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ABSTRACT

Washboarding is a phenomenon in which a wavy shape occurs periodically and naturally on an unpaved road
made of soil or gravel. This phenomenon causes high-frequency vibration of the traffic traveling on the road
because of the height difference of the wave pattern, which may lead to vehicle failure. Consequently, associated
research is needed concerning vehicle safety. Therefore, in this study, a numerical simulation was conducted
using the discrete element method, which is often used for powder simulation. In contrast to previous studies,
the results of this study demonstrate that washboarding can occur even in an environment of 1.5 m/s or less.
However, the amount of washboarding is minimal. The study revealed that washboarding develops over time,
such that sufficient development time is required before measurements are taken.

Key Words : Discrete Element Method(O| &2 A~8), Washboarding(2FAI 2 ), Powder(E )

LM E o) WEL FLEPA H1 o2 A Al
1S LY Fx Slo] d77F Zasid. ol2d
Haro Azol EA -
Washboardinge oy AZAZ o]Foz T=9 A Aol 2] & B2y 72]7<]-ﬁ§°ﬂ/“]§_
A BA nofo] Frjdozm zAxAHA dWASI= ol E|X vk Aivka deix Aol
& 2Folt}. Fig. 1] 2<¢l Hbs} 7Fo] Washboarding S %l‘iﬁ%i Washboard road< Corrugated road=
AQulH o m mETe] B HEATZ A 2 ol 7% 8t 54 £ ool HW niF7} W=
= Aoz gdEA Uil o] AL ZATYS = AEZ FEO AHREAA HF 7L Fo] 2=2mA
o Abo] Mol E2E Abe wER we 7 Toors HoR GUA Sk mEbd, Washboard
roadell #F A= tiFE 4 H“LO]L]- 47§ 0]
# Corresponding Author : pcello@kumoh.ac.kr E A3 AP QOB sEx|qE W o
Tel: +82-54-478-7377, Fax: +82-54-478-7377 A= HEd ge oxEo] g RuddE UE

Copyright © The Korean Society of Manufacturing Process Engineers. This is an Open-Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 License
(CC BY-NC 3.0 http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

— 93 —



o
o
5
=
N
off

D AF7IATEEEE A A 194, A4E

Fig. 1 Typical example of washboard road"
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Fig. 2 Force model for particle-particle contact'®
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Fig. 3 Initial state of simulation using Discrete Element Method

Table 1 Material properties used in simulation

Materials Rubber Sand Steel
Poisson's Ratio 0.47 0.25 0.25
Shear Modulus (MPa) 1 100 10000
Density (kg/m3) 1300 2500 7850
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Table 2 Restitution coefficient friction coefficients

Rubber Sand Steel

€ fstat frol € fswt frol € fstat frol

Rubber|0.50(0.50|0.010.50|0.50|0.01{0.10{0.00{0.00
Sand | 0.5{0.5/0.01/0.5|0.5]0.01]0.5|0.50.01
Steel |0.10{0.00/0.00]0.50|0.50/0.01]0.50|0.50/0.01
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Fig. 4 Averaged particle position according to time
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Fig. 5 Averaged particle position after some rotation
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