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2.2 T, HREBREIC DT, EWAMRELIC L 2 MEREROX 32 ER LT, HERER N
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LB, b seT U —YORBEEERIC T LFEE, SRR, FERIC S 2 FERE
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2.2.1 PhEfee

IWEHM TR, FeUTHREOEESR L L CORBE RSN THE, 1EEEL C LS h 2
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R, 1990), AEROUE, BEERFHEIC & o THERBZHREL, SENAHERGTEEER TS 2 L
PREAEECLTVWADT, RPN, MEBERICESRN LB 2N, HERER2KST 2,

PRE#AEIL, Table LCBB U L )0, MEOFEREE L L TOMENRIE L, ABICELL KR

Table 1. HEHEHEEDITE

Classifications of forest-road function

R4 T 5] =
Classifications of functions Explanations
BHIEEOBTL, S
A Diversity of silviculture

Management BRSO, fERb, Lo, &5k

Mechanization of forest operation

HREAOHRE T
Forestry ﬁ.%&x_\u **E%a %ﬁv AE @ﬁ%@@ﬂﬂi, ﬁggﬂj
T i tﬁbt' Efficient transportation for forest products, machinery, materials
ransportalion o ,4 workers
FIEEEE FHRAOBLEY, BFEEORE
Accessibility Improvement of accessibility to forests
I EFIRERE — A TERIF A

Public Public utilization




— 8 — HREHTRMT RS #3725

EHAYEME T2 ABEMBRICKAETE 2 (R - VS, 1988),

MEERREAR T, = 5 W ERERE, MR R UBRERARIC/VAET X 2, BB EMk L B vE
BEEREYS, HEMPLABRS 2R T 2BIIETH 2, MHEREEER, BRSOHRHRE L IRNICE
T332 00OBAET, HERELHRHFEREORRON L BEBELRQEIER 4, LAGHHEME£E
WNRICTEMEC L - T, ZHOTRSEROFETH 505, BEEL W IREPRNCERT22LT,
HFHEE 2 RN RN S, REEBIEREEOEICL XS, MERRELEL Tw5 I 2,
HEERED SFOMT 5, 22 THEIEBEIIREBCHEINL T, 8> S/ BSBEE 2
ZOFEWRTE, ROHOFEHEOBHBIZIZZET LLZEFZ 6N, B2 OBRBRTORERIEDFRE
W, BRRIEI Lo TRERD, ANMEERT 20 TEOWE 2B OBE S ORFIRISEITEIHE,
1964 ; EERIR, 1975),

Fig. 1ig, M#EMERONR L 22 FHNEROBE, TR L ERCHRFINZ TERMEOBGR2ZE
B, TEAE, TEFRICL > TURL, IO/ SHENRE, BREE BRI 2 FEREED
TEHELILDTH S, MERBERORXSIIRETHAT 3,

ROFRKEE 2R E T AHERENTVERIL, TEER L, ERVEVI troBRINS
TEFEELELL TLnOT, BEEOERBETELI AR, IOV —7OREROKEIL, b5
7IRT T —FEDN Ty 7 UNOEMEZBEFRE LT, HLEEEFNCHERB S 1L BRI,

B
Characteristics of traffic

BHER EE — : . R i AR EBOXS
Forest Lengths Bk 5EME 208 ER Forestry functions  Structure Classifications of road
areas Traffic Traffic Traffic for forestry

volume Speeds vehicles
1% il 4 b 3 &
Small Short Few Slow Low
~ ~ A 'S 2 A e
) HERMRE {eREy | Skidding road
[t Management Skidding | ZRVEREY
Except truck function roads Main skidding road
B R R B T et N SEEEEDE SRR el Sirip road
YERHGHE
Forest road
(low-structure)
w7 .
Truck * i
Forgst
. roads B 3 )
WEBE (Forest road 3rd grade)
Transportation 2 &
function (Forest road 2nd grade)
______________________________________________________________ pH
k=l (Forest road 1st grade)
Acces-
sibil-
v L 4 v L 4 v ity v
T E: 3 E4
Large Long Hany Fast High

Fig.1 #MEOIEFHE & MHEREREO XS
Characteristics of traffic of forest roads and classifications of road for forestry
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BRI BB L T v 7 OFITOEIRETH 28, EMOLDORNTIESO L 51z, KR /ER
ShBEEETRR SRS,

HRE T LHRMEENKECEC RS &, DERSEAL THRRERLE(Z20T, LEREDHE
WARBIEMOFETHER SN, EXBECTCEHEROERSLEICR S, FERMED S MM - &
BREO_HOMK 2 E T A HMERMICBITY 2. KW TH, WEREZBRT 28 L L TIEEME,
IR, B2, HELROAHEBEREL TEY, ZOETERBLT 2, AEBRICHGT 25
REMORIEIY, BEEBEOREZ Y TREL S, COMERE2BOFTERRAICL 5,

2.2.2 MEMERORXS & MBESHE

HEATE, BREZEOVHLOINE»SME, (FEECES £ T, SESRELHEE CRMITR S
NTwd, NGB, BEEHES SEXERE  FIEBEEREL (2 L A0, RERSEOHWOR
BEEOHHEESE»5F 27, MEMEORENIIFTELLREBELS L, 200D, HEKELE
BHYORBEEZ 205G, MEBRELRETCELAHORVIEELMEIC L 24, KBTI EDZ
LEERMNT 2k 3 GREFIBES, 1982),

Wil L EEEO BRI, HER, EE, TROROHE#ETLIPT, FADOA A -V ERIHESNS
T ENBHV, FITRBOEK— 2B i, HERERBEL: (Fig. 2, Fig 3),

Fig. 21, fTRCHV OGN TV I MERBERO—BNKAS TH L (HHTEFRSE, 1987), $05
BHEMZ 5 &, MELEEEICARRIL, 25 FEEEREAMOEL D & BRFEE & fFEE M5
LTwd, BECE T, HERHERBICE TR, ~REROBTAIRET DL L, ESFEHER,
RFOMEE M 2 25 @B EE L, WAFRHESETIRL L TWw5, fEEEO®ER,
FRIE L TYIDERD 0B TRHREWMEH LYy, HREEENETARER LD EL T2,

U EDITRORSCH L, FwTid, EEMLIERER VT, AEAERORSEZIBTT 5 (Figd),
B TR O XS RIBHENICIIZIZEITY 525, RETIE, ZFiF FIF) =R Z vy 2 28y, b
7y 7 OETHARELELFEH LIRS 2T £ L bid, BRICEHREEZLICEBLTY, Py
OFETHIREZ SO (B %, 2hllAd 8] 2 LBELL BEHEKR, 1987), ZOHR, 17
BOXSTRFABCLEMNT s koo, FEEMEOREOERIMUIBMNIT SN, UT, FHROK
SikEEHEAT 5,

HERERORXS 21T 5 oz, EEORYE, MHETHMCRIMA R M, Rt FIH) &
MRUDERE OBEHD 3 BT 2RI CH 7, AR, —ER Y ORI - BRI

e R &
Strip road

% b4
Forest road XR{rRiE fERIE
Main strip road Strip road

Fig.2 fTBROMERERO XS

Classifications of roads for forestry by Forest Agency
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[} Hily Truck Truck
B Vehicles for
#n design
Ba- YES YES
ses
pE@en |-l nume Y
ol B4 NO
Correspon- Corre-
dent with spondent
public road with
for struc- public
ture road
YES
HRAERORX S ROGE| | R (FRE) X B | EXRR
Classifications of * M fEEE
roads for forestry [eY) (2) 3 (€Y] (5
GNE )
Small division ﬁL
(KR4 % & fERE
Large division Forest road Skidding road
P SR, L LR LR A
DRREM GEEEAD | VERE GEREE)
: Forest-road net- | | Skidding-road networks
: works i
PSR ooz
Classifications pomeeesmmeeemeemoeotTE
of road networks : B | ;
Road networks H

Fig.3 = EHEITRIC £ 2HEMEROKS L BESE

Classifications of road networks by qualitative method

Notes: (1), Forest road (regular) ; (2), Forest road (low-structure) ;
(3), Strip road for truck ; (4), Main skidding road for tractor or forwarder ;
(5), Skidding road for tractor or forwarder.

», HAIRERMMEHZHIRICT 22 Th 5, MAMBOER, BROME, HHEE, HERET
OFEL OFRE OBV ICECERED, REIHEAR, REMEEL/NIBEEHE Ctr Ty 7)) LT a2,
FRUAERNRCTENTH B, [EFEMERICA G20, » T v 7 BITHTEENE o THERR
&, EDDOUREEZSORMEZICHENLHES b2 o L, BFEMEEE CBEFEREE DK
bRELLI IS5, AEMEOBSME, —BSEICEE L CHE, BE0EK, B [RERE]
WESL &L TH S (HAERIS, 1983 ) MuBETFS, 1993b), MEOEMELIC X, HMBIRENT
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AIRTHD, HEERL L TOABOEKHLT L b0 L 3B vz  wIlEREg ¢, HslER
EEREOWZEY, HBEZORACLFRE T I ERLLETSH S, ZOHERE, HERBDACHEE
THERLIEBOT LB R, BEsERShB,

Pl & Sic#Ez 2L, HEMERIMWE L EER KRS SN, AIHE S, FEHE, B8 EF
8, EBREER, FERIONIATES, INPBEFETEVWIRZ 2 EEH (B - FE
A GHZSRSHE) wkHEEND, M, MBI LEET IMEL, MEREIEEL TEHE
S NBIFEMED SR LD, Rl AEEMRBE ORI IIBAERICAZE 1372 <, ATFREBHE T
B, dGEM, fhdld, ZeticEoER L VENT S5, REREOB S > S, HEREOKE
1 8%, 8 2 8%, AR SRR UERMED 4 B TR SN 2, BEIIEGENE, RERE, (FEECR
ELUEREADZEBIEZAEHRT S L (FA, 1965 BELRarray oy, 1967 BHUR,
1975), KR THBOMR L T H2HRERIL, SIZTHEREFIICT 2 EF 2 T L,

MERE MDD BRRLRE & H ) RERICN L, FREECEEL, ESFOEHMOFE
BEEROREN ZEE, FEMGHAORANWE L C2ENE, MEMEHEL THREREOSE(L2HE
S OBEERMTH D, TEEREE, BRNE Iy 7ETHAEEERU N 228, 757 —5%0D
HAEEMOBTENRE L, BHMEA2AE L+ 2 E8FEN, BRNCRToh 3 FERIIRS S
h3, V27 7%EMT, KMBEBAVON S, ERMEERCFEREGLELLOEFE LTI L, K
Wik, HMEE2EELHBROGRET 20T, EERBICIBELTRE L ZH LR,

2.3 WEEEBEOFRR & REREOREZNER

2.3.1 MEMEER OB

IWERZ I, M Wb AFEEMA I LZ L OAESH Y, ZhEEHEL TEREL2H™LL0IH
ER TR, BRI, BB & 5 I AT BIEMEAE, Mol I3ESEAE & e, (FEE R
BEEORERAF SN T2, BELHEKT 2 8OBRK, B8R, Fig 1T8H L2 k21, #am
ATE, Mo, FEEERECRDICONT, AEREREA L, BRI I2THEHRELET I I en
5, EHAE, BETHRMICIFRTE2LE XTI,

Table 2i3, REHOBHAOEFERA 2 SELV LV THE L D TH S, JhICL 5 &, T3 FE
FIRZE O REMAE (BB HEE) OBEER I 76 000 kmif < iR T, MBEZEEIZ4.4m/haTh b, HKEA
#iz9.6m/hak X123 DT, HMABERERIE 14.0m/Mhaicn 2, 20T EOFE TOMEEED 3
Im/ha®kh b, 5 CBHEBO 0.3m/Mha%®Mz 2 &, AP 17.4m/bhaic £ 30T, =7 o HEL:
BRNMTER AN AL ZLLTE S (FREIES, 1993a),

LipL7edis, BEDKIE, RS E X SE L RRM A B THL EF2 2 L, HMED 4.4m/
halzfE%58 3.1 m/had—f (am/ha) 2i0% 7z, (4.4+a)m/hanBffiKiizic s, RO LS, &
BRI L CHESH D, ABOWMFCMAENIC L > Tid, HEFEERCKEZREZELS
Zems, ZOZ LML TERMSRNILETH S,

MOEHARANC I3, OB 2 TS kEE D TI%IEL TWwS (Table2), #iB 181 9%, il 3 ik
20%TH B, BEFI55 ERERICIIHE 1 B0’ 7%, 2K 72%, 3K 21%7E 57D T, ZOTHERICET
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Table 2. BERADEMRT

Road networks situation

* E I STEREAST: | PRE + 208+ EsaE
Forest roads Forest roads—+ Forest roads+
Public road Public road+
X 53 Strip road
Classifications -
EER HEEE BELR  BEEE  BEER  REEE
Lengths Densities Lengths Densities Lengths Densities
(km) (m/ha) (km) (m/ha) (km) (m/ha)
% oE 18k
Forgst 1 st glade 6762 0.4 6762 0.4 6762 0.4
roads o %
2 nd glade 54 066 3.1 54 066 3.1 54 066 3.1
3% 15 050 0.9 15 050 0.9 15 050 0.9
3rd glade : ’ ’
N -
Public road 167 573 9.6 167 573 9.6
U BEL AL R 5 366 0.3
Forest road for small-sized vehicle
VeS8
Strip road 53132 3.1
= 75878 4.4 243 451 14.0 301 949 17.4
Totals : : :

Boer %ﬁﬁfﬁfﬁ?ﬁﬁ%iﬁ?ﬁﬁ? pz}’ivﬁéﬂffﬁ o quoted from the literature cited (F. R. R. S., 1993a)
A SME 1 HMEY, HE 3 RBEEERCH S, Zhid, HREOAERNBEECHT 2BHFEOREE D
KHIGL T, 2 b7 =222 %Y, @XBEOMELEEDLER, WE 1 F28mL -owiextL,
Ml 3 MISERE LR BOT T o A SHuEE N, FEE~MEBLBEA EEZ SN D, FEK
BIZENT HHERE, BTN ERNRE 5 TTRHTS 5,

(B3, BRI RERTIEYE L TBEMT sl FfEEiE, T, Ml QR348 BERD 7HIi
BE&MHA Ly 7 3nTwsd, ZZOFEER, TREOERLXOT, KROTEEME, F¥E, E8
RS, 1RO 4 RG2HF -5 TH 23, lt 5 FH (B 62~VHL 3 FE) OVEEE ORI
FiE 17 955 km T, BUIRZE R I3 43 634 km2» & 53 132 kmic 9 498 km#gAnL 7= & & 413 D T (MBS,
1993 a), PR L - fEER O XD I OEEN R v 7 LT, HAEERPNCERIN TS LHEES NS,

2.3.2 MEMEOIEREOER

FEEROAREREE I IE U 7oA, B CHEmBEH gD 370012, BE, TRTEROEHEATHET
LT3, HEHOMSRHEDHE, BEIMERBTED Tws, HEROBSIZ, HMEREDE
3T [8pR], TR, (894 CRALT,

O M848] L3, FHOTEZED S A THRAKKORE &k 28EE VD,

@ ] i, BFEe N 3BREVLY, THR] L, XE»SSPhBREVI,
LEEL, 8517, FAFXTESWCHEOEE*HEHE L BEEED 2EE L LAREES

OBHEEE 1 £, EE, #HMERFEECEET 288

QOHEBEN2 &, HEEE I HRUTIFRSAOLD
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@HBNEHE 3 &, DMFIAREIC»
R Y ROTAE
D 3BEICES L THEOHEE, #
EEBEEE Y 2T LT B (F
WTIE, HEEE I RERE 1KY
FEFRL T b,)

Fig. HCHERBOMHETTE
hTws, Big, X, SRS
HER4 EPES, 1993b),

PROEAR I, PROEREOREA

Fig. 4 ] D EFREOBESH e -
S A DED LT, MEREUADE

Concept of forest-road networks by Forest . . .

Road Regulations (F.R.R.S., 1993b) Wit L, WHEC (MEkBT

HEEEOXRSOREKLHIZ-T

b, EEANICE, EBHEOEELTERKCLIRETHAIY, MEOKBEX T T2 LI3EBHT
WEETH2 o, KEBKAEL T, TEROSVLEE, HENBEE L OEKOER, HFthr
V) x—3a YEFAORERUCFIARBOERORE LD, #hiExE 1, 28 3HO=2Rad5
ZEELTWwE e icL YT, BEAENGAEREOREEREL LIRS Toiy (HEFE
£ 1993b),

HESEOSE Tk, SEFMETEICKEREIOHEEENED SN TWS, ZOFHETE, ¥
242 1000 hall Lo A ORI FHRKBAEE R &35 [HEHKE] & [ZOthord ] i XaL, FHEy
BB 2ERERNFTE SN TV S, 2EHEHTEOMER 7 L REREOBRIEED Tid k1o,
MR E L L AXEHEREROBE & AT, BB EAE 1K 2 OMOMEIIME 2 B3 #
EEZLZOVBHTH S, BITO2EFRMEIE (PR 3 FEBRE) TIRIESRME 32%, £OMMOME
68% % ZNFHOMBFEER £ LT3, BEMETIRESME 17%, T OMOMKE 83% 7>/ 2 b»
5% 5 &, ERMEOHEN B CEEL 7 REffRs, 1993a), WERAD Y P 7 —7icny 3
BEEL YL LRI N 3, HFEREOEBARILIZHE S H T2 W,

ERIRAR OMRESE L, MBETH, HBERETED SN HHCETHT, BRI LICEER
Eahz, REMKEORZEORY L ED 5 EEMEOARMEOFRERETIE, [KEERHEIE
A G T EA T B Bl T, R AR AY 1000 hall b, 3@kkEix 50 habl EORE &
ah, PSR ERUT CORRETD T 5 (Fliffsess, 1993c), FIRKEBRMAERIZ, FHBiME
DEELFIREETH 20, HEIHCBELARELELLCAET, SH, BEaEEEET 5
B DOBTRTHTSH %, MBI E OB & R ORI, AHMGE 474 B2 547 L7z Table 3
» S GHE KDI, REERAEIIE | 8, B IEAE 2 8, B IAGE 3 B0 IR IE
LTWwd L35 Thss, —Hicizv i, MEISEEOMEOEE L MERRE 2 SERC BRI 57
HRIERY SR,
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TEER, HMELREXD, ®A Table 3. MEHIE - AHEHEOEEOB K
Relationships between forest-road standards and kinds of
i AN - S RS AL 7. - aEAe. -4 subsidized forest roads

BITbnTozve -7, FRE  HhESE RSRERKE  EEkE fitkreE A

Forest- Forest roads Forest roads Forest roads Totals

DR, BERFhFhomBEE road -wide area- . -common area- -thinning-
. standards (above 1000ha) (50-1000ha) (above 30ha)
T, Bt EOBEROTEHE*ED T
. . B 1%
BICBEY, HELTRHERLE st grade 109 18 0 127
» sz I 2 % 7

BELBVLOWEETH S, 2nd grade 46 167 7 220

b Z 3] % g

DEoZepsBonkd i, gj:c‘lﬁg%ﬁe 0 61 66 127
MRERIE, BEICRD oh BEERIC

& 2t _ -

IEU B TR S B RET  Totals 155 246 73 47

Hrizbhrrbod, HREREEK

SWREOEN L H- T, WESRE, RUREE, EEETTEOMEMOBEELHFTirE <,
BHAEHEEHARCE > TORLORFL WA S, - T, HEMETE T 2 RSE T3,
iz, MEBSOFHEC & 2 GEALERBOREHEICET 2HESEE ATV 3,

3 HEOMRMZTEREDR

3.1

HEOKBFECHEL CIHEFIxH Y (U4, 1977 ; 8O, 1980), WHEECHEERRIZTRTE,
ROARFHERLEG L &, X THAREEAEHEIS T s hl (B0, 1980). #-T, il
OFI B % HENEFICIRE L T, MENTEFTELHET 256, BEUNRE § 2 HBMOBBUIE U
3EEZ L0, RBUERZTCEEL, BEALS LHER VL, FETHE, AHMOKE ORI T
HEARMIER Y, RMBEO D OEMERS ABHXHEG TRE T 2MENSERZEHHL T, il
OHENZEREOBEZHS I, T LI LE2HNET 5, 22T, FAREHFERCHIET 2 5%
FRBRIC L 2 HEO 2B OFEBRA OGNS, SEOBMBREBLUTOLBY ThA,

3.2 Tk, MEBER LM HRBHEREROBFE2BITT 2 2 L k> T, WMAEK B 2 KM ROFHE
OFERAERA T, ZORR, THACKOHA L EUOBFHEASE Y > I LSS h, AVICBET
& ZHEER & F A KEFEREEOBE> o, FAKSHERORBICIGEU, BB 2 RKHEED
FHfl % FJREIC L7,

3.3 T3, MEMFTERE R NRICHEERKEAVT, BERMOAMTR - MENLTEREHEL
feo TITH, BTHEEEBICHL THMLESD SN, MEEER ORI - BERGEHEEOBR2MESE
L SEE O BIR L Y osEHE N D,

3.2 WEER MARESKETEOBR

MEOFHREFRL, F1BOHFEOERTIRR LS, HFHE L > THERE 2 IKET
5L OHRE SN, ZORERFENE U CIUBESRIZEARKE, FEBEHE - e L > TKE
SN TH S, OFAREHFERIIHEORFINESE, FHEAHOREFCHAV S S HETE L
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DEEHEETHY, BBONEKEHEMTH 2, AHiTR, BUEOHEMOARMMOBEOERY, =B
AER E N TV 3 B ORI KEHFAERE - RBEROBRETLCEITT 3 2 L hoRhb i, KHT
12, PR ETEEMGEIR, BROEZFVEIFRTEBREN TR I LR, FEEDKBICEHT 2
PEHFTI PR e s (B -0, 1986 ; H)l, 1993 ; BHMEEE - £4 K, 1986), ZhFhK5S
LTS LTz, - T, KEITI, LT, #lE 1 E~3 Jehil, ZhLS R EEME LIEFRL T 5,
3.2.1 BB L RMEORE

(1) BEHRUHE

B, 2EOMEFRCEEL TE:, BETTEEERE (EEMDEZORSE) RUMEGHER
BMoNE, FARBHEHSERTL Cu 3 AEOMBEE (1/50000) Th 5, FHEMKGE, #E1HE~3
B ez, 5 BEBEORELFHENRICHKEL TEL, 36RTHL, WHEER, Tl KB HKER
BEFETEEEREORME 2 AV, WHERER, MARSRHARINBOMBREZHIL 2, A
REBHEAREDOFHIE, TYINTITA-F Lo, MRARESHATHRE, FIAREERELLD
HEMEOFMUNOHEEREEHMCE LN L0 TH S, FIAKEHZRMKIL, L1 TRTEKRE
DAZE>THREENZ LOTREVOT, 20L& LFARBOBEEDE VI HXERMOTR
ZCRIZTEERHL»ZT 5700, FAERBHEAEMR L HBRD S, HECEBREOEAKE T
KEsh3AREHRARY, 2RARCHT 220G, RO L5 CFARBORERE XS LT,
1 32 OEEH 5% E, 212 50~75%, 31k 25~50%, 4 i 25%KMTH 5,

FIAREARORE L, EXNTERLEC, BREORNEMTI 0RO T, BENLENHS Z
LEGETERLY, FHETRE, FLOBHERAVSLIET, ZOEATHEHEL .

(2) FREEEER & A KRR E R OB (R

B 3 EHRE L FBEEROBMGIE, HACK Iz k> TREBMI R X h THACKOERI] L L
@b, (DROFEFXTHRINTWL2 (HACK, 1957 ; GRAY, 1961 ; #EHR, 1973 ; &L, 1974),
Z OHACKD #HiZ, HORTONDKFROEE] & FHERO G » o, BHRNCEsr 3 Z L SR
A Twa (HORTON, 1945 ; HEHR, 1972),

L=FA" (1

L, L EHE, A REER, & »n! ER

FIRAREHAKE, ZOEE»S AL LR LS KEKKBE LD 2b 0L, HREIRRBICHREE
N3ZebBLIEHs, EREELMEER (L) i, FBEHZHBXEANEE (4) wBERT 5 &,
FOBEER &R XEFEMER OB L HACK OBl L EUOBGER D Lo b D el s n s, 22T
FE 436 BARIC D LT, MEICHABEER (m), SEcRARKEHMAER (ha) 2D, BEHK7 57k
oy M L7z (Fig.5), ZOfR, WECGEFRRSZEO SN, B/NTRERICL > TRBS Bz
R, QR on, HEFRK (1) H0.94 tFWEERT L,

L=115.35 A% (r=0.94*") (2)
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50000
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g
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=
S 1000 F
L=115235A0677
(r=0.94**)
1 L ]
100 10 100 1000 5000
| X SR AR Ak T
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Fig.5 MGBIER & Fll XS AER O BItR

Relationships between forest road (regular) lengths and forest areas being
exploited

L, “CIEERROBERAE.01
HEE T, 3), WRACT1IXRACL2ERRETT,

L=7.65A+3449 (r=0.91**) (3
L=9.43A (r=0.85"%) (4)

U EokRi, HEER &FHREFAEROMMIC, HACK DR L EEUORFEXAHSRD LD Z
LR, @Al Olk#i3.2.3 TEET 5,

3) ~*F{ADOEHE, nOFHE

HACKOBAIOMEDORmBOER X, FHKE L RBEROBK TR LD, FEROLLIEHRL L5
BnDfE L Z ORI H - 1z, KEITIE, WEREERE, PERE, FIHREZHAEE, fRARKEOR
FHI Lo TTabledD & S wHEHL, TRENOERDMERIE T 2 2 L T, MEER & FI B K&K
HROBFEIMT 2,

HEOFEZ LY HAFTELZVET DL, n30.5 2o, BHROBRIZOEBOKE Xzbhb
STHBTHZ Z L 2ERT 2, LoL, QORXs BRIz, iz 0677 L 0.5 L0 b AEL
e, MEERIZOEROBEME Y bRBHINT 2 LR ahTw3, COBEHE, HZFHF
HORRE, TREBIERT 2 1#-> THHRTRZ HRVBRCE3 2, b LIIMKBEERSR X
bz, LOVARERTFAXRELDZEVBEZSND,

SR LR LU Table 4i2 £ 5 &, HEBEMOFII LIRS, /NS Bod, Bk, 7
KRB HERESAE L LAIKRE L, n3hE L Bot, FIARBOREEXD T, EAKEI
FoTRBENZHEIWNE 22 L bRFEROERSA SN, BB E AR BT 5 Lk,
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Tabled. HREDOITEENFFEADOERE, =

Classifications of forest roads and constants £ and » of the power equation

MBS k n r i
Classifications Samples
B DB E
Ferest-road types
prect 3l 1#% -~
Connection type 1st grade 216.77 0.593 0.88 109
2 %& * %
2nd grade 182.39 0.619 0.93 169
38 _—
3rd grade 165.20 0.649 0.84 39
Averages 197.24 0.606 0.95 317
208 2 8 s
Go-back type 2nd grade 192.75 0.539 0.72 37
3 & LR 3
3rd grade 144.21 0.581 0.77 82
Averages 142.89 0.587 0.80* 119
?Jﬁﬁziﬁﬁﬁ@ﬁ (ha) ~ 100 115.61 0.671 0.42* 71
orest areas being - .
exploited 500 114.82 0.678 0.64 170
~1000 136.77 0.650 0.34* 53
1000~ 315.50 0.543 0.71** 142
ﬁﬁg?ﬁ;ﬁ‘@%ﬁﬁ 1 91.83 0.692 0.93** 161
ethods of exploiting -
forests 2 149.28 0.648 0.95 142
3 172.98 0.623 0.94** 105
4 119.67 0.684 0.97** 28
Fooo .
Averages 115.35  0.677  0.94 436

o) 1. HEEE () OB EAER, **0.01, *0.05TH
2. *'JFE[Z&%HW)H&E&O)IZ%P; %*Bﬁﬁﬁ@ﬂﬁﬁziﬁﬁﬁﬁﬁkﬁbé 1~4 BT 54

1 100~7a% 2, 75~50%;3, 50~25%;4, 25~ 0%,
Notes: 7, Correlation coefficient. Significant at the **0.01 level. Significant at the *0.05 level.
Methods of exploiting forests are classified as the next ratio of the periphery length of a basin to
the total penphery length of exploited forest
, 100~75%;2, 75~50% ;3, 50~25%;4, 25~ 0 %.
ELERROF K E L R BMEEERL 2, AR O/ E {4 5 ERIZIARE TIx &3, Fil K%
HOFARDB Y, HRBOFEOER EBFEL TWE LS RS, UEOERD &, Efk nid, H
BEORE -, BERTPES K X > T—EOERALED 51, nif, 0.539~0.692 L WTFhORITH 0.
SUEDERRT I EBBHLNI R 572,

~FFEROMHEBFRE (7) 13, MEOBEI L Xhri b OBVBEALGNS, T4bb, FHAKBORE
HEICE BBEI30.93~0.97 LR LE L, @EALDE L, X7, EEAOXS S, FAKRSEME
BRIk BEDE 0.34~0.71 LB HIEL, GEHLAZ, AARKBOREEOXSTOrMiDd b Diztbs
D EL, LrbEREOSEKEKEBUMC L 2FARKBORERGEEL B2 ->T, ndh& i
ZERID S AT, EHEREC L ZXESHEER A AREFEHEROMKIC, TEE2RIZLTWEZ L
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RS LTH L,
Kz, HBER (L) ofb bz, HEOEKSHOEMRER (L) 2HBEESICHV 0% B)R

[ e
L,=82.26 A% (r=0.91"") (5)

ZORIE, MEOZTRMNLEVLEREZNZ HORDT, BEREFIHAKBEEROROBLDAIZ L 518
EHiEh, BRERE L GER 2SR EEREMEH V2 ehns, QRTINS
REDRYRELT, nb/EL Bodk, Lirl, ZOMIE 05 5EATHE I E0s, ZORKEY,
FIRSAFMBEEIARE 2L b i, IVMRVEBRIZEZEERL TS, &8, G)AOHA
BRI, 0.9l EEOI LS, WHER CWEERERIZECBRCH S 2 & BN »252
%,

1) _FFXOBROEN

EER & F A K SAAERE ORI I1E, B2 SRRSO > Tniz, £ T3, %I, nds0.
5% 2 EREHEDTE L FAREEHOBROEMD 2HATFI L 2B D LRELLH, 2 5HIIXK
DEICRBEED D,

MEER (L), HEERER (L), FIAXEHAER (4) SHREOTESRE (H) RUL LAzt -
TR, FIARKEHEKORROFME S FIARKSFEAERER () 35L&, SMART - SURKAN
(1967) HBHACK OZFEHIOWETHL ML L I, TAEFHLOBRE, 6), DRATTRTIEesnT
50T, QAMBEYIID,

H=L/L, (6)
fs=La/ (A%) (7
L:H*f:;* (AO.S) (8)

ZZTH, i), 10 TET I LB TEL RS,

H=gA? @
fi= Al (10)

@Rz (9), (10)XERAT 2L QDRABKDIZ> (SMART « SURKAN, 1967 ; B8, 1975),
L=c + g AP+o+os) (11)

QD RO BHBEOZE, ¢ixfIHRKEFHOBROELD, TATARFRACRIZTHEORE LT
LT EEZDZIENTED, £ITH, qOEEZZRTNG), 10A»SROWIF L1z, BHRETRL
7zTablebiz X 3 &, ke L Tikgdipk LEZ 2 &b b, BRUZHU LCER L EROBFRCEEYL
BRIELTWE L0353 h 5, %72, Tabledd & BHRAKBOREHEDENHD, qEEERIZLTHS
LEREOoNR N, p, qEIET 5 L RER 2 DRGTP2q2 LD EE->TWE D0, fORZT
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ReEPOBEIZITREREBER RV, TITHREE2OD Table5. FIRRBHEHODERE LB, ¢
Methods of exploiting forests and their

K3 Tgiip% EE-> T3 ERIZHEB TRV, & exponents p and ¢

B, Table 5SoHHBIREE () BHZVEL IRV F B KR 2Rk
DWRETE

DD, % DEXSTHE/KE().01 THEBLD & & Classifications

b4 () q (r)

nazems, 9, QAOROKENIELE BT 1 0.095(0.36**) 0.097(0.32**)
CLMTES, 2 0.041(0.15 ) 0.107(0.38**)
3 0.066(0.27**) 0.057(0.23* )
b N D, B {
M EORRD S, BIER L FIFXBARMER D 4 0.096(0.52°*) 0.088(0.40**)
R A . BDF 1
BRPRERZTET S, REOTEEARSE S o g 0.1040.36)
FHOEIR LT 2858, £EMICIZBRE DXENH
) MHBIE (7)) OFEARIL, **0.01, *0.05TH 3,
BEERP LA TWBELLEIENTELZLDD, Notes : Significant at the **0.01 level. Significant

at the **0.05 level.
BRIC L2 BORKRE LI EBHLMIE 5T,

(5) FlIH RO & HEDTE
FMAREHRAOR 2 RAT 2R RELE L S b0, ZITE, (12) RT3 AREFME
B L FI A RKERHAEROBERIC L - TR L 72,

Sh=a/s? (12)

7e72L, Sh:ABAREHFROER, o FIARKESHER (m®), s: FARKEFMEAR (m)

(12)RiZ, AREAROBBRTHES>LLDT, ¥ TREROEBRICEAT AWEL S AVLSRTY
% (BEHERXR- LR, 1979 # E, 1989), ZOFEEE, FAOBEFELKREL /W), EROBK
Ficid, HArEAOHN 1 xOBEx/(4(1+x)%) x5, FARKSHKER & BROBE%Fig. 61
AT, CHICED L, MRBSERT 21> TR 25 A2 RL T 593, HEEHDI-0.47
THBEI LS PSR E DI, NIV FERE,

<
(=
=3}

T

IR K #HE O R
Shape (a/s?) Sh

0.04 -
0.02 | B .2 v
S»=0.014log A+0.069 * .

(r=—047*") *
0 | 1 1
10 100 1000 5000
FI) A X AR AR R
Area A (ha)

Fig. 6 FIAXERMHER & AKOBR

Relationships between forest areas being exploited and their shapes
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Fig. 7  MWEDFMH
Winding of forest road (regular)

(13) R HGEER & HREESESOBR & 2 EEFE (L/L) 277 (Fig. 1),

L=2.25L, (r=0.93*") (13)

SEEREIE 2.25 TH -7 2 5, BFR 30 ERCEE SIS B - &1, 1960) xR, i
DREWELRS> TS, COREELTRE, BREROERMELEROBRE L EBEELTVE
3 THs (BO, 1989 O - KM, 1992),

Riz, POEES L FIREEHHE (W =A4/L) ORI UF AR ERFER & HEFE (D=L/A)
OB%%Fig. 8, Fig. 9ic¥, Fig. 8, Fig. 0 ERARRZAZh (DA% (14), IBRZFT LR
L, QADEBEEZZILicL>THIZ,

W=A% 10*/L=(L/k)"" % 10*/L

=QQ/k)V % 10 % LY (14)
D =L/A=kA"/A=kA™? (15)
W =8.998 L™ (r=0.67*) (16)

D =115.35 A°32% (y=-0.78**) (17)

Fig. 8| XML, FIARBHAMREREHFEER THRL TR 2 Lo, FIARKEHEKD
FIEERT & &b, BUMEER () Y720 OFEGHER (m®) L3325 TE, % OB
A3 1000 m*/mPLFiz e 2 D03 5, Fig. 99613, FHXKEFAERSAE (b LEEME &
32k, WEEEOREMEELETO 20m/has 5% &, HHEO—BHLMBIER & F B REFHE
BOBHRO T T, EEE L TH 200 hali TOBERE T, KRTEREELEENE NI L 2HANS
TENTE D,
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5000 W =8.998 Lo+
(r=0.67**) .

T
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Fig.8 #REIER & ) f KERAIE DO BT

Relationships between forest road (regular) lengths and exploited forests’

widths
100
. . D=115.354"032
s0 b el (r=—0.78**)
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Fig.9 FIFREHHER L HEEEOBER .
Relationships between forest areas being exploited and forest road (regular)
densities

3.2.2 {E¥MEK BT B AMRORY

1) BEEEUHE

BENE, BFEICKREL TBRBROME, FIAREFHERR L EAR (FERBHRAS IR
R 1/5000 OM#E) Th 5, BB T, R CEEMREL L CEE L LBRICRIFFEE, FRBEEL
DEMMIE SN RL ROT, BREICEL T#HEN L L S L, SEREu, JbimHtt 11
FHE®D 83 B TH 5, FEMBER, MARESHERFOFAMRTYIN - 77245l L 2Tz,
b, 1B D OREE 196~3 466 m, FiI A EKIRFARAE R 4~100 hao &z H D, BRI 3mElTF
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57, 4.0 mPUTF 26, HEFETLRE TIRRARIQBARS 70 kR & KB 2 5 T 5,

(2) PREMEER & Al RIRFRAME R OB

EEMELER L FIARERMEROBR %, ~FRRAOBN_RECERBSELERE, (18)RiF
¥ (Fig. 10),

L=100.25 A%%" (r=0.85"") (18)

7efil, L fERMEER (m), A FARBHEAER (ha), ** : HEEK () OFEKA¥0.01
ZOFERIT, EMED Q)RICHE L TRREVDLOD, Wil I~3 FRicH~T, MRE %27 ARKE
BAPERDS/ DB FENETY, HACK OZEA  EUOBRASKRY IO I L 2BFT Tnd, 3
EE T, (19, QORI 1IXAR L 2ERAERTH, HELABCRRDRFERDOFHr 5550,

L=22.28 A+358 (r=0.79"") (19)
L=29.894 (r=0.72**%) (20)

(3) NFREADEHRZDOME & OLLEK

PEEME D F TADPBIELR (£) i3100.3, BH (n) i10.687 Thol, ZORREERBEDHS
rHET 5L, 3.2.13) THRAIHREOFEENFEROEROMNERE L SEHT 5, Thbb,
METIE EMBERIILRIIKRE L, nid/hNE o572 L% (Tabled), Flz2id, ZARDOHE 3 FDk(144.
21), n(0.581) LEEMEOTEHEL~L L, HMETOEASEDE LTI 5, FARKEHERORE
BETHELTYH, 100hall FTOMEDEE 115.61, 7k 0.671 #2570 T, ERHSEAT 2 LAIKRE <,
nE/NE L R BHEOHEAZ, PRIV EOE FHTCIRE S, Y EOSHTREEREIZ, HACKO®Al i+ 5
EME L AREOBFRE, FERIEERL, HEEEERBEORFBROEHDEVIL, ZRLZTLOE

L=100.25A4°%"
(r=0.85**) .
5000 |~
~ e 13
4 E P L I
s Y 1000 - S e S
% . . o’#’ N E)
./o‘ .
1 1 ]
100 0 5 10 50 100
i A R AR AP T A
Area A (ha)

Fig. 10 fEEMELER & | F XS AER OB

Relationships between forest road (low-structure) lengths and forest areas
being exploited
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ROFAREFHROFEOBLIC L2 bD LRI NS,

ADAT, FRAOHERCRIZTIEEMEOIZE. () LAARBHRKOBROE () DHE%
AN, ZORRE, 2D, QAFFRY LI, HEEREHEL I L SEEMEIZEVS, HELiE
WP E PR kE o f, FHBERBOMED SHM L T, HBOP, g LRI, BHICL 2 BLREL
ZLFHHENTH S,

$»=0.113 (r=0.27%) (21
q=0.073 (r=0.18) (22)

FREL, *HEBMRS (7)) OBEEAHE0.05

(12) ATHRREHAER L BROBEESTL, ERIXOMBFREERD Iz Z5r=-0.01 %
D, EEMSEAL T HBRSAE 2 2EARED Shk b -7, ORI, 100 halBEz To/hs %
FMHARSESAEE T, BPROZERMECRZSEVWIEERTLOTHS S,

YEEME DT EFEIIZ 2D RD & 5, D 2.25 12 TE 1.60 &k o (Fig. 11), i,
TEEMER AR DN ERTH L 2 Lo, BRERVRRETH 3500meEn enFREEZ S
ns (8O- A, 1992),

L=1.60L, (r=0.82"") (23)

2L, LD {EEMEER (m), L fEEMEOBKSMOERESR (m)

4000
L=160L,

(r=0.82*%)
3000 £~

2000

MBI R
Length L (km)

1000

0 500 1000 1500 2000
FBEARER Lo (km)

Straight line distance of route Ly (km)

Fig. 11 {EgHKiE 03T H
Winding of forest roads (low-structure)
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Rz, EEMERER &) F XIS ERARIE o B F K O B KA ER & (EEMEEE OB% £ Fig. 12,
RUBERL, #FhzhoEiEE, (24), 25)RITRT,

W =12.224 L**%® (r=(.52**) (24)
D=100.25 A% (r=-0.60*") (25)

ORI &5 &, LS0MOBIE T Wit208mE s 5, HED(16) KT, & DBHEHEBOA S L

1000
W =12.224 L0468
(r=0.52**) .
..
, 500 e W s’ .
E ’é‘ . ° oo .
E g * .. g 0'. o* . °
] ~ .
g i ) * /./.. LJ ¢ °
£ 250 . « .
= * .3 .
% g L .. .:"./‘: .’. ['] : L L
. .'U .
* . o®
100 La i L
100 500 1000 5000
TEEEMEER

Length L (m)

Fig 12 {EEMELER & FHKEAMEOBR

Relationships between forest road (lJow-structure) lengths and exploited for-

ests’ widths
100 —
o °® L
E \. . o ¢ * P b
= 50 . o® ‘. ° a | ™
b g/ ...h.\..\fg " e o .
% i Y * .\.:\..
¥z =r A R
- D=100.254-0%% * Jee
(r=0.60**)
10 ! 1 L
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FIB XS RER
Area A (ha)

Fig. 13 FIARESHMERE & EEREEEOBR
Relationships between forest areas being exploited and forest road (low
-structure) densities
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5000mD W H#ET 2 £523mi iz, ZOBBERBEDERLY, WI2EUEoEE252Tw3, 20
BRLOZEMBDIZEALTY %, Fl2iE, (25)RTA2 10 hadBOD HEET 2 £ 49m/hak i 3
DR, ABS500had DR (IR THET A L 15m/hak 29, 1/3UTIER 2008005, 2O
i, BEREOBOUSARMACAKELEEYE2 2 s MREMTTNS,

3.2.3 FIRRERM L HE O T

HACKZ, #0O®sicB T L% mile, A%xmile’ T&EF Lkl 1.4, ni2 0.6 TH2 & L (HACK,
1957). ZOEHIE, HLOWRBII > TRETSh, BroEnBEshTwss (Fl, 1974), 22
T, RPEOFEBIE AR L > CRONLEREFLET 5 2 & T, FARESRAE REOBEM
HEEET D,

Table 6it, WHEOFBME B 3FERREO—>TH2, BEFOWE(EH, 1975) tEL-II,
HORTONDAFKEL 1 K~4 K, 1 R~7 RDEH DR, nrFHAXEHFRE I~4 ROBOB DO RE
BEDANIGT 2 L E Lo 2ERTRS L TERE n2RLELDOTH S, KRDOL, ADMAF,
HEOHACKDEH OB T—BcAv s skm, km? TH 5, ¥7-, Fig. e EHE L HBERD
BER & MRBEE R & P KISFHEROBFE 2 m, haliffi s 2,

Table 6, Fig. 142> & F|F KEFHRAETE & AFKE, & nOBOBOOBEEENF0Z. Thbb,
AR E TR OERIL, FBEOLIBED 2BRELTRL, —H, nldfHXKBHEROFBE I K
EREERLTWAY, RKVBLHOEWI &, i, FBICB T 5 FEAOHBEFE (#) 12 0.967 T
Hol:LENTVWBEY (B, 1975), FHETH 0.94 EEWEERLIZZ R ENBIRINE S,

FIAREHRO LK & LERIL, HMEREEMEDZRIDANIOBEETIERT, L DKELI LDEF
o, BAKREPNICIHERLUAOBERTFEL Tnd Z P, L OFERORED i & - THK
KoM an s & L &0, AIAREFEARORSTRBOBIRU LB LI ik 2 2RISR 3,
g, HEEPAREL L2 L LV CHBOARUFEBORIIAS { & EMZR UL, FHAREEHKOR
BN a L o2 LR R L S,

Table 6, FKFLREL & FIH KEFAETRT O E R, nDOLK

Comparisons of constants £ and # of basin orders and exploited forest areas

AKFTREL FI I X I B AR TR
Basin k n Exploited forest k n
orders areas (km?)
(~1 2.366 (.678)
1 1.260 0.526 ~1 2.541 0.671
2 1.431 0.536 ~5 2.606 0.678
3 1.514 0.527 ~10 2.735 0.650
4 1.531 0.554 10~ 3.846 0.543
1~7XK 1.464 0.604 £ & 2.600 0.677
1st~7th Totals

W) 1. ()ER, (FERKETHS.
2. WOk nizBE (1975) &3,

Notes: Parenthesis shows forest road (low-structure).

Constants & and # of basin quoted from Shimano (1975).
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FI A X ek /////
Forest being exploited
10000 | yd
E ////i///:;4m
3
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= 1000 2% 2nd b
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250 | L L 1
1 10 100 1000 5000
H O
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Fig. 14 FI A RKIEERM & HiE o L

Comparisons between forests being exploited and drainage basins

3.3 AR & HHILEROHEE

BIEICIE, MBS B 2 BEER & A A RKERREROBR LB L &R, HACK 0hl &80
DOEMRARLBR YD 2 L BHEAL 7z, REITIR, BT ZOBEREAVWT, BEEOKER BT
LAMBROBMEBIENICHS T L, BRETIIMEREE XK %M RICHEEXEE TR TTC,
PIFEBAIC & - TRMER L MENTEROHEE 21T,

3.3.1 HACKOEMOBEBROEA I & 3 K FHEOHE

RIS CRIH S Nz & O, BOUEORERTIIME 1 Ko SI1FEMNEE T, HEORESHREC 2
b5, TIOEFHE L FBEROB TR L7 HACK 08| - EHoBERL, HEER & HHXE
BHREROMTRIIL:, ZOHEWKRAETE 2MRREBVI I LC k> T, HEEOBBERNS
AMF R T, HRBEROBFBICIE U CHE T 2 DI AREIC S %, (2), (18) ROMEBIRSKIZL 0.94,0.85 72 -
ez ehs, ERXOBBRIILINTYFITEDEEE2BRWL, -7, ZOBRAOEREHWT,
EBEOMEFHERR TOAMBEROWE ZITIHE I, HEHEOMBERET, LrLlass, &
PEOHEROBEN EAMTREMET 2 LT, BENCRIZBLZWI E»s, JITHEESH
AR, EEOBKTOAMREOFEEECHHATE 3,

HEAOBREH BIIFAKSEHEAER (A (ha)) LR (V (n*/ha)) THE 5, BROHMFE
CERNVICRShE, BICKHERE (Uwf (m/m)) 13, BHEHMEEMEER (L (m)) TRLUT,
26)RTEBZZ ENTE 3,

Uwf= (AxV)/L=V /D (26)

26)R iz, HEEE (D) 0K TEHETE 35, BREILUEHO & 5 cEARRKENFEAEL, HACKD
ARSI T 2B & i, LEAOBREBHRL TDE2 52w L, BECFIAKBEROBE R L
TEERE RS, 2600RU3, HORKBAHTELLIAOBFREEAL T, QNATERLZDT, ZOMEI
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BRTE 5,
Unf= (A« V)/L= (A* V)/RA" (27)

(27)HKizTable 4 & (18) RO EHK E A, nIcRAL T, HEHREINCREL &R 2Fig 1573, RE
TikVE250m*/hat U, REIC & 5 &, BIIRMTER I, FHEOAGZESRHSZEARIC R T AR
VBB, IR 3.2 THEEALE, nORESSEBTE X5, FREEEIICIE, bFL TR 255 A
BIEED B L bk, nOFE»SWETE 2, Ml 1~3 RO T BAIARM BT, A 50haT
7.7m*/m»3, 100haT 9.6 m*/m, 1000 haTik 3 &L 20 m*/mIZKT 5, VESEHRE & AR 10 ha
T5.1m*/mb3, 100haTiZ2 S22 2 10.5m%/me R 2, EEAEIIHE I~3FZEE~RT, D%
HOEMNAHBR TCHB T 285 20ER/NI VI LA EBAMEOBEE LT ETF N2,

3.3.2 MEMFHEXIRIC B AR L HENTBRBOKE

HPRTR, HACK ORI BUOBRR 2 AVT, RBEOHEROAMFROBSEEE L, &
T, RERCHERSTEEIERL, Zho o AMHR EMENTERSEET 3, 2E TR, BESHK
EEEMELCRBCRL L, BREMCECHY FTTAREED 5, 5T, BEXE %R K
WREHEET 5B, BRESRONKBERTH 2 AKEZFR CRAETE 2 VDT, YIBEX
MO ELRBROBHKRERTH 5, BEEBHEROESHSALON2,

g
E s}
S
"y
B E
T =
A 10 =
& -
B2 s e
= -
L
'E
2 1 1 n !
0 10 100 1000 5000
X A DX S AR AR T R
Area A (ha)
Fig. 15 HBsE & A R
Forest-road standards and unit log flow volume
o1& GERR) . -= == Fil 2 & (HER) .
Forest road 1st grade (connection) Forest road 2nd grade (connection)
il 2 &k (3=A) —-— HE3IH (FEA)
Forest road 2n51E grade (go-back) Forest road 3rd grade (go-back)

PESERRE
Forest road (low-structure)
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Table. 7 MIEFESTEOHME
Outlines of forest-road networks planning

Clismcatﬁns Taﬁ%ﬂgi Hamf%*rﬁatsu Qodochi

Ig;ﬁgln%ﬁ areas

Eifiﬁ?ﬁ§ (ha) 619 307 339

IR 0, 21.0 29.6 76.0

%{ljite% eﬁlrélr)gies 103 203 599
ﬁ%ﬁiﬁ%d networks planning

‘%"‘%f%f]gggihs 26 885 16 834 12918

%Igﬁnfff of routes 15 13 5

%ﬁfﬁﬁ%ﬁ? (m) 5418~867 6444~197 5 046~627

%2%5%52 (m/ha) 43.4 54.8 38.1

E;INNE

(1) HREREHEOMER

mRk, B, KEEMEENOE
HARE % S RGBS E & R L
7z (Table7), FHEIKOHEHREE,
AR & KM 1312 I RERBE D 300 ha
A, AKkIEB2E0619haTh 3,
KIFOHAERHE, 76% & 2uETHE
REDL 600miL s, BRVWIUEE2ET
3 2RETH 2o WK, TR ITE~F
AR D 20%E T, BBIKEH 100~200
mY HERNE VB E R R
BT 2L, BHROMBMCEIES
ntws,

Z ORI ERRIZ, HEEE 38.
1~54.8 m/ha, BERAL 5~15 &b
55 ZMGBREETIE 237 T, ETERS
BROEEIC Y- T, PR

FOEEELL, FERHERIHEREOIT T, FEBCH D THEBRREEET 7, HREEES
LD L ERBMAOERICVEEEYLE IR SR, BRALET7TVITY XA RRYcek0wDT, 2
TIIBERBE S A U, MliEE S £ Table 8, HoE#EEIN % Fig. 16~18127k%, AHETIE, #

Table 8. #EEHER
Forest roads planning

I3 T
Takahagi Hamamatsu

)
Oodochi

(m)

i BERRMGE W - F HBEER % ¥ MR OBKUE ME - F FHEER f F BE RRE WE - F HEER 8 %
By B 5 B ] ) Es & 8 5 5 (m)

5 m

&5 & § &

Notes. Route Route Node nos. Lengths Notes.

nos. location
TNos.

Route Route Node nos. Lengths Notes. Route Route Node nos. Lengths
nos. location Nos.  location
nos. nos.
Voo Al sas e 1 1 DSt eau
2 98-132 1 1762 g+ 2 140-156 1 875
3 133192 2,3,7,8 3184 4 3 157-191 2 1761
4 193238 3,4,5,6 2305 SRRt 4 192-206 3 636
5 239265 4 1287 & 5 207-226 4,5,6 926
6 266-285 5 1072 » 6 227-234 5 380
7 286-303 6 867 7 235-251 6 758
& 304-350 7 2369 HER 8 232-284 7,8,9 1592
9 351-375 8,9 1197 » 9 285-299 8 715
10 376-397 9 1143 S48*** 10 300324 9 1201
11 398-415 10 991 AR 11 325344 10 773
12 416-432 11 936 12345357 11,12 576
13 433470 12 1745  » 13 358-362 13 197
14 471-493 13 1133 »
15 494 523 14 1476 »
ANE 26 885 ANEE 16 834

Fa 1 1-8 1,2,3 5046 Z*
TH 2 Bl- 94 1 627 R
” 3 95-145 2 2648 4
” 4 146-213 3,4 3479 2
” 5 214-236 4 1118 534
ﬁﬁ”t
i
E2
Fer o
n
AR
n
SHERT T

Aost 12918

Note: *; Main road, **; Branch road, ***; Sub-branch road.
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Fig. 16 #EMHER (FFK) )
Design of forest-road networks planning

(Takahagi)
- B — X, B
Main road Branch road Sub-branch road
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Fig 17 MEfstEx ()

Design of forest-road networks planning(Hamamatsu)

- K —, TR — TR 0, /—FEE
Main road Branch road Sub-branch road Node no.

0 500m
| S S S S——

Fig. 18 #REMHER (KH5) . .
Design of forest-road networks planning(Oodochi)
— B — X —, SR O, /—FES
Main road Branch road Sub-branch road Node no.
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EHEOT B LBREERLL, RS2 IBBERE, FE»OSET I LOEIR, IBhoELK
SET B b D EMRCEE LBEXS L (HEFES, 1993b). B#RES 1L, Table 8ORE/ —F
%5 L Fig. 16~18OMEMHER > SH S 2 L3 TE 5,

(2) KHMRBOFHIAE

AAGEROFHH I H i HERIE, EERETHEAL TWAEER WER 1/20000) TH 5. BT,
WP HRERIGH L T1T-> /- (SEGEBADEN, 1964 ; /MVE, 1983). #&FRIRIE, 100 m+ 100 m(K_E 5 mm
« 5mm) TEABOKRTFE LY., KFREEERETSmmE L0}, RAIY OBESH» 5 RIBH L
ExI:ZeR, BFHEEE AR T2 LT AEDE LD, Y aVESEHEC RS I L&
RO THUL 28 » 45,), S0 m/haBBEOEE TR 100 iR CRIBEL WEEZ oL THS (0%
Rk, 1991), BEIRGIE X, 50m (KM E2.5mm) #BRICAEEEEANL 7, HHNEEHERE,
BRUIET 7Y 54 FTANL, EHEEIFERBEESEINCEER» SHARVETFHRRERT, /Y
IVTCHEME L2, UT, Yo7 7 AEREOEES 25,

7. EFERBOH R

FEXROHANE, 75 AP TAN UL RKEREED S BEMICIT O, HlAlid, XKEEEIC L 28R
B (B) &, BFaroHLLABROER (G) ORERERETLILTTES, DED, KEE
Br (X., Y, Xy, Yeo) ET3REERIZ8)R, AEOKBTHEG (GX, GY) 2@ 2HE
Bz (29 RA» 5,

Bi=((Yen— Ya) /(KXo — X)) » (X —X) + 7, (28)
Gi=m (X-GX)+GY (29)

(28) R & Q) RO AHEHPBRETHNIERESN, FHRETHIIIXBEA LHFITE 3,

1. BUEHE T 7L O

BfEHI € 7 vz, MREBCELN TS 20 mEROFEERE 7 V5 4 FTATI UHEL 2. &%
FHOER L, FERLOANL BLaryy—vy PoBEL (BEFS, 1988a, 1988b), #ufg
ERHZ, FREHORAEN 2B TEAOERS» SHEE L (P8, 1968 ; /IMk, 1983), &EFHICRR, B
B EHBEROMBR T £ MR, HERARNSZ N5, BEMEET VG, F2|W2.3 TEER
BHrRET 200, WEEEE, EME, HITEOEHICHVSN S, Table TOHBARN & ERE
i, WEmEEFT L EH LT,

2. A B O AT

A FEOFEN X, AROFHENT (LE - F3, 1970, 1972 & - #E5E, 1976 ; 4bJ1l, 1991)
AushaFEEGHALE, HEfEAv b7 —2 L, Y7 78BRO/ — NV 706 BEERS,
BgfERES, /- FES2OHTRTFETH S L/ (Table8, Fig 16~18), KM, AB#ER
B TRE» SEAFICA»P LR L] SREL R, SEREELEE LY, BREBHEITER S
NBBETH, ZOTEEATHMT S 2 L TEFHRIDNETE 5 (BEHFERL, 1987 BHF XS 1988),
OBIBHES IFE, T, IHBOBECEREEA»OIEIZE X 5, 7RI EROXRIcBET 5,
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OBBMBEES X, BRESECFRELA»S>52 2,

O/ —F&BIR, BROSBE I LT, KiE, I, MHROBCRBER»SHICEZ %,

O/ — FEFITIAME, ABREREPHRIELVDOELHALER IR L7577 51172,
Fig. 194X, Table iz # DMERI 2 RT, ZOFIIKBERL &, /- FH4E, BERUERES
HISEOB/EST, /— FUEOHER 75 7T, 0dFR, 1 3XHLEKRT 3,

. BAAHBEOREE

AKMFEOREL, EMFFv 7 OFMAATHUBERHEET 52 L THEEIC R 5, L LAsis, B
B, ARZEOHBHPIOERD S, BIBEOBBMBIRAA LS 2 L3RS Y, HHUE
DOHEEZEL v, BAMZAEHIC ST 2 AR OEM LIFORA S L[ OIERL TANCIE, 368 4 B
' 7un o MRS, #fl, BRUEZOMEHRERS, &5 uHMERORBRR 21+5EEL,
EMBOEMEBRNREL TARE L THID TRRRICR 5, ChIRREEN Y AT AOBIRKOMT
& HEET 2 EWREVGRETDH 253 (UME, 1983), XWX OEERETDH 2 HEREORE CLHERR
MEEOHEETR, FIETHVEBELZERINELOT, BTAGGX,, GY) 2REA L T3KBOA
Hit, BIBEOBBRMIER(RX,, RY,)HEML, ZONE*BAATHUE L Lz, BTA»6MHE

}
7
'
’
II /\
pOa
~7 3%
\‘\'\.
\ %
AN

/—F &5
3 Node No.

, BERUEESER
Route location No.(B.P.)

Fig. 19 RgES, /— FHEFSOREHEZHET 3> OBAK
Design for explanation of route nos. and node nos..

, AR —— KRR - , GTER . O, /—F&S
Main road Branch road Sub-branch road Node no.




Table 9.

. BIRES, /- FESOLEG
Processing example of forest-road route
nos. and node nos.

IR 3810 5 MRERSER AT & AOESAR BT 2% (B 1% (B0) — 38—

B B ) /
= 5 | ]
fir & I F
B 2 & il
% = =
5

() @ 3 (@)
1 1 0 0
2 1 0 0
3 1 1 0
4 1 0 0
5 1 0 0
6 1 3 0
7 1 0 0
8 1 0 0
9 2 1 1
10 2 2 0
11 2 0 0
12 3 2 1
13 3 0 0
14 4 3 1
15 4 4 0
16 4 0 0
17 3 4 1
18 5 0 0

Notes: (1), Route location nos.. (2), Route nos..
(3), Node nos.. (4), Flags about node.

FRFE AR

Area (ha)

* TOREER (dnin) 12 G0)NT, REER (£
BN TKD S Z L3 TE D, i, BFED
ABBEDOBRRBENMI, FALTBUE
T3 LU,

min= ((GX;— RX,)*+ (GY,— RY,)*)%*
(30)

£ x= ((RXpri —BXW) "+ (RY . —RY) )™
(3D

(3) BARBMER L AHFTE, HENERD
HEE
TEIXI T TS & L HEBFERT 5
5L, HFEHXHEO TR O RMAERE O
REMAERERBCEL T 5, BHiZ, cheE
BORETAMBTREOREBBEHREL T3
(F\EHFEX, 1987). Fig. 2013, REtERXHDOEG
2Nz, #an s O L ERFNEROBERS
MRL7bDThDS, P OEE, QR0
HACK ORI E B oBFRNc X 2 D ThH S,
OS5 bEASHE X DT, A THRERNAE
BEELAREL, REACHEUVEROETVERR
O RESICRYT S, Jhid, THies kI

600 1~

400 =

200

Lt
Takahagi
K

Oodochi .-

2000

4000 6000

o D

Distance from terminal (m)

Fig. 20 AQROFAEZFHEEOKIL

Change of forest areas being developed of main road
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HEEHESERT 2o T, HRLETE, 52 0SB0 2hER OB S T ORI
YT 2ERPBE SNLDICEE 2, FELZVIESICR, HESHEROBLOES CHERLE
fbizzz <, BEKAET TRIZ—EOBE R 3, BEAORAARKERLAEROBBEOET NV L HET
&, BB 2EEZVBA, AHIRZS D, BBV EHOERE K> T 5, BT, BR95 1548
mOHMET, 296 haDHRHFHER L2 H T 2BHEES 3 ORISR L - BENRES RN TV 5, Fig.
2113, BB 2 eBBORREBEHEROELER LD THE, XELFERIE, SEBEOD 3
BEARES 3, 4, 9 ERARE (LD, FALAORBIIBRMEMDS—ETHRT %,

Brachdg (Vm¥/ha)) L H@EAR (P(A/ha)) 252 T (Table10), BEXMEEAT 3
AR ANEBEXREERD ., Fig Z2@ROBERET T, JOFIE, BEHAEE (FR) 25E5E
PISEED 95% % 5D T AHITH %05, HRMEFEBRCRHEETECEELFED VR0, B
HEHMEROBZ L IIAMRECABREARBCESEREL, MENTHERIIKRT 5,

KHEEE AEBBXERED S, BEXEORENRERT.(G/H) 2 COATHET LI LATE 5,

600

400

ek o2 INTE
Area (ha)

200 -

0 L TR RN
1 J2] 3 | 4]s]el7] & [9fofue13 [ief15

BRES

Route no.

Fig. 21 BEMOHABHREBOLEL (&) .
Change of forest areas being developed of each route (Takahgi)

Table 10. HERERT & HENLTERAT

Factors of forestry management and forestry traffic volume

BHIEHETT W & AR

Methods of management Log volume (m*/ha)  Labor volume (person/ha)
BEMm3E (B{&) Clear cutting 300 500
KREMMEZE (IRER)  Selective cutting 120 350
PRI ECHAR  Forestry management cycle (vear) 60
M4 EEBH K Number of days engaged in forestry (days/year) 240
EMEEEE Loading capacity (m3/truck) 8

ANBEiXHEEH A Number of labor getting in vehicle (person/vehicle) 3
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T.=(2 » (wh/vv+pne/vp)) [ (ny » dy) (32)

7oL, wh, KHEE (M°) | pn., ABEXRR(AN) | v, EMERRE (#/8) | v, ABE&HX
BEEAR (A/B) | ny, 1HREREHBE (v) | dy, WEEEFFHAK W/y)

Fig. 2313, ()X E2HOTRE L7, BEEE 1, 3, 8 OBBEL L & OER T » OMENZERE T
b5, ENEBREECREABZOMENZEERER T I21E, Table WOBBE = Fv7:, HFHEHES

400000 - 3
£
i 1
¢ E 300000 [ 1500 S
® o & Es
B E ) i € w
H 2B 2 200000 : F1000 35 8
iﬁ Sx 3 | w8
— y 7
REFT %8
= ¥ 100000 - 500 &
5 = =
£ $
< -
q OJ i e _0 @

0 2000 4000 6000

B & DR

Distance fro beginning point (m)

Fig. 22 KRORFEFHAERE, AMEER, ABHXRE ()
Forest areas being developed, log flow volume and labor flow volume of
main road (Takahagi)

—, PARHMER , KAfoig, - , ABEXME

Forest areas being developed Log flow volume Labor flow volume

B
3 B 1
Ie) 15 Route 1
=
()
z
w g
= E
@]
= 5
£
g 5b
2
@
o
o 1
A 0
0 2000 4000

B S © DEERE

Distance from beginning point (m)

Fig. 23 BHROMERZEROEE (Fk)

Estimate of forestry traffic volume of each route (Takahagi)
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EAOHMELHERARIZ, [HHERICET 2 EFRHE] FRHHEPRSE, 1987) PHMREE
(F%, 1990)F2SFICL, | FREREHEEL, BEEMEEOREIL L, SoEORMMEMEN %%k L T
60 EXEA LIz,

RERBRIC L 2 L, FHRAFHERY 619 hao KBRS OMENZER I 17.2 B/dT, 2 ONFRILEH
B 3.1 A/d, ABERXER14.15/de2 ), ABBRERIZEED 8 F E 07, FRRAERN
FARORIES D 206 haD RS 313 8.2 5/d, 54 haDBHRES 8 13, 1.5 B/dBSF L FNOBIFES
TOWENZGER LHEE S h, BEIAY THEORE, REGEMCEI L Tw5, RENTERE,
OO & S KHEMEEFES CERRVL AL LIRS, BERSMERL 2R H D, BREK
BT TP T 20T, HFENZBRICIEZS 2 BRFTE LI EEFEBIAS (UF, 1977 &
M, 1980),

(4) Eif - NBERIERE

OB BIX LK T 5 &, —MBEICFARE S & REBHNERIC 2 2 O TEM IS A\ B#XE

LSRR 25, BiXEEOMING, SHRECHINEOROHERICNL T, BXBATHZE
DREFERCERICE S, SHICERBOREH TIITRICE <, Fig 2413, &EH, ABREEROSmR
BEHLIZDIZ, BFLEL O EBGESE COEBCSBRERZMATLKTH S,
ZOBITIE, FREEHKS00mTH S0 L, B - A BESIEEO BTN, RPEROK 6
M7 2473300 mT, 3000 mEZEEDBERSE AL T b, PENEHN - ABEXERT, WEE
BEFELOH—CEBIN TV IHEEICE, HFHEEORLUE L FARES» OB —RT 51T
THEZ 6T 5L (BEHFR, 1987), £HIZ, FFEROL 6 FHoF9EN, ABWMXE#THS
s LT, KEBREBGEZREDNZL, K2 ORISEEI N HERTHL L
BT Twnb,

£ 5000 - /
Q.
=N
@ = 4000 / /
Efz / / //
S ¥ 3000} // /
&g &
w5 2000
® g E
¥ 53 1000
= .
0 v 2] 3 T4 [se[r] 8 [ohoufizf1z1415

HRES

Route no.

Fig. 24 REROEM, A\BEXHERE (FHH)

Wood and labor transport distances of each route (Takahagi)
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4 WEBRHRTHE/ T A — 5 O

4.1 #BE

ERELEKOMZIZ, ELHE L TORSOBMEH2Z, FEMBETEAZNBALBLIEL,
Wb e RET 2 EEL LT, “RBTEHSEL” LEFShZ ZLo8%0n (FF, 1967, FELT
IEMIC S 3 BT O, HITER 30° LLE O R EMHIE 289, 15° BLE T 70% 128 L, HlAz i,
AbigE - FALHT I EERI A < A L, WL - A8 - MEOBE A I 2EAB S (PR
(AR, 1964), WOEOMEROHMARR AR L HE L 20 (JE-2Z, 1989) =, JLfEE £
i, MWEORENZRE/OBTE 2HIE L, 4.6.1 O % PEEN#E (DIETZ 5, 1984) &KL
T, HBORE2BEMNT Sh 3,

AEEE 2 LEM RN R T 2AEREHE T, BSTHEC LELBRBRD 5 2 -5 Th L%
%, HREER, ANBEOMEBACENE, STHECRIZTHBOEEBRIRNE », 7, IEKEE
i3, MEEOKERBECHNEE23DRBESHTHY, ENECSTELEYCHET 20Ty,
BREORD OBV 2T 2 2 o 8ReEkn, RER, HEREFHOBBAERORE CLE
g, T A—FDREEXRBTZ2HOTHY, EHOBHZEITOEY TH 5,

4.2 Tix, BN D o HEBESBS I TET 2FEERL, BB, HREFE L BpENORTF T
BT & 2 2 & &by, THEERCHUEZOMBE» oHBORELR L, WEFKR L 2EFEORH
FEBE L 720 BRARTEAM 0B BRGNS AOM L P BRI 2, MBS L IERI CRE L 2,

4.3 T, POEBIZIC & 2 BAM S MRERE S L OFMIEROFE,» Sz LT, FME: TR
L, FMEBEBE#REL 2,

4.4 Tk, ENE, \BWXERUSTEORNBAERAE L 1o, EME, ABHXRE IMERENIC
BEL, REACHBOBREHBALL, HTEL, HMEEE L OBRIEL, SEESEHL LTLE
RBRTH S I LRI,

4.5 TR, EML AT A LEVEOBBRERID £ L 01 BRREM Y AT LA LERRAEM Y AT AT
B S NI EMBESCR I, SMEE R L ERE 0BRSS, BEEM Y AT LEBEL
T, MEFERHKEORE 2 ATEEIC L7z,

4.6 T, HMEEE L OFFR TEMBOSITE 2 ERC TR 2 7 0SB R, HEFEEELERRKOM
BEE R RREA L 720 & 7o, BREFTERIC & 3 SATHIETE & T EF 2 BRI MBS L B OBIRERETL,
BEARFRMCBE L CRRIEE 21T 0 B S O OR L 2R U,

4.2 HRBIMREER

BREE L, MERSEIC R 2 LD TELLEELHERFTH 5, FEHOTELBNE, BHREC
PEEMEZTHETEREL, MERROTHEGENITS Lo LB L FHAE, MEHERIC L 5 ER
T THRETIC S, BIRBEERERET A b b, ZOEOWRIZIE, B (1969), /[ (1983),
A - 357 (1988) &b b, HE LHRBOBEFRE —HRCEAD TS, IITRESE, KEHRKL
HRFOMMREMEE CED THO AT 2ORENE Lz, AHITH, HERETHZINL3HE
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1~3#E, ZhDAOEEMEIZRS L THTEED T,

4.2.1 MEFRBORNHE

1) BREUVTE

BT, FREFFE W HOE L TE 72 IEA 60 £ b & IR 62 5 10 BIR & M- REMAILHGE 79 g
(35 FF) OFEHE, HERGEERERUMER TH L. BELBOEELZIT 2 LD E2IHNRE
T 555, BROBMNEBSIE L & 508, YFHEOMRESEMO LH 1T, TROBHE»S HT 1%
R L & 5N (BT, 1991), 72, FrAVEBEORRTHEEOKR S LEBEYREATHEVLOT, &
Bom—HicREIR 2 v,

HEOBRERIC I, HRCET I ITRTORERNRET 2 EEHEHO & L, B, A1THH,
TEHEM, MIERH 2 VWEEBETIEREREORS8H 5, HRCETIEBOIERRS TH LB
%, XTHE, EETHEBROMMGY Fig.25xd, SEFOMCR, XRXOBENRDIOI emns,
SMOBHC L > TENSRFOSIFTHELI L2,

(33)
(34)

(r=0.998**)
(r=0.997**)

% =0.91x+0.15
1%=0.67x—1.96

fefZl, v I ATHEE(TH/m), 5 BEELHEE(TH/M), «: FEETH/m), *  HERK)
OHEARHE (.01
B E A2 BAR, HMEBFHCETITRIORBLTRELOT, HEBEOTHIIEEES
S A U

EHEOPE % Table 11 IR, HEHUE, tl
1 #(BEE 5.0 m) 3 22 BEAR, FIRRCHIE 2 & (4.0
m) 29 &R, HE 3% 3.0m) 28 BEEROEET 79 150 F
BEART, FEMBERIZS5.9km ThD, 1HIL,
WosilE (1) 05D 3HE&TH 2, HEHK
DENTROT M — T DHTER, BHE, TH }ﬁ# &
FEoER O T, RREOBERNRERENT

- 8~
. #iﬁfg
RIZERLEARTIENTE B, X &
45 PR B O MU AR B PR X, 1/50 000 O fétéﬁ
&

R LT, REDEAD S, 100 m B X [ [FLE

100 |-

&

%
Costs (1000yen/m)

o
(=1

0 d i i I
0 50 100 150

Mz & 2 FETHE L (8, 1965), #OFEEx
UFBBOME L, BEEE, ROEMPEE
(R)=500m OFAHIZE LN TRTOHROK
PRIEL, km? Y- D WCBRE LB TH 3 (FEH,
1971) , Z OMOREEE I3, RETER U EER
EEFAB D 55 ABEOREH ALY 79 B

HER
Total cons. costs (1000yen/m)

Fig. 20 H¥H - toMIREARXS & OBF
Relationships between total construction
costs and itemized costs

+, KIFR;
Direct plus indirect
cons. costs

O, HHTHE

Direct cons. costs
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Table 11. #lE O EHBLE

Outlines of materials of forest roads (regular)

PRIEHE EA¥  THEE  dEHEN +HE BEE HRE
Forest- Samples Annuatl Terrain  Soil Valley den-  Cons. conts
road stan- cons. slopes (%) sities (1 000yen/m)
dards lengths (%) (piece/km?)

(m/route)
Ml 1% 22 700 45 88 22 88.0
1st grade
FRiE 2 & 29 740 42 91 20 62.2
2nd grade
il 3 #% 28 679 48 94 20 44.0
3rd grade

FERETET—5 I, TRTCEEOFETES

(2) HEHRBCRELSEZ AT

7. BHEREE THIT 570 OO EHH

RLOEMZ B THEER 2 EE T 258, AEEERRLGEMEZE(R) VN 2R, AlEizE
bREWZEDS, —ER=250m #EE FORA L T2 (FFE, 1968), LiL, K&%Z R %M
Wbk, BEEAEL» SEEN-BIROMBEMEHET S I kb, 20, BREBBOMBER 25
ETEDORRI, HEBRECLIIEEL, R 2MPERE2AIET 2 2 L2 EREOHLEG VI
b, FIT, EE% 5 R (100, 250, 500 m) THE-HBAES & R BEOMHBEEHE» &, FREL THIT
L HOEL R BRE LI

Fig. 26 i3, R J & OHRER & MEREF OFRBRBOHERGRE () THS, BF0 { } &, Ebn
5 R=100 ¥ 250 m, 100 ¥ 250 & 500 m, 250 & 500 m OEEEDOMEF» SHE LY » TH2,
OHEEN S, RBEKEWVIEEY » EL, R=100m TREFEEELE S TEEELD 2 DD, D Rz
L BHFICHANRT, HERLOBBIEEED LI FHTEX 2 2 a0 d o1, LRKOMKEIFY, B
B LHBERO 7 25E W B, EEBOKEIZ EHBERIOBEN RS LI L ERLTWS (.
I, 1988),

1. HEBCEEYS5 2 5RT

HERBCEEPSZ 2FERRTEHET 2700, KELIEEHOTHFLL, 2L, FHRES
AERIC, FRBCHELE2LEZo00D, LIRFETATALACEEL TTote 747 41,
BREMG 2 HER, 7EH, 1E, THERNFZER, THER, BEOMNE, BEOGESE, H21
YR HSIEE, MBI, AR, MEBREBEHCThZFAREE L, R % Table 12~15 2R T, &
BL1IEDOZDDOHT T) 538, 174 7AT2DHFT)—& L7 (Tablel2), Table13 i3,
74T AOHTHEEER TS 208, HERBCERICEVOMRRVDT, 747 L0OBFERZHKEVL
3, Table 14 ic X a7 L {RMEBEES, Tablel5 74 7 A2 - BESOEHBEEGEHOTLETT,

CORR, BRERFHAT L7474 LT, IATF2AVIBESOERBERKZ 0.872 20T, B



— 40 — FMR SR RSRE 3725

1.0

- 1o} {at

el

1 1 J
100 250 500

RLLEEMI

Radius of measurement circular R (m)

HEFARE R & B R oo fHBEMR A
Correlation coefficients of between
terrain slopes and cons. costs

Fig. 26 [RLOLEEMFER OMBER & AIEFRRE OHEBERE
Correlation coefficients of between terrain slopes and cons. costs by every
radius of circular

o, HETR: O, poE 28 : ®, i 3k
1st grade 2nd grade 3rd grade

FEDOSEILRIDIIWTFTHETE ), Vo, RHEBEERUTT A 7 LABREZ B0 EHBE
R LT 2 L, HEBCRELS 2 2EELETIORER, HEfig(g8), 18, THERT
HHODGTMDB, TO4EFE, HEM ERERBO 2 BT - RO EHEBHR IR 0.829 TH Y,
4{HETOBED 0.861 tHFBOTHOBECEL L, ZO2HTFTHRED T WREISHETE ;.
RS & R OBRE O T 2 FEMEBEGRKIE, ZEN0.63 £ 0.64 TRHOT 1 7 LICHRTE
SO L, PEIENCEL 0.28, BEEF0.0L 2T E 0, L EOERIZ, HEEXIRT 23R
Fit, BAWREEART IHBEMN L TERAFERART IHRERBTH D 2 L 2R, 1H, BEOD
I, H2VERBERDEHENREEE, BRECHEIIEEERITELVEFTHEILEE
i1z,

(3) MEFIRE DR

7. MOERE - TSR
MEHBROBZEOER, TECEES52 2 L E2 0 2MBERENBEA—-THZ b2 D
%3 (Table 11), #ki#i 382D 44 000 H/m i L ¢, ol 18I 88000 H/m Lt RERBE3H 5, B
HELETIR, MEIR B 2H  AREIHE=1:1.4:2.0 %3, 22 TH, BYICHEREEORE
BROBE®YERT S, FREL1:1.4:2.04F, Fig 2t xBRLA, EEOVRLEH1:1.5:1.9
EBIEI1I1521KEIE—BT 5, COLEE, MEOHEKEEE LT, 2EB8%3, 4, 5mk
L, BEDOZ W, MUGE VIR (&) RO >OBEBE LYy, HElkE=E 7 (Fig.28) %
HELBEOWERIL1:1.8:2.8 AT, NIRETH S, HEMEHEE 7 VORI~
HEOTEHM/PNEVERIZE, OQILBEENHLIBEL LRI RS, T TE2LEE LLWERST



Table 12. #&EAL 1 F L 2HEFHZBEOTFROI-0DL 7T ) 8
Classifications of categories for estimate of forest-road construction costs by the quantification theory (1)

7 1 7 VA & Va o ) -
Categories fii £
Items Notes
1 2 3 4 5

Terrain slopes (%) Measurement value by using circular plastic plate

B8 (m) x 3 4 5 2HEE _
Widths (m) Width of forest roads with shoulder
+H %) 0 w0 21~ B I~ O ) 5 81
Soil (%) Ratio of rock to soil
I%ﬁg (m/fﬁ) X4 ~500 ~1 000 1001~ %a@fﬁ@sﬁ%‘iﬁﬁ B
Annual cons. lengths (m/vear) Length of being constructed during one year

- BN, BB OREE
MR % i s IREUL, E -
Sorts of regions Yes No Pe(:gsil(;grrllatlon of mountainous village or depopulation
BERDOAE X i 2elis7] B MOEDIERRUE
Locations Valley Mid-slope Ridge Forest roads location

2 AFHEEEL00mY 72 ) O E{EE
%ﬁ?go}?tﬁgi%f%ences (m) (m)  x 7 K 7B Sgifglt difference of route per 100m at horizontal
BABCH) % 2 fi BESSE SRR ORMBIE DS 2 11F
Finance of prefecture Rich Poor Financial condition of prefecture
AK % i ﬁ FIRKE A AK .
Houses No Yes House existence within forest area being exploited
PRI H0 Dk 2BLE K3 D SR AL . ,
Indices of road effectiveness Adoption standard of subsidized business
BERE (B/km?)  x 5 . BRI O & O A
Vallg/ densities (number/km?) K 20K 20BA 1 Number of valley along route
HERRE (T v BEE (TH/m)
Construction costs of forest roads Construction costs (1 000yen/m)

(OF) (1) 0 £ EII RN ISR & o 20T
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Table 13. #HEZE:2 TET 27 4 7 AONTHEE

FMRE ARG

BING

Correlation table between items for estimation of construction costs of forest roads

X X2 X3 Xy Xs Xe Xz X Xy X10 X1
x 1.00
x —0.11 1.00
X3 0.50 0.17 1.00
X 0.35 —0.05 0.23 1.00
x —0.14 0.14 —0.06 —0.11 1.00
% —0.16 —0.15 —0.02 —0.08 —0.06 1.00
x —0.04 —0.24 —0.15 0.22 0.24 —0.01 1.00
x —0.06 —0.03 0.20 0.08 —0.10 —0.03 —0.03 1.00
Xg 0.11 0.52 0.26 —0.09 0.06 —0.19 —0.13 0.07 1.00
x, —0.20 0.08 —0.41 —0.16 —0.04 0.10 —0.16 —0.04 —0.03 1.00
Xt 0.25 0.10 0.25 0.21 0.01 0.09 —0.17 0.08 0.08 0.21 1.00
y 0.60 0.51 0.59 0.35 0.08 —0.12 —0.07 0.03 0.39 —0.17 0.28
Table 14. A 2 7 R UMREHERF K
Scores and partial correlation coefficients
AT Y — B a7 vy LEESIES - S
Categories Samples Scores Range Egéftfl?cligr?trs relation
x 1 16 15.98 55.37 0.62
2 15 34.29
3 21 44.24
4 15 55.25
5 12 71.35
X 1 28 0 45.08 0.64
2 29 25.41
3 22 45.08
X 1 39 0 18.66 0.28
2 26 9.40
3 14 18.66
X 1 12 0 16.78 0.24
2 57 —3.58
3 10 —16.78
X 1 62 0 7.54 0.17
2 17 —7.54
X 1 20 0
2 48 —5.68 5.68 0.14
3 11 —4.32
X 1 33 0 4.45 0.11
2 46 4.45
X 1 44 0 2.52 0.07
2 35 —2.52
Xg 1 42 0 1.69 0.04
2 37 1.69
X0 1 48 0 0.63 0.02
2 31 —0.63
X 1 46 0 0.46 0.01
2 33 0.46
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Table 15. 74 7 A% & HIEEHRE

Items and multiple correlation coefficients

Items
Xy X X Xy X1 X X X1 X X X
X X X2 X2 X X X2 X X X
X Xy Xs Xs X X Xz X3 Xy
X X X X x % X x
X5 X5 Xs Xs Xs X5 X5
Xs X X Xg Xe g
X7 Xr X7 X Xz
Xa Xz X Xg
Xg g Xy
Xi0 Xio

AR RE 0.872 0.872 0.871 0.871 0.871 0.869 0.867 0.861 0.851 0.829 0.613
Multiple correlation coefficients

o SEIRE MoE 2 % il 1%
3rd grade 2nd grade 1st grade

Fig. 27 #EREL 18
Earth work volume of every forest road standard

A, y+&: N, &+8. , Bt
Z Cutting Banking & Waste

5, O, LESHHAL -, HEOHEROSMMLIL, HLMKEE 7L 0LEEDHE D/
SV EHHENS, AT HESE Im L RELLSE, LRI 1:1.6:23 L85, TLELL
L b, @LIEEOBADECHEIEY, BMORA LR 570, BEORECLREMS 2 &
HET50P—REBbh3, LUk, QREBOLEL -FHZRELSIZIZEICELX DT, BB
Fhankiaohs,

EETEEOSED TEYINR - BREAE 2SR U7z Fig. 29 RU30 55, HEHRKIC L 2 TERNED
SRS £, O TEOSER, SEOBOHEEEAS S, ORBOBRESIE, FigkomkE
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AB=3m
AC=4m
AD=5m
AABE D AACF ! AADG B
=1:1.8:2.8

UEEY

Cutting surface

sl

/ A o
Forest road

Fig. 28 MEQHLEKMER (£4))

Design of stmilar cross section of forest road (all cutting)

I EHREEES SRS WEEICH LY, BRESEERESECETY, QX THEHSOERIFEAY R
{, 2B D LEED BRI, ORBITE, JkIBEOZE D, HIOTECHNTIHE YL, Z&
REBETon B,

ORI, HRERKC X 2HBREOEE, TEERCEZL, FLLTEEORELSE U2 1R
WERT S C L EEKRL, FRCBRECE N TEMTbR Tw 202K T, Ml iXEAN 2 HER
wDT, FRCrrb o TRABO THERNETLLARELOEZLLH S I, BELHERE DL
TR 5 WEBIRTIE, EMCRE>HITHEAEDOH Y H, RPHETL, HAIZ0H D K OBMK
BESHEONTWVLE LWL,

4. tRoERRE - TEER

4.2.102)T1, BEL 1 EE2AWTHRBOTFRFELR L, 2 I TR, 22 TRV ER»SEL,
HEERE TR 2 BEREAERE LTEIRETT,

y=—67.525+1.241x,+23.252 %, +0.299 %, —0.027 x, (»=0.87**) (35)

22U, vy HRE (TH/m), x  #EEH (%), »  ER Bm, 4m, 5m), % 1B EIH
SEHOLED ZEE), x  TBER (m), ** ! BHREFRE () O0BFEA#0.01

BRD 7 120.87 TH, BHREBEOSHFAL N IDORTHIATE 3, 3B)A»o b, HALKELT
HIFER & B (EHE) SHRBIHBTH 2008905, r150.87 & ¥ 3EAIR, OHIBE
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Composition ratios of direct construction costs

A, +x; N, mer: B, kT

o Earth work o Ballasting Drainage

g1, HEET N, smrzl: B 22E3%
Retaining Slope pro- Others
wall tection

MEORERE SRR T 2 HALKORME, Oz DRERHCER Y 28, 02 ZRABEZSh
5, O, ZVORERZBHRBURELREEEREG 2RV I L, HB)ANDHPELBDORBOKRE 2
D55 DO THER VG, LT, RA—RETHEESSIEZRCTH->Th, ARBKREZESEL
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2HA%E, BETEBROMI» SBT3,

(3B) A TR TFHIER, RAEBRORETOTBRET IRBOEENRETH D, -7, FTHIE
LEHEOREERFIHL, TEAIOBB 2T 5L, TEOERMZEML -&M4T, BEO#H»Y
WUTH, BECHFOCIBOBE2HL I LNTELRTTHE, 0L 2BALS, AEKGEE
ERLR TRCHRTEEOBEIVBLOS Y, FHIECHARBAESKEWI5BR (AV—7), B
EONSOEERNL OBKE BIVv—7), BERZLEBE CAV—7) @/ L—Er 7 LathxED
7zo Table 16 R 17 13, 7V —7OFHOVIEEL B - EETHEEO THIIBRIAE TH 2, ZOKR
WdbE, AZV—70RBEL LTI, TEXEVLILEEDLIE, BEBOLSOEINENS, Th

BETBHEE2 b FE-TwR Z B EToh

Table 16. 7V —7FD+8 5,7, CTNV—71F, LRHARLTEHEED
f each -
Earth work volume of each group £ x0ETH, FTEERE LETECHSDH
X 53 Vi+E BRiE B1LE S D
Classifi- Cuttings Banking Wastes °
cations  (m/m) (m'/m) (m'/m) Rz, BRT L1z - T REBOBEETL
ﬁ%%;f 182 6.6 9.6 ZFig3lickal, AZAV—ZRELSHEL
B7nv—7 13.1 6.1 58 St, TTEEIEEBONE, dvTh
B -group : : )
_ DPESZVWERBTHEREATZOENL, C7
crn-7 151 5.1 7.9
group V=7 ETEISVE, BEEOD T OES
Table 17. E#ETEHEOERIS
Composition ratios of direct construction costs
X 4 £ T OB B OB K B B ZEHEE zo#t &t (&8
Classifica- Earth Ballast-- Drain Retaining Slope Others Totals (costs)
tions works ing age  walls protection (%)  (1000yen/m)
ATN—7
A-group 30.5 2.7 15.6 37.8 8.7 4.7 100.0 (67.9)
Br7n—7
B-group 35.1 7.6 22.4 25.0 6.6 3.3 100.0 (32.6)
Cron—7
C-group 43.5 3.5 16.9 27 .4 4.9 3.8 100.0 (37.7)

THRENTHL20EA TR S, L T8, BEBRLUAOERIR, IV —HETKEECRASLT,
BIZERBEDTHESTbIh TV 3,

FRBRERET 5 TENTH 5, AN & R, L TEROBRE 70 v b L7028 Fig 32 KU 33
Thb, kb, AVNV—7, HPEROECHEESSLEHETERa N T DIINL, #
W, CON—7 3 HEEN D BB BRI N TS 2 L BHHBICRN T v 5 B ER L TEOBE
i, SERETRLNEE V- FRICEHR BRI E L, RO NIV IEREE o, DEOER
12, FRBOHE» VL CRIZTHEBOREDOK X S 2EMF, tEERIc T 2 - TH%, HEBD
NIV FORKE S, BEENOUEBCL-> T, EREMOBEREHFE 2,
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Relationships between earth work costs and retaining wall costs

0O, AZ—7; @®, B/rv—7; O, CIZN—7
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Relationships between terrain slopes and retaining wall costs
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Relationships between terrain slopes and earth work costs

O, AZn—7; ®, B/rv—7; Oy, Conv—>
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v . HETEAER & TRERRR

BB EXET 2 EH I, MERBLHBEHNTHSL Z LI 4.2.1Q)1 T2, 22T, Hu#
OB E BB IIHBES BRI RIGT 2ERS 5 5 758, HER - THEFEEOHEER:
it e eT, RREHSHICT S, SRR % Table 18 RUF19 1R T, ZO&ER» S, WBHEM
EGDEVEBERCH L IESE: L TR, tTREEEES T oh, BHLEFSECDRLET
BTHHI BT 5, Lrl, ARELHESRBEC—EOERERAD Shixv, T TH - HER%
B0, B PR E OMHEBRE () 12 0.8 282 2V IEEBERKC R Y, BXOEEZ2M
25k, BOBVREIELEY »r 3E k2, BREOMEIRY, ETEISMEEFICBRCRIGT 2@
AaH 3z, THESEL LT r B8EL k-t Bbhd, T TEBLEREOMBER LD r ik, Zh
£40.65~0.76, 0.55~0.63 TH2DWNL, TTHELFBBRLMEL - RB L HUBEMO » 13

Table 18. HIAHEF & TRERIEE OEBIARK

Correlation coefficients between terrain slopes and costs of construction methods

MERE 4+ T OB B OB ok B B ERE LTLER Z o

Forest-road Earth Ballast- Drainage  Retaining Slope Safety Others
standards works ing walls protection  facilities

%iﬁ 1 ﬁ& * % * % *

Ist grade 0.76 0.37 0.01 0.63 0.14 0.50 0.41

#ié 2 %& * % * %

ond grade 0.65 0.30 0.10 0.55 0.10 0.26 0.10

%E 3 %& * ¥ **x x*

3rd grade 0.72 0.67 0.12 0.60 0.08 0.25 0.25

) tHBARM (v) OFEARIL, **0.01, *0.05TH 5,
Note: **, Significant at the 0.01 level ; *, Significant at the 0.05 level.
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Table 19. HFAER - BB X5 DRI

Correlation coefficients between terrain slopes and sorts of construction

Ccosts
ME R TTEH L HEE EETEE B EH
Forest-road Earth work Direct cons. Total cons.
standards costs + Retaining costs costs
wall costs
**ﬁ l *& * % * % * %k
Ist grade 0.89 0.89 0.90
ﬁiﬁ 2 ﬁ * ¥ * X * %
ond grade 0.86 0.83 0.83
**ié 3 %& * % * % * %
3rd grade 0.81 0.77 0.75

&) HERMRE (7)) OFEARERL, **0.01, *0.05TH 2,
Note : **, Significant at the 0.01 level; *, Significant at the 0.05 level.

0.81~0.89 L EW I s, ROTERETH L TE X HEEOMRFRE, AOBERBEKILO>O8H0
3, T TE-BEBLHLLERE, EETEROBIRZTHEL5DTEY, W IEELHE -8 L
BoORcEHEEER (r=0.95) BEETLII LS, HIETCHRESREEINSL LWL D,

4.2.2 {EEMERREORME

() BERULE

EENE, EFECHRIEL TS, T2 EE» SRS EECHR S n-ER Gt 12 /F8) o
BEE L BEOMB LR ULEAR MR 1/5000) TH 5, SREHGIIEERME, H5EMEHhoE
HETHBINLLOTH B, 3.2.2 ThRN LS, EBROINECEBL TE, BiC, (FEREDER
KEZNTIREBTHLIODICERE L,

BROBE % Table 20 iR T, ERHEUL 64 BEIR T, £IBRE 2.5~4.0m O&ERHICH 2, AFRIZ 2.5
m 4 2 BhR, [EREIC 3.0, 3.5, 3,6, 4.0m A ENFR48, 1, 4, 9FRERT 3.0 m DRI T HEEA T,
EWELHD WD, BRABHOMBEESORE X, 8L ERCRLERTITo 7, RL.OEM¥EER 50
m &L, BEES»S 100 m ERTHEE Lz, HEERUAOKEILERFTE» S5,

PIRE L, BEB~—AT3.0mUT2715109 F/m, 3.0m Ll E43 17835 F3/m TH 5, ph#id, fF
HEEDIEOMRELET S L LoBAELNRICULIRES H 2 HCE) | -HaHE, 1986 ; &), 1993),

FEHOEEMEOBREIR, HE

SFMIHARTIIBEOKETH 2
Table 20. TEZEMHEDEFHHE
Outlines of forest roads (low-structure) (Table 11) . BEEEIESR LB AD DO #
288 EAY THER HBERH I ¢ ARSI, HIE DR RF 9% T
Widths Samples Annual Terrain Cons.
with cons. slopes costs Hotz, REOERNT 45% 72720
shoulder lengths
(m) (m/route) (%) (yen/m) T(Table 11), HEaZilE L 3 &
17 835 FEﬁO)I%EE(Ii 626 m T’y **ié }: IEJ
3.0~4.0 14 780 42 T309~82 606

ﬁ*ﬁﬁbﬂf:o
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(2) TEEMEBARBORNY

BRI OB R IZ, 1402~82 606 F/m DOEEHIZH 5 (Table 20), BE & RIEDOBREOEIL 55 &I
KU, BRRIC K BEENKE N, 22T, £7, 5B bRIBEOFER 59T %, Fig. 34 i, B
BEBEOSHHBTH S, THICE B &, 10000 F9/m AT OBERSTIEIR 50% % &8, 90% DBEER I 30 000
A/m BTN E 5. RS OMFEEMRE L, Ml 3 B L TRl iERI T 3, FREO»
b TR LBROGEDY, BELXHES S5 1 FRXOBD 5,

HEBRBCEEEARIZTERFIR, 4.2.1 THBL L O KR, MEFEIRER) L EEN TH - 7.

100 = 5
< | s 8
<80 ¥ 4 o
5 oo SP
g i S
® o 60 Je)
& &
&' o 8
Bk E 40 8
= (o]
g 20 I~ ! O&
3 / .8
0 [l ! ] 1
0 20000 40000 60000 80000
BERE

Cons. costs (yen/m)

Fig. 34 {EZEMERRE DR MO

Distribution of construction costs of forest roads (low-structure)

®, E¥hE . Low-structure O, $kiE 3#% ; 3rd grade
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o ™ e o "
S 20000 e T %
o ® [ (o}
) . ] e LJ
0 10 4Q!1§ﬁo g)‘fag
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Fig. 35 {FEMERRE & HIBEM OBR
Relationships between construction costs of forest roads (low-
structure) and terrain slopes

®, 2.5~3.0mLTF : O, 3.0~4.0m
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72T, TREMERRE L tRAER OB A JIR § (Fig. 35), BIREOFYE, 3.1mi LK
MHT3.0mEAT % 2726 J/m k@745 (Table20), ZOR» S I3FHRE & HFAER £ 72 (2B B O
I, PRETHS i ERELBERESFEARNE VL,

EEMEORENCMT 2 881, MEL REZVMERFRESR TS, 20k, FEMEDR
FHCET 2 BARN R EZ 7, FERRTE{ B3 2 KN, IhSHRBECAshOBES
RIELTV B EHEZ OIS, MRICNT 2EEA N LH 2 ORI, FHEBRcEhTwsEELs
n50T, A THKETITEL CHEE L (Table 21, Table22), REFEHERO “FH—" 13, thE
AELECAUER (A 7 v—7), “E" BHRERFE 2P PH S LIEER B 7v—7), “#
B” AREHE, S L TRAHET 24, BELARC L 2MERRK (C/V—7) CEEFLIBET
b5, ERBELHEFEANCRLI: Table2l 2 X % &, dL#HED 2313 H/m 5 EREED 36 458 [/m
¥ CHEERE L, BECHBEN S & —BLCHAT & 22, Table 22 i, FEHEHAFOEHER

Table 21. etk OBEFER OBRE

Construction costs of forest roads (low-structure) of each prefecture

HERFR A | = HiFAER BB EerEEA
Prefectures Widths with Terrain Cons. Sorts of design
shoulder slopes costs document
(m) (%) {(ven/m)

Jt¥E

Hokkaido 3.6 38 2313 C
HE

Gunma 3.0 61 23916 A, C
¥ o8

Niigata 3.3 40 6 260 B
E B

Nagano 3.0 54 20 386 A
|

Shizuoka 3.0 64 20074 A
¥ ="’

Shiga 3.3 31 12 444 A
-

Kyoto 3.0 53 11 601 A
FOFKLL

Wakayama 2.8 60 14 097 A
oA

Yamaguchi 3.0 48 4228 B
m Al

Kochi 3.2 58 25 367 A
B K

Kumamoto 3.5 48 8 504 B
= g

Miyazaki 3.0 62 5 896 C
BRE

Kagoshima 3.3 42 36 458 A

) i&ébt%dﬁa@ﬁﬁ%?if]fﬁf‘b 3,
2. ZEtEsel, A, Al— |l C, mATHS,

Notes : Values of widths with shoulder are arithmetic means. L .
Sorts of design document are as follows: A, same as forest road (regular) ; B, similar ; C, indepen-
dent.
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Table 22. {EEMEDHBHA L FHRE

Construction costs of forest roads (low-structure) of every sort of design document

FETEER BEARR THER HFAE R B % #
Sorts of design Samples Annual cons. Terrain Cons.
document lengths slopes costs
(m/route) (%) (yen/m)
- 24 206
A 3 524 50 626782 606
- - 6 322
B 17 584 4 5625~11 453
4204
C 12 982 52 T402~7 830

THEH, [H—, HE, HME L HEXFBERA» SMEMEEETICONT, BHREIR 24206 F/m, 6322
M/m, 4204 F/m @D L, BOUBELWL, A ZV—7OBRERL, B, CTV—70D 4~6 5T, ¥l
SHD1/2THB, ZOFERIR, AZV—FB B, CANV—FIcHBEL T, HEIGEWELZTHREL T
ZIERHRIVIN, IO, RETHERAFEMLTHO»K T3, wFhicl 3, EEkE
WABM 3 2 AR OERICH T 2F 2 9548, MENBTHELRS L2 BITU 2R L -7,

36Kz, A 7 NV—~7ORREE TR 2 EERAERET T, (36) R L HED (35) XL HHE K
EHD, GS)XNOEMBARE () 08T R o/l 6T EE, rIZEL K\,

y=—46.952+0.255 x;, +21.8666 x,—0.018 x, (»=0.52**) (36)

7oL, v HERE (FH/m), o HES (%), ! 2EE (m), x TEER (m), ** . &M
R () OBEEK#(G.01
GORTIHARED IFHFATE RV, FHERTRHIBEOBENKE {, HBEMNPITHELERZIZ
EAEEERRIZE T, COFER» S, EEMREO LERNSR, BEETHEMN LB 2BH D00
TEARIEVL B,

HEAES LR B LR AL, VIREBOBES Fig. 36 WWrnd, 2O, RFHCLED
HHEINTOLB T EROBHKTDH S, A7 -2 ER C VIS I 2OBRT—RERI ¥ &
2%, ERAOHEBGRE () 30.45 L2 0, BEKE 1Y TEOHBEFZESZED s, FEZB, C
TN—7Dr #RDI L5019 THEBRRED ShahoTt, 77, HEES L IBE 2 HAEHK,
VBT BEHBEHRE T2 AV —7OBRRBRERDI: L 25, EHBHREE0.6L RV E 3%
viAs, HEFAERNZ G U TR BSHEL T2 0aRa N, fFEME (Fig. 37) L # 3 & (Fig. 27)
DT EERNET S L, 3R 10.0m*/m, B 4.0m*/m, &3 14.0m/m THZDICHL, A
IN—7RYI+5.0m/m, Bt 2.7m¥/m, G 7.7 m¥/m LiEE 12 MASNTWEB,C A L—7
RS, BHOYBLRETH5.0m¥m b RET, fFEHEO L BOD R 3B pdibh 5,

A 7N —FTRYIRTE LR EM CHBERSRES s hie 0w, FERE L AR HBIE R
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Relationships between cutting and banking earth volume of forest roads
(low-structure) and terrain slopes

® AN—7. O, BZXv—7; %, C/n—7

"‘E 1 ,\\\\\\N
-HE i %

Z

A

Fig 37 HEERABIOIEERED LR
Cutting and banking earth volume of forest roads (low-structure) by
every design document
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HehuDld, BETITEERSEL IO EEL 505, Fig. 38 i, MBFBEOE VL 10 BROE
BETHEEOTENSENFRTH 2, BBRTONSTYEFHKEL, T TEOSETCHRESRESLY
WIEERLTWS, —F, TRI0BETE, Fig. 39008025510, FTHEBBRTIET 6%
B, AIEYEHE Y 1500 F/m il F, LT LT IERBRORM L OERL TV S,
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Fig. 39 BRRE T 10 REOERTHEO TENSEAR

Itemized costs of direct construction costs
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Fig. 41 EETEEO LHEABRES

Composition ratios of direct construction costs

A, 11 N, #8T » HEARTL S

Earth work Ballasting E Drainage

. wel; N. pEgEL . B “2kE%
Retaining Slope Others

wall protection

HEITEHOTHESE - HE 2R Fig 40 RV 41 » 6, FEREOTEOBBEHRE - O
MEZDTT5E, RODIEP0R 5, QEBETEREE, AV —7TiI3 14442 9/m T, % 3 HOP
5% B, CZN—7125000 F/m iz, QEBETHEEOBREEL, A 7V —7 ikl 3 EnE
ML, BECINV—F L3RRS, T THIT 43%~65% % 5o, 30%EDOHKBIZLE~TH, HiZ B,
CO/N—7RLTHLT, HETEODREHMNEILD, @A FV—7F Ll 3 KO, LHFELE LK
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BIBIFZAETH L, BETEOEII56429/m T, TTEDE 4049 F/m 20T, #EEWoE
ZHERDEA ST TV B,

UEDSHERL OGS LR L 51, FENEOMNBMNT T PHRTOREIFMERFRTRL Y, THESE
BIIHAEL B EETH 3 OB T SNz,

4.2.3 BISEEM L HETEEERORTE

(1 FRREBEK

4.2.1 THEMRBCHELRIZTTREEZMT LR, MEHK BE) & i ER O 2 BRI
Ehi, FEEEEIC, MAER L BIRBOBFE 7oy b LI OnFig 2TH 5, FRREZ, BHE
Bk ABEEICEAENE L, XA TTENS,

n=18778e%%2* (r=(.90**) (37)
W =17 400 > (r=0.83**) (38)
$»=15135e"®'?  (r=0.75"%) (39)

727F U, 3ol ARE 1 ROBIRE (M/m), 3 ME 2%, » PR 3&K, 0 ER (%), **
F# () OHFEKE.0]

Fig 2R UG@N~GBNR» 5, BHEBROKEO L L THBEMIKS RS BRIk B2
L, HEREOEVIC L 2HBEORE, HREMSAX R E L ERBIEAREL R ENES
B5b, 3N~B)RXNOME I~3HOERNL, rOREILLHMLT, BRBEOTEICHE V2 L
BARELEZ 6N b, - T, WEBRTHE 21T 5 72 Ol 1~3 BOBREES 12, N~

£ 150000
g
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®
172}

gﬂé g 100000
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50000
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HUFARRY

Terrain slope (%)

Fig. 42 &S} & poEpERE OBtk

Relationships between terrain slopes and construction costs of forest roads

A, BT [, ##i2 & @, HREIK
1st grade 2nd grade 3rd grade
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RSO LR L LT, REMWESED T 7 Table 23. BB & #ERFEEBEEHK

Functions of construction costs, and repairs

V—% 5% (HREFFY, 1991) %2 RAATEIEL S, and maintenance costs

Table 232 WA I & &9 3, FRIEHRE BAZ B R 5 i THEEN
FRHEOBREI 1.2.2 THFLEES 1, B g foiosts Repalrs and.

BRI £ > CHRICN T 3B ANRED, B T em) G functions

LBBOUBKEVLI LS, FEHEOER M SRR
rERAT, MEEETHT 20X %2 5, ;ﬁﬁg;d; e o
ZDT®, RIOTTFEHEE 7L 2E0OMER  ndgrade U
BEOCEA L CRE Lo fREMGED E TR, ﬁéﬁgg;j%e 72 =15892e7°0 m=0.0047,
W, 5 2 MTable LoARTREL 1cphitibits . [PRINE  _oqgpesane = 004,
EHOMED—HREBT T 225, BEHEMH W) OAAER(%) Th B,
BEBE, HEEE 10km/h, SEE3.5my Ly, o & Termain slope (%)

HEREE R, FHEEE» S L THRE S R EPP TE

SREELL, MMAKBHEIRICEC2bDEEEL 2, FRIHE, T TeRBT2EFeT2T
Brl, BEEZOBEVIFERN L L TED Y, FIBEHEE BEHKTRESIASEOFHEL, &5
TROO A E2BE LT, €5 T, EEMERHEBREROLHIERE, FEFRED2EE L L T3.5meH
ELTWH0T, HE2HREMHESROFHECHKREI ROEBRETLBRCLHD 2 TR L BETEHOE
BEFEULMELL, B, HE2HZEMEIROFH L L CTable23n L BHB/E L, ZOREHR,
YPGB BRI, HEIR/D 1/3 %4 ERIZ KB THRES NI, I OHE I FEEMkE (Table
20) OFERERIZIZT—BL 12,

(2) MEFFEFEEBEH

BEHFEFX 0198713, EEMMEEDOERZ b L ICFHRED 1. T% s FEFERHE L L CRAA TV S,
KEEIBE I EEMME ST 130 H/m-yBETH D (KREFT, 1991), ZOSFHEIIMZHE T 2H
BTIEN0.2% 22 (BEHFRX, 1987), —7F, EEMKERSET B A/m-yEEE (KEFLAZS,
1987~1991) TRAEMMBIZHB L Do v, HREBIHT 28T, RO 2% ERFEE L5,
KEERUAOERERR L, RAMMECRSEN ZEEIIRY ) 550w, BEMKEOBER I,
ST 33 M/ m-yBE L 80 (HREFARES, 1987~1991), BIRBE NI AHAE TN 0.1% k3, #
FRTOMHIR 2Rz Lk & 2 &, BREEL LEHEIABOEEH T 43~482 H/m-y& & h, TE
B THFERBICRERENDL LBROENT WS (E/, 198]), BLED I L0, HFTHEIIE
B, HIBIC Lo TR DOEIH Y, —BMICRET 20OREETH 2, BLIOENLER 8%,
FRE N 2 KEFEBROHESIREMMAE, EREMAEL 870.2%TH 2 2 &, BEAEMMEDERE
HHB0.1%TH 3 2 £, EEMFEOHIEHLSEERHE CERTHLOHLETFESLZ I .
EhBiAA, BRBED (4% 2 HERUEEME O FHREEE - L THERBEREZRE L 7z (Table 23),
IHIZHIEER (6) % 10~30" £33 &, 35~500 F/me-y & 7% O 3@k (&)1, 1981) L#ET 2,

n=19717e>%%% 1, =0.004#
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4.3 WEhithz FHR
HEMOBMIC L 271 FARE LT, BRUHOEKZ L 2EERMOBI B ETSh 3, -7,
MERARRFME %175 720013, ZOMBI bEEEL S LESH S, HEfRc LB Ak, #E
DEHR R T B SERER R ENE O & THREENRVEES S, L LS, B, HEE0E
BT ET-o HIE R4 5w, KETIE, AIH & FEBCHE EERECRS LT, ABOER
SR EITV, MGERSEREME LB A ERB A RE Lz, M- EENE, B FERTH 5,
4.3.1 FRERMOBRK & AHiEO Tl

(1) HERMOEE
MERt ORI £ Fig. 4$31R 3, 2 ORI, MERFHFERBTER > & B OB O KM+ A0,

IhziMEEEcL Hvohn?, MRNEREYEOE 2 ©, KEERE TIMEFY L TREBROFY
ExEH LD THS, Fig 430MHE & RA2HE 12, FE, WAL, BLRUEELREDOX
JICFEBEO S OEMICIE L, BEL X OBEMIBERM T e idB e UTlo . g
OB, ERIL, B3RS, HBCEVIEOR Ty FEETREFRES, Y, BLERERA
v, TOER, Lo vEHLSBELOD R TORMIEIIMRE L, 2 R 3IRZThTRFEY 13.6 m(E
KB 192~/ i 9.2m), BUITF12.2m (21.8~7.7m) RU'9.4m (15.6~5.5m) L&/, 2
ORI, HE L, 2 RUSBOEERBIZNL, Zh¥Fni3.4, 4.1, 4.7, LBRIZNL, 207

—_
|
i
[
1
I
!
'
!
I
1

i |
1o
tioy
|
[ I B
[
(IR
[
e
F A -]

Bt BE HOE HE B i+ FRHE
Banking Shoulder Widths Enlarged Side Cuttings Totals
widths  drains

H1g 3.7 0.5 1.0 9.8 0.6 3.7 13.5
st grade 3.1~0.1 -2 ’ 1.2~0.t [{.3~0.3 7.2~[.8 13.2~8.2
B 3.5 i 0.7 0.6 3.4 12.2
Ekld grade  9.7~0.3 05 30 TI~02 T.1~03 T8~1.1 3.8~77

2.4 - ) 0.5 0.8 2.9 9.4
r’dzgf.%de 51~02 03 20 73507 Ta~01 T7~00 15.6~53
(unit : m)

Fig. 43 MGERMOEK

Cross section of forest road
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h2.7 3.1, 3.11f5: %Y, THREIZEERIINT 2EENE Y, HERERE L 2RBATHERNEL S
DI, BRB L OHEREL Ime UTHELL 20 TH 2, 81X 0.5~0.7 m, F#i 0.6 mTHIE,
fIR#EE & ICHBTROS RV I LRSI Yt B EERRIELL L, #FAFA3.Tm~2.9m,
3.7m~2 4 mOEHEIzH -7, LEEBEIDTYURTH S,

Fig. 44ix, #3& 2§26z, BRGSO BMBE R IBEMEIC ERERTH S, ZO-» S, BTE
DEBNKEL, INHPBROFMIEBRAESEET2ERTHLOBHNS, HERFI B
OREEIER L Table 242 & % &, AMBIIMBENGEARI R 3 LI, AMEHRTE, ¥
TRt L RN BRS A S N, TE, AEEBERCH E VBRL L OSSH S,

Fig. 45i1ci3, Yiguyic FIMuREaR OBERR 2 BB 48 > TR L7z, #EEIAIHE, TS T
2B, R, %, v, BLoREE2RINL Twd, BLBOEEHSKEW I L83 as LTLhT

m)

Fi3tuiE

Total land width (

HpEAER
Terrain slope (%)

Fig. 44 BARA| 0 AR OF (Mol 2 #&)
Example of land widths of every route (2nd grade)

A, 2. a; B, vt B s+ N, 5 8., om
Width with Cutting Banking Enlarged Side drain
shoulder width

Table 24. HIFAAESIBI OFRE R OBEE (HGE 2 )

Example of land widths for forest roads of every terrain slope (2nd grade)

HEfEst HE 3= SN ke v+ Bt FEHbiE
Terrain Widths  Shoul- Enlarged Side Cuttings Banking  Totals
slog)/es) der widths drains

(¢]

(m) (m) (m) (m) (m) (m) (m)
~40 3.0 1.0 0.6 0.6 2.2 3.0 10.4
40~60 3.0 1.0 0.8 0.6 3.5 3.8 12.7

60~ 3.0 1.0 0.8 0.6 4.6 3.7 13.7
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20F ! ji
! TSR W A
_ S S B PR
E 16} fi '\‘i'\'! NS §
=} LRI SRS

g% w2f, & 4 WAL D V]

S LA ] ‘,k i 4 it b

R o YA AN i \

E F AV S Voo !
Y VAN 1 4. - A V! 1Y 1, @
= A PR e 3 gt M.-}":':':f ! / Voo
& 4 R aAAT I VY (b)

s (a).
O 1 1 1 1 i
0 200 400

F=RAIEL

Cumulative distance (m)

Fig. 45 EAIBEEER| O FMABRL OB (bRl 2 8k - wig)

Example of land widths of cumulative distances (2nd grade : route w)

@), &8 . (b), 8 ; (c), BN @, §i+; (e), Bt
Width with Enlarged Side drain Cutting Banking
shoulder width

nad, 2o khrs B0, AHEZ A T2ERMBLCH S Z EBETIT 5N 5, ORI,
RO LI BEENEZT 528, Thi3tBoBHoEENEI: LEEIN 3,

(2) HREFHIED 5
7. HHiEcREE L2 2HT
PR, ERRZFO TER T t B ENEOBBRAFOMBET CHMBIRES N2 EFE 2 515,
AHEOERICEL, ¥, AMBCHEL5 2 2RTOEL %, FAHIE - &RTOHEBRED 5214
L7, TERTIE, HERE (2IF8), FEREBEOH» D UIEE L U SR (IR hHEE
#), HERBEOPERE L UCHEES (RN MREME o 38T, BETR, HpEs,
AEERVLIE (THEIBCHL3HEN»S5EEOEE) O3HWFE L.

BREEFig 461273, HEGRE (9) 5, FEHIEL 0.05 OEEAETHEEND 2 HFIMHEHRE (£
WE), BEERAUCHBESTHY, 18, aFE L OBREHED Shkh o, £IRE TR -
BEIMZ - eEES I, FERRE L ECHBEEFRSH L0 HRTH 5, YIHEE, REE L Sl
B BRSES, BRI 2R cHEEER L ORESEENE Y o225, MBEMN L0201 %2TF
Eotoﬁigﬁu,ﬁi@&mmﬁf%—,ﬁ@ﬁ%ﬁ%ﬁ&@ﬁz,ﬁ%@%ﬁuﬁi@éﬁ&%
Lo FT I ERLE, LHL7id—0.3 0EYY, ZOBREOHEEORE L, 2EORMBEORY CR
DEELRIZES LI EW0h 5, EliEREOMBRTr BELZDE, ZOBEOBEMOHE»DIBELI,
PR AECEESRIZERLIEERLTWS, U EOERE»S, AtEL PR3 2HTE,

e EEEO 2RT LI itk D,
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1
0.94 +.,
% 0.8 )
5 0.7
E 0.64
Fd g 0.54 K3
¥ S 0.4 2
= S 0.3
E% 0.2
:5; 0-(1) X"' ...........
~0.14 N \{//
—0.24
~‘03 T T T T T
2ME8  HfitsH %ﬁ%% HEtES 0+ H BEE
Width Index of Ratio of Terrain Soil Valley
with unit price retaining slope density
shoulder costs

Fig. 46 MERMIRC ZE L5 2 5 FOHEBREK

Correlation coefficents of factors of effect on forest road land width

------ , REAY —0—, FAHNE ; —A—, B1E; -Gy HLHE
Wldth shoulder side Land width Bankmg width Cutting width
drain and enlarged
width

4 . FshED TH

ARG % TR 2 7. OEEEA & LT, #BMER & MEEEOB%R» 5 Table 252872, Zhick s
£, RFFERIC L ZERADO S TEHHPHEIINC L0, RERB ) RuTFh Bl mns, #
EREOFE U TRUOHEEN TH-> Th, BRI LICAMIBOELLAE LI LRGH 2

Fig 4713, EBICBHBRI N TW 2 MEO BB TET 5720, Rl 2 HENRIZ, ~FE L2
FEA L AHEE TS 25 L T2 TNV 2 FRAREEK L2V OTH 2, BH LT E 7113, Fig.
48, Fig QzHE L ZEBROZ WIHTHE T, BEFOREVE2HEL SV 1BEMET L TH S, £
Yite7rid, $RTOEMEEYL L, 2OVLARSR/INE 2374V THY, YIRS
TN, TRTOEFETYLER L RTEENE LI L2E7VTH S, EFLVOEKE, FiE, B
B, {8, AEoEizFig 8oL L, VLo AR 845, BLD VAR 1855, MEIIEEL
B, EVILETFTNORLIE, TNTRMS R EhZ L, DEOETFLVORREESLSHS
Tk, YIEEFVBHIEESNOY L TR GRS Y, VIR 8% E 7V ik v A HE
FHEHBOCEZ 20V A, TEBERTETLOLOMBEAIKE L3, BROCHAMEBEDL XS
bR ERoTw3, EBALBE LT E 7TV RHE L 2Fig 4Tic & % &, EBRIIES 38%
¥ CYIBRLESEE T LR EREYD, UL TAL SN TRET S, ORI, RE1ERUIHRE
BILABTH- 2, ZDZ s, HECHBSALIMEOHMIEE, HEZOBEMOREL LD
b6 T, HEREOERI L LI3RFOVBRITORES, MMAKFOREMN LORE s
ZELH-T, HBRELT, BEMTENE L D EVAREICR > Tw3,
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Table 25. ki H g O RERF DO EIRER

Regression egs. of land widths for forest roads (regular)

MIEAE 1 KERR ~ & FEERR FEMER
Forest road Linear Power Exponent
standards regression eqs. regression eqs. regression eqs.
i —#% W =0.0226+12.408 W =8.1714%123 W =12.0730%0018°
1st grade (r2=0.01) (»2=0.03) (r2=0.02)
FRiE 2 & W =0.0618+9.073 W =4,3536%%7 W =9.300e"0047°
2nd grade (r2=0.10) (r*=0.11) (2=0.09)
FRiE 3 & W =0.0506+6.880 W =2.6008°° W =6.896e"005%°
3rd grade (r2=0.18) (r2=0.26) (r2=0.20)

) WL (m), eBMER (%), I dRERBTH S,

Note: W, Land width for forest road (m); 6, Terrain slope (%); #? Coefficient of determination.

- 20
(b
. 15F
£
£
E 35
®E 10f (a)
E 5
g (c)
—_
5 -
0 | 1 i
0 20 40 60 80

SRR

Terrain slope (%)

Fig. 47 EBRLHELTEFNIC L AHEAMBEOLE (Fh5E 2 )
Comparison of land widths of forest roads between experimental eq. and
simple earth work model eqgs. (2nd grade)

(a), EBR . ©), tﬂﬁiii’z’&ﬁ-f (c), &Yt F N
Experimen- ATl cutting
tal eq. Cuttmg and banking model

earth volume bal-

anced model
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Fig. 48 #EF#E: FHIT 25 LT 7
(Deyite7r

Simple earth work model for estimate of land

width of forest roads (1) all cutting model

(&0) — 63 —

s o ¥
o

Fig. 49 %Jﬁﬁiﬂl'bé%%zﬁﬂ? B LTET L
VIR T B 7

Simple earth work model for estimate of land

width of forest road (2) Cutting and banking

earth volume balanced model

6, MM B, YIAR . 2. LI
(LU ZIAD) Cutting angle Cutting 6, IR a, BEGR: B, YLER
Terrain slope (deg.) width (m) (11 282) Banking Cutting angle
(deg.) . . X o Terrain slope angle (deg.) (deg.)
K df, B, 0, BoAiE (deg.)
Total width of width of road, shoulder, enlarged g, g4 : 2. Ytig; by, Bt
width and side dram Banking Cutting Banking
%tﬂj:%'f/lxa)ﬂﬂﬁ’iﬁ width (m) width (m) height (m)
+ 2. hyy Y11 . by, BIREEIE . kb, YLEBEE
AK (1+smﬁ cosB/sin(8— 8)) Cutting Banking Cutting
height (m) width (m) width (m)

K | #HH, BE, 18, fEo4E
Total width of width of road, shoulder, enlarged
width and side drain (m)
VIR BYEE 7L ORME (W)
W:K1+K2+ 8.+ 8.
=K + K,sin# cosa/sin(a — 8)+ K,sind cosg/sin (8 —6)

4.3.2 fEEMERMORBR & AHEO FH#

VEZERRE FIst DRERL % Table 2612/ ¥, BIEAEEIMELFREL U, 2EED 3.0 mOBE LRI
Totze AZN—7 (FREFFHE LR UHER) OFMIEIE 6.9m, BV —7 (BGEERETE & OFLUHRRD)
B6.0mTHolze AVN—7 LBV —7ORMIBOZONRIZEL 0.7m, HIE0.2mTH 5, #HE
3% (Fig. 43) LAV —7OEEREO AMER 2 BT 2 L, 2BAMEICC 2o 3, HE3
BO BT 9. 4 mTEEKERIB2.5m, HFET36%.LED, AMEHTCEYILE1.4m, B+ 0.7m,
A 0.3m, LI 0.1 mZhZh kOl 57z, #i8 3 R & FEABEORMEOER, V4 L Bt ORmAE
DRHPLEUIVILIBLELBOEZESKE L FHRL, FEREOABIFET, EROFIERL >
EREAN TRV LEEL T/, il 3 ROWELEL 14.0m’/mT, fEEKEL 7.7m*/mTH 5
ik, MBS ENFR9.4mE 6.9 mie DI, Fig 280FELEKE » ST ERHET 2 &, HE3
FBOTITEIEEAE S 3% EEL RO b, FHENL B,

Table 27z, {EEHBEAMEL FRAT 2 EBRROERNER T, ZOERARE, 2EE3.0mDAY
N—7OBBIC L BHERTH 5, Table 2504 1~3 oAz gL (RO T OBER
RRE L, RFFRAOREHRELER S E D> o T, Fig 501, ¥l 1~3 # & IEEEME O FHiE & e
HOMEEP~FRAROERRE b LR L, HESR L AtiBoBGRsERTE LD,
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Table 26. fEZEMERARLOEK

Land widths for forest roads (low-structure)

HEtEg Bt 2IEE8 ] EE vt ALE BRE
Sorts of Banking Widths with Enlarged Side Cuttings Totals Samples

design shoulder widths drains
document (m) (m) (m) (m) (m) (m)
1.7 0.4 0.3 1.5 6.9
E— 3.0 28
4.0~0.1 2.3~0 0.8~0 3.8~0.2 11.5~3.7
1.1 0.2 0.3 1.4 6.0
B 1

D E— 3.0
2.6~0.2 0.9~0 0.9~0 2.6~0.6 8.7~4.3

Table 27. {EZEMEFIMIED REA D ER

Regression eqs. of land widths for forest roads (low-structure)

PRIEARAE 1 REHEN ~FEERR R ER

Forest-road Linear Power Exponent

standards regression eqs. regression egs. regression egs.
EZEFRE W =0.0636+3.836 W =1.2194%4¢ W =4.170e%1°*
(Law-structure) (r2=0.27) (r*=0.34) (r2=0.30)

W 1. Wi, AZV—702igEE 3 mORAME(m) TH2,

2. OWHITMERY (%), rPIERERETH 5,
Note: W, Land width for forest road (A-group ; Width with shoulder is at 3.0 m) (m). 8, Terrain
slope (%) ; ¥?, coefficient of determination.

|

= s
< )
T 1

Fishig
Land width (m)
[¢ 2]
T

6P
4 b=
2
! L L 1 1 ! ]
0 20 40 60 80
RS

Terrain slope (%)
.Fig. 50 FhEFIHIIE & HAER & DBEIMF )
Relationships between land widths of forest roads and terrain slopes

—_— LR —, B2 —— MEIK - . {EERE
1st grade 2nd grade 3rd grade Low-structur
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4.3.3 FHEBEEOXE

HBBORM I L 24 OBEERE, FRONBCEELSZ 52 L2, At 2HES 8L
T3 eREns, MEBEFMELTI CBLAS»OFMBLELE LIS, 2O &R, HO
DFMICESBHBEEFEFHT B L, MHOBERELC2 L OHATEZ LR, BEO I Lan
Z %, ZOBE, HMOERIT, HREBFR L 2BIWMEEOFMETT I OXRLEFEL DT LHEZ
sh 3 KM, 1988),

B LB FMERE L, B ES (0) 2R T2 LIRETEZ 50, fiEHE TOHHET
BHahiz Uiz, (65T, FMBEEABORED: OO, Hill 1~3 FOAHED FHlicik, Table25p~*
RERBRE A2, 58 2 ROMWERHEIC B 2 (FEMBO T BB, #EIX, 4.2.3 THHELLLD
W2, EEREE 3.0m, BE 0.5mEBELDT, FIEOERA 2 FENEO ARBO FRICERMA V2
ZEETERY, IOk, I TIREEFBEOLIBRIL, 2 RLHEIHROFEO 3.5miDT,
F s BAS0z Fl Vs 2 FIHIIE & Mol 2 8 L bR 3 kO

RRTIC 2 3 & D ICBE LTz, fREME O ARIER, Table 28. FIsiEMI%
4.3.0 OEEMEDEEAFIZ L 3 £, FLSIER Functions of land costs

. n N FRERRRE FishER A%
BET HHE I M EARAE T, (ERAED A Folr_est-road Land costs func-
BHEHWZ e LT, EVRKEHDECRDDH standards tions (yen/m)
FHshay, BrubsorBions, cof IR 678601
HUE (2 IRTE DR RS R B T D pki oD FRe(f % ARt E 2 3616°257

2nd grade

fli%E L U TF U C &R X L7- (Table 28), #k Sl 3 5

= 3rd grade 2166%%%
HEPMAR Y, HATEERIHO [IUkFErB L O g

B . EZEHE 28990294
ITESZAMRREE ] © A#fskitt % Fve, Table 28134 Low-structure
EFH0 83 F/m* OFATHRELLBRTH 5 (b ) il 06 ThH.

Note: 8, Terrain slope (%)
PFTEE, 1986~1990),
4.4 EBHR, ABHEXBRUSITR

EE T3, HFEBRTECLELRETH L EME, \ABEXE, $TEO>LTHL S, B,
IhoORBEFOR L L 2BREE L TEREY R, BEEBI 7 v 7 RS F, KFLED
BHRCLELMBELHET S, EME - ABREABRIRERETEE L, EMEEN L EMEOBR,
NEWXE L SITEOBRYESELHEBIN D,

4.4.1 BHEEELHBERE

(1) e

BESBEETONRET28EE, oy 7 GEE, <A 7anX, 74 M3y, 7275 Q2HE
), 7 —v—FQEE), £ME, r5 25, TAF YT, BEBEORITE Table 2912773,

Table 20DK$IERIOBEEIX, T v 7 E0OERETEREIEEMMKEBETH SN T WL L EE
BRI S ER (MEeS, 191), £EMBREIEAHBEEORMEERE CHA I TV 28I
BEHERER (&, 1977 HEE S, 1982) ¥ U, BRETC7/ 37— 724, V-V -5 3%
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Table 29. #iEROEE

Calculation of equipment rental costs

FFw v A 7K A AYS
Machines Trucks Microbuses Station wagons
HE (t) 8 4 2
Weights (t)
H71 (ps) 227 180 110 79 94
Outputs (ps)
BiiiE () 10180 7380 2540 1390 1070
Machine prices (1 000yen)
MASEH (F) 5 5 5 6 6
Useful life (years)
FRTEEREE (h/4F) 1100 1100 1100 640 820
Service length (h/year)
BREME (%) 10 10 10 10 10
Residual value (%)
BREEEE (%) 40 40 40 55 60
Rate of repairs and maintenance costs (%)
FREEER (%) 10 10 10 10 10
Rate of annual administration costs (%)
faE TAxT—% T —¥—5 HEHE +Y08 TR
Machines Forwarders  Mobile yarders Yarders Tractors Bulldozers

R AR bR R

medium small medium small

-size -size -size -size
HE (t) 1.5 0.5 7.5 3.2 10 3
Weights (t)
&1 (ps) 68 7 100 60 75 91 38
Outputs (ps)
BEs (1) 2910 660 36000 6830 5890 9 600 3700
Machine prices (1 000yen)
it REH (F) 5 5 6 6 7 6 6
Useful life (years)
EREEER (h /) 1080 1080 900 900 900 1080 570
Service length (h/year)
B (%) 10 10 10 10 10 10 10
Residual value (%)
HREEER (%) 96 96 96 96 9 108 45

Rate of maintenace and repairs

costs (%)

FHERER (%) 6.5 6.5 6.5 6.5 6.5 6.5 7
Rate of annual administration

costs (%)

HEEERL, 70 F—VRESEBRIBHEERIC L -/, BRI, Ei 1 BN oB-E:
HA1HY: 0 DEERCSTTHET ZLENSH LY, T2 Tid, BARREM D OBFEE L RD
ZHENH LI 50, AEKRE EREERM L 2 BEFEE L, b v 2055 BtERIF4tEIT
7oy ra—-FEERM, 2tEE2 V- EEAEREEL .

FFw s, AT ONR, TA PV ORREEREEERE, 17 (PS) RN D OREIHE
BEFEL 2 FEICEL (HEPRS, 191, CHRICHREHBRCEE LTS5 L F 2 sh 25 E, MA,
AR DO TRHERBEF UL (BHFR, 1987), MEREBRERIE, #E 0 km/hOfEx 0T, HERE
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WKLo THERLEE T2, THEE L PHNREHEROMC BRSNS 20R3MoNTH Y (HK
Ny BTy 7RERR S, 1980), Ihn RN ) OMEBR Y EHL, HERKCL->TL.
0~0.5 OEBMERE B/, BEMERZ, DHERHEECHRT1.1~1.25 EORK 2 HE T
2LINTVREDT EBNYF 7y 7REFTASE, 1980), BEOTXFL WA kE: 1.1,
PRI~ IR E I AREESAT G EHE 2 T 1.25 £ Uiz, A, HEIEOHM Y D OREHNE
B KELBERRIZTOTEER NV F 7y 7REFERE, 1980 . ¥, 1986 @A 5, 1986), <
ITRHMEOFHARE 18 6%, 28 7%, 3#% 8% (Tabledd), fEEMEIX 10%& L, A6 OHE
PHEET L BOOR L MEHEBEROBR (A5, 1986) » o@RkHEME 2K, 1.1~1.4 AR
HERBESB, 7277 S0EEMSEORREER R, BRBENEERRUVBFORERS b3
Bie:, 1990 ) MEFT, 1988) A S u RSB, HELREL, TSI PYREETHD,
BEORAEZEHRL T, BN DERE, SHEL - (BREFES, 1991), U EOE 2 FTEHL 7,
BATRERRK - mhiEE, SIRFRTBIREE ) Table 30, Table31 T 2,

Table 30. BE{7EFRIMAR] - WIEE()

Fuel and oil costs per hour (1)

ME 1 H& iE 2 &
Classifications Forest road (1st grade) Forest road (2nd grade)
Fow 7 T4 TUNA T4 MY Fow T4 78/R T4 by
Trucks Microbuses ~ Station Trucks Microbuses ~ Station
8t 4t 2t VIO et 4t 2t wagons
R E 791 627 383 336 318 777 616 376 330 313

Fuel costs
BEHER(0/ps/h) 0.036 0.036 0.036 0.044 0.035 0.036 0.036 0.036 0.044 0.035
Rate of fuel con-

sumption (£ /ps/h)
17 (PS) 227 180 110 79 94 227 180 110 79 94
Outputs (PS)
BRI 1.0 1.0 1.0 1.0 1.0 0.9 0.9 0.9 0.9 0.9
ed ad]ustment
%ge 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
Road surface
adjustment
FIERERE 1.1 1.1 1.1 1.1 1.1 1.2 1.2 1.2 1.2 1.2
Longitudinal slope
adjustment
R/ 2) 80 80 80 80 80 80 80 80 80 80
Fuel unit costs
. (yen/h)
HEE 158 125 77 67 64 155 123 75 66 63
Oil costs
PHECHT2HE (%) 20 20 20 20 20 20 20 20 20 20
Rate to fuel costs
HEESE 267 122 115 51 45 267 122 115 51 45
Consumption costs
M) 279 131 130 57 51 279 131 130 57 51
Basic prices
(1 000yen)

BELLVERE%/MA  0.095%6 0.0930 0.0887 0.0887 0.0887 0.0956 0.0930 0.0887 0.0887 0.0887
Rate of rental

costs (%/h)
& F(E/M 1216 874 575 454 427 1199 81 566 447 421

Totals (yen/h)
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Table 30. E{FFRIAE - HASE2)

Fuel and oil costs per hour (2)

. HRE 3 PrgephiE
Classifications Forest road (3rd grade) Forest road (low-structure)
T w2 =4 7unik 54 bRy Ty RATUNA T4 MY
Trucks Microbuses Station Trucks Microbuses  Station
7t wagons it = wagons
S - 362 318 301 454 277 243 230
Fuel costs
PREHHESE (0 /ps/h) 0.036 0.044 0.035 0.036 0.036 0.044 0.035
Rate of fuel con-
sumption ( £ /ps/h)
HA(PS) 110 79 94 180 110 79 94
Outputs (PS)
HERIERE 0.8 0.8 0.8 0.5 0.5 0.5 0.5
Speed adjustment
BETE REIEFREK 1.1 1.1 1.1 1.25 1.25 1.25 1.25
Road surface
adjustment
IR E(REK 1.3 1.3 1.3 1.4 1.4 1.4 1.4
Longitudinal slope
adjustment
PRELEAE (F/ 2) 80 80 80 80 80 80 80
Fuel unit costs
(yen/#)
HASE 72 64 60 91 55 49 46
Qil costs
BEE T 2 85(%) 20 20 20 20 20 20 20
Rate to fuel costs (%)
HFEAE 115 3l 45 270 263 115 103
Consumption costs
SRR (1) 130 57 51 131 130 57 51
Basic prices
(1 000yen)
RIS DIREE(%/h) 0.0887 0.0887 0.0887 0.2064 0.2020 0.2020 0.2020
Rate of rental
costs (%/h)
& & (H/h) 549 433 406 815 595 407 379
Totals (yen/h)
T T7=5 7 —r—5 EHE +I28 TAF—V
Classifications Forwarders Mobile yaders Yarders Tractors Bulldozers

thEy N thy /B

medium-size small-size medium-size small-size

REE 183 66 240 120 224
Fuel costs
BREREER (L /h) 1.4 0.5 3.0 1.5 2.8

Rate of fuel con-
sumption (£ /h)

PR HAE (F9/ 2) . 131 131 80 80 80
Fuel unit costs
(ven/ £)
wieE 37 13 48 24 45
Oil costs
PR T 288 (%) 20 20 20 20 20
Rate to fuel costs (%)
& EF(H/M) 220 79 288 144 269

Totals (yen/h)

344

4.3

80

69
20
413

368
4.6

80

74
20
442
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Table 31. BEL{IRFRIBEZ (1)

Machine costs per hour (1)

SR g 2 %
Classifications Forest road (Ist grade) Forest road (2nd grade)
Fow7 R4 TRNRR T4 AV Fov 7 A 70RR T4 MRy
Trucks Microbuses ~ Station Trucks Microbuses ~ Station
wagons Wagons
8t 4t 2t 8t 4t 2t

BSZE (M/h) 4547 3436 1407 1196 883 4530 3423 1398 1189 877
Machine costs (yen/h)

W AEE A2 1666 1281 416 326 196 1666 1281 416 326 196
Depreciation costs
HRHEHE 740 569 185 199 130 740 569 185 199 130

Maintenance and
repairs costs

HHE 925 712 231 217 130 925 712 231 217 130
Charge costs

/INet 3331 2562 832 742 456 3331 2562 832 742 456
Subtotals

RELE 791 627 383 336 318 777 616 376 330 313
Fuel costs

HIEE 158 125 77 67 64 155 123 75 66 63
Qil costs

HFELE 267 122 115 51 45 267 122 115 51 45
Consumption costs

INEE 1216 874 575 454 427 1199 861 566 447 421
ToTals

Table 31. E{URFFRIBMER(?2)

Machine costs per hour (2)

oE 3 8K VEEpfE
Classifications Forest road (3rd grade) Forest road (low-structure)
Now 7 =A47anNR T4 MY A4 TA7UNA FA pNy
Trucks Microbuses Station Trucks Microbuses  Station
_— wagons wagons
2t 4t 2t
HRREE (H/h) 1381 1175 862 3377 1427 1149 835
Machine costs {yen/h)

WA & E1E (K /h) 416 326 196 1281 416 326 196

Depreciation costs

HREHER 185 199 130 569 185 199 130

Maintenance and

repairs costs

BHE 231 217 130 712 231 217 130

Charge costs

NG 832 742 456 2562 832 742 456

Subtotals

= 362 318 301 454 277 243 230

Fuel costs

HiEE 72 64 60 91 55 49 46

Oil costs

HFELE 115 51 45 270 263 115 103

Consumption costs

NG 549 433 406 815 595 407 379

Subtotals
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Table 31. H{URFRIEHAZ#(3)

Machine costs per hour (3)

EDAAS A -~ EHE 5208 TAF—¥
Classifications Forwarders Mobile yaders Yarders Tractors Bulldozers
asgii N 2k B

medium small-size medium small-size

-size

-size

BARAEE (F/h) 1397
Machine costs {yen/h)

346 15288 3011 2433 3924 2357

WA EINE 485

Depreciation costs

EREER 517
Maintenance and
repairs costs

EEE 175
Charge costs

/INEF 1177
Subtotals

110 6 000 1147 841 1333 974

117 6400 1223 898 1600 487

40 2600 497 425 578 454

267 15 000 2867 2164 3511 1915

e & 183
Fuel costs

e 37
Oil costs

/NEF 220
Subtotals

66 240 120 224 344 368
13 48 24 45 69 74

79 288 144 269 413 442

2) FHERER

HERRIZ, T v o EMIERE, BHKEY, EREOIETERL T2 [AHEEFHEN
#| oEBEF-ROES (BRYMAES, 1991, RKEFHER HETBEBEITSFATRS | O
WEEMEEE DA S (HEFTEE, 1986~1990), EMEX [ BNYME SR OBEERYBE
& (BHOKEARGHE®RE, 1991), —RWM [ERHHHRAEESR] OEENFERATBERS (B
MRAREEREHEERE, 1991 % £ L ENEF ICED T REEHII7 SRBEE © L, AAHEHEE 138/1 000,

F OfhOFRE 40/1 000, WiEEHE
% 7/1000, %Dt 6/1000 TH %,
BB, HEREHEORREL 2 5E
HRER I3, EE T OB RN &
ERTVWAI LS (AREEHAR
e, 1972), BARMSBREOE
BRI 6 R & Lice ZOOf
RESh - BAURBYBRERR,
Table 32iz77 18D TH 3,

Table 32. B{UKMZERE
Labor costs per hour
(yen/h)

N T T S . S
Classifica- Logging Hauling Silvicul- General Averages
tions ture

5 A 1683 2 400 967 2483 1883
Wages

{RERAL 232 17 38 15 76
Insurance

N EF 1915 2417 1005 2498 1959
Subtotals
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4.4.2 EME

(1) EMEHE

FOESEO MBI F OEI G5 R USEM B % Table 33107 T, MBEEISRIOETERE, MR I5H
OMGEMHETEREL T 5, EHRORK, MEICk s (E 28 Tablel), BBIRLIZ 5258, 74
T OFTHEE, BERI70-7 775 35E (1988), ZHLUSHIMEFT (1988) 2B8FIZED
oo EMEESE, ETEECHEBESFEC, EMFEYNL D OHER (m*km/h) TRL, BEBIEZEL
LEETRLUz. EMBEODS 5, REMEEHE (H/m°km)ix, HAREEE (/) % EMEES (m®.
km/h) TRLTESNE, NIy lt, ImMOREEE: L,

TTEHEEITWR LI, F7 v 7 ORMEMTERE (Tus) 12, KEOKEEIZ U HARNEE
RE 2P, FRUECEMENNAS W, AMOBEIZ LMz 2 (BHEFX, 1987), HiE
B Tusic RIZTHE L FABEORE TA 25 &, BEECRZAIEEREZERZELCZVLOD, T
BRI & Tosid Zfiic 2 %,

HAMEEN & Tos OB 2 WX TFig. 51" d, A5 DED D& L IX, SUNDBERG « SILVERSIDES

(198 Iz L B2 DTH S, EMEEN & TosOBERIE, TINETERERES L VI L2 s, EMEENH
ETT3co0 T, I8 TosINT 2 OBPEBIREN TV 5, #ERICE, b F v 7 OFEHEE
13 10~120 m®~km/h, Tosik 58~384 M/m*-km, [ + 7 7 ¥ 5.44 m*~km/h, 1073 FJ/m®-km, 7

Table 33. EMEEN R UVEME

Capacities of wood transportation and wood transporation costs

PRIEE B & ETHRE HRS EHEH HMR
Forest-road Machines Speeds Payloads Capacities Transportation costs
standrds (HER)
Round-trip BT R BACEMEBE EE®
Costs per hour Variable costs Fixedcosts

BHEE SEER G
Machines Labor Totals

and fuel
(km/h) (m®)  (m*km/h) (yen/h) (yen/h) (yen/h) (yen/m?®-km) (yen/m?)

s g L7780 X 8 120 4547 2417 6964 58 778
13 Trucks 4 30 4 60 3436 2417 5853 98 810
st graae 2 30 2 30 1407 2417 3824 127 1000
. 8 25 8 100 4530 2417 6947 69 778
WE 2 4 25 4 50 3423 2417 5840 117 810
na grade 2 25 2 25 1398 2417 3815 153 1000
gffgrgﬁ 2 20 2 20 1381 2417 3798 190 1000
TEFEMIE 4 10 4 20 3377 2417 5794 290 810
Low-structure 2 10 2 10 1427 2417 3844 384 1000
(B%)
Notes
g’ﬁfﬁnlg BN 3.2 5.44 3924 1915 5839 1073 454
gﬁfﬁﬁfg rond ST g L7 672 1397 1915 3312 493 1615
gz%ﬁn?é road ;‘;&rﬁgiég 1.8 0.7 0.63 346 1915 2261 3589 985
H 1.7 0.06 0.05 1915 1915 38 300

Man, shoulder
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T »
o
S 10000
R &ZE 1000 %
T EE ‘n
T &
Ho B 100 ® o
% S 2
£ &
0 I . 1 L !
0 0.1 1 10 100 1000
EfhE

Capacity (m*+km/h)

Fig. 51 M RES & BADBEM R ORSR . .
Relationships between capacities of wood transportation and variable
transportation costs

, AHF AN, 7T T—F Om., h775’ Ce, r7/7
Man shoulder Forwarder Tracto Tru
) B~v—7 LISUI\DBERGE (1988) KX BdHbOT, ﬁﬂﬁm Liton km/h, ﬁgv— NS
1$ =120 9THEL

Notes : Black marks are quoted from SUNDBERG and SILVERSIDES (1988), and capacities
of them are showed by t-km/h, the exchange rate is 1 $ =120 yen.

77— % 0.63~6.72 m*-km/h, 493~3589 F/m*-kmTH 2, THEHLE (+FFv 7 (HE 1 8t):
b (fEEME, 40 1 I 28 17375 (7 u—F)) TRT &, BMEENTIZ1:1/6:1/22:
1/190, TusTi3 1:5:19:62 %20, KRBT v 7 OFEMNEIEHS 22 S ssbh b, SUNDBERG S D
b, EMENREL TusMEL K- T, ThRABINV—I Moy 7 CTEEBXEEZT->TwA 2
LR, R¥ v, 747 -FOENChRYDENHLILIZLBEERDbIS,

(2) EMEEEH

Table 3317R L 7EM EEE (TH) &, BAA-HHLCET2RBEL, RCIVEELL, /5y
INu—FiZkB 7y 7EAL - WHEILIZ 1 AMEEL L, HERDBARCLZ2BEEHFIC, StHi
FOAAEEE® 405, FHILIRZOH2/3 OB E L 25532 BRAAR, 4tHOMBELFERCH SR H
EDHER»S, StHO 0%EVIIBRE L, Zv—ryf Iy 710 X 28EBAARD 2 tHIE, 2 AfFE
LUHEES (1982) Wk 2P EA V. 74 Y-S RU N7 75 ORI, HEF (1988) »HitHE
L, BHEY ) ORAARHI LRI 2RO, ZOBER, P35 27803454 [/m?, b5 v 753 778~1
000 H/m?, &4 —nNED7 57 —FHB1615H/mPe-7,

4.4.3 ANBHIER

ANEEREL, WEARTRECHETAESER D, EREEREBCENDL 26, EXELR
B, Table3lcm¥ LI WHRBEITRELELN DL, BNASBEBEOH T, HUMBBREEIC
Table 31, BEARHHNBEREICTable 322BAWT, ROKFETITo, BB~ 7082854 I
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Table 34. B A B#iXE

Unit labor transportation costs

HE 1SR ME2& HE3IR EENE

Classifications 1st grade 2nd grade 3rd grade Low-structure

BREE (F/h
Machines costs (ven/h)

<A 70a/NR 1196 1189 1175 1149
Micro-buses

A B TA Y 883 877 862 835
Station wagons

FHAE (A)

Numbers of labor per vehicle
S A= VAV 6 6 6 6
Micro-buses
Z4 BNy 3 3 3 3
Station-wagons

HATHFRIS R E (H/h-A) 247 245 242 235

Unit machines costs (yen/h+people)

HEEE (MH/h-AN) 1959 1959 1959 1959
Unit labor costs (yven/h+people)

HATRFEREE (F/h-A) 2206 2204 2201 2194

Unit transportation costs (yen/h*people)

BN E8EE (H/A-m) 0.1471 0.1763 0.2201 0.4388
Unit labor transportation costs (yen/people-meter)

>, FIFALEIZS0:50 &L, REARE, FMEEAOL v P ABBRT—ROSFHEE?S,
A 7unNRA6AN, FTA M IANELR, ETEER, EMEL D IZVERETOHGTE 525,
Z 2Tk 2 Table IOBEHEE 2 AV, FRLBHRIEIA—EETHEE Lz, IAImEET 201
BT 2BRHORMABHNE (H/A-m) i3, BEUBRFMEEBREE (M/h-A) i BRHAHEE (H/h-
A) Ex o AR EEREE (H/h-A) 2ETEETRLZETH 2,

ZORER, BEAABESEIGEME LR, &V EEETEHE TS 2 SRBMEIE CEET, &
B 18RkiE0.1471 (/A -m), {EEMERMGE 1 FOITIZ 3650 0.4388 (F/A-m) %0, 209 HE
EEHBEES LD, 6k, ERAFC L 2883, MEBENLMicE L wIFHE» SHREFEOETE
AT LTHEAFR (1987) 2BE, BEMLONTIRh-olzds, HEOKX S RBECERBEOMKE
DR, BRI B 2 ESHEEUEFT OB D Hiv OB THEETTRIE & SR L 2 > T 5 EHE,
AMEBROBMELZ2HY 2, ABEZEOMECY LR LR 2LENH 5,

4.4.4 BITE

HRNESITT 2BACBL T, A (1977 ORREHEEELZ RO L LT, HEEEOEEARCL
HWLERwsR TV 2 (A S, 1985 ) FMGTERFRSHR, 1987 ) YAMADA, 1989), T8I, BHEO
HEAEOBRE CEENCEES L, RIEFBOMEIC L 2BHAELRET SHAFELT, &
MBELEROBREAEZRIT,

BITR T, HTEHERPSITEECR L CHERBESELCTEL I LN TE 3, Fig S2wEESITER
EHTEOMIR %iﬁﬁﬁﬂmrﬁ U7z, %% Table 32% v, hadsiz b OBITEIE, HEEAR
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4000 200
1kn/h

3000 B -1 150

2000 100

1000 50

BITE
Walking costs (yen/labor)
Walking costs (1 000 thou yen/ha)

.
100 500 1000 1500 2000

FARAITHE M

Round-trip walking distance (m)

Fig.52 STHM & BT8R
Walking distances and walking costs

% 500 A/haDBETH 5, T ORI, HITEBEGRED 1.0 DFETH 555, HPREIC L > Tid 1.0~2.
0 DFEBERCLLELDH S (FH, 1977 BAHS, 1985, HRHETERFFREE, 1987, ZOR» S,
1T 2 kin/hTHEBTEED 100 mOBEOHTERIE, H3 5 196 9/ A (9.8 FM/ha) 23, 500 m
T 980 FI/A (49.0 AF/ha), 1000 mTi 1959 F9/A (98.0 M /ha) & BTHEEICIERFIL T, X
ERBUCETLONRENTEZEH oL, HTHRECKEEEOEECKRE{BE5 T2 2 L5 H
wERTELS,

4.5 EHMRAT LLEHR

B R T AOBEPFUCH U TREFETE, KXEH, HARCRERSLCLBELRIZT OO0,
BEMTE, F& U THEEN & EMERD 2 BRI X 5 THTN, BEWEHRHsORESNS LN
Hs, MR L MEEED SEM VA 7 L8R IRT 2% L1358 (1988), A (1991) KX - TRE
h, EHFE (1987) bRESEMBLZFEL b, I I TR, HMBIER - EMEREL > EMERNE
BEL, HEHEEN Y AT LA E2BRTD 2,

By AT LOBBERLBICES S, KL TERR CERRCED S5, KFTRRERXS 3B,
MECEELYEM AT AL LTEELL, BERY AT AR, EMERORST/INRLhROS 7 —
Y- SEMEERRDOEBEROAMNEMBIC I LI FLRAF A T—FHEL, EERY AT AR, 2
D= 94 7L BT 7 IEMEFR (KA —V) LB (Zu—7) O2EEOBRER 77 -5
EhE Uiz, BELAEBBROES, ERE0ME 3 Table 29, BREE L HBEE 3 Table 317132
RV, SHMEEE, Table35imd &5 I BRRITEMERE, =ik T EAER - HREN 2 X
e LTHELR, &B, EMBEEE, SROFEEERE L THRELL, Jhid, BENTRLA
AanizBgHBRoRMEERICHD 2EEE, 10%BETHD L3035 I L5 (MEFT, 1994), &
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Table 35. 8% X7 4 & EFEEAK

Skidding systems and skidding costs functions

#H5 B AL EHEBEK (H/m?)
Nos. Skidding systems Skidding costs functions (yen/m)
1 My 7—y—5% Y1 =16.2155+9575/S + 669
Mobile yarder (small-size)
2 Ry -y -5 Y. =8.656S+14636/S+1 143
Mobile yarder (medium-size)
3 KEEME Y3 =836.425/5-%21424-12 409/S + 590
Yarder (large-size)
4 +F7Y (7u—3) Yo, =1.073/S+91.7e>"7°+1 746
Tractor (crawler)
5 HE7yv—5% Yes=0.4935 +45e*"°+ 2 666
Forwarder (medium-size)
6 NETxT—% Yese=3.5895+27.9e¢>15°+2 772

Forwarder (small-size)

) SIEMERE (m). s3EMER (8) Ths,
Note : S, Skidding distance (m); &, Terrain slope (degree).

I

4.5.1 BHRBREMY AT AOEMBERORE

1) 2V —v—FEHOEABREL

F—¥ -SSR BEM IR, EMOBERIEEOY A 251 Lo S EBMERRERLENL, £4
BHEMAREL: (EHER, 1987, EMEENS(m) OFEDOF T —v —FEH DY A 715 4
A A(Te(s) i3, BBOBEEOTFIMBETHE (vc(m/s)), VRO EE (v (m/s)), FEIED
FERE (¢v(m)), Firdh - GrE0RER (sdi(s/ED) k- THRED,

Te=2S/ve+24v/vy +sdt (40)

TEREND, VHOEEMD, 1 BICETT 2EMETH 2 EMFEREE (Evd (m*/d-f) &, FHH A
ZVE AL 1 AOEER ((m'/E) OBFE»sH S h, BEEEERMZwG) L5 CEME

Evd =3 600 tw » ¢v/ T¢ (41)

ik, BMEYL D OERE (Yo([H/m®) dfd, kEe, £, FELOEREMICETS
EEEHE (Yo (A/m*), EROER-RER (Yos(F/m') RUEREER (Yo(/m?) k-7
HE, XTS5,

Yo=Y+ Yes+ Yoo (42)

EEEMER, DR THBLEMEEEE L BEERLUYERBOBR»oRE 5, I 2 THAR
RSP E % muc (B/h), BGIBERSHEE % uc(/h), MAB%p(AN) 15k, EEEMER,
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cy = ((muc « tw+ fuc » tw » sp)/ (3600 tw * fv)) * (2 S/vc+28y/vy+ sdt) (43)

Lnb, —FH, BEHWMAE (Yo([/m*)) g, 57 —v—FORBEHER, EHXMEOEHE (v (m?),
- BERE (sw(min/E)) HBREEREOBFRTHRE 2, VBV EHED 4525 7 —Y -5 D&
ELR, BEAEELL ) OHMESE V (m*/ha) & L, #EAR%EMIERE, #AR2RERRE T 28K
OEREFLERAT 5 L, - BEEE,

Yes= (125 » buc » sp e sw/(3év » V)) = S (44)

Enh, HEGER, u—-THOBEENRET S,

2) EMBEMOENMEREE

RERB OB L 2 EMBEOEMEERICIIZ COTENDH D, EMEROEFEHELBIENTS
HLZEPNTE S (MRS, 1982 ; WHFR, 1987 . LRI, 1990), J 2T, BEOBH2E8%E C
BMEEREELEH L, EEEME, 8 BRE, HEABLETE U, EMEZEERRE, KRS
BICL 2 EEEMNE (> FL R854 5 —AR) OhEREHE (BHS, 1982), BRROH TR
OREVRLED T, RFFEAOEBE L TREL,

Evd = aS® (45)

7L, a, bIZEH

BRORBEL-WEEE, §7 Vv —SEM LR PR-BECETIHERBRNRE U, .
BEOREATE (4p(AN)) 1, EMERLEESELCI EBHIoNTWAOT (HHS, 1982), &
HMEERED 1 XL LTRD,

/sp=mS+n (46)

272L, m, niZFEK
EHBEMOENBELBR T 288HIZ, 77—y SEHERABO ()R TRI I LB TES, &
BEMEZ, Y7V —VEM L ERICEMTEERER, BRRERUHERETHEED,

Yoy = (muc * tw+ fuc « tw * sp) /aS® 47)

Lk, FR-BERD, ER-BEMEATRICL29EREEL, | EHEROUME L OBFETHRE
o 21T, RKETANELT, ROFEALRL, MAFICEMIEEE, BT ElED 4 75
DERETLVERAT 5 L, 38 - WEEA,

Yes= ((mS+n) * fuc » tw) /vt
=(2500 » Isp * fuc « tw/(fy » V)) » S (48)

b, THIEBEEL, B, BEIRA:T, HEMBRIo-THRIARAEERE L
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(3) FFREMBEBCAV-FUE

RREM OBAERORE W HV 7 30E % Table 3610R 1, BilECE, iR OEES H 2 05%H
DizDEBE L, F7—Y—FREROEE, BHHROERCL-T, BXORFREZ Sh 508,
22T, NS T =S ANRNCR200mTEREA L LWEER, PRI TV —F - Sz A
E40mTERE2ETA M7y 7 HBERH2EEL 2,

N T =X —F DA 7N A4 LFFCLREBEHFERS, 1990, 1991), HFEY 7—¥ -5k Fi2
XK (HES, 1991, 1992 ; sREHEBLES, 1990) OREERESFUCHREL L, TRV —F—¥
OFGWEBETEE (vo) BRERE (va), BHAEE (vo) T3,

ve=2(ve, * ve,) /(v + vey) (49)

2@ T(MATTHEWS, 1942), ZZEEE#BARED 8 &, EHEREIITEREOYF A2 LT, (49)
RTEE L2, 50 WAL, BELER L0/ 604, T8 180 4% RAA Y, MEEAEE,
TA Y —o—-7HOEEENFEEL, £/, BEESOR (EHS, 1982) AWz, KREIEME
OEMIFEREER, B (BEHS, 1982) OEBEREEAL, EEEERML 6/ ML L TERL,

Table 36. ZHEREM OEM BB AV 7 8(E

Values for calculation about skidding costs functions of cable yarding

FT—v—5 S

X e Mobile yaders Yarder
Classifications INE A e H
Small-size Medium-size Large-size

bk 28 28 Tl
Yarding methods Tree length Tree length Short wood
FR O FYEZVTANATAY RIVTAVITAAALTAY ITVFLARIALT—
Cable systems Running skyline Standing skyline Endless Tyler
AR (AN) 3 3 4
Numbers of laber per set
Avg. traveling speeds of carriage (m/s) :
Avg. lateral yarding speeds (m/s) . '
- TS (s) 2 50
Loading and landing cycle (s)
Avg. lateral yarding distances (m)
HEE (m°)
Loading capacities (m?*) 0.3 0.5
Temporariness and removal cyce (min}
& (m*/ha)
Log volume (m?/ha) 300 300 300
fESEEE (m*/ H-H) -0,
Operational efficiency (mé/d-set) 6480/ (25+80) 20160/ (25 +243) 72.4015- 02142
HEEME (M/m®) z -0
Direct skidding costs (yen/m®) 16.2155 +649 8.6565+1052 836.425/5-0-2142
REBEE (FH/m?)
Temporariness and removal costs {(yen/m?) 9575/ 14 363/5 12 409/5 +394

Consumption articles costs (yen/m?)
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ER-BEFBEAIBEASCUR (S) KR IXAOLPBERSEH S Z VMO NTED, Jh BN
BERD B ERAA (BHS, 1982), ROIBZERVELTGORESEL,

£sp=0.093 Sx+3.24 (50)
AR ETHEMER (S.) oficit, GLROBFRLS208H SN TS (K, 1988),

B> T, PHIEMERO 2BZ AN VRICHT 2RAEMER L T2, GORBG)RICHEEHEZS
NEMEROBEIZR 5,

£5p=0.103 S+3.24 (562)

FOMDEAER, IR D B, MBEBZOFE LA Table b7 3 LBV TH S,

4.5.2 EEREMS AT LOEMBEKOZRTE

(1) ERREH DEHERH

HEROEMIEER, KE - BMER L, —BE, I yEMREERD, RFE (554A4),
¥, fskL, TV -FEME, T, KFEEGEIXAR), BAHAAAL, EE, WHILOETIThbA
2, FETHEELE, EHOBWC L 2REMEERRWI DS, 27872V —FOEMEREI
RUAETRETE, EMER L MRAER 25K 35880k 5,

EHE (Yo(F/m®) &, SHEEEERE T 5ESEMEHE (Yo (H/7%), KX&E%, W,
HHIL 2 CCBT 2EEEMEEE (Yor(F/m?), fFEMERE (Yc(F/m*) »oHRINS,

Ye=Yor+ Yert+ Yec (53)

EEEMESHRL, EEOBRTH L HMLEMLHE (Tv(F/m° -m)) L EHEHE (S(m)) TR
9,

Yoo=Tv=+S (54)

&k 3,

EEEMEEE G, HHY, Bads WHLOITRGEN tA—20o CEMEEBE LAY, Jhi
KRB EARFERTERMZ THHT 5, KAFLERE, EROFEETRVLEREEL, ZOHED
AFCCET IRE»r SBRALRET 5, THORTHESE (M), FIAFLEE (vp (m/s)), K
8 (po(m¥/E) 33, 1m® ORFEETI LDOOKRFLEH (0 (s/m*) i,

pt=(2pL/vp) = (1/pv) (55)

b, TITAREEE (p(F/m*) i, FEAR (np(N) L7 5 LHEIBHEE LHEREL SR
BQUE 3.5 X% (R



HHEARIZ 38 17 B MREREAREFA & MERB BT 2% (B 1#) (80) — 79 =

cp=pt » (fuc = np+ muc) /3 600 (56)
BEEEHMEERE, OAFLEBICEMEEBROEAA - HHLE (TF¥ (H/m®) 2z T,
Yor=cp+If (57)

ko TH/ 3,

TERBEBARE (Yoo (FI/m®) 13, FEEBHARTEMINIMET, FEROMBERELAETLLD
ZBREL, T4bb, FERBREERo (H/m), BEROEHESV (m'/ha) £ 45 &, 1EEKE
HEBIAT LI - EHREOHBHBOBEGEL S, XA TRKDBZIENTE S,

Yee=cr/(4pé+ V /10 000) (58)

2) EFREMBESCA - HE

HERAEMOEMBEROZRECH VI HE% Table 37103, HEICE, MWRLOEHLH 208
HOLHIBHE L7, HEEHMTEHE I, HloTable 30 HLEMEFE*H V35, KFLHIT, &F
PHEOREFCHE 23RO (HEFT, 1988), ZH ERFLEHD SEE L. BARA FFHILEL, Table
BOEHMEEE A, TheAFLELMA TEEEMEEEL L. ZOMOHEARZEOHIEIZ

Table 37. HREM DOEMBREEI V- 5%E

Values for calculation about skidding costs functions of vehicle skidding

ENAS A
PP Forwarders
Classifications Tractor hE JINEY
Medium-size  Small-size

AR (N) 3 3 3
Numbers of laber per set
FigETEE (km/h) 3.4 7.9 1.8
Avg. traveling speeds (km/h)
HEEE (m°) 3.2 1.7 0.7
Loading capacities (m?)
REFRHAS (N) 2 2 2
Numbers of labor for bunching
FEARECEER (m) 20 20 20
Avg. bunching distances (m)
FHREFEHE (s/m*-m) 15.0 18.1 38.5
Avg. bunching speed (s/m?-m)
& (m?/ha) 300 300 300
Log volume (m®/ha)
EEREMZHE (F/m?) 1.073S 0.493S 3.589S
Direct skidding variable costs (yen/m®)
EEEMEER (F/m*) 1746 2 666 2772
Direct fixed costs (yen/m®)
f/ﬁ%%ﬁﬁ%% (H/ma) 91.760.1170 45e0.1]78 27.960'1160

Skidding-roads construction costs (yen/m?®)




— 80 — ' IR AT AR RSRE 8325

Table37TD L 85D TH B, (FEBOLIBE IS 2 #fTable L2 BF L, +&i%, Fig. 8THHEL 5+
TETNAPOHEL, THEIRO TV F - THEHLBE 2S5 L2 T2 L LTHRBSEELE
(PREBFES, 1991), HEAREYIRE | m TIIEE, YIRES I mEEL 288164, 71—
VEROBBIEEF R EATIA L LT, BERE, FHEREIITable IR U32EFATEH LT,
4.5.3 REEMY AT ADHEIR

Fig. 53 i3, Table 35 OEMBEBEE, S, REHIL LT, HBER 200 OB SOEME - EHIEEREORH
FHRERBRLIZBDTHD, ZORCE B L, BHRAEN I, EMERENR 23>0 T, N T—
Y-, fBy 7 —v—5, RAEMBORTEN 2308305, BRAEM T, E2F - BED
BIERYDH B 12, BIRICEGCEMER TR, $HEMENT 228, EMEESE+ m L ETR, £4
FERE I HEBIRe BR L 2 5, BRI, RS 7 — v — i, EMEER 24 m CEME 1460 H/m® &
BANEMBIC, EMEERE72m, 1970 FH/m® $ CRLBFIZEM S X7 L TH 2, 20k, EMER HE
RTB LBy Y —v—5IBITL 250m, 3370 A/m® £ TEIRANS, 2 517, EHEHHIRINT 2
LR BEOBREMRE 2, EMENBEIENTO 2 EMBEMIER L 23, EMBEMI,
EMEEIR L2 TY, EMENY VY —SFEHO LI CRABBITEALRWEREED,
HEREM 3, (FERMSBRIMBERN TR 50D T, EHERO S CEMEOBIRBTE R, L
HLAHRS, —RENE, EHEESEINE, EREVEEBOERL 77525, FR7 4+ 7 -5

E
~
g
2
3
7]
s
® 2
=
=]
e
72}
0 A 1 | 1 i
0 250 500 750 1000 1250 1500
L2 g

Skidding distance (m)

Fig. 53 &MY 27 L L EMEB (MZES] 207)
Skidding systems and skidding costs (Terrain slope: 20°)

—_——— YT —F —_—, FRy Ty
Mohbile yarder Mobile yarder
(small-size) (medium-size)

TTTTS KESEMR — FFIF(7u—7);
Yarder (large-size) Tractor {crawler)

— -, FRT7 75 ey NVT TS
Forwarder Forwarder

{medium-size) (small-size)
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CHAREH G ERE WA S, ERSEBIC RS L, T 278ET7 47— LD EWIERRIEES
LBt o, B2 EMEEERE X 0 558, Fig 53 OHIFER 200 T, 750m 2 THAlC 2 2, 21
LD RVWEMEEE T, BEREEVEHECEERMERBOERER, PR7+ vV —F8FHicg 3, N
77—, EREEEEMEOL DEMBESE L, 200 2 TREFREM ORI TIBIR S A, 20°
PHEABBLOHICZ S L, RECEERERESHENOICERES 2 L TEMEEREL, IEIT 4
T SHGRIRINABEETN D,

RBEM AT LADBIRIE, MEREEREMEOEHNBEOMETHRES NS, MESEIEM > X
7 HACHRIE @ < FEIZ, HEEEREOROHE IBPFEAINIHETCEES 3, ME 3K, HEE
B%2mEl, 2t b7y 7O/NEIEHBIEAHEERGE L TEELTWL I ths, PRSI TV-P—5,
KEVEME, NS 7 5OMAREEL LD, EM AT ARSI T —Y -5, hB7 7%, R
T4 7= DHEAEDRICEM Y X T ADBRESND,

Fig. 54 i34k 1, 2 R EEMBEOMEFELEET 2HEOEM S R 7 L 0FERKTH Y, Fig. 55

1500 1500
(e)
e _
o 1000 E 1000
2 (© g
7 .
= R
E E;O % _CE’ ¢:)) (c)
— B
E (d) W %’
4 5=
7] i)
500 w3 500
250 250+
_—/ .
(a;
0 ! : C@ 0 I i I 1
0 10 20 30 40 0 10 20 30 40
TR AR
Terrain slope (deg.) Terrain slope (deg.)
Fig. 54 £ R F A DFERQ) Fig. 55 $£#3 25 A 0OER(2)
OFRE 18, MGE 2 8, fRiekiE 3
Selection of skidding systems(1) Selection of skidding systems (2)
Forest-road standards: 1st 2nd grade and Forest-road standard : 3rd grade

low-structure
(@), NHp7—Y—5%, (b, PRT x 7%

(a), BT —¥—%; b)y, PR YT — 5 Mobile yarder Forwarder
Mobile yarder Mobile yarder (small-size) (medium-size)
(small-size) (medium-size) (c), N7 47 —%

(c), AT @, rIrF(7a—3) . Forwarder (small-size)

Yarder (large-size) Tractor (crawler)

(&), W7 7 -4 .
Forwarder (medium-size)
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FHE 3 BICHIET 2 TH D, T 2T, HMEREBREM Y A7 L0BROBFRICHN G, B, 2
BROCVEEMEIT L 2MEROBEEN S 27 AR, BENCOWTLOEMEL O RHTH- 72/ E

747 —FiB < SEEOEME» S5, Table 35 DRHABEETH L EE, HRREM LG
FEM OB, HIFAER 200 20 UBRMHECH 5. L Lizsss, B¢ s F g2k
WIEREREHRT S5 Z i, tHRECHBESZORKBERCRIZTREZENOFE LA RV I LE%
BLT, —5, 200 2 b7 2 Y EMLFR 7 5 7 — FEMORRN L ES & L7z, Fig. 55 o8 50
& DI, 72m R OEEBEM TR, NS T —Y— 5o ERIC b D R {, BICEFREM
Brkolk, V278 LhRY Y — ¥ —FOBRIIHBEMSKLC 22 L, FEROBEO»IDD
WL ThE S 7 —v— S OFEESHEL, 200 T2 200m 2 ThE Y v — v — S FF L EM L2 2, =
YRVAYA T AAOKBEMBL DR Y 7 — ¥ — S DI, Habo & 5 EHEERE 250 m DM
BlhHb, VF77 8RBT 37—V ORRITEMEENR 2D, HBEMNBBRL k2ohTH
B a7 —FBERE R, MIERSFEOESIIZ1500m T 2 2838 - 1208, 200 TR
750 m MFH DMEE & %5 T LIRBaR L Tz,

B8 3BT HIET 2 BaEEM Y A 7 AlF, FEESHTEIPRVNEYSY 7 —F—Fa3EFRT, MR
$he k- TH AR 2035 IEME 125~200m £ CREHEICT 2, M7+ 7—FrhR 7+ 75D
%, EHBTAZRY 200 2 TR, EVEROREbrbL S THE 7 x V- BERTH 5, /N
7V —FE, BEMCE 30 2L LAERT, 150m L COREREM TER LRE s h
2, AERMICEE DR WIEEREER T2 I L3TRO LS RFZ LI ZWwOT, 200 M ET/hEY
T —¥ — S TEMTE L 200m U EORMEEOEZ, N7+ 7S OEKE LT,

EMEIE, BEEM VAT LAORERICL 5T, EMERD 1| REEHEZEE TR, HMERELE
BT, EMEMPOREELI LT, RBEZRBOR TIHHEFTE, SEEOMHEHORKRE » BENIZ
TEEWC T2, LovLAws, FRTHELLEM I R 7L TE, EMBRRECEEBRNCRENH S
DT, Kz, EHMEE25m F THEBEEREOLLL TS, 1500 i/m* BEOEMELEL, 2hlL
TEEPROTCHEMBIERL BV, BEEVMRBZRFCENDL I LXEETE LI,

4.6 OMOBBETERF

EE T, HREREOBRIREOREPEZERCRIZTHELRAT LI, HEEE L IEERO
BE b S EH X h 2 SEEEBERE (V-corr) RHREK (E) 2RI LI, Ih60HREIT, EHE
PHITERENEEEL CEETLLORMLETHY, B2HWD 2.2O0FETHERBEZREL, BIEMRK
HEELENT 2O RIEDTERVRFTH S, 37, HEHKTRENER 255, Ml
HRFFMR T 2L 2 LERD D, BEREOELFE N T 3EEINE XD, Dk,
MBS A OBEE, FREBERC & RSN & TEEC L > THRIET 2,

4.6.1 MEFE © BHEEROBR

FIEFEM I, PRESHE LD CEELEETH LY, FOBHCRBEO»» 5, EHECR EFES
Hy 3, 20D, WEEE & BEEE S BRI 2B ERRICHT 5BL0 3% <, SEGEBADEN (1964)
Fiho L L, BEROFELEBOBIE2 RS 2 20 OEBROWESBACITbOR T E 1z (BACK-
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MUND, 1966 . LUNZMANN, 1968 ; SAMSET, 1969, 1975 FAQ, 1974 ; ABEGG, 1978),

BoETIE, #5 (1971) OBZERSAEBCET 2RI L - T, HEREZHR (f) LRI n:
BIERHOBIREI R ahiz, IOBERKE, MEFOBGRED R =FH+ 2BIcAW 3
ZEBTEBIEREDNS, IVEa—FXBI L 2MERFEBEOMTOER: L b2, &, B
BB b T2 (iR =5, 1990 ; BEF-EEHE, 1990 ; /vbk-{Z% 5H, 1991 | Z-LOFFLER, 1992).

BHUETIE, HERRERy—E25 X5 KB L, WEEEL 13.9~28.4m/ha OBHEIZH %
MEREEE» 5572, [ClABENBERROBIRMEL SN TR 085S, 197D, ULkt s, K
CERMIN TV HEROBERBOBRERZ TSRE SN TV 2 20T, i, AEEE, 815K
EPEERBCRIZTEE, 35 1CEBRBROTR EDEFRSRBHETH S 2 Lo, BIEREOBIEE
LZOFMEE, EBRNICELO TELEND D L E L, BERBICET 2HER, ${OWEEL
SREINT WA, K T3 SEGEBADEN (1964) ¥, V-corr (FREEEBERE) & L,

1) BEREUVFH®E

ST, dbdsE, M, WEO 3R, 5 E 6 thX, &t 18 X OEEAREFOMER LN RICIT> 2,
BRE, SHECHEBRAOFEROBHESES, BGEECEREZRY VRV DREE L, KIEHEMK
i, BIROBEENLFAREHRMEEZ S RE2ER, FMIITRS L TERE L, Ay HhEfx
i3, EEHRECHEAL TV AR 1/20 000 DBERTH 5,

HIEHX Dbk & AEROME % Table 38 R d, HEMXORBHFMHERE L, 235~2024ha TH
%, JtiEE, RN, NEOZMIROMTBENOFIL, 23.1, 34.3 R 64.9%, FRBEICLKRE N, 212,
20 RU 464 M TH 2, 2D kb5, LEEEEN M, HERREFETrOERBEOREI Lh
5, ROIUEHEE T 2%, FMNixtEE & WE O PHEN L AER 0K 23, HFE#BKICEE S
ni: 2 HBHAMN S, I 2T, Fig. 56 B RS, 0 BRBEEE MV 2o AR o A AR
EERT 5, N, SHE SHPORL S 5880, By, PiE, BH iz Xe %
NEhZE L, SHEXOMPAER MG E KR TR E, DIETZ P. 5 (1984) 2 L 2 RS 2K T
BHWibDTHS, O S b, RMNEOHEFERER O RO 1, hREUNHBRIEEL T,
L EO—BERLTED TEELRACH S 2 EHEETEL S,

MEEE (D) 13, Jb¥g#ix 33.1~62.5m/ha L B b8 <, FAMIZMEE & Fo 18.0~50.0 m/ha,
PUEI 9.6~39.1 m/ha k7> T b, FEEKFIO D ik, X Z 2 R2 D, D OBBEEMHE (FRE
1~3#) 58 7.6~39.1 m/ha, fEEMEIR 2.8~52.6m/ha &0, MW THELS SN, KETTHT
G & U7 EEMER, BRIROHRZEOBRE L THERS Y, Z0%, HEBENRHMCE-> T
FRHENTWS v 7#RDT, B2ETHELLEERE LRSS EE 2 TLv, SIEHMRELT
BE 2 MR OMGERRHOBH 2R3 &, bEEIGEROFRIMOMEC T, HEBRES
I Eds, RESBOREOBIELRET ZEEMREL2ED T, MEEIHENL (REL TS,
—7%, MEIZ, AEMMETERLZ I LR E» S, FEABOMER - #FEEISEMICHEL s,
HERBEOHED A THEMAITHERINTVREDONEEE 2> T3, FMIE, D OFSPhE & FENK
BOBEE G5 AT, il MEOHRN AR SBES R LWL S,
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Table 38. R HX DFRM R FHEFOBE

FAE ST R

BIN2E

Aspects of measured forest areas and their forest-road networks

= TS o . PREERE FEHE . .
W BS AR T P KR eHE R Windings A1 SO
Districts Nos. Forest Shape Terrain Relief . = B-indices Numbers of
areas values slopes  energies ﬁ* lf*'é zﬁiﬁﬁ Tf% i# 500m  1000m nodes from
of areas . cgulars st(r)xcture otals outside per
(ha) % @ e e (m/ha) 10ha
E LR I-@ 2024 0.038 22.1 192 20.5 17.7 38.2 0.46 0.76 1.25 0.54
Jozankei
gk 1-® 235 0.036 11.6 179 20.1 42.4 62.5 0.41 0.37 1.05 3.83
Rubeshibe
BF [-® 718 0.048 16.4 196 16.2 41.2 57.4 0.20 0.34 1.24 2.09
Oketo
b3l [-@ 370 0.036 24.5 238 11.7 21.4 33.1 0.32 0.76 1.21 1.08
Tsubetsu
H& 1-® 772 0.039 31.1 303 17.0 17.1 34.1 0.24 0.43 1.17 0.91
Hidaka
iR 1-® 501 0.026 32.6 165 7.6 52.6 60.2 0.71 0.85 1.03 2.59
Yubari
b B 770 0.037  23.1 212 155 321 476  0.33 0.5 1.16 1.84
Hokkaido averages
il n-@ 802 0.038 47.1 288 26.0 24.0 50.0 0.73 0.68 1.15 1.12
Kakegawa
B A n-@ 435 0.040 31.0 207 21.6 6.8 28.4 0.28 0.39 1.07 1.15
Shinshiro A
¥ B I-@ 1345 0.025 35.7 228 17.8 5.8 23.6 0.34 0.36 0.97 0.97
Shinshiro B
ANz I-@ 1802 0.041 38.3 303 18.0 0 18.0 0.39 0.56 1.06 0.44
Kosaka
Em n-® 307 0.024 29.6 203 22.9 15.4 38.3 0.71 1.38 1.08 1.63
Hamamatsu
B I-® 1068 0.017 24.0 149 17.0 2.8 19.8 0.37 0.46 0.88 1.40
Takahagi
¥ Pt 960 0.031 34.3 230 20.6 9.1 29.7 0.47 0.64 1.04 1.12
Honshu averages
faREA 1O 571  0.054 67.7 539 9.6 0 9.6 0.72 0.38 0.75 0.53
Yanase A
AEEB 11-Q 264 0.040 57.5 274 13.0 0 13.0 0.37 (.59 0.50 0.76
Yanase B
it m-@ 634 0.034 65.5 576 21.4 0 21.4 0.74 1.24 1.00 0.47
Nakamura
FH m-@ 259 0.052 61.8 354 39.1 0 391 0.66 0.8  0.83 1.54
Kochi
FEAF] m-® 1200 0.039 60.7 444 18.2 0 18.2 0.48 0.96 0.90 0.50
Nahari
K m-® 339  0.050 76.0 599 21.2 0 21.2 0.48 0.99 0.75 0.88
Oodochi
it} E3) 545 0.045 64.9 464 20.4 0 20.4 (.58 0.84 0.79 0.78
Shikoku averages
¥ -
Averages 758 0.038 40.7 302 18.8 13.8 32.6 0.48 0.69 0.99 1.25

R CHEBORZ X TORETIT %2, FEBLERT -5, TV 4 FTEEUEEAN
L, BTAEEE Y a VB L, RTHERR, HEROBER RS ZRBEOREOBE»SRES N
39, ZZTHEETSmm » S5mmERTHEFERD LIRS, 100m « 100m 2E-FRERBL L
feo EEEMEF—F 0Y > 7Y ¥ 7RI, 20~30mBEE (RETZ1~1.5mm) 2455 X3 ITREL

“o
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] 100 100 100
o}
g 75 75 75
£
e 50 50 50 |
® 5
8 25 il 25 | #H 25 L
= Hokkaido Honshu Shikoku
O 1 L 1 0 1 1 1 0 L
0 25 50 75 100 0 25 50 75 100 0 25 50 75 100
HuE S MR TR
Terrain slope (X) Terrain slope (X) Terrain slope (X)

Fig. 56 ARl DA ISR

Distribution curves of terrain slopes

) 1. MR8 (DIETZ ef al, 1984) = & Zz(DN@@%ﬁ/ﬁﬁ@lZﬁﬁfi)%o

FiH R Bl ®, R
2. K%ﬁ 13, ﬁﬁﬁ"}&iﬁfX@ﬂﬁﬁ/ﬁﬂ@ﬂ HRTH 5, WESHB LT, JtEE, 1-®, 1-@,
QT AN, 1, 1), ST, [—©), 11 ©, NM—@0MRXTH2,
Notes: Thm Tines are classifications of terram (DIETZet al, 198
@, Flat; @, Hill; @, Middle; @, Steep; &), Very steep
Thick lines are typlCal cumulative frequem:les in each region. From difficult order : Hokkaido,
[—®, 1—®, 1—@; Honshu, [—@, 1—®, [I—®; Shikoku, NI—®, —®, [—.

BIER OHBER P, BRABOEMCHO 2 HEBEETV (D. T. M) &, HERBICEH»NT
V3 200mEROFTERE T IS A P TTRTANUEBEL L, ERTAOERE, SEREANILE
feavy—wy THhoEEL (HES, 1988a, 1988b), HFHMESHL, SHAORAMEEIEETED
EEr» o EHU (R, 1968, /M, 1983), T T OHIADOERI Ol % iR OMTARER » L7z, &
KEIE, 1000m * 1000 m O FHRCBIT 2, BERORSALRES»SEEELEHL, AL
e L,

BEHBEOHIE X, SEGEBADEN O S&Tikic# U7z (SEGEBADEN, 1964 | FEMAH, 1990 . /hk.
%R, 1991 ; Z-LOFFLER, 1992), YIRS R2ERE (S, (m) 1, KEHFHKAD T N TOETFH(N)
HERE TORGEREM (Si(m) 2BTFEAITLICKRD, ZOFHEE L,

Sn=25i/N (59)
BRAIEZEE (S) X, NHOBFE»SBBETO SI 2K, ZOFEKEE L,
Se= Max (Si) (60)

BERE (E(%)) &, Bi»o—EEE (4(m) ORFMHENICS 3 HMER (A.(ha)) % XKEHH
i (A(ha)) THRLZZET, GLRTEESND, En(%) i, £=S, DBEOHAETHS, £ 13,
BRAR A & BRHE 100 m, BA 500 m T 100 m ARG 4, #BEL, T ORFMEHONANCH 2B FHAE N
THRLTE,

E=(A./A) * 100 (61)
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BACKMUND DORHFE (Fp) &, (62)RTHB7 46 OBREBEORNHN H 5 BRHFER (4s) O AT 24
BTHY, L= LT E LRABOHETKkD: (BACKMUND, 1966 ; 38, 1988),

#=5000/D (62)
Ez= (AB/A) + 100 (63)

D{m/ha) &, HEEE (Lim)) 2 A TRLIETH S,
D=L/A (64)

TR EEEC RO SEENH D, Thbb, BENLEERERT T T65) R 5 BENKE
Bon s VERIEEE (S), HEOREHOESFHES» oBEE COREERTG)RICLBFE
BEEEEER (S,), REOHEROEEOIEHEOVIYEIEER (S) TH., InHOKEY
BEFE#EEDOBEBKIE, Vceork T-cor2#ALT, 65~ X > EBEXHh 2

(SEGEBADEN, 1964 ; DIETZ &, 1984 ; EARIR - #HfE, 1990),

Si=2500/D (65)
Sn=S, * (V-corr) (66)
V-corr=S, * D/2500 (67)
S;=S, * (T-corr) (68)
S,= (V-corr) * (T-corr) * 2500/D (69)

V-corr iZ, HMEMAIHENLRGEBT TV HoRLEE, I XbsBAHBHMOREL2ELLTE
L, T-corr BEMOBEIIIEMTEE, HTTIHTHEEBFRICHEY T 2, fEFFERTCLELE
Auvsh 3 MEOFEER, HERMICE Vcorr CEENZEFEZTI v, MEROHERREOEES
Table 39 (=R ¥,

2) MEEEELERK

7. AREE R E R O SRS

HEMOREVSHEEEBERE (V-corr) tRIZTEEFHIPITT 510, BROBBIEF 218
ELT, BROTHERE (D)D1/10 2BE LT3 V-corrg, GRE BNR» oKD, FHRD
R OBBIER I THELZOT, BROLEED S XBICTR, TRAEANZLREL I, 2720, Y5k
RESHRACE ORBLD> SR, T, SRORSHBRELMENE 2 -0 T, HERORESHDSXE
EHHEAT LIRGE LT,

Fig. 57D & V-corr®BifG %Rt ., JbHE T, V-corrdi 2~3 LRI IC A & RESRTSEIT, Bh
D & 512D 20~50 m/haDERPE T, X L 3B 4 2 BROBBIEFEOFE 2 FEEE L2, —FFH
CHARERE R 28 U, 2Ok, DOLRRRE S BEESHEA LT, JhoBick s
BV-corriz > - FRTH 5, METHERAKE & V-corre i Lot & A5 i3, SiEiTERE
BREVIZ LD ST, BROEE2ED -0 OMEHEORE 2 ED 20, BiRZHEDIFE
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Table 39. MEROHERBROBE

Aspects of measurement values of forest-road networks

HMXES HEEE HEEE FHBRE B A BRI LR RIBAFE R BAF®E  BAXKMUND
BERK BERE ZEmR Opening percentage Opening DBARE
District Densities Forest-road Avg. min. Max. every limits of percentage BACKMUNDs
Nos. network skidding skidding distances opening
adjustments  distances distasces 100m 200m 300m 400m 500m percentage
D(m/ha) V-corr  Sp(m) S, (m) S,/ Sm E (%) En (%) Es (%)
1-O 38.2 1.83 120 831 6.9 61 83 91 95 98 67 70
1-@ 62.5 1.63 65 312 4.8 79 97 100 100 100 60 72
[-® 57.4 1.74 76 632 8.3 78 94 97 98 99 66 73
I-® 33.1 2.13 161 606 3.8 50 67 79 90 96 62 61
1-® 34.1 1.42 104 430 4.1 58 86 98 100 100 60 74
[-® 60.2 1.47 61 317 5.2 82 96 99 100 100 61 74
Ky 47.6 1.70 98 521 5.5 68 87 94 97 99 63 71
Averages
1I-@ 50.0 2.06 103 677 6.6 64 85 94 98 99 65 64
1-@ 28.4 1.64 144 598 4.2 48 73 88 94 98 62 69
n-® 23.6 1.69 179 945 5.3 37 64 82 93 97 58 66
n-@ 18.0 1.80 250 1534 6.1 33 57 71 80 87 65 69
n-® 38.3 1.76 115 416 3.6 53 80 96 99 100 58 65
n-® 19.8 1.66 209 981 4.7 35 61 76 85 91 63 70
=] 29.7 1.77 167 859 5.1 45 70 85 92 95 62 67
Averages
m-o 9.6 1.66 432 1218 2.8 14 28 41 52 63 55 64
m-@ 13.0 1.54 296 957 3.2 25 42 58 72 82 58 70
-®@ 21.4 2.41 281 1001 3.6 32 49 60 70 78 58 54
-@ 39.1 1.66 106 381 3.6 54 85 97 100 100 57 68
- 18.2 1.68 231 935 4.0 32 55 71 82 89 60 67
-® 21.2 1.77 209 768 3.7 35 57 73 84 92 59 64
2] 20.4 1.79 259 877 3.5 32 53 67 77 84 58 65
Averages
1 32.6 1.75 175 752 4.7 48 70 82 88 93 61 67
Averages

2HE U, ZO®, D20 m/hafiith CHHBEELSSBICRL D, V-corrdt 2 5BEFTAEI Ao
72 MGEROFZOBRTRIET, —BIC V -corrdKE { K-> T, HEEEISEL, BEEBORY
BRIEXNZ &, BRICAEREREEHEL, 1.5~ 2.0 BEOEINEL T onED N5,

(65) ROBEMEME 7V 1E, T ECHAEELARCBAIN TV 20T, ERITIZANR D
DHMEOHFE T, BRICEHD 22w 1.0 #TEZ V-corric23 2 2350, £OFEMAICEBREDH
20EHAS»THD (Fig.57), DEeS.OBRZERE (1) 2ZALT, DEAOEMARM © EBHI
DR LIPS EiES 2 & BEHFER, 1986), DHBEBETABAE ThE, ERLMELWLEbh3
B, ) ANHEHTE 2ALDOBEBRIEOLTORFRIAD LTV ZIR VL, 2000, OREHVCH
BT 5, BHOREBEROHEOTEZORGB—ETEVWI LS, (TORERILLEITFENLAL
DoOBREHIZ Z L3 TER L, L LIFRINET, KEBRBEAETHZ LI &FOb TR, D
£ 5 m/haT 400 ha, 10 m/haTid 123 hall LQAVBLER DH5Y5 5,
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Table 40. HuIKFID V -corr
Outline values of V-corr in each region

ALHEE A M it} £ H BEH

Hokkaido Honshu Shikoku Averages Samples
V-corr 1.70 1.77 1.79 1.75 18

1.42~2 .41

10~20(m/ha) 1.61 1.71 2.05 1.81 53
20~30 1.64 1.75 1.83 1.73 24
30~ 1.75 1.94 1.79 31
F HGEH 1.68 1.76 1.99 1.79 (108)

Averages or totals

) MEEE IS 2 BiEE, BROBREFEEELBHICL20DTHS,

Note: The values per D (m/ha) are presumption data of the development of forest-road networks.

(4 % 2500 * (1+7)/D)?/10000=10 000 % (1+#)/D*<=A (70)

INS5DZ LD, BEOBEEFEEELLERC X 2WICE-> T, BROBKIET & X » B
BBEZTRELEYEL, KEFHEBEOAS S HML T, D3 10 m/hall FERw7—¥ 2H
VT, UTOTEITo 7,

BHIRDO V-corr2D Z Lz k- fER % Table 40ic7FE ¥, 2hick 3 &, V-corrid 1.42~2.41 D&
HizhD, T3 1.75 THotz B TH 2 LB E AN, DHE< kb L V-corb K& kot
25, WEE, BsEmE2RLE, ZOFERE LT, METIE, Db 10~20 m/halfECIEE IR 72
BEAERBL Z - HRAES TN T3 I B BT on s, gz izdbiEs, &0, WE &t
L 2z onTV-corriZREL o788, Z2OEIRIAREVERVZRLERICR -7,

Moz eas, BREETR, HEROBRRECE CEHARY 7y, R hEBHEsED S
B D V-corrid, PREFE, HEEEEL T Z0EH X 1.5~2. 0 BECHENICH D, EHAL
V-corrOBBRE & L Tit, 1.75 23 082U THS 5,

1. HEEEBEERBCEEL 52 50T

DIETZS 12 k5 k, VIEHEMER (S) 2Kk 2700 V-corrx T-corr REBIERED 13, Dith
HORSEX ST ONKEL RE.QDNEL L P LKEL L L,OMBRESAE LB LKE
{13, HBOBABEOES LAOHIRE OEKEOBNE L 25 L AEL k3, OFZRRBEOBHEL
hBEkEh2, L¥hTw3 (DIETZS, 1984 ; EERIR « MBHR, 1990),

IITE, V-corriBEEE 2 ARFEMITHI LWL T, Z0HM RO, BITICIL, B
KA EFDV-corr k. L TEEIRSH 2 Wz, AvwizKHF % Table dliciit, HEAZHIE, OXEFHEMH
HE, QOFE, OHFER, GRERE, OHERE, On, @n, OFHEH, OEEABEOIRTLL
7o FERERFIZDOVTEVOMRBARMZ 5, @i, 3.2.1 THEAL L 512, HAHER L FHAROH
BRIk ->TEBLRLET, HWNEL L2 IZONT, BETHEVERCE 2B 2>, DITEE
T, FOILTZ=2A—5 TREL, BEREOERER (%) 500 mOBETHB, @13H=1000m
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OBETH5, ORMFEBOREEELRTIEETY V782 — FRTRLETH2 (LERRS,
1975 ; SAKAL - NAYA, 1992), @IZH#EAEH (100 ha) XD DIHBL OEESMTH 5,

V-corrk 9 AFOMEHREITFI %2 Table 41iR$, Zhick 3 &, V-corr @Dy, OFHBHESK (r =
0.45) BEEAE W% TEOHEBEMRED LD 5N, FRLUADSEFTIRG®, @, QIPPELE
DOAABRES, @RPPEVADHEBERERL, DX, EREIMEC & 2 BRI CEROE
TG Rz E 23, @, @, ©, ©, OOEFTHEINL 7z, FEIHTOERE, FRE TSR KETE
BThH-7:0i®, @, @D 3IFFOHET, ZOROEHBRKIERARE0.05 THED 0.66, 5
Hiid 3.56 72> 7= (Table 42), EEFSHTOEMBEREIZ, FEKAHE 0.0 THEETH - /228, EHEMR
BOFEILSHWL T, Table 20 BEERFERZHAVT, BEOE W V-corrDfFE LTS = & iz g
LEZOND, UEORERSS, V-corrErRIZTEEZONEZERAT L V-corOBEFRRUT
B, RENLZEELYRZTRFEFEELZL EER AN,

HFEOBRL & 2RT@, @& V-corr®Bfiz, ThZhA—ICEQOHEBBRIZS S Z Lo o, HiELE
LA R2E2o20T, ZHEV -corrdSgRT 2 &0, 4.6.1Q2)7ORE L b—3F 5 (Fig. 58), HiE
LD HERBDOFS, V-corr KERBESRIZTHBERCL o728, Thi3INEREOX X 223788
wibd%xR L (Fig. 58), IIEORMERCELEL S LB 2WD THEREE SN D, SIEZELIEDH
BRRSTED ol 2 Lid, MEEOBERESE L2 KON T, MEMBFCEESE LI, bHE
fETx k5 (Fig.58), DB R A LB V-corrbREL{ BB EVLE S ThLHH, KL OB

Table 41. V-corriC &% 5 2 2 K7 OHEFREITS
Correlation coefficients on V -corr

@ @ @ @ ® ® @ ® ®

@V -corr
Forest-road net- 1.00
work adjustments

QX HFFARE R ~

Forest areas 0.07 1.00

QFARTE

Shape values of -0.02 —0.18 1.00
areas

@R _ .
Ferrain slopes 0.18 0.19 0.48 1.00

GERE _ « .
Relief energies 0.34  —0.14  0.55°  0.89°* 1.00

OHEFE _ _ _ _ oo .
Densitics 0.08 0.21 0.11 0.59 0.54 1.00
@TEE(5s)
Windings 0.31 —-0.20 —0.00 0.50* 0.40 0.04 1.00
(s : 500m)
@rTEIE ()
Windings 0.45 —0.16 —0.15 0.39 0.36 —0.05 0.62** 1.00
(7 : 1000m)
@piaid _ _ - ‘e _ _
B-indices 0.28 0.33 0.20 0.69 0.45 0.59 0.20 0.04 1.00
OARERSE
Numbers of nodes —0.31 —0.45 —0.21 —0.55* —0.52* 0.81** —0.03 —0.18 0.20 1.00
from outside

) HBEEEOERE KRR, **0.01, *0.05ThH3,
Note: **, Significant at the 0.01 level ; *, Significant at the 0.05 level.
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HE OBR B EIRODIETZ 5 & i3
HEOERETL, ARKEBIRE b
1ZEALEERTED SN LRI
Totz, ZDFERIZ, ADK/IMIEEER
BB 2R D 8% i, RRE
ZiEnsRwIkE, kl, XBEH
BEOMROE# S T, V-corriz
BELRIZERWILERLTHLS

Table 42. V-corr2#E T 2 72 DEMEIFR

Multiple regression formula to estimae V-corr

— 9] —

Y =0.764+0.233x,+0.605x2+0.001 %,
Y ! V-corr

Toim
Windings

x 2 : ﬁ*ggy
B-index

Tl ERE

Relief energy

EEEEK (7 =0.66%)

Multiple correlation coefficient

AN 8nd F=3.56

F-ratio

) EHBEERK (r) ORFEAER, "0.056TH 5,
Note: *, Significant at the 0.05 level.

LBbhsd,
3.0
(r=0.18) 3-0 (y=0.34) 3.0 (r=0.28)
5 .. £ . £ B
¥ 2.0 ;,: 20k / : 20F .
> - . —2"
VT e, 2 e e ey
& ¢ « °, .
1.0 1 4 L 4 1.0 L L 1 1.0 1 1
0 20 40 60 80 100 200 400 600 0 1.0 2.0
AR R B-1ei
Terrain slope (%) Relief energy (m) A-index
Fig.58 V—corr& V—corrici 8% 5z 2 R FORM%
Relationships between V —corr and some influential factors
MERROTE (Fricn) &, FREMNTRZL
LOD, V-corritZFbARELBELEX2WFT
2T EMHEEALI, # 2Ty & V-corr %
. _ . 3.0
£ Fig 5O TFT o 7 O LBARIER (25 2 HsEnt N e (r0.31)
RERDLHEZ 63% (7512 85%) Lpm B . - i .
bobboY, REXBEEREL TR I 8,01 Saop ¢
=N ) . . . >~ o
5, NELBTEIIS ICRVEE LBV IR L L Y& _:§ .
2, nOMBEECFEIL, 4.6.2 DOHRERS, B Lo 1.0 ,
‘ — 0 2.0
ED7s ZBE LT =0.76 £ T BEEH 1.0 2.0 3.0 L.
BEARE D 7s % 8IE LRy i FEEQ S ) FEIE (1)
b5 (HIE, 1968), EBE, KHED 7 OHERERT Windings Windings

b (1+7) OfEIR V-corriciivie ZDlz, 7ic
oTV-corrisREE N 20D L I REHRER

Fig.59 V-—corr & FEIROEF
Relationships between V —corr and windings
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308, 7k V-corrOHBEFEROE X SHML T, noed V-corr2BERCHETIOEEEL - &
WBEs»THE, IO LY, V-corrid, FEG EAZHERORMAYNIRD 2 3HE T 2 QS i5E

ThHoIEnoHERTIE D,
(3) BAREKRUHERE & YT
7. FREON

(6 RTHRIE 2, B3 2S.THRUCBZERL (1=4/5) 2RAWT, BEXERDOSTH
EERLIbOPFig 60THD, CoafmE(TDROHES (1971) OFBR/RACARAT I L ()RR
D, RERK () »oHMLT, HSTRHDOEERED TEV, OO, S0S T 20K TH
NG A=5Z(Z=5/Sy) & 4.70 TH-7: (Tabled3),

E)=1-0-t/Z2)*"!

100
S &
Lﬂ 80 |- ™y p
5]
& 60
+~ ' L)
# o Y
B E 4 8
=]
g ’.{ E (ty=1—-(1—¢/4.7)37
g n (r=0.98)
0 1 1 1 1 1 [] 1
0 1 2 3 4 5 6 7 8 9
PR

Fig. 60 BARKD I

Skidding distance ratio ¢

Distribution of opening percentages for the skidding distance ratios

Table 43. HEBIDZ(=S5/S,)

Outline values of Z(=5,/S,) in each region

Jt¥EE & N AmE £ EAR

Hokkaido Honshu Shikoku Averages Samples
St/ Sn 5.5 5.1 3.5 4.7 18

2.8~8.3

10~20(m/ha) 3.9 4.3 3.5 3.9 53
20~30 4.8 4.1 3.5 4.3 24
30~ 5.4 4.9 3.7 5.1 31
F G 4.8 4.4 35 4.4 (108)

Averages or totals

) MEEEHIGT AHEIE, BROBKEEF*EELCERCLIZLDTH D,

Note : The values per D (m/ha) are presumption data of the development of forest-road networks.

(71)
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E@)=1-010-t/4.7% (r*=0.98) (72)
Riz, 4.6.12)7 TTTIHBELY, BRBOBRIEFEEELLERTE, ZIX44 L BPETLAH
(THRERD, REVBTIOOBEIED THELL, (DROETFVOLEVBHERTE B,

E()=1—(1-t/4.4)* (¥*=0.99) (73)

CITDEZOMEETable 43It R T, e L 2 £, DBFI LB LHO M ZHERRICKEL 2 B,
ZOBMRIE, DOERITHET 21ZES, BB LAV I L 2ERKL, BEREORY 0=z, EnD &
NRIVVEERT LBV ERRLTVE, o (1971) i3, BBMENS IBEH—LR3
ESWEBELHETE, Z7=3.6 LWELLY, ERCEESN T IHKERETE, DBEL L LZ
bARELZD, D>30TRZ>5 £tz LaLass, THDRBZxL THREDT, DAL
THHEET R,

3 (1988) 1%, V-corr& (63)ADE; DEARESTL T, WOETWEEs ik V-corric @/ \ S HEEME S
25 EEE LT, R THFIg 6LICRT 5T, ZOZ LRI,

Rz, By b Er OBE R T U7Fig 610k 2k, EgldEen LD 6 5% KEREERLTWEH, T
i, V-corr=1.75 CHELZ(TORX» 5L LR WL B,

45/ Sn=5000/(2 500 * V-corr)=1.14 (74)

Thbb, BdV-cor=21C8037 > FLEFNVOBTHY, KES, o5 RDBREEINLT, @
REHEELSZ, IOROEBETEECL> TV -cordET s L, BNaHEELRI0TH
%, Fig. 61T V-—corr & Es OBAR%E A % &, SHERBUIE N Z L5 5, V-corr?Z i1z & 2 BIGREB OFF
fiiiz & RED D B DH50 5, BRREOCEHOFM %L L 0 ERICITS 22o12id, V-corrichiz, #i:
BIHEEEORN 2 ED LB H D,

3.0 80 3.0
(r=0.88**) (»=0.29) (»=0.19)
j="1]
2.5 ’ 2o e . 2.5
’ S 8% 70 | o o o~ *
- ® 2 xQ ./0' o
5 Y e v ., g °
© 2.0 218 g e S 290}
I Z Z -* o [ ]
~ o S 2= -~ - 0:0"
? E E S 60 o -01:.00
1.5 - g 23 1.5+ o®
4 oo A .
1.0 L 1 50 1 1.0 1 1 1
1.0 1.5 2.0 2.5 50 60 70 50 60 70
BACKMUND®DBAFEE D # REsese S

Reciprocal of BACKMUND’s
opening percentage 100/EB

Fig. 61

Opening percentage Esm (%)

Opening percentage Esm (%)

V —corr, BACKMUNDDBASESR (E;), BEFER (Esm) OHERMMF

Mutual relationships between opening percentages and BACKMUND'S opening percent-

ages, and V—corr
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1. MEEE L EEEIER O BF

Fig. 622D ¥ PR a B RRE (Sn) DBR R T T, 6NRDEFLVOBEEUZRHT 20BN 2R
ETERAERD I, IOMR, BENLHEEROER DS (75) R, MROBMIESLEE L &8
» 5 (10) X x B/,

Sr,=2500 * 1.738/D (»*=0.95) (75)
S»=2500 % 1.769/D (#?=0.92) (76)
500
& . Sm=(2500%1.738) /D
5 [ ]
= 400 (r*=0.95)
B ¥
& £ 300
M2 . o o
BE s
B ES 20 b L8
S % 8 .\o o
C2E wf e,
< T [ X N
0 1 I [ i 1 {
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b
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.:g 400
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BE_ 0
= EE
=1
% ES 200 |
783 S
g g 100 - SNEiie . V-corr=29
= e e S
> B \'-.ﬁ:
< T
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Fig. 62 #rEEEE & Vi RITEABEM OBIE

Relationships between forest-road densities and average minimum skidding distances

Note : The bottom figure is the presumption data of the development of forest-road networks.
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(75, (7O)RE bRERE (M) 0.9 %2HATHY, ERROHTHEDIZLL, GNROEFLD
L EPREE S e (BHAER, 1990), V-corrid, HRO I Lab S 4.6.1Q2)7 1L —HL 7z,
BERE ORI & 5 V-corroEHIfEIT Iz, 5 (1971) @ 1.37(1.18~1.68), HEFHMBEA (1990) D 1.
21, #E .= (1990) D 1.42 & 1.96, /Ak-{ZH R (1991) @ 1.41(1.16~1.59) #3555, KB
B3 V-corriz, 1.75(1.42~2.41) #5707, BHI D LRPKREILMET L, 5 IRERE
373 B ARz U AR, BEHEREENRICHEL- 2 0d, XEEOKBEL D /IXDOER
%BIER, BECBETE-SEBEBSTON TV A I ERHERERIC & 2BEOSHOEA» S
MBTE D, 27, HBOHRIABEORBEH Y, IKOFEFD 10 KD 5 5 6 BlIIARFFEDED
#HENICH S, U EOER»S S 02 LS 1, MOEOBEDOIRIC XL 5 V-corrOfIEE & B L
Th, EAMNRERELX LTI 2RAVE0ERZEEVEE,

4.6.2 PREHUAE & AR ORERR

HEFE THRENER 2 2 o, MERETMCEBREECSWT, BE~ORESLE L2, &
HTW, MEr&A@E c TEEC L > THEL, BERORIEEMET LIz, 22T, ¥l 1~3 Fok
BEFREMEEXS L THTL .

(1) MBI O FHi

7. BEFERIC X SRRSO FHE

FHBREPBRBOER I N T 2HBDOREL T2 L, MBFEECXAZEORETERI L 2 4%
EFHM & FERI L A FESFE 2 SN D, BREFEFRIC L Z2HEFEE, HEOETEE L ¥ OME L F
TLTiThh, HEERE, XA, #giie C8ETEECHELRIZT I LI (ER
o, 1968 ; LA, 1977), Th o OMFERREEE 2 T, HERETSBOFHEK AW T, HEOFHEZ
T L BRI 24T 5, TRV I28ENE, 4.2.1 RO ERHEKAEHE 79 BROKERTE T
b5,

n FERE

FEHGROFMEE L LTix, RERE (L), HEEE (R), HER (), KA () 32k, O
BEXEc/L), QBEEOMEER(CEA/R)/L), ORAKRIIES/L)2E 2 503 (LA, 1977),
Z OFMEE, CREME T 2MBRES0ES, @, QEEMEE (km) OBITHD, wFnd
B EEE LB TESZTWEDT, FEFHOFHHEE L TREBNEE L S5h b, MHOERT,
HAREFT O IR 2 R T IPE (1 #hiR) B0 0, QHEBFEERONE, ©XH, @BEMER -OIPEE
TSz, R ETable4diz7R ¥, FHEHAZITER, MR, SNHROKGEEZRCHEEIND L, BN
MR HETOMBI I oFE L Tuy, BRICK S &, FERH CETHEE & R85 FHEE &
xh3 (LA, 1977), QOXTABRIZHE 1 #2 SIEIC 1167, 1189 K F11297/kmk % D MRGEBERKIC
kaEasny, QOMBERONERIN, HEOBVHER ERS ZHMBEEEHVI LV
wRM SR ERL 2, O, #e, TUERE SHREs0 b5 28an b ruERC R,
Kz, D~DOEE A5 £, @@ LB OMBERNKE , PRS2 OEFHLERC R -
72885, HBEEETCELO O, HICTRHEBIEE /NS 2ERR L, HERESOTMEED, %
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Table 44. JWHEHFIZ & 2 BRSO N

Evaluation of forest-roads (regular) alignment by design elements

X % FFOfE WE1IS HE2H MEIR
Classifica- Evaluation 1st grade 2nd grade 3rd grade
tions methods
A B C B/A C/A C/B
SEHRE
Plane alignment
Oh#EE (%) )
Ratios of curved line length to 54.6 51.5 46.3 0.94 0.85* 0.90

whole route length (%)
O ZE O BHEFER (m/km)

Totals of reciprocal radius of 0.83 1.01 1.11 1.21 1.33 1.09
curve (m/km)

QXA (E/km)
Totals of intersection angle 1167 1189 1129 1.02 0.97 0.95
(degree/km)

@R E OB (m/dhE)
Reciprocal radius of curve 0.03 0.04 0.04 1.11 1.22**  1.11
(m/curve)

&R A (E/1P) ” N .
Intersection angles (degree/1. P.) 47.3 40.9 38.2 0.87 0.81 0.93
@E%’i% (m/Eﬂﬁ) *% *x *
Curved line lengths (m/curve) 25.0 21.2 18.7 0.85 0.75 0.88

@IP# ({8/km)
Numbers of I. P. (piece/km) 24.8 29.0 29.6 1.17 1.20 1.02
AT _
Longitudinal alignment
®@FaE (%) * *
Average lo(;zgitudinal slopes (%) 6.2 6.5 7.8 1.06 1.26 1.20
ORSWE(%)
;I;/h)e steepest longitudinal slopes 9.9 10.8 13.1 1.08 1.31**  1.21**
A0
el A AT ZE L s 2 (/7 km)

Numbers of turning point of longi- 11.9 12.9 14.1 1.08 1.18 1.09
tudinal slopes (piece/km)

) MREBEROZOBRE (CI18E) X, BEAE*0.01, *0.05TH 3,
Note: The t-test of arithmetic mean values among forest roads are as follows: **, Significant at the 0.01 level; *,
Significant at the 0.01 level.

B 2FEREHS »ICT 2700, M1 EME 3 ROFENRERO T X TOMIRERTD, B
BRER ) MBROMFEEFig 3R U6z 7oy F L, ZHiCk Bk, il 1 OMRES R, HE
HRCED S B/ EDAT, Al 3 RCHEL THSPICRVEBEZHREL TEY, R
WEMBKE LD LHETEDLSROATII R > T, JORBERE, R MEEERIHERETED
ST 5, #FPEECHIGT 2 HERPTACHREN RV O T, RMFREESKE & LU OK
iz, B/IHREROITHMNCREVHRESIRA T2 2T, HEE2TERT S I L2571, O
iR E LS, EIE, MEORTHICRIZTTEER, BEORVLH VST Z VY, XL,
1977) »o#EEL T, ETHEECEEEL2WEELREIN D,

HIE 1 EHE I FOBBOTFMEOEL-RELIZEIE, D~-OREBEARE 0.0l TENTED LN
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Relationships between radius of curves and curved line lengths (1st grade)
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Fig. 64 Hifg-% & iR OBIMR (& 3 %)

Relationships between radius of curves and curved line lengths (3rd grade)

7etd, RfTERE CROCEFRLSZ LS d, QRMHNEEIRD SOz o/, UEDZ Ens, F
B OME R, LAIOMBICERT, BEE2 LV E WY, VNS Liig PR TR EERL £ 5

ETAEMIEH L D00, KHBAIC L 2 FEBE CHET 2ED, EHKC LRI Doy
R o,
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() HewTiR

B OFMBEL LT, 7, @FHAEIFEZ 515, BROMRBTEE? 5§ FaROF
WEFEHAR L L, ORAUE (FBRORAEROFYE), ORETOEEZELEH % T~/ (Table 44),
ZOFERIT, BENREREH BREOMEIZY, BAMETRE T2, BRI 2HGERE
DEZHOT B E GEFFES, 1993b), WTFLOFEED EBOLERICZ 2, LeLAsS, il
BRI L BRI, ME1ROEIEES6.2% THEDIENL, HE3FEH T 1.6% LB 7.8%
TERG, BAGERTE, M8 1HED 9.9%IL, AEIRI13.1% %0, FHLRU OB
Aohiz, BROT N TORGAEOHBFER G 2 Fig 65TA 2 &, HREFKIIORHI 12~16% D
BARCEATIC RN, MOl 3 T 12~16% D X8, £RHID 16%CRA TV 508, AR L RALN
EEEHL ETFTWRERZONIPE, MFAREOSHE, THHEBOREICENROAIZY 7 L
T3 H, 12~16% 0TS EHR &, BBICL2EVEIRD 2V,

B OMKEIR, FTHBEBICHNT, BRI VEENTLO XX L OBE» S, WEBETH
AEETSED dh, BFEOERNTOIR TS, L LEHs, il 1~3 Rokig, FEm
EEAEENR L, SFREO AR OMNE L EHE3ROER, bTH 1.6% T EXh o7, B
LOBRY 6, BITORBRBMAKE T, FREREICL 2H8AEEHETORVLY, BRCRIZTEEE
BEAYZOLEWZ B,

4. FEERC & 2 FHE

MEOFEE (5) 1, NMATRKDONDE HFELRTVH LYY, 1067 BEER, 1975

n=0—4)/b 77

F2#L, £ AEREOBRSER, 4 HEXMOBERER

40
®,
Q.
TS
o
(o}
QU;\B /U y L]
< 20}k 8
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L
=
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Q
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Fig. 65 #tMrABCOZMm
Distributions of longitudinal slopes

-®-, HE1&K: -O-, HE2HK -[I-, HEIR
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niZBAL Tid, BIERREL#EH D (KATO, 1967 ; MR AR > H 05>y, 1967 ; BEIE, 1968 ; /)
FReFEA, 1986), T35 HREE (1968) i, ML OBEFEE CEOTELLMTILE, 22T, Ml
BRI L 27DR %R 4 2 ED THRETT 5,

ARV BN, BIE L HRO REAAIHE 79 BEOKERIBOFERE #R 1/500, 1/1
000) TH %, 4 ik 50, 100, 200, 300 K1F500 md 5 FEEE FTHIE L7z, Table 451 bhEE& A
OEREREEERE (S D), BEFEH (C. V) 2BbETRT, IOBRICEZ L, 71t 4 HBHELU
Be, MERBC L 2ERASAT, 45550, 100, 200, 300 K UF 500 miZ#EiNT 5w oh T, 7t 0.06,
0.13, 0.26, 0.35, 0.49 ¥ E#AIHEIL 72,

iz, BB T2 HE L L 23, TRTO 4 THEMWESRGHKE .2 EE O, #lx1E, 4 21500
mOFEMGED 713 0.54 T, FRMED 0.37 % 46% LRl - 7o, BRRAIBEDBNICE 2 70E S -BEL
el B, L5200 RU00mOBE, HEEKES THEETH- 2,

HIRELS DLy, S D LV KRESRSE, BHONNTYXORESRTHIARTH 2 LEHEH (C
V) #R5%E (BREE, 1978), ZEAEDC V. i, S0%EEA TV I Ehd, BBI LD
VEPREWIEBERTE 5, ZOFBRIL, FHNLMEDO7E, BRBUIEOBRESL 4 TRES
ek Z £ 52RTH, FERL, BEEEICY > TERBEBMRS 52T 2L, BREOX
EEREDS, —IE, —BREREBREEOBREICECTVWI EARTILLTEZ, 0L TEL
5L, REDOFHW L7 OMEIIE, 4% 500mE TET 558, i, MERENCE 2 2 0Bz hn T
EEEMFT /BT,

Table 45. #EOEEIFE
Windings of forest roads (regular)

i HE K OE AR (4)

. B . FE AR
Forest -roads Straight line distances of measurement sections Samples

standards 50m  100m  200m  300m  500m
HRIE 1 8% 7 0.05 0.13 0.25 0.34 0.48 22
1st grade S D. 0.03 0.06 0.16 0.24 0.50

C V. 0.60 0.46 0.64 0.71 1.04
o 2 8% 7 0.06 0.13 0.25 0.33 0.50 29
2nd grade S. D 0.04 0.09 0.20 0.29 0.57

CV 0.67 0.69 0.80 0.88 1.14
3B 3 5% 7 0.06 0.13 0.27 0.38 0.48 28
3rd grade S. D. 0.04 0.09 0.21 0.29 0.39

C. V. 0.67 0.69 0.78 0.76 0.81
Ty 7 0.06 0.13 0.26 0.35 0.49 79
Averages S.D 0.04 0.08 0.19 0.28 0.50

C. V. 0.67 0.62 0.73 0.80 1.02
TR 7 0.05 .10 0.17 0.23 0.37 20
Valleys S. D. 0.04 0.07 0.16 0.24 0.52

C. V. 0.80 0.70 0.94 1.04 1.41
g 7 0.06 0.14 0.28 0.39 0.54 59
Mid-slopes  S. D. 0.04 0.09 0.20 0.28 0.48

C V. 0.67 0.64 0.71 0.72 0.89
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(2) TEEMGEBRRIEZ ORI

7. BRETERIC & 2 EMEEOFM

Table 461, RFHEFIC L 2 FEMERFPOHEBRET T, AT CHVIZERNT, 4.2.2 OfFEMKE
HRBOMTTHOLBED S b, FHEM & MFKBEHE ST\ 5 36 BIRTH 5, FHRE OFHEE
HHE L AL OB ER, Ot RoBEeH, ORARI L L, 2EC@IPHE R, #HRIT,
HESERIL, ol 1~3FcHEELY, TRERIEE/NS 2 2 HTE, EEMETLEIEHKEExASN,
B R O RHGRR b, A 1~3 T A 5 N R ASE] & 68 % B 5 Wiz, BRE 3 4R & (EEEARE O BRE
T R EOMBIEHIDEDt BRERER L 0.0l THETH -7, LLEHS, 4.6.2()7 THilir
72, EITERE LBGBEG E SR B TABRANIZ 1180 /kmTHE KO 1129°/kmEiZ L A YER %R
Doz, BRI IOEIKE 2 FLIZERUETH 5, HHRLERE L HRROBFREFig 661077,
AR DS 50 mELE A S 2 BEER I AREIEER T AR L 25 ML T O/ S SR 2SR L TS0
D5H DB, PEORERE, A/ RHREERSAL, IPRARLEIREL T, #BPICTSE
BEOMEET 2 &5 2et2 LT 2 & 2RS¥ 248, RAKHIS SHM L T, ol 1~3 K & FESE
FcENH D LEBD SRR o1,

RS, OFHAIENE 8.3% THOE 3B % 0.5% EEl- 7, —F, ORABEEIAE 3K LEUCE

Table 46. FREHEFRIC & 5 VEEMBRTE OFHE

Evaluation of forest-roads (low-structure) alignment by design elements

C y FF M = RS E Ml 3 %
Classifications Evaluation methods Law-structure 3rd grade
B (A)/(B)
EHRE
Plane alignment
DR R (%) _
Ratios of curved line length to whole route 37.9 46.3 0.82**
length (%)
Totals of reciprocal radius of curve (m/km) : : ;
@AM (B /km)
Totals of iy;ltersection angle (degree/km) 1180 1129 1.05
@IP# (f8/km) -
Intersection angles (piece/km) 32.7 29.6 1.10
WA
Longitudinal alignment
OFHLEIEL (%) ”
Average lot;lgitudina] slopes (%) 8.3 7.8 1.06
®mAEE (%)
The steepest longitudinal slopes (%) 13.1 13.1 1.00
@R EIBEAY, 58 (T8 k) o
Numbers of turning point of longitudinal slopes 14.7 14.1 1.04
(piece/km)

) MESKOZORE (t-BE) i3, AEKE*0.01ThH5,

Note: The t-test of arithmetic mean values among forest roads are as follows: **, Significant at the 0.01 level.
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iR
Curved line length (m)

1 L ! !
100 150

HEAR

Radius of curve (m)

Fig. 66 ffp-1Z L i ROBF ((FEHE)
Relationships between radius of curves and
curved line lengths (low-structure)

4. FEFIC X 5 5FHE

D 13.1%TH > foo QR AREL S
#Hid, HEIFZEELDZDE 14,7 8/
kmTH o>l MEEMBE R L BOFREE
MZ 270, MMOMGERREC L THE
WIAEL 2 (L 3 € 2EAMBED Hh b
DL ME 1R LTH 1kmiz D
OEALEFOER 3B RIT R,
B OWEHTR L BRI,
SFEIFZAICLTHY, HE1HFZED
HBTHFEHAWT2I%DECH
FoTWBIELBLT, REHEL
PR I~3 Rk L REEMEOE X/ E v
LHMTE LS,

Table 471z, fFEEKED 7% 4 #3250 m, 500 MOFE TR T, EEIE, 3.2 TEEMREDOKRHTOR
HEFH U 83 BEs S, BRRESE L 4 2/ S VEREER V2, 250 KU 500 mZ L4 78, 50 B
BAETRICAW Uz, BEIE, 403250 mD 7tz 0.35, 500 M3 0.46 TH -7z M 1~3HOFHDy
i, 4 53200mE 300 mOFRET 0.31, 500mA30.49 o722 56T %k (Tabled5), ¥l 1~3 #%
LEEMEDOn BRI LB 5, £/, FEMEDRE b Table S LFAIEBEDOC V. 2771, B

X B7DEBKE Y,

Table 47. {EFEMEDIT[EZ
Windings of forest roads (low-structure)

WEXFOBERER (4)

PRIEHE Straigth line distances of #EA#K
Forest-roads measurement sections Samples
standards

250m 500m
YEZEMIE 0.35 0.46 50
Law-structure g D. 0.31 0.51
C. V. 0.89 1.11

BRI LR OBBRE ST L
ToHER, BfIECr TRE L
i 2BRD, BKICEZEOD
B EVBHEINT, ZOFBE
i3, 52 MOMERETE TRAARAD
Bz wcigL, Mgt
nEELLRED, BRI S
MEIHETRLZ L 2TEL, B
MEMENTF & LT, WD TEE
BNz T & & 2B
5H0OTH 5,



—102 — B AR RY H372%

5 #&

3

21 HASIZ, MEVERE L L TORE L 2 2BRLET 22013, SEEBOMETEERC
BRESNHRERBTARTH 5, WEBOBH I ZEARBEARTHLETHY, BEEOEEICT
513, BAROBEECIE U HERET, MFENRBHET) e —BEELHEEIC L 2,

BT, MEBRTHEIC & 0B OBEECIE U MEFRE T, MERER2XS Z & 2TREL 8¢
37:DOWELDT, FEI1EOFHICKE, B2 ETHERRE L MERBOBMRLERE L, F3ET
i, BEOBERT, &R, TERBCL > THRIEZN 20T, AMEE L HENTEREFHRL T,
HEOMENTEZEEOBS 2L -, B4E TR, BEGOBRHEICNEY, HRELED &
THEH, EME, AEREHE, £HEB, STBOKBAL LD, oMz, BREEOFM
CLEZ, MEFEEEERRLMESE L BEOBREMMT Lz, UT, FRE2BEHLERL T3,

FB1ER, FRTEROEATTH S, BEONMOERE 1T, FHFROHEE & 3 OBEN B~
7ro FIFEOERTI, FROUNRCT IHERIIME 1 &K, ME2 K, HE 3 K6 L UFEERED 48
BWTRRT 2 Z &Rk,

B2ETIR, HEBREAEELT, MEABEREXSL, BESEELRELL, JITIBEER
WOFERAEFRE LY 5 v 75T T 2EME, 527507 47— FHETT 2 EERBCSEL
Too BIEIEMGE, fREMIE, %ERIEdE, ERFER, AR ORREINDS I L2l 51Tk
EREROBRE, fTEICBD 2HEREOREEOEFG 2L T, BRI L 2 HESED
WELZEFR T ILBEEERUZ,

BEIETE, MEOMENZTBEFEOREORINE, HBER LR KEHHEEOBROBENTIC &
3HkE, WESEXE R NRCERBTHROBZ2BAL TEBN T2 HE028EY TfTo/. 3.2T
i3, BHEEICB 2AMMOBE 2T 2705, WEEE - ARSHRAEROBREETL 72,
NMTESLF 5 THACKO R L Eflo~* BAOHGER, HELEER » FIAKEEKEROBEFRICY,
BEOHBEETRIT A Z L RHS I L, A RADOEHIE, LAURRIT CHEAERIIKRE <, 1B
BUINE {5, HIE 1I~3 R EEEMREDOERDOE VT, EROEBVWIZIZ2RBEOETHZ Z L 2HHS
DI LTz, FIFKEBARMER S 200 hall T T, MEEEIX 20 m/haiZ s 2 KE» 5>, BEMEEEY
20m/hak ¥ % &, NS SEHERE TSR B A RS Z & R 18R L 7o, BB KISARAK & BT & LR
LR, FAREEAOLAERE, RS0 2 ERECL2 280, BREIRVENZVI 38
Shicl, ZOFEEEHR~I,

3.3 ik, AMHRCHENZERE2HEL T, MEREORBTRORE2H . BRI, 3.20
HACK 0 ERIOBEUA 2B AL T, HPEOMERE B 2 A REORE BN L 12, HEHERICL
3 &, BB BEARIC AT BER ORMBRIX D 70008, #HERN 3 F KIS A E A 50 haT
8§ m*/m, 100 haT 10 m*/m, 1000 haT 20 m*/mi2FE THh - 7z, KiZ, 3 MK OMEMETERKE % EE L
THEHEHE 23T, BREXKMEOAMRE - HENZTER 2L, 5, BraEzCRLTH
Bt L Tfi-7, 22T, BERXMEO EREOEE TH 2 HBFMAEBIE Shiz, FHERERMKEE
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X, BB E Y, BROSBUZ L - THREFRICEA L, AMFR - HAENTER LR
BMEEEEETH D, FRENTBREERE L 2L 25, BHESHER/S619haT17.245/d, 54hatT
1.5K/de3h, HMENRERIEZS RPHRTEZVW I LEZERES L,

FEAETIE, HEREFHEZITI 20035 A5 ThH 2, HRE, ERHETEE, AHBOWEEA
EHEOHELT, EMESCABREEL CEERBROBRECLESRBEARRD Lo, £z, B
REIENBCHSTROBEECAZSHET 0T, HEFEBERREWBKR L, HESKEHEO
BRESHL, FRTHL SHERICE T 2BRRE ST 2B 2 ,IC LT, SEHCHEIALLE
EHEIER DT 5,

4.2 TiE, BB I~3BOME L EEMEBECRS LT, HRB L #EFTREOBEAME: EZBA» 65
ELT, WEMRECHELS 2 SEFIIMNERR, HRER, TH, THFERO4ETT, g
EHERIO 2/TCH, BIREHETOTHIREETH -7, FEMER, 52 IR THET 2 MM
BOBED» S ETFVHNCERBREREL 2,

4.3 T3, FHIEE, BARE L ERRIC, HMBES L RERS TIRIRRES NI DT, TOKRE» & Ff
BEHEREL T2,

4.4 T, EME, \ERERBRUSTEOBIRELREL 2, REOFMHR L LT, BBRE L 95
REESH L. 8 | REFEMREOREMEHRIT5 5, BUABREBRIFEOME8HD,
HENOBMEMEEREIL, Fo7v 2 BRELR [ Foy 2 (FEKE) - v I 28 BT T -8 =
1:5:19:62 Thotz, FEMET I mBE S ¥ 2 ASHEBIEMED 2.5FCELL, STRIS
TTHEEICEAT 20T, HEFEE & OBRIE L 2 & 2,

4.5 T, BH Y X7 LA OEMBESCE, SR MBER 2T, PRFLEFRTOEELR
FELT, SRR EEN CREBEEM VAT A% KD B L, T2mEBOEEREMTIL, NIy 7 —
Y- ERC b S TERITH D, FTRY 7 - — 5 L KREMBEO S S O BRI 250
mTHol, BHEL, EM AT LE2BRIZZIL T, MEFEE2ED 2 LABCEBRAERSHFCE
4, REEEHRIIENS Z LD,

4.6 T, BPHOKBEHEOMEEEEIERREESIT LI, ZOBBEIR 1.7 CTho1. ZOERSE
22T, B2HR22IEBTIEMBIHTROMEREE 2 LT 2 e 8TE L, Rz, HERME LK
OB % SATREEF & FRIE THRET L, BREEEZTTI LT, WEHBIICHRE*EEST 5 40
ik ERAT,

BUE, RETHE, MOEBERMC L O RERE2RET 20 LELTE S £ — & O £ 8RET
Lz 28T, ZHhSDFE T x—F ZRHO THERBEOREETD,

ZE, KENIFE2HENELZTOLTHY, HBEEIELE L0,
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Studies on of Forest-Road Evaluation and Forest-Road Standards in Mountain Forests ([ )

—Characteristics of Parameters for Forest-Road Evaluation—

SAWAGUCHI, Isao

Summary

With the increasing use of artificial forests as econoric resources, it has become necessary to
restructure the forestry industry to promote the development of rural communities and to make
forestry an environmetally-sound industry. For this, new machines and operation systems such as
skidders, mobile yarders and processors should be introduced, and costs in the forestry industry
must be reduced while maintaining high efficiency and safety.

This paper examines, from the viewpoint of the forestry industry, the forest-road networks
which are constructed with standards for various road functions. It is composed of the following
5 chapters:

Chapter 1  Introduction

Chapter 2  Forest-road functions and standards

Chapter 3  Characteristics of forestry traffic demand on forest roads
Chapter 4  Characteristics of forest-road evalution parameters
Chapter 5 Conclusion

Methods for determining forest-road standards by forest-road evaluation will be discussed in
the second paper.

Chapter 1 is an introduction which examines past research about forest-road network planning,
and defines the terms.

Forest-road functions are examined and forest-road classification is presented in Chapter 2.
Roads for the forestry industry were divided into the following five kinds: forest road (regular),
forest road (low-structure). strip road, main skidding road, and skidding road. The main object of
this report is the forest-road networks formed by regular and low-structure forest roads ; therefore,
the skidding-road networks composed of strip roads, main skidding roads and skidding roads are
not discussed in detail here. The forest-road standards assume the following four kinds of roads:
first grade, second grade and third grade fores roads (regular), and low-structure forest roads. The
current state of the forest-road networks maintenance took a general view. To research on
methods for determining a rational forest-road standard by the evaluation of road is a important”
issue was described.

In Chapter 3, the characteristics of forestry traffic demand on forest roads are elucidated by
measuring the log flow and the forestry traffic volume. Related analysis of forest-road length (L)
and forest area being exploited (A), and the method by the analysis of forest area being developed
for the forest-road networks planning district were used for this analysis.
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The relationship between L and A was analysed. As a result, a relational expression similar
to Hack’s-law on geography was obtained for the relationship between L and A. That is, this
relationship can be expressed by the equation L. =% A" (measurements in meters and hectares),
where the constant & is 115.35, the exponent # is 0.677, and the correlation coefficent is 0.94 in case
of a regular forest road. As the forest-road standards increase, k increases significantly, while »
decreases. The difference between 1st grade~3rd grade and low-structure forest road were caused
by the differences in road length.

The characteristics of log flow volume on the forest-road networks in Japan were estimated
from these results. The log flow volume per meter on a connection type forest road, which was
somewhat lower than the go-back type, was estimated as follows: about 8m*/m in 50ha ; about
10m?/m in 100ha ; about 20m?3/m in 1 000ha.

Next, after selecting three forest-road network planning districts, hypothetical forest-road
networks were created, and the log flow and forestry traffic volume in the road sections were
measured. Upstream areas of road sections were measured by applying the grid method. The log
flow and the forestry traffic volume decreased in discontinuity by the divergence of road. The
forestry traffic volume was not able to expect much as follows: 17.2 vehicle/day in 61%ha; 1.5
vehicle/day in 54ha. The result proved that determining forest-read standard should be planned by
the evaluation of the log flow and the forestry traffic volume.

In Chapter 4, the characteristics of each parameter needed for the evaluation of a forest-road
route are elucidated. That is, each necessary cost for determining a forest-road standard is
examined and optimum forest-road density is calculated. Forest-road costs include construction,
maintenance and land costs, wood transportation, labor transportation, skidding, and walking costs.
In addition, characteristics of the forest-road network correction factors (forest-road network
adjustment, V -corr) and alignments of forest roads were analyzed. Each cost function of construc-
tion cost, maintenance and land costs were set the forest-road standard and terrain slope in the
variable. Unit expenditures were calculated for wood transportation, labor transportation and
walking cost. The differences in wood and labor transportation unit costs between 1st grade and
low-structure forest roads amounted to five times and three times, respectively. Incidentally, wood
transportation variable costs according to the type of vehicle showed the following ratio : Truck (Ist
grade) : Truck (low-structure) : Tractor: Forwarder (small-sized)=1:5:19: 62. It was 2.5 times
more expensive to transport labor than wood on a forest road, clearly indicating that labor
transportation costs cannot be disregarded. Because the walking cost is directly proportional to the
walking distance, it also cannot be disregarded in forest-road networks planning. Six skidding cost
functions, three skyline systems and three vehicle systems, were set. Variables are skidding
distance and terrain slope. By this, it was possible to estimate skidding cost correctly by selecting
the skidding systems from the forest-road density and terrain slope. The forest-road density effect
has weakened gradually though, the skidding cost can expect drastic decrease by selecting skidding
system.

The range of V' -corr was about 1.4~2.4 in most districts in Japan, even when the forest-road
densities and terrain conditions were cosidered. The average was 1.75. This value was larger than
that of other previous reports. Howere, it is a practical value for developed forest-road networks.
The effective factors in V-corr were winding, g-index, and relief energy. There were no definite
factors. Forest-road density and terrain slope had no effect on it as well. The accuracy of the
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skidding and walking cost estimates was improved by obtaining this value. The relation between
the forest-road standard and alignment, which was examined by the index of design element and
winding, showed that it was not necessary to consider the alignment to each forest-road standard
when planning the location of a forest-road network.



