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Table 1 Combination of terrain condition and production systems
5 7 7 R 3 FERIZ L7z ¥ N .
B 77 2| MESEHRIC LRI (RSO PR £ M ST L7 b
Terrain High-level production .
. Low-level production system
condition system
B w ow | TERERRRM s mmmseR
Very stee Long-span skyline Semi-long span or short-span skyline loggin,
194 P logging g SP: D Y 24:4180°4
B o m| AR | o e
Steep logging g P y Short-span skyline logging or light forwarding vehicles
i i AN AL
Hilly Tractor logging 7 V= MRS
® H Blbovr - 2v—C8H Truck and crane logging or light forwarding vehicles
Gentle Truck and crane logging

(1) SMBEMEES LU 7 7 SEMEZDOY A 7 V5 4 AHER

L+l Lyl
T=Lg+3) +Tu+ To+ L (G +57;) (5)

122U, TIHAI7MF AL (min), L FEEMERE (m), L' PHEERERE (m), V,:
WA REE E 72k N T 7 & ZBHEHEE (m/min), V, ! EMBHEE 7213 5 2 ¥ EEHEE (m/
min), Vi:#MBILAAZEEEZR VS 275D 4~ FEMEE (m/min), V) EECHE % 7>
REZ272509 475 FHEE (m/min), T wW#H KM (min), Ty: 7 H LEGE
(min),

@2) ZVv—rBIUMREREEMDOY 4 705 4 LEHR

PRATESEEI, B, 1,000m NOMHED L ZERBEOKELOEM 2SO TH 3 28,
EMEEZDO LD IZERE EH 2 VI BVHNICIA>THED 7 v — > TAERT 2 DHEE
THY, ZIZTRL000mUADOEMHHERS &> 2 ERERLHET 200880 THE 15,
WEEDEMREMEANZVOBEENTH S, 6> THRAFERIC X 3 EMEZD Y1 7
W4 LBEHRBRECRT 7V —EEORLFE— L EX T,

T=L (G +3) +Tu+To
2

LRLESRGREELTH 3,
LEDOWENDBORIZ L > THA ZNF 4 L3R ENIT, HERIBIRATKDSZ 28T

&5,
_360

V—-—TI:-XVU

L, 1HOEEREE 6RMEL, V: 1HY) 0HR (m/H), Ve EH 1ESD OR

(7)
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L st eame

T Average operational distance

L' 0 SEE R e

mL Average lateral yarding distance
A l m {KXEH

Ratio of setting length (mL) to L
A I RXEE
<—’q| Setting area

e
o

M—2 f&KXE7V

Fig. 2 A model of a setting
ADEIZEIEMIREM B & UMNEEEEM OBEIF lha, ZDMit 2ha & L TREK

RibeEHT 3,
A is 1 ha for short-span skyline logging or light forwarding vehicles, and 2ha for

other logging systems.

b) hEEEESREM
EEEEIREMEREMOBES LA 2 hat L, RRVARBLEN ARV ZERLT

WBEFTNVIYRVAFREAWE D LT 5, Z0MOFHRIUTOLBY THS,

B 118k © 20~75PS(Z Z Tid50PS), BRI © 2,600,000/, FEHIEREEAL © 4
A, BHESERE 0.0485%, MEIHFERE . 9 ¢, MBHEERR 0.50, FHMMOIE
30m, FHEM : 300m*/ha,

c) TEERRESRREM

EXERE1hatl, RROVARRI I =V AA454 v RERLBATv 754 >ReT
%,

B H % © 20PS PATF (2 2 TiX15PS), B Ofi#E © 1,700,000, BAEESEHEAR : 4
A, BEESEEE 1 0.0439%, REEHHEE . 6 £, MEHMEEHAR 0.5, FHENIE
156m, FH#ER : 300nf/ha,

d) b3 275 REH

AXERZ 2 ha & L, HE 72 ZEFEOMEDIEREFNRICL TR0 TH 205, R
TERORE « BMEBHLT 2 b 77 VEOFREIBERRAE S, ALY vy FHEOAEER
5, b 75DAMY y FELEOETHEROETIZ, v 4 v FRE (EFIAN) 05
RO HIET 2D EL TR MNHERTR S,
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B 08K 1 30PS ok A — VB, BRI | 5,600,000/, FEXHEMEEA AL 3 A, BB
SHBIER 10.0425%, MREIHEMAE 192, EEMEERAR:0.6¢, FUKMDIE : 25m, F
¥IEM © 300m/ha,

e) 7v—rREH

Mo & 72 I EREHE Lo S EBEREFIFRLZTTH 205, ERERIBCHEL 2V,
Lonl, IR MHEICREREM L A—0oRX 2BV CHHEMAET 2 8% L, B iEi:8EE
Blm:d 3,

BO Lk © 4 tEIER, 2~3 t BOBE, BBOME : 4,600,000/ (HEft), ek
SRS 3 A, BESERER0.0299%, MEEHER 130, MEHMEMEER0.650,
FEEIDE © 1 m, FER : 300m*/ha,

f) 7v—EBANEEEREN

BEREMEDERVHHRTH 25 5, BEHEME Lo/ NERIEMTREAZL, EMEE
R V=YX BFIHRIEERL T REZ B, NIMAIEEED REBOANETIZREENEL
DT EERICRINELZ LS OBEETHY, 0D X VEHERFTHO 7 V-
DFE LR EWVSI ZLiZR 5, ,

B H778% - 15PS BE, B © 1,500,000, fEXEMEEEAL 2 A, BRLER
R 10.0417%, REIEHEAE 8 0, FMMBEEAR 1 0.50, PHBEIDIE . 1 m, PHER:
300m/ha,

INEFTRUTCKRLERELZ A, R— 3> TEMEBIICEM IR b 2RD, Bz
nNE LRERT B L& > T, EMBCET 2% a, 8 DEERDILBERIIZ—4ITTRT L
BYTH 3,

-4 EMBCETARE

Table 4 Parameters « and g8 for yarding cost

REBEAAESR | FERMESRRIEE | CIEMSRER | b 7 7 2 R |7 Vv — v R | MHAFEESR
Long-span Semi-long Short-span |% # F ¥ & # F % * H. L
skyline span skyline skyline Tractor Truck and forlv;f:;tmg
logging logging logging logging crane logging vehicles
3.4 4.6 9.3 7.6 11.7 19.7
1,797 1,823 2,295 725 420 240
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IV #AMRAREONTER

RicaHF B X B OFENRRREBE L, WEEERRET 250 CEBLREN

2RIZTEFOEMCIEU T, HENKREESLED LS CRET 22 20K 5,
HECHERT2EFOERUTOLBD THY, BHOLDONEERIFTLT 2,

F£—5 RMIBOREEE

Table 5 Calculated forest-road density in steep terrain
MEBAE3100, 0003/ MDIFE
High-standard forest-road cost=100,000Yen/m
BRMGOMERM | B & F FEBEAR MHE D EE BEBBOEE
Low-standard Average Labor High-standard Synthetic forest-

forest-road cost

harvesting volume

to be expected

consumption in
men for hectare

during plantation

forest-road density

road density

Yen/m m?*/ha | period man/ha m/ha m/ha
300 8.9 38.3
300
400 8.9 39.5
10,000
300 10.5 43.1
400
400 10.5 44.2
300 9.2 31.3
300
400 9.2 32.3
15,000
300 10.8 35.2
400
400 10.8 36.1
300 9.5 27.1
300
400 9.5 28.0
20,000
300 11.2 30.5
400
400 11.2 31.3
300 9.9 24.2
300
400 9.9 25.0
25,000
300 11.6 27.2
400
400 11.6 28.0
300 10.3 22.1
300
400 10.3 22.8
30,000
300 12.1 24.9
400
400 12.1 25.5
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110
1240
1243
13.0
1440
1540
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170
18+0
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2140
2240
2340
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2640
2740
2840
290
3040
3140
3240
33.0
33.5
3440
3540
360
3740
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Fig. 3 An example of production cost

r K .
10000040 3357340 1
10000040 18073.0 1
10000040 1307340 I
10000040 1069840 I
1000000 9373.0 1
100000.0 857340 I
100000.0 8073.0 1
10000040 776045 1
10000040 757340 1
10000040 7473.0 101
10000040 743646 1
1000000 744840 1
10000040 74611 [

2000040 726641 [
2000040 700745 1
20000.0 679040 1
20000.0 6605.9 1
20000.0 . 664944 1
2000040 6315.8 1
20000.0 620146 1
20000.0 6103.7 201
20000.0 602040 1
2000040 594844 1
20000.0 588744 1
20000.0 583546 1
20000.0 579240 1
2000040 575546 1
200000 572545 1
2000040 57012 I
2000040 568241 1
2000040 5667.5 301
2000000 56571 1
2000040 565045 1
2000040 56473 |
20000.0 564649 1
2000040 56472 I
2000040 565040 1
2000040 5655¢4 1
2000040 566342 I
2000040 5673.3 I
P
m/ha
A BT 5 REEE

K
10, 000

ot ot et ot Gt Bt Gt Bt Gt St Bt s Pt Bt St St S8 bt St Gt Bt Ot Bt boms Pt St Gt Pt G Pt Gt St Bh $od Bt St St Gt Bt St St St

et 6t Gt Bt Bt 8 b Pt Gt St b et b Bt G Bk Bt St b St St St St B8 Pt St St St B Ot St et oot St Gt Pt Bt S8 O} Ot St Pt

15,000 Yen/m®

-------

MOEFI R B (ra) 100,000 /m, {EHHE O ME OB B M (r.) 10,000, 15,000,
20,000, 25,000, 30,000M/m, F¥EMRK : 300, 400m'/ha, H @ AR : 300, 400A/ha, H1T
PEEEEIEMRE(K) © 2, MABITEE (vy) | 2km/hr, DEMEREHOEMBEICHET 2 EH
an=4.6, fu=1,823, FEEMEREMOEMBCET 2EH  a.=9.3, £.=2,295, 7=/ L5%
BEMIZ Cw=1,400M/hr & T 3,

PlEo@#E#HEEGR, RUWRIZRAL, HEKEEE d., BEMKE» S BHBOMKE X
BYATLNYIBEZ LRORMAEE dOE*FERFILCEHLBERIE, £—5IKRTE
BYTHD, -3 3HEEBEORMRICCLEEROELERTIRTH 5,
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FRIEBAER B : 60,000/ /m, {EARAEDHRED B HM © 10,000, 15,000, 20,000/ /m, + >
7 SEMY AT LADEMBIIET 5ER  an=T7.6, Lu=T725, 7L — VBN AT LAOEME
BT B EM  eu=11.1, B =420, BITEEREMRE . 1, ZOMIZD OBE LAKL T 5. K—6
%, BHBCBU 2EAKRETEOEERNTH 3,

F—5, 62727007 —F—L LT, EHl% 3 D%HEE100,000H/m, EHFE DB
260,000/ /m & U, S D HE D B2 10,0009 /m Bk, A& B D 14T "B T5, 000

MHEXATELE R, > THROBRE,

NI+ VBV R T A (BMIF) O

EH, EFEOMERMSEMCE O OSHAINTYS I Lickb, MEENELT
RABERCRIOAEERL T, LT 2EEORERMOLELRABED b ORELHET 3 C
EVBLETHZ, FHOHRFER (MHMLEES), HBRAERRZ, »Thb300, 400m'/ha (X
7zidA/ha) D220 —AZDOWTRELT,

®—6 BHUEOREEE
Table 6 Calculated forest-road density in gentle slope
RE BT 2360, 000/ /m D&
High-standard forest-road cost=60,000Yen/m

EARE O ARIE B Al

Low-standard

forest-road cost

R E R
Average
harvesting volume
to be expected

FEEAER
Labor
consumption in
men for hectare

during plantation

HEOEE
High-standard

forest-road density

BARMEOTE
Synthetic forest-

road density

Yen/m m3/ha | period man/ha m/ha m/ha
300 8.5 39.3
300
400 8.5 39.9
10,000
300 9.6 4.9
400
400 9.6 45.4
300 8.9 32.1
300
400 8.9 32.6
15,000
300 10.1 36.6
400
400 10.1 37.1
300 9.4 27.8
300
400 9.4 28.2
20,000
300 10.6 31.7
400
400 10.6 32.1
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Summary

Low-standard forest roads are so inexpensive that they have been constructed
increasingly. We analyze synthetic forest-road networks of high and low quality, and
derived the optimum road density for each.
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We define K, as the high-level production cost using high-standard forest-roads and
high-horsepower logging machines, and K, as the low-level production cost using low-
standard forest-roads and light-type logging machines. Here, K is the sum of the forest-
road cost K., the yarding cost K, and the travel cost K, of labor to the operational site.
The high-level production systems are built until the forest-road density reaches d. which
is the density when Ky is equal to K.. The optimum density of low-standard forest-roads
is d., which makes K; a minimum. The low-level production systems are more available
than the high-level ones when the road density is over d..

Some examples of operating systems are shown in Table 1. Each K, where K;=a L+
B and L is the average operational distance, is determined by the theoretical operational
efficiency. The synthetic forest-road densities are shown in Tables 5 and 6.

In realizing synthetic forest-road network systems, it is important to restrict the
longitudinal grade of the low-standard forest-roads to less than 4 or 5 percent because the
more low-standard forest-roads are constructed, the greater is the probability of suffering
from disasters. High-standard forest-roads must be paved and always provided with
drainage in case of unavoidable steep longitudinal grades.



