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(57) Abstract

A foundation element comprises a rigid monolithic prefabricated frame (10) which includes at least-two opposite containing side
walls (12) and cross bers (14) ir ing the two side walls (12) 5o as to form a casting through-cavity between these two walls
(12). The frame (10) is intended to be located on the ground (G) with the interposition of adjustable support devices (22) and is intended
to receive 2 hawdenable fuid binder material (36) poured into its through-cavity and adapted to spread onto the ground (G) between this
and the side walls (12) and te fill the cavity, encapsulating the cross-members (14) and the iron rods (34) or other connecting members
for connecting a superstructure element (32). The invention also relates to prefabricated structures including prefabricated tunnels, with
foundation elements formed by means of the said prefabricated frames (10).




A  foundation _ element, methods for the construction of

prefabrigated structures including these elements, particularly

prefabricated tunnels, and prefabricated structures made by

these methods

The present invention relates firstly to a foundation element

for supporting a superstructure element on substantially level

ground. . :
DISCUSSION OF PRIOR ART AND SUMMARY OF INVENTION

In the comstruction of buildings both- by traditional methods of

casting reinforced concrete and with the usé of prefabricated’

"elements, the foundaticn elements are, for the most part, also

: cast byl a traditional method.

This _method consigts of assembling a form on flat, levelled
Qround, placing the .necessary reinforcing bars in. the form,
including bars ‘which project up{vardly for connection to a
superstructure . elemem.: such as a pillar; ~casting sufficient
concrete in the form so as to fill it, awaiting the setting and
hardening of the concref:e and finally revealing the foundaticn

element by removing the components of the form.

‘This traditional method is slow and requires a large workforce

and is therefore expensive.

Use has also been made of prefabricated foundation elements in
the form of monolithic blocks which are aiéc placed on flat,
levelled- ground.l This soclution is known, for example, from US-
L-1 474 808. - These prefabricated monolithic elements have the
disadvantage of being wvery . expensi\.fe to transport and move

because of their considerable weight and considerable bulk.




Both these known methods require the ground on which the foundation elements
are cast or placed to be not only perfectly flat but also perfectly horizontaf, which

is very expensive.

It would be desirable to provide a foundation element which is easier and quicker

to put into use than prior art foundations and requires only rough levelling and

flattening of the ground, all of which considerably reduces the costs of transport

and execution.

10

According to one aspect of the present invention there is provided a foundation

element for supporting a superstructure element on substantially flat ground, the

foundation element including a rigid, prefabricated, monolithic frame, the frame

including at least two opposite, containing side walls and cross-members
ot 15 interconnecting the two side walls sc as to form a casting through-cavity between
these two walls which, in its condition of use, is downwardly and upwardly open,
oo and in that the frame has adjustable support devices associated with each of the
side walls for maintaining these walls at a height above the ground that is
adjustable, the monolithic frame being intended to be placed on the ground with
e 20  the interposition of the adjustable support devices and being intended to receive a
HIEH hardenable fluid binder material in its through-cavity, the binder material being
e able to spill out onfo the ground between this and the side walls and to fill the
“peed cavity so as to encapsulate the cross-members and iron bars or other connector
members for connection to the superstructure element and, after hardening, to
R 25 constitute a monolithic mass which connects the foundation element and the

superstructure element permanently to the ground.

CAWINWORDNTONIADAVIMSPECTW0106CT DOC
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This solution enables a relatively light, menolithic frame for
use as a non-recoverable form to be prefabricated, the frame
being transportable at little cost from the féctory to the
construction site and, given its 1lightness, being movable
equally cheaply on site. The ground at the construction site
intended to receive the frame needs to be only roughly
flattened and levelled since the final levelling of the frame
may be achieved after it has been laid by suitable manipulation
of the adjustable support devices with the aid of spirit levels
or more advanced systems such as modern satellite positioning

systems.

In view of the adjustable support devices, a space is left
between the levelled framework and the ground through which the
fluid concrete or other binder material may spread out of the

frame, thereby widening the base for the latter.

The binder material, in spreading out over the ground, adapts
to its morphology and ensures an extremely good distribution of

the load over the support surface.

After hardening, the frame and the binder material constitute a

monolithic foundation element.

Moreover since those surfaces of the foundation element thus
formed which are open to view are constituted by parts of the
frame, which is prefabricated, these surfaces wmay have a

finished appearance from the start.

As the rigid monclithic frame is itself mechanically strong, it

is able to support a superstructure element for an indefinite
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period of time before its cavity is filled with the binder material.

According to another aspect of the invention there is provided a method for the
construction of a prefabricated structure including a least one foundation element
and a superstructure element, of which the foundation element is laid on
substantially levelled ground and the superstructure element is supported by the
foundation element,

wherein a foundation element is used and in that the structure is made by
the following operations:

- the placing of the rigid monolithic frame of the foundation element on the
ground with the interposition of the adjustable support devices between the frame
and the ground,;

- the levelling of the frame by adjustment of its support devices;

- the connection of the frame and the superstructure element at least by
means of a connecting reinforcement fixed, on the one hand, to the
superstructure element and, on the other hand, inserted in the frame;

- the casting of a hardenable fluid binder material in the cavity of the frame
so that this fluid material, after having spread over the ground beneath the frame,
fills the cavity of the frame and encapsulates the cross-members of the latter and
the connecting reinforcements;

- the hardening of the binder material to obtain a monolithic unit including

the foundation element and the superstructure element. -

- The invention lends itself ideally to the construction of a prefabricated artificial

tunnel.




Methods for the construction of prefabricated artificial tunnels on levelled ground
constituted by the bottom of a cutting are already known from US-A-109 886 and
EP-A-O 244 880, these tunnels subsequently being covered with earth and being
5 of the type in which the tunnel is formed from consecutive inverted U-sections,
each of which includes prefabricated lateral superstructure elements in the form
of piers and a prefabricated upper element in the form of an arch resting on the

tops of the piers.

10 In methods known from these documents, the tunnel sections include a

prefabricated bed which interconnects the piers as well as the two piers and the

arch.
;:::’: According to another aspect of the present invention, there is provided a method
sgeend 15 for the construction of a prefabricated artificial funnel on substantially level ground
constituted by the bottom of a cutting, the tunnel subsequently being covered by a
_ layer of earth, of the type in which the tunnel is formed by consecutive inverted-U

sections, each of which includes two prefabricated |ateral superstructure elements

ET in the form of piers and an upper prefabricated element in the form of an arch
) :;;f.: 20  resting on the tops of the piers,
wherein in order to form each of the consecutive sections there is used, in

addition to the said prefabricated elements in the form of piers and arches, a pair
o of foundation efements and in that the tunnel is built by the following operations:
- the laying of the two rigid monolithic frames on the ground on opposite
25 sides of the bottom of the cutting, each with the interposition of the said
adjustable support devices between the frame and the ground; .
- the levelling of the two frames by adjustfnent of their adjustable support
devices;
- the connection of each frame and its pier at least by means of a
30 connecting reinforcement fixed, on the one hand, to the pier and, on the other

hand, inserted in the frame:

CAWINWORDITONLA\DAVINSPECTBIOGCL. DOC
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- the casting of a hardenable fluid binder material in the cavity in the frame
so that this fluid material, after spreading over the ground beneath the frame, fills
the cavity in the frame and encapsulates the cross-members of the latter and the

connecting reinforcement;
- the hardening of the binder material to obtain a monolithic unit including

the foundation element and the pier;
- the placing of the arch on the two piers.
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This method does neot regquire the use of a prefabricated bed
singe - the  two foundstion elements do mnot require prior
interconnection to stabilise the structure since they are

firmly anchored to the ground.

The tunnel may  subsequently be completed by a bed cast by
conventicnal methods, even after the tunnel has been covered

with the layer of earth.

The vir‘wention algso relates to an artificial tunnél made by a
method according to the invention and, in particular, to an
artificial tunnel characterised in that the piers and ‘the arch
are . articulated together by joints which each comprise a
1or‘xgiturdinal channél of arcuate section and a longitudinal rib
of corresponding arcuate section, formed along the adjoining
edges of the pier and of the arch, and in Athat the permanent
connecting elements of each arti,cﬁl-ation are in the form of tie

rods which substantially intersect the longitudinai axis of

_articulation of the joint.




‘WO 98/03736 PCT/EP97/03810

An artificial tumnel which includes couplings having the said
configuration and permanent connecting elements is known from

EP-A-0 244 890.

In this document, the permanent comnecting elements are
constituted by tie rods which extend tangentizlly cn the
exterior of the structure and which permanently lock the joints

so as Lo prevent mutual pivoting in the finished structure.

This locking of the articulations renders the artificial tunnel
according to the document EP-A-0 244 890 unsuitable for use in
seismic regions, on unstable ground and where they are subject
to unilateral forces resulting from asymmetric external loads,

whether permanent or occasional.

The use of tie zrods which substantially intersect the
longitudinal axis of articulation of the joint however enables
an artificial tunnel to be made in which the elements are
always articulated together so that they can always pivot
relative to each other about the longitudinal axis just as
their roteidal coupling is always ensured, even under the
action of external horizontal and sussultatory forces. The
tunnel 1is thus sultable for use in seismic regions or on

unstable ground.

Throughout the present description and in the claims, the term
“artificial tunnel” is used conventionally to indicate a tunnel
proper, for example a road or rail tunnel, or a structure with
a relatively small section such as a drainage culvert or other

underground duct or water conduit or the like.




The.invention will be more clearly understood from a réading of
the detailed description which follows, made with reference to
the appended drawings, given purely by way of non-limitative
example and in which: -

‘ BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of a prefabricated frame

intended to constitute a foundation element aceording to a
first embodiment‘of the invention,

Figure 2 is an elevational view in which the frame of
Figure 1 is shéwn sectioned in the transverse plane indicated
II-IT in Figure 1‘and in which part of a superstructure elemént

being positioned on the frame is shown,

.sss scale, the part indicated by the arrow III din Figure 2 and

.- Figure 3 is a partial ‘secticn showing, on an enlarged

: equipment for operating an adjuspable support device

LYY
.

,****, incorporated in the frame,
".'. : | :

reea Figure 4 is a representation similar to that of Figure 2

LT

in which the superstructure element has been positioned on the
‘frame and a bin&er material is_being cast in the cavity of the
frame itself,
Figure 5 is a perspective view similar to Figure 1,

~showing a monolithic frame acbording to another embodiment of
the in#ention,
e . Figure 6 is a perspective view showing the frame of Figure
5 and part of a superstructure element, partly cut-away, while
peing lowered on to the frame,

‘Figure 7 is a plan view showing several similar frames
laid in alignmeﬁt in use,

Figqure 8 is an elevational view in which the frame of

Figures 5 and .6 is shown sectioned in the same manner as in




Figure 2, and which illustrates a superstructure element,
partly in section, in its position resting on the frame,

Figure 9 is a perspective view showing a section of a
prefabricated tunnel during assembly,

Figure 10 is a perspective view showing several sections
of the prefabricated tumnnel after assembly, and

Figure 11 is an enlarged transverse section taken on. the

“plane indicated XI-XI in Figure 10.

DETAILED DESCRIPTION OF THE DRAWINGS

With reference to Figures 1 and 2, a rigid, prefabricated,

monolithic frame is geneérally indicated 10.

The frame 10 is preferably of vibrated reinforced concrete or

other suitable reinforced conglomerate,

The frame 10 _includes, integrally, two opposite, containing

side walls 12 and a pair of cross-members 14 interconnecting

the two walls 12.

The two walls 12 are also interconnected by cross-members in
the form of reinforcing iron rods 16, the ends of which. are

anchored in the walls 12 during their manufacture.

Preferably, as shown, the two cross-members 14 are  spaced
inwardly from the ends of the side walls 12 so as to give the
frame 10 a double-H shape in plan, with the side walls 12

correspending to the legs - and each - cross-member 14

corresponding to one of two parallel cross-arms,
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The advantage of this double-H arrangement will be clarified

below.

The upper and lower edges of the two cross-members 14 have sets
of aligned, semi-circular notches 18 which, as will be
clarified below, serve to house iron rods for connecting

several frames 10 laid in alignment.

Internally-threaded tubular ingerts 20 are embedded in the end

regions of the side walls 12.

The tubular inserts 20 form parts of adjustable support devices

generally indicated 22.

A preferred embodiment of these support devices will be

described with reference to Figure 3.

The adjustable support devices 22 are provided in the ratio of
two devices 22 for each of the opposite side walls 12. Each
device 22 is located close to one of the ends of the respective

side wall.

With reference tec Figure 3, the tubular insert 20 constitutes

the nut of a jackscrew,

The screw of the jack is constituted by a threaded shaft 24

which has a foot 26 rotatably coupled to its lower end.

The upper end of the threaded shaft 24 serves as an operating

head and has a transverse notch 28 or other suitable formation
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engageable by a correspondingly-shaped end of an operating tool
30 in the form of a T-shaped wrench, the shank cf which is

inserted in the tubular insert 20 from above.

In Figures 2 to 4, the profile of the ground on which the frame

10 has been placed in use is indicated G.

The ground G has been flattened and levelled rather roughly,

and may even have a slope, before the laying of the frame 10.

After the frame 10 has been laid, as shown in Figure 2, it is
levelled by adjustment of its support devices 22 with the aid
of the T-shaped wrench as indicated at 30 in Figure 3 or an

equivalent tool.

The frame 10, even after levelling, remains at a certain height
from the ground G so as to define a space S beneath the side

walls 12 and the cross-members 14.

The frame 10, thus levelled, is ready to receive a
prefabricated superstructure element indicated generally at 32

in Figures 2 and 4.

The superstructure element 32 may be any prefabricated element,

such as a pier or pillar, a wall portion or the like.

In each case the superstructure element has iron rods 34
projecting from its underside which constitute a connecting
reinforcement which, when the element 32 is lowered in the

direction of the arrow A of Figure 2, are inserted in the
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through-cavity defined between the cross-members 14 and the

transverse rods 16 in the frame 10.

In the final position of the element 32, illustrated in Figure

4, its lower face rests on the cross-members 14.

In this condition the superstructure element 32 may remain

temporarily supported by the frame 10.

Once the superstructure element 32 has been laid as shown in
Figure 4, the through-cavity defined by the frame 10 is filled
with a cement conglomerate or other £luid binder 36 which
spreads out of the space § and under the containing walls 12

and the cross-members 14 (Figure 2 and 3), as indicated at 38.

The binder material 36, once hardened, anchors the foundation
element thus £formed firmly to the ground G and connects the
frame 10 and the superstructure element 32 together in a

monolithic block.

Figures 5 and 6 illustrate a frame having characteristics

similar to those of the frame 10 of Figure 1 and 2.
This frame is generally indicated 10a.
Parts substantially identical to those of the frame 10 of

Figures 1 and 2 are generally indicated by the same reference

numerals and their description will not be repeated.
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The frame 10a has means for fixing 1t temporarily to a
superstructure element part of which is illustrated in Figure 6

where it is generally indicated 32a.

In a preferred embodiment, the temporary £fixing means with
which the frame 10a is provided consist of threaded columns 40
incorporated in the cross-members 14 and which, in use, project
uypwardly to enable the superstructure element 32a to be fixed

by bolting.

Each cross-member 14 may have one or more threaded columns 40
which project from its upper face into the spaces between the

notches 18.

In Figure 5 all the possible positions of the threaded columns
40 are illustrated in broken outline except for one position
for each cross-member 14 which is illustrated in continuous
outline to specify a selected position corresponding to that of
the superstructure element 32a of Figqure &, as well, as will be
described below, as superstructure elements in the form of

piers for prefabricated artificial tunnel sections.

The frame 10a of Figures 5 and 6 differs from the frame 10 of
Figures 1 and 2 in that at least gome of the iron reinforcing
rods 16 project from the periphery of the frame 10a to enable
the foundation element to be comnnected to contiguous
structures. More particularly, in the embodiment of Figures 5
and 6, the reinforcing rods 16 have appendages 1léa which

project outwardly from one of the side walls 12.
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As in the case of the superstructure element 32 of Figures 2
and 4, the superstructure element 32a, which may be a pillar,
pier, a portion of a wall or the like, has a complex of rods
34a projecting from underneath to constitute a connecting

reinforcement .

Moreover, as illustrated in Figures 6 and 8, two holes 42
extend from the lower faces of the elements 32a and open into

recesges 44 formed in one side of the element 32a.

The holes 42 are sc arranged that, when the superstructure
element 32a is coupled with the frame 10a, the connecting rods
34a are inserted in the through-cavity defined by the frame 10a
between the cross-members 14 and the transverse rods 16 and, at
the same time, the threaded columns 40 are fitted into the

holes 42 and their threaded ends project into the recesses 44.

With the superstructure elemant 32a fitted onto the
corregponding edges of the cross-members 14, the frame 10a and
the superstructure element 32a may be made rigid with each

other by means of nuts 46 screwed onto the columns 40.

The temporary connection formed by means of the threaded
columns 40 or equivalent mechanical connection means not only
allows the superstructure element 32a to be fixed temporarily
to a frame 10a when this has already been placed in its
position of use and possibly already levelled, but also forms a
rigid unitary unit, comprising the frame 10a and the element

32a, which can be made in a place other than that in. which it
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is to be put to use, for example in a zone separate from the

construction site.

This unit may then be placed in its position of use, all

together, by meéans of a suitable machine such as a crane.

Figure 7 illustrates the advantageous possibility of providing
several frames in alignment, without discontinuities between

their gide walls 12.

This possibility also exists in the case of the frame 10 of

Figures 1 and 2.

To ensure firm connection between the aligned frames 10a when
these are placed in their positions of use, both before and
after levelling, they are linked by two webs, an upper and
lower one, of longitudinal, iron comnecting rods 48 which are

housed in the notches 18.

Although this is not shown in Figure 7, one may suppose that a
superstructure element 32a has already been fixed temporarily
to each frame 10a, or a common superstructure element 32a has

been fixed to several frames 10a.

after one or morxre frames 1.0a have been laid and levelled and
one or mere superstructure elements 32a have been fixed in the
confiquration shown in Figure 8, the cement conglomerate or
other binder material is then cast in the manner  described

with reference to Figure 4.
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Az may be seen from Figure 7, by virtue of the double-H shape
of the frames 10a, further through-cavities are defined between
the adjoining frames 1l0a for receiving a fluid binder such as a

cement conglomerate.

A method of construction such as that described lends itself

ideally to the production of a prefabricated artificial tunnel.

Figure § shows the elements which make up a section of a

prefabricated artificial tunnel in a disconnected condition.

For simplicity, the two piers of the tunnel section, which
constitute the superstructure elements considered above, are

again indicated 32a and their frames are again indicated 10a.

The tunnel section is completed by a prefabricated upper

element in the form of an arch, generally indicated 50.

The means for coupling and interconnecting each pier 32a with

its arch element 50 will be described below.

To construct each artificial tunnel secticn, the ground is
first excavated in the usual mammer to form a cutting (not

shown) the bottom of which is flattened and levelled roughly.

Subsequently, for each gallery section, twe frames 10a are laid
on the ground on opposite sides of the bottom of the cutting in

the arrangement illustrated in Figure 9.
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It is understood that each frame 10a is laid with adjustable
support devices interposed between the frame and the ground,

for example, devices such as that illustrated in Figure 3.

The two opposing frames 10a are then levelled in the manner

described above by means of the adjustable support devices.

As described with reference to Figure 8, the piers 32a are then
placed on the frames 10a which have already been laid and
possibly levelled previously, or may be fixed temporarily to
each frame 10a in a =zone separate from the construction site
and are then placed in the position of use together with their

frames 10a.

These operations may be carried out for each individual tunnel
section being constructed or for a group of consecutive

sections.

with the frames 10a and the piers 32a laid and positioned
correctly, the cement conglomerate or other binder material is

then poured in as illustrated at 36a in Figure 10.

As a final phase for each section, an arch element 50 is placed
on the top of the two opposite piers, as illustrated in Figure

10.

To advantage, the adjoining edges of the piers 32a and the arch

50 in each section are articulated together by joints.
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A preferred configuration of one of these articulated joints is

illustrated in Figure 11.

The upper longitudinal edge of each pier 32a is formed with an
arcuate-section longitudinal channel; a longitudinal rib 54 of
corresponding arcuate section is formed on the corresponding

longitudinal edge of the arch element 50.

The arrangement of the mutual articulation formations may be
reversed, that is to say, the pier 32a may have an arcuate rib

and the arch 50 may have a corresponding arcuate channel.

The pler 32a and the arch 50 are formed with respective
recesses 56, 58 which open into their extradotal surfaces in

the zones adjacent the joint.

Respective holes 60, 62 extend from these recesses 56, 58,
through the pier 32a and the arch 50 respectively to cpen into
the bottom of the channel 52 and the top of the rib 54

respectively.

When the mutual articulation formations constituted by the
channels 52 and ribs 54 are coupled as shown in Figure 11, the

holes 60, 62 are aligned.

A tie rod in the form of a threaded bar 64 is fitted into the
pair of aligned holes 60, 62, and finally clamping nuts 66 are

screwed onto its two ends and tightened.
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As will be seen, the aligned holes 60, 62 extend tangentially
within the adjoining portions of the pier 32a and the arch 50
and, with this arrangement, the tie rod 64 substantially

intersects the longitudinal axis of articulation of the joint.

This ensures the rotoidal coupling of the piers 32a and the
arches 50, with the advantages explained in the introduction to

the present description.

Once the tie rods 64 have been tensioned by means of their nuts
66, the recesses 56, 58 are filled with a sealing material &8,

for example a cement mortar.

When the structure of the artificial tunnel has been completed,
it is covered in the usual manner with a covering of earth,

preferably after it has been water-proofed.

As may be seen in Figure 10, the appendages 16a of the iron
reinforcements project inwardly of the tunnel from the

individual frames 10a.

The projecting appendages l6a of the rods serve to fix a plate,
for example a road bed, to the frames 10a, it keing possible to
cast the bed in the conventional manner before or after the

tunnel is covered with earth.
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. 20
THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A foundation element for supporting a superstructure element on
substantially flat ground, the foundation element including a rigid, prefabricated,
monolithic frame, the frame including at ieast two opposite, containing side walls
and cross-members interconnecting the two side walls so as to form a casting
through-cavity between these two walls which, in its condition of use, is
downwardly and upwardly open, and in that the frame has adjustable support
devices associated with each of the side walls for maintaining these walls at a
height above the ground that is adjustable, the monolithic frame being intended to
be placed on the ground with the interposition of the adjustable support devices
and being intended to receive a hardenable fluid binder material in its through-
cavity, the binder material being able to spill out onto the ground between this and
the side walls and to fill the cavity so as to encapsulate the cross-members and
iron bars or other connector members for cennection to the superstructure
element and, after hardening, to constitute a monolithic mass which connacts the

foundation element and the superstructure element permanently to the ground.

2. A foundation element according to Claim 1, wherein the rigid monolithic
frame is a prefabricated element of reinforced conglomerate, such as reinforced
concrete, which includes the said containing side walls and the cross-members

formed integrally with the side walils.

3. A foundation element according to Claim 2, wherein the rigid monolithic
frame, seen in plan, is in the shape of a double H with the side walls
corresponding to the legs and the two cross-members corresponding to the two

parallel transverse arms.
4, A foundation element according to Claim 2 or Claim 3, wherein it includes

transverse iron bars spaced from and parallel to each other and the cross-

members, the ends of which bars are anchored in the material of the side walls,
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5. A foundation element according to any one of Claims 2 to 4, wherein at
least some of the iron bars project from the periphery of the frame to constitute

appendages for connecting the foundation element to contiguous structures.

5
6. A foundation element according to any one of Claims 1 to 5, wherein the
adjustable support devices are provided in a ratio of two devices for each of the
opposite side walls, each of the devices being located close to one of the ends of
the respective side wall.

10

7. A foundation element according to Claim 6, wherein each adjustable

support device includes a foot.

8. A foundation element according to Claim 7, wherein each foot forms part of
15 a jackscrew which includes, on the one hand, a threaded shaft extending
substantially perpendicular to the ground in its condition of use and carrying the
Lo foot at its lower end and an operating head at its upper end and, on the other

hand, a cooperating female threaded member fixed to the side wall.

e 20 0 A foundation element according to Claim &, wherein each adjustable
support device includes a female member in the form of an interally-threaded

I tubular insert which is incorporated in the respective side wall.

10. A foundation element according to any one of the preceding Claims,

25  wherein the frame includes means for the temporary fixing of a superstructure

..
-
. e
*3 vses as o

element having corresponding fixing means.

11, A foundation element according to any cne of Claims 1 to 10, wherein it
includes threaded columns incorporated in the cross-members and projecting
30  upwardly therefrom in the condition of use, for the fixing of the superstructure

element by bolting.
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12. A method for the construction of a prefabricated structure including a least
one foundation element and a superstructure element, of which the foundation
element is laid on substantially levelled ground and the superstructure element is
supported by the foundation element,

wherein a foundation element according to any one of the preceding
claims is used and in that the structure is made by the following operations:

- the placing of the rigid monolithic frame of the foundation element on the
ground with the interposition of the adjustable support devices between the frame
and the gfound;

- the lavelling of the frame by adjustment of its support devices;

- the connection of the frame and the superstructure element at least by
means of a connecting reinforcement fixed, on the one hand, .to the
superstructure element and, on the other hand, inserted in the frame;

- the casting of a hardenable fiuid binder material in the cavity of the frame
so that this fluid material, after having spread over the ground beneath the frame,
fills the cavity of the frame and encapsulates the cross-members of the latter and
the connecting reinforcements;

- the hardening of the binder material to obtain a monolithic unit including

the foundation element and the superstructure element.

13. A method of construction according to Claim 12, wherein a superstructure
element and a frame are used which have mutual mechanical connecting means
and, before the casting of the hardenable binder material, the frame is connected
temporarily to the foundation element by these connecting means.

14. A method of construction according to Claim 13, wherein the frame and the
superstructure element are interconnected temporarily before the laying of the
frame , the combination of the frame and the superstructure element which are
temporarily interconnected then being laid together on the ground and the binder

material is cast after the levelling of the frame.
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15. A monolithic unit including a foundation element and a superstructure-

element made by a method according to any one of Claims 12 to 14.
16. A structure including at least one monolithic unit according to Claim 15.

17. A method for the comstruction of a prefabricated artificial tunnel on
substantially level ground constituted by the bottom of a cutting, the tunnel
subsequently being covered by a layer of earth, of the type in which the tunnel is
formed by consecutive Inverted-U sections, each of which includes two
prefabricated lateral superstructure elements in the form of piers and an upper
prefabricated element in the form of an arch resting on the tops of the piers,

wherein in order to form each of the consecutive sections there is used, in
addition to the said prefabricated elements in the form of piers and arches, a pair
of foundation elements each of which is according to any one of Claims 1 to 11
and in that the tunnel is built by the following operations:

- the laying of the two rigid monolithic frames on the ground on opposite
sides of the bottom of the cutting, each with the interposition of the said
adjustable support devices between the frame and the ground;

- the levelling of the two frames by adjustment of their adjustable support
devices; ’ |

- the connection of each frame and its pier at least by means of a
connecting reinforcement fixed, on the one hand, to the pier and, on the other
hand, inserted in the frame;

- the casting of a hardenable fluid binder material in the cavity in the frame
so that this fiuid material, after spreading over the.ground beneath the frame, fills
the cavity in the frame and encapsulates the cross-members of the latter and the
connecting reinforcement;

- the hardening of the binder material to obtain a monolithic unit including
the foundation element and the pier;

- the placing of the arch on the two piers.
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18. A method of construction according to claim 17, wherein piers and frames
having mutual mechanical connecting means are used and, before the casting of
the hardenable binder material, each frame is connected temporarily to its pier by

5 means of these connecting means.

19. A method of construction according to Claim 18, wherein each frame and
its pier are interconnected temporarily before the laying of the frame on the
ground, the unit constituted by the frame and the superstructure element
10  interconnected temporarily is then laid on the ground and the binder material is

cast after the frame has been levelied.

£t 20. A method of construction according to any one of Claim 17 to 19, wherein

;::::: piers and arches are used which have formations for mutually articulating them

.::::5 15 about a respective longitudinal axis parallel to the axis of the tunnel and each of

_ the piers is secured to its arch by permanent connecting elements so designed as
eree to allow the piers to pivot relative to the arch at all times.

21.  An artificial tunnel made by a method of construction according to any of

fae® * 20 the claims 17 to 20.

22, An artificial tunnel made by the method of construction according to claim
20, wherein the piers and the arch are articulated together by means of joints
which each include, on the one hand, a longitudinal channel of arcuate section
25 and, on the other hand, a longitudinal rib of corresponding arcuate section, these
being formed on the adjoining edges of the pier and of the arch, and in that the
permanent connecting elements of each articulation are in the form of tie rods

which substantially intersect the longitudinal axis of articulation of the joint.
30 23  An artificial tunnel according to Claim 22, wherein each of the tie rods is in
the form of a threaded bar with clamping nuts or the like, the adjoining parts of

each pier and arch having aligned holes for the passage of the threaded bars,
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these holes extending tangentially within the adjoining parts, and these adjoining
parts having recesses into which the holes open and in which the nuts are

located.

24,  An artificial tunnel according to Claim 23, wherein the recesses are formed

in the extradotal surfaces of the piers and of the arch.

25. A foundation element according to any one of the embodiments

substantially as herein described and illustrated.

26. A methad for the construction of a prefabricated structure according to any

one of the embodiments substantially as herein described and illustrated.
27. A method for the construction of a prefabricated arfificial tunnel according

to any one of the embodiments substantially as herein described and illustrated.

DATED: 5 QOctober, 1999
PHILLIPS ORMONDE & FITZPATRICK
Attorneys for. MOSE MONACHINO
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