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2 dFdAE 7HARARE 8% $E F Time study 71HE S
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Scheduled Machine Hours(SMH)®] Z-¢- E2E 7|3Hs £38¢ AA oA
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>
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7] 4, F4, AN T Fule] FAZ A" Az o] A
A A YudTHE 3).

¥ 3. Time study 71¥-& ©]-83 machine time

A

4 Az W &

Scheduled Machine Hours

38 3% AgA
D dA7E % AQAZ

Productive Machine Hours
(PMH)

&% AYA

Mechanical delay A, olF ¥ 31 § AHZE A3 delay

F4, 292 Ad 5 A0 B4 0|99

Non-mechanical delay
delay

SMH — Mechanical delay
SMH

Mechanical Availability (%) x 100

PMH
SMH

Utilization (%) % 100
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448 92 A2 F A9 59 3
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V= % o ; T s - w
® 4 95 HAFAAR
A7 7 (cm)
36cm 6 7 8 9 0 1 12 13 14
=4 0 0 1 0 0 3 4 3 1
a4+ 0 0 0 0 0 0 0 0 0
R %] (cm)
3.6cm 15 16 17 18 19 20 21 22 23
i 4 4 7 3 4 4 5 6 3
a4+ 0 3 1 2 3 3 7 4 4
A3 7 (cm)
36em 24 B 2% 21 28 29 30 31 32
Elan 11 4 9 1 8 8 7 5 6
a4+ 8 8 5 7 9 7 4 10
R 7 (cm)
36em 33 34  » 36 37 3 39 4 4
i 4 3 5 4 0 0 1 0 0
A 4 6 8 2 6 4 5 2 0
e % (cm)
36em 42 43 44 45 46 47 48 49 50
Eiae 0 0 0 0 0 1 0 0 0
47 1 0 0 0 1 0 0 0 0
A =F % (cm)
36em 51 52 58 54 55 5% 51 58 59
Eian 0 0 0 0 0 0 0 0 0
a4+ 0 0 0 0 0 0 0 0 1
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TRE U AAANE QS W AAAS A=A T. T3 Ay
¢ 20X AV 13 tEo] Mechanical delayd] F 801 714 7H]

24 2 59 A 24 Mo AMES AEsAc

£ 5 JHAAAZ A AdEe

Alva e Uy &
0 AA AR B
1 Non-mechanical delay X
2 Non-mechanical delay X + Mechanical delay X

Non-mechanical delay @ 29 A2 A4 2 27] 82 1§ delay

Mechanical delay : &8 2go= <13 delay
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A3FA7+E4% H nF

1. 7HAAA AAUGY FAA A9

O
=

THARA ZAgo] AE3HA o] FoAA Y] fAE APo] L5 FH
FE T2 AFPolH(2E B). XFo] 25 FHAFF st FE
deflectiong &H & F glo] Atz A o] Hoixg, =
I} XA Atolo] =83 Clearance’} &8 & glo] JAE
X A "t o= Al A & H QhHAla Aol vropd

B AFoME HARAA AANEY F8Hd BgAS
AAEEY Jde 4 A (FH 4A #4& A
profiled #A3ozn M7 Wde I 8§34 AE

O A 7 AH APgHo] iy FH3I}AY
o] A A (deflection) & FHT F Yt AFY =48

01
[

e

32 oY
Mo
Ol
N
TR o
£ o 32
B0 o

il
o
é‘:“
_OIL
32

N
—_

rot
o ofk

L

PO
8 ot b L
o 1 e lu

o X

D A )

ATHZE 9). ol= 7HAFA #dS AAst=dH 3
Ad& A A FRew AdzE @ HEst
71918t Aoz wodT)

U X
o
Lo
N

pi)

Headspar

Tailspar

Clearance

a9 8 MR A AdE AP
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2. ANAA A9 A% A BA
2-1. 7FA A A& 849 Plan view 4]

71E AAEHAAE 7HARAZG o] F 223 AAFHIJ oY A Y
< A g F HAA olFARew FFHA 14, sFHA 1] o]
Folxth B dFdAe 87 7HARARAY AdHE setatr] A #
AdZ9 Plan viewE 433}

I A AFHAAY B F Ade 173m, A JAAHE 138m,
Hd FFAAZYE 3TmolH (23 10), & JAAY = & 76.3m=E 45
AHZE 12). sFFAA Y A F Ags 158m, AW HAAHE
10dm, HFd IHAGE 20melH (2" 1), HTHAALE °of 581Im=E
EAHAT(ZE 12). AFFAY A5 HAJAZYE 47 HAHA F
098ha & A FFdWAHL 042haz oF 43%% Fol o]Fo] M 3}
A A5 F 120ha § AA #AFAAL 0.28ha™E oF 22%% Z4
o] o]FojAtt. ole ALY ZHAFAZAGA T ol sH=

7} REstel ATF Aol o|FIAA ot AL A5T & Ytk

E gnuy
JHEE mE
HH JREEIE mE

- 2=

B Skyline

@ Landing Place

a9 10. FEFFAA Plan View
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= HIEEE
JHAEITH T
Ml JHMEIIR WX

m 2=

Em Skyline

@ Landing Place

158m

Average Yarding Distance(AYD) Average Yarding Distance(AYD)

ASD = fbx V(e)dA/A = % s - /bw o = %
= 76.3m - 581m
(@) FZFRHAA (b) aFHAA

a9 12. 2SR AA HE JAA AL
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2-2. 7HAAARS] @39 99 Profile ¥4

THARAAAG Y e 1HF HA R APARE FAsr] A6
28t AAEZS] &F profiled 43T

FEHAA 9 profiles B4 A3 FH FEL 253 HEHE v F
Yot GREY A9 B2 AY HFPEE JHE FES PN AH
(deflection of skyline)& R & gle A= YeEHH(ad 13). 1

2 A3 NHezREH dAF Eo|9 clearanceE .37 A 7}
A FE AFEE dF¥E BFHol A AEAL 9 kAL A
g 9ol adx Addd. 53] AY dHe durd gAY g9=
2H o 30m 2 oF 50m Y X9 APHH = A (slope break points)< 74
AAZAE & o 7Hdo] Ade 2AY 2 4&5S wid wEr7t A
Aoz AYrtzl wg- A#E 7188ty 727 2 5 3ol v Ad
g Zjlel 2 & Aok

SHEFH AR profiles EAT A} A Aol EFsAY HYT FH
2 AFHAR A vlE) 7Hd 9] XN A(deflection of skyline)o] FHEHA o
of ¢tAtae] B HYol Aty ASHIUHIH 14). AF& A¥HEH
AA 732 7HARAA ZAEe 2derld wie AFE 7HeE yEy
=

Head Tail
Span - 173m
Htower : 7m
$ I—-u-ll"- --'-?: ........................................................................... .
_____________ AH :28.3m
HitBm | T e
Hz : 15m e K
Heail - 4m
LU=
DBH:G1em
r + * |
30m 50m 98m
TEEAH: e =a| =e| Hlul% %4z
T e A e Hg ki1

29 13. 43¢ FEAA Ground Profile
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A FaL 3l

Head
Span : 158m

Tail

2
P
Hz2dm _ _ ==~ - Htail - 4m
Ay - ——"’5 _— Al
H:87m —— . DBH - 58cm
Hi BN ==
I"'_——“"""-fm ,
Htower  7m
k —k —k A
30m 76m 52m
gxa: e =d < = e =
EUHA: e e e

a9 14. 3R AR Ground Profile

53] cordete] oIk 4m A F ol A]

v} Lo
o,
o
[

d 151 ek Zo] w717}
A=Y Al W7 17F skEEAY

A4 2 PAZe dlee] WA F o FANILA HAY APl WS-

=
LI

2~
T

AYE Hgolh.

olg1gt X P9 ¢ F7to| midspars A

21 5lod deflections 3H e

Jou oM a0l #F A Yol gle Aoz ATGHU

E?h‘?sl 5 ;

(b) Tension 2.8 A3 SFAALA

a9 15 4% 24 AR
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3. ARA B4 A%
3-1. AARARY Az 24

Time study 71¥< 3 FFIA 24974 stFHA 7‘“’3/\]?&% &
g Z2AE 59 2HZE e AFRA 1429 A AA Z4
ZHSMH) 9AI7F 308 F <5 Y AIZHPMH)2 ZGEQE °F 5%E At
AR, Fu 2 23 FAPYA|A A 7HMechanical delay)& 2A]7F 548 o
2 % 31%E AASAT. T FHE AT ZPAA oj9o HFGAA
A ZH(Non mechanical delay)2 6A17F 10802 AA Y oF 64%E Z H]
&S AAFATHTHE 16).

19219l A$ 5 FAAZPMH)Q Hl&o] P FPXAAZ
(Non-mechanical delay)®] H]-&o] 2 olf& JAH A T AA 2
e FehA @A dg AEEd F Ay 2U|FERE 7] WE
O

Z YR

> o

Al
A

£ 6. FFHA ST (1Y)

5 A3 A 2 8 A g
Scheduled Machine Hours (SMH) 917t 30%
Productive Machine Hours (PMH) 265
Mechanical delay 2A17F 54E
Non-mechanical delay 6A17F 10%
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0%

= PMH
= Mechanical delay
64% Non—mechanical delay

FEFRA 2929 A5 AA FYAIHSMH) 9A 7 0% F
AN ZHPMH)2 7A17F 29802 oF 79%E AP, FH=
A4 Al 7HMechanical delay)< §F&719] 3oz ¢l XAd Ak

o2 ¢ 3%E AAFATt E FHE A FGAA o] Fg
A]ZH(Non-mechanical delay)2 1A]7F 43502 AA 9 <oF 18%=
A SFATHZR 17).

2 F
rd

RN

¢

5 A3 A 2 8 Az
Scheduled Machine Hours (SMH) 9A 7+ 30%
Productive Machine Hours (PMH) 7TA7F 29%
Mechanical delay 18%
Non-mechanical delay 127 438

_24_



= PMH
= Mechanical delay
Non—mechanical delay

AEFFA 34ae B AA ZGAIZHEMH) 9Nz 308 T e F
AAZHPMH)2 6X17F 1222 oF 63%E AA &L, 34 5

A Al ZH(Mechanical delay)S A3 Zo] btdr] 1A o
B A7 1A 7 5R o2 oF 11%E AA Pt =3 Zu| 2 od 2P A
A o]9o] FPA4A A 7F(Non-mechanical delay)e 2A17F 24802 A
A Y o 26%E AAGATHTH 18).

# 8 FFHA S/ BY)

A3 A 2 8 Az

Scheduled Machine Hours (SMH) 917+ 30+

Productive Machine Hours (PMH) 6A17F 12

Mechanical delay 1A 5%

Non-mechanical delay 2A1 7Y 24%
_ 95 -



= PMH
= Mechanical delay
Non-mechanical delay

a4 18 FEFHA ANEAR 39)

BEFRAA 4dzte] A5 AA FAYAZHSMH) 9Nz 308 T =5 F
AANZHPMH)& 2417 11802 ¢ 23% 5 AP, Ful2 A3 &

dA A AlZH(Mechanical delay)< 4A13F 55822 oF 52%E 2R3t}

T AuE Qg FAYAA o9 FAYAA Al ZH(Non-mechanical

delay) 2413 24% 2% AA Y ¢ 25%E AAFATHEH 19).
4939 A9 wkgr)e nFoF Q3 0% FAYo] o]FojxA K3tn

2 Z7F8 R QE AHE A3 FAYAA A7+ Mechanical delay)©)

= A3 Az & 8 A 3

Scheduled Machine Hours (SMH) A1 30%

Productive Machine Hours (PMH) 2A7 118

Mechanical delay 4N 7t B5E

Non-mechanical delay 2A1 7V 243
~ 9% -



= PMH
= [lechanical delay
Non—-mechanical delay

29 19, ARHA AEA (49)

SFAA 5439 A AA FAYAZHSMH) 9Nz 308 T =5 F
AANZHPMH)& 7A1ZF 50802 ¢ 82%F zAstF L, FuHl2 A3 &

AR A 7HMechanical delay)S 30E o8 ¢ 5% (At =3
FH 2 3t AGAA o]le9 APAA A ZH(Non-mechanical delay)<
N7 10802 AAY oF 13%E A ATHIE 20).

£ 10. FEFHA SAAT (6Y)

A3 Az 2 8 Az
Scheduled Machine Hours (SMH) 9AIZF 30%
Productive Machine Hours (PMH) 7TA17F 50
Mechanical delay 30&
Non-mechanical delay 1717+ 108
~ 97 -

A2t &



=PMH
=Mechanical delay
Non-mechanical delay

stk A 192kl A% AA ZAFAIZHESMH) 9AZF 30% 5 <«
AATHPMH) S 922 ¢ 2%E AAEA L, FHE QA3 FYPA
ZH(Mechanical delay)< 6A13F 16222 oF 66%E X8t th F3
H 2 Q13 PR A o}2o] 2YAA A ZHNon mechanical delay)< 34|
7t 10822 AA 9 oF 32%E & H &L AXFFIHaE 21).
5
| A

r
2

2}
Al
1

-

K

o}
__}:

A 1939 A$ AFHAA 193 v¥3] & ZFIAIZHPMH)
Hlg&o] & olfrE FAZH AXALH gE FFHAAANZRY &
AAANZE o]FAzre] E3FH7] wWEQ] Ro=Z Jehgrh PR A
(Non-mechanical delay)®] Hl&o] & ol AFI A< v/t = HA
) AX T AA FJALE EFEHA ¥ Ee AR T FY
27188 37 HEQ AoE Yyt
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# 1L FAA SAAT 1Y)

5 A3 A 2 8 A %
Scheduled Machine Hours (SMH) 917 30%
Productive Machine Hours (PMH) 9%
Mechanical delay 6A17F 16%
Non-mechanical delay 3A17F 5%

2%

= PMH
= Mechanical delay
Non-mechanical delay

Y 2L SHFHA ABEHE 1)

staFg A 299 BF HAA FAFAIHEMH) A 308 F £
AAIZHPMH)2 4A17F 39F 02 oF 49% & AA s, Fu=E Qg
AAA AlZH(Mechanical delay)2 1417t 55802 9F 20%E XA 8 th.
T3 AHE A% FAFAA ol9je AHAHUYAA A ZH(Non-mechanical
delay)< 2A|7F 56202 HA ¢F 3I%E AASFIATHIH 22).

ArE 2% ZAPAA A 7H(Mechanical delay)e] 72§ w47 n3s 7}
A9l ¥ (Tension)& YA X3l Slack lines A2 =297t &
A AR Qs T8 Ao Z e
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F 12. FAA FAHAT 2)

A3 A 2 8 Az
Scheduled Machine Hours (SMH) 9A 7k 30
Productive Machine Hours (PMH) 417 39%
Mechanical delay 1417+ 558
Non-mechanical delay 217t 56

=PMH
= Mechanical delay
Non-mechanical delay

SFAA 3L A AA FYASMH) 9ATF 0F F £ &
YAZPMH)E 347 TR 02 oF 36%E AAFAT, Aoz Ad 2

A4 Al ZH(Mechanical delay)& 4A)17F 48802 oF 50%E xR 3+l Th.
T3 FHE A FAGAA ol9e HPAA  AZH(Non-mechanical
delay)2 1A ZF 16802 HA Y o U%E AASATHIE 23).

34t 3¢ Slack lines 92 AEo| 7Hde e (Tension)& ATA
Rt 2EAe AlR Q13 ZYXA A7 Mechanical delay)®] H]&©]
A G A= YEET
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£ 13 FAA FAHAZ (3Y)

A3 A 2 8 Az
Scheduled Machine Hours (SMH) 9AIZE 30%
Productive Machine Hours (PMH) 33X 7 278
Mechanical delay 4117 485

Non-mechanical delay

= PMH
= Mechanical delay
= Non-mechanlcal delay

2% 23 SHFAA ANBEE )

SR A A4Ake] A AA ZAQAZHEMH) AT 307 F =
HAIZHPMH)S 2A12F 5002 oF 30%E AA A x, Fujz At A
AR A o]99] YA Al ZFH(Non-mechanical delay)e 6A)7F 40802
ZAA S ¢ 10%E AASATHZR 24).

49219 A5 AAZH oA Eg AHog QlF thFE AF F AA Aol
o] F X JAFHo] o] FoAXA EFT] wEel HuE A FHPAA o]
99 BYA A A ZHNon-mechanical delay)e] & H] &S A3 Ao= 1}
123734
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£ 14 FHA FAAT @)

A A 2 8 A 3
Scheduled Machine Hours (SMH) A7 30%
Productive Machine Hours (PMH) 2A17F 50%

Mechanical delay -

Non-mechanical delay 6A17F 408

= PMH
u Non-mechanical delay

SHERAA 5dAe] Av AA FHAZH(EMH) 9A13t 302 F
HAIZHPMH)2 6A17F T 22 ¢ 64%F AA AL, FH=2 A
A Al 7FH(Mechanical delay)& 10802 °F 2%E x| 3tgch. =3
HZ A3 FAPAA o]2e FPAA AlZH(Non-mechanical delay)-2
A 13802 AA Y &F UR%E AAFATH(H 25).

2=
T

o Hy

*
w oz 8
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£ 15 FAA FAHAZ (6Y)

A3 A 2 8 Az
Scheduled Machine Hours (SMH) 9AIZE 30%
Productive Machine Hours (PMH) 6A1ZF T2
Mechanical delay 10%
Non-mechanical delay 3217 138

=PMH
= [lechanical delay
Non—-mechanical delay

st A 69Ae] A5 HA FAHAIZHSMH) 9AIZF 30+ <
HAZHPMH) & 2A7F 30822 < 20%E AX R, Fu=
A XA Al 7H(Mechanical delay)& 1A17F 40802 oF 18%E x}X sl }.
T3 FHE A% FAFGAA o9 HPAA  AZHNon-mechanical
delay)& 5A13F 20222 AAY ¢ 56%E AASIATHIE 26).

642t 7% Slack lines AZAT gEo] A& Al 2 12 QI3 A
1 Er)e] ngoz FuE Qg ZAYAA AlZHMechanical delay)o] 2
ASAT, Y Z7|FRZ A B2 A FAAA <l9d9 APAA ARt
(Non-mechanical delay)o] A 243 Ao 2 el

A}
&

2 Hy
e Ay

A}
=
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= I A8 AT
Scheduled Machine Hours (SMH) 9 7t 30
Productive Machine Hours (PMH) 2A17F 30+
Mechanical delay 1A17F 40+
Non-mechanical delay 5A17F 20%

= PMH
= Mechanical delay
= Non-mechanical delay

a9 26 sHEFHA ABEA (6Y)
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Time study 718& £33 A 297 FFHAA ZGAHS =3
g Aids F 17H ol YEgeH olF Ig=ZzE gdstd 19 27

Zo] Yehdrh

E 17 3 HGPAY A W w

= A4 Azt FFRAA SHFF A A
Scheduled Machine Hours (SMH) 47A1 % 304 5717t
Productive Machine Hours (PMH) 23X 5T% 1923 42%
Mechanical delay A ZF 42% 14A12F 49%
Non-mechanical delay 13717t 51% 22A1 7+ 29%

wPMH
=Mechanical delay
sNon-mechanical delay

AT OFEEITNXI

a9 27. &St AA MESA v
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AEFRAAL] A AA FAAZHSMH) 47747 308 5 <=5 FLAL
(PMH)& 23A1%F 57222 ¢F 50% 8 AA st 2, FHZ A P4
AlZF(Mechanical delay)2 9A|ZF 42802 oF 20%E AAegGTh =3+
A2 QA ZFHGAA 099 AYAA AZF(Non mechanical delay)
1327 51702 A9 o 30%E AA A

stk Ale] AS AA FPAZHSMH) 57TA T &5 FAFA
(PMH)& 19417t 42802 oF 35%E AA 3G Fu 2 A P4
Al 7+ (Mechanical delay)& 14A]%F 49802 oF 26%E AA ATt HE3H
A2 A ZAGAA o]99 FYAA A1ZF(Non mechanical delay)
22713 29702 AAY o 39%E AA| 3 AT

O 272 ARG FHAY =FHFAT 2 AGAA ALY
H &S Hug 2go® AFFA vl FFAY ¢ =FZAAIT
(PMH)2 il ZgA A Al7te] 2 Aoz YERT

a9 133 39 148 ¥ud o FPAAY A AF A
AAARY o 83t 7Fd9 A A (deflection of skyline)s FR T o
E0](clearance of skyline)7} AUXA wtom, a2 A3 29
&40 A "old FHe] AU, HSFo] tFALIE HHULH,
| v %ol tlS YIS A SATFo A ZFALE 0]l FE3HA
olA & dAoE EAHAC
A FRA BT VAR Qg AR Aol v oen gf=
E7)ol 43 2 97 A7) (remote sensor)?] nFo =z @A
A x|dolgdet. ek Ak A} A A EF Non-mechanical delay
o] AS ZAAIZHY AF XA 2 27]FRZ AYAQA FAIA A P
ste, RS FAPAAE o] ATt A AstEe ACR UETh

o] /\l—z‘sg:

>i¥~ A for Ho

0
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3-2. 7HRAAZA 9 FHANAE 4

f

AFAAZY ] A F 547 181.52(mH)E AAstged AA Y
A

>

AlZte 2 o] Atg AMtEe e
A

3 A3 o 386(m*/hr)E YER}

{r
s Az FGBAAES HEPATHE 18). FFHA FAhedM= F
15835,3504 9] H]&o] AaHo| @AANHY HF FAHH]Eo] °F 87,000

A/m’ o] ol2YPY Aoz AEHJTHE 19).

F 18 AEAA &Y BAAF
SMH (&) F A% AR (m) AR AN (mhr)
2,823 181.52 3.86
E 19 FFHA AL @7t
TR A Ak H & (D)
Q174 130,000 (/4-9) X 7 () X 5(2) 4,600,000
2] H] 9,000 (/7-) X 7 (F) X 5 (Q) 315,000
2} %53 70,000 (¢/¥) X 5 () 350,000
e s 350,000 (9/9) X 1 (2
Cao) qﬁq%i]-m) ; 1,000;?)(/) i/@ S;)) (<) 530,000
HAM300 Ji& 350,000 (2/¥) X 1 (&) 2,100,000
(gl g o+ ) + 350,000 (21/9) X 5 () T
A g By 25730 ($/%-9) X 7 (%) X 5 () 900,550
A% AF B8 8480 (&/%-) X 7 (W) X 5 () 296,800
) 1,223,000
)] n) 700,000
3 A 15,835,350
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A A AP A4S & 6Y3F 89.39%4(m*)S AR o AA FHY
AZro 2 UFo] Az Atk Aze A3 oF 157(m*/hnE VRt
A JFARARARG Ao o oA E AHE RIS H(E 20),
AFfA o7 3FFAA FAgo] 209 FH LS 22852420902 A F
3 FEF A L] o 2690009 /m® &2 AEHJTHE 21).

Al
KR
=

# 20. stFRAA Fd BAF

SMH (&) Z A% AF (m?) A2+ Ak (m¥/hr)
3,420 89,394 157
I 21. FFA A @t
T & Al A H & ()
QN 130,000 (4/8-9) X 7 () X 6 (@) 5,520,000
2] H) 9,000 (4/%-) X 7 () X 6 (L) 378,000
2 ge-3) 70,000 (21/¥) X 6 () 420,000
350,000 (/¢) X 1 ()
cr @ g + 1,000,000 (2/9) X 6 (2
(T%Hl ﬂ%iﬂ;jﬂ%%) + 350,000 (-‘;";)é)x 1 (;‘)J_) 11400000
+ 1,000,000 (9/Y) X 4 ()
HAM300 Y& 350,000 (/¥) X 1 (¢
(X&Hlﬂ}ﬂﬂﬂ]%%) : 350,05;51%)/04) X(6 )(%1) 2420000
A g BEE 25,730 (4/38-4) X 7 () X 6 (D) 1,080,660
77 de nYs 8480 (4/%-¥) X 7 (¥) X 6 (&) 356,160
54 1,467,600
)2 1,300,000
g A 22,852,420
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£ A9 HAM300S °l&3 HAIA FFAA &g AAE £4
A#}386mY/hnE  FLA 5200809 F=HZAY] AFHA A
(11.8m*hr) 2.t} @A A @A E459on 294 5(2014)¢ Koller
K301-4 A3 A AAZFU MY/ B A, 294 5(2014)¢ Koller
K300 234 AAZH23mY/hnEthe 23 =4 E48U0

HAM300S ©l &3 A Iy BAFA5m’/hr)e 39 T
(2008)8] =HZA7) A HAFA3ImYhr) R @ASA EA B
Ao 278 5(200609 Koller K301-4 3taF Al AAH(3.4m>/hr)
ot g BAHAG(E 22).

A 8487,0009/m) SFHA 1 8(269,0009/m*) & FHAA
5(2008)¢] EHAAZE ol &3 2APnERFTFHA 141199/m°,
A 94679/mHBE T =2 FAPw|goz BAEQon ARt uiE
(2013)¢] RME300TE ©] &3 Zu&(tFHA 282869/mY) 2t} £
BEAEAT. =3 2904 5(2014)9 KollerK301-42 o] &3 2dn]&
(FFAA 61,3169/m)BOE A ZAFHJAHE 23).

olk— HAM3009] 27] =9 @AY 2Holge] =3 n&o= Qg

137 ZAAA A 2 APAJAE nsA &L FudX= <
P ALRZ QlE) Aol WA vEld Aoz dddEch mEka 2y
£S5 33 YA AT HAM300 ZAZH Y T84 92 93
oHHolHe ug 2 FHo YoF Ro= AlmHEL
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F 22 AFATe FFANF (m'/hr)

=X R A7) Koller K301-4 Koller K301-4 Koller K300

A=)
T E (94 52008 (2TE 52006 (RUA 52014) (WA 52014)
A& A 11.8 47 2.3
34
3k A 13.1 - -
¥ 23 AgAFe] 2Gn & (/)
S THFAA RME300T  Koller K301-4  Koller K300
= (94 52008 (AUNTF F2013) (2UA £2014) (2N F,2014)
A8 A 14,119 - 61,316 29,484
3k A 9,467 28286 - -
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3-3. Auel ool BE FJANY B
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1 4.66 221
2 5.81 3.06

F 25 Ay e mE ZgHE Bl

Altel e A AL /m’) s A A (Y/m’)
0 87,236 272,639
1 72,156 193,797
2 55,321 132,067

_42_



A4F 4 &

2 89 9 Adsl A, 8% AHTE FAoel A
d A4S BARL R Ao me AAAAZY Gargel

%o dF AF
Eg Ground Profile A3 -3 AR fF& F3ho]
9] A F(deflection of skyline)o] R FX] ¢ro} <bAALTIo] WAl 913 o)
Z Ao = I
Time study 7I1M<& 3 AFAA A3 stFHA A e 53
Els éﬂr ZT AYAHEMHE)Y B¢ AEFRA S st A= 4 4727 3
, STAZt e YEstal &4 AYAZHPMHE) = 2343 574, 19417F 42

B Au|2 A3 AAA7HMechanical delay)el A-$ ZF 9AIZF 428 14
AZE 49%, v o9l ¢ XA A ZHNon-Mechanical delay)< Z+ 13
A7t 518, 22A17F 298 0 2 UErttl o= st A A Ao v E)

Hlgol Bgka Ay A Hgo] wA BAHAL
ol mhE g YAy B4 dn 4F9A Fde F3 386w

M
R
N

2 A

2
o
o{l

o, SBHA A9 A9 15Tm/re AFAA el He) A
Ao B9 o 2 AN vt NE =3 FFAA FGe

87,0009 /m’, st A AL 269,0009/m' 2= AEH AT

_43_



Aol We Auged 444 wad A% FEAA 2499
RS A 469714 FsEon, BN Fge A 8% A
Abzpo] F7Egleh

g B AHATE Fo BE ANAARY BRI AR
AL FEH BgAgel %X @A dAATE AoldT B E o
Wtk B B AToIAS} o] BE ANYA AdA FFHAALL
e SgEALA Bl Ra AUl gol ¥y #RT + gk

Hetd ¥ Be AdATE B HAAALD 4AY B g
He shetsts A7 olFolAer @ Aolm, HAPA AuE ol &H
A A4 B g A #E A7k £ Holok & Aol

_44_



A%, 1989, JPANAS EFAANNR ARFFRAtY BAAT,
gh=r 1 8k3) %] 78(4): 381-395

A%, 1999, AARE AFE ST EAAAAY BY AT
HAAAAT 7(2): 12-18

ME 2012 A2 L B AAFYASANA FYAE D F

A, #FY884 101(3): 344-355

AR, HYE. 2013 AT L SEPAFGALDNN GG § B4,

3=l 8F3] %] 201(2): 229-238

ARt 2010, AZAAGGA=De A9FH 2 6 §RA ZRsw
ekl AAeHS] =2 52-69
SgE, GG 2002 FANE HARAY) L ASAAEY AAEED

ZAA L B4 U3 A 91(4): 287-295
vhArE 2002. EE R AA7) ) 93 AAIAETAR BA
2] 91(3): 287-295

SE. 2004 BHeRiel 9% AARAANAW B @8R
93(3): 205-214

o
A
1%
&
tot

94, F4, 2GS, AL 2008, EAHEL YAY7E o] & FA
A9 B4 -2HJAANE Aoz 323 97(6): 641-649

AbA. 2014 AP BAADE
g3, 2013a. FAFHA
A3, 2013b. 2013F 2 AT AFF3A
WA, vdE, o]/dE 2007, BFoFEl(K-30D)el &% diA Al FA=4

_45_



A" B4 07dE d5Ydsts] sHA sted I R3] 330-333

S, oA, AAY, AAS. 1998 A=E FAR HAFGHEH

2 2y H& H]-ﬂ— A+t AFAA AT 6(2): 20-28

FH Y, =7, A8, AAY, AFF, HEE 2010, 242 UAE 9
3 JAZY. 109% U3 A7) AT EES]: 345-348

FE.1990. AolEAHYAE o] &3 FAY

:rL. St A 8 3] X]. 79(4):413-418

oS WA AAY, TEIY. 1998. AJNEL o] L3 dgs HEZY
A9 AAAE BA. Y]], 87(2):121-130

ol o}, 2012. Swing-yarderg ©|&3% HEFTIFAAHY AL 2 1)
LS54, Addgn sty HAE Y= 34-38

o|Zo}, o Ald. 2013. AEFIA2H AL E v § 4. =1
&8s e e, 2013(4): 836-839

2749, B2, FHY, 2AE, AAY, AFF. 2007. €480 A%
AUz AAZY. 20003 % =Ysts] A sted LRI
279-280

AW g, HAsH AFE. 1997, 955 & dist HEZALH Y A7
4. 97ds U gts AF3 ¢ e

&

1>

T4, =279, &A™, $HF, AAY, AE. 2009. AJFS ol &F
e e 3 A4 @593 Al 98(4): 451-547

§, A714. 2014 7HARA
A F=dgIA. 103(1):

_46_



Adebayo, A.B., Han, H.S. and Johnson, L. 2007. Productivity and cost
of cut-to-length and whole-tree harvesting in a mixed-conifer
stand. Forest Products Journal 57(6): 59-69

Kellogg, L., M. Miller, and E. Olsen. 1999. Skyline thinning
production and cost: experience from the Willamette Young
Stand Project. Research Contribution 21. Corvallis: Forest

Research Laboratory, Oregon State University

Habip Eroglu and H. Hulusi Acar. 2007. The Comparison of Logging
Techniques for Productivity and Ecological Aspects in Artvin,
Turkey. Journal of Applied Science 7(14): 1973-1976

Necmettin Senturk, Tolga Ozturk, Murat Demir. 2007. Productivity
and costs in the course of timber transportation with the Koller
K300 cable system in Turkey. Building and Enviroment
42(2007): 2107-2113

Huyler NK, Ledoux CB. 1997. Yarding cost for the Koller K300 cable
yvarder: Results from field trials and simulations. Northern

Journal of Applied Forestry 14(1) Oregon.

Neil K Huyler, Chris B. Ledoux.. 1996. Cycle-Time Equation for the
Koller K300 Cable Yarder Operating on Steep Slopes in the

Northeast. Forest Service

Michael A. Thompson, James A. Mattson, John A. Sturos, Rick
Dahlman, and Charles R. Blinn. 2007. The Comparison of
Logging Techniques for Productivity and Ecological Aspects in
Artvin, Turkey. Journal of Applied Science 7(14): 1973-1976

H. Hulusi Acar and Tetsuhiko Yoshimura. 1997. A =42 on the
Productivity and Cost of Cable Logging in Turkeyy. J. For.
Res. 2 199-202

_47_



E. Cuchet, P. Roux, R. Spinelli. 2004. TPerformance of a logging
residue bundler in the temperate forests of France.. Biomass
and Bioenergy 27(2004): 31-39

James R. Sherar and Chris B. Ledoux. 1989. Shift level Analysis of
Cable Yarder Availability, Utilization, and Productive time. In:

Proceedings of the 12" annual council on forest engineering.

Bruce Talbot, Giovanna Ottaviani Aalmo, Karl Stampfer. 2014.
Productivity Analysis of an Un-Guyed Integrated

Yarder-Processor with Running Skyline. Croat. j. for. eng:
35(2014)2

_48_



Abstract

A case study for analyzing the problems of a

nonproductive and high cost cable logging operation

You, Joung Won

Major in Forest Environmental Sciences
Department of Forest Science

The Graduate School

Seoul National University

Through a very successful reforestation from the 1970’s, Korea
now has forest resources of 148.5m’/ha which covers 64% of Korean
territory. Due to the very intensive reforestation during a short period
of time, about 67% of the forest has grown to be age class of 4 or
higher. As the forest has approached its maturity timber harvesting is
expected to increase rapidly. However, it has become more difficult to
meet current demand on timber production because of difficulties in
securing forest labor forces due to evasion of hard work and aging
labor forces and low productivity due to tied-up log prices and
increased wage.

In addition to the problems above, when using cable-yarding

systems, ground profile and mechanical analysis from engineering
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point of view are not considered properly during harvest designing
process which results in unsafe working environment and inefficient
productivity.

In order to develop efficient harvesting systems, this study
investigated currently used cable-yarding operation design, diagnosed
mechanical problems and analysed productivity and production cost
using a cable-yarder (HAM300). According to the analysis result of
the yarder location on the harvesting design, the design did not seem
to consider the actual ground condition because the vyarder was
located on a concave ground near back slope of forest road which
resulted the cable tension to be too tight for safe yarding operations.

As a result of ground profile analysis, chances that dangerous
accidents could happen were very high because most of sections from
both uphill and downhill cable yarding sites did not have enough
deflection of skyline.

Time study method was used to compare productivities of uphill
and downhill cable yarding operations. The result shows that PMH
rate of downhill operation was lower and non-mechanical delay rate
was higher than the uphill operation. Productivity of the uphill
operation was 3.86m’/hr which was higher than the productivity of the
downhill operation which was 1.57m’/hr. Cost of the uphill operation
was also higher at 87,000won/m’ than the downhill operation cost,

269,000won/m’.
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Both productivities were also compared in accordance with
scenarios of different operational improvements and the result shows
that the uphill operation productivity could be improved by 46% and

the downhill operation could increase 78% of its productivity.

keywords : Cable logging, Productivity analysis, Production cost,
HAM300, Harvet designing, Ground profile
Student Number : 2012-23353



	제 1 장. 서  론  
	1. 연구의 배경 및 필요성  
	2. 연구의 목적  
	3. 연구사  

	제 2 장. 연구방법  
	1. 연구체계  
	2. 연구대상지  
	3. 조사 및 분석 
	3-1. 가선집재작업 설계내역의 문제점 진단 
	3-2. 가선집재 작업의 현장 실태 분석 
	3-3. HAM300 가선집재장비를 이용한 작업 생산성 분석 
	3-3-1. 가선집재 작업시간 측정 
	3-3-2. 가선집재 원목의 재적 측정 
	3-3-3. 가선집재작업 생산성 및 생산단가 분석 
	3-3-4. 생산 시나리오 설정 



	제 3 장 연구결과 및 고찰 
	1. 가선집재 설계내역의 문제점 진단 
	2. 가선집재 작업의 현장 실태 분석 
	2-1. 가선집재작업 현장의 Plan view 분석 
	2-2. 가선집재작업 현장의 단면 Profile 분석 

	3. 생산성 분석 결과 
	3-1. 가선집재작업 시간 분석 
	3-2. 가선집재작업 현장의 단면 Profile 분석 
	3-3. 시나리오에 따른 작업생산성 분석 


	제 4 장 결론 
	참고문헌 
	Abstract 


