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Abstract: The productivity, cost, and optimal forest road network density for tree-length yarding with K301-4 and
HAM300 tower yarders were analyzed. The results showed that productivity decreased as the yarding distance
increased. The productivity of the K301-4 was greater than that of the HAM300 as the maximum yarding distance
was longer than 34 m. This difference increased as the load volume increased. As the K301-4 yarder had a higher
purchase price and it took more time to set up compared to the HAM300, the HAM300 was cost effective. Therefore,
in oder to introduce tower yarders to reduce operational cost, it is effective to increase the load volume during

operations and to utilize the road network repeatedly for a long period.
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Table 1. Description of study sites.

Classification Contents
Area (ha) 3.0
Type Coniferous forest
Species Larix kaempferi
Age (years) 51
Average slope (degree) 20
Average height (m) 23
Average DBH (cm) 34
Felling Delimbing Yarding Processing
) :> ) :> Tower :> Excavator with
Chain saw Chain saw wood grapple
yarder + Chain saw

Figure 1. Schematic of the harvesting system.
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Figure 2. K301-4 and HAM300.

Table 2. Specifications of the tower yarder used in study.

Classification K301-4 HAMS300

Machine weight (kg)

(Not including line) ) 1,850
Full length (mm) - 1,400
Full width (mm) - 680
Total height (mm) - 2.6
Height of tower (m) 8.4 7.3
Engine power (ps) 133 -

Pulling capacity (kgf) 2,600 2,400
Maximum speed of carriage (m/sec) 7.5 4.17
Maximum yarding distance (m) 300 300
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Table 3. Values used for calculation of yarding cost.

Cost factor Unit K301-4 HAM300
Purchase price won 300,000,000 92,000,000
Economic lives years 7 7
Salvage value % 10 10
Scheduled operating time hr/year 600 600
Annual interest rate % 15 15
Repair and maintenance % 100 100
Oil price won/L 1,289 1,289
Coefficient of lubricant % 37 37
Fuel consumption L/hr 7.5 5.8
Daily wage of operator’ won/day 148,613 148,613
Daily wage of ground crew won/day 102,628 102,628

"Daily wage is based on 8 hours.
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Figure 3. Line-thinning setting model.
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Table 4. The results observed in yarding operation(1).

Classification K301-4 HAM300
The number of yarding (times) 259 173
The number of timber yarded (tree) 282.5 194.5
Observed value The volume of timber yarded (m®) 291.0 200.3
Yarding time (sec) 81,989 62,910
Number of workers (man) 4 4
. The volume of timber yarded (m’/times) 1.12 1.16
Average per times . . .
Yarding time (sec/times) 316.56 363.64
The number of yarding (times/hour) 11.37 9.90
Average per hour . ;
The volume of timber yarded (m’/hour) 11.71 10.20
. The number of yarding (times/day) 68.23 59.40
Average per day . 3
The volume of timber yarded (m/day) 70.28 61.18
" The number of yarding (times/man-day) 17.06 14.85
Average per man-day ] ;
The volume of timber yarded (m’/man-day) 17.57 15.30
“Productive time per day is 6 hours.
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Table S. The results observed in yarding operation (2).
Classification K301-4 HAM300
Carriage out sec/cycle 31.2 25.5
Lateral wire traction sec/cycle 74.3 62.7
Choking sec/cycle 39.0 30.2
Moving and withdrawing sec/cycle 17.5 17.5
Lateral yarding sec/cycle 349 442
Yarding sec/cycle 58.9 84.1
Unhooking sec/cycle 58.6 63.5
T sec/cycle 2242 218.1
Ts sec/times 7,200 5,400
Td sec/times 3,600 3,600
Vi m/sec 3.16 3.18
) m/sec 1.52 0.98
V3 m/sec 0.3 0.3
V4 m/sec 0.3 0.3
450 190 -
400 - e —— K3014
T 350 4 " Zwo, | - HAM300
2 | E
_; 300 TZ; Volume
E 950 4 5 {m3eycle)
o E= =%
o 200 1 —— K3014 z 0
E 150 E
P HAM300 g -
= 100 4 = 0.5
e o
= 50 4 g
0 T T T T T T E o T T T T T '
] 50 100 150 200 950 300 ] 34 50 100 150 200 250 300
Maximum yvarding distance L{m) Maximum yarding distance Lim)
Figure 4. Relationships between maximum yarding Figure 5. Relationships between maximum yarding
distance and cycle time. distance and productivity.
ARG 19455, HAHHA-L 200 m’o]ch 1A}o] S B BE = 9L, HIAARL} AtolZERdTte] BAE
o+ AL 1.16 m’/eycle, Bt Ato]ZEFI-S 363.64 T 5 Stk
sec/cycle©]t}.
- = o= e B 50 el S
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m/sec, HAA] HAEEE 1.52 misecE T=EQom, ) :
AO - 7}z = 1 1
HAM3002] ZL= 717k 3.18 m/sec, 0.98 m/sec2 =X Oy(L) = L( T i — )/24218.1 (13)
Atk o] A= Table 29] K301-49] HiE7] Foj&He ' ‘
7.5 m/sec E HAM3002] ¥t&7] ZEE 4.17 m/secet
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o] FrkeEol T, AR RE WL §ol7] Al $ 05 mieyele® AFolw, 2HWH mEH]7]o] A9
s B R R o B e e A I £ ol AR 9] Axel fol3t 1.0 micycle® A5}
Bolefa AlRHL}, of £4L AT}
Table 59 TWEXE A o] thYgstd K301-4 2 A 20 oJsf 19 HAFAHE oA e = 7 499 2
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Figure 6. The sum of yarding cost and the rigging
and dismantling cost.
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Figure 7. Relationships between maximum yarding
distance and forest road construction cost.
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Z+7F 65,000 won/m’, 39,030 won/m’o|t, 1ujo] Z ]
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o] A9, K301-49} HAM3009] Zazbqjulge 74z
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=0.82 473} tH(Sawaguchi et al., 1994).
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Figure 8. The sum of yarding cost and main forest Figure 9. The sum of yarding cost and spur
road construction cost. forest road construction cost.
Table 6. Maximum yarding distance, optimal forest road network density and operational cost.
Volume K301-4, HAM300, K301-4, HAM300,
(m’/cycle) Spur forest road Spur forest road Main forest road Main forest road
Maximum yarding distance (m) 300 300 300 300
0.5 Optimal forest road network density (m/ha) 30 30 30 30
Operational cost (won/m3) 112,390 83,670 139,720 111,010
Maximum yarding distance (m) 300 300 300 300
1.0 Optimal forest road network density (m/ha) 30 30 30 30
Operational cost (won/m3) 47,770 33,590 56,880 42,700
Maximum yarding distance (m) 150 150 150 150
0.5 Optimal forest road network density (m/ha) 60 60 60 60
Operationalcost (Won/m3) 148,350 122,540 203,010 177,210
Maximum yarding distance (m) 150 150 150 150
1.0 Optimal forest road network density (m/ha) 60 60 60 60
Operational cost (Won/mS) 57,720 45,180 75,940 63,400
A w72 Agstel, K301-49k HAM3009 7bd 4 A AAA el BE £ 7139 § - @S Figure 63
A 8 A G TR YA Gvonm) T BEAA  FASIh E, Aedulgold A=A Go] HsHe
I Y=L (won/m’) 9] FHAEIG-S AHEE ANE 7 ol 27] wiZol JAAY AdeE desfdnE
Z} Figure 8 and Figure 9] UEFWT = ET AE]E2 WolAl= Ayt YEbgTh

7 71F ot d=siARg) Aol g7l wiel

Figure 8 and Figure 904 Z|tj QA7 2]7} Hoj a4
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