Underground Construction
Project Profile - Waterproofing
Composite Shell Lining

Tunnel de Viret, Metro Lausanne, Switzerland
The Project
The new M2 Metropolitan Railway Line crosses
Lausanne from South to North and will extend
the existing network from Ouchy out to the northern Lausanne suburb of Epalinges, in Switzerland. The tunnel de Viret is part of this metro line.
It is about 275 meters long and passes under the
Cathedral of Lausanne and two museums.

Figure 1: Location of the Cathedral above the tunnel.
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The tunnel is entirely located in weak molasse
rock, partially with very low rock overburden. The
overlying soil consists of water saturated strata of
sand, gravel and moraine.

The Challenge
The tunnel de Viret had to be excavated nearly
underneath the cathedral. Because the cathedral
is founded on sensitive soils, with water bearing
layers, one of the critical issues for the design
and construction of this tunnel was to maintain
the groundwater level, avoiding any drainage of
groundwater into the tunnel during tunnel excavation or operation, in order to reduce risks of
settlements of the cathedral.
This situation required a proper technical solution
to maintain the groundwater level during construction. For that purpose pre-injection of the
ground surrounding the tunnel was done in combination with groundwater infiltration through
wells.
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In order to avoid any drainage of groundwater
during tunnel operation, the tunnel lining was
planned with a fully-tanked (non-drained) waterproofing system.

x

Shorter construction time

x

Reduced total construction cost (no formworks, faster construction)

x

More reliable technical solution due to the
properties of MasterSeal 345.

Tunnel design
The original tendered design called for a double
shell lining system, with cast-in-place concrete
secondary lining with a thickness of 300 mm, and
traditional waterproofing with a pre-fabricated
polyethylene waterproofing sheet membrane
over the entire tunnel perimeter.

Figure 2: Details of the tendered and alternative executed final lining design.

The tunnel lining design was reviewed during
construction, and an alternative technical solution
was proposed. A composite shell lining system
was adopted, with permanent fiber reinforced
sprayed concrete and the sprayed waterproofing
membrane MasterSeal 345.

Construction sequence
The sequence of works for lining construction
and membrane application is shown below:
x

Installation of excavation support

x

Construction of fiber reinforced sprayed concrete primary lining

x

Smoothening of irregular areas on the primary sprayed concrete lining

x

Application of the waterproofing membrane
against the primary lining

x

Treatment of localized seepage points with
temporary drainage and injection

x

Construction of cast-in situ concrete invert

x

Construction of fiber reinforced sprayed concrete secondary lining (bench / crown)

x

Build of an unreinforced concrete finishing
layer (bench and crown).

In order to verify long-term durability issues, as
well as possible repair and maintenance of the
tunnel lining, a risk analysis was carried out. This
analysis concluded that the adopted technical
solution met the requirements for long-term durability.
Different technical and financial aspects were
analyzed and considered favorable for this alternative technical solution, including:
x

Reduced total lining thickness, from 56 cm to
43 cm (about 23% reduction)
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Figure 3: Manual membrane application in the tunnel.
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Figure 4: Tunnel section after membrane application.

Figure 6: Completed Tunnel de Viret in operation.

Project benefits
The project was completed to the full satisfaction
of the owner, designer and contractor. The tunnel
de Viret was successfully put into operation in
2008. Since then no defects or leaks have occurred.
In addition to the successful design change with
this innovative technical solution, significant construction cost and time savings were achieved,
including:
Figure 5: Tunnel de Viret during construction.

x

Quality checks of the applied membrane comprised:

Reduction of the excavated section due to
the reduction of the total lining thickness

x

Systematic spot checks of the membrane
thickness during application

Significant reduction of the volume of excavation and construction materials

x

Elimination of cost of formworks through the
use of permanent sprayed concrete for the
secondary lining

x

Reduction of the original construction program by two months

x

Total cost savings of approximately CHF
700,000 for the whole tunnel or CHF 2,500
per tunnel meter.

x
x

Visual checks during and after membrane
application

x

Cutting out of already hardened membrane
pieces (5 x 5 cm, destructive test, which was
simple to repair)

x

Measurement of the curing status of the
membrane before application of secondary
sprayed concrete lining

x

Core sampling from the final lining to test
quality and bond.
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The information given here is true, represents our best knowledge and is based not only on laboratory work but also on field
experience. However, because of numerous factors affecting results, we offer this information without guarantee and no patent
liability is assumed. For additional information or questions, please contact your local Master Builders Solutions representative.
Headquarters:
Master Builders Solutions Deutschland GmbH
Salzachstr. 17
68199 Mannheim, Germany
E-mail ugc@mbcc-group.com

For more information: Visit us: www.https://ugc.master-builders-solutions.com
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