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ABSTRACT

STRUCTURAL BEHAVIOR OF REINFORCED CONCRETE
RECTANGULAR BEAMS WITH DIFFERENT HIGHT TO WIDTH
RATIOS
By

Marwa Saleem Meteab

Supervised by
Assist. Prof. Dr. Ahmed Abdullah Mansor

This research work studied the behavior of structural strength of
reinforcement concrete rectangular beams with different hight to width ratio
(h/b) with normal concrete strength (NCS), high strength concrete (HSC), and
ultra-high strength (UHSC). Twelve reinforced concrete beams with the
dimensions of (150%416.6) (200*312.5) (250*250) (312.5*200) mm were
investigated. The variables studied in this work were the concrete compressive
strength (27-62-90 MPa), the (h/b) ratio (from 0.36 to 0.64, 1 and 1.56) It is
worth to mention that self-compacted concrete used to produce the normal
strength concrete, the high strength concrete (HSC), and ultra-high strength
(UHSC).

The experimental results showed that, the increase in the (h/b) ratio
(from 0.36 to 0.64, 1 and 1.56) is much increasing the cracking load, yielding
load, ultimate load and the ductility index. The increase in the (h/b) ratio leads
to curvature and concrete compressive strain. The increase in the compressive
strength of the concrete with increase in the (h/b) reduces the high defamation
that caused by the plastic deformation of the steel reinforcement. The increase
in the compressive strength of the concrete with increase in the (h/b) causes
(74% -122%), (66.67% -116.67%) and (57.14% - 128.6%), respectively

increase in cracking load, increase yielding load in the ranges of ( (41.2%-



70.6%), (30%-60%) and (76.3% - 96.6%), respectively, increase the ultimate
load in the range of (41.67% to 115%), while reduce the ductility index in the
range of (1.2% - 31.1%) as compared with control beams (BN1, BH1 and BU1).
The variation of the concrete compressive strength with constant (h/b) shows
conflict in the improvement of cracking load, yielding load, ultimate load and
the ductility index.

The maximum crack width decreases gradually with gradual increase
in the (h/b) ratio (from 0.36 to 0.64, 1 and 1.56) for constant (27 MPa or 62 MPa
or 90 MPa) compressive strength of concrete in the range of (11.11% - 25.9%),
(5.3% and 21%) and (13.33% - 33.33%) respectively, as compared with control
beams (BN1, BHI and BU1). The gradual increase in the compressive strength
of concrete from (27 MPa to 62 and 90 MPa) with constant (0.36 or 0.64 or 1
or 1.56) (h/b) ratio leads to increase the first crack load with range of (5.3%-
33.33%), increase yielding load in the range of (17.65% -70.8%), increase the
ultimate load in the range of (4.35%-71.88%), while reduce the ductility index
in the range of (1.16% and 18.8%) as compared with control beams (BN1, BH1
and BU1). The maximum crack width decreases gradually with gradual increase
in the compressive strength of concrete from (27 MPa to 62 and 90 MPa) with
constant (0.36 or 0.64 or 1 or 1.56) (h/b) ratios in the range of (25% - 50%) as
compared with control beams (BN1, BH1 and BU1).
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CHAPTER ONE

INTRODUCTION
1.1General

A beam is a structural ingredient that resists the loads, when some
external loadings are applied on the beam, it tends to bend and deflect under
loading, therefore it is also called flexural member because it behaves as a
flexural member in the structure. It is considered one of the significant parts in
the structure because it carries the slab load and transfers it to the column.
(Tejaswi and Ram, 2015; Khan, et al, 2017) Basically, there are two most
significantly modes of failure occurs in reinforced concrete beams: flexural and
shear. For attaining a total flexural ability of reinforced concrete beams under
maximum loads, it should be designed to represent a ductile flexural failure
mode. (Eskenati and Pour, 2015). Four significant events are occurring in the
beam during the flexural failure, which can be identified it as follows:

O Cracking of concrete in the tension zone.

U Yielding of tensile reinforcement.

[ Concrete cover is crushing and spalling in the compression zone.

U Disintegration of the compressed concrete. (Rashid and Mansur,
2005)

There are several factors influence the flexural behavior of beam,
such as the tensile reinforcement ratio, compressive reinforcement ratio,
compressive strength of concrete, height to width (h/ b) ratio, and confinement

in the pure flexural zone by closed stirrups.

1.2 High Strength Concrete
Although high- strength concrete is often considered a relatively new
material, its development has been gradual over many years. As the

development has continued, the definition of high- strength concrete has
1



changed in the 1950s; concrete with a compressive strength of 34 N/mm?2 was
considered high strength. In the 1960s, concrete with 41 and 52 N/mm?
compressive strengths were used commercially. In the early 1970s, 62 N/mm?
concrete was being produced. More recently, compressive strength approaching
138 N/mm? have been used in cast-in-place building (Annadurai and
Ravichandran, 2014). High compressive strength is achieved by using
supplementary cementitious materials such as silica fume and slag which
improve the dispersion of cement in the mix. Most of high-strength concretes

also have a low water-to-cementitious-materials ratio ranging from 0.25 to 0.35

(Wight and Macgregor, 2009).

1.3 Self-Compacting Concrete (SCC)

Self-compacting concrete constituents are like to other plasticized
concrete. It involves of cement, coarse and fine aggregates, mineral and
chemical admixtures, etc. Self-compatibility of concrete can be influence by the
physical properties of materials and mixture proportions. The mixture
proportions are according upon producing a high-degree of flow ability
however maintaining a low-water/cementitious materials ratio, w/c (< 0.40).
This is attained using high-range water reducing (HRWR) admixture put
together with stabilizing agents to satisfy homogeneity of the mixture. A
number of approaches exist to improve the concrete mixture proportions for
self-compacting concrete. The simplest technique for mixture proportioning for
self-compacting concrete is proposed by Okamura and Ozawa (1997) in this
method:

1. Coarse aggregate quantity is fixed within 50% of the solid volume.

2. Fine aggregate is placed within 40% of the mortar fraction volume.

3. Water-to-cementitious materials ratio in volume is certain as 0.9 to

1.0 depending on properties of the cement.
2



4. Superplasticizer dosage and the final W/Cm ratio are determined
so as to confirm the self-compatibility. Since, the self-compacting
concrete involves a large portion of fine aggregate, a rational
mixture proportioning method for self-compacting concrete using
a variety of materials is necessary .

Fresh SCC concrete must be characterized by the following
properties: -
¢ Filling ability.
e Passing ability.

e Segregation resistance.

1.4 Wide Beams and Deep Beams

Reinforced concrete wide beam is a horizontal members which are
used in reinforced concrete joist and ribbed slabs, its depth equals or slightly
higher of slab depth. Wide beams have become more popular in structural
buildings in recent years because they provide longer clear spans at a lower cost,
reduce overall slab depth to achieve more floor clear height, are simple to
construct, and are preferred by architects and designers because they are less
obstructive and provide more flexible space (Elsouri and Harajli, 2015). It can
be found in warehouses, garages, high-rise buildings, and commercial
structures. A wide beam with a width-to-depth ratio of at least (2)
(Mohammadyan-Yasouj, et al., 2013). .describes deep beam as: Member
subjected to loads on one surface and supported on the opposite surface so that
the compression struts can grow between the points of load and the supports.
Deep beam has one or the other:
1) Clear spans Ln, less than or equal to 4 times the whole member depth; or
2) Concentrated load zones within double the member depth from the support

face. For deep beams that loaded uniformly, the shear critical section should be
3



taken into consideration at a distance from face of support about (0.15 Ln < d)
and of (0.5 a < d) for concentrated loaded deep beams, where (a) is the shear
span, or distance from concentrated load to the support center and (d) is the
distance from extreme compression fiber to the centroid of the tension steel bars
(Merritt and Ricketts, 2000).
1.5 Aims and Objectives of the study
The study aim is to change the dimensions of the reinforced concrete
beams to satisfy the building requirements .An experimental investigation
results are reported in this thesis on the strength and behavior of reinforced
concrete beams. Significant parameters which considered in strength analysis
for beam with different height to width ratio (h/b) under different compressive
strength values. In the context of this study, beams subjected to two
concentrated load.
There are principal objectives in this study:
1. To investigate, the strength and behavior of reinforced concrete beams
with different (h/b) ratio under different compressive strength values.
2. To investigate, the strength and behavior of reinforced concrete beams

with fixed (h/b) ratio under different compressive strength values.

Twelve reinforced concrete beams with the dimensions of
(150x416.6) mm, (200x312.5) mm, (250x250) mm, and (312.5x200) mm, and
fixed length 1400 mm were investigated. Based on the above different variables,
the specimens are divided into Two groups. The groups are:

1. Group A: This group consists of four beams all have different cross
section dimensions(h/b) and different compressive strength values NSC
of 27 and HSC 62 and UHSC 90 MPa.

2. Group B: This group consists of three beams all have the same cross

section dimensions but with different compressive strength values.
4



1.6 Organization

The organization of this thesis is consists of five chapters, as shown
below:

v' Chapter One presents a general introduction about high strength
concrete and self-compacting concrete in addition to the aim and
objectives of study.

v" Chapter Two presents a review of some previous researches with
experimental studies carried out on RC beams with high strength
concrete and size effect on beams.

v" Chapter Three deals with the used construction material properties
in addition to the experimental work.

v' Chapter Four deals with presenting test results of the laboratory
specimens, discussing and evaluating the experimental results of this
study.

v' Chapter five provides the conclusions drawn from this study,

recommendations and suggestions for further studies



