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ABSTRACT

Buildings and civil engineering structures nowadays are mostly
constructed using reinforced concrete. In the reinforced concrete, one of the
fundamental factors that influence its strength is bond between bars and concrete.
In the reinforced concrete, one of the fundamental factors that influence its
strength is bond between reinforcement bars and concrete. A lot of research on
concrete anchorage bond had been carried out since 1913. However, till today the
exact behaviour of anchorage bond in reinforced concrete is not very clear. An
attempt to trace the stress contour in concrete due to the presence of anchorage
bond had been made. Two dimensional digital image correlations were applied to
images of pull-out concrete test blocks. Full-field strains contour on the surface
of the concrete blocks were obtained at various level of pull-out forces using
digital image correlation software. The strains were converted to stresses using
plane stress concrete material constitutive equation. The results of this study
show that the digital image correlation method is able to trace the stress
components in the concrete surface under the influence of anchorage stresses.
The distribution of the longitudinal stresses in the concrete surface along the
reinforcement length was found to be nonlinear with maximum value occurs near

the loading end.
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CHAPTER 1

INTRODUCTION

1.1 General

As a practical and effective tool for quantitative in-plane deformation
measurement of a planar object surface, two-dimensional digital image
correlation (2D DIC) is now widely accepted and commonly used in the field of
experimental mechanics. It directly provides full-field displacements to sub-pixel
accuracy and full-field strains by comparing the digital images of a test object

surface acquired before and after deformation.

On the other hand, the importance of the material as reinforced concrete
in concrete structures is known to anybody who is involved by construction and
civil engineering field. Statistically speaking, in comparison with the steel
structures, the number of concrete structures has been growing day by day. So by
having these preferences for concrete structures, it is needless to say that every
property of this material will have a great importance and extremely worthful to
study comprehensively in order to find out exact behavior of that material
perfectly. A large number of books and published articles in this area is a good

evidence for this claim.



One of the most important features in the reinforced concrete is the bond
between bars and concrete that will be studied in this project. The joint behavior
of steel and concrete in a reinforced concrete member is based on the fact That a
bond is maintained between two materials after concrete hardens. If a straight bar
of round section is embedded in concrete, a considerable force is required to pull
the bar out of the concrete. If the embedded length of the bar is long enough, the
steel bar may yield; leaving some length of the bar in the concrete. The bonding
force depends on the friction between steel and concrete, interlocking and

chemical adhesion.

1.2 Problem statement

Mathematically and theoretically, the calculation of bond strength has not
done vyet clearly by consideration of many effective parameters. So the
development length that used in practical structures is calculated by the
experimental formula in codes. That may cause to use an extra unnecessary
length of bar in some cases. In order to have a helpful step and be closer to
theoretically solution, having realistic bond stress distribution based on
experimental samples will be useful to great extent. Moreover having such
distribution, helps us to have high understanding of bond behavior that leads
using bars properly in concrete. Having full-field strain and stress measurements
of concrete pull-out specimen can be helpful to who are interested in realizing
bond behavior precisely and it may change some conception or may find new
ideas in the bond field. It is worth to note that finding of strain contour based on
theoretical technique as Finite Element Method depends on many factors, and
bond simulation cannot be done easily. But 2D-DIC strain analysis is based on
experimental work and more reliable. Figure 1.1 shows apparent differences of
contour from FEM versus 2D-DIC.



Figure 1.1 The Strain distribution of FEM versus 2D-DIC from left to right respectively

2D-DIC is a new method in the practical area and it is important to
researchers to know; How someone can trust to the 2D-DIC?, What's the
accuracy rate of this measurement? What's the feature of this method?, What are
the requirements for doing this measurement? So, to answer these questions,

more study and experiment should have been done in this field.

Moreover, 2D-DIC is more economical in comparison with the other
common measurement method in lab works. For example, the figure 1.2 shows
the configuration of a specimen has been done recently for bond study purpose.
As it can be observed about 26 strain gages have been used for this research.
With assuming 100 MR per gage, the total gage expense will be 2600 MR just
for one specimen. In case of being capable of using 2D-DIC there is no need for

such a high expenses.
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Figure 1.2 Common Specimen with strain gages for study of bond [5]



1.3 Aim and Objective

Two objectives are defined for this project as following;

1- Application of 2-Dimensional Digital Image Correlation (2D-DIC) for

finding motion and deformation on concrete pull-out specimen.

2- Mapping bond strain and stress component distribution on front plane of

concrete pull-out specimen.

As shown in figure 1.3, the reaction of subjected tensile force on
reinforcement are inclined reaction that can be presented with two components,
parallel and normal to bar axes. Mapping of distribution of these 2 components
on the face of specimen by 2D-DIC are objective of this research.

I. Bearing Forces on Deformations

—

il. Paralel and Perpendioular Componants of Bearing

Figure 1.3 Bond Stress Components around reinforcement [6]




1.4 The Scope of study and Limitation

Generally for mapping stress distribution we have three methods based on
theoretical, software and lab experiments. Theoretical method cannot be an
accurate reference because it is an approximate method based on several
hypotheses and also there are some unrevealed factors that cannot be considered
in theoretical method such as direction of concrete pouring. In this project
theoretical and software result for distribution is not the work scope.

Real bond stress distribution of a concrete pull-out specimen is 3-
dimensional around the bar in concrete. 2D-DIC is capable to measure
deformation on a plane. So the stress distribution due to the bond on the surface
of the specimen will be calculated in this project.

The bond strength depends on a lot of parameters as concrete property,
bar diameter and so on. The purpose of this project is mapping of stress
distribution of bond and the effect of parameters to the bond is not the scope of
the work. The ultimate bond strength may be able to find with 2D-DIC but it

needs different configuration of specimen and it is not intention of this project.
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