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Railway Ballast Bed Mechanical Property Based
on Discrete Element Method
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100044, China)

Abstract: Shape of ballast is complex. The irregular shape
affects the dynamic characteristic of ballast bed significantly.
In order to reveal the effects of simulation methods on railway
ballast bed mechanical property, a program is compiled to
generate cluster to model real ballast according to the
characteristics of ballast irregular shape and interlock
behavior. Based on discrete element method, the 3-dimenson
models of ballast bed and sleeper are established by using
sphere ballast and cluster ballast. The paper presents an
analysis of the differences of two kinds of ballast bed model
under cyclic load on contact force, coordination number,
ballast bed stress and acceleration. The results indicate that

the maximum contact force of cluster ballast is 769 N smaller
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than the sphere ballast and the average contact force is less
than 10 N, which shows that magnitude contact force of
cluster is smaller and its distribution is more uniform. The
coordination number of sphere varies within 1. 0~ 3. 2 and
that of cluster is between 5.3 and 6.1, which suggests that
contact point of cluster is larger and its contact state is more
stable. The acceleration of the cluster ballast bed top is 0.26g
smaller than the sphere and the stress is less than 16 kPa,
which proves that cluster can simulate the interlock behavior

and maintain the ballast bed integrity.

Key words: discrete element method; cluster; contact force;

coordination number; dynamic response
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Fig.4 Two kinds of ballast bed model

*1 BREESH

Tab.1 Parameter values for ballast bed model

25 BfE

TEAEPURE: A ARE /(N » m™) 5108
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P BB MBAGERIE /(N » m™1) 1. 6X1012
PR MBEEERIE /(N s m™ D) 1. 61012
AR ERERE/ (N« m™ 1) 1X10°
AT ERERE /(N e m™ ) 1X10°
EREERE R/ (kg e m™®) 2 600
HBL PR/ (kg e m™) 2 800

Tk A R 0.5

B 5X B TE PR 1 28 R, N TE A AR 0 3R 1 2%
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Tab.2 Statistical results of testing and simulation

values
_— BEIRMEE/ g 8 PRI A Y F1 /MPa
15 2. 42 2.74 3.12 0.197 0. 225 0. 239
20 3.46 3.75 3.94 0.199  0.237 0,253
25 3.85 3.98 4. 11 0.205  0.243 0. 262
30 4. 30 4,43 4. 65 0.207  0.257 0,274
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Tab.3 Results of ballast coordination number on

different locations
EARBRIER BORLEE R
[WIRe [WIRe
mE BE FEIE
3.21 1.04  6.08 5. 32
3.17 1.06  6.03 5.28
0,0.3,0.1 317  1.08  6.05 5.38
0.6,0.3,0.2 .23 0.98  6.11 5.25
) 0,0.3,0.2 3.17 1. 06 6. 03 5. 28
3
3
3
3

Irii BRLAFF/m

0,0.3,0.3
Hefa] 0,0.3,0.2

—0.6,0.3,0.2 . 20 1.05 6.12 5.27
0,0.4,0.2 .23 0. 96 6. 05 5.36

Zhin 0,0.3,0.2 .17 1.06 6. 03 5.28
0,0.2,0.2 .25 1.06 6.13 5.29
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Fig.10 Graphs of ballast bed acceleration at the
depth of 0.15 m
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Tab.4 Ballast bed maximum acceleration at different

depths
N AR BB R AR Sl e/ g
HERAR 0.05 m 0.15m 0.25m 0.35m
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ORI IR 3.95 2.89 1.37 1.21
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Tab.5 Maximum stress of ballast bed at different
depths
AR BB R R )]/ MPa

5 )

THARRA 0.05m 0.15m 0.25 m 0.35m
FAERE R 0. 394 0. 353 0. 283 0.129
LA 8 R 0. 378 0.316 0.235 0. 094

3 i
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