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Table 1. Road gradient and side slope factors (Contreras and Chung, 2007)
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Road gradient factor
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Side slope (%)
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Side slope factor

0-5 1.0
5-10 1.5
10-15 2.5

15-20 3.5

0-15 1.0
15-30 15
30-45 2.5
45-60 3.5
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Table 2. The total skidding cost for nodes and proposed depots based on Rials (TSCy)

. solgds slags
. P d depots
. ropose
Variable 1 2 3 4 6 7 8 9 10
CT, (min) 9.35 1215 1351 1036  12.18 14.92 1132 1316 1054 1240
CT,(min) 11.58 8.86 10.22 8.92 7.10 9.84 9.02 10.86 8.32 8.38
CT5(min) 1526 1254 1120 1409  12.25 9.52 10.11 8.27 12.07  10.20
N, 1200  12.00 12.00 12.00  12.00 12.00 7.00 7.00 3.00 3.00
N, 5.00 5.00 5.00 7.00 7.00 7.00 11.00  11.00 3.00 3.00
N, 4.00 4.00 4.00 8.00 8.00 8.00 3.00 3.00 3.00 3.00
SC, (%) 3534 4592 5109 3918  46.05 56.40 2495  29.02 9.96 11.72
SC,($) 1824 1395 1610 1967  15.66 21.70 3124 3764 7.86 7.92
SC5($) 1922 1579 1411 3551  30.88 23.99 9.56 7.81 11.40 9.64
TSCy ($) 7280 7567 8130 9436 9260 10209 6575 7448 2923 2927

JS wusa 5 SCi) sleiy 55 & d e 51 S o 51 2SO ausa (NI L3S Cug slaad (CTi) aids v 2SO Ol

(TSC L) o= 5 3l sla s gl LSS

Skidding time in minute (CTi), Number of skidding (Ni), skidding cost from each cell to recommended depot (SCi), total cost

of skidding for recommended depot in Rial (TSCK)
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Table 3. Construction cost of links and the total cost for the 36 proposed graphs.

L g Ji, L g Ju, L g Je, Ny Je, Lg Je, L g Je,
Link Rial Link Rial Link Rial Link Rial Link Rial Link Rial

RCi-s 4157 RC 14 3339 RC 16 7605 RC 15 4157 RC 14 3339 RC 16 7605
RCs.7 2475 RC 47 2671 RCe.7 3500 RCss 3403 RC 48 3975 RCs-s 3406
RC7.9 3425 RC 79 3425 RC 79 3425 RCs-9 5128 RCs.9 5128 RCs.9 5128
TRC, 10057 TRC, 9435 TRCy 14530 TRC, 12688 TRCs 12442 TRC, 16139
RC 15 4157 RC 14 3339 RC 16 7605 RC 15 4157 RC 14 3339 RC 16 7605
RCs7 2475 RC 47 2671 RCe.7 3500 RCss 3403 RC 48 3975 RCs-s 3406
RC7-10 3473 RC 7-10 3473 RC 7-10 3473 RC 8-10 5176 RC s-10 5176 RC s-10 5176
TRC, 10105 TRCg 9483 TRC, 14578  TRCy, 12736  TRCy, 12490 TRCy, 16187
RC 24 5184 RC2s 3948 RC 26 5178 RC 24 5184 RC 25 3948 RC 26 5178
RC 47 2671 RCs.7 2475 RCe.7 3500 RC 48 3975 RCs.s 3403 RCs-s 3154
RC 7.9 3425 RC 79 3425 RC 79 3425 RCs-9 5128 RCs.9 5128 RCs.9 4357
TRCy5 11280 TRCy4 9848 TRC;s 12103  TRCye 14287  TRCy, 12479  TRCyg 12689
RC 24 5184 RC2s 3948 RC 26 5178 RC 24 5184 RC2s 3948 RC 2 5178
RC 47 2671 RCs.7 2475 RCe-7 3500 RC 48 3975 RCss 3403 RCs-8 3154
RC 7.10 3473 RC 7-10 3473 RC 7-10 3473 RC g-10 5176 RC s.10 5176 RC s-10 4405
TRCyq 11328  TRCy 9896 TRCy, 12151  TRC,, 14335 TRC,3 12527  TRCy, 12737
RC 34 6707 RC34 6707 RC3s 4564 RC3s 4564 RC 3 4567 RC 3 4567
RC 47 3498 RC 47 3498 RCs.7 2475 RCs.7 2475 RC -7 3500 RC -7 3500
RC 7.9 3425 RC 7-10 3473 RC 79 3425 RC 7-10 3473 RC 7.9 3425 RC 7.10 3473
TRCys 13630  TRCy 13678  TRC,; 10464  TRC,g 10512  TRCy 11492  TRCs 11540
RC 34 6707 RC34 6707 RC3s 4564 RC3s 4564 RC 3 4567 RC 3 4567
RC 4 4802 RC4s 4802 RCss 3403 RCss 3403 RC -7 4458 RC -7 4458
RCs.10 5176 RCs-9 5128 RCs-9 5128 RC g-10 5176 RC 7.9 3425 RC 7.10 3473
TRCsy 16686 TRCs, 16637 TRCss 13095 TRCs, 13143  TRCss 12450 TRCy, 12498

L o3l Y7 o (sl cils s S a3 =¥ Jsd
Table 4. Total harvesting cost (THC},) used for analysis of 36 proposed roads.

THC, e THC, Je THC, e
Rial Rial Rial
THC, 10317.38 THCys 11545.01 THC,s 13900.64
THC, 9697.14 THC,, 10111.25 THCyq 13948.68
THC, 14799.87 THCys 12375.74 THC,, 10732.88
THC, 12957.11 THCyq 14560.74 THCyq 10780.92
THC, 12712.87 THC,, 12750.98 THC,6 11770.37
THC, 16417.60 THCyq 12970.47 THCy, 11818.41
THC, 10365.42 THCyo 11593.05 THCs, 16964.37
THCq 9745.18 THC,, 10159.29 THCs, 16916.41
THC, 14847.91 THC,, 12423.78 THCs; 13372.61
THCy, 13005.15 THC,, 14608.78 THC,, 13420.65
THC,, 12760.91 THCys 12799.02 THCss 12728.37
THCy, 16465.64 THC,, 13018.51 THCs 12776.41
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Abstract

This study aimed to select the lowest cost graph through locating cost-benefit depots (nodes) and road
segments (links) to complete the road network of district No. 2 in the Bahramnia forestry plan,
Golestan province. In 2017, the value of each link and node was calculated for 36 candidate roads in
cutting areas. The total cost of skidding for each node was estimated using a model with variables of
consumed time for each skidding cycle, rate of skidder rent, number of skidding cycle, number of logs
(trees marking list), skidding and winching distances as well as the length of logs (2.8 meters for
industrial logs). After determining the cost-benefit nodes, their connections were provided by links.
The cost of construction for each link was calculated using a model with various variables includes the
length and longitudinal gradient of links, the side slope of terrain and unit cost of link construction.
However, the total harvesting cost was obtained based on the total cost of links and nodes. Our
findings indicated that by using the graph theory and the cost minimization approach, the most
appropriate nodes and links were located close to marked trees and low slopes. Therefore, the
proposed second graph was chosen as the optimal variant. The total skidding cost of depots and
construction cost of optimal graph were 9697700 Rial and 349095000 Rial m™, respectively. The total
length and harvesting cost of the optimal graph were estimated at 532 m and 358792700 Rial,
respectively.

Keywords: Forest road, Log depot, Lowest-cost graph, Link, Node.
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