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This doctoral thesis explores the application of geopolymer as a cement alternative to develop
concrete with both high radio wave transparency and sufficient mechanical performance. With the
rapid advancement of information and communication technology (ICT) and the increasing use of high—
frequency (millimeter—wave) signals in next—generation communication technologies (5G/6G), improving
wireless communication environments is essential. However, concrete’ s inherent radio wave shielding
properties hinder this advancement, making it crucial to enhance its radio wave transparency

Existing studies suggest that the primary factor contributing to radio wave attenuation in concrete
is moisture. Therefore, this research focuses on moisture control in concrete as a means of improving
radio wave transparency. Specifically, the study examines geopolymer, which solidifies without
hydration reactions and contains no hydration products, to evaluate its effects on radio wave
transparency and mechanical performance

In CHAPTER 2, the study examines approaches to enhancing radio wave transparency in unreinforced
concrete by reducing moisture content and increasing strength to allow thinner structural members.
Evaporable water was reduced through lowering the water—to—-binder ratio (W/P) and applying drying
treatment, while non—evaporable water was minimized using geopolymer as the binder. Experimental
validation confirmed that low W/P geopolymer—-based concrete achieves both high radio wave
transparency and structural performance

In CHAPTER 3, the study evaluates time—dependent deformation properties, particularly shrinkage
and creep, which impact long—term radio wave transparency and mechanical stability. Results indicate
that low W/P geopolymer exhibits lower shrinkage and creep than conventional concrete, improving
crack resistance and maintaining radio wave transparency and mechanical performance over time.

In CHAPTER 4, a microscale analytical method using 7n situ Raman microscopy 1is proposed to
investigate the microstructure characteristics of geopolymer, which significantly influence radio
wave transparency and time—dependent deformation properties. The proposed approach successfully
visualized the growth process of reaction products for the first time.

Finally, CHAPTER 5 summarizes the findings and demonstrates that geopolymer application is a
promising solution for developing radio wave—transparent construction materials.
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