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Multiscale Modeling of Cementitious Materials and Structures based on Properties
of Calcium Silicate Hydrates
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The objective of this study was to construct a multiscale thermodynamic
model and a time-dependent constitutive law that take into account the properties of calcium
silicate hydrates, whose characters are different depending on the type of binder, and to develop a
numerical analysis scheme to directly evaluate both the microscopic properties of cementitious
materials and the macroscopic behavior of structures. A model describing the hydration reaction of
fly ash with various physico-chemical compositions was developed in a unified framework, and a
generalized model including both artificial pozzolans and natural pozzolans was successfully
constructed. In addition, we focused on the connectivity of pore structures and attempted to
elucidate the mechanism of water and ion transport in microstructures, and found that the threshold
value of water content that ensures pore connectivity can be uniquely determined regardless of the
porosity.
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Developed Method for Mineralogical Phase Segmentation
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Mineralogical Phase Segmentation Criteria

Phases Al (at. %) Si (at. %) Ca (at. %) Fe (at. %) Color

Silicate <15 <90 <75 <75 @)
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@ Hydration model [Kishi et al, 1995]
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a(t) : Degree of hydration of cement system

Q(t) : Generated heat at an instant t

Q.,: Total enthalpy of formation of the system

H; - Heat generation rate of each phase as a function of temperature, free water and others
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@ Activation of crystallization pressure @ Microstructure model

Once contact points have been established with adjacent @
particles, crystallization pressure starts. (a) e
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Poromechanical model [Maekawa, Takahashi, 2014]
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Vhyd.bulk = Vhyd.solid + Pget + Pine
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@Solidification model [Ishida et al, 2007] J\ /L 1000 S
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