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1.0 INTRODUCTION

Traditiona ded - concrete composte floors condst of rolled or built-up Sructural sted
beams and cast in-Stu concrete floors connected together using shear connectors in such
a manner that they would act monolithicaly (Fig.1). The principd merit of dted-concrete
compogte condruction lies in the utilisation of the compressve srength of concrete dabs
in conjunction with sted beams, in order to enhance the srength and giffness of the sted
girder.

More recently, composte floors usng profiled sheet decking have become very popular
in the West for high rise office buildings. Composte deck dabs ae particularly
competitive where the concrete floor has to be completed quickly and where medium
levd of fire protection to sted work is sufficient. However, compodite dabs with profiled
decking are unsuitable when there is heavy concentrated loading or dynamic loading in
dructures such as bridges. The dternative composite floor in such cases consds of
reinforced or pre-stressed dab over sted beams connected together to act monolithicdly.

A typicd compogte floor sysem using profiled sheets is shown in Fg2. There is
presently no Indian standard covering the design of composte floor sysems using
profiled sheeting.

Desgning a reinforced concrete dab or pre-siressed concrete dab in composte
congruction is not different from any conventiona R.C. or pre-stressed structures, hence,
this is not discussed any further here. In this chapter, concrete floors usng profiled decks
are treated in depth. The structurd behaviour of these floors is smilar to a reinforced
concrete dab, with the ded sheeting acting as the tenson reinforcement. The man
gructura and other benefits of usng composite floors with profiled sted decking are:

Savingsin sed weight are typicaly 30% to 50% over non-composite construction

Greater diffness of composite beams results in shalower depths for the same span.
Hence lower dorey heights are adequate resulting in savings in cladding codts,
reduction in wind loading and savings in foundation cogts.

Faster rate of construction.

The stedl decking performs a number of roles, such as:
It supports loads during construction and acts as aworking platform
It devel ops adequate composite action with concrete to resist the imposed loading
It trandfers in-plane loading by digphragm action to vertica bracing or shear wdls
It dabilises the compresson flanges of the beams againg laera buckling, until
concrete hardens.
It reduces the volume of concrete in tenson zone
It digtributes shrinkage strains, thus preventing serious cracking of concrete.
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Fig. 1 Steel beam bonded to concrete slab with shear connectors
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Fig. 2 Composite floor system using profiled sheets
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Care has to be taken in the congruction of composite floors with profiled decking to
prevent excessve 'ponding’, especidly in the case of long spans. The profiled sheet
deflects condderably requiring additiona concrete a the centre that may add to the
concreting cod. Thus longer spans will require propping to diminate subgtantiad
deflection or need sgnificant quantities of concrete. Fig. 3 shows ponding of the profiled
deck.

A _

/ Ponding deformation
v

Fig. 3 Ponding in profiled decking, due to the weight of concrete
2.0 THE STRUCTURAL ELEMENTS

Compogte floors with profiled decking condsts of the following structurd dements
adong with in-Situ concrete and stedd beams:

Profiled decking

Shear connectors

Reinforcement for shrinkage and temperature stresses
Connections between the sructurd sted dements are generdly desgned as “smple’ i.e.
not moment ressting. Stud shear connectors are welded through the sheeting on to the
top flange of the beam. Insulation requirements for fire usudly control the dab thickness
above the profile. Thickness values between 65 and 120 mm are sufficient to give a fire
rating of up to 2 hours. Lightweight concrete is popular, despite its dightly higher initid
cos, because of the consequent reduction in weight and enhanced fire-insulaion
properties.

21  Profiled sheet decking

The ged deck is normdly rolled into the desred profile from 0.9 mm to 1.5 mm
gavanised coail. It is profiled such that the profile haghts are usudly in the range of 38-
75 mm and the pitch of corrugations is between 150 mm and 350 mm. Generdly, spans
of the order of 2.5 mto 3.5 m between the beams are chosen and the beams are designed
to span between 6 mto 12 m. There are two well-known generic types of profiles.

Dovetall profile

Trapezoidd profile with web indentations
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Chevron indents

Dovetail profile
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Horizontal indents

(a) Different profiles used
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(b) Double stud buitt joint (c) Typical edge detail
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(d) Sde cantilever with stud bracket (e) Typical end cantilever

Fig. 4 Deck profiles and typical details
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Their shgpes are generdly chosen as a compromise between enhancing the bond at the
stedl-concrete interface and providing stability while supporting wet concrete and other
condruction loads. Indentations and protrusons into the rib mobilise the bearing
resstance in addition to adhesion and aso provide the shear transfer in composite dabs.
The shear resstance capacity will depend on the parameters like re-entrant angle, lug
goacing, lug width etc. Fig. 4 shows typical examples of deck profiles and the details of
their attachments to the steel beams.

211 Profiled sheeting as permanent form work

Construction stage: During congtruction, the profiled sted deck acts done to carry the
weight of wet concrete, sef weight, workmen and equipments. It must be strong enough
to cary this load and iff enough to be servicesble under the weight of wet concrete
only. In addition to structurd adequacy, the finished dab must be capable of satisfying
the requirements of fire resstance.

Composite Beam Stage: The composte beam formed by employing the profiled sted
dhedting is different from the one with a normd solid dab, as the profiling would
influence its drength and diffness.  This is termed ‘composite beam stage’. In this case,
the profiled deck, which is fixed transverse to the beam, results in voids within the depth
of the associated dab. Thus, the area of concrete used in caculating the section
properties can only be that depth of dab above the top flange of the profile. In addition,
any sud connector welded through the sheeting must lie within the area of concrete in the
trough of the profiling. Consequently, if the trough is narrow, a reduction in srength
must be made because of the reduction in area of congraining concrete. In current design
methods, the sted sheeting is ignored when cdculating shear resstance; this is probably
too conservative.

Composite Slab Stage: The dructurd behaviour of the composte dab is smilar to that of
a reinforced concrete beam with no shear reinforcement. The sed sheeting provides
adequate tensile capacity in order to act with the concrete in bending. However, the shear
between the sted and concrete must be carried by friction and bond between the two
materids. The mechanical keying action of the embossments is of great importance. This
is especidly s0 in open trgpezoida profiles, where the embossments must dso provide
resstance to vertica separation. The predominant faillure mode is one of shear bond
rupture that results in dip between the concrete and sted!.

2.1.2 Design method

As there is no Indian standard covering profiled decking, we refer to Eurocode 4 (EC4)
for guidance. The desgn method defined in EC4 requires that the dab be checked firgtly
for bending capacity, assuming full bond between concrete and sted, secondly for shear
bond capacity and, findly, for vertica shear. The analyss of the bending capacity of the
dab may be carried out as though the dab was of reinforced concrete with the sted deck
seting as reinforcement.  However, no satisfactory andytical method has been developed
0 far for edtimating the vaue of shear bond capecity. Depending upon the test data
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avalable, the loads a the congdruction stage often govern the adlowable span rather than
at the composite dab stage.

2.2 Shear connectors

Shear connectors are sted eements such as studs, bars, spiral or any other smilar devices
welded to the top flange of the sted section and intended to tranamit the horizontal shear
between the sed section and the cast in-Situ concrete and adso to prevent verticd
separdion at the interface. This topic is discussed in detall in the chapter titled composite
beams - |

2.3  Reinforcement for shrinkage and temperatur e stresses

In buildings, temperature difference in the dabs is negligible; thus there is no need to
provide reinforcement to account for temperature stresses. The effect of dhrinkage is
consdered and the tota shrinkage drain for design may be taken as 0.003 in the absence
of test data.

3.0 BENDING RESISTANCE OF COMPOSITE SLAB

The dructurd properties of profiled sheet dong with reinforcement provided and
concrete with a pogtive type of interlock between concrete and sted deck is the basis of a
composite floor. Some loss of interaction and hence dip may occur between concrete -
ded interface. Such a case is known as 'Partial interaction'. Failure in such cases occurs
due to a combination of flexure and shear.

The width of the dab ‘b’ shown in Fg. 5@) is one typicd wavedength of profiled
sheeting. But, for calculation purpose b' is taken as 1.0 m The overdl thickness is h; and
the depth of concrete above main flat surface he. Normadly, h; is not less than 80 mm and
hc isnot less than 40 mm from sound and fire insulation consderations.

The neutrd axis normdly lies in the concrete in case of full shear connection; but in
regions of partia shear connection, the neutral axis may be within the sedl section. The
loca buckling of sted sections should then be considered. For sheeting in tension, the
width of embossments should be neglected. Therefore, the effective area 'Ay' per meter
and height of centre of area above bottom '€ are usudly based on tests. The plagtic
neutra axis e, isgenerdly larger than e.

The smple plagtic theory of flexure is usad for andyss of these floors for checking the
desgn a Limit State of collgpse load. Eurocode assumes the equivdent ultimate stress of
concrete in compresson as 0.85(fu)e/a where (fu)ey is the characteristic cylinder
compression strength of concrete. However, IS 456: 1978 uses an average stress of 0.36
(fe)eu @ccommodating the vadue of g and consdering (fo)eu @ characteristic cube
strength of concrete IS code is on the consarvetive sde. Comparison of two values is
shown in the gppendix. Note that in this chapter fo refers to cube strength of concrete
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Centroidal axis Area Ap

(@) (b) (© (d) ()

Fig. 5 Resistance of composite slab to sagging bending

3.1 Neutral axisabovethe sheeting [Fig. 5(b)]

Full shear connection is assumed. Hence, compressve force Ng in concrete is equd to

sted yield force Npa.
f

ch = Npa = M (1)
gap

ch = 0.36 fck.b.X

where A, = Effective area per meter width
fyp = Yield strength of stee!
Gp = Partial safety factor (1.15)

The neutrd axis depth X isgiven by

ch

b (0.36 ) (@

Thisisvdid when x £ he, i.e. when the neutra axis lies above sted decking.
Note that centroid of concrete force lies at 0.42 x from free concrete surface.

Mp.rd is the design resstance to sagging bending moment.
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3.2  Neutral axiswithin sheeting and full shear connection [Fig. 5(c)]
Ng = (bh,” 0.36 fg) (4)

The compression of concrete within rib is neglected. The force N islessthan Npa.
Thetengleforcein shegting is plit into N, (equal to compressive force Ner) plus Nac.

Na = N

and the remaining force Nac such that the totd tendle force is Ny + No. The equa and
opposite force Nac provide ressting moment My,. Note this M, will be lessthan Mg, the

flexural capadity of sted shedting, Therdationshipbeween~ “ed \&shown
M N

pa pa
in Fig. 6(a) in the dotted line. For design this can be approximated by line ADC that can
be expressed as

N U
UE My, ©)
NpaQ

é
M, =1.25M pagL-

The moment of resstance is given by
Mprd = (Nef)z+ My (6)

Sum of resgance is shown in Fg. 5(d) and Fig. 5(e), which is equd to the resstance
shown in Fg. 5(c).

The lever am z can be found by examining the two extreme cases. For case (i) where N

Mp.rd = Npa (dp-0.42 hc) (7)
Hence, z=d, - 0.42h; = hy-e-0.42 he 8
Thisisindicated by point F in Fg. 6(b).

For case (ii), on the other hand

N @0; N = 0.

Mpr = Mpa. The neutrd axisisat aheight e, above the bottom. Then

z = h-0.42h; - & ©)
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Thisis represented by point E. Thus the equation to the line EF is

(ep - e) Nt

pa

z=h- 0.42h;- e,

(10)

Mpr / Mpa ht - 042hc —-Z

A A

1.25

1.0

o 10 ch / Npa O 10

@ (b)
Fig. 6 Resistant moment of profiles
3.3 Partial shear connection (N¢ < N¢)
In this case, the compressive force in the concrete N is less than N¢ and depends on the
srength of shear connection and the stress blocks are as shown in Fig. 5(b) for the dab
(with N in place of N¢) and Fig. 5(c) for sheeting.
The depth of stressblock is,

—_ NC
b (0.36 f) Eh ()

In this case, equations 5, 6 and 10 get modified by substituting

Nc = ch
Nt = Npa
X = he
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Thus,
(ep' e) N

z=h- 042x- € ——— (12
N
é N, u

Mpr =1.25M paei' N l,JEMpa 13)
e cf O

M bR = N.z +M or ()

40 SHEAR RESISTANCE OF COMPOSITE SLAB

The shear resstance of composite dab largely depends on connection between profiled
deck and concrete. The following three types of mechanisms are mobilised:

() Natural bond between concrete and sted due to adhesion
(i) Mechanica interlock provided by dimples on sheet and shear connectors

(@iii)  Provisgon of end anchorage by shot fired pins or by welding studs (Fig. 7) when
sheeting is made to rest on steel beams.

= RN - -

(a) Shot fired stud

AT —

(b) Angle bracket for two pin fixing (c) SeIf drilling and tapping screws

Fig. 7 Connector details

Naturd bond is difficult to quantify and unreiable, unless separation a the interface
between the sheeting and concrete is prevented. Dimples or ribs are incorporated in the
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sheats to ensure satifactory mechanicd interlock. Thee are effective only if the
embossments are aufficiently deep. Very drict control during manufacture is needed to
ensure that the depths of embossments are consstently maintained at an acceptable level.
End anchorage is provided by means of shot-fired pins, when the ends of a sheet rests on
aded beam, or by welding studs through the sheeting to the sted flange.

Quite obvioudy the longitudind shear resstance is provided by the combined effect of
frictiona interlock, mechanicd interlock and end anchorage. No mahematicd modd
could be employed to evduate these and the effectiveness of the shear connection is
sudied by means of load tests on smply supported composite dabs as described in the
next section.

4.1 Resstancetolongitudinal shear

If the shear connection is partia, dip occurs between decking and concrete. The
effectiveness of the shear connection is tested usng an m-k shear bond test. The test is
described below. The falure of the beam is initiated by one of the following three modes
[See Fig. 8].

() Flexure

(i) Shear at support

(i)  Shear bond mode

Note that /s isthe shear span and / is effective span.

A
Qgs‘

&

C

A-A Flexure mode
B-B Shear bond mode
C-C Vertical Shear

>

Fig. 8 Failure modes and critical sections

4.1.1 Evaluation of shear capacity of profiled sheets using m —k test

Specifications for tests to evaluate shear capacity of profiled sheets are given in Eurocode
4 and BS 5950: Pat 4. The influence of bond is minimised in the standard tet, by the
goplication of severd thousand cycles of repeated loading up to 1.5 times the service
load, before loading to failure. The length of each shear span () is usudly Gpan /4) for
uniformly digributed loading. The span is typicdly 3 metres. The evduation of shear
goan isillugtrated below.
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[llustration of evaluation of shear spans:

For uniformly digtributed load on a span 7, the length /s is taken as //4. The principle that
is used when caculating /s for other loading is now illusirated by an example.

w/
2 /]2

(a) Composite slab PR

e 5

w/
(b) Shear force % W2
n 0
Equal areas< \\l
W4

<&
al

/4

(c) Shear force

ls= 30/8

Fig. 9 Calculation of /sfor composite slab

The composite dab shown in Fig. 9(@) has a distributed load w per unit length and a
centre point load w/, so the shear force diagram is as shown in Fig. 9(b). A new shear
force diagram is congtructed for a span with two point loads only, and the same two end
reactions, such that the areas of the posgtive and negative parts of the diagram equd to
those of the origind diagram. This is shown in Fg. 9(c), in which each shaded area is
3w/r?/8. The positions of the point loads define the lengths of the shear spans. Here, each

oneis3//8.

The expected mode of failure in a test depends on the ratio of (¢s) to the effective depth
(dp) of the dab. The test specimen of breadth "b" should include four or five complete
wavelengths of sheeting. The totd cross sectiond area of the shedting is Ap. Fig. 10
shows arrangement for m - k test.
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| | Concrete slab
O ®] ¥

—
— | | $ Profiled sheeting

) ls / ls ;

I<

Fig. 10 A typical test arrangement
In typical Eurocode 4 tests, the results are plotted on a diagram with axis V/bd, and Ap/b/s
(SeeFig. 11)

A

V/ b, >

v

Ap I bls
Fig. 11 m-k test details

The empirical condants m and k are determined from prototype dab tests to failure and
are cdculated from the dope and intercept of a regresson line of Fig. 11. Teds are
carried out under two or four point loads to stimulate a uniform load. The regresson line
is to be lowered by 15% if less than eight dab tests are performed over a range of spans.
Physcdly "m" is a broad measure of the mechanicd interlock and k represents the
friction load. The conceptual background to these tests is described below. At high vaues

of /4d,, flexurd falure occurs: The maximum bending moment (M) is given by

My = V.fs (15)

where, V isthe maximum verticd shear.
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Hexurd falure is moddled by smple plagtic theory with dl the sted a its yidd dress
(fyp). Concrete is stressed to average compressive stress of 0.36 (fox)cu, Where (fex)cu iSthe
cube strength of concrete. The lever arm is gpproximately equal to dp.

My isproportional to Apfypdp (16)
From equation (15),

N
Voo My g proportional to ST (17)
bd, bd,. /s bl

In tests fy,, isnot varied. Hence flexurd failure should show as aline through the origin.

At low vaues of (/dJdy), vertical shear failure occurs. The mean verticl shear stress on
the concrete is roughly (V/bdy). Longitudind shear falure occurs a intermediate values
(¢4dp) and be on theline

bd, bl g
A typical set of tests congsts of two groups of three or four esch; one of these has /4d,
vaues chosen in such a manner that the results be near the point A in Fig. 11. Second
group is chosen with a lower /4d, vaues such thet the results lie near the point B. Vaues
of mand k are found for a line drawn below the lowest result in each group, at a distance
that allows for the scatter of test data. The behaviour is controlled by the two parameters
of the draight line, namely

m - the dope of theline

k - theintercept of y-axis.

The specifications require that al tests have to be in longitudind shear. Typicdly the
falure is inititled when a crack occurs in concrete under one of the load points,
associated with loss of bond dong the shear span.  If this leads to falure of the dab - the
shear connection is classfied as "brittle’, as they occur suddenly. These are pendised
EC4 by 20% reduction in design ressance. When the eventud failure load exceeds the
load causing the first end dip by more than 10%, the failureis classed as "ductile".

Because of the rather complex nature of the prescribed tests, manufacturers of profiled
sheets generdly provide m and k vaues based on tests carried out by independent
|aboratories.

42 Resistanceto vertical shear

The resstance to vertica shear is mainly provided by the concrete ribs. For open profiles

b, [Fig. 5(@)] should be taken as effective width. The resstance of a concrete dab with
ribs of effectivewidth by at aspacing of b is
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Vurd = (bo/b)dp tra ky (1.2 + 40r) per unit width (29)
where d, isthe depth to the centroidal axis
trq isthe basic shear strength of concrete
ky dlowshigher shear strength for shallow members
ky= (1.6 - dp) 3 1withd, in m
r dlowsasmadl contribution due to shearing
r = Ap/bod, <0.02 (20)
A, = ¢effective areaof shearing within width b
5.0 SERVICEABILITY CRITERIA
The composte dab is checked for the following serviceahility criteria:

() Cracking
(i)  Deflection
(i)  Freendurance

51  Cracking

The crack width is cdculated for the top surface in the negative moment region usng
gstandard methods prescribed for reinforced concrete. The method is detailed in the next
chapter. Normally crack width should not exceed 3 mm. IS 456: 2000 gives a formulato
cdculate the width of crack. Provison of 04 % dged will normaly avoid cracking
problems in propped condruction and provison 0.2 % of ded is normdly sufficent in
un-propped congruction. If environment is corrogive it is advisable to design the dab as
continuous and take advantage of ded provided for negative bending moment for
resisting cracking during service loads.

5.2 Deflection

The IS 456 2000 gives a dringent deflection limitation of ¢/350 which may be un-
redidic for un-propped condruction. The Euro code gives limitations of ¢/180 or 20 mm
which ever is less. It may be worth while to limit gpan to depth ratio in the range of 25 to
35 for the compodte condition, the former being adopted for smply supported dabs and
the later for continuous dabs. The deflection of the composte dabs is influenced by the
dip-taking place between sheeting and concrete. Tests seem to be the best method to
estimate the actua deflection for the conditions adopted.
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53 Fire endurance

The fire endurance is assumed based on the following two criteria
Therma insuldion criterion concerned with limiting the tranamisson of heat by
conduction
Integrity criterion concerned with preventing the flanes and hot gases to nearby
compartments.
It is met by specifying adequate thickness of insulation to protect combudible materids.
R (time in minutes) denotes the fire resstance class of a member or component. For
ingance, R60 means that falure time is more than 60 minutes. It is generdly assumed
that fire raing is R60 for norma buildings. Reader can refer to reference 1 for further
details.

6.0 CONCLUSION

This chapter described various behavioural aspects to be considered for composite floors
usng profiled shegting. The desgn equations and agpplication to smply supported and
continuous dabs are included in the next chapter.
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APPENDI X
ULTIMATE STRESS OF CONCRETE

Eurocode assumes ultimate sress of concrete as 0.85 (fo)o/d Where (fo)ey IS the
characteristic cylinder compresson drength of concrete and @ is partid safety factor that
isequd to 1.50. They adopt rectangular stress block with dimendons is shown in Fig. 11.
For the sake of comparative study cylinder strength is changed to cube strength, (fei)cu-
Theratio of cylinder strength to cube strength is adopted as 0.80.

O453(f Ck)CU

Fig. 11 Stress block for concrete strength
according to Eurocode

085(fck)cy/g'n = 08 * 085(fck)cu/15 = 0-453(f0k)CU
Moment capacity = 0.453 (fa)eu X * 0.5x = 0.227 (fueu X°

In contrast, IS: 456 - 2000 assumes parabolic stress block as shown in Fig. 12. The
dimensions of the stress block are dso shown in Fig. 12.

0.445(f Ck)CU
0.42x

0. 36(f Ck)cux

0.58x

Fig. 12 Stress block for concrete strength
according to |'S: 456 - 2000

Moment capacity = 0.36 (fa)eu X * 0.58x = 0.209 (fei)eu X2
IS code is 7 - 8 % conservative compared to Eurocode, it is accounted for difference in

quaity control of the concrete at dte. If, designer is confident about quality control of the
concrete he can make proper choice between the two and arrive a an economic design.
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