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Description

[0001] The presentinvention relates to a safety system
for bypass tunnels and the like.

[0002] Relevant prior art is disclosed in e.g. NO
20200449 A1 and KR101986751 B1.

[0003] In the sector of civil engineering, in particular in
the branch of urban planning, regulations and directives
are in force for infrastructure safety, which require there
to be, inside tunnels, at predefined distances, an escape
and/or evacuation route in order to ensure that users can
be brought to safety.

[0004] In twin-bore tunnels and escape routes in gen-
eral there are "bypass" tunnels, located at distances de-
fined by regulations, which connect the two bores as es-
cape routes in the event of emergencies. Bypass tunnels
comprise a pressurized chamber; the reason it is pres-
surized is to prevent the passage of smoke from a zone
on fire to the safe zone and, for this and other reasons,
it is currently called the "filter zone".

[0005] The filter zone is provided with fire doors for the
protection of persons and for the compartmentalization
and containment of the propagation of a fire in one of the
two bores.

[0006] The objectives of the filter zone can be summed
up as follows:

- ensure the safety of the users;

- ensure the safe evacuation of the users from the
structure;

- ensure the intervention of the emergency services
and firefighting services.

[0007] As mentioned previously, the escape routes of-
ten consist of bypass tunnels that connect the bore where
the incident is located and the adjacent bore, which is
considered a safe zone.

[0008] In the most common configuration, these by-
pass tunnels are made up of one or more sealed pres-
surized chambers, with fire doors at least at one of the
ends to delimit the chamber and protect the users from
fire and smoke, via the combined action of the seal of
the doors when closed, and the overpressure inside the
chamber, which prevents smoke from entering.

[0009] In more detail, the configuration of the bypass
tunnel includes unidirectional fans which, in the event of
a fire in one of the two bores, will take air from the other
bore in order to pressurize the filter zone, with an air flow
rate thatis such as to maintain the filter zone in overpres-
sure even when all the doors are open.

[0010] The function of the doors of the bypass tunnel
is therefore to allow, under conditions of safety, the transit
of persons from the bore where the incident is located to
the other bore.

[0011] The system is completed by the smoke control
system for preventing the ingress and spread of fumes
along the evacuation route.

[0012] The pedestrian bypass tunnel is designed and
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built, according to the specifications in the related docu-
ments, in full compliance with the laws and regulations
in force on the subject, and in particular to:

- ensure amechanical resistance to fire for a specified
length of time, usually 120 minutes;

- prevent the passage of hot fumes for a specified
length of time, usually 120 minutes;

- ensure a thermal insulation for a specified length of
time, usually 120 minutes;

- resist, withoutloss of or reduction in the functionality,
an overpressure of between 1 and 10 kilopascals,
induced by the motion of the vehicles in the tunnel;

- ensure an easy and safe opening, with a maximum
effort of 220 Newtons;

- ensure automatic but gradual closure;

- withstand ambient temperatures comprised be-
tween 0°C and 50°C;

- withstand relative humidity of 50% at 40°C;

- withstand high concentrations of dust and of metallic
particles.

[0013] The local remote control system is usually con-
stituted by an electrical switchboard, dimensioned to ac-
commodate both the electrical switching gear (switches,
motor protections, inverters), and the remote control
gear.

[0014]
lows:

The systems available can be described as fol-

- fans - cable, ducting;
- power switchboard + PLC, SW development, instal-
lation, testing.

[0015] In twin-bore tunnels and escape routes there
are bypasses at distances defined by regulations, with
one or more pressurized chambers for preventing the
passage of smoke from the zone where the fire is located
to the safe zone. This chamber is currently known as a
"filter zone", and it is provided with fire doors for the pro-
tection of persons and for compartmentalizing the fire.
[0016] The regulations specify a series of conditions
that must compulsorily be met during the opening and
closing of the doors to ensure the safety of persons, in-
cluding:

- during the evacuation, the maximum effort to be ap-
plied on the handle to ensure an easy opening of the
doors must not exceed 220 Newtons;

- with the door open, the speed of the air exiting from
the filter zone, measured at a point at the center of
the free opening ofthe door, mustbe atleast2 meters
per second;

- a minimum length of time for closing the door, at a
constant speed, the value of which also depends on
the width, with the goal of not crushing the escaping
persons;

- a maximum length of time for automatically closing
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the door in accordance with regulations, in order to
prevent fumes from penetrating the filter zone.

[0017] To date these conditions, insofar as they can
be considered reasonable and necessary, have been
found overall to be very restrictive, not always feasible
in their entirety owing to as-yet inadequate technological
and mechanical development, and effectively they re-
main just good intentions, even at the time of testing the
system.

[0018] Effectively the suppliers of subsystems, i.e.
doors, ventilation, and ventilation control, take care of
ensuring the required performance levels solely and ex-
clusively for their part of the supply, and not for the overall
system.

[0019] The aim of the presentinvention consists in pro-
viding a safety system in which the components are mu-
tually integrated in order to ensure a safe evacuation by
overcoming the above limitations.

[0020] Within this aim, an object of the present inven-
tion consists in providing a safety system in which the
subsystems contribute to ensure the performance of the
whole, so as to ensure a correct protection and exit of
the persons through the escape route, i.e. the bypass
tunnel.

[0021] Anotherobject of the presentinvention consists
in providing a safety system that is capable of ensuring
that the fire doors, even in presence of an internal pres-
sure in the bypass tunnel, can be opened with an effort
applied onthe handle that does notexceed 220 Newtons.
[0022] A further object of the present invention is to
provide a safety system that is capable of ensuring that
the ventilation system modulates the flow rate as a func-
tion of the pressure differential and on the basis of the
state of the doors, and thus ensuring, in the event of one
or more open doors, an air speed of 2.2 meters per sec-
ond measured at the center of the doors.

[0023] Anotherobject of the presentinvention consists
in providing a safety system that is capable of ensuring
that the automatic closing of the fire doors is gradual and
at a practically constant speed, within a maximum time
of 30 seconds, in accordance with the specifications of
the current regulations, without slamming and avoiding
injury to the persons passing through the bypass tunnel
or escape route.

[0024] Last but not least, an aim of the present inven-
tion is to provide a safety system that avails of technol-
ogies that are known per se and which therefore are eco-
nomically competitive.

[0025] This aim and these and other objects which will
become more apparent hereinafter are achieved by a
safety system for bypass tunnels and the like, character-
ized in that it comprises:

- measurement means for measuring the degree of
opening of fire doors arranged between a pressu-
rized chamber and a tunnel;

- fan means arranged in said pressurized chamber
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and adapted to create a pressurized atmosphere
with an overpressure with respect to the atmospheric
pressure present in said tunnel, said fan means be-
ing configured so as to operate as a function of the
calculated differential pressure between the pres-
sure in said pressurized chamber and in said tunnel
and the measurement performed by said measure-
ment means;

- electronic control and management means function-
ally connected to said measurement means and to
said fan meansin order to adjust the operating speed
of said fan means;

- door-closing means applied on said fire doors;

- means for the assisted opening and closing of said
fire doors, configured so as to aid the opening and
the closing of said fire doors following actuation of a
panic bar of said fire doors.

[0026] Further characteristics and advantages of the
invention will become more apparent from the detailed
description of a preferred, but not exclusive, embodiment
of a safety system for bypass tunnels and the like, illus-
trated by way of non-limiting example with the aid of the
accompanying drawings wherein:

- Figure 1 is a schematic perspective view of a safe
zone between the two bores of a twin-bore tunnel;

- Figure 2 is a front elevation view of the safe zone
shown in Figure 1;

- Figure 3 is a front elevation view of one of many
types of fire doors of the safe zone shown in the
previous figures.

[0027] With reference to the figures, the safety system
for bypass tunnels and the like comprises measurement
means 2 for measuring the degree of opening of the fire
doors 3, which are arranged between a pressurized
chamber 4 and a tunnel 5.

[0028] Inthe embodimentproposed, atwin-bore tunnel
5 with two bores 6a and 6b is shown, in which the first
bore 6a is affected by a fire.

[0029] Since the inventive concept described herein
can be applied to both single-bore and twin-bore tunnels,
the term tunnel 5 will be used to mean a tunnel that com-
prises at least one bore that is affected by a fire.

[0030] The measurementmeans 2 cancomprise a first
limit switch of the mechanical type, adapted to detect the
closed and locked state of the fire doors 3, a second limit
switch of the mechanical type, adapted to detectadegree
of opening of the fire doors 3 substantially equal to 10°,
and a third limit switch of the mechanical type, adapted
to detect a degree of opening of the fire doors 3 equal to
or substantially greater than 30°.

[0031] Furthermore, or as an alternative to the limit
switches of the mechanical type, the measurement
means 2 can comprise an incremental encoder adapted
to detect the exact degree of opening of the fire doors 3.
[0032] Also according to the invention, the safety sys-
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tem comprises fan means 7 located in the pressurized
chamber 4 or even outside it and adapted to create a
pressurized atmosphere with an overpressure with re-
spect to the atmospheric pressure presentin the tunnel 5.
[0033] Such fan means 7, which can comprise two or
more fans, are configured so as to operate as a function
of the calculated differential pressure between the pres-
sure in the pressurized chamber and in the tunnel and
the measurement performed by the measurement
means.

[0034] Conveniently, for a twin-bore tunnel 5, the fan
means 7 draw air from the bore that lies opposite the
bore affected by the flames, i.e. the bore 6b.

[0035] Differently, for a single-bore tunnel, the fan
means 7 will draw air from an aeration duct outside the
bore that is affected by the flames.

[0036] Furthermore, there are also electronic control
and management means which are functionally connect-
ed to the measurement means 2 and to the fan means
7, for adjusting the speed of operation of the latter; door-
closing means 8, of the adjustable type, applied to the
fire doors 3, and means 9 for assisted opening and clos-
ing of the fire doors 3 which are configured in such a way
as to assist the opening of the fire doors 3 following ac-
tuation of the panic bar 10 thereof.

[0037] In more detail, the electronic control and man-
agement means can be based on a PLC system, have
one CPU per switchboard, and share the I/O between
both PLCs, so that the failure of one device can still be
overcome by being taken over by the PLC mounted in
the switchboard that controls a second fan.

[0038] Advantageously, the means 9 for assisted
opening can comprise a pressure venting device func-
tionally connected to the fan means 7 in order to reduce
the incidence of the pressure on the surface on the filter
zone side of the door, during opening and closing, from
the moment of actuation of the panic bar 10.

[0039] In more detail, the venting device can for exam-
ple comprise at least one ventilation grille 11, which is
integrated in the fire doors 3 and can be switched be-
tween a closed state, in which its slits are closed hermet-
ically, to an open state, in which the slits are open for the
passage of air.

[0040] Alternatively, in a variation (not shown) of the
embodiment proposed, the means 9 for assisted opening
and closing can comprise a servo-mechanical device
configured in such a way as to apply an additional thrust
to the fire doors following actuation of the panic bar.
[0041] The operation of the safety system is described
below.

[0042] The function of the safety system is to maintain
the bypass tunnel at a set overpressure (with the fire
doors closed) with respect to the tunnel 5, so that when
even only one first fire door 3 is opened, the fumes orig-
inating from the combustion of a possible fire located in
a bore 6a cannot enter.

[0043] Normally, if fire breaks out in a tunnel the fan
means 7 in the affected areas are started up and kept at
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a speed of 20% and they vary their flow rate as a function
of the pressure differential set and measured by the in-
strumentation and based on the position of the measure-
ment means 2, which are described above.

[0044] Viatheimplementation of dedicated algorithms,
if a first fire door 3 is opened, the system will increase
the speed in order to maintain the required pressure dif-
ferential; thus ensuring the prescribed air speed with the
fire door 3 open, for example equal to two meters per
second.

[0045] Ifthe measurement means 2 detect an opening
of the fire door 3, for example up to approximately 10°,
the control and management means will increase the
speed of the fan means 7, but not bring it to the maximum
speed.

[0046] Once an opening of 30° is passed, however,
the control and management means will make the fan
means 7 reach the speed to ensure the set pressure and
outflow of air (usually at least 2 meters per second), by
proportionally adjusting the speed of the fan on the basis
of the data of the measurement means 2 and of the de-
tected pressure data.

[0047] If the second fire door 3 is also opened, the fan
means 7 will continue to strive towards the set pressure,
but ensuring an overpressure thatis such as to not allow
the entry of fumes.

[0048] Inthiscase the controland managementmeans
will bring the fan means 7 to the maximum speed.
[0049] During the step of closing the fire doors 3, the
control and management means will behave in the same
way but in reverse, and proportionally so as to prevent
the internal pressure generated by the fan means 7 from
closing the fire doors 3 too quickly, while assisting the
functionality of the door-closing means 8.

[0050] The safety system located at the entry points of
the tunnel 5 can be managed by the centralized control
system, through macro-commands to be executed in the
event of an emergency.

[0051] The correct dimensioning of the fan means is
arrived at by means of a CFD (Computational Fluid Dy-
namic) simulation.

[0052] The objective of the simulation is to obtain a
minimum speed of the air passing through the fire door
3, on the side where the fire is, of two meters per second,
and to define the ambient levels "with turbulence" and/or
"dead zones" (without significant air speed).

[0053] In practice it has been found that the safety sys-
tem for bypass tunnels and the like achieves the intended
aim and objects in that it makes it possible to ensure a
safe evacuation in any open condition and condition of
overpressure inside the filter zone.

[0054] In particular, the safety system ensures:

- opening of the doors with an effort of not more than
220 Newtons;

- blocking of the fumes coming from the bore where
the incident is to the filter zone, when the doors are
open;
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- closing of the doors within the maximum limits set
down by the regulations;

- gradual closing of the doors, thus preserving the
safety of persons (anti-crush);

- correct ventilation and overpressure in various sce-
narios of the doors opening;

- modular construction and standardization of bypass
tunnels;

- reduction of installation times and bringing into serv-
ice times;

- high degree of safety achieved through the remote
monitoring of every single bypass tunnel;

- direct interconnection and management of bypass
tunnels from a central location.

[0055] The safety system for bypass tunnels and the
like, thus conceived, is susceptible of numerous modifi-
cations and variations within the scope of the appended
claims.

[0056] Moreover, all the details may be substituted by
other, technically equivalent elements, within the scope
of the appended claims.

[0057] In practice, the materials employed, provided
they are compatible with the specific use, and the con-
tingent dimensions and shapes, may be any according
to requirements and to the state of the art.

[0058] Where technical features mentioned in any
claim are followed by reference signs, those reference
signs have been included for the sole purpose of increas-
ing the intelligibility of the claims and accordingly, such
reference signs do not have any limiting effect on the
interpretation of each element identified by way of exam-
ple by such reference signs.

Claims

1. A safety system for bypass tunnels and the like,
characterized in that it comprises:

- measurement means (2) for measuring the de-
gree of opening of fire doors (3) arranged be-
tween a pressurized chamber (4) and a tunnel
(5);

- fan means (7) arranged in said pressurized
chamber (4) and adapted to create a pressu-
rized atmosphere with an overpressure with re-
spect to the atmospheric pressure present in
said tunnel (5), said fan means (7) being config-
ured so as to operate as a function of the calcu-
lated differential pressure between the pressure
in said pressurized chamber (4) and in said tun-
nel (5) and the measurement performed by said
measurement means (2);

- electronic control and management means
functionally connected to said measurement
means (2) and to said fan means (7) in order to
adjustthe operating speed of said fan means (7);
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- door-closing means (8) applied to said fire
doors (3);

- means (9) for the assisted opening and closing
of said fire doors (3), configured so as to aid the
opening and the closing of said fire doors (3)
following actuation of a panic bar (10) of said
fire doors (3).

2. The system according to claim 1, characterized in

that said measurement means (2) comprise a first
limit switch of the mechanical type, adapted to detect
the closed and locked state of said fire doors (3), a
second limit switch of the mechanical type, adapted
to detect a degree of opening of said fire doors (3)
substantially equal to 10°, and a third limit switch of
the mechanical type, adapted to detect a degree of
opening of said fire doors (3) equal to or substantially
greater than 30°.

3. Thesystemaccording to claim 1 or 2, characterized

in that said measurement means (2) comprise an
incremental encoder adapted to detect the exact de-
gree of opening of said fire doors (3).

4. The system according to one or more of the preced-

ing claims, characterized in that said door-closing
means (8) are of the adjustable type.

5. The system according to one or more of the preced-
ing claims, characterized in that said means (9) for
assisted opening comprise a pressure venting de-
vice functionally connected to said fan means (7) in
order to reduce the incidence of the pressure on the
surface on a filter zone side of the door, during open-
ing and closing, from the moment of actuation of the
panic bar (10).

6. The system according to claim 5, characterized in
that said venting device comprises at least one ven-
tilation grille (11), whichis integrated in said fire doors
(3) and can be switched between a closed state, in
which the slits of said ventilation grille (11) are closed
hermetically, to an open state, in which said slits are
open for the passage of air.

7. The system according to one or more of claims 1 to
6, characterized in that said means for assisted
opening and closing comprise a servo-mechanical
device configured in such a way as to apply an ad-
ditionalthrust to said fire doors (3) following actuation
of said panic bar (10).

Patentanspriiche
1. Ein Sicherheitssystem fiir Bypasstunnel und derglei-

chen, dadurch gekennzeichnet, dass es Folgen-
des umfasst:



9 EP 4 159 976 B1 10

- Messmittel (2) zur Messung des Offnungsgra-
des von Brandschutztiiren (3), die zwischen ei-
ner Druckkammer (4) und einem Tunnel (5) an-
geordnet sind;

- Beluftungsmittel (7), angeordnet in der Druck-
kammer (4) und ausgebildet, um eine Uberdru-
ckatmosphare mit Uberdruck gegeniiber dem
atmosphérischen Druck zu erzeugen, der in
dem Tunnel (5) vorliegt; wobei die Belliftungs-
mittel (7) ausgebildet sind, um als Funktion der
berechneten Druckdifferenz zwischen dem
Druck in der Druckkammer (4) und in dem Tun-
nel (5) und der von den Messmitteln (2) durch-
gefiihrten Messung zu arbeiten;

- elektronische Steuerungs- und Verwaltungs-
mittel, die funktionell mit den Messmitteln (2)
und mit den Bellftungsmitteln (7) verbunden
sind, um die Betriebsgeschwindigkeit der Bellf-
tungsmittel (7) anzupassen;

- TUrschlieBmittel (8), die an den Brandschutz-
tiren (3) angebracht sind;

- Mittel (9) zum unterstiitzten Offnen und Schlie-
Ren der Brandschutztiiren (3), ausgebildet, um
das Offnen und SchlieRen der Brandschutztii-
ren (3) nach Betatigung einer Panikstange (10)
der Brandschutztiiren (3) zu unterstitzen.

Das System gemaR Anspruch 1, dadurch gekenn-
zeichnet, dass die Messmittel (2) einen ersten End-
schalter vom mechanischen Typ umfassen, ausge-
bildet, um den geschlossenen und verriegelten Zu-
stand der Brandschutztiren (3) zu erfassen, einen
zweiten Endschalter vom mechanischen Typ, aus-
gebildet, um einen Offnungsgrad der Brandschutz-
tiren (3) von im Wesentlichen gleich 10° zu erfas-
sen, und einen dritten Endschalter vom mechani-
schen Typ, ausgebildet, um einen Offnungsgrad der
Brandschutztiiren (3) gleich oder im Wesentlichen
groRer als 30° zu erfassen.

Das System gemal Anspruch 1 oder 2, dadurch
gekennzeichnet, dass die Messmittel (2) einen In-
krementalgeber umfassen, ausgebildet, um den ex-
akten Offnungsgrad der Brandschutztiiren (3) zu er-
fassen.

Das System gemaf einem oder mehreren der obi-
gen Anspriiche, dadurch gekennzeichnet, dass
die TurschlieBmittel (8) vom einstellbaren Typ sind.

Das System gemaf einem oder mehreren der obi-
gen Anspriiche, dadurch gekennzeichnet, dass
die Mittel (9) zum unterstiitzten Offnen eine Druck-
ablassvorrichtung umfassen, die funktionell mit den
Bellftungsmitteln (7) verbunden ist, um das Auftref-
fen des Drucks auf die Oberflache auf einer Filter-
zonenseite der Tiirwahrend des Offnens und Schlie-
Rens vom Betatigungszeitpunkt der Panikstange
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(10) an zu mindern.

Das System gemaR Anspruch 5, dadurch gekenn-
zeichnet, dass die Ablassvorrichtung mindestens
ein Llftungsgitter (11) umfasst, welches in die
Brandschutztiren (3) integriert ist und zwischen ei-
nem geschlossenen Zustand, in welchem die Schlit-
ze des Liftungsgitters (11) hermetisch geschlossen
sind, und einem offenen Zustand umgeschaltet wer-
den, in welchem die Schlitze fiir den Durchlass von
Luft offen sind.

Das System gemal einem oder mehreren der An-
spriiche 1 bis 6, dadurch gekennzeichnet, dass
die Mittel zum unterstiitzten Offnen und SchlieRen
eine servomechanische Vorrichtung umfassen, die
konfiguriertist, um nach Betatigung der Panikstange
(10) einen zusatzlichen Schub auf die Brandschutz-
turen (3) auszutben.

Revendications

Systeme de sécurité pour tunnels de contournement
et similaires, caractérisé en ce qu’il comprend :

des moyens de mesure (2) pour mesurer le de-
gré d’ouverture de portes coupe-feu (3) agen-
cées entre une chambre pressurisée (4) et un
tunnel (5) ;

des moyens de ventilateur (7) agencés dans la-
dite chambre pressurisée (4) et adaptés pour
créer une atmospheére pressurisée avec une
surpression par rapport ala pression atmosphé-
riqgue présente dans ledit tunnel (5), lesdits
moyens de ventilateur (7) étant configurés pour
fonctionner en fonction de la pression différen-
tielle calculées entre la pression dans ladite
chambre pressurisée (4) et dans ledit tunnel (5)
et la mesure réalisée par lesdits moyens de me-
sure (2) ;

des moyens de commande et de gestion élec-
troniques connectés fonctionnellement auxdits
moyens de mesure (2) et auxdits moyens de
ventilateur (7) afin de régler la vitesse de fonc-
tionnement desdits moyens de ventilateur (7) ;
des moyens de fermeture de porte (8) appliqués
auxdites portes coupe-feu (3) ;

des moyens (9) pour I'ouverture et la fermeture
assistées desdites portes coupe-feu (3), confi-
gurés pour aider a l'ouverture et la fermeture
desdites portes coupe-feu (3) a la suite de I'ac-
tionnement d’'une barre anti-panique (10) des-
dites portes coupe-feu (3).

2. Systeme selon la revendication 1, caractérisé en

ce que lesdits moyens de mesure (2) comprennent
un premier commutateur de limite du type mécani-
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que, adapté pour détecter I'état ouvert et fermé des-
dites portes coupe-feu (3), un second commutateur
de limite du type mécanique, adapté pour détecter
un degré d’ouverture desdites portes coupe-feu (3)
sensiblement égal a 10°, et un station mobile com-
mutateur de limite du type mécanique, adapté pour
détecter un degré d’ouverture desdites portes cou-
pe-feu (3) égal a ou sensiblement supérieur a 30°.

Systeme de selon la revendication 1 ou 2, caracté-
risé en ce que lesdits moyens de mesure (2) com-
prennent un encodeur incrémental adapté pour dé-
tecter le degré exact d’ouverture desdites portes
coupe-feu (3).

Systeme de selon une ou plusieurs des revendica-
tions précédentes, caractérisé en ce que lesdits
moyens de fermeture de porte (8) sont du type ré-
glables.

Systeme de selon une ou plusieurs des revendica-
tions précédentes, caractérisé en ce que lesdits
moyens (9) pour une ouverture assistée compren-
nent un dispositif d’évacuation de pression connecté
fonctionnellement auxdits moyens de ventilateur (7)
afin de réduire l'incidence de la pression sur la sur-
face sur un cété de zone de filtre de la porte, pendant
I'ouverture et la fermeture, a partir du moment de
I'actionnement de la barre anti-panique (10).

Systeme de selon la revendication 5, caractérisé
en ce que ledit dispositif d’évacuation comprend au
moins une grille de ventilation (11), qui est intégrée
dans lesdites portes coupe-feu (3) et peut étre com-
mutée entre un état fermé, dans lequel les fentes de
ladite grille de ventilation (11) sont fermées hermé-
tiguement, et un état ouvert, danslequel lesdites fen-
tes sont ouvertes pour le passage de l'air.

Systeme de selon une ou plusieurs des revendica-
tions 1 a 6, caractérisé en ce que lesdits moyens
pour une ouverture et une fermeture assistées com-
prennentun dispositif servo-mécanique configuré de
fagon a appliquer une poussée supplémentaire sur
lesdites portes coupe-feu (3) a la suite de l'action-
nement de ladite barre anti-panique (10).
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