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Optimization Design of Open-Pit Mine Road Based on Truck Fuel Consumption Law
GAO Jinlong' s REHOLAS Bahedal', ZHOU Zongyi', CAO Bo*
(1.Guoneng Xinjiang Zhundong Energy Co., Ltd., Changji Hui Autonomous Prefecture, Xinjiang 831100, China;
2.Liaoning Technical University, Fuxin, Liaoning 123000, China)

Abstract:In order to reduce the stripping transportation cost of open-pit mines and realize the efficient flow of stripping
materials, the optimization design of open-pit mine road was studied. Firstly, the current situation of open-pit mine road
optimization design was analyzed, and an open-pit mine road optimization design method based on truck fuel consumption law
was proposed. The fuel consumption equivalent coefficient was introduced to reflect the fuel consumption of trucks under
various slope conditions, which was convenient for accurate estimation of fuel consumption cost. Secondly, based on the
measured fuel consumption data of trucks in an open-pit mine, the fuel consumption characteristics on heavy-haul uphill and no-
load downhill for trucks under different slopes were quantitatively analyzed. Finally, according to the fuel consumption law of
MT3700 truck, a design method of combined slope was explored by optimizing the slope and slope length of flat road section,
and the optimization strategy of open-pit mine road was proposed. The results show that the truck transportation distance of
open-pit mine should be controlled within 3.5 km as much as possible, and about 2 km is the best transportation distance. The
fuel consumption generated after exceeding 3.5 km generally increases, and the growth rate is faster. The mine road design
should reduce the height difference as much as possible and control the height difference within 160 m, among which the fuel
consumption efficiency is the highest when the height difference is 80 m. The slope of the mine road is not sensitive to fuel
consumption, so the overall slope of the mine transportation road can be appropriately increased to reduce the transportation
distance to reduce fuel consumption.

Key words: Open-pit mine, Truck fuel consumption law, Road optimization design, Fuel consumption equivalent coefficient
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Table 1 Unit fuel consumption for trucks during

heavy-haul uphill under different slopes

AT BT 3 i B AR / (1L m)

0 0~2% 2% ~4% 4%~6% 6% ~8% 8% ~10%

0.001 85 0.004 57 0.010 34 0.016 24 0.017 38 0.022 19
2 0.003 92 0.005 47 0.003 34 0.012 91 0.016 85 0.016 01
3 0.003 10 0.006 30 0.005 25 0.013 69 0.018 66 0.015 96
521 0.003 92 0.006 30 0.006 03 0.009 62 0.017 61 0.016 99
522 0.003 12 0.005 36 0.007 02 0.009 91 0.015 89 0.021 04

523 0.003 72 0.004 89 0.007 11 0.013 84 0.013 25 0.017 68
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Fig.1 Frequency distribution of unit fuel consumption for

trucks during heavy-haul uphill under different slopes
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Table 2 Unit fuel consumption and fuel consumption
equivalent coefficient for trucks during

heavy-haul uphill under different slopes

BN/ % BHAAIIMEE/(L/m)  IMFESF AR
0.5~1.5 0.005 26 1.391
1.5~2.5 0.007 50 1.984
2.5~3.5 0.008 15 2.156
3.5~4.5 0.010 34 2.735
4.5~5.5 0.010 55 2.791
5.5~6.5 0.012 94 3.423
6.5~7.5 0.014 08 3.724
7.5~8.5 0.018 96 5.015
8.5~9.5 0.020 53 5.431
9.5~10.5 0.025 10 6.640
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Fig.2 Fitting curve of fuel consumption equivalent coefficient

and slope for trucks during heavy-haul uphill
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Fig.3 Slope relationship between unit fuel consumption

and slope for trucks during heavy-haul uphill
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Table 3 Multiple relationship of unit fuel consumption
between heavy-haul uphill and no-load

downhill for trucks under different slopes

iz i B AE /(L m)

WeRESE R/ %% TR T FERR R
0.5~1.5 0.005 26 0.003 53 1.490
1.5~2.5 0.007 50 0.002 87 2.613
2.5~3.5 0.008 15 0.002 62 3.110
3.5~4.5 0.010 34 0.002 48 4.169
4.5~5.5 0.010 55 0.002 29 4.606
5.5~6.5 0.012 94 0.002 25 5.751
6.5~7.5 0.014 08 0.002 15 6.548
7.5~8.5 0.018 96 0.002 08 9.115
8.5~9.5 0.020 53 0.002 09 9.822
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Fig.4 Relationship between total fuel consumption,
average speed and slope length under

different slopes in flat road sections

i & 4 BT AR RE S 0~3% 3K R 40~400
m BEET, RAW B mAL, 7 0~2 L 2
], W EEER KN EEBERNES, &

INEY B 29 8 10 km/h d5 ROV 35 3 55 3] 33
km/h,
- [ BEAS R 3E BE R B9 B /N A3l S B AR S 8

HRE UL 4, Ry e AR S ACR AN R Y R, P
I B BEAE 1 00 B A R /R B 125 ms o B B
JETE 2% B i e /NS K B R 150 ms 1 % B U B 7
3V B /NS W SR 200 m, FE 0~ 3 %6 Ik B 31
P 2 3R 4 3R X A A /N B, R
JEN K BE L B M B K KT 200 m AL Y B SE  E
3% MR K KT 150 m B, B H 6%
JEAEH 2 M B s KRR F 125 m B, W B %8
ZIEs 1% 0B, DLk ok AR B O B B, 7E
196.2% 3% 5 BT, BRARSE ¥ 3 RE 43 3 30~33
km/h,.30~32 km/h.30~31 km/h, 7 F % i % %%
AR R T R B, 5 93 FE A b 2 AT 4%
VNN
4 THRARBHETHRNAEHKMBEBETHEE

Table 4 Minimum suitable slope length and ideal average

speed under different slopes in flat road sections
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Fig.5 Relationship between total fuel consumption, average speed and slope length under different slopes
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Table 6 Partial data of transportation distance,

height difference, slope and fuel consumption

iz /km 2/ m Yz /% /L
1.09 45.89 4.20 23.27
1.16 43.24 3.73 24.43
1.17 45.57 3.88 27.17
2.03 71.63 3.53 37.06
2.03 85.69 4.22 41.90
2.03 59.77 2.94 41.31
3.17 137.61 4.34 59.06
3.24 136.94 4.22 54.10
3.56 154.24 4.33 63.06
5.07 198.03 3.91 76.63
5.07 191.02 3.77 73.50
5.14 186.37 3.63 74.75
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Fig.6 Influence of transportation distance, height

difference and slope on fuel consumption
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