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HAIIOHAJILHUI CTAHJIAPT YKPATHU

€BPOKO/I 9. MTPOEKTYBAHHS AJTIOMIHIEBUX KOHCTPYKIIII
Yacruna 1-2. Po3paxyHOK KOHCTPYKUIIN HA BOTHECTIHKICTh
(EN 1999-1-2:2007, IDT)

JACTY-H EN 1999-1-2



HAIIIOHAJBHUM BCTYII

Lle#t cranmapt € ToToXHIM mepekiaagoM EN 1999-1-2:2002 Eurocode 9: Design of
aluminium structures — Part 1-2: Structural fire design (€Bpoxon 9: IIpoekryBaHHS
ANIOMIHIEBUX KOHCTpYKIIN — YacTuHa 1-2: Po3paxyHOK KOHCTPYKLIA Ha BOTHECTIMKICTD) 3
TexH14HOI0 nonpaskoto EN 1999-1-2:2007/AC:2009.

EN 1999-1-2:2007 minroroBneno TexHiuauMm komitetoM CEN/TC 250,
cekpeTapiatoM sikoro kepye BSI.

J1o HallOHANBHOTO CTAHIAPTY JOJYYEHO AHIJIOMOBHUN TEKCT.

Ha Tteputopii Vkpainu sk HalllOHAIBHUN CTaHIApT Ji€ JIiBa KOJIOHKA TEKCTY
JNCTY-H b EN 1999-1-2:2010 €Bpokon 9. IIpoekTyBaHHSI aJlOMIHIEBUX KOHCTPYKIIIM.
Yactuna 1-2. Po3paxyHOk KOHCTpyKIiM Ha BorHectidkictb (EN 1991-1-2:2002, IDT),
BUKJIAJI€HA YKPAIHCHKOK MOBOIO.

Binnosinno no JABH A.1.1-1-2009 «Cucrtema cranmapTu3aiii Ta HOPMYBAaHHS B
OyniBHULTBI. OCHOBHI MOJIOKEHHS» LI€W CTaHAApT BITHOCUTBCS N0 Komiuiekcy B.2.6
«KoHcTpyKiii OyAMHKIB 1 CIOPYI».

CraHgapT MICTHTh BUMOTH, SIKi BIIMIOBITafOTh YHHHOMY 3aKOHOJABCTBY Y KpaiHH.

HaykoBo-TexHiuHa oprasizaiiis, BijinoBiganpHa 3a et crangapt — JIT H/IBK.

Jlo iboro cTaHAapTy BHECEHO TaKi pelaKIliiHi 3MiHU:

- CTpYKTYpH1 ~ eneMeHTH craHjapry: «OOxmanunHka», «TUTynpHa  apKyIlD,
«IlepenmoBay, «HarioHanbauii BCcTym», «3MiIiCT» — OQOPMIIEHO 3TIHO 3 BHUMOTaMHU
HaIllOHAJLHOI CTaHIapTH3aIlli YKpaiHu;

- KpamKy 3aMiHEHO Ha KOMY SIK BKa31BHUK JIECATKOBHUX 3HAKIB.

[Tepenik nHamioHanpHUX cranmaptiB Ykpainu (JACTY), inentnunnx MC, mocuiaHHs
Ha siki € B EN 1999-1-2:2007, pazoM 3 TeXHIYHOIO OTIPABKOIO, HaBEJICHO B ofaTky HA.

Kormii eBponeiicbkux CTaHIAPTIB , HEIPUUHITUX K HAI[IOHATBHI CTAaHJAPTH, HA SIK1 €
nocwianHs B EN 1999-1-2:2007, moxxHa oTpumaTtu B ['ojoBHOMY (hOHII HOPMATUBHUX
nokymeHnTiB JIT «YxkpHHII»

Texnaiuna monpaska EN 1999-1-2:2007/AC:2009 no EN 1999-1-2:2007 naBeneHa B
kiami JICTY-H b EN 1999-1-2:2010 micns nogatky HA.
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BCTYII

Le#t eBponeiicbkuii ctanaapt (EN 1999-1-
2:2007) minroroBneHuii TeXHIYHUM KOMITETOM
CEN/TC 250  «byniBenpHi  €BpoKOIm»,
ceKkpeTapiaT sIKoro yrpuMmyerhcst BSI.

[lpomy eBpormelicbkOMy CTaHAapTy Oyne
HA/IaHO HALIOHAJIBHHUN CTATyC OIyOIIKyBaHHSIM
IIGHTUYHOTO TEKCTY a00 yXBaJICHHSM HE ITi3HiIIe
ceprias 2007 p., a HaIIOHAJIBHI CTaHIAPTH, IO
MalOTh 3 HUM PO30DKHOCTI, OyAyTh BHIIY4€HI HE
nizHime 6epesns 2010 p.

[leii eBpomelchbKU CTaHAAPT 3aMIHIOE
ENV 1999-1-2:1998.

CEN/TC 250 BiamoBimaibHHH 3a BCl
bynisensH1 €BpokoaH.

3rifH0O 3  BHYTPIIIHIMM  [OCTaHOBaMU
CEN-CENELEC meit cramapt 3000B’s13aHi
BIPOBAUTH HaIlOHAJIbHI opraHizamii 31
CTaHIapTH3allii Takux KpaiH: ABctpii, benbrii,
Kinpy, PecnyOmiku Yexis, [anii, EcroHii,
Oisaaii, @Opanmii, Himewunnn, [pertii,
VYropunu, Icmanmii, Ipmanaii, Iramii, Jlarsii,
JlutBu, JlrokcemOypry, Manbstu, Hinepnaumis,
Hopgerii, Iloaemi, Ilopryramii, CnoBayuunw,
Crnogenii, [cmanii, [lIBemnii, IBeimapii Ta O6’ex-
Hanoro KopouiscTaa.

FOREWORD

This European Standard
(EN 1999-1-2:2007) has been prepared by
Technical Committee CEN/TC250 « Structural
Eurocodes », the secretariat of which is held by
BSI.

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

This  European
ENV 1999-1-2:1998.

CEN/TC250 is responsible for all Structural
Eurocodes.

According to the CEN-CENELEC Internal
Regulations, 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, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands,
Norway, Poland, Portugal, Slovakia, Slovenia,
Spain, Sweden, Switzerland and United
Kingdom.

Standard  supersedes






HAIIIOHAJIbHUM CTAHJIAPT YKPAIHUI

IIPOEKTYBAHHS AJIIOMIHIEBUX KOHCTPYKHIﬁ
Yacruna 1-2: Boruecrikicrb

IMIPOEKTUPOBAHUE AJIIOMHUHUEBBIX KOHCTPYKI.IPIFI
Yactpb 1-2: OruecroiikocTb

DESIGN OF ALUMINIUM STRUCTURES
Part 1-2: Structural fire design

OCHOBH ITPOI'PAMHU €BPOKO/IB

B 1975 poui xowmicis €Bponeiicbkol
CHUIBHOTH MpPUMHSIIA PILIEHHS II0JI0 TUIaHy il y
cdepi OymiBHUIITBA HA MiAcTaBi cTaTTi 95 Yromau.
Mertoro mnaHy Al OyJa0 yCyHEHHS TEXHIYHHMX
MEpPEenKo ] Uil  TOPTiBJII Ta  y3TOJDKEHHS
TEXHIYHUX YMOB.

B mexax nporo miany i Kowicis movana
BIIPOBA/KYBATH CUCTEMY Y3TOJPKEHUX TEXHIYHHX
MpaBWJI JJIsl IPOEKTYBaHHS OyaAiBeNb Ta CHOPYI,
0 Ha IepuioMy  eTami  Majld  CTaTu
QJIBTEPHATUBOIO UYMHHUM JEp)KaBHUM HOpMam
JIEp>KaB-4JIeHIB, a 3PEIITO0 MaJIk 3aMIHUTH iX.

[IpoTsirom m'stHaamsT pokie Kowmicis 3a
nonomororo PoGodoro komirery, 10 CKJIamy
SIKOTO BXOJMJIM TMPEACTaBHUKH JIepP>KaB-UJICHIB,
po3poluisiyia mporpamy €BPOKOJIIB, PE3yJIbTaTOM
4oro craja myOmikamii Tepmoro IMOKOJIHHS
€Bponeiicbkux HOpM y 80-X pokax.

B 1989 pomi Kowmicis Ta aepaBu-djieHU
EU (€Bpomeiicbkoi  cmimbHOTH) 1 EFTA
(EBpomeiicbkoi acoriaiii BUIBHOI TOpPriBii), Ha
mizcTaBl yro,uI/Il mbxk Kowmicieco Ta CEN
(€BpormnelicbkiM KOMITETOM 31 CTaHIapTU3a-1iii),
BUPIIINUIN TepefaTd MiArOTOBKY Ta ITyOJiKallio
€spokonie g0 CEN 3a gomomoror cepii
Manparis, mo0 y MaildyTHbOMY HaIaTH
€BpokoaM crtatyc €BpPONEHCHKOTO CTaHIAPTY
(EN). Le daxktuuno mnoB's3ye €Bpokoan 3
nosioxkeHHsiMu  JlupektuB Pagu Ta/abo pimeHb
Kowmicii cTtocoBHO €BpomNeWchKUX CTaHIAPTIB
(mampuxinaz, dupextusa Pagu 89/106/EEC mono

Yuunui Big 20XX-XX-XX

BACKGROUND TO THE EUROCODE
PROGRAMME

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

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

For fifteen years, the Commission, with the
help of a Steering Committee  with
Representatives of Member States, conducted the
development of the Eurocodes programme, which
led to the first generation of European codes in
the 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 Mandates, in order to provide them with
a future status of European Standard (EN). This
links de facto the Eurocodes with the provisions
of all the Council’s Directives and/or
Commission’s 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

1 Vrona mix Kowmiciero €pporeiicekux CHITBHOT i
€pporeiickknM kKoMiTeToM cranmaptuzanii (CEN) momo
pobotu Hax €BpOKOAaMHU IS MIPOSKTYBaHHA OYHiBeNb Ta
cnopyn (BC/CEN/03/89).

1 Agreement between the Commission of the
European Communities and the European Committee for
Standardisation (CEN) concerning the work on
EUROCODES for the design of building and civil
engineering works (BC/CEN/03/89).



OyniBenbauX BUpOOB — CPO — Ta JlupexTuBu
Pagu 93/37/EEC, 92/50/EEC i 89/440/EEC mono
IPOMAJICHKUX MPOEKTIB Ta KOMYHAIBHUX MOCIYT 1

PIBHOI[IHHUX JupexTus EFTA, 110
3aro4aTKOBaHi 3 METOIO CTaHOBJICHHS
BHYTPIIIHBOTO PHHKY).

[Iporpama OyniBeIbHUX €BpoOKOIiB

BKJIIOYAa€ TaKi CTaHIApTH, MO B OCHOBHOMY
CKJIa/Ial0ThCA 3 IEKUIbKOX YaCTHH:

EN 1990  €Bpoxony  0:
MPOEKTYBAaHHS KOHCTPYKIIIH

EN 1991 €Bpokog 1: [lii Ha KOHCTpYKITii

EN 1992 €poxox 2: IlpoexkryBaHHs
3a11300€TOHHUX KOHCTPYKIIIN

EN 1993 €spoxox 3: IlpoekryBaHHs
CTaJIEBUX KOHCTPYKIIIH

EN 1994 €spoxox 4: IlpoexkryBaHHs
CTasIe3a11300€TOHHUX KOHCTPYKII1H

EN 1995 €spokon 5: IlpoekryBaHHsS
JIepeB'SHUX KOHCTPYKITIH

EN 1996 €Bpokon 6: IIpoexryBaHHA
KaM'SsHUX KOHCTPYKIIiH

EN 1997 €Bpokon 7:
MIPOEKTYBaHHS

EN 1998 €Bpokon 8: IIpoexryBaHHA
CEHCMOCTIMKUX KOHCTPYKITIi

EN 1999 €Bpokon 9: IlpoekryBaHHA
QITFOMIH1€EBUX KOHCTPYKITIN

€BpOKOJIM BHU3HAYAIOTH BIAMOBIIATBHICT
pO3MOPSAYMX  OpraHiB  JEp’KaB-wWICHIB  Ta
3axXMINAI0Th 1X MPaBO BU3HAYATH BEIUYMHH, IO
CTOCYIOThCSl MHTaHb PETyJIIOBaHHA O€3NeKu Ha
HaIllOHAJLHOMY PIiBHI, SKIIO Il BEJIMYHWHHU
BIIPI3HAIOTHCS JIUIS BCIX JAE€pPKaB-UJICHIB.

OcHoBH

['eoTexHiune

CTATYC TA
3ACTOCYBAHHS €BPOKOAIB

Hepxapu-unienn EU ta EFTA Bu3HamTh,
mo €BpPOKOAM CIYKaTh OCHOBOIOJIOKHUMU
JOKYMEHTaMHU JUIsl TAKUX IILUICH:

— gK 3aco0u 3a0e3lleyeHHs BIAMOBIIHOCTI
OymiBenb Ta  CIOPYJ OCHOBHMM  BHMOTam
Hupextusu Panu 89/106/EEC, 30kpeMa 0CHOBHii
BuMO3i Nel «MexaHIuyHUIN OImip Ta CTIMKICTH» Ta
ocHOBHil BuUM03i No2 «[loxexxHa Ge3nexay»

COEPA

— SK OCHOBa JJs YKJIAJaHHA YroJ Ha
OyniBenbHI pPOOOTHM Ta CYNYyTHI 1HXEHEpHI1
MOCITYTH

— SIK OCHOBA JUISl PO3POOJICHHS y3TOIKEHUX
TEeXHIYHUX YMOB Ha OynaiBenbHi BupoOu (ENS Ta

89/440/EEC on public works and services and
equivalent EFTA Directives initiated in pursuit of
setting up the internal market).

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

EN 1990 Eurocode 0: Basis of Structural
Design

EN 1991 Eurocode 1: Actions on structures

EN 1992 Eurocode 2: Design of concrete
structures

EN 1993 Eurocode 3: Design of steel
structures

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

EN 1995 Eurocode 5: Design of timber
structures

EN 1996 Eurocode 6: Design of masonry
structures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures
for earthquake resistance

EN 1999 Eurocode 9: Design of aluminium
structures

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

STATUS AND FIELD OF
APPLICATION OF EUROCODES

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

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

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

— as a framework for drawing up
harmonized  technical  specifications  for



ETAs)

Ockimpkn  €Bpokogu  Oe3nocepeaTHbo
CTOCYIOThCSL OynmiBeNbHUX pOOIT, BOHH MAaIOTh
npsMuii 38’130k 3 TiIyMauHUMH JOKyMEHTaMmuZ,
0 HocwialThcsa Ha crartio 12 CPD, xoua
BIJIPI3HAIOTHCS BiJ] TapMOHI30BAaHHX CTaHIAPTIB
Ha BI/Ip061/13. TakuM YHUHOM, TEXHIUHI ACIIEKTH,
10 BUHUKAIOTh TPU 3aCTOCYBaHHI €BPOKOIIB,
MaloTh OYTH BIAMIOBIAHO pO3rIIsAHYTI TeXHIYHUMU
komireramun CEN Ta/abo pobouummu rpymnamu
EOTA, mo po3poOisaoTh CTaHIapTH  Ha
OymiBeNbHI BHpPOOW, JUIS JOCATHEHHS TTOBHOT
BIJIMOBIIHOCTI TEXHIYHUX YMOB €BpOKOIaM.

€Bpokoau BCTaHOBJIIOIOTh 3araipHi
MpaBWJIa TPOEKTYBAaHHSA [UIsl TOBCSKICHHOIO
3aCTOCYBaHHA SIK Ul MPOEKTyBaHHS OyiBesb B
UIOMYy, TaK 1 IX CKJIAQIOBHX 4YacTWH, SK
TPAOUI[IAHUX, TaKk 1 HOBHUX. Y BHUIAAKaxX
HETUINOBOi (GopMH  KOHCTPYKIlii abo yMOB
MIPOEKTYBaHHS, o KOHKPETHO HE
O3S AAI0THCS, HEOOXITHA JOIaTKOBA €KCIIePTHA
OIlIHKa MPOEKTYBAJIbHUKA.

HAIIOHAJIBHI CTAHIAPTH, HIO
BITPOBAKYIOTb €BPOKO/IU

HamionansHi CTaHJApTH, 10
BNPOBA/KYIOTh €BpPOKOIU, MICTATh TOBHUMN
TeKCT €BpOKOy (BKIIOYHO 3 yciMa J0JaTKaMHM),
mo Bumanuii CEN, sgxmii Moke IONOBHIOBAaTH
Hamionansuuii TUTYJIbHUI apKyII Ta
HamionaneHuii BCTyn Ha TMOYaTKy, a TaKOX
HamionansHuii 101aTOK (IOBIAKOBUIA) B KIHII1.

HamionaneHuii  momatok  (AOBIIKOBHIA)
MOX€ MICTUTH 1H(GOPMAIIIO JUIIE CTOCOBHO THX
rapameTpiB, 10 3aJIMIIEHI BITKPUTUMH B

construction products (ENs and ETAS)

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

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

NATIONAL STANDARDS
IMPLEMENTING EUROCODES

The National Standards implementing
Eurocodes will comprise the full text of the
Eurocode (including any Annexes), as published
by CEN, which may be preceded by a National
title page and National foreword, and may be
followed by a National Annex (informative).

The National Annex (informative) may
only contain information on those parameters
which are left open in the Eurocode for national

2 Bignosiano 1o ct. 3.3 CPD ocuoszi Bumoru (ERs)
HAOyAyTh YITKOI ()OPMH Yy TIYyMAuyHHX JOKYMEHTax JUIs
CTBOPEHHS HEOOXiTHMX 3B'SI3KIB Mi>Kk OCHOBHUMH BIMOTaMHU
Ta MaHjaTaMu Ha rapmonizoBaHi ENs Ta ETAGs/ETAs.

8 Bigmosiguo mo cr. 12 CPO TIyMadHi JOKYMEHTH
MaroTh:

a) HamaTh 4YiTKy (opMy OCHOBHMM BHUMOTaM,
Y3TOAMBIIY TEPMIHOJIOTIIO Ta TEXHIUHI 3acaly, i BKa3aBIIN
KJacu abo piBHI A1 KOXKHOI BUMOTH, /i€ TIe He0OXiIHO;

b) Bkazatu MeTomM CHIBCTaBIICHHS IMX KIIACiB abo
piBHIB BHMOT 3 TEXHIYHUMH YyMOBAaMH, HATIPHUKIAT,
METOAaMH PO3pPaxXyHKy Ta TIEpeBIpKH, TEXHIYHUMHU
NpaBHIaMH IPOSKTYBaHHS TOLIO;

C) CIYT'yBaTH PEKOMEHMAIIEI0 ISl BIPOBAKCHHS
Y3rOIKEHUX CTAHIAPTIiB Ta HACTAHOB JUIS €BPOINCHCHKOTO
TEXHIYHOTO YXBaJICHHSI.

€Bpokoan (GaKTUYHO BiAIrparTh NOXIOHY pOIb y
cdepi ER 1 ta vactunam ER 2.

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

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

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

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

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

The Eurocodes, de facto, play a similar role in the
field of the ER 1 and a part of ER 2.



€BpoKOJax JUIs HaIIOHAIBHOTO BHOOpY, TaK
3BaHi HarlioHallbHO BUW3HAYeHI MapaMmeTpu, Ta
3aCTOCOBYIOTBCSL /ISl TIPOCKTYBaHHS  Ta
OyAiBHUIITBA y KOHKPETHIN KpaiHi KpaiHi, a came:

— 3Ha4YeHHs Koe(ilieHTy HaaiitHOCTI Ta/abo
KJIacH, sIKi B €BPOKO/Ii TAIOThCS HAa BHOID;

— 3HAUEHHS, JUIA AKUX y €BPOKOJII IaHO
JIUIIE TIO3HAYCHHST;

— reorpadiyHi Ta KIIMATWYHI JaHi, IO
BU3HAYCHI IS IepKaB-WICHIB, HAIPUKJIIAJ, KapTa
CHIFOBOTO TIOKPUBY;

— MeToaMKa, Ui sikoi B €BpPOKOII IaHO
IIbTEPHATHBHI METOTUKH,

— TMOCWJIaHHS Ha JOJAaTKOBY HECYIIEPEWINBY
iHbopMallito, MO J0NOMara€c KOpPUCTYBaueBl
1aCTOCOBYBAaTU €BPOKO/I.

3B'SAI30K MI’K €BPOKOJAMUH TA
I'APMOHI3OBAHUMUA TEXHIYHUMU
YMOBAMMU (ENs TA ETAs) 1JIs1 BUPOBIB

Heo6ximHO Y3roJauTH rapMOHI30BaHI1
TEXHIUHI yMOBHM JUIsi OyniBeIbHUX BHPOOIB Ta
TeXHiYHi HOpMH 11 OyaiBensHuX cropya®. Kpim
TOro, moBHa iHdopmarlis, mo cynpoBomkye CE
MapKyBaHHs OyJiBeTbHHX BHUpPOOIB, J€ €
MOCWJIaHHSI Ha €BPOKOAM, MA€ YITKO 3a3HaYyarTH,
ski HarioHanpbHO BHW3HauYeHI MHapameTpu Oyiu
BpaxoOBaHI.

JOAATKOBA TH®OPMALIA, IO €
CIIELIAJIBHOIO JJI51 EN 1999-1-2

EN 1999-1-2 MICTUTh NPUHIMITH, BUMOTH
Ta MpaBwWIa MPOSKTYBaHHS OY/iBEIb Ta CIIOPY. 31
KOHCTPYKIIii, 110 3a3HaJM BOTHEBOTO BILIUBY,
BPaxXOBYIOYH TaKi aCIIEKTH.

Bumoru 6e3neku

EN 1999-1-2 npusnaueHuii a1 3aMOBHUKIB
OyaiBenbHUX POOIT (HANPUKIIAL, AJIS BUKJIACHHS
iX 0COONMBHUX BHMOT), IPOCKTYBAJIbHHKIB,
MIIPSIAHUKIB Ta OPTraHiB JAEPKABHOT BIIa M.

OCHOBHOIO METOI0 3aXHCTY BiJl MOXKEX1 €
OOMEXEeHHS PH3UKY IS JIOJUHU Ta TpYyIu
moxaed, ix MaiiHa Ta, y pasi noTpeodw,
HABKOJIMIIIHBOTO cepefioBuiia abo MaifHa, Mo
0e3mocepelHbO 3a3Ha€ BIUIMBY BOTHIO Yy pasi
MOXKEXKI.

JupekruBa

89/106/EEC  BcTaHOBIIOE

choice, known as Nationally Determined
Parameters, to be used for the design of buildings
and civil engineering works to be constructed in
the country concerned, i.e.:

— values for partial factors and/or classes
where alternatives are given in the Eurocode;

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

— geographical and climatic data specific to
Member State, e.g. Snow map;

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

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

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

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

ADDITIONAL
SPECIFIC TO EN 1999-1-2

EN 1999-1-2 describes the principles,
requirements and rules for the structural design of
buildings exposed to fire, including the following
aspects.

INFORMATION

Safety requirements

EN 1999-1-2 is intended for owners of
construction works (e.g. for the formulation of
their ~ specific ~ requirements),  designers,
contractors and relevant authorities.

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

Construction Products Directive

4 us. cr. 3.3 ta cr.12 CPD, a takox 4.2, 43.1,
4.3.2 12 521D Nel.

4

4 see Art.3.3 and Art.12 of the CPD, as well as
clauses 4.2, 4.3.1, 4.3.2 and 5.2 of ID 1.



OCHOBHI BHUMOTH Ui OOMEXKEHHS TOXKEKHHUX
PH3HKIB:

«byniBii Ta copyiu MPOEKTYIOTH 1 3BOSATH
TakK, MO0 Yy pa3i BAHUKHEHHS MMOXKEKi

— 3a0e3meuyyBaiacs Hecy4ya 3AaTHICTb
KOHCTPYKTUBHOI CHCTEMH MPOTATOM MEBHOTO
MPOMDKKY 4acy;

—  oOMexyBajocsi  BUHMKHEHHS  Ta
MOIIUPEHHS BOTHIO 1 TUMY B OYAIBIISX;

— 00OMeXyBaiocsi TOIIMPEHHS BOTHIO Ha
cycimgai OymiBiIi;

— MENIKaHIll MOTJU 3aJUIIUTA OYyIiBIl ab0
BPATYBATHUCS IHIIUMH CIIOCOOAMU;

— BpaxoByBajacs Oe3smeka
PATYBAIBHUX MIAPO3JILTIBY.

3rigHo 3 TiymadyHuM JlokymenTtom N°©2
«ITokexHa Oe3nmeka»® OCHOBHA BHMMOTA MOYKE
OyTh JOTpUMaHa PI3HUMH  MOXJIHBOCTSIMHU
CTpaTeriii MmoXexHoi Oe3neKu, 1[0 MepeBaXaroTh
y JepKaBax-wieHaX, TaKHUMH SK CIeHapii
YMOBHOI TMOXeX1 (HOMIHAIbHI TMOXexX1) abo
cleHapii peaigbHOI (IapaMeTPUUYHOI) MOXKEXKI,
BpaxoBYIOUM MacuBHI Ta/ab0 aKTHBHI 3aX0]u
BOTHE3aXHCTY.

Yactuaun byxpiBenbHUX  €BPOKOJIB, IO
BCTQHOBIIIOIOTh ~ MpaBWja A PO3PaxyHKY
KOHCTPYKI[IH Ha BOTHECTIMKICTb, CTOCYIOTHCS
0COOJIMBUX MIIXO0/IB JI0 TTACUBHOTO BOTHE3aXUCTY
II0JI0 MPOEKTYBAHHS KOHCTPYKIIIN Ta OyIab-sSKHX
iX yacTUH I HEOOX1MHOT HeCy4yoi 31aTHOCTI Ta

ITOXKECXKHO-

oOMexeHH MOTITUPECHHS IMOKEXK1 K
BCTAHOBJIEHO.
Moxyts OyTH BH3Ha4YeHI HEOOXimH1

¢byakmii  Ta  piBHI  pobotm  abo  uepe3
kiacudikaliro BOTHECTIHKOCT1 Il CTaHAapTHOTO
TEMIIEPATYpPHOTO pPEXUMY, [0 HaBeJIcHa B
HaIllOHAJTLHUX HOpPMax 3 MOXKEeKHO1 O6e3meku, abo
yepe3  BHKOPUCTaHHS  IH)KEHEPHO-TEXHIYHHX
3aX0JIB IS OIHKM ITACHBHOIO Ta aKTHBHOIO
MPOTHUIIOKEKHOTO 3aXUCTY.

JlomaTKoBI  BHMOTH, IO
HAIIPHUKIIA]T

- MOKJIMBOTO
eKCIUTyaTarlil CHCTEM
IMOKEKOTaCIHHS,

— yYMOB BHUKOPHUCTaHHS
MIPOTHUIIOKEKHOTO BIICIKY;

— BUKOPHUCTAaHHS JOMYCTUMUX 130JISIIIIHHUX
Ta BOTHE3aXMCHHUX MaTepialliB, BKIIOYAOUHN iX

CTOCYHOTBCH,

YJI1alITyBaHHA Ta
ABTOMAaTHUYHOI'O

OyniBni  abo

89/106/EEC gives the following essential
requirement for the limitation of fire risks:

“The construction works must be designed
and built in such a way, that in the event of an
outbreak of fire

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

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

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

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

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

According to the Interpretative Document
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, including passive
and/or active fire protection measures.

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

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

Supplementary requirements concerning,
for example

— the possible installation and maintenance
of sprinkler systems;

— conditions on occupancy of building or
fire compartment;

— the use of approved insulation and coating
materials, including their maintenance are not

% muBHCh cT. 2.2, 3.2(4) T2 4.2.3.3

5 see clause 2.2, 3.2(4) and 4.2.3.3



oOCIIlyroByBaHHsi, B IbOMY JOKYMEHTI He

pO3TIIATAIOTECS, OCKUIBKM I  BUMOTH €
PEeIMETOM po3rIIALy KOMIETEHTHHX
Oprasirizaiii.

3HaYeHHs YaCTKOBUX Koe(]ilieHTIB Ta

IHIIMX I[IOKa3HHWKIB HAIIMHOCTI HaBEIEHI SK
PEKOMEHJIOBaHI 3HAYEHHs, IO 3a0e3MeuyloTh
NpUAHATHUNA piBeHb HagiiiHOCTI. Bonu Oynmu
BpaxoBaHI 3a YMOBH, IO 3aCTOCOBYETHCS
BIMOBIHUI piBeHb KBamiikaimii i ympaBiiHHS
AKICTIO.

MeToIMKN PO3paxyHKy

[ToBHa aHamITHYHA METOAMKA PO3PAXYHKY
Ha BOTHECTIHKICTH Ma€ BpaxoBYBaTH pPOOOTY
KOHCTPYKTUBHOI ~ CHCTEMH 33  IIBUIICHUX
TeMreparyp, MOXIJIHUBHH BIUIMB TeIuia Ta
CIPHUSATINBI BIUIMBH aKTUBHUX 1 TACUBHUX
CHUCTEM BOTHE3aXHCTY, a TAaKOXX HEBU3HAYCHOCTI,
110 TIOB’s3aH1 3 ITUMU TPbOMa BJIACTUBOCTSIMH, Ta
BIIMOBIIAJIBHICTE ~ KOHCTPYKTUBHOT ~ CHUCTEMU
(HacIKY pyiHYBaHHS).

Ha naHmii yac MOXJIMBO 3aCTOCOBYBATH
METOJMKY JUIsl BCTAHOBJIIEHHS [IiiicHOI poOoTu
KOHCTPYKIIii, 10 BKJIIOYAE JIESAKI — SKIIO HE BC1 —
3 1uX [apamMerpiB, Ta  JIOBECTH, IO
KOHCTpYKTMBHa cucremMa abo 1l vacTuHU
BIITBOpIOBAaTUME [IIHCHY POOOTY MpU peanbHIid
noxkexi y Oymunky. OpmHak, SKIIO METOIMKa
TPYHTYETHCS HAa HOMIHAIBHOMY (CTaHIAPTHOMY)
TeMIIEPaTyYPHOMY PEXKUMi, TO Kiacudikaris, 1o
nepenbayae BHU3HAYCHI MEXI BOTHECTIHKOCTI,

BpPaxoBYe€ (mpubIU3HO) BHUIIICHABEICHI
BJIACTUBOCTI Ta HCBU3HAYCHOCTI.

[Topsiox 3aCTOCYBaHHS METOJUKH
po3paxyHKy mpuBeaecHO Ha pucyHky 0.1.

Po3pi3HAOTH BU3HAYEHI MIAXOAM Ta MIAXOIU
3aCHOBaHI Ha pPOOOTI KOHCTPYKIiA. Bu3zHaveHi
MIAXOIH BUKOPHUCTOBYIOTh HOMIHAJIbHUN
TEMIIEPAaTYpHUH  pPEXKUM s  TeHEpyBaHHS
TerutoBux BrummBiB. I1inxin 3acHOBaHMi HAa poOOTI
KOHCTPYKIiH, 110 BHUKOPUCTOBYE IHXKEHEPHO-
TEXHIYHE 3a0e3leyeHHsT MOXKEKHOI Oe3meKH,
CTOCYIOThCS TEIIJIOBUX BIUIMBIB, L0 3aJI€XKAaTh BiJ
¢G13UYHUX 1 XIMIYHUX TapaMeTpiB.

ITPUMITKA TaOnuuui pgaHi, IO HaBEAEHI Ha
pucysky 0.1,

Jns  mpoekTyBaHHS  3TiTHO 3 IUM
CTaH/IapTOM HEOOXITHO BUKOPHCTOBYBATH
EN 1999-1-2 i BuU3HAYeHHS TEIUIOBUX Ta
MEXaHIYHUX BIUTUBIB HA KOHCTPYKTUBHY CUCTEMY.

given in this document, because they are subject
to specification by the competent authority.

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

Design procedures

A full analytical procedure for structural
fire design would take into account the behaviour
of the structural system at elevated temperatures,
the potential heat exposure and the beneficial
effects of active and passive fire protection
systems, together with the uncertainties
associated with these three features and the
importance of the structure (consequences of
failure).

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

The design procedure for structural fire
design is illustrated in Figure 0.1. The
prescriptive approach and the performance-based
approach are identified. The prescriptive
approach uses nominal fires to generate thermal
actions. The performance-based approach, using
fire safety engineering, refers to thermal actions
based on physical and chemical parameters.

NOTE Tabulated data, as shown in Figure 0.1, are
not available for aluminium components.

For design according to this part,
EN 1999-1-2 is required for the determination of
thermal and mechanical actions to the structure.



3aco0u MPOEKTYBaHHS

OuikyeTbes, O 3ac00M MPOEKTYBaHHS, K1
IPYHTYIOTbCS Ha PO3PAXyHKOBHX MOJIENSIX, IO
HaBeneni B EN 1999-1-2, GyayTts pospoliieHi
KOMIETEHTHIUMHU CTOPOHHIMU OpraHi3aIisiMH.

OcuoBamii Teker EN 1999-1-2 wmictuth
OUTBIIICTh TOJOBHHMX MPHHIIMIIB Ta MPABWI, IO
HEOOXiHI IS  ONUCaHHSA  TEIUIOBUX  Ta
MEXaHIYHUX BIUTMBIB HA OYIIBJI Ta CIIOPY/IH.

HAIIOHAJIBHUM JOJATOK O
EN 1999-1-2

Ile#t cranmapr Hajgae  aJbTepHATUBHI
METOJIMKH, 3HAYEHHS Ta PEKOMEHAIT /Tl KJaciB
3 TpUMITKaMH, IO BKa3ylOTh J€ HE0OXIIHO
3pobuTH HalioHadbHUM BHOIp. TakuM 4YHHOM,
HalllOHAJTFHUW  CTaHAAPT, WI0  BIPOBAIKYE
EN 1999-1-2, mae wictutd HarionanbHuin
IOJATOK, SKHWA BKJIOYaB OW BCl HAI[IOHATBLHO
BH3HAUYEHI TapaMeTpH, IO BHUKOPHUCTOBYIOTHCS
JUIs TpOeKTyBaHHS OyniBenb Ta CHOpYA, SKi
OyayTh OOY/I0OBaH1 y BIIMOBIIHINA KpaiHi.

Hamionaneuuit  BuOip  JO3BOJIEHO B
EN 1999-1-2 y Takux myHKTax:

2.3 (1)

2.3(2)

2.4.2 (3)

4221 (1)

4.2.2.3 (5)

4.2.2.4 (5)

Design aids
It is expected, that design aids based on the

calculation models given in EN 1999-1-2 will be
prepared by interested external organizations.

The main text of EN 1999-1-2 includes
most of the principal concepts and rules
necessary for describing thermal and mechanical
actions on structures.

NATIONAL ANNEX FOR EN 1999-1-2

This standard gives alternative procedures,
values and recommendations for classes with
notes indicating where national choices have to
be made. Therefore the national standard
implementing EN 1999-1-2 should have a
national annex containing all Nationally
Determined Parameters to be used for the design
of buildings and civil engineering works to be
constructed in the relevant country.

National choice is allowed in EN 1999-1-2
through:

2.3 (1)

2.3(2)

2.4.2 (3)

4.2.2.1(1)

4.2.2.3 (5)

4.2.2.4 (5)
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Figure 0.1 — A general illustration of the design procedure for fire design




1 3AT'AJIBHI HOJIOKEHHA

1.1 Cdepa 3acrocyBanHs

1.1.1 Cpepa 3acrocyBannss EN 1999

(H)P  EN 1999  mommproeTscst  Ha
NpOeKTyBaHHSI  OyAWHKIB Ta  crnopya 3
KOHCTPYKIISIMU 13 amoMiHio. BiH Bignosigae
OCHOBHHMM TIOJIO)KEHHSIM 1 BHUMOTraMm IIOJO iX
0e3IMeKn Ta eKCIUTyaTaliifHOT MPUIATHOCTI, OCHOB
iX TpOEKTyBaHHS Ta KOHTPOJIO, SIKi HaBEICHI B
EN 1990 — OcHoBM npoeKTyBaHHS KOHCTPYKIIIH.

(2)P EN 1999 crocyerbcsi nuiie BUMOT

MIIHOCTI, eKCIUTyaTaliitHOT MPUIATHOCTI,
JIOBTOBIYHOCTI Ta BOTHECTIMKOCTI alIOMIHIEBUX
KOHCTPYKIIA.  IHIII  BMMOTHM,  HampHKIag,
CTOCOBHO  TEIUIO- Ta  3BYKOI30JiAlli, HE
PO3IIIAIaI0ThCS.

3 [epenbavaerbes KOPHCTYBaHHS
EN 1999 pa3zom 3:

- EN 1990 «OcHOBM npPOEKTYBAHHS
KOHCTPYKII1H»

- EN 1991 «/lii Ha KOHCTpPYKIii», yC1 HasBHI
YaCTHHH

- €Bpornelicbki CTangaptu Ass OyIiBeIbHUX
BHPOOIB, 110 CTOCYIOTBCSI  alIIOMIHIEBUX
KOHCTPYKITIH

- EN 1998 «lIpoekTyBaHHS CEMCMOCTIMKUX
KOHCTPYKITIH», SKIIO 3aJ1i300€TOHHI KOHCTPYKIIil
3BOJIATHCS B CEHCMIYHUX palioHax

(4) EN 1999 noginserscs Ha I1’SITh YaCTHH:

- EN 1999-1-1 IIpoekTyBaHHS altfOMiHIEBUX
KOHCTPYKITii: 3arajibHi MpaBuiia JUisi KOHCTPYKIIIH

- EN 1999-1-2 [IpoekTyBaHHS altOMIHIEBUX
KOHCTPYKIiA: Po3paxyHOK KOHCTpPYKIiH Ha
BOTHECTIHKICTh

- EN 1999-1-3 I[IpoekTyBaHHS aFOMIHIEBUX
KOHCTpYKIiK: KOHCTpyKITii, 110 CIPUHHATIMBI 110
BTOMU

- EN 1999-1-4 IlpoekTyBaHHS alfOMiHIEBHX
KOHCTPYKITIH: X0JI0IHO nedhopmMoBaHi
KOHCTPYKIIIi 3 TMCTOBOTO IIPOKATy

- EN 1999-1-5 IlpoekTyBaHHS alfOMiHIEBHX
KOHCTpPYKIii: TOHKOCTIHHI 000JIOHKH

1.1.2 Cdepa 3acrocyBanns EN 1999-1-2

(1) EN 1999-1-2 mommproeThcss  Ha
MIPOEKTYBAaHHS QJIIOMIHIEBUX KOHCTPYKIIH Ha
BUIAJIOK aBapifHUX CUTYalliid MiJ Yyac MOXKexl Ta
MpU3HAYeHa JUIsI BUKOPUCTaHHA  pazoM 3
EN 1999-1-1 ta EN 1991-1-2. EN 1999-1-2
BU3HAYA€ BIIMIHHOCTI a00 JOMOBHIOE BUMOTH JIO
MIPOEKTYBaHHS 32 HOPMaJIbHOI TEMIIEpaTypH.

GENERAL

1.1Scope

1.1.1 Scope of EN 1999

(1)P EN 1999 applies to the design of
buildings and civil engineering works in
aluminium. It complies with the principles and
requirements for the safety and serviceability of
structures, the basis of their design and
verification that are given in EN 1990 — Basis of
structural design.

(2P EN 1999 is only concerned with
requirements for resistance, serviceability,
durability and fire resistance of aluminium
structures. Other requirements, e.g. concerning
thermal or sound insulation, are not considered.

(3) EN 1999 is intended to be used in
conjunction with:
- EN 1990 “Basis of structural design”

- EN 1991 “Actions on structures”, all
relevant parts

- European Standards for construction
products relevant for aluminium structures

- EN 1998 “Design of structures for
earthquake resistance”, where aluminium
structures are built in seismic regions

(4) EN 1999 is subdivided in five parts:

- EN 1999-1-1 Design of aluminium
structures: General structural rules

- EN 1999-1-2 Design of aluminium
structures: Structural fire design

- EN 1999-1-3 Design of aluminium
structures: Structures susceptible to fatigue

- EN 1999-1-4 Design of aluminium
structures: Cold formed structural sheeting

- EN 1999-1-5 Design of aluminium
structures: Shell structures

1.1.2 Scope of EN 1999-1-2

(1) EN 1999-1-2 deals with the design of
aluminium structures for the accidental situation
of fire exposure and is intended to be used in
conjunction with EN 1999-1-1 and EN 1991-1-2.
EN1999-1-2 only identifies differences from, or
supplements to, normal temperature design.



(2) EN 1999-1-2 crocyerbcs
MACUBHUX METOJIIB  BOTHE3aXHCTY.
METO/IM 3aXHCTY HE HaBEJICHI.

(3 EN 1999-1-2 MOMIUPIOETHCST  HA
QIIOMIHIEB1 KOHCTPYKILIi, 110 MaroTh
3a0e3reyyBaTd HeECydy 3JaTHICTh I d9ac
MO’KEXKi, TOOTO MAIOTh 3aMO0IraTH Mepea4acHOMY
pYHHYBaHHIO KOHCTPYKITii.

[MPUMITKA 1ls yacTuHa HE MICTHTh BHMOTH IIIOJIO
Oropo’Kyro401 31aTHOCTI.

(4) EN 1999-1-2 HaBOOWTh OCHOBHI
MOJIOKEHHSI IOJI0 PO3PaXyHKY IIOMIHIEBUX
KOHCTPYKIIIH 32 OCOOJTMBUMU BUMOTaMH 3 OTJISITY
Ha BHILICHABE/ICHE.

(5) EN 1999-1-2 crocyeTbCcsi KOHCTPYKIIiN
a00 dYaCTMHM KOHCTPYKTHBHOI CHCTeMH, SKi
nepedyBatroTh B Mexax aii EN 1999-1-1 Ta
3ampOeKTOBaH1 BIAMOBIIHUM YHHOM.

(6) Hamemeni B wactmai 1-2 EN 1999
BJACTHUBOCTI aTIOMIHIEBUX CIUIABIB BITHOCSTHCS
IO TAKUX QTFOMIHIEBUX CIUIABIB:
EN AW-3004 — H34
EN AW-5005 — O ta/and H34
EN AW-5052 — H34

(7) Haeemeni B EN 1999-1-2 wmeroau
3aCTOCOBYIOTh TaKOX ISl IHIIMX aTIOMIHIEBUX
crutaBiB/cymimiel, mo 3a3Hadeni B EN 1999-1-1,
SIKITIO HasiBHI JIOCTOBIPHI BJIACTHBOCTI MaTepiaiy
3a  MIJBHUINCHHX  TeMIeparyp, abo  SKIIo
3aCTOCOBYETHCS CIPOIILYIO III€ MPHUMYIICHHS, 110
HaBenene 3.2.1.

TUIbKHU
AXTUBHI

1.2 HopmaTuBHi NOCHJIaHHSA

(1) Le#i eBponeHChKHI CTAaHIAPT MICTHTH B
co01 AK JaTOBaHI TaK 1 HeJaTOBaH1 ITOCHIAHHI,
MOJIOKEHHS 3 1HIUX BHUAaHb. [li HOopMaTuBHI
MMOCUJIaHHS 3TajylOThCs y BIANOBIAHUX MICISIX
TEKCTy, a JIOKYMEHTH BHOCATBCS B TEpeIiK.
[Topanpiii mompaBku abo 3MiHU Uig OyAb SIKUX
JOKYMEHTIB [ITaTOBAHUX TIOCUJIAHb CTOCYIOTHCA
uporo €spormeiicekoro CranaapTy Jnume y
BUIIAJIKY, SKIIIO B HbOMY BpaxoBaHi MOMpaBku ado
3MIHH. Jost HEeIAaTOBaHUX MOCHJIaHb
3aCTOCOBYETHCS OCTaHHS BepCisi JIOKyMEHTa
(BKITIOYAIOYH TTOTIPABKH).

EN 485-2 AmxroMiHili Ta alrOMIHIEB] CIIABH.
JlucroBuii mpokat, Opyc Ta rumra. YactuHa 2:
MexaHi4H1 BJIaCTUBOCTI

EN 755-2 AnroMiHil Ta adrOMIHIEBI CILIaBH.
BunasneHi cTpuxeHb/pyT, Tpyda Ta mpodiib.
YactuHa 2: MexaHi4H1 BJIaCTUBOCTI

EN 1990 OcHoBu mpoekTyBaHHS OyiBenb
Ta CIOPY.
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EN AW-5083 — O Ta/and H12
EN AW-5454 — O ta/and H34
EN AW-6061 — T6

(2) EN 1999-1-2 deals only with passive
methods of fire protection. Active methods are
not covered.

(3) EN 1999-1-2 applies to aluminium
structures that are required to fulfil 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 1999-1-2 gives principles and
application rules for design of structures for
specified requirements in respect of the load
bearing function and the levels of performance.

(5) EN 1999-1-2 applies to structures, or
parts of structures, that are within the scope of
EN 1999-1-1 and are designed accordingly.

(6) The aluminium alloy properties given in
the Part 1-2 of EN 1999 apply to the following
aluminium alloys:

EN AW-6063 — T5 Ta/and T6
EN AW-6082 — T4 Ta/and T6

(7) The methods given in EN 1999-1-2 are
applicable also to the other aluminium
alloy/tempers of EN 1999-1-1 if reliable material
properties at elevated temperatures are available
or the simplified assumptions in 3.2.1 are applied.

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
revisions of any of these publications apply to
this European Standard only if incorporated in it
by amendment or revision. For undated
references the latest edition of the publication
referred to applies (including amendments).

EN 485-2 Aluminium and aluminium
alloys. Sheet, strip and plate. Part 2: Mechanical
properties

EN 755-2 Aluminium and aluminium
alloys. Extruded rod/bar, tube and profiles. Part 2:
Mechanical properties

EN 1990 Basis of structural design



EN 1991-1-2 OcHoOBM NpOEKTYBaHHS Ta
HaBaHTaXXCHHS Ha OyniBii Ta cropymu: YactuHa
1-2: maBaHTa)XCHHA Ha OYMIBIII Ta CHOPYIU IIiJ
9ac MOXKExKI

EN 1999-1-1 IlpoekryBaHHS aJlFOMIHIEBHX
KoHCTpykiii: Yactmaa 1-1: 3aranbHi BUMOTH

MPOCKTYBAaHHS
EN 1090-3° 3Bemenns cTaneBux Ta
AMOMIHIEBUX ~ KOHCTpyKmii — Yactuna 3:

TexHiuHi yMOBH [UIS QTIOMIHIEBIX KOHCTPYKITIH

EN 13501-2 [NoxxexHO-TeXHIYHA
knacudikamis  OyJqiBeNbBHUX — MarepiaigiB  Ta
koHcTpykuid. Yacruna 2 Krnacudikamis 3a
pe3yibTaTaM BUIIPOOYBaHb HA BOTHECTIMKICTD

ENV 13381-1 Merogu BumnpoOyBaHb Ha
BOTHECTINKICTh €JIEMEHTIB OyZIiBeNbHUX
KoHcTpykuii: YactuHa 1: Meroa BunipoOyBaHHS
JUIs BU3HAYEHHSI TMOKpAILIEHHS BOTHECTIMKOCT1
€JIIEMEHTIB ~ KOHCTPYKLii:  ['opu30oHTanbHUMHU
3aXMCHUMH MeMOpaHaMH

ENV 13381-2 Merogu BumnpoOyBaHb Ha
BOTHECTINKICTh €JIEMEHTIB OyIiBeNbHUX
KoHCTpyKuii: YactuHa 2: Meroa BUIIpOOyBaHHS
JUIs BU3HAYEHHSI TMOKpAUIEHHS BOTHECTIMKOCTI
€JIEMEHTIB KOHCTPYKLIIH: Beprukansaumu
3aXMCHUMH MeMOpaHaMHu

ENV 13381-4 Meroau BumpoOyBaHb Ha
BOTHECTINKICTH €JIEMEHTIB OyIiBEeTbHUX
KOHCTpyKIii: YactuHa 4: MeTtoa BUMpoOOyBaHHS
JUIsT BU3HAYCHHS TMOKPAIICHHS BOTHECTIMKOCTI
€JIeMEHTIB KOHCTPYKIii: HaneceHHs MOKpUTTS Ha
CTaJICBI1 €JIEMCHTH KOHCTPYKIIil

1.3 IlpunymenHs

(1) Ha nonmatox 1o 3arajibHHUX MPUIYIIEHb
EN 1990 Takox 3acCTOCOBYIOTBCS HACTYITHI
MUITYEHHS:

Bynp-siki macuBHI BOTHE3aXMCHI CHUCTEMU
BpaxoBaHi i 4Yac MPOEKTYBaHHS MarOTh
MIATPUMYBATHCh B HAJIC)KHOMY CTaHi.

1.4 BiaminHicTh MK NpUHOUIAMH Ta
NMPaBUJIAMH 3aCTOCYBAHHS

(1) 3acTocoByIOTh MpaBUIIa, 10 HABEICHI B
1.4 EN 1990.

1.5 Tepminu Ta BU3HAYEHHS NOHSATH
(1) 3acTocoByrOTh TpaBHIiIa, O HABEJICHI B
1.5 EN 1990.

(2) Hactynui TepMiHM  BHKOpUCTaHI B

EN 1991-1-2 Basis of design and actions on
structures Part 1-2: Actions on structures exposed
to fire

EN 1999-1-1 Design of aluminium
structures: Part 1-1: General structural rules

EN 1090-3° Execution of steel structures
and aluminium structures — Part 3: Technical
requirements for aluminium structures

EN 13501-2 Fire classification of
construction products and building elements. Part
2 Classification using data from fire resistance
tests

ENV 13381-1 Fire tests on elements of
building construction: Part 1: Test method for
determining the contribution to the fire resistance
of structural members: By horizontal protective
membranes

ENV 13381-2 Fire tests on elements of
building construction. Part 2: Test method for
determining the contribution to the fire resistance
of structural members: By vertical protective
membranes.

ENV 13381-4 Fire tests on elements of
building construction. Part 4: Test method for
determining the contribution to the fire resistance
of structural members: By applied protection to
steel structural elements.

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 will be adequately
maintained.

1.4 Distinction between principles and

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

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

(2) The following terms are used in

6 Mae GyTu BugaHuMi

® to be published
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EN 1999-1-2 B HacTynHHX 3HAUCHHSIX:

1.5.1 ChneniajanHi TepMiHHM 111 (1)
CTOCYIOThCSI MPOEKTYBAHHS 3arajioM

1511

YACTHHA KOHCTPYKTHBHOI CHCTEMH

130JIbOBaHa YaCTHHA BCi€l KOHCTPYKTHUBHOI
CHCTEMH 3 BIINOBITHUMH YMOBAaMH ONHUpPAHHS Ta
rpaHUYHUMHU YMOBaMU

1512

3axMIleHi KOHCTPYKILil

KOHCTPYKIII, 751 SIKUX BXKHUTI 3aX0AM I10JI0
3MEHILEHHS 3pOCTaHHS TEMIIEpaTypH B €JIEMEHTI,
10 CIIPUYMHEHE MOKEXKEI0

1.5.2 Tepminm, 110 CTOCYIOThCS TeNJIOBUX
BILJIMBIB

1521

CTAHJAPTHUH TeMIIEPaTyPHHIl pPeKUM

HOMIHAJIBHUN TeMIepaTypHUI pexXHuM, II0
Bu3zHaueHa y EN 13501-2 nns mpexncraBneHHs
MOJeNll  TOBHICTIO  PO3BUHYTOT TOXEXl Yy
MPOTHUIIOKEKHOMY BIJICIKY

1522

TeMIlePATYPHI peKuMu

3aJIeXKHICTh TEMIIEPaTypH CEPeOBUINA, SKE
OTOUYy€E TOBEPXHI €JIEMEHTIB, BiJ 4acy. MoXyTh
OyTu:

— HOMIHAJILHMIA: TpaAUIIIAHII
TEMIIEPATYpPHUN PEXHUM, L0 NPUHMAETHCS IS
kinacudikamii abo TMepeBIpKM BOTHECTIMKOCTI,
HAMpPUKIIA] CTAaHAAPTHUM TeMIIepaTypHHI pexum,
TEMIIEPATYpPHUN PEXUM 30BHILIHBOT MOXKEXKI,
PEXHUM BYTJIEBOJAHEBOT TOXKEXKI;

— napamMeTpUYHHIA: BCTAHOBJICHU I
IPYHTYIOUHCh Ha MOJEINi TOXKEeXl Ta MHUTOMHUX
GI3UYHUX MapameTpax, 10 BU3HAYAIOTh YMOBHU B
MIPOTHUIIOKEKHOMY BIICIKY

1.5.3 Tepminu, 111 (1) CTOCYIOThCH
MarepiaJiB Ta BUPOOiB

1531

BOTHE3aXHCHHUI MaTepiaJj

Oynb-skuii  marepian abo  CIOJIy4eHHS

MaTepialliB, 10 MOKPUBA€E KOHCTPYKIIiIO, 3 METOIO
MMIABUIEHHS 1T BOTHECTIIKOCTI
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EN 1999-1-2 with the following meanings:

1.5.1 Special terms relating to design in
general

1511

part of structure

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

15.1.2

protected members

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

1.5.2 Terms relating to thermal actions

1521

standard temperature-time curve

a nominal curve, defined in EN 13501-2 for
representing a model of a fully developed fire in a
compartment

15.2.2

temperature-time curves

gas temperature in the environment of
member surfaces as a function of time. They may
be:

- nominal: Conventional curves, adopted
for classification or verification of fire resistance,
e.g. the standard temperature-time curve, external
fire curve, hydrocarbon fire curve;

- parametric: Determined on the basis of
fire models and the specific physical parameters
defining the conditions in the fire compartment

1.5.3 Terms relating to material and
products

1531

fire protection material

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



1.5.4 Tepminu, 0 CTOCYIOTHCS aHAJI3Y
TenJonepeaayi

1541

KYTOBHI1 KoedilieHT

KYTOBUH KOeQIIIEHT I BHUIIPOMIHEHOTO
TEIIO0OMiHY BiJ TOBEpXHI A 10 moBepxHi B,
BU3HAYCHUH SK YacTKa PO3CITHOI BUIPOMIHEHOI
eHeprii, BUIIEHOT 3 MOBEpPXHI A, IO Taxae Ha
MoBEpXHIO B

1.54.2

KOe(illiEHT KOHBEKUiHHOr0 TenJ1000MiHy

KOHBEKIIHUHI TEIJIOBUN IIOTIK bi (e}
KOHCTPYKIIi, II0 CTOCYETbCS PI3HULI MDK
CepeHbOI0 TEMIIEPATYpOIO0 CEpPEAOBUILA, SIKE
OTOYy€e  BIQNOBIIHY  TOBEPXHIO  OKpeMoi
KOHCTPYKIIi, Ta TEMIIEPATYpPOIO 11i€i MOBEPXHI

1543

CTYIiHb YOPHOTH

JIOPIBHIOE Koe]irieHTy MOTJIMHAHHS
TTOBEPXHi, TOOTO CHIBBIIHOIIEHHS MDK

BHUIIPOMIHEHUM TEIUIOM, IO TOTJIMHYTE JTaHOO
MOBEPXHEI0, Ta BUIPOMIHEHHUM TEIJIOM, IO
MOTJIMHYTE TIOBEPXHEIO a0COTIOTHO YOPHOTO Tija

1544
MOIJIMHYTHI TEIUIOBUI MOTIK
eHepris, 110 SIBHO MOTJINHYTA

KOHCTPYKIISIMH 33 OJMHUIIIO Yacy OJUHUIICIO
TIJIOIII TTOBEPXHI

1.5.45

pe3yJbTyIo4a CTyNiHb YOPHOTH

CHIBBIIHOIIEHHS MDK bakTHIHUM
BHITPOMIHEHUM TEIUIOBUM ITIOTOKOM Ha

KOHCTPYKI[IIO Ta MOTJIMHYTUM TEIJIOBUM MOTOKOM
3a YMOBH, 110 KOHCTPYKIIiSl Ta ii BUIIPOMIHIOIOYE
Cepe/IOBUINE BBAXKAIUCH AOCOIIOTHO YOPHUMHU
TUIaMHU

1.54.6

KkoedinieHT mepepisy

TSt AIIFOMIH1€BOT KOHCTPYKIIii -
CHIBBIHOIIEHHSI MDK HE3aXHUIIEHOK TIUIOIIEIO
MOBEpXHI Ta  00’eMOM  alIOMIHIIO;  JUIA
HE3aXUIIEHOT KOHCTPYKLIi — CIIBBiIHOIIEHHS
MDK IJIOLIEI0 BHYTPILIHBOT HOBEPXHI

HE3aXUIIEHOT OOMIUBKYA Ta 00’€EMOM AIFOMIHIFO

154 Terms relating to heat transfer
analysis

1541

configuration factor

the configuration factor for radiative heat
transfer from surface A to surface B is defined as
the fraction 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

15.4.4

net heat flux

energy per unit time and surface area
definitely absorbed by members

1.5.4.5

resulting emissivity

the ratio between the actual radiative heat
flux to the member and the net heat flux that
would occur if the member and its radiative
environment were considered as black bodies

1.5.4.6

section factor

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

13



1.54.7

YMOBHHII Koe(illieHTY nepepisy

CITIBBIIHOIIIEHHS MDK IUIOIIIEIO
HE3aXHINEHO1 MOBEPXHI 00OpaMJICHHS Tepepizy 10
00’eMy aIIFOMIHIIO

1.5.5 TepMinu, 1m0 CTOCYHOTHCH aHAJI3y
MeXaHIYHMX XapaKTePUCTHK

1551

KPUTHYHA
KOHCTPYKUII

TeMIlepaTrypa, 3a SKOi OUIKYEThCS IOsBa
MOIIKO/DKEHb B AJIIOMIHIEBIA KOHCTPYKILII HpH
PIBHOMIPHOMY PO3MOJAUICHI TeMMepaTtypu 1 Jyist
3aJIaHOTO PIBHS HAaBaHTAKEHHS

TeMnepaTrypa aJIOMiHi€BOI

1552

epextuBHa 0,2 % ymMOBHa MexkKa
TEeKY40CTi

JUIs  33JaHoi  TeMIepaTypu,  piBEHb
HanpyXeHHs, npu AKOMY niarpama

«HanpyxeHHs-nedopmartis» antominito nae 0,2 %
3aJIMIIKOBOT Aeopmartii

1553

30BHILLIHIH eJ1eMeHT

KOHCTPYKIIS, IO PO3TAIIOBaHA 3a MEXaMHU
OymiBii, Ta MOJKE€ 3a3HaTH BOTHEBOTO BILIUBY
4yepe3 MPOopi3H B OTOPOKYBATBHUX KOHCTPYKITISX
OymiBii

1.6 Ilo3HaueHHst

(1) B mpomy EN 1999-1-2 na momatok a0
HaBeneHUX B EN 1999-1-1 BUKOPHCTOBYIOTHCS
TaKi O3HAYCHHS:

Benuxi namuncoki nimepu

Am  1UIOIIa HE3aXUIEHOT MOBEPXH1 KOHCTPYKIIiT
Ha OJMHHMITIO TOBKUHHU

Ap  mioma BHYTPIIIHBbOT MOBEPXHI
BOTHE3aXHUCHOTO IOKPUTTS Ha OJUHHUIIIO
JOBXUHU KOHCTPYKITIi

Ea Momymp  mOpyKHOCTI  aliOMiHIIO — 3a
HOpPMaJIbHOI TEMIEpaTypu

Eae Moaymp  HpyKHOCTI  allOMiHIIO  3a
MiABUIICHOT TeMrepaTypH, Gal

V 00’eM KOHCTPYKIIii HAa OJIMHHUIIIO TOBXKUHU

Mani namuncoki nimepu
Cal IMUTOMA TEINIOEMHICTE AITFOMIHIIO
Cp IMUTOMA TEIUIOEMHICTH  BOTHE3AXHUCHOTIO
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1547

box value of section factor

ratio between the exposed surface area of a
notional bounding box for the section to the
volume of aluminium

1.5.5 Terms relating to mechanical
behaviour analysis

1551

critical temperature of a structural
aluminium member

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

1.5.5.2
effective 0,2 % proof strength

for a given temperature, the stress level at
which the stress-strain relationship of aluminium
gives a 0,2 % permanent strain

1553
external member
structural member located outside the

building that can be exposed to fire through
openings in the building enclosure

1.6 Symbols

(1) For the purpose of EN 1999-1-2, the
following symbols apply in addition to those
given in EN 1999-1-1:

Latin upper case letters

Am the exposed surface area of a member per
unit length

Ap,  the area of the inner surface of the fire
protection material per unit length of the
member

Ea  the modulus of elasticity of aluminium for
normal temperature design

Eao the modulus of elasticity for aluminium at

elevated temperature, a

Vv the volume of a member per unit length

Latin lower case letters
Ca the specific heat of aluminium
Cp  the specific heat of the fire protection



f(), 0

hnet,d

MOKPUTTS
TOBILMHA BOTHE3aXUCHOTO MOKPUTTS
epextuBHa 0,2 % yMOBHA MeXa TEKy4OCT1
3a MiIBUIICHOT TeMIepaTypu, Gal
PO3paxyHKOBE 3HAYEHHA  MOTJIHHYTOTO
TEIJIOBOTO TIOTOKY OJMHMIICKO TUIONTI
BUIIPOMIHEHUH TEIUIOBUIA TOTIK BiJ BOTHIO
710 JTMIIBOBOi CTOPOHH MOBEPXHI
KoeiieHT 3HMKEHHS
BJIACTUBOCTEH 3a
TeMIieparypu, fa

koedimienT 3amxkeHas 0,2 % yMOBHOT Mexi
TEKY4OCTI 3a M1IBUILIEHOT TEMIIepaTypu

MIHICHUX
[MABHAIIEHOT

Ko,omax KoediieHT 3umkenHs 0,2 % yMOBHOI Mexi

At

YM. i

i

Hal

Em

/1al

1o

Pal
Pp

TEKY4OCTI 32 MaKCHMAaJIbHOI TeMIepaTypu
AIIIOMIH1I0

noBxkuHa 3a Temrepatypu 20 °C

TPUBATICTH BOTHEBOTO BILTUBY

Benuxi epeyvxi nimepu
MIPOMDKOK Hacy

Mani epeyvxi nimepu

KOe(]IIiEHT HaMIMHOCTI Ul BIAMOBITHUX
BJIACTUBOCTEN MaTepiany M yac MoxKexi
KOE(]IIIEHT 3HIKEHHSI 1T pO3PaXyHKOBOTO
PIBHSI HABAaHTAYKEHHS ITiJ] 9ac MOXKEXK1
temnepatrypa °C

TeMIeparypa ajfoMiHII0

CTYIIIHb YOPHOTH TOBEPXHI CKJIQJ0BOI
YaCTUHH

Koe(]iIiEHT MOKpAIICHHS

TETUIONPOBITHICTh ATIOMIHIIO
TEIIONPOBITHICTh BOTHE3aXHCHOIO
MTOKPHUTTS

Koe(]iIieHT BUKOPUCTAHHS B MOMEHT 4acy
t=0

T'YCTUHA aJIFOMIHIIO

I'YCTHHA BOTHE3aXUCHOTO MOKPUTTSI

fo, 6

hnet,d

ko,e

material

the thickness of fire protection material

the effective 0,2 % proof strength at
elevated temperature, a

the design value of the net heat flux per unit
area

Is the radiative heat flux from the flame to
beam face

the reduction factor of a strength property
of aluminium at elevated temperature, 6a

the strength reduction factor for the 0,2
proof strength at elevated temperature

Koomaxthe strength reduction factor for the 0,2

At

VM, fi

i

eal

&m

jual

Ho

Pal
Pp

proof strength at the maximum aluminium
temperature

the length at 20 °C

the time in fire exposure

Greek upper case letters
the time interval

Greek lower case letters

the partial safety factor for the relevant
material property for the fire situation

the reduction factor for design load level in
the fire situation

the temperature in °C

the aluminium temperature

the surface emissivity of the component

the adaptation factor

the thermal conductivity of aluminium

the thermal conductivity of the fire
protection material

the degree of utilisation at time t = 0

the density of aluminium
the density of the fire protection material
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2 OCHOBMU ITPOEKTYBAHHSI
2.1 Bumorn

2.1.1 3arajabHi BUMOTH

(1)P  SIkmo BCTaHOBJIEHI BHMOTH JIO
MEXaHIYHOTO OIOPY ITiJl 9ac MOKEKi, AIFOMIHIEB]
KOHCTPYKIlii TPOEKTYIOTh Ta 3BOJSITh TaKUM
9UHOM, 1100 BOHU 30epiraau Hecydy 3JaTHICTh
MPOTATOM BIAMOBITHOTO BOTHEBOTO BIUIUBY —
TPaHUYHUN CTaH 3 BOTHECTIMKOCTI 32 O3HAKOIO
BTpaTH Hecy4oi 3aaTHOCTI R.

(2)P Ilpu posmoauli Ha MNPOTHHOKEKHI
BIJICIKM BIJIMOBIMHI KOHCTPYKIIi MaroTh OyTH
3aMpOEKTOBaHI 1 3B€/IEH1 TAKUM YHHOM, 100 BOHU
30epirayii OropoKyBaJbHY 3AaTHICTh MPOTATOM
B1JIMOB1IHOTO BOTHEBOTO BILIUBY, TOOTO:

- He BigOyBajach BTpaTa ULLUIICHOCTI
BHACIIIJIOK YTBOPEHHsI TPIIIWH, TPOpi3iB abo
IHIMUX  OTBOpPIB, JOCTaTHBO  BEIUKHX  JJIA
MIPOHUKHEHHS BOTHIO Y BUTJISAI TapsdIuX Taszi 4d
MOJIyM’sl — TPaHUYHHUM CTaH 3 BOTHECTIMKOCTI 3a
03HAKO0 BTPATH HUTICHOCTI E;

- HE BinOyBanach BTpaTa
TEIUI0130JIF0BAIBHOT 3IaTHOCTI BHACJIIIOK
TeMmneparyp  HeoOirpiBaHoi  MOBEpXHi, IO
MEpeBUIYIOTh ~ TEMIlepaTypu  3aliMaHHS  —
TPAaHUYHHUA CTaH 3 BOTHECTIMKOCTI 3a O3HAKOIO
BTPAaTH TEIUIO130JIF0OBAIBHOT 3AaTHOCTI I.

(3) I'paauuHMiA cTaH 3 BOTHECTIMKOCTI 3a
03HAKOIO BTPaTH TEIJIO130JII0BAIbHOT 31aTHOCTI |
MO)K€ BBaXKATHUCh JOCATHYTUM Y THUX BHIIaJKaXx,
KOJIM CepellHE 3pOCTaHHS TeMIlepaTypu IMia dYac
CTaH/IaPTHOTO BOTHEBOTO BILJIUBY Ha
HeoOirpiBany moepxHto He nepesuimye 140 °C, a
MaKCHUMaJbHE 3pOCTaHHs B Oy/Ib-sIKOMY MICITI IIUX
noBepxoHb He nepesuirye 180 °C.

(4P KoHcrpykuii MarmTh  BigHmOBiIaTH
IPaHUYHMM cTaHaM 3 BorHectiiikocti R, E Ta I
TaKUM YUHOM:

- oropomxysainbHi: E Ta I;

- Hecyul: R;

- oropokyBasibHi Ta Hecydi: R, E ta L.

MMPUMITKA EN 1999-1-2 crocyerbcst Jjwiiie
TPaHUYHOTO CTaHY 3 BOTHECTIMKOCTI 32 O3HAKOK BTPATH
Hecywoi 3matHOocTi R. BrmactmBocti MmatepiamiB, 1m0
HaB€ACHI B CTaHAApPTI, MOXYTb BHKOPHUCTOBYBATHUCH IJIA

PO3paxyHKy 3a TPaHNYHHM CTAaHOM 3 BOTHECTIMKOCTi 3a
O3HAKOIO BTPATH TEIUIOI30F0BAIBHOI 31aTHOCTI 1.

(5) Kpurepiit nedopmariii 3acTOCOBYIOTh Y
BUIIAJIKaX, KOJM 3aco0M 3axucTy abo Kpurepii
PO3paxyHKy sl OrOopo/UKYBaJbHUX €JIEMEHTIB
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2 BASIS OF DESIGN
2.1 Requirements

2.1.1 Basic requirements

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

(2)P Where compartmentation is required,
the respective members shall be designed and
constructed in such a way, that they maintain their
separating function during the relevant fire
exposure, i.e.:

- no integrity failure due to cracks, holes or
other openings, which are large enough to cause
fire penetration by hot gases or flames — criterion
E;

- no insulation failure due to temperatures
of the non-exposed surface exceeding ignition
temperatures — criterion I.

(3) Criterion I may be assumed to be met
where the average temperature rise during the
standard fire exposure at the non-exposed surface
does not exceed 140 °C and the maximum rise at
any point on the nonexposed surface does not
exceed 180 °C.

(4)P Members shall comply with criteria R,
E, I as follows:

- separating only: E and I;

- load bearing only: R;

- separating and load bearing: R, E and I.

NOTE EN 1999-1-2 deals only with the R-criterion.
The material properties given in this standard may be used
when calculating temperatures for the I-criterion.

(5) Deformation criteria should be applied
where the protection aims, or the design criteria
for separating elements, require consideration of



noTpeOyoTh ypaxyBaHHS jaedopmariii Hecydux
KOHCTPYKIIIH.

(6) 3a BuxmroueHHsMm (5) nmedopmarrii
HECY4YMX KOHCTPYKIIil HE BPaXOBYIOThCS:

- Juig OmiHKK e(peKTUBHOCTI 3aco0iB
3axXuCTy 3rigHo 3 3.3.2;
- SKIIO OTOPO/KYBAIbHI  KOHCTPYKIIi

BIAIMOBIAAIOTE BUMOTaM IIiJi 4ac HOMIHAIBLHOTO
BOTHECBOT'O BILIUBY.

2.1.2 HomiHaJIbHUI1 BOTHEBHM i BIJIMB

(1) Ans craHmapTHOTO TEMIIEPATYPHOTO
peXUMYy  KOHCTPYKIIT  MawTh  BIAMOBITaTH
IPaHUYHOMY CTaHy 3 BOTHECTIMKOCTI 3a 03HAKOIO
BTpATH HECy4yol 3MaTHOCTI R Takum unHOM:

- HeCy4l: MeXaHIYHuil onip (TpaHUYHUN
CTaH 3 BOTHECTIMKOCTI 3a O3HAaKOK BTpaTH
Hecy4oi 31aTHOCT1 R).

(2) I'paHnvHMII cTaH 3 BOTHECTIMKOCTI 3a
O3HAaKOK  BTpaTH  Hecydoi  3matHocti R
BBAXKAETLCST 3a0e3IeueHnM, SKIIO 3a0e3IedeHa
Hecy4a 3/IaTHICTh MPOTITOM MOTPIOHOTO Yacy Mif
9ac BOTHEBOTO BIUIHBY.

3) 3a TEeMIIEpaTypHOTO pEXUMY
BYIJIEBOJIHEBOI IMOXKEXKI 3aCTOCOBYIOTBCSI Ti cami
TPaHWYHI CTAaHU 3 BOTHECTINKOCTI, ajie MOCUIaHHS
Ha 1110 KpuBY ineHTudikyerncs mgirepamu HC.

2.1.3 IlapameTpuYHUil BOTHEBUI BILINB

(1) Hecyya 3marthicTs  3a0e3meucHa
MPOTATOM  BCIET TOXKEXKI, BKIOYarouu a3y
3aTyxaHHs, a00 BU3HAYCHOTO MPOMDKKY Yacy.

2.2 BiimBu

(1) TemmoBi Ta  MexaHIuHI
npuiMaroThes 3rigHo 3 EN 1991-1-2.

(2) 3HaueHHS fhed BHU3HAYAIOTBCA 34
EN 1991-1-2 BpaxoByrouwu, 1110:

BIIJIMBU

em = 0,3 m1g 4YHCTHX HE3aXHIICHUX
MTOBEPXOHb Ta
em = 0,7 nmna modapboBaHMX  Ta

MOKPUTUX(HAMIPUKJIIA] CAXKEI0) IOBEPXOHD,

23 Po3paxynkosi
BJIACTHBOCTEH MarepiaJjiB

(1) Po3paxyHKOBI 3Hau€HHS MEXaHIYHUX
BIIACTHBOCTEN MaTepianiB Xfid HABEJCH1 HIDKYE:

SHAYCHHSA

the deformation of the load bearing structure.

(6) Except from (5), consideration of the
deformation of the load bearing structure is not
necessary in the following cases, as relevant:

- the efficiency of the means of protection
has been evaluated according to section 3.3.2;

- the separating components have to fulfil
requirements 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
(criterion 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
reference 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
collapse is prevented during the complete duration
of the fire including the decay phase or during a
required period of time.

2.2 Actions

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

(2) The values of /heta should be obtained
from EN 1991-1-2 using:

em = 0,3 for clean uncovered surfaces and

em = 0,7 for painted and covered (e.g.
sooted) surfaces,

2.3 Design values of material properties

(1) Design values of mechanical material
properties Xy g are defined as follows:

Xfid = Ko Xk/Ymfi (2.1)

ae
Xk — XapaKTepUCTUYHE 3HAYCHHS MII[HICHUX

where
Xk iIs the characteristic value of a strength or
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uu neopMariiftanx BJIACTUBOCTEN

(3a3Buuait fx um Ex) mis pospaxyHky 3a

HOpPMAQJIILHUX  TEMIepaTyp  3TAHO 3

EN 1999-1-1

Xk, — 3HAUEHHS BJIACTUBOCTI MaTepiaiy ajs

pO3paxyHKy Ha  BOTHECTIHKICTh, IO

3aJIC)KUTh BiJI TEMIIEpaTypH MaTepiary, JUB.

Posmin 3

Ko — xoeilieHT 3HMKCHHS MIIHICHUX Yd

nedopmariiinux  BractuBocTe (X .o/ Xk)

3aJIKHUX BiJ TEMIEpaTypu Marepiaiy,

JUB. PO31it 3

[PUMITKA J[Ins TepMOMeXaHIYHUX BJIaCTHBOCTEH
QIIOMIHII0O KOEQII[IEHT HAMIWHOCTI Ui TOXKEKI JUB.
HaHiOHaJ'H)HI/Iﬁ JO0OAaTOK. PeKOMeHI[OBaHO BUKOPUCTOBYBATHU
M fi = 1,0.

(2) Po3paxyHKOBI 3HaUE€HHS TEMJIOPI3UIHUX
BIIACTUBOCTEN Martepiany Xfid BU3Ha4al0Th TAKUM
YUHOM:

- 30UIBLIEHHS 3HAYEHb BIIACTUBOCTEH B
UITX Oe3MmeKu:

Xa,d= Xko/pmfi

- 3MCHIICHHA 3HAYCHb BHaCTHBOCTefI B
LUIIX Oe3IeKu:

Xfid = ym,fiXk0

[MPUMITKA JInst Ttemnogi3uvHUX BIACTHBOCTEH
ATIOMIHIF0O  KOe(il[ieHT HAMIMHOCTI Uit TIOXKEXI JIMB.
Haunionanbhuii jonatox. PekoMeH10BaHO BUKOPUCTOBYBATH
s = 1,0.

2.4 Metoau nepeBipku

2.4.1 3arajbHi 10JI0OKEHHS

()P Mopens KOHCTPYKTHBHOI CHCTEMH,
npuiiHaTa s po3paxyHky 3a EN 1999-1-2,
BiIoOpakae OYiKyBaHy pOOOTY KOHCTPYKIIIM Tij
4ac MoXexl.

[MPUMITKA Slkmo mpaBuia, IO HaBeleHI B
EN  1999-1-2,  BHKOPUCTOBYIOTHCSI  TINBKH ISt

CTaHJAPTHOTO BOTHEBOTO BIUIMBY, I[€ [O3HAYCHO Y
BiIMOBiTHUX ITYHKTAX.

(2)P HeoOximHO mepeBIpUTH BILUIUB MOXKEXKI]
Ha BU3HAUYECHOMY IIPOMDKKY yacy t:

deformation property (generally fx or Ex)
for normal temperature design according to
EN 1999-1-1

Xkp IS the value of a material property in
fire design, generally dependent on the
material temperature, see section 3

ke is the reduction factor for a strength or
deformation property (X / X«), dependent
on the material temperature, see section 3

NOTE For mechanical properties of aluminium, the
partial safety factor for the fire situation see National
Annex. The use of ym s = 1.0 is recommended.

(2) Design values of thermal material
properties Xy g are defined as follows:

- if an increase of the property is favourable
for safety:
(2.2a)
- if an increase of the property is
unfavourable for safety:
(2.2b)

NOTE For thermal properties of aluminium, the
partial safety factor for the fire situation see National
Annex. The use of ym s = 1,0 is recommended.

2.4 Verification methods

2.4.1 General

(1)P The model of the structural system
adopted for design to EN 1999-1-2 shall reflect
the expected performance of the structure in fire.

NOTE Where rules given in EN 1999-1-2 are valid
only for the standard fire exposure, this is identified in the
relevant clauses.

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

Efid <Rfidt (2.3)

ne
Efi¢ — po3paxyHKOBHI HaBaHTa)KyBaJbHUIM
epeKT MiJ Yac MOXKeXi, 110 BHU3HAYAETHCS
3rigHo 3 EN 1991-1-2, 1 BkiTtouae pe3ynbraTt
BiJ] TEIUIOBOT'O PO3LIUPEHHS Ta AedopMariii
Rfidt — BILAMOBIAHUN pPO3paxyHKOBUI omip
I Yac MOXKexXi
(3) Po3paxyHOK KOHCTPYKTUBHOI CHUCTEMH

Ha  BOTHECTIMKICTH ~ MaloTh  BUKOHYBAaTH

BianmosimHo 10 EN 1990, 5.1.4 (2).
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where

Efiq is 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

Rfidt 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).



INPUMITKA 1 JInga  po3paxyHKy  OKpeMoi
KOHCTpYyKUii muB. 2.4.2. Jlns po3paxyHKy 4YacTHHH
KOHCTPYKTUBHOI cucremMu mauB. 2.4.3. Jlns 3arajapHOro
PO3paxyHKy KOHCTPYKTHBHOI CUCTEMH TUB. 2.4.4.

[MPUMITKA 2 [Jlnsg TmepeBipKd  BIiOIOBIIHOCTI
BHMOTaM HOPMOBAHOI BOTHECTIMKOCTI JOCTaTHHO HPOBECTH
PO3paxyHOK OKpPeMOi KOHCTPYKIII.

(4) Sk ampTepHaTHMBA MPOCKTYBAHHIO 3a
pPO3paxyHKOM, pO3PaxXyHOK Ha BOTHECTIMKICTh
MOKe 0a3yBaTHCh Ha pe3yJIbTaTaX BOTHEBHX
BUIIPOOYBaHh a00 Ha CHOJYYEHHI pe3yJbTaTiB

BOTHEBHUX BUIIPOOYBaHb 3 pO3paxyHKaMHu.

2.4.2 Po3paxyHOK KOHCTPYKUIl

(1) HaBanTaxxyBanbHUI ePEeKT BU3HAYAIOTh
3 PO3paxyHKy KOHCTPYKIIiii B MOMEHT vacy t =0 3
BUKOPUCTAHHSIM KOEQIIIEHTIB CHOJYYEHHS W11
ab6o 2,1 BianosinHO 10 EN 1991-1-2 nynkr 4.3.1.

(@) Sx CTIPOIIECHHS 70 (1)
HaBaHTaXyBalbHUN e(peKT Efig MOXXHA oTpuMaru
3 PpO3paxyHKy KOHCTPYKIiMi 3a HOpMaJbHOT
TeMIIepaTypu:

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
requirements, 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 = O using combination
factors w11 or w21 according to EN 1991-1-2
clause 4.3.1.

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

Efi,g = nfi Ed (2.4)

ne
Eq — po3paxyHkoBe 3HaU€HHS BIAMOBIIHOTO
3yCHJUIA 9Yd MOMEHTY 3a HOPMaJbHHX
TeMIepaTyp Ha OCHOBHI CITOJy4YeHHS Iid
(EN 1990)
(3) Koeoimient 3HWKEHHA A JUIA
CTIIOJTYYCHHSI HaBaHTaXeHb 3a Gopmyioro (6.10) B
EN 1990 mae BuzHauaTucs 3a:

nii=

where

Eq is the design value of the corresponding

force or moment for normal temperature

design, for a fundamental combination of

actions (see EN 1990)

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

Gty e (25)

YEek FYQ. Qe

abo A CrHoJiyueHb HaBaHTaxkeHb (6.10a) Ta
(6.10b) B EN 1990 sk MeHIIe 3HAYEHHS B
HaBeJICHUX HIDKYe popmyrnax:

nfi—

e
Qx1 — roJI0BHE 3MIHHE HaBaHTAXKCHHS

Gk — XapakTepHCTUYHE 3HAYCHHS MOCTIHHOT
il

YG — YaCTKOBHUH KOCQIIIEHT MOCTIMHOT JTii

YQ1 — YACTKOBHUHM KOeQIIieHT 3MIHHOTO

HaBaHTa)XeHHS 1

Wi —KO(]ILIEHT CIOTy4YeHHs HaBaHTa)XEHb

IUI IAKIIYHUX Ta KBA3IMOCTIHHUX 3HAYEHbD,

HaBeJIEHUX 5K 1,1 a00 w21

& - Koe(irieHT 3HUKEHHS TS

HECHpUATIUBOI MocTiHOi aii G

ITPUMITKA 1 3nauenus ¥c, ¥o1, ¥fi Ta £ Moxe
Oyru HaBezneHi B HanionansHOMY nonaTtky. PekomennoBane

Gt Qo

= TR
VG5 ¥ Uk
G‘rc‘l"-l-'fi.f-??c_*_

Evalrtrig: ks

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

(2.5a)
(2.5b)

where

Q.1 is the principal variable load

Gk Is the characteristic value of a permanent
action

¥e Is the partial factor for permanent
actions

¥o,1 is the partial factor for variable action 1

iy is the combination factor for frequent
values, given either by 11 0r 421

£ is a reduction factor for unfavourable

permanent actions G
NOTE 1 The values of ¥g, ¥q1, ¥ and £ may be
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3HaueHHs HaBerieHe EN 1990. EN 1991-1-2 pekomennye
BUKOPUCTOBYBATHU Y71 5K .

[MPUMITKA 2 Ilpuknagu 3MiHH ~ 3HAa4YeHb
KOC(QIIIEHTIB 3HIKCHHS 7#jfi 3aJIOKHO BiN BiTHOIICHHS
HaBaHTaXeHb Qy1/Gk M pi3HUX 3HAa4YeHb KoedilieHTa
CIIONy4eHHS  Wf=11 BigmoBigHo 1m0  dopmynu(2.5),
HABEJICHO HA PUCYHKY | 3 HACTYIHUMU MPHUIYIICHHIMH, 110
6a=1,0, yc=1,35 Ta yo=1,5. Koedinientn HaxmiHOCTI
MOXXYTh OyTH BU3Ha4eHI B HarioHanbHOMY TONATKy EN
1990. ®opmynu (2.5a) ta (2.50) HagaroTe OiAbII TOYHI
3HAYEHHSI.

given in the National Annex. Recommended values are
given in EN 1990. EN 1991-1-2 recommends using w1 for
Wi

NOTE 2 An example of the variation of the
reduction factor #5 versus the load ratio Qx1/Gy for different
values of the combination factor ws=w11 according to
expression (2.5), is shown in Figure 1 with the following
assumptions: yea=1,0, y6=1,35 and yq=1,5. Partial factors
may be specified in the National Annexes of EN 1990,
where recommended values are given. Equations (2.5a) and
(2.5b) give slightly higher values.

0.8
07 ~ _
M5 lf'l"|h1 - 0’9
fi
0.6 \ Wﬂ'[ = 0,?

Y
0.5 \ — V1 705

0.4 --.._\
S —Vi T 0.2

0.3 [ —
0.2
0,1

0

0 0.5 1.0 1.5 2,0 25 3,0
Q1! Gy

Pucynok 1 — 3miHa koedirieHTa 3HWKESHHS #fi
3aJIEYKHO BiJI CITIBBIIHOIIEHHS HABAHTAXKEHD

Q«k,1/Gk

TTIPUMITKA 3 Sk CTIPOILICHHS MOXKeE
BHUKOPHUCTOBYBATUCH pEKOMEHOBaHe 3Ha4ueHHs /s = 0,65, 3a
BUKJIIOYCHHSIM TPUKIAJICHUX HaBaHTaXeHb Kareropii E
srigno 3 EN 1991-1-1 (nminsHKH, IO CIPUHHSTIUBI IO
HAKOIHUYEHHS BUPOOIB, BKIIIOYAIOUYH JUISTHKH JOCTYIY), JUIS
SIKIX PEKOMEHI0BaHe 3HaUYeHHs CTaHOBHTS (,7.

(4) TToTpibHO OpaTh 40 yBaru JIMIIE BIUIMB
TeMmneparypHux aedopmallid, Mo € HacIiIKOM

TEeMIIEPaTYpHUX IPaJiEHTIB MOTIEPEYHOTO
nepepizy. BrmnuB TemnoBoro mo3moBkKHBOrO abo
MOTIEPEYHOT0 PO3MOBCIOIKEHHS HE
BpPaXOBYETHCHA.

(5) I'pannuni ymMOBM Ha omopax 1 KIHIAX
KOHCTpPYKILi BBaXAIOTHCSI HE3MIHHUMU TPOTATOM
MOKEeXI.

(6) Copouieni abo yTOYHEHI METOIH
po3paxyHKy, HaBeleHi y 4.2 Ta 4.3 BiANOBIIHO,
3aCTOCOBYIOTBCSL  JUIA  TEPEBIPKM  OKPEMHUX
KOHCTPYKLIH M1 4ac MOMXKexXI.

2.4.3 AHaniz 4acTMHM KOHCTPYKTHBHOI

CHCTEeMH
(1) 3acrocoByetnest 2.4.2 (1).
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Figure 1 — Variation of the reduction factor #si
with the load ratio Qx 1/Gk

NOTE 3 As a simplification the recommended value
of ns = 0,65 may be used, except for imposed load
according to load category E as given in EN 1991-1-1 (areas
susceptible to accumulation of goods, including access
areas) where the recommended value is 0,7.

(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
unchangedthroughout the fire exposure.

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

2.4.3 Analysis of part of the structure

(1) 2.4.2 (1) applies.



(2) Sk anpTepHaTMBAa  3araJlbHOMY
pO3paxyHKy KOHCTPYKIIIM T Yac TOXEXi B
MOMeHT yacy t = 0 omopHi peakuii, BHYTpilIHi
3ycWJuIi Ta MOMEHTH Ha MEXi YacTHHH
KOHCTPYKTUBHOI CHCTEMU MOXHa OTpPUMATH 3
pO3paxyHKy  KOHCTPYKII 32  HOPMaJIbHHUX
TEeMIIeparyp, K HaBeJeHO B 2.4.2.

3) YactuHa KOHCTPYKIIH, 10
PO3paxoBYETbCS Ma€ BH3HAYATHCS Ha OCHOBI
HMOBIDHOTO  pPO3NOBCIO[DKEHHS ~ TeIla  Ta
TeMIepaTypHux JedopMaliii TaKUM YHHOM, 100
iX B3a€MOJIiS 3 IHIIMMU YaCTHHAMH KOHCTPYKIIIH
Oyna mpencTaBieHAa HE3aJCKHUMHU BiJ 4Yacy
OMOPHMMM Ta TPAaHUYHUMHU YMOBaMH IIiJl 4ac
BOTHEBOI'O BILJIUBY.

(4) B Mexax YacTMHH KOHCTPYKTHUBHOI
CHCTEMH, 110 aHATIBYIOThCA, HEOOXIIHO
BpaxOBYBAaTH XapaKTEPHUM BHJ BIIMOBH T
BIUIUBOM TOXEXI1, 3aJie)KH1 Bl TeMIlepaTypu
BJIACTHBOCTI MaTepiajly Ta KOPCTKICTh OKPEMOTO
€JIEMEHTY, BIUIMB PO3MOBCIOJUKEHHS TeIula Ta
TeMrieparypHi Jedopmaiii (HEMpsSMUN BILTUB
MTOXKEXK1)

(5) I'parrvH1 YMOBH Ha OTIOpPAX, 3YCHIUIA Ta
MOMEHTH Ha MeXl 4YaCTMHU KOHCTPYKTHUBHOT
CHUCTEMH BB@XKAIOThCS HE3MIHHMUMM I 4Yac
MOKEXI.

2.4.4 3arajapbHui PO3paxyHoOK
KOHCTPYKTHBHOI CUCTEMH
(D) [Tpu MPOBEACHHI 3arajJbHOTO

PO3paxyHKy KOHCTPYKTMBHOI CHUCTEMH IIii 4ac
MOKEX1 HEOOXIJTHO BPaxOBYBaTH XapaKTEPHHI
BUJ BIAMOBH I 4Yac MOXEXi, BJIACTHBOCTI
MaTepiany, Mo 3ajJeKaTh BiJ TEMIIEpaTypH, Ta
KOPCTKICTh €JIEMEHTY, PO3MOBCIOKEHHS Teria
Ta TeMmneparypHi aedopmariii (HEnpsSMUNA BILUIUB
MTOXKEX1).

(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 clause 2.4.2.

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

(4) Within the part of the structure to be
analysed, the relevant failure mode in fire
exposure, the temperature-dependent material
properties and member stiffness, effects of
thermal 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
material properties and member stiffness, effects
of thermal deformations (indirect fire actions)
should be taken into account.
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3 MATEPIAJI

3.1 3aranbHi NoJ0KeHHS

(D) 3a BHHSTKOM HaBeOCHUX
PO3paxyHKOBHX 3HAYCHb, 3HAYCHHS
BJIACTUBOCTEH MartepiajiB, 10 HaBeIEHI B IIbOMY
po3aimi, TPUEMAIOTBCS SIK  XapaKTEPUCTUUHI
3HAYCHHSI.

(2) MexaHiuHI BIACTHBOCTI aJFOMIHIEBHX
caBiB 3a Temmeparypu 20 °C marorh 6yTH
BpaxoBaHi sk Taki, mo HaBeaeHi B EN 1999-1-1
IUTSL IPOEKTYBaHHS 32 HOPMAJILHOT TEMITEPaTypH.

3.2 Tepmomexaniuni BJIACTHUBOCTI
ATIOMiHi€BHX CILIABIB
3.2.1 Miunicui Ta  nedopmauniiini

BJIACTHUBOCTI

(1) Ansg TenngoBoro BIUIMBY TPUBAJIICTIO JI0
2 roguH, 0,2 % yMOBHa MeXa TEKy4oCTl 3a
MIJBUIIEHOI TeMIIEpaTypyu aJIOMIHIEBUX CILIABIB,
o HaBeneHa B TaOmumi 1, BU3HAYaeThCd 3a
hopmyroro:

fo,e
ne
fos — 0,2 ymMOBHa Meka TEKy4OCTi 3a
MIIBUIIEHOT TEMIIEpaTypH
fo — 0,2 ymoBHa MeXa TEKy4OCTi 3a
KIMHaTHOI  TeMIeparypu 3T1IHO 3
EN 1999-1-1.

(2) Insa mpoMDKHHUX 3HA4Y€Hb TEMIEPaTypH
AIIOMIHII0 MOXXHAa BUKOPUCTOBYBAaTH PHCYHOK 2a,
2b abo JiHilHY IHTEPIOJIALIIO.
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3 MATERIAL

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 aluminium
alloys at 20 °C should be taken as those given in
EN 1999-1-1 for normal temperature design.

3.2 Mechanical properties of aluminium
alloys

3.2.1  Strength  and
properties

(1) For thermal exposure up to 2 hours, the
0,2 % proof strength at elevated temperature of
the aluminum alloys listed in Table 1, follows
from:

deformation

= ko,e'fo

where

foo IS 0,2 proof strength at -elevated
temperature

fo is 0,2 proof strength at room temperature
according to EN 1999-1-1.

(2) For intermediate values of aluminium
temperature, Figure 2a, 2b or linear interpolation
may be used.



Tadmmus 1a — KoediuieHt Ko,g 3HmKenHs 0,2% yMOBHOT MEX1 TEKY4OCTi aJIFOMIHIEBHX CIUIABIB 32
MIIBUIIEHOT TEMIIEPATYPH VI TEIIOBOTO BIUIMBY TPUBAJICTIO 10 2 TOJUH

. TeMmmeparypa anoMinieBoro cruraBy °C
Crnas | Cymim =55 00 T 150 T 200 250 | 300 | 350 | 550
EN AW-3004 | H34 | 100 | 100 | 098 | 057 | 03l | 019 | 013 | 0
ENAW-5005 | O | 100 | 100 | 1,00 | 100 | 082 | 058 | 039 | 0
EN AW-5005 | H14D | 1,00 | 093 | 087 | 066 | 037 | 019 | 010 | 0
EN AW-5052 | H349 | 1,00 | 1,00 | 092 | 052 | 029 | 020 | 012 | 0
ENAW-5083 | O | 1,00 | 100 | 098 | 090 | 075 | 040 | 022 | 0
EN AW-5083 | H129 | 1,00 | 1,00 | 080 | 060 | 031 | 016 | 010 | 0
ENAW-5454 | O | 1,00 | 100 | 096 | 088 | 050 | 032 | 021 | 0
ENAW-5454 | H34 | 1,00 | 100 | 085 | 058 | 034 | 024 | 015 | 0
ENAW-6061 | T6 | 1,00 | 095 | 091 | 079 | 055 | 031 | 010 | 0
ENAW-6063 | T5 | 100 | 092 | 087 | 076 | 049 | 029 | 014 | 0
EN AW-6063 | T69 | 1,00 | 091 | 084 | 071 | 038 | 019 | 009 | 0
EN AW-6082 | T49 | 1,00 | 100 | 084 | 077 | 077 | 034 | 019 | 0
ENAW-6082 | T6 | 1,00 | 090 | 079 | 065 | 038 | 020 | 011 | 0

1) 3HaueHHs MOXyTh OyTH 3acTocoBane no cymimi H24/H34/H12/H32

2) 3HaueHHs MOKXYTb OyTH 3actocoBane 1o cymimi H12/H22/H32

3) 3nayeHHs1 MOXKYTh OyTH 3acTocoBane 1o cymini H22/H32

4) 3nauenHs MOXyTh OyTu 3actocoBane 10 EN AW-6060 T6 ta T66

5) 3HavyeHHS HE BPaxOBYIOTH MIJBUINEHHS MIIIHOCT1 BiJl BIUTUBY CTapiHHsA. PekoMeHm0BaHO HE
BpaxOBYBAaTH TaKl BIJTUBH.

Table 1a — 0,2% proof strength ratios ko for aluminium alloys at elevated temperature for up to 2 hours
thermal exposure period

Alloy Temper Aluminium alloy temperature C
20 100 150 200 250 300 350 550
EN AW-3004 H34 1,00 1,00 0,98 0,57 0,31 0,19 0,13 0
EN AW-5005 ) 1,00 1,00 1,00 1,00 0,82 0,58 0,39 0
EN AW-5005 | H14Y 1,00 0,93 0,87 0,66 0,37 0,19 0,10 0
EN AW-5052 | H34% 1,00 1,00 0,92 0,52 0,29 0,20 0,12 0
EN AW-5083 ) 1,00 1,00 0,98 0,90 0,75 0,40 0,22 0
EN AW-5083 | H12% 1,00 1,00 0,80 0,60 0,31 0,16 0,10 0
EN AW-5454 ) 1,00 1,00 0,96 0,88 0,50 0,32 0,21 0
EN AW-5454 H34 1,00 1,00 0,85 0,58 0,34 0,24 0,15 0
EN AW-6061 T6 1,00 0,95 0,91 0,79 0,55 0,31 0,10 0
EN AW-6063 T5 1,00 0,92 0,87 0,76 0,49 0,29 0,14 0
EN AW-6063 T6Y 1,00 0,91 0,84 0,71 0,38 0,19 0,09 0
EN AW-6082 T4Y 1,00 1,00 0,84 0,77 0,77 0,34 0,19 0
EN AW-6082 T6 1,00 0,90 0,79 0,65 0,38 0,20 0,11 0
1) The values may be applied also for temper H24/H34/H12/H32
2) The values may be applied also for temper H12/H22/H32
3) The values may be applied also for temper H22/H32
4) The values may be applied also for EN AW-6060 T6 and T66
5) The values do not include an increase in strength due to aging effects. It is
recommended to ignore such effects.
(3) 0,2% ymoBHA MeXa TEKYy4OCTi (3) The 0,2% proof strength of aluminium

ATIOMIHIEBHX CILIaBiB 3a MiABUIIECHOT alloys at elevated temperature, not covered in
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TEMIIepaTypH, 110 He BKa3zaHa B Tabmuii la, ame
3a3Hadye”a B TaOiummi 3.2a ta 3.2b EN 1999-1-1,
Mae OyTH MiaTBeppKeHa BUIPOOYBaHHSIMH abo
MOXIIMBE BHUKOPUCTOBYBATH HIKHIO  MEXKY
cruiBBinHomeHHs 0,2% yMOBHOT MeXi TEKy4OCTi,
1o HasezeHi B Tabumui 1b.

Table 1a, but listed in Table 3.2a and 3.2b of
EN 1999-1-1, should be documented by testing or
the lower limit values of the 0,2% proof strength
ratios given in Table 1b may be used.

Tadmuus 1b — Hiwxas mexa koedimieHTy Koo 0,2% yMOBHOT MeXKi TEKy4OCT] alFOMiHIEBUX CILIABIB 32
MIIBUIIEHOT TEMIIEPATYPH JUIS TETIOBOTO BIUIMBY TPHBAJIICTIO 10 2 TOJMH

Temmneparypa amominieBoro cruiaBy °C

20 100 150

200 250 300 350 550

3HayeHH HIDKHBOT
Mexi

1,00 0,90 0,75

0,50 0,23 0,11 0,06 0

Table 1b - Lower limits of the 0,2% proof strength ratios ko for aluminium alloys at elevated
temperature for up to 2 hours thermal exposure period

Aluminium alloy temperature °C

20 100 150

200 250 300 350 550

Lower limit values 1,00 0,90 0,75

0,50 0,23 0,11 0,06 0

Jomatok A HaBOAUTH  KOEQIIIEHTH
3MEHIIEHHS MIMHOCTI Kog U1 IESIKMX CILIaBIB Ta
cymimei, mo He 3a3HadeHi B EN 1999-1-1,
tabmuir 3.2a ta 3.2b. 0,2% ymoBHa wMmexa
TEKy4OCT1 MaTepiajy 3a KIMHATHOI TeMIepaTypu
fo MoxxsBO B3siTH 3 EN 485-2 a60 3 EN 755-2

(4) Monayns TPY)KHOCTI YCIX aTIOMIHIEBUX
CIUTaBIB IMMICIs 2 TOJWH TEIUIOBOTO BIUIMBY 3a
migBuieHoi temmeparypu Eap cmig Opatm 3
Tabymmi 2.

Annex A gives strength reduction factors,
Koo, for some alloys and tempers not listed in
EN 1999-1-1 Table 3.2a and 3.2b. The 0,2% proof
strength of the material at room temperature fo
may be taken from EN 485-2 or EN 755-2

(4) The modulus of elasticity of all
aluminium alloys after two hours thermal
exposure to elevated temperature Ea s should be
obtained from Table 2.

Tabauust 2 — Moaylb NPYKHOCTI YCIX aJFOMIHIEBHX CIUIABIB 32 MIJIBUIIICHOT TEMIIEpaTypH IS 2 TOJIUH
TETIOBOTO BIUIUBY, Ealg

TemmepaTypa anroMiHi€EBOTO CILIaBY, 6

Modulus of elasticity, Eao

(°O) (H/mwm?)
20 70 000
50 69 300
100 67 900
150 65 100
200 60 200
250 54 600

300 47 600

350 37 800

400 28 000

450 0
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Table 2 — Modulus of elasticity of aluminium alloys at elevated temperature for a two hour thermal
exposure period, Eals

Aluminium alloy temperature,0

Modulus of elasticity, Eao

) (N/mm??)
20 70 000
50 69 300
100 67 900
150 65 100
200 60 200
250 54 600
300 47 600
350 37 800

400 28 000

450 0

(5) Koedirient Koo 0,2% ymoBHOT Mexi
TEKy4ocTi Ta crhiBBigHOIICHHS Eao/Ea  mms
AIIOMIHIEBUM CIIIaB 3a MIBUILEHOI TEMIEpAaTypu
02/°C nmns  TEemaoBOro BIUIMBY J0 2 TOIWH
300pakeHi Ha pucyHKax 2a ta 2b.

(5) The 0,2 proof strength ratios ko and the
ratio Eae/Ea for aluminium alloys at elevated
temperature 6/°C are shown in Figure 2a and 2b
for up to 2 hours thermal exposure period.

1,0 —

E 09

08

koo 07

I
7
/

NN
N

—

0.6
3004-H34 / \

AN RN

05 6082-T4 — N-T6063-T5

04— 6082-T6 X 6061-T6

0 6063-T6 — \\\\:\

0 \\\\ \\

0 I~ N

0 N
0 100 200 300 400 500
g,/°C

Pucynok 2a - KoeoiuienT Ko, 0,2% yMOBHOT Mexi
TeKy4ocCTi Ta criBBinHOIEeHHS E = Eq10/Eal 115t
AJIFOMIHIEBHH CIUIAB 3a MiJIBULIIEHOT TEMIIEpaTypH
62/°C Ta 111 TEII0BOTO BIUIMBY /0 2 TOJIUH,
EN-AW 3004 ta 6xxx-ciuiaBu Tabmuri la

Figure 2a — 0,2% proof strength ratios kosand ratio
E = Eai,o/Ea for aluminium alloys at elevated
temperature 6/°C for up to 2 hours thermal

exposure period, EN-AW 3004 and 6xxx-alloys of

Table la
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Pucynok 2 b - Koedirient Ko 0,2% ymoBHOT MeKi
TEKY4JOCTi Ta CHiBBigHOMIEHHS E = Ea0/Eal utst
AIIOMIHIEBUI CIIIaB 3a MIIBUILIEHOT TEMIIEpaTypu
6/°C Ta 11 TETUIOBOTO BILUIUBY JIO 2 TOJUH, 6XXX
CIUIaBH TaOnuin 1a

3.2.2 OguHuusA Mmacu

(1) Onmuaunsg Macu aTIOMIHIIO pal MOXKE
OyTH pO3TIIIHYTa HE3aJeKHO BT TEMIIepaTypu
amoMinio. Crii BHKOPUCTOBYBATH HACTYITHE
3HAYEHHS.

pai = 2700 xr/m®
3.3 Tensiogizuunii BaacTuBocCTi

3.3.1 AmomiHicBi cniiaBu

3.3.1.1 TemnepaTypHe BUIOBKECHHS

a

Figure 2b — 0,2% proof strength ratios ko and ratio
E = Eao/Ea for aluminium alloys at elevated
temperature 6./°C for up to 2 hours thermal

exposure period, 5xxx alloys of Table 1a

3.2.2 Unit mass

(1) The unit mass of aluminium pa may be
considered independent of aluminium
temperature. The following value should be taken.

kg/m®
3.3 Thermal properties
3.3.1 Aluminium alloys
3.3.1.1 Thermal elongation
(1) The relative thermal elongation (strain)
of aluminium alloys, Al/l , should be determined

from the following:
for

0 °C < 02 < 500 °C
AlNl=0,1-10783 +22,5-10°0a—4,5-107*

(D) BinHocHe TeMIeparypHe(a)
BHJIOB)KCHHSI (medopmarrist) AITIOMIHIEBUX
ciuiaBiB, Al /| ciig BU3HAYaTH Tak:

TSt

ne

| — nosxwuua 3a Temnepatypu 20 °C
Al BUJIOBXKEHHSI BHACIIJIOK BIUIMBY

TeMIIepaTypu
[NPUMITKA 3wmiHa BIiZHOCHOTO TEMIIEPATypHOTO
BUJIOBKCHHS 3aJ©KHO BiJ TEMIEpaTypH HaBeleHAa Ha

pHUCYHKY 3
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where
| is the length at 20 °C
Al is the temperature induced elongation

NOTE The variation in the relative thermal
elongation with temperature is illustrated in Figure 3.
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Pucynok 3 — BignocHe TemmniepaTypHe
BUIOB)XEHHS AJIFOMIHIEBUX CIUIABIB 3aJIEYKHO BiJI
TeMIIepaTypu

3.3.1.2 [IuToMa TeMJIOEMHICTDH

(1) IluromMy TEIIOEMKICTh QIIOMIHIIO Cal

CJIiJ BU3HAYATH TaK:

200 300 400

0,1°C
Figure 3 — Relative thermal elongation of
aluminium alloys as a function of the temperature

500

3.3.1.2 Specific heat
(1) The specific heat of aluminium, ca,
should be determined from the following:

TS for
0°C <6a<500°C
Cal = 0,410 + 903 (JIx/xr°C) (J/kg °C)
IMPUMITKA  3miHa  0OHMTOMOI  TEIIOEMHOCTI NOTE The variation in specific heat is illustrated in
HaBEJICHA HA PHCYHKY 4. Figure 4.
1200
1000
c,/ (Jkg"C)
800
600
400
200
0
0 100 200 300 400 500
6,/ °C

Pucynok 4 — [lutoma TemnoeMHiCTh
AJIFOMIHIEBHX CIIJIABIB 3aJIEXKHO Bijl TEeMIepaTypu

Figure 4 — Specific heat of aluminium alloys as
a function of the temperature
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3.3.1.3 TensionpoBigHicTh

(1)  TermuompoBigHICTH  AIIOMIHIEBOTO
caBy Aa mist 0 °C < 6 < 500 °C, cnix
BU3HAYATH 3 HACTYITHOTO:

a) JUIs CIUIaBiB cepiif 3XxX Ta 6XXX:

a1 = 0,076 + 190 (B1/M°C)

b) st craBiB cepiit SXxX Ta 7XXX:
Ja1 = 0,10z + 140 (B1/M°C)
[MPUMITKA 3miHa TeIUIONpoBiHOCTI HaBeAeHa Ha
PHUCYHKY 5.

3.3.1.3 Thermal conductivity
(1) The thermal conductivity of aluminium
alloy, Aa, for 0 °C < fa < 500 °C should be
determined from the following:
a) for alloys in 3xxx and 6xxx series:
(W/m°C)
b) for alloys in 5xxx and 7xxx series:
(W/m°C)
NOTE The variation of the thermal conductivity is
illustrated in Figure 5.

250
Al (Wim°C) A

200 | —
-IE.D"--;_ __...--F---lr-lll--‘.l-
100
50

0

0 100 200 300 400 500
6,/ °C

A: cepii 3xxx Ta 6xxX, B: cepii 5xxx Ta 7xxx
PucyHnok 5 — TermmonpoBiiHICTh ATFOMIHIEBUX
CIUTaBIB 3AJICKHO Bijl TEMIIEPATYPH

3.3.2 BorHe3axucHi MOKPUTTS

(1) BmactuBocTi Ta  XapaKTEPUCTUKH
BOTHE3aXUCHUX IMOKPHUTTIB, 110 BUKOPUCTAHI IS
MPOCKTYBaHHS, MalwTh OyTH OIlIHEHI JJIA
MEepPEeBIPKA  TOTO, IO BIPOJOBXK BIAMOBIIHOTO
BOTHEBOTO BIUIMBY 30€epiraeTrbcsi  34YCTUICHHS
MMOKPUTTS 3 OCHOBOIO Ta HOTO IUTICHICTD.

[MPUMITKA [epeBipka BJIACTHBOCTEH
BOTHE3aXHCHOI'O IMOKPUTTS 3OIMCHIOETHCA 3a JOIIOMOI'OKO
BuripoOyBanb. Ha pasi He icHye »KomHOro €BpOMEHCHKOro
CTaHIAPTY MIOAO BUIIPOOYBaHb NUX MOKPHUTTIB B IOETHAHHI
3  amoMmiHieBHX  KOHCTpykuiii.  [lpuxman — takoro
BHUIIPOOYBaHHSA, BUKOHAHOTO 3 CTAJIEBUMH KOHCTPYKIIiSIMH,

IO TOKPUTI BOTHE3aXHCHUM HOKPHUTTSM, HAaBEIEHO B
ENV 13381-4.
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A 3xxx and 6xxx series, B: 5xxx and 7xxx series
Figure 5 — Thermal conductivity as a function of
the temperature

3.3.2 Fire protection materials

(1) The properties and performance of fire
protection materials used in design should be
assessed as to verify that the fire protection
remains coherent and cohesive to its support
throughout the relevant fire exposure.

NOTE The verification of the properties of
protection materials is generally performed by tests.
Presently there are no European standard for testing of such
materials in connection with aluminium structures. An
illustration of such test applicable to fire protected steel
structures is given in ENV 13381-4.



4 PO3PAXYHOK HA
BOIHECTIMKICTD

4.1 3arajbHi M0JI0KEeHHS

(1) Le#t po3ain HABOAUTH HACTYITHI IPaBUIIA
IS Oy/Tb-SIKUX TAaKUX ATFOMIHIEBUX KOHCTPYKIIIM:

- HE3aXHIIECHUX;

- 3aXUIIEHI BOTHE3aXUCHUM MTOKPHUTTSIM;

- 3ax1/11ueHi TCINIO3aXNUCHUM eraHOM.

[MPUMITKA Ilpuknaay iHIIAX METOIIB 3aXUCTy —
Ile 3allOBHCHHS BOJOI0 Ta HAJIMHUN 3aXHCT y CTiHAX Ta
T JTOrax.

(2) BorHecTiMKICTb cilJ BHU3HAYaTH 3a
OIIOMOIOK0 OJHOrO ab0 MOEKUIBKOX 3 TaKuX
MIIXOIIB:

- IPOCT1 PO3PaxyHKOB1 MOJEIII;

- YTOYHEH1 pO3paxyHKOB1 MOJIEIL;

- BUNPOOyBaHHS.

(3) TIlIpocTii po3paxyHKOBI Momenl — I
CTIPOIIEHI METOIM TPOEKTYBAHHS ISl OKPEMHX
KOHCTPYKITIH, 10 0a3yeThcs HAa KOHCEPBATUBHUX
MIPUITYIICHHSX.

(4) YTouHeH1 po3paxyHKOBI MOJeNl — i€

METOOU IMPOCKTYBAaHHA, JJIA AKUX
3aCTOCOBYIOTBCA ~ 1HJKEHEpHI  NPHUHIMIN B
MaKCUMaJbHO  HAOMMXKEHWW  crmocid  mpu

BIJIMTOBITHOMY 3aCTOCYBaHHI.
4.2 Ilpocti po3paxyHKoOBi MojeJi
4.2.1 3arajJbHi M0JIOKEeHHA

()P Hecywa 3parHICT  aTIOMIHIEBOT
KOHCTPYKTUBHOI CHUCTeMH ab0 KOHCTPYKIIii Mae

4 STRUCTURAL FIRE DESIGN

4.1 General

(1) This section gives rules for aluminium
structures 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) Fire resistance should be determined by
one or more of the following approaches:

- simple calculation models;

- advanced calculation models;

- testing.

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

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

4.2 Simple calculation models

4.2.1 General
(1)P The load-bearing function of an
aluminium structure or structural member shall be

30eperaTuch ~ 4epe3  MPOMDKOK  dacy  t assumed to be maintained after a time t in a given
nepeOyBaHHs y BOTHI, SKIIO: fire if:
Efid <Rfidt

ne
Efia — po3paxyHKOBUH HaBaHTa)XyBaJlbHHUI
e(deKT I Yac MOXKEXKi, 10 BU3HAYAETHCS
3rigao 3 EN 1991-1-2 (BHyTpiliHi 3ycuiis
Ta MOMeHTH Mried, Nfied, Vfi,ed OKpeMo abo
B CIIOJIyYEHHI)
Rfidt — pO3paXxyHKOBUH OMIp altOMiHIEBOT
KOHCTPYKTHUBHOI cHCTeMHU a00 KOHCTPYKIIiT
mix yac mokexi, B MoMeHT vacy t (MritRrd,
Mb.fi.tRd, NfitRrd, NbfitRd, VfitRd OKpeMO abo B
CIOJIy4eHHI)
(2) Rfigt cmig BH3HAYATH I PO3MOALTY

TEMIEpaTypu B KOHCTPYKIIII B MOMEHT 4acy t,

3MIHIOIOYH PO3paxyHKOBHI omip JUTSt
MPOEKTYBaHHS 3a HOPMAJbHOI TEMIIEpaTypH, IO
Bm3HaueHud 3a EN 1999-1-1, BpaxoByroun

where

Efiq is the design effect of actions for the

fire design situation, determined in

accordance with EN 1991-1-2, (the internal
forces and moments Msigd, Nrigd, ViiEd
individually or in combination)

Rfiat IS the design resistance of the

aluminium structure or structural member,

for the fire design situation, at time ft,

(Mfitrd, Mofitrd, Nfitrd, Nbfitrd, VfitRd

individually or in combination)

(2) Rfigt should be determined for the
temperature distribution in the structural members
at time t by modifying the design resistance for
normal temperature design, determined from EN
1999-1-1, to take account of the mechanical
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TEPMOMEXaHI4HI  BJIACTHBOCTI  QIIOMIHIEBUX
CIUIaBIB 3a MiIBUIICHOT TemreparypH, aus. 3.2.1
Ta 3.2.2.

(3) He crnix nepeBipsTH o1ip 3'€THAHHS MK
KOHCTPYKIISIMH 32 YMOBH, IO TEMJIOBHW OIIIp
(dp/Ap)c BOrHE3aXMCHOTO TOKPHUTTS 3'€HAHHS HE
MEHIIMI 3a MiHIMQJbHEe 3HAYCHHS TEIUIOBOTO
oropy (dp/Ap)M BOTHE3aXHUCHOTO MOKPHUTTS OYib-
SKOi aJIOMIHIEBOI KOHCTPYKIIil, TPUEAHAHOT IIM
3'eTHaAHHS.

(4) Ilomo 3BapHuX 3'¢lHaHb  CIJ
BpaxOBYBaTH 3HIDKGHY MIIHICTh B  30HAX
TEIUIOBOTO BIUJIUBY.

(5) Hpunyctumo, mo nyHktu B 4.2.2.2,
4.2.2.3 Ta 4.2.2.4 BUKOHAaHI, SIKIII0O B MOMEHT 4acy
t Temmeparypa aJlOMIHIIO fa y BCIX MOMEPEUHUX
nepepizax He Ouibma 3a 170 °C.

4.2.2 Onip

4.2.2.1
nepepisis

(1) INomepeuni mepepi3u Mia Yac MOXKEXKI
KImacu(ikyroTbess SK TPH  TPOEKTYBaHHI 3a
HOPMaJIbHOI TeMIlepaTypy BiAMOBIAHO /10 6.1.4 B
EN 1999-1-1.

[NPUMITKA [le npaBwio TIpyHTYeTbCAd Ha
BigHOCHOMY 3HIKeHHI 0,2% yMOBHOI MeXi TEKyd4oCTi Ta
MOJIYJISl IPYKHOCTI. SIKIIO BpaxoBaHO (haKTHYHE 3HUIKEHHS
MOJyJIsl TIPYKHOCTI 3rigHo 3 Pucynkom 2, knacudikaris
nepepiziB  3MIHIOETBCS, 1 MOXIIMBO PO3paxyBaTd OUIbIIY
MOTYXHICTh miepepidy. Hamionanehuii Jlomatok Moxe
HaJ[aBaTH [OJOKCHHSI OO BPaxyBaHHsI LIbOTO.

Kuaacudikanis MONepeYHuxX

4.2.2.2 Po3TArHyTa KOHCTPYKUIfA

(1) Po3paxynkoBuii omip Nfitrd pO3TATHYTOT
KOHCTPYKIIi 3 HEPIBHOMIPHUM  PO3MOJALIOM
TEMIepaTypu IO TIONEPEYHOMY Tiepepizy B
MOMEHT 4ac t CIIii BU3HA4YaTu 3a GOPMYIIOHO:

properties of aluminium alloys at elevated
temperature, see 3.2.1 and 3.2.2.

(3) The resistance of connections between
members need not be checked provided that the
thermal resistance (dp/Ap)c Of the fire protection of
the connection is not less than the minimum value
of the thermal resistance (dp/Ap)m Of the fire
protection of any of the aluminium members
joined by that connection.

(4) For welded connections the reduced
strength in the heat affected zones shall be taken
into account.

(5) It may be assumed that the clauses in
4.2.2.2,4.2.2.3 and 4.2.2.4 are satisfied if at time t
the aluminium temperature 65 at all cross-sections
is not more than 170 °C.

4.2.2 Resistance

4.2.2.1 Classification of cross-sections

(1) In a fire design situation, cross-sections
may be classified as for normal temperature
design according to 6.1.4 in EN 1999-1-1.

NOTE This rule is based on the same relative drop in
the 0,2 % proof strength and modulus of elasticity. If the
actual drop in modulus of elasticity is taken into account
according to Figure 2, the classification of the section
changes, and a larger capacity value of the section can be
calculated. The National Annex may give provisions to take
this into account.

4.2.2.2 Tension members

(1) The design resistance Nritrd Of @ tension
member with a non uniform temperature
distribution over the cross section at time t may be
determined from:

Nfitrd = ZAiKo,0.ifolyMm.fi (4.2)

ne

Ai — moma MONepyYHOro IMepepisy HEeTTOo
KOHCTpYKIii 3 Temmeparyporo 6 3
BUKJIIOUEHHSAM, SKIIO I€¢ HEOOXIimHO It
NOCHAa0NeHHS 30HH TEIUIOBOTO  BIUIMBY
(3TB). BukiroueHHs TpYHTYETbCS Ha
MIPUBEACHINA TOBIIHHI poHAZ 1

Kooi - KoehillieHT  3HKCHHS IS
epextuBHOI 0,2% yMOBHOI MeXi TEKy4OCT1
3a Ttemmeparypu 6i. 6i — Temmeparypa B
IUTOII TOTIEPEYHOro Mepepizy KOHCTPYKIii
Ai

(2) Po3paxynkosuit orip Nfio.rd
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where

Ai is an elemental area of the net cross-
section with a temperature i, including a
deduction if required to allow for the effect
of HAZ softening. The deduction is based
on the reduced thickness of poHaz't

Ko0,i 1S the reduction factor for the effective

0,2 % proof strength at temperature 6. 6; is
the temperature in the elemental area A;

(2) The design resistance Ns o ra Of a tension



pPO3TATHYTOI ~ KOHCTPYKLii 3  PIBHOMIPHOIO
TEMIIEPATYPOIO Ha CITiA BU3HAYATH 32 (HOPMYIIOIO:

member with a uniform temperature s should be
determined from:

Nfi0,rd = Koo NRd (ymx/ym fi)

ae
NRd — pO3paxyHKOBHIA Omip 3a HOPMAaJbHOI
temieparypu 3riiHo 3 EN 1999-1-1. Nrg —
11e No,rd @00 Ny Rrd
YMx — KoeillieHT HaIIifHOCTI 32 MaTepiaioM
3TiTHO 3 EN 1999-1-1. ML
BHUKOPUCTOBYEThCS y criorydeHHi 3 NoRrd, @
YM2 BUKOPHCTOBYETHCS y crioydeHHi 3 NuyRrd
PospaxynkoBuii omip NfigRrd BU3HAYAETHCS
cnoiydeHHsIM Nrd Ta ywmx, IO TPEIACTABISE
HalHWXK4YY MOTYXKHICTb.

4.2.2.3 bankn

(1) Pos3paxyHkoBa Hecyya 3JaTHICTh
MOTIEPEYHOro mepepizy kiacy 1 abo 2 mpu 3ruHi
Myi ¢ Rd 3 HEPIBHOMIPHUM PO3MOIUTOM
TEMITepaTypyd B MOMEHT Yacy t CITiJl BU3HAYATH 3a
hopmyroro:

where

Nrd is the design resistance for normal

temperature design according to EN 1999-

1-1. NRrq is either NorgOr Nyrd

ymx 1S the material coefficient according to

EN 1999-1-1. ym1 is used in combination

with Nord and pm2 is used in combination

with Ny rd

The design resistance Nsora IS given by the
combination of Ngrg¢ and pmx which gives the
lowest capacity.

4.2.2.3 Beams

(1) The design moment resistance Msitrd Of
a cross-section in class 1 or 2 with a non uniform
temperature distribution at time t may be
determined from:

Miitrd = ZAizKo 0,ifol yM i (4.4)
ne where
Zi — BIICTaHb MDK HEHTPAIBHOIO BICCIO zi is the distance from the plastic neutral
IUTACTHYHOCTI Ta [CHTPH TUTOTIT axis to the centroid of the elemental area Ai

MOTIEPEYHOTO Mepepi3y KOHCTPYKIIT Ai.

(2) Pos3paxyHkoBa Hecyya 3JaTHICTh
MOTIEPEYHOr0 Tepepizy kiacy 3 abo 4 mpu 3ruHi
Myt Rd 3 HEPIBHOMIPHUM PO3MOTOM
TeMIepaTypyd B MOMEHT 4acy t CIIiJ BU3HAYATH 3a
hopmyroro:

(2) The design moment resistance Msitrd Of
a cross-section in class 3 or 4 with a non-uniform
temperature distribution at time t may be
determined from:

MritRd = Ko,omax MRd (yMx/ymifi) (4.7)

ne
Koomax — KoedirienT 0,2% yMOBHOI Mexi
TEKy4OCTl JJIi  MIIHOCTI  QJIFOMIHIEBHX
CIUTaBiB  3a  TeMmmeparypu  Ha, 10
€KBIBAJICHTHI MAaKCUMAaJbHIA TeMreparypi
a1, max TIONIEPEYHOTO TIEpePi3y, OTPUMaHUIl B
MOMEHT 4acy t
MRrd — po3paxyHKOBa Hecyda 3[0aTHICTb
MoTNepeyHoro mnepepizy kiacy 3 abo 4 mpu
3ruHi BigmoBimHO 10 EN 1999-1-1. Mgy —
200 Mc¢Rrd 200 My Rrd
YMx — Koe(IIieHT HAIIHHOCTI 32 MaTepiaioM
srizio 3 EN 1999-1-1. ML —
BUKOPUCTOBYETHCS Y CHONY4YeHH1 3 McRrd, @
YM2 — BUKOPHCTOBYETHCS Y CIONY4YEHHI 3
Mu,Rd
Po3zpaxynkoBuil omip Myitrd BU3HAYA€THCS
crioigydyeHHs M Mgrd Ta pmx, II0 MPEICTABISE
HAWHUKYIY MOTYXKHICTD.
(3) IIpoexryBanHs Myitrd TONEPEUHOTO

where

Koomax IS the 0,2% proof strength ratio for
the aluminium alloys strength at
temperature 6. equal to the maximum
temperature famax Of the cross section
reached at time t

Mrd i the moment resistance of the cross-
section for normal temperature design for
class 3 or 4 according to EN 1999-1-1. Mggq
is either Mcrd OF My rd

ymx IS the material coefficient according to
EN 1999-1-1. ym1 is used in combination
with Mcra and ymz is used in combination
W|th Mu,Rd

The design resistance Mritrd IS given by the
combination of Mrg and ymx which gives the
lowest capacity.

(3) The design Msitrg Of @ cross-section in
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nepepizy kmacy 1, 2, 3 abo 4 3 piBHOMIpHUM
PO3IOIIOM TeMIIEpaTypyd B MOMEHT 4acy t Cimij
BH3HAYaTH 32 (OPMYJIOL0:

class 1, 2, 3 or 4 with a uniform temperature
distribution at time t may be determined from:

MritRrd = Ko,o0 MRrd (ymx/ym,fi) (4.8)
ne where
Mrd — pO3paxyHKOBa HecCyda 3JaTHICTb Mrd IS the moment resistance of the cross-
MOTIEPEYHOTr0  Mepepisy Npu 3THUHI JUIs section for normal temperature design. Mgqd
MIPOCKTYBaHHS 3a HOPMAaJILHOT IS either Mcrd OF My rd

temmneparypu. Mrd — a60 Mcrd 2060 My Rrd

yMx — Koe(IiIieHT HaMIHHOCTI 3a MaTepiaIoM

sriTilio 3 EN 1999-1-1.  ym1 —

BUKOPHUCTOBYETHCS Y CcroiiydeHHi 3 McRrd, @

YM2 — BUKOPHCTOBYETHCS Y CIIOJy4YCHHI 3

Mu,Rd

Po3paxynkoBuii onip Mrsitrd BU3HAYAETHCA
cnoiydeHHsIM Mprd Ta ymx, IO TPEACTaBIsE
HalHUXKYY MOTYXKHICTb.

(4) HOnsa Oamok, MmO 3a3HAIOTH OIYHOTO
M03/I0BXKHBOTO 3TUHY 3 Kpy4EHHSM,
PO3paxyHKOBA HECydYa 3/IaTHICTh HE 3aleMJICHOT 3
OOKIB OaJIKU TIPH MO370BXKHHOMY 3THHI MpfitRd B
MOMEHT 4acy t CJijJi BU3Ha4YaTH 3a (OpMYIIOH0:

ymx IS the material coefficient according to
EN 1999-1-1. ym1 is used in combination
with Mcra and ymz2 is used in combination
with My rd

The design resistance Msitrq IS given by the
combination of Mgrg and ymx which gives the
lowest capacity.

(4) For beams subjected to lateral-torsional
buckling, the design buckling resistance moment
Mo fitrd OF @ laterally unrestrained beam at time t
may be determined using:

M fitRd = Ko,0,max MbRrd (ym1/ym:fi) (4.9)
ne where
MbRrd — pO3paxyHKOBa HeCy4a 3JIaTHICTh Mprda is the design buckling resistance
npu 03/I0B)KHBOMY 3TUHI JUTS moment for normal temperature design,

MIPOEKTYBaHHS 32 HOPMAJIBHOT TeMITEpaTypH

srigao 3 EN 1999-1-1

(5) Po3paxyHKOBY MIIHICTh OaJIKu Ha 3pi3
VfitRd B MOMEHT dYacy t ciig BHU3HA4YaTH 3a
hopmyroro:

Viitrd = Koo VRd (ym1/ymfi)

ne

Koo — xoeoimienr 0,2% yMOBHOT MexKi
TEKy4OCTl JJIi  MIIHOCTI  QJIFOMIHIEBHX
cruiaBiB 3a Temrepatypu Ga, ne Ga —

MakCcUMallbHa  TeMmIeparypa  YacTHHH
MOTEPEYHOr0  Mepepizy, 1o  3JaTHUH
CIIpUHMATH TIEPEPI3YI0UY CHUITY

VRd — MIIHICT, Ha 3pi3 TOMNEPEYHOTO
nepepisy HETTO JUIs TIPOCKTYBaHHS 3a
HOPMAJILHOT ~ TEeMIlepaTypu  3TIHO 3
EN 1999-1-1

[MPUMITKA Po3paxyHKOBi OIopu, IO 3aTar0ThCS
bopmymamu (4.7), (4.9) ta (4.10), 6a3yrOTBECS Ha TOMY X
caMoMy BigHOCHOMY 3HWkeHHI 0,2% yMOBHOI Mexi
TEKy4OCTI Ta MOXOYAS TPYKHOCTI 3a IiIBUIICHUX
TemrepaTyp. SIKmo BpaxoBaHO (DAKTHUHE 3HIKEHHS
MOIYJAS TPYKHOCTi, TO MOXJIFBO PO3paxyBaTH OiNBIIY
MOTYXKHICTh. HamioHampHUNA JONATOK MOXE HAaBOIUTH
TIOJIO>KEHHS ISl BpaxXyBaHHS IIbOTO.

4.2.2.4 KoJionu
(1) Po3paxyHkoBuii oOmip TO3I0BXKHBOMY

32

according to EN 1999-1-1

(5) The design shear resistance Vsitrd Of a
beam at time t may be determined from:

(4.10)
where

Koo IS the 0,2% proof stress ratio for the
aluminium alloys strength at temperature
Oa,where 0y is the max temperature of that
part of the cross section which carries the
shear force

VRrd IS the shear resistance of the net cross-
section for normal temperature design,
according to EN 1999-1-1

NOTE The design resistances given with the
formulae (4.7), (4.9) and (4.10) are based on the same
relative drop in 0,2 % proof strength and modulus of
elasticity at elevated temperatures. If the actual drop in the
modulus of elasticity is taken into account larger capacity
values can be obtained. The National Annex may give
provisions to take this into account.

4.2.2.4 Columns
(1) The design buckling resistance NbfitRrd



3runy Nb fitRd KOHCTPYKIIii, IO MPAIFOE HA CTHCK,
B MOMEHT 4acy t cIIiji BU3HA4YaTH 33 (POPMYIIOIO:

Nbfit,Rd = Ko,6,max Nb,rd (ym1/1,2 ymifi)

ne

Nbrd — OHip TO3M0BXHBOMY 3TUHY IS

IIPOEKTYBaHHS 3a HOPMaJIbHOI TEMIIEpPATYpU

srigao 3 EN 1999-1-1

1,2 — Koe(iIieHT SHIDKEHHS

PO3paxyHKOBOIO onopy 3aBJISKU

MTOB3YUYOCT1 aTFOMIHIEBHX CIUIABIB, 3aJIC)KHOT

BiJ] TeMIIepaTypu

(2) Jlns BU3HAYCHHS BiTHOCHOI THYYKOCTI
BUKOPHUCTOBYIOTH MoJioskeHHs: EN 1999-1-1.

(3) Hdns BU3HAuUEHHS TpUBENEHA OBXKUHA
koJsionu lfi, 3acrocoByroTbest mpaBuia EN 1999-1-
1 3 ypaxyBaHHSIM BUHSTKIB, 1110 HaBEJEHI Jalll.

(4) Kosiona Ha piBHI, IO PO3TISAAETHCS1
KOPCTKO 3allleMJIeHa JI0 KOJIOH Bropi Ta 3HM3Y,
SKIIO TaKl €, MOXKE€ pO3IJAaTUCs K €PEeKTUBHO
3aleMJIeHa, 3a YMOBH, 10 BOTHECTIHKICTH
OyIiBeNbHUX KOHCTPYKIIM, SKi BIAOKPEMIIOIOThH
PIBHI KOJIOH, IO PO3IJISINAIOTHCS, IIOHAMMEHIIe
JOPIBHIOE BOTHECTIMKOCTI KOJIOHH.

(5) o crocyeTbcss paMHOI KOHCTPYKIIIT 3

B’SI35IMH, B SIKIA KOXEH  TOBEpX €
MPOTHUIIOKEKHUM  BIZICIKOM 3  JOCTaTHBOIO
BOTHECTIMKICTIO, Ha MPOMDKHOMY  TIOBEpCi

MPHUBEJCHY MOBKHHY KOJOHHU lfi CIlig BH3HAYATH
sk lf = 0,5L, a Ha BepXHBOMY MOBEPCi MPUBEACHY
JOBKUHY KOJOHH lfi cimix BusHauaru sik ls = 0,7L,
ne L — cucremMHa M0BXXKHMHAa Ha BiIMOBITHOMY

nmosepci, 1uB. PucyHok 6.

[MPUMITKA Po3paxyHKkoBuil omip BIiIIMOBIZHO 10
¢dopmynu (4.11) IpyHTYeTbCS HAa TOMY I BIJIHOCHOMY
3HWwKeHHI 0,2% yMOBHOI MeXi TEKy4ocTi Ta MOZYIS
NPYXXHOCTI. SIKIIO BpaxoBaHO (haKTUYHE 3HIDKEHHS MOZYIS
MPYXKHOCTI, TO MOXIJIUBO PO3PaXyBaTH OiJIbIIY MOTYXKHICTb.
Harionansuuii JIogaTok MO)XKe HABOIWUTH IOJOXKEHHS IS
BpaxyBaHHS LIBOTO.

of a compression member at time t may be
determined from:

(4.11)
where

Nbrd is the buckling resistance for normal
temperature design according to
EN 1999-1-1

1,2 is a reduction factor of the design
resistance due to the temperature dependent
creep of aluminium alloys

(2) For the determination of the relative
slenderness the provisions of EN 1999-1-1 apply.

(3) For the determination of the buckling
length Isi of columns, the rules of EN 1999-1-1
apply, with the exception given hereafter.

(4 A column at the level wunder
consideration, fully connected to the column
above and below, if any, may be considered as
effectively restrained, provided the resistance to
fire of the building elements, which separate the
levels under consideration, is at least equal to 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 lsi of a 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 6.

NOTE The design resistance given with formula
(4.11) is based on the same relative drop in the 0,2 % proof
strength and modulus of elasticity. If the actual drop in
modulus of elasticity is taken into account, a larger capacity
value can be obtained. The National Annex may give
provisions to take this into account.
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A: Jiadparma >xopcTkocTi abo iHIIA cucTeMa
PO3KOCIiB
B: TIpoTunoxexHuii BiZICik Ha KO)KHOMY TTOBEpCi
C: IlpuBeneHa OBXXMHA KOJIOHH
D: Jledopmariist mia gac moxexi
Pucynok 6 — IIpuknaau npuBeneHoi JOBKUHU
KoJIOHH lfi pa3MHOT KOHCTPYKIIIT 3 B’SI3MHU

6) PospaxyHkOBHUI OIip MO3JI0BKXKHBOMY
3TMHY KOHCTPYKIIil, IO 3a3Ha€ CIOJy4eHOl il
3TUHAIOYMX Ta OCBOBHX CHWJI, CIiJ BH3HAYaTH
3rigHo 3 EN 1999-1-1, BUKOpHCTOBYIOUYHM TIpaBUia
CTOJYYeHHS ISl TPOEKTYBaHHS 3a HOPMaJIbHOI
TeMIepaTypH, a TAKOK BUKOPUCTOBYIOUH:

A: Shear wall or other bracing system

B: Separate fire compartments in each storey
C: Column buckling length
D: Deformation mode in fire

Figure 6 — Examples of buckling lengths I of
columns in braced frames

(6) The design buckling resistance of a
member subjected to combined bending and axial
forces may be determined from EN 1999-1-1
using the combination rules for normal
temperature design and using:

Ned = Nsi Ed
My ed = My fi Ed
Mzed = Mz fi Ed

SIK pPO3paXyHKOB1 HABAaHTA>KEHHS
BoruecTifikicTh KOHCTPYKIII BU3HAYCHA 32
4.2.2.3 Ta 4.2.2.4 B 1bOMY CTaHJIAPTi.

4.2.3 3miHa TeMIEepPAaTYpPHOIr0 PeKUMY B
ATOMIHIL

4.2.3.1 He3zaxumeni
ATIOMIHI€BI KOHCTPYKUIIl

(1) [Jns exBIBaJEHTHOTO PIBHOMIPHOTO
PO3MOJILTY TEMIIEPATYPHU B MOMEPEUHOMY Tepepisi
NIZIBULEHHS TeMriepatypu Abqw B He3axHILEHIH
KOHCTPYKLIi 3a TPOMDKOK dacy At cuifg
BHU3HAYaTH 32 (OPMYJIOL0:

BHYTPIilIHI

ABar) = Ksh

Ie
Ksh — TOTIpaBKOBHI KOSQIIIEHT /ISl BILTUBY
3arinenHs 3a 4.2.3.1 (2)
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as design loads.
The member resistance in fire is determined
from 4.2.2.3 and 4.2.2.4 in this standard.

4.2.3
development

Aluminium temperature

4.2.3.1 Unprotected internal aluminium
members

(1) For an equivalent uniform temperature
distribution in the cross-section, the increase of
temperature Afar in an unprotected member
during a time interval At should be determined
from:

! %h.netAt (4 12)

where
ksh is the correction factor for the shadow
effect from 4.2.3.1 (2)



Am/V — KoedillieHT TOMepPeyHOro mnepepizy

TUISt HE3axXHIIECHUX ATIOMIHIEBUX
KOHCTpYKIiit (M)
Pret — PO3paxyHKOBE 3HAuEeHHS

MOTJIMHYTOTO TEIIOBOTO MOTOKY OJAMHUIIEIO
o, 1uB. EN 1991-1-2
(2) [Jns nBoTaBpoBUX Tmepepi3iB, M0
3a3HAIOTh HOMIHAJIBHOTO BOTHEBOTO  BIUIMBY,
MOTIPAaBKOBHH KOE(DIIIEHT Ui BIUIMBY 3aTiHEHHS
CJIiJ BU3HAYATH 32 (GOPMYJIOF0:

kon = 0,9 4m/ e

Ie

(Am/V)b — yMOBHHUI1 KOedilliEHT TIepepi3y

V BCIX IHIIMX BHANAAKAX 3HAYECHHS Ksh CIIijl
BU3HAYATH SIK:

Ksh =

[MPUMITKA 1 [dns nonepedyHuX mnepepisiB OMyKIIOl
¢dbopMu (HanpukIaa, NPSIMOKYTHI abo Kpyrili MOPOXKHHCTI
nepepis3u), M0 MOBHICTIO 3HAXOAATHCS Yy BOTHI, edekT
3aTiHEHHs Ma€ He3HauyHMH BIUIMB 1, SIK pe3yibTaT,
TIOTIPABKOBHUH KOE(IMiEHT Ksh TOPIBHIOE OUHHUIIL.

[TPUMITKA 2 Skmo He BpaxoByBaTH BIUIUB
sarinenust (tobro, ks = 1,0), HeoOXigHO mnpuAMaTH
KOHCEPBATUBHI PillICHHS.

(3) 3HaueHHs fhetd CHIA BH3HAYATH 32
EN 1991-1-2, BukopuctoBytouu & = 1,0 Ta &m
3rimio 3 2.2(2), nme & Ta &m BHU3HAuYeHI B
EN 1991-1-2.

(4) 3naueHHs At He crmig OpaTd OUTBIIMM
HIDK 5 CEKYyH]I.

5) V  dopmyni (4.12) 3HaAUeHHS
koedimienta mepepisy Am/V He caig Oparm
MeHIuM Hik 10 ML,

(6) Jlms po3paxyHKY IUIONII HE3aXHUIIEHOT
MOBEPXHI1 KOHCTPYKIlii Am 3arTMOMHM 13 3a30pOM
Ha TOBEpXHi, MO MeHmi, HbK 20 MM, HE Ciia
BpPaxoByBaTH B IUIOIIY HE3aXHUINEHOI MOBEPXHI.
Sxio 3arnmuOUHU 3 3a30pOM Ha MOBEPXHI OLIBIII,
Hik 20 MM, TO oIy ’k0J00y CIIiI BpaXoBYBaTH

B IUIONIY He3axuileHoi noBepxHi. JuB. PucyHox
7.

[NPUMITKA [Hesxi ¢opMynn [mis OOYHCICHHS
PO3paxyHKOBUX 3HAYCHb Koedimienra nepepizy
HE3aXHINEHNX aTFOMIHIEBUX KOHCTPYKINH An/V HaBemeHi B
Tabmum 3.

/My
b

Am/V is the section factor for unprotected
aluminium members (m?)

Fret is the design value of the net heat flux
per unit area, see EN 1991-1-2

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

(4.13)

Am iV
where
(Am/V)p is box value of the section factor
In all other cases, the value of ksh should be

taken as:

(4.14)

NOTE 1 For cross sections with a convex shape (e.g.
rectangular or circular hollow sections) fully embedded in
fire, the shadow effect has an insignificant influence and
consequently the correction factor ks, equals unity.

Am /v

NOTE 2 Ignoring the shadow effect (i.e.: ks = 1,0)
leads to conservative solutions.

(3) The value of Aneta should be obtained
from EN 1991-1-2 using ¢f = 1,0 and em according
to 2.2(2) where & and em 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 (4.12), the value of the
section factor Aw/V should not be taken as less
than 10 m™,

(6) For the calculation of the exposed
surface area of the member, Am , grooves with gap
in the surface less than 20 mm should not be
included in the exposed surface area. Grooves
with gap in the surface > 20 mm, the area of the
groove should be included in the area of the
exposed area. See Figure. 7.

NOTE Some expressions for calculating design
values of the section factor An/V for unprotected aluminium
members are given in Table 3.

35



Ui 622222248 <420

-

<20 mm
Pucynok 7 —Ilpuknanu 3arnuOuH i3 3a30poM Ha
noBepxHi < 20 MM, a TaKO 3arJIMOUH i3 3a30pOM
Ha MoBepxHi > 20 MM

-

= 20 mm
Figure 7 — Examples of grooves with gap in the
surface < 20 mm, and grooves with gap in the
surface > 20 mm

Tadmmus 3 — KoedirienT nepepizy Am/V 171 He3aXUIIEHUX AJTFOMIHIEBUX KOHCTPYKILIH, 3
BUKOPHUCTAaHHSIM METOJTY 30CePEKEHUX Mac

Binkputuii nepepis, 0 3a3Ha€ BOTHEBOTO BIUIMBY
3 yCiX CTOpIH:

|

Tpyba, 1m0 3a3Hae BOTHEBOrO BIUIUBY 3 YCiX
CTOpIH:

|

—— —
( -\\‘\\.
— | — _‘.'I\\_ylﬂ_
., N
T Am M2pPIMETD T A_ﬂl = i
v MI0MA DoOepeIHoTe Oepepisy v t
Binkputuii nepepis, mo 3a3Hae BoraeBoro BIUMBY | [lyctoTHuii mepepi3 (abo 3BapeHuil kopoOuacTHii
3 TPbOX CTOPIH: mepepi3  OJHAKOBOI  TOBIMHHU), IO  3a3HAE

BOTHEBOTO BILUIMBY 3 yCIX CTOPIH:

N -
— i <
T Ay _ oBirpieans moEsprET - 4 1
Vv II0A DoOEp e9HoTe Oepepizy T If t<<b: Tm A ;
[lomuust paBoTaBpoBOro mepepizy, o 3a3Hae | Kopobuactuili mepepi3, 110 3a3Ha€ BOTHEBOTO
BOTHEBOTO BIUIUBY 3 TPHOX CTOPIH: BIUIMBY 3 YCIX CTOPIH:
2 2% ;7[1
+ — -« =
— h— wr Ay _ bEIE |
v bty FT b4h
CAm a1 b—+ A_m — Z2b+
HKH'IO tf<<b' T r_f Vv II0mA DoOepe9HoTe Oepapizy
Kyruk (abo Oyap-skmii  BimkpuTuid nepepi3 | [[BoraBpoBuit nepepiz 3 KOopoO4JacTum
OJIHAaKOBO1 TOBIIMHHU), WO 3a3HA€ BOTHEBOTO | MIACHIIEHHSM, III0 3a3HA€ BOTHEBOTO BIUIMBY 3 YCIX
BIUTUBY 3 YCIX CTOPIH: CTOpIH:
AN ! i
Ay 2
< - FEH, Am Zh+h
Vv MI0mA DoIepe9HoTe Oepapizy

[ItaGa, mo 3a3Ha€ BOTHEBOTO BIUIMBY 3 YCiX

CTOpIH:
—_— [ —
i
— ) — Ap _ b+t
v bt
If t<<b: Zmay 2
vt

[IITabGa, mo 3a3Hae BOTHEBOIO BIUIMBY 3 TPbhOX
CTOPIH:

222222728
%
F 1!
-—ph—= Ay _ b+t
v bt
If t<<b; 2m a1
V E
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Table 3 — Section factor Am/V for unprotected structural aluminium members when using the lumped

method

mass
Open section exposed to fire on all sides:
——
=]
T A_ _ perimeter

W CrOEE — EECTlOon Area

Tube exposed to fire on all sides:

!
N
A

t 7 a

1

T

Open section exposed to fire on three sides:

T =
Hollow section (or welded box section of uniform
thickness) exposed to fire on all sides:

— - - l
— jr;
Am _ surface exposed to fire -
T Vv CrosE — Eection area T If t<<b A.Tm R %
| section flange exposed to fire on three sides: Box section exposed to fire on all sides:
v v J——T
~—h—» .t:— Ay _ bH2r [ |
v b }«T
1 b—= Am _ 2b+h

4
<<h Sm o
If t<<b: - Nrf

Vv cross — eection area

Angle (or any open section of uniform thickness)
exposed to fire on all sides:

Y ¥
A

Am
Vv

| e

I section with box reinforcement exposed to fire on
all sides:

|

B
|

T

[ —|

2b+h

CroEs — Eection area

“m
v

Flat bar exposed to fire on all sides:

| |

Flat bar exposed to fire on three sides:
222222728
=

—_— -, *
1 1 f hy
+— h— Ap _ Zb+3e - h— Ap _ b2t
v v bt
|:t<<b'h;m e 2 If t<<b: A_m 2 i
v % vt
4.2.3.2 BuyTpimHi aJIloMiHieBi 4.2.3.2 Internal aluminium structures

KOHCTPYKUIl, 10 3aXHINEHi BOTHE3aXHCHHUM
MOKPUTTAM

(1) Jna 3abe3nedyeHHs  PIBHOMIPHOTO
PO3MOJILTY TeMIIepaTyp y MONepedyHoMY Mepepisi
NIZIBULIEHHS TemnepaTypu Abfaw y 3axuIleHii
KOHCTPYKLIi Ha MPOMDKKY dYacy At MoOXKHa
OTpUMATH 3a (POPMYJIOI0:

insulated by fire protection material

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

bpddy Ag 1 J
Abaw = =5 [1+ qfua] (B — Bt )At-(®*° — 1)Ady (4.15)
ane Abap >0 but ABap >0
ae: in which:
£p Pp ilE
¢:Enl fel 4y (4.16)
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ae

Ap/V  —  xoedimienT  mepepiBy s
ATIOMIHIEBUX KOHCTPYKII, IO 3aXHIICHI
BOIHE3aXMCHUM HOKPUTTAM (M)

6t — TeMmeparypa HaBKOJMIITHLOTO Ta3y B
MoMeHT yacy t (°C)

far) — TemmepaTypa alOMIHIFO B MOMEHT
gacy t (°C)
Afy —  TOBUIICHHS  HABKOJMIIHBOL

TeMIieparypu 3a npomix gacy At (°C)

(2) 3nauenHs At He Mo)ke NeEpEeBUIIYBaTH
30 cexyH.

3) YV rabmumi 4 HaBeneHO JesKi
pPO3paxyHKOB1 3HAYEHHS KOE(QILIEHTY TMepepi3zy
Ap/V 115 3aXUIIEHUX ATFOMIHIEBUX KOHCTPYKITIH.

(4) Jns  OUTBIIOCTI  BOTHE3aXUCHUX
MOKPUTTIB ~ MOKJIMBO  3MIHMTH  PO3PaxyHOK
MIJIBUIIEHHS TeMIEpaTypu amtoMiHii0 Abaw U1
THMYacOBOi 3aTPUMKH M1JIBULLIEHHS TeMIIepaTypH
aIIOMIH110, Kou BoHa gocsarae 100 °C.

where

Ap/V is the section factor for aluminium
members insulated by fire protection
material (m™)

O 1s the ambient gas temperature at time t

(°C)

Gay is the aluminium temperature at time t
C) _ _
Afy is the increase of the ambient

temperature during the time interval At (°C)

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

(3) Some design values of the section factor
Ap/V for insulated aluminium members are given
in Table 4.

(4) For most fire protection materials the
calculation of the aluminium temperature increase
ABay may be modified to allow for a time delay
in the rise of the aluminium temperature when it
reaches 100 °C.

Ta6auusn 4 — Koeodimient nepepizy Ap/V i afoMiHi€EBUX KOHCTPYKITIH, 110 3aXHIIEHI BOTHE3aXHCHUM
TTOKPUTTSIM, 3 BUKOPUCTAHHSIM METOIY 30CEPEIHKCHUX Mac

Eckis Onuc

KoedirienT nepepizy (Ap/V)

KonTypHe Mn4KkyBaHHS, 10
3a3Ha€ BOTHEBOTO BIUIUBY 3
YOTHUPHOX CTOPIH.

[EPHMETP ATEOMIHIED

[I7I0I0A TIONEPeSHOr 0 NEPEpisy AMFOMIHID

-~ h——

~—b—

[TycToTHE NMMYKyBaHHS, 1O
3a3Ha€ BOTHEBOTO BIUIUBY 3
YOTHUPHOX CTOPIH.

2(b + h)

MI7IOMIA TIOTIEPETHOT 0 NEPEPi2V AMOMIHIED

[— p—=

KoHTypHe In4uKyBaHHS, 10
3a3Ha€ BOTHEBOTO BIUIUBY 3
2 TPHOX CTOPIH.

NepHMETp amoMiHIED — b

MI7IOMIA TIOTIEPETHOT 0 NEPEPi2V AMOMIHIED

f——— ) ——]

[TycToTHE JIMYKYBaHHS, IO
3a3Ha€ BOTHEBOTO BIUIMBY 3
TPHOX CTOPIH.

2h + b

[I7I0I0A TIONEPeSHOr 0 NEPEpisy AMFOMIHID
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Table 4 — Section factor Ap/V for structural aluminium members insulated by fire protection materials
when using the lumped mass method

Sketch

Description

Section factor (Ap/V)

Contour encasement of uniform
thickness, exposed to fire on four
sides.

aluminium perimeter

aluminium cross — section area

- h——

Hollow encasement of uniform
thickness, exposed to fire on four
sides.

2(b + h)

aluminium cross — section area

[— p—

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

aluminium perimeter — b

aluminium cross — section area

f——— ) ——m]

B

Hollow encasement of uniform
thickness, exposed to fire on
three sides.

2h + b

aluminium cross — section area

4.2.3.3 Bayrpimmni AJIIOMiHi€BI
KOHCTPYKUIii B TMOPOKHUHI, 10 3axuIleHii
TENJOBUMH €KpPaHAMH

(1) Tlomo>xeHHs, IO HaBEACHI HIKYE,
3aCTOCOBYIOTHCS B 000X 3 TAKUX BUIIAJIKIB:

- QIIOMIHI€B1 KOHCTPYKIIIl y MMOPOKHUHI, 110
OOMEXEH1 3ropud TMEpeKpUTTAM, a 3HU3Y —
TOPU30HTAIBHUM TETJIOBUM €KPaHOM;

- QIIOMIHIEBI KOMITOHEHTH KOHCTPYKIII Y
MMOPOXKHUHI, M0 OOMEXKEHI BEePTUKAIBHUMU
TEIUIOBUMHU €KpaHaMH 3 000X OOKIB.

(2) Jna  BHYTpIIHIX  aJTIOMIHIEBHUX
KOHCTPYKITIH, 10 3aXUILEeH] TEIUIOBUMHU
eKpaHaMH, PO3paxyHOK [iIBUILIEHHS

TeMIiepatypu Aba Ma€e IPyHTYBaTHCh Ha METO/IaXx,
mo HaBeneHi B 4.2.3.1 abo 4.2.3.2, BiANOBiAHO 10
TOrO, IO TEMIIEpaTypa HABKOJIMIIHBOTO Ta3zy 6
JOPIBHIOE TEMIIepaTypi razy y HOpOKHHHI.

(3) BumactuBocTi 1 XapaKTepUCTHUKH
TEIUIOBUX €KpaHIB MalTh OyTH BHU3HAYEHI 3a
pe3ynbTaTaMu  BUIPOOYBaHb  BIANOBIIHO IO
ENV 13381-1 abo ENV 13381-2 BigmoBigHo.

(4) 3MiHa TeMmepaTypHOTO pPEeXUMY Yy
MOPOKHUHI, /1€  pO3TALOBaHI  aJIOMIiHIEB1
KOHCTpYKLIi, = Mae OyTM  BHU3HaueHa  3a
pe3ynbTaTaMu CTaHIApTU30BAHUX BHUIPOOYBAHb
Ha BOrHecTidkicTh 3rimHO 3 ENV 13381-1 abo
ENV 13381-2 siamoBimHo, abo po3paxoBaHa
SIKUMOCH MOTOPKEHUM METOJIOM.

(5) 3naveHHs KoediliEHTIB KOHBEKIIIITHOTO
ab0 TMPOMEHEBOrO TEMIOOOMIHY (oc Ta or

4.2.3.3 Internal aluminium structures in a
void that is protected by heat screens

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

- aluminium members in a void which is
bordered by a floor on top and by a horizontal
heat screen below;

- aluminium members in a void which is
bordered by vertical heat screens on both sides.

(2) For internal aluminium structures
protected by heat screens, the calculation of the
aluminium temperature increase A should be
based on the methods given in 4.2.3.1 or 4.2.3.2
as appropriate, taking the ambient gas temperature
6 as equal to the gas temperature in the void.

(3) The properties and performance of the
heat screens should be determined 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 aluminium members are
situated should be determined from a standard fire
test conforming to ENV 13381-1 or ENV 13381-2
as appropriate, or calculated using an approved
method.

(5) Values of the heat transfer coefficients
for convection and radiation (ac and ar
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BIIMOBIZIHO), BU3HA4YCHI 3a  pe3yiIbTaTaMu
BurnpoOyBanb 3rizno 3 ENV  13381-1 abo
ENV 13381-2 BIAIIOBIAHO, MO>KHA

BUKOPDUCTOBYBATH [UIA pO3PaxyHKy Afa sK

aIbTEPHATUBY  3HAYEHHSIM,  3a3HAYEHUM Y
EN 1991-1-2.

42.3.4 3oBHiNIHI aJIIoMiHieBi
KOHCTPYKUII

(1) TemmepaTypa 30BHINIHIX aTOMIHIEBHX
KOHCTPYKIIili Ma€e OyTH BU3HAYCHA 3 YPaxXyBaHHIM
TaKoTO:

- BUIPOMIHEHUH TEIUIOBUM TMOTIK 3
MIPOTHUIIOKENKHOTO BIICIKY;
- BUIPOMIHEHMH TEIUIOBUH TMOTIK Ta

KOHBEKIIMHUIM TEIJIOBUH MOTIK BiJ MOJIYM s, 11O
BUPUBAETHCS 3 OTBOPIB;

- BUIPOMIHEHa Ta KOHBEKIlIITHA TETUIOBI
BTpaTH  BiJ  aJIOMIHIEBOI  KOHCTPYKLII B
HaBKOJIMIITHE CEPEIOBHIIIC;

- po3mipu Ta MICII€3HAXOIKEHHS
OyaiBeNbHUX KOHCTPYKIII.
(2) TemnoBi exkpaHH MOXYTb OyTH

po3TaiioBaHi 3 OJHI€i, ABOX ab0 TPbOX CTOPIH
30BHIIIHBOI ATIOMIHIEBOT KOHCTPYKIII ISl HOTO
3aXMCTY BiJ] IPOMEHEBOTO TEIUIOOOMIHY.

(3) TenoBi exkpanu MaroTh OyTH a00:

- Oe3mocepeiHO TPHUKPIUICH] 0 OJHIET
CTOPOHU aJIFOMIHIEBOT KOHCTPYKIlii, SIKY BOHH
MaloTh 3aXUIIaTH, a0do;

- JIOCTaTHBO BEJIUKUMH, 1100 ITOBHICTIO
3aKpUTH L0  CTOPOHY Bi  OYIKYBaHOIO
BUIIPOMIHEHOTO TEIJIOBOTO MOTOKY.

(4) TemmoBi ekpaHum  MawTh  OyTH
HE3aMUCTUMHU 1 MaTH BOTHECTIMKICTh HE MEHIIY
3a EI 30 Bigmosigao no EN ISO 13501-2.

I[MPUITKA lonarok B mictuth iH(popMaliio.

(5) TemmiepaTypy y 30BHIIIHIX aTIOMIHIEBUX
KOHCTPYKIISIX, I[I0  3aXUIIEHI  TerJIOBUMH
€KpaHaMH, HEOOXiZIHO BHUMIPIOBAaTH TakK, K
3a3HaueHo y (1), sKwmomo A0 CTOpiH, IO
3aXMINEeH] eKpaHaMH, He WAe MNpoMEeHEeBUi
TEIUIOOOMIH.

(6) Po3paxyHKu MOXYTh I'PYHTYBaTHCS Ha
YMOBaX YCTaJICHOTO CTaHy BHACIiJOK HE3MIHOTO

TEIJIOBOMY OajaHcy.

[MPUITKA 1 Jomatox B micTuth pexoMeHIOBaHi
METOMN.

[MPUITKA 2 TIpoexryBanHs 3a momaTkoM B mae
IpyHTYBaTHCs Ha Mojeni, mo HaBeneHa B EN 1991-1-2 i
OIKCY€ CTaH MPOTUIOKEKHOT'O BIICIKYy Ta IMONyM’s, SKe
BHUPUBAETBCS 3 OTBOPIB, 1 Ha SAKIH Mae€ TIPYyHTYBaTHUCS
PO3paxyHOK BHIIPOMIHEHOTO 1 KOHBEKIIHHOTO TEIUIOBUX
TTOTOKIB.
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respectively) determined from tests conforming
with  ENV 13381-1 or ENV 13381-2 as
appropriate, may be used in the calculation of ABa
as an alternative to the wvalues given in
EN 1991-1-2.

4.2.3.4 External aluminium structures

(1) The temperature in external aluminium
structures should be determined taking into
account:

- the radiative heat flux from the fire
compartment;

- the radiative heat flux and the convection
heat flux from flames emanating from openings;

- the radiative and convective heat loss from
the aluminium structure to the ambient
atmosphere;

- the sizes and locations of the structural
members.

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

(3) Heat screens should be either:

- directly attached to that side of the
aluminium member which they are intended to
protect, or;

- large enough to fully screen this side from
the expected radiative heat flux.

(4) Heat screens should be non-combustible
and have a fire resistance of at least EI 30

according to EN 1SO 13501-2.
NOTE Annex B gives information.

(5) The temperature in external aluminium
structures protected by heat screens should be
determined as specified in (1), assuming that there
is no radiative heat transfer to those sides which
are protected by heat screens.

(6) Calculations may be based on steady
state conditions resulting from a stationary heat

balance.
NOTE 1 Annex B gives recommended methods.

NOTE 2 Design using Annex B should be based on
the model given in EN 1991-1-2 describing the
compartment fire conditions and the flames emanating from
openings, on which the calculation of the radiative and
convective heat fluxes should be based.



4.3 YT04HeHi po3paxyHKoOBi Mojei

4.3.1 3arajJnHi N0JI0OKeHHS
(1) YrouneHi po3paxyHKOBI MOJIENi MarOTh

IPYHTYBaTUCS Ha (byHIaMEeHTaTbHUX
TeIUI0 QiI3UIHUX XapaKTEepUCTUKAX, 110
MaKCHMaJIbHO HaOIIKeHi hi (o) TACHUX
XapaKTepUCTUK  BIAMOBITHOI KOHCTPYKIii B

yMOBax MOKEXI.

(2) Bynp-sKi TOTEHIIIHI BUIU PYHHYBaHHS,
o0 HE  OXOIUIEHI  YTOYHEHHUM  METOJIOM
pO3paxyHKy (BKJIIOYAIOYM  MiICLEBY  BTpary
CTIMKOCT1 Ta pyiHYBaHHS BiI 3pi3y Mae OyTu
YCYHYT€ BIIMOBITHUMH 3aco0aMu.

(3) VrouHeHi MeTonu pPO3paxyHKY MaroTh
BKJTFOYATH PO3PAaXyHKOBI MOJEII JUIsI BUSHAUCHHS:

- NIBMILEHHS 1 PO3MNOJUTY TemIepaTypu

BCEpEINHI OyaiBEIbHUX KOHCTPYKI1H
(TeTIOTEXHIYHUHN PO3PaXyHOK);
- MEXaHI4H1 XapaKTEPUCTUKHU

KOHCTPYKTHUBHOT cucTeMH abo Oynp-skoi ii
YaCTUHU (CTATUYHHI PO3pPaXyHOK).

(4) YTouHEHI METOAHM PO3PaXyHKY MOXKYTh
3aCTOCOBYBATHUCh pazom 3 Oy/Ib-IKUM
TeMIEePaTypHUMH KPUBUMH 332 YMOBH, IIIO BiZJOMI
BJIACTUBOCTI ~ MaTepialy Uil  BIATOBIAHOTO
Jiana3oHy TeMIeparyp.

(5) YTouHeHiI MeTOM PO3PAXYHKY MOXKYTh
3aCTOCOBYBAaTUCh A OyIp-SKOTO  THUILY
MOTIEPEYHOTO Tepepi3y.

4.3.2 TenioTeXHiYHUA PO3PAXYHOK

(1)  VYTouneHni  MeTomM  BHUPIMICHHS
TEIUIOTEXHIYHOI 3a7a4yi MaloTh IPYHTYBaTHCS Ha
3araJbHOBH3HAHUX MPUHIMIIAX 1 NPHUITYLHICHHSIX
Teopii TEII000OMIHY.

(2) TemnoTexHIYHI PO3PAXYHKOBI MOJENi
MaroTh BPaxOBYBaTH:

- BINIOBIAHI  TEIUIOBI
Bcra”osieHi B EN 1991-1-2;

- 3MiHy TemIo(Qi3UYHUX BIACTUBOCTEH
Marepianry 3aJeXHO Bil TeMneparypu, aus. 3.3.

(3) Skmo MOXIJIHMBO, CIiJi BpPaxOBYBaTH
HEpIBHOMIPHU TEIUIOBUI BIUTUB 1 TEINIOOOMIH J10
NpUIIerauX OyaiBeIbHUX KOHCTPYKIIIH.

(4) BrutuBoMm Oy/b-SIKOTO BMICTY BOJIOTH 1
Oyap-sikoro il mTepeMillleHHs  BCEepeauHi
BOTHE3aXHCHOTO HOKPUTTS MO>KHa
KOHCEpPBAaTHBHO 3HEXTYBAaTH.

BIIJIMBH, 1o

4.3 Advanced calculation models

4.3.1 General

(1) Advanced calculation methods 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 conditions.

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

(3) Advanced calculation methods should
include calculation models for the determination
of:

- the development and distribution of the
temperature 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.

(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 3.3.

(3) The effects of non-uniform thermal
exposure and of heat transfer to adjacent building
components may be included where appropriate.

(4) The influence of any moisture content
and of any migration of the moisture within the
fire protection material may conservatively be
neglected.

41



4.3.3 CtatnyHui pO3paxyHoOK

(1) YTouneni MmeToau BUPIIEHHS CTATHYHOL
3ajaui MaloTh IPYHTYBaTHCSA Ha
3arajlbHOBU3HAHUX MPUHIMIAX 1 MPHUITYIIEHHIX
Teopii OyamiBenbHOI MEXaHIKM 1 BpaxOBYBaTH
3MIHH TEPMOMEXaHIYHUX BJIACTHBOCTEH 3aJIeKHO
BiJl TEMIICpATypH.

(2) HeoOximHO  BpaxyBaTH  BIUIUBH
TeMIepaTypHux Jedopmamidi 1 HampyXeHb
BHACIZIOK  IIJIBUINEHHS  TEMIIEpaTypud  Ta
TIeperaiB TeMIepaTyp.

(3) CratnuH1 po3paxyHKOBI MOJENl MarOTh

BpaxOBYBaTH:
- CIONYy4YEeHHS  BIUIUBIB  MEXaHIYHUX
HaBaHTAXEHb, r€OMETPUYHHX MMOXUOOK 1

TEIJIOBUX BILIHBIB;

- TepPMOMEXaHI4H1 BJIACTUBOCTI MaTepiaiy,
10 3aJIeXkH] B/l TeMIepaTypu, AuB. 3.2;

- FTEOMETPUYHY HETIHINHINHICTD;

- (b13UYHO-HEMIHIHH] BJIACTHBOCTI
Marepiary, BpaxOBYIOUM TIO3UTHUBHI BIUIMBHU
HaBaHTAXCHHS Y PO3BAHTAKCHHS HA )KOPCTKICTh
KOHCTPYKIIIi.

(4) HeoOxigHO JeTANBHO  PO3TIISAHYTH
BIUIMBH KOPOTKOYACHOI TEIJIOBOT MOB3YUOCTI IS
MeTaly, mo npoTsarom noHaa 30 XBUJIMH Maroe
Temneparypy, o nepesuiye 170 °C.

(5) Hedopmariii B rpaHUYHOMY CTaHi, IO
nependavyaeTbCsl METOJIOM pPO3paxyHKy, MaroTh
OyTH rapaHTOBaHO OOMEXEHi s 3a0e3reueHHs
CYMICHOCTI  YCIX YacTMH  KOHCTPYKTHBHOI
CUCTEMH.

(6) Jlma  mpoekTyBaHHS ~ HEOOXITHO
BpaxyBaTH TPAaHUYHHMI CTaH, 32 MEXaMH SKOTO
po3paxoBaHi nedopmarrii KOHCTPYKTHUBHOL
CUCTEMH MOXYTh NPU3BECTH [0 pPYHHYBaHHS
BHACJIJIOK BTPAaTH BiAMOBIIHOI OMOPH OJHIEIO 3
KOHCTPYKIIIH.

(7) Po3paxyHOK OKpeMHX KOHCTPYKIIiH, 1110
CXWJIBHI J0 MO3I0BXHIX 3TUHIB, MO)KHA BUKOHATH
BUKOPUCTOBYIOYM  TOYAaTKOBE CHHYCOiIalbHE
BIIXUJIEHHS 3  MAaKCHUMaJlbHUM  3HAYEHHSIM
MOCEPEIMHI BUCOTH BIIMOBIIHO 0 MAaKCUMAJILHO
JOMYCTUMUX TMOXHOOK, 3a3HAYEHUX Yy CTaHIApTi
EN 1090-3.

43.4 OOrpyHryBaHHsi  HaHHOBIIIMX
PO3paxyHKOBHUX MoOJejen

(1) IlepeBipka TOYHOCTI PO3PaXyHKOBOI
Mozeni Mae OyTM BHUKOHaHa 3a pe3ylbTaTaMu
BIJIMOBITHUX BUMIPOOYBaHb.
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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 structural 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 mechanical response of the model
should also take account of:

- the combined effects of mechanical
actions, geometrical imperfections and thermal
actions;

- the temperature dependent mechanical
properties of the material, see 3.2;

- geometrical non-linear effects;

- the effects of non-linear material
properties, including the beneficial effects of
loading and unloading on the structural stiffness.

(4) For metal temperature above 170 °C
with a duration above 30 minutes the effects of
transient thermal creep should be given explicit
consideration.

(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) The design should take into account the
ultimate limit state beyond which the calculated
deformations of the structure would cause failure
due to the loss of adequate support to one of the
members.

(7) The analysis of members subjected to
buckling can be performed using a sinusoidal
initial imperfection with a maximum value at
mid-height according to the maximum allowable
deviations specified in EN 1090-3.

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) PesynapTat  pO3paxyHKy  MOXYThb
CTOCYBaTHCh TeMIleparyp, aedopmamiid Ta Mexi
BOTHECTIHKOCTI.

(3) Kpurtnuni napamerpu MawTh OyTu
rapaHTOBAaHO TMEpeBipeHi Tak, Mm00 MOaeNnb
BIIIOBigaIa MPUHIIUATIAM aKyCTHKH, 3a
JOTIOMOTO¥0 METOJIIB aHAJI3y YYTIUBOCTI.

(4) Kputuuni  mapamMeTpu  MOXYThb
CTOCYBaTHCh, HANPUKJIAJl, MPUBEACHOT TOBXKUHH,
PO3Mipy KOHCTPYKIIiH, pIBHIO HABAHTAXKECHb.

(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 engineering principles, by means of a
sensitivity analysis.

(4) Critical parameters may refer, for
example to the buckling length, the size of the
members, the load level.
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Jonartoxk A Annex A

(moBigKOBUIN) (informative)
BJIACTUBOCTI AJIIOMIHIEBUX PROPERTIES OF ALUMINIUM ALLOYS
CILJTABIB TA/ABO CYMIIIEMN, 11O HE AND/OR TEMPERS NOT LISTED IN
3A3HAYEHI B EN 1999-1-1 EN 1999-1-1

Taoaunsa A.1 — KoedimieHT Ko g 0,2% yMOBHOT MEX1 TEKy4OCT1 aTFOMIHIEBUX CIUIABIB 32 MiJBUIICHOT
TEMIIepaTypu s 2 TOJAWH BIUIUBY

Temmnepatypa amominieBoro criaBy [ |1C

Crnas Cymim 20 100 150 200 250 300 350 550
EN AW-3003 0 1,00 1,00 0,90 0,79 0,64 0,46 0,38 0
EN AW-3003 H14 1,00 1,00 0,76 0,51 0,26 0,16 0,10 0
EN AW-3004 H38 1,00 1,00 0,8 0,46 0,25 0,16 0,10 0
EN AW-5005 H18 1,00 0,02 0,85 0,60 0,32 0,15 0,08 0
EN AW-5052 0 1,00 1,00 1,00 0,85 0,63 0,46 0,28 0
EN AW-5052 H38 1,00 0,98 0,80 0,44 0,24 0,16 0,10 0
EN AW-5154 ) 1,00 1,00 0,96 0,02 0,70 0,50 0,30 0
EN AW-5154 H34 1,00 1,00 0,89 0,61 0,37 0,26 0,16 0
EN AW-5454 H32 1,00 1,00 0,02 0,78 0,36 0,23 0.14 0
EN AW-5086 0 1,00 1,00 0,96 0,01 0,70 0,46 0,30 0
EN AW-5086 H34 1,00 1,00 0,85 0,58 0,34 0.24 0,15 0
EN AW-6005 T5 1,00 0,93 0,81 0,66 0,42 0,23 0.11 0

Table A.1 — 0,2% proof strength ratios ko for aluminium alloys at elevated temperature for a 2 hour
exposure period

Alloy Temper Aluminium alloy temperature [1C
20 100 150 200 250 300 350 550
EN AW-3003 O 1,00 1,00 0,90 0,79 0,64 0,46 0,38 0
EN AW-3003 H14 1,00 1,00 0,76 0,51 0,26 0,16 0,10 0
EN AW-3004 H38 1,00 1,00 0,88 0,46 0,25 0,16 0,10 0
EN AW-5005 H18 1,00 0,92 0,85 0,60 0,32 0,15 0,08 0
EN AW-5052 O 1,00 1,00 1,00 0,85 0,63 0,46 0,28 0
EN AW-5052 H38 1,00 0,98 0,80 0,44 0,24 0,16 0,10 0
EN AW-5154 O 1,00 1,00 0,96 0,92 0,70 0,50 0,30 0
EN AW-5154 H34 1,00 1,00 0,89 0,61 0,37 0,26 0,16 0
EN AW-5454 H32 1,00 1,00 0,92 0,78 0,36 0,23 0,14 0
EN AW-5086 O 1,00 1,00 0,96 0,91 0,70 0,46 0,30 0
EN AW-5086 H34 1,00 1,00 0,85 0,58 0,34 0,24 0,15 0
EN AW-6005 T5 1,00 0,93 0,81 0,66 0,42 0,23 0,11 0
SIk HaOMMOKeHHs, 3HaYCHHS Ko IS CIUTaBy As an approximation the values of koo for
EN AW-3003 moxe OyTH BHKOPUCTAHO ISt alloy EN AW-3003 may be used for alloy
crutapy EN AW-3103. EN AW-3103.
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JloxaToxk B
(moBigKOBUIN)

TEIIJIOOBMIH 30BHIIITHIX
BYIIBEJBHUX AJTIOMIHIEBUX
KOHCTPYKIIA

B.1 3araianHi moJj1o:xeHHs

B.1.1 OcHoBu

(1) B upomy nonatky B mnpuitHsiTO, 110
MPOTUIIOKEKHUN  BIACIK OOMEXEHUH TUIbKU
onHuM nosepxoM. IIpuiiHsATo, 10 BCl BikHA abo
HII1 [oAIOHI TpPOpI3U Yy  TNPOTUIOKEKHOMY
BIJICIII1 TPSIMOKYTHI.

(2) BusHauenns TEeMIIepaTypu
MIPOTUIIOKEKHOTO BIICIKY,  pO3MIpIB  Ta
TeMIleparyp TMOJAyM’s, IO BUPHUBAETHCA 3

MPOPI3iB, a TAKOXK MPOMEHEBHI Ta KOHBEKITIHHUX
napaMeTpiB, Ma€ BUKOHYBATHUCH BIAMOBIIHO [0
Honmatky B EN 1991-1-2.

(3) Mae Oyrm  BIAMIHHICTD  MDK
KOHCTPYKIIIMA ~ TTOTJIMHYTUMH ~ TIOJIyM’SIM ~ Ta
KOHCTPYKITISIMH HETIOTJIMHYTUMH TIOJIYM ' SIM, TITO
3QJIOKATHh  BiJl  BIAMOBIIHOTO  PO3TallyBaHHS
MPOPI3iB B CTIHAX MPOTHUIIOKEKHOTO BIICIKY.

(4) Mae OyTd NPUKHATO, IO KOHCTPYKIIIS
HEMOTJMHYTa TOJYyM sIM CIpUIIMae MPOMEHEBUM
TEIUIOOOMIH 3 ycCiX Tpopi3iB Ha Il CTOPOHI
MPOTHUIIOKEKHOTO BIACIKY Ta Bl TOJyM’s, MIO
BUPHUBAETHCS 3 YCIX IIUX MPOPI3iB.

(5) Mae OytH NPHIHATO, MO0 KOHCTPYKIIis
MOTJIMHYTA TOJyM SIM, CIPUWMAae KOHBEKIIIMHHMA
TEIUIOOOMIH  BiJ TMOIJIMHYTOTO TIOJNyM’s Ta
MMPOMEHEBUM  TEIUIOOOMIH  BiJ  IMOIVIMHYTOTO
MOJIyM’sl 1 MOJIYyM’sl, 10 BUPHBAETHCS 3 MPOPI3iB
MPOTHUIIOKEKHOTO  BiACIKY.  BumpomineHum
TEIUIOBUM MOTOKOM BiJ IHIIOTO MOJyM’s Ta 3
HIINX MPOPI3iB MOKHA 3HEXTYBATH.

B.1.2 [lo3na4yeHHs po3MipiB
(D) [To3naueHus TreOMETPUYHUX

XapaKTEePUCTUK MOXKHA B3SITH 3 PUCYHKY B.1.

B.1.3 TenioBuii 0ajanc

Annex B
(informative)

HEAT TRANSFER TO EXTERNAL
STRUCTURAL ALUMINIUM MEMBERS

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
compartment are assumed to be rectangular.

(2) The determination of the temperature of
the compartment fire, the dimensions and
temperatures 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
members 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 compartment 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 compartment opening from which it
projects. The radiative 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.

B.1.3 Heat balance

(1) Jlns  KOHCTpYKIii  HEMOTJIIMHYTOI (1) For a member not engulfed in flame, the
MOJMYyM’SIM ~ CEpeJlHE 3HA4YCHHS TEeMIIepaTypH average temperature of the aluminium member Tr,
amoMiHieBOT KOHCTpykHii Tm [K] Mae Oyru [K] should be determined from the solution of the
BHU3HAYEHE BHPIMIEHHSIM TaKOro  TEMJIOBOTO following heat balance:

Oanancy:
0T + aTm =2l + Zlf + 2930 (B.1)
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ne

o — crana Credpana  bBompimana
[56,7 x 1072 kB1/M2K*]

a — Koe(irieHT KOHBEKI[IITHOTO
Ternoo6miny [KBT/M?K]

|; — BUIpOMIHEHHMI TMOJYM SIM TEIUIOBUI

notik [KB1/M?]

It — BUmIpoOMiHEeHHMH 3 TPOpI3y TEIUIOBUA

notik [KBT/M?]

(2) Koedimient KOHBEKI[IITHOTO
TEIIO0OMIHY o0 Mae OyTH OTPHUMAaHUU 3 JAOAATKY
B EN 1991-1-2 nmns yMOB «HEBHUMYIIEHOT
(mpupoaHoi) TiIru» abo «WTy4HOI (IPUMYCOBOI)
TATH» BIATOBIIHO, BUKOPHUCTOBYIOUH PO3MIp
po6Gouoro nomnepeunoro mnepepizy d = (d1+d2)/2.

HJ'Ia_H
1) Kornona, 1110 3HaXOAUTHCS HABIIPOTH OTBOPY
a) Kosonn

A

d4
2
¥ s
3 | @ ;dz A
e —
nepepis nepepi3

1) Banxka, o po3TamoBaHa mapajiebHo 10 CTiHH

b) bankn

where

o is the Stefan Boltzmann constant
[56,7 x 10°2 kW/m?K*]

o is the convective heat transfer coefficient
[KW/m?K]

I; is the radiative heat flux from a flame
[kW/m?]

It 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 dimension d=(d:+d.)/2.

p|a|1'IJIaH %

2) KosoHa, 110 3HaXOAUTHCS MiXK OTBOpaMHU

2) banka, 1o po3TamoBaHa epPIEHANKYISPHO 10 CTIHA

Pucynok B.1 — Po3mipu Ta 1M1IbOB1 TOBEPXHI KOHCTPYKIIIH
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plan %

2) Column between openings

2) Beam perpendicular to wall

Figure B.1 — Member dimensions and faces

plan
1) Column opposite opening
a) Columns
r‘fl 3
d4
2
¥ A
(3 | @ ;dz ﬁ
e
section section
1) Beam parallel to wall
b) Beams
(3) [Hns  KOHCTPYKIi  MOTIMHYTHX
MOJIyM’SIM ~ CepeHE  3HAYCHHsS  AITIOMIHIEBOT

koHCTpyKIii Tm [°K] wmae Oyrtu Bu3HaueHe

BI/IpiI_HCHHSIM TaKoro TCIjIoBOIo 6anchy:

(3) For a member engulfed in flame, the
average temperature of the aluminium member Tr,
[°K] should be determined from the solution of
the following heat balance:

oTe+aTm=Il+ s+ aT; (B.2)

ne

T, — remnepatypa noaym’s [K]

|, — BUNpOMIHEHMH MOJYM M TEIUIOBUI

notik [KBT/M?]

It — BUNpOMiHEHHMH 3 TpOpi3y TEIIOBUI

notik [KBT/M?]

(4) BumpoMiHEHHIl TOJYM’sIM TEIUIOBUI
noTik |; Mae OyTHM BH3HAYEHUH BpaxoOBYIOUU
PO3MIIIIEHHS Ta BUJ KOHCTPYKIIIH, TaKUX SIK:

where

T, is the flame temperature [K]

I, 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 1, from flames
should be determined according to the situation
and type of member as follows:
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- KOJIOHHU HETOTJIMHYTI MOJXyM siM: 1uB. B.2;

- OaJIKM HENOTTIUHYTI moJiyM’sim: 1uB. B.3;

- KOJIOHH MOTJMHYTI TOJIyM’siM: TUB. B.4;

- OayKy MOBHICTIO 00 YaCTKOBO MOTJIMHYT1
noJiym’siM: 1uB. B.S.

IHmi nyHKTH MOXYTH OyTH 00pOOIeHi
aHAJIOTIYHO, BUKOPUCTOBYIOUH BIAITOBIAHI
criocoOu BHpIIICHHS, 0 HaBeeHI B B.2-B.5.

(5) Bumpominenwii 3 mpopi3y TEIIOBUI
noTIK |t citi BU3HaYaTH 32 GOPMYIIOH0:

- 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 I+ from an
opening should be determined from:

lt = pre(1-a,)0T5 (B.3)

ae

¢f — 3arajgpHUil KyTOBHH KOEQIiIliEHT

KOHCTPYKUII /Ul BUIIPOMIHEHOTO 3 IPOPi3y

TEIJIOBOTO OTOKY

&f — CTYIIHb YOPHOTH OTBOPY

dz — Koe(iL1€HT NOTIMHAHHSA MTOJIYM s

T¢ — temneparypa BorHio [K] 3rigHO 3

nonatkom B EN 1991-1-2

(6) CrymiHb YOPHOTH OTBOPY &f CIHiA
NpUHATA 3a oauHuiro, 1uB. Jloamatrok B
EN 1991-1-2.

(7) KoedimieHT mOrIMHAHHSA TOIYM’S 8z
ciij Bu3Havyatu 3a B.2 — B.5 BignosinHo.

B.1.4 3araabuuii KyToBuil KoedinieHT

(1) 3BaranpHM  KyTOBUH  KOEQIIIEHT
KOHCTPYKIIIA U JUIsl BUTIPOMIHEHOTO 3 TIPOPI3y
TEIUIOBOTO TIOTOKY (bf CIIiI BH3HA4YaTH 3a

where

¢s is the overall configuration factor of the

member for radiative heat transfer from that

opening

et is the emissivity of the opening

a; is the absorptivity of the flames

Tr 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
member for radiative heat transfer from an
opening should be determined from:

hopmyroro:
_ ':f: ¢"f_:+fz ‘i"f_'_:"'i:"":f'_ ¢"f_:+f: ¢’f_:]d:
P = (C,+C)d, #(C,+C,)d, (B.4)
ae where:
¢ti — KyToBHMiA KOCQIi€EHT JTHUIBOBOT ¢+ is the configuration factor of member

MOBEPXHI | KOHCTPYKIII IS TpOpi3y, IHUB.
Honatox G EN 1991-1-2

di — po3mip TmomepeyHOro mepepizy
JIMIBOBOT MTOBEPXHI | KOHCTPYKIT
Ci — xoedilieHT 3aXUCTy JHIBOBOI

MOBEPXHI | KOHCTPYKIIii, TAKHIA 5K:

- 3aXUINEHUX JIMILOBHUX MOBepX0oHb: Ci=0

- HE3axXHIIECHHX JIUI[LOBUX MOBepXoHb: Ci=1

(2) KyroBuit xoedimieHT ¢ LI TUIBOBOT
MOBEPXHI KOHCTPYKIlii, 3 $AKOI HEBHUIHO OTBIp,
CIIil MPUMMATH SIK TAKUH, 1110 JOPIBHIOE HYIIb.

(3) 3aranpHMii  KyTOBUH  KOeili€eHT
KOHCTPYKUII ¢z JUII NPOMEHEBOTO TEIUIOOOMIHY
BiJ] TOJIyM'sl CJT1J1 BU3HAYATH 3a (POPMYIIOI0:

—_ I'.E"_ ¢2_1+Cl éf_'_jld’_-l-l'.fﬁ- ¢2_5+E4 ¢2_4:|d1

face i for that opening, see Annex G of

EN 1991-1-2

di is the cross-sectional dimension of

member face i

Ci is the protection coefficient of member

face i as follows:

- for a protected face: Ci=0

- for an unprotected face: Ci=1

(2) The configuration factor ¢ for a
member face from which the opening is not
visible should be taken as zero.

(3) The overall configuration factor ¢, of a
member for radiative heat transfer from a flame
should be determined from:

(c, +odd, +H{C+ 0 0dy
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ne

¢zi — KyTOBHH KoeQilieHT JIHIBOBOT

MOBEPXHI | KOHCTPYKIIi YISl OTO MPOPI3Y,

muB. Jlonaroxk G EN 1991-1-2

(4) KyroBuii  koedimieHT  JTHIIBOBUX
MOBEPXOHb  (Pzi OKpPEeMOi KOHCTPYKIIl  JuIs
MIPOMEHEBOTO TEIUIOOOMIHY BiJ TIONyM'S Mae
IPYHTYBaTHCh Ha EKBIBaJCHTHUX MPSIMOKYTHUX
po3mipax TOJTYM 'Sl Po3mipu Ta
MICIIepO3TalTyBaHHIHHS €KBIBaJICHTHUX
NPSIMOKYTHHUKIB, IO BiIBOPIOIOTH (DPOHTANIBHY Ta
OOKOBi1 CTOPOHHM TMOJYM'S JUISl M€l LT, CIij
BU3HAYyaTu 3 B.2 mis xosod ta 3 B.3 mis Oanok.
JUig BCIX IHIIMX IUIEH CIlIiJI BUKOPHCTOBYBAaTH
po3mipu ostym'st 3 Jlomatky B EN 1991-1-2.

(5) KyroBuii  koedilmieHT  JIUIBLOBOI
MOBEPXHI ¢Pzi KOHCTPYKIiI, 3 SIKOi MOJyM's He
BHJIUME, CIIiJ] MPUUMATH SIK TaKUM, 10 JOPIBHIOE
HYJTb.

(6) JIupboBa MOBEpXHA KOHCTPYKIII MOXKe
OyTH 3aXHWIIlCHa TEIUIOBUM €KpaHoM, nuB. 4.2.3.4.
JInpoBa TIOBEPXHS KOHCTPYKILii, 10
0e3rmocepeIHbO TPWIISITAE IO TPOTUTIOKEKHOT
CTIHH, TaKOX BBAXKAETHCS 3aXHUIICHOIO, SKIIO B
i YacCTWHI CTIHM HE Mae OTBOpiB. Bci iHmIi
JUIBOB1 TIOBEPXH1 KOHCTPYKIIIT CIiJI BBa)KaTH
HE3aXUILEHUMHU.

B.2 Ko10HM HenmorJiuHyTi MOJymM’siM

B.2.1 IIpomeHeBHii TenJ1000MiH
(1) Caim BCTaHOBUTH BIIMIHHICTH MK
KOJIOHOO, 1[0 PO3TAllIOBaHa HAaBIPOTH IIPOPI3y,

Ta KOJIOHOTO, PO3TaIlllOBaHa MDK TIPOPI3aMH.
MMPUMITKA Kpecnenust 300paxeHi Ha pucyHKy B.2.

(2) Sxmo xoJOHA pO3TallOBaHa HABIPOTH
Mpopi3y, BHUIPOMIHEHHUH TOJIYyM’ SIM TEIJIOBUI
noTik |, ¢ Bu3HauaTu 3a hopmysioro:

where

¢.i is the configuration factor of member

face i for that flame, see Annex G of

EN 1991-1-2

(4) The configuration factors ¢.i 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 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 4.2.3.4. A member face that is
immediately 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 member 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
column located opposite an opening and a column

located between openings.
NOTE lllustration is given in Figure B.2.

(2) If the column is opposite an opening the
radiative heat flux I, from the flame should be
determined from:

I, = ¢pre0T (B.6)

ne
¢: — 3aralbHUA KYTOBHM KOeilieHT
KOJIOHHU JJIs TeIUIa Bif mojaym’si, aus. B.1.4
£z — BUIPOMIHIOBAJIbHA 3/IaTHICTh IMOJIYM ',
nuB. B.2.2
T, — remnepatypa nonym’s [K], aus. B.2.3
[MPUMITKA Kpecnenns 300paxkeni Ha Pucynky B.3.
(3) Skmo KoJMOHA poO3TalIOBaHa MIiXK

Mpopi3aMu, BUMPOMIHEHHH MOIYM’ M TEIUIOBHM

noTik |; ciig BU3Havyatu 3a (opmMyInoro:

where

¢ is the overall configuration factor of the
column for heat from the flame, see B.1.4
&z IS the emissivity of the flame, see B.2.2

T, is the flame temperature [K] from B.2.3
NOTE lllustrations are given in Figure B.3.

(3) If the column is between openings the
total radiative heat flux I, from the flames on each
side should be determined from:

I, = (¢z,m &zm + Pzn Sz,n)O'T; (B-7)
ne where
¢zm — 3aralibHUN KYTOBHM KOEQiIieHT ¢z m is the overall configuration factor of the
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KOJIOHH JUIsl TeIUIa BiX MOJyM’sl 31 CTOPOHHU
m, muB. B.1.4

¢zn — 3aralibHUNA KYTOBUH KOEiIi€eHT
KOJIOHH JUIsl TeIUIa BiX MOJyM’sl 31 CTOPOHHU
n, ous. B.1.4

€m —  BHUIPOMIHIOBAJIbHA
moJiyM’st 31 CTOpoHH M, 1uB. B.2.2
€20 — BUIIPOMIHIOBAJIbHA 3JJATHICTH MOJIyM sl

31 croponu N, aus. B.2.2
[MPUMITKA Kpecnenns 300paxeHi Ha pUCyHKY B.4.

3JIATHICTD

B.2.2 BunpomiHioBajdbHa  3JaTHICTH
noJym’st

(1) Sxmo xojoHa po3TalloBaHa HABIPOTH
npopizy, TO  BHUIPOMIHIOBaJbHA  3JaTHICTH

MOJMyM’sl &; CHIJ BU3HAYATU 3a (HOPMYIOIO IS
3Ha4eHHs &, mo HaBeneHa B Jlonatky B EN 1991-
1-2, BHUKOpHCTOBYIOUM TOBIIMHY MOJIyM's A Ha
PIBHI BEpXY Mpopizy.

SIK110 HaJ1 OTBOPOM HE Ma€ KOJIHOTO ALKy
a00 OanKoHy, TO A CJIiT BU3HAYATH SIK:

- 11 YyMOB «HEBUMYIIEHOI (IMPUPOIHOT)
TSATH:

A =2h/3;

- ISl YMOB «IITY4HOT (IPUMYCOBOI) TSTW»:

A =X, but (arre) A < hx/z,

ne h, X Ta z HaBeieHi B foaaTky B EN
1991-1-2.
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column for heat from flames on side m, see
B.1.4

¢zn IS the overall configuration factor of the
column for heat from flames on side n, see
B.1.4

ez,m 1S the total emissivity of the flames on
side m, see B.2.2

ezn is the total emissivity of the flames on

side n, see B.2.2
NOTE lllustrations are given in Figure B.4.

B.2.2 Flame emissivity

(1) If the column is opposite an opening, the
flame emissivity &; should be determined from the
expression 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:

(B.8a)
- for the ‘forced draught' condition:

(B.8b)
where h, x and z are as given in Annex B of

EN 1991-1-2.
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Figure B.4 — Column between openings

(2) SIkmo KoJIOHA PO3TAIIOBaHA MK JABOMA
mpopi3aMu, TO 3arajJbHUNl BUIPOMIHIOBAIbHA
3/IaTHICTb &z,m T4 BUIMIPOMIHIOBAIbHA 3JIATHICTh £7,n
moyiym'st 31 CTOpOHM M Ta N CIiI BU3HAYATH 3a
dbopMynoro ans 3HAYCHHS &, IO HaBeJeHAa B
Honatky B EN 1991-1-2, BUKOpPHCTOBYIOUH
3HAYEHHS TMOBHOT TOBUIMHH TMOJYM'St A TaKUM
YUHOM:

(2) If the column is between two openings,
the total emissivities ¢;m 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:

- JUISI CTOPOHU M - for side m:

A=LE A (B.9a)
- JI7Is1 CTOPOHHU N: - for siden:

A=Ei=1 A4
ne where
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M — KiITBKICTh OTBOPIB 31 CTOPOHU M

N — KUIBKICTh OTBOPIB 31 CTOPOHH N

Ai — TOBILIMHA TOJIyM’sI JUISL i-TOTO MPOPI3Y

(3) ToBmmHy mosym’st Aj ciin mpuiiMaTH
TaKUM YHHOM:

- JUIl YMOB «HEBUMYIIEHOI (IIPUPOIHBOI)

m is the number of openings on side m

n is the number of openings on side n

Ai is the flame thickness for opening i

(3) The flame thickness /i should be taken
as follows:

- for the ‘no forced draught' condition:

TATHY:
Ai = Wi (B.10a)
- U1l YMOB «IITYYHOT (TIPUMYCOBOT) TSTH»: - for the ‘forced draught' condition:
Ai=w;+0,4s (B.10b)
ne where
Wi — IIUPHHA I-TOTO OTBOPY w; is the width of the opening i
S — BiICTaHb IO TOPU3OHTANI MK OCHOBOIO s is the horizontal distance from the
JiHIE0 KOJIOHU Ta CTIHOIO centreline of the column to the wall of the
MIPOTHITOKEKHOTO BI/ICIKY, JTIB. fire compartment, see Figure B.1
Pucynok B.1
B.2.3 Temnepatypa noaym’s B.2.3 Flame temperature
(1) Temmeparypy momym's T, ciig (1) The flame temperature T, should be
NpUAMATH SIK TaKy, 10 JOPIBHIOE TeMIepaTypi Ha taken as the temperature at the flame axis
oci moaym's, oTpumanoi 3 ¢opmyau st T,, 1o obtained from the expression for T, given in
HaBeneHa B momatky B EN 1991-1-2, mist ymos Annex B of EN 1991-1-2, for the ‘no forced
YMOB «HEBHMYIIEHOI (TIPHPOHBOI) TATH» 200 draught‘ condition _or the _‘forced draught'
IS YMOB  «TY4HOi  (IPHMYCOBOT)  TATH» COﬂd!tIOﬂ as appropriate, at a distance | fro_m the
Bi/MOBiMHO, Ha BincTami | Bix npopisy, BUMIpsHOI opening, measured along the flame axis, as
B3JIOBX OC1 IOJIyM's] TAKMM YHHOM: follows: »
- 779 YMOB «HEBMMYIICHOI (TIPHPOIHBOT) - for the ‘no forced draught' condition:
TATHY:
| =h/2 (B.11a)
- JUIS YMOB «IITY4YHOT (TPUMYCOBOT) TATH: - for the ‘forced draught' condition:
- JUIA KOJIOHH, IO PO3TallOBaHa HaBIIPOTH - for a column opposite an opening:
popizy:
=0 (B.11b)
- JUIA KOJIOHM, IO pO3TalloBaHa MK - for a column between openings | is the
mnpopizamu, | — BizicTaHp B3J0BXK OCI TOJIyM ST MK distance along the flame axis to a point at a
TOYKOIO Ha BiJICTaHI 0 TOPHU30HTAJI S Ta CTiHOIO horizontal distance s from the wall of the fire
[IPOTHUIIOKEKHOIO BIICIKY. 3a YMOBH, SIKIIO Hajl compartment. Provided that there is no awning or
POPI30M BIICYTHIM Aanok abo GaaKoH: balcony above the opening:
| = sX/x (B.11c)
ne X Ta x HaBemeHi B gomatky B where X and x are as given in Annex B of

EN 1991-1-2.

B.2.4 IloramHaoua 31aTHiCTh OJIYM'sl.

(1) Jns yMOB «HEeBUMYIIEHOT (IPUPOIHBOT)
TATW» MOTJIMHAIOYY 3JaTHICTh MOJIyM'S 8 CIiJ
IpURMaTH K TaKy, 1110 JOPIBHIOE HYIIIO.

(2) Hns ymMOB «ITy4HOI (NIPUMYCOBOI)
TATW» MOTJIMHAIOYY 3JaTHICTh MOJIyM'S 8 CIiJ
MpUAMaTH K Taxy, 110 JIOPIBHIOE
BUITPOMIHIOBAJIbHIH 3/1aTHOCTI €z, uB. B.2.2.

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.
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B.3 bajiku HenmoOrIMHYTI MOJIYyM’ AM

B.3.1 IIpomeneBmii Ten1000MiH

(1) B B.3 mepenbavaeTncs, mo piBeHb HU3Y
OaJKy pO3TAIIOBAaHWA HE HIKYE PIBHSI BEPXY
OTBOPIB B IPOTHIIOKEKHOMY BIACIIII.

(2) Cuminm BCTaHOBWTH BIAMIHHICTD MDK
0aJKor0, IO pO3TalloBaHa MapaleiabHO [0
30BHIIIHBOT CTIHH MPOTHIOXKEKHOTO BIICIKY Ta
0aJKoI0, 110 PO3TAIIOBAHA MEPHEHAUKYISIPHO A0
30BHIIIHBOI CTIHUM MPOTUIIOXKEKHOTO  BIACIKY,
muB. Pucynok B.S5.

(3) Sxmo Gamka po3TamioBaHa MapajeIbHO
710 30BHIIIHBOI CTIHM MPOTHIOXKEKHOTO BIACIKY,
TO CEpe/IHE 3HAUEHHS TeMIIepaTypH alOMIHIEBOT
KOHCTPYKIII Tm CiA BU3HA4YaTH JUIsl TOYKHA Ha
JOBXHUHI Oanku Oe3mocepeHb0 HaJll IEHTPOM
npopizy. JlJis 1bOro BHUIAIAKY BHUIPOMIHEHHH
MOJyM'sIM TETUTOBHM TMOTIK |, ciij BM3HAYaTH 3a
hopmyroro:

— 4
Iz—(ngzGTE

ne

¢; — 3aralpbHUN KYTOBUH KOEQIIIEHT

KOJIOHM JIJIs TeTIa Bi mojiym s, nus. B.1.4

£z — BUMIPOMIHIOBAJIbHA 3JaTHICTh MOJYM s,

muB. B.3.2

T, — Ttemmeparypa mOayM’s 3TiIHO 3

B.2.3[K]

4) SAxmno Oanka po3TalmoBaHa
MEPHeHIUKYIAPHO O  30BHINIHBOI  CTIHM
MIPOTHUIIOKEKHOTO BIACIKY, TO CepeHE 3HAUCHHS
TeMrneparypu OajKu CJiJi BU3HAYATH 3a CEpIe€r0
TOYOK, IO po3TamioBaHi 4epe3 koxHI 100 mMm
JOBKUHU OanKu. Cepenne 3HAYEHHS
TeMIIePaTypu ATFOMIHIEBOI KOHCTPYKII Tm CIifT
BHU3HAYATH SIK MaKCUMaJlbHE 3 BKa3aHUX 3HAYEHbD.
Jlis 1pbOro BUIIAAKy BUIPOMIHEHUH TMOIYyM'M
TEIUIOBHIM MOTIK |; ¢t BU3HaUaTH 3a GOpMYIIOL0:

I, = (¢z,m &mt ¢z,n Sz,n)O'T;

ne
¢zm — 3araibHUA KYTOBHM KOEQiIi€eHT
OaJKy A7 Tersa Bl MOJyM’st 31 CTOPOHHU
m, nus. B.3.2

¢zn — 3aradpHUM KyTOBHH KOe(]illieHT
KOJIOHM Ul TeIUla Bil MOJyM’sl 31 CTOPOHHU
n, qus. B.3.2

€m —  BUIPOMIHIOBAJIbHA
noJiym’st 31 cTopoHu M, 1uB. B.3.3
€20 — BUIIPOMIHIOBaJIbHA 3JJATHICTH MOJIyM sl

3aTHICTH
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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
compartment and a beam that is perpendicular to
the external wall of the fire compartment, see
Figure B.5.

(3) If the beam is parallel to the external
wall of the fire compartment, the average
temperature of the aluminium member Tm 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 I, from the flame
should be determined from:

(B.12)
where
¢ is the overall configuration factor for the
flame directly opposite the beam, see B.1.4
&z 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
aluminium member Tm should then be taken as
the maximum of these values. For this case the
radiative heat flux 1, from the flames should be
determined from:

(B.13)
where:

¢2m is the overall configuration factor of the
beam for heat from flames on side m , see
B.3.2

¢z is the overall configuration factor of the
beam for heat from flames on side n , see
B.3.2

€zm IS the total emissivity of the flames on
side m, see B.3.3

€zn 1S the total emissivity of the flames on



31 ctoponu N, auB. B.3.3 side n, see B.3.3
T, — Temnepatypa nog:~-~ 11 _—yp Exsisancaramii T, is the flame temperature [K] , see B.3.4
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Figure B.5 — Beam not engulfed in flame

BunpominioBajbHa  3JaTHICTH

B.3.2 Flame emissivity

NOJIyM’ 1

(1) Skmio Ganmka po3TalroBaHa IMapaieIbHO
70 3aBHIIIHBOI CTIHM NPOTHUIIOKEKHOTO BIACIKY
BUIIE OTBOPY, TO BHUIIPOMIHIOBaJIbHA 3/aTHICTh
MOJIyM’sl &z CIiJ| BU3HAYaTH 3a (opMmysorw s
3HauYeHHA ¢, o HaBeaeHa B Jlogarky B EN 1991-
1-2, BUKOpPHCTOBYIOYM TOBIIMHY IOJyM's A Ha
piBHI BepXy Mpopi3y. SKII0 Haja Mpopi3oM HE Mae
KOJHOTO JamKky abo OamkoHy, TO A cIifg
BU3HAYaTH SIK:
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(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 expression 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 4 may be taken as follows:



C) i1 YMOB «HEBHUMYILIEHOI (IpUPOIHOI)
TATH:

A=2h/3

d) s «WTY4HOT (TIPUMYCOBOY)

TATH»:

yMOB

A =X, but (are) A < hx/z

ne h, X Ta z HaBe/ieH1 B f01aTKy B EN

1991-1-2.

(2) Sxmo Oanka po3TamoBaHa
MEPICHIUKYIIIPHO 10  3aBHINIHBOI  CTIHH

MIPOTHIIOKEKHOTO BIJICIKY MK JIBOMA MpoOpi3amMH,
TO 3arajbHa BHIIPOMIHIOBAJIbHA 3JaTHICTh &z,m Ta
&z,n TIOJIyM'sl 31 CTOPOHHM M Ta N CJIiJl BA3BHAYATH 3a
dopmynol0 A 3HAYCHHS &, IO HaBeJCHA B
Honmatky B EN 1991-1-2, BHUKOpPHUCTOBYHOUH
3HAYEHHS TOBHOI TOBIIMHHU MOJYM'S A TaKUM
YHHOM:

c) for the ‘no forced draught' condition:

(B.14a)
d) 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 openings, the total emissivities ¢;,m and &z,n 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
A as follows:

a) JUIs CTOPOHH M: a) for side m:

A=ER A (B.15a)
b) st croponu N: b) for side n:

A= Ay (B.15Db)
ne where

M — KUIBKICTh OTBOPIB 31 CTOPOHH M

N — KUIbKICTh OTBOPIB 31 CTOPOHHU N

Ai — TOBIIIUHA TIOJIYM s JIJIS i-TOTO OTBOPY

(3) ToBmuuy mosym’st Ai ciig TpuiiMaTH
TaKUM YUHOM:

a) IS YMOB «HEBHUMYIIEHOT (IIPHUPOIHBOT)
TATHY:

m is the number of openings on side m

n is the number of openings on side n

Zi is the flame thickness for opening i

(3) The flame thickness /i should be taken
as follows:

a) for the ‘no forced draught’ condition:

Ai = W (B.16a)
b) 11 ymoB «mTydHOi (IIPUMYCOBOI) b) for the ‘forced draught' condition:
TATH»:
Ai=wi+0,4s (B.16b)
1e where

Wi — IIIMPUHA [~-TOTO OTBOPY

S — BIJACTaHb IO TOPHU3OHTANI MDK CTIHOIO
MIPOTHUIIOKEKHOTO BiJCIKy Ta TOYKOIO, IO
posrisiaaeTbes Ha Oani, nuB. Pucynok B.5

B.3.3 Temneparypa noaym’s

(1) Temmneparypy moaym's T, cuia
IpURMAaTH SIK TaKy, L0 JOPIBHIOE TeMIEpaTypi Ha
oci moaym's, otpumanoi 3 Gopmyau st 1,, 110
naBeneHa B Jlomatky B EN 1991-1-2, nns ymos
«HEBUMYIIEHOT (NPUPOJHBOI) TIArW» abo s
YMOB «IITY4HOI (IPUMYCOBO{) TATH» BIANOBIIHO,
Ha BiacTaHi | Bix mpopi3y, BUMIpSIHOT B3JOBX OCi
MOJIyM'st TAKMM YHHOM:

a) M1 yMOB «HEBHMYIIEHOI (IIPUPOIHBOT)
TATH:

| =h/2

b) mns ymMoOB «mTy4HOi (TIPUMYCOBOY)

w; is the width of the opening i

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:

a) for the ‘no forced draught' condition:

(B.17a)
b) for the ‘forced draught' condition:
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TATH:
- Ui OaJikd, IO pO3TallOBaHA MapalielbHO
70 3aBHIMIHBOI CTIHM TPOTHUIIOKEKHOTO BIACIKY
BHUIIIE OTBOPY:
=0
- gua Oanlky, [0  pO3TalloBaHa
MEPICHIUKYIIIPHO 10  3aBHINIHBOI  CTIHH
MIPOTHIIOKEKHOTO BIICIKY MDK JIBOMa OTBOPaMH,
| — BizcTaHb B3J0BXK OCI IMOJIyM’si MK TOYKOIO Ha
BiICTaHI 1O TOPH3OHTAJNi S Ta  CTIHOIO
MIPOTHIIOKEKHOTO BIJICIKY. 32 YMOBH, SIKIIO HaJ
OTBOPOM BiJICYTHIH namox abo GaikoH:
[=sX/x
ne X Ta x HaBeeHl
EN 1991-1-2.

B goaarky B

B.3.4 [loramuarwo4a 37aTHICTH MOJIYM 's1.

(1) Jnst yMOB «HEBUMYIIEHOI (IIPUPOIHBOT)
TATH» TOTJMHAIOYY 3JaTHICTh MOJyM's @z CIiJ
MpUIMAaTH K TaKy, 110 JOPIBHIOE HYIIIO.

(2) HAns ymMOB «TYy4HOi (IIPUMYCOBOT)
TATHY» TOTJMHAIOYY 3/JaTHICTh MOJyM's @z CIiJ
npuiMaTu SIK TaKy, 10 JOPIBHIOE
BHUIIPOMIHIOBATBHIN 3/TATHOCTI &z, TUB. B.2.2.

B.4 Kos1oHM nOrJIMHYTI MOJyM’siM
(1) BumpomiHeHHWii TOJIyM’SIM TEIUIOBUH
noTik |, ¢ Bu3HauaTu 3a popmysnoro:

I: IZ_’_+IZ_1:|d"_ +I:IZ_5+ fz_4jd:

- 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 point at a

horizontal distance s from the wall of the fire

compartment. Provided that there is no awning or
balcony above the opening:

(B.17c¢)
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 I, from the
flames should be determined from:

|z=

Ie:

2id, +d,)

(B.18)
with:

l;1 = C1g210T5
22 = Cogz20T5
.3 = Cagz30T5
24 = Cagz40T5

ne
l,i — BUIPOMIHEHHH MOJIYM’sIM TEIIOBUI
MOTIK Ha JINI[bOBY TIOBEPXHIO | KOJOHH

€2 — BUIIPOMIHIOBAJIbHA 3JIATHICTH TOJIYM sl
3 BpaxyBaHHSM JIMIbOBOT TOBEPXHi |
KOJIOHH

i — mokaz:xuk (1), (2), (3) abo (4)aunbpoBOI
MOBEPXHI KOJIOHH

Ci — xoedilieHT 3aXUCTy JHIBOBOI
NOBEepXHi | KOHCTPYKii, 1uB. B.1.4

T, — remnepatypa noxym’st [K]

To — Temneparypa nonym’st B npopizis [K]
srigHo 3 Jlomarkom B EN 1991-1-2
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where

I.i is the radiative heat flux from the flame
to column face i

€, 1S the emissivity of the flames with
respect to face i of the column

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

Ci is the protection coefficient of member
face i, see B.1.4

T, is the flame temperature [K]

To is the flame temperature at the opening
[K] from Annex B of EN 1991-1-2
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Figure B.6 — Column engulfed in flame

(2) BunpowmiHioBanbHa 30aTHICTH MOJTYM sl
€z 1711 KOXKHO1 3 JIMLIbOBUX MOBEPXOHBb 1, 2, 3 Ta
4 KOJOHM CIHifi BU3HA4YaTH 3a (HOPMYIOIO IS
3HauUeHHS ¢, 10 HaBeJeHa B JoAaTky B
EN 1991-1-2, BHMKOPHUCTOBYIOUYM  TOBLIUHY
moyym'st A, 110 eKBiBaJeHTHA Ai, sika TO3HAYEHa Ha
Pucynky B.6 i BiAmoBingae JWIBOBIH MOBEPXHI |
KOJIOHHU.

(3) dns ymoB «HeBUMYIIEHOT (TIPUPOIHOT)
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(2) The emissivity of the flames ¢ for each
of the faces 1, 2, 3 and 4 of the column should be
determined from the expression for ¢ given in
Annex B of EN 1991-1-2, using a flame thickness
/ equal to the dimension Z; indicated in Figure B.6
corresponding to face i of the column.

(3) For the ‘no forced draught' condition the



TSATW» CIIJ BHUKOPHCTOBYBAaTH 3HAueHHS Ai Ha
piBHI BepXy Mpopi3y, AUB. pUCyHOK B.6 ().

(4) dns ymMoB «mITy4HOI (IIPUMYCOBOI)
TSATW», SKIIO PIBEHb NEPETHHY BiCi MOIyM’s Ta
BiCl KOJIOHM HIDKYE DPIBHA BEpXy Npopizy, Ciin
BUKOPHCTOBYBATH 3HAYCHHS Aj HA PiBHI IEPETHHY,
muB.  Pucynok  B.6(b)(1). Imakme  cumig
BUKOPHUCTOBYBATH 3HAYeHHS Ai Ha pPIBHI Bepxy
npopi3y, auB. Pucynok B.6(b)(2), BuKitounTH I11€,
SKIO HA BOMY piBHI A4 < (), i BUKOPHCTOBYBATH
3Ha4YeHHs Ha piBHI A4 = 0.

(5) Temmeparypy momym's T, cmin
MpUAMATH SIK TaKy, IO JIOPIBHIOE TEMIIEpaTypi Ha
oci moaym's, oTpumanoi 3 ¢opmynu st 1,, 1o
HaBeneHa B gogatky B EN 1991-1-2, ans ymoB
YMOB «HEBHUMYIIEHOI (MPUPOHBOI) TATH» abo
VIS YMOB  <«IUTY4YyHOI (TIPUMYCOBOi)  TATH»
BIAMOBIHO, Ha BincTaHi | Bix mpopizy, BUMipsHOT
B3JIOBXX OC1 TIOJTyM's] TAKUM YHHOM:

a) UIS YMOB «HEBHMYIIEHOI (TIPUPOIHBOT)
TATHY:

b) s yMOB «aITY4HOT (TPUMYCOBOT) TSTHY,
| — BifgcTaHb B3MOBXK OCi MOJIyM’st 70 PiBHA, 1€
BUMIpsiHA Ai. 3a YMOBH, SKIIO HaJ MPOPI30OM
BIJICYTHIH OasikoH ab0 AaIiokK:

| = (2a+0,501)X/x ane (but) | < 0,5hX/z

ne h, X, X ta z maBeneni B [omatky B

EN 1991-1-2

(6) KoedimieHT mTOTIMHAHHS 8; TOJYM s
CJTi BU3HA4YaTH 3a (popmysoro:

ne &1, &2 and &3 — BUIPOMIHIOBAJIbHA
3MATHICTb ~ MOJyM’s  JAJS  JUIBOBUX
MOBEPXOHbH 1, 2 Ta 3 KOJIOHU

B.S baaku noBHicTIO a00 4YacTKOBO
NOTJIMHYTI MOJIyM’ M

B.5.1 IIpomeneBuii Tenj000MiH

B.5.1.1 3araabHi nooxeHHst

(1) B B.5 nepenbauaeTncs, 1o piBeHb HU3Y
OaJKM pO3TAIIOBAaHMIM HE HMXKYe pIBHSI BEPXY
Ipopi3iB, IO MPUJIATAIOTh, B MPOTUIOKEKHOMY
BIJICIIIL.

(2) Cnmig BCTAaHOBHTH BiIMIHHICTB MDK
0aiKkor, IO pO3TalloBaHa MapaieiabHO [0
30BHIIIHBOT CTIHM MPOTHIOXKEXHOIO BIICIKY Ta
0aJKor0, 110 PO3TALIOBAHA MEPIEHAUKYISPHO 10
30BHIIIHBOI CTIHM TPOTHUIIOKEKHOTO BIJICIKY,
nuB. Pucynok B.7.

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 opening, the values of A; at the level of the
intersection should be used, see Figure B.6(b)(1).
Otherwise the values of Z; at the level of the top of
the opening should be used, see Figure B.6b) (2),
except that if 44 < O at this level, the values at the
level where A4 = 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:

a) for the ‘no forced draught' condition:

I =h/2 (B.19a)
b) for the ‘forced draught' condition, | is the
distance along the flame axis to the level where
is measured. Provided that there is no balcony or
awning above the opening:

(B.19b)
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

_b_e dg@ermined from:
: (B.20)

where &;1, &2 and &3 are the emissivities of
the flame for column faces 1, 2, and 3

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
compartment.

(2) A distinction should be made between a
beam that is parallel to the external wall of the fire
compartment and a beam that is perpendicular to
the external wall of the fire compartment, see
Figure B.7.
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(3) SAxmo Ganka po3ramoBaHa MapaieIbHO
70 30BHINIHBOI CTIHM MPOTHIIOKEKHOTO BIJICIKY,
TO 1l cepelHE 3HAUCHHS TEMIIEPATypud Tm CIif
BU3HAYaTW I TOYKM Ha JOBXHUHI Oanku
6e3mocepeIHbO HAJl LIEHTPOM MPOPI3y.

4) ko Oanka po3TanmoBaHa
MEPICHIUKYIIAPHO 1O  30BHINIHBOI  CTIHH
MPOTHUIIOKEKHOTO BifICIKY, TO CepeHE 3HAYCHHS
TeMIieparypu Oaiku Ciij BU3HAYATH MO cepil
TOYOK, IO po3TamoBaHi uepe3 koxHi 100 mMm
JOBKUHU OanKu. Cepenne 3HA4YCHHS
TeMIepaTypy aJIOMiHI€EBOT KOHCTPYKIil Tm CIif
BU3HAYATH SIK MAaKCUMaJIbHE 3 BKa3aHUX 3HAYCHb.

(5) Bunpominenuii noOJyM'sM TEIUIOBHUM
noTik |, ciin Bu3HauaTu 3a popmysnoro:

I: IZ_’_+IZ_1:|d"_ +I:"!.Z_5+ Iz_d-jldi

(3) If the beam is parallel to the external
wall of the fire compartment, its average
temperature Tm 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
aluminium member Tp.

(5) The radiative heat flux I, from the flame
should be determined from:

Iz =

ae

l2i — BUIPOMIHEHUH MOIYM’SIM TEIUIOBHMA
MOTIK Ha JINI[bOBY TIOBEPXHIO | OaNKu

I — nokazxuk (1), (2), (3) abo (4)muBOBOT
MOBEPXH1 KOJIOHU

B.5.1.2 YMoBu
(NpUpOAHBOI) TATH»

(1) nst yMOB «HEBHMYIIIEHOT (MPUPOIHOT)
TATW» Mae OyTH BIIMIHHICTH MDK IyHKTaMH, €
BepX TOJIYM’sl BHWINE pIBHSI Bepxy Oanku, Ta
MYHKTaMH, JI¢ BIH HIDKYUIL.

«HEBHMYLIECHOI

(2) Slkmo piBeHb TOJIyM sl BUIIIUMA 32 PIBEHb
Bepxy OaJIKH CJ1ij] 3aCTOCOBYBATH TaKi (OPMYJIH:

|21 = Cig10Ty

2,2 = Cogz20T,,
I3 = Caez30 [T;.ll + T )/ 2
|24 = Cagzao(Tsy + T2 )12

ne

€2, — BUIIPOMIHIOBAJIbHA 3JIATHICTh TIOJIYM sl
3 BpaxXyBaHHSM JIMIIbOBOT MOBEPXHI | OAIKH,
nuB. B.5.2

To — Temmepatypa mosym’st B otBopi [K]
3rigHo 3 goxarkom B EN 1991-1-2

T;1 — TemmepaTypa moiym’ss Ha piBHI 3
HuzoM Oanku [K] 3rinHo 3 nogatkom B EN
1991-1-2

T2 — Temmeparypa Moiym’s Ha piBHI 3
BepxoM Oanku [K] 3rimzHo 3 momatkom B

EN 1991-1-2
(3) Iomo Oamku, 1O pO3TaIIOBaHA
napajenbHO 30BHILIHIN CTiH1

MPOTHUIIOKEKHOTO BiACiKy, To Cs4 MOXHa
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2i(d, +dg)

(B.21)

where

I.i is the radiative heat flux from the flame
to beam face i

i is the beam face indicator (1), (2), (3) or
(4)

B.5.1.2 ‘No forced draught’ condition

(1) For the ’no forced draught’ condition, a
distinction 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)
(B.22b)

(B.22¢)

(B.22d)
where:

€, IS the emissivity of the flame with
respect to face i of the beam, see B.5.2

To is the temperature at the opening [K]

from Annex B of EN 1991-1-2

T,1 is the flame temperature [K] from

Annex B of EN 1991-1-2, level with the

bottom of the beam

T,2 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 Cs may be
taken as zero if the beam is immediately adjacent



NPUAHATH TaKOIO, IIO JOPIBHIOE HYJIIO, to the wall, see Figure B.7.
Ko Oanka Oe3mocepeHbO MPUIISTAE 10
cTinu, 1uB. Pucynok B.7.
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Figure B.7 — Beam engulfed in flame

(4) Sxkmo piBeHb NOAYM’S HIDKYUN 3a
piBeHb BepxXy OalKu CIHiJl 3aCTOCOBYBAaTH Taki

dbopmynu:

(4) If the top of the flame is below the level
of the top of the beam the following equations

should be applied:

l,1 = Ciez10Ty

Iz,2 =0

I3 = (hz/dz)C?,gz,go'(T;l+T__f)/2
l24 = (hz/dz)C4gz,40'(Tz‘f1+Tx‘1)/2

ne

Tx — Temmeparypa mOdyM’ss Ha S3UII
nosiym’st [813 K]

h, — BucoTa Bepxy moJiym’si, IO BHUIIE 3a
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where

Tx is the flame temperature at the flame tip

[813 K]

h; is the height of the top of the flame above



HUX OaJK1

B.5.1.3 YmoBH «mTy4HOI (IpHMYCOBOI)
TATH

(1) MAns ymoB «mTy4HOi (IIPUMYCOBOI)
TATH» MO0 OAJIKK MapaliebHOI 30BHINIHIA CTiH1
MPOTHUIIOKEKHOTO BifCIKy Mae OyTH BiIMIHHICTBH
MDK Oe3rmocepenHiM NPWISITAaHHSAM 10 CTIHH Ta

HENPWIATaHHSAM JI0 Hel
IMPUMITKA KpecieHHs HaBeeHI Ha pUCYHKY B.7.

(2) Jnsa Oanku mapayenbHOI 30BHINIHIN
CTIHI MPOTHIIOKEKHOTO BIJICIKY aJie HE MPHUJIsTAE
no Hei abo uId NepHeHIUKYJSIPHOI O CTIHK
OaJIKy CII1J1 3aCTOCOBYBATH TaKl OPMYIIH:

Iz21 = ClSz,lO'Tc?

l22 = Caz20T,,
l.3 = Csez30 [Tﬁl + T )f'f 2
|z,4 = C481,40'[Tz‘?1 + Tz%! )".-'2

(3) Sxmio OGanka mapanenbHa OO0 CTIHU Ta
0e3MmocepeIHbO MPUIIATAE JO HEl, TO TUIbBKH
HUKHS TIOBEPXHS Ma€ OyTH MOTJIMHYTA TOJYyM IM
ajie 0JIHa CTOPOHA Ta BEpX CJIIJl IPUUHATHU K TaKi,
0 3a3HalOTh MPOMEHEBOTO TEIUIOOOMIHY BiA
BEPXHIX MOBEPXOHB TOJTYM s, JIB.
pucynok B.7(b)(2). Takum ynHOM:

the bottom of the beam
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
between 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
immediately adjacent to it, or for a beam
perpendicular to the wall the following equations
should be applied:

(B.24a)
(B.24b)
(B.24c)
(B.24d)

(3) If the beam is parallel to the wall and
immediately 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:

|21 = Cigz10T, (B.25a)
|22 = @;,2Cog200T,, (B.25b)
|23 = ¢, 3Cagzao( Ty + T2 )/2 (B.25¢)
l24=0 (B.25d)
ne where
¢zi — KyTOBHil KOCQIII€EHT KOJOHH, IO ¢.,i is the configuration factor relative to the

CTOCYEThCS TeIIa BiJl BEPXHBOI MOBEPXHI
moJIyM’st, JUIsl JIMIbOBOI MOBEPXHi I OajKwu,
3rigHo 3 goxatkoM G EN1991-1.2.

B.5.2
moJIym’ st

(1) BumpomiHroBagbHa 34aTHICTH ITOJYM s
€2 JUISI KOXKHOI 3 JIMIIbOBUX MOBEPXOHb 1, 2, 3 Ta
4 Oanku cnig BU3HA4YaTH 32 (OPMYIOIO IS
3HAauYeHHS &, IO HaBeleHa B gogarky B EN 1991-
1-2, BUKOPHUCTOBYIOUM TOBIIUMHY MOIyM's A, IIO
€KBiBaJICHTHA i, SIKa MO3HaYeHa Ha pUcyHKy B.7 i
BIJIIOBIa€ JIMIILOBIH MOBEPXHi | OaIKu.

BunpomiHioBajbHa  3JaTHICTH

B.5.3 IloramHaroua 37aTHiCTh OJIYyM'sl.
(1) KoediuieHT mnoOravHaHHSA @8; MOIYM s
CIiJ BU3HAYATH 32 GOPMYIIOL0:

az = I_E

upper surface of the flame, for face i of the
beam, from Annex G of EN1991-1.2.

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
determined from the expression for ¢ given in
Annex B of EN 1991-1-2, using a flame thickness
/ equal to the dimension /; indicated in Figure B.7
corresponding to face i of the beam.

B.5.3 Flame absorptivity
(1) The absorptivity of the flame a, should
be determined from:

0,3k

(B.26)
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JonaTtox HA
(060B’s13K0BMIN)
HEPEJIIK HAIIIOHAJIBHUX CTAHJIAPTIB YKPAIHHU (JICTY), IIEHTUYHUAX MC,
MOCUJIAHHSA HA SKI € B EN 1999-1-2:2002

[To3HaueHHs Ta Ha3Ba Cryminp [To3naueHHs Ta Ha3Ba JIEPKABHOTO CTAHAAPTY
€BPOIENHCHKOTO CTaHIAPTy BIATOBIAHOCTI Ykpainu (JICTY)
EN 1990 €poxon 0: OcHoBu IDT JACTY- H b B.1.2-13:2008 Cucrtema HamiifHOCTI Ta
MPOEKTYBAaHHS KOHCTPYKIIii O0esmekn y OyniBaunTei. HacranoBa. OcHoBu
npoekTyBanHs KoHcTpykiii (EN 1990:2002, IDT)
EN 1991 €mpokon 1: Jlii nHa IDT JCTY-H EN 1991-1-2:2010 €Bpokxonx 1. Hii Ha
KOHCTPYKII{ koHCcTpykiii. Yactuna 1-2. JIii Ha KOHCTPYKLII Mifg
gac noxkexi (EN 1991-1-2:2002, IDT)
EN 1999 €Bpokonx  9: IDT JACTY-H EN  1999-1-1:2010  €Bpoxox 9.
[IpoextyBaHHs QJIFOMIHI1EBUX [IpoexryBaHHA AIIOMIHIEBUX KOHCTPYKIIIH.
KOHCTPYKITIH Yactuna 1-1. 3aranpHi mpaBwia JUisi KOHCTPYKITIA

(EN 1999-1-1:2007, IDT)
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EBPOMNENCBKN CTAHOAPT

EN 1999-1-2:2007/AC

>KoBTeHb 2009

ICS 13.220.50; 91.080.10

AHrnincbka Bepcig

€Bpokop 9: lNpoeKkTyBaHHS antoMiHIEBUX KOHCTPYKUiN - YacTuHa 1-2: Po3paxyHokK
KOHCTPYKLiN Ha BOTHECTINKICTb

TexHiyHa nonpaeka HabyBae 4YuMHHOCTI 3 14 xoBTHA 2009 p. 3i Bkn4veHHsM A0 Bepcin EN

TpboMa oilinHMMN MOBaMW.

1) 3mina o 1.2
B nynxkmi «(1)» eunyyumu nocunamns Ha
«ENV 13381-1».

B kinyi nynkmy «(l1)» HnHasecmu maxe
NOCUNAHHAL

«CEN/TS 13381 — Metoa BunpoOyBaHHS IS
BU3HAYECHHS MOKpaIIeHHS BOTHECTINKOCTI
€IEeMEHTIB  KOHCTpyKuid  —  Yactuna  1:

I'opuzoHTanpH1 3aXKMCHI MEMOpaHAMU
B nynxmi «(1)» 6 nocunanni «EN 1090-3»
BUYUUMU NPUMIKY «O».

2) 3mina g0 4.2
3aminumu Homepu gopmyn «(4.7)»-«(4.16)»
Ha Homepu hopmyn «(4.5)»-«(4.14)».

2) 3mina g0 4.2.1
Ilynkm «(1)P», 0o @opmyau «Efig < Rfidp»
0oodamu nHomep «(4.1)» makum uurom:

“Efi,d<Rid

4) 3mina 10 4.2.2.2

Ilynkm «(2)», 00 Dopmynu
«Nford = Koo Nrd (yMmx/ymfi)» Oodamu Homep
«(4.3)» maxum yunom:

“Nfio.rd = Ko,o Nrd (ymx/ym.fi)

5) 3mina g0 4.2.2.3
Ilynkm  «(5)», «IIPUMITKAY», saminumu
«(4.7), (4.9) ta (4.10)» Ha «(4.5), (4.7) Ta (4.8)».

6) 3mina no 4.2.2.4
Ilynkm  «(5)», «IIPUMITKAY,
«(4.11)» na «(4.9)».

3aminumu

7) 3mina no 4.2.3.1
Ilynkm  «(B)», «3aminumu

«(4.12)»  Ha
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1) Modification to 1.2

Paragraf “(1)”, delete the whole reference to
“ENV 13381-1".

Paragraf “(1)”, end of the paragraph, add
the following reference:

“CEN/TS 13381 - Test methods for
determining the contribution to the fire resistance
of structural members — Part 1. Horisontal
protective membranes

Paragraf “(1)”, reference to “EN 1090-3”,
delete Footnote “6”.

2) Modification to 4.2

Replace equation numbers from “(4.7)” to
“(4.16)” with equation numbers from “(4.5)” to
“(4.14)”.

3) Modification to 4.2.1

Paragraph “(1)P”, Equation “Efid < Riidt’,
add the number “(4.1)” thus:
4.1y

4) Modification to 4.2.2.2

Paragraph “(2)”, Equation
“Nord = Koo Nrd (ymx/ymfi)”, add the number
“(4.3)” thus:
(4.3)”

5) Modification to 4.2.2.3
Paragraph “(5)”, “NOTE”, replace “(4.7),
(4.9) and (4.10)” with “(4.5), (4.7) and (4.8)".

6) Modification to 4.2.2.4
Paragraph “(5)”, “NOTE”, replace “(4.11)”
with “(4.9)”.

7) Modification to 4.2.3.1
Paragraph “(5)”, replace “(4.12)” with



«(4.10)».
«Tabmuus 3», 3ui paook, 2
@opmyny «b+hy» zaminimu na «(b+h)».
«Tabmuus 3», 4ui  paook, 2
@opmyny «b+hy» zaminimu na «(b+h)».

Cmoenyduk,

Cmoenyduk,

8) 3mina 10 4.2.3.3

Ilynkm «(3)», zaminumu «ENV 13381-1» na
CEN/TS 13381-1».

Ilynkm «(4)», saminumu «ENV 13381-1» na
CEN/TS 13381-1».

Ilynkm «(5)», saminumu «ENV 13381-1» na
CEN/TS 13381-1».

9) 3mina g0 B.5.1.3
Ilynkm «(3)», saminumu «EN1991-1.2» Ha
«EN 1991-1-2».

“(4.10)".

“Table 37, 3rd row, 2nd column, equation,
replace “b+h” with “(b+h)”.

“Table 37, 4rd row, 2nd column, equation,
replace “b+h” with “(b+h)”.

8) Modification to 4.2.3.3

Paragraph “(3)”, replace “ENV 13381-1”
with “CEN/TS 13381-1".

Paragraph “(4)”, replace “ENV 13381-1”
with “CEN/TS 13381-1".

Paragraph “(5)”, replace “ENV 13381-1”
with “CEN/TS 13381-1".

9) Modification to B.5.1.3
Paragraph “(3)”, replace
with “EN 1991-1-2”.

“EN1991-1.2”
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YKH/] 91.010.30; 91.080.10

KurouoBi ciaoBa: BOrHECTIMKICTb, KPUTHYHA TEMIEpaTypa allOMIHIIO, TeMIepaTypHI
nedopmariiii, KOHCTPYKTMBHA  CHUCTE€Ma, MPOTUIIOXKEXKHA  CTiHA, CTaHJAPTHUU
TEMIIEPaTYPHUHN PEKUM, MOKEKHA Oe3MeKa.

3actynauk nupekropa 11 HAIBK

3 HaAyKOBOi pOOOTH,KaH[. TEXH. HAYK, C.H.C B.I'. Tapacrox
HaykoBuii kepiBHUK, KaHJI. TEXH. HAyK B.T'. IlokiOHCBKHM
BinmoBimansHUil BUKOHABEIH P.B. Pacrok
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