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 Tunnelling in the Alps is associated with uncertainties

 High overburden

 Difficult access for investigation

 Complex ground structure, heterogeneity of rock mass

Introduction



Wulf Schubert, Institute of Rock Mechanics and Tunnelling

 Realistic modelling still difficult and time consuming

 Strong spread of ground parameters

 Tools used not always capture the essence of the problem,
joints frequently dominating the behaviour

 Unfortunately still empirical methods widely used

Design issues
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Case history
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 Discontinuity structure and properties well known

 Open vertical joints subparallel to tunnel axis

 High risk due to
potential of
sudden failure

 Cable anchors
and grouting
of open joints

Modelling of tunnel in jointed rock
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Successful construction



Wulf Schubert, Institute of Rock Mechanics and Tunnelling

 Uncertainties call for observational approach

 Requirements:

 Design covering anticipated range of behaviours

 Recording of actual conditions

 Continuously updating ground model

 Monitor behaviour

 Adjust construction to actual conditions

 Maintain geotechnical safety management plan 

Observational approach
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 Digital face mapping

 Development of supports for „squeezing“ ground

 Improvement of monitoring and data evaluation techniques

Some developments during last decades
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 Manual face mapping dangerous, biased and inaccurate

Manual face mapping
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 Digital face mapping for drill & blast excavations developed 
by 3gsm becomes more and more standard

Digital face mapping
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 Due to restricted access, TBM drives practically “blind”

 Manual face mapping challenging, limited view and 
measurements

Face mapping TBM
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 Cutter head of TBM used as moving platform for video 
camera

 Application during maintenance shift

 First attempts in 2005 – now realised with modern hard-
and software

3D TBM imaging
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 Camera in watertight housing, LED lighting, smartphone 
controlled

3D TBM imaging
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Recording
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 Orientations, spacing, etc.

 Overbreak quantification, penetration depth

Geologic mapping
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 Critical strain for shotcrete around 0,6% to 1,0%

Damage to lining due to excessive strain
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 Open deformation slots combined with heavy bolting

 No damage, but low resistance of lining

Traditional method
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 Better utilization of lining capacity

 Reduced displacements and rock mass disintegration

Ductile elements
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 Various types developed and used during last two decades

 Steel and porous cementitious elements

Ductile elements
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 Combination of special steel and porous filler

Recent development: LSC +



Wulf Schubert, Institute of Rock Mechanics and Tunnelling

Application at Semmering Basis tunnel
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 Measurement of absolute displacements meanwhile
standard

 Allows not only assess system behaviour, but also detect
gelogic features outside the visible area

Monitoring
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Influence of singularities

 Faults right and left of tunnel, strong influence on left side
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Influence of singularities

1275

1275

 Reduced influence on left side, increased influence on right side
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Influence of singularities

 Fault visible at face, minor influence
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 Displacement vector orientation changes with changing
ground stiffness

 Stiff ground ahead of face – displacement vector points in 
direction of advance

 Soft ground ahead of face – displacement vector points
against direction of advance

Displacement vector orientation
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Case history

Vertical displacements (crown settlement)

Trend displacement vector orientation
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Case history

Fault zone
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 Insufficient bedding in case of pea gravel backfill – damage
to segments likely in case of ground deformation

Rock TBM-S - bedding of segments
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 Geotextile tube fixed to segments and filled with grout after 
installation allows filling up to crown immediately behind
shield tail

Rock TBM-S - bedding of segments
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 Increasing mechanization inevitable

 Current large diameter rock TBMs still rather inflexible

 Average progress rates
in Alpine tunnels in 
the range of 7 to 10 m/day

 Conventional tunnelling
will be limited to short tunnels,
tunnels in poor and heterogeneous ground conditions, and 
tunnels with varyable geometry

 There is still room for improvement in both areas

Outlook


