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published ones to verify the accuracy of the suggested model. A
parametric study using is conducted to investigate some of the
parameters that affect the shear strength of RC beams.
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Abstract

Fibre Reinforced Polymers (FRP) are very common in strengthening of Reinforced Concrete
(RC) beams due to their lightweight, high strength, non-magnetic properties, and resistance to
corrosion. The shear design of RC beams is of great concern because it is based on empirical
equations. This study presents a three-dimensional finite element (FE) model of RC beams shear-
strengthened with side bonded CFRP sheets using ABAQUS software. First, the obtained results
are compared to published ones to verify the accuracy of the suggested model. This comparison
is performed for strengthened and un-strengthened beams where good correlation is observed
with a maximum difference of not more than 20%. Then, the numerical model is used to conduct
a parametric study for beams subject to either uniformly distributed load or 4-point load
schemes. This study focuses on the effects of: aspect ratio of beam cross-section, shear span-to-
depth ratio, FRP-widths to beam-length ratio, longitudinal steel ratio, concrete compressive
strength, FRP sheets spacing, and amount of steel stirrups. The results showed that- when other
variables are preserved- the increase in ultimate load due to FRP strengthening of beams was
23% and 16% for beams with aspect ratios (width/depth) of 0.5 and 0.83, respectively. However,
for variable thickness of FRP (in proportion to beam width), the increase in ultimate load due to
strengthening was constant at 23%. The ultimate load increased from 210 kN to 394 kN when
the shear-span to depth ratio decreased from 1.73 to 1.00. Finally, it is shown that beam
strengthening by CFRP is more effective for low and normal strength concrete beams rather than

for high strength beams.
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Chapter 1

Introduction

1.1 General

Deterioration of reinforced concrete (RC) structures is one of the major problems of the construction
industry today. Moreover, a large number of structures constructed in the past using the older design
codes in different parts of the world need to be checked under the current service loads and concrete
conditions, since the design equations are based on semi-empirical approaches [1]. The beams in
these structures may suffer flexural or shear failures which are the two primary modes of failure in
RC beams. Flexural failure of a beam is ductile in nature, i.e., it occurs gradually with large
deflections and cracking, which provide a warning of primary failure. In contrast, shear failure is
brittle in nature and does not allow redistribution of loads; thus, shear failure occurs without any
prior warning and is often catastrophic. Poorly designed beams may fail in shear before reaching the
flexural strength. Hence, RC beams must have sufficient shear strength, higher than flexural
strength, in order to ensure a ductile failure mode. Shear failure of RC structures may be due to
many factors, e.g., insufficient shear reinforcement, reduction of steel area due to corrosion and
damage of concrete caused by aggressive environmental conditions, increased service load due to
change in usage of the structure, and any detailing, design, and/or construction error. Thus,
strengthening and rehabilitation of RC structures may be needed to increase the ultimate load

carrying capacity of shear-deficient beams. Structures that are deficient in shear can be strengthened
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or repaired by using various methods. Since replacement of such deficient structures incurs a huge
amount of public money and time, strengthening has become the acceptable way of improving their
load carrying capacity and extending their service lives. Strengthening with fiber reinforced
polymers (FRP) has been established as an effective method applicable to different reinforced
concrete elements such as columns, beams, slabs, and shear walls. FRP materials are noncorrosive,
nonmagnetic, resistant to various types of chemicals, flexible, easy to apply, and has higher tensile
strength when compared with steel. Therefore, FRP can be used for strengthening and repair of RC

structures in spite of it is not fire resisting material.

1.2 Objectives and scope

The estimation of shear capacity of RC beams strengthened with externally bonded FRP
laminates is a big challenge in the field of structural engineering [1]. There is still a difference
between the predicted values of many existing models and experimental results, taking in mind
that some of these models are used in the present design codes. The objective of this research is
to present a parametric study which will consider different parameters that may influence the
shear capacity and flexural Stiffness of RC beams shear strengthened with FRP stirrups. The
proper modeling of concrete, steel, and FRP will simulate the behavior of RC beams externally
reinforced with FRP. A three-dimensional finite-element (FE) analysis will be carried out; using
a computer software package (ABAQUS). Experimental results collected from previous
published work will be used to verify the accuracy of the proposed model. A parametric study
will be applied on strengthened RC beams under concentrated and uniform loads to study the
effect of: compressive strength of concrete, area of longitudinal steel, spacing between FRP
sheets, spacing between steel stirrups on shear crack pattern, beam width, beam depth, and length

of FRP strengthening relative to the beam span. Although some of the existing guidelines took
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into consideration a part of the aforementioned factors with their models, there is no unique one

which addresses all the parameters [2].

1.3 Outline

This thesis includes six chapters as follows, an introduction, literature review, Finite element
(FE) modeling using ABAQUS, Finite Element Model verification using experimental published

work, parametric study, and conclusions and recommendations for future work.

Chapter 1: Introduction

This chapter presents the research objective, and scope of work.

Chapter 2: literature review

This chapter provides a part of previous researches concerning the behaviors of RC beams, crack
patterns and shear failure mechanisms, and the different failure modes of RC beams shear-
strengthened with externally bonded CFRP laminates.

Chapter 3: Finite element modeling of RC beams strengthened with FRP

This chapter introduces the creation of a Finite Element Model for the RC beams strengthened
with externally bonded CFRP laminates.

Chapter 4: FE model verification using experimental published work

This chapter describes a study of FE model verification as one part of the overall process of
model validation for structural analysis of RC beams shear- strengthened with CFRP. It presents
the comparison between the FE and the experimental results from literature.

Chapter 5: Parametric study
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