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Abstract

To reduce fuel consumption by reducing the weight of the deck of a dump truck and to design an eco-friendly deck, accurate structural
analysis is required. To date, the load on the deck has been calculated based on the hydrostatic pressure or by applying the earth pressure
theory. However, these methods cannot be used to determine the non-uniformity of the load on the deck. Load distribution varies depending on
the size distribution and interaction of aggregate particles. Compared with the finite element method, the discrete element method can simulate
the behavior of aggregate particles more effectively. In this study, major properties were obtained by measuring bulk density and repose. The
deck of a 15 ton dump truck was simulated using the obtained properties and bumping, breaking, and turning load conditions were applied.
EDEM, which is a discrete element analysis software, was employed. The stress and strain distribution of the deck were calculated by
NASTRAN and compared with the measured values. The study revealed that the results derived from a DEM simulation were more accurate

than those based on mathematical assumption.
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Fig. 2 Experiment and simulation of slump test(1 sphere model)

Table. 2 Particle size distribution of gravel 1

No Prosperities Gravel 1 Gravel 2
1 Diameter 19mm 45mm
1 £ 2 Shape :‘)/ ((r
Fig. 1 Gravel 1and Gravel 2
Solid Density 2687kg/m’® | 2661kg/m’
Table. 1 Particle size distribution of gravel 1 3 Bulk Density 1333kg/m’ 1600kg/m’
Size(mm) Mass(g) Ratio(%) 4 Repose angle 41.6° 26.0°
26 0 0 5 Poisson’s ratio 0.25 0.4
19 781.6 17 6 Shear Modulus 10MPa 10MPa
13 2423.8 53 7 Coefficient of Restitution 0.45 0.41
10 1118.6 24 8 | Coefficient of Static Friction 0.78 0.61
4.75 261.8 6 9 |Coefficient of Rolling Friction 0.12 0.21
Total 4603.4 100 10 JKR surface energy 10J/m? 10J/m?
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Fig. 3 Load conditions for particle simulation
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Table. 3 Particle size distribution of gravel 1

Gavel | Condition Bumping Cornering Torsion
type Value Max | Avg. | Max | Avg. | Max | Avg.

2 noJKR | 024 | 0.030 | 0.17 | 0.019 | 0.13 | 0.013

noJKR | 0.16 | 0.022 | 0.1 | 0.014 | 0.07 | 0.009
1 JKR 0.15 | 0.023 | 0.22 | 0.016 | 0.08 | 0.006
Database | 0.13 | 0.022 | 0.08 | 0.013 | 0.14 | 0.009

W 2719] 2t 942 0.15MPao] 1L, T & 271 9] Z|t)
A2 0.22MPac|w, H| 57 2719] 2|t 9422 0.08MPa©]
t}. Fig. 73} Table 3-2 2} st 3 S & 241 of wh& e
EEE Ve Aot

4, HOEY f|39| Fx6HM

4.1 4% o5& B85 2304

Hx B f|20] L2842 oAb A B A& FEli A &

A b8 ol Yo ® Jste] 2 L E 0]
21 NASTRANS of-8-5t0f 3-8 ®25 A4lsgith ofuf, H]
Ed 2 s b sk HE o] Yl v §
AxAE 2gsto] 8 HEE AXletlch B2l 7] ¥
of oIzt s A Ao} vlw S oklaL, W =719 F9- 39
s Foiek 27170 4 A sk AS gl 4= ek Y
B 2719 Aol 7129 B4 719 s A et ol gt
Fjol o] FFatat o] AL g Al AA T =AY

o
w

M bumping M cornering M torsion

Gravell,JKR

o
N}
o

o
[N}

o
o

Maximum pressure [MPa]
o
[
wv

=4
o
a

o

Gravel2 Gravell Gravel1,DB

Type of gravel

0.035

W bumping Mcornering M torsion
0.030
0.025

0.020

0.015
0.010
0.005 I l I
0.000

Gravell,JKR

Average pressure [MPa]

Gravel2 Gravell Gravel1,DB

Type of gravel
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Table. 4 Angle of force applied on gravel

Case | Gravity Force(G) | Lateral Force(G) | Loading Angle(°)
1 1 0.8 39
2 1 0.5 27
3 1 0.4 22
4 1 0.3 17
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