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Table 1. HBEHIEE ORBIME

Methods for measuring physiological load

fEEDRTE WoE
Work classifications Methods for measurement
(1) BhrmslEs T3 V¥ — %R Energy metabolism, (=% V¥ —R#%E RMR Relative

Dynamic work | metabolic rate, BHREEE Oxygen intake, CO.#EHE Carbon dioxide
intake 75 &), FEE%L Respiration rate, /(% Heart rate, $%ERX Electro-
myogram 7% &,

(2) FEMELfEZ xRV F-REBELOAKEOHBEART LR ZOBBEERBI X 2%1L
Static work Correlation between energy metabolism and heart rate, X Electro-
' myograms )
(3)  THERRITEZE 0%k Heart rate, SEPEEMRIRIE Average respiration amplitude, FE

Skilled work REIEHE Palmar skin resistance (& 7-i3fEMEFHKET Psychogalvanic
reaction) Ififf Blood pressure, HRFREH) Eye movement, FRK 17-4 + X
7o 4 F 17-ketosteroid, /w7 F 1+ Y vfilti Noradrenaline 7§ &

(4) OEIfESE 7 Y » & —{# Flicker value, I#% Electroence phalogram 7% &,
Mo_ental work
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E¥PFHEFONE, FBEOHBOMIETLY 2 0BEAENEE » T 2 0HOREN S %, BHF
iz B B O IR OER K o BLE & ORI AL S B O TEB SRR EN L THEE
AEDLESEAT B0 THY, HNTHRE L REEYSMEEN U CEEMELRIET 5720
REBEZONTWVWS, i, FHHREOMEECLIIEELS & ORBMIEER C OIEESRKEED L~V
DOHDTH BT, TOTERICH M ESZ, ZOBKONE Ticd 2 LAMRNESHT 5 &
EZOoNTHY, BENEERERIBMIELC SOV ERREHERT EELON TV S (BXRED,
1973)0 v

%@ﬂ%@ﬁﬁmﬁmr@ﬁ%iD%ﬁ#uﬁﬁééﬁmﬁﬁ@ﬁmﬁ%@tLfl*w¥—ﬁ%$
(Relative Metabolic Rate : RMR) SiEHE N TETWS @ﬂ?ﬁi », 1956 ; ABITEAY F 7y 78R
H£EEL, 1966 ; A, 1974b ; HERFPIET, 1956), &7, RMR iJ04A%k & o i BRI HEIBEE
PRENBCEVSAETOMRICLVED SNTVWS (BR, 1974a; B35, 1967, & SI1TDHE
u%ﬁ%wﬁﬁwéﬁéfﬁwmﬁ¥E$U5ﬁﬁ@%ﬁm%ﬁ%aﬁﬁféétm5§<®ﬁ%ﬂ%
5 (BAED, 1962; FREEH, 1968, EAED, 1982; 4T, 1968),

PILED & 2 @ OB R ORI B O A EH A RIE T 5 D OEEE LTERLB D LS
iEnéot;5T©Mﬁ@ﬁ,Eﬁ,ﬁé@%%,wﬁ%ﬁawﬁg%ﬁﬁ@?<,éémﬁkﬁ%
BB AR TEY (EAED, 1973 LM, 1986), LHIKOMEC ARIEAS 5 5 0 & RED
e Lie LESICERITH D, WREOIERCKEAEA I EBIMETEL I LEE, D, R
BT 2FAREOERE L TRELEVRAEETH S LELONS, I TAMETROIERES
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DEECE O TEENEIEA Y 554, RHROMANEREEE LTENRZTHEML 72 A 5L
TR S 5 REH LRI S B R DI O R O 2Lk & & OEEIE IR s & 03
V5B, Mmﬁﬁmzi%?%@A%ﬁmﬁ<ﬂ5&mthD5;&#b(AWI%A/F7/

) REERES Mm®JUMﬁﬁMI%$M&LTEE%ﬁﬁ%ﬁﬁiépakbtom% DEE

KRNI L HFRD 50 3, ; _
HR = {(HB,—HB,)/HB,} X100 1
HR : DagsEmE (%)
HB, : RSO (] /min)
HB, : {EHE0 8K (33 /min)
2.3 FERELEBIRIF-BOETE

2.3.1 FEH®: ,

A BB ERS A EREEN 88 SRPE 67 £E4E £/ F ATHEKHITIT - oo AFHEH T IIEMEE
EfTEEAL LTEMDBITON, AR — 5 OIEREEANICE N 57 58P 59 1 ¥ F o -7 05|
EEIL, ARHFEETINTT v HEETH 7o LBLEMANOR Y ¥ 774 Yo —7#HiFIco0
TIIFERME ORI 220 12, FAEMOFEMERNIR 15°, EMIERE I 320 m, AREFHHHEIH 20m
THy, EERITBY 3G L 5 7 5 EMMOIEESEM UL Touic RERBLES, 1986),
BE, EMEDOORFELIEMBERIATTERE LFHSITONI, t_L=513 57 558
HE 6 4F, 24 BRoBEREY (8K H=170cm, AHE : W=63kg) Th- i, A4 L —F OE
Fi VT ORRERIEITS & & biT, fEEhOOHEEEFIICHIE U o DS ORANE i L0 2
TY —EE SRR £ L, MEIC S -> TEE 10 BEBTRIEL, # &) —IiciifEs
%toéBt@%¢®@%ﬁ¢@iﬁﬂ§&@%%%ﬁ&étbm,bﬁﬁ&&@u@iﬁmﬁﬁ(i
Fvns -4 vE) EREHL R L BRREEEPOBRRBERE LRI 2, a2 AL
oo T, SR 1T 4L J VOB F -2 b LI Lo BHIRR TH 752070 =547+ 5
7 5 B N,

2.3.2 BAEMRIEER
.- Table 2 3 BHAEE OIEERMEIG & OHBHEIMEE R Lt bOTH %, FEES IS ERLM
DZEHEEE, FREFIROGEIH 5%, EILTORTELRE TED 5 LIEERRDK 63% 1 EIxIFE
TEHED LN TV S, KEVICBIET 2EEIIN 21% Th b, KEHEEFEZOFTIEY 1 v F o— 75|
SHLA108% TH Y, AHCBIBIEEORERE EHD T 5, LHBIR R BA R 5\ TR
1o 1B B B, 7 OBT RS ICHET 5 (EEE 60~T0% AOBWMETS 5, iz, 94 vF
O—7FEHLPY 4 v F FSLhbn=TELCH 2T 0EBIENROESE V. —F, EiEfEED
DB IR S ZE B 14.9%, KB 189%, AFEE 266% ThH 0, AFEROMEHRLE L,
AREFEI ZEMAE RN I HISE D S b 57 5% E THEHFELEETHY, ALy AHER



SRR E BB LI b 5 7 s BMIBOKMEE L BREEROMR (58) — 9 —

Table 2. {EEREOEIE & OHBEBEME ,
Rates of working time and rates of increase of heart rate to each working unit in tractor

operation
N SRR (O
ﬁﬁzﬁi% . : Rateiuc?f \glfr)king ﬁ:ﬁsﬁ%ﬁgiﬁa(s?gf
Working units . time heart rate
7948z Unload driving ' 24.6 14.9
SEH#E; Load driving 30.6 - 18.9
AKZE#: Prehauling driving 7.5 - 26.6
3 - TH Getting on-off tractor 1.4 40.4
I L Unloading ’ : 8.9 47.3
R Y v 7¥#fE Preparing sling ropes 0.8 51.8
o — 75|t L. Pulling out winch rope with walking 10.8 74.3
o —7# ¢ Pulling winch rope 3.3 78.5
7 Choker setting - - ' 7.0 64.1
Z2 BT Walking . 4.5 - 54.7
FEHfT Walking with something in one’s hand 0.6 74.1

SO OARKE, BIK, "UR1EE MR EYNCEM AR OISO SR LS LN — SO
fEZ LIS NI 5180, B T L/ 3= ~FILDRIEIC & 2 BFTH S B EHE CMEREE I+ 5 &
BHREBDHICEEERIE LTV bDEEL b5, ZEHER L EHERS Y 5 & HiEin
DIEHEMERED T PIE Vs COBRO—> & LT, HEEREHEERENA X VAFEELOAR
FEEOBIHEOTTDNLFETHEEDD, ChOOEENEBERELTOEDTREVAE
Bbh s, FHROEHEZC S\ T RHTHAROLELD A — 775 E DR T A5 1 L5 — s
fToh, ERfEEC & 2MENEEIEE & S AN HERES ST 3 EBEL 5N 5,
U LATHEMO & 5 WRMBETE2HA L ¢ 2T THNE RS VP L — OB R LB 1s
VWHDEHERENE I LPS, BENEHAESMIKCRETEEINIVWEDEELI NS, -
T, EMBETHRNICBY 3 EREE GMRIEEAHEREZ AV OO EELON S, T I THE
FEEEEMRE VW EZZ SN A ERICET 2. 0EEMEOREN A5 5 &, EEEKICE T 2HS
HEEOLE, BHOERTE 0~10%, KEOERTE 10~20% BE (KAR, 1985), BEEE TR
10~17% (BTSN ¥ ¥ 7y JHREREL, 1966), MBI BI BT Evh—TOMAN — 7%
| AUXHEOHEEE TR 4~17% C&)I1ED, 1979b) &\ o fiEn® 5, Th SRLEO 52 4
FARAFE O DRI (35638 L 7o & 5 1040 15~19% Th b, Th b OEIIEKL TV 5, f-T, b
7 7 S BEROMENEERHR BN RE Vb0 L HES NS, B8, EMBLUANAOL 70— FETE
T BB BRI 5+ SIS O TR, B0 PHIEICH 3 RERAE &1 & 5 MR 1S
B EEREY 3 & OEHERTED I L SIS BHERREC X 5 FROBHHISH AL 4 <
Lo SRR AL LB bDEEDNG, foT, 470 — FEFOLHESIE AR & 5
BEMBETICEANTABDEL L2 b0 L THaN S, :
::T%ﬁ&ﬁ%@ﬁ%ﬁﬁ@ﬁﬁﬂobf&é&,ﬁﬁ@ﬁﬂﬁ%i@ﬁ%ﬁﬁ®%§&bf
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RMR #EH S, {EEEEOCHFEISLENTOY S (FHREMERT, 1956 ; didd, 1965), EIEA
ANHIZEA~Y F7 w7, 1966) &, RMR EOHEEINEE OBFEERDTED, ThiEbEiclT
RMR & DHEEINER I & 2 fEEME AR EIE Table 30 ¢ BHTH B, T OHERIMHFEE R
ELAETHD, MRENIEESERLEBZONB P57 54— 5 OFRFEORBEHGIEEOR
HEEREEEZ BT EETEROY, DHEOMINIC - TLRII b 3 BERE K0T, S0k
ORAG-1 SEIERIC DV T H CONHL KT 5 C L IREN DL bDEEA LN, Table2 T
%éhk%ﬁ&ﬁ%@@%ﬁ%M%%Twm3®ﬁﬁmﬁ6Léhﬁnﬁ,%Eﬁﬁ,iiﬁﬁaam
EEEEOERE BB I HER I, KRELBIEEE (FRETLED ) FEEER, ZhlA ol
h~fEEIc I R B,

BB IS 1B T 3 0 F — KRNI HIREIC & - T b7 5 & 15 OCHFEREIC & » TRY
TENTE S (5, 1986)0 F 7o, (OB ERFRIENER & ERM S ILFIBIRIC S 5 & & 0345 & TOHSE
WX DED SN TV S (BERGGREN, 1950 ; Bock. ef al., 1928), Z T, & & T OE({LL viEE <
ANVF-BEWELLD LT EHDTH B, Lo LEBIIERA &5 @ AIBENEE L Z IR T A
ZIPRE VT & PEBBGE R OO O HRNEEIC L2 b0TH Y (Bowey, 1904 ; KroGH. et
al, 1913 ; KM, 1953), T 5 LAMiENERIC L 2 08 OBNE = 2 v — B & BERBEVE V- 1
e & 5 SN TV 5 (BoweN, 1904 ; CRAIG. ef al., 1963), HE > TOHIOHLD e\ e BB KB £ Hhb 73
FREESEV, L LEAMERECB L TEB T XV F—BEHEL X5 L3254, LHERES TR
BREFBREZEL 5N B &5 0P O BH U SBAMEEOLEEMEMRIC L 0 RMR 2i#EL, %
NESLLICLTHEBT A VF-BERHNT 52 &It Lk, T TROAEBEMES, > RMR 2H#EET 579
WA RV — & OVEEF OLHE & BRFBEREE | BERERRICHUL, zhooF—sEb i LTLA
ﬁ%W%&RMR&@%%ﬁ%*wt(mg@o35mc@%%ﬁ%§$&ﬁ¥@bﬁﬁ%M$uﬁmLf
RMR 2#Ed 5 it L, T TCRMRBUIKHBEZ XA VF —BORBHFELREFIROLEBDTH S
(ANBITHEAN Y ¥ 7y 7RERES, 1966),

RMR = (VOsy,— VOy)/VOys _ ' (2
VOuy : IFERRRSHEE (1/min)

VO : ZHFIFEAREE (I/min)

VOy, : BREHRFRRIENE ((/min)

Table 3. {EEMENHE

Classifications of work intensity

) F{EE RMR. DEEEEIE (%)
Classifications R.M.R. values of main work Rates of increase of heart rate
BR{E2 Light activity 0~1 ~14.2
th{E% Moderately active ’ 1~2 14.2~28.4
m{E%¥ Very active 2~4 28.4~56.8
EHfEZ% More active 4~T7 56.8~99.3

B {E3 Exceptionally active T~ 99 3~
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A = W04 x 10563 3 88 83 5 10~ 3)
A REER  (m?) 10 ,
WS ) , e
H:5E (cm) 8r
B=06XA 4)
B: ERAHEBE (kcaD
Y=B(RMR+1.2) Xt (5)
Y: Bz x X -8 (kcal)
t: ] (min)
Table 4 IZ/R L 72 B HALEE T & O RMR i
Table 2 iZ/R S N7 S HAEE 0.OHEIE MR %
Fig. 3icndhicRicRAT 2 ik b#HEEL

IR — R

Relative metabolic rate

G " 1 A i A i 4
i o - 0 40 80 120 160
bDTH b, THICE @%ﬁ RMR {@%(5)5&@; 'D*H&%mg (%)
RALCTHBEZ A VF-BE2HE L, TITH Rate of increase of heart rate

EEAFEDBICHETAARL—FOBBL XL Fig. 3 AL — 5 O0EEHEMEE = 2 VE—

F-RLREL AR, U5, COBAONET as |
Relationships between rates of increase of

FAF—BRENTEINTIHHIFLICEE heart rate and relative metabolic rates

DEFEL TS, 1 HEHEZDDERL—FD

HE 2 VvF—8IZ 22147 keal, REMEEZITOLRVEEOHEE L 3 V¥ —F |3 15597 kcal &HEE S

i,

WRICIBSDOHBANF-BERBEL THZ LTS, CITRIRDT LERIREHFELT
BB IC BT 2HBEx AV F-—BEAR L/

(1) FEFEZEReR (EAVEERR & MUATEERIOGET) £ 6 &7 5, »

(@) MEMRIESEESTN (BXHE, MM, BIEE, XMD) £304), THRMR %16 &7 5,

(3) AHAEERT (BkiE, 1R Eh, F®E %904, FHRMR %032 &7 5,

RIFCIC 3 1 % HEMRVEEERG R, ARMBIFENE O & 1 5 O RMR 120 W TSk GRIEFHIZ >, 1985) 1<
CRENTVB S 7 ARL— s OBHlEBEL L, STEORKE, EMEEFHIRcBT 24 ~L—
7@8%@%@@%%I%»¥—%@1M%mm,ﬁ%ﬁ%@&ﬁgﬁﬁé%émnmﬁmMTéa
TEDHETES N, Table b i3 1 Y7 b @ KeEH) OME T X VF—BICDO VW TOHEOERX S}
TH5 Ghigh, 1965), AR L 72HEx 2 V¥ —BOHEFEHE & Table 5 2T hid, EMEEETHR
DF5I S ENL— P OIEEERNE, FEOH AT BHA SIS NS T & h5h
%o 1AFLIE 8 EFEIC BT ATHB T X VF —BOHFAMRAIL 1800keal gL THY (BR, 1974
b), THICERTNIEEMBEFTARICBT 24 <L -y ONBL 2 VF—BREABEENICH S &V

A %o
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Table 4. HAI{F%¥®D RMR &iE& 3 v+ -8
Values of RM.R. and energy consumption to each working unit

(&##x - AK¥{E%) Driving and prehauling

BRI 72 ) i RMR R i Aleis S C L e e
HALAES fESRIR (min) Relative Values of work Vaﬁes of total
Working units Agier;aegee\;vgglil?g meﬁg}tae() l}c metabolism per work metabolism
p miniute per hour
B 14.7 1.11 2.33 134.95
Unload driving -
FHE 18.4. 1.39 2.61 48.02
Load driving . ; o
KREfEilr 4.5 ¢ 1.91 3.14 14.13
Prehauling driving . :
SR TH 0.8 2.85 4.08 3.26.
" Getting on-off tractor ’
HIEIL 5.3 3.32. 4.56 24.17
Unloading .
2 v ‘ 0.5 3.62 4.86 2.43
Preparing sling’ ropes ) . .
o—75HL ) ) 6.5 5.15 6.40 41.60
Pulling out winch rope : :
with walking v
0—77<h 2.0 5.44 6.70 13.40
Pulling winch rope
T . 4.2 4.46 5.71 23.98
Choker setting
BT 2.7 3.82 5.06 13.66
Walking
FRT 0.4 5.14 _ 6.39 2.56
Walking with some- :
thing in one’s hand
A%t Total 60.0 : 3.69 221.47
GE¥EEZE) Driving
\HENZ 2o )y Y A4 Fr )y
1 B 72 0 S RMR LA OmR 1 BESE b R
BAATFESE Uil (mir}) Relative ‘Values of worlk . Vaﬁes of total
Working units A\trif;irl%gee\;v%zlﬁlr.l g me’;;?eo lic metabolism per work metabolism
p T miniute per hour
ESE RGN 14.7 L.11. 2.33 34.25
Unload derlng )
EH &L 18.4 1.39 2.61 48.02
Load driving ’
AeE 4.5 1.91 3.14 14.13
Prehauling driving ‘ v .

. 0.8 2.85 4.08 3.26
Getting on-off tractor. . . ‘
BREIL 5.3 3.32 4.56 24.17
Unloading :

2 v TN 0.5 - 3.62 4.86 2.43
Preparing sling ropes
NI RS 15.8" 0.66 1.88 29.70
Waiting
&t Total 60.0 2.73 155.97
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Table 5. ErgsEsfElth OHB AR I & 5 5 HWMEX S

Classifications of work intensity by values of work metabolism in eight busmess hours

£2 4 Pag | RS o TEEME (%) bl
i RMR F ﬁ%%;(mm)
Ranks Classifications Average relative Supposed rates of Values of work
‘metabolisin rates in - actual working -~ - metabolism in eight .
eight business hours business hours
A 23 0.8 80 550~ 920
Light s ‘ ‘ (735)
B i 0.8~1.5 80~75 920~1 250
Moderate 1.2 i : ; . -~ (1085)
C . R 1.5~2.6 . 75~65 1250~1 750
Heavy @.D (1500)
D E: 2.6~3.5 65~50 1750~2 170
' Very heavy ‘ GR)) ' C (1960)

CE B -~ 3.5~ 50~ - © 2170~
- Extremely heavy :

Ay 2 NOBFIFIE,

Note : Values in ( ) are the average.

2.4 &0 ,

PFEEED D b 5 7 5 EMOIEEBEE RS 3 2010, b5 7 5 BHHERICHE LR
DR - FREERET 5 & & ble, BHBETHROMEEREENR S LTRIET - 0

7 O$ER, AT BRI O DHIBEIIR 1 60~70% OIETH D, T OEEREREIFEIKS &
N, BISEEEE R C &SRS N, BE-C, AE/EEEEORE T & EHEBERO kb 0%
PUBECHZIENEZ LN, L L, TNODIEEEAREEOK 21 RETH 5 T &b SHEMEE
EEARICBY BIEERKE LCONET 2 V¥ —RIEHBHDEC, 1 B4 0 (8 RAIE) Ot
=3V —REHEIIAIC 5 3 T & AR S N, B> TIHEE= A V¥ — 10k DAL BHHICHT 5
BEEEB VS0 EEL NI, — 4, MENAEEREE AU LOLEL >N 51T &L OMER
(E3E D LR 1340 15~19% T D, FHENETIO.LIBBEMER L~V 55T F O iR 13 Hik
BIA = 0 b O EHEES N, 75 BIEIEERIEIE B EEA KO 55% 2 5D TV S T LD, MR
L BBEROMER b LR EEY SAMMAT, TNEBNT 5 LDOFLTHBEE S5 T L
R, B - %

3 EMETAROEO &3 EEE’JE#E OJJ:I:F?%'T

EMBRETARILBOT @%ﬁ%ﬁ%ﬁﬂ“@ﬁ%ﬁﬁ%&mw#u% LEMS L5258 %iEﬁ‘c‘“&"CL\
PEFREB SRV ED S, AV —FIT BREBHPEREREEBBELINE L L;E\&bm\o L
mt%ﬁ%%ﬁtr%&@%ﬂ@®Eﬁﬁ&£éiﬁﬂﬁ%énrmét Wiz, *7e— FEFAFRE
R LTEEﬁ@XﬁE’Z, FIRES & RS B SRR B DT O b O t%*ﬂé N5 THh 5oL
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MIOEIEFE I BROKRZBEAELEDTHD, 57 yEMICE > THRMICEBERMEMNFICS 2,

FTEMBETHREA 70— FEFAROBEILOVWT, FELTH 77 §ETHEOL <L —%
OEFEHEEOMED SHE 21T - 120

3.1 EMMICEITS 5 IETHEOFRL—F OEBNSIE

3.1.1 FEMEERAE

HHAEE IRBEERDHEERBEN 4R T v < SLEEMKD + 57 s £BEMHITB VT
T oo AFEHIOHIZENE P I MRS I Fig. A RU S IKRT EBDTH B, Fig. 5 IKRENTV S
BEIBMOETE & 5 W IIRTAROEE S TH 5, EMBETERTREED o RIL~OEHEFELT,
Fellidp & HIBA~OFHEEFT RERER Lt 21T - 7oo TR ZFEET TR’ 1-8—>10->20—25, HH
FEfTTE 25201061 TH » 7o, EfTABRIIEHEIT L HBEETELEIITY, EHETIFIME
FHEETR 2EOB VR ETT> 1o —h, & 70— FETERRI Fig. 4 WR&E ke A~D F TOEMK
HIPIC B0 T 20~40m OETHRRXMARE L, FEHERETHAMEFGEIC LD, T OBEEETE
fTote WERLY, TOETLHIC2HEDBVELET >, BEBA 70— FETER T2 » FOK
HIIRAEIE Table 6 D EBY ThH 5, EITICH T » CREMBEAET, 4 70— FETE SICETEERE
BARRA RV — 2B, BEOETET 3L CHRLA ETERET >/, 57 5ETL
ADOAFERDA S50 & 5 BEEPEERANC T 3~6 SO +HRKEE L 515, FEBHEE
At L TEBREIT o 1

RETERICBT 34 <L — 7 OEFNEBREEL L OMERERIET 3 2 Lic Lic, ZORIER

AN
\

‘ \ /=1t 5 Lading
— Eitl Sklddmgroad

X

e\ S

/

Fig. 4 HEMOHIEH

Topographic map of the logging site for
this investigation

Fig.5 FAMOEHKE
Skidding roads of the logging site for this
investigation



TP ERIRAEBR LI b 7 7 5 MR ORAIREE &L REEE oMt (58) — 16 —

Table 6. # 7 v — FEITEREM O MKHIIREE

Forest land conditions of off-road driving test plots

HERH 7 oy b Test plots A B C D
i T A VP T v R T <y (R T < (R
Stand conditions Red pine Red pine Red pine Red pine
logging site logging site logging site logging site
tH &li(deg) 2.0 6.3 8.0 15.3
Slopes
EKE(%) 155.2 92.4 155.2 115.2
Water content
MK D ZH S (kgf/cm?) 2.95 3.04 2.95 2.66
Resisting capacity of
earth
HiREEY)
~ Obstacle
¥ B {#E/ha) 2000 . 1700 - 2000 1400
Frequency
B M| Rk - B ek - BIK R - BIA [i:77 VN
Kind . Stump - Fallen Stump- Fallen Stump-Fallen Stump-Fallen
tree tree tree tree
BHROFEHERE (cm/4A) 18.2 32.4 18.2 27.4
Average diameters of
stumps

WEOXE/IEERBT scm » 5 30cm % TOEER 2 — VB OFHE
The values of resisting capacity of earth are the mean of values of cone index measured each
depth (5cm to 30cm under surface) . )

DA E Y —35E (IS 2L, O30 R—R RS (—H0 O & oRIRRERD 5 504
BaRdrz, A_V—F R+ T 5 EERE 224, Filh 50 MOBREBMETS - oo AEBRICI TH
SRADIB—=5+3 25 L6tE 7 FTADRA -+ 57 FRFRLT,

3.1.2 KBERIER _
EMRETICBY 2 BE T8 SulcED - T 111 & kb, 1117 @3FH, 1725 B FTh &
SHMIBBICIE > TV 5B, T TEBB LI I LETXBIIE >V TOLABIENEER LicbDH
Table TR U8 TH b, 7 v —3F 54 7OKE, FHETICE T 5 2XHOLABIEMNRIT 135%, Kb
B VETXEIG 1725 T, 199% Th 5o KEFET TREXMOLHHEMERIT 11.1%, HbEOET
XEE 11-1 T, 17.3% ThH 5, Z Dk D i, £XEOCHEEENREER, EHETEDLENALN
T, L L, BBOBEIC LD 53T DETXETOMIBENRSR Y, t4 —V54 7OES,
ZEHEETICB Y 2 XM O CTEEIEIIERE 5.6%, & OEOVETXEIG 17225 T, 7.1% TH 5, EKiE
T RARBO OISR 7.9%, BLEVETRKEE 11>1T, 84% Thb, OS5 IhA —
WA FIEBY BDHEEMEDO L SVIEs 0 -3 94 TE 0D UED - 7208, BBROGELETHIE
DFEWICET B0 AEENROERIE 7 o —5 54 TOBELEI L TH o KA —NF A T TR
=554 PTIHRTERBREDP -7 ERABRBIATH -7 T LB EXD ARV — 7 B & D EERK
ZRUI T EBDHEB LV ANVETT SRR -1bD b3,
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Table 7. EMBETICBIT 24— OOHEEHENER (P u—-3 357 5 DEE)
Operator’s rates of increase of heart rate during on-road driving (In the case of

crawler type)

(EHET)
Unload driving
 ETRE T AIE() EITEE (km/h) OISR (%)
Driving sections Longitudinal Speeds Rates of increase of
grades heart rate
i~11 9.2 3.39 10.7
11~17 - 1.0 4.03 9.9
17~25 —11.2 4.08 19.9
3.74 13.5
The whole section
GEEET)
Load driving
EITXE HEWTAIEL () FITHEE (km/h)  OHESEMR (%)
Driving sections Longitudinal Speeds - Rates of increase of
grades heart rate
25~17 11.2 1.69 9.9
17~11 1.0 3.83 7.7
11~ 1 —12.6 3.73 17.3
2.83 11.1

The whole section

Table 8. HEMEKETICBIT B4 <L — 5 OLHEIEMR (14— b 527 5 DIEA)
Operator’s rates of increase of heart rate during on-road driving (In the case of

wheel type)

(EEET)
Unload driving
ETXA eI () EFTEE km/h) OISR (%)
Driving sections Longitudinal Speeds Rates of increase of
grades heart rate
1~11 9.2 3.13 5.3
11~17 — 1.0 4.44 4.2
17~25 —11.2 4.94 7.1
£ & 3.90 5.6
The whole section
(EEED
Load driving
BT fewTAEC (°) FEfTEE (km/h)  DHAEIEIER (%)
Driving sections Longitudinal Speeds Rates of increase of
grades heart rate
25~17 11.2 2.89 5.7
17~11 1.0 3.52 4.6
11~ 1 —12.6 4.05 8.4
3.75 7.9

The whole section




FEREOGSEZE U b 57 5 EMIKORBARE L IEEEORE (58) — 17 —

F 70— FETICBI 2EETERR 70 v F ORMREBOBELSHT 3 L kD L5103, 7o v
b A, CRIBIRVERBLICS D, HMRBEYDIZE A LB TS - 720 ha 27 HFEEEY) |3 Hig
MZVLDDEZORES NS, BHROES bEVIRIETEH - 70 &b SHEROETEMEE LTR
Bifth s Lo icBbhni, 7oy b BRIESEOGERS_EICH DRSO 0 BELL TWO i, Mk
EYE L TRIRROEDICBIARGEILL, BRABHBKEC, BB bBVWRETH -7, 7oy DR
HHEHEICH D, Lo 7oy M L THIROXH I Rb FHICE b O oiREEY /DL, H
REOETREE L THEEN LV b0 & b, , ‘

Table 9 RO 10 FEFTHMPETEE L EDOETREE AL — 7 DOHEBIC > W THEBE T &ic
HD & EibDTH B, DISEIERIE Y 0 —5 5 4 708, F0EAT69~132%, FOERT
9.7~17.0% OEHICH D, E7 0y DT T OETH LOETREANTOERCEV, 7, Lok
ﬁ,Tbiﬁ&émﬂiﬁﬁ%ﬁﬁnfhafnvFBT®®mﬁ%M$ﬂ%®TUyFEﬁ§LT%
Vo HBHHZRES LV 78y b A, C, D ZHATSH 5 L HHER ORI AL > TOHBIEME S |
AT 5MEMEMBAOEND, —H, -y TOREEEDFETT—-35~152%, FOEFTT21~
21.8% OB H 0, EfTHM, HHUER, HMRERE S OHEIENE ORI, o — 5 DBE LB
L7fBTd - 1o

A 70— FETOEITEER Table 9 LU 10 IRENTY 3 L5 IEHTETS LTV S, SHO
* 70— FEFERTITE D 7D OETREIRL , SAERIAMICH L CEBETS LTV 3, #
HEERPEC B I >N TETEHERMET T 2RSS 550, ThEARV—9B+5750B0P
B AT 2 D K EBCEE 2B TS TV b0 L RS B,

DEDESicA7a—FEFTRZo v b B TOLEEBMRSMO 7o » Mol LTHIB0E
<, EMHITB T 3MHOHEREOBTIZ A <L — 5 OEBEWEHIEELRIETEELERTH 3
HDEEFEZ LN, Fh, MHERPSRICR 3 >N TIEEHEMED LA BA LN T Er 5, il
iR & AR BA RIETERN TS 2 b0 EEL SN,

Table 9. A7 o0— FEFCBIEAv—sO0HE (P o-5547)
Operator’s rates of increase of heart rate during on-road driving (In the case of crawler type)

L o\ %
= B EITH T Heart rate ‘
Teipiols  divectiogs  Spesds  TOUE(E/min) SMEE/min) K ()
‘ Imcrease mcrease
A Uphill kv 3.31 64.4 4.2 6.9
Downhill Fo 3.24 66.1 5.9 9.7
B Uphill - kv 2.99 71.9 8.4 13.2
Downhill o 2.38 74.3 10.8 17.0
C Uphill Ev 2.59 66.9 6.7 11.1
Downhill To 2.63 66.6 6.4 10.6
D Uphill 3] o 1.55 66.6 6.7 11.2

Downhill Ty 2.52 67.8 7.9 13.2




— 18 — ARARATIETRRE $37135

Table 10. A7 o — FETIEBTEL L —7O0AK (R4 -5 14 7)
Operator’s rates of increase of heart rate during on-road driving (In the case of wheel type)

. .
g;,tn % %ﬁ?’jﬁﬂ ﬁﬁ%’% Heart rate
Teipiots  diections  Speids  TEMIGE/min) SME(E/min) MR (5)
mcrease mcrease
A Uphill ) 3.42 64.6 ~2.4 —-3.5
Downbhill Fo 4.57 69.7 2.8 4.2
B Uphill ) 3.06 79.5 10.5 15.2
Downhill Fo 2.63 84.0 15.0 21.8
C Uphill i) 3.06 68.6 1.7 : 2.5
Downhill Ty 3.60 68.3 1.4 2.1
‘D Uphill Ev 2.16 72.1 5.2 7.7
Downbhill T 2.23 72.3 5.4 8.1

iz, BB UEMBETECIA 7 o0 - FETHRICBL TB O N A ZEETRECB T 54 <
LV — & QIR b SICiEOAENEIIC LW TR T 5, WE, METERICBVLTETARDOE
Bha 5Nt ED OETARLEE—RME L THEE OB ETT - 7,

Fig. 6 147 85— 5 4 1 7OBEOEMBETE 4 7 0 — FEFIB 1 5 BT & ORI % 7
LicbDTh %, MhOERIIEOEMEETICEVTE S N EMBROZET X OHEW R & O
ISR & OBRAERN 2 FBEC IV EIRES 125D TH %, TEKPO-27 B34 70— FEFT
Bonf7 oy b A~D OUHEHENRER L bDTH B, LHETTEA 70— FEFO Ty b
A, C, DOBEREMBETOBRAGLHEVENBVESIIKAL S, L LBEmRENTEA T
oy b B OEEEMBEETICHERTEVEIREN TV S, —F, FTOETTR 7o v b A OfEIEN
BETOMEDBICERA LN, 7y b C, D DBEREMBETOBLDIEVD, 7o F BT
HEMBETOBLDEV, BB, &4 -5 A F7OERITBVTH Y u— 3 ¥ 4 7 & FAHEDBER R
AN,

PLE® X 5 1 EBEDEHHIC 51 BEMBETE A 7 0 — FETEHEELTABE, 7o b A, G,
D & 5 I HIFRBED OHKHIT D A4 7 0 — BT OLEMIEINE & EHBRET O 2 h & oMo
HOoNBhote, TORERNBFEE L TETHEDOEVWICLEZbDEEI NS, Fig. TR/ u—-354
ROV TEHETROEMEETE A 70— FETOETEEZ LMK L bDTH b, EMIEETH
RE AT A P B O S OIEE S | 5 2 5 OETTHES SRDE SO TH e —F, 47
o — FETHEHERER L2 & S, BRRKERAEICH L CEROETXEZREL TETSETVS LT
Eb b, ZOBERETXEEREE L 527 5 OETHEMP ORDLbDTH B, ORI A 70— i
TOEFTEE L~V EMBETICEXTHS A IEVW C E830H0 5, 4 70— FETRBOLTRER
BESA RV — 7 OEENEHCRIETHEERERT IV 2 L— ERP S OHLIZShTED,
EMMTOF 7 0 — FETFREFREMERTS - 7 & &1 & ) ABIEHEASINL bh, BHIKETE
DI EVEEBBONLEL > bDEEZZONE, L LB BIR, &R EoMRBEEN SR
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[\~ DN
(= ol
T 1

%

DIgE M=
Rate of increase of heart rate
&

EIE AT

On-road driving

[uy
(=
T

0 5 10 15 20
EfTHE (deg) Slope
® t7o-tFiEf (Fuy bl @ A7u-Fif (FaybB)

Off-road driving Off-road driving
© #70-FEf (FaybC) @ A7u-FEfF (FoyhD)
Off-road driving Off-road driving

{EhifT)

Uhildriving

[\~]

=l
1
L

\ .
EMBET

On-road driving

%

DI mEE
Rate of increase of heart rate

©

0 5 10 15 20
EITHRE (deg) Slope
® A7u-tiEh (Fuybh) @ A70-FiEfr (FoyiB)

Off-road driving Off-road driving
© A7u-FEf (Fuy b0 @ 470~ (FaybD)
Off-road driving Off-road driving

(Fhif)

Downhill driving

Fig. 6 SEMEETLA 7 o — FETICBT 2.0088EMROLE (F v —3)

Comparison of rates of increase of heart rate during on-road driving and off-road driving

(In the case of crawler type tractor)

& (km/hr)

Velocity
801 O #MpEs
On-road driving

@ AT7uU—FET
Offroad driving

° '°,&

-30 -20 -10 0 10 20 30
ETHE (deg)
Slope
Fig. 7 EMBETEA 70— FETOETHEE
(I/m—-3)

Comparison of driving speeds during on-road
driving and off-road driving (In the case of
crawler type tractor)

ELLTWwk7ay b BTOMIE, b - FoET
& S EMBET OB IENTHSPIZESL,
HIRKIEDD LT b BOMITCO 4 7 o — FEFT
REMBETICHNTA RV — 5 OEMEEIED
KRELBBZEDMERS N, ARV —FDEE
PR M DR D BT I 54,
FETEEMBEET CRDET D EENS ORI
BofehS, b330 IEMICE 5> TIEEEROEE
BERNTH 5 ETEEIEMBETOLBA 7
O — FEfTICHATHE0IEL, EMBEETEA
7 o — FETERBEOABNEMAZT LS
BIEEREROMTRIFFICHNTH 2 bDEEZ
BTEBTELS, '

A7uo—
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32 YZaL—PERICLD S IUVIETHOARL—SDERMER

3.2.1 EBRFE

EBEO 57 s EMHMTEIEL OBRSERICEAS > TWB I &6, HFRIEHE & OR% A IEE
T BT EHHLV, 7 CEMBERTE 4 7 0 — FRTICE L TANE & £ 0 BEER & ofI%
ZHOLMICT 2 D HEMBETNEFTAERBIBICBVTY I ab— FERAET >0 Y12l —E
BRid Fig. 8 IR L BT BRI TiT o7 A 70— FEFOY I 2 L— VERRIER 12cm, EX 1m
DHAA 2 A5 5m B X ICHE LB TRRE A ETT 2 C 21T L, B, AAERDMTEIZE
Fritl CEQD oML E LI, & 70— FEFKOBREICH 1z » TE, EMBRLIS O TIZREOR
EREHBHELLTOB I EDD, MEY EOETE WS EEAL SAAERIMT T Lic Lz, BBEE
MELTCOIRKDOREERETICH > TOERL— Y OREREAEE L THRE L1,

12cm .l.
T
1m % ]
&O o\9 @ . m ™ M m foo!
. * — 50m E—
5 - N
HARm 5 X
Approach section Measuring section -

(70— FETHR) Off-road driving course

%§€r19

— 5m —% 50m —
BhEX M : ’ X
Approach section Measuring section

(SEMI5EATEE) On-road driving course

Fig.8 ¥ 3 a2l — MERETER
Driving courses for simulated. tests



FEFFORLREEE L L 57 5 BHBOMTHE L BBEREOWE (58) — 21 —

—, EMBEETEBESER EcBWTAS —a—v (7525 » 7SI =Mk o=y 1k
DIREZ 3m B L - EfTEBRIE £ EITT 5 T &I Lo HBREMFE Table 1LISR LA EBYTH
%o FRIZEWERE CEIcBOBE U AFBERIC L 0T/, BOBBLERIE, &7 oy 7B 28
HBADYEORBIEFRS v &< A XU, FUBHEEEZ I ETIT- 7o, HBEOEBINEHOREL L
TOLEEKE, Db 57 S EMMTORITERDES LEAMOHETIRI L. BRER 52 48
RICEN TV 2 HRMRATHREITBEURE2E & Lic, BBAERTRINRER A - Vs 4T +52 4
(2610 % BRI Lo, | o

3.2.2 ERERLER

EBREHOEMH EDRITE T 2 AR CEITEREOFRERER L bOns Table 12 T 5, ET

Table 11. EMEETEA 70— FEFTOY $ 2 L — F EREEER
Factors and levels of examinations for simulated on-road driving and
off-road driving ‘

B R K%

Factors Levels
B: 7wy B, (1 EED B; 2[EIE) B: 3HEIED
Repetations First Second Third
P:ETAHN o P EME) P, (AT7w—-F)
Driving methods on-road off-road
S EfTHE S, (2.5km/h) S, (4.5km/h) S; (7.5km/h)
Speeds:

Table 12. ¥ 3 a2 L — FEBRICHB T 2 00B L CETEEOEE
Heart rates of operators and driving speeds of examinations for simulated on-road driving and
off-road driving

L% (8/min)
Heart rates -

ERaw EfTHEE (km/h)

Combinations Speeds 1 EE 2 EE ] 3EE
First Second Third
. D1 Dz D1 Dz D1 Dz Dl DZ
P, S, 2.69 2.63 76.8 77.5 73.7 75.9 72.5 70.3
Se 4.74 4.40 77.6 72.6 76.1 70.6 80.0 65.2
Sy 7.62 7.95 79.3 76.5 4.7 71.1 71.9 65.0
P, S 2.68 2.61 81.5 80.9 - 78.7 69.4 76.5 62.0
Sz C 447 4.46 95.5 89.7 86.7 74.1 81.3 68.2
S3 7.50 7.30 92.2 95.7 93.3 79.1 85.8 77.3

o ETEE R I EOR YR L OFEE
Each value of speeds is the mean value of 3 times repetations.
Dy, D, B#ERE
D, and D, are subjects for this examination.
P, BEMBRET. P34 7 o — FET
P, is on-road driving. P, is off-road driving.
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T EMIEETT, 470 — FEFE SR L RS N, EITEEEEEESE bIcF—Td -
bDEBIET T EMTES, Table 13 ROHEEF— 5 & LEAEAVHERTH B, HEE D TR
[P £AAR], [S: BTEE] OBRIBIRER 1% TEETH - o BVELOLDIEELE [B:
Ty s | BE, TR EEFEEORELEE [PXS| #35% OERECHETH » 1o —F, B8R
D, TP BFAR], [B: 70w 7 ) BR, BITHRE EITEEOZEIEM [PXS] HEMHK 1%
THETH - 12,

PIED & 5 KPR 60 L 450 [P 2 EATARL BOBEL RSO [B: 7oy 2 | BR, &
FTHREETEEOREER [PXS PEREBERTH > EThHI, EHERELOIHDD[B: 7oy
7] E[RE Table 12 55 &5 3 &5, BURLBE T & ibEROESEDLTWE T &
5, ERISHTIBENOHETHIbDEELILNS,

fap, EAHREETEEOLEANSHETS > e D, T TREKEMsADYE T EITh

Table 13. & 3 a L — F EEROSMSITEER

Results of analysis of variance of simulated examinations

(#8%%& D)
Subject
ER ShRf EHE S :
Factors Sum of squares Freedom Variance Rates of variance
S f A% F
B 102.06 2 51.03 -5.57*
P 439.07 1 439.07 47.96™*
S 156.25 2 78.13 - 8.53*
PXS 83.75 2 ) 41.88 4.57*
EEe 91.55 ' 10 9.16
Error
F  872.68 17
Total )
* 1% KETHRE 1% significant
* 5% IK¥ETHE 5% significant
(BERE Do)
Subject
e AR B R S pay:dad
Factors Sum of squares Freedom Variance Rates of variance
S f A% F .
B 612.34 2 306.17 21.01*
P 148.49 1 148.49 10.19**
S 79.64 2 39.82 2.73
PXxS 226.03 2 113.02 7.75**
mEe 145.76 10 14.58
Error :
i 1952.80 17
Total

* 1% KETHE 1% significant



DiE% (8 min)
Heart rate

FERFEORSEZER L L 77 5 BMIKRORMES L SR OME (48) — 28 —

100
%%Eﬁﬁﬁ b
90 | ¢ 95% Confidence interval o P,
o/
80 y////
o\
./ o P,
70F .
1 L 3
60 S s s
FEATE KU
Driving speed levels
(#8%& D)
Subject

1001
95% fEREX FE
. 90F 1 95% Confidence interval
=]
E = oP;
8 sl /
=% o
% 8 .><
< 70F © o———®P:
N 1 g 1
60 S —5 S
EATHEEKHE
Driving speed levels
($BRE ' Ds)
Subject

Fig. 9 HKEMAESHE TOREEOSHEE & 95% EFEXH
Relationships between driving speed levels and operators’ heart rates during off-road
driving and on-road driving

Table 14. B/KIEMAE DOEDORE

Difference tests between each combination

(B8R Do)

Subject

PiSs

P:S; PiSs P:S)

P,S,

PiS;
PiS;
P»S,
P.S,
PyS;

*%
*xk

* *% *
*% *x *%

* 1% KETHE

1% significant

* 5% KH¥ETHE 5% significant
(#8&3& Do)

Subject

PiS;

PiS; PSSy P.S:

- PS

P:S:
PiS;
P,S;
P:S;
P2Ss

*

%
*% sk sk

* 1% KHETHRE 1% significant

* 5% KETHR

5% significant

BT Eic Uiz, Fig 9 BE/KEHASHET
OEEHOEHEFE L 2 D 95% EHXEERL
fbDTH B, EMEEETE A 7 0~ FETEL
NTHDBE, &7 0= FETOFFESIOH
BU~NIUBEY, £, mMEREE bIctTo—
FESTTRETEE D BRIy ~ v
EILTW3, #-T, 70— FETICBT 3
FEITHREOER T A <L — & QARSI
ERETOEDOEVA B, —7, EMEETCEE
THEECEEILF DS 5NV, EEROEMEE
ET TR, EITEEME BIUTERIRESE L
{#EBDT, v -y DEBNAHELAEK
BLENTEENG, UL, AEROEMEE
TTRBREE S ERE TR Th oIk E L R R
, EfTRHELLTRBETH - EhOEE
BB 5 EMBEET TRETHE OFENS S
b olbDEELLNS,

I TRIKEH A SR ICB T 30D
BREFREZR LIz b D Table 14 TH 3, H44
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BETE A7 m— FETEZHBL T2 &, HERE DTl P,S REMEETOSMAEGDE P, S, P,
Se, PiS; & ORICERENA LN 2, 2F D, EHTOA 70— FETOEBMNEHITEMEE
TOENEENEBEFVABVEEBING, LiL, PS:RUP:S; IEMEETORMAEDLY
PiSy, PiSs PrSs & ORI 95% Bl EORIMERE CHEESS S, COT L1, BTHEE YT
70— FEFET 3 BAOEMOEIIIEMBETO T N E T 5 LB OISRV S 5 & & AEK
LTW3, #HERE D, Td PySs WEMBEITD P,S;, PiS;, PiS; & DRI 95% LI EOEMER THER
EMH B NI, '

DED X Sic, EHMBETES 70— FEFEEELLY 2 L— P HROKRE, #70— FETR
EMBETICHANTA R L — s ~NRETABENAEESRO C EPERI N/, I35t 70— FETT
QETTRE DI ER ORI T REMBEITOBA LM EM E 02D VDS, EFTEE A
TR ONTERNEE MR LR L, HMEETO TN E OEDILD 5 T LN =12 15T,
70— FETIZBY 3ETEREIA RV — 5 0OEHENAIHICEEBLRIITEECERTH 5 5D EE
A btz

3.3 &0

EMBETHREA 70— FEFTAROBERIC>WTEE LTEFKICBY 33 <L — 5 OEBNA
HORED SHLMICT B0, BHMEERTY 2L — FEREPEL TREEZ#ED ., 527 5%
M T OETEROER, Bk FK, HEELQEOHEBRENMSEELT 2 cO+ 70— FETEE
MBEETICEATH S A ic AN EESKE W EMBED i, ULk LHIRIRESRIF S Tto 4
7 v — FETOBE I EEMBETE OMIGEVRS ONB - T, ZOBBELTAHT o - FETT
utﬁﬁﬁﬁﬁﬁféotcéﬁﬁi%hto%ﬁﬁﬁﬁba&&%ﬁ®ﬁ%E%Ek§<%%¢%§
BERERNTH B Eh 0, EERROMED SANTEMBETIBRCEHL b LEX SN,

v 3ial— PEROER, CEHRETOBEEZRVT, EfTHELELE-ThhE+ 70— FE
TTREMBETICHENTA R L = s ~RETHRENEENSRE O PR SN, &5 IEBRRNAEA
ORBICH L CEITEE A EE B TS 5 T L5 1,

PED &S KEMBEETHRIEA 70— FEFTAREHEBL TRV -3 it 52 5 n 3 EBNERII
LODBOT EDBHERS N, EEEROME» S (EHTHEbDEEZ SN, -T, ARLV—%
Y B R AR O IRA L 2R3 LT, EMEEFARE L 0 BRICEH < BHTEETH
BHDEEZ BN, ’ '

1§ EHBEOBFHECET 3R

b T 7 5 EMBRSEM PR O— BRI &V S WES S, EANLEREENE T aHMED LS
BTSRRI SN TV, L LIIRARLPEIE & O - 7S RS BRI R 18 &
BRppDOBDY, 77 Y OETHEE PR & OETHRES 5] Z Y 2 & 5 1C#b) 53
HETEIEHERTH S, 70 b 77 S BHMMTRS TS ERMEEREVERKAD > TV ED
T, BMBORCH /> TRESETIH L THABERS L SN ENZbDEEL B, £ I TR
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T & L CEE L EL LW A RNTIE, HEEE, BEO 3BERICSVT b 52 4 ORI
BUOARV—5 54 FD OB 2T - 12

4.1 +5949 OETHRESEHMEORMAEE

411 R |

N5 25 OBIRBRIE T v Y v e & BEKEN), AEfTEE SIS ORMOMES, MESROREE
e 2 ReMOBERIC X VHIREZT 5, ULh LSS ETER SHEE ORMOMETic X 0 HIR%E
ZFBIEPRITHD, BRARIOT LEERNIATICI VD EMNT TS (&N, 1980), ZI T,
ht :Tﬂiiﬁé‘éﬁ&i’@ﬁi& DORIOHENP S+ 57 5 DBIRAWEFE Ui, 188, JASIRKRICBY 5
BRG] 2RET, MIREARLEICAETTATISN S b0 & L TBIRARE SN AR %K
Iz,

b5y BEGETS AR, BEOARI & - TARERSTEES 2, b5 7 7 OBREYERICE
ABEFAGINEARBIICEESBA TPNEL Y, 77 7DFAFNID BRRICEDET I EMNT
x5,

D=H—Rn (6)
H: ¥& T X B HEET)
Ra @ FEFTHEHT
VWE, BRIAMAE e (deg) LM77 ¥ BEBEETTELIRMBERDO LB TH 3,
H—Rn=0 (7)
#-T,
uWcos ' =W, (fr cosa’ +sina’) (8

rfZL, Wer b 527 5ER, u:WERE fr ETERRE
F7, OXEZBEIhERADOLEBYTH 5,

u—fr=tan a’ 9)
TIThF 7 9 BEEET TR RAMNALE o &35 &, o RN TREN B,

a;=tan™! (u—fr) (10)
RS o XL b 57 9 REHEETTEIRBIIROLBY TH B,

uW,cos @’ =W (frcos a’ +sin a’)+W, (1’ cos & +sin ') 1
2L, Wy MOER, v MORBHEIRE. %/, UWREBEILIRKET S,

tan o < {(u—fOOW—u' W} /(W +W,) (12
IITH I 7 BREET TRRARERAMM AL L 0 £ 95 &, o RIRNTRS N 5,

a=tan"{(u—f) W,—u’ W}/ (W+ W) 3

B#o&ER (DE MEGILLE, 1957 ; SFH, 1979 ; 54/, 1980 ; #gH 4, 1975) »o¥iMidhid, +52 4
Eptic B 2 HEERETORMBEE & ETEB L OMOMERMIZZ 0 -5 94 7T 06~08, &4 -1
4 7T05~08, +57 5 DETEIFKEB I o—35, f4—Vs4 7L bR 0IBELELIONG, fE-
T, W0 BREMBOEEEITI B 3 BRI RARG AR 7 7 — 5 5 1 7T 21~365°, h4 =54
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FT2~2T° LHE SN B,
ﬁﬁﬁw@fﬁménrméiﬁmba7yu7ﬁ7az®@@wz<,UA%ME@%E2~%ﬁ
TH 5 REEMILES, 1986), MOLEZR 1.0 LRETHIETASIMOEREF 2~3tf LW T &iTil
b0 T M OBERETEI 1 1D W TId DE MeciLLE (1957), STEINLIN et al. (1953), M (1980) @
HELBEL L, w =07 &ThiF, FEETICBT ZERTECHAMEAR XL, TASIHMER?
tf, HEEE Tt OBE, 70— 54 7T 131~213°, w4 -5 4 7T88~131°, FAFIMERS D
Ba, 70—58517T8~I56°, kA —L%147TA4~8 LD, '
PIE®D &5 M 0K HEETTIC B T 5 BT RAMM AR 3 EHETIC TRV ETL,
ESRFA—NFA TR I 0=5 54 FIREXTEY,
%ﬁﬁﬁ@ﬁmﬂﬁtbrur779$%@UAﬂM®%buﬂﬁék# b5 oy OEEIXTT 3
SHERENEZONDH, HEMNREE L8057 9XEPFASIMOB D ITT 2746 TH
BHDEEZOND, T, TITIRIT 7 & OFETESE &HIE & ORECT AT M OEBHETS
EOHES % b LD Ik B EHNRESRM D SHIRBR A2 EE L, 158, BIRALOEED
& LR FABIRNTE Y 3BT I | X REET, MIRRTIEMNAE LR CAETIATISRS

TEEFME LTS

ZHHIRABIC B WV CTHAA I S W D DRBFRRNTRT LB TE S,

uW,cos o’ 2W,sin o’ 14
F7, WRIEEHET TR ELR 5,

tan o’ <u (15)
TTTh 57y HEBEETCHIRITRE S RARM RS 0 T 5L, RO EBY TH 5,

= tan~'u (16

KHRAEIT BV RS I %Neﬁmth%ﬁﬁ&ﬁT§?C&ﬁﬁééo

uW,cos @’ +u' Wy cos a’ 2W;sin o’ +Wysin o’ {1n
g, (WRNEFBET 3 ERAEL S,

tan o' < (W +u' W,)/(W+W.,) 13
CTTh 57 5 HBREET THRRARESBARMIARLE ¢, L35 L, a3ROEBYTH 5B,

a=tan " H{uW+u' W,)/(W+W,)} 19

B L7z & 50T b 5 2 5 SebHic 315 2 H@IRAE T O EMERTE & E1TEE & O okERK 7 o -

784 7T06~08, hA4— V51 T7T05~06LEZS5NBDT, (0L, HEREIC BT BKIRA
bﬁ%ﬁﬁ%@mmau—ay4ff3m~%f wA =5 A 7T 266~31.0°EHEFEEIN B,

—75, ERRBIC BT 2B EAMM AR 2 A M ER 2tf, EMER 7tf 0BG, 7o—3
74 7T 3L9~37.9°, FA4 —g A1 7T 286~319°, FATIMEBEESUHDES, /u—5441 7322
~876°, FA =LA TT292~322° LHES LB,

PIED &5 BRI B T 2 BIREREB BRI AR IE 7 0 — 5, &4 — 94 7& bic 30°LI Lo
BARICBVTODRET BHREN -7, UL, TTTRBD ST 38HRESED L BIRIER 2
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BELLbDTH S, EEEBOTRFFICTMT 5 < & WRERBNEERMIc BV THSh B
Bhabdo, HENZEREELEARMARIAROKEL /NS L0 EbN 2,

4.1.2 phEREE

EMBE ORI H 7 > THIRIBEBESHINE 5D TV 3, BROEN, > T EESERESTH
BTLENBROEENTH S, L L, EMBEIHMICHEREN 2 - DICHBRORE 3BT S iz, #
MU B B HITEREREMTH B 7w ICRFH OV AIC L » TIIREMH, M, ERax rs &
RETEBERFT LI D,

HHFRERBRZ WHPETICEEAS L0, FFHCH 7 » TREBUMFBREREZE L T BEH
b %o BHMHICB T 2 IR ROREANTEAIERASPHILMSEETE 5 C &, HERAKHD &
CHRERZEBTE 5 &, RIFEEEBY CHMATRICHEBE2ETTEAILRENELILND
B, b7 50ESBEEEGAETT 2EMIKICE VL TIERH SOV SERT S 250 TEE
TERETHEE VOO LEEA NS, CO&MEELTIRIRIEHEORE, BMOES,
HEOHE, REEELTEOEXBCL > TEDLNS S, BEMMBIEED > FE S VML &5/
BEEERD B LRDEH T B, v

Fig. 10 b B L5z, EEER, BEB, MEM L OESOBRIRDEBDTH 3,

(R+B/2)?=(L/2)*+R? 00
- T, RPREREIRA TR S0 B,
R=L%/4B—B/4 )

BB E ST WEICB VT B/4 O LY/4B iclhNT/h&, Ch2ERLCOBEERIR2MIH

BOTERARNE LTRABAVOhTWS (LfikiEd», 1988),

R=L%/4B @)

Fig. 11 QX2 AV TREORNE S T &M E L B/MIBREROBBER LD TH 5,
HHEDBEL B3I >N TR/ MR ERREEITRE 15, —BNEEMEOEEZ 3.0~35m, #
HMER20mBEELEZISNE DT, B/NR
R 29~33m EHEE SN B,

413 /& B&

—fic, EMBEOEESK X FNTEMEEI®
LEMIKRELLBH, BRI X P AEL 5,
&5, HIESRBEFI RO TP OREDE
VWHTTRICHEL, R R r ik
BEARITT LB 5, BRIHEETERORKAR
RERELT, CHhICET LABRZRBIEENA
THRBONB, CORMIEER-ERREM o Flg 10 BlbR &R iR
Wi, BB OIS v ORI, SEETE, g Theoretical minimum radius of curve to pass

without sticking end of log out of skidding
L — & OFEEEAN S S IcBiR T 5 & & BiIcE®  road

— L2 —




ETREOHEGRZIT S, L LI s0ERE
ERLTABINCERD 5T & IREL L, BB
BHONDBIENE L, b5 7 yEEREEDTIIC
BOTHOEMBOBE IV L+ — 15 EOEERD
R 52 2 O8O 15 ZEUTTHET &h
CHELTHI 7 s EEIED 1252 LicHE
U, HRBEMECIECHBERINEET > & &
HRELTLRId ¥Ry MRERRILTA,
1985), T CTHAEMAL L THERASh TV S
M52y OEIEZS B —5 5 4 7 OEE 1500
~2390mm, A — 514 7DOEE 1880~2280
mm 2ETH 5 MREBMILIS, 199D, - T
EMBROIEE I3 1.8~2.9m FRERE L 13,
HIFRER I 35 1) 3 BB MM O & & 4 oS
(FABIBB OB X ) 1 & BB ORIENSHE
LE3NB, P37 I EFASI LB ORI
BORRRE—EOARIC & > TRY & 2HEL

BIRGUIRTIZ MRS 3735

120
‘ @
| ®B=2.0m
100 @ B=2.5m
® B=3.0m
gl @B=35m

® B=4.0m

=/
Minimum radius of curve
3
©e e ©

0 5 10 15 20 25 30
: ' # E (m)
Log length

Fig. 11 BHEHE & 5/ BEER & 0BG

Minimum radius of curve to lengths of
skidding log

Vo B> TPHIZB W CHHE LEMIICR LB BEKREROL S B LD TH 5,
(1) F527 3 HHER OMELEE, MiGOEBSHBLES (Fig. 12)

b=R—/(R*~L)
272U, R>L, b:liER, L:#&

CRB, RPLAXDFHICKREVERORIEUNICRRTET I ENTE B,

b=LZ%/2R

@4

@ +77IHEEROMELEE, MEIFEEE WIZRLK) cHFESNBHES (Fig 13)

b=R—y/(R*—1%/4)

7z L, R>L/2

25)

BB, RABL/2XDTLHCRE VR0 ALk TR T T LM TE 3,

b=L?/8R

(26

2 ZTHE 20m OBAOMERIBOIERIC > W T (i), (AHBE L b0 Fig. 4 Th 5, Mb 5
bah s LS, MEOESNEHHBESIINERSKE BEBLEENG, T, HEEEMNSTT

B CRMOBEEB LR 5 EHBEE LU,
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(0]

Fig. 12 {#RIPOILIFEE M0 EBL BRI
5a)

Theoretical widening at curve without stick-

ing the end of skidding log out of road

(In the case the motion of the end of skidding

log is free) )

Fig. 13 HI#BOWIEE MoFEEE THE
SNBIEA)

Theoretical widening at curve without stick-

ing the end of skidding log out of road

(In the case the motion of skidding log is

restricted by something to lead)
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Widening of skidding road

[au]
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T

NE
20 40
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HHREE (m)

Radius of curve

Fig. 14 MIEABORMIC & 2 HARTIER IR 20m 0IFA)

Widening of skidding road at curve according to motions of
skidding log (In the case skidding log length is 20 m)

A MiROEHSBRETES

(In the case the motion of the end of skidding log is free)

B: MR EERE CHEEI NS

(In the case the motion of skidding log is restricted by something)
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4.2 FEEZEESND A TEMERORFHEE

4.2.1 HEMrARC & A B R

() ik } :

EMEOBPARE P 57 54— 5 OEFKEME E OBEGRE, 3. 1 MM 5 + 57 5 ET
Bof~r—50ABNEHE] WBWTRLE S 7 $EREKX TOEMBETERICL > TE SN
PR DB AR O AL & KEBSBETHO KT — 4 2 b LI L THIT 2T - 7o EBMERE
T b 52 2 & v — 5 QBRI S RIE 4 8 {THE O BR B ORI AR I W < o h
PERPEA SN LM, I THETHER T 7 &R LICEROMBIAI & 4 ~ L — & OHEEIK
B OBREST L 1o

2) HREEER

EMBEORMTARE L 57 ¥ 4 <L — & OIS & OBIRIE Fig. 15, 16 10Kk LEEBDTH
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itﬁ&47&%ET@%ﬁ@ﬁﬂ@%ﬁ%W%d%mo—ﬁ,$4¥w;47®%é,m%ﬂmuﬁ
T BOEBENRO LRRE, B - FOEFESIEHLAERTS D, OHEHEMR FER1 7
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Fig. 15 #MEWrAE: & OaEgmER (FHEET)
Relationships between longitudinal grades of skidding road and rates of increase of heart

rate
(In the case of driving with unload)
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Fig. 16 #tWrAE & agoEmE (EEEMT)
Relationships between longitudinal grades of skidding road and rates of increase of heart

rate )
(In the case of driving with load)
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AR & DAEEIIR E OBRAE A B L, w4 — LD LDEFTOEBAERVT I u—3 54 7OBAELH
LU 7 BERATED S,

PLED & 5 i EMBKETICB T 2 B O AR & & < L — 5 OLHEEEINER O BRI HtMr L O 1
IRV OEEEEMER & FR 3 2 &S oo TDXI I, HEWTAR ORI HEVLIREIEINR &
FRFT BT, AL —F ¥4 FboANTEMBORMAR LECHRAHNEE L, £, FUHE
WiARE T F 0 ETOOHEHEMRR Ly ETOZ Nt L TRV E2 5, BREROL S Ik
FEATH (ZEETR) & TOoETH GEHEETR SicBEsBlhcwa5acld, ToETHOEM
B ORI R L0 BITHICHAN TP BENEZ LD LEEL S50 5,

T TTERDA RV — & ODIHIEINER & HEHTAE & oEYFRD S HEIIAES O & OOHEETEIERE B D
T EHNIE Table 15D LBV TH B, b 77 5 BIIMENEEOBERIPMOERTD 5 & )}ad
Ut ts, fiA ABITHAY F7 v 7, 1966) I MREIWEEERAH 78 T G ORI 10% §itk
DRIEEIER L TV %, £ - T, TTTROEIEINEREBBUR 0% BEUTIMA s LEHEL
Thi, ETHEPEMOEEOREBICL > THRE D, BREOHMAR IR, -7 51 7O5EE,
BBUR LT, &4 -3 1 70BE, BBGR1~20°LUTHL v -5 54 FPOBTHI LY
bDEEZLLND,

Table 15. #EWrAES & OREOEINER

Estimated rates of increase of heart rate according to longitudinal
grades of skidding road

(vo—-35547) . BAr (%)
Crawler type Unit
Mt AR o 0 o o
Longitudinal grades 5 10 15 20
ZaE ToET 12.4 17.1 23.7 32.8
Unload driving Downhill .
Eb#ET 8.1 10.2 12.8 16.0
Uphill
FH ToET 8.2 12.6 19.2 29.4
Load driving Downhill E
LT 7.4 9.7 12.6 16.6
Uphill
CEETZFe ) HA (%)
Wheel type Unit
HEWTAIAD o o o o
Longitudinal grades ' 5 10 15 20
ZoH ToET 5.1 6.7 8.8 11.6
Unload driving Downbhill :
EbET 2.8 4.2 6.2 9.1
Uphill
ToET 6.0 7.9 10.4 13.7
Load driving Downhill
EbEfT 6.6 . 6.9 7.3 7.6

Uphill
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Table 16. HRRFEREROMASHE

Factors and levels for the examinations on radius of curve

= K #
Factors Levels

B: 7ovs B, (1 EED B: 2EE) B; (3HEIED
Repetations First Second Third

C: HRRER C, (20m) C, (40m) C; (60m)
Radius of curve

S : FEfTHE S; (8.0km/h) S; (6.0km/h)  S; (9.0km/h)
Speeds

4.2.2 HERPRR & AENAE HEXE : 20m

Measuring section

(1) E=EHk

AFEER TR O MR PR OEITEHE & 4
-y OEENEHE E OBREHSMITT B
WHiT, Table 16 IZ/;R LA S DB EERZ K
RAETFANOERBEIS ISV TiT-> 7, #AL

BhEXE : 5m

Approach section

P b5 5 SRR 2.6 tf DML & A — L 5 A M@fﬁi S ’

) i ~ o Y BiEXR : 5m
FTH T, 1\_77 FARV—% &L TOHEBRE machsecﬁon
57 FEERICEATY 3 UTFERRN® 34 5%

(BE Do) KU 36 1% (R Dy) OEEEI B BEXME : 20m

BB S Ui, EEBE Fig 17 1R L & 5 o i @%rﬁ : 5m
h secti
E20m oWEKME Sm OERBEXED 51 R=60m Apprgach section

LEITHRERIE A RE L, HiZ iR icin Pig 17 HRREI BERE T
bt"fcﬂiﬁﬁ’@ﬁlﬁ] DISET S Eio SIEIORKERIC Driving test courses for the examinations on
B MBI ROEMUBETH 28R & U radius of curve

to WEREOEENEHOEEL LTo L

&, DI ® Y B & D ETABRBGET T 0.0 O R-R BBHEOREES SR 5 izl
oo RERIIBPIRE T L CEIEIC X 0 SEIOBVIERL, BT oy 7 icBi) 5aEbE OEERIFFEIZ
FvFeA XL, SHEREEALL ETH -, ‘

2) EBEREEE ,

Table 17, 18 JAEBEINRE 7 — & & L AHMTHERE2BWBRE L IR L bDTH 5, WE
# D DA, EROBOELOLBIEE LK T o 7 BREEETERESERE 1% K& /KL
kﬁ%%ﬁ&okoLbbﬂﬁ¥@®%%ﬁﬁmuﬁﬁ%m@#okow%%mwgémomruiﬁ
HEMERE 1% KETERKEBMICEEES H -7, L LHEERP T v 2 Ea:obb\“c HEERZE
Bad ot & TETEEIC>WTRKEI B 2R EHOHE@E AR Fig. 18D EHED Th 5;
BERE Dy CTRIDIEEEMERS <A F R E 5 TV B, ZHRLHEECERIET 2 BRI 3BRE M S L
IEWVIKEBIC S B THBL T LITBEH, TOTENFBATHEE5Z2ERBEB-bDEELZLNS, L
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Table 17. i EREROSHOHTHER

Results of analysis of variance of the examinations on radius of curve

(BiE5E DY)

Subject
2R SEAHM B 5y W Iy 8-

Factors Sum of Squares Freedom Variance Rates of variance
f : F

B: 7oy 7 145.49 2 72.74 9.35**
Repetations )

C: iR 18.68 2 9.34 1.20
Radius of curve

S : FETHEEE 423.69 2 211.84 27.24**
Speeds

CXS 60.57 4 15.14 1.95

REe 124 .45 ' 16 7.78

Error :

at 772.88 2
Total

* 1% KETHE
1% significant

Table 18. HIEFERERO SRR

Results of analysis of variance of the examinations on radlus of curve

(BelkBRE Dy)
Subject :
%z R SEAFN HHE a9 B Pay:cdsd
Factors Sum of Squares Freedom Variance Rates of variance
S f A% F
B: 7oy 23.03 2 11.51 0.44
Repetations )
C : i E 7.88 2 3.94 0.15
Radius of curve
S EfTHE 450.95 - 2 225.47 8.63**
Speeds :
CXxS 31.13 4 7.78 0.30
BEe 418.06 16 26.13
Error
Hi 931.05 26
Total

* 1% IKETEHR
1% significant

2 UHIEERE & SIS b 5 2 9 OFETEEOBINCEVA <L — 7 OASKEINR S ER LTV T &M
BDLN 5, v

PYEo X557 5 g4 @R T 21500 G ETEEN A < L — ¥ Q4B IS ERIT
TENTHZ EMBPLPIE 5, UL, HBEROKRE SF4 <L — 5 OEMNEEICEEL K
ETERE L TRDoNLH > foo REBRTIIEE U TR & EGRENES B HEIROBSEHY L
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5F
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&
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S
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® 55} wEE D
< g Subject
é .
_'10 L
—15 1 1 .
Si Se S
AT HE K HE
Driving speed levels

Fig. 18 HIfERERIC BT 5 BTHE & OEEEm=
Relationships between driving speed levels and rates of increase of heart rate in the
examinations on the radius of curve

Fico - T, HEREEORNMCEBRFT ) v JEBIEOHL SICENED -2 M DK S iR
EHREALFRE LTEA NS, L UEGHIRCHREIIRS & O & 5 ISPEMEM IS0 EikR
TFOHEEASHFREEOR/NC L > TR - T B LB TFRENE0T, TOLS REEOMHKROE
SRR OKRE S RABWABOBEERNICL 2 b0 EBEbnd, -7, Bt s L
TR 20m BBEDL L OHBRA R L, HRTR T2 ETAEEE L LTETT AL
RU—=FILE > TIDREBETHHRRINS D EHEI N D,

4.2.3 IBEEAEMEH

(1) EBRFHE

EHBOBE TR EFORABEEARE LT, CICER LUBEABIRENA TR SIS T &
Do, TITRFF 7 IERICH L TEOBREORBIEE LNEA RV - T4 FPLATIVRER
BHMEEL0h, FLEOBEOETEETETITNRI VDR, WS HEEA» SEMBORER IS
WTRRET L 72, EBid Table 19 IR L 7cflA S DV EREBWREMETNO b 5 7 5 BITHBRK I
BOWTIT> Fro EERICHER L 7B TR IR Fig. 19 IRSNATVA LS ICEHE I —R &L, 5m ofhiE
Bﬁ&5MnQMEBﬁ@6ﬁoTwZO@EuiﬁﬁﬁDEM@Liﬁrﬁﬂdﬁ5—:—7(T5x
T 7 BOS AR OREEY) 2 MHENICE &k 0 ESIL i, EREBHRE C & LK X
D 2EOIEVIRLETV, K70y 7 BT 2MARDEOERIEFIS v 5/~ 4 XL TIT -7, 538,
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Table 19. 1REBIT 2 EBROMAADYE
Factors and levels for the examinations on width

=z KW 7k HE
Factors ‘ Levels
R: 7w R, (1EH) R, 2[HH)
Repetations First Second .
B : 318 B, (0.5m) B, (1.0m) B; (1.5m) B, (2.0m)
Surpluses
S EfTEE S; (3.0km/h) S; (6.0km/h) Ss (9.0km/h)
Speeds
L%
L type side ditch

7

L AAAA

— 24m
k— 29m
— 34m  ——
— 3om ——
—
o O :
_ A A A A A A
5m 50m
BhEX ' FlzE X
Approach section . Measuring section

Fig. 19 1REICBIY 5 HBETH

Driving test course for the examinations on the width

KRR L b 527 2678, W8, OHORIES R Uik Ric 81 2 EROBA L[
BiZiT- 7,

(2) EEFBEREIEE

Table 20, 21 ROEHEMNERE 7 — 5 & LGSO MONEREZSPRE LR LELLDTSH
5, INSDRDPOLNPBLIIC, BPWREL BICERKSS LI R TRIBIB PO ETEE OXER
DOKEMICEERESS SNBVEREE > TWE, UL LK S%ERE DB 2 EfTHE DR
#H DB BRMBIE, ETEEOERIC >V TRERICEVETS -1z, 2 2 THBRE J L ORBIER
URITHEEOKKEICBY 3P %R &, Fig. 20, 21 0EBDTH 5B, HEE D, OOHEHEINER
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Table 20. TREEROSBOITHR

Results of analysis of variance of the examinations on width

(B1EERE Do)
Subject
= PR B I Sy S
Factors Sum of Squares Freedom - Variance Rates of variance
N f \'% F :

R:7uv2 130.67 1 130.67 1.72
Repetations

B : RIQIE 501.44 -3 167.15 2.20
Surpluses:

S EfTEHE 458.57 2 229.28 3.02
Speeds v

BXS 304.67 6 50.78 0.67

REe 835.14 11 75.92

Error

it 2230.50 23
Total

F (3,11;0.05)=3.587
F (2,11;0.05)=3.932

Table 21. IEEEROSMITREER

Results of analysis of variance of the examinations on width

(BiAERE Do)

Subject
5 K SR HEE 4 K _
Factors Sum ofSSquares Freefdom . Var{?nce Rates ofFvarlance

R:70v7 - 13.95 1 . 13.95 ©0.23
Repetations :

B: RHIE 521.49 3 173.83 2.83
Surpluses

S : FEFTIHEE 431.14 2 215.57 3.51
Speeds

BXS 311.36 6 51.89 0.85

FEe 674.85 11 61.35

Error

=t 1952.80 23
Total

F (3,11;0.05)=3.587
F (2,11;0.05)=3.932

KOWT—E~ 1 F REMA SN, CHREEFHREBE VSl d LAVIREBPBIARZREL, &
BLHESD LRHC TRl LItk b0 EER b0,

RBBICOVWTH B L, UM L L TRBIBAIE 722 1> TMEEIEIMER ET LTV
5o &1z, KEEB, DS IIMhOKE I E U COEEIEMER SN D E L, #EE DT 124%, #EE
D, T 9.2% &5 5 T 5, RIBIGICD W TEKEDO R DEDRIEETT » 1o kiR, #EE D TlIKHEE
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Relationships between driving speed levels
and rates of increase of heart rate in the
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width of skidding road

Bi& B, EDMIcBWT, WBRE D, TiI B & By, Bi& Byt ORlicBVWTHEEESED O, DX D,
WEE DI CRAKIEE 05m 25 20m IKEFE 2 &tk - T, #HEBE D, TRAWBIEE 05m 5 1.0
mBE3VEF05mD520miJAFAI LK > TARV—F OEBENEEISERI NG E2EKRL
TW5,

ETEEDOEEEA S L, Fig 21 55305 & 5 I EFTHEENSE S 15 5 > OLEEEINER & b
F LTV S, ETHEEICOVT S EKEOREE D ZEOBRE LT - 155 R, MRS & bIcKES & S;
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PUED X5 cEMBORBRUETEE & 4 RV — 5 OEBEHEHEE OBZRICO VT, RBIEHE
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HiEe ImBENEL S Lic X 0 ABNEHEOBRAIIFS NS C LB SN,

4.3 +3UYEMBORMAEERES BIELRSMBEDOR

4.3.1 77 s BMEOBMNEEOELE

(1) FAEHOBE

NT 7 Y BB OKRAEEOKEEEIEET 2701 3 AFTOEMBIRIC BV TEMBAEE L, B
AEFTIE Table 22, ZFAHIOMEN L CEMBEORLE i Fig. 22 0 & B0 TH 3, BAEMLK A Kb
5 o505 & DI, MHIER RHERHER LT H < v BEMTH 0, HHERNIK 124°, SHEZL
BeRMRAICHER I TV, RT3 0 -5 947 (THH I 5R) kA —NsA47 6tf 7 5 2)
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Table 22. SIS DT A .
Forest land conditions of tractor logging sites investigated geometrical design
of skidding road

HAEKX
Logging sites A B C

T Hh =y Z FEMK b/ Mk

Stand conditions Red pine clear Japanese cedar Japanese cypress

cutting thinning clear cutting
i (v) 81 51 73
Ages of stand
VAME (m¥/%) 1.04 0.32 0.43
Standing tree volumes
wHiERl (deg) 12.4 15.5 20.0
Slopes

: o g%ﬁg
uttingarea ;|
Skidding road — il ‘ 100m
—— 100m Skidding road
ABERX A HERX B ALK C
Logging site A Logging site B . Logging site C

Fig. 22 SEMEKHAIAEIETRE M O HIEK]
Topographic maps of the logging sites for the investigation of geometrical design of skid-
ding road

D2 EBERENT O, AERX B @2 FRIEMATH D, HMERIZK 15°, FHBER LIRS
nTwi, fFicidrsn—5547 (1tf 7 5 R) BEHIOLTV T, #AEEXKXCRE/, FEHEKRTDH
D, FEKX A, BTN THIERNZ P PR U < 20°, EMBRRIAFH RSN TV BEHRHEZ S
Shic, TRAEZICEFI—Vi4 7 (6t 75 R) BEHEATO,
(2) AEER 7
Fig. 23 W&AHBKXIC BT 2 HMATLOHTEE >V TRLAESDTH 5, FAERK A TRHH
R 20° A A B BT b—HA 5B A, EE AL ICUTTh B, MR 8~10° DRk T—
EBEWVEIRENTVES, 10U TOREH (A~D) THENEN 0% RHIE LD ONTWV 5B, T OF
B O10°LITOHERIE T34% K &L TWVWE, TOLHIKHEERKX A DKL OEMEKE 1002 T O
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PSP EARGEOE IS & > THESN TV S bOLEL 51, AHOBBTHER0m P EOX
SRS B 5N B, KEAEER 40m KEOHETH D, H4E 20m T O/ Sl b7 0 17
T BT EDRn- T,
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| Table 23. HHBOFMEORH

Investigations on geometrical design of skidding road

PlEE 2 & TEESRTE,

Driving on enough wide road
at a slow speed is desirable for
an operator. Decreasing phy-
siological load is expected by
having over 1 m surplus.

Wider width over 35m is
desirable.

(TR ETHERE FEREIRLS W | DT EHKOEAE
Factors of | Investigation from viewpoint Investigation from of Desirable geometrical design Actual geometrical design
geometrical of mobility of tractor " ergonomics derived from viewpoints of
design - mobility and ergonomics
e sa—3554 7EHOBEOR | MMARLRECHRIEHSEEL | 70—-5 94 FHEACHAGORK | B AE L ToBERREEAOHN
Longitudinal | AMMIARI 13~21°, &4~ | <, 7 0—554 7HEAHOHAE | AMFARRBBLA 10°, & [60%, 12T &% 5 &2 0HhK m
grade WA FEROESOBKMN | #h 10°LIF, ®4 -3 A 7| 41—y 4 7HADBEORK | 80% LE-THD, 20°%#Z 545
HELIE 9~13°%, HoB& kB0 h 15~20° 2T | AR B4h 13°EEN | Matidbmn,
Maximum longitudinal gra- | #F& LW HE Lo About 60% of investigated all skid-
de is 13~21° in the case of | Gentle longitudinal grade is| Maximum longitudinal grad- | ding roads is occupied by the roads
crawler type, 9~13° in the | desirable for an operator. | es are about 10° in the case | whose longitudinal grade is under
case of wheel type. Maximum longitudinal grades | of crawler type, about 13° in | 10°. In the case of under 12°, about
are desirable under 10° in the | the case of wheel type. 80% is. Skidding roads whose longi-
case of crawler type, under tudinal grade is over 20° are few.
about 15~20° in the case of
wheel type.
iR BRI & LT, 20~33m L | R 20 m LI L B4, MER | BR20mBELLE, cEhl | 240K 88% 33 40m LUT OiRT
Radius of LoOKXKE s BHBE, 037(% SAEENEHOREER | 30m P EOBMBESEE L, b, EERI5m P TO/NS RS
curve Minimum radius of curve is | S%® 5118\ & 7eHHRERIAE | ¢ is desirable that minimum | 34% Y %o
29~33m. TTHEEE% & LTES T LW | radius of curve is over 20~ | About 88% of all investigated roads
W 30 m. is occupied by the roads whose
In the case that radius of radius of curve is under 40m. The
curve is over 20m, it is not skidding roads whose radius of -
considered that radius of curve curve is under 15 m exist about 34%.
is one of factors which affect
operators’ physiological load.
Slow driving at. the curve is
effective for decreasing ope-
rators’ physiological load.
g B 1.8~2.9m BEMLE, EESLEVE EAEETETSY | BEE LT 3sm U EsEE | BREOREALSH 25~4.0m OFEHETH
Width Minimum width is 1.8~2.9m. BIENEELL, RBIEZ Im | Ly, FENTBY, 0TS 3.0~40m @

BEIE2ED 65% % 5D TV B,

Most of skidding roads are con-
structed within 2.5~4.0 m width.

Skidding roads which have 3.0~4.0
m width occupy 65% of all investi-
gated roads.

L AT I AT SR AR

&gle



BRI BEAEER L b 5 7 5 RO SRS - BEEEOWE (58 — 43 —

LOHMRESZTZ LIS, 7 u—-35 54 FEFERT IESEORKHRMARIE 13~21°, &4 -1 ¥
A 7%EMHT 25813 9~ LHEESND, —H, AV =744 Fh o ANITEMIEORNAR 35
PHBEBEELL, 79-5 24 7TEBLR LT, &4 -y 4 7Bt 15~20° DT A54F
FLLbDEEZ LN,

ZTTh T2 5 ORTHERTA RV —F 44 Fb SR EMBOFRHMARL L BT 2 &, 7
0= 3544 FTRAEN 13~21°, BENBBUR10°THY, EITHRD Sk 7R AR 0 5 b3
Vo TZTHR, KOEEWMEPOFRITNE Y o35 54 7 TOMBARRR R BBL 0 10°2EH
Yz LLWwbDEEIONDE, —F, ®A4—NF A TTRETEDN I~13°, HBEH 15~20°TH Y, EfTHE
HED SRD MM AL DO FBED, MMARBEPLHLBEBAL L -5 0OFHBRICSERNTH L0
T, R =V I A FTORAGREARE IPRESEEI LV SO LEZ bhE, EMROEERETS
SEMEE ORI AT L RIS D 122D FTH 20T, T TIRE L R AN AR 3R blH T
5b0EEZOND,

WM BEMBEORED O RELE BV LA E L TR/INERZRD THIRER, MilMENEL
RBICO>NTRMNERRIEHITKELLY, BE%3~35m, WMEMES 20m &9 hidR/MIgER
1229~33m 753 T EMHEES Nz, HEERICSVTARL— 744 FhSaNE, HEHE >
7 38R BB IETERENA RV — 7 OFENEHICHELRITT 7, SHOERTHEEL
7o R R OHIFN TR AR OB RRD o lih o 1o, - T, EMEBREOHBRE LTk
#20m BELLE, TENE0m M EoMIREERL, MR TE BT EITHRELE L LTENT
NIFA RV =710 E > TRV REBETHHERS NS bO LRSI 5,

BRRIEEO 57 s HEOYBNL KX I L OHM LT, 18~29mBEMLETH B I LB0h -
720 51, HIEHIC B 2BE IMEMECHEHEOB X H I X VINEENSRI D, R EEM/NE L
U 5\ TR OB A F A HRIRRAA S BB Sha T &, HERERIVNS SHE TR
VARRBER X ZMOFEEB BT 5 EDBEE LV LW - T FHRRBIESEVE EA{EET
ETEEBTENA RV — 5 OEBNEBEABHS S5 ETHE L, KBIBE ImBEDEE L
X AP OBROSIRI NS Z EBED LN, EMAELTHERIATVS 57§Dl
THBHESEAD DK 2400mm BETHE0TH 57 s HEOYMHHBKESDARL — 5 OR
hoBHT, BMEOBERSSMmEELEINT LIV DEEZI LN, B8, EROEMTIE TOIR
Bi330~40m TH 5 I &N NTH 2 CEHFAEERI VMO PIBY, T ORLEBROKE
BREAMCOEYTHEbDEEZ 5N 3 (Table 23),

44 £ED -

SRR LD 10 AT & ORTHREAERRE OB A, HEER T, REE 24 & 5L, |
5 7 & OFETHERED & A1 EMBOFAMM AL 7 0 —5 44 7EERT 5154 13~21°, K1 -
74 THERFEHT BEEE 9~13° LHEE S Nic MR DR AL OBV A XL — 5 DABIREHE
bR B EABTEDON, ARL—F P4 Kb BIULHITAR HEO SR ABEE L, s0—5
Y4 FTHBBLRICYUT, 54—V 4 7TEBLR I5~0° LU TOARSFE LW bDEEL LR



— 4 — TR ATREFRIIZHE $3713 5

b} 50 5 DR < L — § DTN EEE Lk BARNARE 7 0 =5 51 7T
£ 10°, &M =y 4 FTIBEESEE LL‘%;@&%Z’. 2 g el )

s o ML IR S 30~35m, BUHAES 20m &3 IUE 20~33 m BETH B T L 45
ot Eﬁﬂf{%&:ob\fz}‘«“ L— %A KA, HfREE 77 2 BB T BEAI ETE
Bepia <L — 5 OERNEIR I EARIZ T, SEORBRTRE L LR TP it
ﬁi@@%@@%mena#otoﬁof,%ﬂ%ﬁ@@ﬁabru¥@mmﬁﬁui,Tén@w
m DO AR U, M SRS U A <L — S0 - TR OV REWETHHRRTES 6O
EEZ LN, .

@émﬁﬁ@raaa@%e%ﬁmmﬁgé@eﬂﬁbf,L&qsmggﬁgfbacamﬁws
to3BK%M%@%%@ﬁKH%L%ﬁETiﬁ?%C&ﬁt&V—9#4Fﬂ%&fﬂib<,%
A Lm BEDLEE B T &ic & D AMURHOERSIIS NG T LARB LN, P T SHFOK
XD L—FDRehbATIERR S BELNESNEL VD EER BN,

5 EHMEEEECRET SR

5.1 EEWMESNDHEVEREE _ .

HHEIC BT BHEE I U & T B BRI < F 2 — X (MaTTEWS, 1942) L L LTERL
TVBELDONEL B5NB, COEREIHEM T X b BRI R b OfER/NMNCT B HERRERD 5 &
WIEAZFTHD, CTTH Iy yEMBOBAEEATEBL, b5 yRMEES (HKL, BlEEE
b SRR 0 % b T B, LA LZORE, b SEMA S TORFERMGE L L5 DICA
=22 b RBADT o —F, BEEEMSME Y NIEBREER X DB TIL DD, AFERHSE T
BEBEAZIZ NI RT3, #-T, F 32 s EHMEEROBAICEVTOHEHROBE LR <
F o 2EERABATHCENTEZODEELONG, 2T, TITRHBEKMAIECARFIR MR
MR D 2 F ARE L, BABE /N ¢ 3 REEM BB EHES S LIt L,

5.1.1 KEMEEEF N _ R

*%W%u%ﬁ%®iﬁﬂ?ﬁ®£%B#ﬁﬂ%ﬁﬁﬁié%%,Lﬁ,TﬁQﬁﬂéﬁﬁﬁté%’
AWEZONBY, TITREMBERATEL | s

7, Fhh ogEEREsREE T 558DV T ( ' ‘ 1T
BEtd 3 Licd b, KRAFEFRET IV Fig. 26 ! ' a
IR & S BAFERMEEASDLT B, TDE A§ﬁ=*§%%ii 11
S kD, EHBREE (m/ho) LAHEE2 e |
a OBBRIIKRKTREN B, , . a

d=b(1+7)10*/2ab=2500(1+7)/S @ l |
f1L, S=a/2 , e b
PHASER S (m), EMBOFER 7 Fig. 26 ASE/EEE 7L

HERERE A (H/m?) EAZEB (H/m® © . Model of prehauling operation



MR IIRLEEEE L b 7 7 2 MR OKTRES L RBEEEORE (58) — 46 —

AFHK (F/m) RIKEK & 03k SRS,

K=A+B=rd/V+P.P/V, ]
772U, MBS r (F9/m), ha %70 HiHE V (m/ha), BAIERIS7 O REEEE P (H/
n), EREY A 7 vy 4 AP (W/ED, 1[E 7O KRGEHE V, (m*/E) TH 2,

KBEEE, CCTRIBOY 4 vFu—FFEHLKRCEIRVICED 57 5 ORFEEE M- TM%E
AEETBELDET B,

194 7 V7 ) OGRS YA 7 V5 4 LERRTRE N5,

R;in @9
n—f@@%ﬁn(m,ﬁﬁﬁﬁﬁu(m,ﬁﬁwﬂﬁmébia&iﬁwiﬁﬁﬁu(m,n—f%‘
BUERE te (h), % OBt (h) Tdh B,

1, KREVYA 7 vy 4 LEHRT 3 EEERRIKRE» RO 5N 5,

t=SA/Va+1/V,)/2 : : 60

ts=S(1/Us+1/U,)/2 &)
PR o — R Vo (n/h), TP o — ZEHEE V., (m/h), HHEIHE» S 52 5T
OF 0 HATHEE Us (m/h), FHMFHISS S b 52 5 & To L0 STEE Ul (m/h), 88, Thdok
B3PI 4 2 TH B,

ty=nt’ (32

t4=S/V; (33
AEARKn GR/ED, 1AY%7: 0GR ¢ (h/ED, ©— 7SBGEE V. (m/h)

BB o — FAIGEEBES (1985) OREHEREZBE L L, LIHESBIGEE V. (m/h), T
BSHGERE Vo (m/h) & BICEL L, Vo=V =V 4 &35, f-T, FHIREH A 7 L5 4 & PR
DX B, | o

P,=S(V' +U" +2/V.)/2+nt' +C : o

L, 1/Vet1/Ve=V', 1/Us+1/U=U", t;=C & 5,
-,

K=25001+7)r/SV+PAS(V' +U" +2/V)/2+nt" +c}/V, (39
Lo TK AN B S BRATH N3,

dK/dS=0 v

S={1(5000 (1 +7) 1V,)/ BV + U +2/VoV)} 3
EMEPIRIRE L AT BER/NE T A EMBRBEE I ZRAT BT LItk RO N B,
' d=y{1250 BV A+m) (V +U +2/V,)/V,1} a0

5.1.2 ARFEEHM :

SEERF YA 7 V5 4 AREIR Uc kST, v — FREMEEE, N SRIE» S Y52 4
if@ﬁﬁﬁﬁ,ﬁ—fﬁmﬁﬁ,%®@W%%E®§W¥ﬁ@ﬂ9%ﬁéﬂéo*%ﬁ%ul®i5
WATIEFEHRE LMEETH B 0T, iR, RORKE (B5HKEB), v+« v Fo—- 75l LUE
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o X 35 2 H LA LRER EDOELMIC X 0 EEERBELT 5, -T, ZITRELXDME
HEMIC B 3 Y 1 ¥ F 0 — 78] X (1 UEE P STERS AR b 2 BRI L THBR
HNCIEIE S 3 T & U, EBRFER [5.2.2 AFNEIHRR D 5 A o RS | o5 5 REH
FRIR L& B0 TH B, FEBRIALORE 3\ < >h ORFEICHRIRE £ 3%E LT, #HERE
SRS O X & BRI 53k iz, Fig. 27 R TWHERICE Y 5 0 — 73 Sl UBTROZE S8
FHz 2O CRHEARE & & i EEMEERE & FTEER% 70 v b L, s OBIRABRE %A% L ClalE
BICEDRLIbDTH B, 0— 75 &HUBT, REBTE &M FEREIc kB BU AR
BWBAGAEAY b, ©— 7B EH UBTCRARAKE BEISNEROBEEBAEX LTV B,
BRI BV TS o — THI X UHT, BHSTE b HEMEEEE & TR I ERBIRATED S
Niews, FARICHT 3 EREHOMS ko — 73| 2 UEBT, BESTOENDEL > (Fig. 28),
Fig. 27 RO 28 1R & fufe o — FHE(BEERE & (ERBSRE, A1TREBE & AB1THR O BIRRD 53R 5N 5
BE AL 0 2B T H % O TR Ic 4 2B ICEEIIIRDO E B D TH B

N goiis s

o — FEMEE () Vi=Va cosa ’ (3
HITEE (B) Uy=Uwn cosa (39
TR
o — FEMHEE (&) V.=V, cosa )
HITEE (%) Us=Usk cosa {n
(v — 7Bl % _EiF%4T) (25T 0 H17) (g — 75l & FiF$e7) (& L0 %17)
Ascent pulling out rope Descent walking Descent pulling out rope Ascent walking
100¢ —_—a° e 100r _oqp° 1001 ,, =—20° 1001  __qp°
75l @ =30 75| @ =30 | » I 30 751 @ =30
50t ° 50 P 50 501 2
25 - 25 25 -/ % _/
okt 9 ole=t""0 — . og -
Vol e=200 ., ' a=20° :%J=m“ wfa=20"
Y 50} 50F — sof — 50
‘E'g 251 /3/ 25 /-/'/&/' é E 251 /w/i/. 25 /
=] o O Y 0 rt N i 2? 0 . 103
51001 o 100 o E£100¢ . . .
%g 75t a =10 75t a =10 Eg 751 a =10 75+ @ =10
8 sof 8 50 - # & sot 50
& a5t / 25b o —wE S 2 /,/,/5/5/ 25 /
A . s . $ . % .
108 r ' 100g . 108 R 100 R
75t a =0° 75t a =0 75F = . 75t . =0
50 o 50 i 50 50 ’
5t 25 L 25
20 /*//‘/ﬁ o ’)/'/./V L 22 > /-/

10 20 30 40 50

10 20 30 40 50 10 20 30 40 50
o — JHEBEERE (m)
Length of pulling out rope

Fig. 27 v — 73| & LFEMBEREES T

ST (T RESR)
Relationships between length of pulling
out rope and operating time in the case of
downhill prehauling

10 20 36 40 SA(T
O — FHEMEERE (m)
Length of pulling out rope

Fig. 28 w— 73| & T IF@EMEEEES LD
SITHEE (LT HRiESR)

Relationships between length of pulling
out rope and operating time in the case of

. uphill prehauling



HERENEEEEE L L 52 &%H%OJ%%ﬁﬁiﬁc‘:%%%fﬁbﬂﬁ (F8) — 47 —

12l MR o (deg), B0 — FHEMEE Vo (m/h), TR0 — FEEMERE V., (m/h),
WHIHER S~ 57 5 ETOTOHITEE Us (m/h), HHNHIED S + 52 & £ TO L 0 5785
Uy (m/h), ‘

Fig. 29 i3 Fig. 27T RUF 28 DFER%E S LI LT o — FEiEE, ©— 7S 08EE, HITEEic->W\WT
MRLIbDTH B, o — FEBIHEIC >V TIRBHS (1985) OFEBRE4E5IH L -, Table 24 13 Fig.
20 TRENTBERERBRICEDEVE LD LB DTS B,

8, 5000 50001
t
2 '
<8 40001 = 4000f
(=1
g% Se
g E 3
& 2
# g 3000 B2 3000}
B ol
o T
. O
& 5 2000- & = 2000
e ™
a
5 5 1000F 1000f
g
k= ~ov. v
g 1 1 1 1 ° V uy V d L 1 1 1
0 10 20 30 , 0 10 20 30
MIERE (deg) MHER (deg)
Slope Slope -

Fig. 29 AREFLEELHEKT 2 SHEAIFEOHE

Operating épeeds of each working unit composing prehauling operation according to
steepness of slope

Table 24. AZMEL B 3 B ERIELEYE

Operating speeds of each working unit composing prehauling operation

Bifr (m/h)
Unit
MY BRIEE [ER
Prehauling methods Working units Regression lines between
slopes and operating speeeds
CEGE AL o—7HE BV, V,=—89.0a+4 146
Downhill Ascent pulling out rope
o — 7 () V. V,=—35.6a+1 683
Winding rope
e HEIT (U Uq=—75.3a+4873
Descent walking
LR o—7HE (%) : Vq Ve=—54.Ta+4 304
Uphill Descent pulling out rope
o — 78 (B) V., V,=—35.6a+1683
Winding rope
EHET E U U,=—90.9a+4 706

Ascent walking
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5.1.3 FRHUARHCIG U 7o SRABEREERE
(1) KREEEBICOWVT
CITR, KEFLR M7V —40DhBEbDE L TARSEEELRET LT 5,
-7, REMEEBIE LS 7 5 OEBHEEAEHBRLPOBRSNE I LIKT B,
bS50y OeEREIRKTRDONS,
Ra=Ry+Ry ' ' @
Ry (3 MEMOES | BRI 72 0 2180 ER, Ry @Y 0 KRR, Ry 3BARKRYZ 0 BEERTH 2,
Ry, RuldRADEBDTH B,
Ru=(05Dg+Egs+Egy) /T W
Ry=(0.5Dr+Egs + Tp)/(Tp + Dr) ' . )
Dr G EAIEE, Dy (SEHEERE (h/y), To RRAFEH (v), To AR (h), Ern 3EHE6HE
R, Er BBUGEEEFE, Ep ZERBREREETH 5,
T, BN v Cy (H/h) B3kA&hRdDSh 2,
Cu=Py * Ra - , )
53, PudEROBAME () TH 5,
e s 1 BRI 0 B Ce (F/h) BkRL kB on 3,
Cr=(Fc - va+ Op)/Tu T
P BRMEHEER /D), Fo PEMMREIEAT (FI/D, Op MlZRA (F1/d), Twml Hi7c 0 EEIR (h/
d) ThH5, :
P> T, HNTBERTY 7 0 REMEER P (M/h) BROEBYTH 5,
P.=Cy+Cp+W/Ty n
Wit 1 B4 0ES (BRI SEE) (9/d), Twid 1 B2k %EHEE (h/d) <62, '
2) EMEEZEII>VT
FS U SEMEEO 1 B4 DBRIIE Ly (m/d) BREA»SRKD SN 5B,
Lp=Lu - Te , ' .
Ly (GBI 72 0 BERRTIRR. (m/h), Te @EEMEBRRT (h/d) TH 5,
5B, TelRRAb oKD 5N B,
Te=k + Twm ‘ )
k IO EFERRMETH 5,
W-T, FI7 SEMEO m Y0 OBREr (M/m) $ROEBY TH %,
r={Tu(Cu+Cp) +W}/Lp (50)
NT U S EMBOBRICH - TR, EMAL I 7 0BERICE D L TIEENTONSE T EMBEWV,
BHOR TV —FIck s b7y 7 ERERRIIEICBET 2 BHAKREEREL TV 3 (EHIED,
1982), TD b+ T v 7 fEEEEEHINE TV F — iR, BHLLBEEOETHEI L0657 F5EH
BEHZRDELIFELEUL THwEbDEEI NS, £»T, TTTREBASICLS + 5 v 7 /E2EER



HEFFIESEZER LI N 5 7 S EMRORMAHKE S BEEROMR (58) — 49 —

HRUBEBERE LT 57 S EMBRORRIE, HEBEEHET 5 C Lz Ui, Table 25 3@, 60 Xic
Table 26 IR E N EREERAT 3 Lic X VB LN EMEORZIE, HERELERLLLDT
55, 1 Bt b OB @HMER 0 LRI VET L, 0°T 203m, 10°T 107m, 20°T 57 m, 30°
TRmMBETH S b O LHEES N, MHMERVE VGG ORMEER REEY ORE PR
EOWLTH 5, % 2EMHMOBAIHILOUIIY PHiFOBEHIL L OB LSBEE SN b, BH
(HRERALIG S, 1986) Itk B &, b5 7 MO 1 AL OFRIIRR b 77 F B (HRE
EWOKRE, BE) < 1629m, k57 FEER (FABHEIC & ZHEROBHD T6LIm, F 3/ 58
SRR LoV, BHOLT) T408m THY, SEOMBIEEEHAZYTHMETSH S b0
EEZ LN, '

(3) BH&Z/DNDOFYARFIERE & M EEMEERE :

EIRBIRE &R & OB RN E 5 PIRFEEEEIER 00 © BHE R HE R 61 Table 24
~26 RS MBI R OEBIEARAT 5 T &1 & DIFBIBEAD 5 & I Bl LR IERE, EMIK
WEEERD D ENTED, BB, EMKOFEREIH Grl, 1993) ORELRESEL LK
HiER =0T n=01, a=10°T =01, a=20°T =02, a=30°Tn=04 & Lz, Fig. 30 X031 iZ
%m@ﬁmmUkﬁﬁkﬁﬁ%rt®$ﬂME%kDﬁﬁC%H%ﬁ%%&*%ﬁ@éﬁx&U%ﬁ%
BEE O L OEMBBIRE L ASBOHBERLR LI DT 5, FHIARFIERE IR 0°T 21.2
m, 10°C27.5m, 20°C 34.1m, 30°T 36.7m 2755 T & AHEE S i, BREEZR I3PRHMESL 0° T 117.8
m, 10°7 100.1m, 20°T87.9m, 30°T 954m Ic?8% T EMHEES iz, Fig. 26 » 5005 X5 1T,
PR IERE S © 4 R BEEM SRR L BT 5%, BENEAD & 5 o Rl R EM ISR, EHE
R DR ERER AR Fig. 32 0 & B0 Th 3, HIBERISEICT 31K o N CEMBRIRRIL 72
D, BHEEEREL B> TV, BEFMTEIEMBOBLIEE G DIk 2 P& H LB DR
BRI A TEMBBAD R TWVIRIIC S 5, —7, HIESERITE 5 I i WEMBREIRE: © 72 OIRE]
WAREOLTEPTITENEA S C L SRBICET 2 a X M IdEML, HEXNIcRBEE cok
MEEHBEE R EAMIC N TEL B> T dDLEL SN B,

Table 25. 57 ¥ EMEORBIBELHHE 2 X b
Operational efficiencies and costs on skidding road construction according to steepness

of slope
PR OIS B BT 2 b
Slopes Construction efficiencies Construction costs
a () per metre
BARREE D 1H%7:D r (M/m)
Construction efficiencies Construction efficiencies
per minute per day
Ly (m/h) Lp (m/d)
0 42.3 203 : 162
10 22.3 107 ) 307
20 11.9 57 576

30 ) 7.9 38 ' 863
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Table 26. HEMIREAE, KFEEHICH > TOEME

Values used for estimation of skidding road construction and prehauling costs

V H#HE (m’/ha) 350
Logging production per hectare

Ve 1B 0 REME (m®/EBD 2.0
Prehauling volume per turn

n 1 [EXY7 b REFAE (FK/ED 5
Number of prehauling trees per turn

t 1 [EI 7 b RS (h/ED 2.333x1073
Choking time per turn

C  RERMERR (h/[ED 3.333%x 1072
Incidental work time on prehauling per turn -

Lo« PE467ED LR (/) 7.333X1072
Unloading time per turn

Dr : {HEIER 0.9
Rate of depreciation

Dr : FERERE (h/y) 1080

Working hours per year

To : AR (v) 6
Years of endurance

Ty : MTHRE () 6 500
Service length

Er, : EHIRHEER 0.85
Rate of regular maintenance )

Er. : BGBHEER 0.23
Rate of repair

Ers : (RIS B R 0.065
Rate of annual management expences

Py : B OBEAME (FD ’ 8000 000
Machine price

Fc : BmREEEE (/D 25
Fuel consumption

Fr : EEORARRIELE (/D) 85
Fuel price

Or : ifi5EH (M/d) 465
Qil expence

Tw : 1 HY 72 0 BRI (h/d) 6
Machine working time

K Bk EIEERS R 0.8
Rate of effective machine working time

Tw : | HY72 0 @5 (h/d) 8
Work time

W :1H%470E42 (H/d) 12 700

Wage

5.2 HERPHEEND S EHEEEE
%ﬁ%%ﬁﬁﬁu%Uéﬁ%ﬁ%uiﬁ%kkﬁméﬁtr77¢®v4/%n 7%w%murﬁ
ERFET B LN, > TC, KEFEHOMEHRAEY + v F F5 200 - FEARBICER X
o, LL, COY 4 vFu—FRIZAFHFETIANCLD 0— FEE[SHd7-bicd X H LA
PUHEE SN, & IHHIBRTE ST 5 CEDbA <L — § e KX IUEBIEIASA 5 © & 1o/
%o BT TIRMEEDHAR LOMEICHEY > To— 745X EFTWL adlct <L —Fic & - THE
EHERIREV (B ED, 1982, 1983 ; (LAED, 1972), £-T, ANtk s o — 7S LI04E
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12001 a=30° ) « =30°

© 1200
8007 S~ sof
4001 ) . 400F ><
1200(2 10 20 30 40 50 0 50 100 150 200 250
Y =20° 1200( o =20°
% 8001 &_ﬂ— 800} /
E3 T —— by e——
. 0. 10 20 30 40 50 =2 0 50 100 150 200 250
12007 _ 51200 I —10°
m a

8001 8001

*

(’_‘

<

& M
'S
=

400 ' >——=
0 10 20 30 40 50 0 10 20 30 40 50
12001 A:&HmBEAE Skidding road construction cost : 12007 A: &MBESE Skidding road constniction cost
B.A%& Prehauling cost B.A%FE Prehauling cost ‘
800F C:4(A+B) Total cost « =0° 800F ¢:A% (A+B) Total cost « =("
LLC/ B I B ~ /‘C A
400t \/" A 400f X
~— = ~ ; ; ;
0 10 20 30 40 50 0 50 100 150 200 250
FHARFE#E (m) EMEEEE (n/ha)
Average prehauling distance Skidding road density
Fig. 30 SEEARE W EERE & BATMREY /- 0 IRE Fig. 31 %£#f ﬁ@%%fﬁ EENMBEY T EE
Unit costs to-average prehauling distances Unit costs to skidding road densities
1140

-4
oy
Do
(=3

=

(=]
HEMBEEEZE (m/ha)
Skidding road density

>
<
1

Jay
Y
[S)
L]
s
[=3}
(=}

—

oo

<
L)

HABERMAE (m)
Ski(?_(‘ling road spacing
(=2
(=)

®
(=3
r

1 1 1
0 10 20 30

FhibiESt (deg).
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Fig. 32 BBEMISHER & B EMERE

Skidding road spacings and densities from a economic viewpoint
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HEEMS A <L — 5 OFARENEBAIBOE X H LES WEBARR L VE, TN, AR A
RU— 5 OB EHUHRENCLVERAESZFEI IR B, 22T, TITRY 4 v Fo— FEHE
EEOSEM IR, BMEBEOARIBRDTFLEILNEIEN S, U1 v F o— 75 &N LKEOTEMS
DAV — 5 OEBNEIEERHE L, FHHREOEES O RMIEHIRR CBRREEE ORI Z1T - 7.

5.2.1 /IR & &t R HEHE '

(1) EBHHE

HIRAD SRSEMEZRD B Ici3Y 4+ v F v — FEMEH T 2 EBNREL L —F DRK
0— 7R XM UHAFARNBBESS B, v 4 v F 0 — 7ORKAFEEHLMBELT, IS (1989) ik
MAEOAREEIC L VRS EHULAMBEREIEERVWHLTVWS, 22T, AR TEEY, AR
SHERATIEH LT E DBHRERD 2 1 DICEREIT - 7o ERIE—RALEHSHERSATHS
BB ATIZEF O b 5 7 ¥ BIRARKICB VT, ERRARICELES® b 57 5 OREBcET RO
—% Y vy 7 VTREIEL, hO—IRIciZES 40cm OF = — v AR, #HRECEF = - v 2
MEHRICBR DI TE " foo ERREMIAEEME (0°, 10°, 20°, 30°) LEIXH LM GlE LY,
FlETY) &L, AEREEEOMARLE T LI IEIEDIEL TIT - 7o HEE IHFWRADIFERO
BB TME S ZTHY, SR Table 27 IWRT EBV TH B,

(2) HREEE : :

Y4 vFo— 7B S UICREREMS {3 F 5 AERIEDLf, ©— FHEBHEN L, AR L5
Brish, KRickvRanhs, ‘ '

f=f,+f,+f3=f+wl (¢ cosa+sina) 61)

EEL, wido—70BMER (kgf/m), Lido—7OEMER (m), 1 3w — 7 OEBHERRE,
o BREAE (deg) TH 3, B, ©— 7EMEHIHENTH 5, Fig. 33 360X%E b Lico— 75E
{HEEE E Z NI HEREMIOHERBEER L D TH S, 2T TR F 5 AEERIEBIES)IS (1989)
OEBIEREBEL L TH=5kgf & L, @¥O 77 yEM RSN TVSo—7HE ¢ 45 12mm
DBHITS>WTEHE L, B, BUER o 0524kef/m & Lz (REARERRERFS, 1990),
0 — 7 OFBHEFRI R ORI & > TORB 205, WHOMHIRE B T 05~07 ETH
BT EpD (BHED, 1986; 3)1[ED, 1989), ¢=05, 06, 07 & LTEE LIs v— 75 & ki

Table 27. #A3| % H UEROKRE

Subjects in the examination of maximal physical force of pulling out rope

WERE SEH BE G¥:) B o — LSS
Subjects Ages Heights Weights Grip strengths Rohrer’s
(year) (cm) - (kgb (kgf) indexes
Si 26 170 85 : 51 173
S, 38 - 177 63 47 114
Ss .30 170 . 64 38 130
Sy 28 166 70 52 153

Ss 36 179 76 54 133
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307 =07 p=0.6
Q
=3
e
5100 ['
o .
80
= 80f
E é \: : o
5 n\“ A o
Rgeor . & ey d
3 E, . A \‘\’\
8 an @ 50k a
— a
Bs 5
2 0 sE
R Z30 7 =06 B £ 40F Fmax=—035q +59.58
@ & % =05 = (r=0.741)
20 H zg'é 5 20 Fl 1 I 1 Il 1 1 1 1
z =05 S —40 —20 0 20 40
10 ) FEAIE (deg)
Slope
0 A s J
—o7 Fig. 34 B EEASIEH LII& DR
/lj=0:6 Relationships between slopes and maximal
#=05 physical strength of pulling out rope
O:S8 A:S; [:S; @:S, A:S;

0 20 30 4‘0 5'0 610 (M oFEH) FARBYS 75 2@ ot
B — TG (m) MEREEDS R 155138, & HIERIDEICTS 518
Length of pulling out rope
CRAN IS 5, —F, v—75[&E T (Xh
i — FUE ik

Fig.35 0 - 7IEIIRRE ) DD LARIES <A F 2 f< < OIS

Tractive forces to lengths of pulling out
winch rope BEDEILTH, MHEROSEARIIE 513 &M S
—— Theoretical tractive force of ascent B T3, M idgld 2 RSIELERE

pulling out rope

---- Theoretical tractive force of descent OEABSRLTVEY, EABECBFS0—-70
pulling out rope g - o
Measurment of tractive force of ascent TRBEHURE 1 13 0.5~06 OFEHIZH 5,
pulling out rope Fig. 34 B&EMEIC BT 2 RATI S L%
O Measurment of tractive force of descent
pulling out rope LBy bLAEDDOTHY, BEEIEDEDRLDF

. BETH b, TORKFEHLAESERBLRT
RETXLIHANOT — FEMIE BB, o— FEEERICET 5EMNIE 0 — 7 OFIEIURE
PHEICLVEL SN EOT, SEMNETORAD — FEMBEREZ N >BEREMHI XD RS > TL
B3, BEWRE L bICRATEH LARAESKEC L ZILONT, al%hfﬂiﬁiﬁ¢ L, Sl TR
BT A EMAASND, BB, SARKIEUERFIEHULNZBZELN L H 5 —EORHANIIH
BIEMBBEHONZIEND, TITREWHEDF — 5 21AAIC L THE LHRAGI & L& OB
KAk Io BRI TICRT &5 T3, |

" Frax= —0.35a+59.58 (r:6.741) 62

C T Table 27 KR LI liielEE LCORNES B &, S 3O BEERE I AT LEVESR
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ShTws, L LI Gk, 1987) i X SHERE & IS 5 I ICEVWETH D, K
HERDWRE R— RSB AR LTV D LRI N, - T, @RI—RKOBIRFE O
KEZHLAOWEICENTH S D EEL NS, B, ARECDRRATELILLY, HID
FRFA B & fo R0 — ZEEMEERE Lo KD B LD TE B0

Luax= {(—0.35 2 +59.58) —f;} / {w (¢ cos a+sin a)} 63

CZTRé=12mm, u=06OEHETIBY 50— 75X LFHO Ly, 2R, FEYE10°T
1275m, 20°C1002m, 30°T825m &7y, »ixh OREIEETIXHL AHETH 3, L LRERED
n—fﬂ%&bﬁ%ﬁt&v—yt%k®%ﬁﬁ%&@¢c&kﬁé@f,ﬁ&v—&@%ﬁﬁ%fg
5ﬁu9ﬂ<iéﬁﬁﬁ%£@&50Pmmmw(w%)umgﬁbﬂﬁ%kﬁ§MLﬁ@M%mméﬁé
D EVS BRI (/Fa) 2IEEE U TEEREOFAMALRL TR, KRB 60% ZHA 5
B IR 5N ETH BT E AL TV B 4 XL — § OIHH D A NEHEHAREVENDE L
WA, T T TREBEAEIE60% % 0 — 73 X LOFERRE U TRAKRFHERZBRE L,

LI AT, EMBELELLDY 4 vFu—Fick b o— 705 SH LRUMO5EHFEF, EMEGE
EEATICA - TV 2EA I A EORKEM S RIS > TIT O T EPHENTH 26D LEA LN
%o T T Fig 351cmd &) BAFEFNEER, EMBEERA TRRERAAICAFIEEZTS
b0 EThiE, MO LEROTEIC ST 2ARFER VTR b o — TR KCER B L
Etam?:&ﬁfééo%cTMﬁ#B%ﬁ@ﬁ,Oibﬁk%ﬁkm%%%ﬁmﬂtﬁéﬁﬁ*
HEEEE L pex 2 RDNIFKRADO K 51278 5,

L pax=cos a{0.6(—0.35¢+59.58) —f,} / {w(u cos a+sin a)} 60
5.2.2 HEMEHERERD S A KRR
(1) EBAHE

FS ISPy 4 vFIREBARTEEEI TR - T EH L ENRRSTH LR E—EDIEEL LT
Lo, BRI ARIEEERETFO CEICLD, AL — 5 OERNEEEHENS &I L, EE
to=12mm 7 A ¥ u—770mE2&EXfiJk

ABIF 5 A%HL, Table 28107 L KBS b
HEico -7 & UIEEET -7 LA T [
TAJAE 30° DAL BRI >\ T KKIRIBTT OBl Py
b, 10, 18, 30 %036 m & L, MEEE LTI /:ﬁ::":‘l::;\::r{ehauhng distance L
o — A BRI IR IS Z L, €0 T St | SRR
: _ Skldgimg road
Bo—TERLUTCERERIL I -2 ZEHETFS spacing
. '/_ . Sd max TM%**%%EE%
LADNEFTHTLTRE->TL BT &L, T Descent maximal ‘rl
5 - prehauling distance
DIESER 1 57 5 4= L— 3 BAZE b | ATH L .

WV, polEou—-FRlEHLick 5241 ok "
Fig. 35 ®mAKRFEH#HEARFEET N
R47 D = Z Z s o
FAORBREAGFE T2 22 MEL TS -Model of skidding road spacing and prehaul-

REBRTHEHLUAARE NS AiC3EBON5 27 4 ing operation
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YEETRELET 5 F 5 AEEERBBEA LR P 70T, S (1989) OEBERASEL LT,
O— 705 S UERIC5kgf O = A PEBOAMT F 5 AEEEEORHEE L, 58, EEOFS
AR BEREAFC/ER L, AEBRTOY = A b 3EFAEC/ERT 20T, HOERARO
BORIDPREFCSZONZAHEEMECRIEL S, LA LEAERTOY =4 b IEENBETH 3
DT, NDIERALFFIC L 28HOBEVIDEB VSO EAKRET I EILT 5, ERIIBHWREHEFO + 5
7 5 BB R CFBIEFERBHIN O —RE TITY, v — 75 2 H LR Z hick ZEHTIc-o
Mfﬁmmﬁﬁitﬂmémbﬁﬁ,%ﬁﬁ@%MEbkoKﬁu—fﬂéﬁbﬁﬁﬁﬁﬁﬁ$ﬁﬁ
EEREFEREd, HBREO~— R TEE 1,
KEMEEEBNTIEEEREE AU END, T OBOERNEIRTRICHET 5 05 & BIE
E%Mﬁﬁécamtto@%ﬁmﬁ%¢&ﬁ@¥%®@@ﬁﬁ%,M%ﬁWEMW¥%®@@ﬁEé
BT Udco DHOBGDOHA 2 € V5B FTHBSELED itk 10 DERT, BRAENEIBREENENE
BEE (Hrzvyo=7) vy /{8l ryoes 24 600) ik 30 RERTHEL o BB, EERH
ICHERE ORHE OO, BRFENES 5 HMNEL, ThdOMEREEE L TR0 RIERRE
TEHEHHEIR 3 & THIE Lo BERE 3R AT OREES BTHE 32 & L, Table 29 ic Sk
Kitk, BARMREIGRER U, BARSEEIR LD o MR iR 5 B SRS =
HizE o V=2 — % TSRS~ VAT - F 7275 4 710) #8EL, HEEBANRIcEy P 3R
7B 75 AT X BHE - FTEBE L TRD 1,

Table 28. REFEIREEFEREM:

Factors and levels of simulated prehauling examination

FEAE (deg) 0 10 20 30
Slopes -

o — 7 EfEiEEE (m) o 10 20 30 40
Length of ropes pulled out )
o — A Up Down

Directions of pulling out ropes

R D, D, Dy
Subjects

& FHEAED 30° OEE(EEEE S 10m, 18m, 30m, 35m.
Nite : Length of ropes pulled out on 30° slope are 10m, 18m, 30m and
35m. '

Table 20. AZEEHEBROWBRE

Subjects in simulated prehauling examination

HERE g HE& HE RARRENE
Subjects Ages Heights Weights Maximum
6:9) (em) (kgf) oxygen uptakes
(year) (mi/kgf/min)
Dy 30 170 64 40.6
D, 37 177 63 40.0

Ds 24 180 65 48.5




BMRESHEFERE HF313 5
Table 30. ©— 75| X H UHE & HT8E

Pulling out rope and walking speeds in simulated prehauling examination

ANFEIEE HEaE  FIXHLAR  ETAHE ¥ Speeds (m/s)
Prehauling Slopes Pulling Walking —
operations (deg) out rope directions CIES AN EITH SEy
diresctions Pulling out Walking Mean
. . 0 Level “Level 1.15 1.30 1.22
fiﬁfﬁ% 10 Down Up 1.14 1.11 . 112
i hl dtin 20 Down Up 0.93 0.80 0.86
prehatiting 30 Down Up 0.84 0.66 0.74
. N 0 Level Level 1.15 1.30 1.22
L
gojv Tﬁ% 10 Up Down 0.92 1.25 1.06
haulin 20 Up Down 0.70 0.98 0.82
prehatifing 30 Up Down 0.47 0.81 0.59
(2) #EREERK -
i ) 220 it
BRI BY 30— 75| 2 UBTEERUZE Uphill prehauling
180}
BBITERE AR LIS DA Table 30 Tdh 5, &
MoRnBEEBY, o—75E EISITRELD 140}
ZEBITTRARSKRE BB Ic >N TamicHE 100 b/ffﬁizﬁ——
L e
EAET L, SHEARE 30°0 o — 73| & LiFsE ) ~ e
. . . Eg
RO L0 BB 178 A RAE 0° DEE DK §§ 60 —
40% R UK 50% ThH B, —F, w—T7BIETFT gg
BT, T OEHHTTOARMSRICE BIEoNT 5 R
HERETLTOUY, 2oEFRIzo— 78] ol © Z=10 Downhill prehauling
[ @ o« =20°

BT, B0 ZEEBITOBEGICHRTESHT
bB, TITu-TFEHLLSZFTORDIELN
TE T HORFFEEE IXROLAMRLTY

A
A

A
140} A

X

100}
BEBDTHY, FHEHEED FIREEc i~ 8o
CTEEHD LBVEASRD 5NB, 0 ——6"20 30 40 30
Fig. 36 {4 o — 7 EERRE O /K T ERHE S B, AFLHRE ()

Prehauling distance
% DKEFIEEE & (EE D o0 & 0BG % '

RUIcbDTH B, TSI EERME (0 —
TS UBITEIE) H OfERK T (BHBITH
) &T 10 MR TRE L 72 05 o Sl T

Fig. 36 AZHIEEE & STk

Relationships between prehauling distan-
ces and mean heart rates

(ERES) Q=)

H5, MHOERIIERE 3BERAAIC KRS
BLC L ORIRERERLIZSDTH B, FIH,
LFRIEE S b ICRHEARS 10° LI T 0BKE T 12

Uphill prehauling
a=0° Y=0.283X+932
a=10° Y=0.153X+95.7
@=20° Y=0.874X+875
a=30° Y=1.087X+91.5

Downhill prehauling

a=0° Y=0283X+932
a=10° Y=0534X+95.0
@=20° Y=1244X+916
a=30° Y=1.756X+93.2
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KREFEEBEOBINCLE 5 DD ERREV, L L 20°LI EORMEAE T3, REE#EMLEL K51c>
NTABREEIC LR LTV 5, OO ESHERIE TR OGS EFRIic hxTEv, Thid
AERTOR — 7% EPEESDEDEEL T OB b0 EEL SN, Fig 3T IR THH, LIfE
OB DAL OB EIR U T, TR CRAEEBIIEH 2 208 IO ERNA N, -7
SISHUERTE, HEBRE—7EZRL, TOESSTCAVLARIEPPET S 2EE%E A8 TW
%, —77, LUHTRIFERER OO HENER» I LA EZRTH, o— 752 LK THRO L
DEEFITCROERIES S ER Lo - 75 UL EO LNV EB > TV B, TOXIKTFUHR
tiﬁﬁfﬁbﬁﬁ®§ﬁ”&—yﬁiﬁb,D—fﬁ%iﬁ%ﬁ@t@?%ﬁﬁ&mokmfn§@
REZE > TOMEECBL TR WEERL T3, 8, KREEESELE L CEEEL 720
W CcH 2 &, Fig.36 DL I3, %1z, BRETO o — 75 & LSBT0 L0 2254171 Table 30
D5 bADB LD IAEEHEENEL 55TV 5B, Thidn— 78] & H LI OB 28 HEESIRIC £ 3
BT ARET oML 2 b0 EELON S, ' .
BADTES 5B O LR IR I S TRENTB D, FHE 75 5 10> N TREDESIE
K755 (1L, 1986), FixmlHiZTFHITA2XE LTRRAH 5 (L, 1986),
HR,.x=220—A

7272 L, HRpax WEEDOEL (F3/min), A SER (B Th b, M ERAPEPELZED + 5 7
DIFEEDDIE  EBIC R L 15 EB OO RO D 80% Tk % L8R L, (O 5 & 72588)
BEOLRERLTWS ik, 1987, b 77 ¥ EMITBIT 5 RKEFE 0O 72D OIEERRIEI& & iy
18, Fh b3 2 ool A RET 2RI IEE KA & > TESEEES 5 b
TE &I, L LEKEOEETH > TH—EB LV SVL EOBAFZLHICh T 52 & REL RiFE LY

200 ( | —— TS Downhill prehauling
180} | e I T #E 3E Uphill prehauling
160k a =20° .

L=40m

D¥A%% (A /min)
Heart rate

Work —j— Recovery

60 P L. A 1 " 1 L 1

0 100 200
BB (7))
Working time
Fig. 37 AREFHEEREERRO.OHROZEL
Changes of heart rates in-simulated prehauling operation on 20° slope

Note : Mark 1 in figure is the end point of pulling out rope.
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BOWeDEEZ B, 7T TAFETRIEE AR D 80% %0 4 RR LT 5 REFEHLHEE
T LI, BBARERICBT ZHHREOTFFERIIHN 0 R TH 50T A=30 &L FhidRE L
D 80% 13152 (3/min) &85, fE-T, T O¥ME% Fig. 36 1ok L 7o KEFEERE & SE 08 & oF]
JRRTHERES 5 &, TURVEE TIRAMHMER] 20° T 486m, 30°T 335m, LUH{EE T I3pkHESR 20°
T738m, 30°C55.7m &7 5, - :

o — 75 & LRCHNETH 5718 3 —EORFEESH IO SHIBECHVSDTH S
25, DB ORERD S &40 5 & 5 IEEREN, S DL, (EEPORATERIMGESL L5,
COBE, (EETICRE L AREORMEEROEENICHTES N, CAERRABIIFATOS
fil, 1986), MERAMOMRELRARKAMLITA TV 205, BRABRKAMSESFEE TH 10, —
BECH 5L ESbNTOVS (GRF] 1982, C0k5 KHBEBEERSIREE L0 2 B4 HERE
IANF-RIEET L LD, TORKE, Hhic3ABIRET 5, T, IRNBRZENED 50~
60% ZHA B HVEBIC S B LMK T F v F — 2 CHAS N B & 310755 (HITA, 1982, ik
BRI 6 3 5 E B O RS IEIE O Wk & s ORI o 9 2 B I O DI D HEsR & DB
HBRERD TS (LM, 1986), ThiT &k B L HRABREIED 50~60% i35m0 D 65~72% 1T
HET 2. #- T, RIESEEO 80% % .0igko BB & UTKREEREE R 7208, KElmEk 80%
DIEETRIB D ERRZ A VF—PFHIN 3

iy, MEAKLMNTELOLELLN S0P o« =30°
B FEBIASHL UL 13 SRR R 2.0} :
L, S 3IBIER S MERNZ250H 1.0} °
HAENIEL 52, L LBRABSELTHEE o

REEMNSIICET HETRDE L MKHICTHLEE
BHEEZTISWIEBMONhTWAZ &5 ((F

d

WD, 1983), T o TRMRIEEM 31 & AFERED z
HEFIEIERR & U CRAKSIE AR L 7, %5
-

Fig. 38 i3 LU RIERIc B 2 ARKIRHE & Bk ﬁ%
Qo

BAELOBRERLIZSDTH B, BB, BEA
Bido =752 HL & Z NI BEBTH S
5 —EHOARFIENER T, KEIRBIEYT 2 £
T OEHER e ZHR R RENE KL i x
NIBEOBEE L TR 12, BREMLAEE w-_4—JL’L,*,/
BBR A IoNTHML, &5 AEARAS == 3020 50
CREVEAICRERICHENL TV, AlEMET AZFEPERE (m)

Prehauling distance
BEAZRBECLDDTLEESTF—sDIE 5 ;
Fig. 38 AKZEWIEEEL o FRE
X LB NN, SHREL bR L T R ERRANR (LI

‘Relationships between prehauling distances
L S1cDT, 3ZDOWERFED T — % %iABIC L and oxygen required in uphill prehaulings




TEMTFPRRREER LI 57 5 EMBORAHE & BREEOWE (58) — 59 —

TIEMENRIR & U OR LU 7o 7z, TUMIEETORSIS & BMEABOMRS L6 & RO N
PRE N, T CHRANRARI B 5 KEHERE E MEEE & OIEIE G % 712 Table 31 ©
EBDTH B, BHBHEORARIEIEE Table 20 IR E TV S & 3 12 40~485 ml/kef/min ©
%D,éﬁﬁﬂﬁmﬁﬁ(ﬂt,NW)@Eﬂ#%&f%ﬁ%é&ﬂ%/&Memuﬁéntxﬁﬁ%
EBFRAR L OBFR RN LA REEICEIETE S bDEEZL NG, o, HEUEMLASIR
REEZNRET 256, BEABEEEL LABWEHRRIIC X 32 R AKSIERE I Table 31 IR
BRI f (x) =3 2RAT B LickbRH OB, T T THEAR 30° TOMBABOLRBR
20 B I BAARFIEME RO, FIHEET 40m, FOREZTHIm ERY, FHECLHE N
BONBWFERETS - 7, FB L fEET OO T RETAR SR SIES, ASEHSFEIC T T
W OHBYEEP OBV C EWRE NI &b, TR cREEBRIC S 2 BEEE
SIML, MRABEREL LREARFERI TIRHOAMBEL 22 b0 LTS hi, 2EAET
DT I REEDCIEERI T RBNMFEERO 0 —~ 75 2 LSBT Th 5, TOFEEIE Table 30 45
G55 & D IERBESPILOE Y, COXIICTIREETH o — 75| & LFBTEEEKET &
kD BEANOEEATEH LTV bOLHES N, ZORE FPHE THROBREEBIE,S S %
DELBHP-7cbDEEbNG, 5B, TURTWE Fig. 3725 6505 5 & 51T, 1FERREERVIEER
D w— 75| & EFSTTH B 7o DI MERBIRER D O DS EM L, £ OB LT THWEER
ﬁ&%iBnéW¥%¥@§ETD5ﬁf@@mﬁm%mﬁ%&aarméoc@;ﬁﬂ?ﬁﬁﬁ%f
WEBOEEREICENTOLEH OO HEESE TV 2 b0 LHEREN B,

5.2.3 FHERFAEAD O A EMBERL UCRBEEOBEE

FIIIDY 4 vFu— T BRARFEROYENRARY « v F F 5 2 DBXALRBICER
Ehbd, LiLAXRr— 5 ofiJIRACEENEHEORRTIIC X 2 KRFEHI 0 — 7B XALRERRIC
X AARSEEE L D bEINIE, BAKRSIEERA <L — 5 O NPEBNEHORRIC L v ERs 3

Table 31. ARFEH - BREMEE OBEFKRN

Relationships between prehauling distances and oxygen required

REFRIEE R AR Bl
Prehauling ) Slopes Regression curve formulas
operations (deg)
. e 0 f(x)=0.196e%%3= (r2=0(.86)
b
é: ;ﬁﬁ% 10 f(x)=0.471e%%%* (r?=0.85)
1
r‘; i 20 £(x)=0.442 "% (1?=0.82)
P g 30 £(x)=0.914e"%21x (2=0.79)
. w 0 f(x)=0.196€%%3= (y2=0.86)
.
gjﬁ;ﬁl% 10 f(x)=0.443¢%%= (12=0.62)
Ovlvln ; 20 £(x)=0.576 "% (12=0.76)
prehatiing 30 £(x) =0.887 0% (12=0.62)

G (x) HEEERE O, x IASER (m).

Note : f (x) is oxgen required (I}, X is prehauling distance (m).
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T LB, BT, TITRHINSENEKT S LIk, BAKRGIEE, EMIEHR, BEEEC
SWTHRE L1, B8, CCTRER 2mm 0y 4 vo—72EHT260E L, o— 7OBEHKTR
By BEIROASERICBODTERLE T A, u=05~0.6 QEIFAL L > DT =055 & LTHEL
teo 94 VT K5 ADD —THXASERICHIRS 13 BAASE S HASERIC cosa ERL S
CEickokDoNnG, T, BEAARBUFILORISCERENDH, EMEL LTI
PATVBY 4 vF K5 ADEEASKRIE 12mm 74 v o—70Ea, 100miETHsEhb
GLJIED, 1989), & TREXAHREZ 100m & Ui, BifiIRAKR CEENEHERAD b A c&xK
RESEERE I 6) = & Fig. 36 } U Table 31 OBFERIC X VKD 55, Table 32 3Ih o DFEREE &
bt@@f&éo§¢@§BmFaA@%éﬁ&@%&%mmﬁi5*%%%@tbuﬁktrmm
Vo EMHUEANCIE U AR LR O TR ORAASIE IS ALAR, B, EHENEHEORAD
TRCEZ Y)Y —F BRENDZDOTEHNOEHMOBUE (Sumaxs Samar) E8 Do 183, Sumax FEMEEE
oA TRITE_EIBORAARZIESE, Sima: IR MBORKARZGERTH 5 (Fig. 35),

Z T Fig 35 1R Lic &k S B F A EEZ, EMEERA THE LT & TEOmAIEN 2 ¢
b0 &t hid, BHEERE L (n), BMEEEd (n/ha) RIRATRD 5N 5,

La= Sumax + Samax (69
d=10000(1+7)/La 56)

1L, 7 REMEOEEETS B, 1 BEMBEOEERIC VT EORE (1993) 2B, H
HoER) 0° 0, 10°T 0.1, 20°T 0.2, 30°T 0.4 & L7z, Table 33 i3 G, 60X 53K o ickER%E &
LD bDTH B,

B oNBEIL, T4 vFu—FFEHLOEMIPA <L — 5 OEBWEER ESERFAIER
B 53R S M IR REIRG [ AKHIER] 0° T 165.4m, 10°T 149.4m, 20° T 95.3m, 30°T 77.5m, 4

Table 32. HEFIZEHRE D O A 7o RAKRT ¥ Bogk

Maximal prehauling distances from the ergonomic viewpoint

(HAz, m)
Unit
AFEEE  RESE  HAER  OEEER BRAERA v vF P RAKG LR
Prehauling Slopes Physical Heart rate Oxygen S ARE Maximal prehauling
operations (deg) strength limits = required Winch distances
limits limits drum
capacities Sumax Sdmax
‘ 0 106.7 - 82.7 100.0 — 82.7
)
J:fﬁﬁ% 10 74.1 98.5 — 74.1
Uphill
. 20 73.8 46.7 94.0 — 46.7
prehauling )
30 55.7 44.0 86.6 — 44.0
. " 0 106.7 82.7 100.0 82.7 —
-
Tjﬁﬁ;% 10 75.3 106.7 83.2 98.5 75.3 =
Downhill
rehaulin 20 55.4 48.6 56.9 94.0 48.6 =
P & 30 414 33.5 45.1 86.6 33.5 —
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Table 33. FFEIRIAHIBED & 2 7 SBMIERIE & AR

Skidding road spacings and densities from the ergonomic viewpoint

FrH AT AL o BMRIRE MBS
Slopes Skidding road spacings Skidding road densities
(deg) (m) (m/ha)

0 165.4 60.5
10 . 149 .4 73.6
20 95.3 125.9
30 77.5 180.6

BEHETRE 3R 0° T 60.5m/ha, 10°7C 736 m/ha, 20°T 1259m/ha, 30°T 180.6m/ha TH 5
EOHEE S N,
5.3 FSUYEMBBEREORE L BELEMIEAEEORS
5.3.1 357 s EMBEREOERE
D) AEHE

b7 s EMBIRCBY 2EMBREORERREL T 2001, 1981 FEER U 1982 £ IcFEEHRE T
et 77 SEMIERCET 3B EER AT Ui, COFAEERNI, EHOW 57 s %EME
WRE LT L7 v r — v HAEAEREBRBESTAT S LItk EONLbDTH 3, FHEX
RiILHEED SN TEE—M 0 272 ERBTitbhic b 57 s EMBETH Y, SENREL LK
XASEE NI, FERBIITRM 160 (RIX, AT 112 HIX, &5t 272 RIXTH - 720

(2) FHAERER

Table 34 ZEMEKICL P 0 ZBERIC > W THREAEIICZOSEIEERLLDDTH 5, KXH
BREMOBBE2RTNT TLH 525, BIRTIATH, REMKE bic—KXY47:0 T~8haBBETH
%o RAKTUL TR ATLHPLRAK O BRI TR ERES B DL, —fkKE/D 638ha &
155> TWd, BRI > VTR, ATHERIRBROBRPIRKICHNTATH 5, FEREHERE
3 20m AR TH 5, TOHTHAIHEERIROEV, —KRY: ) OEMBEREEE XV Fhofk

Table 34. HMBichhb 5ER

" Factors concerned with skidding road

BEE Vi AT RIRMER RERMIRAR
Cutting methods Clear cutting in man Clear cutting in Selection cutting in
. made forest natural forest natural forest
X (ha) 7.0 7.8 63.8
Cutting areas
MR (/4 0.39 - 0.83 1.62
Standing tree volumes ;
MR (deg) 20.5 16.8 16.8
Slopes
SRR (m) . 24 ' 22 19
Average prehauling distances
EpkmsE (m/ha) 138 149 104

Skidding road densities
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KIc BT b ha M7 b 100m ATV o AT I o TR T SRR o
b5 2 & EMHI OISO RT b HHERHTEM BB ISR E NEpEENTIEREEIOND
B, TS0 Y EM OIS OSEEATEER L b O Fig. 39 TH 5. ATk iR
2 10°BLE DB Y 7 F LTHD, 30°EMA 5 & 5 HEHBB LB A 505, RAKERT
12 10~15° DR T DIERED S b < 404%, IKIT 15~20° OFFRT 31.6% L 12> THY, Thb_"
@%&ﬁﬁbék%ﬁéﬁ@n%fbéoXﬁﬁﬁ&féfﬁﬁ%&tﬁﬁ,k%ﬁ@%ﬂmw~m°
DFFI B Bo O & > I KIAKDEMEISEA THIC LN CHBIGRPp S cd 52 L, E72A
THTE 25°%#84 3 & 5 BHHIic BV T O DD b 57 FEMBITDOATVS T E DL 5 T,

Fig. 40 3 EMEOBEEE IO LW THESHER L DTS %, ATk 0 BRI IRIA <
A6 LTV B, ha 7 b 80~180m OFEEIAHABE TN T 5o RAKERSIRA A LT
275 ha %7 b 100~120 m ORERTOREES R bE <, 185% % iH TV 5, £/ ha X/ h 180m %
Wi 2 EMBEE PR DA DN D, KAWL A THARER R D KA e~ TR BV
v LTHD, ha %/ 180m £ 2 EHBUHIE S 5N, ha 27 b 60~80 m DREHK T DR
PO, 265% L1 > TW0h, TOES 1T, ATH, REME bITEk T EIERHEE OARARLL
T &, RERERIC A TR BB HE N C EBHP - T,

s0r (RARKIRIR)
ol Selection cutting sites
o of natural forest . 30 (FRMIRIR)
3 Selection cutting sites
201 H 20 of natural forest
10} 10 H ” ”
-1 0o [l
o s (RIAMER) B X
3 S 50 Clear cutting sites R % 30 ' (75%**%,&) .
5401 of natural forest ~ 2 Clear cutting sites
i E‘ 30f iy © 20 of natural forest
B e 2 § £10
:ﬁ'ﬁ‘ = b
w107 ﬂ R
& = [ 1 = .
o ATHER
50T (ATHEBER) Clear cutting sites
w0l Clear cutting sites 20 of man - made forest
of man -made
30t forest 10
20 f 0
o J—IHD ABCDEFGH I
= 1 | i BAEEE (m/ha)
~5 10~15  9%0~% 30~ Skidding road density
5~10 15~20  25~30 A: ~60 B:60—~80 C:80—100
HHER (deg) D:100~120 E:120—~140 F:140—~160
Slope G:160~180 H:180—~200 I:200—~
Fig. 39 #HUERI DIREES TR Fig. 40 BEHWZEEOHESTH
Relative frequency of slopes of tractor Relative frequency of ' skidding road

skidding sites densities of tractor skidding sites
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Fig. 41 3PRHIER & EBE L OBBRE 7o v b LEBDTH b, TNTNOEEAEL bt
HHC /N T Y F03A 5N B, L LA THEL S REAMERI BV CEHRENRRIC A o0 5 KD,
HUGRI AR 1S 3 10D T 3 1008 & BIBRREE & IS 2 MADERD S bo —77, RAMRETE
FHEAHC R < ha 470 100m BETHR LTV 3, T0O & 5 i ATHRP KRR O T IZREE
£l DO IRHEEE 32RO F NI R THO L IREL T > TW 5,

5.3.2 BIEISEMIRHITEIC W T ORE

T T TRBBN R OHBREAED b & I EMERERE RO + 5 7 Y /MBS BT 2 BKEE
BEOEREL L LA S EMBREEIC L TREZMA 720,

Table 35 HFHENI KR OCHBRIEHIRED O & 1 EMBHEBE LR L2 bDTH 545, HERFEN
Bb 5 & 7 BRI ERM T IS, 2ERMITEDIZOEWVELES > T3, FHEREEEN
53R I BB A <V — 5 F A K 5B TRNBLEL SNARARTHD, &5 KiEEs

400 RAIREK
Selection cutting sites of natural forest

300
200
o c® o of o
° 6o 0%83 0 o ©°
100 o - : R °§°i°° T
0 ! 1 1 !
4007 Rarbharek
= %’ Clear cutting sites of natural forest
E S 300 o ‘
o °
mg ° . ° ° .
S 200 | o § o« o
@ oy °: 0°%%0 .
2100k "7’rf77;4_r—7———
] °a ° o® °
iﬂ(% o ° o
0 1 1 1 1
400 ATLHRERLR
Clear cutting sites of man - made fg)rest
300~ o
o o ' ° '° %a
200 . ° ge::‘,g §°°° nla’ . g,é. '
° o ] 8o
- o, 8
100‘ o °, °°,8 . g;c [ o8 .
0 1 1 I 1
10 20 30 40
HHfER (deg)
Slope

Fig. 41 AKHBER & BSHBEE OBAE

Relationships between slopes and skidding road densities



— 64 — BB ETIERIERT 3135

Tablg 35, EEMERREES B o LR mH 5 ik HEHEBEOBREBERIN S,
Comparisons of skidding road densities from Ui LB O LR b o » TIRAELE®E T

economic and ergonomic viewpoints
SINZ B T & RERTHH 5,
WER | sEmEA | pERemme oD IASC CHEREER il
Slopes Densities from Densities from 4+ 2 O VB I I ME LR I b B

eponomic er_gonor_nic
aleg) | Cwpolnt - VEwRomt LI 3%, BRIBELED 5 LiIckD 4~
0 117.8 605 V=% %A FOFEHBAEPREEEZRE L IcRBMER
10 100.1 73.6 WEREZRTACLBUETHA D, L LEHT
20 87.9 125.9 LA . s 2 -
% 95 4 180, BMOMBBLE ORI IEERBERZI 5L
PEELERENAS,

Fig. 42 3 M HI O FEREHE R S 07 pRHUE
L EMBEREERE & OBE ANTHEROBES) SRENRUFHERFIE S bR 1M BT
KOWTHBLEbDTH 2, CORDPD, BBLRMIMERD 15° U T OBREHITREFRNEAL
53R D 1 B HASERE SH BRI A SR D - F NICERTEL B> T3, 2% DEFNHELADL 5K
DlEBEEEABATEERARL— 591 FIRE > THERRHRANIC T L b, #-T, B
B dRMER 15° LIT oA © ZEBHHEAD SR - BEEE 2 HRICHZR SN 3 L8 HEY)
ThHBbDEEZOND, —F, WHUER 15° %X 5 & 5 ST BRI S 55K 7- 1558
HEL SRR SRD I Z NICHARTEVEL B > T3, Bl L7c & ST, BIRERICKT
39 4 vFu—- Tk ERFEETEA V- S AR SN2 ERNEHEP DRV, #-T, 2R
BHIOBAITEA XL — 5 DREY A FOMBIT > L BAD LV EEHSNENE 6D EHR B,
XoT, AR 15° EHA B & 5 kKT B BRISEIELE D 53R IR £ B & L kit
FELVWHDEEZ D, BB, Fig. 200003 L5, EFERSOEMBBEETELLEL TS, T
CTRELEMEBERBE GFEANICSZY R O0THEbDEEL LN S,

S
[=]
(=1

— RFERHR

- Skidding road densities derived from economic viewpoint
ﬁgﬁm- --------- HEBIERR A °
g8 Skidding road densities dgrived from ergonomic viewpoint

< o
T -] o o %o
& 82001 ° o e on

80 o ] o o -="00% ©
%g ° °8o°o§ °° 0.-00g 90 %00 o
Bl —2ta o e 8877 "0 ° . g

2100 E) ~ |
i 377 ___,_2----‘9‘83 s T 5 oy

° °° g §
0 | 1 1 ]

20
PRHER (deg)
~ Slope

Fig. 42 MHERITIN U/ + 5 2 5 EpikEsE
Tractor skidding road densities according to steepness of slope
O : Skidding road densities of actual tractor skidding sites
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5.4 F& :

REE B O & 7o M R I3 AR MR 0°C 117.8m, 10°T 100.1m, 20°C 87.9m, 30°7 954

m&EBETEMHEESH, %ﬂ@ﬂ@%@kﬁéuﬁ“ﬁ&ﬂxbﬂﬁmbfb<u&#b5@ﬂmf
B IERIC L~ TR I BB DS 1 5 b D &£ 2 b,

V4 vFa— 75 EHUOEMPA RV — 5 OATRNEIR EHEREAE S S EMRERE, 5K
R I > VW TRET L 7ok R, B IR RR AR HEAY 0° T 165.4m, 10°T 1494 m, 20°T 953 m, 30°T
71.5m, EMEEHEEE IR 0° T 60.5m/ha, 10°T 73.6m/ha, 20°C 125.9m/ha, 30°T 180.6m/
ha TH 3 T EDHEES hico MBHROH BRIEEIILED © & /- M BRI £ B 1, S7ER
R R 53R 7o BRI SRR T MBS, MOMMER] 20° 24 2 & 5 WHHITR AV E S5
TEWRE NI, TR SRD I ERBEL G A v~ 34 Fh oA TRNBSRELENS
BARTHD, &5IEMEEEED 3 EICk ) HBEHOBRASIESNEC b, BBLAMK
HiERL 15° LIF OB @R T EE RS ORD BT E 2 HRCHR SN 3 LA T Th 2 b
DLEZBNE, UL IS 2BABERMITIEA <L — 544 FOWHEEAOBR LS £ b
HHTZCEPHEELEALSN, OB TEEMBOMBFEHIEP DB LICE 8L~ —%
FA FEZE L BHEREAHRYT 5 LoZE LV OO EEL SN,

6 # &

ARG b 57 5 EMBEETERKE L THEMINY 2 EBMBETHRIA <L — 5 OBLHEOR
ORI TH ORI E VS BUED DFE LV S ERANGEZILEL, 57 s RHBOBAME
LHMEEECHELT, 575 HEOETHRERERIIES DRI 3 & & b I HBRSENEAD &
BRI L, &L — 5 O BHEIEEIRIC D 505 5 EHIE ORITHS L BEEE SV THS AT 5 T
LEEME LTI o0 ABFEERIC > WTRET UKD E 50 TH 3,

(1) SEHMBETAROMEERE LR & L THBREIRA 21T - 65R, A% BIBEk O
EREEEICXA SN, BRFERERERDC & BHRS N, - TREEEER ORI & &iE
RIBOHENNETH S EBEL LN, UL, Zh5DIELHLRLKOM A% BETHEC &
b EMBETARICE T BIEELKE LTONB T 3 VF — SHBNDRL, 1AMy (8B
) OB IALY-BEIHEHEANICS B EPHEES N, f> THBTAVF— Itk VEL B
FiBIT BRIERB VOO EEL bR, —F, BROEHEREECATLOLEL B THEE
IR DSBS E 3, OHEREIIER L~ Ve & AT 7 DR EI I HRIA 2 VW & 0 LIRS N,
BRI A IR K OR 5% & 5D TS C L b, EiEic k 2 FIRMOMEER b L 2%
2 AAREENE L, FNEENTE-DDFETHBEL ISNBE T EAMERENT,

(2) MBRESBEOHHICTOA 7 v — FETREMBEETICHATH S A I AR EESHR O C & 55
W oNt, L LHIRRENBIFEARTOL 70— FETTREMKETE OMIKEVRS NG
hot, TORRABA 7 o— FETEREPBERETH I EKLBbDEEI DN, BBV IaL—
FEBRIC KD, BITEEREOSFECES, CEEEFOBAZRE A7 o— FETEMBETICL
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NTHRL — § AR SRR EEAA S & &3 b, EITEEE L5 7 5 BH ORI
Y 2 EERERTH 2D T, EMKETIZA 7 o — FETICHNTEEEROR D o 4 THRICHE

CHDEEA SN, BT, EMBETHREA 70— FETHRELBLTARL— S IKE5A5h
ETEHOAENAHE X VDB, (EEEROAED S BRI THL2bDEELLN, TV —FIC
T B LA AR O MR DR L2 M5 LTk D ERICE  MUTUETS 5 bO EEZ DN,

8) F 57 5 OEFHERED b A EHEORETER 1, FEROBGETHHRERLE 5D, £Hk
DHEP L OEKKIS & OREREHSBHIREOL G, HEEE 7], FHE 2t & 3 hIXRMEE Ot
Wi AR OMRIE 7 0 — 5 & £ FEERT 3G 13~21°, kA — % 4 FEERAT B 9~13° L
EFSNi, EMBEOMMAR OBV ARL — 5 OABHEHS LFET 2 E8BH LR, £
V=Y A DO ANERTARHEC N B ANEE L, su-5 44 7TBBLRICYUT, &
A=NE A FTBBLR I5~20°LITOAEATFE LVWdDEEZ bht, 57 5 OETHERTA
U=y QOEBWEHEZR L BRARARE s o —-5 54 7TBBLRI10°, s -5 47T
IPBENEE LVbDEEL LN,

(4) EMBEOS/NREPERIEE% 3.0~35m, WMHMEZE 20m &3NS NIEREE IR 29~33m
WETHD LD -7, BEERICOVWTARLV— 34 FhoiNE, BEEE ~ 52 & 0580
THEBITIEETEREN A )L — 5 OEBENAHICEE L RITT 7, SHOERTEE L iR
IKEEDFFAN T IR E R OFBRITD SN b - (- T, EMEHOMRE LT3R 20m 2
BLE, TEhid30m 2 EOMHREEERL, MRMEEETThEA RV -5 IKE > TL LT
ETHHRETEL bDEEZ DN,

(6) BEWREHED S/ s QHOYENIIRKEIrOHMILT, 18~29mBEMNETH S I &4
Mol I SREMBORBBEGIECE LR EETETTEIENARV—IH S FPLBTHEL
{, RffIEZ lm BELIEE 2 Lt X ABNAHORESIFSN 3 LB oh, F575H
BORESPARL - DR LAHT, BEGSSMEBED EANELVIDEEZEL SN,

(6) REFHNC A THRETEMIEMER L, MHER] 0° 7 117.8m/ha,  10°C 100.1 m/ha, 20°T 87.9
m/ha, 30°°C954m/ha &752 C EMHEES A, HHERPEIRICE B iR WEMIRBEIZ = 2 b osHEm
Lfm<c&mB%ﬂmﬁu%ﬂmmm&fm%%t%ﬁﬁﬁﬁﬁ<H5§®&%iénto

(M 94 vFo-—7glEHL OEMEIPIEEEOEEWEHELZ E4 L — 2341 F SEHIERME,
BRHEEEE I W TRES U 7cHER, SBR[ ARG} 0° T 165.4m, 10°T 1494 m, 20°T 95.3m, 30°
T 775m, MEEAERE IMHMIER 0° T 60.5m/ha, 10°T 73.6m/ha, 20°C 1259m/ha, 30°C 180.6m/ha
TH 5 EPHESH, MHERPABITE R I >N TARL -5 41 FhodNITEMBRREELS
DTOLBEDD B EMRDD - T

8 FEBFENHED 5RO 1 BERAERE GERRMAD SRko iz L KL T, BEHTIRE
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P oBTRNBAEE SNARARTHD, &5 ICHMBEER® 5 C & Ick 0 HBEEOBRAITE
ENs, W-T, BBLRRIIER 15°IT O BRI T 3REIE AL SR 1 IR % BZ 1B
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An Ergonomic Study on the Geometrical Design and

Density of Tractor Skidding-roads
ImaToms, Yuki®

Summary

This paper discusses geometrical design and density of tractor skidding roads from an
ergonomic viewpoint. The author believes that in tractor logging operations, on-road driv-
ing is better than off-road driving for both the operator’s safety and operational efficiency,
and skidding-road design which reduces the mental and physical workloads of a tractor
operator should be considered. This paper investigates the geometrical design of skidding
roads from the viewpoints of traffic capacity, size of tractor and physiological load of an
operator. Skidding-road densities according to steepness of the slope are investigated from
the viewpoints of workers’ physical abilities and minimizing working costs.

It has been shown that the physiologicél load of a tractor operator in off-road driving is
higher than that in on-road driving by investigations at a tractor skidding site and experi-
ments for simulated driving. When driving speed is slow, there is little difference between
the heart rate values of off-road and on-road driving. But as driving speed becomes faster,
the heart rate during off-road driving increases much more rapidly than during on-road
driving. Driving speed is one of the most significant factors affecting operational efficiency.
Consequently, tractor operation using skidding roads is better at reducing the operator’s
physiological load, keepiﬁg safer working conditions and improving productivity.

The results of our investigation of the geometrical design of skidding roads in terms of
traffic capacity, tractor size, and ergonomics are as follows. The bptimum maximum long- *
itudinal grade of a skidding road is estimated to be about 10° for a crawler-type tractor, and
about 13° for a wheel-type tractor. Our investigation showed that the minimum radius
curve should be 30 m, and that driving speed affects the physiological workload when driving
around curves. The width of a skidding road must be at least 1.8=29m. It has been shown
‘that skidding-road width and driving speed affect the physiological workload. Therefore, an
optimum skidding-road width of ‘about-8.5m and driving at slow speeds help to reduce the
operator’ s physiological load. It has been proven by investigations of skidding roads at
actual tractor logging sites that the factors of geometrical design derived from this study can
be applied to actual skidding-road construction. »

Skidding-road densities minimizing the sum of winching costs and road construction
costs are 117.8m/ha for 0° slopes, 100.1m/ha for 10° slopes, 87.9m/ha for 20° slopes, and 95.4
m/ha for 30° slopes. The densities according to slope gradient restricted by the physical
strength limit, the heart rate limit and the oxygen debt limit in the choking operation, are
60.5m/ha for 0° slopes, 73.6m/ha for 10° slopes, 1259m/ha for 20° slope, and 180.6 m/ha for
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30° slopes. It has been shown that the ergonomic densities of skidding roads are smaller on
gentle slope sites, and larger on steeper slope sites, than densities derived from the economic -
viewpoint. Ergonomic densities of skidding roads are necessary, at least for an operator.
From the above, we may conclude that the economic densities of skidding roads are suitable
for gentle logging sites up to about 15°, and those derived from the ergonomic viewpoint are
suitable for steep logging slopes exceeding.





