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Eurocode Training — EN 1994-1-1

Overview

The Structural Eurocode program comprises the following standards generally consisting of a number

of Parts:
EN 1990 Eurocode: Basis of structural design
EN 1991 Eurocode 1:  Action on structures
EN 1992 Eurocode 2:  Design of concrete structures
EN 1993 Eurocode 3:  Design of steel structures
EN 1994 Eurocode 4:  Design of composite steel and concrete structures
EN 1995 Eurocode 5:  Design of timber structures
EN 1996 Eurocode 6:  Design of masonry structures
EN 1997 Eurocode 7:  Geotechnical design
EN 1998 Eurocode 8:  Design of structures for earthquake resistance
EN 1999 Eurocode 9:  Design of aluminium structures

EN1994-1-1 describes the Principles and requirements for safety, serviceability and durability of composite
steel and concrete structures, together with specific provisions for buildings. It is based on the limit state
concept used in conjunction with a partial factor method.

National choice is allowed in EN 1994-1-1 through the following clauses:

-2.4.1.1(1)
-2.4.1.2(5)
-2.4.1.2(6)
-2.4.1.2(7)
-3.1(4)
-3.5(2)

- 6.4.3(1)(h)
- 6.6.3.1(1)
- 6.6.3.1(3)
- 6.6.4.1(3)
-6.8.2(1)
-6.8.2(2)
-9.1.1(2)

- 9.6(2)
-9.7.3(4)
-9.7.3(8)
-9.7.3(9)

- B.2.5(1)

- B.3.6(5)



EN 1994-1-1 Design of composite steel and concrete structures:

General rules and rules for buildings

Section 1: General
The following subjects are dealt with in EN 1993-1-1:

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 building

Section 9: Composite slabs with profiles steel sheeting for buildings

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.

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.

Section 2: Basis of design

Actions for the design of steel structures should be taken from EN 1991. For the combination for
actions and partial factors of actions see Annex A to EN 1990.

Partial safety factors:

* Concrete: Yc
» Steel reinforcement: Ys
e Structural steel: Yu

steel sheeting: Ym

steel connecting devices:  yu
»  Shear connection: W
» Longitudinal shear connection in composite slabs:  ws

Fatigue verification of headed studs: yis and Vi s
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Section 3: Materials

Concrete

Unless otherwise given by Eurocode 4, properties should be obtained by reference to EN 1992-1-1,3.1
for normal concrete and to EN 1992-1-1, 11.3 for lightweight concrete.

Reinforcing steel

Properties should be obtained by reference to EN 1992-1-1,3.2.

Structural steel
Properties should be obtained by reference to EN 1993-1-1,3.1 and 3.2.

When looking at the Composite check in Scia Engineer, the reference article is EN 1994-1-1, 3.3:

Cross-section Classification Value Unit Reference
Design strength of steel 2350 MPa 3.3
Effective width 500 mim 5412
Critical section 0,000 m

Flange dass Class 1

Web class Class 1

Cross-section class Class 1 55

Which will refer to EN 1993-1-1,3.1 and 3.2

Connecting devices

Reference should be made to EN 1993-1-8 for requirements for fasteners and welding consumables.
And for the headed stud shear connectors, reference should be made to EN 13918.

Profiled sheeting for composite slabs in buildings

Properties should be obtained by reference to EN 1993-1-3,3.1 and 3.2.

Section 4: Durability
The relevant provision given in EN 1990, EN 1992 and EN 1993 should be followed



Section 5: Structural analysis

Second order calculation and imperfections

Following EN 1994-1-1, 85.1.1(2)

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-
1-1.

EN 1994-1-1 article 5.2

The action effects may generally be determined using either:
- First order analysis, using the initial geometry of the structure or

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

First order analysis may be used if the increase of relevant internal forces or moments caused by the
deformations given by first-)rder analysis is less than 10%. This condition may be assumed to be
fulfilled, if the following criterion is satisfied:

as =10 (5.2)

Where a- The factor by which the design loading has to be increased to cause elastic instability.

EN 1994-1-1 article 5.2.2

* For beam-and-column type plane frames, O, may be calculated using the expression given in
EN 1993-1-1, 5.2.1(4):

« =(@)( h )
- VEd SH,Ed

» If second-order effects in individual members and relevant member imperfections are fully
accounted for in the global analysis of the structure, individual stability checks for the members
are un-necessary.

Global imperfections

Should be taken into account in accordance with EN 1993-1-1, 5.3.2:

¢ =90,

Member imperfections

The member imperfections are described in chapter6. Except for steel members the effects of
imperfections are incorporated within the formulae given for buckling resistance, see EN 1993-1-1, 6.3.
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Effective width for flanges for shear lag
EN 1994-1-1 article 5.4.1.2.

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

* 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 bt at mid-span for a span supported at
both ends, or the value b, at the support for a cantilever.
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1 L.=0.85L, for bes,

2 Le=025(L) + Ly) for beg
3 Le=0.70L; for bes)

4 L.=2L; for besa

Figure 5.1 : Equivalent spans, for effective width of concrete flange

0 Atthe mid-span: b

bess = by + Z by

Where: by is the distance between the centers of the outstand shear
connectors
Dei is 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 b;

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
to the free edge.

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, Le may be assumed to be as shown in
Figure 5.1.

0 by at an end support::

besy = bo+ ) Bibes

Where: by

Le

B

is the effective width, see previous formula, of the end span at mid-

span

is the equivalent span of the end span according to Figure 5.1.
0,025L,

= (0,55 + b_) <10

In Scia Engineer the user has to input the effective width himself in the properties of the beam:

Properties o x
| Member (1) | Vi
&
[Name | B -
Type composite beam rib (32) ﬂ
Analysis model Composite floor
Alignmert centre
Shape of rib T symmetric ﬂ =
Composite slab data CBO1 - ..
ETeCtive widl , T
Effective width left [mm] 375,00
Effective width right [mm] 375,00
CrossSection C52-IPE3DD - ..
Alpha [deg] 0.00
Member system-ine at centre -
ey [mm] 0.00
ez [mm] 0.00 il

And this inputted value will also be shown in the Composite check afterwards:

- J
Flange class

Web class
Cross-section class

Effective width

Cross-section Classification Value Unit Reference
i Cie 3.3
750,00 5412
U UuU ii
Class 1
Class 1
Class 1 55
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Creep and shrinkage

EN 1994-1-1 article 5.4.2.2.
Except for members with both flanges composite, the effects of creep may be taken into account by
using modular ratios n, for the concrete. The modular ratios depending on the type of Load (L) are

given by:
n, =no(1+ YL.)

Where: No is the modular ratio E,/ E., for short-term loading
Ecm is the secant modulus of elasticity of the concrete for short-term loading

according to EN 1992-1-1, Table 3.1 or Table 11.3.1
(0 is the creep coefficient ¢) according to EN 1992-1-1, 3.1.4 or 11.3.3,

Depending on the age (t) of concrete at the moment considered and the age
(to) at loading

Uy is 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.

Linear elastic analysis with limited redistribution for buildings

EN 1994-1-1 article 5.4.4.
The bending moments in composite beams determined by linear elastic global analysis may be

modified by reducing the maximum hogging moments by amounts not exceeding the percentages

given in Table 5.1.
(also some other methods are given for Class 1 and Class2 profiles in this article).

Table 5.1 : Limits to redistribution of hogging moments, per cent of the initial
value of the bending moment to be reduced

Class of cross-section in
hogging moment region

1 2 3 4

For un-cracked analysis 40 30 20 10

For cracked analysis 25 g

For grades of structural steel higher than S355, redistribution should only be applied to beams with all
cross-sections in Class 1 and Class 2. Redistribution by reduction of maximum hogging moments
should not exceed 30% for an un-cracked analysis and 15% for a cracked analysis, unless it is

demonstrated that the rotation capacity permits a higher value.

Classification of cross-sections

General

The classification system defined in EN 1993-1-1, 5.5.2 applies to cross-sections of composite
beams.

For Cross-sections in Class 1 and Class 2 with bars in tension, reinforcement used within the
effective width should have a ductility Class B or Class C (see EN 1992-1-1 Table C.1).

A minimum area of reinforcement Ag within the effective width of the concrete flange should be
provided to satisfy the following condition:

As 2 psAc

10



Where:

fy fetm [k
Ps 235 fsk

Ac is the effective area of the concrete flange

fy is the nominal value of the yield strength of the structural
steel in N/mm2

fsk is the characteristic yield strength of the reinforcement

fetm is the mean tensile strength of the concrete, see
EN1992-1-1, Table 3.1 or Table 11.3.1

ke is a coefficient given in 7.4.2

o) 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

Classification of composite sections with concrete encasement

EN 1994-1-1 article 5.4.4.

Next criteria has to be fulfilled

Table 5.2 : Classifi

cation of steel flanges in compression for partially-encased sections

2
- -
_—b[_._ |
|
1
|
| c
o - -
| J -
] \

- c Stress d{slnbull‘()‘n

(compression positive)

0,8 S% =10
Class Type Limit
1 ¢/t £9g
2 (1) rolled or (2) welded c/t < l4e
3 c/t £20¢g

» the concrete that encases a web is reinforced by longitudinal bars and stirrups, and/or welded

mesh

» the requirements for the ratio b, / b given in Table 5.2 are fulfilled

» the concrete between the flanges is fixed to the web in accordance with Figure 6.10 by welding

the stirrups to the web or by means of bars of at least 6 mm diameter through holes and/or studs
with a diameter greater than 10 mm welded to the web

11
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Key
1 closed stirrups
2 open stirrups welded to the web
3 stirrups through the web
Figure 6.10 : Arrangement of stirrups
» the longitudinal spacing of the studs on each side of the web or of the bars through holes is not
greater than 400 mm. The distance between the inner face of each flange and the nearest row of
fixings to the web is not greater than 200 mm. For steel sections with a maximum depth of not

less than 400 mm and two or more rows of fixings, a staggered arrangement of the studs and/or
bars through holes may be used.

A steel web in Class 3 encased in concrete in accordance with (2) above may be represented by an
effective web of the same cross-section in Class 2.

In Scia Engineer:

Cross-section Classification Value Unit Reference
Design strength of steel 275,0 MPa 3.3
Effective width 750,00 mm 541.2
Critical section 0,000 m

Flange class Class 1

Web class Class 1

Cross-section class Class 1 55

12



Section 6: Ultimate limit state

Composite beam in Scia Engineer

Define a project with “Concrete” and “Steel as materials and activate the “Composite” and “Composite
Beam” functionality:

Project data

Basic data | Functionality | Loads | Protection

===

Dynamics = 2| Steel
Initial stress O | Fire resistance o
Subsaoil o |Cannection modeller o
Norlinearty o | Frame rigid connections a
Stability _|:| |Frame pinned connections |:|
Climatic loads O Gnd pinned connections |:|
Prastrassing o Balted diagonal connections a
Pipelines o Expert system o
Structural model O |Connection monodrawings 0
Parameters O | Scaffolding 0o
Mobile loads o LTE 2nd Order a
Automated GiA drawings O Arcelorhitial 1S
i o E Concrete |
Fire esitance =
T T = -
KP1 application () | |
Slabs with void formers (] (Composite Beam [
Property modifiers o ;Composite Column o
| Fire resistance O
. — —

Drawing a composite beam in Scia Engineer

Define a new composite cross section and draw a beam in Scia Engineer. When drawing a composite
beam, the user should indicate that this is a composite beam in Scia Engineer. This can be chosen in
the properties window of the beam, by changing the “Type” into “composite beam rib (92)".

13
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Properties o x

| Member (1)

MName

Tvpe

Analysis model

Alignment

Shape of rb

|Cnmpnsite slab data
Concrete material

Fib distance [mm]
Effective width [mm]
Effective width left [mm]
Effective width right [mm]
Cross Section C52 - IPE3DD v| |

e T e T e R e |

Afterwards the properties of the studs, the longitudinal reinforcement and the form of the slab can be
indicated in “Composite slab data™

. =
B | Composite slab data ﬂ
el 0| & FE A - ¥
CBD1 Type of deck slab | Solid | a

B Solid | |
Total slab depth, Ds [mm] | 150 [l
= Transverse and longitudinal reinforcement =
El Top |
Input type Mone _ﬂ—
=
input type Nore =
= Beam data .
Fropping Propped Rd
Man romnnsite heam 0 Mo il
| BeflL | BefR |
1 ‘[ T
=% L3 L3 L3 L3 L] L] L
- T Ds| 1 =
|———
D
Db
|
(" =
e

In below the options you can choose are explained:

14



Type of beam

The beam type options are primary / secondary. This input is used for reference only. The detailing of

beams must be such that no significant torsion is transmitted to the beam. If this is not the case,
additional calculations will need to be carried out.

Type of deck slab
The types of slab supported are

- Solid
- Haunched solid
- Profiled deck

When the "Profiled deck” option is selected, an additional dialog is activated to help select a profile
deck type from the program product libraries.

Also the option “Contribution to longitudinal shear resistance” will appear:

This is an option to include the resistance offered by the profiled sheet in the calculation of the slab
longitudinal shear resistance. The sheet continuous option is disabled by default whenever the
orientation of profiled sheeting on any one side is parallel.

Please note that this software does NOT design the deck or the slab. For primary beams, the deck
direction is set parallel to the beam by default. User can modify the default left and right side rib
directions. By default the beams generated by the composite load/floor panel are secondary beams
with deck direction perpendicular to the beam. User can change this setting.

Transverse and longitudinal reinforcement
You can choose to input:

- None: no reinforcement

- User input: define the reinforcement just below

- Library: Choose the reinforcement from a library. You can adapt it to click on the three dots behind

“Top” or “Bottom”

- = Ty
B ' 20 Reinforcement mesh library — %
HeBL o 8 @EFEH A 257

hiame B ' /

Description
Producer |
Code Al _:J
Bl | Reinforcement
Material included a
Material B 4004
Type of mesh | MeshTypePR1 |
Direction close to suface 1 |
EIE| :
Diameter {mm] .E.ﬂ
Bar distance [mm] 200
Offset [mm] 0 =
Reinfarcement area fmm 2] 141 P
=2 '
Diameter mm] 6.0
Bar distance [mm] |200 ) ® [ ]
Offz=t [mm] 0
Reinfarcement area fmm 2] REL
Total weight of reinforcement kg/m™2] 2
Bar lap fmm] 300

I Mew ]I Insert ” Edit | Delete 0K

15
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Beam data
Propping

Beam props may be introduced at the construction stage to reduce construction stage deflections of
the beam or prevent the capacity of the steel beam exceeding before the concrete gains sufficient
strength.

When the beam is specified as propped, this software assumes the beam is (theoretically) continuously
propped along the whole length of the beam. All construction stage checks are omitted. In particular,
steel stresses (before prop removal) are assumed to be zero.

The beam may be propped or un-propped during construction. If the beam is propped during
construction, construction stage analysis and design is not necessary. All beams may be designed
assuming that at the ultimate limit state the whole of the loading acts on the composite member. If the
beam is un-propped, construction stage checks are performed using the properties of the steel beam
alone without composite action.

Non-composite beam:
The user can design a section as non-composite (ordinary steel beam without composite action) by
disabling the shear connector using the non-composite check box.

Shear connectors:

Composite construction requires the use of appropriately designed and detailed shear connectors to
develop composite action between the steel beam and the concrete slab.

Shear connector data is provided in the form of a library. This can be accessed through “Library ->
Composite -> Shear Connectors” on the Main tree.

The shear connectors dialog allows the user to specify the number of shear connectors in a row,
transverse spacing, diameter, in situ height and longitudinal spacing. By default, the program assumes
a single row of shear connectors. For high loads and/or thick slabs, the connectors may be arranged in
pairs.

The longitudinal spacing of shear connectors can be input along the length of the beam. Same spacing
is assumed for both hogging & sagging zones.

Pressing the three dots behind “Shear connector data” opens the library of shear connectors. This can
be used to choose a standard shear connector or to create a user-defined connector.

.
B ' Shear connectors

A ca 2B ) S wEE A .

Eres

|

sC1 MName B
|'| H1zs Type Stud
Diameter/width [mm] 25
Mominal height [mm] 100
In-situ height [mm] 95
Material 5235

o

[ New ][ Insert ” Edit ] Delete

16



' .
# ' Read from database " lﬁz-J
EF’rujed databasze |System database

sC1 525 | Name

H125 522
5181
5195
516
513
Ha0
HS5
H110
H125
H140
127
102
C76

f BH160
BH150
[ << Copy to project ]
Close | << Copy all |

}

The list of shear connectors includes stud connectors with available diameters 13, 16, 19, 22 and
25mm. These are available in standard lengths for which the characteristic resistance values given are
taken from BS 5950-3.1. There are two standard lengths for 19 mm diameter studs namely 75mm and
100 mm. The 19 mm x 100 mm long stud is the program default as the most commonly used type. In
accordance with the code, 5 mm is deducted from the nominal length of stud connectors to obtain the
in-situ length to allow for loss of material in the fusion welding process. The capacity of studs less than
standard height is calculated pro-rata to the in situ lengths but longer lengths do not increase capacity.

Other types of shear connectors include Hilti connectors, which are fixed by a mechanical process
rather than by welding. Shear capacities are taken from Hilti product literature. Shear connectors may
be formed from channels and bar-hoop fabrications as listed. These are profile welded to the top flange
of the steel beam and have relatively high capacities proportional to their width. Details and capacities
are taken from the former code of practice CP117 and the bridge design code BS 5400 part 4.

It should be noted that a minimum concrete cover of 15mm is required to the top of shear connectors.
The number of shear connectors must meet the requirements for the composite strength of the beam
and the code requirements for minimum degree of shear connection for the beam span.

Both the moment capacity and the shear connection degree are checked at the position of maximum
moment. The moment capacity and the shear connection degree are also calculated at the position of
any additional loads. However, only the bending moment capacity is checked at these points. In theory,
for satisfactory performance under service loads, the distribution of the shear connectors should be
reasonably close to the elastic distribution of longitudinal shear force. However, uniformly spaced
connectors routinely resist uniform loads generating parabolic force distribution.

The quantity and distribution of shear connection must be such that they transfer the longitudinal force
between the concrete and the steel to develop the required composite resistance at all points along the
span.

The number of shear connectors provided can develop a longitudinal force Rq., The existence of full
shear connection becomes evident if this is greater than the smaller of the axial capacity of the

17
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concrete slab Rc, and the axial (tensile) capacity of the steel beam Rs. If Rq is less than the minimum
of Rc and Rs, then partial shear connection is developed.

The degree of shear connection is defined as the ratio of the number of shear connectors provided to
the number required for full shear connection. Limits are placed on the minimum degree of shear
connection in BS 5950: Part 3 : Clause 5.5.2., as follows:

- For spans up to 10 metres, the degree of shear connection should not be less than 0.40.
- For spans between 10 and 16 metres, the degree of shear connection should exceed (Span-6)/10.

- For spans greater than 16 metres, partial shear connection is not allowed.

Loads on a composite beam

A composite beam consists of 2 construction stages:
- Stage 1: only steel element

- Stage 2: Concrete will be added.

The loading on the composite beam can be categorized into
« Construction stage permanent load
e Construction stage variable load
« Final stage permanent load

* Final stage variable load

The user must create appropriate load cases representing the above through the standard load cases
dialog. No distinction is made between final and construction stage load cases at this stage. This is

done just before analysis when the user is required to specify the load cases for construction stage
through solver options (“Setup -> Solver” menu):

B | Solver setup L-ZhP
Name
B Solver
Run one nonlinear combination O
Neglect shear force deformation { Ay, Az ... O
Bending theory of plate/shell analysis Mindlin fad
Type of salver Direct o
8 Number of thicknesses of rb plate |20
Mumber of sections on average member |10
Maximal acceptable translation [mm] 1000.0
Maximal acceptable rotation [mrad] 100,0
Print time in Calculation Protocol E

Cosfficient for reinforcement 1

| Load cases of 1st stage {ust steel part of structure) B3 ”

ﬁ‘ i‘i‘ [ ok [ Concel

LY —

18



Make selection Iﬁ

Available Selected
Load cases Load cases
LC3 - Selfweigth LZ1 - Selfweight 5t
LC4 - Permanent LCE - Concrete noty...
LCh -%ariahkle 5
>
£
<

Based on the load cases appropriate load combinations must be created by the user. A load
combination must contain only final stage or only construction stage load cases. If a combination is
found to have both it cannot be used for design checks.

During analysis the construction stage combinations are calculated with steel beam section properties
and final stage combinations are calculated with composite section properties.

The program requires at least one permanent load case to be specified for final & construction stage
load combination in order to proceed with the analysis.
Analysis

Only linear analysis is supported. Loads can be applied for both stages, construction and final stages.
The final stage model will be analyzed with composite beam section properties (uncracked section
properties). The construction stage model will be analyzed with steel beam properties.

In the solver setup it is recommended to select "Neglect shear force deformation (Ay, Az >> A)" as the
program does not consider composite cross section for shear area ‘Ay’ & ‘Az’ calculation.

Composite check

First a summary of some inputted properties will be shown:

19
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Resulk Summary Value Unit
Member B1

Cross-secfion IPE300

Steel grade 5235

Concrete grade C20/25

Critical Combination co1n

Paosition 0,000 m
Utilisation 095 =
Status Adequate

Afterwards the Design strength of steel, the inputted effective width (inputted by user) and the
classification of the cross-section in show in the detailed preview:

Cross-section Classification Value Unit Reference
Desian strength of steel 2350 MPa 33
Effective width 400 mm 5412
Critical section 0,000 m

Flange class Class 1

Web class Class 1

Cross-section class Class 1 5.5

6.1. Beams - general

Typical cross-sections:

|

Figure 6.1 : Typical cross-sections of composite beams

Composite beams shall be checked for the following checks, described in the next paragraphs
» resistance of critical cross-sections
» resistance to lateral-torsional buckling
» resistance to shear buckling
» transverse forces on webs

» resistance to longitudinal shear

20



6.6. Shear connection

Design resistance

The design shear resistance of a headed stud automatically welded in accordance with EN 145555
should be determined from (see also En 1994-1-1, 6.6.3.1):

P 0,8f,md?*/4
Rd Yo
Or:
_ 0,29ad?\/ furEem
Rd Yo
With:
Whichever is smaller:
_ hsc
a= 0,2(7+ 1) for3<hg/d<4
a=1.0forhg./d>4
where:
W is the partial factor, by default 1,25, but could be changed in the Natioanl Annex.
d is the diameter of the shank of the stud, 16 mm <d < 25 mm;
fy is the specified ultimate tensile strength of the material of the stud but not greater than
500N/mm?;
fek is the characteristic cylinder compressive strength of the concrete at the age considered, of
density not less than 1750 kg/m3;
hsc is the overall nominal height of the stud.

Calculated in this example:

B | Shear connectors - M |
BieBh oS eEHE A

|
—
1

hPI:

5C1 Name | sc1
Type Stud
Diameter./ width [mm] 15
MNeminal height [mm] 100
In-situ height [mm] 95
Material fuds0 vI |
[ Mew ][ Insert ][ Edit ] Delete
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_08-450-m- 19%/4

Ppg = ot = 81656N = 81.656kN
Or:
he/d=100/19>4=>a=1.0
0,29 - 1.00 - 19%y/25 - 31000
od = WE = 73730N = 73,730 kN
Shear connector Value Unit Reference
Length of zone under consideration 6,000 m
Longitudinal spacing of connectors 300 Mmim
MNo. of connectors in the zone 20
Design resistance of each shear connector 7429 kN 6631
Reduction facdor due to profile deck 0,8 - 6642
Effective design resistance 63,15 kN
Combined resistance of shear connectors 1263.,00 kN
Minimum degree of shear connection 04 -
Actual dearee of shear connection 0.5 -

Reduction factor due to profile deck

There are 2 formulas given in the Eurocode, one for sheeting with ribs parallel to the supporting beams
(EN1994-1-1, formula (6.22)) and one sheeting with ribs transverse to the supporting beams (EN1994-
1-1, formula (6.23)).

In the example above we are in the second case, so in this manual this formula is taken into account,
but the principle of the other one is exactly the same.

k, = 0.7 by E—1
‘ \/n_rhp hp

And n, is the number of stud connectors in one rib at a beam intersection, not to exceed 2 in
computations.

Other symbols are explained below in the figure:

1.
|

hS(

e v A v ]
AR 1 e = \//W\\/ [

o
T

1/2h,
—
L—

Figure 6.13 : Beam with profiled steel sheeting transverse to the beam

The upper limits for k; can be taken from the table below:
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Table 6.2 : Upper limits K¢ ;, 4y for the reduction factor k¢

Number of stud | Thickness 7 of | Studs not exceeding 20 Profiled sheeting
connectors per sheet mm in diameter and with holes and studs
rib welded through profiled | 19 mm or 22mm in
(mm) . .
steel sheeting diameter
<10 0,85 0,75
n.=1
>1,0 1,0 0,75
<1,0 0,70 0,60
n.=2
>1,0 0,8 0,60

So in the example here: n, = 1 and the thickness of the sheet < 1mm, so k; = 0,85.

The effective design resistance is: 0,85 x 72,29kN = 63,15 kN.
In total there are 20 connectors, so the combined resistance of shear connectors is: 20 x 63,15 kN =
1263,00 kN

Shear connector Value Unit Reference
Length of zone under consideration 6,000 m

Longitudinal spacing of connectors 300 Mmim

No. of connectors in the zone 20

Design resistance of each shear connector 7429 kN 6.6.3.1
Reduction fador due to profile deck 0,8 - 6642
Effective design resistance 63,15 kN

Combined resistance of shear connectors 1263,00 kN

Minimum degree of shear connection 04 -

Actual degree of shear connection 05 -

Degree of shear connection
For composite beams in buildings, the headed shear connectors may be considered as ductile when
the minimum degree of shear connection given in EN 1994-1-1, 6.6.1.2 is achieved.
Fore headed shear connectors with:

hse >4d and 16 mm <d <25 mm

The degree of shear connection is defined by the ratio: n=n/n;

For a steel-section with equal flanges, the degree of shear connection may be determined from:

Le<25: n=>1- (3f—5y5) (0,75—0,03L,) n>0,4

Le>25: n=1

In EN 1994-1-1, 6.6.1.2, other formulas are given for the cases without equal flanges.
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There is a simplification method given for headed stud connectors, if the following conditions are
satisfied:

(a) the studs have an overall length after welding not less than 76 mm, and a shank of nominal
diameter of 19 mm

(b) the steel section is a rolled or welded | or H with equal flanges,

(c) the concrete slab is composite with profiled steel sheeting that spans perpendicular to the beam
and the concrete ribs are continuous across it,

(d) there is one stud per rib of sheeting, placed either centrally within the rib or alternately on the left
side and on the right side of the trough throughout the length of the span,

(e) for the sheeting by / h, > 2 and h, < 60 mm, where the notation is as in Figure 6.13 and

(f) the force N is calculated in accordance with the simplified method given in Figure 6.5.

In this case the degree of shear connection may be determined from:

Le<25: n=>1- (3f—5y5) (1,00 —0,04L,) n>0,4

Le>25: n=>1

In the example :
ho =60 mm

by =130 mm

by / h, =130/60 > 2 and h, < 60 mm. So we can use this simplified method.
1 l Profila Azl

- ! ok ol I=hb - il III
B ' Profiled sheeting ¥ |
AeBl 90 S e A
L =— 1
CF60 [Name | cFeD
Manufacturer | Corus
Profile shape | Trapezoidsl
| - moment [m*4/m] |0,00 4
K1+ [msAM] | D227
K2+ [m“kaNI . 6.820
K- fmAcN] |0.227
| K2 [m™2/4%N] _3,251} :
Ble - . k-
A Imm] _13«{}
B mm] 170
C [mm] (120
D [mm} .ED |
Thickness [mm] 1 4
MNominal thickness [mm] i
Weight kN/m"2] 0.09
Matenial | S280GD+AZ ..
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Le<25 n>1- (3—55) (1,00 — 0,04-12) = 0,328 and n>0,4

275

Son=04
Shear connector Value Unit Reference
Length of zone under consideration 6,000 m
Longitudinal spacing of connectors 300 Mmim
No. of connectors in the zone 20
Design resistance of each shear connector 7429 kN 6.6.3.1
Reduction fador due to profile deck 0,8 - 6642
Effective design resistance 6315 kN
Combined resistance of shear connectors 1263,00 kN
Minimum degree of shear connection 04 -
Actual degree of shear connection 0.5 -
The present degree of shear connection is the following ratio: n = N / N¢¢
With:
N the reduced value of the compressive force in the concrete flange (i.e. the force transferred
nu the shear connectors).
N the compressive force in the concrete flange at full shear connection (i.e. the lesser of the

compressive resistance of the concrete and the tensile resistance of the steel beam).

To determine the degree of shear connection present in the beam, first the axial forces in the steel and
concrete are required (Ny . and N respectively), as shown in the figure below:

< Defft 5|
| 0,85 fcq
My rd
— Nots

In the example in Scia Engineer:

berr has been inputted in Scia Engineer manually and is equal to 3,00 m:
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——te— LA

Properties o x
| Member (1) | Ve
& X

[ 61

| »

Type composite floor rib (32)
Analysis model Composite floor
Alignment centre L
Shape of rib slab nor-sym ;I 1
Composite slab data CBD vI I
Concrete material C25/30 5
Rib distance [mm] 3500

1750

Flange distance left [mm]

Effective width [mm]

Effective width right [mm]

L
U

1500
CrossSection C51 - UKBR33/1655 = | ...
Alpha [deg] 0,00
Member system-ine at cerntre i

The design compressive strength of concrete for persistent and transient design situations is:

_ fck _ 25 _ 2
fea = =15 17.7 N/mm

Compressive resistance of the concrete flange is for 1 row of studs:
Nega = 0:85fcdbeffhc
And h; =130 mm — 60 mm = 70mm

Nega = 0,85f.qbesrhe = 0,85 16.7 -3000 - 70 = 2980950 N = 2980, 95 kN

Tensile resistance of the steel member:

Ny = fyAq = 275 9,52 - 10° = 2618000 N = 2618 kN
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B Property reduction fac._.

B Property
A Jmm 2]

Az [mm™2]

484772403
AL [m™2/m] 1,6802e+00
t [mm™4] 4750005
by fmm”4] 4,1058¢+08

Iz [mm™4] 1,0400e+0

1
3
b
bl
L

The tensile resistance of the steel member is the lesser of the two, (2980,95 kN and 2618 kN) so Nc =

2618 kN.
The actual degree of shear connection:

N =N¢/N¢s=1252/2618 = 0.48

Shear connector

Length of zone under consideration
Longitudinal spacing of connectors

No. of connectors in the zone

Design resistance of each shear connector
Reduction factor due to profile deck
Effective design resistance

Combined resistance of shear connectors
Minimum degree of shear connection
Actual degree of shear connection

Value
6,000
300

7429
08
63,15
1263,00

0.5

Unit

mim

Reference

o O
o
P LD
P s

Resistance to vertical shear (6.2.2)

Resistance to shear

This value can be taken as the resistance value for shear for the steel member. So the maximum shear
capacity in the composite output, is exactly the same as in the steel code check:

Composite check (final stage)

Check for shear resistance Value Unit Reference
Shear force 0.00 kN

Shear area 5485 mm®"2 6223
Shear capacity 870,84 kM

Unity Check 000 -

Status Adequate
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Steel code check (construction stage):

Shear check (Vz)
According to article EN 1993-1-1:6.2.6. and formula (6.17)

Table of values
Ve Rd 87084 |kN
Unity check 0.1 =

Resistance to bending and shear

Also the influence of the vertical shear on the resistance to bending may be taken into account by a
reduced design steel strength (1 - p) fyq with:

o= (2t 1)

14:7]

In this example is Vg4 / Vrg < 0,5 and is it not necessary to take this reduction factor into account.

Resistance to bending 6.2.1.2 and 6.2.1.3

When having two shear connectors per trough, article EN 1994-1-1, 6.2.1.2. will be used.
Two shear connectors

Typical plastic stresses:
bet

-
-~} -

Mo, rd
. -, } ol

L Lig- -

f)‘d Ma

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

A reduction of the yield strength f, should be taken into account for steel grades S420 or S460 as
described in EN 1994-1-1 §6.2.1.2(2).

The method for the resistance moment for sections with partial shear connection is described in
EN 1994-1-1 86.2.1.3.
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One shear connector

When having only one shear connector, a simplified method could be used as described in EN 1994-1-
1, 6.2.1.3. This one will be used in the example of Scia Engineer.

Key
1 plastic theory
2 simplified method

Figure 6.5 : Relation between Mgy and N, (Tor ductile shear connectors)

And as a simplification a conservative value of Mgy may be determined by the straight line AC in the
figure above:

N,
Mga = Mp1ara + (Mpl,Rd - Mpl,a,Rd) N ;
C

This formula is also used in Scia Engineer:

N =N/ Ng= 1252 / 2618 = 0.48

For full shear connection Ny, (2618 kN) < N¢; (2981) and so the plastic neutral axis of the composite
section lies within the concrete.

Therefore, the design plastic resistance moment of the composite section with full shear connection
can be determined from:

hq Xc
Mpl,Rd = Npl,a [7 + hs - 7]

Where:

Npa 2618
X = . hc = (m) -70 = 61.5mm
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529.1 61.5
My rq = 2618 — + 130 — — | = 952428.4 kNmm = 952.43 kNm

e g TRnT
E | Geometry
Formcode 1
H [mm] 5
B [mm] 1
t [mm] 1
s [mm] 3
R [mm] 1

ANd My ara = Wpy X f, = 1,8106e+0 x 275 = 497915000Nmm = 497,92 kNm

The design resistance moment:
N,
Mgg = My apa + (Mpira — Mpiara) N, 497.92kNm + (952.43kNm — 497.92kNm) - 0.48
C
=716.08 kNm

In Scia Engineer this will be calculated with the curved form, so the design bending moment will be a
bit higher:
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Check for Bending Value Unit Reference
Bending moment 569 58 kMNm

Depth of compression zone in concrete 29,00 Mmim

Depth of plastic neutral axis 157 81 mm

Location of neutral axis Web

Plastic moment capacity 827 97 kNm [6212/6213
Elastic moment capacity 642 76 kMNm 6215
Effect of vertical shear on bending capadity No

Effective bending capacity 827 97 kNm

Unity Check 0,69 =

Status Adeqguate

6.7 Composite columns and composite compression members

First of all the steel contribution ratio & should fulfill the following condition:
02 <609

Where 6 is defined in 6.7.3.3(1):
— Aafyd

NpiRa

Composite columns or compression members of any cross-section should be checked for:
- Resistance of the member
- Resistance to local buckling
- Introduction of loads

- Resistance to shear between steel and concrete elements
All those checks are explained in the next paragraphs.

2 methods are described:

- Ageneral method in 6.7.2. whose scope includes members with non-symmetrical or non-uniform

cross-sections over the column length

- A simplified method in 6.7.3. for members of doubly symmetrical and uniform cross-sections
over the column length.

The local buckling for a steel section fully encased may be neglected, as the maximum values of table
6.3 are not exceeded.
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Table 6.3 : Maximum values (d/), (h/t) and (b/t;) with f, in N/mm’

Cross-section Max (d/f). max (h/f) and max (b/7)

Circular hollow ] 235
ircular hollow y r . max (d/) :9{}T

steel sections
o ).

Rectangular hollow ° e 735
steel sections Yo - = max (h/t) =52 f—
Partially encased 235
[-sections max (b/t;) =44 |—

¥ 1y

6.7.3. Simplified method of design

6.7.3. General

This method is limited to members of

- Doubly symmetrical cross-sections

- Uniform cross-section of the member length

The method is not applicable of the structural steel component consists of two or more unconnected
sections.

The slenderness A should fulfill the following condistion:

1<2,0 EN 1994-1-1 (6.28)
With

A= /% EN 1994-1-1 (6.39)

Npl,Rk = Aafyd + 0185ACde + ASde EN 1994-1-1(630)
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And N, is the critical normal force for the relevant buckling mode. For the determination of N, the
characteristic value of the effective flexural stiffness (El)es Of a cross section of a composite column
should be calculated from:

(E I)eff = Eqlg + Esls + KeEcm I, EN 1994-1-1(6.40)

With: Ke is a correction factor that should be taken as 0,6
I, I, 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.

To take into account the influence of long-term effects on the effective elastic flexural stiffness, the
modules of elasticity of concrete E., should be reduced to the value E. :

1
Ecerr = E
ceff ‘M 14(Ng ga/NEa)Pe

EN 1994-1-1(6.41)

Where: Oy the creep coefficient, calculated following EN 1994-1-1 5.4.2.2(2)
Neg Total design normal force
Neea the part of the normal force that is permanent

6.7.3.2. Resistance of cross-section

The plastic resistance to compression Ny grg Of @ cOmposite cross-section:

Npl,Rd = Aafyd + 0,854.fcqa + Asfsa

This expression applies for concrete encased and partially concrete encased steel sections. For other
sections, the coefficient 0,85 may be replaced by 1,0.

Where Vqeq4> 0,5 Vp4e4 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))f,q in the shear
area A, in accordance with 6.2.2.4(2).

For a simplification Vg4 may be assumed to act on the structural steel section alone and this has been
implemented with this simplification in Scia Engineer.
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