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One of our most important infrastructure projects

This is the only possible definition of the develop-
ment of the E6 road into a motorway between 
Göteborg and Oslo. This extension project is import-
ant not only in order to enhance traffic safety on 
this accident-prone road but also for the transport 
industry – and thereby the development of trade and 
industry in the region. The E6 is also the most import-
ant road transport route for Norway’s foreign trade. 

Cross-border trade via Svinesund has literally ex-
ploded in recent years and the subsequent growth 
in traffic was far greater than the road was original-
ly designed to accommodate. In combination with 
the extensive heavy traffic on the E6, this created 
congestion that could take several hours to clear. 
The new Svinesund Link represents a major impro-
vement for road users. 

As a result of its location at the very centre of the 
border, the Svinesund Bridge (the previous bridge is 
now known as the Old Svinesund Bridge) links the 
two countries and their people. It therefore has huge 
symbolic value and this was important when the 
type of bridge and its aesthetic design were chosen.  
 
The foundations for the design of the Svinesund 
Bridge were laid in an international design competi-
tion in 2000. The important prerequisites included 
architectonic interplay with the Old Svinesund 
Bridge, the smallest possible impact on the coun-
tryside and an unbroken shoreline. The result was 
a technically highly sophisticated bridge which, 
with its large spans and slender lines, has attracted 
enormous national and international interest. 
 
The building of the Svinesund Bridge was a joint ven-
ture between Sweden and Norway. It was governed 

by a general agreement between the countries and 
by an agreement between the road authorities in 
which the regulations for purchasing, planning, con-
struction and management were specified in detail. 
Swedish regulations and standards formed the basis 
of the planning of the bridge and the Swedish Road 
Administration via Region West was the principal 
and developer during the construction phase. To 
ensure the continuous follow-up of work on the 
bridge and the connecting roads, a co-ordination 
group was set up. It was made up of representatives 
from the Swedish Road Administration and the 
Norwegian Public Roads Administration and the 
project managers as observers. In June 2005, just 
three years after the agreements were signed, the 
bridge was ready to be inaugurated in conjunction 
with the 100th anniversary of the dissolution of 
the union between the two countries. 

The book that has now been produced provides a 
detailed description of this bridge project when it 
comes to planning and construction. It contains 
factual technical information and structural engin-
eering descriptions – how the bridge was stayed as 
the launching work progressed and how the super-
structure was assembled, for example. There is also 
a chapter describing the loading tests and another 
focusing on the instrumentation on the bridge and the 
findings that have been made from various measure-
ments. Our experience from the construction phase 
is also summarised. 

We hope that this information will be passed on 
– not only within road authorities but also to uni-
versities of technology and other bodies associated 
with bridge building. 

Per-Erik Winberg
former Road director 
Swedish Road Administration
Region West

Sidsel Sandelien
Regional manager 
Norwegian Public Roads Administration
Region East
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The bridge comprises two approach bridges and a 
central arch section. The arch section comprises a 
central half through arch with span width of 247.3 m. 
The entire bridge has an overall length of 704 m and 
is designed with continuous superstructure with 
expansion joints only at the respective abutments. 
There are fixed bearings at piers 3 and 4, whereas 

1. General description
1.1 The design of the structure

other supports have moving bearings. The super-
structure is fixed in the arch at the connection 
between the superstructure and the arch rib at 
points 6 and 7 in Figure 1:1. The free bridge width 
is 2 x 9.85 m. The elevation and plan of the bridge 
are shown in Figures 1:1 and 1:2.

SPAN WIDTH 247 m

OVERALL BRIDGE LENGTH 704 m

Figure 1:1  Elevation

As the bridge does not have piers over the spring-
ings the transitions between the approach bridges 
in the bridge arch sections are not visible. In this 
description, it has been chosen to indicate that the 
arch section of the bridge begins straight above 
the arch abutment. 

The superstructure comprises two parts, one for 
travelling north and one for travelling south. The 
distance between the parts is 6.2 m. The parts are 
connected by cross-girders at the piers and at the 
hangers. Each part comprises a steel box girder 
with orthotropic plates.

Figure 1:2  Plan
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The approach bridge on the south side has a length 
of 332 m. On the north side, the approach bridge is 
100.5 m and 114.5 m, because the east section of the 
north abutment is staggered approximately 15 m. 
The bridges are box girder bridges with spans 
from 58 m to 75 m. The cross-section of a pier is 
shown in Figure 1:3. 

The arch section is located between the super-
structure parts. The arch crown is located approxi-
mately 91 m above sea level and the length of the 
arch is 247.3 m. The arch is made of reinforced 
concrete with a box cross-section. 

The superstructure is suspended from the arch by 
six pairs of hangers with centre spacing of 25 m. 
The arch rib is connected to the superstructure 
by cables which span horizontally from steel box 
girder to steel box girder through the arch rib.
.

Center part of the superstructure during the lift 

Figure 1:3  Section, pier Figure 1:4  Cross-section superstructure
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The piers are made of reinforced concrete and are 
located below the space between the parts of the 
superstructure. The abutments and the adjacent 
retaining walls are also made of reinforced con-
crete. 

The abutments are divided in two parts, a west part 
and an east part, with the same space as between 
the superstructure sections. The retaining walls 
are built to provide enhanced harmonisation of 
the bridge with the surrounding terrain.

The abutments, all piers, with the exception of 
pier 4, and the arch are founded on horizontally 
blasted rock. Pier 4 lies in a transverse glen where 
the material comprises clay with a thickness of 
10-15 m. The pier is founded here with steel-core 
piles which are drilled into the rock.

All the foundation slabs (except pier 4) are blasted 
into the rock so that only the piers and abutments 
are visible above the ground.

Arch section

Piers on the south side 



12

1.2 Production including economics

Production
A contract was signed with Bilfinger Berger AG on 
7 July 2002. During August-September of the same 
year, a temporary road was built by the Swedish 
Road Administration to the bridge site and an 
establishment area was prepared. Bilfinger Beger 
was established on site between October and No-
vember and began preparations for the start of 
construction.

The work on site with the building of the actual 
bridge started in January 2003, with rock shafts 
for abutments, piers and the arch. The first official 
spit was dug on 5 February 2003.

The foundations for the bridge abutments, piers 
and arch were done at the same time, beginning 
with pier 2 and 3. For the foundations of the arch 
on the Norwegian side, it was necessary to carry 
out rock reinforcement by bolting and injecting 
the rock mass under the support to a depth of 14 m. 
This work resulted in a delay in relation to the 
foundations of the arch on the Swedish side of 
approximately two weeks.

The first casting took place in March 2003, when 
the foundation slab for pier 2 was cast. This was 
followed by the continuous casting of the rest of 
the foundation slabs, piers, abutments, as well as 
and retaining walls, from April to December 2003. 

The casting of the arch, which was constructed by 
free cantilevering method, started at the begin-
ning of April 2003 and was completed at the end 
of February 2004. The work was done continuously 
by employing three shifts every 24 hours.

The production of the bridge superstructure took 
place at Brueckenbau Plauen’s workshop in Plauen, 
Germany, in parallel with the work on the bridge 
site. Production started there in January 2003 and 
the first delivery of the steel sections to Svinesund 
took place in July 2003. The arch rib with its auxiliary pylon during the construction 

stage. 
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 This was followed by the assembly of the super-
structure on the Swedish side by welding together 
the sections to the complete cross-section and in-
cremental launching to pier 5. This was followed by 
the assembly of the north approach bridge but, in this 
case, the sections were laid on fixed scaffolding, after 
which they were welded together. The sections 
were lifted using a Liebherr LR1750 mobile crane. 

The next stage was the assembly of the approach 
segments at the arch section of the bridge. This 
was done using temporary support structures, 
including parts of the auxiliary pylons that were 
sawn down to a suitable level. The assembly of 
the connection segments at the arch section of 
the bridge was done in April and May 2004. The 
segments were lifted using the same mobile crane 
that was used for the north approach bridge.

Finally, the central section was lifted using tem-
porary lifting cables that were attached to steel 
cross-beams up on the arch extrados and eight 
cable jacks that were attached to temporary cross-
beams between the parts of the superstructure. 
Four line jacks were also attached to the previously 
extended cantilever sections of the superstructure. 

The cast and assembled arch including the provisional stay system

The assembly of the central section was done in 
July and was completed on 27 July 2004. To enable 
the assembly of the central section, it was neces-
sary for the shipping lane to be closed to all traffic 
including small boats for a week. 

The superstructure was assembled and was lowered 
onto its bearings in August of the same year. This 
was followed by finishing work such as waterproof 
and pavement of the bridge deck, the installation 
of bridge railings including sound walls, the as-
sembly of expansion joints and electrical instal-
lation work. Most of these tasks were performed 
during the autumn of 2004 and the winter of 2005. 
Bearing in mind the late time of the year, the sea-
ling coating of the bridge decks was performed in 
a heated weather protection set-up, comprising a 
300 m long tent mounted on the edge beams of the 
bridge.

The final tasks were completed in the spring of 2005 
and comprised wear pavement, final painting of the 
superstructure, reinstatement of land, etc. The bridge 
was ready for test loading at the end of May. This was 
done according to a programme drawn up by KTH 
(Royal Institute of Technology) and comprised static 
and dynamic loading. 
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Economics
The total cost of the bridge was SEK 681 million 
divided up as follows:
 Cost in SEK million
Contracted tasks 529
Changes and additional work 75
Index-linked costs 35
Building management 9
Checks of working drawings 4
Consulting services 8
Internal expert support 4
Miscellaneous external services 11
Client costs 6

Distribution of costs between countries
In the agreement that was drawn up between Swe-
den and Norway, it was stated that the division of 
the total cost of the bridge would be such that 59% 
would be paid by Sweden and 41% by Norway. This 
corresponded roughly to the  physical position of 
the bridge across the international border.

As a matter of interest, the allocation of costs 
when the old bridge was built (finished in 1946) 
was 60% to Sweden and 40% to Norway. The total 
cost at that time was SEK 3.6 million.

The Svinesund Run – inauguration of the road on foot

The Svinesund connection provided by the new 
Svinesund Bridge was opened with great pomp 
and circumstance during the second week of June 
2005. 

It began with a two-day contact fair for business 
and commerce. The third day offered a full-day 
seminar on design, talent and creativity. 

The official opening of the Svinesund connection 
took place on Friday, 10 June 2005, with the par-
ticipation of the Swedish and Norwegian royal 
couples. 

The day after was dedicated to the Svinesund Run 
(contests like this has become something of a tradi-
tion under such circumstances) and a sailing com-
petition known as match racing between the old and 
new Svinesund Bridges. The general public were in-
vited to entertainment on Friday and Saturday even-
ings by Swedish and Norwegian artists at a special 
festivity centre on the north bridge abutment. 

The bridge was opened to traffic on Sunday, 12 June 
2005 and, with it, a further difficult bottleneck 
along the E6 was cleared.
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1.3 Aesthetic requirements

During the preparation of the working plans, a 
conscious investment was made in the aesthetic 
design. A design competition was announced in 
2000 to attract suggestions for the design of the 
new bridge. 

The criteria for the competition included the require-
ment that the competition participants should 
comprise architects and bridge designers who 
would jointly submit proposals for the new bridge. 
The architects would be responsible for the aes-
thetic design and the bridge engineers for general 
statistical calculations, as well as technical descrip-
tions of the structure. The criteria also included 
submitting a cost calculation for the bridge.

Of the 20 expressions of interest to participate in 
the design competition that were received, nine 
were pre-qualified for submitting entries for the 
new Svinesund Bridge. 

The old Svinesund Bridge with approach vault bridges made of granite and an arch section made of reinforced concrete

The competition entries were analysed in terms 
of aesthetics, the environment, technology and 
economy. 

The evaluation was conducted by a group compris-
ing experts in aesthetics and the environment, as 
well as a group of experts in technology and eco-
nomics. The groups were made up of people from 
the Swedish National Road Administration, with 
the support of FB Engineering and KTH. 

The jury was made up of six people with a collect-
ive range of skills and, with Bengt Wolffram, head 
of regional road administration, as chairman, it 
selected the Norwegian entry “Arc” as the winner 
of the competition. 

The companies that submitted the proposal were 
Lund & Slaatto Arkitekter AS, together with Aas-
Jakobsen AS and AB Jacobson & Widmark.
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 The jury’s citation included the following:

”The people who submitted the proposal demon-
strated a convincing analysis of the task with an 
understanding of the character of the location 
and responded to all the multi-dimensional ques-
tions that arose. The result is a simple yet excellent 
grasp of design whose holistic effect and obvious 
assuredness have been reflected in the details.
The proposal meets rigorous requirements for visual 
quality in all respects: a clear landmark with local 
and wide impact, a balanced relationship with 
the old bridge and a sense of traffic. The simple, 
central arch reflects a stylisation of the shape of 
the landscape.

The radial shape of the arch harmonises well with 
the landscape and has a clear commonality with 
the arch of the old bridge. It is, however, possible 
to discuss whether or not a change to the parabolic 
shape would be more an expression of dynamism.

The entry represents a design challenge. There is 
no other bridge with such a wide span that is con-
structed with a single, central arch as the main 
structure. The dimensions of the bridge cross-
section are critical if the overall impression of the 

Photo montage from the 2000 design competition 

proposal is not to be misrepresented. It will pro-
bably be necessary to improve the design in terms 
of lateral stability and resistance to buckling. One 
solution could be for the arch to be strengthened, 
the bridge deck to be made continuous and the 
section of the arch rib to be strengthened where it 
runs through the deck. Furthermore, it is felt that 
the dimensions of the support nearest the arch 
span need increasing. Uniformity in the choice of 
material for the bridge deck should also be aimed 
for. It is felt that the changes can be implemented 
so that the qualities of the proposal can be main-
tained.

In technical terms, the proposal is thought to pro-
vide a generally acceptable solution which can, 
however, be improved in such a way that the sta-
bility of the structure is improved and less main-
tenance will be required  in the future. In terms of 
construction, the proposal means that well-known 
materials and methods can be used for the most 
part and the estimate therefore has a high degree 
of safety. Relatively heavy lifting equipment will 
be required.

From an environmental aspect, the limited amount 
of foundation work is an advantage”
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The next stage of the work involved a technical 
assessment of the winning entry. The assessment 
was conducted together with the people who 
submitted the entry and the technical group of 
experts that had previously evaluated the compe-
tition entries. The assessment of the winning entry 
resulted in a number of changes, of which the 
most important were as follows.

❏ The dimensions of the arch rib, where the crown 
 width was increased from 3.0 m to 4.0 m to 
 improve lateral stability.
❏ The support of the superstructure by the arch 
 was changed to provide a more maintenance 
 friendly structure.
❏ A uniform cross-section height was chosen 
 for the superstructure in order to achieve a more 
 production friendly structure and thereby a less 
 expensive solution.

The changes had only a marginal effect on the 
bridge exterior and were therefore acceptable to 
the people who submitted the entry. To all intents 
and purposes, the competition entry was retained 
in terms of the design of the abutments, interme-
diate supports, arch (apart from the increase in 
dimensions) and the superstructure.

The extended outer wall on the Norwegian side

At a later stage, it was also decided to extend the 
retaining walls that connect up with both the bridge 
abutments. The justification for this extension was 
that the bridge would have a better finish in terms 
of the surrounding terrain.

When it came to the colour of the bridge, it was 
specified that the concrete should be manufactured 
using constituent material that would give the fin-
ished bridge a colour that was as light as possible. 
This resulted in a requirement that the concrete 
should be manufactured using the same aggregates, 
irrespective of whether the concrete was delivered 
from a number of factories. This requirement would 
ensure that a uniform concrete colour was achieved. 
A proposal that titanium dioxide should be added 
was discussed, but it was rejected because of the 
significant additional cost, approximately SEK 6 
million, but also because of the increase in hardning 
time for the fresh concrete the addition would mean. 
The extended hardning time would therefore create 
a risk that the timetable for constructing the arch 
that was under pressure from the outset could not 
been hold. The partners did not wish to take this risk. 

When the final colour of the steel structure was 
decided, this was chosen by the architect on site 
when the first steel sections had arrived at the 
bridge site. 

One of the architect’s requirements was that the 
bridge dimensions should be kept to a minimum. 
This requirement has resulted in a very slim structure 
which has then in turn meant that certain demands 
regarding the size of the internal access openings 
in the superstructure and in the arch rib have not 
been fully met. Even the entrances to the arch rib 
have resulted in smaller dimensions than had been 
expected. 

Other high-maintenance installations that have 
been added as a result of the architect’s minima-
lisation requirements are the vertical anchorage 
cables in the piers of the bridge and the horizontal 
cables in the connection between the superstruc-
ture and the arch.
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1.4 Operation and maintenance

To ensure access to the bridge, temporary roads 
were constructed to the south abutment, piers 3 
and 4, and to the arch on the Swedish side. On the 
Norwegian side, a parking bay was constructed 
just north of the west section of the abutment. The 
north abutment, pier 8 and the arch can be acces-
sed via a walkway. In the same way, pier 2 can be 
reached from pier 3, while pier 5 can be reached 
via terrain steps at the arch.

A considerable effort was devoted to the design of 
the bridge and the facilities that have been built 
into the bridge to ensure reasonable provision 
with regard to operational and maintenance work. 

Access to all parts of the bridge is provided by 
doors at ground level in the bridge abutments, 
piers and arch. Internal walkways and passages 

Service roads

between the abutments and the superstructure, 
and between the superstructure and the arch, are 
provided throughout the bridge. Evacuation hatches 
have also been installed in the sides of the deck, 
every 100 m. 

These arrangements also include stairways and 
platforms to facilitate the incoming and outgoing 
transport of materials and so on. A telfer beam has 
been installed in both parts of the deck to facilitate 
the inward and outward transport of material and 
equipment via the bridge abutments.

The bridge is equipped with a number of alarms to 
make it easier to check dehumidification systems, 
lighting for shipping as well as aircraft obstruc-
tion light.

Concrete travers station monument



19 

The maintenance of the bridge comprises everything 
from cleaning the edge beams, bridge railings with 
sound walls, expansion joints etc. to replacing 
bearings, expansion joints, cables etc. 

Examples of operational tasks include snow clear-
ance, inspections and servicing various electrical 
installations. To perform operational and mainten-
ance tasks in a structured manner, the contractor 
compiled a manual that described the tasks that 
are necessary to maintain an acceptable status for 
the bridge. 

The manual also contains a section on the inspec-
tions of the  different parts of the bridge that must 

be carried out and the critical sections to which 
special attention must be paid during inspections.
The client has compiled a maintenance and in-
spection plan for the organisation of operations on 
the basis of the manual. It regulates the periodic 
preventive maintenance of the bridge.

There are no conventional levelling studs in the 
bridge deck, as levelling is done against bench-
marks glued on the edge beams. The benchmarks 
are included in a survey travers established on the 
surrounding terrain.

Inspecting the concrete surfaces of the arch
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Official bridge sign mounted on the arch
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General
The terrain in the area of the bridge is very undu-
lating. The highest levels at the abutments on the 
Swedish side are +60, while they are +55 on the 
Norwegian side. There is exposed rock or a thin 
layer of vegetation in a large part of the area. Only 
pier 4 is located in layers of soil. Geotechnical and 
rock surveys were carried out to meet the criteria 
for the bridge foundations. They included surveys, 
seismic examinations, soundings, core drill samp-
ling and the installation of ground-water pipes.

General rock conditions
On the Swedish side, the bedrock is red to greyish-
red, medium-grain granite. The type of rock is mostly 
massive rock, but down towards the Idre Fiord it is 
somewhat more gneiss like. The bedrock is domi-
nated by vertical cracks with a north-east and north-
west orientation. In addition, sub-horizontal cracks 
along the foliation are quite common.

On the Norwegian side, the bedrock comprises grey, 
medium-grain gneiss. Veins and quartz schleires 
occur in the gneiss. Vertical cracks in an almost 
north-south direction dominate. On the brink 
down towards the Idre Fiord, the foliation of the 
gneiss is relatively steep, whereas further up it 
changes to an almost horizontal fall. 

General rock properties
In the case of all the piers and retaining walls, 
with the exception of pier 4 and arch abutment 7a 
(the arch abutment on the Norwegian side), the rock 
is considered to be stable enough for foundations 
and has been classified as rock type 1 according to 
ATB VÄG [2].

Rock properties, support 4
The support is located in earth layers at the foot of 
Bjällvarpet. The rock falls away sharply just beyond 

2. Design assumptions

the support position. The ground is relatively flat 
in the support area. The area is covered with forest 
and is very boggy.

The distance to the rock varies considerably. Sur-
veys revealed that the distance to the rock varied 
from 3 to 11 m within the support area. The rock 
has extensive cracking and core losses have been 
noted. This is thought to depend on disintegrated 
rock and rock converted to clay. The bedrock is 
classified as rock type 2 according to ATB VÄG [2].

The upper layers of earth are organic material, 
peat and mud. Below this, there is  friction soil 
with varying physical properties. The earth con-
tains stones and blocks.

Rock properties, support 7A
In the position for the pier, the bedrock slopes 
steeply to the vertical and overhangs also occur. 
The lower part of the slope towards the Idre Fjord 
comprises large, loose blocks of rock. The bedrock 
is disintegrated with several groups of cracks. The 
crack zones are 0.5-1.0 m wide.

2.1 Geotechnics

Core samples from the position for support 7A
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General
The technical description (TBb) includes require-
ments that, according to the successful competition 
entry, the bridge, and the arch in particular, was to 
be designed with minimum dimensions to create a 
slim impression. It was also allowed that uplift at 
bearings could be prevented by using anchorage 
cables, which would not otherwise have been ac-
cepted.

The design of the retaining walls presumed that 
there would be anchors down in the rock with per-
manent bar anchors. Rock-foundated piers were 
not allowed to be considered firmly fixed but the 
elasticity of the rock and a certain amount of move-
ment in the rock had to be taken into account.

Load assumptions
The bridge is designed for loads according to BRO 
94, including Supplement No.4 [5]. Complementary 
requirements are stated in the technical description 
(TBb), including certain requirements according to 
Norwegian regulations.

Replacing hangers 
The bridge is designed to enable an arbitrary 

The rock at support 7A

hanger to be replaced. A criterion for this is that 
a 3 m wide section of the superstructure nearest 
the hanger stay must be closed off. In addition, as 
an accident load case, the bridge is designed to 
withstand a break in an arbitrary hanger with a 
concurrent traffic load of 30%.

Deadload
The density of the reinforced concrete is presumed 
to be at least 25 kN/m3. In the case of highly rein-
forced elements, a density based on the amount of 
reinforcement is used.

Traffic load
In addition to the traffic load according to BRO 94 
[5], the bridge has been designed for vehicle types 
according to the publication Klassningsberäkning 
av vägbroar (Classification calculations of road 
bridges), Appendix 2 [15], with axial load A equal 
to 180 kN and boggie load B equal to 300 kN.

A load cycle figure equal to 400,000 was used 
when calculating the fatigue caused by traffic 
loads. A constant stress range is assumed in the 
current regulations BBK 94 [3] and BSK 99 [8].

The bedrock comprises healthy, non-disintegrated 
gneiss. Unconfined compression tests on drilling 
cores revealed that the rock has a compression 
strength of approximately 185 MPa and a modulus 
of elasticity of 70 GPa. The bedrock is classified as 
rock type 2 according to ATB VÄG [2].

Assumptions for design and implementation
Geotechnical class 2 applied to all supports and 
retaining walls for the design and construction of 
the foundations, apart from both the arch abut-
ments, where geotechnical class 3 applied.
Rock removal class 1B according to Table CBC/3 
in Anläggnings AMA 98 [1] (General Material and 
Workmanship) applied to the foundations.

2.2 Calculations
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A lorry on the new Svinesund Bridge

Anemometer for wind statistics and the bridge instrumentation

Wind load
Wind loads were determined according to the 
National Board of Housing, Building and Planning’s 
manual for snow and wind load [17], plus a number 
of supplementary requirements. When making 
calculations for the permanent bridge, a 100-year 
reference period has been used, while usually a 
10-year reference period has been applied for the 
building stage. The wind load for a 10-year recur-
rence time is obtained by multiplying the values 
for a 100-year recurrence time by a factor of 0.88.

The mean wind speeds perpendicular (westerly 
wind) and parallel to the longitudinal direction of 
the bridge over a 10-minute period are shown in 
the following table. The wind speed for an easterly 
wind is calculated by multiplying the values in 
column 2 of the table by a factor of 0.8. 

Pressure factors for the approach bridges are de-
termined according to British Standard BS 5400 [7], 
whereas the factors for the arch section of the bridge 
were determined with the help of wind tunnel tests. 
Refer also to Chapter 4.
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Table 2:1  10 minutes mean wind speed

Table 2:2  Wind gust speed

 The wind speed in the case of gusts at right angles 
(westerly wind) to the longitudinal direction of the 
bridge is shown in the table below.

 Height above sea level Wind speed (westerly) perpendicular to the
 (m) longitudinal direction of the bridge (m/s))

 10 40.3

 60 53.2

 72 54.1

 85 55.0

 92 56.0

The turbulence intensity Iu is given in the following 
table as a function of the height above the terrain.

Table 2:3  Turbulence intensity

The wind load has also been considered as an accid-
ent load. The wind load in this case was static with 
a value 40% greater than the characteristic load.

 Height above sea level Wind perpendicular to the Wind speed parallel to the longi-
 or terrain (m) longitudinal direction of the bridge Iu (%) tudinal direction of the bridge Iu (%)

 10 19.7 33.8

 60 14.0 24.0

 72 13.3 22.8

 85 12.7 21.8

 92 12.3 21.1

 Height above sea level Wind speed (westerly) perpendicular to the Wind speed parallel to the longi-
 (m) longitudinal direction of the bridge (m/s) tudinal direction of the bridge (m/s)

 10 27.0 21.6

 60 37.9 30.3

 72 40.0 32.0

 85 41.9 33.5

 92 43.0 34.4
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Ship Collision load
The bridge superstructure has been designed for a 
collision load from ships of 500 kN. The impact 
area has a height of 200 mm and a width of 400 mm. 
The force is applied to the underside of the super-
structure at any place in the area bounded by the 
width of the fjord.

Earthquake load
The bridge has also been designed for an earth-
quake load according to “Statens vegvesens hånd-
bok 184, punkt 5.7 Jordskelvlast” [11], in which 
zone 2 has been applied.

Passing ships. The shipping line was kept open during the construction stage and the traffic through the Ide Fjord was heavy.

Support displacement
Supports placed in the bedrock are calculated for 
a support displacement, both vertically and hori-
zontally, of 5 mm.

Design 
The bridge is designed according to the partial co-
efficient method by using BBK 94 [3] (for concrete), 
BSK 99 [8] (for steel) and BKR 94 [4] (for foundations), 
with the complements and amendments as stated 
in BRO 94, including adjustments up to and includ-
ing Supplement No. 4 [5]. 
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The following approximate dimensions were stated 
as assumptions on the basis of the winning competi-
tion entry.

The arch dimensions at the crown should be ap-
proximately 4.4 x 2.7 m. The width and thickness 
should then increase down towards the arch abut-
ments.

The pier tops should have dimensions of approxi-
mately 5.6 x 2.0 m, with, like the arch rib increas-

2.3 Geometry

ing dimensions down towards the foundation slabs.

The superstructure height should be approximate-
ly 3.0 m and the width should be 28.2 m. This width 
indication also limited the space between the super-
structure parts.
 
Of the above dimensions, it became necessary 
during the design phase to increase the width of 
the pier tops to 6.2 m.

Complementary requirements are also stated in the 
technical description (TBb). Safety class 3 (= 4.8) 
and a design working life of 120 years have been 
applied.

The changes in the TBb result in higher load factors 
 for wind load in load combinations for the con-
struction stage. The wind load for the ultimate 
limit state with dominant variable loads has been 
increased.

Deformations and geometric imperfections 
The deformations are limited, as stated below, in 
addition to the requirements in BRO 94 [5].

❏ Maximum lateral displacement at the top of 
 the arch from only characteristic traffic load 
 shall not exceed 150 mm.

❏ The maximum lateral displacement at the top 
 of the arch from a characteristic wind load shall 
 not exceed 600 mm. The requirement also applies 
 to an eccentric load from traffic together with 
 other associated loads according to BRO 94 [5], 
 Table 22-1, load combination V:A.

Geometric imperfection is set at 0.200 m in the 
horizontal plane and 0.300 m in the vertical plane. 
The construction tolerance is limited to two-thirds 
of the design values for the geometric imperfec-
tions.

Exposure classes 
For concrete structures, environmental exposure 
classes of at least A4/B4 are applied. The concrete 
cover has, however, been increased by 10 mm.

A stands for a reinforcement-aggressive environ-
ment and B for a concrete-aggressive environment. 
These are defined in BBK 94 [3], Section 7.3.2. Class 
A4 in this case means a concrete cover of at least 
65 mm, a characteristic crack width of no more than 
0.20 mm and a w/c of no more than 0.40. Class B4 
means a requirement for salt frost resistance.

Corrosion class C5-M, as defined in BSK 99 [8], Sec-
tion 1:23, is applied to steel structures.

Comfort requirements
In addition to the requirements in BRO 94 [5], the 
bridge has been designed for a maximum vertical 
acceleration of the superstructure which, at mean 
wind speeds of up to 20 m/s, must not exceed 
0.5 m/s2 (RMS, f < 1.5 Hz).

Material requirements
TBb (technical description) contains requirements 
that the arch should be designed with a concrete 
compressive strength class of at least K70.
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A general view of the bridge is given in Section 1.1. 
This chapter describes the configuration for the 

3. Configuration
3.1 General

Figure 3:1  Elevation

The bridge configuration is governed by the winning 
competition entry. This has meant that a number 
of measurements, such as the dimension of the arch 
rib and pier width, were stated in the tender docu-
mentation. A number of special solutions were also 
necessary. They included the superstructure being 
attached to the piers using cables to avoid uplift 
at the bearings. The problem of uplift is a result of 
the requirement that the piers width should not be 
greater than the space between the two parts of the 
superstructure.

During the configuration, maintenance issues, ac-
cess and availability for inspections, maintenance 
and repair were considered. In certain cases, this 
conflicted with the requirements to follow the 
winning competition entry to the greatest degree 
possible.

The bridge contains a large number of installa-
tions such as fresh-water piping, dehumidification 
systems, different types of alarm, telfer tracks and 
lighting. Many of the installations are designed to 
facilitate inspection and maintenance.

3.2 Abutments

The very special configuration of the abutments is 
shown in Figure 3:2. Each abutment is divided into 
two parts in the form of “boxes”, one for each super-
structure part. The distance between the parts is 

6.2 m. This agrees with the distance between the 
two parts of the superstructure. The parts are pro-
vided with corbelled-out cantilever sections which 
have the same geometry as the superstructure.

respective parts of the bridge in more detail. The 
construction of the bridge is described in Chapter 5.
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Since a cross-girder between the superstructure 
parts was undesirable for aesthetic reasons, one of 
the bearings was placed in the cantilever section, 

Figure 3:2  Abutment on the south side

see Figure 3:2. The configuration comes from the 
winning entry, where the idea is to give the impres-
sion that the superstructure continues into the rock.
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The abutments are made of foundation slabs placed 
on the bedrock, breast walls that support the load 
from the bearings, rear walls, side walls, edge beam 
sections for attaching the bridge railings and an 
upper slab where the expansion joint is attached. 
One bearing is located on the cantilever section 
and another is on the front wall. The bearings on 
the cantilever section becomes difficult to obtain 

access to, for inspection and maintenance. The 
backfilling comprises blasted stone.

The bearing positions are raised for aesthetic rea-
sons and the space between the cantilever respect-
ively the front wall and the corbelling relatively 
thin “steel lip” that comprises the placement point 
on the superstructure, is minimised. Consequently, 
there is no real bearing plinth and the bearings are 
placed and moulded, directly against the respective 
bridge seat. 

On the Swedish side, where the bearings are in the 
same longitudinal position (both super-structure 
parts have the same length), both abutments parts 
are linked through two high, rigid concrete beams. 
For aesthetic reasons, the beams are placed be-
tween the foundation slabs of the abutment parts 
and are overfilled and are therefore not visible 
above the ground.

On the Norwegian side, where the topography has 
meant that the east part of the superstructure 
is longer than the west part the two parts of the 
abutment are not joined, see Figure 3:3. 

To improve stability, the east section has two, strong 
protruding beams that are anchored with rock bar 
anchors on the side against the centre of the motor-
way. The corresponding beams on the left abut-
ment part protrude under the corbelled cantilever 
section (on the outside). This does not result in the 
same eccentric traffic load and no rock anchorage 
is necessary.

Bearing position on the abutment cantilever section 

Both parts of the north abutment are longitudinally displaced 
in relation to each other

expansion joint

bearing

flushing water

Inside the south abutment
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At the back of each part of abutment, there is a 
run-on-slab to minimise the settling difference at 
the transition to the road embankment. The abut-
ments are equipped with plumbing-needles and 
connection points for electrochemical potential 
measurement. This will permit the measurement 
of any possible reinforcement corrosion in the fu-
ture. All the external concrete surfaces are treated 
with type StoCryl HG 200 impregnation material.

Access to the insides of the abutments is provided 
through double doors on the inside sidewalls. The 
doors have a width of 2 x 0.9 m and a height of 
2.0 m. To facilitate material transport into the super-
structure, there is a telfer beam that exits at the 
abutment. Inside the abutments, there are stairs, 
rest levels and hatches leading into the super-
structure steel boxes and into the space in the 
cantilever section. There are also electrical installa-
tions in the form of lighting and so on. The areas 
inside the abutments are drained. Figure 3:3  Abutment on the north side 

3.3 Piers

The piers comprise a foundation slab and pier 
column, plus bridge seats. There are five piers, four 
on the Swedish side and one on the Norwegian 
side. The configuration is shown in Figure 3:4.

The foundation slabs are all supported on flat-
blasted rock, apart from the bottom plate for sup-
port 4 on the Swedish side that is supported on 26 
steel-core piles. 
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Figure 3:4  Section pier 2 
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Shaft pit with rod anchors installed, pier 5 Figure 3:5  Steel core pile 

Figure 3:6  Foundation for pier 4 

The design strength for the rock foundation is 
3.9 MPa. The size of the foundation slabs varies 
between 8.60 x 4.80 x 2.00 m (L x B x h) and 13.00 x 
6.20 x 3.30 m.

The piles have a diameter of 140 mm in the steel 
core. The cores are surrounded by 40 mm of injec-
tion mortar and an outer casing. The load capacity 
of the piles is 1529 kN and they are between 9 and 
16 m long.

At pier 5, the foundation slab is anchored with 16 
steel-core piles with a diameter of 125 mm in the 
steel core. This configuration was chosen to reduce 
the size of the foundation slab. These piles are 
approximately 25 m long and have a tensile load 
capacity of 2672 kN.
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Because of their architectonic structure, the piers 
are very slender. All the sides of the piers slope 
inwards by 1.8% towards the top. They are con-
structed with a box cross-section. The pier heights 
vary between 10.69 m and 46.95 m. The outside 
dimensions of the box cross-sections vary between 
6.58 x 2.21 m and 6.93 x 2.41 m at the bottom edge 
of the piers. The dimensions of the pier tops are 
the same at the upper edge – 6.20 x 2.00 m. 

The thickness of the box walls is constant along 
the tops of the piers – 0.5 m for the short sides 
(parallel with the bridge) and 0.4 m for the long 
sides (perpendicular to the bridge). In the case of 
the piers 5 and 8, the thickness of the short sides 
is 1.0 m. 

At piers 2 and 3, the bottom sections of 1.70 m 
and 2.64 m respectively are made of solid concrete. 
All the piers have plumbing-needles.

The space between the bridge seats at the top of 

the pier is covered with a small, prefabricated con-
crete disc which is referred to as a parapet. This 
design has been chosen to create a straight edge 
and to conceal the tendons that clamp the super-
structure to the substructure. The actual opening 
between the bridge seats and the prefabricated 
discs is concealed partly by a plate that has holes 
for the tensioning cables. 

Each pier contains eight tendons that are posi-
tioned in two rows of four tendons. The tendons 
are BBV/EMR 9 ø 15 for pier 2, BBV/EMR 15 ø 15 
for 5 and BBV/EMR 12 ø 15 for the other piers. To 
accommodate the movement the superstructure 
experiences at moving bearings, primarily as a 
result of temperature changes, the 11 m (6.5 for 
piers 5 and 8) are anchored in a cast prefabricated 
cross-beam inside the piers.

The piers are equipped with connection points for 
electrochemical potential measurement. This will 
permit the measurement of any possible reinforce-
ment corrosion in the future. The external surfaces 
of the tops of the piers down to 3 m below the up-
per edge are surface treated with type StoCryl HG 
200 impregnation material.

The space inside the piers is fairly limited because 
of the small dimensions and the tendons in the up-
per part of the piers. To facilitate inspection, repair 
and maintenance inside the piers, on the tops of 
piers, at bearings and on tendons, ladder with fall 
protection have been installed in each pier. 

These ladders have resting levels at suitable dis-
tances and where space permits. They are made of 
hot-galvanised steel. There is a lifting hook with a 
capacity of 1000 kg in the pier ceiling on one side 
above an unrestricted area throughout the internal 
height of the pier. This hook is used to transport 
material and so on using a winch. 

Access to each pier is provided via a steel door 
with a width of 0.9 m and a height of 2.0 m. The 
door is located at ground level. There are power 
sockets and permanent lighting inside the piers.Pre-fabricated cross-beam in a pier with tendon anchors
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3.4 Retaining walls

On the east side of the bridge, the abutments con-
nect to retaining walls on both the Swedish and 
Norwegian sides. For aesthetic reasons, the retain-
ing walls are extended considerably in comparison 
to the shortest wall that would have been necess-
ary in view of the slope of the blasted stone cone 
and the length in relation to the abutment. 

On the Swedish side, the wall is 5.7 m long, while it 
is 5.3 m long on the Norwegian side. Between the 
two halves of the motorway, there are retaining 
walls over a distance of between 20 and 30 m. 
This has also been done for aesthetic reasons. 

The first wall segment next to the bridge is also 
designed like a concrete trough. The retaining walls 
are designed as tie-back anchored walls between 
the halves of the motorway. The outer retaining 
walls are designed in the same way as the abut-
ments, with cantilever parts which have the same 
cross-section as the superstructure. This is a re-
quirement from the winning conceptual design. 

Figure 3:7 Outer retaining wall  Figure 3:8 Retaining wall with expansion joint

The cantilever section connects to the cantilever 
section on the abutments. At the upper edge of the 
retaining walls, there ar edge beams to which the 
bridge railing are attached. 

The general design of the retaining walls is shown 
in Figures 3:7, 3:8 and 3:9.

The maximum height of the retaining walls is ap-
proximately 11 m. To reduce the dimensions of the 
foundation slabs on the bedrock, they have been 
anchored to the rock using GEWI bar anchors with 
a c/c spacing of approximately 1.3 m at the back 
edge of the foundation slabs. 

The bar anchors have a diameter of 50 mm and 
double corrosion protection, and have a length of 
approximately 9 m.

The retaining walls are made of 10 m long seg-
ments with expansion joints between the segments. 
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The expansion joints are made of 20 mm foam 
plastic and a soft joint with jointing compound.

Each retaining wall segment has benchmark and 
levelling studs, plus connection points for electro-
chemical potential measurement. This will permit 
the measurement of any possible reinforcement 
corrosion in the future. All the external concrete 
surfaces are treated with type StoCryl HG 200 im-
pregnation material.

Bar anchors for the inner retaining wall on the Norwegian 
side

Figure 3:9 a  Tie-back anchored retaining wall, configuration 
on the Swedish side

Figure 3:9 b  Tie-back anchored retaining wall, configuration on the Norwegian side
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3.5 Arch abutments

The arch abutments are the transition between the 
arch rib and the rock. The major difference in the 
design of the arch abutments on this bridge in com-
parison to a conventional design is that a pier is 

The Sandö Bridge with a conventionally placed pier above the arch abutment

normally placed on the top side of the arch abut-
ment. This solution was not adopted for aesthetic 
reasons. During the construction phase, auxiliary 
pylons were placed on the arch abutments. 

The aim of the competition entry was to create an 
impression that the arch continues into the rock. 
As a result, the arch abutment is blasted into the 
rock with the underside and back perpendicular 
to the arch rib and the upper side below the sur-
rounding terrain. The tolerance for the excavation 
level is 1500 mm. The main dimensions of the arch 
abutment are given in Figure 3:10.

The arch abutments on the Norwegian side and 
the Swedish side are generally much the same and 
lie at the same height above the water. However, 
the rock on the Norwegian side is poorer than on 
the Swedish side. This has meant that the area of 

the arch abutment against the rock is larger on the 
Norwegian side. 

A supplementary investigation of the rock on the 
Norwegian side was conducted by the contractor. 

It resulted in consolidation injection, bolt strength-
ening and contact injection being performed below 
the arch abutment. The result was then to be follow-
ed up with an inspection comprising a measure-
ment of the deformation modulus before and after 
stabilisation and a check of settling during the 
construction stage. It was, however, difficult to 
show the effect the strengthening had had.
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Figure 3:10  Arch abutment on the Swedish side

Figure 3:11  Rock reinforcement at the arch abutment on 
the Norwegian side
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3.6 Arch rib

The arch rib is made of reinforced concrete with a 
compressive strength class of K70. This relatively 
high-strength concrete was necessary as a result 
of the slim dimensions of the arch. The arch rib 
has a radial shape with a radius of 154.226 m. The 
width of the arch rib at the crown is 4.0 m and 
the height is 2.7 m. The cross-sectional dimension 
of the arch rib increases down towards the arch 
abutments to a width of 7.4 m and a height of 4.2 m. 

The internal clearance height is at least 1.8 m. The 
extrados of the arch rib in a lateral direction has a 

negative camber, i.e. it has a slope of 2% towards 
the middle. The reason for this is to limit the amount 
of water that runs down along the sides of the arch 
and thereby reduce the risk of ice formation in 
cold weather.

The arch rib has manhatches made of aluminium 
at ground level and at the crown. It is also pos-
sible to enter the arch rib via the superstructure at 
the connection point between the superstructure 
and arch rib.

Finished arch, March 2004

Figure 3:12  The arch rib with its main 
dimension – HAT = Highest Astronomic 
Tide. Section A-A, see Figure 3:13
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Manhole in the intrados at the connection between the 
superstructure and the arch rib

Figure 3:13  Section – arch rib and superstructure

Passage from the arch to the superstructure and cabling 
for the electrical installations  in the superstructure
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Obstruction light at the top of the arch

Inside the arch rib, there are stairs and platforms, 
lighting, power sockets and attachment components 
for the bridge hangers. External installations are 
limited to three obstruction lights that are installed 
at the top of the arch.

The arch is equipped with connection points for 
electrochemical potential measurement. This will 
permit the measurement of any possible reinforce-
ment corrosion in the future. The entire extrados 
and the side surfaces, plus the intrados between 
the levels + 6 m above the road deck and – 3 m below 
the upper edge of the superstructure, are treated 
with StoCryl HG 200 impregnation material.

To prevent snow and ice accumulating on the arch 
rib and causing accidents during precipitation, a 
heater coil has been installed in the upper surface 
of the arch in the part above the road deck. The 
heater coil comprises a special electric cable that 
lies approximately 55 mm inside the concrete. Two 
sensors are embedded in this concrete and they 
use relays to activate the heating system when 
there is a risk of ice formation. The method has 
been tested in other contexts but not on bridges 
before. Heater cables cast into the upper surface of the arch rib

3.7 Connection between the superstructure and arch rib

The superstructure is rigidly connected to the arch 
rib. The connection is shown in Figures 3:14 and 
3:15. 

There is a 555 mm thick concrete slab between 
the arch rib and the superstructure part. There is 
interaction throw the recesses in the arch and the 
studs in the superstructure. The superstructure is 
attached to the arch using 21 cables drawn from 
one part of the superstructure through the arch 
rib and out through the other part. The cables are 
of type BBV/EMR 19  15 and can be replaced.

The design of the connection is governed by aesth-
etic considerations, as described in the winning 
entry, so it will appear as there is no contact when 
the superstructure passes the arch rib.

To prestress the cables, they must not be too short. 
They therefore go some way into the steel boxes. 
The overall length of the cable is 10.68 m. Since 
the forces are considerable, a large number of stiff-
eners are needed in the steel box.
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Figure 3:14  Section through superstructure – arch rib Cables at the superstructure – arch rib connection 
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Figure 3:15  Connection between superstructure – arch rib
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The superstructure is suspended in the arch rib 
by six pairs of hangers (12 in total). The lengths of 
the hangers vary from 12 to 26 m. The hangers are 
designed as closed, spiral-wound cables and the 
cable cores are made of cast steel. The configura-
tion in shown in Figure 3:13.

The nominal diameter of the hanger is 94 mm. It is 
made up of round wires and Z wires and contains 
a total of 270 wires. Further information is given 
in Section 6.13.

The length of a hanger can be adjusted at the at-
tachment in the arch rib. This is done by lifting 
the yoke beam using jacks, after which the yoke 
beam attachment points are adjusted with shim 
plates. When the adjustment of the arrangement 
is complete, the yoke beam is lowered again to its 
mounting points.

The hangers are hinged connected at joints. The 
hinges allowing rotation parallel to the bridge, 
but do not allow any rotation perpendicular to the 
bridge.

To facilitate the inspection and maintenance of the 
attachment in the arch, the arch web is provided 
with manholes, see Figure 3:13.

3.8 Hangers

Lower hanger attachment in cross-girder

The superstructure comprises two steel box gir-
ders, see Figure 3:17. 

The edge beams are also made of steel. The bridge 
deck is designed as an orthotropic plate in accord-
ance with prEN 1993-2, annex G.2.2 and G.2.3 16]. 
The girders are joined at each pier and each hangers 

3.9 Superstructure

with a cross-girder. The insides of the steel boxes 
are stiffened with a longitudinal diaphragm and 
lateral diaphragm with a centre spacing of 4.0 m. 
The bottom flange, top flange and webs of the 
girders are provided with longitudinal trapezoidal 
stiffeners.
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Figure 3:17  Cross-section of a superstructure part

Figure 3:18  Cross-section  of a steel box

At each end the box girders are provided with 
counterweights in order to avoid uplift at the bear-
ings. The counterweights comprise approximately 
200 m3 concrete cast into the span close to the 
abutment and in the part of the box that faces the 
centre line of the bridge.

Counterweight in steel box
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The respective part of the superstructure is designed 
with the following plate thicknesses.

Deck plate: 12 mm up to and including section 12 
(up to support 5). After this, the deck is made of 
14 mm plate. The reason for the choice of 12 mm 
plate (a departure from BRO 94 [5]), where a re-
quirement is of minimum 14 mm, on the first 12 
sections was a mistake by the steel contractor.

Outer web plate: 16 mm
Bottom plate (horizontal and sloping): 12 mm
Inner web plates: 12 mm
Edge beams: 12 mm

Cross- girders (both in approach bridges and in 
the main span) have the following thicknesses:
Web plate: 12 mm
Bottom plate: 55 mm
Top plate: 55 mm
Inner stiffeners: 12 mm

The inside of the superstructure is painted with a 
light primer. A dehumidification system has been 
installed to provide sufficient internal corrosion 
protection. The outside of the superstructure has 
been given corrosion protection according to BRO 94 
[5], see also Section 6.14.

Day water is dealt with by a collection pipe inside 
each part of the superstructure. The pipe is insula-
ted and equipped with thermostatically controlled 
electric heating. Inside the superstructure, there is 
also a fresh-water pipe, lighting and power points. 
In each part of the superstructure, there is a telfer 
beam with a capacity of 1000 kg.
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New constructed arch from the Norwegian side
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The design was made according to BRO 94 [5], 
BBK 94 [3] and BSK 99 [8]. These standards are com-
parable to the new generation of European stan-
dards as a result of their safety and verification 
concept. The contractor arranged for the relev-
ant parts of the regulations to be translated into 
English and these translations were used during 
the design work.

Because of the extremely tight time frame , which 
meant that fewer than three years were available 
for planning and implementing this demanding 
project, regular reconciliation and close collabora-
tion between all the participants was absolutely 

4. Design

necessary. This success factor was achieved very 
well during the Svinesund Bridge project and especi-
ally during the vital initial stage.

Because of the extensive interaction between the 
different parts of the bridge, it was not possible, 
as is normally the case, to divide the calculations 
into the superstructure and substructure respect-
ively. As a basis for the final design of the individual 
parts, an extensive calculation was made of the 
overall system in which all the steel and concrete 
parts were represented as realistically as possible 
with regard to geometry and rigidity, as well as 
cracked or uncracked cross-sections.

4.1 General

Figure 4:1  Global system
Figure 4:2  Detail of the connection be-
tween the arch and the superstructure

Detail at the arch

carriageway 2

carriageway 1
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The design criteria required calculations with 
limit values for material stiffness. Material safety 
factors were added to strength and stiffness when 
verifying the ultimate limit state. These factors 
have different values for steel and reinforced con-
crete respectively. 

The corresponding conditions apply to some extent 
to design when considering deformation. Design 
considerations for crack width and fatigue control 
were included but according to the mean values 
for stiffness.

Almost all the calculations of the cracked concrete 
areas were considered by reducing the bending 
and torsional stiffness. The unreduced stiffness 
was used for uncracked areas. This is applied not 
only to stability calculations according to se-
cond order theory but is also because of the rigid 
connection of the superstructure to the arch and 
because of the elastic clamping of the arch to the 
arch abutment considered for all design cases. 
This was necessary in order to be as true to reality 
as possible when determining rigidity conditions 

4.2 Determining stiffness 

The global system is a 3D system based on the 
finite element method (FEM) and is made of beam 
elements. SOFISTIK software was used. This is a 
general purpose finite element program. The stage 
construction is included in the system. The piers 
and arch rib are modelled using individual beam 
elements. The superstructure is modelled as a grid. 
In the model, each box becomes three longitudinal 
beams, one for each web. The beams are joined 
together with a lateral beam at each cross-brace. 
The grid therefore becomes a three-beam model 
where the three beams represent the two 3 m high 
main beams and the 1 m high edge beam. The main 
beams and the edge beam are joined by cross-braces. 
Using this model, not only the correct load distribu-
tion between the three beams but also the effect of 
the diaphragm wall can be determined. Figure 4:3 Section, superstructure showing the three 

main beams in the system

Chapter 2 lists the load assumptions for the service-
ability limit state, ultimate limit state and fatigue. 
The most important loads are deadload, loads during 
construction, pre-stressing, shrinkage, creep, traffic 
load (5 basic cases and 12 supplementary cases), 
braking force, temperature action and wind load.

between steel, concrete and rock. This required 
considerably more work on the analysis of the 
global system, as it was necessary in each load 
case to determine all the sectional forces for 
different stiffness values before these sectional 
forces could be multiplied by the partial factors.

In practice, the calculation was made for a load 
case in a different way. The first analysis was 
made under the conditions for an uncracked 
cross-section. After superpositioning all the 
possible load combinations, the areas in which 
the tensile strength of the concrete was ex-
ceeded were found. It was then possible using 
an approved standard in BRO 94 [5] to assume 
a stiffness for these parts of 60% of the uncracked 
cross-section. 

The sectional forces were determined using a 
second calculation stage. They were generally 
accurate enough. The design of the cross-sec-
tion was then based on these sectional forces. 
Since the arch was fixed in both the superstruc-
ture and the rock and was thus very sensitive to 
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For reasons of time, it was necessary for the initial 
structural calculations to estimate the wind load 
during the construction phase and the permanent 
phase on the basis of available information.

The final analysis of the wind effect was made 
using wind tunnel tests conducted at PSP Prof. 
Sedlacek & partner (Aachen) on behalf of the con-
tractor. In addition to the true construction work 
with an accurate model of the superstructure and 
the arc, the surrounding terrain was reproduced 
as a scale model. The wind tunnel test did not 
consider the forces in the bridge plane but only 
across the bridge and the wind tunnel tests were 
complemented with a stochastic wind calculation 
in which the forces in the bridge plane were also 
calculated.

Figure 4:4  Stiffness variations across the arch

stiffness variations. Eventually the assumption of 
reducing the actual stiffness to a 60% of the stiff-
ness of the  uncracked cross-section was checked 
using moment-curvature calculations for all of 
the designed sections. The reduction of  stiffness 
could then be more accurately distributed along 
the arch, see Figure 4:4, until a further calcula-
tion showed that the assumption of 60% stiffness 
was sufficiently accurate and on the safe side, see 
Figure 4:5.

These approaches required some manual work to 
determine the stiffness distribution but it meant 
that a summarisation of all the possible determin-
ing combinations of all the load cases was avoided 
before a number of non-linear calculations were 
performed. Since the rigidity of the concrete in 
stage II depends on the choice of reinforcement, 
it was necessary in this context to determine the 
optimum and most economical reinforcement for a 
cracked cross-section using an iterative process.

Figure 4:5  Stiffness variations across the arch

4.3 Experimental determination of wind load 

Wind tunnel tests



50

It was necessary to determine the natural frequency 
of the bridge for different phases as initial values. 
On this occasion, the Swedish Road Administration 
demanded that “realistic” stiffness for the bridge 
parts should be assumed. This was particularly 
important for the “unsure” concrete sections. 
Whereas it was possible to assume an uncracked 
concrete cross-section for the free-cantilevering 
construction stage, the natural frequencies and 
natural modes for the permanent stage had to be de-
termined for the two limiting stages of “cracked and 
uncracked cross-sections”. The natural frequency is 
a term from linear-elastic dynamics, i.e. only one 

value of stiffness can be assumed. In the case of 
the cracked concrete cross-section, it was neces-
sary that not only the secant stiffness was used 
for the natural frequency determination, as in the 
other calculations, but also the tangential rigidity. 
Consideration must also be given to the frequency 
reduction through the major normal force pressing 
in the arch. This means that the lowest possible 
values for natural frequencies were assumed 
which then means that the effect of the wind will 
be on the safe side (a weaker system means higher 
wind loads).

Because of the time available, the foundations for 
the substructure including the arch abutments 
were initially designed roughly using assumed 
values, so that blasting work at the construction 
site could be started, especially at both the arch 
abutments. It was not until an inspection of the 
exposed rock surface just above the future foun-
dation level that a more accurate statement could 
be made concerning cracks and gaps. This was the 
first time that it was possible to assess the actual 
load-bearing capacity so that the necessary mea-
sures for strengthening the foundations could be 

4.4 Designing the foundation (foundation slabs and arch abutments)

planned. This approach was primarily necessary 
on the Norwegian side because the rock displayed 
considerable cracks in some places. Extensive 
reinforcement was necessary on the rock on the 
Norwegian side to provide the necessary stiffness 
for the arch foundations with their large loads. 
The arch is also sensitive to deformation in the 
foundations and calculations were made for both 
horizontal and vertical movements of a maximum 
of 5 mm.

The initial calculations for the global system were 
made according to the first order theory. In other 
words, consideration was not given to additional 
moments of deflection, for example. There were a 
number of design elements in which it was neces-
sary to take account of second order effects.

The arch is a compressed design element in which 
it was necessary to carry out a stability check ac-
cording to second order theory while bearing in 
mind the rigidity of the foundations. In the case 
of buckling in the longitudinal direction of the 

4.5 Stability calculations

bridge, the asymmetrical buckling mode is decisive 
in this context. 

This is shown in Figure 4:7 (2nd buckling mode). 
It should be noted that piers 3 and 4 restrained 
the deformation as they both have fixed bearings 
and therefore stabilise the arch to some degree. 
Amplification factors were determined on the basis 
of second order theory. They were then applied 
to amplify the moment according to first order 
theory.
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Figure 4:6  First buckling mode

Figure 4:7  Second buckling mode
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The superstructure is firmly attached between the 
sides of the arch. Since the joint is between concrete 
and steel, and between concrete and concrete, it is 
necessary to check that the joint remains crack 
free in the ultimate limit state. In addition, the 
shear forces that occur in the joint must be taken by 
friction in connection with the effect of recesses. 

4.6 Connection between deck and arch

In addition to friction, mortise bolts and anchor-
ing reinforcements were necessary in the joint 
between the concrete and the arch. To be on the 
safe side, the mortise bolts were designed for full 
shear force with consideration given to friction. 
The design of the joint is shown in the figures in 
Chapter 3.

to 600 mm, bearing in mind second order theory 
and cracked cross-sections.

On the basis of these stability analyses and first 
order natural mode buckling, the overall stability 
of the bridge in the lateral direction is clearly de-
monstrated. With the applied lateral deformation, 
the slim arch is supported through the horizontal 
shear action of the superstructure and the loads 
are drawn to the short piers 5 and 8 (bearings that 
are laterally fixed) nearest the arch. Furthermore, 
the torsionally rigid deck is twisted so that the re-
quirements for constantly tensioned hangers can 
be met. It is easy to understand why these piers 
have the widest foundation slabs and especially in 
the case of pier 5, where it is also anchored to the 
rock with permanent bar anchors.

Unlike the two arch abutments, the piers lack a 
corresponding normal force component when trans-
ferring the large side bending moments. This means 
that their foundations require large foundation 
slabs.

The stabilising effect of the hangers is very favour-
able in conjunction with the major deformations 
that occur. In calculations using third order theory, 
which could be done without any difficulty using 
the software that was available, the favourable 
effect could be fully considered.

Table 4:1  Natural frequency, (a) with consideration given 
to cracked concrete and (b) without consideration given to 
cracked concrete.

The load-bearing capacity of the arch is more sen-
sitive in the lateral direction of the bridge. It can 
naturally be stated that the arch supports the super-
structure in the vertical direction, but the super-
structure supports the arch laterally. Without the 
rigid connection of the arch to the superstructure, 
it would not be stable during wind loads and ec-
centric traffic loading. The corresponding stability 
check was made of an assumed lateral imperfec-
tion of 200 mm at the crown of the arch where the 
first natural mode is decisive.

During extreme wind effects and unfavourable 
traffic loading, the additional buckling was limited 

 1 0.27 0.39

 2 0.33 0.46

 3 0.68 0.90

 4 0.71 0.97

 5 0.77 1.01

 6 0.81 1.04

 7 0.89 1.10

 8 1.01 1.17

     Natural (a) (b)
   frequency f [Hz] f [Hz]
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Foundation
As a result of supplementary test drilling, the quality 
of the rock in both the arch support positions was 
shown to be good on the Swedish side and less good 
on the Norwegian side. The rock was more cracked 
than expected on the Norwegian side. This meant 
that the almost vertical rock wall into which the 
arch abutment was going to be blasted needed be 
blasted away and the rock below the foundation 
level reinforced. This reinforcement was perform-
ed using injection and the installation of rock 

5. Construction

bolts down to 12 m below the foundation level. 
This work caused a two-week delay in the con-
struction of the bridge.

The first blast salvos for the bridge support were 
set off in January 2003. Work then began on clear-
ing the blast bases, reinforcing and casting the 
arch abutments.

Construction technology
The arch is built according to what is referred to 
as free cantilevering method, where the casting is 
done in stages. An hydraulically powered climbing 
form was used. The work was done concurrently 
on the Swedish and the Norwegian sides and com-
prised a total of 53 casting stages. After casting 
the arch abutments, the arch rib was started by 
casting the start elements, which have a length of 
3.31 m and 4.36 m respectively. Twenty-five stages 
with a length of 5.5 m were then cast, followed 
by a final locking stage with a length of 4.26 m. 
To comply with the timetable, the work was done 
continuously, i.e. working in shifts around the 
clock. The total erection time for the arch was 11 
months.

Because of the very busy shipping lane and the 
limited width of the shipping lane below the bridge, 
it was not possible to use conventional underly-
ing scaffolding. Instead, a method that is unique 
for Swedish conditions was applied; two concrete 
auxiliary pylons were cast on the arch abutments. 
The arch was then supported by a cable-stayed 
system anchored in the rock. To achieve lateral 
stability at the extension, the arch was also braced 
laterally with stay cables anchored in the rock on 
both sides of the arch. The method has worked 
well and has produced very good results in terms 
of arch geometry etc.

The rock at support 7A

5.1 Arch
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Shipping lane with passing ships

A cable crane (aerial transporter) was used to 
ensure material supplies, concrete, reinforcement, 
form material and so on. This was also a relati-
vely untried method of transporting material in 
Swedish conditions. The crane was used primarily 
when building the arch but also to a lesser extent 
when building supports 4 and 5. The cable crane 
which stretched across the sound had a working 
length of 330 m and a lifting capacity of approx-
imately six tonnes. The crane tower could be tilted 
sideways, +/– 10 m, which meant that the load 
could be placed anywhere within the working area 
for construction of the arch. The arch abutments 
at the first four casting stages on each side of the 
sound were cast using a concrete pump. Other stages 
were cast using the cable crane and concrete skip.

Formwork Casting forms
The shape of the arch, where the side surfaces 
have a slope from the top to ground level of 1.8% 
and varying thickness, required formwork prior to 
each new casting stage to be easy to reconstruct 
with regard to sectional changes. Bilfinger Berger AG, 
together with Deutsche Doka GmbH, chose a form 
traveller with underlying load bearing structure 
attached by bars embedded into the previously 
cast sections of the arch rib.

Following early collaboration between the cont-
ractor and the form technicians, a form system 
was chosen that was well suited to the needs of 
the construction site.
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Arch with form traveller and auxiliary pylon plus the tiltable 
mast of the cable crane

The forward movement of the forms to the next 
casting position was achieved using hydraulically 
powered devices and a holder-on against recesses 
in the underside of the arch. The insides and out-

sides of the form were adjusted to take account 
of sectional changes in the arch geometry using 
hydraulic devices which could gradually change 
the dimensions of the form.

The design of the formwork, with an underlying 
load bearing structure, enabled a large number of 
the prefabricated reinforcement units to be put in 
place in the form. This saved time. The upper form 
was divided in the centre to permit early work on 
the upper surface of the arch. Bearing in mind the 
rapid hardening sequence of the concrete, it would 
have been better to have had a further division of 
the form surface to permit concrete treatment at 
an even earlier stage.

Concrete
The bases were made of reinforced concrete with a 
compressive strength class of K45 and a w/c< 0.40, 
plus a concrete cover of 65 mm. 

The actual arch is made of concrete with a com-
pressive strength class of K70. The cement used 
is type CEM I according to SS-EN 197-1. It is also 
sulphur resistant with a low alkali content and 
complies with the requirements for moderate heat 
development. The cement content is 420 kg/m3 and 
approximately 5% silicate fume was added to the 
concrete. 

Liquid additives were also used to extend the open 
time when casting. The low heat development of the 
cement during hydration meant that the maximum 
temperature of 60°C could be maintained during 
hardening, despite the high cement content.

Test casting
Before the work on casting could be started, test 
casting was performed on a characteristic section 
of the arch rib. The purpose of this test casting 
was to determine the correct concrete composition 
and form material with regard to the construction 
technology. This test element would also apply as 
a reference object with regard to the requirements 
for concrete surfaces and so on.
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Test casting/reference body where the light section 
contains 6% titanium dioxide

Control and verification of the concrete
The strength of the concrete was checked at an 
early stage by measurements and following up the 
temperature curve. A large number of temperature 
sensors were installed in the arch cross-section for 
this purpose and they could then be read continu-
ously by radio. Reference curves were then drawn 
and used during the assessment of the increase in 
strength in the cast section. To check and document 
the strength of the concrete, a drill core with a dia-
meter of 100 mm was extracted for each casting 
stage and tested after 28 days. The frost resistance 
of the concrete was also tested continuously during 
the construction period.

Temporary staying of the arch
Using stay cables, the arch could be built in a 
safe manner with regard to timetable, quality and 
safety. The cantilevering arch sections were cable-
stayed using a cable system comprising parallel steel 
wire strands with a diameter of 15.4 mm and steel 
grade St 1670/1870 with an E modulus of 195 GPa. 
They were embedded into the arch rib and ancho-
red in the auxiliary pylons where prestressing 
also took place. Backstay cables from the auxiliary 
pylon were then installed and anchored in the rock 
behind the pylon. Figure 5:1 shows the different 
erection phases. The individual strands had white 
PE coating crimped onto them to provide protec-
tion from unnecessary deformation caused by tem-
perature fluctuations.

The auxiliary pylons are made of reinforced con-
crete with compressive strength class K50 and it 
was also cast using hydraulically powered climb-
ing forms. As the pylons were temporary and were 
going to be demolished after completion of the arch, 
they were made as slim as possible.

The first group of stay cables, three in total, were 
set in casting stages 3, 5 and 7 and comprised 19, 
12 and 15 strands respectively. The backstay cables 
for this group comprised 4 cables, two with 19 
strands and two with 22 strands.

Casting rate and concrete supplier
The casting of the stages took place with casting 
batches of between 30 and 100 m3. As a result of the 
cable crane run times, which governed casting ope-
rations, the casting rate was approximately 10 m3/h.

This casting rate was shown to be well considered 
with regard to the actual concrete quantity and the 
relatively high content of reinforcement. The con-
crete was delivered to the bridge site using rotary 
vehicles from Strömstadbetong on the Swedish 
side and Norbetong Halden on the Norwegian side. 
At the workplace, the concrete was then tipped 
into a 2.5 m3 concrete skip which was lifted to the 
casting site by the cable crane and emptied manu-
ally into the form.
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Figure 5:1  Principle for temporary back stay of the arch rib during the construction phase

Phase 1 Phase 2

Phase 3 Phase 4

Phase 5 Phase 6
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Temporary staying the arch rib during the construction phase
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The second group of stay cables, five in total, were 
set in casting stages 9, 11, 13, 14 and 15 and com-
prised 12 strands (casting stages 9, 11 and 13) and 
nine strands (casting stages 14 and 15). The back 
stay cables for this group comprised six cables, 
two with 15 strands and four with 22 strands. 

The third and last group of stay cables, nine in total, 
were then set in each casting stage. The first three 
cables contained nine strands. They were followed 
by four cables with 12 strands, while the last two 
cables contained 15 strands. The backstay cables 
for the third group comprised 12 cables, each with 
22 strands.

The two upper backstay cables groups were anchor-
ed to the rock with prestressed strand anchors. 
Two rock anchors, each with 15 strands and an an-
chorage force of just over 1800 kN, were necessary 
to achieve sufficient backstay of the arch rib. 

Anchoring the temporary backstay cables in the rock

The lower backstay cable group was anchored in 
the foundation slabs of piers 5 and 8. These foun-
dation slabs were anchored in turn with steel-core 
piles (pier 5) and type GEWI bar anchors (pier  8). 
The steel-core piles at support 5 performed a dual 
function, partly to take up the tensile stresses caus-
ed by eccentric loads from the superstructure and 
partly to ensure the stability of the foundation 
slabs with regard to tensile stresses from the stay 
cables. 

The strands were prefabricated and supplied on 
cable drums to the construction site. After the crane 
had lifted the cables to the correct level, they were 
fastened to the arch with passive anchors and with 
a steel overhead conveyor specially manufactured 
for the purpose that was mounted in the back of the 
auxiliary pylon. The cables were pulled by winches 
and guide rollers that were mounted in the pylon.
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The cables were prestressed in the auxiliary pylons 
within enclosed work platforms at levels of +61.8 m, 
+86.1 m and +108.0 m. The tensioning of the active 
anchors (for the stay cables and backstay cables 
respectively) was made at the same time and in 
stages to the required value. During the course 
of the work, the prestressing level was adjusted 
depending on temperature changes etc. 

Before the superstructure was installed, the arch 
was unstable in terms of wind load etc. The arch 
was therefore braced laterally using stay cables 
anchored in the rock on both sides of the sound. 

The lateral bracing of the arch rib

The brace was made up of 22 wire strands with a 
diameter of 15.4 mm and a protective coating of 
HDPE. The lateral stay cables were anchored in 
concrete corbels inside the arch walls and in the 
rock using attachment links. These cables were 
retained throughout the construction phase until 
the superstructure was finally installed.

Monitoring forces and deformation
To check deformation that occurred when pushing 
forward, a measurement programme was developed 
in which forces in individual strands were recorded 
and compared with calculated values. Measure-
ments were made with BRIMOS-Rekorder (2). This 
is a measurement instrument developed in collabo-
ration with Bilfinger Berger Vorspannstechnik GmbH. 
By continuously monitoring deformation and cable 
forces, deviations from the calculated values could 
be detected at an early stage and the stress in the 
anchors could then be adjusted.

Construction sequence
Work on the construction of the arch was done ac-
cording to the work organisation scheme that was 
drawn up for each casting stage. The work organi-
sations included the following items:

– Removing the form and moving it to the next 
 casting stage
– Insertion of the reinforcement
– Installation of embedded details that were re-
 quired (cable anchors, heating cables, sensors 
 for elongation measurement, sensors for tempe-
 rature measurement)
– Casting
– Prestressing (temporary stay cables)

Prefabricated reinforcement units were assembled 
on the ground and lifted into position using the 
cable crane.

The average time for a casting cycle was approxi-
mately five days. At the connection between the 
superstructure and the arch, the time for the cor-
responding task was twice as long.



61 

Prefabricated reinforcement unit 

Joining the arch together
The last casting stage for the arch was an approxi-
mately 4 m long part of the top where both halves 
of the arch were joined together by casting. Two 
compression struts, one on each side, were placed 
in the form and fixed to both the arch sections that 
had been cast earlier using embedded screws. The 
function of these compression struts was to fix the 
two halves of the arch so that no movement could 
take place during casting. The struts were made of 
steel circular tubes with a diameter of 219.1 mm 
and a thickness of 6.3 m. 

The demolition of the temporary stay cables started 
once the concrete had achieved the necessary com-
pressive strength. The cables were cut according to 
a predetermined demolition programme and this 
was done in two stages. Firstly, the strands were cut 
flush to the upper surface of the concrete. The em-
bedded parts were then chiselled and cut at the 

same level as the upper edge reinforcement, after 
which the holes were filled by casting.

Winter work
Because of the short construction time, it was necess-
ary to work continuously even during the winter. To 
make this possible, several measures were necess-
ary for the workforce as well as the arch. 

An acceptable working environment was ensured 
by creating access to the casting location intern-
ally in the arch and by covering exposed parts of 
the form and work platforms to provide wind pro-
tection. The bottom and side surfaces of the forms 
were insulated to protect the concrete from freez-
ing. Heating cables were also embedded in the cast 
faces and were used to heat the casting joint prior 
to the next casting operation. Critical corner areas 
within each segment were also protected using 
special heating plates. Previously cast parts were 
protected by insulation mats placed against the 
fresh concrete surface. The temperature of the 
concrete when delivered to the bridge site was 20°C. 

The concrete skip was also insulated and warmed 
up prior to casting. It was also possible to reheat 
the skip using heating cables during the filling 
process. All these measures facilitated the con-
tinuous production of the arch and casting at 
ambient temperatures down to –15°C.

Connection between the superstructure and arch
To ensure that the finished bridge had the necessary 
stability in terms of vertical loads (traffic, dead-
load) and horizontal loads (wind, temperature), the 
connection between the arch and the superstructure 
had to be rigidly fixed. For this reason, the super-
structure is joined to the arch by 21 lateral cables. 
They are anchored in the box structures that are 
welded into the parts of the superstructure.

To facilitate the installation of the cables, HDPE 
ducts with a diameter of 200 mm were embedded 
in the relevant sections of the arch. This was an 
arrangement that was somewhat complex in view 
of the dense reinforcement (in excess of 400 kg/m3).Figure 5:2  Joining of the two arch halves
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Abutments and retaining walls
The foundation slabs for the abutments and asso-
ciated retaining walls were placed on horizontally 
blasted rock. Due to the large cantilever sections, 
the outer retaining walls are also anchored with 
GEWI bar anchors. The bar anchors with a diameter 
of 50 mm are drilled to a depth of approximately 
4 m into the rock and embedded in the foundation 
slabs. 

The inner retaining walls are also anchored with 
bar anchors of the same type as those used for the 
outer retaining walls. These retaining walls lack a 
true foundation slabs and are cast as vertical walls 
against horizontally blasted rock and then anchored 
with tie backs in the rock. The tie backs are sur-
rounded by a plastic duct and subsequently filled 
with mortar. The concrete in the retaining walls 
has a compressive strength class of K40 and a w/c 
of < 0.40. The concrete cover is 65 mm.

5.2 Substructure

The abutments are cast using a concrete pump. 
The fresh concrete in the foundation slabs is 
cooled using an automatic cooling system with 
water as a cooling medium and with embedded 
steel cooling pipes. These are subsequently injec-
ted with cement mortar. The walls and vault are 
formed using smooth form material (plyfa) and a 
DOKA form system. 

The abutments are cast using concrete in two differ-
ent compressive strength classes. The upper parts 
of the abutments are made of reinforced concrete 
with a compressive strength class of K70 and a 
w/c of < 0.40, while the other parts have a com-
pressive strength class of K40 with a w/c of< 0.40. 
A concrete cover of 65 mm is generally used.

The retaining walls are made of modules 10 m 
long. The construction joints between the modules 
are sealed with prefabricated sealing strips on the 
outside. On the inside, i.e. the surfaces that are 
backfilled, the entire concrete surface is covered 
with 5 mm waterproofing.

Piers 
The foundation slabs for the piers are made of 
concrete with a compressive strength class of K40 
and a w/c of < 0.40. The concrete cover is 65 mm. 
The foundation slabs were cast using a concrete 
pump. Cooling was performed in the same way 
as in the foundation slabs for the abutments and 
retaining walls (see Chapter 5.4).

Pier 4 lies in the middle of a valley at Bjällvarpet. 
The pier is foundated by steel-core piles. The quality 
of the steel core piles is according to SS-EN 10 025 
S355J2G3. The piles are drilled into the rock to a 
depth of at least 7.5 m.

Steel casings with a material thickness of 5.6 mm 
were first drilled into the rock to a depth of ap-
proximately 0.5 m. The holes for the steel cores 
were then drilled into the rock, after which the 
hole and the casing were blasted clean to remove 

Retaining wall nearest the abutment with applied 
waterproof layer
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Temporary stay cables through pier Reinforcement in the abutment on the Swedish side

exception of the tops of the piers with their bridge 
seats, which are made of compressive strength 
class K60. All the visible surfaces are shaped using 
plyfaform moulds to achieve a smooth surface. The 
piers were cast in stages with a height of 4.5 m. 

The formwork with associated work platforms are 
made by DOKA with hydraulic lifting devices and 
are referred to as a self-climbing form system. 

The first casting operations were performed using a 
concrete pump. However, because of the excessive 
pumping distances, this operation was changed at 
an early stage and concrete skips were used instead. 
In the case of piers 2, 3, 4 and 8, tower cranes were 
used for the work on the piers. In the case of pier 5, 
the cable crane was used mostly for corresponding 
work (the cable crane was also used to a lesser extent 
for pier 4).

water and sludge. Finally, the steel cores were 
installed and the space between the core and the 
casing was filled with expanding injection mortar 
with a compressive strength class of K40 and a 
w/c of < 0.45. The testing of the geotechnical load 
bearing capacity of the pile group using driving 
pile refusal and tensile testing was replaced with 
a theoretical calculation approved by the Swedish 
Road Administration.

The foundation slabs for piers 5 and 8 were used 
partly for anchoring the temporary backstay cables 
for the arch rib. The backstay cables were anchored 
using embedded cable anchors in the foundation 
slabs. The foundation slabs were anchored in turn 
with bar anchors drilled 12 m into the rock and 
embedded in place. 

The pier columns are made of reinforced concrete 
with compressive strength class K45, with the 
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Manufacture
The bridge superstructure is made of steel. The 
bridge deck slab is referred to as an orthotropic 
plate. The justification for this type of superstruc-
ture was to gain time during the construction 
process. The prefabrication of finished elements, 
including the deck slab, in a workshop resulted in 
less work at the construction site. The superstruc-
ture is made according to construction class GB, 
welding class WB and cutting class SK2. 

5.3 Superstructure

Plates with a thickness of no more than 30 mm are 
made using steel grade SS-EN 10 025 S355J2G3. 
Plates with a thickness greater than 30 mm are 
made using steel grade SS-EN 10 113 S355N. If the 
steel thickness is greater than 50 mm, steel grade 
SS-EN 10 113 S355NL is used.

Production took place in Plauen in south-east Ger-
many and a total of approximately 7,500 tonnes of 
steel were used. The superstructure was made in sec-
tions which were then transported by trailer to Ro-
stock and then by boat to Svinesund. The sections 
had dimensions of 25 m in length, 5 m in width and 
weights of between 75 and 85 tonnes.

Transportation at the bridge site
A temporary quay facility at which barges and 
their loads were moored was organised at the 

Section ready for delivery from the Brückenbau Plauen 
workshop

bridge site. The sections were then loaded onto a 
16-axle special trailer that transported them to an 
intermediate storage site at the planned flat area 
for the future customs station on the Swedish side. 
The trailer was self-propelled and was steered by 
one person who manoeuvred the equipment via a 
cable, an operating box and a joystick. 

The sections for the “Norwegian” side of the bridge 
were then transported from the intermediate storage 
via the old Svinesund Bridge. This transport required 
the approval of the Swedish Road Administration. 
The total weight of the towing vehicle and trailer 
with its load was approximately 160 tonnes. This 
was the limit the old bridge was able to bear with-
out being damaged. To be on the safe side, the towing 
vehicle was disconnected from the trailer, after 
which the towing vehicle pulled the trailer across 
the bridge using cables. To avoid disruption to 
traffic, transportation took place at night.

Construction – general
Three different methods were used for assembling 
the superstructure. On the Swedish side of the 
sound, the part up to pier 5 was installed by in-
cremental launching the superstructure parts to 
their final positions. Parts adjacent to the arch and 
the section from the arch and to the Norwegian 
abutment were mounted on fixed scaffolding. In 
the case of the centre part (the part that hangs 
from the arch), a lifting method relatively untried 
in Sweden was used in which the centre part was 
lifted to the correct position using temporary cables 
attached to the top of the arch and cable jacks under 
the steel structure.

Construction – incremental launching
The incremental launching of steel girders is a 
common method in which small units are welded 
together to form finished girder sections which are 
subsequently launched (pushed forward) in stages 
to their final position. A launching area was organ-
ised behind the abutment. This is where both the 
superstructure sections with associated cross-
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Superstructure sections arrived on barges from Germany

girders were welded together to a length of ap-
proximately 70 m before the first launch began. 
The steel section rested on sliding bearings com-
prising Teflon plates with a thickness of 30 mm.

The actual launching was done using an hydraulic 
arrangement. It comprised hydraulic cylinders 
mounted on a longitudinal launching beam that 
was bolted to a concrete foundation cast on site. 
A combined hydraulic cylinder attachment and a 
holding device were installed on the top flange of 
the launching beam. The launching beam was locat-
ed at the east superstructure part and the hydraulic 
cylinders pressed against a cross-beam that was 
mounted on the underside of the box girder. The 
stroke was approximately 500 mm. After each 

piston extension, the hydraulic cylinders with its 
holding device were moved forward a corresponding 
distance.

Self-propelled trailer with “conductor”

Hydraulic cylinder attached on the launching beam
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Launching arrangement with launching beam

Incremental launching using the movable launching nose

What is referred to as a launching nose was mounted 
at the front edge of the steel structure. This is a 
device that compensates for the downward deflec-
tion of the steel beams in mid-air. 

The launching nose was fitted with an hydraulic 
device which means that, when the nose reached 
forward to the next support, the hydraulic pistons 
could be used to lift the entire structure before 
the final launch to the supports was made. This 
avoided the support, the pier, being subjected to 
excessive horizontal forces. 

The launch was done gradually, as new sections were 
welded on the rear end of the superstructure. 

During the launch, checks were made to ensure 
that the superstructure parts slid on their sliding 
bearings and that the lateral steering devices re-
mained intact. When the parts reached their final 
positions, the temporary launching bearings were 
released and the girders were lowered onto their 
permanent bearings.
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Construction – lifting the side span
Assembly on fixed scaffolding was done using tem-
porary steel support structures and parts of the aux-
iliary pylons which, during an earlier phase in the 
construction process, were used as support towers 
when building the arch. A 1 750 tonne mobile crane 
was used to lift the steel sections onto the scaf-
folding. 

These lifting operations, together with the lifting 
of the centre section, were the most complicated 
tasks in the steel assembly. As an example of the 
lifting capacities that were required, a lift was 
made during which a steel section weighing 75 
tonnes was lifted into position with a boom on a 
crane arm of 96 m.

Lifting sections of the arch with a Liebherr LR 1750 mobile crane
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Figure 5:2  Drawing for assembly on fixed scaffolding

Construction – centre part
General
The original plan was to use a floating crane in the 
assembly of the main span of the bridge. Small sec-
tions of the bridge superstructure would be lifted 
and attached to cables from the arch. The parts 
would then be welded together.

This method was, however, thought to be too time 
consuming and the contractor decided to employ 
a method in which the entire section that hangs 
from the cables would be welded together to form 
a single unit which was then lifted into place in a 
single operation.

By applying this procedure, it was possible to 
make up most of the delay that occurred at an ear-
lier stage in the arch construction.

Assembly in Halden
The centre part was shipped in sections to the 
harbour in Halden and these sections were then 
welded together to form a single unit. The length 
and width of the centre part are 127.5 m and 28.0 m 
respectively. The weight was 1,450 tonnes. To this 
was added 33 tonnes in the form of various equip-
ment, including a mobile crane, cable jacks that 
were installed under temporary cross-beams 
between the steel boxes and cable drums on the 
bridge deck.

Sea transport to the bridge site
The centre part was loaded onto two barges and 
secured for sea transport. The barges were then 
towed to the bridge site. The sea transport in itself 
was a fairly complicated operation that required 
the assistance of a pilot and planning with regard 
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Transport to Halden

to tidewater variations, flow conditions etc. The 
shipping lane had to be closed to all traffic for a 
week, so that the sea transport and installation of 
the main span could be performed. 

Transport to the bridge site was done using four 
tugs, one that towed and one that braked, plus two 
that worked sideways to maintain course, especi-
ally in the narrowest passages of the shipping 
lane. The transport needed to be done with the 
barges at right angles to the direction of travel. 
The reason for this was that the limited width of 
the shipping lane at the old Svinesund Bridge, ap-
proximately 69 m, did not permit transport with 
the bridge span “the right way round”. Despite the 
relatively short distance between Halden harbour 
and the bridge site, approximately 4.5 nautical miles 
(~8 km), the transport took no less than 14 hours. 
The reason why it took so long was the need to 
wait for slack water (no tidal flow) at the Svarte 
Jan lighthouse and the old Svinesund Bridge.

The barges waiting for slack water
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The lift
A relatively complex operation took place at the 
bridge site where the centre part was turned into 
the right position and the barges were tied up at 
the shore. The centre part was then lifted into its 
final position, 55 m above the fjord. The lifting pro-
cess was done in the following order.

❏ Four temporary cross-beams had been pre-
 viously mounted on the upper surface of the 
 arch.

❏ At the ends of these cross-beams, a bundle of 
 lifting cable comprising 13 Ø 20 mm wire strands 
 was  attached.

❏ Two cable jacks were mounted at the ends of the 
 previously extended parts of the superstructure.

❏ The lifting cables from the arch were coupled 
 to the previously installed cable jacks under the 
 temporary cross-beams between the steel boxes.

❏ The lifting cables were attached to the ends of 
 the steel boxes and connected to the cable jacks 
 on the previously extended sections of the super-
 structure.

❏ All the cable jacks were connected to a computer 
 that controlled the entire lifting process.

Figure 5:3  Photomontage and drawing for installing 
the centre part
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The barges turned to their correct position at the bridge site and moored

❏ The jacks were synchronised so that there was 
 the same lifting force in all the cables.

❏ The lift was executed using these cable jacks 
 that pushed up the centre part with a stroke of 
 approximately 700 mm.

❏ When the centre part reached its final position, 
 it was secured with temporary devices and as-
 sembly welding began.

❏ To compensate for the arch deformation during 
 the lift, extra space had been created length-
 wise at piers 5 and 8.
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The centre part with all the equipment 

... by cable jacks mounted on temporary cross-beamsThe entire centre part was lifted as one piece...
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The lifting was discontinued because of fog

The centre part almost in place
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The centre part in the right position

The lift was celebrated with a barbecue on the bridge
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The lifting process began with a test lift on the 
evening of 26 June 2004. The next day, the centre 
part was lifted ever higher, slowly but surely. The 
progress was slower than estimated as a result 
of several checks of the equipment and so on. The 
work on the first lifting day was discontinued at 
7 pm because of the oncoming darkness. The plan 
was to start work at 5 am the next day. The start 
had to be postponed until 10.30 am because of 
thick fog. Once the work had begun, the rest of the 
lift progressed without problems and the centre 
section reached its final position at 1. 45 pm. 

The lifting of the centre part attracted considerable 
media interest and about 3,000 people witnessed 
the event from different vantage points along the 
shores and from the special project information 
centre at the old bridge.

Installing the hangers 
The work of installing the permanent hangers on 
the bridge began directly after the centre part 
was fixed in the right position using temporary 
devices. The hangers were attached in steel yoke 
beams placed on concrete lugs inside the arch and 
attachment eyes welded to the upper flange cross-
beams. 

The pendulum that connects the upper end piece 
of the hangers with the attachment inside the arch 
was installed first. The pendulum and the hangers 
were then raised using a cable that was passed 
through a slot for the pendulum in the underside 
of the arch and out through a hole in the upper 
side of the arch to a winch on the top of the arch. 
The pendulum was then attached to the yoke 
beam with a clevis pin that was pressed through 
the hole in the pendulum and the hole in the yoke 
beam web plates. Finally, the same task was repea-
ted at the lower hangers attachments. 

The adjustment of the lengths of the hangers was 
carried out once all the hangers had been instal-
led. This was done using jacks that were applied 
under the yoke beam. The yoke beam and its hang-
ing load was then lifted and the overall length of 

Hangers installation

the hangers and pendulum were adjusted with 
shim plates placed under the yoke beam..

Final installation of the centre section
The final phase of installing the superstructure, 
welding the centre part to the previously extended 
parts, began at the same time as the installation of 
the hangers. The centre part was fixed to the pre-
viously extended parts of the superstructure using 
temporary fittings that were screwed into the deck 
plate and bottom plate and into the internal, longi-
tudinal web plates. The parts were then welded to-
gether and, when this was done, an approximately 
500 mm long adjusting piece was welded in the gap 
that was necessary to enable the lifting of the centre 
section. The entire task of installing the hangers 
and the final assembly of the superstructure took 
one week.
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Final painting
The final painting of the bridge comprised paint-
ing the assembly joints and applying the last top-
coat to the entire bridge. In the case of the assemb-
ly joints, the first four coats were applied before 
the final painting began. The paint was applied 
with a spraying unit, apart from the edge beams 
which were rolled. 

All the painting work including cleaning was done 
using an under-bridge lift and the work was done 
in April and June 2005.

Fixing the steel sections using temporary fittings 

Final painting from an under-bridge lift
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General
There is a risk of early temperature cracking during 
the hardening process in the case of large concrete 
castings. The risk of temperature cracking can 
occur when restraint arise when casting directly 
against rock or a previously cast part. The con-
crete was cooled during the hardening proces to 
minimise the risk of early temperature cracks.

The project comprised a large number of structural 
parts in which there is a risk of early temperature 
cracks caused by volume change during hydration.
Retaining walls, abutments, arch abutments and 
piers, with the exception of pier 4, are attached 
directly to rock and this results in considerable 
restraint force. 

A considerable number of solid concrete structures 
were also cast against previously cast concrete. 
The calculation of crack risk was performed accord-
ing to BRO 94, Appendix 9-5, method 3 [5], using 
the ConTeSt Pro, version 2.1, calculation program. 
Work descriptions for avoiding early temperature 
cracks were drawn up for each relevant structural 
part on the basis of these calculations. As a comple-
ment to this, two general work descriptions were 
compiled and entitled “Åtgärder vid tidig form-
rivning” and “Iordningställande och drift av öppet 
kylsystem” (“Measures for early form dismantling” 
and “Preparation and operation of an open cooling 
system”). The development in temperature in the con-
crete during the hardening process was measured 
and documented. The following shows the arrange-
ment of the cooling system, as well as temperature 
and stress distribution at the arch abutment on 
the Norwegian side. 

Cooling
The fresh concrete was cooled to reduce the risk 
of early temperature cracks. Cooling is achieved 
using embedded cooling pipes with a diameter of 
25 mm. The pipes are made of steel with reinfor-
ced rubber hoses at bends. The hoses are fastened 

5.4 Measures to avoid early temperature cracking

to the steel pipes using double hose clamps. 

The cooling pipes have a relatively small c/c spacing 
next to the rock/casting surface to cool as much of 
the hydration heat as possible. The cooling pipes 
are wider apart further up in the structure. The cool-
ing is designed to limit the maximum temperature 
and to reduce the temperature gradient during the 
cooling phase. Demands were also imposed on the 
casting temperature for each individual casting. 
The cooling system was an open system in which 
the cooling water was taken from the Ide Fjord. To 
achieve a low water temperature, the water was 
cooled using a mobile cooling unit, see photo. The 
pump capacity was designed according to a separate 
work description. A design example of the cooling 
is shown in Figure 5.5. The cooling time was regu-
lated by the times stated in the work description. 
In general, the cooling was discontinued after the 
maximum temperature was reached.

Installed cooling pipes
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Arch abutment on the Norwegian side
The arch abutment on the Norwegian side is some-
what more complex because of the poor quality of 
the rock on that side. Figure 5:5 shows what a sec-
tion of the abutment looks like and how cooling pipes 
and temperature gauges are located. The calculation 
model in which the rock is included is shown in 
Figure 5:6. 

The temperature sequence and the stresses during 
the hardening process are shown in Figures 5:7-
5:12. The cooling loops nearest the rock surface 
were closed 48 hours after the start of casting in 
this case. The cooling in the upper pipes continued 
for a longer time to balance the cooling gradient 
against the surroundings.

Figure 5:5  Sketch of the cooling system, arch abutment 

Mobile cooling unit for water cooling
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beräkningsansvarig kontaktas.

Arrangement of cooling pipes and temperature gauges, arch abutment pier 7

If the geometry differs from the sketch or in case of collision between 
the reinforcement and the cooling pipes a solution shall be utilized on 
the construction site according to the guidelines given in 1-10 P 1479.
In case of unclarities about the arrangement the design responsible 
engineer shall be contacted.

Temperature gauges arrangement
+ 1 on the cooling pipe
+ 2 50 mm from the cooling pipe
+ 3 between the cooling pipes
+ 4 air
The gauge shall be placed min. 4 m 
from the surface of the abutment

• = cooling pipe Ø 25 mm steel 

 In case of large areas beeing blasted to 
 a lower level, the entire cooling system 
 shall be placed lower and provided with 
 additional pipes at the upper region

 In case of large “local” cavities 
 additonal cooling pipes c/c 500 
 shall be provided
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Figure 5:6  Calculation model, FEM mesh

Figure 5:7  Temperature development in the plate as a function of time
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Figure 5:9  Temperature at time t = 168 h. The white area indicates that the temperature is > 40°C

Figure 5:8  Temperature at time t = 60 h. The white area indicates that the temperature is > 54°C
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Figure 5:10  Stress as a function of time
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Figure 5:11  Stress distribution across the section 58 after casting
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Figure 5:12  Stress distribution across the section 800 hours after casting
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All the bearings in the bridge are spherical bearings 
manufactured by Maurer & Söhne. The sliding sur-
face of the bearings is of a MSM® (Maurer Sliding 
Material) type. All the bearings can be replaced. 

6. Details
6.1 Bearing

Bearing and bearing plinth at south abutment

The operation and maintenance plan that has 
been drawn up for the bridge shows how these 
replacements are to be done.

Table 6:1 Type of bearing at the respective support
*) Support 1 has 4 bearings

 1 *) generally mobile  unilaterally mobile 
  + unilaterally mobile + generally mobile 

 2 generally mobile unilaterally mobile

 3 fixed fixed

 4 fixed fixed

 5 generally mobile unilaterally mobile

 8 generally mobile unilaterally mobile

 9A generally mobile unilaterally mobile

 9B unilaterally mobile generally mobile

 Support no. West bearing East bearing 

Figure 6:1  Expansion joint with noise reducing rombic steel plates
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The expansion joint at the south abutment is a 
Maurer DS 601-GO type, whereas the expansion 
joint at the north abutment is a Maurer 401-GO. 
The movement length has been determined for a 
temperature range of -23 to +54ºC.

6.2 Expansion joints

The structure has noise-attenuating plates that 
are welded in position. The Svinesund Bridge is 
one of the first bridges fitted with these devices 
from the outset.

Expansion joint with noise-reducing elements

An unbonded strand post tensioning system has 
been used to anchor the superstructure to the arch 
as well as the superstructure and the piers. The 
system used is Bilfinger Berger Vorspanntechnik 
(BBV)’s EMR system.

6.3 Post-tensioning system

Tendons at piers, upper attachment in the cross-girder to 
the superstructure 

Bearing at pier 
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The bridge is provided with stel railings. Same type 
of railings are used on both sides of each super-
structure part. The railings are designed to comply 
with traffic safety requirements, as well as require-
ments relating to noise and aesthetics. 

Traffic safety requirements are formulated to comply 
with capacity class H2 according to SS-EN 1317-2 

and must be met with a working width of (W) max 
1.0 m and a dynamic deflection (D) of max 0.8 m. 
Physical crash tests were conducted by TÜV Au-
tomotive GmbH, Germany. Computer simulations 
were performed by Bilfinger Berger AG.

Transparent sound walls up to a height of 0.9 m 
are attached to the railings.

Figure 6:2  Section and plan of railings, including sound 
walls

6.4 Railings
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Day water pipe (main pipe) with branch from gully Sedimentation basin

The day water is led from the gullies to a main 
pipe that is located in the respective part of the 
superstructure. The main pipes have a slope of 
0.5% and lead to a collection well north of the 
north abutment. The water is led from this loca-
tion to a sedimentation basin on the Norwegian 
side of the sound. 

The main pipes are equipped with sand traps and 
cleaning devices. They are also insulated and fitted 
with thermostatically controlled heating cables 
to prevent ice forming in the pipes. At the service 
penetration at the north abutment, the pipes have 
a flexible transition to compensate for the tempera-
ture movements of the superstructure. All pipelines, 
including connections, sand traps and cleaning 
devices, are made of stainless steel.

Surface drain

The bridge surfaces are drained through gullies 
that are located along the edge beams. The gullies 
are a standard German device comprising a well 
with a length of 500 mm and a width of 260 mm, 
which also has a cover that can be opened. Inside 
this well, there is a sand trap comprising a stain-
less steel insert box whose sides have slots which 
function as a filter to trap particles larger than 
10 mm.

6.5 Drainage system
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A 50 mm plastic wash-water pipe is installed in 
both parts of the superstructure. It has been in-
stalled for future maintenance work such as clean-
ing and washing the day water system. The pipe 
is equipped with shut-off valves at the abutments 
and drainage devices at the north abutment. The 
pipe is located adjacent to the main pipes of the 
drainage system and has connections for washing 
tools at the sand traps and clearing pipes on the 
main pipes. The pipes are drained of water during 
the winter. The pipe is connected to the local water 
supply system on the Swedish side.

6.6 Wash-water system

Internal communication
Abutments and piers 
To ensure access for the inspection and maintenance 
of the internal parts of the bridge, the abutments 
and piers have doors at ground level. At the abut-

6.8 Inspection facilities – stairs, steps, platforms, doors and so on

Wash-water pipe with connection for the washing unit

The bridge decks are designed as orthotropic 
plates of steel. The following surfacing is applied 
after blasting the steel surface:

– Epoxy seal, total layer thickness approximately 
 3 mm
– Flexible sheets of waterproof, layer thickness 
 4 mm
– Binding layer of PGJA (polymer-modified mastic) 
 with a maximum stone size of 11 mm, 
 layer thickness 30 mm
– Wear pavement of PGJA, with a maximum stone 
 size of 16 mm, layer thickness 35 mm

The wear pavement of mastic is a relatively unusual 
solution in a bridge context. It was chosen to avoid 
making holes in the bridge deck for the ground pipes 

6.7 Waterproof and pavement

that are required for more conventional types of 
pavement. 

ments, these are double doors to facilitate the in-
coming and outgoing transport of material and tools. 
Inside the abutments, there are stairs and plat-
forms that lead to different spaces and entrances 
to individual parts of the superstructure.

Sanded epoxy seal is brusched clean from the surplus sand



88

Internal stairs in the arch rib

External communication
The external communication routes are limited to 
the bridge superstructure where there are extra 
evacuation openings in the superstructure walls 
next to the centre separation strip. The openings 
are designed as manholes with covers that can be 
opened from the inside. Outside, there is a lower 
platform and stairs up to a platform at bridge 
deck level. These evacuation openings are spaced 
at 100 m along the entire length of the bridge.

Passage superstructure – arch rib

The superstructure parts have longitudinal walk-
ways, some in the main compartment and some in 
the side compartment. At each pier, it is possible 
to move from one part of the superstructure to the 
other via the cross-girder that connects the two. 

To ensure a comfortable passage through the cross-
girders, there are several small platforms and 
steps. There are corresponding installations at the 
cross-girders in the arch span.

Steps and platforms in the abutments 

Arch
Access to the arch rib is provided through man-
holes at ground level on both sides of the sound. 
Terrain steps are installed to access these entrances. 
The inside of the arch rib has stairs and landings 
up to the point where the tangent to the arc radius 
slopes at 10°. At the top of the arch rib, there is a 
manhole in “the roof” to enable the servicing of the 
obstruction light that is located at the top of the 
arch.
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Entrance to the arch rib, Swedish side 

Terrain stairs at the arch rib, Swedish side

Evacuation stairs in the superstructure 

Materials
All mechanical structures such as stairs, platforms 
and walkways, external and internal, are made of 
hot-galvanised steel according to SS-EN ISO 1461. 
Doors and manholes at ground level and the man-
hole at the top of the arch rib are made of alumin-
ium. Manholes in the evacuation openings are made 
of steel and are corrosion protected in the same 
way as the superstructure.

Miscellaneous
The extrados of the arch and all the piers have 
attachment devices for rope inspection. In both 
parts of the superstructure and in the abutments, 
there is a telfer beam to facilitate the incoming 
and outgoing transport of material and machinery.
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Attachment device for rope inspection

Telfer beam in the superstructure The arch under inspection
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Incoming electricity
The bridge is supplied via a transformer and 
service centre located at the arch abutment on the 
Swedish side of the sound. The connection voltage 
is 0.4 kV nominal mains voltage and the connection 
effect is 480 kW.

Internal electrical installations
Thorn Lighting IP-65-67 36 W fluorescent tube light-
ing is installed in all abutments, piers, the arch 
and superstructure. 400 V, 16 A power sockets are 
installed in the abutments and arch, whereas 230 V 
electrical sockets are installed in other areas. All 
electrical sockets are equipped with earth fault 
breakers. At the arch extrados, the part above the 
bridge deck has an embedded heating cable to pre-
vent ice forming on the arch. This heating cable lies 
in a loop across the arch rib with a c/c distance of 

6.9 Elecrical installations

200 mm and at a depth of approximately 55 mm. 
Operation is regulated by thermostats and embedd-
ed temperature sensors. Associated switchgear 
and control devices are located in the superstruc-
ture and inside the arch rib. There is also extens-
ive instrumentation in the arch rib that measures 
stresses and movement in the bridge. Refer also to 
Chapter 7.

Transformer and wiring for the main supply to the bridge Equipment cabinet for climate equipment (VViS) at pier 5

Control cabinet for heating cables and electrical switchgear 
in the arch rib
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External electrical installations
External electrical installations are provided for 
aesthetic lighting, lighting for shipping and air-
craft obstruction lights. Lighting for shipping com-
prises flashing lights that mark the centre and edges 
of the shipping lane. This is designed to comply 
with new international shipping regulations. In 
accordance with these regulations, responsibility 
for operation and maintenance has been taken 
over by the shipping authority – Kystverket Sørøst, 
Norway, in this case. 

Luminaires are installed on openable hatches in 
the bottom of the superstructure and provide a 
good working environment for maintaining and 
servicing the installation. Two luminaires, one 
lower and one upper, mark each shipping lane line. 
The upper one is seen first by shipping approach-
ing the bridge position, whereas the lower one 
marks the shipping lane in the immediate vicinity 
of the bridge. A total of twelve luminaires are in-
stalled in the bridge (six on each side).

Lighting for shipping mounted on a hatch in the bridge deck 

Aircraft obstruction light in the arch
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The Svinesund Bridge is clearly visible during the night from both air and water as well as from the surrounding terrain

The bridge has alarms for the following:
– Power failure
– Open door (intruder alarm)
– Heating of the day water pipe unserviceable
– Heating loop in the arch unserviceable
– Aircraft obstruction light unserviceable
– Lighting for shipping unserviceable
– Dehumidification system unserviceable.

The alarm goes via fibres to an alarm computer that 
is located in building B on the customs level on the 
Swedish side. All alarms from this alarm computer, 
with the exception of the alarm for shipping light-
ing, then go via the telecom network to the Swedish 
Road Administration Region West traffic informa-
tion centre (TIC) in Göteborg. The alarm for “shipp-
ing lighting unserviceable” is connected to the 
Norwegian Kystverket Sørøst in Arendal. Alarm centre at the south abutment, west section

6.10 Alarms
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6.11 Dehumidification system

The internal corrosion protection in the super-
structure comprises a dehumidification system that 
maintains the relative humidity at a level at which 
a corrosion process cannot begin. The system com-
prises two units that are located at the south end 
of each superstructure section and in its outer com-
partment. The unit is a Munter type ML 180 – 
desiccant dehumidifier with a capacity of 180 m3/h. 
The dehumidified air, which has a relative humidity 
of max. 40% after treatment, is led via pipes to the 
longitudinal trapezoidal profiles that serves as 
a stiffener in the bottom of the box on the outer 
compartments.

These profiles are therefore used as ducts for 
transporting the dehumidified air to the other 

Figure 6:3  Dehumidification system, airflow principle

inner parts of the superstructure. The units are re-
gulated using sensors, one per deck section, which 
measure the relative humidity.

The system also includes a computerised control 
system that records air humidity using six sen-
sors in each superstructure section. The measure-
ment values from these sensors go via cables to a 
control cabinet located in the west section of the 
south abutment. From this cabinet, the signals 
then go via fibres to a computer located in building 
B at the customs site on the Swedish side, where 
the operations staff can then read the measure-
ment values for air humidity for each hour, day, 
week or month.
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Dehumidification system inside the superstructure

General
The winning competition entry included a propo-
sal for aesthetic lighting of the bridge. The archi-
tect proposed subdued lighting that was limited 
to the arch rib, the outer bridge railings and the 
outside of the edge beams. The proposal also pre-
sumed that the lighting could be designed using 
LED technology. The proposal was then refined in 
consultation with the client (Swedish Road Admi-
nistration), the architect (Lund & Slaatto Arkitek-
ter AS) and the contractor (Bilfinger Berger AG) to 
produce a finished solution.

6.12 Aesthetic lighting

Aesthetic lighting, the whole bridge
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Illuminating the arch
The upper surface of the arch is lit to approxi-
mately half the length above the superstructure. 
The lighting is strongest at bridge deck level and 
tones down towards the ground and to the top of 
the arch. The luminaires comprise two units with 
36 x 3W 24V LEDs and are located directly above 
the respective arch abutment. They are mounted 
on special attachments that sit on the walls of the 
deck that face the centre separation strip.

The intrados of the arch is clearly marked with 
stronger lighting. On each cross-girder, there are 
two bollards (one at each end) with mountings 
for LED luminaires. The spread of light along the 
underside of the arch is achieved by mounting the 
LED modules on a concave plate whose curvature 
is adapted to the radius of the arch. Each module 
comprises 36 x 3 W, 24 V LEDs.

LED luminaires for the top side of the arch

LED luminaires for the underside of the arch
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Lighting in the bridge railings  
The lighting in the bridge railings comprises LED 
units, 3 W, 24 V, which are mounted in the bridge 
railings posts approximately 0.9 m above the bridge 
deck and with a spacing of 10 m. The luminaires 
are directed towards the traffic. The purpose of 
this lighting, in addition to its aesthetic value, is 
to provide a guiding light along the bridge. This is 
important from a safety aspect and because of the 
dense fog that can sometimes form along the fjord 
during the autumn and winter.

Illuminating the outside of the bridge
The lighting on the outside of the bridge is limit-
ed to the outside of the east edge beam. This has 
been done to illuminate the side that faces the old 
Svinesund Bridge, i.e. the side that is apparent to 
most viewers. The lighting comprises luminaires 
that are mounted on the cantilever that supports 
the bridge glass sound walls on railings. The lu-
minaires comprise 24 V, 2W LEDs and are spaced 
10 m from each other.

LED luminaires in the railings posts

LED luminaire for edge beam lighting
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Detail of LED lighting installation

Figure 6:4  Aesthetic lighting in the arch

The arrow length indicates 
the luminance intensity 
5 units = 5 cd/m2

Spots for luminaires for 
lighting of side surfaces 
– the distance between 
the spots is 20 m
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Structure of the hangars 
The hangers are made of enclosed, spiral-wound 
wire strand and hanger anchors made of cast steel. 
The nominal diameter of the hanger is 94 mm. It is 
made up of round wires and Z wires and contains 

6.13 Hangers

a total of 270 wires. The wire tensile strength is 
1570 MPa and the cross-section of the steel is 
5964 mm2. Figure 6:5 shows a cross-section of the 
hanger. The minimum value of the hangers ultimate 
load is 8614 kN.

Table 6:2  Number of wires in a hanger 

Production
The hangers are made according to handbook 
entitled “Kabler for hengebruer og skråstagsbruer 
– Tekniske spesifikationer” [10]. The wires are spun 
in layers. Six round wires are laid inside the core 
wires and six round wires are laid around these. 
This is followed by one layer of filler wires and 
thereafter it is spun four layers of round wire. 

To make the hanger as waterproof as possible, four 
layers of Z wire are spun. As a result, the hanger has 
a relatively smooth surface. The different layers are 
spun in different directions to balance the forces 
introduced into the hanger by the spinning process. 

Otherwise, the hangers would tend to twist. This 
can be compared with a twisted rubber band that 
“wriggles” when released. 

Tests regarding the following were conducted 
during the actual cable production:
– chemical analysis of the steel material and
– mechanical testing of the hanger wires that 
 includes tensile testing with measurements of 
 elongation at break, flexural testing and tor-
 sional testing.

Tensile testing and fatigue testing were conducted 
on the finished cable.

Figure 6:5  Hanger cross-section

 Layers Number of wires Wire dimension

 1 1 Ø4.75

 2 6 Ø4.60

 3 6 (filler wire) Ø1.90

 4 12 Ø4.37

 5 18 Ø4.37

 6 24 Ø4.37

 7 30 Ø4.37

 8 38 Z h=5.00

 9 38 Z h=6.00

 10 45 Z h=6.00

 11 52 Z h=6.00
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Tensile testing at EMPA in Zürich

Yoke beam and pendulum for upper hanger attachment and 
load cells for measuring hanger forces 

Table 6:3  Surface treatment of hangers 

shims

load cell (only at hanger 1)

yoke beam

pendulum

The hanger anchors are cased with an internal 
conical shape. In this cone, the hanger wires are 
splayed out like a brush and cleaned thoroughly 
before the cone is filled by casting with a zinc 
alloy. The end of the hanger anchors has lugs and 
the hanger element is attached to the concrete 
arch and the deck with a screw guide joint.

Corrosion protection
The corrosion protection of the hanger comprises 
three parts. The most important is hot galvanis-
ing of each individual wire with a minimum zinc 
thickness of 275 g/m2. This corresponds to ap-
proximately 40 µm. During the spinning process, 
all the cavities in the hanger are filled with a 
spinning agent (zinc paste). When the hanger was 
mounted on the bridge, it was surface treated with 
a paint system, as shown in Table 6:3.

 Manufacturer SIKA (Icosit Cable System), four layers with a total coating thickness of 410 µm

 Ground coating Icosit Cable ZN Primer, two-component epoxy with micaceous iron oxide, 
  coating thickness 50 µm

 Intermediate coating Icosit Cable TOP 1, two-component polyurethane-based paint with micaceous 
  iron oxide, coating thickness 2 x 150 µm

 Top coat Icosit Cable TOP 2, two-component paint, coating thickness 60 µm

 Sealing of joints Icosit Cable Flex 1, elastic polyurethane-based, two-component sealant
 at end pieces  
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Table 6:4  Surface treatment of the superstructure

6.14 Surface treatment of the superstructure

The superstructure is externally treated with corro-
sion protection according to BRO 94 [5]. The protec-
tion comprises five layers, as shown in Table 6:4.

The first four coats were applied in the workshop, 
with the exception of the assembly joints, which 
were treated at the bridge site. Final painting was 
also done at the bridge site. This involved the ap-
plication of the second topcoat. These tasks were 

The bridge is equipped with cameras for road main-
tenance and a climate installation (VViS). Both in-
stallations are mounted on a common eight-metre 
high mast that is located on top of the cross-girder 
at pier 5. The mast is accessible for inspection and 
maintenance via an openable manhole in the top 
flange of the cross-girder. At the top of the mast, 
there is a cross-beam where a moving camera is 
installed at each end of the boom, so that the en-
tire lengths of the bridge decks can be monitored. 

The VViS installation comprises an anemometer 
that is placed up on the boom, a precipitation meter 
that sits on the mast and a temperature sensor that 

measures air temperature and the temperature on 
the bridge deck. In the case of the latter temperature, 
there is a temperature sensor that is submerged in 
the pavement on the bridge. The precipitation me-
ter sits on a bracket in a rail on the mast and can 
be raised or lowered for cleaning and other service. 
Servicing the anemometer and cameras up on the 
mast boom requires the partial closure of the bridge 
(K2) and access to lifting equipment.

The cameras and climate equipment, VViS, are 
linked to the Swedish Road Administration’s traf-
fic information centre, TIC, in Göteborg.

performed using enclosed, portable scaffolding 
and partly from lifters below the bridge.

The steel is protected from corrosion internally by 
dehumidifying the air, see Section 6.11. The steel 
boxes are, however, painted internally with a light 
paint to facilitate future operations and mainten-
ance work. The thickness of this layer of paint is 
approximately 65 µm.

 Ground coating Epoxy resin with zinc mix, 65µm, manufacturer International Interzink 72, colour grey

 Intermediate paint 1 Epoxy haematite with micaceous iron oxide, 80µm, manufacturer International 
  Intercure 420, colour EBA 401, dark grey

 Intermediate paint 2 Epoxy haematite with micaceous iron oxide, 80µm, manufacturer International 
  Intercure 420, colour EBA 403, light grey

 Top coat 1 Polyurethane, 60µm, manufacturer International Interthane 990, colour RAL 7032,
  silicon grey

 Top coat 2 Polyurethane, 60µm, manufacturer International Interthane 990, colour NCS S 3502-Y

6.15 Cameras for road maintenance and climate installation (VViS)
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View over the harbour, construction site office and dwellings on the Swedish site
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The new Svinesund Bridge is not only the world’s 
longest arch bridge with just a single central arch, 
it is also unique in many other ways. To monitor and 
check that the bridge functions as intended during 
the construction stage, as well as during the first 
four years of operation, an advanced measurement 
system has been installed which will report in a 
matter of seconds on the behaviour and technical 
status of the bridge. The design of the measure-
ment system is the result of close collaboration 
between the Swedish Road Administration, the 

7. Instrumentation

Public Roads Administration in Norway, the Nor-
wegian Geotechnical Institute (NGI) and the Divi-
sion of Structural Design and Bridges at the Royal 
Institute of Technology (KTH). KTH is leading the 
measurement project and is responsible for tasks 
such as the analysis and verification of measure-
ment data, as well as reporting. The NGI has been 
responsible for the installation and maintenance 
of the measurement system. This chapter describes 
briefly how the measurement system is designed 
and presents some of the initial results.

The purpose of bridge monitoring is to assimilate 
knowledge of the behaviour and condition of the 
structure over a long period of time. There are sev-
eral reasons for installing measurement systems in 
a complex structure such as the Svinesund Bridge.

❏ Checking that the stresses and movements that 
 arise during the construction stage lie within the 
 predetermined limits. This is particularly im-
 portant when the stresses and deformation can 
 be adjusted with the stay cables that support 
 the arch and the form scaffolding, as they can 
 in the case of the Svinesund Bridge.

❏ Checking that the stresses and movements that 
 arise while the bridge is in use are within limits. 
 It is especially important to check that wind and 

 lateral stability are sufficient. To ensure this, 
 measurements will continue for at least four 
 years after the bridge has been taken into service.

❏ Comparison of how different sensors function 
 with regard to accuracy and durability over 
 long measurement periods.

❏ Improved knowledge of the performance of 
 large, complex structures.

❏ The qualified measurement systems built into the 
 Svinesund Bridge make it possible to research 
 many interesting issues associated with the true 
 performance of bridges and how this can be 
 measured.

It is important that the planning of a measurement 
system is based on a detailed review of the questions 
the measurement system is designed to answer. In 
Norway, see Statens vegvesen [12], a description/hand-

book has been drawn up of the way measurement 
systems for civil structures should be designed and 
evaluated. The measurement system for the Svine-
sund Bridge has been developed by the Division of 

7.1 Introduction

7.2 Purpose and objective

7.3 Description of the measurement system
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limit values, the raw data for the ten-minute inter-
val are saved. Otherwise, only the max/min values 
and standard deviations for the interval in question 
are saved.

The instrumentation comprises the following sensors:

– Sixteen vibrating-wire strain gauges located in 
 the arch base and in the arch just below the 
 bridge deck

– Eight resistive strain gauges, two in the arch 
 base, two in the arch just below the bridge deck 
 and four in the crown of the arch

– Four linear servo accelerometers installed pair-
 wise that were moved with the climbing form
 work after each arch segment was cast. After 
 completing the arch, two accelerometers were 
 installed in the crown and two in the arch 
 quarter point on the Swedish side

– Six linear servo accelerometers in the suspended 
 part of the bridge deck. Three are installed at 
 midpoint and three at the quarter points. At these 
 measurement sections, two sensors measure the 
 vertical accelerations of the deck and one measures 
 the horizontal (transverse) deck acceleration

– Four load cells in the first hanger on the Swe-
 dish side to measure the hanger force

Structural Design and Bridges at KTH, in collabor-
ation with the NGI and based partly on this de-
scription. 

A data acquisition system of the MGC type from 
HBM (Hottinger Baldwin Messtechnik) is located 
on the Norwegian side of the bridge and there is 
similar equipment on the Swedish side. During 
the construction period, communication between 
the systems across the fjord took place via a radio 
link. On the Swedish side, there is a control unit 
that comprises an industrial computer that con-
trols the equipment and which is in turn in con-
tact with the NGI/KTH data systems via ADSL. All 
data collection and processing are performed at 
KTH, which continuously reports the results to 
clients and contractors.

The measurement system reads all the sensors ex-
cept temperature sensors 50 times a second (i.e. the 
sampling frequency is 50 Hz. This means that 50 
measurement values are created each second from 
each sensor), whereas the corresponding frequen-
cy for the temperature sensor is one measurement 
every 20 seconds. After every 10 minutes, the maxi-
mum and minimum measurement values and stan-
dard deviation for each sensor are calculated. Only 
these values are saved, with information on the time 
at which the values were registered.  

If the wind speed or the bridge vibration (accelera-
tion) over a 10-minute period exceeds predetermined 
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Figure 7:1  View of the arch with the different casting stages marked. The positions of the measurement points are shaded in red.
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The positions of the sensors that are cast into the 
concrete are shown in Figures 7:1 and 7:2. The 
longitudinal positions are shown in Figure 7:1, 
while the positions in the cross-section are shown 
in Figure 7:2. 

Figure 7:3 shows how the different sensors in a sec-
tion are positioned immediately before casting. As 
can be seen, the measurements are duplicated in 
some cases. This is done partly for safety’s sake to 
ensure that results really can be obtained and part-
ly to compare how the different types of sensors 
perform their tasks.

The anemometer is used both during the construc-
tion period and when the bridge is in use. A number 

KTH Strain
Gaug

e
Sister Bar

NGI Strain Gauge

Sister Bar

– Two inductive sensors (LVDT – linear variable 
 differential transformers) at the first intermedi-
 ate supports on the Swedish and Norwegian 
 sides (piers 5 and 8) to monitor the transverse 
 movement of the bridge deck over the bearings

– 28 temperature sensors at the same sections as 
 the strain gauges

– One temperature sensor that measures the air 
 temperature

– One anemometer that measures the speed and 
 direction of the wind.

Figure 7:2 Diagram showing the general positions of the 
embedded sensors in the arch cross-section. All the sensors 
are placed in the middle of the casting stages

The anemometer mast was lifted with the aid of a helicopterFigure 7:3  Two types of strain gauge are embedded in the 
concrete arch
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During the construction stage, the dynamic pro-
perties of the bridge were measured and compared 
with the calculations made by Bilfinger Berger. 

Figure 7:4  FE model developed by the contractor to analyse the two halves of the arch during construction

The FE model that was used is shown schematically 
in Figure 7:4.

The anemometer measures the speed and 
direction of the wind

  7 1 

of issues relating to wind instability were discussed 
during the design process. It will be interesting to 
analyse this issue in detail by combining measure-
ment results for the accelerometers and the anem-
ometer.

7.4 Some typical measurement results
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A comparison between the estimated and measured 
stiffness in the form of natural frequencies is shown 
in Table 7:1. It can be seen that the agreement is 

These types of measurement generate large numbers 
of results. It can be seen that not all the measure-
ment data are saved, only those that contain the 
most important results. The intention is that im-
portant data will be published subsequently in a 
special report series of which James & Karoumi 
[13] is the first report in the series. 

A number of results in Figures 7:5 and 7:6 are shown 
to illustrate the types of result that can be obtained.
Figures 7:6 and 7:7 respectively show measurement 
results from strain measurements at the base and 
crown of the arch from the time when the respect-
ive stage was cast up to approximately 1 September 
2004 when the assembly of the bridge load-bearing 
system was completed. 

It can be seen how the strains were affected by 
the tensioning of the stays and assembly of the 
superstructure. It can be seen that relatively high 
tensile stresses were found at times in the top 
surface of the arch, but that the stresses decreased 

when the entire bridge was in place. Further loads 
in the form of surfacing, complements and adjust-
ments provide good opportunities for making sure 
that the moments in the arch are small.

Extensive analyses of the dynamic properties of 
the bridge have been conducted on the basis of 
the data that have been collected. See, for example, 
the report by Ülker-Kaustell M. & Karoumi R. [18], 
which can be downloaded from the measurement 
project’s website http://www.byv.kth.se/svine-
sund/publication.htm. 

Table 7:2 shows a number of interesting results in 
the form of mean values and standard deviations 
for the natural frequencies and damping ratios for 
the completed bridge for the first four vibration 
modes. These values are based on the analyses of 
66 10-minute raw data files from the period May 
2005 to January 2006. As can be seen from the 
table, the bridge has very low damping ratios, of 
which the lowest was approximately 0.6%.

surprisingly good. This indicates that the assump-
tions relating to the properties of the arch that 
formed the basis of the calculations are verified.

Table 7:1  Comparison between the estimated and measured natural frequencies for the arch halves during construction 
and where the arch halves are supported provisionally by stays

            Vertical frequency (Hz)      Horizontal frequency (Hz)

 Natural Calculated from Theoretical Calculated from Theoretical
 mode acceleration FEM acceleration FEM 
    signal  signal

 Norwegian arch 1st 0.48 0.47/0.50 0.31 0.30/0.32
 half accelerometer 
 on segment N14 2nd 0.93/0.95 0.97 1.15 1.15
 
 Swedish arch half 1st 0.48 0.47/0.50 0.31 0.30/0.32
 accelerometer on  
 segment S14 2nd 0.95 0.97 1.14 1.15
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Figure 7:5  Measurement results from strain gauges near the Swedish arch base

Red line: Measurement with vibra-
ting-wire strain gauges located in 
the top flange of segment S1.

Green line: Measurement with 
vibrating-wire strain gauges 
located in the bottom flange of 
segment S1. 

Blue line: Measurement with resis-
tive strain gauges located in the 
top flange of segment S25.

Figure 7:6  Measurement results from strain measurements near the crown of the arch

Red line: Measurement with resis-
tive strain gauges located in the 
bottom flange of segment S25.

Blue line: Measurement with resis-
tive strain gauges located in the 
top flange of segment S25.
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On the basis of what has become known to date, it 
appears that the systems that have been installed 
function satisfactorily and produce valuable results. 
It also appears that the measurements carried out 
to date are able to verify the calculations made 
during the design.

The large amount of date that has been gathered 
will be analysed continuously and an account of 
this will be given in a special series of reports. It 
is to be hoped that the measurement results can 
also be used for continued research. It will be 
especially exciting to see whether it is possible to 

see the complex interaction between wind, lateral 
stability and lateral movements of the arch.

The behaviour of structures can be examined using 
laboratory tests and through theoretical calculations. 
Large structures cannot be tested in a laboratory 
and there is much to indicate that reality cannot 
easily be captured through the theoretical models 
we devise on our computers. In order to develop 
design technology, it is therefore very valuable to 
have field measurements that show what happens 
in reality.

Table 7:2  Mean values     and standard deviations  for the natural frequencies and damping 
                 ratios of the completed bridge calculated for the first four vibration modes

m

7.5 Concluding comments

 Mod 1 Mod 2 Mod 3 Mod 4

 f (Hz)  (%) f (Hz)  (%) f (Hz)  (%) f (Hz)  (%)

 0,43 0,00 0,57 0,23 0,85 0,01 1,76 0,79 0,94 0,01 0,66 0,29 1,01 0,01 0,85 0,41

m m  m  m  m  m  m  m 
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Static and dynamic test loading has been frequent-
ly applied before the opening of large, new bridges 
to verify the condition and behaviour of the bridge. 
The purpose of testing was to determine whether 
or not the bridge would perform as calculated in 
theory. An advanced measurement system was 
installed in the bridge to monitor and check its 
behaviour and the way it would function both 
during the construction phase and during the first 
four years of operation. See Chapter 7. Test loading 
was also performed on 18-19 May 2005 within the 
framework of this measurement project.

This chapter briefly describes the test loading that 
was performed by KTH in collaboration with the 
Swedish Road Administration, the Public Roads 
Administration in Norway, Bilfinger Berger AG, 
Norwegian Geotechnicl Institute (NGI), Chalmers 
University of Technology and FB Engineering AB. 
Only some of the interesting results are presented 
here. For the interested reader and for more informa-
tion on the test loading, reference is made to future 
reports from KTH and the measurement project 
website http://www.byv.kth.se/svinesund/.

8. Test loading

The principal objectives of test loading are:

❏ The creation of an initial database of the un-
 damaged structure (a footprint) that can be 
 used later to check the condition of the bridge 
 in relation to this initial condition.

❏ To check the true stiffness of the bridge.

❏ To provide experimental identification of the 

Test loading was conducted on the completed 
bridge with the entire surface in place, crossover 
constructions installed and the temporary con-
structions dismantled. The purpose was to try and 
conduct test loading so that the effect of wind and 
large temperature changes could be minimised 
(i.e. preferably during a period when the impact of 
sunshine was minimised, such as on a cloudy day 
or early in the morning).

 most important modal parameters for the bridge 
 (natural frequency and damping ratios) to vali-
 date the previously developed numerical models 
 that formed the basis of the design estimates 
 and wind analyses.

❏ To enhance knowledge by researching the true 
 behaviour of the bridge and the way it func-
 tions for traffic at different speeds.

8.3 Test loading

Test loading comprised:

❏ Static tests:
 – measuring the hanger forces
 – reading the strains and displacements for 
    certain truck positions
 – displacement measurements
 – temperature measurements.

8.1 Introduction

8.2 Purpose and objectives
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 Table 8:1  Description of the order in which the load patterns were conducted. Load pattern AE corresponds to load 
pattern A but with only trucks 1-4 on the eastern deck. Load pattern AW corresponds to load pattern A but with only 
trucks 5-8 on the western deck. The purpose of measuring load patterns AE and AW was to check whether the super-
position of the results applies in order to obtain results for pattern A

❏ Dynamic tests:
 – dynamic tests with trucks being driven at 
    different speeds
 – as above but with a road bump
 – braking tests.

The programme for test loading was prepared on 
the basis of discussions at instrumentation meet-
ings organised by the Swedish Road Administra-
tion.

To measure strains in addition to data gathered 
from measurement instruments permanently in-
stalled during the construction phase (see Chapter 
7), KTH equipped hangers 3 and 4 with four strain 
gauges connected to a separate individual measure-
ment system. In addition, the two existing type 
HBM MGC measurement systems at the arch piers 
have been used to store the static data and the 
dynamic measurements.

Static tests
Testing started with static tests during which 
eight 25-tonne (3-axle) trucks were used. The axle 
loads of the trucks were measured with newly 
calibrated, portable weighing scales.

Figure 8:1 shows the load patterns for the static 
tests, while Table 8:1 shows the order in which 
they were conducted. As can be seen from Table 
8:1, each load pattern was repeated three times to 
evaluate the reliability and precision of the mea-
surements. Further measurements of the non-loa-
ded bridge were conducted at regular intervals 
during test loading.

The following measurements/readings were con-
ducted for each stage in Table 8:1:
– Strain in the arch and in hangers 3 and 4, as 
 well as the total load in hanger 1
– Horizontal and vertical displacements for the 
 centre of the arch and quarter points
– The vertical displacement of the bridge deck. 
 Measurement points are shown as red crosses 
 x in Figure 8:1.

Temperature measurements (air and bridge deck) 
were also recorded at 30-minute intervals during 
the test. The measurement period for each load 
pattern varied from six to 20 minutes (10 minutes 
per load pattern on average). The overall time for 
the entire static test loading was approximately 
eight hours including lunch.

 O6 unloaded bridge C
  lunch
 O7 unloaded bridge  
 B3 load pattern B
 C3 load pattern C
 O8 unloaded bridge
 E1 load pattern E
 AE1 load pattern AE
 O9 unloaded bridge 
 E2 load pattern E
 AW1 load pattern AW
 O10 unloaded bridge
 E3 load patternr E
 AE2 load pattern AE
 AW2 load pattern AW
 O11 unloaded bridge 

 O1 unloaded bridge 
 A1 load pattern A
 O2 unloaded bridge
 A2 load pattern A
 D1 load pattern D
 O3 unloaded bridge
 D2 load pattern D
 A3 load pattern A
 D3 load pattern D
 O4 unloaded bridge
 B1 load pattern B
 C1-1 load pattern C (1/2 of C)
 C1-2 load pattern C (1/1 of C)
 O5 unloaded bridge
 C2 load pattern C
 B2 load pattern B
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1 2 3 4 5 6 7 8

hanger 1 hanger 2 hanger 3 hanger 4 hanger 5 hanger 6

Load pattern B

3 4 5 6
1 2 7 8

hanger 1 hanger 2 hanger 3 hanger 4 hanger 5 hanger 6

7

8
5
6

hanger 1 hanger 2 hanger 3 hanger 4 hanger 5 hanger 6

1

2

3
4

Load pattern A

7
8

3
4

1
2

5
6

hanger 1 hanger 2 hanger 3 hanger 4 hanger 5 hanger 6

Load pattern D

1

2
3

4
5
6

hanger 1 hanger 2 ha nger 3 hanger 4 hanger 5 hanger 6

Load pattern E

Sweden Norway

Load pattern C

Figure 8:1  Load patterns
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Static testing, load pattern C

Dynamic testing

also conducted at 50 km/h. Full braking started 
near the centre of the arch between hangers 3 and 4.

A test with two adjacent trucks in motion was con-
ducted at speeds of 10, 50, 60 and 70 km/h. Speeds 
were recorded by the drivers and they were also 
calculated based on the time for each passage. 

This time was measured by three persons located at 
pillar 5, hanger 3 and pillar 8, using stopwatches.

The force in all the hangers due to dead weight 
was measured by KTH the day before the test 
using the acceleration method (i.e. by measuring 
the natural frequency of each hanger).

Dynamic tests
In addition to information on the natural frequencies 
and damping ratios of the bridge, the dynamic tests 
provide a picture of the variation in the dynamic 
amplification factor with speed. The test was con-
ducted, after the static test loading, using two 
trucks.

The test was conducted with one or two trucks 
being driven in the centre of the road at a constant 
speed across the western deck. Testing began at 
approximately 10 km/h and the speed was then in-
creased to 50, 70 and to the highest possible speed 
for the trucks which, in this case, was approxi-
mately 85 km/h.

The test at 50 km/h was repeated with a road bump 
of 30 mm. The road bump was placed at 11.1 m 
from hanger 3 towards hanger 4. A brake test was 
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Figure 8:2  The vertical displacement of the arch and bridge deck. Hanger 1 corresponds to the quarter point of 
the arch on the Swedish side and hanger 6 corresponds to the quarter point of the arch on the Norwegian side. 
A break in the measurement process was taken between approximately 11 am and 1 pm (O6 - O7) for lunch.

8.4 Results

The vertical movement of the centre of the bridge 
deck and for three points on the arch is shown in 
Figure 8:2. The measured vertical displacement of 
the crown of the arch for load pattern C, with the 
temperature effect discounted, is approximately 
10 mm. This is clearly lower than the correspon-
ding estimated value of 14 mm. This may indicate 
that the arch is stiffer than was assumed during 
the design, which is not particularly unusual. 

The effect of a rising temperature during test load-
ing is shown clearly in Figure 8:2 in the non-loaded 
measurements (O1-O11). Rising temperatures lower 
the crown of the arch by approximately 10 mm but 
raise the quarter points of the arch.

Figure 8:3 illustrates the strain variations at the 
crown of the arch at segment S6 during test load-
ing. Since the temperature variations are of great 
significance (see Figure 8:6), the readings for strain 
during different load patterns must be re-calculated 
to eliminate the temperature effect. This is why it 
is important to conduct several measurements on 
the unloaded bridge.

A comparison between the measured and estima-
ted strain in the crown of the arch at segment S6 
is given in Table 8:2. It is evident that there is very 
good agreement, except for load pattern E, where 
the calculation model underestimates the strain in 
the ceiling at segment S6.
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patterns according to Table 8:1.
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Typical results from the dynamic tests are shown 
in Figure 8:5. The figure shows how the suspen-
sion properties of the trucks affect the vibration 
in the bridge deck at 50 km/h. The response after 
20 seconds comes from a truck with leaf spring 
suspension and the response after 125 seconds 

from a truck with air suspension travelling at the 
same speed. As can be seen, the leaf-sprung truck 
caused a measured vertical acceleration in the 
bridge deck of up to 0.25 m/s2. The truck with air 
suspension caused less than half as much accele-
ration and thereby far less wear as a result.

Table 8:2  Comparison between measured and theoretically estimated strain in the ceiling of the arch at segment S6

 Load case   Strain (µS)   
  measured  measured calculated 
  (average) (std) (FEM) 

 A - 7,6 0,4 -7,5 1,01
 A superposition (AE+AW) - 7,7  -7,5 1,02
 B - 4,3 0,4 -4,7 0,93
 C - 6,9 0,1 -6,9 1,00
 D - 22,3 0,2 -21,0 1,06
 E 17,6 0,7 12,9 1,37
 AE - 3,7 0,1  
 AW - 3,9 0,3   

Measured
calculated



122

   

 

 
 

Air suspension Leaf suspension

Leaf suspension Air suspension

Vertical acceleration of bridge deck at midspan

Load in hanger 1 east

Strain at top of arch at midspanS
tr

ai
n

 (
µ

S
)

L
o

ad
 (

kN
)

A
cc

el
er

at
io

n
 (

m
/s

  )2

Time (s)

Figure 8:5  Impact of truck suspension properties on bridge response



119 

During the time it was being built, the new Svi-
nesund Bridge attracted a great deal of attention 
among the public in Norway and Sweden and in 
the industry both nationally and internationally. 

9.1 Background

Following the completion of the bridge, the bridge 
project has also participated in a number of natio-
nal and international competitions and has won 
several awards.

9.2 Swedish awards

Årets byggen 2005
Svensk Byggindustri awarded the Årets Byggen 
2005 prize for the Svinesund connection.

Jury’s citation:
“The new Svinesund connection, built at a cost of 
SEK 1.7 billion, has been a challenging and inno-
vative project in many respects. Built across a 
national border and as a result of an international 
design competition, the new Svinesund Bridge has 
attracted considerable attention far beyond the 
Nordic Region’s borders. With an exposed position 
along the coast, the large, slim single arch rises 
with a span of 247 metres. Through its excellent 
collaboration with all the companies involved, the 
Swedish Road Administration has demonstrated 
that construction industry expertise is able to 
manage very large projects”.

Stora Samhällsbyggarpriset 2006
“Stora Samhällsbyggarpriset” replaces what was 
previously known as “Årets Byggen”. Of the 15 con-
struction projects that were entered in the com-
petition, four were shortlisted to compete for the 
first prize. They were: Svinesund Bridge,  Turning 
Torso in Malmö, Tunnel Skultorp in Skövde, Reno-
vation of the Gårda residential area in Göteborg.
The winner was Projekt Gårda.

Vackra Vägars Pris 2007 
The Swedish Road Administration’s National Board 
for Environment and Beauty awarded Stockholms 
Södra Länken together with the Svinesunds Bridge 
the 2007 Vackra Vägar prize.

The prize was shared between Lund&Slaato Arki-
tekts AS, Bilfinger Berger AG, the Norwegian Public 
Road Administration and the Swedish Road Admi-
nistration - Western Region.  

Jury’s citation:
“The new Svinesund Bridge is a dignified symbol 
of the bridge construction art of our age.
With a great skill and sense of the landscape and 
site the architects and the engineers have created 
an extraordinary landmark. The large arch ties 
together in a natural way old and new while the 
abutments are placed with an exemplary distance 
away from the fjords sensitive coastline. 

The ensemble between the curved form of the 
arch and the horizontal line of the superstructure 
gives the bridge a convincing elegance of form and 
simplicity. The project was carried out with a great 
deal of quality from the entire down to the lowest 
detail. The passage over the border between the 
two sister nations has become a highlight and a 
place of interest.” 

9. The Svinesund Bridge  
has attracted a lot of attention and awards
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9.4 International awards

fib Awards for Outstanding Concrete Structures 2006
fib, fédération internationale du béton, is an inter-
national body that promotes the interests of concrete 
in town planning. Every four years, a competition 
is run in which two categories of construction works 
participate – “Building” and “Civil Engineering 
Structures”.

In the “Civil Engineering Structures” category, 
the Svinesund Bridge was nominated by Svenska 
Betongföreningen. A total of 28 projects from the 
following countries took part in the competition:

Japan, USA, Portugal, Monaco, India, Germany, 
Switzerland, China, Croatia, France, Italy, Greece, 
Spain, Canada, Sweden/Norway, Sweden.

Nineteen projects were nominated in the “Civil 
Engineering Structures” category. They were divi-
ded into the following classes:
❏ Winners (three)
❏ Special mentions (three)
❏ Exceptional recognition (two)
❏ Nominees (eleven)

The Svinesund Bridge was among those in the 
“Special Mention” class. The prizes were presented 
at a symposium in Naples on 6 June 2006. An ac-
count of the 2006 fib Awards is summarised in fib 
Bulletin 36 and at www.fib-international.org.

ECSN Awards 2006
This is the European concrete association’s annual 
competition. Members of the association are the 
European countries’ concrete associations. A com-
petition is held every year in which each country 
can enter one or more projects. Entries are submit-
ted by the respective country’s concrete associ-
ation. The two Swedish projects, Turning Torso 
and Svinesund Bridge, were entered for the 2006 
Award.

The competition jury declared the Svinesund 
Bridge the winner in the Civil Engineering Struc-
tures category and the prize was presented at the 
Belgium Concrete Day in Brussels on 13 October 
2006.

9.3 Norwegian awards

Betongplaten 2006
Each year, Norska Betongföreningen chooses a 
construction project in which concrete is used in 
an environmentally friendly, aesthetic and techni-
cally prominent manner. 

The “Betongplaten 2006” prize for 2006 was awarded 
to the Svinesund Bridge. The prize was presented 
at a ceremony in Trondheim on 3 November 2006.
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Contributory parties

Architect
Lund & Slaatto Arkitekter A/S, Oslo, Norway.

Contractor
Contractor for the bridge construction was 
Bilfinger Berger AG, Wiesbaden, Germany. 
Bilfinger Berger was responsible for the majority of 
the construction work. They have executed the entire 
concrete work with own construction management 
but with construction workers from a Polish sub-
contractor.

Subcontractors and suppliers
Several subcontractors and suppliers were involved 
in this project. The major ones were:

Angerer, Garmisch-Partenkirchen, Germany, 
demolition of auxiliary pylons

BBV Vorspanntechnik GmbH, Bobenheim-
Roxheim, Germany, 
cables supply and installation

Besab AB, Hisings Backa, Göteborg, Sweden, 
steel-core piles supplier

Binab-NCC Roads AB, Hisings Backa, Sweden, 
pavement including waterproof

Bridon International GmbH, Bochum, Germany, 
hangers supply and installation

Brückenbau Plauen GmbH, Neu-Isenburg, 
Germany, manufacture and montage of the steel 
structure and hangers. Brückenbau Plauen was 
even the designer for these parts of the bridge

AB Deltalux, Sollentuna, Sweden 
supplier of LED

Dietrich, Seevetal-Maschen, Germany, 
final painting of steel

E. Nigg, Untervaz, Switzerland, 
provider of the cable crane

Elis Johansson Smides AB, Uddevalla, Sweden, 
manufacture and installation of ladders, stairs, 
platforms, etc.

Eurotech, Miejsce Piastowe, Poland, 
concrete work

Fassaden Glas Technik, Ozorkow, Poland, 
manufacture and installation of sound walls

Fundia Armerings AB,Västra Frölunda, Sweden,
reinforcement supplier, the entire bridge

Färdig Betong, Strömstad, Sweden 
concrete supplier on the Swedish side 

Grimsrud Enterprenad AB, Strömstad, Sweden, 
soil and rock excavation

Hutni Montaze Ostrava, Ostrava, Czech Republic, 
on-site welding

IMO GmbH, Bremerhaven, Germany, 
reinforcement work

Kaiser, Peiting, Germany, 
manufacture and supply of the bridge railings

Kynningsrud, Rolosoy, Norway, 
mobile crane service

Maurer Söhne, Dortmund, Germany, 
expansion joints and bearings supplier

Appendix 2
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Centerlöf & Holmberg, Sweden, 
check of the design calculations

FB Engineering AB, Göteborg, Sweden, 
tender documents and design supervision during 
the construction stage

Kjell Wallin, Luleå University of Technology, 
Sweden, design of measures to avoid early 
temperature cracking

Leonhardt, Andrä und partner, Germany, 
check of the design calculations

Meyer + Schubert, Wunstorf, Germany, 
static calculations, design of concrete structures

PSP Prof. Sedlacek und partner, Aachen, Nether-
lands, wind effect analysis

ScanAko Byggledning AB, 
site management concrete work

Vägverket Konsult, 
building control steel work

Västkust Promotion AB, Strömstad, Sweden, 
economy assistance

ÅF Installation AB, Åmål, Sweden,
(ÅF Infrastruktur) electrical design

Munters, Hamburg, Germany, 
dehumidification system supply and installation

Norbetong, Halden, Norway 
concrete supplier on the Norwegian side

Petschnig Montager, Grafenwöhr, Germany, 
installation of the bridge railings

Sarens S.A., Volvertem, Belgium, 
land- and sea transport of steel sections, heavy 
lifts

ThyssenKrupp Stahlbau GmbH, Hannover, Ger-
many, final assembly of steel 

Åhlunds Elektriska AB, Strömstad, Sweden, 
electrical installation

Consultants
Aas-Jakobsen AS, Oslo, Norway, 
preparation of tender documents and adviser 
during the construction stage

Berg Bygg Konsult, Solna, Sweden, 
design of rock reinforcement

BIG AS, Selleback, Norway, 
surveying

Bohusgeo AB, Uddevalla, Sweden, 
complementary geotechnical investigations

Bro- och Anläggningskonsult AB, 
site management concrete and steel works
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Quality/environment management

Quality/environment Manager
Sven-Ove Timmersjö

Design – construction stage

Design Supervisor
Thomas Darholm

Check/approve drawings & calculations
Robert Ronnebrant

Maths Rydberg
Peter Harrysson

Offi ce assistance

Offi ce Assistent
Anna-Lena Schub

Technical Support

 • BT, (Jur)
 • VVÄ te
 • VVÄ b
 • VVÄ uh
 • VVÄ mu
 • VVÄ a
 • VVÄ i

Project management

Project Manager
Lasse Lundh

Vice project manager
Sven-Ove Timmersjö

Site management – steel

Site Managers
Bengt Aronsson
Bengt Karlsson

Site management – concrete

Site Managers
Jan-Ola Sundin

Rune Westerström
Björn Berge Hansen
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Appendix 4

Construction site management
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