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PERFORMANCE OF RAILWAY BALLAST IMPROVED WITH TIRE-DERIVED AGGREGATE

UNDER CYCLIC LOADING
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ABSTRACT
The deterioration of ballasts is caused by abrasion and crushing under the dynamic load of the train until they break into
powder. This eventually causes the need to clean or replace the ballast. This research focuses on a study to improve the ballast
layer by partially replacing the ballast with recycled tire-derived aggregate (TDA). Because of its elastic properties, tire scraps
are an alternative for research. The laboratory testing series was conducted, consisting of the physical properties test of ballast,
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design, and construct the ballast box test. The ballast and TDA were prepared with different TDA as 5%, 10%, and 15% (by
volume of ballast) and performed under cyclic loading. Finally, an optimum TDA content was suggested to decrease the ballast
deterioration. The result found that in the case of ballast mixed with TDA, the ballast breakage values have a decrease trend with
mixed TDA of 5% and an increase trend when TDA is more than 5%. The strength behavior of the ballast layer is described by
the vertical settlement, vertical stress, stiffness, and damping ratio values, it was found that when the ballast layer is loaded,
plastic deformation will occur rapidly up to approximately 1,000 cycles, after which the rate of settlement will gradually
decrease when the load reaches approximately 10,000 cycles, and then it will remain stable with almost constant settlement.
Considering the deterioration pattern and strength behavior of the ballast layer, it was found that using recycled TDA in the
ballast layer in an amount not exceeding 15% by volume of ballast that can be moved and rearranged appropriately can
significantly reduce the deterioration of the ballast track.

KEYWORDS: Ballast; Tire-derived aggregate; Cyclic loading; Breakage index; Damping ratio
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31.5 mm #4 (4.75 mm) 31.5 mm #4 (4.75 mm)
Ballast-before test 29.0 0.00 - -
B100-TO 32.1 0.73 - -
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B85-T15 30.4 0.07 +4.83 -90.41
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