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ABSTRACT: The Swiss are building the world’s longest tunnel, the 57-Kilometer (35-mile) long 

Gotthard Base Tunnel. 

Lot 252, Tunnel Amsteg: Two Hard Rock Tunnel Boring Machines (TBM) crossed hydro-thermally 

decomposed granite. While the East TBM advanced slowly but steadily, the West one got stuck for five 

months and had to be recovered by special means and methods. Both TBMs have finished their more than 

11-Kilometer (seven miles) long drives successfully. 

Lot 360, Tunnel Sedrun: For the first time in tunneling, roadway support machines are used through most 

challenging, squeezing geology. They constantly advance in full face mode for about one Tunnelmeter / 

24 hours. 

 

1 WHAT IS DIFFICULT GROUND? 

There are many known definitions about what difficult ground is or may be. For the purpose of this paper 

(and identical in our contribution to the 2005 RETC) difficult ground is defined as ground – known or 

unknown in advance – that requires a major alteration of the general driving method. 
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2 GOTTHARD BASE TUNNEL 

2.1 General Project Overview 

The Gotthard Base Tunnel (GBT) has been subject of numerous publications. For updated information 

please feel free to check the owner’s website http://www.alptransit.ch/pages/e/index.php or have a closer 

look at the author’s publications http://www.moergeli.com/dldocuebersichte.htm - thank you. 

 

For readers not (yet) familiar with project details and for an easier reading please find a brief overview: 

Owner AlpTransit Gotthard AG (ATG, http://www.alptransit.ch) 
Purpose New highspeed railway 
Location In the heart of Switzerland, Cantons of Uri (UR) & Tessin (TI) 
Total tunnel length 56.8 km (ca. 35.3 statute miles) 

Lot 151, Tunnel Erstfeld Length 7.4 km Award pending 
Lot 252, Tunnel Amsteg Length 11.4 km Under construction 
Lot 360, Tunnel Sedrun Length 6.8 km Under construction 
Lot 452, Tunnel Faido Length 14.6 km Under construction 

5 Main tunneling lots 

Lot 554, Tunnel Bodio Length 16.6 km Under construction 
Construction method Mainly TBM (exception: Drill & Blast @ Lot 360, Tunnel Sedrun) 
Forecast final costs Ca. CHF 7.7 billion * (ca. $ 6.4 billion **) 
Forecast construction time 1996 – ca. 2016 *** 
Project status (12/2006) Ca. 70 % of excavation complete 

90 % of he inner lining complete in the Bodio section 
Author’s contracts Contractor’s Safety & Health Engineer for all tunneling lots under 

construction so far 
TABLE 1. Selected project data of Gotthard Base Tunnel (GBT, 12/2006) 
 
*     Excl. Swiss VAT (Value Added Tax) 
**   1 $ (USD = US Dollar) ≈ CHF 1.20 (Swiss Franc, 12/2007) 
*** According to best current knowledge 
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2.2 Lot 360, Tunnel Sedrun 

2.2.1 Sedrun Overview 

For readers not (yet) familiar with project details and for an easier reading please find a brief overview: 

Location Canton of Grisons (GR) 
Total tunnel system Ca. 20 km (ca. 12.4 statute miles) 
Cross section Ca. 69 m2 – 135 m2 (in squeezing ground) 
Construction method Drill & Blast at up to six faces simultaneously 
Contractor Joint Venture TRANSCO Sedrun (TRANSCO, http://www.transco-sedrun.ch)
Contract value CHF 1.165 billion * ($ 0.971 billion **) 
Geotechnical boring 5 Bore holes @ total of 5,602 m for Tavetscher Sub-Massif (Keller 2004) 
Forecast contract time 1996 – ca. 2011 *** 
Author’s contract Safety & Health Engineer (2nd Level support for Site Safety Officer) 
TABLE 2. Selected additional project data of Lot 360, Tunnel Sedrun 
 
*     Excl. Swiss VAT (Value Added Tax) 
**   1 $ (USD = US Dollar) ≈ CHF 1.20 (Swiss Franc, 12/2007) 
*** According to best current knowledge 
 

 

2.2.2 How Do You Cross Difficult Ground Productively Without Compromising Safety …? 

The Tavetscher Sub-Massif represents the geologically most challenging section of the GBT. Typically 

alternating sequences of cataclastic phyllite, schist and gneiss are sandwiched between more competent to 

intact schists and gneisses. The combination of weak ground with the estimated stress level results in two 

primary risks: large (homogeneous or anisotropic) deformations and face instabilities, in addition to high 

pore water pressure. This results – at an overburden of about 800 m – in squeezing rock. 

 

Early on, the owner took some strategic decisions with regard to a pro-active Risk Management 

• Full-face excavation and full circle profile 

• Combine the yielding principle with defined rigidity according to the ground’s characteristic 

pressure-support-behavior 

http://www.transco-sedrun.ch/


• Use steel ring arch lining immediately behind the face (up to 16 elements, set up to a minimum 

spacing of only 0.33 m, TH profile, yielding from the largest possible diameter of about 13 m to 11 m 

in the event of tunnel convergence) 

• Use shotcrete as well as radial and long face anchors 

• Systematically monitor all deformations in real-time. 

 

 

2.2.3 … By Using a Roadway Support Machine 

Due to the large cross-section and varying, but huge quantities of excavation support – steel arches, 

anchors and wet shotcrete – a mechanization system is key for structural and process safety and 

contractor’s performance. The basic concept, proposed by the owner and its consulting engineers, 

engineered by Rowa Tunnelling Logistics AG (rowa, http://www.rowa-ag.ch), is a world’s first. 

 

FIGURE 1. RSM, front part FIGURE 2. RSM, excerpt from manual 
Courtesy of rowa Courtesy of GTA 

 

Although the RSM concept has been known in mining for a long time, never before it has been used in a 

scale up to the Sedrun dimensions. In cooperation with competent mining engineers from GTA 

Maschinensysteme GmbH (GTA, http://www.gta-maschinensysteme.de), rowa has further developed the 

RMS for the Sedrun tunnel heading for 



• Working on two levels (more or less) independently of each other, 

• Steel arch installation in a safe and efficient manner, 

• increasing performance, productivity and safety in the same process. 

 

 

2.2.4 Performance 

Depending on geology (as always in a tunnel) and a lot of other factors average daily performance of both 

special drives approximates around one Tunnelmeter / working day (TM/d). 

 

 

FIGURE 3. Performance of special drives over 24 months, data courtesy of TRANSCO, graph by author 



2.2.5 Lessons Learned 

It is always too early to debrief a tunnel that has not yet been broken through … 

 

  
FIGURE 4 RSM North East, pocket excavation FIGURE 5. RSM North West, two working levels 
Author’s picture Author’s picture 

 

However, after two years into the drives it may be time for a – of course only preliminary – look back. 

• The predicted ground was met and behaved as expected, no big surprises so far. 

• Radial deformations of up to 0.7 meters occurred, faster than expected and asymmetric. 

• The ground was less squeezing and the face less stable than expected. 

• The overall system works perfectly well in a unique combination of large tunnel dimensions and 

squeezing ground that might not have been considered as feasible for tunneling just a few years ago. 

• Adapting the original standard operating procedure to shotcreting the steel arches in the invert 

immediately at the face, helped in speeding up cycle times. 

• The learning curve was there, and it may have taken longer than expected. However, it will always 

take extra time to familiarize a new crew while going through the commissioning of a world’s true 

first innovation and taking off into difficult ground immediately. And today, it looks like everything 

that could be optimized has been done so far. 

• Both special drives are working constantly in a very stable, controlled process mode now. A 

remarkable success story so far! 



2.2.6 Current Status and Outlook 

At the end of 2006 (the time of submittal of this paper) the drives were 391 TM in the East Tunnel and 

352 TM in the West Tunnel short of breakthrough to the section boundary of Lot 252, Tunnel Amsteg. 

 

 

 

2.3 Lot 252, Tunnel Amsteg 

2.3.1 Amsteg Overview 

For readers not (yet) familiar with project details and for an easier reading please find a brief overview: 

Location Canton of Uri (UR) 
Total tunnel system Ca. 26 km (ca. 16.2 statute miles) 
Cross section Ca. 71.6 m2 (TBM excavation diameter of 9.55 m) 
Construction method 2 Tunnel Boring Machines (TBMs) with Back-up trailers 
Contractor Joint Venture Gotthard Nord (AGN, http://www.agn-amsteg.ch) 
Contract value CHF 0.627 billion * ($ 0.523 billion **) 
Geotechnical boring 2 Bore holes @ 340 m + data from a nearby head race tunnel 
Forecast contract time 2002 – ca. 2009 *** 
Author’s contract Safety & Health Engineer (2nd Level support for Site Safety Officer) 
TABLE 3. Selected additional project data of Lot 252, Tunnel Amsteg 
 
*     Excl. Swiss VAT (Value Added Tax) 
**   1 $ (USD = US Dollar) ≈ CHF 1.20 (Swiss Franc, 12/2006) 
*** According to best current knowledge 

http://www.agn-amsteg.ch/


2.3.2 The East TBM Crosses Difficult Ground 

As presented by the author at the 2005 RETC, both TBMs have already successfully crossed the expected 

Intschi fault zone and were well on their way, until … 

 
2005 The TBM (“Gabi I”) in the East Tunnel ... 
June 5 … reaches the predicted 11 m long fault zone A13. 

Advance rate slows down. 
June 6 - 27 … crosses hydro-thermally decomposed granite adjacent to the A13 fault zone. 

Low performance, challenging rock support work immediately behind the cutter head. 
Complete stop for one day (June 7). 
Water was no factor. 

June 28 … find its way back to “normal” performance (12.10 TM/day) 
TABLE 4. Chain of events in the East Tunnel – brief summary 
 

 
TABLE 5. June 2005 Performance of Gabi I in the East Tunnel, data and graph courtesy of AGN 



2.3.3 The West TBM Crosses Difficult Ground 

 
2005 The TBM (“Gabi II”) in the West Tunnel ... 
June 13 … reaches the predicted fault zone A13. 

No measurable impact. 
June 14 - 17 … crosses hydro-thermally decomposed granite adjacent to the A13 fault zone. 

More compact than in the East Tunnel, a better TBM advance rate results. 
Water was no factor so far. 

June 18 … is hit by a water inrush (of about 2 – 3 lt/sec) that flushes loose material into the cutter 
head during standard maintenance procedures. 
As a result the TBM is blocked and can not be moved again, in no direction … 

TABLE 6. Chain of events in the West Tunnel – brief summary 
 

TABLE 7. June 2005 Performance of Gabi II in the West Tunnel, data and graph courtesy of AGN 



2.3.4 Recovery Of The West TBM (Gabi II) 

 
Project Management Task Force by the owner, engineer, construction management and the contractor 
Probing ahead More than 30 Self Bore Anchors from above the blocked TBM 

11 cored @ 26 – 45 m long borings from peripheral niches 
Injection tunnel Circular profile of 18 m2, to a distance of about 15 m to the blocked TBM 
Injections More than 120 borings, more than 2’800 boring meters 

More than 50 to. of HydroBloc Polygel 530 injections to seal the cutter head 
More than 110 to. of Duroflow R cement compensation grouting 

Access tunnel 35 m2, in solid rock from the East Tunnel 
2 barrel vaults to cross the loose ground and reach the blocked cutter head 

Time June 18 – November 23, 2005: ca. 5 months 
Costs Ca. CHF 10 Mio 
Fatalities Fortunately none 
TABLE 8 Efforts to recover Gabi II (the West TBM) – brief summary 
 

Expect more in-depth information by our presentation at the 2007 RETC. 

 

  
Figure 6. Overview of means and methods to recover 
the blocked TBM … 

Figure 7. … And how this looks like in situ 

Courtesy of ATG Author’s picture 



2.3.5 Lessons Learned 

Minor cause – huge impact! 

Periodic seismic investigation was a SOP from the leading East Tunnel. 

It showed the A13 fault zone. 

However, no (warning) signs about the adjacent hydro-thermally decomposed granite. Therefore, there 

was no reason for additional probing ahead at this time. With hindsight, probing ahead would have had a 

fair chance of detecting the water in the West Tunnel. However, even more than 40 borings for injections, 

probing and drainage could not drain the water adequately. Hard to tolerate, but the residual risk of an 

open hard rock TBM to become blocked by inflowing loose material cannot be controlled by efficient and 

cost-effective measures well in advance up to this day. Tunneling is and remains a risky business – and 

therefore definitely not everyone’s business. Fortunately, no one was seriously injured this time. 

 

 

2.3.6 Current Status and Outlook 

At the end of 2006 the West TBM is being dismantled, while injections are applied in the East Tunnel. 
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FIGURE 14. Amsteg West Tunnel FIGURE 15. Sedrun North West 
Author’s picture Author’s picture 

 

The author’s apologies go to all readers for any inconvenience dealing with small print, compressed tables 

and pictures. 

 

An update of our paper will be offered through our presentation at the Rapid Excavation and Tunneling 

2007 Conference (RETC), June 10 – 13, Toronto - ONTARIO, CANADA. 

Some interesting videos are expecting you. Hope to see you there! 

Both our paper and presentation will be available for download on 

http://www.moergeli.com/dldocuebersichte.htm shortly after the conference. 

http://www.moergeli.com/dldocuebersichte.htm


4 GLOSSARY 

# Abbreviation/Acronym Definition/Explanation 
1. # Number, No 
2. $ US dollar, $, USD 
3. ≈ about, circa 
4. (...) option or issue date 
5. “...” Quotation (within quotation marks) 
6. / or 
7. [...] dimension and/or directions/instructions 
8. + and 
9. => [goal/target] 

10. abbr abbreviation 
11. ARGE joint venture (German: Arbeitsgemeinschaft) 
12. ca circa, about 
13. CH Switzerland 
14. CHF Swiss Franc, always without VAT if no other mention 
15. d day 
16. D & B Drill & Blast 
17. Doc(u) document 
18. e.g. for example (Latin: example gratia) 
19. engl English 
20. excl. excluding (without) 
21. FGU German: Fach-Gruppe Untertagebau), section of sia 
22. GBT Gotthard Base Tunnel 
23. incl. including (with) 
24. km Kilometer (1 Statute Mile = 1.609 km) 
25. lt liter 
26. m meter 
27. m(+)m moergeli + moergeli consulting engineering 
28. Mio Million 
29. sec second 
30. sia Swiss society of engineers and architects (German: Schweizerischer 

Ingenieur- und Architekten-Verein) 
31. SOP Standard Operating Procedure 
32. TBM Tunnel Boring Machine 
33. TM Tunnelmeter 
34. to tonne 
35. USD US Dollar 
36. VAT Value Added Tax 

Table 9. Glossary 
 
All abbreviations/terms can be used in singular or plural, with or without capital letters and with or 
without a period when abbreviated. All abbreviations/terms are explained in the text upon their first use. 
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http://www.herrenknecht.de
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Joint Venture TRANSCO Sedrun, P.O. Box 67, CH-7188 Sedrun/Switzerland, 
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http://www.rowa-ag.ch
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