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Abstract

The half-joint beams or dapped end beams have useful
applications as it provides the possibility to divide bridge beams by using
half-joint in the precast bridge construction process. This results in the
imposition of a hinge without a noticeable change in the internal force
distribution as compared with that of a continuous beam. In addition,
precast half-joint suspended spans can be lifted directly onto supporting
beams, making construction easier. In the present work, an experimental
work was conducted to study the half joint under different parameters. A
new method was used to inspect half joint structure by fabricating a
testing rig with different details. The specimen consists of reinforced
concrete half joint supports [-beam steel section by a bearing pad.

The parameters focus on studying the effect of loading type
(monotonic and repeated), applied load location (middle and edge),
bearing pad types and size, applied load eccentricity, and the stiffener of
the steel I beam. Also, the strengthening of the half joint using two
methods was investigated. The first was Carbon Fiber-Reinforced
Polymer (CFRP) for middle and edge loading specimens. The second
was strengthening using a steel plate for the middle loading specimen.

A total of twenty specimens were tested to investigate these
parameters. Four types of bearing pads were examined: elastomeric
rubber pad, steel pad, polytetrafluoroethylene (PTFE) pad, and hinge
pad. For middle loading using the elastomeric pad, The ultimate load for
repeated and monotonic loading presents a relative value. The ultimate
deflection and ductility index for the repeated loading were 30.3% and
31% higher than monotonic loading, respectively. Using hinge pad
records ultimate deflection and ductility index 13.6% and 79.8 % more
than that for monotonic loading. For edge loading with an elastomeric
pad, the average ultimate load for repeated loading was 6.1 % less than
the monotonic loading. Also, it was shown that the ultimate deflection
obtained from the repeated loading test is on average 21.9% less than that
achieved in monotonic loading specimens. In comparison, the ductility
index increased 21% compared with monotonic loading.

In the middle repeated loading, the minimum deflection was
found using a steel pad. The hinge pad introduces a higher first cracking
load and presents more ductility than other pads. The elastomeric and
hinge pads have close ultimate load and deflection values. At the same
time, they were permitting ultimate deflection higher than steel pad by
41% and PTFE pad by 19%. PTFE pad showed the highest ultimate load
with 8.3% more than a load of the elastomeric pad. The hinge pads gave



a higher ultimate load and ductility index by 17.2% and 46.6% than the
elastomeric pad, respectively.

The strengthening using (CFRP) at middle repeated loading
introduces a higher initial cracking load compared with the non-
strengthened specimen. It was also found that the strengthening did not
improve the values of ultimate load, ductility index, and deflection. Steel
plate strengthening was proven to be a very effective method of specimen
strengthening. Ultimate load, initial cracking load, ultimate deflection,
and ductility index increased significantly by 46%, 567%, 21.4%, and
34.9%, respectively, compared with non-strengthened specimens. The
strengthening using carbon fiber at edge loading introduces a good
improvement in ultimate load and ultimate deflection. A small increase
in ductility was recorded. The ultimate load and deflection were 36% and
59.2% more than the non-strengthened specimen, respectively.

Reducing the length of an elastomeric pad for middle loading to
half its original length causes failure in the pad rather than the ledge,
resulting in significantly less ultimate load and deflection. The load value
at the initial cracking is higher with the smaller elastomeric pad, and the
ledge showed stiffer behaviour than the original pad. While reducing the
length of a hinge pad for middle loading to half its original length has a
negligible effect on the ultimate ledge load. It significantly lowers
ultimate deflection and the ductility index by 36.7% and 34%,
respectively. Also, reducing the pad size does not affect the failure mode.
Increasing loading eccentricity leads to significantly raising the initial
cracking load value. On the other hand, lowering the ultimate load,
ultimate deflection, and ductility index by 17%, 38%, and 11.3%,
respectively, compared with the middle loading.

It is also found that the stiffener in the I beam carried stresses more
than the web, both of them giving elastic behaviors in the range of the
ledge failure load. The absence of the I steel beam stiffener result in web
failure and significantly reduce the specimen's ultimate load.

The Strut and Tie Model (STM) was used to model the reinforced
concrete ledge. The model gave a good estimation of the ultimate load.
The difference was 7.7% lower than those obtained from experimental
test. The Precast/Prestressed Concrete Institute (PCI) ledge method was
used to predicate the ultimate load. The PCI equation (5.44) presents an
ultimate load of 6.1% more than the experimental test. In comparison,
the PCI equation (5.45) introduces an ultimate load of 38.5% less than
the experimental test.



A finite element model was built to study the overall behavior of
two specimens: the monotonic loading with hinge pad at middle location
loading (M-H-MD) specimen and monotonic loading with hinge pad at
edge location loading (M-H-ED) specimen. As reflected by load-
deflection and crack pattern, the general behavior predicated by the finite
element model was in good agreement with experimental results. In the
M-H-MD case, the ultimate load records approximately the same for
both experimental and finite element results, while the ultimate
deflection indicates 18.3% less in the finite element method compared
with the experimental test. In the M-H-ED case, the ultimate load
predicated by the finite element method is more than the experimental
test by 2.8%. On the other hand, the ultimate deflection was 18.2% less
in the finite element method than the experimental test. The finite
element method extended to study the effect of concrete compressive
strength on the behaviour of (M-H-MD) model as a parametric study.
The concrete compressive strength (fc”) values taken into account in this
study were 20, 25, 28, 30, 35, and 40 MPa. It can be concluded that the
increase of concrete compressive strength significantly increases the
model load capacity and stiffness.
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