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Title of Doctoral Dissertation:
Structural Rigidity of Connections of Reinstalled Precast Bridge Barriers Using Combination

of Steel Anchors and Epoxy Resin

Name: Kazuya Sakamoto

In Japan, aging of structures built during the period of high economic growth is a serious problem. In
particular, road bridges reaching 50 years of service life after construction is reported to be about 43% in
2023 and about 67% in 2033. At the same time, the shortage of skilled technicians due to the declining
birthrate and aging population is also becoming a social problem, and this is particularly remarkable in the
construction field. In order to deal with these problems, the Ministry of Land, Infrastructure, Transport and
Tourism is taking an initiative called i-Construction. As a part of this program, promotion of the use of
precast concrete is expected as a measure to shorten the construction period and stabilize the quality. The
precast concrete finds its application in the quick reinstallation of old deteriorated structures. However, a
reliable method for integrating the existing structure with the precast member has not been established at
present, and joints using anchors and other mechanical joints are generally used. There are many cases in
which it is difficult to ensure the required strength. For example, it is impossible to insert the anchors at a
predetermined position, if the embedding depth is restricted by thin existing foundation, and if the existing
reinforcement density is high. Therefore, in this research, a simpler and more functional replacement
technique for improved structural integrity by using a combination of anchors and epoxy resins was
proposed. With the use of anchor-epoxy combination, the pulling strength required for anchors was
improved further by the adhesive strength of epoxy resins. This technique resulted in the reduction of the
number of anchors used and their embedding depth without compromising the rigidity of the connection.
The structural performance and durability based on the new technique was confirmed by series of
experiments. The results were analyzed and summarized. The thesis is divided into following 7 chapters.

Chapter 1 introduces the research work and background of the study. The purpose and the objective of the
study are explained. In this chapter, precast concrete technology, its advantages and necessity for further
improvements in structural integrity and installation technique are discussed. This section also deals with
the socio-economic aspects, constructability and other issues and the solutions to improve the productivity
in such scenario. The present situation of the construction industry along with socio-economic aspects
leading to the present research is detailed.

Chapter 2 describes the materials used in the study. Especially, the properties of epoxy resin, used with
the anchors for integrating the replaced bridge barrier with the existing foundation, were determined.
Particularly, when using epoxy resin for bridges, occurrence of poorly filled parts, poorly bonded parts due
to curing shrinkage, and the decreased adhesive strength due to temperature changes are a concern.
Therefore, experiments were conducted to confirm these aspects. In addition, to improve the filling



characteristics and specifically to reduce the shrinkage, inert filler was added to the epoxy resin to produce
epoxy mortar. So, the effect of mixing ratio of the filler was also studied and the results were summarized.

Chapter 3 summarizes the results of pull-out strength test conducted to verify the effect of using
anchor-epoxy mortar combination. The pull-out strength of the anchor varies depending on the diameter
and embedding length of the anchor used and the performance of the filler. Therefore, in order to confirm
the effect of using the anchor-epoxy mortar, the anchor was embedded in the precast member similar to the
construction site conditions, and the anchor pull-out strength was measured using simple tensile strength
testing equipment.

Chapter 4 explains the experiment conducted on the prototype specimen prepared to simulate the actual
condition. Two separate concrete blocks were prepared; one corresponding to the precast barrier and the
other representing the existing foundation structure. The precast barrier block was then joined to the
foundation block using anchors and epoxy mortar, performed in the same manner as in actual condition.
After a predetermined material age, static flexural load test was performed. The structural performance of
the anchor-epoxy mortar bond was determined and the results were analyzed for safety. Fatigue resistance
test of the specimen was also conducted by applying cyclic loading up to 2 million loading cycles.

Chapter 5 reports the structural performance of full scale models prepared. Static loading test was
conducted at three locations, the center of the precast barrier, the lateral connection between 2 specimens,
and at the far end/edge of the specimens.

Chapter 6 illustrates the collision load experiment conducted on the full scale model specimens. An iron
block weighing around 7 tons was allowed to collide on the specimens assuming the actual vehicle
collision. The impact test was performed at three locations similar to the static loading test described in
Chapter 5.

Chapter 7 shows the concluding remarks based on the experimental results.



