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Foreword

This Part of BS 5950 has been prepared under the direction
of the Civil Engineering and Building Structures Standards
Committee. BS 5950 is a document combining codes of
practice to cover the design, construction and fire
protection of steel structures and specifications for
materials, workmanship and erection.

It comprises the following Parts:

Part 1* Code of practice for design in simple and
7 continuous construction
Part 2* Specification for fabrication and erection: hot
rolled sections
Part 3* Code of practice for design in composite .
construction

Cade of practice for design of floors with

Part 4
: profiled steel sheeting

Part 5* Code of practice for design in cold formed
sections

Part 6* Code of practice for design in light gauge
sheeting, decking and cladding

*in course of preparation.

ull document details: BS 5950-4:1982

BS 5950 : Part 4 ; 1982

Part 7* Specification for materials and workmanship:
cold formed sections

Part 8* Code of practice for design of fire protection for
structural steelwork

Part 9* Code of practice for stressed skin design

Part 4 gives recommendations for the design of floors with
profiled steel sheeting where the latter acts non-compositely
as permanent shuttering or compositely with concrete to
form floor slabs.

It has been assumed in the drafting of this British Standard
that the execution of its provisions is entrusted to
appropriately qualified and experienced people, for whose
guidance it has been prepared.

This code of practice represents a standard of good practice
and therefore takes the form of recommendations.
Compliance with it does not confer immunity from relevant
legal obligations. :
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British Standard
Structural use of steelwork in building
Part 4. Code of practice for design of floors with profiled steel sheeting )

Section one. General

1. Scope -

This Part of BS 5950 deals with the use of profiled steel
sheets in fioor slabs (see figure 1) and is concerned with
floors spanning only in the direction of the ribs (see
figure 2 for typical profile shapes). In design the following
are considered:

{a) composite floor slab consisting of the concrete and
profiled sheet (see 2.1);

or

{b) non-composite floor consisting of profiled steel sheet
acting as permanent shuttering (see 2.2).

The main application for profiled steel sheet/concrete
construction is in building structures, where it is used
primarily for floors and occasionally for roofs. This code
does not apply to highway and railway bridge design, for
which reference should be made to BS 5400 : Part 5.

Diaphragm action, which is produced by the capacity of
the floor to resist distortion in its own plane from wind and

Profiled steel sheet

" Figure 1. Typical floor

seismic forces, is not within the scope of this Part of the
standard.

NOTE. The titles of the publications referred to in this standard are
listed on the inside back cover.

2. Definitions
For the purposes of this Part of BS 5950, the following
definitions apply. :

2.1 composite floor. A floor that uses profiled steel sheets
as permanent shuttering capable of supporting the wet

_concrete, reinforcement and construction loads,

Subsequently, the profiled steel sheets combine structurally
with the hardened concrete and replace all or part of the
tensile reinforcement in the finished floor.

NOTE. The composite action is obtained by the profile shape, by
mechanical bond such as dimpling of the steel profiles, or adding
anchor straps, or by the use of end anchorages. Additional
reinforcement may be added to the concrete to resist hogging
moments in continuous spans, and fabric reinforcement may be
provided in the slab to resist shrinkage and temperature stresses, or
to provide continuity over intermediate supports.

Steel mesh fabric

Concrete

Documents
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2.2 non-composite floor. A floor that uses profiled steel
sheets as permanent shuttering capable of supporting wet
concrete, reinforcement and construction loads.

The hardened concrete slab is designed to support the
entire dead and imposed loads on it {see note 1).
Alternatively, the profiled steel sheet may be designed to
carry all the load, both dead and imposed (see note 2).
NOTE 1. The profiled sheet is not intended to combine with the
cured concrete, the concrete slab being separately reinforced to
carry all loads. In practice, this type of floor often provides some
degree of composite action, and it is difficult to prevent it from
doing so. The action so produced does ot prejudice the structural
efficiency of the floor because removal of the steel shutter (if this
could be done without any damage to the concrete) would not
reduce the strength of the slab. The profiled steel sheets are left in
for convenierice, for aesthetic reasons, or for reasons of economy.

The concrete floor should be designed following the recommendations
of CP 110 : Part 1.

NOTE 2. In this case the concrete is non-structural.

2.3 composite action. The action that occurs when a floor
slab comprising profiled steel sheet, plus any additional
reinforcement and hardened concrete, combines to form a
single structural element.

2.4 cavity construction. A method for providing service
ducts, usually within the overall depth of the floor.

NOTE, The ducts may be formed by means of permanent shuttering
within the concrete topping or by flat sheets or trays attached to
the underside of the profiled steel sheets. These do not normatly
affect the strength of the floor slab. However, ducts within the
concrete topping, especially in the transverse direction, may cause a
significant reduction in the ioad-carrying capacity. of the slab, and
these may require special consideration.

2.5 hogging bending moments. Bending moments that
cause tension on the upper surface and compression on the
lower surface of a horizontal member.

2.6 sagging bending moments. Bending moments that
cause compression on the upper surface and tension on the
lower surface of a horizontal member.

3. Symbols ,

Ap Cross-sectional area of profiled sheet

B, Width of composite slab or test slab

b Width of flat portion of compression flange

by Length of stiff bearing of profiled sheet

b, Mean width of trough of open profiled sheet

by Minimum width of trough of profiled sheet

bey, Effective width of slab (bending)

beq Effective width of compression flange of profiled

sheet: deflection calculations
bor Effective width of slab (shear)

bas Effective width of compression flange of profiled
sheet: strength calculations

by  Effective load width

bq Width of concentrated load

Cp Critical perimeter

D Overall depth of profiled sheet

Dy Overall depth of composite slab

dy Vertical depth of web between flanges of profiled
sheet

d, Effective depth of slab to centroid of profiled
sheet

E Modulus of elasticity of steel

~
kel
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Concrete cube strength

Characteristic concrete cube strength
Characteristic strength of bar reinforcement
Nominal maximum size of aggregate

Minimum second moment of area of stiffener in
profiled sheet about its own neutral axis

Second moment of area of profiled sheet or
composite slab about its neutral axis in steel units

Ve
Intercept of reduction line on ————== axis
Bsds \ Fcu
Effective span of the slab which is the smaller of:
{a) the distance between the centres of bearings
or

(b} clear span between supports plus D (for
profiled sheet) or d, (for composite slab)

Distance from a concentrated load to the nearer
support

Design shear span

Design moment at a support or at a concentrated
load

Moment capacity of profiled sheet
Moment capacity of composite slab
Slope of reduction line

Neutral axis

Local web capacity of profiled sheet
Design strength of profiled sheet

Inner radius of profiled sheet

Specified yield strength of profiled sheet

Effective part-height of web of profiled sheet
{measured along web) (upper)

Effective part-height of web of profiled sheet
{measured along web) (lower)

Distance between centre line of compression
flange and neutral axis of profiled sheet (measured
along web)

Thickness of profiled sheet (excluding zinc
coating)

Thickness of finishes on concrete

Shear capacity of web of profiled sheet
Maximum experimental shear force
Punching shear capacity of composite slab
Shear-bond capacity of composite slab
Vertical shear capacity of composite slab
Ultimate shear stress in concrete

Load capacity of composite slab

Design reaction or design concentrated {oad
Failure load

Total working load on span L

Effective elastic modulus

Load factor

Deflection

Slope of web of profiled sheet

Depth of slab factor

Compressive stress in pril@GdEMEnts.
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Section two. Material: steel

4, Profiled steel sheet

4.1 Specification. The steel used to manufacture the
profiled steel sheet should have a specified yield strength
Remin. of not less than 220 N/mm? and be in accordance
with BS 1449 : Part 1, or BS 2989. Other steels of similar
quality material may be used.

4.2 Sheet thickness. The structural thickness of metal is
that to which the stresses and section properties apply and
should exclude any protective or decorative finish such as
zinc coating or organic coating. It is referred to as the ‘bare
metal thickness’.

It is recommended that the bare metal thickness should be
not less than 0,76 mm except where the steel sheeting is
used only as permanent shuttering (see 2.2). The use of
thinner sheets is not precluded, provided that adequate
theoretical evidence and test data are available. It should be
noted, however, that the formulae in section five are
applicable only to sheets with a bare metal thickness of

* between 0.75 mm and 2.6 mm. '
4.3 Zinc coating. The zinc coatlng, if specified, should

- comply with the requirements of BS 2989. The type C
coating (275 g/m? total including both sides) is normally

specified for internal floors in a non-aggressive environment,

but the specification may be varied depending on service
conditions.

If a zinc coating heavier than 275 g/m? is specified, the
advice of the manufacturer of the profiled sheet should be
obtained to ensure compatibility with the formlng
operations involved,

All zinc coatings should be chemically passivated with a
chromate treatment to minimize wet storage stains (white
rusting) and reduce chemical reaction at the concrete/zinc
interface,

4.4 Corrosion protection. The exposed surface, i.e. the
underside of the profiled steel sheet, should be adequately
protected to resist the particular atmospheric conditions
including those arising during site storage and erection.
Reference should be made to DD 24 and BS 5493 for the
recommended protective systems. Any surface damage
should be made good. '

4.5 Requirements for composite action

4.5.1 General. For composite action, the profiled steel
sheet should be capable of transmitting horizontal shear at
the interface between the sheet and the concrete. This may
be achieved by one or more of the methods given in 4.5.3
to 4.5.7,

4.5.2 Plain open profiled sheets. Plain open profiled sheets,
as illustrated in figure 2(a) and (b}, are not permitted where
composite action is required, unless accompanied by some
means of shear connection (see 4.5.6).

4.5.3 Plain re-entrant angle profiled sheets. Plain re-entrant
angle profiled sheets, as illustrated in figure 2(d) and (e),
provide an effective shear connection between the sheet
and concrete because of the interlocking effect of the
re-entrant shape.

4.5.4 [ndented or embossed prof//ed sheets. Indented or
embossed profiled sheets, as illustrated in figure 2(f), (g},
{h) and (i), develop shear connection because of the

BS 69560 : Part 4 : 1982

identations or embossments formed in the webs and/or
flanges of the sheets.

4.5.5 Small holes, or incomplete perforations, in profiled
sheets. Small holes, or incomplete perforations, in profiled
sheets (not illustrated) may be sufficiently small that there
is no detrimental loss of the concrete mix. Such holes in
the webs and/or flanges of the sheets develop shear
connection because concrete fills the holes or perforations.

4.5.6 Anchor straps. Anchor straps {bars welded to the
profile as illustrated in figure 2(c) or other mechanical
devices used at discrete spacings throughout the span of a
slab) should have adequate deformation capacity to allow
the full shear connection capacity to be developed.

4.5.7 End anchorages. End anchorages at the ends of slabs,
such as shear studs (see 6.2 and clause 27}, may restrict the
differential movement of the sheet and concrete.

4.6 Horizontal shear capacity. In 4.5.3 t0 4.5.7 the
horizontal shear capacity should be obtained initially by
tests (see section nine) and then from empirical formulae
derived from the tests. Moment capacity should be
calculated using normal reinforced concrete theory, the
profiled sheet acting as tensile reinforcement.

5. Steel reinforcement

5.1 Specification. When reinforcement is used, the type
should follow the recommendations of CP 110, and
comply with the requirements of BS 4449, BS 4461,

BS 4482, BS 4483 or BS 4486.

5.2 The use of reinforcement in slabs. Reinforcement may
be provided in slabs, for one or more of the following
reasons: )

(a) additional tensile reinforcement;

(b) continuity reinforcement for continuous slabs and
cantilevers;

(c} distribution steel in areas of concentrated loads and
around openings;

(d) fire resistance;
(e) secondary transverse reinforcement;

(f) to provide shear connection for composite action
when attached to the profiled steel sheet.

6. Shear studs as end anchors

6.1 Specification. Shear stud connectors should follow
the recommendations given in BS 5950 : Part 3*.

6.2 Use of shear stud connectors in composite slabs,
Shear studs may be used to produce composite action in
slabs when used as end anchors. The deformation capacity
of the connector has an influence on the interaction
between the concrete slab and the sheeting. The shape and
dimensions of the profiled sheet affect the shear-carrying
capacity of the stud, which has to be allowed for in design.

Shear studs may be welded to the structural steelwork
either by the site technique of ‘through-the-sheet’ welding
or directly on to the flange {prior to placing the profiled
sheets), provided that the sheeting is adequately attached
to the steelwork.

Where composite slabs are used in conjunction with
reinforced concrete beams, end anchorages may be
achieved by reinforcing bars.

Documents
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