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The Bjgrvika project is a major infrastructure peej in the city center of Oslo, Norway. The
key element of the project is a submerged tunmsisong the harbor front. The tunnel reduces
the main traffic on the seafront and thus makeessible for an urban development of the area.

EPS is used in several parts of the project. Ahlsotds of the submerged tunnel, the contractors
used EPS embankments for temporary access to aonetr sites. For the two bridges in the
project EPS has been used to minimize loads ohrttlge abutments and the adjoining
embankments. The last part of the project is tstaot new main streets in the new developed
area. Due to soft ground conditions and deep rackefEPS, in combination with other light fill
aggregate, will be extensively used to keep settiésrat an acceptable level.

THE BJORVIKA PROJECT

The Norwegian Public Roads Administration (NPRAbisIding the E18 Bjgrvika project in
Oslo. The project is a major infrastructure projedhe eastern part of the city center of Oslo,
Norway. The project connects the existing tunmelar the central part of the city
(Festningstunnelen) with the Ekebergtunnelen fothibmund traffic and Mosseveien for
southbound traffic. The new tunnel will accommodateaffic volume of 100,000 vehicles a day
underground.

Figure 1: Bjgrvika, the road project and the new development areas



The project will reduce the main traffic on thefseat and thus makes it possible for an urban
development of the area. In this area the new Mpeise is already built and have attracted a
large flow of interested locals and tourists. Tpera is the first element in a large cultural,
residential and commercial development of this pathe city.

The key element of the project is a submerged fsrossing the harbor front. At both ends,
large open construction sites were necessary toembnthe submerged tunnel with the existing
road system.

After the main traffic is moved to the new mainthigy in the harbor, new boulevards and local
roads will serve the new part of the town. This 2anf the Bjgrvika project has just started in
2011 and will be finished in 2016.

GROUND CONDITIONS

The ground conditions in the Bjgrvika-area are abi@rized by relatively large depths to
bedrock, soft normally consolidated marine clay seedaimed land.

The depth to the bedrock varies typically (for gagts of the projects we deal with here)
between 25 to 65 meters.

Rock

Figure 2: Cross section of the submerged tunnel

The soil deposits are marine clay from the lastigteon. The clay is normally consolidated and
thus even relatively small loads will lead to sstients. The reclamation of the seafront have for
a large part been done with soft material, eitliedded clay and silt from the harbor or saw dust
from the many old saw mills along the Akerselvariwith its outlet in the middle of Bjgrvika.



1300 TALLET

Figure 3: Reclaimed land at the Bjgrvika area

As a consequence of the ground conditions manggi®have suffered from large settlements
shortly after completion repeatedly requiring mangnce and repair.

Consequently all new structures, excluding the sriged tunnel, are founded on piles to
bedrock. However, large road areas will be coegtdion the existing terrain.

TYPICAL USE OF EPS IN THE PROJECT

The use of EPS has not been the major recognizldital aspect in the project, but still a part
in several aspects of the project:

» Access ramps to excavations
* Reduce loads on structures founded on piles
* Reduce terrain loads from road embankments

Access ramps to excavations

The deep excavations for the end parts of the stgeddunnel are naturally located close to the
sea front. The sheetpiles supporting the excavatian a top elevation of 1.85 meters
corresponding to a 50 year storm surge in the maflhee excavations were completely enclosed
with sheetpile walls. The access ramps had to hsetaacted inside of the sheetpile walls. In
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previous projects the access ramp had been cotestras a steel formwork welded to the
sheetpiles.

In Bjgrvika, both the contractors preferred to tufie ramps of EPS blocks. The designs of the
ramps were undertaken by the contractors with tt@isultants and were paid as a lump sum.

At the city-side (Havnelageret) the contractor NC@hstruction AS designed the access ramp
with EPS fill combined with a concrete ramp outdigies minimizing the ramp inside the
excavation. The EPS-fill was secured with ordirfdrynaterial on the side slopes. Two pictures
during construction of the ramp are shown below.

Figure 5: Combination of EPS-fill and concrete ramp at Havnelageret.

At the opposite side of the harbor, the Sgrengawaton is much larger. The first part is
secured with diaphragm walls. As the depth of thérbck decreases, the excavation is secured
with heavy steel sheetpile walls to bedrock. Theeas ramp was situated at the sheetpile wall



part of the excavation. This access ramp would bethsed for transport out of excavated
material and transport in of reinforcement and cetec The ramp would also serve as the main
access for all the technical equipment for the élisgstem. The access ramp was therefore
made both wider and with a gentle slope.

L
Figure 6: Construction of the EPS ramp at Sgrenga

The design of the ramp was undertaken by Norcorstilbn behalf of the contractor AF
Spesialprosjekt AS.

The ramp was constructed as an EPS-embankmenveriibal side. The embankment was
anchored horizontally to the sheetpiles. The ER®/dis protected with shotcrete.

Figure 7: Finished ramp at Sgrenga

Reduce loads on piles

As part of the Bjgrvika project, a new bridge islterossing the rail tracks of the central station
in Oslo, The Nordenga bridge. The bridge is founadegiles to bedrock. The steel structure for
the bridge was produced in sections in the Nethddand welded together at the side of the rail
tracks and finally pulled over the entire station.
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Figure 8: Nordenga bru

The bridge abutments on both sides are also placgules, but due to large depth to bedrock
the most economical solution was to use EPS imlbl#ments to reduce the loads on the piles. A
typical cross section is shown below.
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Figure 9: Cross section of bridge abutments for Nordenga bridge (piles not shown)

The bridge is at present under construction byctrgractor Betongmast AS. In April 2011 the
concrete structure was finished and the work orEfR8 embankment was under way. A total
volume of approximately 4.000%is used in the different EPS embankments.



Figure 10: EPS fill for the Nordenga bridge

Reduce terrain loads from road embankments

The main street from south and east to the Bjgraika (Kong Hakon 5's gate) is to be built
along an artificial lake. The lake represents #ee shore 800 years ago when Oslo was one of
the main cities for the Vikings. The street is sapad from the lake with a concrete retaining
wall.

The pedestrian lanes and the traffic lanes arergegubby three rows of trees, see the cross
section in figure 12.

Behind the wall, the old main highway with up tewetn lanes was built in the early 90’s. The
highway was entirely constructed on an embankmiacep on the existing terrain to avoid
excavation in cultural layers from the middle age.

The ground conditions consist typically of silt eenkments placed on top of normally
consolidated clay. The depth to bedrock exceedadi@rs. The soils are exposed to large
settlements when loaded.

From the opening of the highway in the early 99’2010, parts of the highway with concrete
retaining walls have experienced settlements uéosly 1 meter.



Figure 11: Kong Hakon 5s gate

The new street has to have an elevation up to &rmabbve the old highway thus increasing the
net load on the soft subsoils.

The design was therefore to make the new road eknioamt totally load compensated. This is
achieved with the use of EPS and lightweight foasglaggregate.

The EPS embankment is placed on the existing tefiram the ‘90’s. Before the new
embankment is placed, the old road embankmenirisved. It is further important not to
excavate deeper than the previous terrain levaload the need for archeological excavations
and investigations.
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Figure 12: Cross section of Hakon Vs gate with EPS and foamglass



The cross section above shows the main principléhroad structure. The EPS embankment is
horizontal and is covered with a concrete slab. idieme of EPS is approximately 15.008.m
The area of the EPS embankment is approximateQ00int.

On top of the concrete slab a layer of foamglaggased. This layer takes up the geometry
variances across the section. Foamglass has asblggad bearing characteristics thus allowing
it to be used higher up in the road constructi@mntBPS normally used in road embankments. A
total volume of approximately 22.000°of foamglass will be used.

On top of the foamglass a traditional road pavenseplaced.

A challenge to the project has been the large nuwitieees which are to be placed in three
rows along the street. How to get trees to groanrePS-embankment?

Together with the landscape architects Dronningavd$ave developed a method where we
install concrete boxes for each tree. The boxased directly on the ground and the EPS-fill is
constructed around the box. The boxes are to led fi¥éith a mixture of foamglass, organic soil
and mineral soil. The boxes have also openingfesites to allow the root system to spread
on top of the concrete slab. Therefor the loweetayf foamglass is also mixed with organic
soil. The trees will have an automatic wateringetys A detailed cross section is shown below.
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Figure 13: Concrete box for growing trees in EPS embankment

The construction of the street will start in 2012 a will be interesting to see if this approach
will work in real life.

The plan for the new street demands that the cteoeeaining wall must be elevated further to
support a higher elevation of the street due to plaws for the city planning.
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The retaining wall is not designed for the increlbsarth pressures. The redesign of the wall had
therefore to allow for a higher wall without inceeal earth pressure. This is achieved by
anchoring the wall to the concrete slab which &gt over the EPS-fill together with allowing a
gap between the EPS fill and the wall. The EPSrfikong Hakon 5s gate will therefore serve
two technical purposes.

The EPS-works are specified in the standard sgagtibn from the Manual 025 General
Specifications 1 Standard specification texts ightvay construction from the Norwegian
Public Roads Administration.

CONSULTANTS AND CONTACTORS IN THE BJJRVIKA PROJECT

The main consultant for the Bjgrvika project is Alakobsen AS. A consortium of 18
consultants makes up the project team. Geotechtésagn is provided by Geovita AS and the
Norwegian Geotechnical Institute in cooperatiorangva Plan og Trafikk is responsible for the
road planning. Dronninga Landskap is the landseppichitects for part 2 of the project.

The Bjgrvika project is planned and supervisedhayNorwegian Public Roads Administration.
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