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ABSTRACT 

Fibre reinforced polymers (FRP) are becoming a commonly used material in retrofitting 

and rehabilitating deteriorating concrete structures. Aside from its high strength, FRP is a 

lightweight, non-corrosive, and relatively cheap alternative to traditional rehabilitation 

methods. One of the major components of FRP externally bonded to reinforced concrete is 

the bond and its behaviour at the FRP-concrete interface. Previous studies have 

investigated debonding of FRP sheets externally bonded to reinforced concrete through 

experimental testing as well as finite element modelling. This project presents the 

numerical modelling of CFRP sheets externally bonded to reinforced concrete. Using the 

finite element analysis software ABAQUS, three specimens of varying bond lengths 

subjected to double lap shear were modelled and analyzed. The results were discussed and 

compared to an experimental study previously performed. 
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numerical model of the specimen. More specifically, finite element modelling will provide 

a more thorough breakdown of the bond between the CFRP and concrete through each 

interval as it reaches its debonding failure.  

1.2 Aims and Objectives 

The aim of this project is to gain a more in-depth understanding of the bond between CFRP 

sheets externally bonded to reinforced concrete members subjected to static loading 

through the use of finite element analysis software. This project will examine the bond at 

the CFRP-concrete interface at a level beyond experimental testing. The work performed 

in this project is a continuation of a more extensive experimental study conducted on CFRP 

sheets externally bonded to reinforced concrete under static loading. 

 The main objectives of this project are presented as follows: 

�x Develop a better understanding of the bond between CFRP sheets and reinforced 

concrete members; 

�x Review experimental studies and numerical models previously conducted on CFRP 

sheets and reinforced concrete members subjected to static loading; 

�x Use finite element analysis software to simulate the experimental results conducted 

from the previous experimental study; 

�x Examine the effects of bond length on development length;  

�x Examine the failure mode, and; 

�x Determine the effects of different parameters and bond lengths on the reinforced 

concrete member, CFRP sheet, and their bond. 
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investigation into fibre reinforced polymers and their varying types, along with an outline 

of their advantages and disadvantages when incorporating them. Furthermore, a literature 

search of several finite element analyses on FRP and reinforced concrete is conducted. 

Chapter 3 provides an overview to the more extensive experimental study conducted on 

CFRP sheets externally bonded to reinforced concrete under static loading. The numerical 

modelling and the use of finite element analysis will be discussed in Chapter 4, outlining 

commonly used finite element software as well as modelling techniques. Chapter 5 

summarizes the construction of the finite element model. More specially, materials 

properties, inputs, parameters, and assumptions made throughout the model construction 

project will be discussed. Chapter 6 will outline the results from the finite element models, 

with a comparison conducted with the experimental results. Conclusions, modelling 

limitations, and recommendations regarding the project and future work will be presented 

in seventh and final the final chapter. 
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 LITERATURE REVIEW  

2.1 General 

The different methods and means of conducting structure rehabilitation is becoming an 

increasingly popular topic in the industry. This can be attributed to a variety of different 

factors, such as increasing costs, design criteria, and age of existing infrastructure. With 

the rising costs of materials, labour, and tariffs, the construction field is beginning to shift 

towards modern and innovative rehabilitation methods to offset costs. The industry is no 

longer investing a lot in the more common and traditional methods due to high costs and 

poor service life. Furthermore, the level of required capacity on structures is steadily 

increasing due to many different aspects, such as newly developed standards for design 

along with environmental factors due to changing climate.  With an increasing number of 

permitting and heavy haul vehicles, along with the rise in intensity of earthquakes, 

hurricanes, and other significantly damaging storms, the structural capacity is becoming 

increasingly difficult to reach and even more difficult to maintain. Therefore, it is becoming 

imperative to develop effective rehabilitation methods and techniques to meet these 

requirements, as the traditional methods are no longer as feasible as they once were.  

With an aging infrastructure, complete replacement of all deteriorating structural assets is 

ideal but not a realistic option. Implementing fibre reinforced polymers (FRP), for example, 

is one of the many solutions that is being researched for proper rehabilitation at an 

economically sound cost. Many advantages of FRP aside from its inexpensiveness include 

its lightweight and ease of constructability, corrosive resistant properties, and high strength 
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[6]. Although it is becoming popular, there still exists room for improvement in terms of 

research and properly understanding the material. 

The following sections outline some of traditional rehabilitation methods used in the 

industry with a brief look as to why they are becoming obsolete. Furthermore, the different 

types of commonly used FRPs will be discussed along with their fabrication process. The 

specific properties and material behaviour of fibre reinforced polymer will be addressed, 

as well as their common uses. Previously conducted experimental and numerical studies 

will also be touched on, along with studies involving finite element analysis models.  

2.2 Traditional & Emerging Rehabilitation Methods 

With the extreme degradation effects of harsh, climatic environments, developing 

innovative rehabilitating materials and methods is focusing more on reinforced concrete 

and masonry structures [7]. Prior to the development and implementation of these new 

materials, steel sheets and plates have been the traditional method of concrete rehab. 

Although steel has a very high strength and is commonly used for many designs, it is not 

an ideal material in every scenario. As explained by Carvajal et al. [8], corrosion of steel, 

specifically reinforcement, is the defining cause of degradation in concrete structures. 

Corrosion will often lead to longitudinal cracking of the concrete, a reduction of the steel 

reinforcement area, and deterioration of the bond between the rebar and concrete [8]. 

Unless the corrosion issue is completely resolved, using steel sheets or plates on a corrosive 

prone, degrading structure is quite counter intuitive. Oftentimes these corrosion issues can 

be difficult and costly to solve, as they are typically a result of a poor design or 
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This can be demonstrated in Figure 2.2, which outlines a stress-strain curve comparison of 

a reinforced concrete column with varying confinement levels.  

 

Figure 2.2. Stress-Strain Curve of Unconfined & Confined Concrete Columns [11] 

2.3 Fibre Reinforced Polymers 

Fibre reinforced polymers is a composite material that consists of two different materials: 

fibres and polymers. The fibres within FRP can consist of many different materials, which 

display varying material properties. Some of the more common FRP composites include 

carbon, glass, steel, aramid, and basalt. Due to their varying material properties, each type 

of FRP has different strengths and weaknesses in its application. Mechanical properties of 

some of the more common FRP types can be found in the following table. 
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Table 2.1. Mechanical Properties of Different FRP [12] 

 

Carbon FRP 

Carbon FRP (CFRP) is one of the two most commonly used composite FRP materials. 

With the steady incline of research into the field of FRP, CFRP sheets and plates are viewed 

as one of the most promising types of materials used in strengthening and rehabilitating 

reinforced concrete structures [13]. One of the more prominent reasons behind this is due 

to its resistant to corrosion as well as other deterioration experienced by harsh 

environmental conditions [6]. CFRP also has a very high elastic modulus, comparable to 

that of steel. In comparison to the other types of FRP however, CFRP can be costly but still 

remains a cheaper alternative to steel. 
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Figure 2.3. Roll of CFRP Sheet [14] 

Glass FRP 

Glass FRP (GFRP) is the other most commonly used FRP, next to carbon. Unlike carbon, 

GFRP is typically utilized in a bar form as an alternative to the traditional steel rebar. While 

they maintain a relatively low cost and are considered a high strength material, GFRP is 

limiting with their susceptibility to degradation in an alkaline environment [15]. They are, 

however, non-corrosive and provide an acceptable replacement to non-prestressed steel 

reinforcement. One of the more common difficulties in dealing with GFRP bars in the 

industry is its in-situ rehabilitation. Due to its brittleness and material behaviour, GFRP 

bars are difficult to strengthen, repair, and rehabilitation as they need a substantial bar lap 

length. This can hard to deal with in areas of limited space and cover. 
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Figure 2.4. GFRP Reinforcing Bar [16] 

Although most commonly used as rebar, GFRP can still be fabricated in sheet form to 

provide external reinforcement, as shown in Figure 2.5. 

 

Figure 2.5. Roll of CFRP Sheet [14] 
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FRP. In most instances, the FRP outer shell is created from an aramid or vinylon fibre [20]. 

Figure 2.8 provides the general layout of a SFCB. 

 

Figure 2.8. Steel-FRP Composite Bar [20] 

2.3.1 Fibres 

Fibres, as a 3D composite material, can be manufactured in many ways. Depending on the 

desired material properties, the manufacturing process can be performed through weaving, 

braiding, knitting, and stitching [21].  

Weaving 

Weaving is the most popular manufacturing technique for fibres and is the most common 

practice within the composite industry [21]. This method is typically used when producing 

single layer fabrics, such as with carbon and glass. In a traditional, two-dimensional (2D) 

sense, weaving consists of interlacing two sets of fibres to create an interlocking pattern, 

as demonstrated below. 
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the resin matrix. The resin, which is applied directly to the FRP material, is essentially the 

glue that holds the fibres together and distributes the load between them. Furthermore, it 

also acts as the adhesive between the FRP material and the substrate [23]. Therefore, a 

properly adhered FRP material is key in ensuring its capacity is being fully utilized. 

When applying the FRP and resin, the two commonly used methods of application include 

the pultrusion method and the lay-up method. The first of the two is a prefabrication method 

used to create specific shapes, such as beams, plates, sheets, and rods. The fabrication of 

the FRP part occurs at an off-site factory, where the resin saturated fibres are heated and 

moulded into a shape through a controlled process. While this may yield very consistent 

and uniform results with minimal defects, it can also cause significant issues during its 

application. Due to its prefabrication, the FRP composite material has minimal flexibility 

and cannot always adapt to potential unpredicted configurations and dimensions 

encountered during its application that were not originally accounted for [23]. This can be 

a common occurrence in the construction industry as site specifics often change as progress 

develops.  

The second application technique, commonly known as a wet layup, is an in-situ 

application on the substrate itself [23]. Typically used when installing FRP sheet, the wet 

layup method provides extreme flexibility of the FRP material, allowing for the geometry 

of the structure to be rehabilitated to be closely fitted [24].  As explained by Sciolti et al. 

[24], the bond configuration between the FRP material and the substrate typically consists 

of a resin with similar properties to the composite, resulting in a stronger, interlayer bond. 

There are, however, some concerns when dealing with a wet layup procedure, as there is a 
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lot less control over the final product when compared to the pultrusion method. Since a wet 

layup is not machine controlled, its application sequence is crucial in yielding proper 

results. Therefore, the quality of the final product will typically hinder on the application 

technique and procedure.    

In terms of types of resins, there are two main different types: thermosets and 

thermoplastics. The former of the types, thermosets, are the most common. This is due to 

the fact that they cannot be altered from reheating, therefore making it irreversibly 

hardened upon application. Within the group of thermosetting resins, epoxy resins are 

typically used in structural applications due to their relatively low cost, flexibility, and high 

strength [24]. Thermoplastics, the less common type, is a viscous resin that is transforms 

into a liquid in heat, hardening once cooled [25]. Therefore, unlike thermosets, 

thermoplastic resin is reversible once heat is applied. Although this can be ideal in certain 

scenarios, there are many situations where having a material liquify once exposed to heat 

that make it not ideal. 

2.4 Externally Bonded FRP Sheets 

In the industry, the use of FRP composite materials are becoming more common through 

the use of pre-cured systems, wet layup systems, or prepeg systems [26]. The first method, 

pre-cured systems, is the application of FRP as internal reinforcement such as a strip or 

bar. As discussed in Section 2.3, there are a variety of types and applications of FRP. 

GFRP, for example, was described as typically being incorporated as an internal 

reinforcing bar. Although not always the case, FRP bars are typically used as internal 

reinforcement when they are solely representing the entire reinforcement of the member, 
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not acting as a supplementary aid to the existing reinforcement. When FRP is used as a 

means to strengthen and rehabilitate an existing member, it is most commonly done with 

an externally placed sheet or plate. This is the second method of FRP application, known 

as external reinforcement. 

Retrofitting existing concrete structures with externally bonded FRP sheets is becoming a 

widespread strengthening and rehabilitation method in the construction industry and is 

beginning to gain a lot of recognition in design codes and standards [6], [3]. Aside from 

the relatively easy application of the external bonding method, the main benefit derives 

from the fact that the shear and normal stress are transferred by the resin layer [27]. 

Although FRP wrapping can be done in a number of different ways, ACI Committee 440 

[11] suggests three types of wrapping to increase shear strength, as shown in Figure 2.10. 

 

Figure 2.10. FRP Wrapping Schemes [11] 

The bond between the external FRP sheet and the concrete has the ability to properly 

transfer the load from the degrading concrete member and distributed it amongst the FRP 

member and its fibres. This allows the FRP material to make proper use of its strengthening 

capabilities. Furthermore, using FRP sheets as external reinforcement presents an attractive 
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solution when compared to more traditional methods such as steel plates as steel is much 

more labor and equipment intensive [28].  

 

Figure 2.11. CFRP Sheet Externally Bonded to Beam [29] 

There are also similar application techniques to the external bonding of a sheet such as the 

near surface mounted (NSM) application. This application is conducted by inserting an 

FRP sheet or bar into slit saw cuts, which results in additional bonding area and 

confinement by the concrete [26]. An example of this can be seen in Figure 2.12 and Figure 

2.13. 

  

Figure 2.12. Near Surface Mounted CFRP [30] 
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Figure 2.13. Field Application of NSM CFRP [31] 

2.5 Experimental Studies 

2.5.1 Testing Methods 

There are a variety of different testing procedures when conducting experimental studies 

with FRP. As expected, the selected testing methodology is dependent on the desired goal 

of the results. Therefore, conducting the same study with different test setups can lead to 

quite a change in results. The more common test methods when dealing with FRP 

externally bonded to concrete include: direction tension, three- or four-point bending, 

single or double lap push, single or double lap pull, and peel tests [32]. Figure 2.14 

demonstrates the basic overview of each of the tests previously listed. 
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Figure 2.14. FRP-to-Concrete Test Methods [32] 

A study conducted by Gartner et al. [32] investigates which testing method is appropriate 

for measuring the durability of the bond strength of a CFRP sheet externally bonded to 

concrete. After testing a number of different beams with varying size and material 

properties (i.e concrete strength), it was concluded that the three-point bending was the 

most suitable test method. 

Nguyen et al. [33] conducted an experimental study that investigates the different failure 

modes of CFRP bonded to concrete. This test conducted four-point bending on several 

different specimens, determining the three observed failure modes of ripping of the 

concrete (tension failure), premature shear failure, and hybrid [33]. Three and four-point 

bending are common test methods mainly due to their simplistic setup and ability to 

conduct the tests using a universal testing machine [32].  

According to Hosseini et al. [34], conducting a single shear pull test was most appropriate 

when investigating the effective bond length of FRP-to-concrete adhesively bonded joints. 
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Although much research work has been conducted on the bond and development length of 

FRP externally bonded to concrete, only a select few of the numerous models proposed in 

research have been adopted by design standards and codes [34]. 

The study conducted by Nguyen et al. [33] investigates the strengthening of concrete beams 

through CFRP plates and concludes that, while different bond lengths of CFRP were tested, 

the development length remained nearly constant. A separate study performed by Hosseini 

et al. [34] comparing different theoretical bond development length models established 

similar conclusions. While all three models had varying development lengths from one 

another, they remained consistent with their own respective models regardless of an 

increase in bond length. This is demonstrated in the table below, where Lf and Le represent 

the FRP bond length and effective (or development) bond length, respectively. 

Table 2.2. Effective Bond Lengths of Theoretical Models [34] 
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Barbato [6] carried out an numerical study regarding a two-dimensional finite element 

model capable of accurately predicting the capacity of a reinforced concrete beam 

externally strengthened with FRP strips and plates. As discussed in Section 2.5, the 

common modes of failure encountered during each simulation included concrete crushing, 

rupturing of the FRP material, and debonding of the FRP-to-concrete interface [6]. Al -

Zubaidy et al. [41] investigated the finite element model of CFRP material used as a double 

strap joint. By comparing to previous experimental results, researchers were able to 

validate their effective bond length determined by the analysis. Furthermore, it was 

determined that the two reoccurring failures modes included debonding between the 

material as well as CFRP delamination [41]. 

2.6.2 Concrete Crack Propagation in Finite Element Analysis 

The difficulty of modelling CFRP sheets externally bonded to reinforced concrete stems 

from the ability to accurately model concrete. Unlike steel, it is often challenging to 

properly model concrete due to its unpredictability when reaching failure. Therefore, 

having a thorough understanding of the crack propagation in concrete will lead to much 

more suitable results.  

Chen et al [42] conducted research on reinforced concrete beams with shear-strengthened 

with FRP and discussed the challenging nature of accurately modelling concrete shear 

cracks, which, in their opinion, is a direct link to the lack of numerical studies surrounding 

FRP. To further add, the debonding failure between FRP and concrete can often be a result 

to localized cracking of the concrete, further solidifying the difficulties in modelling 

concrete [42]. When dealing with crack propagation and concrete fracture in a finite 
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element setting, there are two dominant methods in modelling concrete cracking: the 

discrete crack model and the smeared crack model [42]. Discrete crack modelling simulates 

an initial geometrical crack with it propagating into dominant cracks. The smeared crack 

model, however, is a constitution of numerous small cracks that form into larger dominant 

cracks as the model analysis progresses [43]. A simplistic representation of the initiation 

of a discrete crack model can be found in Figure 2.15.  

 

Figure 2.15. Early Stage of Discrete Crack Model [43] 

The two different cracking models each have their respective fields. As explain by de Borst 

et al. [43], discrete crack models are mainly used to model a small number of dominant 

cracks while the smeared crack models are used to model smaller cracks and simulate 

cracking patterns.  

2.6.3 Concrete Damage Plasticity 

Concrete damage plasticity (CDP) is another common technique used when modelling the 

behaviour of concrete. In the finite element software ABAQUS, concrete damage plasticity 

characterizes the tensile and compressive response of concrete by Figure 2.16. 
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Figure 2.16. Tensile (a) and Compressive (b) Response of Axially Loaded Concrete 

Using CDP [44] 

The benefit of a CDP model is its allowance to capture the behaviour of concrete through 

elastic damage models and elastic plastic laws [45]. Therefore, compression and tension 

damage parameters can be introduced to the concrete model, which results in a more 

accurately defined material. Ultimately, it considers crushing due to compression and 

cracking due to tension as failure modes [46].  The CDP modelling inputs, however, can 

often be difficult to determine if there is not a thorough understanding of the material and 

its parameters. 
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modelling of FRP materials is still a relatively new field with limited research. There are 

numerous input parameters and functions when constructing a finite element model, 

therefore it can be difficult to provide an accurate representation of the model without solid 

experimental testing. A thorough understanding of not only the software being used but 

also the materials being modelled is a necessity to provide a well developed and accurate 

model.  
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Figure 3.1. Layout of Experimental Test Specimen [35] 

The difference in the test specimens, however, comes from the bond length of the CFRP 

sheet. For comparative purposes, three different bond lengths were used: 160 mm, 240 mm, 

and 350 mm. As noted previously, twelve specimens in total were tested, which were split 

evenly amongst the three varying bond lengths.   

A more thorough breakdown of each material used within the specimen is explained below.  

3.2.1 Reinforced Concrete Prisms 

The concrete prisms used for the test specimens were cast using ready mix concrete in 

dimensioned plywood forms. The prisms had a cross sectional dimension of 150 mm by 

150 mm with an overall length of 500 mm. Located in the middle of each prism was a 

single 20M reinforcing steel bar, which was casted with one end slightly protruding for 
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processing the images resulting from the DIC technique [49]. An example output of the 

processed data can be found below in Figure 3.3.  

 

Figure 3.3. Example of Distribution of Longitudinal Strains using VIC-3D [35] 

3.4 Results 

The three different bond lengths that were subjected to static loading are 160 mm, 240 mm, 

and 350 mm. A total of twelve specimens were testing in the laboratory, therefore there 

were four specimens per bond length. According to Atunbi [35], the reoccurring failure 

modes of the test specimens was tensile failure of the concrete. Although the CFRP sheets 

were debonded from the specimen upon failure, it was noted that this was not the governing 

failure mode as a substantial amount of concrete remained bonded to the sheet when it 

came apart from the specimen. A brief summary of the failure loads experienced by the 

specimens can be found in the table below. 
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 NUMERICAL  MODEL LING  

4.1 General 

In order to analyze the behaviour of system consisting of reinforced concrete members 

externally reinforced by CFRP sheets, several different methods are available. Chapter 3 

of this project, Experimental Study, provides a prime example of how such data can be 

collected through experimental testing. Although it can prove to be a very robust, reliable, 

and efficient manner in obtaining results, it does have its shortcomings. The time required 

in order to conduct appropriate tests, for example, can oftentimes be quite significant. The 

test specimens used in the double lap shear pull off tests referenced above required several 

months to reach testing capabilities. As described by E. Atunbi [35], the CFRP sheets were 

placed on the concrete specimens 51 days after they were cast, while the testing occurred 

87 days after the sheet were installed. Furthermore, the economical aspect involved in 

experimental testing can often be cumbersome, with expenses progressively climbing 

through ongoing specimen fabrication and testing throughout the entire process. 

Numerical analysis is another means of analyzing problems. Traditionally, using numerical 

methods was not always the favourable approach of approximation when dealing with 

relatively simple problems due to its complexity. It is, however, becoming a more widely 

used tool due to major advancements in computer programming and software development. 

Examples of the varying numerical methods include [50]:  

�x Finite Element Method (FEM); 

�x Boundary Element Method (BEM); 
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Finite element analysis can also be perceived in a negative manner due to the fact that it is 

only an approximation. Referencing back to the issue of FEA and its subjectivity, obtaining 

the approximate solution of a model can vary. Furthermore, models constructed using FEA 

will oftentimes be idealized scenarios resulting in unrealistic results. Therefore, it is of 

good practice when dealing with FEA models to have a method to measure the results, 

indicating whether or not the analysis was an accurate representation. Oftentimes this is 

accomplished through the comparison of experimental results, previously constructed FEA 

models, and even rudimentary hand calculations. There are also some instances when the 

level of accuracy cannot be appropriately measure, which requires a strong working 

knowledge of the model construction and its parameters.  

Finite element analysis modelling can be a very powerful tool when used properly. FEA 

has a very high ceiling when it comes to its ability dealing with complex structures and 

scenarios by creating smaller, more manageable systems. With the advancement in 

technology as well, finite element software is reaching new heights with its impressive 

computing time, problem solving and algorithm capabilities, and results. Performing 

experimental studies in a laboratory can be very limiting as the study is often limited to the 

available materials and testing equipment on site. FEA simulation, however, is providing 

researchers with the opportunity to conduct the necessary further and more detailed 

investigations of their studies, which is only limited to the software itself.  

4.2 Software 

There are many different tools on the market capable of conducting numerical analysis. As 

expected, each of the tools, although similar from a high-level view, can be vastly different 
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4.3 Assumptions 

To successfully conduct the numerical modelling, several assumptions were made. These 

assumptions, whether regarding the numerical or previously conducted experimental 

portion of the reason, are in place to provide clarity, consistency, and simplicity where 

needed. The assumptions that have been made include the following: 

�x ABAQUS, as a finite element analysis software, is adequate to construct a model 

of replicating CFRP sheets externally bonded to reinforced concrete; 

�x The homogeneity of the materials is in place to represent the actual materials that 

are being used; 

�x The bond between CFRP and reinforced concrete is perfect; 

o This assumption will be discussed in greater detail in Chapter 5. 

�x The CFRP sheet saturated with the epoxy has a thickness of 1 mm; 

�x The displacement between the CFRP sheet and the concrete at the unloaded, free 

end, is negligible; 

�x There is no displacement between the steel reinforcement within the concrete and 

the concrete itself; and, 

�x The experimental test specimen is fully symmetric about its axis and can be 

modelled as such. 
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Table 5.2. Initial Cross-Sectional Dimensions 

 No. of Parts Width Height Length 

Concrete [1] 2 150 mm 150 mm 500 mm 

Steel Rebar [1] 2 300 mm2 (20M) 500 mm 

CFRP & Epoxy [2] 1 100 mm 1 mm 663 mm, 743 mm, 
853 mm 

Notes: 
[1] The length of the concrete and steel rebar correspond to only one specimen, not the entire length of the 
test setup 
[2] The three different lengths corresponding to the CFRP and epoxy is due to the varying bond lengths (160 
mm, 240 mm, 350 mm). This incorporates the 500 mm from the first concrete prism, the 3 mm gap between 
the two prisms, and the bond length. 

The entire length of the test setup, as described in the Experimental Study section, would 

be a total of 1003 mm. This includes the two 500 mm long concrete beams, with a 3 mm 

gap separating the specimens. The length of the CFRP sheet and application of the epoxy 

vary due to their respective bond lengths. Again, this was constructed in a fashion to ensure 

the experimental test setup was simulated as accurately as possible. 

A visual representation of the constructed ABAQUS model can be seen in Figure 5.6. 
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Figure 5.6. Constructed ABAQUS Model 

5.3 Elements  

5.3.1 General 

The construction of an ABAQUS model requires the creation of parts. These parts, which 

essentially make up the entirety of the model, are assigned to be specific element types, 

which is dependent on what is being modelled. Below are the five main aspects of elements 

that affect the outcome of the model.     

�x Family; 

�x Degrees of freedom; 

�x Number of nodes; 

�x Formulation; and, 

�x Integration. 






















































































