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Evaluation of acoustic performance of sound absorbing materials
incorporating recycled aggregates from concrete sleepers
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ABSTRACT: This study investigates the acoustic and mechanical properties of sound-absorbing materials
fabricated using recycled aggregates derived from discarded railway sleepers . Fine aggregates were classified into
three grades- H, M, and L - based on pretreatment conditions, and their structural and acoustic characteristics were
analyzed in relation to the residual fine powder content. Mechanical tests revealed that the L-grade specimens,
containing a higher amount of fine powder, exhibited the highest compressive and flexural strengths. X-ray
micro-computed tomography (Micro-CT) analysis confirmed a densely packed internal structure in the L-grade
samples. The impedance tube measurements demonstrated that the L-grade specimen achieved superior sound
absorption across a broad frequency range, with a Noise Reduction Coefficient (NRC) of approximately 0.45.
These results indicate that fine powder removal through pretreatment has minimal impact on improving either
mechanical or acoustic performance. Consequently, the findings highlight the potential for high-value recycling
of construction waste materials, such as railway concrete sleepers, in noise control applications within
transportation and civil infrastructure systems.
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Fig. 1. (Color available online) Classification of fine
aggregates by particle size.

RS H44 Hew (2025)



S E

)
1a
2
)
ofo
>
o

Table 1. Fine powder content measurements for
different fine aggregate grades.

Before After Sieve .
Type sieving sieving passing Fine powder
(%) %) quantity content
9.687 9.68 0.007 0.071 %
H 8.211 8.203 0.008 0.10 %
8.631 8.624 0.007 0.08 %
8.316 8.278 0.038 0.46 %
M 9.523 9.465 0.058 0.61 %
9.828 9.76 0.068 0.69 %
8.717 8.612 0.105 1.20%
L 8.83 8.706 0.124 1.40 %
9.46 9.293 0.167 1.77%

(b)

Fig. 2. (Color available online) Measured residual
fine content after 200 mesh (75 um) sieving: (a) H,
(b) M, (c) L.
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Fig. 3. (Color available online) Specimen preparation
process,

Fig. 4. (Color available online) Mortar specimens
prepared for testing.
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Fig. 5. (Color available online) Experimental setups
for compressive and flexural strength testing of
specimens.
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Fig. 6. (Color available online) Sound absorption
test setup.
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Fig. 8. X—ray CT cross—sectional images of speci—
mens according to fine aggregate grade: (a) H, (b)
M, (c) L.
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Fig. 9. (Color available online) Specimens according
to fine aggregate grade (H, M, L): (a) aggregate
and void volume, (b) cumulative aggregate volume,
and (c) aggregate size distribution.

NRC 7+2] 749 L5-F0] 0452 M53(035) % H
H(035)E} $3 A2 Bt o|3 A=
Fig. 80|41 2] o]n|z|e} 7]&2] A5 ﬁ%éﬂ“‘”—g—



0.8

0.6

04

Absorption coefficient

0.2

0

0.1 1 Frequency [kHZ] 10

Fig. 10. Sound absorption coefficients of specimens
according to fine aggregate grade (H, M, L).
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