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Studies on the Design of Forest Road Network for
Mechanized Yarding Operations (I])*

—Optimal road spacing and density —
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ABSTRACT

This study was carried out to examine the optimal road spacing and road density to minimize the total
harvesting cost (road construction cost plus yarding cost) for mechanized yarding system to roadside by one
- and two-stage two-way in Forestry build-up region, Chunchon-kun, Kangwon-do. The estimated road
construction costs were ranged from ten million won to sixty million won per km. The results have indicated
that cable crane was appropriate for yarding machine by one-stage, two-way, and estimated optimal road
spacing was 1, 698m~4, 192m. averaged 3, 087m, and road density was 3.44m/ha~8.44m/ha, and averaged 5.
12m/ha. In hilly terrain, combination of medium varder and logging bogie was suited to yarding machine by
two-stage, two-way, and calculated optimal road spacing was 1, 483m~3, 481m, averaged 2, 589m, and road
density was 4.05m/ha~9.46m/ha, averaged 5.90m/ha. In steep terrain, combination of medium yarder and
jinsung winch was suited, and estimated optimal road spacing was 1, 693m~ 3, 982m, averaged 2, 960m, and
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road density was 3.68m/ha~8.64m/ha, averaged 5.38m/ha.
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Mechanized yarding operations, Forestry build-up region, One- and two-stage two-way yarding,

Optimal voad spacing and density, Total harvesting cost
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Fig. 1. Schematic diagram of the mechanized yarding system to roadside by one-stage, two-way.
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Fig. 2. Schematic diagram of the mechanized yarding system to roadside by one-stage, two-way.
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Table 1. Mechanized operational variables for five yarding machines

Mobhile tower

Single line

Yarding machine cable crane N(I;? 1§m SIZ?d dya()ier circuit yader ngg}ng Jm'sur;lg
(Cable crane) edium yarder {Circuit yader) ogie winc

Max. yarding (m) 500 300 200 100 100
Crew size 5 2 4 3 2
Yarding cost

Variable(won/m® - m) 6.89 2.49 2.04 11.47 6.54

Fixed (won/m?®) 5, 866.25 5,000.18 9, 454 .89 7,.064.49 5, 866.25
A HodEol e}, @, dt HEEE (m/ha), & HBIEE (m),

HWEME(S) = stage 19 RAEMER(E,) X
o} E7leolm, olRE A7 sHe| wa} chof
@A Jebd Aol

A (3)oll A P,=2E,/SE thz]sbe] TERPE thft
PR Fodu &g HA42 e HNEERS 4
(4) &k =k,

S={40R/(C, V) —4 C,(E,*/C,)
+8 Y, (E,/C;)
+8 E]2_8 El (YZ/CZ)}Uz

3) HaEwmES g

MEEEx EdmfEe H3 HiEe ErRo R
A A2 o Aol ofste] AEH MEMBS
4 (5) el 9lsle] METER $4bdel

[1z)(m)  _ _1040+g)
! - S/10*(ha) S

(4)

d:

{m/ha;

(5)

Stage Terrain class

= HGERINE (m), pi kAol o
R U ER

1. BBER % #imslol s Mol R
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Fig. 3. Determination of the yarding machine system based on stages and terrain classes.
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Table 2. Optimal road spacing and road density for three mechanized yarding system to roadside by one
-stage, two-way in Forestry build-up region

Road cost (10, 000, 000won/km)

Region Yarding machine 1 5 3 3 5 5
Gajung Cable crane RS 1, 881 2, 660 3,258 3,762 4,207 4, 608
RD 7.66 5.41 4.42 3.83 3.42 3.13
Medium yarder RS 3,129 4,426 5, 420 6, 259 6, 998 7, 666
RD 4.60 3.25 2.66 2.30 2.06 1.88
Circuit yarder RS 3,457 4, 889 5. 988 6,915 7,731 8, 469
RD 4.17 12.95 2.40 2.08 1.86 1.70
Gosung Cable crane RS 1,393 1,970 2,413 2,786 3,115 3,413
RD 9.83 6.95 5.68 4.92 4.40 4.01
Medium yarder RS 2,317 3,278 4,014 4,635 5, 182 5,677
RD 3.91 4.18 3.41 2.96 2.64 2.41
Circuit yarder RS 2, 560 3,621 4,435 5,121 5, 726 6,272
RD 5.35 3.78 3.09 2.68 2.39 2.18
Gunja Cable crane RS 1, 682 2,379 2,914 3, 365 3,762 4,122
RD 8.18 5.76 4.70 4.07 3.64 3.32
Medium yarder RS 2,799 3, 958 4, 848 5, 598 6, 259 6, £56
RD 4.89 3.46 2.83 2.45 2.19 2.00
Circuit yarder RS 3,092 4,373 5, 356 6. 185 6,915 7,575
RD 4.43 3.13 2.56 2.22 1.98 1.81
Jiam Cable crane RS 1, 405 1, 987 2,433 2,810 3,142 3,442
RD 10 25 7.25 5.92 5.12 4.58 4.18
Medium yarder RS 2,337 3,305 4,048 4,675 5,226 3,725
RD 6.16 4.36 3.56 3.08 2.76 2.52
Circuit yarder RS 2,582 3, 652 4, 473 5,165 5,774 6, 325
RD 5.58 3.94 3.22 2.79 2.49 2.28
Kwangpan Cable crane RS 2, 084 2,954 3,618 4,178 4,671 5,117
RD 6.56 4.64 3.79 3.28 2.93 2.68
Medium yarder RS 3,475 4,914 6,019 6, 950 7,771 8,512
RD 3.94 2.79 2.28 1.97 1.76 1.61
Circuit yarder RS 3,839 5, 430 6, 650 7,679 8, 585 9, 405
RD 3.57 2.52 2.06 1.78 1.60 1.46
Sinpo Cable crane RS 1, 424 2,014 2, 467 2,849 3,185 3, 489
RD 10. 11 7.15 5.84 5.05 4.52 4.13
Medium yarder RS 2, 364 3,351 4,104 4,739 5, 299 5, 805
RD 6.08 4.30 3.51 3.04 2.72 2.48
Circuit yarder RS 2,618 3,702 4,535 5,236 5. 854 6. 413
RD 5.50 3.89 3.18 2.75 2.46 2.25
Sudong Cable crane RS 2,105 2,977 3,646 4,210 4,707 5. 156
RD 6.51 4.60 3.76 3.25 2.9 2.66
Medium yvarder RS 3,501 4,952 6, 065 7,003 7,830 8.577
RD 3.91 2.77 2.26 1.96 1.75 1.60
Circuit yarder RS 3, 863 5,471 6, 701 7

RD 3.54 2.50 2.04 1.
* RS ! Road spacing {(m], RD : Road density (m/ha’
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Table 3. Optimal road spacing and road density for three mechanized yarding system to roadside by one
-stage, two-way, for three assumed stocking levels

Yarding machine volume Road cost (10, 000, 000won/km)
(m?/ha) 1 2 3 4 5 6
100 RS 761 1,077 1, 319 1,523 1, 703 1, 366
RDH 18.00 12.72 10.39 9.00 8.04 7.34
RDS 18.92 13.37 10.92 9.46 8.46 7.72
Cable crane 200 RS 538 761 933 1,077 1,204 1, 319
RDH 25.46 18.00 14.68 12.72 11.38 10.39
RDS 26.77 18.92 15.43 13.37 11.96 10.92
300 RS 439 622 761 879 983 1.077
RDH 31.21 22.03 18.00 15.59 13.94 12.72
RDS 32.80 23.15 18.92 16.38 14.65 13.37
100 RS 1, 267 1,792 2,195 2,534 2,834 3,104
RDH 10.81 7.65 6.24 5.41 4.83 4.41
RDS 11.37 8.04 6.56 5.68 5.08 4.654
Medium yarder 200 RS 896 1, 267 1, 552 1,792 2,004 2,195
RDH 15.29 10.81 8.83 7.65 6.84 6.24
RDS 16.07 11.37 9.28 8.04 7.19 6.56
300 RS 731 1,034 1, 267 1, 463 1, 636 1,792
RDH 18.74 13.25 10.81 9.36 8.37 7.65
RDS 19.70 13.93 11.37 9.84 8.80 8.4
100 RS 1,400 1,980 2,425 2,800 3,131 3,429
RDH 9.79  6.92 565 4.8  4.38  4.00
RDS 10.29 7.27 5.94 5.14 4.60 4.20
Circuit varder 200 RS 990 1, 400 1,714 1, 980 2,214 2,425
RDH 13.84 9.79 7.99 6.92 6.19 5.65
RDS 14,55 10.29 8.40 7.27 6.50 5.94
300 RS 808 1, 143 1, 400 1,616 1, 807 1, 980
RDH 16.96 11.99 9.79 8.48 7.58 6.92
RDS 17.82 12.60 10.29 8.91 7.97 7.27
* RS © Road spacing (m), RDH : Road density of hilly terrainim/ha),
RDS : Road density of steep terrain(m/ha)
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Table 4. Optimal road spacing and road density for mechanized yarding system to roadside by two-stage, two
-way in Forestry build~up regiion

Road cost (10, 000, 000won/km)

_Eegxon Yarding machine I 5 3 1 5 5
Jinsung winch RS 2,417 3,093 3,647 4,126 4, 556 4,948
and Cable crane RD 5.96 4.66 3.95 3.49 3.16 2.9
Gajung Jinsung winch RS 1, 998 2,779 3, 384 3, 896 4,348 4,758
and Medium yarder RD 7.12 5.18 4.26 3.70 3.31 3.03
Jinsung winch RS 2,208 2,933 3,512 4,008 4, 448 4, 852
and Circuit yarder RD 6.52 4.91 4.10 3.59 3.24 2.97
Logging bogie RS 1,677 1,994 2,268 2,512 2,734 2,640
and Cable crane RD 8.17 6.87 6.04 5.45 5.01 406
Gosung Logging bogie RS 1,173 1, 594 1,925 2,208 2.457
and Medium yarder RD 11.68 8.59 7.12 6.20 5.58 5.10
Logging bogie RS 1,333 1,719 2,030 2, 300 2,540 510
and Circuit yarder RD 10.24 7.97 6.75 5.96 5.39 4.96
Logging bogie RS 1,829 2,246 2,598 2,907 3,186 3.442
and Cable crane RD 7.49 6.10 5.27 4.71 4.30 3.98
Gunja Logging bogie RS 1,382 1, 900 2,305 2, 648 2,952 3.227
and Medium varder RD 9.91 7.21 5.94 5.17 4.64 4.25
Logging bogie RS 1, 525 2, 006 2,393 2,725 3,021 3,291
and Circuit yarder RD 8.98 6.83 5.73 5.03 4.53 4.16
Jinsung winch RS 2,047 2,504 2,890 3,230 3,537 3, 820
and Cable crane RD 7.03 5.75 4.98 4.46 4.07 3.77
Jiam Jinsung winch RS 1, 531 2,103 2,550 2,930 3,266 3,970
and Medium varder RD 9.41 6.85 5.65 4.91 4.41 4.03
Jinsung winch RS 1, 796 2, 304 2,718 3, 007 3, 398 3.691
and Circuit yarder RD 8.02 6.25 5.30 4.68 4,24 3.90
Logging bogie RS 2, 066 2,624 3,084 3, 483 3,841 4, 186
and Cable crane RD 6.63 5.22 4.44 3.93 3.57 3.29
Kwangpan Logging bogie RS 1, 682 2,335 2,841 3,270 3,649 3,992
and Medium yarder RD 8.15 5.87 4.82 4.19 3.75 3.43
Logging bogie RS 1, 801 2,422 2,913 3,333 3, 706 4,044
and Circuit yarder RD 7.61 5.66 4.70 4.11 3.70 3.39
Jinsung winch RS 2,061 2,527 2,920 3, 265 3,578 3, 865
and Cable crane RD 6.99 5.70 4.93 4.41 4.02 3.73
Sinpo Jinsung winch RS 1, 550 2,131 2,584 2,969 3. 310 3,618
and Medium yarder RD 9.29 6.76 5.57 4.85 4.35 3.98
Jinsung winch RS 1, 812 2,329 2,750 3.114 3, 441 3,738
and Circuit yarder RD 7.45 6.18 5.24 4.62 4.18 3.85
Logging bogie RS 2,075 2,640 3,103 3, 506 3, 867 4,197
and Cable crane RD 6.60 5.19 4.42 3.91 3.54 3.26
Sudong Logging bogie RS 1, 6494 2,352 2, 862 3,295 3,677 4,022
and Medium yarder RD 8.09 5.82 4.79 4.16 3.73 3.41
Logging hogie RS 1,813 2,439 2,934 3,357 3,733 4,074
and Circuit yarder RD 7.56 5.62 4.67 4.08 3.67 3.36

*RS . Road spacing (m),  RD : Road density (m/ha)

§ ASolE Ayol whB e EHMEEE  WEMA AT HEHE oM dumiiel LAt
% BKEMEEST eeR AFe] shutgas, chal e il AgkukAiac, odah ExhA|
HEEES 4 A2 & Am B & gl dEAFe H2sh HERRE
Stfol s AR A 42 epubaAn, TF F4 WEEES B 4FEdUc ol A”
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Table 5. Optimal road spacing and road density for six mechanized yarding to roadside system by two-stage,
two-way, for three assumed stocking levels

Yarding volume Road cost (10, 000, 000won/km)

machine (m3/ha) 1 2 3 4 5 6
100 RS 1,412 1, 530 1, 640 1,743 1, 841 1,933
Logging bogie RD 3.70 8.95 8.35 7.86 7.44 7.09
and 200 RS 1, 349 1,412 1, 472 1, 530 1, 586 1, €40
(Cable crane RD 10.16 9.70 9.31 8.95 8.64 8.35
300 RS 1. 327 1, 370 1, 412 1, 453 1,492 1,530
RD 10.32 10.00 9.70 9.43 9.18 8.95
100 RS 747 952 1,120 1, 266 1, 397 1,517
Logging bogie RD 18.34 14.39 12.23 10.82 9.81 9.03
and 200 RS 619 747 856 952 1, 040 1,120
Medium yarder RD 22.13 18.34 16.00 14.39 13.17 12.23
300 RS 571 665 747 821 889 952
RD 23.99 20.60 18.34 16.69 15.41 14.39
100 RS 936 1, 149 1, 292 1,421 1,539 1, 648
Logging bogie RD 13.89 11.92 10.60 9.64 8.90 §.31
and 200 RS 894 986 1,071 1, 149 1,223 1,292
Circuit yarder RD 15.32 13.89 12.79 11.92 11.20 10.60
300 RS 860 926 986 1, 044 1, 098 1,149
RD 15.93 14.79 13.89 13.12 12.48 11.92
100 RS 1, 650 1, 826 1, 986 2,135 2,273 2, 404
Jinsung winch RD 2.73 7.849 7.25 6.74 6.34 5.99
and 200 RS 1, 555 1, 650 1, 740 1, 826 1, 908 1, 986
Cable crane RD 9.26 8.73 8.28 7.89 7.55 7.25
300 RS 1,521 1,587 1, 650 1, 711 1,769 1. 826
RD 9.47 9.07 8.73 8.42 8.14 7.89
100 RS 936 1,219 1,449 1,646 1,822 1,983
Jinsung winch KD 15.38 11.81 9.94 8.75 7.90 7.26
and 200 RS 755 936 1, 087 1,219 1,339 1, 449
Medium yarder RD 19.07 15.38 13.25 11.81 10.75 9.94
300 RS 634 820) 936 1,039 1,133 1,219
RD 21.05 17.56 15.38 13.86 12.71 11.81
100 RS 1, 326 1,539 1,727 1, 895 2, 050 2,194
Jinsung winch RD 10.86 9.36 8.34 7.60 7.02 6.56
and 200 RS 1, 205 1,326 1, 437 1, 539 1, 636 1,727
Circuit yarder RD 11.95 10.86 10.02 9.36 8.80 8.34
300 RS 1,162 1,247 1, 326 1, 401 1,472 1,539
RD 12.39 11.55 10.86 10.28 9.78 9.36

* RS ! Road spacing (m). RD : Road density (m/ha)
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