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ABSTRACT: How do you deliver an innovative solution for safe high-performance tunneling? 
South of the Gotthard Base Tunnel, the world’s longest infrastructure tunnel, Switzerland is constructing the 
9.3-mile-long High-Speed Railway Ceneri Base Tunnel by Drill & Blast. In the Himalayas, India is 
constructing the 5.6-mile-long Rothang Pass Highway Tunnel for an avalanche-safe road connection under 
the Rothang Pass by Drill & Blast. Switzerland-based solutions provider Rowa Tunnelling Logistics AG 
(Rowa) successfully manufactured, supplied, erected and commissioned five suspended platform heading 
systems. Tunnel logistics is separated from construction and transportation activities in the invert. True 
innovation results in safe high performance construction processes, verified in situ through Process / Safety 
Reviews by moergeli + moergeli consulting engineering (m+m). 

SWITZERLAND’S ALPTRANSIT PROGRAM 
 
Switzerland’s AlpTransit Program with its main part, the Loetschberg Base Tunnel and the Gotthard 

Base Tunnel (GBT), has been subject of numerous publications, including various papers and presentations 
for the North American Tunneling (NAT) and Rapid Excavation and Tunneling Conferences (RETC), see the 
owner’s website AlpTransit Gotthard Ltd (ATG), http://www.alptransit.ch/en/home.html and website 
www.moergeli.com. 

 
 
THE CENERI BASE TUNNEL (CBT) 

 
The Ceneri Base Tunnel (CBT) is the southern continuation of the Gotthard Base Tunnel (GBT) and 

completes the new flat rail link through the Swiss Alps towards Italy. 
Similar to the Gotthard Base Tunnel, the Ceneri Base Tunnel (CBT) system consists of two single track 

tubes which lead from the north portal at Vigana/Camorino to the south portal at Vezia, connected with cross 
passages about every 300 meters. All four main headings are executed in parallel and have started out of an 
underground cavern (Caverna Operativa), which was accessed from Sigirino through a 2.3-km-long access 
tunnel with about 5 % decline, driven by a Tunnel Boring Machine (TBM) under a previous contract. 

 
Project design and tendering 

Expected geological conditions in the northern headings as well as towards the south up to the fault zone 
“linea della Val Colla” reasonably excluded the use of a TBM. The section from the “linea della Val Colla” 
to the breakthrough with the heading from the southern portal was deemed suitable for both conventional and 
shield TBM headings. Two joint ventures bid the project based on drill & blast only. One joint venture 
submitted a bid as a combination of drill & blast and shield TBM for the southern section. The winning joint 
venture, Consorzio Condotte Cossi (CCC), bid both alternatives, whereas the option with drill & blast turned 
out to be less costly. 

In order to meet the important deadline for tunnel completion all bidders included highly mechanized 
drill and blast headings in their proposals. This allowed the owner to select the option which 

• Meets the time constraints, 
• Is economically more interesting, 
• Bears the lowest risks in case of deviations from the expected geology. 
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Figure 1. CBT - Overview of the Ceneri Base Tunnel 
(CBT) project, courtesy of ATG, www.alptransit.ch 

Figure 2. CBT - Standard cross sections for 
drill & blast, courtesy of ATG, 
www.alptransit.ch 

 
Previous experience 

When planning the suspended heading platforms for the CBT, as always in close cooperation with the 
customer, Rowa was able to learn from current experience and valuable insights with recent heading 
mechanization projects such as suspended heading platforms for the Vereina Tunnel, the Mitholz and Raron 
sections of the Loetschberg Base Tunnel, as well as for the Amsteg and Sedrun sections of the Gotthard Base 
Tunnel. Each system basically consists of a 

• Ventilation platform, 
• Heading platform, 
• Invert platform, 
• Crusher, 
• Conveyors, and 
• Monorail (single track suspension rail). 
 

Figure 3. CBT - Highly mechanized back-up system for main headings (drill & blast), courtesy of 
Rowa, www.rowa-ag.ch 

 
Innovative ventilation provides fast access to the face while delivering a safe and healthy environment 

Optimal ventilation and cooling are important measures to guarantee health protection and work safety 
in tunnels. Fresh air is sucked in at the portal of the Sigirino access tunnel down to the operational cavern, 
and then blown from there via airducts to the rear of the respective heading platforms. There, fresh air is 
picked up in two stages with two fans each (max. 2 x 16 m3/s overall performance) and transferred to the 
face via two airducts of 900 mm in diameter. For this project, for the very first time Rowa constructed a 
ventilation platform which can be moved independently from the heading platform. It carries the spiral 
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airducts of the blowing ventilation and can be telescoped up to 40 meters, up to approx. 30 meters behind the 
face. 

 
Therefore, supply of fresh air is optimized and blasting fumes flushed are vacuumed off in front of the 

heading platform by a suction fan (max. 28 m3/s overall performance), transferred to the rear of the heading 
platform and from there by a second fan through an exhaust airduct of 1’800 mm in diameter to the access 
tunnel. This way blast fumes are not passing through the heading platform and the invert construction site 
behind the heading. Before blasting, the ventilation platform is retracted back to the crusher and, therefore, 
out of danger. All fans are remote controlled. The ventilation platform can be extended via friction wheel 
drive at the touch of a button from the rescue container after the blasting. Tunnel crews are rarely exposed to 
unhealthy blasting fumes, while the ventilation platform enables to resume work at the face much faster. 

Ambient rock temperatures are growing with increasing depth of the tunnel and high performance 
construction equipment produces additional heat. Ventilation at the Ceneri base tunnel (rock covers of up to 
800 meters) was therefore supplemented by cooling systems situated on the heading platforms. 

 
Simultaneous trailing of complete infrastructure and sufficient room for construction equipment 

All infrastructure equipment is located on the 135 m long heading platform. In particular, the most 
important installations include 

• Dedusting unit with 1’200 m3/min performance, 
• Fans for blowing and suction ventilation, 
• Air compressor, 
• Water pressure booster system, 
• Emergency generator (200 kVA performance), 
• Transformer for conversion of medium voltage (16’000 V) to 380 V and 220 V respectively, 
• High voltage cable drum, 
• Storage containers each for electricians and mechanics, 
• Lifting devices, 
• Airduct cassettes for blowing and suction ventilation, 
• Maintenance area for the monorail, Container for contractor’s supervisors. 
 
Exactly like the ventilation platform, the invert platform and the conveyors, the entire heading platform 

moves on suspension tracks suspended from the tunnel roof with chains and special adaptors connecting to 
friction rockbolts of the Bellex 120 Forte type Three stepping units with appropriate hydraulics and controls 
are placed along the heading platform, while three additional ones are placed alongside the towing conveyor, 
in such a way that the entire heading platform can be pulled forward at the touch of a button. 

In the invert, below the heading platform, tunnel crews have a second working level and free space for 
working, maneuvering and parking at their disposal. Safety has been increased substantially due to predefined 
parking and working areas, rationalization of all work flows and generous illumination. 

 

Figure 4. CBT - Telescopic ventilation platform 
for optimal fresh air supply to the face and 
efficient flushing of blasting fumes, courtesy of 
Rowa, www.rowa-ag.ch 

Figure 5. CBT - Increased safety due to 
predefined parking and working areas, 
rationalization of all work flows and generous 
illumination, courtesy of Rowa, www.rowa-ag.ch 
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Jaw crusher, towing conveyor and transfer conveyor for muck removal logistics 
Rowa and the client Consorzio Condotte Cossi have implemented a logistics system which allows for 

direct muck transport from the face to the portal of the access tunnel at the touch of just a few buttons – and, 
including the subcontractor for material handling – all the way to the muck disposal site. Muck is hauled after 
each blast over a distance of 50 – 70 meters by a wheel loader from the face to the mobile crawler type 
crusher with primary screen, main screen and metal separator. The 630-meter-long and 800-mm-wide towing 
conveyor for muck removal is suspended below the heading platform. The climbing area behind the crusher 
can be lifted before moving the suspension platform. The towing conveyor drops the muck onto a transfer 
conveyor which is towed every 330 meters, simultaneously with the extension of the continuous conveyor. 
Cross conveyors are transporting the excavation muck of the Eastern tubes through cross passages to the 
continuous conveyors in the Western tubes. 

 
A monorail guarantees direct supply of the heading 

Supply of the heading with rock support material, shotcrete in mixing containers, wear and tear material 
as well as explosives is guaranteed by the monorail, which bridges the invert construction site and the 
heading installation. The monorail moves on an additional track suspended with chains and eye bolts from 
the roof of the tunnel, connected to friction rockbolts of the Bellex 240 Forte Mono type. Bracings absorb 
induced acceleration and deceleration forces. Materials are delivered by truck through the completed tunnel 
invert in dedicated receptacles. The 15-to-capacity monorail carries all loads directly to the heading with a 
maximum speed of 1.8 m/s. Interim work stations along the 400 meter-long-rail section can be supplied as 
well. 

 

Figure 6. CBT - Cross conveyor drops the muck of 
the Eastern tube onto the continuous conveyor in the 
Western tube, courtesy of Rowa, www.rowa-ag.ch 

Figure 7. CBT - Monorail for direct supply to 
the heading area, courtesy of Rowa, 
www.rowa-ag.ch 

 
Tunnel invert is constructed simultaneously with the heading 

 
Simultaneously with the heading operation, a self-
moving formwork is used to pour the invert in one 
cast. 
The in situ concrete is supplied by trucks and 
transported to the site by a 15-ton-capacity heavy 
duty crane suspended from the invert platform. 
Heavy repair parts for the construction equipment 
can also be transported above the invert construction 
site by the travelling crane. The 66-m-long invert 
platform can be moved by a total of eight friction 
drives. The relative movement versus the heading 
platform amounts to approximately 50 meters, 
therefore considerably reducing the 
interdependencies between the two construction 
sites. 

Figure 8. CBT – 15-to-capacity heavy duty crane 
over the invert construction area, courtesy of 
Rowa, www.rowa-ag.ch 
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First Lessons Learned 
Of the altogether approximately 40 km of single track tubes, cross passages and tunnels which have to 

be excavated for the Ceneri Base Tunnel (CBT), more than half of it was already completed at the end of 
2012. High mechanization of the drill & blast headings was the method of choice in order to economically 
meet the project deadline in a country with very high labor costs as Switzerland and master expected and 
encountered the geological conditions. 

High mechanization of the drill & blast tunneling initially required a substantial investment from the 
contractor, especially as four identical Suspended Platform heading systems were ordered from Rowa. 

However, the upfront investment continually pays back by increased performance, enhanced safety and 
better working conditions in all four headings. 
 
 
THE ROTHANG PASS HIGHWAY TUNNEL (RPHT) 

 
At 3,980 meters above sea level (a.s.l.), the Rohtang Pass belongs to the highest mountain passes open 

for traffic worldwide and provides the only road connection from the North Indian province Himachal-
Pradesh to the border region Ladak. An 8.8-kilometer-long, horseshoe-shaped tunnel at approximately 3,100 
meters a.s.l. is currently under construction, which will open the Manali-Leh-Highway for traffic during the 
entire year, shortening the drive over the narrow and dangerous mountain pass by several hours. The tunnel 
will offer enough space for an 8-meter-wide two-lane road, as well as a 1-meter-wide footpath on either side. 
Underneath the main road, a 2.25-meter-high and 3.6-meter-wide escape tunnel is integrated into the tunnel 
cross section. 

Extraordinary challenges of the RPHT project are high altitude, extreme climatic conditions, as well as 
the geological conditions of the Himalayas. The overburden is 600 meters on average and 1,900 meters 
maximum. Three fault zones are expected, as well as squeezing rock conditions in certain areas. Additional 
challenges are the removal of more than 800,000 m3 of muck, as well as major inrush of water (up to 3 
million liters/day in June 2012). For these reasons and due to the very large cross section, the owner and the 
project designer have excluded a tunneling solution with a shield Tunnel Boring Machine (TBM) and have 
instead opted for a conventional heading method by drill & blast with flexible adjustment of the heading, as 
well as the required rock support. Moving large TBM parts on winding roads would have been a serious 
problem as well. 

 
Simultaneous tunneling in top heading, bench and invert, including a fast ring closure 

Due to the very large cross section of up to nearly 135 m2, and due to the geological conditions, 
multiple headings are the preferred solution. In a first step, the top heading with approximately 83 m2, and in 
a second step the bench with roughly 33 m2, are excavated by drill & blast. Then, the invert follows. 

 

 

Figure 9. RPHT - Standard cross section of the 
Rohtang Pass Highway Tunnel (RPHT), 
courtesy of Border Roads Organisation (BRO), 
www.bro.gov.in 

Figure 10. RPHT - Multiple headings and rock 
support measures for excavation class 4M, 
courtesy of Border Roads Organisation (BRO), 
www.bro.gov.in 

 

http://www.bro.gov.in/
http://www.bro.gov.in/


Rock support comes with rock bolts, fiber-reinforced shotcrete and - according to rock class – steel 
arches. To achieve an early ring closure, excavation and rock support in the bench and invert areas must 
follow the top heading close by. In addition, the precast elements of the escape tunnel are set. Without special 
measures and equipment, supply and removal logistics of all work levels would become a very complex 
challenge and represent the limiting factor for heading performance. For this purpose, the Strabag – Afcons 
Joint Venture (SAJV) targets a high mechanization of all drill & blast processes and requested Rowa to 
develop, manufacture, supply, assemble, commission and start up a tailor-made suspended heading platform. 

 
Suspended Heading Platform 

All logistics is supported by a highly mechanized, 370-m-long suspended heading platform. It basically 
consists of 

• Heading platform on suspension tracks with equipment and infrastructure, 
• Two jaw crushers, 
• Three towing conveyors, and 
• One continuous conveyor. 
Top heading, bench and invert excavation, as well as the construction of the escape tunnel, are 

independent construction sites for the most part. Their performance may differ from regular heading progress. 
In order to minimize the interdependencies, the selected platform length allows for a relative difference of 60 
meters between work places, without creating logistical bottlenecks. Due to the extraordinary length of the 
heading platform, four platform sections, each with a pair of stepping devices and corresponding dilatation 
areas, are controlled according to the sliding-floors principle. 

 
Innovative ventilation provides fast access to the face while delivering a safe and healthy environment 

Fresh air is sucked in at the South portal and blown via air ducts with 2,800 mm in diameter to the rear 
end of the heading platform. There, part of the fresh air is picked up with a fan and transferred to the front of 
the platform by an air duct of 2,000 mm in diameter. For the efficient flushing of blasting fumes, additional 
air is blown to the face with a dedicated fan and an air duct of 900 mm in diameter, suspended from the left 
suspension track. On the right side, next to the blasting protection, blasting fumes are vacuumed by a suction 
fan as well as the deduster and transferred through two air ducts of 900 mm in diameter to the rear end of the 
heading platform. During top and bench/invert heading, the tunnel crews and all workers on the rear invert 
and escape tunnel construction sites are rarely exposed to unhealthy blasting fumes, while the ventilation 
platform enables to resume work at the face much faster. 

 
Jaw crushers, towing conveyors and continuous conveyor for logistics of three headings 

Rowa and the client, Strabag AG - Afcons Joint Venture (SAJV) have implemented a logistics system 
which allows mucking out from the face all the way to the discharge tower of the muck disposal site at the 
touch of just a few buttons. 

 

Figure 11. RPHT - Rationalization of work flows 
and increased safety due to a second level for 
working and parking below the heading platform, 
courtesy of m+m, www.moergeli.com 

Figure 12. RPHT - Continuous conveyor and 
discharge tower at the muck disposal site, 
courtesy of Rowa, www.rowa-ag.ch 
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Muck is transported after each blast over a distance of 50 – 70 meters from the face of the top heading to 

the mobile crawler type crusher by a wheel loader with side tipping bucket. 
 
The muck crushed by the jaw crusher, with a maximum end grain size of 200 mm, is transferred onto the 

climbing area of the 217-meter-long towing conveyor located on the suspended platform. Simultaneously, a 
second identical jaw crusher is loaded with material from the bench, and from the invert breakouts, 
respectively. 

 

Figure 13. RPHT - Jaw crusher in the top heading 
area, courtesy of Rowa, www.rowa-ag.ch 

Figure 14. RPHT - Heading platform, jaw 
crusher and towing conveyor for bench/invert 
excavation, courtesy of m+m, 
www.moergeli.com 

 
All muck is loaded onto a second 110-meter-long movable (with 60 meters travelling distance) towing 

conveyor suspended from the heading platform. Both towing conveyors drop the muck onto a third, 245-
meter-long suspended towing conveyor, which transports the material to the continuous conveyor. Both are 
installed within the escape tunnel. 

 
Therefore, the entire carriageway is clear of tunneling equipment and all lining works can proceed 

without interruption. The continuous conveyor is elongated every 200 meters. 
 
Heavy duty crane, material handling cranes and various pipelines ensure direct supply of the 

headings 
A 12-to-capacity, self-propelling heavy duty crane provides supply of rock support, operational and 

wear and tear material as well as explosives above the invert construction site to the top, and bench headings. 
Delivery trucks are driving over the top of the completed escape tunnel. Any workplace on the way to the 
rear end of the bench crusher can be supplied with construction material. From this point, a 2 x 1.6-to-
capacity travelling crane supplies the top heading. A 1.6-ton cross-travelling, electric-chain hoist is available 
behind the climbing area of each towing conveyor for material handling. A lengthwise travelling electric-
chain hoist takes care of all material handling from the transport vehicles to the heading platform, to the 
storage / workshop containers on the heading platform. 

Shotcrete for rock support is supplied via truck to the rear end of the heading platform, and transferred 
by two shotcrete pumps to the invert construction site, or to the rear end of the top heading crusher. A switch 
in the concrete pipes enables an efficient distribution between the two target areas. Additives for shotcrete are 
supplied via truck and transferred through pipes into the two additives tanks on the heading platform. Fuel for 
construction machines can also be transferred and stored temporarily in two fuel tanks on the heading 
platform. 

 
Invert construction by a moveable shotcrete manipulator, heavy duty and travelling cranes 

A moveable shotcrete manipulator suspended from the heading platform reinforces walls and invert. 
This innovative solution consists of a frame with integrated lengthwise traction drive, and a swiveling and 
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telescopic spraying arm. The shotcrete manipulator can be used along a 60-meter-long platform section. Its 
working area covers 12 meters in length and a 210°-sector. The appropriate shotcrete pump with additives 
tank is located above on the heading platform. The same equipment allows for the provision of invert 
concrete for the escape tunnel later on. For a remote location as the RPHT project, an especially robust design 
and manufacturing process and easy-to-operate processes were major factors for the planning. 

 

Figure 15. RPHT - Towing conveyor and 
continuous conveyor in the escape tunnel, 
courtesy of Rowa, www.rowa-ag.ch 

Figure 16. RPHT - Shotcrete manipulator with 
swiveling and telescopic spraying arm, covering 
a working area of 12 meters in length and a 
210°-sector, courtesy of Rowa, www.rowa-ag.ch 

 
The precast escape tunnel elements delivered by truck are transferred and placed with the heavy duty 

crane. For this operation, the crane can travel 1 meter crosswise. After the invert area next to the escape 
tunnel has been filled up with concrete and compacted in layers, the kickers can be poured with insitu-
concrete. A cross- and lengthwise moving travelling crane suspended from the heading platform is used for 
transferring construction material, as well as repositioning the formwork. The same 2 x 2.8-to-capacity crane 
can install precast line segments later on. 

 

 
Figure 17. RPHT - Placing of the escape tunnel precast 
elements with a heavy duty crane, courtesy of Rowa,
www.rowa-ag.ch 

Figure 18. RPHT - Travelling crane 
for construction material, 
positioning the kicker formwork 
and placing precast line segments, 
courtesy of m+m, 
www.moergeli.com 
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First Lessons Learned 

Until the end of 2012, approximately 2.082 kilometers of tunnel has been excavated. Upon completion, 
the RPHT with its 8.8 kilometers will undoubtedly be the world’s longest tunnel higher than 3,000 meters a. 
s. l. In the past months, all functions of the heading installation supplied by Rowa could be put into operation 
successfully. Even though the learning phase takes time, the local miners were quickly able to adapt to the 
increased demands of high mechanization and the entire system has proven to deliver expected results even 
under such challenging conditions. The chosen construction sequence enables multiple headings and invert 
lining to be carried out simultaneously and makes the miners’ work safer and more productive. At the end, all 
of these factors offer a fair chance to meet the project’s deadlines – if encountered geology will match 
previously expected conditions. 

It is a complex task to choose the best heading method. Each tunnel needs a different approach. With the 
illustrated suspended heading platform, Rowa is pursuing the continuous development of mechanization in 
tunneling construction. This leads to a rationalization of work flows and, therefore, to significant productivity 
increase. And last but not least, all persons involved will profit from enhanced working conditions and 
increased safety and health. 

 
 

PROCESS / SAFETY REVIEWS 
 
Underground construction with its multiple hazards in confined space sets the perfect stage for using 

Process / Safety Reviews (PSR’s). Why? 
PSR’s are basically Safety Audits following the complex procedures & processes in high-risk 

environments. Conservatively applying true-and-tried safety rules in such environments will definitively kill 
any innovation and productivity. There is no way a tunnel can be constructed legally by just following strictly 
all of OSHA rules and regulations. Just think of working under suspended loads continuously … And, as 
always, if productivity gets hampered, crews begin to cut corners and fight against safety solutions instead of 
actively using them for their own protection. 

This is where PSR’s deliver their real value added. However, it takes 
• A thorough understanding of best current practices in tunneling, 
• Patience to monitor and understand crew activities and interaction in real-time, 
• Intercultural competencies to communicate with the workforce in situ adequately, 
• A productivity oriented approach to help stabilizing established processes applied underground, 
• Innovation to develop solution packages producing a level of safety comparable to OSHA 

requirements that local Authorities Having Jurisdiction (AHJ’s) can authorize, 
• Readiness by contractor and equipment suppliers to strive for optimization of the project. 
 
PSR’s (have to) achieve comparable results in safety & health, just the other way round. Instead of 

directly enforcing safety (following the well know and best intended “Safety first” commitment), PSR’s start 
to enhance productivity first by optimizing (and therefore stabilizing) the production processes. However, 
this results in safe work practices accepted by the crews underground and acceptable by all involved AHJ’s. 
Therefore, safety is not the beginning, but the end result of a process. 

A stable process is always a productive process. And a productive process always becomes a safe 
process. We have demonstrated this so many times. 
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Figure 19. AlpTransit Gotthard Ltd (ATG), courtesy 

of ATG, http://www.alptransit.ch/en/home.html 
Figure 20. Border Roads Organisation (BRO), 

courtesy of BRO, http://www.bro.gov.in 
 

 

 
Figure 21. Consorzio Condotte Cossi (CCC), courtesy 

of CCC, www.condotte.com 
Figure 22. SRABAG – AFCONS Joint 

Venture (SAJV), courtesy of SAJV 
 

Figure 23. Rowa Tunnelling Logistics AG (Rowa), 
courtesy of Rowa, www.rowa-ag.ch 

Figure 24. moergeli + moergeli consulting 
engineering (m+m), courtesy of m+m, 
www.moergeli.com 

 
However, the biggest thanks goes to all crews on site, safely managing the unforeseeable (= Risk 

Management in Action) in high risk environments as their daily routine. 
Therefore, always …”One small step for (a) man, one giant leap for mankind ...” (Neil Armstrong, 2:56 UTC 
on July 21, 1969 – First person to walk on the Moon). 

 

 
Figures 25 – 27. Every day moving into places where no human being has ever been before, courtesy of 

m+m, www.moergeli.com 
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