UUR bob

ISSN U351-189

GODISTE 26 ZAGREB, 2006. Br. 1-

—
(]
0L
o=

s 0 | —
it
(g

imultik CHARACTERISTICS AND ANALYSIS TR/
\TCOSTS INTHEROAD TRAFFICIN CROATIAG
Icik, n. dakovi¢c TRAFFIC POLICY AS AN EVALL
FACTORFORTHE CROATIAN ECONOMIC PO
anc, a. mali¢, m. vrbanc USKLADIV/
0GSUSTAVAREPUBLIKEHRVATSK!
OMETNIM SUSTAVOM EUROPSKE UNIJE r. ki
itz 0. roider MEASURING SUSTAINABILIT
YSTEM,APILOTSTUDY FORTH|
ATIONDb.rosi,a.androjnaMODER!
LUEDRIVEN MAINTENANCE IN EUF
ORTINFRASTRUCTURE d. rudié, s
ODERNIZACIJA LUKE RIJEKA—GL
EVITALIZACIJEPROMETNOG SUS

AVA REPUBLIKE HRVATSKE d. vukadinovic, k. tam:
sovic UPRAVLJANJE TROSKOVIMA PRIJEVOZNICKI

¢

S NZMI v
@ uSs<=-3

e 13
S
-
=28
=
=t
é'ﬂo
o
= =3
o
o

-OO=0
O
-—
)= ==
m
ﬁ "
o
.y
DN
=

~ TVRTKEUCESTOVNOMTERETNOM PROMETU d. vt
_ kadinovi¢, k.tomasovic UPRAVLJANJEPOSLOVNIN

- PROCESIMA U FUNKCIJI KONKURENTNOSTI NA TF

. ZISTUCESTOVNOGATERETNOG PROMETAd_pupa)

~ ac, d. belusic, .dujmi¢ RELEVANTNA OBILJEZJAGI
OBALNOGAPOSTANSKOGTRZISTAS. hess, m.hess
s.kosPRILOGDEFINIRANJUUPRAVLJANJAPROME

SUVREMENI PROMET « Vol. 26 N°1-2 Str. 1-152 ZAGREB. siie¢ani-travani 20I0E



DVOMJESECNI CASOPIS
ZA PITANJA TEORIJE | PRAKSE PROMETA
Bi-monthly for Transport Theory and Practices

Izdavaé Published by
Hrvatsko znanstveno drudtvo za promet, Siget 18¢, 10020 Zagreb

Adresa urednistva Editor's Office
10020 Zagreb, Siget 18¢, p.p.60, telefon i telefax (+385) 01-6527-084

Clanovi uredniétva Members of the Editorial

Akiva Acherov (Harkov, Ukraine), Marija Bogataj (Ljubljana, Slovenia), Hrvoje
Baricevi¢ (Rijeka, Croatia), Kristi M. Bombol (Bitola, Macedonia), Katherine
Cveljo (Denton, Texas), Vesna Cerovac (Zagreb, Croatia), BoZzo Corié (Mo-
star, Bosnia and Herzegovina), Gerhard Heimerl (Germany), Livio Jakomin
(Portoroz, Slovenia), Roman Jaworsky (Vienna, Austria), Klaus Krippendort
(Philadelphia, PA, USA), Pavao Komadina (Rijeka, Croatia), Endre Kerkapély
(Budapest, Hungary), Martin Lipi¢nik (Maribor, Slovenia), Josip Lovri¢ (Du-
brovnik, Croatia), Tomislav Mlinari¢, Miroslav Mikula (Zagreb, Croatia), James
Napoli (Cairo, Egypt), Henrik Oblak (Maribor, Slovenia), Juraj Paden, Mario
Plenkovi¢ (Zagreb, Croatia), Zelimir Pasali¢ (Split, Croatia), Klaus Riessber-
ger (Graz, Austria), Albin Rakar (Ljubljana, Slovenia), Franko Rotim (Zagreb,
Croatia), Antun Sbutega (Rome, Italy), Peter Schmelter (Basel, Switzerland),
Tefko Saratevi¢ (Cleveland, Ohio, USA), Fabrio Santorini (Trieste, Italy),
Jdnos Verbéczky (Budapest, Hungary), Peter Verlig (Ljubljana, Slovenia).

Uredniéki odbor Editorial Board

Zvonimir ArZek, Ivan Bosnjak (Zagreb, Croatia), Miljenko Bo&njak (Vinkoveci,
Croatia), Simun Bogdan, Bozo Cori¢ (Mostar, Bosnia and Herzegovina), Mil-
jenko Feri¢, Vitomir Grbavac, Zdravko Happ, Nenad Dujmovié (Zagreb, Croa-
tia), Zdravko Peran (Sibenik, Croatia), Franjo Mihoci (Zagreb, Croatia), Ivan
Milo# (Rijeka, Croatia), Miroslav Odar (Ljubljana, Slovenia), Mario Plenkovié,
Silvestar PerSe, Stanislav Pavlin, Franko Rotim, Rudolf Sabolovi¢, Marijan
Sasko, Drazen Topolnik, Ivo Zupanovié (Zagreb, Croatia).

Glavni i ) Franko Rotim Editor-in-Chief
odgovorni urednik
Zamijenik glavnog i Zvonimir Ariek Deputy
odgovornog urednika Editor-in-Chief
Tehnicki urednik Franko Rotim Technical Editor
Administracija Tihomir Baraé Administrative
Editor
Lektura Mirjana Zec Language Editor
Korektura Mirjana Zec Proof-reader
Prijevod sazetaka - o English
na engleski Snjezana Kerekovic translation
Klasifikacija Franjo Mihoci u.n.c.
¢lanaka (UDK) J ’
Pretplata Subscription rates

Godisnja pretplata za poduzeéa iznosi 2,000 kn a za pojedince 600 kn, za ino-
zemstvo 500 USD (uklj. postarina i PDV). Pretplatnicki iznos placa se unapri-
jed (poduzec¢a nakon primitka raéuna) na Ziro-raéun Hrvatskoga znanstvenog
drustva za promet broj 2360000-1101527526 (devizni SWIFT - ZABAHR2X-
-2500-0507687), sve kod Zagrebacke banke s naznakom "za Suvremeni promet”,
Cijena pojedinog primjerka u slobodnoj (izvanpretplatnikoj) prodaji iznosi 100 kn,
a dvobroja 150 kn. Clanovi HZDP dobivaju Easopis u okviru njihova élanstva.

Slog Denona d.o.o. - Zagreb Typesetting
Tisak Kerschoffset d.o.o. - Zagreb Printed by
Tiskanje dovrseno 25, oZujka 2006, Printing Date
Naklada 500 primjeraka Edition

Sekundarne publikacije | baze podataka koje referiraju &lanke
objavljene u ¢asopisu

CAB ABSTRACTS * TRANSPORT Res (TRIS) « CEOBASE + IRRD
Ulrich's Intl Periodicals Directory « Inter DOC CORPORATION i druge BP

Najbolji radovi iz Suvremenog prometa tiskaju se na engleskom jeziku
u godisnjem broju éasopisa pod nazivom "MODERN TRAFFIC", Clanci
u tom ¢asopisu imaju po tri medunarodne recenzije.

Izdavanje znanstvenog ¢asopisa SUVREMENI PROMET - ZAGREB
podupire Ministarstvo znanosti i tehnologije Republike Hrvatske.




120

J. BUNEVSKA, |. DUKOSKI: A MATHEMATICAL MODEL FOR ESTABLISHING THE QUANTITY

Jasmina Bunevska, Dipl. Ing. 2. Defining of the Micro-Logistical

Dr. Sc. Ivo Dukoski Distributive System: Narrow Central Area
University "Sv. K. Ohridski" of Town of Bitola (NCAB)
in Bitola

| # Technical Sei If the micro logistical system is oriented toward the market and g
RO Faculty of Technical Sciences the end user, or toward the neccesities for delivering of the

Department of Traffic and goodsin neccesary quantities, time and place with minimal lo-
Transport gistical expences,[2] while the distribution means spreading of
Bitola the goods by the quantity, time and place, then, it is clear that the

Science in Traffic
Preliminary communication™

A MATHEMATICAL MODEL
FOR ESTABLISHING THE
QUANTITY OF DELIVERED
GOODS IN THE
MICROLOGISTICAL
DISTRIBUTIVE SYSTEM:
CASE STUDY Eegowis

@ arca under trade abjects

& lodging
U.D. C. 625.71: 656.1 . traffic areas
@ green areas
@educational and religious objects
1 - IntrOd Uctlon .river Dmgor
Towns in Macedonia face deferent transportation problems, as Fig. 1. Land use in the central core of town of Bitola

a result of nonexistant local and national strategy for defining  Source: The authors
the goals, development directions, and criteria for evaluating of
the urbane transportation.

Mainly, the problems are a result of the concentration of a
large number of different functions on limited space and the in-
herited road infrastructure.

Namely, the urban goods transportation is carrier of many pos-
itive and negative effects. So, it is completely clear that an effi-
cient micro-logistical distribution system is an imperative for
successful solving of the transportation problems and securing
of fast delivery of goods, services and information in the urban
areas.

How ever problematic this "operative arena" is it is necessary
to be started with the development of a planning and managing
strategy, which will integrate the cargo transportation in the lo-
cal and the regional planning process, step by step.

As a first step in this ambitious duty that should give a clear
view of the situation at the moment, and the one that we wish for
the future, is the analysis of the quantity of the delivered goods
in the defined micro-logistical system. Namely that is the pur-
pose of this work.

*Received (Primljeno): 2005-12-23 Fig. 2. Traffic roads that define the zones in the central core of town of ElllO[’:'.
Accepted (Prihvaceno): 2006- 02-25 Source: The authors
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' central city core and the goods delivery to the selling points in it,
can be seen as a micro logistical distribution system.

2.1 Area, Land Assignment and Characteristics
of the Traffic Network in NCAB

According to the new territorial distribution, NCAB has area
of 30 ha [4]. The land assignment is a synthesis of a large num-
er of activities or a developed urbane complex (figure 1). The
affic network is quite specific and formed as a result of the in-
erited town structure in the central part. It is characterized with
. non-regular, winding form and geometric profile which is not
.dimensioned for the modern necessities in the town. For detailed
(analysis, six zones are defined (z=1,....,6), shown on the next
icture with the traffic roads that define the NCAB, four of
.which are magistral (Ivan Milutinovic, Prilepska, Dobrivoe Ra-
osaw’jevic, 4-th of November) and two collective (Edvard Kar-
\delj, Boris Kidric), (figure 2).

. Analysis of the Type and the Quantity
of Goods in the Micro Logistical
Distribution System: NCAB

! In the introduction was already stated that for the integration of
e cargo transportation in the local and regional planning pro-
ess, in a step by step manner, it is necessary to analyse the real
ystem, in this case the micro logistical distribution system, the
NCAB.

fiAnalysis of the NCAB, the micro logistical distribution sys-
tem, was made and successfully realized through questioning of
the people in charge of 200 distribution points during May and
June 2005.

i Collected and analyzed, this data provided large number of in-
formation, but for the needs of this work we will present only
hose that relate to the type and the quantity of goods, taken as a
fitering parameters in the mathematical model for calculating
he overall quantity of goods that daily and yearly is being
brought to the NCAB.

 The questionnaire involved seven segments that included data
dor:
2 1. Selling place (name, location, category by the type of go-

i ods, (...),).

Quantity of delivered goods (with one trip, collectively du-
ring the day, by zones, daily and yearly, number of trips for
distributing the quantity, evennes of the deliveries, (...),).
Time frame of the deliveries (if the people receiving the de-
liveries are contend with the time of the deliveries, (...),).
Type of delivery vehicle (make, type, carrying capacity,
Iso information about the vehicle that takes the returned
goods, (...),).

Unloading and loading (average time for the operations,
' Wway of work, existence of assigned points, (...),)

- Access for the delivery vehicles and information for the
" parking
- Synchronization of the deliveries
I_" the simplification of the analysis and proper processing of
i€ data collected, and to create a model to establish the quantity
';, goods delivered daily and yearly, as for the latter connect-
" of the data in a related data base, we have chosen the
FiCrosoft EXCEL packet.

& meni promet God. 26 (2006) Br. 1-2 (120-124)

3.1 Categorization of the Types of Goods in NCAB

Field analysis showed the existence of minor number of spe-
cialized points, contrary to the combination of several types of
goods in one selling place.

So, as a result of the field situation, 22 categories of goods are
analyzed: food products, meat, fish, pharmaceutical products,
close, shoes and leather products, cosmetics, toys, books and pa-
per, agricultural chemicals, flowers, agricultural mechanization,
household appliances, paints, varnish, rubber and plastics, iron,
syntelon and rugs, sanitation, bikes, cars, furniture.

m food

= butchers

o fisheries

o pharmacies

m clouse

m shoes and leather

m parfimeries

toys

m bookshops

m agricultural pharmacies
o flowershops

= equipm. & agri. mech.
wm household app.

= ironware

m paint, varnish, rubber, plast.
wm syntelon & rugs

m sanitation

o bikes

o cars

o autoparts

= furniture

@ storehouse

Fig.3. Categories of goods in NCAB
Source: The authors

4. Methodology and Mathematical Model
for Identifying of the Quantity
of the Delivered Goods in NCAB

The methodology is presented through three following steps,
by making a minimal simplification to eliminate the possible in-
formation lack.

The simplification represents finding and introducing of pa-
rameter that shows the average quantity of the delivered goods
by types, in one point, daily and yearly.

4.1 Mathematical Model for Identifying of the
Total Quantity of the Delivered Goods in NCAB

The mathematical model is created in Excel, based on the de-
fined methodology.

1. The average quantity of delivered goods by types in one
point, daily and yearly, is being calculated with the following
equations:

. Qid*

dr === 11
qi N, (1.1)

) Q[‘gm

s pr i 1-2
qi.g N (1.2)

¢

where:

Qi,d" - total quantity of delivered goods by types in NCAB

daily

Qi,g™ - total quantity of delivered goods by types in NCAB
yearly

N, - total number of points by types in NCAB
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STEP 1

average quantity of delivered goods by
types in one point, daily/yearly

9id P reig ¥

1
] ¥

i,d vk
qid pr_Qhd

qi LS S
N; & Ni

4

STEP 2

quantity of delivered goods by types,
daily/yearly in zone (z), z = 1,..,6

Qid*IQig

|

]

¥

‘ Qid*=q;g P nj*

Qig%=qigP  nj

STEP 3 E

total  quantity of
daily/yearly in zone (z),

Ovk,d* {QOvk,g z

delivered
z=1,.,6

goods

2

1

[

m
Qvkd® =% 0id*

i=l

m -
Ovk.g® =3 Qi,g*

i=l

STEP 4

3. Total quantity of delivered goods daily and yearly in each of
the six zones, is being calculated with the following equations:

Qvk,d* = Y Qid’ G.1)
i=1
Qvk,g* = > 0ig* (3.2)
i=1
where:
Qi,d* — total quantity of delivered goods by types, daily in
zone (z),z = 1,...,6
Qig’ - total quantity of delivered goods by types, yearly
in zone (z), z = 1,...,6
z=1,...6 —number of defined zones in NCAB

i=1,..22 - types of goods
4. Total quantity of delivered goods in NCAB, daily and yearly

>id*i=12,.22

@.1)
i=1
N O™ = 12,20 (4.2)

5. Results of the Analysis of the Micro
Logistical System NCAB

Results, or the quantity of delivered goods in NCAB, aver-
agely, by zones, by types, daily, yearly and totally, are in detail
presented in the next tables, (table 1, table 2, and table 3).

Input parameters in the mathematical model

total quantity of delivered goods
daily/yearly in NCAB

i=l

Fig. 4. Methodology for finding the quantity of the delivered goods in NCAB
Source: The authors

2. The quantity of delivered goods by types daily and yearly in
each of the six zones, is being calculated with the following
equations:

Qi,d* =gqi,d™ 'n] 2.1)
Qid*=qi,g" n; (2:2)
where:
qi,d"™ — average quantity of delivered goods by types in
one point daily
qi,g"” — average quantity of delivered goods by types in

one point yearly
i=1,..22 —types of goods

Table 1.
BT 3 TS s

Bl o e A ] s oo B

N1 1213|456 0u™]| Q™| g™ | aig”
1 [15]0 |2 |3 ]4/|3]3]| 1530 [490682] 1020 |3271.22
28|11 fr 4o | 15 |9672 | 018 | 1209
3]4ajofof2|2]0 0| 07 |10152]| 016 | 2538
4|61 1|21 0] 1| 02 |48624| 004 | 810
51347 |1 |16] 7|30 34 |2302]| 010 | 656 |
6 |12] 2 0| 2|2]6|0]| 19 |1638 | 016 | 1365
7lafjirjof3lo]o|o]| 03 | 1992 | 007 | 498 |
8l4jof1r]2]o|1]|of 06 | 1992 | 014 | 498 |}
9/ 2]oflof2 0] 0|0 780 | 10944 | 39.00 |5472.00]
wi6joj2lo0ja4)ofol 18 | 1812 | 030 | 3020 |
nmipsjrjolrrjojo]| 10 | 775 | 033 | 258 |
| s|vjrjoj2lof1]| o5 [972| 190 | 18734
Bl |2 08 4|21 | 103 [11431] 061 | 6724 |
|5 |1 ]ofj4]0]0ofof| 11 |s35 | o2 | 1070
slujofr|3]2)32)| 59 |20304] 05 | 2664 |7
16| 3 |1 fo |1 ]o]| o] 125 |74472| 417 | 24824
17]da ]2 [ vtfo]o]| o] 155 |24247]| 38 | 60618
18 ojojofl2]o]o]| 40 264 | 200 | 13200
1v)2j0)2]lo0flojo]o]| 70 336 | 3.50 | 168.00
20 (1300t |5s 2] 3] 67 |s4504| 051 | 4193 |
21, 2|00 1O} |0 180 864 9.00 | 432.00 |/
2|2 0]0o |1 jo]o | 1| 395091920 | 19750 | 45960

- number of selling places in zone (2), z = 1,...,6

Source: Data from the questionnaires, processed by the authors
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Total quantity of goods (t), daily Next we will show the daily burden of each zone, (fig. 5).

3 0.00 0.00
4 0.04 0.04
5 34 071 0.10 162 0.71 0.30 0.00
| 6 12 0.31 0.00 0.31 0.31 0.94 0.00 [
| 4 0.07 0.00 0.20 0.00 0.00 0.00 -
8 4 0.00 0.14 0.28 0.00 0.14 0.00 I
9 2 0.00 0.00 78.00 | 0.00 0.00 0.00 '
10 6 0.00 0.59 0.00 118 0.00 0.00

in 3 0.33 0.00 0.33 033 0.00 0.00
12 5 1.90 1.90 0.00 3.80 0.00 1.90

i 13 17 1.21 0.00 4.86 2.43 121 0.61

, 14 | s 0.22 0.00 0.88 0.00 0.00 0.00 ‘

15 11 0.00 053 1.60 1.07 1.60 107 & 0.2 (
16 3 4.17 0.00 417 4.17 0.00 0.00 e 66 6
17 4 7.75 3.88 3.88 000 | 0.00 0.00

¥ 18 2 0.00 0.00 0.00 4.00 | 000 0.00 60 - 150 (1)

19 2 000 | 700 | 000 | 000 | 000 | 000 e
20 13 051 051 0.51 2.57 1.03 154 &Y 150-250(9

" 2 000 | 000 | 900 | 000 | 900 | o000 T
2 2 000 | 000 | 19750 | 000 | 000 | 197.50 % /250 - 350 (1)

1 1741 | 3527 | 33432 | 6245 | 4482 | 23343 =

& 7217 Fig. 5. Daily burden by zones in NCAB
rce: Data from the questionnaires, processed by the authors Source: The authors

‘_Jotal quantity of goods (t), by ty‘g:z:\erf;r by zones and totally in NCAB, 6. Conclusion

able 3.

: - The multitude of methods for analysis, planning, projecting,
2 r _ 3 guidance and control of the logistical processes in the micro-lo-
i o4 Bt SO e TR s o| gistical distribution systems, is a process which realization is

1 15 0.00 | 6542.43 | 9813.65 | 13084.8 | 9813.65 | 9813.65 unickly possible through correct and detailed approach.
p2 8 1 1209 | 1205 | 1209 | 4836 | 0.00 | 12.09 In this work one of the main, if not the main element or quan-

f"‘} 8 4 O L. 001 1 076 | 5076 | 000 | 0,00 tity of delivered goods in the micro logistical sistem NCAB is

= 4 6 8.10 810 | 1621 | 810 | 000 | 810 presented. Also methodology and mathematical model are de-

.2 3 4592 | 656 | 10495 | 4592 | 1968 | 000 fined for its establishing, which can very simply be adapted for

i’: 5 12 2730 | 000 | 2730 | 2730 | 8191 | 000 an other micro logistical system.

i : : ;:(g)z 2:2: :':64 g;gg 2:2: gﬁ If further_to this t.:lcment we add some of the others elemcnts, as
o . 000 — R 0 o [I}e space-time dellvery‘fra.mc, type anc‘! make of the del.lvery ve-
Fo p o Py 000 s e o luclgs: _techmcal, exploitations, ecological and ecorgomlcal char-

- : - - : - . acteristics, as the elements that come from the road infrastructure
11 3 S5t 1800 ) W3¢ | MSEE L 0G0 | 000 (road and traffic conditions), we can with certainty say that we
i {18734 1 18734 | 000 | 37469 | 000 | 18734 | haye made a firm ground of information and arguments for evalu-
=3 | 17 | 13448 | 000 | 53794 | 26897 | 13448 | 67.24 | ating the system and defining the requests that should be satisfied
L 5 1970 | 000 | 4282 | 000 | 000 | 000 | (expenses, stops, service quality, traffic influences to the environ-
5 | u 0.00 2664 | 7992 | 5328 | 79.92 | 53.28 ment, (...),), and all this with the purpose of developing of initia-
116 3 24824 | 000 | 24824 | 24824 | 0.00 0.00 tive for effective, urban distribution logistical system.
7 | 4 1212.36 | 606.18 | 606.18 | 0.00 0.00 0.00
A8 | 2 0.00 0.00 000 | 26400 | 0.00 0.00
19 2 0.00 | 33600 | 0.00 0.00 0.00 0.00
20 | 13 | 4193 | 4193 | 4193 | 20963 | 8385 | 12578 | REFERENCES
000 | 000 | w5100 | om [oaon | o0 | (i} gt nspont ot ety tor e S o 2.
22 2 0.00 0.00 | 45960.00| 0.00 0.00 | 45960.00 of Bitola (NCAB), posigraduation studies work, Faculty for Technical Sciences, Bitola, 2005.
: 1959.29 | 7832.66 | 68968.7 | 14830.7 | 10650.4 | 56227.4 {3} g:ﬂfﬁ'd‘i‘;’;ﬂgﬁfﬂ: gﬁi?:%ﬁbfs§°§:feﬁ§%:§fs? iésiaﬁ:faaﬁﬂfif::'gi;ﬂg, Bitola, 1998
-‘ 160469.39 [5] http:/Awww.cityfreight.org, ( 20.03.2005 )
; (6] http/feu-portal.net, ( 22.03.2005 ) r
: Data from the questionnaires, processed by the authors (7] http//www.bitola.org.mk, ( 30.05.2005 ) 1 2\.'
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SUMMARY

SAZETAK

Jasmina Bunevska
Ivo Dukoski

A Mathematical Model for Establishing the Quantity of
Delivered Goods in the Micrologistical Distributive System:
Case Study

This work is one segment of the micro-logistical distributive system
in the central historical core of the town of Bitola, realized in May-June
2005. Namely, this analysis gives an overview of different types of
goods, yearly load of the area by zones and in total, used vehicles and
approach, delivery time frame, the quality of the load-unload manipula-
tions, etc. In this paper a mathematical model for the calculating of de-
livered quantities by zones, daily and yearly, is presented.

Key words: micro-logistical distributive system, mathematical model

Jasmina Bunevska
Ivo Dukoski
Matematicki model za odredivanje koli¢ine isporucene
robe u mikrologistiékom distributivhom sustavu:
studija slucaja

Ovaj je rad dio mikrologistiCkog distributivnog sustava u sredi$njoj,
povijesnoj jezgri grada Bitole, proveden u svibnju i lipnju 2005. Naime,
ova analiza daje pregled razli¢itih vrsta roba, godidnjeg opterecenja po-
druja po zonama i ukupno, koritenih vozila i pristupa, vremena isporu-
ke, kvalitete utovara i istovara itd. Predstavljen je matematicki model za
izratun isporudenih koliina po zonama na dnevnoj i godi¥njoj osnovi.

Kljuéne rijeci: mikrologisticki distributivni sustav, matemati¢ki model
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