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Resonance frequency analysis of 3D printed self-healing capsules for localization of
self-healing capsules inside concrete using millimeter wave length electromagnetic waves
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Abstract : In this paper, experiments were conducted on signal amplification of polymer capsules for application to Ground Penetrating Radar so as
to enable real-time monitoring of polymer capsules inside concrete using the Morphology Dependent Resonance phenomenon. A TEM CELL and a
vector network analyzer were used to analyze the difference in resonance frequency depending on the material of the sphere and the presence or
absence of fracture. In order to manufacture a capsule of a size that can be measured using millimeter waves used in GPR, we manufactured a capsule
with a 3D printer and analyzed the effects of the presence or absence of coating and the size of the capsule on the resonance frequency. Resonant
frequency or signal amplification is more affected by diameter than coating. The capsule showing the highest amplification is the resin-coated 50 mm
diameter capsule with a 316-fold increase and the lowest capsule is the uncoated 10 mm diameter capsule with a signal amplification of 11.9 times.
These results demonstrate the potential of GPR to measure the position and state of self-healing capsules, which are small-sized polymers, in real

time using millimeter waves.
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