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Abstract: Wheel-rail interaction is the primary source of railway rolling noise, which is commonly mitigated
at the source by installing Tuned Rail Dampers (TRDs). While polyurethane (PU) is the conventional
material used, natural rubber (NR) offers a more sustainable and eco-friendlier alternative; however,
comparative studies on their dynamic performance remain limited. This study evaluates and compares the
track vibration attenuation of NR-based dampers developed with NR mass proportions of 0%, 30%, 50%,
and 70% against that of commercial PU dampers. Dynamic responses and vibration characteristics were
assessed through modal analysis and Track Decay Rate (TDR) measurements in accordance with the BS
EN 15461 and BS EN ISO 3095 standards. The results indicate that the 50% NR formulation achieved
optimal damping performance, effectively tuning and reducing vibrations within critical frequency bands
(400-1,000 Hz and 1,600-3,000 Hz). Notably, the 50% NR damper provided higher and more stable
vibration attenuation than the commercial PU damper, particularly in the high-frequency range of 2,000—
3,000 Hz. These findings confirm the potential of natural rubber as a viable, sustainable, and highly

effective alternative for modern railway noise control.
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