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1 3aranbHi moJ10:KeHHSA
1.1 Cepa 3acTocyBaHHA
1.1.1 Cepa 3acrocyBanns €Bpokoaa 4

(1) €Bpokong 4  3aCcTOCOBYEThCA IO
MPOSKTYBaHHS cTaie 3aJ11300€TOHHUX
KOHCTPYKI[IA Ta €JIEeMEHTIB y rauysi

INPOMHCIIOBOTO Ta IMBUIRHOTO OY/AiBHHUIITBA.
Bin BiagmoBimae mpwHIMIAM 1 BHMOTraM
Oe3nmekd Ta eKCIUTyaTaliiHOl HaIidHOCTI
KOHCTPYKIII, OCHOBaM iX pO3paxyHKy Ta
nepeBipky, mo HaseaeHo B EN 1990:2002
€Bpokog — OCHOBHM MNPOEKTYBaHHS HECHHUX

KOHCTPYKIIIH
(2) €Bpokon 4 BuU3HAYa€ JHIlE BUMOTH, IO
CTOCYIOTBCSL ~ MIIHOCTI,  €KCIUTyaTamiiHOi

HaJIHHOCTI, JOBrOBIYHOCTI Ta BOTHECTIMKOCTI
cTaje 3ali300eTOHHMX KOHCTPYKIiH. [Hmm
BUMOTH, TakKi sK TeIioBa abo 3BYKOBa
130JIA111s1 HE PO3TJISIIAFOTHCSI.

(3) Ilpu poboti 3 €Bpokomom 4 Moxe OyTh
BUKOPHUCTAHO TaKl CTAHJIAPTH:

EN 1990 €Bpokon. OcHOBU NpPOEKTYBAHHS
HECHHUX KOHCTPYKIIIH

EN 1991 BnamBu Ha koHcTpykii, ENs,

hENs, ETAGs , ETAs eBponeiicbki
CTaHJApTH, TapMOHI30BaHI  €BPOTEHCHKI
CTaHJApTH Ta  TEXHIYHI  yMOBU  JJA
Oy/iBeNbHOT MIPOJTYKITii, CTOCOBHO
CTaJIe3aJ1i300€TOHHUX KOHCTPYKIIii

EN 1090 BupoOHunrso crajieBux 1

QIIOMIHIEBUX KOHCTPYKLIN
EN 13670 BupoOGHUIITBO 3ai1300€TOHHHX
KOHCTPYKLIH

EN 1992 €spokog 2. IIpoexrtyBaHHA
3aJ11300€TOHHUX KOHCTPYKIIN

EN 1993 €Bpokox 3. IIpoekTyBaHHA
CTaJIeBUX KOHCTPYKIIIH

EN 1997 €Bpoxonx 7. T'eorexHiune
POEKTYBaHHS

EN 1998 €Bpokox 8. IIpoexkTyBaHHA

CeMCMOCTIHKUX KOHCTPYKIIii.

(4) €Bpoxox 4 MOAINAETBCA HaA JIEKUIbKA
YaCTHH:

yacTuHa 1-1. 3aranbHi NpUHIUNMN 1 TpaBuUia
JUTst Oy iBEIh 1 CIOPYT

gactuHa 1-2. IIpoekTtyBaHHsS
0e3MeKH KOHCTPYKIIii

yacTua 2. 3araJibHi IPUHITUIYN 1 TIpaBuja s
MOCTIB.

HOKEXKHO1L

Section 1 General

1.1 Scope

1.1.1 Scope of Eurocode 4

(1) Eurocode 4 applies to the design of composite
structures and members for buildings and civil
engineering works. 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: 2002 — Basis ofstructural
design.

(2) Eurocode 4 is concerned only with requirements
for resistance, serviceability, durability and fire
resistance of composite structures. Other
requirements, e.g. concerning thermal or sound
insulation, are not considered.

(3) Eurocode 4 is intended to be used in conjunction
with:

EN 1990 Basis of structural design

EN 1991 Actions on structures

ENs, hENs, ETAGs and ETAs for construction
products relevant for composite structures

EN 1090 Execution of steel structures and aluminium
structures

EN 13670 Execution of concrete structures

EN 1992 Design of concrete structures

EN 1993 Design of steel structures

EN 1997 Geotechnical design

EN 1998 Design of structures for earthquake
resistance

(4) Eurocode 4 is subdivided in various parts:

Part 1-1: General rules and rules for buildings

Part 1-2: Structural fire design

Part 2: General rules and rules for bridges.
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1.1.2 Cepa 3acrocyBanus yacTunu 1-1
€Bpokona 4

(1) Y gactuni 1-1 €Bpokoaa 4 mpeacTaBiIeHO
3arajipHy 0a3y sl IPOEKTyBaHHS
CTaye3a11300€ TOHHUX KOHCTPYKIIIHA pa3oM 3i
cnieun(piYyHUMHU TPaBUIIAMHU, 110
3aCTOCOBYIOTBHCS ISl OY/TIBEIIb 1 CIIOPYI.

(2) Y wactuni 1-1 po3rnsnaroTses Taki
MTUTAHHS:

po3ain 1. 3aranbHi MOJOKECHHS

po31ia 2. OCHOBU ITPOCKTYBaHHS

posnin 3. Marepianu

po3min 4. JIOBroBiuHICTh
po3ain 5. Po3paxyHOk OymiBeIbHUX
KOHCTPYKIIIN
po3ain 6. ['paHn4HI CTaHU 32 HECHOIO
3IaTHICTIO
po3ain 7. 'pannyHi cTaHu 3a
eKCIUTyaTaI[iifHOI0 IPUAATHICTIO
po3ain 8. O6’emHaHHS 3a11300€TOHHOI IJTUTH
31 CTaJICBOIO KOHCTPYKIIEIO B €IEMEHTAX
OyziBenb Ta CIopy.
po3ain 9. Crane3anizo0eToHHI maHei 31
CTAJMBHUM MPOGUITBOBAHUM JIUCTOM ISt
Oy/iBETIb.

1.1.2 Scope of Part 1-1 of Eurocode 4

(1) Part 1-1 of Eurocode 4 gives a general basis for
the design of composite structures together with
specific rules for buildings.

(2) The following subjects are dealt with in Part 1-1:
Section 1: General

Section 2: Basis of design

Section 3: Materials

Section 4: Durability

Section 5: Structural analysis

Section 6: Ultimate limit states

Section 7: Serviceability limit states

Section 8: Composite joints in frames for buildings

Section 9: Composite slabs with profiled steel
sheeting for buildings

1.1.3 Cdepa 3acTocyBaHHS YACTHHH 2
€Bpokona 4

(1)Yactuna 2 €BBpokojia 4 MICTUTh IIpaBUIIA
MPOEKTYBaHHS CTale3a1i300€TOHHIX MOCTIB
a00 X eeMEeHTIB K JONOBHEHHS JI0
3arajibHUX MPUHIMIIIB, 1110 MPEJICTABICHO B
EN 1994-1-1. 111 yacTiHa HE OXOILIIOE B
MIOBHOMY 00CsI31 BAHTOBI MOCTH.

(2) YV vactuHi 2 po3TsgaloThCs TaKl
MUTaHHS:

po3ain 1. 3aranbHi MONTOXKEHHS

po3ain 2. OCHOBH NMPOEKTYBaHHS

posnin 3. Marepianu

po3min 4. JIOBroBiuHICTh

po3nin 5. PozpaxyHok OyniBeIbHUX
KOHCTPYKIIH

pazznen 6. ['paHNuHI CTaHU 32 HECHOIO
3/1aTHICTIO

po3nin 7. 'pannuHi cTaHu 3a
eKCIUTyaTalliiHOIO0 MPUAATHICTIO

posain 8. [Ipoi3Ha yacTuHa 31 30ipHUX
3aJ11300€ TOHHUX TUTAT

po3ain 9. Crane3anizo0eTOHHI IJIUTH MOCTIB

1.1.3 Scope of Part 2 of Eurocode 4

(1) Part 2 of Eurocode 4 gives design rules for steel-
concrete composite bridges or members of bridges,
additional to the general rules in EN 1994-1-1. Cable
stayed bridges are not fully covered by this part.

(2) The following subjects are dealt with in Part 2:
Section 1: General

Section 2: Basis of design

Section 3: Materials

Section 4: Durability

Section 5: Structural analysis

Section 6: Ultimate limit states

Section 7: Serviceability limit states

Section 8: Decks with precast concrete slabs

Section 9: Composite plates in bridges
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(3) YMOBH 111 €TEMEHTIB 3CYBHUX 3’ €HAHb
PO3MOBCIOKYIOTHCS JIUIIIE Ha IPUBApeHi

CTEPIKHI 3 TOJIIBKAaMHU
Mpumirka: — Y gogatky Moke OyTH HaBelleHO
MOCHJIAHHS HA 1HIII THITH €JIEMEHTIB 3CYBHHX 3’ €THAHb

(3) Provisions for shear connectors are given only for
welded headed studs.

NOTE: Reference to guidance for other types of shear
connectors may be given in the National Annex.

1.2 IlocuyiaHHSA HA HOPMATHBHI JOKYMEHTH
HactynHi HopMaTHBHI JOKYMEHTH MICTATh
YMOBH, 10 Yepe3 MOCUJIaHHS, HaBe/IeH] B
IIbOMY TEKCTIi, CKJIaIal0Th YMOBH LIbOTO
eBporeicpkoro cranaapta. Hacrymni
BUMIPaBJIeHHA a00 mepepoOKa X BUAAHb HE
3aCTOCOBYIOTHCS /10 HaBEACHUX NocuiaHb. 1o
TOTO ) CTOPOHAM, IO JIFOTh Y PaMKax yrou
10 JAaHOMY €BpPONEHCHKOMY CTaHIAPTY,
PEKOMEHAYETHCS BUBYUTH MOKIITUBICTD
3aCTOCYBaHHS OCTAHHIX pelaKiin
HOPMAaTHUBHUX JJOKYMEHTIB, 1110 HaBEJICHO
Huk4e. J{7s HelaToBaHUX OCUJIaHb
3aCTOCOBYETHCSI OCTaHHS PEIAKIIIs
BiJIIOBITHOTO HOPMATUBHOT'O JOKYMEHTY.

1.2 Normative references

The following normative documents contain
provisions which, through references in this text,
constitute provisions of this European standard. For
dated references, subsequent amendments to or
revisions of any of these publications do not apply.
However, parties to agreements based on this
European standard are encouraged to investigate the
possibility of applying the most recent editions of the
normative documents indicated below. For undated
references the latest edition of the normative
document referred to applies.

1.2.1 IlocnjiaHHs HA 3arajibHi CTaHJAAPTH
EN 1090-2 BuroroBieHHs CTaJIE€BUX 1
IIOMIHIEBUX KOHCTpYKLIN. YacTuHa 2.
TexHIYHI BUMOTH JI0 CTaJIEBUX KOHCTPYKIIIH.
EN 1990:2002 OcHOBM NIPOEKTYBaHHSI HECHUX
KOHCTPYKIIH.

1.2.1 General reference standards

EN 1090-21) Execution of steel structures and
aluminium Structures-Part 2: Technical
requirements for the execution of steel structures
EN 1990: 2002 Basis of structural design.

1.2.2 IMocujaaHHs HA iHIIi CTAHAAPTH

EN 1992-1-1:2004 €Bpokog 2. IIpoexTyBaHHs
3a11300€TOHHUX KOHCTpYKIii. Yactuna 1-1.
3aranpHi MpaBWiIa Ta paBuia i OyaiBenb
EN 1993-1-1:2005 €8pokog 3. IIpoexTyBaHHs
CTaJeBUX KOHCTpYKIiH. YacTuna 1-1.
3aranbHi paBuia Ta NpaBuia ais OyaiBenb
EN 1993-1-3 €spoxon 3: IIpoekTyBaHHA
CTaJleBUX KOHCTpyKIiil. Yactuna 1-3:
JlonaTkoBi mpaBuiIa it XOJIOIHO
(dbopMOBaHUX €JIEMEHTIB 1 MPO(]1IbOBAHUX
JIMCTIB.

EN 1993-1-5:2006 €Bpokon 3. [IpoexkTyBaHHA
CTaJeBUX KOHCTpYKIii. YacTuna 1-5.
[TnacTrHYaTiI €1eMEeHTH KOHCTPYKIIIH

1.2.2 Other reference standards

EN 1992-1-1: 2004 Eurocode 2: Design of concrete
structures- Part 1-1: General rules and rules for
buildings

EN 1993-1-1: 2005 Eurocode 3: Design of steel
structures — Part 1-1: General rules and rules for
buildings

EN 1993-1-3 Eurocode 3: Design of steel structures
— Part 1-3: Cold-formed thin gauge

members and sheeting

EN 1993-1-5 1 Eurocode 3: Design of steel
structures- Part 1-5: Plated structural elements
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EN 1993-1-8:2005 €Bpokon 3.
[IpoekTyBaHHS CTaIEeBUX KOHCTPYKIIIH
Yacruna 1-8. Po3paxyHnok 3’enqnanp EN 1993-
1-9:2005 €Bpokon 3. [IpoekTyBaHHSA
cTajeBuX KOHCTpyKLiil. Yactuna 1-9. Bromna
MILHICTE.

EN 1993-1-11:2006 €Bpoxkog 3.
[IpoekTyBaHHS CTaJeBUX KOHCTPYKITIH.
Yactuna 1-11. [IpoekTyBaHHS KOHCTPYKLIN 31
CTaJIeBUMU €JIEMEHTaMHU, 1110 MPAIIOI0Th Ha
PO3TAT.

EN 10025-1:2004 BupoOu rapsiuekarai 3
KOHCTpPYKIiKHHOT ctani. YactuHa 1. 3aranbHi
TEXHIYHI YMOBH MTOCTaBKU

EN 10025-2:2004 BupoOu rapsdekarati 3
KOHCTpYKUiHHOT ctamni. Yactuna 2. TexHiuHi
YMOBHU MOCTAaBKH HEJIETOBAHO1
KOHCTPYKILIHHOT cTai

EN 10025-3:2004 BupoOu rapsiaekatai 3
KOHCTpPYKIiKHHOT ctami. Yactuna 3. TexHiuHi
YMOBH MTOCTaBKH 3BaPIOBAHUX
IpiOHO3EPHUCTUX KOHCTPYKIIHHUX CTaJeH,
aKi OyJo MiAMiHO HOpMaTi3alii Ta MPOKaTIi,
10 HOpMaJTi3ye

EN 10025-4:2004 BupoOu rapsiuexkartasi 3
KOHCTPYKIIIHHOI cTaii. Yactuna 4. TexHiuH1
YMOBH ITOCTAaBKH 3BaprOBaHOL
Npi10HO3EPHUCTOT KOHCTPYKIIMHOI cTal
IIPOKATaHO! TEPMOMEXaHIYHUM IIISIXOM

EN 10025-5:2004 BupoOu rapsiuekarani 3
KOHCTpYKLIHHOT cTani. YactuHa 5. TexHiuH1
YMOBH NOCTaBKU KOHCTPYKIIHHOI cTail 3
MiJBUIIIEHOIO CTIHKICTIO 0 aTMochepHoi
KOpO3ii .

EN 10025-6:2004 BupoOu rapsiuexkarati 3
KOHCTPYKITIHHOI cTaii. YactuHa 6. TexHiuH1
YMOBH ITOCTABKH IJIACKHX BHUPOOIB 13
KOHCTPYKULIHHOT CTajIi 3 BUCOKOIO TPAHUIIEIO
TEKy4YOCTl y 3arapTOBaHOMY Ta BiITYIIEHOMY
CTaHi

EN 10326: 2004 ITonocoBsa Ta n1cToBa
KOHCTpPYKLIIHA CTallb ¢ Oe31epepBHUM
rapsuuM NOKpUTTAM. TexHiuHI yMOBU
MOCTaBKH

EN 10149-2:1995 Ilpoxkat miackuii
rapsifaeKaTaHu# 13 CTaji ¢ BUCOKOIO TPAHUIICIO
TEKy4OCT1 JJ1s1 3MiHU (POPMHU Y XOJIOTHOMY
cradl. YactuHa 2. YMOBH IOCTaBKU KaTaHO1
cTaji, Ky OyJo miJgano MexaHiuHii o0pooi

EN 1993-1-8: 2005 Eurocode 3: Design of steel
structures — Part 1-8: Design of joints EN 1993-1-9:
2005 Eurocode 3: Design of steel structures — Part 1-
9: Fatigue strength of steel structures

EN 1993-1-11 1 Eurocode 3: Design of steel
structures — Part 1-11: Design of structures with
tension components

EN 10025-1: 2004 Hot-rolled products of structural
steels - Part 1: General delivery conditions

EN 10025-2: 2004 Hot-rolled products of structural
steels - Part 2: Technical delivery conditions for
non-alloy structural steels

EN 10025-3: 2004 Hot-rolled products of structural
steels - Part 3: Technical delivery conditions for
normalized/normalized rolled weldable fine grain
structural steels

EN 10025-4: 2004 Hot-rolled products of structural
steels - Part 4: Technical delivery conditions for
thermomechanical rolled weldable fine grain
structural steels

EN 10025-5: 2004 Hot-rolled products of structural
steels — Part 5: Technical delivery conditions for
structural  steels with improved atmospheric
corrosion resistance

EN 10025-6: 2004 Hot-rolled products of structural
steels — Part 6: Technical delivery conditions for flat
products of high yield strength structural steels in the
quenched and tempered condition

EN 10326: 2004 Continuously hot-dip coated strip
and sheet of structural steel - Technicaldelivery
conditions

EN 10149-2: 1995 Hot-rolled flat products made of
high yield strength steels for cold-forming - Part 2:
Delivery conditions for thermomechanically rolled
steels
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EN 10149-3:1995 Ilpoxkat ruiackuii
rapsiueKaTaHuil 31 CTalli ¢ BUCOKOIO IPAHULICIO
TEKY4YOCTi 7151 3MiHH (pOpMU Y XOJIOTHOMY
ctani. YactuHa 3: YMOBU OCTaBKH
HOpPMAaTi30BaHOI HOPMaJTi30BaHOI KaTaHO1
cTaii

EN ISO 13918:1998 3BaproBanns. HInuinbku
Ta KepamiuHi BTYJIKH JIJIsl IPUBAPIOBAHHS
HIMUAIBOK €JIEKTPO3BAPKOIO

EN ISO 14555:1998 3BaproBaHHs .
[TpuBaproBaHHS MIMUAIHOK 13 METAIEBUX
MaTepiaiiB eIeKTPO3BaAPKOIO.

EN 10149-3: 1995 Hot-rolled flat products made of
high yield strength steels for cold-forming —

Part 3: Delivery conditions for normalised or
normalised rolled steels

EN ISO 13918: 1998 Studs and ceramic ferrules for
arc stud welding

EN ISO 14555: 1998 Arc stud welding of metallic
materials

1.2.3 JloBaaTkoBi 3arajbHi Ta iHIi
HOPMATHBHI JOKYMEHTH /ISl cTaj1e
32J1i300€TOHHUX MOCTIB

EN 1990:2002 OcHOBM NPOEKTYBaHS HECHUX
KOHCTPYKIi/ (CTOCOBHO MOCTIB), JOJaTOK A2
EN 1991-1-5:2003 BrumiBu Ha KOHCTPYKIIi.
Yacrtuna 1-5. 3aranbHi BIUIUBH.
TemmiepaTypHi BIUTUBH.

EN 1991-1-6:2005 BruivBu Ha KOHCTPYKIIi.
Yacruna 1-6. 3aranpHi BrumBy. Brumsu npu
BUKOHaHH1 Oy/iBEJIbHUX POOIT.

EN 1991-2:2003 BriiuBy Ha KOHCTPYKIIII.
YacTtuna 2. TpaHCIOPTHI HABaHTA)KEHHS Ha
MOCTH

EN 1992-2:2005 IIpoekryBaHHs
3a11300€TOHH1 KOHCTpYKIiK. YacTuHa 2.
3a511300€TOHHI MOCTH

EN 1993-2:2006 [IpoekTyBaHHs CTaJIeBUX
KOHCTpyKLiN. YacTtuHa 2. CraneBi MOCTH.

1.2.3 Additional general and other reference
standards for composite bridges

EN 1990: Annex 2 1 Basis of structural design:
Application for bridges

EN 1991-1-5: 2003 Actions on structures. Part 1-5:
General actions — Thermal actions

EN 1991-1-6: 2005 Actions on structures. Part 1-6:
General actions — Actions during execution

EN 1991-2: 2003 Actions on structures: Part 2:
Traffic loads on bridges

EN 1992-21 Design of concrete structures. Part 2 —
Bridges

EN 1993-2 1 Design of steel structures. Part 2 —
Bridges

1.3 lIpunymenns

(1) Ha nonaTok 110 3arajgpHUX MPHUITYIIEHb
EN 1990:2002 3acTOCOBYIOTHCSI HACTYIIHI:

- IPUITYIIEHHS, 1110 HaBeeHo B 1.3 EN 1992-
1-1:2004 1 EN 1993-1-1:2005.

1.3 Assumptions

(1) In addition to the general assumptions of EN
1990: 2002 the following assumptions apply:

— those given in clauses 1.3 of EN1992-1-1: 2004
and EN1993-1-1: 2005.

1.4 Pi3Huus Mixk NpMHIUIIAMH Ta
NpaBWJIAMU 3aCTOCYBAHHSA

(1) 3acTrocoByroTbes MpaBUIIa, SIKI HABEIEHO B
EN 1990:2002, 1.4.

1.4 Distinction between principles and application
rules
(1) The rules in EN 1990: 2002, 1.4 apply.
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1.5 Tepminu Ta BUBHAYEHHS

1.5 Definitions

1.5.1 3aranbhi

(1) 3acTOCOBYIOTBCSI TEPMIHU 3 BiAMOBIIHAMH
BU3HAYEHHAMH, AKi HaBeaeHo B EN 990:2002,
1.5; EN 1992-1-1:2004, 1.5, 1 EN 1993-1-
1:2005, 1.5.

1.5.1 General

(1) The terms and definitions given in EN 1990:
2002, 1.5, EN 1992-1-1: 2004, 1.5 and EN 1993-1-
1: 2005, 1.5 apply.

1.5.2 lonaTkoBi TepMUHHU | BU3HAYEHHS,
110 BUKOPUCTOBYIOTHCS B IIbOMY CTAHAAPTI

1.5.2 Additional terms and definitions used in this
Standard

1.5.2.1 Crane3aiz00eTOHHUH eJIeMEeHT:
KOHCTPYKTUBHUM €JI€MEHT 3 KOMIIOHEHTAMU 13
3aJ1i300€TOHY Ta KOHCTPYKIIHHOT a00
XOJIOJHOIITAMIIOBAHOI CTali, sIKl 00 € qHaH1
3CYBHUMH 3’ €HAHHSAMU ISl OOMEXKEHHS
MO3/I0B’KHBOTO 3CYBY Mik OETOHOM 1 CTaJLTIO
Ta BIJOKPEMJICHHS OJTHOTO KOMITOHEHTA BiJT
1HIIIOTO.

1.5.2.1 Composite member

A structural member with components of concrete
and of structural or cold-formed steel,
interconnected by shear connection so as to limit the
longitudinal slip between concrete and steel

and the separation of one component from the other.

1.5.2.2 3cyBHe 3’€AHaHHA: AHKEPHI IPUCTOI
3’€JHAHHS MIXK 32113006 TOHHUMH Ta
CTaJIeBUMU KOMIIOHEHTaMU Tiepepizy, AKi
MarOTh IOCTATHIO MIITHOCTI Ta dKOPCTKOCTI
mo0u mepepi3 3 ABOX KOMIIOHEHTIB
pO3IIsAaBCA SIK TIEpepi3 OAHOTO
KOHCTPYKTHUBHO CYIITBHOTO €JI€MEHTY.

1.5.2.2 Shear connection

An interconnection between the concrete and steel
components of a composite member that has
sufficient strength and stiffness to enable the two
components to be designed as parts of a single
structural member.

1.5.2.3 CymicHa po00Ta KOHCTPYKIMI:
Po6ota koHCTpYKIIii, sIKa Ma€e MicIe MmiCs
BKJIFOYEHHS B pOOOTY 3CYBHOTO 3’€JHaHHS B
pe3yNbTaTi TBEPAIHHS OETOHY

1.5.2.3 Composite behaviour

Behaviour which occurs after the shear connection
has become effective due to hardening of
concrete.

1.5.2.4 Craje3ajizo0eToHa 0aJjKa:
CxI1aioBUH €1EMEHT, IKUH IiATa€ThCS
BHHHBy 3FI/IHy.

1.5.2.4 Composite beam
A composite member subjected mainly to bending.

1.5.2.5 Crane3anizo0eToHa criiika:
CknaioBUil €71eMeHT, KU MiAaeThes
BILJIUBY CTUCKY a00 CTHCKY 31 3THHOM.

1.5.2.5 Composite column
A composite member subjected mainly to
compression or to compression and bending.

1.5.2.6 Crane3ajizo0eToHa mJMTAa:

[Tnura, B siKiil cTaneBi Npod11bO0BaH1 JUCTH
CIMOYaTKy BUKOPHCTOBYIOTHCS B SIKOCTI
HE3HIMHOI ONaayOKH, a MOTIM KOHCTPYKTUBHO
3’€IHYIOThCS 3 OETOHOM, IO 3aTBEP/iB, 1
(YHKIIOHYIOTH SIK apMaTypa, 110 IpaIroe Ha
PO3TATYBaHHS B FOTOBIH IIHTI

1.5.2.6 Composite slab

A slab in which profiled steel sheets are used initially
as permanent shuttering and subsequently

combine structurally with the hardened concrete and
act as tensile reinforcement in the finished

floor.
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1.5.2.7 Crane3anizo0eToHa pama:

PamHa KoHCTpyKIIis, B SIKil KiJibKa a0o BCi
CJIEMEHTH € CKJIQJIOBUMHU
cTajae3am300eTOHHUMH, a OUIBIIICTD 3 THX,
10 3TUIIHINCh— KOHCTPYKTUBHUMHU
CTaJICBUMH €JIEMEHTAMH.

1.5.2.7 Composite frame

A framed structure in which some or all of the
elements are composite members and most of the
remainder are structural steel members.

1.5.2.8 KoMIIO3UTHHH CTHK:

CTHK M)XK KOMIIO3UTHHMH €JIEMEHTAMHU, JI€
OJIMH 3 HHMX € 3a11300€TOHHUM, 1HIITUM -
CTaJIeBUM a00 32113006 TOHHHUM ITOTIEPEAHBO
HAIPY)XCHHUM, B IKOMY apMyBaHHS
BPaxOBYETHCS B pPO3PaXyHKaX CTUKY Ha
MIITHICTB Ta JKOPCTKOCTb.

1.5.2.8 Composite joint

A joint between a composite member and another
composite, steel or reinforced concrete member,
in which reinforcement is taken into account in
design for the resistance and the stiffness of the
joint.

1.5.2.9 O0nepTa KOHCTPYKIisl 200 eJIeMEHT:
KoncTpykiist a00 €1eMEHT, B SIKUX Bara
OETOHHOT ITUTH OE3MOCePeHBO
NPUKIIATAEThCS Ha CTAJICBI €JIEMEHTH, a00
IUIATa 00TIepTa HE3aJICKHO JI0 TOTO Yacy IMOKU
BOHA MOYE IMPOTUCTOSTH BHYTPIIIHIM
Harpyram.

1.5.2.9 Propped structure or member

A structure or member where the weight of concrete
elements is applied to the steel elements which

are supported in the span, or is carried independently
until the concrete elements are able to resist

stresses.

1.5.2.10 HeoOnepTa kKoHCTPYKLisA 200
eJleMeHT: KOHCTPYKIlisl a00 €JIeMEHT, B SIKUX
Bara OETOHHOT IUTUTH MPUKIIATAEThCS HA
CTaJIeBi €JIEMEHTH, SIKi HE MalOTh OTOpP B
MPOJIBOTI.

1.5.2.10 Un-propped structure or member

A structure or member in which the weight of
concrete elements is applied to steel elements which
are unsupported in the span.

1.5.2.11 KopcrkicTh npu 3ruHi 0e3
ypPaxyBaHHs NOSIBH TPilllMH y 32J1i300€TOHI:
Kopctkicts E,l, monepeuHoro nepepizy
cTalIe3al1i300€TOHHOT O eeMeHTa, ae /i -
MOMEHT 1HEpIIii HETTO IOl KOPUCHOTO
€KBIBaJICHTHOTO MEPepPi3y CTa, AKHM
PO3pPaxOBYETHCS, BUXOISIYH 3 TOTO, IO
PO3TATHYTHI OETOH 3HAXOJUTHCA B CTaHI
B1JICYTHOCTI TPIIITHH.

1.5.2.11 Un-cracked flexural stiffness

The stiffness Eal1 of a cross-section of a composite
member where /1 1s the second moment of area

of the effective equivalent steel section calculated
assuming that concrete in tension is un-cracked.

1.5.2.12 KopceTkicTb npu 3ruHi 3
yYPaxXyBaHHSIM TOSIBH TPillIMH y
3aJ1i300€TOHi:

Kopcrkicts FEal, mornepedHoro nepepisy
KOMOIHOBAaHOTO eJIeMeHTa, A¢ [, —MOMEHT
1HepLii TIIOMIi CTajIe3a1i300€TOHHOTO
nepepizy, MPUBEICHOTO JI0 CTalll, 10
00YMCITIOEThCS 03 ypaXyBaHHS PO3TATHYTOTO
OeToHy, aje 3 ypaxyBaHHIM apMyBaHHS.

1.5.2.12 Cracked flexural stiffness

The stiffness Eal2 of a cross-section of a composite
member where /2 is the second moment of area

of the effective equivalent steel section calculated
neglecting concrete in tension but including
reinforcement.
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1.5.2.1lonepeaHe HANIPYKEHHS :

[Ipouec npuknageHHs CTUCKAIbHUX
HaTpPYy>KeHb 10 OETOHHOI YaCTHHH
CTaJIe3a1i300€TOHHOTO €JIEMEHTA 3
BUKOPUCTAHHSM HANpyXEeHOI apMaTypu abo X
nedopmMariii, mo perymro0ThCs.

1.5.2.13 Prestress

The process of applying compressive stresses to the
concrete part of a composite member, achieved

by tendons or by controlled imposed deformations.

1.5.2.14 HacTnJj 0aJIKOBHM:

Hactwi, mo cknagaeTbes i3 3a1i300€TOHHOT
TUTATH Ta TMPOKATHUX 3BAPHUX CTAJICBUX
0aJIOK, YaCTKOBO 3aKJIaJICHUX y OE€TOH, HIKHS
MOJIUIIS IKMX 3HAXOJUTHCA Ha PiBHI HIKHBOT
YAaCTHUHM ILJIUTH.

1.5.2.14 Filler beam deck

A deck consisting of a reinforced concrete slab and
partially concrete-encased rolled or welded steel
beams, having their bottom flange on the level of the
slab bottom.

1.5.2.15 Il1ochbKa cTaie3ani3o0eTOHHA :
Enement, o ckinajgaeTbes 3 IIACKOT HUXKHBOT
CTaJIeBOI IUIACTUHH, sIKa 00’ €gHaHa 3
OCTOHHOIO IUTUTOIO, JOBKMHA Ta IIUPUHA SKOT
3HAYHO MEPEBUIIYIOTh TOBIIHMHY
cTajie0eTOHHOT IIACTHHM.

1.5.2.15 Composite plate

Composite member consisting of a flat bottom steel
plate connected to a concrete slab, in which

both the length and width are much larger than the
thickness of the composite plate.

1.6 CuMBOJIBI
VY 11pboMy cTaHJapTi BUKOPUCTAHO TaKi
CUMBOJIU

1.6 Symbols
For the purpose of this Standard the following
symbols apply.

Ilponucni nimepu 1amuncokoeo arghagimy

A — noma HeTTO MONEPEYHOTO
CTayie3a11300€TOHHOTO Tiepepi3y 0e3
ypaxyBaHHS PO3TITHYTOTO OETOHA;

A, — TIoNIA MOMEPEYHOTO Mepepizy
CTaJIbHOM YaCTHMHU KOHCTPYKILii;

Ap — 1uIo11a MONEePEeYHOro nepepizy HUKHBOT
MOTIEPEYHOI apMaTypH;

Aph — TIIOIIA MTOMIEPEYHOTO TIepePi3y
HUKHBOI MTOTIEPEYHOT apMaTypu BUCTYITY
(ByTa);

A, — TIIo1Ia IOTEePEeYHOro nepepizy 6eTony;
At — TIIOIIA TTONIEPEYHOTO TIepePi3y
PO3TATHYTOI 30HH OETOHY;

Af. — TUIOINIA TIOTIEPEYHOTO Tepepizy
CTHCHEHO1 oMU (T0sCY);

A, — TIJI0IIa HANIPY)KEHOI apMaTypH;

A — myiola nornepeyHoro nepepisy
apMartypu;

Agf — TUIOIIA TTONIEPEYHOTO Mepepizy
MIOIIEPEYHOI apMaTypH;

A — 1uIo1a MomnepeyHoro nepepizy BepXHbOi
IIOIIEPEYHOI apMaTyphl;

A, — o1 3cyBy KOHCTPYKIIi CTaJIeBOro
npodiio;

A] — myomna 3aBaHTaXCHHS 111]T KOCHHKOIO
(daconkoro);

Latin upper case letters
A - Cross-sectional area of the effective composite
section neglecting concrete in tension

A, - Cross-sectional area of the structural steel
section

Ay, - Cross-sectional area of bottom transverse
reinforcement

Apn - Cross-sectional area of bottom transverse
reinforcement in a haunch

A. - Cross-sectional area of concrete

At - Cross-sectional area of the tensile zone of the
concrete

Ay - Cross-sectional area of the compression flange

A, - Area of prestressing steel
A, - Cross-sectional area of reinforcement

Agr - Cross-sectional area of transverse reinforcement
A; - Cross-sectional area of top transverse
reinforcement

Ay - Shear area of a structural steel section

A - Loaded area under the gusset plate
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E, - MOgyns IpY>KHOCT1 KOHCTPYKITIHHOT
craji;

E.eff - pO3paxXyHKOBHI MOIYJb MPYKHOCTI
1151 OETOHY;

E.m - cekymuii MOTysIb IPYXKHOCT1 O€TOHY;
E -po3paxyHKOBE 3HAUEHHS MOJYJIS
MIPY)KHOCTI apMaTypHOI CTaJIi,

(EA)efr- epekTHBHA TO3/IOBXKHS KOPCTKICTD
OCTOHY 3 ypaxyBaHHSIM TPIIIUH;

(El)efr - €heKTHBHA )KOPCTKICTh HA 3THH IS
PO3paxyHKY BIJIHOCHOT THYYKOCTI;

(ED)esrr - €eKTUBHA JKOPCTKICTh HA 3TUH IS
PO3paxyHKY APYroro NopsaKy;

(EI); - KOPCTKICTh Ha 3THH 3 YpaxyBaHHIM
TPIIIMH HA OJMHULIIO IIIUPUHUA OETOHHOI 200
craje3anizo0eTOHHOT IUTH;

F4 - cknagoBa po3paxyHKOBOTO 3YCHILIS
HANpy>KEHOT0 apMaTypHOTO €JIEMEHTY, 1110
Mae a00 HeMae 34eIyICHHS 3 OCTOHOM,
MPUKIIAICHUM Y HAMPSMKY CTalleBOT YaCTUHU
KOHCTPYKIIi MiCJIs BKITIOYEHHS B poOOTY
3CYBHOTO 3’ €/THAHHS ;

F)| - po3paxyHKOBE TI03/IOBKHE 3yCHIIJIS HA
CTEpXKEHb YIIOpa;

F' - po3paxyHKOBE TIOTIEpEYHE 3YCHIUISA Ha
CTEep>KEHb YIopa;

Flen - pO3paxyHKOBE pO3TATYBAJIBHE 3yCHILIS
Ha CTEepPKEeHb YIOopa;

G, - MOZLyJIb 3CYBY KOHCTPYKIIHHOI cTai;
G, - MOyNb 3CYBY OETOHA;

1 - MOMEHT 1Hep1ii MJIO0III HETTO
CTale3ali300eTOHHOTO mepepizy 6e3
ypaxyBaHHS PO3TATHYTOr0 O€TOHa;

I, - MOMEHT 1HepIIii IO CTalIeBOi YaCTUHU
KOHCTPYKIIIi;

Iy - moctiiina kpydyenns Cen Benana craneBoi
YaCTHHH KOHCTPYKILIIT,

1. - MOMEHT iHepuii 1ol nepepizy 6eToHa
0e3 ypaxyBaHHs TPIIIUH;

Lesr - pO3pAaXyHKOBHI MOMEHT 1HEPIIii 101
0aJIOK 3aIOBHEHHS;

I, — MOMEHT iHep1Iii oI CTaneBol
apMaTyphl;

I, — MOMEHT iHep1ii 011 HETTO
CTane3aai300€TOHHOTO Tepepizy,
MPUBEICHOTO JI0 CTalll, 3 YpaxyBaHHAM
BIJICYTHOCTI TPIIIMH Yy PO3TATHYTOMY O€TOHI;

E, - Modulus of elasticity of structural steel
E..ir - Effective modulus of elasticity for concrete

E.m - Secant modulus of elasticity of concrete

E - Design value of modulus of elasticity of
reinforcing steel

(EA)esr - Effective longitudinal stiffness of cracked
concrete

(ED)efs - Effective flexural stiffness for calculation of
relative slenderness

(El)esrnr - Effective flexural stiffness for use in second

(EI), - Cracked flexural stiffness per unit width of the
concrete or composite slab

F4- Component in the direction of the steel beam of
the design force of a bonded or unbonded tendon
applied after the shear connection has become
effective

F) - Design longitudinal force per stud
F' - Design transverse force per stud
Fien - Design tensile force per stud

G, -Shear modulus of structural steel

G, - Shear modulus of concrete

I - Second moment of area of the effective composite
section neglecting concrete in tension

I, -Second moment of area of the structural steel
section

I -St. Venant torsion constant of the structural steel
section

1. - Second moment of area of the un-cracked
concrete section

I.¢r - Effective second moment of area of filler beams

I; - Second moment of area of the steel reinforcement
I, -Second moment of area of the effective equivalent

steel section assuming that theconcrete in tension is
un-cracked
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I, - MOMEHT 1HepIIii TIOINI HETTO
CTae3aniz00eTOHHOTO Mepepizy,
MIPUBEICHOTO J0 CTaji, 00YMCICHOTro 0e3
ypaxyBaHHsI pO3TATHYTOr0 OETOHY, aje 3
BKJIFOUCHHSIM apMaTypu;

I, - Second moment of area of the effective
equivalent steel section neglecting concrete in
tension but including reinforcement

K., K.,11 - monpaBo4Hi KoeilieHTH, SKi i
BUKOPUCTOBYBATH IIPU PO3PAXYHKY
CTajae3a11300€TOHHUX CTIHOK;

Ky - xanibpyBanbHUN Koe]ilieHT,
BUKOPHUCTOBYETHCS ITPU PO3PAXyHKY CTae
3aJ11300€ TOHHUEBIX CTIHOK;

L - 1oBXUHA; IPOJILOT; PO3PaXyHKOBA
JOBXHHA IIPOJIbOTA;

L. - eKBUBaJICHTHUH POJIBOT;

L; - nmposborT;

LA - TOBXWHA HEMPY>KHOI 30HH MIXK
ToukaMu A ¥ B, BimmoBigHa 10 M, Rq 1
Medamax 5

L, - TOBXXUHA 3CYBHOI'O 3’ €JIHAHHS;

M - 3ruHaHUN MOMEHT;

M, - BKJIaJl CTasleBO1 YaCTUHU Tepepi3zy
KOHCTPYKIIIi 10 PO3paxyHKOBOTO
IUTACTUYHOTO IPAHUYHOTO MOMEHTY
CTase3a1i300eTOHHOTO Mepepi3zy;

M,,Eq - pO3paxyHKOBHI 3rUHAHUN MOMEHT,
110 BIUIMBA€E HA CTAJIEBY YaCTUHY MEpepizy
KOHCTPYKIIi;

My,Rq - pO3paxyHKOBE 3HAUYEHHS TPAHUYHOTO
MOMEHTa CTaJle3a11300€TOHHOT OalIKu pu
M03/I0B)KHbOMY 3THHI;

M,,Eq - 9yacTHA pO3paxyHKOBOT'O 3THHAHOTO
MOMEHTA, SIKa BIJIMBA€E Ha CTaJle
3a1i300eTOHHUI mepepis;

M, - IpyXKHUI KPUTUIHUI MOMEHT IS
MIO3JJ0BKHBOT0 3TMHY 3 KPYYEHHIM
CTaje3a1300€TOHHOI OaJIKH;

ME4 -po3paxXyHKOBHI 3TUHAHUN MOMEHT;
ME §,max - 3arallbHUN PO3PaXyHKOBUUN
3THHAHUHA MOMEHT, 1110 BIIMBAE HA CTaJIEBUH 1
CTaje3as1i300eTOHHUH eNeMEHTH;

ME4, max, £ - MAKCUMaIbHAN 3rHHAHUI MOMEHT
a00 BHYTpIIIHA CHJIA, BUKJIMKaHI BTOMHUM
HaBaHTa)XCHHSIM;

ME4, min £- MiHIMAJTbHUN 3rHHAaHUI MOMEHT,
SIKWI BUKJIMKAHO BTOMHUM HaBaHTAXCHHSIM;
M), Rq — po3paxyHKOBE 3HAUEHHS IIPYKHOIO
IPaHUYHOIO0 MOMEHTA CTaJIe3a11300€TOHHOTO
nepepizy,

M, Ry — po3paxyHKOBHI TPAaHUYHUI MOMEHT
BigmoBigHo 10 5.2.6.1 EN 1993-1-5;

K. , Ke,;1 - Correction factors to be used in the design
of composite columns

Ky - Calibration factor to be used in the design of
composite columns

L -Length; span; effective span

L. - Equivalent span

L; - Span

Lag - Length of inelastic region, between points A
and B, corresponding to M|, Ry and Mgq,max.
respectively

L, - Length of shear connection

M - Bending moment

M, - Contribution of the structural steel section to the
design plastic resistance moment of the

composite section

M,,E4 - Design bending moment applied to the
structural steel section

M,y,Rq4 - Design value of the buckling resistance
moment of a composite beam

M.,E4 - The part of the design bending moment
acting on the composite section

M., - Elastic critical moment for lateral-torsional
buckling of a composite beam

ME, - Design bending moment
ME4,max - Total design bending moment applied to
the steel and composite member

ME, max,t - Maximum bending moment or internal
force due to fatigue loading

ME4, mins - Minimum bending moment due to fatigue
loading

M., R4 - Design value of the elastic resistance
moment of the composite section

Mg R4 - Design resistance moment to 5.2.6.1 of EN
1993-1-5

10
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Mnax, Ry - MAKCUMaJIbHE PO3PAXYHKOBE
3HAYCHHS TPAHUYHOTO MOMEHTA 3
ypaxyBaHHSIM HOPMaJbHOTO CTUCKAJILHOTO
3YCUILIS;

Myerm — HaAMOLIBII HECTIPUATINBUM 3THHAHUN
MOMEHT JJIS XapaKTEPHOTO CIOIYyUEHHS;
M1,a,Rq - pO3PaXyHKOBE 3HAYECHHS
MJIACTUYHOTO TPAHUYHOTO MOMEHTA Mepepizy
CTaJIeBO1 YaCTUHHU KOHCTPYKIIIi,

M1,N,Rq - pO3paxyHKOBE 3HAYECHHS
IJIACTUYHOTO FPAHUYHOTO MOMEHTA CTaJle
3aJ1i300€TOHHOTO TIepepi3y 3 ypaxyBaHHIM
HOPMAJIbHOT'O CTUCKATBHOTO 3YCHILIIS;

Mp1,Rq - pO3paxyHKOBE 3HAYEHHS
MJIACTUYHOTO TPAHUYHOTO MOMEHTA CTaJie
3aJ1i300€TOHHOTO TIepepi3y 3 MOBHUM 3CYBHUM
3’ €IHAHHSAM;

Mpl,y,Rq - po3paxyHKOBE 3HAaUEHHS
MJIACTUYHOTO TPAHUYHOTO MOMEHTA B1JIHOCHO
oci y-y crane3anizo0eTOHHOTo mepepizy 3
MTOBHUM 3CYBHHUM 3’ € THAHHSIM;

M1,,,Rq - pO3paxyHKOBE 3HAYEHHS
MJIACTUYHOTO TPAHUYHOTO MOMEHTA B1JIHOCHO
oci z-z cTane3aniz300eTOHHOTO Iepepizy 3
MMOBHUM 3CYBHHUM 3’ € THAHHSM;

MR - po3paxyHKOBE 3HAYEHHS IPAaHUIHOTO
MOMEHTA CTaJIe3aT1300€TOHHOTO TepePi3y;
MRy, - XapaKTepUCTUYHE 3HAYCHHS
IPaHUYHOTO MOMEHTA CTase3aj1i300€TOHHOTO
nepepizy abo 3’€JHaHHS;

M,,Eq - pO3paxyHKOBHMH 3TUHAHUNA MOMEHT,
10 BIUTMBAE Ha CTalle3ai300eTOHHUI mepepi3
BIJTHOCHO OC1 y-Y;

M,,Eq - po3paXyHKOBHUH 3rHHAHUN MOMEHT,
10 BIUIMBAE HA CTaJe3al1300€TOHHUM TIepepi3
BIIHOCHO OCi z-Z;

N - HOpMaJTbHA CTHCKAJIbHA CUJIA; KITBKICTh
LMKJIIB HABAHTAKEHH, KUIBKICTD
3’€THYBAIBHUX DSJIEMEHTIB, K1 TIPAIIOIOTH HA
3pis;

N, - po3paxyHKOBE 3HAYECHHSI HOPMAJILHOTO
3yCHIIIS B TIEpepi3i cTaneBoi YaCTHHH
KOHCTPYKIIIi cTane3anizo0eTOHHOT 0aiKu;

N, - po3paxyHKOBE 3HAUE€HHS] HOPMaJIbHOTO
CTHUCKAJIBHOTO 3yCHJIJISI B OCTOHHIN MOJHIIL;
N¢q - PO3paxyHKOBE CTUCKAJIbHE 3HAYEHHS Y
OETOHHIN IUIUTI, BIAMOBITHO 10 MEd,max;

Ne,f - PO3paxyHKOBE 3HAYEHHSI HOPMAJIbHOTO
CTUCKAJIBHOTO 3yCUJUISI B OCTOHHIM MOJIHIT 3
MOBHUM 3CYBHHUM 3’ € THAHHSIM;

Max, Rg - Maximum design value of the resistance
moment in the presence of a compressive
normal force

Mperm - Most adverse bending moment for the
characteristic combination

M,1,2,Rq - Design value of the plastic resistance
moment of the structural steel section

M,1,N,Rq -Design value of the plastic resistance
moment of the composite section taking into
account the compressive normal force

M,1,Rq - Design value of the plastic resistance
moment of the composite section with full shear
connection

Mpl,y,Rq - Design value of the plastic resistance
moment about the y-y axis of the composite
section with full shear connection

M,,1,2,Rq - Design value of the plastic resistance
moment about the z-z axis of the composite section
with full shear connection

MRy - Design value of the resistance moment of a
composite section

MR, -Characteristic value of the resistance moment
of a composite section or joint

M,,Eq - Design bending moment applied to the
composite section about the y-y axis

M,,E4 - Design bending moment applied to the
composite section about the z-z axis

N - Compressive normal force; number of stress
range cycles; number of shear connectors

N, - Design value of the normal force in the structural
steel section of a composite beam

N, - Design value of the compressive normal force in
the concrete flange

N.q - Design compressive force in concrete slab
corresponding to MEq,max

N.,¢ - Design value of the compressive normal force
in the concrete flange with full shear

connection

11
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N¢,el - HOpMaJIbHE CTHCKAJIbHE 3YCHILIS B
OCTOHHIH MONNII, Y BIAMOBITHOCTI 10 M¢,Rq;
Neryefr - IPYKHA KPUTUYHA CHJIA
cTaje3a1i300eTOHHOT CTIKH, Y BiAMOBIAHOCTI
710 PO3paxyHKOBOT 3rHHAHOI KOPCTKOCTI;

N¢r - HOpMasIbHA IPYKHA KPUTUYHA CUIIA;
N¢1— po3paxyHKOBE 3HaU€HHSI HOPMaIbHOI
CHWJIH, 1110 PO3PaxXOBY€ETbCS MJIsl BEJCHHS
HABaHTA)XCHHS;

NEj - po3paxyHKOBE 3HaYEHHSI HOPMAJIbHOT
CTUCKAJIbHO1 CHIIN;

NE,sery - HOPMAIBHE 3yCHILISE OETOHHOTO
PO3TATHYTOIO eieMeHTy aJist SLS;

NE 4,1t - HOpMaJIbHE 3yCUIIJISE OETOHHOTO
po3TArHyToro enemenry aius ULS;

NG,E, - po3paxyHKOBE 3HAYCHHS MTOCTIHHOT
YaCTUHU HOPMAJIbHOI CTUCKAIBHOI CUIIH;
Npl,a - PO3PaXyHKOBE 3HAYEHHS IUIACTUYHOTO
oropy (MIIIHOCTI) Iepepizy CTaIeBOl YaCTHHU
KOHCTPYKIIi BILTUBY HOPMAJIbHOT CHUJIH;
Np1,R4 - pO3paxyHKOBE 3HAYEHHS IIACTUYHOTO
oropy (MIIIHOCTI)cTane3aniz00eTOHHOTO
nepepizy BIUTMBY HOPMAIBHOI CTUCKATBHOT
CHIIH;

Np1, Ry - XapaKTepUCTUYHE 3HAYEHHS
MPYKHOTO MJIACTUYHOTO OMIOPY
(mirHOCTI)CTase 3a711300€TOHHOTO TIEpepizy
BILJTUBY HOPMaJIbHOI CTUCKAJIBHOI CHIIH;
Npm,Rq - pO3paxyHKOBE 3HaYEHHS OIOPY
(MiniHOCTI) O€TOHA BIUIMBY HOPMaJIbHOL
CTUCKAJIbHOI CUJIN;

NR - KUIBKICTD IIUKIIB HAaBAHTAXKEHHS;

Ns - pO3paxyHKOBE 3HAYEHHS TIaCTUYHOIO
ornopy (MIIIHOCTI) CTaJeBOi apMaTypH
BIUIMBY HOPMAJIbHOI CUJIH;

Nsq - po3paxyHKOBE 3HAUEHHSI MJIACTUYHOTO
oropy (MIIIHOCTI) cTajaeBoi apMaTypH BILUIUBY
HOPMaJIBHOTO PACTITYBAIBHOTO 3YCHILIS;
Ns,el — paCTATYBAJIBHE 3YCHILIS 3 YPaXyBaHHIM
TPIIMH Y OETOHHIH IJIUTI y BIMOBITHOCTI J10
Me1,Rq3 ypaxyBaHHSIM >KOPCTKOCTI MpU
PO3TATYBaHHI;

PE, - TO300BXHS CHJIa, IO BIUIUBAE Ha
3’€HYBaJIbHUI €IEMEHT Ha BiJICTaHi X Bij
HaHOIMKIOl CTIHKY,

PRy - pO3paxyHKOBE 3HAUECHHS ONIOPY 3CYBY
OO TMHOKOTO 3’ €THYBAJILHOTO CTEPIKHS
yropa, y BiIlIOBiTHOCTI 110 F;

PRy - po3paxyHKOBE 3HaUY€HHS OTIOPY 3CYBY
MMOOJIMHOKOTO 3’ €IHYBAJIBLHOTO €JIEMEHTAa;

N.,e1 - Compressive normal force in the concrete
flange corresponding to M., Rg;

Nenefr - Elastic critical load of a composite column
corresponding to an effective flexural stiffness

N, - Elastic critical normal force
N, - Design value of normal force calculated for load
introduction

NE4 - Design value of the compressive normal force

NEg,serv - Normal force of concrete tension member
for SLS

NE4,u: - Normal force of concrete tension member
for ULS

NG, E; - Design value of the part of the compressive
normal force that is permanent

Npi,a - Design value of the plastic resistance of the
structural steel section to normal force

Npi,Rq - Design value of the plastic resistance of the
composite section to compressive normal force

Np1,Ri - Characteristic value of the plastic resistance
of the composite section to compressive normal force

Npm,R4 - Design value of the resistance of the
concrete to compressive normal force

NR - Number of stress-range cycles
N; - Design value of the plastic resistance of the steel
reinforcement to normal force

Nsq - Design value of the plastic resistance of the
reinforcing steel to tensile normal force

Ns,e -Tensile force in cracked concrete slab
corresponding to Mel,Rd taking into account the
effects of tension stiffening

PE4 - Longitudinal force on a connector at distance x
from the nearest web

PRy - Design value of the shear resistance of a
single stud connector corresponding to F1

PR; - Design value of the shear resistance of a single
connector
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PRy - XapakTepuCTHUHE 3HAYEHHHS OIIOpY
3CYBY ITOOJIMHOKOTO 3’ €IHYBaJIbHOTO
€JIEMEHTa;

Pi,r4 — pO3paxyHKOBE 3HAUYEHHS OMOPY 3CYBY
MOOJIMHOKOIO 3’ €JJHYBaJIbHOTO CTEPXKHS YIIO-
pa, 1o BianoBigae Fi;

Va»Ed - PO3PAXyHKOBE 3HAUEHHS TONIEPEUHOT
CHJIH, sIKa BITMBAE Ha MEpepi3 cTajaeBoi
YaCTHHU KOHCTPYKLIIT;

Vb,Rd - pO3paxyHKOBE 3HAYEHHS OIIOPY
(mirrHOCTI) cTanmeBoro pedpa BTpaTi CTIMKOCTI
IIpHU 3CYBI;

Ve,Eq - pO3paxyHKOBE 3HAUEHHS MOMEPEUHOT
CHJIH, SIKA BIUIMBAE Ha 3a11300€TOHHUI
nepepi3 OaJIku 3aITOBHCHHS,

VEd - pO3paxyHKOBE 3HaYEHHS [TONIEPEYHOI
CHWJIH, SIKa BILTUBAE HA 3a11300€TOHHUH
nepepis;

VL — IO3110BKHE 3CYBHE 3yCHILIS, SKE JIi€
JEICTBYIOIIEE B3IOBXK MEXK1 PO3MOALTY
«CTaJIb-0CTOHY;

V'1,Eq - TO310BKHE 3CYBHE 3YCUILIS, SIKE
BIUTMBAE HA JUISHKY L A_g HETIPYXKHOT 00JIaCTi;
Vol,R4 - pO3paxyHKOBE 3HaUEHHsI IITaCTUYHOI'O
OTIOpY CTaJe3al1i300€TOHHOTO TIepepi3y
BILJIUBY BEPTUKAIHHOTO 3CYBY;

Volard - PO3PaxXyHKOBE 3HAYCHHS
MJIACTUYHOTO OTIOPY CTAJIEBOi YaCTUHU
nepepizy KOHCTPYKIIIl BIUIUBY BEPTUKAILHOTO
3CYBY;

Vp,Rd - pO3paxyHKOBE 3HaYEHHS ONIOPY
(MIIIHOCTI1) cTane3ani300eTOHHO1 TIUTH Ha
NIPO/IaBIIOBAHHS,

V’Rd - pO3paxyHKOBE 3HAUEHHS OIOpY
(MiITHOCTI) cTane3ani300eTOHHOT IUTUTH
BILJIMBY BEPTHUKAIHHOTO 3CYBY;

Mani 6ykeu namuncokoeo angasimy

a - Kpok 0ainok; aiamerp abo MUpUHa;
BiJICTaHb;

@y - KOHCOITb TIOJIKU CTaJIeBO1 OAKU;

b - mMpUHA MOJKYU CTaIEBOTO MPOPiIo;
HIMPUHA TUINTH, TIOJOBUHA BIZICTaHI MIXK
CYMDKHHUMHU CTIHKaMH ab0 BiZICTaHb MiXkK
CTIHKOIO 1 BUIbHOIO KPOMKOIO TIOJIKH;

befr - 3aranbHA e(heKTUBHA ITUPUHA;
befr,1€heKTHBHA IIUPHUHA B CEPEUH] TIPOTOHY,
KU CIIUPAEThCST HA OOWIBA KiHIT;

befrn - epexTUBHA MIMPUHA HA TPOMIKHIHN
or110pi;

Pri - Characteristic value of the shear resistance of a
single connector

Py,rq - Design value of the shear resistance of a single
stud connector corresponding to F}

Vaea - Design value of the shear force acting on the
structural steel section

Vv,Rq - Design value of the shear buckling resistance
of a steel web

Ve,Eq - Design value of the shear force acting on the
reinforced concrete cross-section of a filler

beam

V4 - Design value of the shear force acting on the
composite section

V1 - Longitudinal shear force, acting along the steel-
concrete flange interface

V1,Eq - Longitudinal shear force acting on length Lap
of the inelastic region

Vo1,R4 - Design value of the plastic resistance of the
composite section to vertical shear

Volard - Design value of the plastic resistance of the
structural steel section to vertical shear

VR4 - Design value of the resistance of a composite
slab to punching shear

V'rq -Design value of the resistance of the composite
section to vertical shear

Latin lower case letters

a -Spacing between parallel beams; diameter or
width; distance

ay - Steel flange projection outside the web of the
beam

b - Width of the flange of a steel section; width of
slab, half the distance between adjacent webs, or the
distance between the web and the free edge of the
flange

besr - Total effective width

besr,1-Effective width at mid-span for a span
supported at both ends

besr o - Effective width at an internal support
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bei - epexTrBHA MMPHUHA OETOHHOT MOJIKH 3
KaXHOTO OOKY BiTHOCHO CTIHKH; e(peKTHBHA
IMPUHA CTAJIe3a11300€TOHHOT HUKHBOT MOJIKH
KOpoOd4acToro nepepisy;

b¢- MIMPUHA TTOJIKU CTAJIIEBOTO MPOQLITIO;

b - reoMeTpUyHa MUPUHA OETOHHOT MOJKH 3
Ka)KHOTO OOKY BiTHOCHO CTIHKH;

by - BiICTaHb MiX IICHTPaAMH €JICMEHTIB
3CYBHHX 3’€JIHaHb (yIIOPiB); CEPEeIHs
TOBIIMHA OETOHHOTO pedpa (MiHIMallbHA
TOBIIMHA TSI INCTOBOTO PO IITIO); IIMPHUHA
BYTa;

¢ - IUPUHA BUCTYIY CTAJICBOI MOJIKH;
e(eKTUBHHN TIEPUMETP apMaTyPHOTO
CTEPIKHS,

Cst - 3aXMCHUM 11ap OETOHA HAJl CTAJICBUMU
OankaMu OalIKOBOTO HACTHITY;

Cy, C, - TOBILHA 3aXMCHOTO I1apy OeTOoHa;

d - BUCOTa CTIHKM MPO(HITIO CTaIeBOT
KOHCTPYKIIT; [iaMeTp 3’ €qHyBaJIbHOTO
CTCPIKHS; 3aralIbHUHN JiaMeTp KPyTJIoro
ITOJIOTO CTAJIEBOTO MPO(HITIO; MiHIMATbHHMA
MOTIEPEYHHIA PO3MIp CTIHKH;

dgo - TlaMeTp MPUBAPIOBAHOT MAHKETH
3’€JHYBaJIbHOTO CTEPKHS;

ds - BIICTaHb M) PO3TATHYTOIO CTaJIEBOIO
apMaTypolo U KpaliHbOIO CTUCHEHOIO (p10poro
cTajie3ai300€TOHHOI IUINTH; BiICTaHb MIXK
PO3TATHYTOIO MITO3I0BKHBOIO apMAaTypOIO 1
[IEHTPOM Baru CTaJIeBOTo mepepizy Oaiku;

ep - BIJICTaHb JI0 KParo;

eq - 2ep 200 2ey;

e, - IPOMIXKOK MI3K apMaTypolO 1 TOPLEBOIO
IUTUTOIO Y CTasle3ani300€TOHHIH cTilike;

en - TIONIEPEYHA B1JICTaHb Bl TOUKU
MPUMIPUKIATACHHS CUIH F; 10 BIMOBIIHOI,
K10 Fq CTANeBUH CTiH BIUIMBA€E HA OETOHHY
TUTHTY;

ey - BEpTUKAJIbHA BIJICTaHb BiJ] TOUKH
MIPUKJIaICHHS CHIIH Fy IO TIIOIUHU
BIJIMTOBIHOT'O 3CYBHOTO 3 € THAHHS, SIKIIO Fy
MIPUKJIA/IEHO JIO CTATIEBOTO EIEMEHTY,

fed — PO3pPaxXyHKOBE 3HAUCHHS IMUTIHIPHIHOT
MIIHOCT1 O€TOHA Ha CTUCK Y BIATIOBITHOCTI JI0
2.4.1.2;

fek - XapaKTEepUCTUYHE 3HAUCHHS
MAJTUHIPIYHOT MIITHOCTI OeTOHa y BiIll 28 110
Ha CTHCHCHHS;

fem - CEpEIHE 3HAYCHHST BUMIPSHOL
WTIHAPUIHOT MIITHOCTI OETOHA HA CTHUCK;

be; -Effective width of the concrete flange on each
side of the web, effective width of composite bottom
flange of a box section

bs-Width of the flange of a steel section

bi - Geometric width of the concrete flange on each
side of the web

by - Distance between the centres of the outstand
shear connectors; mean width of a concrete rib
(minimum width for re-entrant sheeting profiles);
width of haunch

¢ -Width of the outstand of a steel flange; effective
perimeter of reinforcing bar

¢t - Concrete cover above the steel beams of filler
beam decks

¢y, ¢, - Thickness of concrete cover

d - Clear depth of the web of the structural steel
section; diameter of the shank of a stud connector;
overall diameter of circular hollow steel section,;
minimum transverse dimension of a column

dio - Diameter of the weld collar to a stud connector

ds -Distance between the steel reinforcement in
tension to the extreme fibre of the composite slab in
compression; distance between the longitudinal
reinforcement in tension and the centroid of the
beam’s steel section

ep -Edge distance

eq -Either of 2e;, or 2ey;

e, - Gap between the reinforcement and the end plate
in a composite column

en -Lateral distance from the point of application of
force Fj to the relevant steel web, if Fyis applied to
the concrete slab

ey - Vertical distance from the point of application of
force F4 to the plane of shear connection concerned,
if Fy is applied to the steel element

fea — Design value of the cylinder compressive
strength of concrete according to 2.4.1.2

fex - Characteristic value of the cylinder compressive
strength of concrete at 28 days

fem - Mean value of the measured cylinder
compressive strength of concrete
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Jetseff - CEPETHE 3HAUEHHS PO3PAaXyHKOBOT
MIITHOCTi O€TOHA Ha PO3TT;

fetm - CEpEIHE 3HAYCHHS MIITHOCTI OETOHA Ha
OCBOBUH PO3TSIT;

fet,0 - TTOYATKOBA MIITHICTh O€TOHA HA PO3THT;
Sletm - CEpEIHE 3HAUCHHS MIITHOCTI JIETKOTO
0eToHa Ha OCHOBHI PO3TSIT;

Jpd - TPAHUYHE HAIPYKEHHs HAPyKEHHX
apMaTypHHUX €JIEMEHTIB BiamoBiaHo a0 3.3.3
crangapty EN 1992-1-1;

Fpk - XapaKTepUCTHYHE 3HAYEHHSI YMOBHOI
MeEX1 TeKY4OCTH HAPYKEHUX apMaTypHUX
€JIEMEHTIB;

fsd — PO3paxyHKOBE 3HAYCHHS YMOBHOI MEXI1
TEKY4OCTH apMaTypHOi cTai;

fsk - XapaKTepUCTHUYHE 3HAYCHHSI YMOBHOI
MeX1 TEeKY4OCTH CTaJIeBO1 apMaTypH;

/fu - HOMiHaJIbHA MEa MIIHOCI Ha PO3TST;

Jy - HOMiHaJIbHE 3HAUYEHHHs YMOBHOI MEKi
TEeKY4OCTH KOHCTPYKIIIIHOI cTai;

Jyd - PO3paxyHKOBE 3HAUEHHS YMOBHOI MexXi
TEeKY4OCTH KOHCTPYKIIIIHOI cTai;

h - MOBHA BUCOTA; TOBILMHA;

h, - BUCOTa MPOQUIIIO CTANEBOI KOHCTPYKIIIi;
h. - TOBIIMHA OETOHHOI IOJIKH;

hy - TONOXEHHS HEUTPAIBHOMH OCl;

hs — BiJICTaHb MIXK IIEHTPaMH Baru MoJIOK
npod o cTaneBoi KOHCTPYKIIIi;

hs - 3arajbHa HOMIHAJIBHA BUCOTA

3’ € ITHYBaJIbHOTO CTEPKHS,

k - KoedIIEHT MiICUJICHHS TUHAMIYHOCTI JJIs
BIUIMBY JIPYTOT0 MOPSAIKY; KOSQIIIEHT;
eMIIpUYHUN KOEPILIEHT I PO3PAXYHKY
OTIOPY 3CYBY;

k. - koedirienT;

ks - xoedilieHT nmocnabaeHHs I OTopy
3CYBY 3 €THYBAJILHOTO CTEPIKHSI YIIOpa;

ko - mapameTp;

k| — 3rUHAaHA JKOPCTKICTh OETOHHOT IUIUTH 3
ypaxyBaHHSM TPIIIHH;

ky — 3rUHAaHA )KOPCTKICTh CTIHKHU;

lo — MOBXKWHA 3aBaHTAKCHHS,

m - HaXWJ KPUBOi BTOMHO1 MIITHOCTI;
SMITIPUYHKUN KOE(PILI€HT IS pO3PaXyHKY
OImopy 3CyBY,

1 - MOAYJIBHUHM KOe(Dilli€HT; KUTbKICTh
3’€IHYBaJIbHUX EJIEMEHTIB 3CYBHOTO

3’ €IHAHHS,

Ny - MOYJIbHUHM KOS(DIIIEHT, IKUHN 3aJICKUTh
BIT TUIYy HAaBAaHTAKCHHS;

Jfeweft- Mean value of the effective tensile strength of
the concrete

fem - Mean value of the axial tensile strength of
concrete

fer0 - Reference strength for concrete in tension

fietm -Mean value of the axial tensile strength of
lightweight concrete

Jpd -Limiting stress of prestressing tendons according
to 3.3.3 of EN1992-1-1

Fpx -characteristic value of yield strength of
prestressing tendons

fsa - Design value of the yield strength of reinforcing
steel

fsk - Characteristic value of the yield strength of
reinforcing steel

fu -Specified ultimate tensile strength

fy -Nominal value of the yield strength of structural
steel

fya-Design value of the yield strength of structural
steel

h - Overall depth; thickness

h, - Depth of the structural steel section

h. - hickness of the concrete flange;

h, - Position of neutral axis

hs —Depth between the centroids of the flanges of the
structural steel section

hg. - Overall nominal height of a stud connector

k -Amplification factor for second-order effects;
coefficient; empirical factor for design
shear resistance

k. -Coefficient

ks -reduction factor for shear resistance of stud
connector

k¢ - Parameter

k1 -Flexural stiffness of the cracked concrete slab

ky —Flexural stiffness of the web
lo - Load introduction length
m - Slope of fatigue strength curve; empirical factor

for design shear resistance

n - Modular ratio; number of shear connectors

ny, - Modular ratio depending on the type of loading
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ny - MOAYJIBHUN KOeDIIIEHT 115t
KOPOTKOYACHOTO HaBAaHTAKEHHS;

noG ~-MOJTYJIbHUI KOE(ILIEHT TSt
KOPOTKOYACHOTO HaBaHTAKEHHS (MOYITh
3CyBY);

Mot - JUB. 9.4;

nLG - MOAYJBbHUM KOedilieHT (MOIYIIb 3CYBY)
JUTSL TPUBAJIOTO HABAaHTAKEHHS;

Nw - TUB. 9.4;

7 - BIIHOIIEHHS KIHIIEBUX MOMEHTIB;

S - TI03JTIOBYKHSI MDKIICHTPOBA BIJICTAHb MIXK
CTEPXKHSIMU 3CYBHOTO 3 € THAHHS;

S¢— BIZICTaHb y MPOCBITI MK BEPXHIMHU
IOJIMISIMH CTAJICBUX OaJIOK 0aJKOBHX
HACTHUJIIB;

S¢ - IOTIEPEYHA MIXKIICHTPOBA B1JICTaHb MiXkK
CTEpPXKHSIMU 3CYBHOTO 3 €THAHHS;

Sw — BIICTaHb MIJK CTIHKAMU CTaJIEBUX 0aI0K
0aJIKOBMX HACTHUIIIB;

{ — TEpMiH CITy>KOH; TOBIINHA,

tw -~TOBIIMHA CTIHKU IPOQUITIO CTaJIeBOI
KOHCTPYKIIIi;

f - TOBIIMHA CTAJIEBOI ITOJKHU CTAJIECBUX 0aI0K
0aJKOBUT0 HACTHUIIA;

fo - BIKT IIpY HABAHTAXXEHH];

VE4 - PO3PaxXyHKOBE HaIPYKEHHS
MO3/I0BKHBOTO 3CYBY;

VL,Ed — PO3PaXyHKOBE 3YyCHJUIS MO30BKHBOTO
3CYBY Ha OJIMHUIIIO JIOBKUHU Ha MEXKI
PO3MOJIITY MIX CTAJITIO 1 OETOHOM;

VL,Ed,max - MAKCHMaIJIbHE PO3PaXyHKOBE
3YCHILISI TIO3/I0BXKHBOTO 3CYBY Ha OJMHHUIIIO
JOBXKMHU Ha MEXI1 PO3MOLTY MIXK CTaJLIIO 1
OCTOHOM;

Wk - PO3PaxXyHKOBE 3YCHILIS ITHPUHBI
TPIIINHY;

X — BIJICTaHb BiJ] €IEMEHTY 3CYBHOTO

3’ €IHAHHS 0 HAWOJIUKYOI CTIHKH;

Xpl — BIZICTAHb MI’K TJIACTUYHOIO HEUTPAIBHOIO
BICCIO Ta KpaiiHbo10 (GHOPOI0 CTHUCHEHOT
OCTOHHOI TJIUTH;

¥ - BICh MONIEPEYHOTO Mepepizy, 110
napajuiesibHa TOJTKaM;

Z - BiCh MOTMIEPEYHOT0 TIepepizy, 110
MIEPIICHINKYJISIPHA TIOJIKaM; TIIeUe BaXKEIIs;
Zy - BEpTUKAJIbHA BiJICTaHb.

Mani nimepu epeyvkoeo anghasimy

AC - niarno30H HaNpPY>KEHb;

AL . -BUX1IHE 3HAYCHHHS BTOMHOT MIITHOCTI1
IUIA 2 MUTH. IIUKJIIB;

ny -Modular ratio for short-term loading

nog -Modular ratio (shear moduli) for short term
loading

Riot = See 9.4

nig - Modular ratio (shear moduli) for long term
loading

nw - See 9.4

r - Ratio of end moments

s - Longitudinal spacing centre-to-centre of the stud
shear connectors

s¢ - Clear distance between the upper flanges of the
steel beams of filler beam decks

s¢ - Transverse spacing centre-to-centre of the stud
shear connectors

Sw - Spacing of webs of steel beams of filler beam
decks

t - Age; thickness

tw - Thickness of the web of the structural steel
section

t¢ - Thickness of the steel flange of the steel beams of
filler beam decks

to -Age at loading

veq - Design longitudinal shear stress

VL,ed - Design longitudinal shear force per unit
length at the interface between steel and

concrete

VL,Edmax - Maximum design longitudinal shear force
per unit length at the interface between steel

and concrete

wy - Design value of crack width

x - Distance of a shear connector from the nearest
web

xp1 - Distance between the plastic neutral axis and the
extreme fibre of the concrete slab in

compression

y - Cross-section axis parallel to the flanges

z - Cross-section axis perpendicular to the flanges;
lever arm

zo - Vertical distance

Greek upper case letters

AC - Stress range

AC . - Reference value of the fatigue strength at 2
million cycles
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A - Miamo30H €KBIBAJIGHTHUX HAIPYXKEHb
MOCTIHHOT aMILTITY IH;

ACE glob - 1ATI030H €KBIBAJICHTHUX HAIIPYKEHb
MOCTIHHOT aMIUTITYAH, 10 BUKJIUKaH1
r100aJbHIMH BIUTMBAMU;

AL joc - I1ATI030H €KBIBAJICHTHUX HAIIPY>KEHb
MOCTINHOT aMILTITY/IH, 1110 BUKJIMKaH1
MICIICBMU BILUIMBAMH;

ACE - N1arl030H €KBIBaJICHTHUX HANpPY>KEHb
MOCTIMHOT aMIUTITYIN JJIs1 2 MJTH. [IHKJTIB;

AL s — 301IbIIICHHS HAIIPY)KEHHS Y CTaJIeBii
apMaTypi, SIKe BUKIMKAHO )KOPCTKICTIO OeTOHA
IIPH PO3TSATY;

AL cqu - A1aTI030H €KBIBAJICHTHUX HAIIPYKEHb
MOIIKOKEHD;

At - 11armo30H JOTUYHUX HANPYKEHb IS
BTOMHOI'O HaBaHAKEHHS;

At - BUXIJIHE 3HAYEHHSI BTOMHOI MII{HOCTI JUIS
2 MIIH. [UKIIB;

Atg - A1anI030H €KBIBAJIGHTHUX HAIPY>KEHb
MOCTIMHOT aMILTITY IH;

Atg - 11a11030H TOTUYHUX HAIIPYXKEHb
MOCTIMHOT aMIUTITYIN JJIsT 2 MJTH. IIHKJTIB;
Atr — BTOMHA MIIHICTh Ha 3CYB;

¥ - Koeili€eHT.

Cmpounsie nimepu angagumy

o. - KoeilieHT; nmapametp, 1uB. 6.4.2 (6);

Ocr - KOEQIIIEHT, HA IKUI T1BUIIICHHS
PO3pPaxXyHKOBHX HaBaHTAKEHb MPHU3BEIC J10
BTPATH CTIHKOCTI MIPU MPY>KHUX
nedopMarisx;

o - KOeIIieHT, BITHOCHO 3THHY
cTalIe3a1i300€TOHHOI CTIHKY;

aM,y, OMz - KOE(ILIEHT, BITHOCHO 3TUHY
CTaJIe3a1i300€TOHHOI CTINKM HaBKOJIO OC1 )-y
Ta 0Cl z-Z BIAIOBIAHO;

Ost - KOeIIIEHT (BITHOIICHHS);

S - KoedilieHT; NEpEeTBOPIOEMUIA TapaMeTp,
MOJIOBUHA KyTa PO3IOILTY ITO3I0BKHBOTO
3CYBHOTO 3yCHIUTSI V' Ha OETOHHY ILTUTY;

yc - YaCTHBIN KoeQilieHT /1715 OeToHa;

Yk - YaCTHBIM KOe(DILi€HT ISl BIUIUBIB, TKUN
BpaxoBYy€ TaK0OX MOXUOKU MOjIeNiel 1 po3MipHi
Bapiartii;

YFf - YaCTHBIN Koe(iIieHT st 00IacTi
€KBIBaJICHTHUX HANpy>XeHb MOCTIHHOT
aAMIUTATY]IN;

YM - YaCTHBIN KOe(ILIEHT AJIs1 BIACTUBOCTEH
Marepiany, SKHil BpaXOBY€E TaKOXK MOXHUOKH
MoJIeIel 1 po3MipHi Bapiallii;

ACg - Equivalent constant amplitude stress range

ACE g10b - Equivalent constant amplitude stress range
due to global effects

AC g 10c - Equivalent constant amplitude stress range
due to local effects

ACg, - Equivalent constant amplitude stress range
related to 2 million cycles

AL - Increase of stress in steel reinforcement due to
tension stiffening of concrete

AL cqu - Damage equivalent stress range
At - Range of shear stress for fatigue loading

Az - Reference value of the fatigue strength at 2
million cycles
Atg - Equivalent constant amplitude stress range

Atg - Equivalent constant amplitude range of shear
stress related to 2 million cycles

Aty - Fatigue shear strength

¥ - Coefficient

Greek lower case letters

a - Factor; parameter, see 6.4.2 (6)

a.r - Factor by which the design loads would have to
be increased to cause elastic instability

an - Coefficient related to bending of a composite
column

am,y, om - Coefficient related to bending of a
composite column about the y-y axis and the z-z axis
respectively

o - Ratio

p - Factor; transformation parameter, Half of the
angle of spread of longitudinal shear force V' into the
concrete slab

yc - Partial factor for concrete

yr - Partial factor for actions, also accounting for
model uncertainties and dimensional variations

vrr - Partial factor for equivalent constant amplitude
stress range

ym - Partial factor for a material property, also
accounting for model uncertainties and dimensional
variations
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YMo0 - YaCTHBIN KOe(IIEHT It
KOHCTPYKLIWHOT CTaJIi, 110 3aCTOCOBYETHCS 710
OTIOpY IMOIEepPEYHMX mepepizib, nuB. EN 1993-
1-1:2005, 6.1 (1);

YM1 - YaCTHBIN KOCQIIEHT ISt
KOHCTPYKLIHHOT CTaJIi, 110 3aCTOCOBYETHCS 710
OTIOPY €JIEMEHTIB BTPATH CTIMKOCTI, OIlIHKA
SIKOTO BUKOHYETHCS 32 JJOTIOMOTOI0 KOHTPOJTIO
enemeHTiB, auB. EN 1993-1-1:2005, 6.1 (1);
YMf - YaCTHBIA KOS(DIIi€HT i1 BTOMHO1
MIIIHOCTI ;

YMfs - YACTHBIN KOe(iLlieHT 111 BTOMHOT
MIITHOCTI 3CYBHHMX CTEP)KHIB YIIOPiB;

Yp - YACTHBIM KOe(DIIiEHT AJIs BILIUBIB
MOTEPETHHOI0 HABAHTAXKCHHS;

s - YaCTHBIM KOEQIIiEHT AT apMaTypHOL
CTal;

Py - YaCTHBIN Koe]imieHT s
PO3PaxyHKOBOTO OIOPY 3CYBY CTEPIKHS 3
TOIIBKOIO;

0 - koe(irmieHT; Koe(ilieHT BKIaaa CTai;
MPOTHH Yy IICHTPAJIbHIN YaCTHHY;

Ouk - XapaKTePUCTUYHE 3HAYCHHS BEJTMYNHU
MIPOCKAJIb3bIBAHHSI,

e- \[235/f, , nefy y Han?;

Nas Nao - KOEILIEHTH, IO CTOCYIOTHCS
0o0OMeKeHb I OETOHA;

e Neos Hel - KOSDIIIEHTH, 11O CTOCYIOTHCS
o0OMeKeHb JIJis 0€TOHa;

0 - kyT;

A, Ay - ekBiBaNleHTHI Koe]ilieHTH
MTOIIKO/PKEHB;

Ay,1 - KOCQIIIEHT, IS BUSHAUYCHHS
€KBIBaJICHTHOTO KOe(DIIIEHTA MOMIKOKEHD Ay
U1l 3CYBHUX CTEPXHIB YIOPIB 3 TOJIIBKAMU;
Aglobs Aloc - €KBIBAJIEHTHI KOE(ILIEHTH
MOIIKOKEHD IS III00aILHUX 1 MMICIIEBUX
BILJIMBIB BiJIOBIIHO;

A — BIIHOCHA THYYKICTb;

A LT - BITHOCHA THYYKICTb JIJIS1 TTO3/IOBKHBOTO
3TUHY 3 KPYYEHHSIM;

[t - KOe(IIIEHT TepTs; HOMIHAJIbHUMA
Koe(illieHT;

U4 - KOeDIIIEAT IJist pO3paxyHKY Ha CTHCK 1
BIIHOCHUH 3THH;

Udy > Udz — KOEDILIEHT g , IO BITHOCUTHCS 10
TUIOLIVHHY 3THHY;

Vv, - KoedimienT [lyacona ajist KOHCTPYKIIHHOT
cTaii;

Mo - Partial factor for structural steel applied to
resistance of cross-sections, see EN 1993-1-1:
2005, 6.1(1)

ym1 - Partial factor for structural steel applied to
resistance of members to instability assessed
by member checks, see EN 1993-1-1: 2005, 6.1(1)

ymr - Partial factor for fatigue strength

ymes - Partial factor for fatigue strength of studs in
shear
yp - Partial factor for pre-stressing action

ys - Partial factor for reinforcing steel

yyv - Partial factor for design shear resistance of a
headed stud

o0 - Factor; steel contribution ratio; central deflection
duk Characteristic value of slip capacity

0 uk - Characteristic value of slip capacity

e- |/235/ f, , where f; is in N/'mm’

7a, Nao - Factors related to the confinement of
concrete

Ne> Neos ML - Factors related to the confinement of
concrete

0 - Angle

4, Ay - Damage equivalent factors

Avs1 - Factor to be used for the determination of the
damage equivalent factor /A, for headed studs in shear

Aglobs Aloc - Damage equivalent factors for global
effects and local effects, respectively

A - Relative slenderness

A vt - Relative slenderness for lateral-torsional
buckling

1 - Coefficient of friction; nominal factor

U4 - Factor related to design for compression and
uniaxial bending

Udy > Mdz - Factor uq related to plane of bending

v, - Poisson’s ratio for structural steel

| p - mapameTp IS 3MEHIIEHHs

\ p - Parameter related to reduced design bending
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PO3PaxyHKOBOT'O ONOPY 3rUHY 3 YpaxyBaHHSIM
BEPTUKAIBHOTO 3CYBY;

P; - mapametp; koedirieHT apMyBaHHS;

0c,R4 - TOKAJIbHA PO3paxyHKOBA MIIHICTh
OeToHa;

Oct - PacTAryBajibHE HAIPY>KEHHS KPaitHbOT'O
BOJIOKHA 0€TOHA;

Omax,f - MAKCUMAJIbHE HATIPY>KEHHS, SKE
BUKJIMKaHE BTOMHUM HABAHTAXEHHSIM;

Omin,f -MIHIMAJIbHE HANIPY)KCHHS, SKE
BUKJIMKAaHE BTOMHUM HAaBaHTaXCHHSIM;
Os,max.f— HAIIPY)KCHHS B apMatypi, siKe
BUKJIMKAHE 3TUHAHUM MOMEHTOM MEgd,max £
Og,min.f - HATIPY)KCHHS B apMatypi, sike
BUKJIMKaHE 3TUHAHUM MOMEHTOM MEd,min.f;

05 - HalIpy>KEHHS B PO3TATHITIN apMatypi;
Os,max - HAIIPYXKEHHSI B apMaTypi, siKe
BUKJIMKaHE 3TUHAHUM MOMEHTOM Mpax;
Os»max,0 - HATIPYXKCHHS B apMaTypi, sSKe
BUKIIMKAHE 3THHAHUM MOMEHTOM Myax, 6€3
ypaxyBaHHS PO3TATHYTOTO OCTOHA;

Os,0 - HAIIPY)KCHHsI B PO3TATHITIH apmarypi 6e3
ypaxyBaHHSI )XOPCTKOCTI NP PO3TATYBaHH1
OeToHa;

TRd — PO3PAXyHKOBHI1 OIIIp 3CYBY;

& - niametp (pO3Mip) CTAIEBOrO apMaTypHOTO
CTEPIKHSI; eKBIBAJICHTHUHN JTUHAMIYHUI
KOE(]IIIEHT MOIMIKOKEHHS;

resistance accounting for vertical shear

P - Parameter; reinforcement ratio
oc,Rq - Local design strength of concrete

o« - Extreme fibre tensile stress in the concrete
Omax,f - Maximum stress due to fatigue loading
Omin,f - Minimum stress due to fatigue loading

Os,max.f - Stress in the reinforcement due to the
bending moment Mgg,max £

Os,min £ - Stress in the reinforcement due to the
bending moment MEg,min

o0s - Stress in the tension reinforcement

Os,max - Stress in the reinforcement due to the bending
moment Mpax.

Os,max,0 - Stress in the reinforcement due to the
bending moment M,,, neglecting concrete in tension

05,0 - Stress in the tension reinforcement neglecting
tension stiffening of concrete

Trd - Design shear strength
© - Diameter (size) of a steel reinforcing bar;
damage equivalent impact factor

L* - niametp (po3Mip) CTanIeBOro
apMaTypPHOTO CTEPIKHS;

¢ - KOeQIIIEHT OB3Y4OCTi;

v t,t0) — KoedIilieHT MOB3yUYOCTI, 1110
XapaKTepu3ye MOB3yYiCTh MIX 3HAUYCHHSIMHU
yacy ? 1 ty, Juid npyxHoi nedopmartii y Biri
28110;

Y - Koe(imieHT nocnabaeHHs A BTpaTu
CTIKOCTI IpH 3THHI;

YLt -KoedimienT mocnabiaeHHs AJis
MI03/IOBXKHBOTO 3TUHY 3 KPYUYCHHSIM;

W1 -KOe(]IIiEHT MOB3Y4OCTi.

©* - Diameter (size) of a steel reinforcing bar

vt - Creep coefficient

v(t,t0) - Creep coefficient, defining creep between
times t and t0, related to elastic deformation at

28 days

¥ - Reduction factor for flexural buckling

xLt - Reduction factor for lateral-torsional buckling

w1 - Creep multiplier

2 OCHOBH NPOEKTYBAHHS

2.1 Bumorn

(1)P IlpoexTyBaHHs cTane3ani300€TOHHUX
KOHCTPYKI[ii HE0OX1THO BUKOHYBAaTH
BIJIMOBIJTHO IO 3arajbHUX MPaBUIL,AKI
HaBezeHo YEN 1990:2002.

(2)P o crane3anizo0eTOHHUX KOHCTPYKITIH
CJIiJT 3aCTOCOBYBATH TaKOX JI0/IaTKOB1 YMOBH,

Section 2 Basis of design

2.1 Requirements

(1)P The design of composite structures shall be in
accordance with the general rules given in EN 1990:
2002.

(2)P The supplementary provisions for composite
structures given in this Section shall also beapplied.
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K1 HABOJIATHCS Y IOMY.

(3) Baraneui Bumoru EN 1990:2002, pazain 2,
BBa)KAIOTHCS BUKOHAHUMU JIJISI
cTaje3a1i300eTOHHUX KOHCTPYKIIIH, 32 YMOBU
BUKOPHUCTAHHS TAKUX YMOB:

- PO3paxyHOK T'PAaHUYHOTO CTaHy y MO€JHAHHI
3 C METOJIOM YaCTHBIX KOE(IIli€HTIB 3TiAHO 3
EN 1990:2002;

- BrumuBM 3rigHo 3 EN 1991;

- CIIOJIYYCHHS BIUTUBIB BiMOBiAHO 10 EN
1990:2002;

- MIIIHICTb, JJOBTOBIYHICTh Ta CKCILTyaTaIliifHA
HaJIHHICTh BIATOBIAHO JI0 IBOTO CTaHMAPTY.
2.2 TIpHHIUIIHA PO3PAXYHKY 32 TPAHUYHUM
CTaHOM

(1) Crane3anizo0eTOHHI KOHCTPYKITiT CJTiJT
MPOEKTYBATH 3 ypaxyBaHHSAM BiAMOBIIHUX
eTaIrliB.

2.3 basucHi 3MiHHI

2.3.1 Bo3zeiicTBuA Ta BIUIMBU JTOBKIUIA

(1) BrutuBwy, siki Mae OyTH BpaxoBaHO NpH
MPOEKTYBaHH1, HABEJICHO Y BIAMOBIIHUX
yactuHax EN 1991.

(2)P st miaTBEpIyKEHHS BUKOPUCTAHHS
CTaJIEBOTO IITYHTOBOT'O Psijia B IKOCTI
omnanxyOKH, ClIiJl BpaXOBYBaTH €PeKT
3aTOIJIEHHS BOJIOO (301IbIIeHA TITMOMHA
0eToHa, 1110 BUKJIMKWUHA BIIXUICHHIM
OTATYOKH).

2.3.2 BnacTuBOCTI MaTepiajiB Ta BUPOOiB

(1) 3a ymMOBH SIKIIIO 1HILIE HE BU3HAYEHO
€BpoK0JIoM 4, BIUTMBH, 10 BUKJIMKAHI
BJIACTHBOCTSIMU OETOHY, 5IK1 3MIHIOIOTHCS B
yaci, ¢ Bu3HayaTH 3rigHo 3 EN 1992-1-
1:2004.

2.3.3 Knacudikaunisi BILINBIB

(1)P BrumuBu ycaaku Ta oB3y4ocTi O€ToHY, a
TaKO’X HEPIBHOMIPHUX TeMIIEPAaTypHHUX 3MiH,
[Ipu3BOAATH 10 BAHUKHEHHS BHYTPIIIHIX
3yCHJIb Y IONIEPEYHHUX Nepepizax, 3rHHaHuX 1
MO3/I0BXKHIX J1ehopmMaliiil y KOHCTPYKTUBHHUX
eJIEMEeHTax; BIJIMBH, 1110 MAIOTh MiCIle y
CTaTMYHO BU3HAUYEHUX KOHCTPYKIISX 1 B
CTaTUYHO HEBU3HAYEHUX KOHCTPYKIIAX 0e3
ypaxyBaHHsI CyMICHOCTI AieopMariiii, Mmae
OyTH Kiacu(PiKOBaHO SK JOJDKHBI MEPBUHHI
BIUIMIBH.

(2)P Y craTnyHO HEBU3HAYEHUX
KOHCTPYKIIISIX TIEPBUHHI BIUIMBH YCAJIKH,
MOB3YYOCTi Ta TEMIIEPATYpPH 00 €THYIOTHCS 3

(3) The basic requirements of EN 1990: 2002,
Section 2 are deemed to be satisfied for composite
structures when the following are applied together:

— limit state design in conjunction with the partial
factor method in accordance with EN 1990:
2002,

— actions in accordance with EN 1991,

— combination of actions in accordance with EN
1990: 2002 and

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

2.2 Principles of limit states design

(1)P For composite structures, relevant stages in the
sequence of construction shall be considered.

2.3 Basic variables

2.3.1 Actions and environmental influences

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

(2)P In verification for steel sheeting as shuttering,
account shall be taken of the ponding effect
(increased depth of concrete due to the deflection of
the sheeting).

2.3.2 Material and product properties

(1) Unless otherwise given by Eurocode 4, actions
caused by time-dependent behaviour of concrete
should be obtained from EN 1992-1-1: 2004.

2.3.3 Classification of actions

(1)P The effects of shrinkage and creep of concrete
and non-uniform changes of temperature result

in internal forces in cross sections, and curvatures
and longitudinal strains in members; the effects

that occur in statically determinate structures, and in
statically indeterminate structures when
compatibility of the deformations is not considered,
shall be classified as primary effects.

(2)P In statically indeterminate structures the primary
effects of shrinkage, creep and temperature are
associated with additional action effects, such that
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JIOJTATKOBUMH BIUTMBAMH TaKMM YHHOM, IO
CyMapHi BIUTHBH CTAIOTh CyMiCHUMH; IIi
BIUTMBH Ma€ OyTH Ki1acu(iKOBAHO K
BTOPUHHI 1 pO3TJISIIATH 1X CIIIJT K HETIPSAMi
BILTUBU
2.4 IlepeBipka 3a 10IIOMOI0I0 METOY
YacTHOro0 Koe(inienra
2.4.1 Po3paxyHKOBi 3Ha4YeHHS
2.4.1.1 Po3paxyHKOBIi 3Ha4YeHHsI BILUIUBIB
(1) s monepenHbOro HAMPY>KEHHS, 1110
BUKJIMKAHO MPUKIIATyBaHUMU
KOHTPOJILOBAHUMH JIe(OpMaLlisiMHU,
HAIPUKIIA]] HATSTOM apMaTypH abo
MiJJTIOMKpaqyBaHHSIM Ha OMOpax, CIijI
BU3HAYUTH YaCTHBIN KOE(IIEHT OE3MEeKH Yp
JUTSI TADHUYHUX CTaHIB 3 ypaxyBaHHSIM
CHPUSTIUBUX 1 HECIPUSTIUBUX BILIUBIB.
IIpumiTka. 3Ha4eHHs 17151 Yp HABEACHO Y
HAI[IMOHATILHOMY J10aTKy. PexomeHnoBane
3HAUEHHS ISl COPUSTINBUX 1 HECTIPHUSTIUBUX
BIUIMBIB CTaHOBUTE 1,0.
2.4.1.2 Po3paxyHKoOBi 3Ha4eHHA
BJIACTMBOCTeH MaTepiaJiB i BUpoOiB
(1)P SIxmio BepXHsi OLliHKA MIITHOCTi HE
BPAaXOBYETHCS, YACTHBIE KOS(IIIEHTH CIIi]
3aCTOCOBYBATH JI0 HM)KHBOI XapaKTEPUCTUKH
a00 10 HOMIHAJILHUX 3HAYE€Hb MII[HOCTI.
(2)P Jlns 6eToHa 3aCTOCOBYETHCS YaCTHBIM
KOe(]iIieHT J. Po3paxyHKkoBa MIlHICTh Ha
CTHCK BU3HAYA€EThCA 32 TOTIOMOTOI0 PiBHSIHHS
ch = fck / Yc, (21)
JI€ XapaKTepUCTUIHE 3HAYCHHS [
npuiimaercs 3a EN 1992-1-1:2004, 3.1 - nns
HOpMasbHOTO OeToHa Ta 3a EN 1992-1-
1:2004, 11.3 - g nerkoro 6eToHa.
Ipumirka. 3HaueHHs ais yc HaBeneHo B EN
1992-1-1:2004.
(3)P [nis1 craneBoi apMaTypH Ciizt
BUKOPUCTOBYBATH KOC(MIIIEHT Ys.
Hpumirka. 3naueHHs 114 ys HaBeeHo B EN
1992-1-1:2004.

(4)P i KOHCTpYKIIHHOI cTajIi, CTaleBOi
onagyOKH Ta CTaJIeBUX 3’ €THYBAJIbHUX
HPUCTPOIB CIIi1 BUKOPUCTOBYBATH YaCTHBIE
koedimienTu yy. SAKI10 He BKa3aHo iHIIE, B
SIKOCT1 YaCTHOT'O KOeillieHTa JUIsl CTaJIeBOi
KOHCTPYKLIIi MOYKHa BUKOPUCTOBYBATH YMo-
IIpumitka. 3HaueHHs ais Yy HaBeAaeHo B EN
1993-2.

the total effects are compatible; these shall be
classified as secondary effects and shall be
considered as indirect actions.

2.4 Verification by the partial factor method
2.4.1 Design values
2.4.1.1 Design values of actions

(1) For pre-stress by controlled imposed
deformations, e.g. by jacking at supports, the partial
safety factor vy P should be specified for ultimate
limit states, taking into account favourable and
unfavourable effects.

NOTE: Values for y P may be given in the National
Annex. The recommended value for both favourable
and unfavourable effects is 1,0.

2.4.1.2 Design values of material or product
properties

(1)P Unless an upper estimate of strength is required,
partial factors shall be applied to lower characteristic
or nominal strengths.

(2)P For concrete, a partial factor j shall be applied.
The design compressive strength shall be given by:

Jea=fe! v (2.1

where the characteristic value fck shall be obtained
by reference to EN 1992-1-1: 2004, 3.1 for normal
concrete and to EN 1992-1-1: 2004, 11.3 for
lightweight concrete.

NOTE: The value for v C is that used in EN 1992-1-
1: 2004.

(3)P For steel reinforcement, a partial factor y S
shall be applied.

NOTE: The value for vy S is that used in EN 1992-1-
1: 2004.

(4)P For structural steel, steel sheeting and steel
connecting devices, partial factors vy y shall be
applied. Unless otherwise stated, the partial factor for
structural steel shall be taken as y mpo.

NOTE:Values for vy \ are those given in EN 1993-2.
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(5)P [lnst 3cyBHOTO 3’ € THAHHS CITi]T
BHUKOPHCTOBYBATH YaCTHBIM KOCQIIIIEHT Yy .
IpumiTka. 3HaueHHs AJIs1 Yy HABOJUTHCS Y
HaI[lOHAJILHOMY J10AaTKy. PekomennoBane
3HAYEHHs JJIs1 Yy CTaHOBUTH 1,25.

(6)P Il;st mepeBipKH BUTPUBATIOCTI CTEpIKHEH
3 TOJIIBKAMH THYYKHX YIOPiB JJIs1 MOCTOB,
CJIi1 BAKOPUCTOBYBATH YaCTHBIE KOC(IIIEHTH
YMmf 1 YMEs.

Ipumirka. 3naueHHs 1)1 Yy HaBeaeHO B EN
1993-2. 3naueHHs A1 Ymes MOXKeE OyTH
HABEJICHO y HallIOHAIbHOMY J0JaTKY.

PexomMenioBaHe 3HAYEHHS Ymfs CTAHOBUTH 1,0.

2.4.1.3 Po3paxyHKoBi 3HAYEHHA
reoMeTpUYHHUX JAHHBIX

(1) 'eomeTpuyHi TaHHI 1715 TOTIEPEYHBIX
nepepesiB 1 CUCTEM IPUHMAIOTHCA 32
rapMOHI30BaHHUMH CTaHIapTaMH abo
KPECJIICHHSAMH ISl BAKOPUCTAHHS B SIKOCTI
HOMIHAQJILHUX 3HAYCHb.

2.4.1.4 Po3paxyHKoOB onopu

(1)P [dnis crane3anizo0eTOHHUX KOHCTPYKIIIi,
PO3PaxyHKOBI ONOPH CIIiJl BUBHAYATH
BianosiaHo 10 EN 1990:2002, Bupas (6.6a)
abo (6.6¢).

2.4.2 CnoayuyenHs (komOiHalis) BIJIMBIB
(1) 3aranbHi mapaMeTpH CIIOTYyYSHHs BIIMBIB
HaBeneHo B EN 1990:2002, po3min 6.

(2) st MOCTIB criONTy4€HHS BILJIMBIB
HaBeneHo y noaatky A.2 EN 1990:2002.
2.4.3 IlepeBipka cTaTH4YHOI PiBHOBaru
(EQU)

(1) MapameTpu HaaIHOCTI 71 IEPEBIPKU
CTaTU4YHOI piBHOBaru MocTiB (1uB. EN
1990:2002, Tabnurs A.2.4(A)) Takox
3aCTOCOBYIOTHCS JUISl IPOTHO3YBAHHS
cutyaiii, ekBuBaneHTHux (EQU), Hanpuknan
JUIS IPOEKTYBaHHS aHKEPIB, 10 (PIKCYIOTh,
a00 KOHTPOJIIO MiAHOMY OIop s
HEpO3pi3HUX OAJIOK.

3 Marepianu

3.1 beron

(1) SAxmro iHIe He BKa3aHO B €BpOKO/Ii 4,
ONUC BJIACTUBOCTEN NpuiiMaeThes 3a EN
1992-1-1:2004, 3.1 - 1 HOPpMAJIBLHOTO
o6etony a6o 3a EN 1992-1-1:2004, 11.3 - nns
JIETKOTO OETOHY.

(5)P For shear connection, a partial factor yy shall be
applied.

NOTE: The value for yy may be given in the
National Annex. The recommended value for yy is
1,25.

(6)P For fatigue verification of headed studs in
bridges, partial factors ymr and ymes shall be applied.

NOTE: The value for yMf is that used in EN 1993-2.
The value for yMf,s may be given in the National
Annex. The recommended value for yMfs is 1,0.

2.4.1.3 Design values of geometrical data

(1) Geometrical data for cross-sections and systems
may be taken from product standards hEN or
drawings for the execution and treated as nominal
values.

2.4.1.4 Design resistances

(1)P For composite structures, design resistances
shall be determined in accordance with EN
1990:2002, expression (6.6a) or expression (6.6¢).
EN 1994-2: 2005 (E)

2.4.2 Combination of actions

(1) The general formats for combinations of actions
are given in EN 1990: 2002, Section 6.

(2) For bridges the combinations of actions are given
in Annex A2 of EN 1990: 2002.

2.4.3 Verification of static equilibrium (EQU)

(1) The reliability format for the verification of static
equilibrium for bridges, as described in EN

1990: 2002, Table A2.4(A), also applies to design
situations equivalent to (EQU), e.g. for the design of
holding down anchors or the verification of uplift of
bearings of continuous beams.

Section 3 Materials

3.1 Concrete

(1) Unless otherwise given by Eurocode 4, properties
should be obtained by reference to EN 1992-1-1:
2004, 3.1 for normal concrete and to EN 1992-1-1:
2004, 11.3 for lightweight concrete.
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(2) Lz yactuna cranaapty EN 1994 ne
PO3MOBCIO/IKY€ETHCSL HA MPOSKTYBAHHS
CTaJe3a1i300€TOHHUX KOHCTPYKIIIH 3 KJlacaMu
OeToHa 3a MilHICTIO HIKYe Hix C20/25 1
LC20/22 ta Bume Hixxk C60/75 1 LC60/66.

(3) Ycanka 6eToHy Ma€e BU3HAYATHCh 3
paxyBaHHSM BOJIOTOCTI TOBKLJIIS, pO3MIpiB
€JIEMEHTY 1 cKi1any 6eToHa

3.2 ApmaTypHa cTaJjib VI MOCTIB

(1) Onuc BnactuBoctelt HaBeneHo B EN 1992-
1-1:2004, 3.2, 3a BuximodcHHIM 3.2.4, e
3actocoBaHo EN 1992-2.

(2) dns crane3anizo0eTOHHUX KOHCTPYKIIiH
PO3paxyHKOBE 3HAYEHHSI MOJIYJIsI IPYKHOCTI
E npupiBHIOETHCS 10 3HAYEHb IS
KOHCTPYKLIiHHOT cTaii, HaBeaeHnx y EN 1993-
1-1:2005, 3.2.6.

(3) XapakTepuCTUKH IIACTUYHOCT] MAtOTh
Oytu Binmnosimaumu 10 EN 1992-2, 3.2 4.
3.3 KoHcTpykuiiiHa cTajb 1J1s1 MOCTIB

(1) Onuc HeoOXiTHUX BIACTHBOCTEH
HaBeneno B EN 1993-2.

(2) TlpaBuna uiei vactuau EN 1994
CTOCYIOTHCSI KOHCTPYKIIIHOI cTai,
HOMIHAJIbHE 3HAYEHHSI TPAHULIl TEKY4OCT1 IKOi
He nepesumrye 460 H/mm’,

3.4 3’eqnyBaJIbHi IPUCTPOI

3.4.1 3araJbHi NO0KeHHS

(1) Onuc BUMoT, 10 KPIMUIBHUX €JIEMEHTIB U
3BapHUX MartepiaiiB HaBoauTbCs B EN 1993-
1-8:2005

3.4.2 EneMeHTH 3CyBHHUX 3’€IHAHb Y
BUIJISIIi CTEPKHIB 3 roJliBKaMHu

(1) Hanni nHaBeneno B EN 13918.

3.5 Hanpy:keHa apmaTrypa Ta NpucTpOi
(1) Janui naBeneno B 3.3 u 3.4 EN 1992-1-
1:2004.

3.6 PacTArHyTi cTajieBi KOMIIOHEHTH

(1) Janni naBeneno B EN 1993-1-11.

4 J10JITOBEYHOCTH

4.1 O0uue mo10KeHUs

(1) Heobxonumo cobito1aTh yCIoBus,
npencrasienHsie B EN 1990, EN 1992 u EN
1993.

(2) Heranuzanust cIBUTOBOTO COETUHEHUS
JIOJKHA TIPOU3BOJUTHCS B COOTBETCTBHHU C
6.6.5.

(2) This Part of EN 1994 does not cover the design of
composite structures with concrete strength classes
lower than C20/25 and LC20/22 and higher than
C60/75 and LC60/66.

(3) Shrinkage of concrete should be determined
taking account of the ambient humidity, the
dimensions of the element and the composition of the
concrete.

3.2 Reinforcing steel for bridges

(1) Properties should be obtained by reference to EN
1992-1-1: 2004, 3.2, except 3.2.4 where EN

1992-2 applies.

(2) For composite structures, the design value of the
modulus of elasticity £s may be taken as equal

to the value for structural steel given in EN 1993-1-1:
2005, 3.2.6.

(3) Ductility characteristics should comply with EN
1992-2,3.2.4.

3.3 Structural steel for bridges

(1) Properties should be obtained by reference to EN
1993-2.

(2) The rules in this Part of EN 1994 apply to
structural steel of nominal yield strength not more
than 460 N/mm”.

3.4 Connecting devices

3.4.1 General

(1) Reference should be made to EN 1993-1-8: 2005
for requirements for fasteners and welding
consumables.

3.4.2 Headed stud shear connectors

(1) Reference should be made to EN 13918.

3.5 Prestressing steel and devices

(1) Reference should be made to clauses 3.3 and 3.4
of EN1992-1-1: 2004.

3.6 Tension components in steel

(1) Reference should be made to EN 1993-1-11.
Section 4 Durability

4.1 General

(1) The relevant provisions given in EN 1990, EN
1992 and EN 1993 should be followed.

(2) Detailing of the shear connection should be in
accordance with 6.6.5.
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4.2 AHTHKOpPO3IiHHI 32aXHCT HA Mexi
po3Mnoainy cTajb-0eTOH Yy MOCTaxX

(1) AHTHKOpPO3iMHUI 3aXUCT CTATIEBOI MOIKU
Ma€ pO3MOBCIOPKYBATUCH Ha TITHOMHY MeXi
PO3MOILTY CTallb-0ETOH HE MEHIIIe HixK Ha 50
MM. Onuc 101aTKOBUX MPaBUII ISl MOCTIB 3
BUKOPUCTaHHAM 301pHUX ITUIAT MPOI3HOT
YaCTUHU HABEJIEHO B PO3.LIi 8.

5 Po3paxyHok KOHCTpPYyKUiii

5.1 Moae/iroBaHHSI KOHCTPYKIUI ISl
PO3paxyHKy

5.1.1 MoaenoBaHHSI KOHCTPYKIMI Ta
OCHOBHi MPUMYIIIeHHS

(1)P Mopenb KOHCTPYKIi Ta OCHOBHI1
MPUITYIEHHS CJTiJl OOMPATH Y BiNOBITHOCTI
o EN 1990:2002, 5.1.1, i BimoOpaxaTu
O4iKyBaHy poOOTY NONIEPEUYHUX TIePEPi3iB,
€JICMEHTIB, 3’€/IHAHb 1 OTIOP.

(2) Leii po3ain Moxke OyTH 3aCTOCOBAHO 10
CTaje3a1i300€TOHHUX MOCTIB, /1€ OUIBIIICTh
KOHCTPYKTUBHHUX €JIEMEHTIB 1 3’ €/IHaHb
cTaje3ai3o0eToOHHI a00 BUTOTOBIICHI 3
KOHCTpPYKUiKHOT ctami. Tam, ne pobora
KOHCTPYKIIi sIBJIsi€ 0000 poOOTY
3aJ11300€TOHHUX a00 MOoNepeIHbO
HanpyXeHHUX 3a11300€TOHHUX KOHCTPYKIIH 3
HE3HAYHOIO KUTBKICTIO CTalle3ali300eTOHHUX
€JIEMEHTIB, 3aralIbHUN PO3PaXyHOK, B IIJIOMY,
Mae 0yTtH BianoBiaHuM 10 EN 1992-2.

(3) Po3paxyHok cTane3ani3o0eTOHHUX TUIAT
CJIiJl BUKOHYBATH BiJIMOBIAHO A0 PO3ILTY 9.
5.1.2 MopesoBaHHs 3’€1HAHb

(1) BB poGoTH 3’€THAHBb HA PO3MOILT
BHYTPILIHIX 3yCHJIb Y MEKaxX KOHCTPYKIIIi,

a TaKOX Ha 3arajbHy AedopMaIlio
KOHCTPYKIIi, y OLIbIIOCT] BUMAJIKIB, HE
BpPaxOBYETHCS, aJI€ SKIIO BIUTMB Ma€e
3HAYUMUH XapakTep (HanpuKIaz, mpu
BUKOPHUCTAaHHI TEMIIEPATYPHO-HEPO3PIZHUX
3’€IHaHb), 1Or0O CJIi/1 BpaXOBYBaTH, TUB.
po3ain 8 i EN 1993-1-8:2005.

(2) s BU3HAYEHHSI HEOOX1THOCT1
BpaxyBaHHS BIUTHBY POOOTHU 3’ €HAHHS Ha
PO3paxyHOK, CJIiJ 3’ sICyBaTH PI3HUITIO MK
TphOMa MOJICTISIMU 3’ €/IHaHb, NuB. 8.2 1 EN
1993-1-8:2005, 5.1.1:

- IPOCTa MO/JIENb, B AKIil MOXHA YSBUTH, 1110
3’€JHaHHSI HE TIepeIae 3TMHaHl MOMEHTH;

4.2 Corrosion protection at the steel-concrete
interface in bridges

(1) The corrosion protection of the steel flange
should extend into the steel-concrete interface at least
50 mm. For additional rules for bridges with pre-cast
deck

Section 5 Structural analysis
5.1 Structural modelling for analysis

5.1.1 Structural modelling and basic assumptions

(1)P The structural model and basic assumptions
shall be chosen in accordance with EN 1990:2002,
5.1.1 and shall reflect the anticipated behaviour of
the cross-sections, members, joints and bearings.
slabs, see Section 8.

(2) Section 5 is applicable to composite bridges in
which most of the structural members and joints
are either composite or of structural steel. Where the
structural behaviour is essentially that of a
reinforced or pre-stressed concrete structure, with
only a few composite members, global analysis
should be generally in accordance with EN 1992-2.

(3) Analysis of composite plates should be in
accordance with Section 9.

5.1.2 Joint modelling

(1) The effects of the behaviour of the joints on the
distribution of internal forces and moments

within a structure, and on the overall deformations of
the structure, may generally be neglected, but

where such effects are significant (such as in the case
of semi-continuous joints) they should be

taken into account, see Section 8 and EN 1993-1-8:
2005.

(2) To identify whether the effects of joint behaviour
on the analysis need be taken into account, a
distinction may be made between three joint models
as follows, see 8.2 and EN 1993-1-8: 2005, 5.1.1:

— simple, in which the joint may be assumed not to
transmit bending moments;
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- HEpO3pi3Ha MOJIeIb, B SIKii JKOPCTKICTH /200
MIILHICTh 3’ €THAHHS 3a0e31euye
HEPO3PI3HICTh €JIEMEHTIB, 110 MPHUIMAIOTHCS Y
PO3paxyHKy;

- HalliBHETIEpepBHA MOJIeJIb, pOOOTY 3’€/IHAHb
B 5IKI Ma€ OyTH BpaXOBaHO IPU PO3PAXYHKY.
(3) HaniBHenepepBHi KOMOIHOBaHI CTUKH HE
BUKOPUCTOBYIOThCS Y MOCTOBHX
KOHCTPYKLIISIX.

5.1.3 B3aemojisi «rpyHT-KOHCTPYKILisD»
(1)P 3a HEOoOX1THOCTI CITiJ] BpaXOBYBaTH
nedopmariiiiii XapakKTEPUCTHKH OTIOP.
Ipumirka. Y EN 1997-1:2004 neBeneno
peKoMeH ALl IS pO3paxyHKy B3aeMOIis
«TPYHT-KOHCTPYKIIiSI».

(2)I1pu BiACYTHOCTI MPOEKTHUX JAHHHX 1
HEOOX1THOCTI ypaxyBaHHS OCITaHHS CIIi]
BUKOPUCTOBYBATH PO3PAXyHKOBI 3HAUCHHS
BiJIMOBIAHO 0 IPOTHO3YEMOT'O OC1/IaHHS.

(3) BrumiBwm, 110 BUKIJIMKAHI OCITaHHSIM, K
IPaBUJIO, HE BPAXOBYIOTHCS [Tl IPAaHUYHUX
CTaHIB 32 YMOBOIO BTPAaTH HECHOI 3/1aTHOCTI,
KpIM BTOMHHUX JJIS CTalle3ai300€TOHHUX
€JIEMEHTIB, B SIKMX BCl IIONIEPEUHI MEepepi3u
BIJTHOCATHCS 710 Kiacy 1 abo 2, a omip 3ruHy
HE 3MEHIIYETHCS i BILTABOM TT03/I0OBKHBOTO
3TUHY 3 KPYYEHHSIM.

5.2 CriiikicTh KOHCTPYKUIl

5.2.1 BniiuBu neopmupoBanoi reomerpii
KOHCTPYKUIQ

(1) PezynbraTi TaKOro BIJIMBY MOXHA
BU3HAYHTH 32 IOTIOMOTOIO:

- pPO3paxyHKY MEpIIOro MopsaKy,
BUKOPHCTOBYIOUM BHUX1JHY T€OMETPII0
KOHCTPYKLIIi;

- PO3paxyHOK JAPYTroro MOPSIIKY, 3
ypaxyBaHHSIM BIUIMBY Jieopmartii
KOHCTPYKIIIi.

(2)P BrmuB neopmupoBaHoi reoMeTpii
(edpexTH 1pyroro MopsKy) ciijfi BpaxoByBaTu
B TOMY BUMAJIKY, SIKIIO BiH 3HaYHO Ii/IBUIILY€E
CTYIIHb BIUTUBY 200 MPU3BOAUTH 10 ICTOTHUX
3MiH POOOTH KOHCTPYKIIIi.

(3) Po3paxyHOK mepIioro mopsijiKy CJiijt
BUKOPUCTOBYBATH y BUIAJIKY, SKIIO
T1IBUIIEHHS BIAMOBIIHUX BHYTPIIIHIX 3yCHITh
B HacmiIo0K aedopmartiii, sike Oyno BU3HaAUCHO
B XO/11 PO3paxyHKY MEPILIOro NOpsIKy,
CTaHOBHUTH CTAaHOBUTEL MeHIire, HiK 10 %.

— continuous, in which the stiffness and/or resistance
of the joint allow full continuity of the members to be
assumed in the analysis;

— semi-continuous, in which the behaviour of the
joint needs to be taken into account in the analysis.
(3) In bridge structures semi-continuous composite
joints should not be used.

5.1.3 Ground-structure interaction

(1)P Account shall be taken of the deformation
characteristics of the supports where significant.
NOTE: EN 1997-1: 2004 gives guidance for
calculation of soil-structure interaction.

(2) Where settlements have to be taken into account
and where no design values have been specified,
appropriate estimated values of predicted settlement
should be used.

(3) Effects due to settlements may normally be
neglected in ultimate limit states other than fatigue
for composite members where all cross sections are
in class 1 or 2 and bending resistance is not

reduced by lateral torsional buckling.

5.2 Structural stability

5.2.1 Effects of deformed geometry of the
structure

(1) The action effects may generally be determined
using either:

- first-order analysis, using the initial geometry of the
structure;

- second-order analysis, taking into account the
influence of the deformation of the structure.

(2)P The effects of the deformed geometry (second-
order effects) shall be considered if they increase the
action effects significantly or modify significantly
the structural behaviour.

(3) First-order analysis may be used if the increase of
the relevant internal forces or moments

caused by the deformations given by first-order
analysis is less than 10%.

25



arymarenko
Прямоугольник


JlaHHa YMOBa BBaXXA€THCSI BAKOHAHOIO, SKIIO
3aJI0BOJILHSETHCS TAKUI KPUTEPIif:
a2 10,
e « - KOedilieHT, 301IbIICHHS
PO3PaxyHKOBOT'O HaBaHTAKEHHS, SKE
MPU3BOJUTH J0 BTPATH CTIHKOCTI IpU
MPY>KHUX AehopMariisix.
(4) Ipu BU3HAYEHHS KOPCTKOCTI KOHCTPYKIIi{
CTiJI mepe0avYnuTH BIAMOBIIHI IONTYCKH Ha
TPIIIMHOYTBOPEHHS 1 MOB3yUiCTh OETOHA, a
TaKoX Ha poOOTY 3’€THAHb.
5.2.2 MeToau po3paxyHKy AJisl MOCTIB
(1) st MOCTOBHX KOHCTPYKIIii
3acrocoByeThbest cranaapt EN 1993-2, 5.2.2.
5.3 dedexTn
5.3.1 3aranbHi M0JI0KeHHSA
(1)P VY po3paxyHKy KOHCTPYKIii Ma€e OyTH
nependadeHo BiAMOBITHI JTOYCKH HA
MOJKJTUBI A€(EKTH, 3 3ATUIIKOBUMU
HANPYXCHHSIMH 1 TE€OMETPUIHUMU
BiJIXHJIEHHSIMU BKIIFOUHO, TAKUMU SIK
BiJICYTHICTh BEPTUKAIBHOCTI,
MPSAMOJTIHIHHOCTI, TUTOIIMHHOI Ta
PO3MIpPHOCTI, @ TAKO’K HEMUHYY1 HE3HAUHI
€KCIEHTPUCUTETH, 1[0 XapaKTePHi AJsl CTHKIB
HEHAaBAHTAXKEHOI KOHCTPYKIIi.
(2)P VsBHa koHpirypawis aedexriB Mae
BPaxOBYBAaTH TAaKOX XapaKTep MPYKHOTO
MPOTUHY KOHCTPYKIIii a00 eneMeHTa B
IJIOUIMHI PO3TJISIyBAHOTO 3TUHY Yy HalOIbII
HECTIPUATIMBOMY HaIPSIMKY 1 popMi.
5.3.2 ledexTH MmocTiB
(1) ExBiBaneHTHI reOMETPUYHI BiIXUIICHHS
CJIIJT MPUKAMATH 31 3HAYEHHSIMU, SIK1
BiJI0Opakat0Th MOXKIIMBI BILTUBU Je(EKTIiB
CHUCTEMH, a TAKOX JIe(PEKTIB €IEMEHTOB, SKIIIO
11l BIUTMBU HE BPaXOBaHO B JOopMyJIax Omopy.
(2) BigxuneHHs 1 po3paxyHKOBI IMONEpeyH1
CHJTH JUTs1 cTabuTi3anii monepeuyHux pam CIrijg
po3paxoByBatu BiamoBiaHO 70 EN 1993-2,
53n634.2.
(3) s crane3anizo0eTOHHUX KOJIOH 1
cTane3aniz00eTOHHUX CTUCKAHUX DJIEMEHTIB
nedexTn 3aBxau Mae OyTH BpaXOBaHO IPH
MepeBipIli CTIHKOCTI y MeXax JOBXKUHU
eJIEMEHTA BIAIIOBIAHO 10 6.7.3.6 a00 6.7.3.7.
Po3paxyHKOBi 3HaUCHHSI €KBIBAJICHTHOTO
BHXIJTHOTO BIIXUJICHHS apKH HABEJICHO B
Tabnuii 6.5.

(5.1)

This condition may be assumed to be fulfilled if the
following criterion is satisfied:

aqg210 (5.1
where: « cr is the factor by which the design loading
would have to be increased to cause elastic
instability.

(4)P In determining the stiffness of the structure,
appropriate allowances shall be made for cracking
and creep of concrete and for the behaviour of the
joints.

5.2.2 Methods of analysis for bridges

(1) For bridge structures EN 1993-2, 5.2.2 applies.

5.3 Imperfections

5.3.1 Basis

(1)P Appropriate allowances shall be incorporated in
the structural analysis to cover the effects of
imperfections, including residual stresses and
geometrical imperfections such as lack of verticality,
lack of straightness, lack of flatness, lack of fit and
the unavoidable minor eccentricities present in joints
of the unloaded structure.

(2)P The assumed shape of imperfections shall take
account of the elastic buckling mode of the

structure or member in the plane of buckling
considered, in the most unfavourable direction and
form.

5.3.2 Imperfections for bridges

(1) Equivalent geometric imperfections should be
used with values that reflect the possible effects of
system imperfections and also member imperfections
unless these effects are included in the resistance
formulae.

(2) The imperfections and design transverse forces
for stabilising transverse frames should be calculated
in accordance with EN 1993-2, 5.3 and 6.3.4.2,
respectively.

(3) For composite columns and composite
compression members, member imperfections should
always be considered when verifying stability within
a member’s length in accordance with 6.7.3.6 or
6.7.3.7. Design values of equivalent initial bow
imperfection should be taken from Table 6.5.
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(4) ledextu B cTameBUX CTUCHEHUX
9JIEMEHTaX CJiJI BpaXOBYBATH BIAMOBIIHO 110
EN 1993-2,5.3.

5.4 Po3paxyHoK pe3y/bTaTiB BILIUBIB
5.4.1 MeToau 3arajibHOro po3paxyHKy
5.4.1.1 3araabHi MoJ10:KeHHS

(1) Pe3ynbpTaT BIUTUBIB OOYMCITIOIOTHCS 32
JIOTIOMOT 00 3arajbHOTO MPYXHOTO
PO3paxyHKY HaBiTh y BUIAJKY, KOJIH OMIp
MOTIEPEYHOTO TIepepi3zy 0a3yeThes Ha
MJIACTUYHOMY 200 HETIHIHHOMY OIOpi.

(2) 3aranpHuil PYXKHUNA PO3PAXyHOK CIIiJ
3aCTOCOBYBATH JIJIsl TPAHUYHUX CTaHIB 3a
YMOBOIO BTpaTH €KCIUTyaTaiifHOT HaIHHOCT1
3 BIIOBITHUMH TTOTIPaBKaMM Ha TaKi HETIHINAHI
BIUIMBH, SIK TPEIIIHOYTBOPEHHS B OCTOHI.

(3) 3aranpHuil Npy>KHUN PO3PAXYHOK
BUKOPUCTOBYETHCS ISl KOHTPOJIIO BTOMHOTO
TPaHUYHOTO CTaHY.

(4)P BruiuBu 3ami3HEHHS 3CyBY 1 MiCIIEBOTO
BUITMHAHHS BPAXOBYIOTHCS Y BHITAJKY, KON
BOHM 3HAYHO BIUIMBAIOT HA 3arajbHUMA
PO3paxyHOK.

(5) BrutuBu Mic1IeBOTO 3TUHY CTaJIEBUX
€JIEMEHTIB ITPH BUOOP1 METO/ly PO3PAXYHKY
BPaxOBYIOThCS yepe3 Kiacupikaiiiro
MONEepEeYHUX Mepepi3iB, AUB. 5.5.

(6) BrutiBu Mic1IeBOTO 3TUHY CTaJIEBUX
€JIEMEHTIB Ha )KOPCTKICTh HE BPaXOBYIOThCS
JUTSIT HOpMaJIbHUX CTalle3alli300eTOHUX
nepepisziB. Onuc nonepevyHmx mnepepizib Kiacy
4 paBegeno B EN 1993-1-5, 2.2.

(7) Ilpu 3aranbHOMY PO3paxyHKY CII1J
BpaxOBYBaTH BIUIMBU MTPOCTH3AHHS B
00JTOBHUX OTBOpAxX 1 aHAJIOTIYHUX
nedopmariit 3’€THyBaTbHUX MPUCTPOIB.

(8) Axuro HeniHINHUI pO3paxyHOK HE
BUKOPUCTOBYETHCS, BIUTUBH ITPOCIU3AHHSA 1
PO3MOLTY IPU PO3PaXyHKY BHYTPIIIHIX
3yCHJIb MOXYTh ITHOPYBAaTUCh Ha MEXI1
PO3MOALTY MK CTAJLTIO 1 0ETOHOM, e

ICHY€ 3CyBHE 3’ €THaHHS, 3T1JIHO 3 6.6.

(9) It KOPOTKOCTPOKOBUX PO3PAXyHKOBHX
CHUTYallii M yac MpOBEAECHHS MOHTAXY CJIi[|
BUKOPHCTOBYBATH 3arajbHHUI PO3paxyHOK 0e3
ypaxyBaHHsI TPILIUHOYTBOPEHHS Ta PO3MOILTY
e(heKTUBHOI MTMPHUHBI BIIMOBITHO A0 5.4.1.2

(4).

(4) Imperfections within steel compression members
should be considered in accordance with EN 1993-2,
5.3.

5.4 Calculation of action effects

5.4.1 Methods of global analysis

5.4.1.1 General

(1) Action effects may be calculated by elastic global
analysis, even where the resistance of a crosssection

is based on its plastic or non-linear resistance.

(2) Elastic global analysis should be used for
serviceability limit states, with appropriate
corrections for non-linear effects such as cracking of
concrete.

(3) Elastic global analysis should be used for
verifications of the limit state of fatigue.

(4)P The effects of shear lag and of local buckling
shall be taken into account if these significantly
influence the global analysis.

(5) The effects of local buckling of steel elements on
the choice of method of analysis may be taken into
account by classifying cross-sections, see 5.5.

(6) The effects of local buckling of steel elements on
stiffness may be ignored in normal composite
sections. For cross-sections of Class 4, see EN 1993-
1-5,2.2.

(7) The effects on the global analysis of slip in bolt
holes and similar deformations of connecting devices
should be considered.

(8) Unless non-linear analysis is used, the effects of
slip and separation on calculation of internal forces
and moments may be neglected at interfaces between
steel and concrete where shear connection is
provided in accordance with 6.6.

(9) For transient design situations during erection
stages uncracked global analysis and the distribution
of effective width according to 5.4.1.2(4) may be
used.
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5.4.1.2 EdexTUBHA IMPUHA MOJUIb IS
3ani3HeHHs 3CyBY

(1)P Cnix nependaunTy JOMYCK HA THYYKICTh
cTajeBHX a00 OCTOHUX IOJIMIb, K]
M1JIaI0ThCSI BIUTUBY 3CYBY Y CBOIX IJIOIUHAX
(3ami3HEeHHA 3CyBY) Yepe3 TOUYHHIA PO3pPaxyHOK
a0 3a 101moMOoror ehpeKTUBHOI IIMPUHU
TIOJIKH.

(2) BrutiBwm 3ami3HEHHS 3CYBY B CTAJICBUX
TUTACTUHYACTHUX €JIEMEHTaX Ma€ OyTH
BpaxoBaHO BiANOBIAHO 10 cTaHaapTy EN
1993-1-1:2005, 5.2.1 (5).

(3) EbexTuBHy mupuHy 6€TOHHUX TOJIUIb
CIIiJ] BU3HAYATH BiJIIOBITHO 10 TAKHX YMOB.

(4) S0 3aCTOCOBYETHCS 3arajabHUN
MPYXHUI pO3paxyHOK, MOCTiliHA e()eKTUBHA
[IMPUHA JOYCKACThCS 0 BCIH TOBKHHI
KOXXHOTO MpoJboTa. Lle 3HaueHHs Moke
MPUIMATHUCH K BETUYHHA befr,] TOCEPEAMHI
MIPOJILOTA, IKUW 00MTUPAETHCS 3 000X KIHIIIB,
a00 SIK BEJIMYUHY ber,» Y KOPEHI KOHCOJI.

(5) Tocepenuni mpoIHOTY 200 HA TIPOMIKHIH
oropi 3arajgbHa e(heKTUBHA ITUPHHA Degr (TUB.
pUCYHOK 5.1) Moke OyTHU BU3HaUYEHA SIK

befr = bo + 2 be; , (5.3)

ne bg - BIICTaHb MK [IEHTPaMU €JIEMEHTIB
3CYBHUX 3’€JHaHb (YIOpiB), IO BUCTYNAIOTh;
bei - 3HaUeHHS e(PEeKTUBHOT IIUPUHU OETOHHOT
TIOJIAIII 3 KOXKHOTO OOKY CTCHKH, TIPUHHSATE
gk L¢/8 (ane He Oinble Hi’K TeOMETpUYHA
mupuHa b;). 3HaueHHs b; Ma€e pO3TISAaTUCh
SK BIZICTaHb BiJl €JIEMEHTY 3CYBHOTO
3’eqHaHHA (yIopa), o BUCTYIIAE 10 TOYKH,
sIKa pO3TalloBaHa MOCepeIrHI BiJICTaH MixX
CYMD)KHUMU CTIHKaMH, BUMIPSIHOT TIOCEpEINHI
TOBIIMHU OETOHHOI MMOJHII, 32 BUKIIFOUEHHSIM
TOTO, IO Ha KOHCOJIbHIN IUISHIN ITOJIKH
3Ha4YeHHs b; 1€ BIICTaHb JI0 BUIBHOT KPOMKH
TTOJIKH.

JloBxkuHY L CHil pO3TIAIATH SIK IPUOTHU3HY
B1JICTaHb MK TOYKaMH HYJIHOBOTO 3TrHHAHOTO
MOMEHTY. /{7151 THITOBUX HEPO3PI3HUX
CTaje3aI300€TOHHNUX OaI0K, KOJIM OTMHAHa
eropa MOMEHTY, 3aJIeKHO BiJl PI3HUX
TTOJIO’KCHD HAaBaHTA)KCHHS BH3HAYAE
KOHCTPYKILitO, 1 I KOHCOJIEH BenuuuHa L.
MO3Ke OYTH MPUHATA TaKOIO, SIK TOKa3aHO Ha
pucyHke 5.1.

5.4.1.2 Effective width of flanges for shear lag

(1)P Allowance shall be made for the flexibility of
steel or concrete flanges affected by shear in their
plane (shear lag) either by means of rigorous
analysis, or by using an effective width of flange.

(2) The effects of shear lag in steel plate elements
should be considered in accordance with
EN 1993-1-1: 2005, 5.2.1(5).

(3) The effective width of concrete flanges should be
determined in accordance with the following
provisions.

(4) When elastic global analysis is used, a constant
effective width may be assumed over the whole of
each span. This value may be taken as the value
beff,1 at mid-span for a span supported at both ends,
or the value beff,2 at the support for a cantilever.

(5) At mid-span or an internal support, the total
effective width beff, see Figure 5.1, may be
determined as:

bett=bo + X b , (5.3)here:

by 1s the distance between the centres of the outstand
shear connectors;

be; 1s the value of the effective width of the concrete
flange on each side of the web and taken as L./8 (but
not greater than the geometric width bi . The value bi
should be taken as the distance from the outstand
shear connector to a point mid-way between adjacent
webs, measured at mid-depth of the concrete flange,
except that at a free edge b; is the distance tothe free
edge.

The length L. should be taken as the approximate
distance between points of zero bending moment.
For typical continuous composite beams, where a
moment envelope from various load arrangements
governs the design, and for cantilevers, L. may be
assumed to be as shown in Figure 5.1.
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(6) YdekTuBHa MMpHUHA HA KpaHI ommopi
BU3HAYAETHCS SIK

betr=bo + 2 B bei (5.4)

akmo fB;=(0,55+ 0,025 L./ bei) < 1,0 (5.5)
ne b - 3Ha4eHHs e(DeKTUBHOI ITUPUHU, JIUB.
(5), mocepeanHi KpaltHBOTO MIPOJILOTY;

L. — eKkBiBaJICHTHA JOBKHWHA KPAHHBOTO
MIPOTOHY BIAMOBIIHO IO PUCYHKY 5.1.

(7) Po3nofin eeKTUBHOI IUPUHU MIX
OTIOPHUMH Ta LEHTPAIbHUMH 30HAMU
MPOJIHOTY MOKE OyTH TaKUM, SIK TOKA3aHO HA
pucyHKy 5.1.

(8) Tonepeunuit ppo3MOILT HAMIPYKECHB, K1
BUKIIMKAHO 3aIi3HEHHSM 3CYBY, MOXeE
npuiiMaTch BiamoBigHo 1o EN 1993-1-5,
3.2.2, niug OETOHHHX 1 CTaJEBHUX IOIOK.

(9) st monepeyHuX mepepisiB 31 SrUHAHUMEU
MOMEHTaMH, SIKi OTPUMAHO 3 OCHOBHOI
0aJIKOBOT CICTEMH Ta MICIICBOI CUCTEMH
(HampkJaj, y crane3aiizo0eTOHHUX gepMax 3
NPSIMBIM BIUTHBOM Ha MOSIC MK BY3J1aMu),
BIJIMTOBI1/IHI 3HAYCHHS €()EKTUBHOT IIUPUHU
JUTSI OCHOBHOI OQJIKOBOT CHCTEMH Ta MiCIIEBOi
CUCTEMH CJIii BAKOPUCTOBYBATHU AJIsI
BIJIIIOBITHUX 3TMHAHUX MOMEHTIB.

(6) The effective width at an end support may be
determined as:

besr=bo+ X B bei (54)
with:
Bi=1(0,55+0,025 L./ bej) £ 1,0 (5.5)
where: b.; is the effective width, see (5), of the end
span at mid-span and Le is the equivalent span of the
end span according to Figure 5.1.
(7) The distribution of the effective width between
supports and midspan regions may be assumed to be
as shown in Figure 5.1.

(8) The transverse distribution of stresses due to
shear lag may be taken in accordance with EN 1993-
1-5, 3.2.2 for both concrete and steel flanges.

(9) For cross-sections with bending moments
resulting from the main-girder system and from a
local system (for example in composite trusses with
direct actions on the chord between nodes) the
relevant effective widths for the main girder system
and the local system should be used for the

relevant bending moments.

W\/W
£ Iy 5
L4 L2 L4 Lo, L2 | L4
O R
[ b,
b 1 eff,1
befr o bef 2 bef 2

1 Le :0,85L1 JUIsL beff’l; 2 Le= 0,25(L1 + Lz)}lflﬂ befﬂz 5
3 Le=0,70 L, n71s1 begs1; 4 L= 2 L3 1n1st begrn
Pucynoxk 5.1 - ExkBiBajsieHTHI JOBXHWHH MPOTOHIB st €pPEKTUBHOT MIUPUHU OETOHHUX TIOJIOK

Key:

1 L= 0,85 L, for by,
2 Le: 0,25(L1 + L2)4f0f’ beff,z
3 Le: 0, 70 szO}" beff,l
4 Le: 2 L3<f0}" beff,z
Figure 5.1: Equivalent spans, for effective width of concrete flange
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5.4.2 JlinieliHMii NPYKHUHA PO3PaAXyHOK
5.4.2.1 3araJibHi 0JIO’KeHHHA
(1) HeoOxigHo mepenbavaty AOMYCK HA BILTUB
TPIITUHOYTBOPEHHS B OETOHI, MOB3y4OCTi Ta
ycaaku 0eTOHA, a TAKOK MOCIiJOBHOCTI
MOHTaKy U MOTEPEAHHOIO HAIIPYKEHHS.
5.4.2.2 lloB3yu4icTh i ycaaka
(1)P HeobOxinHo nepenbayaT BiAMOBITHUN
JIOITYCK Ha BIUIMB MOB3YYOCTI Ta YCAIKH
OeToHa.
(2) 3a BUHATKOM €JIEMEHTIB 3 00oMa
CTaJe3a1i300€TOHHUMU TOJIKaMU, BILIKB
MOB3YYOCTI MOXe OyTH BpaXxOBaHO MIISXOM
BUKOPHUCTAHHS MOAYJIbHHUX KOEQILIEHTIB AL,
st 6eToHa. B 3a5exHOCTI Bij THITY
HaBaHTakeHHs (iHaeKkc L) MonynbHi
KOeQHIIIEHTH MOKe OyTH BUPAXKEHO 32
JIOTIOMOT'OX0 TAKOTO PIBHAHHS:

ny = no (1 +5UL¢t) (56)
1e no - MoyJIbHUN KoedinieHT Ea/Eqy, mis
KOPOTKOYaCHOTO HaBaHTa>KEHHS;
Ecm - cexymmii Moy Ipy>KHOCTI OeTOoHa
JUI1 KOPOTKOYaCHOTO HaBaHTa>KEHHS
BignoBigHo mo EN 1992-1-1:2004, Ta0auis
3.1 a6o Tabmug 11.3.1;
@ - Koe(IIIEHT NOB3Y4OCTI ¢ ) BIATIOBITHO
1o EN 1992-1-1:2004, 3.1.4 a6o 11.3.3 B
3aIe)KHOCTI Bif] BiKy () 6€TOHA B MOMEHT, 110
pO3rsaeThes, Ta BIKY (f9) HABaHTaKEHHS;
¥ - koe(illieHT MOB3y4YOCTi, IKUI 3aJIE)KUTh
B1JI TUIYy HaBaHTa)KE€HHS 1 IPUHMAETHCS TAKUM
MPUHUMATHCS TaKUM, 110 TOPIBHIOE JIJIsT
MOCTIMHHUX HaBaHTaXKeHb -1,1 ; mi1st
MEPBUHHKX 1 BTOPUHUX BILTUBIB ycanaku -0,55
1 TS TIOTIePETHBOTO HAIPY)KEHHS 32 PaXYHOK
nedopmartiit - 1.
(3) lnsa mocTiiHUX HaBaHTaXXEHb Ha
cTaje3aj1i300eTOHHI KOHCTPYKLIT y KIJIbKOX
CTaIisIX MOXe OyTH 3aCTOCOBAHO OJTHE
CepeHE 3HAUCHHS f( Il BUBHAYCHHS
koedimienTa mo3ydocTi. [{e mpunymeHHs
MO3K€ BUKOPUCTOBYBATHUCH JIJISl TIOMIEPETHHOTO
HaInpyKeHHs 32 paxyHOK Jaedopmarliii, IKiio
BIK BCbOTO OETOHY y BiJIIIOBITHUX MPOTOHAX
Ha MOMEHT TIOIIePETHBOTO HAIPYKEHHS
CTaHOBUTH OunbIe HiX 14 mi0.
(4) lnsa ycagku, TOMyCTUMHAM BiK IPH
HABAaHTA)XCHHI CTAHOBUTD, SIK MPABUIIO, OJTHY
100y.

5.4.2 Linear elastic analysis

5.4.2.1 General

(1) Allowance should be made for the effects of
cracking of concrete, creep and shrinkage of
concrete, sequence of construction and pre-stressing.

5.4.2.2 Creep and shrinkage
(1)P Appropriate allowance shall be made for the
effects of creep and shrinkage of concrete.

(2) Except for members with both flanges
composite, the effects of creep may be taken into
account by using modular ratios nL for the concrete.
The modular ratios depending on the type of loading
(subscript L) are given by:

ny, = Ny (1 + YJLQ) (56)
where: n,is the modular ratio £a/ Ecm for short-term
loading;

Ecmis the secant modulus of elasticity of the concrete
for short-term loading according to EN 1992-1-1:
2004, Table 3.1 or Table 11.3.1;

o 1s the creep coefficient ¢y ) according to EN 1992-
1-1: 2004, 3.1.4 or 11.3.3, depending on the age (¢) of
concrete at the moment considered and the age (7)) at
loading;

¥ 1s the creep multiplier depending on the type of
loading, which be taken as 1.1 for permanent loads,
0.55 for primary and secondary effects of shrinkage
and 1.5 for prestressing by imposed deformations.

(3) For permanent loads on composite structures cast
in several stages one mean value f0o may be used for
the determination of the creep coefficient. This
assumption may also be used for prestressing by
imposed deformations, if the age of all of the
concrete in the relevant spans at the time of pre-
stressing is more than 14 days.

(4) For shrinkage, the age at loading should generally
be assumed to be one day.
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(5) Sxmo 3acTOCcOBYIOTHCS 301pHI TNIUTH 200
MOTIEPETHE HATIPY)KCHHS OCTOHHUX ILITUT
BUKOHYETBHCA JI0 BKIIIOUEHHS B pOOOTY
3CYBHOT'O 3’€THaHHS, KOe(illi€eHT MOB3y4OCTI
Ta 3HAYCHHSI YCAJIKH CJIiJi BAKOPUCTOBYBATH 3
MOMEHTA MTOYaTKy CYMICHOT poOOTH
KOHCTPYKITii.

(6) SAxmro B MOCTax il BIUIMBOM TMOB3y40CTi
B1I0YBAETHCS 3HAYHA 3MiHA PO3IOJLTY
3TUHAHOTO MOMEHTY IIPH #), HAPUKIIAM, Y
HEpO3PI3HUX OaJIKaxX 3MIIIaHUX KOHCTPYKIIIH
31 cTase3anizo0eTOHHIMH Ta He
CTaJie3a1i300€ TOHHUMU MPOJILOTaAMHU, CIiJ
BpPaxOBYBATH BTOPHHHI BIUTUBH, 1110 3AJICKATh
BiJl 4acy, K1 BUKIIUKAHO ITOB3YYICTIO, 32
BUKJIIOYEHHSM 3araJlbHOTO PO3PaXyHKY
IrPaHUYHUX CTaHIB €JIEMEHTIB, /I BCl
MIOTIEPEYHI Mepepi3u BIAHOCITHCS 10 Kiacy |
a0 2 1 U1 IKMX JIOIYCK Ha MO3/I0BXHIN 3THH
3 KpYU€HHSIM HE BUMAraeThCsl.

JIJisi BTOpHHHHUX BIUIMBIB, SIKi 3aJI€KaTh BiJ
qacy, MOAYJIbHHBINA KOEPIIIEHT MOXKeE
BU3HAYATUCh 3 BUKOPHCTAHHIM KoedilieHTa
noB3ydocTti ‘#, axuit nopisHroe 0,55.

(7) BpaxoByBaTHCh MalOTh TaKO MEPBUHHI
Ta BTOPUHHI BIUIMBH, BUKIIMKAH] YCaJIKOIO 1
MOB3YYIiCTIO 0€TOHHOT MOKU. BrimnBu
MOB3YUYOCTi Ta ycaaku OE€TOHA HE
BPaxXOBYIOTHCSI IIPH PO3PAXyHKY 3 METOIO
HepeBipKU IPAHUYHUX CTaHIB (KpioM
BTOMHHUX) JIJIs1 CTaj€3a1i300€ TOHHUX
€JIEMEHTIB, Jie BC1 IONIepeyHi nepepizu
BIJIHOCATBHCS 110 Kiacy 1 abo 2 1 st IKuX
JIOTIYCK Ha TO3/I0BXHiil 3THH 3 KpyUYeHHSIM He
BUMAraeThCs; TPaHUYIHI CTaHU 32
eKCIUTyaTaI[iiHOI0 HA/IIWHICTIO HABOASTHCS Y
po3mini 7.

(8) Y 30Hax, B IKUX NIPOTHO3YETHCS
BUHUKHEHHS TPIIIMH y O€TOHHIN IUINTI,
NEPBUHHI BIUIMBH IIi]] II€0 YCaJIKU MOKHA HE
BpPaxOBYBATH IPU PO3PAXyHKY BTOPHHHHIX
BILJIMBIB.

(9) V crane3anizo0eTOHHUX KOJOHHAX 1
CTHUCHEHHX eJIEeMEHTaX Mae OyTH BpaxOBaHO

BIUTMBH MOB3y4YOCT1 BIAMOBITHO 110 6.7.3.4 (2).

(10) Inst cymicHOT poOOTH KOHCTPYKIIIT 3
00OMau TOJIKaMH, IO 3HAXOIAThCS Y CTaHi
0e3 TpiuH (HanpKiIaa, y BUIaIKy
HONIePETHBOTO HAIIPYXKCHHS ), BIJIMB
MOB3YyYOCTI 1 yCaJKH CIIijJ] BU3HAYATH 32
JIOIIOMOT' OO OLJIBIII TOYHUX METO/IIB.

(5) Where prefabricated slabs are used or when pre-
stressing of the concrete slab is carried out before the
shear connection has become effective, the creep
coefficient and the shrinkage values from the time
when the composite action becomes effective should
be used.

(6) Where in bridges the bending moment
distribution at ¢, is significantly changed by creep, for
example in continuous beams of mixed structures
with both composite and non- composite spans, the
time-dependent secondary effects due to creep should
be considered, except in global analysis for the
ultimate limit state for members where all cross-
sections are in Class 1 or 2 and in which no
allowance for lateral torsional buckling is necessary.
For the time-dependent secondary effects the
modular ratio may be determined with a creep
multiplier ¢ L of 0.55.

(7) Appropriate account should be taken of the
primary and secondary effects caused by shrinkage
and creep of the concrete flange. The effects of creep
and shrinkage of concrete may be neglected in
analysis for verifications of ultimate limit states other
than fatigue, for composite members with all cross-
sections in Class 1 or 2 and in which no allowance
for lateral-torsional buckling is necessary; for
serviceability limit states, see Section 7.

(8) In regions where the concrete slab is assumed to
be cracked, the primary effects due to shrinkage may
be neglected in the calculation of secondary effects.

(9) In composite columns and compression members,
account should be taken of the effects of creep in
accordance with 6.7.3.4(2).

(10) For double composite action with both flanges
un-cracked (e.g. in case of pre-stressing) the effects
of creep and shrinkage should be determined by more
accurate methods.
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(11) Xopctkicts npu kpyuenHi (Cen-Benana)
rOJIOBHOI KOpoOUYacToi OaJIKi pO3paxoBYEThCS
JUIS IPUBEACHHOTO CKJIaJIEHOTO Mepepisy, B
SIKOMY TOBIIMHY OETOHHOI IUITMUTH 3MEHILICHO
Ha MOAYJIBHUN KoePiieHT nog = Go/G., e G,
1 G 11e MOyl IPY’KHOTO 3CYBY
KOHCTPYKIIIMHOI cTaji U 0ETOHY BiJIOBITHO.
[Tpu ipoMy cJ1iJ1 BpaxOBYBaTH BIUIHBH
MMOB3Y4Y0€CTi 3TriaHO 3 (2) MOYJIBHOTO
koedinienTa n g = nog (1 + A @).

5.4.2.3 BniiuBu TPillMHOYTBOPEHHS B
0eToHi

(1)P HeoGxoaHO miepen0aunTyH BiIOBITHUN
JIOTYCK Ha BIUIUB TPIIIMHOYTBOPEHHS B
OeToHi.

(2) Hactynuwuii metoa Moxxke 0yTu
BUKOPUCTAHO JIJIsl BU3HAYCHHS BIUIUBY
TPIIIMHOYTBOPEHHS y cTaje3a1ie300€TOHHUX
Oankax 30eToHHMH ToKamMu. Croyarky,
MIPU3HAYMBILHN KOPCTKOCTI MIPH 3TUHI E,[}
nepepiziB 06e3 ypaxyBaHHS TPILIHH,
HE0OXOTHO PO3PaXyBaTU OTUHAHY EMIOPY
BHYTPIMIHIX 3YCHJIb JIJIS1 XapaKTEPHUX
koMmOuHamii BrumBiB (quB. EN 1990:2002,
6.5.3), BKJIFOYAIOYH 10JaTKOBI BIUIUBH.
JlaHu# MeTOJ1 BU3HAYAETHCA K «PO3PaAXyHOK
0e3 ypaxyBaHHS TPILITHY.

VY Micusx, e po3TAryBallbHI HaNpPyXEHHS
KpalHiX BOJIOKOH B O€TOH1, OTpUMaHi 3
BUKOPHUCTaHHSAM OTMHAHOI €MIOPH 3arajlbHUX
BILJIUBIB, y 2 pa3y MEPEBUILYE MILHICTD fom
a00 fietm (muB. EN 1992-1-1:2004, Tabmuns 3.1
a6o Tabmuns 11.3.1), )KopeTKICTh Ciif
3MEeHIIUTH 110 E,l, (muB. 1.5.2.12). Takuii
PO3MOJILT JKOCTKOCTI MOKE OYTH BUKOPHUCTAHO
U1 TPAHUYHKUX CTaHIB 32 HECHOIO 3/1aTHICTION
Ta TPAaHUYHUMH CTaHAMHU 32 eKCIUTyaTalliiHOO
npugatHicTio. [ToTomy 3a 1onoMororo
MOBTOPHOTO PO3pPaxXyHKY BU3HAYAETHCS HOBHI
PO3MOALT BHYTPIIIHIX 3yCHIb 1 BIIOBITHUX
nedopwmariiii. Jlanuit MeTo Mae Ha3By
«pO3paxyHOK 3 ypaxyBaHHAM TPILLIMH»

(3) s Hepo3pi3HKUX CTane3a1i300€ TOHHUX
0aJ0K 3 OETOHHUMH TOJIKAMH HaJ CTAJIEBUM
nepepizoM i 6€3 monepeIHbOro HAMPY>KEeHHSI,
BKJIIOYHO 3 OajKamMM B pamax, 1110 YHHSTb OIIip
BIUTMBY TOPU30HTAIBHUX CHIT 32 PAXyHOK
3B'SI3KiB, MOKE BUKOPHUCTOBYBATHCS TaKHii
CIIPOIIECHUNA METO/I.

SIKII0 BiTHOIICHHS TOBXKUHHU CYMIKHHUX
HEPO3PI3HUX MPOTOHIB (KOPOTKHUII/TOBTHIA)

(11) The St. Venant torsional stiffness of box girders
should be calculated for a transformed cross section
in which the concrete slab thickness is reduced by the
modular ratio nog = Go/G.where G, and G, are the
elastic shear moduli of structural steel and concrete
respectively. The effects of creep should be taken
into account in accordance with (2) with the modular
ratio ng = nog (1 + AL @).

5.4.2.3 Effects of cracking of concrete
(1)P Appropriate allowance shall be made for the
effects of cracking of concrete.

(2) The following method may be used for the
determination of the effects of cracking in composite
beams with concrete flanges. First the envelope of
the internal forces and moments for the characteristic
combinations, see EN 1990; 2002, 6.5.3, including
long-term effects should be calculated using the
flexural stiffness E./;of the un-cracked sections. This
is defined as —uaracked analysis”. In regions where
the extreme fibre tensile stress in the concrete due to
the envelope of global effects exceeds twice the
strength fctm or flctm , see EN1992-1-1: 2004, Table
3.1 or Table 11.3.1, the stiffness should be reduced to
E.D, see 1.5.2.12. This distribution of stiffness may
be used for ultimate limit states and for serviceability
limit states. A new distribution of internal forces and
moments, and deformation if appropriate, is then
determined by re-analysis. This is defined as
—eracked analysis”.

(3) For continuous composite beams with the
concrete flanges above the steel section and not
prestressed,including beams in frames that resist
horizontal forces by bracing, the following simplified
method may be used.

Where all the ratios of the length of adjacent
continuous spans (shorter / longer) between supports
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MDXK OTIOpaMu CTaHOBUTH xoua 0 0,6, edekt
BUHUKHEHHS TPIIIMH CJIiJl BPaXOBYBATH 32
JOTIOMOTO0 BUKOPUCTAHHSI 3HAYEHb
YKOPCTKOCTI 1p. u 3ruHi E,l, Ha 15%
JOBKMHHU MIPOTOHY 3 KOKHOTO O0KY KOXKHOT
IPOMIXKHOI OIOPH Ta 3HAYEHb KOPCTKOCTI Oe3
ypaxyBaHHs TpiuH E,/| Ha pemTi AUITHOK
IPOTOHY.

(4) BrutiB BUHUKHEHHS TPIIIWMH y O€TOHI Ha
YKOPCTKICTh TIPH 3THHI CTaJle 32113006 TOHHIX
CTIAOK 1 CTUCHYTHX €JIEMEHTIB Ma€
BHU3HAYATUCH BIAMOBIIHO 110 6.7.3.4.

(5) SIk1mo HEe BUKOPUCTOBYETHCS OUIBIII
TOYHUN METOJI, MOXKHA MPUITYCTUTH, IO B
OaraTo 6aJIKOBHX HacCTHJIAaX, A€ MONEPeyHi
CKJIaJICH] €JIeMEHTH HE TiJaI0ThCS BILTHBY
PO3TATYBAJIBHUX CHJI, TIOTIEPEUH] €JIEMEHTH HE
MaIOTh TPILUH.

(6) KpyTHY KOPCTKICTh KOpOOUYACTHX OATIOK
CJIJI PO3paxoOBYBaTH 3a MPUBEICHUM MOIEepey-
HUM 1iepepizom. Ha ninsHkax BHHUKHEHHS
TPIIIKMH y OETOHHIN TUIUTI B PE3yJbTaTi 3THHY
PO3paxyHOK BUKOHYETHCS 3 BUKOPUCTAHHAM
TOBIIMHU TUTMTH, SKY 3MEHIIIEHO HAMOJIOBUHY,
3a YMOBH, IO TPIIIMHOYTBOPEHHS HE
BU3HAYAETHCS 3a JOMOMOT' 010 O11bIII TOYHOTO
METOMY.

(7) dnst rpaHUYHUX CTaHIB 32 HECHOIO
3/1aTHICTIO BIUIMB TPIIIMHOYTBOPEHHS Ha
MO30BKH1 3CYBHI CHIIH, 1110 BUHUKAIOTh Ha
MeX1 pO3MOJILITY MIXK CTaJUIIO Ta OETOHOM,
BPaxOBYETbhCS 3TiIHO 3 6.6.2.

(8) st rpaHMYHUX CTaHIB 3a
eKCIUTyaTalifHO0 MPUIATHICTIO MO3J0BXKHI1
3CYBHI CHJIH, IO BHHUKAIOTh HA MEXi
PO3MOJLTY MK CTAJLTIO Ta OETOHOM, CJIiJT
BpaxoByBaTH 0€3 ypaxyBaHHs TPIIMH. SKIIo,
SK allbTEPHATHBA, BPAXOBAHO BILTUBU
TPIIIMHO YTBOPEHHS, 10 YBaru ciij Opatu
TaKOX JKOPCTKICTh MIPH PO3TATYBaHHI Ta
HAJTMIIKOBY MIIIHICTh PO3TATHYTOr0 OeTOHA
5.4.2.4 ETanu Ta nocJaig0BHICTH
OyniBHMIITBA

(1)P Cxix BUKOHATH BIAMOBIIHUAN PO3paXyHOK
JUTS TIepei0avYeHHs BIUTUBY MTOETAITHOTO
OyIiBHUIITBA, 32 HEOOX1THOCTI CIiA
BPaxOBYBAaTH BIUTMBH CHJI Ha CTAJIEBY
KOHCTPYKIIiIO 1 MOBHICTIO 200 4acTOBO Ha
cTaJie 3aJ1300€TOHH1 eIeMEHTH

are at least 0.6, the effect of cracking may be taken
into account by using the flexural stiffness E,/; over
15% of the span on each side of each internal
support, and as the uncracked values E,/; elsewhere.

(4) The effect of cracking of concrete on the flexural
stiffness of composite columns and compression
members should be determined in accordance with
6.7.3.4.

(5) Unless a more precise method is used, in multiple
beam decks where transverse composite members are
not subjected to tensile forces, it may be assumed
that the transverse members are uncracked
throughout.

(6) The torsional stiffness of box girders should be
calculated for a transformed cross section. In areas
where the concrete slab is assumed to be cracked due
to bending, the calculation should be performed
considering a slab thickness reduced to one half,
unless the effect of cracking is considered in a more
precise way.

(7) For ultimate limit states the effects of cracking on
the longitudinal shear forces at the interface between
the steel and concrete section should be taken into
account according to 6.6.2.

(8) For serviceability limit states the longitudinal
shear forces at the interface between the steel and
concrete section should be calculated by uncracked
analysis. If alternatively the effects of cracking are
taken into account, tension stiffening and over-
strength of concrete in tension should be considered.

5.4.2.4 Stages and sequence of construction

(1)P Appropriate analysis shall be made to cover the
effects of staged construction including where
necessary separate effects of actions applied to
structural steel and to wholly or partially composite
members.
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(2) BrutuBu mocigoBHOCTI OyIiBHUIITBA
MOXYTh HE BPaXOBYBATHCh IIPH PO3PAXYHKY
I'PaHUYHUX CTAHIB 32 HECHOIO 3/1aTHICTIO
(KpiM BTOMHUX) JIJIs1 CTaJIe 3a11300€ TOHHUX
€JIEMEHTIB, B SIKMX YCi TIOTIEpPEUHI Iepepizu
BiJTHOCSITBCS 110 Kiacy 1 abo 2 1 B IKUX HE
BHUMAaraeTbcs JOMYCK Ha MO3/I0BXKHIN 3T1H 3
KPY4YCHHSIM.

5.4.2.5 TemnepaTypHi BIUIUBH

(1) TemmeparypHi BIUIMBH CIIiJ] BpaXOBYBaTH
BigmoBigao g0 EN 1991-1-5.

(2) TemneparypHi BIUIUBH MOXYTh HE
BPaxOBYBaTHCh IIPU PO3PAXYHKY 'PAHUYHUX
CTaHIB 32 HECHOIO 3JaTHICTIO (KPiM BTOMHHX )
JUI CTase 3alli300€TOHHUX €JIEMEHTIB, B SIKUX
yci morepeyHi nepepizu BiTHOCATHCS 710
kiacy 1 abo 2 1 B IKUX HE BUMAaraeTbcs
JOMYCK Ha TO3JI0BXKHIH 3TUH 3 KPYUEHHSIM.
(3) Anist cipomieHHs 3aralibHOTO PO3PaxXyHKY 1
BU3HAYEHHS HANPYXXEeHb
cTase3a1i300eTOHHUX KOHCTPYKIIN 3HAYeHHS
koedirienTa JIHIHHOTO TEIIOBOTO
PO3MIUPEHHS KOHCTPYKIIIIHOT CTaji MOXe
IIPUUMATUCH 10x10°° C". s PO3paxyHKy
3MIHH JTOB)XHHU MOCTY KOE(]IIIEHT TEIIIOBOTO
PO3LIMPEHHS MA€ CTAHOBUTH 12x10°¢ C! IS
BCIX KOHCTPYKIIIITHUX MaTepiaiB.

5.4.2.6 IlonepenHe HaNpy:KeHHs1 32 PAXYHOK
NPUKJIAJEHUX KOHTPOJIHOBAHUX
aepopmanii

(1)P Tam, ne nepenbaveHo nomnepenHe
Hanpy>KeHHs I1]] BILIMBOM KOHTPOJIbOBAaHUX
nedopmariil (Harpukiai, miaJ1oMKpadyBaHHS
OTIOp), BIUTMB MOXJIUBHX BIIXUJICHb Bij
MIPOrHO30BAHUX 3HAYEHb Aepopmariiii i
’KOPCTKOCTI Ha BHYTPIIIHI 3yCHIUIS Ma€e OyTH
BPaxOBaHO MPH PO3PaXyHKY T'PAaHUIHUX
CTaHIB 32 HECHOIO 3aTHICTIO Ta
eKCIUTyaTallli{HOI0 MPUAATHICTIO.

(2) SIx110 He BUKOPUCTOBYETHCS OLIBIIT
TOYHUN METOJI BUBHAYEHHS BHYTPIIIHIX
3YCHJIb, XapaKTEPUCTHYH] 3HAUCHHS
HENpsIMUX BIUIMBIB IPUKIAJCHUX Aepopmariiit
MO’KHA PO3PaxOBYBATH 3 XapaKTEPHUCTUUHUMHU
a00 HOMIHAJILHUMH 3HAYEHHSIMU
BJIACTUBOCTEH JlehopMyeMHUX MaTepialiB 3a
YMOBH, 110 1151 AeQopMariisi KOHTPOJIFOETHCS.
5.4.2.7 llonepeaHe HANPyKeHHS Yepe3
HATATr apMaTypHu

(1) BayTpuHi 3ycusuis, BUKIHKaHI
HOTIEPEIHIM HaIPYKEHHIM apMaTypHHUX

(2) The effects of sequence of construction may be
neglected in analysis for ultimate limit states other
than fatigue, for composite members where all cross-
sections are in Class 1 or 2 and in which no
allowance for lateral-torsional buckling is necessary.

5.4.2.5 Temperature effects

(1) Account should be taken of effects due to
temperature in accordance with EN 1991-1-5.

(2) Temperature effects may normally be neglected
in analysis for the ultimate limit states other than
fatigue, for composite members where all cross-
sections are in Class 1 or Class 2 and in which no
allowance for lateral-torsional buckling is necessary.

(3) For simplification in global analysis and for the
determination of stresses for composite structures,
the value of the coefficient of linear thermal
expansion for structural steel may be taken as 10 x
10-6 per oC. For calculation of change in length of the
bridge, the coefficient of thermal expansion should
be taken as 12x10-6 per oC for all structural materials.

5.4.2.6 Pre-stressing by controlled imposed
deformations

(1)P Where pre-stressing by controlled imposed
deformations (e.g. jacking of supports) is provided,
the effects of possible deviations from the assumed
values of imposed deformations and stiffness on the
internal moments and forces shall be considered for
analysis of ultimate and serviceability limit states.

(2) Unless a more accurate method is used to
determine internal moments and forces, the
characteristic values of indirect actions due to
imposed deformations may be calculated with the
characteristic or nominal values of properties of
materials and of imposed deformation, if the imposed
deformations are controlled.

5.4.2.7 Pre-stressing by tendons

(1) Internal forces and moments due to pre-stressing
by bonded tendons should be determined in
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€JIEMEHTIB, 1[0 MAIOTh 3YEIJICHHS 3 OCTOHOM,
CIi1 BU3HaYaTH BiAmoBigHO 10 EN 1992-1-
1:2004, 5.10.2 3 ypaxyBaHHsM 3a
HEOOXIJTHOCTI BIUTMBY MOB3Y4OCTi, yCaIKH Ta
BUHHKHEHHS TPIIIMH Y OCTOHI.

(2) IIpu BUKOHaHHI 3arajJbHOTO PO3PAXYHKY,
3YCWILISL y HEHANPY)KEHUX apMaTypHUX
eJIeMeHTax 0e3 34eryIeHHs 3 0ETOHOM MaloTh
PO3TISAATUCH K 30BHIIIHI cuid. Jliist
BU3HAYEHHS 3yCUIIb Y MMOCTIHHUX HAPYXEHUX
eJlIeMeHTax 0e3 3uerUieHHs 3 0ETOHOM CIIiJ
BpaxoByBaTH Aedopmaliii BCi€el KOHCTPYKIIii.
5.4.2.8 Po3TATHYTI eJlIeMeHTH B CcTaJle
3aJ1i300€TOHHUX MOCTaX

(1) Y upomy po3saimi 3a1i300eTOHHHIA
PO3TATHYTHM €JIEMEHT 03HAYa€ TaKe:

(a) okpeMuii 3ai300€TOHHUI PO3TATHYTHI
€JIEMEHT, 1110 MPAIIOE PA30M 13 PO3TATHYTUM
€JIEMEHTOM CTaJIEBOT KOHCTPYKIIii, 31 3CYyBHUM
3’€IHAHHSM JIMIIE N0 KIHIISIX €JIeMEeHTa, 110
CHpHsi€ BAHWKHEHHIO 3aTalbHOTO
PO3TATYBAIBHOTO 3YCHILIS Y 32113006 TOHHOMY
PO3TSATHYTOMY €JIEMEHTI;

(b) 3amizo0eToHHa YacTHHA
CTaJIe3a1i300€TOHHOTO €JIEMEHTA 31 3CYyBHUM
3’€IHaHHSAM Ha JUISHII TIOBKUHH €JIeMEHTa
MiTAaHHOTO BIUIUBY MO3/I0BXKHBOTO PO3TSTY .
TunoBuMH MpUKIaIaMy B JAHHOMY BHUIIAIKY
€ apKa 3 3aTsDKKOIO 1 HacKpi3Ha (hepma, B AKUX
3a511300eTOHH1 a00 cTane3ani300eToHHI
€JIeMEHTHU (QYHKI[IOHYIOTh SIK PO3TSTHYTI
€JIEMEHTH OCHOBHOI KOMOIHOBAaHOI CUCTEMHU.
(2) st BU3HAUEHHSI BHYTPILIHIX 3yCUJIb Y
PO3TAHYTOMY €JIEMEHTI HelliHiiiHa poboTa,
BUKJIMKAaHA TPIILIMHO YTBOPEHHSM y OETOHI 1
BIUTMBOM >KOPCTKOCTI OETOHY IPH PO3TATY,
Ma€ BPaxoBYBATHCh MPH 3aralIbHOMY
PO3paxyHKy TPAaHUYHHUX CTaHIB 32 HECHOIO
3/IaTHICTIO, €KCIUTyaTaliifHOI0 TIPHUIATHICTIO
Ta BTOMHICTIO. CJIi/1 TaKOX BpaXxoByBaTH
BIUTMB HAJIJTUIIIKOBOT MIITHOCTI O€TOHY, 110
IPAIIOE HA PO3TAT.

(3) dnst po3paxyHKy BHYTPIIIHIX 3yCUIIb
3aJ11300€TOHHOTO PO3TATHYTOTO €JIEMEHTA 3
TpIIIMHAMU HEOOX1/IHO BPaXxOBYBaTH BIUIMB
ycaJku 0eTOHa MiXk TpilMHaMu. Brimus
ABTOTCHHOI YCaJIKi MOXe iIrHOpYBaTHCh. J{7st
CHpOILEHHs a00 y BUNIA/IKaX, KOJIH
BUKOPUCTOBYETHCS (6) a60 (7), BUIbHY
ycankoBy nedopmariiro exeMenTa 6e3 TpiluH
CJI1J1 3aCTOCOBYBATH JIJIsl BUBHAYCHHS
BTOPUHHUX BIUIMBIB, IO BUKJIMKAHI YCAJIKOIO

accordance with EN 1992-1-1: 2004, 5.10.2 taking
into account the effects of creep and shrinkage of
concrete and cracking of concrete where relevant.

(2) In global analysis, forces in unbonded tendons
should be treated as external forces. For the
determination of forces in permanently unbonded
tendons, deformations of the whole structure should
be taken into account.

5.4.2.8 Tension members in composite bridges

(1) In this clause, concrete tension member means

either:

(a) an isolated reinforced concrete tension member
acting together with a tension member of structural
steel, with shear connection only at the ends of the
member, which causes a global tensile force in the

concrete tension member;

(b) the reinforced concrete part of a composite
member with shear connection over the member
length (a composite tension member) subjected to
longitudinal tension.

Typical examples occur in bowstring arches and
trusses where the concrete or composite members act
as tension members in the main composite system.

(2)P For the determination of the internal forces and
moments in a tension member, the non-linear
behaviour due to cracking of concrete and the effects
of tension stiffening of concrete shall be considered
for the global analyses for ultimate and serviceability
limit states and for the limit state of fatigue. Account
shall be taken of effects resulting from over-strength
of concrete in tension.

(3) For the calculation of the internal forces and
moments of a cracked concrete tension member the
effects of shrinkage of concrete between cracks
should be taken into account. The effects of
autogenous shrinkage may be neglected. For
simplification and where (6) or (7) is used, the free
shrinkage strain of the uncracked member should be
used for the determination of secondary effects due
to shrinkage.
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(4) SIx11o He 3aCTOCOBYETHCS OUTBII TOUHHNA
MeToz 3rigHo 3 (2) abo (3), Mmoxe OyTH
BUKOPUCTAHO CIIPOLICHHUI METO] BiAMOBIAHO
10 (5). SIx anpTepHATHBHUIN BapiaHT MOXKHA
3acrocyBaru metoau (6) i (7).

(5) Brutus sk0pCcTKOCTI 6€TOHA TP PO3TATY
MOJKHA HE BPAaXOBYBATH, SIKIIO B 3aralbHOMY
pO3paxyHKy BHYTPIIIHI 3yCUILIA
3aJ11300€TOHHOTO PO3TATHYTOTO €JIeMEHTa
BU3HAYAIOTHCS 32 JIOTIOMOTOI0 PO3PaxXyHKY Yy
cTaHi 06e3 TPIlUH, a BHYTPILIHI 3yCHIUIS
€JIEMEHTIB CTaJIeBOT KOHCTPYKIIIT
PO3pPaxOBYIOTHCS 3 YPaxXyBaHHSM TPIIIKH Yy
0eToHi.

(6) BHyTpimHi 3yCHIUIS apoK 13 3aTSKKOIO 3
OKpEMHUMH apMOBaHHMH 3aJ11300€TOHHUMHU
PO3TATHEHUMH €JIEMEHTaMH 31 3CYBHUM
3’€IHAaHHSM JIMIIE HA KIHISMX eJIEMEHTa
MOJYTh BU3HAYATHCh TAKUM YHHOM:

- BU3HAYCHHS BHYTPIIIHIX 3YCHJIb CTAJIEBO1
KOHCTPYKIIii 3 pO3paxyHKOBOIO ITO3/I0BKHBOIO
KOPCTKICTIO (EAS)eff OSTOHHOTO PO3TATHEHOTO
eJIMEHTA 3 ypaxXyBaHHSAM TPIIIHH, KA
BU3HAYAETHCS BIJIMIOBITHO 10 PIBHSHHS

(EA,) = E 4, (5.6-1):
7 1-035/(1+n,p,)
1€ Ny - MOIYIBHUN KOEIIiEHT
KOPOTKOYACHOT'O HABaHTAXKCHH BIMOBIIHO J10
5.4.2.2(2);
As - IO3/TOBXHS apMaTypa OETOHHOTO
PO3TATHYTOTO €J1eMEHTa y MexaX e(heKTHBHOL
ITUPUHU;

0 s - KoeimieHT apmyBaHHs p =A¢/A. ,
BH3HAYCHUH 3 KOPHUCHOIO TUIOIICIO IOTIepey-
HOTO Tnepepi3y 6eToHa A;

- HOpMaJIbH1 CHJIM OETOHHOTO PO3TITHYTOTO
eneMeHTa Ngg.sery JUTSI TPAHUYHOTO CTAaHY 32
EKCIUTyaTaI[iiHOI0 IPUAATHICTIO Ta Npd,yi IS
TPaHUYHOTO CTaHy 3a HECHOIO 3/IaTHICTIO
MOXKYTh OyTH BHpa)XeHi sIK:

NEed-serv - :1915 A fet,eff (1+ no o s) (56'2)
Nedult - = 1,45 A¢ fererr (14109 05) (5.6-3)
7€ fetreff — PO3PAXYHKOBA MIITHICTH O€TOHA Ha
PO3TAIT.

SIK10 HE BUKOHYETHCS TIEpeBipKa 3
BHUKOPHUCTAHHIM OUIBIII TOYHUX METO/IB,
PO3paxyHKOBA MIIIHICTh OETOHA HA PO3TAT
MPUAMAETBHCS SIK fetyetf = 0, 7fetm,

(4) Unless a more accurate method according to (2)
and (3) is used, the simplified method according to
(5) may be used. Alternatively, the methods of (6)
and (7) are applicable.

(5) The effects of tension stiffening of concrete may
be neglected, if in the global analysis the internal
forces and moments of the concrete tension member
are determined by uncracked analysis and the internal
forces of structural steel members are determined by
cracked analysis.

(6) The internal forces and moments in bowstring
arches with isolated reinforced concrete tension
members with shear connection only at the ends of
the member may be determined as follows:

- determination of the internal forces of the steel
structure with an effective longitudinal stiffness
(EAy)esrof the cracked concrete tension member
according to equation (5.6-1).

E A
EA),, = a1
(EA,) 5 1-0,35/(1+n,p,)

where no is the modular ratio for short term loading
according to 5.4.2.2(2),

(5.6-1):

Ajs s the longitudinal reinforcement of the concrete
tension member within the effective width and

0 s 18 the reinforcement ratio o —=A4¢/A4. determined
with the effective concrete cross-section area A;

- the normal forces of the concrete tension member
Ngg.serv fOr the serviceability limit state and
Ngg,ui for the ultimate limit state are given by

NEed-serv - :1515 A fct,eff(1+ no o s)
Nedsure - = 1,45 A fet,eff (1+ no 0 s)
where f.,er 1S the effective tensile strength of
concrete.
Unless verified by more accurate methods, the
effective tensile strength may be assumed as

f(;t:eff = 077f;:tm .

(5.6-2)
(5.6-3)
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e 3ami300€TOHHUH PO3TSATHYTHH €IEMEHT
OJTHOYACHO (DYHKITIOHYE SIK TUTUTA MPOi3HOT
YACTUHU Ta MiIJAETHCS TIOETHAHHIO
3arajibHOTO Ta MICLIEBOTO BIUIMBY.

(7) ns crane3anizo0eTOHHUX PO3TATHYTHX
€JIEMEHTIB, SIKi 0YyJI0 MiJaHO BIUIUBY
HOPMAaJIbHUX CHJI 1 3THHAHUX MOMEHTIB,
BJIACTHBOCTI TIOTIEPEYHOTO TIepepi3y 3
ypaxyBaHHSIM TPIllIH, & TAKOXX HOpMAIIbHE
3YCHIIIS 3aJ11300€TOHHOT YaCTHHH
CTaJIe3al1i300€TOHHOTO €JIEMEeHTa CJIiJT
BU3HAYATH 3 PO3PAXYHKOBOIO MO310BKHBOIO
YKOPCTKICTIO apMaTypH BiATIOBIAHO 110
piBHsiHHSA (5.6-1). SIKII0 HOPMAaITBHI CHIIH
3a11300€TOHHOT YaCTHHU €JIEMEHTa He Oijbllie
HIX 3HAYCHHs, y PiBHAHHSAX (5.6-2) u (5.6-3),
11i 3HAUCHHSI MO’KHA BUKOPUCTOBYBATH IIPH
npoekTyBaHHi. HanpyxeHHs B apmatypi
BU3HAYAIOTHCS 13 3a3HAYCHUMH CHUJIAMH, aJie 3
ypaxyBaHHSIM JIHCHOT IJIOIII TOIEPEUYHOTO
nepep3y 4s apMarypHu.

5.4.2.9 BaJkoBi HACTHJIN JIT MOCTIB

(1) Tam, ne KOHCTpYIOBaHHS BiAMOBiAA€ 6.3,
BIUIMB 3aI1i3HCHHS 3CYBY Ta MPOCKJIN3aHHS
MK OETOHOM 1 CTaJIeBUM OallkaMu MpH

MMO3J0BXXHbOMY 3THHI MOXKHA HE BpaxoOBYyBaTH.

Po6ora onanyOku, sika oOnupaerbes Ha
cTaJsieBi OaJIKM 1 CTa€ YaCTUHOIO MOCTIMHHOT
KOHCTPYKIIii, HE BPaXOBYETHCA.

(2) Ax1ro po3noaiin HaBaHTEKEHb,
MPUKIIAJIEHUX MICIsS 3aTBEP/IIHHSA OETOHY, HE €
PIBHOMIPHUM Yy HaIpsMKY, IOTEPEIHOMY
B1JIHOCHO MPOJIHOTA, PO3PAXYHOK CIIi]T
BUKOHYBATH 3 YPaxXyBaHHSIM MOMEPEYHOTO
PO3MOITY CUJI, SIKI BUKJIMKAHO PI3HUIICIO MK
nedopMariiero CyMibKHUX 0aloK 1 STHHAHUX
KOPCTKOCTEH i OaJIOK y MOMEPEYHOMY
HANPSIMKY, 32 YMOBH, IO BIJICYTHE
MiTBEPHKEHHS TOTO, 10 CIPOIICHUH aHaIi3
320€3MeYuTh JOCTAaTHIO TOYHICTh MIPH
MPUITYIIEHHI HErHY4YKOi poOOTH B
MOTIEPEYHOMY HAIPIMKY.

3) Jlns BpaxyBaHHS BIUIMBY, PO3IJIIHYTOTO B
(2), MO>ke OyTH BUKOPUCTAHO OJIUH 3 TAKUX
METO/IIB PO3PaXyHKY:

- MOJIETIIOBAaHHS OPTOTPOIHOI TUTHTH 32
JIOTIOMOTO10 «pO3Ma3yBaHHS» CTaJIEBbIX
0aoK;

where the concrete tension member is simultaneously
acting as a deck and is subjected to combined global
and local effects.

(7) For composite tension members subjected to
normal forces and bending moments, the crosssection
properties of the cracked section and the normal
force of the reinforced concrete part of the composite
member should be determined with the effective
longitudinal stiffness of the reinforcement according
to equation (5.6-1). If the normal forces of the
reinforced concrete part of the member do not exceed
the values given by the equations (5.6-2) and (5.6-3),
these values should be used for design. Stresses in
reinforcement should be determined with these forces
but taking into account the actual cross-section area
A, of reinforcement.

5.4.2.9 Filler beam decks for bridges

(1) Where the detailing is in accordance with 6.3, in
longitudinal bending the effects of slip between the
concrete and the steel beams and effects of shear lag
may be neglected. The contribution of formwork
supported from the steel beams, which becomes part
of the permanent construction, should be neglected.

(2) Where the distribution of loads applied after
hardening of concrete is not uniform in the direction
transverse to the span of the filler beams, the analysis
should take account of the transverse distribution of
forces due to the difference between the deformation
of adjacent filler beams and of the flexural stiffness
transverse to the filler beam, unless it is verified that
sufficient accuracy is obtained by a simplified
analysis assuming rigid behaviour in the transverse
direction.

3) Account may be taken of the effects described in
(2) by using one of the following methods of
analysis:

- modelling by an orthotropic slab by smearing of the
steel beams;
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- po3ri] OETOHY SIK IEPEPUBYACTOTO
Martepiany Ui OTPUMAaHHS TIOCKOT
CTEP>KHEBOI CUCTEMH 3 €JIEMEHTaMHU, 110
MAalOTh KOPCTKICTh MIPU 3THHI Ta KPy4eHH, 1e
KOPCTKICTh Ha KPYYEHHS CTaJIeBOi YaCTUHU
MO>KHA HE BpaxoBYyBaTH. J{JIs1 BU3HAUCHHS
BHYTPIIIHIX 3yCUJIb Y TIONIEPEIYHOMY
HaNpsSMKY MO>KHA TIPUITYCTHTH, 1110
YKOPCTKICTh TIPH 3THHI Ta KPYUYEHHI1
MOTepeyHNX OETOHHUX EIEMEHTIB CTAHOBUTh
50 % >kopcTKOCTI y cTaHi 6€3 TPilIHH;

- 3arajibHi METOJH 3rinHO 3 5.4.3.

MoHa IpUITyCTUTH, 1110 HOMIHAJIbHE
3Ha4yeHHs koedimienTa [Tyaccona ans GeTona
ctanoBUTH 0,0 - 17151 rpaHUYHUX CTaHIB 3a
HECHOIO 37aTHICTIO 1 0,2 - U1 TpaHUYHHUX
CTaHIB 3a dKCIUTyaTallii{HOO MPUAATHICTIO.
(4) BayTpimHi 3ycHuIs CTiJl BA3HAYATH 32
JOTIOMOT OO TIPYKHOTO PO3PaXyHKY, 03
ypaxyBaHHS MePepOo3M0IiTy MOMEHTIB i
BHYTPIIIHIX CHJI, SIKI BUKJIMKAHO TPIIIUHO
YTBOPEHHSIM Y OETOHI.

(5) BinemHi 3ruHaIbHI MOMEHTH HEPO3PI3HUX
0aJIoK 3 MoNepeyHMHU nepepizamMu Kiacy 1
Ha MMPOMDKHHX OMOPaxX MOXYTh
NepepO3NOAUIATUCH JIsl TPAHUYHUX CTaHIB 3a
HECHOIO 3aTHICTIO (KpIM BTOMHHUX) Ha
BEJIMYMHY He O1bIy 3a 15 % nns
BpaxyBaHHS HEMPY>KHOT poOOTH MaTepiaiB.
JU1sl KO’)KHOTO BUIIA/IKY HABAHTA)XKEHb
BHYTPILIHI 3yCUJUIS MICIIs NEPEPO3NOILTY
MaroTh 3HAXOJUTHUCH y CTaHI PIBHOBArH 3
HaBaHTaXCHHSMHU.

(6) BrutiBu moB3ydvocTi Ha nedopmariii ciija
BpaxoBYyBaTH BiAMOBIIHO 110 5.4.2.2. Brius
ycazku 0eToHa MOKHA He BPaXOBYBAaTH.

(7) lns BU3HAaYEHHS MPOTHHIB 1
MOTEePETHHOrO OYNIBEIBHOTO MiAHOMY JUIS
TPAaHUYHOTO CTAaHY 3a eKCILTyaTaliiHOO
NPUIATHICTIO, a TAKOXK JUTSI TUHAMIYHOTO
PO3paxyHKy pO3pPaxyHKOBY KOPCTKICTh

IIPU 3THHI OaTKOBUX HACTUIIIB MOKHA
MPEJICTaBUTH SIK:

E.l+=0,5(E. 1, + E,I,) (5.6-4)
ne I; Ta [, - 3Ha4eHHs (3 TpilIMHAMU 1 6€3
TPIIIMH) MOMEHTY 1HEpIIii cTane3ai3o-
OETOHHOTO Tepepi3y, MiITaHOTO BIUIUBY

BO3/ICHICTBUIO 3THHAHOTO MOMEHTY IIPU
nporuHi BianosiaHo no 1.5.2.1111.5.2.12.

- considering the concrete as discontinuous so as to
have a plane grid with members having flexural and
torsional stiffness where the torsional stiffness of the
steel section may be neglected. For the determination
of internal forces in the transverse direction, the
flexural and torsional stiffness of the transverse
concrete members may be assumed to be 50 % of
the uncracked stiffness

- general methods according to 5.4.3.

The nominal value of Poisson’s ratio of concrete may
be assumed to be zero for ultimate limit states

and 0.2 for serviceability limit states.

(4) Internal forces and moments should be
determined by elastic analysis, neglecting
redistribution of moments and internal forces due to
cracking of concrete.

(5) Hogging bending moments of continuous filler
beams with Class 1 cross-sections at internal
supports may be redistributed for ultimate limit states
other than fatigue by amounts not exceeding

15% to take into account inelastic behaviour of
materials. For each load case the internal forces and
moments after redistribution should be in equilibrium
with the loads.

(6) Effects of creep on deformations may be taken
into account according to 5.4.2.2. The effects of
shrinkage of concrete may be neglected.

(7) For the determination of deflections and
precamber for the serviceability limit state as well as
for dynamic analysis the effective flexural stiffness
of filler beam decks may be taken as

E1.=0,5(E. ], + E. L) (5.6-4)

where /1 and /2 are the uncracked and the cracked
values of second moment of area of the composite
cross- subjected to sagging bending as defined in
1.5.2.11 and 1.5.2.12.

| MomenT inepuii [, Bu3HaYa€eThCS 3

| The second moment of area
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e(hEeKTUBHHUM IOTIEPEYHUM TIEPEPI3OM
CTaJIeBOi KOHCTPYKIIii, apMaTypu Ta
cTUCHeHoro 6etony. [lnomia crucuenoro
0CTOHY BU3HAYAETHCS 32 PO3IMOJIITIOM
IUTACTUYHOTO HANPY)KEHHS.

(8) BrmuB pi3HUIB IepenajiB TeMIepaTypH
MO>KHa ITHOPYBATH, 32 BUKIIIOUCHHSIM
BU3HAYEHHS MPOTUHIB 3aJ1I3HUYHUX MOCTIB
0e3 OaacHOi moAyIku ado 3aTi3HUYHUX
MOCTIB i3 0€30aJIaCTHOIO KOJII€TO.

5.4.3 HeauHiliHMH 3arajJibHU PO3PaxXyHOK
JJIs1 MOCTIB

(1)P 103BONSAETHCS BUKOPHUCTAHHS
HETHIHHOTO po3paxyHKy. [IpaBuia
3aCTOCYBaHHS HE HABOJSATHCS.

(2)P Crig BpaxoByBaTé poOOTY 3CyBHOTO
3’¢qHaHHA.

(3)P Cuix BpaxoByBaTH BIUIMBH
neGopMOBaHOI TeOMeTpPil KOHCTPYKIIi.
5.4.4 CnosiyyeHHs1 3araJibHHX I MiceBUX
BILTUBIiB

(1) 3aranpHi Ta MiCIIEB1 BIUTMBH CITiJI
CKJIQJIATH 3 ypaxyBaHHAM KoedirieHTa

CIIOJIYUCHHA.

Ipumitka: KoediuieHT ccrionydeHHs: Moxe OyTH HaBe/IEHO B
HalioHaTbHOMY NoAaTKy. HeoOxinHy iHdopMmarito o
aBTOJIOPO’KHUM MOCTaM HaBeieHO B onatky E crangapra EN
1993-2.

5.5 Knacugikanis nonepeyHux nepepisis
5.5.1 3arajbHi M0J105KeHHS

(1)P [dns nonepeyHux nepepizis
CTaJie3a1i300€TOHHUX 0aJIOK 3aCTOCOBYETHCS
cuctema knacudikarii, o HaBoauThcs B EN
1993-1-1:2005, 5.5.2.

(2) CranesanizobeToHHuUi nepepiz
KIacu(iKyeThes 32 HAMMEHII CIPUSTINBAM
KJIACOM MOT0 CTUCHEHUX CTaJIEBUX
eneMeHTiB. Kiac crane3anie300eTOHHOTO
nepepizy 3a3BUYail 3aJeKUTh B/l HAIPSMKY
3TUHAHOTO MOMEHTY B IIbOMY Iepepi3i.

(3) CraneBuii CTHCHCHHH €JIEMEHT,
00OMEXXEeHHI BHACIIIOK MOTO MPUETHAHHS 70
3aJ11300€TOHHOTO €JIEMEHTY, MOKe
MIePEMIIITYBATUCh J0 OUTBII CIPUATIUBOTO
KJIacy 3a YMOBU BCTaHOBJIEHHSI CTOT'OBOTO
MOKpaleHHs oro poGoTH.

(4) Ans xnacuikaiii cinij BAKOPUCTOBYBATH
TUTACTHYHUH PO3IIO/ILT HAIPYKEHB, 32
BUHSATKOM TPaHUIl MiX KiacoMm 3 14, e ciif
BUKOPUCTOBYBATH NPY>KHUH PO3MOALT
HaNpy>KeHb 3 ypaxyBaHHIM MOCIiTOBHOCTI

> should be determined with the effective cross-
section of structural steel, reinforcement and
concrete in compression. The area of concrete in
compression may be determined from the plastic
stress distribution.

(8) The influences of differences and gradients of
temperature may be ignored, except for the
determination of deflections of railway bridges
without ballast bed or railway bridges with non
ballasted slab track.

5.4.3 Non-linear global analysis for bridges

(1)P Non-linear analysis may be used. No application
rules are given.

(2)P The behaviour of the shear connection shall be
taken into account.

(3)P Effects of the deformed geometry of the
structure shall be taken into account.

5.4.4 Combination of global and local action
effects

(1) Global and local action effects should be added
taking into account a combination factor.

NOTE: The combination factor may be given in the National Annex.
Relevant information for road bridges is given in Annex E of
EN 1993-2.

5.5 Classification of cross-sections

5.5.1 General

(1)P The classification system defined in EN 1993-1-
1: 2005, 5.5.2 applies to cross-sections of composite
beams.

(2) A composite section should be classified
according to the least favourable class of its steel
elements in compression. The class of a composite
section normally depends on the direction of the
bending moment at that section.

(3) A steel compression element restrained by
attaching it to a reinforced concrete element may
beplaced in a more favourable class, provided that
the resulting improvement in performance has been
established.

(4) For classification, the plastic stress distribution
should be used except at the boundary between
Classes 3 and 4, where the elastic stress distribution
should be used taking into account sequence of
construction and the effects of creep and shrinkage.

HaNpy>KeHb 1 3 ypaXyBaHHIM MOCIIIOBHOCTI

| For classification, design values of strengths of
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BUTOTOBJICHHS, @ TAKOXKE BIUIMBY MOB3y4YOCTI
ta ycaaku. s knacudikaii MaroTh OyTH
BUKOPHCTaHI PO3paxyHKOBI 3HAYCHHS
MIIHOCTI MatepiaiiB. Po3TsarHenuii 6eToH
ciijg irnopyBatu. Po3mnonin HanpyXeHb Mae
BHU3HAYATHUCH JIJIS TIOMIEPEYHOTO TIepepi3y
OpyTTO CTajJeBOi CTIHKM Ta €PEKTUBHOL
IIUPUHU TIOJTUIIb.

(5) lnsa monepeunux nepepisiB kinaciB 112 3
PO3TATHEHHUMU CTEPXKHSIMH B apMaTypi, 110
BUKOPUCTOBYETHCS Y MEKaX €(EKTUBHOI
[IMPHUHBI, KJIAC IJIACTUYHOCTI Mae Oyt B abo
C (muB. EN 1992-1-1:2004, Tabmuus C.1).
JlomaTkoBO TS TIepepizy, TPaHUIHUA MOMEHT
SIKOTO BH3HAYEHO BIiAMOBIAHO 10 6.2.1.2,
6.2.1.3 a0 6.2.1.4, cinig 3a0e3neynTn
MiHIMaJIbHY TUIOIY apMaTypu As y Mexkax
e(eKTUBHOI MUPUHHN OCTOHHOT MTOJHIII JIJIS
3a0e3neueHHs] YMOBHU:

As2> psAc (5.7)
IPU I[LOMY ,
I L
=5 2L Lem g 58
Ps 235 1, vk, (5.8)

ne A, - epexTuBHa TUIONIA OETOHHOT TOJIHIIL,
Jy - HOMIHaJIbHE 3HAYEHHS IPaHUIl TEKY4OCTI
KOHCTpYKIIiitHoi ctami, H/mm®;

fsk - XapaKTepUCTUYHA I'PaHMLIS TEKY4OCT]
apMaTypu;

fetm - CPEITHE 3HAUEHHS MIITHOCTI OETOHY Ha
po3tar (muB. EN 1992-1-1:2004, tabmus 3.1
a6o Tabmums 11.3.1);

k. - xoediIieHT, 3HAYEHHS IKOTO HABEJICHO B
7.4.2;

0 - nopiBHIo€ 1,0 — I IONIEpEUHUX
nepepisiB kiacy 2 ta 1,1 — ayig monepeyHux
nepepiziB knacy 1, B IKUX HEOOXiTHE
o0epTaHHA MJIACTUYHOTO LIAPHHUPY.

(6) 3BapHa ciTKa HE BXOJUTH 0 KOPUCHOTO
nepepizy, SKI0 HeMae IMiITBePHKEHHS ii
JOCTaTHBOIO MJIACTUYHOCTI IPU BOYAOBYBaHHI
B OCTOHHY IIUTY AJis 3a0e3MeUeHHs
BIJICYTHOCTI TPIILIKH.

(7) Ilpu 3aranibHOMY PO3paxyHKY CTaaii
Oy/IiBHMILITBA CIIi1 BpaXOBYBATH KJ1ac
CTaJICBOTO TIepepi3y Ha BIAMOBIIHIN cTamii
5.5.2Knacudikanis craje3anizodeTOHHINX
nepepisiB 0e3 0€TOHHOI 000JI0HKH

(1) CraneBy cTHCHEHY MOJKY, 110 3aXUILEHA
B1JI 3TUHY 4epe3 00beTHAHHS 3 OETOHHOIO
MIOJIKOIO 32 TOTIOMOT'OI0 €JIEMEHTIB 3CYBHOTO

materials should be used. Concrete in tension should
be neglected. The distribution of the stresses

should be determined for the gross cross-section of
the steel web and the effective flanges.

(5) For cross-sections in Class 1 and 2 with bars in
tension, reinforcement used within the effective
width should have a ductility Class B or C, see EN
1992-1-1: 2004, Table C.1. Additionally for a section
whose resistance moment is determined by 6.2.1.2,
6.2.1.3 or 6.2.1.4, a minimum area of reinforcement
As within the effective width of the concrete flange
should be provided to satisfy the following condition:

4> p oA (5.7)
With
235 f,

where:

Acis the effective area of the concrete flange;

fy1s the nominal value of the yield strength of the
structural steel in N/mmz;

fsk s the characteristic yield strength of the
reinforcement;

fetm 1s the mean tensile strength of the concrete, see
EN1992-1-1: 2004, Table 3.1 or Table

11.3.1;
ke 1s a coefficient given in 7.4.2;

0 is equal to 1.0 for Class 2 cross-sections , and
equal to 1.1 for Class 1 cross-sections at which
plastic hinge rotation is required.

(6) Welded mesh should not be included in the
effective section unless it has been shown to have
sufficient ductility, when built into a concrete slab, to
ensure that it will not fracture.

(7) In global analysis for stages in construction,
account should be taken of the class of the steel
section at the stage considered.

5.5.2 Classification of composite sections without
concrete encasement

(1) A steel compression flange that is restrained from
buckling by effective attachment to a concrete flange
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3’€THAHHS, MOKe OyTH BIJTHECEHO J10 Kiacy 1,
SIKIIIO BiJICTaHb MiX 3’ €THYBAIbHUMH
eJIEMEHTaMHU Biamosimae BumoraMm 6.6.5.5.

(2) Kimacudikarist iHIIMX cTaaeBUX MOJIOK 1
CTUCHEHHUX CTIHOK y CTaje3a1i300€TOHHUX
Oankax 0e3 0eTOHHOT 000JIOHKH MalOTh
Bigmosigaty Bumoram EN 1993-1-1:2005,
ta0mg 5.2. Enemenr, 1o He BiAmoBigae
IPaHUYHUM YMOBaM JUIsl KJ1acy 3, Mae OyTu
BiJTHECEHO JI0 KJacy 4.

(3) Ionepeuni nepepi3u 31 CTIHKaMH 3a
KJIacOM 3 1 IoJKaMu 3a KjaacoM 1 abo 2 cif
pO3TIIAAaTH K ePeKTUBHUH Tepepi3 Kiacy 2 3
po6o40or0 CTIHKOIO BianoBiaHO 10 EN 1993-1-
1:2005, 6.2.2.4.

5.5.3 Knacudikauis nepepisis 6ajkoBux
HACTHJIIB 1JI1 MOCTOB

(1) CraneBy monky crane3aii300€TOHHOTO
nepepisy, Mo BUCTYMAE, CITiT KIacu(piKyBaTH
y BIAMOBIHOCTI 710 Tabnuili 5.2.

(2) Crinka 3a kiacom 3 y 6eTOHHIH 000JIOHII
MoO3ke OYTH MpejcTaBlieHa POOOYOI0 CTIHKOIO
TaKOT0 K IMONIEPEYHOr0 Mepepizy Kiacy 2.

by shear connectors may be assumed to be in Class 1
if the spacing of connectors is in accordance with
6.6.5.5.

(2) The classification of other steel flanges and webs
in compression in composite beams without concrete
encasement should be in accordance with EN 1993-
1-1: 2005, Table 5.2. An element that fails to satisfy
the limits for Class 3 should be taken as Class 4.

(3) Cross-sections with webs in Class 3 and flanges
in Classes 1 or 2 may be treated as an effective cross-
section in Class 2 with an effective web in ccordance
with EN1993-1-1: 2005, 6.2.2.4.

5.5.3 Classification of sections of filler beam decks
for bridges

(1) A steel outstand flange of a composite section
should be classified in accordance with table 5.2.

(2) A web in Class 3 that is encased in concrete may
be represented by an effective web of the same cross-
section in Class 2.

Taoauns 5.2 — MakcuMaibHI 3HAUEHHS C/t IJIs1 cTaJIeBUX MOJIOK 00K

IIpokatHuii mpodine 3BapHUit mpodinb

Po3noain HampyxeHb
(TTO3UTHBHUIN CTHUCK)

Tun Ipenen, makce. (c/t) 735
1 [MpokatHwuii a60 c/t<9¢ &= _|——, ne f, Bupaxaerscsa y H/mMm2
> spapHit /1< l4e \ /.
3 c/t<20e

Table 5.2: Maximum values c/t for steel flanges of filler beams

rolled section welded section

Stress distribution (compression positive)

Class Type Limit max (c/t) 235
1 Rolled or c/t<9¢ &= f—
) welded c/t<l4e /. Y, with f in N/mm?2
3 c/t<20¢ ’

6 I'paHUYHI CTAaHU 32 HECHOIO 31ATHICTIO
6.1 baaku

Section 6 Ultimate limit states
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6.1.1 bainku mocTiB

(1) Crane3anizo0eToHHIe OaJIKU CHiJT
MEePEBIPATH HA:

- OIIip MOMEepeYHUX nepepiziB (auB. 6.2 1 6.3);
- OIIip MO3/I0BKHBOM 3THHY 3 KPYUEHHSIM
(nuB. 6.4);

- OITip BTpaTi CTIMKOCTI IIPH 3CyBI Ta il CHII,
SK1 IPUKJIAZICHO B IJIOUIMHI CTIHOK

(cm. 6.2.2 1 6.5);

- OIip MO3/IOBXXHBOMY 3CYB (1uB. 6.6);

- BTOMHA MIIHICTB (AuB. 6.8).

6.1.2 E¢exkTBHA INIMPHHA VIS NIePeBipKH
NnonepevyHux nepepisin

(1) EdbextuBHa mmpruHa GETOHHOT TIOJIKH JUIS
MePEBIPKH MOMEPEYHHUX MEepePi3iB
BU3HAYA€THCS 3TIAHO 3 5.4.1.2 3 ypaxyBaHHAM
po3noiny epeKTUBHOT IUPUHBI MiXK
OTIOpaMH Ta AUITHKAMH B CEPEAMHI TPOTOHY.
6.2 Onip nonepeynunx nepesis 6aJI0K

6.2.1 Omip 3riny

6.2.1.1 3arajbHi no/10:KeHHs

(1)P Po3paxyHKoBa MillHICTb IIPH 3THHI
BH3HAYAETHCS 32 JOTTIOMOTOI0 JKOPCTKO-
IUTACTUYHOI TeOopil JIUILe Y BUMAKY, KOJIU
e(eKTUBHUI cTalle3a11300€TOHHUI epepi3
BiJTHOCHUTBCS 710 Kiacy 1 abo 2 1 konu He
3aCTOCOBYETHCS MOTIEPETHE HATIPYKEHHS
[IJIIXOM HaTATY apMaTypHUX €JIE€MEHTIB.

(2) IlpyxHuii po3paxyHOK 1 HeliHIHA Teopis
JUIs1 OTIOPY 3TUHY MOXe OYTH 3aCTOCOBAHO JI0
MOTIEPEYHHX epepi3iB Oyb-SKOro Kiacy.
(3) ns npy>xHOTO pO3paxyHKY 1 HEIiHIHHOT
TeOopii MOKHA IOMYCTUTH, 11O
cTane3aniz00eTOHHUH MonepeyHuil mepepi3
JIMIIAETHCS TUTOCKUM, SIKIIO €IEMEHTH
3CYBHOTI'O 3’€THaHHS 1 IONIEpPEeYHa apMaTypa
PO3paxoBaHo 3riAHO 3 6.6 3 ypaXyBaHHSAM
BiJITIOBITHOT'O PO3MOJILTY PO3PaXyHKOBOT
MMO3/I0BKHBOI 3CYBHO1 CHJIH.

(4)P MinHicTh O€TOHA Ha PO3TAT HE
BPaxXOBYETHCH.

(5) VY Bunaaky, Koy CTajgeBHii mepepi3
CTaJIe3a1i300€TOHHOTO €JIEMEHTA € 3ITHYTUM Y
IUTaH1, Y pO3paxyHKy ciij OpaTH 0 yBaru
BIUTMB KPUBU3HHU.

6.1 Beams

6.1.1 Beams in bridges - general
(1) Composite beams should be checked for:

- resistance of cross-sections (see 6.2 and 6.3)
- resistance to lateral-torsional buckling (see 6.4)

- resistance to shear buckling and in-plane forces
applied to webs (see 6.2.2 and 6.5)

- resistance to longitudinal shear (see 6.6)

- resistance to fatigue (see 6.8).

6.1.2 Effective width for verification of cross-
sections

(1) The effective width of the concrete flange for
verification of cross-sections should be
determined in accordance with 5.4.1.2 taking into
account the distribution of effective width
between supports and mid-span regions.

6.2 Resistances of cross-sections of beams

6.2.1 Bending resistance

6.2.1.1 General

(1)P The design bending resistance shall be
determined by rigid-plastic theory only where the
effective composite cross-section is in Class 1 or
Class 2 and where pre-stressing by tendons is not
used.

(2) Elastic analysis and non-linear theory for bending
resistance may be applied to cross-sections of any
class.

(3) For elastic analysis and non-linear theory it may
be assumed that the composite cross-section remains
plane if the shear connection and the transverse
reinforcement are designed in accordance with 6.6,
considering appropriate distributions of design
longitudinal shear force.

(4)P The tensile strength of concrete shall be
neglected.

(5) Where the steel section of a composite member is
curved in plan, the effects of curvature should be
taken into account.

| 6.2.1.2 IlnacTuyecKkuii npeaeJbHbIN

\ 6.2.1.2 Plastic resistance moment Mpl,Rd of a
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MomeHT MpLRd cranexesie300eTOHHOTO
NMONepPeYHOro ceyeHunst

(1) Ilpu po3paxyHKy M rd MOKIIMBI TaKi
MIPUITYIICHHS

a) MK KOHCTPYKIIITHOIO CTaJITI0, apMaTypOIO
1 0ETOHOM CIIOCTEPIraeThCsS MOBHA B3aEMOIS;
b) edexTrBHA TUIOIIA EIEMEHTY CTAJIEBOT
KOHCTPYKLIi HAPYXY€ETHCS 10
PO3paxyHKOBOi Mex1 TeKy4ocTi fyq depes
PO3TsIX 200 CTHUCK;

¢) e(eKTHBHI ILJIOMII PO3TATHYTOT 200
CTUCHYTOI I103/10BKHBOI apMaTypu
HaANPYKYIOThCS 0 CBOIX PO3PaXyHKOBUX
TpaHMIlh TEKy40ecT! fgg 32 JOIOMOTO10
po3TAry a00 CTUCKY. ATIbTEPHATUBHO
CTHUCHEHA apMarypa B 3aJ1i300€TOHHIN TUINTI
MO’K€ HE BPaXOBYBATHUCh;

d) edexTHBHA IJIOIA CTUCHEHOTO OETOHA
NOCTiiiHO BUTpUMY€ HarnpyxeHHs 0,85f.q Ha
BCIO MNIMOMHY M1X TJIACTUYHOIO HEHTPaIbHOIO
BiCCIO Ta HAHOUTBII CTUCHEHUM BOJIOKHOM
OetoHa, ne f.q — po3paxyHKoBa HUIIHAPUIHA
MIITHICTH OETOHY Ha CTHUCK.

Ha pucynky 6.2 HaBeZIeHO TUIIOBI PUKJIAAN
PO3MOUTY TIACTHYHOTO HAIPSHKEHHS.

composite cross-section

(1) The following assumptions should be made in the
calculation of My rq :

a) there is full interaction between structural steel,
reinforcement, and concrete;

b) the effective area of the structural steel member is
stressed to its design yield strength fyd in tension or
compression;

c) the effective areas of longitudinal reinforcement in
tension and in compression are stressed to their
design yield strength fsd in tension or compression.
Alternatively, reinforcement in compression in a
concrete slab may be neglected;

d) the effective area of concrete in compression
resists a stress of 0.85 fcd, constant over the

whole depth between the plastic neutral axis and the
most compressed fibre of the concrete,

where fcd is the design cylinder compressive strength
of concrete.

| Deft l
i i 0,85f

onl B

Nja '> M, ra
—
fod

| Deff |
I >

o o fsd Ag

—
- L] o L] - L] II Il II
+

M,

M
pl,Rd
5

fud

Pucynox 6.2 — IIpukiagy po3noaiay IIaCTHIHKOTO HATIPYKEHHS
JUTA CTaJIe3a1i300€TOHHOM OaIK 3 CYIIIBHOIO TUTHTOO
1 IOBHUM 3CYBHUM 3’€]1H8.HH${M IIpY IOBUTUBHUX Ta HETATUBHUX
3rMHaAaHUX MOMCHTAaXx
Figure 6.2: Examples of plastic stress distributions for a composite beam with a solid slab and
full shear connection in sagging and hogging bending

(2) ns crane3anizo0eTOHHUX MOMEPEIHBIX
nepepiziB 3 KOHCTPYKIIMOHOIO CTAJLTI0 MapKH
S420 nnu S460, B IKUX BIACTaHb Xp| MIK
TUIACTUYHOIO HEHTPAIBHOIO BiCCIO 1 KpaiHIMU

(2) For composite cross-sections with structural steel
grade S420 or S460, where the distance x, between
the plastic neutral axis and the extreme fibre of the
concrete slab in compression exceeds 15% of the
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BOJIOKHAMHU CTUCHEHOI OETOHHOT IJIUTH
nepesuiye 15 % 3aranbHOT BUCOTH /1
€JIEMEHTA, PO3PaXyYHKOBUW IPaHUYHUI
MOMEHT Mgq ciiJ npuiiMatu sk Mp,rd, 1€ -
Koe(iIieHT 3MEHIIICHHS, HAaBEJICHUN Ha
pucyHky 6.3. Jlnd 3HayeHs Xpi/h, 1o
nepeBulyroTh 0,4, ormip 3TUHY Ma€e
BH3HAYATHUCH 3TiIHO 3 6.2.1.4 a60 6.2.1.5.

overall depth h of the member, the design resistance
moment Mgy should be taken as 3

M, ra Where [ is the reduction factor given in
Figure 6.3. For values of x;,;1/ h greater than 0.4 the

resistance to bending should be determined from
6.2.1.40r6.2.1.5.

e —

“ >

§
/

'

M
pl.Rd 10

I T T

T
L

-«—

M,
=)
—

T) 0,85

>k

Y

0,15 0,4

fyd

Pucynok 6.3 — Ko>dduiuent ymenpuierus 3 mus My ra

Figure 6.3: Reduction factor 5 for My rq

(3) k10 3aCTOCOBYETHCS TEOPIsl INTACTHIHUX
nedopmariiii, i apMaTypa € po3TSIrHEHOIO,
BOHA Mae€ BiamoBigatu BuMoram 5.5.1(5).
6.2.1.3 lonaTkoBi npaBuJia aJs1 0aJI0K
MOCTIB

(1) 3a ymoBH, 110 cTane3anizobeToHHa Oanka
MiJTA€THCS 3TUHY B JBOX IUIOIIMHAX, 3THHY 3
KpY4YeHHSM ab0 CyMiCHO 3arajibHUM 1
MICIIeBHM BIUTMBAM, JIJISl PO3PAXYHKY CIIiJ|
3actocoByBatd EN 1993-1-1:2005, 6.2.1(5).
(2) Sxmio 3aranbHUAN PO3PAXYHOK MIPYKHOTO
nedopMyBaHHS BUKOPUCTOBYETHCS IS
HEpO3pi3HOi Oanku, BenuunHa Mg Mae He
nepepuillyBatu 0,9M,; rq y Oyznp-aKomy
nornepeyHoMy rnepepisi kiacy 1 abo 2 mifn
J1€10 MO3UTUBHOTO 3TrHHAHOI'O MOMEHTY, JIe:
- IONIPEePEYHUI TIepepi3 IPH HETAaTHBHOMY
3TUHI Ha CyMDKHIN oropi abo rmopyd 3 Heto
BIJIHOCUTBCS J10 Kiacy 3 abo 4;

- BIIHOIIICHHS 3HaY€Hb JIOBKUHH IIPOTOHIB
MOPYY 3 II€I0 OMOPOI0 (KOPOTKi/TOBT')
CTaHOBUTH MeHIie Hix 0,0.

Sk anbTepHATHBY MOKE OYTH BUKOPHCTAHO
3araJbHUNA PO3PAXYHOK, SIKUW BPaxoBye
HENpYXHY poboTy.

(3) Where plastic theory is used and reinforcement is
in tension, that reinforcement should be in
accordance with 5.5.1(5).

6.2.1.3 Additional rules for beams in bridges

(1) Where a composite beam is subjected to biaxial
bending, combined bending and torsion, or combined
global and local effects, account should be taken of
EN 1993-1-1: 2005, 6.2.1(5).

(2) Where elastic global analysis is used for a
continuous beam, M4 should not exceed 0,9Mj rq at
any cross-section in Class 1 or 2 in sagging bending
with the concrete slab in compression where

-the cross-section in hogging bending at or near an
adjacent support is in Class 3 or 4, and

- the ratio of lengths of the spans adjacent to that
support (shorter/longer) is less than 0.6.

Alternatively, a global analysis that takes account of
inelastic behaviour should be used.
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6.2.1.4 Heninifinmii onip 3runy
(1)P Sxmro omip cTane3ani300eTOHHOTO
MOTIEPEYHOT0 TIepepi3y BU3HAUAETHCSA 32
JIOTIOMOT'OF0 HEJNIHIHHOT Teopii, cimia
BPaxOBYBAaTH 3aJISKHICTh MIXK HAIIPY>KEHHSM 1
nedopmartiero MarepiaiiB
(2) JomycTumo, 1m0 crane3anizo0eTOHHUN
nepepi3 3aMIIAETHCS TUIOCKUM, a iedopmartis
PO3TATHYTOI @00 CTUCHYTOI apMaTypH, sKa
3HAXOAMUTHCS Y 34EIJIEHHI 3 OETOHOM, € TAKOIO
X, K 1 cepeaHs Aedopmallis HaBKOJUIIHBOTO
OeToHY.
(3) 3HaueHHA HANIPy>KEHb Y CTUCHYTOMY OETOHI1
CJIiJ] pO3Pax0OBYBaTH BUKOPUCTOBYIOUHU KPUBI
3aJIeKHOCTI AehopMariii Bi HapyKeHHS, SKi
HaBeneHo y EN 1992-1-1:2004, 3.1.7.
(4) Hanpy>xeHHs B apMaTypi po3paxoBYIOThCS
3a gonomororo aiarpam [lpannris, sKi
HaBeaeHo B EN 1992-1-1:2004, 3.2.7.
(5) Hampy>keHHs y CTUCHYTIH a00 pO3TATHYTIN
KOHCTPYKIIHHIN CTalli pO3paxoBYIOTHCS 32
JIOTIOMOT 010 jiarpam niarpam [Ipanaris, ski
HaBeneHo BEN 1993-1-1:2005, 5.4.3 (4), 3
ypaxyBaHHSIM METOJy BUTOTOBJICHHS
(Hampukiaz, odnepti abo He obmepTi
KOHCTPYKIIIi)
(6) st crane3anizo0eTOHHUX MOMEPEUHUX
nepepiziB kinaciB 112 3 ETOHHOIO CTUCHYTOIO
HOJIMIIEIO HEeNIHIHHUM omip 3Ty Mg
BHU3HAYAETHCS SIK QYHKI[IS] CTUCKAJIBHOT CHIIN B
6eToHi N, 3 BUKOPUCTaHHSAM CIIPOLIEHUX
BUpa3iB (6.2) 1 (6.3), Ik HaBEJICHO HA PUCYHKY
6.6:

NC

My, =M, ;4 + (Mel,Rd _Mu,Ed)N onaN, <N, (6-2)

c.el
)waﬂ;mm <N, <N, (63)

elid) 5y “N_,
(6.4)

of X

M ra =M, gy + ko,Ed
e M, Eq — pO3paxyHKOBHMIM 3TMHAaHWA MOMEHT,
KU TPUKJIIAIEHO JI0 NIepepi3y KOHCTPYKLIHHOT
CTalli 0 TMOYaTKy CyMICHOI  poboTu
KOHCTPYKLIIi;
Mcr4 — YacTHMHa PO3pPaxyHKOBOTO 3THHAHOIO
MOMEHTY, SKHM BIUIMBAa€ Ha CKJIAaJECHUN
nepepis;
k — maiimeHmmi KoediuieHT, MmO 3abe3nedye
JTOCSATHEHHST ME&X1 HampyxkeHsb y 6.2.1.5 (2); y
BUNIAJIKY  BHUKOPHCTaHHS  He  oOmeproi
KOHCTPYKIIIi CJTiJT BpaXOBYBAaTH MOCIIOBHICTh
BUT'OTOBJICHHS;

My =M,z + (MpI.Rd -M

6.2.1.4 Non-linear resistance to bending

(1)P Where the bending resistance of a composite
cross-section is determined by non-linear theory, the
stress-strain relationships of the materials shall be
taken into account.

(2) It should be assumed that the composite cross-
section remains plane and that the strain in bonded
reinforcement, whether in tension or compression, is
the same as the mean strain in the surrounding
concrete.

(3) The stresses in the concrete in compression
should be derived from the stress-strain curves
given in EN 1992-1-1: 2004, 3.1.7.

(4) The stresses in the reinforcement should be
derived from the bi-linear diagrams given in EN
1992-1-1: 2004, 3.2.7.

(5) The stresses in structural steel in compression or
tension should be derived from the bi-linear diagram
given in EN 1993-1-1: 2005, 5.4.3(4) and should
take account of the effects of the method of
construction (e.g. propped or un-propped).

(6) For Class 1 and Class 2 composite cross-sections
with the concrete flange in compression, the non-
linear resistance to bending MRd may be
determined as a function of the compressive force in
the concrete Nc using the simplified expressions
(6.2) and (6.3), as shown in Figure 6.6:

N,
MRd=Ma,Ed+(Mel,Rd_Ma,Ed)NL fbrNCSNc,el (62)

c,el

N.-N,
)= forN,,, <N, <N, (63)

el Ed N N cel =
(6.4)

of c.el
Mel,Rd = Ma,Ed + ko,Ed

where: MakEdis the design bending moment applied

to structural steel section before composite

behaviour;

My, = Mez,kd + (Mpt,Rd -M

M. Edis the part of the design bending moment
acting on the composite section;

k is the lowest factor such that a stress limit in
6.2.1.5(2) 1s reached; where un-propped
construction is used, the sequence of construction
should be taken into account;
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N ¢l — CTUCKAJIbHE 3yCUILIS Y OETOHHIM MOJHII,
110 BiATIOBia€ MOMEHTY M| rd.

N .1 1s the compressive force in the concrete flange
corresponding to moment Mg rq.

Meg Mrd
K{"W 1 A Voira 2
1,0 1.0
M zq Mirg
Mo ra Mo rg
M s
My ra
» N »
N 1.0 © Nt oo 107 Nes
Wc_‘\? ef

1 — obnepTa KOHCTPYKIIis; 2 — HeoOnepTa KOHCTPYKIIist
Pucynok 6.6 — CrpotiieHa 3a1eKHICTh MixX Mgq 1 N, U181 Iepepi3iB 31 CTUCHYTOI0 OETOHHOIO IIITUTOIO

Key:1 propped construction; 2 unpropped construction
Figure 6.6: Simplified relationship between Mrd and Nc for sections with the concrete slab in
compression

(7) Sx1o omip 3rUHY CKIIaJEeHOTO
MIOTIEPEYHOT0 TIepepi3y BU3HAYAETHCA 32
JIOTIOMOT 010 HEJIHIMHOT Teopii, Halpy>KEeHHS B
NorepeHbO HAIPYKEH1i apmarypi,
BH3HAYal0ThCS 32 JIOIIOMOTOI0 PO3PaXyHKOBUX
KpUBHX, iK1 HaBeaeHo B EN 1992-1-1:2004,
3.3.6. BuzHauarouu HarpyXeHHs y
HaNpy>KEHUX eJIEMEHTaX apMaTypH CIIijI
BpPaxoBYBaTH PO3PaXyHKOBY MOYATKOBY
nonepeIHio AedopMalriro.

6.2.1.5 IIpy:xHuii omip 3runy

(1) Hanpy>xeHHs1 po3paxoBYIOThCS 32
JIONIOMOT 010 Teopii NpyKHUX Aedopmartii 3
BUKOPUCTaHHAM POO0OYOT ITUPUHU
3aJ11300€TOHHOT OJHIII BiMOBIAHO 10 6.1.2.
Jliig monepeyHux nepepizis kiacy 4
e(peKTUBHUI IIepepi3 cTaeBOI KOHCTPYKIII Mae
BU3Ha4YaTHUCH 3rigHo 3 EN 1993-1-5, 4.3.

(2) Ilpu po3paxyHKy NpY>KHOTO OIIOPY 3THHY 3
BUKOPHUCTAHHSM Y SIKOCTi OCHOBH ITOTIEPEYHOTO
nepepisy, rpaHuYHI HApPy>KEHHs CIiT
MpUHAMATH SIK:

- foa — y cTUCHEHOMY 6€ToHi;

- fy4 — y po3TATHEHIH 400 CTHCHEHIH
KOHCTPYKLIHHIHN cTai;

- fsq - Yy po3TsTHEHI# 200 CTUCHEH1H apmaTtypi
AJBTEpHATUBHO CTHCHEHA apMaTypa B
3a11300€TOHHIH MIUTI MOXE He
BPaxOBYBAaTHCh.

(7) Where the bending resistance of a composite
cross-section is determined by non-linear theory, the
stresses in prestressing steel should be derived from
the design curves in of EN 1992-1-1: 2004, 3.3.6.
The design initial pre-strain in prestressing tendons
should be taken into account when assessing the
stresses in the tendons.

6.2.1.5 Elastic resistance to bending

(1) Stresses should be calculated by elastic theory,
using an effective width of the concrete flange in
accordance with 6.1.2. For cross-sections in Class 4,
the effective structural steel section should be
determined in accordance with EN 1993-1-5, 4.3.

(2) In the calculation of the elastic resistance to
bending based on the effective cross-section, the
limiting stresses should be taken as:

— fiq In concrete in compression;
— fyq 1n structural steel in tension or compression;

— fyq in reinforcement in tension or compression.
Alternatively, reinforcement in compression in a
concrete slab may be neglected.
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(3)P HanpysxeHHs1, SIKi BUKJIMKAHO BIUTMBAMU
JIMILE Ha CTaJIeBY HECHY KOHCTPYKIIIIO, CIiJ
J0JJaTH 10 HANPYXKEHb, SIKi BUKJIMKAHO
BIUIMBOM Ha CTaJIe3aJ11300€TOHHUH €JIEMEHT.
(4) SIK110 He BUKOPUCTOBYETHCS OLIBII
TOYHHUH METOI, €)EKT IMOB3y4OCTi Mae OyTH
BPaxOBaHO Yepe3 BUKOPUCTAHHSA MOTYJIHHOTO
koedirieHTa y BiAmoBiHOCTI 3 5.4.2.2.

(5) Y nmonepeunux nepepizax 3 pO3TATHEHUM
OCTOHOM 1 YSIBHOIO IOSIBOXO TPIIIUH
HaNpy>KEHHS, SKi BUKJIMKAHO TIEPBUHHUM
(130CTaTUYHUM) BIUTMBOM YCAJKH, MOXKHA HE
BpPaxOBYBaTH.

(6) CTHCHEHI MOJUII CTi/T MEPEeBIPUTH Ha
MIO3/I0BXKHIN 3TMH 3 KPYYESHHSIM 3TiIHO 3 6.4.
(7) ns crane3anizo0eTOHHUX MOCTIB 3
NOTIEPEYHUMU TIepepizaMu Kiacy 4,
3arpoeKToBaHuX BinnmoBigHO 10 EN 1993-1-5,
pa3ain 4, cyma HalpysKeHb, K1 BAHUKAIOTh Ha
PI3HUX eTamax BUTOTOBIICHHS Ta
eKCIuTyaTallii, 110 pPO3paxoBaHa B Iepepizax
OpyTTO, Ma€ BUKOPUCTOBYBATHUCH JIJIS
PO3paxyHKy €(EeKTUBHOIO IIONEPEYHOTO
nepepi3y cTajieBoi KOHCTPYKIIT HA MOMEHT
PO3IIIsANY.

L1i epexTHBHI IEepepi3u ciij
BUKOPUCTOBYBATHU JJIS IEPEBIPKH HANIPY>KEHb
y cTane3ani300eTOHHUX Mepepi3ax Ha Pi3HUX
CTaJlisl CIIOPY/IXKEHHS Ta eKCIUTyaTallii.

(8) Ilpu po3paxyHKy NpYy>KHOTO OIOPY 3TUHY
3 BUKOPUCTaHHSIM Yy SIKOCTI OCHOBU
e(eKTUBHOI0 NIEPEPEUHOr0 Nepepizy,
IpaHUYHI HAMPYXXEeHHS y MONEepeIHbO
HAIpy>KeH1i apMaTypi CIiji CnpuiMaTH sk foq
Bigmosiguo 1o EN 1992-1-1:2004, 3.3.6.
HanpyxeHHsl, sike BUKJIMKAHO TT09aTKOBOO
HoTepeIHBOI0 AeopMalli€ro, y HanpyKeHUX
apMaTypHHX €JIeMEHTaX BPaxOBYIOThCS Y
BigmosigHocti 7o EN 1992-1-1:2004, 5.10.8.
(9) V skocri anbrepHaTiBH MyHKTaM (7) Ta (8)
Moxe OyTu BuKopuctano po3ain 10 EN 1993-
1-5.

Mpumitka: HanioHaTEHUA JOAaTOK MOXKE HABECTH

aIbTepHATUBY METOaM, sKi HaBeneHo y (7) Ta (8), i B pozini
10 EN 1993-1-5.

6.2.2 Onip BepTHKAJIBLHOMY 3CyBY

6.2.2.1 Cdepa 3acTocyBaHHs

(1) Lle#t myHKT 3aCTOCOBYETHCS 10
CTaJIe3aJ1i300€TOHHUX OaJIOK 3 IPOKAaTHUM a00
3BapHHUM TpodisIeM 13 KOHCTPYKIIHHOT cTai 3

(3)P Stresses due to actions on the structural
steelwork alone shall be added to stresses due to
actions on the composite member.

(4) Unless a more precise method is used, the effect
of creep should be taken into account by use of a
modular ratio according to 5.4.2.2.

(5) In cross-sections with concrete in tension and
assumed to be cracked, the stresses due to primary
(isostatic) effects of shrinkage may be neglected.

(6) Compression flanges should be checked for
lateral torsional buckling in accordance with 6.4.

(7) For composite bridges with cross-sections in
Class 4 designed according to EN 1993-1-5, Section
4, the sum of stresses from different stages of
construction and use, calculated on gross sections,
should be used for calculating the effective steel
cross-section at the time considered.

These effective cross-sections should be used for
checking stresses in the composite section at the
different stages of construction and use.

(8) In the calculation of the elastic resistance to
bending based on the effective cross-section, the
limiting stress in prestressing tendons should be
taken as fpd according to EN 1992-1-1: 2004, 3.3.6.
The stress due to initial prestrain in prestressing
tendons should be taken into account in accordance
with of EN 1992-1-1: 2004, 5.10.8.

(9) As an alternative to (7) and (8), Section 10 of EN
1993-1-5 may be used.

NOTE: The National Annex may give a choice of the methods given
in (7) and (8) and Section 10 of EN 1993-1-5.

6.2.2 Resistance to vertical shear

6.2.2.1 Scope

(1) Clause 6.2.2 applies to composite beams with a
rolled or welded structural steel section with a solid
web, which may be stiffened.
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CYLIJTFHOIO CTIHKOIO, IKiii MOXe OyTH HaJaHO
YKOPCTKICTh

6.2.2.2 IlnacTu4HMii onip BePTUKAIBHOMY
3CyBY

(1) Omip BepTUKaAIBHOMY 3CYBY Vpird CII1
PO3IIISIIATH SIK OIIp CTaJIeBOTO Mpoditro
Vpl,aRd, KIIO HE BCTAHOBJIEHO BEJTMUUHY
BHECKY 3a11300€TOHHOI YaCTUHU OaJIKH.

(2) Po3paxyHKOBHH OITip MJIACTUYHOTO 3CYyBY
Vpla,rd CTAJIEBOTO NPODLIIO CIIiJl BU3HAYATU
BigmoBigHo 1o EN 1993-1-1:2005, 6.2.5.
6.2.2.3 Onpi BTpari crilikocTi npu 3cyBi
(1) Omip BTparti cTiiKOCTI pH 3CyBi Vi rd 0€3
000JIOHKOBOI CTaJIEBOI CTIHKU Ma€e
Bu3Hayatuch 3a EN 1993-1-5, 5.
(2) Ilpu oMy BHECOK OETOHHOI IUIUTH
MOJKHA HE BPaXxOBYBATH, SIKIIO HE
BUKOpHUCTOBYeThCA iHIMH (He EN 1993-1-5,
5) OUTBIIT TOYHHIA METOJ 1 SIKIIO 3CYBHE
3’€HAHHS HE TPU3HAYEHO IS BIATIOBITHOT
BEPTUKAJIBHOI CHJIA
6.2.2.4 3ruH i BepTHKAJIBbHUI 3CyB
(1) Sxmio cuna BEpTUKAIBLHOTO 3CYBY Vg4
MIEPEBUIILYE MTOJIOBUHY BETUYIHHU OMOPY 3CYBY
VR4, IKYy BUPQXKEHO 3a JIOIIOMOTOK0 Vpird Y
6.2.2.2 260 Vpray 6.2.2.3 ( B 3a7€KHOCTI Bij
TOTO, SIKa 3 HUX BUSBUTHCSI MEHIIIOO), CITi]T
nepeadauuTH TOMYCK /714 i BIUTUBY Ha
IPAaHUYHHUNA MOMEHT.
(2) Ans nonepeyHux nepepizis kiacy 1 ado 2
BIJTUB BEPTHKAIBHOTO 3CyBY Ha OITip 3THHY
CIIiJl BpaXOBYBATH Yepe3 BUKOPUCTAHHS
3MEHILIEHOX PO3pPaxXyHKOBOI MIIIHOCTI CTaJl
(1 - p)f.. B 30HI 3CYBY, SIK HABEJIEHO HAa PHUCYHKY
6.7, ne

p=2Vea/ Vra—1)2
V'Rd — BIATIOBITHU OITip BEPTUKATLHOMY
3CYBY, KMl BU3Ha4YaeThes 3a 6.2.2.2 abo
6.2.2.3.
(3) Ans nonepevyHux nepepiziB kiacis 3 1 4,
EN 1993-1-5:2006, 7.1, 3acTocoBy€eTbCs B
SIKOCTi Mgy 3arajJbHOTO 3THHAHOTO MOMEHTY Y
PO3TIISAYBAaHOMY MOTIEPEYHOMY Tepepisi, a
M, ra 1 Mirg 14 CTa€3a11300€TOHHOTO
MOTIEPEYHOTO TIEpepizy.
(4) ITpu xnacudikarii CTIHKH y BiIMTOBITHOCTI
70 5.5 HE BUMAaraeThCsl ypaxyBaHHS 3MiH
TTOJIOYKEHHS TJIACTUYHOI HEUTPaIbHOI OCl
MIOTIEPEYHOT0 TIepepisy, AKi BUKINKAHO
3HM)KCHHSIM TPaHMUII TEKY4JOCTi 3riHO 3 (2).

(6.5)

6.2.2.2 Plastic resistance to vertical shear

(1) The resistance to vertical shear V, rq should be
taken as the resistance of the structural steel

section Vp,rq unless the value for a contribution
from the reinforced concrete part of the beam has
been established.

(2) The design plastic shear resistance Vpl,a,Rd of
the structural steel section should be determined in
accordance with EN 1993-1-1: 2005, 6.2.6.

6.2.2.3 Shear buckling resistance

(1) The shear buckling resistance Vb,Rd of an
uncased steel web should be determined in
accordance with EN 1993-1-5, 5.

(2) No account should be taken of a contribution
from the concrete slab, unless a more precise method
than the one of EN 1993-1-5, 5 is used and unless the
shear connection is designed for the relevant vertical
force.

6.2.2.4 Bending and vertical shear

(1) Where the vertical shear force Vg exceeds half
the shear resistance Vrq given by Vi rain 6.2.2.2 or
Vbra 1n 6.2.2.3, whichever is the smaller, allowance
should be made for its effect on the resistance
moment.

(2) For cross-sections in Class 1 or 2, the influence of
the vertical shear on the resistance to bending may be
taken into account by a reduced design steel strength

(1 - p) fydin the shear area as shown in Figure 6.7
where:

p =(2Vea/ Vea— 1)’ (6.5)
and Jrdis the appropriate resistance to vertical shear,
determined in accordance with 6.2.2.2 or 6.2.2.3.

(3) For cross-sections in Class 3 and 4, EN 1993-1-5,
7.1 is applicable using the calculated stresses of the
composite section.

(4) No account should be taken of the change in the
position of the plastic neutral axis of the crosssection
caused by the reduced yield strength according to (2)
when classifying the web in accordance with 5.5.
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Pucynok 6.7 — PO3101{/1 TIACTHYHOTO Hénpy;keHHi, 1110 3MIHIOETBCS TIiJ{ BILIHBOM Bef)THKanbﬁoro 3CYBY
Figure 6.7: Plastic stress distribution modified by the effect of vertical shear

6.2.2.5 JlonaTkoBi mpaBuJia J1Js 0aJI0K
MOCTIB

(1) SAxkmo EN 1993-1-5,5.4
BUKOPUCTOBYETHCS JIJIsl OAJIKH 3 OJTHIEIO
cTaJsie 3a1i300€TOHHOO MOJIHIICIO, PO3MIP
IHIIO1 CTaJICBOT TOJUIII MOXeE OyTH
BUKOPHCTAHO HABITh SKIIO BOHA € IIHPOKOIO.
OcboBe Hopmasibhe 3ycwiiist NEd y EN 1993-
1-5, 5.4 (2) cnig npuiiMaTH SIK OCbOBY CUITY,
10 JIi€ Ha CTalle3ai300€TOHHUI mepepis.
Jns crane3anizo0eTOHHMX ITOJULb CITiJT
BUKOPHUCTOBYBATH €(DEKTUBHY TUIOMTY.

(2) Ans po3paxynky Mf,Rd y EN 1993-1-5,
7.1 (1) Mmae OyTH BUKOPUCTAHO
PO3paxyHKOBUM TUTACTUYHHI OMip 3TUHY
e(eKTUBHOTO cTaje 3a11300€TOHHOTO
nepepizy, 3a BUHATKOM CTaJeBOi CTIHKH.

(3) s po3paxyHKy BEpTUKAJIBHOTO 3CYBY B
3aI1i300€TOHHIM TOJUIII cTaje
3aJ11300€TOHHOT'O €JIEMEHTA 3aCTOCOBYETHCS
EN 1992-2, 6.2.2.

Ipumirtka. [{ns 6eTOHHUX PO3TATHEHUX MOJHIb Y
HalliOHAJIFHOMY JIOJIATKY MOJKe OyTH HaBeAEHO 3HAYCHHS
CRd,c u k1 y EN 1992-1-1:2004, 6.2.2 (piBHsiuHs (6.2a) i
(6.2b)). 3nauenns s k1 mae BpaxoByBatu creruQivHi
aCIIeKTH KOMOIHOBAaHOTO BILTHBY. PeKoMeH10BaHI 3HAYEHHS:
CRd,c =0,15/yc ikl =0,12. Takox, Tam, J1e HAIPyKEHHS

0 CP € PO3TATHYTUM (TOOTO G(,<0), @ G,™>GCep o CIIT
3aMiHHTH G, Ha Gy, y PIBHAHHAX (6.2a) 1 (6.2b) cTanmapTy
EN 1992-1-1:2004, 6.2.2; 3 BUKOPHCTaHHAM
PEKOMEHIOBAHOTO 3HAYCHHSI Op o = -1,85H/MM*

6.3 ba/ikoBi HAcTHIUN

6.3.1 Cdepa 3acrocyBanst

(1) ITynktu 6.3.1 — 6.3.5 3aCTOCOBYIOTHCS 10
HACTUWJIIB, K1 BU3Ha4deHo B 1.5.2.14. Ha
pUCYHKY 6.8 HaBEJEHO TUIIOBH MOMEPEUHHI
nepepi3 OAIKOBOTO HACTHITY 3 HE3aIisTHOIO
KOHCTPYKLIHHOIO onany6koro. [IpaBuna
3aCTOCYBaHHS JIJIs1 OQJIOK, SIKi TTIOBHICTIO
YKJIaJICHO B 00OJIOHKY, HE HABOJISThCSI.

6.2.2.5 Additional rules for beams in bridges

(1) When applying EN 1993-1-5, 5.4(1) for a beam
with one flange composite, the dimension of the non-
composite flange may be used even if that is the larger
steel flange. The axial normal force Nedin EN 1993-1-
5, 5.4(2) should be taken as the axial force acting on
the composite section. For composite flanges the
effective area should be used.

(2) For the calculation of Mtrdin EN 1993-1-5, 7.1(1)
the design plastic resistance to bending of

the effective composite section excluding the steel
web should be used.

(3) For vertical shear in a concrete flange of a
composite member, EN 1992-2, 6.2.2 applies.

NOTE: For concrete flanges in tension the values of Crd,cand k1 in EN
1992-1-1: 2004, 6.2.2, equations (6.2a and 6.2b) may be given in the
National Annex. The value for k1 should take into account specific
aspects of composite action. The recommended values are Crd,c=

0,15/ycand k1=0,12. Also where the stress Ocp is tensile and exceeds Tcp,0
it should be replaced by Ocp,0 in equations (6.2a) and (6.2b) of EN 1992-

1-1: 2004, 6.2.2, with the recommended value Ocpo= 1,85
N/mme.

6.3 Filler beam decks

6.3.1 Scope

(1) Clauses 6.3.1 to 6.3.5 are applicable to decks
defined in 1.5.2.14. A typical cross-section of a filler
beam deck with non-participating permanent
formwork is shown in Figure 6.8. No application rules
are given for fully encased beams.
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Ipumirka: HauionansHuit 101aTOK MOXE MiCTHTH
MOCWJIaHHA Ha NPaBUJIA JUIS TIOIEPEYHNX OaloK.

(2) Cranesi 6anku MOXYTh MaTH MPOKATHUH
a00 3BapHUIl MPOPLIH 3 MOCTIHHIM
MoTIepeyHM Tiepepizom. J{ist 3BapHOTO
poduTIo MMpPUHA TOJHIII, K 1 TTHOWHA
CTiHKH, MalOTh 3HAXOJUTUCH Y MEKaX
Jiana3oHiB, sIKi iepeadoadeHi At IPOKATHOTO
JBOTABPOBOTO MPODIIIIO.

(3) I[Iporonosi 6yn0BU MOXYTh OyTH
po3pi3zHEMH a00 He po3pi3HUMHU. OnopHu
MOXYTb OyTH NPSIMUMHU 200 KOCUMH.

NOTE: The National Annex may give a reference to rules for transverse
filler beams

(2) Steel beams may be rolled sections, or welded
sections with a uniform cross-section. For welded
sections, both the width of the flanges and the depth of
the web should be within the ranges that are available
for rolled H- or I- sections.

(3) Spans may be simply supported or continuous.
Supports may be square or skew.

1 — He3anisHa omamyOka
Pucynok 6.8 — TunoBuii monepedHuit mepepi3z 0aIKOBOro HACTHIA
Key:1 non participating formwork
Figure 6.8: Typical cross-section of a filler beam deck

(4) bankoBi HACTHIIM MAKOTh BIJIIIOBIATH
TaKHM BHMOTaM:

- cTasieBl OaJKu He IOBUHHI MaTH KPUBU3HY B
IUIaHI;

- KyT KocHHH 0 Mae He nepeBuuryBati 30°
(3nauenHsa 0 =0 Bignosinae HacTUTy Oe3
KOCHHH);

-HOMIHaJbHa BUCOTA /1 CTaJleBUX 0aJoK Mae

Oyt 210 MM< /2 < 1100 mwm;

- KPOK Sy, CTIHOK CTaJICBHX OaJIOK Ma€ He
MepeBUILyBaTH HaliMeHIIe 3HaueHHs 3 h/3 +
600 MM 1 750 MM, A€ h — HOMIHAJIbHA BUCOTA
CTaJIEBUX OaJIOK, MM;

- OETOHHE TIOKPUTTS CSt HA/l CTATIEBUMH
OaTkaMH Mae€ 3aJ10BOJIBHSITH TAKHM YMOBAM:

s 2 70 MM, ¢ < 150 MM, ¢ S /3, ¢y < X, — 1,
zie Xp1- BIIICTaHb MIXK IJIACTUYHOIO
HEHTPATHLHOIO BICCIO JIJISl TIO3UTHBHOTO
3THHAHOTO MOMEHTY Ta KPalHbOTO BOJIOKHA
CTHCHEHOTr0 OEeTOHa;

(4) Filler-beam decks should comply with the
following:
- the steel beams are not curved in plan;

- the skew angle @ should not be greater than 30° (the

value &= 0 corresponding to a nonskew deck);
- the nominal depth /% of the steel beams complies

with: 210 mm < 4 < 1100 mm;

- the spacing swof webs of the steel beams should not
exceed the lesser of h/3 + 600 mm and 750 mm,
where / is the nominal depth of the steel beams in
mm;

- the concrete cover cst above the steel beams
satisfies the conditions:

s 2 70 mm, ¢ < 150 mm, ¢ S h/3, cy S X — 1
where x,; is the distance between the plastic neutral
axis for sagging bending and the extreme fibre of the

concrete in compression, and # is the thickness of the
steel flange;

| t; — TOBIIMHA CTAJIEBOI MOIHUIIL;

\ so as to allow pouring and compaction of concrete;

| - the concret
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- 3aXMCHUH 11ap OETOHY B O1YHOMY HAIPSIMKY
BiJl KDOMKH CTaJICBOI IOJIUIII MA€ CTAHOBUTH
He MeHIIe HiK 80 MM;

- BIICTaHb y IIPOCBITI Sf MK BEPXHIMH
MOJIKAMU CTaJIEBUX OaNIOK Mae OyTu He
MEHIIO HiX 150 MM 715 3a7TUBKH Ta
VIIUTbHEHHS! OCTOHY;

- HIOKHIO TTOBEPXHIO HIKHBOT MOJTHII
cTajsieBoi OAJKK HE CJIiJ] YKJIaIaTh B
000JIOHKY;

- HWDKHIH 1Iap MonepeyHoi apMaTypu Mae
MPOXOUTH Yepe3 CTIHKH CTAICBUX OAJIOK 1
OyTu 3aaHKEPOBAHMIA 32 MEXKaMH KpalHiX
CTaJIeBUX 0AaJIOK 1 3 KO)KHOTO OOKY KOKHOTO
CTEpIKHS 15 3a0€3MeYeHHsI TPaHMUIIi
TEKY4OCTi BiAMOBiHO 110 8.4 ctanmapty EN
1992-1-1:2004; cnig BUKOPUCTOBYBATH
apMaTypy HepioJuIHOTO PO 3TiTHO 3
EN 1992-1-1:2004, 3.2.2 i nogatkom C; i
niameTp Mae OyTH HEe MEHIIUM 3a 16 MM, a
KpOK — He OurbIe Hixk 300 MM;

-CIIiJl BAKOPUCTOBYBAaTH OETOH HOPMAaJIbHOT
MIIJIBHOCTI,

- IOBEPXHSI CTaJIeBUX 0ajoK Mae OyTU
OYMINEHO BiJ] OKaTHMHU. HMXKHS TOBEpXHS,
BEPXHI1 MOBEPXHI 1 Kpai HUKHIX MOJIUIb
CTaJIeBUX 0aJIOK CIIiJ] 3a4MILATH B1J KOPO3ii;
- OTBOPHU B CTIHKaxX CTaJ€BOIo Mpodisto s
aBTOJOPOKHIX 1 3aJII3HUYHUX MOCTIB
BUKOHYIOTBCS Yepe3 CBEP UTIHHS.

6.3.2 3arajbHi M10J105KeHHS

(1) bankoBi HacCTHIIH CIIi1 PO3paxoBYBaTH Ha
TPaHUYHI CTaHU 32 HECHOIO 3/IaTHICTIO 3T1HO
3 6.3.2-6.3.5, a TakOX HAa TPaHUYHUM CTaH 3a
eKCIUTyaTaI[iiHOIO MPUAATHICTIO BIAMOBITHO
JI0 po3ainy 7.

(2) Cranesi 6anku 3 601TOBUMU
3’€IHaHHSAMH MaIOTh MPOXOJUTH NEPEBIPKY
Ha BTOMHICTb.

(3) Crane3anizo0eToHHI ONEPEUHi epepi3u
¢z kiacugikyBaTH Y BIAIOBIAHOCTI 10
5.5.3.

(4) 3€ennanHs, SKE MPAIIO€ HA MEXaHIYHUT
3CYB, HE IOTPEOYETHCA.

6.3.3 3ruHani MOMeHTH

(1) Po3paxynkoBuii omip
CTaJie3a1i300€TOHHUX MONEePeYHX Nepepi3iB
BILJTMBY 3THHAHUX MOMEHTIB BU3HAYATHCS
3rigHo 3 6.2.1. Skio cuia BepTUKAILHOTO

- the soffit of the lower flange of the steel beams is not
encased;

- a bottom layer of transverse reinforcement passes
through the webs of the steel beams, and is anchored
beyond the end steel beams, and at each end of each
bar, so as to develop its yield strength in accordance
with 8.4 of EN 1992-1-1: 2004; ribbed bars in
accordance with EN 1992-1-1: 2004, 3.2.2 and Annex
C are used; their diameter is not less than 16 mm and
their spacing is not more than 300 mm;

- normal-density concrete is used;

- the surface of the steel beams should be descaled.
The soffit, the upper surfaces and the edges of the
lower flange of the steel beams should be protected
against corrosion;

- for road and railway bridges the holes in the webs of
the steel section should be drilled

6.3.2 General

(1) Filler beam decks should be designed for ultimate
limit states according to 6.3.2 to 6.3.5 and for the
serviceability limit state according to Section 7.

(2) Steel beams with bolted connections and/or
welding should be checked against fatigue.

(3) Composite cross-sections should be classified
according to 5.5.3.

(4) Mechanical shear connection need not be
provided.

6.3.3 Bending moments

(1) The design resistance of composite cross-sections
to bending moments should be determined according
to 6.2.1. Where the vertical shear force V,,E4 on the

flan

- th
stee

3CYBY V,,E4 IEPEBUIIYE TTOJIOBUHY BETUIHHHI \ steel section exceeds half of the shear resistance given |
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OTIOpY 3CYBY, KU HaBeJEeHO B 6.3.4, ciifg
nependadnTy A0MYCK Ha i1 it0 Ha TPaHUYHUN
MOMEHT BiJIMOBIIHO 10 6.2.2.4 (2) 1 (3).

(2) Po3paxyHkoBuii omip apMOBaHHUX
OCTOHMX Tepepi3iB i MONEePEUHUX 3STUHAHUX
MOMEHTIB BU3HAYa€ThCs BinoBigHO EN
1992-2.

6.3.4 BepTukaJbHuii 3cyB

(1) Omip crase3ani306eTOHHOTO
MOTIEPEYHOTO TIEPEPi3y BEPTUKATILHOMY
3CYBY NIPUHUMAETHCS K OIIp CTAJIEBOTO
npodinto Vi, rd,AKIIO HE BCTAHOBIIEHO
BEJIMYMHA BHECKY apMOBaHO1 OCTOHHOI
yacTuHU 311780 3 EN 1992-2.

(2) SIk110 HE BUKOPUCTOBY€ETHCA OB
TOYHUHI METOJ PO3PAXYHKY, YaCTUHA V,Eq
3arajlbHOr0 BEPTUKAIBHOIO 3CYBY Vg, 1110
BITUBA€E Ha apMOBaHy OCTOHHY YaCcTHHY,
MOK€ IPUUMATHUCH SIK Ve,pq =Veg (Mgra/Mpi,ra)s
ne Mypq= Ngzs= As fsa zs. Ha pucynky 6.9
HaBEJICHO TUICUE BaXKEIs zg U1 OAIIKOBOTO
HacTHIIa 3a KiacoM 1 abo 2.

by 6.3.4, allowance should be made for its effect on
the resistance moment in accordance with 6.2.2.4 (2)
and (3).

(2) The design resistance of reinforced concrete
sections to transverse bending moments should be
determined according to EN 1992-2.

6.3.4 Vertical shear

(1) The resistance of the composite cross-section to
vertical shear should be taken as the resistance of the
structural steel section V1, rqunless the value of a
contribution from the reinforced concrete part has
been established in accordance with EN 1992-2.

(2) Unless a more accurate analysis is used, the part
Vc¢,Ed of the total vertical shear Vgq acting on the
reinforced concrete part may be taken as V,pq =Vgq
(Mgrd/Myra), With More= Ngzi= A fsa Zs.

The lever arm zs is shown in Figure 6.9 for a filler-
beam deck in Class 1 or 2

Pucynox 6.9 — Po3zmnojin Hanpy»xeHb npu My, U151 4acTUHU OAJIKOBOTO HacTHiia kiacy 1 abo 2
Figure 6.9: Stress distribution at MRd for part of a filler-beam deck in Class 1 or 2

(3) Po3paxyHkoBHii OMip BEPTUKATHHOMY
3CYBY 3aJ11300€TOHHUX MEPEPI3iB MiK
OajKaMH Mae€ MepeBipsATHCH BiAIOBITHO 10
EN 1992.

6.3.5 MinHicThb Ta CTIHKICTb CTaJeBUX
0aJIOK MPH BUTOTOBJIEHHI

(1) Mepen 3acTuranHsM O6eTOHY cTalleBi
Oanku Mae OyTH MepeBIPEHO Y BIANOBIAHOCTI
1o sumor EN 1993-1-1:2005 1 EN 1993-2.
6.4 I10310B:KHilH 3TMH 3 KPYYECHHAM
cTaj1e3a/1i300eTOHHUX 0aJI0K

6.4.1 3arajbHi MOJ10KEeHHA

(1) Cranea monuts, mo 00’ €THAHA 3
3aJ11300€TOHHOI0 a00 cTase3a11300eTOHHOIO
TUTUTOIO 3a JIOTIOMOTOI0 3CYBHOTO 3'€JHAHHS
3T1JIHO 3 6.6, MOYKE BBAKATHUCS TTOTIEPEYHO

(3) The design resistance to vertical shear of
reinforced concrete sections between filler beams
should be verified according to EN 1992.

6.3.5 Resistance and stability of steel beams
during execution

(1) Steel beams before the hardening of concrete
should be verified according to EN 1993-1-1:2005
and EN 1993-2.

6.4 Lateral-torsional buckling of composite beams

6.4.1 General

(1) A steel flange that is attached to a concrete or
composite slab by shear connection in accordance
with 6.6 may be assumed to be laterally stable,
provided that lateral instability of the concrete slab is
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CTIHKOIO, SIKITO MOMEePEYHa HECTIMKICTh
OCTOHHOT IJTUTH BUKJIIOYEHA

(2) Yci inmi cTaneBi CTUCHEH] TTOJIMII MarOTh
NEepPEeBIPATUCH HA MOTIEPEYHY CTIMKICTb.

(3) Metoau, mo HaBeneno y EN 1993-1-
1:2005, 6.3.2.1-6.3.2.3 1 O6111b1I MUPOKO — Y
6.3.4, Moxe OyTH 3aCTOCOBAHO JI0 CTAJICBOTO
npodiIr0 Ha OCHOBI i1 CHJI TOTIEPEYHOTO
nepepi3y Ha craje3anizo0eTOHHUH Tepepis, 3
ypaxyBaHHSIM IOCJIiJOBHOCTI BUTOTOBJICHHS
B1IMOB11HO 10 5.4.2.4. [Ipu ibomy Moke
OyTH BpaXxOBaHO OOMEKEHHS ITOTIEPEYHOT0 Ta
MPYKHOT'O KpyYeHHS Ha piBHI 3’ €JHAHHS 3
OETOHHOIO ITUTOIO.

6.4.2 bajku MOCTIB 3 IOCTIHHUMH
NnonepeYHUMH nepepizamm kJiaacis 1,213
(1) lns 6anok 3 MOCTIHHUM CTaJICBUM
MOTIEPEYHHUM TIepepi3oM 3a kimacom 1, 2 abo 3,
sKi 3a¢ikcoBaHo 3riHO 3 6.4.2 (5),
PO3paxyHKOBUN IPaHUYHHI MOMEHT MPHU
M037I0BKHEOMY 3THHI PUHMAETHCS] TAKUM
YHUHOM:

Myra= 211 MRrd (6.6)
Jle v L1—3HIKyBAIGHUN KOSQIIIEHT IS
MI03/I0BXKHBOTO 3TUHY 3 KPYYCHHSIM,
BIJIMIOBITHHIA 710 BITHOCHOT THYYKOCTI A 1T;
Mrq — pO3paxyHKOBHI TPaHUYHUI MOMEHT
JUTSI BIATIOBITHOTO MOTIEPEYHOTO TIEpepizy.
3HaueHHs AJIs 3HUKYBAJIBHOTO KoedilieHTa
T HaBeneno B EN 1993-1-1:2005, 6.3.2.
(2) Ans nonepevyHux nepepizis kiacy 1 ado 2
Mrg = Mp1,rd BU3HAYAETHCS 3a 6.2.1.2.

(3) Ans nonepeyHux nepepizis kinacy 3Mrqg
NpUAMAETHCS K M,rq BIATIOBITHO JI0 BUPA3y
(6.4) 1 Ik pO3paxyHKOBUI 3rMHAaHUI MOMEHT,
SIKWIA BUKJIIMKA€E a00 pO3TATYBaJIbHI
HAIpPyKEeHHS fqd, 800 HAIPYKEHHS fyq Y
KpaiHiX BOJOKHAX CTaJIeBOT0 Mpodiysi(B
3aJISKHOCTI BiJ] TOTO, SIKE 3 HUX HalMEHILIE).

(4) BizHOCHA THYYKICTB A, ; pO3paxoBY€EThCS
3a opMyIo10

-— M
A= Rk (6.7)
MCI‘
ne Mgk — TpaHUYHUHA MOMEHT CTaje

3aJ11300€TOHHOTO TIepepi3y 3 BUKOPUCTAHHIM
XapaKTEPUCTUIHUX BIACTHBOCTEH MaTepialiB
1 METOTy, BUBHAUEHOTO TSt MRg;

prevented.

(2) All other steel flanges in compression should be
checked for lateral stability.

(3) The methods in EN 1993-1-1: 2005, 6.3.2.1-
6.3.2.3 and, more generally, 6.3.4 are applicable to the
steel section on the basis of the cross-sectional forces
on the composite section, taking into account effects
of sequence of construction in accordance with
5.4.2.4. The lateral and elastic torsional restraint at the
level of the shear connection to the concrete slab may
be taken into account.

6.4.2 Beams in bridges with uniform cross-sections
inClass 1,2 or 3
(1) For beams with a uniform steel cross-section in
Class 1, 2, or 3, restrained in accordance with 6.4.2(5),
the design buckling resistance moment should be
taken as:

Myra = 211 MR4 (6.6)
where :
2 vt 1s the reduction factor for lateral-torsional
buckling corresponding to the relative slenderness
At , and Mggq is the design resistance moment at the
relevant cross-section.
Values of the reduction factor x|t may be obtained
from EN 1993-1-1: 2005, 6.3.2.
(2) For cross-sections in Class 1 or 2, Mrg = Mpi,rd »
determined according to 6.2.1.2.
(3) For cross-sections in Class 3, Mgrq should be taken
as Mq,ragiven by expression (6.4), but as the design
bending moment that causes either a tensile stress fgq
in the reinforcement or a stress f,q in an extreme fibre
of the steel section, whichever is the smaller.

(4) The relative slenderness A ; may be calculated
from:

My,

M

cr

A = (6.7)
where:

Mg is the resistance moment of the composite section
using the characteristic material properties and the
method specified for Mgg;

M — Ipy’)KHUIM KPUTUYHUA MOMEHT IS
IIO3J0BKHBOI'O 3THHY 3 KPYYCHHSIM,

M., is the elastic critical moment for lateral-torsional
buckling determined at the relevant cross-section.
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BH3HAYEHUH JJIS BIATIOBIHOTO IMOMIEPEYHOTO
nepepizy.
(5) SIkmo muTa KPImuThes 10 OJTHOTO a00
KUTBKOX OMOPHUX CTAJICBHX €JIEMEHTIB, SIKi
HaOIM)KEHO TapaielibHI MPUUHATIN cTale
3aJ11300eTOHHIH OasIi 1 BAKOHYIOThCS
HaBeJICHI HIDKYE YMOBH a) 1 b), mist
PO3PaXyHKY MPYKHOTO KPUTUIHOTO MOMEHTY
M Moxxe OyTH BUKOPHCTaHO MoAelb [1-
noi0HO1 KOHCTPYKIIii. L{s Moaens BpaxoBye
MoTepeyHe 3MIIEeHHS HUKHBOI MOJUIIL, SIKe
MIPUBOJIUTH JIO 3THHY CTAJIEBOI CTIHKH 1
MIOBOPOTY BEPXHBOI MOJIHIII, K TOKAa3aHO Ha
pUCYHKY 6.10.
a) BepxHs moiuis crajaeBoro eaeMeHTy
KPINHUTHCS 0 3a11300€TOHHIN TUTUTI 32
JIOTIOMOTOI0 €JIEMEHTIB 3CYBHOTO 3'€IHAaHHS
3rigHo 3 6.6. b) Ha xoHiit omopi craiaeBoro
€JIEMEHTY HIDKHS TIOJIUIS MA€ MOTICPEUHY
3aJIeNIKy, a CTiHIIl HaJJa€ThCs JKOPCTKICTh. B
IHIIIMX MICISX CTIHKA € HEXKOPCTKOIO.
(6) Ha piBHI BepXHBOI CTAJICBOI MTOJIKH
obepTanbHa )KOPCTKICTh ks Ha OIMHUIIO
JIOBKMHU CTalIeBO1 OaKku Moxke OyTH
MPUIHSTA JUTS TpeicTaBiIeHHS Mozei [1-
Mo110HOT KOHCTPYKIIT 32 IOTOMOTOIO OJIHI€T
OanKu:

ks — kl 'kz ,

k +k,

ne ki- 3rUHaHa XKOPCTKICTh OETOHHOI IUIUTH 3
TPIIMHAMH Y HANPSMKY, MOIEPEYHOMY JIO
CTaneBoi OaJKu 1 ika BUSHAYAETHCS SIK:

k =akE,l,/a, (6.9)
e « =2 — Ui KpaitHboi OaNKH 3 KOHCOJUTIO
abo 6e3 Hel, a = 3 — A MPOMIXKHOT OAJIKH.
Jlnist pOMIDKHUX 0aJIoK y MOCTOBOMY HACTHIII
3 4oTHpMa 1 OLIbIlIe aHAJOTIYHUMH OaJKaMu
JIOTTYCKAETHCS MPUAMATH « =4;
a — BIJICTaHb MIX MapajebHUMU OalIKaMu;
E,I, — 3ruHaHa >KOPCTKICTh 3 ypaxyBaHHSAM
TPIIIHH Ha OJIMHUITIO IUPUHU
3ai300eTOHHOI abo cTane 3a1i300€TOHHOI
Uty 3rigHo 3 1.5.2.12, ne MomeHT iHepiii
[, cnij npuiiMaTH SIK HaMEHINy BEIUYHHY 13
3HaYeHb Yy CEpeauHI MNPOTOHYy B 30HI il
MO3UTUBHOTO 3THHAHOTO MOMEHTY 1 3Hau€Hb
JUISL OOPHUX

(6.8)

(5) Where the slab is attached to one or more
supporting steel members which are approximately
parallel to the composite beam considered and the
conditions (a) and (b) below are satisfied, the
calculation of the elastic critical moment, Mcr, may be
based on the "continuous inverted-U frame" model.
This model takes into account the lateral displacement
of the bottom flange causing bending of the steel web,
and the rotation of the top flange as shown in Figure
6.10.

a) The top flange of the steel member is attached to a
reinforced concrete slab by shear connectors in
accordance with 6.6.

b) At each support of the steel member, the bottom
flange is laterally restrained and the web is stiffened.
Elsewhere, the web is un-stiffened.

(6) At the level of the top steel flange, a rotational
stiffness ks per unit length of steel beam may be
adopted to represent the U-frame model by a beam
alone:

k — kl 'kz
Yok k,

where:k1 is the flexural stiffness of the cracked

concrete slab in the direction transverse to the steel

beam, which may be taken as:
k =akE,l,/a,

(6.8)

(6.9)
where a =2 for ki for an edge beam, with or without a

cantilever, and a = 3 for an inner beam. For inner
beams in a bridge deck with four or more similar
beams, « =4 may be used.

a is the spacing between the parallel beams;

E.Dis the "cracked" flexural stiffness per unit width of
the concrete or composite slab, as defined in 1.5.2.12,
where I, should be taken as the lowest of the value at
midspan, for sagging bending, and the values at the
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CTaJICBHX €JIEMEHTIB y 30Hi Jii HEraTUBHOTO
3THHAIBHOTO MOMEHTY;

ky — 3TrUHAHA JKOPCTKICTh CTAJIEBOI CTIHKH,
Ky MOYKHA BU3HAYHTH SIK:

Ef,

v - koediuienT [lyacona s crani;

hs 1 ty BU3HAYAOTHCSA 32 pUCYHKOM 6.10.

(7) Y wmopmem II-momibnoi KOHCTPYKIIT
CHPUATINBUN €PEeKT KPYTUIBHOT )KOPCTKOCTI
Cen-Benana G,l,;, cTasieBoro npodiio Moxe
BPaxOBYBAaTHCS ISl PO3PAXYHKY M.

(6.10)

supporting steel members, for hogging bending;
k> 1s the flexural stiffness of the steel web, to be taken
as:

Ef,

& 4-1-v? .’
where v a is Poisson’s ratio for steel and /4, and ¢,, are
defined in Figure 6.10.

(7) In the U-frame model, the favourable effect of the
St. Venant torsional stiffness, Ga./y, of the steel section
may be taken into account for the calculation of M.,

(6.10)

Pucynok 6.10 — Mogens I1-moai6bHoi KoHCTpYyKIii
Figure 6.10: U-frame model

Key:1 cracks

6.4.3 3araabHi MeTIH PO3pPaxXyHKY
cTiliKOCTI eJieMeHTiB i KOHCTPYKUiil npu
MO310B:KHbOMY 3THHI

6.4.3.1 3araabHuii MeTOx

(1) s crane3anizo0eTOHHUX €IEMEHTIB 3a
MekaMu 001acTi 3acTocyBanHs 6.4.2 (1) abo
6.7, a TAaKOXK IS CTalIe3a11300€TOHHUX
KOHCTPYKIIii 3acTocoByeThcst EN 1993-
2,6.3.4.

JInst BUBHAYEHHS Ol 1 Oleit, CITLIT
BUKOPUCTOBYBATH BIJIMOBI/IHI 3HAYCHHS
OTIOPIB 1 JKOPCTKOCTI 32113006 TOHHUX 1
cTane3aini3o0eTOHHUX eeMeHTIB 3rigHo 3 EN
1992 1 EN 1994

6.4.3.2 Cnipoienuii metToj

(1) Iynxkr 6.3.4.2 i nogatok D2.4 EN 1993-2
3aCTOCOBYIOTBCS JIJISI CTAJIEBHUX TTOJTHIIH
cTane3aniz00eTOHHUX OAJIOK 1 MOSICIB
crane3anizooeTonHux pepm. Tawm, e €
3aIeMJICHHS 3a711300€TOHHUMH 260
CTaJIeXKEIe300€TOHHUMI €JIEMEHTaMH, Ma€
OyTH BUKOPHCTAHO BIJMOBIAHUN KOe]ilieHT
npyxHoi aedopmarrii 3rigHo 3 EN 1992 1 EN
1994,

6.4.3 General methods for buckling of members
and frames

6.4.3.1 General method

(1) For composite members outside the scope of 6.4.2
(1) or 6.7 and for composite frames EN 1993-2, 6.3.4
is applicable.

For the determination of « y and « i, appropriate
resistances and stiffnesses of concrete and composite
members should be used, in accordance with EN 1992
and EN 1994,

6.4.3.2 Simplified method

(1) Clause 6.3.4.2 and Annex D2.4 of EN 1993-2 are
applicable to structural steel flanges of composite
beams and chords of composite trusses. Where
restraint is provided by concrete or composite
members, appropriate elastic stiffnesses should be
used, in accordance with EN 1992 and EN 1994,
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6.5 IlonepeuHi cuiIu B CTiHKaX 0aJ10K

6.5.1 3arajbHi oJ10KeHHSI

(1) IlpaBuna, sixi HaBeaeHo B EN 1993-1-5, 6,
JUIsl BU3HAYEHHS PO3PaXyHKOBOI'O OMOPY
CTIHKM 3 TIJICHJICHOIO OPCTKICTI0O abo 6e3
Hel, BIUTMBY IONEPEYHUX CHUJI 4Yepe3 IOJKY,
MOXKYTh 3aCTOCOBYBATHCSl JI0 HE3B'A3aHOI 3
311300€TOHHOK IUIMTOK) CTAJIEBOI ITOJIMIN
cTaje3ai3o0eTOHHOT 6aIKu a0 10 CyMIKHOT
YAaCTUHHU CTIHKH.

(2) Sxmo monepeyHa cuiia i€ y MO€IHAHHI 31
3TUHAJILHUM 1 OCBOBUM 3yCHJUISIM, OIIp
HeoOXigHO nepeBipsTu 3rigno 3 EN 1993-1-5,
7.2

6.5.2 Ilo310B:xkHiii POrMH CTIHOK MiJx Ji€r0
MOJINIb

(1) EN 1993-1-5, 8 Moxke 3acTOCOBYBATHCH,
3a YMOBH, IO TUIOMIA Af. BBXKAETHCS TAKOIO
0 JIOPIBHIOE IUIOINI, SKa HE IOE€JHAHA 3
3a1i300€TOHHOI0 IUIMTOK) CTaJIeBOI IIOJIMII,
a00 mpuBeAcHIi TUIoNI, sKa o00'eMHaHa 3
3a1i300€TOHHOIO TUIMTOK CTAjJEBOI IMOJIHUIN 3
ypaxyBaHHSIM MOJYJIBHOTO KoedilieHTa AJis
KOpPOTKOYaCHOTO HABaHTAKCHHS (B
3JICKHOCTI BiJl TOTO, sIKA 3 HUX MEHIIIE).

6.6 3cyBHe 3’€1HAHHS

6.6.1 3arajbHi MoJ10KEHHS

6.6.1.1 OcHOBH NPOEKTYBAHHA

(1) Leit miapo3ain Moxke OyTH 3aCTOCOBAHO
JIO CTaJIe3ali300eTOHHUX 0ajao a0o A0 1HIINX
THIIIB CTalIe3a1i300€TOHHUX €JIEMEHTIB

(2)P Cnin 3a0e3neunTH 3CyBHE 3’€IHAHHSA 1
MOTIEpEYHY apMaTypy Uil Tmepenadi 3ycuib
B1JI MO3/I0BKHBOTO 3CYBY MK O€TOHHUMU Ta
CTaJIeBUMHU EJIEMEHTaMH, ITHOPYIOYH JIif0
MIPUPOJTHOTO 3B’ 3Ky MIXK HUMH

(3)P EnemeHTam 3CYBHOTO 3’€IHAHHS CIIiJT
MaTtu JIOCTATHIO nepopmariiiny
CIPOMOXKHICTB JUISI KOMIIEHCAIil Oy/b-sIKOTO
HE TPYXHOTO  TEPEepo3NONily  3CYBY,
JOMYCTHMOTO B KOHCTPYKIIii.

(4)P IligmatnuBi 3’€qHYBajbHI €IEMEHTH —
€ €JIIEMCHTH, SKI MaloTh JOCTAaTHIO
nepopmariitny CIIPOMO’KHICTh JUIS
MiATBEPKEHHS epeA0adeHHsI PO 1/1eaTbHY
IUIACTHYHY pPOOOTY 3CYBHOTO 3’€JIHAHHS Y
KOHCTPYKIIii, 0 PO3TJISIIAETHCSL.

(%) 3’eqHyBaTbHUN €IeMEHT  MOXeE
BBAXAaTHUCh  MIAJATIMBUM,  SKIIO  HOrO
XapaKTEPUCTHYHA aMILIITy/1a TPOKOB3YBAHHS
0 uk CTAHOBUTH HE MEHIIIE Hi’K 6 MM.

6.5 Transverse forces on webs

6.5.1 General

(1) The rules given in EN 1993-1-5, 6 to determine the
design resistance of an unstiffened or stiffened web to
transverse forces applied through a flange are
applicable to the non-composite steel flange of a
composite beam, and to the adjacent part of the web.

(2) If the transverse force acts in combination with
bending and axial force, the resistance should be
verified according to EN 1993-1-5, 7.2.

6.5.2 Flange-induced buckling of webs

(1) EN 1993-1-5, 8 is applicable provided that area
Afc is taken equal to the area of the noncomposite
steel flange or the transformed area of the composite
steel flange taking into account the modular ratio for
short-term loading, whichever is the smaller.

6.6 Shear connection

6.6.1 General

6.6.1.1 Basis of design

(1) Clause 6.6 is applicable to composite beams and,
as appropriate, to other types of composite member.

(2)P Shear connection and transverse reinforcement
shall be provided to transmit the longitudinal shear
force between the concrete and the structural steel
element, ignoring the effect of natural bond between
the two.

(3)P Shear connectors shall have sufficient
deformation capacity to justify any inelastic
redistribution of shear assumed in design.

(4)P Ductile connectors are those with sufficient
deformation capacity to justify the assumption of ideal
plastic behaviour of the shear connection in the
structure considered.

(5) A connector may be taken as ductile if the
characteristic slip capacity 0  is at least 6mm.
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IMpumitka. Ouinky 0 uk HaBemeHO y noxarky B actunu
1-1

(6)P SIkmio B oHOMY MPOTOHI OATIKK
BUKOPUCTAHO JBa 200 OiIbIIIEe PI3HUX THITIB
3CYBHHX 3’ €THaHb, CJIiJ] B35ITH IO yBaru BCi
3HAYMUMI PI3HUIN Y BIACTUBOCTSX
HABaHTaKCHHS-ITPOKOB3yBaHHS.

(7)P EnemenTH 3CyBHOTO 3’€THAaHHS MAalOTh
OyTH y 3MO031 IOTIEPETUTH BiJOKPEMIICHHS
OETOHHOTO €JIEMEHTA BiJl CTAJIEBOTO, 32
BUHSATKOM BHUIIAJIKIB, KOJIH 1€ BIJJOKPEMIICHHS
B1JIOYBAETHCS 32 JOTIOMOTOFO 1HITUX 3aCO0iB.
(8) st momepeKeHHsI BIIOKPEMIICHHS
TUTMTH €JIEMEHTHU 3CYBHOTO 3’ €THAHHS CJIi]T
MPOSKTYBATH TAKMM YHHOM, IIOO BOHH MaJl
3MOT'Yy BUTPUMATH HOMIHAJIbHE TPaHUYHE
pO3TATYBaIbHE 3yCUILIA, SIKE i€ Y HATIPSIMKY,
NEPIEeHIUKYISIPHOMY JI0 TUIOIIMHU CTaNEBOi
ITOJIMIII, 1 CTaHOBUTH X04a 0 0,1
PO3paxyHKOBOTO TPAaHUYHOT'O ONOPY
3’€IHYBJIHUX €IIEMEHTIB 3CYBY.

3a HeoOX1AHOCTI X MOKHA JOIIOBHUTH
AHKEPHUMH MPUCTPOSIMHU

(9) M0xITMBO MPUITYCTUTH, 110 3’ IHYBAJIbHI
CTEpH1 YyIopy 3 TOJIOBKaMH 3T1JHO 3 6.6.5.7
3MOXKYTbh 3a0€3Me4NTH T0OCTaTHIH omip
MiJBEJCHHS 32 YMOBH, 3CYBHE 3'€/THAHHS HE
MiJ1a€ThCs 6e3M0CcepeIHOMY PO3TITYBAHHS.
(10)P IMomkomKxeHHs, K1 BUKJIMKaH]
MO3I0BKHIM 3CYBOM, 1 PO3KOJIFOBAHHS
3a11300€TOHHOI IUTUTH M1/ BILTHBOM
KOHIIEHTPOBAHUX 3YCHUJIb, 0 IEPEIAIOTHCS
B1JI 3’ €THYBaJILHUX €JIEMEHTIB, Ma€ OyTH
BUKITIOUEHO.

(11) Axmio geranizarisi 3CyBHOTO 3’ €THAHHS
BiJIMOBiJJa€ yMoBaM 6.6.5, a monepeuny
apmaTypy o0paHo BiAMOBIIHO 70 6.6.6,
MO>KHA JOMYCTUTH, 1110 BiAMOBITHOCTI
nocarHyTo 13a 6.6.1.1 (10)

(12) Sxmio 3amMicTh 3’ THYBaTbHUX €JIEMEHTIB
3TiAHO 3 6,6 BUKOPUCTOBYETHCS THIINMA
crocid B3a€MO3B'I3KY /IS Mepeiadi 3CyBY
MIDXK CTAJICBUM €JIEMEHTOM 1 3a11300€ TOHHIM
€JIEMEHTOM, MIPOEKTHI PO3PAXyHKH MAIOTh
TPYHTYBATHCS Ha BUIIPOOYBaHHSX 1
M1KPITUTIOBATHCS KOHIIETITYaTbHOIO
MOJICIIITIO.

NOTE: An evaluation of § uk is given in Annex B of Part 1-1.(6)P

Where two or more different types of shear connection
are used within the same span of a beam, account shall
be taken of any significant difference in their load-slip
properties.

(7)P Shear connectors shall be capable of preventing
separation of the concrete element from the steel
element, except where separation is prevented by
other means.

(8) To prevent separation of the slab, shear connectors
should be designed to resist a nominal ultimate tensile
force, perpendicular to the plane of the steel flange, of
at least 0.1 times the design ultimate shear resistance
of the connectors. If necessary they should be
supplemented by anchoring devices.

(9) Headed stud shear connectors in accordance with
6.6.5.7 may be assumed to provide sufficient
resistance to uplift, unless the shear connection is
subjected to direct tension.

(10)P Longitudinal shear failure and splitting of the
concrete slab due to concentrated forces applied by the
connectors shall be prevented.

(11) If the detailing of the shear connection is in
accordance with the appropriate provisions of 6.6.5
and the transverse reinforcement is in accordance with
6.6.6, compliance with 6.6.1.1(10) may be assumed.

(12) Where a method of interconnection, other than
the shear connectors included in 6.6, is used to transfer
shear between a steel element and a concrete element,
the behaviour assumed in design should be based on
tests and supported by a conceptual model. The design
of the composite member should conform to the
design of a similar member employing shear
connectors included in 6.6, in so far as practicable.

57



arymarenko
Прямоугольник


Po3paxyHok crane3anizo0eTOHHUX eJlIeMEeHTa
Ma€ BIJIMOBIIaTH PO3PaxXyHKY aHAJIOTI4HOTO
€IIEMEHTY 3 BHKOPUCTAHHSM E€JICMCHTIB
3CYBHOTO 3 ’JIHaHHS, 3a3HayeHux Yy 6.6,
HACKUTBKH 1€ MOKJIHBO.

Jlnst TpaBepc 1 pebep  JKOPCTKOCTI
BEPTUKAIBHUX CTIHOK i TUISL
CTaJIe3aTI300€TOHHNX  KOpoOdYaTux  Oayok

HEOOX1THO BPaxOBYBaTH BIUIMB 3THHAIBHHUX
MOMEHTIB Ha MEXI pO3IIy CTallb-0eTOH
HAaBKOJIO OCi, MapajelbHOi OCl CTaJeBOi
OaJIKu, SIKI BUKJIMKAHO AePOpMAIlisiMU TUTUTH

a00 CTaJIeBOTO €JIEMEHTY.
[pumitka: Y HalliOHATEHOMY J0ATKY JOMYCKAHOTHCS
TIOCHJIaHHS Ha iHIII HOPMATHBHI JOKYMEHTH.

6.6.1.2 I'panuuni cranm 3a
3aTHICTIO KPiM BTOMHHMX

(1) HAns mepeBipku TpaHWMYHUX CTaHIB 3a
HECHOI0  3JaTHICTIO  po3Mip 1  KpOK
3'€IHYBAIbHUX €IEMEHTIB MOXYTb OyTu
MOCTIMHUMHU Ha IEBHOMY IPOTS31 JUISTHKH, J1€
pPO3paxyHKOBHI  IO3JOBXKHIM  3CyB  Ha
OJUHMLIIO  JIOBXXKMHM  HE  IEPEBHIYE
PO3paxyHKOBHH OIIip MOIOBKHBOMY 3CYBY
oueir HIXK Ha 10%. Ha koxHIN Takiil JUISTHI
3arajibHa PO3PaxyHKOBA CHJIA TO3J0BKHBOTO
3CYyBY Ma€ He IEepeBMIIYBAaTH 3arajbHUM
PO3paxyHKOBHI OMIp 3CYBY.

6.6.2 ITo3x0B:kHi 3cyBHI 3ycHis B 0ankax
MOCTIB

6.6.2.1 basku, B IKHX TeOPis NPYKHOCTI
a00 He JiHIITHOCTI BUKOPHCTOBY€EThHCS IS
PO3PaxyHKYy ONOPIB MONEPEeYHNX NepepisiB
(1) Jnst Oyap-gKoro croyryuyeHHs
HaBaHTaXEHb 1 PO3MIIIEHHS PO3PAXyHKOBUX
BIUTMBIB TIO3/I0BKHIH 3CYB Ha OJIMHUIIIO
JOBXHHM Ha MEXI1 PO3MOALTY MK CTaJUTIO 1
0EeTOHOM Y cTane3ani300eTOHHOMY €JeMEHTI
VL.Ed Ma€ BU3HAYaTUCh, BUXOJSIUU 3 BEJIMYMHU
3MiHH TI03/IOBKHBOI CHII B CTAIEBOMY 200
OETOHHOMY €JIEMEHTI cTane3ani300eTOHHOTO
nepepizy.Tam, ge ast po3paxyHKy Onopy
nepepi3iB BUKOPUCTOBYETHCS TEOPis
MPYXKHOCTI, JIOMYCKAEThCS BUKOPUCTAHHS
OTHMHAHO] eMIOPH CUJIM TONIEPEYHOT0 3CYBY Y
BIJIOBIAHOMY HaIPSIMKY

(2) Sk mpaBmII0, IPYKHI BIACTHBOCT1
nepepi3y 0e3 TPIKH CI1i]] BAKOPHUCTOBYBATH
JUIsl BUBHAYEHHS 1103/10BKHBOI 3pYIIYBAIBHOI
CHWJIH, HaBITh SIKIIIO YTBOPEHHS TPIIIUH B

HECHOIO

(13) Adjacent to cross frames and vertical web
stiffeners, and for composite box girders, the effects of
bending moments at the steel-concrete interface, about
an axis parallel to the axis of the steel beam, caused by
deformations of the slab or the steel member should be
considered.

NOTE: Reference to further guidance may be given in the National
Annex.

6.6.1.2 Ultimate limit states other than fatigue

(1) For verifications for ultimate limit states, the size
and spacing of shear connectors may be kept constant
over any length where the design longitudinal shear
per unit length does not exceed the longitudinal design
shear resistance by more than 10%. Over every such
length, the total design longitudinal shear force should
not exceed the total design shear resistance.

6.6.2 Longitudinal shear force in beams for bridges

6.6.2.1 Beams in which elastic or non-linear theory
is used for resistances of cross-sections

(1) For any load combination and arrangement of
design actions, the longitudinal shear per unit length at
the interface between steel and concrete in a
composite member, vp g4 , should be determined from
the rate of change of the longitudinal force in either
the steel or the concrete element of the composite
section. Where elastic theory is used for calculating
resistances of sections, the envelope of transverse
shear force in the relevant direction may be used.

(2) In general the elastic properties of the uncracked
section should be used for the determination of the
longitudinal shear force, even where cracking of
concrete is assumed in global analysis. The effects of
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OeToH1 JOTTYCKAEThCSI B
PO3paxyHKYy.

BrumB TpimmHOYTBOpeHHS B O€TOHI Ha
MO3/I0BXKHIO 3CYBHY CHITy MAa€ BPaXOBYBaTHUCS
y BUNAJKY, SKIIO B 3araJIbHOMY PO3paxyHKY 1
JUIsl BU3HAYEHHS 1030BXKHbOI 3pYLIYBAJIBHOI
CWJIM JI0 yBaru OepeTbcsl JKOPCTKICTh IpHU
pPO3TATYBAaHHI 1 MOXJIMBA  HAJMIIHICTh
OeToHY.

(3) Y micisax npukiIagaHHs KOHIIEHTPOBAHUX
MO3J0BXKHIX 3CYBHUX CHJI CIIiJi BpaXxOBYBaTH
MicLeBl BILIMBU I1030BXHLEOTO
MPOCIM3aHHs, HANMPUKIIA, 3rigHo 3 6.6.2.3 1
6.6.24. B iHmoOMYy BHIAAKy BIUIUB
MO370BKHBOTO ~ NPOCIM3aHHS ~ MOXE  He
BPaXOBYBATHCS.

(4) Hnsa crane3anmizo0eTOHHUX KOpoOUYaTHUX
0aJIOK TO3/I0BXKHS 3CYBHA CHWJIA, IO BILTUBAE
Ha 3'€IHYBIbHI €JIEMCHTH, MAa€ BKIIFOYATH
BIUIMB 3THMHY, KpYTiHHS 1 JedopMyBaHHS
3rigHo 3 6.2.7 crarmapty EN 1993-2. B 9,4, B
SKOMY HaBEJIEHO 1HCTPYKIIII JIJIs1 KopoOyaTux
0aJIOK 3 TIOJMIICI0, PO3POOJICHOIO Y BUTIISIL
CTaJie3a1i300eTOHHUX IJIACTHH.

6.6.2.2 banku B MocTax 3 NONEpPeYHUM
nepepizom kiaacy 1 ado 2

(1) B ememeHnTax 3 momepeyHUM TMEpepi3oM

3arajibHOMY

kmacy 1 abo 2, sgKkmo  3araJbHUN
PO3paxXyHKOBUM 3THHATBHUI MOMEHT

MEd,max=Ma,Ed+Me,Ed NEpEeBUILYE  OIip
OpPYKHOMY  3TMHY  MelRd, = HEOOXIZHO

BpPaxOBYBaTH HEMIHIMHY 3aleXHICTb MIXK
MOMEpPEYHUM 1 TO3JI0BXHIM 3pYLIEHHSIM Yy
MeKax HEMpYXKHHUX AUISHOK eleMeHTa. MaEd
1 McEd iK1 BU3HauUeHO B 6.2.1.4 (6)

(2) Le#t po3ain cTrocyeThecst 00NACTeH, B SIKUX
3a11300€TOHHY TUIMTY MiJJIaHO CTUCHEHHIO,
K TIOKa3aHO Ha pHUCYHKY 6.11. ¥V wmexax
HEMPY>KHOI ~ JIOBXKUHH LA-B  HEOOXITHO
3a0€3MeUNTH HASBHICTH €JIEMEHTIB 3CYBHOI'O
3'€eTHaHHS JUISl MIPOTHAIT CHJII TTO3/I0BKHBOTO
3CyBY VLEd, SIKY BUKIMKAHO PI3HHUIICIO MDX
HOPMaJIbHUMH CUJIAaMU Ned 1 Neel y OETOHHIN
IUIMTI B TIONEpeyHHX mepepizax B 1 A
BIJIIIOBI/IHO.

Onmip 3runy Mel,rd BU3HauU€HO B 6.2.1.4. Skio
MakKCHUMAaJILHUH 3THHAILHUA MOMEHT MEd max
Ha JUIAHII Tmepepisy B MeHmwmi 3a omip
NPY)KHOMY BUTHHY MplRd, HOPMAJIBHY CHILY
Ned Ha pmingHui mepepidy B Moxe Oyt
BU3HA4YeHO 3rigHo 3 6.2.1.4 (6), abo 3
pUCYHKOM 6.6. Sk albTepHaTUBY MOKHA

cracking of concrete on the longitudinal shear force
may be taken into account, if in global analysis and for
the determination of the longitudinal shear force
account is taken of the effects of tension stiffening and
possible over-strength of concrete.

(3) Where concentrated longitudinal shear forces
occur, account should be taken of the local effects of
longitudinal slip; for example, as provided in 6.6.2.3
and 6.6.2.4. Otherwise, the effects of longitudinal slip
may be neglected.

(4) For composite box girders, the longitudinal shear
force on the connectors should include the effects of
bending and torsion, and also of distortion according
to 6.2.7 of EN 1993-2, if appropriate. For box girders
with a flange designed as a composite plate, see 9.4.

6.6.2.2 Beams in bridges with cross-sections in
Class 1 or 2

(1) In members with cross-sections in Class 1 or 2, if
the total design bending moment MEd,max = Ma,Ed +
M. dexceeds the elastic bending resistance Melrd,
account should be taken of the non-linear relationship
between transverse shear and longitudinal shear within
the inelastic lengths of the member. MaEdand McEd are
defined in 6.2.1.4 (6).

(2) This paragraph applies to regions where the
concrete slab is in compression, as shown in Figure
6.11. Shear connectors should be provided within the
inelastic length La-B to resist the longitudinal

shear force V1 Ed, resulting from the difference
between the normal forces Ned and Neel in the
concrete slab at the cross-sections B and A,
respectively.

The bending resistance Mel,rd is defined in 6.2.1.4. If
the maximum bending moment MEd,max at section B is
smaller than the plastic bending resistance Mpl,rd, the
normal force Ncd at section B may be determined
according to 6.2.1.4(6) and Figure 6.6, or alternatively
using the simplified linear relationship according to
Figure 6.11.
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BHKOPHUCTOBYBATH CIIPOIICHY JIHIHHY
3aJISKHICTb 3TiAHO 3 pucyHKoM 6.11.

Negl N4
g
v
MaI.RdC‘ € LEd 9_"> Med max
M
® , A
el Mg
J\’ MEeg roay
Rt Ma ga
el Rd A
M, M,
MEdlmax \‘f c Ed a,Ed
My rd > A
' Nc,d Ncl

AL

Pucynok 6.11 - BusHaueHHsI T030BKHBOTO 3CYBY B Oankax
3 HENPY’KHOI poOOTOIO TONIEPEYHUX NEepepi3iB
Figure 6.11: Determination of longitudinal shear in beams with inelastic
behaviour of cross sections

(3) Tam, 1e BpaxoBY€EThCSI BILUIUB HEMPYKHOT
po0OTH MOTIEPEYHOTO TIEpepisy 3
PO3TATHYTHMH 3aJ11300€TOHHUMH TUIUTaMH,
MO3/TOBXH1 3CYBHI CHJIH 1 iX PO3MOILI CJIi]T
BHU3HAUATH, BUXOSUU 3 PI3HUII CUIT y
3aJ11300€TOHH1M TUINTI B MEKax HEMPYKHOT
JIOBKHMHU Oanku, Oepydu 10 yBaru BIUIMB
YKOPCTKOCTI IIPH PO3TATYBAaHHI OETOHY M1k
TPIIIMHAMY 1 MOKJIMBOI HaJMIITHOCTI
po3TsarHyroro 6etony. Jlyis BUsHauUeHHS Mo,
Rrd 3aCTOCOBYIOThCS 6.2.1.4 (7)1 6.2.1.5.

(4) Sxmo meton 3rigHo 3 (3) HE
BUKOPHUCTOBYETHCS, TTO3J0BKHI 3CYBH1 CHIIN
MalOTh BU3HAYATHUCS 32 JIOTIOMOTOIO
MIPYKHOTO PO3PAXYHKY 3 XapaKTePUCTHKAMU
MOTIEPEYHOTO Tepepizy 0e3 TpilmuH, 3
ypaxyBaHHSM BILTUBY MOCIIIOBHOCTI
OyJIBHHIITBA

6.6.2.3 MicueBi BIUINBH KOHIIEHTPOBAHOI
M03/10BKHbOI 3CYBHOI CHJIH, III0 BUKJIUKAHI
BBEJIEHHSIM MO3/I0BKHIX CHJI

(1) Sxmo cuna Feqy, sika mapaienbHa 10
M03/I0BXXHBOT OC1 cTane3anizo0eTOHHOT
0ajKku, BIUIMBAE HA 3a11300€TOHHUIT a00
CTaJIeBUI €JIEMEHT Yepe3 HampyKyBaHi
apMaTypHI €JIeMEHTH, 1110 MAlOTh 1 HE MAOTh
34YeTICHHs 3 0ETOHOM, PO3MOALT
KOHIIEHTPOBAHOI CHUJIN MO3/I0OBXKHBOT'O 3CYBY
V1.Ed Y3OBXK MEX1y PO3MOALTY MIXK CTaJLIIO 1
OCTOHOM Mae BU3HAYaTHCS 3TiaHO 3 (2) abo 3
(3). Po3nopin Vi g4, SIKU BUKITUKAHO

(3) Where the effects of inelastic behaviour of a cross-
section with the concrete slabs in tension are taken
into account, the longitudinal shear forces and their
distribution should be determined from the differences
of forces in the reinforced concrete slab within the
inelastic length of the beam, taking into account
effects from tension stiffening of concrete between
cracks and possible overstrength of concrete in
tension. For the determination of M., r¢6.2.1.4(7) and
6.2.1.5 applies.

(4) Unless the method according to (3) is used, the
longitudinal shear forces should be determined by
elastic analysis with the cross-section properties of the
uncracked section taking into account effects of
sequence of construction.

6.6.2.3 Local effects of concentrated longitudinal
shear force due to introduction of longitudinal
forces

(1) Where a force Fgq parallel to the longitudinal axis
of the composite beam is applied to the concrete or
steel element by a bonded or unbonded tendon, the
distribution of the concentrated longitudinal shear
force V1 g4 along the interface between steel and
concrete, should be determined according to (2) or (3).
The distribution of Vg4 caused by several forces Fgq
should be obtained by summation.
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BIUTMUBOM KUTBKOX CUJT Fq, PO3PaxXOBY€ETHCS
3a JOMIOMOT 01O ITi/ICYMOBYBAHHS.
(2) MoxHa nomycTUTH, 110 cuia Vi gq
PO3MOAUISETHCS Y3/IOBK JOBXKHHU Ly
3CYBHOTI'O 3'€/IHAHHS 3 MaKCUMaJIbHUM
3YCHJUISIM 3CYBY Ha OJIMHUIIIO JIOBXKUHU,
HaBEJICHUM Yy piBHSAHHI (6.12) 1 Ha pUCYHKY
6.12a 11 BBEIEHHS HABaHTAKEHHS y MeXkax
JIOBXXUHU 3aJ11300€TOHHOT IMOJIKH 1 B PIBHSHHI
(6.13); mHa MmanroHKy 6.12b - Ha KiHIII
3a711300€TOHHOT MOJIKH.

Vigdmax = Viga/ (€a+ ber/2 ), (6.12)

Vigdmax = 2 Viga! (€4 F beri/2). (6.13)
ne ber — pobova IMmMpHHA UL 3arajbHOTO
pO3paxyHKYy 3rifgHo 3 5.4.1.2;
eq — abo 2e, abo 2e, (mOBkHUHA, Ha SKY
MPHUKITAJICHO CHITY FEy, MOXE JOAaBaTHCh JIO
eq);
en — TIONEpPeYHa BIJACTaHb BiJA  TOYKH
NPUKIAICHHS CHIU Fgg 10 BiINOBIAHOI
CTAJIEBOI CTIHKH, SKIIO I CHJa BIUIMBAE Ha
TUTHTY;
ey - BEpTUKaJIbHA BIJACTaHb BIJl TOYKH
NPUKIAJIEHHsT CWIM FEd 70 BiJMOBIIHOI
TUTONIMHY 3CYBY, SIKIIO LS CHJIa BIUIMBAE Ha
CTaJICBUM CJICMEHT.
(3) Y Micusx, Oe BUKOPHUCTOBYIOTHCS
3’€JHyBaJlbHI ~ CTEP)KHI  YIOpIB, MOJKHA
NPUITYCTUTH, IO B TPaHUYHOMY CTaHi 3a
HECHOI0 3JaTHICTIO MPSIMOKYTHHI pPO3MOALI
3CYBHOI CWJIM Ha OJUHHUIIO JTOBXHHU
BUSBUTBCS Y MEXKax IOBXWHH L,, TOOTO B
MeKaxX JOBXKHUHHM 3aJ11300€TOHHOT MOJIKH:

VLEdmax — VL,Ed/ (ed + beff) (6- 14)
1 Ha KIHI TOIUII
VLEd,max — 2 VL,Ed/ (ed + bese ) (6- 1 5)

B ymoBax BixcyTHOCTI OUIBII TOYHOTO
METO/Y PO3PaXyHKY MOKHA TPUITYCTHTH, IO
cuia Fra-Vi g MO PIOETHCS y
3a11300€TOHHOMY a00 CTajJeBOMY €JIeMEHTI
1] KyTOM

(2) The force VL,Ed may be assumed to be distributed
along a length Lv of shear connection with a
maximum shear force per unit length given by
equation (6.12) and (Fig. 6.12a) for load introduction
within a length of a concrete flange and by equation
(6.13) and (Fig. 6.12b) at an end of a concrete flange.

vL,Ed,max = VL,Ed / (ed + beff/2 )9 (6 12)

Ve gdma = 2 Viga! (€a+ beri/2). (6.13)
where

besris the effective width for global analysis, given by
5.4.1.2,

eq 1s either 2e, or 2e, (the length over which the force
Fqis applied may be added to e,)

en 1s the lateral distance from the point of application
of force FEdto the relevant steel web, if it is applied to

the slab,

evis the vertical distance from the point of application
of force FEd to the plane of the shear connection
concerned, if it is applied to the steel element.

(3) Where stud shear connectors are used, at ultimate
limit states a rectangular distribution of shear

force per unit length may be assumed within the
length Lv, so that within a length of concrete

flange,

Vigdmax = Viga/ (€at Derr) (6.14)
and at an end of a flange,
Vegam = 2Viga/ (€at Degr ). (6.15)

(4) In the absence of a more precise determination, the
force FEd- V1,Ed may be assumed to disperse
into the concrete or steel element at an angle of spread

26, where = arc tan 2/3.
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Pucynox 6.12 - Po3moain mo310BKHB0T 3CYBHOI CHITH B3ZOBXK MEXI1 PO3IIOALTY
Figure 6.12: Distribution of longitudinal shear force along the interface

6.6.2.4 JlokaabHuii BILINB
KOHLEHTPOBAHUX IO310BKHIX 3CyBHHX
CHJI NIPH Pi3Kiill 3MiHi monepe4yHoro
nepepisy

(1) KonuentpoBane mo370BKHE 3pYIICHHS Ha
KIiHIIl 3aJ11300€TOHHOT IUIMTH, HAITPUKJIAI, ITi]T
BIUTMBOM TEPBUHHUX €(DEKTIB yCAIKH i
TerioBuX BIUIKBiB 3rigao 3 EN 1991-1-
5:2003 , 3a HeoOXigHOCTI, Ma€e OyTH
BPaxOBaHO B PO3paxyHKax (JIUB. pUCYHOK
6.12c¢). 1le BiTHOCUTBCS TAKOXK J10
MIPOMDKHUX CTafiil BATOTOBIEHHS
3a11300€TOHHUX TUIAT (IUB. pUCYHOK 6.12d).
(2) Heo0OxiHO BpaxoByBaTH
KOHILIEHTPOBaHUH MO3/I0BXkHii 3CYyB B yMOBax
PI3KO1 3MIHM MTONIEPEYHHX Mepepi3iB,
HaIpUKIIAJ, PU Iepexo/i Bij] CTaJIeBOro 10
CTaJe3aJ1i300€TOHHOTO Mepepi3y BiJMNOBITHO
10 pucyHka 6.12d.

(3) Tam, ne nepBUHHI €PEeKTH TEMIIEpaTypH 1
yCaJIKy BUKIMKAIOTh TIepeaavdy
PO3paxyHKOBOI MO310BKHbOI 3CYBHOI CHIIH
V1,Ed Y€pE3 MEXY PO3MOUTY MK CTAJLIIO 1
3aJ11300€TOHOM Ha KOXXHOMY BUIBHOMY KiHIT
€IIEMEHTA, 10 PO3TIISAIAETHCS, MOYKHA
MPUITYCTUTH, 110 i1 po3noain Oye
TPUKYTHHM 3 MaKCUMAIILHOO 3CYBHOIO
CHJIOIO Ha OJJMHMIIO JOBXHHHU (IUB. pUCYHOK
6.12c1d):

VL,Ed,max — 2 VL,Ed/ Desr (6~ 1 6)
Ha BUIBHOMY KIHIII  TUTUTH, 1€  beff
npeAcTaBisiec  €PEeKTUBHY  IMUPUHY IS

3arajibHOTO PO3paxyHKYy 3riHo 3 5.4.1 (4).

b MicIsIX, ne BUKOPHCTOBYIOTHCS
3’€IHyBaJIbHI CTEpiKHI yIIOpIB, SIK
aNbTEPHATHBY MOXHA IPHUITYCTHTH, IO

PO3MOALI ISl TPAHUYHOT'O CTaHy 32 HECHOIO

6.6.2.4 Local effects of concentrated longitudinal
shear forces at sudden change of crosssections

(1) Concentrated longitudinal shear at the end of the
concrete slab, e.g. due to the primary effects of
shrinkage and thermal actions in accordance with EN
1991-1-5: 2003 should be considered (see Figure
6.12c), and taken into account where appropriate. This
applies also for intermediate stages of construction of
a concrete slab (Fig. 6.12d).

(2) Concentrated longitudinal shear at a sudden
change of cross-sections, e.g. change from steel to
composite section according to Fig. 6.12d, should be
taken into account.

(3) Where the primary effects of temperature and
shrinkage cause a design longitudinal shear force
V1,e4, to be transferred across the interface between
steel and concrete at each free end of the member
considered, its distribution may be assumed to be
triangular, with a maximum shear force per unit length
(Figure 6.12c and d)

VLEd,max — 2 VL,Ed/ beff (6- 1 6)
at the free end of the slab, where betris the effective
width for global analysis, given by 5.4.1.2(4).

Where stud shear connectors are used, for the ultimate
limit state the distribution may alternatively be
assumed to be rectangular along a length betradjacent
to the free end of the slab.
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3/IaTHICTIO OyZe MPSMOKYTHUM y30BK
JOBXKUHU begr, IO MPUIIATAE IO BUIBHOTO
KIHIIS TUTATH.

(4) lnsa po3paxyHKy NEpBUHHHUX €()EKTiB
yCaJKu Ha MPOMDKHUX CTaliAX CIIOPY/HKEHHS
3a711300€TOHHOI IJIUTH, €KBIBAJIEHTHUI
MPOJIBHOT JJISI BUSHAUCHHS IUPUHH Degr y
6.6.2.4 Moxe mpuiMaTucs siK Oe3rnepepBHa
IIOBYKHHA 32113006 TOHHOI IINTH, 1€
(GYHKIIIOHYE 3CYBHE 3'€THAHHS Y MeXaxX
[[LOTO MPOJILOTY.

(5) Sxmo mpu pi3Kiit 3MiHI MOMIEPEYHOTO
nepepisy 3riiHo 3 pucyHKoM 6.12d BuHHKAE
KOHIIEHTPOBAaHA MMO3/I0BXKHSI 3CYBHA CHUJIA,
po3moia cuiu N, IO BUKITUKAHA 3THHOM,
MO’K€ BUKOPHCTOBYBATHC 3TiIHO 3 (3).

(6) MoxHA IPUITYCTUTH, IO 3YCHILISA, SKi
MePEAI0OTHCS SIIEMEHTAaMH 3CYBHOTO
3’€IHAHHS, TOLIIUPIOIOTHCS Y 3a11300€TOHH1
IUTATI i KyToM 23, ne f= arc tan 2/3.

6.6.3 3’eqHyBaJIbHI CTEPsKHI YNIOPIB 3
roJI0BKaMH B CYULIbHMX IJIMTAX i
0eTOHHiH 00010HLI

6.6.3.1 Po3paxyHkoBuii onip

(1) Po3paxyHKkoBUil omip 3pYIIEHHIO CTEPKHS
yIopy 3 TOJIOBKOIO, IKU aBTOMaTUYHO
npuBapeHuit y BignoBigHocTi 10 EN 14555,
Ma€e BU3HAYATHCS 3 BUPA3iB:

2
P, =W, (6.18)
Vv
abo
0,290d” ./ . E.
P, = JorEon s (6.19)
Yy

npuiMaeTbCsl HaliMEHIIe 13 JBOX 3HAuYCHb,
IPUIOMY

a=0,2- (h“”
d

+ 1] st 3<h,,, <4 (6.20)

a=0]l1--gna h, /d>4
Jie Yy — YaCHUM KOCIIlI€HT;
d- niaMeTp CTepikHs yropa, 16 Mm
fu — KoedimieHT, MO BIAMOBIIAE TEXHIYHUM
BHUMOIraM TpaHuIli MIIHOCT1 npu
PO3TATYBaHHI MaTepialy CTEpPKHs yIopy, ajie
He OLmbIni Hixk 500 N/MMZ;
fex - XapaKTEPUCTUIHE 3HAYCHHS
MWTIHIPUYHOT MIITHOCTI HAa CTUCK OETOHY Yy
Billl, IO PO3MVISANAETHCA 3 UIUIBHICTIO HE
MeHIe Hix 1750 kr/m’

(6.21)

(4) For calculating the primary effects of shrinkage at
intermediate stages of the construction of a concrete
slab, the equivalent span for the determination of the
width befrin 6.6.2.4 should be taken as the continuous
length of concrete slab where the shear connection is
effective, within the span considered.

(5) Where at a sudden change of cross-section
according to Figure 6.12d the concentrated
longitudinal shear force results from the force Nc due
to bending, the distribution given by (3) may be used.

(6) The forces transferred by shear connectors should
be assumed to disperse into the concrete slab at an

angle of spread 28, where (= arc tan 2/3.

6.6.3 Headed stud connectors in solid slabs and
concrete encasement

6.6.3.1 Design resistance

(1) The design shear resistance of a headed stud
automatically welded in accordance with EN 14555
should be determined from:

2
Pra = 908/, 14 /4, (6.18)
Yy
or:
0,290d”\/ . E.
> = fck cm , (619)

Vv
whichever is smaller, with:

a=072- (% + 1) for 3<h_,,.4 (6.20)

where:

yv is the partial factor;

d is the diameter of the shank of the stud, 16 mm < d <
25 mm;

fex 18 the characteristic cylinder compressive strength
of the concrete at the age considered, of density not
less than 1750 kg/m’;
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hse — 3arajibHa HOMIHAJIbHA BUCOTA CTEPIKHS
HpHMiTKa: 3HaYeHHS JUIsL 'YV MOXC 6yTI/I HaBCICHO B
HAI[IOHAILHOMY JIOJaTKy. PekoMeHI0BaHEe 3HAUCHHS -
yy=1,25
3BapHa MaH)XeTa Ma€ BIAMOBIIaTH BUMOTaM
EN 13918.

(3) Sxmio crepKHi yHOpiB po3TalIoBaHi
TaKUM YUHOM, 110 B HANPSMKY TOBILIUHU
IUTUTH YTBOPIOIOTHCS PO3KOJIOBAIbHI
3ycuiuisl, MyHKT (1) He 3aCTOCOBYEThCS.

(4) Anst cTepikHiB yropiB 3 JiaMeTpoOM MOHA
25 MM a0 CTEpIKHIB YIIOPIB 31 3BapHUMU
MamKeTaMH, sIKi He BIAMOBIZAaI0Th BUMOTaM
EN ISO 13918, ¢opmynu B 6.6.3.1 (1) nepen
3aCTOCYBAaHHSIM MArOTh OYTH IMiJTBEpPIKEH1
BurnpoOyBanusamu (quB. B.2 EN 1994-1-1:
2004).
6.6.3.2 BiiiiuB po3TAry Ha omip 3CyBYy
(1) Sxmio 3’eqHYBaNBHI CTEPKHI YIIOPIB 3
TOJIOBKaMU MiAJIal0THCS BILTUBY MO30BKHBOT
PO3TATYBaIbHOI CHIIH, LIO JIi€ Ha JOJATOK 0
3pyIIEHHS, HEOOX1THO BU3HAUUTHU
PO3paxyHKOBE PO3TATYBAIbHE 3YCHUIIS HA
CTepKEHb YIOPY Fien
(2) HKHIO Ften < O,IPRd, e PRd €
PO3paxyHKOBHM OITOPOM 3pPYIICHHIO 3TiIHO 3
6.6.3.1, po3TAryBajIbHE 3yCUIIIS MOXKE HE
BPaxOBYBaTHCH.

(3)Axmo Fien > 0,1 PRy, 1aHe 3'€THAHHS
BUXOAUTH 3a pamku 1ii EN 1994,

6.6.4 Ctep:xHi ynopis 3 roJiloBKaMu, ki
BHKJIMKAIOTH PO3KOJIIOBAHHA B HANPSIMKY
TOBIIMHHU MJIUTH
(1) Sxiro B MocTax cTepaH1 ynopis
PO3TAaIIOBaHI TAKUM YHWHOM, IO B HATIPSIMKY
TOBIIVHH TJTATH MOKYTh BUHHUKATH
PO3KOJIIOBANIbHI 3yCUIUIS (IUB. pUCYHOK
6.13), a monepe4yHuii 3CyB BiJICYTHIH,
PO3paxyHKOBHUH OIIip MO3A0BXKHBOMY 3CYBY
MO>KHa BU3HAUUTH 3r1/1HO 3 6.6.3.1 (1), mpu
BUKOHaHHI yMOB (2) 1 (3).

Hpumirka: koo ymoBu, HaBeneHi B (1), He
BUKOHYIOTBHCs, ITpaBUJia MIPOCKTYBAHHA HABOAATHCA Yy
nomatky C.

(2) Cnig nmepenbayatu nonepevyHy apmarypy,
SIK TOKa3aHO Ha PUCYHKY 6.13, Buxoasuu 3
YMOBH, IO ey > 6d, a JOBKHWHA aHKEPYBaHHS
v 2> 14d.

(3) s mpoTuaii po3KOIIOBATEHOMY
3YCHJUTIO CJTiJl BUKOPUCTOBYBATH XOMYTH, 1110
PO3paxoBaHi Ha PO3TATyBaJIbHE 3YCHILISA

hs 1s the overall nominal height of the stud.
NOTE: The value for yy may be given in the National Annex.
The recommended value for vy is 1,25.

(2) The weld collars should comply with the
requirements of EN 13918.

(3) Where studs are arranged in a way such that
splitting forces occur in the direction of the slab
thickness, (1) is not applicable.

(4) For studs of diameter greater than 25 mm, or studs
with weld collars which do not comply with the
requirements of EN ISO 13918, the formulae in
6.6.3.1(1) should be verified by tests, see B.2 of EN
1994-1-1: 2004, before being used.

6.6.3.2 Influence of tension on shear resistance
(1) Where headed stud connectors are subjected to
direct tensile force in addition to shear, the design
tensile force per stud Fie, should be calculated.

(2) If Fien £ 0,1Prqg, where Prq is the design shear
resistance defined in 6.6.3.1, the tensile force may be
neglected.

(3) If Fien > 0,1 PRy, the connection is not within the
scope of EN 1994.

6.6.4 Headed studs that cause splitting in the
direction of the slab thickness

(1) Where, in bridges, headed stud connectors are
arranged in such a way that splitting forces can occur
in the direction of the slab thickness (see Fig. 6.13)
and where there is no transverse shear, the design
resistance to longitudinal shear may be determined
according to 6.6.3.1(1), provided that (2) and (3) are
fulfilled.

NOTE: Where the conditions in (1) are not fulfilled, design rules
are given in the informative Annex C

(2) Transverse reinforcement should be provided, as
shown in Figure 6.13, such that e, > 6d, and the
anchoring length v should be greater than or equal to
14d.

(3) The splitting force should be resisted by stirrups
which should be designed for a tensile force 0.3Prq
per stud connector. The spacing of these stirrups
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0,3Prg Ha 3’€THYBAJIbHUHN CTEPKEHD YIIOPY.
Kpok maHux XOMYTiB Ma€ HE MEePEBUIILYBATH
18d 1 mo310BXHI# KPOK 3'€ THYBATBHUX
CTEp>KHIB YIIODIB.

should not exceed the smaller of 18d and the
longitudinal spacing of the connectors.

' o/
v>14d

X z
® : ' % —
< R
%ﬂ-- --;[—.:é’ © — 0 E ©
e i _° 5 ™

< 18d

Pucynox 6.13 — MicueBa apMaTypa JUisi CIIPUHHATTS PO3KOJIIOBAJILHUX 3yCUITb
Figure 6.13: Local reinforcement for splitting forces

i BIVINB BapiaHTy BUKOHAHHS

6.6.5.1 Omip po3'exHaHHIO

(1) TloBepxHs 3'€eqHYBaAILHOTO €JIEMEHTA, KA
HOPOTHUJIIE PO3NOAUTEYUM 3yCHUIIAM
(HampUKJIIa, HIDKHS YaCTHHA TOJIOBKU
CTEp>KHS yIIOpYy) Ma€e BUCTYNATH, IPUHANMHI,
Ha 30 MM HaJl HUKHBOIO apMaTypPOIO
(pucyHok 6.14).

6.6.5.2 3axucHuii map 0eToHy i OeToHHI
Po0OTH HA MOCTAX

(1)P Ilpu KOHCTpYrOBaHHI €J1€MEHTIB
3CYBHHX 3'€/IHaHb HEOOX1/IHO MepeadaunTu
MOJKJIMBICTh HAJIEKHOTO YIIIJIbHEHHS! OETOHY
HaBKOJIO OCHOBH 3'€/THYBaJIbHOTO €JIEMEHTA.
(2) 3axucHuii map 6eToHy i
3'€JHYBAJIbHUX €JIEMEHTIB Mae OyTH He
MEHIIIMM HIXK 3aXMCHUI 11ap, HEOOXiTHUMN
JUTSL apMaTypH, SIKa pO3TalloBaHa MOPYY 3
TI€I0 K IOBEPXHEIO OETOHY.

(3) IIpu ciopyI>KeHH1 MBUIKICTS 1
MOCHIIOBHICTh OETOHYBaHHS Ma€e OyTH
TaKO¥0, 00 YaCTKOBO 3aCTUTIINI OETOH HE
BUSIBUBCS MOIIKO/PKEHUM Y pe3yJIbTari
00MexeHOi CIiIbHOI pOOOTH BHACTIIOK
nedopmaltii crageBux 0ajgoK Mpu NpoBeIEeHH1
HACTYIHUX onepaiil 6eTonyBanHs. [1o
MOYJIMBOCTI, AehopMarlisi Mae He BIUIMBATH
Ha 3CYBHE 3'€IHaHHSI JI0 TUX ITip, TOKH OETOH
HE JIOCATHE HWIIHAPUYHOT MIIIHOCTI He

MeHIe Hik 20 H/mm>.

6.6.5 KoHCTPOIOBaHHS 3CYBHOIO 3’ €/IHAHHS

6.6.5 Detailing of the shear connection and
influence of execution

6.6.5.1 Resistance to separation

(1) The surface of a connector that resists separation
forces (for example, the underside of the head of a
stud) should extend not less than 30 mm clear above
the bottom reinforcement, see Figure 6.14.

6.6.5.2 Cover and concreting for bridges

(1)P The detailing of shear connectors shall be such
that concrete can be adequately compacted around the
base of the connector.

(2) Cover over shear connectors should be not less
than that required for reinforcement adjacent to the
same surface of concrete.

(3) In execution, the rate and sequence of concreting
should be required to be such that partly matured
concrete 1s not damaged as a result of limited
composite action occurring from deformation of the
steel beams under subsequent concreting operations.
Wherever possible, deformation should not be
imposed on a shear connection until the concrete has
reached a cylinder strength of at least 20 N/mm”.

| 6.6.5.3 MicueBe apMyBaHHS B ILIHTI

\ 6.6.5.3 Local reinforcement in the slab
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(1) Tam, ne 3cyBHe 3'eqHAHHS 3HAXOAUTHCS
MOpYyHY 3 MO3JJ0BKHIM KpaeM OETOHHOT TUINTH,
MoTNepevHa apMaTypa 3rijiHo 3 6.6.6 mae Oyt
MOBHICTIO 3aaHKEpeHa B OETOHI MiX
KPOMKOIO TUIUTH Ta CyMIXKHHUX TOPYY
3'€THYBaJIbHUX €JICMCHTIB.

(2) lnsa 3ano0iraHHs MO3/I0BXKHBOMY
PO3KOIFOBAaHHIO OETOHHOI MTOJUIII
€JIEeMEHTaMH 3CYBHOIO 3’ €JHAHHS,
PEKOMEHIYEThCS 3aCTOCBYBATH TaKi
JTOJIaTKOB1 3aX0/IM TaM, JI€ BIJICTaHb BiJl Kparo
OETOHHOI MOJIHIII IO OCHOBOI JIiHi1
HaNUOIMKIOT0 PSly 3CYBHHX 3'€ JHYBaJIbHUX
€JIEMEHTIB CTAaHOBHUTH MeHIIe HixK 300 MM:
)11 TIOTIEPEYHOT0 apMYyBaHHS HABKOJIO
3CYBHUX 3'€IHYBAIbHHUX CIIEMCHTIB
HeoOxiaHo nponyctuTH U-moaiOHi CTEpKHI;
b) SKIIO B IKOCTI €JIEMEHTIB 3CYBHOTO
3’€JHAHHSI BAKOPUCTOBYIOTHCS CTEPIKHI 3
rOJIOBKaMH, BiZICTaHb BiJl Kparo OETOHHOT
TOJIKH JI0 IIEHTPY HAKOIMKIOTO CTePIKHS
yIopy Ma€e CTaHOBUTH HE MeHIIe Hixk 6d, ne d
- [Ie HOMIHQJIBHUH JiaMeTp CTEPXKHS yIopy, a
B niametpi U-moi6Hi cTepkHI MalOTh OyTH
He MeHmuMHu 3a 0,5 d ;

c)U-nozi0H1 CTepkHI MarOTh PO3MILI[yBaTHCS
SIKOMOT'a HUXKY€, 3a0€3MeUYI0UH MPU I[OMY
JOCTaTHIN HWKHIHM 3aXUCHUI mI1ap OETOHY.
(3)Ha kin11i cTane3anizo0eTOHHOI KOHCOJ1
CIiJl IepeadavaTH TOCTaTHIO KUTbKICTh
MICIIEBOI apMaTypH JIJIsl Iepeadl 3yCuib 31
3'€THYBaJIbHUX €JIEMEHTIB HA MO3/J0BKHIO
apMaTtypy.

6.6.5.4 Bucrynu 3 niimTH, 3a BUHATKOM
BUCTYIIiB, YTBOPEHHX 32 I0MOMOT 010
BHKOPHCTAHHSA NPOQiILOBAHOI CTAJIeBOI
onagxyoKku

(1) Y Bumagkax, KOJH MiXK CTaJleBUM
npodizeM 1 HIKHBOIO TTOBEPXHEI0 0€TOHHOT
IUTUTH BIAIITOBYETHCS OETOHHUHN BUCTYII,
CTOPOHH BYTIB BUCTYITY MAOTh 3HAXOAUTHCS
3a MeXaMH MPSMO1, TPOBEICHOT M1/l KyTOM
45° Bijl 30BHINIHBOTO KParo 3'€JHYBATBLHOTO
eJeMeHTa (MB. pUCYHOK 6.14).

(1) Where the shear connection is adjacent to a
longitudinal edge of a concrete slab, transverse
reinforcement provided in accordance with 6.6.6
should be fully anchored in the concrete between the
edge of the slab and the adjacent row of connectors.

(2) To prevent longitudinal splitting of the concrete
flange caused by the shear connectors, the following
additional recommendations should be applied where
the distance from the edge of the concrete flange to
the centreline of the nearest row of shear connectors is
less than 300 mm:

a) transverse reinforcement should be supplied by U-
bars passing around the shear connectors,

b) where headed studs are used as shear connectors,
the distance from the edge of the concrete flange to
the centre of the nearest stud should not be less than
6d, where d is the nominal diameter of the stud, and
the U-bars should be not less than 0,5d in diameter
and

c) the U-bars should be placed as low as possible
while still providing sufficient bottom cover.

(3)P At the end of a composite cantilever, sufficient
local reinforcement shall be provided to transfer forces
from the shear connectors to the longitudinal
reinforcement.

6.6.5.4 Haunches other than formed by profiled
steel sheeting

(1) Where a concrete haunch is used between the steel
section and the soffit of the concrete slab, the sides of
the haunch should lie outside a line drawn at 45° from
the outside edge of the connector, see Figure 6.14.
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240 MM

230 MM

Pucynok 6.14 — JleramoBaHHS
Figure 6.14: Detailing

(2) HominanbHui 3aXucHU 11ap O€TOHY Bif
014HOT MOBEpXHI ByTa BUCTYITY 10
3'€IHYBaJIbHOT'O €JIEMEHTa Ma€ OyTH He
MeHIIe HiXK 50 MM.

(3) [lomepeuni apmatypHi CTepsKHI 3TiIHO 3
6.6.6 maroTh OyTH nependaveHi B BUCTyMaxX
[UIMTH HA BijgcTadl He MeHII K 40 MM HHIXKYeE
HOBEPXHI 3'€/IHYBAJILHOIO €JIEMEHTA /IS
OPOTHIIT TiIHOMY.

6.6.5.5 Bincranb Mixk 3’ IHYBaJIbHUMU
eJjeMeHTaMH

(1)P Skmio koHCTpyKIIis mepeadavae, Mo
CTIMKICTB cTaneBoro abo OETOHHOTO
eJIeMEeHTa 3a0e3MeUy€eThCs 3a JOITOMOI 010
3'€THaHHS MK HUMH, KPOK €JIEMEHTIB
3CYBHOT'O 3'€/IHaHHS Ma€e OyTH JOCUTh
4acTuM, 1100 1€ IPUITYIICHHS BUSBUIOCS
TIHACHUM.

(2) SAxio nomycKaeThes, 110 CTUCHEHA
CTaJieBa IOJIKY, fIKa B IHIIOMY BUIIa/IKy Oyina
0 B kyaci 3 a0 4, BiIHOCUTBCA 110 Kiacy |
a0o 2, 3aB19K1 0OMEXKEHHIO 3 OOKY 3CYBHHX
3'€JHYBAJIbHUX €JIEMEHTIB, MIXKIIEHTPOBA
BIJICTaHb JIJISl JAHUX €JIEMEHTIB Y HAIIPSIMKY
CTHCHEHHSI HE Ma€ MepeBUIIYBaTH TaKi
IpaHUYHI 3HAUEHHS:

-y MICIISIX, /I TUIUTa KOHTAKTYE 110 BCil
JOBXKMHI (HaNpUKJIIaJ, CyIIbHA TUINTA) -

221, - [235/

- Y MiCLISIX, JIe TUTUTA HE MA€ KOHTAKTY 110
BC1{ JOBKUHI (HapuKiaj, Iumra 3 pedpamu,
PO3TaIIOBaHUMHU B IIONIEPEYHOMY HANPSMKY

TI0 BITHOIICHHIO JT0 OAJIKH) - 15¢, -, 1235/ fy ;

7€ ty— TOBLIMHA TIOJIHIL];

Jy —"HOMIHaJIbHA IPAaHML TEKY4OCT1 CTall
TTOJIHII], H/mm?.

JlomaTkoBO BiICTaHb y MPOCBITI BiJl Kparo
CTUCHYTOI MOJIMIII 1O HAHOIMKIO1 JTiHIT

3CYBHUX 3'€IHYBaJIbHUX €JIEMEHTIB HE Ma€

nepesuiysatu 9¢, - 235/ f;

(2) The nominal concrete cover from the side of the
haunch to the connector should be not less than 50
mm.

(3) Transverse reinforcing bars sufficient to satisfy the
requirements of 6.6.6 should be provided in the
haunch at not less than 40 mm clear below the surface
of the connector that resists uplift.

6.6.5.5 Spacing of connectors

(1)P Where it is assumed in design that the stability of
either the steel or the concrete member is ensured by
the connection between the two, the spacing of the
shear connectors shall be sufficiently close for this
assumption to be valid.

(2) Where a steel compression flange that would
otherwise be in a lower class is assumed to be in Class
1 or Class 2 because of restraint from shear
connectors, the centre-to-centre spacing of the shear
connectors in the direction of compression should be
not greater than the following limits:

— where the slab is in contact over the full length (e.g.

solid slab): 22¢,-,/235/ f, ;

— where the slab is not in contact over the full length
(e.g. slab with ribs transverse to the

beam): 22¢,-,/235/ f;

where:

tf is the thickness of the flange;

fy 1s the nominal yield strength of the flange in N/mm’.
In addition, the clear distance from the edge of a
compression flange to the nearest line of shear
connectors should be not greater than 9 tf'y 235/ f.
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(3) MakcumarnbHa T030BXKHS MIKIICHTPOBA
B1JICTaHb MK OKPEMHUMH 3CyBHE
3'€THYBaJIbHUMU €JIEMEHTAMH HE Ma€
MePEBUIIYBATH TOBIIMHY IIJIUTH OUTBII HIXK y
4 pasu i 800 Mm.

(4) 3'ennyBanbHI €JIEMEHTH MOXKYTh
PO3MIIIYBAaTUCS TPYIIAMHU 3 BIJICTAHHIO MIX
HUMH, sIKa TIEPEBUIIY€ BiJICTaHb, BKa3aHy IS
OKpEeMUX 3'€IHYBATBHHX €IEMEHTIB, 32
YMOBH, 10 B TPOEKT1 BpaXOBaHO TaKe:

- HEpIBHOMIpHUH pO3MOiJ O3/I0BKHBOTO
3CYBY;

- 30LIBIIEHHS] MOKJIIMBOCTI ITPOCIIM3aHHS 1
BEPTUKAIBHOTO PO3MOALTY MIXK IUTMTOIO 1
CTaJICBHM €JIEMEHTOM;

- BTparta CTIMKOCTI CTaJICBOI ITOJIHIII;

- MICIIEBH OTIip TUIMTH BILTUBY
KOHIIEHTPOBAHOI CUJIH BiJ 3'€THYBaJIbHUX
€JIEMEHTIB.

6.6.5.6 Po3mipu cTrasneBoi moamui

(1)P ToBuuHa craneBoi njaacTUHU ado
MOJIUIIL, 10 SIKOT IPUBAPIOETHCS
3'€eJTHYBAJIbHUH €JIEMEHT, Ma€ OyTH
JOCTAaTHBOIO /1715 3a0€3MeUeHHs] HOPMaJIbHOTO
3BapIOBaHHs 1 epeiayul HaBaHTAKEeHHS 31
3'€THYBaJILHOTO €JIEMEHTA Ha TOJHUITI0 Oe3
MICIIEBUX BIAMOB 200 MIiIBUIIEHOT
nedopmariii.

(2) Biacranb ep MK KpaeMm 3'€IHYBaJIbHOTO
€JIeMEeHTa 1 KpaeM MONUIl OaIKu, 10 K01 BiH
MpUBapPIOEThCs (AUB. pUCYHOK 6.14), Mae
OyTH HE MEHIIIEe HIX 25 MM.

6.6.5.7 3’ennyBanbHi cTep:kHi ynopis 3
roJIOBKaMH

(1) 3aranpHa BUCOTa CTEPKHS YIOPY Ma€
Oytu He MeHIe 3d, e d € niaMmeTpom
CTEePXKHSI.

(2) HiameTp roloBKM Ma€e CTaHOBUTH HE
MeHIe Hix 1,54, a BUcOTa - He MEHIIIE HiX
0,4d.

(3) st pO3TATHEHHUX €IEMEHTIB, 1110
IT1JTAF0THCSI BIUTUBY BTOMHOTO
HABaHTAXCHHS, J1aMeTp CTEPKHS YIOpYy, 110
TIPUBAPIOETHCS, MOKE TICPEBHIIYBATH
TOBIIMHY TOJHIIL, IO SKO1 BiH MPUBAPIOETHCS
He OubIIe HIX yB 1,5 pa3u, 3a BIZICYTHOCTI
BUINIPOOYBATLHUX JTaHUX ISl BCTAHOBJICHHS
BTOMHOI MIITHOCTI CTEPKHSI YIIOPY 5K
3CYBHOTO eneMeHTYy. Lle BigHOCHThCS 1 10
CTEP’KHIB YIOPiB O€3MocepeTHHO Hall
CTiHKOIO.

(3) The maximum longitudinal centre-to-centre
spacing of individual shear connectors should not
exceed the lesser of four times the slab thickness and
800 mm.

(4) Connectors may be placed in groups, with the
spacing of groups greater than that specified for
individual shear connectors, provided that
consideration is given in design to:

- the non-uniform flow of longitudinal shear,

- the greater possibility of slip and vertical separation
between the slab and the steel member,

- buckling of the steel flange, and
- the local resistance of the slab to the concentrated
force from the connectors.

6.6.5.6 Dimensions of the steel flange

(1)P The thickness of the steel plate or flange to which
a connector is welded shall be sufficient to allow
proper welding and proper transfer of load from the
connector to the plate without local failure or
excessive deformation.

(2) The distance ep between the edge of a connector
and the edge of the flange of the beam to which it is
welded, see Figure 6.14, should not be less than 25
mm.

6.6.5.7 Headed stud connectors

(1) The overall height of a stud should be not less than
3d, where d is the diameter of the shank.

(2) The head should have a diameter of not less than
1,5d and a depth of not less than 0,4d.

(3) For elements in tension and subjected to fatigue
loading, the diameter of a welded stud should not
exceed 1,5 times the thickness of the flange to which it
1s welded, unless test information is provided to
establish the fatigue resistance of the stud as a shear
connector. This applies also to studs directly over a
web.
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(4) Kpok cTepxHiB yHOpiB Y HalIpsIMKY
3CYBHOTO 3yCUJUISA Ma€ OyTH HE MEHIIIE HiXK
5d; KpoK y HOIepeuHOMY HaIPSIMKY 110
3CYBHOI'O 3yCHJUIS - HE MEHIIE HIXK 2,5 d 'y
CYLIUTBHUX MOHOJIITHUX TUIHTAaX 1 4d - B
IHIINX BUIAIKAX.

(5) 3a BUHATKOM BUMAJIKIB, KOJIU CTEPXKHI
YIIOPiB PO3TAIIOBaHO O€3MOCepeIHbO Hall
CTIHKOIO, JlaMeTp NMPUBAPIOBAHOTO CTEPIKHS
HE Mae€ TIEPEeBUIIYBaTH OLIbIIE HIXK Yy 2,5 pa3u
TOBILMHY TOTO €JIEMEHTA, JI0 KOO BiH
MIPUBAPIOETHCS 3a BIJICYTHOCTI
BUNIPOOYBAJIbHUX JAHUX JUIS BCTAHOBJICHHS
OTIOPY CTEPXKHS YIOPY SIK 3CYBHOTO
3'€IHYBaJILHOTO €JIEMEHTA.

6.6.6 I1o310BxKHili 3cCyB Y 0€TOHHUX IIUTAX
6.6.6.1 3ara;bHi MoJ10KeHHS

(1)P [Nomepeuny apMatypy B IUIUTI
PO3paxoOBYIOTh HA TPAaHUYHUIN CTaH 32 YMOBH
BTPATH HECHOI CIPOMOKHOCTI TAKUM YHHOM,
1100 BUKJIIOYUTH NIepeIdacHe pyHHyBaHHS
IIPY TI03/I0BKHBOMY 3CYBi 200 ITO3/J0BKHE
PO3KOJIFOBAHHS.

(2)P Po3paxyHkoBe Hanpy>KEHHSI
M03/I0B)XKHBOT'O 3CYBY JIsl Oy/1b-KOT
MOTEHLIHHOT MOBEPXHI pyHHYBaHHS IPU
M03/10B)KHbOMY 3CYyBI1 B MEXaX IUIMTH HE MA€
MEPEBUILLYBAaTH PO3PAXYHKOBY MIIHICTh Ha
MO3/0BKHI{ 3CYB MMOBEPXHI, 110
PO3TISIIAETHCA.

(3) doBxuHa noBepXHi 3CyBY b-b, 1110
HaBeZeHa Ha pUCYHKY 6.15, mae mpuiimarucs
TaKoI0, 110 JOPIBHIOE BEIUYUHI 2/, TUTIOC
JiaMeTp TOJOBKH ISl CTEP)KHIB 3CYBHHX
3’€IHaHb, PO3TALIOBAHUX B OJIMH psijl a00 B
[IaXOBOMY MOPSAKY, a00 JOPIBHIOIOTh
BennuuHi (245, + st) TUTIOC JiaMeTp TOJOBKH
JUISL CTEPIKHIB 3CYBHOTO 3’ €THAHHSA, K1
PO3TaIIOBAaHO MapamH, e A, - BUCOTa
CTEpXKHIB, a St - TOMEPEYHUI MIXKIIEHTPOBA
KPOK CTEpHIB 3CYBHOT'O 3'€/THaHHS.

(4) Po3paxyHkoBUI MTO370BXKH1I 3CYyB Ha
OJIMHUIIIO TOBKUHM OaJIKK Ha MOBEPXHI
3CYBY Ma€ BU3HAYATHCS 3T1AHO 3 6.6.2 1
BIJIMIOBIJaTH KOHCTPYKIIi 1 KPOKY 3CYBHHX
3'€THYBaJIbHUX €JIEMEHTIB.

JlomyckaeThest 00K 3MiH TIO3I0BXKHBOTO
3CYBY O IIUPHHI OETOHHOI MOJIKH.

(5) s ko’)kHOTO THUITY IOBEPXOHB 3CYBY, 1110
PO3TISAAIOTHCS, PO3PAXYHKOBE HAIIPYKEHHS
MI03/I0B)KHBOT'O 3CYBY Vg4 Ma€ BU3HAYATHUCS Ha

(4) The spacing of studs in the direction of the shear
force should be not less than 5d; the spacing in the
direction transverse to the shear force should be not
less than 2,5d in solid slabs and 4d in other cases.

(5) Except when the studs are located directly over the
web, the diameter of a welded stud should be not
greater than 2,5 times the thickness of that part to
which it is welded, unless test information is provided
to establish the resistance of the stud as a shear
connector.

6.6.6 Longitudinal shear in concrete slabs

6.6.6.1 General

(1)P Transverse reinforcement in the slab shall be
designed for the ultimate limit state so that premature
longitudinal shear failure or longitudinal splitting shall
be prevented.

(2)P The design longitudinal shear stress for any
potential surface of longitudinal shear failure within
the slab shall not exceed the design longitudinal shear
strength of the shear surface considered.

(3) The length of the shear surface b-b shown in
Figure 6.15 should be taken as equal to 24sc plus the
head diameter for a single row of stud shear
connectors or staggered stud connectors, or as equal to
(2hsc + st) plus the head diameter for stud shear
connectors arranged in pairs, where Asc is the height of
the studs and st is the transverse spacing centre-to-
centre of the studs.

(4) The design longitudinal shear per unit length of
beam on a shear surface should be determined in
accordance with 6.6.2 and be consistent with the
design and spacing of the shear connectors.

Account may be taken of the variation of longitudinal
shear across the width of the concrete flange.

(5) For each type of shear surface considered, the
design longitudinal shear stress ved should be
determined from the design longitudinal shear per unit
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HiJCTaBi PO3PaxyHKOBOTO MO3/I0BKHBOTO
3CYBY Ha OIMHUIIIO JOBXXUHU OaJIKH 3
ypaxyBaHHIM KUIBKOCTI IUIOIIMH 3CYBY 1
JOBKMHH MTOBEPXHI 3CYBY.

length of beam, taking account of the number of shear
planes and the length of shear surface.

a A,

? I’Abh '_A!
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8 d d b
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A hd =T|T_!_T|T' '; =
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b-b 2 Ay
c-C 2 Ay
d-d 2 Awy

Pucynok 6.15 - TumoBi moTeHIiiHI TOBEPXHI pyHHYBaHHS IPHU 3CYBi
Figure 6.15: Typical potential surfaces of shear failure

6.6.6.2 Po3spaxyHnkosuii omip
MO310BKHbOMY 3CYBY

(1) Po3paxyHkoBa MillHiCTh O€TOHHOT MOJIHII
Ha 3CyB (IJIONTUHY 3CYBY THITY d-d, PUCYHOK
6.15) mae Bu3HavyaTuch 3rigHo 3 EN 1992-1-
1:2004, 6.2.4.

(2) 3a BiACYTHOCTI O1JIBIII TOYHOTO METOAY
pO3paxyHKOBa MIITHICTh Ha 3CYB OyIb-sIKO1
MOBEPXHi, 110 MOTEHIIITHO PYHHYETHCS TIPH
3CYBI1 B MOJIKIII a00 BUCTYIII ITUTH, Ma€
Bu3Hauatucs 3rigHo 3 EN 1992-1-1:2004,
6.2.4 (4). st moBepxH1 3CYBY, IO
MIPOXOUTH HABKOJIO 3CYBHHX 3'€ THYBaTbHUX
€JIEMEHTIB (HalpUKJIIa, IOBEPXHS 3CYBY
tuny b-b, pucyHok 6.15), po3mip h¢ Mae
MIPUIMATHCS K JIOBKHHA TTOBEPXHI 3CYBY.
(3) Pobouy nonepeuny apmatypy Ha
OJMHUIIIO JOBXUHHU Agr/ Sp, EN 1992-1-
1:2004, ciig BCTaHOBIIOBATH SIK HaBEAEHO HA
pucyHKy 6.15, ne Ap, A¢1 Aph - TUIOIII
apMaTypy Ha OJUHUIIIO JOBXUHU OaKu, SIKY
3aaHKepoBaHo BiAmoBigHO 10 EN 1992 -1-
1:2004, 8.4, nJist MO3/10BXKHBOI apMaTypH.

6.6.6.2 Design resistance to longitudinal shear

(1) The design shear strength of the concrete flange
(shear planes a-a illustrated in Figure 6.15) should be
determined in accordance with EN 1992-1-1: 2004,
6.2.4.

(2) In the absence of a more accurate calculation the
design shear strength of any surface of potential shear
failure in the flange or a haunch may be determined
from EN 1992-1-1: 2004, 6.2.4(4). For a shear surface
passing around the shear connectors (e.g. shear surface
b-b in Figure 6.15), the dimension A¢ should be taken
as the length of the shear surface.

(3) The effective transverse reinforcement per unit
length, Asf/sfin EN 1992-1-1: 2004, should be as
shown in Figure 6.15, in which Ab, At and Abh are
areas of reinforcement per unit length of beam
anchored in accordance with EN 1992-1-1: 2004, 8.4
for longitudinal reinforcement.
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(4) SIK1IO0 BUKOPHUCTOBYETHCS KOMOIHAIIS 13
30ipHUX €JIEMEHTIB 1 MOHOJITHOTO OETOHY,
MIIHICTh MPH MO3/I0BXKHEOMY 3CYBi1 Ma€
BU3Hauatucs 3rigHo 3 EN 1992-1-1:2004,
6.2.5.

6.6.6.3 MinimabHa nonepeyHa apMarypa
(1) MiniManbHY TUIOITY apMaTypH CIIiJT
Bu3Hauaty 3rigHo 3 EN 1992-1-1:2004, 9.2.2
(5), 3 BUKOpHUCTAHHSIM BU3HAYCHbD, 10
BIZTHOCSITHCSI IO TIOTIEPEYHOI apMaTypH.

6.7 Crane3aiz00eTOHHI CTIMKM i
cTaje3a/1i300eTOHHI CTHCHEHI eJleMeHTH
6.7.1 3arajibHi 0JI0KEHHS

(1) P Lleit migpo3main ctocyeTbes
MPOEKTYBaHHS CTae3a1i300eTOHHUX CTIHOK 1
CTaJIe3a1i300€TOHHUX CTUCHYTHX €JICMEHTIB
3 repepizamMu B OETOHHINM 000JIOHITI,
nepepizaMu, sSKi YaCTKOBO MICTATHCS B
000JIOHIII, MPSMOKYTHHX 1 KPYTJIUX TPYO,
3aroOBHEHUX OETOHOM (PUCYHOK 6.17)

(2) P anuii po3aia cTOCyeThCs CTIHOK 1
CTHUCHYTHUX €JIE€MEHTIB 31 CTalll MapKH Bij
S235 no S460 i 3BMUaitHOrO BaKKOTrO OETOHY
kiacy MinHocTi Big C20/25 no C50/6

(4) Where a combination of pre-cast elements and in-
situ concrete is used, the resistance to longitudinal
shear should be determined in accordance with EN
1992-1-1: 2004, 6.2.5.

6.6.6.3 Minimum transverse reinforcement

(1) The minimum area of reinforcement should be
determined in accordance with EN 1992-1-1:2004,
9.2.2(5) using definitions appropriate to transverse
reinforcement.

6.7 Composite columns and composite compression
members

6.7.1 General

(1)P Clause 6.7 applies for the design of composite
columns and composite compression members with
concrete encased sections, partially encased sections
and concrete filled rectangular and circular tubes, see
Figure 6.17.

(2)P This clause applies to columns and compression
members with steel grades S235 to S460 and normal
weight concrete of strength classes C20/25 to C50/60

S b Y
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Pucynok 6.17 - TumoBi nmomnepeuHi nepepizu cTane3anizo0eTOHHUX CTIHOK 3 TO3HAYCHHSIMHU
Figure 6.17: Typical cross-sections of composite columns and notation

(3) Le#t po3aist CTOCYETHCS OKPEMHUX CTIHOK,
a TaKOJK CTIHOK 1 cTaie3ani300eTOHHUX
CTHCHYTHX €JIEMEHTIB Y paMHHX
KOHCTPYKIIISAX, /1€ THIITMMH
KOHCTPYKTHBHUMH YaCTHHAMH €
craje3ani3o0eToHHI a00 CTajeBl €JIEMEHTH.
(4) KoedirrieHT BMICTKY CTalmi 0 Mae
BIJIMOB1/IaTH TaKiii yMOBI:

02< 68 <09 (6.27)

(3) This clause applies to isolated columns and
columns and composite compression members in
framed structures where the other structural members
are either composite or steel members.

(4) The steel contribution ratio J should fulfil the
following condition:

02< 68 <09 (6.27)
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JIe BU3HAYAETHCS y BIAMOBIAHOCTI 10 6.7.3.3
(1).

(5) Crane3anizo0eToHHI CTiHKK a00 CTUCHEHI
€JIEMEHTH OyAb-SIKOTO MONEPEYHOTo Mepepizy
CIIiJ] IEPEBIPATH Ha:

- MILHICTH €JIEMEHTIB 3rigHo 3 6.7.2 abo
6.7.3;

- MiCIIEBY BTpaTy CTiKoCTi 3riHO (8) 1 (9);

- BBEJICHHS HaBaHTaXEHb 3TigHo 3 6.7.4.2;

- OIIip 3PYIICHHIO Mk CTAJICBUMH 1
OCTOHHUMHU eJIeMEHTa

(6) MoxHa BUKOPUCTOBYBATHU JBa METOAU
MPOSKTYBaHHS:

- 3araJIbHUI METOJ 3T1IHO 3 6.7.2, aKkuii
OXOILTIOE €JICMEHTH 3 HECUMETPUIHUMH 200
3MIHHUMH TIepepi3aMu 110 JIOBKHHI KOJIOHHU;

- CIIPOIIEHUI METOJ 3TiIHO 3 6.7.3 s
€JIEMEHTIB 3 IepepizaMH, 10 MarTh JIBi OCl
CUMETpIi, 1 TOCTIHHUMMU I10 JTOBXKUHI
nepepizamu eJeMeHTa.

(7) Honst crane3anizo0eTOHHUX CTUCHEHHUX
€JIEMEHTIB, 110 Mi1al0ThCs BILTUBY
3TUHAJIbHUX MOMEHTIB 1 HOPMaJIbHUX CHUJI, SIK1
€ Pe3yJIbTaTOM HE3aJIeXKHOTO BILTUBY, YACHHMA
KOe(ILIEHT Y A1 JAHUX BHYTPIIIHIX CHII,
SK1 BEAYTh /10 MIABUILEHHS ONOpPY, Mae OyTu
3MeHIeHo Ha 20%.

(8) Ilpu mpoexTyBaHH1 Ma€ OyTu
BpPaxOBYBaHO BILJIUB MiCIIEBOI BTpaTH
CTIMKOCTI IPH MO3/I0B)KHbOMY 3THHI
CTaJIeBOI'O Tepepi3y Ha omip.

(9) BruiuB micuieBoi BTpaTu CTIHKOCTI pU
MO37I0B’)KHBOMY 3THHI MOXE HE
BpPaxOBYBATHCS JIJIS CTAJIEBOTO TIEpPepi3y, AKe
MOBHICTIO 3HAXOAUTHCS Y OOOJIOHIII 3T1THO 3
6.7.5.1 (2), a TakoX IS THIITUX TUITIB
MOTIEPEYHOT0 TIepepizy 3a YMOBH, 1110 HE
MepPEeBUIIIEHI MaKCUMaJTbHI 3HAYEHHS, K1
HaBeJIeHO B TabmuIli 6.3 .

where § is defined in 6.7.3.3(1).

(5) Composite columns or compression members of
any cross-section should be checked for:

— resistance of the member in accordance with 6.7.2 or
6.7.3;

— resistance to local buckling in accordance with (8)
and (9) below;

— introduction of loads in accordance with 6.7.4.2 and
— resistance to shear between steel and concrete
elements in accordance with 6.7.4.3.

(6) Two methods of design are given:

— a general method in 6.7.2 whose scope includes
members with non-symmetrical or nonuniform
cross-sections over the column length and

— a simplified method in 6.7.3 for members of doubly
symmetrical and uniform cross section over the
member length.

(7) For composite compression members subjected to
bending moments and normal forces resulting from
independent actions, the partial factor y F for those

internal forces that lead to an increase of resistance
should be reduced by 20%.

(8)P The influence of local buckling of the steel
section on the resistance shall be considered in design.

(9) The effects of local buckling may be neglected for
a steel section fully encased in accordance with
6.7.5.1(2), and for other types of cross-section
provided the maximum values of Table 6.3 are not
exceeded.
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Tabmuus 6.3 — MakcumanbHi 3HaueHHs (d/t), (h/t) u (b/ty) 3 fy, H/vm?
Table 6.3: Maximum values (d/?), (h/t) and (b/t;) with fyin N/mm?

[Tonepeunuii nmepepis
Cross-section

MaxkcuManbHi 3HaduenHs d/t, h/t u b/t
max (d/t), max (h/t) and max (b/f)

Kpyrnuii mopoxHucTHii cTaneBuid mpodiib
Circular hollow steel sections

e

-+

mzatx(a’/t)=90-ﬁ
J

y

[IpssMOKYTHU TTOPOKHUCTHH cTareBUil mpodiib

Rectangular hollow steel sections

max (h/t)=752 23
= 7
I-npodine y 4acTKOBiH 000IOHII
Partially encased /-sections
d b ™
2
max (b/t)=44 - =)

A

6.7.2 3araabHuii MeTOX NPOCKTYBAHHS

(1) P Ilpu npoexTyBaHHI KOHCTPYKIII{
HEOOX1JJTHO BPaxOBYBaTH BIUIMBU JPYroro
MIOPSI/IKY, BKJIFOYAIOUH 3aJTHIITKOBI
HaNpy>KeHHs, TeOMETPUYHI BIIXUIICHHS,
MICIIEBY BTpaTy CTIHKOCTI,
TPILIMHOYTBOPEHHS B OETOHI, MOB3YUICTb 1
ycaaky 0eToHy, racTuyHi aedopmarii
KOHCTPYKLIHHOT cTaii 1 apmarypu. [Ipoekt
Ma€ TapaHTyBaTH, IO BTpaTa CTIHKOCTI HE
BiIOYZETHCS ISl HAWO1IBII HECTIPUSTIUBOTO
MO€THAHHS BIUIMBIB Y TPAHUYHOMY CTaHi 3a
YMOBH BTpPaTH HECHOI 3[JaTHOCTI 1 1110 He Oyie
MEPEBUILIEHO OMIpP 1HAUBITyaTbHUX
MOTIEPEYHUX TIepepi3iB, K MiITAI0THCS
BIUIMBY 3THHY, II03/I0BXXHBOI CHJIU 1 3CYBY.
(2) P BrmuBu qpyroro mopsiaKy Cliifg
BPAaxOBYBAaTH B Oy/b-IKOMY HalpsMKY,

6.7.2 General method of design

(1)P Design for structural stability shall take account
of second-order effects including residual stresses,
geometrical imperfections, local instability, cracking
of concrete, creep and shrinkage of concrete and
yielding of structural steel and of reinforcement. The
design shall ensure that instability does not occur for
the most unfavourable combination of actions at the
ultimate limit state and that the resistance of
individual cross-sections subjected to bending,
longitudinal force and shear is not exceeded.

(2)P Second-order effects shall be considered in any
direction in which failure might occur, if they affect
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B SIKOMY MOXX€ BiIOyTHCS pYHHYBaHHS, 32
YMOBH, 10 BOHU POOJISATH 3HAYYIIIHI BILTUB
Ha CTaOlIBHICTh KOHCTPYKIIII.

(3) P BayTpimmHi 3ycuiuist MaroTh
BU3HAYATHUCS 32 IOTIOMOTOI0 TIPY>KHO-
IJIACTUYHOTO PO3PAXYHKY.

(4) Mo>xHa OTTyCTUTH, LIO TUIOCKI Tepepizu
3aUIIAThCA MIIOCKUMH. M1X CTaleBUMH 1
OETOHHUMH KOMITOHEHTaMH €JIEMEHTY MOXKE
nepeadavaTrcs MOBHA CyMiCHa poOoTa ax 10
pyVHYBaHHS.

(5) P Miunicth 6€TOHY Ha PO3TSAT HE CIIiJT
Oparu 1o ysaru. [Ipu oMy Moske
BpPaxOBYBAaTHCsI BILIUB KOPCTKOCTI MPHU
pO3TATYBaHHI O€TOHY MiX TpIIIMHAMH Ha
YKOPCTKICTh IIPH 3THHI
(6) P BrumuB ycaiku i MoB3y40CTi Ma€e
BpPaxOBYBATHCS B TOMY BHUIIAJIKY, SIKIIIO BOHH
MOXKYTh y 3Ha4YHIN Mipi 3HU3UTH
CTaOIIbHICTh KOHCTPYKIIII.

(7) 3 MeTOr0 CIIpOIIeHHS, BIUIUB MTOB3YYOCTI i
yCaJIKi MOKE€ HE BPaXOBYBATUCA, SKIIO
T IBUIIICHHS 3THHATBHIX MOMEHTIB MIEPIIIOTO
MOPSAIKY, 110 BUKJIMKaHe JehopMalliero
MTOB3Y4YOCTI 1 MO3/IOBXKHBOIO CUIIOIO Yepe3
MOCTIiiHI HABaHTAXCHHHSI, HE TIEPEBUIIY€E
10%.

(8) IIpu mpoBeaeHH1 HeNMiHIHUX
pO3paxyHKiB MalOTh BUKOPUCTOBYBATHCS TaKl
3aJIeKHOCTI 1ehopMallii BiJl HANpyKeHb:

- JUIsl CTUCHYTOTO O€TOHY - 3riiHo 3 EN

1992-1-1:2004, 3.1.5;

- JUIsl apMaTypHoi crani - 3rigHo 3 EN 1992-

1-1:2004, 3.2.7;

- JUTsl KOHCTPYKIIMHOI cTani - 3rimiHo 3 EN

1993-1-1:2005, 5.4.3 (4).

(9) 3 meTot0 CIPOIIEHHS, 3aMICTh BIUIUBY
3JTUIIIKOBUX HANPY)KEHb Ta TEOMETPUIHHIX
BiJIXHJIEHb MOKYTh BUKOPHUCTOBYBATHUCS
€KBI1BaJICHTH1 IOYaTKOBI1 Aedopmariiiiti
BIIXWJICHHS (BIIXHWIJICHHS €JIEMCHTIB),
HaBeaeHl B Tabuui 6.5.

6.7.3 CnpomieHnii MeTO NPOCKTYBAHHS
6.7.3.1 3arajbHi moyio:keHHs Ta chepa
3aCTOCYBAHHA

(1) Obnactb 3acTocyBaHHS LILOTO
CIIPOLIEHOTO METOly OOMEXKYEThCS
eJIeMEeHTaMHU 3 Tlepepi3aMu, 10 MarOTh JB1 OC1
CUMETpii, 1 HOCTIHHUM MO JOBXKHUHI
nepepizoM eJleMeHTa 3 MPOKaTHUMU,
XOJIOHOIITAMIIOBAHUM 200 3BapHUMU

the structural stability significantly.

(3)P Internal forces shall be determined by elasto-
plastic analysis.

(4) Plane sections may be assumed to remain plane.
Full composite action up to failure may be assumed
between the steel and concrete components of the
member.

(5)P The tensile strength of concrete shall be
neglected. The influence of tension stiffening of
concrete between cracks on the flexural stiffness may
be taken into account.

(6)P Shrinkage and creep effects shall be considered if
they are likely to reduce the structural stability
significantly.

(7) For simplification, creep and shrinkage effects
may be ignored if the increase in the first-order
bending moments due to creep deformations and
longitudinal force resulting from permanent loads is
not greater than 10%.

(8) The following stress-strain relationships should be
used in the non-linear analysis:

— for concrete in compression as given in EN 1992-1-
1: 2004, 3.1.5;

— for reinforcing steel as given in EN 1992-1-1: 2004,
3.2.7;

— for structural steel as given in EN 1993-1-1: 2005,
5.4.3(4).

(9) For simplification, instead of the effect of residual
stresses and geometrical imperfections, equivalent
initial bow imperfections (member imperfections) may
be used in accordance with Table 6.5.

6.7.3 Simplified method of design
6.7.3.1 General and scope

(1) The scope of this simplified method is limited to
members of doubly symmetrical and uniform cross-
section over the member length with rolled, cold-
formed or welded steel sections.
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CTAJICBUMU TIEpPEPI3aMHU.

CriporieHuit MeToJ1 He 3aCTOCOBYETHCS, SIKIIIO
KOMITOHEHT 3 KOHCTPYKLIHHOT cTai
CKJIAAETHCS 3 IBOX a00 OUIbIIE HE3 '€ HAHUX
nepepiziB. BinHocHa rHyuKicTh A , IO
BH3HaueHa B 6.7.3.3, Mae BiAmoBigaTH Takii
YMOBI:

A <20 (6.28)
(2) ns MOBHICTIO YKJIAJIEHOTO B OOOJIOHKY
cTaieBoro npodinto (auB. puCyHOK 6.17a)

MOXYTh BUKOPUCTOBYBATHUCS TaKi
OOMEXeHHS 3 MaKCHMajbHOI  TOBIIWHHU
OCTOHHOTO MMOKPUTTSI:

max ¢, = 0,3hmax ¢, =0,4 b (6.29)
(3) Ilo3moBxHs apmarypa, SKa MOXe

BUKOPHCTOBYBATHCS TIPH PO3PaxyHKax, HE
Mae nepeBuIryBaTu 6% ol 6eToHy.

(4) BigHomeHHS BHCOTH 10 HIMPHHU
cTane3aaiz00eTOHHUX nepepizy Mae
3HaxoauTUCs y Mexax Bin 0,2 1o 5,0.

6.7.3.2 Onip nonepeyHux nepepisin

(1) Omip mnnmactuynoi nedopmamii Tpu
CTUCHEHHI  Npj,rd craje3ainizo0eTOHHUX
nepepizy Mae pPO3paxoByBaTUCS 3a

JIOTIOMOTOI0 JTOJJaBaHHS IJIACTUYHUX OIOpPIB
HOro KOMITOHEHTIB:

Npl,Rd = Aafyd + 0,85 Ac fea + As fsd (6.30)
Bupa3z (6.30) 3acTOCOBY€TBCS 7O CTajIeBOTO
npodit0 B TOBHIM 1 4acTKoBiii OeTOHHIN
oOonoHui. /Jlns mepepi3iB, 3alOBHEHHX
O6eroHoMm, 3amicTh Koedimienta 0,85 wmae
BUKOPHUCTOBYBaTHCS KoedimieHt 1,0.

(2) Omip momepeyHoro mnepepizy CHUIbBHOMY

BIUIMBY CTHUCHEHHS 1 3THHY a TaKoX
BIIMOBIIHA ~ KpHUBa  B3aEMOJii  MOXYTh
pPO3paxoByBaTHCS 3a JIOITOMOT' OO0
OPSIMOKYTHUX  €MIOp  HamlpyKeHb  (JIUB.

PUCYHOK 6.18), 3 MPUMHATTAM PO3paxyHKOBOT
cunmu 3cyBy Vg 3rimHO 3 (3). MinHicTh
OETOHY Ha PO3TAT HE BPAXOBYETHCSICS

The simplified method is not applicable if the
structural steel component consists of two or more
unconnected sections. The relative slenderness A4
defined in 6.7.3.3 should fulfil the following
condition:

A <20 (6.28)
(2) For a fully encased steel section, see Figure 6.17a,
limits to the maximum thickness of concrete cover
that may be used in calculation are:

max ¢, = 0,34 max ¢, = 0,4 b (6.29)
(3) The longitudinal reinforcement that may be used in
calculation should not exceed 6% of the concrete area.

(4) The ratio of the cross-section’s depth to width of
the composite section should be within the limits 0.2
and 5.0.

6.7.3.2 Resistance of cross-sections

(1) The plastic resistance to compression Npi,rq 0f @
composite cross-section should be calculated by
adding the plastic resistances of its components:

Nol,rd = Aa fya + 0,85 Ac fea + As fad (6.30)
Expression (6.30) applies for concrete encased and
partially concrete encased steel sections. For concrete
filled sections the coefficient 0.85 may be replaced by
1.0.

(2) The resistance of a cross-section to combined
compression and bending and the corresponding
interaction curve may be calculated assuming
rectangular stress blocks as shown in Figure 6.18,
taking account of the design shear force VEd in
accordance with (3). The tensile strength of the
concrete should be neglected.

75



arymarenko
Прямоугольник


Pucynok 6.18 — KpuBa B3aeMOJil 11 CyMICHOTO CTHCKY Ta OOJHOOCHOBOTO 3THHY
Figure 6.18: Interaction curve for combined compression und uniaxial bending

(3) BruinB momnepeyHux 3CYBHHX CHJI Ha OITip
3TUHY 1 JAII0 HOpMajbHOI CHIIM Mae OyTu
BPaxoBaHO TiJ dYac pPO3paxyHKYy KPHBOI
B3a€MO/I11, AKIIO CUia 3CYBY Vygd, IO Ji€ HA
crameBuid  mepepiz  mepeumye  50%
PO3pPaxyHKOBOIO OINOPY 3pPYLIEHHIO FplaRrd
CTaJIEeBOTO Tiepepi3y (muB. 6.2.2.2).

Sxmo Vagd > 0,5Vp1ard, BIUIMB IIOIEPEYHOTO
3CYBY Ha OMIp MPH CHUTBHOMY 3THHI 1 CTUCKY
Ma€e  BpaxoByBaTHCA  3a  JIOIIOMOI'OIO
BUKOPUCTaHHS 3MEHIIEHOI pPO3PaxyHKOBOI
minHocTi craini (1 - p) fya B obnacti 3cyBy 4,
3riHO 3 6.2.2.4 (2) 1 pucyHKy 6.18.

3cyBHa cuna V, gq He Ma€ MepeBUIyBaTH OMIp

3pYLIEHHIO  CTajleBOro  mnpoduio,  SKul
BU3Ha4yaeThcst  3ritHo 3 6.2.2.  Omip
3pylIeHHI0 Vg4 3ami300€TOHHOI YacTUHU

nepeBipsieTbes BiAnoBigHO 10 EN 1992-1-
1:2004, 6.2.8.

(4) Sxmo He BUKOPHCTOBYETbCS OUIBII
TOYHHUUA METOJl, BENWYMHA VEd MOXe OyTu
po3/ijieHa Ha BEIMYUHY VaEd , 110 BIUIMBAE
Ha KOHCTPYKLIWHY CTajib, 1 BEIUYUHY VcEd ,
10 BIUIMBAE HA 3aT1300€TOHHUM TTepepis:

M
V, gy =Vig — 225 (6.31)
pl,Rd
Vc,Ed = VEd - Va,Ed ) (6-32)

ne Mpiard - ITACTUYHUN TPAHUYHUNA MOMEHT
CTaJIeBOTO Tepepi3y;

Mpird - TIIACTUYHUM TPAHWYHUM MOMEHT
CTane3aniz00eTOHHUX Mepepizy.

Jnst copolleHHsT MOKHA JTOMYCTUTH, 1O VEd
BIUIMBAE TUIBKH HA TIepepi3 3 KOHCTPYKIIHHOT
cTa.

(3) The influence of transverse shear forces on the
resistance to bending and normal force should be
considered when determining the interaction curve, if
the shear force V,gq on the steel section exceeds 50%
of the design shear resistance Vjara Of the steel
section, see 6.2.2.2.

Where Viga > 0,5Vpiard, the influence of the
transverse shear on the resistance in combined
bending and compression should be taken into account
by a reduced design steel strength (1 - p) fy¢ in the
shear area A, in accordance with 6.2.2.4(2) and Figure
6.18.

The shear force Vakd should not exceed the resistance
to shear of the steel section determined according to
6.2.2. The resistance to shear VcEd of the reinforced
concrete part should be verified in accordance with
EN 1992-1-1: 2004, 6.2.

(4) Unless a more accurate analysis is used, V'Ed may
be distributed into VaEd acting on the structural steel
and Vc.Edacting on the reinforced concrete section by:

M
Va,Ed =V — 2ot > (6.31)
Mpl,Rd
Vc,Ed ZVE _Va,Ed 5 (6-32)

where:

Mp1rard s the plastic resistance moment of the steel
section and

Mpird 1s the plastic resistance moment of the
composite section.

For simplification Veda may be assumed to act on the
structural steel section alone.

76



arymarenko
Прямоугольник


(5) 3 MeTor CHOpoIIeHHS, KPUBY B3aEMOIIl
MOKHA 3aMIHHTH OaraToKyTHOI Jiarpamoro
(cyuinmpHa JiHIS Ha pucyHKY 6.19). Ha
pucyHky 6.19 gk 1npukiang  HaBEIEHO
PO3IOILT TUTACTUYHOTO HaTPYyXCHHS
MOBHICTIO YKJIQJICHOTO B OOOJIOHKY Tepepisy
Ju1st Todok Big A o D. [Ipu nboMy BemnymHa
Npm, ra mpuiimaetsca sk 0,85 fogde - s
nepepi3iB MOBHOK 1 YacTKOBOK OETOHHIM
000JIOHTI (UB. pUCYHOK 6.17a-C) 1 sK foqd. -
JUIS TIepepisiB, 3amOBHEHUX OETOHOM (IUB.
pucyHok 6.17d-f).

(5) As a simplification, the interaction curve may be
replaced by a polygonal diagram (the dashed line in
Figure 6.19). Figure 6.19 shows as an example the
plastic stress distribution of a fully encased cross
section for the points A to D. Nym, ra should be taken
as 0.85 fcd Ac for concrete encased and partially
concrete encased sections, see Figures 6.17a — ¢, and
as feqd. for concrete filled sections, see Figures 6.17d -
f.

.y

M

e Mmax; Ra

Pucynok 6.19, muct 1 - CriponieHa kprBa B3a€MOJIT Ta BiJIIOBIIHI PO3IOJICHHS] HAIIPYKECHb

0,85F: T o
C | =
I I _jL L Nogeo
085f, f_-,.a' h, fou
0] o] -l — | =
- _-._-—I; —— | 2h, ) M, pe
=
o
.
© 085fy fuu (b fu
| = M. e
Al AN = A -
ea ; Npm,ﬂcf
=
.,
@ 0,85f. fu fo
0 O | _| | = Mmax,ﬂd
T Da.
- 2

PucyHok 6.19, muct 2
Figure 6.19: Simplified interaction curve and corresponding stress distributions

77



arymarenko
Прямоугольник


(6) Husa Tpyd Kpyrjgoro mepepidy, Mo
3alOBHEHI 06eToHOM, BPAaxOBYETHCS
IIJIBUIIICHHS MIITHOCTI OETOHY 3a paxyHOK
Horo OOMEXKEHHs 3a YMOBH, IO BiJHOCHA
THYYKIiCTh A (muB. 6.7.3.3) He nepeBuiye 0,5,
a ed < 0,1, me e 1ue EKCUECHTPHUCHUTET
HaBaHTKCHHS, 10 TOPIBHIOE Meq / Ngg, a d €
30BHIIIHIM JiaMeTpoM cTiiiku. Buxonsuu 3
[[bOTO, TUIACTUYHUHN OIip CTHCHEHHIO MOXHA
BHU3HAYUTH 32 TAKUM BHUPA30OM:

Ny =MaAiSva A S '[“”h 'é‘*’%]"’f‘lsﬂd;

Jck

(6.33)

e ¢ - TOBIIMHA CTIHKH CTaJeBOi TpyOH.
Jlnst enemeHTiB 3 e = 0 3HaYeHHd 717, = 17, 1

ao

n. =1, BU3HAYAIOTH 32 (hOpMyIamMHu:

M., =025-(3+27), IpH ubOMy 5, <10 (6.34)
1., =49-18,52 +172* ,IpH IbOMY 7. >1,0(6.35)
Jlnisi eneMeHTIB, IO MiAJAI0ThCS CIIIBHOMY

BIUIMBY CTHUCHEHHS 1 3ruHaHHs nipu 0 < e/d <
0,1, 3HaYeHHS /}a @ 1 /}c 3 MAIOTh BU3HAYATHCH
B1AMOB1IHO 110 popmyn (6.36) 1 (6.37), ne /o

a0 1 /o 31 BU3HAUAIOTh 32 Gopmynamu (6.34)
1(6.35):
7, =1, +(1=1,,)-(10¢/d),
n.=n., +(l—IOe/d),

(6.36)
(6.37)

Hmse/d>0,1 n=1,0,an=0.
6.7.3.3 EdexTuBHA 3rMHAHA KOPCTKICTb,

Kkoe(dinieHT BHeCcKy cTaaM i BiIHOCHA
THYYKIiCTh
(1)  KoedimienT  Bkiagy  craimm o
BHU3HAYAETHCSI TAKUM YHHOM:
4.1
d
o=— (6.38)
N pl.Rd

ne Npird - IIACTUYHHUNA OMIP CTUCKY 3TIJHO 3
6.7.3.2 (1)

(2) BigHocHa THYy9KiCTb A IS IUIONUIMHH
3TUHAHHS BU3HAYAETHCS 32 (HOPMYIIOIO

- [N
A= |2 (6.39)
NCI”
n€  Nprk - XapakTEpUCTHYHE 3HAYECHHs

IJJACTUYHOTO OIOPY CTHUCKY BIATOBIAHO 10
dopmymu (6.30), y BUDAIKy KOJM 3aMicTh
PO3paxyHKOBHX 3HAYCHb MIITHOCTI

(6) For concrete filled tubes of circular cross-section,
account may be taken of increase in strength of
concrete caused by confinement provided that the
relative slenderness A defined in 6.7.3.3 does not
exceed 0,5 and e/d < 0,1, where e is the eccentricity of
loading given by M4 / Ngqand d is the external
diameter of the column. The plastic resistance to
compression may then be calculated from the
following expression:

Nons =T Afoa + A4S (1 0, §+%J vay, (633)
where ¢ is the wall thickness of the steel tube.
For members with e = 0 the values /7 = /o and 7 =
Neo are given by the following expressions:
7, =025-3+27) (but<1,0)  (634)

7.,=49-18,51 +174°, (but = 0) (6.35)
For members in combined compression and bending
with 0 < e/d < 0.1, the values 7. and 7 should

be determined from (6.36) and (6.37), where /0 and
Neo are given by (6.34) and (6.35):

77a = nao + (1 - 77(10). (loe/d)’
770 = 7700 + (1 - loe/d)’

For e/d>0.1,nNa=1.0 and Ne= 0.

(6.35)
(6.37)

6.7.3.3 Effective flexural stiffness, steel
contribution ratio and relative slenderness

(1)The steel contribution ratio o is defined as:

5 _ Aafyd

= >
N pl,Rd

where Nprq 1s the plastic resistance to compression

defined in 6.7.3.2(1).
(2) The relative slenderness A4 for the plane of
bending being considered is given by:
I — Npl,Rk
N 2

cr

(6.38)

(6.39)

Npirk s the characteristic value of the plastic
resistance to compression given by (6.30) if, instead of
the design strengths, the characteristic values are used;
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BUKOPHUCTOBYIOTHCS
3HAUYCHHS;

XapaKTEePUCTHYHI

Ncr - IpyHa KpUTUYHA HOpPMAJIbHA CUia
JUTSL BIMIOBITHOT ()OPMHM BTPATH CTIMKOCTI,
Ky PO3paxoBaHO 3a JIOTIOMOTOI0 e(heKTUBHOI
3TUHAIILHO1 KOPCTKOCTI (ET)eff, 110
BH3HAYa€EThCs 3rigHo 3 (3) 1 (4).

(3) Jliist BU3HAYCHHS BiIHOCHOI rHYYKOCTI A
1 IPY>XHOT KPUTUYIHOT CHITH Ny
XapaKTepUCTUYHE 3HaYCHHS €EeKTUBHOI
3TUHAIBHOI KOPCTKOCTI (ET)eff TTOTIEPEYHOTO
nepepizy crane3anizo0eTOHHUX CTIHOK Mae
po3paxoByBaTucs 3a GopMyIor
(EDy=EJ,+EI +KE,I

e cmec

(6.40)
ne K. - monpaBHUI KOSPIIIEHT, IO JOPIBHIOE
0,6;

Lo, I, - MOMEHTH iHEpIIii BiAMOBIAHO Iepepizy
KOHCTPYKIINHHOI cTaji, OETOHHOTrO mepepi3zy
0e3 TpIUH 1 apMaTypy IS TaHOI TUIOIIUHU

3TUHY.

4) Crin BpPaxoByBaTH BILIWB
JIOBTOCTPOKOBHX €(eKTiB Ha e(eKTUBHY
OPY)XHY 3THHaJbHY >KOPCTKICTb. Moayinb

NpyXHOCTI 0eTOoHY E.yn Mae OyTH 3MEHIIEHO
IO 3HadyeHHSA  Feff BIAMOBIAHO 10O
HACTYITHOTO BUPA3Yy:

1

E =F
eff cm
1+(NG,Ed/NEd )

o€ ¢ - KOe(]IIiEHT TMOB3YYOCTI 3TiAHO 3
54.2.2 (2);
Ngq - 3arajgpbHa pO3paxyHKOBa HOpMaibHa
CUIIa;
NG Ed - YaCTHHA I1i€1 HOPMAJILHOT CUJIH, KA €
MOCTIHHOIO.
6.7.3.4 Meroau po3paxyHKy i BinxXu/jeHHS
eJleMeHTIiB
(1) Hdns mepeBipku eleMEeHTa pPO3paxyHOK
Mae Oa3yBaTHCs Ha JIHIMHOMY HOpPYXHOMY
aHaJi31 Jpyroro NOpsKy.
(2) [ns BuU3HAYEHHS BHYTPILIHIX 3YCHJIb
pO3paxyHKOBE 3HAYEHHS e(heKTUBHOT
3TUHAIBHOI  KOpPCTKOCTI  (El)esrr  Mae
BU3HAYATHCS 32 (HOPMYITOI0

(El)gﬂ',ll =K, (E I, +E]I +K, ,E.1I) (6.42)

ne K.y - TONpaBKOBUM KOE(DILI€HT, SIKHMA
nopisHioe 0,5;
K, - mnomnpaBkoBui
nopieHtoe 0,9.
JIOBrOoCTpOKOBI BIUIMBY CIIiJi BPaxOBYBaTH

. (6.41)

KoeQillieHT, SKUN

Neris the elastic critical normal force for the relevant
buckling mode, calculated with the effective flexural
stiffness (ET)etf determined in accordance with (3) and
(4).

(3) For the determination of the relative slenderness
A and the elastic critical force N, the characteristic
value of the effective flexural stiffness (E/)etfof a
cross section of a composite column should be
calculated from:

(El), =E,I, +E I, +KE,I

e cm-c

(6.40)

where: Ke is a correction factor that should be taken
as 0.6.

Ia, Ic, and Is are the second moments of area of the
structural steel section, the un-cracked concrete
section and the reinforcement for the bending plane
being considered.

(4) Account should be taken to the influence of long-
term effects on the effective elastic flexural stiffness.
The modulus of elasticity of concrete Ecm should be
reduced to the value Ec,eff inaccordance with the
following expression:

E,=E, ! ,
: 1 + (NG,Ed /NEd t

where:

¢ 1s the creep coefficient according to 5.4.2.2(2);

Ngq 1s the total design normal force;

NG gq 1s the part of this normal force that is permanent.

(6.41)

6.7.3.4 Methods of analysis and member
imperfections

(1) For member verification, analysis should be based
on second-order linear elastic analysis.

(2) For the determination of the internal forces the
design value of effective flexural stiffness (E/)esr
should be determined from the following expression:

(E1)
where:
K. 1s a correction factor which should be taken as
0.5;

K, is a calibration factor which should be taken as 0.9.
Long-term effects should be taken into account in

eff 11 = KO : (Eala +Eslx + Ke.HEcm[c)3 (6'42)
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3ri1HO 3 6.7.3.3 (4). \ accordance with 6.7.3.3 (4).
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(3) Edextn npyroro mopsaky MOXYTb HE
BpaxOBYBATHUCS TaM, JIe 3aCTOCOBY€eThCS S5.2.1
(3), a mpyxHE KpUTHUYHE HABAHTAKEHHS
BU3HAUYAETHCS 13 3TUHAIBHOI KOPCTKICTIO
(EQ)esrr 3r11HO 3 (2).
(4) BruiuB reoMeTpUYHUX 1 KOHCTPYKTHBHUX
BIIXWJICHh MOK€ BPaXOBYBATHCS IUISIXOM
pPO3TJISiAYy  €KBIBAJICHTHUX  T'€OMETPUYHHX
BIJIXWJIEHD. ExBiBanenTHi BIIXWJICHHS
€JIEMEHTIB I CTaJIe3ali300€TOHHUX CTIHOK
HABOIATHCA B Tabimuii 6.5, ne L 1e JoBXKuHAa
CTIHKH.
(5) Y wmexax [OBXKUHU CTIHKH e(EeKTH
IpPYroro  TOpAOKY  BpPaxoBYIOThCS  3a
JIOTIOMOT'O0 MHOKEHHS HaHOUIBIIOTO
PO3PaxyHKOBOTO  3TMHAJIBHOTO  MOMEHTY
nepuioro mopsaky Mgy Ha KoedimieHT £,
OJIEpKyBaHUM 3 BUPA3y

P >1,0,

B 1- NEd /Ncr,eﬁ' -

(6.43)

ne
Nreff - KPUTUYHA HOPMaJIbHA CHIIA JUIS
XapaKTepHOIO OCi, BIIMOBIHA €()EeKTUBHOL
3TMHAJIBHOI ®KOPCTKOCTI (AuB. 6.7.3.4 (2)),
IpU IIbOMY PO3paxyHKOBa JOBKHHA
NpUMMAETHCS K JOBKHUHA CTINKU;

B - KoeQiLieHT TPUBEIEHOTO MOMEHTY (AMB.
TabnuIio 6.4).

(3) Second-order effects need not to be considered
where 5.2.1(3) applies and the elastic critical load is
determined with the flexural stiffness (El)egn in
accordance with (2).

(4) The influence of geometrical and structural
imperfections may be taken into account by equivalent
geometrical imperfections. Equivalent member
imperfections for composite columns are given in
Table 6.5, where L is the column length.

(5) Within the column length, second-order effects
may be allowed for by multiplying the greatest first-
order design bending moment Mgq by a factor k given

by:

P >1,0,

K=—F
I_NEd/Ncr,eﬁ'

(6.43)

where:

Nerete 1 the critical normal force for the relevant axis
and corresponding to the effective flexural stiffness
given in 6.7.3.4(2), with the effective length taken as
the column length;

f 1s an equivalent moment factor given in Table 6.4.

Tabmunsg 6.4 — Koediuientu £ 11 BU3HaU€HHSI MOMEHTIB 3a TEOPI€I0 IPYroro NopsaKy

Posmomisr MoMeHTIB

KoeiienTn MOMEHTIB

ITpumiTka

\ i IMEd
U I~

3ruHaNbHI MOMEHTH TEPIIOTO
MOPSIKY BiJ BIIXUIICHHS
€JIEMEHTY a00 MONEepeYHOro
HaBaHTaxeHHs f=1,0

MEgq — MakCUMaTBEHAN
3TUHAJIBHUA MOMEHT Y MEKax
IIOB)KMHHU CTiHKU O€e3
ypaxyBaHHS BILUTUBIB JIPYToOro
MOPSIKY

KiHiieBi MOMEHTH :

£=0,66+0,44r, ane >0,44

Mgq1 rMgq - KIHIIEBI MOMEHTH,
SIK1 BUPaxXyBaHO 32 JJOTIOMOT OO0
3arajibHOTO PO3PAXYHKY
MEPIIOro ado APYTroro MopsaKy
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Table 6.4 Factors B for the determination of moments to second order theory

Moment distribution

Moment factors

Comment

[MEd moments from
— ¥ member

imperfection or
o

lateral load:

p=1.0

First-order bending

Mgy 1s the maximum
bending moment within
the column length
ignoring second-order
effects

End moments:

r Mgy

Tered but Bz 0.4

B=0.66+0.44r

Mggq and r Mggq are the
end moments from first-
order or second-order
global analysis

6.7.3.50mip eneMeHTIB NP 0CbOBOMY
CTHCKY

(1) EnemenTn Mo>kHa nepeBipsATH 3a
JIOTIOMOTOF0 PO3PAaXYHKY JPYTOT0 TOPSIKY
BIJIMOBIAHO 70 6.7.3.6 3 ypaxyBaHHIM
BIIXMJIEHD €JIEMEHTIB.

(2) 3 MeTO0 CIIPOIIEHHS TSl €IEMEHTIB, 1110
MIJITIFOTHCSI OCbOBOMY CTHCKY,
PO3paxyHKOBE 3HAUYEHHSI HOPMAJIBHOI CHIIN
NEd Ma€ 3aI0BOJLHATUA YMOBI

Na 519

N pLRd
ne  Npird MJACTUYHHUN  Omip  cTase
3a1i300€TOHHOr0 Tepepi3y 3rimHo 3 6.7.3.2
(1), ane 3 fyd, IKU BUBHAYEHO 3a JOTIOMOT OO
YacHOro KoedilieHTa Yy BianoBigHo 10 EN
1993-1-1: 2005, 6.1(1);
¥ - KoediieHT 3MEHIIIEHHS TSI BIATOBTHOT
¢dbopmu BTpatu cTikocTi 3rifgHo 3 EN 1993-
1-1: 2005,6.3.1.2, B eneMeHTaxX 3
BIJIMOBI/THOIO BiTHOCHOIO THYYKICTIO A
VY Tabnumi 6.5 HaBeIeHO XapaKTepH1 KPUB1
BTPATHU CTIKKOCTI [yl MOMEPEYHUX Mepepi3iB
CTayIe3a11300€ TOHHUX CTIHOK, Je Ps T1€
koedirieHT apmyBaHHs As/ Ac.

(6.44)

6.7.3.5 Resistance of members in axial compression

(1) Members may be verified using second order
analysis according to 6.7.3.6 taking into account
member imperfections.

(2) For simplification for members in axial
compression, the design value of the normal force Ned
should satisfy:

MZIO

6.44
XN plRd ( )

where:
NpLrdis the plastic resistance of the composite section
according to 6.7.3.2(1), but with fyd determined using
the partial factor ym1 given by EN 1993-1-1: 2005,
6.1(1);
x 1s the reduction factor for the relevant buckling
mode given in EN 1993-1-1: 2005, 6.3.1.2 in terms of
the relevant relative slenderness A .
The relevant buckling curves for cross-sections of

composite columns are given in Table 6.5, where Ps
is the reinforcement ratio As/ Ae.

82



arymarenko
Прямоугольник


Tabmuus 6.5 — Kpusi BTpaT CTIHKOCTI Ta BIIXUJICHHS €IEMEHTIB JUI CTalIe3aT1i300€TOHHUX CTIHOK

[Tonepeunuii nmepepis ['pannuni Bice BTpaTn Kpusa BTparu Bigxunenus
3HAYCHHS CTIHKOCTI CTIIKOCTI €JIEMEHTA
ITepepi3 y 6eToHHIN 000I0HIII Ps <3% Bbynp-sika a L/300
Yo—"o0 —‘ 3%<ps <6% By/b-sika b L/200
r4
[Tepepi3 , 4acTKOBO y-y b L/200
3aKJaJIcHuil y OeToHy sz c /150
000JIOHKY
[MopoxHUCTH cTaneBuii <ps<3% Bynb-sika a L/300
mpodis Kpyriot Ta 3%<ps <6% bynb-saxa b L/200
MPSIMOKYTHOI popMU
Y-
z
Kpyrauii cranesuii npodiis 3 y-y b L/200
JOJaTKOBUM JIBOTaBPOBUM -z b L/200
nepepizom
y‘_
z
[Tpodinb, yacTKOBO bynb-saxa b L/200

3aKyIaJeHull y OETOHHY
000JIOHKY 3 XPECTOBUM
JIBOTaBPOBUM IEPEPiI3OM

T

l

z
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Table 6.5: Buckling curves and member imperfections for composite columns

Cross-section Limits Axis of Buckling Member
buckling curve imperfection
concrete encased Ps <3% a L/300
Yo— —‘ 3%<ps <6% b L/200
section F4
partially concrete encased y-y b L/200
section z-z c L/150
circular and rectangular hollow steel <ps<3% any a L/300
3%<ps<6% any b L/200
Y-

section £
circular hollow steel V-y b L/200
sections with additional I-section oy b L/200

y‘_
z

partially concrete encased any b L/200

section with crossed Isections

E

:

84



arymarenko
Прямоугольник


6.7.3.6 Omnip ejieMeHTIB IPU CyMiCHOMY
BILTHUBi CTHCKY i 0JHOOCHOTO 3TUHY

(1) Mae 3a10BOJILHATHCS TAaKUW BUpa3 HA
0a3i KpUBOT B3a€EMO/I11, 110 BU3HAYYAETHCS
3rigHo 3 6.7.3.2 (2) - (5):

6.7.3.6 Resistance of members in combined
compression and uniaxial bending

(1) The following expression based on the interaction
curve determined according to 6.7.3.2 (2) - (5) should
be satisfied:

MEd _ MEd

Mpl,N,Rd :ud,Mpl,Rd
ne Mg - HAUOUTBIINE 3 TPAHUYHUX MOMEHTIB
1 MaKCHUMaJIbHOTO 3THHAJIbHOTO MOMEHTY B
MeXax OBXHHH CTIMKH, IO PO3PAXOBYETHCS
srizno 3 6.7.3.4, Bxiouaroud, 3a
HEOOX1THOCTI1, BIIXWJICHHS 1 BIUIUBU APYrOro
MOPSIIKY;

MyiNrd - ONIp IJIACTUYHOMY 3THHY 3
ypaxyBaHHSIM HOPManbHOI cHUIM Ngp, SKY
BUPAXEHO 3a JONOMOIow [ ¢Mprrd, IMB.
pucyHoK 6,18;

M, rg — OMip IIIACTUYHOMY 3THHY,
npecTaBieHuid B Toulli B Ha pucyHky 6.19.
Hns crameit mapku Bim S235 mo S355
BKJIIFOYHO KOe(DIIiEHT « ) Ma€e CTaHOBUTH
0,9, a s craneit mapku S420 1 S460 BiH Mae
nopisHioBatH 0,8.

(2) 3HaueHHA [ 4= gy A00 U ¢, (PUCYHOK
6.20) BIZHOCUTBCA JI0 PO3PaXyHKOBOTO
IUIACTUYHOTO TPAHUYHOTO MOMEHTY Mpird
JUTSL TaHO1 TUTOIIWHU 3THHY. 3HAYCHHS [ g,
101(4) MEPEBUILYIOTh 1,0, MAarOTh
BUKOPHCTOBYBATHCS TITbKHU y BUIAJKY, KOJIU
3TUHAJIbHUA MOMEHT Mgy MPSIMO 3al€KUTh
Bil Mii HOpPManbHOI CWIHU Ngy, HANPUKIAI,
AKIIO  MOMEHT Mgy €  pe3ylibTaToOM
EKCLICHTPUCUTETY HOPMAIIbHOI CUIU Ngg. B
IHOIOMY ~ BHMMAJIKy MOTpiOHAa  J0JaTKOBa
nepesipka 3rigHo 3 6.7.1 (7).

<a, (6.45)

MEd _ MEd

Mpl,N,Rd /ud,Mpl,Rd
where: Mgq is the greatest of the end moments and the
maximum bending moment within the column length,
calculated according to  6.7.3.4, including
imperfections and second order effects if necessary;

<a, (6.45)

M~ ra 18 the plastic bending resistance taking into
account the normal force NEd, given by 1 ¢Mpr rd, S€€
Figure 6.18;

M, ra 1s the plastic bending resistance, given by point
B in Figure 6.19.

For steel grades between S235 and S355 inclusive, the
coefficient a M should be taken as 0.9 and for steel
grades S420 and S460 as 0.8.

(2) The value u 4= u gy or 1 g, , see Figure 6.20, refers
to the design plastic resistance moment My, rq for the
plane of bending being considered. Values u 4 greater
than 1.0 should only be used where the bending
moment Mgq depends directly on the action of the
normal force Ngq4, for example where the moment Mgy
results from an eccentricity of the normal force Nggq.
Otherwise an additional verification is necessary in
accordance with clause 6.7.1 (7).

Pucynok 6.20 - Po3paxyHOK Ha CTHCK i JBOBICHHM 3THH
Figure 6.20: Design for compression and biaxial bending
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6.7.3.7 CymicHHUI BILIUB CTHCKY i
JABOBICHOTI'0 3THHY

(1) st crane3anizo0eTOHHUX CTIHOK i
CTHCHYTHUX €JIEMEHTIB 3 JIBOXOCHOBUM

3TUHOM 3HAUEHHS [y 1 [z HA PUCYHKY 6,20

MOXYTb PO3paxoByBaTUCs 3riaHO 3 6.7.3.6
OKpEeMO JIJIsl KOXKHOI oci. BiixuiieHHs MaloTh
PO3MIISIIATHCS TUIBKHU B TUIONIWHI, B SKIH
MIPOTHO3YETHCSI MOKIIMBE PYHHYBaHHSI.
SIKI0 K KpUTHYHA MJIOIIUHY HEOYEBU/IHA,
NEPEBIPATH CITiJT OOHM/IB1 TUIOIIKHI.

(2) Ilpu cymicHOMY BILTUBI CTHCKY 1
JBOBICHOTO 3TUHY MAIOTh 33/I0BOJILHSTHCH
TakKi YMOBH JJIs IEPEBIPKU CTIHKOCTI B
MeKax JOBKUHH CTIHKM 1 U1 IepeBipKu Ha ii
KIHII:

M M
y,Ed <a, ’igaM :(6.46)
M Y Z
HayM b1,y Ra My My 2 Ra
M M
— 2E <10, (6.47)
ﬂdyMpl,y,Rd ll“ldz,Mpl,z,Rd

Ie

MplyRd 1 MplzRd - Olp MIACTUYHOMY 3TUHY
BiJIMOBIAHOI TUIOIIMHU 3TUHY;

MyEd 1 MzEd- pO3paxyHKOBI 3THMHANbHI
MOMEHTH, BKIIOYAIOYM BIUIMBH JPYroro
MOPSAIKY 1 BLAXUJIEHHS 3T1HO 3 6.7.3.4;

U dyl [ g~ BA3HAYAKOTHCSA 3T1AHO 3 6.7.3.6;
aM= Myl &M= @M, BA3HAYAFOTHCS
BiAMoBiAHO 70 6.7.3.6 (1).

6.7.4 3cyBHe 3'€AHAHHS i 101ATOK
HABaHTAKeHHS

6.7.4.1 3araabHi moJ10KeHHS

(1) PV cihepax BBeieHHS! HaBaHTa)KEHHS
HEOOXiJHO nepeadaunTH, 00 BHYTPIIIHI
3yCHJUIS, IPUKITAJICH] 3 €IEMEHTIB,
00'eqHAHUX 3 KIHIIEBUMH JIIIHKAMH, a TAKOXK
HaBaHTAXCHHS, 110 JOJAIOTHCS y MeXkax
JIOBKWHU, PO3MOAISUTHCH MIXK CTaJIEeBUMHU 1
OCTOHHUMH KOMITOHEHTAMH 3 YPaxyBaHHIM
OTIOPY 3PYIICHHIO Ha MEXKi PO3MOALTY MiXK
crautio 1 0etonom . Crix 3a0e3neunT
MEBHUM IIJISIX HABAHTAXXCHHS, KM HE
BKITFOYAE BEIIMYMHY TIPOCITH3aHHS HA il
MEXI1 PO3MOJLTY, IO B iHIIOMY BUIIAJIKY
3poOmII0 O MPOEKTHI pO3paxyHKH
HEINCHUMU.

(2) P Y Bumankax, Kojau cTajie3ani300eTOHHI
CTIMKH 1 CTUCHEHI €JIEMEHTH 3a3HaIOTh
3HAYHOTO MOMEPEYHOMY 3CYBY (HAIPUKIIAI,

6.7.3.7 Combined compression and biaxial bending

(1) For composite columns and compression members

with biaxial bending the values fuy and f4z1in Figure

6.20 may be calculated according to 6.7.3.6 separately
for each axis. Imperfections should be considered only
in the plane in which failure is expected to occur. If it
is not evident which plane is the more critical, checks
should be made for both planes.

(2) For combined compression and biaxial bending the
following conditions should be satisfied for the
stability check within the column length and for the
check at the end:

M
».Ed JEd

<aM,y’ - SaMZ’ (646)

'udyMpl,y,Rd dz,Mpl,z,Rd

M M

— =B <1,0, (6.47)

'UdyMpl,y,Rd /udz,Mpl,z,Rd

where:

Mbply,rd and Mpizrd are the plastic bending resistances
of the relevant plane of bending;

My,ed and MzEd are the design bending moments
including second-order effects and imperfections
according to 6.7.3.4;

U gy and u 4, are defined in 6.7.3.6;

aM = aM)y and aM =
6.7.3.6(1).

6.7.4 Shear connection and load introduction

aM,z are given in

6.7.4.1 General

(1)P Provision shall be made in regions of load
introduction for internal forces and moments applied
from members connected to the ends and for loads
applied within the length to be distributed between the
steel and concrete components, considering the shear
resistance at the interface between steel and concrete.
A clearly defined load path shall be provided that does
not involve an amount of slip at this interface that
would invalidate the assumptions made in design.

(2)P Where composite columns and compression
members are subjected to significant transverse shear,
as for example by local transverse loads and by end
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T1]T BILTABOM MICIIEBHX TTOTIEPEUHHUX
HABAaHTA)XCHB 1 KIHIIEBIX MOMEHTIB), CIIi]|
nepea0avyuTy epeaady BimoBiIHOTO
HANPYKCHHS ITO3/I0OBXHBOTO 3CYBY Ha MEXi
PO3IMOALTY MiX CTAJLIIO 1 0E€TOHOM.

(3) st neHTpalbHO-CTUCHEHUX CTIHOK 1
CTUCKAaHUX €JICMEHTIB IMO3IOBXKHIH 3CYB 32
MeKaMH 00J1acTi MPHUKIIATaHHs
HABAaHTA)KCHHS HE PO3IIISIAETHCS.

moments, provision shall be made for the transfer of
the corresponding longitudinal shear stress at the
interface between steel and concrete.

(3) For axially loaded columns and compression
members, longitudinal shear outside the areas of load
introduction need not be considered.

6.7.4.2 IIpukJaieHHS] HABAHTAKEHHS

(1) 3cyBHi 3'eIHYBaJIbHI €IEMEHTH Ma€ OyTH
nepeadavyeHo B MIiCISIX MPUKIIaIaHH
HABAaHTA)XECHHS 1 B MICIAX 3MIHUIO
MOTIEPEYHOT0 TIepepizy y BUIAIKY
MIEPEBUILIEHHS PO3PaXyHKOBOI MIITHOCTI Ha
3CYB TRrq (IuB. 6.7.4.3) Ha MEXi PO3MOILTY
cTali i 6eTony.

3CyBHI 3yCHJIISI MAlOTh BU3HAYATHCS 110 3MiHI
OKPEeMHX 3yCHIIb CTaJIeBOTO 2060
3aJ1i300€TOHHOTO TIepepi3y y Mexkax
JOBKUHU MPUKIIaJJaHHS HABAHTAXKEHHS.
SIK110 HaBaHTa)KEHHS MPHUKIATAIOTHCS TUTBKH
JI0 TIOTIEPEYHOro Mepepizy O6ETOHHOTO
€JIEMEHTA, CIIiI BpaXOBYBAaTH 3HAUCHHS, SIKi
OTPUMAHO B Pe3yJbTaTi MPY>KHOTO
pPO3paxyHKy 3 ypaxyBaHHSIM MOB3Y4OCTi 1
ycaakd. B iHIIoMy BUNIAAKY 3yCHILIS HA MEXi
PO3TOALTY MafOTh BU3HAYATHCS 32
JIOTIOMOT'010 Teopii MPYKHOI a00 TIACTHYHOT
nedopmariii 3 METOIO BUSIBIIEHHS HaOLTBIIT
HECTIPUATINBOIO BUIIAJIKY.

(2) Sxmio BiCyTH1 OUTBIT TOYHI METOJIH,
JOBKMHA MIPUKIIAJaHHS HABAHTAKEHHS HE
Mae nepeBuyBatu 2d abo L/3, ne d - ue
MiHIMaJIbHUM MONepeyHuii po3Mip CTiiiky, a L
- TOBKMHA CTINKU.

(3) s crane3anizo0€TOHHUX CTIMOK 1
CTHCHEHHX €JIEMEHTIB He Iepe0ayaroTh
3CYBHE 3'€IHAHHS JIJIs1 IPUKIIAJAHHS
HaBaHTAXXCHHs 4yepe3 KiHIIEeB1 IUIaCTUHH,
SKIIIO TIOBHA I'PAaHULS PO3MOALTY MIXK
OCTOHHUM TepePi30M 1 KIHIIEBOIO IIIACTHHOIO
MOCTINHO nepeOyBae i BIUTMBOM CTHCHEHHS
3 ypaxyBaHHIM MTOB3y4OCTi Ta ycaaku. B
IHIIIOMY BHITaJIKy BBEJICHHS HAaBaHTAXKCHHS
cItig nepeBipATH 3riaHO 3 (5). s Tpy6
KpYTJIOTO TIepepi3y, 110 3all0OBHEHI 0€TOHOM,
MOYK€E BpaXOBYBAaTUCh BILTUB OOMEKCHHS,
SIKIIIO 33/I0BOJILHSIOTHCS yYMOBH 6.7.3.2 (6)
[IPY BUKOPUCTAHHI 3HAYCHB 1) 5 1 1) ¢ JUIA

BEJIMYMHU A , IO JOPIBHIOE HYITIO.

6.7.4.2 Load introduction

(1) Shear connectors should be provided in the load
introduction area and in areas with change of cross
section, if the design shear strength t grq, see 6.7.4.3,
is exceeded at the interface between steel and
concrete. The shear forces should be determined from
the change of sectional forces of the steel or reinforced
concrete section within the introduction length. If the
loads are introduced into the concrete cross section
only, the values resulting from an elastic analysis
considering creep and shrinkage should be taken into
account. Otherwise, the forces at the interface should
be determined by elastic theory or plastic theory, to
determine the more severe case.

(2) In absence of a more accurate method, the
introduction length should not exceed 2d or L/3, where
d is the minimum transverse dimension of the column
and L is the column length.

(3) For composite columns and compression members
no shear connection need be provided for load
introduction by endplates if the full interface between
the concrete section and endplate is permanently in
compression, taking account of creep and shrinkage.
Otherwise the load introduction should be verified
according to (5). For concrete filled tubes of circular
cross-section the effect caused by the confinement
may be taken into account if the conditions given in
6.7.3.2(6) are satisfied using the values 7 , and 7 . for

A equal to zero.
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(4) Y Bumaakax, Koiu 3'€ JHyBaJIbHI CTEPXKHI
YIIOPIB KPITUIATHCSA A0 CTIHKU CTaJICBOTO
JBOTAaBPOBOT0 a00 aHAIOTIYHOTO MPOdiIIto,
MOBHICTIO 200 YaCTKOBO YKJIQJICHOTO y OCTOH,
MOXXYTb OyTH BpaxOBaHi CUJIU TEPTSI, SIKI
YTBOPIOIOTHCS Uepe3 3aro0iraHHs
MOTIEPEYHOT0 PO3IIMPEHHS OCTOHY i
BIJTUBOM CYMDKHHX CTQJICBUX TOJIHIIb.

(4) Where stud connectors are attached to the web of a
fully or partially concrete encased steel I-section or a
similar section, account may be taken of the frictional
forces that develop from the prevention of lateral
expansion of the concrete by the adjacent steel
flanges.

Jlanuii omip MOXe 10J1aBaTUCS 10
PO3paxoBaHOI0 ONOPY 3'€THYBATBLHUX
CTEpP>KHIB yIopiB. MokHa BBaKaTH, 1110
JOJJATKOBUH OIip TOpiBHIOE 1 Pry/2 Ha
KOXHIH MONHII 1 KOXKHOMY TOPU30HTAIBHOMY
psmy cTepXHIB ynopiB (pucyHok 6.21), ne u
- BIATIOBITHUI KOC(]IIIEHT TEPTS, TKE MOKHA
JOMYCTHUTH.

J1y1s He3a0apBIICHOTO CTAJIEBOTO MPOQILITIO
MO>KHA IPUMHATU (1 TaKUM, IO IOPiBHIOE
0,5. Prg € OIOPOM OJTHOTO CTEPKHS YIIOPY
3rigHo 3 6.6.3.1.

3a yMOBH BICYTHOCTI OUIBII TOUHUX
EKCIIEPUMEHTAIBHUX JaHUX, BIJICTaHb y
MIPOCBITI MIXK TTOJIULISIMH HE Ma€
NePEeBUIIYBaTH 3HAYCHb, HABECHUX HA
pPUCYHKY 6.21.

This resistance may be added to the calculated
resistance of the shear connectors.The additional
resistance may be assumed to be u Prg/2 on each
flange and each horizontal row of studs, as shown in
Figure 6.21, where p is the relevant coefficient of
friction that may be assumed . For steel sections
without painting, 1 may be taken as 0.5 Prq is the
resistance of a single stud in accordance with 6.6.3.1.
In absence of better information from tests, the clear
distance between the flanges should not exceed the
values given in Figure 6.21.

Pucynok 6.21 - JlomaTkoBi cuimy TepPTS y cTae3aai300eTOHHHUX CTilKax
IIpY BUKOPUCTAHHI CTEPKHIB YIOPIB 3 TOJIOBKAMHU
Figure 6.21: Additional frictional forces in composite columns by use of headed studs

(5) Sxmo nmonepeuHuit nepepi3z 4aCTKOBO
3aBaHTAXEHO (sIK, HAMIPUKIIAJI, HA PUCYHKY
6.22a), HaBaHTaXEHHS MOXKYTb
pO3MOAUTATHCS BiTHOCHO 1:2,5 10 TOBIIMHI t,
KIHIIEBOI IJTACTUHU. Y 1IbOMY BHIIAJIKY
HaIpy>XEeHHsI Y OETOHI MatOTh 0OMEKyBaTHUCS
IJIOILIEIO0 MPUKIIAJIEHHS] pO3PaXyHKOBOIO
HaBaHTKEHHS JIJIS IOPOKHUCTUX TIEPEPi3iB,
3aIOBHEHUX OETOHOM 3TiIHO 3 (6), a TAKOXK
JUTSI THIIIMX THUIIIB mepepisiB 3rigHo 3 EN

(5) If the cross-section is partially loaded (as, for
example, Figure 6.22A), the loads may be distributed
with a ratio of 1:2.5 over the thickness ¢, of the end
plate. The concrete stresses should then be limited in
the area of the effective load introduction, for concrete
filled hollow sections in accordance with (6) and for
all other types of cross-sections in accordance with
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1992-1-1:2004, 6.7

(6) Sxmo 6eToH y 3aIIOBHEHOMY
MOPOXKHUCTOMY TTpodii Kpyrioro abo
KBaJpaTHOTO TIepepi3y TUIbKA YaCTKOBO
3aBaHTAXEHO BIJIUBOM, HAIIPUKIIA]l, KOCHHOK
a00 THIIMX €JIEMEHTIB KOPCTKOCTI (IHB.
PUCYHOK 6.22), JIOKJIbHY PO3PaxXyHKOBY
MIIHICTb 6€TOHY (¢,rd MiJI KOCHHKOIO 200

(6) If the concrete in a filled circular hollow section or
a square hollow section is only partially loaded, for
example by gusset plates through the profile or by
stiffeners as shown in Figure 6.22, the local design
strength of concrete, ¢,rq under the gusset plate or
stiffener resulting from the sectional forces of the
concrete section should be determined by:

€JIEMEHTOM JKOPCTKOCTI BH3HAYaIOTh 32
JIOTIOMOT'OI0 TAKOT'O PiBHSHHS:

1 f, A A -
Oc.rd :fcd-(l"'UcL'a'? J\/;S CAde Sfyds(6'48)

i€ ¢ - TOBILIMHA CTIHKY CTaJeBoOi TpyOu;

a - niametp Tpyou abo IMHpHHA KBaJPaTHOTO
nepepizy;

Ac - TIO1I1a TIONEPEYHOTO Mepepi3zy
OCTOHHOTO MPOQIII0 KOJOHH;

A\ - 3aBaHTa)XeHa IIJIOMIA ITi]] KOCHHKOIO
(uB. pucyHOK 6.22);

ner=4,9 - IS Kpyrimx craneBux Tpyo i 3,5 -
JUTSL KBQAPATHUX MIEPETHHIB.

Bignomenns A/A; Mae He IEpEBUIITYBATH
20. 3BapHi IBH MI>K KOCUHKaMU 1 CTaJIeBUMU
MOPOXXHUCTUMH TIepepi3aMu MalOTh
npoektyBaTucs 3rifHo 3 EN 1993-1-8:2005,
po3nin 4.

(6.48)

1 f’ Ac Acf‘c
O-C,Rdzf;d~(l+77€L'a'f-j‘]."AS A de;‘d;
ck 1 1

where:

t is the wall thickness of the steel tube;

a is the diameter of the tube or the width of the square
section;

A, 1s the cross sectional area of the concrete section of
the column;

A is the loaded area under the gusset plate, see Figure
6.22;

neL = 4.9 for circular steel tubes and 3.5 for square
sections.

The ratio A./A4; should not exceed the value 20. Welds
between the gusset plate and the steel hollow sections
should be designed according to EN1993-1-8: 2005,
Section 4.

(@

(b)

Pucynox 6.22 - YacTKoBO HaBaHTa)k€HE KPYTJIle TIOPOKHUCTHH NEPETHH, 3alI0BHEHNI OETOHOM
Figure 6.22: Partially loaded circular concrete filled hollow section

(7) Anst Kpyraux NOPOXKHUCTUX TepepisiB,
3aIIOBHEHHUX OETOHOM, TTO3/I0BXKHIO apMaTypy
MoOe OyTH BpaxOBaHO y PO3PaxyHKY OIOpy
CTIWKH, HaBITh SKIIIO I apMarypa He
IpUBapeHa JI0 KiHIEBHUX IJIACTUH a00
3HaXOJUTHCS Y MPSIMOMY KOHTAKTI 3

(7) For concrete filled circular hollow sections,
longitudinal reinforcement may be taken into account
for the resistance of the column, even where the
reinforcement is not welded to the end plates or in
direct contact with the endplates provided that:

- verification for fatigue is not required;
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KIHLEBUMH IJIACTUHAMM, 32 YMOBH, I110:

- He MOTpiOHa MepeBipKa sl BTOMHOCTI ;
- 3a30p ey MIJK apMaTypolo 1 KIHIEBUMHU
I1acTuHaMu He nepesuutye 30 MM (auB.
pPUCYHOK 6.222a).

- the gap eg between the reinforcement and the end
plate does not exceed 30 mm, see Figure 6.22A.

(8) [Nomepeuna apmarypa Mae BiIOBiJaTH
pumoraMm EN 1992-1-1:2004, 9.5.3. Jlns
CTaJIEeBOTO MPOQLITI0 Y YaCTKOBiH 000IOHIII
0eToH Mae (hiKCyBaTHUCS Ha MiCIIi
MOTIEPEYHOI0 APMAaTYPOIO, PO3TAIIOBAHOIO
3ri1HO 3 pucyHKoM 6.10 cranmapty EN 1994-
1-1:2004

(8) Transverse reinforcement should be in accordance
with EN 1992-1-1; 2004, 9.5.3. In case of partially
encased steel sections, concrete should be held in
place by transverse reinforcement arranged in
accordance with Figure 6.10 of EN 1994-1-1: 2004
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Pucynox 6.23 - [IpoekTyBaHHS OMIEPEIHOT apMaTypH 3 IPSIMHUM 1 HEIPSMUM 3'€ THAHHSIM
OETOHHUX TIITHOK
Figure 6.23: Directly and not directly connected concrete areas for the design of transverse reinforcement
Key:1) not directly connected ; 2) directly connected

(9) SIxmo HaBaHTaXEHHS NPUKIATAETHCS
TUIBKH 4epe3 cTajeBe abo OeTOHHUM
nepepi3oM  IolepeyHa  apmarypa  Juis
CTAJICBUX TEpepi3iB y MOBHIM OOOJOHII Mae
PO3paxoBYBaTUCS Ha MO3JOBXKHIH 3CyB, KM
pPO3BUBAETHCS B pe3ynbTaTi  Imepedaul
HopMmainbHOT cuiu (Ncl Ha pucyHky 6.23) Bin
TISTHOK O€TOHY, sIKI MAlOTh TIpsMeE 3'€THAHHS
3 BHUKOPHUCTaHHSM 3CYBHHMX 3'€IHYBaJIbHUX
€JIEMEHTIB, Ha JIIISHKH O€TOHY, 110 HE MAIOTh
IIPSIMOTO 3CYBHOIO 3'€IHaHHA (IUB. PUCYHOK
6.23, po3piz A - A; 3amTpuxoBaHy 00JacTb
3a MeXaMM TIOJIMIb pHCYyHKa 6.23 cruin
po3rasgaTH SK TaKy, L0 HE Ma€ MpsIMOro
3'eqHanHs). KoHCTpykuist 1 po3ramryBaHHs
MOTIepEeYHOi apMaTypu MaroTh O6a3yBaTHCs Ha
mozeni ¢depmu, 3a yYMOBH, IO MIDXK
OCTOHHUMH CTHCHEHMMHU CTIHKaMH 1 BiCCIO
enemenTa Kyt 450.

6.7.4.3 Ilo3moBxkHIill 3CyB 3a MeKaMHu
00J1aCTi NPUKJIATAHHS HABAHTAKEHH S

(1) 3a wmexamu 001acTi TPUKIATAHHS
HAaBAaHTKCHHS TI1O3/I0BXKHIM 3CYyB Ha MEXIi

(9) In the case of load introduction through only the
steel section or the concrete section, for fully encased
steel sections the transverse reinforcement should be
designed for the longitudinal shear that results from
the transmission of normal force (Nei in Figure 6.23)
from the parts of concrete directly connected by shear
connectors into the parts of the concrete without direct
shear connection (see Figure 6.23, section A-A; the
hatched area outside the flanges of Figure 6.23 should
be considered as not directly connected). The design
and arrangement of transverse reinforcement should
be based on a truss model assuming an angle of 45°
between concrete compression struts and the member
axis.

6.7.4.3 Longitudinal shear outside the areas of load
introduction

(1) Outside the area of load introduction, longitudinal
shear at the interface between concrete and steel
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pO3MOAUTY MK OETOHOM 1 CTaUII0 Mae
KOHTPOJIFOBATHCS, SKIO BiH OyB BUKIMKAHUN
BIUTMBOM IIOTIEPEYHUX 3aBaHTaXXeHb 1 / abo
IPaHUYHUMH MOMEHTAMH.

should be verified where it is caused by transverse
loads and /or end moments.

3cyBHI 3'€IHYBallbHI  €IEMEHTH  MAarTh
3a0e3MevyBaTucsi, BHUXOJSIYM 3 PO3MOALTY
BEJIMYMHH PO3PAXYHKOBOTO TI03/IOBKHBOTO
3CyBYy, Tam, J€ BOHa  IIEPEBHILYE
PO3paxyHKOBY MIIHICTh Ha 3CYB Trd.

(2) B ymoBax BiaCyTHOCTI OUTBII TOYHOTO
METOMy, NUpPYXHHH METON, IO BpPaXOBYE
JIOBTOCTPOKOBI €()eKTH 1 TPIIIMHOYTBOPEHHS
y O€TOHi, MOXX€ BHKOPUCTOBYBATHUCS ISt
BU3HAYEHHS TPOKOJBHOTO 3CYBY Ha MEXi
PO3MOLTY.

(3) SAxmio moBepxHS CTAJICBOrO MEpepisy, Mo
KOHTaKkTye 3 OeroHoM, He modapboBaHa,
3HeXKHpPEHa 1 HE Ma€ CIiliB OKaIWHU abo
ipKi, IS T rg MOXYTh BUKOPUCTOBYBATHCS
3HAUCHHS, HaBeJIeH1 y TabuiIli 6.6.

Shear connectors should be provided, based on the
distribution of the design value of longitudinal shear,
where this exceeds the design shear strength 1.

(2) In absence of a more accurate method, elastic
analysis, considering long term effects and cracking of
concrete, may be used to determine the longitudinal
shear at the interface.

(3) Provided that the surface of the steel section in
contact with the concrete is unpainted and free from
oil, grease and loose scale or rust, the values given in
Table 6.6 may be assumed for 7t ggq.

Tabmuna 6.6 — PacdyeTHOE CONTPOTUBIICHUE CABUTY T R4

Tun monepeyHoro nepepizy T Rd, H/mm?
CraneBuil npodiib, MOBHICTIO YKJIAJAEHUH y OETOHHY 000JIOHKY 0,30
Kpyrnuii noposxHuCTHH niepepi3, 3a0BHEHUI O€TOHOM 0,55
ITpstMOKYTHUI TOPOKHUCTHI Nepepi3, 3al0BHEHU OETOHOM 0,40
[Tosky 4acTKOBO YKJa/IeHUX y 000JIOHKY Iepepi3iB 0,20
CTIHKM YaCTKOBO YKJIAJICHUX Y O0OJIOHKY Iepepi3iB 0,00
Table 6.6: Design shear strength t gq
Type of cross section * rg, H/mm®
Completely concrete encased steel sections 0,30
Concrete filled circular hollow sections 0,55
Concrete filled rectangular hollow sections 0,40
Flanges of partially encased sections 0,20
Webs of partially encased sections 0,00

(4) 3HaveHHS 7gq, 10 HaBeneHO y Tabmuii 6.6 | (4) The value of 7gq given in Table 6.6 for completely

TSl CTAJIEBOTO MPOQIITI0, TOBHICTIO
VKJIaJIEHOTO B OETOHHY 00O0JIOHKY,
CTOCYIOThCS IIEpepi3iB 3 MiHIMAIILHUM

concrete encased steel sections applies to sections with
a minimum concrete cover of 40mm and transverse
and longitudinal reinforcement in accordance with

3aXUCHUM I1apoM Oetony 40 MM, a TaKOX 3 6.7.5.2. For greater concrete cover and adequate

MIOTIEPEYHOIO 1 TIO3/IOBKHBOIO aPMaTyPOIO
3rigHo 3 6.7.5.2. Jlns OLIbIIOro 3aXUCHOIO
nrapy 6€ToHy 1 BIANOBITHOT apMaTypH
MOYTh BUKOPHUCTOBYBATHUCS O1IbIII BUCOKI p. given by:
3HAYEHHS Trq. SIKIIO HE MiATBEPKEHO
BUNIPOOYBaHHSAMHU, JUISI TIEPEPi3iB y NOBHIN
000JIOHII MOKE€ BUKOPUCTOBYBATHCS
301IBIIIeHE 3HAYEHHS S 3 TRd, 1€ e

reinforcement, higher values of 7gq may be used.
Unless verified by tests, for completely encased
sections the increased value f. trq may be used, with
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BH3HAYAETHCS 32 (POPMYIIOIO:

Cc .
B.=1+0,02C, -(1 _ij <25, (6.49)

z

C .
B.=1+0,02C, -[1 - T"‘J <25, (6.49)

z

ne

¢, - HOMIHaJIbHA TOBIIMHA 3aXUCHOTO LIapy
0eToHy, MM, TUB. pUCYHOK 6.17a;

Cz.min - MIHIMaJIbHU 3aXUCHUH 11ap OETOHY,
o gopiBHioe 40 MMm.

(5) SIkmo He MiATBEPHKEHO 1HIIE, 3CYBHI
3'€THYBaJIbHI €JICMEHTH MAIOTh 3aBXKIH
nepeadavaTUcs Uil IBOTaBPOBUX TEPEPi3iB,
YaCTKOBO YKJIQJCHUX B 000JIOHKY, 3
MOTIEPEYHHUM 3PYIICHHSM, 1110 BUKIUKAHO
3TMHOM HAaBKOJIO ¢1a0Koi oci uepes
MOTIEPEYHOI HaBaHTAXKEHHS 200 IPaHUYHUX
MOMEHTIB. SIKIIO OTip MOMEePEIHOMY 3CYBY
HE MPUIUMAETHCS TIIBLKH K OITIp
KOHCTPYKILIWHOI CTalli, TO HEOOXiIHY
MOTIEPEYHY apMaTypy ISl 3CYBHOTO 3YCHILIS
V. Ed3riaao 3 6.7.3.2 (4) cnig npuBaproBaTH
JI0 CTIHKH CTaJieBoro npo@iato abo BoHA Ma€e
MIPOXO/IUTH Yepe3 HOTo CTIHKY.

6.7.5 Jderanizyroui ymoBH

6.7.5.1 3axucHuii map 0eToHYy cTaIeBUX
nepepisis i apmarypu

(1) P s craneBux nepepisiB y NOBHIN
000I10HIIi MOTPiOHO, X0ua O, MiHIMATbHHUIA
3aXMCHUI 1Iap 3aJ11300€TOHY JUIs
3abe3neueHHs Oe3neuHoi nepeaayi cui
3UYEIUICHHS, 3aXUCTY CTaJll BiJ KOPO3ii 1
Bi/IIIAPOBYBAaHHS OCTOHY.

(2) 3axucHuii map 6ETOHY MOJIULB CTAIEBOIO
npodisto y MoBHINA 000JIOHII Ma€ CTAHOBUTHU
He MeHIue 40 MM 1 He MeH1Ie 1/6 mupunu b
TIOJIKH.

(3) Onuc 3axucHOrO Mmapy MOCTOBOI
apMaTypu HaBOJUTHCA y PO3.LT 4.

6.7.5.2 Tlo310B:KHS i MOMepeyHa apMaTypa
(1) [o3noBxHs apMaTypa y cTiHKax
0eTOHHOT 000JIOHKH, SIKa BPaXOBYETHCS MPU
PO3paxyHKy OIOpY MOMEPEeYHOro nepepisy,
Ma€ cTaHOBHATH He MeHe Hix 0,3%
MOTIEPEYHOT0 Tiepepizy OeTony. Y
MOPOYKHUCTUX TIepepizax, 3alI0BHEHNX
0eTOHOM, MO3/I0BXKHS apMaTypa, K IPaBuIo,
HE BIMAraeThCsl, SKIIO 51 KOHCTPYKITiS He
BiJTHOCHTBCS IO TUITY BOTHECTIUKHX.

(2) TTonepeuna 1 MO3O0BXKHS apMarypa y
CTiiiKax MOBHOI a00 YacTKOBOi OETOHHOL
000JIOHKH Ma€ MPOEKTYBATUCS 1 IeTai-
3yBatucs 3rigHo 3 EN 1992-1-1:2004, 9.5.

where:

¢, 1s the nominal value of concrete cover in mm, see
Figure 6.17a;

Czmin = 40 mm is the minimum concrete cover.

(5) Unless otherwise verified, for partially encased I-
sections with transverse shear due to bending about
the weak axis due to lateral loading or end moments,
shear connectors should always be provided. If the
resistance to transverse shear is not be taken as only
the resistance of the structural steel, then the required
transverse reinforcement for the shear force V. gq
according to 6.7.3.2(4) should be welded to the web of
the steel section or should pass through the web of the
steel section.

6.7.5 Detailing Provisions

6.7.5.1 Concrete cover of steel profiles and
reinforcement

(1)P For fully encased steel sections at least a
minimum cover of reinforced concrete shall be
provided to ensure the safe transmission of bond
forces, the protection of the steel against corrosion and
spalling of concrete.

(2) The concrete cover to a flange of a fully encased
steel section should be not less than 40 mm, nor less
than one-sixth of the breadth b of the flange.

(3) For cover of reinforcement in bridges see Section
4,

6.7.5.2 Longitudinal and transverse reinforcement
(1) The longitudinal reinforcement in concrete-
encased columns which is allowed for in the resistance
of the cross-section should be not less than 0,3% of
the cross-section of the concrete. In concrete filled
hollow sections normally no longitudinal
reinforcement is necessary, if design for fire resistance
is not required.

(2) The transverse and longitudinal reinforcement in
fully or partially concrete encased columns should be
designed and detailed in accordance with EN 1992-1-
1: 2004, 9.5.
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(3) Bincranp y mpocCBiTi Mik MO3A0BXKHIMHU
apMaTypHUMU CTEPKHSMHU 1 IIepepizoMm 3
KOHCTPYKIIIHHOI CTal MOYKe OyTH MEHIIIE,
HiX MOTPiOHO (2), JOXOIYH 10 HYJIS. Y
bOMY BUIAAKY JUISI 3UCTIJICHHS €eKTUBHUMN
MEPUMETP 3 APMATypPHOTO CTEPIKHS Mae OyTH
MPUMHATO SIK TOJIOBUHY 200 4YBEPTH HOro
NEepUMETPa, K HaBEJIEHO Ha PUCYHKY 6.24 (a)
1 (b) BinmosixHO.

(4) nst enemeHTIB y IOBHIM a00 9acTKOBIN
000JI0HII1, KOJIU YMOBH JTIOBKIJUIS
BiHOCSTHCS 110 Kitacy X0 3rigHo 3 EN 1992-
1-1:2004, Tabmuiig 4.1 1 mOo310BXKHS
apMarypa He BPaXOBY€EThCS MIPH
MIPOEKTYBaHHI, Y KOHCTPYKIIiT HEOOX1THO
nepea0aunTH MiHIMAIBHY TTO3JI0BXKHIO
apMarypy aiaMeTpoM 6 MM 3 kpokom 200 MM
1 TIOTIepeYHy apMaTypy JiaMeTpoM 8 MM i
KpokoM 250 MM. AJTbTEpHAaTUBHO
JOITYCKA€THCSI BUKOPUCTAHHS 3BapHOL
apMaTypHOI CITKH JiaMeTpoM 4 MM.

(3) The clear distance between longitudinal
reinforcing bars and the structural steel section may be
smaller that required by (2), even zero. In this case, for
bond the effective perimeter ¢ of the reinforcing bar
should be taken as half or one quarter of its perimeter,
as shown in Figure 6.24 at (a) and (b) respectively.

(4) For fully or partially encased members, where
environmental conditions are class X0 according to
EN 1992-1-1: 2004, Table 4.1, and longitudinal
reinforcement is neglected in design, a minimum
longitudinal reinforcement of diameter 8 mm and 250
mm spacing and a transverse reinforcement of
diameter 6 mm and 200 mm spacing should be
provided. Alternatively welded mesh reinforcement of
diameter 4 mm may be used.

Pucynok 6.24 - EpekTuBHUIT TepuMeTp 3 apMaTypPHOTO CTEPXKHS
Figure 6.24: Effective perimeter ¢ of a reinforcing bar

6.8 BurpuBaJiictb

6.8.1 3aranbHi noy10KeHHS

(1) P BromHa mitHiCTh cTane3anizo0eTOHHUX
KOHCTPYKIII Ma€ KOHTPOJIOBATHCS Y
BUIMA/IKAX, KOJIM KOHCTPYKIIT MiAIal0ThCS
BIUTMBY ITOBTOPIOBAHHUX KOJUBAHb HAIIPYTH.
(2) P I'pannyHMii CTaH 32 BATPUBAIICTIO
KOHCTPYKIUIi (3 AOMYCTUMUM CTYyTIEHEM
HMOBIpHOCTI) Ma€ po3paxoBYBaTUCS TaK, 1100
y MepioJl PO3paxyHKOBOTO CTPOKY CIYXKOU
KOHCTPYKLisl HEe 3pylHYyBaacs yepes
BTOMHICTh a00 HE BUMarajia peMOHTY
MOLIKOJKEHHb, BUKJINKAaHUX BTOMHICTIO.

(3) st 3cyBHUX 3'€THYBATbHUX CTEPKHIB
YIIOPIB 3 FOJIOBKAMHU y MOCTaX, MpU
XapakTEepHOMY TTOE€THAHHI BIUIUBIB,
MaKCHMaJIbHa MO3/I0BXKHS 3CyBa€ CHJIa HE
Mae epeBUITYBaTH ksPrgy, 1€ Prd
BU3HAYAETHCS 3TiHO 3 6.6.3.1.

6.8 Fatigue

6.8.1 General

(1)P The resistance of composite structures to fatigue
shall be verified where the structures are subjected to
repeated fluctuations of stresses.

(2)P Design for the limit state of fatigue shall ensure,
with an acceptable level of probability, that during its
entire design life, the structure is unlikely to fail by
fatigue or to require repair of damage caused by
fatigue.

(3) For headed stud shear connectors in bridges, under
characteristic combination of actions the maximum
longitudinal shear force per connector should not
exceed kyPrg Where Prq is determined according to
6.6.3.1.

Ipumirka :- KoediuieHT ks MOXKE HABOJUTHCS Y HALlIOHATEHOMY
nonatky. PekoMmeHnnoBane 3HaueHHs: ks = 0,75.

NOTE: The factor ks may be given in the National Annex. The recommended
value is k=0,75.
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(4) OrmiHKa KOHCTPYKIIIHHOT cTalli Ha
BUTPUBATICTH HE MOTPiOHA, SKIIIO
BUKOpHUCTOBYETHC 9.1.1 (2) cranmapty EN
1993-2.

(5) Omtinka 6eToHy Ta apMaTypH Ha
BUTPUBATICTH HE MOTPiOHA, SKIIO
BuKOpHUCTOBYETHCS EN 1992-2, 6.8.4 (107),
abo BUHSATKY, siKi HaBeZeHo B 6.8.1 (102) EN
1992-2.

6.8.2 Yacnie koedinieHTH OLiHKH
BTOMHOCTi MOCTiB

(1) YacHi koedimieHTH Y BTOMHOT MIITHOCTI
HaBegeHo B EN 1993-2, 9.3 nns craneBux
exeMenTiB 1 B EN 1992-1-1, 2.4.2.4 — misa
6etoHy Ta apMaTypu. J[j1s cTepkHIB YIopiB 3
TOJIOBKaMH, SIKi TIPAIIOOTh HA 3CYB, CIIiJ
3aCTOCOBYBATH YMf:s

(2) J1st BTOMHOTO HaBaHTa>KEHHS CJTi]T

3aCTOCOBYBATH YacHi KOCQIIIEHTH Yrr

Hpumitka: gacHi koedinientn YFf HaBoaATHCS y IpUMITKa
EN 1993-2.9.3 (1).

6.8.3 Bromua minmicrs

(1) 3HaueHHs BTOMHOT MIITHOCTI JJIst
KOHCTPYKUIHHOT cTami 1 1715 3BapHUX IIBiB
HaBegeHo B EN 1993-1-9:2005, 7.

(2) Bromna MiIHICTh apMaTypHOI cTai 1
HaIlpy’KEHO1 apMaTypy HaBoauThcsa B EN
1992-1-1:2004. 1511 6eTOHY 3aCTOCOBY€ETHCS
EN 1992-1-1:2004, 6.8.5.

(3) KpuBa BTOMHOT MIITHOCTi aBTOMaTHYHO
MIPUBAPEHUX CTEP>KHIB YIOPIB 3 TOJIOBKAMHU
3rifiHo 3 6.6.3.1 moka3aHa Ha pUCYHKY 6.25 1
poO3paxoBaHa IJisl 3BUYAHOTO BaKKOTO
0ETOHY TaKUM YHHOM:

(Az,)"-Np=(Az,)"-N,

. (6.50)
Ie

Atg - BTOMHA MIIHICT TPH 3CYBi, IO
CTOCY€ETbCS IUIONII TMOMEPEYHOro TMepepizy
CTePXKHS yIopy 3 BUKOPHUCTAHHIM
HOMIHAJIBHOTO JiamMeTpa d CTepXKHS;

At, - omnopHe 3HayeHHs mid Nc = 2 X 10°
KB, ae Atz.= 90 H/Mm> ;

m - HaXWJ KPUBOi BTOMHOI MIITHOCTI, JIe m =
8;

Nr -  KUIBKICTH
HATNPYKEHb.

IUKTB  aMIUTITyId

(4) For structural steel, no fatigue assessment is
required where 9.1.1(2) of EN 1993-2 applies.

(5) For concrete and reinforcement, no fatigue
assessment is required when EN 1992-2, 6.8.4 (107)
or the exceptions listed in 6.8.1(102) of EN 1992-2

apply.

6.8.2 Partial factors for fatigue assessment of
bridges

(1) Partial factors ymr for fatigue strength are given in
EN 1993-2, 9.3 for steel elements and in EN 1992-1-1;
2004, 2.4.2.4 for concrete and reinforcement. For
headed studs in shear, a partial factor ymes should be
applied.

(2) Partial factors for fatigue loading yg¢ should be

applied.
NOTE: Partial factors ygs are given in Notes in EN 1993-2, 9.3 (1).

6.8.3 Fatigue strength
(1) The fatigue strength for structural steel and for
welds should be taken from EN 1993-1-9: 2005,7.

(2) The fatigue strength of reinforcing steel and pre-
stressing steel should be taken from EN 1992-1-1:
2004. For concrete EN 1992-1-1: 2004, 6.8.5 applies.

(3) The fatigue strength curve of an automatically
welded headed stud in accordance with 6.6.3.1 1is
shown in Fig. 6.25 and given for normal weight
concrete by:

(Az,)"-N,=(Az,)"-N,, (6.50)
where:

Aty 1s the fatigue shear strength related to the cross-
sectional area of the shank of the stud, using the

nominal diameter d of the shank;

At 1s the reference value at Nc = 2 x 10° cycles with
At equal to 90 N/mmz;

m is the slope of the fatigue strength curve with the
value m = §;

Ny is the number of stress-range cycles.
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Pucynok 6.25 — Kpupas ycTanocTHOHM NPOYHOCTH JUIs CTEPAKHEN YIOPOB
C TOJIOBKAMH B CILIOLIHBIX TUIUTaX
Figure 6.25: Fatigue strength curve for headed studs in solid slabs

(4) nst crepskHiB yHopiB y JerkoMy O0eToHi 3
KJIACOM IIUTBHOCTI 3rimHo 3 EN 1992-1-
1:2004, 11, BToMHa MILIHICTh Ma€ BU3HAYATHCS
3rigHO 3 (3), ane 3 3aMiHo A7, Atg Ha NEATR, A
At 3 Ha NpAt., 1€ 3Ha4eHHs /g HaBelleHO B EN
1992-1-1:2004, 11.3.2.

6.8.4 BHyTpimHi 3ycH/id i BTOMHI
HABAHTAKEHHS

(1) BayTpimHi 3ycumis MaloTh BU3SHAYATUCS
3a JOMTOMOT OO 3aTaJbHOTO MPYKHOTO
pPO3paxyHKy KOHCTPYKLUIi 3rifHo 3 5.4.1 1
5.4.2 1 1 moeqHAHHA BIUTMBIB 3rigHo 3 EN
1992-1-1:2004, 6.8.3.

(2) MakcumanpH1 1 MiHIMaJIbHI BHYTPIILIHI
3TUHAJIbHI MOMEHTH 1/ a00 BHYTPILIHI CHJIH,
K pe3yJIbTaT KOMOIHOBAHOT HaBaHTA>KEHHS
3r11HO (1), BUBHAYAKOTHCS K MEd max,f1
MEd,min,f.

(3) 3HaueHHS BTOMHOTO HaBaHTAXEHHS CITi[T
npuiimatu 3a EN 1991-2:2003. Tawm, ne
BTOMHE HaBaHTa)XCHHS HE HAaBEJEHO, MOXeE
BUKOpHcTOBYBatucsa n1oaarok A.1 EN 1993-
1-9:2005.

(4) st KOHTPOJIIO BTOMHOTO OTIOPY, JJISt
aBTOJIOPOKHIX MOCTIB MOXe OyTH
BUKOPUCTAHO CIPOIIeH] MeToau 3TiaHo 3 EN
1992-2 1 EN 1993-2 na 6a3i mozeii
BTOMHOT'O HaBaHTax€HHs 3 cranaapty EN
1991-2:2003, 4.6.

(5) dnst aBTOAOPOKHIX MOCTIB, OMEPETHBO
HANPYKEHUX 32 JIOMIOMOTOI0 apMaTyPHHUX
eneMeHTiB 1/ abo nedopmartiid, o
HAKJIAIAI0ThCSI, MOJIETb PO3PaXyHKOBOTO
HABaHTA)XCHHS Ma€ BUKOPUCTOBYBATUCS IS
NEPEeBIPKU apMaTypH 1 HalPy>KEHUX
apMaTypHUX eJeMeHTiB 3rigHo 3 EN 1992-2,

NN 2.1.

(4) For studs in lightweight concrete with a density
class according to EN 1992-1-1: 2004, 11, the fatigue
strength should be determined in accordance with (3)
but with 4z, replaced by #gdwr and 47, replaced by
nedt., where zg is given in EN 1992-1-1: 2004, 11.3.2.

6.8.4 Internal forces and fatigue loadings

(1) Internal forces and moments should be determined
by elastic global analysis of the structure in
accordance with 5.4.1 and 5.4.2 and for the
combination of actions given in EN 1992-1-1: 2004,
6.8.3.

(2) The maximum and minimum internal bending
moments and/or internal forces resulting from the load
combination according to (1) are defined as MEd max,t
and MEd,min.f.

(3) Fatigue loading should be obtained from EN 1991-
2:2003. Where no fatigue loading is specified, Annex
A.1 of EN 1993-1-9: 2005 may be used.

(4) For road bridges simplified methods according to
EN 1992-2 and EN 1993-2, based on Fatigue Load
Model 3 of EN 1991-2: 2003, 4.6 may be used for
verifications of fatigue resistance.

(5) For road bridges prestressed by tendons and/or
imposed deformations, the factored load model
according to EN 1992-2, NN 2.1 should be used for
the verification of reinforcement and tendons.
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(6) Jlnsa 3ai1i3HUYHUX MOCTIB MarOTh
BUKOPUCTOBYBATUCS XapaKTEPUCTUUHI
3HaueHHs i monaeii 71 srigao 3 EN 1991-
2:2003.

6.8.5 Hanpy:xenust

6.8.5.1 3araubHi nosno:xxeHHs1

(1) Po3paxyHOK HanpyXeHb Ma€
rpyHryBatucs Ha 7.2.1.

(2) P 111 BU3HAUEHHS HANIPY>KEHb Y MICIISX 3
TpilIMHAMH HEOOX1HO BpaXOBYBAaTH BILUIUB
YKOPCTKOCTI IPH PO3TATYBaHHI OETOHY Ha
HaTpy>KEeHHs B apMaTypi.

(3) 3a BiACYTHOCTI 1HIIOTO, OUTBIII TOYHOTO
METO/Y, BILTUB KOPCTKOCTI PH
PO3TATYBaHHI Ha HANIPYXXEHHS B apMaTypi
MOJKE BpaXxoByBaTUCs 3rinHO 3 6.8.5.4.

(4) SIk10 He BUKOPUCTOBY€ETHCS OB
TOYHHUI METO/I, BILTHB KOPCTKOCTI IPH
PO3TATYBaHHI /715l BU3HAYCHHS HATIPY)KEHb Y
KOHCTPYKIIHHOT CTaJi He BPaXOBYETHCH.

(5) HeoOxigHO BpaxoByBaTH BILJIHB
KOPCTKOCTI MPHU PO3TATYBAHHI HA
HaNpy>KEHHsI y Halpy>KyBaHiil apmarypi.
MosxHa BukopuctoByBatu 6.8.5.6.

6.8.5.2 beron

(1) Ans BU3HAUEHHS HANPYKEHb Y OETOHHUX
eJIeMeHTaX BUKOpUCTOBYeThCsI EN 1992-1-
1:2004, 6.8.

6.8.5.3 KoncrpyknuonHas crajib

(1) Tam, ae MEdmax.f 1 MEd min f BAKIUKAIOT
pO3TATYBaJbHE HAIIPYXEHHS Y OETOHHIN
IUIATI, HAIIPY>KEHHS B KOHCTPYKIIHHOT cTami
ISl TaHUX 3TUHAJIBHIX MOMEHTIB MOXKYTh
BU3HAYATHUCS, BUXOJSIUYM 3 MOMEHTY 1HEpIii
nepepizy I, 3rigHo 3 1.5.2.12.

(2) Tam, 16 MEd.max.f 1 MEd min s BAKIUKAIOTD
CTUCHEHHS 3 O€TOHHIN TUINTI, HAIIPY’KEHHSI B
KOHCTPYKIIWHOT CTali s JAHUX
3TUHAJTBHIX MOMEHTIB MOKYTh BU3HAYATHUCS
3a JJOIOMOT'OI0 BJIACTUBOCTEN MOMEPEYHOTO
nepepizy 6e3 TpilmuH.

6.8.5.4 Apmarypa

(1) Y micusx, e 3ruHaIbHUA MOMEHT
MeE 4 max £ BAKITIKA€E HATIPY>KEHHS PO3TATY B
OETOHHIH MINTI 1 IKIIO HE BUKOPUCTOBYETHCS
OUTBII TOYHUIA METOJ, BIUIUB KOPCTKOCTI
OeTOHY NPH PO3TATYBaHHI HAa HATIPYKEHHS
ME 4 max £ B apMaTypi, 00yMoBiIeHE MEd max f
BH3HAYAETHCS 3 PiBHSIHB (7.4) - (7.6) y 7.4.3
(3). Y piBusaHi (7.5) B 7.4.3 (3) 3amicTh
koedimienTa 0,4 il BAKOPUCTOBYBATH
koedirient 0,2.

(6) For railway bridges the characteristic values for
load model 71 according to EN 1991-2: 2003 should
be used.

6.8.5 Stresses

6.8.5.1 General

(1) The calculation of stresses should be based on
7.2.1.

(2)P For the determination of stresses in cracked
regions the effect of tension stiffening of concrete on
the stresses in reinforcement shall be taken into
account.

(3) Unless verified by a more accurate method, the
effect of tension stiffening on the stresses in
reinforcement may be taken into account according to
6.8.5.4.

(4) Unless a more accurate method is used, for the
determination of stresses in structural steel the effect
of tension stiffening may be neglected.

(5) The effect of tension stiffening on the stresses in
prestressing steel should be taken into account. Clause
6.8.5.6 may be used.

6.8.5.2 Concrete
(1) For the determination of stresses in concrete
elements EN 1992-1-1: 2004, 6.8 applies.

6.8.5.3 Structural steel

(1) Where the bending moments Mgg max.r and Mgd min £
cause tensile stresses in the concrete slab, the stresses
in structural steel for these bending moments may be
determined based on the second moment of area /I,
according to 1.5.2.12.

(2) Where Mgq minf and MEgd max.f, OF only Mgg minfcause
compression in the concrete slab, the stresses in
structural steel for these bending moments should be
determined with the cross-section properties of the un-
cracked section.

6.8.5.4 Reinforcement

(1) Where the bending moment Mgg,max.r causes tensile
stresses in the concrete slab and where no more
accurate method is used, the effects of tension
stiffening of concrete on the stress {s,max,f in
reinforcement due to Mgg max r Should be determined
from the equations (7.4) to (7.6) in 7.4.3 (3).
Inequation (7.5) in 7.4.3(3), a factor 0.2 should be
used, in place of the factor 0.4.

(2) Where also the bending moment Mgq min f CaUSES
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(2) YV micux, ne 3ruHaIbHUA MOMEHT
M4 min £ TAKOXK BUKJIMKA€E PO3TATYBaJIbHE
HaIpy>KeHHs B OCTOHHIN TIJTUTI TIPH
pO3TATYBaHHI, Jiaa3oH HaNpyxeHb A
HaBEJCHO Ha PUCYHKY 6.26, a Og,min, B
apMaTypi, 00ymoBiIeHe M4 min f,
BHU3HAYAETHCS 32 POPMYIIOI0

tensile stress in the concrete slab the stress range AC is
given by Figure 6.26 and the stress gg,mi, in
reinforcement due to M4 min s can be determined from:

MEd,min,f

o - m (6.51) Os.mins = Os,maxs MEd,mmJ , (6.51)
5. min,f S,max,f Myy o, )
s A1
O, max,
Ag ;‘ 2
95, min,f ---_/i// ”
» M

MEd, min.f

MEd, max.f

1 — po3TsrHyTa IUINTa; 2 — Mepepis, IKUH MOBHICTIO PO3TPiCKaBCs

Pucynox 6.26 - BuzHaueHHS HAIPYXEHB Oy, max, £ 1 Os,min,f B MICIISIX TPILIMHO YTBOPEHHS
Figure 6.26: Determination of the stresses {s,max,f and {s,min,f in cracked regions
Key: 1) slab in tension, 2) fully cracked section

(3) ¥ micusx, 1€ Medmint 1 MEdmax.r200
TINBKH MEd min,f BUKJIIMKAIOTh CTUCHEHHS B
OeTOHHIM IUINTI, HANPY>KEHHS B apMaTypi i
JTAHUX 3THHAJIBHUX MOMEHTIB CJIiJi BU3HAYaTH
3a XapaKTepUCTHKAMHU TOTIEPEYHOTO TIepepizy
0e3 TpiluH.

6.8.5.5 3cyBHi 3’eqHanHs

(1) P ITo3moB:xHiii 3CyB Ha OJTUHUITIO
JTOBXKUHH PO3PAXOBYETHCS 32 JOMTOMOTOIO
HPY>KHOTO PO3PaxyHKY.

(2) B enemenTax, B IKUX Ma€ MicLe
TPILIMHOYTBOPEHHS B OETOHI, CIill
BPaxOBYBAaTH KOPCTKICTh IPU PO3TATY 3a
JIOTIOMOTOFO BiJIITOBIIHOT Motei. Jlis
CTPOIIEHHSI, CHJTU TTO3/J0BXXHHOTO 3CyBY Ha
ME3K1 PO3IMOJILTY MK KOHCTPYKIIIITHOIO
CTaJUTIO 1 0ETOHOM BHU3HAYAIOTHCS 32
JIOTIOMOTOI0 XapaKTEPHUCTHUK Mepepizy 0e3
TPIIIKH.

6.8.5.6 Hanpy:keHHs1 y HeHANIPYKyBaHIM i
HANpPYKyBaHiil apMaTypi B KOHCTPYKIIifAX,
SIKi monepeiHbO HANPYKEHI ApMAaTypPHUMU
eJleMeHTaMM, 1110 MaIOTh 34YellJICHHS 3
0eToHOM

(1) P JIna xoHCTpyKLIH 3 apMaTypHUMH
€JIEMEHTaMH, IO MaloTh 34YEIUIEHHA 3
0eTOHOM, IHIIMHA  pEKHUM  3YEIUICHHS

(3) Where Mgg mins and Mgq max.£Or only Mgg mins cause
compression in the concrete slab, the stresses in
reinforcement for these bending moments should be
determined with the cross-section properties of the un-
cracked section.

6.8.5.5 Shear Connection
(1)P The longitudinal shear per unit length shall be
calculated by elastic analysis.

(2) In members where cracking of concrete occurs the
effects of tension stiffening should be taken into
account by an appropriate model. For simplification,
the longitudinal shear forces at the interface between
structural steel and concrete may be determined by
using the properties of the uncracked section.

6.8.5.6 Stresses in reinforcement and prestressing
steel in members prestressed by bonded tendons

(1)P For members with bonded tendons the different
bond behaviour of reinforcement and tendons shall be
take into account for the determination of stresses in
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apMaTypu 1 HampyKeHHX  apMaTypHHX
€JIEMEHTIB It BpaxoByBaTH JUIs
BU3HAUCHHS HAmpyXeHb B apMmarypi i

HaNPYXCHUX apMaTypHUX €IIEMEHTAX.
(2) Hanpy»xeHHs ci1iJi BA3HAYATH BiIMOBITHO
1o 6.8.5.4; npu uboMy Cs,max s BU3HAYAETHCS
3rigHo 3 7.4.3 (4).

6.8.6 [liamazonmn Hanpy:XeHb

6.8.6.1 KoncrpykuiiiHa crajb i apmarypa
(1) Hianazonu HaIpy>KeHb MaroTh
BU3HAUATHUCS, BHUXOAAYUM 3  HAMPY>KEHb,
BU3HAYEHUX 3TiAHO 3 6.8.5.

(2) ko mepeBipka BTOMHOCTI 0a3yeThesl Ha
eKBIBAJICHTHUX  [iama3oHax  HalpyXeHb
pylHYBaHHS, [iana3oH Aop, SK MPaBUIIO,
BHU3HAYAETHCS 32 (POPMYIIOIO:

AO-E = ﬂ’do-maxzf -0,

min,f* |° (652)
1€ Cmaxf 1 {minf - MAKCHUMANBHI 1 MiHIMAJIbHI
HanpyXeHHs 3TiHo 3 6.8.4 Ta 6.8.5;

A- €KBIBJIGHTHUH KOCPIIIEHT MOIIKOHKCHHS,
0 - CKBIBAJICHTHHM JMHAMIYHHHN KoediIieHT
MTOIIKOKEHHSI.

(3) YV wMicuax, e eleMeHT MNiJIaeThCs
KOMOIHOBAaHMM 3araJibHUM 1  MICIIEBUM
BIIJIUBAM, CJIiJl BPaXxOBYBaTH TaKOX OKpeMi
BIIUBU. SIKIIO HE BUKOPUCTOBYETHCS OLIBII
TOYHUNA METOJ, EKBIBaJCHTHE HAMpy>KeHHs
MOCTIMHOI ~ aMIUTITyau, $KE€ BUKIHUKAaHO
3araJbHUMHM 1 MICIIEBUMM BIUIMBAMM, Mae€
KOMOIHYBaTHCS 3 BUKOPUCTAHHAM (POPMYIIH:

Ao-E = //i’glob¢glubA0E,glob + ﬂ’loc¢locAo-E,loc’ (653)

7ie HYDKHI 1Hekcn «glob» 1 «loc» o3HavarTh
3arajbHi Ta MICIIEB] BIUTUBHU B1AIIOBIIHO.

4) ExBiBanieHTHUI Koe(ilieHT
MOIIKO/DKEHHS. A 3aJIeKUTh BIJl CHEKTPY
HABAaHTAXCHHS 1 HaxXWIy KpPUBOi BTOMHOI
MILHOCTI.

(5) Koeopimienr A s eJIEMEHTIB 3
KOHCTPYKIIWHOT cTani HaBoauTthes B EN
1993-2, 9.5.2 nna aBTOMOOIILHMX MOCTIB 1 B

EN 1993-2, 9.5.3 - nis 3a1i3HUYHUX MOCTIB.
Mpumirka: Koediientn A=4; 14 HeHanpyskeHOI 1
Hampy>XeHoi apMaTypu HaBomsaTbcs B EN 1992-2,
NN.2 (moBigkoBuii) - A7i1 aBTOMOOITBHUX MOCTIB i
NN.3 (1oBiAKOBHIA) - IJIs1 3aTI3HUTHUX MOCTIB.

reinforcement and tendons

(2) Stresses should be determined according to 6.8.5.4
but with {,max r determined according to 7.4.3 (4).

6.8.6 Stress ranges

6.8.6.1 Structural steel and reinforcement

(1) The stress ranges should be determined from the
stresses determined in accordance with 6.8.5

(2) Where the verification for fatigue is based on
damage equivalent stress ranges, in general a range
Aog should be determined from:

Ao, = ﬂ,qﬁ(o-maxf -0, , (6.52)

min,f

where:

Omax.f aNd Opin £ are the maximum and minimum
stresses due to 6.8.4 and 6.8.5;

A is a damage equivalent factor;

v is a damage equivalent impact factor.

(3) Where a member is subjected to combined global
and local effects the separate effects should be
considered. Unless a more precise method is used the
equivalent constant amplitude stress due to global
effects and local effects should be combined using:

AUE = //i’glob¢g10bAO_E,glob + ﬂ’[oc¢[ocA0E,loc’ (653)

in which subscripts “glob” and Jec” refer to global
and local effects, respectively.

(4) The damage equivalent factor 4 depends on the
loading spectrum and the slope of the fatigue strength
curve.

(5) The factor A for structural steel elements is given
in EN 1993-2, 9.5.2 for road bridges and in EN1993-2,
9.5.3 for railway bridges.

NOTE: Factors 1 = Asfor reinforcement and prestressing steel are given
in EN 1992-2, NN.2 (Informative) for road bridges and NN.3
(Informative) for railway bridges.
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(6) Jlns 3a51i3HUYHUX MOCTIB €KBIBAJICHTHHI
JUHAMIYHAN KOe(II€HT MOIIKOHKEHHS U
BU3Ha4JaeThes BianoBigHo 10 EN 1991-
2:2003, 6.4.5.
(7) s aBTOOOPOXKHIX MOCTIB
€KBIBAJICHTHUI JUHAMIYHUI Koe(]imieHT
MOIIKO/DKEHHS MOXKE MTPUMMATHUCS TaKUM, 1110
nopiBHioe 1,0.
6.8.6.2 3cyBHe 3’€IHAHHA
(1) st mepeBipky 3CyBHUX 3'€THYBAIbHUX
CTEP’KHIB Ha OCHOB1 HOMIHAJIbHHX J[ialla30HiB
HANPYXCHb, EKBIBAJICHTHUN TOCTIHHUHN
Jiana3oH HANpPYXEeHb MU 3CyB1 Atp, U1 2
MJTH. IIMKJIIB BUPAXKAETHCS 32 TIOTIOMOTOI0
A‘L’Eg = /1V AT] , (654)
ne Ay - CKBIBaJEHTHHH  KoeimieHT
pYHHYBaHHS, IO 3aJE€XKUTh BiJl CHEKTPY 1
HAXWITy 7 KPUBOI BTOMHOI MiITHOCTI;
4, - obmacTh HampyXeHb IIPU 3CyB1 uepes
BTOMHE HANpY>KEHHs, K4 CTOCYEThCS ILIONII
MOTIEPEYHOTO TIepepi3y CTEepPKHS IIMUIBKH,
IIPU BUKOPUCTAHHI HOMIHAJIBHOTO JiameTpa d
CTCPIXKHSL.
(2) EkxBiBaJIeHTHMH TIOCTIHHUH Jiara3oH
aMIUTITYAM Hamnpy>KeHb MPU 3CYBl1 B 3BapHUX
[IBaX IHIIUX THIMIB 3CYBHUX 3'€JHaHb CIiJ
po3paxoByBatu BianmoBigHO g0 EN 1993-1-
9:2005, 6.
(3) dyst MOCTIB €KBIBAICHTHHM KOE(DIIIEHT Ay
JUIS CTEP>KHIB YIOPIB 3 TOJIOBKAMH IPHU 3CYBI
Ma€ BHU3HAYATUCS 3 Ay = Ay,1 Avs2 Avy3 Aves, 1€
Koe(illi€HTH BiA Ay,; A0 Ay,4 BU3HAYAIOTHCS Y
4)i(5).
(4) [ns aBTOJIOPOXKHIX MOCTIB 3 MPOrOHOM
mo 1000 M Mae  BHKOpPUCTOBYBATHCSA
KoedilieHT Ay,; = 1,55. Koediuientu Bix 4y,
JI0 Ay,4 MAFOTh BH3HA4YaTHUCS 3T1IHO 3 9.5.2 (3)
-(6) cranmapry EN  1993-2, ane 3
BUKOPHCTAHHAM €KCIOHEeHT 8 1 1/8 3amicTh
NpPEJCTaBICHUX JUIsl OOJIKY BiJNOBIIHOTO
HaxXuily m = 8§ KpUBOi BTOMHOI MIIIHOCT1 JJIst
CTEp>KHIB 3 FOJIOBKaMH, HaBeJIeHUX y 6.8.3.
(5) Hus 3ami3HUYHUX MOCTIB KOEQILIEHT Ay,

Mae BUKOPUCTOBYBATUCH Ha Hi,[[CTaBi
pUCYHKY 6.27.
Mpumitka: KoedimieHTHn Ay,-Ay.q BHU3HAYAIOTHCS

BinmoBigHo 10 EN 1992-2, NN3.1 (104) - (106), ane 3
BUKOPHUCTAHHSAM CKCIOHCHTH m=8 I IIMAIbOK 3
TOJ0BKaMH 3aMICTh EKCITOHEHTH k.

6.8.7 Oninka BUTPHUBAJOCTI Ha miAcTaBi
HOMIiHAJIbHHUX JiaNa30HiB HANPY/KeHb

(6) For railway bridges the damage equivalent impact
factor v is defined in EN 1991-2: 2003, 6.4.5.

(7) For road bridges the damage equivalent impact
factor may be taken as equal to 1.0.

6.8.6.2 Shear connection

(1) For verification of stud shear connectors based on
nominal stress ranges the equivalent constant range of
shear stress Azg > for 2 million cycles is given by:

ATE’Z = j.v An ) (654)
where:

Ay 1s the damage equivalent factor depending on the
spectra and the slope m of the fatigue strength curve;
4y, 1s the range of shear stress due to fatigue loading,
related to the cross-sectional area of the shank of the

stud using the nominal diameter d of the shank.

(2) The equivalent constant amplitude shear stress
range in welds of other types of shear connection
should be calculated in accordance with EN 1993-1-9:
2005, 6.

(3) For bridges the damage equivalent factor A, for
headed studs in shear should be determined from A, =
Avs1 Avs2 Avo3 Avs,a Where the factors Ay,; to Ay,4 are
defined in (4) and (5).

(4) For road bridges of span up to 100 m the factor
Av,1=1,55 should be used. The factors Ay, to 4.4
should be determined in accordance with 9.5.2 (3) to
(6) of EN 1993-2 but using exponents 8 and 1/8 in
place of those given, to allow for the relevant slope m
= 8 of the fatigue strength curve for headed studs,
given in 6.8.3.

(5) For railway bridges the factor Ay,; should be taken
from Figure 6.27.

NOTE: The factors 4,,, to 4,,; may be determined in accordance
with EN 1992-2, NN3.1(104) to (106), but using the exponent m
= 8 for headed studs instead of the exponent k.

6.8.7 Fatigue assessment based on nominal stress
ranges
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6.8.7.1 KoncrpykuiiiHa crajib, apMarypa i
0eToH

(1) Ominka BTOMHOCTI apMaTypu Mae
BiJIMOBiAaTH ymMOBaM, HaBegaeHuM y EN 1992-
1-1:2004, 6.8.5 abo 6.8.6.

(2) TlepeBipka AJiss CTHCHEHOTO OETOHY Mae
BI/IMOBi1aTH yMOBaM, HaBegeHUM y EN 1992-
2,6.8.7.

(3) i1 MOCTIB OITIHKA BTOMHOCTI JIJIst
KOHCTPYKIIAHOT CTaJi Ma€ BiIMOBIAATH
BuMoram po3ainy 9 crannapty EN 1993-2.
(4) Ouinka BTOMHOCTIM Hampy>KeHOi
apMaTypy Ma€ BIANOBIJaTH BUMOTaM
craggapty EN 1992-1-1:2004, 6.8.5.

6.8.7.1 Structural steel, reinforcement and concrete

(1) The fatigue assessment for reinforcement should
follow EN 1992-1-1: 2004, 6.8.5 or 6.8.6.

(2) The verification for concrete in compression
should follow EN 1992-2, 6.8.7.

(3) For bridges the fatigue assessment for structural
steel should comply with Section 9 of EN 1993-2.

(4) The fatigue assessment for prestressing steel
should comply with EN 1992-1-1: 2004, 6.8.5.

Moy 1

A
1,0
' | | |
- L
0,9 L a=09- =
’ \ Myt 0.9 133
0.8 = 0.75
07
0,6
0,5 P | [m]
0 10 20 30 40 50 60 70 80 90 100

Pucynox 6.27 - 3HaueHHs Ay, SIK QyHKIsl TIOBXKHHH ITPOTOHY JJIsl CTAHAAPTHOTO TA IHTEHCUBHOTO PYXY
U1 Mozielti HaBaHTaxxeHHs 71 BigmosigHo 1o EN 1991-2:2003
Figure 6.27: Values Av,1 as a function of the span length for standard and heavy traffic for
load model 71 according to EN 1991-2: 2003

6.8.7.2 3cyBHe 3’eqHaHHS
(1) s 3'enHyBanbHUX CTEPAKHIB YIOPIB, 110
MIPUBAPEHIX /10 CTAJIEBOI MOJHIII, KA 3aBXKIN
3HaXOJUTHCS y CTUCIIOMY CTaH1 ITiJi BINIUBOM
BIJIMOB1THOTO TTO€HAHHS BILIUBIB (UB. 6.8.4
(1)), omiHKa BTOMHOCT1 Ma€ IPOBOAUTHUCS 3a
JIOTIOMOT 010 TEPEBIPKU KPUTEPIIO:

vee Ate 2 < AT Mt (6.55)
ne At - BU3HAYA€eThes 3riiHo 3 6.8.6.2 (1);
At~ OTIOpHE 3HAYEHHS BTOMHOI MIITHOCTI MpH
2 MJIH. IIUKIIIB, 110 BU3HAYAECTHCSA BiAMOBIIHO
10 6.8.3.
Jlianma3oH HampyKeHb A7 B CTEpPKHI yIop Mae
BH3HAUaTUCSA 3  ypaxXyBaHHSAM  IUIOIII
MOTIEPEYHOT0  Tepepizy  CTEepKHA  TpH
BHUKOPHUCTAHHI MO0 HOMIHAJIBHOTO JllaMeTpa

d.

6.8.7.2 Shear connection

(1) For stud connectors welded to a steel flange that is
always in compression under the relevant combination
of actions (see 6.8.4 (1)), the fatigue assessment
should be made by checking the criterion:

Yee Atep S At Iymaes (6.55)
where: Atg; is defined in 6.8.6.2(1);
Az, 1s the reference value of fatigue strength at 2

million cycles determined in accordance with 6.8.3.

The stress range 4z in the stud should be determined
with the cross-sectional area of the shank of the stud
using the nominal diameter d of the shank.
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(2) Tam, ne MakcUMajabHE HANPYKCHHS Y
CTaJeBiil MONUI, A0 SKOi NPUBAPIOIOTHCS
3'eTHyBaJIbHI CTEpPIKHI yIIOpiB, €
PO3TATYBAIBHUM IIiJi BIUTMBOM BiJIITOBIAHOI
KOMOIHaIl1, B3a€MO3B'SI30K Yy Oyab-SKOMY
nepepizi MiX Jiama3oHOM 3CYyBHUX ATg Y
3BapHOMY IIBi 3'€JJHYBIBHOTO CTEPXKHS 1
Jianma30HOM HOPMAIBHHUX HAINpyXeHb Aog y

CTaJeBId TOJNMIN  CIiJ TEpeBIpATH  3a
JIOTIOMOTOI0 TAKHX BUPA3iB:
Ao AT
Yry2952 | VeyATa <13, (6.56)
Ao, /ny A, /;/Mf,s
Ao At
IrrB9%a (o ot (1o (657
Ao, /7/Mf A, /;/Mf,s

ne Aog, - Alana3oH HaNpyXeHb B IOJIUL,
BM3HAYEHMH 3rijgHo 3 6.8.6.1;

Ao, - ONOpHE 3HAUYEHHS BTOMHOI MIIIHOCTI,
HaBegene B EN 1993-1-9:2005, 7, 3a
JOTIOMOTOI0  3acTOocyBaHHs Kareropii  80;
o0acTi HanpyXeHb Atg s 1 A1, , AKi BU3HAYEHI
B ().

Bupa3z (6.56) mae mepeBipATHCS Ui
MaKCHUMaJIbHOTO 3HAYCHHS Aok 1
BIJIOBIAHOTO 3HA4YEeHHS ATg), a TaKoX IJis
MaKCHMaJIbHOTO 3HAUEHHS Ate s i
BIJIOBIAHOTO 3HA4Y€HHA Aog). SIKIIO BIIUB
KOPCTKOCTI TpH pPO3TATYBaHHI OETOHY He
BPaxOBY€ETHCSA 3a JIOMOMOTOI0 OUIBII TOYHUX
METO/IB, KpUTepiil B3aeMOii epeBipsAeThCS 3
BIJIMOBIIHUMH J1alTa30HAMH HAMpPYXKEHb, K1
BU3HAYAIOTHCS 13 3aCTOCYBaHHSAM
XapaKTePUCTHK TOMEPEYHOro Tepepizy 3
TpillMHAMU 1 6€3 TPIIIHH.

6.9 Po3TArHyTi ejieMeHTH B
cTaj1e3a/1i300€TOHHUX MOCTaX

(1) I301bOBaHMIA 3a11300€TOHHUI
PO3TATHYTHIA efeMeHT 3rigHo 3 5.4.2.8 (1) (a)
CJII MPOEKTYBATH BIAMOBITHO J0 PO3ILTIB 6 1
9 crannapty EN 1992-2. Jlng nonepeAHbOro
HANPY)XCHHS apMaTypPHUMH €JICMCHTAMH, Ma€
OyTH BpaXOBYBaHO BiJIMIHHICTb 3UETJICHHS
HaNpyKyBaHOT 1 apMaTypHOi cTai 3TiJIHO 3
6.8.2 EN 1992-1-1:2004 .

(2) st po3TATHYTHX €IEMEHTIB Y MOCTax 3
3010 mocepenuHi abo MocTax 3 371010
MOHM3Y, a TAKOXK Y apOYHHX MOCTax 13
3aTSATyBaHHSIM, B SKUX PO3TATHYTHIA €JIEMEHT
(GYHKIIIOHYE SIK MOCTOBE TIOJIOTHO 1
OJIHOYACHO MiITA€ThCS KOMOIHOBaHUM

3araJbHUM 1 MICIIEBUM  BIUIMBIB, CJiJ

(2) Where the maximum stress in the steel flange to
which stud connectors are welded is tensile under the
relevant combination, the interaction at any cross-
section between shear stress range Azg in the weld of
stud connectors and the normal stress range Aog in the
steel flange should be verified using the following
interaction expressions.

VF,fAUE,z n 7F./'ATE,2 <13, (6.56)
Ao, /7/Mf At, /7/Mf,s
YrAGE, <10, ﬂgm, (6.57)
Ao, /}/Mf At, /7Mf,s

where:

Aok 1s the stress range in the flange determined in
accordance with 6.8.6.1;

Ao is the reference value of fatigue strength given in
EN1993-1-9; 2005, 7, by applying category 80 and the
stress ranges Azg and Az, are defined in (1).

Expression (6.56) should be checked for the maximum
value of Aog, and the corresponding value Atg,, as
well as for the combination of the maximum value of
Atg, and the corresponding value of Aog,. Unless
taking into account the effect of tension stiffening of
concrete by more accurate methods, the interaction
criterion should be verified with the corresponding
stress ranges determined with both cracked and un-
cracked cross-sectional properties.

6.9 Tension members in composite bridges

(1) An isolated reinforced concrete tension member
according to 5.4.2.8 (1) (a) should be designed in
accordance with Sections 6 and 9 of EN 1992-2. For
prestressing by tendons the effect of different bond
behaviour of prestressing and reinforcing steel should
be taken into account according to 6.8.2 of EN 1992-
1-1: 2004.

(2) For tension members in half-through or through
bridges and bowstring arch bridges where the tension
member is simultaneously acting as a deck and is
subjected to combined global and local effects, the
design shear resistance for local vertical shear and for
punching shear due to permanent loads and traffic

loads should be verified. Unless a more precise
method is used, the verification should be according to
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BpaxoByBaTH pPO3paxyHKOBUH orip
MICIICBOMY  BEpPTHKAIBHOMY  3CyBY 1
MIPO/IABIIIOBAHHIO, IO € PE3YJILTATOM BILTHUBY
MOCTIHHUX 1 TPAHCIOPTHUX HABAHTAXKCHb.
SKII0O HE BUKOPHCTOBYETHCS IHIIWN, OUIBII
TOYHUU METOJ, TIepeBipKa Ma€ MPOBOJAUTHUCS
3riggo 3 6.2 1ta 6.4 EN 1992-1-1:2004 1
6.2.2.5 (3) 3 ypaxyBaHHSIM HOPMaJIbHOI CHUJIN
3113006 TOHHOIO ejeMeHTa 3rigHo 3 5.4.2.8

(3)1(6).
(3) Ha «kiHmgx  OeTOHHOI  YaCTHHH
cTase3a1i300eTOHHUX PO3TATHYTOTO

eJIeMEeHTa JJI NPUKIAJaHHS HOPMaJIbHOI
CHJIM CJHiI TependadyuTH KOHIEHTPOBAHY
Ipyny 3CYBHHUX 3'€IHYBaJbHUX €JIEMEHTIB,
Kl po3pobieHo y BiamoBigHOCTI 10 6.6.
3cyBHe 3'egHaHHS ~Mae OyTH  3]aTHE
nepeaaBaTu PO3paxyHKOBe 3HAYCHHS
HOPMAJIbHOI CHJIM OETOHHOTO PO3TSATHYTOT'O
egleMeHTa 1o goBxuHI 1,5 b, me b -
HaOIIpIIa 3 BETUYMH KOHCOJI OETOHHOTO
eJIeMEHTa 1 TIIOJIOBUHM  BIJICTaHI  MIX
CYMDKHHMMHU CTaJIEBUMHU €JIeMEHTaMH. SIKIIo
3CYBHI 3'eIHyBaJIbHI €JIEMEHTH
MepEBIPSIOTHCS Ha J11F0 HOPMaJIbHOT CHIIH, 1110
BH3HaYeHO 3rigHO 3 5.4.2.8 (6), Mae
3acTocoBYBaTHUCS piBHIHHSA (5.6-3).

(4) HeoOxizHo mnepeadauuTd BHYTPIMIHI
3yCHJUISL BiJI €JIEMEHTIB, 10 TMpUETHAHI 10
KIHI[IB CTaNe3ali300€TOHHUX PO3TSATHYTOTO
€JIEMEHTA, SIKI MOTPIOHO PO3MOIUIMTUH MIXK
CTaJIeBUMU Ta 3aJ11300€TOHHUMHU
eJIEMEHTaMHU.

(5) dna crane3amizo0ETOHHUX PO3TATHYTHX
€JIEMEHTIB, 1110 MiJAI0ThCS PO3TATYBAHHIO 31
3THHOM, HEOOXIJHO TmependadyuTd 3CyBHE
3'eqHaHHSA 3TriaHO 3 6.6.

(6) [na crane3anizo0ETOHHUX PO3TATHYTHX
€JIEMEHTIB, TaKUX SK pPO3KOocH y depmax,
JIOBXMHA TPUKIAJAaHHSA [UIS  HOPMAaJIbHOI
CHJIM Y PO3paxyHKax Ma€ He TEepPEeBHIYyBATH
MiHIMaJIBHUI MOMEepeUHuil po3Mip eleMeHTa
B 2 pasu .

7 TI'panmyni cranm  3a
eKCILIYaTANiHOI MPUAATHOCTI
7.1 3aranbHi N0JI0KeHHA

(1) P Koncrpykuis 31 crane3anizo0eTOHHUMHI
elleMeHTaMu Mae Oytu  po3poOieHa i
moOynoBaHa TaKUM  YWHOM, 1100  BCi
BiJIMOBIAHI TPAHUYHI CTAaHU 32 YMOBOIO

YMOBOIO

6.2 and 6.4 of EN 1992-1-1: 2004 and 6.2.2.5 (3) by
taking into account the normal force of the reinforced
concrete element according to 5.4.2.8(3) and (6).

(3) At the ends of a concrete part of a composite
tension member, for the introduction of the normal
force, a concentrated group of shear connectors
designed according to 6.6 should be provided. The
shear connection should be able to transfer the design
value of the normal force of the concrete tension
element over a length 1.5 b, where b is the larger of
the outstand of the concrete member and half the
distance between adjacent steel elements. Where the
shear connectors are verified for a normal force
determined by 5.4.2.8(6), equation (5.6-3) should be
used.

(4)P Provision shall be made for internal forces and
moments from members connected to the ends of a
composite tension member to be distributed between
the structural steel and reinforced concrete elements.

(5) For composite tension members subject to tension
and bending a shear connection should be provided
according to 6.6.

(6) For composite tension members such as diagonals
in trusses, the introduction length for the normal force
should not be

Section 7 Serviceability limit states

7.1 General
(1)P A structure with composite members shall be
designed and constructed such that all relevant

serviceability limit states are satisfied according to the
Principles of 3.4 of EN 1990: 2002.
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eKCIUTyaTaIliiHOl TPHUAATHOCTI BiJIOBIIATH
nosio>keHHsAM 3.4 crangapty EN 1990:2002
(2) IlepeBipka rpaHMYHHUX CTaHIB 32 YMOBOIO
OpUIATHOCTI 70  eKCIulyaramii  Mae
TpyHTYBaTucs Ha Kputepii, HagaHomy B EN
1990:2002, 3.4 (3).

(3) Crane3amizoberonHi Mict abo Horo
OKpeMi YacTHHU CIiJ KiacugikyBatu 3a
eKoIoriyHMM KitacaM 3rigHo 3 EN 1992-2, 4,
(4) dns moctiB abo iX YacTHH MepeBipka
rPaHUYHUX 3HAYEHb 32 YMOBOIO IPUJATHOCTI
JI0 eKcIUTyaTalii Mae TpPOBOJUTHUCSA SK Ha
cTafisx OymIBHUIITBA, TaK 1 Ha CTajisfax
eKCILTyaTarii.

(5) 3a HeobOximHOCTI, Mae OyTH BpPaxoBaHO
BUMOTH 1 KpuTepii, mo HaBegeHo B A.2.4
(momatok A.2) EN 1990:2002.

(6) I'paHMYHI cTaHW 32 YMOBOKO MPUAATHOCTI
JI0 eKCIuTyartarii craiae3ari300eTOHHUX TUIAT
CJIi1 KOHTPOJIFOBATH 3T1IHO 3 PO3ALIOM 9.

7.2 HanpyxeHHs

7.2.1 3arajibHi 10JI05KEHHS

(1) P Ipu po3paxyHKy HanpyeHb s OaIoK
y TPAaHUYHOMY CTaHi 32 YMOBOIO NMPUAATHOCTI1
JI0 eKCIUTyaTallii, 0 yBaru MaroThb OpaTHCs
TaKi XapakTepHi BIUIUBU:

- 3CyBHE 3aIli3HIOBaHHS;

- IOB3YYICTb 1 ycajka OeToHY;

- TPIIIMHOYTBOPEHHS 1 )KOPCTKICTh NpU
po3TAry OETOHY;

- IOCJIIJOBHICTb CIIOPY/A’KEHHS;

- NiJBMILEHA THYYKICTb y pe3yibTarTi
1ICTOTHOTO HEAOJIKY B3a€MO/I11, BUKJITUKAHOTO
IPOCIU3aHHAM 3CYBHOIO 3'€/IHaHHS;

- HETpy>KHa po0OTa CTall Ta apMaTypH, SIKIIO
BOHA Ma€ MICIIE;

- CKpyuyBaHa 1 HeCKpy4yBaHa jaedopmartis,
SKILO0 BOHA MA€ MICII€.

(2) 3cyBHE 3aMi3HIOBAHHSA
BpaxoByBaTHCs 3TiiHO 3 5.4.1.2.
(3) Sxmo He BUKOPHUCTOBYETHCS OLIBII
TOYHUM METOJI, BIUIMB IMOB3YUYOCTI 1 YCaJaKu
MOXKE  BpaxOBYBAaTHUCS 32  JIOTIOMOTOIO
BUKOPUCTaHHS  MOJYJABHUX  KOE(QiIi€HTIB
3rigHo 3 5.4.2.2.

(4) Y nmepepizax 3 TpillMHAMHM MEPBHUHHI
BIUIMBH YCaJKH MOXYTh HE BPaXxOBYBATHCS
IIpY TepeBipill HAPY>KEHb.

(5) P Ilpu po3paxyHKy mepepi3iB MIIHICTb
0ETOHY Ha PO3TAT HE BPAXOBYETHCS.

(6) Crmim BpaxoByBaTH BIUIUB >KOPCTKOCTI
0eTOHY MDK TpIlIMHAMHM TPH PO3TATYBAaHHI

MOXEC

2) The verification of serviceability limit states should
be based on the criteria given in EN 1990: 2002,
3.4(3).

(3) The composite bridge or specific parts of it should
be classified into environmental classes according to
EN 1992-2, 4.

(4) For bridges or parts of bridges, verifications for
serviceability limit states should be performed for both
the construction phases and for the persistent
situations.

(5) Where relevant, requirements and criteria given in
A2.4 of Annex A2 of EN 1990: 2002 should be taken
into account.

(6) Serviceability limit states for composite plates
should be verified in accordance with Section 9.

7.2 Stresses

7.2.1 General

(1)P Calculation of stresses for beams at the
serviceability limit state shall take into account the
following effects, where relevant:

— shear lag;

— creep and shrinkage of concrete;

— cracking of concrete and tension stiffening of
concrete;

— sequence of construction;

— increased flexibility resulting from significant
incomplete interaction due to slip of shear connection;

— inelastic behaviour of steel and reinforcement, if
any,
— torsional and distorsional warping, if any.

(2) Shear lag may be taken into account according to
54.1.2.

(3) Unless a more accurate method is used, effects of
creep and shrinkage may be taken into account by use
of modular ratios according to 5.4.2.2.

(4) In cracked sections the primary effects of
shrinkage may be neglected when verifying stresses.

(5)P In section analysis the tensile strength of concrete
shall be neglected.

(6) The influence of tension stiffening of concrete
between cracks on stresses in reinforcement and pre-
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Ha HalNpyXEeHHs Yy HEHaNpyXKyBaHId 1
HampyXXyBaHid  apmarypi.  Skmo  He
BUKOPUCTOBYETHCS OUIBII TOYHUN METOJ,
HaIpPYKEHHS B apMatypi MaroTh
BHU3HAYAIOTHCS 3TigHO 3 7.4.3.

(7) BrutuB ®OpCTKOCTI MPH pO3TATYBaHHI Ha
HaIpy>KCHHsI y KOHCTPYKIIIHHINA cTaji MOXe
HE BPaXxOBYBaTHUCH.

(8) HampyxenHns y OeTOHHIM TIIMTI 1 B
apMarypi, 10 BHKJIHMKaHI OJHOYACHUM
BIIUBOM 3arajlbHUX 1 MICLEBUX BIUJIUBIB,
CJIiJT TZICYMOBYBATH.

7.2.2 O0MexeHHSI HATIPYKEHb 1JIsl MOCTIiB

(1) P HapnumkoBiii  moB3ydocTi i
MIKpOPO3TPICKYBaHHIO CIiJl 3amofiratu 3a
JIOTIOMOTO0  OOMEXEHHSI ~ CTHCKaJIbHOI'O
HaTPY)KEHHSL.

(2) OOMexxeHHsT HanpyX eHb s OETOHY [0
3HAYCHHS kifcx Ma€ POBOIUTHUCS 3TigHO 3 EN
1992-1-1:2004, 7.2, 3 mnompaBKaMu, IO
3a3naveni B EN 1992-2.

(3) P Hampyxenns y apmaTypHoi ctami 1y
HaNpY)KEHUX apMaTypHUX €JIEeMEHTaX Mae
Oyt TakuM, 00 3amo0iratv HempyKHii
nedopmariii y craii.
(4) Ilin  BIMBOM
KOMOIHAIll BIUIMBIB, HANpPYXEHHS MaroTh
oOMeXyBaTucsi 3HaueHHAMM: kifx - B
apMaTypHoOi cTaml 1 ksfpx - y HanpyKeHHX
apMaTypHUX €JIeMEHTaX, Jie 3HaueHHs ki 1 ks
HaBosAThCs B EN 1992-1-1:2004, 7.2 (5).

(5) HanpyxkeHHs y KOHCTpYKLiMHIN cTami
nosuHHI Bignosigatu EN 1993-2, 7.3.

(6) Mlns rpaHMYHUX CTaHIB 32 YMOBOIO
OPUIATHOCTI IO  eKCIuTyartamii  cuiia
MO3/I0BXKHBOTO  3CYyBY Ha 3'€qHYBaJIbHUU
€JIeMEHT Mae oOMeXyBaTucCs 3rigHo 3 6.8.1
(3).

7.2.3 KoinBaHHS CTIHKH

(1) I'nyukicTe HEXOPCTKUX abO0 MKOPCTKHUX
CTIHOK CTaje3aTi300€TOHHUX OaJloK CIif
oOMexyBatu BianmoBigHo A0 7.4 EN 1993-2.
7.3 lepopmantii mocTiB

7.3.1 Ilporunu

(1) 3a HEoOX1AHOCTI ISl TPAHUYHOTO CTaHYy
3a  gedopmarii  3actocoBytoTbes — EN
1990:2002, A.2.4 (momatox A2), i EN 1993-
2,7.5-7.817.12.

(2) Po3paxyHOK NMPOTHHIB Ma€ MPOBOTUTHUCS 3
BUKOPUCTAHHSM MPY>KHOTO aHaJIi3y 3TiTHO 3
po3aiiom 5.

XapaKTepUCTHYHOT

stressing steel should be taken into account. Unless
more accurate methods are used, the stresses in
reinforcement should be determined according to
7.4.3.

(7) The influences of tension stiffening on stresses in
structural steel may be neglected.
(8) Stresses in the concrete slab and its reinforcement

caused by simultaneous global and local actions
should be added.

7.2.2 Stress limitation for bridges
(1)P Excessive creep and microcracking shall be
avoided by limiting the compressive stress in concrete.

(2) Stress limitation for concrete to the value £; fx
should be in accordance with EN 1991-1-1: 2002, 7.2
as modified by EN 1992-2.

(3)P The stress in reinforcing steel and in prestressing
tendons shall be such that inelastic strains in the steel
are avoided.

(4) Under the characteristic combination of actions the
stresses should be limited to 4; fe in reinforcing steel
and to ksfp in tendons, where the values k; and ks are
given in EN 1992-1-1: 2004, 7.2(5).

(5) The stresses in structural steel should be in
accordance with EN 1993-2, 7.3.

(6) For serviceability limit states the longitudinal shear
force per connector should be limited according to
6.8.1 (3).

7.2.3 Web breathing

(1) The slenderness of unstiffened or stiffened web
plates of composite girders should be limited
according to 7.4 of EN 1993-2.

7.3 Deformations in bridges

7.3.1 Deflections

(1) For the limit state of deformation EN 1990: 2002,
A2.4 of Annex A2 and EN 1993-2, 7.5to 7.8 and 7.12
apply, where relevant.

(2) Deflections should be calculated using elastic
analysis in accordance with Section 5.
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(3) Hedopmarii i gac OyAIBHUIITBA MAIOTh
KOHTPOJIIOBATUCS TAKMM YUHOM, 11100 OeTOH
HE YIIKOJ/KYBABCS i/ Yac WOTO YKIATaHHS i
TBEPJIIHHS BHACIIIIOK HEKEPOBAHHUX
MEPEMIIIEHb 1 00 JOBrOCTPOKOBY
TEOMETPII0 OYJI0 JOCITHYTO.

7.3.2 Biopamii

(1) 3a HeoOX1MHOCTI [Tl OOMEX)eHHs BiOpartii
3actocoBytoTbest EN 1990:2002, A2.4
momatku A2, EN 1991-2:2003, 5.716.4,1 EN
1993-2, 7.7 - 7.10.

7.4 TpiMHOYTBOPEeHHSA B 0eTOHI
7.4.1 3arajbHi 10J105KeHHS

((1) Jdnst oOMexeHHsI IMUPUHUA PO3SKPUTTS
TPIIIMH Y MOCTAX, JI0 CTaIe3a1i300e TOHHIX
KOHCTPYKIIIH MalOTh 3aCTOCOBYBATHCS
3aranibHi ymoBH ctangapty EN 1992-1-
1:2004, 7.3.1, 3 monpaBKaMH, 1110 HABEJACHO B
EN 1992-2. OOMexeHHS [UPUHU PO3KPUTTS
TPIIIKH 3aJI€KUTh BiJl KJIAciB BIUIUBY 3TiAHO 3
EN 1992-2, 4.

(2) OniHKa MHUPUHU TPIIIHH MOXKE
npoBoAuTHCA 3 BUKOpUCTaHHSIM EN 1992-1-
1:2004, 7.3.4, ne HanpyK€HH 0 Mae
PO3paxOBYBATHCS 3 YPAXyBaHHSIM BILTUBY
YKOPCTKOCTI NP PO3TATYBaHHI. SIKIIO He
BUKOPHCTOBYETHCS OUIbILI TOUHUI METOJ, O
BH3HAYa€EThCs 3rigHo 3 7.4.3 (3).

(3) B sxocTi criporieHoi 1 KOHCEpBaTHBHOT
aNbTEPHATHBH IIMPUHA TPIIIUHU MOXKE
oOMexyBaTucs 10 MPUHHATHUX PO3MIpPIB 3a
JIOTIOMOT' 010 3a0€3MeYeHHs] MiHIMalIbHOTO
apMyBaHHs, BUBHaY€HOro y 7.4.2, 1 KpOKY
abo JiaMeTpiB apMaTypHUX CTEPIXKHIB, SKi HE
MEePEBUIITYIOTh TPAHUYHI 3HAYCHHSI, 3a3HaYeH1
B 7.4.3.

(4) IpaBuia, 10 3aCTOCOBYIOTHCS IS
0OMeXEeHHS IIUPUHHA POKPUTTSI TPIIIUH

3HAYCHHSIM Wy, HAaBOAAThCA y 7.4.217.4.3.
Ipumirtka: - 3Ha4eHHS Wy 1 TOETHAHHS BIUIUBIB
OepyThCsl 3 HAIIOHAIBHOTO J0JaTKa. PekoMeH0BaHi
3HAYCHHS IS BIJNOBITHUX KJIaciB BILIUBIB

BIATIOBITAIOTh 3HAYEHHSIM Wyn,x, HABEIICHUMH Y
npumitkax EN 1992-2, 7.3.1 (105).

(5) YV xoHCTpYKIIiSX, Ie CiIbHAa poOoTa
MOYMHAETHCS 1O Mipi TBEpIIHHS OETOHY,
BIUTMBH TEIUIOTH TiapaTarlii eMEeHTY i
BiJIMOBIAHOT TEPMIYHOI YCAJIKH MAIOTh
BpPaxOBYBATHCS TUIHKU Ha CTafil

(3) Deformations during construction should be
controlled such that the concrete is not impaired
during its placing and setting by uncontrolled
displacements and the required long-term geometry is
achieved.

7.3.2 Vibrations

(1) For the limit state of vibration EN 1990: 2002,
A2.4 of Annex A2, EN 1991-2: 2003, 5.7 and 6.4 and
EN 1993-2, 7.7 to 7.10 apply where relevant.

7.4 Cracking of concrete

7.4.1 General

(1) For the limitation of crack width in bridges, the
general considerations of EN 1992-1-1: 2004, 7.3.1 as
modified in EN1992-2 apply to composite structures.
The limitation of crack width depends on the exposure
classes according to EN 1992-2, 4.

(2) An estimation of crack width can be obtained from
EN 1992-1-1: 2004, 7.3.4, where the stress o, should
be calculated by taking into account the effects of
tension stiffening. Unless a more precise method is
used, g, may be determined according to 7.4.3(3).

(3) As a simplified and conservative alternative, crack
width limitation to acceptable width can be achieved
by ensuring a minimum reinforcement defined in
7.4.2, and bar spacing or diameters not exceeding the
limits defined in 7.4.3.

(4) Application rules for the limitation of crack widths
to wy are given in 7.4.2 and 7.4.3.

NOTE: The values of Wy and the combination of actions may be
found in the National Annex. The recommended values for
relevant exposure classes are as given (as Wy,,) in the Note to EN
1992-2, 7.3.1(105)

(5) Where composite action becomes effective as
concrete hardens, effects of heat of hydration of
cement and corresponding thermal shrinkage should
be taken into account only during the construction
stage for the serviceability limit state to define areas
where tension is expected.
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OyIIBHMIITBA MO0 TPAHUYHOTO CTAaHY 34
YMOBOIO TMPHUAATHOCTI JO EKCIUTyaTaril asis
BH3HAUCHHS MICIb, JI€ Iepen0davaeThes
PO3TSIT.

(6) Sxmo HiAKI coemiagbHl 3aX0au IS
OOMEXCHHsI BIUIMBIB TEIUIOTH TiapaTarii
IIEMEHTY HE MPHUMAIOTHCS, JUIS CIPOIICHHS

JOMYCKAEThCSI ~ BUKOPHUCTAaHHS  MOCTIHHOI
TEMIIEpAaTypHOi PIZHUII MDK OCTOHHUM 1
CTaJIeBUM Tepepi3aMu Ui  BHU3HAYCHHS

JISTHOK TPIIIUHOYTBOPEHHS 3rigHO 3 7.4.2
(5) 1 oOMexKeHHsI UPUHU POSKPUTTSI TPILIMH
srimHo 3 7.4.2 1 7.4 3. ]Jlnda BU3HAYCHHS

Hanpy>KeHb y OeToHi Mae
BUKOPUCTOBYBATHUCA KOpOTKOCTpOKOBI/Iﬁ
MOMYJIb.

Ipumirka: Ormuc CIIeiaIbHUX 3aX0iB i
TEMIIEPaTypPHOI pi3HuILi MO’KHA B3ATH 3

HaliOHAIPHOTO J0/aTKa. PeKoMeHIOBaHEe 3HAYCHHS
IUTA TeMIrepaTypHoi pi3Hui ctaHoBUTH 20 K.

7.4.2 MiniMajibHe apMyBaHHA

(1) SIxmo He BUKOPHUCTOBYETHCS OLIBII
TouHui Meron 3rigHo 3 EN 1992-1-1:2004,
7.3.2 (1), y Bcix mepepizax, sIKi HE MarOTh
MOTIEPETHBOTO HAIMPYKEHHS 32 JIOTIOMOTOI0

apMaTypHUX  €JIEeMEHTIB 1  MiJJarThCs
3HAYHOMY PO3TATYBaHHIO BHACJTiTOK
OOMEXeHHsI  NpUKIaJeHuX  Jedopmaiii
(HampukiaA, TEpBUHHUX 1  BTOPUHHUX

BIUTUBIB YCaJKW) B TMOEIHAHHI 13 BIUIMBOM
IpsIMOTO HaBaHTaXEHHs abo 0e3 HbOoro,
HeoOXiJJHa MiHIMaJibHa IUIOIIA apMaTypu As

UIT  IUINT  CTale3ali300eTOHHUX  Oajiok
BHUPAXKAETHCS TAKUM YUHOM:
As = ks kc kfctaeffAct /Cs s (71)

TIe feteff - CEpEIHE 3HAUEHHS MIITHOCTI OETOHY
Ha PO3TAT, YAHHE HA MOMEHT ITOSIBU ITEPIIIOT
nependadyBaHoi TpimMHUA. B sKoCTi 3HaYEHB
feteff MOYKHA B3SITH 3HAYCHHS, SIK JUTS foym (TMB.
EN 1992-1-1:2004, Tabmums 3.1) abo sk muist
fietm (muB. Tabmumro 11.3.1) BigmoBigHO, 3
ypaxyBaHHSM KJaCcy MIIHOCTI Ha MOMEHT
nepeadadyBaHol TMOSIBH TPIMKMH. SKMIO BIK
0ETOHY Ha MOMEHT TOSIBH TPIIIMH HE MOXKeE
OyTH JOCTOBIPHO BCTAHOBJIEHO SIK MEHIIIHUH,
HiX 28 mi0, MiHIManbHA MIIHICTh Ha PO3TST
MPUHMAETHCS TAKOI0, IO TOPIBHIOE 3 H/MMZ;

k - xoediuieHT, 1m0 BpaxoBye e(eKT
HEPIBHOMIPHUX HaIpy>KeHb, 10
CaMO3pIBHOBAXYIOThCS, 1  AKi  MOYHaA

MPUAHATH TAaKKUMH, 110 TOPiBHIOIOTH (,8;
ks - KoeilmieHT, IO BpaxoBye e(deKT
3HWKEHHSI HOPMAJIbHOI CUJTM OETOHHOI IUIUTH

(6) Unless specific measures are taken to limit the
effects of heat of hydration of cement, for
simplification a constant temperature difference
between the concrete section and the steel section
(concrete cooler) should be assumed for the
determination of the cracked regions according to
7.4.2 (5) and for limitation of crack width according to
7.4.2 and 7.4.3. For the determination of stresses in
concrete the short term modulus should be used.

NOTE: The National Annex may give specific measures and a
temperature difference. The recommended value for the
temperature difference is 20K.

7.4.2 Minimum reinforcement

(1) Unless a more accurate method is used in
accordance with EN 1992-1-1: 2004, 7.3.2(1), in all
sections without pre-stressing by tendons and
subjected to significant tension due to restraint of
imposed deformations (e.g. primary and secondary
effects of shrinkage), in combination or not with
effects of direct loading the required minimum
reinforcement area As for the slabs of composite
beams is given by:

As=ks k. kﬁt,effAct /Cs , (71)
where : fcteffis the mean value of the tensile strength
of the concrete effective at the time when cracks may
first be expected to occur. Values of fcteff may be taken
as those for fctm, see EN 1992-1-1: 2004, Table 3.1, or
as fietm, see Table 11.3.1, as appropriate, taking as the
class the strength at the time cracking is expected to
occur. When the age of the concrete at cracking
cannot be established with confidence as being less
than 28 days, a minimum tensile strength of 3 N/mm®
may be adopted;

k 1s a coefficient which allows for the effect of non-
uniform self-equilibrating stresses which may be taken
as 0.8;

ks is a coefficient which allows for the effect of the
reduction of the normal force of the concrete slab due
to initial cracking and local slip of the shear
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y pe3yabTarti MMOYaTKOBOTO
TPIIIUHOYTBOPEHHS i JIOKQJIbHOTO
NPOCIU3aHHs 3CYBHOTO 3'€THAHHS, SKHA

MO>KHA IPUMHATH TaKUM, 110 TOpiBHIOE 0,9;
k. - xoedimieHT, 10 BPaxoOBYE PO3MOILI
HaNpy>KeHb y Tepepizi 6e3mocepeHb0 nepen
YTBOPEHHSIM TPIINIMH 1 BUPAXKAETHCS TAKUM
YHHOM:
1
k,.=———
1+h,/(2z,)

he - ToBIIMHA OETOHHOI IMOJIKHU, 32 BUHATKOM
BCIX BYTIB a0 pebep;
Z, - BEpTUKAJIbHA BIJICTaHb MK IIEHTPOITaMH
OCTOHHOI MOJUIIl 1 CTaae3ali300eTOHHOTO
nepepizy 0e3 TpilMH, 0 PO3pPaxOBaHO 3a
JOTIOMOTOI0 MOAYJIBHOTO KOoedilieHTa ny As
KOPOTKOCTPOKOBOTO HABAHTAXKCHHS;
O~  MaKkCUMalibHE  HANpPYXCHHs, 5K
JIOITYCKAEThCS B apMarypi 0e3mocepeHbO
miciast  yTBOpeHHs TpimuH. BoHo Moxke
NpUMUMATHUCA 32 XapPaKTePUCTHUYHY MEKY
TeKy4docTi fg. Ilpu mpomy, omHak, Moxe
3HaMOOWTHCS OUTBII HU3bKE 3HAYCHHS B
3aJIeKHOCTI Bl  pO3MIpy  apMaTypHUX
CTEp)KHIB JUIsi 3a0e3MedeHHs] HEeOoOXITHUX
TPaHUYHUX 3HAYEHb MIMPUHU POZKPUTTS
Tpimuan. [le 3HAaYCHHS HABOIUTHCS Y
Tadmmi 7.1;
At - TUIONIA PO3TATHYTOI 30HU (IM1]1 BIUIMBOM
OpsIMOTO  HAaBaHTAXEHHS 1  MEPBUHHHUX
edexTiB ycanku) Oe3mocepeaHbo  IMepen
YTBOPEHHSM  TPIIMH Yy  MONEPEYHOMY
nepepisi. 3 METOIO CITPOIIIEHHS,
JIOTTYCKA€EThCS BUKOPHUCTAHHS IO
OCTOHHOTO Tepepidy y Mexax iicHOl
1010200705078

+03<10, (7.2)

connection, which may be taken as 0.9;

ke 1s a coefficient which takes account of the stress
distribution within the section immediately prior to
cracking and is given by:

A
© 1+h,/(2z,)
he is the thickness of the concrete flange, excluding
any haunch or ribs;
Z, 18 the vertical distance between the centroids of the
un-cracked concrete flange and the wuncracked
composite section, calculated using the modular ratio
n for short-term loading;

+0,3<1,0, (7.2)

os 1s the maximum stress permitted in the
reinforcement immediately after cracking. This may
be taken as its characteristic yield strength fi. A lower
value, depending on the bar size, may however be
needed to satisfy the required crack width limits. This
value is given in Table 7.1;

A 1s the area of the tensile zone (caused by direct
loading and primary effects of shrinkage) immediately
prior to cracking of the cross section. For simplicity
the area of the concrete section within the effective
width may be used.
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Tabmuus 7.1 - MakcuMalibHi 3HaYE€HHS J11IaMETPiB apMaTYPHUX CTEPXKHIB 3 BHCOKUM piBHEM

34eIlIEHHS 3 0ETOHOM

Hanpy:xenns B craii MakcuMaIbHUH JliaMeTp apMaTypPHHUX CTEPXKHIB & *, MM,
o5, /v JUISL PO3PAaXyHKOBO1 IIUPUHU PO3KPUTTS TPIIIH
wi = 0,4 MM wi = 0,3 MM wi = 0,2 MM
160 40 32 25
200 32 25 16
240 20 16 12
280 16 12 8
320 12 10 6
360 10 8 5
400 8 6 4
450 6 5 —

Table 7.1: Maximum bar diameters for high bond bars

Steel stress | Maximum bar diameter ¢ (mm) for design crack width
o Wk
(N_«’umlz) 1|-1_{:0.4]1u11 1|'1£=O. 3mm n-E:O.me
160 40 32 25
200 32 25 16
240 20 16 12
280 16 12 8
320 12 10 6
360 10 8 5
400 8 6 4
450 6 5 -

(2) MakcumanpHuil AlaMeTp apMaTypHUX
CTEP’KHIB JJIs1 MiHIMAJIbHOT'O apMyBaHHS
MOJKE 3MIHIOBaTHCS J0 3HAUYEHHS U TaKUM
YUHOM:

0= 0% funeir/ foro (7.3)
1e v * - MaKCUMaJbHUN po3Mip apMaTypHHUX
CTEP>KHIB 3TiHO 3 Tabmumero 7.1;
fet.0 - OTIOpPHE 3HAYEHHS MILHOCTI 2,9 H/vm?.
(3) NomoBrHA HEOOX1THOT MiHIMAJIBHOL
apMaTypH Ma€ 3HAXOJUTHCS MK CEPETMHOI0
TOBILMHM IIJIUTH 1 30BHIIIHBOIO TTOBEPXHEIO,
110 MMAJIA€THCS BIUIMBY OUTHINIOI nedopmartii
IIPU PO3TATYBAHHI.
(4) lns Bu3HAaYEHHS MIHIMQJIBHOTO
apMyBaHHs B OETOHHUX MOJHIISIX 13 3MIHHOIO
TOBIIMHOIO, BIIOTIEPEK HATIPSIMKY OaIKH,
MO>K€ BUKOPHCTOBYBATHUCS JIOKAJIbHA
TOBILMHA.
(5) Minimanbny apMaTypy BiamoBigHo 10 (1)
1(2) cnig po3MillyBaTu Tam, A€ HapyKEeHHs
B OETOHI € pO3TATYBATLHUMHU TTi]T
XapaKTEePUCTUYHUM CIOJTYUYECHHSM BIUIUBIB.
JU1s eeMeHTIB, TONEepeHbO HANIPYKEHUX

(2) The maximum bar diameter for the minimum
reinforcement may be modified to a value v given

by:

0= 0% foerr/ foro (7.3)
where:
v* is the maximum bar size given in Table 7.1;
fero 1s a reference strength of 2.9 N/mm?>.
(3) At least half of the required minimum
reinforcement should be placed between mid-depth of
the slab and the face subjected to the greater tensile
strain.

(4) For the determination of the minimum
reinforcement in concrete flanges with variable depth
transverse to the direction of the beam the local depth
should be used.

(5) The minimum reinforcement according to (1) and
(2) should be placed where the stresses in concrete are
tensile under the characteristic combination of actions.
For members prestressed by bonded tendons EN 1992-
1-1: 2004, 7.3.2 (4) applies.

108



arymarenko
Прямоугольник


apMaTypHUMH €JIEeMEHTaMHU, 1110 MaIOTh
34UerieHHs 3 0ETOHOM, 3aCTOCOBY€eThCSI EN
1992-1-1:2004, 7.3.2 (4).

(6) Y micusx, e BUKOPHCTOBYIOTBCS
HaIpy>KyBaHi apMaTypHi €JIEMEHTH, 110
MalOTh 34EIUICHHS 3 OCTOHOM, MiHIMaJIbHE
apMyBaHHs BpaXxOBY€eTbCs 3rijHo 3 EN 1992-
1-1:2004, 7.3.2 (3).

(6) Tam, 1e BUKOPUCTOBYIOTHCS HAIIPY)KyBaHi
apMaTypHi €JeMEHTH, 1110 MalOTh 34YETJICHHS
3 6ETOHOM, MiHIMaJIbHE apMYyBaHHS
BpaxoByeThes 3riiHO 3 EN 1992-1-1:2004,
7.3.2 (3).

(6) Where bonded tendons are used, the contribution
of bonded tendons to minimum reinforcement

may be taken into account in accordance with EN
1992-1-1: 2004, 7.3.2 (3).

(6) Where bonded tendons are used, the contribution
of bonded tendons to minimum reinforcement may be
taken into account in accordance with EN 1992-1-1:
2004, 7.3.2 (3).

7.4.3 KoHTpPOJIb 32 yTBOPEHHSAM TPilllUH,
SIKi BUKJIMKAHI IPAMHUMH
HABAHTAKEHHSIMHU

(1) Tam, ne €, mpuHAKMHI, MiHIMAJIbHA
apmarypa (auB. 7.4.2), 0OOMeXEHHS LIUPUHU
PO3KPHTTS TPIMIKH JI0 JOMYCTUMHX 3HAYEHBb
MOJKe JOCATATHCS 32 PaXyHOK OOMEKEHHS
KpOKY a0o0 JiameTpa apMaTypHHUX CTEP)KHIB.
MaxkcuManbHHH JiaMeTp 1 KPOK apMaTypHUX
CTEp>KHIB 3aJICKUTH Bl HAaNpyXeHHs (s B
apMarypi Ta po3paxyHKOBOI IIMPUHU
PO3KPUTTSI TPIIUH. MakcuMasbHi 3HAYCHHS
JiaMeTpa apMaTypHUX CTEP>KHIB HABOJSATHCS
B Tabymi 7.1, a MaKkcUMaJbHi 3HAYECHHS
KPOKY - y Tabmui 7.2.

7.4.3 Control of cracking due to direct loading

(1) Where at least the minimum reinforcement given
by 7.4.2 is provided, the limitation of crack widths to
acceptable values may generally be achieved by
limiting bar spacing or bar diameters.

Maximum bar diameter and maximum bar spacing
depend on the stress o; in the reinforcement and the
design crack width. Maximum bar diameters are given
in Table 7.1 and maximum bar spacing in Table 7.2.

Tabmung 7.2 - MakcumanbHi 3HaU€HHSI KPOKY apMaTypHUX CTEP)KHIB 3 BUCOKUM PIBHEM 3YETIJICHHS 3

OeToHOM
Hanpyxenns B cramni MaxkcumanbHHH KPOK apMaTypHHUX CTEPXKHIB J *, MM,
o, Hvnv® JUISL PO3PAaXyHKOBO1 IIUPUHU PO3KPUTTS TPIIIH
wi = 0,4 MM wi = 0,3 MM wi = 0,2 MM
160 300 300 200
200 300 250 150
240 250 200 100
280 200 150 50
320 150 100 -
360 100 50 -
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Table 7.2 Maximum bar spacing for high bond bars

Steel stress Maximum bar spacing (mm) for design crack
C. width wy
(N.-"'mmz) 11;20.411]111 11-1_{20.3111111 1$‘E:0.21]J11]
160 300 300 200
200 300 250 150
240 250 200 100
280 200 150 50
320 150 100 -
360 100 50 -
(2) BHyTpimHi 3ycHuIs CTiJl BA3HAYATH 32 (2) The internal forces should be determined by elastic
JIOIIOMOT 010 MPYXHOI'0 pO3paxyHKy 3riHo 3 | analysis in accordance with Section 5 taking into
PO3LUIOM 5 3 ypaxyBaHHSIM BILTUBY account the effects of cracking of concrete. The
TpIIIMHOYTBOpEeHHA B OeToHi. Hampyskenns B | stresses in the reinforcement should be determined
apMaTypi BU3HAYAIOTHCS 3 YPAXyBaHHIM taking into account effects of tension stiffening of
BILJIUBY KOPCTKOCT1 O€TOHY MpH po3TAry Mix | concrete between cracks. Unless a more precise
TpimuHaMH. SIKI0 He BUKOPHCTOBYETHCS method is used, the stresses may be calculated
OLIBII TOYHUI METOI, PO3PaXyHOK according to (3).
HaNpy>KeHb Ma€ BUKOHYBATHCH 3TiHO 3 (3).
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(3) V crane3anizobeToHHUX OaliKax, B AKUX
nepeadavyaeTbCcs YTBOPEHHS TPIIIUH B
OCTOHHMX IIIMTaX 1 BIZICYTHICTb X
MOTIEPEAHHOTO HATIPY)KCHHS apMaTyPHUMH
eJIeMEHTaMu, BiIOYBAEThCS M ABUIIICHHS
HaNpy>KEHb B apMaTypi i BIVIMBOM
YKOPCTKOCTI OETOHY MPHU PO3TATY MIXK
TpIIIMHAMH B TIOPIBHSHHI 3 HANPYXCHHIMH,
10 JIIFOTh B CTAJIE3ATI300€TOHHHUX TIepepizax
0e3 ypaxyBaHHs OCTOHY.

Hanpy»xeHHsI Tpu pO3TATYBaHHI B apMaTypi
{s T/ BILTABOM MPSIMOTO HABAHTAXKEHHS
MOYKE PO3PaXOBYBATHUCS 32 IOTIOMOTOIO
TaKOTO PIBHSIHHSA:

oy =05,+A0y, (7.4)
0,4
e Aoy =", (7.5)
A5 Ps
Al
o, =— 7.6
Y (7.6)

ne (s, - HANPYXKEHHS B apMaTypi, BUKJIUKAHE
BHYTPIIIHIMH CHJIaMH, SIKi BIUIMBAIOTh HA
cTane3aaiz00eTOHHH mepepi3, 1 po3paxoBaHe
0e3 ypaxyBaHHS pO3TSATHYTOTO OCTOHY;

fetm - CEPEIHS MILHICTh OETOHY Ha PO3TAT JUIs
HOPMAaJIbHOTO OETOHY, MPECTABICHA SIK fotm 3
EN 1992-1-1:2004, Tabmuns 3.1, ado mig
JIETKOTO OETOHY SIK fietm 3 TaOmmii 11.3.1;

Ps - KOeILiEHT apMyBaHHS, 1[0 OTPUMY€ETHCS
3 BUpasy ps = (4s /Ac) ;

A~ poboua moma 6eTOHHOT MOJIKU B MEXax
PO3TSATHYTOI 30HU; JUISI CIPOIEHHS Mae
BUKOPHCTOBYBATUCS TUIONIA OETOHHOTO
nepepizy B Mexax pobo4oi HIHUPUHU;

A - 3arajpHa II01Ia BCIX PAAIB MO3J0BXKHBOT
apMaTypy B MeXKax po00od0i 1ol A.;

A, I - miomnia i MOMEHT 1HepIIii mepepizy
BiJIMOBIAHO €(hEeKTUBHOTO
cTane3aaiz00eTOHHOTO mepepizy 0e3
ypaxyBaHHsI pO3TATHYTOI'0 OETOHY i
npodiIboBaHOT onanyOKH 3a i1 HasIBHOCTI;

Aa, I, - BITIOBITHI XapaKTEPUCTUKH Tepepizy
3 KOHCTPYKIIMHOI CcTaJi.

(4) Tam, 1e BUKOPUCTOBYIOTHCS HAIIPY>KyBaHi
apMaTypHi €JIeMEHTH, 10 MAIOTh 3YETUICHHS
3 6ETOHOM, KOHCTPYKIIisl Ma€ BiAMOBIaTH
pumoraMm EN 1992-1-1, 7.3, ne o5 mae
BU3HAYATHUCS 3 YPaXyBaHHSIM BIUTUBY
YKOPCTKOCTI MPU PO3TATYBAHHI.

(3) In composite beams where the concrete slab is
assumed to be cracked and not pre-stressed by
tendons, stresses in reinforcement increase due to the
effects of tension stiffening of concrete between
cracks compared with the stresses based on a
composite section neglecting concrete. The tensile
stress in reinforcement (¢ due to direct loading may be
calculated from:

oy =05,+A0cy, (7.4)
with: Ao, = %, (7.5)
A5 Ps
Al
o, =——mo, 7.5
vy (7.5)

where: (s, 1s the stress in the reinforcement caused by
the internal forces acting on the composite section,
calculated neglecting concrete in tension;

fetm 18 the mean tensile strength of the concrete, for
normal concrete taken as fe, from EN 1992-1-1: 2004,
Table 3.1 or for lightweight concrete as fi.m from
Table 11.3.1;

ps 1s the reinforcement ratio, given by ps = (45 /Act) ;

A, 1s the effective area of the concrete flange within
the tensile zone; for simplicity the area of the concrete
section within the effective width should be used;

A; 1s the total area of all layers of longitudinal
reinforcement within the effective area 4 ;

A, I are area and second moment of area, respectively,
of the effective composite section neglecting concrete
in tension and profiled sheeting, if any;

A,, I, are the corresponding properties of the structural
steel section.

(4) Where bonded tendons are used, design should
follow EN 1992-1-1, 7.3, where o should be
determined taking into account tension stiffening
effects.
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7.5 bajakoBi HACTHJIH

7.5.1 3arajibHi M0JI0KEeHHS

(1) BrutuBm 17151 TpaHUYHUX CTAHIB 32
YMOBOIO MPUIATHOCTI 10 eKCIUTyaTarii
MarTh BU3HAYATHUCA BiAnoBigHO 110 4.2.9 (1)
-(4)1(6) - (3).

7.5.2 TPiIUHOYTBOPEHHSI B 0eTOHI

(1) HeoOxigHO BpaxoByBaTH MPHUKIIAIHI
npasuia 7.4.1.

(2) Anst apMaTypHHUX CTEPXKHIB Y HANPSIMKY
cTasieBUX 0aJOK y MeKax BCl€l TOBLUIMHU
TUTUTH MalOTh 3aCTOCYBYBaTuCh 7.5.317.5.4.
7.5.3 MiniMasibHe apMyBaHHS

(1) 3a BimcyTHOCTI MiATBEPKEHHS OLTBII
TOYHHMHU METOJIaMU, MiHIMaJIbHA TO3/10BXKHS
BEPXHS apMarypa As,min HA OJTHY OaJIKy Mae
BHU3HAUATHUCS TAKUM YHHOM:

A 20,014, (7.7)

ne Acerr - €peKkTuBHa IJIolma OETOHY, IO
OTPUMYETHCS 3 BUPA3Y Ac eff = Sw Cst < SW dleff;
deff - e(exTMBHA TOBHIMHA OCTOHY, IO
OTPUMYETHCS 3 BUPA3Y degr = C + 7,5 vs;

Us - JlaMeTp MO3IOBXHBOI apMaTypH, MM, Y
Mexax aiamazony 10 Mm < v < 16 mm;

¢, Cst - 3axucHUW map OeToHy It
MO37I0BXKHBOT ~ apMaTtypu 1  CTalleBOTO
KOHCTPYKLIHHOTO npornpodito (nuB.
PHUCYHOK 6.8);

Sw - BU3HAYAETHCS 3T1IHO 3 PUCYHKOM 6.8.
Kpox apMaTypHUX CTEp)KHIB S MO3IOBXHbBOI
apMaTypy Mae€ BIANOBIJATH TaKii YMOBI:

100 MM <5 <150 MM.

7.5.4 KoHTpoJb 3a TpeuiHOYTBOPEHHAM,

sKe BUKJINKAHO NPSIMUMH
HABAHTAKEHHSIMHU

(1) 3acrocytorses 7.4.3 (1).

(2) Hampyxenns B  apMaTypi  CIifJ
PO3paxoByBaTH 3a JOTIOMOTOF0
BUKOPHUCTAHHS XapaKTEePUCTHK
CTane3aniz00eTOHHOTO nepepizy 3

TpIIIMHAMU 1 MOMEHTOM iHepuii nepepizy I»
BiamoBigHo A0 1.5.2.12.

8 30ipui  3axizo0eToHHI

€TAJ1e321i300€TOHHMX MOCTAX
8.1 3araJjbHi moJ10:KeHHA

(1) Leit po3nin crocyeTbcs apMOBaHHX abo
MOTNIEPETHHO HAIPYKEHUX 30IpHUX OETOHHMX
IUTAT, IO BUKOPHCTOBYIOTHCS SIK TOJHI
MOCTOBUX HAaCTHJIIB MMOBHOI BUCOTH a0O0 IIUT
9aCTKOBOI BHCOTH, IO MPAMIOIOThH CIIIBHO 3
MOHOJITHUM O€TOHOM.

IVIATH Y

7.5 Filler beam decks

7.5.1 General

(1) The action effects for the serviceability limit states
should be determined according to paragraphs (1) to
(4) and (6) to (8) of 5.4.2.9.

7.5.2 Cracking of concrete

(1) The application rules of 7.4.1 should be
considered.

(2) For the reinforcing bars in the direction of the steel
beams within the whole thickness of the deck, 7.5.3
and 7.5.4 should be applied.

7.5.3 Minimum reinforcement

(1) Unless verified by more accurate methods, the
minimum longitudinal top reinforcement Ag,min

per filler beam should be determined as follows:

A in 20,014, (7.7)

where A, s 1S the effective area of concrete given by
Aceft = Sw Cst < SW defr

des 1s the effective thickness of the concrete given by
der=c+ 7,5 vg

v 1s the diameter of the longitudinal reinforcement in
[mm] within the range 10mm < v, < 16mm

¢, ¢y 1s the concrete cover of the longitudinal
reinforcement and the structural steel section (see
Figure 6.8)

sy 18 defined in Figure 6.8

The bar spacing s of the longitudinal reinforcement
should fulfil the following condition

100 mm <5 < 150 mm

7.5.4 Control of cracking due to direct loading

(1) Clause 7.4.3 (1) is applicable

(2) The stresses in the reinforcement may be
calculated by using the cross-section properties of the
cracked composite section with the second moment of
area [, according to 1.5.2.12.

Section 8 Precast concrete slabs in composite
bridges

8.1 General

(1) This Section 8 deals with reinforced or prestressed
precast concrete slabs, used either as full depth flanges
of bridge decks or as partial depth slabs acting with in-
situ concrete.
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(1) EN 1991-1-6:2005 3acToCOBYy€ThCS 10
30ipHHX €JIEMEHTIB, 1110 BUKOPUCTOBYIOTHCS B
SIKOCT1 MOCTIMHOT KOHCTPYKIIIHHOT OTATyOKH.
JlaHi BUMOTH HEOOOB'SI3KOBO € JIOCTATHIMH, 1
B PO3paxyHOK TaKO>K MOBUHHI NPUIMATHCS
BUMOTH TE€XHOJIOT11 Oy/IiBHHUIITBA.

8.3 IIpoexkTyBaHHs, PO3PAXYHOK i
AeTaJi3anisgs MOCTOBHMI IJIUTH

(1) Tam, ne nependavaeTrses, 10 301pHI
IUINTH B3a€MOMIIOTH 3 MOHOJIITHUM O€TOHOM,
iX ciix mpoeKTyBaTUCs K Oe3nepepBHi 1 B
MO37I0B)KHBOMY, 1 B IIOMIEPEYHOMY HAIPSMKY.
KoHcTpyKItis IBIB MiXK TUIMTAMH Ma€
3a0e3neuyBaru nepenayy
IUIOCKOMAPaNebHUX CHII, @ TAKOXK
3TUHAJIBHUX MOMEHTIB 1 3pyIIICHb.
CTucHeHHS, MepIeHANKYISPHE IBY, MOXKE
nepeaaBaTUCs 3a paXyHOK KOHTaKTHOTO
THUCKY, SIKIIO IIOB 3aIIOBHIOETHCS PO3ZYHHOM
a60 kJeeM abo AKIIO BUTPOOYBAHHS
MOKa3yIOTh, IO CIOJIYYHI MMOBEPXHi
3HAXOJATHCS B JJOCUThH TICHOMY KOHTAKTI.

(2) Onuc 3'eqHYBaIBHUX CTEPXKHIB YIOPIB B
rpynax HaBOJAUTHCA yB 6.6.5.5 (4).

(3) CryninuacTuii po3moauT CUl
M03/I0B)XKHBOT'O 3CYBY MOKE
BUKOPHUCTOBYBATHCS 32 YMOBH JOTPHUMAHHS
oOMexeHb, 3a3HaueHux y 6.6.1.2 (1).

8.4 Me:xa po3noijy MixK cTaj1eBOI0
0aJ1K010 i 0ETOHHOIO IJIMTOI0

8.4.1 Hactna i nomyckn

(1) Axmro 36ipHi MIMTH BUKOPUCTOBYIOTHCS
0e3 HacTUITy, Ma€ OyTH BU3HAUYEHO BCl
CHeliaibHi BUMOTH, IO TPE/ IBISIOTHCS 10
JIOITYCKIB JUUISI OTIOPHHUX CTAJIEBUX
KOHCTPYKLIN

8.4.2 Kopozsis

(1) ¥V craneiit monwui mij 30ipHUMH
IUIUTaMU 0€e3 HACTUITy MyCUTh OyTH TaKkui
caMMii aHTUKOPO31MHUI 3aXUCT, 5K 1 y pelTu
YaCTHHHU CTaJIeBOi KOHCTPYKIIIi, 32 BUHATKOM
TOTO, 1110 KOCMETUYHE MOKPUTTS, 110
HAHOCUTBCS MICISI MOHTaXY, MOXe OyTH
BiJICYTHIM.

8.4.3 3cyBHe 3'eqHaHH | MONEepeYHa
apmarypa

(1) 3cyBHe 3'enHaHHs 1 IONEpeyHa apMarypa
CJIiJT MPOEKTYBATH HA MiJCTaB1 BIAMOBITHUX
YMOB PO3/11J1iB 6 Ta 7.

(2) Precast bridge slabs should be designed in
accordance with EN 1992 and also for composite
action with the steel beam.

(3) Tolerances of the steel flange and the precast
concrete element should be considered in the design.
8.2 Actions

(1) EN 1991-1-6: 2005 is applicable to precast
elements acting as permanent formwork. The
requirements are not necessarily sufficient and the
requirements of the construction method should also
be taken into account.

8.3 Design, analysis and detailing of the bridge slab
(1) Where it is assumed that the precast slab acts with
in-situ  concrete, they should be designed as
continuous in both the longitudinal and the transverse
directions. The joints between slabs should be
designed to transmit in-plane forces as well as bending
moments and shears. Compression perpendicular to
the joint may be assumed to be transmitted by contact
pressure if the joint is filled with mortar or glue or if it
is shown by tests that the mating surfaces are in
sufficiently close contact.

(2) For the use of stud connectors in groups, see
6.6.5.5(4).

(3) A stepped distribution of longitudinal shear forces
may be used provided that the limitations in 6.6.1.2(1)
are observed.

8.4 Interface between steel beam and concrete slab

8.4.1 Bedding and tolerances

(1) Where precast slabs without bedding are used, any
special requirements for the tolerances of the
supporting steel work should be specified.

8.4.2 Corrosion

(1) A steel flange under precast slabs without bedding
should have the same corrosion protection as the rest
of the steelwork, except that any cosmetic coating
applied after erection may be omitted.

8.4.3 Shear
reinforcement
(1) The shear connection and transverse reinforcement
should be designed in accordance with the relevant
clauses of Section 6 and 7.

connection and transverse
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(2) Sxmo 3cyBHI 3'€IHYBaNIbHI €IEMEHTH, 110
MIPUBApPEHi JI0 CTaJIIeBOi OANKU, BUCTYIAIOTh Y
BUIMKHU B IUIUTaX a00 CTUKAX MIX IIUTAMH,
SK1 3a[IOBHEHO PO3YMHOM ITIiCIISI MOHTAXY,
JeTani3alis 1 BIaCTUBOCTI OETOHY
(HampwuKIaa, po3Mip 3aloBHIOBAYA) CIIiT
MIPEJICTABIIATH TaK, 00 3a0e3ne4nTy Horo
MpaBUJIbHY 3aIMBKY. BijicTanb y mpocBiTi
MK 3CYBHHUM 3'€JHYBaJIbHUMHU €IEMEHTAMH 1
301pHUMH €JIEMEHTOM Ma€ OYTH JOCTATHIM y
BCIX HampsMKax, o0 BpaxyBaTH TIOBHE
YIIUTbHEHHSI OCTOHY 3aIIOBHEHHS, OepydH 710
YBar# JOITYCKHU.

(3) SAkio 3cyBHI 3'€eqHYBaNIbHI €IEMEHTH
PO3MIIIEHI 10 TPyIaxX, apMaTypy CJiJ
nependadaTy mopyd 3 KO>KHOIO TPYIIOLO 3
METOI0 3aro0IraHHs MepeaYacHOro
MICIIEBOTO pyiHYBaHHs 30ipHOTO 200
MOHOJITHOTO OETOHY.

[pumirka: Y HanioHaTHFHOMY JI0JaTKy MOXYTh
HABOJIUTHCS TIOCHIIAHHS HA BIATIOBIAHY iH(OpMAIIifo.
9 CraJie3a1i300€TOHHI IVINTH JI1 MOCTIiB
9.1 3araJibHi 10JIO’KEHHH

(1) Le#t po3ain aiAicHUNA 11t
cTane3aniz00eTOHHUX TUIHT, 0 CKJIa1al0ThCs
3 HOMIHQJIBHO TUTOCKUX TITUT 3
KOHCTPYKIIHHOT cTai, 3'€IHaHUX 3 MapoM
MOHOJIITHOTO O€TOHY 3a JIONTOMOT OO0
CTEP’KHIB yTOPIB 3 TOJOBKAaMU /7151 poOOTH B
SIKOCTI1 TIOJIUIII MOCTOBOTO HACTHITY, 1110
crpuiiMae TonepeyHi HaBaHTaXKEeHHS 1
3YCWIJIISL B OJIHIN TUIOIIMHI, @ TAKOXK Y SKOCTI
HUKHBOI MoNuUIl KopoouacTtoi Oanku. [lnutu
3 IBOOIYHOIO OOLIMBKOIO 200 1HII TUIIN
CTHIOTYYHUX €JIE€MEHTIB HE PO3TIISAaI0ThCSL.
(2) CraneBa mnTa Mae MiATPUMYBATHCS 1]
9ac 3aJIMBKH 32 JIONIOMOTOI0 MTOCTIHHUX ab0
THMYacOBHUX OIOP 3 METOI0 OOMEXKEHHS ii
BixuieHHs1, MeHIe Hixk y 0,05 pazu
TOBIIMHHA OSTOHHOTO APy, SKIIO PH
MPOEKTYBaHHI CTaJIeBOI ITUTH 10
PO3paxyHKy He OepeThCsl 101aTKOBA Bara
0eToHY Yepe3 BIAXUICHHS TUTUTH.

(3) Poboua mmpruHa Mae BU3HAYATUCS
BiIMOBiAHO 10 5.4.1.2, ne by cnig mpuiimaT
SK 2ay, C dy, BU3HAYCHUMU B 9.4 (4).

(4) 11 3aranpHOr0 po3paxyHKy
3acTOCOBYIOThCA 5.1 1 5.4.

9.2 Po3paxyHoK il MiClleBUX BILJIMBIB
(1) MicrieBi BIUTHBH - 1I€ 3THHAIBHI MOMEHTH
1 3pyIIEHHS], SIKi BUKJIUKAHI TONEPEeUHUMHU

(2) If shear connectors welded to the steel beam
project into recesses within slabs or joints between
slabs, which are filled with concrete after erection, the
detailing and the properties of the concrete (e.g. size
of the aggregate) should be such that it can be cast
properly. The clear distance between the shear
connectors and the precast element should be
sufficient in all directions to allow for full compaction
of the infill concrete taking account of tolerances.

(3) If shear connectors are arranged in groups,
reinforcement should be provided near each group to
prevent premature local failure in either the precast or
the insitu concrete.

NOTE: The National Annex may refer to relevant information

Section 9 Composite plates in bridges

9.1 General

(1) This Section 9 1s valid for composite plates
consisting of a nominally flat plate of structural steel
connected to a site cast concrete layer by headed studs
for use as a flange in a bridge deck carrying transverse
loads as well as in-plane forces, or as a bottom flange
in a box girder. Double skin plates or other types of
connectors are not covered.

(2) The steel plate should be supported during casting
either permanently or by temporary supports in order
to limit its deflection to less than 0,05 times the
thickness of the concrete layer unless the additional
weight of concrete due to the deflection of the plate is
taken into account in the design of the steel plate.

(3) The effective width should be determined
according to 5.4.1.2, where b, should be taken as 2ay
with ay, as defined in 9.4(4).

(4) For global analysis, 5.1 and 5.4 apply.

9.2 Design for local effects
(1) Local effects are bending moments and shears
caused by transverse loads on the composite plate
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HABaHTAXCHHSMHU, K1 BIUTUBAIOTh HA
cTaJie3a1i300€TOHHUX IJIACTHUHY, L0
(GYHKIIIOHYE K IIUTA, O0TepTa 10 JTBOM
CTOpOHaM abo 1Mo KOHTYpy. s po3paxyHKy
BIUIMBY MiCLIEBOI BIJIUBY MOYKHA JIOMTYCTUTH,
110 CTale3a1i300€TOHHUX IUINTA € IPY’KHOIO
1 0e3 TpinH. BepxHs moauIs 1BOTaBpoBOi
0aJIKy MOXe He MPOEKTYBAaTUCS SIK
CTaJie3a1i300eTOHHA B TIONIEPEYHOMY
HaIpsMKYy.

(2) MoxHa qOMyCTUTH, IO OETOHHA 1
cTajieBa IUIMTH OyayTh QYHKIIIOHYBATH
CHUTBHO 0€3 MPOCIN3aHHS.

(3) Omip 3ruHy 1 BepTUKAIBHOI
3pYIIYBAIBHOI CHITI MOXKE TIEPEBIPATHCS SIK 1
JUIs 3a11300€TOHHOI TUIUTH, € CTajeBa
TUTACTHHA PO3TIIAIAETHCS K apMmarypa. [Ipu
IIOMY 3aCTOCOBYETHCSI PO3PAXYHKOBHH OIIip
JUTsL BEpTUKAJIbHOTO 3¢yBY 6.2.2.5 (3), ne
BiJICTaHb y TIO3/IOBKHBOMY 1 IIOTIEPEYHOMY
HanpsMKax Mk 3CyBHUMH 3'€JHYBaIbHUMHU
€JIEMEHTaMH HE NIEPEBUIIYE B 3 pa3u
TOBILUHY CTajie3a11300€TOHHUX [IUTH.

9.3 Po3paxyHok aJisl 3arajibHUX BILUTUBIB
(1) P Konctpykiisi cTane3anizo0eTOHHUX
IUTUTU Mae€ 3a0e31evyBaTH i1 OIlip BIUIUBY
BCIX 3YCHJIb Bil OCbOBUX HaBaHTaX€EHb,
3arajgbHOIO 3TUHY 1 KPYYEHHS MO3/10BKHIX
abo nmonepevyHux OanokK, YACTUHOIO SKUX
BOHA €.

(2) Po3paxyHKkoBuil onip CTUCHEHHIO B OIHIN
TUTOIIMHI MOKE CIIPUHMATHCS SIK cCyMa
PO3paxyHKOBUX OIMOPiB OETOHHOI 1 CTaleBOT
IUTUTH B MeXaxX poO0Y0i IIMPUHU. 3HUKEHHS
MIITHOCT] yepe3 BIUIMB €(eKTiB APYroro
MOPSAIKY Ma€ pO3IIsAATUCSA 3T1AHO 3 5.8
cranaapty EN 1992-1-1:2004.

(3) Po3paxyHkoBHI1 ommip pO3TATY B OAHIN
IUIOIMHI Ma€ CIpUMMAaTHUCS K cyma
PO3paxyHKOBHX OTIOPIB CTAJIEBOI TJTUTH 1
apMaTypH y Mexax poOouoi IIMPUHH.

(4) B3zaemonis 3 BINIUBOM MiCLIEBOTO
HaBaHTAXXCHHS MOXKE BPaXOBYBATHUCS JUIS
3CYBHHX 3'€/IHYBaJbHUX €JIEMCHTIB
BianoBiaHO 10 9.4. (1) P. B inmomy Bumaaky
BOHA MOXe€ He po3risaatucs. 3'e JHyBaIbH1
€JIEMEHTH, PO3POOJICHI I 3CYyBHUX 3yCHIIb Y
M03/10B)KHBOMY 1 IONIEPEUHOMY HaIPSIMKaXx,
CJIiJ] TIEPEBIPSATH Ha BEKTOPHY CYMY CHJI, 1110
OJHOYACHO BIUJIMBAIOTh HA 3'€ JTHYBAJIbHUI
CJIEMEHT.

acting as a one- or two-way slab. For the purpose of
analysis of local action effects the composite plate
may be assumed to be elastic and uncracked. A top
flange of an I-girder need not be designed as
composite in the transverse direction.

(2) The concrete and the steel plate may be assumed to
act compositely without slip.

(3) The resistance to bending and vertical shear force
may be verified as for a reinforced concrete

slab where the steel plate is considered as
reinforcement. The design resistance for vertical shear
in 6.2.2.5(3) is applicable, where the distance, in
longitudinal and transverse direction, between shear
connectors does not exceed three times the thickness
of the composite plate.

9.3 Design for global effects

(1)P The composite plate shall be designed to resist all
forces from axial loads and global bending and torsion
of all longitudinal girders or cross-girders of which it
forms a part.

(2) The design resistance to in-plane compression may
be taken as the sum of the design resistances of the
concrete and the steel plate within the effective width.
Reduction in strength due to second order effects
should be considered according to 5.8 of EN 1992-1-
1: 2004.

(3) The design resistance for in-plane tension should
be taken as the sum of the design resistances of the
steel plate and the reinforcement within the effective
width.

(4) Interaction with local load effects should be
considered for the shear connectors as stated in
9.4(1)P. Otherwise it need not be considered.
Connectors designed for shear forces in both the
longitudinal and transverse directions should be
verified for the vector sum of the simultaneous forces
on the connector.
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9.4 Po3paxyHOK 3CyBHUX 3'€IHYBAJbHUX
eJIeMeHTIB

(1) P Omip BTOMU 1 BUMOTH TPAaHUYHUX
CTaHIB 32 YMOBOIO IPUJATHOCTI J0
eKCIUTyaTallil MatoTh epeBIPATUCS IS
CHUIBHOTO JIOKAJTBFHOTO 1 OJTHOYACHOTO
3arajbHOTO BILJIUBY.

(2) Po3paxyHKOBY MIITHICTb 3'€JHYBAJIbHUX
CTEpP>KHIB yropiB y 6.6.3 1 6.8.3 ciin
BUKOPUCTOBYBATH B TOMY BHITJIKY, SKIIIO
OeTOHHA ITUTa Ma€ HUKHIO apMaTypy,
ILJIOIIA SIKOI CTaHOBUTH HE MeHIe Hixk 0,002
10111 OETOHY B KOKHOMY 3 JBOX
MIEPIICHINKYJIIPHUX HAIPSIMIB.

(3) 3acTocoByrOThCS MpaBuia JeTanizarii
6.6.5.

(4) I mIapoKuX MOJTUIE OAIOK PO3IMTOALT
MO3/I0BKHBOTO 3CYBY, CHPUIMHEHOTO
3araJlbHAMH BILTUBAMU JIJIsl TPAHUYHHUX CTAHIB
3a YMOBOIO MIPHUIATHOCTI IO €KCILUTyaTalii Ta
BTOMHOCTI, JIJIs1 O0JIIKY ITPOCIIM3aHHSA 1
3CYBHOTO 3aIli3HIOBaHHS BU3HAYAETHCS
HACTYITHUM 9HHOM. [1o310BXHS cuiia Pgg, 10
BILJIMBA€E HA 3'€JHYBAJbHUIN €JIEMEHT Ha
BIJICTaH1 X BIJ HAHOJIMKYOI CTIHKH, MOYXKE

IIpUNAMaTucs sK:
—0,17 2 9_ 1
Ve dat J - 3](1 - %) +0.1 5}, ©-)

—= |:(3,85[
Mror Mo

1€ VL Ed - PO3PaXyHKOBHI MO3/10BXHIN 3CyB Ha
OJVHHMITIO JOBXHHU B OCTOHHIH IIINTI,
BUKJIMKAHHUH 3araIbHAMU BIUIUBAMH I
CTIHKH, III0 O3TJIAIAETHCS, 1 BU3HAUCHHMI 3a
JIOTIOMOTO0 3HA4Y€Hb POOOYOT IUPUHU IS
3CYBHOTO 3all13HIOBaHHS;

Mot - 3aTATTbHA KUTBKICTh 3'€ JHYBAJTbHUX
€JIEMEHTIB OJIHOTO 1 TOTO K CaMOTo po3Mipy
Ha OJTUHUITIO JOBXKUHU Oanku (pucyHok 9.1) 33|
YMOBH, IO KUTBKICTB 3'€THYBaIbHUX
€JICMEHTIB Ha OJUHHIIIO ILJIOIII He
30UIBIIYETHCS 3 X;

Ny - KUTBKICTH 3'€IHYBAJIbHUX €IEMEHTIB Ha
OJIMHUIIIO JOBXXHHH, 110 3HAXOAATHCS Ha
BiJICTaHi BiJ] CTIHKH, 110 JOPIBHIOE OLIBIIOMY
13 3HaueHb 1071 200 MM, A f; - TOBIIKMHA
cTaneBoi macTuHu. [t naHux 3'eTHyBaTbHUX|
CJIEMEHTIB X TPUHMAETHCS TAKHM, IO
nopisHtoe 0;

b - moyI0BMHA BiACTaH1 MK CYMIKHUMH
CTiHKaMH a00 BiICTaHb MIJK CTIHKOIO 1
BUIBHUM KPA€EM TIOJIHIII.

PEd

9.4 Design of shear connectors

(1)P Resistance to fatigue and requirements for
serviceability limit states shall be verified for the
combined local and simultaneous global effect.

(2) The design strength of stud connectors in 6.6.3 and
6.8.3 may be used provided that the concrete slab has
bottom reinforcement with area not less than 0.002
times the concrete area in each of two perpendicular
directions.

(3) The detailing rules of 6.6.5 are applicable.

(4) For wide girder flanges the distribution of
longitudinal shear due to global effects for
serviceability and fatigue limit states may be
determined as follows in order to account for slip and
shear lag. The longitudinal force Pgq on a connector at
distance x from the nearest web may be taken as

(9.1)

Vi Ea

P, |:[3,85[ :w ]70.17 - 3](1 — %)2 +0,1 5} R
where vi gq 1s the design longitudinal shear per unit
length in the concrete slab due to global effects for the
web considered, determined using effective widths for
shear lag,

ror

ot 18 the total number of connectors of the same size
per unit length of girder as shown in Figure 9.1,
provided that the number of connectors per unit area
does not increase with x,

ny 1s the number of connectors per unit length placed
within a distance from the web equal to the larger of
10¢r and 200 mm, where tf is the thickness of the steel
plate. For these connectors x should be taken as 0,

b is equal to half the distance between adjacent webs
or the distance between the web and the free edge of
the flange.
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SIKII10 MOJIKMYKA BUCTYIIA€ HA30BHI CTIHKY Ha
BIJICTaHb ay, (IUB. pUCYHOK 9.1), KUIBKICTh
3'€IHYBAILHUX €IIEMEHTIB Aot 1 Fyy MOKE
BKJIIOYATH 3'€IHYBAJIbHI €JICMCHTH, 110
PO3MilIeH] Ha 1aHiil monuii. 3CyBHI
3'€JHYBaJIbHI €JICMEHTH KOHIICHTPYIOTHCS B
o0uacTi ny, BIAMOBIAHO 10 pucyHKY 9.1. Kpox
3'€eTHYBaJIbHUX €JIEMEHTIB Ma€ BiJIOBIIATH
ymoBam (7) 3 METOr0 3ano0iraHHs
nepeauacHoi MicueBoi aedopmartii minTy.

In case of a flange projecting distance a,, outside the
web according to Fig. 9.1, the number of connectors
nyot and ny, may include connectors placed on this
flange. Shear connectors should be concentrated in the
region for nw according to Fig. 9.1. The spacing of the
connectors should fulfill the conditions in (7) to avoid

premature local buckling of the plate.

iroa‘

Pucynok 9.1 — BusHaueHHs no3Ha4deHb 3a pBHAHHAM (9.1)
Figure 9.1: Definition of notations in equation (9.1)

(5) binbur TouyHe BU3HAYEHHS PO3MOILTY CHIT
MO3/IOBHBOTO 3CYBY y CTaIe3ai300€TOHHUX
HIDKHIX MTOJIUISIX KOpOoOYacTUX nepepisiB
3T11HO 3 (4) HE BUMAraeTbes, K0
pO3TalIyBaHHs 3CYBHHX 3'€ JHYBaJIbHUX
€JIEMEHTIB BUOMpA€eThCs Ha M1ACTaBl TAKUX
MIPaBUIIL:

- 3CYBHI 3'€JHYBaJIbHI €JIEMEHTH MalOTh
KOHIIEHTPYBATHCS Y KyTax OallKu
KOpoO4acToro nepepizy;

- mpuHaitmMHi 50% 3araabHOi KIJIBKOCTI
3CYBHHX 3'€THYBaJbHHUX €JIEMEHTIB, 110
BiJIMOBIAAIOTH 32 Mepeaady CUIN
MO3/I0B’KHBOTO 3CYBY BiJl CTIHKH /10 HUKHBOT
OETOHHOT MOJIUII, MalOTh PUKPITUIIOBATUCH
JIO CTIHKH 1 B MEKax IIMPUHH by CTaNIEBOI
HWkHIN nmomuii. [upuna by cTaneBoi
HUKHBOI MTOJTUII Ma€ MpUMaTucs K
HaANO1IbIIE 13 3HAYCHD:

be=20 tr, br=0.2bei 1 by =400 MM

ne bei- poboya muprHA HUKHBOT MOJHIII
BigmoBigHO 10 5.4.1.2;

(5) A more accurate determination of the distribution
of longitudinal shear forces in composite bottom
flanges of box sections according to (4) is not
required, if the arrangement of the shear connectors is
based on the following rules:

- Shear connectors should be concentrated in the
corners of the box girder;

- At least 50% of the total amount of shear connectors,
which are responsible for the transfer of the
longitudinal shear force from a web in the bottom
concrete flange should be attached to the web and
within the width bf of the steel bottom flange. The
width bf of the steel bottom flange should be taken as
the largest of

bi=20 t¢ R b= 0.2b.; and by = 400 mm
where bg; is the effective width of the lower flange
according to 5.4.1.2 and ¢; the thickness of the steel
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t; - TOBIMHA CTAJIEBOI HUKHBOT ITOJIULIL.

(6) Jl1st rpaHUYHUX CTaHIB 32 YMOBOIO BTPATH
MIITHOCTI MOXKHA IIPUITYCTUTH, IO BCi
3’€IHYBaJIbHI €IEMEHTH Y MeKaxX pobodoi
IIUPUHU HECYTh OJHAKOBE MO3/I0OBKHE
3YCHILIISL.

(7) Tam, ne oOMeXeHHS BiJl 3'€THYBaIbHUX
€JIEMEHTIB Ma€ 3arodiratu MicleBii BTpari
CTIMKOCTI CTaJIEBHX €JIEMEHTIB
CTase3a1i300eTOHHOT CTUCHYTOI TUIUTH,
MDKIIEHTPOBI B1JICTaHi 3'€ THYBaJIbHUX
€JIEMEHTIB HE MAIOTh TICPEBUIIYBATH
IpaHUYHI 3HAUYEHHS, 1110 HaBEeIEHO Y TaOIHIIl
9.1.

bottom flange.

longitudinal force.

limits given in Table 9.1.

(6) For ultimate limit states it may be assumed that all
connectors within the effective width carry the same

(7) Where restraint from shear connectors is relied
upon to prevent local buckling of the steel element of
a composite plate in compression, the centre-to-centre
spacings of the connectors should not exceed the

Tabmuis 9.1 - BepxHi rpaHu4HI 3HAUEHHS 1HTEPBAJIiB 3CYBHUX 3'€THYBAIbHUX €JIEMEHTIB

y CTHCHYTIH CcTane3a1i300€TOHHIN TUIHTI

Knac 2 Knac 3
KonconpHa ginsHka 14¢, 201,
Brioniepek HanpsiMKy CTHCKaJIbHOTO TOJIUIT
HaIpyXEHHS BHyTpimns ginsHka 45t¢, 50¢,
[IOJINLII
VY HampsMKy CTUCKAJIBHOTO KoHcomnpHa 1 BHYTPIIIHS 22t 25t
HaIPYKCHHS JUISIHKA TOJIMI

g=,235/ fy , 1€ fy HABOJMTBCS y H/MMZ; t — TOBII[MHA CTAJIEBOI MOJIHIII.

Table 9.1: Upper limits to spacings of shear connectors in a composite plate in compression

Class 2 Class 3

Transverse to the direction of |outstand flange: 14 te 20 te
compressive stress

interior flange: 45 te 50 te
In the direction of compressive | outstand and

, , 22 te 25 te
stress interior flanges:
£ = N.n"ZSS [ f, .with f; n N/mm” t — thickness of the steel flange
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Hoapatoxk C
(oBiIKOBUIN)

CrtepykH1 yropiB 3 TOJIOBKaMH, 1110
BUKJIMKAIOTH MOSIBY PO3KOIIOBAIEHUX CHIT Y
HaNPsSMKY TOBIIUHH ILTUTH

C.1 Po3paxyHKkoBHii Omip 1 AeTamizaris

(1) Po3paxyHKOBUH Omip 3pyIICHHIO CTEPKHS
yIopy 3 TOJOBKOIO BiamoBimHO 10 6.6.3.1,
SIKHI BHKIIMKAE TIOSBY PO3KOIIOBAIBHUX CHII
y HanpsIMKY TOBLIMHM IIUTH (pucyHok C.1),
Ma€e BH3HAUYaTHCS JUIA TPAaHUYHUX CTaHIB 3a
YMOBOIO MIITHOCTi, KpIM BTOMHOI MIITHOCTI, 3
piBusiHHA (C.1 ), AKIIO NPU LILOMY BUXOJIUTH
MEHIIIE 3HAYCHHS Y TIOPIBHAHHI 13 3HAYCHHAM
3 piBHSHB (6.18) 1 (6.19):

!/
Py = 1L4(f.,da’ )0,4(a/S)0,3 kel )
Vv

Iie ay - poboYa BiJICTaHb JI0 KPAK0; = d; — Cy—
s/2>50Mm;

ky - 1J14 3CYBHOTO 3'€/IHaHHS Y KpalHbOMY
MOJIOXKEHHI JOPIBHIOE 1;

- JUIsl 3CYBHOTO 3'€IHAHHS Y IPOMIKHOMY
MOJIO’KEHH1 JopiBHIOE 1,14;

Pv - YACHUU KOE(QILIEHT;

Mpumirka - Tus npumitky y 6.6.3.1 (1) s py.
fek - XapaKTEPUCTHUYHA IUJITHIPUYHA MIITHICTh
6ETOHY PO3LIAHYTOrO Biky, H/MM?;

d - miametp crepkHs ynopy npu 19 <d <25
MM;

h - 3arajibHa BUCOTa CTEPKHS yIOpY 3
rosoBkoto ipu h / d > 4;

@ - TOPU30HTAJILHUI KPOK CTEPKHIB YIIOPIB
npu 110 <a <440 mm;

S - KpOK XOMYTIB IIpH a/2 < s < a Ta

s/ar' < 3;

D - TlaMETP XOMYTIB MPHU 0y > 8 MM;

01 - AlaMeTp MO3/10BXKHBOT apMaTypH MPH >
10 Mm;

Cy - BEpTUKAIBHUHN 3aXUCHUI 11ap OETOHY
[MMm], 3rigHO 3 pricyHkoMm C.1.

Annex C
(Informative)
Headed studs that cause splitting forces in the
direction of the slab thickness

C.1 Design resistance and detailing

(1) The design shear resistance of a headed stud
according to 6.6.3.1, that causes splitting forces in the
direction of the slab thickness, see Figure C.1, should
be determined for ultimate limit states other than
fatigue from equation (C.1), if this leads to a smaller
value than that from equations (6.18) and (6.19):

Py, - 1,4(f,,da’ )0,4(a/S).3 vl )
Yy
where:
ay 1s the effective edge distance; = a, —cy — v
s/2>50 mm;
ky, =1 for shear connection in an edge position,
= 1.14 for shear connection in a middle position;
v 1s a partial factor;

NOTE: See the Note to 6.6.3.1(1) for yy
fek 1s the characteristic cylinder strength of the
concrete at the age considered, in N/mm?;
d is the diameter of the shank of the stud with 19 <d <
25 mm;
h is the overall height of the headed stud with 4/d > 4;

a is the horizontal spacing of studs with 110 < a <440
mm;

s is the spacing of stirrups with both /2 <s < a and
s/ar' < 3;

vs1s the diameter of the stirrups with v, > 8 mm;

v 1s the diameter of the longitudinal reinforcement
with 01> 10 mm;

¢y 1s the vertical concrete cover according to Fig. C.1
in [mm].
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[TpoMixkHE TOTOKEHHS
middle position

c,+ /2
| Sp— r
a,,=a,

K
A

Kpaitne nonoxenns
edge position

Section A-A

paspes A-A

C,+./2

a.’.0= a."

1 - Tlomepeuna apmarypa
Pucynok C.1 - TTonoxeHHs Ta reOMETpUYHI TapaMeTpH 3CYBHUX 3'€IHAHb
31 CTEP)KHSIMH YIIOPIiB, PO3TAIIOBAHUMH Y TOPU3OHTAILHOMY HAMPIMKY
Figure C.1: Position and geometrical parameters of shear connections with
horizontally arranged studs
Key:1) transverse reinforcement

(2) PyiiHyBaHHs B pe3yibTaTi BIAMOBHU
CTEpXHIB YIOPIB HA KPOMII IUIUTH Ma€ OyTH
MOTIEPE/PKEHO 32 JIONIOMOTOI0 BHUKOHAHHS
TaKAX YMOB:
6eToH 6e3 TpiluH:
S <30°60 v>max {110 mm; 1,7 a,’; 1,7s/2};
O€TOH 3 TPILMHAMHU:
S <23°ab6o v>max {160 mm; 2,4a,’; 2.4s/2},
Jie V aHAJIOT14YHO 3HA4YeHHIO Ha pucyHKy C.1.
(3) PoskomtoBanbHIl Ccuil B HalpsMKY
TOBIIMHU  IJIMTH  MalOTh  NPOTUCTOSTH
XOMYTH, IO pO3PaxoBaHi Ha PO3TATYBAIbHY
CHJTY BIJITIOBIJTHO 10 PiBHSHHS

T4=0.3 PrqL (C.2)
(4) HeoOximzHo  BpaxoByBaTH  BIUIUB
BEPTHKAJIBFHOTO 3CYBY Ha pPO3PaXyHKOBHIl
Omip 3’€JHYBAIBHOTO CTEPXKHS YNOpY, SKUN
BUKJIMKAHO BIUIMBOM BEPTHKAJIBHOI OMOpPHU
T, B3aemonito Moxke OyTy mepeBipeHo 3a
hopmyIoro:

(2) A failure by pull-out of the stud at the edge of the
slab should be prevented by fulfilling the following
conditions:

uncracked concrete:
L[ <30°0orv>max{110mm; 1.7 a,; 1.7s/2}
cracked concrete:
p<23°orv>max{160 mm;24a';2.4s/2}
with v as shown in Figure C.1.
(3) The splitting force in direction of the slab
thickness should be resisted by stirrups, which should
be designed for a tensile force according the following
equation:

T4=0.3 PryqL (C.2)
(4) The influence of vertical shear on the design
resistance of a stud connector due to vertical support
of the slab should be considered. The interaction may
be verified by the following equation:
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F 1,2 F 1,2
( “] +( “] <1, (C.3)
PRd,L PRd,L

e

Py, - 0012(f, ) *(da’s)*(¢)(ar, ) k] (€D

7,
ne a,,- BiamoBigHa pobouya BiACTaHb Bif

KPOMKH IIPU . = dyo— Cy — Vs / 2> 50 MM.

Kpim npoektHux BuUMOT, 110 3a3HavyeHi B C.1
(1), MaroTh OyTH 33]JOBOJICHI YMOBH:
h>100Mmm; 110 <a <250 mM; v <12 mM;
0,<16 mmM.
C.2 BromHa MinHicTh
(1) KpuBa BTOMHOI MIITHOCTI CTEp)KHIB
VIOPiB 3 TOJOBKaMHU, 1[0 BUKJIMKAIOThH MOSABY
PO3KOIOBATBHUX CHJI y HANPSMKY TOBIIMHU
Ty 3rigao 3 C.1 (1), HaBoAMTBCS IS
3BUYAITHOTO BaYKKOTO OeToHy 3
BUKOPHUCTAHHSIM HIDKHIX 3HadeHb 3 6.8.3 i
piBasiaES (C.5):

(UPR )" N= (4 P.)" N,
ne
APr- BTOMHa MIIHICTh Ha OCHOBI PIi3HHIII
M03/I0BJKHBOTO 3CYBY Ha CTEPIKEHb YIIOPY;
AP~ oOmopHE 3HAa4YeHHs BTOMHOI MIIHOCTI
npu N, =2 X 10° 3rigmo 3 TaGmUnero C. 1;
m-HaXWJI KPUBOi BTOMHOI MIITHOCTI NpH m=S;
N - KITBKICTh IIUKJIIB aMILUTITYIH CUJIH.
VY tabmuni C.1 ra ay € po6040I0 BiICTAHHIO
B1J1 KpoMkH 3r171HO 3 C.1 (1) 1 pucynkom C.1.

(C.5)

1,2 1,2
(F“J +(F”J <1, (C.3)
f)Rd,L f)Rd,L
With
_00127,6) (@ al s @) ()7 oy (CA)

Rd,.L

7/V
where a], is the relevant effective edge distance with

a, = dao—cy— 05/ 2> 50 mm. Beside the design

requirements given in C.1(1) the following conditions
should be satisfied:

h>100mm; 110 <a <250 mm; v < 12 mm;

0;<16 mm.

C.2 Fatigue strength

(1) The fatigue strength curve of headed studs causing
splitting forces in the direction of the slab thickness
according to C.1(1) is given for normal-weight
concrete by the lower of the values from 6.8.3 and
equation (C.5):

APR)"N=(4P.)" N, (C.5)
where:

APr is the fatigue strength based on difference of
longitudinal shear force per stud;

AP, 1s the reference value of fatigue strength at

N, =2 x 10° according to Table C.1;

m 1is the slope of the fatigue strength curve with m = §;
N is the number of force range cycles.

In Table C.1 ay is the effective edge distance

according Figure C.1 and clause C.1(1).

Tabmung C.1 - Bromna MitHicTh 4P 115 3'€IHYBaJIbHUX CTEPAKHIB YIOPIB, PO3MIIIEHUX

Y TOPU3OHTAJIIbHOMY MTOJIOKCHHI

ay [MM] 50 > 100

Hpumirka:

24.9 35,6

AP [KH]

s 50 < ap < 100 MM AP, citijt BU3HAYaTH 3a JIIHIHHOIO
IHTEPITOJISIIETO.

Table C.1: Fatigue strength APc for horizontall

y arranged studs

ay [mm] 50 > 100

NOTE:
For 50 < a, < 100 mm AP, should be determined by linear

AP [KN] 24,9 35,6

interpolation.

(2) dns MakCHUMaJbHOI CHJIM TO37[0BXXHBOTO
3CYBY Ha 3'e IHYBaJIbHHI €JIEMEHT
3actocoByeThes 6.8.1 (3).

(2) For the maximum longitudinal shear force per
connector 6.8.1(3) applies.
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