TUNNEL & UNDERGROUND SPACE Vol. 24, No. 1, 2014, pp. 1-10

http://dx.doi.org/10.7474/TUS.2014.24.1.001

aj
St

TUNNEL & UNDERGROUND SPACE

ISSN: 1225-1275(Print)
ISSN: 2287-1748(Online)

7| HEISYS TefEt HTA A-E

=8 AlZ2|0|M

J
I
+

Simulation of Shovel-Truck Haulage Systems in Open-pit Mines
by Considering Breakdown of Trucks and Crusher Capacity

Sebeom Park, Yosoon Choi*, Han-Su Park

Abstract This paper presents a case study that performed simulations on shovel-truck haulage systems in an open-pit
mine by considering truck’s breakdown and crusher’s capacity. The SSangyoung limestone open-pit mine in Korea
was selected as a study area and investigated to design the simulation algorithms. The GPSS/H simulation language
is used to implement the simulation algorithms as a console application(simulator). The values of input parameters
for simulator were measured by field investigation in the study area. The simulation results showed that 7 trucks
can maximize the daily profit of haulage operations(i.e., 73,775 USD) when considers the frequency of trucks’

breakdown as 1/40 hour™.
shovel-truck haulage systems in the study area.
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In addition, the crusher capacity of 1300 tph is required to improve the efficiency of
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Input data Output data
Simulation —>| Average utilization ‘
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—>| Average waiting time ‘
Time Simulator I Average number of repair ‘
parameters
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Economic —>| Average amount of ores ‘
parameters —’-I Average profit per a day ‘

Fig. 1. Typical input and output data for a shovel-truck haulage simulation program
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Fig. 2. Digital elevation model of the SSangyoung open-pit limestone mine, Kangwon-do, Korea. The haulage routes of trucks

connecting from shovels to the crusher are displayed
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Table 1. Parameter setting for shovel-truck haulage simulations in the study area

Parameters Value
Number of days to simulate 1,000 (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 1,300 (ton/hour)
Feed rate of conveyor belt 3,600 (ton/hour)
Spotting time (wait in the queue) 0.69 + 0.04 (min)
shii/el 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)
cruasther 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 a truck’s breakdown 40 (hour)
facility | Mean time of a truck’s repair 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::;?g:; shovel | Daily cost for each shovel 1,055.48 (USD/day)
Daily extra 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)
WIAE Fuste] ASIGIcKTable 1) Fu| S B2z} 20| ou|go] BE gk
) £ W= iolole) EITE 2 SIS

gulo] aHE= A A7) g weh ek
AA A J ol Ak Shal7] Al Gt ME
dolole] A gigol w2 4] Mo] M3kE 4
3H= Zlo] Golakx] ghoteh. wrebd & Aol Eq
()0l A AREElE o719 FH]8-Z 10,000 USD
(1,000 tph 7|22 A5k Ag] 8<Fo] 100 tph Z7}
342 H]LE 1,000 USD Z7f6t= Aos 7hgsks
o 3, ME Hujo]o]o] Ffol= &FH|E-S 5,000
USD(1,000 tph 7|12)% A48}, #2] geFo] 100 tph
Z7Ver4E H -2 500 USD Z7)6hs Ao 7143}
Ack EH7IALY dAdH], Agn], /A T, 2

4. AlZ2o|Md Uy 2 ZAnt

AR o)A ZARSE dl-EE 9uHF A&
o] AR ABH o)A olojel GPSS/HE B3}
#lolEl S 7usigitt. GPSS/HE E5, 35,

ﬂ"]ﬁ-o‘] 1‘—‘_4 Ho}:oﬂk] EH7]3HE:] O]E_,] Z%. ] P(_:_
AAA BAES KB ol sl <8l FHlEH

=1 9Tk GPSS/H AlEdo]4 9lefo] B4
ZFA|8E -2 Choi(2011), Park¥} Choi(2013)S %

sk e,



B 2|5kt 5

41. E3 1 JHSMS DAt AW EY 2ut A
glo|d

A At WA ERje] g BT AE

o] ¢iA] ofrlA doldA] HekelAl &S sk o]
E7Fssich Eeh EYO| fEjARRie ] A
i HAR 71%31 9 ol wet g 4
wpeba] & AtollAs e Fatoll Al %‘i A F 4
AZho] AU EERo s Egol 114
A _T/_x]—o] WAs ERle g7 &
Aekar 7y st *lg?—ﬂolﬁ Adare]
= AASHH(Fig. 3). M2& E=o] 24t *liEc‘IOH
FAEH darelEe 2 ARA-ANA 2] S EE
_4 .,_(71— ZJsz];H o7 o]E ]—ﬂ %l\‘— EELJ Ea 1:H7]
oA 7] S EEU = ARG S Slsf
of A5 B9 5 B 1 E Hlwstal, o

12 429} =eho el *vﬂo}ﬂ e A PO

ﬂJE

ox L

ol

o

=
oN Y H oo

A ek wiop o] Abgol FHsE Aol
AAAAE 13l alol] HSA 3 mﬂﬂ
gk, o)) Eq. (1)9] STL, LT7} gk, v,
weo] Apgo] Bl o Afel Ege ﬁ‘ﬁOl A
7Rs1 W7 7| Slekelor st AD7)
Ak o] AL T E2e A% Alew ahy
Ao o FsHA W TLo| WA skl E2e

mlo JSE
Y

2 AR AT B E 347)9) AR 71 o
$E wsh 9] Age) 7k5d Ag ERe ot
#4711 Xé ol STDSF D7} 5}

%—sroq oY

Cas l% o 1 EHﬂoﬁeﬂow 7]434017}‘11 AD7} & ‘**“
a7 "k £a12 ZW EYL MAT AJEH oA A

(SIS, AfiEol s F5tt AT ofd A
Belol 92 A% S A4 A ek 4
BlolHe A% ST H9 51;4 g Y 7R
2 g0 Beshe], 2o o] AR A9

go]

© g EYS o] o] ARG Al2dlolA A9
w3 |7t ke ool AlAo] AR Ech Rl
2 Eg9] o] TAsHA] ok 9ol i EYS
ChA] AR A o2 o] FshH ofuff TE7} WYt Fig.
4= AEold eSS et 24 AAgoA EY
59| olsshes AEE MNIAeR =4S Aol

AR FAE ol AR = 9 Au] Y] F
Sroll whet 7k 2 R} pejAlte] thEARE &
AtollM= AlEElol9] Tedks flal g Ay Rl

= Bt 40A7L ] AREE B 4Xgke® st
ek TR, A A NIt ] AR R SHEA S
B2 x| geiE wEvkal 7Pk 1 99
Aol =ago]] a3t 1A} FHE-2 Table 10 AJA|
QA == AlEEolEol st all-EE St
AlEH o)A 35ty 1 Au) 7t ES AjA

Shovel Area A

Yes /‘D:(:;k_;u:\‘\_\ No
area B

inarea A?

those

Shovel Area B

|
[ Waiting in |
No | the queue (AD)

Is shovel
available?

Is shovel

[
| Waiting in
available?

the gueue (AD)

Spotting (STL)

Travel to crusher (TL)

Crusher

Is crusher
available?

[ Dump (DT) |

Travel to shovel (TE)

Is truck
downed?

Travel to shovel (TE) '—

Fig. 3. Algorithm for simulating shovel-truck haulage systems with considering the truck’s breakdown
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Fig. 4. Conceptual view of shovel-truck haulage systems with considering the truck’s breakdown

Table 2. Simulation results for a shovel-truck haulage system with considering the truck’s breakdown

Shovel - area A Shovel - area B Crusher
Number A A util Ave. Ore
of Util. | Avg. :;i Util. | Avg. ::ign Util. | Avg. Al\;f’; conveyor| truck’s | Avg. supply Profit
trucks | Shovel | queue Wtei‘meg crusher| queue ngeg crusher | queue ngeg belt repair | load (ton/day) (USD/day)
N . o : o ; % units
(%) | (unit) (min) (%) | (unit) (min) (%) | (unit) (min) (%) (units)
2 22.5 | 0.00 | 0.00 | 123 | 0.00 | 0.00 | 19.1 | 0.00 | 0.00 | 10.11 0.35 41.6 | 2913 -1254
3 26.8 | 0.00 | 1.67 | 246 | 0.00 | 1.05 | 28.1 | 0.01 | 098 | 14.89 0.47 61.3 | 4287 14241
4 40.0 | 0.03 | 1.65 | 282 | 0.00 | 1.16 | 373 | 0.03 | 0.99 | 19.65 0.72 80.8 | 5658 29698
5 47.4 | 0.08 | 1.86 | 35.6 | 0.02 | 1.53 | 45.0 | 0.05 | 0.95 | 23.66 0.85 974 | 6814 42603
6 569 | 0.15 | 225 | 41.6 | 0.03 | 1.24 | 53.1 | 0.08 | 1.14 | 27.86 1.12 114.6| 8025 56152
7 67.2 | 0.13 | 1.92 | 50.0 | 0.03 | 1.21 | 67.3 | 0.15 | 1.23 | 33.26 1.23 [136.8| 9579 73775
8 65.8 | 0.10 | 1.57 | 51.3 | 0.04 | 1.20 | 90.8 | 1.06 | 3.81 33.24 1.37 136.8| 9573 71913
9 653 | 0.11 | 1.68 | 509 | 0.04 | 1.23 | 904 | 1.94 | 695 | 3297 1.69 135.7| 9496 71211
10 66.5 | 0.12 | 1.77 | 51.7 | 0.04 | 1.32 | 92.3 | 2.90 | 10.15| 33.56 1.56 138.1| 9665 72417
100000
_ 83506 82714 81922 sm29
E’ 80000 .E
é S s om0 g
a 60000 ED
s 3
2 40000 £
s &
= z
< 20000
2106,
0 0
2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10
Number of trucks Number of trucks
=s=Without considering the breakdown ~®=Considering the breakdown ===Without idering the ~@=Considering the n
(a) (b)

Fig. 5. Comparison of simulation results with and without considering the truck’s breakdown. (a) Average daily profit. (b)
Average number of haulage
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Fig. 6. Algorithm for simulating shovel-truck haulage systems with considering the truck’s breakdown and crusher’s capacity

Table 3. Simulation results for a shovel-truck haulage system with considering the crusher’s capacity

Shovel - area A Shovel - area B Crusher
Crushing Util. Avg. Ore
rate of | Util, | Ave. | V& | util | Ave. | A8 | il |Ave | A8 |conveyor truck’s | Ave. supply Profit
crusher |shovel | queue wzgtmg crusher| queue wzgtmg crusher |queue we.utmg belt repair | load /d (USD/day)
@h) | @) [@ni| " | @) |@in| "™ | ©) @] " | %) | (units) (ton/day)
° (min) o (min) | " (min)
1100 514 | 0.05 | 1.23 482 | 0.03 | 0.83 | 90.9 | 1.10 | 4.67 28.31 1.32 | 116.5| 8153 58885
1200 56.8 | 0.07 | 1.37 51.0 | 0.03 | 0.87 | 86.1 | 0.56 | 2.93 30.64 1.25 |126.1| 8826 65856
1300 67.2 | 0.13 | 192 | 50.0 | 0.03 | 1.21 | 67.3 | 0.15| 1.23 33.26 1.23 | 136.8| 9579 73775
1400 68.0 | 0.14 | 1.99 | 49.7 | 0.04 | 1.33 | 63.8 [0.11| 0.90 33.34 1.25 | 137.2| 9601 73043
1500 68.0 | 0.14 | 1.99 | 49.7 | 0.04 | 1.33 | 63.8 [0.11| 0.90 33.34 1.25 |137.2| 9601 72043
1600 68.0 | 0.14 | 1.99 | 49.7 | 0.04 | 1.33 | 63.8 [0.11| 0.90 33.34 1.25 |137.2| 9601 71043
1700 68.0 | 0.14 | 1.99 | 49.7 | 0.04 | 1.33 | 63.8 [0.11| 0.90 33.34 1.25 |137.2| 9601 70043
1800 68.0 | 0.14 | 1.99 | 49.7 | 0.04 | 1.33 | 63.8 [0.11| 0.90 33.34 1.25 |137.2| 9601 69043
1900 68.0 | 0.14 | 1.99 | 49.7 | 0.04 | 1.33 | 63.8 [0.11| 0.90 33.34 1.25 |137.2| 9601 68043
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