
CONCRETE PAVEMENTS IN TUNNELS: THE SUSTAINABLE 
CHOICE 

Giuseppe Marchese 

General Manager of Calcestruzzi S.p.A., Italy 
 
 
 
Abstract 

Italy has the greatest number of tunnels in the EU; worldwide, only Japan has more. 
Currently the Trans-European Road Network (TERN) counts more than 600 km of tunnels 
throughout Italy and 10% of those are strictly aligned with the safety European standards 
(2004/54/CE). 

Concrete is considered the genuine solution for tunnels, regarding its capability to 
improve safety structural performances. Moreover, concrete is continually proving itself as 
the best answer to the economic, social and environmental sustainability of tunnels projects. 
The “Quadrilatero Marche Umbria” project in central Italy has provided a very good 
example of concrete adapting Italian road tunnels to the European standards. The tunnels of 
Maxilotto 1 (SS 77 “della Val di Chienti”), 40 km long in total, have been built using 
concrete pavements.  Unreinforced Jointed Concrete has been considered the most suitable 
choice for this work using unreinforced concrete slabs, separated by transversal and 
longitudinal reinforced joints. Joints reduce the stresses the concrete will experience during 
its life and greatly increase the concrete pavement’s lifetime. Through the presence of 
reinforcement, the location and spacing of cracks can also be controlled. 
By using concrete for road tunnel pavements, the “Quadrilatero” project has provided 
important elements for the correct assessment of the whole infrastructural work. Considering 
the early cash flow assigned to the work, the real cost of the project plan has been massively 
rewarded. This paper focuses on the economic benefit of concrete for road tunnel paving. 
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1. INTRODUCTION 
Road construction culture in Italy goes back to ancient times. The Romans built great 

roads using deep roadbeds of crushed stone as an underlying layer to ensure that they were 
kept dry, as the water was able to flow out from the crushed stone instead of creating mud in 
clay soils. 

Over the centuries Italy developed a deep knowledge of road construction. Due to the 
number of mountain chains all along the Italian peninsula, Italian design and building 
professionals increased their special experience in road tunnel construction. 
Despite this expertise, till few years ago concrete did not find the space it deserves in road 
pavements in Italy. This was for a number of reasons such as the greater initial cost when 
compared to other materials, the absence of standards and specifications, etc. 
In the early 2000s a number of tunnel fires showed the disastrous effects of road accidents 
when they occur in a tunnel. The fires in Gotthard (Switzerland), Tauern (Austria), and 
Mont Blanc tunnels (France/Italy) had tragic consequences in terms of human life, 
environment and economic impact. Since then, tunnel design has become mostly an 
“emergency design”. 

The consequences of a fire in a tunnel have clearly demonstrated the need for an 
appropriate choice of materials to ensure high safety and reliable availability to traffic. In the 
case of fire a non-combustible and non-toxic road pavement, such as on built in concrete, 
contributes to the safety of people (both users and rescue teams) and protects the tunnel 
equipment and its structure. Therefore, renewed interest in concrete solutions for tunnels has 
grown over recent years in Italy. 

Another reason for this change of attitude could be the Directive 2004/54/EC aiming to 
ensure a minimum level of safety for road users in the Trans-European Road Network 
(TERN) tunnels. The Directive includes instructions about prevention of critical events that 
may endanger human life, the environment and tunnel installations, as well as provisions in 
case of accidents. All tunnels in the Trans-European Road Network with lengths over 500 
m, whether in operation, under construction, or at the design stage have to meet 
requirements identified by this Directive. Though 600 km of all TERN tunnels are in Italy, 
only 10% of them are strictly aligned to the European Directive - so the Italian Government 
should upgrade more than 500 km of tunnels [1]. 

2. SUSTAINABILITY OF CONCRETE PAVEMENTS IN ROAD TUNNELS [2] 
A concrete pavement in road tunnels shows social, economic and environmental 

sustainability. 

2.1 Social sustainability 
The choice of a concrete pavement improves both safety and comfort of road tunnels. 

Concrete is non-combustible (Figure 1), does not release smoke, does not change shape 
when submitted to high temperature and keeps its mechanical performances in case of fire. 
In addition, spalling is very uncommon in road pavement concrete. All these properties lead 
to an increase of safety for both users and rescue teams in case of fire [4] [5] [6].  
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Figure 1: Comparison of specimens of asphalt (left) and concrete (right) after heating to 

750°C [3] 
A concrete pavement is smooth and quiet over the life cycle providing constant 

performances in terms of travelling comfort. The low maintenance requirement, due to 
concrete’s intrinsic durability, is another of the principal advantages of concrete pavements. 
This means fewer traffic disruptions and minimal accident risk. The light coloured surface 
contributes to minimizing accident risk as well as to improving users’ comfort. 
Furthermore, concrete production being a local one, it contributes to the economic growth 
and welfare of local communities, when road construction is carried out. 
 
2.2 Economic sustainability 

Reduced fuel consumption, lower lighting due to higher surface reflectivity and limited 
maintenance make concrete preferable to competiting materials. The total cost of a concrete 
pavement is lower than for other materials if maintenance costs are included. The extra 
initial cost of a concrete pavement is paid off after about 10 years, and after 30 years the 
concrete solution becomes more economic due to the low need of maintenance. Further 
economic advantages of using concrete in road tunnels lie in the minimal damages to the 
structure in case of fire. 
 
2.3 Environmental sustainability 

Concrete is itself a low environmental impact material. Durability performance ensures 
unvarying surface features, so grip uniformity throughout the whole road service life 
contributes to reducing fuel consumption and traffic pollution. In the same way, reduced 
traffic diversions due to maintenance activities help to bring emissions down. 
In addition fluid pollutants can be easily drained into gutters, because fuel leakages do not 
damage the concrete pavement. 
Concrete luminescence gives the advantage of lowering energy consumption for lighting; 
and the opportunity of using recycled materials in concrete manufacturing makes concrete 
sustainable. Finally, concrete pavement itself can be fully recycled to produce aggregates. 
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3. A CASE HISTORY: THE “QUADRILATERO MARCHE UMBRIA” [7] 
The “Quadrilatero Marche Umbria” project has a key role within the Italian road network 

as it connects different areas in central Italy (Regione Marche and Regione Umbria). The 
project is divided in two lots (Maxilotto 1 and 2). Maxilotto 1 (Figure 2) - a 1.100 million 
euros investment has more than 35 km of 4 lanes road including 18 viaducts, 14 natural 
tunnels and 12 artificial ones. The final expected cost is 2 billion euros. The awarding 
authority is Quadrilatero Marche Umbria S.p.A., a project-dedicated Joint Stock Company. 

96% of the contract has been already completed: on January 16, 2015 the General 
Contractor Val di Chienti S.C.p.A opened to traffic a 9 km stretch between Colfiorito (PG) 
and Serravalle di Chienti (MC), and the project is expected to be completed by the end of 
2015. 

The concrete pavement was introduced in Maxilotto 1 by the General Contractor as a 
technical improvement. This choice was successfully approved by the owner because of the 
advantages outlined above in terms of environmental, social and economic sustainability. 
Concrete was used in the all double tube tunnels longer than 1.000 m, for a total of 10 out of 
the 14 tunnels. The surface area of the two 20 km motorway lanes in each tube is 300.000 m2. 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Quadrilatero Marche Umbria - Maxilotto 1 

 
3.1 Tunnel pavement design and laying 

The German Catalogue RStO-2001 was applied for the design of concrete pavements with 
heavy traffic load, resulting in an SV construction class according to the catalogue. 

A service life of 30 years was fixed in agreement with relevant standards. In reality, the 
service life for Maxilotto 1 concrete pavements is expected to be more than 40 years.  JPCP 
(Jointed Plain Concrete Pavement - Figure 3) type was chosen among the many technical 
solutions. A Joint Plain Concrete Pavement does not contain any steel reinforcement but in a 
given number of transversal and longitudinal joints to allow to control the location of all the 
expected shrinkage cracks - concrete cracks are expected at the joints only and not elsewhere 
in the slabs. 
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Figure 3: Joint Plain Concrete Pavement (JPCP) 

In Quadrilatero tunnels the total pavement thickness - 60 cm – is made up of a 30 cm sub 
base, made of stabilized granular material, and a 30 cm “dual layer” concrete slab with a 25 
cm lower layer and a 5 cm upper layer (Figure 4). 

Different types of joint control cracking to improve pavement durability. Isolation joints at 
lane edges have the purpose to make concrete slabs independent from other constraints such 
as the presence of utilities. Cracks are controlled by including longitudinal and transverse 
contraction joints. 

The longitudinal ones are sawed in the centre line then tied together with five 20 mm 
diameter tie bars placed at 110 cm centres. Transverse contraction joints are placed at 5,5 m 
centres, the spacing being 20 times the slab thickness. 
Transverse joints have dowels placed every 25 cm where the heaviest stresses are expected, as 
well as in the free edges. Elsewhere the spacing is 50 cm. 

The two-layer concrete pavement is placed by slipform pavers, specific for tunnel 
construction. A paving train lays down the two layers in just one pass using the “wet-on-wet” 
method, placing the upper layer concrete immediately after the bottom one. This method 
ensures optimal interlocking of both layers. The average production is about 300 m/day with a 
maximum of 500 m/day. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Road cross section 
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The first slipform paver is responsible for the subgrade. The 25-cm bottom-layer concrete 
is paved first to line and level by the slipform paver and compacted by an internal vibrator, 
while the slipform simultaneously embeds dowels and tie bars in it. This yields a 
homogeneous base for the 5-cm-thick top-layer concrete. A charging conveyor delivers the 
top-layer concrete to a receiving hopper on the first slip-form paver and the second paver then 
compacts it. Manual finishing gives the desired surface finish. To prevent rapid evaporation 
and cracks, immediately after paving the concrete surface is sprayed with curing compounds 
across its entire working width. 
 
3.2 Concrete and materials for tunnel paving 

Concrete for Quadrilatero tunnel paving is produced by a consortium whose partners are 
Atecap members Calcestruzzi S.p.A., Colabeton S.p.A. and Luigi Metelli S.p.A. They 
produce concrete for both levels, the lower layer (25 cm) is a C28/35 class concrete, whereas 
the upper one is C32/40. 

Two different types of aggregates are used for the two concrete mixes. In the upper layer, 
basaltic aggregates with high abrasion resistance are provided to improve grip and reduce 
surface damage. In the lower level, limestone aggregates are used to comply with concrete 
specification. 

The execution method requires an “earth-moist” (no-slump) concrete characterized by a 
low water content and stiff consistence. Ad hoc mix design allows the required performance 
to be met - tunnel pavements include a number of specific performance for concrete, such as 
tensile splitting strength. 

Portland Cement was found to be the most suitable for road pavements, even though CEM 
II/B-S 42,5 or 52,5 would also be suitable. It should have consistent and established strength 
development and a Blaine fineness higher than 4000 cm2/g. 
Concrete consistence is really important in tunnel paving to ease placing. A minimum 
compaction C2 class is needed. Medium-range water reducing superplasticizers and air-
entraining admixtures may help.Table 1 gives properties and constituents of the tunnel 
pavement concrete. 

 
Table 1: Concrete for Quadrilatero tunnel pavements 

 

CONCRETE PROPERTIES LOWER LAYER UPPER LAYER 
Strength class C28/35 C32/40 
Consistence class compacted to EN 12350-4 C1 C1 and C2 
w/c ratio ≤ 0,41 ≤ 0,45 
Exposure classes XC4-XD1-XA1 XC4-XD1-XA1 
Cement type and class CEM I 42,5 N CEM I 42,5 N 
Aggregates  limestone Dmax 25 

mm 
Basaltic 

Superplasticizer 1,14 l/m3 1,24 l/m3 
Air-entraining admixture 0,22 l/m3 0,10 l/m3 
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4. CONCLUSIONS 
In Italy concrete road construction has a poor history and an unfavorable status compared 

with other materials.  
The Italian ready mixed concrete industry is making efforts and investing substantial 

resources in promoting concrete as the most suitable material for road pavements especially 
for tunnels, where concrete’s fundamental properties ensure the highest levels of safety and 
sustainability. 

The successful “Quadrilatero” experience is a significant achievement for concrete 
producers. To date it is one of the most important public works in Italy and has received 
great media coverage. Therefore it might be a convincing way to spread the concrete 
industry message: “concrete in tunnels is the best for social, economic and environmental 
sustainability”. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 5: Concrete pavement in one of the maxilotto 1 tunnels 
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