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The deterioration of RC structures due to salt attack is one of the biggest problems in concrete
engineering site. Cathodic protection is regarded as a highly reliable method for corrosion protection of rebar in
concrete. Cathodic protection is classified into two types based on the difference in the method of supplying the
protective current. One is impressed current system, another is galvanic anode system. Because the impressed current
system can control the protective current, this system is main cathodic protection for RC structures. The demerit of the
galvanic anode system is that the protective current cannot be controlled during operation time. However, it is
advantageous because of its lower initial cost and easy installation. This study focuses on cathodic protection of
reinforced concrete structures using “Thermal spray type galvanic anode system (here-in after called
“Thermal spray system”)”.

The corrosion protection effect of the thermal spray system is different depending on the
environmental conditions and the type of the spray system used. Therefore, the studies, at first, are
carried out to identify the factors effected on the corrosion protection ability of the system, then these
effects are quantitatively evaluated. Furthermore, the secondary effects of the anode alloy film on the
structure, such as increment of carbonation resistance and chloride penetration one on structures are also
clarified quantitatively.

Furthermore, this study is carried out to inspect the present standard for the cathodic protection of
concrete structure for comparing to the study results. Consequently, effectiveness of the cathodic
protection with galvanic anode system as the repair method is also quantitatively clarified, even though
the evaluation value for protection ability of the system is less than the standard value.

Chapter 1 presents the background for the maintenance of RC structure and cathodic protection as
one of the repair methods. In addition, this chapter presents the objective and outline of the study.

Chapter 2 explains the mechanism of cathodic protection for RC structure and the present protective
standard. And, previous studies on the galvanic anode system are compiled and summarized.

In Chapter 3, the protective standard of cathodic protection was assumed to be a main theme.
Generally, “100 mV cathodic Polarization Shift” is used as a criterion of cathodic protection for rebar in
concrete. However, some effects of corrosion protection can be expected even if the polarization shift
value is less than 100 mV. In the study, relationship between polarization shift value and effect of
cathodic protection is examined using concrete specimens in which small steel splits connected
electrically were embedded. Potential shift values for managing the corrosion protection were 0, 20, 50,
75, 100mV under the wet environment, and 0, 50, 100mV under the dry-wet-cycle environment. Current
between each small steel splits was regularly measured during the operating period. Amount of corrosion
and the effect of corrosion protection were judged. As a result, the present standard value was confirmed



appropriate one to the corrosion condition rebar in concrete. On the other hand, the corrosion rate was
reduced for compared with non-protection, even though the cathodic polarization shift is less than the
standard value.

In chapter 4, electrochemical properties of the anode alloy film such as, effective electrical charge
and polarization curve etc. were evaluated experimentally. Next, the effect of corrosion protection was
examined by considering some factors, such as, exposure environments (wet, wet and dry etc.), type of
the anode alloy used, environments of concrete (amount of reinforcement, cover, chloride content),
composition of the thermal spray film. The protective current and the depolarization were regularly
measured during operation period. After the specimens were supplied with protective current for
prescribed period, some specimens were broken to examine the corrosion condition of the rebar in
concrete. From the experimental result, generated protective current had influenced the sealing
material and chloride content. Also, the effect of corrosion protection cannot be judged by the
depolarization value alone under wet environment. In addition, the anode alloy film of this system is
expected to affect corrosion protection by the controlling the penetration of chloride ion and carbon
dioxide into concrete. The secondary effect of the anode alloy film, such as carbonation resistance and
chloride resistance were evaluated by accelerated test method. From the experimental results, excellent
chloride resistance was confirmed.

Chapter 5 explains the installation of thermal spray type galvanic anode system to the wall of the
building located along the coast. Prior to installation of the system on the wall, the investigation of
concrete condition of the wall was carried out and confirmed that few amount of chloride was contained
there. Therefore, cathodic protection was applied and installed as a model case for preventive
maintenance. After installation, protective current, temperature, and humidity were measured during
about three years, and the effect of these environmental conditions on the generation of protective
current was confirmed. In addition, deterioration levels of the surface of the anode alloy was observed
during operating period. As a result, protective currents were much influenced from humidity. Therefore,
it is clear that the cathodic protection with galvanic anode system installed on structure must be
evaluated continuously by measuring the protective current and/or the protective potential during
operating the system.

In Chapter 6, an idea of system design of the thermal spray type galvanic anode was proposed based on
the result of experimental investigations in this study. Namely, protection ability of Thermal spray
system and the life time estimation of the anode alloy were shown based on the results of this study, and
a management technique to maintain the protection performance of the system for long time was
proposed.

Chapter 7 the results are consolidated and summarized.



