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Fig. 1 The growth process of spheres inside the generated ballast surfaces
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Fig. 2 Real ballast and generated different ballast particles with DEM
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Table 1 Computation parameters of FEM of geogrid

(m*) 2.83X10°°
(mm") 1.02X10°°
(kg + m*) 2X107°

(GPa) 200
(GPa) 80
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The geogrid type and its FEM model

S ;RA RB
i JTIQmin ﬁ
brex =0 1630—0. 87667 G €6
AL= Al gy P
4 JAt=0. 2l »
4 JAt=0. 4. a 0. 2.
1.2
s 6
2 ,
3
40 mmX40 mm,
3 mm. 1
2
t/z )
(8)



(o]

o 447

—~

o (i=1~3) (8
4 )(Sa—l))

h

JR‘}\ (P:/zz )(Sa*/))

b A B s L

4
Fig. 4 Sketch of contactalgorithm between DEM and FEM
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Fig. 6 Direct shear test of ballast particle
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Fig. 7 Ballast grading curve
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Table 2 Computation parameters of DEM of ballast ’
(kg/m*) 2545 (GPa) 5 , 100 kPa
0.3-0.9 0.22
7 / 6
(N/m) 3X10 (N/m) 2.6X10 178 kPa. 934 kPa,
(m) 0. 04 (m) 0.23
(m) 0.45 (m) 0.45
4398 747
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Fig. 8 The shear stress-displacement curve
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Fig. 10 Mohr-Column failure envelops of reinforced

and unreinforced specimen
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Fig. 11 Particle displacements of reinforced and unreinforced ballast
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Fig. 12 Nominal volumetric strain
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Fig. 13 DEM model of ballast bed
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Fig. 15 The settlement of ballast bed
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Fig. 17 Settlement-stress curve of reinforced and unreinforced ballast bed
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Fig. 18 The 1st and 10th loading and unloading curve

of reinforced and unreinforced ballast bed
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Discrete-Finite Element Analysis of Dynamic Behaviors
of Ballasted Railway with Geogrid Reinforcement
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Abstract Ballast is a special kind of geotechnical materials with obvious discrete characteristics. The
non-uniform settlement of ballast resulting from long-term train loadings influences the regularity and sta-
bility of ballasted track and threatens the safety of passing trains. Geogrid reinforcement for railway ballast
is an effective and economic method to strengthen the ballasted track. The discrete element method
(DEM) has advantages in simulating discrete media, especially the ballast material. In order to study the
effect of geogrid reinforcement on the ballast, this paper presents a coupled discrete-finite element method
to investigate the interaction between geogrid and ballast particles. The clumps are employed to simulate
the irregular shape of ballast particles; the beam elements are used to compute the response of geogrid;
and the transmission of dynamic parameters on the contact interface is realized between the discrete and the
finite element areas. The effect of geogrid reinforcement on the ballasted track under cyclic loadings is ana-
lyzed. To further study the mechanism of geogrid reinforcement, direct shear tests are conducted on the
reinforced ballast particles. The results indicate that lateral and vertical displacements are both obviously
decreased by the geogrid reinforcement. Geogrid can provide ballast particles with horizontal restraint and
help to maintain the track geometry. The cohesive force and friction angle of ballast material are both en-
hanced after reinforced with geogrid. Geogrid can strengthen the interlock between ballast particles, en-
hance the strength of ballast material and prevent the shear band in the upper box from propagating into
the nether box. According to the above conclusions, geogrid reinforcement is a valid technique to enhance
the carrying capacity of ballasted track. In the high-speed and heavy-duty railway section, the installation
of geogrid in ballast could contribute to enhancing the stability of ballasted track and reducing the mainte-
nance costs. The coupled discrete-finite element model is applicable to simulating the behavior of geogrid-
reinforced ballast.

Key words railway ballast, geogrid, direct shear test, coupled discrete-finite element method



