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ABSTRACT:

The bond between concrete and reinforcement
is very important to work as a composite behavior of
Reinforced Concrete (RC). The several factors which
influences the Bond stress in RC are embedment
length, diameter of bar, cover, spacing of bars,
transverse reinforcement, grade and confinement of
concrete around the bars, type of aggregates used in
concrete, type of bars and coating applied on bars, if
any, for corrosion prevention. Adequate bonding
between reinforcing bars and concrete is essential for
the satisfactory performance of RC structures.
study primarily should focus to achieve best pg
outcome for desired provision of developme
in terms of strength and effect of develop
on concrete structure for bond stress.
KEYWORDS: Development length, steel bar,
Compressive strength, pull out tes d strength.

I. INTRODUCTION:
It is well known th

interlock), and the
he rib dales and the
ighest contribution

mechanical interlock
application the deformed

to bond strength
and because of their

tensile cracking and prevent
concrete failure, reinforcement using steel bars is carried
out within the concrete mass. Concrete reinforcement
increases the flexural behavior and loading capacity of
concrete and Thermo Mechanically Treated (TMT) bar
enhances the bond.

Steel works well as reinforcement for concrete
because it bonds well with concrete and this bond strength
is proportional to the contact surface of the steel to the
concrete. The bond strength greatly varies with changes in

sed and by providing
early bond strength can be

1 concrete bond capacity.
forcing bars and concrete
performance of reinforced
of the main assumption in

concrete sets and thus hardness it will adhere to the
surface of the embedment reinforcing bars will grip
nd it, there are basic components contributing to bond
e adhesion friction and mechanical anchorage.

. LITERATURE REVIEW:

3.1. Muhd Fauzy Sulaiman, Chau-Khun Ma, et al,
Review on Bond and Anchorage of Confined High-strength
Concrete, Istruc(2017), doi: 10.1016/j.istruc.2017.04.004
It is important to understand the behaviour of bond and
anchorage of reinforcement bars with the surrounding
concrete. The interaction between reinforcement bars and
concrete is essential to predict the ultimate failure of
Reinforced Concrete (RC).

The codes of practice for Normal Strength
Concrete (NSC) give designing anchorage length and can
also be extrapolated from the experimental results of NSC
for the high-strength concrete (HSC). Results shows the
bond and anchorage of bars in HSC is relatively weaker as
compared in NSC.

The methods adopted for the testing of bond and
anchorage behaviour are pullout test, four-point bending
test and cyclic uniaxial flexure under constant axial load
test. Studies shows that the confinement effect can
improve the bond and anchorage behaviour of RC, as Most
of the studies were focused on other parameters such as
concrete cover, embedment length, concrete type and rib
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geometry. Therefore, understanding gap and to be filled of
the effects of confinement on the bond and anchorage
behaviour of RC. Thus the performance of RC structures
depends upon’ the bond interaction between ribbed bars
and concrete. The parameters to be tested should include
the effects of concrete cover, embedment length, concrete
type, rib geometry of reinforcement, bar diameter, number
of stirrups, lap splice region, type of confinement, shape of
transverse reinforcement, pre-flexural crack condition,
water/cement ratio,
reinforcement ratio.
Based on review studies, highlights, on the types
of tests used for evaluation of bond and anchorage of
reinforcement bars in concrete considering different
parameters such as concrete cover, concrete strength, bar
diameter and embedment length which indicates that bond
and anchorage behaviour of concrete are dependent on the
types of reinforcement used. With different reinforcement
bars gives different bond behaviour. The test most
commonly adopted to investigate the bond strength of
embedded reinforcement is pull-out test. It is generally
reported that bond strength is lower for reinforcing ba
with larger diameters and specimen with larger dia
needs more embedded length to provide
condition of acceptable bond strength.
3.2. N. Verma, A.K. Misra, Bond characteris
reinforced TMT bars in Self Compacting Concrete
Normal Cement Concrete, Alexandi

cement content and transverse

Concrete is the structural
globally. The plain concre

be achieved are some
concretes compressive
strength, bar diameter, te cover, embedded length,
and pre-flexural crack le also affect the bond strength.
The bond strength is resistance for separation of mortar
and concrete from reinforcing steel (or other materials)
with which it is in contact. In these days different kinds of
concrete with different properties are manufactured, but
bond strength is essential for quality for any RCC structure.
Bond strength of concrete is determined by standard pull-
out test, measured using Universal Testing Machine (UTM)
with some modified arrangements.

3.3 Development length of reinforcing bars — Need to
revise Indian code provisions

The bond between concrete and reinforcement
bars is very important to develop the composite behaviour
of reinforced concrete. Bond strength is influenced by
several factors such as bar diameter, cover of concrete
over the bar, spacing of bars, transverse reinforcement,
grade and confinement of concrete around the bars,
aggregates used in concrete, type of bars and coating
applied on bars, if any, for cosrosion prevention Bond in
adhesion between the
rrounding concrete. The bond
ensures strain compatibility

reinforced concrete refer
reinforcing steel and t
between steel and

use only for lateral spirals, stirrups and ties smaller than
10 mm in diameter. However, there is no such restriction

n flexural members that have relatively short length

e at simple supports and points of inflection

e at points of bar cut-off

« at cantilever supports

e at beam-column joints in lateral load (wind and
earthquake) resisting frames

« for stirrups and transverse ties and

« at lap splices.

Several failures have occurred due to the non-
provision of adequate anchorage lengths, especially at
cantilever supports, lap splices and beam-column joints.
Hence, the provision for anchorage length assumes greater
importance.

This paper discusses the Indian code provisions
on anchorage length as compared with the ACI code
provisions. The various drawbacks of the Indian code
provisions are discussed and a suitable expression based
on recent research is suggested.

Factors affecting the bond strength-
Bond strength is influenced by the
parameters.1,5

following
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(i) Bar diameter: A beam reinforced with a larger number
of small bars requires a smaller development length than a
beam reinforced with smaller number of larger bars of the
same total area

(ii) Cover concrete over the bar: If the concrete cover is
increased, more strength can be
developed, which will delay vertical splitting

(iii) Spacing of bars: If the bar spacing is increased, more

concrete tensile

concrete per bar would be available to resist the horizontal
splitting
(iv) Transverse reinforcement such as stirrups: Stirrups
with increased area, reduced spacing and / or higher grade
of steel resist both vertical and horizontal splitting
(v) Grade of concrete: Higher grade of concrete has
improved tensile strength and increased bond strength
(vi) Confinement of the concrete around the bars
(vii) Aggregates used in concrete: Light weight aggregate
concrete will require more development length than
normal weight concrete
(viii) Coating applied on reinforcement to reduce
corrosion: Epoxy coating and galvanization prevent
adhesion between the concrete and the bar and for typica
cases a factor of 1.5 is imposed on development len
the cover and spacing is large, the effect of epoxy «
not so pronounced and the factor is reduced tg
(ix) Type of reinforcement: Deformed (ribbed) ba
enhanced bond strength than plain bars.

Another factor which influe
the depth of fresh concrete below
Excess water (often used in

bond strength

entrapped air invariably
concrete mass during il
beneath the horizon

given a modification fa 1.2 for a three-bar bundle
and 1.33 for a four-bar bundle. For the factors of Equation
(6) which are based on bar diameter, db, a unit of bundled
bar must be treated as a single bar of a diameter derived
from the total equivalent area6. In the Indian\ code, the
development length is increased by 10 percent for two
bars in contact, 20 percent for three bars in contact and 33
percent for four bars in contact — which are similar to ACI
Code Standard hooks in tension Development length, Ldh,
measured from the critical section to the outside end of the
standard hook (that is, the straight embedment length

between the critical section and the start of the hook, plus
the radius of bend of the hook, plus one bar diameter)

3.4 Bond behavior and assessment of design ultimate bond
stress of normal and high strength concrete

Bond refers to the interaction between reinforcing steel
and the surrounding concrete, which allows transferring of
tensile stress from the steel into the concrete. It is the
the anchorage of straight
reinforcing bars and influences many other important
features of structural concre
section stiffness [1]. Simil
and development lengt
composite action in

mechanism that allows

such as crack control and

ond between concrete
reinforcing steel is essential for
d concrete construction [2,3].

capacity. Three main
ength between the

g between reinforcing bars
satisfactory performance
In the absence of

strain compatibility at the depth of a reinforcement results
in a redistribution of stresses in the reinforced concrete
ent, which may lead to excessive service deflections
ered load capacities Also some factors affect

ively the bond strength such as epoxy coating. This
gffect is due to reduction in adhesion and frictional
components along the smooth epoxy surface [13].
Compared with uncoated bars, the decrease in bond
strength was found to range from 15% to 50% depending
on several factors such as the coating thickness, bar size
and location, deformation patterns, concrete properties,
and casting conditions The confinement was defined as
one of the key parameters which influenced the value of
the maximum bond stress. This point is of great concern
especially in the case of structures which are reinforced
with stirrups or submitted to a tri-axial state of stress
[10,11]. Torre-Casanova et al. showed [12] that the
splitting and pullout failures depend on the concrete cover
3.4. Effect of bar diameter Fig. 11 shows the effect of bar
diameter on ultimate tensile bond strength and ultimate
slip. It is shown that as the bar diameter increases, the
bond strength decreases, and the corresponding slip
increases. As an example, the ultimate tensile bond
strength decreases by 10%, 6%, 6% and 5% when the bar
diameter increases from 16 to 18 mm for concrete
compressive strength 30, 50, 70 and 90 MPa, respectively.
Effect of embedded length- the effect of embedded length
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on both ultimate tensile bond strength, and ultimate slip. It
is shown that as the used embedded length increases, the
ultimate bond strength increases, and the corresponding
slip increases. When the\ development length increases
from 5 bar diameter to 7.5 and 10 bar diameter the bond
strength increases by 4.3% and 10.0%, respectively.

The bond stress-slip relationship proposed in [27] consists
of an increasing first branch up to the bond strength. the
slip is increasing for constant bond strength, after which
bond strength starts to decrease for increasing slip values.
Finally, a constant residual bond strength is reached which
is due to pure friction between the steel bar with the
cracked concrete lugs and the surrounding concrete.
However, experimental study on the early-age bond
stress-slip relationship between steel bars and HSC
remains lacking. Thus, the model for early-age bond
stress- slip relationship between steel bars and HSC must
be studied for better understanding the cracking resistance
of HSC structures. Although the relationship between steel
bars and normal strength concrete has been studied, the
early-age bond stress-slip relationship between steel bars
and HSC considering the effect of concrete age is stj
lacking. Thus, the bond stress-slip relationship be

and the prediction model for bond stress-slip relatio
between steel bars and HSC of di

with the slight slip value

value once #he maximum

almost the same
ows the effect of
d clearly shows that
on bond strength, which
results in [21,23,24,42].
Moreover, the effect is e noticeable during the first 7
days after casting. The bond strengths were 5.89, 14.81,
19.82, 21.95, 22.56, and 25.54 MPa when the concrete age
was 1, 3, 5, 7, 14, and 28 days, respectively, as shown in
Table 4 and Fig. 6. The bond strength increased by 151%,
237%, 273%, 283%, and 334% when concrete age
increased from 1 day to 3, 5, 7, 14, and 28 days,
respectively. As shown in Fig. 6, the relationship between
bond strength and concrete age was nonlinear and could
be written.

3.5. Bond behavior of normal/recycled concrete and
corroded steel bars
Adequate bonding between reinforcing bars and concrete
is essential for the satisfactory performance of reinforced
concrete structures. In the absence of sufficient bond
strength, effective beam action, as required by codes of
practice, cannot be achieved, and hence, the specified
design equations are no longer valid. Loss of strain
compatibility at the depth of a reinforcement results in a
redistribution of stresses
element, which may lead
and altered load capaciti
The availa

the reinforced concrete

ive service deflections

d strength at the interface

corrosion-
will reduce the

oncrete to the
panied by a corresponding
The consequences of each

ship varying with different locations
ocal relationship between bond stress and slip- The slip
different locations can be calculated according to the
introduced in a previous study Based on the bond
8s distributions and the slip distributions, the stress-
p relationship can be obtained. The typical stress-slip
relationship of the specimen 00-N-0 is shown in Fig. 21.
The local bond-slip curves of other specimens are
illustrated in Appendix A. It can be clearly observed that
the stress-slip relationships are different at each location
along the steel bars10 mm size

III. CONCLUSION:

The paper present the bond strength  with
provided effective length in concrete structure as well as to
achieve best possible outcome for desired provision of
development length in terms of strength. if we changed the
development length angle ,it will give good outcome for
civil structure. It concludes that effective development
length angle can be give good strength in concrete
structure.
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