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Table 1 Comparison between Decomposition Method

and State Equation Method (1).

T
~— stage |

Culculation
ime

1‘2‘3'4

. i
_method T

Decomposition - i ‘ ]
Method } 0.8555 i 0.4312 i 0.992 1 1 0.2140 | 0.7 (sec)

State Equation
Method

| ! T
0.8566 | 0.4297 & 0.9957 ‘ 0.2141 ‘ 2.1 (sec)
J

Table 2 Cemparison between Decomposition Method
and State Equation Method (2).

. stage ‘ 5 3 g 4 Culculation

_method ‘\\\\\’ Time
Decomposition | gy6q l 0.5057 | 0.9514 i 0.2406 | 0.7 (sec)
1 |

Method

‘ I
0.9511 “ 0.2407 “ 2.1 (sec)

State Equation |
ethod ‘

0.9628 ’ 0.5008
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Fig. 8 Model of 3-Links Earth Transportation System

(without Hopper at Node).

Table 3 Cost Table of Transportation Instrument.

Wnstmmem Pusher Barge ‘ Unloader Dump Truck
Ttem of Cost — | horse power PSP (H.P.)| capacity VB (m® | capacity VU (m¥h) capacity VD (m?)
' less than 5.3 XB“
. +37.
Initial Construction Cost P (10* yen) 9.1xX PSP --4 500 5.75x VB+17000 13.28x VU +6 000 63.75x VD+37.5
. more than 5.3m?
| 212.5x VD—750
Survival Cost (the value at the end ‘
of the life of the instrument) 0.05x P 0.06x P 0.05x P 0.06x P
L (10*yen) ‘
the Ansusl, Cost o preciation (P-L)x[i+1+DH*LA+D"—11+Lxi  sinking fund method (:=0.07)
¥7Useful Lifei ;f the Instrument ‘
in year »n (year) 12 9 ‘ 5 5
Labour Cost C, (104 yen/year) 20%14X12 | — j 20%2%12 0x2x12
Repair and Maintenance Cost k i
(including replacement part) 4.73x Pln 3.79% P/n i *0.175x P 5.31x Pin
C, (10* yen/hour) }
Fuel Cost Cy (10! yen/hour) 0.18%26x PSP — ’ TO0RTXNI RS | 5% 0.56% VD+3.25)
Management Cost C, (10*yen/year) ‘ 0.065%x P ! 0.05x P ‘ 0.034x P 0.08x P
Establishment Cost C; (10 yen/year) ‘ —_— ‘ —_— ! 0.05x P —_

Remark ‘ 1

*annual cost
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Fig. 7 Model of 3-Links Earth Transportation System (with Hopper at Node).
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Fig. 8 Cost per Unit Earth Volume by Combination of Dump
Truck Number with Pushers and Barges.
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Table 4 Cost per Unit Earth Volume and Optimum
Combinations of Number on 3-Links-System
(with no Hopper at Node).

™ VD!
e B ‘ 10 15 20
ship size ™.
A G | 39 (3, 6) 3, 5)
350.55 i 346.29 346.74 348.39
B @, 17) @, 9 @, 6) @, 5
321.08 317.21 318.65 318.98
c ez | ew | ese | @
343.28 339.57 340.57 | 341.93

upper row : (the Number of Burges and Dump Trucks)
lower row : Cost per Unit Earth Volume (yen/m?)

D1.24%

(iv) HE#EEd7 1200m*h, 75 7ORE 5m’
(v) Fr7 b5y 7O 16km/h
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Fig. 3 Relationship between Additional Earth
Volume and Hopper Capacity.
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Fig. 10 Relationship between Marginal Benefit,
Marginal Cost, and Hopper Capacity.

10 Th 5. Fig. 10 21, &o S—AELENSE 5
ZEIZEARAEALTASR TS, WKk = L4k
O, MUERPFCRE 205 OFRAER L BAEHO—5
TEHRTHS. Fig. 10 T, HEEEHN 30m® AT
b Thwa.

(3) 4 RF=UHALINF1—FEFI

AECME, i e DER Y — b L THM T ER L =
Z, WERBERENTWELARATF VWAL I F 2 —TF
WEBEALTHEITEIT 72, Lal, —iRcise < Hn
BTV S - TEMTN (S-S540 v 27 0)
IRWTHE, R HEIR 2TV EEL TRV B 058
THY, FOZ LI L - THIROERERDS® 2008
AR - ERSROMETLE S, LI5S, HRE:
HERETIVBEL THWA Z N TE 5L, hs0it
RO — A3 - 12, H1s 503t o
P ERABT TR T LTS HE M s s
LIEME ROy — 2 2R 5 2 L3 TCE 50
THbH. TOVATLTH, F#ioyr—Ex&8T LR
T EMOBRO LAY, BIOY— X 2KT L
MEANOBO LS. L-T, e dmitnzEn
B e LR 2O TRRD ART =V 4 7 A% =
—EFVCERTHZLRRETHS. Lo TEBOIF
- ERMS RO ERLTZ EOTRER S22 4 R



DEEC L BEFIBEY vy VAT LOEN L F oA BT 2

F=TH AT NF 2= EFAPPLEL B,
IOFIR®TLIEMEEMO Y — R 2 F—-U %
TEND X DML D O TR L, o RERHRD

F1oDAF—VLEZBLOThHS. SF VIFROR |
%@,1-ﬁﬁ%5,2-ﬁ%*,3-@MﬁE,4-@%§

H, OWTFhNRThHD, FREEOEIIRE O Kb

HEE pi T BL (P, o P PO TEENB. — |

133

37, LERROBEENIERO—FELL 72 = F 1 L [RERIC
(ny, 713y 3, ) WX TREND. PLEDZ L3863 2
T LOAREERER 13 P(ny, ny, 1y, 145 Py Poy P3s Po) T
FEHTEZZLM¥brs. ZoTHEE -8B &
MOEAT—VRIAICAT =Y 1, XF—9 2, 25—
U3, RF—-V4LrL, BtEOKE s, BlEnkE
53 & LISRB DRS00 — B3 % OWBIRIED &
w ks,

(@ipy+ patta+ astts + pasy)  Plny, n,y, ng, 74 Piy Pay P Pa)

b {P<n1+1, n,—1, 13, ny5 P, P Py P
=M

Pi+1, na—1, ny, ny; pr1, pa—1, pa, - Pa%0
T (Pt Plny, na+ 1, ny—1, 1y p1, Pav1, ps—1, po)

b {I)<n17 Nz, N3+ 1, ny— 15 P, Pay Pa, PO £.=0

T Pn,, nyy ns+1, ny—1; Pis Pay Pat-1, Pa—1)eeees P 0

+ (p,+1) .P(nl__l, Ny, g, 1+ 1 Pr—1, Pry Pay Pat 1) oeemern an
T, (3) AEETHRTEIT T VRT LMoWHEE 2 v

a,=mn(s,, n,)

a;=min (s, 714)

b,=min(s,, n,+1)

by=min{s;, n,+1)
THY, wi BAT—V [ OF—EREBERLTWS.
%P, EECESTERNEENR T 2 A SRS
BRTOIVLERDS.

T DT TRIA L IEROHE - B0 — X
2 0 L LTwa s, y— U RIBWEEETZLED
H DG EITIEE ORBHER O E M % 5 10 C Rk
WEFAMEPRETH D, O A RTF—UF A 7
NF a—EFUORRKICLY, XVEHRASEEY VI
AT WORBIT R EE L A o T2

it

SHE) I VAT LAESRER v CHRER 175
HiEREREL, ThEeREEL Y 27 Mo @HA L
DOBERNTETH D, FRIZL - TABIFEEZ VAT LD
FWLICEAT 5 2 L X VERRERAE LD L
PSP E R, BN EORRIIARD L5 Th
5.

(1) BIRIOZEY 7 V27 AN HhoFT
VAT AREGEL, EREFROF T RF LOfEE
E Y >R EEORRBROMBRAIEE LT, =&
VAT LD EEGE T HEREERT S EREE B
7o BLTHERD AT 2 MY o 73 S ab—va vd
b /o DIRIC R THIT O BIR 2 L Fn iz,

(2) VAT LBREESNIZDT, FREROF T
AT LNTEEERIEE U CEBE LoV kAR I 722

Fe
[l

RNOPFHEREE LTNERERED S FEERE L.

(4) AU & 505 RIBHTEIC X 24T
FLI L TR D 7.

(8) ARF—TVHAINF2—-TFNELE2RAF—D
YA I NF 2—FF VERNT, FOREBEEES —
F5, VT VAFACRTBHIRARTF VA I F
=—EFVEBREL, ZEY VI VAT LI DENO
TR & L.

(6) AWFEORSEKHBEL Y A7 2ICEAL,
MEELRT D2 L0 X oT, L OFRLHMRER
BT ENTE. WIIFEERICOWTOE L ORHRE
BB LNTE.

AW T, BTl_% 2 o0aideth 2817 T
L7z TSRO R OB AR A % R~z
Ll TONERGEEUTO2ETHS.

(1) HFTRFLDEFAGICET 25

A TIEEY TVRT LA 7% o — DR
FZE > TEFMELER, $RCOYF T RF 1%
FHITFERTE T AT 2I0EBERE . 7%
T APRFBITFER CEF LT E WSS, Foy
TUVATFAOFENES L 2=V s LI B RInRD
25, FHREEREE LS #inT 5.

(2) BYTVvRAFAOARIRY L LERFER
2B 5 REE

KRB NTRMBOF TR F LB BEOAFR |k
ELTHRIARBAOY — M, o7y 254
~OHART Pl LTERRAEEOD FHEE 2,
FHOEL LIHERAHBREMR L. UL, 47
PRl UTHD ARG =2 — (o b 2134 — 2 ROFH]
BR) REZHTELTETH Y, —HIORIEOESR
FREXDEME L T 2 0.

-
2.



134

ARG CREB U MHEEICLBEEY VIV RTFAD
FEITTHEIINIR L X 9 RREEBATWEY, £HY
VIVARF LD EERICITO 2 ETE, L
F OEFTERDRE 2 v AT 2O REREIC K LT3R
ICEREEHR ARG TE S ETESEOLHALOL N
2%, RETEOFREPLLbPL X2y TRk
EOBE—BWEY AT L%, FEI VI VAT LADRE
e b BB LT MRS b OB fi 2Tk
THhHILBHEND bR, A5, SBOBEELT
BRO3EEBTHILNTES.

(1) SEEEERT242T, &7 ricEnk
HSREBERNIONEBEIENIRFAEI HIcED D
TEBEETHSH. Thiztho THARERFERICH
TEHERLUETHD.

(2) F—ZAVRFLOEBLETI DL,
FTURF MBI BEEEFNOERIIARERTHS.
Bz, ZRBERSLEDLERDE T LI T 5HEEL
FHOBARLEENS.

(3) HT7VvRFAORBILETVEEREE LTHE
B XAEEY 7 VAT ADEEILEFVOBENE
ENhb.

& # X ®
1) ER%=REEE: 2EY 7% o MR 843

2)

3

9

5)

6)

2}

&)

9

10)

11)

B« AR A

—B, AKELHIREE H2125, 3 E4A.
Koenigsberg, E.: Finite Queues and Cyclic Queues,
Operations Research, Vol. 8, No. 2, pp. 246~2533,
1960.

Koenigsberg, E. and R.C. Lam : Cyclic Queues Models
of Fleet Operations, Operations Research, Vol. 24,
No. 3, pp. 516~529, 1976.

T e WAk : 7 =7 v - E R BRELEDER O ET
Rz 585, LARPARESE, %2435, po.
71~81, 1975.

KA TR s L A0 THGEICET 5 —&8, 1K
PRIHICRESE, 1255, pp. 1~11, 1966.
VINASHE : A 7% 2 —FEF 0 LB L A0 W
BT B PFE—Y — R 5 7 - 7 AT TED
Bh—, IARPERSGREE, ¥ 140 %, pp. 13~20,
1967.

FAIR—ER : VAT ALFHEE 3, FREAVAT A,
H I emBiek, 1972.

FRHEBZE : VAT A TEOFE, 2w ik, pp. 303~
305, 1972.

AEE - BRH= - HARRE 1 2 vy LR v A
T AOEGELE T M ET 5 A8, IRERE 34 BE
WEENT TR SR IM SRS 4 18, pp. 384~385, 1979 4R
10 H.

Teichlz, P. : A Simulation Approach to the Selection of
Construction Equipment Stanford Civil Engineering
Technical Report, No. 26, pp. 75~86, 1963 4£6 H.
ARE TR 2 20 vy RS R 7 b O RiELE S
T 2 —B5, RERFELRGC 1979,

(1980.6.4 - )




