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A Study on Improving the Efficiency of Quality Control
and Expanding the Application of Metal Spraying

Graduate School of Engineering, Nagasaki University
Kunihiko HIRONO

Most of Japanese infrastructure, which is the basis of socio-economic activities, has been
developed since the period of high economic growth, and it is said that the number of aging
facilities will increase at an accelerating rate in the future. It is estimated that about 60% of road
bridges, river management facilities, harbor quays, etc. will be more than 50 years old after
construction in 2033. Corrosion is one of the typical deteriorations in steel structures. Corrosion of
steel materials originates from aging of the protective film, and becomes apparent after a certain
period. Corrosion costs in the civil engineering field in Japan in FY2015 were 52.3 billion yen
(41% of the total) for new construction and 75.4 billion yen (59% of the total) for maintenance. It
is pointed out that there is a significant increase in the maintenance cost due to the increase of
deteriorated structures.

In order to maintain the aging social infrastructures, it is necessary to carry out their
appropriate management. From the viewpoint of the shortage of engineers due to the advent of a
rapidly aging society and the reduction of corrosion costs, steel structures are required to extend
the their service life by the realization of long-term corrosion resistance.

In this context, the application of metal spraying to anticorrosion coatings has increased in
recent years to extend the life of steel structures. In this study, aiming at extending the life of steel
structures, issues of the anticorrosion technology for structures using metal spraying (mainly
Al-5Mg plasma arc spraying) and the maintenance of the metal sprayed structures were clarified
first. Then, the quality control methods related to metal spraying were examined. The expansion of
metal spraying application, such as applying to marine steel structures and reinforcing bars in
concrete structures was also examined. This dissertation summarizes these research results and

consists of the following eight chapters.

Chapter 1 shows the problems caused by the aging of social infrastructure and the examples of
corrosion damage that occurs in steel structures, and describes the background of the research. Metal
spraying was selected as a method for extending the life of steel structures, and issues related to
efficient construction and maintenance were summarized. The relevant previous studies by other

researchers were reviewed. In addition, the purpose of this study was clarified.




Chapter 2 summarizes the outline of metal spraying and the basic tests that the author had
conducted in the past, such as the results of combined cyclic corrosion tests of various
thermal spray coatings, the fatigue test of steel materials with thermal spray coatings, the
results of the study on crack detection, and the improvement of the slip coefficient when
metal spraying is applied to the connecting part of the steel members.

In Chapter 3, an experiment to extend the time interval between blasting and spraying
Al-5Mg alloy was conducted. An anticorrosive agent was applied to the steel material to
suppress flash rust, and a combined cyclic corrosion test was performed on the test pieces
that were sprayed 48 hours after blasting. The study suggested that the time interval could
be extended to 48 hours.

In Chapter 4, as a method to manage the roughness on the area to be metal-sprayed,
applicability of the speckle pattern of the laser scattered light to the roughness measurement
was examined. Furthermore, in order to improve the measurement accuracy in the future,
optimal measurement conditions (laser beam diameter, offset distance) of laser scattered
light were obtained by the simulation. The relationship between the surface roughness and
adhesion of the metal-sprayed layer to the steel surface was also investigated.

In Chapter 5, heating tests of steel plates with the metal spray coating were conducted.
The heated temperatures were from 200°C to 700°C. The appearance of the specimens after
heating was observed. Coating thickness was measured before and after the tests. The tests
showed that the heated temperature can be roughly estimated by the appearance of the
sealing material and coating.

In Chapter 6, the six-year exposure test of the specimens with metal spraying of Al-5Mg
alloy and copper materials, and thick anticorrosion coat was conducted on a seawall in the
Tomakomai west port to examine their anti-biofouling effect and anticorrosion
performance. As a result, the anti-biofouling effect more than two years was not achieved
by the coating specifications tested. However, the basic knowledge about anti-biofouling
and corrosion prevention by metal spraying with Al-5% Mg alloy and copper materials, and
thick anticorrosion coat was obtained.

In Chapter 7, the applicability of Al-5Mg alloy spraying to rebars in concrete members
was investigated. Corrosion resistance and bond properties of the alloy sprayed rebar in
concrete were examined. As a result, the corrosion resistance of the alloy sprayed rebar in
concrete depended on the type and quantity of sealing treatment. This experiment
demonstrated that the alloy sprayed rebar using a predetermined amount of epoxy coating
as a sealing treatment has a good corrosion resistance even when the chloride content
around the rebars is high. It was also confirmed by the pull-out test that the alloy sprayed
rebar using epoxy coating has a good bond strength in concrete.

Chapter 8 describes the conclusions of this study and future prospects.




