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This report is one of the deliverables from the Integrated Research Project “Sustainable Bridges - Assessment for 
Future Traffic Demands and Longer Lives” funded by the European Commission within 6

th
 Framework Pro-

gramme. The Project aims to help European railways to meet increasing transportation demands, which can only 
be accommodated on the existing railway network by allowing the passage of heavier freight trains and faster 
passenger trains. This requires that the existing bridges within the network have to be upgraded without causing 
unnecessary disruption to the carriage of goods and passengers, and without compromising the safety and econ-
omy of the railways. 

A consortium, consisting of 32 partners drawn from railway bridge owners, consultants, contractors, research 
institutes and universities, has carried out the Project, which has a gross budget of more than 10 million Euros. 
The European Commission has provided substantial funding, with the balancing funding has been coming from 
the Project partners. Skanska Sverige AB has provided the overall co-ordination of the Project, whilst Luleå Uni-
versity of Technology has undertaken the scientific leadership. 

The Project has developed improved procedures and methods for inspection, testing, monitoring and condition 
assessment, of railway bridges. Furthermore, it has developed advanced methodologies for assessing the safe 
carrying capacity of bridges and better engineering solutions for repair and strengthening of bridges that are found 
to be in need of attention.  

 

The authors of this report have used their best endeavours to ensure that the information presented here is of the 
highest quality. However, no liability can be accepted by the authors for any loss caused by its use. 
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Preface 

The work presented in deliverable D6.1 – Repair and Strengthening of Railway Bridges – 
Guideline, has been carried out between the years 2004 and 2007.  

The discussion how to form a useful guideline for railway owners regarding repair and 
strengthening of bridges started in the beginning of the Sustainable Bridges Project in the 
end of 2003. However, it was not an easy task to form all the ideas that came up on paper 
and both “bottom up” and “top down” approaches were discussed. In addition it was argued if 
the starting point should be from a durability or structural standpoint and how this easy could 
be expressed in a document useful for the railway owners. It was also discussed how all the 
work in WP6 could be used in a guideline. The present document accomplished, not only to 
compile the work on a guideline in WP6 but also allow for future upgrades.  

Furthermore, it was decided within the working group and with rail authorities that the guide-
line should focus on methods and systems that can consider to be new and at the same time 
do not affect the ongoing traffic. 

The work in D6.1 has been accomplished by the following partners: Swedish Geotechnical 
Institute (SGI), Sweden, Luleå University of Technology (Ltu), Sweden, Norut Teknologi AS, 
Norway, Chalmers University of Technology, Sweden, Sto Scandinavia AB (STO), Sweden, 
COWI – Denmark, Salford University (SAL) – United Kingdom, Banverket (BV), Sweden, City 
University, United Kingdom, Bundesanstalt für Materialforschung und – prufung (BAM), 
Germany, Rheinisch-Westfälische Technische Hochschule (RWTH), Germany, Swiss Fed 
Inst f Materials Testing and Research (EMPA), Switzerland and Skanska Sverige AB - Swe-
den. 

The responsible partners for the deliverable D6.1 has been Luleå University of Technology, 
COWI and Skanska AB. 

 

 

 

 

 

 

 

Luleå, November 2007 

 

Anders Carolin and Björn Täljsten 
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Summary 

Not all bridges need to be strengthened. More refined calculation models or following up 
through monitoring may show that strengthening is obsolete. Nevertheless, if it is found that 
strengthening is necessary then it would be advantageous if the owner, designer and con-
tractor are given guidance. This report presents a structured way to address strengthening 
needs and suitable strengthening systems connected to that need. 

The purpose with this report (guideline) is to give the railway owners (and also the designer 
and contractors) guidance for repair and strengthening of railway bridges. 

The proposed method of working with this guideline is new and innovative, taking the stand-
point in the bridge component that needs to be strengthened, i.e. flexure, shear etc. and from 
that level suggesting a strengthening method. The method itself is connected to what here 
has been denoted a graphical index. For each bridge type and/or structural element a sketch 
is presented and locations for different common strengthening problems are highlighted. To 
the problem, a method description and a case study are then connected which clearly ex-
plain how the strengthening problem can be solved. 

In the guideline focus has foremost been placed on new repair and strengthening methods 
that have been investigated in the work within work package 6 in the Sustainable Bridges 
project. However, an extended summary of commonly used strengthening methods for con-
crete, metallic and masonry arch bridges is also presented – but not to the same extend as 
for FRP bonding and external prestressing. 

It is suggested that the report is used as a living document and has also been written as 
such. That means that it should be easy and possible to upgrade the method of working with 
new strengthening methods and systems, it should also be possible to add for example de-
sign suggestions and more detailed work descriptions if needed. The method of working is 
very suitable to incorporate in a database which then easily could be upgraded over time. 
However, this has not been possible to accomplish within the current project. 

The guideline contains a main report showing the structure to follow. In the appendices are 
the method descriptions and cases studies appended. 
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1 Background 

1.1 General 
The purpose with this guideline is to assist the railway owners when deciding necessary 
strengthening measures for railway bridges of concrete, steel or masonry. In addition also 
possible strengthening measures for the subsoil are discussed. When a structure is 
strengthened, this is usually done in the ultimate limit state (ULS). However, many of the 
strengthening methods that are described in this document will also be applicable when 
measures are needed in the serviceability limit state (SLS), for example decreased crack 
sizes for concrete structures or increased stiffness for structural components. To compile all 
work from WP6 in a guideline, a new idea by using what we denote a “Graphical Index (GI)” 
is used. The GI takes the standpoint in a structure or a structural member. The reason for 
strengthening is highlighted in a figure and methods through a Method Description for each 
method to solve the problem are referred to. In addition to this, Case Studies are connected 
to the method when possible. It needs to be stressed that a purpose for the working group 
has been to create a live document that should be easy to upgrade and that it also should be 
possible to add new components to the guideline. A new component could for example be 
design guidance or specific guidance for complicated production issues.  

The guideline is divided into a Graphical Index document, Method Description documents 
and Case Study documents. Method descriptions give detailed description of the strengthen-
ing method referred to, equipment used, benefits and drawbacks and a cost estimate of the 
method. In the case studies different field applications of the method descriptions are pre-
sented.  

How the graphical index should be used is demonstrated in chapter 1.3. The method descrip-
tion and the case studies follow a template and it would be easy to add new methods or case 
studies to the guideline following these templates. However, when adding new strengthening 
methods it is suggested that an expert within that area is consulted. The intention is also that 
when a strengthening project is finished the Template Case Study, see Appendix D, shall be 
filled in and a new Case Study can be added to the guideline (database). In the guideline 
references also are made to other documents which for example could mean a code, a re-
search report or other useful documents that we recommend the reader to study. In the next 
section some useful definitions are explained. 

1.2 Aim 
One aim with the guideline has been to highlight strengthening methods that are environ-
mental friendly, not disturbing the ongoing traffic and at the same time being cost competi-
tive. A second aim has been to create a guideline easy to handle for the final users and pos-
sible to upgrade over time. 



Sustainable Bridges SB-STR 2007-11-30  9(61) 

    

 

1.3 Limitations 
The guideline has been limited to methods and strengthening systems known to the authors 
or developed within the project. Methods that can be considered traditional or methods that 
can be considered well known to the rail way owners have not been discussed in depth in the 
guideline. However, it would be quite easy to add additional methods in more detail if one so 
whish. 

Furthermore the reason for strengthening is only discussed briefly in this report, since the 
background for repair and strengthening often varies. 

1.4 Definitions 

1.4.1 General 

In general when speaking about repair and strengthening of structures the following defini-
tions are normally used: 

Maintenance: To keep a structure performance at its original level 

Repair: To upgrade a structure performance to its original level 

Upgrading: To increase the performance of a structure 

Performance is related to durability, load carrying capacity, aesthetics and the serviceability 
of a structure. Performance is often related to a minimum safety level. 

1.4.2 Bridge components – glossary of terms 

Bridge: A bridge is a structure spanning and providing passage over a river, chasm, traffic 
intersection area, fjord, inlet or other physically obstacles and with a span length equal or 
exceeding a certain distance. This distance is defined by national authorities and is usually in 
the range of 2-6 m (Brime Report). A bridge may also be divided into the superstructure, the 
substructure and the ground. These parts are shown in Figure 1.1. 

 

Figure 1.1: Principal parts of a bridge 

The superstructure carries the traffic loads together with its self weight to the substructure 
through the bearings. Examples of structural elements belonging to the superstructure can 
be slab, girder and deck. 

The substructure carries the load from the superstructure together with its self weight through 
the foundations to the supporting ground. Examples of structural elements which the sub-
structure is divided into are abutments, piers, columns, towers etc. 

Superstructure 

Substructure 

Ground 
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The ground in this context is that element which takes the loads from the foundation and the 
surrounding area. Examples of the elements which the ground is divided into are embank-
ment, in-situ soil, fill etc. 

In this report, “longitudinal” will be used for the direction parallel to the rail track and “trans-
verse” will be used for the direction transverse to the longitudinal direction either horizontally 
or vertical as appropriate in different situations. 

2 .Repair and strengthening of structures 

2.1 General overview 
To repair or strengthen existing structures is a complicated task. Mainly due to the fact that 
the conditions are already set and that there often can be complicated to decide the underly-
ing reason for the strengthening need. In addition to this strengthening is mostly carried out 
for improved load carrying capacity in the ultimate limit state but a structure is almost only 
loaded in the service limit state, which here also includes fatigue and durability limit states. 
This means that the strengthening needs and design must be based on theoretical assump-
tions that might be difficult to verify. Despite this, there is a quite good understanding how 
structures behave with different strengthening measures. In this section a general discussion 
regarding repair and strengthening philosophy is made, discussion the connection to safety. 

In Appendix A  to D a more detailed descriptions of traditional strengthening methods are 
presented. 

In Figure 2.1 the general complexity repairing or strengthening a structure is explained. First 
assume that we have a concrete structure in need of strengthening. Furthermore, in this sim-
plified example, we assume that we have a client that owns the structure, a consultant that 
provides the measures and a contractor that carries out the strengthening work. Codes and 
standards must be followed, and in some cases universities of testing institutes take and test 
material samples from the structure. 

 

Figure 2.1: Complexity when repairing or strengthening a structure 

The type of structure, and the building component, that going to be strengthen must be con-
sidered. Is it a bridge? A column, a beam etc. Different component and different structures 
need different measures. 
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To consider the original design is always important, in particular for older structures that used 
other guidelines and codes than today. The original design form the base in the strengthen-
ing need and here also all existing documentation and history for the structure should be 
considered when applicable. The next step is to consider the material in the structure and the 
material that are added after strengthening. Is the old and new material compatible or not? 
For example must composite action be obtained to transfer the forces from the structure to 
the strengthening? Preferably we should be able to choose between different repair and 
strengthening methods and hence choose the most suitable one for the structure or compo-
nent studied. Important is also to consider environmental issues, are we using the most pos-
sible environmental friendly products? Furthermore, the aesthetics and life cycle aspects 
must also be considered. Do we obtain a better appearance after strengthening and most 
important do we prolong the life and performance of the structure. Wrong choice of method 
might decrease the life. 

For all method the cost must be considered and the cost should take in consideration the 
desired function and the remaining expected life of the structure.  

In complicated cases tests may be needed and systems to follow up the strengthening struc-
ture over time introduced. Often these programs can be a combination of measurements and 
physical inspections, where the physical inspections are carried out more often the first years 
after completion. 

Most complicated is always to decided the condition of the existing structure. However, for 
complicated cases it is very important that a proper assessment is carried out. This assess-
ment should be a combination of testing, site investigations and theoretical calculations, see 
also the work by WP3 and WP4 in this project. 

As earlier mentioned, all structure need a minimum level of performance to function as in-
tended. However, all structures deteriorate over time. The deterioration process can in its 
simplest way be explained by the curve in Figure 2.2. When the structure is built it has its 
original performance or safety. Aster some time we have reach the actual performance at 
level A, the deterioration process continues and at B we have reach the lowest acceptable 
performance or safety level. If no measures are taken at this point the structure or compo-
nent has reached its end of life and need replacement. 

 

Figure 2.2: Philosophy regarding deterioration of structures 
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However, if we instead upgrade the structure at time B we reach a new performance or 
safety level, see Figure 2.3 C. The deterioration process will continue and new upgrading are 
often needed. Also upgraded structures will eventually reach their end of life and need re-
placement, this is illustrated by the point D in Figure 2.3. 

 

Figure 2.3: Upgrading of performance or/and safety 

Thus, it is important to choose the most suitable method when a structure or component is 
going to be upgraded. Which method that is most suitable will vary from object to object. If 
upgrading in general is discussed and in particular for concrete structures the principles for 
upgrading is shown in Table 2.1. 

Table 2.1 General upgrading methods 

  
Refined calculations Increased cross section 

 
 

Change of static system External prestressing 

 

 

External bonding with FRP  
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Often most economical is to carry out what can be denoted a refined calculation where more 
detailed calculation tools are used, for example FE-analysis and considerations to real mate-
rial data and structural dimensions are taken. However, other methods to upgrade a structure 
might be increased cross section, which is a common method for concrete structures but can 
also be used for steel structures by welding additional steel parts to the structural member. 
Sometimes it might be possible to change the static system for the structure, transfer the 
loads into other parts that then can take up the new loading. For concrete structure, but also 
for metallic structure, external prestressing can be a suitable method to increase the load 
carrying capacity. Here a axial, positive or negative, load is introduced to the structure by 
prestressing. Building components can also be upgraded by external bonding of composite 
materials. Concrete as well as metallic, masonry and timber have been strengthening by this 
method. The method is considered relatively new in the building industry even though it has 
been used during the last decade quite frequently. 

This method is also the focus in the work presented by WP6. Primarily since it was found that 
the knowledge and experience about traditional methods are high, but also due to the reason 
that the knowledge and experience regarding FRP strengthening of railway bridges is small. 

Nevertheless, to be able to choose the most suitable strengthening method for a railway 
bridge a clear structure should be followed. It was fund that a structured approach for 
strengthening applications was missing. Therefore, a large amount of work in WP6 was 
placed on developing a structured methodology for strengthening of existing railway bridges. 
This structure has been denoted “Graphical Index”. This is discussed thoroughly in the com-
ing chapters in this report. To the graphical index, Method Descriptions and Cases Studies 
are connected. 

However, it also need to be mentioned that the approach is a living document and its value 
for the railway owners is very much dependent on the information that is put in. 

 

In the next chapter a short example how to use the graphical index is presented. 
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3 Example how to use graphical index 

In this section a brief description how to use the graphical index is given. Assume that we 
have a concrete bridge as in Figure 3.1. The bridge consists of a superstructure built up by 
three reinforced concrete T-beams placed adjacent, which carries the track including ballast. 
During ordinary inspection aligned cracks have been found in the web of one of the girders 
close to the supports. It is then assumed that these cracks lead to the need of strengthening. 
The guideline is then used for finding a strengthening method in the following way: 

First, it is clear the bridge is built from Reinforced concrete. The bridge is of the same type as 
the beam bridge presented in Figure 4.1. By studying the figure and corresponding tables for 
marked codes, the letter “C” is found as the code for the problem. 

  

Figure 3.1: Concrete T-girder bridge 

Table 4.3, reproduced in Figure 3.2, gives the definition for code C. The found inclined 
cracks indicate deficient shear bearing capacity. The concrete has not crushed. Hence, addi-
tional shear bearing capacity might be achieved with additional reinforcement. Table 2.3 
gives a variety of possible strengthening methods. Depending on experience, skill and 
knowledge each of the methods is further studied. Here refers then to the Method Descrip-
tion (MD), see Figure 4.1 for the different methods. Most suitable method should be chosen. 

 

Figure 3.2: Code and different strengthening systems 
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Method Description Case Study Case Study cont. 

Figure 3.3: Method Description and Case Study   

In this particular case, when the methods have been studied, it was found that “External 
CFRP Sheet, MD002” and “MBC, MD003” will be the possible solutions. However, when also 
the case studies were studied it was found that a similar problem have been solved by exter-
nal CFRP Sheets and according to case study, “CS002, External CFRP Sheet”. Finally this 
method was found to be the most preferable strengthening method in this case. 

The next step from here is to follow the procedures for design and production planning. How 
this can be done is not presented in this guideline, but can be found in national codes and in 
delivery D6.4. After the project is conducted it is strongly recommended that the template for 
“Case Study” is filled in and saved as a new case study for experience and future use. 
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4 Graphical index 

4.1 Introduction 
This section serves as a help to graphically navigate in the wide selection of repair and 
strengthening methods covered by Sustainable Bridges, work package 6 – repair and 
strengthening. The most common bridge types are listed and sorted into three categories; 
reinforced concrete bridges, metallic bridges and masonry arch bridges. Each category is 
then further divided into types, i.e. beams, truss, box girder, arches, and so on as applicable 
for each category of bridges. However, not all bridges will be covered by this approach so 
typical structural elements such as beams, slabs and columns etc are also presented. For 
composite bridges, e.g. concrete slab on steel girders, guidance from both reinforced con-
crete and steel bridges may be applicable. For each bridge type and structural element, a 
sketch is presented in figures. Locations for common problems are marked with a letter and 
in connection to the sketch explanations for each letter are given, i.e. in supporting tables. 
Explanations include; summary of problem description, and references to further information 
within the report, possible solution and best practise. In addition to bridges, repair and 
strengthening needs and possible methods to solve this are also given for the sub soil and 
foundations.  

4.2 Reinforced Concrete Bridges 

4.2.1 General 

Relatively many concrete structures have reserve in compression capacity and the amount of 
existing steel reinforcement limits the load carrying capacity. In cases when compressive 
strength limits the capacity, it is not possible to give general suggestions for improvement. In 
this section possible strengthening need will be given for; girder, trough, box and arch 
bridges.  

4.2.2 Bridges with T-Beams 

In a beam bridge, the beams constitute the main carrying structural element. They have to 
carry the loads from the traffic and the weight of the bridge deck as well as its self weight and 
transfer the vertical and horizontal forces down to the substructure of the bridge. The beam 
bridge type of structure includes in situ casting and prefabricated beams and girders. The 
concrete beam bridge is constructed of two or more beams. The beams may be of T-section, 
rectangular or in other shapes. In Figure 4.1 a beam bridge is shown with possible load car-
rying limitations marked.  
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Figure 4.1: Beam Bridge  

4.2.3 Trough Bridge 

The trough bridge, shown if Figure 2.2, can be found in numerous alternative designs. Typi-
cal is that two main girders, sometimes with a small flange at top, are connected with a slab 
at the lower part forming a trough. The trough is normally filled with ballast with one or two 
railway tracks at the same level as the upper part of the girders. The main girders can be in 
different size and shape with aligned or vertical sides. Bridges are often skewed. 

B 

A 

A 

D 

C 
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Figure 4.2: Reinforced concrete trough bridge  

4.2.4 Box Girder Bridge 

Box girder is so named because of their appearance since they look like a box. Compared to 
normal beams the bridge deck of a box girder is identical to the top flange, the walls form the 
web and the bottom plate is similar to the bottom flange. The box girder bridge, shown in 
Figure 2.3, is often used for spans in the longer region. In such cases, the bridge carries a 
high amount of dead-load. Box girder bridges are often post tensioned and carry normal two 
railway lines or more. 

B 

D 

C 
A 

A 

A 
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Figure 4.2 Reinforced concrete box girder bridge  

4.2.5 Concrete arch bridge 

The type of structure termed arch includes open and closed spandrel arch bridges as well as 
earth filled arch bridges. The bridge deck can be either above, between or underneath the 
arches. The concrete arch shown in Figure 4.3 can be found in several designs. Most arches 
are designed to carry compressive forces. However the arches often contain steel reinforce-
ment and with the desired loads of today, bending and tensile strains may be introduced in 
the arch. This means that arches once designed primarily for compressive forces, may have 
sufficient shear or flexural capacity.  

 

A 
D 

A 

A C 
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Figure 4.3: Concrete arch bridge 

4.2.6 Concrete structural components 

There exist other bridges of reinforced concrete as well, not presented in this report. Instead 
of aiming to present all possible concrete bridges, structural components used in bridges will 
be presented. Figure 4.4  shows a concrete column subjected to high compressive forces.  

      

Figure 4.4: Concrete column and supported slab 

Figure 4.5 shows a concrete beam that can be loaded in any direction. However, most com-
mon for beam elements is that the element is loaded in a combination of shear and flexure.  
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A 
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Figure 4.5 Typical concrete beam (the web must be thicker) 

 

Slabs, Figure 4.6, may be supported in several ways. I.e., slabs may have supports along 
edges as when fixed between two beams or in a point as when placed above a column.  

 

    

Figure 4.6: Concrete slab  

 

4.3 Deficiencies in Concrete Beams and Structural Components 
For the above shown concrete bridges and concrete structural components letters showing 
possible deficiencies have been added to the figures. These letters denotes different types of 
codes related to typical problems that can result in strengthening measures. In Table 2.1, for 
example, typical flexural cracks and methods how to take care of that specific problem is 
suggested and in Table 2.2 methods to strengthen structures with flexural cracking in regions 
that can not be directly accessed is suggested. 

Table 4.1 Reinforced concrete, code A 

Problem Deficient flexural bearing capacity. Cracks starting at the bottom or top of the 
beam, propagating towards neutral layer, may be an indication that the member 
needs strengthening in flexure. Calculations could also show the need for 
strengthening.  

Strengthening method Method 
Description 

Case 
Study 

Other 
references 

External CFRP Plate MD001 CS001 D6.2, D6.4 
External CFRP Sheet MD002 CS002 D6.2, D6.4 
MBC MD003  D6.2 
NSMR MD004 CS004 D6.2, D6.4 
External prestressing, longitudinal MD005 CS005 D6.2 
Increased reinforced cross section   D6.2 

 

C 

A 

A D 
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Table 4.2 Reinforced concrete, code B 

Problem Deficient flexural bearing capacity in regions which cannot be directly accessed. 
The structural problem is similar to other flexural deficiencies but the number of 
solutions is limited.  

Strengthening method Method 
Description 

Case 
Study 

Other 
references 

External prestressing MD005 CS005 D6.2 
Internal steel/CFRP stays    

 

In Table 2.3 possible measures to strengthening concrete structures for shear are given. 

Table 4.3 Reinforced concrete, code C 

Problem Deficient shear bearing capacity of beam-like structural elements. The problem 
may be addressed by calculations or inclined cracks in middle of the beams 
height, close to support or where amount of shear reinforcement changes. . 

Strengthening method Method 
Description 

Case 
Study 

Other 
references 

External CFRP Plate MD001 CS001 D6.2, D6.4 
External CFRP Sheet MD002 CS002 D6.2, D6.4 
MBC MD003  D6.2 
NSMR MD004  D6.2, D6.4 
External prestressing, longitudinal MD005 CS005 D6.2 
External prestressing, transverse MD005  D6.2 
New stirrups and concrete casting*    
Internal steel/CFRP stays*    
Stiching*    
Fibre reinforced shotcrete    

* The method exists, even though not further studied within the project.  

 

Table 4.4 Reinforced concrete, code D 

Problem Deficient shear bearing capacity of slab-like structural elements. Problems with 
low shear bearing capacity of slabs are likely near supports, i.e. at connections 
to other structural members such as beams or columns.  

Strengthening method Method 
Description 

Case 
Study 

Other 
references 

Internal steel/CFRP stirrups*    
Internal prestressing MD005  D6.2 
External prestressing MD005 CS005 D6.2 
Increase of load transfer area*    

* The method exists, even though not further studied within the project.  

 

Table 4.5 Reinforced concrete, code E 

Problem Deficient compression bearing capacity in a column. In addition to high com-
pressive forces, columns are also likely to be subjected to bending and shear 
forces. Strengthening methods for bending and shear are presented for  
code A – D.  

Strengthening method Method 
Description 

Case 
Study 

Other 
references 

External CFRP MD002  D6.2, D6.4 
Steel jacket    
Increased reinforced cross section    
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4.4 Metallic Bridges 

4.4.1 General 

Metallic bridges can be made of cast iron, wrought iron, steel, stainless steel or aluminium. 
They can have several different designs such as girder, truss and box girder bridges. In addi-
tion to this, metallic bridges can be found in almost any design with different material quali-
ties for different structural members within the same structure.  

4.4.2 Metallic Truss Bridge 

The superstructure of a truss bridge commonly consists of two vertical trusses on each side 
of the track. Track can also be located above truss beams. These trusses are the primary 
structural elements of the bridge and they consist of many members, such as top and bottom 
elements, diagonal and vertical struts, and end struts. These members form the truss and  
are mainly subjected to tensile or compressive forces. Horizontal stability is given by a hori-
zontal truss at the top or bottom of the bridge. The horizontal truss gives bearing capacity for 
horizontal loads from wind and horizontal accelerations of the train. All truss members are 
mutually connected by bolts or rivets. 

The truss walls have the same function in a truss bridge as a beam in a beam bridge. The 
top and bottom members of a truss are similar to the top and bottom flange of a beam, and 
the end, vertical and diagonal struts are similar to the web of the beam. A schematic truss 
bridge is shown in Figure 4.7. This bridge type is often used for bridges that are built before 
1950-ties and can be found for medium spans.  

  

Figure 4.7 Metallic truss bridge 
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4.4.3 Metallic box girder bridge 

Metallic box girders normally have a deck of concrete, and are then called composite bridges 
which are discussed later on, but entirely steel box girder do also exists. Figure 2.9 shows a 
box girder steel bridge.  

 

Figure 4.8 Metallic box girder bridge  

4.4.4 Metallic structural components 

The most common metallic bridges are made of different compilation of welded, riveted or 
bolted beams. In Figure 4.9 a welded beam profile and a riveted beam are shown. Beams 
can be loaded in any way. However, a combination of shear and flexural loading dominates.  

  

Figure 4.9: Welded and riveted metallic beam element   
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Figure 4.10: Welded and riveted metallic beam element   

 

Table 4.6 Metallic structures, code F, 

Problem Deficient global bearing capacity or stiffness. Deficient tension capacity in struc-
tural elements and joints. 

Strengthening method Method 
Description 

Case 
Study 

Other 
references 

External prestressing, longitudinal MD103  D6.2 

 

Table 4.7 Metallic structures, code G 

Problem Deficient compression bearing capacity of beam-like elements. Relatively many 
structures are slender and have reserve in compression capacity hence global 
buckling limits the capacity.   

Strengthening method Method 
Description 

Case 
Study 

Other 
references 

External CFRP Plate MD101 CS101 D6.2, D6.4 
External CFRP Sheet MD102  D6.2, D6.4 
Increase of cross section    
Change of structure, i.e. buckling length    

 

Table 4.8 Metallic structures, code H 

Problem Deficient bearing capacity of joints including rivets. Cross-sections are often 
changed in joints causing stress concentration which may lead to fatigue prob-
lems.  

Strengthening technique Method 
Description 

Case 
Study 

Other 
references 

External prestressing, longitudinal tendons MD103 CS03 D6.2 
External prestressing, prestressed CFRP plate MD104   
Replace of components, rivet, bolt, plate    
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Table 4.9 Metallic structures, code J 

Problem Deficient shear bearing or buckling capacity of webs or flanges. 

Strengthening technique Method 
Description 

Case 
Study 

Other 
references 

Longitudinal stiffeners    
Transverse stiffeners    
External CFRP MD101 CS101 D6.2, D6.4 

 

Table 4.10 Metallic structures, code K 

Problem In conjunction to welds cross-sections are changed in joints causing stress con-
centration which may lead to fatigue problems whith possible cracks.  

Strengthening technique Method 
Description 

Case 
Study 

Other 
references 

Weld cracks    
Drilling stop holes    
External prestressing MD103  D6.2 
External CFRP MD01  D6.2, D6.4 

 

Table 4.11 Metallic structures, code L 

Problem Deficient flexural load bearing capacity often addressed by calculations. Insuffi-
cient stiffness can be also be solved by strengthening. 

Strengthening technique Method 
Description 

Case 
Study 

Other 
references 

External prestressing  MD103 CS03 D6.2 
External CFRP  MD101 CS101 D6.2, D6.4 

 

4.5 Masonry Bridges  
It is vital from the outset that a holistic approach is taken to the assessment and re-
pair/strengthening of masonry arch bridges. To change the nature and/or stiffness of one 
element of the bridge may only result in re-distribution of stress causing the overstressing of 
another element. 

Masonry arch bridges are usually defined by the material from which it is constructed, the 
shape of the arch, number of spans and its orientation; for example, a stone, segmental,  3-
span, skewed masonry arch bridge. 

There are three levels at which work is undertaken on such bridges: 

• routine maintenance, e.g. repointing, which is often preventative in nature 
• repair, e.g. replacement of defective masonry, which is corrective in nature 
• strengthening, e.g. where an enhanced load carrying capacity is required, which is 

intended to provide improvement. 
 

In all cases the bridge may have multiple defects of various degrees of severity, and it may 
be advantageous to coordinate such works so that problems are tackled together, minimising 
disruption to the normal service of the bridge. 

Since most masonry arch bridges will be expected to remain in service for some consider-
able periods of time in the future, it is important not to carry out works that might compromise 
their inherent durability, e.g. increase the working stress regime in the masonry thus poten-
tially reducing its fatigue life. 
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The most common defects in these bridges are: 

• deteriorating masonry (particularly spalling and loss of mortar) 
• spandrel wall movements (bulging and/or detachment from the barrel) 
• cracking and deformation of the arch barrel 
• movement of piers and/or abutments 

• separation between brick rings in multi-ring arch barrels (delamination) 
• parapet damage 
 

Masonry bridges, Figure 4.11, can be found in a large variety of designs. The arch may have 
different number of rings and different formations.  

M, N
Q

S

P

Q

P

S

M, N, O

R

 

Figure 4.11: Masonry bridge 

For the problem areas identified in Figure 4.11 possible solution are given in Table 4.12 to 
Table 4.18. 

Table 4.12 Masonry bridge, code M 

Problem Deteriorating masonry.  

Repair/Strengthening technique Method 
Description 

Case 
Study 

Other 
references 

Repointing   D6.2.8 
Arch grouting   D6.2.8 
Patch repairs   D6.2.8 
Waterproofing and drainage   D6.2.8 

 

Table 4.13  Masonry bridge, code N 

Problem Inadequate overall load carrying capacity of arch barrel  

Repair/Strengthening technique Method 
Description 

Case 
Study 

Other 
references 

Arch distortion remedial works   D6.2.8 
Backfill replacement/reinforcement   D6.2.8 
Concrete saddle strengthening  CS201 D6.2.8 
Prefabricated liners   D6.2.8 
Relieving slabs   D6.2.8 
Retro-reinforcement   D6.2.8 
Sprayed concrete lining   D6.2.8 
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Table 4.14 Masonry bridge, code O 

Problem Separation between rings in multi-ring arch barrels (delamination) 

Repair/Strengthening technique Method 
Description 

Case 
Study 

Other 
references 

Arch grouting   D6.2.8 
Patch repairs   D6.2.8 
Through ring stitching   D6.2.8 

 

Table 4.15  Masonry bridge, code P 

Problem Movement of piers and abutments 

Repair/Strengthening technique Method 
Description 

Case 
Study 

Other 
references 

Underpinning   D6.2.8 
Patch repairs   D6.2.8 

 

Table 4.16 Masonry bridge, code Q 

Problem Spandrel wall movement 

Repair/Strengthening technique Method 
Description 

Case 
Study 

Other 
references 

Backfill replacement/reinforcement   D6.2.8 
Spandrel strengthening ‘Stratford’ method   D6.2.8 

 

Table 4.17 Masonry bridge, code R 

Problem Weak fill 

Repair/Strengthening technique Method 
Description 

Case 
Study 

Other 
references 

Backfill replacement/reinforcement   D6.2.8 
Grout fill if suitable   D6.2.8 

 

Table 4.18 Masonry bridge, code S 

Problem Parapet damage 

Repair/Strengthening technique Method 
Description 

Case 
Study 

Other 
references 

Patch repairs   D6.2.8 
Parapet upgrading   D6.2.8 
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4.6 Sub soil and foundations 
Location of subsoil and example of foundation are given in Figure 4.11.  

 

Figure 4.11 Subsoil and foundation at arbitrary bridge  

The subsoil conditions in the transition zones at the bridge abutments govern the applicable 
strengthening method. Low stability of embankment in transition zones might be a problem, 
see Figure 4.12.  

 

Subballast

Fill

Ballast

Subsoil
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Figure 4.12 Principle for the analysis of stability of embankment in transition zones  

Depending on the subsoil conditions the foundation of bridge abutments and piers can be a 
shallow foundation or a deep foundation. At subsoil with high bearing capacity shallow foun-
dation is normally used. At soil subsoil with poor bearing capacity deep foundations is used. 
The principle zones of improvement at shallow and deep foundation of the bridge abutments 
are shown in Figure 4.13 and Figure 4.14 respectively. 

O. Subsoil 

P. Foundation 
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Figure 4.13 Principle sketch of zone of improvement at shallow foundation of bridge abutment  

 

 

 

Figure 4.14 Principle sketch of zone of improvement at deep foundation of bridge abutment  

In the Method Descriptions the applicable soils, advantages/disadvantages, stan-
dard/guidelines etc. for the different methods are given. In Table 4.19, possible strengthening 
methods for sub soil are given.  

Table 4.19 Sub soil, code O 

Problem Settlements in subsoil layer or low stability of railway embankment with respect 
to the subsoil layer. 

Strengthening method Method 
Description 

Case 
Study 

Other 
references 

Deep Mixing MD301  D6.2 
Jet Grouting  MD302  D6.2 
Sheet Pile Walls/Stabilising Berms  MD303 CS303 D6.2 
Compaction Grouting  MD304  D6.2 
Embankment Piling MD305  D6.2 
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In Table 4.20, possible strengthening methods for foundation are given.    . 

Table 4.20 Foundation, code P 

Problem Low bearing capacity of the foundation of bridge.    

Strengthening method Method 
Description 

Case 
Study 

Other 
references 

Jet Grouting MD306  D6.2 
Compaction Grouting  MD307  D6.2 
Shaft Grouting and Base Grouting MD308  D6.2 

 

4.7 Comments 
Presented approach covers most situations and bridges. There will, however, always be 
special cases that are not fully applicable nor covered by the bridges or bridge structural 
elements included in the guideline. Some problems that one may consider having connection 
to strengthening are discussed in the following. 

For composite bridges, typically a concrete slab on metallic girders, the separate structural 
elements can in most cases be treated separately with the correct loading with respect to 
sections above. However, the joints between slab and girder may also be critical. It is possi-
ble to improve the composite action between different materials. These methods are not fur-
ther described in this guideline because problems with these bridges are quite rare and there 
is only a limited amount of research undertaken in this field.  

Structural bridge details, such as bearings, are not covered by this report since they are 
normally replaced instead of strengthened.  

In case of hinges with unsatisfactory capacity or performance, they can be replaced for im-
proved capacity or performance or eliminated by strengthening measures after thoroughly 
investigation of the whole structural system. These measures are not covered by this guide-
line. 
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5 Method descriptions 

5.1 General 
The strengthening methods studied by the project are presented in this chapter in a table 
format with one table for each method. Each method is named MD followed by a number #. 
The date when the method description was made is stated. Each table comprises a number 
of sections. In 3.1.1 – 3.1.14 the content of the different sections are described.  

5.1.1 Objectives 

Each method described can be used for different reasons. In this section it is stated for what 
purposes the strengthening method can be used. In the objectives section one or several of 
the appropriate boxes are marked. A structure can be repaired up to its original performance 
level or be in need of upgrading. Normally, repair or strengthening measures are applied in 
the ultimate limit state. A structure can also be taken care of due to serviceability or comfort, 
e.g. mean deflections or vibrations. Structural safety is included in structural repair and up-
grading. In the section for objectives, Safety is related to redundancy or improvement of duc-
tility.  

Objectives: 

Type of rehabilitation 

[Check appropriate Box(es)] 

 Structural Repair   Structural Upgrading   Safety and Comfort 

 

5.1.2 Field of application 

The types of structures where the method can be applied are ticked off and additionally what 
problem or problems the method is suitable for are described. 

[Tick appropriate box] [For what problem is the method suitable, see graphical index] Field of application 

 Concrete 

 Metal 

 Masonry 

 Subsoil 

 Foundation 

 

 

 

 

 

5.1.3 General description 

In the general description the basic function of the method is given, i.e if it releases stresses, 
increase load capacity etc. 

General description 

 

[General description of the rehabilitation method] 
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5.1.4 Work description 

In the work description a detailed methodology how to install the strengthening systems is 
given and in particular if there are any critical moments in the execution of the work 

Work description: 

 

[Work description of the rehabilitation method] 

 

5.1.5 Traffic regulations 

For the railway owners it is important to stress if there are any special traffic regulations that 
needs to be followed when the strengthening work is carried out. This can also be specific to 
the strengthening object itself, but that is then given in the case-study not in the general de-
scription for the strengthening method. 

Traffic regulations 

 

[Are special traffic management needed, if so, what?] 

5.1.6 Prerequisites 

Are there any specific prerequisites that limit the method? For example concrete quality or 
space for installation. 

Prerequisites [What factors limit the method?] 

 

5.1.7 Environmental considerations 

The environmental considerations can be both of aesthetic value or considerations from used 
material or equipment that negatively affect the surroundings. 

Environmental 
considerations 

[What special environmental impact must be considered, i.e. aesthetics, contaminants etc.] 

 

5.1.8 Costs: construction, traffic, maintenance 

An estimate for the construction, traffic management and maintenance should always be 
done. This is carried out in a qualitative way where comparisons are made to other methods 
suitable for the problem. For example CFRP strengthening compared to prestressing etc. 

[Estimate the cost levels for the method] Costs 

Construction  

Traffic management 

Maintenance  

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 
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5.1.9 Equipment and materials 

Give equipment needed for successful installation of the system. In particular special equip-
ment needed, for example prestressing cylinders for tendons or heating device for CFRP 
bonding at cold temperatures etc. 

Equipment and 
materials 

[Required technology ] 

 

5.1.10 Codes and standards 

If any code or standard exists that the method can be referred to this should be stated here, 
see also appendix E. 

Codes and standards [Can existing codes and standards be used, or is there a  need of new guidelines] 

 

5.1.11 Pros and cons 

In order to make it easier for the final user to choose correct strengthening method, the ad-
vantages (Pros) and disadvantages (Cons) for the method are given. 

Pros and cons [Important advantages and disadvantages] 

Pros: 

 

Cons: 

 

5.1.12 Alternative methods 

What alternative methods exist? If there are methods that are given in the graphical index a 
GI number should be referred to. 

Alternative methods [Alternative methods to be considered in the design stage] 

 

5.1.13 Comments 

If there is any additional information that can be useful for the railway owner it should be 
given here. For example if there are any prescriptions in local codes etc. 

Comments [Additional information related to the system] 
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5.1.14 Sketches and Photos 

Sketches and Photos are essential for understanding the method. Both plans and details 
should be given that clarify the strengthening method. 

Sketches [Illustration to support the description of the method on general basis] 

  

Photos [Photos to support the description of the method on general basis] 
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6 Case Studies 

6.1 General 
When a strengthening method is used in a field application, question may arise and must be 
solved. The presented Case Studies (CS) are compiled from already undertaken project and 
important experiences and useful knowledge related to previous described methods are pre-
sented when applicable. The format is similar to the one for the method descriptions but in 
the Case Studies, object specific information is given for a case that has been undertaken. 
Each case study is given a name starting with CS and followed by a number #, i.e. CS#. The 
date when the case study was written is given together with the name of the strengthening 
method that the strengthening refers to. 

6.1.1 Project definition 

The project is defined by the name of the bridge and location including name of area and 
country.  

Project definition 

 

[Actual project, name and location] 

6.1.2 Structural elements to be rehabilitated 

The type of bridge, spans and other general information is given here in addition to strength-
ening needs, flexure, shear etc. 

Structural elements 
to be rehabilitated 

 

[Short description of the structure to be rehabilitated] 

6.1.3 Main objectives 

The main objective with the strengthening shall be stated, for example how much strengthen-
ing that was applied and where. 

Main objectives 

 

[The main objectives of the rehabilitation project?] 

6.1.4 Rehabilitation works 

A detailed description of the rehabilitation works should be given  How the work was carried 
out, what materials and systems that were used and preferable how long time the work took 
and to what cost (estimated) 

Rehabilitation works [Main properties related to the rehabilitation works design] 
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6.1.5 Traffic management 

Was there any traffic management needed and if so how was that carried out. Where there 
any specific advantages with the strengthening method that positively affected the traffic 
management? 

Traffic management [Actual traffic management provided as necessary] 

 

6.1.6 Standard and codes 

Where there any specific standard and codes used in the design or other strengthening 
works? 

Standards and codes [Standards and codes used in design] 

 

6.1.7 Relevant alternatives 

Was any strengthening alternatives discussed and if so what was the reason that the actual 
strengthening method was chosen? 

Relevant alternatives [Alternatives considered in the design stage] 

 

6.1.8 Comments 

The comments to the actual strengthening project are very important. Here information that 
are not earlier given should be given and commented, for example if there was any weather 
problems, if there were any other works that affected the strengthening work etc. 

Comments 

 

[Further description related to the use of the method in the actual project] 

6.1.9 Drawings 

Add appropriate drawings. 

Drawings 

 

[Give examples of project drawings or part of drawing] 

6.1.10 Photos 

Add appropriated photos 

Photos 

 

[Give examples of project photos] 
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6.1.11 Construction period 

The time when the construction phase of the strengthening took place is given by starting 
year and month and finishing year and month.  

Construction period Start: YYYY-MM End: YYYY-MM 

6.1.12 Client, Designer and contractor 

Name, address, phone, and if possibly email to client, designer(s) and contractor(s) is given 
so further information is possible to obtain.  

Client [Give name and address to Client] 

 

Designer [Give name and address to Designer] 

 

Contractor [Give name and address to Contractor] 

 

 

7 Application of the guideline 

The presented document should be seen as a live document with possibilities to add Method 
Descriptions and Case Studies. It is suggested that the structure of this report shall be 
adopted for an electronically version with links to Method Descriptions, Case Studied and 
other documents. Such a data base can easily be updated with new experiences and Case 
Studies.  
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Appendix A – Strengthening of concrete structures 

Traditional concrete improvement methods 
General 

There exist several traditional methods for strengthening of concrete structures. For streng-
thening of railway bridges the following strengthening methods have been identified as tradi-
tional methods, and will be described in this appendix: 

• Increased cross-section  

• Post-tensioning and clamping 

• Stitching 

• Insertion of additional reinforcement  

• Injection 

In addition to these methods there are some alternatives that sometimes are referred to as 
strengthening methods. For many concrete bridges, definitely not all, the concrete compres-
sive strength has improved over time, i.e. the capacity is sometimes better for an old struc-
ture compared to when it was newly built. This phenomenon is understood but cannot be 
significantly affected and not be used as a strengthening measure. Concrete bridges may, as 
most other structures, be improved by insertion of extra members. Insertion of extra mem-
bers rather changes the structure than strengthen it and is therefore not considered to be a 
strengthening method.  

Increased cross-section  

Increased cross-section may improve the capacity of a concrete structure itself but are com-
monly used together by installation of additional reinforcement. In such cases, the added 
concrete transfers the forces between the new reinforcement and the concrete structure. The 
concrete layer also serves as protection for the reinforcement. The concrete can be placed 
on the member with formwork or by shotcrete. The reinforcement can be in form of bars or 
nets of steel, stainless steel or fiber reinforced polymers. The added concrete can also be 
reinforced by fibers that serve as reinforcement alone or together with traditional reinforce-
ment. The first mode of action is to remove poor or chlorine affected concrete and if neces-
sary take care of deteriorated reinforcement. After this step, the additional reinforcement can 
be placed. During installation of additional reinforcement it might be necessary to locally 
weaken the original structure as shown in Figure where stirrups have been anchored in the 
flange of a T-girder. Finally, the new cross-section and the new concrete cover are built up.  

Grout /shotcrete
Existing beam

New stirrup

Locally removed  
concrete and filled 
with grout

 

Figure A.1: Cross-section of a strengthened beam 
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In some cases the strengthening system is designed to carry the loads itself and the old con-
crete will serve more as formwork or extra safety against failure. This cannot be done without 
thoroughly analysis because the ductility can be dramatically changed. This strengthening 
method does have a number of drawbacks. By adding material to the structure the dead 
weight of the structure is increased with change of natural frequency as a consequence. 
There are uncertainties about the bond between the old concrete and the new concrete. With 
temperatures due to hydration of cement and shrinkage in combination with restraint from the 
old concrete, cracks can arise in the new concrete. It has been found that loads during the 
work can have negative effects on the strengthening effectiveness. The method is rather 
costly and involves large amount of material transportation. The advantages with the method 
are that the materials used are well known and there exists a widespread knowledge how to 
do this kind of work. 

Post-tensioning and Clamping  

When concrete structures have a reserve compressive capacity, post-tensioning may be a 
suitable candidate for strengthening. For the tendons to post-tension, both steel and carbon 
fiber composites can be used. Post-tensioning with longitudinal strands, i.e. flexural streng-
thening, also increases the shear bearing capacity of a beam by changing the stress and 
strain situations. Post-tensioning may also be applied in the transverse direction to directly 
improve the shear bearing capacity. This contribution is considered in some codes by adding 
a term to the total shear capacity. Post-tensioning has been used quite extensively for 
strengthening of structures in flexure, especially for structures post tensioned from the be-
ginning. When adding post-tensioning cables to a structure it is often necessary to make ar-
rangements for anchoring the cables. These arrangements will alter the structure and rather 
high secondary moments are introduced and needs to be analyzed. One important consid-
eration is to prevent corrosion on the new strands. Also, to ensure quality and to prevent 
damaging of the structure the work needs to be done by skilled workers. The advantage of 
this method is that the post tensioning can be a fast procedure with only small interruptions in 
the traffic and that there exists methods for quality assurance. The prestressed tendons can 
be placed externally or internally in drilled holes, see Figure, which shows an example of 
shear strengthening.  

Box Beam

Internal

External

 

Figure A.2: Inserted and prestressed reinforcement 

For all techniques of post tensioning the tension forces must be transferred into the concrete. 
This can be done over the whole length, at the end of the strands, or a combination thereof. 
The high transferring forces must be considered and securely anchored. Sometimes it is ne-
cessary to cast anchorage blocks and diaphragms for the tendons. Those blocks can be 
quite big and sometimes problematic to make because of limited space. When the work with 
the anchorage arrangement is done the tensioning work starts. The strands are prestressed 
with hydraulic jacks and then anchored in place. When the anchorage is effective the jacks 
are released and the strengthening is complete.  
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An alternative of post tensioning in transverse direction is called clamping. In this case bolts 
on the beam sides anchored with nuts and plates on top and bottom of the member are used 
to form a shear reinforcement that clamps the beam, see Figure. The method is mostly used 
without pretensioning of a hydraulic jack. The bolts will instead be prestressed from tighten-
ing of the nuts.  

Bolts

 

Figure A.3: Clamping around the beam and on three sides. 

Stitching 

A crack in concrete can be sewed together to be able to transfer tension forces, see Figure. 
The stitches are made of hooked steel bars placed preferably perpendicular to the crack. The 
stitches are normally anchored rather close to the crack. This means that the tensile forces 
will be moved to the end of the stitch and if all stitches are anchored along one line it can 
give a new crack. The stitches should instead be placed at different angles and in different 
lengths to provide anchorage over a larger area. The method improves and stiffen the struc-
ture locally by strengthen cracks that has occurred due to a temporary overload or a local 
weakness.  

Stiching dogs

Holes are made and 
filled with non-shrink 
grout or epoxy

Crack

 

Figure A.4: Stitching of a crack 

Insertion of additional reinforcement 

Another way to get additional reinforcement is to place bars inside of the concrete. In this 
case holes are drilled and rods are inserted. The added reinforcement can either be made of 
steel or fiber reinforced polymers. The rods are bonded to the concrete with an adhesive. 
The effectiveness of the method is strongly dependent on good adhesion between the rods 
and the concrete. The technique can also involve pretensioning of the rods. The method can 
be used for both flexural and shear strengthening. An advantage for the method is that the 
concrete protects the reinforcement. 
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A disadvantage is that the method can weaken the structure when the holes are drilled espe-
cially if the drilling damages the existing steel reinforcement. Another problem may be the 
difficulties of ensuring that the bonding process is correctly undertaken. An example of shear 
strengthening is shown in figure.  

Crack

Support

Device

Drilled holes with 
adhesive and rebar

 

Figure A.5: Insertion if extra reinforcement 

Injection 

A crack might need to be taken care of before strengthening. Injection of a crack from tempo-
rary overload can also be seen as a strengthening method. Injection can, depending on the 
width and depth of the crack be done with epoxy resin or cement grout. Cracks as narrow as 
0.05 mm can be bonded by epoxy injection. If it is only a few localized cracks then the cracks 
can be injected by placing nipples along each crack. The resin will then be pumped into the 
crack via the nipples. If the cracks are formed in a pattern or consist of a large number of 
cracks in a limited area then it can be more effective to use a vacuum process. Cracks over 1 
mm can be injected with cement grout. With increasing crack size grout becomes more eco-
nomical than epoxy. Resin injection can restore a structure to its original design capability 
and prevent further degradation of the structure.  
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Table A.1. Overview of existing strengthening methods for concrete bridges 

 Method Principle 
Traffic 

Disturbance 
Stiffness Bending Shear 

Tor-
sion 

Cost estimate 
Experience 

with existing 
railways 

Grout /shotcrete
Existing beam

New stirrup

Locally removed  
concrete and filled 
with grout

 

Increased cross-
section 

Increases height, width, internal lever 
arm, and moment of inertia of a cross-
section 

Yes Yes Yes Yes Yes High cost Some 

Internal

External

 

Post-tensioning Reduces tensile strains and stresses Minor Yes Yes Yes Yes High cost 
Some 

 

Bolts

 

Clamping Adds stirrups externally No  Yes Yes Yes Yes Medium cost 
Some 

 

Stiching dogs

Holes are made and 
filled with non-shrink 
grout or epoxy

Crack

 

Stitching Overbridging cracks. No No No Yes Yes 
Low cost 

 
Poor 

Drilled holes with 
adhesive and rebar

 

Insertion of rein-
forcement 

Adds reinforcement inside structures Yes Yes Yes Yes Yes Low cost Some 

 Injection   No Yes No No No Low cost Some 
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Appendix B – Strengthening of metallic structures 

Traditional metallic improvement methods 
The traditional strengthening of metallic structures includes three topics that must be treated 
separately. Static load capacity, stiffness and fatigue strength. These main categories have a 
quite large variety of strengthening methods attached to them today, but not all methods are 
good for all purposes.  Strengthening methods that are very good for increasing the static 
load capacity and stiffness of a structural member is often not permissible if the structure 
needs to be redesigned for fatigue. The other way around, most of the fatigue strengthening 
methods involves altering the original structure by removing material e.g. stop holes. This will 
weaken the net cross section the member and decrease the load capacity.  

Many of the static strengthening methods will require disturbance of the traffic flow, because 
the load needs to be as low as possible on the structural member for the strengthening effect 
to be good. Ballast plates ,  rails, sleepers might need to be removed to perform the proper 
strengthening. This means that new methods which deals with easy material handling, in-
stalling equipment and quality control is needed in this area. 

In the area of fatigue strengthening, the procedures are often limited to a small but critical 
area of the bridge, and are less likely to disturb traffic. However, if the traditional fatigue re-
pair becomes very far-reaching, a disturbance of railway traffic is likely to occur. The fatigue 
strengthening methods can be described as ones removing the crack by mechanical meth-
ods or temperature methods and methods involving introduction of beneficial compressive 
stress zones near the damage or cold working of the metal. 

The strengthening methods shown in table B.1 are compiled to give an overview of a wide 
variety of old and new methods. Some methods are not valid for bridges made by old metals, 
since welding cannot be allowed here, but then other methods are shown. Certain methods 
are only good for some purposes or structural members. Some methods may be best on butt 
welds and some structures might be sensitive to drilling of holes. For such a detailed descrip-
tion, the references [1] and [2] and references therein will give an overview. 

Before a strengthening is carried out, a sensitivity analysis on the traffic disturbance, evaluat-
ing the most relevant techniques must be performed. Since a lot for the strengthening meth-
ods are dependent on which details they affect, one might benefit of choosing an expansive 
rehabilitation form, but with no traffic disturbance. 

Monitoring and quality control depends entirely on the selected method. 
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Table B.1. Overview of existing strengthening methods of metallic structures 

 Method Principle 
Traffic 

Disturbance 
Stiffness Bending Shear Fatigue 

Cost 
esti-
mate 

Experience 
with existing 

railways 

[3] 

Cover 
plates 

Welded 
steel plates 

Cover plates in steel are 
welded to flanges or web 

Yes(depends on 
structure) 

X X X  xx Some 

 

Cover 
plates 

Bolt-on 
steel plates 

Cover plates in steel are 
bolted to flanges  

Yes X X   xxx 
Some 

 

 NY 

Addition of 
new mem-
bers 

New members are added to 
the construction to insure 
carrying capacity for a part 
of the structure, e-g- span 
shortening. (Outcome of the 
method is dependable on 
the exchanged member). A 
column is shown here. 

Yes 
X (overall 
structure) 

X X X xxx 
? 

 

[4] 

Confine-
ment with 
reinforced 
concrete 

Jack up of structure and 
casting of reinforced con-
crete around the structural 
member. Mostly applicable 
for columns. 

Yes X X X X xx None? 

 
Air arch 
gouge and 
fill 

Weld is cleaned by melting 
the metal and blowing it 
away. New weld material is 
added. Possibility for intro-
ducing new defects with the 
new weld.  

Yes(depends on 
placement of weld) 

   X xxx Some 

[6] 

Disc grind-
ing 

Weld is smoothed to reduce 
and remove stress raisers. 
Bad grinding may introduce 
new defects. 

No    X x Some 
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 Method Principle 
Traffic 

Disturbance 
Stiffness Bending Shear Fatigue 

Cost 
esti-
mate 

Experience 
with existing 

railways 

 

Hole drilling 

Stops cracks by decreasing 
stress intensity factor. 
Method is almost only 
applicable at large visible 
cracks. Many cracks will 
relatively fast reinitiate crack 
growth. 

No - - - X x Extensive 

 
[5] 

Hole drilling 
and cold 
working of 
bearing 

As above, but the hole is 
cold worked with a tapered 
mandrel. Introduces com-
pressive stresses near the 
bearing and thereby de-
creases the stress intensity 
factor and risk of crack 
initiation 

No - - - X x Yes 

 

Exchange 
of fastener 
to HS- 
prestressed 
bolt 

Removes high bearing 
stresses and introduces 
triaxial stress state, benefi-
cial for reducing risk of 
crack initiation 

No 
(X) in the 
connec-

tion 
(X) (X) X X Yes 

[6] 

Burr grind-
ing and 
polishing 

Burr grinding grinds away / 
reshapes the critical part of 
most welds, the weld toe. 
Quality control is well de-
veloped. 

No    X xx Yes 
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 Method Principle 
Traffic 

Disturbance 
Stiffness Bending Shear Fatigue 

Cost 
esti-
mate 

Experience 
with existing 

railways 

[6] 

Laser/TIG 
remelting 

Remelting the weld to elimi-
nate defects and gaps 
within the weld. Best to do 
at a workshop with con-
trolled conditions. Usable 
for up to 6mm defects. 
Picture is laser remelt 

Yes(depends on 
location) 

   X xxx No? 

  
[6] 

Peening 
methods. 
Impact 
treatment 

Cold working of the weld 
toes by using rods or air 
blasting surface with steel 
and glass pellets. Picture 
shows performance of 
peening at weld toe and 
shot peening surface. 

No    X X(x) No? 

[5] 

Cold work-
ing holes 

A tapered mandrel is 
pushed through the hole. 
Introduces compressive 
stresses near the bearing 
and thereby decreases the 
stress intensity factor and 
risk of crack initiation 

No    X x Yes 
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Appendix C Strengthening of masonry arch structures 

Masonry arch improvement methods 
It is vital from the outset that a holistic approach is taken to the assessment and re-
pair/strengthening of masonry arch bridges. To change the nature and/or stiffness of 
one element of the bridge may only result in overstressing of another. 

It is essential that the cause of the deterioration is understood and the effects of any 
strengthening or repair techniques are considered before commencing any work on 
the bridge. At all times it is important to consider that masonry arch bridges derive 
their strength and tolerance to movement from their ability to articulate – it is their 
particulate nature that gives them their unique structural characteristics. If this is lost 
then they behave in a different way that should be taken into account when consider-
ing their strength and residual life. 

If remedial or strengthening works are selected without due consideration and under-
standing of their short and long-term effects, they may result in more harm than good 
and can address one failure mode only to allow, or even cause, another. Particular 
care is required when work is necessary to one span of a multi-span bridge. 

Wherever possible, repairs must be sympathetic to the structure, not alter its working 
mode and use materials compatible with those already existing. 

Sometimes repair and strengthening options are limited or their execution compli-
cated by the presence of previous works on the bridge. The response of the bridge to 
past works and their success can provide useful information for assessing the poten-
tial effects of the proposed works and their chances of success. 

Table C.1 lists a number of commonly used strengthening techniques for masonry 
arch bridges. The methods presented in Table C.1 and other repair techniques are 
discussed in further details in D6.2.8.
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Table C.1. Overview of existing strengthening methods for Masonry Arch Bridges 

Method Summary 
Structural defect 

and location 
Advantages Disadvantages Performance 

Experience 
with existing 

railways 

Concrete 
saddle 

 

Replacement of existing fill material with a 
reinforced concrete saddle, to which the 
spandrel walls and extrados are sometimes 
stitched using structural ties, aiming to 
create a composite structure with enhanced 
stability and to facilitate waterproofing re-
pairs. 

Inadequate overall 
load carrying capacity 
of arch barrel in 
conjunction with 
spandrel wall and 
waterproofing fail-
ures. 

• no change to appearance as 
hidden  

• facilitates other re 
pairs/parapet up-
grades/waterproofing 

• enhanced live load capacity 

• traffic disruption during 
construction 

• relative cost 
• increase in crown depth 

Effective implementa-
tion and inspec-
tion/maintenance will 
enhance structural 
performance in line with 
the strengthening or 
repair design life. 

Used 

Prefabri-
cated liners 

Structural lining (normally corrugated steel 
or precast concrete liners) are installed 
beneath the existing arch structure to pro-
vide a secondary support mechanism within 
an existing deformed or deteriorated arch 

Inadequate overall live 
load carrying capacity 
of arch and/or abut-
ments where depth of 
fill over the arch barrel 
is excessive. This can 
also address spandrel 
wall and waterproofing 
failures. 

• no change to appearance as 
hidden  

• facilitates other repairs 
• enhanced live load capacity 
 

• traffic disruption during 
construction 

• relative cost 
• increase in crown depth 

Existing structure as-
sumed to be redundant 
with liner designed to 
take full dead and live 
loading. 

 
Used  

Retro- rein-
forcement 

Installation of additional structural rein-
forcement to the arch barrel aims to in-
crease its structural capacity while not 
reducing structure clearances or signifi-
cantly affecting the bridge’s appearance. 

Inadequate overall load 
carrying capacity of 
arch barrel. 

• repairs hidden 
• much less disruption than 

saddle/slab/ Reconstruction 

• relative cost 
• speed of implementation 

• Independent verifica-
tion/validation of analysis, 
design, installation, fatigue 
and durability of systems 

Effective implementa-
tion will allow the struc-
ture to support specific 
enhanced loadings 

Some railway 
authorities do 
not accept this 

method 

 

Relieving 
slab 

Installation of a horizontal reinforced con-
crete slab over the plan area of the arch, 
extending over the abutments. Aims to 
improve live load carrying capacity of the 
arch while eradicating the generation of 
additional horizontal thrust from the arch 
into the abutments at springing level.  

Incompetent existing fill 
material or inadequate 
overall load  carrying 
capacity  

 

• no change to external ap-
pearance 

• enhanced live load capacity 
 

• traffic disruption during 
construction 

• relative cost 

• increase in crown depth 
possible 

Effective implementa-
tion will allow the struc-
ture to continue to 
perform as originally 
designed with in-
creased capacity. 

Used 

Sprayed 
concrete 
lining 

Application of structural sprayed concrete to 
the arch barrel intrados to repair and streng-
then arches which are suffering from major 
defects such as arch barrel distortion, dete-
riorated masonry and severe cracking. 

Inadequate overall 
carrying capacity 

• little disruption to traffic flow 
over the bridge 

• enhance load carry capacity 
• reinforcement can be incor-

porate 

• alter appearance 

• reduces opening under the 
bridge 

• cannot inspect condition of 
original arch barrel 

Spayed concrete pro-
vides strengthening 
mechanism for weak-
ened deteriorated 
structures. 

Used 

Thickening 
surfacing 

Provision of an additional thickness of 
surfacing distributes the live loads more 
evenly through the arch and can result in  
higher live load capacity for the structure.  

Inadequate overall live 
load carrying capacity 
of arch barrel 

• possible enhanced live load 
capacity 

• relative cost 

• traffic disruption during 
construction 

• structure life expectancy 
unaffected by works 

• further maintenance works 
may be required 

Improved performance 
and capacity of original 
structure  

 
Used 
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Appendix D  Strengthening of the subsoil 

Soil improvement methods 
Many in-situ site improvement technologies are available to increase the stability and miti-
gate settlements in bridge transition zones.  Several technologies have been used to support 
new embankments in railway transition zones, such as embankment piles with pile caps, pile 
decks, deep mixed columns, and the construction of embankments using light weight fill.  

However, many currently available methods for strengthening the subsoil adjacent to existing 
railway bridges require railway traffic to be interrupted.  These methods often require that the 
railway tracks and sleepers be removed, and the ballast and embankment fill be excavated in 
order to perform the strengthening works.  Such methods are complicated, time consuming 
and expensive.  Ideally, soil improvement works should be performed with minimal impact on 
the railway traffic and without, or with only marginal, reduction of train speed and axle loads.  
There is a need for methods that can be used to improve the subsurface soils within the 
transition zone of existing railways. Table 1 presents an overview of such soil improvement 
methods; the methods presented in Table 1 are discussed in greater detail in this report.   

 

The methods presented in Table D.1 were chosen as most relevant with reference to the: 

− strengthening effects possible to achieve,  

− influence on the existing railway,  

− applicability for European soil and railway conditions and  

− availability in Europe. 

 

The costs for strengthening measures at existing transition zones are very site specific and 
have different relative costs in different countries. The costs provided in Table D.1 are ap-
proximate values for the Nordic countries. 

Prior to choosing the appropriate soil improvement method, a geotechnical investigation 
should be performed to determine the soil stratigraphy and soil material property values at 
the project site, including the actual soil property values below the embankment. The investi-
gation should also determine the depth to water table and if there are any buried obstructions 
beneath or in the vicinity of the railway. 

For all subsoil strengthening methods, it is recommended that an experienced contractor be 
involved in the design process, especially for the “specialty” technologies such as deep mix-
ing or grouting. During and after installation of any subsoil strengthening work, the following 
should be closely monitored: 

− Vertical movements, including settlement and heave, 

− Horizontal movements, 

− Railway track geometry, and in some cases, 

− Vibrations, and 

− Pore pressures.   

Monitoring programs will be project specific. 
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Table D.1. Overview of existing strengthening methods of subsoil in transition zones at existing railway bridges. 

 Method Principle 
Can be performed 
without affecting 

traffic 
Applicable soils 

Increases 
Stability 

Reduces 
Settlements 

Approximate 
Costs 

Experience 
with existing 

railways 

 

Deep Mixing, 

beside railway           
embankment 

Mixes in-situ soils with cementitious 
materials to form a vertical stiff inclusion 
in the ground 

Yes 

Wet method: most 
soft soil types; 

Dry method: soft 
fine-grained soils 

X  

10 Euro/m column  

at an amount of 
binder of 90-120 

kg/m
3
 

Some 

 

Deep Mixing, 

installed inclined 
under embankment 

Mixes in-situ soils with cementitious 
materials to form an inclined stiff inclu-
sion in the ground 

Yes 

Wet method: most 
soft soil types; 

Dry method: soft 
fine-grained soils 

X X 

15 Euro/m column 

at an amount of 
binder of 90-120 

kg/m
3
 

None  

(some for road 
embankment) 

 

 

Deep Mixing, 

installed through 
embankment 

Mixes in-situ soils with cementitious 
materials to form a vertical stiff inclusion 
in the ground 

No  

(Yes, if performed 
during periods with 

no traffic) 

Wet method: most 
soft soil types; 

Dry method: soft 
fine-grained soils 

X X 

40-100 Euro/m 
column 

Depending on 
access 

Some 

 

(Same three con-
figurations as for 

Deep Mixing) 
Jet grouting 

Erodes soil in situ and mixes with ce-
mentitious materials to form stiff inclu-
sion in the ground 

Yes  

(unless installed 
beneath embank-

ment) 

Most soil types X X 

Mob/Demob 

30-50,000 Euro 

250-350 Euro/m 
column 

Some 

 

Stabilizing berms, 
alone or in combi-
nation with an-
chored sheet pile 
walls 

Compacted material constructed adja-
cent to embankment.  Driven steel 
sections provide resistance against 
horizontal movements. 

Yes Clay X  

150-200 Euro /m
2 

sheet pile excl. 
anchoring 

 

Extensive 

 

Compaction grout-
ing 

Low slump grout is pumped into the 
ground to form grout bulbs, which 
displace and densify the soil 

Yes Granular soils X X  Some 

Soft 

foundation 

soil 

 

Pile deck or piles 
with pile caps and 
possibly, geosyn-
thetic reinforcement 

Piles transfer loads to more competent 
strata through friction or end-bearing; 
piles caps and geosynthetic transfer 
load to piles 

No All soil types X X 

For driven concrete 
piles: 

45-55 Euro/m 

+ Pile caps 

Extensive 

 

Embankment piles, 
without pile caps 

Driven or grouted piles transfer loads to 
more competent strata through friction 
or end-bearing 

No  

(Yes, if performed 
during periods with 

no traffic) 

All soil types X X 

For driven concrete 
piles: 

45-55 Euro/m 

+ Pile caps 

Some 
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Appendix E – Method Descriptions 

The following Method Descriptions are appended: 

 

MD0## Concrete Bridges 

MD001 Adhesively Bonded CFRP Plates to Concrete Structures 

MD002 Adhesively Bonded CFRP Sheets to Concrete Structures 

MD003 Strengthening of Concrete Structures with Mineral Based Composites 

MD004 Near Surface Mounted Reinforcement (NSMR) to Concrete Structures 

MD005 External Prestressing of Concrete Structures 

  

MD1## Metallic Bridges 

MD101 Adhesively Bonded CFRP Plates to Metallic Structures 

MD102 Adhesively Bonded CFRP Sheets to Metallic Structures 

MD103 External Prestressing of Metallic Structures 

MD104 External Prestressed CFRP Plate 

  

MD2## Masonry Bridges 

MD201 Adhesively Bonded FRP Plates to Masonry Structures 

MD202 Adhesively Bonded FRP Sheets to Concrete Structures 

MD203 Strengthening of Concrete Structures with Mineral Based Composites 

MD204 Near Surface Mounted Reinforcement (NSMR) to Masonry Structures 

  

MD3## Subsoil and Foundation 

MD301 Deep Mixing 

MD302 Jet Grouting - Subsoil 

MD303 Sheet Pile Walls/Stabilising Berms 

MD304 Compacting Grouting 

MD305 Embankment Piles 

MD306 Jet Grouting - Foundation 

MD307 Compaction Grouting 

MD308 Shaft Grouting and Base Grouting 
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MD001 

Date: 2007-05-05  

Method: Adhesively Bonding of CFRP Plates to Concrete Structures 

Objectives: 

Type of rehabilitation 

[Check appropriate Box(es)] 

 Structural Repair   Structural Upgrading   Safety and Comfort 

[Tick appropriate box] [For what problem is the method suitable, see graphical index] Field of application 
 Concrete 

 Metal 

 Masonry 

 Subsoil 

 Foundation 

A, C 

 

 

 

 

[General description of the rehabilitation method] General description 

 Structural concrete members with limited load carrying capacity in need of 
upgrading could improve its capacity by additional reinforcement in form of 
external bonded FRP plates. The plates do not need much space and are 
placed on the surface of the member.  They are non-corrosive, light yet stiff 
and strong and can be delivered on rolls up to approximately 200 m. The stiff-
ness properties can be varied from approx. 150 – 400 GPa. Mostly the plates 
are used for flexural strengthening in the ultimate limit state, but can also be 
used for shear strengthening and in situations when need of minimising deflec-
tions or concrete cracking, i.e. in the service limit state. Special design provi-
sion yields. 

[Work description of the rehabilitation  method] Work description: 

 The work can be divided into three stages, before strengthening, during 
strengthening and after strengthening. However, before the strengthening work 
starts a detailed investigation of the existing structure must be carried out. This 
investigation may vary from structure to structure and depend on the need. 
This is not further discussed here. 

Before strengthening the concrete surface is properly cleaned from any grease 
or oil debris. The ballast shall be uncovered to a size of approximately one 
square centimetre.  Normally sandblasting, grinding or both is used. The dust 
shall then be removed before the bonding procedure starts. 

During strengthening, depending on the strengthening system used, the areas 
to be bonded are treated with a primer to enhance the bond for the epoxy ad-
hesive. The plates are usually provided with a peel-ply (plastic protection 
sheet) that is removed at time for bonding. To the plates a two component 
epoxy adhesive is applied by an “adhesive tool”. This tool is tailored for the 
plate to be bonded. The adhesive thickness should be less than 1.0 mm and 
the maximum thickness 3 mm, locally the thickness might be larger. Tempera-
ture at bonding must exceed 10 °C. The plate is then mounted to the concrete 
surface and given a light pressure to squeeze out possible air bubbles. The 
plates can come in many different dimensions; a normal thickness is 1.0 to 2.0 
mm and the width 50 – 200 mm. Excess adhesive is scraped off. 

After strengthening the peel ply on the outside is removed. The boding is then 
investigated with consideration to possible voids. This might be done with a 
light tapping on the surface with a coin or a small hammer or with more ad-
vanced methods such as thermography. 
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[Are special traffic management needed, if so, what?] Traffic regulations 

 The method has proven to work with thermo setting polymer as adhesive with 
live loads acting on the structure during the strengthening process.  

During strengthening work, access is needed to the parts that are going to be 
strengthened.  

Critical work can be access to the underpass 

Prerequisites [What factors limit the method?] 

The concrete quality should normally exceed 30 MPa in compression and the 
pull-off strength should exceed 1.5 MPa. In addition larger irregularities should 
either be grinded off or levelled out.  
 

Environmental 
considerations 

[What special environmental impact must be considered, i.e. aesthetics, contaminants etc.] 

When working with epoxy adhesive stipulated regulations must always be fol-
lowed. Skin contact shall be avoided and prescribed protective clothing must 
be used. Special regulation must also be followed when non hardened epoxy 
products is going to be taken care of. 

[Estimate the cost levels for the method] Costs 

Construction  

Traffic management 

Maintenance  

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 

Equipment and 
materials 

[Required technology ] 

No special equipment is needed except equipment for bonding the plates. Very 
important for the final strengthening result  is proper scaffolding. In particular in 
areas where it otherwise can be complicated to reach the components that 
needs to be strengthened. 

Codes and standards [Can existing codes and standards be used, or is there a  need of new guidelines] 

Most countries has national guidelines for external strengthening. However, no 
common guideline exists today for Europe.  

Pros and cons [Important advantages and disadvantages] 

Pros:

The materials are very light, yet strong and stiff, they are easy to apply and 
can hence be used for many different type of concrete components. 

Cost effective. Even tough the material itself in comparison is expensive, when 
taking the production cost in consideration, the method is very competitive 
compared to alternative strengthening methods. 

The CFRP material is very environmental stable and does not corrode. 

Cons:

Environmental regulations due to the epoxy adhesive have to be followed and 
protective clothing must be carried. 

The systems are temperature and moisture sensitive at time for application. 

Experience over long time is scares. 

The knowledge how to design for strengthening is not wide spread among the 
consultancies and the same yields for the contractors where strengthening 
skills is lacking, 
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Alternative methods [Alternative methods to be considered in the design stage] 

Alternative methods depend on the particular strengthening need. Alternative 
methods might be: 

• External prestressing 

• External bonded steel plates 

• Reinforcing and casting of a additional concrete layer 

Comments [Additional information related to the system] 

It needs to be stressed that the strengthening work on site is very important for 
the final strengthening results. That means that the workers must be skilled 
and have experience from external strengthening work with bonded plates. 

Furthermore, when working with thermosets the surrounding environment is 
very important. That means that the work has to be carried out at a minimum 
temperature and that the relative humidity must be below a certain threshold. 

Additionally, the strengthening result is very dependent on the condition of the 
existing structure, If weak layers exist this must be corrected. Normally corro-
sion at the internal reinforcement is not allowed. 

Sketches [Illustration to support the description of the method on general basis] 
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Photos [Photos to support the description of the method on general basis] 

 Before Strengthening 

Sandblasting 

 

 During strengthening 

 
Priming of the concrete surface 
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Application of adhesive 

 

 

 
Strengthening works 
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 After strengthening 

 
Final result – painted surface 
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MD002 

Date: 2007-05-05  

Method: Adhesively Bonding of CFRP Sheets to Concrete Structures 

Objectives: 

Type of rehabilitation 

[Check appropriate Box(es)] 

 Structural Repair   Structural Upgrading   Safety and Comfort 

[Tick appropriate box] [For what problem is the method suitable, see graphical index] Field of application 
 Concrete 

 Metal 

 Masonry 

 Subsoil 

 Foundation 

A, C 

 

 

 

 

[General description of the rehabilitation method] General description 

 Structural concrete members with limited load carrying capacity in need of 
upgrading could improve its capacity by additional reinforcement in form of 
external bonded FRP sheets. The sheets do not need much space and are 
placed on the surface of the member.  They are non-corrosive, light yet stiff 
and strong and can be delivered on rolls up to several hundred meters. The 
stiffness properties in the fibre direction can be varied from approx. 200 – 600 
GPa on the fibre The sheets are mostly used for shear or confinement 
strengthening in the ultimate limit state, but can also be used for flexural 
strengthening and in situations when need of minimising deflections or con-
crete cracking, i.e. in the service limit state. Special design provision yields.  

Work description: 

 

[Work description of the rehabilitation  method] 

The work can be divided into three stages, before strengthening, during 
strengthening and after strengthening. However, before the strengthening work 
starts a detailed investigation of the existing structure must be carried out. This 
investigation may vary from structure to structure and depend on the need. 
This is not further discussed here. 

Before strengthening the concrete surface is properly cleaned from any grease 
or oil debris. The ballast shall be uncovered to a size of approximately one 
square centimetre. Normally sandblasting, grinding or both is used. The dust 
shall then be removed before the bonding procedure starts. When using 
sheets it is important the surface does not contain any larger irregularities. The 
fibres must be straight to be most efficient. 

During strengthening, the areas to be bonded are treated with a primer to en-
hance the bond for the epoxy adhesive. The sheets are usually provided with a 
protective paper or plastic film that is removed at time for bonding. To the 
primed surface is a two component low viscosity adhesive applied with a mo-
hair roller, in the adhesive is then the fibre sheet mounted. The fibres are 
stretched and a additional layer of adhesive is applied. This procedure may be 
repeated up to approximately 10 layers of sheets. Temperature at bonding 
must exceed 10 °C. The normal thickness of the final composite is 0.5 mm up 
to 10 mm, depending on number of layers.  

After strengthening the bonding is then investigated with consideration to pos-
sible voids. This might be done with a light tapping on the surface with a coin 
or a small hammer or with more advanced methods such as thermography. 
The surface may also be covered with a protective layer in form of plaster, 
paint or concrete. 



Sustainable Bridges TIP3-CT-2003-001653 YYYY-MM-DD 2 (6) 
  Rev. YYYY-MM-DD 
 

 

Traffic regulations 

 

[Are special traffic management needed, if so, what?] 

The method has proven to work with thermo setting polymer as adhesive with 
live loads acting on the structure during the strengthening process.  

During strengthening work, access is needed to the parts that are going to be 
strengthened. Critical work can be access to the underpass 

Prerequisites [What factors limit the method?] 

The concrete quality should normally exceed 30 MPa in compression and the 
pull-off strength should exceed 1.5 MPa. In addition larger irregularities should 
either be grinded off or levelled out.  
 

Environmental 
considerations 

[What special environmental impact must be considered, i.e. aesthetics, contaminants etc.] 

When working with epoxy adhesive stipulated regulations must always be fol-
lowed. Skin contact shall be avoided and prescribed protective clothing must 
be used. Special regulation must also be followed when non hardened epoxy 
products is going to be taken care of. 

[Estimate the cost levels for the method] Costs 

Construction  

Traffic management 

Maintenance  

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 

Equipment and 
materials 

[Required technology ] 

No special equipment is needed except equipment for bonding the psheets. 
Very important for the final strengthening result is proper scaffolding. In par-
ticular in areas where it otherwise can be complicated to reach the compo-
nents that needs to be strengthened. 

Codes and standards [Can existing codes and standards be used, or is there a  need of new guidelines] 

Most countries have national guidelines for external strengthening. However, 
no common guideline exists today for Europe.  

Pros and cons [Important advantages and disadvantages] 

Pros:

The materials are very light, yet strong and stiff, they are easy to apply and 
can hence be used for many different type of concrete components. 

Cost effective. Even tough the material itself in comparison is expensive, when 
taking the production cost in consideration, the method is very competitive 
compared to alternative strengthening methods. 

The CFRP material is very environmental stable and does not corrode. 

Cons:

Environmental regulations due to the epoxy adhesive have to be followed and 
protective clothing must be carried. 

The systems are temperature and moisture sensitive at time for application. 

Experience over long time is scares. 

The knowledge how to design for strengthening is not wide spread among the 
consultancies and the same yields for the contractors where strengthening 
skills is lacking. 

The use of sheets give normally a lower quality composite compared to plates 
or NSMR. 
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Alternative methods [Alternative methods to be considered in the design stage] 

Alternative methods depend on the particular strengthening need. Alternative 
methods might be: 

• External prestressing 

• External bonded steel plates or laminates for flat surfaces 

• Reinforcing and casting of a additional concrete layer 

Comments [Additional information related to the system] 

It needs to be stressed that the strengthening work on site is very important for 
the final strengthening results. That means that the workers must be skilled 
and have experience from external strengthening work with bonded plates. 

Furthermore, when working with thermosets the surrounding environment is 
very important. That means that the work has to be carried out at a minimum 
temperature and that the relative humidity must be below a certain threshold. 

Additionally, the strengthening result is very dependent on the condition of the 
existing structure, If weak layers exist this must be corrected. Normally corro-
sion at the internal reinforcement is not allowed. 

Sketches [Illustration to support the description of the method on general basis] 
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Photos [Photos to support the description of the method on general basis] 

 Before Strengthening 

 
Sandblasting 

 

 
Larger irregularities are levelled out with epoxy putty 

 

 
Grinding 
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 During strengthening 

 
Priming of the concrete surface 

 

 
Cutting of sheets to prescribed dimensions(length) 

 

 
Application of adhesive to primed surface 
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Mounting of sheets 

 After strengthening 

 
The underside has been painted 

 

 
Final result 
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Template – Method Description 

MD003 

 Date: 2007-05-02 

Method: 
Strengthening of Concrete Structures with Mineral Based Composites 

 Objectives: 

Type of rehabilitation  Structural Repair   Structural Upgrading   Safety and Comfort 

Field of application  Concrete A, C 

M  Masonry 

By adding reinforcement to a structure, stiffness and bearing capacity may be 
increased. This system has two components; a polymer reinforced cementi-
tious binder (mortar) and a 2D CFRP grid. The CFRP grid is embedded in the 
mortar and contributes as ordinary reinforcement by taking tensile forces. The 
mortar, in turn, acts as the bonding agent to the concrete or masonry sub-
strate.  

General description 

 

[Work description of the rehabilitation  method] Work description: 
The rehabilitation method basically consists of three different stages; surface 
preparation, surface priming and mounting of the mineral based composites 
(MBC) system.  

 

Generally, the surface of the base concrete needs to be roughened, e.g. sand-
blasting or water jetting, to remove the cement laitance and achieve a good 
bond between the base concrete and the mortar. In laboratory environments or 
on smaller areas, a hand lay-up technique can be used to apply the MBC sys-
tem. This technique includes pre-wetting the base concrete with water for 1-3 
days depending on the conditions of the concrete substrate and the surround-
ing climate. The time to pre-wet the base concrete is difficult to interpret and 
must be judged on site.  

Prior to mounting the MBC system the base concrete surface has to be primed 
to prevent moisture transport from the wet mortar to the base concrete. A first 
layer of mortar is immediately applied to the primed surface. Next, the CFRP 
grid is placed on the first layer of mortar followed by an additional layer of mor-
tar is applied on the grid. The hand-lay up method, after sandblasting, is 
shown in four steps in Figure 1.  

When strengthening large parts of structures, the hand lay-up method might be 
too time consuming depending on the size of the project. Figure 2 shows the 
strengthening of a balcony for increased flexural capacity. The mortar is ap-
plied by shotcreting.  
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 When the MBC system is mounted vertically or from below, studs must be 
used to prevent the CFRP grid from falling down. A number of studs are nailed 
to the concrete substrate surface that the grid is fastened to after the first layer 
of mortar has been applied. The first mortar layer is applied by spraying and 
the peak of the studs act as a maximum distance measurement to ensure that 
the right mortar layer thickness is being obtained. The CFRP grid is then fas-
tened onto the studs and a second layer of mortar is sprayed on. It is also pos-
sible to mount the CFRP grid to the studs prior to the application of the mortar. 
Then the mortar is sprayed in one layer embedding the CFRP grid. 

Traffic regulations 

 

For time being, the method has proven to work with some vibrations during 
curing. However, this is not completely investgated.  

Prerequisites It is not investigated how deformations during curing will affect the final bond, 
and therefore if traffic on a bridge must be limited. The strengthening should 
be applied at temperatures above zero.  

Environmental 
considerations 

The strengthening system will give a surface that looks like ordinary concrete. 
This means, for concrete bridges the aesthetics is just slightly altered but for 
masonry bridges there will be a change in aesthetical appearance.  

 Costs 

Construction  

Traffic management 

Maintenance  

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 

Equipment and 
materials 

For preparation of the surface, equipment for sandblasting or water jetting is 
needed. When mortar is applied as shotcrete, ordinary tools are used.  

Codes and standards The method is novel and has not been considered when existing codes were 
written. However, it is believed that codes for externally bonded CFRP to some 
extent may be applicable. The issue of anchorage is somewhat different and 
must be investigated. Extensive research is ongoing within the field and sug-
gestions for guidelines have started to form.  

Pros and cons Pros:

The MBC strengthening system has some advantages compared to other 
strengthening systems: 

- The system has good compatibility to concrete substrate, e.g. thermal 
expansion. 

- Can be applied at zero temperatures. 

- Results in a diffusion open strengthening system, which reduces 
freeze-thaw problems, eg. does not create sealed surfaces.  

- For construction industry, well known materials are handled. 

- The MBC system can be applied under damp conditions. 
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Cons: 

There are also some uncertainties regarding the MBC system: 

- On of the greatest uncertainties is the experience, since it is a new 
system the global effect on strengthening of in-situ structures are not 
very well investigated.  

- Micro cracking, e.g. plastic shrinkage problems and edge lifting due to 
the consumption of water during the curing process 

- Cost saving application methods has to be investigated further. 

- The resistance against fire or high temperatures need to be further in-
vestigated.  

 

During planning, CFRP plate bonding and post-tensioning may be alternative 
methods.  

Alternative methods 

Comments [Additional information related to the system] 

 

Sketches [Illustration to support the description of the method on general basis] 

  

Photos 

 

  
A B 

   
C D 

Figure 1. Hand lay-up of the MBC strengthening system. A) surface primer, B) 
first layer of mortar, C) placement of CFRP grid and D) last layer of mortar. 

 



Sustainable Bridges TIP3-CT-2003-001653 YYYY-MM-DD 4 (4) 
  Rev. YYYY-MM-DD 
 

 

  

 

  
A B 

 
C 

 

 
D 

 
E 

Figure 2. In-situ application of the MBC strengthening system. A) Balconies to 
be strengthened, B) Concrete surface, studs applied, C) first layer of mortar is 
being sprayed, D) Mounting of the CFRP grid to the studs and E) Last layer of 
mortar is being sprayed. 
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MD004 

Date: 2007-09-24  

Method: 

Near surface mounted reinforcement (NSMR) to concrete structures 

Objectives: 

Type of rehabilitation 

 

 Structural Repair   Structural Upgrading   Safety and Comfort 

 

Field of application  Concrete 

 Metal 

 Masonry 

 Subsoil 

 Foundation 

A, C 

 

M 

 
 

General description 

 

Structural members with bearing capacity limited by the amount of reinforce-
ment can be rehabilitated by the method. The bearing capacity is improved by 
adding additional reinforcement. The main idea is to use non corrosive materi-
als that could be bonded to regions near to the surface. 

Work description: 

 

Grooves are cut into the structural member. The groove is partly filled with the 
adhesive. The reinforcement rod is then inserted to the adhesive in the groove 
and the surface is levelled out by taking away abundant adhesive. 

Reinforcement, generally, of Carbon Fibre Reinforced Polymer is inserted into 
sawed grooves in the concrete cover or the outer layer of the masonry struc-
ture. The rod is bonded in the groove by an adhesive, i.e. a thermosetting 
polymer or a cementitious mortar. When cementitious bonding agent is used, 
the bond with the rod has to be improved by mechanical force transfer. 

For practical and structural reasons, the most suitable rod has a quadratic 
cross section with dimensions approximately 10 mm by 10 mm. More rectan-
gular rods and circular rods have also proved to work with reduced efficiency 
or practical drawbacks, however. 

Traffic regulations 

 

The method has proved to work with thermo setting polymer as adhesive with 
live loads acting on the structure during the strengthening process.  

During strengthening work, access is needed to the parts that are going to be 
strengthened.  

The most time consuming part is cutting the grooves. 

Prerequisites For concrete structures which are the most common application, the concrete 
cover needs to be thick enough to allow for cutting the grooves without damag-
ing the internal existing steel reinforcement. For curved surfaces the radius 
has to be approximately 5 m or larger to allow for bending of the rods. 
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Environmental 
considerations 

In cases when the adhesive is thermo set, appropriate protection garment 
must be used to avoid allergic reactions.  

[Estimate the cost levels for the method] Costs 

Construction  

Traffic management 

Maintenance  

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 

Equipment and 
materials 

The grooves are cut with a saw. For under-up applications a light rail is sug-
gested to lift and steer the saw. An ordinary angel grinding tool is used for 
cutting of reinforcement. Protective garment according to national regulations 
are needed for the workers. 

Codes and standards Codes for externally bonded reinforcement should be used. Special considera-
tion should be given to the anchorage.   

Pros and cons Pros:

Inserted bars are to some extent protected against impacts.  

Anchorage situation is very favourable compared to externally bonded rein-
forcement.  

The method changes the aesthetical appearance to a minimum.  

Cons:

The method cannot be installed on concrete structures with small concrete 
cover to main reinforcement.  

 

Alternative methods Externally bonded reinforcement and posttensioning of structures are alterna-
tive methods.  

Comments  
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Sketches Close up of inserted NSMR-bar 

 

 
 

Photos 

 

   
 Cutting of grooves in concrete cover 

 

NSMR-bar Concrete surface 

Adhesive 
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Method Description 

MD005 

Date: 20070305  

Method: External Prestressing of Concrete Structures 

Objectives: 

Type of rehabilitation 

 

 Structural Repair   Structural Upgrading   Safety and Comfort 

Field of application  Concrete 

 Metal 

 Masonry 

 Subsoil 

 Foundation 

A, B, C, D 
 

General description 

 

 

Provision of an additional degree of prestressing in structural elements in order 
to obtain: 

a) reduction of tensile and/or shear stresses in concrete in SLS 
b) increase of load capacity in ULS, bending and/or shear capacity 

Work description: 

 

 

External anchor blocks are installed. Normally concrete anchor blocks are 
installed. Connection to the existing concrete element is ensured by drilling in 
reinforcement bars into the existing concrete. After provision of mild steel rein-
forcement and installation of ordinary prestressing system anchorages the 
anchor block is casted in situ. Also steel anchor units may be installed. 

Ducts for the prestressing cables are installed between the anchorages. 

Prestressing cables are installed in the ducts and are fixed at the one end, the 
“dead end”. 

Deviators may be installed along the cables to provide a curved cable line. 

The shear face connection between the anchor blocks and the existing con-
crete element may be strengthened by prestressing of transverse bars. 

The prestressing cables are stressed by use of a normal prestressing jacket. 

The prestressed cables are locked at the “active end”. The ducts are grouted 
and the anchor blocks are completed by casting of concrete covering  the an-
chorage ends. 

The anchor blocks may be treated with coating/painting. 

Traffic regulations 

 

 

The construction works have no or minor influence on the bridge deck and 
hence no or minor influence on the traffic on the bridge – the railway traffic. 
The influence on the traffic on the underpass is normally very limited as it is 
restricted to the areas where the anchor blocks are installed. As this normally 
is at the ends of the spans the traffic passing under at the middle of the spans 
is only minimally influenced. 
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Prerequisites: Only structures with sound concrete capacity (i.e. compressive strength of 
concrete) in the normal axis can be strengthened. 

Space for establishment of anchor blocks and for installation of prestressing 
equipment (jackets) shall be available. 

Environmental 
considerations 

Visual cables and anchor blocks may change the architecture of the structure. 

 Costs 

Construction  

Traffic management 

Maintenance  

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 

Equipment and 
materials 

Materials belonging to internal prestressing of concrete structures required: 
systems covering prestressing cables and anchorages. 

Equipment used in prestressing of concrete structures required. For prefabri-
cated concrete elements as well as for in situ casted concrete structures. 

Codes and standards Design and construction is covered by existing codes for prestressed concrete 
structures and by existing standards provided by certificated system suppliers.

Pros and cons Pros: 

Both ULS and SLS are improved. 
Existing codes, standards and procedures are used. 
Proven technology used. 
Unit costs are well known. 
Construction works in restricted areas, meaning limited influence on traffic 
Easy to inspect and monitor. 

Cons: 

Only possible to utilise up to 60 % of the capacity of the prestressing cable. 
Bad aesthetic in some cases. 
Vulnerable for failures and sabotage. 
Request for highly accurate construction works. 

Alternative methods CFRP methods. 

Increase of concrete dimensions: 

Comments The suitability of the method is to some extent dependent on the governing 
requirements related to concrete structures. Some codes prescribes for 
prestressed structures, that no concrete tensile stresses are allowed in SLS. In 
such cases the method will be superior to many others.  
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Sketches  

  

Photos  
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Method Description 

MD101 

Date: 2007-03-05  

[Name of Rehabilitation Method] Method: 

Adhesively bonding of Carbon-Fibre-Reinforced-Polymers (CFRP) plates 
on metallic structures 

Objectives: 

Type of rehabilitation 

[Check appropriate Box(es)] 

 Structural Repair   Structural Upgrading   Safety and Comfort 

 

[Tick appropriate box] [For what problem is the method suitable, see graphical index] Field of application 
 Concrete 

 Metal 

 Masonry 

 Subsoil 

 Foundation 

 

G, J, L 

 

 

 

[General description of the rehabilitation method] General description 

 Provision of an additional degree of bending strength in structural elements in 
order to obtain increase of load capacity in ULS. The CFRP plate has to be 
applied so the area in tension is upgraded. 

[Work description of the rehabilitation  method] Work description: 

 Cleaning of metal surface 
To remove any dust, paint or unsound material on the bonding surface the 
steel member has to be mechanically cleaned. Recommended methods are 
sandblasting (SA21/2) or SACO treatment. The former mechanical surface 
preparation is accomplished by a chemical cleaning of the bonding surface to 
remove dirt and debris using acetone or any other appropriate cleaning agent.

Application of primer 
To optimize the adherence between metal and adhesive and to avoid any cor-
rosion of the substrate, the metal surface has to be treated with a thin layer of 
primer. This special coating is usually based on the later on applied adhesive 
and forms part of the bonding system. Therefore the used primer has to be 
chosen according to the recommendation of the adhesive producer to assure 
the maximum adherence between the steel and adhesive. 

Cleaning of CFRP plate 
Depending on the used strengthening system the CFRP surface may be 
cleaned with acetone before bonding. Some producers protect the plate sur-
face with a special protection layer, which has to be removed before bonding. 
In such case cleaning of CFRP plate before bonding may not be necessary. 
(See manufacturer information) 
 

Application of the adhesive 
After curing of the primer the adhesive can be applied. To reach a high homo-
geneity of the adhesive layer, without any air pockets, the adhesive should be 
applied single sided (preferably on the CFRP side) and in a shape, which form-
ing a triangular cross-section of the adhesive. 
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Assembling 
Once the adhesive has been applied, the CFRP plate has to be placed during 
the pot-life time of the adhesive. Like all steps before, the assembling has to 
be carried out with great care to avoid any contamination or air pockets. There-
fore the CFRP plate should be attached carefully in one working step, which 
means that an adequate number of skilled labours and fixing equipments have 
to be available. Any detaching or replacing may cause air inclusions or con-
tamination of the adhesive layer. 

[Are special traffic management needed, if so, what?] Traffic regulations 

 The preparation work of the beam element have no or minor influence on the 
bride deck and hence no or minor influence on the traffic of the bridge. During 
the application and curing of the CFRP plates the traffic on the bridge needs to 
be restricted to ensure good quality of the bond line. The influence on the traf-
fic on the underpass due to the preparation and application work is dependent 
of the design of the scaffold. 

Prerequisites [What factors limit the method?] 

The surface of the metallic beam has to be plane and sufficient space must be 
available for the CFRP plate. 

The temperature and the humidity at time for application must be in the range 
according to the instructions given by the manufacturer of the adhesive. 

Environmental 
considerations 

[What special environmental impact must be considered, i.e. aesthetics, contaminants etc.] 

None 

[Estimate the cost levels for the method] Costs 

Construction  

Traffic management 

Maintenance  

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 

Equipment and 
materials 

[Required technology ] 

Preparation work 
Sandblasting equipment, acetone and cleaning tools. 

Application and assembling 
CFRP plates, adhesive, primer and application tools. 

Codes and standards [Can existing codes and standards be used, or is there a  need of new guidelines] 

Guidelines for strengthening of metallic structure with CFRP plates are avail-
able. 

Pros and cons [Important advantages and disadvantages] 

Pros:

Improved capacity in ULS with only small increases in self-weight. 
No stresses are introduced due to application or reductions of sectional areas.
The application is fast executed compared to traditional methods. 
The strengthening system is not sensitive to fatigue damage or corrosion. 
Low influence on the aesthetics. 

Cons:

The failure of the strengthening system is brittle. 
High demands are request on both the surface preparation and application, i.e. 
high skilled labours. 
CFRP plates are sensitive for impacts, i.e. carefulness has to be taken when 
handling the material on site. 
The long-term effects are not well documented. 
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Alternative methods [Alternative methods to be considered in the design stage] 

- Pre-tensioned CFRP plate. 
- Application of extra steel material. 
- Post-tensioned cables. 

Comments [Additional information related to the system] 

The strengthening system has to be covered by a surface protection coating to 
prevent degradation due to environmental exposure (e.g. de-icing salt in com-
bination with high humidity) 

Sketches [Illustration to support the description of the method on general basis] 

Principle sketch of the 
system (side view and 
cross-section) 

Photos [Photos to support the description of the method on general basis] 

Cleaning of the metal 
surface by blasting 

 
Application of primer 
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Cleaning of CFRP plate

 
Application of the adhe-
sive 

 
Assembling 
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Method Description 

MD103 

Date: 20070305  

Method: External Prestressing of Metallic Structures 

Objectives: 

Type of rehabilitation 

 

 Structural Repair   Structural Upgrading   Safety and Comfort 

Field of application  Concrete 

 Metal 

 Masonry 

 Subsoil 

 Foundation 

 

F, H, K, L 
 

General description 

 

 

Provision of an additional degree of prestressing in structural elements in order 
to obtain: 

a) reduction of tensile and/or shear stresses in concrete in SLS 
b) increase of load capacity in ULS, bending and/or shear capacity 

Work description: 

 

 

External anchor blocks are installed. Normally concrete anchor blocks are 
installed. Connection to the existing concrete element is ensured by drilling in 
reinforcement bars into the existing concrete. After provision of mild steel rein-
forcement and installation of ordinary prestressing system anchorages the 
anchor block is casted in situ. Also steel anchor units may be installed. 

Ducts for the prestressing cables are installed between the anchorages. 

Prestressing cables are installed in the ducts and are fixed at the one end, the 
“dead end”. 

Deviators may be installed along the cables to provide a curved cable line. 

The shear face connection between the anchor blocks and the existing con-
crete element may be strengthened by prestressing of transverse bars. 

The prestressing cables are stressed by use of a normal prestressing jacket. 

The prestressed cables are locked at the “active end”. The ducts are grouted 
and the anchor blocks are completed by casting of concrete covering  the an-
chorage ends. 

The anchor blocks may be treated with coating/painting. 

Traffic regulations 

 

 

The construction works have no or minor influence on the bridge deck and 
hence no or minor influence on the traffic on the bridge – the railway traffic. 
The influence on the traffic on the underpass is normally very limited as it is 
restricted to the areas where the anchor blocks are installed. As this normally 
is at the ends of the spans the traffic passing under at the middle of the spans 
is only minimally influenced. 
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Prerequisites: Only structures with sound concrete capacity (i.e. compressive strength of 
concrete) in the normal axis can be strengthened. 

Space for establishment of anchor blocks and for installation of prestressing 
equipment (jackets) shall be available. 

Environmental 
considerations 

Visual cables and anchor blocks may change the architecture of the structure. 

 Costs 

Construction  

Traffic management 

Maintenance  

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 

Equipment and 
materials 

Materials belonging to internal prestressing of concrete structures required: 
systems covering prestressing cables and anchorages. 

Equipment used in prestressing of concrete structures required. For prefabri-
cated concrete elements as well as for in situ casted concrete structures. 

Codes and standards Design and construction is covered by existing codes for prestressed concrete 
structures and by existing standards provided by certificated system suppliers.

Pros and cons Pros: 

Both ULS and SLS are improved. 
Existing codes, standards and procedures are used. 
Proven technology used. 
Unit costs are well known. 
Construction works in restricted areas, meaning limited influence on traffic 
Easy to inspect and monitor. 

Cons: 

Only possible to utilise up to 60 % of the capacity of the prestressing cable. 
Bad aesthetic in some cases. 
Vulnerable for failures and sabotage. 
Request for highly accurate construction works. 

Alternative methods CFRP methods. 

Increase of concrete dimensions: 

Comments The suitability of the method is to some extent dependent on the governing 
requirements related to concrete structures. Some codes prescribes for 
prestressed structures, that no concrete tensile stresses are allowed in SLS. In
such cases the method will be superior to many others.  
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Sketches  

  

Photos  
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Method Description 

MD301 

Date: 2007-03-12  

 Method: 

Deep Mixing 

Objectives: 

Type of rehabilitation 

 

 Structural Repair   Structural Upgrading   Safety and Comfort 

 

  Field of application 
 Concrete 

 Metal 

 Masonry 

 Subsoil 

 Foundation 

Used to mitigate settlements and increase stability in tran-
sition zones at existing railway bridges. Can be installed 
adjacent to or beneath railway embankments. 

 

Applicable subsoil:  Sand     Silt      Clay 

 

Mixes in-situ soils with cementitious materials to form vertical or inclined stiff 
inclusions in the ground. The cementitious materials may be introduced in the 
form of either a dry powder or wet slurry. Deep mixing procedures produce 
improved ground that has greater strength, lower ductility, and lower com-
pressibility than the original ground. 

General description 

 

 

The deep mixing method produces columns in the ground that can be installed 
singularly, or in rows, grids, or blocks. Can be installed (1) vertically beneath 
the railway embankment, (2) beside the railway embankment, and (3) inclined 
beneath the embankment installed from beside embankment. 

Work description: 

 

 

Case 1 and 2 can be performed without traffic interruption. Case 3 can be per-
formed from the track area, but can also be performed after removal of the 
embankment. 

Traffic regulations 

 

 

Prerequisites Limited experience with method beneath existing railway embankments. Diffi-
cult to stabilise soils with high organic content and low pH. 

Environmental 
considerations 

Health considerations with respect for the use of cementitious materials. 

 Costs 

Construction  

Traffic management 

Maintenance  

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 
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Equipment and 
materials 

Specialised deep mixing equipment. 

Codes and standards European standard: “Execution of special geotechnical works – Deep mixing”, 
EN 14679:2005. 

Pros and cons Pros: Can be performed with no or only minimal affect on train traffic. There is 
a wide range of experienced contractors and equipment available in Europe to 
perform deep mixing. The dry method of deep mixing has been used exten-
sively in Nordic countries to support new railway embankments, and for the 
widening of existing embankments. The method has been also in other Euro-
pean countries. 

 

Cons: Requires a high level of field control. The high cost of mobilisa-
tion/demobilisation, plus the cost of the accompanying auxiliary batch plants, 
makes the wet method of deep mixing uneconomical for small projects. 

Alternative methods Jet grouting and for stability problems also Sheet pile walls. 
 

Comments Monitoring should be installed to measure e.g. movements in the track, sur-
roundings, foundations and bridge abutments. 
 

Sketches  

 

1. Case 

2. Case 

3: Case 

Photos  
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Method Description 

MD302 

Date: 2007-03-12  

 Method: 

Jet Grouting - Subsoil 

Objectives: 

Type of rehabilitation 

 

 Structural Repair   Structural Upgrading   Safety and Comfort 

 

  Field of application 
 Concrete 

 Metal 

 Masonry 

 Subsoil 

 Foundation 

Used to mitigate settlements and increase stability. Can be
installed adjacent to or beneath existing or new railway
embankments. Has been used to support existing railways 
during tunneling activities. 

Applicable subsoil:  Sand     Silt      Clay 

 

 

Jet grouting uses hydraulic energy to erode the in-situ soil, and to mix/replace 
the eroded soil with an engineered grout of water and cement to form a solidi-
fied in situ element. Produces improved ground that has greater strength, 
lower ductility, and lower compressibility. 

General description 

 

 

Produces elements in the ground that can be installed singularly, or in rows, 
grids, or blocks. Can be installed (1) vertically beneath the railway embank-
ment, (2) beside the railway embankment, and (3) inclined beneath the em-
bankment from beside of embankment. 

Work description: 

 

 

Case 1 and 2 can be performed without traffic interruption. Case 3 can be per-
formed from the track area, but can also be performed after removal of the 
embankment. (see sketches) 

Traffic regulations 

 

 

Prerequisites Relative high cost 

 

Environmental 
considerations 

Health considerations with respect for the use of cementitious materials. 

 

 Costs 

Construction  

Traffic management 

Maintenance  

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 
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Equipment and 
materials 

Specialised jet grouting equipment. 

Codes and standards European standard: “Execution of special geotechnical works – jet grouting” 
EN 12716:2001. 

Pros and cons Pros: Can be performed in all soil types to depths up to 50 m. Can be per-
formed with no or only minimal disruption to train traffic. There is a wide range 
of experienced contractors and equipment available in Europe.   

 

Cons: The main limitation of the technology is that the installation process can 
create heave or excess lateral ground movement, if the execution process is 
not carefully monitored. Another disadvantage of jet grouting is the relative 
high cost, including high mobilisation cost.  

Alternative methods Deep mixing and embankment piles could be an alternative. Also sheet pile 
walls in clay and silt. 

Comments Monitoring should be installed to measure e.g. movements in the track, sur-
roundings, foundations and bridge abutments. 

Sketches  

 

1. Case 

2. Case 

3: Case 

Photos [ 
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Method Description 

MD303 

Date: 2007-03-12  

 Method: 

Sheet Pile Walls / Stabilising Berms 

Objectives: 

Type of rehabilitation 

 

 Structural Repair   Structural Upgrading   Safety and Comfort 

 

  Field of application 
 Concrete 

 Metal 

 Masonry 

 Subsoil 

 Foundation 

Increases the stability of railway embankments in transi-
tion zones at existing railway bridges. Possibly combined 
with stabilising berms 

Applicable subsoil:  Sand     Silt      Clay 

 

Steel sections provide resistance against horizontal movements. The steel 
sections can be driven or drilled. Anchors (pre-stressed) can connect the sheet 
pile walls on each side. Stabilising berms adjacent to embankment contribute 
to stability. Also timber sections can be used in special conditions. 

General description 

 

 

The anchored sheet pile wall system reduces or eliminates shear deforma-
tions. By extending the sheet pile walls so that the slopes can be made less 
steep, the creep of steep slopes of approach embankments is mitigated. Fur-
thermore, the use of the anchored sheet pile wall system allows for the widen-
ing of existing railways close to the bridge. 

Work description: 

 

 

Can be performed with no or only minimal influence on train traffic. Traffic regulations 

  

Prerequisites Does not reduce settlements or vibration effects. 

Environmental 
considerations 

 

 Costs 

Construction  

Traffic management 

Maintenance  

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 
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Equipment and 
materials 

Engineered fill for the stability berms placed with typical fill/excavation con-
struction equipment. Sheet pile walls element e.g. steel, wood are drilled or 
driven with sheet pile wall hammer or vibrator. 

Codes and standards  

Pros and cons Pros: Greatest advantage of this method is that it can be installed with minimal 
impact on the railway traffic. The installation method is relatively quick, and 
staged construction is typically not required.  The use of loading berms is an 
effective way of increasing stability conditions, and the costs are often com-
petitive compared to other methods. 

 

Cons: Does not reduce settlements or vibration effects 

 

Alternative methods Deep Mixing of soft soil conditions. Jet Grouting. 
 

Comments Monitoring should be installed to measure e.g. movements in the track, sur-
roundings, foundations and bridge abutments. 
 

Sketches  

 

 
Photos  
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Method Description 

MD304 

Date: 2007-03-12  

 Method: 

Compaction Grouting 

Objectives: 

Type of rehabilitation 

 

 Structural Repair   Structural Upgrading   Safety and Comfort 

 

  Field of application 
 Concrete 

 Metal 

 Masonry 

 Subsoil 

 Foundation 

Compaction grouting is commonly used to increase the
density of soils. Applications include remediation of settling 
structures and embankments, soil densification for site 
improvement, and liquefaction mitigation. 

Applicable subsoil:  Sand     Silt      Clay 

 

Compaction grouting injects low slump grout into the ground to form a stiff, 
homogenous mass in the subsoil. The grout does not enter soil pores but re-
mains in a stiff mass that gives controlled displacement in order to compact 
granular soils. 

General description 

 

 

Produces vertical or inclined grout bulbs beneath existing structures or em-
bankments. Most applicable in granular soils. 

Work description: 

 
 

Can be performed with no or only minimal influence on train traffic. Traffic regulations 

  

Prerequisites  

Environmental 
considerations 

 

 

 Costs 

Construction  

Traffic management 

Maintenance  

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 
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Equipment and 
materials 

Specialised grouting equipment. 

Codes and standards  

 

Pros and cons Pros: Can be performed in very tight access; has minimal impact to the surface 
environment.  Can be performed with no or only minimal affect on train traffic. 

 

Cons: The greatest difficulty with the technology is the accurate verification of 
anticipated improvement. The design of compaction grouting is heavily de-
pendent upon local experience, and in some cases, a test program may be 
required. 

 

Alternative methods Jet grouting and embankment piles. 
 

Comments Monitoring should be installed to measure e.g. movements in the track, sur-
roundings, foundations and bridge abutments. 
 

Sketches  

 

 
Photos  
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Method Description 

MD305 

Date: 2007-03-12  

 Method: 

Embankment Piles 

Objectives: 

Type of rehabilitation 

 

 Structural Repair   Structural Upgrading   Safety and Comfort 

 

 Concrete 

 Metal 

 Masonry 

 Subsoil 

 Foundation 

Driven piles are commonly used to support highway and
railway embankments. A common application of driven 
piles beneath embankments is to provide transitional deep 
foundations at bridge approaches since the total and dif-
ferential settlements of pile-supported embankments are 
typically very small. 

 

Applicable subsoil:  Sand     Silt      Clay 

Field of application 

  

Driven pre-cast concrete, steel or timber piles may be used to increase the 
stability and reduce predicted settlements within railway transition zones. Piles 
can be installed with different installation techniques e.g. driven. 

General description 

 

 

The piles transfer vertical loads to deeper, more competent soil strata. Piles 
can also provide resistance to lateral loads. Piles may be installed beneath 
embankments with or without pile caps. If the embankment is taken away it is 
possible to make a concrete slab over the whole area, a piledeck. 

Work description: 

 

 

If the method is used without pile caps, see case 1, adjustments and a reduc-
tion of train speed are likely to be required. If pile caps are used, see case 2, a 
disruption of the train traffic is needed. (see sketches) 

Traffic regulations 

 

 

Prerequisites If the method is used without pile caps, the piles are installed through the em-
bankment and track adjustments and a reduction of train speed are likely to be 
required. If pile caps are used, the embankment has to be removed and a dis-
ruption of the train traffic is obtained. 

 
Environmental 
considerations 

 

 

 Costs 

Construction  

Traffic management 

Maintenance  

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 
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Equipment and 
materials 

For driven piles a pile hammer is needed. Driven piles include: (1) displace-
ment piles, such as pre-cast concrete piles or timber piles, or (2) non-
displacement piles, such as steel H piles or open-ended pipe piles. For in-situ 
piles appropriate equipment is needed. 

Codes and standards  

 

Pros and cons Pros: The design of pile foundations is well documented.  Installation is a 
common construction practice and materials are widely available. Non-
displacement piles can be driven in areas where undesirable ground heave 
and lateral displacements of the soil are anticipated. Can be used in all soil 
types. 

 

Cons: The piled foundation with pile caps cannot be constructed without dis-
rupting train traffic. Driving piles at close spacings in dense sands and satu-
rated plastic soils can cause heave or lateral ground displacements. 

 

Alternative methods Jet grouting, Deep mixing, Sheet pile wall and in sand also Compaction grout-
ing. 

Comments Monitoring should be installed to measure e.g. movements in the track, sur-
roundings, foundations and bridge abutments. 

Sketches  

 

Soft 
foundation 
soil 

 
Case 1                                         Case 2 

Photos  
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Method Description 

MD306 

Date: 2007-03-12  

 Method: 

Jet Grouting - Foundation 

Objectives: 

Type of rehabilitation 

 

 Structural Repair   Structural Upgrading   Safety and Comfort 

 

  Field of application 
 Concrete 

 Metal 

 Masonry 

 Subsoil 

 Foundation 

Pile improvement technique. It is possible to create soil-
mortar columns of controlled dimensions beneath an exist-
ing foundation. Such grout columns can be designed to 
deepen and enlarge existing pile toe foundations. 

 

Applicable foundation:  Pile     Footing 

 

Jet grouting uses hydraulic energy to erode the in-situ soil, and to mix/replace 
the eroded soil with an engineered grout of water and cement to form a solidi-
fied in situ element. Produces improved ground that has greater strength, 
lower ductility, and lower compressibility. 

General description 

 

 

Produces elements in the ground that can be installed singularly, or in rows, 
grids, or blocks. Can be installed vertically or inclined beneath the pile (see 
sketches) or the footing.  

Work description: 

 

 

When strengthening bridge abutments, traffic interruption is not necessary if 
strengthening one pile at the time. Precautions of the traffic must bed made. 

Traffic regulations 

 
 

Prerequisites Relative high cost. An important limitation with the jet grouting is that the soil 
beneath the pile toe will temporarily be transformed into a liquid soil-mortar 
with no strength, until the cement has set sufficiently. This has to be consid-
ered when planning the time schedule for the improvement of the piles. 

 
Environmental 
considerations 

Health considerations with respect for the use of cementitious materials. 

 

 Costs 

Construction  

Traffic management 

Maintenance  

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 
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Equipment and 
materials 

Specialised jet grouting equipment. 

Codes and standards European standard: “Execution of special geotechnical works – jet grouting” 
EN 12716:2001. 

Pros and cons Pros: Can be performed in all soil types to depths up to 50 m. Can be per-
formed with no or only minimal interruption of the train traffic. There is a wide 
range of experienced contractors and equipment available in Europe.   

 

Cons: The main limitation of the technology is that the installation process can 
create heave or excess lateral ground movements, if not carefully monitored. 
Another disadvantage of jet grouting is the relative high cost. An important 
limitation with the jet grouting is that the soil beneath the pile toe will temporar-
ily be transformed into a liquid soil-mortar with no strength, until the cement 
has set sufficiently. This means, that for a short time, the pile will not have any 
toe resistance so improvement with jet grouting can only be considered for 
those cases where the pile toe will be temporarily in a non-loading condition. 

Alternative methods Compaction grouting or shaft grouting could be an alternative. 

Comments Monitoring should be installed to measure e.g. movements in the track, sur-
roundings, foundations and bridge abutments. 

Sketches 

 

  

Photos [ 
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Method Description 

MD307 

Date: 2007-03-12  

 Method: 

Compaction Grouting 

Objectives: 

Type of rehabilitation 

 

 Structural Repair   Structural Upgrading   Safety and Comfort 

 

  Field of application 
 Concrete 

 Metal 

 Masonry 

 Subsoil 

 Foundation 

Compaction grouting is commonly used to increase the
density of soils. Applications include remediation of settling 
structures and embankments, soil densification for site 
improvement, and liquefaction mitigation. 

 

Applicable foundation:  Pile     Footing 

 

Compaction grouting injects low slump grout into the ground to form a stiff, 
homogenous mass in the subsoil. Some grout enters the superficial soil pores 
but most of the grout remains in a stiff mass that gives controlled displacement 
in order to compact granular soils. 

General description 

 

 

Produces vertical or inclined grout bulbs beneath existing footings or piles. 
Most applicable in granular soils. 

Work description: 

 
 

Can be performed with no or only minimal influence on train traffic. Traffic regulations 

  

Prerequisites  

Environmental 
considerations 

 

 

 Costs 

Construction  

Traffic management 

Maintenance  

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 
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Equipment and 
materials 

Specialised grouting equipment. 

Codes and standards  

 

Pros and cons Pros: Can be performed in very tight access; has minimal impact to the surface 
environment. Can be performed with no or only minimal affect on train traffic. 

 

Cons: The greatest difficulty with the technology is the accurate verification of 
anticipated improvement. The design of compaction grouting is heavily de-
pendent upon local experience, and in some cases, a test program may be 
required. 

 

Alternative methods Jet grouting and shaft grouting. 
 

Comments Monitoring should be installed to measure e.g. movements in the track, sur-
roundings, foundations and bridge abutments. 
 

Sketches 

 

 Potential application for pile foundation improvement in soils. Can also be used
for footings. 

Photos  
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Method Description 

MD308c 

Date: 2007-03-12  

 Method: 

Shaft Grouting and Base Grouting 

Objectives: 

Type of rehabilitation 

 

 Structural Repair   Structural Upgrading   Safety and Comfort 

 

  Field of application 
 Concrete 

 Metal 

 Masonry 

 Subsoil 

 Foundation 

Shaft grouting is used to improve the mechanical charac-
teristics of the soil and to improve contact pressure. Base 
grouting is used to improve the stiffness.  

 

Applicable foundation:  Pile     Footing 

 

When using shaft grouting, an injection of a cement slurry near the shaft is 
performed and when using base grouting an injection of a cement slurry at the 
contact is performed. 

General description 

 

 

It is possible to create a skin around the shaft or pile, with a thickness of sev-
eral (5-15) millimetres. The benefits of such a grouted skin are that it increases
the effective horizontal soil pressure and the mechanical bond between pile 
surface and soil. 

Work description: 

 

 

Can be performed with no or only minimal influence on train traffic. Traffic regulations 

  

Prerequisites  

Environmental 
considerations 

 

 

 Costs 

Construction  

Traffic management 

Maintenance  

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 
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Equipment and 
materials 

Specialised grouting equipment. 

Codes and standards  

 

Pros and cons Pros: Can be performed in very tight access; has minimal impact to the surface 
environment. Can be performed with no or only minimal affect on train traffic. 

 

Cons: The greatest difficulty with the technology is the accurate verification of 
anticipated improvement.  

Alternative methods Jet grouting or Compaction grouting. 
 

Comments Monitoring should be installed to measure e.g. movements in the track, sur-
roundings, foundations and bridge abutments. 
 

Sketches 

 

 Potential application for pile foundation improvement in soils. Can also be used 
for footings. 

Photos  
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Appendix F – Case Studies 

The following Case Studies are appended: 

CS0##:xx Concrete Bridges 

CS001:01  

CS001:02 Strengthening Källesund 

CS002:01 Sheets the Kallkällan Bridge 

CS004:01  

CS005:01 Prestressing Wodland 

  

CS1##:xx Metallic Bridges 

CS101:01 Metallic Structure 

  

CS2##:xx Masonry Bridges 

CS201:01 Strengthening by Concrete Saddle 

  

CS3##:xx Subsoil and Foundation 

CS301:01 Sheet Pile Walls 
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Case Study 

CS001:02 

Date: 20070305  

Method CFRP strengthening with laminates and sheets 

Project definition Strengthening of the Källesund Box Girder Bridge north Gothenburg, Sweden 

Structural elements 
to be rehabilitated  

A continuous box girder bridge, strengthening of bottom slab and webs 

A 3 span motorway bridge with continuous superstructure. 

A detailed analysis has been carried out on the Källesunds bridge. From the 
analysis the following (summarised) conclusions could be drawn: 

Several different strengthening methods were discussed, eventually CFRP 
plates (for bending) and sheets (for shear and torsion) were chosen. 
 

Main objectives To meet the updated requirements stated by the bridge owner: 

The bridge need to be strengthened in critical sections with regard to combined 
shear, torsion and bending moments due to the Swedish Bridge Code. 

The requirements were obtained 

Rehabilitation works The strengthening work was divided in three main parts; before, during and
after strengthening. 

Before strengthening 

Of essential importance is the scaffolding, a large effort was put into building a
scaffolding suitable for the purpose. The areas for bonding were marked out
and the surfaces to be bonded were all sand blasted and cleaned properly with
vacuum cleaners and pressurised air. Furthermore a two component epoxy
primer, Sto BPE 50 Super, was also applied to these concrete surfaces. 

During strengthening 

For strengthening in bending CFRP type StoFRP Plate M with a cross section
of 1.4 x 120 mm was used. The plates come with a peel-ply. The peel ply was 
removed and epoxy adhesive, Sto BPE Lim 567 was applied with a special
designed application tool. Up to 20 m long plates were the bonded on the soffit
of the bridge. During strengthening a developed control system was followed. 
The control system consist of temperature and humidity check, controlling of
batches of adhesive and CFRP materials. 

Only minor limitations during the strengthening work could be noticed. For ex-
ample the wind was quite heavy some days which stopped the work, in particu-
lar in combination with rain. 

After strengthening 

The strengthened areas were painted after strengthening. 
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Traffic Management In most projects only a limited need of traffic management is required since
most of the works typically is carried out from below and near existing supports.
In this particular case no traffic limitations were applied. 

Standards and Codes [The Swedish Guideline for FRP Strengthening (Täljsten, 2004) was followed 

Relevant alternatives [External prestressing 

Concrete casting and new reinforcement 

Comments In this particular case ease and speed of installation were advantageous. Also 
that the strengthening material does not add much weight to the structure. In 
addition the CFRP materials does not corrode. The system is also advanta-
geous in the ULS state. A very important beneficial factor is that the traffic does 
not needed to be stopped during the strengthening works. No advanced 
equipment is needed. However, protective clothing is important and special 
developed tools for adhesive applications is essential for successful results. 

A general disadvantage is limitations to temperature and humidity which often 
limit the period when strengthening can be carried out. Another disadvantage is 
that existing deflections or stresses can not be decreased if not the strengthen-
ing system is prestressed or the structure is propped. That means that only 
additional loads can be carried by the strengthening. This is also the case for 
the Källösunds Bridge. 

The work was considered successful even though the construction workers had 
limited experience from CFRP strengthening. It was also found out that proper 
scaffolding is essential for this type of work. 

Drawings 

Sketch of the bridge 
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Photos 

Sandblasting 

 

Priming of concrete surface. 
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Application of adhesive 

 

Strengthening works 
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Final result 

   

Construction Period Start: 2004 End: 2004 

Client Vägverket, the Swedish Road Authorities 

Designer Flygfältsbyrån/Göteborg 

Contractor Vägverket Produktion and Lerums Plast 
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Case Study 

CS002:01 

Date: 20070518  

Method Adhesively bonded CFRP sheets to concrete strucutres 

Project definition Strengthening of railway concrete trough bridge in Luleå Sweden. The bridge 
was strengthened in 1998 with CFRP Sheets 

Structural elements 
to be rehabilitated  

A railway concrete trough bridge in two spans needed to be strengthened in the 
cross direction, mainly the bottom slab was strengthened. 
 

Main objectives To meet the updated requirements stated by the bridge owner: 

- to increase the existing axle load from 25 tons per axle to 30 tons per 
axle due to increased loading from the transport of iron ore. 

Rehabilitation works Strengthening with CFRP involves three main moments; preparation work be-
fore strengthening, strengthening work and finishing work. Preparation work, 
includes theoretical calculations as well as all work before bonding the sheets.
The finishing work in this particular case refers to protective painting. 

Preparing work – before strengthening 
The load conditions have been calculated by the Swedish Road Administration. 
These calculations gave the need for strengthening the bridge in bending in the 
bottom flange in the cross direction. There where also a need to strengthen the 
bridge with respect to shear tension in the section between the web and the 
flanges in the bottom as well in the top of the bridge. In some sections it where 
also a need to strengthen the bridge with consideration to short anchor lengths 
of the internal steel reinforcement. However, in this case study only the 
strengthening in the cross direction of the bottom flange will be reported. 

To ensure sufficient adhesion between the CFRP sheets and the concrete low 
quality concrete must be removed and the aggregates must be uncovered. In 
addition, the concrete surface must be even enough that the carbon fibre 
sheets will straight, These two demands implies sandblasting and often also 
grinding, see also Fig.1. For the underpass at Kallkällan both sandblasting and 
grinding was used. Sandblasting to uncover the aggregates and grinding to 
smoothen out the fins in the concrete from the formwork when the slab was 
cast. The surface was thereafter cleaned with compressed air to remove dust 
and debris.  

During strengthening 
Before the bonding procedure started a two component diffusion open primer 
was applied to the concrete surface. The purpose with the primer is to increase 
the bond between the CFRP sheets and the concrete and to prevent the epoxy 
adhesive to penetrate into the concrete without wetting the fibre sufficiently. 
Approximately one day passed before the adhesive was applied on the primed 
surface. At larger irregularities epoxy putty was used to level out the concrete 
surface. The two component epoxy adhesive was applied wet-in wet in the 
putty and then the CFRP sheets were mounted. All sheets had been pre-cut 
before mounting. 
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 The CFRP sheets was mounted in the wet adhesive and possible air was
squeezed out with a mohair roller as shown in Fig. 2 

In total 3 layers of sheets was applied. After each CFRP sheet a new layer of 
epoxy adhesive was applied until all layers have been mounted. In Fig. 3
mounting of the CFRP sheets are shown. 

After Strengthening 
After strengthening the strengthen surface was protected with a two component 
polyurethane paint. This particular paint is designed for outdoor use and gives a 
very hard and though surface similar to surfaces in industry buildings. It will 
also protect the strengthening system against UV-radiation. 

In this particular case also a full scale test was carried out before and after 
strengthening. This test showed that the decrease in steel stresses and deflec-
tions was approximately 17 % after strengthening. This was obtained using just 
3 layers of CFRP sheets. 

Additional information 
The concrete average compressive strength was 61.3 MPa and the pull-off 
strength of the concrete 3.0 MPa, both from three tests. The CFRP Sheets had 
a weight of 300 g/m2 and a modulus of elasticity of 235 GPa. The strain at fail-
ure was 1.5 %. The volume fraction of the final composite on site was meas-
ured to approximately 38 %. 

Traffic Management Traffic management was needed since there was an road underpass under the
bridge. One line had to be closed during the strengthening work. 

Standards and Codes No standards were available at time for strengthening. 

Relevant alternatives In this particular case no relevant alternatives was considered useful for the
strengthening work 

Comments Epoxy is a thermosetting plastic that consists of two parts, a resin and a hard-
ener. The fully cured product involve no environmental or health problems and 
are often used as package of food. On the other hand if the two compounds 
are improperly handled they can cause allergy and irritations. Therefore, it is 
important that the epoxy is handled as prescribed by the local authorities. 

In this particular case the epoxy was mixed at a special “mixing station” at site 
where possible waste was taken care of immediately. Un-cured epoxy was 
placed in special barrels that was sent for destruction when the strengthening 
work was finished. 

Almost 10 years after the strengthened work was completed the strengthening 
works as intended. There have been some minor damages due to vehicle im-
pact and in one area the protective paint had fallen off. The reason for this was 
that the contactor in this specific area had not followed the instructions for 
painting, i.e. the surface had not been treated in the correct way. 
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Drawings 

 
Longitudinal and cross-direction of the Kallkällan Bridge. 

 

Strengthened bridge seen from the top and from the west side 

 

Strengthened bridge seen from the bottom and the east side 
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Photos 

 
Fig. 1 Concrete surface before applying the fibres. Larger irregularities have 

been filled with a epoxy putty. Here the corners are grinded off. 

 

 
Fig. 2 Excess air is squeezed out by a roller. The release paper is removed 

before the next sheet is applied 

 

 
Fig 3. Mounting of CFRP sheets 
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Fig. 4 The bottom of the slab has been painted 

 

 

Fig. 5 Finished strengthening work. 

   

Construction Period Start: June 1998 End: August 1998 

Client Banverket - Sweden 

Designer Skanska Teknik AB and Luleå University of Technology 

Contractor Stabilator AB (Spännarmering AB) 
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Case Study 

CS005:01 

Date: 20070305  

Method External Prestressing of Concrete Structures 

Project definition Strengthening of motorway bridge in Singapore: Woodlands  Flyover 

Structural elements 
to be rehabilitated  

A 3 span motorway bridge with continuous superstructure. 

The superstructure consists of two solid, prestressed main girders and a mild 
steel reinforced bridge deck. 
 

Main objectives To meet the updated requirements stated by the bridge owner: 

- to achieve no tensile stresses in SLS as the live load is increased by 
20 % compared to the original design live load 

- to achieve sufficient load bearing capacity as the live load is increased 
by 20 % compared to the original design live load 

 

Rehabilitation works The longitudinal girders were strengthened. The stresses in SLS as well as the 
Load capacity in sections at mid piers as well as in mid spans were adjusted. 

The ordinary prestressing system VSL was used with ordinary prestressing
cables, ducts, anchorages and prestressing equipment was used. 

For each girder up to six cables were provided and prestressed on each side of
the girder. The amount of the additional prestressing was of the same magni-
tude  as the existing prestressing. 

Formal tensile stresses in the concrete of size 8 MPa was balanced by the 
external prestressing. The load bearing capacity in critical sections was in-
creased by approx. 15 %. 
 

Traffic Management No traffic management needed as all construction works were above non traffic
areas. 

Standards and Codes [BS 5400 supplemented by the local (Land Trasport Authority, Singapore) 
Bridge Design Criter and VSL’s normal guidelines for use of VSL prestressing
systems. 

Relevant alternatives [Addition of a third main girder. 

CFRP using prestressed bonds at the underside of the main girders. 

Comments  
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Drawings 

 
Longitudinal section. 3 systems of external prestressing cables are provided. 

 

 
Anchor blocks. Plan section. Shear face with drilled in bars and with prestressed transverse bars. 

 

 
Anchor blocks. Cross section 
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Photos 

 
Woodland flyover. 3 span bridge with 2 main girders and bridge deck slab. 

 

 

2 continuous main girders seen from below. Before external prestressing. 
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Anchor block for two cables. 

Shear face is prestressed by 4 transverse bars. 

 

 
Prestressing of cable at top - "live end". "Dead end" for cable at bottom. 

   

Construction Period Start: 2005 End: 2007 

Client Land Transport Authority (LTA), Singapore 

Designer Maunsell/COWI 

Contractor VSL Singapore 
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0B0BCase Study 

1B1BCS005:02 

 2B2BDate: 20071123 

3B3BMethod Strengthening with post-tensioned cables and exchange of riveted joints 

4B4BProject definition Strengthening of the Bridge over Skellefteå River at Slind, km 33+220, 
Skellefteå, Sweden. 

5B5BStructural elements 
to be rehabilitated  

A riveted steel truss bridge. Strengthening of bridge due to increased axle load 
from 225 to 250 kN. 

A four span railway bridge with the span lengths 24+60+24+24 m with underly-
ing truss built in 1911. The bridge was originally designed for an axle load of 
180 kN. 

An initial assessment according to BV Bärighet was carried out in 1994. The 
calculation showed that a number of critical parts would exceed its capacity for 
the higher axle load. 

Three factors were identified at the assessment as the main reason for the lack 
of capacities; so called Martin Steel (brittle and sensitive to cracks) in all struc-
tural members, high compression of hole circumference in rivet joints and fa-
tigue mainly in cross beam joints in the shorter spans. 

6B6BMain objectives To meet the updated requirements stated by the bridge owner: 

Save costs by strengthening the bridge instead of building a new one for about 
40 Mkr. 

The strengthening work had three main tasks; decrease the risk of brittleness 
and cracking, decrease the high contact (shear) stresses on the rivets from the 
holes in the joint plates and decrease the fatigue stresses in the web-joints of 
the cross beams. 

In addition, a measurement program was launched to verify the effect of the 
strengthening. The test loading of the bridge was preformed before and after 
the strengthening to verify the strengthening effect by using a basic theory that 
when a train passes a bridge it will start to vibrate with a magnitude depending 
on the amount of introduced energy. The energy will then slowly dissipate due 
to internal work i.e. damping of the vibration by friction in joints and bending 
work of structural members. 

Rehabilitation works The strengthening work consisted of three actions; pressurizing the underlying 
truss beams by post-tensioning wires, increase the rivets contact area in shear
connections by exchanging rivets with bolts or, if this is not enough, exchanging 
existing joint plates with larger plates in order to fit in more bolts. 

UUPost-tensioning 

The aim of pressurizing the underlying truss beams was to introduce compres-
sion stresses in the elements in order to decrease the tension stresses and
hence minimize the risk of developments of fatigue cracks due to the brittleness
of the steel. 

 
The procedure of the post-tensioning was as follows: 

2500 kN 
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 UUExchanging rivets and also joint plates for cross beams 

The purpose of increasing the contact area was to decrease the bearing
stresses from the hole on the pins and to decrease the amplitude of the stress
range in concern of the cumulative fatigue capacity of the joints. The first 
means that the total contact area to distribute the forces are being enlarged by
increasing the envelope surface area of each anchor pins, or in cases when the 
distance between the holes is not long enough, the joint plates are being ex-
changed to larger ones with space for more bolts. The second means simply
that the moment and shear capacity of the web joints is increased. 

 

To high bearing stresses

To small joint plate areas

1. Installation of lining pipes.

4. Injection and sealing 3. Installation of anchor construction and 
 tightening with hydraulic jacks 

2. Pushing of tension wires 
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The procedure of the exchanging is as follows: 

 

Measurement work The first test loading of the bridge was done before the strengthening in June 
1996 and the second after the strengthening in October 1996. 

The purpose of the first measurement was to estimate the static and dynamic
global response of the main truss before strengthening, control the effect of
tightening on the diagonal bracings during the post-tensioning and to check the 
function of the bearings. The purpose of the second measurement was to esti-
mate the static and dynamic global response of the main truss after strengthen-
ing. Two connected locomotives of type T44 were used at the static and dy-
namic loading. The weight of each locomotives are about 76 tons which gives a 
total weight of roughly 1500 kN and an axle load of 190 kN. The dynamic re-
sponse was measured at three different speeds 20, 40 and 80 km/h in both
directions. Finally, the responses from breaking until standing still on the middle 
of the main span and acceleration of the locomotives from standing still in the 
middle of the main span were recorded. 

The instrumentation consisted of 16 accelerometers, 14 displacement sensors

1. Removing of the rivet head with a cutting 
blowpipe with a chisel mouthpiece

2. Removing of the old rivet by knocking 
with a pneumatic hammer 

4. Tightening of new corrosion-proofed bolts 
after protection with corrosion-preventive 
paint inside and around the holes. 

3. Reaming of the holes with a magnetic 
hold drill machine 

5. Exchanged joint plate and bolts in cross 
beam before painting of two layers with top 
paint applied over the joint plates and bolts 
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(potentiometers) and two laser sensors, see next figure. Photos with examples 
of mounted displacement sensors and accelerometers can also be seen in the 
next figure. 

Traffic Management A limited need of traffic management was required since most of the works 
could be carried out in between passing trains, partly due to a low traffic fre-
quency of about 7-10 crossings a day of freight trains. 

Standards and Codes The Swedish Codes for design of railway bridges and assessment of existing 
railway bridges. 

Relevant alternatives  No relevant alternatives. 

7B7BComments The work was considered successful when the cost of the strengthening work 
was about 1/10th of the costs for building a new bridge and that the work could 
be completed without any traffic interruption. The whole work took about one 
month during the summer period. 

In this particular case it was discovered that a too small diameter of the bolts 
was chosen because the holes sometimes had to be reamed more due to hole 
damages and irregularities. Another outcome from the project was that the 
tolerances of the bolts should be considered and stated very carefully in com-
parison to tolerances given by standards. In this case the tolerances according 
to criteria DIN 6914 and ISO 7412 were far too large. Additionally, the diameter 
of the thread was larger than the shank which together with criteria of a narrow 
hole play consequently caused thread sprains at the mounting of the bolts. 

In concern of mounting the tendon wires it turned out that the bearing pressure 
from the wire feed machine have to be adjustable to avoid damages of the wire 
cover. Furthermore, it is also preferable to use two instead of one hydraulic 
jack to tightening the wires in order to avoid lateral movements back and for-
wards several times which in concern of Martin (brittle) steel is unfavourable. 

Test loading of the bridge was preformed before and after the strengthening to 
verify the strengthening effect by using a basic theory that when a train passes 
a bridge it will start to vibrate with a certain energy level that slowly dissipates 
due to internal work i.e. damping by friction in joints and bending work of struc-

Elevation 

Plan 

3. Accelerometers mounted on a web in one 
of the cross beams 

2. Displacement sensors mounted for mea-
suring horizontal movements at the movea-
ble bearing 

Longitudinal displacements
Vertical and transversal displacements

Longitudinal, transversal and vertical acceleration 
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tural members. 

The processing and evaluation of the measurement data showed that the 
measurement could either confirm or unconfirm the adopted theory. 

The results also showed that the magnitude of the displacements was unde-
pended on the speed of the train. Furthermore, the vertical displacement in the 
middle of the main span had decreased slightly after the strengthening com-
pared to before the strengthening. The amplitude of the result from the meas-
ured acceleration had increased some what after the strengthening. However, 
it could not be registered any changes of the natural frequencies despite the 
increased stiffness due to the strengthening of the bridge. 

8B8BDrawings 

9B9BElevation of Bridge over Skellefteå River at Slind 

10B10BPhotos 

11B11BBridge over Skellefteå River at Slind 

  

   

Construction Period Start: 2006 End: 2006 

Client Banverket (The Swedish Railway Administrator) 

Designer Sven Karlsson, Arne Johnssons Ingenjörsbyrå, Luleå, Sweden 

Contractor Vägverket Projektering and Brisab 
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Case Study 

CS101:01 

Date: 2007-03-05  

[Type of Method] Method 

Strengthening with adhesively bonded CFRP plates 

[Actual project, name and location]] Project definition 
Strengthening of a three-span continuous steel I-beam bridge, with a total 
length of 45.7 m (13.9 m + 17.9 m + 13.9 m), in Iowa, USA. 

[Short description of the structure to be rehabilitated] Structural elements 
to be rehabilitated  Strengthening of the positive moment region of both interior and exterior main 

beams in all three spans. 

[The main objectives of the rehabilitation project?] Main objectives 
To increase the load carrying capacity of the overstressed interior main beams.

The interior main beams were overstressed by 3.79 MPa and 10.82 MPa in 
end and centre span, respectively, according to analysis completed by the 
bridge owner. 

Rehabilitation works [Main properties related to the rehabilitation works design] 

West end span, a pair of 6.1 m long one layer CFRP plates were installed side
by side, in the positive moment regions of beam 1, 3 and 4. See drawings be-
low. The centre span was strengthened with two layers of CFRP plate 7.62 m in
length. Three layers of CFRP plates 6.1 m in length were installed on East end 
span. The width and thickness of the CFRP plate was 101.6 mm x 1.02 mm, 
respectively. 

The preparation works include sand blasting and cleaning of the steel surface
and cleaning of the CFRP plate. A primer was applied on the steel surface be-
fore the CFRP plates were adhesively bonded to the designated surface. The
bonded CFRP plates were pressed and rolled thoroughly to remove any
trapped air pockets in the adhesive layer. (c.f. MDxx-yy) 

Traffic management [Actual traffic management provided as necessary] 

Temporary scaffolding was constructed underneath the bridge in both end 
spans to provide easy access for installing the strengthening system. Access to
the centre span was provided through use of a “snooper” truck. 

Standards and codes [Standards and codes used in design] 

None 

Relevant alternatives [Alternatives considered in the design stage] 

None 

Comments [Further description related to the use of the method in the actual project] 
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The strengthening work was conducted in connection to a research project 
were the primary objectives were to investigate the effectiveness of CFRP 
plates to strengthen existing, structurally deficient steel girder bridges and to 
identify changes in structural behaviour due to addition of strengthening system 
and time.  

Monitoring of the strengthening system is still ongoing  

Drawings [Give examples of project drawings or part of drawing] 

Cross-section of the 
bridge (mid-span) 

[Insert drawing here] 

 
Cross-section 

Side view of the 
strengthened beams, 
where sections E to G 
are located in the West 
end span. 

CFRP strengthening system layout (side view) 

 

 

Photos [Give examples of project photos] 
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Side view 

 

Bottom view in the 
mid-span before 
strengthening 

 
Surface preparation 
of steel beam (sand-
blasted) 
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Installation of CFRP 
plates in end-span 

 
Installation of CFRP 
in mid-span 

 
Installed CFRP plates 
before painting 

 
   

Construction period Start: 2003-MM End: 2003-MM 

Client [Give name and address to Client] 

Iowa Department of Transportation (Iowa DOT), USA 

Federal Highway Administration (FHWA), USA 
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Designer [Give name and address to Designer] 

Iowa State University Bridge Engineering Center 

Contractor [Give name and address to Contractor] 

- 
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Case Study 

CS101:01 

Date: 20070927  

Method CFRP strengthening of steel with laminates  

Project definition New Moss Road Overbridge, Irlam, Greater Manchester, UK 

Structural elements 
to be rehabilitated  

The bridge is a two span structure carrying New Moss Road, an unclassified 
single carriageway road.  The original bridge was constructed in 1873 consist-
ing of a single span structure of six simply supported cast iron beams with brick 
masonry jack arches spanning between the beams. The transverse tie-rods in 
the structure had corroded in a number of locations in the external bays, reduc-
ing the lateral stability of the jack arches. 

Main objectives The structure was assessed to BD 21/97 (The Assessment of Highway Bridges 
and Structures) showing the internal beams of the cast iron span to have an 
assessment live load rating of 17 Tonnes. The bridge had a required capacity 
of full HA and 30 units of HB. 

Rehabilitation works For an increase in flexural capacity in the cast iron, the soffit of the beams was
to be strengthened with ultra high modulus carbon fibre composite laminates.  

Prior to bonding the surface was prepared to be clean and free from contami-
nates.  The cast iron was vacuum blast cleaned to SA2.5. The priming material 
was then applied to the surface. The peel ply was first removed from the lami-
nate and the surface was degreased.  A thin layer of adhesive was applied to
the laminate and the laminate was then applied to the bridge soffit in the correct
position, under pressure to remove air voids.  The laminates are then clamped 
into position with the temporary support device. 

Traffic Management The bridge spans a busy railway line and therefore all works had to be per-
formed within time limited possessions which only provided 4 hours of usable
working time from any available 8 hour period (time is taken to set up the pos-
session and then hand it back afterwards). 

The bridge span had headroom clearance from track (rail) level of 4.18m.  This
is less than the minimum headroom clearance for straight and level track of 
4.64m as set out in Network Rail Group Standard GC/RT5204 and thus any
further reductions in headroom would be critical. 

Standards and Codes BD21/01 and CIRIA Report, C595 
 

Relevant alternatives CFRP using prestressed bonds at the sides of the main girders could have 
been an alternative method. 

Comments The laminates were tap tested after cure to ensure the entrapped air is within 
the limits within the specification.  However, the tap testing found that there 
were voids bigger than those allowed by the specification. The contractor had 
to inject a low viscosity resin to fill the voids and then bond a plate over the 
injected area.   
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Drawings 

 
Placement of UHM CFRP laminates. 

Photos 

  
New Moss Road Overbridge. 
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Painting the plate on the bridge. 

Construction Period   

Client Network Rail 

Designer Mouchel Parkman, UK 

Contractor Makers Ltd 

 



Case Study  
CS201:01  

Date: 2007-11-05 

Method [Type of Method] 

Concrete saddle 

Project definition [Actual project, name and location]] 

Saddling and repair of Elsage Farm Bridge 

Structural elements 
to be rehabilitated  

[Short description of the structure to be rehabilitated] 

Masonry arch barrel and abutments 

Main objectives [The main objectives of the rehabilitation project?] 

• to improve the arch barrel stiffness  

• providing a sound substrate for the waterproofing membrane 

Rehabilitation works [Main properties related to the rehabilitation works design] 

• reinforced concrete saddle over arch 

• brickwork repairs  

• waterproofing of the deck 

Three particular parameters were determined as requirements for concrete 
strength gain during the 96 hour possession; these were to progressively strip 
formwork, to pass heavy plant over the structure and to pass trains over the
structure. The required concrete strength-gain was plotted against time to 
decide what mix design would best fit the project needs. From this, concrete 
suppliers were requested to forward historical cube strength data to show
consistency with the requirements. Cube tests were also taken during the
concrete pour to confirm the actual strength gain was in line with the
requirements. 

Loose-laid membrane waterproofing was the preferred option to use in this
case as it is relatively quick to install and can be used in a wide range of
weather conditions. Sprayed acrylic waterproofing would have taken a much
longer time to place and would have introduced more onerous requirements on 
the concrete finish. Further, a curing period would have been necessary prior to 
the application of the acrylic system. Finally a membrane system would have 
had to be employed in conjunction with the sprayed acrylic to ensure adequate 
waterproofing against the brickwork spandrels. This would have introduced a
discontinuity into the system, which could have proved detrimental over time.
Bonded membrane waterproofing system would again have taken longer to 
place and was discounted. 

Traffic management [Actual traffic management provided as necessary] 

Traffic disruption during construction 

Standards and codes [Standards and codes used in design] 

 

Relevant alternatives [Alternatives considered in the design stage] 

sprayed concrete lining (discounted due to loss of headroom) 



Comments [Further description related to the use of the method in the actual project] 

The standard brickwork methodologies were followed. However, additional 
grout holes had to be drilled into the abutments to allow full grouting as hollow-
sounding areas remained after the main pinning and grouting work was 
completed. This would suggest that the grid pattern used for the original 
grouting did not allow grout to be pumped into all voided or fractured areas 
within the substructure. 

The excavation, concrete pour and backfill operations were strictly controlled to 
minimise imbalance of loading on the arch barrel. A maximum level difference 
of 0.5 m was allowed for fill or concrete either side of the brick arch, and an 
exclusion zone was organised to ensure surcharge pressure from heavy plant 
was retained by the abutments. This reduced the potential for arch instability 
during construction works. 

One of the main problems identified during the works was the presence of 
disused spandrel walls encountered within the excavations. As the concrete 
shutters to be used for the works were proprietary panel forms, the disused 
spandrels had to be broken out to allow the shutters to be placed at the correct 
level. This used up additional time during the 96-hour possession, which had 
not been allocated to the shuttering activity 

Drawings [Give examples of project drawings or part of drawing]

 [Insert drawing here] 

Figure text 

Photos [Give examples of project photos]

 
Arch extrados prepared for reinforcement and shuttering 

   

Construction period Start: YYYY-MM End: YYYY-MM 

Client [Give name and address to Client] 

Network Rail Ltd 

Designer [Give name and address to Designer]

Owen Williams Railways 

Contractor [Give name and address to Contractor]

Birse Rail Ltd 
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Subsoil - Case Study  

CS303:01 

Date: 2007-03-16  

 

Sheet Pile Walls 

Method 

 

Vitmossen, Avesta-Storvik, Sweden Project definition 

 

Subsoil Structural elements 
to be rehabilitated  

 

Increase the stability of embankment Main objectives 

 

Rehabilitation works Driven steel sheet pile walls on each side of the embankment. Pre-stressed 
anchors between the sheet pile walls 

 

Traffic management Reduced train speed. Monitoring of movements in track and catenaries. Track
adjustments were performed during execution of strengthening work 

 

Standards and codes  

 

Relevant alternatives [ 

 

The railway operator was very satisfied because the limited influence on the 
train traffic 

Comments 
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Drawings  

 

  

Principle section  

 Photos 

 

Anchored sheet pile wall 

   

Construction period Start: 2007-07 End: 2007-11 

Client Banverket, Sweden 

Designer Vägverket Konsult, Sweden 

Contractor NCC, Sweden 
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Appendix G – Template – Method Description 

Method Description template 
MD# 

 Date: YYYY-MM-DD 

Method: [Name of Rehabilitation Method] 

 

Objectives: 

Type of rehabilitation 

[Check appropriate Box(es)] 

 Structural Repair   Structural Upgrading   Safety and Comfort 

 

Field of application [Tick appropriate box] [For what problem is the method suitable, see graphical index] 

 Concrete 

 Metal 

 Masonry 

 Subsoil 

 Foundation 

 

 

 

 

 

General description 

 

[General description of the rehabilitation method] 

 

Work description: 

 

[Work description of the rehabilitation  method] 

 

Traffic regulations 

 

[Are special traffic management needed, if so, what?] 

 

Prerequisites [What factors limit the method?] 

 

Environmental 
considerations 

[What special environmental impact must be considered, i.e. aesthetics, contaminants etc.] 

 

Costs 

Construction  

Traffic management 

Maintenance  

[Estimate the cost levels for the method] 

 High    Medium     Low 

 High   Medium      Low 

 High   Medium      Low 

Equipment and 
materials 

[Required technology ] 

 



Sustainable Bridges TIP3-CT-2003-001653 2007-09-15 59 (63)

Rev. YYYY-MM-DD   
 

Codes and standards [Can existing codes and standards be used, or is there a  need of new guidelines] 

 

Pros and cons [Important advantages and disadvantages] 

Pros: 

 

 

Cons: 

 

 

 

Alternative methods [Alternative methods to be considered in the design stage] 

 

Comments [Additional information related to the system] 

 

Sketches [Illustration to support the description of the method on general basis] 

  

Photos [Photos to support the description of the method on general basis]
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Appendix H – Template – Case Studies 

Case Study Template 
CS#  

Date: YYYY-MM-DD 

Method [Type of Method] 

 

Project definition [Actual project, name and location]] 

 

Structural elements 
to be rehabilitated  

[Short description of the structure to be rehabilitated] 

 

Main objectives [The main objectives of the rehabilitation project?] 

 

Rehabilitation works [Main properties related to the rehabilitation works design] 

 

Traffic management [Actual traffic management provided as necessary] 

 

Standards and codes [Standards and codes used in design] 

 

Relevant alternatives [Alternatives considered in the design stage] 

 

Comments [Further description related to the use of the method in the actual project] 

 

Drawings [Give examples of project drawings or part of drawing]

 [Insert drawing here] 

Figure text 
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Photos [Give examples of project photos]

[Insert Photo here] 

Photo text 

   

Construction period Start: YYYY-MM End: YYYY-MM 

Client [Give name and address to Client] 

 

Designer [Give name and address to Designer]

 

Contractor [Give name and address to Contractor]
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Appendix I – Guidelines and Standards 

Guidelines Strengthening of Concrete Structures 
Rehabcon Manual: Strategy for maintenance and rehabilitation in concrete structures, EU-

Project Rehabcon, 2004 

 

Guideline Strengthening of Metallic Structures 

UK 
Cadei, J.M., Stratford, T.J., Hollaway, T.C. and Duckett, W.G., Strengthening metallic struc-

tures using externally bonded fibre-reinforced polymers, CIRIA, Publication C595, 2004. 

Moy, S. (editor), ICE design and practice guide - FRP composites, life extension and 
strengthening of metallic structures, Thomas Telford, London, 2001. 

Italy 

CNR-DT 202/2005, Guidelines for the design and construction of externally bonded FRP 
systems for strengthening existing structures – metallic structures – Preliminary study, Rome 
– CNR, June 2007. 

USA 
Schnerch, D., Dawood, M. and Rizkalla, S., Strengthening of steel-concrete composite 

bridges with high modulus carbon fiber reinforced polymer (CFRP) strips, Technical report 
No. IS-06-02, North Carolina State University, 2007. 

 

Guideline Strengthening of Masonry Arch Structures 
N.A 

Guidelines Strengthening of the Subsoil 
N.A 

Guidelines FRP (Fibre Reinforced Polymers) 

Canada 
S. Rizkalla, A. Mufti, Reinforcing Concrete Structures with Fibre Reinforced Polymers (FRP), 

ISIS Manual No. 3, The Canadian Network of Centers of Excellence on Intelligent Sensing 
for Innovative Structures – ISIS, Winnipeg, Manitoba, 2001 

K. Neale, Strengthening Reinforced Concrete Structures with Externally-Bonded Fibre Rein-
forced Polymers (FRP), ISIS Manual No. 4, The Canadian Network of Centers of Excel-
lence on Intelligent Sensing for Innovative Structures – ISIS, Winnipeg, Manitoba, 2001 

Germany 
German General Guideline: Richtlinie für das Verstärken von Betonbauteilen durch Ankleben 

von unidirektionalen kohlenstoffaserverstärken Kunststofflamellen, Fassung, Deutsches 
Institut für Bautechnik, Berlin, September 1998. 
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Japan 
Japan Building Disaster Prevention Association (JBDPA): Seismic Retrofitting Design and 

Construction Guidelines for Existing Reinforced Concrete (RC) Buildings with FRP Mate-
rials,1999, In Japanese. 

Japan Society of Civil Engineers (JSCE): Recommendation for Design and Construction of 
Concrete using Fiber Reinforced Material, JSCE Concrete Engineering Series 23, Re-
search Committee on Continuous Riber Reinforced Materials, Tokyo, Japan. 

Sweden 
Täljsten, B. FRP Strengthening of Existing Concrete Structures Design Guideline, Luleå Uni-

versity of Technology, Sweden, Fourth edition, 2006 

Switzerland 
SIA E166 Draft of Swiss Code for post-strengthening of reinforced concrete, timber, masonry 

and steel by applying steel or FRP, Switzerland, 2004  

UK 
FRP composites: Life Extension and Strengthening of Metallic Structures: ICE Design and 

Practice Guide 

The Concrete Society (UK): Technical Report No. 55 – Design guidance for strengthening 
concrete structures using fibre composite materials, 2000. 

USA 
American Concrete Institute: ACI 440.2R-02, Guide for the Design and Construction of Ex-

ternally Bonded FRP Systems for Strengthening Concrete Structures, American Concrete 
Institute (ACI) Committee 440, technical committee document, 2002. 

American Concrete Institute: ACI 440.1R-03, Guide for the Design and Construction FRP 
Systems for Strengthening Concrete Structures, American Concrete Institute (ACI) Com-
mittee 440, technical committee document, 2003. 

Dolan C.W., Bakis C.E. and Nanni A., Design recommendations for concrete structures 
prestressed with FRP tendons FHWA, DTFH61-96-C-00019, Final Report, August 2001 

Schnerch, D., Dawood, M., Sumner, E., and Rizkalla, S., Design Guidelines for Strengthen-
ing of Steel-Concrete Composite Beams with High Modulus CFRP Materials, accepted for 
publication in the Proceedings of the 7th International Conference on Short and Medium 
Span Bridges, Montreal, Quebec, Canada, August 23-25, 2006. 

Other Guidelines 
Busel J.P. (editor), Product Selection Guide: FRP Composite Products for Bridge Applica-

tions MDA, The Market Development Alliance of the Composites Industry, First Edition, 
2000, pp 264 

FIB Bulletin No. 14 Technical Report: Externally bonded FRP reinforcement for RC struc-
tures, International Federation of Structural Concrete, Lausanne, 2001. 

Guidelines External Prestressing 
N.A 
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