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ABSTRACT
The purpose of this paper is to give insight into the mechanical interlocking mechan.ism and into the behavior of composite slabs based on
numerical analysis. Small scale push tests and friction tests are used to
obtain interaction properties between sheeting and concrete. The focus
is on the distribution of slip and longitudinal shear stresses between
concrete and sheeting, the distribution of longitudinal strains in the
sheeting and in the cross section. It is assumed that the shear connection in a composite slab can not function unless there is slip at the interface between concrete and the sheeting. The general range of
validity of small scale tests and the potential for improvemeot of partial
connectioo strength methods are laid out.
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1. INTRODUCTION
Composite floors consisting of a concrete deck and a thin-walled steel sbeeting can be used as a competitive floor design in construction. The flooring deck system has been in use since the early 1950s
in the USA and is common in multistory steel framed buildings.
Composite floors have a great variety of applications in the construction industcy (office and industrial buildings, carpark units, renovation schemes) and they can be used in conjunction with concrete
or timber structures as well. Lightweight concrete is commonly used instead of normal weight concrete in order to reduce the self weight, in the United Kingdom for example.

The sheeting has two roles. During the casting of the concrete it serves as a formwork and after the
concrete bas hardened it serves as reinforcement.
In the seventies composite slabs were considered as structural elements similar to reinforced beams.
Consequently, the design methods for longitudinal shear and vertical shear are based on empirical
methods similar to those used for reinforced beams. Tue m-k method is still a broadly accepted
method for longitudinal shear design in USA /1/ and in European national codes, as well as in
Eurocode 4 /2/.
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At the end of the eighties, composite slabs began to be considered as structural elements similar to
composite beams. The partial connection strength method, derived primarily for composite beams /
3/, /4/, has been suggested as an appropriate method for the design of composite slabs failing in longitudinal shear. Currently, two variants of the partial connection method exist. One, which is proposed in Eurocode 4 /2/, was developed by J.B.W. Stark and H.Bode together with their
collaborators, and one that was developed by Patrik 1994 /5/. The importance of friction developed
at the support between sheeting and concrete was first recognized by Patrik 1990 /6/.

In this paper results from tests and finite element modeling carried out at Luleå University ofTechnology /7/, /8/ will be presented.

2. ULTIMATE LIMIT STATES OF A COMPOSITE SLAB
The design of composite floors in Eurocode 4 /2/ and Swedish code /9/ is based on experimental results obtained for simply support.ed composite slabs loaded with two line loads. Three failure modes
can be defined as follows:
(a) longitudinal shear failure occurs if the shear span (corresponding to the development length in
reinforced concrete) is not sufficiently long to ensure the transfer of the force from the concrete deck
to the steel sheeting whlch is required for a plastic moment in the composite stab. Tbe concrete then
slips over the sheeting at a load which is less than the load whlch causes ffexural resistance Mp.R of
the slab calculated according to elastic-rigid plastic theory using an effective sheeting all!a.
(b) If the fl.exural capacity of a slab (defined with respect to an effective sheeting area) is reached,
then the composite slab can be considered to fail in aftexuralfailure mode. In this case the interaction
properties of the sheeting, namely the strength and ductility of the mechanical interlocking devices,
do not limit the flexural capacity. The presence of the mechanical interlocking devices, e.g. indentations, reduce the sheeting area. Tue effective sheeting area is a supplementary information obtained
after full scale testing, nI. It should be not.ed that at the ultimate state, the concrete deck slips over
the sheeting. Tbis is a consequence of large strains in sheeting, which are a few times larger than the
yield strains. The strain level is dependent on the shear span and the slenderness of the slab. In the
codes /2/, /9/, /10/ complete interaction between concrete and sheeting is assumed for this failure
mode.
(c) Vertical shear failure occurs across the width of the span when the transverse shear capacity of
the concrete deck is reached. An important characteristic of vertical shear failure is that the ultimate
load is not limit.ed by the longitudinal shear capacity of the slab and, of course, is smaller than the
load which causes flexural failure. It has been shown in /5/ and /11/, and /12/ that the vertical shear
provisions of Eurocode 4 are conservative when used to design Bondek II and Plannja Combideck.
respectively.
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3. LONGITUDINAL SHEAR TRANSFER
3.1 General
Sheeting profiles, with respect to their perfonnance in composite slabs, can be divided into two
groups. Tue first group suffers brittle longitudinal shear failure while the second group develops
ductile longitudinal shear failure. Tue behavior of composite slabs is defined as ductile /2/ if the failure load exceeds the load causing first recorded end slip by more than 10%. The total load at which
the end slip is 0.5mm is accepted in /7/ as the load corresponcling to "first recorded end slip" and is
compared with the failure load. The issue of ductility of composite slabs should in faet be related to
the ductility of the mechanical interlocking resistance, which is a relation between the horizontal
force (shear stress) and the slip measured in the small scale push test. Tue arnount of slip for which
the ma.ximum horizontal force needs to be kept constant in order to ensure ductile behavior fora certain slab, is currently studied at LuTH.
Various sheeting profiles with different types of indentations are shown in /13/. For plain, reentrant
sheeting additional end anchorages are required/14/. The role ofthe sheeting profile, especially the
reentrant portion is important. The reentrant portion is ideal for resisting vertical separation /15/. The
optimization of the sheeting profile can be done with the small scale push test as shown in nt.
The interaction between profiled sheeting and concrete, after the adhesion is broken, is ensured by
mechanical interlocking, and possibly also by frictional locking and friction at the support:

- Mechanical interlocking action is produced by the indentations pressed into the web (the most common case), or by small dent.s pressed into the apex of the fold along the bottom flange, (as e.g. in
sheeting profile Peva 45). In general, the mechanical interlocking characteristics (slip secant modulus, ductility, maximum tr~fer force from the concrete to the sheeting) depend on the type of the
indentations or embossments, and their size and position on the sheeting profile.
- Frictional locking produced along the rib is caused by the reentrant portion of the sheeting profile.
It is not necessary to separate the contributions of frictional locking and mechanical interlocking
measured in the small scale push test, see nI for example.
- Friction produced at the suppon is caused by the reaction force and has to be treated separately.
Adhesion between concrete and sheeting exists but is often neglected because of its brittle nature and
unreliable strength (large scattering of the measured shear capacity).

M.Patrik has found that the strength of the concrete has a certain influence on the longitudinal shear
strength /5/.
The load-slip relationship measured in small scale tests characterizes the fimetions of composite slab
and is similar to the bond-stress-slip relationship for reinforced bars measured in pull•out tests. Upon
comparing results from pull·out tests performed on reinforced bars at LuTH /16/ with results of small
scale push tests /7/, the interaction properties between concrete and sheeting or reinforcement appear
to be remarkably similar regarding the shapes of the curves. However, a large difference appears in
the resistance.
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Tue maximum bond stress for a reinforcement
bar depends on the bar diameter and the concrete
density. For example, the maximum bond stress
of a defonned bar <1>16 with fyk=380MPa and
nonnal strength concrete {NSC) with
fcc=47MPa is 19.3 MPa /17/. while the longitudinal shear resistance calculated with the projected sheeting area of Plannja Combideck 45 is
0.41 MPa. The shear resistance of the reinforced
bar and the sheeting profile, shown in Figure 1.
is nonnalized with respect to the maximum value obtained.
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Sorne characteristics of the interaction performance of various sheeting profiles are presented
in /5/, /18/, /19/, /20/, /21/ and in tb.is paper,
Figure 1. Comparison of push test for sheeting /6/
while the main references related to the mechanand the pull-out test of reinforcement
ics of shear transfer with reinforcement can be
/16/, /17/
found in /21/, /16/.

3.2 Mecbanics of the interaction between sheeting and concrete
In order to understand the behavior of composite slabs it is important to know the way in which the
tensile force occurring in the sheeting is transferred to the surrounding concrete. Mechanical locking
and frictional locking are two contributors to the longitudinal shear resistance that might be qualitatively identified in an example using the sheeting profile Plannja Cornbideck 45. In the push test the
total horizontal force is measured.
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Figure 2. Plannja Combideck composite floor, courtesy of Plannja AB Luleå
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The mechanics of the interaction between sheeting and concrete during the overriding of the concrete
over the sheeting are the same both in the small scale push test as well as in the composite slab. A
possible equilibrium state is shown in Figure 3. The ends of the indentations, position 1, are the main
contributors to mechanical interlocking. Tue mechanical interlockingforces, defined as forces produced by the presence of indentations which aet as obstacles to the overriding of the concrete over
the indentations, can be split into two components. Tue first component, which is in the longitudinal
direction, contributes to the measured horizontal force in the push test. The second component,
which is assumed to aet perpendicular to the web, is considered in the model as an action on the
sheeting. The bending of the webs, due to overriding of the concrete block over the indentations,
causes bending of the flanges in the opposite direction. The concrete however restrains the flanges'
bending. Compressive vertical forces arise at the contacts between the concrete and the flanges,
which tend to lift the concrete from the sheeting. Tue position of the vertical forces on the concrete,
position 2, depends on the sheeting profile, and on the direction and distribution of actions on the
web. If the simplified actions are assumed to be perpendicular to the web and have the same intensity
for both forces at position 1, then lifting force acts only at the bottom flange. There is no contact
between concrete and sheeting at the top flange. Therefore possible forces are indicated with gray
arrows in Figure 3.

The force at position 3 together with the frictional forces which arise because of the slip between concrete and sheeting in the plane of the cross section maintain equilibrium with the discretized action
on the sheeting. The force at position 3 can be named the splittingforce because its counter part acting on the concrete has a tendency to split the concrete. Tue magnitude and direction of the splitting
force, which arises in the small scale push test and in the composite slab away from the support, is
dependent on the shape of the reentrant portion, the indentations· characteristics (depth, position on
the web, pitch distance and volume), and the sheeting thickness. The splitting force can be so large
that it causes splitting of the concrete which originates at the peak of the reentrant portion. Splitting
failure is more li.kely to occur with a lightweight concrete, as is the case in the push test I and in
the composite slab /23/.
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Figure 3. Rending of sheeting during concrete overriding. Tue original and the defonned shape of
the sheeting are shown.
The frictional locking force which arises primarily at position 3 acts parallel to the rib. The magnitude of this force is linearly related to the splitting force by the friction coefficient. Of course,
wherever the concrete and the sheeting are in contact, at position 1 as well, frictional (locking) forces
arise in the direction of the slip. Furthermore, at position 2 frictional forces of low magnitude arise.
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The relation between the horizontal force and the slip measured in the push test is called the
mechanical interlocking resistance because: firstly, it is desirable that the major contribution lo the
horizontal force is caused by the mechanical interlock.ing (many sheeting profiles tested I, I 18/,
I191, /20/, /21/ have only this type of the shear transfer), and secondly, the frictional lock.ing can not
appear alone in the small scale test /7/ but only as a consequence of mechanical locking e.g. bending of the sheeting as shown in Figure 3.

n

4. FINITE ELEMENT MODEL OF THE COMPOSITE SLAB
4.1 General
In the following examples, the finite element system DIANA Version 5.1 has been used to model two
line load bending tests of composite slabs with 2.0 and 4.0 m spans, respectively. Both slabs extend
100 mm beyond the centre of the support. Due to symmetry, only one sixteenth of the composite slab
is modelied. Two 0.8 mm thick plates, known as crack inducers, which follow the sheeting profile in
a perpendicular direction, were positioned under the applied load in order to better define the shear
span during the test.

4.2 Sheeting
The trapezoidal shape of the sheeting is modelled with curved shell elements. Measured data for a
characteristic rib, Figure 2, is approximated for the numerical model and shown in Figure 6. Base,d
on tensile tests of dimpled and flat sheets, different uniaxial stress-strain relationships are used for
the web and flanges. A dimpled sheet is that part of the web which has indentations. Test results obtained for specimens containing only dimple,d sheet were used to derive the effective material ofthe
web with a "two bar model" /7/. The effect of the cold forming on the sheeting properties (yield
strength and ductility) is not considered.
The pressed indentations reduce the effective yield stress and Young modulus to 47% of the original
values fora flat sheet, see Figure 4. This is a consequence of the flexural defonnations of the folds
that are added to the extensional deformation. A plasticity model with von Mises yield surface and
isotropic hardening is used. The assumption that the sheeting material is isotropic is not fully correct
and isotropic hardening is not correct for the general case, but this assumption does not lead to a large
deviation from the actual behavior of the slab since uniaxial tension is the dominating stress in the
sheeting.
EFFECT[VE WEB OF TIIE SHEETING
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4.3 Sheeting-concrete interaction properties
4.3.1 Mechanical interlocking
Longitudinal shear resistance produced by the indentations and by the re-entrant portion at the contact between sheeting and concrete is modelied using a nodal interface element called N4IF. A nonlinear elastic constitutive model is used for the longitudinal slip-stress relation. The constitutive
model is appropriate until substantial reverse slip occurs. Results from a small scale push test provide
the basis for this relation, Figure 5. The force-slip relationship measured in the test is simply mapped
onto a stress-displacement curve by di viding the forces by the developed area of the approximated
sheeting.
The nodal interface elements are placed at the corners of the shell elements and connected to the solid
elements. Tue allocation of the shear transfer to the interface elements has al most no influence on the
composite slab behavior described by the load-displacement diagram.

In order to compensate for the overhang at the support, the first interface element which transfers horizontal shear caused by mechanical interlocking has an allocated area which is 2.5 times larger than
that of the adjacent element in the longitudinal direction.
Sheeting-concrete interface properties are assumed to be independent of the strain level in the sheeting. This assumption causes the capacity and ductility of composite slabs which fail in flexure to be
overestirnated. Tue decrease of interface properties due to the high strain level in the sheeting is,
however, not yet known.

crack inducers
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Figure 6. Model of the longitudinal interaction between sheeting and concrete
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In the vertical direction, linear elastic behavior with two different stiffnesses is assumed. A very large
elastic modulus is used for the outer interface elements, lines E 1 and E4 in Figure 6, causing vertical
separation between sheeting and concrete deck to be prevented at all times. An almost negligible
elastic stiffness is assigned to the springs at the folds, Ei and E3• In this way the shear force in the
web is underestimated. Tue vertical spring stiffness is not derived from tests (some doubt exists as
to if it is possible to deri ve). It is believed that this stiffness is not important if the vertical separation
is effectively prevented by the profile. Tue vertical separation between sheeting and concrete leads
to a reduction of horizontal shear transfer which is considered in an assumed relation between horizontal shear and slip, Figure 5.

4.3.2 Friction
Tue sheeting is supported only at the bottom flange i.e. at two of the nodes in lines E 1 and Ei.
Friction at the support is rnodelled with a nodal interface element for which the Coulomb friction criterion is used. The friction coefficient of 0.6 was obtained from friction tests /7/. It is assumed that
the surfaces of the concrete and the sheeting neither react chemically (no adhesion) nor dilate (the
sutfaces are perfectly smooth); therefore, both the cohesion and the dilatancy angle are chosen to be
zero.
Tue frictional slip condition (yield condition) 't = µcr and the strain increment
d~ = ( de, dy) = (0, dy) assumed in the model are shown in Figure 7. It is obvious that because
the dilatancy angle is zero, the normality condition is not satisfied. For a detailed description of the
frictional continuum see /24/, /25/.
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4.4 Concrete
The concrete deck is modelied with solid elements in the shear span. and solid elements and plane
interface elements in the region of constant bending moment. An elastic material with a Young modulus for concrete is assigned to the solid elements in the region of constant bending moment. The
length of the solid elements is 50 mm which corresponds to the average distance between the flexural
cracks recorded during the experiments with the 4m span composite slab. This mesh is too coarse to
allow the introduction of interface elements into the shear span in order to use predictor-corrector
technic /26/. Thus, in the shear span, the cracking of the concrete is modelled using only the smeared
approach. In the region of the constant bending moment, characterized by flexural cracks,
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the interface elements are placed between each column of solid elements. A nonlinear elastic constitutive model based on the material properties of concrete is used. This is chosen to ensure nonlinearity of the concrete in compression, according to CEB-FIP model 1993 /27/, since it is well known
that concrete behaves in a highly nonlinear manner in the ascending region of uniaxial compression,
see for example /28/. Tue consequence of this approach is that the transfer of vertical shear is the
same in both the cracked and uncracked concrete. This is not seen as a !imitation of the model. This
is because only vertical cracks (fracture moden have to be modelled since no vertical shear exists in
the region of constant bending moment. Thus, a constant value for the shear modulus is used with a
large dummy modulus in the plane of interface. The length of the solid elements, 50 mm, is used as
a base length in order to calculate the relative displacement normal to the crack.
Tue smeared approach is used to describe cracking of the concrete in the solid elements. Tue plasticity model used for compression has a Drucker-Prager description of the yield surface. Tue shear retention factor ~=0.20 is used for numerical convenience, since it was found to be more suitable in the
considered case than P=O.O usually recommended for reinforced beams. This choice is not compatible with the description of the concrete in interface elements but, as will be shown in the numerical
examples. this is nota decisive factor in the analysis.

4.5 Crack lnducers
A quadrilateral interface element is used to model the crack inducer, which in a numerical sense
means that the strains are concentrated in the discrete crack. A nonlinear elastic constitutive model
based on the material properties of the concrete is used, but since no adhesion between the crack inducer and the surrounding concrete is assumed, the arbitrary value 0.1 MPa is assigned as the tensile
strength and brittle cracking is used. The length of the solid elements, 50mm, is used as the base
length in calculating the relative displacemeot normal to the crack.

S. COMPARISON OF EXPERIMENTAL AND NUMERICAL RESULTS
5.1 General
Tue experimental results (applied load and midspan displacement) were corrected for the self weight
of the slab and the weight of the test set-up. The displacement due to the self weight was calculated
with the moment of inertia for an uncracked slab and assuming full interaction between concrete and
sheeting. The concentrated forces that caused the same midspan displacement as the displacement
calculated from the gravity loads were summed and the actuator force corresponding to gravity load
was obtained. 1bis force and the midspan displacement were added to the measured actuator force
and the average midspan displacement. respectively.
The average midspan displacement was calculated from data obtained from two LVDTs placed on
the upper surface in the middle of the slab.
The test curves and the numerical results are normalized with respect to the load causing the plastic
bending moment in the slab. The full sheeting area (nominal sheeting area) is used in normalizing
the experimental and numerical results and in calculating the plastic moment capacity. In Figure 9
and l O a comparison between the experimental results and numerical predictions is shown for slabs
which failed in longitudinal shear and flexure, respectively.
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Load-midspan displacement results from two tests are compared with the numerical results. It is
shown in ni that the reason for the lower capacity of slab #15 is an error in the specimen's design.
The specimen was designed with insufficient constraints on the sideways bending of the longitudinal
sides of the sheeting. Tue result obtained for slab #16 is comparable with the numerical simulation,
but not with the descending branch of the curve. Tue sudden drop in bearing capacity after the maximum load is reached is due to insufficient constraints on the sidways bending of the longitudinal
sides of the slab.
At the early stages of loading the numerical calculations for both spans predict larger deformation
than it was obtained in the experimental results. Toere are three reasons for this:
- :Ine constraint effect of the concrete on the accordion effect of the dimpled sheet is neglected. Titls
gives a Young modulus which is too small for the effective web material. Tue difference between
the actual modulus and the Young modulus used in the calculation is greatest at the beginning of the
numerical simulation.
- Tue adhesion between concrete and sheeting is completely neglected in the numerical simulation
because this effect has a brittle nature and because a large scattering of the measured adhesive
strength was obtained in the small scale push tests. However, adhesive stresses are active at the
beginning of the full scale tests, which ensures full interaction between concrete and sheeting, and
also gives the crack inducer some tensile strength.
- The concrete is given zero fracture energy for numerical convenience. It was shown in /8/ that different descending branches of concrete in tension do not give qualitatively new information which is
of importance for understanding the two considered failure modes, but reduce the discrepancy between the experimental and numerical results only at the lower load levels.
There are two important reasons for differences between numerical results obtained in /8/ and here.
The first is that the implementation of nonlinear concrete behavior in the compression region makes
the slab more flexible. Therefore, the load-displacement curve calculated herein lies under that of experimental results. Tue second, which is especially important for the 4 m span slab, is that an expected reduction of the mechanical interlocking due to the presence of large strains in the sheeting is
tak.en into account in amore realistic way than in /8/. This results in a higher ultimate load, see Figure
10. The mechanical interlocking resistance of the interface elements in a region 500 mm long, between 500 mm and 1000 mm from the support, is reduced to 50% ofthe resistance obtained from the
push tests. This part of the sheeting, which is in the shear span, has strains larger than the yield strain
at the max.imum load.
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Note that certain load (displacement) levels on the numerical load-displacement curves, in Figures 9
and 10, are emphasized by symbols which are used in the following diagrams showing the specific
characteristics at the corresponding levels.

5.2 Longitudinal slip between the concrete and sheeting
The concrete deck slides over the sheeting in the shear span from the very beginning of loading because of the longitudinal shear stress-slip relation (mechanical interlocking) assigned to the interface
elements, see Figure 5. The maximum slip occurs under the applied load and decreases toward the
support. This tendency is the same for any shear span length, see Figure 11, but the difference in appearance of the slip distribution is influenced by the ductility of the mechanical interlocking. Longer
shear spans have steeper slip gradients close to the position of applied load. In this region, the longitudinal shear stress-slip relation is on the descending branch due to the large crack width while the
measured load is still increasing.
The end slip (slip at the end of slabs) at maximum load for the longer spans is never higher than for
shorter spans. If this does not hold true it might indicate a mistake in the specimen 's preparation, for
exarnple, unsatisfactorily prevented sideways bending of the longitudinal edges of the sheeting I.
The predicted end slip at the maximum load for both slabs closely agrees with the experimental results. The measured end slip (distance from the support is O in Figure 10.) for slabs #16 (L=2.0 m)
and slab#13 (L=4.0 m) was 1.5 nun and 1.0 mm respectively.

n

In both slabs the concrete deck finally slides over the sheeting in the shear span, but at a very different
mobilized horizontal force, see Figure 11. The stab fails by longitudinal slip if the axial force in the
sheeting is not sufficient to cause yielding in the entire cross section of the sheeting. Such a failure
mode represents the goveming bearing capacity for shorter slabs, in the following exarnple, slabs
with 2.0rn and 0.5 m shear spans.
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Figure 11. Slip between the concrete deck and the sheeting at different load levels

5.3 Distribution of longitudinal shear stress
A very important insight into the longitudinal shear stress distribution is obtained from the model.
An almost uniform distribution of the maximum shear stresses in the shear span is achieved, Figure
12, where the longitudinal interface stress is nonnalized with its maximum value. If the contributions
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of the friction at the support and the mechanical interlocking resistance in the shear span are considered separately /8/, then the shear capacity measured in the push test is nearly reached. The specimen
used in the push test consisted of a concrete block cast on one 250 mm long sheeting rib. Tue small
difference between measured shear capacity and average shear stress produced by mechanical interlocking in the slab is the result of the mechanical interlocking ductility, for slip larger than 1.75mm
the longitudinal shear resistance of the sheeting deteriorates.
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Figure 12. Longitudinal shear stress distribution at the bottom flange in the shear spans for slabs failing in longitudinal shear and flexure

5.4 Cwnulative force in the interface elements
The mobilized longitudinal force for the slab depends on the sheeting's shear resistance (mechanical
interlocking capacity and ductility), the fiiction between sheeting and concrete that appears at the
support. and the shear span length. The cumulative force is the sum of all the horizontal forces be~
tween the support and the cross section in question, which includes the frictional forces at the support
and the mechanical interlocking forces in the shear span. A contribution of the mechanical interlocking resistance activated on the overhang to the cumulative force is shown 50nun from the support.
At that position, the first interface element with the nonlinear constitutive relation which models the
mechanical interlocki.ng resistance is placed.

The cumulative force increases in the shear span and is constant in the region of constant bending
moment as shown in Figure 13. Tue stress resultant in the sheeting is equal to the cumulative force,
and, of course, to the compressive force in the concrete at the considered cross section.
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Figure 13. Cumulative force in the sheeting at the maximum load
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Note that sudden change in the gradient of the cumulative force at 500mm from the support for the
slab L:,;4m is due to assumed reduction of the mechanical interlocking capacity because of large
strains in the sheeting.

5.5 Normal strain in the sheeting and concrete
As an indication of the strain status of the sheeting, an average value of the longitudinal strains EYY
in the bottom and top flanges and in the web are calculated from two values obtained at the integration points in the cross section. Tue integration points are located at the bottom of the shell element.
Tue strains in the sheeting are not only dependent on the slab curvature but also on the intensity of
the longitudinal forces transferred by the interface elements from the concrete deck to the sheeting.
The greater influence of the friction introduced at the bottom flange at the support is obvious for the
shorter spans because of the læger reaction force. The cracking of the concrete causes redistribution
of internat strains so that under the cracked concrete the sheeting is locally bent. Because of the two
model assumptions, first that no uniform load is considered and second that the concrete has zero
fracture energy, several smal} cracks appear in the region of constant bending moment. This was approximately correct for the longer span where small cracks were fully opened in the experiment, so
that the distribution of the strains would be very close to the numerical prediction. In the case of the
shorter span two major cracks appeared, one under the applied load and another in the midspan,
therefore slightly higher strains in the midspan then numerically predicted could be expected in the
experiment.
Tue diagrams in Figure 14 show that all of the sheeting is in tension. It might be possible however
to have the upper flange in compression for a deep sheeting profile.
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6. CONCLUSIONS
l. The mechanics of the force transfer from the sheeting to the concrete at the slip is qualitatively
analyzed. The same goveming mechanism is found in both the smal! scale push test and the full scale
test. Tue parameters measured in the small scale push test (horizontal force and slip relation) and the
friction test (friction between concrete and sheeting) are sufficient to predict the behavior of cornposite slabs which fail in longitudinal shear.
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2. Three parameters are important for the interaction between sheeting and concrete:
- longitudinal shear resistance of the sheeting caused by mechanical interlocking
- friction between sheeting and concrete at the support
- reduction of the longitudinal shear resistance of the sheeting due to large strains in the sheeting
These three parameters are needed to completely describe the interaction properties of composite
slabs and to extend the application of smalt scale test results to composite slabs which fail in flexure.
3. Uniax.ial tests of dimpled sheet and flat sheet provide data fora safe evaluation of sheeting performance. The accordion effect in dimpled sheet /7/ is important forbending resistance and for deformation. The effective web material concept of the sheeting is found suitable for FE implementation.
4. Close agreement between the experimental load-displacement curve and the FE prediction is ob-

tained for longitudinal shear failure. Tue differences obtained for slabs which fail in flexure indicate
a need to experimentally establish the reduction of longitudinal shear resistance of the sheeting due
to large strains in the sheeting.
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NOTATION

e

de

dt

vertical midspan displacement of the slab [mm)
force [N]
force calculated according to rigid plastic theory [N]
slab span [m]
shear span [ml
maximum flexural resistance of the slab calculated with effective sheeting are according to rigid plastic theory
nonnalized concentrated force
total concentrated force on the composite slab [NJ
concentrated force on the stab causing the fully plastic bending moment accord
ing to rigid plastic theory in the slab calculated with the nominal sheeting area [N]
normal strain
normal strain increment
strain vector increment
normal strain in the longitudinal direction of the slab at the bottom flange at the
elastic limit
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Eyy

E.
JI

'Y
dy

µ
0
't

txy

nonnal strain in the longitudinal direction of the slab
yield strain
shear strain
shear strain increment
friction coefficient
normal stress [MPa]
shear stress [MPaJ
shear stress at the interface between concrete and sheeting [MPa]
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