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Abstract: During the mechanical cleaning operation on
ballast bed, backfilling ballast in batches would lead to a
layered and uneven ballast distribution. To reveal the
effect of uneven ballast distribution on the mechanical

properties, the simulation model of ballast bed was
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generated based on the basic principle of discrete element
method. Then three kinds of ballast layering distributed
conditions were simulated in the model, the uniform
distribution, "large upper and small lower" distribution

and ‘"small upper and large lower" distribution,
respectively. And the mechanical characteristics of ballast
bed during the tamping operation and the stabilizing
operation were analyzed. The results show that the uneven
ballast distribution has impact on the mechanical
properties of ballast bed. The compactness of ballast bed
is less affected, while the vertical stiffness and the lateral
resistance are obviously affected. During the tamping
ballast

distribution is most conducive to improve the vertical

operation, the "small upper and large lower"
stiffness. While during the stabilizing operation, the "large
upper and small lower" ballast distribution is most
conducive to improve the transverse resistance. The flow
of ballast particles is an important factor to improve the

vertical stiffness and the lateral resistance of ballast bed.

Keywords: ballast bed; particle arrangement; lateral

resistance; vertical stiffness; discrete element method
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Fig.1 Selection and simulation of ballast particles
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Fig.2 Cross section of different ballast layering distributed conditions

TENES B A I 3T/ o 3 FPE PR 110 24 A
RECHRRL, QN 3a iR , 257 A BEA 46— B HE
RIARG ™ 4% T 00 B HE A J2 e AN 5], 49591

Wk 3b.3c.3d fraw, Hodp s 1 )2 M & IX e, 55 2.3
4 EM I N F 0~10cm. 10~20cm . 20~30cm
X35



VPR, 4 TEHEAR R S 2000 T R T 24 P 52 409

53 1
1000 —a 1901, B850
- +Iﬁ2: Lj(T/J\
X80F e L3, FAFK
;ﬁr ~ — PSR
& 60t
E
2 40f
psi=y
= 20t
///
07 10 20 30 40 50 60 70
JrfLi K / mm
a SR LB EC S A E
Bz
22
A2

0 ZIO 40 60 80 100
oK)t ]
c L2: FERTF/I

56~63 mm
45~56 mm
35.5~45 mm
25~35.5 mm
0~25 mm

=
o)
i)

A

0 20 40 60 8 100
W E M/ %
b LB KRS

7

Y 56~63 mm
[ 45~56 mm
BB 35.5~45 mm
[ ]25~355mm

HZ

#$2)

H4)Z

0 ZIO 4IO 6I0 80 100
N i e
d L3 I‘/]\Tj(

3 TREERFESH

Fig.3 Working condition setting and grading distribution diagram
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Tab.1 Parameters of ballast and sleeper

Tt H S Hufl
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Fig.5 Process of tamping operation
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Fig.6 Stabilizing operation simulation
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Fig.7 Results of ballast lateral resistance
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Fig.9 Density variation under various working conditions during tamping operation
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Fig.10 Load-displacement curve of sleeper before and after tamping
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Fig.12 Average vertical displacement variation of ballast particles during tamping operation
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