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This research is composed of three subjects. They are 1) a new hypothesis which explains the volume change of hardened 

cement, 2) research on rate of hydration reactions, phase composition, and resultant physical properties of hardened 

cement paste, and 3) effects of volume change of concrete on performances of reinforced concrete structures. 

Regarding subject 1), author proposed a hypothesis which can explain the volume change of hardened cement paste 

under temperature and relative humidity change. Many researches on the mechanism of volume change of hardened 

cement paste have been conducted, but no universal explanation has been attained. In this research, author obtained the 

disjoining pressure in adsorbed water in hardened cement paste through precise experiments, and it was found that there 

is a universal relationship between statistical thickness of adsorption and disjoining pressure which can be applicable 

even to hysteresis processes of both sorption isotherm and length-change isotherm. At the same time, author developed 

equipment for measuring total volume change and thermal expansion coefficient of thin specimen under arbitrary 

temperature history. And this equipment makes it clear that undefined shrinkage of hardened cement paste with some 

cements is produced when an increase of thermal expansion coefficient is developed under “up and down” temperature 

history due to hydration in early age. The new hypothesis can help to understand the time dependent increase of thermal 

expansion coefficient, two different controlling methods for time dependent increase of thermal expansion coefficient 

were proposed and their efficiencies were confirmed experimentally. 

Subject 2) is concerning cement hydration and resultant physical properties of hardened cement paste. Vast experiment 

of cement paste using X-ray/Reitveld analysis and supplementary chemical analysis cleared several characteristic of rate 

of cement hydration and phase composition, such as interdependency of alite and belite reactions. And based on these 

experiment, Numerical model for rate of hydration of Portland cement, phase composition, compressive strength, 

Young’s modulus, Poisson’s ratio, Water vapor BET surface area, Sorption isotherm were developed, and this model is 

now applied for evaluation of concrete performance in nuclear power plant. 

Subject 3 is about effect of volume change of concrete on performances of reinforced concrete members. In this 

subject, mainly ultra-high performance concrete (design strength is more than 120 MPa) is treated. It is experimentally 

confirmed that a large risk of cracking in winter period construction, cracking around deformed bar, cracking in center 

part of column which can not be detected from the surface, and stress in concrete which can assist bi-block splitting of 

column under high axial load are caused by autogenous shrinkage affected much by temperature. These research results 

contribute to design and construction process of high tall buildings and reinforced concrete members with large section 

including buildings and infrastructures. 

As stated above, the research includes not only the very fundamental scientific findings but also the engineering 

applications, and showed high-quality accomplishment as well as high applicability for engineering. 


