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INTRODUCTION

Terminal for unloading of the bulk cargo (fig. 1) exists as
a link in the whole chain of transportation, between the
river and the storage or some technological plant. Function
of the terminal could be defined as: terminal for bulk cargo
presents the organization of various activities, connected
with operating and leading material from the vessel
to the given system (user), which provide maximnum of
service of composition of barges with minimum of ex-
penses. [1]

The bulk materials, which are to be unloaded, are different
by the granulation and by the density. The materials are
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relatively dry, so that they can not make compact mass and
that they can run, i.e. to take a shape of the vessel in which

they are settled (loading space of the barge). The very im-

portant characteristic of those materials is the fact that the
expenses of the transportation and manipulation present
immense part of their final value. [1]

Unleading of the bulk nmterialsf]?s&gbe done by unload-
ing bridges (cranes) with the bucket (fig. 2) of by lhe/[,or’
continuous unloading. :

THE BASIC NOTIONS OF THE QUEUING [4],[7]
- UNIT THAT NEEDS SERVICING - barge.
- UNIT FLOW - all barges that come to the port (system).

- A - intensity of arrivals of the composition of barges ,i.e.
recipmca_l"galue of average time between the arrival of two
neighboring units.

o

- WAITING QUEUE - queue made by barges which can"~
be immediately accepted to the unloading, sufch barges
are placed in an anghorage ground. :

- SERVICING CHANNELS - means for unloading, un-
loading bridges (cranes) with grab.

- SERVICING TIME - time needed by a crane to unload
one barge. The barges arriving to the systein are not the
same by capacity, and also they are not transporting the
same materials. For all those reasons, it is taken that the
time of unloading of barge has exponential distribution
with the following function and density of distribution:

F)=1-e®' ; f()=pec ™t ,t20

where parameter p presents intensity of barge unloading
and is equivalent to the reciprocal value of the average time
of the barge unloading, i.e. mathematical expectance of
the time of barge unloading.

- SERVICING SYSTEM - Border of the system is anchor-
age ground from one side, and the operative coast (unload-
ing place) from the other side.

MODEL WITH THE BULK ARRIVAL,OF BARGES
TO THE SYSTEM AND LIMITED WATING QUEUE

(41, (71
If the group of the coming barges find all the cranes to be

free, servicing is accepted as follows: if r>n, n - of barges
is to be serviced immediately, while r-n of barges is plaoe;’d
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at the waiting queue, but if r<n all barges are accepted to
be serviced. If a group of coming barges find in system k
(k<n) of barges, then for a case r>(n-k), (n-k) of barges
will be immediately accepted for servicing, and r-(n-k) of
barges will be placed in a waiting queue, while in a case
r<(n-k) all barges would be accepted for servicing. When
there is k (k>n and k<(n+m)) of barges in system, coming
groupc;ﬁ-b'uges incase that (k+r)<(n+m), will be accepted
in system and will be placed in a waiting queue. In a case
that (kT-r)>(m+m) (n+m)-k of barges will be accepted in
system (they will be placed in waiting queue), while the
othew canceled.

Statewc,)f systemn is defined with the number of barges in
system. Graph of the condition of system looks as follows
(fig. 3):
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By solving the system of equations, probabilities of con-
dition is obtained:

- for k<n:

o+ (k= 1))
kp

In a case that k<n and k>r, the probability of condition
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On the basis of the graph of the condition of system, we
obtain the following ot dxfferenml eq}\rmons of system
condition probability: T4
Po = AP + HOYP,®) 3
P1(t) = - (O + OYP, () + 21O PV ;
p; (== (N®) +rpO)P ) + T+ 1) pOPr i () +
+A(OPo(t) ¢
Proa(® == (MO + (r + DRO) Py O+ + 2RO
“Pra(® + MO PI(D)
........ 1)
Pal) == A + (O Pa®) + W RO-Po O +
+A()-py_, () ; (for n>1)
Prsen(® == RO Posm + MO Coym1 @ + ...
+Prtm-r1() 5

In stationary work order of the system (A= cons., p= cons.,
t — o) the system of differential equation becomes the
system of algebra equations:

==X\ *Po + H- P| N

==(A+p)yp; +20py;

0=~ +ruyp+ (T +1)y1py +Ap,:

should be calculated as follows:

@+ G- 1)p)

pk = k'u

A
Pt~ E'pk—r-l @
- for k>n:
_Q+np)
np

In a case that k>r, the probability of condition should be
calculated as follows:

Pr-1 &)

_(A+np _A
B Px-1 i Pr—r1 ®
From the condition:
2 =1 Q)

probability p,, should be calculated as:

1
Po=rim @®

2 P

k=0

In the Table 1. are shown the basic characteristics of the

system with the bulk arrival of units and the restricted
queue.
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Table 1.
The system characteristics: | Bulk arrival of the units to
the system _
Pmbabililg of servicing ward,
_ [Pops] Zh
OF W& DRRGE. k=0

Avernge number of

occupied cranes (channel) 2 kpx+ n-ml P
[nz) k= E...
Probability of busyness of 1-po
the crane (channel) [Pzk]
Probability that all the =
cranes are occupied Y pue
[Ppzk] k=0
Probability of existing of s
the queue [Ppr] 2. Puek
k=1
Average time of the 1
complete busyness of the R
cranes [tpz}]
Average time of the 11— ppak
complete bus: of the MR Pk
cranes [tnpz]
Average number of barges -
in queue [kr] D Pl
=1
Average time which barge kr
spends in a queue [tr] A
Average number of barges aten
in system [k] 2k
k=1
Average time which barge k
spends in system [t] A

DEFFINING OF AVERAGE TIME OF BARGE UN-
LOADING

Time of barge unloading directly influences the time which
barge would spend in system and in waiting queue. Time
needed for barge unloading should be defined on the basis
of: type of unloading material, average length of the un-
loading cycle, quantity of material taken by grab, size and
capacity of barge, size of loading space, number of com-
partments on barge, demanded grade of cleanliness of lo-
ading space, number of unloading bridges (cranes) which
unload the barge etc. [1]

In the table 2. enclose please find changes of the important
parameters depending on the type of unloading material.

Table 2.
material | densify | volume | dim. of | coeff. [capacity
[t/m o bucket | of the of
bucket | jaw | bucket | crane
[m7] m] | loading [ [t]
ironore| 2.7 32 [|3.5x1.75 0.7 12.5
ironore| 245 3.2 [3.5x1.75 0.75 12.5

ironore| 22 32 |3.5x1.75] 0.8 12.5

limeston| 1.3 5 425x2| 038 12.5

425x2 [ 0.85 12.5

eanthrac| 0.8 5
ite

The characteristics of barge (loading space is without com-

A SRR R MRS

partments):
- capacity: Q = 1700 t,
- dimensions: LxBxH = 77x11x2.83 m,
- dimensions of the loading space: 67x8.54x2.97 m.

Having taken into consideration all above mentioned pa-
rameters and on the basis of [2] and [5], average time nee-
ded that one unloading crane unloads the barge amounts
to:

t,=4.6h

Time needed for the unloading barge could be approxi-
mately defined by the expression: [1]

t=—0'9—+ Qb= 1415 A 285
Kac Kbe 0.812510 0.3-510

=528h

Because of more precise way of defining the time of un-
loading (speed of the trolley moving, speed of lifting the
cargo, length of duration of unloading cycle should be ta-
ken into consideration), accepted average time needed for
unloading or barge is: t,,, = 4.6 h, which means that the
capacity of unloading of barge with one crane amounts to:

1
p==—=02171h
tun

DEFINING OF THE AVERAGE TIME BETWEEN
THE ARRIVAL OF THE COMPOSITION OF
BARGE

Bulk material which should be unloaded, is transported
with the help of composition of barge. It is possible to have
2, 4 or 6 barges in the composition, which depends od the
type and capacity of barge, as on the size of the navigation
road.

<On the basis of collected statistic materials in connection
with transportation of the materials by the river for agiven
production plant (the composition of 6 barges was accep-
ted [3], [5]), work condition of unloading plant (time con-
ditions table 3.), organizational and conditions, it is pos-
sible to define the average time between the arrival of com-
position of barge.

Table 3.
obstacle duration period (day/year) |
ice 38
fog 6
wind 3
total 47

From the table 3. navigation period per year should be
obtained:
tn =365 - 47 = 318 days

On the basis of the project of the first stage of construction
of the unloading plant [5], the material quantity which sho-
uld be delivered per year amounts to;

Qd = 1440000 t/year
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Average material quantity which is del; i
ot ity q ty which is delivered into the har-

Qm:%:&'@
tn

318 =4528.3 %jay

As the material has been delivered with composition of 6
barges, one composition delivers:

Qs = 6xQ = 6x1700 = 10200 t of material

Finally, the interval of the arrival of barge composition
amounts to:

Too Qs _ 10200
Qm ~ 45283

‘-THE ANALYSIS OF THE UNLOADING PROCESS

The analysis of the unloading process was performed un-
der assumption that the unloading should be done with the
help of 2 cranes and with 32 places in the waiting queue,
for the different intensity of the arrival of the barge com-
position. This high number of places in a waiting queue is
a consegence of a fact that no cancellation should be al-
lowed in the system. The assumption that the system is
empty at the beginning was accepted.

=2.2525 daysor 54.06 h

Histogram on the figure 4 shows the chaning of the inten-
sity of the barge composition arrival (per months) in a year
period (empirical data).

The analysis consists of defining, time changing and sys-
tem condition probability for a period of one year, as well
as for a period of one month.

Mode! shows that the present non-stationary conditions
are consequence of:

1. Change of intensity of composition arrival, studied in a
long time period (one year for example), and

2. At the beginning of the exploitation (when servicing
system is empty), up to the moment of achieving stationary
condition, and at the moment of beginning of the arrival
rate change up to the moment of achieving the stationary
condition for a given intensity of flow.

Results of modeling show that, when constructing a gen-
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eral model which should present work of the system in a
long time period (one year, for example), the influence of
the non-stationary condition is not very relevant for the
results of experiment, so that is possible to apply the queu-
ing theory models for a stationary work order.

By the detailed modeling of system using the analytical
model, when is needed to study the behavior in particular
time periods when the non-stationary order is present (be-
ginning of the work, change of arrival rate), queuing theory
models for a non-stationary order are in use.

The analysis of the unloading process showed that in a
particular case stationary state is achieved after 50-70 ho-
urs of continuous work of the system (at the beginning or
while changing arrgval rate).
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Diagrams on figures 5 and 6 shows the changing of the
probability of conditions in a year period, while diagrams
on figures 7 and 8 shows the changing of the probability
of conditions in a month period.

CONCLUSION

The general design of the unloading system of the bulk
cargo asks for analysis of the work of the systemina longer
period of time, so that on the basis of the obtained results,
for the behavior of unloading system, global conclusions
could be reached and laws could be settled. This part of
the analysis of the unloading system should be obtained
by the queuing theory models for a stationary work-order.
[6]

For the detailed design of the unloading system, first it is
needed to do the analysis of the subsystems (knot points)
as an unloading bridge for example [2]. With those ob-
tained results it is needed to go further, into detailed models
(analytical or simulation) and to do the analysis in shorter
time periods or with time changing parameters, so that the
non-stationary work order of the unloading system should
be emphasized.

The work of the real system is influenced by many obsta-
cles which bring to the deviation from the scheduled arri-
vals of compositions (weather conditions, preparation of
the composition in the harbour of origin - loading, etc,
organization of traffic, information system, keeping up at
the borders, possibledamages, etc), so that it is needed to
study all the elements which §mfluence the work of the
unloading system.
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DESIGN OF A BULK-CARGO TERMINAL
SYSTEM USING NON-STATIONARY QUEU-
ING MODELS WITH BULK ARRIVALS

Dj. Zrnic, U. Bugaric

In thi@vork was analysed the progess of unloading of
the bulk cargo by the model of queuing theory with
the bulk arrival of the units to the system (composition
of barges). The non-stationary work order of the sys-
tem with time changing intensity of the arrivals of the
composition of barges was analysed as well.
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PROJEKTOVANJE TERMINALA
ZA PRETOVAR RASUTIH TERETA
KORISCENJEM NESTACIONARNOG
MODELA TEORIJE REDOVA CEKANJA SA
GRUPNIM DOLASKOM JEDINICA U SISTEM

Dj. Zrnic, U. Bugaric

U radu je analiziran proces pretovararasutih teretamo-
delom teorije redova &ekanja sa grupnim dolaskom
jedinica u sistem (sastava barZi). Analiziran je nes-

ljivim intenzitetom nailaska sastava barZi.
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