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A few remarks on the establishment of an elementary exclusive road
for a small sized forestry vehicle*

An example in Kuma-cho Ehime prefecture

Tomomichi FUSHIMI**, Shoji INOUE** and Tadakatsu AONO***

Summary : Recently, there have been many examples of efficient hauling operations using a
small-sized forestry vehicle and an elementary exclusive road. The author investigated an
example at which an opened elementary road atained an optimal density determined by the
owner’s forester. The area investigated was a private forest 7.06 ha in Kuma-cho, Ehime
Prefecture, as shown in Fig. 1. A pocket compass was used to identify the location of the
road, and the road surface was surveyed. The author discussed some investigated examples
and the obtained results were as follows:

1. The width of the elementary exclusive road for the small-sized forestry vehicle was
narrow:1.5m to 2.0m.

2. The net-work of this narrow road should be established through one stand that is
grouped one with adjacent forest land.

3. This narrow road was used for hauling thinned logs and the small-sized vehicle may
be profitable under the conditions that the average hauling distance is about one
hundred meters and the hauling volume of timber is under about one hundred and fifty
cubic meters.

4 . The following are the results of the survey of a narrow road for a small-sized
vehicle in Kuma-cho.

1) The maximum longitudinal grade was 24 degrees. About 38 percent of the total
length was in the range of from 10 degrees to 19 degrees, and about 53 percent of
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the total length was under 10 degrees.

2)  The maximum distance for hauling was 413 meters, and most of the hauling
distance was in the range of from 200 meters to 400 meters.

3) The density of this narrow road for the small-sized vehicle was 303 meters per
hectare; that of the adjacent section on a forest road was 47.4 meters per hectare.

4) The average prehauling distance was 20 meters.

5) The model of forest land with a narrow road for a small-sized forestry vehicle
was 190 meters long and 40 meters wide as shown in Fig. 4. The detour rate of the
narrow road and the truck road were 0.30 and 0.76 respectively.

6) Deformation of the road surface appeared more on the main section than on the
branch section of the narrow road. Wheel ruts were over 10 cm in depth and over
35 cm in width on the main section, while most parts of the branch section was
covered with vegetation.

7) A cross drain ditch should be dug every short interval on the narrow road surface

over a gradient of about 10 degrees.
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Table 1 The holdings of forestry machine for yarding in each prefecture

(REFA614F 3 A31H HAE)
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prefecture | forwarding | yarder monorail |prefecture | forwarding | yarder monorail
vehicle vehicle
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% H 282 135 5% B 375 463 251
1] i 210 149 3| & W 24 273 38
& ] 372 64 615 i 97 1% 18
B3 b3 431 84 5|8 B 258 452 26
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B i 30 53 1|8 il 922 133 202
A ) 112 219 24| =1 62 141 5
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H 3L 108 9% 7|8 ¥ 446 345 23
& g 292 271 VPN ol 4540 360 154
I B 153 361 BB I 358 569 17
# el 245 636 84|E R B 621 276 42
® bl 87 318 20 | b ] 2 0 1
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Table 2 The ratio of cutting area on a lateral

profile of hillside road
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Table4 The longitudinal grade and the distance of the narrow road used

by a small—sijed vehicle for forwarding

PRATEEEE fe W & B fas &
B 7 longitudinal grade total distance
route of nar;g:d average |maximum | minimum
[ a 21.1° 24.0° 17.8° m
I b 17.2 19.0 15.0 413.60
Ic 13.8 22.3 5.0
-1 15.0 19.3 8.0 44.90
[—2 4.2 11.5 0.5 71.02
1—-3 10.0 11.0 9.3 18.76
-4 15.3 22.5 11.0 63.18
I1-5 5.6 14.0 0.5 127.50
I—5a 11.6 20.0 7.3 46.99
Ia 13.2 19.5 5.5
Ib 10.1 20.5 4.3 } 18453
-1 8.4 15.8 3.0 96.23
-2 10.3 20.5 1.0 107.33
-3 14.7 22.0 4.5 44.87
E 16.6 20.0 7.5 42.19
Ma 13.3 21.0 10.0
b 5.4 11.3 1.0 167.78
Va 10.3 17.0 1.0
Vb 10.5 15.0 3.5 262.50
Ve 15.5 22.0 9.0
V-1 3.6 12.8 0.3 170.28
V-2 5.1 9.8 1.0 109.18
v 8.1 14.0 3.0 101.66
Vi 10.7 19.3 3.3 74.93
o . 24.0 0.3 2,147.40
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WHEEERD D, EMBOTEEBHh 5L, BN DEENEL TRV L5,
Lichd- T, RAEEEEROBBRIIRC D - TL, HEXKFEOMMAE 1 DO & LT
H’EENTEL LS, HAFECOWTHET LI EAKRITHS,



5. MAEEEEDOHE

HAEREEIL, (=N 2Ry RNEFBRLEARLTWA25, BERBEDOETHEEY
BT HNMAEEREICE 5 Th, BRBREIUADARC /> TWDH, B—4RXTRT LD
W, AAE24E (44.5%) T, BHEXEINCAEHERESEN - 5 R THAETTHEKRD
LB THS, Tichh, FHARA0EL EOXREIILED 8.3% 1T &, Kis»Fi
AELI0ED H20E DX M (#38%) LI0ELIFORRE (#53%) - ThHdbhTW5, B
MBRTHRBE, | 2—2ATiX, FHIE0EL EOXREAH50% % 5o, 2AEXEOEE
RRNEWET, EHEOFHHERI LRSS, Zhi2] 2 - AOBMXEP, EfMEcE
LZXENBABLTHADZLCBALTWS, ThiZw L | 2 —ADOFHXHETIX, FHAIBLS
EUTHAERTH S, | 2 —AUMNDRKE TR, PHARISELUTAKES T, LHadI10EL
TOXMEMN0B U ER EHD B, biskil, AFAEMICE UKRFEEERADELTVS FS
7 EXE DMK LS, B— 5 TRTARI S, 8ELUTANB0X % EHD, YUROZ Lishb,

K- 5 BHEMBXEOREET A E 2 T

Table 5 The longitudinal grade of the adjacent section on a forest road

SR () 3.5~ 4.0 ~5.9° ~79 | 8 = | B
longitudinal grade ( 6.0;// 7.0) (~10.5%) (~14.0%) total distance
(1] .
XHEELER (%)
670.00
ratio of distance 3.71 33.86 41.14 21.29

MATEREE L IZE S BB ERIL B ENRGBHTHA S,
6. MAEEEOHE—KER

ARHEHIC BT 5 HRAEEEESERFIIOLE, ThbbRARHERY, KN— 4 R0E—
6PBERTHED, HELBREND | 2 — AKEETDL3.62mA KK, KICTHKE [ — 5 DK
R DIARE ¥ 359.86m, A1 — 3 DAL SIAAE ¥ T335.18m7c &, 2084 R+ 8
FHOER RAMBMAFEE 2 300~ 400mLHTH %, KEE, BARLEBEROEFHRY
R RE' e X 5 &, MfFEEBEDE—KFEREIZ, BECREHBEORER I VA
H3hBHH, E&LTHEMO X 5 hEMeRRcT 2R, KE 500mBET, FHMIT
00mAst&E LT B, —F, 7 v — S B NRMPAIEEEDEITEE' S 1, FHMLCHEES 30
0~ 560kg DRHFICKEE 5 kmPIACTH B Dwex L, EAH CHEEE 300keBE ORIC, EAhT X
LEENIVILFHE 1.5kmBET, WThdh/ehEETH D, Lichi-T, EMERLD
DRI L, BGRRFHAEL D, £ A 2 L BORA L MOVEEE DR B ORI
L, EBROPHEMETTHHRICID, L, TRkl DX 5 EAROEMEN 2 EH3
LHB0TI, &K 800mATHEL LTWAbECEETALERD S,

PED XS, KRAEKRCMERPLRTY, N FROGHBHEYENSE LT 584
D, MAFREEDBE—RBERIZ, KA S500mBET, FHIIL 300mAA», BRERD
HECDEBbhd, ZLT, F5 o 27ELLORAFLEEOEENZ L EL L8
1Tk, TORBRCHD L5 o 2 EBTHbbREPIEEEFDIOD, HEHBLREBEY %% 5
DENDD,

7. MAEEBEORESTEE

REHADOMRPIEREEOLRIT 2,14Tm T, HEHHERIT 7.060haTH B0 5, FOE
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Table 6 The length of each route of the narrow road used by a small sized vehicle
for forwarding ( an example in Kuma—cho)

' 5 B 3 P 7 RO EERE | TEER (A)
maximum distance | rate of
Number’ each route

for yarding detour (4)
1 HEHRB.PIOE~Ia+Ib+1c (E. P 413.62m 1.26
2 E~I—-1(E. P.) 80.52 0.96
3 E~I—-2 (E. P.) 175.44 1.83
4 E~I—-3 (E. PO 251.12 0.92
5 E~I—-4 (E. P)D 329.92 0.79
6 E~I1-5 (E. P.) 359.86 1.40
7 E~I—5a (E. P.) 343.41 1.84
8 HEHRBPIE~la+la+lb (E. P 245.88 0.58
9 E~I—-1(E. P.) _ 254.30 1.83
10 E~I—-2 (E. P.) 327.78 1.88
11 E~I—-3 (E. P.) 335.18 1.25

12 | #EHFRGPIE~Ta+la (Ib&Dryiks) 136.62

13 | #E&EHGB.POD~Na+Da+lalbiliaz 193.36
14 | #E&HGB.P.OD~Na+Da+Db (E. P.) 260.58 0.30
15 D~Na+N—-1 (E. P.) 301.38 0.19
16 D~Na+NVb+N—-2 (E. P.) 293.57 0.18
17 | HKEHKGBPIA~Nc+N—-2 (E. P.) 187.29 0.31
18 A~NVc+NV—-1 (E. P.) 301.68 0.95
19 | #E®GB.POB~V (E. P.) 101.66 0.07
20 | HEHB.POC~V (E. P.) 74.93 0.04

B 303.9m, ha’t B, KICTHEHA TOBRMERBEI DO1h S5 bR R E TOEMREEERICK
THEBBEDOLENLDL, ThOBREOTEOBRELXTEE (A) L LTER-6KFLI, B
WA I RO L ORTER, EA~NOKELEMAD DL DD, FEIEL 1.0%# 2 5605
S\, FOMOBERETIE, 1S EREEKSTIEERCHT 2B A END <, EH
RITKEEN 0.3UTEME - TW5B, KIZ, KEHOLSVGEERMCOWTIL, KE#HI &
CHEILNKER R, RS HRES L, EREEEECETXERORENL, ZE
K (B) FLDTHDEE-TDE RS, TichbbiA0.56, &/N0.01, K&HZ 0.



2~0.1TH 5. £—7 HEEMCLOFER (B)
B, RIEEEEN Sk Table 7 The rate of detour in each divided section

HMED HIIEEE, Tz X
b b5y 7 EIE R 5 8 K M KRIPTER (B)
S divided section Al Bl
i L OXIGXEEIL 670m in a section
THB. ThiERELE 380 7 il
mA BB, TOXMOD b e o
Z v ZHEDITEXR () =R
BTHB &, 10,7617 5, il oL
T OFERNL, B LRI Ie 0.25
Eihiclf@mehh, BRE ] 0.21
Rz oD DI D FRaE A [ =2 0.15
AoTWh, £2ZTLERE T e 0l
Z v Z7HEXMHED, FAEHEE 1 —4 0.05
D 2 fE DI RIS B EAE :
LEMICELDE, ZOWy 1-5 0.14
DOHE (F5 v 2738) BEIX [—5a 0.02
47.4m,/hallic %, Ia 0.18
8. ATEEM =1 0.03
FASPIC B B HPIER - o
HE~NDOARSEIEHY B Tx& :
5, BERHOKMINC, X L 0.01
A& 305 D B AR S & 2E B 0b 0.03
DHEIFE L £ DFY, BExzth VN a 0.04
;;Zg;izziﬁzi@ el i 0.12
§IeRTF, BEWTIZI2~25 i sl
m, BAEHIL 5 ~14m %P V-1 0.16
b, SXHEARELD K Nl 0.13
AARFEHERN, FEBAO Ve 0.06
e LC20mBEIC D D I—1 .06
T, 1 BEARIRORSE ¢ e =
SEEEMHIEIY, B 40m -
BEL2IE L5, BERMA et 0.12

D/NEIMRAEEREIC X 5 R

MEEE 2K - 9w E &

DI, REREBORHBL, AFELERLTELT S, NEMKAFEECIZY 1 vF il
BLTWBHY BNEVDLER, MBREVICIIARGFREMYZER LEETIL, 714 v —
R—7RN 20mERSSDEED 100~150mDEE L 45~80mDER DS (E—108R), v
AY—e—7OF[EH LR THE, HBUKRCHEHLLE LT, HOBESLAKZFRERDE
T2 A D h i 0T, HIZERTIZF & H LEIR30~60m, FHHC0mBERT 5D
BENWES5THD, TRORFEHNEY 1 vFikr — F7ENT0~150mTH %2, ImBEH



NS A4 v FDOTREBELERD S,

9. RAEHMEOMBETIL

FAEHDO T T » 738 BRE) 25DORD X, 150~180mTHhD, KFELEENS 2 Shic
Bt 7o 78 ) MOBEAT. Am, hak FDFEIZE » =0. 716K OB AR RIEH, BT
SHRLEHRAIFEEE 1 KOEMIEOLOmE AT, EFAKMER— 6D & 5 1 LMHEEEY
FORAWEREL, TDORTE (x) ZRDDHE, T F/UMAIIME OB AT IFEST
Lhb, RDLS5ECHS,

40x (1-+0.76) x10,000
2027+ 2 x40
Tiebb, ZOEIEAFRERDO M T v 78 (KB 25O FHWRTEARLTW 5,

KIZ, BB DFFER R D 2 DNIHRPIEEEEDOHE 303.9m,had, LICEE Lok
EFNVORTE xS 1T0mE AT, KAFEEBIC KT 5 FH0TEE 7 #RD D EKD
Xo1Cins,

170 (1+»" ) x10,000 o,
40X 170+20% 7 + 2 = 303.9 -~

REHKIEOMBET VOBERY F LD TERDE, B LT o 78 HKED D VITIELE

=47.4

Sox = 169.9 (m)

=0.33

B) DFEE 7 =0.76

F—8 AHFeEE

TEZDEEHILT.4m Table 8 Prehauling distance by a Forestry vehicle
ha, EOF .

8, HPFREEDT X B A E X | & A 75
a5 7]\ =0.33TxD 7 EIXH the maximum average
WA 303.9m, ha, divided in a section in a section
ARHIEAOm, ARHIEIX | section & B | ¥ | & B | F 2
EEHFHIIOmE i range average range average
% I a 10~20m 17Tm 5~10m 8 m

° I b 8 ~20 18 4 ~10 9
10, HAEREED 10~22 15| 5~11 8
BREIRAR 1—1 15 15 8 8
HRAEEEE X, — -2 10~20 16 5~10 8
BB ERED, EHR [-3 5 ~I17 10 3~9 5
BHECE~THE |14 10~22 15 6~12 9

S BT < [ -5 8 ~20 14 4~10 7
é' " _ I—5a 7T~12 10 4~6 5
BRTBB. OISR, 11~18 15 5~9 8
BRI E BRI Ib 5~22 18 3~11 9
I hsd, 2EFD I1—1 8§ ~18 14 4~9 7
BN AT AR DS I—-2 5 ~25 18 3~12 9
L7 TRERIER (R [ o P ——— 2
FORZ, Liehts g 10~15 12 5~7 8
TRIEBEIZEDAA Ib 10~22 15 5~11 3
JE ORI RIS T R Va 14~22 16 7T~11 8
ST B, & | VD 10~20 4| _5~10 7
HOEWHITIZ, B | 1020 2 | S~10 !

- s V-1 8 ~16 12 4~8 6

DRBZEN L, V=2 10~18 14 5~9 7
TR A EHE 2 DELE v 8 ~20 16 41~10 3
BEIhTnb, £Z VI 10~16 14 5~8 7
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Table 9 Examples of the hauling of thinned logs used a small—sized vehicle for
forwarding
2] 1 2 3 4 5 6
case
ETHE R ha ha ha ha ha ha
working area 2.83 0.86 0.76 0.40 0.52 0.76

o R
(Ga-)) 10~30° 15~30° 14~28° 10~20° 20~35° 15~20°
angle of

forest land 0 20) 24 (15 (28) an
(average)

RE2 PRk
(CE:)) 10~25m 10~20m 10~20m 10~20m 0~20m 0 ~25m

prehauling
distance 15) 15) 15 (15) ) 13

(average)

& B m m
hauling 1,600m 20~T70m — - 100~ 160 | 250~ 480
distance

THRAFEEEREOEN R OHEERARKLOEAMER L RETOWTEET S,
1) W ’

ERH DOIRPIIEEEE OB R, MECERT 5BRENMS, TbbR— 4 OhDOXH
la, 1b, Ta, Ib, VaRU'NbTiX, BITEEIFEL LD, BEADEHPLRENY LN
ADbhbH, BRI, MRPLE-11OBEEHIKE»D 500325 THAL L. ELVER
Wiz, THHACEMCRET HHENEL, TOKEIZ, M2 TLHLLRLDKE,
TE40emPI4Y, ¥E X 10emPISt 2> SR K16enDERTH 5, KX bk Ta, BHEDATE
DX/ la (MIK3), HH5VEIXHEITELED

AA WK 4) £TEMIBILD, B#T ,{

FHTHHREEEIZ, EEEER 450ke%
2 DI AREEE ( 750ke) %, BEAARKES A
CEHTHEETHS, ThOr AlERE

PBBREIE D, TECKERIE & OBKD
BHoTw FEACBEMN>BREMLELL BT
BB, hps, WITRKDOEFZRE, BX%
HKTHZEIMBRTH S,

BHOREMEI DD, ﬁ%ﬁﬁﬁﬁ
R&, WHBEKDOHEERBLERTH S, &
EARHLIE T, HELKBIC 2> TH T LT
AEROTELVWHETTHMME (FK

} for a truck road

narrow road for a small-sized
—_—— forestry vehicle

X— 6 Sl BT 5HH & HRPIEE
HEDETF I

Fig.6 The model of a forest land with a
narrow road used by a small—sized
forestry vehicle in the investigated area
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Table 10 Performance of the winch for prehauling

B & r—7 & r— 78 51 ® 7
diameter of
kinds of winch length of rope rope tensile force
(m) (mm) (ke)
INBLE T B A 150 8 700
mounted on the B 50 6~38 480
small-sized vehicle
for forwarding C 60 8 500
D 45 6 300
E 400 6 600
E’ 240 8 800
F 80 8 3,000~ 4,000
G 45 8 2,000
H 120 8 800~ 1,800
I 75 8 1,750
VEIIVYALU/F A 150 6
remote control B 125 6
winch
C 70 6

D) NEFRRAT S, HEABOCTWSHREHLDTE, Th 2 HKATEEEIZOWT
b, TELHREFRVAR, T70bb IMHREREOHIEAELUNCT A ENEEFNhE, L
LEHBOERTIZ, F— 1 1 CRTHREALHOE LWVERTZL B, £— 5 IR THREAE
DRANBATS, ESREMKEDH ALY L 2 BENKRS 2 HEDHTVB, ZThix, KW
TEEBEOBRMEZEN L, R OIIETH LTS E, BONCEARTEAL, BE%
BT DIEEA LT BER D IV, EWHIBERELI bR 2 b THD, 22
T, HRAREREELL Licwhenwd 2L LD FBEIBT SN DD THD, T
T, MAFEEEBEICOWTIL, HEOMEIE & dic, BER T KOEREYHENDLS 2, BE
HECOWCHHBEETHZ EABETH S S,

2) HEARA L BRHERE

KA DORNIFEEEDKED 5> XM [ bRV cAERABA I, ETEE,HBHE
WEHEIRDZ bbb T, MRS ROMKR 6 RS X 51, BEPROMTZ, RBAME
ERNIDRDOND, DMWY DORMALDFEHNIT.2ER VLS. 5ETHHTLhdbb
T, EEAXITHAOHHEL chhbicdEBEbhb, YHERMTCIEFR, EHOBETH
BIeudy, BEAETIRWRILZ IS o T Ao, MR 7 MK 8 1IRT X 510, LmEICHEA
BALBHNR Lo T Bl H5, ThO 2z HEARAXRTEEALELRKE, &
HORABAMEE < T CI1X, BEOBRARERE LMD, BEONEL ETEENATTH 5.
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Table 11 Deformation of surface of narow roads used by a small—sized

forestry vehicle

ERES T B EA M T B & E A £ & B % 2 BC
right side in downhill | left side in downhill
Number of '
] # & # total width | longitudinal
survey
width depth width depth grade

1 45cm 16cm 50cm 12cm 150cm 20.5°
2 70 12 - - 135 17.8
3 90 10 - - 160 20.0
4 50 16 - — 140 21.5
5 - - - — 130 15.0
6 45 14 - - 155 22.0
7 70 11 - - 155
8 50 10 - - 140
9 40 7 - - 130 18.0
10 35 7 — - 130 24.0
11 40 10 - - 120
12 35 6 35 6 140 15.0
13 35 11 30 6 120 16.8
14 35 12 - - | s
15 45 11 45 11 200 23.0
16 40 11 = - 150
17 50 12 50 10 220 i} 73

HRFEEEOEFIREX RS L, BEORED D \VIXRBEHARCH S R ~DOFEDL S
B, BxDREAINRTWS, FTHERCSC> T, BEOHELAEEL DI, Thi
EHATONIL, I, YUtmeEe, BEHcvE: B U TBREHERFRCEEL TV
5, EHHTL, BIRCEL, BEIDIIARD D VIZBKRICHER D BHESCEAY b oD
WNTRE, ZOHBKEXED DT TR E, BEHoRTERECEB LTS X 9 ROH
X102,
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High I bR



M7 MAFEREESRR (1 —5) M‘J‘IZI 8 %P\]{’F%ﬁﬁiﬁ (I = 3) D
DREAER AR EERARNR

. A

B9 %I’\](’P%ﬁﬁ@?ﬂ@DOH% WIZIIO %Pﬂf’ﬁ%ﬁﬁ@@i%/’%@ﬁﬁ
R
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FCHHEOMBEIR TH 50, FERAKRE 1780 L 2 KENT, RIoBEEEKEY UET 5
HED, —BeBFohs, fehidid, Pz v YA bR 1 SenfIBEIC DAL Al
BB KIC LTV 20 (BRAR, IKER, KERS) $55 MWRID. i, BEAoker
LB LRRLHE O BHEBCEACEEL N, HEROWB D L BEOHILAIE Lo L Bk
THEOREL DD, ThOHMBCH LVRAR TR, fFEECRT 5 EHEY E & DGk
VLB ENRDLOTH D, BICHE D LTVENCIE, 30cnBE DM E bR BIEIC T B AL
bBHDHA, THIZEDIEDE, MBRIC X 2BBOMILAIIEIND, RDOBEETEEK D RIES
X, MH I X PR ORR £ 7I12BETH D, FBUAEIC I B EKIC X 5
REDBIE, T7bbRARLAE L BYCEETHZETH D, BEBAHIENEL LTz, &
DRETBERD @M, HEIELOND, L LANECOILESEEET, MADEFLHT
BEDIEZR T, BhBL CTHHICIEERA LB e, BRRBOBRE L5 8Fh
REWV, LIch-> THEYELHL LT, BERERBIK, BCHliEScouBYESRE
L&, MEANDHBIR TE#E LD LR ER T,

v 3 v

IR R Ol 5 E B B B RAIFEEEIC & 2 Mk fla 2 LT, BIRY
EECEL TV A LALShZEMAHEL, BREGOMBEST L 2HE, +5, 278 (K
DD VIMEIE) LARPIEREGE & OHEMMBIROEF L TR L, 4813, BEREOHK
BIZOWTHRNZERBEBEEED BREHE DI,
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