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Abstract: This study was conducted to provide field-based harvesting study information which can be used to
select an optimal cable system for certain work conditions on steep grounds (>20° ground slope) in Korea. To
accomplish this study objectives, we evaluated three cable yarding systems (RME-300T tower-yarder, Chuncheon
tower-yarder, FARMI tractor winch) working in typical work conditions for their yarding productivity and
operational efficiency. Those yarders are commonly used for removing logs or trees on steep grounds in Korea.
Under the same work conditions (average DBH of tree to be cut, 20 cm; yarding distance, 60 m; lateral yarding
distance, 10 m; and machine utilization rate, 70%), the average productivities were 33.04 m?/day, 38.47 m*/day,
and 14.17 m’/day for RME-300T, Chuncheon tower-yarder, and FARMI, respectively. Our standardized cost
comparison study also showed that the yarding cost was highest at 37,835 won/m® with FARMI, followed by
RME-300T at 25,105 won/m’ for the same work conditions. We found the lowest yarding cost with the
Chuncheon tower-yarder at 20,520 won/m® which was resulted primarily from high yarding productivity at the
yarding distance (60 m). Our analysis suggested that a small machine such as FARMI could be a low-cost
yarding machine option for a cable yarding job with a short yarding distance (40 m or less). The Chuncheon
tower-yarder is well suited for a mid-range yarding distance job in Korea, ranged between 40 to 140 m. If
yarding distance were longer than 140 m, the RME-300T tower yarder appears to be most cost-effective.
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Table 1. Stand description in the study sites.

Classification Site 1 Site 2 Site 3

Area(ha) 10 10 3

Species Larix leptolepis Larix leptolepis Pinus rigida

Average DBH(cm) 26 28 19

Average slope(degree) 26 25 26

Average growing stock(m®/ha) 210.5 261.0 270.0

Thinning intensity(%)* 30 30 50

“% indicates the amount of reduction in growing stock
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Table 2. Cost factors and assumptions used for machine rate calculations.

Value
Cost factor Unit Chuncheon Tower-yarder Tractor winch
Tower-yarder (RME-300T) (FARMI)
Purchase price won 70,000,000 180,000,000 55,000,000
Economic lives years 6 8 6
Salvage value % 10 10 10
Scheduled machine hours hr/year 1200 1200 1200
Annual interest rate % 15 15 15
Repair and maintenance % 100 100 100
Oil price won/l 1,740 1,740 1,740
Coefficient of lubricant % 40 40 30
Fuel consumption I/hr 9 6 4
Daily wage of operator won/day 104,611 104,611 104,611
Daily wage of ground crew won/day 92,512 92,512 92,512
Daily wage of assistant worker won/day 80,732 80,732 80,732
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Table 3. The number of the model fit and test data used to develop predictive equations of yarding cycle time.

Classification

No. of sample

Average delay-free cycle time(sec.)

Mean Min. Max. Std. dev.
Pooled data 350 185 69 374 62.24
Chuncheon Fit data 245 181 69 374 63.05
Tower-yarder
Test data 105 185 69 342 56.77
T § Pooled data 46 390 253 523 68.46
ower-yarder .
(RME-300T) Fit data 32 392 253 523 69.09
Test data 14 384 279 499 69.15
Tractor winch Pooled data 23 385 60 704 203.33
ractor winc .
(FARMI) Fit data 16 357 144 704 193.08
Test data 7 446 60 677 228.07
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Table 4. Comparison of average cycle time and yarding productivity for three yarders used in this study.

Chuncheon Tower-yarder Tractor winch

Tower-yarder (RME-300T) (FARMI)
ftem Time Ratio Time Ratio Time Ratio
(sec.) (%) (sec.) (%) (sec.) (%)
Carriage out 32 173 106 272 76 19.7
Lateral yarding out 32 17.3 29 7.4
Choking 21 114 34 8.7 124 322
Moving and signaling 6 32 5 1.3 23 6.0
Lateral yarding in 18 9.7 23 59
Average Yarding 46 24.9 134 34.4 42 10.9
cycle time Unhooking 30 16.2 59 15.1 120 312
Total” 185 100.0 390 100.0 385 100.0
Mechanical delay 314 11.5 1.2
Average delay Operational delay 90 429 116 275 67 33.0
time per cycle
Personal delay 25.8 61.0 65.8
Average lateral distance(m) 11 5 -
Average yarding distance(m) 66 101 32
Average Average number of pieces per cycle 1.1 24 2.3
yarding Average volume per pieces(m’) 0.345 0.083 0.083
productivity Average volume per cycle(m®) 0.38 0.20 0.20
Machine utilization(%) 67.5 77.0 85.2
Yarding productivity(m®/hr) 7.39 1.85 1.88

“Based on a delay-free cycle time
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Table 5. Comparison of yarding cost for three yarders used in this study.
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ltem Chuncheon Tower-yarder Tractor winch
Tower-yarder (RME-300T) (FARMI)

Fixed costs Depreciation cost 8,750 16,875 6,875
(won/hr) Interest, Insurance and Tax 5,469 13,641 4,297
Operating costs Repair and Maintenance cost 8,750 16,875 6,875
(won/hr) Fuel and Lube cost 21,924 14,616 9,048

Labor cost 44,823 34,732 33,259
Labor costs Insurance cost 4,482 3,473 3,326
(won/hr)

Benefit cost 4,482 3,473 3,326
Total machine costs(won/hr) 98,681 103,685 67,006
Hourly productivity(m®/hr) 7.39 1.85 1.88
Machine utilization(%o)* 51.0 63.9 85.2
Yarding cost(won/m?) 26,183 87,709 41,833

“Machine utilization including setting up and dismantling time.
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Table 6. Regression models to estimate the average cycle time(sec.) by fit data.

Yarder Regression equations n R?
Chuncheon time(sec.) = 16.81+3.05xLateral dist. 245 078
Tower-yarder +1.40 x Yarding dist. + 21.77 x Pieces + 0.55 x DBH ’
Tower-yarder time(sec.) = 5.17 + 10.44 x Lateral dist. 3 031
(RME-300T) +2.99 x Yarding dist. + 15.46 x Pieces ’
Tractor winch time(sec.) = -164.48 + 7.71 x Yarding dist. + 128.03 x Pieces 16 0.89

(FARMI)
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Table 7. Validation result of the regression equations using
the test data.

A1034 A 1Z (2014)

Table 8. Result of F-test for the homogeneity between fit data
and test data.

Yarder n D S5 t p-value
Chuncheon 105 049 750 007 0948
Tower-yarder

Tower-yarder

(RME-300T) 14 -13.22 2394 0.55 0.586
Tractor winch

(FARMI) 7 2478  109.25 0.23 0.824
sHo| A3 WA YT EfRRlofd o] 735 RS U
olE9] o] A HYPHFE AM-E FAA, 7H2-A

=
A2, A%
A g Aow

59| Wol7} Z7] wio| AAAGFIT
2 g

Table 7 YollX E&F 37HA] HFE JAZGA L >
Al

Delay-free cycle time (sec.)

Classification .

F p-value
Chuncheon Tower-yarder 1.23 0.2224
Tower-yarder (RME-300T) 1.00 0.9459
Tractor winch (FARMI) 0.72 0.5589
A 2R AFAR] PALGA L T
ko] 284S BlaLsty] f1al Table 83} 7Fo] F-A48&
AN A, JARGAZE R ¥ E YERY = F
= RE EAHow §o7 Aok YERIA ekt
(p>0.05). WHeb FHARG AFAR] #alo] FAYL

ddste] Akg T8-S T3l AL
A A% 8 ANG AR B EARE), S FAAS A=SIAY
AZATSE FAN0 % B AAGYAZE Aol B ERE AR o) EHE AF AAGYAL A5 F
FA(D), 223 Bt FAIGAZ Jolel BAol o AL Table 92} 2ov], 24 Feo] vlwa wgE &
 EFOAN(S S BAR ARZA, ASAE FHN 7+ ARk ESEAN] 33 AGAFIE 0035 0.084
o= BAHOZ FoIG Aolvk AFEA BATHP>005).  FLIAOU MwA e FYFHL HolE Ao B
webd £2E 240 A% GALYAT FRA4 A wEh FRAFIE Y IR Shok o] YA A
A AL SALL Ao} G AL 7)1 FHA B AR S S0 AIAE e
Atk AZARS FHA A3 Bt GALYAZE Aol 0.11 F7Hse] 33 o] FolAE o BAHAUL
ol FAA(D y= FHHA77E 04922 H% ZA et
wom eelobish EAEAAE 27 132259 2478 2) DAY TLA Wm B
Z2 R w7 Ueistth gejorti ok EYE AR 9] A5 B Aol 24K 37 JA71AI] AR &84
TR ARG ok Aol ARE ASARS] 7T Ao S Hazahr] fls) FLd g 2ol JAR o] YA
A 710 Hloﬂ BEA(D) whol = TA =Y o L g sted A o Ak 2 A 8-S FA 6
AR ORE fo13 Hol7t et gt of wzalgleh. PR 71 27 Table 103} 7o)
ﬂ?oﬂf\i =3 37K HAZ1A 8] Bt HAEAA et FaLA70] 20 emSl HHE AollA A =, JA
7k & FAH o] TAXHCE FA} gle Aoz B4 5 A2 AAlsta, HAFGAN B JAAEE 60 m,
Rom, o B2 ARE ol&ste] A4S sids] 9 Bt 7t2FAAR = 10 m, 13] B JAAF] AFe
3 kellM FEAES} ASARE EFEINE A5E 5 175702 AA stk
sle] HEHOT FAHALS EElAE EA7} PR Table 103} 22 2718 7|02 YA71AE JA29
Table 9. Regression models to estimate the average cycle time(sec.) for yarding.
Yarder Regression equations n R? Prob>F p-value
time(sec.) =36.17 ) <0.0001
e DUl s oo 200
+20.18 x Pieces <0.0001
time(sec.) =-54.87 0.5800
Tower-yarder £ 071 % Varding dis 46 042 <0.0001 00005
(RME-300T) 2041 Pieces ' ' 0.0100
+5.27 x DBH 0.1410
Tractor winch time(sec.) =-149.01 o 0.0420
(FARMI) i ?3871 OXSZa}r)c'hng dist. 23 0.81 <0.0001 <888(1)(1)
. ieces .
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Table 10. Comparison of yarding productivity and cost for three yarders.

Classification

Chuncheon

Tower-yarder Tractor winch

Tower-yarder (RME-300T) (FARMI)
Average DBH(cm) 20
Average lateral distance(m) 10
Average yarding distance(m) 60
Average number of pieces per cycle 1.75
Average volume per pieces(m?/tree) 0.20
Average volume per cycle(m®/cycle) 0.35
Machine utilization(%) 70
Machine cost(won/hr) 98,681 103,685 67,006
Yarding productivity(m®/hr) 6.87 5.90 2.53
Yarding cost(won/m?) 20,520 25,105 37,835

A A SARE o] &3te] AL B AAAHES 74
st Ay, EAAAY AZE A mihn) oF
6.87(38.47 m¥/d), B E 5.90(33.04 m¥/Y), 28|32
EYHYUA = 2.53(14.17 m /L) 2 Vet B3 A
Zejn)g-2 7z} 20,5209/m’, 25,1059 /m’, 37,835 /m’
o2 BAFAG A7) A 2 A=A A
ZAE A7 AL 739 mihe, AAZGE RS
26,183Y /MO 2 ZAIE QO Table 102 7+ 2704
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Figure 1. Comparison of yarding productivity for a wide
range of yarding distance.
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Figure 2. Comparison of yarding cost for a wide range of
yarding distance.
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