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The project Söderströmstunneln is part of the new Citybanan located right in the 
centre of Stockholm. The project comprises two deep construction pits, rock tun-
nelling and concrete tunnels. Main part of the project will be the immersion of three 
prefabricated concrete tunnel elements with a total length of 300 m. They will be 
landing on four pile foundations that will also form the permanent support of the 
tunnel. The present paper will describe the current status of the project and the 
outstanding challenges during the remaining construction period.

1. Introduction
The immersed tunnel under the “Söderström” is generally considered to be one of 
the most challenging part of Stockholm’s new underground cross rail link Cityba-
nan. Citybanan is a double track railway built underground to pass the centre of 
Stockholm. 

Fig.1: Construction site at Söderström, Fotograph: Hans Ekestang
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Major parts of Citybanan can be executed using the common Swedish drill and blast 
method. This is not applicable to the 300m long “Söderströmstunneln” crossing the 
“Söderström”, an arm of Lake Mälaren, where the rock surface forms a deep valley 
see figure 1. In 2008 the Joint Venture Söderströmstunneln, a co-operation between 
German contractor Züblin Spezialtiefbau GmbH with their Swedish daughter com-
pancy Züblin Scandinavia AB and Danish contractor Pihl & Søn A.S., was awarded 
the design and built contract by the Swedish railway authority “Banverket”.

The prominent spot of the Söderströmstunneln is located between Stockholm’s 
most popular islands Södermalm and Riddarholmen. The boundary conditions con-
nected to the special urban environment add to the complex technical challenges 
of the project. 

Since 2008 the Joint Venture has executed in common drill and blast techni-
que a 200 m long rock tunnel as access tunnel for the two neighbouring contracts 
Söderströms- and Södermalmstunneln. Parallel on both shores of the Söderström 
– on the islands Riddarholmen and Södermalm – deep construction pits have been
excavated secured by heavy secant pile walls that have been drilled in the bedrock.
They provide space for the connecting cut-and-cover concrete structures between
the underwater tunnel section and the northwards and southwards ongoing rock
tunnels. After the breakthrough from the rock tunnel at Södermalm into the con-
struction pit, a massive concrete tunnel “inslagsvalv” has been cast that will form
the connection between rock tunnel and the immersed tunnel. In the deep con-
struction pit at Riddarholmen concrete works are still ongoing.

The underwater tunnel comprises three elements giving a total length of 300 me-
ters. The elements are prefabricated. Casting of the tunnel elements has been fina-
lized and they are currently equipped for immersion.

After immersion of the tunnel elements, the joints between the elements and 
towards the inlsagsvalv at Söder Mälarstrand will be cast to form one monolithic 
structure of 327 m length. The inslagsvalv forms a fixed support for the tunnel. It 
has been anchored with permanent rock anchors in longitudinal and transverse 
direction.

Fig. 2: Longitudinal section Söderströmstunneln
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Due to high tension forces in the longitudinal 
direction it has been decided to design the 
tunnel with full post-tensioning. The elements 
will receive therefore between 50 post-tensio-
ning tendons at the northern element and – 
due to higher tension forces – 73 tendons at 
the southern element. These are distributed 
around the whole cross section.

At the northern end at Riddarholmen the 
tunnel will be simply supported and free to 
move longitudinally and is therefore situated 
in the “joint house”.

Once the construction is completed the 
post tensioned tunnel will form an under water 
bridge with a typical span of 55 m between 
the pile foundations, a longitudinally free end 
in the joint house and a fixed restraint at the 
southern end formed by massive rock ancho-
ring. 

Fig. 3: Post-tensioning tendons around the cross-section

Fig. 5: Structural model of tunnel

Fig.4: Joint House with tunnel in final 
position
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2. Geology
The subsoil in the Stockholm area is characterized by hard crystalline granite with 
strength of up to 300 MPa. In the area of the Söderström the rock elevation falls from 
the existing ground surface level on Södermalm a minimum elevation of -45mRH 
with an extremely steep inclination of more then 60 degrees in the area close to the 
quay-line of Söder Mälarstrand. Towards Riddarholmen the rock surface ascends 
with a flatter inclination. The rock quality with values of RMR > 70 for 75 % of the 
rock masses is described as good in both rock tunnel areas.

The rock surface forms a valley in the area of the Söderström being filled with 
soft clay overlaying a loose frictional material as well as moraine above the rock 
surface. The clay layer has an increasing thickness up to 10m from Riddarholmen 
towards Södermälarstrand. The undrained shear strength is given as 7 kPa.

The quay areas on both sides were established using filling material, which is 
mainly characterized as friction material including man made material as well as 
boulders and cohesive material. Due to its origin the filling material is not homoge-
neous and in areas very loose. The existence of boulders has to be expected in all 
soil layers described.

Due to the geometry at Söder Mälarstrand the filling material pushed the clay 
material away from the quay line area out into the Söderström. This process led to 
a consolidation of the clay resulting in higher undrained shear strengths of the clay 
close to Söder Mälarstrand and decreasing cu-values towards Riddarholmen. 

3. Riddarholmen
The building pit Riddarholmen is needed to allow the construction of the joint house 
and the cut & cover connection of the joint house to the rock tunnel. The depth of 
the excavation pit is on average 25m including a rock excavation of up to 15m at 
the northern connection to the rock tunnel. 

Since the pit extends on average 30m into the Söderström the first construction 
step has been the erection of a cofferdam connected to the rock by steel dowels 
and anchored to a back anchored bulkhead. The cofferdam increases the area of 
the construction site and allows installation of the secant pile wall. This retaining 
wall is integral part of the excavation pit.

Fig. 6: Geological cross section through Söderström
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Fig. 7. Construction pit and 
cofferdam Riddarholmen

Fig. 8: Riddarholmen  
longitudinal and cross section
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The secant pile wall with bore pile diameter of 1.50m and a maximum length of 18m 
are stiffened by two layers of struts. The toe of the piles is anchored to the rock. 
Below the retaining walls the pit continues into the rock, which has been excavated 
using the drill and blast method. To prevent vibrations continuing into hard rock and 
influencing the sensitive neighboring structures the rock has been cut by sawing 
vertically along the walls.

The most crucial factors of the design concept cut-and-cover Riddarholmen 
have been the water tightness of the pit as well as the structural function of the 
bulkhead closing the dry pit against the Söderström. The maximum water pres-
sure at final excavation level is 25m. The water flow into the pit through the rock is 
suppressed by a closed system of grout curtains below the retaining walls below 
the final rock excavation connected to a base rock. Due to the high loads caused 
by water pressure the bulkhead closing the dry pit is formed by king piles. Difficult 
geology with a lot of boulders required local pre-excavation to be able to install the 
bulkhead. 

4. Söder Mälarstrand
In the area, where the tunnel crosses Söder Mälarstrand, the soil has been excava-
ted to a depth of around 15m to allow the placing of the immersed tunnel. Therefore 
the existing quay line area had been secured by a new retaining structure. This has 

Fig. 9: construction pit Riddarholmen from above
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been achieved by bored pile. Due to the poor slope stability in this area the piles 
partly needed to be founded on rock leading to a maximum length of 24m. The pile 
cap is back-anchored into the rock.

The traffic on Söder Mälarstrand should be kept open most of the construction 
period. Therefore a temporary bridge has been placed in front of the quay line foun-
ded on bored piles and on the capping beam of the newly constructed quay line.

The dry pit for the connection between the immersed tunnel and the rock tun-
nel is formed by a U-shaped secant bored pile wall connecting to the steep rock. 
The retaining wall consists of piles diameter 1.50m with a maximum length of 35m 
standing on the rock was stiffened by two strutting layers. The second strutting 
layer was replaced by a stiffening concrete base slab after final excavation level was 
reached. The sealing of the pit is executed similar to the Riddarholmen excavation 
pit.

Fig. 10: Planview  
Söder Mälarstrand

Fig.11: View into construc-
tion pit Söder Mälarstrand 
with first and second strut-
ting layer
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The structural system of the tunnel comprises a rigid restraint at the southern end 
at Söder Mälarstrand. This restraint will be achieved by 75 rock anchors 40m long 
and a grouted body length of 10m. Each anchor comprises 22 strands to minimize 
drilling works in the extremely hard granite. 

50 anchors are placed at the end of the inslagsvalv from the sleeve which conti-
nues into the rock for about 20m. These anchors transfer the loads due to the SLS 
and ULS load cases including shrinkage, temperature changes, dead loads and 
traffic loads. 

Another 25 anchors are placed orthogonal to the tunnel right at its entrance into 
the rock. These anchors are intended to ensure tunnel restraint in the accidental 
load case of ship impact. 

Fig. 12: View into construction pit Söder  
Mälarstrand with first and second strutting 
layer

Fig. 13: View into the excavated construction 
pit SM

Fig. 14:  Schematically 
distribution of permanent 
rock anchors
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5. Immersed Tunnel
Since no dry-dock has been available in the centre of Stockholm to cast the 100 
m long and 20 m wide tunnel elements, the concrete has been poured into floating 
steel shells.  The outer steel shells were produced in a shipyard in Tallinn and ship-
ped over the Baltic Sea into the Lake Mälaren.

At an industrial harbour well outside of Stockholm the first concrete has been 
poured into the steel boxes. A draught of 6m has been reached after casting of the 
base slab and some wall sections.

The elements were then towed into the “Söderström” and concrete completed the-
re. Now the pits are flooded and the water-side’s retaining walls have to be removed 
using underwater cutting methods. The concrete works of the tunnel elements is 
finalized and they are currently equipped for immersion. Soon they will be placed 
in the final position. Thereafter the bulkheads which are now between the elements 
will be removed and the elements will be thoroughly connected to provide one 
continuous structure. Finally the post-tensioning cables will be installed and pre-
stressed to secure a sturdy construction designed for a life-time of 120 years. 

Fig. 15: Tunnel Element at 6 meter draught
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