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2 o B dxe A $uete] F2 dU7AE o83 JEFHAGA AN PE = 2,
o 5o EAjAat 2 mfEdel] thdk APAIZE @3S BAslY, Adulo]eu 2 o] 8-S 98 B8Fe U=
FEAAA 2" o] TE5] 98 712AEE AT AT 18T FAFGAIZES AQlEel o3 ¥y 2
ZANAYLE ZAA] IHE 2 ZAAJE, 2eA:FAY] 23E 2 A4S EF)F AR 2085 9 ZA4:A1
5, AALERI o, Ao 2Ar] 2EiE B dUiRIxhelA Zh2t 182.72/3]9F 518.5% /312 JERHTE
3 A7 ofg FJAle 202.52/3], EFofdol 9gt A= 2951232 et AAE EF(YUH:Y
o%t &2SARYPL 2,073%/3], ARARI o3 ALANRY S 22484%/3]2 YERGTE AAF] <3 HE 2 =
A AATHL AR 13 2004 2t Ha 66.96 mYQl - D3} 43.86 mQl - Do 7 Yehith EYE 138 A
7190 28k FALYFHE Bt 568 mY- Doz Yelton], elgjorddl g FALY TS Bt 10.74 ml-
Aoz Yepyth ALAE EF(@)el 9 AARNATAH L e 2129 mR - o2 Yelgorn, Aduiz
atol] ofg ALANXPFA L Ht 2857 m/R1- L2 F JERTE HEeh 43 Ex|k o] ofsh df A2 442
m/Ql - dog yepgtor, iy EA|okd 7l o A Td-S 21.87 miel - o= YRt

Abstract: This study was carried out to investigate the operational time and productivity of logging operation
by chain saw, yarder attached on tractor, tower-yarder, mini-truck, mini-forwarder, and chipping operations by
mini-chipper, large-chipper in order to develop the efficient logging operation system for utilization of forest-
biomass. As a result, the average felling and bucking time using chain saw at the site 1 and 2 was observed
to be 182.7 sec/cycle and 518.5 sec/cycle respectively. The average yarding time was 202.5 sec/cycle using
yarder attached on tractor and 295.1 sec/cycle using tower-yarder. The average forwarding time was 2,073 sec/
cycle using mini-truck and 2,248.4 sec/cycle using mini-forwarder. The operational time of felling and bucking
using chain-saw can be delayed according to the direction of fallen trees. The selection of felling direction is
very important to yarding operation because the direction between width-yarding and felling are interrelated.
Productivity can be improved through educating and training operators in the yarding operations. Mini-forwarder
is needed to use because of higher productivity and lower cost than mini-truck. The operational productivity of
felling and bucking by chain saw was 66.96 m*/man - day and 43.86 m*/man - day at site 1 and 2 respectively.
The yarding productivity was 5.68 m*/man - day by yarder attached on tractor, 10.74 m*man - day by tower-
yarder. The forwarding productivity was 21.29 m*/man-day by mini-truck, 28.57 m*/man-day by mini-forwarder.
The chipping productivity was 4.42 m*/man - day by mini-chipper, 21.87 m*man - day by large-chipper.
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vt AHEEAS SES 63. 7%@1 *PFM T
o] 1970~80th
G5 ol’de] 2w Ao F 80% 7%‘: A OPJ— AT
A& SAALE oF 00H R m=A A|2bshrh A2k 73
o] 74wt mel] vlsf <F 10.7947F S7kesAek. v
2 A 5 FER7F AR - APdR-HAAA T - =R EeR
Al 7k glo] %7}717] A3 7REALY Fo AHEAIY
17d o] t}H(Korea Forest Service, 2011).
=, 2% AR =393 GMCE
g EW Iz A A - 2418 EY 59 JASt H)
7 glom, ool ZAY]
P A=, FAZ N 5ol BE A9 & H B2
A 7}38}tH(Lee and Park, 2001; 2002;
2003). B]2o], FAakEe] QA IHSIE Qe Ay
EE:] fd’i7} 01%]—7— ;-/\]-;(H ng].u]/] ;<471- L—_%iﬂ
N 5& flal Add71AIsF d 5] Fastrh(Park et al,
2006). o]l gk HI & &2Q] AYr gl o7 7M7) A
o] dRwk Rste] WAl & 7], 55 Fol ARl
=3l o, A7 2705t haoll A oF 8679hm’e] o]
U, 2 5 FEE AREShE 3 50% 1Rkl 420
Tkm’el] B3} tH(Korea Forest Service, 2012a, 2012b).
S, AIAIA 02 FAF7F e AT 71 FHste] of
g oS ¥ 2AVIE AE0 f§83% e R HHA vt
o] Qmj 2Rl HA| , BE Fo] F5 WL Q= Aotk
T3 FadEe] vk A UAl =Y g, 20124
RPS(AIAA oA o] 7 A= =9 & S H s}
ek g FHoEHR EHA uto] om 0] Fg-2 A&
Hog %—7}%‘ Ao 2 o AETHLee, 2009). SR
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Table 1. Summary of study sites.
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Apell A A2 f‘a 390 xpide] AAFolH, w71 88 cc,
6.57+e], Sk o] 24914, FF 7 kg, AERA &F
0.89 L, SY& = & 0.5 Lo|tt. A= el 284 7]
Ae EYE 728 YA 7]9F ol o|tt. EYE T3
3 FJA7I= AFAA U HALN A A e AutE
3DS[SUPER|F A 7] BdloH, 323 #<9 W4 o 2 Huj
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3t AN 7} 71s-3Fck(Shinphoong Engineering, 2013). E}
Hoftl= 222Eg]o} KOLLERAMIA Al2He 2003134
K301-35 9o, ) HA)712] 400 me]xL, Hh 7k=%]
AABE 60 mO]tHSon, 2009). A 2ol A-gH 7]
Ae 227 2dF 9 2248 EY Z2 o7t Wizt
Jztolth, AAE EZL v)5 GMAKGMC)ONA A&
H 6aTEY HEZEZ RN 13- EFS AW 5E, F
&= A 2ox FHo 70 km/hro]tHKim and Park,
2012). B2 7} A= Y& B2 TPAFA A&}
H 7IAEAM AxpEA 0 HAES HAssii o, o)
AA)eta2 3.8E0|tH(Korea Forest Service and National
Forestry Cooperative Federation, 2008). ¥} 2tjol] 24

Contents
Items
Site 1 Site 2 Site 3
Location Samui-ri, Seokbo-myeon, Hyvangjeom.-ri, Jengsan-myeon,  Galsan-ri, Jaesan-myeon,
Yeongyang-gun, Gyungsangbuk-do  Kimcheon-si, Gyungsangbuk-do  Bonghwa-gun, Gyungsangbuk-do
Total area 19.0 ha 13.5ha 0.7 ha
Average slope 25° 37° 25°
Origin of forest Natural forest Plantation Plantation
Forest type Coniferous forest Coniferous forest Coniferous forest
Species(ratio) Pinus densiflora (79%) Larix kaempferi (99%) Larix kaempferi (99%)
Average age class VII IX v
Average height 11 m (5~15 m) 21 m (8~32 m) 19 m (16~23 m)
Average DBH 28 cm (6~64 cm) 32 cm (10~76 cm) 26 cm (14~40 cm)
Average growing stork 141 m*/ha 230 m*/ha 360.65 m*/ha
Cutting method Clear cutting Clear cutting Thinning (30%)




586 EEBIEEEE A103d0 A43 (2014)
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Table 2. The element operation time per cycle in felling and
bucking by chain saw at the site 1.

Element operation Time(sec) Ratio(%)

Moving 41.7 22.8
) Clearing around for felling 31.7 17.4
Mamt, Felling 24.6 135
operation g cking 84.7 46.3
Total 182.7 100.0
Removgl of hapg-up tree 06 38

and chain saw jammed
Refueling 64.6 7.0
ACCCS?OW Maintaining 478 39.0
operation  ping rest 344.8 375
The others 234.5 12.7
Total 1,154.5 100.0
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Table 3. Productivity in felling and bucking operation by chain saw at the site 1.

Items Productivity
The number of felling and bucking (tree) 70
Ob dval The volume of timber felled and bucked (m*) 39.64
served vaiue Felling and bucking time (sec) 16,472
Number of workers (man) 1
A . The volume of timber felled and bucked (m*/tree) 0.5664
verage pet tree Felling and bucking time (sec/tree) 182.7
A h The number of felling and bucking (tree/hr) 19.7
verage per hour The volume of timber felled and bucked (m*/hr) 11.16
A d The number of felling and bucking (tree/man-day) 118.2
Verage per man-cay The volume of timber felled and bucked (m*/man-day) 66.96

Note) Productive time per day is 6 hours.

A 2R F ZARANTEE A 7F 348 30%0
A A A 7r0] 3A17F 338 102E & ZAAAI7Fe] 77.7%=
A BRI, BRI A|7Ro] 1A17F 182 2022 223%S
AR AT B3, 137 FA 2 el = A G Ao
463%= 7P & H|&S AR s e, iz olA =
A EAH A 7] 39.0%2 7HE 2 ¥]&-S AAEIITH

ekl met Ak Ay d4d A G4 Ao
% 71 5o ZAPAIZke] AAE ¢ JorE HEdka)
ol del= 8-S g AlRIEArg el st

A 1914 9] ARlFel o sk HE 9 A =<

A= Table 33 2t} ZAMA7F Bt HE 2L 2
= 70801 15 FFAH2 0.5664 m /O E F
2 27 2 AH L 39.64 mPolth 1EY Ha HE
ZA] ZJAIZRS 182 7% /80|11, o] & AFZAAIZ 6
Zhll ot 190 1Y 3
3 66.96 m*/Ql - Yolt}. o] Ai= Ml A-FolA] 3
o+ 312373 16 cm, 3L 10 me] 395 7|04y
TR 18T Ha A 0.1249 m/EY HS- 1

o] 199 M= FA2 9F 11.96 m¥/Q] - Y(Kim and
Park, 2012)E.t} A VYR om, ZAQ=| 9] 7} 8, 3
=, YEAA ol zpolo]| mE A= dAETh
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AN ZHE 598 59%0|1, 1 & FA|ZYGAI7FO] 425 19
22 F YA 70.5%S A8, F-riEAAIzE
o] 175 4022 29.5%= A SATH. 2AAA ) 139
YA 7S 2 v &2 Table 59} e} 2=A <] F
X*W@% 458 4zo0)m, 11 2 FAFY A 7ke] 365 9
22 F ZAYAIZH] 80.2%5 A6 AL, FoiRFI A7

o] 82 55%% 19.8%= xIA| 3ttt 525_, 1] 2210 of A]
18] A2 o] wl e WA AIRte] 431%2 P

Table 4. The element operation time per cycle in felling by
chain saw at the site 2.

Element operation Time(sec) Ratio(%)
Moving 243 28.7
Main Clearing around for felling 239 28.2
operation Felling 36.5 43.1
Total 84.7 100.0
Refueling 47.0 11.7
Accessory Removal of hang-up tree 475 11.9
operation ~ Taking rest 306.0 76.4
Total 400.5 100.0

Table 5. The element operation time per cycle in bucking by
chain saw at the site 2.

Element operation Time(sec) Ratio(%)

Moving 122.6 283

) Clearing around for bucking 15.8 3.6

Main . Conversion 128.2 29.6

Operation g king and debranching 167.2 38.5

Total 433.8 100.0

Chain saw jammed 53.5 273

AcCessory  Taking rest 142.7 727
operation

Total 196.2 100.0

A e o, Fojakq] o vl&-2 FA AL o] 754%=
71 A vebsdth 221 dA 139 A 9] vl&
2 ARG AIZEO] 38.5%= 71 = A ER e, ozt
Qo] B FaAZre] 12.7%E 7P =4 Uehstth =
Al B HEe ] oAty o] v)g & FAAIZke] EA U
Bt A2 1A 29] HFAd AP Fekal ti A AR 2
A AGAte] g Ee] A7) wEel Ao ke
ZAMA] 2014 9] ARIF ofsk HE B A 2Y3H
AF= Table 63} 7t} A7 S HEE L= 308,
ZAEF= sEolH, 189 HH A 42 1.0589 m/20 =
WHEA)Z o] 31.77 m’, ZAAH-L 529 mPo|t}. 189 3

o] Ht
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Table 6. Productivity in felling and bucking operation by chain saw at the site 2.

Items Productivity
The number of felling (tree) 30
The volume of timber felled (m®) 31.77
Felling time (sec) 3,599
Observed value The number of bucking (tree) 5
The volume of timber bucked (m®) 5.29
Bucking time (sec) 2,704
Number of workers (man) 1
The volume of timber felled and bucked (m*/tree) 1.0589
Average per tree Felling time (sec/tree) 84.7
Bucking time (sec/tree) 433.8
A h The number of felling and bucking (tree/hr) 6.9
Verage per hour The volume of timber felled and bucked (m*/hr) 7.31
A d The number of felling and bucking (tree/man-day) 41.4
Verage per man-aay The volume of timber felled and bucked (m*/man-day) 43.86
Note) Productive time per day is 6 hours.
Table 7. The element operation time per cycle in yarding by tractor-yarder.
Element operation Average time(sec)  Standard deviation Ratio(%o)
Unloaded carriage running 323 9.3 15.9
Wire-rope down 14.0 6.4 6.9
Lateral wire traction 355 253 17.6
Choker setting 429 28.6 21.2
Main operation Choker moving and signaling 8.7 43 43
Lateral yarding 14.4 10.6 7.1
Yarding 39.2 9.9 19.4
Unhook 15.5 5.9 7.6
Total 202.5 100.0
Setting-up 3,483.0 65.4
Dismantling 1,248.0 234
) Taking rest 251.0 4.7
Accessory operation Removal of hang-up tree 184.6 3.5
The others 159.7 3.0
Total 5,326.3 100.0
& HEAAAIZO] 8475/, ZAIAAAIZES 433.8% /2 15~50 mo] 3L A A= 34 melH, 7FEJA A=
o2 P HE 9 2R FAPAIZRE 518.5% /2 0]t} o & 1~10 mo| 3 B 7F2PAAZ = 5 moltt. FA=S] 13]
AEAIAIZE 6N 70 IS 191 19 Bir WE 0 A % AAA NG D 1L Table 73} 2TH T A
Ao o= 2FEsPHE 43.86 mY3 - dolt}. o] A= A 4A] 7k 81

7] ZAFA] 19014 9] HE 2 222 A 66.96 m*/l - L

B} 92 Aapolnt, o|H 3 A= 2GR 9 AL, 7,
ol )
[S]

Kool
B AP A SJa gAY A7 Y

EdY 2343 Q4718 olgd ALY Al
A2l F 60 mel SFFAANAA 0T 2AR WAALE

41z0]a, F P34 = 398)olt). 1 F
1 2A17F 118 3122 & ZAAI7H] 52.9%

}Xl IR, Fogrd A 7ro] IAZF 578 102 47.1%

AA A 138 FA 2 €] W& 27 A7bo)
21.2%= 71 =7 UrE}kk o, Sl o] HlEE A
AlREel 65.4% 71 =7 JERSTE B3 JAl71e) A

A B EA Y = ﬂlﬁhﬂ A & A"l
2 HlE B2 V=S Uehlled), R E7] e J
AEZE WA Eel Al o= TtERAN S H st
A RS H*%ékﬂ B0l N2 YA 2, W
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Table 8. The element operation time per cycle in yarding by tower-yarder.

§EN D - AN L B -

589

Element operation tiAn‘;:Esaeg(?) (Sléa\f:gtalii Ratio(%)
Wire-rope up 7.9 4.0 2.7
Unloaded carriage running 40.5 14.7 13.7
Wire-rope down 10.7 29 3.6
Lateral wire traction 69.3 57.0 23.5
Choker setting 57.8 64.9 19.6
Main operation Choker moving and signaling 19.5 12.1 6.6
Lateral yarding 16.6 8.3 5.6
Yarding 43.0 11.2 14.6
Log down 7.4 1.9 2.5
Unhook 22.6 11.8 7.6
Total 295.1 100.0
Setting-up 14,435.0 53.9
Dismantling 11,802.0 44.0
. Maintaining wire-rope 289.0 1.0
Accessory operation Removal of hang-up tree 45.0 0.2
The others 215.7 0.8
Total 26,786.7 100.0

Table 9. Productivity in yarding operation.

Items Tractor-yarder Tower-yarder
The number of yarding (cycle) 39 40
The number of timber yarded (tree) 67 57
Observed value The volume of timber yarded (m®) 6.16 17.79
Yarding time (sec) 7,891 11,805
Number of workers (man) 3 3
The number of timber yarded (tree/cycle) 1.72 1.43
Average per cycle The volume of timber yarded (m*/cycle) 0.16 0.44
Yarding time (sec/cycle) 202.5 295.1
A h The number of yarding (cycle/hr) 17.78 12.20
verage per hour The volume of timber yarded (m’/hr) 2.84 5.37
A d The number of yarding (cycle/day) 106.68 73.19
verage per day The volume of timber yarded (m*/day) 17.04 32.22
A d The number of yarding (cycle/man-day) 53.34 24.40
Verage per man-cay The volume of timber yarded (m*/man-day) 5.68 10.74
Note) Productive time per day is 6 hours.
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Table 10. The average of element operation time per cycle in
forwarding.

Mini-forwarder
Time(sec) Ratio(%) Time(sec) Ratio(%)

Mini-truck

Element operation

Ready for loading 118 5.7 21.0 0.9
Loading 1,196 57.7 581.3 259
Ready for forwarding 27 1.3 20.7 0.9
Forwarding 331 15.9 747.0 332
Ready for unloading 4 0.2 31.7 14
Unloading 43 2.1 20.0 0.9
Ready for running 15 0.7 12.7 0.6
Running 339 16.4 814.0 36.2
Total 2,073 100.0  2,2484 100.0
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Table 11. Productivity in forwarding operation.
Items Mini-truck Mini-forwarder
The number of forwarding (cycle) 3 3
The number of timber forwarded (tree) 576 69
Observed value The volume of timber forwarded (m®) 23.15 20.94

Forwarding time (sec) 11,748 7,916
Number of workers (man) 2 2
The number of timber forwarded (tree/cycle) 192 23
Average per cycle The volume of timber forwarded (m*/cycle) 7.72 6.98
Forwarding time (sec/cycle) 3,915.5 2,638.7
Average per hour The number of forwarding (cycle/hr) 0.92 1.36
gep The volume of timber forwarded (m>/hr) 7.10 9.52
The number of forwarding (cycle/day) 5.52 8.16

A d
verage per cay The volume of timber forwarded (m*/day) 42.58 57.14
A d The number of forwarding (cycle/man-day) 2.76 4.08
verage per man - day The volume of timber forwarded (m*/man-day) 21.29 28.57

Note 1) Productive time per day is 6 hours.
2) Forwarding distance is 1.5 km.

Table 12. Productivity in chipping operation.

Items Mini-chipper Large-chipper
Chipping time (hr) 1 1

Observed value The volume of timber chipped (m?) 3.68 7.29
Number of workers (man) 5 2
The volume of timber chipped (m*/hr) 3.68 7.29

Productivity The volume of timber chipped (m’/day) 22.08 43.74
The volume of timber chipped (m*/man - day) 4.42 21.87

Note) Productive time per day is 6 hours.
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