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Abstract: The harvesting system in South Korea faces the problems of aging workers and high wages, so it is necessary
to improve the operation system and train workers to use high-performance forestry machines. This study compared
the effectiveness and costs of yarding and processing operations between a multi-operation system using a tower yarder
(HAM300) and a processor (KESLA 20SH) with those of a single-system using a forestry combi-machine. A whole-tree
(cable) yarding operation was conducted in the clear-cutting area located at Compartment 15, Gwangneung Experimental
Forest, National Institute of Forest Science, and the productivity and cost of multi- and single-system were analyzed.
The productivity of the single-system was 1.5 m*/PMH and 1.6 m*/PMH higher than that of the multi- system because
the single-system produced 1 log/cycle more than the multi-system in the yarding operation. The cost was approximately
12.1% lower for the single-system (W36,113/m>) than for the multi-system (W41,065/m®). The costs of the single-system
and multi-system were decreased by maximums of 22.6% and 15.9%, respectively, by decreasing the idle time.
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Figure 1. Study site of single and multi operation.
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Table 1. Description of study site.

Site Description
Location Mt. 50, Jikdong-ri, Soheul-eup, Pocheon-si, Gyeonggi-do
Species Pinus koraiensis
Forest type Plantation
Silvicultural system Clear cut
Area (ha) 1.0

Stand density (tree/ha) 610
Stock (m*/ha) 321.5
DBH (cm, avg./min.-max.) 29/14-48
Height (m, avg./min.-max.) 16/11-20
Volume (m*/tree, avg./min.-max.) 0.53/0.07-1.61
Slope (%, avg.) 35.5

Table 2. Description of work configurations.

Work configuration

Element - - - -
Single operation Multi operation
Choking and Yarding . Person A,B Machine 1
. Person A,B, Machine 1 .
Processing Person C, Machine 2
Crew size 2 3

Figure 3. Tower-yarder and Processor.
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ZAAAE 9.1 m)= 3122 ZYsqich EAE Rzt e A7) flal AEHAE o183 ARE " 52
EFQIoFE|(HAM300) = 741 Ao] 2AE ALt o, (Time and motion study) ¥'H-& %83} tH(Cho et al.,
2kt 1¢810] 2ALAZAYGS ohE 2 1902 JA 2 2019; Choi et al., 2021). FHAHZYF2 WEE7] o], 2fo]of
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AJA(KESLA 20SH)E ©]-&-8to] 24 2g-& AT stglon, AT FFE F= HAAH(m/eycle), 7}
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Table 3. Technical information for the combi-machine, Tower-yarder (HAM300), and Processor (KESLA 20SH).

Machine Specification

Base machine 5 ton truck

Weight 19,000 kg
Combi-machine Max. yarding distance 300 m
Height of tower 11 m

Engine power

tower-yarder (260 hp), processor (134 hp)

Base machine tractor
Weight 1,850 kg
E}(I)X;/E}Z)a(;i er Max. yarding distance 300 m
Height of tower 26~73 m
Engine power 80~100 hp
Base machine Excavator (16 ton)
Weight 520 kg
Elr((])ECSe]Sds;(\)rZ}(l)eSz‘fl) Max. capacity 45 cm
Pressure and flow 175~220 bar, 70~120 liters/min.
Required power 29.5~59.0 hp
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Productivity(m'/ SMH)
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) AAE7d 2 YA

ZAFAL AA R AIZHCycle time), 2 AI7E
(Delay-free cycle time), A|$1A|7HDelay time) 2.2 JLE3}
o], 71 Al0) &S (Utilization, %)& AF&stgIc)k E3F T2 A
o A AAE O] R AAZFS BT EAEF Tt 2R
AHJ(mY/SMH)L cycle & Bt Al7Hsec/cycle) T}t Bt 2+
e (m’/cycle) O & F A5}t

2) 71 A&

AN S-S S A 9 2RI A9 ASKWE,
Kuratorium fiir Waldarbeit und Forsttech nik e. V.)o]|A] &
3l vkAl o0 2 T}S Table 49+ Zro] 7| A 7714z, o]
A, =] 9 fA]E], §5H], QIR 5 ol8ste] Ak
3} th(Miyata, 1980; Woo et al., 1990; Brinker et al.,
2002; Cho et al., 2018, 2019; Choi et al., 2018, 2021).
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Table 4. Cost factors and assumptions used for operation cost analysis.
Operation machine
Cost factor Combimachine Tower-yarder Processor

yarder processor HAM300 Excavator head
Purchase price (won) 455,000,000 120,000,000 147,400,000 110,000,000 110,000,000
Endurance period® (years) 8 8 8 7 8
Economic life (hour) 8,000 8,000 8,000 9,744 11,136
Annual operation time® (hour) 1,392 1,392 1,392 1,392 1,392
Fuel consumption (liter/hour) 4.2 5.3 54 9.3 -
Coefficient of repair and maintenance 0.7 0.7 0.7 0.8 0.9
Coefficient of lube oil 0.4 0.4 0.4 0.4 0.4
Interest rate (%o/year) 10 10 15 15 15
Depreciation (won/hour) 56,875 15,000 18,425 11,289 9,878
Interest expense (won/hour) 16,343 4,310 7,942 5,927 5,927
Costs of repair and maintenance (won/hour) 39,813 10,500 12,898 9,031 8,890
Fuel cost® (won/hour) 8,127 10,255 10,449 17,955 -
Other cost (won/hour) (Insurance, storage fee etc.) 8,531 2,250 2,764 1,693 1,482
Sub total 129,689 42,315 52,477 45,895 26,176

d

(30%% helusion mcidentl expense) 3669 35669 6004 42803
Total machine cost 165,358 77,985 88,698 26,176
(won/hour, Inclusion labor cost) 243,343 112,570 114,874

? 174 dayx8 hour=1,392 hours (KFS, 2012)

® Endurance period (Miyata, 1980; Woo et al., 1990; Brinker et al., 2002)
¢ Diesel : 1,382 won/liters in 2019, South Korea (KNOC, 2019)

4 Standard of labor cost : machine operator (190,235 won), worker (130,264 won) in 2019 (CAK, 2019)

Table 5. Average cycle time by work elements in yarding and processing of single and multi operations.

Single operation® (n=95)

Multi operation’ (n=104)
P

Classification

sec % sec %

Carriage out 35 6.7 24 8.2

Lateral out 128 244 56 19.5

Hook 129 24.7 36 12.7

Lateral in 34 6.5 27 9.6
Yarding™® Carriage in 29 5.6 30 10.6

Unhook 20 3.9 25 8.7

Delay 149 28.3 88 30.7

Total cycle time 525 100.0 287 100.0

Delay-free cycle time 376 - 199 -

Single operation® (n=173) Multi operation® (n=104)

Moving - - 10 4.6

Processing 114 46.1 110 50.2

Log bunching 11 4.4 22 10.0
Processing Residues bunching 16 6.6 6 2.7

Delay 105 42.8 71 324

Total cycle time 246 100.0 219 100.0

Delay-free cycle time 141 - 148 -

* set-up and displacement time : (single) 3h30m, (multi) 5h10m

b

Number of trees per cycle : (single) avg. 2 (min. 1, max. 4), (multi) avg. 1
Utilization : Yarding (71.6%), Processing (56.9%),
Utilization : Yarding (69.3%), Processing (69.1%)

c

9
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A AT 8822 AYAAAG1%), 71AAAA21%), 1
AAAA1T%)= o2 EA = U ch(Figure 4). THEA Z )
et EE F2F ERgfofH(HAM300)9] 7]A14 2l <l
A A AA7HS G-AFSFA T Table 6). “12uf tHE2 A
FHIE o1& AAEAE oM A A8 Aoz
HE] 52} epJobrof| A= ASHA] k= WhET] 0 &
4

]

E
%, FoletolR 2, FpetIgR 2 Fol 4 A
A7ko] © ZAQETHTable 6).

SRS SR EAAT ] 2AE] A
747} cycle & 10529} 7129100, 2k &2 Ao] 7t
85%%} 87%% TJE-ELS 2} 2|3} tHTable 6, Figure 4).
3], ZrF AR QoA FAE] 2AE & 4 Q= sAte =
S25h] A7 2ALLE grIske At 2§54
o BN AT cycle T STEAT, YA AHS 43
Z/cycle7} 2HAY3} THTable 6). Talbot et al.(2015)9] k=
A A 2 2R o] AT vl f AR 2
FIFE PA= Ao HuskGlrh weba] 3 chaptero] A
SRATN W2 A2E g A DTS B,

A N rle

~
e

3) A4S

h o PN Eat ) R Bt RS e B R e o S P P i
11.0 m"/PMHo o, AR 2-AA 7oA A=) 9 A A1ZH3
A 71080l x3tut wjxZsk A] zHzE 6.3 m/SMHT} 7.9
m*/SMH. 2 FE 5| ¢JtKTable 7). ©]:= Talbot et al. (2014)
o] Hargt A2 YA 104 m/PMHE} FAlSHS o,

Processing : (L) Single operation, (R) Multi operation

Figure 4. Mechanical, operational, and personal delay time in yarding and processing operations.
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Table 6. Delay time in yarding and processing of single and multi operations.

Classification

Single operation

Multi operation

(sec/cycle)

(sec/cycle)

. Machine checking 18 21
Mechanical
Battery change 14 -
Sub 32 21
Hang-up 8 8
Carriage error 18 11
Waiting 19 20
. Re-hook 11
Operational .
. Cutting 3
Yarding .
Re-setup of guyed line 19 -
Skyline tension checking 4 -
Auto-choker error 9 -
Sub 93 44
Talking 3 1
Personal
Rest 21 22
Sub 24 23
Total 149 88
Mechanical Machine checking 9 4
Sub 9 4
. Operating for yarding 2 19
Operational .
. Waiting 87 43
Processing
Sub 89 62
Personal Rest 7 5
Sub 7 5
Total 105 71
Table 7. Productivity in yarding and processing of single and multi operations.
Yarding Processing Note
Classification -
PMH SMH PMH SMH _ (Set-up and
displacement time)
.. 7.9 one
Productivity 1.0 142 8.1 (None)
) ) (m’/hr) 6.3 (3h 30 m)
Single operation
Utilization 71.7 (None)
o 56.9
(%) 57.0 (3h 30 m)
6.6 (None)
Productivity
(m’/hr) 9.5 4.6 12.6 8.7 (3h 30 m)
. . 4.0 (5h 10m)
Multi operation
69.3 (None)
Utilization
%) 48.5 69.1 (3h 30 m)
42.7 (5h 10 m)

YA Aol A AAIRE FA= AT 4D Alo] 271

(5A7HO0E) o whet 2+ 4.0 m/SMHY} 6.6 m”/SMH.C. 2

B 55 E9lobel S o] §3 FALUPAR L 57 mISMH

A A ol B azi stelstel  EAESIT Cho et al(2018)0] AT ATo] mry, =
o
: *éil WA o B ATATHA0 mYSMH) Kk B, 244

Ze2221 A 7F 7]—£ 9.5 m3/PMH°] AL
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Table 8. Cost in yarding and processing of single and multi operations.

Note
Classification Yarding Processing (Set-up and
displacement time)
21,053 9,655 (None)
Single operation Cost 30,708
(won/m’) 26,458 9,655 (3h 30m)
36,113
17,143 13,226
30,369 (None)
Multi operation (wgr?/srtrf) 24,509 37,735 13,226 (3h 30m)
27,839 13,226
(5h 10 m)
41,065

@ellz)eh A3 9 SRHATHAB0R)S Tefdeh,
B A7Anet fARE Ao ARt thE A g
o =a 23 ehelobee] AARY WA X 2

o

A AR 2fol7h 7Y B2 Fde e, A

[e:

A A 7Fo] FLRE 2HBAIZB0R) A = v A
H|(6.3 m/SMH)7} E&E 2} g}9Jofr|(4.6 m*/SMH) &
o 3822 AoR FEA =G tKTable 7).

G GA LR S] ARG A AAZE 7=
142 m’PMHO.Z thEAA|AE O] 2R 2F AL (12.6
m’/PMH) 2t} oF 13% © &7 E4 ek shARt A7)
ZEAAZE 7122 A AAIZE A0 ATt 51
Zlo|(tHEA R A AH]: 87 Z/cycle, ZRA|A: 43Z/cycle)
2 ZRAN ] A2 APAHI(8.7 mYSMH)o] ThE2 4]
AAa)(8.1 m/SMH) =2t} o &7 B4 =) oo 47
AR ZAgAd ol S8ttt Ao ERlE i)

E YA ZJu)8-2 ohEA YA Age] o] 2] 9 g
AANZHIAIZE30E) ZFF 712 36,113Y/mPo|w, M=
H|8-2 26,458 Y/m*(73.3%)0] 11, ZAZH| 8- 9,655%
/m*(26.7%) 0.2 B4 5|9l th(Table 8). TR A A8 2]
H-8-2 A2 @ SAAIZHSAIZHOR) 715, 41,0659/m’o)
o, A u]g-o] 27,839/m’(77.1%) 2.2 T HE 23]
SFSAtHTable 8). T8} tha A AR9 5d 2234
B0 A A ARI(37,7359/m’) Kot Ty g Al
B(36,113Y/m*)0] oF 4.3%2] v]-go] WoItHTable 8). o]
+ Talbot et al.(2015)2] ATLAT}, THFHAIAR(E AR
2%, 48] 1) o3 A A—(2FAAE 37, 4] 2t)) =
o} £¢ulgo] A2 IAR HAH A AH o= Bt
At St Eeh FF o Gu)eFrE gt
H AR A"l B AAAY A

A G u)-g-& =g F2} efgjobr] 7} 24,509 /m’ 2
& Cho et al.(2018)2] A7ZTK30,701Y/m’)HT} 7| B
A= Qlek A3 A7H(Cho et al., 2018)2] A AF2 4211
ZAANE 2 At R Alo] 2AE A=A Ay
271 Zra(2Q11 )51, B]-go] AE Ao R AR E
F3F EE 52} epQlofr| o] ZA)2HH]-8(24,5099/m’)
o hEA A A (26,458¥/mY) B} WA BAw I
(Table 8). o]+ T2 A A4u] o] A 2F¢] A A4 (6.3 m’
/SMH)o| EE] 2.2 E}9]oFt](4.6 mYSMH) B} 294
TH(Table 7), Th2 2 7gu] o] 7]+ ¢)H](455,000% 2)
7} 3] go) a1, 7] A1) 6(165,358 /SMH) = E&E] Rz}
EFQoFE| (112,570 9/SMH) Hr} =2 Zlo] ¢dgle = et
IThTable 4). webd], Eejg 53} ehgjoke|o] ARj=te]
ulg mo Aulgom Bsty] s T A uAA
ule] FALI YA & Z 4 6.8 mUSMHO R g B
asje}

AU §-& TR A A(13,226Wm’) Kt ThE A
AH](9,655Um*) 7} oF 27%2] W]go] T WSIri(Table
). ol ZAAH| O] B4 Hjo| = thEA LA AL o] Lz
AIAE mze) ol AmAle] BRsHA] YA, A
= dlo|anjAlo R 1657 FA| 7t 4757 giolct.

5= F-FAITES cycle & 8723101, Hh5A =
43%/cycleR E-AE| RIt(Table 6). &A1 a0 W&
AR S] AA W 224 (EA] 2

7F 0| Z3He 7|12 Z+zE 7.9 m*/SMHI} 8.1 m*/SMHo|| 4]
o Z+zF 19%(9.4 m*/SMH)2} 55.6%(12.6 m*/SMH)7}
/g A ch(Figure 5). th3 Al A"l A A2 A
(6.6 mM/SMH)2 Htj| 16.7%(7.7 m*/SMH)7} ZA| 2+ Ak
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Figure 5. The productivity of single and multi operations by decreasing idle time.
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Figure 6. The cost of single and multi operations by decreasing idle time.

(8.7 mYSMH)E 20.7%(10.5 m*/SMH)7} &4
(Figure 5). 7]& Z2A|AE o] &3l AR YA S

1.1~17.3%2] H]-go] A= IthFigure 6). webA] T3
A 2EL H ) 22.6%7} THEA A AES o 15.9%2)]

N

ZRAZGAE] B} oF 0.3 m/SMHo| =9kA|ul, &5 A Hlgd7ro] 7hsat 202 B9l hFigure 6). A 2
o] 30%7t GaEt AW RAYAYL BEH A vlEF 120 R YA 230369 Wm)o]
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