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Creation of Vector Network Data with Considering Terrain Gradient for
Analyzing Optimal Haulage Routes of Dump Trucks in Open Pit Mines

Boyoung Park, Yosoon Choi*, Han-Su Park

Abstract Previous studies for analyzing optimal haulage routes of dump trucks in open pit mines mostly used raster
data. However, the raster data has several problems in performing optimal route analyses: (1) the jagged appearance
of haulage roads according the cell resolution often causes overestimation of the travel cost; (2) it difficult to trace
the topological relationships among haulage roads. These problems can be eliminated by using vector network data,
however a new method is required to reflect the performance characteristics of a dump truck according to terrain
gradient changes. This study presents a new method to create vector network data with the consideration of terrain
gradient for analyzing optimal haulage routes of dump trucks in open pit mines. It consists of four procedures:
(a) creating digital elevation models, (b) digitizing haulage road networks, (c) calculating the terrain gradient of
haulage roads, and (d) calculating the average speed and travel time of a dump truck along haulage roads. A simple
case study at the Roto South pit in the Pasir open pit coal mine, Indonesia is also presented to provide proof
that the proposed method is easily compatible to ArcGIS Network Analyst software and is effective in finding optimal
haulage routes of dump trucks with considering terrain gradient in open pit mines.
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Fig. 1. An example of optimal route analysis using the Dijkstra’s algorithm
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Fig. 2. Procedure for creating vector network data which considers terrain gradients
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Fig. 3. Schematic diagram representing the meaning of positive and negative terrain gradients

Table 1. An example of attribute table of vector network data which considers the terrain gradients of haulage roads

Start End Uphill Downhill Start — End | End — Start
ID | Elevation | Elevation L?Lllg)th Gl?:z]))E Traveﬁ Time | Travel Time Travel Time | Travel Time
(m) (m) (min) (min) (min) (min)
1 144 147 100 3 0.24 0.24 0.24 0.24
2 129 138 100 9 0.40 0.15 0.40 0.15
3 124 116 100 -8 0.40 0.15 0.15 0.40
4 128 140 100 13 0.60 0.15 0.60 0.15
5 82 81 100 -1 0.24 0.24 0.24 0.24
6 124 118 100 -6 0.30 0.15 0.15 0.30
7 170 170 100 0 0.24 0.24 0.24 0.24
8 120 117 100 -4 0.30 0.15 0.15 0.30
9 146 152 100 6 0.30 0.15 0.30 0.15
10 42 32 100 10 0.40 0.15 0.15 0.40
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Table 2. Approximate speed of a dump truck (100 ton) at
different terrain grades(%) at the Pasir open pit
coal mine, Indonesia(Choi et al., 2007)

Approximate speed
0,
Type Grade (%) (km/hour)
04 25
48 20
Uphill
8-12 15
over 12 10
04 25
Downbhill
over 4 40
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Fig. 4. Optimal haulage routes of dump trucks determined by ArcGIS Network Analyst and vector network data with
considering terrain gradient. (a) Uphill movement. (b) Downhill movement

Table 3. Haulage distance, travel time and average speed of dump trucks along optimal routes illustrated in Fig. 4

Haulage distance Travel time Average speed
Type Route (km) (min) ( our)
A (Fig. 4a) 2.66 8.0 20.0
Uphill
B (Fig. 4a) 3.19 10.0 19.1
A (Fig. 4b) 2.66 5.0 31.9
Downbhill
B (Fig. 4b) 3.06 6.0 30.6
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Fig. 6. Optimal haulage routes of dump trucks determined

by ArcGIS Network Analyst and vector network data
without considering terrain gradient. The routes of
uphill and those of downhill movements are identical
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