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THE STRENGTH OF LAPPED JOINTS IN REINFORCED CONCRETE COLUMNS

by J. Cairns, B.Sc.

SUMMARY

This thesis presents the results of a total of 51 tests on

full scale columns in which the main reinforcement was lap jointed.

In order to investigate the contribution of the bearing of the ends
of the lapped bars to joint strength, several columns.were tested
with end bearing of bars eliminated, or with bond of bars elim-
inatedwithin the lap length. Failure of lapped joints was always
preceded by extensive splitting of the concrete cover along the
line of the lapped bars, and usually took place as the-linké at the
ends of the lap yielded, thus illustrating the bursting nature of.

the bond action of ribbed reinforcing bars.

At an early stage of the experimental investigation, it was
realised that using the results of stﬁndard cube tests would not

allow the ultimate strength of lapped Joints to be calculated with
sufficient accuracy. A method was evolved td calculate the stress-
strain curve for the concrete in the column, and to extrapolate this

relationship to obtain the ultimate strength of the concrete.

The results obtained from the experimental investigation

indicate that both the ultimate strength of a short lapped joint

confined by links and the net contribution of end bearing to
ultimate joint strength vary linearly with concrete compressive
strength. Ultimate bond strength was also found to vary linearly

with the resistance to splitting of a "push-in" test specimen, and



the quantity and positioning of links is shown to influence ultimate
joint strength. Ultimate bond strength was also found to be influenced
- by the projected ribdb area/ﬁnit length of a bar.

.A.theoreﬁical analyéia of joint strength, based on the Coulomb-
Mohr equation of failure, is also presented. The analysis shows
that joint strength may be regarded as having two components, one
linearly related to the compressive strength of the concrete, the
other linearly related to the available resistance to the bursting
forces produced by bond and end bearing. *Theoreticallf derived

hexpresaiona are shown to be in good agreement with experimental

results..

The'¥esults df the theoretical and experimental investigations
are used to formulate design rules for compression lapped joints.
A comparison with the requirements of‘aeveral current codés of .
practice is made, and ft is shown that the requirements of B«S.C.F.
11031972 may be inadequate in certain cases. It is recommended

that increased links be specified at lapped jointa.



ACKNOWLEDGEMENTS

The work described was conducted in the Department of Civil
Engineering at the University of Glasgow. The author is grateful

to Dr. P. D. Arthur, Professor H. B. Sutherland and to the late
Professor W. T.Marshﬁll for the facilities, advice and encour-
ggement which they provided, and to the laboratory staff for their
interest and assistance. . In particular, the help of lessrs.

J. Thomson, J. Coleman and A. Galt is gratefully acknowledged.

The author wishes to thank the Associated Portland Cement Co.

for the Scholarship which enabled him to undertake the work.



Where applicable, the standard symbols of B«S.C.P.110:1972

NOTATION
(9)

have been used.

area of one rib of a ribbed deformed bar projected
on a plane perpendicular to the bar axis

area of one leg of link
concrete cover to reinforcement

secant modulus of elasticity of concrete measured at

a strain of 500 x 10-6‘

ultimate force available to counteraét bursting forces
produced by bond or end bearing of reinforcing bar
bursting force produced"inone direction by bond of
ribbed deformed bar

bursting force produced in one direction by end bearing
forces exer£ed o; one link by each of a pair of lapped
bars ) ' | F

ultimate compressive strength of concrete in-teat
specimen * -

concrete cylinder compressive strength

ultimate compressive strength of concrete at height

vhere strains measured, and through lapped Joint

respectively

ultimate tensile strength of concrete

upper and lower limits of ultimate stress developed
in compression reinforcemeﬁt calculated from
theoretical analysis

height of rib above surface of bar core at any point
length of bar over which bond stresses develop

lap length



no. of turns of w:!.fe apiirp.l, or no. of links within
lap

clear spacing between pairs of lapped bars
spacing of ties in computer model

velocity of ultrasonic pulse in concrete.

velocity of ultrasonic pulse at gauge height, and

through lapped joint

crack width

extension

inclination of failure wedge and failure cone to bar
axis

angle of compression cones to bar axis
unit cohesion of concrete

strain

strain in concrete at ultimate compressive stress . .

i

‘atrain in concrete at ultimate tensile stress

angle of internal friction of concrete

ratio of unloaded to loaded area of concrete block
angle

Poisson's ratio

angle

- direct stress

normal stress on failure surface below-a rib or the

end of a bar
bearing stress
radial stress on bar from failure wedge below ribdb

stress on plane through middle of cone below end of
bar



' » 93 major and minor principal stresses
Oy standard deviation
T shear stress
T, shear strength of concrete
@ diameter of lapped bars
¢c diameter of wire spiral in push—in tests
4 ~ ratio=F

1/F

2

Throughout this thesis, all equations, are given in S.I. units.



o " CEAPTER 1.

INTRODUCTION

The design of lapped joints between reinforcing bars in conpression
has received little attention in comparison with the large number of
investigations conducted on lapped joints between bars in tension, as

it has been assumed that it can be based on the results of tests on
tension lapped joints. However, this approach ignores the fact that

the boaring of the ends of a reinforcing bar in a compression lapped
’Hiﬂjoint may transfor a subatantial proportion of the force in the bar.
Compression lapped joints are generally necessary in columns at every
floor in a multi-storey structure, and are required to develop the
full design strength of the reinforcement, as they cannot be positioned
vhere the stress in the reinforce'ment is low. Considerable savings
might therefore be possible if it could be ghown that lap.lengths as
at present apecified by building codes could be reduced with safetys
Relaiea'rch :j.n tension lapped joints has shown the importance of
_ t;he. tensile strength of the concrete forming the cover to the.re-
inforcement in resisting 1th-e bursting forces produced by the 'bond*
actlon of ribbed reinforcing bars. - The tensile strength of concrete
in uniaxial tension is higher than the tensile strength of concrete
in biaxial tension-compression, the stress situation which develops
round rein.toroement in oompresaion lapped joints. This will roduce
bond strength in oompariaon with tension lapped Joints, |

Only two invoatigationa (1) (2) have been reported in which

the contribution of end bearing to the strength of compression

lapped joints has been examined. Both investigations were of an
exploratory nature, and it was considered that further atudy of thia
topic was warranted. The distribution of bondl stress within lapped

joints was mentioned briefly in both investigations, but no
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examination was made of its influence on joint strength. Neither

:lnveaﬂg.at:lon considered the effect of varying the atrength of the
concrete in the test specimens, and the effect of varying the strength

| of secondary reinforcement was only considered briefly. It was

considered that all the above factors would have a significant in-

fluence on the ultimate strength of lapped joints, and shoﬁld be
comiderod_in design. It was also considered advisable to investigate
the strength of lapped jointas of different lengths in order to for-

mulate design rules, although this variable had been considered in
the earlier investigations.

The main section of the experimental programme in the current
investigation wé.a conducted on full scale columns. Difficuity vas
encountered in these tests in evaluating the stress developed in the
reinforcement, as using the results of concrote_ cube compression
tests p‘roved to be ms;tiafactory. 'A method was evolved to calculate
the stress 1;1 the conc;ete at each 'le.oad increment frﬁm strains
measured on the surface of the column, and to extrapolate the streas-
strain curve to find the ultimate compressive strength of the concrete.

Results calculated by this method compared favourably with the results

of a few tests in which strains were measured on the reinforcement.

The parameters investigated in the main experimental programme were

concrete strength, positioning and ;trengtl)ﬁf links, and the con-
fri.but:lon of end bearing. A dubsidury series of 'pushein' tests
wvas also conducted to ;x"anino the influence on bond strength of the
"conﬁning force on a bar, and'to coiparo the bond strength of the |
tvo types of ribbed bar used in the main experimental programme.
In l;rovioul theoretical investigations of bond atrength(S) (4) (5).
it has been assumed that the radial bursting stress produced by the

‘bond action of ribbed reinforcing bars is proportional to the bond

w8 -



stress around the bar. A theoretical analysis is presented in this
thesis, in which it is shown that end bearing strength and bond
strength of ribbed bars are made up of two components, one due to
the resistance to the bursting forces produced by bond or endﬁearing,
the ﬁther related to the compressive strength ofhthe concrete.  This
theoretical analysis shows good agreement with experimental resu}ts.
Expregaions derived from:the theoretic;i analysis wereﬁused to
compare experimental results with.the reéuirements of current ches
~of p?gcf}ce. This ihd;cated that the proviqiongkﬁf BeS.C.P. 11031972
are inadequate for compressien lapped joints, and it is recommended
that they be revised to specify that édditional confining reinforce-

ment must be provided at the ends of laps in compression lapped
Jjoints.



* CHAPTER 2
REVIEW OF LITERATURE

2e1. Bond : General
2elele Despite the large amount of research that has been carried

out into the bond developed between steel and concrete, few

investigators have examined the problem of bond where the.reinforce-

- ment is in compression. Only two published works, by Pfister and

llattock(1) and by Leonhardt and Teichen(z) deal specifically with

the effeot of lap length on the strength of lapped joints in re--
inforced concrete columns. Both Hajnal-Konyi(s) and the 1970

report of the A.C.I. committee on box;d(ﬂ mention only research .

with bars in tension, bﬁt an earlier 'State of the Art' report by
the same L.G.I.committoe(e) did indicate the need for research
into compression bond, particularly with large dim;cor bars.

~ The aqarcity of published work on bond of bars in compression
makes it necessary to examine the results of bond tests ?:I.th'barﬂ in
tension., However, it has been stated that "a complete bibliography
o.n bond would comprise many hundreds of item,‘"(ﬁ) and the 1970
A«CeIe bond reporf(7) listed 66 American fof.éronoisé_ A coapre-
hensive revievw of all published work on bond is therefore outwith

the scope of a thesis of this naturo; and 8o reference will be mads

only to papers on compression bond and a few major works on tension

bond.

201620 BeS.CeP. 11031972(9) defines two types of bond stress,
local bond and anchorage bond. Local, or flexural bond stresses,

are caused by a changing force in a continuous bar due to a variatiox;
in moment along a member. Anchorage bond stresses develop the force

in a bar over the distance between its cut off point, or point of

zoro stress, and a point at which it is required to carry a certain

- 10-



load. A lapped jo:lnt :I.s a special case of an anchorage, and.has
been deseribed as "two anchorages back to back" by Roberts and Ho(w)
2e1030 Roberta(“) has given a good account of the bond action of

' the three main classes of reinforcing bar available in 1968, plain

round bars, square twisted bars, and hot rolled ribbed deformed

bars. The main difference between the classes are the amounts of

enhancement of bond due to the deformation of the bars, and the
- various modes of failure. Unless a very large amount of cover or .
heavy confining reinforcement is provided round a ribbed bar, it

‘will fail by splitting the concrete along the line of the bar. ‘A
plain round dbar, on the other hand, will pull Btraight. out of the-

concrete, leaving a smooth hole. The behaviour of a square twisted
bar lies somewhere between the other two,' jwith failure often accom-
panied by an unscrewing of the bar from the concrete.

In America, where only ribbed bars are now used, the A.C.I.
committee onrbond(a) r_eporti_.ng in'19‘66', atated* that, although i:ond
fﬁilure and splitting of the concrete cover are not the same thing,
"both must be considered together. In the U.K; Haj_nal-anyi(G) has
al80 stressed the iﬁportance o'fl the burat':lng' effect where ribbed
bars | Q.re used. .Throﬁghbut this _roview, ‘r:lﬁbbed _ba_.ré | 6n1§ :‘air;é 6911- '.-'
sldered, as o_nl} they are relevant to the experimental programme
.reported later in this timaia. . | - .

| Despite ‘i:ho faof that n;oat_.of the 'bond! *atrenéfh of a r:.!.bbed
bar is dﬁo to bearing of the ribs on concrete, the tranafer of
force -between bar and concrete is still referred to as 'bond!.
YBond stress' is defined as the change in load in a bar divided by
the surface area of a plain round bar of é_quival!.ont diameter to the

deromod bar over which the change in load takes placs.



Expressed in mathematical terms,

2 .
"'bs = A%-——-———Mt.n-ﬁ/ = Aﬁt'¢
- al.m.g 4.AL 2.1.
where A{“ = change in stress in bar

¢ = nominal diameter of deformed bar

and Al = length of bar over which Afn takes mplaoe.

‘2.2, Anchorage Tests.
2¢2.1¢ In an anchorage test, a rein.foroing bar is pulled out of a

concrete apecimen, load and 'bar 8lip usually being recorded. The"
ultimate bond atresa is then obtained from eqtn. 2.1 ’ where Afst
is taken as the maximum stress developed in the bdar, and Al 18 the |
" length of bar in bond. The aimpleat form of anchorage test is a
atraightforward pullout test, as ueed by A‘l:arams(‘I 2) in early
atud:l.es of ‘oond, in which an axially embedded bar is pulled from
‘a cube or cylinder of concrete. Snowden(15) hae examined nany N
-varliations baaed on thia principle. -

In many investigations, heavy binding reinforcement was pro-
'vided fo prevent apl:l.tting_of' the goncrete around a bar. Bond'

- stresses of over 2'0151/:1'11112 for a concrete cube strength of 21N/m'm2'
were recorded by Snovden( 3), while Ferguson( 4) reported a bond i,
stress of 2.4N/mm for a aimilar concrete. atrengtn vhere confining
rolnl’orcemeni_: was not ‘uaed. Leonhardt(15) has pointed out that
restraint to splitting of pullout specimens may also be provided
by the platens of the testing maohine.' The values of bond streea

- obtained in tests on specimens with heavy lateral reinforcement
provide a measure of the pliyaical properties of a reinforcing bar,
but should not _b_o ueed as the basis of design of structural members,
where resistance to splitting will be generally considerably lower.

Results of ‘teetaﬁby Mains(16). Bernqnder(ﬂ), and Mathey and
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Hatatein(18), all showed a similar distribution of bond stress along

- a bar embedded in a pullout.specimen. They found tb;at 'pemlm bond
stresses occurred initially at the loaded end of a bar, but that the
*point, of maximum bond_étress tended tm mc;ve into 'the specimen as
lfailure was approac_he‘d, as.indicated in fig. 2.1. Average ultimate . .
bond stress was found to decrease with increasing bond length by all
investigators, anci— Mains *moncluded that ; hook takes mnly a8 small |

proportion of the load on a ribbed bar in a pullout test.

. ' reaction - . ... . .Bond
| | Stress
80 ' 80 N/mm?
—= load o
6.0
-
¢
4.0 E
<

&
' 5

o
O
.40 &
' "
o

g
S

- 0.0 L—
4 - - Bar Axis

i.‘-f.

Fig. 21 “Bond' atmeSa diétribmtion in pullout test, from Haina(...,‘-o).

Ferguson amd 'I'hompaon,' in a series of beam tests(14)(19),

| confirmed that average ul’;:imate bond stress decreases with increas-
ing bond length. A reduction from 5.4 N/mm® to 3.5 N/mm® was found
for an increémé in bond lengfh"from 16 to 48 bar diameters. In
‘most temts, fallure wam premeded by splitting oi"' the concrete

cover along the réinforcing bar. Additional concrete cover and the

4
lllll
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provision of stirrups around a dbar were both found to enhance
ultimate average bpnd stress, but bars cast near the top of specimens
were found to be weaker. Ferguson a_nd’ Thompson considered that, ‘for
beams without secondary reinforcement, ultimate average bond stress
varied with the square root of concrete cylinder compressive strength.

A report of the Dutch organisation for concrete resea'rch, the
c’.u.n.(3)', presén‘l;s the results of 214 tests on eccentric pullout
specimens. Sufficient ﬂtransverse reiﬂforceméﬁt to resist the shear
on the specimens was provided. The report concluded that the 'streas
daveloped in a bar varied linearly with the cover ratio c/¢ , the
tens:l.le atrength of the concrete as determined by cyli.nder aplitting
testa, and, in contraat-ton.the investigations by Ferguson and

Thompson, with the bond length of the bar. The results, however,

do show a decrease in ultimate average bond strength for longer

- LR

bond lengths,

" . Untrauer and Hehr}(zo) investigated tho_’influenée"of lateral
pressure on bond strength, by using a standard pullout test, but

with pressure épplieé to two 6pﬁosite faces of cublc test specimené. :

- They found that the stress developed by a bar varied with ths square
root of i:he lateral preassure, .but, as the bars alway-a failed by
splitting of the test épeéimen* parallel to-the --'direction of -loading,
the results were highly dépenti_ent on the frictional restraint pro--
vided by the steel platens. However, as Hillsdorf, Kupfer and
Rusoh(21) ‘have shown, the tensile strength of concrete in biaxial
tension-compression is lower than the uniaxial tensile strength of
concrete, and this must also have affected the resistance to
‘aplitt:ln'g of pullout specimens, ‘

Ce2e26 Roh(zz) coﬁducted a study inte whﬁ he termed "the
ﬁfund_.mantal law of bond." He used a simple pullout test, with -

- 14 =



only a short length of bar, corresponding to rib pitch for deformed
bars, allowed in contact with the concrete, the remainder of the

bar being debonded. A typical test bar is illustrated in fig.2.2.

concrete cube .
bond prevented
detail

in bond |
l celluloud heat!
: f nreqQseé

|Load . B

Fig. 2.2. 'Fimdamntalt bond! 't*e'a't qucimeﬁ.(gz.)

The low radial stresses s'et'up within the concrete with only one
rib acting meant that platen restraint was not significant, but
that there was sufficient lateral restraint to prevent the ‘specimen
- 8plitting in most cases. Various deformation patterns and rib -
profiles were investigated, éa well as the ;ffeot of bar diameter
and concrete strength.

Rehm found that the bearing pressure under & rib could be as
great as twelve times tﬁo cube strength of the concrete, and even
higher values were recorded for large vﬁluea of slip. 'For the :
conditions operating in the test, Rehm showed that, if the ratio of

thé clear distance between ribs to rib height was less than seven,

- 15 o
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the bar failed by the concrete shearing across the surface between

the tops of the ribs, but that, if the ratio was greater than 10,

the concrete first failed below the ridb in the direction of the

'principal’ shear stress, the subsequent behaviour depending on

whether or not the block split. In the first mode, failure started

when the value of shear stress over the fracture surface was 0.4 -

0.6 times Jthe cube cruahiné atrength.* but'the' second type' of

failure started at a lower stress. Rehm states that, in other tests

on bars with many ribs, spalling of the concrete revealed wedges
of concrete, with a length er 5 » 7 timea the -rib height, adhor:l.ng'
to the ribs. - " S ‘

' The oross sectional shape of ribs was found to have little |

effect on bond-displacement relationships if the angle “of"'f.he' f:lb :

.face to the bar axis was greater than 45 « At this angle the

friction between steel end concrete wee eufficient to prevent

- relative movement, but’ with lower angle slip could teke place .on I

the face of the rib and larger transverse etreeeee were set up in

the concrete. The stress developed by a bar was not found to be
affected by the angle between ribs and bar uie , and Rehm coneluded

that.’ as ]_.eng as the projected area of the"rih was the am. it \f&P

imnaterial whether a bar had annular or crescent shaped ribs. In.

contrast to other 'inveetigatora .‘ he found. that bond strength varied

with concrete compresaive strength, but it should be borne in mind
that these results are based on tests in which failure did not take
place by eplitting of the test specimen. .

Lutl(23) also studied "fundamental™ bond, using a different
test arrangement from Rehm. --‘He confirmed Rehm's findings with
rosnreFto fib face angies; but added that éeed frietional’propertiee'

were required to prevent slip between rid face and concrete at all

face angles. -



Iutz carried out tests on bars with multiple ribs, and found
that bars with smaller ribd spacings and higher ribs gave befter
load-displacement relationships, but had only slightly improved ultimate
b'ond s'treasos.. Hiva.*teata showed that lateral reinforcement improved
-bond atrenéth, the effect in;:reaaing with bonﬁ length and with bar
~ diameter (cover was not a variable in these tests). :Lateralre-
inforcement wa.aJ found to have little effect on initial longitudinal
‘crack width and progress, but did appear to inhibit the later stages
-of cracking, thus increaaingﬁ bond strength. | |
2.3, Tension Lapped Joints.
2¢3e10 Invesfigations of mahy of the factors influencing the
strength of tension lapped Joini;a have béen made by Ferguson and
(24)

~and _By Roberts and 30(10). j“repfgrs“) hga made ‘a

"

. Breen

particularly comprehensive study of tension lapped joints .under

- static and puia'at:lng: loads, -and Orangun, Jirsa and Breen(zs)_have |

..  analysed the:results of several investigators to produce design

rules for tension lapped joints.

2:3.2. The majority of Ferguson and Breenfs(é4) test Bpec':l.mons
did not have confining reinforcement around the lapped Joint.

However, in those tests where stirrups' were provided, an increase
in Joint strength was obtained, and the failure of the lapped joint

was ductile in comparison with the violent failures which took place

where stirrups were not used.

The authors also noted that stirrups

inhibited the formation of diagonal oracks which formed at the end

of lapped joints where a bar atom:oﬂ off near the corner of a beam.
Ferguson and Breen found that no improvement in joint atrength

vas obt#inod by increasing the length of a lapped Joint beyond a

certain value.. The middle ¥rd of an 80¢ lap length apparently

played no part in joint strength. It was also observed that,

- 17 =



immediately prior to failure, the splitting cracks that formed

longitudinally over lapped bars developed over a smaller proportion
of the lap length in the longer lapped joints.

The authors concluded

that stresses in lapped bars equalized near the ends of long lapped

Joints, leaving little stresa differential, and hence low bond stress,
in tho middle of the lapped joint.

- 2eJ¢3e¢ Roberts and Ho( ) conducted a aorios of tests on tension -
hﬁpod ;)o:lnta in which the main variables were lap 1ength. qt_mntity o

and diatribution of linka s position of bars as caat, and amount of

concrote cover. Only thoso reaulta applicable to ribbed bars are -

néntionad herp. |
Electrical resistance strain éaugea vere fitted to some _baré to

* examine the variation of steel stress through a-lapped joint. The

"authors i;ound that the distribution of bdond stress along a bar was |
similar f*ozi- lap leﬁgths' of 22¢, 334, and 444 , bond atr‘eaaesl ﬁe;ng
low in the middlezof a lapped joint énd high at 'ea'ch' end. These
findings support the conclusions reaohed by Perguson and Broen( 4)
‘bond stress distribution. The results led Roberts and Ho to describe
& lapped Jjoint as two anchoragos 'back to back' and a oompariaon of
the results of tests on lapped joinfa with those on pullout speoimona'

shoved that a single anchorage could be compared with approximately
40% of the length of a lapped joint.

Rlectrical resistance strain gauges were also fitted to links
in some teats. Roberts and Ho found that, although links contributed
little to joint strength until 1.25 times working load, failure was
due to yielding of the links at the ends of lapped joints. They

also observed that links near the centre of a dapped Joint were less

highly strained than those near the endas. Heavily ribbed bars were

found to produce greater sirains in links.
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Roberts and Ho found that an increase in concrete cover increased
joint _Btrength even where links weré' present, and recorded an increase
in joint*stréngth of 30% for an increase in cover from 1¢ to 34 .
| They also found that bars cast near the top ;:f a bean fere weaker than
- those cast near the bottom, due to a combination of settlement of the
concrete below the bars wh:llat still plaatic, and a reduction :I.n
concrete atrength ﬁ#ar the top of a. beam.

'I'ﬁe authors propbsed the followitig expréssion for the average
ultimate bond strength of bottom cast ribbed bars with a cover ratio

of unity and a concrete cube strength of 27.5ﬁ/mm2.

fbs‘ =' (1'86 + ”lt"’)(o‘q; Asv | I)

242
where )(bs-: = average ultimate bond stress.
. ¢ - = diameter of 1apped ‘bars.
. _Q - 1ap length.
and - Hsv = qross sectional area of or;e'_leg of link.

_‘I'hey also recommended that increased links be 'provided. through a

lapped joint, and that double links be provided at each end, where

bursting forces are greatest.

- 26344, Tepfora(4) teated over 200 bea}m with lapped Jdinta under
static load, and also conducted & number of tests under fatigue con=-

ditiona. The tests covered most of the factors which influen'ce the

strength of lapped Jjoints. f |
Tepfers found that the strength of lapped Joints vithoutisecondary
reinforcement increased with the square root of the cube compressive
strength of the concrete up to a cube strength of about 4QN/mm2, but
that at higher concrete strengths the rate of increase was slowver,
an_d that at concrete strengths greater than 70N/mm2, Joint strength
began to decrease with increasing concrete strength. Tepfers con-

8idered that the decrease was due to the lower ductility and creep
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of high strength concretes, which caused bond stresses to be less

uniformly distributed at ultimate load, and hence caused failure at

a lowver average bond stress.

Tepfersi, results showéd tl:iat increases in concrete cover to the
reinforcement produced increases in joint strength similar to tﬁoséh“_
found by Roberts and Ho(w), and that small diameter bars developed
higher bond st:r;s-se'a than large diameter for the same cover *ra';tio;
Ultimate average bond stress was found to de;:rease ;ti'l;h increasing
lap lengths. Although more heavily ribbed bars were found to develop
higher bond atresées, t‘heq increase in strength was 'ndt‘pﬁportional to
the increase in rib area/unit length of bar, and bars with inclined

‘crescent shaped ribs were found to develop the same bond stresses as

less heavily ribbed bars with annular ribas.

The influence of secondary reinforcement on joint strength was
also inveatigated. Tepfers found. that 1inks improved joint strength, -
and that the rate of improvement wﬁa greater for larger amounts of

confining reinforcement, indicating that links tend to take over

from concrete in resisting bursting force. However, spirals vere
found 1:6 be more effective than links :l.n confining reinforcing bars,
but the pfosence of spirals did not affect the distribution of bond

- stress within the lapped joint. . F

2¢5¢5¢ Orangun, Jirsa and Broon‘zs') compiled the results of
several investigations into the strength of lapped joints in tension,

and used a non-linear regression analysis to develop an expression

for the strength of lapped joints of ribbed deformed bars in tension.
The authors assumed that the component of joint strength due to

thq presence of secondary reinforcement was additional to the strength

of a similar lapped joint without secondary reinforcement. As the

ultimate tensile strain of concr;to is low, secondary reinforcement
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cannot contribute significa:itly to joint strength until the concrete
céver cracks, and the confining force of the concrete its‘elf is lost.
However, the B.S5.C.P. 1103 1972(9) method for the design of reinforced
concrete members in shear is now based on a similar 'assumptio'n, and

there is no reason to beliéve that the expression derived by Orangun
et al is unsuitable.

The expression for the ultimate average bond stress of ribbed

. deformed reinforcing bars which thei-derived is as followsi- -

o= e 028 4' O-027HAsv. ‘
fbs_ [0 [+ TC-} .Tj_é + _—sv_%.{lrj\/ftu. ' 2.3.

where ¢ = concrete cover to reinforcement
¢ = dismeter of lapped bars
'l, = length of iapped joiﬁt: -
Hs,, = cross sectional area of stirrups per pair of
iapped ‘;aara
| {W = yielg. strength ;')f ‘stirrups
Sv = spacing of stirrups
~and {, = concrete cube strength
2¢4¢ (ompression Lapped Joints
2.4.1. A study of cdumn strength, conducted by Richart aﬁd Brdwn(as):
provide.s the earliest record of tests on bolmﬁna with lappod-.;jo"inta in
main reinforcement. Plain untwisted square bars with lap lengths of
20 and 30 bar ;diamotors were used, but the joints were close to the
top and bottom of the colunns, and well confined by secondary rein-
forceinent. Plomn(27) carried out tests in which i)lain round mild
steel bars were lappéd, and found evidence that part of the load in
the i'einforéemént was transmittod‘ l:ay the bearing of the end of the
bar on the concrete. Somerville and Taflor(?ﬁ):;exémined the effects of

Joggling bars at a lapped joint, and Pfister and Mattock(1) inveat-

igated the effect of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>