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abstrect The container port planning deals with many respects and conditions such as the

""J""tion 
of port performanci, the andysis of opimal scale .q.rd its dlocation of berth,

.""r*"r of eltectivlness of porlimprovement, andso forth, which plaY ry important pq! i']
port-"yrt"r. In this paper, ihrougli the examination of the characteristics 9n-t!e optimal

b.o""jr of port systim in-micro viewpoints, the relative main factors with influence on

X.rio"r purpot" for port system can bi found out, and the outcomes presented !V. u{ng
."ien-ti"ties and flp. griphs from the viewpoint of entirety can be suitably exploited to

the planning of container Port.

l.INTRODUCTION

In the container port planning, many respects and conditions should be considered, such as

ti;;;.fiil of port perforiiance,-the analysis o{optrlnalsca!9 pd.its allocation of berth,

measures of effectiveniss of port improvement, and sb forth, which play an important part in

port system.

By now, the relevant studies in port planning have many absences from foqr viewpoints as:

r il it".i "i tt 
ai.t discussed, orily focusing 6n macro viewpoints' such as the determination

;db"rth numbers, the analysis of port capicity etc., but-from micro views, some- important

.t.""t"rirtiii of optimurnprocesi at port syslem to be investigated, which is influenced by

"u.f, 
A.toi, fiave flwly bedn discussei; (2)-the scope ofthe-factors.of cost function to be

"onriair.a 
ir not clearly described yet; (3) based on ld/ErA'{ queuing model, its relevant

approximate solution of 
"u.r"g. 

waiiing iiire (Wq) are not confirmed as a common method

f5ffi;;trg"tire it" po.t 
"yier; 

(a)-when Wo-is put in the. place of cost functiorL its

i"ffi;; 9"n iftJopti.i-tion of port jystem in varioui purpose is not discussed so much.

In this study, four specific points are furtherly- investigated. Firstly, a simple applicable

""41""tlo" 
iriiex (nVO) to evaluate port systerlis grven. And, its.corresponding model for

in" 
"uJu"tion 

criterion of port system- is built with micro viewpoint to analyze the

"["r"a"ri.ti.s 
of port system in quantification. The model can be used to compare YtI t!"

pirfr.--""s of differeirt periodi at the same port, or among different ports (especially in

iri;;ii;""I- community), so that the kind of performance. evaluation would be least

ilil"i;J ;th the chan[es of timeliness, currency value., and.inflation etc. Secondly, the

di*erences among variius queueing models and berth scales as well as the related

.ppio*irut. fo.rriut.t are studied, aia tne deqree of sensitivity ]vtth the thangg of each

ffi;g1g;i; iiir"a so as to understand thJintensity characteristics such as alternation

taused by the berth occupancy factor ( p ) ofport system'

Moreover, the effects of parameter variance in the cost function are also discussed through

* .*u-pt. of container port. For different research purposes, we classify the.parameters

into three levels by the c6mparison of the intensity on sensitivity analysis. Finally,.through

the examination oi the charicteristics of port system in micro viewpoint, the relative man

factors with inflUence on various purpoie foi port plaryung can-be found out, and the

*t"o."r presentea by using relevant iables and-3D iiraphs from the viewpoint of entirety
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can be suitably o(ploited to the determination of the facility on port system.

2. EVALUATION INDEX AND COST FUNCTION OF PORT SYSTEM

2.1 Eveluetion fndices of Port System in Previous Studies

In the past, studies of port planning are mostly conducted upon indices as the minimization
of total cost when vessels are in port. And, some parameters embraced in the cost function
have been founded in the related studies. Since 1966, Plurnlee(1966)'urd Nicolau(1967)
have considered nothing but two items of the idle costs of ship and pier. Wanhill(I97a) and
Noritak{1983) have come to consider the service cost of ship and pier, combined with
relwance idle costs. Yoshikawa(I987) started to put loading and unloading cost item into
consideration. Schonfeld(I985) has also taken the cost of storage yard for cargo into
account.

In the meantime, most of the research reports employ N,IA[/]{ queueing model to calculate
the average waiting time for ship. Nonetheless, Noritake(I983) and Yoshikawa(I987)
reported that lvl/Erll{ model could describe the situation of Wq better.

2.2 Definition of Cost Function

Usually, the total costs of ship in port can be classified as the costs of ship and cargo(Cl)
and the service cost of terminal(C2). The former is the expenses paid by the berth
user(shipagent). It consists of two parts. One part is given with C, which indicates the whole
of ship cost including construction, maintenance and operation expenditures of ship, and the
other is defined as C"g which describes the cargo loaded aboard and the interest cost ofits
related equipment. Therefore, relevant formula can be obtained as follows:

(r)C1=C'+C"g ($/hr)

As to service costs of the berth comprise(C2), it is composed of construction, maintenance
and operation expenditures of port facilities(including the breakwater, pier and other civil
engineerings), the operation costs of machinery, and expenses of the working operators and
storage yard. So, C2 can be defined as

C2=CprrCpo+C#Cuo+Co"+C-*Cvd ($/hr) (2)
where

Cpr,Cpo: In addition to the pier, the port facilities construction and its operation expenses.
Cm,Cuo: construction expenses ofthe pier and its operation expenses,
Ccor: cost of handling machinery and its maintenance expenses,
C-: working expenses of operators using machinery,
and Cya: expenses ofthe storage yard.

AII of those items of expenses in Eqs.(l) and (2) can be specified in more details in the
following.

l.C" and Co
According to IvI/E*A.I model of queueing theory the expected numbgr of ships in the port
system can be written as

L=(X" I p )+Lq (ship) (3)
wherg l. : arrivql rate of ship at port (ship/hr); (ll p ): service duration (hr); and Ia:
average number of ships for waiting (ship).
Supposing that the unit time cost of ship in port is U"($/hr.ship),the following formula can be
gNen.

CrU'. (L/p+l) ($/hr) (4)
In addition, supposing that the cargo of the unit ton (or TEU) and unit time as well as the
interest cost of its relevant equipment is U"s ($/hr. TEU), then the unit time cost of

Jounral of thc East€rn Asia Society for Transporlstion Studies, Vol. I, No. l, Auturtut, I 995



A Study on the Container Poh Plaruring by Using Cost Function with IND Based on lvllEk/I.l Systenr

csrgdC"J on board and relevant equipment can be given by C"g as follows:
C"rU"g.X.( I / p+lq) ($/hr) (s)

where X is the average payload of goods (TEU), 1/p :1apr, and DT is the dewelling time
as'ship taking berth, waiting for operation, logistic support, Ieaving shore, and so on.

2. C6, Cp, Curand Cuo

Four separate items includes the construction cost(Cpr) as well as the expenses of operation
(Cp") besides those of the pier, the construction expenses of the pier(Cur) and its operation
expenses(Cu") They are able to be calculated through the corresponding unit cost ofsingle
berttr, which are respectively defined as Upr, Upo, Um and Um. And supposing that there are N
berths at port, the expenditure ofport facilities and its relevant expenses in port system are
able to be found as follows:

CprUpr.N, Cpo=Upo.N, CrrUrr'N, Cu":Uuo.N ($/hr) (6)

3. C* and C-
Supposing that the average number of handling machinery installed in a berth is AC, then
handling machinery and its maintenance cost(C"o) and the operation cost(C".) can be
obtained as follows:

C*:U*.N.AC ($/hr)
C*:U-' AC . T. ," ($/hr)

where, Uc-m: the cost of machine per crane hour; Uco: the cost of operation per gang hour;
T=V/(AC'. y ): the average operating time per ship(hour); V: the average exchange (loading
and unloading) volume per ship (ton or TELD; y . the operation efficiency of machinery(ton
or TEUftr); f: crane interference exponent.

4. Cya
Supposing that the storage yard cost of the unit time for the unit cargo (ton or TELI) can be
indicated by Uya, then the expenses for storage will be :

Cya:Uya. V. H. ," ($/hr) (9)
where H: the average deposit time for unit cargo(hr/TEU).
IfEqs. (a) to (9) are substituted into Eqs. (l) and (2), then the aggregate expenses ofship in
port can be obtained as follows:

TC=Cl+C2=(Us+Ucs .X)()" I p +Lq)+(Up$Upo+Uu+Uu") .N
(10)

2.3 Evaluation index G{D)

The non-dimension evaluation index (IND) is used to measure the performance of port
system, based upon the consideration of following three items.

1. Comparisons of system performance of the same ports in different periods.
2. Comparisons among domestic and international ports.
3. Minimization of effects caused by price fluctuation, inflation, and change of currency

value etc.

Then, the total cost ofunit cargo in port is defined as:
IND:TC( r. .U.. V):((l+R"s)(l/p +W)+(&d-Rp.+Rbrr-Rb.) . N/ I

+R"-N. AC/ r. +R"". AC. T+Rya. V. H)/V (t l)

where Wq: the average waiting time (hr) per ship, and R"s, &r, Rp., Ru, Rt", Ron, fuo, and
Ryd are the cost ratios of U"g . X, Upt IJpo, IJur, IJbo, (J*, IJm,.Uyo divided by U. respectively.

3. IMPACT ANALYSIS OF EACII PARAMETERS

3.1 trlustration if Computation

(7)
(8)
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Fig.l shows the relevant basic concept for analysing the characteristics -on 
the optimal

process of port system. The fluctuation of factorial variance of the cost function can be
ineasured tlirough comparison with the values of IND* and p * at the criterion point which
minimizes the totd cost of unit cargo.
In order to state the degree of impact caused by each of parameters in the model, the
calculation of container port (lvI/ErA.{ queueing model) showed in following example has

especially been conducted in this study. The baseline values of parameters in the example are
as follows:

R"51.0, ReF0. 15, Rp"=0.02, RIFO.i5, Rb.=0.03, Roo=0.05, R-=0.08, RyH. l0-', k:3,
N:l-30, AC:2.0,Y:727TEU, y =?4(TEUtfu), F0.75, DTd hours, H=120 hrs/TEU

t<-.-->
J

(M/EklM) K=3
ll{D

0.3
0. 28
0.26
0.24
0.22
0.2

0. r8
0. 16
0. 14
0. t2
0. l

Nl

! (1o{TEU/+)

Fig.l Concept of Characteristics Analysis of Pott System

,3.2 Anatysis on Each Models of'Queueing System

1. Differences of p * or IND* in the use of models of lvl/Er/t{ and tvlllvt/t{.
As a matter of fact, the container port should be thought as ld/ErA.{ queueing system which
is to be employed, and lvlll\fft{ queueing model is only used for the sake of convenience. The
difference between N4/Ek/N and lvl/lv1/t{ models of the port queueing system is compared by
means of the microscopical criteria of p and IND. Should MA//N be considered as the
basic standard, the differences(%) among various corresponding vatues to phases k and N
are found as in Table l.

The following characteristics can be categorized: (1) for the same berth(N), the more the
phases k increase, the larger its relative difference becomes; (2) the value of Wq(lc-oo) is the
half of Wq(k:l) for theoretical value, but the differences of p * are -19.88%(N=l) and

-4.56% (N:30); and (3) for the same phases k of Erlang distribution, the more the berth's
numlers(N) increase, the smaller its relative dif[erences become.

Table I Differences of p' in Ek/N) Model besed on (. Model

)----l I 2 3 6 9 l5 2l 30

2 -9.10 -6.89 -5.69 -4.00 -3.25 -2.50 -2.1 0 1.71

3 -12.46 -9.48 -7.85 -5.57 4.52 -3.48 -2.92 -2.42

4 -14.21 -10.85 -9.01 4.t9 -5.1 9 4.00 -3.36 -2.79

5 -l 5.30 l1.70 -9.74 -6.93 -5.62 4.y -3.65 -3.03

6 - 19.88 -15.60 -11.2'l -9.80 -8.13 {.39 -5.43 4.56

2. Differences at p I are caused by variouse approximate formulas for Wq
tvl/Ek/N model.
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Whon I\,f/Er/f.I model is adopte4 $tq cso bo given by rwo approximate equations. If the
Cosrnetatos approximate sohrtion is uscd as the criterion, ths relative differences to p*
value are shown as in Table 2. Its festures are found out as follows: (l) the difference related
to p ' increases with the change of the phase k; and (2) when k=5 and N4, the modmum
diftreooe is only 0.54o/o.

Trblc 2- Rdrtd dificrcnccs oI p'by L.-L. formule brsed on Cosm. fomula (o/o

N I 2 3 6 9 l5 2t 30

2 0 0.132 0.?i3 0.309 0.29 0.2?5 0.249 0.226

3 0 0.214 0.341 0.415 0.414 0.38 0.351 0.324

4 0 0.L12 0.375 0.4v2 0.49 0.46 0.414 0.372

5 0 0.?5 0.39 0.521 0.54 0.485 0.438 0.3%

As mentioned above, should Lee-Longton approximate formula be used for resolutioq the
difference at p * is 0.4160/o, and the difference at IND' is only 0.2460/o, when Nd and k=3.
Thereforg it is seemed that the Cosmetatos approximate formula are not absolutely
necessary to be used for optimal analysis. It's very important that through the comparsion
between:the theoretical values obtained separately by Cosm. or L.-.L. formula the relative
errors about Wq is investegated as the case of lvl/E/S(oo) model. Although the errors of Wq
by L.-L. formula are more than those by Cosm. formul4 the ma,ximum relative error
bLtween p! by Cosm. formula and ^p; by L.-L formula is only 0.42yo in the optimal
solution of p * by the example as in 5 3. I (seeTable.3).

Teblc 3. Difrercnces of lVq by L.-L. or Cosm. formule and (p ; -
p dwqc) {wq,L) N+ 9t ft rd -drtd

0.5 -0.70Yo -8.5V/o 3 0.5451 0.5271 0.34%

0.6 1.00% -6.3V/o 6 0.6508 0.6248 Q.42%

0.7 -0.90% 4.30% 9 0.705 0.677 0.4t%

0.8 -0.6U/o -2.70% l5 0.7639 0.7359 0.38%

3. tmpact or p r at criterion point with the change ofN and k.
p refers to the berth occupancy factor in the port queueing system and it is able to be

calculated by 1. =1.f . p . p .It is seen that the more the value of p increases, the larger the
port capacity (l) becomes, when berth's numbers (N) and service rate (p) are constant.
The impact characteristics exerted to p* by the changes ofN and phases k are concluded
as follows: (l) when the phases of Erlang distribution k increase under the same berth scale
(N), its corresponding p * increases; (z)it is seen that the effects of phases k to small berth
scale are much more than that to large berth scale; (3) p * increases as berth scale enhances
with the same phases k;(4) if N=l and lel, then p *:32.17Yo, and if N:30 and k:= oo,then
p *= 80.26Yo. Therefore, p. cx.rtt be respectively considered as the low and high values of
optimal berth occupancy factor ofthe criteria points employed in this illustration. Strategy of
both port planner and manager revealed in these values should be given more regards.

3.3 Fluctuation of the Cost Ratios on p ' and IND*

l. The sensitivity of Ras which impacts ol pt and IND* is as follows: (l) in the case of
N:l-30, p * will decrease with the increases of R.g, but IliD will increase; (2) however,
R.8 will exert more on p * value, when N is smaller. Supposing that R.gl.0 is taken as the
criterion, then the fluctuation ofp * value for R"g=0.25 and R"g:1.5 are +15.3o/o and -
7 .U/o rmpw'ttively in the case of N= I ; arid their fluctuation are * 3 .2o/o and - I .5% in the
case ofN:30. Thus, their changes are obviously related to N.

Joumal of the Eastcrn Asia Society for Trarrsportatior Studies, Vol.l, No.l, Auttrntn, 199 j



Wen-Chih HUANG, Takeshi CHISHAKI and Guoquan LI

2. The following impacts of Pe and Rr on p * are found out. (l) Supposing that Pe=O.17 is
taken as the criterion, the fluctuations ofp I value for P.e:0 and F.o=9.35 will be -12.5o/o
and +28.0%o respectively in the case of N=l ; and those fluctuation are -2.8Yo and +5.7o/o

when N:30; (2) From the preceding analysis, it is seen that the smaller N value is, the larger
the influence on p * from Rp and Rr in folds become; and the larger N value is, the smaller
relevant influence will be obtained. As a matter of fact, the change of Rp is similar to Rr.

3. The impact of R* on p * and IND* can be derived as follows: (l) supposing that
R*=0.05 is iaken as the criterioq t[e fluctuation of p * value for R"'n=0.2 and R*=0.025
will be +l6.6yo and -3.7o/o respectively in the case of N=l; and its changes will be +3.5P/o

and -0.008Yointhe case ofN:30. Similarly, for the value of IND*, the relevant influence
are+l7.3Yoand -3.ZYointhecaseofN=l;anditwillbe+l25Yoand -2.1%inthecasc
of N:30; (2) it can be known from the preceding analysis that the.smaller N value is, the
more the flctuation of R." in folds will exert on p * and [ND*.

4. The impact of R- and Ryd on [ND* can be obtained as follows: supposing that R",:0.08 is
taken as the criterioq the fluctuation of IND* value for R*:0.16 and R-:0.04 will be
+2.8yo and -1.4o/oin the case ofN:l respectively; and its changes will be +4.loA and -
2.}oh inthe case of N:30. Similarly, for theimpact of Rya value on-IND* value, if Ryo:6. 10-5

istakenasthecriterion,theinfluenceforRya:0andN:lis.-5.0%,anditis -7.4o/ointhe
case ofN:30.

3.4 Impact of the Service Rate on IND*

y is denoted by the handling rate ofcrane, fis the interference exponent among the cranes,
and DT is the dwelling time of ship in berth. These three parameters do not effect.on p *,
and the impact feature on IND* with the changes of y, f, and DT are as follows: (l) for
N:l -30, IND* decreases when values of y and f increases, but IND* increases when DT
increases; (2) it can be learned frorir the preceding analysis that the impact on IND* with the
changs of, y , f and DT is hardly related to N.

4. SYNTEETICAL ANALYSIS OF PORT SYSTEM

Table 4:The fluctuation of factorial variance with p'and IND'
I

brareters
P

(3.
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-67 -6 8r tr -7.t, 7.41
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The fluctuation of parameter variance for the analysis of the optimal procostt on port system.
The impacts on Af and INDi value of the criterion point occurred by the changes of each
parameters are found as shown in Table 4. For each parameters, k and N is related to
queueing models. Rc,, Re, R"al, R-andRyr are related to the cost ratios of cost function. y ,
fand DT are also related to service rate.

Through the analysis of optimal solution in the study of port systen\ it is found that p and
IND values are two very important indices. p is used to analyze port capacity ( I ), to
determine the numbers oibertn (N), to investigate optimal berth occupancy ( p r) and so on.
Further disccuses are needed as shown in Fig. 2.

x ra l:?

A SMy on the Container Pori Planning by Using Cost Furction with IND Based on lvllEk/|.,I System

t.9
t.8
t.?
t.8
t.5
t. /t
r.3
1.2
t.t

t ' tg'zt'zg
18A2. I21-Z46BtgtZl/r16

Fig.2 Relationshipbetween d/t'andN

-29
?a30

8-Zf,a

fhe ensuing relationship between gi / d and N can be obtained as follow:

d/C -2.271(l*"asxa1 (12)
FromtheEq.(12),theextremevalueof pj/pi inthecaseofN=oo isfound as2.27.lffhen
the port system is in the stable state , p.,,s*0.82 and IND*-iniQ.l for N=l-30. The
economic berth scale in the container port is between 6-15.

On the other hand, IND can be used to measure effectiveness of port improvement, and the

rehtibnship between ttlOilttlOi and N is described in the following equation(see Fig 3):

IND: I IND:

1.0
o.g/5

o.875

o.Tti \ / 
Practical Vdue

en. t
i' i' 6' i' s'tt'ts't5'17-ts-2t-aa 6 zt'a -2 a 6 I lA t2 l{ 16 l0 a 2. 2. 6 A 30

Fig.3 Relationship between IND; t INDi and N

JoumaloftheEastemAsiaSocietyforTranslrcrtationStudies,Vol.l,No. l,Auttrurn. 1995

\ ,n.,r,

\ *"lrr rro"

0.675



Wen-Qhih HUANG, Takeshi CHISIIAKI and Guoquan LI

IND; I INDi -0.625 + 
"-"* 

o' 
(13)

The practical values in Fig.2 and Fig.3 are the results of Mn IND obtained by the example as

in $ 3 l. One of the major purposes using Eqs.(I2)and (13) is to show that { and IVD| of
various berth scale (N) can be immediately resolved through the given data t' and I/{Di
respectively.

5. APPLICATION TO TEE CONTNNERPORT PI,ANNING

5.1 Three Factor Levels for Port Planning

Analysis of port capacity, berth determination and effectiveness measures of port
improvement are the main purpose for port planning. From Table 4 based on the intensity of
each parameters effecting upon p * and IND*, we can classift the parameters into three
levels: A(Large), B(Medium) and C(Small) for different study purpose as in Table 5.

Tablc 5 Thrce X'ector Levels For Dilferent Purpose of Port

Research Purpose A-Level B-Level C-Leve1

Port Capacityi L Us, y, DT, Rcg, Rp, Rb, K Rcm, f
0ptimum Berthl p Us, Rcg, Rp. Rb, K 'Rcm

Effect MeasurellM Us, y, Rcg, DT, Rp, Rb, f Rcm, Ryd K, Rco

5.2 Dctermination of the Optimal Number of Berths and Cranes

For example, only if there are R.s; Re,Rb, R""', K and AC in analysis of port system , we can
determine the optimal number of berths on the basis ofthe arrival rate( 2. ) of ship. Assuming
that the number of berths N* are optimal, the following relation must be held:

IND(N* -1,2.B)>IND(N*,,?.) and IND(N{'+1, 1.c)>IND(N*, 2.) (14)
In Fig.4, if the arrival rate is L B, then
IND(N* -1,X. n))IND(N*,La) (15)
Substituting Eq.(l l) into Eq.(15), we obtain

L a . (Wq(N* - 1, .tr n) -Wq(N*, I n)) > (Rp+tu+R", . AC)( I +R"s)
Because of l, .Wq:Lq, we can derive as follows:

(16)

Il{D

0.2
0. 19

0. 18

0. l7
0. 16
0. l5
0. 14

0. 13
0. 12

0. rl
0.1

(wEk/a)

NNNN6IC\CN
66IOFCD(V)

6l(l:3ll)(ooo)
ddd

(ro{reu/f)

X'ig. 4 Comperison bctwcen INDgVT - l,l" r) md IhlD(Nr+lr l c)
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ISQI*. 1., L s) Lq(N*,18)=(Re+Rb*R"..AC)/(l+R"B) (lz)
similarly, the following equation is obtained on the basis of the irrivar rate ),c

. 
rI.P0I**.I-, | 9) =!QNt, x c) ( I 8)

Substituting Eq.(l l) into Eq.(I8),we can get:
Ln(\*,] c)-Lq(Nr+ 1, 1" c)S (Rp+R6+Rc. . AC)/(l +R"s) (19)

Consequently, from Eqs. (17) and (19), the following formuli can be obtained :

- k1G_.[,..,N1*I,.1c)< ,(&+Rb+R"o.ACy(l+R.dS L4'(N*- l,N*, l. e) (20)
where I4'(N*,N*+1, L c):Ia(N*, l. c)-Ia(Nr+I, X c) and

I4'(Nt- l,Nr,1s):I4(N*- l,l. a)-Ia(Nt, X s)

Using the preceding informatioq the optimal berth can be obtained as in Table 6. It can be
standardized as Qllows, when the,data of the pori system are given, and (P.p+Rr+R-,.
ACy(l+RcJ is defined as "cost indor'(C!.

Step l: Compute the CI from the given data of R.g,Re.F.b,R-, and AC.
Step 2: Compute the service rute p .

Step 3: Determine the traffic intensity A:1,I p .

Step 4: Baqed on the CI, A and k, the optimal numbers of berth can be determined by
Table 6.

For example, l. =2(shipyday), Y=727TEU, y =Z4TEUllx, AC=2.0, H.75, DT:6hr,
R.s=0.5, &=0.30, Rb:0.30 and R-r:0.1. Therl we can calculate as follows:

Step I : CI{&+Rb+R.D . AC)i( I +RcsF(0.3Gr-0.3 Gt-o. I . 2. 0y( I +0. 5H. 533
SteP 2: ll p=7271rr075 ' 24Y6=2a ftrs)
Step 3: A=Llp=2.0
Step 4: If k=3 with the help of Cosmetatos approximate formul4 the optimal number of

berths is 3"

If the cost funtion is considered as the cost related to the construction & operation
expenses of the pier and ships stayrng in port only, then g1=(0.3 + l):0.3 grd the optimal
number of berths is 4. Similarly, if the phase(k) ofErlang distribution for serlice rate (p ) is
1.0, then the optimal number of berths is 4, whenever CI is 0.533 or 0.3.

ln order to describe the container port planning by using Eg.(20), we can get the relevant 3-
Dimensional graph as shown in Fig.5-Fig.l0 Fig.5 shows the relationships among
optimum berths N, i. and CI which gives the relevant optimum berths(N) based on I\4/83/I\f
model. When Nd, with the change of the phase(k) of Erlang distribution, relevant
relationships a.mong l,,k and CI based onW$rcl6 model is shown as in Fig.6. Owing to
Nd and MIEJ6 model, we can also get the optimum cranes in container port (see Fig.7).
Simultaneously, the corresponding relationships among A y and CI under a certain number
of cranes are shown as in Fig.8. And also, when the number of optimum cranes based on
Nd and AC=2 is determind the interference exponent among cranes is related to A and CI,
and Fig.9 shows the mutual relationships among A f and CI. Moreover, under the basis that
the optimum berths 6N=6; and cranes (AC:2) are decided, we can find out the relationships
among A DT and CI as shown in Fig.l0.

All of those graphs as mentioned-above show that the container port planning is the
procedure of system analysis with various factors.

5. CONCLUSIONS

Queueing theory and cost function are applied to establish theoretical model of port
system.It is suggested that each of thc cost items of the port system be taken into the
consideration of cost function. As for waiting cost(the shipowner side), there are the aspects
of vessel and cargo; and for service cost, thire are the aipects of pori facilities ratheithan
the pier, pier facifities, breakwater, handling cost, and expense for the storage yard.
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According to the port pohcy ofthe country and the planning objective ofthe-port, planning
or managment personnels can designate certain value for each item of cost. Meanwhile they
can investigate the characteristics of the port system from the micro viewpoint by means of
non-dimensional evaluation index(IND). This is concluded as follows:

l. In this study, non-dimensional evaluation index(IND) has been lead in order to allow the
olannine and managment Dersonnels to iudse whether the ooeration oerformance in a

fort is giod or not .-In additior\ by using fND-the comparison o?performhnce evaluation ai
the different periods of the same port can not only be made but also be made in different
ports (especially among international ports). And this kind of comparisons will decrease the
effect caused by the changes ofcurrency value (exchange rate) and inflation.

2. About the queueing models,it is found that there are considerable differenceS between p r
or IND. where are obtained separately from ld/IvIA.l and lWEr/N models. Thus, most of the
container terminals belonging to M/ErlN queueing model should not be simplified and
replaced by M/NI/N model, especially when the terminal of small scale(NS6) is studied.

3. There are Lee-Longton and Cosmetatos approximate solutions of Wqin M/Ekn\ queueing
system. Tkough the optimal analysis with cost function and the comparsion of two relevant
solutions as mentioned-above, we know that the difference of value at p * is 0.416% and at
IND* is 0.246oh in the case of N:6 and K=3. Therefore, it is seemed that the much more
sophisticated Cosmetatos approximate solution are not absolutely necessary to be utilized.

4. The larger the berth scale (N) is, the more stable the port system will becgme. At the same
time, when the optimal occupancy factor p * of berth increases, the value of IND*
decreases. Through the calculation of baseline values we can find out that p .^o*--82Yo,
and IND*.in-,_0.1 in the case of N:l -30 are important numerals for the optimal process of
container port.

5. From the illustrated calculation, the relationship between { / t' and N, is shown in Eq.

(12), and the extreme value of { /t' is 2.27. Through the analysis of Eq.(12), we can get

the economic berth scale within the domain of 6-15. By the way, Eq.(13) is one of the
important discoveries in this study, which describes the relations among IND* of various
berth scale .

6. Through the sensitivity analysis of each parameter which affects the p * and IND* value,
the parameters can be classified into three levels ofcategories according to the intensity of
fluctuation.

7. The resdarch on the different purposes of port planning can be done by means of the
factors of A and B levels only. Taking the advantage of 3D graphs, the optimal number of
berths and cranes on the terminal design ofcontainer port can be determined only by using
the data of Rcg, Rp, Rb, Rcm, K and AC.
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List of Variables

Svmbol Definition Baseline Value

p' berth occupancy factor at criterion point o/o

IND' non-dimension evaluation index at criterion point

N number of berth in port system I ^'30
t" average ariival rate ofship (ship/hr)

K
lt
T
v
AC
f

phases of Erlang disdrubution
average service rate per berth

cargo transfer time in berth

number of cranes per berth
crane interference exponent

cargoexchange(containertransfered)volume 727(IEU/ship)

3

(ship/hr)
(hr/ship)

2.O(crane/berth)

0.75

y crane handling rate 24(TBUlcrane. hr)
DT ship average dwelling time in berth 6(hrs/ship)

Us ship cost in port per hour ($/hr.ship)
Rcg ratio of the cost of container & cargo (Ucg) divided by Us 1.0

X average payload of goods (TEU/ship)

Rpf ratio of the port facilities cost besides of the pier (Upf) divided by Us 0.15

Rpo ratio of the operation expenses of port facilities besiJes of the pier (Upo)

divided by Us 0.02 .

Rbf ratio of the construction expenses of pier (Ubf) divided by Us 0.15

bo ratio sf the operation expenses of pier (Ubo) divided by Us 0.03

Rcm ratio of the cost of handling machinery (Ucm) dlvided by Us 0.05

Rco ratio of the labor cost of crane (Uco) divided by Us 0.0E

Ryd ratio of the storage yard cost (Uyd) divided by Us 0.00006

H average deposit time l20hrs.
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