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ABSTRACT 

A well performing infrastructure is essential for the society to function 

properly and among these infrastructure assets, bridges have a huge part. The 

nature is full of obstacles that roads and railways need to get past. There are 

bridges in different materials that have different durability and many different 

types of load carrying structures but all of them have one thing in common. 

They all wear down and at some point need to be replaced, either by a new 

superstructure or a complete new bridge. On some types of bridges, it is not 

possible to replace the superstructure and then another approach than 

superstructure replacement is needed. A bridge type that on the other hand suits 

this type of replacement is the simply supported, one span bridge. It is about 

these superstructure replacements, with span from 20 to 40 meters this thesis is 

about.  

The aim for this thesis is to develop new replacement methods to use in cases 

where the methods normally used today does not fulfill the requirements or just 

cannot be used because of things like span or space needed. Two methods are 

developed, one connecting the old structure and new replacing superstructure 

and longitudinal launching. This gets the old superstructure away and the new 

into position over the supports at the same time. In this way the replacement is 

done quickly and the old superstructure gets up on the track and directly taken 

away from site. The other method is using the new replacing structure as a 

beam and from this beam lifting and turning the old superstructure to get it 

away from the supports. Then lowering the old superstructure, placing it on a 

road or the ends of the structure on each side of the abutments and finally the 

new superstructure is lowered into position and the replacement is finished.  

Calculations are made for both methods to investigate the possibility to 

implement them on a real case. The first method struggles with large bending 
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moments, replacing a 30 meter superstructure gives a bending moment around 

30 MNm in the connecting beam. This can be reduced a lot with some 

additional supports but that also complicates the method meaning that the 

method is more suited for smaller spans and truss-truss replacements. The 

second method got two different lifting solutions. The first is a little simpler 

but needs the whole lifting force in one wire. It also creates a shear force on the 

replacing superstructure that was not there during design of the structure and 

this might result in an interaction problem when calculating the load capacity 

of the superstructure. The second lifting solution got an additional beam that 

divides the lifting force to two points. This reduces the bending moment and 

shear force acting on the new superstructure during replacement and also 

removes the interaction problem from the first lifting solution. Replacement 

method two is suitable to use on a bridge with too big span for a railway bridge 

carrier.   
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SAMMANFATTNING 

En väl fungerande infrastruktur är grundläggande för att samhället ska fungera 

korrekt och i denna infrastruktur är broar en viktig del. Naturen är full av 

hinder som vägar och järnvägar måste passera. Det finns broar av olika 

material med olika beständighet och många olika typer av bärande uppbyggnad 

men alla har de en sak gemensam. Alla slits och behöver någon gång bytas ut, 

antingen av en ny överbyggnad eller en helt ny bro. På vissa brotyper kan man 

inte byta överbyggnad men på många, såsom de fritt upplagda enkelspannen är 

det möjligt. Det är dessa utbyten, med ett spann av 20 till 40 meter som detta 

examensarbete behandlar.   

Det här examensarbetets mål är att utveckla nya bytesmetoder för att användas 

då de befintliga metoderna inte uppfyller kraven eller helt enkelt inte kan 

användas. Anledningar kan vara platsbrist eller spannlängd. Två metoder är 

utvecklade, en som sammanfogar ny och gammal överbyggnad och sedan 

lanserar dessa parallellt. Detta gör att den gamla överbyggnaden kommer bort 

samtidigt som den nya får sin rätta position över stöden. På det sättet sker bytet 

snabbt och den gamla överbyggnaden kommer upp på spåret och tas direkt från 

platsen. Den andra metoden använder den nya överbyggnaden som balk och 

lyfter samt vrider från denna balk den gamla överbyggnaden bort från stöden. 

Sen sänks den gamla överbyggnaden ner och placeras på vägen under eller med 

varje ända på brons koner. Till sist sänks den nya överbyggnaden på plats och 

bytet är färdigt. 

Beräkningar är gjorda för båda metoderna för att utreda möjligheten att 

genomföra dessa på riktiga fall. Den första metoden lider av stora moment, 

byte av en 30 meter lång överbyggnad ger moment runt 30 MNm i den 

sammanfogande balken. Detta kan reduceras mycket med extra stöd men dessa 

försvårar också metoden vilket gör att den passar bättre för kortare spann och 
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fackverk-fackverk byten. Den andra metoden har två olika lyftlösningar. Den 

första är lite enklare men kräver hela den lyftande kraften i en vajer. Det skapar 

också en tvärkraft i den nya överbyggnaden som inte fanns under 

dimensioneringen. Detta kan resultera i ett interaktionsproblem när kapaciteten 

för den nya överbyggnaden beräknas. Lyftmetod två har en extra balk som 

delar den krävda lyftande kraften på två. Detta reducerar momentet och 

tvärkraften som verkar på den nya överbyggnaden under bytet och tar även bort 

interaktionsproblemet från tidigare. Bytesmetod två lämpar sig för användning 

vid byten då spannet är för stort för en brobytesvagn.        
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NOTATIONS 

A area 

Aconcrete concrete cross-sectional area 

a weld size  

α reduction factor depending on load class 

b width of cross-section 

bf width of flange 

c width/depth of a part of a cross-section 

EC Eurocode 

e distance from a cross-sections neutral layer to the edge  

Fconcrete self-weight concrete, per meter  

Fsteel self-weight steel, per meter  

fy yield strength   

fyw  yield strenght web  

hw height web 

I moment of inertia 

L length  

M bending moment 

Mmiddle bending moment in the middle of the span 

Mc,Rd design resistance for bending  

Mel,Rd elastic design resistance for bending  
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Med design bending moment   

Qvk  characteristic value for concentrated vertical load   

qballast  widespread vertical load of ballast  

qvk  characteristic value for widespread vertical load 

R  support reaction 

RA support reaction, support A 

RB support reaction, support B 

t thickness 

tw web thickness 

tf flange thickness 

V shear force 

Vb,rd design resistance shear force 

Vbw,rd design resistance shear force web 

Vbf,rd design resistance shear force flange 

VEd design shear force  

Vmiddle shear force in the middle of the span 

Wel elastic section modulus  

ε  coefficient depending on fy 

η conversion factor 

γm0  partial factor for resistance of cross-section whatever the class is 

γm1  partial factor for resistance of members to instability assessed by 

member checks 
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𝜆𝑤
̅̅̅̅   slenderness parameter 

χw  contribution from the web to shear buckling resistance  
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1 INTRODUCTION 

1.1 Background 

As we all know, bridges are very important infrastructures in our society. 

Without them it would be impossible for people to meet, trade and get new 

experiences and for the world to evolve. In Sweden we have a lot of bridges 

and because of their importance it’s vital that these bridges are taken care of 

and administered properly.  

A bridge is normally a man built structure that shall make it possible for traffic 

to get past one of nature or man built obstacle. The traffic administration 

Trafikverket in Sweden defines a bridge as all culverts bigger than 2 m 

diameter (Mattsson, 2006). That definition changes around the world. USA has 

the highest number of bridges in the world and they define a bridge as a 

structure with a span over 6 meter. Bridges can be separated into groups by 

their intended traffic (road, walking, biking, railway). Another way to separate 

them is by the most important material in their main supporting system. 

Concrete bridges, steel bridges, stone- and brick bridges, wooden bridges and 

aluminum bridges. There are also types of composite bridges. The most used is 

steel beams with a concrete deck. (Mattsson, 2006)  

Below in Figure 1 you can see the materials in the main supporting system on 

bridges built in Sweden from 1901 until 1995. It can be seen that after the 

second world war, 1950-1980 there was a “boom” with a lot of bridges built. 

After that there was a little decrease in the late 80s’ before there once again 

were lots of bridges built in the 90s’. After this decrease the steel bridges had a 

larger percentage than before.  
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Figure 1 Bridged built 1901-1995 divided by the material in main supporting 

system, (Mattsson 2006) 

A bridge is also divided in superstructure and substructure. AASHTO define 

superstructure as “Structural parts of the bridge that provide the horizontal 

span” (Michael, 2011).  What gives a better description is Mattsson (2006) 

when he says that the superstructure is the part that takes the load from the 

intended traffic and leads it to the bridge substructure. As before, AASHTOs 

definition of substructure is according to Michael (2011) “The portion of the 

bridge between the superstructure and the foundation”. The substructure is the 

part that leads the loads from the superstructure to the foundation (Mattsson, 

2006).  

In Sweden we have a design life length of 120 years for many of our bridges 

(Svanberg, 2008). This life length varies between countries but every bridge 

and bridge superstructure come to the point when it’s in need of replacement or 

other strengthening work. When it comes to replacement there are some 

different methods to do this. Every method got its pros and cons and the ones 

regarding the environment and nature round us gets more and more important.  

Replacing a bridge or bridge superstructure is a type of construction work that 

has many different sides to satisfy. To start with it has to be quick so that the 

traffic stop is minimized. Quick replacement leads to minimized traffic 

interruptions, which in turn, means that the bridge soon is back and serving its 

purpose. This, in order to enable people and goods for transportation over an 

obstacle. Quick and smooth means cheap because having the railroad closed 

costs a lot of money. Money that the society is keen to save. The placement of 



INTRODUCTION 

 3 

the bridge differs, everything from a very tight location over a road in a city to 

over a river in the middle of nowhere. Replacing them leads to different 

problems when talking about the surrounding environment and in some cases it 

can be almost impossible to do. If the bridge stretches over water some 

replacement methods may give blurry water because of additional filling 

around the abutments. This has a negative impact on the underwater life. That 

intrusion in nature may sometimes be allowed but another replacement method 

is always preferred.  

In Trafikverkets, Mainline (2013), they explain which different type of 

methods there are to replace different size and types of bridges. Both full-, 

partial- and superstructure replacement methods are treated. According to this 

report there is no good method at this time to replace large (20-40m) heavy 

simply supported railway superstructures. This means that the existing 

replacement methods have a negative effect on the surrounding environment or 

need the railway to be closed for a too long period of time. This may lead to 

complications if the authorization to make this intrusion is not given.  

1.2 Aims 

In Sweden Trafikverket has about 3800 railway bridges in total and many more 

road bridges (Trafikverket, 2012). Many of them are in need of replacement. 

The reason for that may be that they are old or got too low load capacity. The 

railway is very sensitive for traffic interruptions and often has very high traffic 

intensity. This means that the time it takes to change the superstructure is 

important. The bridge may be situated in a way that complicates the 

replacement. Such a placement could be in a very tight position with 

surrounding buildings, over a river where you cannot get a water court or for 

some other reason can’t use the usual replacement methods. No water court 

meaning you cannot “be in the water”. Not do any work that affects the water, 

for example blur it. In this case a method to do the change directly from the 

railway is both necessary and the only solution. This report will investigate 

methods for use in these cases.  

1.3 Method 

To get some general information about the subject bridges a literature study is 

performed. The study starts with existing bridge types, bridge history and after 

this the existing replacement methods are looked in to. That’s to get an idea of 

how the replacement methods used today are working and on which type of 

bridges. When this is known “The gap” where the replacement methods today 

don’t work satisfactorily are identified. This “gap” can also be a completely 
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missing method. Now there is enough information to know where to start with 

the development of a new replacement method to fill this “gap”. This 

developing is done with consultation from Trafikverket to be able to adjust the 

new replacement method for their demands. When a new replacement method 

is finally developed it gets analyzed and calculations are made to see if it’s 

possible to implement. The new method is evaluated and the results are 

discussed. Finally suggestions for further work are done. 

1.4 Limitations 

The bridges that the replacement methods in this report are going to handle are 

first of all railway bridges. The techniques may also be able to suit a 

replacement of some small road bridges but that area is not evaluated any 

further. The bridge replacement methods consist of just superstructure 

replacement and this means that the superstructure will be of simply supported 

type (beam or truss). The bridges will be of one span from about 20 meters to 

40 meters. Disposal of the old superstructure is not looked into deeper than 

how it may be taken away from site (by trolley, by truck etc.). No details of 

this disposal is developed or analyzed. The connecting of some sort that will be 

needed in the replacement methods is not completely designed because of the 

many different cases and types of existing superstructures. This means that the 

bolted connection is not designed either. The replacement methods are 

generally developed for the bridge type and not for a certain bridge and real 

replacement case. This means that the methods are explained and calculations 

are made to make it possible to determine the possibility of the method actually 

working. Because of the height needed to lift the superstructures instability 

may be a problem but there will be no instability calculations. The new 

superstructure in method 2 is subjected to loads (bending moment and shear 

force) from self-weight and imposed load. The self-weight consists of both the 

actual superstructure and ballast. To calculate and evaluate the method only the 

loads that differ between the original design and the replacement method are 

used. Because the superstructure weighs the same during replacement and its 

service life the superstructure self-weight is not present in the calculations. The 

calculations for service life in method 2 is performed with the live load (Train 

traffic) load model 71 according to EC1 (2007). The calculations are made 

with the train right over the superstructure. 
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2 EXISTING BRIDGES 

Here follows a presentation of the bridge history and which major different 

types of bridges exists today. This section also explains how the different 

bridge types handle the load transfer down to the foundation.  

Bridges can be divided in many different ways and in many different 

categories. It can be by intended use (walking, train or road bridges) or by the 

material in their main supporting system (concrete, steel, stone, wood or 

aluminum). They can also be divided into groups by their structural design. 

The groups then are slab bridge, beam bridge, integral bridge, arch bridge, pipe 

bridge, suspension bridge and cable-stayed bridge (Mattsson, 2006). These 

bridge types all have their own looks and way of handling the traffic load. The 

spans where the different types are best to use also vary because of things like 

the areas temperature span, the ground conditions, area layout, material 

properties for the specific bridge type and prices for the material to use.   

2.1 Bridge history 

Throughout history, the materials and techniques for building bridges have 

changed. The bridge history can be divided into two periods. Stone and timber 

bridges can be seen as the first period and metal and concrete bridges as the 

second period. The first period is valid until the end of 1800th century and the 

second period from that to present time. The first period had only one material 

and type of bridge that was sustainable, the stone arch bridge. Timber bridges 

cannot in this case be seen as sustainable because its lack of durability. The 

material breaks down if not treated well and is very vulnerable to fires 

(Troyano, 2003). The second period on the other hand has lots of different 

bridges. Arch bridges, beam bridges and cable-sustained bridges just to 

mention a few. The development of different materials has made this possible. 
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The materials that the designers use much nowadays are steel, concrete and 

different materials mixed together in the same structure, mainly steel/concrete 

composite bridges. (Troyano, 2003) 

The first bridges ever made were simple tree trunks put over creeks or other 

natural obstacles. With time many tree trunks were bound together to make the 

bridge safer and achieve higher strength. This type was the first beam bridge. 

Another type of early primitive bridge is the suspension bridge made of liana 

and bamboo. There are examples of this type of suspension bridge with span up 

to round 200 meters found in India. Early bridge construction was dominated 

by these types of bridges. (Brown, 1993) 

The Romans started with the little bit more technical wooden bridges because 

they needed good sustainable bridges to make their transport routes work over 

their huge empire. They could build wooden bridges that reached a span of 30 

meters (Browne, 1996). In the 1700s the first wooden truss bridges were built 

in Switzerland. They had a span up to 70m and the technique was developed 

further in Northern America where they reached a span of 110m. Many of the 

early wooden truss bridges in North America are still in use. (Axelsson, 2012) 

The Romans had played a big part of the development of bridge construction. 

They discovered a type of natural cement and even though they weren’t the 

first to use the arch as bearing element (Sumerians) they built a lot of good 

arch bridges (Axelsson, 2012). The Romans succeeded to build arch bridges of 

stone with 30 meters span (Troyano, 2003).  

In the late 1700s iron started to become a material that could compete with 

stone and wood. The man who designed the first cast iron bridge (Iron bridge) 

was Thomas Pritchard. Its bearing element consisted of a half circle bow and 

had a span of 30 meters (Ghosh, 2000). The development of bridge 

construction continued with the use of the truss system. Truss bridges became a 

very competitive bridge type and are still used when a light and strong bridge is 

needed (Ahlberg, 2001). With time, steel developed and got stronger. Because 

of the higher strength, the spans for steel bridges also became larger.  

In the 1890s the structural designers started to use reinforced concrete for the 

bridges. From the beginning it was simple vault bridges that had some part 

stone and some part concrete. The development was quick and the material 

reinforced concrete was used in the structures earlier constructed with iron. 

(Troyano, 2003) Prestressing the reinforcement was developed between the 

world wars (Cope, 1987). Prestressing puts a built in compression in the 
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concrete that has to be “stretched away” before tension appear and with that the 

concretes weakness, cracks because of tensile stress (Brown, 1993). It became 

possible for a concrete beam bridge to have a span over 250 meters (Troyano, 

2003). 

Now it’s usual to combine different materials to make a composite bridge. In 

this way the different material properties are effectively used. Commonly it’s a 

beam bridge with steel beams and a concrete slab on top. The steel takes the 

tension forces and the concrete the compression forces, this is easily shown on 

a rectangular section in Figure 2 where the compression forces acts in the top 

and tension forces in the bottom part. 

 

Figure 2 Compression and tension forces in a rectangular section. Picture 

based on Isaksson (2011).   

2.2 Bridge types  

Now follows the presentation of different bridge types. These types of bridges 

are used both for road and railways. Some modifications may of course be 

made depending on traffic type. For example, there is often some type of box/ 

trough to hold ballast on today’s railway bridges that’s not needed on the road 

version of the bridge.   

2.2.1 Integral bridge 

An integral bridge shown in Figure 3 is the most common bridge type in 

Sweden (Ronnebrant, 1996). It consists usually of one span but can also be in 

many spans and the material is reinforced concrete. On an integral bridge the 

bridge deck is fixed in the bridge front walls/frame legs and the legs stand on 

foundation plates (Taly, 1998). The type is divided into integral slab bridge and 

integral beam bridge where integral slab bridge is the most common and is 
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seen as economical if the ground conditions are good and the span is not too 

big. In road use the span for this bridge is up to 22-25 meters if it’s 

traditionally reinforced and can be up to 35 meters if the reinforcement is 

prestressed. (Lindbladh, 1994) In Sweden this bridgetype is used for railway 

bridges from the smallest to up to 39 meters (Trafikverket, 2013).  

   

 
Figure 3 Integral bridge during final construction. Västerslätt Umeå Sweden. 

Picture Olle Berglund (2012). 

As you can see in Figure 4 below, the fill from the road embankment works to 

retain the frame legs. When the deck is loaded it will bend and this will force 

the frame legs outwards.  The earth pressure holds the frame legs in and this 

keeps the deck from bending and cracking. 
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An integral beam bridge consists of a concrete slab with many small beams 

underneath. Because of this, it is designed as a beam bridge but goes under the 

category integral bridges. It requires more height of the construction but can 

also have longer spans than the integral slab bridge (Ronnebrant, 1996). The 

span can be up to 45 meters on railway bridges (Trafikverket, 2013). In today’s 

bridge construction there are not that many integral beam bridges build. 

Nowadays the slab frame bridge is more dominant for the smaller spans and 

the beam bridge the larger ones. (Ahlenius, 1994) 

 

2.2.2 Slab bridge 

Another type of bridge is the slab bridge, Figure 5. This type is normally used 

when there is low available height for the construction. The deck is often 

constructed with constant height over the whole length. This bridge type 

supports are designed as a wall or a column. Combined with low height of the 

deck punching shear is a possible problem and a reinforcing plate may be 

needed (Ronnebrant, 1996). Slab bridge are built both as simply supported and 

continuous and the preferred material is concrete (White, 1992). The simply 

supported most often consists of a slab lying on two abutments and the 

continuous slab goes continuous over some 

 middle support(s). In the continuous slab the reinforcement goes between the 

spans unbroken which allows force transmitting between the spans. If the 

Figure 4 Earth pressure work on a deck slab frame bridge. 
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simply supported alternative is used on multiple spans the reinforcement is not 

connected in any force transmitting way between the spans. (Rutgersson, 2008)  

 

Figure 5 Slab bridge, Lindbladh (1994) 

2.2.3 Beam bridge 

The beam bridge is a type that is used both in single span and multiple spans 

(Rutgersson, 2008). This bridge type is suitable as replacement superstructure 

for simply supported bridges because it is not fixed in the supports. It is also a 

good structure for a temporary bridge solution. (Eriksson, 2012) 

Its main beams are normally manufactured from reinforced concrete, 

prestressed concrete or steel (Troitsky 1994) but can also be of wood 

(Rutgersson, 2008). The spans where the different materials are used vary. For 

road bridges, reinforced concrete is used up to about 25 meters and prestressed 

concrete up to 200 meters. Steel beams come in as an alternative to prestressed 

concrete about 35 meters and up to 80 meters (Rutgersson, 2008). These spans 

are of course just indicative. The material in a beam bridge depends except 

span on things like surroundings, bridge weight, material prices and 

construction height. For railway bridges the spans are a bit shorter. Swedens 

longest concrete beam bridge for railway use has a span of 158 meters. For the 

longest railway steel beam bridge the span increases to 104 meters. 

(Trafikverket, 2013) 
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In some cases the beams are replaced with a box girder. The reason to do this 

may be with long spans or when the superstructure is exposed to torsion. 

Another reason is some think that a box section makes a calm impression and 

is therefore sometimes used because of its appearance (Ronnebrant, 1996).  

A steel beam bridge is almost never constructed with the deck also in steel. 

This is because it’s too expensive and therefore just done on very long spans or 

when a very light construction is needed (Ahlenius, 1994). The most common 

type of deck here is concrete and then using shear studs to get interaction 

between the materials (Troitsky, 1994). The beam bridge shown below in 

Figure 6 is of this composite steel-concrete design. 

 

Figure 6 Beam bridge (steel beams and concrete deck), Lindbladh (1994) 

This composition of materials is the most common in composite design. A 

simple steel beam and a concrete slab with shear studs holding them together. 

Shear studs look like bolts and are welded to the beam. This is seen in Figure 7. 

These bridges are competitive in spans from 50 meters. (Collings, 2005) 
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Figure 7 Shear studs on steel beams. Composite bike and pedestrian bridge 

over Lögde river, Lögde Sweden. Picture: Olle Berglund (2012). 

2.2.4 Vault bridge 

The vault bridge is one of our oldest bridge types. From the beginning it was 

built just from natural stone and later on carved stone was used (Figure 8). 

Now there are also vaults with reinforced concrete and some with just concrete. 

For this bridge type to work it needs to be a really good foundation. 

(Rutgersson, 2008) 

 

 

Figure 8 Vault bridge made of stone, Picture: Martin Nilsson 
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A vault bridge works in this way. The load, both self-weight and imposed load 

gets the material in the arch to compress. This compression gives friction 

between the vault building elements which makes the material keep together. 

At the arch base the force presses downwards and outwards which leads to the 

need of good abutments. Without good abutments there is nothing steady and 

solid pushing back at the vault which means that the compression and thereby 

friction will disappear. (Brown, 1993) 

 

Bridges made of stone and masonry is very sustainable and a bridge type that 

has proven its potential over time. There are bridges that have stood for 2000 

years and are still standing and in work. (Melbourne, 1995) 

 

2.2.5 Arch bridge 

An arch bridge is a bridge that uses an arch in compression to transfer the load 

to the foundation and columns or wires to get the load from the deck to the 

arch. One common arch bridge is shown in Figure 9 where the deck is below 

the arch. 

 

Figure 9 Concrete arch bridge in Liden Sweden, Picture Martin Nilsson. 

An arch bridge with the bridge deck at the top above the actual arch was 

developed from the vault bridge. Instead of a thick layer soil on a vault bridge 

to get the “deck” to the right height the arch bridge has columns that carry the 

load from the deck down to the arch. Most of the load on this type of bridge is 

carried as pressure in the arch and the rest as bending. Because of that 

reinforced concrete or steel are the most common materials. Depending on the 
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surroundings and of which height the deck needs to be, the deck can be over, 

under or in the middle of the arch, see Figure 10. (Taly, 1998) According to 

Trafikverket (2013) arch bridges have been built with up to 135 meter spans 

but are now replaced with other bridge types.   

.  

Figure 10 Different types of arch bridge, Lindbladh (1994) 

2.2.6 Truss bridges 

There are a few different types of trusses with names depending on patent and 

inventor. Howe, Pratt and Warren are the three best known (White, 1992). The 

truss bridge uses some type of truss of bars and/or beams in tension and 

compression to carry the load to the abutment (Pousette, 2008). Below in 

Figure 11 a typical old truss bridge is shown.  

 

Figure 11 Steel truss bridge over Rautasjokk Sweden. Picture: Batman (2013). 

Truss bridges were developed in the nineteenth century and were first made of 

timber but with the development of steel that became the general construction 

material. (Troyano, 2003)  

The truss was used both standing up and hanging underneath the deck. If 

possible, the best solution was to have it underneath because then it did not 

interfere with the traffic on the bridge. Standing up, it both interfered with 

traffic height and width but having it underneath the deck may not be possible 
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because of for example low height to the water. (Troyano, 2003) A bridge is 

very exposed to the environment and because of this, the steel truss needs a lot 

of maintenance leading to a high life-cycle cost. Because of this, the truss is not 

used that much nowadays. (Taly, 1998) 

 

2.2.7 Cable-supported bridges  

Bridges with the deck carried by cables are very light and therefore good to use 

for big spans (White, 1992). Two different main types of wire and cable 

bridges have been developed. The suspension bridge (Figure 12) uses two 

parallel cables between towers and tension rods/wires down from the cables to 

the deck. One important part here is the anchors for the big cables. These are 

situated at the end of the cables and prevent them from pulling the towers 

inward with the result of them falling. The other type is the cable-stayed bridge 

(Figure 13) that has many cables going from the towers directly to the deck 

without any additional rods. (Troitsky, 1994) 

These types of bridges with cables have been developed really much the past 

100 years and are today used for the biggest spans. (Ahlberg, 2001)  

 

Figure 12 Suspension bridge Höga Kusten Sweden, Picture Martin Nilsson.  
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Figure 13 Cable-stayed bridge over Piteälven, Piteå Sweden, Picture Pär 

Berglund (2012).
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3 EXISTING REPLACING TECHNIQUES AND 

METHODS 

3.1 Complete superstructure  

3.1.1 Mobile crane 

Mobile cranes are normally used to change smaller superstructures with shorter 

spans but can be used for bridges with span up to 35 meters and still be 

economical. If the crane is going to stand and work from the embankment this 

needs to be widened. There are also cranes made for transportation along the 

track but one big disadvantage still remains. The electrical cables over the track 

need to be dismounted for any crane to be able to operate in the area. This 

increases the amount of work needed before and after the actual replacement 

and the traffic stop time. A risk with this method is if the crane breaks down 

during work they are difficult to repair on site which leads to delays and 

expensive consequences. (Mainline, 2013)  

 

3.1.2 Launching 

A very common method to replace larger superstructure is lateral launching. 

An explanatory picture can be seen in Figure 14. A new superstructure is built 

aside the existing bridge and placed on launching beams. During a quite short 

traffic stop the rails are cut and the existing bridge is slid away from the 

supports. The new superstructure is then slid into its final position over the 

supports and the rail and electrical lines are attached. In this way, by using both 

sides of the railway the time for replacement is short. The disadvantage of this 

is that there is space needed at both sides of the railway. There will also be 
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additional work to be able to remove the superstructure from the other side of 

the railway. This replacement method can be done in many different ways 

depending on the conditions at the site. The launching may also be to the same 

side for both the existing- and new superstructure but this will take more time. 

How the new superstructure is getting in place for step one in Figure 14 may be 

problematic. How that is done depends on things like bridge type (new and 

old), span and other surrounding conditions. One negative point for this 

replacement method is the space needed for the temporary supports next to the 

bridge. (Kindstedt, 2013) 

 

Figure 14 Description of one type of launching. 

Launching can be done in many different ways. Another way of doing the 

replacement of a simply supported structure by launching is to laterally launch 

the old superstructure away from the supports and then longitudinally launch 

the new superstructure in place. For this to work on a single span the edge of 

the superstructure that is being launched out over the span is held up by a crane 

so its height matches the support at the other side. This type of launching is 

better suited for road bridges than railway bridges. (Källström, 2013)  

3.1.3 Hydraulic towers 

Another method is to use movable hydraulic towers seen in Figure 15. The 

towers stand between the abutments. They lift the old superstructure and put it 

on temporary boogies and after the old bridge is towed away on the track the 

new one arrives in the same way. The new superstructure is slid from the 

boogies to the movable hydraulic towers that continue to carry the 
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superstructure to its final position over the abutments and then lower them onto 

the bearings. (Mainline, 2013) 

 
Figure 15 New superstructure getting into place with movable hydraulic 

towers. (Mainline, 2013) 

 

3.1.4 Railway bridge carrier 

The use of a railway bridge carrier is a really good method that has been used 

for a long time to replace superstructures. It’s limited to bridges with span up 

to 25m and 200 tons but can with the right conditions be used for a little longer 

span. (Kindstedt, 2013) The method consists of a high wagon with space 

between the boogies for the bridge and some hydraulics to lift it. The carrier is 

mounted in a nearby construction site and the new bridge is loaded. The carrier 

is then drawn by an engine to the right location. With lighter bridges it is 

possible to turn the new superstructure, lift and turn the old and in this way 

swap the superstructures, shown in Figure 16. In this way, the old 

superstructure is removed from the location with the carrier when it’s going 

back. (Mainline, 2013) 
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Figure 16 Railway bridge carrier, replacement of a light bridge. (Mainline, 

2013) 

This is not possible with heavier superstructures and in those cases the old is 

just lowered to make room for the new and the removal from location is solved 

later on. This is shown in Figure 17 below. (Mainline, 2013) For the heaviest 

structures replaced with this method the old superstructure needs to be 

removed by lateral launching. This is because the beams on the carrier haven’t 

the capacity to lift both old and new structure. (Kindstedt, 2013) 

 

Figure 17 Railway bridge carrier with a heavy bridge. (Mainline, 2013) 
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3.2 Partial replacement 

3.2.1 Bridge deck panels 

First of all the old superstructure deck is removed. This is done by cutting the 

deck into smaller pieces and making sure it is lose from the beams or other 

main bearing structures before lifting the pieces away by crane. The crane can 

be standing on the road/track, on land or on a barge depending on situation. 

(Ryall, 2000) 

There are a lot of different types of deck panels for bridges. Both full-depth 

and partial-depth precast concrete deck panels are used. The full-depth precast 

panels are fabricated and used with both mild and prestressed reinforcement 

depending on case and manufacturer. While placing the panels the fastening 

between panel and beam is very important to get the composite action. Placing 

of concrete panels on steel beams where shear studs are making the interaction 

possible can be seen in Figure 18. (Michael, 2011)  

 

 

Figure 18 Full-depth precast concrete deck panel installation (Michael, 2011).   

Instead of making the deck panel completely in concrete there are panels using 

steel grids and concrete to form composite action decks. This makes the panels 

and the complete deck lighter than if using only concrete and can therefore be 

used to increase load capacity of older structures (Ryall, 2000). Light panels 

also makes for cheaper shipping and handling costs. (Michael, 2011)   

One type of steel grid and concrete composite panel is the exodermic bridge 

deck (Figure 19). It is a lightweight modular deck system that is 35-50% lighter 
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than a normal full concrete slab and can be used with spans up to 4,4 meters. 

The very simplified work process for placing these is like follows. The old 

deck is cut to smaller pieces and removed. Then a metal grid sheet is placed 

where the deck used to be and concrete is casted on top of the metal. This 

creates a composite action deck with steel in the bottom and concrete at the top 

of the deck. In a few hours the concrete hardens and gets the strength needed to 

open the bridge. This means that these panels can be used to piece by piece 

change the superstructure during the nights and have the bridge open during 

daytime. (Ryall, 2000)  

 

Figure 19 Exodermic bridge deck. (Ryall, 2000) 

3.3 Different types of hydraulic jacks  

There are many different types and designs of hydraulic jacks for many 

different purposes. Single or double acting piston, massive or hollow piston, 

light and easy to handle aluminum casing or heavier and sturdier steel casing is 

some of the things to decide when going to use a hydraulic jack. The single 

acting ones have a spring to push back the piston after the pressure is released 

and the double acting ones have hydraulics to push it back and can therefore be 

used in both directions if necessary. If there is limited height where the jack 

needs to be placed there are some options. Depending on brand there are some 

differences but there are compact cylinders and low-built cylinders (Figure 20) 

to use in such cases. The big disadvantage with the use of these kinds of jacks 

is that they have such low lifting height. This means that in case of limited 
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height it’s possible to need to change to a jack with higher stroke length after a 

while. (Pettersson, 2012)  

 

 

Figure 20 Low-built hydraulic jack. (Pettersson, 2012) 
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4 NEW SUPERSTRUCTURE REPLACEMENT 

METHOD  

4.1 Introduction 

All these existing replacement methods are good in their own way and when 

the conditions to use them are right. Every method however got some negative 

points.  

If the bridge is small enough the railway bridge carrier is a really simple, 

effective and a cost friendly way to replace a superstructure. No extra supports 

are needed and if the circumstances are right (light old and new superstructure) 

no impact on the road or water underneath the bridge. This method can only be 

used on the shortest spans this thesis handle, up to about 25 meters. Also the 

carrier can only be used with beam and slab bridges.  

Lateral launching is well known and used a lot for replacing the size of bridges 

this report handles. The problem with this method is the temporary supports 

needed beside the bridge supports. This needs to be filled and compacted with 

gravel and then returned to natural land again after the replacement is done. 

This is an impact on the surrounding environment which sometimes may not be 

allowed and sometimes the physical space needed doesn’t exist because of 

buildings standing tight to the railway. The type of longitudinal launching with 

towers work if there is a road underneath that can be closed for some time. It 

does not work on superstructures with water underneath. 

Partial replacement of the deck with deck panels does not replace the bearing 

structure and is more focused on road bridges and structures.  
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This leaves a replacement method “gap”. Situations where there are not any 

good replacement methods to use. A method is missing when replacing 

complete superstructures (both truss and beam) in the span 20-40 meters where 

it is not possible to use any ground beside the bridge foundations, e.g. when 

there are problems with the water court (filling near the water not allowed) or a 

building very close to the track. 

Another way than earlier described to divide bridges is as Trafikverket does in 

their report (Mainline, 2013). There they divide them by size of the span and 

got three main groups: small, medium and large bridges. Small bridges are 

bridges with a span between two and ten meters and these do not have any 

bearings. Medium bridges span 10-30m and can be with or without bearings. 

Large bridges are all bridges larger than 30m. The replacement methods in this 

report handle the medium and large bridges according to these groups. 

 

In both replacement methods explained below in this report the sleepers are 

placed on temporary supports. This makes for a fast replacement and short 

traffic stop as it allows traffic over the bridge without ballast. In a later stage 

and during a short traffic stop the temporary supports are continuously 

removed and replaced with ballast. 

First of all before the replacement can start the electrical lines needs to be 

disconnected. If the superstructure is wider than the distance from the track to 

electrical poles they need to be removed otherwise they will be obstructing 

when transporting the superstructures. This is mostly not the case though. For 

these replacements the superstructure is made narrower and with electrical 

poles and walkways bolted to the structure after positioned on the supports. 

Before the replacement procedure starts it should be made sure that the tracks 

are made free so that the existing superstructure can be lifted without any 

interference. A good way to do it is to cut the track on the bridge free from the 

main and then bolt it together instead. This will enable continued traffic until 

the superstructure replacement and when the trolley has run over the bridge 

during the replacement it is easy to disassemble.  

4.2 Description of solution 1 

This solution builds on the principal to use the old bridge superstructure as a 

type of launching beam during longitudinal launching. In this way the old 

superstructure gets away from its position at the same time as the new gets into 

its final position over the abutments. The launching is right over and parallel to 
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the track. This means that no additional fill or space around the abutments is 

needed. 

In Figure 21 the first step in replacing the superstructure in this way is shown. 

The new superstructure is built and brought to the site on trolleys, pulled and 

drawn by engines. New superstructure in the looks of a beam and the old 

superstructure represented by a truss.   

 

Figure 21: Step 1 of the method. 

Then the superstructure is propped up on the side that’s nearest the bridge the 

trolley is disconnected and placed on the other side of the bridge. Now the 

tracks on the bridge are detached to be able to lift the old superstructure. The 

old superstructure is jacked up to position above the track and connected to the 

new superstructure and the trolley (Figure 22).  

 

Figure 22: Step 2 of the method 

Now the whole package is slowly launched to get the new superstructure 

between the supports (Figure 23).  
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Figure 23: Step 3 of the method. 

Next step is when the new superstructure is placed on its right position above 

the supports. Now the old superstructure is popped up and the superstructures 

are disconnected from each other. Hydraulic jacks lower the new 

superstructure into position on the supports (Figure 24).  

 

Figure 24: Step 4 of the method. 

The tracks are reattached to the tracks on the new superstructure and the trolley 

runs over the bridge and connects to the old superstructure (Figure 25). 

 

Figure 25: Step 5 of the method. 
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Finally the entire old superstructure is towed over the new bridge and away to 

the construction site where it is lifted off the track. The electrical lines are 

mounted on the new superstructure, connected and the railway is ready for use. 

At the construction site the superstructure is later demolished and recycled. 

4.2.1 Connection load reduction 

Because the structures are connected longitudinally during this replacement the 

span becomes very long. The span of the replacement method becomes double 

the bridge span (existing superstructure + replacement superstructure). With 

this long span, the stress on the connection between the superstructures is quite 

high. It may not even be possible to design a useful connection that can handle 

these stresses. To reduce them, the obvious solution is to reduce the span. 

When the trolleys are disconnected and the superstructures are joined this 

method will need some temporary support to hold the superstructure in place. 

These supports will be needed on both sides of the obstacle that the 

superstructures bridge. On the first side the superstructures will be joined and 

on the other side they will be disconnected. One solution may be to make these 

supports with a bearing at the top and leave them during the whole launch. 

The first support is placed when the superstructures are about to be joined and 

now stays there during the whole launch. As soon as the launching made place 

for an identical support on the other side, that is also placed. The launching is 

executed and the first support is taken away just before the launch is finished. 

This is because that last space nearest the support is needed for the trolley. This 

gives three different positions during launching, seen below in Figure 26.  

1. When the whole package is joined and the first support is active.  

2. When the launching has made place for the second support as well. 

3. When the first support is taken away and the second is still left.      

In this way the span gets shorter which effectively reduces the connection 

moment.  
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Figure 26 Superstructures connected and the three different positions of the 

launching. 

These supports with bearings may be difficult to place and get working so 

another type of support that can be used to reduce the span during launching 

may be better. The bridge is of course much wider than the track and trolley 

that carries the superstructures. This means that the superstructures stick out to 

the sides and this able the supports nearest the “obstacle” to be of launching 

beam type besides the track instead of a rolling type on the track as explained 

above. For this to be possible there must be some degree of filling beside the 

track to get a good foundation for the launching beams. The railway ballast on 

the sides may need to be leveled with some finer material and fill outside the 

embankment to keep the embankment from collapsing.   

 

4.2.2 Connection 

Below, the connection between the new and old superstructure during the 

launch is handled. First the type of connecting method is considered and then 

continues with some examples of how the actual design of the connection may 

look like.  
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Connecting method  

It’s not totally easy to just weld a connection in old steel structures. Some of 

the old steels may be good for welding and some may not. Welding is such a 

new method that old steel structures (before 1950) where most likely not made 

for welding. These materials often have more sulfur, phosphor and nitrogen 

than what is accepted today. The steel of this time is really varying in quality 

and composition and if it is possible to weld depend on the materials chemical 

composition. If this information does not exist, an investigation of the material 

needs to be made before taking any decisions. This is also needed to decide 

which type of weld and additive material to use. (Stenbacka, 2012) 

This means that bolts are the best to use to merge the superstructures but there 

will always be different from case to case and which connecting method and 

connections to be used. The connection to the new superstructure always needs 

to be bolted so it can be disconnected when the launching is done and it’s time 

to lower it into position. That bolt-group is not a problem when the new 

superstructure can be designed with it from the beginning.    

Connection design 

The connection needs to be able to handle the moment and shear force. The 

connection is in this report seen as two beams on each side of the 

superstructures and then in some way connected to the old and new 

superstructure. The suggestions for connection below are for a typical old truss 

replaced with a new beam superstructure. This means that the connection 

needed is in the truss and because of the low new superstructure (no truss) the 

connection design cannot be at the bottom and top of the truss.    

The first connection proposal (type A) consists of two long beams that are 

bolted onto the bottom of the old superstructure as shown in Figure 27. These 

beams are placed on both sides between the track and the truss on truss bridges. 

The connecting beams are bolted down in the transverse beams that connect the 

trusses on each side. The length of these beams depends on the bridge length 

and the load they need to transfer and also how well the transverse beams are 

connected to the trusses. If there is enough space between the track and the 

truss these connecting beams can be placed and connected to the old 

superstructure before the train traffic is closed. Then when the old 

superstructure is jacked up to position the beams are just bolted in the new 

superstructure bolt group. This saves time when the trains are stopped and the 

replacement is carried out. The beams in this proposal distribute the load on the 
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old superstructure in a, for the superstructure more, natural way than a point-

load (moment and shear) on the outer leaning truss beam where the bridge 

normally got zero moment.   

 

Figure 27 Side view and top view over the connection type A. 

Another way to make the connection to the old superstructure (type B) could 

be to bolt a beam parallel to the first leaning beam in the truss shown in Figure 

28. On this beam the connecting beam from the new superstructure is welded. 

Connection to new superstructure is bolted. In this way the parallel beam will 

help to spread the connecting load so that the member in the truss does not 

break. This connection will also be possible to be mounted on the old 

superstructure before the traffic stop and the launch. This method is not as easy 

to fit as type A but it might be better because the connection is on the same 

distance from the track as the bridge truss. This means that there is more space 

between the train and connection on type B than type A and that is good if the 

connection is mounted when the bridge still is in traffic. 
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Figure 28 Side view of connection type B. 

If there is a truss that is going to be replaced with a new truss the preferred way 

to connect them would be down at the bottom and up at the top of the truss. 

This would make a good connection with large inner lever arm which means 

smaller loads on the connecting bolts and beams.  

4.3 Description of solution 2 

Another way to replace the superstructure can be by using the new 

superstructure as a beam and from this beam lift and remove the old 

superstructure. This will only work if the old superstructure also is of beam 

type and not a truss.  

Step one would be to transport the new superstructure on trolleys (like in the 

other method) from a nearby construction site (Figure 29).  

 

Figure 29: Step 1 of this method. 
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When the new superstructure is positioned above the old existing one a cable is 

lowered down in the middle to the old superstructure, seen in Figure 30.   

 

Figure 30: Step 2 of this method. 

Now it is time for the lifting of the old superstructure via the cable (Figure 31).  

 
 

Figure 31: Step 3 of this method. 

The superstructure is lifted and then turned round the cable so that it can fit 

between the supports. Many different scenarios are possible here. If there is a 

road under the bridge this can be closed and the old superstructure put down on 

it and then cut down and taken away later on when the traffic is once again 

running on the new superstructure (Figure 32). If the road got much traffic the 

superstructure can be lowered and placed on a truck that carries it away. The 

truck then puts it in a better location to get cut down and recycled. If there is 

water underneath the bridge that’s going to get a new superstructure with this 

method the truck can be replaced with a barge. The water may of course not be 

big enough for a barge and then the superstructure can be turned less than 90 



NEW SUPERSTRUCTURE REPLACEMENT METHOD 

 35 

degrees, just as much to get it away from the supports and lowered to rest on 

the shore. The superstructure gets cut into smaller pieces and taken away using 

a crane. The cutting and removal can also be done from the ice if the climate 

and environment allows for that.  

 

Figure 32: Step 4 of this method. Superstructure turned 90 degrees. 

As the last step to get the traffic back on the railway the new superstructure 

needs to get in its right position. It already sits on trolleys right above the 

supports and now hydraulic jacks are placed on the supports and jacked up to 

receive it. The trolleys are disconnected and the jacks lower the superstructure 

down to rest on the support bearings. The trolleys are towed away to the 

construction site where they are no longer obstructing the traffic on the 

railway. Electrical poles are remounted, track connected and the bridge 

replacement is finished.  

 

Figure 33: Step 5 of this method. 

This replacement method depends on the new superstructure having a hole in 

the middle to be able to get the lifting cable down to the old existing 
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superstructure. This hole could preferably be designed to work as drainage 

when the new superstructure is in use. The lifting equipment will be placed on 

beams lying across the deck as seen in Figure 34. These beams stretch over the 

concrete deck and between the structural beams of the lifting superstructure. 

This gets the load from the cable to work over the superstructure beams and 

also prevent punching of the concrete deck. Without any load spreading action, 

punching may be a problem under the lifting equipment. Except this punching 

shear on the deck this replacement method is also subject to bending moment 

and shear force. The new superstructure is designed to handle these types of 

loads during its service life. The instability during replacement however, is a 

possible load case on this replacement method that the superstructure is not 

designed for.  

 
Figure 34: Section view over method 2. 

As an alternative to lifting the whole old superstructure in the middle of the 

new superstructure it can be lifted in two points as in Figure 35. A beam 

underneath the new superstructure divides the load into two lifting points with 

the length L/2 between. The actual lifting will still be from the new 

superstructure deck because then the lifting force necessary will be half than if 

it would be from the beam underneath. Also the working environment will be 

better when the work between the superstructures during the lift is minimized. 

The height above track for the new superstructure is in this case higher than if 

lifting just in the middle. How big this difference will be depends on how much 

the old superstructure will need to be lifted and how big the beam between the 

superstructures will be. The increased height of the total lifting equipment is 

making the whole replacement method more instable but also effectively 

reduces the lifting force needed and the moment and shear force acting on the 

new superstructure.  
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Figure 35: Alternative lifting solution. 
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5 CALCULATIONS  

5.1 Conditions 

To make calculations for both method 1 and 2, the weights of the bridges are 

needed. The superstructure that is going to replace the old one in method 1 and 

the superstructure that is being replaced in method 2 needs have known 

deadloads. To get this reference deadload, drawings from a composite 

steel/concrete superstructure is used. This type of superstructure will stand for 

the replacement in method 1 and the old superstructure in method 2. The bridge 

over Banafjälsån in Figure 36 is used as this reference.  

 

Figure 36 Bridge over Banafjälsån. 

The steel on this bridge consists of six shorter beams connected to form two 

beams that stretch over the river. The superstructure is 42,7 meters long and 

got cross bracings between the beams. One type of cross bracing over supports 
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(cross bracing 1) and one other type of cross bracing (cross bracing 2) in field. 

In Table 1 the cross bracing weights are total of the two different types.  All 

weights are taken from the bridge drawings. 

Table 1 Steel weights 

 

 

The steel weight per meter of this bridge gets:  

  

𝐹𝑠𝑡𝑒𝑒𝑙 =
955,5

42,7
= 22,4

𝑘𝑁

𝑚
 [5.1] 

For the concrete weight the cross sectional area is used. Cross sectional area 

times the weight of reinforced concrete, 26 kN/m3, gives the weight per meter.  

Part kN 

Cross bracing 1 4,7 
Cross bracing 2 8,3 

Beam 1 154,7 

Beam 2 160,5 
Beam 3 154,2 
Beam 4 156,5 
Beam 5 160,5 
Beam 6 155,9 
Total: 955,5 
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Figure 37 Cross section Banafjälsån. 

 

Figure 38 Cross section Banafjälsån. 

 𝐹𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 = 𝐴𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 ∗ 26𝑘𝑁/𝑚3 [5.2] 

 𝐴𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 = 2,6 𝑚2 
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 𝐹𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 = 68,0 𝑘𝑁/𝑚 

The total deadload per meter of Banafjälsån superstructure from equation 5.1 

and 5.2 then become: 

 𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑑𝑒𝑎𝑑𝑙𝑜𝑎𝑑 = 68,0 + 22,4 = 90,4 𝑘𝑁/𝑚 [5.3] 

Because the span in Banafjälsån is longer than many of the examples that are 

calculated in this report for both method 1 and method 2 the dead load 90,4 

kN/m may be higher than it would be for the specific replacement case. In 

Annex B the dead load for two additional superstructures are calculated. This is 

done to determine if Banafjälsån is good as reference for the dead load. The 

superstructure with span 36,6 meters got a dead load of 106,2 kN/m and the 

one with span 21,1 meters got a dead load of 63,6 kN/m. With these dead loads 

and spans in mind the Banafjälsån seems to be a good reference and therefore 

used in the following calculations.  

5.2 Method 1  

The moment acting on the connection between the two superstructures is 

calculated with elementary load case one (Figure 39) and seven (Figure 40) and 

totally explained in Figure 41. Moment and shear force are calculated in the 

middle of the span that consists of the length of the superstructure times two 

(old and new) and one meter between for the connection. The old existing 

structure and new replacing structure does not weigh the same. Because of this 

the forces in the middle of the total span is calculated with the lighter structure 

over the whole length (load case one). Then the weight difference between old 

and new structure is calculated and the forces because of that difference are 

added to the first (load case seven).  

 

Figure 39 Load case one. 

 

Figure 40 Load case seven. 
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Figure 41 Description of load case for these calculations. 

The load on the connection between the two superstructures when launching is 

calculated for three different truss bridges, with three different lengths and 

always the bridge Banafjälsån as reference dead load of the replacing structure.  

 𝑅𝑒𝑝𝑙𝑎𝑐𝑖𝑛𝑔 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒 = 𝑙𝑒𝑛𝑔𝑡ℎ ∗ 90,4𝑘𝑁/𝑚 [5.4] 

 𝑀 =
𝑤𝑒𝑖𝑔ℎ𝑡∗(2∗𝑙+1)2

8
+

(90,4−𝑤𝑒𝑖𝑔ℎ𝑡𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒)∗(𝑙+0,5)2

4
 [5.5] 

 𝑉 = 𝑅𝐵 − (𝑤𝑒𝑖𝑔ℎ𝑡/𝑚) ∗ (𝑙 + 0,5) [5.6] 

 

 

 

Table 1 Method 1 loads in connection. 

Truss 
bridges 

Weight 
[kN] 

Length 
[m] 

Weight/m 
[kN/m] 

Replacing 
structure [kN] 

M  
[kNm] 

V  
[kN] 

Sikån: 930 33 28,2 2983,7 33273,5 521,2 

Kukkasjoki 650 32,5 20,0 2938,5 30060,1 580,9 

Keräsjoki 669 31,6 21,7 2857,1 28744,5 555,7 
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5.2.1 Load reduction in the connection 

To reduce the load on the connection, supports that are needed when 

connecting and disconnecting the superstructures are made to stay during 

launching to reduce the span. For this reduction method, the moment and shear 

forces are calculated with the superstructures seen as a homogeneous beam. 

This is done with two different loads on the “beam” (depending on new/old 

superstructure) and with three and four supports. The calculation gets time 

consuming by hand because it gets statically indeterminate. Because of this, a 

program for matlab is used to calculate the forces acting on the connection. The 

program is Frame2d and is made by Doctor Thomas Olofsson at Luleå 

University of Technology Sweden and uses the displacement method in its 

calculations. 

The input data files are created for the same bridges as before, Sikån, 

Kukkasjoki and Keräsjoki and can be seen in Annex A. This gives the new 

moment and shear force in the connection in the three different positions 

through launching seen below in Figure 42. At position one the superstructures 

have just been connected and the first support is therefore in position. In 

position two the launching has begun and this made place for the second 

support, this one to the right of the bridged obstacle. At the last position 

(position three), the first support has been taken away to let the trolley come as 

near the bridge support as possible.    
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Figure 42 Three different positions through launching. 

 

Table 2: Loads on Sikån bridge. 

 

  

Table 3: Loads on Kukkasjoki bridge. 

Position: Moment [kNm]: Shearforce [kN]: 

1 6544 528 

2 3832 244 

3 7515 1720 

 

Table 4: Loads on Keräsjoki bridge. 

Position: Moment [kNm]: Shearforce [kN]: 

1 6228 534 

2 3679 234 

3 7186 1675 

 

 

 

Position: Moment [kNm]: Shearforce [kN]: 

1 7232 688 

2 4233 218 

3 8318 1763 
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5.2.2 Connecting beam design 

The beam that is going to be designed is the beam seen between the 

superstructures in Figure 43 below. The design of this beam is done according 

to EC3 (2008) and EC3 (2009). Only the cross section resistance section A in 

Figure 43 is used in this design because it is just to get a feeling of the size of 

the beam that is needed to handle the forces in the connection with this method. 

The bolted connections needed to the superstructures are not designed.    

 

Figure 43: Connecting beam between new and old superstructure. 

The design of a beam that can handle the forces is done simply by constructing 

a beam and then checking if two of those beams have enough resistance in 

moment and shear. First the class of the cross section is calculated for both 

internal compression part and outstand flanges according to EC3 (2008). The 

design of the beam is done in a way that gives the cross section class 3.  

These designs of beams are done for both the loads in chapter 4.2 and 4.2.1 in 

the case Sikån bridge. The steel grade is S420 which gives fy=420 N/mm2, 

ε=0,75 and 𝜂 = 1,2. The same calculations for the resistance are done for both 

cases, cross section resistance for moment and shear.   
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Beam design method 1 

First the dimensions of the web and flanges are decided and the cross section 

classes for both of them are calculated.  

 

Table 5 Dimensions of the web. 

Internal compression parts 

hw 1600 mm 
a 8 mm 

tw 20 mm 

 

 𝑐 = 1600 − 2 ∗ 8 = 1584 𝑚𝑚 [5.7] 

 
𝑐

𝑡∗𝜀
= 105,6 [5.8] 

 83 < 105,6 < 124 which gives cross section class 3.  

Table 6 Dimensions of the flanges. 

Outstand flanges 

bf 655 mm 

tf 30 mm 

 

 𝑐 =
655

2
− 8 −

20

2
= 309,5 [5.9] 

 
𝑐

𝑡∗𝜀
= 13,76 [5.10] 

 10 < 13,76 < 14 which gives cross section class 3 here as well.  

The cross sectional resistance for bending moment of the chosen cross section 

is calculated according to EC3 (2008): 
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Capacity of a cross section in class 3: 

 

𝑀𝑐,𝑅𝑑 = 𝑀𝑒𝑙,𝑅𝑑 =
𝑊𝑒𝑙,𝑚𝑖𝑛∗𝑓𝑦

𝛾𝑀0
   [5.11] 

 

The moment of inertia is calculated and the section modulus by dividing that 

by the distance from the sections neutral layer to the edge.  

 𝐼 =
20∗16003

12
+ 2 ∗ (

655∗303

12
+ 655 ∗ 30 ∗ (

1600

2
+

30

2
)

2

) = 32,9 ∗ 109 𝑚𝑚4 

 [5.12] 

 𝑒 =
1600

2
+ 30 = 830 𝑚𝑚 [5.13] 

 𝑊𝑒𝑙 =
𝐼

𝑒
=

32,9∗109

830
= 39,7 ∗ 106 𝑚𝑚3 [5.14] 

  𝛾𝑀0 = 1,0 

 𝑀𝑐,𝑅𝑑 =
39,7∗109∗420

1,0
= 16,67 𝑀𝑁𝑚 [5.15] 

 𝑀𝐸𝑑 =
33,27

2
= 16,64 𝑀𝑁𝑚 [5.16] 

 
𝑀𝐸𝑑

𝑀𝑐,𝑅𝑑
= 0,998 < 1,0 

Because of cross section class 3 the shear resistance is calculated according to 

EC3 (2009) 5. First of all it has to be checked if the shear buckling resistance 

needs to be checked.  

The web of the beam is set to “unstiffened” and then the shear resistance 

should be checked if: 

ℎ𝑤
𝑡⁄ >

72

𝜂
𝜀  [5.17] 

 
ℎ𝑤

𝑡⁄ =
1600

20
= 80 

 
72

𝜂
𝜀 =

72

1,2
∗ 0,75 = 45 
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This means that the shear buckling resistance needs to be checked. Design 

resistance to shear: 

𝑉𝑏,𝑅𝑑 = 𝑉𝑏𝑤,𝑅𝑑 + 𝑉𝑏𝑓,𝑅𝑑 ≤
𝜂∗𝑓𝑦𝑤∗ℎ𝑤∗𝑡

√3∗𝛾𝑀1
 [5.18]  

With the contribution from the web as: 

 𝑉𝑏𝑤,𝑅𝑑 =
𝜒𝑤∗𝑓𝑦𝑤∗ℎ𝑤∗𝑡

√3∗𝛾𝑀1
 [5.19]  

Transverse stiffeners at support only: 

 𝜆𝑤
̅̅̅̅ =

ℎ𝑤

86,4∗𝑡∗𝜀
=

1600

86,4∗20∗0,75
= 1,23 [5.20] 

Rigid endpost gives: 

 𝜒𝑤 =
1,37

0,7+𝜆𝑤
̅̅ ̅̅ =

1,37

0,7∗1,23
= 0,71 [5.21] 

 𝛾𝑀1 = 1,0 

Which gives the final resistance of the web: 

 𝑉𝑏𝑤,𝑅𝑑 =
0,71∗420∗1600∗20

√3∗1,0
= 5495 𝑘𝑁 

 
𝜂∗𝑓𝑦𝑤∗ℎ𝑤∗𝑡

√3∗𝛾𝑀1
=

1,2∗420∗1600∗20

√3∗1,0
= 9312 𝑘𝑁 

 𝑉𝑏,𝑅𝑑 = 5495 𝑘𝑁 

 𝑉𝐸𝑑 =
521,2

2
= 261 𝑘𝑁 

Interaction according to EC3 (2009) 7 states that, provided that 𝑛3̅̅ ̅ ≤ 0,5 the 

design resistance to bending moment does not need to be reduced.  

 𝑛3̅̅ ̅ =
𝑉𝐸𝑑

𝑉𝑏𝑤,𝑅𝑑
=

261

5495
< 0,5 [5.22] 

The moment resistance does not need to be reduced.  
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Beam design method 1 reduced loads 

In Table 7 and Table 8 below the dimensions for the case when reducing 

actions are done can be seen. The same calculations as before are executed and 

can be seen in Annex C.  

Table 7 Dimensions of the web with reduction actions. 

Internal compression parts 

hw 900 mm 
a 8 mm 

tw 12 mm 

  

Table 8 Dimensions of the flanges with reduction actions. 

Outstand flanges  

bf 430 mm 

tf 22 mm 

 

The resistance for bending moment of the chosen cross section is calculated 

according to equation [5.11]: 

     

 𝑀𝑐,𝑅𝑑 = 4227 𝑘𝑁𝑚 

 𝑀𝐸𝑑 =
8318

2
= 4159 𝑘𝑁𝑚  

 
𝑀𝐸𝑑

𝑀𝑐,𝑅𝑑
= 0,98 < 1,0 

Because of the cross section class 3 the shear resistance is calculated according 

to equation [5.18]:  

 𝑉𝑏,𝑅𝑑 = 𝑉𝑏𝑤,𝑅𝑑 = 1932 𝑘𝑁 

 𝑉𝐸𝑑 = 882 𝑘𝑁 

Interaction according to EC3 (2009).  

  𝑛3̅̅ ̅ =
𝑉𝐸𝑑

𝑉𝑏,𝑅𝑑
= 0,45 < 0,5 
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The moment resistance does not need to be reduced. 

5.3 Method 2 

To get a better view of this method three different lengths of superstructures 

are evaluated. The comparison is done with the loads in the middle of the span. 

The loads that the new superstructure is designed for (service life) is calculated 

and seen as the “capacity” of this method and then compared with the loads 

that appears when lifting an old superstructure according to method 2. The self-

weight of the new replacement superstructure is present in both cases so that is 

deleted from the calculations. To get the traffic load that the new superstructure 

is designed to handle Load model 71 (Figure 44) from EC1 (2007) is used in 

the calculations.  

 

Figure 44: Load model 71. EC1 (2007) 

The characteristic values should be multiplied with a factor α if the line is 

going to carry heavier or lighter traffic than normal. The value α is set to 1,33 

after consideration with Anders Carolin, Trafikverket. This is the value used in 

Sweden when designing railroad bridges that are not on Malmbanan. On 

Malmbanan 1,61 is used as α but 1,33 is by far the most common in Sweden.  

Classified vertical loads then become:  

Table  9: Classified vertical loads. 

qv= 106,4 kN/m 

Qv= 332,5 kN 
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The moment calculation starts by getting the reaction forces:  

 𝑅𝑎 = 𝑅𝑏 =
(𝐿−6,4)∗𝑞𝑣+4∗𝑄𝑣

2
 [5.23] 

The moment is then calculated as: 

 𝑀𝑚𝑖𝑑𝑑𝑙𝑒 = 𝑞𝑣 ∗
(𝐿−6,4)

2
∗ (0,8 + 1,6 + 0,8 +

(𝐿−6,4)

4
) + 𝑄𝑣 ∗ (1,6 + 0,8) +

𝑄𝑣 ∗ 0,8 − 𝑅𝑎 ∗
𝐿

2
 [5.24] 

 

Table 10 Designed loads from train. Moment in the middle of the span. 

Load from train (Capacity) 

  Length [m] Ra=Rb [kN] M [kNm] 
Bridge 1 30 1921 16319 
Bridge 2 35 2187 21452 
Bridge 3 40 2453 27251 

 

The shear force in the superstructure is in this case zero in the middle of the 

span and can be seen below in Figure 45.   

 

Figure 45 Shear force in the superstructure with load model 71. 

The new superstructure is designed to have a capacity to handle both train and 

ballast when finished and in use. This makes that the lifting capacity in method 

2 can be seen as a bit higher because of that the ballast is added to the bridge 
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after the replacement is done. The moment capacity for the superstructure is 

calculated in the same way as earlier but with an additional load from the 

ballast.  

Ballast density: 1900 kg/m3 

The load from the ballast is calculated with a depth of 0,70m and a width of 

4m. 

 𝑞ballast = 1900
𝑘𝑔

𝑚3
∗ 0,7 𝑚 ∗ 4 𝑚 = 53,2 𝑘𝑁/𝑚 [5.25] 

𝑀𝑚𝑖𝑑𝑑𝑙𝑒 = 𝑞𝑣 ∗
(𝐿−6,4)

2
∗ (0,8 + 1,6 + 0,8 +

(𝐿−6,4)

4
) + 𝑄𝑣 ∗ (1,6 + 0,8) + 𝑄𝑣 ∗

0,8 − 𝑅𝑎 ∗
𝐿

2
−

𝑞ballast∗𝐿2

8
 [5.26] 

Table 11 Designed loads from train and ballast.  

Load from train and ballast (Capacity) 

  Length [m] Ra=Rb [kN] M [kNm] 
Bridge 1 30 1920,5 22304 
Bridge 2 35 2186,5 29599 
Bridge 3 40 2452,5 37891 

 

Even here the shear distribution looks similar to Figure 45 and the shear force 

is zero at the middle of the span where the biggest moment occurs.  

The bending moment and shear force acting on the new superstructure when 

lifting the old in the middle is calculated with ordinary elementary cases. The 

load of the old superstructure is 90,4 kN/m taken from the bridge Banafjälsån. 

During lifting the moment and shear force in the new superstructure becomes 

as below. 

𝑀𝑚𝑖𝑑𝑑𝑙𝑒 =
𝑂𝑙𝑑 𝑏𝑟𝑖𝑑𝑔𝑒∗𝐿

4
   [5.27] 

 𝑉𝑚𝑖𝑑𝑑𝑙𝑒 =
𝑂𝑙𝑑 𝑏𝑟𝑖𝑑𝑔𝑒

2
 [5.28] 
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Table 12 Loads during replacement. 

  Load from old superstructure  
  Length 

[m] 
Old bridge [kN] M [kNm] V [kN] 

Bridge 1 30,00 2712 20343 1356 

Bridge 2 35,00 3164 27689 1582 

Bridge 3 40,00 3617 36165 1808 

 

The shear forces in the new superstructure during lifting of the old one 

according to method two are seen in Table 12. The shear force is equal to the 

reaction forces RA and RB and the distribution can be seen below in Figure 46. 

The shear in the middle of the span now is equal to the shear out at the 

supports. This means that the location for maximum moment and maximum 

shear now is the same.  

 
Figure 46 Shear force in the new superstructure during lifting. 

A comparison between the design loads on the new superstructure in use (this 

one calculated loadcase) and the loads during the replacement can be seen 

below in Table 13. The design moment capacity of this method is higher than 

the moment during replacement which means that the method can be possible 

to implement. In the calculations with this loadcase for the design capacity 

shear force is not present at the middle of the span but there will be when only 

half the bridge is loaded. The alternative lifting designed showed in (Figure 35) 

may be considered as a solution to get the interaction between bending moment 

and shear lower.     
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Table 13 Comparison between loads during replacement and designed loads of 

the new superstructure in the middle of the span.  

 Comparison     
  Length 

[m] 
Replacement 

M [kNm] 
Design M 

[kNm] 
Replacement 

V [kN] 
Design V 

[kN] 

Bridge 1 30,00 20343 22304 1356 0 

Bridge 2 35,00 27689 29599 1582 0 

Bridge 3 40,00 36165 37891 1808 0 

 

In Table 14 the bending moment and shear force in the middle of the span 

during lifting with the alternative lifting solution are shown. Now the shear 

force is zero in the middle of the span and the moment is halved than earlier. 

An illustration of the shear force distribution over the span is seen in Figure 47.  

 

Table 14 Loads during replacement with alternative lifting solution. 

  Alternative lifting solution  
  Length 

[m] 
Old bridge [kN] M [kNm] V [kN] 

Bridge 1 30,00 2712 10172 0 

Bridge 2 35,00 3164 13845 0 

Bridge 3 40,00 3617 18083 0 

 

 

 
Figure 47 Shear force in new superstructure with alternative lifting solution. 
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6 ANALYSIS  

The analysis of the two new methods for a fast and effective replacement of 

railway bridges follows.   

To be able to do the longitudinal launching as method 1 suggests, the loads on 

the connection gets large. The two beams between the superstructures have a 

designed cross section in ultimate limit state. That seems to be the right 

assumption when those beams are just used for a short period of time and for 

that particular replacement. A beam with web 1600mm high, 20mm thick and 

flanges 655mm wide and 30mm thick is required to handle the forces round 30 

MNm for bridge spans round 30 meters. This is two large beams, with large 

dead loads, which makes them hard to handle. These dimensions and loads are 

just for spans round 30 meters and will of course be even higher with a 40 

meter span superstructure. The bolted connection between the beams and 

superstructures also needs to be able to carry the big loads. Those bolted 

connections are not designed in this report but they are a big and important part 

when designing for an actual case. That part of the method is also a hard thing 

to estimate because of the many different cases. If it shows that this connection 

is not possible to design, the whole method falls apart and cannot be realized 

for that particular case. Using the supports needed when connecting and 

disconnecting the structures (roller or launching beam) to minimize the span 

reduces the moment in the connection to ¼ of the initial value but also gives 

rise to shear forces that was not present earlier. The cross section is designed as 

earlier and even with this larger shear force, the connecting beams now have 

the dimensions 900x12 for web and 430x22 for flanges. This is a great 

improvement in terms of beam size, easier handling and lower forces for the 

bolted connection. That reduction may in some cases be the solution to make it 

possible to use this method.  

The new superstructure used in method 2 is designed for dead load (both 

structure and ballast) and live load (train). The ballast dead load and live load 
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are not present during lifting of the old structure so they correspond to the 

capacity when performing the replacement. The loads appearing when using 

the new superstructure as a beam to lift and turn the old superstructure should 

therefore be lower than for ballast and live load. This means that the 

calculations made to evaluate the possibility to implement this method is done 

in serviceability limit state. As seen in chapter 5.3 the moment in the middle of 

the new superstructure span during service life is higher than the moment 

occurring when lifting and performing this replacement method. During service 

life the superstructure is subjected to more loadcases than the one calculated in 

this report. The superstructure is during design subjected to other positions of 

loadcase 71 than right over the superstructure. When the engine of the train is 

at the middle of the span there will be other shear and moment diagrams than 

shown in this report. Shear will appear at the middle, much more like when 

lifting with method 2. This gives that the new superstructure is designed 

“harder” and for a greater load than it seems in this report.  

Method 2 may therefore be a better replacement method in terms of design 

than it has been shown earlier. An alternative to this first execution could be to 

perform the method using a beam like in Figure 35 (alternative loading). That 

effectively reduces the shear force and gives a favorable interaction between 

bending and shear compared to that calculated. The shear force in this case is 

zero at the middle of the span where the moment maximum appears. This 

moment maximum now is much lower than the new superstructure capacity. 

Therefore this seems to be the best solution if using method 2. At least from a 

design, load/load capacity point of view.  
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7 DISCUSSION AND CONCLUSION  

When you look deeper into the subject of replacing a superstructure on the 

railway you see that it is harder than at first glance. Fast and effective are 

important phrases that are important on every construction site. If the product 

is finished earlier means more money in all the construction business but the 

railway and train traffic is still a bit different. The traffic gets obstructed in 

another way with larger impact than on road constructions where the traffic can 

be led round the construction site and still keep its function with some traveling 

time added to the route. 

The first method when the superstructures gets connected and seen as one long 

launching beam is a replacement method that can be used in many cases. When 

an old truss is getting replaced with beams, old beams replaced with new 

beams and a truss replaced with a new truss. The loads on the connecting beam 

and bolted connection (mostly bending moment) gets really high with the set-

up without any supports. This is on the other hand a much easier way of 

performing this method. The first solution to reduce the loads with a rolling 

support will not work that well in practice. The launching beams at each sides 

of the superstructures needs a lot of extra work to be performed. Filling beside 

the foundations and also additional work to get sliding surfaces on both old- 

and new superstructure. One of the goals with the methods is to avoid extra 

filling beside the track and even if it is not that much that fails with this 

reduction solution. All this makes that this reduction action is not a good 

solution even if it gets the dimensions of the connecting beam down a lot. The 

connection new superstructure-beam and beam-old superstructure is a bolted 

connection that is a key to this methods execution.   

Method 2 feels from the beginning like a good method because it works similar 

to the railway bridge carrier already in use and well recommended for smaller 
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spans. Regarding the bending moment capacity of a newly designed 

superstructure it has the capacity for this method but with only one wire at the 

middle to lift and turn the old existing superstructure there will be a great shear 

force in the same place on the span where the maximum moment occurs. This 

means that the new superstructure may not be designed to handle this 

interaction. The alternative lifting solution does not have the same big problem 

with this. With this alternative solution come other problems like height and 

instability of the new superstructure when lifting the existing structure. On the 

other hand it is very favorably to only have half the weight of old 

superstructure in each wire. The same effect can be achieved with the “load-

spreading” beam lying on top of the new structure. This will spread the load as 

with the beam underneath, but without the same instability. The new 

superstructure could be at the same height from the old existing structure as in 

the first lifting solution with only one wire. With this alternative lifting solution 

(beam above or underneath) the loads in the new superstructure comes down so 

it should be designed strong enough with just the normal design rules for 

railway bridges. Both ways should be possible to implement and which one to 

use is up to the customer and entrepreneur. Also to remember is that the 

calculations for this replacement method are done in the serviceability limit 

state of the new superstructure. It should therefore be possible to have a bit 

higher capacity on this replacement method. This by allowing the loads in the 

new structure for this one time to exceed the ones of live load (trains) and dead 

load (ballast).  

As a conclusion I can say that I think both the new methods are good methods. 

They can both be used to replace superstructures but they suit different type of 

cases. Method 1 with the longitudinal launching works better with the little bit 

smaller spans when the replacing superstructure is of beam type. The old 

superstructure may be a truss and then the ordinary bridge carrier cannot be 

used. It can also work well on a truss-truss replacement where the connections 

can be both on top and bottom of the structures to handle the big bending 

moment in a better way. Method 2 can be used in cases when the railway 

bridge carrier could be used if the span was a little bit shorter. Replacing a 

beam or slab structure from about 25 meters and longer.   
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8 SUGGESTIONS FOR FURTHER WORK  

Before it can be said that it is possible to implement these new methods some 

additional investigations should be made. It would be good to study a real case 

where a replacement is needed and these methods would work. When the 

existing structure is known it is possible to go deeper in the connection 

between superstructures in method 1. This may show that the method is 

possible/not possible. That conclusion is either way just for that specific case 

but that knowledge would be great and give more information on how to best 

design the connection. For method 2 this deeper check with a real case should 

evaluate the interaction problem and also all the possible positions of the load 

when the new superstructure is designed. The real useful capacity during one 

single lift should also be looked at instead of the serviceability limit 

calculations done in this report. This will increase the capacity and hopefully 

work together with the interaction calculations. 
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ANNEX A MATLAB INPUT FILE 

Matlab input file Sikån position 1 

>COORD 

1 0 0 

2 32.5 0 

3 33.5 0 

4 67 0 

>NODEL 

1 1 1 2 

2 1 2 3 

3 1 3 4 

>PROPS 

1 210e6 10 10 0 

>LOADS 

1 0 0 -90.41 -90.41 

2 0 0 -90.41 -90.41 

3 0 0 -28.18 -28.18 

>BOUND 

1 1 1 0 

2 1 2 0 

3 2 2 0 

4 4 2 0 

Matlab input file Sikån position 2 

>COORD 

1 0 0 

2 33.5 0 

3 34.5 0 

4 67 0 

>NODEL 

1 1 1 2 

2 1 2 3 

3 1 3 4 

>PROPS 

1 210e6 1 1 0 

>LOADS 
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1 0 0 -90.41 -90.41 

2 0 0 -28.18 -28.18 

3 0 0 -28.18 -28.18 

>BOUND 

1 1 1 0 

2 1 2 0 

3 2 2 0 

4 4 2 0 

Matlab input file Sikån position 3 

>COORD 

1 0 0 

2 15.5 0 

3 33.5 0 

4 51.5 0 

5 67 0  

>NODEL 

1 1 1 2 

2 1 2 3 

3 1 3 4 

4 1 4 5  

>PROPS 

1 210e6 1 1 0 

>LOADS 

1 0 0 -90.41 -90.41 

2 0 0 -90.41 -90.41 

3 0 0 -28.18 -28.18 

4 0 0 -28.18 -28.18 

>BOUND 

1 1 1 0 

2 1 2 0 

3 2 2 0 

4 4 2 0 

5 5 2 0 

Matlab input file Kukkasjoki position 1 

>COORD 

1 0 0 

2 32 0 

3 33 0 



Annex A Matlab input file 

 68 

4 66 0 

>NODEL 

1 1 1 2 

2 1 2 3 

3 1 3 4 

>PROPS 

1 210e6 10 10 0 

>LOADS 

1 0 0 -90.41 -90.41 

2 0 0 -90.41 -90.41 

3 0 0 -20 -20 

>BOUND 

1 1 1 0 

2 1 2 0 

3 2 2 0 

4 4 2 0 

 

Matlab input file Kukkasjoki position 2 

>COORD 

1 0 0 

2 33 0 

3 34 0 

4 66 0 

>NODEL 

1 1 1 2 

2 1 2 3 

3 1 3 4 

>PROPS 

1 210e6 1 1 0 

>LOADS 

1 0 0 -90.41 -90.41 

2 0 0 -20 -20 

3 0 0 -20 -20 

>BOUND 

1 1 1 0 

2 1 2 0 

3 2 2 0 

4 4 2 0 
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Matlab input file Kukkasjoki position 3 

>COORD 

1 0 0 

2 15.25 0 

3 33 0 

4 50.75 0 

5 66 0  

>NODEL 

1 1 1 2 

2 1 2 3 

3 1 3 4 

4 1 4 5  

>PROPS 

1 210e6 1 1 0 

>LOADS 

1 0 0 -90.41 -90.41 

2 0 0 -90.41 -90.41 

3 0 0 -20 -20 

4 0 0 -20 -20 

>BOUND 

1 1 1 0 

2 1 2 0 

3 2 2 0 

4 4 2 0 

5 5 2 0 

Matlab input file Keräsjoki position 1 

>COORD 

1 0 0 

2 31.1 0 

3 32.1 0 

4 64.2 0 

>NODEL 

1 1 1 2 

2 1 2 3 

3 1 3 4 

>PROPS 

1 210e6 10 10 0 
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>LOADS 

1 0 0 -90.41 -90.41 

2 0 0 -90.41 -90.41 

3 0 0 -21.17 -21.17 

>BOUND 

1 1 1 0 

2 1 2 0 

3 2 2 0 

4 4 2 0 

 

Matlab input file Keräsjoki position 2 

>COORD 

1 0 0 

2 32.1 0 

3 33.1 0 

4 64.2 0 

>NODEL 

1 1 1 2 

2 1 2 3 

3 1 3 4 

>PROPS 

1 210e6 1 1 0 

>LOADS 

1 0 0 -90.41 -90.41 

2 0 0 -21.17 -21.17 

3 0 0 -21.17 -21.17 

>BOUND 

1 1 1 0 

2 1 2 0 

3 2 2 0 

4 4 2 0 

Matlab input file Keräsjoki position 3 

>COORD 

1 0 0 

2 14.8 0 

3 32.1 0 

4 49.4 0 

5 64.2 0  
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>NODEL 

1 1 1 2 

2 1 2 3 

3 1 3 4 

4 1 4 5  

>PROPS 

1 210e6 1 1 0 

>LOADS 

1 0 0 -90.41 -90.41 

2 0 0 -90.41 -90.41 

3 0 0 -21.17 -21.17 

4 0 0 -21.17 -21.17 

>BOUND 

1 1 1 0 

2 1 2 0 

3 2 2 0 

4 4 2 0 

5 5 2 0 
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ANNEX B WEIGHT REFERENCE  

The goal is to get a weight per meter of these bridges below. The mass of the 

concrete and the steel are summed up and divided by the length of the bridge.  

Skidträskån 

 

The amount concrete in the bridge is calculated by looking at the cross section. 

The cross sectional area times the reinforced concrete density gives the 

concrete weight per meter.  

 

Figure 48: Concrete cross section Skidträskån. 
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Figure 49: Concrete cross section detail Skidträskån. 

Part mm2 

Bottom: 1620000 

Leaning 
sides: 

1093500 

Edge beam: 440000 

Total: 3153500 

 

  
 

 𝐹𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 = 𝐴𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 ∗ 26𝑘𝑁/𝑚3 

 𝐹𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 =  3,1535𝑚2 ∗ 26𝑘𝑁/𝑚3 = 82𝑘𝑁/𝑚3 

The amount of steel in the bridge is taken from drawings. The bridge consists 

of six smaller beams mounted together to two 36,6 meter long beams.  

 

Figure 50: Steel beams Skidträskån 
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Part: kN total 

Beam 1,3,4,6: 545,7 

Beam 2,5: 320,4 

Crossbracing: 7,8 

Crossbracing: 12,6 

Total: 886,6 

 

The cross bracings are a part of the bridge but just at certain distances but to 

get a good representative weight they are also included and divided by the 

whole length.  

  𝐹𝑠𝑡𝑒𝑒𝑙 =  886,6𝑘𝑁/36,6𝑚 = 24,2𝑘𝑁/𝑚3 

The bridge total weight per meter them becomes:  

 𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 = 82 + 24,2 =  106,2𝑘𝑁/𝑚3 
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Långträskån 

 

Figure 51: Långträskån. 

The concrete weight is calculated as before with the cross section area times 

reinforced concrete density.  

 

Figure 52 Concrete cross section Långträskån. 

Part mm2 

Bottom: 1575000 

Edge beams: 450000 

Total: 2025000 
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 𝐹𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 = 𝐴𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 ∗ 26𝑘𝑁/𝑚3 

 𝐹𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 =  2,025𝑚2 ∗ 26𝑘𝑁/𝑚3 = 52,7𝑘𝑁/𝑚3 

As before the amount of steel is taken from the drawings. Even here there are a 

total of six shorter beams connected to two longer. The total length of this 

superstructure is 21,1 meters. 

 

Figure 53: Steel beams Långträskån. 

Part: kN total 

Beam 01,11,03,13: 89,08 

Beam 02,12: 129,04 

Crossbracing 1: 10,8 

Crossbracing 2: 1,58 

Total: 230,5 

 

 𝐹𝑠𝑡𝑒𝑒𝑙 =  230,5𝑘𝑁/21,1𝑚 = 10,9𝑘𝑁/𝑚3  

And then the bridge total weight per meter becomes:  

 𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 =  52,7 + 10,9 = 63,6
𝑘𝑁

𝑚
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ANNEX C DESIGN OF BEAM CROSS SECTION 

Design of beams for the case Sikån bridge. The steel grade is S420 which gives 

fy=420 N/mm, ε=0,75 and 𝜂 = 1,2.  

Beam design method 1 reduced loads 

The cross sectional resistance for bending moment of the chosen cross section:  

 

Internal compression parts 

h 900 mm 
a 8 mm 
t 12 mm 

 

 𝑐 = 900 − 2 ∗ 8 = 884 𝑚𝑚 

 
𝑐

𝑡∗𝜀
= 98,2 

 83 < 98,2 < 124 which gives cross section class 3.  

Outstand flanges 

b 430 mm 

t 22 mm 

 

 𝑐 =
430

2
− 8 −

12

2
= 201 𝑚𝑚 

 
𝑐

𝑡∗𝜀
= 12,2 

 10 < 12,2 < 14 which gives cross section class 3. 

Moment capacity of a cross section in class 3: 

 

 𝑀𝑐,𝑅𝑑 = 𝑀𝑒𝑙,𝑅𝑑 =
𝑊𝑒𝑙,𝑚𝑖𝑛∗𝑓𝑦

𝛾𝑀0
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The moment of inertia is calculated and the section modulus by dividing that 

by the length from the sections neutral layer to the edge.  

 𝐼 =
12∗9003

12
2 ∗ (

430∗223

12
+ 430 ∗ 22 ∗ (

900

2
+

22

2
)

2

) = 4,75 ∗ 109 𝑚𝑚4 

 𝑒 =
900

2
+ 22 = 472 𝑚𝑚 

 𝑊𝑒𝑙 =
𝐼

𝑒
=

4,75∗109

472
= 10,06 ∗ 106 𝑚𝑚3 

  𝛾𝑀0 = 1,0 

 𝑀𝑐,𝑅𝑑 =
10,06∗106∗420

1,0
= 4227 𝑘𝑁𝑚 

 𝑀𝐸𝑑 = 4159 

 
𝑀𝐸𝑑

𝑀𝑐,𝑅𝑑
= 0,98 < 1,0 

Because of cross section class 3 the shear resistance is calculated according to 

EC3 (2009) 5: 

ℎ𝑤
𝑡⁄ >

72

𝜂
𝜀  

 
ℎ𝑤

𝑡⁄ =
900

12
= 75 

 
72

𝜂
𝜀 =

72

1,2
∗ 0,75 = 45 

The shear buckling resistance needs to be checked.  

𝑉𝑏,𝑅𝑑 = 𝑉𝑏𝑤,𝑅𝑑 + 𝑉𝑏𝑓,𝑅𝑑 ≤
𝜂∗𝑓𝑦𝑤∗ℎ𝑤∗𝑡

√3∗𝛾𝑀1
  

Contribution from the web: 

 𝑉𝑏𝑤,𝑅𝑑 =
𝜒𝑤∗𝑓𝑦𝑤∗ℎ𝑤∗𝑡

√3∗𝛾𝑀1
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Transverse stiffeners at support only: 

 𝜆𝑤
̅̅̅̅ =

ℎ𝑤

86,4∗𝑡∗𝜀
=

900

86,4∗12∗0,75
= 1,16 

  Rigid endpost: 

 𝜒𝑤 =
1,37

0,7+𝜆𝑤
̅̅ ̅̅ =

1,37

0,7∗1,22
= 0,74 

 𝛾𝑀1 = 1,0 

 𝑉𝑏𝑤,𝑅𝑑 =
0,74∗420∗900∗12

√3∗1,0
= 1932 𝑘𝑁 

 
𝜂∗𝑓𝑦𝑤∗ℎ𝑤∗𝑡

√3∗𝛾𝑀1
=

1,2∗420∗950∗12

√3∗1,0
= 3143 𝑘𝑁 

 𝑉𝑏,𝑅𝑑 = 1932 𝑘𝑁 

 𝑉𝐸𝑑 = 882 𝑘𝑁 

 
𝑉𝐸𝑑

𝑉𝑏,𝑅𝑑
= 0,46 < 1,0 

 

 

 

 

 

 


