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Widening of the tunnel with the highway still open to traffic

Since the beginning of the 215t century widening works can be
performed without closing the tunnel to traffic thanks to the
utilization of an innovative, special technology that has been
covered by an industrial patent.

FIELD OF APPLICATION

The method employed for widening the cross section is
advantageous and competitive when:

1/ TRAFFIC VOLUMES DON’T ENABLE AT LEAST ONE
TUNNEL TO BE CLOSED A.D.T. > 18.500 vehicles per day

2/ A NEW THIRD TUNNEL IS NOT FEASIBLE

3/ ENVIRONMENTAL CONSTRAINTS OR IMPORTANT
PRESERVED EXISTENCES ARE PRESENT IN THE
IMMEDIATE PROXIMITY OF THE TUNNEL




MAINTAINING

OF THE MINIMUM
NUMBER OF ORIGINAL
LANES FORTHE
DURATION OF ALL THE
WIDENING IN ORDER
TO GUARANTEE THE
PRE-EXISTING
OPERATIONAL LEVEL

This widening process reduces impacts on environment
and on infrastructural management.

This highly mechanized and industrialized construction
method is used to guarantee not only the safety

of workers and users but also a time of construction
not impacted by the presence of traffic.

By adapting the characteristics of the machines and
equipments this method can be implemented
in different situations in terms of terrain

and traffic conditions.



THE MONTEDOMINI TUNNEL

THE TUNNEL IS LOCATED ON A14 HIGHWAY — BOLOGNA -TARANTO BETWEEN ANCONA NORD AND ANCONA SUD

Location of the Montedomini tunnel
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WORKING CYCLE

Main phases of the works are as follows:

1/ PRE-CUTTING

2/ EXCAVATION
AND DEMOLI-
TION OF THE

EXISTING
TUNNEL

3/ SEGMENT
ERECTION

.
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The construction method adopted
for the widening is performed as a
sequence of operations constituting
the working cycle as follows: a
pre-consolidation of the vault by
mechanical pre-cuttingandasequence
of various cycles of excavation and
segmental lining installation according
to the principle of the Active Vault.

The length of the complete cycle,
determined by a single pre-cutting
shell,is 4 ml.

1. Mechanical pre-cutting consists
in an incision on the excavation
face at the extrados profile of the
tunnel to be widened with length and
thickness relevant to the geotechnical
characteristics of the ground and the
backfilling of the incision itself with
fibre-reinforced concrete in order to
form a shell that resists the pressures
of the surrounding mass.

2. The excavation of the widened
section and demolition of the existing
tunnel are carried out in steps of 2
to 4m, depending on the mechanical
characteristics of the mass affected, by
conventional methods (excavators, mini
excavators, spoil shovels, jet grouting
pumps, etc)

3.The final lining is formed by prefabri-
cated segments placed according to the
so-called “Active Vault” at a very short
distance from the face.

To make the vault self-supporting, the
segmental arch is expanded by two flat
jacks at the key segment, to ensure the
aderence between the vault and the
lining. The void between the pre-cutting
and the extrados is filled by shotcrete
(projected concrete).




1/MECHANICAL PRE-CUTTING
I 4 i 7 -

b The deep cut is performed by a sew made by a
chain with peaks, to achieve the required cutting
thickness. The sew is supported and guided by a
steel arch.

The cut, executed in segments of 2-3m, is
immediately filled with fibre-reinforced shotcrete
to form a concrete vault.

At the beginning and at the end of the cut a
special maneuver is performed for introducing
and retracting the sew. At first the sew is driven
vertically in the ground and then rotated to achieve
the position for starting the vault. Asimilar reversed
operation is performed at the end to extract the
sew from the ground.

Pre-cutting equipment - detail of the rotating sew

2/EXCAVATION

All works required for the advance of the excavation
are conducted simultaneously on both sides of the
shield.

The dimensions and characteristics of the
equipment for excavation and spoil removal
are selected to operate in the confined spaces
between the lining and the protection shield, while
maintaining the ability to operate at a significant
heights, which can be in excess of 10 m.

Spoil removal and shotcreting of the face are
performed by suitable equipment using the upper
level of the extrados of the traffic protection shield
as working platform.

Excavation

3/ACTIVE VAULT

The installation of the lower side segments can
be carried out simultaneously on both sides of
the tunnel with the use of crane trucks, while the
segments at the crown are installed with a specific
operating machine able to support the weight of the
arch up to the expansion of the arch itself by mean
of the flat jacks at the key segment, witch make the
vault self-supporting.

The prefabricated segments that compose the
active vault are separated by a shear joint on the
lower side walls and by a hinge joint at the vault.
During the expansion of the vault, the segmental
lining compresses the back filling shotcrete and
the concrete shell, ensuring the redistribution of
the loads in the ground according to the active vault
method.

Details of the piers of the Active Vault arch - Segments installed by crane trucks




Detail of the arched portal for support of the sew for the execution of the pre-cutting One of the phases of the pre-cutting - making the incision and filling by shotcrete
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Active Vault segment installation Void filling between the segments extrados and the pre-cutting shell




EQUIPMENTS

In order to perform the
pre-consolidation of the vault with
pre-cutting technology and the
active vault lining, special machinery
has been specifically designed and
manufactured with an arched shape
structure capable to operate over the
traffic shield protecting the below
motorway.

A/Dedicated equipment for
pre-cutting and backfilling, with
control cabin and mobile consolles
for a better control of all the
operations.

B/Equipment for the assembly of
the segmental lining and backfilling
of the extrados, with fixed and mobile
consolles for control and assistance
during all the operations.

THE SHIELD

A separation element with appropriate
structural design called “traffic
protection shield” guarantees safety
of traffic and construction workers
by separating the working areas from
the road.

The  traffic  protection  shield
complies with the following safety
requirements:

» Resistance to the impact from
the material excavated from the
enlargement

» Appropriate dimensions for the
installation within the existing
tunnel while allowing the transit of
two lanes below the shield

» Resistance to possible impacts
from vehicles

Because of the reduced dimensions
of the tunnel within the shield, inno-
vative measures have been adopted
fortrafficmanagementonsiteinorder
to prevent the access in the tunnel of
oversized vehicles that could impact
on the shield causing serious risks to
the traffic. In addition, fire protection
and emergency surveillance systems
have been implemented.
|

A shorter steel shield that can move
along the tunnel with the advance of the works

A fixed shield composed by prefabricated
concrete elements on a length greater than the
tunnel length
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Management of oversized vehicles

Portal for the identification of oversized vehicles




EVOLUTION OF THE SPECIES

NAZZANO

ACTIVE VAULT

PRE-EXISTING TUNNEL

MOVABLE
STEEL SHIELD

TUNNEL INVERT

MONTEDOMINI

ACTIVE VAULT

PRE-EXISTING TUNNEL

FIXED CONCRETE
SHIELD

TUNNEL INVERT

NAZZANO TUNNEL TIME COMPARISON OF PHASES PRE-CUTTING MONTEDOMINITUNNEL

OF THE WORKING CYCLE EXCAVATION
TUNNEL SURFACE 270 m? AV.LINING TUNNEL SURFACE 300 m?
PRE-CUTTINGLENGTH  37m ACCESSORY EQUIPMENT PRE-CUTTING 42m
PRE-CUTTINGVOLUME 70 m? PRE-CUTTINGVOLUME 130 m?
EXCAVATION SURFACE NAZZANO EXCAVATION SURFACE
TUNNELINVERTEXCLUDED 110 m? 113h=0,85m/gg TUNNELINVERTEXCLUDED 120 m?
PRE-LINING SEGMENTS PRE-LINING SEGMENTS 19
LINING THICKNESS 04:2,5m LINING THICKNESS 04:2,5m
SEGMENT LENGTH 1,00m MONTEDOMINI SEGMENT LENGTH 133m
SEGMENT WEIGHT 17 ton 86h=1,12m/gg SEGMENT WEIGHT 0,77+10,9ton
SEGMENTVOLUME 0,03:2,8m? SEGMENTVOLUME 0,30+4,40 m?

NEW SOLUTIONS

The widening system in situ was used for the first time for
the widening from two to three lanes and hard-shoulder of
the Nazzano tunnel, built on the A1 Highway at 40km North
of Rome. The work was completed in 2005.

The Nazzano tunnel was excavated in low cohesion sand.
Compare to the Montedomini tunnel, the pre-cutting shell
in Nazzano was thinner (30 cm vs 50 cm) and segments
were shorter [1vs 1,33 m] and lighter [4 vs 5,5 t].

The protection shield was metallic and movable.

Machines for pre-cutting and Active Vault segment erection
were combined in a single piece of equipment.

After a detailed analysis of operating methods and
productivity on the Nazzano tunnel,and due to the increase
in power required for pre-cutting and segment installation
forthe Montedomini Tunnel, the Multifunctionalequipment
was split into two separate machines: one dedicated to

Nazzano tunnel

FOR CUSTOMERS

pre-cutting and the other one to the Active Vault lining.
Furthermore, a fixed concrete traffic protection shield was
adopted suitable to protect the traffic and to provide an
elevated working platform for the site operation.

Such choices together with a technological evolution of the
methods have allowed to improve significantly the positive
results in terms of productivity and reliability achieved
in Nazzano by the widening method, with an increase
in average production from 0,85 to 1,12 m per day, with a
record of 1,3 m per day.

To date, the system provides for the operators of major
infrastructure an efficient option that is reliable, flexible
and performant and furthermore perseves the territory
and existing constructions, and guarantees certainty of
time and cost of delivery, together with the required safety
in management of the infrastructure to be upgraded.

Montedomini tunnel

www.studiocrocevia.it



