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Productivity, operational cost, and optimal forest road density
of yarding operations with two different tower yarders

Minkyu Kim*!, Rin SAKURAI*?, Toshio NITAMI*!, Hideo SAKAI™!
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F =X — FIL RN CHEME R P B\ CEMIUEED T RE 2 2R MERM T H ), RIS
2, KM, EAMOWIZ L BHSTIETH 5. HARIZB VT 1980 £ K ICEINE & 7 —
Y= DA SN, FEFICEEROBELH T Y, 1990 F11E5 5 EMEE ST 50
78 GEJHF, 1997 5 #EH, 1999) RP4#iMIfm & BMEICBE 5 20198 (Fb 5, 1994 5 K% o, 1999 ;
SRIPRARAM, 2001 ; (115, 2004) 7 &, FEFHALRME S AZ AT 72 R 2E AN T h T & 72, 2000 4E
Rz b e, NWHHEOEWRY 2RI ER—AI TV E LA VT —FDBEEL, §7—Y
— T OERBBIZFITHIC > TWwole LAL, AL V7Y =413, BERIICIZEIEEEM A
JCHY, HP| S EMEHIET FOREHEIHL KRE VI L2, EERESHERCE 26
HEDIEMALAE END LD 12% o T o7z 2010 4EFi 2 & ) WUNELY 7 — v — ¥ o F#RE (b
S, 2012 HES, 2015) HEAR, 2013 FICITEE Y T — ¥ — ¥ ORI DRI SN D %
E, F TV —FORELOKENEHE > T\ b,

WD 5 T — X — Fid I KA E500 m P o KBRS ), EREEX (A5 77
YITANATAYR) OFRD BT, BOSHFRITHEM L v X ) ISR SRR B LT
OB TEEERLZD T 2O TR THLDIHL, EES T —V—FIIRKA/S Y E 200 ~
300m T, PHIEHRAEHES, = v AR A4 T4 vRICEDTIED 2HR & L 7B A
FHEEHDO TS, TNENOEE T L IZHEORMEH L 2 05, 2NETO% T, &
A& 5> TWL ) 2 THEY 2 EEAMARCEKE L OBRICOVWTER LD DS (F+5,
1994 ; AKRiF S, 1999 ; HHK 5, 2000 ; #+&, 2003). AHFZEIE, 2011 4EICHAICEA /-4
— 2 M) 7HD Y 7 —%— % WANDERFALKE U-AM-2to & 2012 fF 25T S - EE S 7 —
¥ — % NR30L 12 & 2 EMIEEICONT, FEEEERER AL, TRENOEMEEL L
B 7 AR LD DO W T E R 4T 72,
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21 WREELRAEH

RENRET DY T —Y =51, +—A MY 7 MAYR-MELNHOF FORSTTECHNIK #t #2
WANDERFALKE U-AM-2to (LLF WF & &RE) & I IH 263 NR301L (LFNR ) Th
bHo MEMOFETLEE - LIIRT, WFENROT Y U HJidF 24 100kW, 89.7kW &
ZIZASETH Y, IR HhEEELE W2 5,

WFIZF5 27 7 TIHAFILTREITL2547THs (M-1). WFOREY FRER - 21
Ao FREEN (R VT4 Y TANA T4 ) T, fgRIC I3 R4 Shelpa U-3to % #5# L,
FelllE RRO R & ABEAT - FILT A2 AT 50 THEYR— MEAEHT 22 & THRT R
BRL, BHZHE~ORIEEZTREIZL TS (FES, 2012), —J7, NR £ 2012 425858 &
N7y T—XY—%7T, SARTLILDT V= T AIATA4 v AEFHRE LTS (M- 3),
WA IR BT AR 7 O — M A R— A~y v e L, BETETHL, NRDEIED
PN B R N e

AL WFR IZoWwW T EmEFENEILITC (LIF, #i&tA), NRIZOWTIZERIFEEH
&N TfT-72 (LUF, #if&kB) (F- 2),

A ALBLEFEEDL ) F - AFANTHTH Y, REHEIRE 32.5% 0B LA THO I,
R IIARE IS L, S HHESL ~ 100 m, MY HEE0 ~20 m THh o7z MEET AT 414,

#-1 §7—Y—F DT
Table 1. Specifications of the investigated tower yarders

BT 4, WANDERFALKE U-AM-2to NR301

e R (kg ) 10200 10500

2F (mm) 6572 6010

A20E ( mm ) 2374 2620

4@ ( mm ) 3615 2725

AU—@EE (m) 10.57 6.5/8.2
Y ( kW, ps, rpm ) 100, 136, 2200 89.7, 122, 2200

E517) ( kef ) 2000 3000

et R ETHE ( m/F ) 5.00 2.92

AR REM RS (( m ) 500 200
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— 2 WANDERFALKE U-AM-2to @ik Y K38 (P 4E67)
Fig.2. Cable system (uphill yarding) of WANDERFALKE U-AM-2to
ROBHIEIRA = =128 b TUHHEMOEHE XA T4 ¥ 2%t
T 0 L9

-1 %7—¥—%WANERFALKE

Fig.1 WXKIAI;AE?EALKE U-AM-2t Each cable is named according to the manufacturer. In the case of
9.3 SAM=210 - downhill yarding, the main line turns back at the tail tree.
tower yarder

U?v‘-{‘zb’(?ft*fZHS{«,

- 4 NR301 ok Y Hk

Fig.4. Cable system of NR301

FOLHEA =T =12 & D,

Each cable is named accoring to the manufacturer.

Fh i - . —t.
M-3 %7—1—%NR301
Fig.3. NR301 tower yarder

F =2V =2 X BEATHRER, ¥ 7Y — ¥ & AR EITHEMDITOI, £ &N
E7aty I X > THREIRO L TEM - BEIN, P ES2VwIBIZE Ty s (X5
vy Iva—FiE) TRIBEN FEVATLAOANBEIZY T —Y—FF XL —F 1A, 7
BIT2ATHY, 79— —FF XL —=H» 70ty FIZLBEMEEDLTI SALMTH
272,

AT B LR FEB 2 BARE LRI TH D, REHBRE 5% DL ETHE L 1ZIZEDS v
FHRIEHETH o 7o RIKIMEEB IRV OLIGIEEL, EMIHE2 ~ 64 m, BEIY HHEkE0 ~ 42
MTHhole FEVATFALELTIEIF o= V=X BETHRER 77—V —5I2Lb4k
M ESEMVEEIFT DL, EM SN 7Ty Ty =12k o GEITEK S h, BEgRiok
KEBA EOMIHMIZAEL T, ZNENEHICER SNz, WmIERIZT v FIcshiz. 1

Bull. Univ. of Tokyo For, 134, 1-17 (2016)
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Table 2. Description of study sites

A A AT H B
4 A e T AR IR
it Fdpar g BT TR
KX HERE ( ha ) 0.364 0.408
EEC @W?E@;Q:% ﬁ;iig
AR NTAR R
i C o x E%ﬁ%ﬁ?ﬁ;ﬁi ‘;%ISK X,
FRif () 51 RE
FEfEEE (em ) 29.3 22.7
TR (m) 16.0 12.8
AR ( m3/A ) 0.498 0.151
hai W #84 ( m? ) 622.5 290.5
ha§ » SEAARE () 1250 1924
AE R (%) 32.5 95 LI

¥(EVATLADONEIII T —FFRL—F LA, WiHTF2ATHY), 99TV —D
B T =Y = F R = PTG ELHLOFT L =P a0y, 3~4 A1H
ThHo72,

B L 7R3t R b LB L 2 HOC COREEEM 2 b DT, MG EEDEITH 0D
AFTELT—=F I TR 21T - 726

22 WREFHE

WFATHICBNT, Aby Ty r vy FeHCTEERMZHEL, EREETLICHEL O
WMEITo7z0 BFEFERIWTALYETO [ 7y 7 T, #es (22847, W T [FE2on
Gooofg ], WEFFo [REISW UL, [HENT ], TREE] [R5 R e [959E17),
WETAT (WAL #EEr»oo [WyhL] o 108 <Th s (Fh5, 1994 ; Kim and Park,
2012), M EEBEOFHNC IZF A A Tlk GPS %8 (Cuu:B #:#L PG-S1) #, #4#B T
T L ——EEEET (BOSCH ## GLM80) % fv 7z,
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23 &

ARFRAHD L) IR ERER T I L, EAEEHE O 20 SR REMBERE L (m) & T%C
EMENDYE, EMIEEOTIGTA 7 vy £ 2 (B 10) JRATERITLZENTESL (B
I, 1987), 72721, BEMEE ¥ T — YV — Y OREIEE A0 L T E L EO RV (34T 2w
bOLT 5,

Cy(L) =Ly + Iy /12 + Ty, (1)

72721, Cy(L) - e REMEHEL (m) 1 2EMIEEDOFEF A 7 vy 44 (Fb /1), L:
S A 7 vy A 2RO KEMESE (m/ 1), RiGTIELO LR 200m &35, vy,
Vo 1 WRER D ZEEAT L EEATORE (M /B), Ty &M 1AL DTy 7 BT, Keohtlzo
ORE), FHIEWL, g, B FEX L, WAL, Lol 0.

PP AT NI AL LTHB ) EHERZACCTLIHLS ) OH A 7 VxR, ZhiZlH
A7 NVE )R MREEZ R CLHY ) EEELT TUT2 281275, e REMEEEL (M) (2
LT, A mP/H) PL) E Q2 RoeBhEhd,

P(L) = (60x60xH/Cy(L)) -V, (2)

72720, Vi1 A 27V oSPIRE RE (Y ), H L H ) EEEER (22 TIE6
K &3 %) IV IZEHBWwbor L, BREOWE (hEs, 2012) O H 147 vy 10k
RN AR & OBIZHfE L BIR S b D E T 5,

TR B 7 0 ESEEH (M) (IR ®:, b, RIEEE, BB THEIN, oo
AEtE EROAREE (M H) THAZ LX) BAAER L) ORMTRT I LA TES (&
FEIMRFE B K asfm, 2001) . EMIEEE R I D L BEIZBEEONZE (ZEMES R K7
2%, 2001 : f S, 2005 ; Kiv and Park, 2013) (2o WTHE - 3IIRTEBY &L, kE
MBS 2R (H/m®) 2k,

BERIEIE:, S, BARFT O S, kAL kdohs,

g (1 /) =250 3)
B (71 ) = 8L 4)
e 7 (1 /) =2 XL (5)
o =T ®)

FREL, oy BEEVEE LEERAGRE (T), Xt BB IR (R, o o 4R RBEWOE R R,
X, AERIREIIGRE (B 4), o @ WARITAREL n: BHRAER (66), i 4,
LIRS - ET, R IIRE ORI S L Kk Dk LD,

R - s (/) = (atEa) X1 -
PR - iR (/) = Q X Qe x (1+q) (8)

Bull. Univ. of Tokyo For, 134, 1-17 (2016)



6 A& L)

F-3 EMEEEHAOBIIHML2HE
Table 3. Values used for the calculation of yarding cost

WF NR
BARAtA () 7 33000000 27000000
it Rsf (1) X 6300 6300
it S () n 7 7
1 BEERIGRE () H 6 6
RS H 2 (H/4) D 150 150
LEMIBRBNIF] (Bp/4F) Xn 900 900
(CESIEAES 14 0.9 0.9
TRSF - B R ea+ ep 0.2 0.2
LEFRIAR AT PR 2R & 0.07 0.07
P DR R R (L/I) Q 5 5
PREHEA (P /L) Qc 86.4 86.4
PREHE %9 2 TV I 25 oo I AR 2 R q 0.38 0.38
EERR 7 0.07 0.07
BEARFEREL ® 0.21 0.21
FRA RO SR EENE (m3/ H) P 29.99 26.18
FIEste (M/ANH) 15000 15000
fEEE (F/1F) 4714 3857
EERAY (F/1) 2750 2250
BARF (F/1F) 1694 1386
TRsy - (e (19/0F) 1048 857
REE - WhAE%E (F/15) 912 912
Fte (1/1F) 7500 7500

S EAGIE A Y U - ST A NAVI (http:/oil-stat.com/light.html) >4 [EE i
Feffifs (M 2015 4F 4 H 20 B) 2 SRmSIIEL (MOFBUEMAIZE 12 520 2 © 8) %k
W S BUERIIHEAI & L, 95 ES T 15000 1/ A B EARET D,

72720, e BUGEIIEER o BV TR, QREHE TR (L/WE), Qc: #REHEAL (F9/L),
q @ PRBHE ST B TR EE O VAR B
BIWESEL I A D2 - W, MBR TR E NS, -5 L) ITERPEIZHEL T
HL0E L, I REMIEEEL (M) (28 LT, 258 1 RN ) OEMHEZ R AREMN I & RXIE (2
TR OWEEE 3 2) 12DV TRD, MHMFEYS Y o285 - #EE Csd (L) ()
m’) &R L VKDLZ LT 2,
Cd

Csd(L) = ((L+ (++) +T6) + (L - (r++) +Td)) + o — ©)
( 10000
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(ARSI OB LS (m)
—

ttHtet 111111
et ree et
(RS RS R SR NN NS
RS NEE R SRR
ttH1tet 111t
EE SNl
ttHtet et eee ]| o
RN RSN E)
et tee 112
RS EEE RS RN RE )
(RS REEE NSRS E )

HREREEEIHREFRE

~ B 1R R >

(m)

= = = = = = = = = = =

B -5 FLKMKE T VLXK
Fig.5. Strip-thinning setting model

72720, vy v MEERD Y T =X = OEEETOTE IR ) OBEPRTHEE (m/#),
Ts: ZEREE (B0 1 I0D), Td:fighmem) (B /1a0), Cd:Ze% - MEMEROEEBR 0% BE (MK,
Vh:ha 40 H#HFRE (mha), Ls: tRERFIB OB (m)o 223% - WEMEEOEEBOSBE (1
TIRE) 1%, TZTIMEER4ANEL, F-3» 15000 1/ AH XD Cd#% 10000 [/ k&3 5,

A TIINEE R R Z FE D W TOr @ A M & 0T L 7225, MRy St i3 As i A LB L 72
50 4 A F N T AR EAE LT ha 2 ) M fE% 660 mha & L (B - JIl5, 2008), 3% 1tko
FIARE R (R 25 %) % 4HE 352 & T, WF & NR OfEESEM R —O F Tlis o g% 17
S92k &L (M-5), Vh% 165 m¥ha (660 m*ha ® 25%), ha 41 37 AKA%#% 1281 4 /ha &
LCLsz1lmEfRELze B, M- 5128V THEICH L TREAENZ1T) b L d 5, $7-
FHez R /NERE A OB 2 B E LT, KRIXER T Ls X KRR L 510, (9) X
EXDOITHEHTHI LN TE S,

3. BREEE

31 HEEEN

AL A TIE, WRIZX 2 3691 7 )b, BHMAK30 A, §14.94m® OEMIEEZ L 720
144 27 V240 OFIGFHNT R 0.42 m¥) 6], SF¥gH 4 2 v & £ 213 298.94 F [ [0 TdH > 720
AL B Tld, NRIZK D 824 4 7 )b, #MAK 2514, & 38.01m® OEMIEEZ BN L 720
1H A4 70240 QPRI ARG E 046 mY [1, FIH A 27 vy A4 21338133/ |EITH D
(- 4), 3% - WEEHNIZAAH A 718000 F5, ##&H# B 287534 FrCTh o7z (- 5),

PRI & b WA TR (L, SEEL, ZREL L QEREFSNETHE (K- 1 OFGLUTTH
572, TOMMELT, £- 1OETHEIEFREOXMEETH Y, EBIIIMERHLSH X

Bull. Univ. of Tokyo For, 134, 1-17 (2016)
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F -4 EMEEOBIA R (1)
Table 4. Observation results of yarding operation (1)

A A (WF) B (NR)
SEREE () 36 82
EMA () 30 251
I EAE LR (m3) 14.94 38.01
SEMRER (B) 10762 31269
BB () 3 3
HEMMEE (m3/[E]) 0.42 0.46
18150 DY
ST (B/Ia0) 298.94 381.33
EREE ([81/5F) 12.04 9.44
1 RS D8
EMMEE (m3/FF) 5.00 4.36
EprEt (=1/8) 72.25 56.64
1 HY 0 O
EMMEE (m3/B) 29.99 26.18
1A1HYY DR EMME (m3/ AR) 10.00 8.73

AR A OBKEMOEE, ¥ U —Y—ZIZ L 5EMIEET, EMARMMLOARR LI
Mo TR UNZARBPNY TETEMBTE RNl BHY, F=—r Y
—ZFANTERNNC L THBEMEITST20T, TOHMITEMAL 05 & LT,

RO THHEIET 4 E TSRS ), WA & & MR HR REM IR 5 LT &
Whotzlldb—HEEbis,

F-50@MEE (1) XA TLE, WEBLIUNROFEEHF A4 7145 4 4 Cya(L) BX
O Cyg(L) (B idznzi (10), (11) X&nh, R-6DLH1I%5b,

Cya(L) = L35 +155)/2+252.28 (10)
Cy(L) = L5 +755)/2+278.38 (11)

ZIT, 1H A7) oM Z, FUREEOY G A omiFE A 2T 0.4
m¥ [8l, /NERER R FEE L2285 412 08 mY e 2, (2) RED 1 HOEBIFHZ 6 KR &
L7z oyttt (mY H) 2 ZNZNEHE LR M-T0k) kot 727210, T
% EORE- Ty B/ EBHRERE VKR -50L B & L7z, RREMBBENES 22
ZEF@EEEII T2 57, WEENRZRES 2L, RREMBEHEIES 25138 WF O
DG EEAE <, T2 MEPRE 2B B EMBOREIIREL B o720 M- T 0
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F -5 EMEEOBIAE (2)
Table 5. Observation results of yarding operation (2)

A A FHAH B

e B THE ( m/F) v, 237 0.85
REREEITHE ( m/F ) v, 1.28 0.48

EM1IEY Y 07 v 7 B, REONTOOBE,
RlEHL, farfhd, Rl #ERE BT, WEAL, Ty 252.28 278.38
gL ( /1Al )

( AR )

7y F (/R 20.81 11.91
Ttz OB ( /[ ) 10.67 17.86
FlEmL (B/E ) 33.48 35.56
firfhe ( B/l ) 55.30 80.45
Bk (/) 29.00 19.22
seEE R (B/m) 79.60 54.95
wrEAL (F/E) 13.29 13.48
gL (F/IEl ) 10.14 44.97
TEEB O E TOITEOBEATHE ( m/F ) vz 0.3 0.3

TEEBORME TORY OBETHE ( m/F ) vy 03 0.3

ZeRef ( Fb/IEL) Ts 10800 4233
LR ( B/IR ) 7d 7200 3301

Ty 7 R, REONPDEOOBE), WolEH L, wES, R, REE R, M
AL, fifh LIZAF O HINE O EIETH 5,
HATHE 0.3 m/T A A & B COFHIMEDOZNENOFHETH 5,

BITEN R 0.4 m* 12k LT, FAAH A OFRER BEEE 100 m, FASH B o KK HEEE 64
MoEEOWBEEEY R, ZN2N27.66 MY H, 2258 mY HTh ), £- 40EED
BRI S & AR TE Do

32 ZE-BEROLECHRER
i - WEEERROBIAE (-5 % (9) AL, H-50KKETFTIVIZBIT ST

Bull. Univ. of Tokyo For, 134, 1-17 (2016)
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700 -
600 A
o) - -
o 500 -+ -
& -
ks 400 A -
& - -
300 1. = -
< 200 - = A (WF)
g o0 J - —=B(NR)
2
g} 0 L) L] L] T
© 0 50 100 150 200
Maximum yarding distance L (m)
M- 6 mAEMEMET A7 VY 1 2DB%
Fig.6. Relationship between maximum yarding distance and cycle time
= 80 -
S
(?E 70 — A (WF)
= N - - rENT MR
> 60 \\ B (NR) (m5/E)
T 50 A S
g - - - 0.8
= 40 - S -
: — —--a
E T~ T — — "o0s
g 20 o - - 0.4
< - e e - :
2 = = 04
E 10 A
§ 0 T T T T
0 50 100 150 200

Maximum yarding distance Z (m)

=7 EROREMBERE & A EVE O BIR
Fig.7. Relationship between maximum yarding distance and productivity

WHkZMEL, Vh =165 m¥ha &5 &, AEMEEEL (m) 128 LT, WF O%% - #iZ:
i Csd(WF) (L) (F/m®) & NR 045k - #2:4# Csd(NR) (L) (F/m®) ix2hzh
Csd(WF) (L) = 275482.09/L + 204.06 (12)
Csd(NR) (L) = 115304.56/L + 204.06 (13)
b
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35000 H
30000 A —A (WF)
§ 20000 A
2 15000 1 ?(ﬁﬁ;r/%tﬂﬁ
&) m
10000 1 _ 04
1 N " ~—F-------—— 0.4
5000 e e e == 08
0 T T T T 0'8
0 50 100 150 200
Maximum yarding distance Z{m)
-8 SEMIEES LG - koG
Fig.8. The sum of yarding, rigging and dlsmantling costs
70, NAREROBAIE, Vh=660mYha 5L TOLIT%5,
Csd(WF) (L) = 68870.52/L +51.02 (14)
Csd(NR) (L) =28826.14/L +51.02 (15)
WREMEEEL (M) 120 LT, K- 7 097 @EEE LD CEMIEER (H/m?) & 455% -
WEH (M/m) OAFHIN- 8D L) Ik 2, BRIIHMENS V20, 5% - MEHEZ G0

2B RIHNIRERD# 5 TH B Z e bh b WF IE NRIZHARTHERETHRES R E WD

AEEEIEV OO (- 7), Bl <, EREESR (XY T4 2720474 0K)
THhoHIENLREBHEICKMEE LT, 2O EI2LY, FERFKTIZRAKEM RS 123 m
DTotE, FBERTIIRREMERESS MU TOL ZIZNR PPEAE AR E 2o/, BE
T, EMBEEESE 2T IUINR 25, BRUFIVEIWE PEHETERTH Y, ZO57IRE %
B LIE, PP RS 253 E/NSREE R o7z T72, FIHTEIT MRS <
%BE, WFENRDEINS S ol

3.3 K®iEE

W2, BREBHSAR TS 2S5 BEL, M- 50KKEFMIBNT, BIEOBMZRMEZ
BOHTOICD, BRI L 205 EEITVIC S T — Y — 7 Tk, FIR Btz 17 - <
WA EET b

oL E, TROBEBIK LT, BEBREEN-5L) s (m) L4, HAMEY Y ok
TBHEE Pee (L) (F1/m®) 1kl % 5,

PFRC('—) :% (16>

Bull. Univ. of Tokyo For, 134, 1-17 (2016)
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40000 1
35000 1 ===+ r=1500 yen/m VA= 165 m%ha
’cg 30000 1 r= 25000 yen/m VA= 165 m3ha
= 25000 1 r=1500 yen/m VA= 660 m3ha
2. 20000 A
> r=25000 yen/m VA= 660 m3ha
‘g 15000 A
© 10000 -
5000 1 ~_
0 -—‘::::.mmmw
0 50 100 150 200
Maximum yarding distance Z (m)
180 90 60 45

Forest road density d (m/ha)

=9 RSN & AL D) ORHERIRE
Fig.9. Relationship between maximum yarding distance and forest road network construction cost (yen/m?)

72720, v BAEEAE (3 /m)o rI3FRER SR EEER THER SN b0 L L, HEOH

THBREHOBMHEZEH L 2R 5 2 WIGEIEHEREHOY o 4 MR EL LY, KiEsE

HIChb7Zo THRVELFAASINS DL THIEHZREROY = 4 MI/hS <D GEH,
1987), T CIdFHEL L CHBREHOAMEAEMRL T, r (H/m) & LT, 1EE 3 m CTHHMME
30"k % OREE: 1500 M /m Offi 5 7 HFMMEZEE (Son etal., 2014) &, MREHERE
YO EFFEE TH A 25000 M /m #HET 5 (REFIRSMHEMmNEL - REm A #RS
E%ﬂ?ﬁﬁé?, 2015)0

HATTHAE 2 ) o Kb AR Vh 2 BiRE O 7R & 165 m/ha, /NEfstk 660 m¥ha & 485¢ L C,
HATHRE S ) OBEHEIBIRET Peee (L) (FI/M®) 2RK02 EM- 91225, -9 &0, BB
Hiffi & M MRS B ISR L TR E LB L RIZL TWA 2 EATEREIN L, b, K-
I i WREMBEREL (M) 20 L <, BMA@%Ed mha) %2 KkX2 56K GEIE
1987), #®EOHZLE L TR L 720

d= 5000>< (1+n)/L (17)

72720, p o EREE, R TIREBEFEOWIZEICE D 7= 0.8 £ 52 (SawacucHietal., 1994),

FHIMAEZ 0.4 m¥ | (BRI, 0.8 m¥ |l (Bfk) IS EL, &7 —Y— ¥ D4k - il
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Fig.10. The sum of yarding costs and forest road network construction cost (1)
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The case of a 1500 yen/m forest road construction cost
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Fig.11. The sum of yarding costs and forest road network construction cost (2)
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The case of a 25000 yen/m forest road construction cost
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Summary

The productivity, operational cost and optimal forest road network density for
WANDERFALKE U-AM-2to (WF) and NR301 (NR) industrial tower yarders were analyzed.
The results showed clearly that productivity decreased as the yarding distance increased. The
productivity of the WF became greater than that of the NR as the yarding distance increased
because of the effect of the cycle time. This difference increased as the load volume increased. As
the WF yarder had a higher purchase price and it took more time to set up compared to the NR,
the NR yarder became advantageous (yen/m?) when the maximum yarding distance was less than
123 m in strip-thinning and 88 m in clear-cutting. Therefore, in order to introduce tower yarders
to achieve cost reduction, it is effective to increase the load volume during operations and to
utilize the road network repeatedly for a long period.

Keywords: tower yarder, yarding operation, productivity, operational cost, optimal forest road
density
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