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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 6th 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 
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carrying capacity of bridges and better engineering solutions for repair and strengthening of bridges that are found 
to be in need of attention.  
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General remarks 

This method statement guideline has the purpose serving the designer and users of FRP 
strengthening systems regarding the installation procedure. The guideline shall be seen as a 
general recommendation document and special applications might need additional guidance. 

The guideline is put together by the best knowledge and experience from the authors and if 
one finds that some information is not correct or if information is missing this is apologised. 
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Preface 

The Method Statement described in this report discusses the Workmanship and Quality Con-
trol regarding FRP strengthened concrete and metallic structures. The report is based on 
best practice regarding FRP strengthening and is based on long time experience from FRP 
strengthening projects.  

The project was a part of the European funded research project Sustainable Bridges 
(www.sustainblebridges.net).  

Contributions to the project presented in this report have been given by the European Com-
mission and by the following companies and institutions: Banverket, BAM, Luleå University of 
Technology (LTU), Technical University of Denmark (DTU), Sto Scandinavia AB, RWTH and 
Chalmers University of Technology. 

The following persons have taken part in the accomplishment of this report; Rosemarie Hel-
merich (BAM), Johannes Naumes (RWTH), Mohammad El Amrani (Chalmers), Björn Täl-
jsten (LTU), Christian S Hansen (DTU), Thomas Blansvärd (LTU) and Anders Carolin (LTU). 

Without all people taking part in the project the compilation of this report would not have 
been possible. 
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Summary 

The execution work is of tremendous importance if FRP strengthening should be successful 
and to obtain this the workmanship and quality controls during different stages in a project 
must be followed in a precise manner. This report discusses the use of FRP strengthening 
for concrete and metallic structures with focus on the workmanship and quality control. 

The strengthening work can be divided into three phases; 1) Before strengthening, 2) During 
strengthening and 3) After strengthening. All phases are important, but from different as-
pects. In the first phase a detailed mapping of the structural component to be strengthened is 
carried out. The main purpose with this is to obtain a thorough understanding of the 
strengthening needs and what system is most suitable. For example where is the steel rein-
forcement placed in concrete structures and what is the quality of the concrete. In the second 
phase, during strengthening, handling regulations and conditions for strengthening is fol-
lowed, for example when epoxy based system is used the temperature must exceed 10 °C 
during the hardening process. In phase two most of the quality control is done and followed 
up. In the third and last phase a final investigation of the bond is carried out. Sometimes also 
surface treatment, such as painting, plaster or fibre protection, is applied to the strengthening 
systems, this is done during this phase. 

For both concrete and metallic substrates essential are the pre-treatment of the adherents, if 
for example the surface contain grease, dust or other contaminations inferior for the 
strengthening system the effect of strengthening may be totally lost. The concrete surface 
should be sandblasted or grinded prior strengthening, depending on the requirements of the 
national railways or approvals. For concrete structures it is also important that larger irregu-
larities are levelled out and in case of corrosion in the existing steel reinforcement – this must 
be taken care of before the strengthening is carried out. Most important for metallic struc-
tures is also surface treatment, corrosion product must absolutely been removed, in addition 
it is strongly recommended that the sandblasted surface is protected with a steel primer 
compatible with the strengthening system. 

Depending on the strengthening system chosen different application techniques are used. 
For laminates a thixotropic adhesive that is applied normally with a thickness of 1-3 mm and 
for sheets a low viscosity adhesive is used. The different procedures are described in detail 
in this report. 

Quality control for strengthening is also related to the three phases described above where in 
the first phase an assessment of the structural component is made, here for example surface 
strength, irregularities, corrosion etc is recorded. In the second phase the strengthening work 
it-self is followed up and in the third and final stage possible voids in the bond line for exam-
ple is controlled. This can either be made in a simple way by tapping on the composite with a 
coin or with more advanced methods using active thermography or other non-destructive 
methods. 

For long time following up, different types of monitoring can be used. Here can be mentioned 
traditional electrical strain gauges for strain measurement or more advanced monitoring with 
fibre optic sensors which in their most advanced form can be integrated in the composite. 
However, no detailed presentation about monitoring is made in this report. 

It is recommended that the method statement are followed when carrying out strengthening 
work with FRPs, at least until the designer or/and contractor has gained enough experience 
to further develop the strengthening method and systems for quality control. 
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1  Introduction 

There are countless concrete structures built around the world. Many of these are fulfilling 
the demands at present time, but numerous are not. Possible explanations for this are that 
the design is done poorly, bad workmanship, degradation or raised demands for example 
increased loads. Reinforced concrete structures are relied upon to a large extent in for ex-
ample the infrastructure. A failure of a bridge could, beside tremendous costs, imply injuries 
or even fatalities. An interruption in the traffic leads to time delays and often extra costs for 
both the society, the bridge owners and end user. Effective remedies have to be called upon 
to avoid this to happen. It is however not cost effective to increase the performance of a par-
ticular bridge to an unnecessarily high level, nor to do these operations on every bridge. The 
key is to be able to find the bridges which have an insufficient performance and also to know 
how much it has to be upgraded. If degradation is the cause, the degradation rate and long 
term performance must be monitored to determine the critical bridges and when the reme-
dies are to be performed. Although several repair and strengthening systems have proven to 
work, there is a need to make these systems generally accepted and relied upon to a larger 
extent than what today is considered normal. Therefore, the repair and strengthening meas-
ure must also be monitored to prove the effects of these operations.  

In recent years, the technical innovations in the construction industry have progressed. The 
research and development of high performance and multifunctional construction materials 
have been improved to meet up with the need of the industry and advanced technologies 
have been introduced to upgrade existing structures. Upgrading is here defined as improve-
ment of a structures performance level, where the performance level can be divided into; 
load carrying capacity, function, durability or aesthetics. To upgrade a structure the following 
methods may apply; refined design and calculation methods, strengthening, replacement of 
structural parts, improvement of durability and/or aesthetics by different methods, materials 
and systems. In this guideline the focus is placed on strengthening. 

The anticipated design life of steel reinforced concrete structures is often shortened due to 
alternation of the load situation on the structure or deterioration of the concrete structure 
such as corrosion in steel reinforcement. In production of new concrete structures numerous 
of techniques to protect the steel from corroding have been developed. Some examples in-
clude providing steel bars with a protective epoxy coating, decreasing the concrete porosity, 
increasing requirements of the reinforcement cover and cathodic protection. These methods 
are more successful in suppressing or postponing the corrosion process than eliminating it. 
During the last decades FRP (Fibre Reinforced Polymers) have been introduced into the 
building arena. The main advantages with these materials are that they possess several 
physical properties of interest; high tensile strength and high elastic modulus yet low weight. 
In addition they do not corrode and is anticipated to have a longer life in a concrete structure 
than ordinary steel reinforcement. 

FRPs are today used for various applications, such as reinforcement in reinforced concrete 
(RC) and prestressed (PC) structures, stay cables and newly built structures. However, by 
far the most extensive application is in repair and strengthening of existing structures. This 
strengthening technique may be defined as one in which composite sheets or plates of rela-
tively small thickness are bonded with an epoxy adhesive to, in most cases, a concrete struc-
ture to improve its structural behaviour and strength. However, during the last five years the 
strengthening method has also been commonly used for metallic structures. The sheets or 
plates do not require much space and give a composite action between the adherents. The 
adhesive that is used to bond the fabric or the laminate to the concrete surface is normally a 
two-component epoxy adhesive. The old structure and the newly adhered material create a 
new structural element that has a higher strength and stiffness than the original. 
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One of the critical parameters when strengthening an existing structure is the choice of bond-
ing material between the FRP and concrete surface. Design of structural strengthening is 
carried out by consultants and it is common that different countries have guidelines covering 
this design. However, of outmost importance is the execution work. If the workmanship is 
poorly done, the strengthening result will be inferior and in worst case the strengthening will 
not work as intended. Therefore, proper workmanship requirements and quality controls are 
needed. 

The following workmanship requirements and quality controls are primarily directed to the 
strengthening method with externally bonded FRP´s. The requirements and quality controls 
are mainly applicable to concrete and metallic structures, but large parts can also be used for 
other building materials such as for example brick and timber. The requirements that are put 
on execution have a direct effect on the final strengthening result. Apart from workmanship, 
knowledge about the working environment and handling of the products included in the 
strengthening system is essential; here the material supplier in many cases can give good 
advice and support. The workmanship requirements and handling suggestions have their 
base in field works that has taken part in during the last ten to fifteen years in FRP strength-
ening of concrete structures. However, in selected sections experience and knowledge from 
other works is presented, see for example (fib Bulletin 14, 2001) and Ice design and practice 
guides, Design guideline for the use of high modulus (HM) strips and Strengthening of metal-
lic structures using externally bonded fibre-reinforced polymers, have been used. 

The strengthening of metallic structures with adhesive bonded reinforcements, has not re-
ceived nor practically nor theoretically the same thorough treatment as concrete structures. 
However, since the material technology and strengthening methods is somewhat similar, the 
experience from concrete structures is easily adopted to metallic structures. The workman-
ship requirements are given for the present state of knowledge for best practice for metallic 
structures. 
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2 Handling and protection regulations  

2.1 Introduction 
Before considering strengthening a building or civil engineering structure with FRPs, it is ex-
tremely important that the structure is thoroughly investigated and that the collected data is 
suitable for satisfactory strengthening of the structure. This then includes knowledge about 
the existing structure, its design, component to be strengthened, existing materials and mate-
rials used for strengthening, etc. If it is then decided that FRP strengthening is suitable, a 
series of actions needs to be taken; design of the strengthening itself, choice of material and 
then the strengthening and execution phases. Some important aspects of execution include 
the handling of the epoxy components, that the temperature and humidity be maintained 
within the manufacturer’s prescribed limits. Furthermore, it is essential that the contractor 
undertaking the strengthening work have experience from similar work. In many cases, a 
finishing system is applied to increase the aesthetic appearance and/or to protect against 
wear or fire. 

Finally, it is also important to have a quality control system through the whole chain from in-
vestigation to the finished works. In this section a discussion about how to handling epoxies 
and how to perform the strengthening work is presented. In addition suggestions for control 
points are given. 

2.2 The bonding agent 
Thermosetting adhesives are plastics that are created by a chemical reaction, called harden-
ing. As opposed to thermo plastics, thermosets cannot be reformed by heating, as the inter-
nal chemical bindings will break apart. They are normally used to a great extent within indus-
try as well as in every day life and are normally not a health risk in their final hardened condi-
tion. However, some of the chemical substances that are included in the hardening process 
can in different ways be harmful to people. Epoxy plastics are used within a wide variety of 
areas as a result of the high chemical consistency, excellent mechanical and electrical prop-
erties, for example isolating, as well as very good adhesion to many materials. 

The epoxy resins and their hardeners are complicated chemical compounds that in certain 
cases can cause injury if they are handled incorrectly. One can primarily be vulnerable to 
exposure in three ways: 

1. Inhalation of fumes and dust  
2. Consumption of thermosetting components 
3. Skin effects 

 

The pure epoxy resins are considered non-toxic while most hardeners have a certain degree 
of toxicity. The problems that are caused by epoxy resins and hardeners often arise through 
skin contact. On the skin, thermosetting components can cause irritations and eczema. Inha-
lation of epoxy resins should be avoided. The hardeners have as a rule, a pungent smell that 
can cause temporary irritation of the breathing passages. Inhalation of amines does not nor-
mally cause any poisoning. The risk of swallowing thermosetting components can be 
deemed minor. 

In order to avoid problems in connection with epoxy work, the work should be well planned in 
advance and personal protective equipment should be used. Personal protective equipment 
consists of for example eye protection, goggles, splash guard (visor), ear protection, protec-
tive clothing, head protection (helmet), arm protection, apron, knee protection, shoe protec-
tion, gloves, shoes, breathing protection, filter masks, if necessary breathing apparatus etc. 
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With epoxy work, disposable protective clothing must always be used. This also includes 
gloves. 

When working with skin-damaging substances personal hygiene is important. Handling and 
protection regulations, which must be available at the work site, must be read – and followed. 

It is very important that mixing of thermosetting components is done accurately and in correct 
proportions. With incorrect mixing, the technical quality of the final product deteriorates, and 
there is risk for unreacted, harmful components in the final epoxy plastic. It is important to 
use unopened component packages from the manufacturer of the strengthening system. 

When conducting work with epoxies, it is recommended that contractors undergo a full 
physical examination every two years. If a person suffers from eczema, asthma or lung prob-
lems, they should not work with thermosets. 

The supplier of the epoxy product is obligated to send product information with detailed in-
formation on the product’s health and environmental risks. These must be available for the 
worker; Figure 2.1 shows an example of a product information sheet for an epoxy in a com-
posite strengthening systems. 

 

  

 

Figure 2.1 Example of product information sheet and data sheet  

2.3 Transportation and storage 
Epoxy resins and hardeners must be transported and stored in sealed original packaging in 
order to avoid contamination of the transport vehicle and the storage area. Hardener marked 
with the corrosion symbol must be packaged such that they fulfil the requirement for trans-
port of dangerous goods (ADR). 
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With storage, thermosetting products should be put on plastic sheeting, preferably on the 
location where the mixing will be done. The plastic sheeting prevents eventual spilling to be 
absorbed by the ground. If the material should be spilled, it is recommended to use sawdust, 
shavings, paper, cleaning rags and other disposable products for cleaning. Throw these 
away in the refuse container for epoxy waste. Clean shovels and such immediately with a 
solvent such as acetone. 

2.4 Preparations 
Plan the work site by dividing it into zones. The purpose with this is to find suitable locations 
for among other things mixing of epoxy adhesive, waste handling, and cleaning in order to 
limit the disturbance of ongoing work and the surrounding environment to the smallest possi-
ble degree. 

Check that the products that are to be used are marked and sealed in a correct manner; dif-
ferent types of marking and their meanings are shown in Figure 2.2. 

 

    

Poisonous Caustic Flammable Health Risk 

Figure 2.2 Marking of dangerous goods. 

In addition, the Data Sheets and the Safety Data Sheet from the manufacturer must always 
be present. 

2.5 At the work site 
The work site must be provided with warning signs with information about which epoxy com-
ponents are being used and possible ban on admittance for unauthorised persons. For a 
good performance result, as well as for environmental and work safety, excellent cleanliness 
is required at the work site. Protective clothing as well as personal protective equipment suit-
able for epoxy work must always be used when handling thermosets products. It is important 
that work sites without naturally good ventilation have devices for exhaust so that any air 
pollution from thermosets components is handled effectively. This is also valid for storage 
places of thermosets components. Batch packages of epoxy components may not be di-
vided. 

Personal hygiene is very important regarding continual handling of chemicals. Wash hands 
carefully before meal times, toilet visits and smoking. Use soap and water as well as hand 
cleansing cream. Solvent may absolutely not be used for cleansing of skin. Solvent loosens 
fat, opens the pores, and can therefore cause the epoxy molecules and other contaminations 
to more easily enter into the skin. Do not use rings or watches during work. Take off work 
clothing before leaving the workplace. Hands and other vulnerable skin parts should be 
smeared with a softening perfume-free cream before work begins or after washing in order to 
prevent drying and cracking. 
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2.6 Waste 
Always contact the municipal waste disposal regarding dumping of thermosets components. 
Other waste must be sorted for possible reuse or recycling and placed in suitable containers. 
Waste or spillage, which contains epoxy components or partially hardened epoxy, must be 
taken care of and placed in separate waste containers with lids. The waste container must be 
permanently marked with “Hazardous Waste” as well as warning text that states the contents 
and protection measures. The amount of waste must also be documented. Only transporta-
tion with a permit to transport these types of materials may be used. 

2.7 Accident measures 

2.7.1 Inhalation 

If inhalation of fumes has caused nausea, go out into fresh air. If the symptoms do not disap-
pear, contact a doctor. 

2.7.2 Consumption 

If someone for some reason has happened to swallow some epoxy component, they should 
drink a litre of milk or water, not induce vomiting and seek medical attention. 

2.7.3 Skin contact 

If, despite protective clothing, epoxy components are exposed to the skin, they must be re-
moved immediately. Dry first with a cloth and then wash with soap and water; a cleansing 
cream can possibly be used first. If the skin has been damaged, contact a doctor. The same 
applies if eczema develops later. 

2.7.4 Eyes 

If, despite protective goggles, the eyes are splashed, they must be rinsed immediately – 
preferably with temperate water – for at least 15 minutes. At a work site that does not have 
running water, an eyewash must always be on hand. Contact a doctor as soon as possible 
and mention that the material can be strongly alkaline from the included hardener. Bring the 
product information to the doctor. 
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3 FRP Strengthening of Concrete Structures 

3.1 Background 
Most manufacturers deliver their strengthening products as a system with FRP reinforce-
ment, bonding agents and finishing systems. And it is not recommended that the system 
used be divided. In most cases long research regarding strengthening effects, fibre wetting, 
moisture uptake etc. has been undertaken to ensure that prescribed strengthening effects 
and long-time properties will be fulfilled. Normally, when bonding external FRPs to a concrete 
structure, a two-component epoxy adhesive is used. Epoxies must be handled carefully, and 
special focus has therefore been placed on this. Furthermore, there exist several variants of 
FRP strengthening where the most common are laminates or fabrics. Laminates are prefab-
ricated mostly in a pultrusion process, but also vacuum infusion can be used. The laminates 
are bonded to the concrete surface with a thixotropic adhesive. Fabrics, or more commonly 
given the name sheets, are characterised by a dry fibre in one or several directions that is 
wetted with a low viscosity epoxy adhesive at the moment of strengthening. The workman-
ship process is in many ways similar but there are some differences that must be considered. 

A, third, additional FRP strengthening method, NSMR (Near Surface Mounted Reinforce-
ment), is when a laminate is bonded in the concrete cover after a slot has been sawn up. 
Either epoxies or high quality cement mortars can be used for this purpose. This method is 
treated separately from the laminates and sheets.  

A forth method that has been developed within the Sustainable Bridges project is the use of 
CFRP grids and a cement mortar, often a polymer cement mortar. This application differs 
slightly from the methods where epoxy is used as the bonding agent, but is as important to 
obtain sufficient bond between the adherents. 

One form of FRP strengthening that is not described here is pre-stressing with FRPs as a 
structural strengthening member. This method is still, in many cases, under development and 
special execution processes and quality controls must be followed. 

Three distinct phases can be discerned when a concrete structure is going to be strength-
ened, these are before strengthening, during strengthening and after strengthening. What 
needs to be carried out within the different stages depends foremost on the structure to be 
strengthened and the strengthening system used. These phases will be further discussed 
below.  

Depending on the method chosen different techniques are used to treat the concrete surface 
and different techniques are used to bond the CFRP to the surface. In general sandblasting 
or grinding is used to reveal the aggregates, except for NSMR, here a slot is sawed in the 
concrete cover. I all cases the surface must be properly cleaned before the strengthening 
systems is mounted. In addition depending on the need for surface protection, different sys-
tems may be chosen. This is discussed further below. 

An overview of the main characteristics and some typical aspects of the mentioned types of 
strengthening methods with FRP are given in table 3.1, see also fib Bulletin 14, 2001. In the 
following sections, general regulations regarding handling of thermo-setting adhesives are 
described. After this, suggestions for quality control before, during and after strengthening 
are given. Finally, the requirements are commented. 
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Table 3.1 Characteristics and aspects of externally bonded FRP reinforcement 

 Laminates Sheets NSMR 

Shape Rectangular strips Thin unidirectional or bi-
directional fabrics 

Rectangular strips or 
laminates 

Dimension: 
thickness 

width 

 
Ca: 1.0 - 2.0 mm 
Ca: 50 - 150 mm 

 
Ca: 0.1 - 0.5 mm 
Ca: 200 - 600 mm 

 
Ca: 1.0 - 10.0 mm 

Ca: 10 - 30 mm 
Use Simple bonding of fac-

tory-made profiles with 
adhesives 

 

Bonding and impregnation 
of the dry fibre with resin 

and curing at site 
 

Simple bonding of fac-
tory made profiles with 

adhesive or cement 
mortar in pre- sawed 
slots in the concrete 

cover 
Application 

aspects 
For flat surfaces 

 
Thixotopic adhesive for 

bonding 
 

Not more than two lay-
ers recommended 

 
Stiffness of laminate and 
use of thixotropic adhe-

sive allow for certain 
surface unevenness 

 
Simple in use 

 
Quality guaranteed from 

factory 
 

Suitable for strengthen-
ing in bending 

 
Needs to be protected 

against fire 
 

Easy to apply on curved 
surfaces 

 
Low viscosity resin form 

bonding and impregnation 
 

Multiple layers can be 
used, more than 10 pos-

sible. 
 

Unevenness needs to be 
levelled out 

 
Need well documented 

quality systems 
 

Can easily be combined 
with finishing systems, 

such as plaster and paint 
 

Suitable for bending, 
shear and torsional 

strengthening 
 

Needs to be protected 
against fire 

For flat surfaces 
 

Depends on the dis-
tance to steel rein-

forcement 
 

A slot needs to be sawn 
in the concrete cover 

 
The slot needs careful 

cleaning before bonding 
 

Bonded with a 
thixotropic adhesive 

 
Possible to use cement 

mortar for bonding 
 

Protected against im-
pact and vandalism 

 
Suitable for strengthen-

ing in bending 
 

Normally no protection 
against fire is needed 

 

3.2 Strengthening work 

3.2.1 General 

The final strengthening result is largely dependent on the execution of the strengthening 
work. Poor workmanship or mistakes during the construction process can result in inferior 
strengthening. In addition, insufficient examination of the structure before strengthening can 
result in incorrect strengthening design. 

However, to avoid such mistakes it is recommended that the strengthening procedure be 
divided in three steps: before strengthening, during strengthening and after strengthening. As 
a final step the quality control is added to each of these steps. A general scheme for this is 
summarised in figure 3.1 and will be explained more in detail in the next section 
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Figure 3.1 A general scheme for the strengthening work 

 

 
BEFORE STRENGTHENING 
Examination of existing documentation, struc-
ture, loads and material data etc. 

DURING STRENGTHENING 
Surface Preparation 
Remove weak concrete and contaminations, 
round corners when needed - make the surface 
dust and grease free. Concrete surface treated 
depending on strengthening material used: 
Laminates: Sandblasting 
Sheets: Sandblasting and grinding 
NSMR: Saw cuts in the concrete cover 
 
Externally bonded reinforcement 
All materials must be dust and solvent free and 
when applicable cleaned with a solvent before 
mounting 
 
Bonding procedure 
Laminates: Apply primer when recommended. 
Apply adhesive on laminate or on both laminate 
and the concrete surface. Mount to concrete 
surface. 
Sheets: Apply primer. Level out the surface with 
putty when needed. Apply adhesive and mount 
the sheet in the wet adhesive - apply a new layer 
of adhesive, repeat the procedure for numbers of 
layers needed. 
NSMR: Apply adhesive or cement mortar in the 
cleaned and dry slot. Mount the NSMR laminate 
in the slot. 

AFTER STRENGTHENING 
Finishing layer 
Paint, shotcrete, resistant to wear etc. 
Fire Protection 
According to regulations and demand from client 
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3.2.2 Before strengthening 

Here information for the structure must be collected, this can mean that you will need existing 
documentation, present and future demands on the structure and present conditions on the 
structure. Here, it can be difficult to determine the present conditions. However, an investiga-
tion shall, if possible, contain the following data as a base for the strengthening works: 

1. Existing documentation, when the structure was built, drawings, load history, previous 
repairs etc. 

2. Which requirements were placed on the original structure 
3. Which requirements will be placed on the strengthened structure 
4. Condition of the existing structure 

 

To map out an existing structures condition, especially for a concrete structure, is extremely 
complicated and time consuming. When it comes to FRP strengthening of concrete struc-
tures in most cases just a part of the structure, needs to be investigated. Most important is to 
understand in what way the strengthening affects the structure so that problems are not 
transferred to other parts of the structure. It is suggested under point 4, that the following be 
mapped: 

• Amount and placement of existing steel reinforcement 
• Corrosion in the existing steel reinforcement 
• Chloride and carbonation depths of concrete 
• Compressive and tensile strength of concrete 
• Surface strength where strengthen will be carried out (pull-out test) 
• Concrete surface moisture content and of the humidity in the environment 
• Existing cracks 

 

Here also the choice of FRP material for strengthening can be made. When strengthening a 
structure it is important to know the type of construction element that is going to be strength-
ened. Is it a beam, slab or a column or do we want to make a hole in the existing element? Is 
the structure placed on free support, continuous or connected to other structural parts or 
structures? Is the existing static system changed or will the performed strengthening change 
the types of failure from ductile to brittle or will the failure arise in another part of the struc-
ture? It shall always be aimed to strengthen a structure in such a way that the surrounded 
structure are minorly affected by the strengthening. It is hence important to investigate: 

• Change of failure mode 
• The effect on the surrounded structures, for example by changes in stiffness relation-

ships 
• Risk for increased deformations 

 

It is also important to have a clear view about how the nearby environmental affects the 
strengthening system and how the strengthening system affects the surrounding environ-
ment. The effect on the surrounded environment shall be kept to a minimum. This can mean 
that special considerations regarding the appropriateness of the strengthening systems may 
be taken. 
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3.2.3 During strengthening 

When this stage is reached the decision regarding strengthening with FRPs has already 
been taken. The most important part during strengthening is to follow up the strengthening 
work. This means that it must be ensured that the temperature, humidity and concrete un-
evenness are kept within approved limits. Mixing of epoxy or cement mortar components 
shall be performed in a controlled and repeatable way. Different FRP systems can also mean 
different ways to strengthen. The contractor shall also have a control plan for documentation. 

To ensure satisfactory hardening of the epoxy adhesive it is important that the manufac-
turer’s regulations are followed. In general, a good hardening is reached if the temperature of 
the concrete surface does not fall below 10 ºC. Temperatures under 5 ºC shall be avoided 
since the hardening process is very slow at these temperatures. At 0 ºC the hardening proc-
ess is more or less stopped. A rule of thumb is that at 20 ºC the adhesive has reached 80 % 
hardening in 24 hours and full hardening after 7 days. Evidently, the hardening process is 
strongly dependent on the adhesive system used and whether heat is applied during harden-
ing. At the moment of bonding the concrete surface shall not be damp. It is also important to 
ensure that moisture does not fall on the surface during the application of the adhesive, if so 
there is a risk for low or no bond to the surface. This is secured by controlling that the tem-
perature is above the actual dew point. Many national requirements limit the surface moisture 
and humidity in the environment during application.  

Prescribed protective equipment shall be used and it is of benefit if the work site is divided 
into stations for different tasks, one station where the adhesive is mixed, one there waste is 
collected, a third where the adhesive are stored, etc. It is very important that the workers 
have the possibility to wash themselves and that unclean working clothes or equipment are 
not stored close to a dining area or clothes change room. In this way, possible skin contact is 
minimised. Every manufacturer of epoxies has regulations for how their product should be 
handled. 

There exists primarily three different strengthening systems with CFRP, which in many cases 
can be used for the same purpose, but most often complement each other, and some sys-
tems are more suitable for bending or pre-stressing, others for shear and some are suitable 
when there exist a risk for impact and so on. The systems can also be divided into systems 
that use wet lay up, i.e. a dry fibre is impregnated with resin at the work site, or systems that 
uses prefabricated laminates of different dimensions and shapes. In figure 3.2 this is ex-
plained schematically. In figure 3.2 three areas have been shaded. 

The reason for this is that these areas are not discussed in this report and some of the meth-
ods still can consider being in the research stage. 

The concrete surface preparation is different in different countries. Some require sandblast-
ing and repair of heavily deteriorated concrete. For some systems primer is recommended 
for other not. Furthermore, the strengthening is not allowed, if the required surface strength 
in pull-out tests does not reach the required limit. 

The surface of the bonded shall be dry, sound, uncontaminated and free from chlorides, 
grease and dust. Suitable preparation methods shall be chosen to remove all woodwool, 
timber, old bituminous products, cement laitance, oil, dirt, grease and other contaminants, 
leaving a fine gripping substrate. This shall be achieved by grit blasting, unless otherwise 
directed by the client. 

Immediately prior to the application of the thixotropic epoxy adhesive, the concrete surface 
shall be vacuum cleaned to remove all dust and debris and shall be dry.   

Here it has been anticipated that we have a sound concrete structure and that only treatment 
directly regarding FRP strengthening has to be done, i.e. the concrete is free from serious 
imperfections such as grind nests, steel corrosion, wide cracks etc. If we focus on sheets, 
laminates and NSMR the following procedures are recommended for the different systems. 
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Strengthening with sheets; When a composite is built up on the work site by wetting dry fi-
bres with resin it is relatively important that the surface is even and that the fibres are not 
bent or curved since the strengthening effect is directly proportional to the straightness of the 
fibres. The sheets can come in many different widths or thickness and different manufactur-
ers offer several types of stiffness, weights, widths etc. It is easy to do the design and often 
the number of layers will be the governing factor since too thick sheets can be difficult to wet. 
The adhesive used is a low viscosity resin that often comes in a more or less liquid state.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 Different strengthening systems with CFRP 

When the fibres are bent round corners the radius of the corner must be adjusted to exceed 
30 mm. However for practical execution the following steps must in general be performed: 

• Uncovering the aggregates of the concrete structure. Sandblasting is often easiest, 
however, when using sheets it is not uncommon that grinding of the surface needs to 
be added. In that case water jetting is used and the surface must be completely dry 
before the bonding process is started. Uncover the aggregates up to a size of ap-
proximately the size of a little finger nail. Other authorities require that the largest ag-
gregate is visible to min 50% of its diameter (German approval) 

• The dust on the surface must then be removed; here a vacuum cleaner or pressur-
ised air can be used. 

• A primer for the system chosen is applied and allowed to harden. 
• Medium irregularities are levelled out (see the section of control points). 
• The first layer of adhesive is applied. 
• The first layer of the fibre system is mounted and a second layer of adhesive is ap-

plied. If several layers are needed this process is repeated to the last layer. Number 
of layers depends on the system used, but normally not more that 8-10 layers are 
recommended. It is important that the adhesive allows for enough time to wet the fi-
bre before the next layer is applied. 
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Strengthening with flat profiles: Flat profiles can come in many different dimensions. Nor-
mally two or three stiffness of profiles are offered, low, medium and high. Some profiles are 
grinded before they arrive at the work site and need to be cleaned off before mounting; oth-
ers need to be grinded or sandpapered and subsequently cleaned at the work site. 

Some manufacturers offer laminates with peel-ply, which is a plastic sheet that is removed 
just before mounting. Laminates can come in rolls up to a length of approximately 200 m with 
a diameter up to two meters or pre-cut in predetermined lengths. The adhesive used is 
thixotropic and shall be tacky but not able to float out of the joint. In practical execution the 
following steps must in general be performed during strengthening: 

• Uncovering the aggregates of the concrete structure. Sandblasting is recommended 
for laminate bonding. Uncover the aggregate approximately to a size of a little fingers 
nail or half of the aggregate diameter, depending on national requirements. Water jet-
ting can be used, however the concrete surface must be dry when bonding. 

• The dust on the surface must then be removed; here a vacuum cleaner or pressur-
ised air can be used. 

• A primer for the system chosen is applied and allowed to harden. Some laminate sys-
tems do not use a primer, but a primer is strongly recommended. 

• Medium irregularities are levelled out (see the section of control points) 
• The adhesive is applied on the laminate with a convex form. If a thickness of 1.5 mm 

is desired it is recommended that for a plate of width 80 mm the thickness in the cen-
tre is 3 mm and approximately 1 mm at the ends at application. A pressure is then 
applied with for example a rubber roller. It is normally accepted to just apply the ad-
hesive on the laminate however; some manufacturers recommend that the adhesive 
be applied on both the concrete and laminate surface. Normally the laminates are 
applied in one layer and it is not recommended to bond more that two laminates on 
top of each other. The excess adhesive is removed with a spatula. 

 
Strengthening with NSMR: Strengthening with Near Surface Mounted Reinforcement 
(NSMR) is developed from laminate bonding. The purpose of using NSMR can be several, 
such as on bridges where risk for impact exists or for structures where fire protection is 
needed etc. However, it is important that the concrete cover exceeds 20 mm when this 
method is used. 

Depending on desires from the client or environmental issues the epoxy adhesive as a bond-
ing agent can be replaced with high quality cement mortar. NSMR is not dependent on the 
unevenness of the surface. Nevertheless, in practical execution the following steps must in 
general be performed during strengthening 

• Sawing up slots in the concrete cover, depth depending on product used and depth of 
concrete cover. 

• Careful cleaning of the slots after sawing, high-pressurised water, approximately 100 
- 150 bar, is recommended. No saw mud allowed in the slot 

• If an epoxy system is used, the slot must be dry before bonding. If a cement system 
is used it is mostly recommended that the existing surfaces are wet at the time of 
concrete mortar casting. 

• A primer for the system chosen is applied and allowed to harden.  
• Adhesive is applied in the slot or with a cement system; cement mortar is applied in 

the slot. 
• The NSMR laminates are mounted in the slot and the excess adhesive or cement 

mortar is removed with a spatula or similar. 
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Strengthening with MBC (Mineral Based Composites): 

This FRP system has two components; a polymer reinforced cementitious 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 substrate. 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. sandblasting 
or water jetting, to remove the cement laitance and achieve a good bond between the 
base concrete and the mortar. 

• 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 mortar is applied on the grid. 

• On smaller areas, a hand lay-up technique can be used to apply the MBC system. 
This technique includes pre-wetting the base concrete with water for 1-3 days de-
pending on the conditions of the concrete substrate and the surrounding climate. The 
time to pre-wet the base concrete is difficult to interpret and must be judged on site.  

• When strengthening large parts of structures, the hand lay-up method might be too 
time consuming depending on the size of the project here it is recommended that the 
mortar is applied by shotcreting. 

• When the MBC system is mounted vertically or from below, studs must be used to 
prevent the CFRP grid from falling down during strengthening. 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 fastened onto the studs and 
a second layer of mortar is sprayed on. It is also possible 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. 

FRP plate and NSMR preparation 

The surface of the laminate shall be prepared for bonding in accordance with the manufac-
turers recommendations.  The preparation shall provide a clean surface, free from contami-
nants such as grease or release agents, which is wettable and has an appropriate surface 
texture with a freshly fractured matrix resin surface. 

Adhesive properties 

The adhesive to be used shall be a thixotropic epoxy adhesive recommended by the manu-
facturer of the FRP laminates for use with the laminates in structural bonding applications. 

The contractor shall supply quality control certification and test results to verify that the prop-
erties of the adhesive in the particular batch of material used are in accordance with the con-
tract requirements. 

The adhesive shall be prepared and applied in accordance with the manufacturer’s recom-
mendations.  Any conflict between the manufacturer’s recommendations and the require-
ments of this specification shall be referred to the Employer’s Representative for resolution. 
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The adhesive used to bond the plates to the concrete shall be a two part epoxy adhesive 
with a glass transition temperature, Tg in excess of 550 C and an initial curing time of at least 
45 minutes, suitable for service when cured in temperatures ranging from -100 C to 450 C.  
The adhesive shall be stored in temperatures of below 250 C and above 50 C prior to bonding 
and used in strict accordance with the manufacturer’s instructions.  The manufacturer shall 
supply certificates showing the number of different batches supplied together with the dates 
when they were manufactured and provide evidence to confirm that the adhesive meets with 
the requirements as outlined above. 

The adhesive shall be mixed in appropriately sized batches in accordance with the manufac-
turer's data sheet. The size of batches and sequence of operations shall be such that the 
adhesive can be applied and bonding completed within the manufacturers specified pot life, 
or one hour (whichever is the lesser) of mixing the adhesive. 

The strengthening system may be summarised as follows: 

• 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 prob-
lems, eg. does not create sealed surfaces.  

• For construction industry, well known materials are handled. 

• The MBC system can be applied under damp conditions. 

• One 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 consump-
tion of water during the curing process 

For all different FRP strengthening systems it is important that the recommendations from 
the manufacturer and authorities or railway owners are followed. These recommendations 
steer the open time, thickness of adhesives, temperature and humidity demands etc. 

For all strengthening systems using epoxy, it is also permitted to have moving loads on the 
structure during strengthening. However, larger static loads that can affect the strengthening 
effect are not allowed. 

Depending on national requirements, anchorage of CFRP-laminates in the compression 
zone is required in some European countries. 
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Table 3.2 presents the installation procedure for concrete FRP strengthening with epoxy 
based systems. When MBC systems are used a somewhat different approach is followed 
which is very similar to concrete repair, ask the material supplier for more details. For differ-
ent project the installation procedure may vary, but in general the steps in table 3.2 are fol-
lowed. 

Table 3.2 Installation procedure for externally bonded FRP reinforcement 

 
1st step 

 
Removal of laitance layer 

To remove the outer weak layer of 
concrete and to uncover the aggre-
gates sandblasting or/and grinding 
is recommended. Uncover the ag-
gregates to a size of approximately 
a little finger nail or half of the ag-
gregate diameter following national 
requirements. 

Test surface pull out strength in the 
region of strengthening. 

 

 

 
Figure 3.3: Grinding on site 

 

 
2nd step 

 
Cleaning 

After uncovering the aggregates 
have been made it is very important 
to clean the surface. This is very 
important for a proper bond. Here 
the dust is removed with pressur-
ised air or a vacuum cleaner. 

 

 

 
Figure 3.4: Cleaning on site 

 

 
3rd step 

 
Application of primer 

To optimize the adherence between 
concrete and adhesive and to mini-
mize moisture transport from the 
concrete to the adhesive it’s rec-
ommended that a primer is applied. 
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 recommen-
dation of the adhesive producer to 
assure the maximum adherence 
between steel and adhesive. 

 

 
Figure 3.5: Application of primer 
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4th Step 

 
Application of putty 

If large unevennesses exists or if 
there are may voids in the concrete 
surface the surface needs to be 
levelled out. This may be done with 
epoxy putty within the same 
strengthening system used. Or for 
large irregularities a high quality 
concrete mortar may be used, ask 
the material supplier. 

 

 
Figure 3.6: Application of epoxy putty 

 
5th step 

 
Preparation of the CFRP 

Depending on the used strengthen-
ing system the CFRP surface may 
be cleaned with a solvent, normally 
acetone, before bonding. Some 
producers protect the plate surface 
with a special protection layer, peel-
ply, which has to be removed before 
bonding. In such cases cleaning via 
acetone may not be necessary. 
(See manufacturer information)  

 

 
Figure 3.7a: Cleaning of CFRP plates 

  
Today, it is common that the CFRP 
plates are protected with a peel-ply. 
This peel-ply is to be removed be-
fore the strengthening starts. No 
additional cleaning is normally 
needed. For products with peel-ply 
on two sides, the peel-ply on the 
non bonded side stays on until the 
bonding work is finished. Then it is 
removed to leave a clean surface for 
surface treatment if needed. 

 

 
Figure 3:7b: Removal of peel-ply 

  
Removal of protection paper for 
FRP sheets. Most of the FRP 
sheets are protected on one side 
with a paper, or a plastic sheet. This 
sheet stays on during the mounting 
of the FRP and are removed before 
the next layer is applied and also for 
the last layer. 

 

 
Figure 3.7c: Removal of protection paper 
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6th step 

 
Mixing of the adhesive 

During the whole bonding procedure 
absolute cleanliness is required to 
avoid any contamination of the ad-
hesive. In case of a two component 
adhesive new stirring rods and cups 
should be used for each mixture. 

Special attention has to be paid on 
the right component ratio and a suf-
ficient stirring to assure the optimal 
bonding performance. All strength-
ening systems provide adhesive in 
two canisters, one with the hardener 
and one with the base adhesive. 
These are mixed in the proportions 
given by the manufacturer and in all 
cases the hardener are poured into 
the base adhesive. The canisters 
should not be divided but all materi-
als should be mixed together. 

 

 
Figure 3.8: Mixing of adhesive 

 
7th step 

 
Application of the adhesive 

After curing of the primer and ac-
complishing step 3 and 4, the adhe-
sive can be applied. To reach a high 
homogeneity of the adhesive layer 
without any air pockets, the adhe-
sive should be applied single sided 
(preferentially on the CFRP side) 
and in a triangular shape (:= triangu-
lar cross-section). 

 

 
Figure 3.9: Application of adhesive 

 
8th step  

 
Assembling 

Once the adhesive has been ap-
plied, the CFRP plate it has to be 
placed during the potlife time of the 
adhesive. Like all steps before, the 
assembling has to be carried out 
with great care to avoid any con-
tamination or air pockets. Therefore 
the CFRP should be attached care-
fully in one working step, which 
means that an adequate number of 
workers and fixing equipment has to 
be available. Any detaching or re-
placing may cause air inclusions or 
contamination of the adhesive.  

 

 

 
Figure 3.10: Placement of CFRP plate 
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3.2.4 After strengthening 

After the strengthening work, the bond joint must be examined due to possible voids, blisters 
or discoloration. Blisters and discolorations are not so common with laminate systems but 
can occur for sheet systems. Voids must be injected with an epoxy system recommended by 
the manufacturer. Blisters are to be punctured and sealed with the adhesive of the system 
used. It is important to examine critical zones, such as anchorage zones. The final surface 
can then be protected with a finishing layer and/or fire protection. It is important that all waste 
material is collected and that the work site is cleaned of epoxy products. Uncured epoxy shall 
be sent for destruction. 

 
1st step  

 
Surface protection 

After the strengthening has been 
carried out the surface is normally 
protected. This should be done with 
a system compatible with the 
strengthening systems and the con-
crete, ask the manufacturer. 

 

 

 
Figure 3.11: Pained surface 

  
Fire protection 

Fire protection may be needed, in 
particular for structures where the 
statically system has been changed. 
This is for examples structures 
where opening has been made. Fire 
protection may be carried out with 
fire proofing plates or with a suffi-
cient layer of shotcrete, ask the 
manufacturer. 

 
 

Figure 3.12: Fire proofing plates protecting 
FRP sheets 

 

In table 3.3 is the installation procedure a MBC systems briefly described. Depending on the 
type of reinforcement and the object to be strengthen different techniques maybe have to be 
sued ask the material supplier of the system for more details. 
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Table 3.3 Installation procedure for externally bonded MBC system 

 
1st step  

 
Surface treatment 

Two methods are recommended for 
surface treatment, the first is sand-
blasting and the second water jet-
ting. The surface may be irregular 
but larger and in particular deep 
voids into the steel reinforcement 
must be repaired with a suitable 
system before the strengthening 
starts. 

 

 

 
Figure 3.13: Waterjetting 

 
2nd step 

 
Application of Primer 

The primer comes in a form of ce-
ment slurry, silt-up, and its purpose 
is to enhance the bond between the 
base concrete and the mortar. Be-
fore the primer is applied the sur-
face must be wet to avoid shrinkage 
problem. The primer is applied in a 
thin layer, typical below 1 mm. 

 

 
 

 
Figure 3.14: Application of primer 

 
3rd step 

 
Application of 1st layer mortar 

The mortar is mixed in accordance 
to the instruction by the material 
supplier and is applied wet in wet 
with the primer. The thickness of the 
first layer is typically 5-10 mm. The 
material is applied without vibration. 

 
 

 
Figure 3.15: Application of 1

st
 layer of mortar 
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4th step 

 
Application of CFRP grid 

The grid is pressed into the first 
layer of mortar. The grid normally 
comes on rolls, which then implies 
that the grid may be curved. It is 
important that the grid is stretched 
before it is placed in the mortar and 
that it is kept stretched during appli-
cation of the second layer and dur-
ing the hardening process. 

 
 

 
Figure 3.16: Mounting of CFRP grid 

 
5th step 

 
Application of 2nd layer mortar 

On top of the grid is the second 
layer of mortar applied. The thick-
ness of the second layer is normally 
5-10 mm. The mortar (the strength-
ening) should be prevented to dry 
out quickly and is normally sprayed 
with water and placed under a platic 
sheeting. Let the mortar (strength-
ening) harden for four week to gain 
its full strength, 80 % of the strength 
is gained in approximately 2 weeks. 

 
 

 
Figure 3.17: Application of 2

nd
 layer of mortar 

 

The use of MBC for strengthening is relatively new. In this method statement only one type of 
MBC was presented. There might also exist other similar systems and the authors recom-
mend that the material suppliers recommendation are read and followed. 
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4 Quality control – Concrete structures 

4.1 Introduction 
Before a strengthening is performed, it is important that the original structure be so well sur-
veyed that the collected information is sufficient to achieve a satisfactory strengthening ef-
fect. After this investigation is finished, the strengthening phase can begin. During this phase, 
the prescribed climate must exist and the included products must be used in the correct 
manner. The concrete surface must reach the required pull out strength. 

The designed strengthening level is restricted to a maximum of 100 % in some European 
countries. That means that the existing load carrying capacity of a bridge can not be more 
than doubled. 

After a completed strengthening, this will be checked with consideration to desired function. 
The control section for the total strengthening work can thus be divided into two subsections: 
materials and strengthening phase. 

A specific QA plan for the individual project may be developed. This in return ensures that 
the correct procedure has been followed due to local factors regarding the specific project. 

To make sure that the quality of the strengthening work is approved the strengthening work 
must be documented. The documentation is divided into three phases, before-strengthening, 
during-strengthening and after-strengthening. In the phase before-strengthening a document 
forming the decision for design, design base document, should be filled out. For the phase 
under strengthening a document for self check should be filled out. Intervals for filling the 
document out should be decided on the start up meeting. A referencing system should also 
be adopted so that individual materials can be identified, with the batch number on the struc-
ture. The documentation after strengthening will include the inspection protocol. 

4.1.1 Material 

Full detail of the materials used in the strengthening process must be recorded to ensure 
traceability. When receiving material all batch numbers should be recorded and material 
must be inspected for conformity to the material datasheet and to contract documents before 
being stored. Material that does not meet the requirements should be rejected. The material 
supplier should guarantee the conformity of the materials according to the material data 
sheets, since the material properties can only be tested and verified in a laboratory. 

FRP profiles 

Laminates or rods that are manufactured through pultrusion should be individually checked 
for signs of damage, such as cracks or delamination. If the profile is manufactured with peel-
ply it should be checked that the ply is uniform over the whole area. Although pultrusion is a 
controlled manufacturing process variation in dimensions may occur so the profiles must be 
checked against specifications. If laminates are delivered in rolls make sure that when un-
rolled they form a flat section, if not this is because the laminate has been rolled before the 
matrix has fully cured. 

FRP Sheets 

Sheets must also be checked for signs of damage, such as significant faults in the weave or 
tears. 
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Adhesives 

Check for any sings of damage to the canisters and make sure that a date is printed on the 
canister. This date can be either the production date or the expiry date, do contact the mate-
rial supplier for the correct interpretation of the information. 

4.1.2 Labour 

Training 

The applicators should prior to the live strengthening work be trained in how to apply the 
strengthening system which is to be used. It is also vital that the supervisors participate in 
this training. The trained staff should after the training be certified so that the staff are able to 
provide evidence of the appropriate training. Training is normally carried out by the material 
supplier. 

4.1.3 Quality insurance methods related to execution 

Tapping 

Maybe the easiest method is to use a coin or a small hammer and to tap the surface of the 
laminate or sheet. In case of voids tapping will give a clear notification of the placement and 
size of voids. This method is not useful for NSMR where voids behind the bar canbe very 
difficult to find. 

Thermography 

If the FRP strengthening is heated after the adhesive has fully set or if the structure itself 
loses heat to the environment, this can be measured with an IR-camera. Since heat transfer 
occurs more slowly in air is it possible to detect debonded areas and voids with the IR-
camera. The debonded area will because of the heat transfer have a different temperature 
than the rest of the surrounding bonded FRP. To heat the FRP a high-powered flash gun is 
used. The major advantage with this device is that it is fairly portable. In appendix D a more 
detailed description of the use of Thermography is appended. 

Acoustic technology 

Acoustic methods are not in use and not state of the art. The research is recommended, as 
well for the detection of bond defects from workmanship or propagating in-service (acoustic 
emission). 

Monitoring 

In special situations the strengthening can be combined with more advanced monitoring 
methods. This can be monitoring of the strain in the composite with strain gauges or fibre 
optic sensors integrated in the composite. However, it is likely that minor defects can not be 
found by monitoring strain, deflections of even the use of module analysis will not be very 
useful. However, monitoring can be very useful if local strain variations over a section wants 
to be measured or if global parameters such as change in deflection before and after 
strengthening, 
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4.2 Strengthening assessment 

4.2.1 Before Strengthening 

Before commencing the strengthening work a thoroughly survey of the existing structure 
should have been carried out. The reason for strengthening should have been cleared out 
and all necessary data to do a proper strengthening should have been collected. 

Normally when strengthening concrete this material is the weakest link in the chain. If the 
concrete is not sound enough, there can be difficulties to transfer the loads from the structure 
to the composite. The following material demands shall then be fulfilled for the concrete: 

Adhesion to concrete surface by “pull-off” test > 1.5 MPa 
Compressive strength on concrete, cylinder or cube test > 20 MPa 
No need for injection if the crack size is below 0.2 mm 
 

The permissible unevenness on the concrete surface on a 2.0 m and a 0.3 m base are re-
corded in table 4.1. The supplier of the strengthening material shall guarantee the material 
properties of the system used as the mean value minus two standard deviations. 

Table 4.1 Permissible unevenness on the concrete surface deepening on system and product used. 

 

Type of FRPs* 

2.0 m base 0.3 m base 
Laminate >1.0 mm 10 mm 4 mm 
Laminate < 1.0 mm 6 mm 2 mm 
Sheets, wet-lay up 4 mm 2 mm 
NSMR Not applicable Not applicable 
Sheets, radius of cor-
ners 

 > 30 mm 

* see also FIB Bulletin 14 

The adhesive used shall be correctly marked due to regulations of the country where it is 
used; adhesive requirements for structural bonding are also specified in prEN 1504-4 (CEN 
2001a). It is also important that strengthening systems approved by the manufacturers are 
used as a system and that the different parts are not divided. Before application to the pre-
pared surfaces the following properties shall be guaranteed by the manufacturer for the 
mixed adhesive: 

 

Uncured adhesive  
Pot life according to prEN 14022 (CEN 2001c) > 40 min at 20 °C 
Open time > 20 min at 20 °C 
Shelf life, stored in original containers 6 months at 5 - 25°C  
Glass transition temperature, Tg  > 45°C and at least + 20 °C in service  
Moisture absorption < 3 % 
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Mechanical short term properties  
Modulus of elasticity in bending, ISO 178 2 - 12 GPa 
Shear strength, EN 12188(CEN 1999b) > 12 MPa at 20 °C  
Adhesion strength, EN 12188 (CEN 1999b) > 15 MPa at 20 °C 
Compressive strength, EN 12190 (CEN 1998b) 
Germany: 

50 MPa at 20 °C 
min C 16/20 (B15)  

 

When long-term properties are considered it is recommended that adhesives with a long-
term experience be used (at least 15 years) in conditions to the proposed use. 

4.2.2 During strengthening 

Daily inspections should include date and time. It is advisable during strengthening to pre-
pare a test area for destructive testing. The test area, if only one, should be able to represent 
the surface conditions for the total strengthening project. 

Qualified, experienced and correctly educated workers shall perform the strengthening work. 
The site engineer shall also be trained and qualified to handle these types of strengthening 
work. Before strengthening is carried through, it is important that all surfaces to be bonded 
are cleaned and free from dust and grease etc. However most important is to fulfil the re-
quirements for bonding, here the demands on the concrete surface is of utmost importance: 

 

Temperature on the concrete surface > +10 °C 
Temperature above the actual dew point > + 3 °C 
Atmospheric humidity at time of application < 80 % RH 
 

Free moisture may not be present on the concrete surface. The surrounding temperature and 
RH must be registered continually during the strengthening phase. Data concerning testing 
of the final strengthening and hardening material on site can be required. This is especially 
true when non pre-manufactured elements are used. Here at least 3 tensile tests of the FRPs 
(according to ASTM D 3039-76) and 6 tests from the mixed and hardened adhesive, accord-
ing to EN 1465 (CEN 1995) should be performed, unless independent certification bodies 
have certified the product. 

It is very important that these circumstances are held during the whole setting time of the 
adhesive and resin. The setting time can vary depending on the products used, consult the 
material supplier for confirmation of the setting time for the specific materials. 

It is also recommended for larger strengthening projects to perform a “testing surface” at 
which pull-off tests can be performed on the strengthening material over time. The value ob-
tained from these tests shall be in accordance to the manufacturer’s data. 

4.2.3 After strengthening 

After strengthening, inspection with regard to possible voids in the composite or adhesive 
shall be carried out. Possible voids must be injected with the same resin used for the initial 
strengthening. The strengthening system must also be inspected due to blisters or discolora-
tion. Blistering or discoloration is not common when using laminates but is possible when 
using fabric systems. It is important to investigate critical zones i.e. anchorage zones extra 
carefully. 
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After strengthening, the section must be examined with consideration to possible mistakes 
made during the strengthening process, and eventual cavities injected with the same epoxy 
as was used during the strengthening phase. The composite is also checked with considera-
tion to blistering or discolouration. When laminate is used, the strengthening is checked with 
consideration to voids and anchorage, see also preceding section. 

The adhesive thickness might vary depending on the specification in the contract documents. 
If an applicator is used when applying laminates the precise thickness can be specified. For 
the strengthening to work properly no fibre kinks or waviness can be allowed, this is only 
applicable when strengthening with FRP fabric. 

A protective coating should be applied on the surface of the FRP system. The coating must 
be flexible, water proofing, compatible with the FRP system and preferably also aesthetical. 
The coating can vary from being a polymer reinforced concrete to acrylate- or epoxy paint. 

In appendix C a brief description about substrate repair is appended. 

Destructive testing 

Short pieces of the strengthening system used are applied onto the test area. The same “pull 
off” tests as earlier are done on the short pieces. If applied correctly the failure must be in the 
substrate when strengthening concrete. 

Table 4.1 lists the requirements for the quality of application and allowed measures required 
by the American Concrete Institute (ACI).  

Table 4.1 Allowed defects and pull-out test in CFRP bonding to concrete according to ACI 440.”R-
02. 

Size of detectable defect 

 

Required Measures Pull-out test  

(Sustainable Bridges, D6.2) 

min 1300 mm2 Allowed only, if applying a 
quality control method 

5% of the bonded area, 
max. 10 debonding/ m2 

Repair allowed by injection 

> 16 000 mm2 Cut away and patch repair 

 Pull-out strength:  

US:         min 1.4 MPa 

Europe:   min 1.5 MPa  

 

To verify that no large voids in the adhesive are present the following tests may apply. Nor-
mally voids can be detected by means of “tapping” the bonded surface with a hammer or 
even with a coin. More advanced methods such as ultrasonic pulsed echo techniques or ul-
trasonic transparency techniques can also be used. Thermography in direct dynamic condi-
tions has been successfully applied to bonding evaluation. Defects are located as hot or cool 
spots due to different thermal properties of degraded bonding. 

Continual follow-up must be possible if required. 
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4.3 Demolition of strengthened structures 
When demolishing strengthened structures, it is not always necessary for the hardened 
composite to be removed. Instead, it can be allowed to follow the crushed concrete, for ex-
ample for casting of new concrete. In the cases where it is wished to separate the included 
material parts, the composite must be removed first. This product can then be used as an 
energy source. 

4.4 Checklist 
To simplify the control of the bonding and quality works for concrete structures a checklist is 
appended in appendix E. 

 

4.5 Comments to strengthening assessment 
The stated and presented requirements in this section build on the knowledge and experi-
ence that exist in the area today. It is also difficult to specify requirements exactly as these 
can vary depending on the function and condition of the original structure. It has, however, 
been shown that the implementation phase is essential for the final result, both regarding 
function and durability over a long time. It is therefore of great importance that these types of 
strengthening are performed by knowledgeable and educated personnel in the area. The 
contractor must be able to show experience from corresponding strengthening work. 

Limitation: Because of doubts about the durability of the epoxy, some European countries as 
Germany do not allow long term exposure of CFRP-plate-strengthening to temperatures 
higher than 40 °C, for CFRP in slots 45°C, since the parameters of the epoxy change above 
55° to 65°C. This limitation may prevent the application of CFRP to sun exposed structural 
elements. 
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5 Metallic structures 

5.1 Background 
Historically the need for strengthen metallic structures is in comparison with concrete struc-
tures relatively small. However, there are in particular some applications here FRP strength-
ening of metallic structures can be very useful. First, old metallic structures manufactured by 
cast or wrought iron can be improved substantially by external FRP strengthening. Secondly, 
FRP plates or sheets may be very useful to improve the fatigue behaviour of steel, in particu-
lar if the FRP can be bonded in combination with prestressing. FRP strengthening of metallic 
structures is mostly used in countries where a large stock of structures of wrought or cast 
iron still are in use. In this section the design for metallic strengthening is not discussed, but 
a detailed explanation of the execution work is presented and also a recommendation how 
the quality of the strengthening can be assessed. For metallic structures the most commonly 
used strengthening systems are CFRP plates and sheets. For wrought and cast iron stan-
dard CFRP material can be used but for modern steel often ultra high modulus of the plates 
is necessary if any strengthening effect should be counted for. 

The principle for strengthening metallic structures is the same as for strengthening of con-
crete structures, in particular the handling of adhesives so that will not be repeated here, see 
chapter 2. However, the different steps during strengthening are described below. In table 
5.1 characteristics and aspects of bonded CFRP sheets and plates are shown. 

Table 5.1 Characteristics and aspects of externally bonded FRP reinforcement 

 Laminates Sheets 

Shape Rectangular strips Thin unidirectional or bi-directional fab-
rics 

Dimension: 
thickness 

width 

 
Ca: 1.0 - 2.0 mm 
Ca: 50 - 150 mm 

 
Ca: 0.1 - 0.5 mm 
Ca: 200 - 600 mm 

Use Simple bonding of factory-made 
profiles with adhesives 

 

Bonding and impregnation of the dry 
fibre with resin and curing at site 

 
Application 

aspects 
For flat surfaces 

 
Thixotopic adhesive for bonding 

 
Not more than two layer recom-

mended 
 

Stiffness of laminate and use of 
thixotropic adhesive allow for certain 

surface unevenness 
 

Simple in use 
 

Quality guaranteed from factory 
 

Suitable for strengthening in bending 
 

Needs to be protected against chlo-
rides and fire 

 

Easy to apply on curved surfaces 
 

Low viscosity resin form bonding and 
impregnation 

 
Multiple layers can be used, more than 

10 possible. 
 

Unevenness needs to be levelled out 
 

Need well documented quality systems 
 

Can easily be combined with finishing 
systems, such as plaster and paint 

 
Suitable for bending, shear and tor-

sional strengthening 
 

Needs to be protected against fire 

 



Sustainable Bridges SB-6.4 2007-11-30 37 (74) 

    

 

5.2 Strengthening work 

5.2.1 General 

The final strengthening result is largely dependent on the execution of the strengthening 
work. Poor workmanship or mistakes during the strengthening process can result in inferior 
strengthening. In addition, insufficient examination of the structure before strengthening can 
result in incorrect strengthening design and selection of wrong materials. 

To avoid such mistakes it is recommended that the strengthening procedure be divided in 
three steps: before strengthening, during strengthening and after strengthening. As a final 
step the quality control is added to each of these steps. A general scheme for this is summa-
rised in figure 5.1 and will be explained more in detail in the next section 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1 A general scheme for the strengthening work of metallic structures 

 

 
BEFORE STRENGTHENING 
Examination of existing documentation, struc-
ture, loads and material data etc. 

DURING STRENGTHENING 
Surface Preparation 
Remove paint and contaminations, round cor-
ners when needed - make the surface free from 
dust and grease . Metal surfaces are treated 
depending on strengthening material used: 
Laminates: Grit blasting, SACO 
Sheets: Grit blasting, SACO 
 
Externally bonded reinforcement 
All materials must be dust and solvent free and 
when applicable cleaned with a solvent before 
mounting 
 
Bonding procedure 
Laminates: Apply a metallic primer according to 
the recommendations given by the manufacturer 
Usually within 2 hours, depending on environ-
mental class. Apply adhesive on laminate or on 
both laminate and the metallic surface. Mount 
the laminate. 
 
Sheets: Apply steel primer. Level out the surface 
if needed. Apply adhesive and mount the sheet 
in the wet adhesive - apply a new layer of adhe-
sive, repeat the procedure for numbers of layers 

AFTER STRENGTHENING 
Finishing layer 
Paint, resistant to wear, deterioration etc. 
Fire Protection 
All due to regulations and demand from client 

Q
U

A
LI

T
Y

 C
O

N
T

R
O

L 
(B

ef
or

e,
 d

ur
in

g 
an

d 
af

te
r 

S
tr

en
gt

he
ni

ng
) 

NO 

Other 
Methods 

FRP Strengthening 

Final 
Result 

Quality 
Plan 



Sustainable Bridges SB-6.4 2007-11-30 38 (74) 

    

 

5.2.2 Before strengthening 

The investigation before strengthening is recommended to be carried out by a consultant or a 
specialist in the area. 

Here information for the structure have to be collected, this can mean that existing documen-
tation is needed, and present and future demands on the structure and present conditions on 
the structure have to be established. Here, it can be difficult to determine the present condi-
tions. However, an investigation shall, if possible, contain the following data as a base for the 
strengthening works: 

• Existing documentation, when the structure was built, drawings, load history, previous 
repairs etc. 

• The built structure must be checked that it is in accordance to the drawn structure, in 
order to cope with extra eccentricities etc.  

• Which requirements were placed on the original structure 
• Which requirements will be placed on the strengthened structure 
• Condition of the existing structure 

 

To map out an existing structures condition can be complicated and time consuming. When 
using FRP materials for strengthening of metallic structures, it is often just a part of the struc-
ture that needs to be investigated. Most important is to understand in what way the strength-
ening affects the structure so that problems are not transferred to other parts of the structure. 
It is suggested that the following be mapped: 

• Corrosion in the members due for strengthening 
• Condition and health of the surrounding structural members 
• Material properties for the metallic material. Fracture mechanic properties may also 

be necessary 
• Layering of substrate material (metal) 
• Loose bolts or rivets 
• Existing cracks 

 

Here also the choice of FRP material for strengthening can be made. When strengthening a 
structure it is important to know the type of construction element that is going to be strength-
ened and what the material properties are. When dealing with metallic structures, it is often 
beam like structures that must be strengthened. The static system is also important to con-
sider. Is the structure a part of a continuous beam, a simple supported beam or perhaps 
clamped in some way? Is the existing static system changed or will the performed strength-
ening change the type of failure from ductile to brittle, or will the failure arise in another part 
of the structure? It shall always be aimed to strengthen a structure in such a way that the 
surrounded structurals are to a less extent affected by the strengthening. It is hence impor-
tant to investigate: 

• Change of failure mode 
• The effect on the surrounded structures, for example by changes in stiffness relation-

ships 
• Risk for increased deformations 

 

There are many different types of FRP materials available for strengthening at the market. 
With the many different options it is possible to tailor the strengthening perfectly for a specific 
project. However, it should be kept in mind that not all kinds of FRP’s are suitable for all a 
structure. 
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As an example, a structure with low Young’s modulus should not be equipped with an UHM 
laminate. The large difference in stiffness of the two materials will create problems with strain 
incompatibility, thus creating unnecessary high shear stresses in the adhesive. 

This does not imply not to use UHM FRPs, but that they should be used with the proper 
structural materials, such as iron or steel. 

It is also important to have a clear view about how the nearby environment affects the 
strengthening system and how the strengthening system affects the surrounding environ-
ment. The effect on the surrounded environment shall be kept to a minimum. This can mean 
that special considerations regarding the appropriateness of the strengthening systems may 
be taken. 

One particular point of interest when strengthening metallic structures such as steel, is the 
possibility of galvanic corrosion due to a carbon sheet in contact with the steel. This has yet 
to be proven in praxis, but it is theoretically possible. It is therefore recommended to use a 
sheet of E-glass closest to the steel. Another methods of reducing the risk of galvanic corro-
sion is to paint the carbon fibres, and thereby prevent moist or rain to act as the electrolyte. 

The surface of the metallic substrate should of course be as flat as possible. It is suggested 
in (CIRCA – CADEI), that no unevenness must be more than 5mm pr. m using a straight 
edge. The irregularities must not be present as an abrupt change in surface height, but must 
be smooth. Any holes from former corrosion attacks or irregularities in the metal must be 
smoothed out with putty or adhesive filler with an adequate strength. 

5.2.3 During strengthening 

The work during strengthening is often carried out by a construction company specialist in 
FRP bonding. It is also recommended that the work is followed up by an external supervisor. 

When this stage is reached, the decision regarding strengthening with FRPs has already 
been taken. The most important part during strengthening is to follow up the strengthening 
work. This means that it must be ensured that the temperature, humidity and surface de-
mands are kept within approved limits. Mixing of epoxy shall be performed in a controlled 
and repeatable way. Preferably the epoxy components should be mixed in the buckets they 
are delivered in and not divided into smaller portions etc. Different FRP systems can also 
mean different ways to strengthen. The contractor shall also have a control plan for docu-
mentation. It is also important that the metallic surfaces to be strengthen is prepared in a 
correct way, this means that a primer, compatible with the strengthening system, shall be 
applied to the sandblasted surface immediately after grit blasting. 

To ensure satisfactory hardening of the epoxy adhesive it is important that the manufac-
turer’s regulations are followed. In general, a good hardening is reached if the temperature of 
the metallic surface does not fall below 10 ºC. Temperatures under 5 ºC shall be avoided 
since the hardening process is very slow at these temperatures. At 0 ºC the hardening proc-
ess is more or less stopped. A rule of thumb is that at 20 ºC the adhesive has reached 80 % 
hardening in 24 hours and full hardening after 7 days. The precise time should of course be 
provided by the manufacturer. Evidently, the hardening process is strongly dependent on the 
adhesive system used and whether heat is applied during hardening. At the moment of bond-
ing the metallic surface may not be wet. It is also important to ensure that any moisture in a 
tented repair site does not drop on the surface of the adhesive during the application, if so 
there is a risk for low or no bond to the surface. This is secured by controlling that the tem-
perature is above the actual dew point, perhaps by a ventilated / heated tented worksite. 

Prescribed protective equipment shall be used and it is of benefit if the work site is divided 
into stations for different tasks, one station where the adhesive is mixed, one there waste is 
collected, a third where the adhesive are stored, etc. 
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It is very important that the workers have the possibility to wash themselves and that unclean 
working clothes or equipment are not stored close to a dining area or clothes change room. 
In this way, possible skin contact is minimised. Every manufacturer of epoxies has regula-
tions for how their product should be handled. 

Primarily two different strengthening systems with CFRP exists for metallic structures, which 
in many cases can be used for the same purpose, but most often complement each other, 
and some systems are more suitable for bending or pre-stressing, others for shear and some 
are suitable when there exists risk for impact and so on. The systems can also be divided 
into systems that use wet lay up, i.e. a dry fibre is impregnated with resin at the work site, or 
systems that uses prefabricated laminates of different dimensions and shapes. In figure 5.2 
this is explained schematically. 

In figure 5.2 three areas have been shaded. The reason for this is that these areas are not 
discussed in this report and some of the methods can still be considered in the research 
stage. 

In this section it has been anticipated that the structure we are dealing with is suitable for 
FRP reinforcement with plates. The method is fast because the reinforcement can be applied 
in one cycle. If we focus on strengthening with FRP sheets and laminates, the following pro-
cedures are recommended for the different systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2 Different strengthening systems with CFRP for metallic structures 

Strengthening with sheets:  

When a composite is built up on the work site by wetting dry fibres with resin, it is important 
that the surface is even and that the fibres are not bent or curved since the strengthening 
effect is directly proportional to the straightness of the fibres. The sheets can come in many 
different widths or thicknesses and different manufacturers offer several types of stiffness, 
weights, widths etc. It is easy to do the design and often the number of layers will be the 
governing factor since too thick sheets can be difficult to wet. The adhesive used is a low 
viscosity resin that often comes in a more or less liquid state.  
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When the fibres are bent round corners the radius of the corner must be adjusted to exceed 
30 mm and 30 mm radius fillet if a change of layer thickness in the substrate must be 
passed. However for practical execution the following steps must in general be performed: 

 

• Grit blasting or the SACO method is preferably used to expose the metal before prim-
ing. Grit blasting should be equivalent to SA2½. The sand must be oil free. 

• The dust on the surface must then be removed; here a vacuum cleaner or pressur-
ised air can be used. 

• A metallic primer for the system chosen is applied and allowed to harden. The primer 
should be applied as fast as possible in all environments and in all cases preferably 
within 2 hours to avoid any oxidation on the grit blasted surface. 

• The straightness of the surface should be checked to be within prescribed limits and 
the surface should be very smooth, in order to prevent the fibres from changing direc-
tion. This is to insure that irregularities on the surface will not influence on the 
strength. 

• The first layer of adhesive is applied. 
• The first layer of the fibre system is mounted and a second layer of adhesive is ap-

plied. If several layers are needed this process is repeated to the last layer. Number 
of layers depends on the system used. It is important that the adhesive allows for 
enough time to wet the fibre before the next layer is applied. 

 

Strengthening with flat profiles:  

Flat profiles, such as laminates, can come in many different dimensions. Normally two or 
three stiffness of profiles are offered, low, medium and high. Some profiles are grinded be-
fore they arrive at the work site and need to be cleaned off before mounting; others need to 
be grinded or sandpapered and subsequently cleaned at the work site. Great care should be 
taken not to sandpaper the laminates to much, since it may damage the fibres. 

Some manufacturers offer laminates with peel-ply, which is a plastic sheet that is removed 
just before mounting. Laminates can come in rolls with a diameter up to approximately two 
meters or pre-cut in predetermined lengths. When the laminate comes in rolls, a proper 
wrapping diameter should be kept to keep the laminates from attaining a permanent curva-
ture. The adhesive used is thixotropic and shall be tacky but not able to float out of the joint. 
In practical execution the following steps must in general be performed during strengthening: 

• Grit blasting or the SACO method is preferably used to expose the metal before prim-
ing. Grit blasting should be equivalent to SA2½. The sand must be oil free. 

• The dust on the surface must then be removed; here a vacuum cleaner or pressur-
ised air can be used. 

• A steel primer for the system chosen is applied and allowed to harden. The primer 
should be applied as fast as possible in all environments and in all cases preferably 
within 2 hours. Some laminate systems do not use a primer. 

• Medium surface irregularities are levelled out 
• The adhesive is applied on the laminate with a convex form. If a thickness of 1.5 mm 

is desired it is recommended that for a plate of width 80 mm the thickness in the cen-
tre is 3 mm and approximately 1 mm at the ends at application. A pressure is then 
applied with a rubber roller. It is normally accepted to just apply the adhesive on the 
laminate however; some manufacturers recommend that the adhesive be applied on 
both the concrete and laminate surface. Normally the laminates are applied in one 
layer. The excess adhesive is removed with a spatula. 
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5.2.4 After strengthening 

After the strengthening work, the bond joint must be examined due to possible voids, blisters 
or discoloration. Blisters and discolorations are not so common with laminate systems but 
can occur for sheet systems. Voids must be injected with an epoxy system recommended by 
the manufacturer. Blisters are to be punctured and sealed with the adhesive of the system 
used. It is important to examine critical zones, such as anchorage zones. The final surface 
can then be protected with a finishing layer and/or fire protection. It is important that all waste 
material is collected and that the work site is cleaned of epoxy products. Uncured epoxy shall 
be sent for destruction. 

5.3 Installation procedure 

5.3.1 General 

Chapter 5.3 gives useful information concerning the application of FRP strengthening sys-
tems on steel structures. It covers the main questions of best practice concerning surface 
preparation method and bonding procedure and gives some basic information about the ma-
terial selection.  

The surface treatment must be environmental friendly, and easily accomplished under field 
conditions. Application of the CFRP material can be made up to 150 hours after completion 
of the surface preparation. If strengthening occurs after this time, a lower bond strength could 
result. Surface grinding or grit blasting is recommended to remove all rust, paint, and primer 
from the steel surface. Additionally, the bare steel may be pre-treated using either an adhe-
sion promoter or a primer/conditioner, which leaves a thin layer attached to the metal oxide 
surface. This type of bond significantly improves the long-term durability because water dis-
placement through this coating is unlikely since the hydrolysis of the primary bonds is a slow 
process. Normally the CFRP plates are provided with a peel ply that after removal gives a 
clean surface to bond against. If plates are delivered without a peel-ply the bonded side of 
the CFRP plates may be sanded to increase the surface roughness using medium grit sand-
paper or a sandblaster, and wiped clean with acetone. However, excessive surface prepara-
tion of CFRP plates may expose the surface of the carbon fibres leading to possible galvanic 
corrosion if placed in direct contact with the steel surface. The adhesive should then be ap-
plied to the pre-treated steel surface, bonding either CFRP plates or sheets to the steel. The 
adhesive typically used is a two-component viscous epoxy. A less viscous epoxy is used for 
bonding the plates to each other. It is recommended to leave the bonded plates to cure for a 
sufficient time. An adhesive for a particular rehabilitation scheme must perform three func-
tions. First, the adhesive must have adequate bond strength so that the composite material 
can be optimally utilized. Consequently, this requires the failure mode of the system to be 
governed by the ultimate strength capacity of the composite and not by a premature bond 
failure. Second, the system must be sufficiently durable in the design environment to match 
the life expectancy of the structure (typically 75 years). Finally, the adhesive must also be 
easy to use under field conditions.  

5.3.2 Surface preparation before bonding 

To gain a strong and durable adhesive bond, surface treatment and accurate bonding plays 
a very important role. In particular if its application takes place onsite. Inappropriate surface 
preparation and bonding with contaminated adhesive can lead to premature debonding of the 
CFRP sheets. Due to bond defects stress concentrations within the bond line can also cause 
premature peel-off of the FRP-sheet long before the theoretical ultimate load has been 
reached. In the following two appropriate surface preparation methods are presented.  
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Laboratory tests show that using the SACO method, described in the following, for pre-
treating the bonding area a 2.7 times higher resistance against bond line corrosion can be 
reached compared the normal surface preparation method grit blasting. 

Grit blasting 

If no other pre-treatment method has been arranged, one of the surface preparation methods 
listed in ISO 8504 should be used. The document of ISO 8504 describes the general princi-
ples for the selection of methods for the preparation of steel surfaces before coating with 
paints and related products. It can be devolved to the requirements for bonding.  

The surface roughness characteristics of blast-cleaned steel substrates are regulated by 
ISO 8503. This document specifies the requirements for ISO surface profile comparators 
which are intended for visual and tactile comparison of steel substrates that have been blast-
cleaned with shot abrasives. ISO surface profile comparators are use in assessing, on site, 
the roughness of surface before the application of paints and related products or other pro-
tective treatments. Surfaces of steel members which are prepared for bonding should be 
cleaned up to a roughness of at least Sa 2-½. 

SACO method 

SACO is a physical-chemical surface preparation method which is used for the pre-treatment 
of metal surfaces before bonding. The aim is the cleaning (SAndblasting) and COating of the 
surface at the same time. The SACO treated metal surface results in a very thin and good 
adherent layer of polar primer. Afterwards primer and adhesive are applied as usual. As pre-
condition for this method all assembly components have to be previously cleaned from rough 
impurity and rust. The SACO method works as follows: 

The pre-cleaned metal surface is blasted with the special coated corundum SACO-Plus (cp. 
Table 5.2A). Due to corundum impact on the surface it is cleaned and roughened similar to 
common sandblasting (cp. Table 5.2B). During the impact parts from the corundum coating 
are transferred to the steel surface (cp. Table 5.2C). After the detachment of the corundum 
particle the impact area is left coated with a very thin layer of polar primer (cp. Table 5.2D). 

After SACO-blasting the surface is coated with the primer SACO-Si which causes a chemical 
reaction with the adhesive layer applied shortly after.  

Table 5.2: Schematic of the SACO method 

 
 

A)  Blasting by accelerated corundum particle 
with special primer coating 

B)  Cleaning of the steel surface due to the im-
pact of corundum particle, similar to common 

sandblasting 

  

C) Transfer of the primer coating from the co-
rundum particle to the steel surface 

D) Primer coated steel surface after detachment 
of corundum particle 

Steel Steel 

Steel 
Steel 
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5.3.3 Installation of CFRP to metallic structures 

In Table 5.3 a summary of the main working steps of the installation of a CFRP repair and 
strengthening system is given.  

Table5.3: Working steps of the installation procedure of a CFRP strengthening system 

 
1st step 

 
Cleaning of the metal surface 

To remove any dust, paint or un-
sound material on the bonding sur-
face, the steel member has to be 
mechanically cleaned. Recom-
mended methods are sandblasting 
or SACO treatment.  

This first mechanical surface prepa-
ration is accomplished by a chemi-
cal cleaning of the bonding surface 
to remove all dirt and debris using 
acetone or any other appropriate 
cleaning agent. 

 

 
Figure 5.3: Sandblasting onsite 

 

 
2nd step 

 
Application of primer 

To optimize the adherence between 
steel and adhesive and to avoid any 
corrosion of the substrate, the steel 
surface has to be treated with a thin 
layer of primer. This special coating 
is usually based on the later on ap-
plied adhesive and forms part of the 
bonding system. Therefore the used 
primer has to be chosen according 
to the recommendation of the adhe-
sive producer to assure the maxi-
mum adherence between steel and 
adhesive. 

 

 

Figure 5.4: Application of primer 

 

 
3rd step 

 
Cleaning of CFRP 

Depending on the used strengthen-
ing system the CFRP surface may 
be cleaned with acetone before 
bonding. Some producers protect 
the plate surface with a special pro-
tection layer, which has to be re-
moved before bonding. In such 
cases cleaning via acetone may not 
be necessary. (See manufacturer 
information!)  

 

 
Figure 5.5: Cleaning of CFRP plates 
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4th step 

 
Preparation of the adhesive 

During the whole bonding procedure 
absolute cleanliness is required to 
avoid any contamination of the ad-
hesive. In case of a two component 
adhesive new stirring rods and cups 
should be used for each mixture. 

All strengthening systems provide 
adhesive in two canisters, one with 
the hardener and one with the base 
adhesive. These are mixed in the 
proportions given by the manufac-
turer and in all cases the hardener 
are poured into the base adhesive. 
The canisters should not be divided 
but all materials should be mixed 
together  

 

 

 
Figure 5.6: Preparation of adhesive 

 
5th step 

 
Application of the adhesive 

After curing of the primer and ac-
complishing step 3 and 4, the adhe-
sive can be applied. To reach a high 
homogeneity of the adhesive layer 
without any air pockets, the adhe-
sive should be applied single sided 
(preferentially on the CFRP side) 
and in a triangular shape (:= triangu-
lar cross-section). 

 

 
Figure 5.7: Application of adhesive 

 
6th step  

 
Assembling 

Once the adhesive has been ap-
plied, the CFRP plate or laminate 
has to be placed during the potlife 
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. 
Therefore the CFRP should be at-
tached carefully in one working step, 
which means that an adequate 
number of workers and fixing 
equipment has to be available. Any 
detaching or replacing may cause 
air inclusions or contamination of 
the adhesive.  

 

 

 
Figure5.8: Placement of CFRP plate 
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5.4 Quality control – Metallic structures 

5.4.1 Introduction 

Before a strengthening is performed, it is important that the original structure be so well sur-
veyed that the collected information is sufficient to achieve a satisfactory strengthening ef-
fect. After this investigation is finished, the strengthening phase can begin. During this phase, 
the prescribed climate must exist and the included products must be used in the correct 
manner. 

After a completed strengthening, this will be checked with consideration to desired function. 
The control section for the total strengthening work can thus be divided into two subsections: 
materials and strengthening phase. 

A specific QA plan for the individual project may be developed. This in return ensures that 
the correct procedure has been followed due to local factors regarding the specific project. 

To make sure that the quality of the strengthening work is approved the strengthening work 
must be documented. The documentation is divided into three phases, before-strengthening, 
during-strengthening and after-strengthening. In the phase before-strengthening a document 
forming the decision for design, design base document, should be filled out. For the phase 
under strengthening a document for self check should be filled out. Intervals for filling the 
document out should be decided on the start up meeting. A referencing system should also 
be adopted so that individual materials can be identified, with the batch number on the struc-
ture. The documentation after strengthening will include the inspection protocol. 

5.4.2 Material 

Full detail of the materials used in the strengthening process must be recorded to ensure 
traceability. When receiving material all batch numbers should be recorded and material 
must be inspected for conformity to the material datasheet and to contract documents before 
being stored. Material that does not meet the requirements should be rejected. The material 
supplier should guarantee the conformity of the materials according to the material data 
sheets, since the material properties can only be tested and verified in a laboratory. Further-
more, registration of the structural part a specific batch is applied should take place in order 
to be able to trace the products all the way from structure to manufacturer. 

FRP profiles 

Laminates that are manufactured through pultrusion should be individually checked for signs 
of damage, such as cracks or delamination. If the profile is manufactured with peel-ply it 
should be checked that the ply is uniform over the whole area. Although pultrusion is a con-
trolled manufacturing process variation in dimensions may occur so the profiles must be 
checked against specifications. If laminates are delivered in rolls make sure that when un-
rolled they form a flat section, if not this is because the laminate has been rolled before the 
matrix has fully cured. 

FRP Fabrics 

Fabrics must also be checked for signs of damage, such as significant faults in the weave or 
tears. 

Resins and adhesives 

Check for any sings of damage to the canisters and make sure that a date is printed on the 
canister. This date can be either the production date or the expiry date, do contact the mate-
rial supplier for the correct interpretation of the information. 
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5.4.3 Labour 

Training 

The applicators should prior to the live strengthening work be trained in how to apply the 
strengthening system which is to be used. It is also vital that the supervisors participate in 
this training. The trained staff should after the training be certified so that the staff are able to 
provide evidence of the appropriate training. Training is normally carried out by the material 
supplier. 

5.4.4 Quality assurance methods 

Thermography 

If the FRP strengthening is heated after the adhesive has fully set or if the structure itself 
loses heat to the environment, this can be measured with an IR-camera. Since heat transfer 
occurs more slowly in air is it possible to detect debonded areas and voids with the IR-
camera. The debonded area will because of the heat transfer have a different temperature 
than the rest of the surrounding bonded FRP. To heat the FRP a high-powered flash gun is 
used. The major advantage with this device is that it is fairly portable. However, it is most 
likely that thermography is less effective for metallic structures compared to concrete struc-
tures. 

Acoustic technology 

No acoustic methods are known to be state of the art. The application of acoustic echo 
methods or acoustic emission techniques can be identified as a gap for future research 
needs. 

Monitoring 

In special situations the strengthening can be combined with more advanced monitoring 
methods. This can be monitoring of the strain in the composite with strain gauges or fibre 
optic sensors integrated in the composite. However, it is likely that minor defects can not be 
found by monitoring strain, deflections of even the use of module analysis will not be very 
useful. However, monitoring can be very useful if local strain variations over a section wants 
to be measured or if global parameters such as change in deflection before and after 
strengthening. 
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5.5 Strengthening assessment – Metallic Structures 

5.5.1 Before Strengthening 

Before commencing the strengthening work a thoroughly survey of the existing structure 
should have been carried out. The reason for strengthening should have been cleared out 
and all necessary data to do a proper strengthening should have been collected. 

Normally when strengthening metallic structures, the interface or the adhesion between the 
laminate / metal and the adhesive is the weakest link. If metallic structure is made from cast 
iron or wrought iron, one should be aware of a possible layering in the material. The following 
demands must be fulfilled before a strengthening can commence: 

• Adhesion to metallic surface by “pull off” test with a pull off strength at the same level 
as the adhesion strength for the adhesive, see table below. 

• Determination of material properties 

• Mapping of existing cracks 

The adhesive used shall be correctly marked due to regulations of the country where it is 
used; adhesive requirements for structural bonding are also specified in prEN 1504-4 (CEN 
2001a). It is also important that strengthening systems approved by the manufacturers are 
used as a system and that the different parts are not divided. Before application to the pre-
pared surfaces the following properties shall be guaranteed by the manufacturer for the 
mixed adhesive: 

Uncured adhesive  
Pot life according to prEN 14022 (CEN 2001c) > 40 min at 20 °C 
Open time > 20 min at 20 °C 
Shelf life, stored in original containers 6 months at 5 - 25°C  
Glass transition temperature, Tg  > 45°C and at least + 20 °C in service  
Moisture absorption < 3 % 
  
Mechanical short term properties  
Modulus of elasticity in bending, ISO 178 2 - 12 GPa 
Shear strength, EN 12188(CEN 1999b) > 12 MPa at 20 °C  
Adhesion strength, EN 12188 (CEN 1999b) > 15 MPa at 20 °C 
Compressive strength, EN 12190 (CEN 1998b) > 50 MPa at 20 °C  
 

When long-term properties are considered, it is recommended that adhesives with a long-
term experience be used (at least 15 years) in conditions to the proposed use. 

The metallic surface to be bonded shall be kept as straight as possible. The straightness 
shall be kept within the values given in the table below, also see specifications from UK.. 
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 Plate/Sheet Length (m) 

Deviation in geometry (mm) Up to 2 2 - 3 3 - 4.5 4.5 - 6 6+ 

Straightness of edge: deviation from in-
tended line, any variation to be evenly dis-
tributed with no sudden bends or irregulari-
ties 

+/- 3 +/- 4 +/- 5 

 

+/- 6 +/- 7 

Squareness: taking the shorter of 2 sides at 
any corner as a base line, the deviation of 
the longer side from the perpendicular 
(mm). 

Dimension involved is at the far end of the 
longer side 

. 

 

+/-3 

 

 

+/-4 

 

 

+/-5 

 

 

+/-6 

 

 

+/-7 

 

Flatness: deviation from the designed profile under a 1m straight edge placed anywhere 
along the length of the plate: 3mm. 

Deviation across the plate width shall be a maximum of 1mm. 

5.5.2 During strengthening 

Daily inspections should include date and time. It is advisable during strengthening to pre-
pare a test area for destructive testing. The test area, if only one, should be able to represent 
the surface conditions for the total strengthening project. 

Qualified, experienced and correctly educated workers shall perform the strengthening work. 
The site engineer shall also be trained and qualified to handle these types of strengthening 
work. Before strengthening is carried through, it is important that all surfaces to be bonded 
are cleaned and free from dust and grease etc. However most important is to fulfil the re-
quirements for bonding, here the demands on the metallic surface is of utmost importance: 

 

Temperature on the metallic surface > +10 °C 
Temperature above the actual dew point > + 3 °C 
Atmospheric humidity at time of application < 80 % RH 
 

Free moisture must not be present on the metallic surface. The surrounding temperature and 
RH must be registered continually during the strengthening phase. Data concerning testing 
of the final strengthening and hardening material on site can be required. This is especially 
true when non pre-manufactured elements are used. Here at least 3 tensile tests of the FRPs 
(according to ASTM D 3039-76) and 6 tests from the mixed and hardened adhesive, accord-
ing to EN 1465 (CEN 1995) should be performed, unless independent certification bodies 
have certified the product. 

It is very important that these circumstances are held during the whole setting time of the 
adhesive and resin. The setting time can vary depending on the products used; consult the 
material supplier for confirmation of the setting time for the specific materials. 

It is also recommended for larger strengthening projects to perform a “testing surface” at 
which pull-off tests can be performed on the strengthening material over time. The value ob-
tained from these tests shall be in accordance to the manufacturer’s data. 
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To speed up the hardening process of the FRP bonding, the temperature of the bonding area 
could be heated. However, since it is impossible to heat up the rest of the structure during 
bonding and curing, one may introduce large stresses in the bond line creating high stresses 
in the end zones. 

5.5.3 After strengthening 

After strengthening, inspection with regard to possible voids in the composite or adhesive 
shall be carried out. Possible voids must be injected with the same resin used for the initial 
strengthening. The strengthening system must also be inspected due to blisters or discolora-
tion. Blistering or discoloration is not common when using laminates but is possible when 
using fabric systems. It is important to investigate critical zones i.e. anchorage zones extra 
carefully. 

After strengthening, the section must be examined with consideration to possible mistakes 
made during the strengthening process, and eventual cavities injected with the same epoxy 
as was used during the strengthening phase. The composite is also checked with considera-
tion to blistering or discolouration. When laminate is used, the strengthening is checked with 
consideration to voids and anchorage, see also preceding section. 

Several suggestions for acceptable sizes of different flaws form manufacturing when 
strengthening metallic structures with hand-lay up systems has been given in (ICE). The rec-
ommendations are reproduced in table 5.4. 

It should be noticed that if a repair is impossible to perform, it is possible to account for it 
analytically with calculations, as it is shown in (CIRCA – CADEI). 

The adhesive thickness might vary depending on the specification in the contract documents. 
If an applicator is used when applying laminates the precise thickness can be specified. For 
the strengthening to work properly no fibre kinks or waviness can be allowed, this is only 
applicable when strengthening with FRP fabric, see also appendix C. 

A protective coating should be applied on the surface of the FRP system. The coating must 
be flexible, water proofing, compatible with the FRP system and preferably also aesthetical. 
The coating can vary from being a polymer reinforced concrete to acrylate- or epoxy paint. 

 

 

Table 5.4: Defect type and allowable limits for composite lamina, hand lay-up 

Laminate defect Allowable limits 

Blisters Max. 6mm, 1.5mm high 

Chips Max. 6mm, provided it does not penetrate the reinforcing laminae 

Crazing Slight 

Dry spots Max. 10m2 with total not greater than 100mm2 in area 

Delamination None 

Cracks None 

Entrapped air Max. 3mm diameter; no more that 3% of area 

Exposed glass None 

Exposed cut edges None 

Foreign matter None if it affects the properties of the lamina 

Pits Max. 3mm diameter , 1.5 mm deep 
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Scores Max. 0.5mm deep 

Surface porosity None 

Wrinkles Max. deviation 20% of wall thickness but not exceeding 4.5mm 

Sharp discontinuity Max. 1mm 

 

Table 5.5: Defect type and allowable limits for interface region 

Interface defect Allowable limits 

Blisters Max. 6mm, 1.5mm high 

Surface corrosion None 

Dry spots Max. 10m2 with total not greater than 100mm2 in area 

Delamination None, inevitably around the crack in a fatigued structure 

Cracks None, inevitably in fatigued structures 

Entrapped air Max. 3mm diameter; no more that 3% of area 

Foreign matter None if it affects the properties of the lamina 

Scores Max. 0.5mm deep 

Surface porosity None 

Sharp discontinuity Max. 1mm 

Destructive and non destructive testing 

Short pieces of the strengthening system used are applied onto the test area. The same “pull 
off” tests as earlier are done on the short pieces. If applied correctly the failure will be in the 
joint between substrate and adhesive when strengthening steel. To verify that no large voids 
in the adhesive are present the following tests may apply. Normally voids can be detected by 
means of “tapping” the bonded surface with a hammer or even with a coin. More advanced 
methods such as ultrasonic pulsed echo techniques or ultrasonic transparency techniques 
can also be used. Thermography in direct dynamic conditions has been successfully applied 
to bonding evaluation. Defects are located as hot or cool spots due to different thermal prop-
erties of degraded bonding. Continual follow-up must be possible if required. 

5.6 Demolition of strengthened structures 
When demolishing strengthened metallic structures, it is recommended that the hardened 
composite shall be removed and sent for destruction. If the steel is going to be used for scrap 
and is melted the composite does not have to be removed. 

In the cases where it is wished to separate the included material parts, the composite must 
be removed first. This product can then be used as an energy source. 

5.7 Checklist 
To simplify the control of the bonding and quality works for metallic structures a checklist is 
appended in appendix F. 

 

5.8 Comments to implementation requirements  
The stated and presented requirements in this section build on the knowledge and experi-
ence that exist in the area today. It is also difficult to specify requirements exactly as these 
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can vary depending on the function, geometry and condition of the original structure. It has, 
however, been shown that the implementation phase is essential for the final result, both 
regarding function and durability over a long time. It is therefore of great importance that 
these types of strengthening are performed by knowledgeable and educated personnel in the 
area. The contractor must be able to show experience from corresponding strengthening 
work. 

Limitation: Because of doubts about the durability of the epoxy, some European countries as 
Germany do not allow long term exposure of CFRP-plate-strengthening to temperatures 
higher than 40 °C, for CFRP in slots 45°C, since the parameters of the epoxy change above 
55° to 65°C. This limitation may prevent the application of CFRP to sun exposed structural 
elements. 
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Appendix A – Composite Production Methods 

Pultrusion 
Being the only common continuous composite manufacturing technique, pultrusion is one of 
the most cost-effective of all methods for mass producing composites. This technique is 
however limited in the way that components will have constant cross section. Pultrusion is a 
fast growing manufacturing technique and pultruded profiles are used in a wide range of 
fields. 

Pultrusion is a technique where continuous fibre reinforcement is impregnated with a resin 
and then continuously formed into a solid composite profile. The fibres are pulled from spools 
in creels and are then gradually brought together and pulled into an open resin bath where 
the fibres are impregnated with resin. After emerging from the resin bath the fibres normally 
need some guidance or shaping before entering the die. The die has a constant cross sec-
tion cavity throughout its length except for the entrance where excess resin is squeezed out 
of the fibres. The die is heated and the heat which is transferred to the resin initiates the 
hardening process. The fibres emerges from the die as a hot solid composite profile and is 
allowed to cool off before being pulled by the pulling mechanism and finally cut with a saw to 
desired lengths. 

Wet lay-up 
The wet lay-up manufacturing techniques refer to processes where the resin is applied in 
liquid form and the reinforcement is impregnated as part of the lay-up. The lay-up may be 
preformed by hand, so called hand lay-up or in a more automated way, so called spray lay-
up. 

Hand lay-up 
This technique is one of the first developed and widely used. It is no doubt the simplest of all 
composite manufacturing techniques. 

Hand lay-up uses a one-sided mould, which is first treated with a mould release agent. Nor-
mally a neat resin layer, a so called gel coat is applied onto the mould before the lamination 
starts. The purpose of this coating is to protect and increase the aesthetic appearance of the 
composite. To start building up the laminate, resin is applied and distributed on top of the gel 
coat and dry fibre, typically in mat or fabric form, is placed on top. After one layer has been 
satisfactory impregnated and compacted more resin is applied and another layer is placed on 
top and the process is repeated until satisfactory laminate thickness have been reached. 

Spray lay-up 
This manufacturing process is very labour intensive and time consuming. The process is 
widely used when producing smaller boats, body panels for cars and trucks. 

Process Description 

In spray lay-up a spray gun is used to spray a mixture of chopped fibre and matrix onto the 
mould. One or more continuous rovings are fed into the gun, where they are chopped to a 
certain length. Resin is fed into the gun through separate systems. Mixing may take place in 
the gun or the components may be separately sprayed to complete mixing right in front of the 
gun on the way to the mould. 
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Prepreg Lay-up 
Lay-up of prepregs is in some respects a refined form of wet hand lay-up. The reinforcement 
is in this case impregnated with resin. The advantage with this process is that it avoids resin 
formulation which reduces production time and also health concerns. 

Process Description 
First must the prepreg be taken out of the freezer where it has been stored and allowed to 
slowly reach room temperature. Prior to hand lay up the prepreg must be cut. For small se-
ries the prepreg can be cut by hand using knife and steel ruler, but for larger series auto-
mated procedures are more common. The backing paper or film is first removed on one side 
of the prepreg plies, which are then placed onto the mould. This procedure is repeated until 
desired number of layers has been applied. Most resins available in prepreg form require 
increased temperature during cross linking to provide optimal properties. Heating of the 
mould or simply heating of the atmosphere may be sufficient for low temperature resins. 

Liquid Moulding 
Liquid moulding is a generic term withholding a range of processes by which unreinforced 
resin is transferred into a closed mould where it cross links before being demolded. The most 
common liquid moulding techniques for manufacturing of fibre reinforced composites are: 

• Resin injection moulding (RIM) 

• Resin transfer moulding (RTM) 

• Vacuum injection moulding  

• Reinforced reaction injection moulding (RRIM) 

• Structural reaction injection moulding (SRIM) 

Only RTM and SRIM are used to manufacture continuous fibre composites, injection mould-
ing and RRIM are common techniques to manufacture short fibre composites. 

Resin injection moulding 
Resin which optionally may contain short fibres is fed into a barrel of the injection moulding 
machine. A screw in the barrel presses the resin into the mould. Friction created by the 
screw heats the resin which initiates the cross linking process. Injection moulded parts often 
contain no reinforcement at all, short fibre reinforcement may be used if stiffness is neces-
sary. 

Resin transfer moulding 
The process uses a closed mould into which dry reinforcement is placed. When the rein-
forcement and possible other devices have been placed in the lower half of the mould it is 
closed. The mould may be held closed using either hydraulic or pneumatic presses or merely 
using clamps along the edges. Following mould closure, liquid resin is injected and pressed 
into the closed mould to impregnate the reinforcement. This technique is the most common 
liquid moulding technique when manufacturing composites. 

Vacuum injection moulding 
This technique is based on the same principles as the RTM technique, the difference is that 
instead of pressing the resin into the closed mould it is now being sucked into the same. If 
fibre content is high, impregnation takes long time and more rapid results may be obtained 
by placing a carrier layer between the top fabric layer and the vacuum bag or sometimes 
between the fabric layers. 
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Reinforced reaction injection molding 
This technique is based on the same principles as for injection molding, the difference lies 
however in the resin used. In injection molding the resins are preformulated and require heat-
ing to flow and crosslink in a time frame in order of minutes. In contrast RIM uses two com-
ponent resins that are low viscosity liquids at room temperature and cross linking is initiated 
by mixing the two components. Short or milled fibres are added to one of the resin compo-
nents prior to resin mixing. 

Structural reaction injection molding 
In SRIM which is a combination of both RTM and RIM technique, the reinforcement is first 
placed in the mould. Following mould closure the reactive resin is then injected into the 
mould to impregnate the reinforcement. 

Compression Molding 
Compression molding is the most cost effective manufacturing technique for long production 
series and has had the great successes in the automobile industry. 

Process Description 

In compression molding matching male and female mould halves are used. To mould a com-
ponent, the SMC (sheet molding compound) roll is cut to preferred sizes and placed on the 
lower mould half. The mould is then rapidly and forcefully closed using a hydraulic press to 
force the SMC or charge as it also is called to flow to fill the mould. The mould is heated to 
ensure that cross linking is initiated and completed. When the charge has hardened it is de-
moulded. 

Filament Winding 
Filament winding offers a highly efficient and automated means of precisely placing impreg-
nated reinforcement yarns onto a rotating mould. The structures that may be filament wound 
are essentially limited to convex geometries that may be rotated. Common applications are 
pressure vessels and pipes. 

Process Description 

The mould which in this case normally is symmetric, due to rotation is called the mandrel and 
mounted between head and tail stocks. The fibre is then first impregnated in a resin bath and 
the wound onto the rotating mandrel to create an interlocked and balanced shell. The proc-
ess is very advanced but on the other hand fast and timesaving. 
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Appendix B – Storage and Handling 

Introduction 
These specifications are intended for use of externally bonded and retrofit using fibre rein-
forced polymer (FRP) composites on of concrete or steel structures. It is important to bear in 
mind that the final strengthening result has a direct influence on the carefulness and experi-
ence of the work carried out by the applicator. This report focus on the most common 
strengthening systems that is used today in the building industry, namely: 

• FRP fabrics, applied by hand lay-up 

• FRP profiles, manufactured through pultrusion 

Storage 
All components to be used must be delivered and stored in original and unopened packing 
with proper labels which identifies the product (brand name), batch number, material supplier 
and preferably date. The different components should be stored according to type of product 
and mechanical data. Materials should be stored in a dry and clean environment with a tem-
perature range between 10°C to 25°C. All components must be protected from dust, mois-
ture, mechanical damage, fire, other chemicals, sunlight and temperatures outside the range 
specified in the product datasheet. 

All resins and adhesives have a limited life span, a so called shelf life within the product must 
be used. If the expiary date is exceeded the mechanical properties after hardening can’t be 
guaranteed. For epoxy adhesives this time span normally is 24 months. 

Handling 
All FRP products must be handled with care, especially when it comes to fabric or sheet fir-
bre systems so that the fibres are not broken. If the FRP material is to be cut before applied 
there should be a cutting area near to the storage area, preferably with a lager table to place 
the material to be cut and with some sort of ventilation. FRP fabrics/sheets are normally cut 
with scissors or knife and a ruler while FRP profiles are cut with a delicate serrated saw. 
Contamination of the FRP materials when handling them, such as dust, grease or oil, must 
be avoided. 

Resins and adhesives must also be handled with care to avoid safety hazards. Due to the 
risk of being sensitive to exposure of epoxies must the applicators wear protective clothing 
such as disposable overalls, gloves and visors. 

Disposal 
Make sure that both hardener and base canisters are perfectly cleaned before disposal. If 
there is unused mixed primer, putty or resin it should be allowed to harden in their canisters 
before disposal. Protective clothing and other contaminated material must be collected and 
sent to disposal as hazardous material. Do consult the prevailing environmental and health 
agencies for proper disposal of the components. 
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Appendix C – Substrate Repair 

Substrate repair 
Defects in the substrate must initially be removed and replaced with new material so that the 
new surface is smooth and even. 

Concrete 

Defected concrete must be removed, this is easily done either by grinding, sawing, sand- or 
water blasting. If the steel reinforcement is corroded this must be dealt with, either by remov-
ing the steel bars or by cleaning and later covering the bars with a corrosion inhibitor. Any 
attempt at covering the deteriorated section with FRP without arresting the corrosion process 
may be crucial to the strengthening due to the expansive forces associated with corrosion. 

Steel 

Defected steel implies that the steel structure has yielded and since the structure itself has 
no longer any load carrying capacity, there is no use for strengthening it with FRP material. 

Substrate preparation 

Concrete 

All irregularities and unevenness and sharp edges must be grinded away to a smooth and 
even surface. Tolerances for the evenness depend on the strengthening system to be used, 
for tolerances please study table XX in the quality control section. All loose particles, paint or 
concrete skin must be removed until aggregates in the concrete are visible. If using a near 
surface mounted reinforcement (NSMR) a groove is cut in the concrete. Width and depth 
depends on the cross section of the FRP bar which is later to be placed in the groove. Before 
applying the primer the surface or groove must be cleaned from dust and any other sub-
stances that could contaminate the surface. This is normally done either with a vaccum-
cleaner or with pressurised air and if necessary wiped down with acetone. When the surface 
is cleaned a thin layer of primer is applied with a roller or brush. Primer is used to increase 
adhesiveness between the concrete and the adhesive, but also to prevent the capillary pene-
tration ability of the concrete so that when the adhesive is applied it will wet the FRP fibres 
and not disappear into the substrate. 

Steel 

For optimal bonding between steel and epoxy adhesive, must the steel surface be treated, 
preferably by sandblasting. The surface degree of purity should be no less than SA 2 ½ (SS 
055900). Directly after the sandblasting must primer be applied otherwise will oxygen to-
gether with the relative humidity in the air affect the steel surface. 
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FRP application 
Applying the FRP reinforcement may first be done when the primer has set, normally this 
time period is 12-24 h depending on temperature. The primed substrate must also be 100% 
dry before applying the FRP. Voids and unevenness are filled with putty and if the filling and 
the application of the adhesive is done at the same time, so called wet in wet there is then no 
need to grind and clean the putty. 

Wet hand layup 

The adhesive is applied with a mohair roller. The composite fabric is directly, after the adhe-
sive, applied and tightened to the surface. Possible air bubbles may be removed by smooth-
ening the fabric on top of the release paper. The release paper is then removed and another 
layer of adhesive is applied so that the fabric is wet trough. The fabric can be smoothened 
either by hand or with a dry roller. It is important that no folds or blisters are formed. If blisters 
occur they must be injected with the same resin that was prior used. When applying several 
layers of fabric this should be done “wet in wet”, if this is not possible then depending on the 
time past, grinding is neccesary. 

Pultruded flat profile (laminate) 

When strengthening with laminate the adhesive can either be applied directly on the sub-
strate surface or to the laminate. Application to the laminate is most common and recom-
mended. Before the adhesive is applied to the laminate the “peel-ply” must be removed. This 
is a protection film against dust and dirt. To apply the laminates with adhesive use an appli-
cator. The applicator spreads the adhesive evenly with a convex form onto the laminate. The 
laminate is then applied to the construction with hand force and rubber roller. Most pressure 
is to be centered to the middle of the laminate so that the adhesive is spread from the middle 
to the edges. 

Pultruded square profile (rod, NSMR) 

Before placing the rod in the slot the “peel-ply” must be removed. The slot is filled with adhe-
sive and the rod is placed in the middle of the groove. It is desirable that the rod can be 
pressed down into the groove so that the upper edge of the rod lies approximately 5 mm un-
der the concrete surface, this to guarantee the protection of the rod and the amount of adhe-
sive under the rod. 
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Appendix D – Thermography for quality assurance 

Introduction 
Different types of CFRP systems are today used for reinforcement, repair or strengthening 
measures in civil engineering. A mayor aim of the EU funded project Sustainable bridges is 
the strengthening of railway bridges to increase the load bearing capacity, speed of trains 
and the transport volume. This demand is fulfilled, if the strengthening measures applied, if 
their application is reliable and durable. The quality control system using thermography to be 
developed has to consider different CFRP-applications, depending on the type of the used 
composites and their mechanical properties, used bonding methods and materials and of 
course their thickness. 

The presence of air inclusions or debondings may reduce the strengthening effect of the 
composite drastically. Differing from embedded rebars, externally bonded fibre reinforcement 
shows a brittle bond behaviour.  Already small relative displacements between the externally 
bonded reinforcement and the concrete surface may cause complete debonding. 

Because of this reasons the use of non-destructive testing for quality control of the bonding is 
of high importance. By means of thermography can be tested both, the quality of the applica-
tion (workmanship) and possible delaminations or destructions in service caused by over-
load, aging effects or impact due to accidental load. 

Typical damages 
Generally, damages can be classified as damages caused by insufficient workmanship, in 
service due to loading unforeseen in design or deterioration induced by extreme environ-
mental conditions. In context with the NDT-Evaluation, the typical damages are just listed. 

Bad workmanship 
- Debonding between concrete surface and adhesive 
- Debonding between multiple layers of laminates 
- Debonding between adhesive and laminate 

 
In-service damage 

- Shear failure 
- Bending failure 
- Cracking due to fatigue 
- Unforeseen load effects 

 
Environmental caused deterioration 

- Spalling due to insufficient concrete cover of the reinforcement 
- Cracking due to corrosion of the reinforcement 
- Chloride ingress 

Thermography 
Thermal NDT can help to discover inhomogeneities hidden in structural elements. To obtain 
very good results different specialised procedures have to be applied, depending on the task 
to be solved. For the evaluation procedure the properties of the investigated materials have 
to be considered as: 

- Thermal properties (conductivity, diffusivity, density, specific heat, �effusivity) 
- Spectral properties (emissivity absorption, reflection, transmission) 
- Other properties( humidity, porosity, evaporation). 
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It is easy to understand, that evaporation of humidity from a surface and thermal conductivity 
can influence the result contrarily. 

Non-destructive testing methods can be used to evaluate occurring damages in debonded 
areas or to estimate the quality of application of carbon fibre reinforced composites. Typical 
damages are assumed to be caused by  

- Production failure 
- insufficient workmanship during application between concrete and adhesive or 

between adhesive and carbon fibre product 
- fibre breakage 
- in-service (heat , fatigue, overload, earthquake and others). 

Use of Thermography for assessing CFRP-applications 
In general, thermography is used in civil engineering for localisation of voids in concrete 
structures, localisation of delaminating of layered structures (e. g. carbon reinforced lami-
nates bonded to concrete). Localisation of plaster delaminating on concrete and brickwork, 
localisation of voids and delaminating behind tiles and localisation of enhanced moisture in 
the surface near region.  In case of CFRP strengthened structures, the surface is often cov-
ered and visual inspection can be complicated. The preferred type of thermography used in 
civil engineering is active thermography. Active thermography is characterised by the fact, 
that a surface is heated by purpose using a short or long term radiating heating unit for ex-
ample using: 1) flash light (short heat effect for material voids in high conductive materials 
close to the surface), 2) radiation heating (heating low conductive material into deeper re-
gions- transmission) and 3) natural heating (sun light, recording temperature decay over 
night). Within the project Sustainable bridges, only active thermography has been investi-
gated. 

Examples for use of thermography to assess applications of CFRP under laboratory condi-
tions are available in different institutions. The EMPA in Switzerland has a long tradition in 
research of carbon fibre application including thermography as an inspection tool. The use of 
thermography in bridge inspection is introduced in the US, e.g. by AST Minneapolis. 

Monitoring the in-service performance using repeated thermography application is a tool to 
record changes in a structure caused by deterioration, overload or aging effects, which is of 
increasing importance.  

AST uses thermography for the quality control of applied CFRP laminates for strengthening 
the tension flange of RC-bridge girders in bending, see Figure D.1 

   
Figure D.1 Example for use of IR thermography at AST, Minnesota 



Sustainable Bridges SB-6.4 2007-11-30 62 (74) 

    

 

Results from research 
Active thermography is an appropriate tool to provide evidence of required workmanship and 
bond during the service life of a bridge in the quality assurance process. The digital contrast 
images as the online result of active thermography is recordable and can be used to confirm 
good quality or to reveal areas of debonding. Further data processing by analysis of phases 
and amplitudes refines the result for near surface destruction. The failure of testing is smaller 
than +1cm for damages above the concrete surface. 

Once the quality of workmanship is proved, the process of debonding under normal service 
conditions is very slow. Surface cracks of the deteriorated concrete, which arose after appli-
cation of the strengthening plate are an early signal for the need of repeated thermography 
evaluation. 

A further quality control can be necessary after extreme impact, as impact of lorries or ships 
of environmental impact as earthquake. Other signals can be the detection of surface cracks 
in the near CFRP-plate region, spalling of the concrete e.g. caused by corrosion, extreme 
humidity and low concrete quality. 

Quality assurance of repair and strengthening measures guarantees that the resistance of 
the repaired or strengthened structure is increased as much as necessary for the expected 
higher axle load or higher train frequency. Active thermography is an fast and easy method 
for verification of the execution quality. The prototype of a scanning system can be applied to 
areas, which are of special interest because of the high load level or insufficient appearing 
application. Decision about the application of active thermography should be proposed as a 
result of inspection or because of special doubts in condition assessment. The quality assur-
ance should be always restricted to a limited area or the single structural elements. 

Advantage of the method: The method is reliable, thus the owner can be sure, that no 
debonded plates are in the investigated area. Even a debonding of 1 cm2 is detectable. 
Automation guarantees a high geometrical correlation. Introducing flashlight shortened the 
heat exposure and atomising the measurement minimized the time for measurement. For 
recalculations, the full cross section including the strengthening can be introduced in the cal-
culation as fully transferring the load. 

Disadvantage of the method is still a time consuming process. Only specialised laboratories 
should make the measurement.  
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Appendix E – Checklist for quality assurance - concrete 

Introduction 
The checklist for FRP strengthening of concrete structures may be used for all types of con-
crete structures and projects. The checklist has the purpose to guide the client and the spe-
cialist contractor through the project. If the checklist is followed minor future problems regard-
ing the function of the strengthening are to be expected. It assumed that only tested and ap-
prove systems are used and that only specialists contractors are contracted for the bonding 
works. 

Checklist 
 

Date:       

SPECIALIST CONTRACTOR 

Contact Person:       

Company:       

Address:       

Phone:       

Fax:       

E-mail:       

OBJECT 

Name of object:       

Location:       

Owner:       

Contact Person:       

Address:       

Phone       

Fax:       

E-mail:       

 

GENERAL [Here general issues regarding the project is lifted] 

 Yes No Remarks 
Start-up meeting with the project group    
    
Project Plan in accordance to FRP strengthening?    
    
Scaffolding in accordance to FRP strengthening?    
    
Are there storage (+5 °C < t < + 25 °C)  and cleaning 
facilities due to epoxy works? 
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BEFORE STRENGTHENING [Here inspection before strengthening is followed] 

 Yes No Remarks 
Have pull-off tests carried out    
    
Average value* measured on 3 locations [MPa] 
    
Are there cracks above 0.2 mm in the concrete?    
    
Have any damages in the structure been repaired?    
    
Have the cracks been injected?    
    
Are the evenness of the concrete surface fulfilled, see 
Table E.1? 

   

    
Is 50 % of the aggregate size revealed?    
    
*The average value shall exceed 1.5 MPa. The failure shall be in concrete substrate 

 

The permissible unevenness on the concrete surface on a 2.0 m and a 0.3 m base are re-
corded in table E.1. The supplier of the strengthening material shall guarantee the material 
properties of the system used as the mean value minus two standard deviations. 

Table E.1 Permissible unevenness on the concrete surface deepening on system and product used. 

 

Type of FRPs* 

2.0 m base 0.3 m base 
Laminate >1.0 mm 10 mm 4 mm 
Laminate < 1.0 mm 6 mm 2 mm 
Sheets, wet-lay up 4 mm 2 mm 
NSMR Not applicable Not applicable 
Sheets, radius of corners  > 30 mm 
 

Additional Text 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 
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DURING STRENGTHENING [Here inspection during strengthening is followed] 

When a decision has been taken to strengthen a concrete bridge with externally bonded 
composites the following must be fulfilled and registered during the strengthening works. 

Climate 

 Yes No Remarks 
Air and surface temperature exceeds 10°C?    
    
The actual average temperature is: °C 
    
The dew point exceeds 3 °C during strengthening?    
    
Are the relative humidity (RH) < 80 %    
    
The actual average relative humidity on the concrete 
surface is: 

% 

    
Does there free moisture on the surfaces?    
    
Are the surfaces to be bonded cleaned?    
    
The primer more than 6 hours at time for bonding but 
less than 24 hours? 

   

    
    
 
Mechanical surface treatment 

    

 Sawing Sandblasting Grinding 
Method used for concrete surfaces    
    
  Peel-Ply Grinding 
Methods used for CFRP plates/NSMR    
    
 

Bonding 

 Yes No Remarks 
Thickness of bond line for laminates 1-3 mm?    
    
Thickness of bond line for NSMR 2-4 mm?    
    
Thickness of bond line Sheets < 1.0 mm?    
    
 

It is very important that these circumstances are held during the whole setting time of the 
adhesive and resin. The setting time can vary depending on the products used. Consult the 
material supplier for confirmation of the setting time for the specific materials. 

Daily inspections should include date and time. It is advisable during strengthening to pre-
pare a test area for destructive testing. The test area, if only one, should be able to represent 
the surface conditions for the total strengthening project. 
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Additional Text 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

 

AFTER STRENGTHENING [Here inspection after strengthening is addressed] 

After strengthening, inspection with regard to possible voids in the composite or adhesive 
shall be carried out. Possible voids must be injected with the same resin family used for the 
initial strengthening. The strengthening system must also be inspected due to blisters or dis-
coloration. Blistering or discoloration is not common when using laminates but is possible 
when using fabric systems. It is important to investigate critical zones i.e. anchorage zones 
extra carefully. 

The adhesive thickness might vary depending on the specification in the contract documents. 
If an adhesive applicator is used when applying plates the precise thickness can be speci-
fied. For the strengthening to work properly no fibre kinks or waviness can be allowed, this is 
only applicable when strengthening with FRP fabric 

 

 Yes No Remarks 
Have the bonding been checked with tapping?    
    
Have the bond been checked with ultrasound?    
    
Have the bond been checked with thermography?    
    
Are there any voids?    
    
Are there any discoloration?    
    
Have pulled-out tests been carried out on test speci-
mens? 

   

    
Average pull-off strength 3 specimens*  [MPa] 
    
*The average value shall exceed 1.5 MPa. The failure shall be in concrete substrate 
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Additional Text 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

 

DEVIATIONS AGAINST PLAN [Add any deviations against plan, if any] 

 Yes No Remarks 
Have there been any deviations against plan?    
    
 

If there are deviations, write them down here and describes actions taken 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 
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NOTES [Add free text regarding issues that are not covered above] 

 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

................................................................................................................................................. 

 

PHOTOS [Add photos of interest] 

 
 
 
 

 

Photo 1 
 

 
 
 

Photo 2 

 
Photo text 1 

 

 
Photo text 2 

 
 
 

 
 

Photo x 
 

 
 

 
 

Photo y 

 
Photo text x 

 
Photo text y 
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Appendix F – Checklist for quality assurance – metallic 

Introduction 
The checklist for FRP strengthening of concrete structures may be used for all types of con-
crete structures and projects. The checklist has the purpose to guide the client and the spe-
cialist contractor through the project. If the checklist is followed minor future problems regard-
ing the function of the strengthening are to be expected. It assumed that only tested and ap-
prove systems are used and that only specialists contractors are contracted for the bonding 
works. 

Checklist 
 

Date:       

SPECIALIST CONTRACTOR 

Contact Person:       

Company:       

Address:       

Phone:       

Fax:       

E-mail:       

OBJECT 

Name of object:       

Location:       

Owner:       

Contact Person:       

Address:       

Phone       

Fax:       

E-mail:       

 

GENERAL [Here general issues regarding the project is lifted] 

 Yes No Remarks 
Start-up meeting with the project group    
    
Project Plan in accordance to FRP strengthening?    
    
Scaffolding in accordance to FRP strengthening?    
    
Are there storage and cleaning facilities due to epoxy 
works? 
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BEFORE STRENGTHENING [Here inspection before strengthening is followed] 

 Yes No Remarks 
The metallic substrate sandblasted/SACO?    
    
Is a primer applied to the metallic substrate within 4 
hours after surface treatment? 

   

    
Have pull-off tests been carried out    
    
Average value* measured on 3 locations [MPa] 
    
Have any damages in the structure been repaired?    
    
Are the evenness of the metallic structure within allow-
able limits, see table F.1? 

   

    
*The average value shall exceed 10 MPa for normal metallic structures. The failure shall be in adhesive 

 

Table E.1 Permissible unevenness of the metallic component  

 Plate/Sheet Length (m) 

Deviation in geometry (mm) Up to 2 2 - 3 3 - 4.5 4.5 - 6 6+ 

Straightness of edge: deviation from in-
tended line, any variation to be evenly dis-
tributed with no sudden bends or irregulari-
ties 

+/- 3 +/- 4 +/- 5 

 

+/- 6 +/- 7 

Squareness: taking the shorter of 2 sides at 
any corner as a base line, the deviation of 
the longer side from the perpendicular 
(mm). 

Dimension involved is at the far end of the 
longer side 

. 

 

+/-3 

 

 

+/-4 

 

 

+/-5 

 

 

+/-6 

 

 

+/-7 

 

Flatness: deviation from the designed profile under a 1m straight edge placed anywhere 
along the length of the plate: 3mm. 

Deviation across the plate width shall be a maximum of 1mm. 

 

Additional Text 
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................................................................................................................................................. 
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DURING STRENGTHENING 

[Here inspection during strengthening is followed] 

When a decision has been taken to strengthen a concrete bridge with externally bonded 
composites the following must be fulfilled and registered during the strengthening works. 

Climate 

 Yes No Remarks 
Air and surface temperature exceeds 10°C?    
    
The actual average temperature is: °C 
    
The dew point exceeds 3 °C during strengthening?    
    
Are the relative humidity (RH) < 80 %    
    
The actual average relative humidity on the metallic 
surface is: 

% 

    
Does there free moisture on the surfaces?    
    
Has the primed surface been roughened prior bond-
ing? 

   

    
Are the surfaces to be bonded cleaned?    
    
    
 
Mechanical surface treatment 

   

 Sandblasting SACO 
Method used for metallic surfaces   
   
 Peel-Ply Grinding 
Methods used for CFRP plates   
   
 

It is very important that these circumstances are held during the whole setting time of the 
adhesive and resin. The setting time can vary depending on the products used, consult the 
material supplier for confirmation of the setting time for the specific materials. 

Daily inspections should include date and time. It is advisable during strengthening to pre-
pare a test area for destructive testing. The test area, if only one, should be able to represent 
the surface conditions for the total strengthening project. 

Additional Text 
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AFTER STRENGTHENING 

[Here inspection after strengthening is addressed] 

After strengthening, inspection with regard to possible voids in the composite or adhesive 
shall be carried out. Possible voids must be injected with the same resin family used for the 
initial strengthening. The strengthening system must also be inspected due to blisters or dis-
coloration. Blistering or discoloration is not common when using laminates but is possible 
when using fabric systems. It is important to investigate critical zones i.e. anchorage zones 
extra carefully. 

The adhesive thickness might vary depending on the specification in the contract documents. 
If an adhesive applicator is used when applying plates the precise thickness can be speci-
fied. For the strengthening to work properly no fibre kinks or waviness can be allowed, this is 
only applicable when strengthening with FRP fabric 

 

 Yes No Remarks 
Have the bonding been checked with tapping?    
    
Have the bond been checked with ultrasound?    
    
Have the bond been checked with thermography?    
    
Are there any voids?    
    
Are there any discoloration?    
    
Have pulled-out tests been carried out on test speci-
mens? 

   

    
Average pull-off strength 3 specimens*  [MPa] 
    
*The average value shall exceed 1.5 MPa 

Additional Text 
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DEVIATIONS AGAINST PLAN 

[Add any deviations against plan, if any] 

 Yes No Remarks 
Have there been any deviations against plan?    
    
 

If there are deviations, write them down here and describes actions taken 
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NOTES 

[Add free text regarding issues that are not covered above] 
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PHOTOS 

[Add photos of interest] 
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