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ABSTRACT

In winter, the excessive use of deicing salt deteriorates concrete pavement durability. To reduce the amount of deicing salt used, phase-change
materials (PCMs) potentially offer an alternative way to melt snow through their latent heat storage characteristics. In this research, thermal
energy storage concrete was developed by using PCM-impregnated expanded clay as 50 % replacement to normal aggregate by volume. In
addition, to improve the thermal efficiency of PCM lightweight aggregate (PCM-LWA)-incorporated concrete, multi-walled carbon nanotubes
(MWCNTSs) were incorporated in proportions of 0.10 %, 0.15 %, and 0.20 % by binder weight. Compressive strength testing and programmed
thermal cycling were performed to evaluate the mechanical and thermal responses of the PCM-LWA concrete. Results showed a significant
strength reduction of 54 % due to the PCM-LWA,; however, the thermal performance of the PCM-LWA concrete was greatly improved with
the addition of MWCNTs. Thermal test results showed that 0.10 % MWCNT-incorporated concrete had high thermal fatigue resistance as well
as uniform heat flow, whereas specimens with 0.15 % and 0.20 % MWCNT content had a reduced thermal response due to supercooling when
the ambient temperature was varied between -5 °C and 10 °C.
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Fig. 1. Physical Appearance of the Phase-Change Material Lightweight Aggregate (PCM-LWA) As It Undergoes Two Coating Stages
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Table 1. Concrete Mix Design

ID Cement Sand Course Aggregate | PCM-LWA SF MWCNT Water GGBS SP

OPC 477.97 555.64 1,093.34 59.75 - 179.24 59.75 5.98
50PCM-LWA 477.97 555.64 564.66 255.85 59.75 - 179.24 59.75 5.98
0.10CNT 477.97 555.64 564.66 255.85 59.75 0.48 179.24 59.75 5.98
0.15CNT 477.97 555.64 564.66 255.85 59.75 0.72 179.24 59.75 5.98
0.20CNT 477.97 555.64 564.66 255.85 59.75 0.96 179.24 59.75 5.98
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Fig. 2. Differential Scanning Calorimetry (DSC) Results
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Fig. 3. Thermogravimetric Analysis (TGA) Results
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Fig. 4. Fourier Transform Infrared (FT-IR) Spectroscopy Results
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