.

C.3.2 Specific heat

(1) The specific heat of stainless steel ¢, may be
determined from the following:

(C.2)

where: 0, is the steel temperature [°C].

Note: The variation of the specific heat with tempera-
ture is illustrated in figure C.3.
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[TuToma TemmoeMHicTs, [hx/kr-K
Specific heat [J/ kg K]
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PucyHok C.3 — [luToma TeNNOEMHICTb HEP>XKaBitOYOT CTani 3anexHo Big TemnepaTypu
Figure C.3 — Specific heat of stainless steel as a function of the temperature

C.3.3 TennonpoeidHicmb C.3.3 Thermal conductivity
(1) TennonposigHiCTb Hepxasitovoi cTani A, (1) The thermal conductivity of stainless steel A,
BM3HAYalTb Tak: may be determined from the following:

Ag :14,6+1,27><1O_26a , BT/m-K (W/mK) , (C.3)
fe 6, — Temnepatypa crani, °C. where: 6, is the steel temperature [°C].
MpumiTka. 3mMiHy TENNONPOBIAHOCTI 3anNeXHo Big TeM- Note: The variation of the thermal conductivity with
nepartypu 306paxeHo Ha pucyHky C.4. temperature is illustrated in figure C.4.

Temnonposiguicts, Br/mK
Thermal conductivity [W/mK]
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Temneparypa, °C
Temperature [°C]

PucyHok C.4 — TennonpoBigHiCTb HEPXaBito4Ooi CTani 3anexHo Bia Temnepartypu
Figure C.4 — Thermal conductivity of stainless steel as a function of the temperature
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OOOATOKD
(moBigkoBui)

3’€0HAHHA

D.1 BonTtoBi 3’egHaHHSA
(1) PyrHyBaHHsa poboyoro nepepisy B npopisax
Ans 3'eQHaHb He po3rnsagaeTbCst 3a YMOBW, LWO
3’'edHaHHSA € B KOXHOMY MpOPI3i, OCKINbKN TeM-
nepartypa ctani 3'eqHaHb HUX4a Yepes HasIBHICTb
[00aTKoBOro marepiany.

D1.1 Po3paxyHkoeuti onip 6onmie Ha 3pi3
D1.1.1 Kamezopis A: Hecyyut mun

(1) PospaxyHkoBui onip GONTIiB Mig Yyac noxexi,
O HaBaHTaXeHi MOMepeyHol CUrolo, BU3Ha-
YyaloTb 3 BUpasy:

OCTY-H B EN 1993-1-2:2010

ANNEX D
[informative]

JOINTS

D.1 Bolted joints

(1) Net-section failure at fastener holes need not
be considered, provided that there is a fastener in
each hole, because the steel temperature is lower
at joints due to the presence of additional mate-
rial.

D1.1 Design Resistance of Bolts in Shear
D1.1.1 Category A: Bearing Type

(1) The fire design resistance of bolts loaded in
shear should be determined from:

YM2
Fitrd =FvRra Kb,e ; (D.1)
T M, fi
ae where
Kp,... — KOEMILIEHT 3HWKEHHS, L0 BU3HAYEHWI 3 kp,... is the reduction factor determined for the ap-

Tabnuui D.1 gns BignosigHoi Temnepatypu 6onTa;
F. r4 — PO3paxyHkoBwit onip Ha 3pi3 Gonta Ha
NOLNHY 3pi3dy, BU3HAYEHUI 33 YMOBU, LLO MS10-
lWMHa 3pidy npoxoauTb 4epe3 pisbby OGonTta
(Tabnmugsa 3.4 EN 1993-1-8);

Ym2 — KoediuieHT HaginHoCTi ANns HopmarnbHOT
Temneparypu;

YMf — KoedilieHT HagilHoCTi ons BignoBigHOI
BNACTMBOCTI MaTepiany nig 4ac noxexi.

(2) PospaxyHkoBuii onip 60onTiB Nig 4ac noxexi
BM3HA4aloTb 3 BMpa3y:

propriate bolt temperature from Table D.1;

F\ rq is the design shear resistance of the bolt
per shear plane calculated assuming that the
shear plane passes through the threads of the
bolt (table 3.4 of EN 1993-1-8);

Ym2 is the partial factor at normal temperature;

Ym 5 is the partial factor for fire conditions.

(2) The design bearing resistance of bolts in fire
should be determined from:

Y
Fo.tRd =Fb.Rd kp,o ~M2-, (D.2)

ae
Fp,rg — Bu3Ha4aoThb 3 Tabnuui 3.4 EN1993-1.8;

Ky, — KOemIilieHT 3HMKEeHHS, Lo BU3HaAYEeHUN 3
Tabnuui D.1 gng BignosigHoi Temnepatypu 6onra.

M. fi

where
Fp,rg is determined from table 3.4 EN1993-1.8;

kp,... is the reduction factor determined for the
appropriate bolt temperature from Table D.1.
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Ta6nuua D.1 — KoediuieHT 3HMKEHHS MiLHOCTI Ans 60nTiB Ta 3BapHMX LLBIB

Table D.1: Strength Reduction Factors for Bolts and Welds
TemnepaTtypa KoewiLEHT SHUKEHHS ﬂj‘!ﬂ GonrTis kp, . KoeilieHT 3HWXKeHHS AN 3BapHUX LUBIB
Temperature .(Posmr Ta 3pi3) Reduction factor for welds,
0 Reduction factor for bolts, kj, Kk
a (Tension and shear) W
20 1,000 1,000
100 0,968 1,000
150 0,952 1,000
200 0,935 1,000
300 0,903 1,000
400 0,775 0,876
500 0,550 0,627
600 0,220 0,378
700 0,100 0,130
800 0,067 0,074
900 0,033 0,018
1000 0,000 0,000

D.1.1.2 Kamezopisi B: onip Ko83aHH0 3a eKcrislya-
mauitHoi npudamHocmi ma kamezopis C:
orip Kog3aHHo 01151 2paHUYHO20 cmaHy

(1) Onip KoB3aHHKW 3’€4HaHb poO3rnsgaBcs SK
MPOCKOB3YBaHHSA Mig Yac NoXexi Ta onip O4HOro
6onTa BM3Ha4aTb SK ANA Hecyyoro Tuny 6onTa
(ame. D.1.1.1).

D1.2 Po3paxyHkoeuti onip 6onmie
Ha poamsie

D1.2.1 Kameeopii D ma E: nonepedHb0 HeHagaH-
makeHi ma rnornepedHbO HasaHMaxeHi
6onmu

(1) PospaxyHkoBun onip Ha po3Tar ogHoro bonra
nig Yac noxexi BU3HavatoTb 3 BUpasy:

D1.1.2 Category B: Slip resistance at servicea-
bility and category C Slip resistance at
ultimate state

(1) Slip resistant joints should be considered as
having slipped in fire and the resistance of a sin-
gle bolt should be determined as for bearing type
bolts, see D1.1.1.

D1.2 Design Resistance of Bolts in Tension

D1.2.1 Category D and E: Non-preloaded and
preloaded bolts

(1) The design tension resistance of a single bolt
in fire should be determined from:

Fient,Rd = Fi.Rd kb0 M2, (D.3)
Y M, fi
ae where
F¢rg — BU3Ha4atoTh 3 Tabnmui 3.4 EN 1993-1-8; Fi gy is determined from table 3.4 of EN 1993-1-8;
Kp,... — KOEMILIEHT 3HWKEHHS, L0 BU3HAYEHWi 3 k, is the reduction factor determined for the

Tabnuui D.1 gns BignoBsiaHoi Temnepatypu 6onTa.
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D.2 Po3paxyHKoBui onip 3BapHUX LWIBIB

D.2.1 3eapHi 3’eOHaHHs 8 cmMuK

(1) PospaxyHkoBa MILHICTb MOBHICTHO Mponsas-
NIEHOro 3BapHOro 3'e4HaHHA B CTUK ONs TeMne-
patypu go 700 °C gopiBHIOE MiLHOCTI Hancnab-
LWOi 3’egHaHOi YacTMHU, BUKOPUCTOBYHOYM Bigno-
BiZHi KoeiLiEHTN 3HMXKEHHA A9 KOHCTPYKLIMHOI
ctani. Ana Temnepatypu > 700 °C koedilieHTH
3HWXKEHHS, HAaBeAeHiI AN KYyTOBMX 3BapPHUX LUBIB,
TaKoX 3aCTOCOBYKTb AN 3BapHUX 3'€QHaHb B
CTUK.

D.2.2 Kymoei 3eapHi weu

(1) PospaxyHkoBuin onip Ha OAMHULIO AOBXWHU
KyTOBOro 3BapHOro LiBa Mig 4Yac noxexi BU3Ha-
YatoTb 3 BUpa3y:

Y
Fuwtrd =Fwrd Kw,o

ne
k, —Bu3HayeHo 3 Tabnuui D.1 ana signosigHoi
TemnepaTtypu 3BapHOro LLBA;

F, rg— BU3Ha4eHo 3 po3giny 4.5.3. EN 1 993-1-8.

D.3 TemnepaTtypa 3’egHaHb NiAg Yac noxexi

D.3.1 3azanbHi esumo2u

(1) Temnepatypy 3’€gHaHHA NpuMaloTb, BUKO-
pUCTOBYIOYM fOKanbHe 3HayeHHs A/V anga vac-
TUH 3'€dHaHHS.

(2) Ak cnpolueHHsa TemnepaTypy 3’ €QHaHHA NpUi-
MatoTb PIBHOMIPHO PO3MNoAineHot; TemnepaTypy
BM3HA4Yal0Tb, BWKOPUCTOBYIOUYM MaKCUMarnbHe
3Ha4yeHHs cniBeigHoleHHA A/V 3’egHaHuX cTa-
NeBUX KOHCTPYKLIN, WO po3TalloBaHi 6nnM3bKko 4o
3’eHaHHS.

(3) Onsa 3’egHaHb Ganku 3 KOMoHOK Ta Garnku 3
fankoto, Akwo Ha Oanku cnupaetbcsi GETOHHE
nepekpuTTa Oyab-sKkoro Tuny, TemnepaTypy
3'e4HaHHs BU3HA4aloThb i3 TemnepaTypu HMKHbOT
nonuui B cepeanHi NponboTy.

(4) Mpwn 3actocyBaHHi meTogy 3 4.2.5 Temnepa-
TYpY YacCTUH 3'eQHaHHS BU3HA4Yal0Tb Tak:

a) 9KWwo BucoTa Gankm MeHwe abo [OopiBHIOE
400 mm

OCTY-H B EN 1993-1-2:2010

D.2 Design Resistance of Welds

D2.1 Butt Welds

(1) The design strength of a full penetration butt
weld, for temperatures up to 700 °C, should be
taken as equal to the strength of the weaker part
joined using the appropriate reduction factors for
structural steel. For temperatures > 700 °C the
reduction factors given for fillet welds can also be
applied to butt welds.

D2.2 Fillet Welds

(1) The design resistance per unit length of a fillet
weld in fire should be determined from:

M2 (D.4)
YM,fi

where

ky, ... is obtained form Table D.1 for the appropri-
ate weld temperature;

Fw,rqis determined from clause 4.5.3. EN 1993-1-8.

D.3 Temperature of joints in fire

D3.1 General

(1) The temperature of a joint may be assessed
using the local A/V value of the parts forming
that joint.

(2) As a simplification an uniform distributed tem-
perature may be assessed within the joint; this
temperature may be calculated using the maxi-
mum value of the ratios A/V of the connected
steel members in the vicinity of the joint.

(3) For beam to column and beam to beam joints,
where the beams are supporting any type of con-
crete floor, the temperature for the joint may be
obtained from the temperature of the bottom
flange at mid span.

(4) In applying the method in 4.2.5 the tempera-
ture of the joint components may be determined
as follows:

a) If the depth of the beam is less or equal than
400 mm

0, =0,880,[1-0,3(h /D), (D.5)

ae
0, — Temnepartypa no BWUCOTi h, MM, cTanesoi
©anku (pucyHok D.1);

where
04, is the temperature at height h (mm) of the steel
beam (Figure D.1);
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0, — TemnepaTtypa HWXHbLOI MONUUi CTanesoi
Oanku, BigganeHoi Bia 3’€QHaHHS;
h — BuCOTa YacTuHK, WO po3rnsaaeTbcs, Hag
HMU30M Banku, Mm;
D — BucoTta 6anku, mm;
0) siKwo BucoTta danku Ginbwe 400 MMm:

i) Akwo h meHwe abo gopisHioe D/2,

0, is the bottom flange temperature of the steel
beam remote from the joint;

his the height of the component being considered
above the bottom of the beam in (mm);

D is the depth of the beam in (mm).

b) If the depth of the beam is greater than 400 mm
i) When h is less or equal than D/2

0, =0,880, , (D.6)

ii) akwo h Ginbwe D/2,

i) When h is greater than D/2

0, =0,880,[1+0,2(1-2h / D)], (D.7)

ae

0, — TemnepaTypa HWXHbOI MONuLi cTanesoil
Oanku, BigganeHoi Bia 3’eQHaHHS;

h — BucOTa 4YacTuHM, WO pO3rNagaeTbes, Hag
HMU30M Bankun, MMm;

D — BucoTta 6anku, Mm.

where

0, is the bottom flange temperature of the steel
beam remote from the joint;

his the height of the component being considered
above the bottom of the beam in (mm);

D is the depth of the beam in (mm).

Temneparypa Temneparypa
npodino npodino
Temperature Temperature
Profile Profile
D < 400mm D > 400mm

062 0.70
8, |\

A
D a
D
) h
y

4\ 0.75 0.88
0.88 0.88

]

PucyHok D.1 — TennoBwui rpagieHT No BUCOTI CKNagHOro 3'eAHaHHsA
Figure D.1 — Thermal gradient within the depth of a composite joint
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OOOATOK E
(moBigkoBui)

MOMEPEYHI NEPEPI3U KITACY 4

E.1 YTouHeHi po3paxyHKOBi Moaeri

(1) YTOuHeHi po3paxyHKOBi MoAeni BMKOPUCTO-
BYIOTb 151 NPOEKTYBaHHS MonepeyHux nepepisis
Knacy 4, siKLo BpaxoBaHi BCi eheKTn CTiNKOCTi.

E.2 CnpoweHi po3paxyHKoBi mogeni

(1) MiLHiCTb KOHCTPYKLiN, LLLO NpaLooTb CTUCK, 3
nonepeyYHnM nepepisaom Knacy 4 nepesipstoTb 3a
dopmynamu, Wo HaBedeHi B 4.2.3.2, ona 3irHy-
Tnx 6anok — B 4.2.3.4 Ta ANsi CTUCHYTO-3irHYTUX
KOHCTpyKUin — y 4.2.3.5, ge nnowy 3aMiHioTb
po6oyoto NroLle, a MOMEHT OMopy nepepisy
3aMiHIOIOTb PO3PaxyHKOBMM MOMEHTOM OrMopy
nepepiay.

(2) PospaxyHKoBY oLy nonepeyvyHoro nepepisy
Ta pO3paxyHKOBUA MOMEHT Onopy nepepisy
BM3Ha4yatoTb BignosigHo o EN 1993-1-3 Ta
EN 1993-1-5, 6a3ytounch Ha BNacTUBOCTAX MaTe-
piany 3a Temnepatypu 20 °C.

(3) Ons npoekTyBaHHA y pasi NOXeXi po3paxyH-
KOBY rpaHWUI0 TeKyyoCTi cTani npuimaroTb HAK
0,2 BigcoTka yMOBHOI rpaHuui Teky4ocTi. Lo pos-
paxyHKOBY FpaHULI0 TeKy4OCTi BUKOPUCTOBYIOTb
ONS BU3HAYEHHS ONopy Ha po3TAr Ta CTUCK, Aito
MOMEHTY abo MonepeyHoi cunw.
(4) KoeilieHTn 3HMKEHHST pO3paxyHKOBOI rpaHuL
TEKy4YOoCTi ByrneueBoi cTani BigHOCHO rpaHuui
TekyyocTi ansa 20 °C npuimatoTb 3 Tabnumui E.1:
— pO3paxyHKoBa rpaHuLA TEKy4yoCTi BIOHOCHO
rpaHuui TekydocTi anga 20 °C:

Kp02,6

— Haxun MiHIMHOT MPYXXHOI TiNKN BiAHOCHO Ha-
xuny 3a Temnepatypu 20 °C:

OCTY-H B EN 1993-1-2:2010

ANNEX E
[informative]

CLASS 4 CROSS-SECTIONS

E.1 Advanced calculation models

(1) Advanced calculation models may be used for
the design of class 4 sections when all stability ef-
fects are taken into account.

E.2 Simple calculation models

(1) The resistance of members with a class 4
cross section should be verified with the equa-
tions given in 4.2.3.2 for compression members,
in 4.2.3.4 for beams in bending, and in 4.2.3.5 for
members subject to bending and axial compres-
sion, in which the area is replaced by the effective
area and the section modulus is replaced by the
effective section modulus.

(2) The effective cross section area and the effec-
tive section modulus should be determined in ac-
cordance with EN 1993-1-3 and EN 1993-1-5, i.e.
based on the material properties at 20 °C.

(3) For the design under fire conditions the design
yield strength of steel should be taken as the
0,2 percent proof strength. This design vyield
strength may be used to determine the resistance
to tension, compression, moment or shear.

(4) Reduction factors for the design yield strength

of carbon steels relative to the yield strength at

20 °C may be taken from table E.1:

— design yield strength , relative to yield strength
at 20 °C:

=fy020 /fy;

— slope of linear elastic range, relative to slope at
20 °C:

keo=Eao/Ej.

MpuwmiTka. Lli koediuieHTn 3HKeHHs BigoOpaxeHi Ha
pucyHky E.1.

(5) KoedilieHTV 3HMXKEHHS PO3paxyHKOBOI rpa-
HULi TEeKy4yOCTi HepXaBiloumx cranen BiJHOCHO
rpaHumuii Tekyvocti ans 20 °C BM3Ha4alTh 3 O-
paTtka C.

Note: These reductions factors are illustrated in figure
E.1.

(5) Reduction factors for the design yield strength
of stainless steels relative to the yield strength at
20 °C may be taken from annex C.
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Tabnuusa E.1 — KoediuieHTn 3HMKeHHA AN ByrneLesoi ctani AN NpoeKkTyBaHHS nonepevyHnx
nepepisis knacy 4 3a nigsuLLeHX TemMnepaTtyp

Table E.1: Reduction factors for carbon steel for the design of class 4 sections at elevated
temperatures
KoedpiLlieHT 3HIkeHHs (BigHOCHO f) KoedpiLlieHT 3HIkeHHs (BiHOCHO f,)
Temnepatypa |po3paxyHKOBOI rpaHuLLi TEKYHYOCTi rapsye- | po3paxyHKOBOI rpaHuLL TEKYYOCTi XOnoaHo-
ctani KaTaHux Ta 3BapHUX nepepisis knacy 4 dopMOBaHUX nepepisis knacy 4
Steel Reduction factor (relative to f,) for the Reduction factor (relative to f,,) for the
Temperature design yield strength of hot rolled and |design yield strength of cold formed class 4
0,,°C welded class 4 sections sections
Kpo2eo =020 /1, Kpo2e =020/ b
20 1,00
100 1,00
200 0,89
300 0,78
400 0,65
500 0,53
600 0,30
700 0,13
800 0,07
900 0,05
1000 0,03
1100 0,02
1200 0,00
Mpumitka 1. ns npoMiKHUX 3HaYeHb TeMnepaTypu cTani BUKOPUCTOBYIOTb NiHiIHY IHTEpPnonsLito.
Note 1: For intermediate values of the steel temperature, linear interpolation may be used.
MpuwmiTtka 2. BusHayeHHs f, npuimMatoTs 3rigHo 3 EN 1993-1-3
Note 2: The definition for f,;, should be taken from EN 1993-1-3

KoehilieHT 3HHKEHHS
Reduction factor

Ks 1.000 -
Haxun niniiHOT npyXHOT rinkn
0.800 - kgo=Eqag! E,
Slope of linear elastic range
= /E
0.600 - kEB En-o a
0.400 - /
Po3spaxyHkoBa MeKa
TeKy40CTi Kpo 20 = fro20 [ fy
0.200 A Design yield strength
Koo20 = foo26/ fy
0.000

0 200 400 600

1000 1200
Temneparypa, °C
Temperature [°C]

800

PucyHok E.1 — KoediuieHTn 3HMKeHHS giarpamu "HanpyxeHHsA-gedopmadii” xonogHohopMoBaHNX
Ta rapsidekaTaHux ctaneBux nepepisis knacy 4 3a niaBuLleHol TemnepaTypu

Figure E.2: Reduction factors for the stress-strain relationship of cold formed and hot rolled class 4

steel sections at elevated temperatures
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OOOATOK HA
(moBigkoBuiA)

Mepenik HawioHanbHUX cTaHaapTiB YkpaiHu (OCTY), ineHTn4Hux MC,
nocunaHHs Ha siki € B EN 1993-1-2:2005

[Mo3HayeHHs
€BPONENCcLKOro
cTaHgapTty

CTtyniHb
BiAQMNOBIAHOCTI

[Mo3HayeHHs Ta Ha3Ba HauioHanbHOro ctaHgapTy YKpaiHm
acTy)

EN 1993-1-1

IDT

OCTY-H B EN 1993-1-1:2010
€Bpokop 3. [poeKkTyBaHHA CTaneBMX KOHCTPYKUiN. YacTuHa 1-1.
3aranbHi npasuna i npasuna ans cnopyg (EN 1993-1-1:2005, IDT)

EN 1991-1-2

IDT

AOCTY-H B EN 1991-1-2:2010
€spokoa 1. [ii Ha KoHCTpyKuii. YacTuHa 1-2. 3aranbHi gii. Oii Ha
KOHCTpPYKUii nig yac noxexi (EN 1991-1-2:2002, IDT)

EN 10025

IDT

AOCTY EN 10025-1:2007

Bupobu rapsiyekaTaHi 3 KOHCTPYKLUiNHOI cTani. YactuHa 1. 3aranbHi
TexHi4Hi ymoBu noctadaHHs (EN 10025-1:2004, IDT)

AOCTY EN 10025-2:2007

Bupobu rapsyekaTaHi 3 KOHCTPYKLiNHOI cTani. YacTtuHa 2.

TexHiYHi yMOBM NOCTa4YaHHSA HENEroBaHUX KOHCTPYKUINHUX cTanewn
(EN 10025-2:2004, IDT)

AOCTY EN 10025-3:2007

Bupobu rapsyekaTaHi 3 KOHCTPYKLUiNHOI cTani. YactuHa 3. TexHiuHi
YMOBM NOCTa4YaHHs 3BaptoBaHMX APiOHO3EPHUCTMX KOHCTPYKLINHMX
cTanen, niggaHnx HopMarnisadii ado HopmanisaoBaHOMY NPoKaTy-
BaHHO (EN 10025-3:2004, IDT)

OCTY EN 10025-4:2007

Bupobu rapsyekaTaHi 3 KOHCTPYKLUiNHOI cTani. YactuHa 4. TexHiuHi
YMOBM NOCTa4aHHs TEPMOMEXaHIYHO 0OpOobIeHNX 3BaptoBaHNX
apidHo3epHucTmx ctanen (EN 10025-4:2004, IDT)

AOCTY EN 10025-5:2007

Bupobu rapsyekaTaHi 3 KOHCTPYKLiNHOI cTani. YactuHa 5.
TexHiYHi yMOBM NOCTavYaHHS KOHCTPYKLIMHUX CTanen 3 nigsuLle-
HOO TpMBKiCTIO A0 aTtmocdepHoi koposii (EN 10025-5:2004, IDT)

OCTY EN 10025-6:2007
Bupobu rapsyekaTaHi 3 KOHCTPYKLUiNHOI cTani. YactuHa 6. TexHidHi
YMOBM NOCTa4YaHHs NOCKMX BUPOBIB 3 KOHCTPYKLIHOT cTani 3

BMCOKOIO rpaHuLiel0 TeKyYOCTi B 3arapToBaHOMY Ta BignyLeHOMy
ctaHi (EN 10025-6:2004, IDT)

EN 10210

IDT

OCTY EN 10210-1:2009

Mpodini nopoXxxHUCTI rapsiioro 06pobneHHsA 3 HeNeroBaHmx i
OPIBHO3EPHUCTUX CTanen Ang KOHCTPYKUiN. YacTuHa 1. TexHiuHi
ymoBwu noctadaHHg (EN 10210-1:2006, IDT)

EN 10219

IDT

AOCTY EN 10219-1:2009

Mpodini NOPOXXHUCTI 3BapHi XonogHOro hopmMyBaHHSA 3 HeMnero-
BaHWUX i APIOHO3EPHUCTUX CTanemn Anst KOHCTPYKUi YactuHa 1.
TexHiyHi ymoBm noctadaHHs (EN 10219-1:2006, IDT)

EN 1990

IDT

OCTY-H B B.1-2-13:2008
Cwuctema HagiHocTi Ta 6e3nekn y byaiBHUUTBI. HacTaHoBa.
OcHoBu npoekTyBaHHs KOHCTpYKUi (EN 1990:2002, IDT)
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3MmiHm 3a EN 1993-1-2:2005 / AC:2005

1) 3miHn 0o 2.1.1,2.4.11a 4.2.1

BunpaBneHHsi nepeabadatoTb gogaHHsa "P" nicns
HOMepa MyHKTY, a Takox 3aminy "cnig" Ha "byae",
Je ue gopeyHo. BunpaeneHHs nigkpecrneHi, sk
NnoKasaHo HMXYe.

"2.1.1 OcHoBHi BUMorun"

"(1)P Akwo HeobxigHO 3abe3neunT MexaHiuHmim
onip nifg, Yac Noxexi, ctanesi KOHCTPYKLUIT ByayTb
3anpoOeKTOBaHi Ta BUrOTOBMEHI Tak, LWob 36epi-
ratm Hecyyy QYHKUiO MpPOTAromM Bi4MOBIAHOIO
BOrHEBOro Bnnuey."

"2.4.1 3aranbHi NONOXeHHA"

"(2)P Mogenb Gyae nepesipeHa Ans BiANOBIAHOI
TpuMBanocTi BOrHeBoro BnnmBy t:"

"4.2.1 3aranbHi BUMorn"

"(1)P Hecyya 3paTHiCTb CTaneBOi KOHCTPYKLil
byne 3bepexeHa 4yepe3 NPOMKOK vacy t ans
JaHoi noxexi:"

2) 3miHa go 1.2

Bunyyumu:
"EN 10155 KoHCTpyKUifHI cTani 3 nokpaLleHo
CTIMKICTIO OO0 aTMocdepHOol Koposil — TexHiuHi

YMOBW nocTavyaHHsa"

3) 3miHu o 1.6

3MiHUTM OAMHMLI BUMIpPIOBaHHS Ap "IM?]" Ha:
"[M2/m]".

3MIHWUTK KOEMILLIEHT 3HMKEHHS, LLIO BU3HAYEHWI
AnsA BianosigHoi Temnepatypu 6onTa, "k, " Ha
Kb,0

3MIHWTK KOemiLiEHT 3HMKEHHS MiLHOCTI 3BapHMX
weis, "k, " Ha"ky o"

4) 3miHnn go 4.2.3.3

MynkT "(3)", dopmyna "(4.10)", 3MiHUTK "k 1 K" Ha

"(K1 K2)"_
MynkT "(3)", dopmyna "(4.10)", nogaTn ymoBy:

"My o.rd < Mpg"

94

Modifications due to EN 1993-1-2:2005 /
AC:2005

1) Modifications to Subclauses 2.1.1, 2.4.1
and 4.2.1

The corrections are to add a "P" after the clause
number and replace "should" with "shall" where
appropriate. The corrections are underlined as
shown.

’2.1.1 Basic requirements’

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

'2.4.1 General’
"(2)P It shall be verified that, during the relevant
duration of fire exposure t :"

’4.2.1 General’

"(1)P The load-bearing function of a steel member
shall be assumed to be maintained after atime tin
a given fire if:"

2) Modification to Subclause 1.2
Delete:

EN 10155 Structural steels with improved atmo-
spheric corrosion resistance — Technical delivery
conditions;

3) Modifications to Subclause 1.6
Change the dimension of A ,"[m?]" into: "[m?/m]".

Change the reduction factor determined for the
appropriate bolt temperature "k, " into: "kp, ¢".

Change the strength reduction factor for welds
"ky,.." into: "k, "

4) Modifications to Subclause 4.2.3.3
Paragraph ’(3)’, equation ’(4.10)’, change "k 1k 5"
into: “(K1 K2)".

Paragraph ’(3)', equation ’(4.10)", add the condi-
tion:

My o.rd < MRy



5) 3miHn 0o 4.2.3.4

MyHKT "(2)", BeB’saTui pagok: BunyunTi: "amence 3"
MyHkT "(2)", dbopmyna "(4.18)", amiHUTK "k 1 K" Ha
"(1c116)".

MyHkT "(2)", dhopmyna "(4.18)", nogatn ymoBy:
"My ord < Mgg"-

6) 3miHn o 4.2.3.5

MyHkT "(1)", 3MiHUTK cbopmyny Anst "), ™

"NNs CUNbHOT OCi

Hy =2Bum,y —5)Xy,e +0,44By,, +0,29<0,8

Ta nyzooc <1 ,1 N

MyHkT "(1)", 3MiHUTK dbopmyny Ang "u,":
"nnsa cnabkoi oci
Hy =(1,2Byz —3)hz 9 +0,71By . —0,29<0,8."

7) 3minn o 4.2.4
MyHKT "(2)", nepLumnn pagok: 3MiHUTK "Konu asuLLe
CTinKocTI" Ha "Konu aABULLLE HECTINKOCTI".

MyHkT "(4)", 3MiHUTM nocunaHHa ana "ng"
"2.4.3(3) Ha: 2.4.2(3)".

8) 3miHu o 4.2.5.1
MyHkT "(1)", dopmyna "(4.25)", 3MiHUTK “hnet "Ha"

hnet,d"-
MyHkT "(1)", bopmyna "(4.25)", nepenik BU3Ha-
YeHb "ae", aMiHNUTK "h,,et "Ha "hnet,d"-

9) 3miHu go popatka A

®opmyna "(A.1c)", 3aMiHUTK "c" Ha "o ;".
®opmyna "(A.2b)", 3MiH1TK "0a" Ha "0,".

10) 3miHu po nianyHkTty B.4

MyHkT "(1)", hbopmyna "(B.18)" amiHuTK cbopmyny

Ha

. (Iz,1+172)d 1+ (I3 +174)d> "
(C1+C2) d1+(C3+Cy)-d>
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5) Modifications to Subclause 4.2.3.4
Paragraph’(2), 91 line: delete: ", see 3".
Paragraph ’(2)’, equation ’(4.18)’, change "k 1k 5"
into: "(k1x5)".

Paragraph’(2), equation’(4.18), add the condition:

Mg o ra < MRy

6) Modifications to Subclause 4.2.3.5
Paragraph’(1)’, change the formulae for "u ,":

For the strong axis:
Hy =@2Bu,y —5)ry e +0,44By , +0,29<0,8
with &y, ogec < 1,1.

Paragraph ’(1), change the formulae for "u," as
follows:

For the weak axis:
ny =(1,2Bpm 2 —3)%2,6 +0,71By , —0,29<0,8.

7) Modifications to Subclause 4.2.4

Paragraph ’(2)’, 15! line: change "when stability
phenomena have" into: "when instability phenom-
ena have".

Paragraph ’'(4), change the current reference for
"1 ' to "2.4.3(3)" into: "2.4.2(3)".

8) Modifications to Subclause 4.2.5.1
Paragraph (1), equation ’(4.25), change "h,,et "
into: "hnet,d "

Paragraph’(1)’, equation’(4.25), list of definitions
under 'where’, change "hpe;" into: "Rper 4"

9) Modifications to Annex A

Equation’(A.1c), change "c" into "c ;".
Equation ’(A.2b)’, change "0a" into: "0 ,".

10) Modification to Subclause B.4
Paragraph (1), equation '(B.18), replace the
equation with:

(Iz1+12)dq+ (I3 +14)d>
(C1+C2)-dq+(C3+Cy)-dy

7 =
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11) 3minm go nignyHkTy B.5.1.1

MyHkT "(5)", dhopmyna "(B.21)" amiHnTM cbopmyny
Ha:

" (Iz9+1z2)d1+ (73 +174)d2,

, =

(C4+Cy)-d1+(C3+Cy)-dy

12) 3miHm go nignyHkTy B.5.3

MyHkT "(1)", popaTu nicna doopmynu "(B.26)":
"ne h Bucota npopisdy. Ousuca pucyHok B.7b)
(BrcoTa no3HayeHa gk A 1)".

13) 3miHm go nignyHkty C.2.2

PucyHok C.1, amiHnTh Bupas gns "lMoyaTkoBuii
MoZynb" Ans "e; g <& < gy o™

d+ (Su,e —¢)

¢\Jc? —(ey,0 —2)°

Ha
. d-Eyo-2)

Cw/C2 —(eyu,0 —8)2 .

14) 3miHm go nignyHkty C.3.2

MynkT "(1)", "MpumiTka", 3amiHuTK "PucyHok C,3"
Ha "PucyHok C.3" y Ha3Bi pucyHka.

15) 3miHmn go nignyHkty D.1.1.1

MyHkT "(1)", 3MIHUTK OonNMCaHHSA 3MiHHKX Yy dhop-
Myni II(D.1)II llkb’.“ll Ha "kb,e"_

MyHKT "(2)", 3MiHUTK OnNUCaHHA 3MiHHMX Y dop-
Myj'li II(D.2)II “kb“”" Ha llkb‘ell.

16) 3miHun go nianyHkty D.1.2.1

MyHkT "(1)", 3MiIHUTX ONUCaHHA 3MiHHMX Y dop-
Myj'li II(D.3)II llkb,“.ll Ha “kb‘e"_

"Tabnmua D.1", 3MiHUTM y BEPXHLOMY pPAOKY
Tabnuui "k, " Ha 'kp o" Ta "k, " Ha 'k, o".
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11) Modification to Subclause B.5.1.1
Paragraph ’(5), equation ’(B.21), replace the
equation with:

(lz,1 +Iz,2)d1 +(/z,3 +Iz,4)d2
(C1+C2) dq+(C3 +Cy)-dy

12) Modification to Subclause B.5.3
Paragraph ’(1)’, add after equation ’(B.26)’:

where:
h is the height of the opening. See figure B.7b)
(height is Note:d as A 4).

13) Modification to Subclause C.2.2

Figure C.1, change the expression for 'Tangent
Modulus’ for’e; g <& <gyg"

d +(8u,e —g)

cc? (e —£)>

into:

d-(ey0 —¢)

cyc? ~(ey,0 —#)?

14) Modification to Subclause C.3.2
Paragraph ’(1)’, 'Note’, change "Figure C,3" into:
"Figure C.3" in the title of this figure.

15) Modifications to Subclause D.1.1.1

Paragraph ’(1), change in the description of the
variables of equation '(D.1)' "k, " into: "kp, o".
Paragraph ’(2), change in the description of the
variables of equation '(D.2)' "k;, " into: "kp, o".

16) Modifications to Subclause D.1.2.1

Paragraph ’(1), change in the description of the
variables of equation '(D.3)' "k;, " into: "kp, o".
'Table D.1’, change in the top row of the table
"kp, " into:"kp ", and "k, " into: "k, o".



17) 3minn go nignyHkty D.2.2

MyHkT "(1)", 3MiHUTK OnNUCaHHSA 3MiHHMX Y dop-
Myni II(D-4)II llkW,'“ll Ha llkw1ell-

MyHkT "(1)", 3miHUTM nocunaHHa "EN1 993-1-8"
Ha "EN 1993-1-8".

18) 3miHn po E.2

MMyHKT "(5)", 3MiHUTK "...pO3pPaxXyHKOBOI YMOBHOI
rpaHuLi TEKY4YOCTi HepXaBiloumx cTanen Bia-
HOCHO rpaHuLi TEKy4OCTi..." Ha "...pO3paxyHKOBOI
YMOBHOI MeXi TEeKy4yOCTi HepaBiloumx cTanewn
BiLHOCHO MeXi TeKy4ocTi..."

"Tabnuua E.1", 3MiHUTU Yy BEpPXHbOMY pPAOKY
Tabnmui: "k po 20" Ha "Ko2p,0"-

"PucyHok E.2" 3MiHUTV Ha pUCYHKY "K 02 " Ta
"fo0206" Ha "Ko2p,0" T "o 2p0"

OCTY-H B EN 1993-1-2:2010

17) Modifications to Subclause D.2.2

Paragraph ’(1), change in the description of the
variables of equation '(D.4)' "k, " into: "k, o".
Paragraph ’(1), change the reference to
"EN 1993-1-8" into: "EN 1993-1-8".

18) Modifications to Subclause E.2

Paragraph ’(5), change "... for the design yield
strength of stainless steels relative to the yield
strength..." into: "... for the design proof strength
of stainless steels relative to the proof strength..."

'Table E.1’, change in the top row of the table:

kp0,2,9" into: “k0,2p,9"'
‘Figure E.2’, change in the figure "k, ¢" and

"fp 0,276" IntO "k0,2p7e" and anzp’eu-
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