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Abstract

Due to high energy consumption and carbon emissions associated with cement production, finding
alternative mixtures with appropriate mechanical performance under freeze-thaw cycle conditions
has become a necessity. In this study, the mechanical performance of mixtures containing
industrial wastes including lime kiln dust, silica fume, and waste carpet fibers was compared with
cement samples under freeze-thaw conditions. The specimens were cured for periods of 7, 28, and
56 days and subjected to compaction, compressive strength, tensile strength, ultrasonic pulse
velocity tests, and freeze-thaw cycles. The results showed that the optimal mixture consisting of
5% lime kiln dust, 50% silica fume, and 1% carpet fibers achieved a compressive strength of 7013
kPa, while the 10% cement sample reached a strength of 4680 kPa. The tensile strength of the
optimal mixture reached 609 kPa, which was 32% higher than the sample without fibers. The
ultrasonic pulse velocity in the optimal mixture reached 2528 m/s, while the 10% cement sample
had a velocity of 2160 m/s. After 8 freeze-thaw cycles, the optimal mixture retained more than
97% of its initial strength, whereas the 10% cement sample retained only 78% of its initial
strength. The optimal percentage of carpet fibers was determined to be 1%, and higher percentages
led to reduced strength due to fiber entanglement. The practical application of the results of this
study indicates that the introduced mixture can be used as a sustainable, low-carbon, and
economical alternative to cement in clay soil stabilization projects in cold regions, including road
subgrade construction, pavements, foundations, and retaining walls, while reducing cement
consumption and greenhouse gas emissions and preventing the landfilling of industrial wastes.
Overall, the optimal mixture exhibited significant superiority in mechanical performance and
durability compared to the cement sample and can be considered as a sustainable, environmentally
friendly, and efficient alternative for geotechnical projects in cold regions.

Keywords: Lime kiln dust, Silica fume, Carpet fibers, Mechanical performance, Freeze-thaw
cycle, Cement, Pozzolanic reaction.
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