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(54) SYSTEM FOR CONNECTING TOGETHER SHEET STEEL AND CONCRETE

(57)  Composite concrete-steel sheet structures usu-
ally suffer from the fault of relative separation or slipping
of the two materials, for example, the fault of longitudinal
slipping in composite slabs. The present invention con-
sists of a steel sheet in which repeated series of many
small crown-shaped breakages are generated. The

steeply inclined projections of said breakages are orient-

ed towards the side of the sheet which will remain in
contact with the concrete such that when concrete is
poured onto the sheet, they are embedded therein and
resist the shear forces which are usual in composite
structures.
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Description
Field of the Art

[0001] The invention is comprised in the construction
sector, particularly in the construction of concrete struc-
tures and composite steel-concrete structures.

Prior Art

[0002] The common fault of composite steel-concrete
structural elements, such as composite slabs for exam-
ple, generally occurs due to the relative slipping or sep-
aration of the steel sheet and the concrete. The design
difficulty of sheets for composite slabs residesin assuring
their effectively composite performance;i.e., in designing
retaining systems achieving high resistance to the sep-
aration and relative slipping of steel and concrete.
[0003] Current sheet designs, such as that disclosed
in patentW009321405, or FR2807081, among many oth-
ers, for example, incorporate a pattern of deep drawings
which are repeated along the entire length of the sheet.
Their function is to hinder the longitudinal slipping simi-
larly to the corrugation of the rods for reinforcing the con-
crete, although their resistance mechanisms are com-
pletely different. In composite slabs, the wedge effect of
the deep drawings transforms the relative slipping of the
steel sheet and concrete into stresses perpendicular to
the sheet causing their transverse bending, the separa-
tion and relative slipping of the two materials and, in most
cases, complete detachment.

[0004] The forming angle defining the ribs of the slab,
the position of the deep drawings, their depth, length,
etc., are some of the important design parameters be-
cause the slipping resistance depends on them. The de-
sign and optimization process of this geometry, and also
efficacy testing, are currently performed in an entirely
empirical manner. The computation methods adopted
according to worldwide standards for the calculation of
composite slabs are also based on experimental param-
eters obtained from testing small standard models.
These tests attempt to reproduce, more or less truthfully,
the fault of relative slipping of steel and concrete.
[0005] The doctoral dissertation entitled "Estudio
Numérico y Experimental de la Interaction entre la Chapa
de Acero y el Hormigén para la Mejora Resistente de las
Losas mixtas frente al Deslizamiento longitudinal” (Nu-
merical and Experimental Study of the Interaction be-
tween Steel Sheet and Concrete for the Improved Re-
sistance of Composite Slabs to Longitudinal Slipping) by
Miquel Ferrer Ballester and read on 8 March 2006 in the
Universidad Politécnica de Catalufia (UPC), summarizes
the prior art to date and is included in a line of research
intended for improving the connection between the steel
and concrete of current systems and devising innovative
concepts which can mean complete connection without
slipping.

[0006] The present invention has been developed
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within the line of research in the Escuela Técnica Supe-
rior de Ingenieria Industrial of Barcelona (UPC), which
substantially improves the relative connection problem
of steel sheet and concrete both in the case of composite
slabs and in other applications.

Detailed Description of the Invention:

[0007] The presentinvention relates to the connection
between steel sheet by means of generating in the steel
sheet a series of many small crown-shaped breakages
(Figure 1-1b) oriented towards the side of the sheet which
will remain in contact with the concrete (towards both
sides alternately if needed, such that when fresh concrete
is poured, the projections of said breakages are embed-
ded therein.

[0008] Whenthe concrete sets, these small breakages
embedded therein have the function of resisting shearing
stresses or separating stresses generated between both
materials when the composite steel-concrete element is
subjected to a load.

List of figures

[0009]

Figure 1 shows an example of steeply inclined pro-
jections caused by punching the sheet and a photo-
graph of a prototype (case of planar sheet and crown-
shaped breakages with 4 tips).

Figure 2 shows the typologies of the punched
through crown-shaped breakage of 3 and 4 tips.
Figure 3 shows other breakage typologies (cylinder,
cone, prism, diabolo).

Figure 4 shows projections formed by breakages in
alternating directions.

Figure 5 shows the application to formed sections
for composite columns or beams.

Figure 6 shows the application to profiled sheets for
composite slabs.

Figure 7 shows the auxiliary device for pouring the
concrete of composite slabs in two phases.

Figure 8 shows the auxiliary device for the connec-
tion between the metal section and the concrete in
composite beams.

Ways of using the Invention

[0010] The present invention is additionally illustrated
by means of the following examples which are not intend-
ed to limit the scope thereof.

Example 1:

[0011] Inthe case of cold-formed tubular sections, the
present invention can be used to assure the connection
of the metal section (with the inner concrete typical of a
composite column. If the punching is towards the inside
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of the tube, before or after the section forming process,
when the concrete is poured into the tube, the projections
are embedded in the fresh concrete. Once the concrete
sets, they assure the effective connection of the two ma-
terials and their composite working.

Example 2:

[0012] Inthecase of composite slabs (forged elements
cooperating together, Figure 5), the projections in the
sheet (Figure 6-6a) are distributed in the most suitable
areas, preferably the side flanks of the ribs, and as reg-
ularly as possible, to assure an effective connection with
the concrete (Figure 6-6b). It does not lead to the relative
vertical separation of the two materials since the sheet
does not have the typical deep drawings of forged ele-
ments cooperating together, which cause the wedge ef-
fect that separates them. Furthermore, the bending
strength of the sheet would be considerably maintained
if the upper and lower planar bands are not perforated.
[0013] In the event that the apertures associated with
the breakages of the sheet are open enough, the outer
surface must be coated with a sealing layer (paint, im-
pregnation, plastic film, vermiculite, etc.) which prevents
fresh concrete from dripping while pouring the concrete.

Example 3:

[0014] The application of the present invention is also
envisaged for improving the adhesion between different
concrete pouring phases. The device consists of a pla-
nar, corrugated, or any other section sheet , the projec-
tions having been made in alternating directions, i.e., to-
wards both sides (faces) of the sheet (see Figure 4).
Therefore, by placing the device on the free surface of
the first concrete pouring phase, the breakage crowns
oriented towards it act as anchors and those oriented
towards the outside will act as anchors in the next con-
crete pouring phase in the case of planar devices. In the
case of ribbed devices, a part of the device is embedded
in the concrete of the first concrete pouring phase and
the other part is exposed to the air while waiting to be
embedded in the concrete of the next phase.

Example 4:

[0015] Examples 2 and 3 can be combined to design
an auxiliary device which serves as a connection when
pouring the concrete of composite slabs in two phases,
useful in reducing the loads of the building phase (see
Figure 7).

[0016] Therefore, designing a device formed by a non-
planar portion or sheet strip (corrugated, ribbed, etc.,)
such that part of the device is immersed in the fresh con-
crete of the first phase (Figure 7-7b), being supported on
the ribs of the ribbed sheet of the composite slab (Figure
7-7d), and the other part being exposed above the free
surface of the first concrete pouring is of interest. The
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complete sinkage of the sheet in the fresh concrete of
the first phase -which would probably occur if the sheet
was planar- is prevented and the existence of raised sec-
tors which will be embedded in the concrete of the second
concrete pouring phase (Figure 7-7c), an efficient con-
nection being assured.

Claims

1. Asystemfor connection between steel sheet (Figure
1-1a), with a thickness equal to or less than 12 mm,
and concrete, wherein the sheet has a repeated se-
ries of steeply inclined projections (Figure 1-1b) gen-
erated by local breakage of the sheet and oriented
towards the side of the sheet in contact with the con-
crete, such that they are embedded therein after
pouring the concrete, characterized in that said lo-
cal breakages of the sheet are separated (Figure
1-1c) by a distance not less than the thickness there-
of and not greater than 200 times said thickness,
projecting from the surface of the sheet at a height
between 0.1 and 50 times said thickness (Figure
1-1d), and the general size of the breakages (Figure
1-1e) is comprised between 0.5 and 100 times the
thickness of the sheet.

2. The system for connection according to claim 1,
characterized in that the breakages have a crown
shape in a configuration of 3 or more tips (Figure
2-2a, Figure 2-2b), depending on the process used
tomake the local breakages, for example, depending
on the shape of the punch.

3. The system for connection of claim 1, characterized
in that the projections are arch-shaped.

4. The system for connection of claim 1, characterized
in that the projections are cone-shaped.

5. Thesystem for connection of claim 1, characterized
in that the projections are diabolo-shaped.

6. The system for connection of claim 1, characterized
in that the projections are prismatic-shaped.

7. Thesystem for connection of claim 1, characterized
in that the projections are pyramidal-shaped.

8. The system for connection of the previous claims,
characterized in that the shape of the projections
is any combination described in claims 3 to 7, such
that the breakages in the sheet occur at the edges
indicated as 3e in the corresponding figures (Figure
3-3e).

9. The system for connection of any of the previous
claims, characterized in that the projections are
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alternately incorporated towards both sides of the
sheet -the latter being planar, corrugated or of any
other section-to be anchored to the concrete present
on both sides thereof (Figure 4-4a and Figure 4-4b).

A use of the new system for connection of any of the
previous claims,, wherein the steel sheet is subject-
ed to a forming process to become a structural ele-
ment, for example, a closed tubular (Figure 5-5a),
circular or rectangular section, for use as a compos-
ite column or composite beam, the effective connec-
tion between the metal section and concrete being
assured (Figure 5-5b).

A use of the new system for connection of any of the
previous claims" wherein the steel sheet is subjected
to a forming process to become a profiled sheet for
composite slabs, whatever the shape of the section
(for example Figure 6-6a), also referred to as forged
elements cooperating together, the effective con-
nection between the profiled sheet and the concrete
thereof being assured (Figure 6-6b).

A use of the new system for connection of any of the
previous claims in a corrugated (Figure 7-7a), trap-
ezoidal or any other non-planar section sheet device
intended for anchoring two concrete pouring phases,
such that the lower part of the section of the device
is embedded in concrete of the first phase (Figure
7-7b) and the upper part is exposed while waiting for
the concrete of the second phase, at which time it
will be embedded therein (Figure 7-7c¢), for example,
in the case of composite concrete slabs poured in
two phases shown in Figure 7.

A use of the new system for connection of any of the
previous claims for the connection between the met-
al section (Figure 8-8a) and the concrete mass (Fig-
ure 8-8b) of an embedded composite or cantilever
beam (cantilever case shown in Figure 8) by means
of a planar (Figure 8-8c), corrugated, trapezoidal or
any other section sheet device adhered by means
of welding or other systems on the face or faces of
the metal section which will remain in contact with
the concrete, such that the projections incorporated
in the sheet are embedded therein after pouring the
concrete.
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