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Abstract: The present study analyzed the productivity and cost of winching operations for evaluating the efficiency
of a tractor-attached winch in a Pinus densiflora thinning site located in the Yangyang County of Gangwon-do. The
mean yarding distance and mean timber volume were 29 m and 0.15 m', respectively. In the 95 cycles of yarding
operations, the uphill and downhill yarding operations constituted 51% and 49%, respectively, of the total yarding
operations. The productivity of the uphill yarding operation was 2.28 m'/h, and the productivity of the downhill
yarding operation was 1.89 m'/h. The findings of this study revealedthat productivity would increase by 0.5 m'’/h when
the rate of utilization of the machine is increased to 80% by reducing the operational delay time. The cost of the
downhill yarding operation was 44,116 KRW/m', whereas that of the uphill yarding operation was 53,369 KRW/m'.
The difference in cost resulted from the difference in the number of yarding stems (stems/cycle). Furthermore, the
results of the multiple linear regression equation developed for predicting the yarding operation times showed that
productivity was significantly affected by working conditions such as yarding distance (m), the number of stems per
cycle (stems/cycle), and the terrain slope (%) in the uphill and downhill yarding operations. Further research is
required for developing an accurate prediction model equation according to a yarding direction.
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Table 1. Description of study site.

it Al108H A|435 (2019)

Growing L Avg. Avg. Avg.
/(Xg;:;l Type Species stock thmn(li}g) rate é?agses slope Height DBH
(m'/ha) ’ (%) (m) (cm)
. . . 11 20
14 Coniferous forest Pinus densiflora 112.7 29 v 40 (4~16) (8-36)
Table 2. The average cycle time of yarding operation by direction.
Direction Classification ereouF Skiddng Unhooking Delay PMH" SMH?
and hooking
Avg. (sec) 167 92 39 164 297 461
Downbhill Std. (sec) 97 70 27 336 158 331
Percentage (%) 36 20 9 36 64 100
Avg. (sec) 113 127 31 175 271 446
Uphill Std. (sec) 61 103 18 568 153 435
Percentage (%) 25 28 7 39 61 100

Y PMH: Productive Machine Hour
2 SMH: Scheduled Machine Hour

71 A1 B]-8-(e/hr)
244 (m'/hr)

¢ u]- (/) = I~

Al AR AATE oA
2010; Han et al., 2008; Cho et al., 2014). FAYZAA|7F
AEmYNL A7 W0%E olg3tgon], mdLe] A3
< JSIA LeA) 30%E ALgSI) R £ oZm
A 1S ARt A4S HESHIthAdebayo
et al., 2007; Han et al., 2014; Cho et al., 2015; Jeong et al.,

2017; Cho et al., 2018). 12|31 2} RAR=0 ) W=
AL ANk} QLA YAl Bl L A
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Table 3. Comparison of yarding productivity between downhill and uphill yarding.
Yarding direction
Downbhill Uphill
Average yarding slope (%) 29 (1~60%) 43 (17~63)
Average yarding distance (m) 23 (5~67) 34 (10~65)
Average number of trees per hour 12.97 10.6
Average volume per trees (') 0.18 (0.05~1.07) 0.18 (0.06~0.66)
Average volume per cycle (m') 0.29 0.23
Average delay-free cycle time (sec) 297 271
Average delay time per cycle (sec) 164 (30~1250) 175 (67~2368)
Average cycle time (sec) 461 446
Yarding productivity (m:/SMH) 2.28 189
(m'/PMH) 3.54 3.11
SR EEEEES
Table 4. Cost factors and assumptions used for machine rate calculations.
Cost factor Unit Yarding
Purchase price KRW 55,000,000
Economic lives years 6
Salvage value % 10
Scheduled operating time hr/year 1200
Annual interest rate % 10
Repair and maintenance % 100
Oil price KRW/L 1,244
Coefficient of lubricant % 30
Fuel consumption L/hr 4
Daily wage of operator KRW/day 133,417
Daily wage of ground crew KRW/day 109,819
AAYQl 5.08 eIk 2 AfolS Upebyith o] A m/PMHe| whE Zelu)g 299689/ mT} vl A,
e FeHom wAsE GAYA(ycleo] e A A Fol = Qlste] OF 10009/ M AT BB 1}
YA (/)L y = 2.84 + 1.70x (R*=0.95)0.& =23} el St
Fdoo, XA 0.1 mF ZFARYAI-L 0.17 m/hr] LA
G Fol BAT S £ R0E gtk 3. FAESY
1) 71A0lg-gel w2 Aejulg et
2. EiIHIR 714101 827 AL 0] ko] A Thdckn

ARG AhES 9l 71741Hl% ARG A=
AFZ E3}o] Table 33 Zo] 3
717|442 Table 49} o]
FHE 55 ol&st AItE ¢
o, HAYFol| w2 AYiAJe] o] FFRA A
H|-8-2 44,166 9/m', AR 2F 882 53,369¢/m
2 yehth ol Jged SHPANE o83t %
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Table 5. Comparison of yarding cost between downhill and uphill yarding.

Yarding direction

Downbhill Uphill
Machine utilization(%) 64 61
Fixed costs Depreciation cost 6,875
(KRW/hr) Interest, Insurance and Tax 4,297
Overati . Fuel cost 4,976
perating costs
(KRW/hr) - Lube .cost 1,493
Repair and Maintenance cost 10,913
Lab Labor cost 64,385
abor costs
(KRW/hr) Benefit cost 7,082
Insurance cost 7,182
Total machine costs (KRW/hr) 100,772
Hourly productivity (m'/hr) 2.28 1.89
Yarding cost (KRW/m") 44,166 53,369
Table 6. Yarding costs estimated based on different machine utilization rates.
. Productivity (m'/SMH) Cost (KRW/m')
Utilizat %
ilization (%) Downhill Uphill Downhill Uphill
60 2.11 1.84 47,759 54,7167
70 2.47 2.14 40,798 47,090
80 2.82 2.45 35,735 41,131
90 3.16 2.75 31,890 36,644
Table 7. Validation result of the regression equations based on the test data.
Yarding direction n D S5 t' Prob>[t|
Downhill 14 -9.56 23.45 -0.407 0.69
Uphill 15 3.02 20.69 0.146 0.89

Personal delays
55%

2) 3w
HAZE 9571 A= Foll A 70%<1 66712 A=E ]
operations! 3Fo]  F A E4x(pieces/cycle), HAAE(m), FAAAH%)
E 9 AAAH) S AR S SHRHR=0.64)3 AL
(R>=0.82)2] AAzFAA 7 | ZmdA)e Fukstg o,
A ASAkE 2970 o8t +dAe AASI
(Table 6). F o] ZEA] B A=k 247 74| f
)52 5%Uel A Zfol 7k ARE A kITH(p=0.05).
01123‘54_”01] ARE S F AAqAR= st
F W §2]70] Y ouf(p<0.05), SFFH AN AL WA=
#(p=0.084)9} AAAHE=0.114)0] Folgo] gl Ao
2 e tHp>0.05). AdFEA oA AR AHp=0.179)
oF YA HP=0850)0] ROl S%elA felHolA]
O AL FASGOU, FARHL G YA

3t A0, 7]Ao]g-&o] A oF 80%71A] 7HsEtERE o] THAOE {40l gle ASR Uegon, &3t A
o ZAFAMAI L SAjo] A HTh oF 0.5 m/SMH 8  AlEGelo] A} £ ACE AlRE 0] EEus
Ao, Z-eln] -2 SFFI A oF 8,0009/m, AFgk Aoy olA AlLlstAT

12,0009/m A7Hg Aoz 7ger) ks ARl AR Baste] F HAYAT
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Table 8. Regression models to estimate the average cycle time(sec.) by. fit data
Ygrdn}g Regression equations n R? Prob>F Std. Err. p-value
direction
time(sec)=-13.468 52.073 0.797
. +53.973 x pieces 23.171 0.025
<
Downhill + 7.074 x yarding dist. 47 062 0.0001 1.078 <0.0001
+ 1.837 % slope 0.987 0.070
time(sec)=-129.962 40.347 0.002
. +76.883 X pieces 17.850 <0.0001
<
Uphill + 7762 % yarding dist. 48 0.82 0.0001 0.781 <0.0001
+ 0.905 x slope 0.656 0.175
ol A2 Table 73+ 2ol Asholct. oz e) oo
Sguse AAEes YA BE felgo sk _ 00\
SHOU(E<005), FABAE AR BE fol Z 00N
o] g Ao SRAFALNP-005). T AL E
AgagAel vAle FFol e Avks BFEAAL] £ 00 Sl
AL wrstel AlEmAA 9 AEA Tt £ oo a—
£ 0.00
10 20 30 40 50 60 70
4, 2IZE 2o Yarding distance(m)
e HAAARAAZE ASHEAS o]gsto] BEE Downhill === Uphill
ojr e ol ZF
AR A= flal, 2 A Aol whet 1k Figure 2. Sensitivity analysis on productivity for different
So] Bagre Aeels nEst AU AN o varding distances.
TR 5 Bt WA 239 m, FEBAF 28.6%
BRAALS 16golg o, AFINY AP B Y
A 334 m, BEAA 42.5%, BAHIARS 14RO
g5}t 3 200
AAAE 10 m G912 FAPARY SRS el ¢
Aok AFHA 2AFAEE 10~20 m oA FE 5 1.00
oF -45%z 27| Lehton, ofF WAL faZo] £apy  F
Sleh. SRR AL A 10~20 m FLkel A Z T T
BE OF 17%E Egon] o|F haEe] Ealdatol Yarding slove(@)
HHY = A TH(Figure 2). ——Downhill === Uphill
WEQk Figure 33} gro] HAPAR] w2 AFHA A Figure 3. Sensitivity analysis on productivity for
WA O B 71 oF 3% A&H o gasiy different yarding slope.
o, SFFHA AL 5%z AFRA A
442 woy o 27 FAEE AL st waka 6.00
FFRA R YA AN ARl gk 2] o 5.00

a3 ARl uhE 2P Al A
3Roz A= o] ofof whE Malye ehelstilth A
AL JANE 28-S 71F 08 sk WA S71E
HetElon, A 2PN 7150l
52%00 A 32%, SHEFAAE 66%0l4 47% ZHaESlch
(Figure 4). webA 2L AA= 222 7o =
HAEC] S71e A shEFRATE Al 12U 45
FEAATE g Ao dE oo digh bl

Productivity (m'/PMH)
ol
(=]
(=]

Figure 4.
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