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FOREWORD

Composite construction has proven popular because it combines rsir@dficiency with
speed of construction to offer an economic solution for a wide range of building types.
Applications include commercial, industrial and residential buildings.

This guide covers the design and construction of composite slabs and Aedmagdresses

the good practice aspects of these activities. It updates the previous MCRMA/SCI guide,
which was published in 2000. The update reflects the latest guidance for good practice and
gives information on design to the Eurocodes, but omits mdbedddvice given previously

on construction practice for decking, as this is now covered comprehensively in separate
BCSA documentsGuide to the installation of deegecking, Publication No. 44/0And

Code of Practice for metal decking and studweldinggliéation No. 37/04.

Design and construction guidance relate@limdekconstruction is@ealt with ih,a separate
part of the guide because _gof twhhe Usigni fi ce
composite beam and slab construction.

The principalauthors of this publication were Dr J W Rackhamy, Dr GIH Couchman, and Dr
S J Hicks (all from The Steel Construction Institute).“Lhey were pat©f a collaborative group
responsible for the content of the publication, other members of which were:

Mr A J Srepherd Richard Lees SteelRecking Ltd
Mr J Turner Structural Metal' Decks itd

Mr A Wallwork Corus Panels‘and Rrofiles Ltd
Mr D St Quinton KingspapfStructural Produets Ltd
Mr D Mullett Studwelders Ltd

Mr D E Simpson ThedConcrete Society

Further informéon was provided'by Dr W'l Simms and Mr A Way, both from
The Steel Construgtion Institute.

The preparatign ofithis'document was funded and commissioned by the Metal Cladding and
Roofing Manufaeturers Assoc€iation (MCRMA).
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SUMMARY

This guide covers the design and construction of composite floors, paying particular
attention to the good practice aspects. Following a description of the benefits of composite
construction and its common applications, the roles and responsibditiéise parties
involved in the design and construction process are identified. The requirements for the
transfer of information throughout the design and construction process are described.

The design of composite slabs and beams is discussed inidetdtion to the Eurocodes

and BS 5950. In addition to general ultimate and serviceability limit state, design issues,
practical design considerations such as the formation of holes in the slab, support details, fire
protection, and attachments to thebstaie discussed. Guidance is also given'en the acoustic
performance of typical composite slabs. The obligations of designers*accordingio the CDM
Regulations are identified and discussed.

The practical application dlimdekconstruction, which normallytilises deepydecking and

special support beams, is also covered. Typical construction“details are»illustrated, and
guidance is given on the formation of openings in the beams and the,slab,

vi



1 INTRODUCTION

Composite slabs consist of profiled steel decking with asitin reinforced
concrete topping. The decking not only acts as permanent formwork to the
concrete, but also provides sufficient shear bond with the concrete so that, when the
concrete has gaidestrength, the two materials act together compositely.

Composite beams are normally hot rolled or fabricated steel sections that act
compositely with the slab. The composite interaction is achieved by the attachment

of shear connectors to the top flarefehe beam. These connectors generally take

the form of headed studs. It is standard practice in the UK for the studs to be

wel ded to the beam t hr oudgehc ktéh ewed\edd knigng p

also be supported off masonry or concrete compene

mposi
heypositi

=

is shown in Figure
the composite beams.

A typical example of the deckingyaut for a
1.1. The lines of shear connectors indical

W 4

Figure 1.1 A typical example of composite floor construction,
showing decking placed on a steel frame



1.1 Benefits of composite construction

Composite construction has contributed significantly to the dominance of steel
frames in the commercial building sector in the UK. The main benefits of
composite construction are:

Speed of construction

Bundles of decking can be positioned on the structure by crane and the individual
sheets then installed by hand. Using this process, crane time is minimal, and in
excess of 400 fof decking can be installed by one team in a day, depending on
the shape andize of the building footprint. The use of the decking as a working
platform speeds up the construction process for following trades. Minimal
reinforcement is required, and large areas of floor can be poured quigkly. Floors
can be concreted in rapid suss®on. The use of fibre reinforced concrete can
further reduce the programme, as the reinforcement installationwperiod is
significantly reduced.

Safe method of construction

The decking can provide @a™ys afegawor ki ng |
protect workers below from falling objects.

Saving in weight

Composite construction is considerably stifferand, stronger than many other floor
systems, so the weight and size of the primary, structure can be reduced.
Consequently, foundation sizes can ddsaeduced.

Saving in transport

Decking is light and is deliveredyin poaitilengths that are tightly packed into
bundles. Typically, one lorfy can transportdin excess of lOéOo’mdecking.
Therefore, a smaller numbemnof/delivesies are required whempa@d to other
forms of construction.

Structural stability

The decking can act as‘an effective lateral restraint for the beams, provided that the
decking fixings have been, designed to carry the necessary loads and specified
accordingly. The deekingsmaso be designed to act as a large floor diaphragm to
redistribute wind%leadsin the construction stage, and the composite slab can act as
a diaphragm in‘the completed structure. The floor construction is robust due to the
contipuity achieved between theeaking, reinforcement, concrete and primary
structure.

Shallower construction

Thewstiffness and bending resistance of composite beams means that shallower
floors can be achieved than in moomposite construction. This may lead to
Smaller storey heightsnore room to accommodate services in a limited ceiling to
floor zone, or more storeys for the same overall height. This is especially true for
slim floor construction, whereby the beam depth is contained within the slab depth
(see Section 7).

Sustainability

Steel has the ability to be recycled repeatedly without reducing its inherent
properties. This makes steel framed composite construction a sustainable solution.
6Sustainabilityd is a key factor for cli
products can be either-tesed or recycled upon demolition of a



building. Further information on sustainability of composite flooring systems is
given inComposite Flooring Systems: Sustainable construction soltftions

Easy installation of services

Cable trays and pipes can be hung from hangers that are attached using special
6dovetail 6 recesses roll ed into t he
installation of services such as electricity, telephone and information technology
network cabling These hangers also allow for convenient installation of false
ceilings and ventilation equipment (see Section 4.2.8).

The above advantages (detailed in more depth in SCI publiddétiar Value in
Steel: Composite flooririg) often lead to a saving icost over other systemSCI
publicationComparative structure cost of modern commercial builcﬁifﬁbshows
solutions involving composite construction to be more economicalgthan)steel or
concrete alternatives for both a conventional four storey offmekkand an“eight
storey prestigious office block with an atrium.

1.2 Applications

Composite slabs have traditionally found their greatest applicationtinfisteeid
office buildings, but they are also appropriate forthe following types of building:

Othe commercial buildings
Industrial buildings and warehouses
Leisure buildings
Stadia
Hospitals
Schools
Cinemas
Housing; hoth individual heuses and residential buildings

Refugbishment projects:

1.3, Scope,of this publication

This,publicatien gives guidancendhe design and construction of composite slabs
and cempasite beams in order to disseminate all the relevant information to the
wide and varied audience involved in the design and construction chain. Guidance
is “given on design and construction respotigdgs, and requirements for the
effective communication of information between the different parties are discussed.

The principal aim of the design guidance given in this publication is to identify
relevant issues. The reader is directed elsewhereging to British Standards and
Eurocodes, for specific design guidance. Summary boxes are used to highlight how
to achieve economic, buildable structures through good practice in design.

d €



2  THE DESIGN AND CONSTRUCTION
TEAM

The aim of this Seatn is to identify typical activities and responsibilities for the
team members involved in the design and construction of a building using
composite components. Clearly, the precise delegation of responsibilities will
depend on the details of the contrfmt a specific project, with which all parties
need to be familiar.

As an overriding principle, the CDM Regulatiéfpls tate that O6Every
whom a duty is placed by these Regulations in relation to the design, planning and
preparation of a projesthall take account of the general principles of prevention in

the performance of those duties dwring a

A similar requirement appl!l ipne sy fEvery the r
person on whom a duty is placed by theseguReions in“relation, toythe
construction phase of the project shall ensure as far as is‘teasenably practicable

that the general principles of prevention are applied\in the ‘Garrying out of the
construction wor& . Gui dance on ot heposspiltiesiofeaclt det ai
of the relevant parties under the CDM Regulations may be found in Reference 5.

2.1 Team members

In recognition of the different {types of, contract that may be employed, the
following generic terminology.has heefr adopted for the keyeganvolved:

The Client is the persond(or organisation)'procuring the building from those who
are supplying the components and building it.

The Architect is_the persan (or. practice) with responsibility for the integration of
the overall design of theullding, and with a particular responsibility for the
building funetion ‘and aesthetics.

The StructuralDesigneris the person (or organisation) who is responsible for the
designyof the “structural aspects of the permanent works. This role could, for
exampe ), bey fulfilled by a Consultant, a
Steelwork “Sukrontractor. In many cases the Structural Designer will delegate
someyofithe design responsibility. For example, a Consultant may effectively
delegate some of the design nwoby using data supplied by a decking
manufacturer. The manufacturer then becomes a Delegated Designer, with
responsibility for certain aspects of the decking and, perhaps, the slab design.
Where applicable, this must be clearly communicated to the nworga along

with all relevant design information required early in the project design process.

A Delegated Designeis a person (or organisation) who, because of specialist
knowledge, carries out some of the design work on behalf of the Structural
Desigrer. This may be achieved by supplying design information such aspaaud
tables for composite slabs.

The Main Contractor is the organisation responsible for the building of the
permanent works, and any associated temporary works.



The CDM co -ordinator has obligations with regard to the safety aspects of a
project. This is a role defined in the CDM Regulations (see Section 2.2, Safety).

2.2 Roles in design and construction

Form of floor construction

The choice of floor construction and the gendmdm and column arrangements
are the responsibility of the Architect and the Structural Designer. The Architect
will be concerned with more general and spatial aspects of the building form, such
as the column locations, the construction depth of the flomnsl the soffit
appearance (if it is to be exposed).

The Structural Designer will determine the general loads to be considered in the
design of the structure, based on the type of occupancy for eachyarea spegified by
the Architect/Client. Details of argpecific loads, for example dueto services, may
need to be supplied by others. The Structural Designer will@also undertake scheme
designs to identify beam and slab solutions with spanning capabilities te suit the
Architectds requirement s|

Composite beams

The detailed design of the composite beams.(Seegtion,5) is the“responsibility of the
Structural Designer, who should recognise (that there is an interaction between the
beam and slab design, particularly withadhe'decking anddransverse reinforcement.
In designing the composite beams, dueiconsideration should be given to the
construction stage load case.

Although it may be necessary, totconsultthe decking manufacturer for practical
advice on shear connector{configurations, itis the responsibility of rineiistl
designer to specify the shear connectoritype and quantities required.

When consideringgeomposite beams, the designer should be aware of practical
considerations suchtas the ‘access requirements for using stud welding equipment
(see Section 5.3.19nd minimum-practical flange widths for sufficient bearing of

the deckingg(see'Section 4.1.4). These requirements may have serious implications
on the economy of the chosen solution.

Campaosite slab

The design of the“composite slab (Section 4) is theoresipility of the Structural
Designer. Particular attention should be paid to areas where there are special loads,
such as vehicle loads and loads from solid partitions and tanks. Construction stage
leads should also be considered, with particular atteritiaany concentrated loads
fromgplant or machinery required to carry out the safe erection of the building and
its structure. When designing and detailing any reinforcement, the Structural
Designer should ensure that the specified bars can be located théhavailable

depth of slab and that the correct reinforcement covers for the design durability
conditions can be achieved. (Recognise any other space constraints that may exist
on site.)

It is recommended that the Structural Designer prepares geseagigement
drawings for the slab (in addition to the steelwork general arrangement drawings).
In particular, these drawings should define the edges and thickness of the slab, and
they should form the basis of the decking layout drawings and the reinfmtem
drawings.



The Structural Designer should also produce a reinforcement layout drawing for
each bay of each floor. The reinforcement grade, location, lengths, minimum
overlaps and minimum concrete cover should be shown (and appropriate
information about fibres if they are to be used). On site, these drawings will be

used to check that all the reinforcement has been fixed correctly (or fibres correctly
incorporated).

Designing a concrete mix to provide the required structural and durability
performance is normally the responsibility of the Main Contractor.

Choice of Decking

The choice of decking and its general arrangement is the responsibility of the
Structural Designer. The design must consider the fire resistance of thegslab (which
may depend othe decking type), the ability of the decking and composite, slab to
resist the applied loading, the propping requirements, and the deflections, at both
the construction and iservice (composite) stages. As well as influencing all, of
these, the choice ofedking profile may have implications for the cempesite beam
design.

Design data provided by a decking manufacturer will ngrmallysbe used o select the
decking, as its performance is complex and is best determined from tests. The
Structural Designer musebsatisfied with the information supplied in this form by

the Delegated Designer (decking supplier/manufacturer), and“ensure that it is not

used Oout of contexto. Consultation wit
recommended if there is any doubt. M#headecking s, specified for unusual
applications, t he Osthandarddé design info

Section 4).

Decking arrangement and details

The decking layout drawingsy(Section'8.2) are normally prepared by a decking sub
contracto acting as agDelegated™Designer. Details should be checked by the
Structural Designergwhe, shouldyadvise the Delegated Designer of any special
requirements, such.as the need for'extra fixings when the decking is required to act
as a wind diaphragm terf@hy particular requirements concerning the construction
sequence. ThetStructural Designer should check that the proposed bearing details
and the interfacesiwith theyother elements of construction are practicable, and that
they permitia logical,“buildableguence.

In preparing theydecking layout drawings, the decking sobtractor may find it
beneficialito refine'the design. For example, it may be necessary to change some of
thelcontinuous spans to simple spans for practical reasons. This may have
implications, on the propping requirements during construction.

Thesleads that may be applied to the decking in the construction condition, both as
a temporary working platform and as formwork, should be clearly indicated on the
decking layout drawings or genémotes. The loads that may be applied to the
composite slab should also be shown on the decking layout drawings, and on the
appropriate concreting drawings (these will be included in the Health and Safety
File for reference throughout the lifetime of theilding). It is therefore essential

that all loading assumptions and design criteria are communicated to the decking
sub-contractor.

Temporary works

Propping should be avoided wherever possible, as it reduces the speed of
construction and therefore affs the construction sequence and economy. When



propping is unavoidable, it is usually necessary to prop through several floors to
support the prop loads. This can prevent other operations over a large area.
However, when the construction sequencemits, propping does increase the
spanning capability of the decking. Determining the propping requirements is
generally the responsibility of the Structural Designer (normally using information
supplied by a Delegated Designer), although local proppimrgisnenay change
when the Delegated Designer details the decking layout. The decking should be
checked by the Structural Designer to ensure that it can withstand the concentrated
loads from the propping arrangement.

The location of lines of props or oth@ntporary supports should be shown on the
decking layout drawings. The design and installation of the propping system is the
responsibility of the Main Contractor, but propping systems should be braced
appropriately. Removal of props should not be carrigtdbefore the concrete has
reached its specified strength, or, when specified in the contractjzbefore the
Structural Designer gives explicit approval.

In addition, the Structural Designer should supply the MainyContractor with the
propping loads, and thaead load that has been considered, to helpshim/herito draw
up the propping scheme. When devising the scheme,f consideration must be given
to the fact that floors will need to be designed to carry the concentrated loads from
props (see Section 6 for advioe possible loading):’Furthermadvice on propping is
given in Section 4.2.7.

Fire protection

The Architect is normally responsible foridetermining the fire resistance period
required for the building, and for choesing, themtype of fire protection. The
Structural Designer, in many cases representedby a Delegated Designer (specialist
subcontractor), is responsible, forithe®speeific details of the fire protection. The
Structural Designer shouldtalsoymake it clear on the drawings when any voids
between the prfded decking and the steel beams have to be filled (see Section
5.2.3).

Safety

Whilst all parties, involved in the design and construction process are required to
consider gonstruction safety, the CDM-@alinator has some specific obligations

under theCDM Regulation%‘ﬁ]. [It is to be noted that the post of Planning
Supervisor established” under the previous Regulations has been revoked and
replaced\by the post of CDM cordinator.] These obligations include the creation

of, theyHealth & Safety Plan arile Health & Safety File. The aim of the first of

these, decuments is to inform others of potential health and safety issues; the
Structural“Resigner should supply, for example, details of any risks that may be
fareseen during construction for inclusiontiis plan. The Health and Safety File

is Intended to assist persons undertaking maintenance work, and will include
information such as duilt drawings. The Structural Designer should inform the
coontractor of any Or es.i ctoraMll manage durijs 6 ( t
the construction) associated with any unorthodox method of construction, and the
provisions made to help the contractor to manage them. It is the CDM Co
ordinatorés responsibility to pigesi de ad
fulfil their obligations, to consider health and safety issues, topevate with

others, and to supply all appropriate information.



2.3 Design and construction sequences

The following flowcharts describe typical design (Figure 2.1) andtcaction
(Figure 2.2) sequences for composite floor construction.

Building arrangement
chosen by Client/Architect

y

Choose column grids/beam

Consider likely decking, slab

arrangement

y

Choose type of floor
construction, e.g. slimfloor,

and beam span capability

Consider construction depth,

composite beam + slab, non-
composite beam + slab

y

Choose concrete type and

service requirements, need for
an exposed soffit?

Consider fire resistance period,

grade, slab depth

Design as composite

Yes

v

Choose type of connector

availability of concrete type
durability

and when to be welded

y

Design floor decking and

Consider:

Access for welding equipment

Electrical earthing

Economic No. of shear connectors

Can top flange of beams be left unpainted?
Alternatives to stud connectors

Site or shop welding

check at construction stage |

y

Check composite slab and

Consider:

Construction loading, dead weight
Concrete ponding deflections

Propping, effects of propping on fall arrest
system

Single or continuous spans

design reinforcement

y

Design reinforcement
at openings in slab

<

Design beams <

Consider:

Fire resistance period

In-service loading, e.g. solid partitions,
concentrated loads

Temporary construction loading, e.g. from
MEWPs

Determi

For composite beams:
he shear connector layout and design
transverse reinforcement

Figure 2.1 Sequence of design activities




Erect steel frame

y

Offload and hoist packs

into place

when specified

Install props
Are props Yes Install fall arrest
required prior to ’ system (nets not
placing decking?2 appropriate)
No
v
Install fall arrest system
y
Position floor deck edge
trims and end closures and |«
fix to steelwork
y
Fix shear connectors, if any
Are props I
required prior to Yes—P Install props
casting slab?
FIX:
Reinforcement at slab openings
and cantilevers, transverse o
reinforcement, mesh > Fix reinforcement «——No
reinforcement,| and—é+i+ebd
reinforcement, as necessary
y
L . Form slab
Limit potential for grout loss » L
construction joints
y
Including fibre reinforcement, > Place concrete

Consider concrete strength |
Carry out additional cube tests? —
structural designer?

y

Prepare slab surface

L

Remove props Consult

Figure 2.2 Sequence of construction activities



3 INFORMATION TRANSFER

Clear and timely communication of information is important given that several
parties are involved in the building design process (see Section 2idifimhtion

of typical responsibilities). There are also obligations placed on the key parties
under the CDM Regulatio[f‘ﬂ; to exchange information during both design and
construction.

3.1 Design stage

The design of composite beams and slabs is clearlyeided by spanning
requirements, and the loads that are to be supported. In addition to d¥id.layouts, it is
therefore important that accurate details of all the loads are established atian early
stage. Unfortunately, some information, such as the loadsalthe services, IS

often unavailable when needed, and the Structural Designerhas to, use,conservative
values in order to give flexibility when the services are designed‘at.a‘laterstage.

Knowledge of the position of services is also impertant, bedaesables account
to be taken of any opening requirements in thelbeam websyand/or slabs. Openings
can have a significant effect on the resistange®ef aymémber.

The following list is a guide to the information requiredfto design the composite
slabs and bems:

Column grid and beam genéral arrangement
Position of slab edges

Static and dynamicdmposed leads'(te include consideration of any temporary
concentrated loads, from “plant/machinery that may be required during
construction)

Services and finishes lead
Specialsleads,(e.9. walls, wind diaphragm loads)
Fire resistance period
Deegking type (shallow or deep,-emtrant or trapezoidal)
Slab“depth limitations
Minimum mass requirements (for acoustic performance)
Location of openings
Requirements for soffiappearance and general exposure
Requirements for service fixings

Requirements for cladding attachments (which may affect the slab edge
detailing)

Construction tolerances
Deflection limits
Propping requirements or restrictions

Any known site restrictiosion the use of thrdeck welding.

10



In order to prepare the decking layout drawings, a Delegated Designer will also
need to know the:

Concrete type and grade
Shear connector layout and details

Cladding support method (for edge trim design, etc.)

There are also specific issues of information transfer that arise because the design

of the decking and composite slabs often relies on the use of information presented

in decking manufacturersodé I|iterature. I
explanatory information is comprehensive. For example, in g@ah tables the

following points should be clear:

Are the loads that are given nominal values or design values?
What allowances, if any, have been made for services loads etc.?
What fire performace do the tables relate to?

Do specified reinforcement requirements imply any crack ¢entrol
capability?

Do the tables imply adequate serviceability behaviour as well*as resistance,
and if so what limiting criteria have been assumed?

If the Structural Dsigner chooses to delegate some'ef the slab design to the design
service of a decking manufacturer (Delegated Designer)it is essential that there is
clear communication of all relevant designtinformation.

3.2 Construction stage

An absence of essentialdammation transferfbetween the design and construction
teams can lead to delays or, at' worstpincorrect or unsafe construction.

The site personneltshould eheck. the information provided and confirm that it is
complete, passing anygrelevantfinformation tprapriate sub-contractors. Any
variations on site, that might affect the design should be referred to the Structural
Designer:

Decking layout drawing

Decking)layout drawings should be available for those lifting the decking, so that
the,bundlesican be pitioned correctly around the frame. Clearly, they should also
be available for the deck laying team.

Alht hough different decking contractorsb©d
drawings should show (in principle) each floor divided into bays, whbey @ an

area that is to be laid from a bundle as one unit. Bays are normally indicated on the
drawing using a diagonal line. The number of sheets and their length should be
written against the diagonal line. The bundle reference may also be detailest agai

this diagonal line. Further construction notes for the bay can be referenced using
numbers in circles drawn on the diagonal lines, as shown in Figure 3.1. This figure
shows an example of a decking layout drawing, but with the shear connectors and
fastmer i nformation omitted for clarity.
referenced for exact details.

11
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Figure 3.1 Typical decking layout drawing (shear connector and
fastener information omitted)

12



The approximate starting point for layirtge decking should be given on the
drawings, together with the direction in which laying should proceed. All supports
(permanent or temporary) should be identified, and whether they should be in place
prior to laying the decking. The letters TP on the ding® typically indicate lines

of propping. Column positions and their orientation should also be shown. The
decking type, thickness and material strength should be indicated on the drawing.

The location of all openings trimmed with steelwork, and alb gt@rimeters,

should be given relative to the permanent supports. This may be in the form of a
reference b o x titl ed 6Edge Tri moé, wi t h
elsewhere), the slab depth, and the distance from the edge of the slab to the centre

l ine of the nearest permanent support, b
referred to for the exact drawing details.

The shear connector layout should also be shown on the decking, drawings, or on
separate drawings for reasons of clarity. Tiferimation should include the type of
shear connector, its length, orientation (if sfied) and position, relativeyto the

ribs. The minimum distance between the cehire of the shear cennector and the
edge of the decking should be given. Details @ppration, fixing and testing of
shear connectors should be available on site. For more infermation on shear
connection, refer to Sections 5.3 and BCSA publication Prioa

Fastener information should be given on the drawings. The fastener type for both
seams and supports should be given, alang with maximum spacings (or minimum
number of fasteners per metre). Where, the, Structural Designer has designed the
decking to act as an effective latéral restramt,to,the beams and additional fasteners

to the manufacur er 6 s Mo K Ma,l fixing arrangement
clearly indicated on the decKingiayout drawing and/or general notes.

The general notes shouldyin€ludetthe design loads that the decking can support in
the construction condition. Guidance avoidance of overload prior to placing the

concrete is given in the'BCSA publication 37704

A copy offthe“decking layout drawings must be given to the Main Contractor so
that checksycan, be“made that the necessary propping is in place. The Main
Contrator willfalso*need to refer to these drawings for details of the maximum
construction loading and any special loading.

Deckingybundie identification

An identification tag should be attached to each bundle of decking delivered to site.
The, tag will norm#y contain the following information:

Number of sheets, their lengths and thickness
Total bundle weight

Location of floor to receive bundle

Deck type

Bundle identification.

Product information on the decking should also be available on site, incthding
height of the ribs and their spacing, and other technical information.
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Information required for laying the reinforcement, casting the slab
and its use thereafter

A reinforcement layout drawing should be prepared for each bay of each floor by
the Structural Designer. The location, length, minimum overlap and minimum
concrete cover of all reinforcement should be indicated. The grade of all
reinforcement should also be noted. This grade can be checked against the
identification tag for each reinfoement bundle delivered to site. Appropriate
information about fibres should be given, if they are to be used.

Important reinforcement details (such as at construction joints, support locations,
openings and edges) should be referenced and placed draihiag.

The floor slab general arrangement drawings (or the Specification) should include
the concrete performance requirements or mix details (including any details for
fibre reinforcement), surface finish requirements, level tolerances®and any
restricions on the location of construction joints. They should also identify,the
minimum concrete strength at which temporary supports mayabe “temoved,>the
minimum concrete strength at which temporary constructionloads may he applied,
and, where appropriate, thmaximum allowable vehjctlag, axle “weight™ (for
punching shear). Minimum concrete strengths may be given‘in tesms of days after
concreting.

Propping Information

As mentioned in Section 2.2, the Structural Designer should supply the Main
Contractor with theloor dead load valueyto allow a prepping solution to be
developed.
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4  DESIGN OF DECKING AND SLABS

This Section provides information about design principles and procedures, codified
design rules, and guidanom good practice in design and detailing. Along with
Section 5, it is aimed primarily at the Structural Designer, and any Delegated
Designers. Summary boxes are used to highlight particular issues of good practice,
or areas where particular attention igded

4.1 Steel decking
The steel decking has two main structural functions:

During concreting, the decking supports the weight of the wet concrete and
reinforcement, together with the temporary loads associated with, the
construction process. It is normaligtended to be used without“temporary.

propping.

I n service, the deckin@ "act seux¥composi
loads on the floor. Composite action is obtained by shear bondyand mechanical
interlock between the concrete and the decking. I$hiachieved by the
embossments rolled into the deckihgimilarto the deformations formed in

rebar used in a reinforced concrete sland by any rentrant parts in the

deck profile (which prevent separation of the deck and,the concrete).

The decking may also be usedfto stabiliseathe beams against lateral torsional
buckling during construction, and te stabilise the building as a whole by acting as a
diaphragm to transfer winddoads,to the walls*and columns (where it is designed to
do so, and in padular where theresare adequate fixi[n7g% The decking, together

with either welded _falbric reinfercement placed in the top of the slab or
steel/synthetic fibres throughout the, slab (see Section 6.2.1), also helps to control
cracking of the concrete eatsby shrinkage effects.

A.1.1 Deekingyprofiles

Decking profiles are‘produced by a number of manufacturers in the UK. Although
there,are similarities,between their profiles, the exact shape and dimensions depend
on‘the particularimanufacturer. There twe generic types of shallow decking; re
entrant (devetail) profiles and trapezoidal profiles. Examples-ehtent profiles
are'shown in“kEigure 4.1. Examples of trapezoidal profiles with a shoulder height of
up to 60 mm (excluding the crest stiffenerg ahown in Figure 4.2, and similar
profiles/deeper than this are shown in Figure 4.3.

The traditional shallow decking profiles are between 45 to 60 mm high, with a rib
spacing usually of 150 to 333 mm. This type of decking typically spans 3 m,
leading b frame grids of 9 m 9 m or similar dimensions, using secondary beams at
3 m spacing, for which temporary propping is usually not required. Profiles up to
95 mm high overall have been developed which can achieve over 4.5 m spans
without propping. Normallythe decking is laid continuously over a number of
spans, which makes it stronger and stiffer than over a single span. More recently, a
160 mm (overall) profile has been developed which can span 6 m unpropped as a
simply supported member.

15



Deep decing profiles, which are over 200 mm deep, are also available. These are
mainly used in slim floor construction, which is considered separately in Section 7
of this guide.

51mm \ / \ / Holorib 1

150mm

N
2
51m ComFlor

152mm

Y Lﬂ

150mm
51mm \ /
l‘ ’|
>
M\ 5
Smnzz MetFloor 55
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&ntrant deck profiles used for composite
upplied by:

ees Steel Decking Ltd.
s Panels and Profiles
ingspan Structural Products Ltd.
4. Structural Metal Decks Ltd.

CMF Ltd.

150mm

Figure 4.1 Exa
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Figure4.2 E lepezoidal deck profiles up to 60 mm deep
(excluding the top stiffener) used for composite slabs,
supplied by:

Richard Lees Steel Decking Ltd.
Corus Panels and Profiles
3. Kingspan Structural Products Ltd.
4. Structural Metal Decks Ltd.
5. CMF Ltd.
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®gure 4.3 Examples of trapezoidal deck profiles greater than 60 mm

1.

2
3.
4.
5

Richard Lees Steel Decking Ltd.
Corus Panels and Profiles
Kingspan Structural Products Ltd.
Structural Metal Decks Ltd.

CMF Ltd.

The grades of steel used for decking are specified in BS EN h832ahe
common grade in the UK is S350 (the designati@nmiifies the yield strength of
the steel in N/mﬁ).
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Decking is generally rolled from 0.9 to 1.2 mm thick strip steel. The spanning
capability of a given decking profile clearly increases as the steel thickness
increases, but not in direct proportito the strength. The steel is galvanized before
forming, and this is designated in the steel grade by the letters GD, followed by a
number corresponding to the number of grammes of zinc ﬁerThe normal
specification is GD 275, i.e. 275 grammes of zper nf, which results in a
thickness of approximately 0.02 mm per face (sufficient to achieve an excellent
design life in internal applications with mild exposure conditions). Thicker
galvanized coatings of 350 g%mand up to 600 g/f‘n are available fospecial
applications where improved durability is needed, but specifications other than 275
g/m2 will be difficult to obtain and are likely to require a large minimum order.

60 Thdeuck &6 wel ding may also be affected.
sametimes applied over the galvanizing to provide a longer service life. Advice
should be sought from the supplier/manufacturer when decking is te, betused in a
moderate or severe environment. Further advice on the use of%eomposite
construction in an aggressi environment is given in AD 2B

Standard thickness galvanizing (275 g/mz) will give an excellent design life in
most internal applications. Non-standard thicknesses of galvanizing are difficult
to obtain and should not therefore be considered as a practical way of
increasing durability.

4.1.2 Design for resistance
The temporary construction load usually geverns the ¢hoice of decking profile.

When designing to Eurocodes, the construetion loading that should be considered
in the design of th decking is definedsin BS EN"1991-6 ! and its National
Annex. Unfortunately, thedprovisions are “a little unclear; the following is
understood to be the reecemmended construction loading, which should be treated
as a variable load:

(i) 0.75 kN/nf gerérally

(i) 10% slab &elf weight or 0:75 kNAmwhichever is greater, overa 3 m 3 m
6wor.kiWngG aread. This area should be
should be“applied to catise maximum effect

Thissisyshown diagrammatically in Figure 4.4.

Construction load Construction load
inside 'working area’ 0.75 KN/m?
= 10% slab self weight
2
0.75 kN/m | X |
Y
Self weight

3m square working area

I Clear span + 0.075m
™

Y

Figure 4.4 Loading on decking at the construction stage to BS
EN 1991-1-6
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When designing to BS 5956, the construction loading is defined as:

A uniformly distributed load of 1.5 kN/?‘nacting over one span. For spans

less than 3 m, the load should be increased thg.wherel, is the effective
span of the deckin

A reduced load of 0.5 kN/fron adjacent spans.

In both these cases, the construction loads are in addition to the self weight of the
sIab(usuaIIthoBkN/Fm , Which may need to include
of the concrete (see Section 4.1%hen concrete is poured
technique, care must be taken that the assumptions made in respect of the concrete
thickness are reflected in the calculation of deflections of the slab and the
supporting beams. The above load values allow fosttoction operatives, impact,

the heaping of concrete during placing, hand tools, and small itemssef equipment
and materials for immediate use. The loads are not intended t@ coverwexcessive
impact or excessive heaping of concrete, pipeline or pumping.lead

In the Eurocodes, densities of the wet weight of reinforged €encrete areygiven in BS
EN 1993112 and the data is (classhified as
reinforced construction associated with conventional reinferced concrete igtsuctu
The UK NA states that those values may be uSed, but it iSyrecommended that the
density of dry concrete used in composite floer ‘construction should be 24 kN/m3
for normal weight concrete and 19 kN/m3 far lightweight concrete, increased to 25
kN/m3 and 20 kN/m3 respectively for, wet concretel” The weight of the
reinforcement should be added separatelyyThe, self/weight of the wet concrete is
treated as a variable load for the gonstructientcondition, but the reinforcement may
be considered as a permanentloa

In BS 595064, wet densities‘are givemas 2400 k3gimd 1900 kg/r%for normal
and lightweight concreté respeectively, and similarly 2350 ﬁgimj 1800 kg/r:fﬁ
for dry concrete. Thesselfyweight of the'wet concrete is treated as a dead load.

The design okh@llowadekingyisfeovered in BS EN 1998™% . The moment
resistance of the section is established using an effective width model to take
account offthe,thin‘steel elements in compression. Stiffeners (in the form of folds)
are often introducedyinted¢hdecking profile to increase the effectiveness of the
section. The ‘effective width approach is relatively conservative because the section
behaviour is very complicated owing to local buckling, and so the section
properties.can be ‘predicted neither easily accurately. The design of the decking

is also covered in BS 5950and BS 5956, where a similar approach is given.

Astangdalternative to analytical procedures, the Standards also allow the use of
testing in order to determine the performancéhefdecking. Spans 10% to 15% in
excess of the limits predicted by simple elastic analysis using effective section
models are possible. For this reason, manufacturers often providspaadables
based on tests rather than on an elastic analysis approac

In addition to tests under simulated uniform loading, further tests are normally
carried out to check the resistance of the decking to localised loading. This
provides information on the resistance to local loading from above as well as on
the maximurallowable prop and support forces.
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Decking design based on testing is more economical than design based on
anal ytical model s. Manufacturerds (gmpirica
used whenever possible.

Empirical information must not be used for designs outside the scope of the
tests on which it is based. Load-span tables will generally only cover uniformly
distributed loading.

4.1.3 Design for serviceability

It is necessary to limit the deflections at the construction stagmitatie volume

of concrete that is placed on the deckir
of the concrete, and this will increase the dead loads on the structure. Deflection

limits for the decking are given in BS EN 1924’ ** ] and in BS 598 -4.

According to BS EN 1994 -1, if the central deflection of the sheetitigs greater

than 1/10 of the slab thickness, ponding should be allowed for. In this'situation the
nominal thickness of the concrete over the complete span may‘be assumed to be
increased by Or

For the serviceability limit state, the recommended value of the'deflagtiekof

steel sheeting under its own weight plus the weight of wet'eencrei&88 in BS

EN 19941-1 (whereL is the effective span between supports)ain3S04, the

limit on the residual deflection of the soffit of the, deck(after caoncreting) is also
given as span/180 (but not more than 20 mm), which may be,inereased to span/130

(but not more than 30 “mm) if thmtheffects
design.

The standard [ i nmipt S ma y be increased o]
defl ections wildJd nowt. Wi mMpair the strength

rarely applied. As a further check, it is reeommended that the increased wafeight
concrete due to ponding should,betincludediin the design of the support structure if
the predicted deflection, witheut including the effect of ponding, is greater than one
tenth of the overall slab@epth.

The requirement faor verification of the profilsheeting at SLS in BS EN 19941

is expressed simply‘in termsyofdeflection under the weight of wet concrete and
there is no requirementio check that such deflection should be elastic. However, it
is recommended that thereyis also a check to ensurthére is no premature local
buckling of, the profile umder the weight of wet concrete and the construction
loading, to prevent irreversible deformation. This applies particularly to the
intermediate support regions of continuous spans.

Excess defect i ons of the decking (and belams) ma
concrete and therefore increased self weight of the slab. The decking and
propping requirements should be chosen to minimise ponding.

4.1.4 Supports
Minimum bearing length

The bearing lengt is the longitudinal length of decking or slab in direct contact
with the support. In each case, this length should be sufficient to satisfy the
following relevant criterion. For decking, it should be sufficient to avoid excessive
rib deformations, or welfailure, near the supports during construction. For the
slab, it should be sufficient to achieve the required load carrying capacity of the
composite slab in service.

The recommended minimum bearing lengths shown in Figure 4.5 should be
observed. The vaés given in this figure are based on the requirements of
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BS EN 19941- 1, but similar requirements are given in BS 5950’hese limits
should also be respected for temporary supports. The limits given represent
nominal values that should be cons@tk in the design and detailing, i.e. they
include an allowance for construction deviations leading to slightly reduced values
on site.

The recommended bearing lengths and support details differ depending upon the
support material (steel, concrete, et@ahd they are different for interior and
exterior (end) supports. Typical values and details are given in Figure 4.5 for the
following:

Steel or concrete supports Composite slabs on steel or concrete supports
should have minimum bearing lengths of 75 flamthe slab, and a minimum

end bearing length of 50 mm for the decking (see Figure 4.5(a) and Figure
4.5(b)). For continuous decking, the minimum overall bearing length should
be 75 mm.

Masonry and other support types- Composite slabs on supposts maufe
materials other than steel and concrete should have a minimum Bearing length
of 100 mm for the slab and a minimum end bearing lengthwef 70 mm¢for the
decking (see Figure 4.5(c) and Figure 4.5(d)). For continuoussdecking, the
minimum overall bearing leniy should be 100 mm.

The flange width of supporting steel beams shadld be sized,to supply the minimum
bearing, by assuming that erection tolerancesssum, uppunfavourably.

Details of how the decking should be, fixed to supports are given in BCSA
PublicationNo. 37/04%).

| f dtekhkd wel dignag ofwthhe studs is to be
contributes to the transverse ‘shear reinforcement (see Section 5.3.2), the
dimensions specified in Figure 45 may needto be increased (see Figure 5.9).

In cases where the slab must‘transfer the wall loads from one storey to the next
(rather than simplyitting, of thestop of a wall), the relatively lower volume of
voids in a slab formed using a-eatrant profile means it may be better able to
satisfy the dagn requirements.

Minimum 50 mm 4
edge distance for s/
screwed and ==

plugged fixings
<>| 70 > l<>

o) <>/ 100 d) 0.7

Masonry and other materials

Figure 4.5 Minimum bearing lengths for permanent supports
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Recommended support details

In addition to the O0standardd detail of
are a number of other commonly occurring support conditions which need to be
considered at the design stage idesrto avoid problems or delays on site. Some
typical details are shown in Figure 4.6.

There are two basic cases at the interface of the decking with beams; where end
support is required (Figure 4.6(a)), and where side support is required (Figure
46(M).1l n both cases a steel 6shelf angl ed
support, and it is preferable to fix this during fabrication. Angle flashing is not
suitable. To enable fixing of the decking, particularly in the case of an end support,

it is important that the leg of the angle extends at least 50 mm beyond the flange of

the beam. The support angles should be continuous and extend as)close as is
practical to beam connections, to minimise the unsupported length ofithe‘'decking.

50 min.
1 ﬁ Decking

— T

~ ~
\ Shelf angle to project 50 mm min. \ Discrete lengths of shelf

from toe of flange for — e to support decking
fixing accessibility and'to prevent grout loss
a) End support at a beam web b) Side support at@beam web
(decking ribs perpendicular to beam) (decking ris parallel to beam)

\ Discrete lengths of
steel angle or timber batten
fixed to concrete wall

¢) Side support at a concrete wall

Figure 4.6 Decking suppert details at a beam web and at a concrete wall

Support is alse required when the decking interfaces with a concrete wall. This
may_be‘providedyby attaching a steel angle, flashing, or timber batten to the wall,
preferablyyby using cadén fixings (Figure 4.6(c)). Provision mayad to be made

to achieve reinforcement continuity between the wall and slab.

The decking should not cantilever beyond a support more than 600 mm (or ¥4 of
the'span, if less) when spanning perpendicular to it. When the decking is spanning
in a parallel diection, no cantilever is possible without extra support being
providedi although the edge trim may cantilever a short distance (see Section
4.2.6)

The decking may also need to be supported around penetrations which reduce, or
prevent, the effective bead. Supports should be provided as part of the
permanent steelwork, for example in the form of cleats or angles. Examples of
when such supports are necessary include when the decking is penetrated by
columns greater than 250 mm wide (without incoming beamisoth axes), or by
columns supported off beams. Figure 4.7 shows a recommended detail using a
shelf angle to support the decking around a column.
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/\/ Shelf angle or plate required

T

/\/ N Shelf angles

Figure 4.7 Decking support details at a column web

A less common detail is one in which the column is supported by beampin which
case special detailing may be required to achieve sufficient beatingifor the decking
around the perimeter of the column. Where the deck is spanning in,a direction
perpendicular to the beam, the minimum bearing of 50 mm required'to Support the
end of the decking may not be available because of the'presence, of theycolumn base
plate. Therefore, the beam flange may need to be extended byywelding plates to the
sides at theolumn position, as shown in Figure 4.8(a). If'the column position does
not coincide with a butt joint in the decking, the continuous_decking sheet may
have to be cut to fit around it. At this positiongithe ‘decking should then be treated as
if it was simpy supported, and props maybe required locally. A similar situation
may arise when flange splice plates are,fixed to the%op of the steel section, as
shown in Figure 4.8(b).

Supports may also be needed ifithe decking istobe penetrated by temporary works
structures (depending on themsize“of the penetration). To avoid problems in such
situations, it is vital that“there is“good, communication between the Main
Contractor, who is responsible for, the temporary works, and the Structural
Designer, who should sp&cthe appropriate steelwork.

The decking should heCut toyfitfaround any penetration. A typical detail, with a
column, is shown in Figure 4.9.

If temporary. propping isdproposed as a support around a penetration, this will
clearly only be present durinhe construction stage, i.e. to support the decking.
Theé completed slab may then need to include additional reinforcement, as might be
pnecessary.around any untrimmed opening in a reinforced concrete slab (see Section
4.2%6), In_order to support the-gewvice loads. This reinforcement should be
specified by the Structural Designer.

Sheetdengths

The tolerance in the sheet lengths for shallow decking is normally specified as +0
mm andi 3 mm. A zero positive tolerance is used to avoid accumulations ithleng
when sheets are butted in a long run. Long sheets could lead to the butt joint
positions becoming increasingly displaced thus giving inadequate bearing for the
sheets near the end of a run. Cutting on site might be needed to overcome this
problem. It is therefore, easier for the decking to be installed when sheets are
slightly short. A small gap between sheets above the supporting beams is of no
structural significance.
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Figure 4.8 Decking details where a colu beam and

where a beam flange plate ‘accur

Figure 4.9 Typical detail of decking installation around a column
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4.2 Composite slabs

Composite slabs are normally used to span between 3 m and 4.5 m onto supporting
beams or walls. The ability of the decking to support the construction loads,
without the need for temporary propping, generally dictates such losger

spans are possible when props are used). Slab thicknesses are normally in the range
100 mm to 250 mm for shallow decking, and in the range 280 mm to 320 mm for
deep decking.

When the concrete has gained sufficient strength, it acts in combinatiothe
tensile strength of the decking to form
reinforced concrete slab, using the decking as external reinforcement.

The load carrying capacity of composite slabs is normally dictated byithe shear
bond, enlnced by interlock, between the decking and the concrete, %ather than by
yielding of the decking. From tests, it is known that this sheat bond generally
breaks down when a Oslipd (®melhatiwe dis
concrete) of 2 to 3 mm haxcurred at the ends of the spangln practice, this will

not occur below ultimate load levels. An initial slip, which istasseciated with the
breakdown of the chemical bond, may occur at a lower leveloflead.“The interlock
resistance is therefore due teetperformance of the embossments, in the deck
(which cause t hoevea dn cthheet ed etcok i dirgi)de and
entrant parts in the deck profile (which prevent the separatien_of the deck and the
concrete).

Information on improving the bendimgsistance of compesite slabs by providing
additional reinforcement, or end ancherage‘in the form of shear connectors, can be
found in BS EN 1994-11% and Bg/595a11

If the slab is unpropped during, construction, the decking alone resists the self
weight of the wet concrete and construction loads. Subsequent loads are applied to
the composite section.df'the slab issypropped, all of the loads have to be resisted by
the composite section. Surprisingly, this’can lead to a reduction in the imposed load
that the slab can ‘support; because the applied horizontal shear at the -decking
concrete interface increases. However, for both unpropped and propped conditions,
load resistances,well in“excess of loading requirements for most buildings can be
achieved,

Composite slabs are usually designed as simply supported members in the normal
condition, with ne account taken of the continuity offered by any reinforcement at

the supperts. Two methods of design are generally recognised, both of which use
empirically desw ed i nf ormation on the Oshear bor
uniformly distributed loading arrangements. The more traditional method, and one

Which is\given in both BS EN 19911 and BS 5954, is the sec a | mandlkd 6

methed (see Section 4.2.3). Hewer, this method has limitations and is not
particularly suitable for the analysis of concentrated line and point load conditions.

An alternative method of design is included in the Eurocode, which is based on the
principles of partial shear connectionhi§ method provides a more logical
approach to determine the slabés resist
loadings. It is not normally necessary for designers to understand the design
methodology in detail, as manufacturers normally presentélsegn data in the

form of loadspan tables, but these are only applicable for uniformly loaded
conditions.
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4.2.1 Concrete
Concrete types

Both normal weight concrete and lightweight concrete are used in composite slabs,
but in the Eurocodes ¢ise are now referred to as normal concrete and lightweight
aggregate concrete respectively. Normal concrete is made using dense aggregates
from natural source$ *® 1. Lightweight aggregate concrete contains artificially
produced aggregates such as expdrpméverised fuel ash pellets. The cement and
water contents are higher in lightweight concrete because of the absorption of water
by the aggregate. For normal weight concrete, strength classes C25/30, C28/35 or
C32/40 are normally chosen; for lightweigtincrete, strength classes LC25/28,
LC28/31 or LC32/35 are typical.

Lightweight concrete is commonly used because the obvious “advantage of
(typically) 25% weight saving can provide economic benefit for thie overallfdesign

of the structure and its foundaris (see Section 4.1.2 for concréte densities used

for design). Lightweight concrete also has better fire insulating, qualities, than
nor mal wei ght concret e, and s.On thi nner
conditiond gover ns ta42d). Unforaubately, dghtivejght ( s e e
concrete is not always readily obtainable in all areas ofithe UKWAISQ, it may not be
appropriate if it is to be used in trafficked areas; t0 achieve a goad wearing surface,

the finishing process must cover the partidéfightweight coarse@ggregate with

an adequate, weltowelled dense surface mortar layer. It also has poorer sound
insulation properties than normal weight concrete.

Lightweight concrete offers several performance advantages, but it is not
available in all parts of the UK.

Concrete grade

The Structural Desigher chogses a,concrete specification that is suitable for the
intended applicationy This specification is normally chosen on the basis of the:

overall structural requirements
floorimg finish,"if any, te be laid on the slab

exposureconditions.

The concrete strength class designations according to BS EN 206-11%°1 anc

BS 8500:' ! rélate to the characteristic strength (95%  probability of bein
exceeded)“achieved after 28 dayssdshon cylinder or cube tests. The cylinder
Steength is about 80% of the strength of a 150 mm cube. Design standards provide
rulesithat relate the design strength to the concrete grade.

As a minimum standard, concrete of strength class C25/30 or LC2%2&1 e
specified. In the case of concrete used as a wearing surface, the minimum strength
class should be C28/35 (although C32/40 is preferred).

Surface finishes

There are two basic performance conditions; concrete to be used as a wearing
surface, anaoncrete that is to be covered by raised floors, screeds, carpets, tiles,
sheet vinyl, etc. When the concrete is to be used as a wearing surface, the concrete
is first power floated. The specification should then require the slab to be allowed
to stiffen for a short time prior to power trowelling, which
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compresses and polishes the surface material, resulting in a harder and more
durable surface. Recommendations for power floating and power trowelling are
given in BS 8204® and Concrete Society Tedbal Report No.34%.

When the concrete is not to be used as the wearing surface, it is recommended that
a wood floated, skip floated or power floated finish is specified.

Drying

Because the concrete is only exposed on one surface of a composité ftaar,

take a longer period than a traditional reinforced concrete slab to dry out. If
moisture sensitive floorings and/or adhesives are to be applied, many months may
be needed before the slab is sufficiently dry to accept them. Measures such as the
spedfication of special concrete, dewatering or surface vapooof membranes,

may need to be considered if inadequate time for drying is allowed in the contract
programme.

If surface vapouproof membranes are used, moisture will be trapped,in the slab.
This trapped moisture will not be detrimental to the concrete orthe'deckingpas the
steel in contact with the concrete is prevented from corresion by fts,high“pH. The
provision of small holes, perforations, in the decking to aid drying is ineffective;
the aea represented by the holes is insufficient to have any sSignifieant effect on
drying times.

AD 163" provides additional guidance on provisions for water vapour release.

Level and flatness

It is recommended that a precisely leveland, flat“eoncretw ik not specified
unless it is absolutely necessary, as it isydifficult to achieve because the tamping
rails are usually positioned aleng the'suppert beams, which deflect under the self
weight of the finished floor. T.o achieve,greater accuracy, itéesgary to estimate

the central deflection offthe beamswand 10 set the tamping rails along each beam to
allow for this deflectien.%Lhisycanmyresult in errors because, in practice, the beams
may not deflect as.much as expected (e.g. because of the stifrthgsbeam

column connections) %, lifis reasonable to set the rails on the basis that the beams
will deflect 30%:less than,predicted by simple theory.

In propped, construetiony further deflection occurs on removal of the props.
Subsequent déeflections'wile greater the earlier the props are removed (due to the

| o weyr sti ffness of the 6é6i mmatured <conc
removed until the €oncrete has gained its design strength.

As deviations in level are dependent on the deflection afdh®osite slab and the
supporting beams, tolerances within which these deviations must lie should only be
speeified at points where there is negligible deflection of the supporting structure,
i.e. at columns. The Main Contractor will be able to do littlecdrrect matters if
deviations exceed tolerances specified at other points.

The following tolerances are recommended:

Top surface of concrete, level to datum +15 mm

Top surface of supporting steel beams, level to datum +10 mm

For the reasons disssed above, a thickness tolerance should only be specified at

the column locations. If it is really necessary to specify absolute levels for the top
surface, the thickness tolerance should be calculated by combining the top
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and bottom level toleraes using a method given in BS 5606This results in a

slab thickness tolerance of £ 18 mm. To achieve slightly tighter tolerances on
thickness, the level of the concrete should be specified relative to the level of the
supporting steelwork.

Owing to theaccumulative deflections of the deck and beams, it is not practical to
specify tight flatness tolerances on composite slabs. BS[%Q@Wes three
tolerances for floor flatness, as shown in Table 4.1. The deviation is determined by
measuring the maximumap beneath a 3 m straight edge laid on the surface. For
composite slabs, the straight edge must always be positioned parallel to the
supporting beams, i.e. perpendicular to the decking span.

Table 4.1  Surface flatness tolerances

Maximum gap (mm)

BS 8204 below a2 m
Flatness Comments

Designation straight edge laid on
the surface

SR1 3 Not achievable on suspended floorstef any.
(1in 667) construction.

SR2 5 May be achievable on parts of a compesiteifloor,
(1 in400) but will not be achievable overall of a floer, owing

to deflections. This is a tight flatness tolerance and
high levels of workmanship,are required to achieve
SR2 on any type of suspéended floor.

SR3 10 May be achievable over most off@ floor, depending
(1 in 200) on the deflections,of the supporting beams.

4.2.2 Reinforcement
Bar reinforcement
Types and details

The bar reinforcement in_ compasite Slabs usually takes the form of a relatively
light welded fabri¢, commanly supplented by some bar reinforcement. The
fabric reinforcement i, required to perform a number of functions:

Provide_bending resistance at the supports of the slab in the fire condition
(thisy, reinforcement is wusually ignored

Reduce and ¢entrol cracking at the supports, which occurs because of
flexural tension and differential shrinkage effects.

Distribute the effects of localised point loads and line loads.
Strengthen the edges of openings (see Section 4.2.6).

Act as transverseeinforcement for the composite beams (see
Section 5.3.2).

The most common fabric sizes are A142 and A193 (using designations according
to BS 448?2]), with the numbers indicating the cressctional area (m?h of

reinforcing bars per metre width. Thebr i ¢ i s normal ly manuf e
t hat are 2.4 m wide and 4.8 m | ong. 0 A
spaced in both directions (known as 6ésqu
is possible to order special fabric with heavieresior closer spacing in one

direction, such as 6é6B&6 or 6C6 type fab

longitudinal bars at 100 mm centres and transverse bars at 200 mm centres. These
can be used when highly reinforced areas are
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required forgstuct ur al or fire resistance pur pos

intended for highway use and have only very light reinforcement in the transverse
direction. C type fabrics should not be used in composite floors.

Fabric sizes less than A142 are not recommended because of their poor
performance as fire reinforcement and inability to control shrinkage, and are
considered as non-structural.

Bar reinforcement may be used to supplement the fabric:
To achieve longer fire resistance periods.
To reirforce the slab around significant openings.

When additional transverse reinforcement is needed.

To achieve greater crack control.

Reinforcement should comply with BS 4ﬁ?§‘]3>(fabric) or BS 4448 (bars)and

the detailing of it should  be in accordanceith BS EN 19921-12 “*of

BS 8116 andBS 8666“°!. Bar reinforcement is prod@icetyin three'ductilit
grades; A, B or C. In the UK, bar reinforcement of ductility gradeyB is normally
used, but most fabric is supplied with ductility grade AeWuctility\grade of the
reinforcement has no effect on the lap and anchorage lengthsé The bars in fabric
supplied to BS 4483 are ribbed, and this willsreduce the required anchorage lengths
compared to plain bars. BS EN 1992 assumes that bars are ridbbut BS 8110
allows for the use of ribbed and plain bars.

In shallow composite slabs, the reihforeement'should be supported sufficiently high
above the top of the decking tejallow cencrete) placement around the bars. The
required top cover depends, on¢ theonerete class and the exposure.
Recommendations are given,in Tables NAw2 and NA.3 to BS EN-1992hese
present the same information as in"BS 8800 but in a more compact form. The
Structural Designer should determine the relevant exposure conftitithe top of

the floor. The following expasure conditions apply:

For a floordin a dry‘protected environment, e.g. in enveloped buildings such as
offices,the expasure ¢elass for the concrete is XC1.

For an“external flearfexposed to high levels of HWity, the exposure class
for,the concreteawould be XC3 or XC4.

For a floor exposed in a marine environment, the exposure class would be
XS1, XS2,0r XS3.

Fona fleor that is exposed to freethaw cycles, the exposure class would be
XS (see BS 850Q for recommendations for this class).

Table NA.2 in BS EN 1992-1 applies where the intended working life is 50 years
and Table NA.3 applies where the intended working life is 100 years (not normally
applicable to buildings).

In car parks, where the slab éxposed to chlorides and freeze/thaw attack, the
exposure class is XD3 or, if the intended design life does not exceed 30 years, the
exposure class is XF3 or XF4, provided that the concrete surface is protected by an
effective, durable and longasting waterproof membrane. (Any membrane should

be a waterproof coating that prevents the ingress of water containing dissolved de
icing salts into the concrete, including at any joints and cracks in the concrete.)
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Recommended covers for XC1 and XC3/é@sure classes are given in Table 4.2.
Refer to BS 8504 for covers and concrete specifications for other exposure
classes.

The recommendations for durability in this section only relate to the concrete and
reinforcement. The corrosion protection of thetal decking is covered in Section
All

Table 4.2 Minimum reinforcement covers for various levels of
exposure

Aggregate Type Normal weight Lightweight

Concrete Strength

Class C25/30 (C28/35 (C32/40 C35/45 C40/50 LC25/28 LC28/31LC32/35

Max Water cement

. 0.65 0.60 0.55 0.50 0.45 0.65 0.60 0.55
ratio

Min cement
content for 20 mm 260 280 300 320 340 260 280 300

aggregate (kg/m3)

Min cement
content for 14 mm 280 300 320 340 360 280 300 320

aggregate (kg/m3)

Min cement
content for 10 mm 300 320 340 360 360 300 320 360

aggregate (kg/m3)

Nominal cover in mm to reinforcement a€eording te thetexposure level:

XC1 25 25 25 25 25 25 25 25
XC3/4 45 40 35 35 30 45 40 35
Notes:

(@) These values are taken from BS 8500-1"%and BS EN 206-11°!

(b) The exposure conditions,are'defined, inBS 8500-1. For internal floors in a watertight heated
building, with dry conditions.the exposure condition would be XC1. For floors subject to high
humidity or.cyclical weband dry conditions the exposure condition would be XC3/4. More severe
exposure conditions may be applicable in some conditions, e.g. car parks.

(c) Nominal Cover: BS 8500:-1lists minimum covers not nominal covers. The nominal covers listed
inyTable 4.2 are the‘minimum covers given in BS 8500-1 plus a fixing tolerance ( ¢) of 10 mm.
The'eovers listed,are for an intended working life of 50 years. For an intended working life of
100 years no change is required to the XC1 exposure class covers, and 15 mm should be
added tothe XC3/4 covers.

(d) Inypractice, nominal covers less than 30 mm with light fabrics are not recommended owing to
practical difficulty in supporting the light fabric in the correct location.

(e) . Thellisted covers are for durability purposes. Greater covers may be needed for fire
resistance considerations.
Recommended tension laps and anchorage lengths for welded fabric and bars for
design to BS 8110 are given in Table 4.3, and for desigBS EN 19921-1 in
Table 4.4.






Table 4.3 Recommended tension laps and anchorage lengths for
welded fabric and bars to BS 8110

Aggregate Type
Strength Class

Normal

Lightweight

C25/28

C28/30

C28/31

LC28/35 LC32/35 LC32/40

Reinforcement
Type

Wire/Bar Type

Grade 500 Bar of
diameter d

Deformed Type 2

44d

40d

38d

56d

54d

50d

A142 Fabric
(6 mm wires at
200 centres)

Deformed Type 2

275

250

250

350

325

300

A193 Fabric
(7 mm wires at
200 mm centres)

Deformed Type 2

300

275

275

400

375

350

A252 Fabric
(8 mm wires at
200 mm centres)

Deformed Type 2

350

325

300

450

425

400

A393 Fabric
(10 mm wires at
200 mm centres)

Deformed Type 2

440

400

375

550

550

500

Notes:

(@) Table 4.3 is based on information given in BS 8110

Py

should be noted however that the recommendations determined intaccordance with
BS EN 1992-1-1 (as shown in Table 4.4, below) may differ from the above.

, assuming fully stressed bars/fabric. It

(b) Where a lap occurs at the top of a section andythe minimum, cover is less than twice the size of
the lapped reinforcement, the lap length should'be increased by‘afactor of 1.4.

(c) Deformed Type 2 Bars/Wires: Bars withitransverse fibs of substantially uniform spacing, which
protrude beyond the main round partof theybars/wires:Fhere may be longitudinal ribs. Note: The
majority of deformed high yield feinforcementiavailable in‘the UK is Type 2.

(d) The minimum Lap/Anchorage length,foribars and fabric should be 300 mm and 250 mm

respectively.
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Table 4.4 Recommended tension laps and anchorage lengths for

welded fabric and bars to BS EN 1992-1-1in C25/30

concrete
Bond Reinforcement in tension, bar diameter, (mm)
condition
10 12 16 20 25 32 40
Straight bars Good 230 320 410 600 780 1010 1300 1760
onl
Anchorage Y Poor 330 450 580 850 1120 1450 1850 2510
length, lba
Good 320 410 490 650 810 1010 1300 1760
Other bars
Poor 460 580 700 930 1160 1450 1850 2510
50% lapped in Good 320 440 570 830 1090 1420 1810 2460
one location
Lap (6=1.4) Poor 460 630 820 1190 1560 2020 2590 3520
length, b1 6006 lapped Good 340 470 610 890 1170 1520 W 1940 2640
in one location
(s=1.5) Poor 490 680 870 1270 1670 2170 2770 3770
Notes

1 Nominal cover to all sides and distance between bars

2 Itis assumed that the coefficients to allow for factors effecting the ancharage (defined imBS EN 1992-1-1, clause 8.4.4.)

1=3=4=5=1.0.

25mm (i.e. 2<1),

3 Design stress has been taken as 435 MPa. Where the design streSs in the bar at the position from where the
anchorage is measured, sq, is less than 435 MPa the figures in this'table can befactored by s/435. The minimum
lap length is given in clause 8.7.3 of BS EN 1992-1-1.

The anchorage and lap lengths have been rounded up tothe,nearest 10‘mm.
lapped

5 Where 33% of
of 0.82.

bars

ar e

N

one

The reinforcement ductility class has no effects@mlap and@nchorage,lengths.

|l ocation,

decrease

7 Inslabs up to 250 mm thick all horizontal reinfercement cambe considered to have Good Bond conditions.

8 In slabs over 250 mm thick horizontal reinforcemientiin, the“bottom 250 mm can be considered to have Good Bond
conditions. Reinforcement in the tep zene (above250 mm)yfrom the bottom) can be considered to have Poor Bond

conditions.

9 The information in this tablesis taken from Hew togdesign concrete structures to Eurocode 2 8] This publication

should be consulted for other concreteflasses onfor further guidance.

Concrete class  C20/25

Factor 1.16

C28/35

0:93

C30/37

0.89

C32/40

0.85

C35/45

0.80

C40/50

0.73

C45/55

0.68

C50/60

0.63

Fibre reinfercement

Fibretreinforcement consists of short fibores made from steel, payjene or a

combination of both, which are mixed into the concrete prior to placement. Under
controlled circumstances, fibres may be substituted for some or all of the fabric

reinforcement. Use of fibre reinforcement results in a three dimensional oeidfor
concrete composite slab.

The performance of fibre reinforcement is verified empirically, specifically for fire

resistance and for longitudinal shear transfer, using the same testing regimes that
are used to validate the use of traditional

composite floors.

Considerable benefits can be achieved using fibre reinforcement, including a
reduction in labour costs and a saving on the construction programme. The

reinforcémeithin steel deck

requirement for longitudinal shear reinforcement, in the formaos br fabric,
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can be dramatically reduced and only a minimal amount of fabric reinforcement
need be purchased, transported and stored. There is less usage of the crane as there
are fewer lifting operations. The installation of the floor is easidrsafer because

there is less reinforcement to obstruct the floor working area and to handle, fix and
check, and this can reduce installation times by up to 20%.

Independent testing has shown that fibre reinforcement systems can provide an
equivalent orsuperior performance to traditional welded wire fabric solutions,
although local reinforcement may be necessary in locations of concentrated loads.
Fibre reinforcement provides resistance to plastic shrinkage, settlement cracking
and toughness, but the fmmance is related to the specific fibre.

BS EN 14885 2" 1 covers the requirements for fibres used as ,concrete
reinforcement. Part 1 covers steel fibres, and Part 2 polymer fibres. Care,should be
taken with the selection of polymer fibres, as only Clags(macro) fibres,in
accordance with BS EN 14889 are suitable as a replacement fortraditional fabric
reinforcement in steel deck composite slabs.

It is very important to note that fibre reinforced composite slabsi@ira ‘generic

product. A specific tye and dosage of fibres must be used accordingto the fibre
manufacturerods specificath ony, ™Mor the par
cannot be substituted.

When using a fibre reinforcement solution, it'ts stilhgeneral practice to tsadJ

on composite edge beams, bar reinforcement around openings in the slab, and
fabric or bar reinforcement at constructien jeints, ar ‘where the composite slab
cantilevers beyond a support.

More information on fibre reinfercement, is ‘given in Section 6.2.1. heuart
guidance on the use of steél or, magyathetie, fibrereinforced concrete can be
found in Concrete Society Technical Reparts N&'%and 65 respectively.

Fiber reinforcement is provided within the concrete that is delivered and ready
to pump on site. This can reduce installation times by up to 20%.

4.2.3 Design farresistance

The performance, of aycomposite slab with a particular decking profile can only be
assessed readily byatesting. Test procedures are set out in both BS En1YH4
and\BS 159581 I\ The tests must cover the complete range of the key design
parametersy(usually slab depth and span). The specimens are first subject to
dynamicioad (5,000 load cycles up to 1.5 times the working load are specified in
BS EN1994 1-1, but 10,000 cycles are required by BS 5930Following this, a

static load is applied and increased until failure occurs. The objective of the
dynamic part of the test is to break any adhesion bond, so that only the more stable
mechanical interlock remasn

The test procedure is such that all loads are applied to the composite section to
simulate a uniformly loaded condition. The test results are then presented in terms
of empirical constants, eithem@ndk) or Tau (J), that can be used to quantify the
interaction between the steel and concrete.

As far as slab design is concerned, the Structural Designer will not undertake tests
to determine them and k or Tau (J) factors. These constants are used by the
decking mantacturers themselves in order to present designers with a range of
load-span tables for uniformly loaded conditions for their specific products.
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Specific checks are necessary where there are concentrated line or point loads
whose effect is normally rgater than that of a nominal uniformly distributed
blanket load.

The vertical shear resistance of a reinforced composite slab using bar or fabric is
assessed as for a reinforced concrete slab, using guidance given in BS EN1992

1?4 or BS 59504 . néch ngd shear resistance, again
be assessed using these Standards. When fibre reinforcement is used, designers
should seek guidance from the manufacturers.

Manuf act utrspean talbles fooshaldls are normally based on testing (in
order to minimise conservatism). Designers should take care to ensure that
they do not use this information for situations that are not covered by the scope
of the testing especially if concentrated line or point loads are applied to the
slab.

4.2.4 Design for serviceability
Crack control

There is a risk of cracking in the concrete in all composite slabs due tothe restraint

to drying shrinkage provided by the steel decking and, primary steelwork, even
though the decking effectively acés reinforcemént and helps to distribute the
shrinkage strains so that large cracks do not form. However, cracks do not normally
pose a durability or serviceability hazard. Only where the surface of the slab is used

as a wearing surface, or where terramze. "0t heg £6r i gi dé fl oor
used, may specific Wyeinfp,orcement (in adc
in order to control the crackings, When, Ctacking'is an issue, reinforcement
percentages in excess of 0.3%¢{will normallysbe requireorder to limit crack

widths to the recommendedimityEabric,rather than bars, is generally used to
control cracking.

According to BS EN, 1994-1, when €entinuous slabs are designed as simply
supported, the minimum cr@sectional area of the artiack reinforcement within
the depth of theconcretescover tasthe decking should be as follows:

0.2% of theycrossectional area of the concrete above the ribs for
unpropped, construction

0.4% of‘the*erossectional area of the concrete above the ribgpfopped
construction.

Itisypossiblesthat larger crack widths will occur over the intermediate supports with
propped ‘eonstruction, because the full -sadight of the slab is applied in the
composite slab on removal of the props, which explains the higi@mum
pereentage reinforcement required.

The above amounts do not automatically ensure that the crack widths are less than
the typical value of 0.3 mm given in BS EN 19921 (and the UK National Annex

to this code) for certain exposure classes.dfékposure class (or the floor finish)

is such that cracking needs to be controlled, the slab should be designed as
continuous, and the crack widths in hogging moment regions evaluated according

to BS EN 19921-1.

Experience shows that the greatest riskckacking is over supporting beams,

owing to the combination of restrained drying shrinkage and flexural K&tion
6l nduceddé joints may be used to reduce t
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locations. Such joints can be formed by sawing the &labclearly, care is needed

to prevent the reinforcement required for fire resistance and longitudinal shear
resistance from being damaged or severed. However, where cracking has to be
controlled, a more reliable measure is to use additional crack togitiforcement

at the support.

When fibre reinforcement is to be used in place of bar/fabric reinforcement the
suppliers of the fibres should be consulted regarding crack control measures.

Deflections

Deflections due to loading applied to the compositamber should be calculated
using elastic analysis, neglecting the effects of shrinkage. For an internal span of a
continuous slab, where the shear connection is achieved by either mechanical or
frictional interlock, or end anchorage by throwagck weldd studs, the deflection

may be determined using the average value of the cracked and uncraeked second
moment of area may be taken. This applies both for design to the, Eurocodes and
design to BS 5950, but the modular ratio for khagn and shorterm effeds is
calculated slightly differently in BS EN 19941 and BS 595@ (whichyrefers 40

BS 59503).

BS EN 1994 1-1 permits calculations of the deflection of the compasite slab to be
omitted if both the following conditions are satisfied fer external ompki-
supported spans:

the span/depth ratio of the slab does not exceed certain limits specified in BS
EN 19921-1 for lightly stressed conetete (shown hRerefin Table 4.5); and

the load causing an end slipdof 0.5ymmyinythe (long span) tests on composite
slabs exceeds 1.2 times the design service load.

Table 4.5 General rules fer the slab maximum span-to-depth
ratios in accordance with,BS EN 1992-1-1

Normal cencrete Lightweight
concrete
Single spans 20 18.8
End spans 26 245
Internal spans 30 28.3

For‘eases where the end slip exceeds 0.5 mm at a load below 1.2 times the design
service'loadytwo options exist for the designer:

(i) endhanehors should be provided; or

(Mydeflections should be calculated including the effect of end slip.

Should the behaviour of the shear connection between the sheet and the concrete
not be known from tests on composite slabs with end anchorage, BS EN-1994

permits a tiedarch model to be used. Guidance for designers on this case can be
foundintheDe si gner 6s gu i-1&%.t 0o BS EN 1994
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For design to BS 5950, there are also simple design rules to ensure adequate
deflection behaviour of a composite slab. Calculation of deflections is not
necessary when designing to this code if thanso-depth ratios are not greater
than those given in Table 4.7. Confirming that the slab satisfies these limits will
ensure that excessive deflections are avoided. The effective span of the decking is
defined in BS 595@ as the smaller of:

the distane between the centres of the supports, and

the clear span between the supports plus the effective depth of the composite
slab.

The values in Table 4.7 apply to slabs under uniformly distributed loading, with
nominal continuity reinforcement (0.1%) ovdretintermediate supports, €. they
are designed as simply supported. For slabs with full continuity reinforcement over
the supports, reference should be made to Bs (8210 Deflections shouidibe
calculated explicitly for slabs that fail to satisfy tlpanto-depth, ratio ok
reinforcement limits. BS 5950 recommends that the deflection of theycomposite
slab should not normally exceed the limits in Table 4.6.

Table 4.6 Recommended limits for the maximum deflection of
composite slabs given in B S5950-4

Criterion Recommended Limit

Ls/350 0r 20 mmywhichever is

Deflection due to the imposed load
the lesser

Deflection due to the total load less the
deflection due to the self-weight of the
slab plus, when props are used, the
deflection due to prop removal

L/250

The stiffness of slabs séinforeedswith“eonventional fabric reinforcement can be
determi ned us,.i ng onor mal 6 reinforced
effective bond betiween the decking and the concrete). When fibre reinforced
concrete $ used; advice on, the slab stiffness should be sought from the
manufacturer.

Table 4.7°General rules fer the slab maximum span-to-depth ratios in
accordance with BS 5950-4

Normal Lightweight
concrete concrete Values apply to supported spans
. with nominal continuity
Single §pans 30 25 reinforcement, subject to
End spans 35 30 uniformly distributed loading
Internalispans 38 33

Dynamic sensitivity

The dynamic sensitivity of composite slabs is not normally etjtibecause they
are relatively stiff compared with the beams, although the dynamics efhible
floor should be considered, as explained in Section 5.2.2.

Cracking of internal concrete surfaces will generally not compromise the
structural performance of a building, so for economic design its consequences
may often be ignored.
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4.2.5 Design for fire resistance

The required fire performance of floor slabs is defined by the Approved Document

B to the National Building Regulations. The AppeadvDocument requires the slab
performance to be assessed based on cri
|l oad bearing capacity O6RO. F—01+2[3131Iae1d;ign t
the UK National Annex to BS EN19ay -2 32| provide guidanceon how

composite slabs may be designed to meet these criteria. For UK design, guidance is
available in BS 595@*/.

The insulation criterion is satisfied by providing adequate slab thickness to ensure
that the temperature of the unexposed surfaceeoblib does not exceed $@0

BS 5950 8 and the UK National Annex to EN19942 provide a table of
recommended concrete thicknesses to satisfy the insulation criterion fer common
periods of fire resistance. The minimum thickness of concrete requiredgfy sa

the insulation requirements is shown in Table 4.8 for trapezoidal decks*and Table
4.9 for re-entrant decks. Figure 4.10 shows that the insulation depth depends on
the type of profile, and it is the concrete cover to the main crest ofythe deck for
trapezoidal profiles and the full slab depth foergrant profiles:

Table 4.8 Minimum thickness of concrete, measured above the steel
deck, for trapezoidal profiled steel deck exposed taithe
standard fire

Minimum thickness of concrete (mm) for a fire

Concrete type resistanceperiod (mins).of:

30 60 90 120 180 240
Normal concrete 60 70 80 90 115 130
(All cases)
Lightweight concrete 50 60 70 80 100 115

(All cases)

Table 4.9 Minimumi thickness of slab for re-entrant profiled steel
sheets exposedtedhe standard fire

Minimum thickness of concrete (mm) for a fire

Concrete type resistance period (min) of:

30 60 90 120 180 240
Normal concrete 90 90 110 125 150 170
Lightweight concrete 90 90 105 115 135 150

Insulation " g o
depth LA 4 ot o, B Insulation
% Ds S{‘] L e depth
he ¥ %, g e
a 4 e
Trapezoidal steel deck Re-entrant steel deck

Figure 4.10 Minimum insulation depth measurement

EN19941-2 permits the designer talculate the bending resistance and insulation
properties assuming that composite slabs fulfil the integrity criterion.
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Fire tests have been carried out on slabs with conventional fabric reinforcement,
and on fibre reinforced slabs.

The load berng resistance of the slab at elevated temperatures can be determined
by calculation in accordance with the principles given in EN1B924 The UK
National Annex provides additional guidance on determining design temperatures
for UK decking geometries.

Depending on the span required, an increased size of fabric may need to be used, or
extra bars may need to be placed in the troughs of the deck, to satisfy the load
bearing criteria (R) for the fire condition. In either case, the additional
reinforcement isused to compensate for the loss of strength of the (exposed)
decking at elevated temperatures. Design guidance covering this aspect is normally
given by the decking manufacturers in their design tables. These design,tables are
based on the extended apption of fire test results and provide produetspecific
guidance which will result in the most economic solutions for fire designy The
extended applications of the fire test results are based on a design model for plastic
resistance that is in accordancihwthe principles of EN1994182,84.3:1 and the
recommendations of the UK National Annex to EN1992,

In the UK National Annex, the use of Informative Annex D of EN129% is
rejected as many UK decking profiles are outside the limits” of the field of
application. It was found that when the methods impAnnex D were applied to these
decking geometries, unusable answers were obtained» For projects in other
European countries where the use of Annex D.is recommended, it is likely that the
ma n u f a c teuwdesigm tébkes WillTbesthe “enlyavalid method of design for UK
decking profiles.

Slab designs that comply dvithythel recommendations of EN1994or room
temperature design are deemedto have 80 minutes fire resistance, when assessed
under the load beagn€ cr it eyi a O RO, but these sl ab
compliance with thedinsulatien criteria.

Further information onithe calculation of load bearing resistance of composite slabs
can be obtained frort P378,

4.2.6 Openings ands dges

Opénings

Qpeningsycan be accommodated readily in composite slabs. Some advice as to
limits, onythe“size of openings, and the provision of any extra reinforcement that
may be Trequired, is normally given in the notes accompanying a decking
ma n uf act espae taldss Fuither adlice is given here on issues relating to
design“with shallow decking (deep decking is covered in Section 7), and advice
relating to the construction of openings is given in the BC®#e ofpractice for

metal decking and stud weld[ﬁ]g

Openings may be categorised by their size:

Small - openings up to 300 mm squarenlikely to present a problem
structurally and do not normally require additional reinforcement.

Medium- openings between 300 mm and 700 mm squaocemally
require additinal reinforcement to be placed in the slab. This is also the
case if the openings are placed close together.
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Large - openings greater than 700 mm squashould be trimmed with
addition permanent steelwork back to the support beams.

It should benoted that slightly different dimensions from those given above may
be quoted in a manufacturerés I|iteratur
manufacturerés guidance should be foll ow

For small and medium size openings, normal practice is éoMin Contractor to

form an openouwmtgd byn 6broxa ngf decking usi i
inserts before concreting, as shown in Figure 4.11. The decking should not be cut

until the concrete has gained 75% of its design strength. Then it mayt kg ¢

burnt away to form the opening, and the cut edges bent up or ground off. If cutting

the deck prior to casting is unavoidable, temporary propping is likely to be
required. This may have implications on the slab design, and tructural
Designer shad be consulted.

ST

Timber shutter Dense polystyre

—

Figure 4.11 Typical examples of boxing

nings

For large openings, the supporting’tri ould be in positioned prior to
[ t&mprlor to casting the slab,

Figure 4.12 A typical trimmed opening (immediately after deck laying,
prior to fixing the edge protection and reinforcement around
the opening)
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Cutting the slab afteconcreting (postorming the openings) may cause a loss of
bond between the concrete and the decking, and is not recommended. When post
forming is unavoidable, nepercussive cutting methods such as diamond core
drills/saws should be adopted, so tha tlisturbance to the mechanical interlock
between the decking and the concrete is kept to a minimum. The structural
implications of the location and size of the opening need careful consideration, and
should always be referred to the Structural Designer.

The need for extra reinforcement in the slab, or additional trimming steelwork,
depends on the size of the opening. Requirements should be determined by the
Structural Designer, who may be represented by a slab or steelwork specialist. The
Structural Desiger will identify reinforcement requirements on the contract
drawings, and should be consulted if there are any doubts about the, location of
openings or the amount of reinforcement needed. Any additional reinforcement that
may be required should be desidne accordance with BS EN 10921?"gg BS

8110°%. site operatives should be made aware that additional“teinforcement is
required around medium sized openings. This often takes the form ofibars placed in

the troughs of the decking adjacent to the amprwith additionaltransverse bars

used to O6smooth outd theghoadytransfer
distance between an opening and an unsupported edge should“not be‘less than the
greater of either 500 mm and the width of the openinthdfopening falls within

the wusual effective Breadg hd of concret
span/8 each side of the beam centre line), the'beam resistance should be checked
assuming an appropriately reduced effective breadth of slab.

Inthe absence of _amyw spweeci fic manufacture
reinforcement, it Yymaws be assumed t hat an
perimeter of the opening, as shown in Figure 4.13. The effective breadth of the

beam strips shdd be taken{asy/2, whered, i1S*the width of the opening in the
direction transverse tohe “decking ribst Only the concrete above the ribs is
effective. The transverse beam stripstare assumed to be simply supported, and span

a distance of 1.8l,¢ The laagitudinal, beam strips are designed to resist the load

from the transverse heam strips,4n addition to their own proportion of the loading.
Extra reinforcement is provided within t
This reinforeementoften takéise form of bars placed in the troughs of the decking

(see Figure 4.14). Additional transverse or diagonal bars may be used to improve

load transferaround the opening. Reinforcement bars in these beam strips will need

to extend at least amn anchorage tangeyond the centre line of the supporting

beam.
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C Floor beam
L C Floor beam

|

| ) Longitudinal reinforced

do2A }_ \\ - _{\__\k . concrete beam strips
<7 |

Effective span

d _Deck of transverse
q span | beam strips

: =15do

o | SN

do /2 do /2 |
2 -

Transverse rJeinforced
concrete beam strip

Figure 4.13 Load paths and beam strips around medium to large
openings

Multiple openings in a floor may need to be considered as equivalentito one large
opening, and the reinforcement should bsigned accordingly:

B <<

Extra bars
in slab

(over the deck)

- Fabric w22 Fabric
: reinforcement T ~ reinforcement
Extra bars in troughs Extra bars over deck
Section A - A SectionB-B

Figure 4:24 Typical reinforcement detailing around an opening

Slab.edges

The edges of the floor are wusually form
strips of light gauge galvanized steel. Edge trim is delivered to site to the required

depth and normallyn standard 3.0 m long strips. The thickness of the steel used

may vary with location, but is normally no more than 2 mm. The strips are cut to

length on site to suit column centres. The trim is usually set out from the edge

beam centre line (rather thametgrid lines, which cannot be set out easily on site),

as shown in Figure 4.15. The trim should be fixed in the same way as the decking.

It should not be used as a tamping rail because it may be damaged.
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Edge trim should be set out from
centre line of beam (not grid) = | le—

[Beaw

ED':-zcking

Figure 4.15 Setting out of edge trim

Straps are always specified to tie back the upper part of the trim at"@.6 'm to 1 m
spacing, depending on the slab depth and overhang. Typical details aréngiven
Figure 4.16, covering two distinct cases. Where the decking (With transverseyibs)
runs over the edge beam and cantilevers out a short distanee, the,edge trim can be
fastened in the manner suggested in Figure 4.16(a) . Theycantilever projection
should k& no more than 600 mm, depending on the depth ofithe‘slab“and deck type
used.

The more difficult case is where the decking rib§run parallehto.the edge beam, and
the finished slab is required to project a shertddistance, so making the longitudinal
edge 6 the sheet unsupported Figure 4.16(b). When the,slab projection is more
than approximately 200 mm (depending, onjthe specific details), the edge trim
should span between stub beams attached, tothe edge beam, as shown in Figure
4.16(c). These stub beams aially’ less,than 3, m apart, and should be designed
and specified by the Structural Designeras parb of the steelwork package. If stub
beams are not provided ingthis, case, thentadditional support to the edge of the
decking, such as by propping from thedigbeneath, may be required and this
informationmust be highlightediin the,information passed to the contractor- Non
standard edge trimsq(for examplethose used to support cladding, or those forming a
curved edge) will require mere accurate setting ootgdures than standard trim.

Trims fixed topa curved edge are normally formed by cutting and bending the
standar/d Whenmgths to form a continuous
straight sides.

Furtherdnfermation on how edge trims should be &gdcand supported is given
in Reference 6;

Achievable tolerances for the position of the top of standard edge trims relative to
the“steelwork (after concreting) are £10 mm horizontally, and + 5 mm vertically
(see Figure 4.15). Tighter tolerances thandghmay need to be specified for edge
trims that incorporate housings for cladding supports. It will also be necessary to
ensure that these trims do not deflect excessively during concreting. The Structural
Designer must specifynstgodaeténtsi mer
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Mesh reinforcement Restraint strats at
600 mm c/c approx.

p

1
- ——— — N
ra & Tal L e W \/
< L NS DS e gl
I
Minimum 114 mm _,
(for 19 mm studs) 7

Additional U-bars required
to resist longitudinal splitting

Maximum 600 mm
cantilever (or 1/4 of

adjacent span, if less)
—

a) Typical end cantilever
(decking ribs transverse to beam)

Additional U-bars required
resist longitudinal splitting longitudinal splitting
Fixing to top Restraint straps at
of edge trim\ | 600 mm c/c approx.

/t U-bars required to prevent
(0]

. e ;‘;—-J—T |"”"AJ‘ o3 4 e 2 x > 4 $ % ‘/
R | Ry prll
VN ] e : s | 1]
& . a7 ) . "A A' v i
\Restraint straps at
Fixing 600 mm c/c approx. -7
Stub
cantilever Max. 200 mm specified by Steel deck cut on site
structural designer to suit edge detail
> 200 mm
|
< 1
e —
b) Typical edge detall ¢) Side cantilever with stub bracket
(decking ribs parallel to deam) (decking ribs parallel to beam)

Figure 4.16 Typical edge details

4.2.7 Temporary,supports

Decking isyusually designed to be unpropped for spans up to 3 m for profiles up to
60 mm'deep, andwp to 4.5 m for profiles 80 weep. For longer spans temporary
prepping may be, required, but this will depend on the depth of the concrete, the
profile used and whether the decking is multiple or single spanning. The limitations
ofya particular decking should be checked with the rfanturer at an early stage

so that any propping requirement can be planned. The structural designer should
check whether beam deflections during construction and the method of levelling of
the slab would lead to significant additional concrete loads (bmmrete ponding)

that have not been allowed for in the design of the structure and decking (see
Section 4.1.3). Propping may be necessary to minimise ponding.

I n general, traditional 6shall owd deckin
proppingsystem to be in place, braced and levelled, before placing the decking.
SD225 deep decking will generally require such propping for spans greater than 7.5

m. Propping will reduce the deflections from the sedight of the decking, which

would otherwise badlifficult to remove if props were installed after laying the

decking. It will also minimise the risk of overloading the decking under loads

during construction, e.g. from operatives and storage, but the implications of using
design which requires proppistould be

44



considered at an early stage, because it can have sequence and programming
implications, and can preclude the use of safety netting. When temporary propping

is positioned after the decking is placed, it is particularly important to clhetk t

the props are set in accordance with th
that the increased weight due to concrete ponding is allowed for in the design of the
propping system.

There may be small areas in a building where propping is necesgamywhen the

main areas of the floor remain unpropped. These propped areas may include bays
that are idfilled after the removal of climbing cranes, or lift shafts which have non
standard span lengths. The decking layout drawings should show the extent a
lines of temporary supports.

Props normally consist of lengths of timber and/or
adjustable I ength steel

0 mm range. The
timber bearer should be continuous, and sho idth of the bay.
The deckingsheets should never be interru t the location of a temporary
support, and the decking should not be fastened mporary supports. It is
stem before pouring the
concrete.

A typical temporary support is
nor mal |y pl

requirements. (

4.17. Props of this nature are
1 m apart., acco

Figure417Tempor ary support using an OAcrowb
Props may be supported the floor directly beneath the floor being concreted, but

the designer should check that the design capacity of the lower floor is not
exceeded (the supporting floor should achieve its design strength before props
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are installed). If the lowelfoor does not have sufficient
propping will be needed (i.e. using props to support the floor that is supporting the
props). Props should never be placed directly on the decking alone as this could
result in localised buckling dhe deck. Further guidance on back propping can be
found in Reference 34.

Props should not be removed until the floor has reached 75% of its design strength.
This is normally achieved in 7 to 8 days, but the Structural Designer should be

consulted specifially before removal, unless general guidance has already been

given. Where crack control is essential, props should not be removed until the floor
has achieved its specified strength.

Other temporary support details may be needed for special situatiminsas end
supports in refurbishment projects or where there are concrete encased beams.
Particular care should be taken with reiandard details to ensurewthat the
sequencing of the construction is practicable. A typical detail for the temporary
supportof the decking at an encased beam is shown in Figure 4:48."In, this case, the
decking is supported initially off the steel beam, and a temperaryypropyis inserted
under the decking close to the beam. This must be of sufficient,width“to avoid
crushing of thedecking during concreting (see Section 4.1.4)%The decking is then
cut back to allow access for the reinforcement and the shuttering to, be positioned,
and the concrete to be poured. This detail is only suitable fentrant decking
because the deckingan i nterl ock i ntowfthe concret
needing support underneath in the permanent®eondition. The decking cannot
contribute to the shear resistance of the finished slak, Use of this detail should be
confirmed by the Structural Desigreand indicated on the drawings.

Crack controlimesh Hairpin tie bar/transverse
reinforcement

4 i)

o — — —

F———————————-—=——=—=--- =

A

Re-entrant steel deck
| initially supported on
steel beam, then cut back
after prop installed

Beam¢—] . .
Supporting timber

-t
]
I
|
|
I
l |
Temporary prop installed
I_ o N to support decking

]
/’z \I':\ during construction
Bimbenshutter - Reinforcement

Figure4.18 Special temporary support detail for re-entrant decking on
a concrete-encased beam

428 Attachments
Hangers

The best way to eliminate the hazardous activity of-da#iing concrete to attach
services is to use hangers, and designers are encouraged to specify them. Many
decking profiles have reentrant slots into which proprietary wedges can be
inserted to receive threaded rods. The rods serve as hangers to the semices, an
they have a safe loazhrrying capacity of, typically, 100 kg to 200 kg each. Some
examples of these attachments are shown in Figure 4.19.

46



A wedge attachment

/ ( (% :
An alternative wedge attachmen
Figure 4.19 Examples of fixi fo ing d services
Designers or Architec i use of these attachments should seek
a

information, includin cities, from the decking supplier. For services
of the hangerspdy be necessary to use
the composite slab (taking care to ensure that

to the edge of the slab may be used to support the cladding. These
rt of a proprietary edge trim. Even though this may toebe set out
ore accurately on site than the standard edge trim, the support system should be
Co-C ated early during the design process to allow for horizontal deviations in
he edge of slab position of at least + 25 mm (more for high rise buildBigsh. an
owance is necessary because not only may the allowed tolerances for the
cladding be considerably more stringent than those for the frame, but also that the
brackets may move during concreting. An example of a typical stainless steel
brickwork support arrangement is shown in Figure 4.20.

As an alternative to cast brackets, drilled fixings may be used to achieve greater
accuracy and require the use of power tools. Drilling for these fixings may,
however, be more timeonsuming. For further formation on cladding
attachments sdaterfaces: Curtain wall connections to steel frakifes
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110 typ (depends on trim channel size)

(part of proprietry edge trim)
Serrated U bar bolted
to embedded channel

Embedded channel and ancho
\ Fabric reinforcement &

A DT
ey

L bar to prevent
pull-out of anchor

%

Reinforcement bar
parallel to edge trim

AT

Brickwork/

Spacer bar
support angle

Figure 4.20 Typical steel brickwork support

Cladding fixing brackets should be provided with provision for adjustment, in
recognition of different tolerance requirements for the slab edge and the
cladding. This may avoid problems and additional cost on site.

4.3 Acoustic insulation

Buil ding desi gner.Sy. Show!l d c on sissibe;r t wo
airborne and impact. The acoustic insulations(attenuation) of both types of sound,

and particularly airborne sound, s, partly “telated to the mass (or weight) of the
element through which thedound is‘passingIt is also affected by the presence of
any oO6softd dhawners . Wwhich increase the so

High levels of sounddnsulatian areytypically required in:
Multi-occupancyyresidential buildings
Hotels
Schoals and other educatioglated buildings

Hospitals‘and other healtklated buildings.

For,composite floors with shallow decking, a bare composite slab will normally
provide about the same degree of acoustic insulation as a reinforced concrete slab
with a thickness equal to the average thickness of the composite slab. However, the
floer_shauld not be considered as an element in isolation because the acoustic
performance of the walls, and the junction details between the walls and floors,
also need consideration. The junctions need to be detailed to minimise sound which
may travel around th#oor; known as flanking sound. Further guidance on this is
provided in SCI Publication P33’ ], Approved Document E to The Building
Regulation%sS] requires residential buildings to undergo-prempletion acoustic
testing to demonstrate complianagass the walls, floors and their interfaces have
been constructed in acd®ordance with 6Rob

Enhancing the acoustic performance of the floor by adding mass is not very
efficient and is not always practical. This is particularly true fqrdot sound.
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A much more effective means of enhancing sound attenuation is by the use of

|l ayers above and below the floor sl ab. A
the bare slab and beneath the walking surface is an effective way of gethain

impact sound transmission through the floor. The walking surface material, such as

a screed or chipboard, forms a o6fl oating
energy is absorbed by the resilient layer rather than being transmitted threugh th

floor. A ceiling layer suspended below the floor slab will reduce airborne and

impact sound transmission. In addition, the impact sound transmission can be
reduced by suspending the ceiling on resilient bars, which reduces the sound
transfer from the skta A wide range of proprietary acoustic floor and ceiling

systems are available which incorporate these features.

As a guide to the acoustic performance of typical composite floor constructions, the
attenuation that can be expected is given in Table AlLhe values given in the
table are for normal weight concrete, which is recommended for dwellihgs and
buildings where acoustic insulation is important. Lightweightyconcretey will
generally give slightly less sound insulation than normal weight €encrete.

Details of a shallow deck composite floor and a deep decCkycomposite floor that
both comply with Robust Details are shown in Figure 4.21)and, Figure 4.22
respectively.

4.4 Health & Safety

Revised CDM Regulations came inteyforce,int2007 /and were publistibdamw

associated Approved Code of Practice (Aé%P)l’he ACoP should be read in
conjunction with the Regulationsjas it has,speeial legal status and gives advice on

how to comply with the lawinThese are ‘the most important new regulations
affecting safetyn constructionyto be published in recent years. Their primary thrust

is to ensuge tWhaw, Structures can be cons
this context relatesgo operations,such as maintenance, redecoration, repair and
cleaning.

One ofthe most,significant features of the Regulations is that designers are now
required te’eoncern themselves with construction safety. They must give adequate
regard |t oy, of oreseeabl ed hazards and, by
have,a soundiapptiation of the hazards that may be involved in the project. This

does not mean‘that the designer is expected to take responsibility for all hazards

that will .eventually arise on site. A designer cannot prevent unsafe practices taking

p I'a Cye , andr ¢ hee anbolredd oOafcok nowl edges that
anticipatedy, The Contractor remains responsible for health and safety on site and
thhi s responsibility is not di mi ni shed b
hazards.

Another area where the desigrimas significant influence is in the specification of
components, which falls within the definition of design according to the
Regulations. The selection of materials, equipment, etc. must be given equal
attention to that of the construction method itself
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Table 4.10 Site test data for composite floors

Sound pressure level (dB)

. Airborne Sound ~ Impact Sound

Form of Floor Construction Attenuation Level

Dntw +Ctr L &rw
(dB) (dB)

Approved Document E requirement for purpose

built dwellings®! O 45 O 62

Shallow Deck Floors

An 18 mm chipboard walking surface over 25 mm

of dense mineral wool over a 175 mm slab on a

60 mm trapezoidal deck. A 12.5 mm plasterboard 55 43

ceiling suspended from the slab on a metal

framed grid.

An 18 mm MDF walking surface over a 10 mm

dense fibre resilient layer over a 200 mm slab on a

re-entrant deck. A 30 mm (2 x 15) plasterboard 56 34

ceiling suspended from the slab on a metal framed

grid.

A 70 mm screed on 5 mm foam resilient layer over

a 150 mm slab on 50 mm re-entrant deck. A 12.5

mm plasterboard ceiling suspended from the slab 56 40
on a metal framed grid with 85 mm of mineralwool

in the ceiling void.

A 18 mm chipboard walking surface supperted.on
softwood timber battens on a 25 mm aeoustic
quilt over a 150 mm slab on a re-entrant\deck:"A
25 mm (2 x 12.5) plasterboard ceilingisuspended
from the slab on a metal framed grid.

60 34

Deep Deck Floors

An 18 mm chipboardywalking sugface supported
on softwood timber, battens with resilient strips
over a 13 mmimingeral fibreyquilt'over a 300 mm
deep_slab. A 125 mmplasterboard ceiling fixed to
timper battens fixedito the underside of the slab.

54 48

An I8mmighipboard walking surface over 30
mm of denseimineral wool over a 300 mm deep
slab. A 12.5 mm plasterboard ceiling

suspended from the slab on a metal framed grid.

54 43

An 18 mm chipboard walking surface supported

on softwood timber battens with resilient strips

over a 300 mm deep slab. A 12.5 mm 55 42
plasterboard ceiling suspended from the slab on a

metal framed grid.

A 55 mm screed over a 5 mm foam resilient 57 45
layer over a 300 mm deep slab. A 12.5 mm

plasterboard ceiling suspended from the slab on a

metal framed grid.
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18 mm thick tongued and grooved Softwood timber battens
chipboard walking surface with resilient strips.

5
R
Y,

77

300

° 77 o

Y ML LTI FLILILI

Normal weight concrete slab Wit/ \ Single skin 12.5 mm (8 kg/m?) plasterboard
Shallow decking suspended ceiling

Figure 4.21 Typical shallow composite slab with a battened resilient floor
system (classified as a Robust Detail)

Dense mineral wool

18'mm thick tongued
( 25 mm)

and grooved chipboard
walking surface

wsh T s :z:i;;:;;;z;;: IS 3 X
approx. B S
80 :
300
225
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Notmal weight \ Resilient \Single skin 12.5 mm (8 kG/m3)
concrete floor slab with bars

plasterboard suspended ceiling
SP225 deep decking

Figure 4.22 Composite slab with deep decking and a layered resilient floor
system (classified as a Robust Detail)

The designer is obliged to follow the same hierarchy of measures whether
considering the construction process or the specification of components, namely to
avoid hazards, reduce their impact, or protect people from their consequences.
Designers may ass@m(as indeed the ACoP requires) that contractors will be
competent, i.e. not only capable of providing quality work, but also experienced in
the day to-day hazards associated with that work. For example, designers may
assume that decking layers are exgrazed specialists
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who are aware of the hazards of working at height, and used to managing the
associated risks by adopting best practice in laying technigues.

Nevertheless, designers must consider whether there are any features of the design
itself, or the way in which it would be constructed, which are unusual, or unduly
onerous, for operatives. Features falling into one of these categories may include
the specification of items which are difficult to handle and locate, such as
excessively long andheavy decking sheets. Such features may be avoided by
changing the steelwork layout, propping arrangements, etc. Another feature falling
into this category is the need for propping of the decking during construction. If, on
the basis of information givem ia loadspan table, the designer knows that there
will be a need to prop the chosen decking in order to satisfy the load and span
requirements, this information must be clearly communicated to the relevant
parties, preferably on the drawings.

Anumberofways to reduce O6general e risyks and
working at height during the deck installation are recommendedyin the geod
practice guidance given in Reference 6. They include stueh measures as edge
protection and the use of fall asteequipment. A list of commonyhazards that are

more specific to floor construction using steel decking,/and the measures to control

the risks associated with them, are shown in Table 4.11.

Table 4.11 Common hazards associated with fleor constructienusing
metal decking and potential deSigh and site control
measures

Hazard DesigniSiteyControl Measures

Falling through decking - due to inadequate

. . Checek the“decking for the erection case.
resistance of decking

Allowdor adequate bearing. Minimise the
use‘of propping. Highlight the need to
ensure the propping arrangement is in
place and of adequate construction. Supply
propping loads

Falling through decking - dué to inadequate
support

Create openhggeubg éahbhdxi
Falling throughmpenetrations in decking cutting out later. Minimise penetration
(liaise with services engineer)

Wear appropriate protection when stud

ith h icl rn . .
Congingith hot PRgicieguring stud welding, and barrier and/or screen areas

welding below or in proximity
Collapseof decking from overload during Check decking for erection loads given in
concreting BS EN 1991-1-6 or BS 5950-Part 4

Place stored materials directly over, or
Collapse of decking due to overload from close to, support beams, and distribute
bad storage of materials. their weight over the decking ribs using

timbers

4.5 Further reading

The references given below mainly relate to slab design. See Section 5.4 for
additional design guidance related more to beams. (For information on authors and
publishers, see Secti 8, References.)
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Concrete Society Technical Report No. 63, 20Gudidance for the design of
steetfibre-reinforced concrefé’.,

This publication summarises the range of applications for $tleed-reinforced
concrete and includes practicapasts such as production and quality control.

Concrete Society Technical Report No. 65, 208didance on the use of
macrosynthetic fibre reinforced concrétd.

This publication reviews the current range of applications for Msgnthetic
Fibre Reirfiorced Concrete and gives guidance on quality control.

Interfaces: Curtain wall systems for steel frar(lé$01)[36]
This outlines the main considerations in the design of a curtain wall attachment
system, and reviews some of the systems availablegielrfsamed buildings,

Interfaces: Composite floor syste(ﬁ>5166)[42]

This book provides information on most aspects relating to the design of composite
floors. It is particularly useful in that it covers both conventionalkicomposite floers
with shallow akcking and slim floors (with deep decking). A ¢emprehensive set of
worked examples of the design of floor beams is included:

Design of composite slabs and beams with steel de(fRﬁ‘:'@ﬁ543]

This provides the theoretical aspects of the design of, corapbsiams with
shallow decking. It includes a comprehensive ‘series_of desigadtables for common
loading and span arrangements, and a worked example.

Acoustic detailing for steel constructidﬁ372§37]

This guide explains the principles @fwacoustiCS,in & weadable way. Sound
insulation values are given for many examplesyof floor and wall construction, and
typical details are recommendedywhich are compatible withRibigustDetails
Handbook®.

Advisory Desk

The foll egwi Mm@ O6AdvVvi edoir New Btees Godstructibneamds |, p u
available on www.steelbiz,org;, previde further information relevant to this Section:

AD 150, Vol 1) Deeember 1945 Composite floors wheel loads for fork lift
trucks . Thisynote,gives a procedure for checking thealbiEhur of slabs under
heawy*point loading.[*Further advice is given in BS EN 1294 clause 9.4.3.]

AD, 163, Vol 2, December 19641 , Provision for water vapour release in
compesite, slabsThis note explains the problems sometimes associatedvattr
vapourikelease in composite roof slabs. It is suggested that perforated roof felt may
beyused, but the use of perforated decking is not recommended.

AD 247, Vol 9, March 2001, Use of composite construction in an aggressive
environment This note givesadvice on improving the corrosion resistance of
decking and beams for an aggressive environment. It recommends using coated
steel or additional paint protection for decking, and discusses the advantages and
disadvantages of using sHaoed studs or prevelded studs for beams.
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5 DESIGN OF COMPOSITE BEAMS

This Section provides information about design principles and procedures, codified
design rules, and guidance on good practice in design and detailing. It (along with
Section 4) is aimed rpnarily at the Structural Designer, and any Delegated
Designers. Summary boxes are used to highlight particular issues of good practice,
or things that the designer should beware of.

Composite beams typically conallyiwitta of st
concrete slab by means of shear connectors attached to the top flange of the steel
section, as shown in Figure 5.1. An effective width of slab is taken as acting as part

of the composite section on either side of the centreline. Fabric reinfent is

ideally placed below the head of the studs; its main role, possibly supplemented by
individual bars, is to act as transverse reinforcement in order to transfer the,forces
between the shear connectors and the slab. Alternatively, fibretweinfetceragn

be used to fulfil this role. Fabric or fibre reinforcement may‘@lso serve‘as agmeans

of controlling crack widths. The beams are generallyydesigned,to, be" simply
supported.

In-situ concrete Mesh
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Figure 5.1 Typicaleross-section through a composite beam

The compaesite action «developed between the steel beam and concrete slab
significartly increases the load carrying capacity and stiffness of the beam by
factors of up to"2,and 3.5 respecti\}éﬂ( These benefits can result in significant
savingsdmsteel weight and/or structural floor depth.

It is often“found that the size of the steelction is governed by serviceability
considerations because composite beams tend to be used for long span applications
(in"exeess of 9 m). This makes deflection and dynamic criteria more likely to be
critical. Controlling deflections is particularly imgant where brittle ceiling
finishes are specified, or for edge beams, where excessive deflections can damage
the cladding.

Designers should note that where edge beams are designed as composite beams,
care is required to ensure that the decking, edge $tmar connector, slab edge

and reinforcement details are practicable. Edge beams are sometimes designed non
compositely to avoid transverse reinforcement requirements, which may result in
problems of reinforcement congestion.
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5.1 Construction stage

The steel sections are normally designed to be unpropped during construction, and
must be sized to support the selieight of the slab, and other construction loads,

in their noncomposite state. Design is generally in accordance with either BS EN
19931-1"" or BS 595601.

The weight of extra concrete from ponding of the slab should be allowed for in the
design of the beams when the deflection of the decking under the wet weight of the
concrete exceeds one tenth of the depth of the slab, in accowigimt®th BS EN

19941-1 and BS 59504. Careful consideration should be given to the correct

all owance for the weight of the concrete
adopted see Section 6.2.1. As well as checking the resistance of thdetans,

this will involve an assessment of their stiffness. Beams that are not suitably stiff

will deflect excessively during concrete placement, and the extra conerete should

be allowed for in the design.

When designing to the Eurocodes, the construdtiad is defined in BS EN 1991

1-6 and is taken as the same construction load as for designing the decking, as
described in Section 4.1.2. The self weight of the wet concrete iSttreated as a
variable load. The construction loading is significantly, more @mefor beams

than previous UK practice and, at the time of writing, consideration is being given
to address this.

When designing to BS 5980, the construct
|l oadd of not Iza?p|slied uniforalyn oved theSuppékrtdd amea. The
construction loading should be apfplied iny, addition to the self weight of the
concrete, reinforcement and decking. Lhisscomposite check may dictate the

final choice of section size if subsequent imposed loads are low.

To use a stéebeam economically, the tap (compression) flange needs to be
restrained laterally. Thefrestraint pravided by the decking to the beams depends on
the decking orientation and the fixings. The restraint provided by decking spanning
in a direction parallel ta beam is normally assumed to be negligible, but decking
spanning perpendicularly’ to“agdbeam can provide restraint if it is adequately
connected. In this latterycase, continuous lateral restraint occurs whetethru
welded shéar‘eonnectors are providegpective of other fixings), but when there

are no shear connectorsy restraint is limited by the resistance of the fixings. This
will depend nat only, on'the shear resistance of an individual fixing (typically, 0.8
kN{to 4°0 kN, aceording to the type fiXing), but also on their spacing along the
beamy The Structural Designer should ensure that the restraint assumed in the
design is, provided by the fixing arrangement; guidance on the force that must be
resisted is'given in the SCI publication

Lateral |sability of steel beams and columh® ! and BS EN 1993-1 (or BS
5950:0).

Check that the steel beam size chosen is capable of supporting the wet weight
of the concrete, and other construction loads, in its non-composite state.

Check that beam deflections during construction will not lead to significant
additional concrete loads (due to ponding) that have not been allowed for in the
design.
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The decking will only provide lateral restraint to the beams during construction if
the resistance of the fixings is adequate, and where the decking ribs run
perpendicular to the beams.

5.2 Composite stage

5.2.1 Design for resistance

Composite beams are generally designed in accordance with either BS EMN 1994

1 or BS 595@. In both caseghe bending resistance of the section is normally
evaluated wusing Oplasticdé principles (pr
to local buckling). The calculated resistance is then independent of the order of
loading, i.e. whether the beam is predpor unpropped during constructien. The
resistance should be adequate for the maximum total design moment at the ultimate

limit state.

The plastic moment resistance is calculated using idealised ‘fectamgular stress
blocks, as shown in Figure 5.2. In BS EBB41-1 it is assumed thatistressedygf
and 0.85¢g can be achieved in the steel and concrete (respectively, Wherd,/

Mo) is the design yield strength of the steel and Q.85 the\bendingompression
resistance of the concrete. It is 0.88ds the désign cylinder strength of the

concretefcg, wherefeq= f o/ . Equivalent strengths in BS 5950 gg for the
design yield strength of the steel and 0i4pfor the design bending compression
strength of the concrete (whdggis the cube sémgth of thedconcrete).

The plastic neutral axis may fallaithin the depth,of either the slab or steel section,
depending on the relative areas oftheSe tw@,components.

Shear
/ connector 0.85f cq

RNy S .
Deckin

Concrete

S~ Secondary ;
i beam vd
Idealised stress
distribution

Figure 5.2 Plastic analysis of composite section (using BS
EN 1994-1-1 notation)

The area of concrete in compression is limited by its effective breadth. This breadth
varies along the length of a beaas, shown schematically in Figure 5.3. Its form
depends on the type of loading, and the end conditions (simply supported or
continuous) . However, a simpler form may be assumed for design. In BS EN 1994
-1-1, the effective breadth is defined as constantifermiddle portion of the span

and tapering towards each end, as shown in Figure 5.3. The distance between
centres of pairs of shear connectobg, is also included. However, for the
serviceability limit state, a constant effective breadth can be assionaed over

the entire span, based on the N value. In BS 5958, the effective breadth is

a constant value for a simpsupported beam with decking perpendicular to the
beam. For both BS 5958
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and BS EN 19941-1 the maximum value of thefettive breadth is span/8 on each

side of the centréine of the beam for both serviceability conditions and for the
ultimate limit state. As well as considering this limit, the width assumed in design
must not exceed the actual slab width available. Ehigarticularly relevant for

edge beams and beams adjacent to openings, where there may be only a narrow
width of slab on one side.

Actual effective breadth of beam
L/4 J Idealised effective breadth
K———3) /used for design
— e ——

J\Slab span

Figure 5.3 Effective breadth profile of a simply supported beam
according to BS EN 1994-1-1

The compresge area of the concrete also depends on the orientation of the
decking. When the decking ribs run perpendicularytodthe beam, the concrete
contained within the depth of the deckingymust be neglected (see Figure 5.4(a)).
When the decking ribs run parallelihe‘beam,the total cressctional area of the
concrete may be considered, providedtthattit lies above the neutral axis of the
composite section (Figure 5.4(b)).

The stress blocks that4€an be generated in the steel and concrete, and used to
calculate he moment resistancey maygpbe limited by the amount of longitudinal

shear force that cah be transferredybetween the materials at their interface. If this
[imit goeovermasy #t is called oO6partial int

It is assumed, thatin"bothiBS\NEL9941-1 and BS 595@ all of the vertical shear

force applied to the,beam is resisted by the steel section alone. Design checks
should therefereshe in‘@ccordance with BS EN 1B94or BS 595063, which give
guidanee on the consideration of combineddoem and shear. In addition, the
width, of ithe top flange of the steel section must be sufficient to ensure that the
deeking does,not fail in bearing over the beam.
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Figure 5.4 Composite beams incorporating composite slabs. (a) Deck
perpendicular to secondary beam. (b) Deck parallel to
primary beam

The concrete adjacent to the steel beam forms a structural flange, and the
presence of openings in the slab will therefore influence the performance of the
beam.

Avoid placing slab openings next to beams (within the effective flange width)
wherever possible. If such openings cannot be avoided, their effect must be
included in the beam design.

5.2.2 Design for serviceability
Deflections

Composite beams are genetally) shallewer»(for any given span and loading) than
noncomposite beamsand they amged commonly in long span applications.
Consequently, defleCtions,are often critical. BS EN 1436 (and BS 59501)
recommends that deflections,should’not affect the appearance, the comfort of users
or the functioning of thesstructure.

In addition'totyh'e. 6tw adi ti onal 6 deflection <chec
prudent to eheck deflections due to the following:

Total (in-service)rloads the combined dead and imposed loads should be
considered to» ensure that floor curvatures will not be unadiepi(aee
comments below on deflection limits). This is particularly important for long
spans,if there is limited depth available in the zone for ufider services.

Construction loads although not a serviceability deflection limit, it is
necessary teaheck that excessive concrete ponding will not apply significant
extra loading to the structure.

For edge beams supporting cladding, it is important that the deflections are checked
under cladding and imposed floor loads to ensure that the deflectibe beams
does not compromise the performance of the cladding.

6Uncrackedd elastic section properties s
simply supported beams (the total area of concrete within the effective flange

width is considered, even thpart which in reality will be cracked in tension). A
transformed section is used; the effective width of the slab is reduced using a
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modular ratio equal to the elastic modulus of the steel divided by that of the
concrete. The effect of creep of thencrete is taken into account by choosing a
modular ratio between one based on short term concrete properties and one based
on long term properties, according to the mix of long and short term loading.

When designing to BS EN 1994-1, the increasedédxibility of the composite

beam caused by greater slippage between the concrete slab and the steel section
when using partial shear connection may be ignored if the degree of shear
connection is not below 50%. However, BS 5%0equires an additional
deflection to be included using a modification factor.

For the calculation of deflections where props are used, all the loads arg applied to
the composite section.

Deflection limits for beams subject to imposed load are recommendediin the
National Annex toBS EN 19931-1 (or BS 595@l). As a more ‘comprehensive
guide, the deflection limits given in Table 5.1 may be considered imdesign.

Table 5.1  Suggested deflection limits for composite beams

Absolute’Limit

Beam Type Load Case Limit fmm)

Imposed load Span/360 To suit finishes

Total load Span/200 To suit finishes
Internal beams -
Dead load at construction ) y
stage I 25

Edge beams Imposed load Span/500 To suit cladding
supporting both Imposeddoad, + cladding Span/360 To suit finishes
floor and cladding Total load Span/250 To suit cladding
Edge beams
supporting cladding Cladding weight Span/500 To suit cladding
only
Notes:

V¥ Although netpa servicéability criterion, this is to limit the additional load due to ponding of the
concretef consequent'on beam deflection.

Where,dead load deflections are excessivecpnebering may be appropriate (this

is mermally only“adopted for beams longer than 10 m). However, theaptber
required may be difficult tdetermine accurately; for example, the stiffening effect

of the, end connections may be significant, so somegmber may remain after
castingy, and the depth of the slab may not be as intended at the critical point of
mid-span. Therefore, a general rwéthumb is to design any poambering to
elimmate no more than two thirds of the dead load deflection. In some situations,
large amounts of preamber may possibly hinder the laying of decking.

Further information on methods of calculating deflectians given inDesign of
composite slabs and beams with steel de&ﬁn@or the assessment of bewith
web openings, additional guidance may be foun®ésign of beams witlarge
web openings for serviced.

The deflection limits used in design should be chosen to suit the building
details.
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Pre-cambering can be used to limit beam deflections under dead load.
Assessing the amount of pre-camber needed may prove difficult, and
calculations should take into account the likely stiffness of the connections.

Irreversible deformation

In BS EN 19941- 1 there is no specific requirement to limit stresses at the
serviceability limit state (see clause 7.2.2). In BS 5350he stresses in simply
supported composite beams at the serbitigalimit state, calculated using elastic
principles, are limited t@y in the bottom fibres of the steel section, andfg,5n

the concrete slab. Full shear connection, with negligible slip, may be assumed
when calculating these stresses. Any parthef concrete in tension should be

negl ected when cal cul ating stresses (6
assumedi unlike the procedure for calculating deflections, when uncracked
properties may be assumed). A similar limitation could be applied dé&signing

to BS EN 19941-1, whereby the steel stress would be limitefj, &nd the concrete

stress to 0.68.

In unpropped construction, the stresses should be calculated™firstyforithe non
composite section subjected to the loading at the constnustage, and then those

for the composite section should be added. In propped constructien, the stresses
due to the construction loading are often ignoreds

Dynamic sensitivity

Traditionally, the parameter used to assess the dynamicésensitivity of ésfito
natural frequency. This allows a simple “assessment of what is, in reality, very
complex behaviour. A frequency of 4“Hzis ‘a,commonly accepted lower limit for
the natural frequency of an individual composite,floor beam, as this will generally
meanthat the frequency of the entire floer system is greater than 3 Hz, and
therefore ensure that excitation activities do not occur at a frequency that coincides
with that of the floor. A higherdrequencyylimit may be appropriate for applications
such as damcfloors and'gymnasia.

The natural frequency, ofa floer beam may be determined from the approximate
formulaf = 18@&;, wherels the static deflection (in millimetres) resulting from the
applicationgof,theiselveight, of the floor, plus that of the ceigjrand finishes, plus

10% of the imposed loading applied to the composite beam. Partitions tend to
increase theydamping¥@and stiffness of the structure, and are not included in the
loading:

FiIyoor sy, are | ikely to be momrgriddprimarg | yo6 i1
beams and secondary beams. In these cases, the cumulative deflection of the slab,
secondary beams and primary beams (i.e. the total deflection in the middle of the

slab) should be assessed, and a combined floor frequency calculatedhod foet

determining the combined frequency is set out in

DResign of floors for vibration: A new approa{%:H. This publication also includes

methods for determining the likely accelerations of a floor when subjected to
vibration, in terms of Response Fastoand it is recommended that this more

detailed analysis is used to assess the dynamic sensitivity of a floor.

Long span applications, for which composite beams are often used on account of
their excellent resistance and stiffness characteristics, bftea a relatively low
natural frequency. However, they also tend to have a high effective mass. The
consequence of this is that the inertia of the floor relative to the impacting dynamic
loads is large, so that floor accelerations (which are what dictate

60



occupant comfort) remain acceptably low. This means that even if the natural
frequency limit is not satisfied, a full calculation of the floor response may show it
to be satisfactory. Further information may be found in Reference 51.

5.2.3 Design for fire resistance

Typically, composite beams are design to achieve the required fire resistance by
applying fire protection materials. Three methods of protection are commonly
used; boards, sprays and intumescent coatings. Fire protection adds ta thfe cos
the structural frame and has implications on the construction programme, as
another trade has to be accommodated in the construction programme. There are
alternative methods of design available which limit the extent of fire protection

required on composite floor plates, as described in SCI publication, 288

It is also possible to take the fire protection operations for beansit@ffOffSite
intumescent coatings are becoming increasingly popular because, unlikéstraditional
forms of protection(which are applied on site), the operation isgotien the critical
path and is not affected by the weather. Although better handlingand‘storage of the
sections is required with offsite coatings, any slight damage®ean-be touched up
easily. Througkdeck stul welding on site will have an affeetonithe intumescent
coating, but does not prohibit the use of-sife protection of campesite beams.
Further information is available i&tructural fire designOfisite applied“thin film

intumescent coatinbr’g].

Forcomposite beams that are to be fire
be established in order to enable the tequired thickness’ of fire protection to be
determined. Methods of determining,the failure temperatures are provided in BS
EN 19941-2%8 and BS 595@!'Ys. ThE terminolegy used to describe these
methods is different in each Stafidard butithey:both provide a calculation model for
determining the relationship betweendeamfailure temperature and the load applied
in fire conditions. The themal properties of proprietary fire protection systems are
not readily available inhe public'demain, However, Table 5.2 provides an initial
estimate for the critical temperature forcomposite beams subject to bending. More
comprehensive infgrmationds gim inithe NA to BS EN 1994-2 and in BS 5950

8. The load levelat the fife limit statie should be calculated as follows:

whereE ais the design value of the effects of actions at the fire limit stat®and

is theldesigmesistance at normal temperature.

Fer beams designed to the Eurocodes, it is recommend that the resistance of the

composite beam is verified by calculation of the moment resistdnggq using

the procedure given in BS EN199%-2 84.3.4.2, which is deribed in more detail

in P375°%. The temperature of the steel for this calculation should be based on the
value of critical temperature obtained from Table 5.2. Table 5.2 has been calculated
on the basis of a uniform temperature for the steel sectimreTis no limitation on

the depth of the section that may be designed using the temperatures from Table
5.2, and the temperatures are appropriate for all values of shear connection. For
beams designed to BS 5980 the use of the limiting temperature nuthis
recommended.

Beams with web openings present a particular problem as far as the specification
of fire protection is concerned, as the critical mode of failure may
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be related to buckling of the web posts between the openings rather than global
bending at the point of maximum applied moment. The performance of the fire
protection material has also been found to influence the critical temperature. The
critical temperatures given in Table 5.2 should not be applied to beams with web
openings. Furtlr guidance on fire protection of cellular beams is given in
RT1187%,

Table 5.2  Critical temperatures for composite downstand beams

fi
Critical Temperature (°C) for aload level g ofl:
Description of member

0.7 0.6 0.5 0.4 0.3 0.2 0.1

Unprotected or protected
composite members in

. . 535 567 600 641 680 738 838
bending supporting concrete

slabs or composite slabs

When the ribs of the profiledteel decking run across the steel bheams, voids ‘are
created between the decking and the top flange of the “steel (See “Eigure 5.4).
Although additional heat enters into the steel beam viaghese VeidsnBS EN1994

2 recommends that the voids are ignored ileast 85% of the ‘surface of‘the top
flange is in contact with the slab. This means that famnteant decks the voids do

not need to be filled. However, for trapezoidal decks thewoids must be-filled

the effect of the voids on the beam temperatomest be considered when
determining the critical temperature of the section. This is beyond the scope of the
simple thermal model given in BS EN19942. Thereforeif the voids are to be
unfilled, the temperature of the beam _must, be,determined fromoreatdvanced
analysis.

Fire tests in accordance with.BS $Zbh@ve Shown the effects of unfilled voids on
structural performanééel. As UK"Building Regulations still recognise the BS 476

test methods, this guidance may still befused in the- @Khough this situation

may change in the future. Guidance inraccordance with“ﬁ}m{)given in Table

5.3 to identify when special measures must be taken because of these voids, and
what they should’be.ln someicases it may be necessary to increase tressshick

fire protection"te compensate for the adverse effect of the voids, or they may be
filled.

It should neverthelessibe remembered that, for all beams forming part of a fire
compartment, the voids should always be filled to avoid affecting the iytexdri
the egmpartment wall.

Where the voids have to be filled, it is not necessary to use the same material as
that used to'protect the beam; any+combustible material will suffice.

For beams with decking orientated parallel to them, the edges ¢bphgange
must be protected; when board protection is used, the boards should be taken past
the edge of the flange to abut the underside of the decking.

It is not always necessary to fire protect the voids between the steel flange and
decking. Specifying such protection unnecessarily will lead to increased costs.
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Table 5.3 Recommendations for fire protection of voids between profiled
steel decking and steel beams in composite floor

construction
Trapezoidal deck @

Fire Protection Fire Resistance (minutes)
Beam Type B

on Seam Up to 60 90 Over 90

Insulatin Increzse

spravs agr’]d thickness by

. pray No increase in 10 % or assess . .
Composite boards . . . Fill voids
thickness thickness using

(assessed at A/V increased

550C) by 159%*

Int N Increase thicknes: Increase thickness

ntumescen by 20% or assess by 30% or assess

coatings thickness using  thickness using  Fill voids

(assessedat  apincreased by A/V increased by

620C) 30%* 50%
Non-composite  All types Fill voids

Dovetail deck E

Fire Protection Fife'Resistance (minutes)

Beam Type on Beam
Up to 60 90 Over 90

Any All types Voids may: be, leftiunfilled.for all periods of fire

resistance

*  The least onerous option may be used(A/V=heatedjsurface“area per unit volume of the steel
section)

5.3 Shear connection

The longitudinalgshear cennectiop beem the steel section and the concrete is
provided by shear connectors, which normally take the form of studs welded to the
top of the steel section. All, connectors should be capable of resisting uplift forces
caused by,the‘tendency for the slab to sepdratn the beam as it bends. In the
case of sheagstuds this'is achieved by the head of the stud.

Altheugh shear connectors ensure adequate fixing of the decking to the beam, they
are,not' needed simply to achieve this. They should only be used whelegirsd

to achieve, composite action between the slab and the steel beam, or to tie the slab
at edge\beams when the floor acts as a diaphragm.

5.3.1" Connectors

The most common type of shear connector used in composite beams for buildings
is a 19 mm diamet by either 100 mm or 125 mm long welded stud. Fordeck
welding (see below), this is the only stud diameter that can be used practically,
because it is the only one for which suitable ferules are available. Although other
heights are available, theye not so easy to obtain.

There are a number of other forms of shear connector available, such as angles
welded to the top flange. However, most lack a practical application in composite
beams, with the exception of sHoted connectors. These should dmnsidered for
smaller projects, those where beams need to be galvanized or top
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flanges painted for reasons of durability, or indeed any project where the provision
of power for stud welding is a problem. They may be particularly appropriate for
refurbishment projects, where there is either limited access or no earthing facility.
The most common shefired shear connector is that produced by Hilti, which is
available in heights of 95 mm to 140 mm. It should be noted that &fisdubt
connector hadess resistance than a welded stud. Design guidance and design
values of the shear resistance should be obtained from the supplier.

It should be noted that a shot-fired connector has less resistance than a welded
stud. Design guidance should be obtained from the supplier.

Resistance

Design resistances of shear studs are given in BS EN- 1994nd BS '595@,

based on standard pushut t ests on sampl e%s with O6st a
However, tests have also been carried out on speciméndilove reinforcement,

and these results show they perform at least as well@as these\withy fabric
reinforcement. The design resistance is a function of the:

shape of the decking profile
size, strength and number of connectors per decking, trough
concreteproperties

the sheet thickness (according to BS EN, 1999

In BS EN 19941-1, the resistancegof a,stud in a solid slab is calculated directly
from formulae which include tefms for the cenerete strength and modulus. The

concrete modulus can be foundB8 EN"19921- 1% where the value for normal
concrete Ecyy) is given in Table)3.1%andsthe value for lightweight aggregate

concrete Eicm) is givendn TableWd1.3wd. The presence of shallow cracking above a
beam does not necessitate» a reduction in treguleresistance of the shear
connectors, because of the‘presence of the transverse reinforcement or steel fabric
reinforcement.

In BS 5986063, ‘the ‘design resistance of a stud in a solid slab in normal weight
concrete is given,in Table 5, according to ceterstrength and stud dimensions.
Thesewalues are reduced by 10% when lightweight concrete is used.

Thereasen why the efficiency of the shear connectors is reduced when the decking
is orientated with the ribs transverse to the beam is because thdrémsierred
through the shear connector into the slab relies on a small localised area of concrete
immediately in front of the stud. For this orientation of the decking, this area of
concrete is limited in size by the presence of the profile, as showigume 5.5.
Reduction formulae are given in BS EN 19941 and BS 595@ to allow for this

by considering the relative geometry of the stud and the decking rib.

As well as the shape and thickness of the decking, the position of the stud in the
trough isimportant; tests have shown that the integrity of this local area of concrete

can break down if the stud is positioned close to the decking. The formulae given

in BS EN 1994-1-1 and BS 595@ assume that studs are located centrally in the
troughs,orara | t ernated between the o6favourabl e
trough. Recommended practice is to place the studs in
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the 6favourabled side (see Figure 5.5)
supported beams with symmetric loading, plesition of the stud in a trough with
a central stiffener must change at rshn.

Concrete\

4.

k.
|
\

End of [ ] <
beam Weld Force Crushing \ Force distribution
in concrete
a) Shear connector in plain slab
Moment
Cracking on head Crushing

oy e L de

End of E—— \\\ T

|
beam Force Force distribution \
in concrete

b) Shear connector fixed through profiledysheeting

Crushing

End of —_—
beam Force applied
to slab
Unfavourable side Favourable side

¢) Off-centrewelding of’'shear connector

Figure 5.5 Sheareonnector forces in composite slabs

The number of studs placed transversely (across the width of the beam) in each
trough “also “affects their resistance. A reduction factor should be applied to the
designyresistance when two studs are pitedéote that the design resistances given

in, BS EN 19941-1 explicitly do not cover more than two studs per trough. For

f Ut her information, reference shoul d be
19941-1% and theCommentary on BS 5950: Part 3:

Secion 3.1 Composite beafid.

Attachment of studs

6Thdeckdé welding is generally wused, part
studs to the steel beams. This process welds the stud, decking and steel section
effectively together in a single opdmit. A typical run of thredeck welded shear

studs is shown in Figure 5.7. The Structural Designer should recognise the
following practical limitations before specifying thdeck welding:
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The galvanized steel decking should not exceed 1.25 nui, thind the total
galvanizing thickness should not exceed 0.04 mm.

The thickness of the top flange of the steel section must not be less than 0.4
times the stud diameter (i.e. 7.6 mm for a 19 mm stud) to prevent localised
bending of the flange at ultimal@ading.

Small numbers of studs are uneconomic because of the amount and expense of
the equipment needed.

A clear height above a beam of at least 450 mm is necessary to carry out the
process of stud welding, i.e. to give room for the operative andregoip (A

typical example of where a problem can occur is when there

is a change in the floor level, as shown in Figure 5.6.) In these situations it

may also prove difficult to fix the slab edge trim.

The need to keep the top of the beam flange free iot Eagenerallyynot a

problem (in an internal environment having an exposed, ufiprotecteditop of
flange in the 0vo-dedkswelding snay hieweverpbtisero | e ) .
any paint applied, and required, on the underside ofathe flange: Remedial
measuresnay be required for aesthetic, if not corrosion ‘protection, réasons.

An intumescent coating on the underside of the flange mightialso“he damaged,

but would not normally need remedial work other than for aesthetic reasons.

A minimum flange width is needetb previde sufficient bearing for the
decking on both sides, end distance fram the stud to the sheet when anchorage
from the stud is required (for decking design anditofenable the decking to be
included as transverse reinforcement ‘and shear keinforcermpdtjtansverse
distance between studs. Consequently, whenithe decking is perpendicular to
the beam, flange widths less than 125 mmnare not recommended (see below
for advice when preveldedsstuds are used).

Further limitations, relatéd to Site' practices discussed in Section 6.5.

450,mm min.
requited for
stud fixing

Figure 5.6 Minimum height clearance for stud welding

Thru-deck welding is significantly more economical than the alternative of pre
welding the studs to the steel beamshim fiactory, although it is not possible when
the beam has to be galvanized. Problems associated with usingldesl studs
include:

Erection becomes more hazardous and therefore slower.

Decking has to be laid in single spans between the lines of stilnish
requires beams with a sufficient flange wid@.83 mm) to provide the
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minimum safe bearing for the decking on each side of the beam, and the
decking is less efficient as a singlpanning member.

Alignment of the troughs in decking perpendar to the beam with pre
welded studs can be difficult. The flange width should be specified so that,
should they not align, at least 50 mm concrete encasement is provided beyond
the transverse spacing of the studs to the edges of the decking. The stud
resistance may be reduced when studs do not align with the troughs, and it
should be calculated using the reduction factor for ribs parallel to the beam
using the width of encasement provided, rather than the reduction factor for
ribs perpendicular to beam.

Holes may be cut in the decking to avoid these problems, but this leads to other
complications trying to align the studs and holes. Decking placement will become
more hazardous because of the need to slot the studs through the hales;\and so this
method isnot recommended.

A typical run of stud shear connectors

ing detailing rules apply to the positioning of stud shear connectors, and
rated in see Figure 5.9:

BS EN 19941-1 requires that nominal height (before welding) of the shear

studs should be at leasd @vhered is the stud diameter) above the top of the

decking. The corresponding requirement in BS 5356 35 mm. (Note that

the O6top of t he deoftke shoglder, ireeekchudingany o t he
small stiffening ribs in the crest of the decking.) Studs that are longer than is
necessary to meet these requirements will not have a greater resistance.

To avoid damaging the decking, the studs should be located al@ng
determined lines marked on it.
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The

The distance between the edge of the shear connector and the edge of the steel
flange should not be less than 20 mm.

minimum longitudinal spacing of the studs should be 5d.

BS EN 19941- 1 states that themaximum spacing should not exceec
lessel of 800 mm and sixtimes the slab depth. The limit given in
BS 59503 is 450 mm, and this latter value is recommended in the light of
recent test evidend®’\. It should be noted that studs are oftequieed at
larger spacings than these on fommposite beams for other purposes, such as
restraint of the beam.

The transverse stud spacing should not be less thaimZbld slabs andddin
other cases.

Studs should normally be placed uniformly alohg tength of the beam; one

(or a pair) in every trough of the decking, or one in alternate 4reughs. Any
additional studs noted on the drawing that cannot be placedsin equalknumbers
in all the troughs should be positioned symmetrically about thespad of

the beam, working from the supports inward (assumingyunitfosmlyadistributed
loading).

When the decking has a central stiffener in the trough (which”makes it
impossible to attach the stud centrally), the studstshould“be attached on the
favourable side ofhe trough. For symmeitfically loaded beams, this will
involve a changeover of position of the stud at-spdn.

At discontinuities in the decking, the studs should anchor both sheets. The
minimum distance from the centre ofithe'stud to thegedge of eagh she

should be 30 mm. Because of thispbeams with_flange widths less than 125 mm
are not recommendeid see notes on, attachment of studs, above. [Note that
studs should never be welded through two“layers of decking. At joints, it is
recommended the deckinauld e buttedy and when studs are in single lines
they should be welded “alternatelyyonfone sheet then the other, and when in
pairs they can be welded one oneach.]

Studs attached to edge beamsyshould be placed no closerdtfiaont the
stud centrdine) to,theyslab,edge, as shown inFigure 5.8. Where the slab

edge Wi s, lhess” than 300 mm from the
specifiedvaround the studs in accordance with BS EN-19B4or BS 5956B)
to prevent bursting ofithe concrete near thb sldge.

< >14m S

20 mm | 50 mm

edge distanc edge trim
(flange) bearing
30 mm
edge distanc
(decking)

Figure 5.8 Shear connector detailing at an edge (for 19 mm diameter

studs)
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Non-beneficial side Beneficial side

ISR ey [T | oz I Mesh. _ _ —
Stiffe
< —>
To mid-span 25 mm‘)‘ }(7 Beam To end
of span

a) Single shear connector per trough in staggered pattern

span

c) Correctgoositioning of pairs,of studs not in a staggered pattern

20 mm Shear connector Butt joint
to edge of stu& Z in decking
Bean A °r /
o N30 mm _ o End of
----------------------------------------- --te stud-centreling ------1----4 span

d) Butt joint in decking (correct positioning of single stud per trough)

95 gm

e) Shear connectors on decking laid parallel to beam

Figure 5.9 Detailing of shear connectors (19 mm diameter) welded
through decking
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5.3.2 Longitudinal shear

Composite beams may be designed plastically if the shear connectors are
sufficiently ductile. This enables a plastic shear connection resistance to be
assumed, whereby the maxim resistance in each connector is assumed to occur
simultaneously down the length of the beam. BS EN 499 states that 19 mm

di ameter studs with a o6l ength as wel ded ¢
satisfy this requirement. The total longitudisélear force that can be transferred

across the stegoncrete interface is the sum of the resistances of the shear
connectors positioned within the length between a support and the point of zero
bending moment. Where the loading is asymmetric, the |ledsire resistances

totalled either side of the point of zero bending should be used.

Transverse reinforcement

The longitudinal shear resistance of the concrete slab must be chéekedito ensure
that the force from the shear connectors can be transferedhmtsiab without
splitting the concrete. This requires the provision of transverse“einforcement
(perpendicular to the beam cenliree). It is usually found that fabric“er fibre
reinforcement is sufficient for the design of secondary beams, Where dkieigie

ribs run perpendicular to the beam (as shown in Figure 5.10(a))y For‘heams where
the ribs run parallel to the beam (Figure 5.10(b)) additional bar reinforcement is
likely to be required. Potential shear planes through the Slab lie an either dide of t
shear connectors (Figure 5.10). However, plade heed notybe checked for
composite slabs with decking because characteristie’stud resistances are determined
from tests which allow for this type of failure. The shear resistance per unit length
of sheamplane along the beam is a function,ofithe concrete strength and the amount
of reinforcement provided.

For edge beamsH OU6 Pars should be pos
sufficient bottom cover for theaggregate toiflow (BS 5956tates that thealns

should be placed at least, 15ymm below the head of the stud, although there is no
such requirement in BS EN 19941).

Mesh reinforeement

a) b)

Figure 5.10 Potential failure planes through the slab in longitudinal
shear (a) Decking perpendicular to beam
(b) Decking parallel to beam

The decking may also act as part of the transverse reinforcement to contribute to
the longitudinal shear resistance. The full resistance of ¢lekirty can be used
when it is placed transverse to the beams and is continuous. In situations where the
decking is discontinuous, the anchorage force that can be developed by the shear
connectors limits this action, but the decking contribution may be
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included, provided that there is sufficient end distance of the decking beyond the

centre line of the studs. Guidance on the anchorage resistance is given in BS EN
19941-1 (clause 9.7.4(3)) and in BS 598(Qclause 6.4.3), but minimum values

are quotedhs 1.65 times stud diameter in the former and 1.7 times stud diameter in

the latter.

The contribution of the decking should always be neglected where it is not properly
anchored at discontinuities, or where the decking ribs run parallel to the beam. In
theory, when the decking is parallel to the beam and properly anchored, some
contribution to the longitudinal shear resistance could be included. However,
including this contribution is not recommended because the decking resistance is
affected by the (unpdictable) presence of laps on site; this approach is consistent
with BS EN 19941-1. Studs fixed in a single line at a butt joint in the decking do
not provide sufficient anchorage for the decking to contribute to the transverse
reinforcement. Further giiance on transverse reinforcement can be foundiin AD
192°% and AD 266,

Transverse reinforcement is always needed to ensure adequate performance of
the shear connection. Fabric may be sufficient, but a check is always
necessary, particularly for primary beams. Fabric is preferred because it
minimises the need for steel fixers to work in a bent position.

The contribution of the decking to the transverse reinforcement can only be
included if it is properly anchored, and this depends on a number of factors -
continuity of the decking, decking rib orientation, and laps in the decking. The
contribution of the decking should always be neglected where the ribs run
parallel to the beam.

Bending resistance envelope

The bending resistance of @& compedieam depends on the shear transfer between
the beam and the slab® Consequently,«the resistance increases away from the
supports; the resistance,at a_given paint is a function of the resistance moment of
the bare steel beam andythe number of connectdveebe that point and the
nearest support,

For a beamssubjectfto uniformly distributed load, the maximum design moment is
at mid span. Itiis only necessary for the Structural Designer to check the moment
resistance at,this,pointf and determine the totatbar of connectors needed to
trapsfer, the load intoathe slab (see Section 5.2.1 and Figure 5.3); these connectors
mayabe evenly distributed between the support anespeah.

For beams subject to point loads, it is necessary to check the resistance atoment
intermediate points, not just the point of maximum design moment. For example,
Figure 5.11 shows a beam with four point loads, the applied bending moment
diagram, and a resistance moment that is just sufficient at each of the four load
positions. To actheve the required resistance at
number of connectors between that point and the nearest support must enable

sufficient force to be transferred to the slab to achieve the required resistance
With a heavy point load clos¢éo the support, it may not be possible to
accommodate the required number of studs over that short length.
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/ Number of connectors between load points

P P P P
N1 i N2 l N3 i i
AN A
Total No. of connectors
‘k Ni = (N1+N2) >i / Intermediate Applied load (M)
. A load point / Steel section

' resistance
moment
(Ms)

M( MR)

L

\ Resistance moment
envelope (MRr)

Figure 5.11 Shear connector distribution for beams subject to point
loading

5.3.3 Degree of shear connection

The maximum longitudinal she#orce that is required tosbeytransterredyfrom the

steel to the concrete is the lesser of the compressive forge te cause concrete
crushing, and the force that would cause yielding, of theisteel section in tension. If
sufficient shear connectors can be pded to transfer this ferce, the full plastic
resistance moment of the composite section,can be achieved. This is known as
providing o6full shear cennectiond (somet

oParti al shear _e on'mecithifesver 8hear eohnectoss are 0 s i t
provided. In this case, the stres§ block ‘methedyused for calculating the resistance
moment (see Section 5.2.1)-mustybe”modified to take into account the reduced
longitudinal force that can be transferred. The use of pantedaction often results

in improved economy, eSpecially wheresthe number of shear connectors is limited

by the spacing of the ibs,in the decking:

Deformation of the shearconnectors allows slip between the concrete and the steel
section. This slip is ze at the peint of maximum bending moment (often at-mid
span) and.inereases towards the supports; the longer the beam span, the greater the
slip at theysupportisy Forgpartial shear connection, because there are fewer shear
connectors, thereawill be"moregsfor a given load than with full shear connection.
Togavoid any adverse effects arising from excessive slip, a minimum limit to the
degree of shear“eonnection is specified in BS EN 1994and BS 595,

although thewules differ between them slightly.

Eurtherguidance on the degree of shear connection can be found in R 266

5.4 Further reading

The references given below relate particularly to beam desiga Section 4.5 for
additional design guidance related more to slabs. (For information barsand
publishers, see Section 8, References.)

Interfaces: Design of steel framed buildings for service integrz@ﬁaﬁdgsl

This design guide outlines the various services that have to be integrated into the
floor zone of a building and illustratd®ow this may be achieved with several
different structural steel floor framing systems, many of which incorporate
composite floors.
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Designeros guild® to BS EN 1994

This guide provides the detailed background to the clauses to Eurocode 4. It
includes many worked examples that show the application of the individual
clauses. It is a standard reference for designers of composite beams to ECA4.

Commentary on BS 5950: Part 3: Section 3.1 Composite b(e'm718546]

This is a comprehensive guide thpabvides the background to the clauses in the
BS 59503. It discusses the relevant research, and includes a worked example of
the design of a composite beam. It is an essential reference for designers of
composite beams in the UK.

Design of beams with lge web openings for servicé&BSS)[so]

This guide provides a design method for both composite andaraposite heams
with web openings. A model for the complex force distribution around anyopening
is explained, from which a simplified method for stiied and wstiffeped
openings is derived. Guidance on the positioning and size of openings is included.

P354: Design of floors for vibration: A new approa(tE?B54551]

This guide examines the theoretical aspects of vibrations iy buildings®caused by
pele walking. It shows how floors may be analysed fortheir dynamic sensitivity,
and suggests acceptance criteria for the floor response.

Fire protection for structural steel in buildings (4th Editi{?ﬂb

This publication explains the basic aspects,oé firoteetiompand fire protection
appraisal procedures. It gives application‘details for most of the products available,
and protection thickness required “for, different,.beam and column exposure
conditions. This is the standardddesignyreference for fireegion of structural
steel.

Structural fire design: Offite applied thin film intumescent coatinggd(édition)

(P160P°!

This publication desecribes,the design and specification issues relating-gibeoff

applied thin film, intumescent ceatings. Amnxaenple of a calculation for the

deter mignatiwon 9f the coating thickness f
Specification,is alsodincluded.

Managing censtruction,for health and safe@onstruction (Design and
Mapagement)‘Regulations, 2007. Apprb@ode of Practice L144 (ACo[fH)
This,document centains the Regulations themselves, together with an explanatory
commentary, for each requirement. It is an essential source document.

P478: Design for constructio(rPl?SBGl]

This™guide highlights the ffcts of basic design decisions on the overall
buildability and cost of a building. It is aimed at engineers primarily, but has a
relevance to all those having a design input. It includes a section on the 1994 CDM
Regulations.

Advisory Desk

The following 60Advi sory D e s khy theiSCléenNew, Stegp u b | i s he
Construction and on the SCI Steelbiz web site furtivevw.steelbiz.org, provide
information relevant to this Section:

AD 174, Shear connection along composite edge b®ahis note outline a
method for checking the bending resistance of composite edge beams in existing
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buildings where the shear connectors have not been properly fixed, or the
transverse reinforcement has been omitted.

AD 175, Diaphragm action of steel decking duringnstructiorf’ln. A method is given
in this note for checking the adequacy of the decking to stabilise the structure by
providing diaphragm action. Fixing requirements are given.

AD 192, Transverse reinforcement in composit@éramkss]. A detailed descripon

of the principles of longitudinal shear, and the role of transverse reinforcement, is
given in this note. The background to the relevant clauses in BS-3%%9%0
explained.

AD 266, Shear connection in composite beRfs This note discusses the kmar

effective breadth rules, the minimum degree of shear connection “fules and
transverse reinforcement calculations.
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6 CONSTRUCTION PRACTICE -
CONCRETE

This Section provides information conceg good practice in relation to the site
activities associated with the procurement, placement and finishing-sifuin
concrete. It is aimed at all personnel involved in the site activities. Guidance on
concrete mix design is included, but guidance isgien on access requirements

for concrete mixers, checking of concrete delivery notes etc. These issues are
considered to be general site practice, and not appropriate for inclusion in a guide
on composite construction.

6.1 Concrete supply

Concrete supplis normally the responsibility of the Main Contracter, who should
make sure that it is specified, supplied and assessed in accerdance, with BS 8500
117 to meet the strength grade specified by the Structuralbesigner,Basic details
for some typical concte mixes are given in Table 6.1.

Table 6.1  Concrete specifications (extracteddrom BS 8500)

Aggregate Type Normal weight Lightweight

Strength class C25/30 C28/35 (C32/40 @35/45, C40/50 “HLC25/28 LC28/31 LC32/35

Maximum water

. 0.65 0.60 0.55 0:50 0.45 0.65 0.60 0.55
cement ratio
Minimum cement

3 260 280 300 320 340 260 280 300
content (kg/m™)

Notes:

1. BS 8500-1 does not give universal relationships-between strength class and water cement ratio and
minimum cement content, The relationshipsidepends upon the exposure class and cement types
used. The relationships shown in‘table 6.1 are‘those given in BS 8500-1 for XC exposure
conditions. Other strengthielasS/watercement ratio/cement content relationships are listed in BS
8500-1 for othefie@xposure conditions.

2. The minim@micement contentstlisted are for 20 mm aggregate. Generally minimum cement
contents weuld need tojbe increased by 20 kg/m3 for 14 mm aggregate and 40 kg/m3 for 10
mm aggregate

To“ensurethe quality control of the concrete mix, it should be obtained from a
plant providing concrete in accordance with an approved quality assurance scheme.

Aggregate types and size
Most composite slabs are constructed with a normal aggregate, but lidittweig
aggregate is available.

When normal concrete is specified, the maximum size of the aggregate needs to be
limited to ensure that the concrete may be placed easily into the decking ribs and
between the reinforcing bars.

The nominal dimension of the lagt aggregate, which has an angular nature,
should not exceed the smallest of the following limits (see Figure 6.1).

40% of the concrete cover above the ribs.

The average width of the decking ribs (trapezoidal decking).
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One third of the minimumilb width (dovetail decking).

It is recommended that 20 mm aggregate is used whenever possible. When smaller
aggregates are used, the required cement content will increase, and the shrinkage
performance of the concrete will be adversely affected.

With lightweight concrete, aggregate size is not a problem because of the small
rounded nature of the pellets.

Average
trough width

Height of A
concrete
above ribs ¥

a) Open profile

Minimum
trough width

>

Height of A L
concrete s
above ribs ¥ <

b) Dovetail (re-entrant) profile

Figure 6.1 Nominal cross-seetionahdimensions used to determine
maximum canctete ‘aggregatessize

Consistence

To ensure that the“eoncreteyis sufficiently workable to allow it to be pumped with
the correct flow, and todachievedadequatmgaction around the reinforcement, in
the troughs_of the decking and around the steel beams in slim floors, a minimum
consistence class of S3 should be specified in line with BS-8500

Concrete mixes“with low consistence should not be used as thigadrmlore
readily,to"heaping of the concrete and overloading of the steel deck.

62 Placing concrete

6.2.1 Preparation

Prior to beginning work on the decking, guard rails should be in position at all
perimeters, internal edges and voids. The positions yiesps (and back props)
should be checked against the details shown on the decking layout drawings to
ensure that the required support has been provided.

Cleaning the decking

The surface of the decking should be reasonably free of dirt, oil, etc.tprior
concreting. The slight surface grease that is present on the decking when it is
delivered to site does not affect the interaction between the concrete and steel,
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and therefore need not be removed. Though recommended, it is not essential to
cleanout all the broken ceramic ferrules from stud welding.

Construction joints

Typical pour sizes are up to 1006/day, although there is no technical limitation

to the area that may be concreted. Where the limits of the pour do not coincide with
permanenslab edges, construction joints (day joints) are used to define the extent
of the pour.

Where possible, the construction joints should be located close to butt joints in the
decking. For conventional composite beams, it is preferable to create thevjoint t
one side of the line of the shear connectors, to ensure sound concrete around the
studs. This does not affect the resistance of the shear connectors. If thegconstruction
joint cannot be made near a butt joint, it is suggested that no more th#rirdiod

the decking span from a butt joint should be left unpoured, as shown in“kigure 6.2.
Concreting should not be stopped within a sheet length with,more than this left
unpoured because excessive deflections might occur whenytheyloads on a
continuous deckingheet are not balanced either side of the intermediate stipport
beam.

Concrete Construction joint Construction joint ELSCk
| \ preferred position alternative position joint
= o, av T, A og A swe o & o= ] ]
[ |
| I / T T
Deck
= =ty
\ %/g max
Intermediate deckin - Span
supports ™= -

Figure 6.2 Recommended positionsfor construction joints in the
concrete slab

Stop ends, usually i theyfarm ofitimber or plastic inserts, are used to create the
construction joints.“As with*all the, joints and ends of the decking, they should be
checked for potentigroutloss.

A constructionyjoint will form a discontinuity in the slab, so it is important that
continuity reinforcementdis provided across the joint. When fibre reinforcement is
usedgmcontinuity remforcement in the form of conventional reinforcing bara

strip, of ‘steel fabric will be required at construction joints. The decking supplier
should ey consulted regarding the continuity reinforcement required in fibre
reinforced slabs. The occurrence of cracking in the concrete adjacent to day joints
is normal, and does not affect the structural performance. If the size of the crack at
the construction joint is important, e.g. when brittle finishes are being used, the
reinferecement should be sized to control the crack width by the structural designer.
Alternatively, there are commercial systems for decoupling brittle finishes from the
underlying composite concrete slab, and guidance on their use should be sought
from the supplier.

Bar and fabric (mesh) reinforcement

All bar/fabric reinforcement should bproperly supported so that it does not

become displaced during concreting. Plastic stools, loops or preformed fabric may

be used as o6chairso, but not plastic ch
should be robust, because operatives will need tothmsefloor as a working

platform for themselves and their equipment. In particular, the handling
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and movement of concretflled pipes during pumping can cause significant local
impacts on the fabric reinforcement. Although a slight depressioro (Lp mm) of

the fabric may occur during concreting, the performance of the slab is not affected
significantly by this. An example of a floor with the reinforcement in place and
ready for casting is shown in Figure 6.3.

Figure 6.3 Decking and fabric rei
concrete

The reinforcement tha ee hould be checked against the slab
reinforcement drawin [ g on should be given to checking any
additional bar rei 1 amy be needed around openings, across

& floors, as shown in Figure 6.4. When using a fibre
ation, it is still general practice to uskats on composite edge
einforcement around openings in the slab, and fabric or bar

support. When preparing for concreting, the site team should ensure that
bars/fabric are present.

rout loss

The decking joints should be closely butted and expbs ends shoul d be
with proprietary filler pieces to avoid grout loss. Gaps greater than 5 mm should be
sealed, but gaps smaller than this do not need any special provision normally.
Small gaps may be spréijled with expanding polyurethane foam.
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es, to avoid excessive
rete top seisalt then tend to

Mass flood technique

Where a o0 S technique of castin
whole floor levelle a dat is used, considerably more concrete will be
needecdand thic s will'result,from deflections of the steelwork and decking.
Levelling to a fixed da should not be adopted without first confirming with the
Struc esigner that the extra weigt

Tamping rails
Tamping rails should be placed clo th
deflection during concreting. Th e c
reflect the deflected shape of th ams.

I 0

Id be well compacted, particularly near and around any shear
. This can be done using a vibrating beam, which will require adequate

both ends, or by an immersion poker vibrator. Hand tampirag is
ended as a way of compacting the concrete.

Concrete can be placed when the air temperature is 5°C or above. In cold weather,
ay be necessary to make provision to maintain this temperature during at least
part of the curing period (see below)

Concrete pumping

Pumping has become the normal way of placing concrete, and can be adopted for

both normal and lightweight aggregate mixes. Flow rates in the order of 0.5%0 1 m

of concrete per minute can be achieved, although, clearly, the longemtipelines

and the higher the concrete is to be pumped, the slower the operation. A pump can
normally o6lifté the concrete up to 30 m
levels, may be necessary for higher lifts.
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Pump lines are normally 150 mm diameter and are assembled in segments.
Because the force exerted at bends can be significant, straight line pumping is
preferred. The lines should be supported on timber blocks at intervals of 2 to 3 m.
Resetting of pump lines is required at frequemérivals as the pour progresses.
This means that the outlet pipe should be moved frequently and carefully so that
concrete heaping is minimised. A minimum of two operatives are necessary for this
operation, one to hold and manoeuvre the outlet pipe, trex tdhshovel away
excess concrete. No more than 4 workmen should be present around the pipe outlet
during pumping, because of the potential for overloading the decking. The concrete
should not be dropped from the outlet pipe onto the decking from a lodigiure

than about 1 m.

Any low quality concrete (the first part of each lorry load, or after flushing out
pipeline blockages) should be discarded.

Skip and barrow

Ideally, concrete should always be placed by pump, but therewwill"be occasions
when smallareas need to be concreted where placing by ‘pump s, not, practical.
Considerable care is needed if a skip and barrows aremte, beyused,yto ensure the
decking is not overloaded. It would be preferable to discharge concrete into
barrows on previously constrect areas, to avoid concrete beingy discharged
directly from a skip onto decking. Placing concrete from asskip hung from a crane
may be difficult because of obstructions from, beams, and deeking at higher floor
levels. However, despite being time consumin@g@pess rates rarely exceed 5m

per hour), it is sometimes efficient to use the skip and,barrow technique for small
infill bays.

Skips should have a means of ¢ontrolling, thesrate of discharge, and should not be
discharged from more thang,0.5%mefres “abave decking or barrow. When
discharging into a barrow, the barrow:should be supported by thick (30 mm) boards
covering a 2 m by 2 m area, opbya.finished part of the slab. Either provision limits
impact loads. Barrows4should “be rum over thick boards placedhe fabric
reinforcement, whigh should be supported locally.

Testing

The concréte'should normally be tested in accordance with the requirements of BS
EN 12350852 1) At feastPtwo cubes will need to be taken from every 20 m
delivered and'batched, two cubes per day if the quantity used that day is less
thdn 204M. The'eubes are crushed at 28 days, and the average of the two cubes
strengthSabecomes the individual 28 day result for the batch sampled. Additional
cubes may bestaken for testing at 7 gJayr other ages, for the determination of
early Strengths.

6.2°8«" Finishing, curing and drying

The concrete surface finish is normally specified by the Structural Designer
(Section 4.2.1). If poweiloating is to be carried out, this should be done witii
3 hours of casting. This allows time for the concrete to sufficiently harden.

Experience shows that there is a high risk that well trowelled surfaces will exhibit
crazind64]. Crazing is the term used to describe an irregular polygonal pattern of
fine interconnected cracks which often occur on power trowelled concrete surfaces.
Crazing should not be considered a defect and it generally has no adverse effect on
the performance of the floor surface.
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Although concrete normally gains strength tielly quickly, it is necessary to

keep temperatures above 5°C for at least 3 days after pouring. When concreting
during the winter months, loss of heat, such as by radiation from the lower surface

of the decking at night, can be significant. It may thembcessary to use space

heaters to maintain the temperature. Some heat is generated during setting, or
6hydrationd, of the concrete (this raise

The moisture in the concrete should not be allowed to evaporateatdy

otherwise the surface may lose its integrity, forming dust and possibly cracking,

and it will not have a good abrasion resistance. The slab therefore needs to be
6curedd by covering the surface with pol
on the weather (this is particularly important in warm or windy weather).
Alternatively, the concrete may be sprayed with a proprietary curing compound.

Because the concrete is only exposed on one surface of a compaosite floor,"it, can
take longer than a trdwbnal reinforced concrete slab to dryheut. The “preferred
method of checking the moisture content of the slab isgthe ihsulated, hygrometer
method given in BS 823!,

6.3 Loads on the slab during and after ¢encreting

6.3.1 Loads during concreting

Loads duing concreting arise mainly fromythejyweight,of‘the operatives, concrete,
pumplines and impact forces. Loads to,bettaken,into account for design during
concreting are specified in BS EN"198B,anthin,BS 5953, and are outlined in
Section 4.1.2. The seleight of the finished slab (typically 2 to 3 kI\F/)Tand

local loading (caused by nermal, localised heaping of the concrete) are included.
This is usually not criticabbecause, adjaeent areas of decking are unloaded, or only
partially loaded.

The followinglist,deseribes the loads that usually arise during concreting, and that
will normally have beenfalloweddfor by the Structural Designer:

A conerete gang consisting of 5 or 6 men (only 4 of whom are within 2 m of
the pump outlet):

Concrete that iswypourddom no higher than knee level above the decking (to
avold excessive impact loading).

A 150 mm, diameter pipeline full of concrete. [The weight of the line should
beyadequately spread across the decking by using suitable timbers to avoid
local damage to thdeck.]

A'cone of heaped concrete of approximately 0.2 m height and 1 m base. It will
have been assumed that the pump line outlet will be moved frequently to
avoid excessive heaping (or, if a skip is used, the discharge will be carefully
controlled).

Additional concrete may be placed because of deflections of both the decking and

the steel frame, particularly i f the sl a
Structural Designer must be consulted to confirm whether the resultant increased

loads hae been allowed for in the design. Levelling the top of slab to achieve a

uni form thickness, rather than a o0l evel d
this problem.

81



6.3.2 Construction loads after concreting

Construction loads are often applito the slab soon after concreting. Examples of
commonly occurring loads are bags of fire protection, skips of debris, pallets of
blocks and other equipment. If these loads are no more than 1.5 (Nena 3 m

by 3 m area), the construction load usethim design of the decking, then the slab

is clearly not overloaded (provided there is no additional, unforeseen load due to

6ponding6) . For |l oads above this, the ¢
Props should not be removed, nor additionadk applied, until the concrete has
reached 75% of its design strength, as
tests. If the slab is to be loaded before 28 days after concreting, its strength at the
time of loading needs to be established (posdiyytesting cubes or cylinders
early), and an effective O0design strengt

The following list gives examples of typical construction loads. Iltems aresassumed
to be placed on pallets, which should always be positiomedtly over the support
beams:

Concrete blocks: a 1 m high pallet of blocks appliesya load up.te 162kN/m

Bricks: a 1 m high pallet of bricks can exert a load of over15 RIN/m

Bags of fire protection: a bag of fire protection matetial normally weighs 2
kg. A 1 m high pallet of bags can be equivalent to,a load of 2.5%N/m

Bags of cement: bags of cement weigh 25 kg each. A standard pallet of these
weighs 1,400 kg (12 kN/f

The application of very heavy constructionyloads should always be refertkd t
Structural Designer. When cornisidering the location of such loads, it is best to
position them over the beamsmwherever possible. Examples of such loads are:

Generators: welding genérators can apply@ load of 50 kN.

Fork lift trucks: fork lift trucksean exert @load up to 100 kN, not
including their“live load In general, vehicles with axle weights abc
3 tonnes shioulc bed usetonly if the slab has been designed/chel
specificallyfor that purpose.

Crane counterweights: each counter \ieig marked clearly with the value
of its weight:

Mohile access platforms: The potential loading imposed by any mobile access
platforms used to install services, finishes, etc should be checked.

A procedure for checking the adequacy of the slab to supeavy point loads,
sueh as the wheel loads from forklift trucks, is given in ADM%0

Care is needed if a composite floor is to be used in situations where there could be
frequent vehicle movements. Designing such floors just for uniformly distdbut
loads may not be satisfactory. The fatigue effects of the repeated dynamic loading
from vehicles on the slab and supporting beams must be considered by the
Structural Designer. The suitability of the floor design (beams and slab) for
dynamic loading frm vehicles should be checked.

Where the concrete is to be used as a wearing surface, or where bonded finishes are

specified, the concrete surface should be protected from oil spillage and damage
from moving plant.
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6.4 Further reading

The referencesigen below relate particularly to this Section. (For information on
authors and publishers, see Section 8, References.)

ACIFC and Concrete Society Good Concrete Guide NaC&mposite concrete
slabs on steel deckirigGuidance on construction and assdeiidesign
consideration&®!

This Guide is intended to provide an overview of the factors which should be
considered in the design of composite slabs with steel decking.

Concrete Society Technical Report No.34, 198éncrete industrial ground
floors*®,

This document provides comprehensive guidance on the design, specification,
construction and finishing of industrial concrete ground floors. The gdidance on
concrete quality requirements for durability, and on finishing procedures, iS:also
relevant tosuspended composite slabs.

Concrete Advisory Service Data Sheets

These are produced and published by The Concrete Advisary Service,a subsidiary
of the Concrete Society. They provide theoretical and\practical advice on matters
pertaining to concrete. Etsheets referred to in thissSection,are:

No0.8, 1997 Crazing: power trowelled concretexloor. si8fs

No.14, 1997 Cracking in composite congrete/corrugated metal decking floor
slab&®

The manual and advisory safety cade ‘of practice forconcrete pglﬁ{bi
This a specialist guide for concréte pumping contractors which covers in detail both
the theoretical and practical sides ofypumping,concrete.

Guide to steel erection in'windy: conditiShs

This guide provides advige to,designers concerningfteetef wind on steelwork
during erection. Itfalso explains the role of management and supervision in
controlling work'"as ‘wind’ freshens, as well as giving comparative information
concerning weather foreeasts that might be used to plan steel erection.

Guide to the ‘erectien offmulitorey building$”!

This'doeument’is,a code of practice for Steelwork Contractors erecting multi
storey steeframed buildings. The principles included also apply to figé
struetures generally. The code also providedance to Clients, CDM eo
ordinatorsyPrincipal Contractors and Designers. It describes the management
procedures and methods to be adopted when draftin@eieprojecspecific

Erection Method Statements. The document contains advice on the safetg aspe
of site management; site preparation; delivery, stacking and storage of materials;
structural stability; holding down and locating arrangements for columns; lifting
and handling; and interconnection of components.

Good construction practice for compbtesslabgo]
This document covers much of the information included in the current guide, but
has a bias towards the European market.

National structural steelwork specification for building construdfithn
This is the i ndus tyofworkmanskipradsaciate@dwittf tteer t h e
fabrication and erection of steel framed buildings and will often form one of
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the contract documents. It includes procedures for shear stud welding and testing.

Health and Safety Executive Guidance Note GS28& erection of structuréd

This publication relates to the 1994 CDM Regulations and is currently withdrawn,
but an update is awaited. It is expected to provide essential information on safety
from the initial planning stage through to site managemaedtprocedures, and will

help users interpret the Regulations more readily.

Health and Safety in Construction HS(G)&@O

This is a comprehensive guide giving practical advice for achieving healthy and
safe construction sites. It helps to identify mamgmmon hazards and explains
control measures. It also deals with planning and management issues, including
risk assessment and the Method Statement. It is an essential reference.
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/7 SLIM FLOOR CONSTRUCTION

This Section describes slim floor construction and outlines its benefits. Aspects of

design that differ from those of Otradit

in Sections 4and 5) are highlighted. The construction process is desesbark
typical construction details. The guidance is aimed at both design and construction
personnel.

Boxes are used to highlight issues of good practice in design, or things that the
designer should be aware of. They are also used to highlight idssafety during
construction.

7.1 Introduction

Slim floor is a generic term used to describe a form of genstruction, where the
supporting beams are contained within the depth of the cenerete, slabd This is
achieved by supporting the slab off the bottom flangfethe beamsyAlthaugh this
concept is not new, it has been significantly refined in “tecent years, with
considerable development work undertaken in the UK by, Corus (formerly, British
Steel). This work led t&slimdekconstruction, adorm of slimyfloer cetruction

using hot rolled beams together with compe@site“slabs using deep decking. Older
forms of slim floor construction, using precast concrete planks to form the slab, are
less effective in a number of ways (such'as ease of service integration), ant are
considered in this document.

Slim floor construction using ‘deep .deeking“is suitable for building layouts
requiring the decking, and subsequently the, slab, to span up to 9 m. For typical
applications, spans vary between 5.5 and 6.5 m, and the gleldes not need
propping during construction.4Thisyspanning capability means that secondary
beams are not normally needed.

The role and stfuctural dehaviour of deep decking are similar to those of shallow
decking (Section, 4),.except that the compositéstasce of the slab needs to be
enhanceddyreinfarcing bass located in the decking troughs.

A range of beam sections is available (Section 7.1.2). Some of these sections can
achieveycomposite interaction with the slab as a result of the shear bond at the
interface between‘the steel and concrete components, with no need for additional
shear connecters.

%.1.1 ' Benefits

The benefits of composite construction listed in Section 1.1 all apply to slim floor
construction using steel decking. It is particularlgnéficial in providing the
following:

Shallow floor depth. This may lead to savings in cladding cost, or help to meet
overall building height restrictions.

Ease of service integration. There is a potential to accommodate the services
within the slab dept (between the ribs of the decking).

Inherent fire resistance. A fire resistance of 60 minutes can be achieved
without fire protection.
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7.1.2 Slim floor components and systems

The most recent slim floor development produced by Corus iSliimeld system.
This system compriseSlimflor beams andComFlor 225 deep decking. Three
different types ofSlimflor beam are produced&limflor Fabricated Beams (SFB),
Asymmetric Slimflor Beams (ASB), and Rectangular Hollo®imflor Beams
(RHSFB).

Slimflor Beams

A Slimflor Fabricated Beam consists of a Universal Column section with a wide

flange plate welded to its underside. This plate supports the slab. Sections ranging

from 152 mm to 356 mm nominal depth may be used. Shear connectors can be
fixed to the topflange of the beam to achieve composite interaction with the slab.
Thin gauge closure pieces, knownHas O6end
to stiffen the ends of the decking (particularly during concreting), andwto form the
concrete around theFB. This type of construction is shown in Figute 7.1.

An AsymmetricSlimflor Beam is a hot rolled section with a narfewentopaflange
than bottom flange. The slab is supported off the uppertsurface of the bottom
flange. Composite interaction can be, anodually is,\ achievedyby partial
encasement of the section (see Section 7.2.2). Two types of ASB are produced by
Corus, one of which has a thicker web. The thicker web type, known as ASB(FE),
can be used without fire protection for up to60minutes fisestance. In total, ten
different ASB sections are produced by coris, ranging from a 280 ASB 74

(272 mm deep, 74 kg/m) to a 300 ASB, (FE) 249 (340 mm deep, 249 kg/m)).
Construction using an ASB is shownfimEigute 792,

A Rectangular HollowSlimflor Beam is fabricated from a rectangular hollow
section with a flange plate welded tayits lowerface. These beams are more efficient
than either SFBs or ASBs inesisting‘unbalanced loading, and so are ideal for use
at the edges of a buildifig. Composite,int@taccan be achieved by welding studs

to the upper flange @Ptheyhollow section. Hollow sections up to 500 mm deep may
be used, with typical sizes“ranging from 200 mm to 300 mm depth. Construction
using a RHSFBfIs shown'in Figure 7.3.

Figure 7.1 SFB with deep decking (non-composite beam)
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Figure 7.2 ASB with deep decking (composite beam)

Figure 7.3 RHSFB with deep decking (nen-eompositedbeam)

ComFlor 225 deep decking

The ComFlor 225 profile & the mest tecent fosm of deep decking, and it may be
used with any of the beam types described’ above. Its-seatign is illustrated in
Figure 7.4; the profile inCludes provisien for special attachment points for services
and/or a suspended ceilingd Aitcout is included at the top of each rib to ease
concrete placementiaroundithe beams. The decking is produced in 600 mm wide
units, normally’ from 1325 mmathick grade S350 galvanized steel. Typical floor
construction.usingomFlor225 decking is shown iRigure 7.5.

600
100 . 400
| » 238 S|

\ ) L |
hanger/ (typical

detail)

=

v

30

195

Figure 7.4 Cross-section of ComFlor 225 deep decking profile,
showing a typical service attachment detail.
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' Y
Figure 7.5 View of Slimflar construction using ComFlor 225 decking.

7.2 n

methads the design of all the components irBlinedeksystem are
in References 75, 76 and 77, as well as being summarise€anuthe
a4 Design software for the beams and deck8ign Floor Integrated
are i SiDs® [ 78 ], is available from Corus at

sconstruction.com. The software designs and analyses flooring solutions
g/ both Slimflo® Fabrcated Beams (SFB) and Asymmetftimflor Beams

(ASBY:

ere are two distinct stages for which the elements dBlihmleksystem must be
designed. The first is the construction stage, during which the beams and decking
support the loads as n@ompositesections. The second is the final stage, during
which the decking and concrete act together compositely, as do (generally) the
ASBs and slab. SFBs and RHSFBs will act compositely if shear studs have been
provided. A summary of the key design considerationdoth of these stages is
given below.
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The sequence of design activities generally follows that given in Figure 2.1. The
following two points should be noted:

Consideration of the required spans will allow the depth of the beams to be
estimatel.

Consideration of the required fire resistance will allow the depth of slab to be
estimated, as a function of the cover required for the beams and the decking.

Having established these scheme design parameters, detailed design of the beams
and slab ca be undertaken. The following slab depths should be considered as
typical:

280 ASB sections ~ 29820 mm deep slab
300 ASB sections ~ 31340 mm deep slab.

These depths will enable adequate cover to the ASB for it to actieompositely with
the slab. For BBs a greater range of slab depths may be considered forda given
depth of beam; the slab depth requirement will depend/nwhether shear studs must
be accommodated to make the SFB act compositely.

7.2.1 Construction stage
Beam design

Design of the beamat the construction stage is esseftially the same as for
conventional steel beams. It may control the size of the beam whendervice

imposed loads are small. The onegsignifieantidiiference arises from the fact that in
Slimdekconstruction the bottorflange (or flangesplate) is loaded by the weight of

the wet concrete and construetionioads. The flange (or plate) must be designed to
carry this l@Qadimg in oOtransversed bendi
part of the beam section

Out-of-bdance loading fram«ne Side during construction results in torsion being
applied to the beamyThis iskesisted by the beam and its end connections.
Two load conditiensghould be considered:

uniformly distributed load on one side of the beam, causingmuaritorsion
in the beam

uniformly distributed load over the entire supported area, causing maximum
bending moment in the beam.

Check that the steel beam size chosen is capable of supporting the wet weight
of the concrete, and other construction loads, in its non-composite state.

Check for the worst case combination| of 6tr
Loading on one side of the beam only will often dictate the required section
size.

Decking design

In addition to considering the self whigof the slab, the design of the deep
decking should take into account temporary construction loads. It is recommended
that the construction loads specified in the Eurocodes are used for the design of
deep decking, and not those specified in BS 595@hich are considered unduly
onerous for long span decking. The specified loads are the
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same as for shallow decking, and are explained in detail in Section 4.1.2. They

include a 3 m length construction load of 1.5 kRl/mvhich may be placed

anywhere fothe most onerous effect, and adjacent loads of 0.75%N/m

The effect of concrete ponding should be taken into account (by increasing the self
weight of the slab) if the deflection under self weight alone exceeds the lesser of

span/180 or 20 mm.

If temporary props are used to support the decking during construction, the 3 m

length construction load of 1.5 kNnshould be applied in the most onerous

positions for the prop and the decking design, although, for design simplicity, a
constant load could beoonsi dered across the span f o

conditions.

It is likely that deep decking will require propping during constructien 'f it is
required to span more than about 6.5 m. The precise limit depends on<whether
lightweight or normal weight awrete is used. The spacing“ef the propsais
governed by the ability of the decking to resist combined bendingiandishear in the
hogging (negative) moment regions over the lines of props. Iths fecommended that
the spacing between the props should be religtislose, so thatyjocal loadsydo not
cause damage to the decking (2.5 m to 3.5 m spacing depending on,the sldb weight

& ]) A 100 mm wide by at least 40 mm thickgimber bearer should be used to

distribute the load at these points.

The nominal end beary of the sheets should be speeifiedyas 50 mm. The flange

widths are such that this bearing can be aghieved, whilst'still allowing the sheets to

be dropped verticCal RyWwismto position (i .
the top and bottom flanged).should be neteththat a nominal bearing length of 50

mm has been justifigd‘] by recentitesting (earlier publications suggested that 75

mm was necessary).

It is not necessary for the deep decking to be designed to support 1.5 kN/m?
overitsentir e s pan. Hal f this value may be
although when the slab is propped it may be prudent to design for a constant
1.5 kN/m?.
Allow for increased self weight due to concrete ponding when deflections are
substantial.

Specify an end bearing length of 50 mm. Any less would be insufficient to
achieve the necessary resistance to local loading, any more would make the
decking sheets more difficult to drop into position.

¥.2.2 \\Final stage
Beamidesign

consid

ASBs will in most cases beedigned to act compositely in the final stage.
Composite action is developed by the shear bond between the steel and concrete
around the beam, and this is enhanced by the raised pattern rolled into the top
surface of the beam. The bond is sufficient tasBathe minimum degree of shear
connection required by BS 5980 Only in unusual cases, for example when there

is less than 30 mm concrete cover over the top flange, will aamposite design

be necessary. This will mean that section sizes may hawe ittcreased for given

span and loading requirements.
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SFBs may be designed either rompositely or compositely. Composite action
can be achieved by the use of shear studs welded to the top flange. These studs are
usually 19 mm diameter and 70maswelded height.

RHSFB edge beams may be designed eithercoampositely or compositely. As
for SFBs, composite action can be achi e
welded to the top flange. Sufficient transverse reinforcement looped around the

shar connectors is required in order to transfer the shear force into tH& slab

For ASBs, SFBs and RHSFBs, the minimum concrete cover required for the beams
depends on the beam size, exposure conditions, the concrete specification and
composite interain is required.

The plastic stress blocks assumed when calculating the moment resistance of a
composite ASB section are shown in Figure 7.6. The resistance“model for a
composite SFB or RHSFB is basfGcal™fy the
bean (Section 5.2.1), with a requirement to consider the abilityhof the shear studs

to transfer the envisaged longitudinal force.

Effective breadth of slab Be

0.85fck /u
1 / ﬁWP@P’f}V /9% <
D /
T T '%ua_tlu_ N 4 'é ¢ YS

T eutral- +— - - —— -~ — - P~y

. My axis | yal a

I I d

| I

| |

| I

l |

| |

fyala

Plastic.neutral axis Cross sectional stresses
in‘web below'slab in composite section

Figure 7.6 Assumedistress blocks,for ASB design (using BS
EN 1994-1-1 notation)

For edge‘beams, onbeams adjacent to openings in the slatf;b@lénce loading
occurs during¢beth the construction and final stages. This may be taken into
acecount by a rigorous analysis combining the longitudinal bending effects with the
torsienal effects. Aymethod is presented in Reference 79.

If possible, sufficient concrete cover should be provided to allow composite
interaction between the beams and slab. This will generally allow the beam
sizes to be reduced.

Slab design
The design of composite slabs using deep decking differs from that for shallow
deding (Section 4.2) in the following ways:

The ultimate load resistance of the slab is increased by placing bar
reinforcement in the troughs of the decking. The benefit of these bars is

P

considered in both the énor mal 6 and fi

The slab depth ay need to be chosen not only to satisfy the structural,
durability and fire resistance requirements of the slab itself (see
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Sections 4.2.3, 4.2.4 and 4.2.5), but also to provide appropriate cover over
composite beam sections (Section 7.2.2).

Thereinforcing bars in the troughs of the decking provide additional tensile area to
that provided by the decking, and thus enhance the bending resistance of the
composite slab (Figure 7.7). Diameters range from 16 mm to 32 mm, depending on
the span and fireesistance requirements.

Straight bars may be used to achieve 60 minutes fire resistance (provided that shear
stresses are loW*. In other cases, L bars (see Figure 7.8) should be used to
provide sufficient end anchorage in fire conditions. Detaililgs are summarised

in Table 7.1 and Figure 7.8.

wo | L L]

Congrete in
compression

Vertical
[ ][ Longitudinal

reaction [ ]| shear bond

Tensjen in
deckingyand
/‘(\ bar reinforcement
Slip between
P Bar reinforcement S_tre_ss .
deck and concrete distribution

Figure 7.7 Action of composite slab with reinforcementdn ribs

Table 7.1  Detailing requirements, fordeep, composite slabs

Fife Resistance (min)

Detailing Requirement

06,0 90 120
Minimum bar dia (mm)
- unpropped 16 20 25
- propped 20 25 32
Cover to bat (mm) 70 20 120
Bar type Straight L-bar L-bar
Mindabrie,in topping A142 A193 A252

The minimameanchorage details depend on the level of applied shear and the diameter of the main
reinfarcing bars inithe rib, which in turn depends on the fire resistance period and whether or not the
slab is‘propped. For 60 minutes fire resistance, when the level of applied shear is less than 0.5 times
the available shear resistance, straight bars may be used without extra anchorage bars - in accordance
with BS 8110-1:2005[301, clause 3.12.9.4. However, anchorage bars are recommended even for low
valuesyofapplied shear at 90 and 120 minutes fire resistance periods.

For more details see Reference 74.
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Figure 7.8 Detailing of bar reinforcement in slabs (need for L bars
depends on level of shear stress)

Additional reinforcement may be required tdfif the following roles:
Transverse reinforcement adjacent to shear connectors.
U-bars at composite edge beams.

Additional crack control reinforcement (see below).
Strengthening around openings.

Strengthening at positions of concentrated loads.

One of the principal considerations goverfiing the' choice of slab depth is the
required fire resistance period. Minimum depths areygiven in Tablé' 722 a
function of the concrete type and fire resistance, required.

Table 7.2 Minimum concrete depth above deeking for adequate fire

insulation
Concrete Depth Above
Decking (mm) Note: Depths given are the
. ) . Normal Rightweight minimum for fire insulation
Fire Resistance (min§S) conXete concrete purposes. Greater thicknesses
may be required for spanning

60 70 60 capability, or to achieve

90 80 70 adequate beam cover.

120 90 80

The slab depthymay also be governed by structural resistance requirements.
However, as for shallow decking (Section 4.2.3), the performance ahposite
slalyusing deep decking can only be accurately determined by testing. Detailed
designyprocedures have been developed based on approprié%ﬂ,taat!; should

be used to determine the depth of slab needed to satisfy structural requirements.

It,is normal for some cracking to occur in the slab over the beams. These cracks run
parallel with the beams and are not detrimental to the structural behaviour of the
slab. They may be controlled by fabric reinforcement provided across the tops of
the beamsGuidance on the detailing of reinforcement to control cracking may be
found in the Coruslimdekmanual™.

93



7.2.3 Service integration
There are three opportunities for service integration irstinedeksystem:

Partial integration: Major seices pass below the slab and beams and the
space between the ribs is used for small pipes and fitments, such as lighting
units. This allows for crossvers of ducts or pipes. The absence of
downstands provides for greater flexibility of service distidoutand reduces

the depth of the structwservices zone.

Full integration: Circular or elongated openings formed in the webs of the
beams for ducts and pipes located between and within the depth of the ribs to
pass through the beams. (Alternatively, shace between the ribs can act as a
duct in itself, which again continues through the openings in the beams.)

Slab penetrations: Services can pass vertically through openingsSy(up to 400
mm wide by 1 m long) in the concrete topping between ‘the ribs. “Larger
openings can be formed, but require more detailed design.

In certain areas where spans are relatively short (< 3.5 m), shallowerifloors may be
created locally, using a composite slab of 120 to 150/mm depthycomprising more
traditional decking of 50 to 66m depth. This is particulatly useful injor adjacent

to, core areas where duct crassers and horizoatal bendsyare required without
deepening the ceilinffoor zone excessively.

Web openings

Full integration of services can be achieved by pravidinghiogs through the

beam web midway between the ribs“of“the ‘deepidecking. During fabrication, an
opening (usually circular or oval)is cut i, thesweb. The same sized openings are

al so cut in tgpe Wdi aphragms t hathroight bet w
the beam and diaphragms before,theieoncrete is placed. The elements that form the
opening are shown in Figure 7%.9. Elat, aval or circular ducts may be placed inside

the sleeve and sealed externally.

P H SR T 2 St T3

<% 160 maximum =

'T\ 20 minimum
Duct Sleeve End diaphragm

Figure 7.9 Forming openings through ASB
Maximum acceptable sizes, and positions, for openings in the webs of ASBs have
been established by fidcale tests:

ASB sections:

Provide elongated openings up to 160 mm deep by 320 mgrdentrally
between the ribs over the middle half of the beam span, but not within 1500
mm from the supports.

Alternatively, provide circular openings up to 160 mm diameter, but not
within 2000 mm from the supports.
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Ensure that the base of all @pngs is 20 mm above the bottom flange,
independent of their depth. This avoids the root radius of the section and fits
the openings within the decking shape.

ASB (FE) sections:

Provide elongated openings up to 160 mm deep by 320 mm long centrally
between the ribs, but not within 450 mm from the supports.

Alternatively, provide circular openings up to 160 mm diameter.

Ensure that the base of all openings is 20 mm above the bottom flange,
independent of their depth. This avoids the root radius of ttteseand fits
the openings within the decking shape.

Detailing rules for web openings are summarised in Figure 7.10.
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Figure 7.10 Detailing rules for web openings in ASB a) maximum size of
openings b) location of openings
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Maximum acceptable sizes, and positions, for openings in the webs of SFBs have
also been established by testing. The base of all openings should be detailed
approximately 20 mm above the top of the bottom flange of the UC. Combinations
of elongated openings up160 mm deep by 240 mm long, and circular openings
up to 160 mm in diameter, may be accommodated in different parts of a span. Full
details of maximum sizes and allowable positions are given in Figure 7.11.

240

tf%: - =
End view &
a) Detailing of openings in sections Side view
D Do D 160mm 15Do
<> <> o

O 0O 0O O OO OO O

Oval openings permitted in middlg half of beam’span  Circular openings
|_permitted
[

. ol
! in rest of span 1

b) Maximum size of openings in Slimflor seetions

Figure 7.11 Detailing rules for web openingsiin SFB a) maximum size of
openings b) location‘ef openings

Web openings affect thegshear resistance, the bending resistance, and the second
moment of area of a beam. Empiricalhformulae for predicting reyisgukrties for

ASB and SFB sections, ‘as¢a funetion of the opening geometry, may be found in
Reference 74. Design allowing far openings is also included in design software
available fromCorus.

Openings{ may, alse_affect®the fire resistance of a sectioB geXtions with
openings invariably reguire fire protection to the bottom flange for 60 minutes fire
resistance (and abeve) for economic design. However, for 30 minutes fire
resistance, ASB'sections with openings do not require fire protection.

One of the major benefits of the Slimdek system is its ability to accommodate
services. Substantial web openings may be formed in the beams, but the
designer must adhere to strict empirical rules concerning the position and size
of the openings, and their influence on beam behaviour.

Openings in the slab

Provision for vertical service openings within the floor slab will necessitate careful
design and planning. The following list summarises the options that are available to
the designer (see Figure 7.12):

Openings up to 300 mm 300 mm can be accommodated anywhere in the slab
over a crest section of the deck, normally without needing additional
reinforcement.
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Openings up to 400 mm wide 1000 mm long may be taken through the
crest of theComFlor 225 decking. Additional reinforcement, which should be
designed in accordance with BS EN 1992124 (or BS 811@01), may be
required around the opening.

Openings up to 1000 mm wide 2000 mm long may be accommodated by
removing one rib (maximum) of the dec@irfixing suitable edge trims and
providing additional reinforcement to transfer forces from the discontinuous
rib. The slab should be designed as a ribbed slab in accordance with BS EN
19921-1 (or BS 8110), with the decking being used as permanent faknw
Guidance may be found in the CoslgndekManual™.

Larger openings will generally require trimming by secondary beams.

Openings required in the slab should be made using shuttering, or void
formers, and the decking cut after curinginless propdy supporte@azduring
construction or permanently trimmed.

If an opening greater than 300 mm 300 mm lies within the ‘effective,width of,slab
adjacent to a beam (L/8), the beam should be designedsasnmosite. A, close
grouping of penetrations transvetsethe span direction @f the “decking should be
treated as a single large opening.

ASB beam
| ! | beam span/16*

o R— | e |
T12 arlx 1500 long &: beam spfin/lG*SOO I Q : 20 }
5 —— | e
| | | | | I
| | | | | I
| I | | | 1
I I I : Minimum A142 mesh }
: I 1000 I I throulghout }
i i i i | i Additional top
| I | | : | reinforcement
| : | JE
' == | |
i i I i B<}‘| | /‘4 Additional bottom
|| 400 i ! I - reinforcement to
i l(—)l i i i I 1 adjacent ribs
| | | : " (by engineer)
| | | | } |
| | | | " |
i i i Opening i
| | oA ‘ o
2000
i i N | [ |5
|
| Centre-line i — } |
! of ribs ! : } |
| T | -
| | | : ‘ E
| ! | | ! |
! i I - <]_i ' ; beam span/16*
| B I
L ——
ASB beam * for composite beam design

/ Curtailed bar End diaphragm Transverse bar

ﬁ ' Edge trim \ ? 1 Edge trim
fixed as 'box’ Transverse fixed as 'box'
Temporary prop bar Temporary prop ~ Temporary prop Temporary prop
Section A - A Section B - B

Figure 7.12 Details of small and medium size openings in the slab.
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A range of possibilities exist for passing services vertically through the slab. The
designer should recognise that some of these have implications for the
permanent works design, e.g. the need to specify additional reinforcement
and/or trimming steel.

Service attachments

The ComFlor 225 decking facilitates the fixing of services and suspended ceilings.
Hangers can be used to support services running either parallel or perpendicular to
the decking span.

The new adjustable Lindapt&timdek Zixing cIip[ 81 can achieve a safe working

load of 1.0 kN per fixing. These allow service pipes to be suspended directly from
the decking between the ribs. Alternatively, shifling self-tapping screwsymay

be used to attach hangers to the decking aftezdherete has been placedybut care

is required when attaching fixings to ensure that the bond betweén the decking and
concrete is not impaired.

Service integration is covered in detail Bervice integrationy ifnthe, Slimdek
syster{§5].

7.2.4 Construction details
Ends of decking

Often, it is necessary to use part width sheets of decking, particularly at tie beams
or at slab edges. When a part width is ‘Specified, a Z'section is needed to provide
local support to the decking, as shown,in Figure,7.13) Tlisldlbe identified on

the decking layout drawing (Sectioh 3.2).

/V

Decking cut to
suit setting-out

requirement Mesh reinforcement

z
section

<

ASB bottom Tee section
flange cut from U;‘V

Figure [7.13 Z section to support edge of decking at a tie beam

Slab edges
There are various alternatives for edge beanstinmdekconstruction. These are:

Conventional downstand beams
Rectangular Hollow Sectio8limflor Beams

AsymmetricSlimflor Beams.
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Typical detaildor edge beams are shown in Figure 7.14. There are some critical
dimensions that should be noted:

In detail (a) the concrete cover to the RHSFB should either be zero or greater
than or equal to 40 mm

In detail (b) the concrete cover to the composite RBISKould be at least 15
mm greater than the -agelded height of the studs (85 mm for 70 mm long
studs)

In detail (c) the minimum distance from the edge trim to the top flange of the
beam should be 125 mm (to allow access for a fixing tool) and maximum
overhang of the trim from the bottom flange should be 150 mm.

6 U bar
Mesh l—> 10 mm dia. (min)

TG
a) Non composite RHSFB b) Compesite RHSEB

L bar L bar

End diaphragm

| |
c) Composite ASB d) Downstand beam

Figure 714 Typieal edge beams.

Colummties

Tie members are required between columns, perpendicular to the main beams, in
order to provide:

Stability during construction.

Robustness and stability of the completed construction.

Transfer of forces (e.g. due to wind action).
The tie members may be of various forms, as illustrated in Figure 7.15, the most
common being:

T sections in which the flange of the T provides support to the decking.

RHS sections with a bottom plate to support the decking.
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Lighter ASB sections, specially adjacent to openings.

Fire protected RHS sections not encased in the slab.

Advice on tying requirements for robustness may be found in Reference 81.

Connecting decking to the bottom flange of | beams often presents practical
difficulties on sie because the fixing tool cannot be fitted in the space between the
web of the decking and the beam flange. Therefore, the use of an ASB beam or a
RHS with welded bottom plate is preferred. Where the T or RHS members are
encased in the slab, a shelf platould be welded to the column web to provide
local support to the decking.

a) Tee section

c) ASB d), Exposed RHS

Figure 7.15 Alternative forms.of tieymémbers

7.3 Constryactionipractice

Good practicedor remving, stoting, and placing bundles of deep decking on the
steel frame is essentiallyathe same as for shallow decking. However, because of the
use of end'diaphragms, there is a significant difference in the procedure adopted for
placing andyfixing theydé@ng. Slimdekdesigners and installers should refer to the
BCSA,Guide to theinstallation of deep declli??g]. This publication carries detailed
description of safe installation procedures.

Planning

Deep decking is similar to shallow decking in thaod planning on the part of the
designers is essential for the success of the project. In particular, with deep decking
it is quite common for designers to show details that are impossible to install; these
of course should be avoided and the Corus stdmdiztails (available for download

from the Corus website) always used. Some typical details to avoid are shown in
Figure 7.16. In the figure, details (a) and (b) are possible with an appropriate steel
angle or timber support (see Figure 4.6). Detail (cha$ possible when the
clearance between the top flange of the ASB and the edge trim is less than 110 mm
because of inadequate access to fix the trim on the bottom flange. This can be
remedied by detailing the trim and slab to cantilever slightly. Weldirfange

plate to the section on which to support the decking is one option to avoid the
problems caused by detail (d). Detail (g) is not possible because of inadequate
access to fix the trim on the section bottom flange. A solution is to extend the
flangeplate (by at least 110 mm) to enable
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the edge trim to be fixed directly to it. The table of the angle in detail (h) needs to

be extended to provide the access needed (see Figure 4.6). The problems associated
with detail (j) can be overcome by addia flange plate to the RHS member and
setting it at a level where the decking can be supported either side of it on the
flange plate.

a) Abutting masonry wall without b) Abutting beam flange without
support support

<125 mm

c) Inadequate access to fix edge trimd) Inadequate accessato_ fix decking to
to beam flange beam*flange

e) Inadequate access to fix‘diaphragmsinadequate access to fix zed trim to
and decking to beam flange beam flange

g) Inadequate access,todfix lower h) Inadequate access to fix diaphragms
flange of edge trim to beam flange  and decking to shelf angle
and instficientaccess for concrete

i) Decking not laterally restrained j) Decking cannot be stitched on
(from spreading at ext) longitudinal seam because of
presence of tie

Figure 7.16 Unsuitable decking details

Other important planning points include:

Ground conditions it is even more important for deep decking than for
shallow decking that there is a hard, flat, winpacted surface for the
decking installer to work from within the building footprint. This is because
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