
DESCRIPTION OF THE SERVICE PROVIDED

The work designed by ETS S.r.l. is a tunnel linking two exist-
ing tunnels on the Rome-Formia-Naples line, in the section 
between the Gracilli tunnels, from km 79+900 to km 80+100.

The solution, designed further to investigations on the rock 
walls, was intended to protect the railway line and adjacent 
road from potential rockfalls

The service included final and executive design, and covered 
the following:
- surveys, assessment of previous rockfalls, identification of 
potentially unstable sections of the rock walls and the best 
feasible solution;
- architectural design of the tunnel;
- structural design of the tunnel and foundations;
- assessment of the impact on the tunnel of the potentially 
unstable bodies of rock;
- Electric Traction design:
- repair of the provincial highway adjacent to the site and 
construction of the road to give emergency service vehicles 
access to the tunnel;
- verification of a culvert on the site in relation to the change 
in gradient.

SURVEYS PERFORMED

The operating solution adopted to upgrade the safety of the 
section of railway line concerned was selected further to 
a thorough set of geological, geotechnical and geophysical 
surveys. The following were performed:
- stratigraphic bores, S.P.T., MASW seismic surveys;
- laser scanner survey to identify and assess the volume of 
potentially unstable blocks.
- thermographic surveys to verify the degree of cracking of 
the rock walls above the line; 
- trajectory plotting analysis to identify the areas potentially 
affected by any portions of rock which might be detached or 
remobilised, and to assess the types of energies involved.
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Location of the works Individual studies of the potentially unstable masses

Interventi di consolidamento strutturale

Individual studies of the existing cracks and the
potentially unstable masses
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STRUCTURAL CALCULATION OF FOUNDATIONS
AND ELEVATED STRUCTURE

The services included the structural calculation of the foun-
dations and the elevated structure, constructed in prefab-
ricated reinforced concrete elements. In view of the need 
to keep the line in operation, the decision was taken to use 
complex prefabricated segments to be united after posi-
tioning through the casting of concrete to seal the articulat-
ed nodes and a mesh-reinforced concrete screed to create 
a uniform finished structure. The foundations designed con-
sist of reinforced concrete beams on micro-piles cast on site.

The structural calculation was produced further to analy-
sis of the impulsive dynamic interaction between a possible 
impacting block (the boulder) and a deformable mass (the 
ground above the protective reinforced concrete structure). 
The structure of the tunnel was partially prefabricated in 
articulated elements, which took on the form of a semi-por-
tal as they were lifted, due to hinges provided in the joints. 
The tunnel section was constructed by rigidly combining two 
semi-portals by casting concrete into the joints, to ensure 
a continuous arch, and casting a concrete screed further 
to positioning of an additional non-stressed reinforcement.

The sidewalls of the portals had zones with specific rein-
forcement to allow some of the former to be cut after instal-
lation and the casting of the concrete completions, in order 
to create the openings on the lower side. The length of the 
micro-piles was calculated to ensure that the foundations 
would withstand the maximum stresses generated by use 
of the tunnel (loads from terrain above, grassing of the roof, 
one-off actions of rockfalls).

Ground plans of foundations on micro-piles
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The interaction between any impacting blocks and the pro-
tective tunnel was studied by modelling with the Plaxis soft-
ware, considering different types of terrain: an initial level 
of humus soil having average characteristics with mean 
modulus of elasticity E = 80,000 kN/m2, about 50 cm thick; 
a second, more rigid layer of aggregate with cement binder 
having mean modulus of elasticity E = 300,000 kN/m2, about 
25 cm thick; a third, softer medium-fine grain pozzolan soil 
layer having mean modulus of elasticity E =60,000 kN/m2, 
about 60 cm thick; a fourth, more rigid layer immediately 
above the tunnel crossbeams of medium-grain pozzolan soil 
with mean modulus of elasticity E = 80,000 kN/m2, about 70 
cm thick; a fifth layer in contact with the vertical sides of 
the tunnel, in aggregate, having mean modulus of elasticity
E = 300,000 kN/m2 with an average depth of about 240 cm.

Geotextiles were also inserted for the short- and long-term 
reinforcement of the terrain. These geotextiles were in high 
modulus polyester fibres assembled to form a stable, struc-
tured geotextile, with maximum tensile strengths of over 
400 kN/m, nominal elongation of 10% longitudinally and 
12% transversely, and longitudinal tensile strength of over 
300 kN/m. The materials used for the two layers of pozzolan 
soil were chosen further to plate load tests, performed by a 
specialist geotechnical laboratory to enable selection of the 
appropriate soil type and the correct distribution procedure.
The design cross-section of the covering materials is 
shown below.

ENVIRONMENTAL IMPACT

Every effort was made to reduce environmental impact 
when designing the work. In particular the covering layers, 
intended to cushion the impact of any boulders detaching 
from the slope above, consisted of a sequence of different 
types of soil, and the types of plants to be placed on it were 
carefully studied. Moreover, the guard rails installed on the 
road beneath were in wood.
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Structures above ground level
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