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CHUEAROMIGT AL TV L. CoBe, (X=S(X4) ThhidEizzozzs L, (Xo)
>(Xa) Torid (Xa) OZFALI= Y v 2 ZAER{EELTLL

(i) =0, (Xo) BHELVWED (Xa) i< b)) v 7 RIEESNE. 20 (Xa) 85, BE%
ACBELTBEERS - F LV~ v 72 TH 5.

(v) BEZSSICEDLIHER (1) ~ (i) OFWERDET &I,
COFEERET M) v 7 ARSI D LI L LS, B, CRIETHOWEE NS XL, Bl

TABRHAEDDOFARTFRLLEEDTH S
PO MY » 7 R, W7 M) v 2 REENOTEBTAUIRO LS. 45, UTFED
MEDIY () OWE AL -THET ) v 7 22HohT & 1IT5
(i) WLVMHRA (2, 2) WHTBBEEY Y v 7 X (X0 2{EKT 5.

(Xd= VI 1 vi v5 10

1 0 1 2 3

VT 1 vE VT viD

LVF 2 V3 VE VDB

(i) MZRADOEE<-LY » 72 (Xo) ZilELTEL.
(Xe)= - 2 2 V8 VI3 {
| 1 1 /2 5
0 0 0 1
~ 11 1 wE vgJ

[S+]
N

w

*ZCTVITEY v 7 2ER, BMOBRINRELFIMIZUER LD T, EFOITAR (Matrix) 12, Bk
BLOHEBEZRIZTZHDTH 3,



(i) (Xm) & (Xo)
(Xp) Z{EmR< 2

Xn)={ ~/2 1 % 5 AT~

HERRBMARE W238%

ZHMET BRI DOTHEL, MEOHTOEZRBLAEF LY v 2 X

1 0 1 4 Vi
0 0 0 1 2
1 1 1 2 V5

(&Y

\

(Xn) #¢ (Xo) %5 LVRSICELT (2, 2) BEELREE< Y v 7 2ATH 5,

3. #ffwbUv R

EMRRERRIMEE= Y v 7 ROPGED S, 21O 2 OB BUC X X /zht, CoORfT

FHZHMUTHEMSROR LB ES SH LA bONFIgSIERTHE = v 2R (V) Thb.
WE, <Yy 2 X[ERE B(M) LT, LEEDRRZ107 . B2 TH Y, 40 ha b EK
ES)

Athrhd 1 Km0 Ha

HiEET 2. D= MY v 2 23R MICTER S ahs, B ERRE,
SCHEM I D OFRECE T U TERINICDMMEGTRIET 5 2

N

ELTEA

4. #E<rYv IR

PMERIC BT, $D LS BRFSELEDRBISEST 50
N ZTRRMEEE S,

o ppitic il £ 4) FEIgEHE, o)

&

_T“o 50 50[ 0]

HRid, ™) BEELVSAETFIOEEES FTHELT, HE

0] 0[50 50 50 50 0
050 100 100 100 100 50 5% (Terrain-index) OMEZEEL TS, ZNIZXEZc,
0 50 100 100 100 100 50 HEATEQI S fER LML MOBDHRR O # L i L Table &
0 50 100 50 50 50 |

B QS SMENREN TS 1, REFTLHEER

‘4 % E ¢ 100 (N B ER)

LG, BXUHEBHROBBRICHE LRD 2D w2 18 7 K0

Cperation arca 1 160 ¢ Unit zrea) ABEBLTHVLEDTHH L.

Fig. 8 HE{=r ) v s % Y1=8.43/43.34 R —0.02F —0.025 — 2. 35+ (9
Matrix of volume factor.

Table 2. HUBK S & fi il A
Terrain class and type of logging operation

oW R 4 ! | I | m | v
Terrain class " [aE } =3 } 2
Even i Hilly _ Steep Very steep
< IS A B
Value of 0~19 20~239 40~64 i 65
terrain-index | ‘ l
SRR | o | sy EEEERT | EE
ype of logging . e edium distance ong distance
operation Truck hauling 'Ilactox hauling skyline skyline
o - (.
E{EIL D ¥k L) .
Do s 54 % wow o | & B
road construction Easy \ Moderate Difficult Very difficult

(BIAIZCHR 12) Bk BH, cf. Reference 12) Kato's.)
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Table 3. {FE/IEFICK2E= b ) v 7 AEEK
‘I'errain-coefficient on gradient

® " EHAE DM | ® Ao WA
Coefficient Range of degrees Coefficient Range of degrees
1.0 ] ~17° 1.75 51¢ ~ 58°
1.1 18° ~ 23° 2.0 59° ~ 64°
1.2 i 30° ~ 37° 2.3 857 ~ 69°
1.3 38° ~ 42° 3 3.0 70° ~ 73°
1.4 ‘ 43° ~ 46° 3 4.0 74° ~ 77°
.5 i 47° ~ 50°
Y 2=—0.35/+8.9TR —0.04F 5 —8.35 -+ am .
72120, Y1 EREEE I: % (tane) ad AN
2 -~ AT = 13 o Y
R :&RE (km) Fio¥8E ("/km?)
S:RNFEEEE (km)
) N i
Y2 Ml OB LB 5 \\\
Fs @ #5508 T 5 HUE (/km)
RE, MRIZEBOTRANGLORE LS Y, HiEtsd
e LTRO &S EfEEHRNLTO . $8H5, E% 13 13 13 13 13 13 13
‘ _— I 1.2 1.2 1.2 12 1213 13
Jﬂ.‘}%o)ﬁi)}b&:iit Lfi’l\ﬁi{tﬂd?uﬁ ijQE" <-/'I:‘;{I§11ZJ Z t 12 1.2 1.2 ]’2 1.2 13 13
Bo, EXOBEEIIHATEE NS 2HEORNHE!C 10 1.0 10 [1.2 1213 1.3
" [ N e 1s 1.0 1.0 10 (1.2 1.2}11.3 1.3
i+ D EWOSREAEFT, Table 3D LS secd OFIEK

ERRLESDTHB. Shick- T mghwominy ] 00 B

PREETAE, A0y 7 2 (T) M Fig. 9C¢iHiC %t = i3 P 5
R & D . Cperation area  Even Hilly Steep
5. EVERBHEROTR Fig. 9 #Hig=+10 w27 R
FOE LIS 51, RIS & EH Matrix of terrain-coefficient.
DEABMR XD LI ITaNd LD TH 1
P L= ANt B evevreoteneeere ittt e eeeter et e e e e ee et ee e e eteesrearaaban Qa1
FBmC coervreet ittt ettt (12)

T ZTCId, EHEEEMTS T 2 IR 8T 2MBERGEE (W/m®) Th D, REMRRELE.
HEHVIIREE, EREWESBAHMNBOSEIRETRELTEEINEIODTH S,

D (11) KB F EFEE A" 20T, W¥ELAkz v 2 vy OFEBNAREY 25D,
ZIEROARBEHBIR TR LA/ memBE L W5 fidmonTE D, EEMEEM, 778085 TR
3~6M/méem NS ABELNTEINTVELIATHS. UL, B, CIRFICHET ZHEERER
B, »E002ERCEDOTHE. INSHTE, BRESEEEIH T H0DICBTRNKETHELL
FIZ, CRICEERBICE T AAMEERENFRNOBMBYOBEL LIS, RAMIEINILELRD
Ao

B, (1), (12) RiF, BEAHE (n®) S0 0BRMBK TS 520, SRRSO BRI
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LIz 20 ENH 5.

TV LML (m?)
V1: RIEEEMARIBHE (m®)

V2 siasE o " (m3)
DERESBALER & DA (EYOE O BT LR HaEE (m)
Vi (RSB RiEUs B 3 i6HR (md)

n o BAE SR B (3D

s RIS R R ERE . (1)
L33, EEEREMBEICERERMEOBOOAIMSHER YL, Y230 SICREN S,

Y1=A(Vixi 4 Vaxg4-ooeer + Viaxw) + B (1t vo+ - +vm)
13 “m
=AU B I g oot (13)
=1 i=1

Y2= C(l"mﬂ"' Vs gt L’n)

=C “Z 2 IR T PP L P P PR R PP E PP R PP PP PP PRRRS (14)

J=m 1

(U1+U2+ """ + Um) =V1
(a1t omegt e dva)=V2

(U1 + vgrg - ooeeee + tmam) =W
cBT (18, (14 KiZRATHIE, 15)., (16 2o s, Thd, REHHM S I RESE
MOZBIBEHERDIWETH 2.

DL T ¢ T - B £ OO 15

Bk, WHETIR FREAEELCEY 2 B RICERBECR CABEDRH TS - T REREHIK
BYD EREEE” VS KBERERTIOTH S,

6. EMIBEEOHE

ERMER TS T ZEELTTRIE, WERT, $Hoh5MERIE LV R EAFIITEET 34
ERHb, Thdrk WIETH/ARTEL- MY v 2 REMALTHRENICE SDHT LRD I I IIREN

5.
(Wil = (V)X XX (TIX B weerereenemreemnemineniiiiieaniieniien an
U, (W) EM&MR  RIEOEHEER< ) v 7 2(md - m)
SO v R (m3)
CORER - 2 (m)

(T) =ty v 2
B:=tY w7 z[EE
5k, HLDKEZIEMIINFIO= ) v 2 RTHEHL, TNE—BATRTEROLITNE,



PEFENC & S M EET e Y A (1) CGERD — 13 —

M

=3 ;\1'_ VALT) » XCLT) « TCLT) o B weeveseeeseemsemsiesnineneoneenenne (18)

I=1J0=1
TR R
WE, BEGER MY v 248 Fig. 10 DEIITRENZ D ET 3.

(3,1), (3,2) OHEIEXRERRLETH-T, =+ Vv
R B, - |2 2 J5 J8 i3] x(B)
7 AEEE O ERENTHY, ZOROLEING 2 DTNl
To

N 1

FHERART SOTH - 720 |2 /5 e
ROBMEHZBEA, UTHENIEY (3.1), (3,2) TH- [0 (0 12 3

Th, (3.2) SEhlicaTMEEL 52 LIZATTTIRAEL, 11 V2 Vs o

Fhbs, HMHROTROLD S bR SSTHE. CCT g 10 pigke b9 »2 2 (@)

2, BEEDHIBES OITNDHBNLERNNTETELEVIE Matrix of distance factor.

M

AERANT D, MTEMO2RKRHIT, = 1Y o2 REEBEAMNAL L0, MRACHERERZE
THRMNEHOBITRTITHEC LD D Lieh-T, AT A2KilI< ) » 7 2EM1T
HHETHEDTHH WL ZCT, (2,3), (4, 3NA~DFMHINDERIZE IR OMITE( DI
AL ZF 2. L L, SLINGONYVBERGEREVAREOEMNCL, 127 » TBOTEAE
HELDZTHAI L0, MANIIMEX MBI XN 3T THZ2. 8, zofitid (2,1). (2,2),
(3,3), (4.1), (4,2) O5 SHUELAMBLELON S,

KOMBEDR, BAGEHOOY L, YNEMELSELTREDENIZLETHD. T, BEREMEZRLL
TEIZEST, BEREMERCETAAFRERDNELT 0% » THRSINERDHLEEZSC
ERTELD,

-ﬁ-\)‘

KOS SEMEER (W) 2HELTALS. 22T, HH<bbY 97 %, BHE<b
Vo 7 A, WIE= Y v 2 28RO XS icE L oo i, EMEHERRO XS HFERT
KHSND

[XJ=* 2 2 5 V8 VI3
1 1 V2 3 VI ’
0 0

(¥l=" 100 100 200 200 200
| 100 100 200 200 300

l 200 200 200 300 300 |

200 200 200 300 300 |

(T)=| 1.0 L0 11 L1 L2 |
L0 10 L1 L1 L2
L0 1.0 L1 11 L2
L L0 1.0 L1 1,1 12
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B =100,
Ci) @i 2B i

BoHhUBESN—IER (VIX(T) o= ) v 7 2EEERLTEHL -

(W)-(T) 100 100 220 220 240
| 100 100 220 220 360 |
‘ 200 200 220 330 360
. 200 200 220 330 360
(i) kv & # &
(2,1) AolfH
2 A5 VI VIT

(Xa)= ( 1 VE
! 0 1 2 3 4

1 V2 A5 A0 Vi7

2 V5 W8 VI3 VD

N &4

(X) &hxbl, NEW=b ) o7 RERYLAF LGNS~ MY v 2 2 (X8) 2{EKT 2.

(Xrl=' 1 V2 ~5 +8§ «~I3 ‘
0 1 A2 A5 V1

0 0 1 2 3

1 1 ~2 3 V10

HorUBEMLL (V) - (T) Off%E (Xa) KELT (W) ZIEET 5.
(W)= ‘ 100 141.42 491.94 622.25  856.33 1 x 100=2880, 986
0 100 311.12 491.94 1138.42
0 0 220 660 1080

L 200 200 311.12 737.91 1138.42

PIF, Az LT (2,2), (3,3), (4,1), (4, 2) ZiEdid, SEMMEELZIROIDIWE
B,
A0 g LM EE | Ko fw | mHgwR
(2, 1) 880, 986 t (4, 1) ‘ 886, 844
(2 2) 819,087 | (4, 2) | 864, 099
(3 3) 648, 857
L7cd3-T, (3, 3) AVEMIHBLZEL/NI(TEIETELOT. KOFEHERTACIIDOHED

BEND LN L, FA, AL ANE Lo, Sdii< b)) v 7 2 (Xa) 12, @At
BT 2EMk~ MY v 7 RICHEBRIBHEN DB EEFRLTHL

8. EMKBRAOHRELILR

CNFTICE ST, EARMOD A SR PARMIIAPE SN/ DTH 55, T OMANBRELER
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TE5E BEBENOBSRII2LE, BLLUTEYNLDTHEIIELERTT LLENES
FiEid, MOXDHUPHETHI NS,
WE, BAWOWEICS TA2E8M%E CTC, FHLABLINKEBIZE T 2EMBHINE CT L9hid,
CTC-TC>0 KBEEZOYESHD
CTC-TC=0 MmNZOBYLL
L, WottHERBCREZTXD, b5, EBAKR, HOoEMBRHI IR L -THIE, c0Z
HARBHTH O, SR TN LM 220 TH S,

INEHFDRELTVL &, Table 1 27243 Fig. A DFITR ULz LD ic, AR LEOCELL,
DM T ZDEMER TR AT RENRD, LEch=T, ZO0 &N AIREEHE b YR EAIE
NELTBEAE, BLUOREEZTRTSDEEALILNTES,

BN CTC X TCREDLHYNAEMGEITIXN S,

TV : st (m3)
BV1: EREFMHRIME GRAT) (m®)

Vi: ” GE&GH) (md)
BV2: BUGEMERILME GRAH) (md)
Vve: z (EA ) (m?)

Bz: =ty s AR (m)

RC: {ega8BAZE0E (17/m)

DR : RS DU

DS : fEgD o
CW: LZcq GREM) (mé.m)

Wi s (BEA®)

Y1 EEEEMOTEN (cf (15) )
Y2: RE#EEN - (cf (167 RK)

TRC: {F¥H8DAZ Y (WA D
PILDORFH» S,
CTC=A«CW+(1+DS)+B+BV1+C+ BV 24+ TRC «wevveenennene (19)
TC=A+ W+ {+DS)+B+ V1+C+ V2+ TRC+RC + Be -
QY 2 4 TR (20)

WE, BIFNITRLCER P S (19), (20) RAEHEALAHBERHEZTEIROLEDTHSE. CIT, B
ARTEIR, MEXEH (3, 1), (3, 2) AUCHHERSNRIE, BABRER, BEDRSE LTHE L(3,

3) AMEREEDPERININEL TR T EH0TH 5,

HELME Table 4, HEEHIZ Table 5CTdEB0THS.

HE#HE CTC-TC>0Thiid, (3,3) AEREEZERET2C L3 08THY, TOHEIE

BEFIOKE 306,986 MM L EZ 2 LA Tx 5,

ZNIZE ST, BAD LY AT UMET Lo EIER D, Lichi-T, TRBBRIRI U 7. 58550

BREIZLED, LITZOFHIROEINIDTH D
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Table 4. k28 A ¥
Assumed conditions
1 A i1 ' B = %
Valu(, of former selection Value of new selection
Factor ®rOS 7 R W, B 5 l BOOfE
Mark ‘ Value ‘ Mark ! Value
B2 o H o h (@Y ) !
Total volume of timber TV 4100 TV 4100
output
Iﬁhﬁ‘?ﬁ% # lifigi HJt 4 lAl_i!:(m")
imber volume to be pre- -
hauled by long distance BV1 3700 W 2600
type
T@ﬂ%@%ﬁ%#ﬁﬁ%&tﬁﬁ?(ma)
imber volume to be pre-
hauled by short distance BVv2 400 vz 500
type
E 3% 58 B 3% B iR /m)
Cost of loggmg road RC HAEd RC . 500
construction |
Z b Y w7 Z[E @) '
W 1dth of métrlx B 100 B 100
L & & & (mPm) : 2
.A\:mount of work BW(140.5) 1360272 W(i+0.5) 973286
7 I - S | S Yi=1+«W(Q+0.5)+100+ V1
Formulas of prehauling N
cost L Y2=300- V2
Table 5. & % & Bk &
Calculated values
% JU ’ R il A ik
Result Value for former selection| Value for new selection
R BE B MOk /b FECED 1X 906848(1+0. 5) + ' 1X 648857(1+0.5)+

Sum of prehaulmg cost for
long distance type in ¥
O M E B OE A
Sum of prehauling cost for
short distance type in ¥

| 100X 3700=1730272

300X 400 =120000

100X 3600 = 1333286

300X 500 = 15000

E RN - 2 SR 1 LA & F N o
Sum of cost for logging road Excluding cost of existing Z%éé"’o 2)X100=
construction in Y road construction ‘

# H & # _: B
Total cost CTC=1850272 TC=1543286
9. ¥iE aOr—TavloE
AROBEDE LN CTC—TCL 0 1T »1RETRT T2 L, ZOHEEHRITRBOM FE O

THoT—EBREUN-TTY Ty PEND T
E%’ ?ﬂ'”ﬁ&ﬁ‘ﬂ’l&b’ﬂ‘( &t

KRODHFSNL T ENTUENS,

Fig. 11 o8& &id,

ket L&,

HBHe TDER,

BAEMHBMDHEOEATS T, o —v a3 YHBAEHT
ME &, WEMNCREDHENME LTH, EANCRECORAEHARCHREEESS T

B k< Fig. 11

BEDWHREIE 7= M) w7 2DAL

7213 Fig. 12 D & 5 72iREE

3550 b@&j
33 NETHES



EHRLC & 2 HOEMIERCNT 280 (1) CGEED — 17 —

<

| | I\

N B 2 I B : W& BT

Unit areas to be selected Unit areas to be selected

NN

/
7

Fig. 11 #EAEFA (1) Fig. 12 ®EHE70 i2)
A model of selection (1). A model of selection (2).
—7, Fig. 12084 &3, SO EEOREIRESNIH TS -T, LrLERSERSPE-T

MENLLATH D COLINESITIHMBELIRATOCARIHELIEELCATHD . CLTER
TREZES, BARBEREEE b - TEMBIINARNIT 2DEELD6DTH - T, AFHOES
ENLMUFZBEEEGT 250 TRIRC LU SN0 6. 2O BMOBMTL, MERHE, 5
SRR SR L, 2o & A REMFTUA DB R £ zimﬂﬁamomna—Va/mnogg
RPOLEBENITNE SO LI B HEEZRATRETHAS

WENDEBICENTS, ZOHNRERIEENTHZ 100, BRI O RBERTEHOBE
HMIC DN on 58D TH S,

U BET0 9 7 4

1. 7OY7LCERSALES LR
TR 077 (B ENIHRT LRI Table 6DEBDTH 5.

Table 6. 7o/ 7 M ENRT L DK
Simbols and their meanings used for program

E @ b

. o B S
Simbol Meaning Simbol Meaning
M. N SRS S8 5 IO & & l cw & A T A
LRYES, MBI, N AA. BB R AR B B LMY
e B 5 hT. 1 - iR
LIK.LILI] | RO hDRT w cC HESE R T B B Yy
IR BEHMOE AR, B
IRM. IRN EEBHRR PRE D (L % 70 3 FLF) Y1 %Hf‘k"*‘ 5EM
<NEN IRM [E1], IRN 34
) A5 5DT . Y2 ';%y KRB BEHR
NN R EEEAN. TC SEPRAR
MX NX Pk % 8 O I Rl AL & A AL CcTC b 2
Fl. «nFn MX (377, NX TV EH R MEAT
_ WHOEFES DT, V1 RERE PR R,
ML M] L T BDE/MIET 31T &5 V2 RIS R AR,
D, _ TV2 RIFFEE M RN EHE A E
XA BB MY v 2 AARTES. B VY E
CX | EFEEE~ ) v 7 REIRTE RC EXC I B Hi
&U B - TRC {‘;;ﬁlﬁgﬁglhﬁéﬁ"a
T W= b Y v 7 ZETFRH DR TERER D ok,
v B~ b )y 7 2 BRI, DS {45 pioEg
i LC&RErd sl XX FEEE= MY 7 ARRISICI
MW L& LD IME, | fLiC il 525
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= E B I 1503
Z X w#r-gnaar @ 4 SuB. COST
Q z= @151’! ‘ CALL —
COMMON VI V2 YN in:Neil,MX.NX. - || 1 f R tn
. . RAN , etc.
DIMENSION Y¥2,G1c.cw. 0ut:MI, MJ,Y1,Y2, 22rs 4893
TC.
2) iz @ﬂﬁ"—uﬂr
R B3 2L Fioazk
M,N,IR, o ¥ no
AA,BB,CE.B. [HEES SELTS cTC >7C?
DR DS RC, IRM, 7obg3
IRN,G,V
Yes (D) 430508
& zsenien Cwarit
Qtersown 2 B 2555551 8 T3
g ML, MJ,Y1,Y2,7C
Qe ik ) M ek o YA, TR, VI,v2.% '
79493 SHAIT3 Yy
[ @ #s5ees
Y
@ nwmpar © Zxti-py SUB, SENTEN s d
IR NERK CALL - Crc = 1C
Cx = 100 n:oCx —— Cx=19p CX = Mex
oul : NN, MX,MX . sy
() ¥ i ‘
f -
@E™ 77| || sue.siso0 ®
, ~iv
N T I pvpywr ’
out: NN,W. ; .
3 . 91 Fig. 13—2

Fig. 13—1
Fig. 13 i E
Flow chart.

]

2.k h H
FHNFIRE T HNKIL Fig. 131073 EEDTHD.
3. BEIJ/OTI4
1) EESes 74
BT o0/ 5 A3 Fig. WITdTEB0THEZ,
2) WET0s 7 LOHY]
H F X
& JljHH - TOSBAC—3400, 70 ¥ . 7 b
fERR# : Hiraca, BIF, ¥, %£¥, 7. svv = vH73, SIiFHEE FORTRAN ThH 5.

@ BHOBUAS

BEREANMTOSHERH RS TE 3. FIMOREEM=0TRF—2 Y} » 7 vs5— 999~ UHEESE
TEHES.

® F-—-420HAl

RARAALT — 2 P HN S E 5.

® WEEE<rY 72

2 by 7 ROERMRE, (TEBOFERED S 0T30FERA LA . Lh-T, = b)) v 7 2N

©

: P—=ROAD, T ANO=X3285, 7034
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TOSBAC-3400 TOPS-14 RELEASE 3 GENERATED 70/04/10

¥J08 P-ROAD ANO=A5061705,1D=HIRAGA RINGYO SHIKENJO
¥EXC FTC
c RINDOUMOU SAITEKIKEIKAKU NO PROGRAM
1 INTEGER M, Ny T, J, K, L» II. JJ, IR, IRM, IRN, MN, MX, NX, RI,
+ MJ
2 REAL XA, CXs Gs Vs Ws MWs CWs AA, BH, CCr Y1, Y2, TC. CTC» Tv» V1,
+ y2, TV2, B, RC» TRC+ DRs LS, XX
3 DIMENSION IRM(“00), IRN(900 sMX(900) »NX(PQ0) >XA (30,301,

+ CX(30, 301, G(30.30),V(30,30),W(900)
C  DATA NO YOMIKOMI
4 11 READ(S, 111) #, N, IR
5 111 FORMAT(3I10)
[} IF(M .,EQ. O) GO TO 999
7 13 READ{5, 113) AA, BB, CC, B, DR, DS, RC
8 113 FORHMAT(7F10,0)

9 Do 15 1= 1, IR
10 READ(S, 115) IRFM{I)» IRN(I)
11 115 FORMAT(2110)
12 15 CONTINUE
13 0o 17 I= 1, N
(? 14 READ(5, 117) ¢ G(I, J), J=1i, N )
15 117 FORMAT(8F10.0)
16 17 CONTINUE
17 Do 19 I= 1, M
18 READ(S, 119) ( VI, J)» J=1s N
19 119 FORMAT(8F10.0)
20 19 CONTINUE
21 TV = 0.0
22 Do 214 Is 1, M
23 Do 23 Js 1s N
24 TV = TV » V(1. D)
25 23 CONTINUE
o 26 21 CONTINUE
/ C  DATA NO INSATU
27 WRITE(6, 125)
28 125 FORMAT(1H1,14HYOHIKOMI DATA )
29 WRITE(6, 127) H» N» IR
30 127 FORMAT(1HO. 3I10!)
31 WRITE(6, 129) AA, BB, CC» B+ DR, DS:» RC .
32 129 FORMAT(1HO,» 7F14.4)
33 oo 31 Iz 1, IR
34 WRITE(6, 131) IRMCI)» IAN(I)
35 131 FORMAT(1HG, 2I10)
36 31 CONTINUE
Q 37 DO 33 It 1. M
38 WRITE(6, 133) { G(I» J)» Jz1s N )
39 133 FORMAT(1HO, 5X. 6F10,5
40 33 CONTINUE
41 Do 35 I= 1, v
42 HRITE(E, 135) ( V(I, J}s J21s» N )
43 135 FORMAT(1HO, 5X» 8F13.2 )
44 35 CONTINUE
45 WRITE(6, 1371 Tv
4% 137 FORMAT(LHCG, 5X, 3HTV=, F15.2 )
[ HIKAKUKYORI MATRIX ND SAKUSEI
47 00 39 I= 1, M
48 Do 41 J= 1» N
49 Cx(ls, J) = 100.0
50 41 CONTINUE
51 39 CONTINUE
C KISETUTEN TO HIKAKUKYORI MATRIX NO CHOUSEI
52 00 43 I= 1, IR
53 K = IRM(I)
54 L = IRNtI)
55 DO 45 II= 1+ M
56 DO 47  JJ= 1, N
57 XX = (IT - K)®(II = K) + (JdJ = LI*(JJ -~ L)
58 XA(IIs JJ) = SQRT( XX)
59 47 CONTINUE
60 45 CONTINUE
61 DO 49 11z 1, M
62 Do 51 JJz 1, N
63 IF ¢ xA( IY, JJ) ,GE, CX( IX, JJ) ) GO TO 51
64 CX{ II, Jud = XAL II, Jd)
65 51 CONTINUE

Fig. 4 WH7esrs A

Program for computor calculation.
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66 49 CONTINUE
67 43 CONTINUE
C  HIKAKU COST NO KEISAN
68 TVv2 = 0.0
69 Do 61 I= 1, IR
70 K = IRM(I)
71 L = IRN(I)
72 Tv2 = TV2 +« V({ Ky L)
73 61 UONTINUE
74 CW = 0.0
75 DO 63 I= 1, ™
76 L0 65 Js 1, N
77 CH = CWw + CX(Iy, J) * G(Is J) = V(I, J) » B « {1.0 + DS)
78 65 CONTINUE
79 63 CONTINUE
80 vi = Tv -~ Tv2
81 V2 = Tv2
82 Y1 = AA® Ci + 28e yi
83 Y2= CC » v2
B4 TC = ¥1 + Y2
85 CTC = 1C
86 TRC = 0.0
87 HRITE({6, 167) Vi, v2, TVs Y1, Y2, CTC, Cw
88 167 FURMAT(1HD,30X,3F2Cs1 /1H » 10Xs 3F20.15 F20.2 )
C  HYOUDAI NO INSATU
89 WRITE(6, 169)
90 169 FORMAT(1H1, 7X, BHSENTEN» 26X» 12HSYUZAI-HIYOU, 21Xs 14HRINCO-HIYQ

+U» 10X, 14HSYUZAI-ZAISEKI, BX» //1H » 4X» 3HGYO» 6Xs 4HRETU» 11X»
*2HY1, 13X, 2HY2, 18X, 2HTC, 12X, 3HTRC, 13X. 24Vi, 13X, 2HV2,5X )
4 SENTEN KEISAN

91 71 CALL SENTEN( M+ N, CX» NN» MXs NX )
c SIGOTORYO NO KEISAN
92 CALL SIGOTO(Me+ Ns NSNs MXs NXs CXs Gs Vs By DSy W )
c COST KEISAN
93 CALL COST(™» N» NN» MX4s NX, MI, MJ, MW, w, AA, 8B, CCs B, DR+ RC»
+ TRC, TV, TV2y V1, V2, Y1, Y2, TC, v
o MAE ND COST TONG HIKAKU
94 IF ( CTC .L7. TC » Go To 99
C SENTENKEKKA NO INSATU
95 WRITE(6, 181) M1, MJ, Yir Y2, TC, TRC, V1, V2
96 181 FORMAT(1HO, 2110, 2F15.0s F20.0» F15.0, 2F15.2 )

c ATOSYORI

' 97 cTC = TC
98 K = MI
99 Loz My
100 DO 91 I =1, M
101 00 93 J = 1. N
102 XX 2 (T = K)* (I =~ K) » (J = L¥* (g - L)
@ 103 XAL Ird ) = SGRTL XX )
104 93 CONTINUE :
105 91 CONTINUE
106 DO 95 I =1, M
107 00 97 J =1, N
108 IFL XAtI, J) LGE. CX( I» J)) GO To 97
109 CXtIr J) = XAL I, J)
110 97 COUNTINUE
111 95 CONTINUE
112 G0 To 71
113 99 WRITE(6, 199)
114 199 FORMAT(1MO, 10Xs 3H##®, 2X, 12HSENTEN OWARI» 2X» 3Hoss )
@ 115 GO TO 11
116 999 sTOP
117 END

SUBROUTINE SENTEN({ M, Ns CXs» NN, MX, NX )
INTEGER M, Ny 1, Js Ky HN» MXs NX

REAL CXs AC» ACX

DIMENSION MX(900) s NX(900),CX(30,30)

NN = O

DO 10 I =1.H

00 20 J = 1+ N

AC = Cxt I» v ) ~ 1,0

ACX = ABS( AC )
IFL ACX «GT. 1,0E-5 ) Go 710 20
NN = NN + 1

12 K = NN
MX(KY = 1
NX(KY = U

20 CONTINUE
10 CONTINUE
RETURN

END

T o
ONOUMPUNHOVDINC VIS LN
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SUBROUTINE SIGOTO( Ms N+ NN» MXs N¢y CX4 Gr V, 85 DSo» W )
INTEGER M, Ny NN» I» Ko Lo II, JJ» Mxs NX

REAL CX» Gs V» By DSy Ws XX» X&s CCX

UIMENSION MX(900)+AX(900) CX(30,30),G(30,30),V(30,30),

+ Wi900),CCX(30,30),XA(30,30}

00 10 I =1, NN
K = MX(I)
L= Nx(D
Do 20 11= 1, ™
0o 3o Jd= 1, N

XX = (II = Kb # (IT - K} « (JJ - L) * (Jv - L)
XA(II, JJ3 = SQRTC XX )

CONTINUE

CONTINUE

DO 40 II = 1, M

DO 50 JJ =1, N
COX(IL, JJ) = CX(II., 4y
CONTINUE

CONTINUE

DO 6D II = 1, M

00 70 JJ =1, N

IF ( XA(IXI, JJ) WGE, CX(II.» JJ})
CXtL1s JJd) = XA(II, JJ)

60 To 70

CONTINUE

CONTINUE

Wil = 0.0

DO 80 II = 4, M

00 90 JJ = 1, N

W(T) = WD) « GUIX, JJ) # VIII, JJ) » CX(II, JJ) # B e (1,0 + DS)
CONTINUE

CONTINUE

00 100 II = 1, M

DO 110 JJ = 1s N

CxX(II, JJ3 = COXCII, JJ)
CONTINUE

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE COST( M» N» NN, MX, NX, MI, MJ, MW, W, AA, BB, CC, B,
+ ORs, RCy TRC» TVs TVZ2» Vi, V2, Y1, Y2, TC, v
INTEGER M» N» NN» MX, NXs MIs» MJ, [

REAL MW, Ws AA, BB, CC, B» DRy RC» TRC, TV, TV2s V1s V2, Y1, Y2,
+ TCyr» v

DIMENSION MX(900) sNX{2001»W(90013sV(30,30)

MW = (1)

MI = MX(D)

Md = NX(L)

Do 10 1 =2, NAN

IFC MW (LT, W(IY ) GO TO 10
MW = wW(I)

MI = Mx(I

MJ 3 NX(I)

CONTINUE

TV2 = TV2 + Vi MI, M) .
Vi s Tv = TvZ

v2 = Tv2

TRC = TREC + B « RC # (1.0 + UR)

Y1 = AA # MW + BB = V1
Y2 = CC » v2 ~ TRC

TC = v1 + v2

RETURN

END

«nw  END OF JOB STEP FTC 000003800 MSEC LT
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LHCEEDOHEMY, V1, V2, Y1, Y2, CTC, CW MK 3

FEDEIR

IR 2 RO RO EHEH 2 4 7TABY 2,

BEOY T v—F v CALL

CXUL)=1.0 DEEHEE 1 Y v 7 ARG SSHBLLL, RAEH : NV, BIUCTORH: MX
(K), NX(K) Z{ART b4 T —F v,

® tEOy7r—Fv CALL

BEFEHAIGLTLS &R c WIDEHIT 2 T—F v,

@ oxbr¥7Fr—Fv CALL

LS EHOR/NG D SART, ZOMBEDT, BXUHE M, M] 243, oboT (MI, MJ) fAic
Be 28HRMmMEHET 2 T V—F v TH5B,

® WDz b EDKE

SBENNICE T BEMEREN 1 CTC &, HABRDOEMALN : TC A LKL, CTCTCRLAT~ ¢
AV e =90y, EHRESLTHNIEEROIER~LLED

® BEAEF oI

REFKESFHTEINIHIEERDMNT 5, ThoWTRBRARBEZ R T T MILF M), Bk
SEQRBICHE Y B Y1, Y2, TC, TRC, V1, V2 Lo EFTH5B.

@ #% B ;|

We=t ) vy 2%k ML, M] SICHELTBET250THS, HxHAHBBEORE= Y »7 R
ERLTHD. HLL CXBEREN, AT v 7HBOLO#S, CORETAT AV Fv/-T1
AHEHRDOEITHE S,

® T OHE

BEMET CTCL TC LG sy, EURBRABB/MIZ1I AT » 7AEL I EETEHRTEOTIDR
BEDHEEERIZET, =0 SENTEN OWARI #++  NRILTHEAEET T 50

3) F—z . v— MR

F—4& + ¥— rORREHIZ Fig. 15 ICRT &BDTH B

NV E#wit®E A

HER & LTHREREOER® » o, REEEHMHIRNELT (@) F775%H, b)) ZRgzv KL
ZIEH, WEREMARLE LT (0) 7 v—VEHERY, @ & (©, 50 (b) & (¢ Losic
fEEFROMAR L BERBEEOREMAHE LI bDTHS

HEORMEL S BETFIE Table 7T ITRTESUTHS
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Fig, 15 7—4% « ¥ — + O W)
An example of mention for data sheet.
Table 7. # # & 3 & F
Assumed conditions

Ratio of increment
in prehauling

e kK Bl B M
Prehauling type Formula of prehauling cost
7. v — v i o dmes v
Crane type ¢=18.8x+128 (¥ /m®)
TR S . ] )
Tractor type YI=1.03x+65¢ )
et N )
Yarder type Yy=1.78x42372 ( ) ‘
fe % 8 I & B W |
Unit cost of logging 540 {¥/m)

road construction |

0.1

0.4

0.3
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200/ ng) (M) 300(Mha)  250(MAa) 30% EE13 - GRS N =8
Timber velume per ha to be prehauled _ Terrain-ccefficient Existing road
Fig. 16 HHt7Hig Fig. 17 HUPHS 845 451K
Distributed map of timber volume. Distributed map terrain-coefficient.

2, S5HAD1LOHERAL, KEKE LML LEAS 10~15ha OO LD 2 S50 24T
B L, 22t 2 MR AW, HEKSEAEEE L bDn Fig. 16, 17TH 5.

wE, T2y 2 AN, (@) & (), HHW0T (b) & () DEMEAIRRO AL
U, #lHAE2EL2ZIRTS > THRIEZRT LA S50T, €10 60m 3L 30m b o T
W3,

2HOFT—F OHEIL, Tor 7w M2 Fig. BIZATEEITH S

HHNFR, ZOL LS ol REDMBEZ{TEANTHRL, COMDEFEMEMT Y 1. HiEs
1% Y2, SR 0 TC, SIERIEM YD S 5tk « TRC, REBEEMMRUHEL V1,
SRR MR NFIL 0 V2 DS I ARI LT SBEASUED TN TY LD, V2 28m,
ZLT 2OAMMTHL TCRMIRMA T AHAERL TN Z. TOKE, BEORATEVESBE
AEYNOEAETT Z 12785 AT ROB fﬁ)‘\i, Table 8ICRT =ELTH5.

(Tractor & crane)

SENTEN SYUZAI-HIYOU RINDO-HIYOU SYUZAI-ZAISEKI
GYO RETU Y1 Y2 e TRC Vi V2

7 5 2348520. 166183. 2514703. 38880. 2462.31 170.10

6 5 2121508. 280502, 2102010, 77760. 2361.51 270. 90

5 5 1941855. 304820. 2336675. 116640. 2260.71 371.70

4 5 1808991. 503751. 2312741, 156520. 2167.11 465. 30

4 4 1691711, 615375. 2307086. 194400. 2069. 91 562. 50

* SENTEN OWARI *#+
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(Yarder & crane)

SENTEN SYUZAI-HIYOU
GYO RETU Y1 Y2 TC
14 9 2228248. 38354. 2266602,
13 9 2067165. 66085. 2133250.
12 9 1925849. 93816. 2019665.
11 9 1804472. 121547. 1926019.
10 9 1702367. 149277. 1851G44.
9 9 1618218. 177008. 1795226.
8 9 1550537. 204739. 1755276.
7 9 1499000. 231285. 1730285.
7 8 1456592. 257832. 1714424,
7 7 1414153. 285563. 1699715.
10 10 1378370. 313293. 1691663.
10 11 1337734. 341024. 1678758.
7 6 1304468. 368755. 1673223.
10 12 1271785. 396486. 1668271.
8 6 1241729. 424217. 1665946.
9 6 1212289. 351947. 1664237.
6 9 1184826. 478494. 1663320.

**k SENTEN OWARI #%*

RINDO-HIYOU

SYUZAI-ZAISEKI

TRC Vi V2
19440. 2574.92 57.49
38880.  2549.72 82.69
58320. 2524, 52 107.89
77760. 2499.32 133.09
97200. 2474.12 158.29
116640. -2448. 92 183.49
136080. 2423.72 208. 69
155520. 2402.12 . 230.29
174960. 2380.52 251.89
194400. 2355.32 277.09
213840. '2330.12 302.29
233280. 2304.92 327.49
252720. 2279.72 352.69
272160. 2254.52 377.89
291600. 2229.32 403.09
311040. 2204.12 428.29
330480. 2182.52 449. 89

Fig. 18 #HIU#FOTY +7 o ¢
Output
Table 8. Zf i E M
Calculated values
= T 4 & = T T T
. Combination | bFFIE&T L= EMk& s v—v

A T h : i Tractor & crane Yarder & crane
Factor I

7 v— v Ui BF 4 Y) -

Cost of crane prehauling 615,575 478, 494

(FE3EPEE x¥) -

Cost of road construction (194, 400) (330, 480)

7y os BHER (YY) . 691711 _

Cost of tractor prehauling } S ETEL

HIE v ¥ 2R () _

Cost of varder prehauling 1,18¢,826

B M B & & (Y) .

Total cost \I 2,307,086 1,663,320
T E [ o T
fF % 6 1 8% E & (m) 360 62

Length of road constructed ) :

S % bR W A (ha)

Operation area in ha 14.58 14.58

oM % B (m/ha)
Density of road in m per ha 24.69 41.98
2, EASNAEBEKANIZ T e v b2, Fig. 19, 20 DL 3ICTRENE. ZOHEMIzHEL

Tid, fEGEDR B BT L D T

T EOFEESRORTFICHRN &0, EREEEOKS

L, RERIEHIETS S

b7y RIEROEIE L v P L R BRI HEL
X, BIUEFBENOmETHILR T v
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&b paints B & B
Selection points Existing points
Fig. 19 BOHE (F722&71L—-V) Fig. 20 AR Mg v—)
Result of selection (tractor & crane). Result of selection (varder & crane).
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» & ¥ &
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LD, Martuews OBEEEEHEREFE L, BNIRHOTA7FTICEB DT, (EHEIIET 3
IEEEEZ, BB XIUBRRNRED SHERNNCT 5 LKL - THOSNEBDTHS.

L LIEHIS, Matruews SN DRGER, MHEIHERERER=T 120 FLLTO DI L,
BEIRREHINZLAMTHUOARICE > THEER XS T 5 L2 H18H B,

{1, bHFCENTHNSNTOBIEN 24 73V ANALLDONH D . TDUENT, BEMEESF
BEHMIEE L OBADP SIRDE I B 2205 4 AT 5 EMEEPEEDND, DEDI RESH R
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Studies on the Forest Road Network with the Use of

Electronic Computer (1)

A method of determining the optimum passing

points and the density on the logging road

Masahiko Hiraca®

This method, as well as Matruews’ optimum road theory, is based on the minimum cost
idea, that the optimum density of the logging road should keep the total of prehauling cost
and road construction cost down to the minimum.

But the difference between Martuews’ theory and the author’s is that the former is the
calculation formula derived from the theoretical model, while the latter is the results obtained
from the method of trial and error by electronic computer calculation.

On the other hand, there are various types of prehauling practiced in our country. Among
them, the following two types arc considered to be suitable from the view points of mecha-
nized operation and average prehauling distance. One is the long-distance type ; it is the pre-
hauling with the use of machines, such as yarder, tractor, and cable-way. The other is the
short-distance type ; it is the prehauling with the use of machines, for example truck-crane,
tractor-winch and so on.

The results obtained from this study are as follows :

1. The formulas of prehauling costs

YI=A-W+B V1
Y2=Co VI+ R +overeeee .
A O i I o 0 T T T T PPN

where

Y1: The sum of prehauling cost for the long-distance type in ¥.
Y2 : The sum of prehauling cost for the short-distance type in ¥.
TC: Total cost in ¥.

A : Unit cost of prehauling in ¥ per m and per ms.
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B,C : Unit cost of prehauling in Y per m3.

W Amount of the work ; (V) « (X] » (T)

V1: Volume of timber to be prehauled by the long-distance in ms3.

¥2: Volume of timber to be prehauled by the short-distance type in mS3.
R : The sum of road construction cost in Y.

2. Explanation of matrices

In this case, the matrix shows the factor of arrangement at the unit areas in the operation
area so that there is a certain difference from the so-called “matrix” in the mathematical
meaning.

a) Matrix of distance factor

It shows the arrangement of the length factor to be prehauled from the unit areas to the
logging roadside in m.

b) Matrix of volume factor

It shows the arrangement of the volume factor to be prehauled from the unit areas
to the logging roadside in méd.

c) Matrix of terrain-coefficient

It shows the arrangement of coefficient of difficulty of prehauling and of road construc-
tion at each unit area.

3. Selection of passing points

Selection of the optimum passing point on which the logging road is to be constructed
is done by comparing cach amount of work at the unit areas, and by selecting the unit area
with the smallest value among them. In this way, we can locate this unit area as the opti-
mum passing point, and then we can determine the calculated values; W, V1, V2.

4. Calculation of the total cost

After the determination of the above values, the total cost be calculated by putting the
values ; W, V1, V2, into eq. (1) and eq. (2).

5. Comparison of the new total cost with the former total cost

Where

TC: The total cost for new selection point.
CTC: The comparative total cost for the former selection point.
R O3 A SR P (4)
OF T C = CTC cvveemerurnieeesiir ittt ettt st 5)

If the relation between 7°C and CTC is shown by eq.(4), we could estimate the new selec-
tion point as effective, and if the relation is shown by eq.(5), we could estimate it as ineffec-
tive.

6. Determination of the minimum cost and of the optimum passing points

When the selection point is estimated as effective, the results of the calculation. Y1, Y2
V1, V2, R are printed by the line-printer. Then we must return to the process of selection
points, and repeat the same calculation until the relation between TC and CTC becomes as
eq.(5).

Hence, connecting the points which are already selected appropriately, we could obtain the
optimum network on the logging road in this operation area.



