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1.0 INTRODUCTION

This chapter describes the bass for design of composite floors using profiled deck sheets
adopting the equations described in the chapter on composte floors - | based on limit
gate design philosophy. To make it goplicable to practice in India IS 456: 2000 has been
followed wherever it is gpplicable.

The man economy in usng profiled deck is achieved due to speed in condruction.
Normdly 3 to 4 m spans can be handled without propping and spans in excess of 4 m will
require propping. The yield strength of decking sted is in the range of 220 to 460 N/mmn?.
Though light - weight concrete is preferable both from reducing the effect of ponding
deflection as well as increasing the fire resstance, the norma practice in India is to use
concrete of grade M 20 to M 40. With the avallability of ready mixed concrete, pumped
pours become possible to the extent of 500 m® a day.

The profiled deck depth normdly avaladle ranges from 40 to 85 mm and the metd
thickness 0.6 mm to 2.5 mm. The norma span/depth vaues for continuous composite dab
should be chosen to be less than 35. The overal depth of the composite dab should not
be less than 90 mm and thickness of concrete, he, shal not be less than 50 mm.

2.0 DESIGN SITUATIONS

The most important aspect of designer is to ensure an adequate degree of safety and
sarviceability of dructure. The gtructure should therefore be checked for ultimate and
sarviceability limit daes. In the desdgn of composte floors with profiled decking the
following Stuations are conddered.

2.1 Profiled sted sheeting as shuttering

Verificaion is required for the profiled sted sheeting a the congdruction stage when it is
acting as formwork for the wet concrete, congruction loads and storage loads if any.
While cdculating the loads on the profiled sheet, increased depth of concrete due to
deflection of the sheeting i.e, ponding effect has to be consdered. Account should be
taken of the effect of props, if any.

If the centrd deflection () of the profiled deck in noncomposte stage is less than ¢/325
or 20 mm, whichever is samdler, then the ponding effect may be ignored in the design of
profiled deck.

© Copyright reserved

Verson I 24 - {PAGE }



COMPOSITE FLOORS - 11

2.1.1 Loadson profiled sheeting

Design should make gppropriate adlowances for condruction loads, which include the
weight of operatives, concreting plant and any impact or vibration that may occur during
congruction. These loads should be aranged in such a way that they cause maximum
bending moment and shear. In any area of 3 m by 3 m (or the span length, if less), in
addition to weight of wet concrete, condruction loads and weight of surplus concrete
should be provided for by assuming a load of 1.5 kN/m?. Over the remaining area a load
of 0.75 kN/m? should be added to the weight of wet concrete.

2.1.2 Effective span

The continuous dab is desgned as a series of smply - supported spans, for smplicity.
The effective gpan can be taken as the lesser of the two following:

Distance between centres of supports

The clear span plus the effective depth of the dab

If, profiled deck sheet is propped during congtruction then, effective span is caculated
usng the formula (This rule is teken from BS 5950:Pat 4 as there is no provison in
Eurocode). The width of the prop is neglected here.

- B+d,,

f = — @ 1
e > @
where, B — Width of top flanges of the supporting stedl beams
dap - Thedepth of the sheeting
l - Actud span of the composite floor
2.2 Compositedab

Veification is required for the floor dab after composite behaviour has commenced and
any props have been removed. Totd loading tha is acting on the composte dab is
conddered in the design checks for the ultimate Limit State. The loads are gpplied in such
a way that the load combination is most unfavourable. Load factors of 1.35 for dead load
and 1.5 for imposed load are employed in design cdculations.

Generdly it is sufficient to condder the following load combinations in buildings mostly
subjected to uniformly distributed loads:

Alternate spans carrying total factored loading due to imposed and dead loads. Other
gpans carrying only factored loading due to dead load.

Any two adjacent spans carrying total factored load due to imposed and dead load and
al other pans carrying only factored dead load.
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3.0ANALYSISFOR INTERNAL FORCESAND MOMENTS
3.1 Profiled steel sheeting as shuttering

Elagic andyss shadl be used where sheeting is consdered. The desgn based on eadtic
digribution of bending moment is consarvaive, as it does not teke into account
redigribution of moments that can occur between support and mid span sections. The
following trestment is based on moment redistribution at the ultimate stages.

A moment - curvature relationship for typica section of meta deck is shownin Fig. 1.

Fig. 2 shows the dastic moment a the onset of yidd and the moment at falure utilisng

the plasic deformation of the hinges formed earlier for a typica two span continuous
beam.

If Mp and M, are the moment capacities of deck a mid-span and support sections
regpectively, then a falure only a portion of M, i.e. kM, a support can be realised
because of the available ductility. Thus,

8

. (M, +0.46kM,) )
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Thevaueof k can be determined experimentaly for the type of profile used.
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Fig. 1 Moment — curvature relationship for a metal deck floor
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Bending moment at first
yield at support section

Bending moment at failure
after redistribution

Fig. 2 Bending moment variation on two span decking

The load span tables given by manufactures of the profile deck are based on tests and
hence take advantage of post dastic strength. They are satisfactory for spans 10 to 15% in
excess of the corresponding vaues based on eadic desgn. However, IS: 456 — 1978
gives coefficients for bending moments and shear forces for continuous beams which can
be used for calculating moments and shear forces for composte floors aso. Table —7 and
table — 8 in the Chapter on Composite Beams — Il gives moment and shear coefficients
repectively. These coefficients do not make any dlowance for redigtribution and may be
too conservative.

3.2 Compositedab

Thefollowmg methods of andysis may be used:
Linear andysiswith or without redigtribution
Rigd-plagtic globd andyss based ether on the kinematic method or on the datic
method provided that it is shown that sections where plagtic rotations are required
have sufficient rotation capacity
Eladtic- plagtic analyss taking into accounts the non-linear materid properties.

The gpplication of linear methods of andyss is suitable for the sarviceability limit States

a wdl as for the ultimate limit dates Plagtic methods, with their high degree of
amplification, shdl only be used in the ultimate Limit State.
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Equations for evaduating moment, longitudind shear and verticd shear are given in the
previous chapter.

4.0 DESIGN TABLES

The manufacturers of the sted profiled sheets normaly provide design tables for different
decks made by them. These tables give information regarding recommended dab depth
and profile thickness to be adopted for different type of support conditions such as single
gpan without prop, with prop or for multiple spans for different imposed load rating. The
gpans that could be achieved with propped condition are generdly greater because the
governing criteria will be composite condition. However it is necessary to check
deflections in such cases for serviceghility.

5.0SERVICEABILITY LIMIT STATES FOR COMPOSITE SLABS WITH
PROFILED DECKS

5.1 Cracking of concrete

The profiled deck sheeting protects the lower surface of the dab.  Cracking will occur in
the top surface where the dab is continuous over a supporting beam in the hogging
moment regions. Crack width will be wider over the supports if each span of the dab is
designed as smply supported, rather than continuous, and if the spans are propped during
congruction

To counter cracking, longitudind reinforcement should be provided &bove internd
supports.  The minimum recommended amounts are as 0.2% of the area of concrete
above the sheeting, for unpropped congruction, and 0.4% if propping is used.
(According to Eurocode 4). If the environment is corrosve, the dabs should be designed
as continuous, with cracking controlled by providing additional reinforcement and
ensuring that the concrete cover for reinforcement is suitably enhanced.

5.2 Deflection

The limitations on deflection for compodte dabs are not explicitly provided for in IS
11384 — 1985. Eurocode 4 gives explicit guidance, which is explaned beow. The
deflection of profiled sheeting due to its own weight and the wet concrete dab should not
exceed /¢ /180 or 20 mm, where / is the effective span.

For the composite dab stage, the rare loading combinations described in section 2.2 are
normaly used. The maximum deflection bdow the levd of the supports should not
exceed span/250, and the increase of deflection after congtruction (due to cregp and to
variable load) should not exceed span/300, or span/350 if the floor supports brittle
finishes or partitions.

The deflections may not be excessve when span-to-depth ratios are kept within certain
limits. These vadues are given in Eurocode 4 as 25 for smply supported dabs, 32 for
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goans with one end continuous and 35 for internd spans. These limitations are regarded
& “deemed to satisfy” the serviceability deflection limits — ‘Depth’ limits relae to
effective depths, so for composite dabs the depth should be taken as depth of composite
dab over centroidd axis of the profiled deck sheet rather than total depth of the dab.

Broadly spesking, dip occurs after reaching working load in a well-designed dab. If the
dip occurs earlier it will cause an increase in deflection even in the Servicegbility State,
which is not desirable. So, dip factor to be taken care of while designing the dab.

6.0 FIRE RESISTANCE

In generd no fire tests are required before the design of profiled sted sheeting, as their
manufacturers carry out these tests for generd use in buildings, before relessng the
products in the market.

Standard fire-resistance tests are carried out by them, using independent testing centres,
to ensure

Strength or stability under load

Ability to tranamit smoke and flame

Insulation so that upper part of the dab is not excessvely heated.

Adequacy is checked by ensuring that deflection does not exceed span/20 under fire tests.
The load carrying capecity is checked by consdering only embedded sted. In buildings
the in-plane resstance and negative reinforcements at points of continuity add to the
drength under fire condition. While smply supported dab under fire test exhibits an
endurance period of 30 minutes, the continuous dab withsdands 30 minutes or even more
with an imposed load of 6.7 KN/m?. Under fire condition with this imposed load and with
reduced srength of dements and elevated temperature the safety is checked so that
plastic capacity gives a load factor of 1.0 or more. For larger fire protection using fire
engineering method, the area of embedded mesh reinforcement is suitably incressed by
additional emergency reinforcement as per the incresse in the fire resstance period
desired. Smple design tables for common cases of fire resstance of composite deck dabs
are given in reference 3. These tables can be judicioudy converted and used in the
absence of test results for specific cases required.

7.0 DIAPHRAGM ACTION OF DECK SLAB

Deck dab trangmits in-plane loads for ensuring lateral Stability of the building system.
For this the deck dab is atached on dl the four sdes a spacing exceeding 600 mm on
ether the beams or supporting wals. The digphragm action is excdlent if through deck
welding is resorted to. The sted decking aso provides laterd support to the sted beansit
supports. However, beams running pardld to the decking are laterdly supported only at
transverse beam connections.
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8.0STEPSIN THE DESIGN OF PROFILED DECKING

The following are the steps for design of profiled decking sheets:
() Ligt the decking sheet data (Preferably from manufacturer’ s data)
(i) Lig the loading
(i)  Dedgn the profiled sheeting as shuttering
Cdculate the effective length of the span
Compute factored moments and vertical shear
Check adequacy for moment
Check adequacy for vertica shear
Check deflections
(v)  Dedgn the composte dab  — Generdly the cross sectional area of the profiled
decking that is needed for the condruction stage provides more than sufficient
reinforcement for the composite dab. So, the design of short span continuous
dabs can be done as series of damply supported dabs and top longitudina
reinforcement is provided for cracking as given in section 5.1. However, long-
span dabs are designed as continuous over supports.
Cdculate the effective length of the span
Compute factored moments and vertical shear
Check adequacy for moment
Check adequacy for vertica shear
Check adequacy for longitudina shear
Check for sarvicedhility, i.e. cracking above supports and deflections

9.0 CONCLUSIONS

‘Hoors using profiled deck sheets is a very new design concept in the Indian context and
hence no appropriate codes are avalable. These chapters on composite floors are
intended to provide the most upto-date information and hence largdy Eurocodes are
followed. A desgn example is included to illustrate the method employed in the choice
of profiled decking and for verifying its adequacy.
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