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Study On Cargo Handling Capacity of General Cargo Berths

By Kazuo Kudo,* Shyozo Takano** and Yasuhide Okuyama®**

Synopsis

The determination of optimum number of berlls under given conditions is one of the inevitable problems
for all civil enginears engaged in port and harbour planning, but, their conclusions concernning this problem
are, in most case, far from clear cut.

One of major difficulties in this problem is forcasting the amount of cargo handled, ancther is estimating
cargo handling capacity in a given project.

An approach from the point of view of Operatoins Research has been proposed for the latter problem,
cargo handling capacity especially of general cargo berths.

The problem was formalated into Waiting Line type model of multiple channels, with poission arrival and
Erlang service,

Veridity of this model has been checked by the observations in two leading terminal ports in Japan,
namely, Yokohama and Kobe,

Solutions has been derived analyticaly and alse by simulation. The discrepancy beiween the solutions derived
by those two methods is satisfactorily small.

The system’s hehaviour not only under the steady stale, but also under the transient state has been studied
and tables summarizing steady state solutions are included.

Lee-Longton’s conventional formula has heen reexamined in several cases and shows fairly good approximation.

*  TFormer Chief, Computation Center

** Research Engineer, Computation Center



BEORMBBOENCOVWTORZE -

TFAMNE

HEE, b Az R R b B R o {R T
HBINT 0 TR A S O Fa RO Ao AL TR o
LI 0, R SRR YOO ROFRHE A
WA Z b Ty 575, ﬁ*@ﬁ%%ﬁ%%ﬂ
PRTIAE O ESFAICER T 5 ikl R
SRR ERE R eBIET S B,

RO, SoevEiruATagn Ak
MO, S — A OB ESS Rl
DOTHGEFEHHOERFERMEZ BN TV ARV L TH
B, W2RINEDEFAICE T eSS
25 (Control variable)” 231X - & b LRI h T iy
&, 3 BEMNREO AL Ty TR RE 2
VTR BRI E TS, hbEPeRTON
BELE LCRHEOEIEE X 5 L ad kw5 RS 3,

AMEZBWTIE L, 2, E3ofES T
ZhERD T, TAEComTEsbi—ibLim
TEFLEMRL, BTHEBERACT vIar—v
3 v kAT TR OTH I X - TR kT,

VIav—¥a IRy CiEEBRIEBIC o TORS
BNk, TORBEALSHMARLSIbG - E0%R
DI DT E DRI ERL T,

FEFR R T, BEE CHL S ERAOMEE L
TEAMEROTRINTEYy D ET v Y3,
7 ~F »ih— R, SDHEE G- TEEEY —
v A, —EHU EoFbETEANS & L TR,
a2 CTka BE T ATl ok LU
777 EER L

I EBEOEESTLHEBORE

WEOMERNENERD iz, EFIci s
ADEIN S\WTHES L j?hﬂ}i By, WEHOREGE

* Hlf;w‘:lé’uiif’ HiTT A Y Py
S € % L e

r B @ B
= B o2 ="

LV SEATLRA 0N TH B, =2 Tik—

TEEBORICHER L CiE#MA 3, LikdtiaT, &
ZCH S HEOMERLEES L v 5 L D Eod o BIE
ﬂﬁﬁ%ﬂéhta%k@&ﬁmm%fﬂﬂ@%@r%

ﬁT7*k%T%?&J,%ﬁ%®$5mﬂﬁﬁ%wt
PRBIZ EEE LY,

1 BIBOEESR

MO E R E LT OREEE 2 51 513,
“RRERE L R O L v S s o ER H
HEERSETH B L2 3, Thbh, BEOEEE
CHLE RS OREBRRP R LR T { 2 (2o
ST ORI CAE S AL S h TEL

D )EBMNCHA L T b, BEUMMIZE - TRTR T
Ikﬁ%%&mb,F”&(m?GWWm%?%ack

L) ~BHETHILTHE, TOMEFETCET
tvtbhﬁ%@w%%ﬁ,& o, MPBEED, X
R ORI AL 0I5 GO, ko RE
L,ﬁ&v O EX R Y OEERBEI b3 b
b D, ZOEMLIEORA, BREL AROmS,
AR D B2 02 LABTREM L L THBIabI S
BIMORNE RS L Lok gL TEET
&ki,

:ﬂliﬁ%ﬁﬁ*ﬁﬁtb@%ﬁkhTﬁTiW%
BRI S L MERD B, HHHOREE
S TEERPEDIEELBE TS, Z I TS L EE
T ORI R T O SRR & T 5 SENC v TR
HILEL, HEAEEKBEIALDL Y RO TT
BAROBE L SR HEE N T BT L AR -
LTHEL,

ek dinEmoril RERHL TP oih
FAML LT I-10L 5B bR TEL S,

1 ol by L T Y e ?'L,I‘.;lz‘



RO EHIRRENCOWTORE
T

—
=

=1

B

E B 8
P
Hi

£
Study On Carge Handling Capacity of General Cargo Berths
By Kazuo Kudo,* Shyozo Takano** and Yasuhide Okuyama**

Synopsis

The determination of optimum number of berths under given conditions is one of the inevitable problems
for all civil engineers engaged in port and harbour planning, but, their conclusions concernning this problem
are, in most case, far from clear cut.

One of major difficulties in this problem is forcasting the amount of cargo handled, another is estimating
cargo handling capacity in a given project.

An approach from the point of view of Operatoins Research has been proposed for the latter problem,
cargo handling capacity especially of general eargo berths.

The problem was formulated into Waiting Line type model of multiple channels, with poission arrival and
Erlang service,

Veridity of this model has been checked by the abservations in two leading terminal ports in Japan,
namely, Yokohama and Kobe.

Solutions has been derived analyticaly and also by simulation. The discrepancy between the solutions derived
by those two methods is satisfactorily small.

The system’s behaviour not oaly under the steady state, hut aiso under the transient state has been studied
and tables summarizing steady state solutions are included.

Lee-Longton’s conventional formula has been reexamined in several cases and shows fairly good approximation.

*  TFormer Chief, Computation Center

**  Research Engineer, Computation Center
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0. 606
0.303
0. 076
0. 013
0. 002

0. 223
0. 334
0. 251
0. 126
0. 047
0. 014
0. 004
0. 0oL

0.134
0. 268
0. 269
0.180
0.001
0. 037
0. 014
0. 005
0. 002

0. 080
0. 200
0. 250
0. 210
0.133
0. 069
0.033
0. 015
0. 006
0. 003
0.00%

0. 046
0.139
0.210
0.211
0. 162
0. 103
0. 059
0. 033
0. 018
0. 009
0. 005
0. 003
0. 001
0. 001

0. 001
0.001
Q. 002,
0. 002
0. 003
0. 004
0. 003
0. 006G
0. 008
0. 010,
0.013
0. 016
0.021
0. 027
0. 034
0. 044
0. 056




15;56 0.00Z 0.013 0.045) 0.07 0.071
i6;5 0.001 0,011 0.045 0.080| 0.091
17; 5 0.001; 0.010] 0.044 0.090 0. 115
18:;5 0.001) 0.008f 0.043] 0.099 0.141
19;5 0.001 0.007| 0.040{ 0.103! 0,162
20;5 0.005] 0.033 0.09G6 0.167

S=5 N=25

m\”| 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

0;0 0.606] 0.368 0.223 0.134 0.080) 0.046] 0.025 0.013] 0.005 0.001

0;1 0.303[ 0.368, 0.234) 0.268 0.200| 0.139 0.089 0.051 0.022 0. 005

0;2 0.076; 0.184) 0.251 0.269] 0.250] 0.210 0.158 ©.103 ©.050] 0.013 0.001

0;3 0.013) 0.061, 0.1280 0.180] 0©.210] 0.211] 0.187F 0.140 0.078 0.022] 0.003

0;4 0.002 0.015) 0.047, 0.091 0,133 ¢.162 0.168 0. 146 0.092 0.029] 0.004

0;5 0.003 0.014] 0.037| 0.089 0.103 0.126( 0.127 0.091 0.033 0.005

1;5 0.001) 0.004] 0.014f 0.033 0,059 0.087] 0.102] 0.085 0.035 0.006 0.001
2;8 0.001 0.005] 0.015 0.033 0.058/ 0.079] ©.076] 0.036 0.007 0.00%
3:5 0.002[ 0.006 0.018) 0.037] 0.060{ 0.087 0.036) 0.008 0.001
4:5 0.003] 0.009; 0.024] 0.046] 0.059 0.036] 0.009 0.001
5;5 0.001] ©0.005 ©.015] 0.034 0.052 0.036] 0.010| €. 002
6;5 0.003 0.010) 0.026] 0.045 0.036] 0.012 0.002
7:5 0.001 0.006] 0.019( 0.039 0.0368] 0.013 0.003
85 0.001( 0.004] 0.014] 0.034 0.036 0.015 0.004
9;5 0.002 0.011] ©.030 0.037 0.017, 0.005
10;5 0.002) 0.008 0.026] 0.037] 0.019] 0.006
11;5 0,001 0.006] 0.022 0.037 0.022] ©.008
12; 5 0.001F 0.004] 0.019] 0.037] 0.025 ¢. 010
13;5 0.003 0.017] 0.037[ 0.028 0.013
14;5 0.002) 0.015 0.037! 0.08% 0.018
5;5 0.002] 0.013 0.037] 0.036] 0.021
6;56 0.001] ©.011 0.037 0.041 0,027
178 0.001] 0.010, 0.037| 0.047] 0.034
18:5 0.001F 0.008 0.037 0.053 0.044
19;5 0.001 0.007] 0.037] 0.061 0. 056
20;5 0.006] 0.036] 0.069 0.071
21;5 0.008] 0.036] ©0.078 0.091
22;5 0.005 0.036 0.088 0.114
235 0.004[ 0.035 0.097] 0.140
24:5 0.003f 0.033 0.100, 0.162
25,5 0.003 0.027| 0.084] 0,167
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