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Description
FIELD OF THE INVENTION

[0001] The present invention concerns a modular
structure for the construction of industrial, civil and terti-
ary sector buildings, but also accommodation facilities,
hospital facilities, infrastructures, renovations, raising
structures. The present invention also concerns a meth-
od for assembling and disassembling such a modular
structure with minimized and localized demolition works.

BACKGROUND OF THE INVENTION

[0002] It is known to build industrial, civil and tertiary
sector buildings, but also accommodation facilities, hos-
pital facilities, infrastructures, renovations, raising struc-
tures, using prefabricated modular structures formed by
vertical pillars with which horizontal beams are associat-
ed, defining a support perimeter for a modular floor.
[0003] Typically, in such prefabricated structures the
floor is resting on the support perimeter, and it can be
attached to the beams by means of reversible connection
members. The various modules which the floor is made
up of can be connected to each other by means of joints
that structurally have hinged behavior. These prefabri-
cated structures are therefore of the type able to be dis-
assembled by acting on the connection members and on
the joints.

[0004] There are also prefabricated structures in
which, once the floor has been laid, a layer of concrete
or other construction material is cast in order to form a
so-called concrete topping, so as to make the floor inte-
gral and continuous with the beams and obtain, in addi-
tion to a hyperstatic structural layout, a continuous and
regular surface. In these structures, the beams that form
the external perimeter have containing lateral edges to
retain the concrete, but they are open on the side facing
the floor to allow the installation of continuity reinforce-
ments. In addition, continuity to the beam - pillar node is
usually demanded forimportant improved-adherence re-
inforcements embedded in the two structural elements.
[0005] One disadvantage of these prefabricated struc-
tures is that they are difficult to disassemble, and the
structural components, especially the beams, are not re-
usable or have to undergo expensive demolition and res-
toration processes.

[0006] These structures, in case of ceased use or ob-
solescence, must therefore be demolished and the struc-
tural components have to be disposed of, with high costs
of landfilling and considerable environmental impact.
Currently, in fact, the construction sector is responsible
for the emission of about 36% of CO2 and 30% of waste,
so the transition to a circular and zero-emission economy
is a need that is increasingly felt nowadays.

[0007] Thereistherefore the need to perfecta modular
structure, of the type able to be disassembled, for the
construction of buildings and a corresponding assembly
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and disassembly method which can overcome at least
one of the disadvantages of the state of the art.

[0008] One purpose of the present invention, which
corresponds to the technical problem to be solved, is to
provide a disassemblable modular structure in which the
main structural elements, that is, the pillars, the beams
and the floor, are able to be separated easily, even when
the structure is completed with structural solutions and
a concrete casting that temporarily makes such elements
integral.

[0009] Another purpose of the present invention is to
provide a disassemblable modular structure, cast in con-
crete, in which the pillars, the beams and possibly also
the modules that constitute the floor can be reused with-
out, or with reduced, waste.

[0010] Another purpose of the present invention is to
provides a modular structure for the construction of build-
ings with low environmental impact and according to a
circular economy logic, while still guaranteeing all the
standards and requirements set by sector regulations,
for example standards on construction in earthquake
zones provided bothinthe NTC 2018 and in the Eurocode
4 and 8.

[0011] Another purpose of the present invention is to
develop a method for assembling and disassembling
such a modular structure which is fast, simple, reliable
and guarantees the structural elements can be reused
once disassembled.

[0012] The Applicant has devised, tested and embod-
ied the present invention to overcome the shortcomings
of the state of the art and to obtain these and other pur-
poses and advantages.

SUMMARY OF THE INVENTION

[0013] The present invention is set forth and charac-
terized in the independent claims. The dependent claims
describe other characteristics of the present invention or
variants to the main inventive idea.

[0014] In accordance with the above purposes and to
resolve the technical problem disclosed above in a new
and original way, also achieving considerable advantag-
es compared to the state of the prior art, a modular struc-
ture for the construction of industrial, civil and tertiary
sector buildings, but also accommodation facilities, hos-
pital facilities, infrastructures, renovations and raising
structures, comprises at least one module, advanta-
geously having a square or rectangular plan, formed by
four vertical pillars disposed in corner positions, four hor-
izontal beams, each one connected in a removable man-
ner to two respective consecutive pillars, a floor resting
on the beams and a concrete topping which drowns the
floor and the beams, making them integral.

[0015] In accordance with one aspect of the present
invention, each beam has a lattice body integral with a
bottom and enclosed in a casing with two lateral edges,
of which one, by being interposed between the lattice
body and the floor, makes the beams separable from the
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floor.

[0016] Advantageously, the presence of the lateral
edges on both sides of the lattice body allows to define
a physical separation between the components which,
although drowned in the concrete topping, will be more
easily separable if the structure is disassembled.
[0017] In accordance with another aspect of the
presentinvention, the beams have two flanged ends con-
nected to respective "cantilevered" type support mem-
bers of each pillar by means of connection means posi-
tioned in a containing compartment, substantially isolat-
ed from the concrete topping, by means of a removable
covering element. The aforementioned element can be
made of wood, plastic or sheet metal, and it can have
the function of protecting the bolted connection from de-
terioration and degradation phenomena, on par with a
plain concrete cover.

[0018] In accordance with another aspect of the
present invention, the support member comprises a
bracket element present on at least two lateral walls of
the pillar, to which there is reversibly bolted a correspond-
ing flanged end of one of the beams. The bracket element
and the flanged end define a saddle joint, sized so as to
guarantee structural continuity.

[0019] In accordance with another aspect of the
present invention, the bracket element is laterally sur-
rounded by two wings distanced from each other and
having a U-shaped profile which partly circumscribe the
containing compartment. The containing compartmentis
open at the top in order to receive the covering element,
and transversely in order to receive the flanged end.
[0020] In accordance with another aspect of the
present invention, between one of the lateral edges, in
particular the one closest to the floor, and the floor there
is defined a longitudinal interspace drowned by the con-
crete topping. This interspace can advantageously be
used as a separation section during the works of disas-
sembling the structure.

[0021] In this way, it would be possible to carry out
treatments on the internal lateral edge, understood as
the one closest to the floor, such as the application of
paint, adhesive rubber or releasing agents, in order to
facilitate the subsequent separation during disassembly.
Moreover, this measure would allow to not have to cut
the entire section of the structure, butonly the cover (con-
crete topping), significantly saving on the equipment
needed on site and on time.

[0022] In accordance with another aspect of the
present invention, the lattice body is completely con-
tained within the overall dimensions of the lateral edges.
[0023] In accordance with another aspect of the
present invention, the lateral edges have own free ends
which are located at a same height of an upper surface
of the floor measured from the bottom.

[0024] In accordance with another aspect of the
present invention, each bottom is provided with at least
one longitudinal flat edge, protruding with respect to the
assembly consisting of the lattice body and the casing,
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on which the floor is able to rest advantageously by
means of the interposition of a compensation element.
[0025] In accordance with another aspect of the
presentinvention, the support member comprises a plate
which surrounds one or more lateral walls of the pillar,
defining a continuity with the at least one flat edge.
[0026] In accordance with another aspect of the
present invention, the structure can be single-story or
multi-story.

[0027] Some embodiments of the presentinvention al-
so concern a method for assembling a structure which
comprises the installation of at least one module accord-
ing to the following assembly steps:

- laying four vertical pillars in a corner position accord-
ing to a square or rectangular layout, wherein the
pillars are provided with cantilevered support mem-
bers;

- connecting four horizontal beams, each one to re-
spective support members of two consecutive pil-
lars, by means of removable connection means po-
sitioned in a containing compartment, wherein each
beam has a lattice body integral with a bottom and
enclosed in a casing with two lateral edges;

- positioning corresponding removable covering ele-
ments to protect the connection means;

- disposing a floor on the beams, one of the lateral
edges being interposed between the lattice body and
the floor to make the beams separable from the floor;

- casting a concrete topping to drown the floor and the
beams making them integral, the containing com-
partment remaining substantially isolated with re-
spect to the concrete topping. The laying of the con-
crete topping also comprises filling the sections of
the beams.

[0028] A corresponding method for disassembling the
modular structure comprises the following disassembly
steps:

- making a series of longitudinal cuts on the concrete
topping, in a section comprised between one or both
the lateral edges and the floor, in order to make the
floor separable and removable, wherein the longitu-
dinal cuts are parallel to the length of the beam;

- removing the floor;

- removing the covering elements and unblocking the
connection means;

- disconnecting the beams from the pillars.

DESCRIPTION OF THE DRAWINGS

[0029] These and other aspects, characteristics and
advantages of the present invention will become appar-
ent from the following description of an embodiment, giv-
en as a non-restrictive example with reference to the at-
tached drawings wherein:
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- fig. 1is a three-dimensional view of a modular struc-
ture for the construction of buildings, according to
the present invention;

- fig. 2is a partly sectioned detail view of the structure

of fig. 1;
- fig. 3 is a section view along the plane llI-1ll of fig. 1;
- fig. 4 is a top view of the beam-pillar connection of
fig. 2;

- fig. 5 is a separated components view showing the
beam-pillar connection;

- fig. 6is a possible embodiment of the modular struc-
ture for the construction of buildings, according to
the present invention.

[0030] We must clarify that the phraseology and termi-
nology used in the present description, as well as the
figures in the attached drawings also in relation as to how
described, have the sole function of better illustrating and
explaining the present invention, their purpose being to
provide a non-limiting example of the invention itself,
since the scope of protection is defined by the claims.
[0031] To facilitate comprehension, the same refer-
ence numbers have been used, where possible, to iden-
tify identical common elements in the drawings. It is un-
derstood that elements and characteristics of one em-
bodiment can be conveniently combined or incorporated
into other embodiments without further clarifications.

DESCRIPTION OF AN EMBODIMENT OF THE
PRESENT INVENTION

[0032] With reference to fig. 1, a disassemblable mod-
ular structure 10 according to the present invention for
the construction of buildings comprises atleast one mod-
ule 11 having a square or rectangular plan, formed by
four vertical support elements, or pillars, 12 disposed in
a corner position, and four horizontal support elements,
or beams, 13 each removably connected to two respec-
tive consecutive pillars 12.

[0033] The beams 13 define a self-supporting rest
frame 14, partly visible in fig. 2, for a floor 15 that is part
of the module 11.

[0034] The floor 15 can be formed by a single panel or
by several panels that can be of the honeycomb or slab
type.

[0035] By the term floor 15 we mean a flat two-dimen-

sional structure with orthogonal structural load that con-
tributes to static safety, distributing the loads on the
beams 13.

[0036] The module 11 is completed by a concrete top-
ping 16 (figs. 1-4 and 6), typically consisting of a layer of
concrete that acts as a completion casting on top of the
floor 15 and the beams 13, thus drowning them and mak-
ing them integral with each other.

[0037] The concrete topping 16 fills both the interspac-
es G present between the floor 15 and the beams 13
(figs. 3-4), and also the beams 13 (figs. 2 and 3), and it
also incorporates the pillars 12.
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[0038] Once hardened, the concrete topping 16 be-
comes a uniform plate that has the function of stiffening
the structure, of compensating the heights - making the
surface of the floor 15 perfectly horizontal, and of distrib-
uting the loads along the entire surface.

[0039] With reference to figs. 2-5, each beam 13 has
a bottom or base 17, a lattice body 18 integral with the
bottom 17 enclosed by a casing 19 defined by two op-
posite lateral edges 20, 21 and longitudinally contained
by two opposite terminal walls 36 of the beam 13 (figs.
2, 4 and 5). The lateral edges 20, 21 develop along the
entire length of the beam 13, are connected to the termi-
nal walls 36 and have a height greater than the height of
the lattice body 18. These heights being measured with
respect to the bottom 17, see for example fig. 3.

[0040] The casing 19 is attached to the bottom 17, or
drowned therein, so that the lateral edges 20, 21 are es-
sentially orthogonal to the flat surface of the bottom 17.
In other words, the lateral edges 20, 21 develop vertically
from the bottom 17.

[0041] The space thus defined in which the lattice body
18 is present is filled by the concrete.

[0042] The beams 13 can be made entirely of steel,
for example S355J steel, or they can have a mixed struc-
ture with the bottom 17 made of concrete, for example
C28/35 concrete.

[0043] The beam 13 is open at the upper part to allow
the material of the concrete topping 16 to fill the lattice
body 18, drowning it completely, filling the space com-
prised between the two lateral edges 20, 21, the terminal
walls 36 and the bottom 17.

[0044] The bottom 17 has a flat edge 17a protruding
with respectto the assembly consisting of the lattice body
18 and the casing 19, on which the floor 15 is able to rest.
[0045] The bottom 17, in addition to being an integral
part of the bearing structure, is therefore also a self-sup-
porting rest for the floor 15 and formwork for the concrete
completion casting.

[0046] The bottom 17 can have two flat edges 17a on
both longitudinal sides of the assembly consisting of the
lattice body 18 and the casing 19. This occurs in the event
that the beam 13 is shared by two adjacent modules 11
(fig. 6).

[0047] The flat edges 17a of the beams 13 that form
the module 11 define overall the rest frame 14 for the
floor 15, fig. 2.

[0048] The upper surface of the floor 15 is substantially
at the same height as the upper ends of the lateral edges
20, 21, fig. 3.

[0049] The upper ends of the lateral edges 20, 21 can
be turned toward each other with segments parallel to
the surface of the bottom 17, figs. 2-5.

[0050] On the flat edge 17a there can be disposed a
compensation element 35, on which the floor 15 is able
to rest, fig. 3, which can consist of one or more flat bear-
ings made of rubberized material, for example neoprene.
The compensation element 35 can extend for the entire
length of the flat edge 17a or only in part, or it can be
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formed by several parts spaced apart over the length of
the flat edge 17a.

[0051] When the concrete topping 16 is laid, the pres-
ence of the two lateral edges 20, 21, in particular the one
facing the floor 15, allows to physically separate the
beams 13 from the floor 15 through the interposition of
the innermost lateral edge 21 (figs. 1-5), or of both lateral
edges 20, 21 in the event that the beam 13 is shared by
two adjacent modules 11 (fig. 6).

[0052] The interspace G between the beams 13 and
the floor 15, which is also filled with the material of the
concrete topping 16, can act as a separation section dur-
ing the disassembly works of the structure 10. In this
case, in fact, it is provided to carry out a series of longi-
tudinal cuts (represented with a dash-dot line in figs. 3
and 4), that is, in the direction of the length of the beam
13, in a section comprised between the lateral edges 20,
21 and the floor 15, in order to make the floor 15 remov-
able and subsequently remove it. These longitudinal cuts
break, in a localized manner, the continuity of the con-
crete topping 16, allowing the complete disassembly of
the structure 10. Advantageously, demolition works are
practically absent and the structure 10 is completely dis-
assemblable and reusable.

[0053] Eachbeam 13is also provided with two flanged
ends 22 for the removable connection with the pillars 12,
figs. 4 and 5. The flanged ends 22 are each provided in
correspondence with a respective terminal wall 36 of the
beam 13.

[0054] The flanged end 22 is formed by a plate 23 on
which one or more female type anchoring elements 24
are made, for example through holes, slots, apertures,
grooves.

[0055] Each pillar 12 has a lower base 25 and an op-
posing upper base 26, figs. 1 and 2. In an intermediate
position between the lower base 25 and the upper base
26, or in another position along the height of the pillar 12,
there is created, cantilevered with respect to lateral walls
defining the body of the pillar 12, a support member 27
configured to define a stable rest for a respective flanged
end 22 of the beam 13, fig. 5.

[0056] The support member 27 comprises a plate 28,
which surrounds one or more lateral walls of the pillar
12. The plate 28 is substantially orthogonal to the lateral
walls of the pillar 12.

[0057] The support member 27 also comprises a
bracket element 29, favorably present on at least two
walls of the pillar 12, to which a flanged end 22 of one of
the beams 13 is able to be reversibly anchored.

[0058] A bracket element 29 is provided on each side
of the pillar 12 to which a beam 13 is to be connected.
[0059] The connection between the bracket element
29 and the flanged end 22 is of the so-called "Gerber
saddle" type.

[0060] The bracket element 29 is provided with male
type anchoring elements 30 such as screws, pins, pivots
or other similar or comparable elements facing the upper
base 26 of the pillar 12, fig. 5.
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[0061] Thefemale type anchoring elements 24 and the
male type anchoring elements 30 form beam-pillar con-
nection means 32, visible in a coupled condition in fig. 4.
[0062] In one embodiment, the connection means 32
are formed by bolts, possibly securable through local
welding, figs. 4 and 5.

[0063] The bracket element 29 is attached cantilev-
ered on a respective lateral wall of the pillar 12 and is
disposed distanced from the corresponding plate 28, so
as to create an interspace. According to one variant, the
bracket element 29 can be disposed in contact with the
corresponding plate 28.

[0064] With reference to figs. 4 and 5, the bracket el-
ement 29 is surrounded laterally by two wings 33 that
have a development parallel to the length of the pillar 12
and at least partly circumscribe the zone where the male
type anchoring elements 30 are located, defining a sort
of containing compartment 31. The containing compart-
ment 31 can be closed, on the side of the beams 13, by
the terminal walls 36 of the beams themselves.

[0065] The wings 33 have a U-shaped profile and face
each other defining a containing compartment 31 in the
shape of a parallelepiped.

[0066] A removable covering element 34 can be asso-
ciated between the two wings 33, which has the function
of protecting the connection means 32, preventing them
from being covered by the material of the concrete top-
ping 16, figs. 2 and 5.

[0067] The covering element 34 can have a flat portion
34a able to close the section of the containing compart-
ment 31, and one or more caps 34b which, during use,
surround the connection means 32, isolating them, fig. 5.
[0068] The covering element 34 can be made of wood,
plastic or sheet metal, and it has the function of protecting
the bolted connection from deterioration and degradation
phenomena, on par with a plain concrete cover.

[0069] The module 11 just described can be repeated
to form a more complex structure 10 which can be single-
story or multi-story. An example of a multi-story structure
10 is shown in fig. 6.

[0070] Inthe case of a multi-story structure 10, the up-
per base 26 of the pillars 12 which form a lower first floor
serves as a support for the pillars 12 forming an upper
second floor.

[0071] When the structure comprises more than one
module 11, the front of a first module 11, formed by two
pillars 12 and one beam 13, is shared with an adjacent
module 11, and so on.

[0072] Itis clear that modifications and/or additions of
parts may be made to the structure 10 and to the assem-
bly and disassembly method as described heretofore,
without departing from the field and scope of the present
invention, as defined by the claims.

[0073] Itis also clear that, although the present inven-
tion has been described with reference to some specific
examples, aperson of skillin the art will be able to achieve
other equivalent forms of a modular structure for the con-
struction of buildings and corresponding assembly and
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disassembly method, having the characteristics as set
forth in the claims and hence all coming within the field
of protection defined thereby.

[0074] In the following claims, the sole purpose of the
references in brackets is to facilitate their reading and
they must not be considered as restrictive factors with
regard to the field of protection defined by the claims.

Claims

1. Modular structure (10) for the construction of build-
ings which comprises at least one module (11)
formed by four vertical pillars (12) to which there are
connected four horizontal beams (13) on which a
floor (15) rests, a concrete topping (16) which drowns
said floor (15) and said beams (13), characterized
in that each beam (13) has a lattice body (18) inte-
gral with a bottom (17) and enclosed in a casing (19)
with two lateral edges (20, 21) of which one, by being
interposed between said lattice body (18) and said
floor (15), makes said beams (13) separable from
said floor (15).

2. Structure (10) as in claim 1, characterized in that
said beams (13) have two flanged ends (22) con-
nected to respective cantilevered support members
(27) of each pillar (12) by means of connection
means (32) positioned in a containing compartment
(31) with a removable covering element (34).

3. Structure (10) as in claim 1 or 2, characterized in
that said support member (27) comprises a bracket
element (29) present on at least two lateral walls of
said pillar (12), to which there is reversibly bolted a
corresponding flanged end (22) of one of said beams
(13), wherein said bracket element (29) and said
flanged end (22) define a saddle joint.

4. Structure (10) as in claim 3, characterized in that
said bracket element (29) is laterally surrounded by
two wings (33) distanced from each other and having
a U-shaped profile which partly circumscribe said
containing compartment (31), which is open at the
top in order to receive said covering element (34)
and transversely in order to receive said flanged end
(22).

5. Structure (10) as in any claim hereinbefore, charac-
terized in that between one of said lateral edges
(20, 21) and said floor (15) there is defined a longi-
tudinal interspace (G) drowned by said concrete top-

ping (16).

6. Structure (10) as in any claim hereinbefore, charac-
terized in that said lattice body (18) is completely
contained within the overall dimensions of said lat-
eral edges (20, 21).
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7.

Structure (10) as in any claim hereinbefore, charac-
terized in that said lateral edges (20, 21) have own
free ends which are located at a same height of an
upper surface of said floor (15) measured from said
bottom (17).

Structure (10) as in any claim hereinbefore, charac-
terized in that each bottom (17) is provided with at
least one longitudinal flat edge (17a), protruding with
respect to the assembly consisting of said lattice
body (18) and said casing (19), on which said floor
(15) is able to rest by means of the interposition of
a compensation element (35).

Method for assembling a modular structure (10) for
the construction of buildings which comprises the
installation of at least one module (11) according to
the following assembly steps:

- laying four vertical pillars (12) in a corner po-
sition according to a square or rectangular lay-
out, wherein said pillars (12) are provided with
cantilevered support members (27);

- connecting four horizontal beams (13), each
one to respective support members (27) of two
consecutive pillars (12) by means of removable
connection means (32) positioned in a contain-
ing compartment (31), wherein each beam (13)
has alattice body (18) integral with a bottom (17)
and enclosed in a casing (19) with two lateral
edges (20, 21);

- positioning corresponding removable covering
elements (34) to protect said connection means
(32);

- disposing a floor (15) on said beams (13), one
of said lateral edges (20, 21) being interposed
between said lattice body (18) and said floor (15)
to make said beams (13) separable from said
floor (15);

- casting a concrete topping (16) to drown said
floor (15) and said beams (13) making them in-
tegral, said containing compartment (31) re-
maining isolated with respect to said concrete

topping (16).

10. Method for disassembling a modular structure (10)

assembled according to the method of claim 9, com-
prising the following disassembly steps:

- making a series of longitudinal cuts on said
concrete topping (16), in a section comprised
between said lateral edges (20, 21) and said
floor (15), in order to make said floor (15) remov-
able;

- removing said floor (15);

- removing the covering elements (34) and un-
blocking said connection means (32);

- disconnecting said beams (13) from said pillars
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