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Simulation study on mechanical properties of ballast bed solidified by

ballastglue based on discrete element method
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Abstract: To improve the stability of the ballast bed, the glue-solidified treatment was applied on the
ballast to form a stable ballast bed (namely glue-solidified ballast bed) in the maintenance of the railway.
According to the characteristics of the glue-solidified ballast bed, the ratio of Polyisocyanate (Group A)
and Polymer polyols (Group B) in the ballast particle gradation and polyurethane binder was selected as
variables. The mechanical properties of the glue-solidified ballast bed with two gradations and three
ratios of ballast rubber were studied. The geometry of ballast particles was built by three-view stereo
reconstruction to obtain the realistic structure of the ballast particle. In discrete element software, a
complete ballast curing ball bed model was established and simulated based on the bond model. The
results show that in the glue-solidified ballast bed, a wide gradation and A:B=3:2 the ballast rubber ratio
of A:B=3:2 are more favorable to improve the mechanical properties of ballast bed.
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Fig. 3 Diagram of discrete element calculation process
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Table 1 Ballast size parameters of the Grading-1 and

Grading-2
-1 -2
TSI b g ALIRALILK b L

/mm 1% 1% /mm 1% /%
224 0~3 2 16.0 0~5 2
31.5 1~25 12 25.0 5~25 12
40.0 30~65 40 355 25~40 30
50.0 70~99 70 45.0 55~75 70
63.0 100 100 56.0 92~97 92

— — — 63.0 97~100 100
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Fig.4 The figure of grain geometry
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Fig. 6 Cross section of track bed in straight section
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Fig. 7 Schematic diagram of “falling rain method”
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Table 2 Material and contact parameters

Ak 0.25 10° 2600 — —

R+ 0.17  1.9x10° 2 500 — — —
T2 8] — — — 0.5 0.7 0.2
HEiESH — — — 0.5 0.4 0.1

R3 HHEAK
Table 3 Bonding parameters

Hhdh IE R E i K IEON

ZH RP/A0NmM?)  RF/(0'N-m?) IELS/GPa Y] J1/GPa
1:1 15 15 1.10 1.10

3:2 15 15 1.42 1.42

2:1 1.8 1.8 16.00 1.42
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Fig. 8 Vertical resistance of glue-solidified ballast bed with

different gradation
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Fig. 9 Lateral resistance of glue-solidified ballast bed with

different gradation
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Fig. 10  Grain speed of glue-solidified ballast bed with

different gradation at different depth
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Table 4 Bond breaking rate of the ballast bed with different

gradation
i b 75 =X SR &k 2 e AR LG5/ %
-1 116 523 8739 7.50
-2 123 587 8 635 6.98
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Fig. 11  Vertical resistance of glue-solidified ballast bed with
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Fig. 13  Grain speed of glue-solidified ballast bed with

different bonding strength
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Table 5 Bond breaking rate with different bond strength

ballast
A:B e T A R e ol /%
1:1 113 423 8739 7.59
3:2 119 734 6124 6.98
2:1 114 798 6572 6.99
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