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ABSTRACT 

Reinforced Concrete (RC) is the most common and most popular building material in the

world. Most structures such as buildings, bridges etc. uses reinforced concrete as their main

construction material. Some of these structures or parts of it are not fulfilling their structural

functions due to some reasons. Replacing these deficient structures requires huge investments

and is not an enticing option, hence strengthening has become the suitable way for improving

the load carrying capacity and prolonging their service life. Even though the effectiveness of

other techniques are widely accepted, a new effective and promising technique of

strengthening civil engineering structures externally is gaining popularity, where fibre

reinforced polymer (FRP) is used.

The aim of this thesis is to investigate and improve the understanding and the properties of

externally RC beams strengthened with Carbon Fibre Reinforced Polymer (CFRP) sheets. To

achieve the aim, two groups of beams were designed according to ACI318-11 and

investigated experimentally. The first group consisting of four beams strong in flexure but

weak in shear and the second group beams consist of three beams strong in shear but weak in

flexure. The beams were strengthened using CFRP externally. The behaviours of the beam

specimens under the effect of loads were investigated according to various application of

CFRP orientation. According to results of experiments, the effectiveness of the rehabilitation

method both on the load carrying capacity and energy absorption capacity were evaluated.

Key words: FRP, CFRP, Beams, Strengthening, ACI318-11.
~
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ÖZET 

Betonarme, dünyanın en yaygın ve en popüler yapı malzemesidir. Binalar, köprüler vs. gibi

birçok yapının ana malzemesinde betonarme kullanılmaktadır. Bu yapıların veya yapı

a uarının bazı nedenlerden dolayı kendi yapısal işlevlerini yerine getirememektedir. Bu

~= gidermek için yapıları değiştirmek uygun seçenek olmamakla beraber, yüksek

·et\iôir.1)0\ayısıy\a, güç\enuirme yöntemi, yapımn yıı'K taşıma 'Kapa\steiını ın:tırma'K '\le

ömrünü uzatmak için uygun bir yol haline gelmiştir. Diğer kullanılan tekniklerin etkinliği

kabul edilir olsa dahi, fiber takviyeli polimerlerle (FRP) dıştan güçlendirilen mühendislik

yapılarının etkili ve gelecek vaat eden bir yöntem olduğu bilinmektedir.

Bu tezin amacı, karbon fiber takviyeli polimer (CFRP) ile güçlendirilmiş kirişlerin

davranışını araştırmak ve geliştirmektir. Amaca ulaşmak için, iki grup kiriş, ACl318-1 l 'e

göre· tasarlanmış ve deneysel olarak incelenmiştir. Birinci gruptaki dört kiriş numunesi

eğilmeye karşı güçlü, kesmeye karşı zayıftır. İkinci gruptaki üç kiriş numunesi ise kesmeye

karşı güçlü ve eğilmeye karşı zayıftır. Kirişler dıştan CFRP kullanılarak güçlendirilmiştir.

'f.....\~\~ 't\."\\.\.'\\."\\.'t\.~\~~m. ~\:.. 'o.\\\.'t\.~'o.~ı,\.\fü~ 'l~ \:..~~\.'\\.~~-:.\:.."o.~\\.~"o.'l~'o.'t\.\.\'-,ç;s:.~\.\\\. C"£~ \).~~\).\'o.m.'o.\'o.'t'

ile yönlendirilmiş ve incelenmiştir. Yapılan deneysel araştırmalara göre, kirişlerin yük taşıma

kapasiteleri, sargılı numunelerin eksenel yük altında enerji yutma kapasiteleri ve rehabilite

yönteminin etkinliği değerlendirilmiştir.

Anahtar Kelimeler: FRP, CFRP, Kirişler, Güçlendirme, ACl318-ll.
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Chapter 1 

INTRODUCTION 

1.1 Background 

Reinforced Concrete (RC) is one of the common and most popular building material in the

world. Most structures such as buildings, bridges etc. uses reinforced concrete as their main

construction material. Some of these structures or parts of it are not fulfilling their structural

functions due to defects on the concrete caused by poor construction practices, corrosion

damage as shown in Figure 1.1, fire damage, accidental damage as shown in Figure 1.2 or

deterioration caused by environmental action as shown in Figure 1.3. While some reinforced

concrete structures need to be upgraded due to design and construction faults and in cases of

load increment or damage induced to the structural members by a seismic_ or other action. In

addition, increase in volume of traffic may result to bridge upgrade. Strengthening the

structural members in a bridge, gained popularity. Replacing these deficient structures

requires huge investments and is not an enticing option, hence strengthening has become the

suitable way for improving the load carrying capacity and prolonging their service life.

Even though the effectiveness of other techniques are widely accepted, engineers develop a

new, better and most promising technique using advanced material in strengthening civil

engineering structures with external bonding advanced fibre-reinforced polymer (FRP)

which is more advantageous and gained popularity worldwide. In recent years, civil
1'

engineers and researchers are showing great interest in using these new and advanced

methods of repairing, retrofitting, and strengthening of RC structures. Thus, theoretical and..
experimental researches have been conducted extensively on the behaviour of FRP

strengthened reinforced concrete structural elements, including beams, columns, and slabs.

To make the use of FRP easier, some manufacturing techniques have been introduced and

the property characteristics of FRP composites have shown that they have many advantages

over the more conventional civil engineering material.

1



Figure 1.1: Typical Corrosion Damage Caused by Chloride-Contamination Leaks in Bridge

Deck Joints [http://www.structuremag.org/article.aspx?articleID=509]

Figure 1.2: Accidental Damage on a Bridge (Shahawy, 2010)
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Figure 1.3: Concrete Deck Deterioration Caused by Environmental Factors

(Shahawy, 201O)

The most common type of structural member is beam and has the function of withstanding

loads. However, in some cases due to the reasons explained before i.e poor construction,

poor design etc., members in structure of a buildings or bridges are not adequate of resisting

the applied loads. Hence using an effective method of strengthening beams is significant in
-

terms of maintaining the safety of the structures. With respect to these, in the recent years the

emerging technology of using FJ.U> for strengthening simply supported RC beams ıs

fascinating much attention. FRP is listed as one of the successful technique which is

currently interesting to the structural engineers as a modem and promising material in the

construction industry (Jumaat et al., 2010). Due to the increase use of FRP as an externally

bonded material with concrete, design codes were developed by some professional

organizations such as American Concrete Institute Committee Report ACI 440.2R-2008,

Federation Internationale du Beton FIB 2003, Technical Report TR 55 2004, and Intelligent

Sensing for Innovative Structures ISIS Canada (Andrei, 2011).

3



The strengthening of RC members using FRP is influenced by the type of fiber, fiber

direction, fiber distribution, and bond scheme. A large number of research showed that the

success of FRP is maximized by bonding FRP on the surface and parallel to the direction of

the principal tensile stress.

There are three most commonly used FRP composites used for rehabilitation of structural

members in civil engineering works. But the most commonly used one is classified as carbon

fibre reinforced polymer (CFRP) which is preferred due to its greater advantages to be used

as reinforcing bars, and externally bonded reinforcement for strengthening, retrofitting and

repairing of deficient ageing bridges and buildings as shown in Figure 1 .4 and Figure 1 .5

(Jumaat et al., 201 O).

Figure 1.4: Shear Strengthening Inclined Orientation: Efficient Use of CFRP

(Shahawy, 2010)
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(a) Pre-repair (before repair) (b) After Repair (1996) (c) Seven Years after Repair (2003)

Figure 1.5: Example of a Column Wrapped with CFRP (Shahawy, 2010)

1.2 Statement of Problems of Reinforced Concrete Structures in TRNC 

Concrete been the prevalent building material in Turkish Republic of Northern Cyprus

(TRNC), was used for structural buildings that were designed and constructed in the 70s and

Süs when there was intense reconstruction after the war. The concrete were far below the
ll

standards according to the current design codes. As a result, designs might be deficient in

strength according to the current codes.

After conducting a study in 2009, the TRNC "State Planning Organization" (DPÖ) published

a report on "Urban and Rural Building Construction Statistics" assessing the development of

the building sector over a period of 15 years as shown in Figure 1.6. According to the report,

the number of new constructions after 2004 has exceeded 2000 per year showing that the

housing industry peaked, after the Annan plan. These buildings have deteriorated badly

during their lifetime because of the environmental action, due to poor quality control during

5




