wo 2016/116957 A1 || I} NN YT OO0 O 0 O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/116957 Al

28 July 2016 (28.07.2016) WIPO I PCT
(51) International Patent Classification: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
EO04H 6/10 (2006.01) DO, DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT,
. . HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(21) International Application Number: KZ. LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
PCT/IT2016/000016 MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(22) International Filing Date: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
25 January 2016 (25.01.2016) SD, SE, 8G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: Italian
L. ) (84) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
(30) Priority Data: GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
RM2015A000035 23 January 2015 (23.01.2015) IT TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(72) Inventor; and DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(71) Applicant : SPELLUCCI, Gianfranco [IT/IT]; Via Si- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
culiana, 66, 00133 Roma (RM) (IT). SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
(74) Agent: BANCHETTI, Marina; Barzano & Zanardo Roma GW, KM, ML, MR, NE, SN, TD, TG).
S.p.A., Via Piemonte, 26, 00187 Roma (IT). Published:
(81) Designated States (unless otherwise indicated, for every with international search report (Art. 21(3))

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

[Continued on next page]

(54) Title: MODULAR CAR PARKING STRUCTURE

/-b

R e S

‘ L6

e e B e

(57) Abstract: The invention relates to a modular system for
the construction of prefabricated structures, in particular mod-
ular structures suitable for realizing semi-permanent or tem-
porary parking lots of a modular type comprising a series of
modules adjacent each other and complementary two by two,
each of which includes two main structural elements (7', 7"),
at least one aisle pillar (12", 12"), two main beams (14', 14",
15', 15"), a secondary beam (16', 16") and a pair of tertiary
beams (17', 17", 18', 18"), at least a pair of secondary struc-
tural elements (11', 11"), arranged in an intermediary position
between two main structural elements. The main beams of
two adjacent complementary modules are spaced between
them in such a way that the parking surface portion formed by
the two modules includes at least three parking spaces (6) for
each lateral strips (5', 5") and not more than two aisle pillars
(124, 12M.



WO 2016/116957 A1 WK 00N 0 TR A

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




WO 2016/116957 PCT/IT2016/000016

10

15

20

25

30

MODULAR CAR PARKING STRUCTURE

DESCRIPTION
Field of the invention
The present invention relates to a modular system for the construction
of prefabricated structures. More particularly, the invention relates to modular
structures suitable for realizing semi-permanent or temporary parking lots of a

modular type.

Background of the invention

Prefabricated or metal steel structures are normally used for the reali-
zation of elevated installations when, in the absence of sufficient space, it is
necessary to create, temporarily or semi-permanently, a mezzanine floor, and,
at the same time, a certain speed of realization it is required. In fact, prefabri-
cated structures of this type generally do not require the presence of conven-
tional foundations and are not affected by the conformation of the ground,
thereby allowing to keep underground elements, such as technical sub-
services or artifacts of historical and archaeological importance.

In addition, such prefabricated structures allow to organize the con-
struction site in an advantageous manner in the various steps of the construc-
tion, as they have no need to occupy particularly large areas, and use struc-
tural elements of such a size as to be easily transported and assembled on
site.

A further advantage of the mentioned foundationless structures lies in
the simplicity and speed of assembly, disassembly and reassembly, which
take place using the same building elements and without any modifications of
the territory.

Prefabricated modular structures can be used, for example, for the
construction of temporary parking lots, when it is necessary and urgent to find
additional space for parking vehicles.

At the state of the art temporary or semi-permanent modular parking
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lots are known providing two levels, one on the ground and the other one
raised, which do not use conventional foundations. Each floor of such parking
structures provides at least one parking area, referred to herein by the English
term “bin” (shown by the reference B in Figures 1 and 2 appended hereto,
which represent the prior art), which consists of the ensemble of a central driv-
ing aisle and two lateral strips for the vehicles parking (indicated in the figures
with C and F, respectively). The lateral strips F are arranged opposite each
other relative to the central aisle C and are delimited by the longitudinal sides
of the bin B (with respect to the longitudinal direction of the aisle). Each of said
lateral strips F comprises a plurality of parking spaces A, arranged in an or-
thogonal fashion and accessible at least from said central aisle C.

Currently, some modular parking lots, such as for instance the one dis-
closed in the European patent EP 0364414, include in correspondence of the
bin B, at the ground floor, a plurality of pillars P arranged, on both longitudinal
edges of the bin B and on both edges of the aisle C, every two parking spaces
A, as shown in Figure 1. In the same Figure 1, the ensemble of the beams T is
shown, connected to the pillars P, and forming a regular structural grid, with
the aim of supporting the ceiling of the upper floor. This configuration, alt-
hough structurally efficient, turned out to be not particularly easy for drivers
during parking maneuvers, which are partially hindered by the pillars P located
along the edges of central driving aisle C.

On the other hand, the configuration described allows to transfer to the
ground the loads of the upper floor, with a good distribution of the loads
among the pillars P. Actually, considering that a street pavement must be able
to support, at least, the load transmitted from a wheel of a heavy vehicle, that
is about 4 kg/cm?, consequently the road bearing capacity is at least 6 kg/cm?.
Given that, in broad terms, the weight per square meter to be taken in account
in the structural calculation for modular parking lots of the described type is
equal to about 600 kg/m? (which includes both dead and live loads), and given
that in the configuration of Figure 1 each pillar is loaded by about 25 m?, the
load transmitted to the pillar base (usually a plate of about 3600 cm?) is ap-

proximately equal to 4 kg/cm?. The load transmitted to the ground by each pil-
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lar is therefore compatible with the normal load-bearing capacity of an existing
street pavement, which, therefore, does not need, in general, to be reinforced
with additional conventional underground foundations.

Another known configuration for modular parking lot without conven-
tional foundations, is described in the European patent EP 1507053, which
provides the presence of pillars P supporting of the upper floor slab, one for
each parking space A, located only in correspondence of the longitudinal edg-
es of the bin B and not along the sides of the aisle C, as shown in Figure 2.
The beams T supporting the upper floor are arranged transversely to the lon-
gitudinal direction of the aisle C and rest on two opposing pillars P with re-
spect to the aisle C. A similar configuration, although undoubtedly advanta-
geous for the maneuver comfort, is instead disadvantageous for the opera-
tions of transport and assembly/disassembly of the structure, because of the
excessive sizes of the modular elements constituting the structure. As a mat-
ter of fact, the beams T connecting the pillars P appear to be considerably
long, generally around 16 meters or more, and therefore they are not easy to
be managed during the production, in the galvanizing operations, as well as
for transportation and handling in the construction site. The handling within the
construction site is particularly problematic when the operational spaces are
reduced, as is very often the case in this type of construction.

But the main limitation of the above solution consists in that it can be
used without conventional fixed foundations only with the condition of using a
lightweight structure floor for the raised level, for example an entirely metallic
deck. In fact, where a slab of the type described above in connection with the
first prior art document cited (for example, reinforced concrete or concrete with
corrugated metal sheet cooperating) was used, weighing about 600 kg/m?, the
central pillars between two adjacent bins should bear the load of about 40 m?
(16 m x 2.5 m) of deck, i.e. over 24,000 kg each. This is equivalent to a
ground load of more than 6.5 kg/cm?, a value exceeding those normally ap-
plied for street pavements.

Despite the need for structures lightening, imposed by the absence of

foundations, has induced the technicians to try the use of any kind of light-
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weight materials in place of concrete for slab construction, decades of use of
these modular structures of parking have shown that concrete, suitably water-
proofed and equipped with a suitable wear layer, remains to date the only ma-
terial able to provide a performance in line with the expectations and needs of
car parking operators. These include a lifespan allowing the structure to be
used not only temporarily, but also, if desired, in a semi-permanent manner.

Actually, the solution with steel deck has proved to be suitable only for
a short period of use (from few weeks to few months), due to the problems
connected to excessive noise during the passage of vehicles and the low seal-
ing for rainwater, potentially loaded with oils, provided by the metal sheets and
the joints between them.

Finally, other problems of the structures described in EP 1507053 con-
sist in that it is impossible to arrange cross-bracings in the direction transver-
sal to the aisle. This fact involves the creation of an expensive interlocking de-
vice between beam and column in the transverse direction to the aisle, and
the consequent presence of a bending moment in the pillar, scarcely compati-
ble with the bayonet and screw joints adopted therein in order to enable height
adjustment and the easy dismantling of the structure. This fact adds to the
problem that the beams are not transportable unless use is made of an "ex-
ceptional transport”, unless the beams are be composed in situ by joining the
various components with complex joints, which may be able to restore the
passage of the shear stress and the bending moment over the beam length.

Other parking facilities existing on the market or projects for two levels
parking without foundations, or with modest foundations, show, with minor var-
iations, technical characteristics, advantages and disadvantages analogous to
those of one of the prior art structures analyzed above.

In addition, it is noteworthy that none of the prior art modular systems
for parking lots solves the problem of providing a two raised levels structure

without conventional foundations.

Summary of the invention

The object of the present invention is therefore to obtain structures for
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the realization of modular parking lots without foundations with the following
features:

a) a limited number of pillars on the driving aisle edges in order to im-
prove the maneuvering of entry in and exit out from the parking place;

b) structural elements of such size as to be easily transported and han-
dled on site by working means of common use;

c) slabs of durable material, with the aim to realize temporary structures
with long lifespan (semi-permanent);
and, at the same time,

d) structure expandable vertically, i.e. having the possibility of adding a
second level above ground while maintaining the absence of foundations.

This is achieved, according to the present invention, by means of a new
and original combination between the plan position of the pillars and the rela-
tive arrangement of the beams supporting the deck.

in the frame of the studies that gave rise to the present invention it was
considered that, in general, the beams of a structure frame support the slab
and transmit the load to the pillars normally in such a way that the load is di-
vided in a balanced and symmetrical manner on each pair of pillars bearing a
beam.

In the configuration of both structures of Figures 1 and 2 (prior art), on
the assumption that the transverse beams of the aisle are all equal to each
other, all the pillars transmit to the ground the same load, with the obvious ex-
ception of the pillars on the external border of the structure, which transmit
lower loads. In the case of a structure like that of Figure 2, in which the park-
ing lot consists of two bins arranged side by side, the pillars of the outer edge
of the structure bear a load that is half the load supported by the central pil-
lars.

Based on these considerations, new combinations of the frame beams
scheme have been realized, according to the present invention, in order to
convey differentiated loads on the underlying load-bearing pillars, said pillars
being positioned preferably not at the edges of the driving aisle but concen-

trated away from it, and being of a size (length and weight) as small as possi-
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ble.

The constructive solutions proposed according to the invention are
thus combinations of beams having a different order, with bearing elements
also of a different nature. In particular, the slab of the proposed structure rests
on tertiary beams, which are in turn supported by transverse secondary
beams which may have a variable position, within a certain range, resting their
ends on respective main beams. The variation of the point of support of the
secondary beams causes a differentiated redistribution of the loads on the
main beams, with a consequent variable distribution of the loads on the sup-
porting elements which transmit the loads to the ground.

By suitably modifying the position of the secondary transversal beams
it is possible, according to the various embodiments of the present invention,
to reduce the number of pillars placed at the edges of the aisle, thereby con-
siderably facilitating the comfort of maneuvering for the drivers, without load-
ing excessively the remaining pillars on the aisle edge, and achieving a con-
trollable redistribution of the loads on the pillars at the edges of the structure.

The same arrangement of the primary, secondary and tertiary beams
makes it possible to realize raised parking lots with more of one raised levels,
which are obtained by superimposing two similar modular structures, with the
proviso that the underlying structure is also designed to accommodate the pil-
lars of the top structure, the pillars being partially shared between the two

structures and partly exclusive for each one of them.

Brief description of the drawings

The specific features of the invention, as well as the advantages thereof
and the modes of carrying it out, will become more apparent with reference to
the detailed description presented hereafter, and to some specific embodi-
ments of the concerned modular structure. The latter are depicted by way of
example in the attached drawings, wherein:

Figure 1 is a carpentry of the raised deck of a modular parking real-

ized with a first modular structure of the prior art;

Figure 2 is a carpentry of the raised deck of a modular parking real-
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ized with a second modular structure of the prior art;

Figures 3a and 3b are the carpentries of a modules pair respectively,
complementary each other, in a first embodiment of the modular structure ac-
cording to the invention;

Figures 3¢ and 3d are the carpentries of two exemplary modules re-
spectively, different each other, which represent variations of the modules of
Figures 3a and 3b, with two or three intermediate tertiary beams respectively.

Figure 4 is a carpentry of the raised deck with a view from the top of
the ground floor of a modular parking lot realized with a structure according
the first embodiment of Figures 3a and 3b;

Figures 5a and 5b are the carpentries of a module pair respectively,
complementary each other, of the modular structure according to the invention
in a second embodiment.

Figure 6 shows the carpentry of an exemplary module similar to those
of figures 3 and 5, wherein one of the main beams and one of the tertiary
beams are in a cantilever fashion in respect of the related supporting ele-
ments.

Figure 7 is the carpentry of the raised deck with view from the top of
the ground floor of a modular parking lot realized with the structure according
the first embodiment of Figures 3a and 3b and the main and tertiary beams in
a cantilever fashion according to the scheme of Figure 6.

Figure 8 is the carpentry of the raised deck with view from the top of
the ground floor of a modular parking lot realized with the structure according
the second embodiment of Figures 5a e 5b and with the main beams only in a
cantilever fashion according to the scheme of Figure 6;

Figure 9 is the carpentry of the raised deck with view from the top of
the ground floor of a modular parking lot realized with the structure according
the second embodiment of Figures 5a e 5b and the main and tertiary beams in
a cantilever fashion according to the scheme of Figure 6;

Figures 10A and 10B show the carpentry of the raised deck with view
from the top of the ground floor of a modular parking lot realized with the

structure according the first embodiment of Figures 3a and 3b and in the en-
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semble configuration according to Figure 4, wherein the aisle pillars 12' e 127,
here re-named 12°A e 12"A respectively, each flanked by a further pillar da un
12'B e 12"B, respectively, in two similar variations;

Figure 11 is the carpentry of the raised deck with view from the top of
the ground floor of a modular parking lot realized with the structure according
the first embodiment of Figures 3a e 3b in a first variation;

Figure 12 is the carpentry of the raised deck with view from the top of
the ground floor of a modular parking lot realized with the structure according
the first embodiment of Figures 3a e 3b in a second variation;

Figure 13 is the carpentry of the raised deck with view from the top of
the ground floor of a modular parking lot realized with the structure according
the first embodiment of Figures 3a e 3b in a third variation;

Figure 14 is the carpentry of the raised deck with view from the top of
the ground floor of a modular parking lot realized with the structure according
the first embodiment of Figures 3a e 3b in a forth variation;

Figure 15 is the carpentry of the raised deck with view from the top of
the ground floor of a modular parking lot realized with the structure according
the first embodiment of Figures 3a e 3b in a variation which represents three
car spaces for each side strip between two main beams;

Figure 16 is the carpentry of the raised deck with view from the top of
the ground floor of a modular parking lot realized with the structure according
the second embodiment of Figures 5a e 5b in a variation which presents three
car spaces for each side strip between two main beams;

Figure 17 is the carpentry of the raised deck with view from the top of
the ground floor of a modular parking lot realized with the structure according
the first embodiment of Figures 3a e 3b in a variation which presents alterna-
tively two or three car spaces for each side strip between two main beams;
and

Figure 18 is the carpentry of the raised deck with view from the top of
the ground floor of a modular parking lot realized with the structure according
the second embodiment of Figures 5a e 5b in a variation which presents alter-

natively one or four car spaces for each side strip between two main beams.
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Detailed description of the invention

The present invention, thus, specifically concerns a modular structure
for supporting a deck of at least a first floor for the construction of modular
parking lots, said modular parking lots comprising at least one parking surface
having a central driving aisle with a central longitudinal axis (y) and two side
strips arranged opposite to one another with respect to said central aisle and
each bounded, in the longitudinal direction of the aisle, by a side edge lateral
to said parking area and by an aisle edge adjacent to the central aisle, each of
said side strips comprising a plurality of car spaces accessible at least from
the central aisle

said modular structure being characterized in that it comprises a se-
ries of modules adjacent to each other and complementary two by two in the
direction of the longitudinal axis (y) of said aisle, each module comprising:

two main structural elements (which may be, in alternative, two pil-
lars or two beams) arranged close to the same side edge of a first one of said
two side strips;

at least one aisle pillar, placed close to the aisle edge of the second
one of said two side strips, said aisle pillar being substantially aligned in a di-
rection orthogonal to the longitudinal axis with the center of gravity of a first
one of said two structural elements (pillars or beams) of the same module,
and also being substantiaily aligned with the center of gravity of the second
structural element (pillars or beams) of an adjacent complementary module,

two main beams substantially transverse to the longitudinal axis of
said aisle, a first main beam being arranged between said first structural ele-
ment and the aisle pillar of the same module, a second main beam being ar-
ranged between the second structural element (pillar or beam) of said module
and the aisle pillar of an adjacent complementary module,

a secondary beam arranged substantially in the direction of the longi-
tudinal axis of said aisle, said secondary beam being in an intermediate posi-
tion between a first side edge and the longitudinal axis of the aisle, with its two

ends which can be placed at different positions along a line that contains one
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of the respective main beams.

at least one pair of secondary structural elements (beams or pil-
lars) arranged in an intermediate position between two main structural ele-
ments, each secondary structural element being placed close to the side edge
of a respective side strip, in a position opposite, with respect to the longitudi-
nal axis of the said aisle, to the other secondary structural element, and

a pair of tertiary beams for each of at least one pair of secondary
structural elements, arranged substantially transverse to the longitudinal axis
of said aisle, between a respective secondary structural element and said
secondary beam,

said main beams of two adjacent complementary modules being
spaced between them in the direction of the longitudinal axis of the aisle in
such a way that the parking surface portion formed by said two modules in-
clude sat least three car spaces in each side strip and not more than two aisle
pillars.

Further characteristics of the modular structures according to the in-
vention are set out in the dependent claims.

With specific reference to the attached Figures 3a and 3b, which
show a first embodiment of the modular structure for car parking according to
the invention, the parking surface 3 (also referred, hereinabove and hereafter,
with the British term “bin”) presents a central driving aisle 4 having a central
longitudinal axis y and two side strips & and 5” arranged opposite to one an-
other with respect to said central aisle 4. Each of said side strips 5" and 5" is
bounded, in the longitudinal direction of the aisle, by a side edge lateral to
parking area 3, referred with 8’ and 8” respectively, and by aisle edges, re-
ferred with 9" and 9” respectively, adjacent to said central aisle 4.

Each of said side strips 5', 5" comprises a plurality of car spaces 6 ac-
cessible from said central aisle 4. In general in a car parking may be also pro-
vided more parking areas 3, side by side and transversally adjacent to said
longitudinal axis y.

Figures 3a and 3b respectively show two of a series of modules 10’

and 10” adjacent and complementary one with the following, for the composi-
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tion of the modular structure according to the invention. Each module 10’ or
10" comprises a couple of main structural elements, the pillars 7' or 7, ar-
ranged close to the same side edge 8 or 8” of a first side strip 5" or 5”, only
one aisle pillar 12" or 12', placed close to the aisle edge 9” or 9’ of the second
one side strip §” or 5. The aisle pillar 12” or 12’ is substantially aligned in a di-
rection orthogonal to the longitudinal axis y with the center of gravity of a first
main pillar 7’ or 7" of the couple of main pillars of the same module 10’, 107,
with the center of gravity of a second main piliar 77, 7” of the couple of main
pillars of the adjacent complementary module 10" or 10’.

Each module 10’ or 10” also comprises two main beams 14’, 15" or
14", 157, substantially transverse to the longitudinal axis y. a first main beam
14’ or 14" is arranged between a first main pillar 7 or 77 and the aisle pillar 12”
or 12’ of the same module 10" or 10", and the second main beam 15 or 15" is
arranged between a second main pillar 7’ or 7" of the same module 10’ o 10"
and the aisle pillar 12’ or 12" of the adjacent complementary module 10" or
10

Each module 10’ or 10” also comprises a secondary beam 16’ or 16”,
arranged substantially in the direction of the longitudinal axis y of the aisle 4.
Said secondary beam 16’ or 16” is in an intermediate position between the
side edge 8’ or 8" and the longitudinal axis y with its two ends which can be
placed at different positions along a line that contains one of the respective
main beams 14’, 15’ or 14", 15”. It is to be noted that, in the particular embod-
iments of Figures 3, said secondary beams 16 are arranged in such a way as
to convey their own load on the respective main beams 14 and 15.

Each module 10’ or 10" further comprises at least a couple of second-
ary structural elements, 11" and 117, arranged in an intermediate position be-
tween the couples of main pillars 7> and 7”. Each secondary pillar 11’ or 11" is
placed close to the side edge 8 or 8", and it is placed opposite, with respect to
the longitudinal axis y, to the other secondary pillar 11’ or 11",

Each module 10’ or 10" finally comprises a pair of tertiary beams 17’
and 18’ or 17" and 18" for each of said at least one pair of secondary pillars

11’ and 11", arranged substantially transverse to the longitudinal axis y of the
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aisle 4, between one of the secondary pillars 11’ or 11” and the respective
secondary beam 16’ or 16”. It is to be noted that as the position of the sec-
ondary beams 16 “slide” along the main beams 14 and 15, (including the case
of direct support on the pillar 12), the lengths of the beams 17 and 18 change
accordingly, effecting the redistribution of the whole loads of the deck on the
pillars.

Again with reference to the Figures 3a and 3b, then it will be noted
that the main beams 14’, 15’ or 14”, 15” of the adjacent complementary mod-
ules 10°, 10” are spaced between them, in the direction of the longitudinal axis
y, by a distance such that the parking surface portion formed by the two mod-
ules 10, 10” comprise three car spaces 6 for each side strip 5°, 5”, and two
aisle pillar 12, 12", in such a way to present the aisle pillars 12" e 12" in an al-
ternate position on the aisle edges 9’ e 9” with respect to the longitudinal axis
y. This fact advantageously allows having a smaller number of aisle pillars, so
as to ensure greater comfort for maneuver and at the same time to employ
beams of a size such as to be easily transported and assembled in situ.

By way of example, in Figure 3c is shown a second module of the
type of 10’ in which there are three pairs of tertiary beams 17’ and 18’, while in
Figure 3d is shown a second module of the type of 10” in which two pairs of
tertiary beams 17" and 18” are present.

Differently from what is shown in Figures 3a e 3b, in which between
each pair of main beams 14 and 15 of the same module may be located two
car spaces 6, in the configurations of Figures 3c e 3d, three or four car spaces
are present respectively between the pairs of main beams 14 and 15 of the
same module.

Starting from the partial graphical representations of Figures 3a and
3b, it is possible to construct an aggregation of the unit modules illustrated
therein to compose a complete carpentry of the structure for parking lots of the
invention, as shown in Figure 4. In comparison with the modules of Figures
3a and 3b, the solution of Figure 4 represents a variant in which the second-
ary beams 16 rest directly on the relevant pillars 12.

Referring to Figures 5a and 5§b, a second embodiment of the modular
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structure according to the invention is shown, wherein, differently from the
embodiment of Figures 3a and 3b, the main and secondary structural ele-
ments of each module 10’ or 10” (i.e., the pillars 7, 77, 11, 11”) are the sup-
porting beams 19’, 19”7, 21’, 21”7, arranged in a direction parallel to the longitu-
dinal axis y and along the respective side edge 8 ‘or 8 “, and resting on re-
spective supporting pillars 20’ or 20", in common between adjacent beams
19, 21" 0 197, 21",

With reference to the foregoing, it can be noted that, as regards the
loads distribution, the secondary beam 16’, 16" located between the longitudi-
nal axis y of the aisle and the respective side edge 8’, 8" bears a role for the
distribution, in a differentiated way, of the slab loads to the underlying pillars.
A typical embodiment of the invention involves that the secondary beam 16’
16" is at an equal distance, on two adjacent complementary modules, from the
respective side edge 8, 8. Each pair of tertiary beams 17°, 18’ and 17", 18”
transfers the 50% of the load collected by the overlying floor slab directly to
the secondary pillars 11°, 11” on which these beams rest, while the other 50%
of the load is transferred between to the secondary beam 16, 16”. The more
the secondary beam approaches.the respective side edge 8, 8", the greater
will be the share of the load which is transferred by the secondary beam to the
main beam, and then from the latter transferred to the structural element lo-
cated on the side edge. Similarly, the longer the secondary beam moves away
from the edge of the aisle 9', 97, the smaller will be the share of the load which
is transferred by the secondary beam to the main beam, and from the latter
transferred to the pillar of the aisle. The system of the secondary beam and
related tertiary beams, therefore, performs both a function of load distribution,
as the pairs of secondary pillars 11, 11’ are called in, and of load transfer from
the edge of the aisle, where the pillars are fewer in number, towards the side
edge, where the pillars are more in number.

It is noted that in the various preferred applications of the invention
that will be now passed in review, the primary aim is to reduce the load trans-
ferred to the ground of the most loaded pillar. If the transferred load of the

most loaded pillar is in fact lower than the maximum tolerable load in the ab-
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sence of foundations, then you can do without the foundations for all the pil-
lars. The maximum load that a single pillar with a single base plate can trans-
mit to the underlying ground surface of bituminous conglomerate is not so
much an accurate value, but rather a range of values. Site specific factors, in
fact, have an influence in determining it, as the mechanical characteristics of
the ground surface and the ground below. The size of the base plate is as-
sumed equal to the size most commonly used today for these applications,
namely 600x600 mm. However, such a field of values is not very extensive,
and therefore, to develop an usable solution for a high number of sites, it is
considered not to exceed 16 tonnes (16 Mg), in the present case of pillars
which transmit to the ground a load by a 600x600 mm plate.

The operating load generated by 1 m? of the upper deck is considered
equivalent to about 5.0 kN/m? (Permanent loads: assumed equal to about 2.5
kN/m? with an estimated reinforced concrete floor with collaborating steel
sheet, total thickness 130/140 mm, a waterproof coat 4 mm with bituminous
armed sheath and surface wear layer of 30 mm asphalt. Accidental loads: 2.5
kN/m?, fixed by car parking legislation. Snow was not considered).

The discharge of the pillars of the known art solution in Figure 1 is
12.5 Mg. The value of 16 Mg represents therefore an increase of approximate-
ly 30%, which is deemed acceptable. Taking reference to Fig.1, the solutions
of the present invention subtract pillars from the aisle, moving them in whole
or in part on the side edges 8 and 8", thus reducing the step of the edge pil-
lars and increasing the step of the aisle pillars. It is therefore evident that the
most loaded pillars are those that remain on the aisle and which are fewer in
number. The aim is therefore to bring the load on the remaining aisle pillars
below the maximum threshold, while monitoring the load on the pillars of the
side edge 8’, 8”.

Therefore, taking into account an area of parking 3 having a total
width of 16 m (distance between the side edges 8’ and 8”), the aisle 4 of 6 m
width (distance between the aisle edges 9" and 9”), and a width of each car
space 6 of 2.5 m (considered in a parallel direction to the longitudinal axis y of

the aisle 4) and by using, for example, a beam IPE 500 with a length of 11 m
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for the first main beam 14’ and 14" of each module 10’ and 10", a beam IPE
220 of 5 m for the length of the second main beam 15’ and 15", a beam IPE
300 having a length of 5 m for the secondary beam 16’ and 16", a beam IPE
220 with a length of 5 m for the first tertiary beam 17’ and 17” and a beam IPE
400 with a length of to 11 m for the second tertiary beam 18’ and 18", a maxi-
mum load of about 18.5 Mg is achieved among all pillars (as explained, the
maximum load is reached on the aisle pillars).

Such discharge is higher by about 50% than the maximum of the prior
art solution of Fig. 1, but the maneuver comfort is greatly improved, being pre-
sent only half of the aisle pillars. To obtain a more reduced load, it appears
necessary to move the beam 16’ further towards the axis 8', and the beam 16”
further toward the axis 8”. Bringing for example the beam 16’ at a distance of
3.5 m from the axis 8’, and the beam 16" to a distance of 3.5 m from the axis
8", a reduction of the maximum load of about 16.0 Mg is achieved for this con-
figuration, that is an acceptable value for a system without foundations. Over-
all, the weight of the beams turns out to be in both cases about 30 kg/m2 and
that is about one and half times the weight of the beams in the solution of the
known art of Fig. 1. The maximum load can be further reduced even more ap-
proaching the beam 16’ to the side edge 8’ and the beam 16" to the side edge
8”, but it follows a further increase of the weight and length of the beams. This
means that the pattern of Figure 4 is of less interest when foundation loads
smaller than 16.0 Mg are necessary.

In Figure 6 a series of elements of the configurations variability al-
ready described in Figures 3 and 5 is shown schematically, consisting in the
arrangement of some of the main and tertiary beams in a cantilever fashion on
the main and secondary structural elements already seen previously. Specifi-
cally the figure represents an adaptation of the diagram of Figure 5a to which
possible cantilevered configurations of the main beam 15’ on the structural el-
ements 19’ and 12’ and of the tertiary beam 18’ on the structural element 21’
are

Said cantilevered configurations are in generally defined by the follow-

ing details:
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- a, length of the cantilevered portion of the second main beam 15’
or 15" of a module 10" or 10" with respect to the second main
structural element 7' or 77, 19’ or 19” of the same module 10’ or
107;

- b, length of the cantilevered portion of the second main beam 15’
or 15” of a module 10’ or 10” with respect to the aisle pillar 12’ or
12" of the complementary module 10” or 10’;

- ¢, length of the cantilevered portion of the first tertiary beam 18’ or
18" of a module 10’ or 10” with respect to the respective secondary
structural element 11’ or 11" , 21’ or 21"of the same module 10’ or
107

-t distance, transversally to the longitudinal axis y of aisle 4, be-
tween secondary beam 16’ 0 16” and side edge 8’ o0 8”.

Looking at Figure 7, which shows a solution of a modular aggregation
based on the first embodiment, differently from the variation of Figure 4, in or-
der to decrease the load on the aisle pillars 12’ and 12", as well as the length
and the weight of the beams provided, the second main beam 15" or 15” of
each module 10’ or 10" has such a length as to be arranged cantilevered on
the second main pillar 7’ or 7" of the module 10’ or 10” and on the aisle pillar
12’ or 12" of the complementary module 10” or 10, in such a way that the first
main beam 14’ or 14" is loaded and supported by the second main beams 18’
or 15” of the adjacent compiementary modules 10” or 10’ in the longitudinal
and transversal direction to the longitudinal axis y of the aisle 4.

In an equivalent fashion, the length of the pair of tertiary beams 17’
and 18’, 17" and 18" is also varied in such a way that the second tertiary beam
18 or 18” results to be arranged cantilevered with respect to the respective
secondary pillar 11" or 11", and that the first tertiary beam 17’ or 17" is sup-
ported and loaded in one of its ends, on the second tertiary beam 18’ or 18" of
an adjacent module 10’ or 10” in a direction transverse to the longitudinal axis
y of the aisle 4.

The length and section of the second main beams 15’, 15”, and con-

sequently, of the first main beams 14’ and 14”, and the tertiary beams 17 ‘and
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17” and 18” and 18" are established taking into account the following parame-
ters a, b, c, t previously seen.

The variations of these parameters result in variations of the sections
of the main beams 14’, 15’, 14", 15", of the length of the first tertiary beam 18’,
18” and of the load on the aisle pillars 12’, 12” and on the edge 7°, 77, 11’, 11"
pillars.

In particular:

In case of a increasing e t decreasing,

the cross-section of beam 14’, 14" decreases,
the cross-section of beam 15°, 15" increases
the load on pillars 11, 11” increases

the load on pillars 12’, 12" decreases

In caso of b increasing,

the cross-section of beam 14’, 14" decreases,
the load on pillars 11, 11” decreases

the load on pillars 12, 12" increases

In particular, with respect to the variation of Figure 4, wherein the pa-
rameters a, b, e ¢ are equivalent to 0 and ¢ = 5 m, in the variation of Figure 7
the parameters are equivalentto:a=2,0m,b=05m,c=20m,et=5m.

This allows to have all beams with smaller cross-section than, or
equal to, IPE450 and to obtain a considerable reduction of the load of the up-
per deck on the aisle pillars 12’ and 12" with respect to the embodiment of
Figure 4. In particular, on each aisle pillar 12" or 12" a load of about 11.5 Mg in
weight is obtained, meanwhile on each main pillar 7" or 7' a load of about 17
Mg in weight is achieved. The mechanism used in this case is so effective that
the aisle pillars resulted unloaded ‘too much’ and it is now found to have the
pillars 7’ , 7” are outside of the self-imposed limit of 16 Mg.

It is then sufficient to reduce a to 1.5 m, to increase again the load on
the aisle pillars 12’ and 12” and to unload the pillars 7, 7" below the threshold.
It should be noted that, remaining in the scope of solutions without conven-
tional foundations, there are more solutions to be used for the load transmis-

sion from the pillar to the ground that are in correspondence of the side edges



WO 2016/116957 PCT/IT2016/000016

10

15

20

25

30

18

8’, 8", compared to those available for the aisle edge, where any alternative to
the tested plate 600x600 mm gives rise to problems of obstruction and conflict
with the flow and the maneuver of the cars.

Remaining within the context of Figure 7 it is observed that, while
maintaining a = 2, and activating in a more drastic manner the load transfer
mechanism connected to the parameter ¢, thus shifting the beam 16’, 16” to
3.5 m from the respective side edge 8', 8", it is achieved a situation in which
the load on the aisle pillar comes to about 8.0 Mg.

Figure 8 shows a first variant of the second embodiment of the modu-
lar structure according to the invention, which differs from the embodiment
shown in Figure 7 for the use of the beam-supporting pillar system 19', 20’
and 19", 20" in place of the main and secondary pillars and in that the tertiary
beams 17’, 18’, 177, 18" do not use the cantilever system.

In particular, compared to the size of the beams of Figure 7, for a =
20m, b=05m,c=0me t=5m, for each module 10’, 10” a first main beam
14’, 14" of IPE450 type, a second main beam 15, 15" of IPE450 type, a sec-
ondary beam 16’, 16” of IPE360 type, a first tertiary beam 17’, 17” of IPE450
type and a second tertiary beam 18’, 18” of IPE220 type, are employed. On
each aisle pillar 12’ or 12” a load of 13.9 Mg in weight is achieved, as well as
on each pillar support 20’ or 20” a load of 13.9 Mg in weight is obtained.

Compared to the solution of Fig. 7, the solution of Fig.8 balances the
load between all the pillars (20', 20") located on the side edge 8', 8". Each pil-
lar receives in fact half the load of the beam 18’, half the load of the beam 17",
half of the load of the beam 15'. This fact means that it is possible, if neces-
sary, to subtract a greater quantity of load from the aisle pillars, without pillar
20' going quickly into fail risk as is the case of Fig. 7. As a matter of fact, the
pillar 20" will be 'helped' by all the other pillars of the edge 8', 8", which should
all ‘saturate” before getting at fail risk all together.

Looking to Figure 9 a second variation of the second embodiment of
the modular structure according to the invention is shown, wherein, differently
from the solution of Figure 8, there are provided cantilevers also for the sec-

ond tertiary beam 18’, 18” of each module 10" and 10”, while the secondary
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beam 16’, 16” of each module 10°, 10" is arranged so as to be loaded onto the
respective main beams 14', 15’ o0 14”, 15” of the same module 10, 10”. The
effect of the parameter c¢ is similar to that of the parameter a. If one of the two
increases, a part of the load moves from the aisle pillars to the pillars of the
edge 8', 8". To obtain the passage of a given rate of load on the edge 8', 8", it
is preferable to use a combination of increase of a and ¢, rather than to an in-
crease of g only. In fact, the increase of ¢ has the further advantage of unload-
ing the secondary beam 16', therefore decreasing its section, and thereby un-
loading the beam 14', 14", in turn decreasing its section.

In Figure 10A it is shown an assembly scheme analogous to that of
Figure 4 in which the aisle pillars 12' and 12", here renamed 124 and 12", are
each flanked by a further pillar, 12's and 12", respectively. These new pillars
are coupled to the respective aisle pillars 12'4 and 12" in the orthogonal di-
rection to the driving aisle y and on the side of the side strips 5' and 5", re-
spectively.

The additional pillars 12's and 12"g have the aim to reduce the loads
on the aisle pillars 12'4 and 12", in the case where the existing supporting
ground has characteristics of low bearing capacity, however without falling into
a configuration similar to that of the prior art of Figure 1, i.e. with a higher
number of aisle pillars.

Furthermore, in the case where it is expected the super-elavation of
the single-storey structure with another car parking level above the first, the
new pair of pillars, 12’4 and 12'g or 12”4 and 12", would share the doubled
weight of the two floors of the parking lot in order to bring back the load
transmitted to the ground by each of them within the limits of the load-bearing
capacity of a good or average quality ground paved surface.

In order to expose a numerical example, while in the solution shown in
Figure 4. each pillar 12' and 12" transmits to the ground a load of about 16
Mg, in case where the soil presents a low bearing capacity, or this is ex-
pected, the new supporting pillar (12's or 12"g) may assume at least half of
this load, therefore leading the load for each aisle pillar 124 or 12" to about 8

Mg. In case of an additional level of parking is added, that is, two raised lev-
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els, each of the pillars of the pair should support about 16 Mg, that is within
the above-discussed limitations.

In the case of a ground paved surface with low bearing capacity, and
still willing to realize a structure with two raised levels, the load on the pairs of
pillars 12’4 and 12’g or 12”4 and 12" g could be reduced as described in the fol-
lowing Figure 10B.

Figure 10B shows a variation of Figure 10A in which the step between
the structural beams transversally to the y axis has been reduced, reducing
the space between the aisle pillars for the parking of cars, that are reduced
from four to three. Once reduced said step, the load on a pillar pair 12’4 and
12'g or 12”4 and 12”g will be reduced to 11.5 Mg for each pillar.

The frame of Figure 10B would find a greater chance of application in
the practice, in the cases of structures with two raised levels (that is, the
ground floor plus 2 new levels of parking) and in which there is, or is envis-
aged, limited load-bearing capacity of the soil. This allows to maintain a better
level of maneuvering comfort with 3 cars between the aisle pillars, in compari-
son to the prior art solutions, with 2 cars between the aisle pillars.

In Figure 11 a variant of the modular structure according to the first
embodiment of the invention is shown, representing a parking area 3. In the
figure is also visible the following further parameter d:

d, distance, in a direction transverse to the longitudinal axis y of the
aisle 4, between the main pillar 7°, 7” and the respective side edge 8’, 8.

Each module 10', 10" provides that the main pillars 7', 7" are arranged
at a distance equivalent to the parameter d from the respective side edge 8' or
8" internally to the respective side strip 5' or 5" and that the main beams 14
and 15 resting on said pillars 7', 7" are arranged in a cantilever fashion on said
pillars 7', 7" so as to have one end in correspondence of the respective side
edge 8', 8" of a distance equivalent to the parameter d. Furthermore, second-
ary beams 16 and tertiary beams 17, 18 and the secondary pillars 11', 11" are
provided, as in the solutions previously described.

Also in Figure 12 a further variant of a modular structure according to

the invention is shown, representing a parking area 3. Differently from the var-
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iant of Figure 11, the main pillars 7', 7" of each module 10", 10" are located in
correspondence of the relative side edges 8', 8" and the main beams 14', 14",
15', 15" are not arranged in a cantilever fashion but with the ends loading on
said pillars 7', 7".

Therefore, for the following values of parameters: a=0,b=0,¢c=0, d
=0 and t= 3.0 m, a load on the aisle pillars 12', 12" equivalent to 15.4 Mg is
achieved. Compared to the previously described variant, a better maneuvering
comfort is advantageously achieved, since the border pillars are aligned all
along the side edge. However, the beams 17" are quite long, 13.0 m, resulting
in an increase of the weights in the handling.

Yet, in Figure 13 a further variant of the modular structure according
to the first embodiment of the invention is shown, representing a parking area
3. This variant differs from that of Figure 12 in that the main pillars 7' of the
first module 10' are spaced apart by two parking spaces 6 in a direction paral-
lel to the longitudinal axis y of the aisle 4, while the main pillars 7" of the sec-
ond module 10" are spaced from one car space 6 only, in such a way that the
area of parking formed by the two modules 10', 10" comprises three parking
spaces 6 for each lateral band 5', 5" and three aisle pillars 12', 12". The aisle
pillar 12" and 12" are in alternating position on said aisle edges 9' and 9" with
respect to the longitudinal axis y. Moreover, the main pillars 7 which carry the
main beam 14 are in a retracted position d respect to the edge 8.

Compared to the variant of Figure 12 the loading on the aisle pillars
12', 12" is reduced by 25%, or equal to 11.5 Mg.

A further embodiment is presented in Figure 14 in which the main and
secondary support elements are aligned.

Reference is now made to Figure 15 in which a further variant of the
modular structure according to the first embodiment of the invention is repre-
sented, with the application to two adjacent bins 3.

In this variant, each module 10', 10" provides main pillars 7', 7"
spaced, by a parameter d, from the respective side edge 8', 8", internally to
the respective side strip 5', 5". The main beams 14’, 15', 14", 15" load directly

up said pillars 7', 7" and therefore result to be shorter (for example, with re-
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spect to the variant of Figure 4). The main pillars 7', 7"of each module 10', 10"
are spaced between them by three parking spaces 6, in the direction parallel
to the longitudinal axis y of the aisle 4.

In further embodiments of the modular structure according to the in-
vention, for example, the distance between the main pillars 7', 7" of a module
may be of two parking spaces 6 and in second module 10" of three parking
spaces 6, as shown in the variant of Figure 17, in which each main pillar 7"
arranged in the vicinity of the side edge 8" coincident with the side edge 8' to
another parking area 3 is connected to the adjacent pillar 7' by means of a
connecting beam 13.

By way of example, for the parameters a=0, b=0,d=125e t=
4,25, by the use of beams having maximum section of IPE500, it is achieved a
load on the aisle pillars equal to 16.8 Mg and a load on the main pillars 7°, 7"
equal to 16,5 Mg. This variant allows a better maneuvering comfort along the
aisle with respect to the variants of Figures 4 and 7.

Another solution having most parking comfort is shown in the variant
of Figure 16, the modular structure according to the second embodiment of
the invention.

The modular structure of Figure 17 differs from that of Figure 7 in that
the main beams 14’, 15', 14", 15" of each module 10', 10" are spaced between
them in the longitudinal axis y of the aisle 4 by either three or two parking
spaces 6

In further embodiments, for example, the distance between the main
beams 14", 15’ of a module 10’ may be of one parking space 6 and of four
parking spaces 6 in a second module 10”, as shown in the variant of Figure
18.

Therefore, by way of example, for the following values of the parame-
ters;a=20m,b=0,¢=0 d=0e t=4.0m, the load on the aisle pillars 12’,
12" results to be 17.1 Mg, as that on the edge pillars 20’, 20” of each structural
element results to be equal to 17.1 Mg and that on the secondary edge pillars
20, 20 is equal to 10,0 Mg.

The modular structure according to the invention may use, preferably,
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steel beams and a deck for the upper floor in reinforced concrete or a
steel/concrete composite. Finally, the modular structure according to the in-
vention may employ suitable devices adapted to transmit the loads to the un-
derlying ground in simple support on the pavement in bituminous conglomer-
ate of an existing ground level car park. Such devices may have a square
base, usually 600 x 600 mm, used for individual columns, already known from
the art. Or they may have a rectangular base, with dimensions approximately
equal to 3.0 x 0.5 m, or with sizes that are at most suited to existing geotech-
nical conditions, capable, by a bigger area of contact with the supporting sur-
face, to upload higher loading than those permitted from two single plates of
the prior art.

The present invention has been disclosed with particular reference to
some embodiments thereof, but it should be understood that modifications
and changes may be made by the persons skilled in the art without departing

from the scope of the invention as defined in the appended claims
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CLAIMS

1. A modular structure for supporting a deck of at least a first floor for
the construction of modular parking lots, said modular parking lots comprising
at least one parking surface (3) having a central driving aisle (4) with a central
longitudinal axis (y) and two side strips (5', 5") arranged opposite to one an-
other with respect to said central aisle (4) and each bounded, in the longitudi-
nal direction of the aisle (4), by a side edge (8', 8") lateral to said parking area
(3) and by an aisle edge (9', 9") adjacent to said central aisle (4), each of said
side strips (5', 5") comprising a plurality of car spaces (6) accessible at least
from said central aisle (4),

said modular structure being characterized in that it comprises a se-
ries of modules (10', 10") adjacent to each other and complementary two by
two in the direction of the longitudinal axis (y) of said aisle (4), each module
(10" or 10") comprising:

two main structural elements (7'; 19' or 7"; 19") arranged close to the
same side edge (8' or 8") of a first one (5' or 5") of said two side strips (5', 5");

at least one aisle pillar (12" or 12'), placed close to the aisle edge (9"
or 9") of the second one (5" or 5') of said two side strips (5', 5"), said aisle pillar
(12" or 12') being substantially aligned in a direction orthogonal to the longitu-
dinal axis (y) with the center of gravity of a first one (7'; 19' or 7 "; 19") of said
two structural elements (7'; 19' or 7"; 19") of the same module (10' or 10"), and
also being substantially aligned with the center of gravity of the second struc-
tural element (7", 19" or 7', 19') of an adjacent complementary module (10" or
109,

two main beams (14', 15' or 14", 15"), substantially transverse to the
longitudinal axis (y) of said aisle (4), a first main beam (14' or 14") be-ing ar-
ranged between said first structural element (7'; 19' or 7"; 19"} and said aisle
pillar (12" or 12') of the same module (10' or 10"), a second main beam (15' or
15") being arranged between the second structural element (7'; 19' or 7"; 19")
of said module (10 'or 10 ) and the aisle pillar (12' or 12") of an adjacent com-

plementary module (10" or 10,
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a secondary beam (16' or 16") arranged substantially in the direction
of the longitudinal axis (y) of said aisle (4), said secondary beam (16' or 16")
being in an intermediate position between a first side edge (8' or 8") and the
longitudinal axis (y) of the aisle (4), with its two ends which can be placed at
different positions along a line that contains each one of the respective main
beams (14, 15' or 14", 15"),

at least one pair of secondary structural elements (11°, 11"; 21", 21")
arranged in an intermediate position between said two main structural ele-
ments (7' or 7"; 19' or 19"), each secondary structural element (11' or 11"; 21
or 21") being placed close to the side edge (8' or 8") of a respective side strip
(6' or 5"), in a position opposite, with respect to the longitudinal axis (y) of the
aisle (4), to the other secondary structural element (11" or 11'; 21' or 21"), and

a pair of tertiary beams (17', 18' or 17", 18") for each of said at least
one pair of secondary structural elements (11', 11"; 21", 21"), arranged sub-
stantially transverse to the longitudinal axis (y) of said aisle (4), between a re-
spective secondary structural element (11' or 11"; 21" or 21") and said sec-
ondary beam (16' or 16"),

said main beams (14', 15' or 14", 15") of two adjacent complementary
modules (10°, 10") being spaced between them in the direction of the longitu-
dinal axis (y) of said aisle (4) of such a distance that the parking surface por-
tion formed by said two modules (10', 10") includes at least three car spaces
(6) in each side strip (5', 5") and not more than two aisle pillars (12, 12").

2. A modular structure according to claim 1, wherein the distance (t) in
a direction transverse to the longitudinal axis (y) of said aisle (4) be-tween
said secondary beam (16, 16") and the side edge (8', 8") wherein said main
structural elements (7, 19°, 77, 19”) of the same module (10’, 10”) are placed
is comprised between 2 and 8 m.

3. A modular structure according to claim 2, wherein said secondary
beam (16’, 16”) is arranged between a first main beam (14’ 0 14”) and a sec-
ond main beam (15’, 14" or 15", 14’) of the same module or of a compiemen-
tary adjacent module.

4. A modular structure according to claim 2, wherein said secondary
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beam (16’, 16”) is arranged between a main beam (14’ o 14") of the same
module and an aisle pillar (12’ o0 12”) of the complementary adjacent module
(107, 10°).

5. A modular structure according to claims 1 or 2, wherein at least one
of said tertiary beams (17', 18" or 17", 18") of each module (10", 10”) has at
least one cantilever arranged end with respect to the center of gravity of the
secondary structural element (11° 0 11”; 21’ 0 21”) on which it rests, said canti-
lever arranged end being of a length (c) not above 3 m.

6. A modular structure according to any one of the preceding claims,
wherein at least one of said two main beams (14, 15’ o 14", 15”) of each
module (10°, 10”) has at least one cantilever arranged end with respect to the
aisle pillar (12’, 12”) on which it rests, said cantilever arranged end being of a
length (b) not above 1,0 m.

7. A modular structure according to any one of the preceding claims,
wherein at least one of said main beams (14’, 15’ or 14", 15”) of each module
(10, 10”) has at least one cantilever arranged end with respect to the center of
gravity of the structural element (7, 7", 19’, 19”) on which it rests, said cantile-
ver arranged end being of a length (a) not above 3,0 m.

8. A modular structure according to any one of the preceding claims,
wherein each aisle pillar (12” or 12’) is constituted by a couple of adjacent
aisle pillar (12", and 12"s; 12'a and 12’g) aligned and paired in a direction

transverse to the longitudinal axis (y) of said aisle (4).



WO 2016/116957 PCT/IT2016/000016
1/20

1
®

1

.

P [T

i

b i

I
1
I
1
1
1
1
1
1
1
I
1
l
1
1
1
1
1
1
pronb

1
®

1

o ()

Fig. 1
(Prior Art)



PCT/IT2016/000016

WO 2016/116957

2/20

Fig. 2

(Prior Art)



WO 2016/116957 PCT/IT2016/000016
3/20

3\ "
Vv Y L

\ '
7'—\9 '/ \“(—‘.IO

'L12"

I 7’ !
11 ‘ ! S
"\.’[- ——p[——l ot ¢ gt ¢ ¢ gt < g f s 6 s
: \ r r ?\"’H
\ u \ \ \ \
/’ ‘ ! 1 i i
; v § oy \ \
7 ! 15" \ \ \
! | | 1 \
Fig. 3a
3\
81’
g—_1 6 VAR L \/kﬂ 10"
N \ 112" 1 v 14 t
\ Q/ 1 1 _-Q\
1 i 3] \ " 18"‘ 7"



WO 2016/116957 PCT/IT2016/000016
4/20

3

\. \ ( 9’ (r 5:——~8"

I 1 : r 10’
i
A boqg k.12" \

11

—\‘-[s- ""'l'[—'— =ttt e+ et g ) g "
18’:16'L_.9 \F rm%‘\-—'”
\L wr 1 7 1

/’ -:—-r--[—rl——r-————’\
\

B 171 \

i Vo
1 by 1 1
—-‘—— < s e g - ¢ g - et ¢ e ot "
/?t : : 1
1" g g \ 1
\ \
/}‘ o v 1
i , i i
H \ \
Y \ 1

15

[P e
T e

Fig. 3¢

\

) 17"
A—v-r—«— -—:£~ -% et g ¢ —- =K —Iﬁ gt

117 Vg \16"
bt gt —'--:-J —\-:-J--- -J-—l -ln
t \ \
117 \ \ \ I 18"
\ \ 1 \
i \ \ \ ‘\
X T T
| | i |



WO 2016/116957 PCT/IT2016/000016
5/20

4
3. Y 4 ™ 3
N
PRI SF E IS Iy
I [ . i
NN Y
8-~ o . ! .
SR S
7!/‘\® * 1 | @ - | &
li' H ‘
6 g 1116 18 " ! £ ~._/6
113@@1 _1_7;_._:3 .C.“_Ils.@,'.,_(_,%,_,_:__,,._ —d
) S N = R i)
|16, ’\ u E ; 4 -6
' 17 "
115'\@.._«/_1‘..8_(.,_-_.ﬁ:_,__yﬂl_s,.?cj_]ﬂ_ _;_._!_;_-_,__‘_‘_Q

i
2 |
|
Mg 2 _TE___.@ oL
4 N7 2L S A
7 4 18" . ) * ,
' 4
— / (‘ | |
{ {
| |
I {
{ i
i i
I i
i {

12"



WO 2016/116957 PCT/IT2016/000016

6/20
3"}1
4
5! y( \ Srl
S D VR
"y N o9 "~y
~ AN
| o ! 5 |
| /14 | : | |
19"~ s : , =@ 12" |
i 18' = ]6’! , i ,
i l:-|-1| 1-1‘.‘-(’1-|-(=’ 21"
20—=® = | ! e -,
9,_4 - : | i 20
T :
15 ! : :
| | ' | |
I | ' | |
) ) : ) |
|
i

4 5"
! y‘ K\ ”n
5 \, : \V 10
| | : ! i
|
L e
; o= ; . == |— 19"
20’::1 12° | | :‘65'/.:' 20"
211 |-l-l-x‘-l-|+17(y-l:(7‘l 21"
I ‘ -] " omi—— n
20¢ . 7218 ©—20
{ | I ? 19"
| | ' Loqge |
l ' l 1" | n ‘
8 i : 9" 8"
~4 Ny ‘ ~d ~4
| 1 ~9” | 1 ]
|
H



WO 2016/116957

PCT/IT2016/000016
7/20
N
{ "
5’ Y, 5
\ | \( 8”‘
L\ : 9"\ | \\1
g ! ™~ i
14 b |
' ‘ 12" !
2] 16, : ! 201/

17
/

BN ocemmb iR RE O (W El @ =3

i

{

20’ = I
, a t 1 [ l

1
1
!
1-(-|n|‘h|-!-|i———' 2""
|
|
|
i
|
|
|
{

— — N
i
19! { / i {
| ']5’ i i
| | |
1 | i

e o e o o o o [ - -

Fig. 6



WO 2016/116957 PCT/IT2016/000016

8/20
3 y Y /3

1
1 4 . " 4 N 2
8\ s o | i 508 5\ 5" 1
>~ 0\ S ;™ 14"\ \, N 14} /
7 1{’ 12\* S A 2!

i i " .

7'\;0 15", 7" 14 uz"ﬂs"
c’ , b .l i V17"
Tyl s LD
_,'#l e V—I_‘- I- -[ T = -<4F»“‘ ‘T[-"-I—’]g,- L} -”T?-7- + Lo L RERE
7% /15/ 12,] 17"!! %é] 18,L/ /14l
2 1] B 1
k |- ¢ ” H "\ ' ¥ , ]
! !11,, 16" 18 111" M157 N2 2[17"5 18"
- ...,.._\Q = ‘.:.__;.f. _,_.:...,_,/.__\ ,.7+k_._.r_<_,71_6l.’_=1_2’.’_« S S
7I I \ 1411 [ 12" 151” " '14, ‘ i 15",
Lo VAR La) e[ el 4 $
11'\? 18’ V16’i 11,'{ 17 '”"'/18’= AT
14 P " ' J " !
7\5@%2‘ ] S S e
|} 1 W




PCT/IT2016/000016

9/20

e @) e @ e @ e D
[

- L
i
el "
| ]
[
1
1
B
i} |
1 _
2T,
¢ B
" ]
1 1
B
I 1

12

SRR S

Fig. 8

1
,4
L}
I

21
20

WO 2016/116957
20




PCT/IT2016/000016

WO 2016/116957

10/20

e @

e @ -




PCT/IT2016/000016

WO 2016/116957

11/20

® ©__© e ¢ o o O
"1 L !
i f il
: S mw_
—— et ———0
e e , |1 e
i i ;
o (@ L1
..3. | A
i " ) B LN s
nﬁw :mH. x i &\
- |®1:%|:® -8/~ @ - -4 --
Rt k.
i
>__ 0
. ]
=) B
Y~ Y
=1
~
i
Hh




PCT/IT2016/000016

WO 2016/116957

12/20

& © ¢ @
i 13
] i
; 1 i
1 o o s
i I e
1 i
1 1
i [
1 1
1 i
: I
]
i
]
1
& -e
q
i 3
- -@- 4~
[
!
RN F
I
]
TI
1
|
]
[
@l

@

Fig. 10B



WO 2016/116957 PCT/IT2016/000016
13/20




WO 2016/116957

PCT/IT2016/000016
14/20
5[ 4¥ 9” 5”
Yoy ) ) e
15 ;/ . L 1
) 14’ I—/ "
8' A : K . Iy :/ ! {- 7
i LA T [ 1
f ) ]21X17 , H :\ t
7, H t . i |16" i (11"
111 | 12\: l 18”' t
T ¥ ; ‘ Y ‘Q\f7"
1 16\ 14 1 ! t 15" |
7' I ! 1 »]»]u
/—"@ l -:I -|—~-l o om —l- [Fapp—_— {
1 ' 1)5{‘;\ ‘/8,. @/7
I ] - H
VAN S b
1 i 1 . 1 nl
{ .
11 1 14" ¢ ' 1771 |\ 1
AR RPN | [
SoeTR AN ¢
7' ) he I X 11"
/——®_"» '-|-‘-’_—‘ -\-'-‘-)-=HM
11’ e 15" § K , !
VA LIPS LS
T B
] ! : 1
/——@.,;___7_1 e mw o EEl oy Th—@"\ "
1 Nt URNaEe 1
! he"
f ¥ i T \ X @\ Y
4 ! ( ! i ! " N " 7
7 [ P . t ™12 15
i 14 | i t i



PCT/IT2016/000016

WO 2016/116957

15/20

Fig. 13



PCT/IT2016/000016

WO 2016/116957

16/20

e o e

Fig. 14



PCT/IT2016/000016
17/20

WO 2016/116957

---_.\I.-- y
ST
|ll-l|..-|l-lll.0 IIIII

i i
1 §
TR S
1 g
] I —
...au...n....,;@:-;.l
u\" u\"’ y
~ N

.15

Fig



WO 2016/116957 PCT/IT2016/000016

18/20
4
;5 Y S 3
N s A/ /
| . i |
3 : ! 1 1 i 2011 f
’ ! . ! " "
20\) []51 i 12’ l '/1411 21 é../-lg
20° 1 - 16" 1 i dsﬁgw..._,‘:.:. :
2 - ~ﬁl(17{ B Vais 'I el

[
I

- =T
]
i
-0
@
e
@
-
: &
e e ]
: @

[ Lo




PCT/IT2016/000016

WO 2016/116957

19/20

Fig. 17



WO 2016/116957 ‘ PCT/IT2016/000016
20/20

|
112" 1/5" ?@




INTERNATIONAL SEARCH REPORT

International application No

PCT/1T2016/000016

A. CLASSIFICATION OF SUBJECT MATTER

INV. EO4H6/10
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

EO4H

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A EP 2 441 903 Al (FAST PARK SIST SR L 1-8
[IT]) 18 April 2012 (2012-04-18)
the whole document

A EP 0 364 414 Al (CENT PROGETTAZIONI 1-8
COORDINATE [IT])

18 April 1990 (1990-04-18)
cited in the application
the whole document

A WO 20117135546 A2 (FRIDERICI PAUL [CH]) 1-8
3 November 2011 (2011-11-03)
the whole document

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

°ited.t°| establish the pul_r;_licdation date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

13 June 2016 24/06/2016

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016 Schnedler, Marlon

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1T2016/000016
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 2441903 Al 18-04-2012  EP 2441903 Al 18-04-2012
IT 1402343 Bl 30-08-2013
EP 0364414 Al 18-04-1990 DE 68901702 D1 09-07-1992
DE 68901702 T2 17-12-1992
EP 0364414 Al 18-04-1990
ES 2033138 T3 01-03-1993
GR 3005299 T3 24-05-1993
WO 2011135546 A2 03-11-2011  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - wo-search-report
	Page 50 - wo-search-report

