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Tunnels in Norway
•

 
Mountainous Countries like Norway rely heavily on the subsurface 
transportation using Tunnels

Subsidence due to GWL
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Tunnels in Norway

Fact: Oslo (the capital of Norway) has the highest nr of tunnels in the 
world! [population : only around 600 000]

Subsidence due to GWL
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Groundwater (GW) Leakage
•

 
Tunnel-construction can cause new factures in rock layers.

•
 

GW leakage through these fractures are often registered. 
•

 
This is often handled by rock bolting and concrete lining

•
 

GW leakage is not a major threat for rock tunnels really unless until 
rock tunnels are constructed 
▫

 
Beneath populated area

▫
 

and, overlaid by marine clay deposits or compressible sediments. 
In this case, GW leakage can cause significant reduction in the 
pore pressure and induced settlements in the sediments. 

•
 

The immediate effect of such subsidence is a serious issue with 
regard to houses situated around the tunnel areas. 

Subsidence due to GWL
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Soil System
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Groundwater Leakage
•

 
These subsidence are mainly results of 

▫
 

an increase in effective stress, 


 
due to reduction of (excess) pore pressure over a certain 
period of time. 



 
In addition, due to change in effective stress, the soil exhibits 
higher tendency to undergo time-dependent subsidence.

•
 

Groundwater leakage will lead to Groundwater lowering

Subsidence due to GWL
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Groundwater Lowering
Alternative 2

Alternative 1
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Norwegian Tunnels        
•

 
Measured data 

•
 

Groundwater lowering

▫
 

Highest GWL right above tunnel

▫
 

Reduces with increase in 
distances from tunnel

Subsidence due to GWL
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The Hommelvik Tunnel
•

 
Located about 30 km east of Trondheim, Norway

•
 

The tunnel was constructed in 1989

•
 

The Hommelvik tunnel is a rock tunnel which was constructed under 
10 – 12 m thick marine clay deposits
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The Hommelvik Tunnel
•

 
The Hommelvik tunnel is located under an urban area

•
 

Around 48 houses exist in the vicinity of the tunnel, of which 
▫

 
15 are constructed on clay deposits, 

▫
 

21 on rocks and the remaining, 
▫

 
12 houses on combined ground conditions

Subsidence due to GWL
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Overview of the houses around the Hommelvik Tunnel 

The Hommelvik Tunnel

Houses on clays

House partly on clay 
and partly on rocks

400 m300 m
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The Hommelvik Tunnel
•

 
Prior to the construction, settlement gauges were installed under 
several houses to monitor possible subsidence effects. 
▫

 

To assess differential settlements several settlement gauges were installed on 
each house. 

•
 

Subsidence measurements gathered since 1989 shows that 
subsidence are in between 35 to 150 mm. 

•
 

Some parts of the area are still under continuous subsidence.

Subsidence due to GWL
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The tunnel Construction
•

 
Immediately after construction of the Hommelvik tunnel, significant 
pore pressure reductions as well as subsidence were recorded. 

•
 

The maximum pore pressure reduction was up to 60 kPa, which is 
on average equivalent to a 3 m GWL with hydrostatic conditions. 

•
 

Water injection technique was adopted (twice), unsuccessfully, to 
minimize the subsidence.
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Prediction (1989) 
According to the Guideline

•
 

40-80 millimeter subsidence 
•

 
Subsidence to come within first three to four years!

•
 

A little consideration towards the creep settlements
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More to come…



Subsidence due to GWL



22

Subsidence Calculation: in Practice
•

 

Effective stress increase due to 
GWL is assumed as additional load 
that results in excess pore 
pressure. 

•

 

The settlements are then computed 
based on the classical one- 
dimensional consolidation theory.

•

 

Accordingly, a complete subsidence 
shall occur over a time period, tp , 
defined by H2/Cv

•

 

Amount of subsidence is then 
assumed to directly depend on the 
amount of GWL. 

Cv = 25 m2/year 
m = 20

1 n

a
a

pM m p
p



 
   

 

1989 2006
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Finite element modelling
•

 
An FE code Plaxis 2D version 9.0 was used to analyze subsidence 
in Hommelvik tunnel area. 

•
 

Ideally such problem should have been modeled by taking into 
account several effects such as 3D geometry with a fully coupled 
flow deformation analysis. 

•
 

However, the aim of this analysis is to provide an insight towards 
modeling of such problems with reasonable simplifications. 

•
 

Soft Soil Creep Model was adopted in this study
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FE Results(House B)

•

 

The analysis result is in fairly good agreement 
with the measured subsidence despite the 
simplifications adopted in the analysis. 

•

 

It is also seen that with only creep effect, the 
subsidence is insignificant. 

•

 

However, when GWL along with creep effect is 
taken into account, the resulting subsidence 
becomes significant and the creep deformation 
with a creep rate that gradually decreases with 
progress of time. 

•

 

Hence, the overall predicted subsidence is in 
accordance to the measurements. 
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•

 

The expected subsidence, 
within the next 32 years, is 50 
mm. 

•

 

The settlement rate at the end 
of simulation (2038) is given by 
approximately 1.5 mm/year. 

•

 

This is lower than the creep rate 
predicted in 2006 which was 
approximately 5.4 mm/year.

1989 20382006

50 years of subsidence (House B)
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Closing remarks
•

 

This work presents a lesson about how severe subsidence may occur due to pore 
pressure lowering induced settlement. 

•

 

The work emphasized the importance of prediction and instrumentation to 
understand resulting subsidence over a large area due to tunnel construction. 

•

 

The work also showed that the water infiltration technique was not effective for this 
particular case. 

•

 

Initial predictions made, according to the Guideline 103, underestimated the 
subsidence. 

Subsidence due to GWL
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Closing remarks
•

 

The subsidence calculation using the SSC model captures better the real subsidence 
mechanism.

•

 

Several simplifications, discussed in the paper, are adopted in the analyses that 
could influence the results. Still, the FE analysis is seen to give a very promising 
framework to analyze such problems.  

•

 

Better problem definition and considerations would further improve accuracy of 
subsidence analysis. 

•

 

This particular study calls for a better subsidence prediction procedure using a 
framework that also considers effect of creep. 

•

 

This study is undergoing

Subsidence due to GWL
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Thank you for being patient
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