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Lapped joints of bars in bundles
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ABSTRACT: The approach of European and North American DeSigte rules for design of lapped joi
of reinforcing bars within a bundle differ markedlyith the former permitting the same or shortg@slavith
respect to laps of individual bars, while the ottexuires longer laps. This paper reports an exparial in-
vestigation to evaluate performance of lapped gointwhich individual reinforcing bars within a kdla of
two or three bars are lapped. The results showittisahot necessary to increase lap lengths aiiddal bars
within a bundle, and that failure is less brittleere lap joints confined by links are staggeredjifmalinally,
whether the lap is between individual bars or i®é bar in a pair or bundle. The outcome doesgeliewy
guestion the validity of the reductions permittead5C2 for staggering laps, and suggests that itldvbe
prudent to suspend use of tiaereduction factor for proportion of bars lappedaection pending more tho-
rough investigation.

1 INTRODUCTION dled bars, there appears to be an almost complete
absence of data for laps within bundles.
In situations where reinforcement is congested, it The only study known is reported by Bashandy
may be advantageous to place bars in bundles3®f 2,(2009), but here entire bundles of up to 4 barsewer
or 4 in preference to arranging bars individuallylapped at the same cross section (giving a totakof
(Concrete Society/IStructE 2006). Bundling permitsmany as 8 bars in contact within the lap lengthyl a
flexibility in detailing where availability of lagy hence detailing was not representative of normal
bars is restricted and eases manual handling en sifpractice.
Bundling of bars allows increased clear spacing, fa There are several factors which might be ex-
cilitating compaction of concrete. Bundles arepected to affect the performance of lap jointsiof s
more efficient than placing reinforcement in layersgle bars within a bundle when compared with simi-
as effective depth of longitudinal bars is mainégin |ar |aps of individual bars:

Some adjustments in detailing requirements for laps jegr spacing between bars will be increased (for
and anchorages are, however, necessary. a given section breadth)
Bond action of ribbed reinforcing bars generates . . . . .
— for a given link diameter and spacing, confine-

bursting forces which tend to split the surrounding e : .
concrete cover (fib 2000). Unless confinement is ment to each lap within a bundie will be increased
as the laps are staggered

high (typically concrete cover >5 bar diameters or : _ )
bars confined by dense transverse compressiom) @ proportion of the bars will be continuous where
bond failure of laps and anchorages commonly oc- a single bar within the bundle is lapped.

curs in a splitting mode with formation of longitu- — the distribution of bond throughout the lap length.
dinal cover cracks along the bond length. Bondrhere are differences between provisions for laps i
strength is limited by the resistance of the sectdo bundles between EC2 and the ACI Building Code
these bursting forces. Most design Codes recognizehich suggest that the consequences of these-differ
this through bond strength and detailing provisiongnces is not well understood. The aim of this inves
which are influenced by cover thickness, secondariigation is to compare strength of lapped joints of
reinforcement, and transverse stress. Althougbars within a bundle with that of similar laps of i
there is some limited test data on anchorage of bumividual bars.
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2 REVIEW: CODE OF PRACTICE RULES FOR

LAPS OF BUNDLED BARS o - —
The EuroCode for Structural Concrete EC2(BSI ? 1
2004) limits bundles to a maximum of four bars in | a038
contact, hence the maximum bundle within which a| ¢ 06 DEC2
bar may be lapped comprises 3 bars. EC2 utilises th £ 04 OACH
‘equivalent bar’ approach, in which the bundleds r €02
placed by a single notional bar with an area etpal 0
that of the entire bundle. Thus if all bars in then- 1 5 3
dle are of the same diameter, the diameter of the Number of bars in bundle

equivalent baxp, is pVn, whereg is the individual
bar diameter andprthe number of bars in the bun- gigyre 2. comparison of C2 and ACI318 rule.

dle. In two bar bundles with,>32mm laps must be _ _ .
staggered in the longitudinal direction, but if@n interfacial shear stress on the bar surfaceishat

en<32mm, pairs of bars may be lapped at the samfePnstant under any specific confinement condition.

Where it is required to lap all three bars in adien active in bond, Figure 1, the force that may badfa
the laps must be staggered longitudinally. The digferred is reduced when more than two bars are in
tance between adjacent laps is to be at leasifeat contact. The concept underpinning EC2 is that fap o

the required lap length. Where only a proportién oanchorage capacity is determined by the confine-
bars are lapped at a section the faatgron lap ment from surrounding concrete and secondary rein-

length is reduced. forcement. This implies either that the whole cir-

Provisions of ACI318 (ACI 2011) differ marked- cumferencg is active even When part lies Wit_hin the
ly from those of EC2, as lap length for a single pabundle, Whlch_ seems unlikely in view of t_he dlf‘fiCU'
within a bundle is increased by 20% and 33% rely Of compacting cement paste into the interstice |
spectively for three and four bar bundles (thiscien side the bundle, or that transfer of force is lediby
size presumably refers to the number of bars withigonfinement from concrete cover, transverse rein-
the lap). In some circumstances the required iweaforcement or lateral pressure independent of the in
will be even greater, as the influence of confinetne terfacial shear stress.
effects may be reduced as the equivalent bar diame- R€cent research by Bashandy (2009) has demon-
ter is used in place of the actual diameter when caStrated that the equivalent bar approach is valid f
culating development length. ACI318 permits lapsSimultaneous laps of a pair of bars in a bundle (th
only of individual bars within a bundle. The differ nvestigation in fact went well beyond good detail-
ing approaches of EC2 and ACI318 for staggeredd Practice by simultaneously lapping an entirerfo
laps within a bundle are shown diagrammatically irPa bundle, a practice not permitted in either BE2.
Figure 1, and the difference in bond length factor§&C1318). However, the Author has found no evi-
for lapped bars in a bundle are shown in Figure dence to validate either set of Code rules for-stag
Figure 2 plots the lap length for a single Stau‘:]gere_gered_Iap_s of individual bars within a bundle. This
lap within a bundle against a reference lap lefggth investigation was therefore undertaken_ to assess th
an individual bar where all bars are lapped at th¥alidity of EC2 and ACI 318 rules for dimensioning
same section. The plot takes no account of possibff Staggered lap joints of individual bars within a
differences in confinement from cover and links.Pundie.

Clearly the approaches and the consequent bundled
bar lap factors in the two codes differ signifidgnt

The difference in the approach to bond of bundles EXPERIMENTAL PROGRAMME
also reflects a differing physical concept of baud
tion. The ACI318 approach treats bond strength ag 1 Design

W W C‘@ Three series of beams were tested in this investiga
Equivalent bar (; @ 4 ) , tion. Details of reinforcement layout for all speci
] C @ LU mens are shown schematically in Figure 3 with de-
o < =N tails of dimensions given in Table 1. Series A \mas
short exploratory investigation on small specimens,
_ m/» and comprised three beams, one with individual bars
External perimeter CQ OD simultaneously lapped at midspan, Al, and the other
two with bundles of two bars, A2 and A2L, one bar

_ ) _ , in each bundle being lapped to either side of mids-
Figure _. Equivalent bar and external perime. pan (bundle size refers to the number of bars én th



bundle outwith the lap length). Bars were 12mm diing staggered in three zones longitudinally. Anroth
ameter, minimum side and bottom covers werer pair of replicate specimens CB2a and CB2b were
20mm. each reinforced with 3 no. 2 bar bundles of 12mm
Six beams were tested in Series B. In the firstiameter bars, the laps in this case being stadgere
group of three specimens, B11, B12 and B13 all hath two zones longitudinally. CS3 and CS2 each con-
a geometric reinforcement ratio = 100A/bd of tained individual lapped bars of the same diameter
around 1%. B11 contained 4 sets of 12mm bars iras their companion CB specimens, and with laps
dividually lapped, B12 contained a pair of 12mmstaggered longitudinally in the same way. Four fur-
two bar bundles, and B13 a pair of 16mm indivi-ther beams with a similar geometric ratio of longit
dually lapped bars, the cross sectional area othvhi dinal reinforcement but using larger diameter indi-
was approximately equivalent to that of the bundlediidual bars were also tested. CE3 replaced bundles
pairs. In the second more heavily reinforced groupf 3no. 12mm bars with a pair of individual 20mm
(p =1.6%), B21 and B21L both contained pairs ofbars having approximately the same area, and CE2
12mm three bar bundles (but with slightly differing similarly replaced bundles of 2no. 12mm bars with
lap lengths) while B23 contained a pair of 20mm inthree individual lapped 16mm bars. Laps were stag-
dividually lapped bars, the cross sectional area ajered longitudinally in the same way as companion
which was approximately equivalent to that of theCB specimens. CR2 and CR3 used the same longi-
bundle of three. Individually lapped bars were alltudinal reinforcement as CE2 and CE3, but with all
lapped simultaneously whereas laps of bars in burbars lapped at midspan.
dles were staggered. Minimum covers were 25mm Bundled bar specimens were replicated in view of
in Series B. No secondary reinforcement was prothe scarcity of test data, but it was not considlere
vided in the lap zones of specimens in Series B.or necessary to replicate tests on individual bar laps
In Series C lap joints of individual bars werewhich could be benchmarked against an extensive
staggered longitudinally in a pattern consisterthwi database of test results and semi-empirical expres-
that for their companion bundled bar laps wherevesions calibrated against it.
feasible. The principal parameter investigated was A modest quantity of secondary reinforcement in
the number of bars in the bundle. All beams in thighe form of closed links was provided in the lap
series contained 1.3% longitudinal reinforcementzones of these specimens. The quantity was kept
and minimum covers were 20mm, equal to the largfairly low to minimize uncertainties in interpretat
est individual bar and equivalent bar size testgte  of the influence of links on the strength of th#eit
pair of replicate specimens CB3a and CB3b weréng joint details.

each reinforced with 2 no. 3 bar bundles, the s Due to constraints to beam span in the laboratory,
A1 CBQE‘I,
CEZb
AZ,
AZL
52
E1
B12 CE?
B13,
BZ3 —_— CB3a,
CE3b
B21,
B21L
Cs3
CRZ?

CR3 E CE3

Figure & Details of lapped join




Table 1. Details of test specimens.

Concrete Total No. of
Beam | cube Bar no. No. of Bars in | Prop. Lap Section Section | links/lap
Ref. strengtl dia. bar¢ bundle: bundle | Lappe lengtl | breadtl deptt Zong

feu Q lo b h

MPe mm mm mm mm
Al 37 12 4 4 1 100% 20C 200 15C -
A2 39 12 4 2 2 50% 20C 20C 15C -
A2L 33 12 4 2 2 50% 28C 20c 15C -
B11 34 12 4 4 1 100% 24C 25C 20c -
B12 35 12 4 2 2 50% 24( 25C 20C -
B13 35 1€ 2 2 1 100% 32C 25C 20c -
B21 39 12 6 2 3 33% 24( 25C 20C -
B21L | 39 12 6 2 3 33% 264 25C 20c -
B23 48. 2C 2 2 1 100% 40C 25C 20C -
CB3e | 41.2 12 6 2 3 33% 24( 25¢ 241 1
CB3k | 41.2 12 6 2 3 33% 24C 25¢ 241 1
CB2: | 46.i 12 6 3 2 50% 24( 25¢ 241 1
CB2k | 46.i 12 6 3 2 50% 24C 25¢ 241 1
Csi 41.2 12 6 6 1 33% 24( 26¢€ 25¢ 1
Cs2 46.7 12 6 6 1 50% 24C 25¢ 26( 1
CR3 43.1 2C 2 2 1 100% 40C 22¢ 27¢ 3
CR2 43.1 1€ 3 3 1 100% 32C 22¢ 254 3
CE: 42.C 2C 2 2 1 50% 40C 224 30z 2
CE2 43.1 1€ 3 3 1 33% 32C 22¢ 25¢ 2

the gap between the ends of laps throughout the tesver a period of approximately 30 minutes. Load
programme was only 4 times the diameter of thevas applied in increments of approximately 10% of
lapped bar, equivalent to 0.2 times the lap lengtipredicted failure load, with crack development
tested. EC2 requires a gap of 0.3 times lap lefigth marked at each stage. Loading was continued until
laps to be classified as staggered. residual strength dropped back by at about 25% afte
peak load had been passed. The rate of loading was
3.2 Materials increased during this stage. Load and midspan def-
: lection were logged at 2 second intervals throughou
Longitudinal reinforcement was of Grade 500B tothe loading sequence.
BS4449 (BSI 2009). Bars had a pair of crescent
shaped ribs on opposite sides of the bar which energ
into the core. Relative rib area was not measured o
these particular bars, but has been found to tijpica 4 RESULTS
lie in the range 0.055-0.065 from similar produetio
6mm plain round mild steel links provided to eachLoad deflection response of all beams was close to
lap zone in Series C as detailed in Table 1. linear up to peak load. Minor departures were evi-
Concrete was of medium workability (slump 50-dent at low loads prior to initiation of flexuralack-
70mm) supplied by a local readymix company.ing where stiffness was slightly greater, and ckose
Three specimens were cast from each batch, ardilure, where the response softened slightly. i¢ert
compacted by internal vibration. Standard controkl flexural cracks formed first within the constant
specimens were taken from each batch and testedrmabment zone, followed by slightly inclined flexural
the same time as the beams. cracks within the shear spans. Failure occurred sud
denly on formation of longitudinal cracks withineth
lap zone along the main tension bars. Load dropped
3.3 Test procedure immediately after the peak was reached. Where no
Beams were tested in four point bending, with theconfining links were present, loss of strength was
lap zones positioned within the constant momentoo rapid to allow the descending branch to be fol-
zone Load was monotonically increased to failurdowed. Specimens with staggered laps confined by



links exhibited less brittle behaviour, Figure 4, a crete and links. The confinement provided to an in-
though load still dropped back without even a shortlividual lap, whether part of a bundle or not, was
plateau. creased where laps were staggered. Thus where all
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Table 2 lists peak loads and bond strengths for &
specimens. The tension force in bars at peak l®ad
determined from the moment at peak load by trans
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from concrete in tension. The average ultimate bon
strengthfy, over the lap length is then given by Eg-
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where § is the peak load bar stress,i$ the lap I ) _
length andz the individual bar diameter. bars were lapped at the same section, bond resis-

Figure 5 plots the variation in bond strength withtance would be expected to reduce as confinement to

the number of bundled bars for the nine beams ifach lap would be lower. Various empirical and
Series A and B. The graph shows a reduction i§emi-empirical expressions have been proposed to
bond strength of up to 20% for lapped joints witain account for the influence of minimum cover, clear
bundle of three bars compared to that of individuafPacing between bars, and confining reinforcement
bars, therefore suggesting that lapped joints withi (Canbay & Frosch, 2005, Zuo & Darwin 2000). One
bundle are weaker than equivalent laps of individuasuch expression, taken from the fib Draft Model
bars. This interpretation must be treated with cauCode 2010 (fib 2010), is given below as Equation 2.
tion, however, as in series A and B the number of 025, 055, 02 025 01
bars in a bundle correlates with the proportion offgmzs{h) [Lb] (ij “Cm] (ij +kaU1

bars lapped at a section, a parameter which influ- 25/ \¢) \¢ ¢/ \Cuin )
ences lap lengths in EC2 and in ACI318. _ )

Results from Series C are plotted in Figure gWherefsn, = the estimated stress developed in the bar
Bond strengths are higher than for Series A ana B o(mean value); fun = the measured concrete cylinder
account of both the stronger concrete and the pre§ompressive strength; andy = the bond length and
ence of confining reinforcement. Results from repli diameter respectively of the b, andcrnare de-
cate specimens are consistent. Bond strength #ped in Figure 7; and
12mm bars shows a slight increase of 5% in bong _
strength between a lap of one bar in a bundle 0%" Mg A (1) (22)
three and laps of individual bars, the oppositadre wheren = the number of legs of link crossing the
to that observed in Series A and B, although, tfie d splitting failure planeAs, = area of each leg of a
ference lies well within the typical scatter of ldon link; and k,, = an ‘effectiveness factor’, equal to 12
strength measurements and may not be significant. for corner and 6 for centre bar locations in the cu

A direct comparison of bond strengths such asent tests.
those presented in Figures 5 and 6 does not, howev- Table 2 lists the ratio of measured bond strength
er, consider the influence of confinement from con+to that calculated using Equation 2. The variation



in this ratio with bundle size and with proportion Table 2. Test results.

lapped is plotted for Series C specimens in FigBres Ratio mes-
and 9 respectively. Beam ured/ — esti-
Ref. Bond strengt matec
: 4 . d : \ : -
b,mea b,mea
(_K—ﬂa {‘ Q & (_x—ﬂa J O fomea | foes foec: fhes foec: Dre:
Icy f MP: | MPz | MPe
Al 43¢ | 47¢ |33 091 |1.2¢ |-
O Lapped bar Coin = MiN (C,, €y, C4) - _ -
O Continuous bar Crmax = Max (C,, Cq, Cso) A2 4.1€ 6.1¢ 3.7z 0.67 1.1z -
Figure . Definition of cover dimensiol. A2l 3.4: 1 5.1C 13.3¢ 1067 |1.0¢ |-
B11 401 | 477 | 306 |08 [131 |-
e B12 43: | 567 |37: |07¢ |1.1€ |-
. B13 4.4¢ | 49 [3.1¢ 091 [1.41 |-
g 100 . B21 3.4¢ | 5.8 |4.87 |06C |071 |-
L . s - B22L |3.4€ |55¢ |4.87 |06z | 071 |-
g_ $ .- B23 42¢ | 477 | 378 08¢ |1.1% |-
g 060 ° CB3: |55F | 6.65 |46F |0.8: |1.1¢ |0.7€
S . CB3t |5.4¢ |6.6f | 468 |08 |1.1¢ |0.7C
2 CB2: |55¢ |6.1¢ | 415 |09C |1.38 |0.4f
0.20 CB2t |5.3¢ |6.1¢ |4.1F |0.87 |1.3C |0.2¢
o . CS: |547 | 637 |465 |0.8€ |1.1¢ |0.8°
o 1 2 ) CcS: |518 |59 |4.1f |087 | 128 |0.27
No.In budle ! CRZ |56¢ | 526 |33 [1.07 |1.7C |0.27
Figure ¢ Variation in ratio of measured/calculated b CRZ 5.1t | 541 | 365 | 098 |1.41 | 0.2
strength with bundle size. CEz |4a¢ |57¢ |32¢ o066 |1.1¢ |o0.5¢
CEz |49t | 656 |45% |078 |1.0¢ |0.7¢
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Bond strength of CE laps averaged 15% weaker than
companion CR specimens. If allowance is made for
differences in confinement according to Equation 2,
CE laps area apparently 27% weaker than compa-
nion CR specimens.

Variations in bond strength of bars lapped within
a bundle are appear to be more closely linked ¢o th
proportion of bars lapped than to the number o$ bar
in a bundle.

Although bond strength of laps confined by links
in Series C is reduced when laps are staggeret}, pos
peak behaviour became less brittle, Figure 10. Even
so, residual bond strength still reduced immedyatel
after peak load was reached, and dropped by 20%

The ratio of measured/calculated bond strengtBhortly thereafter where only one in three barsewer
for CR2 and CR3, the two results for 100% laps ofapped at a section.

individual bars confined by links, the conditiorr fo
which Equation 3 was calibrated, are 0.95 and 1.07
an average of 1.01, and provide confirmation that
Equation 2 gives a reasonable estimate of lag
strength. Average ratios for 50% and 33% lapped are¢
lower, at 0.88 and 0.84 respectively. There is less
variation in ratio with the number of bars in thenb
dle, with averages of 0.90, 0.89 and 0.83 for bemdl|
of 1, 2 and 3 bars respectively.

The comparison for CR and CE specimens is of
particular significance. These laps were almost-ide
tical except that bars were all lapped at the ssawe
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mens (there were minor differences in links).
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The change is similar for individual lapped barsd an 200
for bars within a bundle. Metelli et al(2010) have % .
similarly observed less brittle behaviour where & £ e m
proportion of reinforcement is continuous through & T . g
lapped joint. Bundle size does not appear to influ §100 » 'g o
ence dUCti"ty. =3 X SeriesA & B

g 0.75 X )

§ 0.50 M SeriesC
5 COMPARISON WITH EC2 PROVISIONS ,,zzz

0% 20% 40% 60% 80% 100%

The results presented in Figures 6 and 8 suppert tl Proportionlapped at a section
approach in EC2 which uses the same lap lengi

w_hgather a ba_r forms part of a bundle or is lapped i Figure 11 Comparison with provisions of E
dividually. It is not necessary to increase lapgtén
on account of a reduced effective perimeter as ilVhile measured bond strength exceeded EC2 cha-
ACI318. racteristic strength in all but one test, it shobll
Both codes permit shorter lap lengths where onlyemembered a) that lap lengths tested in this thves
a portion of bars are lapped at a section in aertaigation were, at around @pless than required to de-
circumstances. Results presented above suggest tiatop design strength of reinforcement, and that av
such reductions are unreasonable. erage bond strength reduces with bond length,
In Figure 11 the ratio of measured bond strengttequation 2, and similar ‘best fit' expressions liy-o
to the characteristic bond strength assessed accomts. Average bond strength for agbbond length
ing to the provisions of EC2 is plotted for eacle-sp will be reduced by between 20% and 30% relative to
cimen. EC2 calculates a characteristic ultimatedbonthat for a 2@ length, depending on circumstances
strength fx based on the tensile strength of the conand the particular best fit expression consultextsB
crete and casting position, and which may be modised in bundles within the study were of size hal, a
ified for bars > 32mm. The characteristic stress delarger diameters are weaker in bond. The margin of

veloped in a bar is given by Equation 3. safety for design is therefore less than might be
4.1 thought from the Figure.
Osec = for b/¢ (g az.a6)7t (3) These results thus raise questions over the validi-

ty of theag factor in EC2, as they indicate that stag-
_ gering of laps does not lead to increased bond
Where fore = 2.2512- fetk0.05 strength. While the observed reduction in brittkse
Coefficientsay, a3, ag andy, represent the effects of might be associated with a reduction in scatteénof
confinement from concrete cover, of confinementdividual results and thus justify an increased abar
from secondary reinforcement, of the proportion ofteristic strength, this study does not providedisuf
bars lapped at a section, and of bar diameter cespecient data to evaluate such a justification. The
tively. Othera andn coefficients for bond in EC2 reduction in brittleness where laps are staggered
take a value of 1.0 for all specimens considerad.he does not provide sufficient ductility to justify ra-
Coefficientag takes values of 1.5, 1.4 and 1.15 forduction in lap length, particularly in determinate
100%, 50% and 33% laps respectively. structures where no alternative load path exists.
Figure 11 shows a marked influence of the pro-
portion of bars lapped on the ratio of measuredibon
strength to that estimated by Equation 3. Thisarvari 6 DISCUSSION
tion arises from two sources, namely the measured
variation in bond strength and the influence of theThe trends observed in this investigation tend to
proportion lapped factats. confirm raise doubts about the validity @f values
As previously mentioned, the laps tested in thisn EC2 and the equivalent rules in ACI318. The
investigation did not comply with EC2 requirementscauses of the observed influence of proportion
for spacing between lap zones. Tests reported Hdgpped at a section on lap strength are now briefly
Metelli et al(2010) on specimens containing laps otonsidered.
individual bars in which the proportion lapped was Where all bars are lapped at the same section, the
varied show a similar trend to those observed i th force in tension reinforcement will be evenly sldare
investigation. In Metelli et al’s tests all lapere at at least until longitudinal cracks form close td-fa
the same section while non-lapped bars were contitre.
nuous throughout the whole span. It is therefore co  The overall elongation of a pair of lapped bars
sidered unlikely that the absence of a gap ot®&! over the lap length is taken as the sum of two com-
tween lap zones was responsible for the lower bonplonents, a) the elongation of a lapped bar over the
strength of staggered laps. lap length, plus b) the loaded end slip o the



lapped bars. Stress in lapped bars reduces fromwenhether as part of a bundle or as a lap of an iddiv
maximum at the loaded end to zero at the unloadedal bar. Within the scope of the investigationisit
end, and consequently elongation of a lapped baroncluded that:

over the lap length will be less than that of ateon 1. Bond strength is not reduced where an individual
nuous bar. The difference between the two will be bar within a pair or bundle of three bars is lap
mitigated to some extent by bond slip, but prelimi- jointed.

nary estimates indicate that over practical lajgiles 2 | ess brittle failures are observed where lap joints
elongation of lapped bars will be lower than that 0 gre confined by links and staggered longitudinal-

an equivalent continuous bar. Lapped bars will y \whether the lap is between individual bars or
therefore be stiffer than an equivalent continuous is of one bar in a pair or bundle

e rane i3 The pracle n EC2 of pemiing  reducton
' lap length where only a portion of the bars is

tance is identical, lap strength will appear torbe : : ,
P g PP lapped at a section could be unsafe in some cir-

duced where only a portion of the bars are lapged a . o
continuous bars will be less highly stressed dt fai ~ cumstances, whether the lap is between individ-

ure. ual bars or is of one bar in a pair or bundle

A second factor concerns the distribution of bond The conclusions should be treated with caution,
stress throughout a lap length. Consider a lap zors only small diameters have been tested to date du
situated within a constant moment zone, stressd@ resource limitations, and as specimens didulet f
within the elastic range, and of sufficient length 1y comply with EC2 provisions for staggered laps.
allow all bars in the section, whether lapped or; no Nonetheless, it would be prudent to setdgdactor
to be under the same strain at midlength. If atsba at its maximum of 1.5 in all situations pending mor
are lapped at the same section, the total cross séBorough investigation.
tional area of reinforcement within the splice ldng
is double that outside, and as the force is divided
equally then bar stress, and therefore strain,idt m 8 REFERENCES
length tends towards a value half that outsiddape _ _ o
zone. If only a portion of bars in the section argi\merican Concrete Institute. ACI 318-08: Buildingd® Re-
spliced, the total cross sectional area of reirdorc quirements for Structural Concrete and Commentagi,

 H ’ ) Michigan USA. 2008. 467pp

ment within the splice length is less than doubBit Bs 4449:2005+A2:2009. Steel for the reinforcemehtan-
outside, and therefore the strain at midlength will crete. Weldable reinforcing steel. Bar, coil anccaied

exceed half of that outside, Equation 1. product. Specification. British Standards InstiuatiLon-
don. 2009

Eml = € Z4so _ _r (1) Concrete Society/IStructE. Standard Method of Diei

mn 50 2Ami 0 (1+pp) Structural Concrete. A Manual for best practiced(8d)

(2006) 188pp. Institution of Structural Engineersnton
whereen andeso are the bar strains at midlength and  2006. ISBN 978 0 901297 41 9. _
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