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ADSTRACT i1

The Chittageng Pert, being the principal iert of Bangladesh is the
main link of the country with the cutside world for its sea-horne
trade and commercc. The export-imrert actizities at the port have
increased substantially during tha last decade and it is expected
that these will increase manifcld in future with the development of
the country. It i1:, therefore, of utmest necessity for manasaement L3
mrce proper planning so that adequate service facilities may be Iprcn-
viderl at the port for different service requlrements In future.
Obherwlse the marlne congestion problem due to anticipated traffle

¢emand may Seriously affect the reveme earnings of the port.

In the present work, five years' data (Jamuary 1980 to December 1984)
obtaired from Chittagong Port are analyzed. To find thelr Behaviours,
different probabllity distributions are assumed and aprreopriate tests
for goodness cf Fit are applied. For Welbull distribution, Kelmogoroy-

Smirnove test and for other distribubions, Chi-square tests are applied.

The queueing models such as Mathematical medel, Diffusion Approximation
model and Slmilation medels are daveloped for the system. Syste parame—
ters are estimated using these models and thelr walues are compared with
the chacrved one:. All three models are foumd applicable to the present

Y

aystoem of operatlion at the port. However, each of the mdels haz its own
merits and limitations. aspilration level models are also developad for
the system far different conflicting measures such as m2en waiting time

in queue and the server's idle time which the decision maker wishas to
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balaree. These models make direct use of the operating characterlstics

of the cy=tem in declding the optimam values ~f 1he desiim prhrcometercs.

Average revepwes oarned per ship and the costs of the port facllities
are estimaked, Using these estimates, a cost model 1s developed, The
results obtalined for this model are presented'in a tabular form. These
roesults, it is expectec-l, wlll help management to take decislons more
objectively in ascertaining optimm service faci] ities.at the port to
ensure maximm net incremental revenue at varylng envilronments and

farvice condibions.
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Pn[t) w the probability that the nuber of cuistomers in sysbom
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n

Xit)=

WiT) =

Exponential distribution

Erlangian distribull:ion of K phazes
Mean mumber of customers in the system
Mean nu:mbl-r.-r of customers in the guene
Hiean walting time in the system

Mean waiting time in the ¢ ieue

Server's idle time
Mean arrival rate of customers .
Mean service rate per sérvice chamel

Variance of inter arrival tlme
variance of =crwvice time
Humber of perallel servers
L = BDOLilization factor

i

Traffic intenslty

Random varlzble for the number of units present in the

system

Frobability density function (p.d.f} of =
Mean of the instantaneous change rate of x
Varjancs of the instantsnecus change rate of x

= (onstants of integration

ak #mo L iz n ‘

The steady state probablility of exactly n customers in the

system

Continuous valued varlable for the number of custemers in the

sy tom

Propabllity donsity function (ped.f) for the waiting time in the

syatem
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1.0 THTRODUCTICH

1.1 General Introduction

The role of a port in the prosperiiy and economle growth of a country
needs not to be over emphasized, Port 13 the only 1link for sesa-borne
trade and commerce with the cutside world. Chittageng. port,being the
- principal port of Bangladesh with shore based facilllies, Plays s vital
role 1n the economlc development of I;;w: counkry. Most of the country*s
export=1mport activities are carried out through this port. The big
Amcunt of revera earned through services te the varicus arriving shipa
at the port, enriches the natlonal ecomomy and accelerates the coun=
try's development. The revenues earnad during the year 1982-83 and
1983-84 are respectively Tk.49,35,04,000 ard Tk.50,25,17,000. Nonber of
ships and cargoes foo imported amd exported good handled during the year
1983-B4 are respectively 658; 56,81,057 and 3,983,057 {20 | At wesent
the port 1a working with 15 jettles having ancillisry facllitles for

Cargao h.aniling., cargo storing ebke,

It 15 expected that with the development of Hhe csuntry the export
import actvities at the port will Increase sutntentiolly. To meet the
Increasing brafflc demand 1t 12 an utmost pecozalkty to take appropriate
steps to provide sdequate amount of facilitles =o that optimm sepvice
level can be maintalned at the port. Otharwilae it will cause a marlne

congestlon problem which 1n turn will sdverzely affect the revenue

-

earnimgs of the port.



1.2 System of Oparation at the Port

The Chittagong pert started functloning in 1888 wi*h only four Jetties
constructed by the then Assam kangal Rallway. The port i= situated on
the right bank of the river KARNAFULI at a distence of about 9 nantical
miles from the shore lime of the Bay of Bengal. River KARNAFULI rising
from the LUSHAL HT'TS falls in the Bay of Bangal aftcr tating a ~ipding
course of about 120 nantlcal miles through Chittagong Hill Tracts and

Chittagong.

Tha Chittagony Port handlas different types of cargo ships such as
general cargo ships, oii tankers, bulk carriers {cement clinkers, fool
grains, sulphar), Contalner ships, 'RO-RO? shipe etc. The different
landling facllities are used to handle these ships. Shore letty cranes
sre required for handling general cargoe ships. Tanker terminals with
mlequate pilpe lipe facllities are required for hard]:ing all tankers.
gulk carrlers need bucket, vacuum or grab unloaders depending on the

natira of hulks.

The ships coming to the part cast enchor flrst at the outer anchorage.
Then according to the berthing schedule, which 1= gererally prepared
wWeekly or fortndghtly after getting necessnary informaktlon from the shi-
pping agents, ships are placed 1n the berths, It i3 impertant t» mention
here that for Chittmsgong port, the movement of ships depends on the tide
amd the draft. Shilps mowve only at high tide and wlthin a maximum draft
of 9,14 m. For ships with higher draft like mother tankers, mother car-

gues, lighterage facllities mre arranged. After plocing the ships in the

berth cargo loading or unleading starts, The port has 15 jeities wikh



1.3

jetty cranes, rall-road links and other share based facilitles. Some-
times after arrivsl at the port, the ship has to walt at the outer

anchorage dus to preoccupation of all jetbles or terminale.

Froblem Formulation

The system of operation at the port cam be thought of as a typical
queuelny process. The basic process assumed by most queusing modils 1s
Ehe £ollowimg. "Customers” requiring service are generated over time by :H"' j., _
an "input scurce". These customers enter the gqueueing system and !oln a *
queus. At certaln times a member of the queue 1s selected for gservice

by some rule known as the service discipline. The required service in

then perfoarmed for the custom:r by the service mechanism, after which

the customer leaves the queueing system. Thls process is depicted in

fig- 1s1.

Cueueing Syatem

—— — —

cus tomers | Seopwved
—_— e — Service - g
Cueue Cus tomars
Mechnism
i

I e |

Fige 4.1 = The basic qurueing prosess

b

At the port ships come to the port ar customers to get servicas nnd
the faollitles of the port render services to shlps as servers. Here the
gerviced refer to hardling of cargoes (leoadimg or unlnadinlg} and facili-

tle=s to jettles for berthing of ships ar jetby cranes, mobile cranss,

-



4

fork-l1fters etc. for cargo ham 1img, warehouse for cargo storing.

A large proportion of walting-line problems that arise in practice

lnvolve maklng Jo-dslons on onc ~r a combination of tlhe Mollowings:

1. MNumber of servers at a zervice facility
2. Efficlency of servers

3. Mumber of zervice facllitles,

When such problems are formulated in terma of a queueing mxlel, the
carresponding declslion varlables usually would be number of secvers

al: each faciliky, mean Iser:vice rate per busy setver and arrival rate

at each facllity. All the specific decislons menticned above invelve
the gerwral question of the appropriate level of service to provide in
a queueling system, Decisions regarding khe amount of service capaclity
to provide usually are based primacily on twe considerakions: (1) the
co=h incurred by providing the service amd {2} the amount of waiting
for that service. It 1s, howewver, readily apparent that thase bwo consi-
deratlons create conflictlng pressurses on the decisien maker. The chjec—
tive of reducing service costs recommends a minimel level of service.
cn the cther hand, long waltlng tlmes are undeslrable, which recommends

a high level of =mervice, Therefore 1t is necessmry to strive for some

type of compromlsa.

If sdequate service facllibtles are not provided at the port for the

Incoming shlps then the formation of walting line or queue will occcour.

Thls moy ilncur penaliy coske for some ltems, Mopeover i€ this situablon
prevaila for a long time then in the long run the port



hna to lose 'customers'! becanse of poor service cowilblon. All theae
will cause loss of reverue. On the other hand, with respect to the
frequency of the arriving ships, if the facllities having toc big capa-
city are installed then there wlll be no queue but the service facillties
wlll remain partinliy cr fully idle which means excesslve capital expen—
diture, So selection of optimal service level at the port 1s of utmost

importance.

1.4 Objective aof the Study

In view of the future possible marine cangestion problem at the Chlitagong
port, management is locking for .:ome methodolegy to ascertain the optimum
capacity level of the service facilities which will be suitshle at vary-
ing situations and service conditions. In this respect the present stuly
i3 an attempt to provide an eppropriate guideline to manngement. To keep
this in mind, Lhe cbjectives of the study have been ldentified as follews:
Ba To study the current system of cperation at the rort amd
datermine the behaviours (Alatribubion)of the different system
characteristics (parametera)
b. To select the appropriate queuelng medelz for the system
Ca To develop a suitable cast model to determlne the optimal
mimher of Jetties with appropriate service level to ensure

maximum net incremental reverue at different nean acclval
ratea of the shipa:
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LITERATLEE SURVEY & DACEGROUHD S5TLDX

Inltroducticn

It 15 hardly possible to avold a queue in day ko day life activities.
Walting in a queue to recelve 2ny form of service from a given facllity

is a common phensaenoh. Probably ene of th-a‘ major problems in many systems
in this scientifically advanced world is the congéstian problem. In the
soluticns of such problems designers try to minimize secver ldleness and
customer wallking time or in other werds they try to fimd out a coempromlse,
Customers mey get impatient 1f walting 15 too loeng and tims seretimes

leave the system even after walting for sometlme in the queue or may not
joln a long queue §f they are yet to joln, Thus érganizatinns locse custo-
mer® whizh in burn affects the profit margln if-proper service iz not aval-
lrble. Duk again to satlsfy the customers! demand, management needs to lmvest
more money for proeviding extra facilities. Therefore proper sclutions of these

are neecded.

Since the last few decades, quewring problems have attracted the ottention

of orerations analysts and imlustreial er:gineers: e avallsble literatuvre in
crngestion problems roveals that meny methematjos: medels heaye been dewnloped
and applled qite swecesafully. Howeyer mathematical solutions of many complex
queueing model can be formuiated, it ls somebimes very diftrisult te gec the
soluiion, somecises the solutions are infact indeterminant. The literature

shows that the rescarchers are forced to search for different approximation

method to givé afswefs t5 thdir pfoblem wWithin Sone resonable erfof gond when

exact soluticns are not available,



2,2 Characteristics of a weueling Process

A queveing proress in general has the followlng four baslic characteriz-
= Fat-H

1. Arrival process, ill. departure process, 1li. queuelng
discipline anmd iv, system stroctwre which are described An

sEhort below,

1. 'Arrivﬂl Process

Customers arrive to a service faci)ity to receive service elther from

an :Lnfipil:e source or from a flnlte source population. Arcrival may be
independant or in group (bulk} and may have pesks at diffecent times in
a day e.qs rush lhimmrg, The ar:lval precese 1s a stochastiz wwocess with
knowm or unknevm probabllity ddstribution for interrarrival time. Some-
times, newly striving customer decldes not to Joln the system zfter see-
ing' a2 long queue and thus balks. In addition, designers need tn kpow 5F
all customers are identlcal or some customers are significantly different

from others wlitlh respect to arrival time diskcibubion.

e Service or Neparture Process

. In aone systems like cyclic or tondem systems fervice procexs of one
stage becomes the arrival process to the next stage. Deparbure process
has gok all the simllar characteristica of arrival process, Like arrjival
process, the departure process 1s alsc a stochestic process which may
follow the differemt types of probability distributlons depending on the
frpe of dcrvice ntoaded by Bhe customers. PUlK AEEVISS MAY nommbimms take

place llke single service. Customers generally lesve the system aftar

Fu=,

L



recelving ‘cervice but in soma cases customer may get Impatient due

t> long walting time and leaves the queue without receiving services.

ii1. Queue Dipclpline

Cucue discipline refers to the manner in which the customers are selacted
for the zervice when a queue has -fcrmed. Generally cusbomars are gferverd
in 4 service faclllity on flrst come first servedbasis. But there are cases
of last come flrst serve or service at randon order. Priorities in servi-
ces are alzo seen in practical problems whlch may have different classcs
mnd bypes such as preemptive or mapreemptive btype. In preempt) re situa-
tion, the customer with the highest priority 1s allowed to enter service
immediately even 1f a customer with lower priority is already in service
when the higher prioriky customer enters the system. In nonpreemptive
sltuation the highest priority customer goes to the bead of the queue but
can not get into mervice until the customer presently in ssrvice ia com—

pleted, even though this cnstomer hes a lower priorlty.

1lv., System Structure’

Series or parallel arrangements of service fm:illities are commonly
found put series perallel combipatlon or metwerk of gsarvice stabions are
also seen somedmes, Multi-stagé cyclic quevelng system or line assembly
Frocess qare the cr-mplez of serles arranaetent. Thern may ke single ore
miltiple servers at each stage 1n a serles systen. TI'Ine system capacity
or the mumber of walting rooms may be infinlte or finite. Blocking of

Seryice faclilley in a secles avrangemmnt or cefusal of enbtrvy Fo A gusto—

mer may tmke place dee toe findte number of walting rooms .
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2.3 mrlef History of Work on Cueueing Theory

The queueing theory was developed in 1903 when the Danish matlhematician

A.X. Erlang worked with the problem of congesltion of telephone tra:ffictm.

S5imce then the development of the theory is continuing. Frlang published
his works ms "The Theory of Probabilitles and Teletvhone Ccnversatinns"”}.
Molina worked om trunking proble:ms end published his works as “Applica-
tion of the Thenry of Probability to Telephone Trunking Prablem”{ﬂ.
Tharmton C—Fry fubilished his works as "Probmbility and its Engincering
Uses" Which exp~aed mich of Erlang's earller mL!:c{B}'. Fellx Follaczek
did some further pioneering work om Polsson input, arkltrary output and
aingle and mulblple channel prablems. Additlonal work was dome at that
Eime in Russia by Kolmogorov and Khintchine, in France by Crommelin and

in Sweeden by Palm. Some representatives of the more recent contrimtlons
are works by D.R. Limdley on integral equations, N.T.J.Bniley and W. |
Ledermm and G.E.Reuter on time dependent =olutions, L. Takacs on waltlng
time, D.R.Cox on supplimentary varlables, D.G.;Eerﬂall on imbadded Chalns, '
I'.G.Champecnowne on the use of random walks and S.Karlin and J.L. McGreger
on birth—death procasses, Some additlonal researchers who have been wvery
productive and have provided significant works to the llterature are V.E.
Bones , U.H.Bhat,‘n.w. Couway, De.P.Gaver, J.D.C.Little, W.L. Haxwell, F.M.

Morse, M.F.Neuks, N.Uf, Prabhu, E.Relch, T.L. Saaky and R.Syski[?}.

L
2 2
Bi.ﬂwas( J, Slmaga{ 1 worked with diffusion approximation mothed for

different queuelrng model with Erlanglan inter arrival and gervice {ime

distribution. dalashmyt>: 10

worked wlth the diffusien approsimation
mathod with the knowledge of mean and varisoce of Inter ngelvyal amd

fService fime.
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Mathematiral Models and Limitations

Practical gueueing problems vary wldely both with respect to problem
formulation and the type of solutlons socught. It is sometimes very dis
fricult *o defime the exact mathematical mode]l to represent A pracHlcal
queveling problem, Az a result researchers btrled to know fthe solufions of
different tueueing problems by making some hypolhetical sssumpricns atant
the arrivzl and departiure processas amd the system strocture, Researches
on i~1elmlcﬂvian model with single ar maltiple servers have been staried
ginom the early days of research in this field. Solutions of many ma o
vian Modela are mvailable now alengwith those of some models with semi-
Harkovian process assumption and some simple models with geperal distri-
butions. Put selutions of many complex queveing models are yet to be known.
Formulation of mathematical moxfels for complicated queueing problems are
themselwves difficult and even if the model can be formulated, it 1s some—
times very difficult to get the solutlon. Many knowr resulis of guevelng
problems are avallable in compli-ated transform form which 1s very r_'-if:Fir—
cult bo invert ond some Himea mumerical approximation 1s wicd Lo invert
them. This the exact solublon of gqueueing proklems are limited to systems
wllh known probabiliby distributions fop arrival akl Aepartie s process
or to some systers with simple systom structure. Moreover, =olutions
of suwch problems can not be applied to practical cazes always abs
the practical problems do not possess the ideal assumphtlens which  are
gererally made Jduring the formulation of such medels. Theoreticasl
models are not  nlways bullt to £it the practical probleml rather {he
desiqners try. to fit the prablem to a known model. Fxact solutloms of
guoueing problems wilh general oerrival end secvice timm disteitutions,
ralti-atage series queusmlng aystems are not known yet. Howaver, conslde—

ring Erlangian distribution for inter—afrival time and gervice time a
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comprehensive work has been done in thls field for miltl-servers with
{2),{21)

palking and bw: stage cyci:l.ﬂ systems
Prchlems may be stafle or dynamic 1,e, determinlstic and probabillistics,
Practical problems are generally dynamic i.e. system behaviour varies
with time to a greater extent. liut most of the solutions avallable fov

queueing problems are for static or equilibrium conditiens.

Approximation Tecimlques

The approximations technigues are generally used to golve the practical

preblem whers analytical soluticons are difficult to find out. A conside-
rable mmber of research pspers have already been publlizhed on dlfferent
arproimailon technidques, a detalled discusslon on which 1s avallable 1n

{1}. Bhat et al. classifled different iippru-

a survey paper by Bhat =t al,
wimation techniques into three major categorlies e.q. (i) system approxi-
matdon (i1} process approximation and (411} rnmerical approximation which

are discuszed helow In short,

1. System Approximation

In thls technligue the sysbtem 1s soserved flrst arl then an approximate
quessz about the behavilgur of the original system 12 made Iry comparison
wlth some other known syskem with known behaviour. In other words, a

simplifi=d system i~ Aafiped so 25 to resomble In behavlous as closely
as possible to the original system to get the moluticm of the original

one. The uee of Erlangian dlatrlbubion to reprasont a wids verlsty of F
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practical inmput and output distributions is a type of system approxima—
tlan. Iﬂ'au;,ve\“':'i:‘i;‘":l conpared the results of mcd2ls of mulllple sepveras with
dlfferent lntep-arrlval time and service time dia trimtin:::quested an
approximate method based on lineer interpolation to get the walus of
modal far multiple servers with Erlangian lnterarrival time am)

{17 compared the results of

sorvice time distritution {E/E/S). Maaloe
gingle and multiple servers with exponentlal Interarrival amnd service
bl {M/M/1 arx! H/M/3) and got a simple relation and suggested an appro-
dmation technlgque for multlple server wlkh exponential Inter-arrival
tim= and Erlanglan service time distribution (M/E/S),. Cosnatatas" 4) waed
the similarity of waltlng line curves against co—efflcient of wvarlation

for two systemz to get an approximablion for multiplke servers with Genmral

Irdependent interarrival tlime and expomential service time dilstribuation

{GI/M/8),

1l. fProcess Approximatlon

In this approximation technique the process 1s slmplifled to get zome
approximation resalts. Thus in fluid or diffusion approximation the

discrets mpature of customer flow through the system 1= replsced with

cadllmicus flow to get the solution, This approximatien technigque will be

dizcuzszed 1n detall in the rextk sectlon.

111. Mumerlical Appcoximatlion

It 1=z the technlgque of manipul.ting the attual arithmatlical expresslons

lealing to an svaluatlon of certaln measure.
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2.,5.1 Diffusion Approximation il?thnd and Diffuslon Equation

Feal 1ife queu=ing prnbl_.m are stochastic in nature. If measuremants
of certaln pacmmatars of botl. arrival mand departure processes are Com
sldered on successive dsys, the measurements will differ. That is the
patmmeters will Fluctuate around thelr mean values and with time these
flactuations will vary, Tha fluid flow sppreximtion of queueing prob-—
lems consider=s only means of arcival and deparbure processes. This
approximation of queueing prablems can be lmproved 1f the Instantane-
ous variations in arrival per unit time ard deparfure per onlt tine
can b8 included in the mathematical medel, Diffumsion approximation
method 1s suwch & technique where spuch variations are included along
with the means. A considerable number of research pupsrs have so far

(33 (5) L4180 ,(19)

been devoted on this toplc. Iglehar y GAavar T, Hewel

'up-' ) y did the picnearing research while the method 1s further developed

by other cesaaccherst 21 #0611 (100,090 ,(1,020), (163,021 ) o0

Jete dlecussion on both fluld aml diffusion spproximation technique is

(19 are! a short but compretensive descriptlon aboutb both

{15)

avallable In

tha methods is given in « The diffuslon equatlon is derived basing

on the assumptions =il discussions made 1in {2}'{?}’(9}.

-
=

Ih diffusion approximation method,the discrets queuaing process 1a
replaced by a contirmous process in such m way that the char.cteristics
oFf the original process ace not lost, Let Pnl‘. t} denote the time depan-

dent probability that the mumber of customers in the system, H(t), at

time t 15 n, The diffusion approximaticn methodology suggests to replace

tho dlscrete varishle Mit} by a contlmicus variuwble X(t}, in & mannes

which allows recovery of estimates of P (t) from the knawledge of the

’

& others



density function, fix,tl.dx = P_ [: LX(E) < x + .1.:} of xit).

Sincm, by asmmption mada in 2

fix.t) satisfies the chapman = Kolengorov forward aquatlion ox

Fokker=Plark equation amd the followlng equakion ia obtalned,

Z

u'!wru,ﬂ:fx) and A (X}, respectively, the mean and the
varlance of the instmmtaneous change in X(t) given that’
X(t) = x. Hathematically/3(x)and of{*) are as follows,

ey - 4 Efx@ray -x@ x| .

Ak -+ 0 At

Vare {x(ﬁmt) -x(&)] x(t)'“"f_l
Ak

0{_("21) = !‘{ e
At —»=o

Onder steady-state conditicn, 1t is obevlouws from the process that

Pn{t) and £f(x,t) do not very with t. Therefore mathematically,

L{: PP'I.[.E) = E‘L b LN
£ = oo
Lt f60) = £ OO, oo
o

E%?[fﬁqu = 0 | va-

y X{t) behaves as m diffusion process,

b8 jue (o] - BPOFED]- Ffiva) e

(2.2}

{2.3)

{2.4)

(2:-5)

(2.6}

Using the equations 2,5 . & 2.5 - ' in the equation 2.1 the fallowing

eguat]on 1 obbtalnad for steady atate condi tion,

%.i£é[AGEny¥ﬂ-_iiE{ﬁ@@.fGQJ:;D  eea

(2.7}

APplying*Central Limlt Theorem! to the srrival process and the depar—

ture process, it can be shlt::ﬂi-m":z:'’lw:l that



15

for 0¢x&S, [E)= D FT cee (2.8
o (%) \’55" + i/u' 5 vee  (249)
far - LY S, ﬂ.@c) = 7y — S eee  (2.10)
L (=) = ;"}36;?‘* 5/‘2) 5:: ew (2,10

where,

5 = the rumber of servers

tre mesn arrival rate

L3

varisnce of intear—arrival time

[

;om
A = the mean servica rate per busy server.:
Ga

O

varianca of aervice time,

The uss of aquations {2.7 to 2,11 ), after appropriste integrations,

gilves the following 1:1:31.111-_5':“”L

=
- 3 v B 2% (2.12)
fo - w Bt ] Bl e 1
far O L 4EDS

EF —\;‘N 1
f@) Hy E“PL 2( Ef"“'ﬁ*%ﬁl i)J e (2.12)

fr xS

1=
where, ) Pt i
U = %ﬁ{ G—i‘?)’!‘il
/% 5 . |

;| 1 H, are the comstantsuaf integraticn
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{2),(9},(21)

The procedure of calculating H, and H2 18 glven in

1
canaldering continuovs criteria and discretization criteria,

& and Slmnga{zi} discugzed abeout the aysten of multiple

Blewan
servers with Erlangian intersrrival time and service time distrib-
tion (E/E/5). when Erlangian dia'l:rlbut:l.nnl iz congidered the mathema-
tical expression betomes more simple and the system can be stvdiz? for

dAfferent vwtilization fackors.

245.2 Slmulation

Simulation ls generally used to solve practical queualng problems
when exact rmsults are not avallahle, Simulatlon, a type of experi«
mentation, needs many repetations to get the results within reascnable
erTor rlmita ard hence consumes enough computer time. Moreover, the
reszults obtained are approximate cnes and differemt btypes of tests are
neadd to be pade to find cut the relianility of the results umd the

mﬂli

Simiation, which 1s called the management leboratery, 1s the bechnique
to Imitate the reality, It determines the sffect of a mumber of alterna-
tive policies without dimturbing the real syst=m and helps to select the
best policy. Many impartant managerial declsion problems are too intri-
cate to be solved by mathemntical progranmireg el experlimentation with
the actual pystem. Even 1f it inm pogaible, it 1s too costly and risky,.

Simileticn offars the solution by allowing expeci menbation witis - ol

T —
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of the system without interfering with the real system, Simulatlon

1= thus often a by pass for complex mathematical analyais. Simula-
tion models =rn comparatively flexible and can be modlified ‘o accommo—
date the changing emvironment of the real situation,

A sirulation model can be considered as consisting of two basic phases;
data generatlon and bockkeeping. Data generatlon invelves the production
of representative arrlval of customers and thelr service times where
needed throughout the queueing system, Generally thls involves producing
representative observations From preapecified probabiliby distributions
and this aspect 1= termed as Morite Carlo. Thus & Monte Carle simulation
i3 one in which 1t 15 npecessavy to generate at least one skream of tan-

dotn cbservabions from some apecified probabllity distribution.

Monte Carlo method of simulatlon 1s a very Important teol to simulate

the system charanteristics. A detalled deseription and mothodology of

applying Monte Carle simulation technique are given in 7N ,I'.B],{‘!.E],[Ez}_

{i0a, 10b)-.

The approximation bechnlques are not mathemablcally scurd alwsya Tt LF
exgerimentstion proves them usefull, these methoda cen practically & used,
In fact, engineers and system designers remaln satlsfled with approximate
tectmiques if those techniques glve some answers bo thelr problems wlthln
game reasonsble error zone when exact results are not avallahle. Jlowever,
when simalation method i{s used as an approximatlion method, the validlty of
the similation ia to be tested, Important worka on valldation are included 1n

ref, 4a, 1l7a, 19¢. 194, 22a.
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Sometimss hish.:-rical data are ussd to bulld a medel and then model oubput
data are compared with the carresponding historical output data. If the
agreement 1s not good, the paramaters or tha structure of the model ars
manipulated ard the resulting cutput data are agaln compared with the his—
torlcal data. Thls procedure ; which is termed az callibration of a model,
is contlrmusd untll the two data sets agree closely.
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3,0 DATA COLLECTION AHD AMALYSIS

3.1 Imtgotactlon

In ordar to develoD any kind of model for a system, the respective para-
meters mist be known. In this chapter the relevant data collected from
the traffic departmant of Chlttagong Part Authorlty regarding the history
of shlp hendling ai the port have been analyzed to determine behaviour of
the following parameters. These parameters will be the basis for the devew

lopment of the appropriate queu dng models for the system, Farameters are

1}
11)
1ii)
iv}
v)

vi)

viii)

Arrival of shipat the port

Departure of shipfrom the port

Walting time of shipsin queue

Service time to szerve & ship at the port
mmber of shipsin queue (queus length)
Humber of shipsin servlce {in the berth)
Humbar of shipin system

Waltlng time 1n system

Carge handling at the port.

3.2 Drta Collectlon

The data of the ship hamdling histery which includes the arrival date,
the date of startlmg services, the date of departure from the port, Lis
type of cargo hemdled, the amount of carge handied (loaded-unloaded) was

collected for a peciod of 5 years {January 1980 to December 19B84). The

Tollowlng format was used b collect data:

If
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DATE OF | TYPE OF AMQUMT T
g E;F'ALF STARTING g;iikggm CARGO" CARGO HANDLED,
SEAVICES HANDLED LOADED=UNLOADED

During data collectlon only general cargo ahlps were considered as 81%

of Eihil:ﬂ camlng to the part are of this type (Table 3.1}). Tln [xesent

stady 1s restricted to the facilitles of general cargo port only i,e.

it excludes the facllities of tanker terminals, cement clinker jettles,

gllo jetties and Tripple Supsr Phosphate jstties.

TEAR ]
h 1978-79 | 79-80 | 80-81 | 81-B2 | 82-83 | 83-84 ;g::; %
OF SHIP
General
CATTO 694 : %7 735 RO 737 727 | 4420 | B1.2S
ship
o011 , .
Parkor 43 57 64 57 51 44 | 35 | 5.91
Others 109 119 a7 | 184 118 B7 | 704 | 12.94
Total B46 . 943 BB | 100t | 906 850 | 5440 | 100

Tab. 3.1 t Year-wise break up of kypes of ships
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3.3.1

Data Analysis

The data of different system parameters are analyzed to determine

he mean, variance and standard deviztion. Teste are applied to check

the goodness of Fit of the probability disteibution to the behavicur

of system paramsters,

hnalysis of Arrival of Ship at the Port

The YEar —wise arrival higkory 1s glven in Appendlx A=1. Calculated values

of Polsson disbcibution of probability & Chl-Sguare test are gliven below:

E?‘RSI:I?; ORSERVED ow Pngﬂn:cr EXPECTED  |EXPECTED | CHI-SQUARE
PER DAY FREUEHCY MEAN VARL ANCE PROBARILITY |\FREOUENCY VALLE
(3 () (2)(0) | (X%} (o) p:x}-&gh”_ (B R
0 248 - - 0.131322 240 01500
1 502 502 502 0.266597 487 0.4520
2 am% 952 1904 | 0.270810 | 294 0.6559
3 324 972 2916 | 0.183122 | 335 0.3612
4 157 (18 2672 0092933 170 Q0.0529 "‘
5 T2 %0 1RO 0.0377358 69 De1304
& 29 174 1044 0.012768 23 1.55652
7 7 49 M3 D.003703 i 2.0000
B 4 32 256 0, 000940 2 2. 0000
1327 3709 11437 |27 5.3777 |




Mean arcival iate, y = —3'1%3??— = 2,0301 Ships per day.

1827 x 11437 = (3709)°
1627 x 1826

Yarlerce, - = 2.1338

Standacd davlation, » 1.4628B 3Ships per day.

Degreesuffraedcm,\p m S =1=1=7

The critical value of Chi-square for 7 degrees of freedom at a signi-
ficance level of 5% ia

-
XC?'J = 14,067 {from statistical tahle}
.05

Jince the calculated value of Chl-square 1s less than the critical
_valua, 80 the polsson dlatribution of probsbllity provides a good fit
to the distribution of arrival of shlp to the port at 5% sinqndficance

Jeval. The observed mnd expected frequencies ave shown in figure 3.%I.
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dudal2 Analysls of Departure of Shljs from the Port

3233

The yesar-wise departure history 18 given in Appendix A-2. The
following values are cbtalned far the departure precess using the

Sgme procedurs as uzed ln arrival proces:z.

Mean deparbure rate = 2,018 Shipe pur da-y

¥ariance - 2,135

Standmrd deviatlon = 1,451 Ships per dery.

The Chi-square test ahows that the poiBeon distributlon of
Probabllity provides a good €1t to .the distribution ¢f departure of

Ehlp from the port at 5% slgnificarce level. The cbserved and expected

frequencles are szhown in flqure 3.2

inalyeis of Service Tlme of a Ship

‘Year.wise histary of service time of ahip is given in Appendix A=3.
Exponential dlstribution and wWeibuil distribution of probabllities
are assumed for service btime distribution per shlp. Calculated values

of exponential probability distribution & Chi-square test are diven In
table 3.2.

o ——

LTl

A
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1 2 3 & | 5 ; 6 7

20 - 21 ‘ 17 | 348.50 ' 710425 | 0.9609 ; 24 2,04 |
21 = 22 % . 344,00 7396.00 0.9665 20 c.80 |
2z-23 | 1 318,00 78750 | 0.9713 : 17 052 |
23 - 24 17 | asss0 | ssess ! o.e7sa | 15 0.27 |
24 - 25 11 i 269.50 'r 6602, 75 ,! 0.9789 ‘ 13 0.31 |

£ - 25 13 | 321,50 | B453.25 ' 0.9819 | 11 0435
25 w 27 & ' 159.00 ; A213,50 @ 0.984% : 9 1,00
27 - 28 15 412,50 ;1134175 | ouome7 | 8 6.23
28 - 29 5 14250 | 4061.25 | 0.9885 7 0,57
29 - 30 11 324.50 ! 9572,75 | 0.9502 6 4,17
30 = 31 g 274,50 | B3IT2.25 i 09515 3 3420
37 = 32 4 426,00 ! 3969.00 | 0.5928 4 0,00
32 « 33 & 195.00 | £337.50 049939 4 .00 |
33 - 3 5 #7750 | 5611.25 0.9947 3 133 |
34,-35 | 2 198.00 | 4761.00 0.9955 3 0.33 |
35 - 3% | 3 0 106.50 [ 3780.7 i D.9%1 ; 2 0.50
36 - 37 1 { 36.50 I 132,25 | 0.9567 ! 2 0.50 |
37 = 38 1 j 37,50 1406 .25 0.9372 2 0.50 j
38 - 39 1 38.50 1482.25 0.9575 1 0400 1
39 w 40 0 0.00 0400 0.9979 1 1,00
43 = 41 _ 1 40.50 1540,25 0.9982 1 0.00
4~42 1 4,% | 1722.25 09985 1 0.00
42 ~ 43 i 1 42.50 | 1806.25 0.9987 1 0.00
43 - 22 1 2 87,00 | 3784.50 09989 1 1.00

Table 3,2 @ Continued
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Deqrees of freedom » 50 = 1 =1 = 48.

The critical value of Chi=-aquare for 48 degrees of freedom at 5%

level of ajignificance is

A
¢
T .
X (a48)= 66413 (fram the table by interpolation)
o.0% .

Chi-aquare test shows that the exponential diskribution of probability
does not peovide = good fit to the sgervice time, The chsarved and expec—
te-;‘.l frequencies are shown in the figures 3.3, 3.4 on the basls of exponen—
tial distribution, Fig. 3.3 ir far discrete valveu and fig. 3.4 1s for

probability denslty function.

Welbull distrilution covers a wide rangs of probability Adistribuklon.

Alse Kolmogorov — smirneov (K-S) test 1s more powerful test than Chi--criunro
test as (K=8) test uses expected and observed probabllities where as Chi-
square test vaes expected and obferved frequenciez. Hence Welbull i =iri.
bPution and {K=3} test are applied to check the goodness of it of the
distributlon of the service time of a shlp in the port. Calculated

values aof Welbull probahillty distribution and k=S test are givan an

Table 3.3.
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aile 3.3 : calculated values of Weibull probability distribution

& Chi-square test

!Claﬁs Time ! ! ; = . 5 . . i F= Fu o £ {K=5) "
G rrewery 3y g JebtTee | ny ‘f;{ )t lH—fr{t}dt e :i;'a::EuT H
| ? | | 2
| colsa | Col-2 | col-3 | cold Col-SS3=8 ol | Col-T col-8  cales |
; 0-1 352 | 3662 2485,0 0.10157 | 0,20157] 0.095 | 0.1367 ' 0.0401 *u
| 1-2 455 | 3308 3080.5 0.14770 | 0.2a928] 0.2206 | 0.2548 | 0.0341 | .
| 2.3 487 . 2883 2509,5 0.18662 | 0.43590] 03533 | 0.3%7 | 0.0003 |
3.4 363 2366 2164,5 0.166%6 | 0.60207] 0.4523 | 0.4446 l 0,007 |
4k 311 2003 1847.5 0,16833 | 0.77041) 05371 | 0.5206 | 0,075 "
5 =6 284 1692 1550.0 0.18322 | 0.95262! 0.6146 | 0.5861 | 0.0284
6 =7 225 1408 1295.5 017367 1,12731] 0.6761 D.6427 | 0,0333
T-8 195 1183 1085.5 0.17964 | 1.30595| 0.7293 | D0.6916 ‘ 0.0377 |
8-9 171 988 - 902,5 0.18947 | 1.49642| 0.77%0 0,7338 | 20,0422 |
9 e 10 140 i B47 747.0 0.18741 168384 Ue5H3 0,7T702 | D.0841 |
| 40.- 11 e | e77 634.0 0.13564 | 1.81949 |- 0.837B 0,8016 : 0,0362
n-2 ; 0w 591 55145 0.14324 | L.96273| 0.8595 | 0.8287 | 0.0307
2-13 : B3 : 5e2 480.5 0.13111 | 2.0938 | 0.8767 | 0.8521 . 0.,0246
B | ss 449 419.5 0,14064 | 2.23445| 0.8929 | 0.6723 | 0.0208
“weis | 56 | 390 362.0 1.15469 | 2,38948| 0.9082 0.8898 ; 0.0164
15 - % ‘ a2 | am 313.0 0.13418 | 2.52337] 09198 | 0.9049 | .09 |
I 1B -17 | 4D ! 292 272.0 0.14705 | 2,67043| 0.9307 | 0.917% | 0.0128
17 - 18 ‘ 29 | 252 237.5 0.12210 z.-rgzsai 0.9387 | 0.5291 00095 |
' Contd,

g



Colnd I Col-2 Col-3 | Col—4 | Col-5 | Col-s | Colw7 Col-8 Col-H
| i ; i !
a9 | 27 223 208.5 | 0.12887 l 2.92141 | 0.961 | 0.9388 | 0.0073
920 3 28 196 | 182.0 | 0.1538¢ | 3,07525 | 0.9538 | D.9471 | 0.0066
20 - 21 17 B8 | 1o | o.1065f | 3.18134 | 0.9580 | 0.9544 | 0.0040
21 - 22 o 151 |  143.0 0.11188 | 3.29373 | 0.9628 | 0.9606 | 0.0022
22 - 23 14 135 i 128.0 0010937 | 3440310 : 0.9667 ! 0.9660 | 0.0006
23 - 24 17 121 I 112.5 D+15111 | 3.55421 0.9713 | 0.9706 0.0007
24 - 25 11 104 | 98.s 0.21167 | 3.66508 | 0.97a | 0,976 | 0.0002
25 - 26 13 93 B6 .5 | 0.15028 | 3.81617 G.9779 0.9781 | 0.0001
2 - 27 6 BO . T 0.07792 | 3.89410 | 0.979% | 0,9811 | 0.0014
27 = 28 15 74 | 6645 0.22556 | 4.11966 | 0,9837 0,9837 | 0.0000
28 = ¥ 5 59 | 5645 0.0B849 | 4,20815 0.,5851 | 0.985% | 0.0008
29-30 | 11 54 | 8.5 0,22680 | 4.43496 | 0,9881 | 0.9878 | 0,0002
30 - 31 9 43 ) 4p,5 0.23376 | 4.668B72 0.9905 0.9835 0.0010
| 3132 4 .34 . 32.0 0.12500 | 4,79372 | 0.9917 | 0.9909 | 0.0007
| 32 32 | € 30 | 27.0 0o22222 | 5.01594 | 0.9933 | 0€.5921 | ©.0011
33 - 34 | 5 24 21,5 £.23255 | 5,24850 .r 0.9%47 | 0.9932 | 0,0014
| 34 w 35 4 19 17.0 0.23529 | 5.48380 | 0.9958 | 0.9941 | 0.0015
35 = 36 3 15 13,5 0.22222 | 5.70662 | '0.9966 0.9949 | 0.0015
36 - 37 1 12 11.5 0.08595 | S.79297 | 0.99%69 | 0,9956 ! 0.0012
37 - 38 1 11 10.5 0.09523 | 5.8A%21 | 0.9972 | 0.9962 | 0.0009
38 - 39 1 10 9.5 0.105%6 | $.95347 | 0.9975 | 0.9967 | 0.0007
39 - 40 - 9 9.0 0.00000 | 5.99347 | 0.9575 | 0.9972 ; 0.0003
1

—

Table 3.3 : Continued
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Cal~-1 col-2 Col-2 | <aled Col-5 | Col6 ' Col=7 col-8 Col-9
i ' H
40 - 41 1 3 1 85 0,114 | 6.11112 | 0.9977 | 0.9975 | 0.0002 J
41 - 42 1 B ' 7.5 0.13233 | 6.24445 ! 0.9980 0.9979 | 0.0001
42 —-43 1 7 | 6.5 0.15334 | 6,39830 | 0.9983 C.9982 | 040001 |
43 - 44 2 & ; 540 0,40000 | 6.7983) | 0.9%88 | 0.9984 | 0.0004 f
i 4e-as | - a i 4.0 - §.79830 |° 0.9988 | 0.9986 | 0.0002 f
a5 -a6 | - 4 : 4.0 | - ! 6.7m830 | 0.9988 ! 049988 | 0.0000 |
| 46 =47 2 4 : 3.0 | 0.56666 | T.46456 | 0.5994 | 0.9950 | 0.0004 |
1 4748 . 2 b 20| - 74609 | 0.9994 | 0.9991 | 0.0002 |
1 a8 - a9 2 I s | 0.66666 | 8.13183 |  0.9997 | o.59e2 | 0.0004 |
% 4950 | 1 i D3 l| 2:00000 | 10.13163 | 0.9993 i 0.9993 i 0.0005 ‘
Reaults from Welbull peobability paper shown In flg, 3.5,- are’ a5 Ffollows:

0.58 3 1.0

6.8 days per ship
Oal)

6.8 days nar ship

where, ,G -
}z- -
?’...
e

Mean +valus

Shape parsmeter cor Welbull Slep
Scales maramster or Characteristic life
Location parameter of Minimum life

v
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’

The calculated lFargest {K-SZ; value is 0,0441. The critlical (R-5) value
far n = 50 at 5% level of significance 1s 0,0%933 (from (K=53) table},
whirh shpws that the service time disbtribution follows tha Welbull dis.-
tribution of probability with /5 = 1.0 & ’.z = 6.8, Therefore it 18 conclu-
ded that the service tima follows the exponsntial distribution of prababhi-

ty wlth 5% level of significance, The observed and expectad frequencies

are shown 1n flgure 3.5,

Wy

R
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323.4 Annlysls of Walting Time in Cneue

The exponential distribution of probability amd the Weibull distribue
tion of probabllity nre assumed for walting time in queue. “ilse
hstory of welting time of ship in queua is given in Appernidix A-4 The
following values are determined for the walting tims of ship in the

queue, following the procedure used in 3.3.3,

Meen walbting 1n queve « 2.B69 days per ship
1 1 e~

Parameter, o0 = Vean "~ L& ~ 0.3485 =ship per day
Varianen, w 14,115
Standard deviation w 3,757 days per ship.

The Chi~square test shows that the exponential diitritution of probabie
lity does not provide a good .t to the walting time of shilp in queun

at 5% significance level. The oboerved and Lhe expected frequencies nre
shown in the figures 3,7, 3.8 on the basis of exporential distcibution,
Fige 3.7 1z for dt=crete value of probabillty and fige ep is for pre-

bility density function.

Welbull parameters, are estimated graphizally by Wellull Probaldllty

Flotting Hethod, shown In Figure 3.9 and they were,

ﬁ = (Q,7

= 2,35 days per ship
- U‘-U

4
/u_, = 2,8 days per ship.
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Observed cumulative percent prababifity
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Fig-3.9: Weaibull paper plotting for waiting time in queue
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The (K-3) test shows that the walting time of ship in queue fullows
the Weibull distribution of probability us.th/a = 0.74, % = 2,35,
y - G.G,/L(. = 2.8 at 5% significance level. The observed and ex-

pected probabdlity are shown in figure 3,10.

analyels of Numbar of Ships in (weue (queue length)

The Welbull distribution of probabllity ls agsumed for the mnumber of
ships in queuve. Year-wise hl: tory of queue length 1= given in Appendix
A=5+ The following values are cbtalned for the number of sl;d,ps in mizue

ujlng the procedurs as followed in 3.3.1.

Mean queuve langth (Lq) =  4.820 ships -
Variance = 13.9%

Standard derlatlon = J.999 shipa : -- ",

Resulbs from Welbull probabliity paper, shown in figure 2.11 an

followns

ﬂ: ‘1.5,'2:5.'?5 ahlps 2? 'DVLL. 5.1% =shdps . .

The (K—8) test shows that the rumber of ships in quewe (qusue lengtih)
fallows the Wellull distritution of probabiiity with ﬂ e 1.5, % « 5,75,
‘E’] = 0.0 &/&( = 5.1% at 5% signiflcance level, The ohserved aml expactend

probability are shown in flqure 3.12.
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Fig-3.11 Weibull paper plotting for queue length
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3.3.6 Analysis of Number of Ships 1n Service

The normal dietrilbutlon and We, %ull distribution of probabilities are
assumed for the mumber of ships in service. Year wwlse history of no.
of shlp in service Lz glven :Ln Appendix A=5. The following walues are
chtained for the numbar of shipa in service usirg “B~ procedoin ns

followad in 3.3.1.

- Memn no. of ships In service = 13,414 ships @
Yariance = 13.643

Standard deviatlon w 3,694 Bhips |

The Chl—square test shows that the normal distributicn of probabllity
does not providesz a good flt to the number of ships in service. The

ahserved and expected frequencies are shown in figure 3.13,

Nesults from Wellmll Probability Paper, shown in figure 3.14 are as

follows:

/3 - 4.1

'}Z m - 15.8 shlps

3) = 0,0
/L!_, = 14.5 ships - - 12

The (K=5) btest sham that the mumber of ships in sarvice follows <he
Welbull distribution of probability w.tthﬂ - 4,1, ?Z = 15.8 at 5% level
of zignificance. The observed and expected frequencies are shown 1n

figure 3,15
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Observed cumulativ percent probabifity
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3,3.7 Analyeis of the Mumber of Ships in System

Normal distribubion and Weibull distribution of probabililiss are

. e
asmumed for mimber OF ships in system.Year -wise history of numbrr
of ships In system are glven in Appendix A-7. The following values
are obtained for the number of ships in system using the same proce-

dure as followed in 3.3.1.

Mean number yi ships-in the.system (L) = 18,2519 ships .

Variamue « 13,32

Standard devlatlon = 6.58 ships

The Chl=aquare test showa that the normal distributlon of probabillty
does not provides a good fit to the number of ships in the system. The

observed and expected frequencles are showm in figure 3.16.

Results from wizibull Probability paper shown in Figure 3.1% u-r'r:e am

fFolloms:

/3 = 2200

121 w 44,6 ships ¢

3) = 5,03
AA- = 18.83 ships

Calcvlations for ?? are given in Appendix A-7. The (K-8} teszt shows

_ that the nurber of ships in the system followa the Weibull distributlon

o probabliity witn('j - ¥.5, '2 w 14,6 & ¥ = 5,83 at 5W level of sig-

nificance. The observed and e(pected frequencles are ghosn in Fioure 3.18.
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Observed cumulative percent probability
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3.3.8 Analysls of walting Time of Ship in the System

The exponential and Weikull distributlensof probabllitles are assemod
for walting bime in the system. Yeatt ~wise history of waltlng time in
the system are given in Appendix A=-8. The follewing values arn obtalinad
faor walting time of ~hipsin the system using the procedure as follawed

in 3.3.1.

Mean walting time of ship in
the aystem (w) = B. 7477 days per ship
variance = 65,0534

Standard deviation = B.0S56 days per ship.

The Chi=Square test shows that the expopential distribution cf probe—
bllity-does not provida a good fit to the walting time of ship in

system at 5% level of significance. The obaserved and expected Jrequen-
cles are shown in fiqures 3,19, 3.20 Figure 2.19 for discrete values

ard figure 3.20 for probability demsity function

Results from Weibull Probability paper, shown in flgure 3.2% are as

follown:

/}, = 1.03
Ja = 9.0 Adays per ship
Yy = 0

/(,L w 9.0 days per ship

i (h-h} CRER ARGWE cthat the Weibuiil distribution of poobnlafiid:

poovldes a good- £l ko bthe walbing time of shilps In systen Hith " '.T..'Da.,

%ﬁ- 9 whick is actvally the exporential distribution of probabillity.
observed el expocted frequencles’ere shown In figure 3.22.
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3,3,9 Analymls of Carqgoe Handling at the Port

The Welbull distribution of'probahility is assumed for the carge
handling in the port. The following values are cbtalned for corgo
handling per shlp at the port using the same procedure az Followed

i:I'I 3.3.1-

Mean carge handling = 3421 tons per ship
Varlmsnco = 16,010,017

Stendertdt deviaticon « 4001 toms per ship

Results from Welbull Probabllity paper, shown in figure 3.23 are an

Follows:

/3 - 0.78

72 = 2850 tons per ship
v a0

/tb = MO0 tons per ship

The (K-3} test shows that the Welbull distribution of probahility
provides a good Tt to the carge handling in the port with f} = ,TH,
'2 = 2850, ‘a) w0, /ta(.- 3400. The cbsarved and expected probalility

are shown in the figure 3.24,

e g T
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DEVELOFMENT OF A MATHEMATICAL QUEUEING MODEL
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Aapirabjon Lrevel Model for the System



»

FRE

4.0 Development of a Halhematlcal CQueueing Model

4.1 Inltroduction

In thla chapter an appropriate queueing model 1s selected on the

basls of the statlstical analysis carricd out in the prececding chap—

ter. The system parameters are then calculated and various aspechs of

the system are analyTed. Yalues of systen parameters of thé model are come

pared with the chserved valves - to check tha effectlveness of the selected

maalc

4.2 Salectlon of Queuelng Hodel for ihe System

The follewing informatlons regarding the different characteristics of

the system urder study have bemn cbtrlned from system Stedy and daba

analysis:

1.

1511,

iv.

Y=

Input or arrlival disteibution
Service tims Aisleibutleon
secrlce channels (Jettles)

Service discipline

Maxcimmzn mamber of cusktomers
allowed 1n 5ystaem

Calllng source

Folason
Txpane.clal
15

Filrst come, first served
{FCFS)

Infinite

Infinlte



Gl

-It appearas from the nature of the six characteristics that the system
in question 15 a mitiples servers queuelny model with Infinite syatem
campaclty and infinite calling population having Hie service dlscipline
aof first come first served, The model 1n [fsndall's notation may be

repesented as

. M/ FORES/0C o

The model assumes conatant mean arclval rate and mean service rate,
That 1s, thesa rates haye been assumed to be lndependent of the states
of the system. This assunpbtlion is guibe walld for the =sltuation at

Chitbmgony port. The cate d.ingram_;:nf-the modie]l has been shown in figure 44

AN » DD 9
State of thae system W . .159 @ éﬂg
J— - _ d_.-;' R - —
S s g

G-

Flg. 4«1 : Rate dlagram for M/M/5 @ PCFS/fos/o=C

The different sy:tem parameters of the medal have been calculabed using

the followiny mathematical fermulee, under steady state conditlens:

F = } —{""—M-'-'l-l' {%]. 1'} e . 4.1
Q e nl 1=¢

P - "'"";ﬁ— - P.' m'.iEn U él‘l _‘4_5 am ne & 4;2
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L
H’q - ﬁ“ [ FR ] "EX]
1
o ] “':I'l- pre raw e
1 2
L L )’JH L h(“q"' /.A'_} - I-lq+ /{.l.- T [ TR ]
X = (1= F) x 400 aaw nw Y
where,

p = nteady atate probabllitles of exactly n custemers

in the system

5 = mmber of parallel asrvirs

n = mumber 6f customers in the system

L « mean nunber of customers 1n the system

w~

Lq - mean number of customers il:r: the queus

H - mean walting time in £he system
Wy = mean walting time in the queue
N -~ masan arcival rate {no. of cuntomera arcival per untk time)
-_“:. ~— mean service rate per busy server (no. of customers
A served per unlt time)
{O ) -?—/JE ~ wutilization factor for S service facilities

Calculations of pystem pu'm‘l:url'l using the model
N/1E 2 PORSfoc/oc

Alimer ARaY, @ w10, Sy m 203 ehips e dmy

1 .
s m G.48 deoys per shi
-#— r - w P

4.3

4.5

4.6

I



- e

I

G&

P
then —<— w 2,03 x 6.46 = 13.114
/IA'_ R
» 2.03 x 6.45
‘..O ol 77 2l 3 = (.874
X = ['1 = 0,8} x 100 w 2.5
: -1
o o 1P _waw” | (Baw® 1’
o ;b nl 151 "1 . 0.874
= {1+ 13,114 + 685,99 + 375.88 + 1,232,34 + 3.232.17 +
7,754.45 + 13,234.75 + 21,695.06 + 31,612,12 + 41,456.13
+ 19,423.24 & 54,011.37 + 54,405,011 + 51,036.68 + 354,125,770
. 1
683,005,274
- 1.464x m-ﬁ
(13,114} Ox 0.874 &
Lq = 251 1 n.a;ﬂ.} X 1.454,10 = 3.6 ships per day
. 3,68 )
= ToY = 1.77 days per shlp

W o w  1.77 + B.46 » 8,23 daye per ship

L = 3.6 + 13,114 = 16,714 ships per day.

It is very im;m-tant‘tn mention here that the system under study has

two restrickions, such as (i) tﬂe restriction =nd (11) draft restric-
ticn. As mentloned earlier, the movement of ships (customers) from the
outer anchotage to the port 1s dependent on the tide and dcaft corvell-~

tlons.,



L

s

67

éut because of nonavallabllity of the required data regzeding tide

tid draft the correspording restrictions could not be incorporated

In the modal, However, thelr influences are reflected in the form of
higher ch3erved valuez of some of the zystem parmmeters as shown in
tahle 4.1+ Flg. 4+1a also demonstrates the same fack. The percentages
of deviation between obgerved values and madel values of Lg and Wq as
shown in table 4,1 are relatively high, This is quite expectod Hecause

these parameters are directly affected by the tide and draft comlitions.

Howevor, Af the expected waitlng time In the system (W) and expectd
walting time in the queve (4q)} are compared, then it is cbserved that:
W 1z much bigyer than Wg, only a fraction of which 1s the time lost
dve to the tide 2and draft restciction. So it may be concluded that the

medel 1s not greatly affected by this restriction.

System parameters Observed values Modal values B of deviation
Lq 4,825 d.5 25.39
Wq 2.869 1.77 38.30
I~-Lq 13,424 14114 2230
L 18.252 16.714 B.d426
W 8,748 5.23 5.92
P, 0.00 1,464 x 1077 :zgiigible

Tmhle 4.1 : Comparison between ohserved mnd mode) values
of system parameters.
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Far the model M/M/S 1 FOPS/oc /oo the probability densily funchtion

aof walting L.ime in the system (') 1s as follows:

g - )
p - AT - —aefomt-ZIT]
W'LTJ'::/{L.EAA‘}C,_._ L‘/—E_)/LL 10 | - e_/:‘f_ ‘/(J ﬁ-- f4.9)

(=i (__S—ia_:f&) o4 3—%
-E-o*r TR0

The derlvation has been glven in Appendix 7.

An idea about the relalbility of W in indjcating the actual time
customers welt may be cbtained by computing the probabillty that

customers will walt more than W; that is,

o
P{’E)m = 1-1 W) ax
ol 0
B.23
" 1-! WY dt acn (4,10}
]

W o B.23 days per shdp (model value)

-l

Osing the values of system parsmebers, the probability denslty func-

Hlon (Equation 4:9) for the system under study 15 as follows:

WOT ) = 0.2a557 e0 1548 | o g0 ~OW29195T oy 4y

Using eguation 4.11 in equaklon 4.10,

Ly
e



o

i)

4

.23 -
P{C7 84231 = 1 -I.E {D.HES? O BAET 4710 e'ﬂ'zgﬂﬂ|m;
’ 0 -

B.23 - 8.723

- - 0.24557 | Ty | ¢ OV \ 2T
I

= 0.3907

This means that under the service discipline of the stated model

39,0T% of the customers willl walt more than average waiﬂ.ng Elme Wa

The behaviors of the parameters Lq, L, Wa, W and X are 2iudies for
different sltuations l.e. for different mean arrival rate {2 ),
different number of servers and constant mean service rate an:'lr shown
in figures 4.2 to 4.6.When both the mean arrival ;:ate and mean service
rate are changed,the parameters are stu;.died for dlfferent traffic

?”- ) wikth different mumber of servers mnd shown in figures

f""‘"
4-1 to 4'9 -

intensity {
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Aspiration Level Model for the System

The aspiration level movdel recognizes the difficulty of estimatling cort
Jacameters, and hence 1t 1s based on a more stralght forward snalysis.
It makes direct use of the operating charackecistics of the aystem In
decidlng the cptimum values of the design porameters, Optimaliby lern
15 viewed in the sense of satisflyirq certaln asmirabtion levels set by
thf_- declsion maker. These asplratlon levels are defined as the uppear
mit on the values of the conflicting measures that the decision

makar wishes to halance.

In multiple-secrars model where 1t 1s required to dletermine chor optimm
murher of servers{5) the followlng parameters are the conflicting messures

with the server's 1dle time(X)

1. Mean number of customers in the gystem {L)
11, Mean muier of customers in the queue {Lg)
1. HNMean walting time in the sysbtem (W)

1v. Mean wnlbing bime in the queus (Wg)

For the system under study, a 3et of curves (flgu-es 4.10 to 4.15} have
Leen drewn In which 1t Is posrihble to set specifled aspiration levels with
respect to different conflictlng measures (Land X, Lg and X, W amd ¥, Wq
and X}a In the firat four figures, for a constant mean service rate, tha
beharvices of the conflicting measures wilh differeni arrival rates
have been showvm. When both arrival and service rates are changed,

the behaviors of the conflicting meazures are studiec
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with respect toc a 2lngle parsmeter, traffic intensity {figures 4-~14
& 4=15), To explaln hew aspiration levels are set, the fig. 4.10 may

be considered pa 31 example,

'S'I.Ippoﬂe, the deciszion maker wants to determine the oxpected ramber of
sarvers such that the expected pember of customers in the system remning
helow 22 and at the same time the servers idle time fwcs not exceed 1704
when the mean arrival rate is 2.3 ships per day and mean service time ds
6.46 days per chip., riom the figure 4.10, it sppears Lhal foo L {ne. =7
ghips in the systmm) to stay below 22, at least 17 servevs (Jettlas) sze
required. On the other hand keeping the gerver's ldle time helow 19% cf ilre
time, requires o raximum of 18 servers. Thus the bwo asspiratlom Teg-ois or e
not satisfled similtanecusly and so one of the two condl ticr:s mtst e rel a-
zed to get a feasible solution. Tha cholce between S = 17 & 5 = 103 shonlq
be made 1n view of whether it is worthwhile to reduce the mmber of ousbe-
mirs {ships) in the system from 18 te 16 even though the server's (ialliesg)
itle time will increass from 13% o 175 Inview of the 2bove sltuation ronia-

gement has to take the flpal decisica about the optimal number of sexvers.

To nsslst In making a specific d'IEI:iEiDI'I in the case of the= aapi.ratilﬁn
level method, it is possible to esatimata the r:anqe of cosk of walting

per unit walting time per customr resulting from the selection of srsvers
for glven asplralion leyels, However, in the system under study, this
estimate will ot provide any wurthu;hile Informatlon Lersuse the oost of

wad iy Aw vk dlben@hl oy bnievirret Wy ME peek omtthordt bys T b Jane g

—

-7



however, cost of waitlng may appear In the form of loss of goodwill

ani reputation which wlil ultimately affect revenus eacnlngs.

0y
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DEVELOPMENT OF IIFFUSTON EQUATION BY DIFFUSION

5.1

5.2

5.3

AFFROXTIMATION METIID

Introductlon
Diffusion Approaximation Method

Calculation of the Syatem Parameters Using
Diffuszion Approximation Method

Application & Validatlon of the Approximaticn
Method )
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5.1

Dl

Development of Diffusion Equation by Diffusion Approxlmatlon
Method .

Introductlcon

In this chapter d4iffusion equations as developed in chapter-2 hy

using diffusion approximation method for the system under study have
been 'used to caleculate the different system parameters (1. Lg, ¥, Wal.
'I'hel'u'alues of these porameters are then compared wlth the Corprespordile
observed valuce of the system to check the velidity of the afproximatlon

method,

Diffusion Appraximation Method

The diffusion approximation method assumes both the mrrival process »aned
ceparture process to be renewal processes. However, quallby of the approe
ximation deterlorates as theotilization factor becomes amall. Tt in exprec.
ted that the gquality becomes good as ukbllization factor {%-;} appronchoa
unity. On the bssis of emplrical evidence, it is found that when }‘U;x e,

the quallby of spproximation becomes scceptable, and generally Impreaon an

TO'—"' 1{51

In the diffusicn approximabion method the percentage absolule errors

: -, (2)
become, in gereral higher for © 0.3 and 5 £ 2.7,  In fack, problems
arize in tha ppactical fleld when bthe queue length 1s large comoared to the
mmber of servers, which generally occurs at hlgher utillzatlon fFactor,

For 5 = 1 algo, good 1dea about the system performance cmn be made although

arrara become r:mt;mratiwally large in 3oma cazes.
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For the system under study Y2 = 0.874. So the diffusion approximaticm
method w1l provide a good ‘approximation tu the system parameters of the
present system.

An mentlaned earlier, the discrete quauelny process i replaced Iy &
continuous process in such a way that the characteristics of the arigi-
nal process are not lost. Specifically, the discrete varlable Bi t}, the

umler of customers in the system at time t 1s replaced by a contipucus

variable X{(t).

In order to estimate the different system paremetecs, the distribaticon
functions of the mmbar of customers in the system {Bg = 2412 ad

2.*13} may be recalled:

[z FA
far 0<x<s
fzix] - HE'EIF -2 S__,.-"l‘.'.l.-->) X 2.-_:1.1
siege el J |

2 oud
ore U=t | 2o 1]
A6 | A

Exiected Mmmber of customers 1n the srz:stem L 1 cooputed as Follows:

¥

g ag
L = J‘ x fiiﬂ-dx + ‘rsztx}.dx en :5-11
0 ™

Other parameters may be calculated by using standard formulae.

aren

et
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calculation of the System Paramzters Using Diffusion Approximation
Heldwd

For the system > = 2,03 ships per day
¢e » 0+1548 ships per day
4 m 15 jettles

q‘q‘- - 0124256
%

S w 40,58

Fior o tes O » G- are calculsted from the cbserved values.

s (P b
10w
2 2
2)‘3 ba N 1]
u =
3 ai p] 2
MG L i
¥ 2.03 {2.03}) zx 0, 24266

2 ), 24266 ) ‘
= EeB) e a0.58 (0.1548)%x 40,58 ' 1 54.7058

3 %
) ﬁ:l’j]ymuﬁg?xj - {2.0313 x 0.24266 + ({:-.154313 x 40.58x

= 2,02995 + 0,15053 x

2x 2x -
- 5. % T(0.1548)7 x 40.58 240567 x
AL
. =
” 5 L - > 2 IS5 x 01548 ~ 2.03 :
o AC Gy 7 G 151 0. 15481 5% AD58 + (2.03)-x 0.24266
A o
= 0,1362 :
£(x) = H, (2.02995 + 0.15053 < 33.7068  ~2.0567 x5 2

far 0<x £3s



~0,1362 x
fzix) = Hze

for x;.fu

1. Calculatleons using contimuiby criterial

Using the normalization criterla

-'|5 ; o)
g fiixll.d.x +S‘ folxids = 1
t

0 15 2

and the contlnuity of probability densiby funchklon

f2(1:15} = £,{x:15)

3

the valued of H1 and HE

-
“‘l = 1.R242 x 10 2

H, L GlEGTg

ks
ey

(5.3}

are obtalned and they are as follows

51

Hance the probability density functions of the customers in the system

boaooges a5 Follows:

bt |
flﬁxl = 1,0242 x 10“‘2{2.02995 + B,15053
for :H:lé X é's

£o(X) = 0.5079 e~0.1362 x

for x}s

x}

53.7068 E-E «0536 Tx

‘uw {554)

{545)
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Ilchd
15 ol
L = I in{x)dx +L( xf, (x)dx
1] 15
. 2.03 .
Il L = —J‘_—b“— = 15,0643 - oo&4s ™ 3.5% ships per day.
L 16,6643
W= —:;;- < T o3 " B.21 deys par =hip.
. 1 3.55
W = ‘-5:'3—‘ = T{‘T = 1.75 days per ship.

jle Calculatlens using discretization criteria:

Using the nromalization criteria and the discretization criteria

n+l.s
P - I f(x}dx-
n n—-0 .5

anctier set of values for H1 am H, may e obtained and they are

a3 follows:

Hy = 1.8257 x 10722

H2 = 0,307

ilence the probabllity density funcidoms far the number of customern

In ihe system become as followst

£0x) = 1,8257 x 10727 (2.0295% + 0,15053x) 23+ 7068 ~2.0567x o o
Jor odx g

£,(x} = 0.,5074 o0-1362x cen e (5.7}

]fm- x> 5
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]

-1 .n+0.5
|

) 1

.5

-~

[

r=3+1

f (x)dx + 5

}‘ nj-m-ﬂ.s

0.5

S={.5

fztx} dx .

5

= 3.3 + 15{0.03429 + 0.03179%)- + 10,3103

= 15.658

ships per day

g = L = 2. . 16.658 - —2203

A
W = L _  16.658
2 2.03
'[.j'q- = .+¢I‘i 3'544

» 2.03

0.1548

23

3 51‘0-5
I f,]{x}dx +j‘ fztx}dx *

3.544 ships per day

B.208 days per ship

1.746 days per ship

The values of system parameters chtained by diffusion approximation

metliod have been suwmarized in table 5.1 and compared with thelr chserved

valies,
[ Aoproximation Method | ”
System Dbserved Continmuous | descretization Devlstion
| Paraneiers values criteria crlterla
J Ly 4.825 3,55 3.544 26 .42
g 2.869 1.75 1.746 35,00
ilq 13.4313 13.1148 13.114 2._24
L 18.252 16 664 16 .664 B.7
u B.7438 .21 B.206 6,15
) | 5 | Q.00 35515410 | €,4865 x 10°° n:;ﬁgime
Tab — 5.1 5 Comparison bebwesn olserved values und

those of approximation model




94

The table shows that the model | approximatlon) values of the parameters
are ot much different from their cbuerved values. Az discussed in the
cade of mathematical model, differences may be mainly due to the tide

and drafl restrictions which are not ix:orporated in the dirfusion appro—

xlmation model .

It 15 also observed from the table 5.1 that the valuas of the system
Paramaters calculaled by uslng continul ly eciterion and digcretizatlon
criterion are almost same and for alt practical purposes thelr differences

iy Be lgnored.

Asplration levels for the diffusion approximation model considered in

tt1s section heve not beu debermined wue bo felleming reascns, TF the
deciding fa:I:tor 1s traffic intensity t,%:‘" ifhm it is mot poss:lhla-tn Emt
the aspiration lavel as P for the mumber of custemers in the System

Las o expression with resiect to % + To calculate the showe p.d.f.,
indeper.denlk values of fv) amdﬂ must be known. For other cases, it is
possible bo determine aspiraticn levels but the calculation becomes too
laborious. Moreover as the vilues af the system parameters of the mathema-
tical model and the diffusion approximation model discussed in this section
ore almost sane, 1t is expected that agpiration levela for this model will

not provide any additional Information
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Se.4 Applicatlon & Valldation of he Approximation Method

In the preceeding sectlon, the approximation nethod hes been uset to
calculate the parameters of by system having general Input and service
time disbributicons. This method can also be successfully applied to
E/E/S system {(i.e, Erlang input and Erlang service time distribution).
The probability density functlen far the number of customers in the

system that may be obtalned using diffusion approximztfan method 1s glven

Lelows
£00 = 04 +/"Lk y A amckx car  (5e8)
for O £ x Z£s8 )
£,(0 = H, e 2 (5.9)
for = Z’ B
whore
2(1 - 2)
2, 1
1t T

by taking different values of k and 1, the prabability density Functions

of a famtly of distributions may be obtained,



4

95

In arder to validate the approximation method, certaln system parame-—
ters are obtained by this method and their values are canpared with those
cbtalned by other mxlels { MAL/S, zz.mfz, H,,I"E:Ef?. & Ezfﬂzls}. The compa-
riian have been shown in the following tables (5.2 to 5.5) . T CoRpAra—~

tlve flgures In the different tables amply demcnatrata thit tha diffualon

approximation method provides a very good appraaimation to the system
paramecers abt high utilization factor {

2Zl
30

1he talbulated values have been shown grapilcally in fiqures (5,1 ta 5,3).
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Syskem A Diffusion Approximation
1 Parameters L method
L 15, i 15.721
Lg 3.67 3.607
W B.23 B.237
Wq 1. 77 1.777

Table 3,2 ; Comperlson between M/M/15 and Approximaticn
Method (The values for MM/15 -refer to the

mathematlical model; other set of values refer

to E /E_/15 when diffusion appréximation
methdd 5 usedd.
’)O L{Model } L (Diffusion) eric-r
C.1 0,180 0.166 Te 78
0.2 0,400 0.384 1.0C
0.3 0.670 0.627 6,42
0.4 0.920 0.903 S.65
045 1.300 1.238 ' 4.77
Oufs 1. 750 1.687 .60
0.7 2.400 2.37% 1.00
0.8 3.750 l.682 1,80
0.9 7.500 7,482 0424

Table 3.3 3 Mean number of cuslcomers in t
Eystem in the model I:zﬂﬂz {1

% -

by model and diffusion approximation

method.

A



o8
.3 L (Hodel) L {Diffusion) _lTErrfr
0.1 0,205 0.150 7.32
0.2 0.430 0.424 652
0.3 d.680 0.659 . 5.05
0.4 0.930 0.915 5.7
0.5 | 350 1.223 5.15
| 0.6 1,700 1.653 4.39
0.7 2,400 2,319 3,53
0.8 3,400 3.603 1.90
0.% 7.800 ' 7.381 1,60

]
ot

Table 5.4: Mean mumber of customers in the system in the model
M/E,/2¢1%) by model and diffusion approximation method

[}

O ] S = 2 S w5 5 m 10
i | Diffusion | Model | Diffusion| Mcdal | Diffusion] Model
De1 0ald4 0.200 | 0.472 0.500 ! 0.%39 1.000
042 0,363 0.463 0.999 1.000 2,001 2.000
Ca3 0,592 0.614 1.502 1.501 3.001 3.000
Qad 0.828 0.846 2.005 2,008 4.000 4,000
' 05 1.093 1.118 2.521 ?.536 5.002 5.007
VaB | 1,426 1.466 3.080 3,120 | 6.019 6.041
0.7 1.513 1,978 3.765 3.846 7.112 7,181
0.B 2.808 2,928 | 4,626 4,920 | 8.517 8,720
Ca9 5.361 5.400 74519 7.425 | 11.4B5 11.770

Table 5.5 ; Mean mumber of of customers in the System in the lnmt‘lel
Ezfi:zfs by model and diffusion approximatlon method 2}.
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CHAPTER STX

DESIGH OF A THECRETICAL EGQUIVAILENT SYSTEM AND

6.2

6o

ITS APPLICATION Y SIMULATION

Introductlon

Development of Monte Carlo Simulation
Modal

Results of Silmulation Modsl
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|

Design of a Theoretical Equivalent System and Its appllcation
by Slmdaticn

Inbtroduction

A mwentioned earller that sometimes it is not possible to develop
analyltical models for queuelng systems. This can be due to the charace
Boristics of the input or service mechaniis, the complexity of the
#ysltonm design, the nature of the queue discipline or combinations of
e above. Under the situstion, it may be necessary to resart to
andyses by shnulabian. In fhls chapter, a Monte Carlo similatian
watel wi’l be developed for the system under study and thereby ciffe=-

rent system Parameters wlll be calculated using thls model.

Deveiopment of Monks Carlo simulation Mode]

The cumlative probability distritutions of arrival of ships and .,
thelr service time on the Dasis of historical data are shown in flgures
Gual and 6.2 respectively and the equivalent random numbers are shown 1n
Lables 6.1 & 6a2. Plgure 6,3 shows the flow chart fop computer progra=-
mming te compnite the different system paramsters wn the basis of
tablaes 6.1 & 6.2 and accordingly a computar froqram i3 written in

FORTRAN LANGUAGE, given in Appendix A-9a_

azcopding to the flow diagram, first a ramvicm mmber (IRDAY) 1s selec—
Led. Depending on the value of IRDAY the corresponding number of shipa

srrived (ISHIP) is selacted. Then another random rumber {ISERY) 1s
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Select
Randmo Ho. of shlp
Hunbers arrived
0 - 14 0
15 - 41 1
42 - 67 2
6B = B5 3
6 - 94 4 ‘
25 = 98 &
a9 L+

:ﬁ:‘:ﬂ sﬁiiittm
{Day]
0 - 0 0w 1
11 = 22 1-2
23 - 35 2_3
36 — 45 3.4
35 - g 14 -~ 5
05 = 32 5~ 6
&3 - 68 6 = 7
GO = 73 T=8
- 78 8 =9
70 =~ 82 9= 10
231 . pd 10 - 11
85 — B6 11 = 12
87 = 88 2.1
a9 13 - 14
30 =91 14 - 15
93 15 - 16
93 16 = 17
94 17 — 18
a5 18 - 19
96 20 ~21
97 22 - 23
98 26 - 27
99 29 - 30

Table 6,1 t Equivalent random
mubers for arcvival of ship
per day

Toble 6.2¢ Equivalent random rumbers

for service time per ship
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selected for service time, Depending on the value of ISERV the corres-
pording service time for the ship is aselected. When the value of ISHTP ;—‘“‘“'L

4

1s zero 1t indicatea no arrival of ship and ISERY needs not to be 1' [
selected and i1t agaln starts with IRDAY far the newt day (IDAY). When .!.- t
the value of ISHIP is more than unibty, the equal number of ISERY arms : f
selected and correspanding ISTIME are also selected. Then the ship is :

Put into service and the jetty 1s booked fa- the periocd of ISTIME if

L'IlE Jelty is available. If the jetty 13 not avallable 1t will count ’
'Lm:li"_tng time until the jetty ia avallmhle, This way the process is

repeated far 4000 days and diffarent systom parameters are calculated. )

kesults of Sinulation Model

Table 6,3 explalns the similation process cerrled out by compubar. As

an example, on a partlcular day, IADAY 1s 79. This megns the rmumber of
shilps that arrive 12 3 (Table 6.1). How Lo simulate service time random
Leulols are mecessary. For the ficst ship say, ISERY 13 69 and this means
the service time of the ships is B days (table6,2), As the jetbty 1s empty,
the ghip 1s put inito service and the jetty isg booked for 8 days. The above
roocess will be repeated for the second ard third ship. A8 thpes ships are
in service,ISUMF 1s 3 and since there 18 no ship™the queue, TQUE is O and
the mmber~ of ships in the system ISYSM fa 3, This ocess is contimied
fa- 4007 days and the folliwing resulls are cbtalned for 15 Jetties,

#y = 2.03 shipa per day, }%—L = 6.45 days par ship.
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Total nuwber of ships arrived = 7382

7982

Mesn arclval rete = — 2000

= 1,9955 ships per day.
Total shlp—days in service = 53,449

Mean service blme = —?%;?— = 6,.,6552 days per shilp.

Total ship—days 1n Queue = 15,050

Mean queue length = -%g'gg_ =  3.7625 ships per day.

Hean waiting tlme 1n queus = —iglggg—u = 1,8855 days per ship
- Mean walking time in the system = 68433 = B.5B817 days per ship
_T’?BE“- ) - e -
. EB351
Mean number of $hip In the system o —ago0 " 17.0878 ships per dwuy.

Following the same procedure, by varving the number of jettlses, diffepent
sabs of system parameters are calculated and the results sre entered in
Lahlér Aals Likewlse tables (6.6 to 6.10 are constructed considering arri-
wal rates (ships/day) for 2.1, 2.2, 2.3, 2.4 and 2.5 respectively. In
hese cases, however, arrival distribubions swre assumed to be poisson. As
a sample, the cumulative probability distributlon of arrlval of shipa for
My = 241 ships/day is shown in figure 6.4 and the equivalent ramdom

mumbers are shown ln table 6.4 o
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Alk

Salect nurber of
shipa arrived

Randon Numbers

0 - 12 0
‘.I:i-BEl 1
39 ~ b5 2
E6 — B4 3
B85 —~ 24 q
95 — 58 5

39 &

Table G.d 3 Equivalent random numbers for arrival
of ships (2.1 ships per day)

113
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SYSTEM FARAMETERS

FOR ARRTVAL RATE 2.013 SHIPS PER DAY

Se 15| 5. 16 S=17] S= 18! S« ] 5= 20
1OTAL HO. OF SHIP 5 '

ARRIVED 7982 7982 7982 7982 7982 7982
N 1.9955 | 1.9955 | 1,9955 | 1.9955 | 1,9955 | 1.9955
S L. 2.2401 | 2.3894 | 2.5338 | 2.6881 | 2.8374 | 2.9868
YRATS 13.36823 13,3523 (13,3623 [13.3623 13,3623 | 13.3623
%l s 0.B908 | 0,8351 | 0.7860 | 0.7424 | 0.7033 | 0.6681

SERVERS IOLE TIME 10.92 | 16.49 21.60|  25.76) 29:67 | 33,19

(x),%

MEAN SERVICE TIME 6.6962 | 6.6962 | 6.6962 | 6.6962 | 6.6%2 |6,6962

MEAN MO, OF SHIP IN

SERVECT: 13.3253 13,3318 | 13,3348 [13.3368 (13.3375 13.3378

(1.9 3.7625 | 1.6983 | 0.8483 | 0,4493 | 0.2495 | 0.1385
Avig) 1.B855 | 0.8510 | 0,4251 | 0,2251 | 0.1250 | 0.0694
L 17.0878 (15.0301 [14.1831 (13,7861 |13.5870 [13.4763

Table 5,5
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FOR . RATVAL RATE 2.1 SHIPS FER DAY

SYSTEM PARAMETIERS -
3= 15 5 a2 15 5w 17 5= 18 5= 19 5 = 20
|
TOTAL 0, {F SHIP |
ARRIVED 8303 4303 8303 5303 84303 8303
PN 207575 | 2.07575{ 2.07575] 2,07575| 2.0775 | 2.07575
SAAL 242382 | 2,3874 | 2.5366 | 2.6858 | 2,8350 | 2.9842
b y/23 13.9115 | 13.9115 [ 13.5115| 13.5115| 13,9115 | 13.9115
}yf,/u_, 0.9274 | 0.8695 | 0.8182 | 0.7729 | 0.7322 | 0.6956
SERVERS* Tu0E '
[ 2 - L] L ]
ST (X),% 7426 13,05 1B. 147 2.71 26.78 30,44
MEAN SEAVICE TIME 6,.,7019 | 6.7019 6.7019 | 6,7019 67019 5. 7019
MHEAN W, OF SHIP
IN SERVLCE 13.8753 | 13.8638| 13.8883| 13.8885] 13.8885 | 13.888S
{Lq) 6.0656 | 2.6745 | 1.353 0.6633 | 0.3583 | 0.184%
|
() 9.6241 | 7.9903 | 7,3537 | 7.0214 | 6.875 | 6.7908
(L) 19.9411| 16,5583 | 15.2413| 14,5518| 14.2468 | 14,073

Table 6,5
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SY3TEM PARAMETERS

FCR ARRIVAL RATE 2.2 SHIPS PER DAY

lSt'l?

5=15] 5= 15 3= 10 | S=19] 8w 20

' s MO OF SiTP 870 | 670 | 8710 | a7 | 8710 | &710
X 2.1775 .2.1?15 520195 | 2.1775 | 241775 | 201775
SAL 2.2311 | 2,3799 | 2,5285 | 2.67M | 2.8261| 2.9%49
?%,;z.. 1446393 | 14,6393 | 14.6393 |14.6203 | 14,6293 | 14,5393
/ysp_ 04976 | 0.915 | 0,8511 | 0.8133 | 0.7705| 0.7320

| }((y,) 2.40 | B.50 13.89 | 18.67 | 22,95 | 26.80
EAN SERVICE TIME 6.723 6.723 ﬁ.?éa 6.723 Ga.723 6.723
;‘;;*“:E;&CEF SHik 14.5018 | 14.6278 | 14.62780 | 14,6279 | 14.6278 | 14.6278
(Lg) 17.5478 | 5,3315 | 2.4948 | 1,251 | 0.614 | 0.3158

(g} B.0587 | 2,4485 | 11,1457 | 0.5M5 | 0.282 | 0,145

W W.7817 | 9.1715 | 7.8687 | 7.2975 | 7.0005| 6.858
L 32.1296 | 19.9593 | 17,1226 | 15,8768 | 15,2418] 44.943

Table = 6,7
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SYSTEM BEARAMETERS

FOR ARRIVAL RATE 2.3 SHIFS FER DAY

5= 15 T = 15 5 = 17 a = 1R 3= 19 L w20
TOTAL, NO. OF SHIP 9093 9093 9093 9093 5053 9093
ARNMTVED
A 22733 | 2,273 | 2.2733 | 2.2733 | 2.2733 | 2.2733
5 AL 2.2353 | 2.3843 | 2,5333 | 2.6824 | 2.0314 | 2.9804
}/# 15.255 |15.255 | 16.255 [15.255 .| 15.255 |15.255
VS/CL 1.017 0.9534 | 0.8974 | 0.8475 | 0.8029 | 0.7628
A f) =147 4.66 W26 | 15.25 | i%.71 | 23.72
MELAN SERVICE TIME 6.7105 | 6.7105 | 6.7105 | 6.7108 | 6.7105 | 6,7105
MiiAN MO. CF SHIP .
o SLRTCE 14,50% 3 | 15,1945 | 15,2113 | 15.2248 | 15.2283 | 15.22a8
(Lq) 75,303 9.8028 | 3.828 1.934 0.94: 0,4743
{Wq) 33,13 | 4,3122 | 1.6831| 0.,8508 | C.4144 | 0,2085
{W) 35.84 11.0227| 8,393 | 7.5613 | 7.1249 | 6.9191
{1} 90,2053 | 24.9973 | 19.0373 | 17.1588 | 16.1703 | 15,7031

- e

Table — 6.6

- — e s ke |

= e ek B AL LTS IL LR "N LR T N ) WO e == e
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s¥STEM TARAMETERS

FOR ARRIVAL RATE 2.4 SHIPS PER DAY

5m 15 5« 15 3-1'?}5-'13 5 = 19 S .= 20
3
%E;}”' OF StIb o368 | 9a | 9e | 9%s | 938 | 9368
A 3. 342 | 2,342 | 2.362 | 2,342 | 2.342 | 2.342
S L 2,294 | 2.362 | 2.510 | 24657 | 24805 | 2.933
Z//i-b 45,855 (15,855 | 15.855 | 15.855 7| 15.835 |15.835
>>/5/“4 1.057 | 0.991 | 0.9327| 0,881 | 0.8 | 0,733
X () 5.7 090 | 6073 |11.90 [m.s 2.7
MEAN SERVICE TIME 6.77 6.77 6,77 | 6.77 6,77 | 677
ﬁm;glﬁi; RHEF 14,944 |15.705 | 15.82 | 15.83 | 15.83 | 15.83
(11} 251,90 | 24.15 | 7.22 3.16 1.56 04509
(Wa) 124.64 | 10,31 | 3.08 1,35 0.68 0,35
(W) 331,41 | 17.08 | 9.85 8,12 7,45 712
(L) a06.804| 39.855 23.04 | 18.99 | 17.41 16464

Tlhle - E .g
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8Y571] VARAMETERS

FOR ARRYIVAL RATE 2,5 SHIFS FER DAY

So 15 | 5a16 |Sm 17 | S= 18| 5= 1 | $= 20

iﬁ;{,lg‘\‘ Or SHIE og4s | 98ds | 98ds | 9848 9848 | 9648
N 2,462 | 2.462 | 2,452 | 2,462 | 2,462 | 2,462

SAL 2.227 | 2375 | 2.524 2.672 | 2.821 | 2.969

DL 15,584 |16.584 |16.584 |16.584 |16.584 | 15.584

Y Ey2 1.106 | 1.037 | 0,9% | 0.921 | 0.873 | 0.8529

* {7) -10.6 |-3.7 244 7.9 2.7 | 171

MEAN SEWZWICE TIME B. T3 b6.736 6.735 B .73 6.736 CPWE
MERN KDL OF SHIP TR 140,974 |15.928 |165.425 |16.556 | 15.565 | 15.566
(Tap) 872,67 | 164.229| 19.039 | 5.635 | 2,52 1,313

(wep) 354,456 | 66.705 | 7.733 | 2.289 | 1.023 | 0,533

() 961.192| 73.441 | 16.469 | 9.025 | 7.759 | 7.269
(L) 987.644| 180,157 35.464 ] 22,191 19.085 ! 17.879

|
Table - 6.10
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1n btablae .11, the sigulation values of the syatem parameters corres—

poniing to 5 = 15 are compared with thelr obsecved values, The two

results seem to be very conalstant.

SHEFH" Observed Yaluss Simulagted Values
Parameters
| ™y 2,03 1,9955
)/.A “ 6,46 6.6962
?gﬂu. 13,114 13,3623
L..'__‘l - ) Gnﬂ’f‘i G;BBDB
| 7
X 12.6% 10,925
Wg 2,79 1.B855
L=l 13,414 13.3253
L 18.252 17.0878
W a.T4L B.5817
F GO0 0.00
o

Table 611 : Comparison between observed and 5lmul ztad

The aspirabtion level curves ere drawn, ahown In fiqures 6.5 to 6.8 using

values of system parameters

the values cof the syatem parameters gilven In tables 6,5 to 6.10. As 1t

is observed that similated values of ~t are found to be different for
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different values cf>) ¢ all aspiration level curves are drawn on the

P,

basiz of the traffic jntenatties {‘/z;_} not the arrival rates )3 .

The aspilration level values of the mathematical model (figs 4.74 to
4,15) and the simulation model {(flig. 6.5 to 6.3) are also found to he
quite conslstent. For example, if lhe aspirations levela are set such
that mmwher of cuatomers 1n the system (L} 12 to remaln below 22 ard
at the zame btime serveriz idle time does not exceed 19% when traffic
intensity ¢ ?Z } 15 15, then the idenbical decisien critericon la te

.

be met both For mathematical moedel (fig. 4.14) and simulation mode]
{fige 6.5). For both models, 1t appears that far L to stay below 22, at
least 17 serverts are redquired. ©n the other -hand keeplng the servert's.
i1dle time below 19% of the tlme, requires a maxlmum of 18 server?!s.
Tha choice between 5 = 17 & 5 = 1B should be made in view of whether it
is worthwhile to reduce the mumber of customers (ships) in the system
(L) from 192 to 17 aven though the server's idle time wlll increase

frem 412% Lo 17%i.
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7.2

COST MCDEL

Introduction

At present the port of Chlttageng 12 renderinmg gervices with 15 jellics.

As memtioned oarller, with the development of the couatry, the euparvi-

L]
import activities at the port are expected ko increase subftantlially. In'~ A

order to meet the anticipated Eraffic demard, manegement has to [ind mut
means te provide adequate amount of facllities which ensure gptimym ser-
vice XIevel. Thla chapter suggests a cost model to determine the optimal
mmber of jetbtles wlth appropriate service levels to get maximum net
inxremental cevenuss at different mean arrival rates of the ships. Het
Incremental revenue refers to the difference hetween the revermue earned
and the cost Incurred due to the additlonal facilitics over the eristlng

ones.,

Revermae and Cogt Estimation

Data pegardirn bthe revenue earned per ship and Lhe cost companents of
the different port facillties have been colleted malnly from v poooim
department and the projece dmplementation depackment of the Chlttsgng
port. DiFferent consulting firms and machinery suppliers have also baen

contacted to obtain the cost values of certain 1btcoms.

r

-ﬂ

L

et
ll.‘i-'——'T_.-"'

s
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Revonue: T
The main sources of revermue of a port are the setvice charges and [,
facility n:harge.';[m;- Service charges, called FuBill, refer {o the char— [
|

ges for pilotage,idoring shifting, trapsport stug hire, launch hipe nle, “ '
I

Facdlity charges, called J-B11ll, imclugde charges dye to crane, derrick, 1

cargo handling, light, Berth, water, gangway etr. The revente eazning

for. each of the 66 ships that arrived at the pept in Jamary, 196 1=

collected In the Tollowing forrat and given in Appoendix A-1n.

—————————

Amount of Amount of T
SL- No, P-B111 J-B111

i

The abowe data is used to calculate the Tean cevenue earning per ship.

Referring to Appendix a-10.

Total amcunt of P-B111 for 66 ships = Tk. 12,925,729

Mean amount of P-nill Th. 12,926,729

66 -

= Tke 135,860 per ship

Total amount of J-Bill for 6§ ships = Tk: 18,512,133

Hean amount of Jegill - Tk. 13,96152,133

= Th. 286,547 por ship
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1

Earnings per ship = Mean amount of P-Bill + Mean arount of J-nil1

Cost:

= Tk. 195,860 + Tk, 286,547

= Tka 482,407

Far the present study, the ltems considered to estimate the iotal ceost

of the port facillties are mainly jetties, jetby-crares, wareloises, mo—

bile cranes amd fork-~l1lfters, The existlng facility at the Chiltagrma

Part 1s az follows:

1.

11i.

iv-

s

The cost per m2 floor area of jetty has been estimated to be Th,26,667

Jetky = 1% rumbers each 180 m long and 15 m wide

Jetty crane = 3 per jatty, each having 11fting capacity-of
3 tons

2
Warehouse = 1 per letty, having floor area of 5410 m

Moblle ¢rane = 2 per jetty, eech having 1ifting capacity
10 tons

Fork lifters = 3 per jetty, each having copaclty of 4 tons,

Estimated jetty size » 180 m x 15 m

« s Copt of an exizhing Jetty = Ti.26,557 x 180 x 15

= Tko 72,000,500

Cost per m2 1'loor area of warehouse = Tka12,%18

2

Floor area of an exlsflng warehouss » 5410 m

» » Cost of an existing warehouse = Tk.12,918 x 5410

= Tk. 69,806,380
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Considering 40 years of life for both jetty and #he warehouse, their

anmal equivalent costs are found to be as follows (Appemsilx A-117.

Anfual equivalent cost of mexisting jetty = Tka10,840,470,.-

inmual equlvalent cost of an existing warebousa = Tk.10,522,23%.-

It i35 to be noted that from design point of view, the cost of a jetty
changes with the capacity of a Jetty .crane, because the reactlion cn tlm
jetty plle will be higher in case of higher capaclty crames. It can be
ghown that the Increase in mumber of the cranes of same capacity does not
incremse the reaclicn on the jetty plle but increase 1n crane capacity
increases the reackion. Calculatlon of reactlons on the jetty pile is
shewn in apperdix (A-12). In this regacd, the expert oplnion (257 35 that
the cost of a jetity 1s increased spproximately by 30% for 100% lncrease in
remction on the Jetty pile and i 1e cost varles almest linearly with the
changa of the reaction. The table 7.1 shows the reactions on the jelty
plles for different crane capacities and the correspondlng percentadge
incresse in jetty cost, The increases in reaction and cosv ave caloulabod

wlth respect to 3 tona crane,
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Crane Reaction on % increase % lrcresse in
c,apacj_ty jetty plle in reaction estimaked cost

3 6.84 0.0 0.0

3,5 7.98 16.67 5%

1.0 Sa12 a3, a2 10%

4.5 10,26 50.00 15%

5.0 11,40 BG.6T 20%,

5.5 12,54 832,33 25T

6.0 13.68 | 100.. 00 3

Table 7.1 : Reactlon on jetty piles amd corresponding

st lncreasa

From table 7.1, 1t is obseived that unit increase in crane capacity

1fcreases the jektty cost by J0%. Hence the estimated costs of a jetty

having cranes of capacitices 3 tons &r more may be cmlculated as follews:

J{T)

JLT)

J{3}

thj [1 + ET b 3} x u.1 LA - [?I‘l}

Arimial squivalent cost of = }etty of T=-tons crane
Tk « 10840470/ =

Crame capaclty of 3 tond or more



The table 7.2 shous the estimated costs of different material hand-

ling equipment, This data 1g cbtalned from fureiﬂ'n. machinery suppli-
m{ﬂbj.

) Equipment C?E:ﬁify Unlt Cost (Tk.)

Jetty crane 3.0 8,000,000

- do - 3.5 8,000,000 .-

- do - 4.0 9,200,000 .

- do = 4.5 9,850,000 .=

- do - 5.0 10,500, 000 o~

- do - 55 11,250, 000 .=

- do = 6.0 12,000,000 .—

Meblle crane 10 10,000, 000.—
Fark-11fter 4 2,500,000 ,—

Table 7.2 : Cost of Materlal hendling equipments,

Comsldering 20 years of life of the material handling equipment, thelr
ammual equlvalent costs have been calculated {Appendix A-11). In =sddi-
tlon to thia price of equipment cperating cost at the rate of Tk.3&000/-

Per year perequipnantis consldered in calaulating the final anmual cost.

3




Tud

Development of Cost Madel

In the preceding sectlon, averngs revenuss earned pgr ship through
different services and the anmual equivalent consts of the related port
facilitlas have been estimated, Using these estimates, a cosk medel e
devoloped below to determime the aversge net incremental revonve earne:d
per year (NIEY. et incremental revenue;ﬂs defined earlier,is the Jdilffe-
rence between the revenue earned and the cost incurred dus to additicnal
Facilities over the existing Icme:s. The average net lncremental revenue

per year (NIR) may be expressed as follows:

HIR = RE = AE

where, RE ~ Average additional revenue earred per year for
addlticnal facilitles

AE = byerage additlonal experditure incurred per year
For additional facilitles

RE = R.H

vhepe, P -~ Average revenue sarmed per ship = Tk,.4862407 por shilp

B~ rrarage number of ships scoved per yoso by owvliibienn
faciliiics

[

EJ+EH+EJC+EHC+EE1J

whare, E_ = the anhual equlvalent costs of additicral jetiicd.
EJ may be caleculated using equation 7.1

E, = Ehe ennual equivalent costs of additlonal warehoisa.

E_. = the annual equivalent costs of additicnal jetty
crancs o

E = the ammmual equivalent costs of additional mobile
cranes
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Eﬂ. = Lthe annual equivalent costs of additional
fork-lifters.

53 — 3SE when SE< S5 ésn. v

SA - SE when SE < SA < S5

0 otherwlse,

where, 52 = Average number of ships that can be sepwed

per year by proposed facllltles

SE - Awverage nunlber of ships served per vyesr by
exlating facilitles

SA -~ Average number of ships that arrlve per yoar

where, J = the rumber of jetltles

EST = HMean service time for the proposed facllitles
{days per ship)

where, 8 -~ the exis'ing mmber of jettles = 15

M - the mesn service time for the existing facjli—
tles = 64,46 days per ship

. .
where 4 ~ the mean arrival rate (ships per day)
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Mow, Average carge handling = 3421 tons per ship

Mean service time For the exsiting jetty = 6,46 Jays per ship

Cargo handling capacliy on existing jetty per crame operation - 3 hore

Rurber of cranes on existing jetty «» 3.0 crane

= = Carge handling capaclty un existing Jetbty = % ton=

«"e MNoes of operations per ship = --%:5'i

- a2 ;
e s No, of operations per day = —M—ﬁﬁ— = 5H.84

4217 -
S50.84 [c.r,l.s + TE.TE-{J—E'-}_]

BT =

vhere, C ~ the crane capacity on exiating jetties
= Jd.0 tons
T, = bthe mmber of cranes on exlsking jettles
T, = the capaclity of cranes on proposed jetiles

T, - Ythe mimber of cranes on preposed jetflers

58.84 [C.T1.8 + TpuT3e(-5) ]

B2 = M5.T.
3217

w 6,270 LC'T‘I'S + TE.TB{J—E}‘\

Hence the final model is

"
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i , 5.365 |
j ]E.ETB %.Tlnﬁ - TE'I3'{J_S}j - " j o= [EJ + EH * EJC+ EH:+ BPL}

when SE <85 £5a

(LRS-

365 .0
i

N {0 = 5} -{EJ +E_ + Eqe + By * EFL}

whan SE < SA 58S

(_‘,..—-———._.___,_,,-x,___ —_—

-0 otherwlse

-1,

where, Jy » 2.03, 2.04, 2.05 ».e  «ee 4,77 Ships per duy
{at an interwsl of 0.01)

J = 15, 16, 17, 18, 1%, 20

T1 = 3, 4 for every J
TE = 3,3.5, 4' 4.5-.. 5, 5-5, M for evesry T1
T, = 1, 2, 3, 4 i for every T,

The ahove mudel calculates the average net lncpenental revenue far 8
parficular walue &f an arrival rate with Jdifferent combinations of ruam-
bar of jetlies, number of cranes and crane capacibles. E;cisthwg jetties
vera constructed for J~tons crane. Because of thereasons explalned 1n
the preceding scctlen, higher capacity cranes can not Dbe installed on
thege jelties. However, considering the length of the existing jetby

{ $£0 m), available cargo handling space ana crane movement, thiz model
assaes thatl one more crane having the same capacity may v installed on

each existing jetly. But for additional jetties various coamrinations of

"
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crane capacities and number of cranes have been consldered in the
medel. In view of different practical conslderations, the capacity

of a crane of each additional jetty has heen limited irom 3 tons to

0 tons.

Nesults

BY wsing all possible combinations of the number of Jettles, number

of cranes and crane capacitles for the fpeciflad range of arrival rates,
the average net incremental revenues (WIR) have been calculated through
the computer programming, given in Apperdix A-13. The results are par-
tially shown in table 7.3, The results refer to the cptinum valuas of
Lhe zverage net incremental revermes with rusprect to different number of
Jetlies and mean arrival rates, The more specific information may be

obtained fram  table 7.4 which gives the optlmum net irncremental reverues

and also the corresponding eptimum combinatlons of crane capaclties, rmum= .

ber of cranes and mimber of letties for different arrival rates,

Flgure 7.1 has Leen drawn using the table 7,3, Howe*rerjthe 80lid line
whicl refers to the ophimum values of i revenuos can also be drawn by

u=ay bable 7.4,

Teble T.dis an extract from the table 7.4. It is ebserved that the
oplimal pessihle incremental revenue earned by any mumber of jetties

coourd at thele waxdmmam Capacity. This 1s qulte expected because the

—_ o e e —raa

e e e ey aim e AL AT = e T




i_-".:‘;::iual 5= 15 3 = 16 5 = 17 3= |8 5 = 19 20
| ratc
Optimum net incremental & evenue
2.43 - - - - -
LI 1.032 - - - -
|
2.45 2480 - - - -
-
2.49 SeT15 - - - -
2,50 11.163 0346 - - -
2,51 120682 1.791 - - -
L]
-
22605 39.625 24,558 - - -
2.84 1064 ADL936 25,448 - -
1. 85 72,511 42,383 25 895 1.038 -
SL.0d 102.820 F2.292 51.528 20,714 0.41%

PRy

Tadile a3

rate for different jetties

Hul incremental revenue for dlfferent mean arrival

139
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- mim mia R e

Arcival _ﬂﬁﬁ 8 = 45 B = 17 g3 a 18 d = 12 B = 30
vate Optimm net Iincremental revemue

3.19 118.328 102.201 71.563 50.37T8 24,688 -
3.20 116,328 104.131 73,602 52,908 26.618 1,730
31,21 116,328 106.061 75.533 54.837 28,548  3.659
3.26 1164328 114.744  B4.215 62,073 37.231 9.920
3.27 116.328 116.674 86,145 62,578 39.151 11.950
3,28 116,328 117.638 B7.593 51.025 40.508 13.297
3.68 116.326 1592.350 151.438 126.043 99.5678 Td.47M
3,59 1164328 152.350 153.368 127.972 101,508 7% .404
3.7 116.328 152.350 154.815 128,443 103,055 T7.851
4.09 116.328 152,350 187,890 187106 159.987 135,378
4,10 116328 152,350 187.890 188.554 161.434 137.825
a1 1162320 132,350 187.890 190.4683 163,364 439,755
i 116.328 152,350 1B7.890 223.913 220.051 196,145
4,53 116.328 152,350 197,890 223,913 225.428 159,522
Lal2 116.328 152,350 187.8%0 223.913 259.536 258.613
443 116,328 152,350 187.890 . 223.413 255,935 260,060
4.9 116,328 152,350 187.830 223,913 159.935 261.989

Talile 7.3 : Net incremental revenue for different mean arrival

ralte for different Jettles
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“::t:“l iﬂgﬁ:;:nzji sxiatinch:2igﬁrlon = thisﬁiifina1 Jetty

.-~ - (ships/ Cevene - Crare  (Crane Adl. Crane Cramne=

(Million Tx capacity HNo. Jetty capaclty Mo,

__ﬂl_..___.________L{th {aty) { ton) {Qty)
2al3 3.0 a0
Ze4 3.0 10
P 3a0 Gal)
Zels 3.0 J il
Zuoi T 1.0 Fuil
cwief 3,1 Loy
ET T 3,1 el
Zelll o 3utd
~all 1.0 S oalr
< 1,0 Ay
213 3 a0 I.D
Zaly 1.0 L0
Zal5 340 a0
2 E i.N
Zal? 3.0 Ry
2al8 3.0 3.3
Ael? 2. 37
2420 e a2
Zell 3D B
el Fall 3 I£|
2.2 3L 3.0
Zuila Wy 3 i)
Zed 340 3.0
Felb rL Ja0
2T 3.0 2.2
Zeid 3,0 2,0

Zet3 LIy 1,




Table - 7,4 {(Continued}

COMBLHATIDN CF FACILITTES

Activel  Opthmm met Ffoting Jetty AdATtional Jetty

] (shipa/ revenue Crmre Crana Addl . Crans Crane

“agy) (illien Ti) capacity Ne. capacity HNo.

( kon) {Qty} Lton} {aty)
£l 1% .13 el
vl I?.O Lald
232 30 1.0
e 30 LA .
2ol 1.0 a0
- £ 3F 1.7 el
Eou ity Gl a0l
23T Jal d.0
£ dit 10 JeC
du X 1] Tl
o ow il et dal
Pl 1 Hal
Lo Al RIS
H."r" J-U '\..|:h
Ry L.t 32 3.0 fea i
2a 5 P ettt Aa0 SRR
datyh AT 3.4 "l
danT fradlmd 3al 4.0
Fats T.TRA 2.0 Lail
S et'? Yallh Bl 4,0
Jefill Pl aan 4 i} 4.l
Jadl P L0e s Gul G wi)
YaiZ 1h,oE2 3ald 2l

S 3 Lé b e oy

LaTy tho3go tuil 4.
Fal 3 BRI PR 3.0 tal
Tafih 21,776 R .0
ZenT 23,105 1.0 4ol



Table - 7.4 {Continued) 3
IT1ES
e T
(shlps/ everme  Crane Crane "Addle  Coane Crane
capaclty NHo. Jatty capacity HNo.
day) {(i411don Tk) {tan) {0ty { bopd (Gt
Calal PR ~all e
L FTeBE a0l & ol
Zwtal} fL012 .0 L
Jatal S0 Tt Jaul o a
fafrd N AC R EN oyl
e ER I da - .
:T:" 4 doain 3.0  al
fainh ITettd Z.0 e al |
daah 17eR20 .0 AL
iwF ] « R 2.0 &g
dabd (R TN Tl + ol
Ewd a4 B2 L oy N
e fl Ho W27 Tl boall
2.1 HRLINY £ v
Zalc TCa728 3.3 oral
el N LY Jeil Byl
N 3.5216 30 vl
EE L e Ry e 4.7
Lalh GE R b all 4.0 0
e d¥ R | I & oll
cu f 0 HoafEL G a Sl
Za FE (SRR 3.0 el
Z2edl Mg . 28t .0 g n
SN W16 T 30 ol !
PubZ nT ekt K “oal '.
Fa¥3 EQ,E30 Y ald el :
S it T Led B4 a0 Fall !
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Arrivel
Rate
{ships/
day}

Optimeon net
Irrremental
renrcmie
{rillion Tk}

LOMBINATION OF FACILLITIES

Exigting Jetty AMditlonal Jetty
Crane Crane Addl. Crane Crane
capaclty - NGe 7 Jetty capacity Noes

{tan (aty) { ton) {Gty)

ca il
fakn

oot

2,211
Tha fihl
TRLTTD
Thel17
L R
Tle iidh
L
Thaata
Choa =]
ER AN

e f D

S LR
St.T1t
Gfiah 3
Il w373
| R
lUeTED
| [ LR
10%a L2y
110000
111706
11233
11%a2n3
[ I
11731 8

1l e®0 5

3.0 hall

Fail 4o ls
N ]
3.0 Yl
Yark L
1all & ull
A.0 gl
3Ll Yald
1. - alh
3.0 %als
3.0 £l
.0 fyall)
3.0 440
Jals 40
J.o t g
taD el
.0 G40
Il frowll
.0 Loald
Y0 L
AL Y oell
3.0 -

3.3 4.0
3,0 Gl
T4 dall
2.0 ¥-ﬂ
3.0 4l

de0 G ol
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il oyt NI G
(Shlps/ reverle Crane _ ane Addi. Crane Crane
Aery) (MLilion k) * capacity = NO. _Jetty capacity Ho.
{ ton) {Qky) {ton) {Uty)
1all lefig 3274 ER Lal
Galn 1l5. 23628 E G
bel® 110 328 ERES L
Jelh Tho., 2o Pell Wb
EI Ll 3p L L
J.L 8 11/ 52 Jeli “all
.17 lica.328 .l { a2
3.0 Llme 233 el L.l
.21 Lig-3e7 R G el
a2z l:&. 324 3.0 ol
Glec b lwelel 20 foal
Aadl [ RECR e | i,.n 5.1
J.0F 11 &20H0 LT iy g [0
Aah LlAa 304 1,10 el
32T 11E.eTHh el fy Ll 1 Le Sad
Ja.2n LLT«h0 LI i+l b L "
e l3 1125860 HR Y, b oa L 1 1,0 !
Swe 30 l,fl-f-r:{:f Yadl tal t Yael ot
ERN l:z.017 Aa Ga 1 1,5 Lalf
S d? leda%aT Sall ol ! 1,7 oy Ml
.33 122 w255 Jal W 1 i, Gy
EF T lita8ul Yall Lal? 1 1y B ol
A.a35 145240 3.C Hal 1 4o i) LS
S FiTaT75 SRS dafl i 4D o ”)
3ad?7 LAt 7123 LI b - 1 G ow il Yy (!
5238 132 40737 P G C: i 45 bt
Faed9 L3511 d.0 e 1 e S CI
1
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“;gi:al iﬁﬁiﬂﬁznﬂii Existiigéiziiioﬂ = FAEILIiEEitianal Jetty f!
(shipc/ reverme ;Fane _ICraqe Addl. Cra?e Crana \
amy) f3111140n Tk) capacity” No. Jetty capaclty Ho. :
¢ ton} (Qty} {ton} {aty) -
A0y’ L35 .00 Jah Cpdl 1 i b
Jall, 13T.026 3.0 L4l 1 Sl ol
3av-? Litah{3 3,0 LA 1 e L0
Be 3 | R a0 a0 1 Fu (LU
Do G | R R 3.0 [ 1 Sl 4400 \
35 1 1,75k 3.0 tal) ] "L watt
ER It hnE i.n W} 1 Fal 000
GenT Tt ablH 3,0 &40 1 5.0 oD
ET. TR Rl Jadl oy l2 1 E ey
Ae5 104913 3,0 e D 1 el !
1,50 150, 73 3.0 't o0 b E( e
LT | 2,350 3,0 wall 1 Selt .
3.7 1o2.250 3.0 il i 3 il .
3a33 152,350 1,3 4 WD 1 ol "
T 15 2. 3ui 3.0 Lal 1 3 adl el
.05 17227 3.0 Sall i el roe
3.38 192, Zoels L. L ot .
3.57 15,350 , R0 rall | ' a Y
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3.5 L5230 Fal Gall t e} Ly
E N tE2.250 £ fall 1 -t )
34351 E52 a0 3.0 A i el wal
362 157250 EY! “ul 1 sall 1t
Fatrd ERLEI .0 fi W 1 ol tul
Sel b 123500 R HulD 1 B k) gl
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COMBINATLON OF FACILITIES
Arrival  Optimum et —mrirroTToees Additinonal Jetty
Rate incremental —-Eos Crane Addl. Crane Crane
(ships/ rovenue cepacity  Now Jetty capacity HNo.
day) (Million Tk} Gy (aty) (ton) {Oty)
358 15 .350 a0 be ] P! '
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.71 14447495 2wl L 4 4.5 Ly
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Table = 7.4 {Combirued)

Arrival

Cptimm net

COMBINATION OF FACILITIES

Existing Jetty

Additional Jatby

o {Sﬁ;’, _miifm":“l  Crane — crane Addl. Crane Crane
day) (i1illion T ¥ fiﬁﬁ‘;”‘"’ {2:;} | Jetky f:g:’;itﬁ' {EE'}
y
1,00 1274530 3 eD f o7l 2 fruld -
T FAT obeld 3,0 ol z ] £
a5 7 137.890 1,0 o 2 tel -
s G H 137520 a0 G o O ; th o] G
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f i

COMRINATION OF FACILITIES
Argi:al optimum zif Existing Jetty Additional Jetty
(Ships/  eevenus  CIoe - Cram " capes on
{sh - . capatity No.  «  Jettyl capaplty No.
day) (willlon TR "y (Qty) { ton} (qty)
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et Zudanah s 400 3 Fal IS
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n B INATION OF FACTLITIES
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. ﬂ ¢ Optimum net COMHAINATION OF FACILITLES
il incremental _ EXTSTING JETTY ADDLTICNAL_JEITY.
jetty reve e Crene Number of Crane Mumber of
capacity crana capacity crarg
16 116,328,000 3 4 6 4
16 152,350,000 3 4 6 4
17 137,850,000 3 4 6 4
18 223,913,000 3 4 6 4
19 259,935,000 3 4 8 a
20 295,475,000 3 ) 4 6 4
Table 7.4a

cost of a jetty is much mare than that of 1b3 facilities. That 1s

why it 15 most unlikely that an additional Jetty will be justified
LezBrase 317 the facilities of iha exdsting jetties are fully utili=ad,
Tu fock, the incremental revenue earmed by certain number of Jjettles
when thoy function at thelr manximum cnpacity may be much higher then
whal: would be cbhtained 1f an ~additional jetly is added aif thet polnt.
e fact (ap e petter explajied referring o Flgure 7.1. At poirt A,
the 16 jetties funcHon at their mmxdmum capacity if.e. 4 cranes of 6 tons
capacity. The net incremental revenue at this polnt is Tk.ﬁZ,EEG,DDEI.-'
and the arrival rate 1s 3,51 shipes par day. But at the same arrival rate
of 3.51 ships per day, if an additional jetty is added to the system,
then the correspording met incremental reverme falls bo Tk.127,345,000.-
{point  on the figure)}. Ho additional jetty will be justified untll the

polnt B 15 reached where the arrival rate is 3,685 ships per day and

R

o
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ihe net incremental reverue earnings are jama for both 16 and 17
jettles. From A to B, 16 jetties are functionlng at the same capeclty

{(moximum capacity) and hemce tha reverme ecurnings also remaln Sang.

Foulr a partlcular arrival rate, the optimm revehue earning is undque
and e combination of farilitles 1s alss unlque. Eut at dlfferent )
nriiyal rates, for the same combinatlon the reverue earnings may be

J Fferent. This 1s shown in table 7,40 which 1s an extract from table

7.4. Thls it bacause when the capacity of a facllity with a partlcular

L

ontAm net COMAT HATION OF FACILITLES
Arrival f-: £ ne | _EXISTING JETTY PDDITIONAL JEITY
cate :" eren“m Crapne Ho. of | Nunmber of Crane Number of
capacity cranes additional capaclty cranes
jetty
3.69 153,358,000 3 4 2 4.5 ]
3L 154,815,000 3 4 2 4.5 ]
%.71 156,745,000 3 4q 2 4,5 i}
3.72 157,710,000 3 4 2 4.5 4
1,73 150, 207,000 3 4 2 5.0 4
Tahle 7.4b

cembipation is higher than the arrival, then this cembination needs mot
1= chiaged until the arrival reaches the maximmm capaclty. In other words,
copbination remains same until the facllity is fully utlllzed. That is
winy, at different arrival rates, for the same cambination the revenue
arndngs may L diffcrent. For exwip] 2, the arrival rates from 3.69 to

.72 ships per day, combinetion remalns sane {4 cransgs of 3 ton capacity
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on eath existing jetby and 4. cranes of 4.5 capacity on each addi-

tlonal jetty). But during that period net incremental revenue increasecs

H|
Fron Tk«153,358,000 te Tk.157,710,000. For an arrival rate of 3,72 lhipﬂ' [
rer day, the above combinatlon reaches 1ts mescimum capanity, That iz why 'e

-

vhen the arrival rate 1s 3.73 ships per day, the combinetion changes J A

{4 cwanes-of 3 tons capacity on each existing jetty end 4 cranes of 5 1 .‘”:'

L 5

tons capirity en each additional jektyd.

- ——

I'or the sawe jetty at different arrival rates, both the combination and 1‘]
the corresponding revenue earnings may remaln constant. This candition “l
is explained by table 7.4c which is an extract from table T.4. Tt 1s

chnerved from Uw tabie that for the wrival rates from 4.61 to 4.63 ships

[ COMBINATION _OF FACILITIES f
hrrival Optimum et _EXISTING JETTY. ' MAIDITIONAL JETTY

:r.l'a;e Incremental Trane No. of | Number of Craps Mumber of

revenue c .pacity cranes | additlonal capaclty cranos

———— ) jetty

1,61 239,418,000 3 4 4 5.5 4

4.62 239,418,000 3 4 4 . 8.5 4

4.53 239,418,000 3 4 4 3.5 4

Table 7.4z

per day, both the combination (4 cranes of 3 tons capacity on existing

S .

Y.
jetly and 4 cranes of S5 tnr: :apm::l.ty on esch additicnal jetty) u.n:l Lol {g:igl
Loa B S

he correoponding net incremental Cevenus ace come. 'r'h;l_a 1s because the

vl e v Gl ceveane dve Lo Dlgbea o Tyl cesey gl sl Ty 10 provide



e

caomhination of highef capacity. Thls

162

altuation 1s8 reflected on

fiqure 7.1 by the horizontal portions {(a, by <, 4 etc.} of the incli~

nad lines.

L
"ut*l

i



CHAPTER EIGHT

CORCLUSICHS AND FUTURE SCOPE OF WORE

8.1 Conclusion

8.2 Fulure Scopas of Works



8.0

2.1

VORCLUSTION & FUTUHE SCOFE OF WORK
Corsluslan . 1

e objective uf the prasent work was to stuly the different system
paraeters of the Chittagong Porct, select appropriate queuelng models
For ihe systen and develop a cost modsl which could be used to deter-
mine Lhe optimum service facllitles to bLe provided at the port In order
te meidimize the net incremental revenue at vaeying envirunme;;tal and

H
survice conditions.

Dy using five years' data {January 1980 to December 1984} cbtained from
tha icalfic department of Chittagong Port, different system parametera are

czldmuted and their behaviours (distributions) are ldentified {Table 3.2]).

e watlomatical queveing model whicen las been found appropriate for Ehe
exiniing systew is a multiple~servers queueing system with infinlte sys-
bom ecapacity and c¢alling population amd having a service -.:iisl:ipline of

Fivel cowe £first served. The rmodel has a poisson input procesz and expo-—

nunfial sevviece time distribution.

Ui ffusion approximation method which 1s effcotlve when utillzation
factor, )0 15 at least equal to (.7 has been successfully applied for the

prascnt s5ystem for which ‘P = 0.,8M.

Simmlatlon model has also been developed,

] -
[RySpp—
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#Tmation medel and the simulit’on model havz been found equally Eppli—
calle, The values of sgystem parameters obbiined by these three mcdels
are almost same and slightly differ from the cbserved values, a’ shown
in tablea {4.1, S.1, €.11), These variations are malply due to tide and

diratt restrictions which are not incorparated in any of the above models,

then the syatem does not suffer from any limitatlons and the inpul ) _—
process and service time distribution are known the mathematical model

wlll always provide fhe best result. Vthen the system dees not satisfy the
grneral assumptions mede for lhe mathematical model, the diffusion appro—
xinnldon method will provide a very good approximation to the system
Parweters provided the utilizakion factor, Ja¥e wWhen the system has
diflerent 1dmitations and service conditions which can not be incorpo-

ruted either in the mathematical model or in tle diffuslon approximatlon

inodd 1, simulation will be the best method to culculate the syskes parame-

ter., With the development of computer technelogy, Monte Carle Simulatlon '

will finds its wide applicability in queueing problems.

Aspdration levwel models are also developed for the system for different
corw’Liceing neasures such as mean walting time in Queuwe and the server's
ile time which the decision weker wishes to balance. These models make
Jdirve © use of bthe operalbing characteristic: of the system in deciding the

oolimum valwes of the desion parameters.

e el model wihici is deveioned on the Lanis of estimeted revenue earned
Lol Litips and cosb of facilities, suggests that under the present sltuation

o Lhe port,iuprovement of facilities is not rirquired. However,1F the traffic

-
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denared which 1z expected to lrcrease in fubure the findings of the

winbel {(Table 7.4} will serve as a good analytical tool far management

in take appropriate decisions about the adeguate service facllitjes to

be provided at different arrival rates of the ships and thus solve the

reriiihle mardne esngestion prablems at Lir pert.

Yutnre Scofe of Works

1}

13}

At present Lhe systen has limltations on ihe movement of ships fram
outer anchoraqe Lo jetty due to tide ard draft restrictions. Due ta
non—availability of required data, these restrictions could not be
incorporated in the present models. ‘ul’driatiluns of tide=height with
respect to time are avallable in the 'cide tahlel If in the iship move-
ment formy, the exact time of arrival of the ship and the time at 'I;hi;:h
caryo handling ends are properly recorded, rhen the waltlogy times of
thre ghipe both at arcival and departure dus to tide and draft restrics
Fiems could be easily ascertalred. It distclbulicns of the above waltc-
ing times are known then the effective arrival rate and service rate
{due Lo tide and draft restriciions) can be easily estiuated. Appro—
prliate queueing medels can then be applied to get vetrer estimates of

tlie system parameters.

In the preseat study, tie priorlcoy discipline is net wonsidered. But

in rractice, pricrity is glven to the vessels carrylng food yralns . So

the system may be studied cousldering the above priority.



jii) ..part from rendering services te the ships which are connecied

v}

V)

with export=import activiiies, the Churtagog part occassiconally
offors services to the vesiegls cacrylng carge within the countrya.
‘he interncl cargo handling is not included in the present work. The

systan may be studied consldering tlhe abrve service.

During data analysics a study may ba carried out to check whether
there 15 amy semsonal effect on the arrival of ships at the port.
If any such effect is ldentifled the cost model should be modified
accordinglys. Thls will help management to take d-ecisia;x in providing

appropriate fecilities at the port on 2 manthwise basis.

Sensitivity test of bthe cost model may be carried cut to see the
effects of changes of values of different cost cmnpuna;;ts on optimum
net incremental revenue, Thilg will provlde management more flexibllity

in decision making. .

o,
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Aciiynl of Cbaarved  Frequency f]:
ship per doy 1980 1901 | 1962 1982 1584 Total
0 0 a4 a8 52 a2 246 %
1 101 05 | 96 102 98 502 i
2 a5 101 91 107 92 a% | )
3 64 61 60 G2 77 324
4 31 14 46 2% 34 167
5 24 14 13 12 12 12 y
& 2 7 A 9 29
7 1 - it Z
A 1 2 - -
"
d rli'rfc
it
APPENDIX =2
Year=wlise hlstory of departure of ahdp
&
Depambu:tm of ths;ervnad Froedquency
ship pol: day 1980 el 1982 1983 1984 Total
0 54 52 + a1 - 68 47 . i
1 105 107 88 100 69 485
2 85 a7 100 91 103 474
3 62 67 60 55 62 314
A 4D 30 38 30 40 178
5 13 15 17 14 16 75 !
6 n 3 6 8 25 5
7 3 3 - 9 '
n ™ - - - 1 1
e e r
i

E Sl P
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| Service Cbheerved Frequerncy t
Eirne -t
{ clay) 1980 1981 1982 1983 1964 Total

0=-1 65 0 a5 651 &6 354 b
1~ 2 % % 117 85 81 455 i‘i:-
2 -3 B1 73 120 105 108 281 atL
3wd 48 B3 92 64 76 363 ;
4-5 64 64 59 64 60 311
5o § 59 57 60 51 59 2p4 -'
B o 7 el 50 33 as a6 225 1
- B 48 34 34 30 49 195 _ ?
B e 9 35 39 34 23 a0 171 |
9 = 10 G 26 17 6 a5 140
i 41 w11 17 19 13 11 24 B6
11 - 42 16 24 40 14 15 79 :
12 ~ 13 17 12 15 12 63
13 - 14 11 12 10 19 59 -
14 - 15 12 13 1 1 8 56 =
15 - 16 11 9 6 3 13 a2 P
16 - 17 10 7 6 B 9 40 :
17 - 18 6 2 7 6 8 29
18 - 19 5 8 4 5 5 27
19 = 20 5 S | 3l 11 28 E
20 - 21 1 3 5 5 3 17
21 - 22 3 4 3 3 3 18
22 = 23 - t 2 5 G 14
23 = 24 3 4 3 2 5 17
24 w 25 1 2 2 4 2 11
25 - 1 a 2 3 5 13
0 — 27 2 - 2 - 2 6
27 - 28 1 a 3 2 5 15
20 - 249 1 - - 1 -~ 5
29 = 30 2 - 1 4 4 11
e
N
- E i
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Sartice Ohzerved Freduerncy

Edina 1580 1981 1582 193 1984 Total

(day)

g = 31 1 1 4 1

34 = 32 - 1 2 -

32 - 33 - 1 2 2 2 6
33 w 34 1 - - 1 3 5
34 = 35 1 - - P 1 4
35 . 35 - 1 - - 2 3
30 o 37 1 - - - - 1 !
37 - 30 1 - - - - 1
38 - 30 - - 1 - - 1
39 - AU - - - - - 0
40 ~ 41 - - - 1 - 1
41 - 42 - - - - 1 1
42 = 43 - - 1 - - 1
43 - i4 1 - - - 1 2
41 w iS5 - - - - P
45 - 46 - - - - _ o
4G = 17 - 1 - - 1 2
47 = 18 - - - - - 0
FIR - - 1 - 1
49 = 50 - - - 1 - 1
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" Total
54
955
5
225
137
129
96
61
54
16

15

1904
240
65
a5
25
34
11

178

1M
58
17
21
11

1983

L2

1982
223
91
as
21
21

ObhAervad Premisiow

1981
280
210

LK)
33
21

AFPENDIX A=id

-

15860

220
36
30
ar
Fd:
20
24

Year—wise his ory of walting time in gueue
173

T ETIERE R
silp io queua

{ day}

10 - 11

11 = 1z

11 -~ 13

15 w if

15 - 17

17 - 8

o ™= ™ g o

23
"I

aa

18 - 18
19 .= 20
2 - 21
21 - 22
22 -

23 -

24 w 28
A -2
21 - 28
20 -~ 29
>3 . AN
30~ 31
31 - 32




Year—wise history af qQuewe length

APPENDIX A5

Obzsarved Frequency

Ouesg
Length 1980 1981 1582 1063 1584 Total.
[ 12 20 2T 31 2d 114
1 az &2 &1 52 az 250
2 31 70 73 65 30 269
3 50 &5 59 49 .M 261
4 41 417 43 45 20 196
s 26 41 33 20 18 138
[ 0 24 24 o 17 gl i)
7 33 15 23 14 12
3 24 6 10 20 68
o 23 & B 26 &9
10 14 4 4 25 51
11 13 1 - 6 27 a7
o7 15 - 2 3 20 41
13 [ ~ - 9 22
14 B - - 6 19 33
15 1 w - 7 7 15
W 3 - - 10 7 20
17 2 - - 4 12
18 - - - 1 3
1y - - - - 1 1

-3

~
LI L
- r
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Year-wiae history of No. of ships in service
Ha. o3 shlips Observ Frequency
In service 1980 1981 1962 1983 1984 Total

3 - 2 - - 3

4 - & - 5 1 12

5 2 3 - 10 1 15

5 3 2 2 10 2 19

7 5 6 7 17 1 36

f 17 4 12 31 10 74

g 16 10 268 30 15 99

10 19 19 AQ 29 19 126

11 36 30 37 AT 20 170

12 41 35 43 22 10 155 e
13 60 46 49 27 23 205

14 53 31 58 2 49 217

15 33 55 17 19 45 189 i
16 32 55 19 10 44 158 ,
17 18 31 18 10 36 113

18 11 21 10 ‘15 27 ..od

19 9 8 3 é 31 59

20} 5 1 2 2 10 20
21 1 - - & 9 15

22 2 - - 4 1 7

23 - - - & -

sk 2 - - B - 10

2k 1 - - 10 - 11

26 - an - - 2
2 - - - -
oty - - - -

- ——
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AFPENDIX A=T7 .
, Samivwiise tugtory of Ho. of ships in the system
lise of hip in Chserved  Frequency
the system 1960 oo | ppss " — —
i - 2 - _ 4 .
5 - 6 _ 5 _ .
6 2 4 1 4 1 12
7 1 1 1 9 - 12
i : . 6 1 23
3 6 3 5 22 ig
gl 5 4 14 19 11 53
W1 8 12 21 a2 10 83
i3 20 26 20 31 21 118
14 &5 21 ag 28 19 131
1 15 25 32 23 11 116
15 18 23 ag 15 14 104
15 28 3z 31 21 18 430
17 32 33 33 19 8 125
1B - 15 33 23 15 10 %
14 20 31 24 12 8 100
20 a4 35 34 5 14 109
21 20 24 9 9 18 80
22 17 17 14 B " o
3 21 14 4 10 =5
= 12 6 5 11 12
i 15 & 5 23 54
w0 " 5 1 7 15 42
“7 10 2 - 7 21 a0
wlid a - - 5 a3 15
@ 8 - ~ 4 14 26
30 & - - 4 10 20
31 4 - - . % 20
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|

1
i

Ho. of ships in

Obaerved Fregquenty

tle systen 1980 1981 1982 1| 1983 1984 ‘ Total
32 - - 3 12 20
- - - 13 12 5
a4 - - - 3 4 7
e - - - 6 5 11
15 - - - 5 2 7
377 - - - 6 2 8
353 - - - 5 - 5
3% - - - 4 - 4
A0 - - - 1 - 1
a1 - - - 12 “ 2
42 - - - 1 - 1
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ABRENINTIE ol i e e ] )

Culoulatlons for estimating 9

T calculate the minimum life or location parameter, ?P ¢ Which exigts,
whepn dats plot gives a curve — umually convax from sbove, the following

equation 13 used,

] - - (52 =ty fe m Ry
S { M I TN
e

27 I:z, t.':t are shown in Flgure 3,17 and thelr values are

as follmws:

ty e oW, tye 15, 5 = 26.

Y 1 o) U520
i (26-75) = (15-10)

11 x5
1.1—3

- 5.\:!3 shipas par day.

I-.-.‘-f-:'
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ADPENDIX £ 8 {Continued)

| waiﬁing time OBSERVED FREQUENCY
in system
{Doora) 1980 1901 1952 1983 1984 Total
O-1 52 36 55 ag 31 213
1-2 48 71 B1 55 43 298
2 =3 &1 5B 113 85 64 3ga
34 45 57 88 T4 61 322
45 47 58 60 45 50 261
5 -8 50 46 54 52 52 264
b - 7 43 59 50 33 ig 29
7= B 29 S0 k1) i5 45 207
2w g 42 43 47 8 42 202
% « 10 41 30 29 21 MM 155
10 - 11 27 31 24 25 28 195
11 - 12 32 27 20 17 24 120
12 - 13 18 21 18 18 17 D2
13 . 1 19 15 12 15 23 a4
10 - 15 ' 21 19 10 13 23 86
15 6 24 14 11 12 20 081
1 o~ 7 22 18 B 11 14 [ ]
17 - 15 7 11 & | 7 11 4z
13 = 19 5 5 7 7 16 40
10 - 20 13 12 4 6 19 24
T AL | i 6 6 4 15 39
ail - 22 g 4 3 a 10 34
22 .03 12 3 - 4 5 10 34
23w Vi 6 4 3 4 6 23
i 3 2 1 4 i 1B
T 4 2 - 3 7 16
2y - 27 5 3 1 5 8 22
=~ B 5 3 4 2 5 19
T 2 4 é 1 4 15
29 . 0n 4 2 - - 7 13
5 - 31 1 - - 4 3 )

Conkd,
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TR TG Cime
in sysioem
{Dooys)

QOBSERVED

FREQUENCY

1280

1981

1982

1583

1984

Tobsl

3 ~ 232
32 = 33
33 - 34
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i
in
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APPENDTX 4=3

Derivation of probability density Function for
the waiting time in the systen W(Y, for the
mxlel M/MSS s PCPS/oc/oc .

et T'%0 be the walting time in the system given that there aru

} other customers to be served, Then

Lt e N
T= AL, Ty Tyt *f&*a

. = the remalning service Hime for customer
already in service

“'l'.:Jr = the exponential wailting time in ieus with
mear;

t, = 8Bchual service time for the Jth customer which
1 Tollows exponentlal with mesn

’hls means that the service time *T” 15 the convolution of the waiting

tine in qurue aixd the actual service time of the jth customer,

s,

WD) = wq (T) qlt)

- it
. t =
wheres, gt} x{,{_ e for t> ¥

b U:.} - imﬂ;{, (P:] :{(T} 1-J Lnlﬁl,(T) H(’E—-U 1
7

N ;’ {5+ ;%)f)t )

Y e (Clde
!- (20 1 S NET P e
: S al Y

e

il e
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Higtory of revesnue ssarning

5l. amount of Amount of Sl. amount of Apount of
Hos p-Bil) J-B11l NOw p=2111 JwE311
1 199,183 93,697 34 199,215 240,049

2 196,232 410,471 35 196, 756 175,377

3 193,016 459,569 3G 209,462 458,593

4 192,968 483,030 37 199,339 350, 103

5 200,717 457,358 a8 189, 093 345,960

6 208,911 175,732 35 165,458 165,094

7 193,445 215,087 40 195,302 150, 735

5 192,054 317,088 41 201,188 417,969

5 196,147 134,844 42 200,806 457,449
10 208, 785 187,859 43 183,087 125,890

| 11 150,084 452,703 a4 185,836 144,663
'y 145,951 207,585 a5 205,012 430,943
13 200,975 145,218 a5 208,847 365, 204
14 153,57 216,729 a7 209,643 409,343

| 15 192,633 395,675 48 195,770 283,927
15 121,889 355,332 45 206,084 298,585

i 17 - 195, By 373,147 50 209,522 485,307
| 105,612 195,222 54 204,415 396,562
| 19 184, 733 204,058 52 203,003 384,138
2 168,057 192,53% 53 204,854 238,891
| 21 143,437 192,52 54 201,748 201,598
) 1id, 905 146,570 55 202,450 - 306,049
23 185,15 ) 463,487 56 200,298 374,515
24 188, 768 375,814 57 193,421 15£ ,B09
25 172,544 140, 780 58 209,879 442,812
26 194,531 100,519 59 205,053 378,526
27 205,657 378,005 60 208,098 370,472
28 201,588 218,577 61 204,809 395, 180
29 196,973 340,679 62 209,141 370,3%
3} 190, 796 © 97,284 &3 187,666 130,116
=1 197,659 355,613 64 175,043 103,411
32 194,613 248,749 65 190, 745 193,775
JE 204 &40 237,005 66 189,303 182,046
T 12,525, 729 16,912,133
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Caleulations of anmual equivalent cost of coat item,

_£t1+r?n

e forinula, a = P, =~
{ 1+r) =1

where, F ~ the present value of the cost
r -~ lintere't rate {in fraction}
n -~ the rumber of year

4 = uwudferm annual rate.

For Lhe present study ¢ = 0.15 is conslciered,

40
For jetty for 3 tons a = Tk.72,000,000 Je25(1 + 222)
{1 + ﬂ-'15} '-1

Tk+10,840,470

Fuir 3 tons jelty crane

20
8,000,000 0.15(1 + 0.15}

a = Tkn
(1 5.15]20—1

= Tke 8,000,000 x 0,15576

= ke 1,278,080

Sheilonly, armual cimivalent cost of other material handling 2711 pment

Wy ba caloulated,

e

o e B,



For

I'or

For

For

For

For

4,0

4.5

5.0

5.0

6.0

tons

tons

tons

Hoblle crane

For lifters

APTENDIX A=~11

jetty crame =
jetiy crane =«
Jetlty crane =
jetty crane =
Jetty crane =

jetly cranc =

10 tons =

{(Continued]

TK «

TK «

Tk«

Tka

1,373,945.-
1,469,801~
1,573,546 wm
1,677,490.—
1,737,311,

1,917,132.=

1,597,610~

399,402.-

160



AFPENDIX A- 12

~ Calculations of forces on jetty piles

- Boom length 50-0"—=d

for 3 tons crane s

—=3105 :
Counter weight -~ —
It ¥
D2 ELTLTATLTSTD
[AF]
1E—OA oc X
|2 ‘
T
S *
'g N
1= o8 {J
20507 1N
Rail span \
AN
b :
NS
05t 7.5¢ b, 30

I

VISP ATLITETTE BTN ISP P ETIIFTITIIIIII PP

Jatty
pile
Force = EP 2 h]—‘IE
P-210t, A4, M =45 ton.ft. I =400ft
Far position 1, €= 10-0" For position 2
Ra=Rg: L -M& o143 tons  » Rp:Rp = & =525t
ATRBER TS B*Nc*g® * ons
£ Mc
Re<Rp s & + M€ - 538 tons Ry = E - %“' = 3.66 tons
Force for dead load = 4.51 R[}:E . EI"_C s 684 tons
. Max torce Rp = &84 tons in position- 2

-

Position - RN

e N DR

.-
R
L")

calgiert ey s,

By £y

~H
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'APPENDIX  A-1%2
Calculations of fur:e-.l:' on jetty piles for 4tons crane .
o Boom length :50-0 —
t
/
o
Counter length 491/,/ y
4 it w 1
by
= A o] ¥
. |@
B 1. ione ]
o5 Q- Position-1
2 AN
=
B D
Ly ] \Cl\
l_ 20-0 N\
"Rail span N o
%
\‘Pflj.,
My
14t 10¢ 3 4t
.
‘\

|

B A T T iy

__ﬁ_.l;t teL’]

ceotion = Lo ME
Keoottnn = U |
P-28t,Az4, M:60ton ft. 1=400ft5
For position 1, ¢ = 100"
] _ P _ MC .
R,ﬁ -F.'E = ; = 55 toni
L LMD -
Ry = Rp = + 5 = 85 tons
Reaction for dead load = & toas

.. Max reaction

Ilncrease in reaction by 33°A

For position 2

HE =RE z -E = 70 tons

Ra

Rp

"

P

o M

Rp= 812 tens in position 2

- HTG = 408 tons °

*b‘—c

TG 5.12 tons

LT L

i wAR

My T o A iR

¢ — bl

i

vy e e o

[
= ™

-



AFPENDIX A-13

L P oo gR g M Tl SOt T OaPT Ieedel DFT o w W INNE EASINGE F
g G000 THE CURLEFSPUNJILG SUME R OF TERVERS.
C S o= BExILTING MUNMBER F JETTLIES
C Egtd = MEA C2riGD HALDLEDs TOMS PER §HEP
" A = CRANE CAPACITY 0O fXISTING JETTY
C A1l = HUMERER TF CRAMTS PR EXTSTiIMG JerTY
o A = CRaMS CaAaPACITY OM  PEOPOSED JESTTY
L “43 = NUMEER Of CRAMES PER -PROPOSED JETTY
C i1 = NUMBER OF CPERATIONS PER CRANE PER Lay
C PuST = PRECSENT WFaMN SERyICE TIWE,DAYS PR SHIP
C c&T = EXPZLTED MEAN SERVILE TIvg
C CJ = €O%T7 OF WUNIT Jd=TTY
C Cw = [0%%7 OF UNMIT WdaRSHAIUST
C CLuETOR = COET OF JSTFTY CRallES i
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