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The Swiss AlpTransit System is an 
important element of the new Europe-
an high speed railway network. This 
system, which is currently under con-
struction, consists of two railway axes 
- the Gotthard and Lötschberg Axes 
- which pass through the western and 
eastern parts of Switzerland. Each of 
these axes consists of 2 to 3 base tun-
nels, the longest being the two-tube 
Gotthard base tunnel (at minimum 57 
kms in length), which is currently the 
world’s longest tunnel under construc-
tion. Within this system, three tunnels 
are built within the Alpine region (the 
Gotthard, Lötschberg and Ceneri base 
tunnels) where the rugged topography 
reaches altitudes of up to 3000 m near 
the tunnel axes, resulting in an over-
burden of up to 2500 m. Here the new 
base tunnels intersect many of the 
tectonically deep units of the Alpine 
mountain chain: Paleozoic to Tertiary 
sediments and the crystalline base-
ment of the Helvetic and Penninic 
domain. During Alpine orogeny these 

rocks were strongly deformed into 
complicated tectonic structures and 
metamorphosed at variable grades. 
While the longest sections of the base 
tunnels are excavated in fairly com-

petent ground, the AlpTransit project 
was and is also confronted with a 
large variety of geologically control-
led hazards. Besides fundamental ge-
ological-tectonical problems, specific 

Figure 1 Drainage and water Inflow through a horizontal borehole drilled in 
Raron section, Lötschberg Base Tunnel

Figure 2 Karst cavity of 1.5 meter 
hight encountered at tunnel face of 
Mitholz section, Lötschberg Base 
Tunnel

Figure 3 Slow mechanical tunnel excavation in rock fall debris of Bodio 
section, Gotthard Base Tunnel
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engineering geological hazards in-
clude: high water inflows from faults 
and karst cavities, inflows of rock 
debris (i.e. sugar-grained dolomites) 
under high fluid pressures, strongly 
squeezing ground in week rocks (e.g. 
schists and phyllites), stress-control-
led instabilities (i.e. slabbing and rock 
bursting), face and roof instabilities 
in cataclastic fault zones, and surface 
settlements through tunnel drainage. 

Although most of these key 
problems have been investigated in 
great depth during about ten years 
of preliminary investigations, the 
construction phase now underway is 
still confronted with many geological 
unknowns, unexpected geological 
findings and rock mass responses. 
This is mainly due to the length of 
the tunnels, their depth and the geo-
logical complexity in this part of the 
Alps. Tunnels of such depths and 
lengths can not be fully explored 
with drillings and geophysics dur-
ing the preliminary investigations 
and require sophisticated subsurface 
based explorations during excava-
tion in critical tunnel sections. These 
exploration methods should be tested 
and critically reviewed before being 
implemented in hazardous ground. 
Underground excavations of such 

depths can behave fundamentally dif-
ferent than tunnels excavated during 
the last century in the same geologi-
cal units but about 500 to 800 meters 
higher, which was not fully appreci-
ated during the design phases. And, 
last but not least, some fundamental 
and generally accepted models of 
Alpine tectonic structures showed to 

be wrong – leading in some cases to 
more difficult tunneling conditions 
than anticipated and in some to sub-
stantially better ones.  

Costs related to the tunnelling in 
difficult ground are a function of geol-
ogy and hydromechanical rock mass 
behaviour – but as well a function of 
the selected (i.e. pre-defined) excava-
tion method and the contractual frame-
work. Most of the costs do not result 
from the actual rock excavation, but 
from measures needed to improve the 
knowledge and properties of the local 
geotechnical conditions, to maintain 
a high level of personal safety, and 
to support the rock under the newly 
created rock stress, and eventually, 
pore pressure conditions. Substantial 
differences in costs and feasibility of 
such measures are related to conven-
tional drill and blast technologies in 
comparison to full face tunnel boring 
machines. These decisions are made 
long before the actual tunnel excava-
tion is started and can not easily be 
changed as excavation is progressing 
and new geological conditions are en-
countered. For all these reasons costs 
related to difficult geological ground 
in tunnelling are far more complex 
than perceived by most of the Swiss 
media and the public.

Figure 4 Support installation in squeezing fault zone of Faido section (Drill 
and Blast Excavation Method), Gotthard Base Tunnel

Figure 5 Support installation in rock bursting ground of Amsteg section 
(TBM Excavation), Gotthard Base Tunnel


