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(54) Structural module for building prefrabricated arch tunnels

(57) A structural module for building prefabricated
arch tunnels, the module having two shoulders (3), and
an arched calotte (4) resting on the shoulders (3) and
having an I-shaped cross section; the calotte (4) has a

curved top wall (24) and a curved bottom wall (25) con-
nected integrally by a vertical central web (26), so as to
define, in combination with a number of identical calottes
(4) assembled to one another, a lightweight vault with
smooth underside and topside surfaces.
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Description

[0001] The present invention relates to a structural
module for building artificial prefabricated arch tunnels.
[0002] Artificial tunnels are often built using prefabri-
cated modular structures defined by a succession of
structural modules fitted axially to one another and each
defining a cross section of the tunnel.
[0003] Artificial tunnels may be box-shaped, i.e. with
a substantially rectangular cross section, or arch-
shaped.
[0004] Box tunnel modules are normally in three seg-
ments: two uprights and a flat horizontal slab. Box solu-
tions have the drawback of being limited in terms of load
resistance of the slab, which is subjected to bending
stress.
[0005] As for arch tunnels, two-segment modular so-
lutions are known, but pose problems in terms of the enor-
mous size of the segments, which substantially corre-
spond to half the tunnel section, and are therefore difficult
to transport and assemble. This is further compounded
by the non-self-standing shape of the segments.
[0006] Three-segment modules normally comprise
two curved shoulders; and a convex calotte that rests on
the shoulders to form an arch structure.
[0007] A three-segment arch structure partly solves
the problems posed by the size of the segments, but not
the limitations in terms of the loads withstandable by the
calotte.
[0008] High resistance to vertical loads, in fact, calls
for an extremely thick calotte, with all the cost and weight
drawbacks this entails.
[0009] Alternatively, the calotte may be ribbed, but this
results in a non-smooth underside or topside surface of
the tunnel, which poses problems as regards ventilation,
lighting, protective lining and/or external waterproofing.
[0010] It is an object of the present invention to provide
a structural module for building prefabricated arch tun-
nels, designed to eliminate the drawbacks of known so-
lutions.
[0011] According to the present invention, there is pro-
vided a structural module as claimed in Claim 1.
[0012] Two preferred embodiments of the present in-
vention will be described by way of example with refer-
ence to the accompanying drawings, in which:

Figure 1 shows a cross section of a prefabricated
tunnel built using a structural module in accordance
with the present invention;
Figures 2, 3 and 4 show front, outer side and inner
side views respectively of a shoulder of the Figure 1
structural module;
Figure 5 shows a view in perspective of a number of
assembled shoulders and respective foundation re-
inforcing rods;
Figure 6 shows a front view of a calotte of the struc-
tural module according to the invention;
Figure 7 shows a plan view of the Figure 6 calotte;

Figures 8, 9 and 10 show cross sections along lines
VIII-VIII, IX-IX and X-X in Figure 7;
Figure 11 shows a cross section of a prefabricated
double-arch tunnel built using a structural module in
accordance with the present invention;
Figures 12 and 13 show front and side views respec-
tively of a central upright of the Figure 11 tunnel.

[0013] Number 1 in Figure 1 indicates a prefabricated
artificial tunnel built from a number of identical arch-
shaped structural modules 2, each defining a section of
the tunnel.
[0014] Each module 2 substantially comprises two
identical, curved lateral shoulders 3 spaced apart with
their concavities facing; and an arched calotte 4 resting
on shoulders 3.
[0015] Figures 2 to 4 show a shoulder 3 with a sub-
stantially T-shaped cross section. More specifically,
shoulder 3 comprises a wall 5 which, in use, forms a
portion of a lateral wall of the tunnel; and a vertical rib 6
extending along the longitudinal centreline of wall 5.
[0016] Wall 5 comprises a flat vertical bottom portion
7, and a curved top portion 8.
[0017] At its base, bottom portion 7 of wall 5 has two
trapezoidal openings 10 spaced apart, and between
which a foot 11 projects from portion 7 so that shoulder
3 is self-standing. That is, by virtue of foot 11 and rib 6,
shoulder 3 has a cross-shaped base portion 12 enabling
shoulder 3 to rest stably on a temporary flat base 13.
[0018] Close to its base, rib 6 also has an opening 14;
and openings 10 and 14 serve to feed through the rein-
forcing rods A (Figure 5) and concrete of the foundation
F (Figure 1) built once shoulders 3 are positioned.
[0019] Top portion 8 of wall 5 forms a top end 15, which
is widened crosswise to form a substantially L-shaped
seat 16 for supporting calotte 4. More specifically, seat
16 is bounded at the bottom by a flat horizontal surface
17, and laterally by a substantially vertical surface 18 with
horizontal grooves 19.
[0020] Two or more vertical corrugated tubes 20 (Fig-
ure 2) are embedded, flush with surface 17, in top end
15 of shoulder 3, and define respective inner seats (not
shown) for loosely housing pins 21.
[0021] Grooves 19 and pins 21 serve to form a node
22 for connection to calotte 4, as described in detail be-
low.
[0022] Figures 6 to 10 show calotte 4, which is down-
wardly concave, and has a varying I-shaped cross sec-
tion. More specifically, calotte 4 comprises a top wall 24;
a bottom wall 25; and a vertical intermediate web 26 ex-
tending along the centrelines of, and connected integrally
to, top and bottom walls 24 and 25.
[0023] Top wall 24 and bottom wall 25 are the maxi-
mum distance apart, which corresponds to the maximum
height of web 26, at the transverse centreline of calotte
4, and converge at the lateral ends of calotte 4 to form
respective bearing portions 27.
[0024] Each bearing portion 27 is bounded by a flat
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bottom surface 28, and by a substantially vertical end
surface 29 with horizontal grooves 30 similar to those in
surface 18 of seat 16 of the corresponding shoulder 3.
[0025] Calotte 4 is made of reinforced concrete. The
reinforcing rods (not shown inside the concrete) project
from end surfaces 29 of calotte 4 to form, at each end,
two closed U-shaped brackets 31 arranged side by side
in the same horizontal plane.
[0026] Each bracket 31 defines an opening 32 large
enough to loosely house a respective pin 21 projecting
upwards from shoulder 3.
[0027] Top wall 24 has asymmetrically shaped oppo-
site edges 33, 34, one of which has a longitudinal pro-
jection 35 flush with the outer surface, and the other of
which has a recess 36 complementary in shape, so that
edge 33 of one calotte 4 mates with edge 34 of an adja-
cent calotte to form a joint designed to permit and com-
pensate for slight rotation between the calottes of curved
tunnels.
[0028] Tunnel 1 is assembled as follows.
[0029] Shoulders 3 are first placed on temporary bases
on either side of the dig. On each side, shoulders 3 are
placed successively next to one another, so that walls 5
form a seamless lateral wall of tunnel 1 (Figure 5).
[0030] Next, the foundation reinforcing rods are insert-
ed through openings 10 and 14 in the shoulders; and,
once the reinforcement is completed, foundation F is
poured to embed, as explained above, and make base
portions 12 of shoulders 3 integral with one another (Fig-
ure 1).
[0031] Finally, a calotte 4 is assembled to each pair of
shoulders 3, by placing bearing portions 27 on surfaces
17 of respective shoulders 3. A layer 40 of elastic material
is conveniently inserted between each surface 17 and
the respective surface 28 of the calotte.
[0032] The calotte is positioned so that pins 21 engage
openings 32 in respective brackets 31. The slack be-
tween pins 21 and corrugated tubes 20, and between
pins 21 and brackets 31 allows a certain amount of mis-
alignment of the pins and, therefore, a certain amount of
assembly tolerance. More specifically, thanks also to the
connection between edges 33 and 34 of calottes 4, the
calottes can be rotated (about a vertical axis) with respect
to one another to form a curved tunnel.
[0033] When calotte 4 is assembled to a pair of shoul-
ders 3, with pins 21 inserted inside brackets 31, the end
surfaces 29 of calotte 4 face vertical surfaces 18 of seats
16; and node 22 connecting calotte 4 to each shoulder
3 is completed with a fill pour 41, which embeds pins 21
and brackets 31, and fills grooves 19 and 30 to form a
monolithic structure and enhance the shear strength of
node 22.
[0034] Once assembled, calottes 4 also form a seam-
less succession defining the vault of the tunnel, with
smooth underside and topside surfaces, and a light-
weight but highly strong structure thanks to the I-shaped
cross section.
[0035] The smooth underside surface enables lining

materials to be applied easily, and provides for an opti-
mum cross section of the tunnel in terms of ventilation
and interior lighting.
[0036] The smooth topside surface enables water-
proofing to be applied directly.
[0037] The Figure 11 embodiment shows a tunnel 45
with two arches 46, 47 in accordance with the present
invention.
[0038] In this case, the basic structural module 48 has
five segments : two shoulders 3, as described above,
defining the opposite lateral walls of the two arches 46,
47 of the tunnel; a central upright 49 defining a centre
wall separating the two arches; and two calottes 4, each
resting on a respective shoulder 3 and on upright 49.
[0039] Upright 49 is shown in detail in Figures 12 and
13, and has a substantially I-shaped cross section de-
fined by two parallel vertical walls 50, 51 connected by
a web 52. At its base, upright 49 has two feet 53 projecting
outwards from the centrelines of walls 50, 51, so that it
is self-standing.
[0040] Upright 49 has a top end 54 forming, on oppo-
site sides, two seats 55 identical to seats 16 of shoulders
3.
[0041] Tunnel 45 is assembled, and in particular the
nodes are formed, in exactly the same way as tunnel 1,
except for the use of central upright 49 and two calottes
4 instead of one.
[0042] Clearly, changes may be made to tunnels 1, 45
as described herein without, however, departing from the
protective scope defined in the accompanying Claims.

Claims

1. A structural module (2; 48) for building artificial pre-
fabricated arch tunnels (1; 45), the module compris-
ing at least two shoulders (3), and at least one arched
calotte (4) resting on said shoulders (3); and being
characterized in that said calotte (4) has an I-
shaped cross section, and comprises a curved top
wall (24) and a curved bottom wall (25) connected
integrally by a vertical central web (26), so as to de-
fine, in combination with a number of identical ca-
lottes assembled to one another, a lightweight vault
with smooth underside and topside surfaces.

2. A module as claimed in Claim 1, characterized in
that said top wall (24) and said bottom wall (25) con-
verge at the ends of the calotte (4) to form bearing
portions (27).

3. A module as claimed in Claim 2, characterized in
that said bearing portions (27) are each bounded by
a flat horizontal bottom wall (28) and a substantially
vertical end surface (29).

4. A module as claimed in Claim 3, characterized in
that said calotte (4) comprises reinforcing rods form-
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ing respective brackets (31) projecting from the end
surfaces (29) of said bearing portions (27).

5. A module as claimed in any one of the foregoing
Claims, characterized in that each of said shoul-
ders (3) has a base portion (12) designed to make
it self-standing.

6. A module as claimed in Claim 5, characterized in
that said base portion (12) of each of said shoulders
(3) has at least one laterally projecting foot (11).

7. A module as claimed in Claim 5 or 6, characterized
in that said base portion (12) of each of said shoul-
ders (3) has at least one opening (10, 14) through
which to insert foundation reinforcing rods (A).

8. A module as claimed in any one of the foregoing
Claims, characterized in that said shoulders (3)
each define, at a top end (15), a seat (16) for a re-
spective bearing portion (27) of said calotte (4).

9. A module as claimed in Claim 8, characterized in
that said seat (16) is bounded by a flat horizontal
bottom surface (17), on which said bottom surface
(28) of a respective bearing portion (27) of said
calotte (4) rests, and by a substantially vertical lateral
surface (18) facing said end surface (29) of said
calotte (4).

10. A module as claimed in Claim 9, characterized in
that said lateral surface (18) of said seat (16) and
said end surface (29) of said calotte (4) have respec-
tive numbers of horizontal grooves (19; 30).

11. A module as claimed in Claim 9 or 10, characterized
by comprising pins (21) extending vertically from the
bottom surface (17) of said seat (16) and engaging
respective said brackets (31) of said calotte (4).

12. A module as claimed in Claim 11, characterized in
that said pins (21) are housed loosely inside tubes
(20) incorporated in said shoulders (3).

13. A module as claimed in one of Claims 9 to 12, char-
acterized by comprising a fill pour (41) between said
end surface (29) of said bearing portion (27) and said
lateral surface (18) of said seat (16).

14. A module as claimed in Claims 10 to 13, character-
ized in that said fill pour (41) embeds said pins (21)
and said brackets (31), and fills said grooves (19; 30).

15. A module as claimed in any one of the foregoing
Claims, characterized in that said top wall (24) of
said calotte (4) has respective edges (33, 34) which
are complementary in shape, so that one edge (33;
34) of one calotte (4) mates with a complementary

edge (34; 33) of the adjacent calotte (4).

16. A module as claimed in any one of the foregoing
Claims, for building a prefabricated two-arch tunnel
(45), and characterized by comprising two lateral
shoulders (3); a centre upright (49); and two calottes
(4), each resting on a respective said shoulder (3)
and on said upright (49).
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