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This doctoral thesis discusses the material design of blended cement using ground granulated blast
furnace slag (GGBS), fly ash and limestone powder with a controlled SO; content for sulfate resistance.
Use of blended cements has been increasing worldwide with the increase in public awareness for waste
material recycling and reduction in CO, emissions. These social backgrounds indicate the need for
establishing blended cements for concrete with a high durability against sulfate soils which can be found
in many places in the world.

The sulfate resistance effect of the admixtures in blended cements and its mechanism were examined.
The findings include that replacement with GGBS or fly ash reduces sulfate ingress, and that sulfate
resistance was significantly increased by addition of limestone powder combined with increase in SO,
content. Simulation results using a coupled model of multi—-species mass transport and thermodynamic phase
equilibrium suggest that ettringite is formed by the reaction between Al1,0; contained in GGBS and the sulfate
ion entering the concrete, and that expansion occurs with the increase in the volumes of ettringite and
gypsum. Regarding to the risk of thaumasite for the use of limestone powder which has a sulfate expansion
control effect, the risk of thaumasite attack being low despite possible formation of a certain amount
of thaumasite.

In addition, concrete properties using sulfate resistant blended cement of the proposed design was
examined. In the test in Vietnam, the concrete exposed to acid sulfate soils containing high levels of
water—soluble sulfate ions and ion—exchanging magnesium ions exhibited a limited magnesium distribution
within a thin surface layer as well as a shallow penetration of sulfur. This demonstrates that the sulfate
resistance of the blended cements is still effective in exposure to aggressive sulfate soils.
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