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Abstract: This study was conducted to evaluate the productivity and the operational costs of the Chuncheon
Tower-yarder, a skyline yarding system used in Korea. Detailed time study data were collected from 4 thinning
sites in Japanese larch (Larix leptolepis) stands; one site for uphill yarding and three sites for downhill yarding.
This study derived regression models to estimate the average cycle time (sec.) for uphill and downhill yarding.
The average yarding cost was 12,844 won/m® for uphill yarding, while downhill yarding cost was 13,221 won/m®. The
average yarding time was 239 sec/cycle for uphill yarding, while downhill average yarding time was 274 sec/
cycle. We found that uphill yarding productivity was higher when the operation system was examined under the
same work conditions (i.e. standardized comparison) except yarding directions for both uphill yarding and
downhill yarding.
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Table 1. Sand description and harvest volumein the study sites.

A 97 A Al 63 (2008)

SteNo, Area MeanDBH Trees per ha(No.) Volume (m*ha) Mean ground Yarding
- (ha) (cm) Pre-harvest Resdud  Prehaves  Removed slope direction
A 5 26 424 133 215.9 449 27° Downhill
B 5 26 425 125 206.7 391 30° Uphill
C 5 28 416 133 263.0 515 24° Downhill
D 5 28 408 125 259.6 48.3 27° Downhill
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Figure 1. Skyline line roads and yarding directions in the
study units.
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Table 2. Summary of the model fit and test data used to
develop predictive equations of yarding cycletime.

Yarding direction Total Fit data Test data
Uphill 174 123 51
Downhill 350 245 105
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Table 3. Cost factorsand assumptions used for machinerate
calculations.

Cogt factor Vaue
Purchase price 70,000,000 won
Scheduled machine hours
(SVH) per year 1,680 hours
Economic lives 6 years
Sadvagevaue 10% of purchase price
Interest, insurance and tax  17% of average annud investment
Repair and maintenance  100% of annual depreciation
Diesd price 1,400 won/litter
Fuel consumption 4 litter/hour
Oil and lube cost 40% of fud cost

Operator : 78,468 won/day
Ground crew : 72,914 won/day
Assigtant worker : 56,822 won/day

Labor?

a: Forest Service, 2007a
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Figure 2. Yarding cycle components seconds of the average
productive cycletime.

Aol ojel ol WAlshe Wgel Uehd] wEel Ao
= BerE] W, 3P 5 AAZe] BA71A of
Bl A Woz olwA g ATt £ AT 4
o] olo}x7] w02 Weber)

FAHAE o83 AAAYTY 24 A Tadle
48} 2o FFHA AQNAE WALt BiE 47 m,
A=A FiE 11 m, SAFHA Ao B A

739 1555 18] SFFIAlS] A4 18557} A8 EHE A
© 2 Yt Al = 18] H <F 1.05719]
=S JASL U= AoE Yepon, JAE U9
o AAL 048402 13] A B 2 FS 0508
mcydec|th. ¥HA, s Aol X = 13] et JAE] &
7} L1670 28] 3 JAEe] it AA2 057722 13]
7 A =S 0669 mlcydeS = LEFT]

Table 4. Comparison of yarding productivity between uphill and downhill yarding.

Yarding direction

Uphill Downhill
Average laterd distance (m) 11 (1-36) 11 (1-39)
Average yarding distance (m) 47 (7-107) 66 (2-145)
Average number of pieces per cycle 1.05(1-2) 1.16 (1-4)
Average volume per pieces (m°®) 0.484 0.577
Average volume per cycle (m°) 0.508 0.669
Average delay-free cycle time (sec) 155 (91-279) 185 (69-374)
Average delay time per cycle (sec) 84 90
Average cycletime (sec) 239 (91-1,419) 274 (69-2,375)
Machine utilization (%)* 64.8 67.2
Yarding productivity (m¥PMH)° 11.8 131

a: Machine utilization rates were only 37.3% and 51.0% for uphill and downhill yarding operations, respectively if time required for sky-
line road changes were includein the utilization cal culation (=PMH/SMHx100).

b : PMH=productive machine hours.
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Table 5. Regression modelsto estimate the aver age cycle time(sec.) by fit data.

Yarding direction Regression equations n R?
Uphill time(sec)=110.32 + 3.15x|aterd dist. + 0.60xyarding dist. + 39.43xpieces— 1.99xdope 123 0.50
Downhill time(sec)=16.81 + 3.05xlateral dist. + 1.40xyarding dist. + 21.77xpieces + 0.55xDBH 245 0.78
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Table 6. Validation result of the regression equations based
on thetest data.

Yarding direction  n D S5 t*  Prob>|t]
Uphill 51 115 6.76 0.17 0.8648
Downhill 105 0.49 7.50 0.07 0.9481
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Table 7. Regression modelsto estimate the aver age cycle time(sec.) for uphill and downhill yarding.

Yarding direction Regression equations n R? Prob>F d. Err. p-value
time(sec)=144.38 27.70 <0.0001
+2.87xlaterd dist. 0.26 <0.0001

Uphill +0.50xyarding dist. 174 0.51 <0.0001 0.10 <0.0001
+18.32xpieces 9.07 0.045
—2.13xdope 0.82 0.010
time(sec)=36.17 5.88 <0.0001
. +3.19xlaterd dist. 0.19 <0.0001
Downhill +1.34xyarding digt. 350 0.75 <0.0001 0.05 <0.0001
+20.18xpieces 3.98 <0.0001
Table 8. Comparison of yarding cost between uphill and downhill yarding.
Vaue
Cost factor - -
Uphill Downhill
Machine utilization® 37.3% 51.0%
Fixed costs Depreciation cost 16,756 12,255
(won/PMH) Interest, Insurance and Tax 11,869 8,681
Operating costs Repair and Maintenance cost 16,756 12,255
(won/PMH) Fuel and Lube cost 7,840 7,840
L abor cost Labor cost 94,208 68,901
I costs
(Wor/PMH) | nsurapce cost 9,421 6,890
Benefit cost 9,421 6,890
Total machine costs (won/PMH) 166,271 123,712
Hourly production (m¥/PMH) 1.8 131
Yarding cost (won/m?) 14,119 9,467

a: includestimefor skyline road changes.
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Table 9. Summary of the values used in the standar dized comparison of yarding productivity between uphill/downhill yarding.

Latera distance(m)  Yarding distance (m) number of piecesper cycle  DBH (cm) Slope(°)
Mean 12 59 114 24 27
Min-Max 1-36 6-140 1-4 14-39 18-34
Standard deviation 8.59 29.32 0.43 3.97 384
FE FEolo A tH(Table 9). —— Uphill yarding = ® = Downhill yarding
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