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A study on the angle of repose of railway ballast mixed with rubber tyre fragments:

A comparative analysis between new and used railway ballast
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Abstract

Ballast is an important component of railway system with

the advantages of low cost, short construction period and

vibration reduction efficiency. However, the current increase in
train speed has resulted in the accelerated deterioration of
ballast, which leads to stability and safety problems. This study
focuses on solving this problem by using scrap tires as a
composite material in ballast to extend its service life and
improve its efficiency. The ballast angle of repose test, which
reflects the angle of internal friction, is an important indicator of
the ballast's shear resistance. This paper presents a study on
the angle of repose of ballast mixed with scrap tires in different
proportions and shapes, comparing them with fresh ballast and
used ballast, which were subjected to abrasion resistance tests
(Los Angeles Abrasion Test) at 500 and 1,000 cycles. The scrap
tires were prepared in three shapes: cube, rod, and disk. The
pile angle test was carried out using PVC pipes with an inner
diameter of 30 cm and a height of 90 cm. The pipes were lifted
by a crane and the piles were scanned using a FARO Focus 3D
scanner. The results showed that: The angle of repose of fresh
ballast is higher than that of used ballast. In addition, the cube
shape of scrap tires results in the highest slope angle, followed
by the rod shape and the disk shape respectively. When the
rubber ratio is more than 15%, the angle of repose of ballast is

significantly reduced.

Keywords: Angle of Repose, Scrap Tires, Used Ballast
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ASTM D6270—08 (2012) ETRA (2013)
Name Size Name Size
Powdered
<425 um Fine powders <500 4M
Rubber
Ground Rubber | 425 pMm -2 Mm Powders <1mm
Granulated Granulated
425 um -12 mm 1mm-10 mm
Rubber rubber
50x50x50-
Rough Shred Rubber chips | 10 MM -50 MM
762x50x50
Tyre Chips 12 MM -50 MM | Rubber shreds | 50 MM =300 MM
Tyre Shreds 50 MM -305 MM
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2.4 nasd 3D Laser scanner FARO Focus
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Aennssu vemsnsgisUsauarauinvesingiifienuduteu lu
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n#va 3D laser scanner FARO Focus

QnUBﬁllﬂﬂ!ﬁ"lI.LWl.jQﬂ’lsﬂlmu

gﬂ‘ﬁ 6 Ndoa 3D Laser scanner FARO Focus

G]’]TN'ﬁI 3 qmamﬂ’ﬁmmﬂém 3D FARO Focus M70

Property FARO Focus M70
SRTINTALNUZ AR 488,000 scan/s
feszuznsaunu 0.6 -70m

ANLAAIALARDY +/-3 mm

ynadlunTARNY WWITIU 360 ° / LuIA 300 °

A HDR AaaeBengsan 165 mp
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ENNTIYN, UALENNTIGNUIAA Tnevhnsaaeusuiegsiuiinnu
A1SAEBU Los Angeles Abrasion (LAA) 500 iag 1,000 89U Failnns
Anmsoluunsdin waziegsfuiissldliihunismeasy Fadmsanin
auysal MsvAdeULAariegazgnAiung 3 adt lnefituney
Fawiglil

Budushenisieieusegisiulsens Inefinismaaeueg 3 ngu
Ty Ioun Fudislirunismnaaey LAA wasfiufiknunisnaaeu LAA
ﬁﬁwuauiaumsmu 500 war 1,000 59U TuusaznquazyiinIsHay
meﬁsﬂauﬁﬁé’mﬁauuammWuaagﬂiwmwm 9 (0%, 5%, 15%
waz 25%) IngU3uns uanafaguil 7a uaz anseii 4 w3sudaoeis
Aulsomslnonisansdeiitomisdiandsnuazdwuidou anndy
UsesliutainiiewIsundoudmsunisnaae vludunaudaly
ndnduashnasdsugegunsaldmiunsmaaey Sasznoude
usiusesiiu vie PVC Afiiduriugudnans 30 s, wagsendmiuenyie
PVC 4y teldlunisnaaou

gﬂﬁ 7 wanadnogan1sageUILdIn1sEs AU saLny Tnediu

Tsgmeiegavzgniduatiulurie PVC nssnszuanauisszazaug

a

90 w1, (3Uil 7b) Mntuisimsnaseulasldsensnnszuenvoio
Fugauddosliiunnogsdassaunssisensngeegmilonasiiu
(Ut 70) Feluusiazsouvesnisvaaey axldndes 3D laser scan i
mnuazBongslunstiufinnmanuiid vesnesiu (Uil 7d) Taendes
aunsofuneaniBesvedasaisiiuiuassmnisnesasiiuldogs
usiugh deyaiildsuainnisaunuazgninluuszaianalulsunsy
Autodesk Recap wazlusunsy MATLAB dsarldlunsiasizsiuay
funumInesvasiiumelianiaznsmaaeusa q nisliasei
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A19°99 4 TENITNAdULNAABEIUBIUlsENN

ZeLHEN siaeinanulsenig FeHREARE JuuLLL AN
(%)

1 Fulsenslng 0 -

2 Aulsenglng 5 Cube, Rod, Disk
3 Aulsenglng 15 Cube, Rod, Disk
4 Aulsenglng 25 Cube, Rod, Disk
5 Biulsemng LAA 500 51 0 -

6 Fiulsemnng LAA 500 991 5 Cube, Rod, Disk
7 Fiulsemnng LAA 500 991 15 Cube, Rod, Disk
8 7ulsemng LAA 500 781 25 Cube, Rod, Disk
9 Aulsanng LAA 1000 18U 0 -

10 Fulsemng LAA 1000 18U 5 Cube, Rod, Disk
11 Pulsen19 LAA 1000 70U 15 Cube, Rod, Disk
12 Pulsen19 LAA 1000 70U 25 Cube, Rod, Disk
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wazliugung sy
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X (mm)
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3. WanIsANEN
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#WWH3 (surface orientation tensor, SOT) lun 1531515 US14
1391ARIATB0UNIAITY JUT 10 ununw 3 deunannandu
ANUIAR AIAILLUY UATAIAIINEIVDLABYEINNG 3 JULUY WU
a 3 ! =g v Y (Y] <
wfiweizuitanaweaild SOT unnssiuegretaiay asiiu
19918199599 NUIANIZREIUNTRINTIW AIUSIVITIUVIALDEYLA
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