CHAPTER 5: SUMMARY AND CONCLUSIONS

5.1 Summary

The effect of headed bar lap splices in simply supported reinforced concrete one way slabs
subjected to flexure was studied in this work. Nine reinforced concrete one-way slabs of
dimensions (2400 mm x 1000 mm x 120 mm) were tested to investigate the following
variables:

Length of lap splice,

Confinement at the splice zone,

Effect of debonding of bars in the splice zone,

Effect of applying repeated cyclic loading on the integrity of the lap joint.

In studying the factor of lap splice length, length of lap splice was taken as 15, and 27
times the used bar diameter with headed bars, while 45 times the used bar diameter
without head for the spliced bars. Also, for studying the effect of confinement at the splice
zone, two transverse embedded beams, or circular spiral stirrups around spliced bars were
used. For studying the effect of debonding in the splice zone, the bond between concrete
and steel bars in the splice zone was eliminated by wrapping an elastic tape around the
bars in this zone. Moreover, for studying the integrity of lap splice joint, two slabs with
special confinement details were subjected to repeated cyclic loading.

v

5.2 Conclusions

From the obtained results of the tested slabs, the following conclusions were drawn. These
conclusions are for the dimensions and reinforcement used in the present study:

1. The behavior and strength of ordinary slab without splice can be achieved in slabs
with spliced tension reinforcement with 100% cut off ratio when the lap splice
length equals to 45 times the bar diameter without headed bars, and without using
any confinement at the splice zone (slab AS-2). This behavior can be obtained
when the lap length equals to 27 times the bar diameter with headed bars, and
without using any confinement at the splice zone (slab AS-7), or when the lap
length equals to 15 times the bar diameter with headed bars, and confinement at
splice zone was provided (slabs AS-5, AS-6, AS-8, and AS-9). According to the
present study, the best performance (concerning ultimate strength and ductility) for
spliced slabs was obtained when using the headed bars with lap length equal 15
times the bar diameter with confinement at in the splice zone.

2. In spliced slabs with headed bars (AS-5, AS-6, AS-8, and AS-9) with the lap
splice length 15 times bar diameter, 100% cut off ratio, and provided with
confinement in the spliced zone, the mode of failure changed from brittle (bottom
split) to flexural failure when these slabs were compared with the slab without
confinement in the lap zone and had the same lap splice length (AS-3), and
showed the same mode of failure of the reference slab.
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. All slabs with headed bars and confinement in the splice zone (AS-5, AS-6, AS-8,
and AS-9) showed larger values of deflection at ultimate load when compared to
the reference slab. The maximum values of deflection at ultimate loads ranged
from 3.6, 2.4, 3.2, and 3.8 times that of the reference slab, respectively. In general,
higher values of maximum deflection at ultimate loads were recorded for slabs
provided with confinement at spliced zone.

. The use of headed bars of lap splice with 100% cut off ratio, with lap length 27
times bar diameter (i.e. 1.8 times the length recommended by ACI 318-14), and
without any confinement (AS-7) resulted in a ductile flexural failure with an
increase in the ultimate load by only 9% compared with the unspliced slab. The
maximum deflection at failure load of spliced slab was higher by 217% than that
of unspliced slab.

. The use of lap splice with 100% cut off ratio, with lap length equals to 45 times
bar diameter (i.e. close to the length recommended by Egyptian code ECP 203-
2007 ), and without headed bars in the lap zone (AS-2) resulted in a ductile
flexural failure with the same ultimate load of the unspliced slab. The maximum
deflection at failure load of such spliced slab was close to that of unspliced slab.
Generally, this slab showed identical behavior to that of the unspliced slab. The
failure was ductile and tension reinforcement steel reached yield.

. According to strain gauge readings, longitudinal steel in tested slabs (AS-1, AS-2,
AS-6, AS-8, and AS-9) reached yield before failure. The value of strain energy for
the tested slabs AS-2, AS-6, AS-8, and AS-9 were 82%, 294%, 435%, and 482%,
of that of slab AS-1 respectively. The maximum value was obtained from (slab
AS-9) with 100% cut off ratio, with length 15 times bar diameter and with
confinement in the lap splice zone.

. For the same value of the lap splice length (15dy), slab (AS-3), without
confinement at the splice zone, and 100% cut off ratio, showed a reduction in
ductility, ultimate load capacity, with a change of the mode of failure from ductile
flexural failure to brittle (bottom split) one. Using confinement in this spliced slabs
improved the behavior of such slabs.

. Debonding of the lapped headed bars resulted in a fewer number of surface cracks
but with larger width compared with the similar bonded specimen. Also, the
debonding resulted in a loss of ductility. The overall capacity was reduced due to
the loss of a bond contribution, with a reduction of the ultimate load by 27%
compared with the unspliced slab. The maximum deflection at failure load for
debonding specimen was less than that of unspliced specimen. Generally, this
specimen showed less ductility than that of the unspliced specimen. The failure
was brittle and tension reinforcement steel did not yield.

. Applying repeated cyclic loading on slab AS-8 confined with embedded beams
around the bar heads as the same details for slab AS-5, and on slab AS-9 confined
with circular spiral stirrups around spliced bars similar to slab AS-6, showed that
the lap splice is stable and the integrity of the joint was preserved. All slabs had
the same lap splice length (15 dp= 150 mm) with headed bars. Generally, both
specimens AS-8 and AS-9 were able to dissipate energy, exhibited good ductility,
and showed almost stable hysteric loops.

Therefore, it is recommended that bars spliced by contact lap splices in one way

slabs shall be allowed when: using headed bars with lap splice length equal to 27
times the bar diameter without any confinement in lap zone, and 100% cut off
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ratio. As a second option, the lap splice length equal to 15 times the bar diameter
when confinement is employed in the lap zone, and 100% cut off ratio can be used.

5.3 Suggestions for Further Research

On the basis of the results obtained in the course of the present investigation, the following
are suggestions for future research:

1. Study the behavior of spliced headed bars in compression members.
2. Study the behavior of non-contact spliced headed bars.

3. Study the effect of side cover and thickness of head for spliced headed bars in
reinforced concrete slabs subjected to bending.

4. Develop a theoretical finite element model of lap splice with headed bars.
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