
Les aspects liés à la construction et la sécurité de 
l'exploitation des tunnels des lignes ferroviaires à 
Grande Vitesse Bologne-Florence et Milan-Gênes 
  
Construction and operational safety issues for 
tunnels of the Bologna-Florence and Milan-Genoa 
high speed railway lines 
 
 
Mario Foresta, Andrea Pigorini, Holad Mohamed Dahir, Francesco Franzè  
Italferr SpA (Italian State Railways Groups) 



Topics  
Trans-European Transport Network 

     Safety aspects of the HS Bologna-Florence line 

         Construction methods of the HS Bologna-
Florence line 

      Safety aspects of the HS Milan-Genoa                                        
Third “Giovi” Crossing line 

Construction methods of the HS Milan-Genoa                                   
Third “Giovi” Crossing line 

       Regulations development in the safety field of 
railway tunnels 

Conclusions 



Trans-European Transport Network 
Alpine passages 
 

Italy is affected by 4 of the TEN-T corridors: Core Corridor no. 1 “Baltic-Adriatic”, Core Corridor 
no. 3 “Mediterranean”, Core Corridor no. 5 “Scandinavian-Mediterranean”, and Core Corridor no. 
6 “Rhine-Alpine”. Specifically, the HS Bologna-Florence line, is part of Core Corridor no. 5 and 
the HS Milan-Genoa line, is part of Core Corridor no. 6.  



HS Bologna-Florence line 
The HS Bologna-Florence line is 78 
km; about 73 in Tunnel (about 
93%).  
A sort of «Base tunnel» consisting 
of a succession of 12 tunnels 
spaced by short open-air sections. 
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General overview 

Route 
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HS tunnel system Bologna-Florence line  

The geometrical layout of the tunnels, are a single tube - double track with 
middle lateral emergency access/exit, located on average every 4 km. 

Type section on viaduct 

Type section in tunnel 

Schematic 



The innovative safety measures 

Among the main safety criteria of  Bologna-
Florence line, we mention the «Stopping 
Areas», the ERTMS system operation «Co-
operative Shortening of Movement Authority - 
MA» and the automatic innovative system for the 
grounding overhead contact line (MATS). 

Stopping Areas 

MATS System 

Co-operative Shortening of Movement Authority 



Tunnel evacuation 

Another feature of the Bologna-Florence line, was 
the presence of a «Filter Zone» at the end of the 
lateral emergency exit/access (tunnel side), 
equipped with smoke control systems able to 
establish an overpressure relief system, during 
passengers escape and rescue team access. 

 Filter  
Zone 

Longitudinal section of the lateral emergency 
exit/access 



Tunnel evacuation 

Among the emergency equipments of 
the Bologna-Florence line, we mention  
 the road-rail vehicle crossing   
 the lateral emergency exit/access 

for rescue teams 
 the pedestrian crossing in tunnel for 

passengers escape 
Pedestrian crossing 



Some pictures 

….a very complex infrastructure 



Construction methods 

Chaotic complex 

Monghidoro 
 flysch 

Tunnelling under squeezing rock conditions 
“Chaotic complex” (intensely tectonised 
claystones) and “Monghidoro Flysch”. 

Large tunnel excavation area up to 150 sqm 



Construction methods 

Main tunnels has been excavated by conventional 
method. 
 
Only an exploration tunnel has been excavated by 
TBM.  



HS Milan-Genoa «Third Giovi Crossing» line 
The HS Milan-Genoa line is about 53 km long, and further 15 km 
of interconnection, for a total of about 68 km of railway line, that is 
mainly developed in tunnels. 

Geological profile 

General overview 

Existing line   
HV/HC line 
under construction  

The line is fully integrated with the existing network.  
It will connect, at the south, with the junction at Genoa, giving a 
direct connection to the port areas of Genoa and the Savona-
Ventimiglia railway.  
It will connect, at the north, nearby Novi Ligure and Tortona, with 
the conventional lines to Turin, Novara, Milan and Piacenza. 
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Safe area evacuation 
Railway Tunnel 

Evacuation tunnel (Cross-passageways spacing=50 m) 

Evacuation tunnel (Cross-passageways spacing=50 m) 

Railway Tunnel 

Pedestrian crossing The current Safe Area, made 
up of two evacuation tunnels, 
extending parallel to the axis 
of the tunnel. 

 Smoke control/ventilation system 
 Water-based fire fighting system 
 Foam-based automatic fire 

extinguishment 
 A hazardous liquids collection system 

for the full length of the safe area  

Vehicle connection for rescue team Safe Area layout 

 Smoke extraction system in                  
Cross-passageways 



Tunnel evacuation 
Evacuation from the safety 
area or from any point in the 
tunnel outside the tunnel, is 
carried out according to the 
principle of train rescue train, 
or, if necessary, according to 
the severe conditions that 
occur, through the emergency 
access/exit. 

Escape phases 

1 

2 

3 

Rescue train 

Train in emergency conditions 

Cross-passageways are pressurized 
to prevent smoke incoming. 

Ventilation system in 
Cross-passageways 



Construction methods 
The Campasso tunnel and the first 19500 m of the Crossing tunnel, starting from 
Genova side stretch, passes through the flyschoid formation “Argille a Palombini” 
(schist with inclusion of dark grey micritic limestones) that shows a high variable 
behaviour strain-stress to excavation.  
 
 
 
 
 
 
 
 
 
The last stretch of the Crossing tunnel and the Serravalle tunnel, passes through 
extensive zones of almost uniform lithologies (conglomerates, sandstones and marls). 
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Construction methods 

“Campasso tunnel”  L=716m, by conventional method (complete) 
 
“Crossing tunnel”  L=27110m, by conventional method for about 
19610m and about 7500m by EPB TBM (started in 2016) 
 
“Serravalle tunnel”  L=7094m, by EPB TBM (started in 2016) 
 



More pictures 



Regulations development 

MD 2005 TSI-SRT 2008 TSI-SRT 2014 

EUROPE ITALY 

Over the past 20 years, the regulations framework on the safety of railway tunnels, has 
been enriched with important new tools. 

GL 1997 



Safety concept of long tunnels 
The new Safety Concept for 
long railway tunnels, 
provides the execution of 
double tube - single track 
systems, with cross-
passageways and 
appropriate middle safe 
areas (eg. Third “Giovi” 
Crossing, Brenner Base 
Tunnel, Lyon-Turin Base 
Tunnel). 

If the train succeeds in leaving the tunnel, it will stop at 
the Fire Fighting Point  



Conclusions 

The Italian experience gained in the 
operation of the HS Bologna-Florence 
line (operational since 2009) and 
other tunnels, establishes a reference 
base for the ongoing projects of long 
railway tunnels (such as the Third 
“Giovi” Crossing, etc.).  

These projects are developing in a regulations framework outlined in the European 
safety field, (still in progress), with different architectures, but they adopt Safety 
criteria derived from the experience of the Bologna-Florence line. 



Conclusions 
The past 20 years has modified the 
technical solutions for excavating long 
underground tunnels.  
 

TBM tunnelling has been extended 
to complex geotechnical contexts by 
using more high-performance, more 
versatile machines. 



Conclusions 
In this context, the FSI (Italian State Railways Group) has already provided a 
specific regulation on safety in railway tunnels, issuing reference standards 
(specifications, manuals, guidelines, etc.).  
This experience is available as part of the International and European working 
groups in which FSI participates providing technical support.  

It’s therefore possible, to provide innovative ideas 
for the development of new infrastructure 
standards in accordance with cost, safety and 
environmental criteria, both for upgrade to 
existing tunnels and for new underground 
realizations. 

International and European  
Working Groups  

(UIC, ERA, CER, etc.) 
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