DIN EN 1994-1-1:2010-12 (E)

Eurocode 4: Design of composite steel and concrete structures - Part 1-1: Gen eral

rules and rules for buildings (includes Corrigendum AC:2009)

Contents

FOreword ..o e rsses s e s e e nnaa e eees

Section 1 General ..........ccceeeeecciiinnirree e

N =

1.1
1.1.
1.1.
1.2
1.21
1.2.2
1.3 Assumptions
1.4
1.5
1.5.1
1.5.2
1.6

Section 2 Basis of design

2.3.1 Actions and environmental influences

2.4 Verification by the partial factor method

21 Requirements

2.2 Principles of limit state design
23 Basic variables

2.3.2 Material and product properties
233 Classification of actions

241 Design values

2411 Design values of actions
241.2 Design values of material or product properties
2.41.3 Design values of geometrical data
241.4 Design resistances
24.2 Combination of actions
243 Verification of static equilibrium (EQU)

Section 3 Materials .........ccceeeecciiiiiiiree e

3.1 {0201 To] (=1 (-

3.41 General .....cccciiieeciir e ——

3.2 Reinforcing steel

3.3 Structural steel

3.4 Connecting devices

3.4.2 Headed stud shear connectors

3.5 Profiled steel sheeting for composite slabs in buildings
Section 4 Durability ........cccocivmmiiniin

4.1 General ... s
4.2 Profiled steel sheeting for composite slabs in buildings

Section 5 Structural analysis

ST o2 o] o - NSRRI
Scope of Eurocode 4
Scope of Part 1.1 of Eurocode 4
Normative references
General reference standards
Other reference standards
Distinction between principles and application rules
Definitions .......cccovviiiirieeciiiir e e
General ......ccceviiiiiieeccrr e ———————
Additional terms and definitions used in this Standard
SYMDOIS ...



5.1 Structural modelling for analysis .........ccccoiniiimiiini e —————— 26
5.1.1 Structural modelling and basic assuUMPLIONS .........cccccciiiiii e —————— 26
5.1.2 JOINt MOElliNG ...ooieiii i —————————————————— 26
51.3 Ground-structure interaction ... 26
5.2 Structural stability .......cccociiiiii e ———————— 27
5.21 Effects of deformed geometry of the structure ..........ccccovciviriiiii 27
5.2.2 Methods of analysis for bUIldings .....ccccccviicciiiiii e e 27
5.3 L3 0] oY= o 1= i e o L= S 28
5.3.1 T 1= 28
5.3.2 Imperfections in BUIIAINGS ......cccciiiiiiicccrr e e ee s nmne e 28
5.3.21 L= o 1= T 28
L0 0 S €10 o F=1 I 14 0] oY= o =T 2 Lo T T Y 29
5.3.2.3 Member imperfeCtions ... 29
5.4 Calculation of action effects ... ————— 29
5.41 Methods of global analysis ..........cccoriimiiniiin e ——————— 29
5411 (7= T - 29
5.41.2 Effective width of flanges for shear lag ........cccccccmiriiinnii e —— 29
5.4.2 Linear elastic analySis ..o —————— 30
5.4.21 L= o 1= TN 30
5.4.2.2 Creep and ShrinKage ..........ccccccmiiiiiisiciicriee s sssme s e e s e s s ss s smsee e e s e s s s s s s ssmsn e e e eesansssnnmeeessanssnnnnnns 31
5.4.2.3 Effects of cracking of CONCrete ..........cccoiiiiiiiic i ssms e s mn e e e e nnmnnnes 32
5.4.2.4 Stages and sequence of CONSIrUCION ... e 33
5.4.2.5 Temperature effeCtS ... s s n e s nnne e e s e nnnnnns 33
5.4.2.6 Pre-stressing by controlled imposed deformations ..........cccceciiiminiiinni 33
5.4.3 Non-linear global analysis ...........ccccoimmiiii e ——————— 33
544 Linear elastic analysis with limited redistribution for buildings ........cccoccoiiiiininiiicnnincee, 34
5.4.5 Rigid plastic global analysis for buildings ........ccccccvciiniisi e ——— 35
5.5 Classification of Cross-sections ... 36
5.5.1 (7= T - 36
5.5.2 Classification of composite sections without concrete encasement ............cccccccrvrerrrrnnnees 37
5.5.3 Classification of composite sections for buildings with concrete encasement ................... 37
Section 6 Ultimate limit States ... 38
6.1 - T T 38
6.1.1 Beams for buildings ... —————— 38
6.1.2 Effective width for verification of cross-sections ..........coo e 40
6.2 Resistances of cross-sections of beams ... —— 40
6.2.1 Bending resistance ... ———————— 40
6.2.1.1 (7= T - 40
6.2.1.2 Plastic resistance moment Mpl,Rd of a composite cross-section ............ccccovemmriiiiiiiiciiines 40
6.2.1.3  Plastic resistance moment of sections with partial shear connection in buildings ............. 42
6.2.1.4  Non-linear resistance to bending ..........ccccciiiiiii e ——————————— 43
6.2.1.5 Elastic resistance to bending ... 44
6.2.2 Resistance to vertical Shear ..........ccooiiiiic e ————— 45
6.2.2.1 T o - S 45
6.2.2.2  Plastic resistance to vertical shear ... —— 45
6.2.2.3  Shear buckling resiStance .........ccccciriiiiii e ————————— 45
6.2.2.4 Bending and vertical Shear ..........ccccociimiiiin e ——————— 45
6.3 Resistance of cross-sections of beams for buildings with partial encasement ................... 46
6.3.1 KT o - 46
6.3.2 Bending resisStance ... ——————— 46
6.3.3 Resistance to vertical SNear ..o ———— 47
6.3.4 Bending and vertical Shear ... 48
6.4 Lateral-torsional buckling of composite beams ... ——— 48
6.4.1 L= o 1= T 48
6.4.2 Verification of lateral-torsional buckling of continuous composite beams with cross-
sections in Class 1, 2 and 3 for buildings ........cccceiiiiccccrin e 49
6.4.3 Simplified verification for buildings without direct calculation ............ccccocciiiiiiniiniiinnninns 51
6.5 Transverse forces 0N WEDS ... e 52
6.5.1 7= T - 52
6.5.2 Flange-induced buckling of Webs ..o —— 52

-2.-



6.6
6.6.1
6.6.1.1
6.6.1.2
6.6.1.3
6.6.2
6.6.2.1

6.6.2.2
6.6.3
6.6.3.1
6.6.3.2
6.6.4
6.6.4.1
6.6.4.2
6.6.4.3
6.6.5
6.6.5.1
6.6.5.2
6.6.5.3
6.6.5.4
6.6.5.5
6.6.5.6
6.6.5.7
6.6.5.8
6.6.6
6.6.6.1
6.6.6.2
6.6.6.3
6.6.6.4
6.7
6.7.1
6.7.2
6.7.3
6.7.3.1
6.7.3.2
6.7.3.3
6.7.3.4
6.7.3.5
6.7.3.6
6.7.3.7
6.7.4
6.7.4.1
6.7.4.2
6.7.4.3
6.7.5
6.7.5.1
6.7.5.2
6.8
6.8.1
6.8.2
6.8.3
6.8.4
6.8.5
6.8.5.1
6.8.5.2
6.8.5.3
6.8.5.4
6.8.5.5
6.8.6
6.8.6.1
6.8.6.2

E5T 0T Tl oo T 4 L= o7 1 ' o 52
7= 0T - 52
Basis of deSigN ... ———————— 52
Limitation on the use of partial shear connection in beams for buildings .......c....cccccrinnnann. 53
Spacing of shear connectors in beams for buildings .........cccocvvmiiriini 54
Longitudinal shear force in beams for buildings ........cccccciiniinni . 55
Beams in which non-linear or elastic theory is used for resistances of one or more

Lo TS = o2 T o 55
Beams in which plastic theory is used for resistance of cross-sections ........cccccccvrricccnnnes 55
Headed stud connectors in solid slabs and concrete encasement .............ccccevcmiriiiiiiiciinnens 55
DeSigN reSIiStANCE .....cccciiiiiiriririrrrrrr i ————————————————— 55
Influence of tension on shear resistance ... ———— 56
Design resistance of headed studs used with profiled steel sheeting in buildings ............. 56
Sheeting with ribs parallel to the supporting beams ..........cooo s 56
Sheeting with ribs transverse to the supporting beams ........ccccciiiiviiniic 57
Biaxial loading of shear connectors ...........ccccviiiiiin i ————— 58
Detailing of the shear connection and influence of execution ..........cccccnriiininniicnsenae, 58
Resistance to separation ... s 58
Cover and concreting for bUuildings ......cccccoviiicccimiiii e 58
Local reinforcement in the slab ... 59
Haunches other than formed by profiled steel sheeting ......cccccceveccciemrin e 59
ST o T Ted] g Yo T 20 4T 0 7= o2 Lo - SR 60
Dimensions of the steel flange ... s 60
Headed stud CONNECLONS ...... i s mmn e s e 60
Headed studs used with profiled steel sheeting in buildings .........ccccoiiiiminniicieae, 61
Longitudinal shear in concrete slabs ..o ———— 61
7= 0T - 61
Design resistance to longitudinal shear .........ccccccoinin e ————— 61
Minimum transverse reinforcement ... ——— 62
Longitudinal shear and transverse reinforcement in beams for buildings ...........ccccccceeennn. 62
Composite columns and composite compression members .........cccccccermriiircccssemerer e sssesnnee 63
7= o = | 63
General method of deSIgN ... mse e e e e s e mnn e e ee s s annns 65
Simplified method of deSIgN ... e 66
(€710 1=1 1 T4 Lo TR oo o =SSR 66
Resistance of Cross-seCtions ...........oo i 67
Effective flexural stiffness, steel contribution ratio and relative slenderness ........ccccccauuuunnt 69
Methods of analysis and member imperfections .........ccccccciiriinnni s 70
Resistance of members in axial compPression ... s 70
Resistance of members in combined compression and uniaxial bending .......c....cccceviinnann. 7
Combined compression and biaxial bending ........ccccccciiiniin e ———— 73
Shear connection and load introduction ... 74
7= o = | 74
Load introdUCLION .........ooiiciieiiiii i 74
Longitudinal shear outside the areas of load introduction ..........ccccceiiiiiccciin s 77
Detailing ProViSioNs ... ssssssssssss s s ssss s s s s s ss s s ssssssssssssssssssssssssssssssssssssssnsnsns 78
Concrete cover of steel profiles and reinforcement ... 78
Longitudinal and transverse reinforcement ..........ccccciiriiiin e ——— 78
FatigUe ....eeeiiiii it 78
7= T - 78
Partial factors for fatigue assessment for buildings .........cccccoiriiminri 79
Fatigue strength ... ——————————— 79
Internal forces and fatigue 10adings ........ccccciiiiicciiciin e ——— 80
L1 === - 80
=Y o = | 80
L0 o o T -1 - 80
SErUCLUral STEEI ... e 80
=TT 0T =1 £ =T o 81
£ 01T Tl oo 4 L= o7 1 ' o 81
STrESS FANGES ..ueeiiiiieiiiiiir i 82
Structural steel and reinforcement .......... . ———— 82
£ 0T Tl oo 4 L= o7 1 ' o 82



6.8.7 Fatigue assessment based on nominal stress ranges ..........cccccccrinnin s —————— 83
6.8.7.1 Structural steel, ~reinforcement and concreteTM ............cc i 83
6.8.7.2  Shear CONNECLION ... ms e e e s s mmn e e e e e e e s e mmn e e e e s sa s nnnmnnns 83
Section 7 Serviceability limit states .........c.ccvcmiiiiicc e ——————— 84
71 L= o 1= | 84
7.2 L1 =TT - 84
7.21 L= o 1= TN 84
7.2.2 Stress limitation for bUIldiNgS ........cooviiiccciii s 85
7.3 Deformations in bUildings .....ccccooiiiiiccimiiii e s ann e e e e e nnne e 85
7.31 9 1= 1= o 3 85
7.3.2 R o7 = 1o T o 86
7.4 Cracking of CONCIete ..o 86
7.41 (7= T - 86
7.4.2 Minimum reinforCemMent ... 87
7.4.3 Control of cracking due to direct loading ........ccccccmiiiiiiiiinii e ————— 88
Section 8 Composite joints in frames for buildings .........cccccciimiiiiicccccri e 89
8.1 T o - S 89
8.2 Analysis, modelling and classification ...........cccoociiiiiiccccccs e ——— 90
8.21 L= o 1= TN 90
8.2.2 Elastic global analysis ..........cccciimiiiiir e ———— 20
8.2.3 Classification of JOINtS .......ccccciiiiiii e ———————— 20
8.3 Design Methods ... ————————— 91
8.3.1 == LT L= T Lo =T oo o1 91
8.3.2 =T =3 - g U= 91
8.3.3 Rotational StiffNness ... e 91
8.34 Lo =1 Lo g I e T - T | 91
8.4 Resistance of COMPONENES ........coocc i sss s e s snnn e e e e e e e s s snmmnnes 92
8.4.1 T o - S 92
8.4.2 Basic joint COMPONENLS .......cccciiiiiiiicrrrrrrrrr e e s e s nnas 92
8.4.21 Longitudinal steel reinforcement in tenNSIioN ...........occ oo s 92
8.4.2.2  Steel contact plate in COMPreSSIiON ... e snnenes 92
8.4.3 Column web in transSverse COMPreSSION ..........ooiiicciirmiiriiiiiccserr s mms e 93
8.4.4 Reinforced COmMpPONENtS ... . 93
8.4.4.1 Column web panel in SREAK ... e 93
8.4.4.2 Column web in transverse COMPreSSION .........ccccccciiiiiiiiiiirsirr s ssmne e nnnes 93
Section 9 Composite slabs with profiled steel sheeting for buildings .........ccccccniiininiicieiene, 94
9.1 L= o 1= | N 94
9.1.1 T o - SN 94
9.1.2 DefiNitioNS ......oiiiiiii e 95
9.1.21 Types of shear CONNECHION ... e e ssmn e e e e e s s samnnn e e e e nas 95
9.1.2.2  Full shear connection and partial shear connection ... 95
9.2 Detailing ProviSioNs ... ————— 96
9.21 Slab thickness and reinforcement ........... . s 96
9.2.2 Yo =T o 1= 97
9.2.3 Bearing reqUIremMeNnts .........cccciiiiiiiiiniiin e ————— 97
9.3 Actions and action effects ... ————— 97
9.31 Design SitUALIONS ... ——————————————————_ 97
9.3.2 Actions for profiled steel sheeting as shuttering .........cccccccmmmiiiicccciccr e 98
9.3.3 Actions for composite SIab ... ————— 98
9.4 Analysis for internal forces and MoOmMEeNts ........ccccoeiiiiccccrcriin e ——— 98
9.4.1 Profiled steel sheeting as shuttering ..........oocccooiiii e e 98
9.4.2 Analysis of COMPOSIte SIAD ........ccccccieciiiii e e 98
9.4.3 Effective width of composite slab for concentrated point and line loads .............ccccccueeeees 929
9.5 Verification of profiled steel sheeting as shuttering for ultimate limit states ..................... 100
9.6 Verification of profiled steel sheeting as shuttering for serviceability limit states ............ 100
9.7 Verification of composite slabs for ultimate limit states ..........cccccoeiiriririririiiiiccrcrcccccce, 100

-4-



9.71 DeSigN CrtErioN .....coviiiiiiiiiir e ———————— 100
9.7.2 1= T 101
9.7.3 Longitudinal shear for slabs without end anchorage ..........cccociiiiiiini e 102
9.7.4 Longitudinal shear for slabs with end anchorage ..........ccccooiiiiiiiiiisn e 104
9.7.5 =T g T o= =] o 1= 104
9.7.6 Punching Shear ... - 104
9.8 Verification of composite slabs for serviceability limit states ........ccccccvvcccvicrreinicccccecenennn, 104
9.8.1 Control of cracking Of CONCIete ..........ccccccceiiriiii s e e s nmne e s ann 104
9.8.2 9 7= 1= o o o 105
Annex A (informative) Stiffness of joint components in buildings ......cccccceviiccccciccccee e, 106
AA RS T o - 106
A.2 Stiffness COEffICIENtS ... 106
A.21 Basic joint COMPONENLS ......ccceiiiiiiri i ———— 106
A.2.1.1 Longitudinal steel reinforcement in tension .........cccocviiiici——— 106
A.21.2 Steel contact plate in COMPreSSioN ... 106
A.2.2 Other components in cOMPOSite JOINTS ..o 108
A.2.21 Column web panel in SREAT ..........iiiiiiiicccerrrr s ssne e e e e s s mnme e e annan 108
A.2.2.2 Column web in tranSverse COMPreSSiON ......cccccciiicceiseerrerniissssssssereeresssssssssssssesessssssssnssnssssssas 108
A.2.3.1  Column web panel in SREAT ... ssn e s ssme e e e s e mnne e e nnnnn 108
A.2.3.2 Column web in tranSverse COMPreSSION ......ccccccviicccismrrrernissssssssserrerssssssssssssssesessssssssnnsnsesssss 108
A3 Deformation of the shear connection ... s 109
Annex B (informative) Standard tests .........cccciiiiiinnni e ————— 110
B.1 =Y 01T - 110
B.2 Tests on shear CONNECLOIS ... e s 110
B.2.1 = T - 110
B.2.2 Testing arranNgemeENts ... s s s n s s n e nnan 110
B.2.3 Preparation of SPECIMENS ... s mn e e e s e s mne e e e e nnnnne 111
B.2.4 JLIC=E53 e o e o= o 1N 112
B.2.5 Test eValuation ... —————— 112
B.3 Testing of composite floor SIabs .........oocc o ————— 113
B.3.1 7= o =1 | P 113
B.3.2 Testing arrangement ..o ———————————————— 114
B.3.3 Preparation of SPECIMENS ... e 115
B.3.4 Test loading ProCeAUIe ... 115
B.3.5 Determination of design values for m and K .........ccccciiiiiimiini 116
B.3.6 Determination of the design values for U,Rd ... e 117
Annex C (informative) Shrinkage of concrete for composite structures for buildings .........ccccece....... 118
[ S]] o [T Yo | = T o 137/ 118
A.2.3 Reinforced COMPONENLS .........ccciiiiiiiiiccircrr s csssrr e sssr e e s s s s smne e e e e e s sa s smmn e e e e eennssnnnns 108



		2026-05-12T08:39:13+0000
	DIN Deutsches Institut fuer Normung e. V.
	Dokument ist zertifiziert




