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The doctoral thesis entitled “Influence of Cold Temperature on Steel Corrosion in Seawater Mixed Concrete Exposed to
Marine Environment” has the objectives: (1) to study the material properties and durability of cast in-situ and anti-washout
concrete mixed with seawater under cold temperature based on the results of short term experiment, (2) to clarify the material
properties and durability of seawater mixed concrete based on the results of long term exposure test, (3) to propose the life
time prediction method for seawater mixed concrete based on the results of objectives 1 and 2 above and predict the life time
of seawater mixed concrete in cold temperature environment, and (4) to conduct the feasibility study on seawater mixed
concrete in cold weather condition considering the factors such as strength, corrosion rate and life time. The contents of the
thesis are summarized as follows:

Chapter 1- Introduction: Backgrounds, objectives and significance of the study are discussed.

Chapter 2- Literature Survey: A detailed literature review of previous related studies is presented.

Chapter 3- Investigation of Material Properties and Durability of Seawater Mixed Concrete in Cold Weather Condition: The
material properties of seawater mixed concrete such as compressive strength development, volume of permeable voids and
chloride diffusivity are investigated to clarify the effect of seawater mixing on material property of concrete especially
constructed under the cold weather condition of subzero temperature (-5°C, -10°C). Additionally, in order to achieve more
controlled and improved constructability and durability requirements of seawater mixed concrete, the effect of corrosion
inhibitor and chloride fixing agent on seawater mixed concrete is also investigated. The electrochemical tests such as
half-cell potential, polarization resistant, cathodic limit current measurement are performed to assess the durability
performance against rebar corrosion. Finally, influence of cold temperature on the material properties and durability of
seawater mixed concrete is discussed by comparing with freshwater mixed concrete.

Chapter 4- Investigation of Material Properties and Durability of Seawater Mixed Anti-washout Concrete in Cold Weather
Condition: The material property tests of seawater mixed anti-washout underwater concrete such as compressive strength test
and consistency flow test are conducted to investigate the constructability under cold weather condition (0°Cseawater
temperature). The electrochemical tests such as half-cell potential, polarization resistant, cathodic limit current measurement
are performed to assess the durability performance against rebar corrosion. Finally, influence of cold temperature on the
material properties and durability of seawater mixed anti-washout concrete is discussed by comparing with freshwater mixed
anti-washout concrete.

Chapter 5- Investigation of Material Properties and Durability of Seawater Mixed Concrete Exposed to Marine Environment
for 32 years: The seawater and freshwater mixed concrete specimens exposed to marine environment for 32 years are
investigated to confirm the long term durability performance of seawater mixed concrete under marine environment. The
electrochemical tests for half-cell potential, polarization resistant, cathodic limit current measurement are also performed to
assess the actual durability performance against rebar corrosion after long term exposure to marine environment.
Additionally, the residual compressive strength, corrosion crack occurrence condition, corroded surface area of rebar, and
mass and cross section loss of rebar due to corrosion are investigated to clarify the actual deterioration condition and
compared with the electrochemical test results, and the influence of factors on durability against rebar corrosion such as
mixing water, cover thickness, crack width and cold temperature is discussed.

Chapter 6- Life Time Prediction of Seawater Mixed Concrete Exposed to Marine Environment under Cold Temperature
Condition: Life time of seawater mixed concrete against rebar corrosion due to chloride attack is predicted by using the
experimental results from Chapters 3, 4 and 5. Life time of seawater mixed concrete is discussed considering the effect of
cold temperature, admixtures and cover thickness.

Chapter 7- Feasibility Study of Strength and Durability for Seawater Mixed Concrete in Cold Temperature Condition:
Feasibility study of seawater usage in concrete mixing is conducted by consideration of factors such as strength,
constructability, corrosion rate and expected life time.

Chapter 8- Conclusions and Recommendations: Conclusions of this study which will be useful for the usage of seawater in
concrete mixing in terms of material properties and durability of concrete are outlined.

This study provides significant contribution to the usage of seawater in concrete under cold temperature environment.
Therefore, this thesis is considered sufficient for the degree of Doctor of Engineering.
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