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Abstract
The transfer of forces from the surrounding coretet the reinforcing bars in reinforced concreteCfRran be influenced by several
parameters. In this paper an attempt has been nmadéudy the influence of specimen geometry, bemndter, strength of concrete,
lateral confinement and embedment length on thel lppaperties of concrete. The embedment lengtheobair was varied between
50mm and 400mm by varying the diameter of thedieength of concrete and lateral confinement. Tifferént bar diameters of 16,
20 and 25mm were selected along with three diftecemcrete strengths of 25, 40 and 65MPa. The spats with the above
parameters were modeled by using a nonlinear fiel@ment analysis package. It has been found trathe same geometry, the
specimens with small bond length exhibited highdbsinength. With the range of bar diameters considehe bond strength of
concrete decreases as the diameter of the bar &se® The splitting failure has been observed itoofined concrete, while the
pullout failure was predominant when the concretiefally confined. In case of large embedment lentite post peak plateau is
prolonged with small diameter bars when comparedh®s large diameter bars. The descending branchkhefbond stress-slip

response with large diameter bars has been fourmtsteep.

Keywords: Bond Stress, FE Analysis, Embedment Length, Conéing Bar Diameter, Pull-out Specimens.
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1. INTRODUCTION

The interaction of the surrounding concrete withe th
reinforcing steel strongly influences the behawabreinforced
concrete members. The bond stress-slip responisiilisnced
by several factors such as reinforcing bar, coecsttength
and state of stress in the reinforcing bar andstiveounding
concrete, type of bar, relative rib area, bar di@méength of
embedment, lateral confinement, type of loadingacicover,
clear spacing between bars, number of layers f, lzamsting
direction and bar position. Rehm [dfudied on the relative rib
area for comparison of bond characteristics ofedéfifit bars.
High ribs increase bond strength because high aatien
stress increases the probability of longitudinak&ing. Tefers
and Olsson[2] observed that increasing the rib height
improves the bond strengt. The bond slip at theimam load
decreases as the relative rib area increases Hhtspacing is
too short then the bar acts as a plain bar. Magimel\Watsein
[3] investigated the bond in beam and pull-out specinveth
high strength deformed bars. It has been repohtaicthe bond
strength decreases as the embedment depth incriasas
given bar diameter. Further, the bond strengthedesars with
increase in the bar diameter. Hansen and Liepihsefgorted
an increase in the bond strength under dynamicirigath
relation with the static loading, which is due be tincrease in
the strength of steel under the dynamic loadingthen, the
progressive bond failure and large slip were exgabétom the
large repeated loading. Gaffg] investigated the crack pattern
using injecting ink around the deformed bars. Fritva dye
pattern test, the lateral and longitudinal crackimgconcrete

around the reinforcing bar have been studied. Sivian and

Choi [6] reported that the bond strength decreases as the ba

diameter increases. Also a slight increase in teeppak local
bond tangent stiffness was observed. The post-fesid
strength and the characteristic bond-slip values aot
influenced by the bar diameter.

Harajli et al. [7] reported on the effect of cordimnent on bond
strength between steel bars and concrete. The atencr
confined with ordinary steel reinforcement has bfmmd to
improve the bond strength but the ductility wasngigantly
improved in the post-peak region. The bond strengtteases
in proportion with the modulus of elasticity of tleenfining
steel, which is independent of the yield strendgthtz and
Gergely [8] studied the bond behavior, the assediatip and
cracking for the reinforcing bars with different riace
characteristics. Jiang et al. [9] developed new rtesthod by
cutting the reinforcing bars into two halves anacphg in two
opposite sides of the cross section to study tlallslip,
secondary cracking and strain distribution in trenarete
surrounding the interface. Comparison of test teswith the
conventional approaches revealed that many of sheds of
the bond transfer mechanism are identical. A simpie-
dimensional analysis has been carried out to prettie
stresses in the steel and the surrounding condoet@, bond-
slip response, tension stiffening and total eloiogabf the
reinforcing bar.

Volume: 02 Issue: 09 | Sep-2013, Available @ http://www.ijret.org 377




IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

Soroushian et al. [10$tudied the influence of strength
concrete with different lateral confinemeni$ie confinement
of concrete by thetransverse reinforcement ses to be
influenced by the local bond behaviof deformed bar
directly. Somyaji et al. [11] andiang et al.[9] performed
several experimental and theoretical investigatioms the
bond response withormal strength concretDe Larrard et al.
[12] investigated the influencef bar diameter orthe bond
strength in high performance concrefehe bond strength
increases with increasing thensile strength of concret
which varies at a higher rate usirggnaller bar diamete
Darwin et al. [13]studied the development length critewith
the conventional and withigh relative rib area. On the ba
of a statistically developegxpression, the development len
and the splice strength of theinforcement for concrete wi
compressive strength varyirgetween 17 and 110MPa, w
and without lateral confinementreinforcement, wa
investigated. The effects of theover, bar spacing,
development/spliced reinforcement were incorporatedhe
design equation. Eligehausen et al. [14] reported
comprehensive studies on the influerafethe bar diameter
embedded in normal strength concretehds been observed
that the maximum bond capacity decreased slightith
increasing thébar diameter. The frictional borstrength was
not influenced by théar diameter, lug spacing or the relal
rib area. CEB Task Group [1P}fesented a general descript
of the local bond law for the tensile forces.

2. STANDARD BOND TESTS

All the test methodsan be classified in ttwo categories
according to their form, namelyansfer type, and anchora

or development type. Pull-out and beand forms of test lie

in the anchorage type and clearly expes the idea of
anchoring a bar. One end of the bar is in tensi@hthe othe

end is unstressed and tleguilibrate reaction is supplie

through surrounding concrete. In thmansfer tes, both the
ends of the bar are stressed in tension and fernetiappliec

directly to the concrete.

2.1. Pull-Out Specimens

The Indian Standard IS 2770 [18]pecifiec pull-out test on a
single reinforcing bar embedded im cube of sizi
150x150x150 mm (for bar size ranging betweel-25mm)

with adequate projected length of kzex shown in Fig.. The

embedment length is provided over the entire leraftithe

cube of size 150mm. The laterabnfinement is provide

around the embedded bar by stggirals of 6mm diameter

25mm pitch,where the applied load and the correspon
slip are monitoredwith the loading machine and LVD’
respectively. The average bond stressalsulatecby dividing

the applied load by the embedde@a of the be

Slip ung% —
[ — ] e—
|

Figl. Pull-out Specimen as per IS 27[16].

RILEM Standard [17]employs a bond length of 5 times 1
bar diameter in a concrete cumeasuring 10 bar diameters. A
plastic sleeve covers the bar owthe half of the concrete
length to minimize the platen restraint effectrat toaded enc
The tension force ‘F’ applieccan be transformed by the

following formula in to bond stre, T,, and converted
linearly to the medium concrete strer, f.,

— Fo(fn
o Brd? | f,
Where

F= applied tensile force

f.m = 30 or 25.5 N/mrhfor cube and cylinder test specimens
respectively

fn= average from the tested specin

ds= bar diameter
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Fig2. RILEM Pull-out Specimen.

The RILEM Beam Specimen R( [18] as shown in Fig. 3
consists of two parallelepiped RC prisms (mm x 240mm x
150mm) isinterconnected at the bottom by the reinforcing
and at the top kept intact by mean<a hinge. The specimen is
loaded in flexure under fo-point loading. The slip is
measured between the two prisms and also at theoketite
bar. Beam specimens areuch more costly than the pull-out
specimens. Casting of the specimen involves casitas alsc
difficult to fabricate due to complicated reinforcing bar det
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Fig3. RILEM Beam Details.

3. PROVISIONS ON DEVELOPMENT LENGTH

For design of reinforced concrete structures fardyseveral
codes of practice recommended expressions for astigithe
development length as a function of mean bond stréke
design equations estimate the development lengtbssary to
achieve the yield strength of the steel reinforcemender
loading. The minimum embedded length required teelbpm
the yield strength of the steel reinforcement I3acalled the
development length. The bond stress is an impofsamor for
the development of stresses in the bars. The dewaot
length provisions by various codes of practice ashS, ACI,
BS, and Euro code are discussed in the followinges.

3.1. Indian Standard

IS 456 [19], the code of practice for the desigrplzin and
reinforced concreteonsiders the basic development length as
a function of yield strength of reinforcement, diter of bar
and the design bond strength, which is a functiérthe
compressive strength of concrete is given below

Ly = @O s
4T bd
Where o5 =0.87f,
0] = bar diameter
Thd = design bond strength

3.2. American Standard

The American code, ACI 318 [20] specified the depetent
length expression based on a non-linear regressialysis of
the data base on bond strength. The ACI buildingec@0]
stipulates an upper limit of concrete compressivength of
69 MPa. The reason for this upper limit is due dokl of
authentic test data on HSC. Subsequent revisiome made
to incorporate the other parameters in the devedmpriength
expression at a critical section by the followiegnula,

fyt//eA

2]

Where v, = reinforcement location factor
e = coating factor
ys = reinforcement size factor
A= light weight aggregate factor
Cp,= Spacing or cover dimension, mm
K= transverse reinforcement index,

2 A
LA
10*s* n

3.3. ACI Committee 408

The ACI committee 408 [21]Jrecommends the ratio of
development length of high relative rib area reiaifiog bars in
tension |y to- the bar diameted, as

d

1, _(1,/ 1 -19000)ap

d, 72[cw+ K, ]

d,

Wheref, = yield strength of reinforcement
fc'“: fourth root of compressive strength of concrete
a = reinforcement location factor
B = coating factor
A = light weight aggregate factor

, factor reflecting large cover or spacing

w = 0.1%+ 09 125

K, =C, (072, + 0.28%1, transverse reinforcement index

Cr = 44+330(R0.10), relative rib area factor

3.4. European Standard (EN 2)

The Euro Code, EN-2 [22FEpecified a simple expression for
estimating the basic anchorage lendhof reinforcing bars in
concrete

I - wa-sd
© 4t
Where o6y = design stress of bar
D = bar diameter
fod = design bond strength

3.5. British Standard

The British code [23provides the expression for estimating
the development length, which is very similar tattbf IS 456
and EN-2. The development lendthis given by

=fyd¢
¢ 41,

Where fy = design stress of bar
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0] = bar diameter
fou = design bond strengttf, =S /fcu
feu = concrete cube strength

The development length requirements specified byvtrious

codes indicate the bond strength of concrete aariabte in

terms of several parameters. However, the prowsionthe

codes are based on the test results from normahgitr

concrete (NSC). In case of the bundled bars, inesoades,
the development length of the individual bars iréased due
to the reduction of the anchorage bond strengtsezhby the
reduced interface between the steel reinforcement the

surrounding concrete. The concept of the equivaléareter
of the bundled bars is also considered in some attes.

4. MODELLING OF BOND IN CONCRETE

Two different elements have been proposed in tindefi
element analysis of the reinforced concrete strestio date
by various researchers for taking the bond-slipoase in to
account. They are; bond link element and bond eterment.

4.1. Bond Link Element

Bond link element as shown in Fig. 4 consists ob tw
orthogonal springs which will connect and trandfex shear
and the normal forces between the reinforcing tmatenand
the adjacent concrete node. Since the link elendeetsn't

have any physical dimensions, the two connectedesiod

originally occupy the same location in the finitereent mesh
of the undeformed structure.

4.2. Bond Zone Element

The bond zone element is shown Fig. 5, is sigmtiga
different from the bond link element. The most impat

difference is the finite dimension. In the bond ea@iement,
the contact surface between the reinforcing bar trel

concrete in the immediate vicinity of the reinforgibar are
modeled by a material law, which represents theciape
properties of the bond zone. In this model the bstnéss is
the sum of the resistance against slip and the améchl

interlocking.

-

Fn

Fig4. Bond Link Element

LA RN

Fig5. Bond Zone Element.

5.FINITE ELEMENT ANALYSIS

The bond stress-slip response needs to be incdepbofar the
realistic analysis of the RC structures, and atsartderstand
the micromechanical behavior at the interface. &tiierts on
the three dimensional behavior of the reinforcedhcecete
systems using solid finite elements is limited.this study a
3D finite element model with various bond mechanisave
been described through the bond stress-slip respofise
finite element modeling of the pull-out specimeras tbeen
carried out by using FEMAP and MASA, where the
preprocessing (modeling) and post processing (®sbbve
been performed using FEMAP, while the analysis iASYA
[24].

The program MASA enables the non-linear 3D- firdtement
analysis of the reinforced concrete structures. Teerial
model is based on the general micro-plane modetdacrete.
The reinforcement bar is modeled using uniaxiastelgplastic
stress-strain relationship with or without straiardening or
by 3D solid element. The concrete is discretizedhey eight
node (hexa) or four node (tetra) solid finite elaise
Discretization of the reinforcement bars is perfediby two-
noded bar elements, truss elements or alternativglipeam
elements. As a global solution strategy, the =g matrix
can be formed in three ways (1) constant stiffnesthod
(CSM), (2) tangent stiffness method (TSM) and (8¢ast
stiffness method (SSM). The analysis is incremetatadl
therefore the total applied load has to be diviekao a number
of load or displacement increments. To prepardrhet data
as well as to analyze the results of the finitenglet analysis,
commercial pre- and post-processing package FEMARéd.
This program generates nodes, nodal connectiviiyntary
conditions, material data and loads which are requior the
finite element code MASA. The link between FEMAPdan
MASA is realized through an input interface programich
from FEMAP output data generates input data offiBecode.
The interface program can be run directly from MABW®iIn
control panel. Moreover, to generate the post-msiog
output results from the numerical results of the dee, an
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output interface program has be used. The postepsing
output results are read and graphically interpreteBEMAP.

5.1. Micro-Plane Model for Concrete

The three dimensional macroscopic modeling of ostecis
characterized by a relationship between stress strain
components on various planes. These planes ardariathp

represent the damage planes or weak planes in the

microstructure, such as contact layers betweeragigeegates
in concrete. The uni-axial stress-strain relatians used to
calculate the micro-plane stresses and strainsaoch ef these
damage or weak planes. Finally, the integrationr alethe
micro-planes results in the macroscopic stressess#ains
over the entire three dimensional space as showigirb.

microplane

aggregate _(‘I

microplane X

Fig6. Micro-plane Model
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Fig7. Bond Element.

5.2. Discrete Bond M odel for 3D FEA

The link between the reinforcement and the conomeg be
modeled either by continuous or discrete connectibme

application of the bond models by any one of ttegg@oaches
is difficult in finite element modeling; due to sl

parameters affect the bond behavior. The discretel Imodel
as shown in Fig. 7 defines the bond strength aadstiffness
as a function of the relative slip between thefoeiting steel
and the concrete. The zero thickness spring elenninect
the steel reinforcement bar i.e. truss or bardietement, with
the surrounding concrete elements i.e. solid fidtement.
The degree of freedom is considered only in theatiion of

reinforcing bar i.e. in the direction of slip, wekes, the
connection with the concrete perpendicular to tte Is
considered to be perfect. The tangential and ratiakses are
generated when the ribbed bar is pulled out frooorcrete
block. It is assumed that the radial stresses anergted by
the concrete finite elements. In finite element &ddASA,
discrete bond is defined based on the bond stligsssponse
assumed.

5.3. Modeling of Pull-Out Specimen

The generic pull-out specimens (150mm x 150mm x rh5d)
were modeled in FEMAP and discritized with soligrabnts
of concrete and bar elements with discrete bonohehés for
reinforcement. The transverse reinforcement is rieadas 3D
solid elements as shown in Fig. 8 with perfect bond

Fig8. Modeling of Concrete, Concrete around Bar and
Transverse Reinforcement.

As the reinforcing bar and concrete interface isdebed as
discrete element of zero thickness and concretbérvicinity
of the bar is subjected to higher stresses duagihg than
the surrounding concrete, the surrounding concaetg the
concrete surrounding the bar are separately modatet!
embedded finally. The concrete in the vicinity bktbar is
modeled as cylindrical concrete. The effect of {hlastic
sleeve is modeled by assigning a lesser compressigegth
in the cylindrical concrete. Appropriate boundapnditions
are also defined. The controlled displacement wadied to
get the post-peak response of the load-deflectiovec

5.4. Material Properties

The constitutive law of concrete was defined by tinéaxial
compression and uniaxial tension stress-strainoresgs. The
five basic parameters of concrete can define tlmsees:
Young’s modulus, Poisson’s ratio, tensile strengtylinder
Compressive strength and fracture energy of coacrébe
direct tensile strength of concrete was used ia #malysis.
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The fracture energy of concrete for a given stierigts been
obtained from Table 2.1.4 of the CEB-FIP Model C¢2g),
which is given as the following equation,

GF = GFO( fcm/ fcm()(l7

Where,

f.m = Mean compressive strength

femo= 10 MPa

Gro = 0.030 Nmm/mrf base fracture energy for aggregate
size of 16mm

T
K2
Ti=Ta2t K1

Plateau

L)
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2 g3 53 5
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Fig9. Bond Properties of Concrete.

The bond properties were defined by the bond sbigss
response as shown in Fig. 9. The bond parameters we
obtained from the experiments. The bond parametees
ultimate strength, ultimate frictional bond strémgsecant of
bond response joining the origin and the peak st at the
ultimate bond strength s slip where the ultimate bond
strength begins to decreaseg)(slip corresponding to the end
of mechanical bond resistanceg)(snitial tangent to bond-slip
response (R and the tangent at the peak)(K hese properties
are given in Tables 1-3.

Table-1: Basic Material Properties of Concrete.

- ; @
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25 1.80| 25000 0.2 0.06(
40 2.20| 31650 0.2 0.077
65 3.80| 40310 0.2 0.11¢

6. RESULTSAND DISCUSSION

The bond strength of concrete using pull-out speosnwas
studied experimentally also. The finite elementlgsia of the
pull-out specimens has been compared with the ewpatal
observations. The results are matching well withe th
experimental values. The bond stress-slip respoolstsned
from the numerical investigations and the experitalestudies
are shown in Fig. 10. The pull out type of failuras observed
in all the specimens with confinement reinforcemantd
splitting type of failure was encountered in thecamfined
specimens. The bond stress at the initiation ofsghlting of
concrete was about 6.0 to 12.6 MPa in concret@$o040 and
50 MPa compressive strengths. After the peak load w
reached, a sudden drop in the load has been olbsefhe
descending branch shows that the bond stress duetional
resistance is in the range of 0.6 to 1.3 MPa feruhconfined
concrete specimens. In the concrete confined with t
transverse reinforcement the concrete splittingclgawere
controlled by the confining steel reinforcement énel failure
was due to pulling out of bars. The maximum bornesst
ranges between 10.5 to 21.0 MPa depending on ridwegsh of
surrounding concrete. For the concrete with lateral
confinement the maximum bond stress was reached wiee
slip (s) was between 0.5mm and 1.8mm. A horizontal plateau
has been formed at the maximum bond stress,at a slip
between 0.8mm-2.0 mm. Thereafter, the bond resistaets
reduced ta; (frictional bond resistance) at a slip)(between
8mm to 12mm. Then the bond resistance remains aonst
thereafter.

Table-2: Basic Material Properties of Steel.
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Table-3: Bond Parameters of Concrete.

o |8
s|2g|E E ElE ¢ ¢
Z o 8 < € > = kS = L
G| 6®|ITEl S| 2| 2] F| @
© |3 S| ¥ | ¥
1 16 13.0| 31.2| 1.1 6.4 52
2 M25 | 20 12.3| 29.6| 1.0 6.1 5.0
3 25 11.6| 27.9] 0.9 57T 46
4 16 15.2| 365 14 7.5 6.1
5 M40 | 20 14.4| 345 1.2 71 58
6 25 13.6| 32.7| 1.1 6.7 5.b
7 16 179| 429 15 8.8 7.2
8 M65 | 20 16.9| 40.6| 1.3 8.3 6.8
9 25 16.0| 38.4| 1.2 79 6.4

6.1. Influence of Strength of Concrete

Three different concretes with compressive strengft25, 40
and 65 MPa were considered. Using the 16 mm diarheis

in concrete of 25, 40 and 65 MPa strengths witHatéral
confinement for 150mm embedment length, the stnef
the ascending branch increases as the strengtte afoincrete
increases. The maximum bond stress, reaches when the
slip (s) ranges from 0.5 mm to 2.0 mm. It has also been
observed that as the concrete strength increakespand
strength increases. The maximum bond stress oatarsmall
slip, which agrees well with the previous repofise slope of
the descending branch increases with the decreasingete
strength, which shows that the low strength coecretmore
ductile than the high strength concrete. The fritai
resistancet() showed to increase with the increasing strength
of concrete.

6.2. Influence of Bar Diameter

The influence of the reinforcing bar diameter haserb
observed on the maximum bond strength. The maximum
bond strength decreases slightly with the increaste bar
diameter. For 16mm bars the ascending branch o btress-
slip curve is steeper and the maximum bond stre@gth) is
reached at a relatively lower slip value. The maximbond
stress {may) Using 20 and 25mm diameter bars was attained at
a slip value greater than that of 16mm bar, whitdanty
shows that the slip at the peak load increasessitpe of the
ascending branch of the bond stress-slip is retimild with
20mm and 25mm diameter bars. The variation of the
reinforcing bar diameter does not have signifigafitence on

the extent of the plateau,(s ). The post peak response was
found to be very similar for the entire range of Hemeters.
The frictional bond resistanceas)( with 16, 20 and 25mm
diameter bars is not different within the rangetbé bar
diameters adopted.

Bond Stress-Slip variation for M40 grade and 16mm bar

‘ —— Experimental —— Modelled
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|
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ol
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Bond stress (MPa)

Slip (mm)

Figl0. Comparison of numerical results with experimental
observations.

6.3. Influence of Embedment L ength

The embedment lengths adopted in this study weranb0
75mm and 150mm. The embedment lengths used weren50m
and 75mm plastic sleeves in the remaining portang for
150mm embedment length the bar was fully embedded i
concrete of size 150mm. The maximum bond strgss) was
relatively higher with smaller embedment length,ichhwas
achieved at a lower slip. There has not been aifisignt
variation in the slope of the ascending branch el as the
maximum bond stress plateau. But the post peakonssp
shows that for the concrete with 50mm embedmerthernhe
descending branch has been observed to be mordeduct
compared to the concrete with 75 and 150mm embetdmen
lengths. For 50mm embedment length, the horizguitkau

of the slip (s — ) is lesser than that of the one corresponding
to 75 and 150mm embedment lengths. Normally tratidrial
resistancetf) with 50mm embedment length should have been
lesser than that of 150mm embedment length. Buydeaghe
analytical results the behavior is entirely differelt might
have been due to crushing of the cylindrical cotecfplastic
sleeve) which was providing additional resistanoe the
pulling out of reinforcement.

6.4. Influence of Confinement due to Reinfor cement

The influence of confinement on the bond stregststihavior
was studied to distinguish the type of failure. T¥mitting
failure can be delayed or avoided altogether byigiog the
confining reinforcement. By providing the transwers
reinforcement, the maximum bond stress was foundbeo
increased. Usually, it is assumed that once pulifailure is
reached either by providing a large concrete cowera
sufficiently strong restraining (confining) reinf@ment,tax
cannot be increased further. But it has been obdgdirom the
test results that the concrete confined with therakp
reinforcement performed better than the unconficattrete.
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6.5. Influence of Specimen Geometry

Three different types of geometry designed withl ful
embedment, embedment at the middle and embedmdim¢ at
top were compared. The embedment lengths adoptesl Sde
and 15d with other parameters constant. For theiseas
with small embedment length the bond strength hesnb
observed to decrease with increase of the bar déume the
specimens with large embedment length, the maxirhand
strength has been observed to be the same witéntire bar
diameters. The descending branch of the bond sitigssurve
falls smoothly with smaller diameter bars as coragao the
large diameter bars. The frictional resistance Ibthe bars
was the same and is observed to be about 10% gbdhk
stress. It has been found that the initial bonffinetss appears
to be constant with different bar diameters anchwiarying
embedment length. The bond stress-slip curves I@ithm bar
diameter were found to be gradual with very longtgmeak
plateau. As the bar diameter increases, the lenfgthe post-
peak plateau decreases. The peak bond stressdseasame
with different bar diameters. Similar observatidresre been
noticed in the specimens with 15d embedment length.
However, the slip differences between the end hadstarting
point of the horizontal plateau are 8.2, 4.5 an@8mimn
respectively with 16, 20 and 25mm diameter barse Band
strength at the peak is about 8.0MPa with 5d emleatm
length, whereas it is 7.3MPa with 15d embedmenis $hows
that as the embedment length increases the boedgstr
decreases.

CONCLUSIONS

From the analytical study, the following conclusocan be

drawn.

1. The bond stress-slip response of the bars embenided
confined concrete has a characteristic shape. After
reachingtma, the bond resistance decreases up to the
ultimate frictional bond resistance; at a slip, § and
remains constant thereafter.

2. The bond resistance drops rapidly after the ocoogef
splitting at the peak load. This phenomenon has bee
observed in unconfined specimens, which markedcaeas t
reference for the confined specimens.

3. The embedment length showed strong effect on timel bo
strength. As the embedment length increases thel bon
strength decreases.

4. The bond stress-slip response of different geomaitly
the same embedment length have been found to be the
same

5. The influence of the bar diameter on the local bsinelss-
slip relationship was rather negligible in the stdd
range of diameter (d= 16mm 20mm and 25mm). The
variation could be greater the bar diameter legs¢he
ultimate bond stress;ax.

6. The post-peak response has been found to be graddal
prolonged with small diameter bars. As the bar dim@mn
increases, the post peak response becomes steep.
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