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Abstract:
Advanced concrete mix designs are of interest as it relates to improved performance (electromagnetic interference mitigation, structural, weight, etc.) of the material. Such high performance concrete (HPC) include additives such as graphene or steel fibers to achieve advanced performance. As such and focusing on electromagnetic interference mitigation in particular, the electromagnetic (dielectric) properties of such materials are of interest. Generally speaking, dielectric properties represent the ability of a material to store (permittivity) and absorb (loss factor) electromagnetic energy. These properties are also related to important chemical, electrical, and physical properties such as compressive strength and electromagnetic interference mitigation. To this end, a set of HPC samples with 0% (control sample), 1%, and 2% steel fibers (by volume) were cast and their complex reflection properties measured with a calibrated Vector Network Analyzer (VNA). Two frequency bands were used, R-band (1.7 – 2.6 GHz) and Ku-band (12.4 – 18 GHz), in order to compare performance across a wider bandwidth. These measurements were conducted using a one-port open-ended rectangular waveguide technique. As the steel fiber content may not be evenly distributed throughout the sample volume, measurements were made with different interrogating polarizations and at different locations across the sample face to study this effect. These measurements were used to calculate the permittivity and loss factor (e.g., complex dielectric properties). These properties were used as inputs to a full wave high frequency simulation model of the materials in order to calculate the shielding effectiveness, SE. SE is related to the amount of energy absorbed and reflected by a given structure (e.g., a slab, wall thickness, etc.). As such, SE is an ideal comparative metric in this case as it quantifies how well a material or structure protects against external electromagnetic interference. The results indicate that fiber distribution has a stronger effect at higher frequencies, and the SE is also greater for the same. To this end, the best-performing mixture can be determined which may be further refined with additional additives, etc. in the future.

Mini-Abstract:
Microwave materials characterization was used to characterize electromagnetic interference mitigation performance of 3 high performance concrete (HPC) designs with different amounts of steel fiber (by volume). The results show that the electromagnetic interference mitigation performance increases as frequency increases.
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