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42 m High Paramesh for the Monte Ceneri Tunnel

SIGIRINO, LUGANO, SWITZERLAND

RSS
Products: Green Terramesh and ParaGrid geogrids
Preamble:

The New Railway Link through the Alps (AlpTransit), is a
Swiss federal project focused on building faster north-south
rail links across the Swiss Alps by constructing base tunnels
several hundred meters below the level of the current tunnels.
The AlpTransit project is the centerpiece of the Central
European rail network including the Gotthard and the
Lötschberg axis. With a planned length of 57 km, the Gotthard
Base Tunnel is the longest railway tunnel in the world and has
been opened on 1st June 2016. This results in a high speed
link through the Alps reducing the travel time between Zurich
and Milan by 35%. Several million cubic meters of excavated,
non-utilizable materials from the Ceneri Base railway Tunnel
were to be stockpiled close to the main construction site of the
intermediate portal. The site is located near Sigirino,
Switzerland.

Site preparation before construction

Cross Section of completed deposit at Sigirino with construction phases

View of the Wall close to the portal of the access tunnel after construction

Client:
ENNIO FERRARI S.A.
Main contractor:
ENNIO FERRARI S.A.
Designer:
ITC ITECSA—TOSCANO
Products used:
GTM, PARAGRID 65/100/175
Date of construction
2011

Cross section 160b H = 42 m

Internal stability of the section 160b H = 42 m

Problem:

The construction of the 15.4 km long dual tube railway tunnel
under Monte Ceneri in southern Switzerland results in several
million cubic meters of excavated materials that have to be
stockpiled close to the main construction site of the
intermediate portal. This site is located in a narrow valley
formed by two rock slopes and is used by several traffic
arteries, the local road, the motorway, the present major northsouth railway and villages. The deposit is made against the
rock slope, whilst the base of the slope is retained by a
reinforced soil structure.
In order to manage the excess of material excavated from the
Ceneri Base Tunnel jobsite in Sigirino, which is expected to
produce a total of 3,600,000 cubic meters of a non-recyclable,
inert material, a key factor was the selection of an area big
enough to store such a quantity of crushed rock/bulk material
within the limited jobsite area. In detail, the jobsite area consists
of a narrow, flat, rectangular surface, approximately 180m wide
and 600m long. It is limited on one side by a vertical rocky
slope and on the other side by an active railway line.

Green Terramesh unit

This area was also partially occupied by the facilities of the
three General Contractors involved in the excavation of the
tunnel. The designers allocated 5,000m 2 of this area as storage
where the excavated material had to be stored and
accumulated. The in-situ foundation above which the mass of
bulk material was to be located, is geologically characterized by
alternating layers of sands, gravels and normally consolidated
silts of fluvioglacial origin deposited during the later stages of
glacial retreat and laying on a previously originated basal till.
Due to the characteristics of the foundation and as a result of
the weight of the mass to be stored, the structure to be built had
to meet the following requirements:





High flexibility to accommodate the deformation and
settlement induced by the structural load on the soil
below and anticipated to be in the range of 100-150cm;
Stabilization of the mass of inert material by means of
proper reinforced material to be approved by the client
through a rigorous precertification process;
Speed of execution, a key factor for the final choice.

Solution:

A Reinforced Soil Structure made by Green Terramesh units
and ParaGrid geogrids was eventually determined as the most
suitable solution to the problem:
The structure is 200 m long, with a height ranging from 12m to
42m and a slope angle of 70°.

Scheme of the composite system with ParaGrid geogrids

Section 21: Parallel to rock slope

Since the scalping material is quite sharp and aggressive in
terms of mechanical damage to any reinforcement product, a
specific focus was essential on the protective layer of the main
reinforcement and on the installation damage factor to be
applied in the calculation of the long term design strength.
As a result, during the construction phase, a specific installation
damage test was carried out to determine the performance of
the geogrids in combination with the sharp scalpings excavated
from the tunnel. This test was in accordance with the EBGEO
2010 to determine the reduction factor, A2:

Material

Reduction factor A2

ParaGrid 50/05

1,26

ParaGrid 100/05

1,06

Installation damage test

The obtained values are very good taking into account the large
size and the sharp nature of the fill material used for these
tests. The low level of damage recorded for the grades 100 kN/
m and higher, is impressive; no similar values have been
recorded by any other reinforcement material with such
aggressive fill.
The geotechnical characteristics of the structural fill material are
shown here after:
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Grading curve of fill material used for the tests

I.
Facing and secondary reinforcement:
The facing units are made by Green Terramesh elements
0.61m high, 3.00m wide made from hexagonal double twisted
steel wire mesh. The facing panel of each unit, inclined at 70
degrees as per the project requirements are structurally
connected to a steel welded mesh panel to ensure the facing
stiffness. A geotextile retains the fine soils and prevents soil
migration through the facing. Each unit has horizontal tail that is
overlapped with the primary reinforcement ParaGrid during the
installation; the overlap length guarantees the requested
bonding between the reinforcement and the facing unit.
II.
Primary Reinforcement – geogrids
Whereas the Green Terramesh represents the secondary
reinforcement of the structure, the primary reinforcement is
provided by ParaGrid.
Three geogrid grades, characterized by an ultimate tensile

The scalping material used

strength of 65, 100 and 175 kN/m respectively, were used in
order to provide the long-term design strength required by the
project. In accordance with the project requirement, the
vertical spacing between the geogrids layers was 0.61m
(equal of the height of the GTM facing unit).
The choice of this soil reinforcement system has allowed to
achieve all technical requirements with the excellent
performance of the Paragrid geogrids even when used with
sharp granular material (very low installation damage
reduction factor).
This solution enabled the contractor to closely manage the
material generated from the tunnel excavation with the speed
of slope construction; at all stages the speed of slope
construction was quicker than that required by the rate of
tunnel excavation. This avoided the payment of heavy
penalties which would be imposed upon the contractor in the
event of not fulfilling this requirement.

Installation of the facing units

Construction ongoing 1

Construction ongoing 2

Progressive appearance of the wall 1

Progressive appearance of the wall 2
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Construction of the first layers of the structure

