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� Geo conditions…

Old Railway Line
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� Geo conditions…

HWY 1

Schematic



3

� Geo conditions…

Full Face Excavation Method 
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This method uses two or more synthetic aperture radar 
(SAR) images to generate maps of surface deformation 

or digital elevation, using differences in the phase of the 
waves returning to the satellite

� Investigative & early warning monitoring
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� Investigative & early warning monitoring
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� Investigative & early warning monitoring
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� Investigative & early warning monitoring
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� Investigative & early warning monitoring
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� Investigative & early warning monitoring



� Investigative & early warning monitoring
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November 2013
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� Investigative & early warning monitoring
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� Numerical modelling – 2D & 3D FEM

Water table

Sliding surfaceLandslide

Rock mass

ρ

[kN/m3]

Estat

[MPa]

νstat

[-]

c

[kPa]

Ø  

[°]

Landslide 19.5 150.0 0.3 200.0 24.0

Sliding Surface 19.5 350.0 0.3 1.0 19.0

Rock Mass 19.5 500.0 0.3 200.0 30.0

2D Modelling 
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� Numerical modelling – 2D & 3D FEM
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� Numerical modelling – 2D & 3D FEM
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� Numerical modelling – 2D & 3D FEM
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3D Modelling 
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� Numerical modelling – 2D & 3D FEM
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3D Modelling 



� Numerical modelling – 2D & 3D FEM
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� Numerical modelling – 2D & 3D FEM
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� Numerical modelling – 2D & 3D FEM
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N 7+490 - S 7+550 km

� Numerical modelling – 2D & 3D FEM
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Measured XYDisplacement Components 

� Numerical modelling – 2D & 3D FEM
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Computed Settlements

� Numerical modelling – 2D & 3D FEM
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N 7+490 - S 7+550 km



� Numerical modelling – 2D & 3D FEM
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Measured Settlements



� Numerical modelling – 2D & 3D FEM

3D view of computed surface dispalcements



� CONCLUSIONS

We have described the geological, hydrogeological,    
and geotechnical conditions of the area of interest. 
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2D and 3D FEM advanced modelling studies have been 
described. Measurements of surface and subsurface 

displacement have been integrated to obtain the 3D 
displacement field.

The available monitoring data on landslide movements 
caused by tunnel excavation have been presented. 
Investigative vs Predictive monitoring has been discussed.

Numerical modelling has been used to interpret the 
observed tunnel - landslide interaction during tunnel 
excavation. 

How and how far such models may help in the
early decision making process?
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