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CONCRETE AND STEEL

(67)  Column (1) for the realization of mixed concrete
and steel structures, comprising: a tube (10) with hollow
section, configured to be filled with concrete through an
opening (14) at its higher end or through openings (14)
arranged onits own side surface, a plurality of connection
systems (11, 12, 13) configured to transfer stresses be-
tween the hollow section in steel andfilling concrete, each
connection system (11, 12, 13) comprising at least two
profiles in steel arranged in a plane orthogonal to the axis
of said metal tube and configured to occupy partially the
hollow portion of the section of the tube, characterized
in that said tube column (10) is realized by means of a
unique metal tube, it is subdivided in a plurality of lengths
(110, 120, 130, 140) corresponding to sections com-
prised between two floors slab of the structure and at
each length (110, 120, 130, 140) it is provided a group
of foot connection systems (111, 121, 131, 141) and a
group of head connection systems (112, 122, 132, 142)
positioned at the head and foot of each length, respec-
tively, in that said steel profiles are introduced in elon-
gated holes with suitable dimensions for introducing from
outside a respective profile and in the following welded,
as fillet welds with full filling, to the outer tube (100), in
that said elongated holes have height equal to thickness
(Sp) of the relative profile and width equal to width (L) of
the side of the tube (100) reduced by a suitable portion,
so to guarantee the integrity of the tube (100) also during
the cutting and welding steps.
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Description

[0001] The present invention relates to a column in
steel with hollow section, for realizing steel-concrete
mixed structures.

[0002] More specifically, the present invention relates
to a connection node for transferring stresses between
steel and concrete and a method for realizing the same,
as well as the hollow column realized with the method
according to the invention.

Technical field

[0003] Steel-concrete composite structures are consti-
tuted by portions realized in steel for metal carpentry and
by portions realized in ordinary reinforced concrete,
made interacting with each other by means of a suitably
dimensioned connection system. Appreciated features
of such structural system are those connected to the use
of portions in metal carpentry which guarantee the ad-
vantages of the prefabrication and use of steel.

[0004] This ensures speed of building yard operations,
auto-supporting of some elements also in absence of fin-
ishing casting (step 1), compactness of sections of re-
sistant elements. To these advantages it is added the
simplification generally guaranteed by the technology of
reinforced concrete in comparison to the one of traditional
metal carpentry works. The use of reinforced concrete
allows in fact great assembly tolerances, the use of not
so skilled workers, simplicity of realization of structural
nodes, remarkable adaptability to even complex ge-
ometries, reduced elastic deformations.

[0005] The European norm "Eurocode 4: Design of
composite steel and concrete structures, part 1-1: gen-
eral rules and rules for buildings" for hollow columns in
steel filled with concrete recommends the use of shear
connections apt to distribute, among the portions of steel
and concrete, the stresses transmitted by the elements
connected to the end of the column and transmitted by
the loads applied along the column, when the project
resistance to shear exceeds the contact section between
steel and concrete.

[0006] In seismic area the use of shear connections is
a mandatory and essential condition to be able to react
properly to the stresses the element is subjected to, and
so the choice of the geometrical and dimensional fea-
tures and the distribution along the development of the
column but above all the embodiment of the connection
system are very relevant.

[0007] Before the following description, it is to be said
that steel-concrete mixed structures life is divided, as it
is well known, in two steps.

[0008] In step 1 (or step of structure realization), the
loads relating to the dead weight of the structure, of the
other elements of the floor and of the concrete casting
are provided. During this step, itis not possible to rely on
the resistance properties of concrete, which is not solid-
ified, or however, it has not reached its final resistance
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characteristics yet.

[0009] To evaluate the structural safety during this
step, only the sections of the portions in steel, stressed
by loads really provided in such step (structural compo-
nents weight and working loads of the building yard) are
considered as resistant sections.

[0010] The step 2 is instead the step during which the
building, after concrete curing, assumes its final config-
uration of steel-concrete mixed structure. In this step, the
resistance to be considered is both the one of steel and
concrete, while the actions to be considered for structural
tests are all the project actions, including possible seis-
mic actions.

[0011] At the state of the art, the technical field of the
realization of steel-concrete mixed structures comprises
many solutions both relating to vertical structures (i.e.
pillars or columns) and horizontal structures (i.e. beams).
In particular, the present invention relates to a column in
steel with hollow section, filled with concrete and able to
resist to deviated tensile, compressive and bending
stresses, having a hollow metal profile of square, rectan-
gular or circular shape as crossing section, and connect-
ed to the filling concrete by means of a specific connec-
tion system aptto transfer stresses between steel section
and filling concrete.

[0012] Itis to be specified that, even if many realization
embodiments of steel-concrete mixed columns are
known at the state of the art - as for example those de-
scribed in documents KR100620860, CN106638985A,
KR20150046913,CN106759865, CN106522419 - all the
embodiments known at the state of the art have some
limits.

[0013] The embodiments known at the state of the art
in fact do not allow to realize connection elements ar-
ranged arbitrarily along the longitudinal development of
the column, nor describe specific embodiments and ge-
ometrical characteristics of the connection nodes which
maximize the efficacy in distributing stresses, and so, the
structural performance of the composite column.

Aim of the invention

[0014] Aim of the presentinvention is to provide a hol-
low column in steel for the realization of steel-concrete
mixed structures, which overcomes the limits linked to
the embodiments known at the state of the art, with par-
ticular reference to the embodiments of the connection
node.

[0015] More specifically, the present invention pro-
vides a hollow column in steel for the realization of steel-
concrete mixed structures in which the connection nodes
for transferring stresses between steel and concrete
have geometrical features so to maximize the efficacy,
and can be arranged, along the development of the col-
umn, in any position, according to what results from struc-
tural calculations.

[0016] The presentinvention provides a method for the
realization of a steel-concrete composite column consti-
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tuted by a metal tube filled with concrete cast in place,
with two materials interacting according to the deforma-
tion congruence principle and which allow performance
in elastic/plastic field with a response capacity in terms
of ductility and resistance very much above what it is
possible with the ordinary reinforced concrete columns
of equal dimensions.

[0017] Before the following detailed description, it is to
be said that what described and claimed by the present
inventors has been found out by laboratory test on pro-
totypes realized in scale 1:1, subjected to pseudo-static
cyclic test with increasing drifts displacement control.

Brief description of the invention

[0018] The present invention reaches the prefixed
aims since it is a column (1) for the realization of mixed
concrete and steel structures, comprising: a tube (10)
with hollow section, configured to be filled with concrete
through an opening (14) atits higher end or through open-
ings (14) arranged on its own side surface, a plurality of
connection systems (11, 12, 13) configured to transfer
stresses between the hollow section in steel and filling
concrete, each connection system (11, 12, 13) compris-
ing at least two profiles in steel arranged in a plane or-
thogonal to the axis of said metal tube and configured to
occupy partially the hollow portion of the section of the
tube, characterized in that said tube column (10) is real-
ized by means of a unique metal tube, it is subdivided in
a plurality of lengths (110, 120, 130, 140) corresponding
to sections comprised between two floors slab of the
structure and at each length (110, 120, 130, 140) it is
provided a group of foot connection systems (111, 121,
131, 141) and a group of head connection systems (112,
122, 132, 142) positioned at the head and foot of each
length, respectively, in that said steel profiles are intro-
duced in elongated holes with suitable dimensions for
introducing from outside a respective profile and in the
following welded, asfillet welds with full filling, to the outer
tube (100), and in that said elongated holes have height
equal to thickness (Sp) of the relative profile and width
equal to width (L) of the side of the tube (100) reduced
by a suitable portion, so to guarantee the integrity of the
tube (100) also during the cutting and welding steps.

Detailed description of the invention

[0019] With reference to the appended drawings, the
column (1) according to the present invention comprises
a tube (10) with hollow section, configured to be filled
with concrete through an opening (14) at its own higher
end or through openings (141) arranged on its own side
surface. As it will be explained better in the following,
preferably said openings (141) are arranged at the fas-
tening sections of floors slab.

[0020] Itis to be specified that with hollow section it is
intended an innerly hollow section, preferably of circular
(101), square (102) or rectangular shape (103).

10

15

20

25

30

35

40

45

50

55

[0021] From a structural point of view, the tube (10)
having such a section can be realized, without departing
from the aims of the invention, both by using welded metal
tubes and by using welding free metal tubes.

[0022] The column (1) comprises also a plurality of
connection systems (11, 12, 13) configured to transfer
stresses between the hollow section in steel and the filling
concrete.

[0023] Eachconnectionsystem (11,12, 13) comprises
atleast a profile in steel, arranged in an orthogonal plane
to the axis of said metal tube and configured to occupy
partially the hollow portion of the section of the tube. In
figure 2-a it is shown an embodiment in which each sys-
tem comprises a unique steel profile.

[0024] Furthermore, preferably, as itis shown in figure
2-b as a whole and in figure 6 in detail, each connection
system (11, 12, 13) comprises a plurality of steel profiles
(111, 112), arranged each on a plane orthogonal to the
axis of said metal tube and configured to occupy partially
the hollow portion of the section of the tube. Preferably,
the hollow column (1) comprises a plurality of connectors.
[0025] For example, in figure 5, it is shown a column
(1), realized with a unique tube (10) and subdivided in 4
lengths (110, 120, 130, 140). With "length" it is intended
the section of a column comprised between two floors
slab, or between foundation and floor of the first floor.
[0026] At the first length starting from the top (110) it
is provided a group of foot connectors (111) and a group
of head connectors (112). Each group of connectors
comprises atleasttwo stresses distribution elements (11)
of the type described in the following. Similarly, respec-
tive head and foot connector groups (121, 122, 131, 132,
141, 142) are associated to each of the following lengths
(120, 130, 140).

[0027] The maximum tubes marketable lengths are
about 13.5 m. This maximum length is to be intended as
indicative and not limiting the aims of the invention. An-
yway, it is clear that, for lenghts of many meters of the
column, all the connector groups (111, 121, 122, 131,
132, 142) distant from the ends of the tube cannot be
realized, from a structural point of view, by working inside
the tube.

[0028] For this reason, in the following it is described
the realization embodiment of the connection nodes ac-
cording to the presentinvention, and the working method
needed to realize them.

[0029] The realization method according to the inven-
tion comprises the steps of:

(1000) realization of a plurality of connection ele-
ments (11), by cutting steel plates with suitable thick-
ness;

(2000) at the perimeter of each section of the tube
(10) in which a connection node is desired, realiza-
tion of elongated holes with suitable dimensions to
introduce from outside the connection element (11);
(3000) calking of the portion of the outer edge of the
connection element (11)which will have to be welded
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to the tube (100), so to realize a "v" profile (113);
(4000) introduction of each connection element (11)
in a respective elongated hole obtained along the
perimeter of the tube (100);

(5000) welding, as fillet welds with full filling, of the
calked outer edge (113) of the connection element
(11) to the outer tube (100) with following restoration
of the tube resistant section. As it is observed, the
whole just described realization allows to operate
from outside for the realization of the connection sys-
tem, and so it does not require that the connection
element is arranged at the ends of the column. It is
to be specified that, according to what found out by
the presentinventors, the structural resistance better
features are obtained with the following preferred re-
alization embodiment of the mixed column according
to the invention, in which:

- the depth of the "v" calking is equal to the thick-
ness (T) of the tube (100) of the column reduced
by 2 mm, with the calking "v" vertex at the center
of the thickness (Sp) of the connection element
(1)

- the dimensions of the calking (113) have to be
added to the depth (Bc) the connection element
(11) has to project of inside the tube (100), since
the calking is wholly contained in the thickness
of the column (100);

- the outer whole length of the connection ele-
ments (11) which is welded to the tube (100) is
equal to the length of the whole perimeter of the
tube

(100), reduced by a portion suitable to guarantee the
integrity of the tube (100) also during the cutting and
welding steps.

[0030] In particular, as it is shown in figure 6, in case
of tubes with square or rectangular sections, the elon-
gated holes realized for each section of the tube at step
(1000)

- are four in number, one for each side of the tube
(100),

- are centred with respect to the side of the tube and
have height equal to the thickness (Sp) of the con-
nection element (11) and width equal to width (L) of
the side of the tube (100) reduced by six times the
thickness (T) of the same tube (100).

[0031] In case of square or rectangular sections, and
as itis shown in particular in figure 6-b, each connection
element (11) has a shape in plant composed of:

- arectangle of width equal to the width of the elon-
gated hole obtained in the tube and height equal to
the difference half between width of hole and width
(L) of tube (100) with
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- aisosceles trapezoid with sides at 45°, major base
coincident with the width of the rectangle and height
such that the whole depth of the connection element
is equal to the calculation length (Bc) of the connec-
tion element increased by the thickness (T) of the
tube.

[0032] In case of tubes (100) with circular section, as
it is shown in figure 7, the elongated holes realized in
step (1000) are two in number, are symmetrical with re-
spect to a diameter of the section and have the ends of
each opening spacing to each other four times the thick-
ness (T) of the tube.

[0033] Also in this case, the height of the openings is
equal to the thickness of the connector, so to allow its
introduction.

[0034] The shape of each connection element (11) in
this case is a segment of circular crown, with outer radius
equal to the radius of the tube element (100) reduced by
2 mm, inner radius equal to the inner radius of the column
(100) reduced by the calculation width (Bc) of connector
and height of the segment of circular crown equal to the
outer radius of the column (100) reduced by two times
the thickness of the tube of the column and further re-
duced by 2 mm.

[0035] From a positioning point of view of the connec-
tors along the section, as itis shown in figure 5 and figure
8-a, in a preferred embodiment the connectors positions
along the longitudinal development of the column are
concentrated at the head and foot of each length.
[0036] Morein particular, in order to optimize the struc-
tural resistance performance, the first connector (11) at
the foot of each length (110, 120, 130, 140) is positioned
at a distance equal to 2 times the calculation width (Bc)
of the connector from the beginning of the length, which
is measured starting from the foundation for the first bot-
tomlength (104), and is measured extrados of the section
in concrete of the floor beam for the other lengths (110,
120, 130).

[0037] The first connector (11) at the head of each
length, starting from the top to bottom, has to be posi-
tioned as well at a distance equal to 2 times the calcula-
tion width (Bc) of the connector starting from intrados of
the section in concrete of the floor beam.

[0038] The connectors next to the first one are spaced
to each other two times the calculation width (Bc) of the
connector.

[0039] The multi-floor column with composed section
provided with connectors according to what just de-
scribed can be progressively filled with concrete through
the side openings (141) arranged at heights immediately
higher to those of each floor slab, so to support, at the
height of the general deck, the discharge of step 1 of
auto-supporting beams with mixed steel-concrete sec-
tion which converge on the same, thus contributing to
the whole realization of the prefabrication in workshop
with dry assembly on the building yard of the structural
system of the building.
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[0040] Itis to be précised in fact that, to such aim, as
it is shown in figure 9, at the height of each floor beam,
the column (100) comprises a window (141) configured
to allow the introduction of the head of a tube for concrete,
thus allowing the filling of the portion of the underlying
column. From the just described disclosure, it is clear
that the device for transferring stresses for the hollow
column (1) according to the invention can be realized
simply in workshop in the steel structure prefabrication
step, and does not need any operation to be carried out
in building yard, with the exception of the execution of
the concrete positioning and casting.

[0041] As yet said, each column comprises a system
for transferring stresses at or near each end section of
each single length of the pillaring, and more specifically
at the head and foot of each single length, i.e. in the two
end sections of each single column of the pillaring. This
allows to obtain the result that, when a structure with
frame is realized, which comprises a plurality of pillars
realized by means of columns of the just described type,
each pillar is provided with connections which allow the
load transfer between steel and concrete at all the sec-
tions in which the load applied can be subjected to vari-
ations, which coincide with the head and the foot of the
pillar. Thanks to this structural measure, it can be con-
sidered valid the hypothesis of deformation congruence
for the crossing section of the column, constituted both
by the steel hollow section and by the filling concrete.
This hypothesis consists in considering the deformation
of the hollow section equal to the average deformation
of the surrounding concrete.

[0042] Thejustdescribed connection system has to be
dimensioned, as a function of the loads, to guarantee at
the same time the project resistance both of the steel the
metal connectors are made up of and of the concrete
filing the hollow section. In other terms, the collapse of
both the materials has to be prevented in order that the
load can be transferred effectively. Resistances of all the
fastening systems (by means of welding or screw cou-
pling) between the metal connectors and steel hollow
section of the composite column have to be tested as
well.

Claims

1. Column (1) for the realization of mixed concrete and
steel structures, comprising:

- a tube (10) with hollow section, configured to
be filled with concrete through an opening (14)
at its higher end or through openings (14) ar-
ranged on its own side surface,

- a plurality of connection systems (11, 12, 13)
configured to transfer stresses between the hol-
low section in steel and filling concrete, each
connection system (11, 12, 13) comprising at
least two profiles in steel arranged in a plane
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orthogonal to the axis of said metal tube and
configured to occupy partially the hollow portion
of the section of the tube,

characterized in that

said tube column (10) is realized by means of a
unique metal tube, it is subdivided in a plurality
of lengths (110, 120, 130, 140) corresponding
to sections comprised between two floors slab
of the structure and at each length (110, 120,
130, 140) it is provided a group of foot connec-
tion systems (111, 121, 131, 141) and a group
of head connection systems (112, 122, 132,
142) positioned at the head and foot of each
length, respectively,

in that

said steel profiles are introduced in elongated
holes with suitable dimensions for introducing
from outside a respective profile and in the fol-
lowing welded to the outer tube (100),

and in that

said elongated holes have height equal to thick-
ness (Sp) of the relative profile and width equal
to width (L) of the side of the tube (100) reduced
by a suitable portion, so to guarantee the integ-
rity of the tube (100) also during the cutting and
welding steps.

Column (1) for the realization of concrete and steel
mixed structures according to claim 1, character-
ized in that said width suitable to guarantee the in-
tegrity of the tube (100) also during the cutting and
welding steps is generally equal, for all the holes, to
six times the thickness (T) of the same tube (100).

Column (1) for the realization of concrete and steel
mixed structures according to claim 1 or 2, charac-
terized in that said column (1) has rectangular sec-
tion, said elongated holes are one in number for each
side of said tube (100), are centred with respect to
the side of the tube (100), and each of said steel
profiles has a shape in plant made up of:

- a rectangle of width equal to the width of the
hole provided in the tube and height equal to the
difference half between width of hole and width
(L) of tube (100);

- a isosceles trapezoid with sides at 45°, major
base coincident with the width of the rectangle.

Column (1) for the realization of concrete and steel
mixed structures according to claim 1 or 2, charac-
terized in that said column (1) has circular section
and said elongated holes are two in number, are
symmetrical with respect to a diameter of the section
and have the ends of each opening spacing to each
other four times the thickness (T) of the tube.
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Column (1) for the realization of concrete and steel
mixed structures according to claim 4, character-
ized in that each of said profiles is a segment of
circular crown, with outer radius equal to the radius
of the tube element (100) reduced by 2 mm, inner
radius equal to the inner radius of the column (100)
reduced by the width (Bc) of connector (11) and
height of the segment of circular crown equal to the
outer radius of the column (100) reduced by two
times the thickness of the tube of the column and
further reduced by 2 mm.

Column (1) for the realization of concrete and steel
mixed structures according to any one of the preced-
ing claims, characterized in that the first connector
(11) at the foot of each length (110, 120, 130, 140)
is positioned at a distance from the beginning of each
length (110, 120, 130, 140) equal to 2 times the width
(Bc) of the connector.

Column (1) for the realization of concrete and steel
mixed structures according to any one of the preced-
ing claims, characterized in that the first connector
(11) at the head of each length is positioned at a
distance equal to 2 times the calculation width (Bc)
of the connector starting from the intrados of the sec-
tion in concrete of the floor beam, and the connectors
next to the first one are spaced to each other 2 times
the calculation width (Bc) of the connector.

Method for the realization of a hollow column, ac-
cording to any one other preceding claims, compris-
ing the steps of:

(1000) realization of a plurality of connection el-
ements (11), by cutting steel plates;

(2000) at the perimeter of each section of the
tube (10) in which a connection node is desired,
realization of elongated holes with suitable di-
mensions to introduce from outside a respective
connection element (11) obtained in step
(1000);

(3000) calking of the portion of the outer edge
of the connection element (11) in the portion
which will have to be welded to the tube (100);
(4000) introduction of each connection element
(11) in a respective elongated hole obtained
along the perimeter of the tube (100);

(5000) welding, as fillet welds with full filling, of
the calked outer edge (113) of the connection
element (11) to the outer tube (100).

9. Method according to claim 8, characterized in that

- the depth of said calking is equal to the thick-
ness (T) of the tube (100) of the column reduced
by 2 mm, and said calking is symmetrical to the
thickness (sp) of the connection element (11);
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10.

1.

12.

13.

- after the introduction of step (4000) the calking
is wholly contained in the thickness of the col-
umn (100) ;

- the outer whole length of the connection ele-
ments (11) which is welded to the tube (100) is
equal to the length of the whole perimeter of the
section of the tube (100), reduced by a portion
suitable to guarantee the integrity of the tube
(100) also during the cutting and welding steps.

Method according to claim 9, characterized in that
said section is a square or rectangular section, and
said elongated holes realized at step (1000) ;

- are four in number for each section, one for
each side of the tube (100),

- are centred with respect to the side of the tube;
- have a height equal to the thickness (Sp) of
the connection element (11) and width equal to
width (L) of the side of the tube (100) reduced
by six times the thickness (T) of the same tube
(100).

Method according to claim 9 or 10, characterized
inthat said sectionis arectangular section, and each
connection element (11) has a shape in plant com-
posed of:

- a rectangle of width equal to the width of the
hole provided in the tube and height equal to the
difference half between width of hole and width
(L) of tube (100);

- a isosceles trapezoid with sides at 45°, major
base coincident with the width of the rectangle.

Method according to claim 9, characterized in that
said section is a circular section, said elongated
holes realized in step (1000) are two in number, are
symmetrical with respect to a diameter of the section
and have the ends of each opening spacing to each
other four times the thickness (T) of the tube.

Method according to claim 12, characterized in that
the shape of each connection element (11) is a seg-
ment of circular crown, with outer radius equal to the
radius of the tube element (100) reduced by 2 mm,
inner radius equal to the inner radius of the column
(100) reduced by the width (Bc) of connector and
height of the segment of circular crown equal to the
outer radius of the column (100) reduced by two
times the thickness of the tube of the column and
further reduced by 2 mm.
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