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Abstract

The development of smart, multifunctional cementitious composites for infrastructure health
monitoring is critical. However, designing these materials poses a significant engineering
challenge due to the complex, time-dependent, and often contradictory interactions between
mineral admixtures and nanomaterials. This study presents a comprehensive experimental
investigation within a systematic framework using the Taguchi Lg orthogonal array to engineer
the properties of such composites. It evaluates the influence of four key factors — Ground
Granulated Blast Furnace Slag (GGBFS), Silica Fume (SF), Halloysite Nanotubes (HNTs), and
Water-to-Binder ratio (W/B) — on compressive strength, electrical resistivity, and microstructural
integrity via Ultrasonic Pulse Velocity (UPV) at various ages. The results indicate a distinct and
opposing effect of GGBFS and SF on electrical resistivity, with GGBFS increasing it while SF
significantly reduces it, creating a suitable conductive matrix for self-sensing applications.
Analysis of Variance (ANOVA) confirmed GGBFS as the most influential factor on long-term
electrical resistivity, whereas HNTs demonstrated a primary role in enhancing early-age
compressive strength. Based on Signal-to-Noise (S/N) ratio analysis, an optimal combination was
identified, providing a clear pathway for balancing mechanical performance and tailored
functional properties. This research offers a valuable practical guide for the rational design of
multifunctional cementitious composites, enabling engineers to select material combinations for
predictable, application-specific performance.

Keywords: Multifunctional Cementitious Composite, Electrical Resistivity, Ground Granulated
Blast Furnace Slag (GGBFS), Silica Fume, Halloysite Nanotube (HNTs), Taguchi Method, Multi-
Criteria Optimization.
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