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Evaluation of the Influence Factors on the Ballast Settlement by
using the Discrete Element Method

ABSTRACT

Most of the domestic railroad tracks are ballast track and repetitive maintenance is required in this track. Therefore, it is necessary to
optimize maintenance process for maintenance cost reduction and more effective maintenance. For this, it is important to develop a
reasonable settlement progressive model of ballast layer. However, the behavior of ballast is different to that of soils, since ballast is
composed of large coarse gravel. Thus, in this study, we carried out numerical analysis by using the discrete element method (PFC 2D)
for better understanding of ballast settlement and development of reasonable settlement progressive model. And, we evaluated the
settlement of ballast according to particles shape, porosity and loading conditions.
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Fig. 1. The Box Test Apparatus
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Fig. 2. The Range of Particle Size of Ballast
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Fig. 3. The Models of Experiment and Numerical Analysis

. Unit weight| Seating |Cyclic deviatoric force Loading No. of cyclic
No. of specimen|  GSD (W) | force (KN) (KN) frequency (Hz) | loading (n) Remarks
B-1 Ballast upper 148 ) 20 10 1,000 Test condition for
B-2 limit ’ 40 1,000 micro-parameters
Table 2. Shape of Ballast
Particle Particle size
size (mm) Round shape Elongated shape (mm) Round shape Elongated shape
10~22.4 22.4~31.5
31.5~40 40~50
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Table 3. Micro-Parameters

Micro-parameter Values
Particle density (kg/m’) 2600
Particle diameter (m) 1x10-2 ~ 5x10-2
Friction factor 0.46
Normal & Shear contact stiffness (N/m) 2x108
Wall stiffness (N/m) 2x108

25
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Fig. 4. The Result of Experiment and Numerical Analysis for Micro
Parameters

(a) Mix Model (25.42%)

(b) Elongaed Model (25.41%)
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Fig. 5. The Box Test Models According to the Particle Shape
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Fig. 6. The Strain According to the Particle Shape
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Fig. 7. Displacement and Arrangement of Particles
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(b) Porosity 25.42%

(c) Porosity 27.45%

Fig. 9. The Box Test Models According to the Porosity
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Fig. 10. The Strain According to the Porosity
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Loading No. of | Seating force Cyclic deviatoric Loading No. of .cycllc
condition loading (KN) force frequency loading Remarks
(kN) (n)
i - L-1 10, 20, 30 & 40
Time cc.)ndlt%on L-2 20,30 & 40 Sequential increase of loading size
of loading size
L-3 30 &40
L4 20 & 40 10times(20kN) + 10times(40kN)
L-5 2 20 & 40 1,000 40times(20kN) + 10times(40kN)
Number control| 1 _¢ 20 & 40 90times(20kN) + 10times(40kN)
of repeated - -
loading L-7 20 & 40 190times(20kN) + 10times(40kN)
L-8 20 & 40 490times(20kN) + 10times(40kN)
L-9 20 & 40 890times(20kN) + 10times(40kN)
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Fig. 11. The Load Method
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Fig. 12. The Result of Time Condition of Loading Size
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Fig. 13. The Result of the Number Control of Repeated Loading
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