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Development of a Windows-based Simulation Program for Selecting
Equipments in Open-pit Shovel-Truck Haulage Systems

Sebeom Park, Sungjae Lee, Yosoon Choi*, Han-Su Park

Abstract This study developed a Windows-based simulation program for selecting equipments in open-pit
shovel-truck haulage systems. Visual Basic.NET 2012 was used to develop the graphic user interface (GUI) and
the GPSS/H simulation language was utilized to implement the simulation engine of program. When users establish
simulation parameters through the GUI, the program calls the simulation engine to perform the simulations
repeatedly. Then, it finds the optimal fleet of equipments required for operating the open-pit shovel-truck haulage
systems efficiently. Application of the program to the Ssangyong open-pit limestone mine, Gangwon-do, Korea,
showed that the daily average profit of shovel-truck haulage operation can be maximized (i.e. 88,552 USD) under
following conditions: (a) 4 trucks are dispatched into each loading point and (b) a crusher with capacity of 1,500

tph is utilized.
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Fig. 4. Simulation algorithm for developing simulator. (a) Simulation algorithm for a fixed truck dispatch system. (b) Simulation

algorithm for a real-time truck dispatch system
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Fig. 5. Aerial view of the Ssangyong open-pit limestone mine, Kangwon-do, Korea (image source: Vworld, http://map.

vworld.kr/map/maps.do)

ToAE Thal|7] 99H]8-2 10,000 USD(1,000 tph 7|
FE AAska #2] &3] 100 tph Z713krE vlg
T 1,000 USDUFE Z7}8l= Ao g 7pYskgc) w3t
HE Zrojofo] 7ofl= 2-4H|-8-2 5,000 USD(1,000
tph 7| = skl A2 &0] 100 tph F7Hr=
H-§-2 500 USD ¥k 5716k Zo2 7Pgsigint. 1
oo AlEFolA YA ARG AlEE o1 1AL Fh
Park¥} Choi(2013) @ Park S(2014b)7} ARE3H 2}
EYshH Table 10 AAISFICE

33 AlZalo|M B3t

obd A AEdlold Aol ket e A
AT Aah & 175819) Algeoldo] WAoo 53
Egik o714 1755 AgElold 2o A =g
o] 50} whaf7]e] Helgpol WglS nelRS o 28
V5e mE ] z3te] 4 ojugich AlgHol4
A= Fig. 67+ o] Z2310] GUIE B3 AM84}

]

7 2%
T

o
ot

3 4 Qlom, 3 FER Agsto] ot
HEAE WM E Bgo| rlsalt.

ZE IR 1755]9] AlEdold AaE Ao &
Aste] 2#o] Au| 23S ARgAtA] dEEL) o
At Aol A= ZF AR Aol B 44 Sslal,
7])9] A 2l87FS 1,500 tph= T 9 e A
H]o] o] 8BS 80% oA || gk WO yloA )
9] 4:0)(88,551.78 USD)& 7|Tf& 4= QU= R oz &
AE]Qlet ARgARs GUIE ol FA 9 ] x3ow
ell-Ee] A7k AIAES G| ol g
ol8&, EY 7| do], o157 Wt P4 4,

o

2 = 0] = O Blolsk A
SbF Bt ¢ 52 RIg & ok

N
lo
5
K
30

m
I r

m

4.2 B

H oo A= Visual Basic.NET 20123} GPSS/H
AlEEolA 1015 o]§ste] idgAte] ll-EY &



Bl Aakgzt

117

Table 1. Parameter setting for shovel-truck haulage simulation (Park and Choi, 2013, Park et al., 2014b)
g &
Parameters Value
Number of days to simulate 1000 (days)
Daily working hours 480 (min/day)
Simulation Capacity of truck 70 (ton)
parameter Capacity of crusher’s hopper 450 (ton)
Crushing rate of crusher 1300 (ton/hour)
Feed rate of belt conveyor 3600 (ton/hour)
Spotting time (wait in the queue) 0.69 £ 0.04 (min)
at R R . . .
+
shovel Spotting time (no wait in the queue) 0.39 + 0.06 (min)
Loading time 3.62 + 0.36 (min)
Spotting time (wait in the queue) 0.39 £ 0.03 (min)
at . . .- .
. £+ 0.
crusher Spotting time (no wait in the queue) 0.31 £ 0.01 (min)
Time Dumping time 1.89 + 0.17 (min)
parameter Travel time of a loaded truck (from area A to crusher) 7.34 £ 0.44 (min)
on Return time of a empty truck (from crusher to area A) 6.14 £ 0.27 (min)
road Travel time of a loaded truck (from area B to crusher) 9.37 £ 0.22 (min)
Return time of a empty truck (from crusher to area B) 7.92 £ 0.16 (min)
in repair Mean time of truck’s breakdown 40 (hour)
facility Mean time of truck’s fix 4 (hour)
Daily cost for each truck’s driver 105.53 (USD/day)
truck Daily cost for each truck 463.77 (USD/day)
Daily etc. cost for each truck 222.89 (USD/day)
Daily cost for each shovel’s driver 130.87 (USD/day)
E i R
conomie shovel Daily cost for each shovel 1055.48 (USD/day)
parameter
Daily etc. cost for each shovel 406.55 (USD/day)
Price per ton of ores 11.85 (USD/ton)
etc. Cost for crusher’s operation (1,000 tph) 10,000 (USD/day)
Cost for conveyor belt’s operation (1,000 tph) 5,000 (USD/day)
(250 - e N PN
| é Case ID > - T c'uur:,h:vrmecnusnau%:: 75.64
s 90 Ava. queue lengih(unil) 0.19
5 ID of the loading ste = 1 D of the locdina site : 2 Ty eln®): IEOH]
2 Capacity of crusher : 1500
@ Num. of frucks : 4 Num. of trucks : 4  Totalresult
Num. of shovels © 1 Num. of shovels 1 Util. of the conveyor belt(%) | 38.41
8 Ut o the shovell®) 738 UL of the shovell%) 60.41 "“":"’""_"‘”“"""[”""" 12
E Ava. queue lenth : 0.04  Ava. aueus lenath 0.02 :::‘i:::“om e ”;2:‘3
E Avg. waiting time(min) : 1.01 Avg. waiting time(min) : 1.24 FfOﬂ"(U-‘)D’dOVJ . 88551 :75
Property | Average profit per a day - Properly :  Avg. loaded ore per a day
B Tﬁiiiiulf‘"}ifil\ IIhiii"“'l\F\IIF\II\"IHIIH\I!"HIF\HHIH'” o (I L
P T | 1§ L i i
T (71117111 |
. o
New Load Export Simulation @

Fig. 6. Simulation results generated from the developed program



118 b el

i

19
>~

e -EE b Al A] Al

v AR ABdold & 4 9l Windows § 19
9 AbgA} QlEldlols TR RS Auskgch ALE

ZRIPE AGA} QEHo| A ) ke A
Bdold 2710 ulel PAkAgol 2g 715 ] =
ol et Aol A MEHoR LS, AE
gold A= AE o2 BASl] P AF HaW-E
g @uk A AH”lo]| 71 Agker Av)o] 23S ALEA}o)|
Al dEiEe e 22 ~(T)“P%ZFL7H%*94 5
3 A2l WAt A 22 #-8et At F AH
o) Aol 242 4ol E2iE E%‘ SREERHEE
F2 1,500 tph 2 -2FT 7P EEFO0R P
OH]— xl—%]g 3ot = 9l AoF BHAE|QcH
B Q170] Auke thaa} 22 ZHollA] Park 5(2014)
o] ATk 71Ee| Aol AustETh A, Park &
(2014b)0ll4] AIAIZ LaElZ A U TRs 2
Aol 47k Hd 202 AR A, B AelH =
27130 S 918 ARt AelEe HAAY Srof
ek Aok glol Hh0] ARAASS ABeold 2
o7 A3 4 Qlek SA), Park 5(2014b)9] Aol|A]
A 22 IHE Windows 242 Fof ARAt 8
o= 3t =4 AH dgg|of sl= EHTlo] Qo] I
AvRRge] AR gk Zalo] RATHA, £ AoA
T2IYe AR} B Weels A o
s AR Qleslolag Bl AlEdolA
Ageb 4 WA Z2OWS FEY 4 9
, Park 5(2014b)9] AoflA] 7idte =22
o ) zstel] digh RSl AlEElolH 1Y)
Y57 ofeigont & e ZEo

a7é
o]
AN

i{om

Ml ok g
r-‘iﬁrhl

"
2

o]

o
°ar

Q14
olefEt MHEHel AYES AEIel0] it BE
24 el

flo o rlo L N 18 X >

LB gl A|A"o] E

5o 2 & Atk
B o] Ans wATAF 4wl ER S8k A AR
AEdlo)d 9 H#3} BA9L Teste] arte] ek =
RAPES AT = Qs TH4F 22| A b
AE AARTHE SHoA 2 7HRE 7k 3 =
WA Z2awe Fask] Ae4e Bk

T 2 Aol mEt AR Vlss Attty et

N

I

o

S-Ee euk AARlo) gule ot BT BASS
Sdsi7] Slat Aol B 8 5 9 Aol
e} 7|ghateh
LAl 2

B ARIEARER ouXe Y
o) Aeae A8 AR At B 4w 5 v 4

o1 KN
=

St

Windows-& A|Edo|d 213 7|k

U3} 7)1& ASE AHIAIRS: 2013T100100021)”

2 ook A TIolol(3) ] 20139 714 44
Qg Ao

Y= A

References

10.

12.

. Bonates, E. J. L.,

. Choi, Y. and Nieto, A., 2011,

. Aksoy, M. and Yalcin, E., 2000, A computer program

for open pit mine equipment selection: TruckMac, In:
Panagiotou, G. N. and Michalakopoulos, T. N. (eds),
Mine Planning and Equipment Selection 2000, Balkema,
Rotterdam, Netherlands, pp. 499-503.

. Berkhimer, E. N., 2011, Selection and sizing of excavating,

loading, and hauling equipment, In: Darling, P. (eds),
SME Mining engineering handbook, 3™ Ed, Society for
Mining, Metallurgy, and Exploration, Inc., USA, pp.
931-939.

1996, Interactive truck haulage si-
mulation program, In: Hennies, W. T., Ayres Da Silva,
L. A. and Chaves, A. P. (eds), Mine Planning and
Equipment Selection 1996, Balkerma, Rotterdam,
Netherlands, pp. 51-57.

. Choi, Y., 2011, New software for simulating truck-shovel

operation in open pit mines, Journal of the Korean
Society for Geosystem Engineering, Vol. 48, No. 4, pp.
448-459.

Software for simulating
open-pit truck/shovel haulage systems using Google
Earth and GPSS/H, Journal of the Korean Society for
Geosystem Engineering, Vol. 48, No. 6, pp. 734-743.

. Ercelebi, S. G. and Bascetin, A., 2009, Optimization of

shovel-truck system for surface mining, The Journal of
the Southern African Institute of Mining and Metallurgy,
Vol. 109, pp. 433-439.

. Krause, A. and Musingwini, C., 2007, Modelling open

pit shovel-truck systems using the machine repair model,
The Journal of the Southern African Institute of Mining
and Metallurgy, Vol. 107, pp. 469-476.

. MKE and KIGAM, 2011, Annual report of mineral supply

and demand status in korea, http:/rik kigam.re.kr/portal/,
pp. 95-100. (Access at 06 November 2013).

. Park, S. and Choi, Y., 2013, Simulation of shovel-truck

haulage system by considering truck dispatch methods,
Journal of the Korean Society for Geosystem Engineering,
Vol. 50, No. 4, pp. 543-556.

Park, B. Choi, Y. and Park, H. S., 2013, Creation of
vector network data with considering terrain gradient for
analyzing optimal haulage routes of dump trucks in open
pit mines, TUNNEL & UNDERGROUND SPACE, Vol.
23, No. 5, pp. 353-361.

. Park, B. Choi, Y. and Park, H. S., 2014a, Optimal routes

analysis of vehicles for auxiliary operations in open-pit
mines using a heuristic algorithm for the traveling salesman
problem, TUNNEL & UNDERGROUND SPACE, Vol.
24, No. 1, pp. 11-20.

Park, S., Choi, Y. and Park, H. S., 2014b, Simulation



B 2|5kt 119

of shovel-truck haulage system in open-pit mines by Notes, The Pennsylvania State University, University Park,
considering breakdown of trucks and crusher capacity, Pennsylvania, USA.
TUNNEL & UNDERGROUND SPACE, Vol. 24, No. 1, 14. Temeng, V. A., 1997, A computerized model for truck
pp. 1-10. dispatching in open pit mines. PhD dissertation, Michigan
13. Suboleski, S. C., 1975, Mine Systems Engineering Lecture Technological University, Michigan, USA, pp. 1-12.
Ht M H ol o xH
2013 RAchata egsioieist o 2014 et egsiefeist oy
AR LTSI FEAL A2t} F3paL

Tel: 051-629-6550
E-mail: sebumil v@gmail.com

Tel: 051-629-6550
E-mail: Isjtjdwo@gmail.com

A7) RATEL st oA A7) FATEL st ol
Azt Ay Azt Ay
Qa2 ut 5t 4

2004 AL Tsi Fakefet 2|78
RECES SR
20004 AL TjsHL ket i 2|4

AEIESIE 2Elaa) e

20109' UE.‘ A uol =9 digtar of T s

U x| 258k, Post-Doc -

Tel: 051-629-6562 Tel: 02-765-3003

E-mail: energy@pknu.ac.kr E-mail: parkhs@dsmd.co.kr

AA Fgehetn A sidiet o= A didsiciotel(F) AlaArled+

AAFII 2WS 4 By






