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Abstract: This paper focuses on the effects of different dynamic train loading patterns on the 
vibration and permanent deformation accumulation trends of railroad ballast. As opposed to a 
continuous sinusoidal load pulse often applied in cyclic triaxial tests, the actual dynamic train loading 
may have loading patterns of varying pulse shapes with rest periods. A validated ballast model, based 
on the Discrete Element Method and imaging based aggregate size/shape characterization, was used 
to simulate both continuous sinusoidal and moving wheel loading patterns of different train loading 
speeds or frequencies with and without rest periods between load pulses. The continuous sinusoidal 
loading resulted in larger ballast layer settlements in DEM simulations when compared to a more 
realistic moving wheel dynamic loading pattern that considered rest periods.  
Keywords: Railroad Track, Dynamic Loading, Ballast, Vibration, Permanent Deformation, Discrete 
Element Method 
 
 
 
1 Introduction     
  
Ballast is an essential layer of the railroad track 
structure, and provides primarily drainage and 
load distribution. Understanding railroad ballast 
vibrations and deformation behavior is important 
for an adequate design, construction, and 
maintenance of the track structure. Although 
ballast materials are commonly specified as 
uniformly graded in size with angular particle 
shapes and crushed faces, ballast engineering 
properties, such as aggregate type and gradation, 
particle shape, texture and angularity, and 
particle hardness and abrasion resistance, can 
vary within certain specifications to influence 
the overall track behavior and performance. 
Other major factors affecting the behavior of 
ballast under repeated train loading include 
compaction state during installation, loading 
amplitude and frequency (or load pulse shape, 
duration and rest period) influenced by train 
speed, number of load cycles, stress history, and 
confining pressure.  

Large-scale triaxial tests are traditionally 

performed in the laboratory to evaluate the 
individual effects on the ballast vibrations and 
deformation behavior (Suiker et al. 2005, 
Anderson and Fair 2008, Aursudkij et al. 2009, 
Indraratna et al. 2010). Ballast aggregates tend 
to harden and become stiffer under cyclic 
loading with the elastic or resilient modulus 
increasing gradually as the number of load 
cycles increases (Suiker et al. 2005, Lackenby et 
al. 2007). Most commonly a continuous 
sinusoidal load pulse is applied on the ballast 
samples in triaxial tests and the permanent 
deformation behavior or ballast settlement is 
evaluated at different frequencies to represent 
different train speeds. This approach is often 
deemed sufficient since in-situ measurements 
indicate greater ballast settlement is observed as 
the train speed increases, say from 150 km/h to 
300 km/h as in the study by Kempfert and Hu 
(1999). Related modeling research using the 
Discrete Element Method (DEM) focuses on 
conducting numerical simulations of the tested 
samples as aggregate particle assemblies to 
investigate ballast behavior under continuous 
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