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IS I 2770 (PartI ) • 1967

Indian Standard
METHODS OF TESTING BOND IN

REINFORCED CONCRETE

PART I PULL.OUT TEST

o. FOR E W 0 R D

0.1 This Indian Standard( Part I ) was adoptedby the Indian Standards
Institution on 20 November1967,after the draft finalized by the Cement
and ConcreteSectionalCommitteehad been approvedby the Civil Engi-
neeringDivision Council.

0.2 This part deals with themethodfor comparisonof the bond resistance
of different types of reinforcing bars with concreteby pull-out test. The
Beam Testsfor determiningthe bondpropertiesof reinforcing bars will be
coveredsubsequentlyin separateparts.

0.3 This methodof test isintendedto providea standardizedprocedurefor
comparisonof bond characteristicsbetweenconcreteand different types of
steel reinforcing bars. Suchdeterminationsmay bemadefor any purpose,
from routineacceptancetests toresearchtesting, in so far asapplicableto a
particularproject. The methodis offered as oneworkableprocedure,to be
employedeither in its entiretyor with modificationsto meet specific condi-
tions. The method may also be used with somesuitablemodifications,if
necessary) forcomparingdifferen t concretemixes fortheir bond characteris-
tics with steel reinforcing bars.

0.3.1 It should,however,not beassumedthat the averagebond stresses
calculatedfrom the resultsof such tests have any direct relation to the
permissiblebond stress given inTable VI of IS : 456-1964*.

0.4 Thebondstrength,or themeasureof the effectiveness of thegrip between
concreteand steel, has nostandardquantitative definition. In pull-out
tests onplain bars, the maximum load generally represents the bond
strengththatcanbe developedbetweenthe concreteandsteel. With plain
barsthe maximumload is not verydifferent from the load at the first visible
slip, but in the case of thedeformedbar, the maximumloadmaycorrespond
to a large slip which may not in fact be obtainedin practicebefore other
types of failure occur. It is preferable,therefore,when comparingplain
and deformedbars to determinenot only the maximum load but also the
load at arbitrary amountsof slip and also plot the complete load-slip

-Codeof practicefor plain .and reinforcedconcrete (SlUM ,tvision ).
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IS I 2770 (PartI ) • 1967

curvesfor the plain anddeformedbarsundercomparison. Onesuchbasis
of comparisonis the load at a relative movement( slip) betweensteel and
concreteof 0'025 mm at the free end of the bar in a pull-out test.

0.5 TheSectionalCommitteeresponsiblefor thepreparationof this standard
has taken into considerationthe views of producers,consumersand tech-
nologists,. and has related the standardto the manufacturingand trade
practicesfollowed in the country in this field. Due weightagc has also
been given to the need for international co-ordination among standards
prevailing in different countries of the world. These considerations
led the SectionalCommitteeto derive assistancefrom the pHblished docu-
mentsof the following organizations:

AmericanSocietyfor Testingand Materials
British StandardsInstitution
StandardsAssociationof Australia

0.6 This standardis one of a series of Indian Standadrson testing of
concrete.Otherstandardspublishedso far in the seriesaregiven on page10.

0.7 In reporting the resultsof a test or analysismadein accordancewith
this standard,if the final value observedor·calculated,is to be roundedoff,
it shall be done in accordancewith IS: 2·1960·.

1. SCOPE

1.1 This standard(Part I ) covers the method for the comparisonof the
bondresistanceof different typesof reinforcingbarswith concreteby means
of a pull-out test.

2. APPARATUS
2.1 Moulds for Bond Teat Specimens- The moulds shall be of size
suitable for castingconcretecubesof dimensionsspecified in 3.1 and shall
conform to the requirementsof compressiontest specimensspecified in
IS : 516.1959t.

The mouldsshall be watertight. Watertightnessmay be accomplished
by usinggroovedjoints, or a sealingcompoundmay be appliedat thejoints
after assembly. The moulds shall be designedto hold the bars rigidly in
place and shall allow for easy removal without disturbanceof embedded
bars.

2.2 Me••uring Apparatu.- Apparatusshall be providedfor measuring
the movementof the reinforcing bar with respect to the concreteat both
the loadedand unloaded( free) endsof the bar. Dial micrometersshall

tRulesfor roundingoff numericalvalues ("vised).
tMethodsof test for strengtbof concrete.
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be used at both locations. At the free end of the bar a dial micrometer
graduatedto readin 0·0025 mm andhavinga rangeof not lessthan2·5 rom
shall be used. At the loadedend,dial micrometersgraduatedin 0·025mm
will be satisfactory,but a rangeofat least 12·5 rom shouldbe provided,and
a rangeof25 rom is desirable(seeNote).

NOTE - Onetype of apparatusthat has been found satisfactory is shown in Fig. 1.
The dial micrometersare mountedon suitableyokes which are attachedto the concrete
specimenwith set screws. At theunloadedendof the bar the gauge ran be adjusted
by meansof the threadedbolt with which it is attachedto the yoke. At theloadedend
of the bar, adjustmentis accomplishedby changingthe heightof the rap screws on the
endsof the cross-baron which the stems of thedial micrometersbear. The split ring
cross-baris attachedto the reinforcing bar throughfour screws in thearmsof the cross-
bar which bring the gasket rubber lining into firm contactwith the reinforcing bar.
The threeset screws asmown are used to ensure additional cross-barcontact. The
cross-barrests in a slotmachinedin the intermediatebearingplate.

2.3 TestingMachine- The testingmachinemay be of any reliable type,
ofsufficientcapacityfor the testsandcapableofapplyingthe load at therate
specifiedin 4.2. Thebearingsurfaceof theconcretecubeshall be supported
on a squaremachinedsteelplateof sizenot lessthan the size of the testcube
( see3.1 ) and20 mm thick, with a holedrilled throughits centreofsufficient
diameter to accommodatethe reinforcing bar. If a cross-barmeasuring
apparatussimilar to thatshownin Fig. 1 isused,this plateshould be support-
ed on asteel block at least 125 mm in diameterand 75 rom thick. This
block shouldhavea centralhole to accommodatethe reinforcingbar, andin
addition, on its top side should have a diametral slot and central hole of
dimensionssufficient to accommodatethe cross-bar. This slotted block
shall rest in turn on a sphericallyseatedbearingblock at least 125 mm in
diameterandhavinga centralhole at least40 mm in diameter(seeFig. 1 ).

2.4 TampingRod- The tampingrod shall be a round, straightsteelrod
15 mm in diameterandapproximately0·6 m in length, having the tamping
end roundedto a hemisphericaltip, 15 mm in diameter.

3. TEST SPECIMENS

3.1 Size or the Teat Specimen- The test specimensshall consist of
concretecubesof size given below, with a single reinforcing bar embedded
vertically alonga centralaxis in eachspecimen. Thebarshall projectdown
for a distanceof about10 rom from the bottomface of the cubeas cast,and
shall project upward from the top face whateverdistanceis necessaryto
providesufficient lengthof bar to extendthroughthe bearingblocksand the
support of the testing machineand to provide an adequatelength to be
grippedfor applicationof load:

Diameterof the Bars
mm

Up to and including 12
Over 12 up to and including 25 mm
Over 25 mm
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Flo. 1 TYPIOAL MBAIURINO AND TamNO ApPARATUS POR BoND TEST

3.1.1 The cubeshall be reinforcedwith a helix of 6 mmdiameterplain
mild steel reinforcing bar conforming to Grade I of IS: 432 (Part 1)-
1966· or IS: 226-1962t at 25 mm pitch, such that the outerdiameterof

·Specificationfor mild steeland medium tensile .teetban and hard-drawnsteel wire
for concretereinforcement:Part I Mild steel andmediumtensile steelban( JICOfttl "pision).

tspecificationfor struetura!steel (Itandardqua1ity) (third"m;.,,).
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the helix is equal to the size of the cube,eachendof thehelix beingwelded
to the next turn.

3.1.2 The averagecompressivestrengthof three cubesrepresentingthe
concreteusedfor test specimenin 3.t, madeand testedin accordancewith
relevantrequirementsof IS: 516-1959·shall be 200 to 300kg/cml at the
time of making the pull-out tests. If the rangeof the compressionstrength
of threecubestestedexceeds50 kg/em', the test seriesshall be discarded.
All test specimensandthe control cubesrequiredto establishthe strengthof
concreteshall be curedundersimilar conditions.

3.1.3 For the purposeof comparingbondresistanceof deformedbarsand
plain bars,theconcreteused inboth testsshouldbeof thesamemix, strength,
ageand curing. The bars to be testedshall also beof samecross-sectional
areaand havesimilar surfaceconditions( seeNote under5.2.1 ).

3.2 Preparationof Te.tSpecimea

3.2.1 Bars- Loosescaleandrustshall be thoroughlyremoved from the
barsby wire brushingand barsinspectedto ensurethat they are free from
grease,paint, or other coatingswhich would affect their bond. Suitable
solutionsmay also beapplied, if necessary,to clean the greaseor oil. The
endof the reinforcingbarson which thestemof the dial gaugeis to bearin
the test,shall be groundto a reasonablysmoothsurfacenormal to theaxesof
the bars.

3.2.2 Mixing Concrete- Except in those tests for which the methodof
mixing concreteis a controlled variable, the concreteshall be mixed in
accordancewith the relevant requirementsof the method of making and
curing concretecompressiontest specimensin the laboratory specified in
IS : 516·1959*. Theconsistencyofeachbatchofconcreteshallbe measured
immediately after mixing. When the air content of the freshly mixed
concreteis also required to be known, the determinationshall be' madein
accordancewith the relevantrequirementsof IS : 1199-1959t.

3.2.3 Moulding andCuring Specimens- Except in thosetestsfor which the
methodofplacingconcretein mouldsis a controlledvariable, the specimens
shall be moulded and cured in accordancewith the requirementsof the
methodof makingandcuringconcretecompressiontest specimenin labora-
tory (compactionby hand)specifiedin IS : 516·1959·( se«Note). After
the top layer has beenrodded,the surfaceshall be struckoff with a trowel
andcoveredwith dampburlap to preventevaporation.

Non-If concrete ofvery dry consistencyi. used, the recommendedprocedureof
compactingby rodding may prove unaatialactory.In NCh cuea, it iI reccmmended

• Methodlor telt tor Itrenrthof concrete.
tMetbodaollampUn,andanaJ)'IiI 01concrete.
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that placementby vibration be used. Internal vibration by meansof a laboratorytype t

low-amplitude. high-frequencyvibrator i. preferable. The concrete shall bellaced
in the mouldsin two layer. of equal thicknessand each layer shall be vibrate until
the concreteis compacted. Careshall be takennot to vibrate the concreteexcessively,
unlessthis factor i. being investigatedin the tests,

3.3NumberofSpecimen.- At leastthreespecimensof the deformedbar
submitted for test and three comparativespecimensof plain bars of the
sameeffectivecross-sectionalareaas the deformedbarsunder test, shall be
preparedand tested.

3.4 PreparingSpecimen8ror Te.ting- Top surfaceof the cube,which
is the bearingsurfacein the pull-out test, shall be cappedwith a thin layer
of neatcementpasteat least24 h prior to testing,or a thin layer of high-
strengthgypsumplastershall be applied at least 2 h prior to testing (see
Note ).

NOTE - The recommendedprocedurefor cappingspecimensis as follows:

Align the reinforcing bar in the bondspecimens verticallyby use of acarpenter's
level. In this case, placing the specimenson the base of mould vertically cast
specimenswill facilitate we of shimsgenerallyrequiredto align bars. Oil the 20 mm
drilled steel plate usedin the pull-out operationand use as thecapping plate. After
a sufficient quantity of capping material has been placed on the specimen,slip the
20 rom drilled plateover the reinforcing bar andpress firmly onthe capping material
until it extrudesat all edgesof the plate, Level the drilled plate with a carpenter's
level. Removal of the material that extrudesthrough the drilled hole in the plate
before it hardenswill aid in removingthe platewithout damageto the cap. Unless
machined moulds are used for specimens containing horizontally cast ban, it is
recommendedthat they also be capped.

4. TEST PROCEDURE

4.1 The test specimenshall be mountedin a suitable testing machinein
sucha mannerthat the bar is pulledaxially from the cube. Theendof the
bar at which the pull is applied shall be that which projectsfrom the top
face of the cubeas cast.

4.1.1 In assemblingthe testing apparatuson the specimenthe distance
betweenthe face of the concreteand the point on the loaded end of the
reinforcing bar at which the device for measuringslip is .attached,shall
be carefully measuredso that the elongationof the bar over this distance
may be calculatedand deductedfrom the measuredslip.

4.2 The load shall be applied to the reinforcing bar at a rate not greater
than 2 250kg/min, or at no-load speedof the testingmachineheadof not
greater than 1·25 mm/min, dependingon the type of testing machine
used and the meansprovided for ascertainingor controlling speeds.

4.3 The movementbetweenthe reinforcing bar and the concretecube, as
indicatedby the dial micrometersshall be read at a sufficient numberof
intervals throughout the test to provide at least 15 readingsby the time

8
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a slip of 0·25mm hasoccurredat the loadedendof thebar. Thedial micro-
metersshall be readat the loadedandunloadedendsandreadingrecorded
to an estimated0·1 of the leastdivision of the dial.

4.3.1 Theloadingshall be continuedandreadingsof movementsrecorded
at appropriateintervalsuntil:

a) the yield point of the reinforcing bars has beenreached,
b) the enclosing concrete has failed (the type of failure shall be

noted), or
c) a minimum slippageof 2-5 mm has occurredat the loadedend.

4.3.1.1 The maximumload for eachtype of failure shall be recorded.

4.4 For thepurposeof comparisonthe bondresistanceof deformedbarsand
plain bars, the comparisonof bond strengthsshall be made on the basis
of the averagebondstressescalculatedfrom the loadsat a measuredslip of
0'025 mm at free end. It is recommendedthat when comparingplain
and deformed bars, the complete load-slip curves of both shouldalso be
plotted. The following detailsshall be recorded:

a) The load at a slip of 0·025 mm at the free end, and
b) The load at a slip of 0'25 mm at the free end.

s. CALCULATION OF BOND STRESS

5.1 The slip at the loadedendof the barshall be calculatedas the average
of the readingsof the two dial gauges,correctedfor the elongationof the
reinforcingbar in the distancebetweenthe bearingsurfaceof the concrete
block and point on the reinforcing bar at which the measuringdevicewas
attached.

NOTE - Theoretically, a similar correction is required for the compressionof the
concretebetweenthe bearingsurfaceand the point at which the yoke holding the
dials is attached,if the apparatusillustrated in Fig. I is wed. This movement,how-
ever, is usuallyvery small andmay be neglected.

5.2 For the purposeof this test, the averagebond stressshall be the value
obtained for each specimen,by dividing the applied load at the slip
specified,by the surfaceareaof the embeddedlength of the bar; and then
taking the averagevaluefor the groupof eachtype of bar in the test series.

5.2.1 For deformedbars,thesurfaceshall be calculatedfrom the nominal
size of the deformedbar as specified inthe relevantstandardspecification.

Non- ~ per IS : 1139-1966·,the nominal aiu of a deformedbar it equivalentto
the diameter or aide of • plain bar having the sameweight per metre run as the
deformedbar,

·Specificationfor hot rolled mild steeland medium tensile steeldeformed ban for
concretereinforcement( ,1Visfd).
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6. RECORD OF RESULTS

6.1 The following details shall be recorded:

a) Thecrushingstrengthof theconcretecubeatanagecorresponding
to the age ofthespecimenat the time of makingthe pull-out tests,

b) The age of specimen,
c) The load at a slip of 0-025mm at the free end,
d) The load at a slip of 0-25 nun at the free end,
e) Theslipsat freeandloadedendsat regularintervalsof loading,and
f) The maximum load at failure and the type of failure.

10
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