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Summary of the Doctoral Dissertation

Summary of the Doctoral Dissertation

Compactification of joint structures to expand the applicability of mortar-filled joints

MURAKAMI Rikiya

The number of construction workers in Japan peaked at 6.85 million in 1997 and then decreased to
approximately 5 million in 2019. The aging problem of this industry is particularly remarkable and a
mass turnover is expected in the near future.

Moreover, the amount of construction investment peaked at approximately 84 trillion yen in 1992
and decreased to approximately 41 trillion yen in 2010, corresponding to the decrease in the number
of construction workers. However, it has since started to recover, to nearly 66 trillion yen in 2019.

Given the decreased number of construction workers and the increased demand for public works,
improving employee productivity is a key task for maintaining a sustainable society.

Therefore, there are two major objectives of this study: one is the utilization of precast members,
which are expected to improve productivity on construction sites, and the other is reinforcement of the
bar joint structures that connect the reinforcing bars of the precast members.

Mortar-filled joints are generally applied to the rebar joints of precast members, but the sleeves of
the mortar-filled joints available on the market are characterized by a relatively large sleeve length,
which is in turn dictated by the required length of the embedding bar.

In addition, when shear reinforcing bars are arranged to avoid the sleeve position, there are many
cases where they cannot be laid using the original reinforcement spacing. Thus, a special
countermeasure is required, such as a method of consolidating and arranging the reinforcing bars,
which is are considered to be more important than the sleeve.

In order to achieve a better understanding of the joint structure of the mortar-filled joint and to make
the sleeve more compact, this research focused on three factors: sleeve shape, insertion-side
reinforcing-bar tip processing, and filler type, which constitute the joint structure. A case study was
conducted incorporating a uniaxial tensile test and a bending load experiment was carried out using a
reinforced-concrete (RC) beam specimen.

Atrial design was also developed in order to identify any practical improvements that could be made,
assuming application to precast concrete (PC) segment members. Its applicability was verified using
a bending load test using a PC beam specimen in accordance with the trial design mentioned above.

This paper consists of seven sections, and the contents of each section are as follows.

Section 1 introduces the Ministry of Land, Infrastructure, Transport and Tourism’s efforts to improve
productivity in Japan as background. Additionally, the problems associated with the utilization of

precast members and their joining methods are discussed.

- 1l -



Summary of the Doctoral Dissertation

Section 2 shows the results of a review of previous papers in order to evaluate the level of innovation

and serviceability of the mortar-filled joints examined in this study.

In Section 3, the shape and dimensions of the joint structure of the developed mortar-filled joint are
outlined. The scope of application and the construction procedure are also shown, with points of

interest highlighted.

Section 4 presents the results of a case study incorporating a uniaxial tensile test in an experiment
on shortening the embedding length of the reinforcing bar and the sleeve length.

Up to now, the use of a joint structure in which reinforcing bars are inserted from both sides of the
sleeve and the embedded length is secured by each reinforcing bar has been relatively common.

For the purpose of shortening the sleeve length, a uniaxial tensile test and finite-element analysis
were conducted on the joint structure. In addition, in order to reduce the embedded length of the
reinforcing bar on one side, the reinforcement bar and one end of the sleeve were joined by friction
welding. The required tensile load capacity was confirmed as well.

Based on the above joint structure, a case study on the internal shape of the sleeve, the processing of
the reinforcing bar on the insertion side, and the type of filler was conducted based on a uniaxial tensile
test. The joint configuration was confirmed to have a tensile load bearing capacity equal to or higher
than that of the base metal reinforcing bar, even when the embedded length of the reinforcing bar is

3.5 times its diameter.

In Chapter 5, a static bending load test of RC beams for a joint structure is presented. The results
show that a fracture occurred in the base metal reinforcing bar that had an embedded length 3.5 times
its diameter. Its behavior under bending tension is also investigated.

As a result, it was not confirmed that the sleeve reinforcing bar was pulled out until the base metal
reinforcing bar yielded. Therefore, it was found that this joint structure had sufficient yield strength

against the bending behavior of the RC beam.

To improve the practicality of the joint structure shown in Sections 4 and 5, Section 6 presents an
experimental study on simplifying the joint structure in order to reduce the cost of the joint members.
From the case studies using the filler type as a parameter carried out in Section 4, a great improvement
in the tensile load-bearing capacity was confirmed in the case of using the high expansion filler.

A uniaxial tensile test was carried out for that case with a specimen having a simple sleeve structure
without internal processing of the sleeve but with processing of the tip of the reinforcing bar on the
insertion side. It was found that the joint structure was simplified while retaining a short embedding

length (4.0 D).

-1V -
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In addition, to verify the applicability of the expanded filler to actual structures, a trial design was
conducted for a PC bridge that integrated precast segments with the prestressed method.

Structures in which each segment is integrated using only PC cables have been a popular approach,
but it is possible to reduce the number of PC cables by using a trial design that assumes that the tension
reinforcing bar is continuous with the reinforcing bar joint.

Furthermore, a bending load test was performed on a PC beam specimen that was scale-adjusted to

imitate a trial-designed PC bridge. The results showed that it demonstrated a sufficient yield strength.

Section 7 summarizes this paper and describes the findings, future challenges, and prospects for

further research.
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