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ABSTRACT 

Havnelageret is a large former harbour storehouse in Oslo. During the construction of the first 

part for the Opera tunnel, it was observed that the nearest corner of the building started to settle. 

New ground investigations and close inspection of the building gave the disturbing fact that the 

piles on the corner were embedded in a gravel and sand deposit and were not on bedrock. 

The excavation second part was 13 meter deep and only 3 meters from Havnelageret. The 

construction method was steel sheetpiles and a strutted excavation. The excavation was divided in 

three separate parts to reduce the risk during construction. In addition the corner of the building 

was strengthen with installation of two supplementary piles bored to bedrock and connected to the 

existing pillar. 

Three sections of the excavation were instrumented with load cells, temperature sensors and 

inclinometers. 

The observed deformations of the sheetpile walls showed good correlation with the design 

for the HZ wall, but the deformations were larger for the Larssen 430 wall. 

The loads in the loadcells showed typically lower value than calculated. The load 

distribution when removing struts showed the time lag in the redistribution of the earth pressures. 

The measured settlements ended up with a total settlement below the estimation prior to the 

excavation. 

 

Keywords: Deep excavation, sheet pile, deformation, loads. 

 

 

 

1 BACKGROUND 

1.1 The project 

A key element of the Bjørvika project in Oslo 

is Operatunnelen, a submerged tunnel 

crossing the harbour. At the western end the 

tunnel is connected to the existing Festnings-

tunnelen under the city centre and it also 

have ramps up and down to connect to the 

streets on ground level. One of these ramps is 

very close to the iconic Havnelageret. 

 

 

 
Figure 1 Operatunnelen and Havnelageret. 
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Havnelageret is originally a large harbour 

storehouse and was one of the largest 

concrete buildings in northern Europe when 

it was completed in in 1920. 

 

Today it is refurbished to a modern office 

building. 

 

 
Figure 2 Havnelageret 

 

The original drawings showed that the heavy 

building is fundamented on large diameter 

piles to bedrock. When they did the 

foundation work they had to give up the deep 

piles due to failures of the base of the piles 

and they finished the job by extending the 

large piles with driven concrete piles inside. 

1.2 Ground conditions 

The ground conditions at site are a top layer 

of fill material with a thickness of 

approximately 1 meter. Below is normally 

consolidated marine clay typically for The 

Oslo centre. 

 

Over bedrock is a layer of varying thickness 

of moraine and gravel. This layer is highly 

permeable. 

 

The bedrock is mainly clay shale with some 

limestone and menaitt.  

2 MAIN EXCAVATION 

The main excavation was for the connection 

of the submerged tunnel and the existing 

tunnel. 

 

During the main excavation one observed 

large problems with water leakages both 

through and under the sheetpile walls 

resulting in costly and time-consuming 

jetgrouting and injection works. 

 
Figure 3 Main excavation. 

 

During this excavation it was observed that 

Havnelageret started to get vertical 

deformations on the part close to the 

excavation. It was not expected as the 

drawings showed piled foundations to 

bedrock and all existing ground borings to 

bedrock corresponded in depth with the old 

foundation drawings. 

 
Figure 4 Settlements during main excavation 

 

New borings, and this time closely followed 

up by the geotechnical engineers, showed 

that it was a layer of gravel and sand over 

bedrock that both the piles and the old 

borings had stopped in. 

3 ORIGINAL DESIGN 

After the main tunnel was finished (inside the 

main excavation), ramps to and from the 

main tunnel up to the city streets were to be 

constructed. 

 

The original design for this excavation 

consisted of heavy steel sheet pile walls 

supported mainly with tie back anchors and 

some internal bracing. 
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The construction of the ramps was planned in 

one large excavation. 

 
Figure 5 Original plan for excavation for ramps 

 

Parts of the sheet pile were already installed 

and it was obvious that the sheet piles had not 

penetrated to bed rock as intended. 

 

The excavation was 13 meter deep and only 3 

meters from the nearest corner of Havne-

lageret. 

4 REVISED DESIGN 

4.1 Principle 

The main objectives for the revised design 

were to get a more robust design and reduce 

the risks during construction.  

 

This included internal bracing which would 

not give large axial loads in the sheet piles. 

The sheet piles needed only to penetrate the 

gravel layer sufficiently to take up the 

unbalanced earth pressures.  

 

 

 
Figure 6 Revised plan for excavation and 

support. 

  

The excavation was divided in three parts. A 

potential problem in one part could then be 

isolated and handled without stopping all 

construction activity. It did also reduce the 

size of the excavation close to Havnelageret 

which should minimize deformations of the 

support system. 

 

The design ended up with sheet pile walls 

braced with up to four levels of struts. 

 

The upper strut is placed clear of the concrete 

tunnel to be constructed later. 

 

When the final excavation level is reached, a 

preliminary concrete slab is casted to both be 

uses as a continuous bracing and a working 

platform for the boring of piles. 

 

After the concrete slab is cured the second 

and third strut (and fourth) layer is removed. 

 

 

 
Figure 7 Cross section at the corner 

 

4.2 Sheetpile design 

The sheetpile wall was mainly designed 

using GeoSuite Excavation. In addition some 

section was designed with Plaxis 2D to 

document possible influence on the piles for 

Havnelageret and possible settlements on the 

basement further from the excavation. 

 

The clay was both modelled with undrained 

and drained parameters due to relatively high 

silt content and the long open period of the 

excavation. 
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Reliable stiffness and deformation 

parameters are difficult to obtain from 

laboratory tests. In this case we used back 

calculated parameters from inclinometer 

measurements at the main excavation. 

 

A typical total displacement plot from Plaxis 

2D is shown in Figure 8. 

 

 
Figure 8 Total displacement. 

 

4.3 Instrumentation 

Three sections were instrumented to monitor 

the perfrmance of the support during 

excavation. 

 

At each section the instrumentation consisted 

of: 

 

 Inclinomter channals on both sides 

 Load cells at each strut level 

 Temerature gauges at upper strut level 

 Geodetic measurements point at top 

sheet piles 

 Geodetic measurements point at 

Havnelageret at each pillar 

 

The instrumantation was provided by the 

Road Research Laboratory which also 

performed the readings and reporting of 

results. 

 

 
Figure 9 Instrumentation 

 

 

 

4.4 Underpinning 

In cooperation with the owner of Havne-

lageret it was decided to underpin the nearest 

corner of the building with bored steel piles 

to bedrock. The purpose was to make sure 

that eventual deformations of the corner 

should be directed inwards the building. 

 

The underpinning was done with two Ø180 

mm steel core piles bored from terrain, 

through the basement, and into bedrock. The 

piles were slightly inclined to avoid the 

original piles. 
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Figure 10 New piles shown on old drawings. 

 

The new piles were connected to the corner 

pillar in the basement and were design to take 

the full load of 7000 kN. 

 

 
Figure 11 Pile head in the basement. 

 

The new piles were not preloaded. The 

intention was to allow some settlement and 

gradually transfer loads to the new piles. 

 

 

 

Based on recorded settlements during the 

main excavation, a prognosis was prepared 

for the total settlement of the corner of 

Havnelageret. 

 

The settlement during the main excavation 

was 12 mm corresponding to 0,8 mm/month. 

The same settlement rate was assumed for 

excavation for the ramps and in addition it 

was assumed some settlements during pile 

driving. 

 

In total a maximum of 30 mm was the most 

realistic prognosis. The structural engineers 

had established maximum criteria for the 

building of 50 mm. 

 

 
Figure 12 Settlement prognosis 

 

5 OBSERVED BEHAVIOUR 

5.1 Horizontal deformations 

In general the excavation moved in the 

direction of Havnelageret. 

 

The left sheet pile wall showed larger 

deformation than calculated, see Figure 13.  
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Figure 13 Horizontal deformation, left wall. 

 

Whereas the right wall showed deformation 

more closely to the calculated values. 

 

 
Figure 14 Horizontal deformation, right wall 

 

The right wall is close to Havnelageret. The 

sheet pile wall consists of a combined wall 

HZ975 – AZ18. This wall has a high section 

modulus to minimize deflection. The 

measured horizontal deformation of 40 mm is 

close to the calculated values. 

 

The left wall consist of a Larssen 430 section. 

This section is made of four u-sections which 

two sections are crimped to form a z-section. 

 

 
Figure 15 Larssen 430 section 

 

In prior projects in Oslo this section has been 

installed as a complete section with a 

stiffener as shown in the figure. At Havne-

lageret the contractor installed each z-section 

separately. 

 

The separate z-section proved to be unstable 

and difficult to tread.  

 

The measured deformation of the Larssen 

wall is approximately 200 mm which is 

almost twice the calculated values. We 

suspects that this could be a results of failures 

in the crimping of the individual u-sections 

thus resulting in a much lower stiffness of the 

wall. 

5.2 Loads in the supporting system 

The loads in the struts were measured by 

Glötzl load cells. The load cells were placed 

in between the whaling and the strut. 

 

 

 

 
Figure 16 Load cell in strut 
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In addition to the loadcells it was also 

installed strain gauges in the concrete slab. 

The measured strains were calculated to 

loads using the elastic modulus for the C45 

concrete. 

 

A typical load curve is shown in Figure 17 

for the struts in section 3.  

 
Figure 17 Loads in strut section 3. 

 

The measured loads are shown together with 

the calculated ones (characteristic loads). The 

measured loads are all lower than the 

calculated. In the design it was used upper 

bound values from the drained and undrained 

analysis.  

 

The removal of the 2. and 3. strut level 

resulted in a double of the load in the upper 

strut level. 

 

When comparing the load in the upper strut 

level with the load in the concrete slab, it 

shows that the loads in the 2. and 3. strut 

level redistributed with approximately 20 

percent to the upper strut level and 80 percent 

to the concrete slab. 

 

 
Figure 18 Load distribution when removing 

struts 

5.3 Loads from temperature 

In a strutted excavation the increase in loads 

in the struts can be significantly due to 

increased temperatures in the steel struts. 

 

During the Easter in 2011 the construction 

activity was suspended and it was cold nights 

and sunny days. In the upper strut layer the 

temperature fluctuation was 25°C resulting in 

a corresponding fluctuation of the strut force. 

 

 
Figure 19 Temperature loads in struts 

  

The increase in loads was 120 kN. If the strut 

was fully supported the temperature 

difference should have resulted in an increase 

of 1000 kN. The degree of support in this 

case was 12 %. 

5.4 Observed settlement of Havnelageret 

The total vertical deformation or settlement 

of the corner of Havnelageret close to the 

excavation is 22 mm. The prognosis was 30 

mm. 

 

 
Figure 20 Vertical deformation during the whole 

construction activity 

 

For the last part the vertical deformation was 

8 to 10 mm for the pillars close to the 

excavation and decreasing away from it. 
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Figure 21 Vertical deformation last phase 

 

Old cracks opened slightly more during the 

excavation, but as a whole the consequences 

for Havnelageret was tolerable and within the 

calculated values. 

6 CONCLUSIONS AND 

RECOMMENDATIONS 

The instrumentation worked mostly as 

planned. A few load cells failed during the 

excavation and it is recommended to 

instrument more than one section. 

 

The inclinometer measurements worked well. 

 

The strain gauges in the concrete slab gave 

better results than anticipated. 

 

The loads in the struts were lower than 

calculated, but the load in the concrete slab 

was higher.  

 

The measured horizontal deformation of the 

HZ-AZ sheetpile wall was close to the 

calculated values. 

 

The measured horizontal deformation of the 

Larssen sheetpile wall was almost the double 

than the calculated values. This is probably 

due to failures of the crimping of individual 

sheetpiles. 

 

The vertical deformation of Havnelageret 

was lower than predicted and it resulted in 

only minor influence on the building itself. 
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7 PICTURES 

 
Figure 22 Excavation late January 2011 

 

 
Figure 23 Upper strut level and concrete support slab May 2011 
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