International Journal of Advanced Structural Engineering (2018) 10:85-97
https://doi.org/10.1007/s40091-018-0183-3

ORIGINAL RESEARCH

@ CrossMark

Experimental and finite element study of ultimate strength
of continuous composite concrete slabs with steel decking

Alireza Gholamhoseini’

Received: 24 April 2017 / Accepted: 24 January 2018 / Published online: 9 February 2018
© The Author(s) 2018. This article is an open access publication

Abstract

Composite one-way concrete slabs with profiled steel decking as permanent formwork are commonly used in the construc-
tion industry. The steel decking supports the wet concrete of a cast in situ reinforced or post-tensioned concrete slab and,
after the concrete sets, acts as external reinforcement. In this type of slab, longitudinal shear failure between the concrete
and the steel decking is the most common type of failure at the ultimate load stage. Design codes require the experimental
evaluation of the ultimate load capacity and longitudinal shear strength of each type of steel decking using full-scale tests on
simple-span slabs. There is also no procedure in current design codes to evaluate the ultimate load capacity and longitudinal
shear strength of continuous composite slabs and this is often assessed experimentally by full-scale tests. This paper presents
the results of three full-scale tests up to failure on continuous composite concrete slabs cast with trapezoidal steel decking
profile (KF70) that is widely used in Australia. Slab specimens were tested in four-point bending at each span with shear
spans of span/4. The longitudinal shear failure of each slab is evaluated and the measured mid-span deflection, the end slip
and the mid-span steel and concrete strains are also presented and discussed. Redistribution of bending moment in each slab
is presented and discussed. A finite element model is proposed and verified by experimental data using interface element
to model the bond properties between steel decking and concrete slab and investigate the ultimate strength of continuous
composite concrete slabs.
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Introduction

Composite slabs consisting primarily of cold-formed pro-
filed steel decking and structural concrete are increasingly
used in steel-framed buildings worldwide. In this system,
the steel decking is normally continuous over two-spans
between the supporting steel beams and during construc-
tion the concrete is poured to form a continuous one-way
composite slab.

The steel decking has two main roles in this type of floor
system,; firstly, it serves as permanent formwork support-
ing the wet concrete during construction. Secondly, it acts
as external reinforcement for the slab, carrying the tension
induced by positive bending moment throughout the life of
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the structure. If the strength provided by the steel decking is
not adequate, additional reinforcement might be included in
the concrete slab, as shown in Fig. 1 (Johnson 2004; Oehlers
and Bradford 1995).

The composite action between the steel decking and the
hardened concrete is dependent on the transmission of hor-
izontal shear stresses acting on the interface between the
concrete slab and the steel decking (Abdullah and Easter-
ling 2009; Bradford 2010; Ferrer et al. 2006; Gholamho-
seini et al. 2014a). Composite action and the transmission
of horizontal shear stresses at the concrete—steel interface
are necessary for the steel decking to perform its role as the
tension reinforcement for the system. The composite action
between the concrete and the steel decking is achieved, not
only by chemical bonding between the decking and the con-
crete, but also by mechanical interlock between the concrete
and the embossments on the profiled steel decking. Further
composite action can be attained by attaching shear studs or
similar shear devices.

a
* @ Springer


http://orcid.org/0000-0001-7192-0064
http://crossmark.crossref.org/dialog/?doi=10.1007/s40091-018-0183-3&domain=pdf

86

International Journal of Advanced Structural Engineering (2018) 10:85-97

_ Slab Width, b ‘

Gut-of-Plane Composite Slab

Longitudinal
Transverse
' I Lm_w
Rib
Slab

Fig. 1 Elements of a composite slab and notations
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Ultimate strength of composite concrete
slabs

There are two methods presented in Eurocode 4 (EN 2004)
to evaluate the ultimate capacity of simple-span composite
slabs, known as the ‘‘m—k’’ and ‘‘partial shear connec-
tion’’ methods.

The m—k method to evaluate the design resistance
against longitudinal shear is mainly based on the numer-
ous experimental works of Porter and Ekberg (1975, 1976)
and essentially needs some tests to determine the empirical
values of m and k for a certain type of steel decking.

In the partial shear connection method, the flexural
capacity of the composite slab at full shear connection
stage is calculated by simple plastic analysis of the sec-
tion and by employing rectangular stress blocks for the
concrete and profiled steel decking. Due to interface slip
occurrence, to evaluate the ultimate longitudinal shear
stress between steel decking and concrete slab, full-scale
tests are also required in this method to determine the
degree of shear connection.

As stated earlier, the steel decking is usually supplied in
two-span lengths and negative reinforcement is provided
on top of the supports during construction. This makes
the composite slab normally continuous. Despite sev-
eral studies reported in recent years on the serviceability
behaviour of simple-span and continuous reinforced and
steel fibre-reinforced composite slabs (Abas et al. 2013;
Ackermann and Schnell 2008; Al-Deen et al. 2011; Al-
Deen and Ranzi 2015; Bednar et al. 2013; Gholamhoseini
et al. 2012, 2013a, b, 2014b, 2016; Gholamhoseini 2016;
Gilbert et al. 2012; Kim and Jeong 2006, 2009; Lin et al.
2014a, b; Marciukaitis et al. 2006; Marimuthu et al. 2007;
Mansour et al. 2015; Mirza and Uy 2012; Petkevicius and
Valivonis 2010; Ranzi et al. 2013a, b), limited informa-
tion is available in the literature on the assessment of their
ultimate strength. For this, current codes do not present a
procedure to evaluate the ultimate load capacity and lon-
gitudinal shear strength of continuous composite slabs and
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Fig.2 Dimensions (in mm) of KF70 steel decking profile. Sheet
thickness #; = 0.75 mm; Section Area Ay = 1100 mm?*m.
Height to Centroid yy = 27.7 mm; Second moment of area
Iy = 584,000 mm*/m

this is often assessed by full-scale tests. Hence, practising
engineers often assume that the composite slab is simply
supported and carry out the design accordingly.

This paper presents the results of three full-scale tests
up to failure on continuous composite concrete slabs cast
with using trapezoidal steel decking profile (KF70) that is
widely used in Australia. Slab specimens were tested in four-
point bending at each span with shear spans of span/4. The
longitudinal shear failure of each slab is evaluated and the
measured mid-span deflection (from first loading to ultimate
and into the post-peak range), the end slip and the mid-span
steel and concrete strains and the redistribution of bending
moments are also presented and discussed. A finite element
model is proposed and verified by experimental data using
interface element to model the bond properties between
steel decking and concrete slab and investigate the ultimate
strength of continuous composite concrete slabs.

Experimental study
Overview

The short-term behaviour of three composite slabs cast on
commonly used KF70 trapezoidal decking profile manufac-
tured by Fielders Australia Pty Ltd (2008) has been studied.
The shape, dimensions and section properties of the profile
are shown in Fig. 2. The thickness of the steel sheeting was
0.75 mm.

Each slab was 6900 mm long, with a cross sec-
tion 150 mm deep and 1200 mm wide, and contained no
bottom reinforcement (other than the external steel decking).
The decking was formed from 0.75 mm thick grade G500
steel with a Z275 coating produced according to (Standards
Australia 2011). The composite slabs were cast with the
profiled steel decking as permanent formwork and the con-
crete was then cured for 7 days under wet hessian. For each
specimen, the steel decking was completely supported on the
laboratory floor during casting of the concrete to minimise
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initial stress or deformation in the steel decking and the deck
was cleaned thoroughly before placing concrete.

It should be highlighted that the test specimens were part
of a separate study on the long-term behaviour of continuous
composite concrete slabs and were cracked on the interior
support in that test. The complete results of that study have
been reported elsewhere (Gholamhoseini et al. 2013a).

Each specimen was continuous over the interior support
and simply supported on a roller at each of the two exterior
supports with a 100 mm overhang at each end. The cen-
tre—centre distance between the each exterior roller support
and interior pin support was 3350 mm. Longitudinal and
transverse reinforcements were provided in the top of the
slabs in the negative moment region over the interior sup-
port, as shown in Fig. 3.

The first digit in the designation of each slab is the speci-
men number (1-3), and the following letter “C” indicates
geometry of the slab and stands for “continuous”. The next
two numbers indicate the type of decking (where 70 means
KF70 decking).

Test setup and instrumentation

The test method for all tested slabs was the same. Each
slab was tested with shear span of L;=L'/4 = 840 mm.

250

Two load cells were placed underneath each support to
measure the support reaction and its variation at any time.
The deflection at the mid-spans and the end slip at both
exterior supports were measured by LVDTs (linear vari-
able displacement transducers). The strains in the concrete
and in the steel decking were measured at selected sections
on the top and bottom surfaces of slabs using 60 mm long
surface-mounted strain gauges. The strain in the longitu-
dinal reinforcement at the interior support was measured
by embedded strain gauges.

The applied load and the reactions at each support
were also recorded continuously throughout the tests. The
applied load was measured by a load cell placed under the
actuator. A schematic view of the experimental setup and
the measured parameters is shown in Fig. 3.

The load was applied in a displacement control man-
ner at a rate of 0.3 mm/min. The deformation was applied
at a slow rate throughout the test to examine the com-
plete load—deflection response, including in the post-peak
unloading range. Failure was considered to have occurred
when one of the spans had deflected excessively and
hence, the load had dropped significantly.
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Fig.3 Test setup, measured parameters and cross section at mid-support.
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Fig.4 Mid-span deflection versus applied load

Material properties

The mean compressive strength £, and modulus of elasticity
E, of the concrete at the age of testing were determined from
tests on six standard 100 mm diameter cylinder companion
specimens and were 47.9 and 33,050 MPa, respectively. At
the time of testing each slab, tests were also conducted on
100 mm X 100 mm X 500 mm prisms to determine the flex-
ural tensile strength of concrete. The mean concrete flexural
tensile strength f, ; (modulus of rupture) was 4.68 MPa.
The complete stress—strain curve, elastic modulus E, and
yield stress fy,, of the steel decking were also measured from
tests on three coupons cut from the sheet of decking. The
yield stress f,,, and the elastic modulus E| of the steel decking
were 532 MPa and 203 GPa, respectively. Similarly, from
tests on three samples of the reinforcing bars, the average
values were f, = 495 MPa and E; = 205 GPa, respectively.

Discussion of test results

The mid-span deflection versus applied load for each slab
is shown in Fig. 4. Without exception, the widest crack
occurred at the interior support and in the vicinity of one
of the applied loads. After the peak load had been reached,
wide cracks at the top surface of the interior support (as
shown in Fig. 5) and below the applied line loads eventu-
ally divided the concrete. This was typically associated with
excessive end slip as exemplified in Fig. 6. Significant post-
slip strength was observed in all three slabs.

The longitudinal shear failure mode determines the post-
slip strength and behaviour of composite slabs. According
to the Eurocode 4 definition of ductility, the longitudinal
shear behaviour is considered to be ductile if the failure
load exceeds the load causing a recorded end slip of 0.1 mm
by more than 10% and hence, all slabs failed in a ductile
manner.

Graphs of end slip S versus applied load are shown in
Fig. 7. The measured load causing an end slip of 0.1 mm

* @ Springer

Fig.5 Excessive cracking in concrete surface at mid-support in slab
1-C-70

Fig.6 Final end slip at eastern end support of slab 2-C-70
(S =25 mm)
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Table 1 Summary of test results

Slab P(oA 1 mm) (kN) P (KN) P..q (kN) Ay (mm) A g (mm) Snax (Mm) Em(max) (pe) €cm(max) (pe)
1-C-70 120.5 199.8 165.0 E (30.9) E (66.3) E (17.5) E (478) E (197)

W (31.8) W (36.9) W (10.8) W (440) W (138)
2-C-70 133.8 213.0 170.5 E (46.8) E (92.4) E (25.0) E (1290)W (1240) E (201)

W (19.0) W (17.6) W (Q24) W (202)
3-C-70 123.1 208.4 176.6 E (40.4) E (69.4) E (19.6) E (1041) E (218)

W (21.0) W (20.3) W (3.6) W (787) W (233)

A, deflection at peak load, 4,,, deflection at the end of the test, S
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Fig.8 Steel decking strain at mid-span versus applied load
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Fig. 9 Concrete strain at mid-span versus applied load
P (.1 mm)> the peak load capacity P, and the applied load

at the end of the test for each slab are summarised in
Table 1. Also given in Table 1 are the deflection at peak
load, the deflection at the end of the test; the maximum
end slip (at the end of the test); the strain in steel decking
at mid-span and the strain in the compressive concrete at
mid-span at the peak load.

The mid-span deflections in the slabs at the peak load
were highly variable, and ranged from (L'/71) for the east-
ern span to (L77176) for the western span of slab 2-C-70,

maximum end slip (at the end of the test), &4y Strain in steel decking at
mid-span at peak 10ad, €, strain in concrete at mid-span at peak load
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Fig. 10 Steel decking strain at mid-support versus applied load

Fig. 11 Final deflected shape of slab 1-C-70

respectively. Graphs of major measured parameters are
shown in Figs. 8, 9, 10.

The maximum value of the strain in the steel decking at
mid-span at the peak load was measured at the eastern span
of slab 2-C-70 and was &g,y = 1290 pe. The steel yield
strain is &, = f,,/E; = 2620 pe and therefore, the maximum
steel strain was only 49% of the yield strain. Clearly, the loss
of longitudinal shear stress in all slabs prevented the steel
decking from yielding and the full plastic flexural capacity
could not be reached.

Figure 11 shows slab 1-C-70 after reaching its peak
load and just before termination of the test. The different

* @ Springer
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Fig. 13 Crack locations in slab 2-C-70

deflections in either of spans, due to different levels of slip

in each span, are quite visible. The cracking patterns in

slabs at the end of the test are shown in Figs. 12, 13, 14.

2
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Bending moments redistribution

The bending moment distribution over the length of each

slab was calculated from the support reactions (measured
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Fig. 15 Bending moments versus total loads in slab 1-C-70

by load cells). The bending moment values for the failed
span of the slabs 1-C-70, 2-C-70 and 3-C-70 versus the
total load are shown in Figs. 15, 16 and 17, respectively.
Also shown in Figs. 18, 19 and 20 is the ratio of nega-
tive—positive moment for each slab versus the total load.
The total load in each figure is the applied load P plus
the slab self-weight (3.6 kN/m) and the self-weight of the
spreader beams and all packing plates used in the test and
measured at the start of the test (i.e. P + 30.84 kN). The
dashed straight lines in the figures represent the bending

Fig. 16 Bending moments versus total loads in slab 2-C-70

moments calculated by assuming constant stiffness along
the slab and linear elastic behaviour of materials. The sag-
ging (positive) moments are the values directly under the
applied concentrated load and were calculated from statics
using the measured reaction at the exterior support at the end
of the slab. The hogging (negative) moment at the interior
support was also calculated using the measured reaction at
the exterior support of the failed span.

As stated earlier, all three slabs were cracked at mid-
support under self-weight and the various sustained loading

a
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histories, prior to the commencement of these short-term
load tests (Gholamhoseini et al. 2013b). Therefore, both the
mid-span and mid-support moments increased linearly with
load until the onset of slip. The negative moment was car-
ried largely by the steel reinforcement in the concrete tensile
zone at the top of the slab.
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In slab 3-C-70, a further sudden change in the moment
distribution occurred when a sudden bond slip at the steel
concrete interface occurred when the total load reached
169.2 kN. At this point, the load dropped suddenly to
144.6 kN and the positive moment dropped suddenly from
26.7 to 21.2 kNm. However, the negative moment remained
essentially constant as 30.8 kNm, as can be seen in Fig. 17.
The drop-off in load at this point was almost totally associ-
ated with the sudden drop in positive moment. This drop-off
in load was not evident in the other two slabs.

A further sudden change in the moment distribution
occurred in all slabs when positive moment cracking even-
tually initiated bond slip at the steel concrete interface when
the total load reached to about 240 kN. At this point, there
was a significant drop in total load and also in the ratio of
negative—positive moment as can be seen in Figs. 15, 16 and
17, respectively.

Finite element analysis
General structural modelling

The general purpose nonlinear finite element software
ATENA 3D version 4.2.7 was used in the present study to
investigate the ultimate strength of the composite concrete
slabs tested in the laboratory. ATENA 3D programme is spe-
cifically designed for 3D nonlinear finite element analysis of
solids with rigorous constitutive relationships to model the
behaviour of reinforced concrete structures including con-
crete cracking, concrete crushing and reinforcement yielding
(ATENA Program Documentation 2009).

A three-dimensional (3D) finite element model was
developed to account for the material and geometric nonlin-
earities in the composite slabs and to investigate the ultimate
strength of the continuous composite concrete slabs tested
in the laboratory. The material properties for steel decking
and concrete slabs were similar to the values stated earlier.
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The Newton—Raphson iterative solution method was cho-
sen. The mid-span deflection of each slab versus the total
load was monitored in the analysis. Four monitoring points
at the location of the applied line loads and two monitoring
points at mid-span were defined to monitor the amount of
total load and mid-span deflection, respectively. All of the
monitoring points were defined on the top surface of each
slab.

Steel plates with 50 mm thickness and 100 mm width
were modelled at the load application points to simulate the
steel profiles used in the laboratory experiments and to pre-
vent high stress concentrations at these locations. The partial
connection allowing slip to occur between the steel decking
and concrete was considered.

The concrete slab, steel plates and steel decking were
modelled with three-dimensional solid linear tetrahedral ele-
ments with three translation degrees of freedom per node.
Linear tetrahedral elements contain four nodes compared to
the ten nodes in quadratic elements and require less com-
putational effort and time to run the analysis. The global
element size was limited to 50 mm. Similar to the experi-
mental study, in each analysis, the load was applied in a
displacement control manner. The finite element model for
the analysis of the slabs is shown in Fig. 21.

Material modelling

Steel plates

Steel plates at the load application points were modelled
as a linear elastic material using “CC3D Elastic Isotropic”
material type with E; = 200 GPa.

Steel decking

In the present study, steel decking was modelled as an elas-

tic—fully plastic material without strain hardening using
“CC3D Bilinear Steel Von Mises” material type. A bilinear

Plate (50 x100) mm
under Applied Load

—

Section

Fig. 21 Finite element model of continuous composite slabs
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Fig.22 Stress—strain curve for steel decking

stress—strain relationship, as shown in Fig. 22, was used for
steel decking in both tension and compression. The Von
Mises yield criterion was used in the nonlinear analysis to
treat the plasticity of the steel material.

Reinforcing bar

The reinforcing bars over the interior support were modelled
using “CC reinforcement” material type with elastic—fully
plastic behaviour without strain hardening. There are two
ways that a reinforcing bar can be modelled in ATENA;
either as smeared or as discrete bar element. In smeared
element modelling, the reinforcement is spread along the
macroelement by assigning a reinforcement ratio, whereas in
discrete bar element modelling, the reinforcing bar is mod-
elled as one-dimensional line element with the assigned bar
diameter.

The contact between the reinforcing bar and the surround-
ing concrete macroelement can be assigned either as perfect
bond or as specified bond—slip relationship. In this study,
the reinforcement bars were modelled as discrete bars with
perfect bond to concrete.

Concrete slab

Concrete slab was modelled using “CC3D Nonlinear
Cementitious 2” material type. This material type has the
capability to consider concrete cracking; crushing and plas-
tic behaviour. The material properties in the different stress
states are presented below.

Tension before cracking The behaviour of concrete in ten-
sion before cracking was assumed to be linear elastic, i.e.,
o = E; where o is the tensile stress in concrete, E_ is the
initial elastic modulus of concrete and ¢ is the strain in
concrete.
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Fig. 23 Stress—strain curve for concrete in tension
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Fig. 24 Stress—strain curve for concrete in compression

Tension after cracking A fictitious model based on a
crack-opening law and fracture energy (shown in Fig. 23)
was used in combination with the crack band theory for
modelling concrete tension after cracking and is given by:

3
() Jor o) g one

ey
where w is the crack opening, w, is the crack opening at the
complete release of stress, ¢; =3, ¢, =6.93, w, = 5.14%

Jt
and G is the fracture energy needed to create a unit area of
stress-free crack and here taken as 30 N/m in the numerical
model.

Compression before peak stress The stress—strain curve
for concrete in compression is given in Fig. 24. The for-
mula recommended by CEB-FIP Model Code 1990 (Com-
ite Euro-International du Beton 1993) was adopted for the
ascending branch of the concrete stress—strain law in com-
pression and is given by:

o kx = x? £ E_

o':f =—’k=

Trk—2n " & )

c
c cl
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where o is the concrete compressive stress; x is normalised
strain; €, is strain at peak stress; E_ is the initial elastic mod-
ulus and E_, is the secant elastic modulus at the peak stress,
respectively. Shape parameter k may have any positive value
greater than or equal 1 (e.g. k = 1 linear, k = 2 parabolic).

Compression after peak stress The softening law in com-
pression is linearly descending. In this study, a fictitious
compression model based on dissipated energy was used.
The model is based on the assumption that compression
failure is localised in a plane normal to the direction of
compressive principal stress. All post-peak compressive
displacements and energy dissipation are localised in this
plane. It is assumed that this displacement is independent
of the size of the structure. This hypothesis is supported by
experiments conducted by Van Mier (1986). The strain is
calculated from the following expression:

7k 3)

where w, is the plastic displacement at the end of the soften-
ing curve taken as 0.5 mm, ¢, is the limiting compressive
strain and Lél is band size, respectively.

Steel decking—concrete slab contact

The “CC3D Interface” material type in ATENA 3D was used
to model contact between steel decking and concrete slab.
The interface material is based on Mohr—Coulomb criterion
with tension cut off. The constitutive relation for a general
two-dimensional case is given in terms of tractions on the
interface planes and relative sliding and opening displace-
ments as (ATENA Program Documentation 2009):

MR @

The initial failure surface corresponds to Mohr—Coulomb
condition with ellipsoid in tension regime. After stresses
violate this condition, this surface collapses to a residual
surface which corresponds to dry friction. The frictional
properties of the interface material model in ATENA 3D
are defined by shear cohesion ¢ and the friction coefficient
¢. The maximum shear stress is limited by the linear rela-
tion 7 = ¢ — ¢po where o is the interface compressive stress.
In tension, the failure criterion is replaced by an ellipsoid
which intersects the normal stress axis at the value of f; with
a vertical tangent (as shown in Fig. 25) and intersects the
shear axis at the value of ¢ (i.e. cohesion) with the tangent
at this point equivalent to ¢ (also shown in Fig. 25).

7| <c—¢o,0<0 (®)]



International Journal of Advanced Structural Engineering (2018) 10:85-97

95

A

Compression | Tension

f o
t
Fig. 25 Failure surface for interface element
c
o2 ’
o
#f?
c,=——0<0<
STy <) ®)
7=0,0 >f[ 7
TA
Stick Slip
| |
c—po
N
Kt(min)
—po S~
K¢
1
(a) Ay
A
o Traction | Separation ‘
T 1
ft 1
Kn
1

(b) A u

Fig. 26 Interface model behaviour in a shear and b tension

The coefficients K, and K, in Eq. 4 denote the initial elas-
tic normal and shear rigidities, respectively. There are two
additional rigidity values that need to be specified in the
ATENA 3D input. They are denoted in Fig. 26 as K,(y;n
and K- These values are used only for numerical pur-
poses after the failure of the element to preserve the positive
definiteness of the global system of equations. Theoretically,
after the interface failure the interface rigidity should be
zero, which would mean that the global rigidity will become
indefinite. These minimal rigidities are recommended to be
about 0.001 times the initial rigidities.

The assumed values of K, = 1000 MN/m® and
K, = 60 MN/m’ showed the best agreement between the
finite element model and the test results as shown in Fig. 27.
Of course, these values are deemed to be a function of mate-
rial properties and rigidities of the steel decking and concrete
slab. Vertical and transverse separation at the steel-concrete
interface was assumed to be negligible. This was achieved
by assigning a very large value for the initial elastic normal
rigidity K, in the model. The material properties for steel
decking and concrete slabs were similar to the values sum-
marised in Sect. 3.3. The cohesion stress value of 0.1 MPa
and tensile stress value of 0.5 MPa were selected for the
interface element properties, respectively.

Finite element analysis results

A summary of the comparison between the test results and
the numerical results obtained from the partial interaction
analyses is presented in Fig. 27. The average measured ulti-
mate load capacity of the three slabs was P, = 207.1 kN
and the result obtained from finite element modelling was
P, =234.0 kN. In lieu of the expense involved with full-
scale testing, the good agreement between the finite element
modelling and the test results obtained in the study suggests
that far less expensive numerical modelling can be used to
verify the performance of continuous composite slabs.
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Fig. 27 Load versus mid-span deflection comparisons
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Conclusions

The results of short-term testing up to failure of three con-
tinuous composite slabs constructed using a profiled steel
decking section that is widely used in construction industry
in Australia have been presented and discussed. The slabs
were tested in symmetric four-point bending in each span
with shear span of L74. For all slabs, the maximum flexural
capacity was controlled by yielding of the reinforcement at
the interior support with significant slip at the concrete—steel
interface in the shear span, well before the fully plastic
moment of the composite cross section could be reached. All
slabs satisfied the ductility provisions given in Eurocode 4.

The slabs were then modelled in a finite element pro-
gramme to investigate the behaviour of the slabs throughout
the full range of loading and the results were compared with
test results. Interface elements were used to model the bond
properties between steel decking and concrete slab. Cur-
rently, the design standards do not present guidance for the
design of continuous composite slabs, and full-scale testing
is needed. In lieu of the expense involved with full-scale
testing, the good agreement between the finite element mod-
elling and the test results obtained in the study suggests that
far less expensive numerical modelling can be used to verify
the performance of continuous composite slabs.
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