Int. J. Highw. Eng. Vol. 18 No. 2 : 51-60 APRIL 2016
http://dx.doi.org/10.7855/IJHE.2016.18.2.051

LAY E ol 47 £ANHNNY AR o129 A4A AE

Feasibility Study on Similarity Principle in Discrete Element Analysis
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ABSTRACT

PURPOSES : The applicability of the mechanics-based similarity concept (suggested by Feng et al.) for determining scaled variables,
including length and load, via laboratory-scale tests and discrete element analysis, was evaluated.

METHODS : Several studies on the similarity concept were reviewed. The exact scaling approach, a similarity concept described by Feng,
was applied in order to determine an analytical solution of a free-falling ball. This solution can be considered one of the simplest conditions
for discrete element analysis.

RESULTS : The results revealed that 1) the exact scaling approach can be used to determine the scale of variables in laboratory tests and
numerical analysis, 2) applying only a scale factor, via the exact scaling approach, is inadequate for the error-free replacement of small particles
by large ones during discrete element analysis, 3) the level of continuity of flowable materials such as SCC and cement mortar seems to be an
important criterion for evaluating the applicability of the similarity concept, and 4) additional conditions, such as the kinetics of particle, contact
model, and geometry, must be taken into consideration to achieve the maximum radius of replacement particles during discrete element analysis.

CONCLUSIONS : The concept of similarity is a convenient tool to evaluate the correspondence of scaled laboratory test or numerical
analysis to physical condition. However, to achieve excellent correspondence, additional factors, such as the kinetics of particles, contact
model, and geometry, must be taken into consideration.
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Fig. 1 Similarity Condition for Concrete Slab Test
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Fig. 2 Approximate Time and Length Scales for
Particle Flow Simulation Methods (Marshall
and Li 2014)
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a=[L][7] @)
where, a=acceleration.
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Ay = overlap distance between particles
L = particle length scale, and

&= internal state variable.
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L=f.L (14)

K

where, 7 =ength in scaled domain, and

f,=scale factor.

T=#f.T (15)

s

where, 77=time in scaled domain.
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Fig. 4 Schematic Description of Free—Falling Ball
(Yun and Yoo. 2015)
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Table 1. Reference Variables

ho(m) 7'o(m) 8 (m/sec?) Oy (kg/m’)

0.5 0.01 9.81 2600

ko (N/m) kw(N/m) ¢ (N sec/m) ke (N/m)
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where, m = mass of sphere
F,= interaction force(resultant force)
F,= damping force(dissipation
energy related force), and

F, = external force including gravity force

2

dy dy
m? = k(r[)*y)-k cafmg (22)
where, k=% —k,,
k
) . . bVw
k,= -
, =composite spring coefficient kot ),

k, =ball spring coefficient
k,, =wall spring coefficient

k. =cohesion coefficient

ro =radius of ball
¢ =damping coefficient(dynamic viscosity), and

9 =gravity force
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Table 2. Scaled Quantities
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