
DEGREE PROJECT, IN DIVISION OF STRUCTURAL ENGINEERING AND
 , SECOND LEVELBRIDGES

STOCKHOLM,  SWEDEN 2014

Edge Beams

EVALUATION OF THE INVESTMENT COST 
FOR ITS APPLICATION TO LIFE-CYCLE COST
ANALYSIS

MARTTI KELINDEMAN

KTH ROYAL INSTITUTE OF TECHNOLOGY

ARCHITECTURE AND BUILT ENVIRONMENT



 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Edge beams 
 

Evaluation of the Investment Cost for Its Application to Life-Cycle 

Cost Analysis  

 

Martti Kelindeman 
 

 

 

October 2014 

TRITA-BKN. Master Thesis 428, 2014 

ISSN 1103-4297 

ISRN KTH/BKN/EX-428-SE 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Martti Kelindeman, 2014 

KTH Royal Institute of Technology 

Department of Civil and Architectural Engineering 

Division of Structural Engineering and Bridges 

Stockholm, Sweden, 2014  



 

i 

 

 

 

Preface 
 

I would like to express my gratitude for my supervisors in KTH - José Javier Veganzones 

Muñoz, Lars Pettersson and Håkan Sundquist. Greetings will be sent to my associate in the 

project - Ezdin Duran. It was a pleasure to work with such motivating people. I am thankful for 

given the opportunity to participate in this project and the guidance and help for me during my 

work. The supervisors are also to thank for finding construction sites to use as case studies and 

initiating communication with site managers. 

 

An important role in my work was played by the companies – Skanska AB and NCC AB - that 

granted me the access to the construction sites. I want to give great thanks to the correspondents 

at the construction sites and design companies who were willing to answer to my questions and 

invest their time to my work. Special thanks go to Nijaz Mehmedovic and Brandon Quinlan 

form Skanska’s Landscape bridge site in Kallhäll, Niclas Westberg and Hans Jyttner from 

Skanska’s Askersund bridge site, Johan Lundblad and Ulrica Andersson from NCC’s Rotebro 

bridge site. Additional thanks to Rikard Nagy from Skanska Teknik. 

 

Lastly, I would acknowledge all the persons from Sweden and also Estonia, who contributed to 

the creation of the work by replying to the inquiries or participating at meetings. 

 

 

 

 

 

 

  

 

Stockholm, October 2014 

Martti Kelindeman 

 

 

  



 

ii 

 

 

 

 

 

 

 



 

iii 

 

 

 

Abstract 
 

Edge beams in Sweden are subjected to harsh environmental conditions, such as de-icing salts  

and numerous freeze-thaw cycles, which result in large expenditures for the maintenance of  

these items. Driven by that fact, a project was initiated to investigate the life of edge beams in  

more detail. 

 

The main objective of the work was to determine and provide reliable input for establishment  

of investment cost of edge beams. The data was later utilized in an application of life-cycle cost  

analysis - created by a Ph.D student. Case studies - ongoing bridge construction projects in 

Askersund, Rotebro and Kallhäll - gave the basis for the research. Site visits were performed  

and engineers were consulted for data collection. 

 

As an outcome of the project, costs for the edge beams in the case studies were calculated and  

comparative charts were presented that reveal the magnitude of cost contributors to the bridge  

edge beam system.  

 

The work illustrates that the construction of edge beams is a workforce demanding process.  

Hence it is suggested that, to find the most optimal edge beam solution in terms of investment  

cost and life-cycle considerations, various construction methods such as prefabrication of edge  

beams should be tested and analysed.  
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1. Introduction 

 General background 

In today’s engineering world, institutions and industries are paying attention to cost efficiency 

more than ever before. Great amount of focus is being drawn to the preplanning phase in order 

to reduce overall expenses of a product, which not only needs an initial investment, but which 

accompanies a significant amount of expenditures – maintenance costs for instance, in future 

as well. This applies also for the bridge design field. 

Edge beam with all of its components can be regarded as a product, which needs an initial 

investment like all other details in the bridge item stock. However, compared to other bridge 

details, edge beams are more vulnerable and in many cases, edge beam systems are the most 

defective elements of the bridge. Racutanu carried out a case study in which 3747 inspection 

remarks from performed inspections were collected and assessed. It involved 353 bridges in 

different parts of Sweden, one of the results was that the edge beam together with bridge parapet 

constituted in total of 34% from all the inspection remarks (Figure 1). This indicated the need 

for greater attention to the problems edge beams have.  

In 2013, Swedish Transport Administration (STA) launched a project involving several 

engineers and people skilled in the art to investigate the life of edge beams, forming a group 

called “Edge Beam Group”. The aim of the project was to come up with an “optimal solution 

of the edge beam for the society“. It was started due to the fact that a significant amount of 

taxpayers’ money has been spent for the maintenance of edge beams in recent history, 

considering that edge beam in volume is not a major component of a bridge. However, when 

Figure 1. Percentage distribution of 3747 damage remarks on structural members from 353 

bridges in different parts of Sweden by Racutanu (Racutanu, 2001) 
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STA initiated the project, there was no clear vision of how the “optimal solution” should be 

achieved or what exactly should be the outcome of the project.  

The group decided to tackle the problem by introducing a methodology – Life Cycle Cost 

Analysis (LCCA) – into its research. The methodology is regarded beneficial due to its 

capability to take into account all costs associated with a product’s development, upkeep and 

amortization. By doing that, owners could identify the most cost effective solution for a 

perspective building or facility from a range of alternatives.  

Therefore, in the beginning of the year 2014 an additional research group was added by KTH, 

involving a Ph.D student along with two Master’s Thesis students. There were two goals 

assigned for the Ph.D student - to develop a comprehensive model to analyse life-cycle costs of 

various BEBS solutions and investigate how the design affects the LCC. The two topics 

required substantial amount of input and was partially provided by the Master’s Thesis studies. 

In 2013, a doctoral thesis was defended on the subject of LCCA. The research work studied 

how to incorporate life-cycle considerations into bridge investment and how to manage the 

decision-making processes regarding that matter. Additionally an Excel-based LCC application 

was created that enables a bridge engineer to choose the best solution from different bridge 

design proposals from the LCC’s point of view. No doubt, this project gave confidence and 

motivation to further investigate the subject. However, the application that was developed does 

not provide a possibility to choose different solutions of edge beam systems. Therefore it was 

considered wise to create a separate model for edge beam systems, which would take into 

account the characteristics of different bridges and would enable to select the best solution for 

each bridge in terms of LCCA considerations. 

 Aim and Scope 

The goal of this project was to provide input for that part of the model, which deals with the 

investment cost, i.e. all costs made by the owner of a bridge before the beginning of exploitation 

of a bridge. That required understanding about how edge beams are constructed, what works 

are carried out, what materials are used and in what quantity. Furthermore, it was necessary to 

determine information about workforce and machinery. Also, the contribution from the design 

side was of interest. In short, it was needed to identify and evaluate all the sources of costs 

related to the production of edge beams. Also, the writer’s aim was to elaborate on how 

construction companies procure different materials, products and services. By doing that, it was 

possible to make the model more trustworthy. Eventually, as a result of the gathered data the 

cost for the meter of edge beam was going to be evaluated and compared. 

The before mentioned group of engineers - the edge beam group -  which was appointed to 

study the problems within edge beams and propose new innovative ideas also established 22 

perspective design alternatives. These could be further subdivided to 5 groups. It is one of the 

author’s objectives to compare and contrast the group representatives and reveal the benefits 
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and disadvantages they have with the aid of three case studies, which were included in this 

thesis. 

The scope of the present paper limits to the study of edge beams on road bridges, since the latter 

have proven to have defects remarkably more than for instance edge beams on train and 

pedestrian bridges. For example, de-icing salts are only used on road bridges, which are known 

to have a negative effect on the life-span of edge beams. What is more, pedestrian and train 

bridges are seldom subjected to impact loads, unlike road bridges. 

 Methodology 

In order to carry out the thesis, first a literature study was performed, introducing the design of 

edge beam systems and the problems that are related to it during its lifetime. Also a general 

overview of the Life Cycle Costing as a methodology is given.  

The second part of the thesis involved case studies, which were followed by compilation and 

analysis of collected data. To this end, visits to three ongoing construction sites were conducted:  

bridge in Askersund, Örebro County, bridge in Rotebro, Stockholm County and a bridge located 

in Kallhäll, Stockholm County.  

The visits were timed according to the construction schedules, which were provided by the 

supervisors from the construction sites. The purpose of the site visits was to receive as much 

information as possible about how works are carried out. Later on, missing details could be 

specified with the supervisors via e-mail. For that, numerous inquiries were compiled. 

In addition, meetings were held with engineers and architects and various inquiries were sent 

out to them to get a better grasp of today’s usage of Life Cycle Cost Analysis. 

 Limitations and assumptions 

Limitations 

Conducting a project involving case studies, interviews, inquiries and a literature study has 

many limitations. Based on the existing studies and papers found during the research early 

phase, it is fair to say that the subject of edge beams has had little attention in past. In recent 

years, several research papers have been written in Sweden, which have mostly been about 

collecting information about design details from people skilled in the art. In general, little 

information is available about construction of edge beams. 

Case studies that involve gathering information from construction sites impose several 

hindrances. Firstly, the amount of construction projects, that fit to the time frame of the research 
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are limited. It was decided that only ongoing projects will be studied since this enables to get a 

better understanding of construction processes and costs. 

Secondly, the amount of visits to the sites varied. Askersund bridge is situated relatively far 

from Stockholm, what made the number of visits to the site less frequent. Rotebro bridge site 

visits were limited due to safety restrictions. Visits to Landscape bridge in Kallhäll were not 

restricted in any way. Visits were made always, when it was considered worthwhile for the 

study.  

Thirdly, because of corporate secrecy the data that involves costs is not revealed in this report, 

but naturally has been used to estimate the total costs to give a comparative result for edge 

beams. 

Assumptions 

During the writing process of the thesis, the writer experienced several uncertainties related to 

following problems: 

1. The area of the deck that is occupied by the edge beam 

In order to calculate the whole cost for the concrete one needs to determine the area of the cross-

section of the edge beam. One way to do this is to assume that the edge beam is separated from 

the deck by drawing an invisible plane, which coincides with the vertical side of the edge beam 

that acts as a support for the pavement. However, STA has guidelines which state that the plane 

should be offset 100 mm towards the centre of the deck. The reason for this is that during the 

edge beam renovation, extra concrete from the deck is needed to be replaced. Thus the bridge 

deck should be able to withstand the moment and forces acting on the deck, while excluding 

the edge beam and the width of 100 mm of the deck measured from the inner side of the edge 

beam. This is illustrated in Figure 2. 
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Figure 2. Definition of the area comprised by the edge beam 

Although the edge beam is accounted 100 mm inwards in terms of load resistance, it is 

suggested that in the cost estimation phase, the area of the edge beam is determined without the 

additional 100 mm from the deck. When carrying out LCC calculations and accounting for the 

concrete area needed to be repaired, it is up to the engineer whether to take the additional width 

of 100 mm from the deck into consideration. 

2. The amount of reinforcement that is included in the edge beam 

In order to be consistent in the reinforcement quantity assessment, it is explained which types 

of rebars were included in the cost estimation carried out in the work. In general, longitudinal 

reinforcement and stirrups were incorporated in the estimation, although there are some 

exceptions:  

 Longitudinal rebars, which are designed to take care of the forces acting on the deck not 

the edge beam, although situated in the edge beam, will be excluded from the quantity 

assessment. As an example, in Figure 3 red coloured circles mark the included and the 

black circles label the excluded longitudinal rebars. 

 Transversal rebars that extend into the edge beam from the deck will also be excluded 

from the estimation. The rebars in question are visible in Figure 3 shown in black colour. 

Red lines mark the stirrups and those are included in the estimation. 
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Figure 3. Illustration of rebar types in an edge beam 

3. The area of horizontal formwork that is considered necessary for edge beam 

construction 

 

It is decided that the horizontal formwork is excluded from the cost evaluation of edge beam, 

except for the case where the horizontal formwork is built only for the edge beam as in the case 

of prefabricated edge beam. This is justified with two following points: 

 The width of the edge beams vary in small extent, which makes it fair to consider it as 

a common denominator for all edge beams. 

 The area of the horizontal formwork outside the edge beam is used both for the braces 

of the vertical formwork and for the purpose of providing working surface during the 

whole construction process of the bridge. Therefore the width of the horizontal 

formwork outside the edge beam varies greatly depending on the preferences of the 

company which performs the construction. 

 

4. The extra formwork supporting the horizontal formwork 

It was decided by the writer that formwork which may be situating directly under the edge 

beam, but is constructed mainly due to the shape of deck and is acting as a side support for the 

deck is not considered in the cost evaluation for the edge beam. The formwork in question is 

shown in Appendix A, Figure 50 and Figure 51 
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 Edge beam 

 Definition, design requirements and types of the 

Bridge Edge Beam System 

Edge beam is an important part of a bridge superstructure. Bridge edge beam is defined as a 

longitudinal verge of a concrete deck (Figure 4). Depending on the design, edge beam can either 

be an integrated or a non-integrated part of a bridge deck. In order to define what the Bridge 

Edge Beam System (BEBS) is, it is best to take a look at the components and functional 

requirements that have been imposed to it. The main purpose of edge beams is to provide safe 

attachment for railings. Railings need to guarantee the safety of bridge users on and below the 

bridge. Now a question may raise – is it practical or necessary to use the expression “Bridge 

Edge Beam System”? An aspect to justify this is that in case a repair action is carried out for an 

element in the system, there is a great possibility that a repair action for that certain element 

leads to a repair action of another (usually the edge beam) component in the system. Therefore, 

when estimating costs for future maintenance actions, all of the components stated below ought 

to be included in the cost estimation. 

According to an international study (Fasheyi, 2013) the BEBS has following components: 

1. Main components 

o Edge beam 

o Railings, could be concrete, steel or combined railings 

2. Secondary components 

o Lamp posts 

o Walkway and the preceding railings and a curb system 

o Cable, hanger and post tension anchorages 

o Drainage system 

o Fencing system 

Next, some general functional requirements for BEBSs have been listed in a table below. 
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Table 1. Functional requirements for BEBSs by (Ehrengren, 2000) 

Railing Edge beam Dewatering system 
Waterproofing and 

pavement 

• Visual guiding of            

traffic 
• Bearing purpose • Traffic safety • Durability 

• Traffic protection • Support for coating 
• Protection of 

environment 
• Dewatering 

• Aesthetics • Railing attachment • Self-cleaning gutters   

  
• Channeling of runoff 

water 

• Existence  of 

drainpipes 
  

  • Aesthetics     

 

 

Figure 4. Integrated edge beam. Railing posts are grouted into recess (not practiced any 

longer in Sweden). (Trafikverket, 2011) 

To meet some of the requirements proposed above, administrations responsible for road 

networks have created regulations that are to be followed by design companies. For instance, 

The Swedish Transport Administration (STA) has established guidelines concerning edge 

beams in their documents, which give additional and more detailed requirements (Trafikverket, 
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2011), which will be explained below. The regulations concern first and foremost the design 

and quality matters. 

Design requirements 

One part of the requirements involves guidelines for geometrical design of BEBSs. The latter 

have been highlighted below: 

 An edge beam on a road bridge is usually designed with the width and height of 400 

mm. In addition, an edge beam on RC bridge cantilevers shall have a width and height 

so that an adequate load distribution in the cantilever is provided.  

 Edge beam’s bottom side should be provided with a drip groove (in Swedish, 

droppnäsa). 

The purpose of it is to stop water running back in on the underside of the edge beam. 

Basically, the drip groove can be designed and built inward or outward. The inward drip 

groove is shown in Figure 5. 

 

 

Figure 5. Details of edge beam (Trafikverket) 

 An edge beam for a road bridge should have at least the same height above the coating 

and the same horizontal distance between the railing and the edge beam’s inner side as 

in the crash tests. 

 Bridge decks over roads, railway tracks and watercourses shall have an upstanding edge 

beam to collect and dispose of runoff water. The height of the upper face of the edge 

beam should be at least 80 mm above the wearing course. 
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 Edge beam’s top surface should have an inward inclination of at least 1:20.  

 Cantilevers for light posts, poles for sign portals, electrification masts shall be situated 

outside the railings and be designed so that water drainage is provided. 

 

Requirement for edge beam’s railings: 

 The railing post shall be welded to a base plate with what the railing is installed to the 

edge beam using a bolted joint.  

 

A set of rules have been established for the design of reinforcement in the edge beam: 

 Edge beams shall have reinforcement according to the design requirements and 

additional reinforcement so that a good distribution of cracks is ensured. 

 An edge beam shall have a minimum amount of 7 longitudinal reinforcement bars of 16 

mm in diameter. 

 An edge beam on a road bridge shall have stirrups of at least 10 mm in diameter and 

have spacing of 300 mm. 

A requirement has been imposed to reassure that the reinforcement and railing anchor bolts are 

not in contact: 

 An edge beam on a road or a pedestrian bridge shall be provided with studs connected 

to the reinforcement for electrochemical potential measurement. Studs shall be designed 

and located so that they will not be confused with the levelling studs. The distance 

between the studs must not be more than 100 m. 

 

With regard to additional requirements, such as for concrete covers and railings, the EU has 

Standards that carry with them the obligation to be implemented at a national level. Due to 

differences in for example climate, states have the right to adapt the standards according to their 

needs. Concrete cover classes have been represented in standard EN 206-1.  

 

As for the railings, EN 1317 is the standard, which regulates common testing and certification 

procedures for road restraint systems. The standard defines important terminology related to 

railings such as containment level and working width.  

 

The containment level is an indicator of a railing system’s containment capacity. Each 

containment level is defined by respective crash tests that a road barrier needs to withstand. 

Normalised working width (abbreviated as W) is a measure of the deformation of a barrier 

under impact. It is used as a parameter to calculate the space needed behind the barrier so that 

the system would work properly. (European Union Road Federation, 2010) 

 

However, according to (European Union Road Federation, 2010) each state is responsible for 

establishing regulations that define which containment levels are used in different situations 

according to various criteria such as traffic type, speed limit, presence of hazards on the 
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roadside etc. Both of the previously introduced characteristics have an effect on the design of 

edge beams. 

Classification of edge beams 

Edge beams can be classified based on many features. A division in the following manner gives 

a good overview of the variety of edge beams (Fasheyi, 2013):  

1. According to design 

a. Integrated edge beam 

b. Non-integrated edge beam 

2. According to de-watering or drainage criteria 

a. Upstanding edge beam 

b. Low edge beam 

3. According to railing/barrier system 

a. Steel barrier edge beam 

 i. Post coupled to the edge beams using bolts and nuts 

 ii. Post grouted into a recess 

 b. Concrete barrier edge beam 

 i. Integrated concrete edge beam 

 ii. Prefabricated concrete edge beam 

c. Steel concrete combined edge beam 

Although the variety of edge beam solutions seems quite wide, most countries are using 

standardized solutions and therefore it is rather simple to describe what kind of preferences are 

common in certain areas. Of course, it is sensible to compare countries, where edge beams are 

subjected to similar weather conditions. Based on the international study (Fasheyi, 2013), 

nearly 90% of bridge owners participated in the survey prefer integrated edge beams. What else 

is interesting, is that today nearly all bridge owners are coupling the railing’s posts with bolts 

and nuts, a method where posts are grouted into a recess is not practiced any more. 

 Design practices in different countries 

An overview of the design practices in Sweden, Germany, Denmark, Canada and Estonia is 

given based on earlier studies. It is assumed that edge beams in these countries are subjected to 

similar environmental conditions due to similar climate in the regions. For example, in the year 

of 2000, a study was carried out studying edge beams and the attachment of railings in different 

European countries and in Canada. In 2008, Susanne Troive also introduced edge beam 

solutions in various countries and analysed their advantages and disadvantages. In 2010, 

Gustafsson performed a study, where current problems with Swedish edge beams were 

investigated. In 2013, an international study was performed by Fasheyi with the aim to 

determine the optimal bridge edge beam system. 
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Sweden 

Naturally, the STA’s requirements for edge beams stated in chapter 2.1 should here be 

considered as superior, since STA’s guidelines from 2011 are the latest existing. In general 

there are three main types of edge beams in Sweden from the design point of view.  

The one used the most is the upstanding edge beam, which enables to effectively collect the 

surface water and use surface drainage. However, the edge beam’s inner face is repeatedly 

exposed to water with deleterious content, which is why an epoxy sealing is used on that face. 

The distance between the guardrail and the edge beam’s inner face should be 75 mm. The height 

of the inner face from the level of the coating is set to 80 mm. (Gustafsson, 2010) 

The second solution is the low edge beam, where water can flow off the bridge deck. The edge 

beam is at the same level as the road’s wearing course. Similarly to the previous solution, lateral 

support is provided for the coating. The top surface has an outward inclination equal to 1:20. 

The solution does not require a surface drainage, but apparently it is more difficult to build 

formwork for this type of edge beam. (Ibid) 

The third design solution although seldom used is the recessed edge beam solution. Here the 

top face of the edge beam is at the same level as the coating’s bottom level. In case it is allowed 

to let the surface water and waterproofing runoff flow over the edge beam, there is no need for 

the dewatering system. This is also provided that the pavement does not need a lateral support. 

(Ibid) 

The downside of the two latter edge beam solutions is that lower edge beams (compared to the 

upstanding edge beam) require the railing post’s to be greater in length, which in turn 

necessitate the use of rails in addition to the guard rail (in Swedish, mellanföljare). According 

to the STA’s guidelines, this is so when the distance between the edge beams top face and the 

guard rail’s bottom side is greater than 450 mm. Similarly, when the distance between the guard 

rail’s upper side and the topmost guardrail is greater than 450 mm, an additional rail between 

them is needed. (Trafikverket, 2011)  

Germany 

A distinctive edge beam solution is used in Germany. The bridge edge beam is integrated, cast 

in-situ and poured after the deck. A noticeable attribute is that the upper part of the edge beam 

extends on the deck in varying width, usually from 0,75 m to 5,00 m. The width of the lower 

edge beam part is usually between 0,25 m and 0,35 m. The edge beam’s top face has an inward 

inclination of 4%. As can be seen in Figure 6, a solution with two railings is often used, which 

enables to use the extra space between the railings in case of accidents as a safety area or to 

provide a pedestrian or cycling path. Commonly the outer railing is a handrail and the inner 

railing would be designed to withstand an impact from lorry. (Ehrengren, 2000) 
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Figure 6. Typical edge beam solution in Germany (Ehrengren, 2000) 

For twin bridges with identical design, bridges could share one railing that is mounted to only 

one of the edge beams, no handrailing will be mounted in this case. This is shown in Figure 7. 

 

Figure 7. Edge beam solution for twin bridges (Ehrengren, 2000) 
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According to (Ehrengren, 2000), Germany uses three different methods to attach the railing’s 

post and additional method for concrete barriers:  

1. Grouting the railing’s post into a recess (on the left in Figure 8) 

2. Anchoring with a base plate and post base (in Swedish, ståndarsko)  

(in the middle in Figure 8) 

3. Anchoring with bolts and a base plate (on the right in Figure 8) 

4. Anchoring of the concrete barrier using dowels (in Figure 10) 

Grouting the railing’s post into a recess is practiced when constructing new bridges and is used 

mounting the outer handrailing. The required depth of the recess is 220 mm and diameter is 

said to be 170 mm. Noticeable is that at the bottom of the recess is a drainage material and a 

vertical pipe casted into the edge beam enabling the water to drip down. Therefore the distance 

from the bottom of the railing to the bottom of the recess should me at least 20 mm. 

Anchoring with a base plate and the post base is similarly to the previous solution used when 

constructing new bridges and is meant for outer railings. Here the base plate is casted into the 

edge beam and subsequently the post base is welded to the base plate. Then the railing’s post is 

welded the post base. In order to have the base plate firmly fixed, it is casted with anchors 

welded to the bottom of and in a depth of 200 mm from the base plate. 

Anchoring by using bolts and a base plate is less used for the outer railing. It is sometimes 

practiced when renovating old attachments and building new bridges. The inner railing, 

however, is always attached with a base plate and bolts. An additional post base plate is used, 

usually 10xØ140 mm and is attached to the base plate with M12 bolts (see Figure 9). The size 

of the base plate varies depending on whether the railing is for the twin bridge or not. Common 

measures for the base plate are 300x250x10 mm or 300x300x10 mm for the twin bridge railing. 

Bolts used are usually M16. 

 

Figure 8. Three types of railing's post attachments in Germany (Ehrengren, 2000) 
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Figure 9. Attachment of the inner railing (Ehrengren, 2000) 

Concrete barriers are sometimes used for the inner railings. These are attached with Ø16 mm 

dowels, which have a maximum of 2 meter spacing. 

 

Figure 10. Inner barrier of concrete 
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Canada 

In Alberta, Canada an optimal edge beam solution is considered to be integrated, with 

upstanding edge and with a steel post and railing system. The width of the edge beam, measured 

between the point, where the edge beam’s inner side intersects with the finished roadway and 

edge beam’s outer face, is to be at least 500 mm. The curb height from the finished roadway 

should be 200 mm. Noticeable is that a pocket is used for the grout below the railing post’s base 

plate. (Fasheyi, 2013) Also, in Figure 11 it is visible that anchors embedded in concrete are 

connected with an anchor plate. 

Four hot dip galvanized anchors with nuts (diameter 25 mm) are used to mount the railing’s 

post with a baseplate to the edge beam. The top of the edge beam has an inward inclination of 

3%. An illustration of that can be seen in Figure 11. What is more, the upstanding part of the 

edge beam is poured after the deck, the consequent construction joint is waterproofed with hot 

applied membrane and supplemented by a butyl rubber strip that turns up the vertical face of 

the upstanding portion of the edge beam. (Fasheyi, 2013) 

 

Figure 11. Edge beam proposal from Alberta, Canada 
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Estonia 

The weather conditions in Estonia are similar compared to Sweden. De-icing salts are used on 

main roads and on those supporting roads, which have greater traffic volume. From a design 

point of view, there are currently three edge beam solutions in practice today (Valter, 2014): 

 Low edge beam, a solution where water flows over the edge beam. The solution is barely 

used today. 

 “Narrow edge beam”, where the edge beam is upstanding, but the width of the edge 

beam is accommodated barely for the width of the railing. See Figure 13. 

 “Wide edge beam” is upstanding and the edge beam’s width is such that a sufficient 

normalised working width is provided for the railing in case of an impact with a vehicle. 

See Figure 12. 

An explanation of how an edge beam type is chosen today is following: 

 For new bridge projects mainly on highways, the solution described as “Wide edge 

beam” is chosen. This is to achieve maximum traffic safety. 

 For bridges to be reconstructed and where the main carrying elements are not replaced, 

the “Narrow edge beam” solution is chosen to avoid additional deadweight for bridge’s 

carrying elements. Generally, new screed is poured for the deck, new waterproofing 

layer is installed and the edge beam’s rebars are tied together with the old deck rebar. 

 

 

Figure 12. Cross-section of "Wide edge beam" 
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Based on the answer from a contact from Estonian Road Administration, integrated edge beam 

is without a doubt the most employed type. However, investigation for what would be most 

optimal edge beam solution is still in progress. 

 

Figure 13. Cross-section and reinforcement layout of “Narrow edge beam” 

 Proposals from the “Edge Beam Group”  

Among other things, the Edge Beam Group came up with sketches of new solutions for 

perspective edge beam designs. Some of them are in use today, others not.  The main reason to 

discuss these proposals is that they are introduced into the LCCA model, created by the Ph.D 

student. Gained knowledge from the construction of edge beams and gathered input data from 

the sites were directly and indirectly used to generate costs for the four edge beam proposals 

(last one was initially excluded from the model). In general, drawing attention to other edge 

beam solutions besides the most common integrated edge beam can promote forward-thinking 

in regards to finding perhaps even better solutions. Subsequently, points are highlighted to 

justify the use of one or the other solution. 

In Figure 14, a standard edge beam is depicted, regardless the fact that this solution is widely 

used, some perspective alterations have been proposed for the design as well. For instance, to 

have a second drip groove is considered to be useful. It has been noted that regardless of having 

one drip groove, water is still running back in on the lower face of the deck. Also, suggestions 

have been given to use stirrups of stainless steel, since at the locations of stirrups concrete 

covers are the thinnest. Adding rebars of stainless steel, the longevity of the edge beam can be 

prolonged.  

In Figure 15, a solution named “without” edge beam is introduced. Similar version of this was 

offered, where the railing is coupled to the deck without the base plate. At the moment the 

solution seems problematic, since railing producers are focused on developing reliable solutions  
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Figure 14. Standard integrated edge beam 

 

Figure 15. Solution "without" edge beam 
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Figure 16. Steel edge beam 

 

Figure 17. Prefabricated-integrated edge beam 

with base plates. This is why the two vertical plates below the railing are necessary, to enable 

the use of railing with the base plate. The solution has several advantages. By using this method, 

the weight of the deck decreases significantly, which will require less amount of reinforcement 

to be used in the deck in total. Also, the construction and replacement will be faster and less 

resource-demanding compared to the integrated edge beam. This is a major factor, which 

decreases the life-cycle cost of the edge beam, more specifically the user and society costs. 

However, the design has downsides as well. For instance, the side support for the coating 



CHAPTER 2. Edge beam 

21 

 

depicted as L-profile in the figure is a weak link. It will probably start to corrode rather quickly 

and even if using a stainless steel, there is a great chance that it will be destroyed by the snow 

plough during the winter time. This will result in frequent replacement intervals. Also the other 

steel elements are quick to corrode while being subjected to de-icing salts. Lastly, additional 

amount of anchors are necessary – four bolts to couple the railing post and four anchors to 

mount one side plate to the deck. 

In Figure 16 is a so called steel edge beam. When comparing this solution to the previous, than 

for this case more steel will be used. Here the railing is coupled to a continuous beam, 

constituting of 3600 mm long sections, whereas the previous solution has only local attachment 

to the deck. The desirable feature for this solution is that the steel beam acts as a substitute for 

the deck’s side formwork while pouring concrete and provides support for the coating as well. 

What is more, fast replacement is possible for this solution also. Same as for the previous 

design, the corrosion of the steel can become problematic. 

In Figure 17 is depicted a design stated as “prefabricated-integrated” edge beam. The idea here 

is that the edge beam is either prefabricated in the factory or at the construction site. Later the 

edge beam is lifted to its designed location and by placing concrete for deck, the edge beam, 

having transversal reinforcement that is tied together with the deck rebar, becomes an integrated 

part of a bridge. The following solution was used at one of the case studies involved in this 

project. Prefabrication in general provides better conditions for work and improves structure 

quality. Normally it is easier to build a formwork for that type of item. This might also simplify 

the concrete placement, especially vibrating, which thereby lowers the risk for poor concrete. 

Due to simpler formwork less man-hours are needed for pouring. In addition, the production of 

prefabricated elements can be carried out during other construction processes and can therefore 

reduce total construction time. Compared to the two previous solutions, the solution in question 

is less susceptible to corrosion.  

Then again, using prefabricated elements for long bridges can come with a disadvantage. 

Firstly, the length of the elements are restricted with the lifting capacity of a crane. Also, 

composing the edge beam of several longitudinal items necessitates the use of construction 

joints, which are known to be a weak spot for structures. These joints can be either cold joints 

or with a special joint material. In the latter case the edge beam would not be a structural part 

of a bridge. It is worthwhile to stress the difference that this solution has with the traditional 

prefabricated edge beam. If the latter is attached to the deck simply by anchors, the edge beam 

does not act as an integrated part of the bridge, but only applies an additional dead load for the 

deck. This results in an increased necessity for the amount of reinforcement in the deck and 

thus in higher costs for the construction in general. 

In Figure 18 a solution designated as an edge beam with an inspection path is illustrated. The 

solution can either be an integrated one as in the figure or a prefabricated element. The 

inspection path can be used as a pedestrian or a cycling path. 
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Figure 18. Edge beam solution with inspection path  

 Main problems with BEBSs 

It is important to be aware of all issues concerning edge beams when deciding on a perspective 

edge beam type for a bridge to be built or reconstructed. Also, planning maintenance actions 

and intervals for LCC analysis requires an engineer to be closely familiar with all the possible 

problems during the life-span of the BEBS. The problems with BEBSs can roughly be divided 

into two groups – human induced issues and problems caused by processes in natural 

environment. However, most problems occur as a combination of effects. It must be said that 

many of the below presented problems do not exist on railway bridge BEBSs, since the latter 

are not situated in such a harsh environment as the roads are subjected to. Hence the focus of 

the work, which is directed towards the BEBSs located on road bridges. 

The main issues related to the edge beams that are caused by human activity are the following 

(Fasheyi, 2013):  

Human induced issues: 

 Collision and impact loads on the railings of the edge beam 

 Secondary problem caused by bridge pavement repairs. Water jetting and use of 

jackhammer during asphalt concrete wear layer replacement may have unwanted effects 

 Problems arising from ambiguous architectural designs  

 Problems arising from damaged expansion joints 

 Water tightness, porosity and permeability of the edge beams 
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Issues due to processes in the natural environment: 

 Surface wear by abrasion, cavitation and erosion 

 Sway of lamps posts due to wind loading causes cracks and compromises the strength 

of the edge beam 

 Concrete carbonation 

 Corrosion of the steel railings 

 Temperature difference, creep, curling causing cracks on the edge beams 

 Infiltration of water, de-icing salts and other deleterious materials into the edge beam 

The most common problems, either occurring due to one of the issues stated above or from a 

combination of effects are as follows: 

 Degradation of concrete – cracking, spalling, scaling 

 Corrosion of the reinforcement and cables in the edge beam and deck 

 

Some of the problems and respective causes of them are rather evident, yet some should be 

further explained. The main problems regarding BEBSs are the corrosion of rebars and 

following concrete degradation. The issues often start with the intrusion of water to the 

concrete. This is possible due to the natural porosity of the concrete or cracks in concrete. The 

ingress of water enables some deleterious processes to take place. For example, damage caused 

to the concrete by chloride contamination, freeze-thaw attacks, carbonation, ASR, erosion and 

are all related to the presence of water. 

 

Human induced issues such as damaged expansions joints could either be an outcome of an 

incorrect construction of the joints or a faulty design of a joint. Of course, timely maintenance 

of expansion joints are important. It is well-known that a concrete needs to have a proper 

porosity to endure the freezing of water in the concrete’s. Thus it is important to draw great 

attention to vibration and finishing of concrete during the placement process.  

 

Chloride contamination is commonly associated with de-icing salts, but the problem is actual 

in coastal areas as well, where structures are subjected to chloride containing seawater and 

atmosphere. De-icing salts are used on roads in areas where snow and freezing rain are a 

concern. Most common salts used on roads in Europe are NaCl, MgCl2 and CaCl2. The use of 

de-icing salts is a cause for several problems for BEBSs. There are three main aspects how salts 

promote the corrosion process: (Houska) 

 

 Salt is hygroscopic, that means it absorbs water from the air and therefore makes it 

possible for corrosion to occur at lower relative humidity levels and for longer periods 

of time 

 Salt increases water’s ability to carry a current and speeds up the corrosion process 

 Chloride ions in salt can break down the protective oxide layer that forms on the surface 

of some metals 
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Damage due to freeze-thaw attacks may be caused due to several mechanisms. The most 

common explanation for the frost damage according to (Rønning, 2001) is the hydraulic 

pressure. The mechanism refers to the importance of a well-distributed air void system. 

According to the mechanism hydraulic pressure is created within the unfrozen water of the 

continuous capillary system. The pressure needs to be relieved through a system of non-

saturated air voids. In case the saturation is too high and the material is not able to withstand 

the pressure, cracking of the material will occur. 

  

“Alkali-silica reactivity in concrete is a particular variety of chemical reaction within the fabric 

of a concrete, involving the alkalis present in the cement used, and the reactive forms of silica 

present within aggregate particles.” (Ltd, 1992) In addition to alkalis present in cement, 

consideration should be given to the absorption of alkalis from the other materials such as 

seawater and de-icing salts. Similarly to other effects for concrete, water plays a great role 

promoting the alkali-silica reactivity as well. Firstly, water is a “carrier” of alkali cations and 

hydroxyl ions and, secondly, the hydroscopic gel absorbs water, which will cause the gel to 

swell. The swelling is able to develop pressures in concrete resulting in cracks in the material 

(Ltd, 1992).  

 

Concrete carbonation is the formation of calcium carbonate due to the entrainment of CO2 by 

air or water to the concrete. Although the carbonation results in a decrease of the porosity in 

concrete and thus has the upside of making the carbonated paste stronger, the downside is that 

the pH level of the carbonated concrete drops to about 7, which promotes the corrosion of 

reinforcement in the concrete, since the pH level is below the passivation threshold of steel. 

The carbonation process requires the presence of water to dissolve CO2 (Concrete Experts 

International, 2006). Thus to avoid the problem, concrete should be protected from water 

intrusion. 

 

To conclude, many problems related to reinforced concrete are interwoven with each other, 

meaning that an issue associated with concrete can undermine the condition of reinforcement 

and vice versa. To clarify, concrete spalling could be an outcome of freeze-thaw attacks; the 

spalled concrete facilitates the corrosion process of reinforcement and causes the rebars to 

expand, thus additional concrete will be displaced and flaked off. 

 Common countermeasures for problems 

Today, administrations worldwide responsible for their infrastructure networks have developed 

measures to avoid problems with edge beams or at least to minimize the negative effects that 

have influence on them. The measures involve many aspects. First of all, edge beams are given 

a geometrical design, which prevents fast deterioration. Secondly, materials used in edge beams 

are also designed so as to cope with harsh conditions. Thirdly, some maintenance actions are 

carried out with a certain regularity to keep BEBS’s elements from degrading.  The first two 

from the above mentioned measures are basically included in the design requirements for 
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structures (see Design requirements by STA in chapter 2.1). Addition to those are the following 

recommendations:  

 Concrete admixtures (waterproof concrete) 

 Reinforcement of stainless steel 

 Cathodic protection of reinforcement 

To prevent the damage for concrete due to freeze-thaw attacks, air entraining chemical 

admixtures are being added to the concrete mix. The use of these admixtures results in air 

bubbles that provide space to accommodate the expansion of freezing water (Stuart, 2013). 

 

The use of stainless steel in concrete structures will require a much higher initial cost for the 

structure, but studies have shown that in the environment with high chloride concentrations and 

taking account the life-cycle costs of a structure, the design using SSR can be economically 

beneficial (Markeset, et al., 2006). Stainless steel, in addition to being effective at limiting 

corrosion, has also other advantages. Using stainless steel may justify the relaxation of 

requirements for concrete covers, crack width and maybe for concrete quality. This could very 

well lead to a decrease of required reinforcement amount in a structure compared to a structure 

with carbon steel reinforcement (Markeset, et al., 2006). Also, the same study by Markeset 

concludes that designing structures with stainless steel reinforcement can be performed by a 

simple replacement of ordinary carbon steel reinforcement since the latter and SSR have equal 

strength and ductility. 

 

Cathodic protection is a way of protecting reinforcement by connecting a more active metal 

such as magnesium with steel. This makes the more active metal to act as an anode of a voltaic 

cell and the less active metal to act as a cathode. In simple words, magnesium will sacrifice 

itself to protect in this case the more important metal. The metals are usually connected with a 

wire, which enables the flow of current (Carl R. Nave, 2014). 

 

Maintenance can be divided into preventive and corrective maintenance. Preventive measures 

are usually cyclical activities performed on a pre-determined interval and aimed to preserve the 

condition of existing bridge elements (Federal Highway Administration, 2011). Corrective 

maintenance is defined as repair and rehabilitation for improving or extending the life of a 

component such that the entire bridge life is not reduced (Chen, et al., 2014). 

 

Some of the common preventive maintenance actions are following: 

 Bridge cleaning or washing (including edge beam) to remove  

 Impregnation 

 Clearing the drainage system from congestions 

 Crack sealing 
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Corrective maintenance actions are presented below: 

 Concrete repair (varies in depth) 

 Replacement 

What differentiates preventive maintenance from the corrective is that the latter is based on the 

condition of a structure, which has been determined during inspections or is carried out due to 

an unexpected hazard such as a hit by traffic accident. 

Estonian practice 

Although countries in EU are required to follow European Standards, states have 

accommodated the standards according to the climate characteristics. To be aware of the small 

differences in requirements the writer has explained how edge beams in Estonia have been 

designed and maintained to cope with the effects they are exposed to. 

To ensure sufficient protection for concrete structures from environmental impacts, European 

standards have defined exposure classes, based on what an engineer determines the minimum 

concrete cover thicknesses. Estonian bridges are subjected to environment that correspond to 

exposure classes XC3, XD3 and XF4. The concrete strength class that ERA demands for bridge 

edge beams is at least C35/45 and the required coarse aggregate in concrete should be of granite. 

The minimum concrete cover, regardless the minimum requirement 35 mm set by the exposure 

class, is imposed 50 mm, which adds a safety factor. To protect the edge beam against various 

phenomena such as water ingress, corrosion of reinforcement, freeze-thaw attacks etc. two 

solutions are used most often in practice. Edge beams are either constructed of waterproof 

concrete, which is achieved by adding a special additive to concrete mix (Xypex Admix C-

1000NF or Penetron Admix) – gives additional cost for concrete mix of about 450 SEK/m3. 

Alternatively an impregnation can be performed, giving the concrete surface a water-repellent 

property. According to the guidelines of bridge maintenance impregnation needs to be applied 

after every 5 years. (Papp, 2014) 
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 LCC 

 Background 

According to (Swedish Standard Institute, 2008), the following concepts are defined below: 

Life-cycle Cost (LCC) is the cost of an asset, or its parts, throughout its life cycle while it fulfils 

its performance requirements.  

Life-Cycle Costing (also known as Life - Cycle Cost Analysis - LCCA) is a methodology for 

systematic economic evaluation of the LCC over a specified period of analysis as defined in the 

agreed scope. 

Whole Life-Cycle Costing (WLCC) is a methodology for systematic economic consideration 

of all whole life costs and benefits over a specified period of analysis as defined in the agreed 

scope. 

Range of Application 

In the methodology produced by (Langdon, May 2007), it is stated that LCC can be applied for 

investing into a new project or an existing constructed asset, which demands refurbishment or 

renewal. The project or asset can either be a civil engineering structure or an individual 

component within a facility. Regardless the target of evaluation, the process itself is basically 

the same.  

Objective and Application of the Methodology 

LCCA as a methodology has many useful purposes. Its main goal is to support decision-making 

in assessing the total cost commitment of investing in and owning an asset, either over its 

complete life-cycle (“cradle-to-grave”) or over a selected intermediate period. Achieving that 

will help to further facilitate choices to achieve desired objectives, such as lengthening the 

maintenance cycle or residual service life. Consequently it will instil greater confidence in the 

decision-making process in a project. (Langdon, May 2007) 

In the thesis of (Safi, Mohammed, 2013) it has been stressed that, the objective of LCCA is to 

minimize the LCC, which includes the investment that a bridge procurer has to make to put the 

bridge into operation, costs for life-cycle measures – costs required to keep the bridge in a 

serviceable state during its life-span and lastly costs related to the amortization of a bridge. 

However, agencies in their tender documents are targeting the lowest bids offered by 

contractors, whether it is for construction or a maintenance service. Here lies the difference of 

the conventional financial costing approach and the LCC’s way of thinking. 
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What is more, the most LCC-efficient solution for a bridge might not necessarily be the cheapest 

in terms of life-cycle measures or with a longest life-span. Today, as said in the work of (Safi, 

Mohammed, 2013), agencies are developing guidelines to reduce LCM costs and contractors 

are ordered to follow them. These do not necessarily serve the purpose from LCC’s perspective. 

For instance, if a bridge owner employs a design of a structure, which is more costly regarding 

construction cost, but enables to carry out maintenance that causes close to no disturbance in 

traffic flow, then the solution might be justified in respect of LCC considerations.  

The use of LCCA is the most advantageous for bridge owners having a large stock of bridges. 

The reason is that the analysis requires a great amount of input data. Agencies, which deal with 

the procurement and maintenance administrate databases that include information about bridge 

inventory, inspections, maintenance etc. This data contains fundamental input for estimating 

several parameters necessary for LCCA. This means that it is highly important that the data 

gathered while inspections, maintenance and repair actions is accurate and is correctly entered 

into the databases. 

Obstacles for the Analysis 

(Safi, Mohammed, 2013) has studied in his work how to integrate LCCA with BMSs and also 

came across with many aspects that hinder the process. The first point is that the lowest bid in 

the tender process is the single criterion when choosing a contractor and tender documents do 

not include any LCC guidelines. This might be due to lack of comprehensive framework 

clarifying the possible applications of LCCA, limited access to reliable, detailed historical 

bridge cost and repair records and lack of competence and knowledge within agencies of LCCA 

In addition, some parameters are complicated to formulate and often involve a great uncertainty 

(Safi, Mohammed, 2013).  

Subsequently, the writer will give a description of the cost categories involved in the analysis 

and will explain in short how the evaluation is carried out.  
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 LCC categories 

To ensure that all costs in the analysis are accounted for and to better compare cost between 

different proposals, it is sensible to use a hierarchical grouping of costs. In general, LCC 

contributions can be sub-divided as follows: 

 

Figure 19. Life-Cycle Cost Categories of Bridges by (Safi, Mohammed, 2013). 

3.2.1 Agency cost 

Agency costs (or owner costs) could be regarded as all direct costs for a bridge that exist during 

the whole bridge lifetime ranging from the initiation of a project to demolition of a bridge. The 

following depicts all the costs according to bridge investment phases in Sweden.  

 

Figure 20. Bridge investment phases and the sequence of events associated with the agency’s 

direct costs. (Safi, Mohammed, 2013).  
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Agency cost can be divided into three subgroups – Capital investment cost, Life-Cycle 

Measures (LCMs) cost and costs for Recycling, Demolition and Landscaping (RD&L). 

Capital Investment Cost 

Capital investment cost consists of pre-contract costs and investment costs (INV). Capital 

investment cost is the total expenditure to put the bridge into operation. The cost paid by bridge 

procurer from the time the bridge is an idea until a contract is signed with a contractor to 

construct it, is called pre-contract cost. Thus, the INV cost refers to the total amount of money 

spent from time of signing the contract until the bridge is inaugurated. The cost items in the 

INV phase can be cost for construction materials, construction, labour, transportation, 

mobilization, contractor profit, taxes and management. The INV cost for the bridge procurer is 

usually determined by the cheapest offer from contractors (also known as “bid”) in the design-

build tendering process (Safi, Mohammed, 2013). 

Firstly, when taking a look at Figure 20, cost related to “Early Planning & Initial Study” and 

“Feasibility Study” are perhaps out of the scope of LCCA. These phases are more substantial 

when agencies are choosing between different road corridors, which could include several and 

varying amount of bridges. Since in that phase the main question is whether to take on the 

project at all and usually concerns different road corridors, not only a bridge. At that point 

engineers are taking account both the costs and benefits of a perspective project. This belongs 

to the field of whole-life costing and is not of interest in this project (Safi, et al., 2012). 

Therefore, it is evident that no discussion is held about edge beams in that point.  

The following phase where “Design plan/Building documents” are created, the bridge procurer, 

having specified the perspective road corridor and locations for bridges, has a freedom of setting 

some desired design preferences for the upcoming “Bidding & Tendering” phase. Also, here 

can an agency provide some solutions that are profitable according to LCC considerations (Safi, 

2012). These solutions can also include proposals for cost-efficient BEBSs as well. Next phase, 

where contractors give their “bids”, has according to (Safi, et al., 2012) the greatest saving 

potential for a project. In order to guarantee that bids being offered by contractors take account 

for the LCC-efficiency, tender documents should include clear LCC – efficient benchmarks and 

guidelines. Contractors provide their bids with designs and drawings – using this information, 

agency could identify the solution with the lowest cost for the ownership, i.e. taking account 

costs during the structure’s life-span. During Detail Design & Construction phase, contractor 

and the agency can use LCC analysis to further specify the most cost effective solution 

(Mohammed Safi, 2012). 

Life-Cycle Measures Cost 

Second group of costs that the agency has to deal with are costs for Life-Cycle Measures 

(LCMs). The LCMs are actions to keep the bridge in serviceable state during the whole life-

span of the bridge. The following processes are to be incorporated in the list of LCMs:  

 Inspections (INS) 
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 Operation and Management (O&M) 

 Repair, Replacement and Rehab ilitation (RRR) 

The strengthening (STR) actions are excluded from the LCMs due to the fact that the purpose 

of STR is to improve the capacity of a bridge, not to restore it. Besides, it is complicated to 

predict the necessity and proper time for an STR actions in an early planning phase (Safi, 

Mohammed, 2013). 

Inspections are one of the cyclical actions of LCMs carried out with the regularity imposed by 

the owners of bridge stock. One of many purposes of bridge inspections are to effectively 

schedule maintenance and rehabilitation procedures. In Sweden, there are three types of 

inspections – general, major and special inspections. These are carried out with intervals of one, 

three and six years respectively (Karoumi, 2013).  

A list of possible O&M actions carried out for edge beams have been mentioned in Chapter 2.5. 

The actions in Sweden can vary depending on the location and environmental conditions (Safi, 

Mohammed, 2013).  The main purpose of these actions are to “maintain” the existing condition 

or prevent the deterioration. 

Apparently the RRR actions are the largest contributors to the cost of LCMs (Safi, Mohammed, 

2013). Replacement action is constitutes of demolishing an old edge beam and constructing a 

new one. Repair work can be a patching the old edge beam with concrete and restoring the 

fixing of railing’s post (Mattsson, 2008). The frequency of RRR actions are dependent on the 

location, the environmental conditions, the type of edge beam, but also on the type and quality 

of its details (Karoumi, 2013). 

In order to include the cost of these actions, an agency needs to have a life-cycle plan, which 

would include the following parameters (Sundquist, 2012): 

 Life span 

 Yearly operation actions 

 Time interval between inspections 

 Time between O&M and RRR actions 

Life span 

In Sweden, structures are designed based on their types to withstand a certain life-span, there 

are officially 3 technical life span classes. For instance, bridges with a greater span than 200 m 

or with a greater length than 1000 m should last at least 120 years, culverts on the other hand, 

40 years. Based on STA’s life span classes and survival analysis carried out by (Mattsson, 

2008), (Safi, Mohammed, 2013) has proposed four life-spans depending on the environment 

and construction material of the bridge. A survival analysis was also was performed by 

(Chemmannur, 2013) to determine the life-span and repair action ages for edge beams, but due 

to insufficient amount of observations from inspections and the questionable reliability of the 

source data the outcome was inconclusive. 
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Table 2. Recommended design life-spans for the use of LCCA by (Safi, Mohammed, 2013) 

 

Determination of Maintenance Intervals 

To come up with the optimal interval is important in order to achieve the lowest life-cycle cost, 

but is definitely not an easy task. According to (Karoumi, 2013) the best way to do this is 

analyse historical data from actual bridge inspections and repairs. According to a survey by 

(Mattsson, et al.) the average age of replacement of edge beam was 45 years with a standard 

deviation of 11 years. For repair work the number was 28 years with a standard deviation of 15 

years. When it comes to maintenance actions caused by damages due to human activity, the 

time intervals and the probability are greatly dependent on the bridge type and the ADT-value. 

(Karoumi, 2013) 

Recycling, Demolition & Landscaping 

In the end of the structure’s life-span agency is required to demolish, recycle the construction 

and perform landscaping. For that, often several demolition strategies with varying impacts on 

traffic could be feasible during bridge replacement or removal. Also here can LCC analysis be 

applied to identify the most cost-efficient method to do that (Mohammed Safi, 2012). 

In order to calculate or estimate the agency cost, the owner needs to be able to estimate the costs 

for the all the actions during the structures life-span. When it comes to repair and maintenance 

costs, administrations usually have recorded unit costs for certain works, for instance a cost to 

replace 1 meter of edge beam could cost in the range of 5 kSEK. A minor repair cost could cost 

about 10 % of the replacement cost (Mattsson, 2008). 

Net Present Value 

“Net Present Value (NPV) is the sum of the discounted future cash flows“. (Langdon, May 

2007) In the papers of (Karoumi, 2013) an equation has been depicted to calculate a structures 

life-cycle costs that are designated to the owner. The equation is valid to account for investment, 

operation, maintenance, repair and disposal costs and thus it discounts different future costs to 

present values. It has been said that the “present” time is generally the time of inauguration of 

the project. The equation for calculating owner costs is the following: 

𝑁𝑃𝑉 = 𝐿𝐶𝐶owner = ∑
𝐶t

(1 + 𝑝)𝑡

𝑇

𝑡=0

                                                   (1) 
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The members of equation 1 are defined as follows: 

 NPV – LCC expressed as a present value 

 Ct - the sum of all costs incurred at the time t, 

 p – nominal discount rate 

 T - the studied period, i.e. the time period from inauguration of the structure till the 

end of the service period  

Discounting 

By definition, discount rate is a factor reflecting the time value of money that is used to convert 

cash flows occurring at different times to a common time (Langdon, May 2007). In the analysis 

process it is necessary to take into account the nominal discount rate, which considers the effect 

of general inflation or deflation rate. Owners in the public sectors can select discount rates 

specified by national ministries. Usually the actual discount rate is in the range of 3 to 5%. 

When choosing an actual discount rate, it is wise to remember that the low rate will tend to 

favour high INV costs, long life-span and low LCM costs and vice versa (Safi, Mohammed, 

2013). 

The nominal discount rate p is calculated as the difference between the actual discount rate for 

long loans (pL) and the inflation (pi) in the following way (Karoumi, 2013): 

𝑝 =
𝑝L − 𝑝i

𝑝L
                                                                        (2) 

Also user and society costs are discounted to a common time. 

3.2.2 User cost 

In the work of (Safi, Mohammed, 2013), bridge user costs have been classified to two groups: 

long-term and Work-Zone User Costs (WZUC). Long-term user costs are caused by the 

permanent characteristics of a bridge and probably do not propose a significant proportion of 

the user costs, especially when looking at an edge beam. WZUCs are due to the establishment 

of a work-zone while construction or repair of a bridge or its member. Normal traffic flow is 

disrupted during that time and may cause the increase in normal travel time. Therefore the 

WZUCs take into account the traffic delay costs and additional vehicle operating costs. (Safi, 

Mohammed, 2013) The following equation has been presented by (Karoumi, 2013): 

𝐿𝐶𝐶user,delay = ∑ (
𝐿

𝜈r
−

𝐿

𝜈n
) 𝐴𝐷𝑇t ∙ 𝑁t(𝑟L𝑤L + (1 − 𝑟L)𝑤D)

𝑇

𝑡=0

1

(1 + 𝑝)𝑡
                      (3) 

L denotes the length of the affected roadway. νn and νr are the normal traffic speed and traffic 

speed during the bridge work respectively. ADTt is the average daily traffic measured in cars 

per day and Nt stands for number of days of roadwork at time t. These notations also apply for 
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the equation to calculate the operating cost for vehicles and costs for transported goods. rL is 

the amount of commercial traffic. wL and wD stand for the hourly time value for commercial 

traffic and drivers, respectively: (Karoumi, 2013) 

𝐿𝐶𝐶user,operating = ∑ (
𝐿

𝜈r
−

𝐿

𝜈n
) 𝐴𝐷𝑇t ∙ 𝑁t(𝑟L(𝑜L + 𝑜G) + (1 − 𝑟L)𝑜D)

𝑇

𝑡=0

1

(1 + 𝑝)𝑡
           (4) 

oL, oG and oG denote the operating costs for commercial traffic vehicles, operating costs for 

transported goods and operating costs for cars, accordingly (Karoumi, 2013). 

3.2.3 Society cost 

Society costs involve costs due to damage to the environment, the usage of non-renewable 

materials and costs for health care and deaths caused by traffic accidents. Society costs are not 

visible to the bridge owner. To calculate society costs due to accidents at the construction site 

during roadwork, the following equation has been provided (Karoumi, 2013): 

𝐿𝐶𝐶society,accident = ∑(𝐴r − 𝐴n)𝐴𝐷𝑇t ∙ 𝑁t ∙ 𝐶acc

𝑇

𝑡=0

1

(1 + 𝑝)𝑡
                         (5) 

An and Ar denote the normal accident rate and accident rate during roadwork per vehicle-

kilometer respectively. Cacc is the cost for each accident for the society (Karoumi, 2013). 

 Description of the analysis 

To get a good perspective of how the methodology is carried out, it is wise to list the key points 

of the analysis. The steps are clearly presented by (Fuller, Sieglinde K.; Petersen, Stephen R., 

1996) as follows: 

1. Definition of the problem and state objective 

2. Identification of feasible alternatives 

3. Establishment of common assumptions and parameters 

4. Estimation of costs and times of occurrence for each alternative 

5. Discounting of future costs to present value 

6. Computation and comparison of LCC for each alternative 

7. Computation of supplementary measures if required for project prioritization  

8. Assessment uncertainty of input data 

9. Taking into account effects for which costs cannot be estimated 

10. Advice on the decision 
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Sensitivity analysis 

To increase the reliability of the LCCA analysis a method known as “sensitivity analysis” is 

included. According to (Langdon, May 2007), sensitivity analysis is the test of the outcome of 

an analysis by altering one or more parameters from initial value(s). In the work of (Safi, 

Mohammed, 2013) a case study is included comparing the LCC of two railway bridges, which 

also includes sensitivity analysis’ of various parameters such as discount rate, INV cost, 

bridge’s residual service life. 

As reported by (Langdon, May 2007), uncertainty is typically associated with the following 

input values: 

 Discount rate 

 Future inflation assumptions 

 Service life or maintenance, repair or replacement cycles 

 Cost data 

There are many ways to perform the analysis. The analysis can include the alteration of one or 

more input values simultaneously. Typically, input variables could have three values chosen 

and applied to the LCC model – “expected value”, a “lower value” and a “higher-than-expected 

value”. The most important attribute of the analysis is that critical LCC estimating assumptions 

could be identified as a result. 

Comparison of LCC of Each Alternative 

To adequately compare alternatives with unequal life-span, a measure known as Equivalent 

Annual Cost (EAC) is used. Comparing the NPVs of different alternatives should only be carried 

out for projects with equal life-span. EAC is defined as cost per year to own and operate an 

asset over its entire life-cycle. EAC is calculated by multiplying the NPV of an alternative with 

an annuity factor (Safi, et al., 2012): 

𝐸𝐴𝐶 = 𝑁𝑃𝑉 𝑥 𝐴t,r = 𝑁𝑃𝑉 𝑥 
𝑟

1 − (1 + 𝑟)−𝐿
                                       (6) 

L stands for the service life-span of the asset and r denotes the nominal discount rate. 
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 Case Studies 

 Landscape bridge 

4.1.1 General data 

The bridge project in question is part of a grand project named Mälarbanan, which was initiated 

by the STA and is located in Kallhäll. Mälarbanan is a high standard infrastructure project that 

serves as a link between Stockholm and Örebro and the towns that lie along the path. The 

purpose of the project is to separate long-distance train rails from commuter train rails. The 

bridge is built to serve as a wildlife bridge and will cross seven perspective railroad tracks (see 

Figure 21).  

The landscape bridge (in Swedish, Landskapsbron) project was undertaken by Skanska Sweden 

as a design-build contract, however design guidelines were given by STA. For the better 

management of the design and construction process a BIM (Building Information Modeling) 

model was developed for the project. The software used for creating the model is Tekla 

BIMsight. 

 

Figure 21. Landscape bridge view (extracted from the project’s Tekla BIMsight file) 
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Design of the Bridge 

The bridge is a two spanned portal frame bridge with steel-reinforced concrete and has the 

following design parameters: 

Table 3. Design parameters of Landscape bridge 

Parameter Value  Unit 

Design working life 120 years 

ADT Not designed for traffic - 

Safety class SK3 - 

Bridge area 2596 m2 

Total length 49,992 m 

Distance between the axis of piers 22,296+24,824 m 

Width Varies (49,5 m above the piers)   

Horizontal radius of edge beams 82,259 m 

Type of edge beam Integrated   

Length of edge beams 63,10 & 61,20* m 

Railing containment level - - 

* North and southbound edge beam respectively 

The bridge is designed without a drainage system, since it does not require one. The deck of the 

bridge has a two-way inclination, so water is guided to the low point behind the bridge abutment 

from where it will percolate through a draining fill material and finally be discharged to the 

drainage system of the railway drainage system. 

Chain of Command 

Skanska Sweden as the general contractor of the project is directly responsible for project 

management, ensuring that works are done due deadlines, manages resources, organizes and 

supervises the work of sub-contractors and makes sure the quality of work is according to 

protocols. 

Two companies have been hired by Skanska Sweden – Frico and G&M as sub-contractors and 

also a construction surveyor has been rented. Frico is responsible for constructing the 

scaffolding. G&M has undertaken the construction work of the project, which involves 

woodwork, reinforcement installation and concrete placement. However, there is no distinction 

between the workers based on their skill. They proceed with the construction of scaffolding that 

has already been done by Frico and take on the construction process till completion. The railings 

are produced and installed by FMK.  
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4.1.2 Construction method of the bridge 

The bridge was is built with an in-situ casting method. No prefabrication was employed in any 

structural parts except bridge railings.     

 A representation of the works in chronological order is the following: 

1) Construction of pier- and abutment foundations - includes reinforcement installation, 

formwork construction and concrete placement 

2) Construction of piers – includes reinforcement installation, formwork construction and 

concrete placement 

3) Construction of scaffolding for bridge deck 

4) Construction of formwork for abutments, deck and edge beams 

5) Installation of reinforcement for abutments, deck and edge beams 

6) Concrete placement is done in four phases as depicted in Figure 22. Each phase will 

include the corresponding part of the abutment wall. Edge beams are poured 

approximately at the same time as the deck parts they are attached to. 

 

 
Figure 22. Illustration of pouring phases in a chronological order (numbers in the 

figure represent the pouring phases stated above in point 6) 

 

7) Construction of supporting walls (additional restraint for abutment backfill) 

8) Erection and tearing down the scaffolding 

9) Mounting of bridge railings, application of graffiti protection, joint insolation 

10) Backfill, cleaning up, landscaping 
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4.1.3 Design of the BEBS 

The edge beam design was proposed by STA. Due to the special purpose of the bridge, its edge 

beam has uncommon design characteristics. At first the idea for the design of the edge beam 

was to have a traditional edge beam with a rectangular cross-section. Later on, an architect from 

STA got involved with the design, who proposed some changes. The outcome of the discussion 

among engineers and the architect was following: 

 The height of the edge beam – 1,1 meters from the top of the deck, was determined by 

the thickness of the soil designed to cover the deck, which is approximately 1 meter. 

 The two surfaces on the outer side having an inclination of 10 degrees – this feature was 

proposed by the STA’s architect. The solution was introduced in order to make the edge 

beam visually more slender and apparently the inclined surfaces seem more attractive 

to the eye. 

Technical Design 

Properties of materials used in edge beam: 

 Cement: CEM 1 42.5 N SR3 MH/LA 

 Concrete strength class: C35/45 

 Maximum stone size: 32 mm 

 Water-cement ratio (VCT): ≤ 0.40 

Figure 23. Cross-section of Landscape bridge’s edge beam with measurements 
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 Reinforcement: B500B 

 Edge beam exposure class: XD3/XF4 

 Concrete cover thickness: 35mm (±10 mm execution tolerance) 

The spacing of the stirrups is constant along the edge beam and is equal to 200 mm and the 

rebars have a diameter of 12 mm. The longitudinal rebars in the edge beam comprise of 23 bars 

and have the diameter of 16 mm. The positioning of the rebars in the edge beam is depicted in 

Figure 24. 

 

A design alteration was implemented, changing the location of the rebars in the upstanding part 

of the edge beam. This was carried out as a consequence of added construction joints - in total 

of 27 construction joints were introduced into the edge beams due to risk of cracks. Figure 25 

shows the construction joint material mounted prior to concrete placement. Since an edge beam 

with joints is not a structural member of the bridge, rebars according to the preliminary design 

from the top of the edge beam could be moved to the lower part of the edge beam to tackle 

stresses due to temperature changes.    

Figure 24. The layout of reinforcement in the edge beam 
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Figure 25. Construction joint 

There are two reasons for joints for the edge beams on that bridge. Firstly, 9 joints for one edge 

beam over the piers and abutments were necessary because of high tension stresses in the top 

of the edge beam, caused by the deadweight of the soil on the deck. A simple sketch in Figure 

26 describes the distribution of the stresses in the deck and edge beam, if the latter would be 

without joints, i.e. a structural member. 

The second reason for additional 5 and 4 (north- and southbound edge beam respectively) 

construction joints are temperature changes that cause shrinkage cracks in the edge beam. 

Shrinkage, however, is one of the main reasons why cracks occur in concrete structures.  
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Figure 26. Distribution of stress in the deck and edge beam over the support 

4.1.4 Construction of the BEBS 

The precondition for the beginning of the edge beam construction was that the horizontal 

formwork had been constructed and the deck reinforcement installed. It is wise to divide the 

works into phases. One way to do this is to classify the works as primary, secondary and tertiary 

works. Primary works are tasks that are most resource-demanding and most certainly will be 

carried out. Secondary works are considered works that might not be necessarily performed, 

but in case they are, it is always before concrete placement and tertiary works.  Thirdly, works 

that are always carried out in the end of the construction phase will be denoted as tertiary works. 

 

Figure 27. Primary works for the edge beam at Landscape bridge 

Primary Works 

The purpose of having placed the works on the same bar in Figure 27, so to speak, is that they 

are not being carried out in a chronological order, but alternate in a manner depicted in the 

paragraphs below. 

The work starts with formwork construction. All the formwork details are illustrated in Figure 

30. A great amount of details for the forms – the outer and the inner support panels are built on 

ground on a previously built platform beside the sawmill (see Appendix A, Figure 53). The 

work can be performed independent of other works related to edge beam. The construction of 

outer support wall consists of about 12 five meter long panels that are later lifted on the deck 

level using a stationary crane (Pontain Igo 50 – see Appendix A, Figure 73 and Figure 74). 

Before the panels can be lifted on the bridge two works must be done. Firstly, the wedge is 

Primary 
works

Formwork 
construction

Installation of 
reinforcement

Concrete 
placement
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needed to be constructed to create the inclined bottom surface for the edge beam together with 

the drip groove, which can be seen in the Appendix A in Figure 55. Secondly, the outer stirrup 

bars are needed to be installed and made sure that the correct thickness of the concrete cover 

(35 mm) is granted. The latter is done by tying concrete distances to the rebars. 

The outer panels were placed in a gradual manner. That is, at first a small amount of panels 

were lifted on the deck level, fitted together so that the horizontal radius forms well. Not until 

it was sure that the panels were vertically fixed, could the braces be nailed to the wales and the 

horizontal formwork. Subsequently, additional panels were added and fixed with braces. Later, 

a tie rod will be welded to the deck reinforcement, to provide extra stiffness for the form.  

In order to begin with the first pour, inner stirrups and uppermost stirrup elements will be added 

along with all the longitudinal rebars in the edge beam. The edge beam is poured in two phases 

due to possible difficulties that might appear with the construction joints. Therefore, the inner 

formwork panels will be placed after the deck has been poured. It is also more comfortable to 

perform other works, when the deck surface is free for use.  

Concrete pour was carried out with concrete boom pump, which is able to transport the concrete 

from the location of the pump to the structure using long hose easily operated by a pump 

operator and a worker who guides the hose. The concrete placement for the lower part of the 

edge beam was done simultaneously with the deck. It was important to leave the concrete 

surface of the edge beam after the first placement unfinished, so that a friction between the 

“old” and “new” concrete surfaces would exist (Appendix A, Figure 58). Great attention was 

paid when pouring the upstanding part of the edge beam to not fracture the construction joint 

material, which is rather fragile. 

The preliminary plan to cast the edge beam foresaw that the edge beam and the deck would be 

poured continuously, meaning that there will be no joints in the finished structure. The latter 

way is most often preferred, since it ensures the structural integrity of the concrete. Casting a 

structure comprising of several pours causes shrinkage in the hardening concrete due to 

temperature differences on the “old” and the “new” surface.  

Next, there is a list of works that need to be performed before the second pour can be conducted. 

These can be referred to as secondary works (see Figure 28). 
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Figure 28. Secondary works for the edge beam at Landscape bridge 

Secondary Works 

Firstly, an angle grinder (see Appendix A, Figure 56) is used to cut away longitudinal rebars 

to make space for construction joints. Secondly, fillets are nailed to the formwork, so that the 

joint material (extruded polystyrene foam – brand name is Styrofoam), after being cut to the 

correct shape, can be placed firmly between them. Thirdly, additional rebars are installed due 

to construction joints (see Appendix A, Figure 25 ). 

In addition, bolt groups have to be fixed to the formwork. Bolt groups are delivered with a base 

plate to ensure that the distances between bolts are correct and remain that way during the 

concrete pour. Basically, to fix the bolt groups, the plates need to be screwed to two boards, 

which in turn are screwed to the panel boards. The location is predefined by the surveyor. Fixed 

bolt groups can be seen in the Appendix A, Figure 57. Later, before the railings are installed, 

the plates will be demounted. 

Lastly, before inner formwork panels can be placed, eleven levelling studs are installed on the 

top surface for both edge beams and additional studs are installed for electrochemical potential 

measuring. The inner panels are constructed in a similar manner as to the outer panels, except 

no braces are used to fix the position of the panels, instead there are stakes that are embedded 

into the deck concrete, which fix the kickers. Tie rods in the upper part are used to hold the 

panel firmly at a defined distance from the outer panels. A sketch of the formwork before the 

second concrete pour is shown in Figure 30. 
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Figure 29. Tertiary works at Landscape bridge 

Tertiary works for this bridge are carried before the backfill process.  

Surveyor’s Responsibilities: 

Without a qualified surveyor it is not possible to position the structure with sufficient precision. 

Regarding the construction of edge beams at the Landscape bridge, surveyor has several 

responsibilities. Subsequently the surveyors work for the edge beam has been presented in a 

chronological order. 

1. Marking of the boundary lines for the edge beam and wings (which incorporates the 

edge beam as well) after the horizontal formwork for the deck and edge beam has been 

built. After that workers can start installing the rebars for the deck. 

2. Marking of the height of the rebars located in the upper layer of the deck (due to the fact 

that the deck’s surface is not horizontal). 

3. When the outer vertical formwork has been placed and vertical rebars installed for edge 

beams, surveyor fixes the concrete surface heights for the deck and edge beam, for the 

first and second pour accordingly. 

4. Subsequently surveyor marks the locations of anchor bolt groups and joints. 

5. In the end of the bridge construction surveyor performs an as-built survey of the edge 

beam (as well as for the whole bridge) – approximately 4 points with a spacing of 5 m 

is required to be measured. 
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 Askersund bridge 

4.2.1 General data 

The project is located on the Swedish national road number 50 (in Swedish, Väg 50) near the 

locality of Askersund, Örebro County. Its purpose is to provide an alternative for the existing 

T- junction at the roads 49 and 50 due to high accident frequency of the junction. A partly grade 

separated junction will be constructed to a new location, which will connect a newly constructed 

road with the road number 50. Therefore, the goal of this construction project is to increase 

traffic safety in the area. The junction and the new perspective road is marked in pink colour in 

Figure 31. The bridge itself will be situating on road number 50 and will provide a crossing 

over the intersecting new road. 

 

Figure 31. Location and design of the new junction. 

The project is undertaken by Skanska Sweden as a design-build contract. A BIM model was 

designed for this project as well. 
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Figure 32. Askersund bridge view (extracted from the project’s BIM file) 

Design of the Bridge 

The bridge is a portal frame bridge with steel-reinforced concrete and has one span. 

The bridge has the following design parameters: 

Table 4. Design parameters of Askersund bridge 

Parameter Value  Unit 

Design working life 80 years 

ADT for road 50 5000-6000 v/day 

ADT for road 49 1770-2140 v/day 

Safety class SK2 - 

Bridge area 140 m2 

Total length 13200 mm 

Distance between the axis of piers 12600 m 

Width 11353 mm 

Horizontal radius of edge beams - - 

Type of edge beam Integrated, prefabricated - 

Length of edge beams 14165 & 13325 mm 

Railing containment level H2 - 

To solve the drainage issue on the bridge, a two-way inclination equal to 2,5% and 1,5% 

(longitudinal and transversal respectively) was designed for the bridge deck.  The latter is easily 

applicable for road bridges with small deck area. The surface water is guided to the drainage 

channel, which is situating in the binder course next to the edge beam in order to avoid traffic 
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load. The water is then directed to the low point behind the bridge’s abutment. The work is 

carried out according to the standard drawing from STA (see Appendix B, Figure 77). 

Chain of Command 

Skanska Sweden is the general contractor of the construction project. The work on site was 

arranged by the site manager. 

4.2.2 Construction method of the bridge 

Concrete for the bridge is cast in-situ.  

A representation of the works in chronological order is the following: 

1) Construction of abutment foundations, which involves reinforcement installation, 

formwork construction and concrete placement. 

2) Construction of edge beams (explained later) 

3) Construction of scaffolding and formwork for abutments, wings and deck 

4) Installation of reinforcement for abutments, wings and deck 

5) Lifting of edge beam to its final position 

6) Concrete placement is carried out as one continuous pour for wings, abutments and deck 

7) Waterproofing, construction of drainage channel, laying of asphalt concrete 

8) Mounting of bridge railings, application of impregnation and graffiti protection 

9) Backfill, cleaning up, landscaping 

4.2.3 Design of the BEBS 

Properties of materials 

 Cement: CEM 1 42.5N SR3MH/LA 

 Concrete strength class: C35/45 

 Maximum stone size: 32 mm  

 Water-cement ratio (VCT): ≤ 0.40 

 Reinforcement: B500B 

 Edge beam exposure class: XD3/XF4 

 Concrete cover thickness: 45 mm (±10 mm execution tolerance) 

 Anchors: Fully threaded bolt M24 L=425 mm 

 



CHAPTER 4. Case Studies 

51 

 

4.2.4 Construction of the BEBS 

The primary works for this bridge were conducted one by one. Therefore we can depict the 

primary works as a following process shown in Figure 33. 

 

Figure 33. Primary works for edge beams at Askersund bridge 

As opposed to traditional methods of rebar installation, in the case where rebars are transported 

to the site separately, unloaded and later lifted on the bridge to be tied together, the edge beam 

reinforcement installation for this bridge was done as prefabrication . That is, the rebar cages 

were assembled in the rebar production factory according to the instructions given by Skanska 

Sweden. The two cages together with other reinforcement for the bridge were transported to the 

site with a 24 meter long truck-trailer.  

The work will then continue with the construction of formwork on the ground level. For that it 

was necessary to construct a horizontal platform, where it would be possible to pour the edge 

beam. Next, one vertical support wall was built, after what the rebar cages were lifted in place. 

The concrete covers from the bottom and both sides were provided with tying the distances to 

the rebars. Subsequently it was time to build the second vertical sheathing wall, but additional 

work was needed because of the edge beam rebars that extend into the deck. Therefore it was 

required to mark the locations of the rebars to the boards and drill holes to provide the openings.  

 

Figure 34. Secondary works for edge beam at Askersund bridge 
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As secondary works before the concrete pour, bolt groups were mounted and studs for 

electrochemical potential measuring and levelling were installed. The finished formwork with 

reinforcement in place and bolt groups installed is shown in the Appendix A, Figure 62. A stud 

for electrochemical potential measuring can be seen in the Appendix A, Figure 63. 

For the purpose of reducing costs, no concrete pump was used for concrete placement for edge 

beams, but instead the concrete was discharged with the chute to the funnel, which was then 

lifted with the stationary crane to the location of formwork. The process of concrete placement 

with the funnel can be seen in the Appendix A, Figure 64. The latter way is applicable for small 

quantities like those two edge beams. A concrete pump was used for pouring the rest of the 

bridge. 

Lifting the edge beam can be considered a primary work. The process can be carried out after 

the bridge deck formwork has been constructed and that includes both the side support for the 

deck and base surface for the edge beam. The finished support is shown on Figure...In order to 

lift the edge beam, which weighs about six tonnes, an additional mobile crane with a maximum 

lifting capacity of 70 tonne was rented. Also, to perform it in a safe manner, two steel I-beams 

were attached to the edge beam so that the hooks of the wire ropes of the crane could be firmly 

fixed. Already existing bolt groups were used for that purpose – openings were drilled into the 

I-beams’ flanges in order to fasten the bolts to the flanges with nuts. The process is depicted in 

the Appendix A in Figure 65, Figure 66 and Figure 67. 

Now that the edge beam is in its final position, the installation of deck rebars can be completed. 

When this is done, concrete can be placed for the deck, which will finally integrate the edge 

beam and the deck. 

 

Figure 35. Tertiary works for edge beam at the Askersund bridge 

Similarly to the Landscape bridge, the edge beam surfaces are needed to be protected against 

graffiti. Unlike Landscape bridge, the edge beams on this bridge are subjected to de-icing salts, 

which is why the surfaces are necessary to be impregnated. Before impregnation and graffiti 

protection the surfaces are cleaned from the lime that has been soaked to the sides of the edge 

beams due to rainwater. 

 

 

 

Tertiary 
works

Installation of railings Graffiti protection Impregnation



CHAPTER 4. Case Studies 

53 

 

Impregnation of Edge Beam 

The product used for impregnation is StoCryl HG 200. It is used for protecting load-bearing 

concrete structures and is a preventive measure against corrosion of reinforcement. 

Impregnation is performed for the upper-, inner- and bottom surface. The inner surface is 

additionally covered with the epoxy edge sealing. 

Graffiti Protection 

It prevents graffiti from penetrating the concrete surface. Besides its main purpose, VVP 50 

also protects against dust and other air pollutants. If applied properly the lifespan of the product 

is about 5 years. In case of graffiti removal, the product needs to be reapplied. Consumption of 

the product depends on the surface, which it is applied on, for concrete it is 0,12 – 0,15 litres 

per square metre. 
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 Rotebro bridge 

4.3.1 General data 

The aim of the project is to replace two existing bridges with two new identical bridges in 

Rotebro, Sollentuna municipality, both of which are situated on the E4 road. The project was 

initiated by Swedish Transport Administration due to increased traffic flow on the road and the 

need to have safety features of the bridges in compliance with today’s road design requirements. 

Initially, in the year of 1962, the two bridges were designed for 4 lanes. In 2005, both two 

bridges were widened to accommodate 6 (3+3) lanes. The current case study focuses on the 

western bridge. 

 

Figure 36. Plan view of Rotebro bridge project area 

As seen in the Figure 36 above, the bridges cross a railroad with traffic intensity of 600 trains 

per day and two roads – Norrvikenleden (17000 cars/day) and Konsumentvägen (8000 

cars/day). 

The main contractor of the project is NCC and the design of the project was performed as a 

subcontract by a company named Centerlöf&Holmberg. The project is carried out with a 

“turnkey contract” approach, which is also a design-build contract, but gives the contractor 

much more independence on how to conduct the production of design and how to perform the 

construction, as long as the structure is completed due deadline. The client (STA) in this case, 

will not be involved in the work of the contractor.  
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Figure 37. Elevation of Rotebro bridge 

Chain of Command 

A classification of job positions regarding the work on site can be explained as follows. The 

person responsible for the construction process on the site is the site manager. The two persons 

answering to him or her are managers of the bridge works and ground works. The ones giving 

directions to the workers are foremen of the bridge- and ground works.  

Design of the Bridge 

The bridge has following design parameters: 

Table 5. Design parameters of Rotebro bridge 

Parameter Value  Unit 

Design working life 120 years 

ADT 70000 v/day 

Safety class SK3 - 

Bridge area 5193,5 m2 

Total length 325 m 

Distance between the axis of piers 51+3*58,3+53,8+51,0+31,4  m 

Usable width 19033 mm 

Horizontal radius of edge beams - m 

Type of edge beam Integrated - 

Length of edge beams 312,8 m 

Railing containment level H4/b - 

 

The bridge is a continuous composite bridge with steel I-beam girders and a reinforced concrete 

deck. The drainage issue on the bridge is solved by designing drainage inlets for surface drains 

(in Swedish, ytavlopp) and ground drains (in Swedish, grundavlopp) adjacent to the inner side 

of the edge beam. Thus the bridge deck has a one-way transversal (about 1,5%) and longitudinal 

inclination. The surface and ground drainage inlets have spacings of 20 meters and 3 meters 

respectively. 
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4.3.2 Construction method of the bridge 

Construction Method of the Project 

It was decided by NCC to implement a construction method, which disturbs traffic as little as 

possible. To do that, a bridge was built to a temporary location right beside the old bridge on 

the east side so that the old western bridge could be closed down and traffic could be directed 

to the residual bridges. Doing that the traffic flow would not be disturbed – two bridges will 

still remain in exploitation. Due to that the old bridge on the west side could be demolished and 

replaced with the new one. When the construction of the second new bridge is to be finished, 

the old bridge on the east side will be demolished. After that new foundations and piers would 

be built in order to shift the temporary eastern bridge transversally from its location to its new 

location. Finally, the piers that were used for the bridge in the temporary location will be 

removed. Therefore, the traffic during the whole construction period will not be closed down, 

but only disturbed while the new eastern bridge is shifted to its new location. 

Construction Method of the Bridge 

The bridge is built using incremental launching method (see Figure 39). Therefore, a list of 

following works need to be carried out: 

1. Construction of new foundations. The addition of piles for foundations. 

2. Construction of new abutments and piers. 

3. Construction and launching of main girders for the bridge are carried out as follows: 

3.1. Production of steel I-beams (each girder has about 35 meters of length) and welding of 

shear connectors and cross-braces in the factory 

3.2. Transportation of sections of main girders to the site.  

3.3. Before launching, the overhang brackets (scaffolding) are mounted to the girders.  

 The scaffolding system was delivered to the site, put together and mounted right before 

the girders were launched. Note that this was not performed for this part of the main 

girders that act as a console and carries the launching nose. This would have possibly 

proposed excessive deadweight and therefore was postponed to a later stage of 

construction. 

3.4. Launching of girders 

The process, as shown in Figure 38, is a cycle of events until the girders have been 

launched to the last bearing. 

4. Nailing of boards to construct the formwork for the bridge deck 

5. Installation of reinforcement for the deck, installation of drainage system and construction 

of the vertical formwork (side support for concrete pour)  

6. Concrete placement for the deck 

7. Construction of edge beams (explained later) and mounting of railings 

8. Waterproofing and laying of asphalt concrete 
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Figure 38. Illustration of cycle of works in launching process. 

 

Figure 39. Launching of the western bridge 
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4.3.3 Design of BEBS 

 

Figure 40. Cross-section view of the BEBS at Rotebro bridge 

As stated earlier, the twin bridges in this project were identical in terms of geometry. However 

some alterations were made regarding construction and reinforcement design. Specifically, the 

initial number of longitudinal rebars was increased from 9 to 11 at the eastern bridge. It became 

evident that cracks appeared near the anchor bolts and to that end, the number of longitudinal 

rebars at the western bridge was increased to 13.  

Regarding geometrical design this BEBS has some uncommon features. One of them is the 

newly developed railing with the containment level of H4b, which is the first in Sweden and 

was developed in cooperation with NCC and Birsta. From Figure 40, it is visible that the two 

front anchor bolts are designed longer than the rear two anchor bolts. This was not the case with 

the other two bridges. The second feature is the solution, which replaces the drip groove at the 

bottom surface. Instead the bottom surface has been designed to have an inclination to prevent 

water to flow back underneath the deck bottom surface. A standard solution for the top surface 

– a 1:20 inclination towards the surface coating has been designed, from where the water is 

channelled to the drains. To prevent damage from surface water to the concrete surface at the 

inside of the edge beam, an edge sealer has been designed, which extends as high as the edge 

beams chamfered corner. The distance between the railing base plate and the inclined edge 

beam’s top surface is supposed to be at least 40 mm measured at a right angle from concrete 

surface. 

 

 



CHAPTER 4. Case Studies 

59 

 

Properties of Materials 

 Cement: CEM 1 42.5N SR3MH/LA 

 Concrete strength class: C35/45 

 Maximum stone size: 32 mm  

 Water-cement ratio (VCT): ≤ 0.45 

 Reinforcement: B500B 

 Edge beam exposure class: XD3/XF4/XS3 

 Concrete cover thickness: 45 mm (±10 mm execution tolerance) 

 Additives for concrete: Luft Micro Air*, Glenium** 

 Anchors: Fully threaded bolt M33 

Design tensile strength for inner anchors: 335 kN/anchor 

Design compression strength for outer anchors: 335kN/anchor 

 

* Luft Micro Air is an air entraining admixture 

** Glenium is a high range water reducing superplasticizer. 

The reinforcement layout is for this edge beam, also remarkably different from the other two 

bridges. For one thing, the spacing of stirrups is not constant. As can be seen in Figure 41, the 

spacing at the locations of railing anchors is 60 mm, elsewhere it is 263 mm. The reason for 

this is the higher design strength applied for anchors. 

 

Figure 41. Layout (plan and elevation) of the reinforcement in the edge beam. 

The bridge has seven lamp posts, which are mounted to additional consoles that extend out from 

the edge beam. Figure 42 depicts the shape of the console and the necessary extra 

reinforcement. It is visible for the figure below that 15 additional rebars are added due to the 

lamp post’s cantilever, 4 of them extend to the deck. 
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Figure 42. Layout (plan and elevation) of the reinforcement in the lamp post console. 

4.3.4 Construction of BEBS 

As mentioned before, changes in the manner of construction were made when starting to 

construct the western bridge – it was intended to decrease the amount of cracks in the edge 

beam. Since the concrete for the eastern bridge was placed during winter months, it was not 

possible to carry out the watering of formwork and edge beam’s top surface. The western bridge 

edge beams were poured during April and May, thus watering was performed in large extent. 

As a final result the amount of cracks detected at the western bridge edge beams was remarkably 

smaller, however it is not clear whether it was caused due to the greater amount of rebars, 

increased watering of formwork and edge beam or the more suiting weather. 

The bridge edge beam shares a common horizontal formwork with the bridge deck. As 

mentioned before, the edge beam is poured after the deck. The reason for this is that the 

scaffolding below the edge beam and deck console would not be able to withstand the load 

applied from both these elements. When the edge beam is poured afterwards, the deck console 

is already carrying its deadweight and does not apply load for the scaffolding below. So the 

work with the edge beam starts when the deck’s concrete has achieved a sufficient strength. 

The first order of business is to strip the side formwork that was used for concrete placement 

for the deck. This is why the process is also the first on the list of primary works (see Figure 

43). After that it is possible to start installing reinforcement and distances. The installation work 

in this case is a little different from what it was at the Landscape bridge, where the stirrups were 

tied to the deck rebar. Here the stirrups and longitudinal rebars constitute a rebar cage. 



CHAPTER 4. Case Studies 

61 

 

 

Figure 43. Primary works at Rotebro bridge 

For this bridge, the construction of formwork and concrete placement was organized in a 

distinct manner. Due to the length of the edge beams, the concrete was not placed with a single 

pour. Instead the edge beams were divided into 20 meter long sections and those sections were 

placed in a staggered pattern. Figure 44 is to clarify that. The cause for it is related to shrinkage. 

To elaborate on that, the following work division into phases was to grant that there will be no 

transversal cracks due to shrinkage at the points, where the two sections meet. This means that 

the next phase was only carried out until the shrinkage in the sections poured before has reached 

its final value. 

 

 

Figure 44. Illustration of concrete placement phases at Rotebro bridge. 

The process is shown in Figure 44. Formwork construction can begin, when the distances have 

been tied to the rebars. First, the inside kicker will be fixed into position using dowels, that are 

embedded into hardened concrete. Then, the inner support wall of plywood (15mm thick) can 

be set in place by screwing the plywood to the kicker. Studs and braces are necessary only for 
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the outer formwork panel, which is made of boards (22x95mm). Also it is necessary to mount 

the transversal support walls to separate the 20 meter sections. The formwork panels are visible 

during their placement in Appendix A, Figure 69. For eliminating the lateral movement of the 

panels, the distance between them was fixed using tie bars, similarly to the Landscape bridge. 

Prior to concrete placement, secondary works (Figure 45) are carried out. Studs for ECP-

measuring are welded for both edge beams with a spacing of about 30 meters. For levelling 

purpose, studs are welded with about 15 meter spacing. To mount the anchor bolts, form of two 

plywood boards and timber sections are used to attach it to the edge beam formwork with screws 

(see Appendix A, Figure 70). Also, it is necessary to mount anchors for lamp posts, these can 

be seen in Appendix A, Figure 71. 

 

Figure 45. Secondary works at Rotebro bridge site 

Concrete placement was performed on 7 different days. After each section was poured, the top 

surfaces of the edge beams were covered with a water absorbing fabric and watered with 

constant rate – the watering hoses had little holes in them, it was also important not to water 

too extensively (see Figure 76). This was carried out to prevent drying out and cracking of the 

edge beam’s concrete.  

 

Figure 46. Tertiary works at Rotebro bridge site 

The installation of railings and mounting of lamp posts were carried out by a subcontractor. 

Edge beams were impregnated using paintbrushes. 
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As an additional note, although here the edge beam was poured after the deck due to inefficient 

scaffolding carrying capacity, sometimes the method is sensible as limiting the creation of 

cracks in edge beams. This is especially in the case of continuous bridge decks, where cracks 

most likely appear above the piers. Analogous situation became evident at the Landscape 

bridge. 
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 Evaluation of Investment Costs 

 Investment items of BEBS 

The previously introduced case studies provided the basis for the analysis and evaluation. With 

the aid of site visits, it was possible to examine how an edge beam was built, what materials 

were used and in what quantity they were used. Also, information about necessary amount of 

labour and machinery for each work was gathered at the site. Inquiries were vital for the 

collection of detailed information, which was mostly related to the cost of materials, services 

and labour. Due to corporate secrecy the latter details will not be presented in this paper. 

With the purpose of recognising all processes and items that contribute to the investment cost 

of edge beams, a scheme has been established (Figure 47). 

To calculate and present the work capacity in the cost estimation, a unit known as man-hour 

has been applied. Tables will be later depicted to describe the amount of work in man-hours 

spent according to the projects’ total work volume. Man-hour reflects the amount of work 

performed by the average worker in one hour. This enables to compare the effectiveness of a 

performed work on different construction sites. This is achieved by dividing the amount of man-

hours put in with the total quantity of a specific work.  

  

Figure 47. Breakdown of agency’s investment items regarding BEBS. 
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5.1.1 Design 

The contribution of design can in fact be divided to two groups – architectural and structural 

design. Cost input related to architectural design, i.e. the contribution from the work of the 

architect will however not be included in the evaluation, since it was not possible to track the 

time spent for these works nor was it documented in the past. Regardless the fact, a short 

explanation will be given about the importance of it. 

When it comes to the architectural design of a bridge and an edge beam as well, an architect 

and a structural designer usually work together to come to an agreement on the final 

architectural design. This is highly important because the latter can affect the structural design, 

the cost of construction and in some cases and the longevity of an edge beam. It is relevant to 

bear in mind that a bridge in a residential area should have a greater aesthetical value, but then 

again it should not impinge on the cost of construction and maintenance in a great degree.  

Regarding the process of design, the structural engineer’s work includes a number of points 

related to edge beams on road bridges. Firstly, engineer needs to verify that the amount of 

transversal reinforcement, that extends into the edge beam or vice versa - goes into the deck 

from the edge beam, is sufficient to withstand an impact load caused by a lorry. Secondly, 

designer needs to check the amount of reinforcement around the railing’s anchor bolt groups. 

Thirdly, an engineer is responsible for ensuring a good distribution of cracks in the edge beam 

during the serviceability limit state. This can achieved by determining a proper amount of 

longitudinal rebars in the edge beam. In case of exceptional designs, such as Landscape bridge, 

additional cost is needed for the design of the railings. The reason for this is that the railings 

were designed as a special order for the bridge. Another issue is the fact that the more complex 

the edge beam the more time is spent for the completion of drawings by the drawer. Due to 

lacking reliable data, this point is discarded from the evaluation.  

The following contribution of man-hours of work for the design of edge beam by the designer 

has been estimated for the case studies (Nagy, 2014).Table 6, however, does not include the 

contribution of work for the design of railings. 

Table 6. Contribution of man-hours of work for the design of the edge beam for the cost 

estimation 

 Bridge 

Profession Landscape Askersund Rotebro 

Architect Undefined 

Structural designer 12 2 4 

The amount of hours spent for the design of edge beam on the Landscape bridge – 12 h – results 

from the additional work related to the risk of cracks and the construction joints. For other 

bridges only a verification of structural resistance was carried out. Since for Rotebro bridge’s 

edge beam the spacing of stirrups was needed to be altered, it also required more time for the 

design. 
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5.1.2 Production 

It should be said that it is complicated to compare those three construction methods in terms of 

effectiveness, due to the fact that the bridges have edge beams quite different in regards to 

geometrical design and volume. 

In these case studies – Landscape bridge – was built without any possible interference from live 

traffic, which made it possible to construct the bridge using ground supported scaffolding. 

Situation was similar at the Askersund bridge, ground supported scaffolding could be used since 

the traffic was deviated from the site before the project had started. Rotebro bridge was 

constructed during the presence of existing traffic below and which is why the launching 

method was preferred. It needs to be kept in mind that the characteristics of the construction 

site affect the overall production cost. 

5.1.2.1  Materials 

First, a list of materials and components are presented together with units in which they are 

assessed, that have been included in the cost category established as material cost.  In addition, 

for better overview materials have been classified to groups (see Table 7). The quantities 

applied in the cost estimation is shown in the Appendix D, Table 15. 

Table 7. Specification of materials with units used for the construction of edge beams 

Group Detail Unit 

Formwork 

Edge beam formwork* m2 

Tie rods for formwork m 

Nails nail 

Release agent litre 

Spacers m 

Reinforcement 

Tie wires (1,5 mm) kg 

Reinforcement kg 

Distances piece 

Railings 
Anchor bolt groups piece 

Railings m 

Surface products 
Impregnation litre 

Graffiti protection litre 

Concrete  
Concrete mix m3 

Admixtures kg 

Extras 
Dowels for ECP-

measuring piece 

 

Thermoplast  m2 

Lamp post details piece 

Leveling dowels piece 
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Formwork 

For Landscape bridge the formwork cost was calculated based on all timber sections that were 

used in the construction. The writer observed on the site, which sections were applied and 

determined the quantity of every section. Having inquired the unit cost for each section, it was 

possible to assess the price of formwork per square meter, which included all boards, studs, 

kickers, wales and braces. For Askersund bridge, the total amount and cost of timber for the 

formwork was declared by the site manager. At Rotebro bridge, the quantity of timber was also 

identified at the site. Additionally, it was learned whether tie rods and spacers were used and 

the corresponding quantity. The type of nails or screws were specified through inquiries and 

the corresponding amount was calculated based on a unit consumption. 

The unit price of timber is mostly dependent on the item sections. The price of nails and screws 

depend logically on the length of those items and also whether nails are loose or rolled. Rolled 

nails (see Appendix A, Figure 75) are used for the pneumatic nailgun. 

Reinforcement 

The precise amount of reinforcement of Landscape and Askersund bridges’ edge beams was 

determined using the corresponding BIM software and the files shared by the contacts from 

these construction sites. In the case of Rotebro, the quantity of rebars was determined at the 

site. The amount of distances and an approximate length and number of ties of tie wires was 

identified by a visual inspection at all bridge sites. 

Procurement of reinforcement 

The cost of reinforcement per unit, usually per kilogram or tonne, varies greatly depending on 

the design of a particular edge beam (and bridge). That is, the reinforcement cost relies on not 

only on the material cost, but also on the extent of bends the rebars are supposed to have. 

Moreover, it is cheaper to bend right angle rebars compared with ones that have acute angles 

for example. 

To procure reinforcement, the construction company asks bids from companies that provide 

rebar bending and cutting. Prior to that, the purchaser needs to send the model or drawings of 

the bridge reinforcement layout to the company carrying out rebar production. Based on the 

drawings the specialists assess the amount and types of bends and cuts necessary. Ultimately, 

it is possible to make an estimation for the cost of the work. As a consequence, for a contractor 

it is difficult to estimate the price of reinforcement. 
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Railings 

The length of railings was considered equal to the length of the edge beams. The length of edge 

beams and the corresponding amount of anchor bolt groups was studied from drawings and 

BIM software files.  

The price of railing depends largely on the containment level of railing. When the bridge has 

an irregular type of railing, the cost is probably higher than for standard solutions. This was 

also the case for Landscape bridge, where the railing price per meter was noticeably more 

expensive than for H2 and H4b railings. 

Data collection regarding surface products, properties of concrete and extras was acquired from 

inquiries and project specific drawings. 

5.1.2.2  Transportation 

Costs for transportation are generally difficult to estimate. Most companies that sell materials 

or products also provide a service of transporting their products to the construction site. The 

cost for the transport however, can be either fixed by the product vendor or dependent on the 

distance to the final destination. 

To facilitate the construction, companies may use a so called turn-key solution for 

transportation of materials and edge beam’s elements. In other words, a construction company 

makes contracts with suppliers, who are then entirely responsible for the purchases, transports 

and in some cases also for installation, when talking about railings and lamp posts for instance. 

This means that the supplier itself chooses, where to purchase materials and details from, the 

amount of travels needed to the site and in case of railings and lamp posts, time and number of 

workers needed for installation. This method was employed in various scale by both companies 

involved in the case studies. 

Companies that produce railings and also provide the installation service, sometimes use 

transport services from companies that deal with transportation and logistics. Regardless of the 

fact, some companies declare a cost for transport of railings, which could be in the order of 

1SEK/kg. (Hamrin, 2014) 
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5.1.2.3  Unloading of materials  

Unloading of materials that take considerable time should be included as an investment item of 

an agency. The writer’s opinion is that the following list of materials should be taken into 

account in the current point: 

 Reinforcement 

 Formwork 

 Anchor bolt groups 

 Tie rods* 

 Distances* 

 Nails* 

 Tie wires* 

* Items are taken into account in the case of larger amounts (as Rotebro bridge for instance) 

Note that the unloading of concrete has been excluded from the list, as it is considered to be a 

process of concrete placement and is therefore included in the cost for the construction. Also 

the railings and lamp posts have been excluded from this point as was described in the previous 

point. 

It is clear that workforce is needed for the process. The amount of workers needed depends on 

the material that is being unloaded. The machinery used for this process is more controlled by 

the characteristics of the construction site such as the length of the bridge or topography of the 

landscape rather than what is perhaps the best or the most suitable machine for the job. In case 

of Rotebro for example, a telescopic forklift (see Appendix A, Figure 72) was used due to the 

fact that the bridge is rather long (325 meters). The machine offers great mobility and enables 

to lift items easily from the ground level to the bridge deck. The use of static cranes on the site 

would have required to have them more than one and this might have been problematic because 

of the limited useable space around the bridge. Conversely to the Rotebro bridge site, Landscape 

bridge and Askersund bridge were built to new destinations and due to the terrain surrounding 

the construction sites, it would have been complicated to use anything else but static cranes (see 

Appendix A, Figure 73 and Figure 74). 

5.1.2.4  Construction 

The main contributors to the investment costs in the construction phase are labour and 

machinery cost, since the material cost is considered as a separate item. These will be depicted 

in the following tables according to the types of work. The tables will clarify if a type of work 

was divided into subphases or not and will describe how many manhours per total unit of work 

were put in to a specific work. 
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Construction of formwork 

Table 8 below depicts the contribution of workers and a surveyor at the studied bridges. For 

clarification the work at the Landscape bridge was divided into six phases, at Rotebro and 

Askersund sites was considered as one continuous process. 

Table 8. Presentation of human resource capacity expressed in manhours per unit of work for 

formwork construction. 

Site Work specification 
Surveyor Construction workers 

Manhours Amount  Time (h) Manhours 

Landscape 
bridge 

Construction of outer panels - 4 108 432 

Wedge construction 4 3 12 36 

Lifting and installation of the outer panels 2 4 8 32 

Installation of outer kickbacks&tie rods - 3 24 72 

Construction of inner support wall - 4 60 240 

Lifting and installation of inner support 

wall 6 4 8 32 

  Total manhours/m2 of formwork: 0,03   2,0 

Askersund Construction of formwork - 2 40 80 

  Total manhours/m2 of formwork:    2,0 

Rotebro Construction of formwork - 4 970,5 3882 

  Total manhours/m2 of formwork:       8,3 

The reason for the great difference in the manhours per unit at the Rotebro site is unclear. It 

was expected that the construction of formwork would be the most time and workforce 

consuming at the Landscape bridge, due to the complexity of the structure. However this could 

be explained with the fact the materials were stored farther from the actual working place at the 

Rotebro site. An influencing factor could also be a different job management. For example at 

the Landscape bridge, electronic tools were used for sawing and nailing, whereas at Rotebro 

bridge these works were carried out using hand tools.  

 

Table 9 below describes the contribution of used machinery to the cost estimation. At Landsape 

bridge, Crane Pontain IGO 50 was used to lift the edge beam panels, kickbacks and its details, 

tie rods and inner support walls on the deck level. All details were “manufactured”, i.e. sawed 

and nailed together on the ground level. The work was carried out using the sawmill, nailgun 

and the compressor. Welding machine was employed to attach the tie bars to the deck rebar. At 

Askersund bridge, due to the small capacity of the work no machinery was used – work was 

performed using traditional hand tools such as claw hammer and hand saw. At Rotebro bridge, 

telescopic lift (Manitou) was used to lift the formwork material to the bridge deck level, as 

mentioned before the construction itself was largely done using hand tools. 
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Table 9. Presentation of machine resource capacity expressed in manhours per unit of work 

for formwork construction. 

Site Work specification 

Machinery 

Sawmill 
Pneum. 
nailgun 

Comp-
ressor 

Crane/ 
Lift 

Welding 
machine 

Time  (h) 

Land- 
scape 
bridge 

Construction of outer panels 64,8 108 108 - - 

Wedge construction 7,2 9,6 9,6 - - 

Lifting and installation of 

outer panels 
1 - - 6 - 

Installation of outer 

kickbacks&tie rods 
12 - - 4,8 9,6 

Construction of inner 

support wall 
24 60 60 - - 

Lifting and installation of 

inner support wall 
- - - 6 - 

Total manhours/m2 of formwork: 0,26 0,42 0,42 0,04 0,02 

Asker-
sund 

Construction of formwork No machinery used 

Rotebro Construction of formwork - - - 24,25 - 

Total manhours/m2 of formwork:       0,05   

Reinforcement installation 

Table 10 below depicts the contribution of workers and a surveyor for reinforcement installation 

at the studied bridges. Here the work at the Landscape and Askersund site is divided to two 

phases. Since at Askersund bridge the rebars were prefabricated, the resource capacity needed 

to perform the work was considerably smaller compared to other bridges. It is also difficult to 

explain why the corresponding number is so large in Rotebro’s case.  

In Table 11 machinery used for the process is described. Machinery was mainly used to 

transport the material to the direct working place. An angle grinder was used at the Landscape 

bridge for rebar cutting.  
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Table 10. Presentation of human resource capacity expressed in manhours per unit of work 

for reinforcement installation. 

Site Work specification 
Surveyor Construction workers 

Manhours Amount  Time (h) Manhours 

Landscape 
bridge 

Reinforcement installation for edge beam 4 3,5 156 546 

Reinforcement installation for joints 4 2 24 48 

Total manhours/tonnes of reinforcement: 0,87   64,85 

Askersund 
Lifting the reinforcement cage in place - 2 1 2 

Tying of distances to the cage - 1 3 3 

                 Total manhours/tonnes of reinforcement:    9,33 

Rotebro Reinforcement installation - 4 787,8 3151,2 

                  Total manhours/tonnes of reinforcement:       120,34 

Table 11. Presentation of machine resource capacity expressed in manhours per unit of work 

for reinforcement installation. 

Site Work specification 

Machinery 

Angle 
grinder 

Crane 
Pontain 

Telescopic 
lift 

Wheel 
loader 

Time (h) 

Landscape 
bridge 

Reinforcement installation 4,8 7,8 - - 

Reinforcement installation for joints 8,0 1,0 - - 

  Total manhours/tonnes of reinforcement: 1,40 0,96    

Askersund Lifting the reinforcement cage in place - - - 1,0 

  Total manhours/tonnes of reinforcement:    1,87 

Rotebro Reinforcement installation - - 4,0 - 

  Total manhours/tonnes of reinforcement:     0,15   

 

Concrete placement 

 

The usage of concrete pumps entail three types of costs – cost for the establishment of the 

concrete pump, cost per cubic metre of concrete and cost per hour of pump usage. With the 

view to reduce costs for concrete placement, it is important to minimize the number of pump 

establishments and perform the placement as fast as possible. The expense for the pump 

operator is usually, and also in this estimation, included in the pump rental price. In the 

beginning of the concrete placement process, the concrete slump test(s) is/are carried out. At 

Rotebro site, the required slump value was about 150 mm. A cost of one test was declared by 

correspondents. 

 

From Table 12 and Table 13 it can be seen that at the Landscape bridge the work was done 

most effectively. At the Rotebro site the cause for the large number could come from the more 

complicated construction conditions – the surface area needed to be finished was greater than 

for other bridges. Also, it was considered important to perform aftercare for the edge beam by 
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covering the top surface of the beam with a water absorbing clothing. The watering process was 

carried out for a long period of time. 

Table 12. Presentation of human resource capacity expressed in manhours per unit of work for 

concrete placement. 

Site Work specification 
Surveyor Construction workers 

Manhours Amount  Time (h) Manhours 

Landscape 
bridge 

Concrete placement (part adjoining the 

deck) 4 3 6 18 

Concrete placement (upstanding part) - 3 11 33 

  Total manhours/m3 of concrete: 0,03   0,37 

Askersund Concrete placement - 2 4 8 

  Total manhours/m3 of concrete:    1,67 

Rotebro 
Concrete placement - 8 70 560 

Covering&Watering - 2 313 626 

  Total manhours/m3 of concrete:       7,77 

Table 13. Presentation of machine resource capacity expressed in manhours per unit of work 

for concrete placement. 

Site Work specification 

Machinery 

Concrete 
pump 

Concrete vibrators 
Crane 

Pontain 

Landscape  
Concrete placement (part adoining the 

deck) 6,00 2 6,00 - 

Concrete placement (upstanding part) 6,00 2 6,00 - 

  Total manhours/m3 of concrete: 0,09  0,17   

Askersund Concrete placement - 2 3,00 3,00 

  Total manhours/m3 of concrete:   1,25 0,63 

Rotebro Concrete placement 70 2 70,00 - 

  Total manhours/m3 of concrete:     0,46   

Installation of anchor bolt groups  

Installation of anchor bolt groups is normally performed by the workers who carry out all the 

general works as well, such as formwork construction, reinforcement installation etc. From 

Table 14 it can be seen that there are only small differences in the number of manhours per one 

anchor bolt group at the sites. There was no machinery used for this work process. 
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Table 14. Presentation of machine resource capacity expressed in manhours per unit of work 

for reinforcement installation. 

Site Work specification 
Surveyor Construction workers 

Manhours Amount  Time (h) Manhours 

Landscape Installation of anchor bolt groups 8 1 60 60 

                         Total manhours/number of bolt groups: 0,11   0,86 

Askersund Installation of anchor bolt groups - 1 8 8 

                         Total manhours/number of bolt groups:    0,50 

Rotebro Installation of anchor bolt groups 157 2 251,2 502,4 

                       Total manhours/numer of bolt groups: 0,5     1,60 

 

Lifting of edge beam at the Askersund bridge site 

One additional crane with a lifting capacity of 70 tonne was used to lift the two edge beams 

into their final position. Two workers were taken up with the process and it lasted four hours.  

 

Mounting of railings 

Mounting the railings for bridges are carried out by subcontractors, these are usually companies 

which also deal with the production of railings. The companies have generally declared an 

installation cost per meter of railing. Therefore, in order to include the cost for the work in the 

calculations, it is not necessary to know the amount of workers nor the time needed for the 

process. 

5.1.2.5  Disposal & Return of materials  

The cost for disposal and return of materials related to edge beam construction is too, quite 

complicated to determine. The disposal process can be related to three costs. First, the 

contractor needs to pay for the rental of a waste container that is situating at the site and for the 

removal. Secondly, the cleaning-up is always associated with labour cost, since the work is 

often done manually and is time-consuming. Thirdly, a smaller cost can be accounted for 

machinery, such as cranes or wheel-loaders that may be used to transport the compiled waste 

to the container. 

The process of disposal is executed based on necessity, that is in case there is something to 

dispose of or regularly such as once a month, as was done at the Rotebro site. A final clean-up 

will be conducted in the end of the construction process and includes all waste – wood, metal, 

plastic and general debris. Before disposal the waste is separated.  

The main material group that is disposed of in the end of the construction process is formwork. 

Timber sections that have not been irregularly sawn might be saved for future use. Thus, boards 

and irregular pieces of timber will be wasted. In smaller extent, pieces of rebar, tie rods and 

perhaps concrete will also be disposed of. 
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The cost to dispose of debris is an overall project cost, hence even if one knows the total project 

cost for disposal, it is only possible to assume a cost for disposal that is associated with BEBS. 

A way to do this, would be to assume the cost for disposal of BEBS’s materials to be 

proportional to the ratio of edge beam’s concrete volume to the whole bridge’s concrete volume. 

That will result in a rather small percentage, but then again it might be justified. 

5.1.2.6  Overhead cost 

The production of edge beams is, like construction in general, associated with costs that do not 

directly generate profit. These can be referred to as overhead cost and are generally considered 

as a percentage to sum of labour, material and equipment. Overhead costs can be split into two 

categories – indirect and direct expense. The former is not readily chargeable to one particular 

project. Indirect costs are the following: office expense, staff salaries, miscellaneous indirect 

overhead costs such as legal fees, travel expenses, marketing etc. and depreciation expense for 

office or construction equipment. The latter – direct expenses – are overhead costs that could 

be charged to a specific project. These could include project specific salaries, temporary office 

facilities, other temporary enclosures such as on-site container storage, temporary barricades, 

railings etc. and temporary utilities, sanitation facilities as well as drinking water. (Allan, 2014)  

For this estimation it was assumed that a 15% overhead cost is added to the sum of production 

costs. Contractor profit was excluded from the calculation, however its inclusion could be 

justified as well. 
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 Outcome of the cost estimation 

The outcome of the cost estimation is depicted in the following figures - Figure 48 and Figure 

49. The charts are made not to reveal total costs of the bridges’ edge beams. Instead, it will 

show the ratios of costs depending on one bridge’s edge beam total cost per meter of edge beam 

– in this instance the Askersund’s bridge. The total cost per meter of edge beam – hereinafter 

the cost will always be regarded as cost per meter of edge beam - for Askersund’s bridge will 

be designated equal to one.  

The Figure 48 below describes the ratio of the total and the material costs. The chart states that 

total cost of Rotebro’s and Landscape’s bridge edge beams are accordingly 1,85 and 2,79 

greater than Askersund’s bridge edge beam total cost. Similarly, it is visible that the material 

cost of Askersund’s, Rotebro’s and Landscape’s bridges edge beams constitute 48%, 63% and 

104% of the total cost of Askersund’s bridge edge beam. One can also see that the material cost 

of Rotebro’s and Landscape’s edge beams correspond to 34% and 37,3% of their total cost, 

accordingly. 

  

Figure 48. Comparison of total and material cost per meter of edge beam 

Figure 49 compares the labour and machinery costs with the total cost of Askersund’s edge 

beam and also shows how many percents from the total cost of edge beams represent the labour 

and machinery costs to build these edge beams. For instance, labour cost to construct the 

Askersund’s, Rotebro’s and Landscape’s edge beams comprise 33%, 49,2% and 40,1% of the 

bridges’ edge beam total cost, respectively. It is evident that the costs related to the usage of 
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machinery add up only a small part of the total costs of edge beams. For all the studied edge 

beams, cost for the machinery amounted to slightly over 2% of the total cost of an edge beam.  

 

Figure 49. Total, labour and machinery cost comparison per meter of edge beam 

It can be concluded that the other contributors to the total cost of the edge beam – transport and 

unloading of materials, design and overhead constitute a relatively small part of the full cost of 

the edge beam production. It should be pointed out that the meter cost for design of Landcape’s 

bridge edge beam was significantly greater than for others – the main reasons for that are 

problems related to the cracks in the upstanding part of the edge beam and the design of railings, 

which were made as a custom order. Conversely, design cost for the Rotebro’s bridge edge 

beam was the cheapest due to the length of the bridge. The cost for unloading of materials 

varied in small extent, being in the range of 1% of the total cost per meter. The transport cost 

slightly greater than the cost for unloading, but remains under 3% of the total cost – the cost is 

naturally affected by the location of a studied bridge. 

Additionally, it was recognized that for all edge beams, the most costly process of construction 

was the building of formwork. The third most costly process appeared to be concrete placement. 

The second most costly process for Landscape’s and Rotebro’s edge beams turned out to be 

reinforcement installation, while for Askersund’s edge beam it was the process of lifting the 

beam into its final location.  

It also appeared that only for Askersund’s bridge edge beam, the material cost appeared nearly 

half of the total cost of the edge beam. This could result from the fact that the rebar cages were 

assembled in a production factory by a subcontractor. This way expenses for labour at the site 
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were reduced. Furthermore, the cost for transportation of rebar cages were included in the 

material price. 
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 Conclusions and further research 

 Conclusions and discussions 

The goal of this master thesis was to contribute to the research of the Edge Beam Group, whose 

target was to come up with an answer for a question, “What is the optimal solution of edge 

beam for the Swedish society?” The project was established by the STA.  

By studying and gathering relevant and up-to-date information from on-going construction sites 

and engineers, it was possible to provide input data for an application developed by the Ph.D 

student – José Javier Veganzones Muñoz. The application, according to the Edge Beam Group, 

was a key element in reaching to the goal in that matter. The collection of data was necessary 

for the Ph.D student so as to estimate the costs of the four edge beam proposals illustrated in 

chapter 2.3. 

By carrying out the estimation process, it was possible to recognize the main contributors to the 

investment cost. In the work, two cost groups were investigated – design process and 

production.  

In the design part, the role of the architect and the structural engineer was explained. It followed 

that structural engineer is responsible for determining the amount and diameter of transversal 

rebar entering or exiting the edge beam; amount and diameter of longitudinal rebars and 

stirrups. The production was regarded as a list of processes. First, applied materials were 

identified, cost for their transportation and unloading was estimated. Secondly, the construction 

process was studied thoroughly. Labour and machinery costs were calculated for each type of 

work according to a specific bridge. Lastly, a cost for material disposal was added. For example, 

the formwork material was stripped and recycled, the site needed to be cleaned from debris. An 

overhead cost equal to 15% of the total production cost was added.  

Knowledge was gained about the approximate proportions of the cost contributors. It was 

shown that the material and labour cost constitute in the range of 80% to 90% of the total cost 

of edge beam. The cost for machinery and transport of materials can be considered similar, each 

amounts to about 2,5% of the total cost. Although cost for the design remains alike, it may be 

notably increased due to custom orders and unexpected changes in design. 

An important part of the study was not only to perform the collection of input data, but to study 

the construction process itself since little information is available on that matter on the whole. 

For example, it was illustrated that decisions in the early planning phase can cause extensive 

cost increase in the later phases of production, such as an addition of construction joints to the 

edge beam at the Lansdcape bridge, which resulted in extra costs for material and labour, not 

to mention the risks related to the uncertainty of the quality of the work. 
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 Further research  

In order to make a conclusive decision regarding which method of construction should be 

preferred, for instance whether to construct the edge beam as prefabrication or cast in situ, a 

comparative case study including two identical bridge edge beams would be required to assess 

the cost-effectiveness of these methods. Additionally a tracking of the durability of these edge 

beams during their life-span would be beneficial.  

Furthermore, in the paper alternative solutions to the traditional edge beam were introduced 

(chapter 2.3). However, to get the most reliable input for the LCCA model and thus the most 

precise answer for the target of the project, it would be effective to test these proposals in real 

life, so as to confirm their accurate production cost, necessary maintenance intervals and 

identify possible problems.  

The presence of cracks exceeding the allowed width can have a critical impact on the longevity 

of the edge beam. On the basis of answers from correspondents, it became apparent that factors 

such as the amount of longitudinal rebars, seasonal time of pour and the extent of aftercare by 

covering and watering the finished edge beam can greatly affect the distribution of cracks in 

the edge beam. This is therefore a subject that could be studied in more detail. 
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Appendix A - Pictures from site visits 
 

 

Figure 50. Trapezoidal formwork to support the deck 

 

Figure 51. Formwork (on the right) to support deck from the side and edge beam from belo 
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Landscape bridge site pictures 

 

 

Figure 52. The sawmill used at Landscape bridge site 
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Figure 53. Beginning of the construction of formwork panels 

 

 

Figure 55. Edge beam's formwork - wedge 

 
Figure 54. Lifting of edge beam’s formwork 

outer panels 
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Figure 56. Angle grinder - used to cut rebars 

 

 

Figure 57. Anchor bolt group fixed to edge beam’s formwork 
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Figure 58. The edge beam surface after the first pour is left unfinished 
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Figure 59. Concrete placement for the edge beam in progress 

 

 

Figure 60. Edge beam after formwork removal  
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Askersund bridge site pictures 

 

Figure 61. Edge beam's reinforcement cages 

 

Figure 62. Final preparations for concrete placement 
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Figure 63. Stud for electrochemical potential measuring. 

 

Figure 64. Concrete is being placed using a concrete funnel 
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Figure 65. Lifting of prefabricated edge beam 

 

 

Figure 66. The edge beam is being lifted using a mobile crane 
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Figure 67. Edge beam is being placed to its final position 

 

 

Figure 68. Edge beam in its final position 
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Rotebro bridge site pictures 

 

Figure 69. In the middle of formwork construction 

 

 

Figure 70. Anchor bolt group attached to the edge beam's formwork 
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Figure 71. Concrete placement - lamp post console 

 

 

 

Figure 72. Manitou telescopic lift – used by NCC at the Rotebro bridge 
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Figure 73. Crane Pontain Igo 50 – used at Skanska’s construction sites 

 

 

Figure 74. Crane Pontain Igo 50 
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Figure 75. Rolled nails for nailgun 

 

 

Figure 76. The process of watering the edge beam’s top surface 
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 Appendix B – Standard drawing of 

drainage channel 
 

 

Figure 77. Standard drawing of drainage channel (Trafikverket, 1995)
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 Appendix C – Explanation of 

cement notations 
Explanation of cement notations: 

CEM I 42.5N SR3MH/LA  

 “CEM I” indicates the main cement type (Portland Cement). It is commonly used for 

general construction work. This cement is frequently combined with ground granulated 

blastfurnace slag or pulverized fuel ash. 

 “42.5” indicates strength class. The required value of compressive strength after 28 days 

of pouring is at least 42.5 MPa and smaller than 62.5 MPa 

 The letter “N“ refers to normal early strength. 

 “SR” indicates that the cement is sulfate resistant. This is achieved by the addition of 

iron oxide to the kiln, which results in the production of material low in tricalcium 

aluminate (C3A). The latter compound reacts with sulfates to potentially result in sulfate 

attack, which may result in a deterioration of hardened concrete. 
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 Appendix D – Quantities used in 

cost estimation 
 

Table 15. Quantities of materials used in the cost estimation 

 Landscape bridge Askersund bridge Rotebro bridge 

Material/detail Quantity Unit Quantity Unit Quantity Unit 

Edge beam formwork* 426 m2 40 m2 470 m2 

Tie rods for formwork 125 m - - 563,4 m 

Nails 17600 piece 2470 piece 2015 piece 

Release agent 426 m2 35,64 m2 507 m2 

Spacers 123 piece - - - - 

Tie wires (1,5 mm) 14 kg - - 162,76 m 

Reinforcement 9,159 t 0,536 t 26,3 t 

Distances 330 pieces 50 pieces 480 pieces 

Concrete 138,8 cbm 4,8 m3 152,7 m3 

Anchor bolt groups 70 pieces 16 pieces 314 pieces 

Railings 124,3 m 28 m 626 m 

Thermoplast 15 m2 - - - - 

Impregnation - - 34,64 m2 507 m2 

Graffity protection     34,64 m2 - - 

Lamp post details - - - - 7 pieces 

Rods for el.ch. Pot 

measuring 12 pieces 4 pieces 21 pieces 

Levelling stud 24 pieces 6 pieces 42 pieces 
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